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Summary

A method for the preparation of oligoribonucleotide analogues containing

hexofuranosyl nucleosides with additional functional groups tethered to the

6'-0-position was developed. Two additional metal-binding sites (an 1-aza-

18-crown-6 and a triethyleneglycol moiety) were introduced into such

nucleotides at the late stage of the phosphoramielite synthesis. By automated

synthesis, these nucleoside analogues were efficiently incorporated into

RNA sequences. The thermodynamic data of the duplex formation revealed

that the presence of these two functional groups led to a significant

stabilization of RNA duplexes presumably by a specific metal ion-mediated

interaction.

A solid-phase strategy for introduction of functional groups into

oligoribonuclcotides was realized by incorporating 6'-0-bromopentyl

substituted allofuranosyl nucleosides into RNA sequences. This method

allowed the efficient introduction of a variety of functional groups into

RNAs by nucleophilic substitution. Four hammerhead ribozyme analogues

carrying additional metal-binding sites were prepared by this method and

their cleavage activities were investigated. Functionalization resulted in an

enhancement of the RNA cleavage activity at low metal-ion concentrations

(as compared to the parent ribozyme). A similar solid support

functionalization of the 2'-<9-position was achieved by incorporating T-0-

bromopropyloxymethyl substituted or (2.3-expo\ypropyloxy)methyl

substituted nucleosides.
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Oligonucleotides carrying additional (polar) 2'-0-l(2,3-dihydroxy-

propyloxy)methyl] substituents were prepared. The syntheses of the

corresponding phosphoramidites were carried out by two routes: either by

dihydroxylation of 2'-0-allyloxymethyl substituted nucleosides or by

alkylation of dimethoxytritylated, base-protected nucleosides. The

thermodynamic studies of duplexes derived from these analogues in the

presence of organic solvents was investigated. A significant increase of the

duplex stabilities of these analogues in the presence of 40% dimethoxy

ethane (DME) was observed. In the course of this project it was found that

RNA-based pairing systems are much more tolerant towards the presence

of certain organic solvents, than DNA-based pairing systems. Furthermore,

it could be demonstrated that in the presence of 40% DME, base pairing is

more selective than in aqueous solution.
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Zusammenfassung

Eine Methode für den Aufbau von Oligoribonukleotid-Analogen, die 6'-0-

funktionalisierte Hexofuranosyl-Nukleoside enthalten, wurde entwickelt.

Zwei zusätzliche Metallbindungsstellen (eine l-Aza-18-Krone-6- und eine

Triethylenglykol-Einheit) wurden in einem sehr späten Schritt der Synthese

in solche Nukleosid-Analoge eingeführt. Diese konnten maschinell mit

guter Ausbeute in RNA-Sequenzen eingebaut werden. Die Bestimmung der

thermodynamischen Kenngrössen von entsprechenden Duplexen ergab eine

signifikante Duplex-Stabilisierung durch die Anwesenheit der zusätzlichen

Metallbindungsstellen, welche vermutlich aus einer spezifischen Metall¬

induzierten Wechselwirkung (zwischen den beiden Strängen) resultiert.

Eine Festphasen-Methode für die Einführung von funktionellen Gruppen in

Oligoribonukleotide wurde entwickelt; sie basiert auf dem Einbau von

(unspezifisch vorfunktionalisiertcn) ö'-Ö-bromopentylsubstituierten

Allofuranosyl-Nukleosiden in RNA-Sequenzen. Diese Methode erlaubte

eine ergiebige Funktionalisierung von Olisoribonukleotiden mit einer

Vielzahl von Gruppen durch nukleophile Substitution. Vier

"Hammerhead"-Ribozymanaloge mit zusätzlichen Metallbindungsstellen

wurden mittels dieser Methode hergestellt und daraufhin bezüglich ihrer

Spaltungsaktivität untersucht. Die eingeführten Funktionalisierungen

führten zu einer Erhöhung der RNA-Spaltungsgeschwindigkeit (relativ

zum natürlichen Ribozym), insbesondere bei einer geringen

Metallionenkonzentration. Eine vergleichbare Festphasen-

Funktonahsierung der 2'-0-Position wurde durch die Entwicklung und den
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Einbau von 2'-0-Bromopropyloxymethyl- oder (2,3-Epoxypropyloxy)-

methyl-substituierten Nukleosiden erzielt.

Oligonukleotide mit zusätzlichen (polaren) 2'-(9 - [(2,3-

dihydroxypropyloxy)]methyl]-Substituenten wurden hergestellt. Deren

Synthese wurde entweder durch Dihydroxylierung von 2'-0-

Allyloxymethyl-substituierten Nukleosiden oder durch Alkylierung von

dimethoxytritylierten, basengeschützten Nukleosiden bewerkstelligt. Das

Paarunasverhalten von solchen Analogen in Gegenwart von organischen

Lösungsmitteln wurde untersucht. Eine deutliche Erhöhung der

Duplexstabilitäten dieser Analogen in Gegenwart von 40% Dimethoxyethan

(DME) wurde beobachtet. Im Rahmen dieses Projekts wurde gefunden,

dass auf RNA basierende Paarungssysteme sich viel toleranter gegenüber

gewissen Lösungsmitteln verhalten, als auf DNA basierende

Paarungssysteme. Zusätzlich konnte gezeigt werden, dass die Selektivität

der Paarung in Gegenwart von 40 % DME wesentlich grösser als in

Wasser ist.
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Part I General Introduction

Nucleic acids occupy a position of central importance in biological systems.

Remarkably, even though based on relatively simple monomers, these

biopolymers participate in an impressive array of complex cellular

functions. In the deoxyribonucleic acid (DNA) duplex structure, genetic

information is stored as a linear nucleotide code, which can be accessed and

replicated. In partnership with DNA, ribonucleic acid (RNA) is another,

structurally relied essential biopolymer which, among other functions,

transports genetic information from DNA to the site of protein

manufacturing, the ribosome. In Fig. L the so-called central dogma of

molecular biology, originally set forth by Francis Crick, is presented:

DNA is transcribed into RNA which is ultimately translated into protein

sequences. This scheme implies the presence of a hierarchy among

biomolecules in which nucleic acids alone may store information or specify

the sequence of protein products. In contrast, proteins are never able to

specify a particular nucleic acid or protein sequence.

RNA-directed

RNA synthesis

self-replication / \

(^DNA transcription
» RNA -

translation
» - Proteins

reverse transcription

Figure 1. The central dogma of molecular biology.
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The study of nucleic acids has become a broad area spanning many diverse-

fields of science. Primary research aims include not only an understanding

of the fundamental nature and properties of nucleic acids, but also more

focused endeavours such as their use as chemotherapeutic agents or the

development of molecular tools for use in biotechnology.

1 Fundamentals of nucleic acids [I][2]

According to their structure (and/or function), nucleic acids are divided

into two classes: DNA and RNA. Both oligomers consist of 5'->3'

phosphodiester-linked nucleotide units that are composed of a 2'-deoxy-D-

ribose or D-ribose in their furanose forms (in DNA and RNA,

respectively) and a heteroaromatic nucleobase (Fig. 2). The nucleobases

found in DNA include the purines adenine (A) and guanine (G) and the

pyrimidines cytosine (C) and thymine (T), while RNA contains the

pyrimidine uracile (U) in place of T. The resulting oligonucleotide chain is

composed of a polar, negatively charged sugar-phosphate backbone and an

array of hydrophobic nucleobases. This amphophilic nature ultimately

drives the assembly and maintenance of secondary and tertiary structures

within nucleic acids.



<
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Figure 2. Constitution of DNA and RNA

1.1 DNA

In Nature, DNA is usually double stranded: two antiparallel strands of

nucleic acid connected by Watson-Crick A-T and G-C base pairs spiral

around a central axis (Fig. 3 and Fig. 4). The predominant secondary

structure found under physiological conditions is referred as the B-form.

B-form DNA adopts a right-handed helix structure containing a

hydrophobic interior of base pairs stacked nearly perpendicular to the

,_
o

central axis at a distance of 3.4 A. The tc-tc stacking interactions that occur

between these aromatic planes provide a substantial stabilizing force that

helps to maintain the duplex nature of DNA. Each base-pair plane of B-

form DNA is rotated 36° relative to the one preceding it, resulting in a
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complete right-handed helical turn for every 10 contiguous base pairs and a

helical pitch of 34 A. With the Watson-Crick base pairs inside, the anionic

sugar-phosphate backbone spirals around the outside of the helix, creating a

hydrophilic exterior exposed to the aqueous environment. Two other

important structural details of the sugar-phosphate backbone include the

deoxyribose ring which adopts a C2'-endo conformation and the N-

glycosidic bond angle which is in an ^/^/-orientation (Fig. 5).

s

(^
J-
Y H,.

major groove

1, C \

"V
J\L "'9

deoxyiibose ||
O.

,.

^,A_N •'

"

^
,

IGi >
r
H deoxyribose

minor groove /

major groove

>Q-.

deoxyribose

deoxyribose

minor groove

Figure 3. The structure of Watson-Crick base pairs.

Minor groove

Major groove

Major groove

Minor groove

A-form helix B-form helix

Figure 4. A-form and B-form helix: the location of the major and minor grooves
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o

NH

OH

anti deoxyguanosine

syn deoxyguanosine

OH

anti deoxycytidine

NH,

OH

syn deoxycytidine

C2'-endo

RO PCr

C3'-endo

Base

Base

Figure 5. Stcreoelectromcally favoured nucleobase orientations and deoxyribose sugar-

con formations.

The global structure of DNA duplexes comprises two distinct grooves, the

minor groove and the major groove, which spiral around the double strand

(Fig. 3, Fig. 4). The floors of the major and minor grooves are defined by

the opposite edges of the stacked Watson-Crick base-pair planes which

create patterns of hydrogen-bond donor and acceptor sites within the plane

of each base pair. Thus, the floor of the grooves of the DNA helix differs

for individual base-pair sequences with respect to their patterns of H-bond

donors, H-bond acceptors, and sites available for hydrophobic interactions.

These differences form in part the basis for the sequence-specific

recognition by proteins and other ligands.

B-form DNA duplexes transform themselves into A-form duplexes as the

relative humidity of their environment decreases to 75% and the NaCl

concentration drops below 10%. The A-form of DNA is a stubby structure

in comparison to the B-form and is characterized by a right-handed helix
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with 11 base pairs per turn and a helical pitch of -28 A. In addition to

being a secondary structure adopted by double-stranded DNA under

specific conditions, the A-form helix is also adopted by double-stranded

RNA and RNA-DNA hybrids (as a result of the C3'-endo sugar

conformation prefered by RNA (see chapter 1-1.2)).

The transition of double-stranded DNA into the Z-form generally requires

high salt concentration (3-4 M NaCl) and an alternating pyrimidine-purine

sequence. The most prominent feature of Z-DNA is its left-handedness and

its dinucleotide repetitive unit. The Z-form helix is elongated and slender

o

with 12 base pairs per complete turn and a helical pitch of -45 A. In table

1, the comparison of the structural details for the three common double

helical forms of DNA are shown.

Table 1. Summary of structural parameters within double-helical DNA

Structural Parameters A-form B-form Z-form

Helical sense right handed right handed left handed

Average base pairs per
helical turn

10.7 10 12 (6x2)

Inclination of base pair fr

normal to the helical axis

om

o
J -1 -9

Pitch per helical turn (A) 24.6 33.2 45.6

Glycosyl angle
comformation

anti anti
anti at pyrimidine
syn at purine

Deoxyribose ring
conformation

C3'-endo C2'-endo
C2'-endo at pyrimidine
C3'-cndo atpurne

Major groove Narrow, deep Wide, deep Flattened

Minor groove Wide, shallow Narrow. deep Narrow, deep



7

1.2 RNA

RNA is responsible for the expression of the genomic information. Three

main functional classes of RNA are found in the cell, transfer RNA

(tRNA), ribosomal RNA (rRNA) and messenger RNA (mRNA). In

contrast to the quite uniform secondary structure of DNA. RNA has a great

structural diversity, similar to proteins. Several fundamental secondary

structure elements are found in RNA oligonucleotides, including A-type

double-stranded stems, stem-loops, and pseudo-knots. It seems likely that

the continued examination of RNA will reveal additional underlying

structural motifs.

The most detailed view of the structure of RNA is derived from tRNAs

which are relatively compact single stranded nucleic acids containing 60-95

nucleotides. The secondary structure of tRNA molecules is often depicted

as a cloverleaf, containing double-stranded stems connected to single-

stranded loops, while the tertiary structure resembles an L-shape.

Individual tRNAs transport a covalently attached amino acid to the

ribosome and direct its incorporation into a protein sequence by specific

codon-anticodon interactions. Each tRNA is specific for one particular

amino acid. Surprisingly, even though all tRNA molecules are believed to

adopt very similar secondary structures, the enzymatic attachment of the

correct amino acid onto its cognate tRNA by aminoacyl-tRNA synthetases

is carried out with profound fidelity.

rRNAs are the major components of the ribosome. They consist of up to

about 6,000 nucleotides and encompass approximately two-thirds of the

gross weight of the ribosome. They form the functional portion involved in

protein synthesis. The rest of the ribosome consists of many proteins that
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are believed to assist in the maintenance of its functional three-dimensional

structure. Although the exact three-dimensional structure of the ribosome

is not yet known at atomic resolution, models have been constructed which

are based on electron micrograph data and foot-print studies. Eventually,

elucidation of the complete tertiary structure of the ribosome will lead to a

deeper understanding of translation and further our knowledge of the

structure-function relationships within the different classes of RNA

oligonucleotides.

In contrast to tRNAs and rRNAs, messenger RNAs are thought to be

mainly impaired. Given their role as carriers of the genetic information

from DNA to the ribosome, the primary task of mRNAs is the formation

of complementary H-bonds with the anticodon of a tRNA. To facilitate

access to the ribosome, mRNA is likely to be less structured than the other

classes of biologically relevant RNAs.

2 Synthesis of oligonucleotides

The synthesis of oligonucleotides can be performed enzymatically and by

the method of organic synthesis. The enzymatic method is powerful for the

template directed preparation of relatively small amounts of RNAs up to a

length of 10,000 bases. This method benefits from the characteristics of the

tool: enzymes combine high specificity with high catalytic efficiency.

Organic synthesis, in contrast, allows the preparation of large amounts of

nucleic acids, containing all possible modifications, and that without a

template. The clever combination of these two strategies allows a straight-
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forward preparation of materials useful for studies in chemistry and

biology.

The organic synthesis of oligonucleotides represents a very exciting and

challenging field within organic chemistry. Advances in this area are

among the most important contributions to the field of nucleic acid

research. Recent progress allows easy access to man-made nucleic acids

which are needed for research in molecular biology, genetics, virology,

and other fields. Along with achievements in molecular cloning and nucleic

acid sequencing, oligonucleotide synthesis opens up broad possibilities for

future progress in biology and biotechnology. Synthetic oligonucleotides

already serve extensively as specific primers, probes in RNA isolation,

tools for diagnostics, gene- or mRNA-targeted agents, genetic engineering

tools, and others more.

2.1 Enzymatic synthesis of oligonucleotides

DNA polymerase is involved in cellular replication, while RNA

polymerase is responsible for the transcription of DNA to RNA. The

polymerization requires a DNA template, the four nucleoside 5'-

triphosphates (NTPs), and an oligoribo- or oligodeoxyribonucleotide

primer with a free 3'-OH group. The new nucleotide residues are attached

to the primer according to the H-bonding rules of double-stranded DNA;

thus, the new strand is complementary to the template (Scheme 1). Notably,

oligonucleotides are always assembled from the 5'- to the 3'-end.



DNA primer )

3/ "DNA template
~~

[

T7 polymerase
4NTPs

,_

DNA procjuct
\

Scheme 1. 5'—>3' Chain elongation by a polymerase.

RNA can be transcribed into DNA by an RNA-dependent DNA

polymerase, known as reverse transcriptase. In contrast to the cellular

polymerases, these reverse transcriptases are unique to retroviruses; they

are tolerant to a wide range of nucleoside triphosphate analogues (which

identifies them as promising targets of chemotherapy).

So far, a large number of DNAs have been assembled from synthetic

fragments by DNA ligase. This enzyme catalyses the formation of

internucleotide linkages between strands bound to a template (Scheme. 2).

HO P03=

) DNA sequence 1 ) j DNA seqit^nce2 )

(
^^

DNA template
"

Ç

ligase
ATP

t

j DNA sequence (1 + 2) j

Scheme 2. Internucleotide phosphodiester formation carried out by DNA ligases.
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Oligoribonucleotides can also be prepared (in relatively small amounts)

using the enzyme T4 RNA ligase. This enzyme catalyses the esterification

between the 5'-phosphate group of a donor molecule (minimum structure

pNp) and a 3'-OH group of an acceptor oligonucleotide (minimum

structure NpNpN). Additionally, sequences can be prepared in a sequential

fashion by stepwise ligating a 3',5'-diphospate followed by

dephosphorylation with alkaline phosphatase (Scheme 3). The ligase

exhibits a high degree of preference for particular nucleotide sequences,

favoring purines in the acceptor sequence and a pyrimidine at the 5'-

terminus of the donor sequence. In order to prevent other possible ligation,

the acceptor carries no terminal phosphate groups whereas the donor is

phosphorylated at both ends.

NlPN2pN3 P^B_^ NlPN2pN3pN4p —__ ^ NlPN2pN3pN,
RNA ligase Alkaline

* phosphatase

Repetition to extend the chain

Scheme 3. Use of T4 RNA ligase to sequentially elongate the RNA chain.

2.2 Chemical synthesis of oligonucleotides

The history of oligonucleotide synthesis goes back over thirty years. The

first report on a synthesis of a DNA dinucleotide phosphate was published

by Todd and Michelson [31 in 1955. This synthesis, performed by the

triester method, however, was quite ineffective (the yield was 1-2%). The
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first assembly of oligoribonucleotide sequences was reported by Griffin

and Reese in 1964 [4]. Di- and trimers were assembled based on the

phosphodiester approach, employing the 2'-<9-tetrahydropyranyl protecting

group. By the end of the sixties, Khorana [5J developed the phosphodiester

method using relatively simple condensation agents (carbodiimide and

arylsulfonyl chlorides). He not only synthesized 10- to 12-unit

oligodeoxyribonucleotides but also assembled them into genes by enzymatic

ligation. During the seventies, Saran and Narang [61 and Reese [7] had

come up with a fast and economic phosphotriester method and thereby laid

the groundwork for the up-to-date procedures which, in combination with

the solid-phase approach introduced by Letsinger [81, have made it possible

to automate the synthesis of oligodeoxynucleotide. In the late seventies, the

solid-phase method underwent further improvements proposed by Gait [9]

who reported the synthesis of several short oligomers on silica gel. Since

the early eighties, solid-phase synthesis has become much more effective

after a radically new method for forming internucleotide linkages was

introduced by Matteucci [10], which is based on trivalent phosphorus

compounds, called phosphoramidites. This is now the standard method for

preparing oligodeoxyribonucleotides and oligoribonucleotides. In Scheme

4, the four strategies for the formation of the internucleotide bond are

presented.
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Phosphoramidite method Phosphotriester method

Scheme 4. Four strategies for the formation of the internucleotide bond.

2.2.1 Building hlocks for chemical synthesis of oligonucleotides

The key step in oligonucleotide synthesis is the specific and sequential

formation of the internucleotide phospodiester linkages. The chemical

synthesis relies on precise manipulation of the reactive functional groups

present in nucleosides by using protecting groups. Two kinds of protecting

groups are required for oligonucleotide synthesis: first permanent

protecting groups, for the heterocyclic bases and the phosphate group

(ribonucleotides require additional protection of the 2'-OH group, see

Chapter 1-2.2.2), which must remain stable throughout the synthesis and
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are removed at the end of the chain assembly; and then temporary

protecting groups, specifically for protection of the 5'-OH group, which

must be removed during each elongation cycle.

The protective groups introduced into the nucleoside and nucleotide

buiding blocks should meet the following basic requirements:

(1) the introduction and removal of the protecting groups must be

efficient and use mild to secure selectivity and to avoid undesired side

processes;

(2) the protecting groups should not interfere with the formation of

the internucleotide linkage and the subsequent isolation of the reaction

products;

(3) the protecting groups must be orthogonally stable to all other

deprotection conditions.

Table 2 gives some examples of the most frequently used protecting groups

in oligonucleotide synthesis, which are suitable for both

oligodeoxyribonucleotides and oligoribonucleotides. The heterocyclic bases

require permanent protection of the exocyclic amino groups, which

typically is achieved by acylation. Usually the benzoyl group (Bz) is

employed for adenine and cytosine residues while the isobutyryl group

(Ibu) is used for guanines. These groups are stable to the conditions

employed during the synthesis but are readily cleaved at approximately

equal rates by aqueous ammonia at the end of the synthesis. The Pel-

cleavable alloxycarbonyl (Aoc) group was introduced by Noyori et al. foi-

protection of the amino groups on the nucleobases [11]. A photocleavable

base protecting group (NBC) was recently introduced by Stutz and Pitsch

[12].
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Table 2. Majoi piotectmg gioups used m oligonucleotide synthesis

Gioup Toimula Cleavage conditions

Protection of 5' Indiou / /// suçai

Monomethoxytntyl (p-MeOC6Hi)(C6H5)2C-

(MMT)

CbCHCOOH

Dimethoxytntyl (/>MeOC6H 02(C6Hs)G-

(DMT)

Idem

Protection of ammo croups m heterocyclic hases

Acetyl CH^CO- (Ac) 9N NH3 (50°)

Benzoyl C6H5CO- (Bz) Idem

Isobutyi yl (CH3)2CHCO - (IbiO Idem

Anisoyl />CH^OC6H4CO- (An) Idem

Phenoxylacetyl C6H5OCH2CO- (Pac) Idem

Allyloxycaibonyl CH2=CHCH2OC(0)

(Aloe)

Pd-complex

iV-(2'-Niti obenzyl)oxy 2-N02C6I14CH20C(0) hv, pH 3 5 t BuOH

caibonyl (NBC)

Protection of phosphate'

croups

ß-Cyanocthyl NCCHoCfb- NH„ NaOH, Et^N,

McNH2

Phenyl C6H5- 0 IN NaOH

p-Chloiophenyl ;)-ClC6H *-
0 IN NaOH,

2 nitiobenzaldchyde 01

pyndme 2

caibaldchyde

Tnchloiocthyl CI3CCH3 Zn/Cu (50°) 01 0 1 N

NaOH

Methyl CH}- (Vie) EI3N + QH5SH

Allyl CH2=CHCH-> Pd-complex
4-[A-methyl-A-(2 2 2

tiifluoi o-acetyl )ammo |
CbiCON(CTh)(CH2)4 25% NH3
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The choice of a permanent protecting group for the phosphate residue

depends on the chosen coupling method. In the commonly used

phosphoramidite method, the 2-cyanoethyl group can be easily removed

by ammonia-induced ß-elimination, simultaneous to the cleavage of the

oligomer from the support and deprotection of the nucleobases. To prevent

nucleobase alkylation by acrylonitrile which occurs during the deprotection

of the 2-cyanoethyl group, the 4-[A-methyl~A-(2,2,2-trifluoroacetyl)-

amino]butyl group for phosphate protection was introduced recently: its

deprotection occurs via cyclodeesterification after ammonia deprotection of

its trifluoroacetyl group [13k The methyl-protecting group which is

cleaved by thiophenol is still used as an alternative to base-labile protecting

groups. Again, allyl esters can be cleaved under non-nucleophilic

conditions by the assistance of Pel-complexes [1 l]f 14J,

Temporary protection of the 5'-OH group is accomplished by either the

4,4'-dimethoxytrityl (DMT) or the 4-methoxytrityl (MMT) group. Because

of their steric demand, these protecting groups can be introduced

selectively at the 5'-0-position of nucleosides. The DMT group (blocking

the 5'-OH group) serves several purposes:

(1) blocking of the 5'-hydroxyl throughout the coupling cycle;

(2) determination of the yield of each coupling step by quantification

of the released DMT cation (characteristic absorption at 498 ran);

(3) as a lipophilic handle during chromatographic separation of the

reaction products (the full-length product is the only one having a DMT

group at the end of the synthesis). This is especially important in the

synthesis of longer oligonucleotides (with 20 or more units).
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2.2.2 Protecting groups for the 2'-OH group of ribonucleosides

Compared to the great efficiency of chemical synthesis of DNA fragments

on solid support, an efficiency of the RNA synthesis leading to

homogeneous products is still lagging behind. Difficulties in the synthesis

of RNA arise mainly from the presence of the additional 2'-OH group on

each nucleoside unit. An appropriate choice of a suitable permanent 2'-OH

protecting group is crucial. This choice is governed by the sensitivity of

RNA towards hydrolytic decomposition under alkaline conditions. The

RNA cleavage mechanism involves the generation of a 2'-oxyanion which

subsequently attacks the neighbouring phosporus leading to a cyclic

phosphodiester and concomitant strand scission. This attack is particularly

rapid for phosphorous triesters. Therefore, the 2'-0-protecting group must

remain intact throughout chain assembly and the required basic

deprotection steps; and finally it must be completely removed without

damaging the desired RNA sequences. Additionally, it should not interfere

with the coupling process.

Table 3. 2'-<9-protecting groups used m oligoribonucleotide synthesis.

Acid-labile Photolabile Fluonde-labile

o—j

C'o
\ / (THP) V_/ (NB)

- - Si-0

Me

/~\P~^ (TBDMS)

\ / OMe (MTHP)

ci-'Py4
\-J \-J OMp (FPHP

/N02 p A

\_/ iNBM)

NO, 9~\

A
/0-\

/-fi-o
y

/\ (TOM)

AcO-^"0 (ACE)

___/ Q

(NPEOM)
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The major 2'-0-protecting groups used in RNA automated synthesis are

shown in Table 3. The tetrahydropyranyl (THP) and 4-methoxy-

tetrahydropyranyl (MTHP) groups were introduced by Reese and co¬

workers [4]. They are not prone to 2'->3' migration and can be removed at

pH 2 (room temperature). They have been used extensively in the synthesis

of oligoribonucleotides by the phosphotriester approach. Unfortunately,

they are not completely stable under the standard conditions required for

the removal of the dimethoxytrityl groups, and therefore their application

in solid-phase synthesis is limited to the assembly of relatively short

sequences (20-mers or less) [15]. This problem seems to be minimized by

the use of the l-(2-fluorophenyl)-4-methoxypiperidinyl-4-yl (FPMP)

protecting group [16]. In this context, another improvement was the use of

the fluorenyl-methoxycarbonyl group (FMOC) instead of the

dimethoxytrityl group [17]. Recently, the 2'-(9-bis(2'-acetoxyethoxy)methyl

(ACE) protecting group (an orthoester functionality) was introduced [181-

Due to its high acid-lability, it is used in combination with a fluoride-labile

(temporary) 5'-protecting group (instead of the DMT-group). Neither of

these routes has so far attracted much interest, mainly because such RNA

building blocks cannot be used interchangeably with conventional 5'-DMT-

containing building blocks and no in-line quantification of coupling

efficiencies is possible.

The 2'-nitrobenzyl group does not migrate, is stable under acidic and basic

conditions and can be cleaved by photolysis, but the difficult preparation

and the low coupling yields for the corresponding phosphoramidites are

obstacles to its further use. Gough and coworkers [19] introduced the [(2-

nitrobenzyl)oxyl]methyl (NBM) protecting group which is cleavable under

mild photochemical conditions and allows good coupling yields due to its
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minimal steric hindrance. However, the reported introduction of this group

into ribonucleosides and the final photochemical cleavage was not satisfying

and was finally improved by Pitsch [20] in the context of a synthesis of

enantiomeric oligoribonucleotides (ent-RNAs). Recently, the fluoride-labile

NBM group was replaced by the (2-nitrophenyl)-ethoxymethyl group

(NPEOM) which is completely orthogonal to the fluoride-labile T-O-

protecting groups [21].

The rm-butyldimethylsilyl (TBDMS) protecting group was proposed by

Ogilvie et al. L22][23] at the end of the eighties, and is now the standard 2'-

0-protecting group for oligoribonucleotide synthesis. The TBDMS group

is quite stable under the (acidic) detntylation conditions and also under the

alkaline conditions required to deprotect the phenoxyacetyl (PAC) base-

protecting groups. However, this group has serious inconveniences:

relatively low coupling yields due to steric hindrance, migration from 2'~

OH to 3'-OH during synthesis of the building blocks and sometimes

incomplete elimination by fluoride ions. Combining the advantages of

formaldehyde acetal derived 2'-<9-protecting groups and the TBDMS-

protecting group, the new (triisopropylsilyl)oxymethyl (TOM) protecting

group was successfully introduced by Pitsch et al., allowing efficient

preparation of RNA sequences under DNA synthesis conditions [21].

2.3 Automated oligonucleotide synthesis

Automation of chemical processes rely on solid-phase methods. In the

synthesis of oligonucleotides, many types of supports have been

investigated, but controlled-pore glass (CPG) has been proven to give the
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highest coupling yields. CPG is functionalized by silylation to introduce a

"long chain alkylamine" on which the first (3'-terminal) nucleoside is

attached through a suitable linker.

The solid-phase synthesis of an oligonucleotide is accomplished by stepwise

coupling of single building blocks. The product is then cleaved from the

support, deprotected, and purified. Scheme 5 illustrates such a single

reaction cycle. The repetition of such cycles leads to the desired

oligonucleotide.

Scheme 5. A single cycle of automated oligonucleotide s\nthesis (R = H, or R = OPG ->

R = OH).
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The first step of the cycle is the removal of the DMT group to liberate 5'-

OH by treatment with a protic acid. After washing, a mixture of an

appropriate phosphoramidite and tetrazole or its ananlogues (such as [H-

benzylthio tetrazole and lH~(4'-nitrophenyl) tetrazole, as promoter) is

introduced under argon atmosphere. The activation of the

phosphoramidites by tetrazole occurs by rapid protonation, followed by the

relatively slow and reversible formation of a phosphorotetrazolide. This

activated monomer then couples to the 5'-OH group of the growing chain

(Scheme 6).

DMTO.
S B*

,Os „O R
P

HO BJ

HO.

O R
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-V° R

I

N-N

Scheme 6. The activation and coupling step of solid-phase synthesis.

Usually, individual coupling yields are in the range of 90-99%. In order to

prevent an accumulation of (n-T) sequences, unreacted nucleosides are

blocked, or "capped". This is done by acetylation with acetic anhydride in

the presence of A-methylimiciazole and 2.6-luticline.

The phosphite triester obtained after coupling is acid sensitive. To prevent

degradation by cleavage of the internucleotide linkage during detritylation,
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the phosphite triester is oxidized to the corresponding phosphate by I2 and

H2O in the presence of lutidine.

After the synthesis, the cyanoethyl groups, the nucleobase protecting

groups and the linkage to the solid support are cleaved simultaneously by

10 M methylamine at room temperature (2h) or by concentrated ammonia

at 60° (24h). Finally, in the case of a RNA-synthesis only, the remaing 2'-

O-protecting groups are removed.

2.4 Purification and characterization of oligonucleotides

The purity of crude DNA or RNA sequences is analyzed by HPLC,

capillary electrophoresis (CE) and Polyacrylamide gel electrophoresis

(PAGE). HPLC is suited for the analysis of the mixture of relatively short

oligomers (<40 bases), whereas CE and PAGE are more powerful for the

analysis of long oligomers.

The simplest and fastest method for oligonucleotide isolation is ethanol-

precipitation, but the limited purity of such materials allows only their use

in sequencing or PCR reactions. Oligonucleotides of high (chemical) purity

can be obtained by HPLC or PAGE chromatography. Reverse phase (RP-)

or ion exchange (IE-) HPLC are excellent tools for the purification of short

oligonucleotides. However, a general application is limited to

oligonucleotides <40 bases. Complementary, PAGE under denaturating

conditions is suitable for the purification of long sequences.

To verify the structural integrity of an oligonucleotide sequence, it can be

digested enzymatically and subsequently its nucleoside composition can be

examined by HPLC. Matrix-assisted laser desorption ionization time-of
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flight mass spectrometry (MALDI-TOF MS) is a useful method for the

characterization of natural and modified oligonucleotide sequences [24a].

The base stacking which occurs upon duplex formation of oligonucleotides

results in a decrease of the extinction coefficient of the nucleobases

involved, and thus in a decrease of the UV absorption, known as

hypochromicity [2]. This property allows a straightforward determination

of the thermal stability of duplexes by measuring the ITA absorption as a

function of the temperature: the mid-point of the resulting transition curve

("melting curve") is called transition temperature or "melting point" ÇTm).

It is correlated with the stability of the duplex which again depends on the

base sequence, the length of the oligonucleotide, the concentration, the pH

of the solution, the concentration and type of salts and other compounds

which may be present.

The thermodynamic data of duplex formation can be extracted from

concentration dependent-Tm by applying the following equations [24b] :

(a) 1/Tm = (R lnCT + AS°)/AH°

(b) 1/Tm = (R lnCT + AS0)/AH0 » R \n4/AH°

Equation (a) is used to evaluate the thermodynamic data of duplex

formation of self-complementary strands and equation (b) of non self-

complementary strands; Cr is the total strand concentration when each

strand is present in a equal amount. The equation (a) or (b) allows the

determination of AH0 and AS0 for the pairing process, from which the AG°

value of duplex formation at a given temperature can be calculated

according to AG°t = AH°-TAS°. The study of thermodynamic parameters

for RNA duplex formation by Xia et al. [24c] revealed that by this method

the systematic error is within the estimated experimental error. The

compensation between errors of AH0 and AS0 results in final errors in AG°

that average only about 0.3 kcal/mol at 37°.
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Part II Synthesis of functionalized

oligoribonucleotide analogues

1 Introduction

Among the molecular processes found in living beings, nothing surpasses

Watson-Crick base pairing in importance. It is attributed to the most

fundamental events that define life: the storage, transcription, and

translation of genetic information. The simplicity of these bridging

hydrogen-bonds and the small number of nucleobases involved result in a

high degree of predictability for the interactions of nucleic acid derived

systems that is so far unattainable with other classes of molecules.

Predictable interactions are even realized in very short oligonucleotides

which hybridize like their larger relatives and can be viewed as

informational molecules being fragments of a genetic code. Short

oligonucleotides are valuable models to investigate the physical and

(eventually) biological properties of DNA and RNA in an isolated fashion.

Due to the small number of nucleobases, even short oligonucleotides can

contain the full range of functional groups and show similar chemical

reactivity as biologically active nucleic acids. This property is, for instance,

very useful to elucidate the reactions of mutagens, carcinogens, and

antitumor drugs with DNA and RNA.

Chemically modified oligonucleotides emerged as a powerful tool for a

variety of purposes in different areas of fundamental and applied biological

research. The automation of oligonucleotide synthesis, the development of

versatile phosphoramidites and a successful scale-up has led to the

investigation and preparation of a variety of modified oligonucleotides.
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Numerous reports have covered the development of oligonucleotides with

modified phosphodiester backbones, heterocyclic nucleobases and sugar

moieties which arc applied in diagnosis, genetic analysis, automated

sequencing, antisense therapy and catalysis of organic reactions.

1.1 Modified oligonucleotides

1.1.1 Backbone and nucleobase modifications

In the context of "antisense" research (chapter II-1.2), substantial progress

has been achieved by backbone modifications [25-27], using phosphate-

derivatives such as phosphothioates or methylphosphonates and a variety of

other, more artificial linkages characterized by a wide range of bond

geometries and polarities. The newer generation of backbones include 3'-

allylethers, 3'-allylsulfides, amides, amines, formacetals, thioformacetals,

guanidiniums, sulfides, sulfonamides, and sulfones [25][28]. While most of

these backbone-modified oligonucleotides are highly resistant to nuclease

degradation [29], many show a low binding affinity for their targets and

can not penetrate membranes [30-32].

A new approach to oligonucleotide analogues with completely unnatural

backbones was realized with the development of the peptide nucleic acids

(PNAs) [33][34]. These achiral, neutral analogues hybridize very well with

both DNA and RNA. In particular, homopyrimidine PNAs bind single- and

double-stranded nucleic acids by triplex formation, the latter by strand

displacement [35]. However, problems associated with cellular uptake and

purification of purine-rich sequences limite their application.
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The scope of modifications of the nucleobases is rather limited as the

ability of Watson-Crick base pairing should not be disrupted. Nevertheless,

a few examples, such as 2,6-diaminopurine [36-38], pseudouridine [39], 5-

methyl or 5-bromocytosines [40], 5-ethynyl- or 5-(l-propynyl) uridines

[41][42], have promising properties for a potential application as

"antisense" oligonucleotides. Different purine and pyrimidine analogues

have been synthesized and incorporated into oligonucleotides to enhance

base-pairing, to study protein-DNA interactions, and to modify the

catalytic activity of ribozymes (for examples, see Fig. 7; for reviews, see:

[26][25]).

m2

Y> n,-/YS fïVH3

7-Deazaadenine 3~Deazaadenine 2-Aminopurine 8-Azidoadenosine A/1-Methyl-guanosine

6-Thioguanosine 2~Pyrimidinone lmidazol-4- 2-Pyridinone 5~Propyl-uridine
carboxamide

NO;:

3-Nitropyrrole

% H3VNOoN

5-Nitroindole 5-Methyl-2-pyrimidinone A^-Thioethylthymidine 5-lodouridine 4-Thiouridine

Figure 7. Some nndeobase modifications.
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1.1.2 Sugar modifications

In nucleosides, the electronegativity of the 2'-substituent has a profound

effect on the sugar conformation: an increase of its electronegativity leads

to an increase of the population of the C3'-endo conformer. Consequently,

it was reported that the incorporation of 2'-(9-methyl ribonucleosides

[43][44] or 2,-deoxy-2'-fluoro-ribonucleosides [45] in oligonucleotides

increases the affinity toward RNA complements. With RNA, 2'-0-allyl

substituted RNA analogues also form more stable duplexes than the

corresponding DNA, whereas 2'-0-(3,3-dimethylallyl) analogues lost the

ability to bind to their complementary RNA sequences. These results

indicate that steric bulk is not tolerated of in nucleic acid duplexes. A clear

structure-stability relationship depending on the size of the 2'-0-alkyl

substituents was reported [44]: Compared to 2'-0-methylated RNAs, the

destabilizing effect (towards a RNA sequence) increased with the size of the

2'-0-substituents; the average ATm per modification correlated well with

the number of carbon atoms in the chain. In contrast, larger groups at the

2'-position led to a higher nuclease resistance.

Surprisingly, 2'-(9-alkylated RNA derivatives with substituents related to

ethylene glycol (in particular 2'-(9-methoxyethyl, 2'-<9~methoxytriethoxy-

ethyl substituents) retain or even slightly surpass the high RNA binding

affinity of 2'-0-methylated RNA derivatives despite their quite large

substituents. DNA-analogues carrying alkyl, alkenyl, or aryl side chains

form very weak duplexes with the natural complements [46] (Table 4).
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Table 4. Hybridization and stability data of oligonucleotides containing 2'-

modifications (compared with wild type DNA).

r-R Aïin/inod. (°)

OCH3 + 1.0

OCH2CH2=CH2 +0.8

OCH2CH2OCH3 + 1.1

0(CH2CH20)2CTh + 1.1

OCH2OCH2CH3 -0.3

(#>OCH2CH(OCH3)CH3 + 1.6

(Ä)-OCII2CH(OH)CH2OH + 1.5

(5)-OCH2CH(OH)CH2OH + 1.5

OCH(CH3)2 -0.4

OC6Hi <-1.2

CH3 < -2.3

Ch2ch=ch2 <-3.8

(£)-CH=CHC6Hs <-4.5

C6H5 <-3.7

Ch2oh <-3.0

!): The factor of increased stability m 10% heat denatured calf fetal serum was established

as compared to the parent DNA oligonucleotide.

Sugar-modified analogues have been used extensively to study ribozymes

and RNA aptamersD, to probe the importance of specific 2'-OH groups for

catalysis and to provide resistance against nucleases. The 2'-OH

modifications introduced to probe hammerhead ribozyme catalysis include

0: RNA aptamers are selected and optimized RNA species that arc able to bind small

organic molecules with dissociation constants m the mM to nM range [227].
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2'-deoxy [47-49], 2'-deoxy-2'-fluoro, 2'-deoxy-2'-amino [50][51], T-0-

methyl, 2'-0-allyl [52], and 2'-C-allyl nucleosides [53]. 2'-Deoxy~ or 2'-0-

methyl nucleosides have been introduced to identify the position of 2'-OH

groups responsible for the hairpin ribozyme activity [54]. Specific

interactions involving 2'-OH groups within the Tetrahymena ribozyme

have been studied by partial substitution with 2'-deoxy- and 2'-deoxy-2-

fluoro-substituted nucleosides [55-57]. 2'-Deoxy substitution has also been

used to investigate the role of a specific 2'-OH responsible for molecular

recognition and the specific event in group II intron ribozymes [58].

Recently, incorporation of a 2'-deoxy-2'-mercaptocytidine into an

oligonucleotide (via a suitably protected phosphoramidite) has been

reported [59].

Other sugar modifications involve replacement of the 4'- ring oxygen by a

carbon to give the carbocyclic analogue, by sulfur to give 4'-

thionucleosides, or by a nitrogen to give pyrrolidines. The oligonucleotides

containing such modifications have been widely used to probe, for instance,

triplex formation. protein-DNA interactions and E. coli DNA repair

enzyme inhibition [25] (Fig. 8). Recently, a novel class of oligonucleotide

analogues consisting of 2',4'- and 2',3'-linked nucleosides was introduced

by Wengel and coworkers. These "LNAs" (locked nucleic acids) are

conformational restricted oligonucleotide analogues showing a

exceptionally high affinity towards complementary DNA and RNA and a

promising stability towards 3'-exonucleoase degradation [60-62]. Another

class of confomationally restricted oligonucleotide analogues are the

bicyclo- and the tricyclo-DNAs introduced by Leumann [63][64] (Fig. 8).
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X = CH2
X = S

X = NH
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X = 0 v.

X= NH

X = NCH3 Wengel et al.

-a B

Leumann et al.

Figure 8. Conformation al] y restricted nucleoside analogues.

1.1.3 Postsynthetic modification of oligonucleotides

The requirement for oligonucleotide derivatives which are conjugated to

other biological macromolecules, to a nonradioactive reporter group, to

spin labels and to cross-linking agents led to the development of efficient

postsynthetic modification procedures. The chemical strategies for

oligonucleotide conjugation have been reviewed [65]. The modification of

either the 3'- or 5'-terminus is a convenient method for equipping an

oligonucleotide with a reactive aminoalkyl or a mercaptoalkyl group.

Oligonucleotide conjugates derived therefrom have been used extensively

for a number of applications, which include cellular delivery of antisense

oligonucleotides, synthesis of artificial nucleases, and hybridization probes
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for in vivo detection of nucleic acids. Examples include conjugation of

oligonucleotides to viral fusogenic peptides [66], phospholipids [67],

thiolated polysaccharides [68], vitamin E [69], lipophilic groups such as

cholesterol [70][71], nonradioactive detection labels [72][73], and spin labels

[74].

It is possible to incorporate modified nucleosides in a site-unspecific

fashion using RNA polymerases, but chemical synthesis offers a general

way to functionalize every desired position within an ofigonucleotide.

Unfortunately, this concept usually requires a lengthy synthesis for each

differently modified building block. Verdine [75][76], Xu [77][78], and

Harris [79] independently developed a general method for the site-specific

postsynthetic modification of DNA, known as the convertible nucleoside

approach. In this method, a nucleoside derivative containing a leaving

group on its nucleobase (a convertible nucleoside) is incorporated into

DNA site-specifically by solid-phase synthesis. After assembly of the

nucleic acid, it is treated with a nucleophile which displaces the leaving

group. When the displacing nucleophile is a primary alkylamine, the

product is an A, G. or C residue bearing an alkyl group attached to its

exocyclic amino group. A convertible nucleoside suitable for the

functionalization of A, C. G residues in RNA was also prepared recently by

Verdine's group (Scheme 7) [80]. The convertible nucleoside method has

been used for the synthesis of thermostabilized DNA and destabilized (bent)

DNA helices [75][8l], mechanistic investigations of enzymatic DNA

methylation [82][83]. the preparation of DNA-affinity purification columns

184][85], and the synthesis of isotopically-labeled DNA for studies of

molecular recognition at protein-DNA interfaces [86].
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Methanolic RNH, J

N °-alkyl-A N *-alkyl-G N *-alkyl-C

Scheme 7. Convertible nucleobases. The base moiety is equipped with a leaving group

that can be substituted by amines, resulting in the generation of N-alkylated derivatives.

Recently, Kahl and Greenberg [87] reported the site-specific

functionalization of chemically synthesized oligonucleotides on solid-phase

by incorporation of nucleotides containing masked alkyl carboxylic acids

or alkylamines (Scheme 8). The functional groups required for conjugation

are attached at the C5-position of deoxyuridines; they were selectively

liberated upon photolysis of the appropriate <9-nitrobenzyl based protecting

group, followed by conjugation on the solid phase.

OCH

N ^0

HqC

X =

H3C

X =

H2N.
Vs

HO>

o

jV

Scheme 8: Building blocks suitable for conjugation on solid support.
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It is very advantageous to carry out the conjugation reaction on solid

support, because excess reagents and by-products can easily be removed

from the product. Such strategies not only facilitate the preparation of

oligonucleotides containing modified nucleotides, but arc potentially also

compatible with the chemical synthesis of oligonucleotide libraries

containing a large variety of unnatural nucleotides and additional functional

groups.

1.2 "Antisense" concept

It is still necessary to synthesize and test about 10,000 new compounds in

order to discover a new biologically active substance which is worth to be

investigated as a protential new drug. In many cases, the active substance is

devised to be directed against proteins such as enzymes, receptors or ion

channels, of which the structure and mode of actions arc usually very

complicated and often incompletely understood.

Recently, "antisense" has emerged as a promising new therapeutic concept

[88][89]. It is based on the introduction of a tailor-made synthetic

oligonucleotide strand into the cell where it interacts with a disease-related

mRNA by duplex formation. Thereby, the translation of the corresponding

protein is specifically inhibited or its degradation by Ribonuclease H

(which recognizes and cleaves double-stranded RNA) is initiated.

For a therapeutic realization of the "antisense" concept, the following

requirements must be met:
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f) The complex formed between the "antisense" oligonucleotide and

its complementary target sequence must be sufficiently stable under

physiological conditions.

2) The interaction between the oligonucleotide and its target

sequence must be specific.

3) The oligonucleotide must have a sufficient stability in the cell to

be able to display its desired activity. It must therefore be resistant to

enzymes that degrade nucleic acids.

4) The oligonucleotide must be able to pass through the cell

membranes to reach its target. Uniform distribution of the oligonucleotide

will normally be desirable; i.e., it should not accumulate either in

particular organs such as the liver or in particular cell compartments such

as the lysosomes.

5) The synthesis of such oligonucleotides must be simple and

efficient to meet the requirements for practical application.

The search for compounds which fulfill these requirements has led to the

development of a huge variety of modified oligonucleotides [26-28].

1.3 Ribozymes

The discovery of catalytic RNA molecules in the early 1980s attracted

many scientists to the field of RNA research [90-92]. Until then, it was

assumed that enzymes were the only catalytic compounds in the cell and

that nucleic acids provided only genetic information and structural

frameworks. "DNA is transcribed into RNA, which is then translated into

protein", and it was accepted dogma that all the intermediate reactions were
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catalyzed by enzymes. However, the discovery that RNA molecules can

catalyze their own chemical transformations and transformations of other

RNA molecules revealed thatRNA molecules can serve as catalysts, too.

Such oligoribonucleotides with catalytic activity are generally known as

ribozymes.

1.3.1 Comparing oligonucleotides and proteins

With our current level of understanding, proteins are by far the most

specific and efficient catalysts. In a very simplified point of view, these

compounds act by aligning functional groups in a precise way. From a

mechanistic perspective, the ability of RNA to act as an enzyme can not be

generally expected. The surprise after the discovery of catalytic RNA can

be understood from the simple fact that RNA lacks functional groups

analogous to protein side chains. In enzymes, the most frequently found

catalytic residues are the imidazole moiety of histidine, the carboxylate

group of asparagine and glutamine, the alkylamino group of lysine, and the

thiol group of cysteine. Shown in Fig. 9 are the common functional groups

found in proteins and nucleic acids together with their pKa values. The low

diversity of RNA functional groups together with the flexibility of its

backbone are severe limitations for the catalytic capabilities of RNA [93].
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Figure 9. The four nucleobases that comprise RNA and a representative set of

functionalities found in amino acid side chains. The pÄ'a values are indicated in brackets.

Proteins are built from a-amino acids which are connected by amide

bonds. The amide bonds are planar and prefer a trans conformation, while

the values for the dihedral angles \\f and (j) span a wide range (consequently

allowing a globular shape of many proteins) (Fig. 10). In contrast to the

amide bonds within proteins, the phosphodiester linkages of the nucleic

acids are conformationally less restricted. The sugar moiety has preferred

conformations limiting the torsion angle 5 and rigidifying both RNA and

DNA structures. In nucleic acids, 10 atoms are between connection sites of

two sequential residues, while in the proteins, there arc only 4 atoms

involved. Therefore, compared to nucleic acids, proteins can adopt a much

higher density of functional groups. Another important difference is the

confinement of the nucleobases to relative narrow regions of
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conformational space (the orientation of the bases (x angle) is primarily

syn or anti), in contrast to the wide range of staggered conformations

allowed for protein side chains. The nature and the density of functional

groups and the rigidity of the backbone combined with the relative

flexibility of the side chains within proteins are characteristic of a superior

catalyst platform. Note that 6 dihedral angles are required to define the

backbone conformation in nucleic acids but only 2 for the analoguous

description in proteins.

NH2

O-

N X

^f .„OH

"o-roH
o

34 = 81 staggered

conformations for the

lysine side chain

'cr

/
% torsion angle mainly corresponds to

syn and anfi conformation

9 staggered
conformations for the

histidine side chain

Figure 10. Phosphodiester and amide backbones of RNA and proteins, respectively.

1.3.2 Classification of ribozymes

The predominant activity associated with naturally occurring ribozymes is

the ability to splice or cleave RNA molecules in a sequence-specific

manner. This sequence specificity results from the base-pairing of

ribozyme sequences with nucleotides around the cleavage site of the target

RNA. Ribozymes can function in an intramolecular (eis) reaction to slice
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or cleave their own RNA sequence, or they can function in an

intermolecular (trans) reaction to cleave another RNA molecule.

Ribozymes show promise as therapeutic agents to down-regulate a given

RNA species within a background of cellular RNAs. Specifically, the

mRNA encoding a protein associated with a disease state may be selectively

cleaved. This clea\age event renders the mRNA untranslatable and

attenuates the expression of the protein product.

Ribozymes were discovered around 1980 simultaneously by Altman [92],

who found that the RNA subunit of RNase P could catalytically cleave and

process the 5' terminus of tRNA precursors and by Cech 190][91], who

found that the tetrahvmena ribosomal RNA intron had autocatalytic

activity. Since then, four other catalytic RNAs, all self-cleaving, have been

discovered: group I and group II ititrons; the RNA subunit of RNase P;

hammerhead, hairpin and hepatitis delta virus ribozymes, and ribosomal

RNA 194]. The group I intron catalyses the ligation of adjoining exons,

using the 3'-OH group of a giianosine monophosphate cofactor as a

nucleophilic group to mediate transesterification. The group II intron also

ligates adjoining exons but uses the 2'-OH group of an adenosine moiety

within the intron to mediate the transesterification. RNase P simply

hydrolyzes the phosphodiester backbone of tRNA precursors. The small

ribozymes (hammerhead, hairpin, hepatitis delta virus and Neurospora

Varkud satellite (VS) ribozymes) catalyze the cleavage of RNA strands by

initiating an internal transesterification reaction.

Although less than two decades ha\e passed since the discovery of

ribozymes, a lot of exciting studies have been undertaken and many facettes

of their mode of action have been discovered. This still rapidly developing

field is of interest, not only for the intrinsic abilities of these fascinating
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molecules but also for their potential as therapeutic agents [93][95-97]. The

recent discovery of DNA enzymes, created by in vitro selection procedure,

has added even more excitement to this area [98-101].

Many artificial ribozymes have been created so far by in vitro selection

methods; some of them display catalytic functions that are qualitatively

comparable to those of natural (protein) enzymes. Among the expanding

collection of novel ribozymes are RNAs that catalyze RNA cleavage [102],

DNA cleavage [101], RNA ligation [103], RNA polymerization [104],

formation of pyrophosphates [105], and phosphoryl transfer [106].

Ribozymes have been found which promote carboxylate ester bond

formation [107], which cleave [108] and form [109][110] amide bonds, and

metalate porphyrin rings LI 11]. Even chemical transformations that one

would more likely find in a chemist's flask rather than in the cytoplasm of

a cell can be performed by artificial ribozymes [112]. These reactions

include alkylation by halide displacement LI 13], isomerization of a bridged

biphenyl compound [114], and Diels-Alder reactions [115]. In addition,

DNA-catalyzed porphyrin metallation reactions without substrate base

pairing have been reported [116][117]. These new discoveries suggest that

both RNA and DNA could play a more significant role in catalyzing a wide

array of chemical transformations.

1.3.3 Hammerhead ribozyme

Occurring in small plant pathogenic RNAs. the hammerhead motif is a self-

cleaving structure that is thought to process multimeric transcripts into

monomers during rolling-circle replication of viroid and virusoid genomes
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[94][118]ri 19]. Unlike large ribozymes such as self-splicing introns and the

catalytic subunit of ribonuclease P. only a small central core and three

helices-stems I-III are required for the hammerhead activity (Fig. il).

Thus, as the "world smallest ribozyme", the hammerhead became an

attractive candidate to study structural requirements and mechanistic details

of its activity. At the same time, it has been thouroughly investigated as a

potential "antisense" drug.

15.4N N16.4

Stem III 153n ---— N16.3
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Figure 11. The two-dimensional structure of the hammerhead ribozyme. The outlined

positions represent the conserved bases within the core. N represents a nonconserved

nucleotide: H any nucleotide but G: Y a pyrimidine nucleotide; R a purine nucleotide

complementary to Y.

1.3.3.1 Structure of the hammerhead ribozyme

The hammerhead ribozyme can cleave any RNA as long as it contains the

cleavable triplet 5'-NUH-3', where U is conserved, N is any nucleotide and
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H can be C, U, or A, but not G [120]. Cleavage occurs by a nucleophilic

attack of the 2'-OH of the nucleotide H17 (see Fig. 11) on its phosphate

group, resulting ultimatively in two strand-scission products, one

containing a 2',3'-cyclic phosphate end group and the other a 5'-OH

terminus. The inability to cleave at a G site is probably the result of an

unfavorable base-pair formation with C3 [121]. NMR studies have

confirmed that this base pair exists and that it stabilizes the ground state

ribozyme-substrate complex [122].

Site-directed mutagenesis and introduction of modified nucleosides into the

hammerhead ribozyme revealed that nucleotides in the core region (at the

junction of the three helices) are essential for activity. Furthermore,

divalent metal ions such as Mg2+ are required for ribozyme-catalyzed

cleavage. These experiments implied that a specific core structure is

responsible for positioning divalent metals at the cleavage site. Crystal

structures of the hammerhead ribozyme, reported in 1994 and 1995.

revealed a wishbone-shape form, in which stems I and II form the arms

and stem III and the conserved core form the base (Fig. 12) [123][124].

This conformation was seen in two independent structure determinations,

obtained from different constructs, different substrates, different

crystallization conditions and crystal-packing arrangements.

The three stems are all A-form helices, but the structure of the central core

is partially created by noncanonical base-pairs between the conserved

nucleotides. The essential sequence CUGA, between stems I and II, forms a

tight turn identical to the "U-turn" seen in tRNAPhe. The cytosine found at

the cleavage site between stem I and III is positioned near the CUGA cleft

and is interacting with C and A of the CGUA motif. This proximity, along

with the known ability of the tRNAPhe U-turn to bind Mg2+-ions and to be
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cleaved by Pb2+-ions, led Scott et al. [124] to suggest that the CUGA turn

of the hammerhead ribozyme constitutes the catalytic pocket of the

ribozyme.

a) _

Stem II

helix

Stem

A U

Figure 12. Secondary structure of the hammerhead ribozyme, including stems I, II, III.

the CGUA sequence of the catalytic pocket, and the scissile bond (left). X-ray

crystallography revealed a wishbone-like shape, witti stems I and II emanating from the

catalytic pocket anti stem III forming the base.

1.3.3.2 Hypothetical mechanism of hammerhead ribozyme

induced RNA cleavage

The crystal structures of the hammerhead ribozyme provide a detailed

view of the catalytic center, but they also pose a puzzling question about the

mechanism of cleavage. In both of these structures, the A-type

conformation of the substrate is incompatible with the known in-line attack

mechanism of the cleavage. Thus, it is necessary to rearrange the phosphate

backbond conformation during the reaction (Fig. 13a).
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Figure 13. The cleavage-site conformational switch, (a) As shown in A, the cleavage-site

phosphate in the ground state of the hammerhead is 90° away from the geometry required

for an in-line attack mechanism. Any significant movement away from this ground-state

conformation would thus position it more favorably for an in-line attack, as indicated in B.

(b) A modification adjacent to the cleavage site that slows the cleavage reaction. The methyl

group, added adjacent to the 5'-oxygcn acting as the leaving group during the cleavage

reaction creates a kinetic bottle-neck at the stage of bond cleavage.

A lot of effort was put into trapping a conformational intermediate that

would be closer to the transition state. To avoid possible complications

from the use of 2'-deoxy [123] and 2'-methoxy substrates [124] as in the

original structure determinations, an all-RNA hammerhead was crystallized

and its structure was determined in the absence and presence of Mg2+

[125]. In the absence of Mg2+, the structure was identical to that

determined originally; in the presence of Mg-+ and at low pH to slow the

cleavage rate, an intermediate structure was "freeze-trapped" in the crystals

in which a 3A movement of the scissile phosphate gaoup had occurred.

While this result suggested that cleavage indeed involves a conformational

change around the cleavage site, the details still remained tantalizingly

obscure.

Murray et al. [126] synthesized a hammerhead ribozyme with a methyl

group on the 5' carbon atom adjacent to the phosphorous center at the
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cleavage site (Fig. 13b). This modification slows the catalytic rate,

presumably by the modified steric or electronic properties of the leaving

group. This slowing of the reaction allowed to perform a time-course

experiment in the crystals which revealed that during the catalytic event, a

dramatic base-swing positions the adjacent phosphorous atom closer to the

arrangement required for an in-line attack mechanism.

1.3.3.3 Modifications of the hammerhead ribozyme

The most exciting aspect in ribozyme research is its potential application

for sequence-specific inhibition of gene expression. Of all the catalytic

RNAs, the hammerhead ribozyme is the most modified and studied. These

studies have resulted in major improvements concerning the understanding

of their catalytic mechanism; they have led to an enhanced resistance

towards nucleases, and to a significant reduction of their size.

Naturally occurring ribozymes have relatively low catalytic rates in

comparison to protein ribonucleases (1 min-1 versus >500 min-T), although

a similar transphosphorylation process is catalyzed. This suggests that there

is a considerable scope to improve the cleavage rate of ribozymes. The

difference in catalytic efficiency may be a good example for the limitation

caused by the smaller number of building blocks and functional groups in

ribozymes.

It has been demonstrated previously that it is possible to increase the rate of

hammerhead catalysis by increasing the rate of ribozyme substrate

association (k\, 10-fold enhancement) [127|[128] or by increasing the rate

of ribozyme product dissociation (k-\, 10-100-fold enhancement) [129].

The first example of chemical modifications within a catalytic RNA that
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enhanced the rate of the chemical step (£2) was reported by Burgin et cd.

[130]: A number of modified pyrimidines have been synthesized and some

of them showed increased catalytic activity when placed at position 7 within

the hammerhead ribozyme core. Particularly, substitution by a pyrimidine-

4-one showed a 12-fold increase of the cleavage step compared to a control

ribozyme containing U at the same position. Fig. 14 presents some critical

functional groups within the hammerhead catalytic core which upon

replacement led to a significant reduction in activity.
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Figure 14. Required functionalities in the hammeihead eatahtic core. Point substitutions

with base-, backbone-, or 2'-modified nucleotides that result in a more than 10-fold

reduction in catalytic activity are shown m boxes (3'-oxygens have been omitted for

clarity). Modifications include the Nl-H and C6 keto functions of G5, G12 and G8 [131],

A^-amino groups of G5 and G12 [1321. A7 nitrogen of A6 [1331. ~
-OH of G5. U16 1

[134], G8 [135], and 1117 [136] (where II represents A. C or TA. The gray box around the

H17 OH indicates a >100—fold reduction m acti\it\ when it is removed. Thiophosphate

interference experiments located phosphates important for the hammerhead cleavage at

positions 5' of A13. G12. A9 andNl.l [137],
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1.3.3.4 Applications of the hammerhead ribozyme

Ribozymes might be valuable therapeutic tools for removing cellular RNAs

transcribed from mutated genes or for destroying unwanted viral RNA

transcripts in the cell. However, directing ribozymes to the cellular

compartment containing their target RNAs is still a bis challenge.

The first step to inhibit gene expression by a ribozyme is its binding to the

mRNA. This step is akin to the antisense strategy discussed for the same

propose. In vitro, several methods for target-recognition have been

successfully applied, but it is not certain that the same sites will be available

in vivo. However, the example reported by Ho et al. suggested that a

ribozyme targeted against a specific mRNA showed the expected result

even in animals 1138].

There are two approaches to deliver ribozymes to a cell for the successful

inhibition of gene expression. One is exogenous delivery where

presynthesized ribozymes are delivered into the cell. The other is

endogenous delivery, in which the gene encoding the ribozyme is brought

into the cell as part of a vector; by transcription the ribozyme is then

generated in-situ. There is one example of a successful exogenous delivery

of a ribozyme into a cell culture without a carrier. A phosphorothioate-

modified hammerhead ribozyme, directed against the carbonyl phosphate

synthetase II gene of Plasmodium falciparum, reduced malarial viability of

infected erythrocytes up to 55% [139]. Endogenous delivery depends on

efficient transfer of the ribozyme-encoding gene into the cell. Viral vectors

are preferred and retroviral vectors are most commonly used for in vivo

delivery of ribozymes because they have a high transduction efficiency and

they integrate the gene in a stable way into the host cell genome. They have
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been widely used to deliver ribozymes for the inhibition of expression of

genes linked to cancer and viral diseases such as AIDS [140-142].

Most recently, Samarsky et al. reported that a family of small RNAs found

in the nucleolus (snoRNAs) can readily transport a ribozyme into this

subcellullar organelle [143][144]. A hammerhead ribozyme has been

directed to the yeast nucleolus by using the U3 small nucleolar RNA as a

carrier. The hybrid consisting of the small nucleolar RNA and the

ribozyme (snorbozyme) was metabolically stable and cleaved a target U3

RNA efficiently in vivo. This system potentially offers new avenues for

delivery of ribozymes and conventional "antisense" compounds that could

create a revolution in the treatment of diseases.
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2 Aims of the project

For obvious reasons. Nature has chosen proteins and not nucleic acids to be

her catalysts. Nevertheless, it was found that certain oligoribonucleotides

(ribozymes) can act as catalysts. Nucleic acids possess only a very restricted

number of functional groups, necessary for base pairing. Although a great

number of modified bases have been found in tRNAs, such modifications

essentially enhance only the structural, but not the functional variety. A

great, not yet explored potential lies in the development of functionalized

ribozymes which potentially are more active or more selective than their

natural congeners. The investigation of some modified ribozymes has

already resulted in a better understanding of their catalytic mechanism, led

to more efficient catalysts, and allowed the design of artificial ribozymes

that are able to catalyze organic reactions [93][96].

So far, a great variety of oligonucleotide analogues containing modified

nucleobases, backbones, and sugar moieties have been prepared (chapter TI¬

LI). Among the great number of known sugar-modifications, only a few

examples of 5'-C-modified nucleosides have been reported and examples of

their incorporation into oligonucleotides are even more rare. Escudier's

[145-148] and Tanaka's group [149-151], respectively, reported the

synthesis of 5'-C-modified nucleosides but did not incorporate these

nucleosides into oligonucleotides. The first example of a 5'-C-modified

oligonucleotide reported by Saha et al., who has showed that 5'-Me-DNA

has a satisfactory binding affinity and a high resistance to nuclease

degradation [152]. Later, a S'-methyl-ribonucleoside was incorporated into

a hammerhead ribozyme at the cleavage site in an effort to create a

situation that would be closer to the transition state [126J. Recently, a
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number of 5'-C-branched thymidines including 5'(5')-C-aminomethyl-,

5XS)-C-azidomethyl-, S'CSl-C-cyanomethyl-, 5XA)-C-methoxymethyl, 5'-

C-nitromethyl-, and 5'-C-allyLthymine were synthesized and

oligonucleotide duplexes containing 5'0S)-C-aminomethyl-, 5'(S)-C~

methoxymethyl, 5'(5,)-C-allyl-, 5'(^)-C-allyl-thymidines have shown

comparable thermal stability as the unmodified sequence both with DNA

and RNA complements. Additionally, they showed a significantly increased

resistance to snake venom phosphodiesterase [153].

Structurally, 5'-C groups are located at the edge of the major groove of

corresponding duplexes and should not directly interfere with base pairing.

Extension of the sugar moiety at the 5'-position leads to hexofuranosyl

(specifically D-allo and L-talo configurated) nucleosides. Using the

additional exocyclic hydroxymethyl group as a point of attachment, the

synthesis of further functionalized nucleosides can be carried out.

Additional functional groups in the major groove of duplexes, such as

protonated amino groups, might, however, interact with the anionic

phosphate backbone. We were interested in creating such specific

interactions and studying their influence on conformation and pairing

properties. Such functional groups would also be suitable for conjugation

reactions carried out either in solution or. advantageously, while the

oligomers are still attached on the solid support. Such a strategy would

even allow the combinatorial preparation of a great variety of differently

functionalized oligonucleotides.
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3 Results and discussion

3.1 Synthesis of 6'-0 -aminopropyl substituted oligoribo¬

nucleotide analogues

Only a few strategies for the introduction of additional functionalities into

oligoribonucleotides are known. This limitation prompted us to investigate

novel approaches to this important objective. We specifically planned to

investigate the functionalization of hexofuranosyl-nucleotides, thereby

establishing a new functionalisable site and efficient methods for the

introduction of additional groups.

Initially, syntheses of D-allo- and L-Za/o-furanosyl cytosines carrying

allyloxycarbonyl protected 6'-0-aminoalkyl substituents were developed.

The allyloxycarbonyl group should be stable to the conditions used for the

automated synthesis and could be removed under mild, Pd-assisted

conditions on solid support. The liberated amino group could then be used

for the formation of conjugates. However, this strategy failed due to the

unsuccessful removal of the allyloxycarbonyl protecting group.

Employing the intermediates obtained during the synthesis of N-

methylamino-pentyl substituted cytosines, two phosphoramidites carrying

each a metal-binding site were prepared and incorporated into

oligoribonucleotides. It could be demonstrated that this additional

functionalities were able to mediate interactions between metal ions and the

phosphate backbone, resulting in a duplex stabilisation.

Finally, we have achieved solid support functionalizations employing

bromopentyl substituted allofuranosyl phosphoramidites which were

incorporated into RNA sequences. Different types of nucleophiles were
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introduced, leading to a variety of differently functionalized RNA

sequences. Based on this method, four hammerhead ribozyme analogues

carrying additional metal-binding sites were prepared. These modifications

resulted in an enhancement of their catalytic efficiency at low metal-ion

concentrations.

3.1.1 Selective 6-O-monoalkylation of allofuranose derivatives

The plan for the synthesis of the two diastereoisomeric $-D-allo and ß-L-

talo configurated hexofuranosyl cytosine phosphoramidites 1 and 2 is

presented in Fig. 15.
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Figure 15. Plan for the preparation of the hexofuranosyl phosphoramidites 1 and 2.
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The diol 3 120] was alkylated of with l-bromo-(or l-iodo-)3-

phthalimidopropane 4 (5) by first activating the diol by treating with

Bu2SnO under azeotropic removal of water [226], thereby forming a cyclic

tin-derivative. Excellent yields of the monoalkylation product 6 could be

obtained by running the reaction in toluene and adding BuaNBr (Table 5).

The attempted activation of the diol 3 with B112S11CI2 in the presence of (/-

Pr)2NEt according to [20] was unsuccessful (partial migration of the 3-0-

benzoyl group was observed instead).

Table 5. Alkylation of the diol 3.

HO—1

HO-

PhthN'

,0,

°vBzO

a) Bu2SnO, solvent

b) PhthN(CH2)3X, BU4NX1

(4 X = Br, 5 X = I)

HO-

zo oi:BzO

3 PhthN(CH2)3X Bu2SnO

(equiv.) (equiv.) (equiv.)

B114NX' Solvent Temp. Time Yield

(equiv.) (°) (h) (%)

1.0 4 (5.0) 1.0 1(1.0) (CH2CD2 80° 12 h ca. 30

1.0 4 (5.0) 1.0 1(1.0) Toluene 100° 12 h 65

1.0 4 (3.0) 1.1 Br (3.0) Toluene 95° 10 h 80

1.0 5 (3.0) 1.1 Br (0.5) Toluene 95° 6h 20

1.0 5 (3.0) 1.1 Br (1.0) Toluene 95° 6h 40

1.0 5 (3.0) Li Br (4.0) Toluene 95° 6 h 75

1.0 5 (3.0) 1.1 Br (3.0) Toluene 95° 10 h 91

The identification of the 6-(9~monoalkylated sugar 6 was carried out by

combining 'H-NMR homo-decouplings with D20-exchange experiments.

Starting from the signal of the anomeric proton (H-C(l)) at 5.90 ppm (c/, J
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= 4.0 Hz), all protons on the sugar moiety were identified by sequential

irradiations. The signal of H-C(5) is a multiplet at 4.03-4.06 ppm. One of

H2-C(6) resonates as a del at 3.58 ppm (J = 3.4, 10.0 Hz), while the signal

of the other one overlaps with the CH2O signal, leading to a multiplet at

3.41-3.48 ppm. After addition of D2O, only the H-C(5) signal showed a

significant change, in agreement with a HO-C(5) group.

3.1.2 Synthesis of a 6'-0-(A-allyloxycarbonyl-3-aminopropyl)»

substituted D-allofuranosyl-cytosine building block

After having introduced an aminopropyl group into diol 3, the derivative 6

was converted by a series of efficient reactions to the building block 7

without intermediate purification (Scheme 9).

PhthN-^^^^O-
HO-

X.
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H Tipso-

O
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7 (40%)

Scheme 9. a) 1) TIPS-OTf. (/-Pr)2NEt. CH2C12. r.t.; 2) NH2NH2, DMF, r.t.; 3)

A110C(0)C1, (/-Pr)2NEt, CH2C12. r.t.; 4) CF3COOII, H20 (1:1). 1 t.; 5) BzCl, DMAP,

Py, CH2C12, r.t.

TIPS-protection of the 5-OH of 6, followed by the cleavage of the

phthalimido group with NH2NH2, subsequent A-acylation with allyl

chloroformate, cleavage of the remaining ketal group under acidic

conditions, and finally dibenzoylation gave 7 in a satisfying yield of 40%.



54

This general, straightforward route should allow a convenient preparation

of related sugar building blocks.

Nucleosidation of 7 was achieved under Vorbrilggen conditions [154] with

in situ trimethylsilylated A4-benzoyl cytosine using TMS-OTf as Lewis acid

(Scheme 10). After aqueous work-up, two product spots on TLC were

observed, which were identified as nucleosides with or without a 0-

trimethylsilylated carbamoyl group. Without intermediate purification, the

product-mixture was desilylated with CF3COOH/H2O (1:1) and the

nucleoside 8 could be isolated in good yield.

a;

AlocHN(CH2)30-n
R'O—

NHBz

AlocHN(CH2)30—1
DMTO

OR OR

8 ( R = Bz, R' = H) —

9 ( R = H, R' = DMT)-*

W
N °

11

+ 3'-0-alkylated
isomer (23%)

OH ONBM

10 (48%)

b)

DMT =

OMe
NBM

d)

AlocHN(CH2)30—|
DMTO-

j~\-
OMe

02N v>

NHBz

^N

•N^O

NC p'
i

.0.

.O ONBI

1

Scheme 10. a) 1) Bis(trimethylsilyl)acetamidc (BSA), Bz-cytidine, McCN, 70°, then

TMS-OTf; 2) CF3COOH, H20 r.t.. 78%: b) 1) DMT-Cl. L5,7-triazabicyclo(4.4.0)dec-5-
en, B114NCIO4, CH3CN. 75°, 2) NaOH, THF/MeOH/H20, 55%: c) Bu2SnCl2, NBM-C1,

(/-Pr)2NEt. (CH2C1)2, 70°: d) 2-cyanoethyl diisoprop\lchlorophosphoramidite, (/-Pr)2NEt,
CH2C12, r.t.. 92%.

Initial attempts to dimethoxytritylate the 5'-OH of 8 under standard

conditions (DMT-Cl. (/-Pr)2NEt, Py, r.t.) failed. However, the reaction
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occurred by using the strong base l,5,7-triazabicyclo(4.4.0)-dec-5-en in the

presence of BU4NCIO4 at 75° for 16 hours. Without isolation, the

dimethoxytritylated intermediate was debenzoylated (0.1 M NaOH in

THF/MeOH/H20) and the diol 9 was obtained in a moderate yield of 55%.

The (2-nitroben7yl)oxymethyl (= NBM) protecting group was now

introduced using the conditions optimized by Pitsch [20]. Thereby, the diol

9 was converted first to its cyclic 2',3'-di-(9-staniryl derivative with

Bu2SnCl2 and (z'-Pr)2NEt in 1,2-dichloroethane for 1.5 h at room

temperature, and then alkylated by addition of 1.3 equiv. of NBM-CI (16)

and further heating for 15 min at 80°. These conditions led to a 2:1 mixture

of the two regioisomeric T-O- and 3'-0~alkylated products, 10 and 11,

respectively, which were easily separated by flash chromatography. Their

structures was assigned unambigously on the basis of their 1H-NMR

spectra, according to [20].

Finally, the protected nucleoside 10 was converted with 2-cyanoethyl

diisopropylchlorophosphoramidite / (/-Pr)2NEt (according to 1155] [156])

into the phosphoramidite building block 1 which was suitable for the

synthesis of corresponding oligonucleotides on a DNA synthesizer.

3.1.3 Synthesis of the 6'-0-(3~aIlyloxycarbonyl-aminopropyl)-

substituted L-talofuranosyl-cytosine building block

The title-compound was prepared from the previously described compound

8 by epimerization of the 5'-position under Mitsunobu conditions

[157][158] (Scheme 11). Treatment of 8 with ClCH2COOH, PPI13 and

DEAD led to the intermediate chloroacetate 12, which was de-
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chloroacetylated under neutral conditions with hydrazine dithiocarbonate

(HDTC) [159], leading to the L-f<://o-configurated nucleoside 13. Its

dimethoxytritylation was carried out by applying the conditions introduced

by Beigelman et al. [ 160] with AgN03 as activator and lutidine as base. The

reaction proceeded smoothly and after debenzoylation, the diol 14 was

obtained in an excellent yield. Alkylation of 14 and finally phosphitylation

of the intermediate 2'-0-alkylated 15 were carried out as described

previously for the corresponding D-fl//o~configurated epimer and led to the

L-talofuranosyl-cytosine phosphoramidite 2 which was ready to be

incorporated into oligonucleotide sequences.

CI

AlocHN(CH2)30—i

a)

NHBz

N

O ^N^O

OBz OBz

NHBz

AlocHN(CH2)30—i |[ X
-ODMTN 0

NC

1 f
O ONBM

b)

AlocHN(CH2)30-

c) LZ

NHBz

N

OR ^N O

OR' OR'

13 R = H, R' = Bz

14 R = DMT, R' = H

d)

AlocHN(CH2)30—i

e)

NHBz

N

-ODMT'N °

W
OH ONBI

15

+ 3'-aikylated isomer

Scheme 11. a) CICHoCOOH. PPh3. DEAD, 45c. 98%: b) HDTC, lutidine, AcOH. r.t..

91%; c) 1)DMT-C1. AgNCh. sv/H-collidinc. CH2C12. r.t.. 2) NaOH, THF/McOH/H20,

55%; d) Bu2SnCl2. NBM-C1. (/-Pr)2NEt. (CH2C1)2, 70°, 53% (15); e) 2-cyanocthyl

diisopropylchlorophosphoramidtte. (/-PrbNEt, CEbCb, r.t.. 91%.
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3.1.4 Synthesis of modified oligoribonucleotides containing

substituted D-allo- and L-talo- nucleosides

The standard ribo-phosphoramidites (with the nucleobases A, C, G, U)

were prepared from the nucleosides by protection of the base moieties

[161] followed by dimethoxytritylation [162], alkylation with NBM-C1 and

phosphitylation 120]. The synthesis of oligonucleotides was carried out on a

1.5 pmol scale using a Pharmacia Gene Assembler and the protocol

developed by Pitsch [201. Coupling was carried out in the presence of a

mixture of l/?-tetrazole and 5-(4-nitrophenyl)-l//-tetrazole. For coupling

of the standard phosphoramidites, 7 equiv. and 12 min coupling time were

used, while 10 equiv. and 25 min were used for introduction of the

modified building blocks. Individual coupling yields were generally >98%

(as determined by the photometric trityl-assay).

Five sequences (Table 6) were prepared according to this protocol. A non-

self complementary tetradecamer RNA sequence A was designed and the D-

allo- and L-^a/o-nucleoside analogues 1 and 2, respectively, were

incorporated at two different positions, one near the 3'-end, A-l and A-3,

and the other near the 5'-end, A-2 and A-4, respectively. The

complementary RNA sequence B and the complementary DNA sequence

dB were prepared simultaneously.

The (attempted) deprotection of the allyloxycarbonyl (= Aoc) group was

performed under mild conditions while the oligomer was still attached to

the solid support, using the system lAl(PPh3)4/PPli3/Et2NH2+-HC03~- in

CH2CI2 [14]. The subsequent removal of the base- and phosphate-protecting

groups and the cleavage from the solid support was carried out by

ammonolysis for 24 h using saturated aqueous NH3 solution/MeOH (2:1) at
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50°. Longer exposure or higher temperature resulted in substantial

degradation of the oligonucleotide strand.

The photolytic removal of the remaining 2'-0-NBM protecting groups

from the oligonucleotide was carried out according to [20] by using a slide

projector as the light source. The by-product 2-nitrosobenzaldehyde and its

degradation products can inhibit the photolysis by absorbing the light used

for activation of the remaining nitrobenzyl groups. To circumvent this

effect, the aqueous, buffered reaction mixture was extracted continuously

with 1,2-dichloroethane.

a)

(UWWV/-^J K-'-v
/VA»

\^

b)

t (min.

hl MW
! i ',' V-JV

I
'V^AJ

Vi'

t (min.)

Figure 16. HPLC-traces of the crude RNA sequence A-1 synthesized by using different

oxidizing agents, a: I2/H20: b: f-BuOOH/(CH2Cl)2
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HPLC analysis of the fully deprotected sequences A-1 and A-2 revealed

that (probably) the oxidation conditions (I2/H2O) were not compatible with

the allyl moiety (Fig. 16a). Similar observations have previously been made

by Hayakawa et al. [163][164] who introduced f-BuOOH/(CH2Cl)2 as

oxidizing agent for oligonucleotide syntheses with allylated

phosphoramidites.

Repeating the syntheses of A-1 and A-2, but employing t-

BuOOH/(CH2Cl)2 as oxidizing agent, led to the formation of predominant

products (Fig. 16b).

After deprotection, the sequences were purified and desalted by reversed-

phase HPLC and then characterized by MALDI-TOF mass spectrometry

(Table 5).

Table 6. Synthesis and characterization of the prepared oligonucleotides.

Sequences MALDI-TOF MS

X from 1, Y from 2 Calc. Found

A 5'-r(GCAUCCGAGCUAUC)-3' 4406 4403

A-1 5'-r(GCAUCCGAGXUAUC)-3' 4493 4537

A-2 5'-r(GCAUXCGAGCUAUC)-3' 4493 4536

A-3 5'-r(GCAUCCGAGYUAUC)-3' 4493 4534

A-3 5'-r(GCAUYCGAGCUAUCV3' 4493 4436

B 5'-r(GAUAGCUCGGAUGC)-3' 4486 4490

dB 5'-d(GATAGCTCGGATGC)-3' 4304 4304

Disappointingly, the spectroscopic analysis revealed the correct mass for

the two unmodified sequences, whereas the mass of the four modified

sequences were all about 43 units higher than expected.
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3.1.5 Attempted functionalization on solid phase

Consecutively, it was tried to functionalize the oligonucleotides A-1 and

A-2 while they were still attached on the solid support (Scheme 12). After

removal of the Aoc group with Pd(PPh3)4/PPh3/Et2NH2+-HC03-, several

attempts to acylate the expected (primary) amino group were undertaken.

The HPLC-analyses of the crude products (obtained after ammonolytic and

photolytic deprotection), however, revealed the complete absence of

desired, functionalized sequences.

DMTO- Base*

O OTOM

O-P: O

DMTO- Base*

O OTOM

0-P:0

DMTO- Base*

O OTOM

O-P: O
NHCOR'

Base*

O OTOM

a) b)

1)Pd(PPh3)4lPPh3 Et2NH2-,HC03, CH2C!2, r.t. 1) n-C9H19COCI, Py, r.t.

2)(dba)3Pd2 CHCI3> PPh3, HCOOH, Et2NH. 2) />C9H19COCI, Py, DMAP, r.t.

CHCI3, 50°C 3) />C9H19COOH, HOBT, TBTU, (/-Pr^NH,

3) Pd(PPh3)4, AcOH, N-methylmorpholine. CH2CI2. r.t.

CHCI3, r.t. 4) n-C9H19COOH, BOP, (/-Pr)2NH, CH2CI2, r.t.

5) lm2CO, C4H9NH2, DMF, r.t.

6) lm2CO, spermine, DMF, r.t.

Scheme 12. Investigated reaction conditions for the attempted functionalization of

oligoribonucleotides on solid support

These preliminary studies suggested that the aminoalkyl group (tethered to

the oligonucleotides) is prone to side reactions, which prevented further
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reactions. Considering the mass spectroscopic analysis of the modified

sequences, which showed a 43 units higher mass than expected, it was

assumed that the amino group might be masked, for example by an acetyl

group. The most probable origin for such an additional acetyl group was

the capping step, in which a mixed, N. A-diacylated compound might be

produced. Subsequent deallylation would then lead to an acetamido moiety.

This hypothesis was tested by avoiding the capping step after incorporation

of the modified phosphoramidite, but again only the previously isolated

product was formed.

Alternatively, a different functionalization strategy was employed. After

incorporation of the modified phosphoramidite, the immobilized sequence

was removed from the synthesizer, subsequently treated with the Pd-

catalyst (to unmask the amino group), and then exposed to acylation

conditions. After this, the automated oligonucleotide synthesis was carried

on. Again, no functionalization could be detected. Only once (and

unreproducibly), a JV-acylated product was obtained by treatment of the

solid support with n-CçHigCOCl in Py (Fig. 17). The product of this

reaction showed a distinctly different retention time on HPLC and the

expected mass.
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5-r(CXCGAGCUAUC)-3' x

o

o—I

V^
y

CK

O OH

R = NH2 (+ 43?)

MALDI-TOF MS:

found 3557, calc 3514

•M*^1*** ^H"**»*****!««!».. ^^~Mtf***^ "'W^VM^rt

i i

R = NHCOC9H19-n

MALDI-TOF MS

found 3667; calc1 3658

Figure 17. MALDI-TOF MS spectia ie\eahng a (uniepioducible) solid suppoit

modification
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Other explanations for the observed mass-difference which paralleled the

failure to react with acylating agents, included the formation of an urea- or

an allylamino-derivative. The former could be formed after incomplete

deprotection and would be the product of an attack of ammonia on the

intact allyloxycarbonyl-moiety or on a intermediate isocyanate formed by

base-catalyzed elimination of allyl alcohol. The latter could be formed

during the Pd-assisted deprotection. Consequently, different established

deprotection procedures were tested (Scheme 12), but the same product was

always isolated, as identified by FIPLC and MALDI-TOF MS.

3.1.6 Pairing properties of the oligonucleotide analogues

The melting points of the duplexes A-B, A-1/2/3/4-B and A-dB, A-

1/2/3/4-dB were determined at pH 7.4 in 150 mM NaCl. The

thermodynamic data in Table 7 were obtained from concentration

dependent transition temperatures. The melting points of the duplexes

formed from the functionalized oligonucleotides A-1/2/3/4 and the

complementary RNA sequence B or DNA sequence dB were slightly lower

than the those of corresponding unmodified duplexes A-B and A-dB. The

thermodynamic data revealed a nearly equal value of AG°298K for the

duplexes formed by A-l/2 (compared to the parent duplex formed by A),

while the duplexes formed by A-3/4 had slightly more positive AG°298K

values (relative to the parent duplexes), in both the RNA-RNA and the

RNA-DNA pairing system. The AH°-value of the rtZ/o-modified duplexes

were slightly more negative and the AH°-value of the talo-modi[ied

duplexes were more positive. The c/ZZo-modified duplexes also had similar
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TÀS°298K-values as their parent duplexes, while the taZo-modified duplexes

showed more positive values.

Table 7. Thermodynamic data for RNA-RNA and RNA-DNA duplexes.

A-1 A 2 A 3 A -4 A

B dB B dB B dB B dB B dB

Ti+iuM O 63.7 51.1 64.2 51.5 63.0 49.8 63.1 50.5 67.0 53.2

ÄH0

(kcal/mol)
-430.6 -152.5 -133.3 -141.8 -109.4 -113.8 -100.8 -103.1 -129.4 -449.8

T298kAS°

(kcal/mol)
-106.2 -131.4 -108.5 -121.2 -88.1 -95.9 -80.7 -86.0 104.2 -427.6

AG°298K

(kcal/mol)
-24.4 -21.4 -24.8 -20.6 -21.3 -17.9 -20.1 -17.2 25.2 -22.2

AAG°298K

(kcal/mol)
+0.8 +0.8 +0.4 + 1.6 +3.9 +4.3 +5.1 +5.0

1): Conditions: 8+8. 4+4, 2+2.1 + 1. 0.5+0.5 uM duplexes, 0.15M NaCl, 0.01M phosphate-

buffcr (pH = 7.0 ): The ÂAG°29SK values are relative to the change in free energy of the parent

duplexes A-B or A-dB.

An inspection of molecular models showed that additional 6'-<9-substitiients

in D-allofuranosyl nucleosides are sterically tolerated in A-type duplexes,

whereas analogous substituents in L-talofuranosyl nucleosides create a local

steric strain. The substituents of the former are pointing into the spacious

major groove, whereas the substituents of the latter are located above the

minor groove (Fig. 18). This structural hypothesis is in agreement with the

relative thermodynamic properties of corresponding duplexes which

revealed a much better tolerance for D-allo- than for L-to/o-nucleoside

analogues.
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D-Allofuranosyl-substituted RNA L-Talofuranosyl-substituted RNA

Figure 18. Model representation (MacroModcl) of D-allofuranosyl- and L-talofuranosyb

substituted RNAs.

Determination of the salt-dependent melting points showed a linear

relationship between the logarithm of the salt concentration and the duplex

stabilities (Fig. 19). Both modified alio- and /c/Zo-duplexes A-1/2-B and A-

3/4-B showed a similar behavior as the parent duplex A-B with the change

of the Na+-concentration.

CD-spectra of determined with all of the presented duplexes, were

identical, typical for A-type RNA duplexes, and illustrating that the

additional functional group in the modified RNA strands did not cause

global structural changes.
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7

Na^MVrj0) A-l+B

0.0016 49.9

0.1516 63.8

1.5016 73.2

Figure 19. Salt dependent melting points of RNA duplexes. The melting points were

measured under the following conditions: 1 + 1 pM RNA duplex, 10 mM phosphate-buffer

(pH = 7.0)(= 16mMNa+)

The data obtained from these first derivatives revealed that single

incorporation of D-allofuranosyl nucleosides in RNA sequences did not

significantly change the pairing properties, whereas incorporation of the

corresponding L-talofuranosyl nucleosides resulted in a substantial

weakening of corresponding duplexes. No difference of pairing properties

between the two sequences containing D-allofuranosyl nucleosides at

different positions could be observed. This led to the conclusion that the

propyl-linker covalently tethered to one strand was too short to reach the

other strand across the major groove.
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3.2 Synthesis of oligoribonucleotide analogues carrying an

additional metal-binding site

3.2.1 Synthesis of 6'-ö-(A-methyl aminopentyl)-substituted

oligoribonucleotide analogues

The next goal was the preparation of the ô'-O-CY-allyloxycarbonyl-A-

methyl-5-aminopentyl)-substituted allofuranosyl phosphoramidite 17 with a

longer and more flexible linker. The A-methylamino group was chosen to

avoid potential side reactions which previously might have interfered with

a successful liberation of the amino group on the solid support.

NHBz

The preparation of this phosphoramidite 17 followed more or less the

route described in chapter II-2.1, but employing the better reaction

conditions which were developed in the meantime (Scheme 13). The 2'-OFI

group was protected with the newly introduced, fluoride-labile

(triisopropylsilyl)oxymethyl (= TOM) group [21].

Selective monoalkylation of the primary hydroxy group of diol 3 with 1,5-

dibromopentane in the presence of CsF (as a powerful mediator) gave the

bromide 18 in good yield. The TV-allyloxycarbonyl-protected
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methylaminopentyl substituted sugar 19 was obtained without intermediate

purification by the following steps: silylation of 18 with TIPS-OTf,

substitution of bromine (and concomitant cleavage of the 3-0-benzoyl

group) with MeNH2. selective A-acylation with ally] chloroformate,

cleavage of the ketal-group with acid and perbenzoylation. Nucleosidation

of 19 with A4-benzoyl cytosine under Vorbrilggen conditions [154],

followed by the removal of the TIPS group with a mixture of aqueous FIF

and HCl in MeCN. gave the nucleoside 20 in good yield. The

dimethoxytritylated diol 21 was obtained in an excellent yield by

consecutive treatment of 20 with DMT-Cl in the presence of collidine and

AgNOß, followed by O-debenzoylation under standard conditions.

H O-i

HO—

v^j
a)

Br(CH2)50

HCH

17

R(0H2)5O
DMTO-4

OBz O^y/

NHBz

u

R(CH2)50-l
TIPSO—

b)
,0

obz o2y
18 \

NHBz

OBz OBz

19

OBz

c)

0~

4\l

N^O R(CH2)50
DMTO—1

rN

e) v^

I R(CH2)50
N ° HCH

d)
O-

NHBz

^N

•N^O

OH OTOM OH OH OBz OBz

22 21 20

+ 3'-û-alkyiated isomer 23 R = -N(CH3)COOAll

Scheme 13. a) 1) Bu2SnO, toluene, reflux; 2) Br(CH2)5Bi\ CsF, Bu4NI, DMF, r.t.,

74%; b) 1) TIPS-OTf, (/-Pr)2NEt, CH2C12. r.t.; 2) MeNH2 (10 M). EtOH, r.t.; 3)

A110C(0)C1. (FPr)2NEt, CH2C12, r.t.: 4) CF3COOH, H20, r.t.; 5) BzCl. DMAP, Py,

CH2CI2, r.t., 42%; c) 1) BSA. Bz-cytidme, MeCN, 70°. then TMS-OTf: 2) HF, HCl,

MeCN, r.t., 74%; d) 1) DMT-Cl. AgN03. svw-Colhdine. CH2C12) r.t.; 2) NaOH,

THF/MeOH/H20. 4\ 91%; e) Bii2SnCK TOM-C1, u-Pr)2NEt, (CH2C1)2. 70°, 45% for

22 and 21% for 23: f) 2-cyanoethyl dnsopropylchlorophosphoramidite, (/-Pr)2NEt,

CH2Ch, r.t., 90%.
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Regioselective introduction of the TOM group at the 2'-0-position of diol

21 was carried out under the conditions used for introducing the NBM

group. The 2'-(9-protected nucleoside 22 was isolated as the major product

in a satisfying yield along with the corresponding 3'-0-alky1ated isomer 23

as minor product (22/23 (ratio 2:1). Under standard conditions, 22 was

finally converted into the phosphoramidite 17.

The modified phosphoramidite 17 was incorporated into the same

oligonucleotide sequences as the previously described (compounds A-1 and

A-2, chapter II-2.1), leading to sequences A-5 and A-6 (Scheme 14). The

syntheses were carried out on a 1.5 umol scale under our standard

conditions. Phosphoramidite 17 was efficiently incorporated (coupling

yield > 98%) using twice the coupling time required for standard TOM-

phosphoramidites. The removal of base and phosphate protecting groups

and the cleavage from the solid support was carried out with 10 M MeNFÏ2

in EtOFI-Fl2Q 1:1 at 25° in 2 hours. After evaporation, the complete

removal of all TOM-protecting groups was achieved by 1 M B114NF • 3

H2O in THF at 25° in 3 hours. After work-up and desalting on Sephadex G-

10, the sequences were purified by reversed phase HPFC and characterized

by MALDI-TOF mass spectrometry



70

5'-CUAUCGAGCXUACG-3' (Xfrom 17) : A-5

5'-CUAUXGAGCCUACG-3' (Xfrom 17) : A-6

17

+

TOM-

a)

phosphoramidites

R1 =
'N-lCPG,

O H

R2= \^OSi(/Pr)£)3

R3 =
"

CN

B= U, AcA, AcG, AcC

X= N(Me)COAII

b)

A-5

A-6

OR

MALDI-TOF MS

calc. found Tm (°C)

4493 4537 64.9

4493 4536 65.2

R1= H

R2= H

R3= H

B= U, A,G,C

X= NHMe

c-d)

R1 =

O

A

o

N-[CPG
H

R2= \^OSi(/Pr)3

R3 = \/^CN

B= U, AcA, AcG, AcC

X= NHMe

Scheme 14. Conditions a: Automated 1.5/vmol-synthesis (50mg CPG, loading 30/.;inolg~1)

on a Pharmacia Gene Assembler; dctritylation with 4% CHC^COQHACH^Cl^; coupling:

TOM-phosphoramidites [21J1165] (\20pl 0.1M 2.5 min) or 17 (120/d 0.12M, 5 min),

bcnzylthio-1 H-tetrazole (360/d 0.35M) in MeCN, coupling efficiency >99%,

capping/oxidation under standard conditions [1621; b: Pd(PPli3)4, PPti3, EA2NH2CO3,

CH2C12. r.t., 1 h: c: 10M MeNH2. EtOH/PFO 1:1, r.t., 2 h; d: IM Bu4NF-3H20, THF, 25°,

3-12h. Conditions for r„rmcasurement: transition temperatures were measured in 1 + 1 uM

RNA duplexes, O.OlMTris-huffer ( pH = 7.4 ) and 150 111M NaCl or KCl solutions.

The mass spectrum analysis again revealed that both modified sequences

were 43 mass units higher than expected. In this case (starting from

phosphoramidite 17) acylation of some intermediate (leading to an earlier

postulated imide) could be excluded; additionally, formation of an urea-

derivative could be excluded as well, because the deprotection was carried
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out with methylamine (instead of ammonia) and would result in an even

higher mass. The only remaining hypothetical structure both for the earlier

investigated oligonucleotides A-l/2/3/4 (derived from phosphoramidites 1

and 2 (chapter II-2.1)) and the oligonucleotides A-5/6 (derived from 17)

was the formation of A-allylated derivatives during the Pd-assisted

deprotection of the allyloxycarbonyl-protecting groups.

A preliminary study showed that the duplexes of these oligoribonucleotide

analogues A-5-B and A-6-B had melting points of 64.9° and 65.2°,

respectively, slightly lower than the parent duplex characterized by a

melting point of 67.0°. Compared to the duplexes A-l-B andA-2-B,

which have a relatively short linker, the duplexes A-5-B and A-6*B carry

a larger 6'-O-substituent, but paired slightly more strongly, indicating that

the length of the &-0-substituent is not responsible for the (slight)

destabil ization observed.

3.2.2 Preparation and evaluation of oligoribonucleotide

analogues carrying metal-binding sites

3.2.2.1 Preparation of modified phosphoramidites

After the failure to deblock and functionalize allyloxvcarbonyl-protected

precursors on the solid support, we intended to introduce functional groups

at a late stage of the monomer synthesis. Thereby, we took advantage of

intermediates which had been prepared previously.

The two reactive building blocks 24 and 25 may serve potentially as

starting materials for a variety of functionalized oligoribonucleotide
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analogues, allowing the straightforward introduction of different side

chains at a very late stage of monomer synthesis. As first examples, we

functionalized them with two metal chelating moieties and transformed

them into phosphoramidites 26 and 27.

NHAc

-Ov O OTOM

1

ro-^

Me

Ni

DMTO—

NHBz

1
N^O

^cXp/O OTor

26

X(CH2)c;0—
DMTO—

O-

NHBz

I
-N^O

24 X = Br

27

OH OTOM 25X=NH2

Qualitative molecular model studies indicated the possibility of an

interaction between a tethered metal complex (covalently bound to the 6'-

0-position of an allofuranosyl nucleoside) and the phosphodiester backbone

of an unmodified partner strand across the major groove. When an

appropriate alignment is realized, such an interaction could stabilize the

duplex electrostatically or catalyze a specific strand-scission by providing a

correctly positioned Lewis acid. Triethyleneglycol (ethylene glycol, EG)

and l-aza-18-crown-6 (crown ether, CE) were chosen as ligands for their

known ability to form complexes with the biologically abundant metal ions

Na+, K+, Mg^+ and Ca-+ [166][167J.
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The bromopentyl sugars 28 were obtained by silylation of 18 with TIPS-

OTf, cleavage of the ketal group with 50% CF3COOH and dibenzoylation

with BzCl (Scheme 15). Nucleosidation of 28 was achieved using SnCl4 as

Lewis acid. After removal of the TIPS-groups with a mixture of aqueous

HF and HCl in MeCN, the nucleoside 29 was isolated in a good yield.

Tritylation and debenzoylation of 29 gave diol 30 in an excellent yield.

Regioselective introduction of the TOM group at the 2'-0-position of 30

gave 24 in satisfactory yields. The 3'-<9-alkylated regioisomer 31 was

isolated as the minor product.

Br(CH2)50-1
HO—

a)

OBz O-^v

18 J

5r(CH2)50-
TIPSCH

.0

OBz OBz

28 (54%)

OBz-^i».

Br(CH2)50-1
HO—

NHBz

^N^O

OBz OBz

29(71%)

c)

NHBz NHBz

Br(CH2)50--|
DMTO—

Br(CH2)50-
DMTO-

N

OH OTOM

24 (42%)

0

d)

Br(CH2)50-,
DMTO'

^

NHBz

kNA0

OH OH

30 (84%)

TOMO OH

31 (19%)

Scheme 15. a) 1) TIPS-OTf. (/-Pr)2NEt. CHiCb. r.t.; 2) CF3COOH, FbO, r.t.: 3)

BzCl, DMAP, Py, CI12C12. r.t.; b) 1) BSA. AT4-Bz-cytidine. MeCN, 70°, then TMS-OTf;

2) HF, HCl. MeCN, r.t.; c) 1) DMT-Cl, AgN03, ,yv/»-Collidine, CH2C12, r.t.; 2) NaOH,

THF/MeOHAFO, 4°; d) Bu2SnCl2, TOM-Cl, (/-POzNEt. (CH2C1)2. 70°.

Reaction of the bromopentyl-substituted nucleoside 24 with 1-aza-6-crown-

18 led to the corresponding crown-ether substituted nucleoside 32. Partial
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loss of the benzoyl base-protecting group was observed during this

reaction. Therefore, the benzoyl group was completely removed with

ethanolic NH3 and reprotected with AC2O. leading in fair yield to the A4-

acetylcytosine derivative 32. Finally, 32 was transformed into the

phosphoramidite 26 under standard conditions (Scheme 16).

NHBz NHAc

Br(CH2)50-,
DMTO-

OH OTOM OH OTOM

24 32 (43%)

Scheme 16. a) 1) l-aza-18-crown-6, B114NI, (z'-Pr)2NEt, EtOEI, 75° 2) NH3, H20/EtOH

(9:1), r.t., 14 h. 3) Ac20, DMF, r.t, 1 h; b) 2-Cyanoethyl diisopropyl-

phosphoramidochlonde, (z-Pr)2NEt. CH2C12. r.t.

The free A-methyl-aminopentyl nucleoside 25 was obtained from 21

(chapter 11-2.2.1) according to [14J. Reaction of 25 and CH3(0CH2CH2)3C1

led to the corresponding triethyleneglycol-substitutecl nucleoside 33, which

was finally transformed into the phosphoramidite 27 (Scheme 17).

NHBz NHBz

N r""Ar^ rf^N
~?>

R(CH2)50-

DMTO-4

1 r° N-(CH2)50-
"

fQ Me DMTO-

^U- 27 (90%)

OH OTOM OH OTOM

R = AocN(Me)- 21 -| 33 (44%)

R = MeNH- 25 -J
C

Scheme 17. a) Pd(PPrn)4, Et2NH. PPh3. CH2Ch. rt.: b) Me(OCH2CH2)3Cl, Bu4Nl,

(/-Pr^NEt, Toluene, 95°: c) 2-C\anoethyl diisoprop}lphosphoramidochloride, (z'-Pr)2NEt.

CTbCb, rt.
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3.2.2.2 Pairing properties of oligoribonucleotide analogues

For the initial hybridization studies, the same non-self-complementary

tetradecamer RNA-sequence as described in chapter 11-2.1 was employed.

Phosphoramidites 26 and 27 were incorporated at two different positions,

one near the 3'- and one near the 5'- end. The syntheses were carried out

under our standard conditions (described in chapter II-2.2.1).

Phosphoramidites 26 and 27 were efficiently incorporated (coupling yield

> 98%) using twice the coupling time required for standard TOM-

phosphoramidites. After deprotection (first AleNFÏ2 then TBAF), the

sequences were purified by reversed phase HPLC and characterized by

MALDI-TOF mass spectrometry (Table 8).

Table 8. Synthesis and characterization of oligonucleotides A-(7, 8, 9,

10).

Sequences MALDI-TOF MS

X from 26, Y from 27 Calc, Found

5' r(GCAUCCGAGXUAUCV3' 4767 4767

5' r(GCAUXCGAGCTJAUC)-3' 4767 4767

5' r( GCAUCCGAGYUAUG )-3* 4681 4682

5' t ( GCAUYCGAGCUAUO-3' 4681 4682

Fig. 20 shows a model representation (MacroModel) of the duplexes which

are formed by the functionalized tetradecamers A-7/8/9/10 and the

corresponding complementary sequence B. When the modified nucleosides

are near the 3'-end of the sequence (Fig. 20a), the functional groups are

located outside the duplex and would not be able to reach the other strand
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(duplexes A-7-B and A-9-B which are externally functionalized). When

the modified nucleosides are near the 5'-end of the sequence (Fig. 20b),

they are located in the center of the duplex and the tethered functional

groups could possibly reach over the major groove to interact with the

backbone of the other strand (duplexes A-8-B and A-10-B which are

internally functionalized).

3'-CGUAGGCUCGAUAG-5' 3'-CGUAGGCUCGAUAG-5'

S'-GCAUCCGAGCUAUC-S'
5 -GCAUCCGAGCUAUC-3'

Figure 20. Model îepicsentation (MacroModel) ot A-Upe RNA-duplexes containing

iunctionalizcd allofutanosyl nucleosides a) îepiesents the evtemally substituted duplexes

A-7-B and A-9-B, whcieas b) icpiesents the internal!) tunctionahzed duplexes A-8-B

and A-10B Potentially, the functional gtoup attached to oligonucleotides A-8 and A-10

can îeach ovei the majoi gioovc and mteiact with the othei stiand (as indicated by the

anow)

It was expected that a possible positn e interaction between the two pairing

strands would lead to a stabilization of the internally functionalized

duplexes, but not of the externally functionalized ones. Therefore, the latter
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were prepared and investigated as reference-compounds to detect intrinsic

contributions which are not the result of a specific interaction across the

major groove.

Initially, three sets of exploratory experiments were carried out. First, the

melting points of all duplexes were determined at pFI 7.4, varying the

concentrations of NaCl and KCl (Fig. 21). The data revealed that the

modified sequences showed a similar pairing behavior as the unmodified

duplex in the presence of different salts and at different concentrations. The

/rvalue in Fig. 21 represents the slope of the curve obtained by plotting the

melting points against logarithmic salt concentrations, indicating the

sensitivity of the duplexes to the salt environment. In NaCl-solution, the

crown ether substitute-duplexes A-7/8-B were less sensitive to the salt

concentration changes than the ethylene glycol substituted duplexes A-

9/10-B, whereas in KCl solution, the duplexes A-7/8-B were slightly

more sensitive to the salt concentration changes than the duplexes A-

9/10-B. In both NaCl and KCl solutions, the internal modified duplexes A-

8-B and A-10-B were slightly less sensitive to concentration changes than

the external modified duplexes A-7-B and A-9-B. Since the difference

between the internal and external modified duplexes of the crown ether-

containing RNA strands was larger than of the ethylene glycol-containing

RNA strands, the former were chosen for a investigation of duplex stability

under various Mg2+- and Ca2+- concentrations.
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0.5

1

7m/NaCI(M) 0.15

A-7-B

A-8-B

A-9B

A-10-B

A-B

63.8

64.2

63.1

63.0

67.5

0.5 1.5

69 8 74.3

69.6 73.5

k

46

40

69.0 73.7 4.6

69 0 73.4 4 5

74 0 77,3 4 3

-1.5 -1 -0.5 0

In c

rm/Kci(M) 0.15 0.5 1.5 k

A-7-B 61.3 67.9 71.5 4.4

A-8-B 61.3 66.6 70.8 4.1

A-9-B 61.6 66.5 70.8 4.0

A-10-B 61 2 66.7 70.4 4.1

A-B 64.2 70.0 73.8 4.2

0.5

Figure 21. Salt-dependent duplex stabilities of A-7/8/9/10, A and their complementary

sequence B in NaCl and KCl solution. Conditions foi T„rmeasurcinent: 1 + 1 uM RNA

duplexes, 0 OlMTris-buffer ( pH = 7.4 ) and 150 mM NaCl or KCl solutions, ^-values

represent the slope of the cunes.
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In Fig. 22, the effect on the duplex-stabilities by varying the Mg2+ or Ca2+

concentrations (in the presence of NaCl) is shown. The duplexes carrying

the ligand showed a more sensitive behavior to the change of the Mg2+

concentration than the native duplex, indicating that Mg2+ not only

stabilized the duplex formation, but also participated in metal-complex

formation.

Tn

in c

°)/Mg2+(mM) 0,5 1 2 5 10 20 /c

A-7-B 65.4 66.2 68.7 70.9 72.5 74.1 2 5

A-8-B 65.5 66.9 67.4 69.3 72.0 73.4 2.2

A-B 69.1 70.1 70.8 72.4 74.7 75.8 1.8

Tm (°)/Ca/+(mM) 2 5 10

A-7-B 67.2 68.1 69.3

A-8-B 66.8 68.7 70.2

A-B 69.8 71.0 72.1

20 k

69.8 1.2

70.6 1.7

72.9 1-4

Figure 22. Salt-dependent duplex stabilization of A-7/8, A and their complementary

sequence B in the presence of different Mg2+ or Ca2+ concentration. The transition

temperatures were measured in l + l uM RNA duplexes. 0.01M Tris-buffer ( pH = 7.4 ),

0.15 M NaCl, and additional M2+ solutions, ^-values indicate the slope of the salt-

dependent melting point curve.

Fig. 23 shows the melting points determined in 150 mM NaCl and 2 mM

MgCb. by varying the pFI value from 5 to 9. No significant difference

among the modified and unmodified duplexes was observed. Therefore, the

further investigations were performed under physiological conditions (150

mM NaCl, 2 mM Mg2+. pFI 7.4).
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5 6 7

pH
8 9 10 4 5 6 7 8 9

pH
10

Fm(°)/pH 5 6 7 8 9

A-7-B 68.4 70,5 71.1 70.8 69.7

A-8-B 66.3 67,6 68 2 67 8 66.8

A-9-B 66.6 68 0 68 4 68 0 67.3

A-10-B 66.6 67 8 68 3 68 0 67.1

A-B 66 4 67 7 68 3 67 9 66.4

Figure 23. pll-dependent duplex panmg piopeities of A-7/8/9/10, A and then

complementaiy sequence B. Conditions 1 + 1 uM RNA duplexes, 150 mM NaCl, 10 mM

Mc2AsC>2~ as umveisal buffei

The thermodynamic stability of each duplex was determined at pH 7.4 in

the presence of 150 mM NaCl, 150 mM KCl. and 150 mM NaCl + 2 mM

MgCl2, respectively. The melting points of the duplexes formed from the

functionalized oligoribonucleotides A-7/8/9/10 and the complementary

partner-strand B were always lower than those of the corresponding

unmodified duplex A'B. Usually, lower transition-temperatures are taken

as a indication for weaker pairing. However, the determination of the AG0

values of duplex-formation revealed that at a physiologically relevant

temperature of 37°(310K) some of the functionalized oligonucleotides were

in fact more strongly paired than the parent one (Table 9, Fig. 24).
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Table 9. Thermodynamic datai) of RNA duplexes from the four modified

sequences A-7/8/9/10 and the native sequence A.

Duplex Conditions'1)
j. ^

AH3 TAokAS0 AG°3ioK AAG°3j()k

(with B) (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol)

NaCl 67.5 -123.1 -103.3 -19.8

KCl 66.0 -122.5 -104.7 -17.8

NaCl+MgCh 70.8 -162.1 -136.8 -25.3

NaCl 63.8 -131.9 -112.0 -19.9 -0.1

KCl 61.3 -133.3 -113.5 -19.8 -2.0

NaCl+MgCb 67.9 -193.1 -166.2 -26.9 -1.6

NaCl 64.2 -146.6 -125.4 -21.2 -1.4

KCl 61.3 -138.7 -118.3 -20.4 -2.6

NaCl+MgCh 67.1 -185.8 -159.8 -26.0 -0.7

NaCl 63.4 -163.7 -141.6 -22.1 -2.3

KCl 63.1 -163.8 -141.8 -22.0 -4.2

NaCl+MgCl2 68.8 -201.2 -173.2 -28.0 -2.7

NaCl 63.0 -127.1 -107.8 -19.3 +0.5

KCl 63.3 -137.1 -117.4 -19.7 -1.9

NaCl+MgCb 68.2 -196.5 -169.7 -26.6 -1.3

ODala obtained from concentration-dependent Tm in 10 mM Tris-HCl (pH 7.4) and 150

mM NaCl, 150 mM KCl or 150 mM NaCl + 2 mM MgCF. respectively. The AAG°310K
values are relative to the change of free energy of the parent duplex A-B.
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A-B 10- "i A-B

0 20 40 60 80 100 0 20 40 60 80 100

t(°C) t("C)

Figure 24. A comparison of the temperature-dependence of AGC values among the parent

duplex A'B, the ci own-ether substituted duplexes A-7-B and A-8-B (a) and the

triethyleneglycol substituted duplexes A-9-B and A-10-B (b) in KCl solution.

The thermodynamic data of the crown-ether containing RNA strands A-

7-B and A-8-B in all three solutions at 31 OK showed stronger pairing than

the unmodified duplex A-B; moreover, in NaCl and KCl solution a more

favorable AG0 value for the internally functionalized duplex A-8«B than

for the externally functionalized duplex A-7-B was found. In the presence

of 2 mM MgCl2- however, the duplex A-7-B displayed a stronger pairing

than the duplex A-8-B. The more negative AG° value of duplex formation

for the functionalized duplexes A-7-B and A-8-B (relative to the parent

duplex A-B) is the consequence of a more favorable AIT0 term, which

below 100° compensated for the less favorable AS0 term

The AG° values of duplex-formation at 310K obtained from the pairing of

the triethyleneglycol-substituted oligoribonucleotides A-9vB and A-10\B

indicate a stronger association of sequence A-9-B compared to sequence

A-10-B in all three environments investigated. In KCl and NaCl solution



83

the difference in AG°3ioK values was about -3 kcal/mol in favor of the

externally functionalized duplex A-9-B. A strong stabilization was found

for the functionalized duplex A-IO-B (AAG°3jok= -4.2 kcal/mol) relative

to the unmodified duplex B-A. The more negative AG° value of the duplex

A-9-B (relative to the duplex A-IO-B and parent duplex A-B) is a

consequence of a more favorable AFP term, which below 70° compensated

for the less favorable AS° term (Fig. 24). In NaCl solution, a slightly

weaker pairing of A-IO-B than of the unmodified duplex A-B was

observed.

These thermodynamic data of duplex stability indicate that in three

environments pairing is both stabilized by a l-aza-l8-crown-6 group and a

triethyleneglycol group tethered to the 6'-0-position of an allofuranosyl

nucleoside, except for the duplex A-IO-B in NaCl. All the duplexes

showed the strongest stabilization in KCl solution and the weakest

stabilization in NaCl solution.

Structurally, these observations indicate a specific interaction of the K+~

complexed ligand of the modified nucleosides with the negatively charged

backbone of the other strand. It can be postulated that the strong duplex-

stabilization observed results from the formation of a complex between the

crown ether moiety, a K+-ion and a phosphodiester group of the partner

strand B. Thereby one hydrated K+-ion within the major groove is

replaced by a chelated K+-ion (Fig. 25). The relatively weak duplex

stabilization observed is interpreted to be the result of an electrostatic

interaction between the positively charged metal-complex and the

negatively charged phosphodiester-backbone of the partner strand. The

open-chain ligand present in oligonucleotides A-9 and A-10 also formed a

relatively strong complex with the K+-ion, offering additional coordination
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sites. The less favorable AG0 value of A-IO-B duplex formation might

indicate that there was no or only a weak interaction between the metal-

complex and the phosphodiester backbone.

complementary strand

Figure 25. Model representation (MacroModel) of the metal-ion mediated interaction

between the two strands of the functionalized duplexes A-8-B and A-IO-B as deduced

from the thermodynamic data of duplex formation. For the sake of clarity, only the relevant

part of the duplex is shown, the atoms of the phosphodiester backbones and the bonds of

the functional group are in black.

The additional noncovalent intramolecular interactions were reflected in

the enthalpic stabilizations of these investigated duplexes. On the other

hand, the conformational changes within the tethered group and/or the

backbone required for such an interaction led to an entropie destabilization,

which compensated largely, but at low temperature not entirely, for the

enthalpic stabilization. In all cases where no stabilization of the duplex

could be observed no significant differences of enthalpy and entropy terms

were measured, indicating that the additional functional group was pointing

into solution.
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No structural change was detected by CD-spectroscopy upon introduction

of the functionalized allofuranosyl cytosine derivatives into RNA strands.

All duplexes essentially had the same CD-spectrum, typical for an A-type

RNA-duplex (Fig. 26).

A-B

in NaCl

+MgCI2

220 240 260 280 300 320 220 240 260 280 300 320 220 240 260 280 300 320

nM

in NaCl

+ MgCI2

220 240 260 280 300 320 220 240 260 280 300 320 220 240 260 280 300 320

nM

Figure 26. CD-spectra of duplexes A, A-7/8/9/10 with their complementary sequence

B. Conditions: 1 + 1 uM RNA duplexes, 10 mM Tris-buffer ( pH = 7.4 ) and 150 mM

NaCl or 150 mM KCl or 150 mM NaCl + 2mM MgCF solution, 25°.
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The divalent metal ion complexing with the chelating groups tethered to the

RNA duplex might be located over the RNA major groove and act as Lewis

acid to catalyze a site-specific cleavage reaction. To test this hypothesis, the

RNA duplexes formed by the (modified) sequences A-7/8/9/10 and

sequence A were incubated in 150 mM NaCl, 2.5 mM Mg2+ at various pH-

values (from 7.0 to 8.5) and at various temperatures (25°, 37° and 50°).

During 48 h, all the duplexes, the modified and unmodified, were stable

under these conditions. Degradation of all the duplexes was observed after

a 96 h incubation period at 50°.

The strategy presented here allows a straightforward preparation of a

variety of functionalized oligonucleotides. The results reveal the 5'-position

of nucleosides as a new and promising site for modification and conjugate

formation. Employing nucleotide analogues related to those presented in

this chapter may eventually lead to the development of oligoribo- and

oligodeoxyribonucleotide analogues capable of stabilizing RNA- and/or

DNA-structures, catalyzing specific strand-scission reactions or enhancing

cellular uptake.
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3.3 Functionalization of the sugar moiety of oligonucleotides on

solid support

A method allowing efficient introduction of different functional groups

into oligoribonucleotides is desirable for the investigation of analogues

potentially useful in antisense therapy, and catalysis of organic reactions by

tailored ribozymes. Among the reasons for the relatively small number of

base and sugar modified nucleic acid analogues are the lengthy synthesis of

the corresponding building blocks which have usually to be carried out

separately for every new modification. This drawback has been overcome

partially by the development of building blocks containing reactive

nucleobases, which during deprotection can be substituted with a variety of

nucleophiles, or prior to deprotection with a variety of clectrophiles (see

chapter 11-1.1.3) [75][80"|[87].

3.3.1 Synthesis of 6'-0-bromopentyl substituted allofuranosyl

phosphoramidites

Extending the concept described in chapter 11-2.2,2 which allows to

introduce additional functionalities at a very late stage of the monomer

synthesis, the 6'-(T-bromopentyl substituted allofuranosyl phosphoramidite

34 (Fig. 27) was prepared as prefunctionalized building block, eventually

suited for further solid support modifications. The fully protected,

immobilized oligonucleotide analogues, carrying an additional electrophilic

center, could potentially be derivatised with any desired compounds

containing a suitable nucleophilic group.
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Br

R*
DMTO-

B* = CAc 34

Ntr^—p-0 OTOM AB? 35

,Nv /
GAc 36

U 37

Figure 27. Structure of the teactivc phosphoramidites 34, 35, 36, and 37.

The 6'-0-bromopentyl substituted allofuranosyl cytosine phosphoramidite

34 was prepared from the earlier described nucleoside 24 (chapter II-2.2)

using standard procedures. The building blocks of the other three

nucleobases were synthesized by adopting the synthetic route developed

earlier (Scheme 18).

The Vorbrilggen nucleosidation of sugar block 28(ot/ß) with the in situ

trimethylsilylated uracil and A6-benzoyl adenine proceeded smoothly in the

presence of S11CI4. The desilylation of the crude uracil derivative with HF

and HCl gave 38 in a satisfying yield (7590. while the adenine derivative

totally decomposed under the same reaction condition. Therefore, the

desilylation of the crude adenine derivative was carried out by using

CF3COOH/H2O (1:1). giving 39 in a moderate yield of 45%.

Dimethoxytritylation and debenzoylation of the adenine and uracil

derivatives were carried out under standard conditions, giving the

nucleosides 40 and 41, respectively.

The nucleosidation of N~-acetyl guanine afforded a mixture of the two

isomeric A/9- and A/7- connected nucleosides, which could not be separated

by flash chromatography. After isolating this mixture, dimethoxytritylation

and debenzoylation was carried out. Fortunately, the A/9- and A/7- products.

42 and 43 respectively, could be separated by flash chromatography. The
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structure of these two isomers 42 and 43 was assigned by '3C-NMR.

according to [168]

Br(CH2)50-

HOH
,0

OBz OBz

28

OBz

Br(CH2)50
HOH

a)
0~

BJ

Br(CH2)50-|
DMTO

d)

ABz 35.90%

GAc 36,80%

U 37,94%

îr(CH2)50-
DMTO—I

b)

OBz OBz

B*: U 38,75%
ABz 39,45%

B*: ABz

U

OH OH

40, 92%

41,87%

GAc 42, 25% (from 28,
.17

+ /V-G isomer 43, 11%)

3r(CH2)50-

DMTCH

c)

O-
B*

OH OTOM

B*: + 3'-0-alkylated
ABz 44,45% isomer

GAc 45,55% ABz 47,21%

U 46,48% U 48,28%

Scheme 18. a) for 39: 1) BSA, Bz-eytidme, MeCN, 60°, then SnCl4; 2) CF3COOII,

H20, r.t.; for 42: 1) BSA, Ac-guanme, CH2C12, 80°, TMS-OTf; 2) HCl, HF, MeCN. r.t.

(no purification); for 38: 1) BSA. uracil, MeCN, 60°, then S11CI4; 2) HCl, HF, MeCN,

r.t.; b) 1) DMT-Cl, AgN03. A-v/n-collidine CH2C12, r.t., 2) NaOH, THF/MeOH/H20, 4°;

c) Bu2SnCl2, TOM-C1, (FPr)2NEt, (CIFC1)2, 70°; d) 2-cyanoethyl diisopropyl-

chlorophosphoramidite, (/-Pr)2NEt. CH2CI2. r.t.

Under standard conditions, introduction of the TOM-protecting group into

the diols 40, 42, and 41 gave the 2'-0-protected nucleosides 44, 45. and

46 as major products and 3'-(9- protected nucleoside 47 and 48 as minor

products, respectively. The 2'-0-protected nucleosides 44, 45. and 46

were converted to the corresponding phosphoramidites 35, 36, and 37,

respectively.



90

3.3.2 Functionalization of the oligonucleotides on the solid

support

The bromopentyl substituted allofuranosyl-cytosine phosphoramidite 34

was incorporated into the well-investigated sequence 5'~

CUAUCGAGCXUACCi-3' (X from 34), leading to the immobilized

sequence C-s-1. The automated syntheses were carried out on a 20 umol

scale under our standard TOM-phosphoramidites conditions (described in

chapter 11-2.2.1).

S'-CUAUCGAGCXUACG-S1 (X from 34)

C-s-1

a)
34

TOM-

phosphoramidites

FF =

R2 =

R3 =

B =

X =

C-(1-11), 13, (15-17)

R1= H

R2= H

R3= H

B= U, A, G, C

X = R'(see Table 11)

^N-[CPG
O H

\^.OSi(/-Pr)3

U, AcA, AcG, AcC

b)

t

C-s-(2-17)

R1 =

0

c-d)
O H

R2= \^OSi(/-Pr)3

R3 = \^CN

B= U, AcA, AcG, AcC

X = R (see Scheme 20)

Scheme 19. Conditions a: Automated 20/jmobsynthesis (50mg CPG. loading 40/,/mol/g)

on a Pharmacia Gene Assembler, detritylation with 4rc CHC12C00H/(CH2C1)2', coupling:

TOM-phosphoramidites (360/./1 0. IM 7 mm) or 34 (360,ul 0.12M. 14 min), benzyl thio-

U/-tetrazole (600/;l 0.35M") in MeCN. coupling efficiency > 99%, capping/oxidation:

under standard conditions: b: see scheme 20; c: 10M MeNH2. EtOH/H20 1:1, r.t., 2 h; d:

IM NBu4F-3H20, THF. 25°. 3d2h.
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First, sequence C-s-12) was deprotected without prior modification

(MeNH2, followed by B114NF). The HPLC spectrum of the crude product

showed a dominating main product; its MS-analysis agreeing with the

methylamino substituted sequence C-l. The result reflected a quantitative

substitution of bromine during deprotection (Fig. 28).

In order to investigate the potential for nucleophilic substitution of

bromine on the solid phase some model reactions were carried out in

solution first (Scheme 21). Treatment of the nucleoside 24 with thiophenol

in the presence of NaH, or with CH3COSK in DMF gave the desired

products 49 and 50 in very good yields.

Br(CH2)50'
DMTCH

NHAc

^N

^N^O

PhSH, NaH

PhS-(CH2)50-,
DMTO—

O-

OH OTOM

24

DMF (94%)

O-

NHAc

N

>Ao

OH OTOM

49

NHAc

CH3COSK

DMF (90%)

AcS-(CH2)50-1
DMT

O.

^N

TJ"\)

OH OTOP

50

Scheme 21. The model reactions for the solid support substitution.

Encouraged by these results, analogous substitutions were carried out on

small amounts of the solid support (Scheme 20). In order to avoid too basic

-): C-s-X indicates the sequence still atached on the solid support; and the corresponding

C-X indicates the fully deprotected. purified sequence.
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reaction conditions which may cause cleavage of the sequence from the

solid support and partial deprotection, buffered reaction conditions were

applied, choosing a 1:1 ratio of thiophenol to sodium thiophenolate and of

CH3COSK to CH3COSH, respectively (later, the latter reaction was further

improved by using CH3COSH and (z-Pr^NEt in a ratio of 2:1). After

sequential deprotection of these two intermediates, the corresponding

phenylthio- and thio-substituted sequences C-s-2 and C-s-14 were

obtained as dominating products according to HPLC- and MS~analyses.

Each of the following modifications (Scheme 20) of the prefunctionalized,

fully protected and immobilized sequence C-s-1 was carried out with 5 mg

(= 0.2 /./mol sequence) of the oligonucleotide attached to solid support.

Subsequently, detachment from the solid support, deprotection of the base

and phosphate protecting groups, and removal of the TOM groups was

carried out. The crude products were analyzed by HPLC, the main

products isolated in pure form, and characterized by MALDI-TOF MS

(Table 10).

In following experiments, the soft nucleophiles (= thiol derivatives) 2-

amino-thiophenol, thioglycolic acid, propane dithiol and thiosalicylic acid

were introduced by analogous substitution reactions, using throughout a 2:1

ratio of nucleophile to (/-Pr)2NEt. Thus, the bromo-substituted

immobilized sequence C-s-1 was transformed into the sequences C-s-4,

C-s-7, C-s-8, C-s-9, carrying different additional functional groups such

as an amino group, a carboxy group, and a thiol group. After deprotection,

products C-4 (Fig. 29c, Table 10), C-8 and C-9 (Table 10) were isolated

from the corresponding intermediates in satisfying yields. To our surprise,

deprotection of intermediate C-s-7 led to the N-methyl amide C-7(Table

10), according to the MS analysis. Attempts to perform the substitution
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with cysteamine under the established conditions gave multiple peaks in the

HPLC spectrum.

C-s-13

RNA*) protected sequence
-———' on solid support

C-s-14

Scheme 20. a): thiophenol, NaH. DMF, 4h; b): Bu4N(SCN), DMF, 50°, I2h; c): 2-

amino thiophenol, (/-Pr)2NEt, DMF, 5h; cl): NaN3, DMF/H20 4:1, 15h; c): AcSNa,

AcSH. DMF/H20 1:1, 4h: f): thioglycohc acid. u'-Pr)2NEt, DMF, 12h; g): propane dithiol,

(/-Pr)2NEt, DMF. 4h; h): thiosalicylic acid, (/-Pr)2NEt, DMF. I2h: i): NaN3, NFI4C1,
DMF/HoO 1:1, 85A 6h; p: PPh3. Py, 12h; k): Py/Ac20 4:1. lh; 1): SnCl2, thiophenol,

Et3N, CH3CN, 6h. then NaHCOv H20, 5min [Ib9]: m): (NH2NH3)OAc, DMF, 2h; n):

TBTU, HOBT, (/-Pr)2NEt. BuNFI2, DMF, 2h; o) TBTU. HOBT. (/-Pr)2NEt, spermine,

DMF, 2h.
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Table 10. Characterization of the functionalized RNA sequences derived

from C-s-1.

R R1

RNA'
Deprotection

RNA

Product ratio" 7m (°C)C MALDI-

found

TOFMS

calc.

C-s-

C-s-

C-s-

C-s-

C-s-

C-s-

C-s-

C-s-

C-s-

C-s-

C-s

C-s

C-s

C-s

C-s

1

2

4

5

6

7

8

9

10

11

13

14

15

16

17

C-1

C-2

C-4

C-5

C-6

C-7

C-8

C-9

C-10

C-11

C-13

C-6

C-15

C-16

C-17

R'= -NHMe

R' = Ra

95

95

95

90

R' = -SH 80

R' = CH2CONHMe 70

R' = R

R'= -NH2

R' = R

70

90

75

75

60

70

45

60

40

63.9

63.3

62.7

64.0

64.9

64.0

63.9

64 4

63.1

63.5

63.6

64.9

62.4

62.6

61.9

4535

4615

4629

4548

4538

4608

4612

4658

4607

4520

4562

4538

4573

4714

4842

4534

4614

4629

4546

4538

4609

4612

4658

4606

4521

4563

4538

4572

4715

4842

a: R see Scheme 20: lr. Area% (HPLC) of product signal, yields after purification: 15-35%;

c: 1 /uM functionalized sequence + 1 pM sequence B (Table 11) in 150mM NaCl. lOmM

Tris-HCl (pFI 7.4); the Tm-va]ue of the parent duplex AdB was 65.8°.

Additional solid-phase functionalizations were carried out with some of the

intermediates. From the acids C-s-9 / C-s-7 and B11NH2, amides C-s-16

C-s-15 and from C-s-9 and the spermine derivative C-s-17 were

prepared under peptide coupling conditions. After deprotection and

purification, the oligonucleotides C-15,16,9 were obtained in satisfying

yields of 15-35% (Fig. 28). Thioacetate C-s-6 was transformed to the

corrsponding thiol with HANNFhfOAe), according to [170]. Attempted

further alkylation of thiols C-s-8 and C-s-14 with dibromopropane under

basic conditions was unsuccessful.
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Q<É3

0 15 mm 30

Figure 28. HPEC profiles of crude products from sequential reactions on the solid

support. Symbols and » represented the peaks from the same RNA sequences.
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Treatment of the immobilized bromo-substituted sequence C-s-1 with

NaN3 and Bti4N(SCN) led to the azide C-s-5 and the thiocyanate C-s-3.

respectively. Deprotection of the azide C-s-5 led to the corresponding

sequence C-5 (Fig. 29a). The analogous deprotection of the thiocyanate C-

s-3 resulted in a mixture without a dominating main product according to

HPLC. Nevertheless, formation of the intermediate thiocyanate C-s-3

could be confirmed by treating it with NaNA in the presence of NH4CI

which (after deprotection) led to the tetrazole C-3. Azide C-s-5 was

reduced with SnClo according to 1169] and the resulting amine C-s-12 was

transformed to the amide C-s-13 with Ac20/Py, leading, after

deprotection to, C-13 (Fig, 29b). Reaction of the azide C-s-5 with PPI13 in

Py gave the iminophosphorane C-s-11, which, after deprotection with

MeNÜ2. resulted in the sequence C-ll, carrying an amino group.

Treatment of C-s-1 with NaCN also led to a complex mixture of products

by HPLC, and no evidence for formation of the cyano derivative on the

solid support could be found.
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E

CM

CM
CM

NHAc
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Figure 29. HPLC profiles of some crude products. HPLC-conditions: Nucleosil 100-5

C18HD, 4.6 x 220mm, lml/nun. elution (30mm) with 0.1M (Et3NH)OAc (FI20, pH 7) ->

0.1M (El3NH)OAc (H20/MeCN 4:1. pFI 7) in 30 mm, detection at 260nm.

3.3.3 Pairing properties of the functionalized sequences

The melting points of the duplexes formed by the functionalized sequences

and the complementary RNA-sequence B were between 0.9 and 3.9° lower

then the values obtained from the parent duplex A-B (Table 11). The

thermodynamic parameters of duplex formation (at 37°) of selected

functionalized sequences showed similar or even more negative AG°-values

than for the parent duplex A-B. The favorable AG0 values of for the
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amide-containing duplexes C-15-B and C-16-B (relative to the parent

duplex A'B) is the consequence of a more favorable AH° term, which

compensates for the less favorable AS0 term.

Table 11. Thermodynamic data for the selected functionalized duplexes.

3GAUAGCUCGGAUGC5': B

5'CUAUCGAGÇCUACG3': C-

R'

R'= Duplex AH° T310KAS° AG°310K

B • kcalmol" kcalmol' kcalmol"

128.4 -107.8 -20.6

139.9 -120.1 -19.8

147.6 -126.8 -20.8

151.1 -129.4 -21.7

171.1 -150.7 -20.4

230.2 -203.9 -26.3

231.8 -204.5 -27.3

123.1 -103.3 -19.8

The bromopentyl substituted phosphoramidites allow an efficient

preparation of sugar modified RNA-sequenccs which can be further

functionalized in solution or on solid support. The new functionalization

site allows site-specific incorporation of additional substituents and labels

into the major groove of corresponding RNA-duplexes. The demonstrated

concept is also suited for the use in combinatorial syntheses.

-NH(CHj

H,

H

~N
H

O

,S^^JC

H°5o

~CH,

|\TCH3

C-1

C-4

C-9

C-16

C-17

C-15

C-7

A
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3.3.4 Conjugation reaction in solution

The resulting functionalized sequences were suitable for a covalent

attachment of reporter groups. An amide linker was formed by treatment

of C-1, carrying a secondary amino group, with (+)~biotin-ALsuccinimidyl

ester (Fig. 30) in DMF/buffer (1:1). This reaction was performed at pH ~

9 to ensure that the secondary amine was mostly deprotonated and

therefore could act as a nucleophile towards the active ester. At pH = 7.4,

after 18 h, only about half of the starting material C-i was converted to

the product C-18 (Fig. 30a), while at pH = 9.3 the reaction was completed

after 2 h (Fig. 30b).

Additionally, disulfide bond formation of the thiol-substituted sequence C-

6 with the amino acid cysteine was investigated. In the presence of air and

under basic conditions at room temperature, the sequence C-19 tethered to

cysteine was formed. Unfortunately, this reaction was easily reversible.

According to HPLC analysis, 50% of the disulfide was formed after 2 h

(Fig. 31a), but after another 16 h the product peak had again decreased to

30%. After isolation of the product C-19, it was kept under the same

reaction conditions and after 24 h the same equilibrium distribution with

30% of the product C-19 and 70% of the starting material C-6 was

reached (Fig. 31b).
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NHMe

RNA

C-1
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o

o

A
HN NH
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I

Ü
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O
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C-18
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I
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^A
'

V,
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Figure 30. The attachment of a biotin derivative to the sequence C-1. HPLC profiles: a)

in DMF/Tris-buffer (pH 7.4) 1:1. after 18 h, the ratio of C-1 and C-18 was ca. 1:1 ; b) in

DMF/borate-buffer (pH 9.3) 1:1. no starting material could be detected after 2 h.
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SH

RNA
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o
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ta
i
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Ü

Il^a^uA'v

H, NH2

S-S^ X .OH

RNA

O

C-19

Ü

JU

Figure 31. Disulfide bond formation. HPLC analysis of the reaction mixture a): after 2 h;

b): after 18 h.

Two complementary hexadecamer sequences G and H, containing the

bromo-substituted allofuranosyl cytosines near the 3'-ends were designed

for potential disulfide bond formation between two RNA duplexes (Table

12). Modifications were carried out to introduce a thiol group, a

methylamino group, an amino group, and azido group, respectively, into

the strands.
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Table 12. Characterization of the functionalized sequences G-1/2/3/4 and

H-l/2.

G: r(AUGGAUCCGAGXUAUC)

H: r(GAUAGCUCGGAUXCAU) X: from 34

Br

_L_
RNA1

Functionalization

Deprotection

RNA

MALDI-TOF MS
Tm (oC)D of duplexes

found calc.

G-1

G-2

G-3

G-4

H-1

H-2

R =

R =

R =

R =

R =

R =

-NHMe

-SH

-NH2

-N3

-NHMe

-SH

5208

5211

5194

5220

5208

5211

5209

5213

5195

5222

5208

5212

G-1-H-1: 65.0

G-2-H-2: 66.4

G-2H-2:66.72)

l): Conditions: 1+1 pM of RNA duplexes. 150 mM NaCl, and 10 mM Tris-HCl buffer

(pH 7.4). 2); The melting point was determined in the presence of 10 mM dithiothrcitol

(DTT).

A solution of the duplex G-2-H-2 (carrying a thiol group on each strand)

in 150 mM NaCl at pFI 7.4 was saturated with O2 and kept 12 h at 25° to

induce the formation of the disulfide bond. The melting point determined

after this treatment was almost identical to the melting point of the duplex

G-l'H-1. The melting point of G-2«H-2 (determined in the presence of

DTT which could prevent the formation of disulfide bonds) was also

similar. This result demonstrated that no disulfide bond between two

strands was formed, otherwise, the melting point is expected to increase

dramatically. HPLC analysis also demonstrated that no reaction had

occurred. It is known that in the presence of Oo disufides are easily

formed, even when the thiols are present at rather low concentrations
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[171][76]. The failure to form disulfide bonds between two paired strands

might in our case reflect that the thiol groups are hidden inside the duplex,

e.g. by a H-bond interaction.
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3.4 Functionalization of the hammerhead ribozyme

Ribozyme activity is dependent on the formation of a precise complex

between the ribozyme and its substrate RNA. Despite a large number of

mutagenetic, phylogenetic, and chemical modification studies and the

availability of crystal structures of the hammerhead ribozyme, the

relationship between ribozyme structure and catalytic mechanism is still not

completely clear [172-174],

To gain a better understanding of the catalytic process and finally to

develop ribozyme analogues with higher turnover rates, we were interested

in preparing hammerhead ribozyme analogues with additional metal-

binding sites and subsequent evaluation of their catalytic behavior.

3.4.1 Preparation of modified hammerhead ribozymes and their

substrate

Ribozyme catalyzed RNA cleavage relies on divalent metal ions as

cofactors. Metal ions contribute to ribozyme function by stabilizing a

functional conformation, and/or by catalyzing the actual cleavage.

Crystal structures of hammerhead ribozyme constructs allow a detailed

view of the three-dimensional structure and, more specifically, reveal some

binding sites of structural and catalytic divalent-metal ions. Some specific

metal ion locations were found in the crystal structure of the hammerhead

ribozyme and a DNA pseudo-substrate [123][172] (Fig. 32a). It was

observed that a IVhV2+ or Co-+ ion was bound to the pro-Rv oxygen of
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phosphate A9 and W of base Gio.l (Fig. 32b), in agreement with the

preference for purines over pyrimidines at this position. Paracchi et al.

reported that divalent ion binding at this location is essential for efficient

hammerhead activity [175].

Figure 32. a) The X-ray structure of the hammerhead ribozyme and a DNA pseudo-

substrate. The five metal-binding sites arc shown as gray spheres, b) Ball-and-stick

representation of one Mn2+ or Co2+ binding-site.

A functional group, pointing to the already existing metal binding-site

(shown in Fig. 32b), might lead to a stabilization of the ground state or

transition state. According to the crystal structure and molecular modeling,

C2.5 was identified as a possible modification site, potentially capable of

interacting with the highlighted metal binding site shown in Fig. 33.
e- C? O CD CD
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N(r^O.pO OTOM

TY
Figure 33. Incorporation of an additional metal-bmdmg site (gray sphere), directed to the

pro-Rp phosphate oxygen of A9 and A7 of G 10.1 (gray spheres), might lead to a stronger

interaction between the metal ion and the ribozyme. Hammerhead ribozyme numbering see

Fig. 11. Black arrows indicate the cleavage site; the black dot indicates a associated metal

ion.

The ribozyme sequences required for this experiment were synthesized

according to our established method using TOM-phosphoramidites.

Additionally, the bromopentyl substituted allofuranosylcytosine

phosphoramidite 34 was incorporated at the chosen position within the

sequence. The coupling and detritylation time for incorporation of the

phosphoramidite 34 was extended to 6 min. and 2.5 min., respectively,

(instead of 3 min. and 1.5 min., respectively, for the standard

phosphoramidites).
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Our reliable solid-phase functionalization strategy allowed an efficient

preparation of site-specifically modified derivatives. Four modifications

were carried out with the prefunctionalized ribozyme sequence, each with

one fifth of the solid support. Substitution with MeNH2, EtSH, thioglycolic

acid and propane dithiol, followed by deprotection (1. MeNH2, 2. TBAF)

gave the corresponding modified sequences D-l, D-2, D-3, D-4 (Fig.

34). Additionally, the corresponding unmodified sequence D was prepared.

All five sequences were purified by ion-exchange HPLC which resulted in

products of high purity. The capillary electrophoresis (CE) traces of the

crude and purified unmodified hammerhead ribozyme D are presented in

Fig. 35. The four modified sequences could not be characterized by

MALDI-TOF MS analysis due to the large amount required (about 0.1

mg). The CE-traces from the co-injection of crude products D-l and D-2

revealed that different products were obtained before and after substitution

reaction on the solid support (Fig. 36)

®: 5-r(GGCGACCCUGAUGAGGC

CGAAAGGCCGAAACCGU)-3!

a)

HR

MALDI-TOF MS:

11052 (found)
11051 (calc, for [M + K+])

Figure 35. Capillary electrophoresis (CE) analysis of the parent hammerhead ribozyme

D. a) Crude product: b) Purified product.
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5'-r(GGC*GACCCUGAUGAGGC
CGAAAGGCCGAAACCGU)-3' c* from 34

a)

17
b)

T

X = NHMe(D-1)

SCH?CH3 (D-2)

S(CH2)3SH (D-3)

SCH2C00H (D-4)

D-3

^ «Vv,

w

D-2

jdU/FV^

f (mm) r (min)

Figure 34. Functionalization on the solid support and CE traces of the crude and purified

functionalized hammerhead ribozyme products (msct). a) for D-l: no treatment; for D-2: HSEt,

(/-Pr)2NFA, DMF. r.t., 4 h; for D-3: HS(CH2),SH. p-Pr)2NEt, DMF, r.t., 4 h: for D-4:

HSCH2COOH. (/-Pr)2NEt, DMF, r.t.. 12 h: b) MeNH2. EtOH/H20 (1:1), r.t., 2 h, then TBAF

(1 M in THF), r.t.. 12 h.
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D-1

4j\JlAMf

.—_ : _ t (mm.)

Figure 36. CE-traces of an artificial mixture of D-l and D-2 (crude products).

For a comparative study of the cleavage reaction mediated by our ribozyme

analogues, a substrate sequence labeled with a fluorescent reporter group at

the 5'-end was designed. Incorporation of the bromopentyl substituted

adenine building block (from phosphoramidite 35) at the 5'-end of the 13-

mer substrate sequence allowed a further conjugation in solution. After

deprotection (MeNH2, then TBAF), the resulting /A-methylamino

substituted oligonucleotide was reacted with fluorescein isothiocyanate in

DMF/borate-buffer (pH 9.3) 1:1 and gave the desired, labeled sequence. At

room temperature, this reaction stopped after 30% conversion. Longer

reaction time (2 days) and a double concentration of the fluorescein reagent

gave the same result. Raising the temperature to 50° led to a 90%

conversion during 4 hours. The reaction mixture was first desalted on a

Sephadex-10 columm to remove salts and fluorescein by-products, and

finally purified by RP-HPLC (Fig. 37).
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5'-r(A*CGGUCGGUCGCC)-3 (AMrom53)

Me.
'O-i

HO-

CrnäV

E-1

O OH

HO
c o

a) b) E-2

reagent

r

E-1
E- 1 \ 3

I

MALDI-TOF MS: ! MALDI-TOF MS: Î
found: 4257 I found: 4653 1 f I
calc: 4257 I > calc: 4646

I 1 i

i

IkL
t (mm) t (min)

Figure 37. Conjugation reaction leading to the 5'-end fluorescein labeled ribozyme

substrate E-fl, conditions: borate-buffer (pH = 9.3)/DMF (1:1). 50°. HPFC trace of the

crude product a): E-1 and b) E-2 (after desalting on a Sephudex-\0 column).
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3.4.2 Determination of the individual cleavage rates

Multiple turnover cleavage reactions were carried out with 20 equivalents

of the labeled substrate E-2 to ribozymes D, D-l, D-2, D-3and D-4

under a variety of different reaction conditions. A constant substrate to

ribozyme ratio was chosen, because amounts of modified ribozymes and the

sensitivity of the fluorescence detector were limited. Standard conditions

imply: 1 uM ribozyme(s) and 20 uM substrate in 20 pL solution containing

150 mM NaCl, 2 mM divalent metal chloride (MgCb or MnCh). 10 mM

HEPES-buffer (pH 7.5) at 37°. Variations included: the concentrations of

divalent metal ions, different pH-values and different temperatures.

Solutions of ribozymes and the fluorescence-labelled substrate in the

reaction buffer were heated separately to 90° for 1 min. in order to disrupt

aggregates potentially formed during storage, and then allowed to cool to

room temperature. Both solutions were then treated with MgCl2 or MnCFi,

adjusted to the final reaction concentration and incubated at the reaction

temperature for 10 min. This procedure was adopted, because without

preincubation in the presence of Mg2+ anomalous initial rates were

observed [176]. The cleavage reaction was initialized by adding 10 uL

substrate solution to 10 uL ribozyme solution. An aliquot at time zero was

taken out immediately and other aliquots (2 uL) were removed from the

reaction solution at intervals (according to the individual cleavage rate),

quenched with loading buffer (8 M urea, 10 mM EDTA and 50 mM tris-

buffer (pH 7.4)), and then separated by electrophoresis (20%

Polyacrylamide. TBE (50 mM tris-borate pH 8.3. 2 mM EDTA), and 8 M

urea). Substrate and product bands were located by a fluorescence detector
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(Fig. 38) and the resulting images were analyzed to determine the fraction

of cleavage.

The fraction of substrate remaining tmcleaved as a function of time was

fitted to a double exponential curve In [(E-fl° - Product l)/E-fl°] = at + bt2

according to [130]. The observed cleavage rate (&obs) was derived from the

slope of the first exponential. The second (quadratic) term is necessary to

compensate for the concomitant formation and accumulation of inactive

ribozyme-substrate and/or ribozyme-product complexes during the

cleavage reaction [177] .
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Figure 38. a) Ribozyme-catalyzecl cleavage icaction b) An example of a fluoiescencc

image obtained fiom a time-dependent clea\age îeaction

The results of the cleavage reactions carried out under standard conditions

in the presence of Mg-+ and Mn2+ arc shown in Fig. 39 and Fig. 40,

respectively. All ribozymes showed higher catalytic activity in the presence

of Mn2+ than in the presence of Mg-+. After 1 h, about 50% of the

substrate was cleaved in the presence of Mn2+, while about 2 h were
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required for about 50 % conversion in the presence of Mg2+. According to

the initial rates presented in Fig. 39 (Mg2+-dependent cleavage), the most

effective ribozymes were D-l and D-2 followed by D-3, D-4 and D.

However, after 6 h the unmodified ribozyme D had cleaved more substrate

than the analogues D-3 and D-4. This different behaviour is in agreement

with an accumulation of inactive complexes derived from the modified

ribozymes D-3 and D-4. Similar results were obtained from analogous

experiments in the presence of Mn2+ (Fig. 40). Again, according to the

initial cleavage rates, D-2 was the most effective ribozyme, followed by

D-3 and D-2 and finally D-4 and D. Even after a prolonged reaction

time, this order among the individual /v0bs-values was retained. It can be

concluded, that under both our standard conditions, all modified ribozymes

are intrinsically more effective catalysts than the unmodified one. In the

presence of Mg2+, however, some of them are much more prone to adopt

inactive conformations which after prolonged reaction time inhibit the

cleavage reaction.

During initial cleavage experiments with the modified ribozyme D-4 in the

presence of Mn2+ we determined reproducibly a very slow initial reaction,

followed by a very fast reaction after about 30 min. (Fig. 41). We assumed

that Mn2+ might induce an inactive conformation of this ribozyme in the

absence of substrate (during the equilibration period), which after adding

the substrate only slowly changed into the active conformation. Therefore,

we initiated the cleavage reaction by adding Mn2+ to the preformed

complex of E-2 and D-4. In this case, the reaction proceeded without an

induction period and after about 30 min the same conversion was observed.
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0 20 40 60 0 20 40 60
t (min.) t (min.)

D D-1 D-2 D-3 D-4

^obs(x10"3) 7-8 13.3 13.2 11.4 10,0

Figure 39. The fraction of substrate converted to product at various times under the

standard conditions: 1 pM ribozyme. 20 uM substrate E-2, 150 mM NaCl, 2 mM Mg2+

and 10 mM HEPES-buffer (pH 7.5).
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Figure 40. The fraction of substrate converted to product at various times under the

conditions: 1 uM ribozyme, 20 uM E-2. 150 mM NaCl. 2 mM Mn^+ and 10 mM HEPES-

buffer (pH 7.5).
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Figure 41. Time-dependent cleavage reactions induced by D-4. 0 reaction initiated by

adding substrate-Mn2+ solution to the nbozyme-Mn2f solution; • reaction initiated by

adding Mn2t- to the ribozyme-substrate solution.

We expected that the presence of different types of complexing groups

within our ribozyme analogues would result in different relative cleavage

efficiencies, depending on the formation of complexes with different

divalent metals. Therefore, we have chosen to investigate combinations of

"hard" and "soft" endgroups with "hard" and "soft" metal ions. First

measurements had shown that D-2, carrying a "soft" endgroup, showed a

high kobs-value both in the presence of Mg2+ and Mn2+5 whereas D-l,

carrying a "hard" endgroup showed a high Aobs-v alue the presence of Mg2+

and a medium k0bs-value in the presence of Mn2 +
.
For further

investigations, including variations of metal-ion concentrations, pH-values

and temperatures, D-l and D-2 were chosen as representatives to be

compared with the parent ribozyme D. In Table 13 and Figs. 39 - 40 the

results of such a comparison are presented.
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Table 13. £0bs-values (xlO-3 min-1) of cleavage reactions performed

under different conditions.

Mz-+ Mn2+

c [mM]

1 21) 5 10

T(°) pH

25 50 6.5

c[mM]

0.5 I 2D 5

D

D-l

D-2

D-3

D-4

2.2 7.8 13.5 22.8

5.0 13.3 16.1 20.2

5.3 13.2 18.7 22.7

/ li.4 / /

/ 10.0 / /

0.49 10.1 2.2

0.94 23.7 2.7

0.80 19.6 2.6

/ / /

/ / /

5.2 8.6 21,8 58.6

7.3 14.0 28.6 42.7

14.9 25.8 43.3 42.8

/ / 30.8 /

/ / 23.5 /

1): Standard conditions: 2 mM M2+. 150 mM NaCl. 10 mM HEPES-buffcr (pH 7.5), 37°.

In every measurement, only one parameter was varied, as indicated in the table.

With all three ribozymes investigated, the reaction rates increased steadily

with an increase of the Mg2+ concentration. The cleavage efficiency of the

parent ribozyme D, however, depended more strangely on changes of the

Mg2+ concentration than the efficiency of the functionalized ribozymes D-

1 and D-2 (Fig. 42a). In the presence of 10 mM Mg2+, the three

ribozymes showed similar /c0bs~values; whereas in the presence of low

Mg2+-concentrations (1 and 2 mM) the k0bs~values of the functionalized

ribozymes D-l and D-2 were twice the values obtained with the parent

ribozyme D.

Analogous variation of the Mn2+ concentration revealed a similar but not

identical relative behaviour among the three investigated ribozymes (Fig.

42b). At a (high) concentration of 5 mM Mn2+, the unmodified ribozyme

D exhibited the highest activity. At low concentrations of Mif2+ (0.5 - 2
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mM), the functionalized ribozyme D-2 was significantly more effective

than D-l and the unmodified ribozyme D. Interestingly, with ribozyme

D-2 saturation was reached already at a 2 mM Mn2+ concentration.

a) b)

0 2 4 6 8 10 o 1 2 3" 4 "5
[Mg2+] (mM) [Mn2f] (mM)

Figure 42. a) Mg2+-dependent cleavage rate of D, D-l, D-2 m 150 mM NaCl, 10 mM

HEPES-buffer, 37°. b) Mn2+-dcpcndent cleavage rate of D, D-l, D-2 m 150 mM NaCl.

10 mM HEPES-buffer, 37°

In the absence of divalent metal-ions the complex formed between the

unmodified hammerhead ribozyme D and its substrate E-2 showed a Tm

value of 48.1° (Fig. 43). No severe deviations from this value were

expected neither in the presence of divalent metal ions, nor by the presence

of a functionalized allofuranosyl nucleoside. At a temperature of 50° we

therefore still expected formation of complexes between the ribozymes and

the substrate, but no interference from incomplete product release. For

comparison, additional meaurements at 25° were carried out.
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Figure 43. Temperature dependent UV spectra of D-E-2 and D single strand.

Conditions: 1 uM oligonucleotides, 150 mM NaCl, 10 mM tus-buffer (pH 7.4).

Temperature dependent activities were determined under standard

conditions in the presence of 2 mM Mg2+ and varying the reaction

temperature (Fig. 44a). The k0bs~values obtained from the three reactions

at different temperatures revealed at 50° a significantly higher relative

cleavage rate from the two modified ribozymes D-l and D-2 as compared

to the parent ribozyme D; moreover, the k0bs-values obtained from the

two modified ribozymes D-l and D-2 linearly increased between 25° and

50°, whereas the values obtained from the unmodified ribozyme D

increased only logarithmically. At 50°, the two modified ribozymes D-l

and D-2 catalyzed the cleavage more than twice as strongly than the

unmodified ribozyme D.

At a lower pH-value of 6.5. all three ribozymes Investigated showed a

significantly decreased efficiency (Table 13).
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Figure 44. a) Temperature dependent cleavage rate of D, D-l, D-2 in 150 mM NaCl, 10

mM HEPES-buffer, 2 mM MgCl2.

Consecutively, we tried to determine the individual kinetic parameters of

our ribozyme analogues, in order to learn which step is most affected by

the modifications we introduced and which parameter is responsible for the

rate enhancement we observed. Unfortunately, fluorescent labeled

substrates cannot be detected with sufficient sensitivity to carry out such

reactions under single-turnover conditions and below the saturation point.

In the presence of low concentrations of divalent metal ions and at high

temperature, our modified ribozymes were significantly more active than

the parent ribozyme of the same sequence. The results of this comparative

study indicate that the additional functional groups introduced influence the

structure of the ribozyme or of the ribozyme-substrate complex. The

significant differences in cleavage rates observed from different ribozymes

S
D-2
*/
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in the presence of different concentrations of Mg2+ and Mn2+, respectively,

strongly suggest an interaction of the additional functionalites with metal-

ions. The relative rate enhancement obtained from the modified ribozymes,

especially at high temperature and low (divalent) metal ion concentrations,

are in agreement with a stabilization of the active ribozyme-substrate

conformation by introduction of additional metal-binding sites.

In contrast, the cleavage reaction catalyzed by some of the functionalized

ribozymes seem to follow kinetics of higher-order. Such a behaviour is

well known [177] (Fig. 45), but usually not so prominent as with out-

analogues. In these analogues, catalytically inactive complexes seem to be

relatively favoured, presumably again by interactions between the

additional ligands and existing metal ion binding sites. If such inactive

complexes are relatively stable, they can accumulate and therefore the

concentration of functional ribozyme is decreasing steadily, resulting in a

higher-order kinetic.

Hammerhead

ribozyme
Active (E-S)CioSed

complex

Inactive (E-S)open
complex

Figure 45. Model used for the explanation of high order kinetics observed with

ribozymes (from [177]).
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3.5 Synthesis of oligonucleotide analogues containing 2'-0-

substituted nucleosides

2'-0-Methylated nucleosides occur in natural tRNAs and have been

investigated thoroughly as first generation antisense compounds.

Oligoribonucleotides consisting of 2'-0-methylated nucleotides are

conformationally more rigid and chemically more stable than native RNA,

and the thermal stability of their duplexes with natural RNA and DNA is

superior to that of RNA-RNA or DNA-RNA duplexes [43][44].

The crystal structure of a DNA duplex containing a 2'-ö-methylated

nucleoside revealed that the methyl group is pointing into the minor

groove, thereby causing a significant local narrowing [178]. Larger 2'-0~

substituents such as long alkyl chains are known to destabilize the duplex

structure; this is probably caused by unfavorable steric interactions of these

badly solvated groups and interference with the surface hydration.

Nevertheless, it might be possible to design 2'-0-substituents with more

polar groups that could form hydrogen-bonds with minor groove

nucleobase functionalities and solvent molecules. This would allow the

incorporation of large substituents without destabilizing the duplex.

In this context, we were interested in the introduction of functional groups

into the 2'-0-position of oligonucleotides, which might lead to stronger

duplex stability and which potentially could be used in the context of

antisense applications and the design of artificial ribozymes.
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3.5.1 Preparation of oligoribonucleotide analogues carrying 2'-

O-substituents

3.5.1.1 Synthesis of oligoribonucleotide analogues derived from

2'-0-bromopropylmethyl substituted nucleosides

Functionalizations of the 2'-0-position within oligonucleotide sequences

were carried out, by analogy to our previously developed strategy, using

the bromopropoxymethyl substituted phosphoramidites 51-54. The

preparation of the corresponding nucleosides was carried out according to

our established procedure. (Scheme 22).

56

b)

55

DMT°1^û.BaC"
HO OH

57 ABz

58 CAc

59 GAc

60 U

)MTO-i
„

Bacy DMTO'

d)

Br

—i Bacyl

O O^ JO.

A
N,

51 ABz 92%

52 CAc 89%

53 GAc 83%

54 U 91%

H0 0^£\ NC

61 ABz 51%

62 CAc 45%

63 GAc 60%

64 U 38%

+ 3'-0-alkylated isomers

61 ABz 20%

62 CAc 20%

63 GAc 5%

64 U 30%

Scheme 22. a) DMSO. Ac:0. AcOH. r.t., 7 days; b) SChCK CH2Cl2; c) (;-Pr)2NEt.

Bu2SnCb, (CH2CD2, r.t.. then 55. 70°: d) 2-cyanoethyl diisopropylchloro-

phosphoramidite. (APfhNEt. CH2CI2. i'-t.
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The alkylating reagent bromopropyloxymethyl chloride 55 was prepared

in two steps. First, 3-bromopropanol was converted to the 0,^-acetal 56

with DMSO, AcoO and CH3COOH. Treatment of 56 with S02C12 gave

28% of 55 after purification by distillation. Under our standard conditions,

alkylation of the DMT-protected nucleosides 57-60 gave the T-O-

substituted derivatives 61-64 as main products and the 3'-0-substituted

derivatives 65-68 as minor products. The 2'-0-substituted derivatives 61-

64 were finally converted into the corresponding phosphoramidites 51-54.

The 2'-0-bromopropy1oxymethyl substituted cytidine phosphoramidite 52

was incorporated into a DNA sequence at two positions, once near the 3'-

end (—>dF-l) and once near the 5'-end (—>dF-2), respectively. After

deprotection with MeNFU, these two strands were isolated as their N-

methylamino derivatives. The unmodified DNA strand dF, the RNA strand

F, their complementary DNA strand dE and RNA strand E were prepared

as well (Table 14). Under standard conditions (1 + 1 uM, 10 mM Tris-

buffer (pH = 7.4), 2 mM Mg2+ and 150 mM NaCl), the duplexes formed

by dF-l-E and dF-2-E exhibited rm-values of 67.2° and 66.9°,

respectively. This values were only slightly lower than the one obtained

from the corresponding parent duplex dF-E which was 68.0°.

Further functionalizations on the solid support were carried out with the

two prefunctionalized sequences (Scheme 23). Treatment of the

immobilized sequences with thioglycolic acid in the presence of (/-Pr)2NEt

(according to chapter 2.3) followed by deprotection with MeNH2 gave

amides dF-3 and dF-4. respectively. Further solid-phase modifications of

the two thioglycolated intermediates were carried out with histamine under

peptide coupling conditions; after deprotection with MeNFU the two
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sequences dF-5 and dF-6 were isolated, carrying an imidazolyl group

each.

Table 14. Characterization of the prepared oligonucleotides.

Sequences

X from 52

MALDI-TOF MS

Calc. Found

E 5'-r(ACGGUCGGUCGCC)-3'

dE 5'-d(ACGGTCGGTCGCC)-3'

F 5'-r(GGCGACCGACCGU)-3'

dF 5'-d(GGCGACCGACCGT>3*

dF-1 5'-d(GGCGACCGACXGT)-3'

dF-2 5AFGGXGACCGACCGT>3*

dF-31 ) 5,-d(GGCGACCGACXGT)-3'

(1F-4D 5'-d(GGXGACCGACCGTV3'

dF-5l) 5A1(GGCGACCGACXGT)A

dF-61 ) 5'-d(GGXGACCGACCGT)-3'

4129 4130

3952 3951

4137 4139

3960 3959

4078 4081

4078 4080

4152 4153

4152 4153

4232 4234

4232 4235

1): The structure is presented in Scheme 23.

Q~{ DNA*)

c)

Ö
dF-1

dF-2

'Br O

A
Q^fpNA*)

c)

'NHMe

(dna)
dF-3

dF-4

,OH

o A
Q^vfpNA*)

o

NHMe

dF-5

dF-6

N^y

Scheme 23. a) thioglycohc acid, (/-Pr)2NEt. DMF, I2h: b) TBTU, HOBT. (/~Pr)2NEt

histamine, DMF. 2h; c) MeNIU, EtOH/H20 (1:1). 2h.
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The thermodynamic parameters of the duplexes obtained from sequences

dF-5, dF-6, dF and their complementary RNA strand E, or DNA strand

dE, respectively, was determined under physiological conditions (Table

15). The duplexes formed by the modified oligonucleotides dF-5/6 and

RNA E had the same melting points as the parent duplex dF«E, while the

melting points from dF-5/6 and DNA dE were slightly lower than the

ones from the parent duplex dF-dE. The AG0 value of the modified

DNA-RNA hybrid duplexes were more favorable than the corresponding

value of the parent duplex dF«E; moreover, the internally modified duplex

dF-6-E showed a stronger pairing (ÀAG0 = -2.8 kcal/mol) than the

corresponding externally modified duplex dF-5-E (AÀG0 = -0.9 kcal/mol,

relative to the parent duplex dF-E), indicating a specific stabilizing

interaction across the minor groove. However, the AG°-values obtained

from the modified DNA-DNA duplexes dF-5-dE and dF-6-dE revealed a

slight destabilization (compared with the corresponding parent duplex

dF-dE).

Table 15. Thermodynamic datai) of dF-5, dF-6, and dF with their

complements

E dE

dF-5 dF-6 dF dF-5 dF-6 dF

Fi+iuM(°) 68.0 67.8 68.0 63.6 62.1 65.2

AH0 (kcal/mol) -116.9 "131.9 -110.8 -99.3 -90.7 -98.1

T298kAS° (kcal/mol) -93.2 -106.3 -88.0 -79.1 -71.7 -77.6

AG°298K (kcal/mol) -23.7 -25.6 -22.8 -20.2 -19.0 -20.5

AAG°298K (kcal/mol) -0.9 -2.8 +0.3 + 1.5

I): Conditions: 10 mM Tris-buffer (pH = 7.4), 2 mM \tg^ and 150 mM NaCl.
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Model studies showed that 2'-0-modifications near the 3'-end of A-form

duplexes (E-dF-5) point away from the minor groove, whereas analogous

modifications near the 5'-end of A-form duplexes (E-dF-6) are located in

or near the minor groove. In B-form duplexes, 2'-0-modifications near the

3'-end (dE-dF-5) are located outside the duplex; the analogous

modifications near the 5'-end (dE*dF-5) are located in or near the major

groove (Fig. 46).

The thermodynamic data of duplex stabilities indicated a positive

interaction between the imidazole moiety on the DNA strand and the

complementary RNA strand when the imidazole moiety was located in the

center of the A-form duplex. However, in the analogous B-form duplex

formed between the functionalized DNA-sequences and the complementary

DNA strand, a destabilization by the imidazole moiety was observed.

especially when it was located in the middle of the duplex.



128

E-dF-5 (A-type helix) E-dF-6 (A-type helix)

dE- dF-5 (B-type helix) dE- dF-6 (B-type helix)

Figure 46. Mode! representation showing the sequence-dependent location of 2'-0-

substituents.
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3.5.1.2 Attempted site-specific RNA cleavage by complementary

imidazolyl-substituted DNA-strands

The enzyme ribonuclease cleaves RNA with the help of two imidazolyl side

chains. In this process, one imidazolyl moiety serves as general base,

deprotonating a 2'-OH group, and the other serves as general acid,

protonating the leaving 5'-OH group. Consequently, catalysis is most

efficient around pH 7 1179b

We tried to mimic this RNA-cleavage process by introduction of

imidazolyl groups into complementary DNA-strands. Specifically, we

investigated such a potential catalytic activity with the adequately

functionalized sequences dF-5 and dF-6. The complementary RNA

sequence E thereby served as potential substrate.

This exploratory experiments were carried out by incubating equimolar

amounts of the three sequences dF-5, dF-6 and dF (as a control) with the

RNA sequence E under different conditions (varying pH from 7 to 8.5,

Mg2+ concentration from 2 mM to 10 mM). The reactions were followed

by IE- FIPLC. Under a variety of conditions, no specific cleavage could be

detected. The stability of the RNA-sequence depended only on the

temperature, the Mg2+-concentration and the time, but not on the presence

of a specifically modified DNA sequence. In other words, cleavage could

not be induced by the presence of the imidazolyl-groups connected to the

modified sequences dF-5 and dF-6.
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3.5.1.3 Attempted preparation of DNA/peptide conjugates

One attractive application of the solid support functionalization strategy

would be the preparation of oligonucleotide-peptide conjugates. Such a

synthesis could be achieved by first assembling the oligonucleotide,

functionalizing it with an appropriate reactive group and then continuing

with the assembly of the peptide portion (Scheme 24). The peptide could

thereby be assembled by starting the synthesis from the carboxylic end

(route I) or from the amino end (route II).

e)

,0-Prot. cyOH

.
I

H

I
H

91 w ("WfriNA*! a>
w

nwfnMûïl >)

SCH2COOH S-^ N R1 S-^ hf R, S-^^N-
' H H

,.
H

a)

Br

p*^Q~-(ÖNÄ3
C>

*» Q^t DNA*)
...i*.

0^(dnÄ^)
.11.^ (DNA)

Route

0)

TD

Q.

Q.

O^fDNA*) O o
A^NH-Piot U Nu ,

.

i NHo HW T HI\TV' HN—f Peptide)
b)\

Ä
.

I .." c) ^
,J ,R, c/i I '

f) _L_V
^

C^fDNÄ^ —^»-
O-fpJÂ^] —"*- C>fbNAlRi —-*" (DNA)

T
I

1 '
Route il

Scheme 24. Two possible synthetic route for oligonucleotide-peptide conjugate, a)

thioglycohc acid, (/-PtANEl. DMF; b) 1) NaN3, DMF/iTO; 2) SnCF, thiophenol, Et3N,

CH3CN, then NalICO-, H2O; c) peptide coupling: d) removal of the corresponding

protecting group; e) repetition of step c) and step d): f) cleavage from solid support and

deprotection.

We have chosen to first explore route I and employing commercially

available allyl-protected amino acids. First, the immobilized, thioglycolated

sequence dF-1 (chapter 11-2,5.1.1) was treated with isoleucine allylester

under standard peptide coupling conditions in the presence of 1-hydroxy-
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benzotriazole (HÜBT) and 0-(benzotriazole-l-yl)-A,A,A'.A'-tetramethyl-

uronium-tetrafluoroborate (TBTU). A small portion of the resulting

product was deprotected with MeNH2 and analyzed by FIPLC, which

revealed an efficient conversion. The remaining solid support was treated

first with Pd(PPli3)4, A-methylmorpholine and AcOFI (according to the

established allyl-deprotection procedure by Kunz et al. [180]), followed by

treatment with a variety of other amino acid allylesters under peptide

coupling conditions. Unfortunately, both HPLC and MALDI-TOF MS

analysis revealed that the only isolated product was the initially prepared

isoleucine derivative (Scheme 25.), indicating again failure of the allyl-

deprotection step.

Me o fMe

ry^-s-V^ Me^T^0A11 O-^S^fYMe
C>vfji) O NHs

^ (>v£^)
O

cooAII

MeNH2

\ Me

MALDI-TOF MS: 7m: 67.3 (E-dF-7) y* S Y J Me

4265 (calc. 4265) 62.7 (dE-dF-7) f~DNÄ]
°

CONHMe

dF-7

Scheme 25. Attempted oligonucleotide-peptide conjugate reaction. The melting points of

duplexes E*dF-7 and dE-d.F-7 (1 + 1 uM) were measured in 10 mM Tris-buffer (pH =

7.4). 2 mM Mg2+ and 150 mM NaCl.

Under standard conditions (1 + 1 uM. 10 mM Tris-buffer (pH = 7.4), 2

mM Mg2+ and 150 mM NaCl). the duplexes formed by dF-7-E and dF-

7-dE, exhibited Tm-values of 67.3° and 62.7°. respectively. These values

were only slightly lower than the ones obtained from the corresponding
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parent duplexes dF-E and dF*dE which were 68.0° and 65.2°,

respectively. They were almost identical to the rm-values obtained from

the analogous histamine containing sequences.

Unfortunately, the time limit did not allow a further exploration of this

project. However, the preliminary results obtained suggest a negligible

duplex destabilization of the investigated DNA-amino acid conjugates. It

might be possible to connect other bulky molecules to our in situ formed

thioglycohc acid derived linker without disturbing duplex formation.

3.5.2 Synthesis of oligoribonucleotide analogues containing 2'-

O-allyloxymethyl substituted nucleosides

The known duplex-stabilization properties of 2'-(9-allyl nucleosides [44]

inspired us to investigate the synthesis of the related 2'-0-allyloxymethyl

nucleosides and phosphoramidites. We were not only interested in the

pairing properties of duplexes derived therefrom, but we also wanted to

investigate the allyloxymethyl group as a potential (Pd-cleavable)

protecting group for RNA-synthesis which would be orthogonal to the

recently developed (fluoride labile) TOM and (photolabile) NPEOM group

[21].

From allyl alcohol and methylthiomethyl chloride the 0,5-acetal 69 was

prepared according to Corey [181] (Scheme 26.). We failed to prepare the

corresponding chloromethyl ether 70 under our standard conditions

(SO2CI2). However, 70 was obtained in a good yield by running the same

reaction in the presence of 2 equivalents of cyclohexene. (as suggested by
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[182]). The latter was able to trap the byproduct sulfenyl chloride, which

previously attacked the product.

„OH CH3SCH2CI
j»

NaH

^^°^ ,s^ so2ci

69

-X-*~
.0. XI

70 leS CI

Scheme 26. Preparation of the chloromethyl ether 70.

Alkylation of the DMT-protected nucleosides 57-60 with 70, respectively,

gave the 2'-0-substituted derivatives 71-74 as main products and the 3-0-

substituted derivatives 75-77 as minor products. The phosphoramidites

78-81 were obtained from nucleosides 71-74 (Scheme 27).

DMTO1-, BacV DMTO-i B9^

HOOH

HO
O^JO.

DMTO-

ML
HOOH

57 ABz

58 CAc

58 GAc

60 U

O^JD.

71 Ab

72 C

73 G

74 U

Ac

Ac

42°a

41%

62%

38%

NCT

-, Bacyt

.0 0^ 0.

i

N

78 ABz 85%

+ 3'-0-alkylated isomers

75 ABz 21%

76 CAc 27%

77 U 26%

79 C
Ac

90%

80 GAc 81%

81 U 92%

Scheme 27. a) BmSnCK u-Pr)2NEt, (CH2C1)2. r t.. then 70, 70°; b) 2-cyanoethyl

diisopropylchlorophosphoramidite, (/-PiriNEt, CHoCb, r.t.

In order to investigate the pairing properties and eventual deprotection

conditions, the fully 2'-0-allyloxymethyl substituted sequence 5'-

r(ACGGUCGGUCGCC)-3' (E-3) was synthesized according to our

standard conditions (coupling yields > 98%), deprotected with MeNH2 and
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purified by RP-HPLC. Under physiological conditions, the melting point of

the duplex formed by E-3 and the complementary DNA sequence dF was

48.1° and therefore much lower than the unmodified duplex E'dF which

showed a Tm of 67.0°.

A variety of conditions were investigated for the Pd-assisted deprotection

of the monomer 77. which served as model compound (Scheme 28). Only

the reaction in the presence of BinSnH and ZnCl2 gave 60 in a good yield.

Further investigations aimed at a replacement of the known RNA-cleaving

ZnCl2 with milder Lewis acids were carried out, but none of them was

successful.

a)

DMTO-i B3^

HO OH

60

a) yield

1 Pd(PPfA4. PPh3. Et2NH4C03, DMF

2 Pd(PPh3)4, PPh3. n-C4H9NH2. HCOOH. THF

3 Pd(PPh3)4. PPh3. dimedone, DMF

4 (dba)3Pd2 CHC13, PPh3. CHC13

5 Pd(PPh3)4. ZnCl2, Bu3SnH, THF

6 Pd(PPh3)4. ZnCl2. Et2NH4C03, DMF

7 Pd(PPh3)4. Et2NH4C03. Bu3SnH. THF

8 Pd(PPh3)4. CHAOOH. Bu3SnH. THF

9 Pd(PPh3)4. PPh3, NaBH4. THF

10 Pd(PPh3) t. PPh3. LiBH4. THF

11 Pd(PPh3)4. o-SH(C6H4)COOH. THF

12 Pd(PPh3)i. AgXCA Bu3SnlI, THF

13 Pd(PPh3)4, LiCl. Bu3SnH. THF

*: recovery of 77

**: dec.

Scheme 28. Attempts to cleave the a11\ox\ methyl group of 77.
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Treatment of the allyloxymethyl-substituted sequence E-3 with Pd(PPh3)4,

Z11CI2 and B113S11H in THF led, after 1 h (as expected), to a complete

decomposition of the oligonucleotide.

3.5.3 Synthesis of oligoribonucleotide analogues derived from

2'-0-[(2,3-oxy)propyloxymethyl] substituted nucleosides

In a further attempt to extend the possiblities for solid phase

functionalizations, the epoxides 100 and 101 (their synthesis is described

in chapter III-2.2) were converted to the corresponding phosphoramidites

108 and 109, which were suitable for the automated synthesis (Scheme

29).

DMTO-,
^

GAc DMTO-n
n

GAc DMTO-,
^

GAc
-0-'

b) \°_J) a,
1-°-

W^
HO O R HO O. NC/V°^p'0 °N

°nAoh °^a V^ °^r
110 R = NHMe 100and101 I I
111R = SPh

108 and 109

Scheme 29. a) 2-cyanoethyl diisopropylchlorophosphoramidite. (/-Pr^NEt. CH2CI2,

r.t., 84%; b) for 110: NHMe, EtOH/H20, 14 h, r.t.; for 111: PhSH, (z-Pr)oNEt, 2 h,

r.t..

First, the stability of the epoxides 100 and 101 under conditions employed

in the automated synthesis was tested in solution. Under our detritylation

conditions (4% ChCHCOOH), the epoxides were completely stable during

one hour; only after a period of 3 h a slight decomposition could be

observed. The epoxides were fully resistant to the capping and oxidation
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conditions. Treatment of the epoxides with MeNH/2 for a prolonged period

of time (14 h) gave the 2'-0-[(A-methyl-(3-amino-2-hydroxy-

propyl))oxyImethyl substituted giianosine derivatives 110. The epoxides

reacted smoothly with thiophenolate resulting in the ring-opening product

111 (Scheme 29).

Under standard conditions for automated synthesis, phosphoramidite 108

was incorporated into sequence dF-7: 5'-d(GGCXACCGACCGT)-3' (X

from 108). After MeNH^-deprotection and purification, the sequence was

identified by MALDI-TOF MS (Found: 4098. Calc: 4094). Surprisingly,

the melting points of the duplexes obtained from this modified sequence

dF-7 with its complementary RNA and Me-RNA sequence were 66.2°

(E-dF-7) and 70.8° (E-5-dF-7), respectively, slightly higher than the

melting points of the corresponding unmodified duplexes (E'dF: 65.4° and

E-5-dF 69.5°, respectively). This was a first example of a modification

leading to a higher melting point.

Unfortunately, further investigations with oligonucleotides carrying epoxy-

moieties as reactive sites were not carried out because of the limited time.

However, this preliminary result strongly suggested a great potential of this

novel solid support functionalization strategy. It also encouraged us to

study the influence of additional polar groups on the pairing behavior of

oligonucleotide analogues (chapter III). The quite slow ring-opening

reaction under deprotection conditions (MeMD) should allow the isolation

of deprotected oligonucleotides still carrying an epoxy-moiety. able to

react e.g. with oligonucleotide-binding proteins.
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Part III Synthesis of oligonucleotide analogues

carrying polar 2'-Ö-substituents and evaluation of

their medium-dependent pairing properties

Water is known to be a major participant in the stabilization of the

secondary structure of nucleic acids, and various experimental approaches

have indicated that nucleic acid duplexes are heavily hydrated. More

recently, it has been found crystallographically that the structure adopted

by a particular duplex of known sequence depended strongly on the

humidity and the ionic environment [183]. In solution, the hydration of a

nucleic acid is believed to depend on its composition, and the amount of

associated water can provide a rationale for the conformational plasticity of

DNA. The particular conformation (A. B, Z) of a duplex has been found to

depend on the degree of hydration wherein changes in the water activity

can shift the equilibrium to favour one duplex conformation over another.

1 Introduction

1.1 Investigation of oligonucleotide hydration

Macroscopic methods such as dielectric relaxation [1831, high-precision

densimetry, ultrasonic measurements [184J, and calorimetry [1851, which

have been applied to investigate the hydration of nucleic acids, show that

the 20 water molecules closest to each nucleotide have physical properties

significantly different from those of bulk water. Water hydration of

nucleic acids is generally described in the term of two hydration shells. The
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water molecules of the primary shell (about 10 molecules pernucleotide)

interact directly with the phosphates, with sugar oxygens and with the polar

groups of the bases that are accessible in the DNA structure. This shell is

impermeable to cations. The second shell is indistinguishable from bulk

water. At the surface of nucleic acids, water molecules form sequence-

dependent motifs. Rings of hydration water containing three to seven water

molecules, similar to those found at the surface of proteins, are observed In

the major groove of A-DNA [186]. In crystals of Z-DNA and A-DNA,

water molecules can bridge adjacent phosphates. In B-DNA duplexes, the

inter-phosphate distance is too large to allow water bridging and the

phosphate oxygens are individually hydrated.

Direct thermodynamic evidence for hydration of DNA has been presented

on the basis of compressibility and molar volume measurement

[184][187][188]. These studies have inferred the presence of bound water

that is thermodynamically different from bulk water. This bound water can

be released when spécifie ligands bind to DNA producing significant molar

volume and entropie changes [187][188], The use of osmotic stressing

experiments, a method that induces a water activity change by addition of

solutes which do not interact with the oligonucleotide, can also show the

influence that bound water has on conformational equilibria involving

DNA 1189][190]. A recent paper by Vossen et al. [190] described how

hydration affects the binding of the Escherichia coli cyclic AMP receptor

to DNA (CAP-DNA). Formation of the complex between the receptor and

its regulatory site on DNA releases about 79 water molecules and, using

arguments about the area occupied per water molecule, it was found that

about 700A of the surface area is inaccessible upon formation of the
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complex. This value agreed well with the value calculated on the basis of

the crystal structure of the CAP-DNA complex.

Becker and co-workers [191] reported that nucleic acids are highly

dehydrated when they are hybridized. Analysis of the hydrolysis rate of an

acridinium ester (AE), which was attached to single-strand probes by

adding ethylene phosphate groups to the backbone of the probe, revealed

that, when tethered to single-stranded probes. AE was readily hydrolyzed

by water or hydroxide ions. In contrast, when hybridized to a

complementary target, hydrolysis of the AE probe was markedly inhibited.

Mismatches near the AE eliminated the ability of the double helix to

strongly inhibit AE hydrolysis.

Besides determining the atomic coordinates, X-ray crystallography permits

the visualization of the first hydration shell as well as the thermal motion

of molecular fragments and water molecules. Egli et al. [192] reported the

crystal structure of the RNA duplex r(CaG4)2 at 1.46 A resolution.

Comparison of the crystallographic data on the hydration of individual

hydrophilic sites in the r(C4G/02 RNA duplex and the A-DNA duplex

d(GGBiUABi'UACC)2. whose hydration had been analyzed at 1.7 À [186],

reveals a dramatically increased hydration of the sugar-phosphate backbone

in the RNA. It shows that there are many more contacts to waters by base

atoms in the minor groove of the RNA relative to the DNA. The presence

of the additional OH group in the sugar moiety not only confers more

water on the RNA backbone portion, but also leads to general more

ordered water structure in its minor groove.
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1.2 Modifications to improve the hydration rate

The stability of duplexes and triplexes of nucleotides is dependent upon a

number of important nonbonding interactions. Hydrogen bonding, base

stacking interactions between base pairs and repulsive electrostatic

interactions play major roles in the thermodynamic stability of DNA.

There is also evidence that water molecules bound at specific and/or

nonspecific sites along the DNA chain influence the stability of the duplex

nucleotide strands [193-195]. A deeper understanding of how antisense

modifications affect the structure and stability of nucleic acid fragments

requires the assessment of modification-induced hydration changes.

A recent study was carried out on uniformly modified oligonucleotides

containing 3'-NHP(0)(0~)0-5' internucleoside linkages (3'amidates) and

(alternatively) modified oligonucleotides containing 3'-OP(0)(0~)NH-5'

internucleoside linkages (5'amidates) (Fig. 47). The results have shown that

3'amidate RNA or DNA duplexes are much more stable in water than the

corresponding phosphodiesters. In contrast, 5'amidates do not form

duplexes at all ( 196][197]. Molecular dynamic calculation of corresponding

single and double strands revealed that single stranded 3'amidate and

5'amidate backbones are equally well solvated, but the 5'amidate backbone

is not adequately solvated in an A-form duplex [198]. A crystallographic

study revealed that a 3'amidate DNA duplex with identical sequence

displays an A-RNA conformation in the crystal. The crystal structure also

showed a dramatically improved hydration of the phosphoramidate DNA

relative to DNA due to the presence of the NH-group in its sugar-

phosphate backbone [ 199].
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Figure 47. Structure of 3'amidate DNA (left) and 5'amidate DNA (right).

1.3 Nucleic acids in organic media

The optical properties of nucleic acids dissolved in ethylene glycol were

investigated in the 60s. It was believed that such studies would permit

assessment of the relative importance of different types of conformational

forces in conferring stability to these oligomers in solution: an organic

solvent of low dielectric constant, such as ethylene glycol, might be

expected to increase the contributions to helix stability due to hydrogen

bonding and electrostatic interactions, and to diminish all contributions due

to solvophobic interactions between stacked bases [200][201]. In fact, the

exposure of most oligomers to high glycol concentrations at low ionic

strength led to an apparent collapse of all secondary structures, attesting to

the importance of base stacking in the assignment and maintenance of

oligonucleotide structure [202-205]. Green and Mahler reported that the

structure of DNA in ethylene glycol corresponds to the C-form, which

DNA adopts in high concentrated salt, instead of the B-form found in

aqueous solution [206].
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Hanlon and Major's study on rAn in both aqueous and ethylene glycol

solution demonstrated that the fully protonated "acid" form of this polymer

appeared to retain a duplex helical structure in ethylene glycol while the

deprotonated "neutral" form collapsed to a random coil structure [207].

This result was interpreted in terms that an increase of the electrostatic

contributed to the free energy of stabilization of the ordered form of an

oligonucleotide compensating for the complete elimination of the

contribution by base stacking.

Recently, Tanaka and Okahata [208] reported a DNA-lipid complex which

was prepared by replacing sodium cations by the cationic amphiphilic lipid

[(7t-CioH2i(OC2H4)4)N(Me)3]+. The DNA-lipid complex was confirmed to

form a B-form helix in CHCl3-EtOH-H20 and could be reversibly changed

from the B-form to the C-form by changing the water content.

The hydration of single-stranded (unpaired) oligonucleotides differs

significantly from the hydration of duplexes. Changes of the water-activity

(e.g by addition of cosolutes) should therefore influence the duplex-

stability. There have been several reports of the melting-behavior of DNA

in the presence of cosolutes. Although there was no quantitative analysis of

the results, a study of the thermal transitions in the presence of PEGs and

several polysaccharides with varying molecular weights showed that

smaller cosolutes destabilize the duplex, while larger solutes raised the

temperature of melting [209]. In another study, the effects of increasing

concentrations of PEG again showed stabilization of RNA duplexes and the

results were interpreted as an effect of excluded \olume on the activity

coefficients of the single- and double- stranded polynucleotides [210]. Spink

and Chaires [2UJL212] studied the thermal transitions in the presence of

neutral cosolutes. The results showed a selective stabilization of triplexes
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relative to duplexes as the size of solute increased. For the smaller solutes,

there is a general destabilization of the associated strands of DNA, while

for larger PEG cosolutes the duplex and particularly the triplex forms are

markedly stabilized.
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2 Aims of the project

So far, the influence of hydration on the structure and physical properties

of oligonucleotides has been discussed mostly in a qualitative fashion; water

is believed to to play a major role in stabilizing oligonucleotide duplexes,

but there are only very few structural data available which allow to

understand how. Specifically, it was recognized (one example! [192]) that

the 2'-OH groups located in the minor groove of RNA duplexes serve as

polar handles, anchoring the oligonucleotide to the surrounding hydration

shell.

The following investigation was initiatied out of curiosity: we wondered,

how additional polar substituents (H-donors and H-acceptors) located at

specific positions within duplexes might affect their pairing properties

(potentially by influencing the hydration shell). We assumed that a partial

"autonomous solvation" of oligonucleotide duplexes by additional polar

groups could be achieved, resulting in a higher tolerance towards "less

aqueous" media. It was planned to evaluate relative duplex stabilities of

various (polar) analogues in the presence of different organic solvents.

As a first point of attachment, the 2'-0-position of ribonucleosides was

chosen, leading to modifications within the minor groove of corresponding

duplexes. Glycerol-derived substituents were introduced into the four

ribonucleosides. which then were separately incorporated into

selfcomplementary DNA-sequences; subsequently, their pairing properties

were investigated.
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3 Results and discussion

3.1 Oligodeoxynucleotide analogues containing 2'-0-[(2,3-

dihydroxy-propyUoxylmethyl-substituted cytosines

3.1.1 Synthesis of building blocks

In the context of evaluating the allyloxymethyl group as 2'-OH protecting

group (chapter II-2.5), we had prepared the nucleoside 72, which could

serve as starting materials for the preparation of the diols 82 (Scheme 30).

Protection of the 3'-OH of 72 with TES-Cl gave 83. Dihydroxylation of

83 using Sharpless' asymmetric dihydroxylation reagent AD-mix-a gave a

mixture of the two diastereoisomeric diols 82, which could not be

separated by FC. Acetylation of 82 followed by desilylation gave a 3:2

mixture of the diastereoisomers 84 and 85, according to NMR analysis.

Dihydroxylation of the same olefin 83 but using AD-mix-ß gave a 2:3

mixture of the same diastereoisomeric diols 82. Treatment of 83 with

catalytic amounts of OsC>4 and A-methyl-morpholine-A-oxide (NMO)

resulted in a 1:1 mixture of diastereoisomers.

NHAc NHAc NHAc NHAc

N rA^N rA^N rr^N

DMTO-! _

^

N O
DMTO-, N 0

DMT~ n O
dmto^ n O

'°^'
a) t"°S b) \r°^ c)

' -°~

HO (X TESO O. TESO fv OH HO O ^OAc

caJ O. 3 Ov^A,
72

v
83

^"'
82

~v "OH 84 + 85
°^^ "OAc

Scheme 30. a) TES-Cl, Im. CH;Cb. r.t.: b) AD-mix-a or AD-mix-ß, HhO/f-BuOH

(1:1), r.t, 81% from 72: c): 1) Ae20, py. r.t.: 2) TBAF, THF. r.t. 82%.
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A lot of effort was put into a more diastereoselective dihydroxylation and

into the separation of the diastereoisomers (Scheme 31). Considering the

general experience with asymmetric dihydroxylation. a sterically hindered

neighbouring group might result in a higher selectivity. Attempts to

introduce the bulky triisopropylsilyl group at the 3'-OH of 72 gave a

product (presumably silylated at the nucleobase) which decomposed to the

starting material during aqueous work-up. Silylation of the 3'-OH of 72

with TBDMS-C1 in the presence of imidazole proceeded smoothly and gave

86. However, dihydroxylation using AD-mix-a gave again a disappointing

3:2 mixture of the diols 87. Silylation of 87 with the difunctional (t-

Bu)2Si(OTf)2 gave 88, which could not be separated by FC.

Dihydroxylation of 72. followed by an analogous silylation gave 89 and

90, respectively, which again could not be separated by FC.

Treatment of 82 with (-)-camphanic chloride gave 91 in good yield (Fig.

31). Surprisingly, attempts to acetylate the secondary hydroxy group of 91

under standard conditions (Ac20, DMAP, pyridine) only resulted in the

recovery of the starting material. Attempts to separate the diastereoisomers

91 by crystallization or FC were not successful.

Finally, the two diastereoisomers 84 and 85 were separated by HPLC on

silica gel. The separated nucleosides 84 and 85 were converted to the

corresponding phosphoramidites 92 and 93. respectively (Scheme 32).
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Additionally, a less highly functionalized analogue was prepared.

Substitution of the bromine of 62 with AgOBz in benzene at 70° gave 94,

which was finally converted into the phosphoramidite 95 under standard

conditions (Scheme 33).

NHAc NHAc NHAc

N [A^N rA^N

DMTO-1 _

N u
DMTO-.

^

N
.,

DMTO-i
„

N O

A?
HO O Br TESO O. OBz ^^CL O °A ^0Bz

I f I |
NC °

I

O^J O^/J yN,/ 0„

62 94 J J 95

Scheme 33. a) AgOBz. benzene. 70°, 12 h, 62% b) 2-cyanoethyl-

diisopropylchlorophosphoramidite. (z-PiAXEt CLLCL, 1 t, 89%.

3.1.2 Preparation of oligonucleotide analogues and evaluation of

their pairing properties in the presence of organic solvents

The two phosphoramidites 92 and 93, respectively, were incorporated

each into a self-complementary sequence (C MG)4-p (Fig. 48). The

automated syntheses of sequences I-lS (Cx derived from 92), I-lR (CA

derived from 93) and the corresponding unmodified sequence dl was

carried out on a solid support which (after deprotection with base) resulted

in a phosphate group at the 3'-end [20], After deprotection and

purification, the sequences were obtained in good yields (30-40%).

The melting points of the two modified sequences I-lR and I-IS were

dramatically lower than that of the unmodified sequence dl, I-lR having a

slightly lower melting point than I-lS (Table 16, Fig. 49). However, the
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results of such measurements carried out in the presence of

dimethoxyethane (DME) as a cosolute were rather encouraging.

?
0=f?-OH

OH

9 A^o^ A^
0=i?-OH ^

OH

?
O^fi^OH

OH

I-IS: (CAlGL-p

C* from 92

MALDI-TOF MS:

Found: 2972

Calc: 2972

?
0=f^-OH

H

0 0^ ,Ck^ -A/OH
O=P-0H (S)

?
O-P-OH

OH

I-lR: (C*dG)4-p

C* from 93

2975

2972

?
0=P-OH

o—

?
0=P~OH

?
0=P-OH

OH

dT: d(CG)4-p

2593

2592

Figure 48. Characterization of sequences I-lS, I-lR, and dl.

In 10% DME, the rm-value of the unmodified sequence dl was 3.4° lower

than that in aqueous solution, while Tm-values of the modified sequence I-

lR and I-lS were 3.0° and 3.1° higher, respectively. Therefore, solvent

dependent melting point measurements were carried out under standard

conditions (5 pM oligonucleotides. 150 mM NaCl, 10 mM Tris-HCl buffer

(pH = 7.4)) but varying the amounts of DME from 0% to 40%. Due to the

solubility of the oligonucleotides, the amount of DME was limited to 40%.

Increasing the amount of DME resulted in a steady increase of the Tm-

value of the modified sequences I-lR and I-IS. whereas the Tm-value of

the unmodified sequence dl decreased steadily. Thus, the differences of the

rm-value between the modified sequences I-lR and I-lS and the

unmodified sequence became smaller. These primary results suggested that

our 2'-0-substituent carrying two additional OH-groups has a great effect
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on the qualitative duplex pairing properties, which might indeed result

from a interference between the additional polar substituents in the minor

groove and the hydration shell.

Encouraged by this result, additional 2'-0-modifications were introduced

into the same sequence (Fig. 50) and their medium-depending pairing

properties were investigated (Table 16, Fig. 3). The sequence 1-4 was

prepared by first incorporating the reactive phosphoramidite 52 (chapter

11-2.5) into the sequence, followed by substitution of bromine with MeNfÏ2

during the deprotection. Sequence 1-6 was prepared from phosphoramidite

79.

0=F?~-OH

O-i

o R

0=fr-OH

O—i »A
<JJ

?
0=i?-0H

OH

Sequence

(C-dG)4-p

I Mai

1-3

t-4

1-5

1-6

R

—OH

—OMe

"o'^o"^

phosphoramidite MALDI-TOF MS:
Calc:for C '

D

"NHMe 52

"OH 95

79

Found:

2557

2613

2963

2910

2838

2556

2612

2962

2908

2836

Figure 50. Characterization of other 5'-d(CGC*GC*GC',!G)-p-3, sequences. D: TOM-C;
2): commercially available

The melting points were measured under the conditions described

previously (Table 16, Fig. 49). Sequence 1-5 carrying 2'-0-substituents

with only one additional hydroxy group showed lower melting points than

the analogous sequences I-lS andl-lR carrying two additional hydroxy

groups. The melting point of 1-5 in 40% DME was 4.1 °

higher than in

aqueous solution, half of the corresponding value obteined from I-lS and

I-lR. A slight increase of the melting point with increasing amounts of

DME was observed with 1-3 (2'-0-Me substituted) and 1-6 (T-0~
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allyloxymethyl substituted), 1-3 thereby showing a much higher melting

point than Ï-6. With increasing amounts of DME, the melting points of 1-2

(2'-OH substituted) did not significantly change. The melting points of 1-4

(2'-0-methylaminopropyloxymethyl substituted) decreased with increasing

amounts of DME.

Table 16. DME-dependent melting points 0 of (C*G)4~p sequences.

DME% dl I-lR I-ls 1-2 1-3 1-4 1-5 1-6

0 60.2 25.7 28.9 43.6 48.5 17.5 21.2 24.0

10 56.8 28.7 32.0 42.5 48.0 17.9 23.5 24.4

20 54.4 30.0 33.8 42.0 48.3 17.7 25.0 25.1

30 52.2 32.1 35.0 42.4 49.3 14.9 25.8 25.7

40 50.5 33.4 36.9 44.3 50.5 13.6 26.3 26.7

ATm _9.7 +7 7 +8.0 +0.7 +2.0 A.9 +4.1 +2.7

L: Conditions: 5 uM oligonucleotides, 150 mM XaCl, 10 mM Tris-FICl buffer (pH = 7.4)

and various amount of MeCFI2CII2OMe (DME). A7m = 7m(40% DME) - 77m (H20).

t~E

dl

1-3

1-2

-H

-OMe

-OH
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-9.7
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1Q A/so/\Aoh
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"O O'^

+0

+8

+7

+4

+2,

" 1-4 AD^O^
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Figure 49. DME-dcpcndent rm of various (CxdG)4~p sequences.

'NHMe -3.9
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In conclusion, modified DNA sequences I-lR and T-lS showed a dramatic

increase of their melting points in the presence of increasing amounts of

the organic solvent DME. In contrast, the parent DNA-sequence dl showed

a dramatic decrease upon increasing amounts of DME. The melting points

of the other modified sequences investigated changed slightly upon

variation of the organic solvent. Therefore, the further investigations were

carried out with the "diol" sequences 1-lR and I-lS. The native DNA

sequence H and the methoxy substituted sequence 1-3 were investigated as

reference compounds.

The thermodynamic data of sequences dl, Ï- IR, 1-lS, and 1-3 were

determined in both aqueous solution and 40% DME solution (Table 17).

The AG°-values revealed that the duplex dl was destabilized by DME,

while duplexes I-lR, I-lS, and 1-3 were stabilized by DME, in agreement

with their melting point behaviors.

Table 17. Thermodynamic data of dl, I-lR, I-lS, and 1-3 in aqueous

solution and 40% PME.

ÄH° (kcal/mol) T298KASAkcal/niol) ÄGA98K (kcal/mol) AAG°298kA

H20 40% DME H20 40% DME EbO 40% DME (kcal/mol)

dl -68.4 -64.8 -54.1 -52.6 -14.3 -42.2 +2.1

I-lR -46.9 -55.8 -39.5 ^47.4 -7.4 -8.4 -1.0

I-lS -53.9 -59.9 -46.0 -50.8 -7.9 -9.1 -1.2

1-3 -66.0 -69 6 -54.0 -56.9 -12.0 -12.7 -0.7

i): AAG°298K = AG%98K (40% DME) - AGA98K (H2C0
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Furthermore, additional solvent-dependent melting point measurements

with dl, I-lS, and 1-3 were carried out in the presence of the DME

analogues methoxy ethanol (ME) and ethylene glycol (EG) (Table 18, Fig.

51). With increasing amounts of ME, the melting points of dl and 1-3

decreased steadily and those of I-IS remained unchanged. With increasing

amount of EG, all three sequences showed a similar decrease of their

melting points.

Table 18. ME- and EG-dependent melting points 1) of dl, I-lS, and 1-3.

MeCH2CH2OH (ME) HOCH2CH2OH (EG)

%/7m(°) dl I-ls 1-3 dl I-ls 1-3

0 60.2 28.9 48.5 60.2 28.9 48.5

10 55.7 30.2 48.2 56.9 27.1 47.3

20 50.0 30.4 47.1 53.8 27.0 44.9

30 46.2 29.6 46.2 50.0 26.5 42.1

40 40.7 29.1 44.0 44.9 23.5 38.7

50 35.5 27.4 41.8 40.0 19.8 34.8

A2m(°) -24.7 -1.5 -6.7 -20.2 -9.1 -13.7

1): Conditions as described for Table 16. A7m = 7m(40%) - - 7m (H20).



154

Vdl

50

<>-«.

"""""•^

v.

40

\

30 -

1-1S
~

m—
^

^

?n l | | ! N
0 10 20 30 40 50

ME%

0 10 20 30 40 50

EG%

Figure 51. ME- and EG-dependcnl melting points.

It is known since a long time that the relative humidity and nature of the

counterions affect the conformations of DNA [213]. As the relative

humidity is increased, DNA undergoes a transition from the short stout A-

form conformation to the long slender B-form conformation. To

determine eventual duplex conformation changes induced by the presence

of organic solvents, CD-measurements were carried out with dl, I-lR, I»

CTLIS, and 1-3 in aqueous solution and in the presence of 40% DME, 60

ME%, and 60% EG (Fig. 52). The parent DNA duplex dl adopted the B-

form conformation in aqueous solution and in the presence of 60% EG; in

the presence of 40% DME and 60% ME it changed to the Z-form,

however. Such transitions (B-form—»Z-form) can be observed with certain

DNA sequences under dehydrating conditions, such as addition of organic

solvents or at high salt concentrations (3 M NaCl) [206].

As expected, the other three duplexes 1-1R,I-1S, and 1-3, containing

substituted ribonucleosides. all adopted a A-form conformation in aqueous
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solution. 1-3 remained in the same conformation even in the presence of

the three different organic solvents investigated. I-lR and I-IS also

adopted A-form conformation in 40% DME, while in 60% ME and 60%

EG their spectra showed a distorted A-form which interestingly started to

resemble the Z-form.
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Ü
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Figure 52. CD-spectra of dl, I-ls, I-lR, and 1-3 in aqueous solution and in the

presence of DME. ME. EG. Conditions: 5 uM oligonucleotides, 150 mM NaCl, 10 mM

Tris-HCl buffer (pH = 7.4), 0°.
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3.2 Oligodeoxynucleotide analogues containing 2'-ö-[(2,3-

dihydroxy-propyl)oxy]methyl-substituted guanosines

3.2.1 Synthesis of building blocks

To extend our previous investigations on the medium-depending pairing

properties of duplexes containing 2'-0-(2,3-dihydroxy-propoxymethyl)-

substituted cytosines, we also prepared the corresponding 2'-0-substituted

guanosine derivatives.

Silylation of 73 with TES-Cl gave 96 in good yield. Under conditions

which were successfully used for the preparation of the analogous C-

nucleoside 83, the dihydroxylation of 96 resulted in complete recovery of

the starting material. Consequently, a variety of different conditions were

tested (Scheme 34), but again no dihydroxylation product could be

obtained.

DMTO-n
n

GAC DMTO-n
_

GAc
DMTOn n

GAc

^ ^ V? 4U Y?
HO 0^ TESO O. TESO O. OH

73
°vJ

œ
°J °xA0 H

1) AD-mix-ß, f-BuOH, H20, r.t.

2) AD-mix-a, f-BuOH, H20, r.t.

3) AD-mix-ß, f-BuOH, H20, py, 75°C.

4) mCPBA. Na2C03, CH2CI2, r.t.

5) Os04, NMO, H20, acetone, r.t.->40°C

6) Pb(OAc)4. benzene, -18°C->r.t.

*: recovery of 96

**: deacetyled product of 96

***: dec.

Scheme 34. Attempted dihydroxylation of 96.
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Treatment of 73 with silver benzoate-iodine in a ratio of 1:2:1 afforded a

mixture of the two diastereoisomeric pairs of regioisomeric iodobenzoates

97 and 98. Treatment of this mixture with silver benzoate at 70° in

benzene according to [214] did not lead to the desired dibenzoyloxy

compound 99. Treatment of 73 with silver acetate under otherwise

identical conditions only led to decomposition of the starting material.

Treatment of the mixture of 97 and 98 with NaOH led to a pair of

diastereoisomeric epoxides 100 and 101 which were separated by HPLC.

Attempts to prepare 102 and 103 by ring-opening of the epoxide 100 and

101 with Ac20 and BinN-OAc [215] failed. However, the epoxides 100

and 101 were nucleoside analogues carrying a functional group suitable

for the further modification on solid support (see chapter 11-2.5.3)

(Scheme 35).

Finally, the guanosine derived diols 102 and 103 could be prepared by

treatment of 96 with potassium permanganate in the presence of a phase

transfer catalyst, as inspired by Ogino et al. [216]. In contrast to the

reported protocol, (EfABnNCl was replaced by BU4NCIO4, the products

were released from their organomanganese intermediate with Na2S2Û3

instead of hydrolysis with NaOH (incompatible with our compounds).

Good yields were obtained only by precisely control of the reaction

temperature (< 0°), otherwise yields were lower, and several polar

byproducts were observed by TLC. The resulting mixture of

diastereoisomeric diols was acetylated and separated by HPLC, giving 104

and 105. Sequential desilylation (->102 and 103) and phosphitylation gave

the desired phosphoramidites 106 and 107, respectively (Scheme 36).
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Scheme 35. a) AgOBz, I2. benzene, -10°->r.l.: c) NaOH, MeOH, THF, H20, 4°, 55%
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HPLC; b) TBAF. THF, r.t.; c) 2-cyanoethA diisopropylchlorophosphoramiditc, (/-PrANEt,

CH9CI0. r.t.



159

3.2.2 Preparation of oligonucleotide analogues and evaluation of

their pairing properties in the presence of organic solvents

The two phosphoramidites 107 and 106 were incorporated into the same

self-complementary sequence 5'-d(CG)4-p-3' at the G-position, leading to

I-7S and Ï-7R, respectively. The sequence 1-8 carrying 2'-0-methylated

guanosines was also prepared (Table 19). The automated synthesis was

carried out on a 1.5 pM scale on the solid support, offering a phosphate

group after basic cleavage. After deprotection and purification, the three

sequences were obtained in good yields (30-40%).

Table 19. Characterization of 5'-d(CG*CG*CG*CG*)-p-3' sequences.

Sequences
MALDI-TOF MS

Calc. Found

1-7S 5'-d(CG*CG*CG*CG*Vp-3' (G* from 107 ) 2972 2974

I-7R 5'-d(CG*CG*CG*CG*)-p-3' (G* from 106) 2972 2974

1-8 5'-d(CG*CG*CG*CG*)-p-3' (G* from 2'-OMc-G) 2612 2613

The study of duplex stability for the sequences I-7S, I-7R, and 1-8 was

carried out in the presence of different amounts of the organic solvents

DME, ME, and EG (Table 20, Fig. 53). The melting points of I-7S and I-

7R increased significantly with increasing amounts of DME, remained

unchanged with increasing amounts of ME, and decreased with increasing

amounts of EG, In HiO. the DNA sequence dl showed a higher stability

than 1-7$ and I-7R (about 20° higher melting point). However, the

melting points of the three sequences reached the same value in 40% DME.

1-8 showed the same behavior as its analogue 1-3 in the presence of the
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different organic solvents investigated: the melting points did not change

with various amounts of DME, and decreased dramatically upon addition

of ME and EG.

The results of thermodynamic measurements revealed that the duplexes I-

7S and I-7R paired more strongly in 40% DME than in aqueous solution,

in 40% DME I-7R was more strongely paired than I-7S. According to the

AG°-values, dl in H2O formed a stronger duplex than I-7R, whereas in

40% DME, I-7R formed a stronger duplex. The AG°-values for the

sequence 1-8 were similar both in H2O and in 40% DME. All the

thermodynamic data were in agreement with the results from the melting

point determination (Table 21).

Table 20. Melting point0 Tm(°) of I-7S/R. 1-8 in DME, ME, and EG.

DME me; EG

% I-7S I-7R 1-8 I-7S I-7R 1-8 1-7S I-7R 1-8

0 38.3 37.9 44.8 38.3 37.9 44.8 38.3 37.9 44.8

10 41.3 40.7 42.8 38.3 39.0 42.7 37.7 37.6 41.9

20 44.0 43.8 42.2 39.5 40.6 40.6 36.9 37.0 39.4

30 46.6 47.5 42.2 39.9 41.7 37.6 35.6 36.0 33.7

40 49.8 50.9 42.6 39.8 41.7 34.3 33.2 33.8 30.6

50 - - . 39.1 41.6 30.3 29.9 30.2 27.5

60 _ - - 37.9 40.0 20.1 24.4 25.6 16.6

70 - - _ 37 0 38.2 106 13.2 19.1 10.1

Aim + 11.5 + 13.0 -2.2 + 1.3 +0.3 A4.2 -25.1 -18.8 -34.7

1): Conditions: 5 uM oligonucleotides, 150 mM NaCl and 10 mM Tris-HCl buffer (pH =

7.4), 280 nm. A7/m = 7m (4CA or 70°c org. solv.) - /m (H20).
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Figure 53. Melting points 7"m (°) of I, I-7S. I-7R, and 1-8 in the presence of different

amounts of DME, ME, and EG.

Table 21. Thermodynamic datai) of dl, I-7S/R, and 1-8 in H20 and 40%

PME,

AH° (Kcal/mol) T298KAS°(kcal/mol) AG°298K(kcal/mol) AAG°298K

H20 40% DME H20 40% DME H20 40% DME (kcal/mol)

dï -68.4 -64.8 A4.1 -52.6 -14,3 -12.2 +2.1

T-7S -74.1 A3.2 -63.8 -78.9 -10.3 -14.3 -4.0

I-7R -73 9 -109.5 -63.7 -93 5 -10.2 -16.0 A.8

1-8 -66.7 -54.3 55.3 -44.2 -11.4 -10 1 + 1.3

J): Conditions: 150 mM NaCl, 10 mM Tris-HCl buffer (pH = 7.4). ÀAGA98K = AG°298K

(40% DME) -- AG°298K (H20)

The CD-measurements of 1-7S. Ï-7R and 1-8 were carried out under the

previously described conditions (chapter II1-2.1) (Fig. 54). In H2O, 1-8

adopted a typical A-form. while the giianosine-"diol" derivatives 1-7S and

I-7R adopted a Z-form. Under these conditions, the corresponding DNA
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duplex dl adopted a B-form (Chapter IT1-2.1). In all solvent systems

investigated, I-7S and I-7R remained in the Z-form. In 40% DME, 1-8

showed a conformation which can be described as intermediate between the

A- and Z-forms; in 60% ME, it adopted the Z-form; and in 60% EG, it

existed in its A-form.
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Figure 54. CD-spectra of dl, I-7S, 1-7R, and 1-8 in aqueous solution and in the

presence of DME, ME. EG. Conditions: 5 uM oligonucleotides, 150 mM NaCl, 10 mM

Tris-HCl buffer (pH = 7.4), 0°.
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It is known that alternating GC sequences can transform at high salt

concentrations or in the presence of ethanol from (right-handed) B-form

duplexes to (left-handed) Z-form duplexes (for a description see chapter I-

1.1). This transition can be facilitated by various substituents in the 8-

position of the guanine residues (by influencing the syn/anti ratio).

Recently, it was reported that alternating GC-duplexes containing (2'S)-2'~

deoxy-2'-ethinyl-guanosines exist exclusively in the Z-form, irrespective of

conditions [217],

Our "diol"-substituted giianosine is the second example of a sugar-modified

nucleoside capable of stabilizing the Z-form of alternating GC-duplexes.

These two Z-form stabilising analogues are structurally quite different, but

probably in both of them syn-orientation of the guanines is favored. For

both examples it is not clear how the unnatural substituents influence the

corresponding equilibrium, but it might be assumed that in both cases the

hydration is affected significantly, once by the presence of a hydrophobic

and once by the presence of a polar substituent.
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3.3 Oligonucleotide analogues containing 2'-0-[(2,3-dihydroxy-

propyl)oxy]methyl-substituted adenosine and uridine nucleotides

3.3.1 Synthesis of the building blocks

In order to avoid the tedious multi-step preparation of the diol derivatives

(which included HPLC-separation of diastereoisomers), a new synthetic

route for introducing the [(2,3-dihydroxypropyl)oxy]methyl group into the

2'-O-positions of nucleosides was developed. It was based on our

established, tin-mediated alkylation procedure of 5'-0-dimethoxytritylated,

base protected nucleosides. The required alkylating agents 112/113 were

prepared from the two enantio-pure isopropylidene-glyccrols 114 and 115

(Scheme 37). The preparation of 116/117 was carried out by alkylation of

114/115 with chloromethyl mcthylthioether [181], cleavage of the

isopropylidene group under acidic conditions, and acetylation of the

resulting diols. Without intermediate purification, the £,0-acetals 116/117

were obtained in satisfying vields.

Scheme 37. a) J) CEhSCHhCl. NaH, NaT. DME, 0°->r t : 2) ŒACOOH / HCOOH /

H20 (10:4:3), r.t.. 30 nun: 3) Ae20. pyridine. DMAP. CTbCb. r t., 1 h; 76% for 116,

55% for 117, b) S02C12. CH2C12. cyclohexene. r.t., 1 h, 61% for 112 and 53% for

113.
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Under standard conditions (SCbC^/cyclohexene), the S,0-acetah 116/117

gave the corresponding chloromethylethers 112/113 only in moderate

yields (probably due to decomposition during distillation). Consequently,

the crude reaction mixture (containing 112/113) was used for the

alkylation. Under these conditions, only about 10% conversion was

observed. However, a reasonable conversion was obtained by evaporation

of the reaction mixture (containing 112/113) and addition of the residue to

the alkylation reaction mixture. Most probably, SO2 (generated during the

preparation of 112/113) interfered with the alkylation reaction by

formation of a mixed sulfite (Scheme 38). The chloromethylethers 112 and

113 have to be freshly prepared because they decomposed partially during

storage of the residue for 1 day at 4°.

DMTO1-, Bac^ DMTO-,
rt

BacV

HO OH

A

°v P
Sn

Bu' Au

DMTaVo4ac"

SO; DMT01^o^BaC"
Bu jO 0.oJD©

^St\ 9,
Bif" CI ß

aqueous work-up 1^* """S CI O R

SrC S^^ R
Bu"^ CI ß

Scheme 38. Hypothetic mlcifeiencc of S02 with the alkAition îeaction

Alkylation of the four nucleosides 57-60 with 112 gave the corresponding

2'-0-alkylated derivatives 118, 84, 103, 119 as major products and the

3'-0-alkylated derivatives 120-122 as minor products, respectively. From

113, the 2'-0-alkylated derivatives 123, 85, 102, and 124 were obtained

as major products, and the 3'-0-alk\lated derivatives 125-127 as minor
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products, respectively. The eight phosphoramidites 128, 92, 107, 129,

and 130, 93, 106, 131 were prepared from the corresponding nucleosides

118, 84, 103, 119, and 123, 85, 102, and 124 (Scheme 39).
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Scheme 39. a) Bu2SnCl2. (APr)2NEt. (CIECA. 70°: b) cvclohexene. S02Cl2, CH2C12,

-78°->r.t.; c) 2-Cyanoethyl dusoprop)lphosphoraimdoeh1oiidc, APr)2NEt, CH2Cl2, r.t.
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3.3.2 Preparation of oligonucleotide analogues and evaluation of

their pairing properties in the presence of organic solvents

Seven sequences were prepared based on the self-complementary sequence

3'-d(UA)8-p-5' (dK) by varying the adenosine or uridine nucleoside

derivatives (Table 22). Synthesis of the oligonucleotides was carried out in

1.5 umol scales. After MeNH2-deprotection and purification, the resulting

sequences were obtained in good yield (35-45%) and characterized by

MALDI-TOF MS.

Table 22. Characterization of sequence 5'-d(UAUAUAUAUAUAUAUA)~

p-3' dK and its analogues

Sequences
MALDI-TOF MS

Found Calc.

dK d(UA)8-p 4848 4845

K-lS (U*dA)8-p (U* from 129) 5808 5806

K-lR (U*dA)8-p (U* from 131) 5809 5806

K-2 (U*dA)g-p (U* from 2'-Me-U) 5086 5085

K-3S (dUA*)g-p A* from 128) 5807 5806

K-3R (dUAAg-p (U* from 130) 5806 5806

K-4 (dUAAs-p (U* from 2'-Mc-A) 5087 5085

First, the melting points of duplex dK and its analogues K-lS, K-lR, and

K-2 containing modified uridine nucleosides were determined in the

presence of different amounts of the organic solvents DME, ME, EG (2.5
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pM oligonucleotides. 150 mM NaCl, 10 mM Tris-HCl buffer (pH = 7.4):

Table 23, Fig. 55).

In H2O, the parent duplex dK and the 2'-0-methylated analogue K-2 had

similar melting points; the melting point of K-lS was slightly lower than

the one of dK, while the melting point of K-lR was dramatically

decreased. Again, as previously observed in the corresponding GC-series,

the melting points of dK decreased significantly in the presence of all three

organic solvents investigated. Upon addition of EG, the melting point of

dK decresed less than upon addition of DME and ME. Even though rm-

values of K-lS and K-lR were quite different, the two duplexes showed in

DME a qualitatively similar behavior: the melting points increased steadily

with increasing amounts of DME. The same behavior was observed for K-

2. In the presence of both ME and EG, the rm-values of K-lS reached a

maximum at around 30% ME (or EG) and then decreased slightly. The

melting profile of K-lR was identical in ME and EG: The melting points

increased slightly until 20% of ME/EG and then decreased dramatically

(the melting point of K-lR was too low to be measured accurately at 70%

EG).

These results suggested that in the presence of EG the two additional

hydroxy groups present in the uridine nucleosides of duplex K-lS showed

the most pronounced effect on the duplex pairing properties: while the

duplexes dK, K-lR, and K-2 were strongly destabilized by increasing

amounts of EG, the duplex K-lS was even slightly stabilized in the range

of 10-40% EG. Thus, the determination of the thermodynamic data within

the family of K-duplexes was carried out in aqueous solution and in 60%

EG (Table 24).
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Table 23. Solvent-dependent melting pointsl)of dK, K-lS/R, and K-2.

DME% 0 10 20 30 40 50 60 70 A7m2)

dK 28.0 25.6 21.6 14.3 6.4 / / / -21.6

K-lS 22.3 25.6 29.3 31.8 33.7 / / / + 11.4

K-lR 6.7 10.6 13.6 15.5 16.6 / / / +9.9

K-2 29.8 30.6 31.7 33.3 37.5 / / / +7.7

ME% 0 10 20 30 40 50 60 70 ATmV

dK 28.0 / 20.2 / 6.7 / -0.1 / -28.1

K-lS 22.3 24.8 26.4 27.5 26.8 25.1 24.9 22.6 +0.3

K-lR 6.7 9.3 10.5 9.6 / 2.2 / -1.2 -7.9

K-2 29.8 29.2 28.7 27.6 26.6 24.2 20.1 13.3 -16.5

15.2 / 10.1 / -17.9

24.0 22.7 20.1 /L>L. J 0

/ -4.3 / <-5 -11.0

20.6 14.7 8.0 -0.2 -30.0

EG% 0 10 20 30 40 50 60 70 A2m2)

dK 28.0 / 22.9 /

K-lS 22.3 22.9 24.2 24.4

K-lR 6.7 7.1 6.2 3.6

K-2 29.8 28.4 26.8 23.4

A Conditions 2.5 uM oligonucleotide, 150 mM NaCl and 10 mM Tris-HCl buffer (pH =

7.4). 2); A77m = Tm(max. amount of org. s ob.) - rm(H20).

Table 24. Thermodynamic data H of dK, K-lS/R, and K-2 in H2O and

60% EG.

AH° (kcal/mol) T298KAS0 (kcal/mol) AGA;>8K (kcal/mol) AAGA;8K2)

H2Q 60% EG FjgO 60% EG H20 60% EG (kcal/mol)

clK -144.8 -100.4 -136.1 -100.5 -8.7 +0.1 +8.8

K-lR -100.8 / -100.1 / -0.7 / /

K-lS -127.1 -208.8 -121.0 4204.6 -6.1 -4.2 + 1.9

K-4 -162.3 -110.0 -152.0 -109.3 -10.3 -0.7 +9.6

0: Conditions: 150 mM NaCl. 10 mM Tris-HCl (pll 7.4). 2): AAG%98K = AG%98K (60%

EG)-AG°298K(H:0).
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Figure 55. The solvent-dependent melting points of dK. K-lS. K-lR, and K-2.

Since the melting point of duplex K-lR at 60% EG was too low to be

determined, its thermodynamic parameters of duplex formation were

determined in the presence of 40% DME: AH0 = -133.7 kcal/mol,

T298kAS° = -129.6 kcal/mol, AG°298K = -4.1 kcal/mol. The AG0-value in

the presence of 40% DME was more negative than the one in H2O.

The melting points of the analogues K-3S, K-3R, and K-4 containing

modified adenine derivatives were determined under the same conditions as

the melting points of the analogous uridine-modified sequences (Table 25,

Fig. 56). Unfortunately, the melting points of K-3R were too low to be

measured under all conditions. The rm-values of K-4 in all three solvent

systems were identical to that of K-2; they increased slightly with

increasing amounts of DME and decreased significantly with increasing

amounts of ME and EG. The melting points of K-3S were rather low, but

showed qualitatively similar tendencies as the corresponding uridine-

modified analogue K-lS.
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Table 25. Solvent-dependent melting points I) of dK, K-3S, and K-4

Tm(°) DME ME EG

% dK K-3S K-4 dK K-3S K-4 dK K-3S K-4

0 28.0 0.3 25.3 28.0 0.3 25.3 28.0 0.3 25.3

10 25.6 4.2 26.1 / 1.8 25.8 / 0.4 24.7

20 21.6 5.0 27.9 20.2 t.O 24.3 22.9 -1.8 22.3

30 14.3 5.8 29.0 / -1.7 21.4 / <-5 18.4

40 6.4 3.0 29.5 6.7 <-5 18.3 15.2 <-5 13.4

Aim -21.6 +2.7 +4.2 -21.3 / -7.0 -12.8 / -11.9

4: Conditions: 2.5 uM oligonucleotide. 150 mM NaCl and 10 mM Tris-HCl buffer (pH

7.4). ATm = rm(40%) - ArTAO).

0 10 20 30 40 0 10 20 30 40 0 10 20 30 40

DME% ME% EG%

Figure 56. Melting points of dK, K-3S, and K-4 in the presence of organic solvents.

CD-spectra of duplexes dK, K-lS, and K-2 were determined at 0° (Fig.

57). dK, K-lS, and K-2 showed identical spectra in aqueous solution,

40% DME, 60% ME. and 60% EG, respectively: dK adopted a typical B-
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form conformation, K-2 a A-form conformation and K-lS exhibited an

A-type-like conformation.

30

20

û

O10

-10

30.

H40

/"\ K-2

IW

:T**W / A X,
•v. /dKK^i^

20

10-
i

40%DME

£ \ K-2

-10

^.
\v^-:

•^^^p*"^

220 240 260 280 300 320 220 240 260 280 300 320

30

20

Q

Ü
10

-10

60% ME

."« *•• K-2

30E

60% EG

~ K-1s~"""^

20

10

-10

A. \K-2

dK K-1s

220 240 260 280 300

Wavelengh (nm)

320 220 240 260 280 300

Wavelengh (nm)

320

HA)

40% DME

60% AIE

60% EG

dK K-lS K-2

B-form A-like-form A-form

B-form A-like-form A-form

B-form A-like-form A-form

B-form A-hke-form A-form

Figure 57. CD-spectra of duplexes dK, K-lS, and K-2, measured in 2.5 uM

oligonucleotide, 150 mM NaCl and 10 mM Tris-HCl buffer (pH = 7.4) at 0°.
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3.4 Oligonucleotides analogues containing exclusively 2'-0-

[(2,3-dihydroxy-propyl)oxylmethyl-substituted nucleosides

Following the interesting medium-dependent duplex-stabilities obtained

with partially modified model-duplexes, additional investigations with

uniformly modified analogues were carried out. The two sets of

diastereoisomeric phosphoramidites (S-set: 128, 92. 107, 129; and R-set:

130, 93, 106, 131) were incorporated each into a pair of complementary

sequences, leading to the four sequences: E-S and F-S (from 54set); E-R,

and F-R (from /Äset) (Fig. 58). The two corresponding 2'-0-methylated

sequences E-Me and F-Me were also prepared. The corresponding DNA

and RNA sequences dE, dF, E and F had been prepared previously (see

chapter 11-2.5).

5'-(ACGGUCGGUCGCC)-3' MALDI-TOF MS:

Found: Calc:
OH

OH R

E-s R = —o^o^,, -\^ oh
5483 5482

OH

E-R —°\/0^ X^ OH 5485 5482

E-Me —OMe 4311 4311

5'-(GGCGACCGACCGU)-3'
OH

F-S R = —cx^ 0^. \ OH
5508 5508

OH

F-R -0^, O^ ^ OH 5508 5508

F-Me —OMe 4319 4319

Figure 58. Characterization of sequences E-S, E-R. E-Me, F-S, F-R, and F-Me.

First, the duplex stabilities of all possible combinations derived from DNA,

RNA, 2'-0-Me-RNA, and the two 2'-0-"dior,-substituted RNAs (from S-

set and Tv-set) were investigated in the presence of different amounts of

DME, ME, and EG (Table 26. Fig. 59-61).
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In H2O, the Me-RNA homo-duplex E-Me-F-Me had the highest rm-value

(90°) of all the duplexes investigated; the melting point of the RNA homo-

duplex E-F (79°) was higher than the melting point of the DNA homo-

duplex dE-dF (67°). which again was higher than the (^-"dioF-substituted

RNA homo-duplex E-S-F-S (55°) and the (#)-"diol"-substituted RNA

homo-duplex E-R-F-R (48°). Duplexes formed by combining two

sequences of different backbone-types displayed melting points which were

more or less the arithmetic average of the values obtained from the

corresponding uniformely substituted duplexes. All duplexes obtained from

"diol"-substituted RNA sequences E-R/S, F-R/S and their complementary

RNAs F/E were more stable than the corresponding DNA-RNA duplexes

dE-F/E-dF (thereby, the duplexes derived from the (^-"diof-derivatives

E-S-F and E-F-S were more strongely paired than the duplexes derived

from the (/^)-"diol"-derivatives E-R-F and E-F-R. Fig. 62). In a classical

view, this relative pairing strength would make the novel "diof'-derivatives

promising candidates for potential "antisense" applications.

Figure 62. Compaimg the melting points of duplexes E-R/S-dF, dE-F-R/S with

dE-F/E-dF in H9O
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Table 26. The melting points^) jn the presence of DME, ME, EG.

duplexes H20 DME (%) ME(%) EG

X Y 10 20 30 40 10 20 30 50 70 70

E F 79.3 77.0 76.6 76.6 77.5 76.0 73.6 70.3 65.3 56.2 51.5

E dF 65.4 62.7 60.9 60.3 59.9 61,6 58.4 55.6 46.5 30.3 34.8

E F-Me 83.9 81.9 82.0 83.5 86.6 81.0 79.1 78.4 77.2 75.3 60.0

E F-R 70.1 69.6 70.5 71.8 76.6 68.3 67.6 66.7 64.7 59.1 46.5

E F-S 73.0 71.9 72.8 74.8 77.6 70.1 69.9 68.0 63.0 59.3 47.4

dE F 66.0 62.6 61.2 59.9 60.3 62.7 59.3 584 45.7 28.8 34.0

dE dF 66.6 62.9 59.6 56.6 53.4 61.1 58.0 52.7 39.1 7.9 32 2

dE F-Me 67.1 64.7 64.0 64.4 66.3 63.4 61.2 59.4 55.5 49.9 45.0

dE F-R 49.2 48.8 49.3 51.2 52.8 47.5 46.3 44.8 40.1 29.1 23.4

dE E-S 52.9 52.0 51.9 53.2 54.9 50.1 49,0 46.7 38.9 29.8 28.6

E-Me F 85.7 82.9 83.5 84.9 88.3 82.5 80.5 79.8 78.5 76.7 634

E-Me dF 69.5 67.3 65.3 65.7 68.8 65.9 63.3 60.9 56.3 51.3 43.7

E-Me F-Mc 89.6 89,9 90.5 93.4 972) 88.2 86.3 87.2 90.3 93.6 67.3

E-Me F-R 74.3 73.2 75.5 78.8 84.8 72.5 71.7 72.2 73.3 74.9 52.3

E-Me F-S 75.9 76.1 77.9 81.4 87.2 75.2 74.4 72.9 68.8 70.2 54.5

E-R F 71.2 70.7 71.1 72.7 77.0 70.2 69.2 68.0 64.7 60.1 49.2

E-R dF 49.5 48.4 48.4 49.9 514 48.5 47.1 45.3 40.7 28.0 25.8

E-R E-Me 74.7 75.1 76.7 79.6 864 73.8 734 72.9 74.2 75.0 53.2

E-R F-R 48.0 49.8 54.0 57.2 62.7 48.9 49.3 49.9 50.4 48.0 25.8

E-R F-S 51.9 53.5 56.1 59.3 65.3 52.0 52.1 53.0 53.9 51.4 29.4

E-S F 74.0 73.4 74.0 75.3 78.8 55.1 55.2 55.8 57.2 56.0 34.9

E-S dF 54.5 53.4 53.9 54.0 54.4 52.6 52.9 53.2 54.6 52.3 29.1

E-S F-Me 77.7 76.5 78.7 81.6 86.2 70.7 704 68.6 64.4 60.3 50.8

E-S F-R 50.6 52.5 55.7 60.2 65.0 52.1 51.9 48.1 40.2 33.1 32.1

E-S F-S 55.5 55.9 58.0 63.0 66.5 75.8 75.9 73.2 69.7 64.9 56.8

A Conditions: 1.5+1.5 pM oligonucleotides, 150 mM NaCl and 10 mM Tris-HCl buffer

(pH 7.4). 2) The melting point was extrapolated from the melting curve.
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a): ATm = Tm(40%DME) - Tm(H20)
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Figure 61. The /A7nrvalues m the presence of 40% DME. 70% ME, and 70% EG.
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Again, the melting points of duplexes E-R-F-R, E-S'F-S increased

dramatically with increasing amounts of DME (+15°, +11°, respectively).

A significant increase of the melting point upon addition of DME was also

observed from the duplex E-Me-F-Me (The rm-value of E-Me-F-Me in

40% DME was too high to be measured (>950)). The melting point of E-F

remained unchanged with increasing amounts of DME, while the melting

point of dE-dF decreased steadily. The hetero-duplexes E-S-F-R and E-

R-F-S had similar melting points and both of them paired more strongly

when the amount of DME was increased.

The melting points of all hetero-duplexes changed according to the

backbone-type of their two constituents upon addition of DME (Fig. 59a);

again, the observed melting points agreed very well with the arithmetic

average of the corresponding homo-duplexes.

In the presence of 40% DME the duplexes obtained from "diol"-substituted

RNA sequences and RNAs E-R/S-F, F-R/S-E were more stable than the

corresponding DNARNA duplexes dE-F and E-dF (Fig. 63). Moreover,

the difference of the melting points between the E-R/S-F, F-R/S-E and

dE-F/E-dF in 40% DME were even greater than in H?0.

CD

h~

70

60

50

E-F-R

E-dF

w

E-F-S E-R-F

dE-F

4AAA\

Figure 63. Comparing the melting points of duplexes E-4R/S-dF. dE-F-8R/S with

dE-F/E-dF in 40% DME.
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Most of the melting points of all homo- and hetero-duplexes investigated

decreased with increasing amount of ME. As expected, duplex dE-dF

decreased dramatically (ATA: -69°). Only the Me-RNA homo-duplex E-

Me-F-Me showed a higher melting point in 70% ME than in H2O. The

melting points of the homo- and hetero-duplexes containing at least one

"diol" sequence (E-R-F-Me, E-Me-F-R. E-R-F-S, E-S-F-R, E-R-F-R,

and E-S-F-S) remained unchanged with increasing amounts of ME (Table

26, Fig. 60).

In 70% EG, the melting points of all the duplexes were about 25° lower

than those in H2O. The highest A7m-value was observed from the duplex

dE-dF. The "diol"-containing duplexes, compared to the other RNA-based

systems did not show a special behavior in the presence of EG (Table 26,

Fig. 61).

The ATm~values obtained by comparing the melting points in the presence

of 40%DME, 70%ME and 70% EG with the corresponding melting points

in H2O are presented in Fig. 61.

The thermodynamic data of the homo-duplexes E-F, dE-dF, E-S-F-S, E-

R-F-R, and E-Me-F-Me were extracted from concentration-dependent

melting points in H9O and in 40% DME (Table 27). In agreement with the

melting points determined in EhO. the most negative AG°-value was found

for the 2'-0-Me-substituted duplex E-Me-F-Me followed by the RNA

duplex E-F, the DNA duplex dE-dF and finally the "diol"-substituted

duplexes E-S-F-S and E-R-F-R. However, in the presence of 40% DME

the AG°-values of the two "diol"-substituted duplexes E-S-F-S, E-R-F-R

were more negative than the corresponding ACA-valucs in H2O. According

to the AG°-values the RNA duplex E-F was slightly destablized and the
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DNA duplex dE-dF was dramatically destabilized in the presence of 40%

DME (as compared to H2O).

All AS°-values of the five homo-duplexes E-F. dE-dF, E-S-F-S. E-R-F-

R, and E-Me-F-Me were less negative in 40% DME than in H2O. The

stabilization of the duplexes E-S-F-S, E-R-F-R in the presence of 40%

DME was the result of the unchanged AH°-value in H2O and 40% DME.

The destabilization of duplexes E-F and dE-dF upon addition of 40%

DME was the result of more positive AH°-values. (Unfortunately, the

melting points of E-Me-F-Me were too high to be measured accurately

enough to obtain the corresponding thermodynamic data in 40% DME.)

Table 27. Thermodynamic dataD of duplexes E-F, dE-dF, E-S-F-S. E-

R-F-R, and E-Me-F-Me in H2Q and 40% PME.

AH° (kcal/mol) T298kAS° (kcal/mol) AGA98K (kcal/mol) AAG%982)

H2Q 40% DME H2Q 40% DME H2Q 40% DME (kcal/mol)

E-R-F-R -109.0 -102.8 -92.4 -82.8 -16.6 -20.0 -3.4

E-S-F-S -135.9 -133 9 -114.4 -108.4 -21.5 -25.5 -4.0

E-F -128.5 -98 0 -100.0 -75.5 -28.5 42.5 +6.0

dE-dF -119.0 A7.1 -95.7 -58.7 A3.3 -8.4 +14.9

E-Me-F-Me-165.8 427.5 -38.3

1)' Conditions: 150 mM NaCl and 10 mM Tns-HCl buffet (pH = 7.4). AAG%98K =

AG°298K (40% DME) - AGA)8K (H20)

Sodium ions are known to contribute to the stability of duplex formation

by reducing the repulsive forces between phosphate groups along the chain

[218]. To determine the effects of Na+- ions on the pairing behavior, Na+-

concentration-dependent melting points of duplexes E-F, dE-dF, and E-
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R-F-R were measured in H2O and in the presence of 40% DME (Table 28,

). In both H2O and 40% DME, variation of the Na+-ion concentration

resulted in similar duplex stability changes of E-F and dE-dF, while

duplex E-R-F-R was more sensitive to the Na+-concentration change in

H2O than in the presence of 40% DME (as determined from the slope of

7m vs. ln[Na+], Fig. 64).

Table 28. Salt-dependent melting points!) of E-F, dE-dF, and E-4R-F-

8R in H2O and in the presence of 40% EG.

NaCl (mM) E + F dE + dF E-R + F-R

H20 40% DME H20 40% DME H20 40% DME

10 68.3 68.4 52.4 44.5 33.7 48.5

50 - 74.1 .. 50.3 - 55.6

100 77.1 76 9 63.9 52.2 45.5 59.0

500 85.8 79.7 69.6 52.4 57.9 65.9

1000 86.4 - 70 9 - 62.0

2500 87.9 - 72.2 - 66.9 -

m 3.8 2 9 3.7 2.6 6.2 4.4

4: Conditions: 1.5+1.5 uM oligonucleotides, and 10 mM tus-HCl buffei (pH 7.4). A t.

the slope of Tm vs. ln[Na%
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Figure 64. Na+ concentration-dependence of melting points in H20 and 40% DME.

CD-analysis of the homo-duplexes E-F, dE-dF, E-Me-F-Me, E-R-F-R,

and E-S-F-S was carried out to determine the type of conformation

adopted in H2O and in the presence of 40% DME, respectively (Fig. 65).

The results revealed that upon the transition from H2O to 40% DME, the

RNA duplex E-F did not change its A-typc conformation, while the DNA

duplex dE-dF changed its conformation from a B-type to a Z-type-like

conformation. The conformation of the 2'-<9-Me substituted duplex

changed slightly and still remained an A-type with the solvent change. The

two "diol"-substituted duplexes adopted both a slightly modified A-type

conformation in H2O and changed to a B-type conformation in the presence

of 40% DME.
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Figure 65. CD-spectra of E-F. dE-dF. E-Me-F-Me. E-R-F-R, and E-S-F-S in H20

and in the presence of 40% DME. Conditions: 1.5 + 1.5 pM oligonucleotides, 150 mM

NaCl. 10 mM Tris-HCl buffer (pH = 7.4). 0°.
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3.5 The influence of organic co-solvents on the selectivity of

base-pairing

Nucleic acid recognition properties offer unique possibilities for DNA

diagnostics, PCR amplifications and the development of "antisense" drags.

All of these technologies rely ultimately on precise molecular recognition

events associated with oligonucleotide hybridization. The recognition of a

point mutation in a given sequence requires a distinguishable difference in

the corresponding pairing energies (towards a probe sequence). These

differences can be very small if only one single mutation in an extended

oligonucleotide is present. Moreover, duplex stabilities for oligonucleotides

of a fixed length can vary considerably as a function of the sequence, with

GC-rich sequences being significantly more stable than AT-rich sequences.

As a consequence, recognition of point mutations requires extensive

elaboration of hybridization conditions.

High-throughput DNA sensors capable of detecting single-base mismatches

were established for the routine screening of genetic mutation and disease

based on charge transport [219], electric field control [220], or optical

transductors [221]. In this context, we are interested in developing base-

pairing systems and conditions which offer a more selective recognition of

defined sequences and therefore better discrimination of point mutations.

In a rather naïve perspective, it can be expected that base-pairing is more

selective in the presence of organic solvents than in water, since the spécifie

contribution to duplex formation (hydrogen-bonding) should be increased,

whereas the unspecific contribution (base-stacking) should be decreased.

The previously obtained results about the medium-dependent pairing
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properties of duplexes encouraged us to study the influence of different

backbone-types and the effect of organic solvents on the specificity of DNA

and RNA-recognition.

Six sequences were synthesized for this investigation (Table 29): RNA

sequences L, M, N. and the corresponding DNA sequences dL, dM, dN,

which were partially complementary to sequence E, but contained different

mismatches in the center of the sequence. The duplex E-L contains a G-G

mismatch (which might also weaken the adjacent base pairs due to its

sterically unfavorable interaction). The duplex E-M contains a G-U (G-T

in the DNA-sequences) mismatch (which could form a wobble base-pair).

The duplex E-N contains three continuous G-A. G-U, and C-A mismatches.

Table 29. Characterization of sequences L. dL, M, dM, N, and dN.

Sequences 4
MALDI-TOF MS

Calc. Found

L r(GGCGACGGACCGU) 4195 4198

dL d(GGCGACGGACCGT) 4001 403

M r(GGCGACUGACCGIJ) 4156 4157

dM d(GGCGACTGACCGT) 3975 3978

N r(GGCGAAUAACCGU) 4163 4165

dN d(GGCGAATAACCGT) 3983 3985

4: The underlined bases represent the mismatched bases (towards the complement E).

In Table 30. the melting points of the duplexes formed by the sequences E,

dE, E-S, E-Me and the (fully or partially) complementary sequences F, L,

M, N, dF, dL. dM. dN in HhO and in the presence of 40% DME are
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presented. The melting points of all the mismatched duplexes were lower

than the melting points of the corresponding parent duplex. As expected,

the duplexes formed by the sequences E/dE/E-S/E-Me and the sequences

M/dM (resulting in a GU-mismatch) were more stable than the duplexes

formed by the sequences E/dE/E-S/E-Me and the sequences L/dL

(resulting in a GG-mismatch), both in H2O and in the presence of 40%

DME. Most of the sequences that upon base-pairing would form duplexes

with three mismatches preferred a self-pairing (the corresponding Tm-

values (in brackets) reflect the stability of self-pairing events).

Table 30. The melting points of matched and mismatched duplexes.

7m (°) H20 40% DME

FO Lb) MO Nd) F0 12) MP) N1)

Ea) 79.3 68.0 71.8 (41.7)

dE]) 66.0 53.9 55.0 (47.7)

E-se) 74.0 58.8 65.8 (37.0)

E-Mcb 85.7 71.2 81.9 (46.7)

77.5 61.0 67.2 40.7

60.3 40.0 43.5 40.2

78.8 34.0 67.6 (40.9)

88.3 (43.6) 77.9 (52.2)

dFD dLD dM') dN')

Ea) 65.4 52.2 59.1 (38.5)

dFA 66.6 53.7 56.9 26.4

E-se) 54.5 39.7 47.7 16.9

E-Mef) 69.5 55.8 64.8 (34.9)

dF" dLO dM4 dNh)

59.9 42.6 48.5 41.9

53.4 30.0 28.0 (30.0)

54.4 32.7 32.0 (24.9)

68.8 52.1 58.5 (52.5)

'): Conditions: 1.5+1.5 uM oligonucleotides. 150 mM NaCl and 10 mM Tris-HCl buffer

(pH7.4). a): 7m of E: 41 °

(H20): b>:7m of L: 36° (Ff20): A7m of M: 48° (H20); d): Tm of

N: 48° (H20): A E-S: 25° (404 DME); iAm of E-5: 38° (H20). 52° (40% DME): g) dM:

25° (40% DME): h) dN 2<T (40% DME); *
no melting of single strands observed.
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The ÄÜTm-values obtained by subtracting the !Tm-values of the mismatched

duplexes with the values of the parent duplexes are shown in Table 31 and

Fig. 66 (since in most cases no formation of triply mismatched duplexes

with sequences N and dN could be observed, the corresponding results are

not discussed anymore). In FEO, the duplexes containing a GU-mismatch

were generally more stable than the duplexes containing a GG-mismatch; in

40% DME, however, this behaviour could only be observed in some of the

combinations investigated. The largest decreases of melting points were

found for the duplexes E-Me-L and E-S-L (containing a GG-mismatch) in

40% DME. The most selective recognition of DNA-sequences could be

achieved in 40% DME with DNA as the pairing partner (followed by the

"diol"-sequence, RNA and finally Me-RNA). For the selective recognition

of RNA-sequences, 40% DME was generally better than H2O, but no

general rule for the choice of an ideal pairing partner could be extracted.

Table 31. ÀTTm-values (from comparison of the mismatched duplexes with

the parent duplexes)

ATm(0) L M dL dM

F[2Q 40% DME H2Q 40% DME FLO 40% DME FbO 40% DME

E -11.3 -46.5 -7.5 -10.3 -13.2 -17.3 -6.3 -11.5

dE -124 -20.3 11.0 -16.8 -12.9 -23.4 -9.7 -25.4

E-S -15.2 -40.0 -8.2 -11.2 -14.8 -21.7 -6.8 -22.4

E-Me -14.5 >-34 -3.8 -10.4 -13.7 -16.7 -4.7 -10.3
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Figure 66. ATm-values obtained from comparison of the mismatched duplexes and the

parent duplexes.

A further comparison of the Arm-values of all mismatched duplexes in

H2O and in the presence of 40%; DME is presented in Table 32 and Fig. 67.

In H2O, the melting point-differences between the mismatched duplexes

and the corresponding parent duplexes were always smaller than the same

differences in 40% DME, resulting in relative factors between 20 and
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200%. This result is in agreement with a better selectivity of base-pairing

in the presence of 40% DME than in H2O.

Table 32. AATm-value of the mismatched duplexes.

AA7m L M dL dM

OD (4p (4D (%A (40 (%)2) AA (%)4

E -5.2 46 -2.8 37 -44 31 -5.2 83

dE -8.2 68 -5.8 52 -10.5 81 -15.7 162

E-S -24.8 163 -3.0 36 -6.9 46 -15.6 229

E-Me >-19.5 >134 -6.6 173 -3.0 22 -5.6 119

1): AATm = A77m(40% DME)-ATm(H20): A AATm relative to the Arm(H20).

1

+ E-Me

L M dL dM

Figure 67. Graphical representation of AA7/m-values of the mismatched duplexes.
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3.6 Discussion

To our knowledge, it is generally accepted that nucleic acid duplexes are

strongly destabilized in the presence of "small" organic solvents and it was

therefore concluded that base-stacking is the major driving force for

duplex formation. This intolerance towards organic solvents was deduced

from experiments with DNA and then attributed to nucleic acids in general

without separate investigations of RNA.

In contrast, in the course of this project it was surprisingly found that

duplex stabilities of RNA- and DNA-based pairing systems differ

significantly from each other upon variation of their environment by

addition of some organic solvents. Specifically, addition of up to 40% 1,2-

dimethoxy ethane (DME) led to a significant destabilization of all DNA-

duplexes, whereas the the stability of corresponding RNA-/2'-0-Me-RNA-

duplexes was retained or even surpassed.

In this preliminary investigation, we were able to demonstrate that the

presence of additional polar groups can significantly influence the medium-

dependency of duplexstabilities, leading to even higher melting points in

the presence of DME than in water.

Additionally, it was found that base-pairing selectivity is enhanced in the

presence of DME.
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IV Outlook

The presented solid-support functionalization strategy will allow the

efficient preparation of 5'C- and 2'-0-functionalized oligoribonucleotide

analogues.

Further studies with modified ribozymes should be carried out: Large

amounts of the ethylthio-substituted ribozyme analogue should be prepared

and subjected to crystallography; more sites within ribozymes should be

equipped with additional metal-binding sites; a detailed kinetic study of

selected derivatives should be undertaken.

All investigations which were carried out with allyl-protecing groups failed

and should be repeated with photolabile protecting groups, including

liberation of amino groups on the solid support (and further conjugate-

formation), and the preparation of oligonucleotide/peptide conjugates.

A general method for the preparation of cpoxy-substituted

phosphoramidites should be developed; their functionalization potential

should be exploited and used for the evaluation of duplex-stabilizing

modifications.

The influence of polar substituents on the pairing behavior of

oligonucleotide duplexes should be carefully investigated, a wide range of

polyols and amino alcohols should be introduced into the minor and major

groove, respectively. Such projects could lead to a better understanding of

nucleic acid-water interactions and finally to autonomously solvated

oligonucleotides eventually able to penetrate membranes.
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V Experimental Part

General

All reagents and solvents from Fluka or Ahlrich without further purification. DMT-

protected nucleosides 57, 58. 59. 60, the standard TOM-phosphoramidites, TOM-C1. 2-

cyanoethyl diisopropylphosphoramidochloridite and ITAbenzylthio tetrazole were obtained

from Xeragon AG. A6-benzoyladenine [222J, A/6-acetyladenine [2221, A^-benzoyl

cytosinc[2231, /V2-acetyl guanine[2231 were prepared according to publications.

AH reactions were carried out under Ar. Usual work-up implies distribution of the reaction

mixture between the CFf2Cl2 and sat. NaHCOß, drying oï the org. layer (MgSOA,

filtration, and concentration under reduced pressure.

Flash chromatography: silica gel from Fluka 60 230 - 400 mesh. Al203, activity III. from

ICN Adsorbentien).

Thin layer chromatography (TLC): precoatcd silica gel plate from Merit 60F-254: detection

by a soin, of amsaldehydc (10 ml), cone. FKSO4 (10 ml), and AcOH in EtOH (180 ml)

and subsequent heating.

Optical rotation | a]A : 1-dm cell at 25° and 589 nm.

Infrared spectra (IR): Perkin-Elmer 298, 1600 FT-1R spectrometer. 1R spectra were

recorded with ca. 3% soin, in CHCA The wave numbers are in cirA; intensities given as s

(strong), m (medium), ir (weak).

NMR-spectroscopv: Varian-Gemini 300 OH: 300 MHz, 13C: 75 MHz, 3ip: 121 MHz).

Chemical shift §h/i }<? m ppm (McjSi) as internal standard), ôp in ppm (85% FI3PO4 as

external standard).

FAB-MS: VG-ZAB2-SEQ. all samples measured in FAB+ mode, 3-nitrobenzyl alcohol as

matrix.

MALDI-TOF-MS: Bruker-Reflcx with NAaser; an amount of about 0.2 o.D.

oligonucleotides (in 20ul H20) were required: measurement (positive or negative mode)

according to [224],

CD-spectra: JASCO J-710 spectropolarimeter, 320-210 nm. 0.1 nm steps, 1.0 nm

bandwidth. 5 accumulations.
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Solid supports for oligonucleotide syntheses were prepared from either the pimelinic or

succinic ester of the desired nucleotide.

a) Preparation of solid supports from pimelinic esters:

A soin, of nucleoside (0.5 mmol) in 3 ml Py was added slowly (3 h) to a soin, of bis(4-

nitrophenyl)-pimelate (4 mmol) and DMAP (0.5 mmol) in Py (5 ml). After stirring for 14 h

at r.t., the mixture was evaporated, treated twice with Toi (10 ml), evaporation again, and

subjected to FC. To a soin, of 0.25 mmol of the resulting ester in DMF (8 ml) were added

2 g of CPG and then (NPiANEt (0.8 ml). The mixture was shaken 14 h at r.t. After

filtration, the solid was washed with DMF, CH2C12, followed by drying in vacuo. The

CPG was capped by shaking it in a solution of DMAP (200 mg) in Py (16 ml) / Ac20 (4

ml) for 1 hour.

b) Preparation of solid supports from succinic esters:

A soin of nucleoside (0.4 mmol), DMAP (0.6 mmol) and succinic anhydride (0.4 mmol)

was stirred in CH2C12 (2.5 ml) at r.t. for 2 hours. The solution was diluted with CH2C12

and extracted with a 10% solution of citric acid and sat. NaCl, then dried with MgSOzj. The

resulting succinic ester was added to a solution of 2 cq. of BOP reagent and 4 eq. of 1-

metbylimidazole in dry CH3CN (10 ml) and allowed to stand for 5 min. CPG was added

and the mixture shaken for 14 h at r.t. Work-up and capping as described for a).

The loading of the solid supports was determinated according to [2251.

500À CPG (115.5 umol NH2/g)

CPG (g) U (umol) BOP (umol) Me-Tm (umol) loading (umol/g) found (%)

1 0.5 15 30 60 19 63

2 0.5 22.5 45 90 25 56

3 0.5 30 60 120 32 53

4 0.5 60 120 240 38 32

1000A CPG (70.7 pmol NTl2/g)

CPG (g) U (pmol) BOP (umol) Me-Im (pmol) loading (umol/g) found (%)

1 0.5 10 20 40 13 65

2 0.5 15 30 60 22 73

3 0.5 20 40 80 26 65

4 0.5 40 80 160 30 38
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DNA Synthesizer: Pharmacia Gene Assembler Plus1M. Phosphoramidites were introduced

as a 0.1 M solution in CH3CN (distilled over CaHb and dried by addition of 4 À molecular

sieves), and stored over 4 A molecular sieves overnight.

Reagents for DNA Synthesi/cr:

Dctritylation: 4% ChHCCOOH in (CH2C1)2

Promoter: liV-benzylthio tetrazole 0.35 M (Mw. 192) in CH3CN

Capping A: Ac20/2.6-tutidincAHF (1:1:8)

Capping B: 16% xV-methy 1 imidazole in THF (v/v)

Oxidation: I2/H2Ü/pyridine/THF (2.5g:2ml:20ml:75.5ml)

Table 33. Chain elongation method (for 1.5 pmol scale)

Line Time Function Value Line Time Function Value

1 0.00 CALL METHOD DETR1T 26 7.70 ML/MIN 2.50

2 1.50 VALVE POS 2.1 27 8.00 ML/MIN 0.00

3 2.50 VALVEPOS 2.3 28 8.05 VALVE POS 2.5

4 2.70 INTEGRATE 0 29 8.10 ML/MIN 1.00

5 4.00 ML/MIN 0.00 30 8.10 LOOP TIMES 4

6 4.00 LOOP TIMES 2 31 8.10 VALVE POS 2.5

7 4.00 VALVEPOS 1.8 32 8.20 VALVE POS 2.6

8 4.05 ML/MUN 0.90 33 8.30 END OF LOOP

9 4.15 ML/MTN 0.00 34 8.30 ML/MIN 0.00

10 4.15 VALVE POS 1.2 35 8.35 VALVE POS 2.3

11 4.20 ML/MTN 0.60 36 8.35 ML/MIN 2.50

12 4.30 ML/MIN 0.00 37 8.85 VALVE POS 2.4

13 4.30 VALVE POS 1.8 38 9.35 VALVE POS 2.3

14 4.35 ML/MIN 0.90 39 10.80 ML/MPN 1.0

15 4.45 ML/MIN 0.00 40 10.85 VALVE POS 2.5

16 4.45 END OF LOOP 41 10.85 LOOP TIMES 2

17 4.45 VALVE POS 1.1 42 10.85 VALVEPOS 2.5

18 4.50 ML/MIN 1.00 43 10.95 VALVE POS 2.6

19 4.60 ML/MIN 0.00 44 11.05 END OF LOOP

20 4.60 LOOP TIMES 7 45 11.10 VALVE POS 2.3

21 4.60 STEP VALVE
1

A 46 11.10 ML/MEN 2.50

22 4.60 END OF LOOP 47 11.65 ML/MIN 0.00

23 4.65 MI/ViPN 2.5 48 11.65 LOOP TIMES 7

24 7.65 ML/MIN 0.00 49 11.65 STEP VALVE 3

25 7.65 STEP VALVE ^1 50 11.65 END OF LOOP
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HPLC: Merck-Hitachi L-6200A pump, Merck-Hitachi L-4000A UV detector, Knauer

Degasser. Ion exchange (IE) column: Machery-Nagel Nucleogel-SAX 1000-8/77 (anal.)

and 1000-8/46 (prep.); buffer A: 10 mM Na2HP04, pH 11.5, H20; buffer B: 1 M NaCl,

10 mM Na2P04, pH 11.5, H20. flow: 1 ml/min; detection at 260 nm. Reverse phase (RP)

column: Machery-Nagel Nucleosil 5C18 (10x220); buffer A: 0.1 M Et3NHOAc in H20,

pH 7; buffer B: CH3CN, detection at 260 nm. SEPFIADEX G-10 column: eluent: sterile

H20, flow 1 ml/min. detection at 260 nm.

Deprotection and purification of oligonucleotides:

After assembly, the resulting immobilized oligonucleotide (-50 mg) was suspended in 1 ml

MeNH2 (ION, H20/ EtOH 1:1) at 25° for 2h - 6h. After centrifuging and washing the

solid support with 2x H20/ EtOH (1:1). the supernatant was collected in a 2-ml eppendorf

and dried in a Speedvac concentrator. The resulting solid residue was treated with lml

TBAF (1 M in THF) at 25° for 3h - 14h. The reaction mixture was quenched by addition of

lml Tris-HCl (1 M, pH 7.4) and concentrated to -lml in a Speedvac concentrator.

Removal of salts was carried out by loading the mixture on a Sephadex G-10 column and

eluting with sterile H20 (1 ml/min). The UV-adsorbing products eluting between 12-18

min. were collected and the solution was evaporated.

This crude product was purified on by RP- or SAX-HPLC (3-4 injections with a flat

gradient within about 20 min. Final desalting of the purified oligonucleotides was carried

out by RP-FIPLC (5 min. eluent A. then 8 min.H20, then FI20-4CH3CN (within 10

min.)). The resulting oligonucleotidc-solution was concentrated to 10 ml and stored as

stock soin at -20°. For determination of the concentration of these stock-solutions, the

extinction coefficients listed m table 34 were used.

Table 34. Extinction coefficients of nucleosides (£ in [1 moHcnA])

8 260nm (pH 7 0) 8 260nm(pH 7.0)

rA 15.100 dA 14.900

rC 7.400 dC 7.350

rG 11.700 dG 11,750

rU 9,900 dT 8,750

Thermal denatnration studies:

Absorbance versus temperature profiler were recorded in fused quartz cuvettes at 260 nm

(absorbances at 320 were taken for baseline correction) on a C<7rvBio-l spectrophotometer
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equipped with a Peltier temperature control device. The samples were prepared under sterile

conditions from stock solutions of the oligonucleotide, 1 M tris-HCl buffer (pH 7.4) and 5

M NaCl solution and subsequently degassed. A layer of silicon oil was placed on the

surface of the solution (not for the samples measured in the presence of organic solvents).

Prior to the measurements, each sample was briefly heated to 80°. The curves were

obtained with a heating and cooling ramp of 0.57min. The melting points were obtained

after differentiation of the melting curves and analyzed by KaleiclaGraph.

Polyacrylamide gel electrophoresis: Stock solutions: JOxTEB buffer: A soin, of 0.5 M

Tris, 0.01 M EDTA, adjusted to pH 8.3 with IUBO3. Acrylamide stock solution (30%)\ 30

g acrylamide, 1.5 g bisacrylamide in 100 g H20, stored at 4°. APS stock solution: 10%

APS in H20. Loading buffer: 8 M Urea, TBE buffer (lx) (10-tnne dilution of lOxTEB

buffer), with or without bromophenol blue. Quench buffer: 8 M Urea, TBE buffer (lx), 10

mM EDTA.

Preparation of a Polyacrylamide gel (20%, for 12 ml solution): 5.4 g urea were dissolved in

a mixture of 8 ml acrylamide stock solution and 1.2 ml lOxTBE buffer, and the volume

was adjusted to 12 ml by adding H20. The solution was degassed by house-vacuum for 15

min. and treated with 54 pi APS stock solution and 12 pi TEMED. This solution was

carefully poured into the gel-holder (to prevent introduction of air bubbles) and

polymerized for Ih. 10 pi samples, premixed with loading buffer (or quench buffer), were

loaded on the gel. IxTBE buffer was used as running buffer for electrophoresis. Double

the running voltage was used for a fast introduction of the samples into the gel.

Ribozyme-substrate cleavage assay: Solutions of ribozymes and the fluorescence-labeled

substrate in the reaction buffer were heated separately to 90° for 1 min., then cooled to

room temperature. Both solutions were then treated with MgCl2, adjusted to the final

reaction concentration and incubated at the reaction temperature for 10 min. The cleavage

reaction was initialized by adding 10 pL substrate solution to 10 pL ribozyme solution. An

aliquot at time zero was taken out immediately and other aliquots (2 pL) were removed

from the reaction solution at intervals (according to the individual cleavage rate), quenched

with loading buffer (8 M urea. 10 mM EDTA and 50 mM tris-buffer (pH 7.4)), and then

separated by gel electrophoresis (20% Polyacrylamide. TBE (50 mM tris-borate pH 8.3, 2

mM EDTA). and 8 M urea) on a BioRud mini-gel system with a stable voltage of 70V.

Substrate and product bands were located by a fluorescence detector Slorm and the

resulting images were analyzed on ImageOuant and Microsoft Excel to determine the

fraction of cleavage.
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Abbreviations

A adenine/adenosine

Ac acetyl

All allyl

Aoc allyloxycarbonyl

anal. analysis

BOP benzotriazole-l-yloxyl-tris(dimethylamino)phosphoniumhexafluorophosphate

BSA bis(trimethy 1 si ]y Dacetamide

Bz benzoyl

C cytidine/cytosinc

Calc. calculated

CD circular dichroism

dba tri(dibenzylideneacetone

DEAD diethyl azodiearboxylate

dec. decomposed

DMAP 4-AA-dimethylaminopyridine

DMF A,ALdimethylformamide

DMSO dimethylsulfoxide

DMT dimethoxytrityl

Et ethyl

FAB fast atom bombardment

FC flash chromatography

G guanine/guanosine

h hour

HOBT 1 -hydroxy-benzotriazole

IR infrared spectroscopy

MALDI matiA-assist laser desorption ionization

Me methyl

min. minute

Ph phenyl

PPh3 triphenylphosphine

Py pyridine

r.t. room temperature

T thymine/thymidine

Tf trifluoromethanesulfom 1

TBDMS lert-butvldimeth\lsil\ 1



TBTU 0-(benzotriazole-l-yl)-Ar,VA'A'-tetramethyluronium-tetrafluoroborate

TES triethylsilyl

TIPS triisopropylsilyl

THF tetrahydrofurane

TLC thin layer chromatography

TMS triinethvlsilvl

TOM triisopropylsilyloxymethyl

Tris tris-hydroxymethyl-aminoniethane

U uracile/uridine
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Preparation of Phosphoramidites

3-0-Bemoyl-l,2-0-isopropxlidene-6-phthaUmklopropyl-a-T)-allofiiranose (6).
o

OBz 0

N-(CH2)30-
HO-

0

A soin, of 3 (16.20 g, 50 mmol) and Bu2SnO (13.64 g, 55 mmol) in toluene (100 ml)

was refluxed for 1 h {Dean-Stark phase separator), cooled to 95°, treated with A-(3-

iodpropybphthalimide and kept at 95° for 8 h. Work-up and FC (hexane/AcOEt 2:6 to

5:5) gave 6 (23.91 g. 91%). Crystallization (hexane/AcOEt) gave colourless crystals.

TLC (hexane/AcOEt 6:4): R{ 0.6. M.p. 106.4-107.2°. [al^ = + 54.6 (c = 0.83,

CIICI3). IROCHCA): 3523\v. 3024>t\ 2938h\ 177 Lv, 171 Lï. 1602>v, 13965, 1374m,

12755, 1224m, 1026m. 87hr. ]H-NMR (300 MHz, CDCI3): 1.32 (5, Me); 1.53 (s,

Me); 1.90-1.93 (m, NCFI2C//2CH20); 2.97 (d, 7= 3.7, IH, OH); 3.42-3.57 (m, 4FI,

H-C(6), NCH2CH2CH2O); 3.78 (t, J = 6.5, NCFI2CH2OT20); 4.03-4.06 (m, H-

C(5)); 4.36 (del, J = 4.0, 8.5, IH, H-C(4)); 4.97 (dd. J = 4.0, 5.3, IH. H-C(2)); 5.15

(dd, J= 5.3, 8.5, 111. H-C(3)); 5.90 (4 7= 4.0, HI, H-C(l)); 7.42-7.47 (m, 2 arom.

H); 7.54A.57 (m. 1 arom. H): 7.68-7.71 (m, 2 arom. H); 7.81-7.83 (m, 2 arom. H);

8.05-8.81 (m. 2 arom. ID. 4A-NMR (75 MHz. CDCI3): 26.9 (q, Me); 28.5 (t,

NCH2CH2CH2O); 35.1 (t. NCH2CH2CH20); 68.5 (/. NCFI2CH2ad20); 71.6 (/,

C(6)); 69.9, 72.6, 78.1, 78.6 {Ad, C(2, 3. 4, 5)); 104.7 (d. C(l)); 113.3 (s, CMe2);

123.6, 129.7, 130.1. 133.5, 134.2 (5A arom. C): 129.3, 129.8, 132.3(35. arom. C);

165.9 (5, CO); 168.8 (5, CO). FAB-MS: 496 (5, [M- Mc|+): 454 (100. [M + 1 -

C3H601+). Anal, calc for C27FI29NOt) (511.53): C 63.40 H, 5.71. N. 2.74: found: C

63.41, H 5.79, N 2.76.

6-0-f(3'-Ally]oxxcarbornl)-arnmopn)p}I]-L2,3-tn-0-hen:o\t-5-0-triisopropylsih'l-

(a- and ß-D-allofuranosc (7«ß)
o
ü

AIIO N-fCH-^O-
H

TIPSO-

K>OBz

OBz OBz

At r.t.. a soin, of 6 (6.35 g, 12.4 mmol) in CH2C12 (30 ml) was treated with (NPiANEt

(6.4 ml, 37.3 mmol) and (/AYhSi-OTf for 1 h. Work-up gave a silylated intermediate

as crude product, which was treated with H2NNH2 (30 ml) and DMF (30 ml) at r.t.

for 1 h. After extraction with Et20/hexane (2:1) and work-up, the residue was

dissolved in CFI2C12 (40 ml) and treated with (NPtANEt (4.05 ml, 24 mmol) and allyl
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chioroformate (1.07 ml, 12 mmol) at r.t. for 0.5 h. Work-up gave a yellow oil which

was treated with CF3COOH (50 ml) and H20 (50 ml) for 20 min. After work-up

(CH2C12/ H20, followed by satd. NaHCOs) the residue was dissolved in Py (10 ml)

and CH2C12 (20 ml), treated with BzCl (4.0 ml, 35 mmol) and DMAP (240 mg, 2

mmol) and kept at r.t. for 4 h. Work-up and FC (hexane/AcOEt 9:1 to 6:4) gave 7aß

(3.795 g, 55% (Aß=l A as a pale yellow oil. TLC (hexanc/AcOEl 7:3): Äf 0.55. IR

(CIICI3): 3451h>, 3064;», 2946/». 2868m. 172Ô5, 1661w, 1602vv, 1514m, 1452m,

1316/;;, 12835. 12625. 11155. 1066m, 1024m, 938m, 883w\ JH-NMR (300 MHz,

CDCI3): 1.10-1.15 (m. 21H. CH(CH3)2): 1.88-1.67(m, 2H, NCH2C772CH20); 3.13-

3.23 (;//, 2H. NC/72CH2CH20): 3.43-3.50 (///. 2H. H-C(6)aß. NCH2CH2C7720):

3.52-3.66 (m, IH, H'-C(6)aß); 4.28-4.31 (m, IH. H-C(5)aß); 4.50 Çor.s, 2H,

OC/72CHCH2); 4.76-4.77 (m. IH. H-C(4)aß); 5.15 (br..v, 1H, CON/7); 5.17-5.28 (m,

2H, OC/72CHCH2): 5.61-5.63 (m, IH, H-C(2)aß); 5.82-5.99 (m, 1H,

OCH2ŒCPI2); 5.99-6.04 (m, IH, H-C(3)cxß); 6.62 (d, J = 0.25. 1H, Fï-C(l)a); 6.88

(A J = 4.4. 0.75H, H-C(l)ß): 7.19-8.10 (m. 15H, Ar.). 13C-NMR (75 MHz, CDC13):

12.8, 12.9 (2d, CHMc2); 18.10. 18.14 (2g, Me); 29.6 (t, NCFI2ŒI2CH20); 38.5 (t,

NCH2CH2CH2O); 65.4 (/, NCH2CHCH20): 69.2(t. C(6)): 69.7(f, CH2CHCH20),

71.6, 72.0, 72.2, 72.4, 75.2, 75.3 (6d, C(2. 3, 5)); 84.1, 87.4 (2d, C(4)); 95.4, 99.1 (2d,

C(l)); 117.6 (t, CHoCHCHoO); 128.6. 128.7, 129.0. 129.1, 130.2, 130.4, 133.3,

133.5, 133.6, 133.9, 135.6 (1k/. Ar., CH2CHCH20); 129.2, 129.4, 129.6. 1304 (45,

Ar.); 164.8, 165.2, 165.7, 166.0 (25, CO). FAB-MS: 812 (7, [M + Nal+); 746 (48):

668 (72).

N4-BerizoyI-E[6'-Q-((3-allyloA\'carboriyl)-arninoprc>pyl)-2',3'-di-Ö-berizoyl-ß-D-

all'ofuranosyl)'cytosine (8)
NHBz

1 ifS
Alj0 M"(CH^q Vo

OBz OBz

A suspension of 7aß (3.115 g. 3.95 mmol). 7V4-benzoyl-cytosinc (0.939 g, 4.36

mmol) and BSA (3.43 ml. 13.9 mmol) in CII3CN (15 ml) was stirred at 70° for lh.

Then (Me)ANOTf (3.05 ml. 15.88 mmol) was added to the clear solution which was

kept at 70° for another 20 mm. After work-up. the residue was dissolved in

CF3COOH (40 ml) and H20 (40 ml) and stirred at r.t. for 24 h. Work-up and

crystallization (hexane and AcOEt) ga\e 8 (2.18 g. 76%) as a white powder .
TLC:

(CH2Cl2/MeOH 97:3): Äf 0.5. M.p. 158.5 - 160.2
. la]-5 = - 82.9 (c = 0.83. CHC1A

IR (CHCI3): 340A, 3013ir. 296 bt\ 17255. 1669m. 1628, 14815. 1316m. 12625,

10945, 1026///. 808m-. 711//!. ^-NMR (300 MFIz. CDC13): 1.73-1.77 (m,
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NCH2C/72CH20); 3.31-3.35 (m, NC/72CH2CH20); 3.55-3.58 (m, H-C(6')); 3.62-

3.68 (m, NCH2CFI2C7720): 4.28 (br. s, H-C(5')); 4.36 (br. s, OH); 4.47 (br. s, H-

C(4')); 4.54 (br. d, 7- 5.3, CFÏ2=CHC/AO); 5.16-5.31 (m, C/72=CHCH20, CONFI);

5.84-5.97 (m, 2H. CH2=C77CH20, H-C(2')): 6.01 (dd, J = 1.9, 5.2. H-C(3')); 6.60 (J,

7 = 6.9, FI-C(l')): 7.26-8.03 (m, 16H, arom. H. H-C(5)); 8.44 (d, J = 7.8. H-C(6));

8.91 (br. 5, NPI-C(4)). '-A-NMR (75 MFIz. CDC13): 29.9 (t. NCH2CH2CH20); 38.0

(t, NCFI2CH2CH20): 65.7 (t. NCH2CH2CH20); 68.7 (d. (C(6)); 70.6 (t,

CH2CHCH20), 71.6 : 72.1, 75.2 (3d. C(2'. 3'. 5')); 85.5 (J, C(4')): 88.7 (d, C(l')): 98.1

(J, C(5)); 117.7 (/, ai2=CHCH20): 127.9. 128.6. 128.8, 130.1. 130.2, 133.2, 133.4,

133.8. 133.9 (9d, arom.C. CH2CHCPÏ20); 129.2. 129,3 (2A arom. C); 146.2 (d. C(6));

156.9 (5, C(2)); 162.9 (s. C(4)); 165.7, 165.9 (25, CO). FAB-MS: 723 (73, [M + 1]+,

512 (55, [M- cytosine - Bz]+). Anal, calc for C38H38N4O11: (726.74) C 62.80 H,

5.27, N, 7.71; found: C 62,54, H 5.19, N 6.67.

N4-BeMzoyl-E[6'-0-((3-all\Ex\ycarhoriyl)-ammopwpyl))-5'-0~(4A'-cliinethoxytrityl)-

ß-D-allofuranosyl]'cytosine (9)
NHBz

0 s ^-N

AIIO-"^ N-(CH2)30-, Il X
N O

O-

H
DMTO-

OH OH

A solution of 8 (1.26 g, 1.75 mmol). B114NCIO4 (0.78 g. 2.6 mmol) and 1.5,7-

triazabicyclo(4.4.0)dec-5-en (0.49 g, 3.5 mmol) in CH3CN (5 ml) was treated with

DMT-Cl (0.89 g, 2.6 mmol), kept 3h at 754 then another portion of 1,5.7-

tnazabicyclo(4.4.0)dec-5-en (0.49 g, 3.5 mmol) and DMT-Cl (0.89 g, 2.6 mmol) was

added. The reaction mixture was kept 12h at 75°, then evaporated and treated with an

ice-cold solution of THF (35 mlVMeOH (28 ml)/H20 (7 ml). After addition of ION

aq. NaOH (1.4 ml), the soin, was stirred at 4° for 15 mm, neutralized with AcOH

(0.88 ml) and concentrated to 20ml. Work-up and FC (CH2C12 to CH2Cl2/MeOH

98:2 (+2% NE13)) gave 9 (0.72 g. 55%) as a white powder. TLC (CH2Cl2/MeOH

9:1): Rf 0.55. [al^ = + 20.9 (c = 0.83, CHC13). IR (CHC13): 3401 w. 3008w, 2894w,

17065, 1650m, 1608//;, 15095. A8O5, 1301m. 12525, 1102/;;. 1069m, 1036vr-, 7835,

7485.. 1H-NMR (300 MHz. CDC13): i.77-1.79 (//;, NCH2C772CH20); 3.17-3.21 (m,

IH, H-C(6')); 3.28 A.30 (//;. 5H. NC/72CH2C772- OH); 3.39 (dd, J = 4.7, 12.3. IH,

H'-C(6')); 3.57 (br. 5. IH. IIA45A; 3.79. 3.80 (2.v. 20Me); 4.19A.22 (/;;, H-C(2'));

4.27 (br. 5, H-Q4A: 4.54 (d, J = 7.4. CH2=CHCA2Ü): 4.78 (br. 5, H-C(3')); 5.17-

5.25 (;/;, C//2=CHC1120); 5.30 (br. 5. NHCO): 5.87 (d, J = 4.3, H-C(l')): 5.92 (m,

CH2=C7/CH20): 6.81-7.93 (//;. 18H. arom. H. H-C(5). H-C(6)). l^C-NMR (300

MHz. CDCI3): 29.8 (t, NCH2CH2CH20); 38.4 (/, NC1I2CH2CH20); 55.3 (q, OMe);
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65.7 (t, NCH2CH2CH2O); 69.0 (r, C(6')), 69.5(f. CH2CHCH20); 70.4, 72.4, 76.3 (3d,

C(2\ 3', 5A; 87.4 (d, C(4')): 87.9 (s. CAr2ph); 91.1 (d, C(l')); 96.8 (d, C(5)); 113.4,

113.5 (25, arom. C); 117.9 (f. CH2=CHCH20); 127.4, 127.9, 128.2. 130.4, 130.7,

131.5. 136.7, 143 4 (ßd arom. C CH2=CHCH20); 133.2, 133.4. 135.8 (3.v, arom. C):

144.9 (d, arom. C): 146.0 (A C(6)); 156,2 07, C(2)); 156.2. 156.8, 162.6 (35. CO);

159.0, 159.1(25, MeO-Q; 166.7 (y C(4)). FAB-MS: 843 (22. [M + Na]+).

N4-Benzoyl-E{6'-0~l(3-aUylo\\carï)oriyl)-cirninopropyl]-5'-Q-(4,4'-climethoxytrït\1)-

2'-0-l(2-nitrobenzyloxy]metlnl)-ß-T)~allofuranosvl}cytosine (10)
NHBz

O
U

AIIO^N—(CH?)30
H

DMTOH

Al r.t., (;-Pr)2NEt (3.3 ml, 19.5 mmol) and Bu2SnCl2 (1.43 mg, 4.7 mmol) were

added to a soin, of 9 (3.193 g, 3.9 mmol) m C1CH2CFI2C1 (15 ml). After for 1.5 h at

r.t., the mixture was heated to 80°, treated with NBM-CI (0.73 ml, 4.7 mmol) and

stirred for 15 min. at 80°. Woik-up and FC (hexane/AcOEt 5:5 to 2:8 (+2%NEt?)

gave 10 (2.04 g, 53%) and 11 (0.98 g, 21%) as pale yellow powders. TLC

(CH2CI2/CH3OH 95:5): Äf 0 45. [ct]2n5 = + 17.9 (c = 0.83, CHCI3). IR (CHCI3):

3401w, 3006w, 2935u>, 17075. 1660s. 1610m. 1526//;, 15105, 14815, 1384w, 1305m,

12535, 1177m, 1035m, 828n>. 'H-NMR (300 MHz, CDC13): 1.87-1.92 (m,

NCH2C/72CH20); 3.21 (del, J = 2.0, 8.0, IH, H-C(6')); 3.27-3.36 (m, 4FI,

NC772CH2C7720); 3.48 (eld, III, 7= 4.5. 7.0, H'-C(6')): 3.54 (br. v, H-C(5')); 3.81,

3.82 (25, 20Me); 4.07 (br, s. OH); 4.18 (dd. 7= 1.5, 7.0. H-C(4')): 4.33 (del, J = 2.0,

5.5, H-C(2*)); 4.55 (br. d, J - 7.5. CH2=CHC7/20); 4 67 (br. v, H-C(3)); 5.05-5.35

(m, 7H, NHCO, OCILO. OCH2Ar, C772=CHCH20): 5 85-5.99 (///. CFI2=C7/CH20):
6.03 (d, J = 2.0 H-C( 1')): 6 67-8.01 (//;, 23H, arom. 11. H-C(5). H-C(6)): 8.62 (br. y,

NH-C(4)). 13C-NMR (75 MHz. CDC13): 22.9 (t, NCFI2CFI2CH20); 38.0 (/,

NCH2CH2CF120); 55.3, 55.4 (2q, OMe); 65.7 (t, CH2=CHCH20); 68.3 (/,

NCH2CH2CH20), 71.9 (t. C(6')): 66.8. 69.2, 70.2 (d, C(24 C(3'), C(5')): 79.8 (t,

OCH2Ar): 85.4 (d, C(4')); 88.1 (5. CAnph): 89.1 (d. C( A): 94.9 (t, OCFI20); 96.4 (d,

C(5)): 113.4, 113.6 (s. arom. C); 117.7 (t. CH2=CHCH20): 124.7, 127.4, 127.9,

128.1, 128.3, 129.3. 130.4, 130.7, 133.4. 134 0. 135.7 (UJ. arom. C,

CH2=CHCH20): 133.3. 134.7. 136 6 (s, Ar.); 145 0 %/. C(6)): 146.1, 147.4 (el, Ar.);

155.5 (5. C(2)). 159.1. 159.2 (2s. MeO-O: 157.4, 162 4 (25. CO); 166.4 (v, C(4)).

FAB-MS: 1008 (26. [M + Na]1"): 879 (10).
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N4-Benzoyl-l-{6'-0-[(3-aUyloxycarhonyl)-aminopropyll-5'-0-(4,4'-dimethoxytrityl)-

2 '-0-[(2-nitrobenzyloxy)methyl)]-ß-D - all o fur an osyl} cytosine 3
'

- [ ( 2-

eyanoethyljdiisopropylphosphoramidite] (1)
NHBz

X
AHO N-(CH,)30—,

H
DMTO'

A soin, of 10 (1.933 g, 2.0 mmol) m CH2C12 (8 ml) was treated with (/-Pr)2NEt (0.75

ml, 4.4 mmol) and 2-cyanoethyl diisopropylphosphoramidochloridite (0.54 ml,

2.4mmol) and stirred at r.t. for 0.5 h. FC (hexane/AcOEt 6:4 to 4:6) gave 1 (2.139 g.

91%) as a pale yellow powder. TLC (hexane/ AcOEt 3:7): R{ 0.6. IR (CHCI3):

3401w, 2969w, 1708s, 1665///. 1628m, 1526s. 15095, 1481s, 1309m. 1249s, 1179s,

1035m. 828m.. ]H-NMR (300 MHz. CDCI3): 0.99. 1 01. 1.16, 1.17, 1.20, 1.24, 1.26

(67, 7= 6.8, 12H. Me2CH): 1.92 (br. s, NCH2C772CH20); 2.56-2.58 (m, CH2CN);

3.16-3.18 (m, 5H, FI-C(6'). NC7/2CH2C7720); 3.44-3.73 (m, 6H. H'-C(6'), CH20,

H-C(5'), Me2C77): 3.80 (s, 20Mc); 4.13-4.18 (//;, H-C(4')); 4.41 (br.s., H-C(2'));

4.53-4.55 (;//, CH2=CHC//20); 4.76 (br. s. H-C(3')); 4.90-5.03 (m, OCH20,

OCH2Ar); 5.16-5.30 (;/;, C7/2=CHCH20): 5.85-6.01 (m, 2H, CH2=C7/CH20, H-

C(l')); 6.84-8.02 (//;. 23H. arom. H. H-C(5), H-C(6)). 8 58 (br. s. NH-C(4)). BC-

NMR (75 MHz, CDCI3): 20.4 (t, ClbCN). 22.9, 23.0. 24.7. 24.8 (4q, Me2CHN); 29.8

(t, NCH2CH2CH20): 38.3, (t. NCH2CH2CH20); 45.4 (7. Me2CHN); 55.3 (q, OMe);

58.2 07 OCH2CH2CN); 65.5. 65.8 (t, NCH2CH2CH20. CH2=CHCH20): 67.1, 69.0,

72.1 (37, C(2'), C(3'). C(5')): 78.1(7. C(47); 86.6, (s. CAr2ph): 87.7 (7, C(l*)); 94.9 (t,

OCH20); 97.4 (7. C(5)); 113.4. 113.5 (2d. aorm, C); 117.7 (t, CH2=CHCH20); 118.0

(s, CN); 124.9, 127.3. 128.4. 129.3, 130,7. 130 8. 133 9, 134.6 (87, arom. C,

CII2=CHCH20); 133.4. 136.0. 136.6 (3s. arom, C): 146 1 (7, C(6)); 147.3 (s. C-

N02): 156 6 (s, C(2)): 159.1 (s. MeO-C): 162.3, 16.3.2 (2s, CO, C(4)). *'P-NMR

(202 MHz, CDCI3): 150.3, 150.9. FAB-MS: 1186 (7, [M + ]\+); 1115 (6); 1085 (5),

303(100).
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N4-Benzoyl-J-[6'-0-((3-aUyIoxycarbonyl)~aminopwpyl)-5'-0-chloroacetyl-2',3'-di-0-

benzoyl-ß-L-talofuranosyl]'cytosine (12 )

Cl NHBz

JL V3^/1
AHO N— (CH2)30—|

%yx°

OBz OBz

DEAD (0.9 ml, 5.6 mmol) in dioxane (3 ml) was added to a soin, of 8 (2.032 g, 2.8

mmol), chloroacctic acid (0.529 g. 5.6 mmol) and Pli3P (1.47 g, 5.6 mmol) in dioxane

(15 ml) dropwisely (1.5 h) at 45D and kept for another 0.5 h. Evaporation and FC

(Hexane/AcOEt 5:5 to 2:8) gave 12 (2.16 g, 98%) as a white powder. TLC

(hexane/AcOEt 2:8): R{ 0.47. \a]2^ = - 62.3 (c = 0.83, CHC13). IR (CHC13): 3014//;,

1728s, 1628m, 1556w, 1478s, 1317//;, 1269s, 1222, 1094m, I068vv. 1H-NMR (300

MHz, CDCI3): 1.75-1.79 (/;;. NCH2CJ72CH20); 3.24-3.28 (m, NHC772CH20); 3.54-

3.60 (m, NCH2CH2C7720); 3.75-3.80 (m. H-C(6')); 4.27 (s, COCH2Cl); 4.52 ( br. 7,

7 - 5.3, CH2=CHC7/20); 4.67-4.70 (;/;, H-C(4')1; 5.15-5.30 (;/;, C#2=CHCH20,

NHCO); 5.50-5.53 (m, H-C(5')); 5.76-5.78 (m, Fl-C(2'), H-C(3')); 5.77-5.92 (///,

CH2=C77CFI20); 6.54-6.55 (7, 7 = 4.4. H-C(l')); 7.33-7.64 (/;;, 10H, H-C(5), arom.

H); 7.90-7.96 (m, 6H, arom. H); 8.15-8.18 (7.7 = 7.7, H-C(6)): 8.91 (br. 5, NH-

C(4)). 13C-NMR (75 MHz, CDCI3): 26.9 (t, NCH2CH2CH2O); 38.7 (/,

NCH2CH2CH2O); 40.8 (t, OCH2CI); 65.6 (t. NCH2CH2CH20); 68.6 (t, C(6'); 69.9 (t,

CH2=CHCFI20): 70.9, 72.5. 74.6 (37. C(2'. 3', 5')): 81.1 (7. C(4')); 88.6 (el, C(l'));

97.9 (el, C(5)); 117.8 (t. CH2=CHCH20): 127.9, 128.7, 128.8, 129.3, 130.1. 130.3,

133.3, 133.6, 134.0, 134.4 (107. arom. C. CH2=CHCH20); 130.2, 132.3, 132.4 (3s,

arom. C), 144.9 (el, C(6)); 156.6 (5. C(2)); 163.0 (5. C(4)); 165.5, 166.8 (2s, CO).

FAB-MS: 1607 (92, [2M+ 1]A: 804 (100, [M + l}+).

N4-be]izc)yl-]-[6'~0-((3-allylo\\'carboriyl)-arriiiioprop\l)-di-2'.3'-0-benzoyl-ß-L-

talofuremocsylfcytosine (13 )

NHBz

° À

AIIO-^N-ÇCHoKO-n P [
H

-OH N^A

OBz OBz

At r.t., a solution of hy drazmeditiocarbonate (prepared according to [159]) (24 ml.

13.5 mmol) was added slowly ( 10 min.) to a soin, of 12 (2.16 g, 2.7 mmol) in lutidine

(20 ml) and CH3COOH (6.7 ml) and kept for another 20 mm. Workup and FC

(hexane/AcOEt 5:5 to 2:8) gave 13 (1.81 g. 914) as white foam. TLC

(hexane/AcOEt 15:85): Rf 0.57. [oc^5 = - 58.1 (c = 0.83. CHCI3). IR (CHCI3):

3022m, 1722s, 1669//;, 1629s. 1481s, 1317//;. 12635, 1123m. 1095m, ill-NMR



206

(300MHz, CDCI3): 1.75-1.79 (m, NCH2C772CH20); 3.31-3.37 (m,

NC7/2CH2CH2O); 3.47-3.64 (m, 4H. NCH2CH2Œ20, H-C(6')); 4.21-4.25 (m, H-

C(5*)); 4.49(br. s, 2H, OH, H-C(4')): 4.54 (br. 7, 7= 5.3, CPI2=AHC7720); 5,14 (br. s,

CONFI): 5.15-5,30 (m. CH 2=CHCH20); 5.89-6.00 (m, H-C(2'), FI-C(3').

CH2=C/7CH20); 6.58 (7, 7 = 5.9. H-C(l')): 7.26-7.96 (//;, 15H, arom. H, FI-C(5));

8.53 (d, J = 7.5, H-C(6V). 8.98 (br. s. NH-C(4)). 4C-NMR (75MHz. CDCI3): 29.9 (t,

NCH2ai2CH20); 38.4 (t. Nai2CH2CH20); 41.1 (t. 0CH2C1): 65.7 (t,

NCH2CI!2CFl20); 68.9 (t. C(6')); 69.5 (t, CH2=CHCH20): 72.0, 73.2, 74.8 (37. C(2',

C(3', C(5*)); 84.0 (7, C(4A; 89.1 (7, C(l')); 97.9 (7, C(5)); 117.8 (t, CFI2=CHCFI20);

128.0, 128.7, 128.8. 129.2, 130.1, 130.2. 133.2. 133.4. 133.8, 133.9 (107, arom. C.

CH2=CHCH20); 128.9, 132.3, 132.4 (3s, arom. C); 145.1 (7, C(6)); 156.9 (s, C(2));

163.0 (s, C(4)); 165.6, 165.9 (2s, CO). FAB-MS: 1453 (7, [2M + 11+); 727 (44, [M +

ÎA); 512 (100, [M- cytosine - Bz+1]+).

N4-Benz.e)yl-J-[6'-0-((3-altyle>\ycaiEcmyl)-cirnirwpropyt)-5'-0-(4,4'-diriiethoxytrityl-ß-

L-talofuranosyl]cytosine (14 )
NHBz

i rS
AIIO""^ N-(CH,)30—1 Ü 1

OBz OBz

A suspension of 13 (1.81 g. 2.5 mmol). AgNÛ3 (635 mg, 3.7 mmol) and svm-collidine

(0.67 ml, 5 mmol) in CH2CI2 (10 ml) was treated with DMT-Cl (1.25 g, 3.7 mmol) at

r.t. for lh. After filtration and evaporation, the residue was dissoved in an ice-cold

solution of THF /MeOH /H20 5:4:1 (100 ml), treated with 10 N aq. NaOH (2.0 ml) at

4° for 15 min, then neutralized with AcOH (1.25 ml) and concentrated to 20 ml.

Work-up and FC (CH2C12 to CH2ClAMeOH 98:2 (+2% NEt3) gave 1 4 (3.193 g,

93%) as a white powder. TLC (CH2Cl2/MeOH 9:1): Rf 0.55. [a]^ = +55.2 (c = 0.83,

CHCI3). IR (CHCI3): 3011m. 1706s, 1651s, 1608//;. 1554ir, 1509s. 1480s, 1379w,

1300/;;. 1252s, 1098//;. IPI-NMR (300MHz. CDCJ3): 1.67-1.73 (;?;, NCH2C7f2CH20);

3.13-3.43 (m, 7H, OH, H-C(64 NC772CH2C7720): 3.52 (br. s, H, H-C(5')); 3.59 4.49

(br. 5, FI-C(3')); 4.29 (///, H-C(2')); 4.41-4.44 (///. H-C(4')); 4.48 (br. el, J - 5.0,

CH2=CHC7720): 5.14-5.27 (//;, Œ2=CHCH2): 5.44 (br. 5. CONH): 5.83-5.90 (/;;,

CH2=C/7CH20); 5.85 (7. 7 = 4.0, H-C(l')): 6.79-6.85 (//;. 4arom. II). 7.19-7.63 (m,

12 arom. H, H-C(5V): 7.90-7.93 (m, 2arom. H): 8.44 (7. 7 = 7.5, H-C(6)). 13C-NMR

(75MHz. CDCI3): 29.7 (t. NCH2CH2CH20): 39.3 (/. NCH2CH2CH20); 55.4 (q.

OMe); 65,6 (/. NCF12CH2CH20); 69.9 (f. C(6'4: 70.4 (t. CH2=CHCTbO); 71.9. 72.6,

76.2 (37. C(2'). C(3*). C(5')); 87.5 (7. C(4A; 88.0 (s. AnCPh); 93.4 (7. C(1A: 96.7 (7,

C(5)); 113.4 (7. arom. C); 117.9 (/. CH2=CHCH20): 127.3. 127.9, 128.1, 128.3,



207

129.3, 130.6, 133.5 (77, arom. C, CH2=CHCH20); 133.2, 133.3, 136.2, 136.4 (4s,

arom. C); 145.4, (el; C(6)); 145.9 (s, arom. C); 156.7 (s, C(2)); 159.0, 159.1 (2s,

MeO-C); 162.9 (s, CO): 166.8 (s. C(4)), FAB-MS: 1642 (29, [2M+1]+); 820 (25,

[M+11A, 303 (100).

N4-Benzoyl-l-{6'-0-((3-aU\lo\ycarb<m\i)-aminopmpyl)-5'-0-(4A'-elimethcnytrityl)-

2'-0-[(2'~nitrobenzxloxy)r)ielh\l]-ß-L-tahfuranosxl)'cytosine (15)
NHBz

A
fS

AIIO^N-(CHo)3On UL. 1
H hODMT N O

o-

02N

OH O^ ..O,

*-o

At r.t., (;'-Pr)2NEt (1.7 ml. 10 mmol) and Bu2SnCl2 (0.6 mg, 2 mmol) were added to a

soin, of 14 (1.452 g. 1,8 mmol) in C1CH2CH2CI (15 ml). After 1.5 h at r.t., the

mixture was heated to 80°, treated with NBM-C1 (0.38 ml, 2.3 mmol) and stirred for

15 min. at 80°. Work-up and FC (CH2C12 to CFI2Cl2/MeOH 98:2 (+2% NEt3) gave

15 (3.193 g, 97%) as a pale yellow powder. TLC: (CH2Cl2/MeOH 95:5): Rf 0.55

[ocl^5 = + 66 (c = 0.83, CHCI3). TR (CHCI3): 3012s, 2936vr, 1706s, 1661s, 1610;/;,

1552w, 1508s, 1481s, 1344m\ 1300//;, 12515. 1177m, 1036//;. 1H-NMR (300MHz,

CDCI3): 1.59-1.71 (//;, NCH2C//2CH20): 2.75 (el, 7 = 2.5. OH); 3.1 l-3.32(m. 5H. H-

C(6'), NC7/2CH2C7/20): 3.44-3 47 (//;, III. H'-C(61)). 3.65-3.67 (m, H-C(5')); 3.80,

3.81 (2s, 20Me); 4.10-4.11 (br. 7. 7 = 5.3, FI-C(3')); 4.27-4.31 (m, H-C(4')); 4.35

(del, J = 0.9, 5.3, H-C(3')); 4.49 (br. 7, 7 « 5.2, CH2=CHC7720); 5.05-5.37 (m, 7FI,

CONH, C772=CHCH20, OC//2OC772Ph); 5.83-5.91 (//;, III, CH2=C77CH20); 6.00

(7, 7 = 0.9, FI-C(l')); 6.82-6.88 (;/;, 4rom. H), 7.21-7.61 (;;;, l2arom. H, H-C(5));

7.78-7.81 (/;/, larom. H); 7 90-7.92 (m, 2arom. H); 8.03-8.06 (m. larom. FI): 8.22 (el,

J = 7.4, H-C(6)), 8.87 (br. s\ NH-C(4)). 4C-NMR (75MH/. CDCI3): 29.6 (t,

OCH2CH2CH2N); 39.0 (t, NCH2CH2CH20); 55.4 (q. OMe): 65.5 (t,

NCH2CH2CH2O); 67.3 (/, OCEbAi); 69 5 (t. C(6')): 69 9 (t, CH2=CHai20): 68.9,

71 9, 79.8 (37, C(2\ 3', 5')): 87.4 (7. C(4')); 87.8 (5, AnCPh): 90.0 (7, C(l')); 95.1 (t,

OCH20): 96.6 (7, C(5)); 113.4. 113.5 (27, arom. C); 1 17.7 (/, CH2=CHCH20); 124.9,

127.4, 127.8, 128.1. 128.3. 128.7. 129.2, 129.3, 130.8, 130.9, 133.3. 133.5. 134.0

(137, arom. C, CH2AT1C1I20): 132.8, 134.6. 134.8. 136 2. 136.5 (5s. Ar.); 144.9 (7;

C(6)); 145.8. 147.4 (2s. arom. C); 156 6 (s. C(2)): 159.0. 159.1 (2s. MeO-C); 162.6

(5. CO); 166.4 (s. C(4)). FAB-MS: 1973 (27, [2M+1JA. 986 (34, [M+1]A, 303 (100).
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N4-Benzoyl-l-l6'-0-((3-cillyloxvcarboriyl)-airiiiiopmpyl)-5'-0~(4,4'-diinethc>xytrityI-

2'-0-[(2-nitrobenzyloxy)methylJ-ß-L-talofiiranosylJcytosine 3'-0-[(2-cyanoethyl)-

diisopropylphosphoramidite/ (2)

o

AIIO"^ N-fCH-,),0-
H

NHBz

N

hODMT N °

NC ^ P

02N

Ov„,0 O. n

^o

A soin, of 15 (1.808 g, 2.5 mmol) in CH2C12 (10 ml) was treated with (/-Pr)2NEt

(0.85 ml, 5 mmol) and 2-cyanocthyl diisopropylphosphoramidochloriditc (0.64 ml,

3.0 mmol) and stirred for 1 h at r.t. FC (hexane/AcOEt 6:4 to 3:7) gave 2 (0.894 g.

97%) as a yellow powder. TLC (hexane/AcOEt 2:8): R[ 0.62. IR (CHC13): 3013w,

1706s, 1664m, 1526;;;, 1509s, 1481s, 1302//;. 1252s. 1179;/;, 1037/?;. 830w. Al-NMR

(300 MHz, CDCI3): 0.99-1.12 (//;. 1211, Me2CH); 1.57-1.64 (in, NCH2C772CH20);

2.55-2.58 (t, J = 6.3. CH2CN); 3.03-3.24. 3.32-3.54 (2m, 10H, H-C(6'),

NC//2CH2C7720, OC772CH2CN. Me2C/7): 3.64-3.76 (//;, H-C(5')); 3.793, 3.807,

3.809 (3s, OMe); 4.40-4.42 (//;, H-C(4')); 4.45-4.47 (;?;.. H-C(2')); 4.52 (br. s,

CH2=CHC7720); 5.00-5.08 (m. OCH20, OCH2Ar, FI-C(3')); 5.16-5.29 (in,

C772=CHCH20, CONH): 5.86-5.93 (//;, CH2=C77CH20); 6.21 (7, 7 = 4.2, 0.5H, H-

C(l')); 6.24 (el, J = 4.6, 0.5H, H-C(l')): 6.84-6.86 (m. 4arom. H); 7.23-8.50 (m,

15arom. II, H-C(5), FI-C(6)). 8.61 (br. 5. NH-C(4)). ]3C-NMR (75 MFIz, CDCI3):

19.9, 20.3 (It, CH2CN); 24.46. 24.52, 24.58, 24.66 (Ay. Me2CHN), 29.5, 29.6 (2t,

NCH2CH2CH20); 38.8, (t. NCH2CH2CH20); 43.2, 43.3 (7. Me2CHN); 55,2 (q,

OMe); 58.2, 58.4 (2/, OCH2CH2CN): 65.4. 65.8 (2/. NCH2CH2CH20); 66.9, 67.0 C2t,

CFI2Ar); 69.1, 69.2 (2/, CIt2=CHCPI20. C(6')): 70.9. 71.0, 71.3. 72.0, 78.6, 79.1 (67,

C(2'), C(3'), C(5')): 84.3. 84.5 (27. C(4')): 87.8. 87.9 (2s. CAnPh), 89.0, 89.8 (27,

C(l')); 94.6, 94.7 (2t. OCFLO); 97.4 (el, C(5)); 1134. 113.2 (27. arom. C); 117.5,

117.7(2/, CH2=CFICH20); 117.9(s,CN): 124.6, 127.3, 127.4, 127.8. 127.89, 127.92,

128.0, 128.5, 128.6, 128.87, 128.94, 129.0. 130.70. 130.74, 130.77, 133.2, 133.66,

133.70(157, arom. C, CH2=CHCH20): 134.4, 134.5. 135.7. 135.8, 136.1 (5s. arom.

C); 145.1 (7. C(6)); 145.4, 145.5 (2s, arom. C); 147.1 (s. C-NCM: 156.3 (s. C(2));

158.91. 158.93. 158.96 (3s. MeO-O: 162.3. 16.3.8 (2s. CO. C(4)). 31P-NMR (202

MHz, CDCI3): 150.5, 150.8, FAB-MS: 1185 (21. MA: 1085 (17. [M-NMc2lA.
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3-0-Benzoyl-6-0-(5-bromopentyl)-].2-0-isopropyliden-a-D-allofuremose (18)
Br(CH2)^0-i

HO-
0

obz o5y

A soin, of 3 (9.72 g, 30 mmol) and Bu2SnO (11.2 g, 33 mmol) in toluene (75 ml) was

refluxed for 1 h (Dean-Stark phase separator) and evaporated. The residue was diluted with

DMF (75 ml) and treated with CsF (6.84 g, 45 mmol). 1.5-dibromopentane (16.3 ml, 120

mmol), and B114NI ( 16.62 g. 45 mmol). The suspension was kept at r.t. for 8 h. Work-up

and FC (silica gel, hexane/AcOEt 9:1 to 6:4) gave 18 (9.4 g, 74%) as a colorless, viscous

liquid and starting material 3 (1.0 g, 10%). TLC (hexane/AcOEt 1:1): Rt 0.64. [a]^5 =

28.0 (c = 1.0, CHC13). IR (CHCI3): 3589u\ 3011//;, 2933u\ 2867>c, 1722m, 1602m;

1452w, 1316w, 1275m. 1224s. 1218s, 1117m, 1027m
.
87 A. ]H-NMR (300 MHz

CDCI3): 1.33 (s, Me); 1.41-1.49 (;/;, Br(CH2)2C772): 1.54 (s, Ale); 1.58-1.61 (m

BrCH2C772); 1.81-1.85 (//;. Br(CH2)3Cr72); 2.46 (7, 7 = 3.7, OH); 3.37 (t, J = 6.8

BrCH2), 3.40-3.50 (m. CH20, 2 H-(6)); 4.10-4.14 (;/;. FI-C(5)); 4.36 (77, 7= 3.7. 8.4

H-(4)); 4.97 (77, 7 = 3.7, 5.0, H-C(2)); 5.15 (77. 7 = 5.0, 8.4. H-C(3)); 5.89 (7. 7 =

3.7, H-C(l)); 7.44-7.47 (//;, 2 arom. H); 7.57-7.60 (/;;, 1 arom. H); 8.04-A.07 (//;, 2

arom. FI). 13C-NMR (75 MHz, CDCI3): 24.8 (t, Br(CH2)2CH2); 26.8, 26.9 (2q, Me);

28.7 (/, BrCH2CH2); 32.6 (/, Br(CFI2)3CH2); 33.7 (f. BrCFI2); 71.0, 71.4 (2t, C(6),

OCFÏ2); 70.0, 72.4, 78.1. 78.5 (47, C(2). C(3). C(4). C(5)); 104.6 (el, C(l)); 113.4 (s.

CMc2); 129.7 (5, arom. C); 128.7, 130.1, 133.6 (37, arom. C); 166.0 (s, CO). FAB-MS

(NOBA, pos. mode): 474(1, [M + H]A, 417 (24), 415 (28). 303 (11). 104(100).

6-0-[5'-((N-Allyloxvcarboinl)-methYlamino)-pcnr)'ll-E2,3~tri-0-benzoyl-5-0-

triisopropylsilyl-a and ß-D-ailofuranose ( 19aß)
o

A
AIIO""^ N—(CH2)50—1

Me TIPSO—I
n

OBz

OBz OBz

At r.t., a soin, of 18 (9.78 g. 21 mmol) m CH2C12 (70 ml) was treated with (/-Pr)2NEt

(10.8 ml, 63 mmol) and (/-PrhSi-OTf (7.34 ml, 27.3 mmol) for 1 h. Work-up gave a

silylated intermediate. This crude product was treated with MeNHVEtOH (70 ml) at r.t. for

1 h. After evaperation and work-up. the residue was dissohed in CH2C12 (70 ml) and

treated with (NPr)2NEt (7.2 ml. 42 mmol) and allyl chloroformate (2.2 ml, 21 mmol) at r.t.

for 0.5 h. Work-up gave a yellow oil which was treated with with CF3COOH (50 ml) and
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H20 (50 ml) r.t. 1 h. Work-up and silica gel filtration gave a colourless oil. The oil was

dissolved in Py (15 ml) and CFbCb (30 ml), and treated with BzCl (5.6 ml, 48 mmol) and

DMAP (293 mg. 2 4 mmol) at r.t. for 12 h. Work-up and FC (hexane/AcOEt 9:1 to 7:3)

gave 19(aß) (2.5 g. 42% a/ß=l:2 by 1H-NMR) as a pale yellow oil. TLC (hexane/AcOEt

7:3): R[ 0.47. IR (CHC13): 3016n\ 2945m, 2868//;, 1729s, 1692s, 1603w, 1464n>,

1452m, 1405w, 1316;/;, 12845. 1262s, 1222m-, 1205m. 1115s, 1066m, 1024m, 938w,

883m>. 1H-NMR (300 MHz, CDCI3). J 01-1.07 (//;, 7H, Me2CH); 1.11-1.16 (m, 14H.

Me2CH); 1.20-1.24 (//;, N(CFl2)2C7/2); 1.44 (;/;, NCH2Cf/2CH2C772); 2.83 (v, NCFI3);

3.09-3.11 (m, NCH2): 3.31 -3.41 (;/;, 2 H-C(6)); 3.59 (br. d, J - 5.9, OCFI2): 4.24-

4.28 (m, 0.35H, H-C(5)(a)); 4.29-4.32 (//;, 0.65H, H-C(5)(ß)); 4.54-4.57 (m.

CH2=CHC7/2): 4.66 (77. 7 - 4.3, 5.1, 0.35H. FI-C(4)(a)); 4.78 (77, 7 = 1.8, 1.9,

0.65H, H-C(4)(ß)): 5.21-5.24 (m, C772=CHCH2); 5.60 (77. 7 = 4,3, 6,5. 0.65ÏI, H-

C(2)(ß)): 5.90 (77,7 = 2.5. 5.3, 0.35H, H-C(2)(a)); 5.92-5.94 (;/;, CH2=A7/CH2);

6.02 (77, 7 = 2.2, 5.3, 0.35H, H-C(3)(a)); 6.08 (77, 7 = 1.9, 6.5, 0.65H, H-C(3)(ß));

6.61 (el, J = 2.1, 0.35H, Fl-C(l)(a)); 6.87 (7, 7 = 4.4. 0.65H, H-C(l)(ß)); 7.17A.61

(m, 9 arom. H); 7.75-8.12 (//;. 6 arom. H). 13C-NMR (75 MHz, CDCI3): 12.8, 12.9 (27,

Me2CFI); 18.0, 18.1, 18.2 (3q, CBMe2): 23.3 (/. N(CH2)2CH2); 27.8 (br. t, NCH3);

29.3 (l, NCH2CH2CH2CH2); 48.9 (br. t, NCH2); 65.9 (t, CH2=CHCH2); 71.5, 71.9 (2/.

CH20, C(6')): 69.2, 72.2, 76,5 (37. C(2), C(3). C(5)); 87.3 (7, C(4)); 95.1, 994 (27.

C(l)(ccß)); 117.2 (t, CII2=CH); 128.5. 128.57, 128.63 (3d, arom. C); 129 4 (s, arom,

C); 130.0, 130.1, 130.2 (37. arom. C. CH2=CH); 130.4 (s, arom. C); 133.4, 133.5 (27,

arom. C); 165.2, 165.7 (2s, 2 CO). FAB-MS (NOBA, pos. mode): 833 (2, [M + FIA),

788(42), 710(100. (M - OBz + HA).

N4-Beiizc)yl-l-{6'-0-[5-((N-allyio\ycarbc>rnl)niefh\lciinirio)-penfyll-2',3'-eli-0-benzc)yl-^i-

D-allofuranosyljcylosme (20)
NHBz

O
^N

A.
.,„„__ || ÀAIIO' N—(CH2)=0

Me HO-
N^O

K^
OBz OBz

A suspension of 19aß (4.7 g. 5 7 mmol), A4-benzo\bcy tosinc (1.36 g. 6.3 mmol) and

BSA (3.5 ml. 14.4 mmol) m CHAN (20 ml) was stiuecl at 70 for lh. Then S11CI4 (2.7

ml, 22.8 mmol) was added to the clear solution which was kept at 70° for another 20 min.

After work-up. the residue was dissohed in CH AN ( 100 ml), treated with HCl (cone.) (1

ml) and HF (404 in ILO) (2 ml) at i.t. for 12 h. Woik-up and EC (silica gel.
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hexane/AcOEt: 8:2 to 4:6) gave 20 (3.4g, 74%) as a white foam. TLC (hexane/AcOEt 4:6):

R[0.53. [a\2£ = - 54.2 (c = 1.0. CHC13). UV (MeOH): 261 (28600), 248 (23000), 227

(30100). IR (CHCI3): 3492u\ 2894m, 2887w, 1724s. 1601w, 1417m, 1339s, 1213s.

1171s, 1022m, 877u>. 1H-NMR (300 MHz. CDC14: 1.33-1.36 (m, Br(CH2)2C//2);

1.56-1.58 (m, BrCH2C772CH2C7/2); 2.89 (s. NCH3); 3.26 ( br. s, NCH2); 3.51-3.53

(m, 2 II-C(6*)); 3.64-3.66 (;//. CH20. OH); 4.29 (br. s, H-C(5')); 4.45 (br. 5. H-C(4')):

4.57-4.59 (m, CH2=CH-C/7A; 5.25 (/;;, CH2=CB); 5.83-5.97 (m, H-C(2'), H-C(3'),

CH2=C/7); 6.60 (br. s. H-C(l')); 7.27-8.03 (;/;, 15 arom. H. H-C(5)): 8.36 (br. s, H-

C(6)); 8.72 (br. s, NH-C(4)). I3C-NMR (75 MHz. CDC13): 23.3 (t, N(CH2)2CH2); 27.8

(br. q, NCH3); 29.1, 29.8 (2f. NCH2CH2CH2CH2); 49.1 (br. t, NCH2); 65.9 (t,

CH2=CFI-CH2); 71.7. 71.8 (fit, C(6'). CFI20); 71.1. 75.2, 77.0 (37, C(2'), C(3'),

C(5')); 85.1 (el, C(4\V): 88.7 (s. C(l')); 111.2 (7. C(5)); 117.3 (/, CH2=CH); 128.7,

128.8, 128.9 (37, arom. C); 129.3 (5, arom. C); 130.1, 130.2, 133.5. 133.8, 133.9 (57,

arom. C, CH2=CH); 146.0 (7. C(6)); 156.6 (s, C(2)); 163.2 (5, CO); 165.7 (s, C(4)).

FAB-MS (NOBA, pos. mode): 770 (100. [M+ HA). 554 (21), 414 (1 I), 216 (19).

N4-Benz.oy]-]-{6'~0-[5-((N-a11yloxxcarboiiYl)-inethylainiiio)-pentylJ-5'-0-(4.4'-

dimethoxytrityl)-ß-D-aliofurcmosyl}cytosine (21)
NHBz

0 ^-N

AIIO N-fCH^O-] Il A

W
OH OH

A suspension of 20 (2 g. 2.66 mmol), AgN03 (687 mg, 4.0 mmol) and svm-collidinc (0.7

ml, 5.2 mmol) in CH2C12 (12 ml) was treated with DMT-Cl (1.36 g, 4.0 mmol) for lh at

r.t.. After filtration and evaporation, the residue was dissolved in an ice-cold solution of

THF /MeOH /H20 5:4:1 ( 120 ml), treated with 10 N aq. NaOH (2.4 ml) at 4° for 15 min,

then neutralized with AcOFI (1.5 ml) and concentrated to 20 ml. Work-up and FC (silica

gel, CH2C12 (+2% NE13) to CH2Cl2/MeOH 98:2 (+2% NEt3)) gave 21 (2.1 g. 944) as a

white foam. TLC (McOH/CH2Cl2 8:92): Re 0.54. [cc]^5 = 28.3. UV (MeOH): 258

(13400), 249 (16400). 237 (27000), 224 (24900). IR (CHCAp 3423w. 3029m-, 3012m.

2937w, 1692v. 1660m. 1608m. 1553m. 1509//;, 1481 v. 1404m. 1306//;. 1251s. 1179m,

1100m. !067iv. 1035u\ 1004ir, 827u\ 1H-NMR (300 MFlz. CDCI3): 1.27 (//;,

N(CH2)2C/42): 1.32 (//;. NCII2C/72CH2C772): 2.90 (s. NCFI3); 3.21-3.30 (//;, NCH2.

CH20. H-C(6')); 3.41 (77, 7 = 4.2. 10.5. H'-C(6A; 3.62 (br. s. H-CC5')): 3.79, 3.80

(2s. 2 OMe): 4.22 (//;. H-C(2'), H-C(4')): 4.56 (br. 7. 7 = 5.3, CH2=CH-C7/20): 4.66
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(m, H-C(3')); 5.16-5.30 (m, C7/2=CH); 5.88 (7,7 = 2.2, H-C(l')); 5.89-5.97 (m.

CH2=C77); 6.82-6.85 (//;, 4 arom. H); 7.21-7.62 (;/;, 12 arom. H, H-C(5)); 7.88-7.93

(;/;, 2 arom. H. H-C(6)); 8.65 (br. s. NH-C(4)). i A-NMR (75 MHz, CDCI3): 11.1 ( /,

N(CH2)2CH2); 23.3 (t. NCH2CH2). 27.9 (br. q, NCH3); 29.3 (t, N(CH2)3CH2); 46.2 (t,

NCH2); 55.3 (q, MeO); 66.2 (t, CH2=CH4CH20); 70.4, 71.4 (2t, OCH2, C(6')); 68.9,

72.0, 76.4 (37, C(2'). C(3'). C(5A; 86.5(7. C(4')); 88.0 (7. C(l')), 91.4 (s, CAr2ph),

96.5 (7, C(5)); 113.5, 1 13.6 (27. arom. C): 117.3 (t. CH2=CH); 127.4, 127.8, 128.2.

129.4. 130.4, 130.7, 133.4, 133.5 (87, arom. C, CH2=CH); 135.8, 136.7. 144.9 (3s,

arom. C); 146.0 (7, C(6)): 156.8 (s, C(2)); 159.0, 159.1 (2s, MeO-C); 162.9 (s. CO);

166.6 (s, C(4)). FAB-MS (NOBA, pos. mode): 864 (28, [M + H]A, 710 (49), 303 (100).

N4-Benzoyl-l-{6-0-[5-((fN-(iilyloxycarbon\'l)-}tiethylarniiio)-penE^l-5'-0-(4.4'-

dimethoxytrityl)-2'-0-[((triisoproply)silyloxy]methyl]-ß-D-allafuranosyl}cytosine (22)

and N4-Benzoyl-El6'-0-[5-((fH-allyle)xycarbonyl)-niethylaiiiino)-pentyl]-5'-0-(4,4'-

climethoxytrityl)-3'-0-f((tiiisoproply)silylo\ylmethyl]-ß-D-cillofuranosyl}cytosine (23)

A soin, of 21 (862 mg. 1.0 mmol) and (;-Pr)2NEt (0.85 ml, 5 mmol) in C1CH2CH2C1 (4

ml) was treated with Bu2SnCl2 (340 mg, 1.1 mmol) at r.t. for 1.5 h. Then the mixture was

heated to 80°, treated with TOM-C1 (230 mg, 1.2 mmol) and stirred at 80° for 15 min.

Work-up and FC (silica gel. hexane/AcOEt (+2%NEt3) 5:5 to 2:8 (+2%NEt3)) gave 22

(470 mg, 45%) and 23 (209 mg, 20%) as pale yellow foams.

Data of 22:

NHBz

N

X
NO

O

AHO N—(CH£)qO—i

Me DMTO—

V
OH OTOM

TLC ( hexane/AcOEt 15:85): 7?f 0.60. [a[g = 29.1 (c = 1.0, CHCI3). UV (MeOFI): 260

(23900), 252 (19900). 238 (28700), 229 (26800). 1R (CHCI3Ï: 3409, 3008m, 2868m,

1701s. 1683m, 1628»\ 1607m, 1557m. 1405u\ 1322n\ 1306m, 1253s, 1176m, 1096m,

906u>, 878w. 1H-NMR: 1.07 (//;. 7 H, Me2CH); 1.14 (m, 14 H, Me2CH): 1.23 (m,

N(CH2)2C772); 1.46-1.56 (/;;. NCH2C772CH2C7/2); 2,89 (s, NCH3); 3.13-3.26 (m.

OCH2, NCFL. H-CN6A: 3.48-3.56 (m. Oil. H'-C(6')): 3.64-3.66 (m, H-C(5')); 3.81,

3.82 (2s. 2 OMe); 4.11. 4.20 (//;. H-C(2A H-C(4')); 4.56-4.67 (m, H-C(3'),

CH2=CH-C/72): 5.15, 5.23 (27. 7 = 4.6. OCH20); 5.17-5.31 (/;?. C772=CH): 5.88-5.97

(m. CH2=CH); 6.01 (7. 7 = 2.3. H-C(l')); 6.83-6.86 (;/;. 4 arom. H); 7.23-7.63 (m, 12
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arom. H, H-C(5)); 7.87-7.89 (//;, 2 arom. H. H-C(6)); 8.57 (br. s, NH-C(4)). 13C-

NMR (75 MHz, CDC13): 11.9 (7. Me2CH); 17.9 (t, N(CH2)2CH2); 18.2, 18.3 (2q.

Me2CH); 23.2 (/, NCH2CH2); 27.9 (br. q, NCH3); 29,3 (f, N(CH2)3CH2): 48.9 (br. t,

NCH2); 55.3 (q, MeO); 65.9 (t, CH2=CH-CH2): 69.6, 71.2 (2t, OCH2, C(6A: 68.6,

71.9, 82.4 (37, 0(2'). C(3'). C(5')): 85.0(7. C(4')): 87.9 (t, OCH20); 89.0 (s, CAr2ph);

90.6 (el, C(l')); 96.4 (br. 7. C(5)): 113.4. 113.5 (27, arom. C); 117.3 (t, CH2=CH);

127.3, 127.8, 128.2, 129.3. 130.6. 130.8. 133.4. 133.6 (77, arom. C. CH2=CH);

136.0. 136.8 (2s. arom. C); 145.2 (7. C(6)): 156.7 (s. C(2)): 159.0 (5. MeO-C); 162.3

(5, CO); 166.4 (s, C(4)). FAB-MS (NOBA. pos. mode): 1072 (10), 1050(4, [M + H]+),

1049 (2, M+), 303 (100).

Data of23:
NHBz

A ff^N
AIIO^N—(CH2)30-j K„Xr

Me DMTO-

W
N' O

TOMO OH

-25
TLC ( hexane/AcOEt 15:85): Rf 0.36. \a\-g

= - 7.2 (c = 1.0. CHCI3). UV (MeOH): 260

(24600), 252 (19900), 238 (29700). 229 (27200). IR (CHCI3): 341 lw, 3026w, 2945//;,

2868w. 1700s, 1688s, 1628w, 1607n-, 1554m. 1481s, 1405m, 1308m. 1260s, 1179/«.

1096s, 909w, 883w. !H-NMR (300 MHz. CDCI3): 1.07-1.11 (m, 21 H, 3 Me2CH);

1.20-1.26 (m, N(CH2)2C74): 1.42-1.64 (//;, NCH2C772CH2C772); 2.90 (s, NCH3);

3.22-3.27 (///, NCH2. CH20. H-C(6')): 3.36-3.41 (m. H'-C(6')); 3.48-3,50 (m, II-

C(5')); 3.75-3.81 (///. OH); 3.80 (s. 2 MeO): 4.10-4.14 (m. H-C(2')); 4.31-4.33 (m, H-

C(4')): 4.56-4.58 (;;;. CH2=CH): 4.64-4.66 (;;;, H-C(3')); 4.97. 5.17 (27,7 = 4.7,

OCH20); 5.20-5.31 (m. CH2=CFl-C//20); 5.89-5.98 (/;;. CH2=C77); 5.96 (d, J = 6.2,

H-C(l')); 6.79-6.86 (m, 4 arom. II); 7.21-7.64 (m. 14 arom. H. H-C(5)); 7.90 (7,7 =

6.2, H-C(6)); 8.64 (br. s. NH-C(4)). I3C-NMR (75 MHz. CDCCI3): 11.9 (7, Me2CH);

17.9 (q,Me2CU); 23.3 (t, NCH2CH2CH2); 27.4 (br. q. NCH3); 29.5 (/, N(CH2)3CH2):

48.7 (br. t, NCH2): 55.3 (q. MeO); 65.9 (CH2=CH-CH2); 71.2, 72.9 (2t, C(6'). OCH2),

69.7, 74.9, 78.3. 84.6 (47. C(2'). C(3'). C(4'). C(5')): 87.8 (/, OCH20); 89.8 (5,

CAr2ph): 90.6 (7, Cd1)); 96.8 (7. C(5)); 113.4. 113.5 (27, arom. C); 117.3 (t,

CH2=CH): 127.3. 127.6 (27. arom. C); 127.9 (s. arom. C): 128.1. 128.7, 128.9, 129.2.

130.6. 130.7, 133.4. 133.5 (87, arom. C. CH2=CH): 136.1. 136.7 (2v, arom. C); 146.2

(7, C(6)): 156.4 (s, C(2)): 159.0 (s .
MeO-C): 162.6 (s. CO): 166.3 (s. C(4)). FAB-MS

(NOBA. pos. mode): 1132 (30). 1072(41), 1059 (8. [M + H]+), 1 1049 (7, MA. 303

(100).
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W~Benzoyl-l-{6'-0-[5-((N-allyloxycarbomi)-methylamino)-pentyl]-5'-0-(4,4'-

climethoxy1rityl)-2'-0-f((triisoproply)silylo\yfniethxll-ß-D-ailojiirariosylj'cytosine 3'-[(2-

cyanoethyl)diisoprop\iphosphoramidite] (17)
NHBz

O

A if A
AIIO^N-fCH^On II A

Me DMTO-
N 0

O-

,0 O OTOM

A soin, of 23 (471 mg, 0.45 mmol) in CH2C12 (1.5 ml) was treated with (i-Pr)2NEt (0.17

ml, 2.2 mmol) and 2-cyanoethyl diisopropylchlorophosphoramidite (117 mg, 1.1 mmol)

and stirred at r.t. for 1 h. FC (alummiumoxidc, hexane/AcOEt 6:4 to 4:6) gave 17 (506

mg, 90%) as a pale yellow foam (1:1 mixture of two diastereoisomers). TLC (

hexane/AcOEt 3:7): 7?, 0.54. TV (MeCN): 260 (21100), 251 (25800), 238 (28800), 225

(26100). IR (CHC13): 34041V. 3009m, 2943m. 2868//;, 1689s, 1629w, 1607m, 1554h;,

1509m, 1481s, J406w, 1309m, 1250s. 1206s. 1180;/;. 1036m, 883w, 828w. 1H-NMR

(300 MHz, CDCI3): 0.98-1.07 (//;, 21 H. S\(CHMe2)3); 1.20-1.25 (m, 12 H,

N(CHMe2)2); 1.35-1.48 (;?;. 6H. NCH2(C/¥2)3); 2.55, 2.61 (2/, 7 = 6.2, OCH2C772CN);

2.88 (s, NCH3), 3.00-3.14 (//;, CH20, H-C(6A: 3.21 (br. s, NCH2); 3.42-3.49 (///,

H'-C(6*)); 3.65-3.73 (;;;, H-C(5'), OC/72CH2CN, N(C77Me2)2); 3.80 (s, 2 OMe); 4.31-

4.44 (711, H-C(2'). H-C(4')): 4.55-4.57 (//;, CH2=CHC7A); 4.86-4.78 (/;/. H-C(3'))

4.98-5.06 (m, OCH20); 5.16 A.30 (;?;. C/72=CH); 5.83-5.94 (//;, CH2=C77): 6.07 (br

7, 7 - 5.0, H-C(l')): 6.83-6.86 (m, 4 arom. H); 7.24-7 63 (m, 13 arom. H, H-C(5))

7.90-7.92 (m, 2 arom. H. II-C(6V). HC-NMR (75 MHz. CDCI3): 12.0 (el, SiCHMe2)

17.8, 17.9 (2q. SiCHMf2). 20.2 (br. t, OCH2CH2CN); 23.3 (t. BrCH2(CH2)2); 24.3

24.7. 24.9 (Aq, N(CHM^2)2); 27.4 (br. q. NCH4: 29 41, 29.47 (2t. Br(CH2)3CH2)

43,3, 43.5 (27,7(CP) = 12.2. NCHMe2); 48.7 (br. /. NClh); 55.3 (q. MeO): 58.1, 58.2

(2/,7(CP) =20 3. OCH2CH2CN). 65.9 (1. CH2=CH-CH2): 68.7. 72.2. 79.1 (37. C(2'),

C(3'). C(5'j); 84.3 (7. C(4A; 71.1, 72.0 (2t, OCH2. C(6')); 87.6, 87.8 (2s, CAr2ph);

89.5. 89.8 (27. C(l')); 92.5 (t, OCH20); 96.1 (br. 7, C(5V); 1 13.4, 113.5 (2s, arom. C):

117.2 (/, CH2=CH); 117 6. 117.7 (2v. CN); 127.3. 128 1. 129.2. 130.7, 133.3. 133.6

(67, arom. C. CH2=CH); 136.3. 136.4 (2s, arom. C); 145.2 (br. 7, C(6)); 156.1 (br. s,

C(2)), 159.0 (s. MeO-O: 162.1 (s. CO); 165.8 (br. v. C(4)). Hp-NMR (202MFL,

CDCI3): 149.8, 150.6. FAB-MS (NOBA. pos. mode): 1251 (16. [M + H]4, 1206 (38),

1205 (45). 1034 (50), 929 (38), 303 (100).
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6-0-(5-broniopentyl)-1,2,3-tri-0-benzoyl-5-0-l(triisopropyl)siIyl]-aand ß-D-allofuranose

(28aß)
Br(CH2)50

TIPSOH

AAOBz

OBz OBz

At r.t., a soin, of 18 (3.52 g. 7,1 mmol) in CH2C12 (25 ml) was treated with (/-Pr)2NEt

(3.8 ml, 22.2 mmol) and (;-Pr)3Si-OTf (2.6 ml, 9.7 mmol) for 1 h. After work-up, the

silylated intermediate was treated with CF3COOH (50 ml) and H20 (50 ml) for 2 h.

Workup and FC gave a colourless oil. which was dissolved in Py (3 ml) and CH2C12 (6

ml), and treated with BzCl (1.5 ml. 13 mmol) and DMAP (82 mg, 0.67 mmol) for 12 h.

Work-up and FC (hexane/AcOEt 9:1 to 7:3) gave 28aß (4.7 g, 54% a/ß=l:2 by 1H-

NMR). TEC (hexane/AcOEt 4:1): /vV0.66. IR (CHCA): 35l2>t\ 3014w, 2945/;;, 2868m,

1728s, 1602w, 1452m. 1316//;, 1284s, 1262s, 1177n\ 1115s, 1065m, 1024m, 939w,

883w. 1F1-NMR (300 MHz. CDCh): 1.03 (m. 7 H. Me2CH): 1.15 (in, 14 H. Me2CH);

1.33-1.53 (m, BrCH2(C77r2)2); 1.65-1.82 (;/;, Br(CH2)3C772); 3.21-3.24 (m, FI-C(6));

3.34-3.46 (m, H'-C(6), BrCIA); 3.50-3.62 (/;;.,/ - 6.2, CH20); 4.25-4.34 (m, H-

C(5)); 4.67 (del, 0.35 H, 7 = 4.4, 5.6. Fl-C(4)(a)): 4.97 (//;. 0.65 FI, H-C(4)(ß)); 5.60

(77, 7 = 4.4, 6.5, 0.65 H, H-C(2)(ß)); 5.90 (del, 7 = 2.2. 5.3, 0.35 H. H-C(2)(a)); 6.03

(77, 7 - 5.3, 5.5, 0.35 H. H-C(3)(cA: 6.09 (77, 7 = 1.9. 6.5, 0.65 H, H-C(3)(ß)); 6.61

(7, 7 = 2.2, 0.35 Fl, H-C(l)(a)); 6.87 (7. 7 = 4.4. 0.65 FL H-C(l)(ß)); 7.17-7.61 (//;, 9

arom. H); 7.76-8.10 (//;, 6 arom. H). 4C-NMR (75 MHz, CDCI3): 12.8, 12.9 (27.

Me2CH); 18.07, 18.14 (2q.Me2CH): 24.9 (t, Br(CH2)2CH2; 28.8 (t, Br(CH2)3CH2);

32.6 (t, BrCH2CH2); 33.6 (f. BrCH2); 69.1, 71.2, 71.3, 72.2, 75.4, 77.3 (67, C(2),

C(3), C(5)); 71.4, 72.0, 72.2 (3t. OCFI2, C(6)); 83.9. 87.3 (27, C(4)); 95.1. 99.1 (27,

C(l)); 128.47, 128.59. 128.67, (37, arom. C): 129.2 (s, arom. C); 130.0, 130.1, 130.2

(37, arom. C); 130.3 (s, arom. C); 133.4. 133.6, 133.9 (37, arom. C); 165.2, 165.7,

165.8 (3s, CO). FAB-MS (NOBA, pos. mode): 757 (18). 755 (18), 754 (37), 678 (55),

677 (25), 676 (56). 105(100).

N4-Benzoyl-]-[6'-0-(5-bro}nopenr\'l)-2\3'-di-0-benzoyl-ß-D-allofuranosy]]cytosme (29)
NHBz

N

Br(CH2)50-, 1^ X
HO- N O

OBz OBz

A Suspension of 28aß (5.4 g, 6.75 mmol). V-Mien/oU-ey tosine (1.6 g. 7.4 mmol) and

BSA (4.2 ml. 16.9 mmol) in CH3C1N (27 ml) was stirred at 70° for lh. Then S11CI4 (3.2
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ml, 27 mmol) was added to the clear solution which was kept at 70° for another 20 min.

After work-up, the residue was dissolved in CII3CN (200 ml), treated with HCl (cone.) (2

ml) and HF (40% in ILO) (4 ml) at r.t. for 14 h. Work-up and FC (silica gel,

hexane/AcOEt: 8:2 to 4:6) gave 29 (4,1 g. 83%) as a white foam. TLC (hexane/AcOEt

2:8): Är0.55. [a]2^ = - 97.2 (c = 1.0. CHCI3). UV (MeOH): 261 (21000), 248 (18800),

229 (28900). IR (CHCI3): 3575w, 3404w, 3028vr, 2942w. 1728s, 1672s, 1629m,

1602vv, 1554m, 1480s, 1452u\ 1407w. 1372w, 1316m. 1283s, 1211m, 1178m\ 1094s,

1070m, 1026w. AI-NMR (300 MHz, CDC1A 1.44-1.64 (m, 4H. BrCH2(C/72)2); 1.75-

1.90 (;;/, 2H, Br(CH2hCtf2): 3 37 (t. J = 6.8, BrCHA 3.48-3.53 (m, 2 H-C(6')); 3.65-

3.67 (m, OCH2, OH); 4.28-4.32 (//;, H-C(5')); 4.45-4.49 (m, H-C(4')); 5.88 (77,7 =

5.6, 6.6, H-C(2*)); 5.99 (del, J = 2.5, 5.6. H-C(3')); 6.58 (7, 7 = 6.8, H-C(l*)); 7.26-

8.03 (m, 15 arom. H, H-C(5)): 8.35 (7, 7 = 7.8, H-C(6)): 8.77 (br. s. NH-C(4)). l-A-

NMR (75 MHz, CDCI3): 24.8 (t. Br(CH2)2CH2): 28.7 (t, BrCH2CH2); 32.6 (t,

Br(CH2)3CH2); 33.7 (t, BrCH2); 70.9, 71.0 (2t. C(6'), OCH2); 71.5. 71.7, 75.2 (37,

C(2'), C(3'), C(5')); 85.1 (7, C(4')): 88.9 (br. el, C(1')); 97.3 (br. 7, C(5)); 127.9 (s,

arom. C); 128.7. 128.8, 129.3. 130.1, 130.2 (57. arom. C); 133.4, 133.7, 133.9 (3s,

arom. C); 146.1 (7, C(6)); 155.6 (s, C(2)): 165.68, 165.73 (2s, 2 CO); 166.0 (s, C(4)).

FAB-MS (NOBA. pos. mode): 1470 (4, [M2 + H]+), 736 (11, M+), 522 (25), 521 (90),

520(27), 519(93).

N4-Berizoyt-E[6'-0-(5-brornoperityE-5'-0-(4,4'-dimethe>xxtrityl)-ß-D'alkrfitranosyl]

cytosine (30)

Br(CH2),,0
DMTOH

W

NHBz

N

N^O

OH OH

A suspension of 29 (4.08 g, 5.5 mmol). AgN03 (941 mg. 5.5 mmol) and svm-collidine

(1.8 ml, 13.8 mmol) in CH2CI2 (20 ml) was treated w ith DMT-Cl (2.8 g. 8.3 mmol) for 3

h at r.t. After filtration and evaporation, the residue was dissolved m an ice-cold solution of

THF/MeOI47H20 5:4:1 (200 ml), treated with 10 N aq. NaOH (4 ml) at 4° for 20 min, then

neutralized with AcOH (2.4 ml) and concentrated to 40 ml. Woik-up and FC (silica gel,

CH2C12 (+2% NEt3) to Cll2Cl2/MeOH 97:3 (+24 NEtN) gave 30 (4.13 g, 91%) as a

white foam. TLC ( MeOH/CThCb 8'92): Äf 0.50. \a]2^ = 28.4 (c = 1.0. CHCI3). UV

(MeOH): 262 (14700). 254 (17300). 238 (22300), 227 (19900). ÏR (CHC1A 3402vt\

3010vr, 2937u, 1704m, 1659m. 1609m. 1553m. 1509//;, 1480m. 1375m, 1305m,
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I004>v, 828>y. 1H-NMR (300 MHz. CDCI3): 1.44-1.63 (m, BrCH2C//2C772); 1.80-1.92

(m, Br(CH2)3C7/2); 3.19-3.27 (//;. OCH2, H-C(6')); 3.42 (/../ = 6.5, BrCH2); 3.40-

3.45 (m, H'-C(6A; 3.55-3.64 (///. FLC(5'). OH); 3.79, 3.80 (2s. MeO); 4.21-4.27 (///.

H-C(2'), H-C(4')); 4.44 (br. s. OH): 4.67 (77, 7 = 5.6. 5 8. H-C(3')): 5.86 (7, 7 = 3.1.

H-C(l')); 6.82-6.86 (;/;, 4 arom. H); 7.22-7.63 (///, 12 arom. H. H-C(5)); 7.88-7.89

(m, 2 arom. H); 7.92 (7. 7 = 7.5. H-C(6)); 8.88 (br. s. NH-C(4)). 13C-NMR (75 MHz.

CDCI3): 24.8 (t, Br(CH2)2CH2); 28.8 (t. BrCH2CH2); 32.5 (t, Br(CH2)3CH2); 33.7 (t,

BrCH2); 55.3 (q, MeO); 69.1. 72.1, 76.4. (37, C(2'), C(3'). C(5)): 86.6 (7, CA)): 70.5

,71.3 (2t, C(6'), CFbO): 88.0 (s, CAr2ph); 91.7 (7, C(1A: 96.5 (br. 7, C(5)); 113.5,

113.6 (27, arom. C); 127.4. 127.8, 128.2, (37, arom. C); 128.6 (s, arom. C); 129.3,

130.4, 130.6, 133.4. (47. arom. C): 135.9, 136.7 (2s. arom. C); 144.9 (7, C(6)); 146.9

(s, arom. C); 155.7 (s. C(2)); 159,0,159.1 (2s. MeO-C): 162.9 (s, CO); 166.4 (s. C(4)).

FAB-MS (NOBA. pos, mode): 1657 (1. [M2 + H]A, 849 (87), 831 (16), 830 (35), 829

(18, [M+ PITA 828 (35, MA- 303 (100).

W-Benzoyl-E{6'-0-(5-hromopent\l)-5'-0-(4.4'-dimethoxxtrityl)-2'-0-

{f(triisoproply)silylo\y]inethyl}-ß-D-allofuranosyljcvtosine (24) and N4-Benzovl-1-{6'-

0-(5-bromopenEl)-5'-0-(4,4'-dimetho\\tritxl)-3'-0-{f(triisoproply)silylo\y]methyl}-ß-

D-allofuranosyl}cytosine (31)

A soin, of 30 (4.13 g. 5.0 mmol) and (;-Pr)2NEt (3.4 ml, 20 mmol) in C1CH2CH2C1 (15

ml) was treated with (/-Bu)2SnCl2 (1.5 g, 5.0 mmol) at r.t. for 1 h. Then the mixture was

heated to 754 treated with TOM-C1 (1.47 g. 6.5 mmol) and stirred at 75 ° for 15 min.

Work-up and FC (silica gel. hexane/AcOEt (+2%NEt3) 5:5 to 2:8 (+2%NEt3)) gave 24

(3.2 g, 63%) and 31 (360 mg. 7%) as pale yellow foams.

data oflA:
NHBz

BnCH^O-! A A-

DMTO—
N ^O

O.

OH OTOM

TLC (hexane/AcOEt 3:7): R{ 0.63. [al^ = 36.8. UV (MeOH): 260 (17800), 238 (23800),

229 (21300). IR (CHCA e- 10): 3407ir. 3009u\ 2945m. 2868ir. 1704w, 1644m,

1609n\ 1553//;, 1480s, 1384n\ 1306m. 1251s, 1226//;. 1205m. 1178m, 1073//;, 1046m.

828h-. ÏPI-NMR (300 MHz, CDCh): 1 08-1.22 (m. 21 PL CHMe2): 1.41-1 49 (m. 4FI,

BrCH2(C7442): 1.81-1.86 (//;. Br(CFI2NCAA). 3.15-3.22 (//;. H-C(64 CH20); 3.39 (t.



218

7 = 6.9, BrCH2); 3.50-3.55 (m. OH, H'-C(6')): 3.67 (br. s, H-C(5')); 3.81,3.82 (2s.

MeO); 4.15-4.20 (m . H-C(2'). H-C(4')); 4.63 (77. 7 = 5.4, 6.4, H-C(3')); 5.11. 5.23

(27, 7 = 4.7, OCTAO); 6.01 (el, J = 2.8. H-C(l'); 6.84 -6.87 (;;;, 4 arom. H); 7.25-7.61

(m, 12 arom. H, H-C(5)): 7.79-7.88 (m, 2 arom. H); 7.89 (7, 7 = 7.8. H-C(6)); 8.61

(br. s, NH-C(4)). l-A-NMR (75 MHz, CDCI3): 11.9 (el, CHMe2); 17.9 (q, CRMe2).

24.8 (t, Br(CH2)2CH); 28.7 (/, BrCH2CH2): 32.6 (/, Br(CH2)3CH2); 33.7 (t, BrCH2):

55.3 (q, OMe); 68.7, 69.6. 82.4 (37. C(2'), C(3'). C(5')); 84.9 (el, C(4')); 87.9 (f.

OCIbO); 89.1 (s. CAr2ph), 90.6 (7. C(1A. 113.4, 113.5 (27. arom. C), 127.8 (5. arom.

C); 127.3, 128.1. 128.4. 129.3, 103.6. 130.7. 133.4 (77, arom. C): 136.1, 136.7 (2s,

arom. C); 146.2 (7. C(6)); 155.3 (br. 5. C(2)); 159.0 (s. MeO-C); 162.6 (s, CO); 166.5

(s, C(4)). FAB-MS (NOAB, pos. mode): 1018 (21), 1017 (50), 1016 (100, [M+ H]+),

1015 (48), 1014 (89). 970 (68). 303 (93).

Data of 31:
NHBz

SrfCH^O-n
DMTO-

N

xr
N"^0

TOMO OH

45
TLC(hexane/AcOEt3:7): /?f 0.35.

\a]^
= - 11.4. [R (CHC13): 3407w. 3010>r. 2945;?;.

2868w, 1704iv, 1671m, 1608m. 1554//;. 1481s. 1307m, 1251m, 1220s. 1178m, 1072vt\

1036m. 883w, 828>t\ 1H-NMR (300 MHz. CDCI3): 1.08-l.ll(m, 21 FT CHMe2); 1.39-

1.48 (m. 4H, BrCH2(C772)2): 1.81-1.86 (//;, Br(CH2)3C/72); 3.13-3.21 (;/;, PLANA),

OCH2); 3.40 (t, 7 = 6.8. BrCTL): 3.37-3.42 (m, H'-C(6')): 3.50 (br.s. H-C(5')); 3.80

(s, 2 MeO); 3.77-3.84 (//;. OH); 4.12 (/;;, H-C(2A: 4.32 (m, H-C(4')): 4.65 (77,7 =

3.4, 5.6, H-C(3A: 4.98. 5.17 (27. 7 = 4.8, OCILO): 5.96 (7, 7 = 6.2, H-C(l')); 6.83-

6.85 (m, A arom. H); 7.23-4.62 (;/;, 14 arom. H. FI-C(5)): 7.90 (7. 7 = 7.2, FI-C(6));

8.61 (br. s. NH-Q4)). 13C-NMR (75 MHz. CDCI3): 11.9 (7, Me2CH); 17.9 (q,

Me2CH); 24.86 (t. Br(CH2)2CHA 28.87 (t. BrCH2CH2); 32.61 (t, Br(CH2)3CH2);

33.67 A BrCH2); 55.4 (q, OMe); 71.0, 72.8 (t, OCH2. C(6')); 69.8, 74.9, 78.3 (37,

C(2'). C(3'), C(5)); 84.6 (7. CA)): 87.8 (t, OCTbO): 89.8 (s, CAroph): 90.6 (7. C(V));

91.2 (el, C(5)); 113.39. 113.46 (27. arom. C); 127.9 (v. arom. C); 127.3, 128.1, 128.4,

129.7. 130.6, 130.7. 133.4 (67. arom. CN; 136.1. 136.7 (2s. arom. C). 146.2 (7. C(6));

155.1 (br. s. C(2Y): 159.0 (s\ MeO-O: 162.6 (5. CO); 166.4 (5. C(4)). FAB-MS (NOBA.

pos. mode); 1017 (31). 1016 (54, [M + H]A, 1015 (24). 1014 (50). 970 (26), 303 (100).
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W-Acetyl-l-{6'-O-[5-(l,4,7,l0,13-pentaoxa-16-aza-cyclo-octadec-l6-yl)-pentyl]-5'-O-

(4,4 '-dimetlioxytrityl)-2'-Q-{[(triiso])roply)silylo\y]inethyl}-ß-D-allofurarwsxl}'cytosine

(32)
NHAc

O O-

O N—(CH2)50—

\_o 0-^ DMTO-

OH OTOM

A soin, of 24 (408 mg, 0.4 mmol), 1-aza-l8-crown-6 (263 rag. 1.0 mmol), (APr)2NEt

(0.34 ml, 2 mmol), and B114NT (222 mg. 0.6 mmol) in EtOH (1 ml) was stirred at 75° for

30 h. After, work-up, the residue was treated with NH3 in EtOH/H20 (9:1) (2 ml) at r.t for

10 h. Evaporation and purification by a short aluminiumoxide column gave a intermediate

which was dissolved in DMF (1 ml), treated with Ac20 (3 1 pi. 0.32 mmol), and stirred for

4 h at r.t. Work-up (hexane/AcOEt 1:1 and sat. aq. NAHCO3 soin.) and FC

(aluminiumoxde, CH2C12 to MeOH/CH2Cl2 (3:97) gave 32 (192 mg, 43%) as a yellow

foam. TLC (alumiumoxid plate, MeOH/CH2Cl2 4:96): Rf 0.42. [a]^5 = 19.9.(CHC13, c =

1.0). UV (MeOH): 261 (19900). 238 (23600). 227(19800). IR (CHCI3): 340 hv, 3008m.

2944m, 2868m, 1721m, 1665m, 1609m. 1555m, 1509m, 1482s, 1385m, 1306m, 1251s,

1178>v, 1118s, 1036//;, 882u>. 1H-NMR (300HMz. CDCI3): 1.06, 1.09 (m, 21 H.

Me2CH); 1.,20-1.28 (m. N(CH2)2C772): 1.37-4.49 (;//, NCB2CH2CP\2CH2): 2.21 (s,

MeCO), 2.46 (t, J = 7.5. NCH2); 2.74 (f, 7 = 5.9. N(C/42CH20)2); 3.12-3.19 (m, H-

C(6'), CH20); 3.45-3.50 (77. 7 = 6.5. 10.5. H'-C(6*)); 3.58-3.67 (///. 22 H, crown. H.

OH. H-C(5')): 3.798. 3.804 (2s. MeO); 4.12-4.15 (///. Fl-C(2'), H-C(4')); 4.60 (m, H-

C(3')): 5.07, 5.21 (27, 7 = 4.7. OCTAO): 5.98 (el. J = 3.8, H-C(l')); 6.81-6.84 (m, 4

arom. H); 7.23-7.51 (;/;. 10 arom. H. H-C(5)): 7.74-7.67 (7, 7 = 7.5, H-C(6)); 9.18

(br. s, NH-C(4)). 'A-NMR (75 MFIz. CDCI3): 1 1.9 (7. Me2CH): 17.9 (q. Me2CH);

24.0 (q,MeCO); 25.0 (t. N(CH2)2CH2); 27.1 (/. NCH2CH2): 29.6 (/, N(CH2)3CFI2):

54.1 (t, N(CH2CH20)2): 55.3 (q. MeO); 56.1 (/. NCH2); 68.7, 71.9, 82.4 (47. C(2'),

C(3'). C(5')); 69.6. 70.1, 70.6. 70.9, 71.0, 71.4 (6/. crown. C. C(6'). CH20); 85.0 (7,

C(4')): 87.9 (t, OCH20); 88.9 (s, CAr2ph); 90.6 (7, C(V))\ 96.4 (br. 7, C(5)); 113.4,

113.5 (2s. arom. C); 127.3, 128.1, 128.3. 130.6 (47, arom. C); 136.1. 136.5 (2s, arom.

C); 145.2 (s. arom. C); 146.3 (7, C(6)): 155.2 (s. C(2)): 159.00. 159.04 (2s, MeO-C);

162.6 (s. CO); 166.8 (v. C(44. FAB-MS (NOBA. pos. mode): 1138 (26), 1137 (65, [M +

PL]A. 1136(100, M+). 303 (64).
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N4-Acetyl-]-{6'-0-15-( 1,4,7,10,13-pentaoxa-J 6-azci-cyclo-octadec-] 6-yl)-pentyl]-5'-0-

(4,4 '-climethoxytntyl)-2'-0-{f(triisopropiy)silyioxylinethylj-ß-D-eillofuranosyl}cytosine

3'-l(2-cyanoethyl) cliisopropvlphosphoramidite] (26)
NHAc

A°"°A rfS
0 N-(CH2)50-| Il A

V0 0J DMTO-j 0>

( 0 OTOM

N-P^/^CN

A soin, of 32 (192 mg, 0.17 mmol) m CH2C12 (0.75 ml) was treated with (/-Pr)2NEt (73

pi, 0.43 mmol) and 2-cyanoethyl diisopropylchlorophosphoramidite (48 mg. 0.20 mmol)

and stirred at r.t. for 4h. EC (aluminiumoxide, hexane/AcOEt 6:4 to 3:7) gave 26 (210 mg,

92%) as a pale yellow foam (1:1 mixture of diastereoisomers). TLC (alumiumoxid plate,

McOH/CH2Cl2 4:96): Rf 0.52. UV (MeCN): 239 (23600), 226 (19000). IR (CFIC13):

3400w, 3005//;, 2944m, 2868m, 1722vr. 1671///, 1629u\ 1608///. 1555///, 1508m, 1482s,

1384w, 136510. 1307m, 1251m, 1205s, 1179//;. 1118//;, 1036//;, 980w, 882»»;. HLNMR

(300 MHz, CDCI3): 1.00-1.07 (//;. 21 H. Si{CHMe2h); 14 3-1.21 (;;;, 12 H,

N(CHMe2)2); 1.32-1.36 (m. 6H, NCH2(C7/2)3): 2.21 (5, MeCO); 2.42-2.44 (m,

NCH2); 2.54, 2.61 (2t, J = 6.5. OCH2C772CN): 2.73 (/, 7 = 5.8. N(C772CH20)2); 2.97 -

3.08 (m, OCH2. H-C(6A: 3.39-3.67 (m, 25 H. crown. H, H-C(5'). H'-C(6')-

NC77Me2); 3.79 (s. MeO): 4.27. 4.32 (277, 7(CP) = 5.0, 5.3, H-C(2*)); 4.40 (//;, H-

C(4')); 4.64-4.77 (;/;, H-C(3')): 4.96-5.06 (;//. OCH20); 6.05 (el, 0.5 H, 7 = 3.7, H-

C(P)); 6.06 (7, 0.5 H, 7 = 4.7, H-C(l')): 6.81-6.84 (m, 4 arom. IT): 7.23-7.50 (m, 10

arom. H, H-C(5)); 7.61-7.66 ( m. H-C(6)); 9.18 (br. s. NH-C(4)). 4C-NMR (75 MHz,

CDCI3): 12.0 (7. Si(CHMe2)4; 17.9 (q, Si(CHMf2)3): 20.3 (br. /. OCH2CH2CN); 24.01

(q, MeCO); 24.1, 24.7. 24.8. 24.9 (Aq, NCHMe2); 25.0 (/. N(CH2)2CH2); 27.1 (t,

NCH2CH2); 29.7, 29.8 (2t, N(Cn2)3CLI2); 43.3, 43.5 (27, 7(CP) = 12.2, NCHMe2);

54.1, 55.3 (2q, MeO); 56.2 (/. NCH2): 57.8, 58.8 (2/. 7(CP) = 20.4, OCTbCHoCN);

70.1. 70.5, 70.9, 71.0, 71.3 (6/. crown, C, C(6'), CH20); 68.9. 72.1, 74.1 (37, C(2'),

C(3'), C(5')); 84.5 (d. CA)): 87.6. 87.8 (2s, CAr2ph); 88.6, 88.7 (27. C(l')): 89.5,

89.9 (It, OCH20): 96.6 (7. C(5)), 113.3, 113.4 (2s. arom. C); 1 17.9. 118.0 (5. CN);

127.2, 128.1. 128.5, 130.7 (47. arom. C); 136.4, 136.7 (25, arom. C): 145.7 (7. C(6));

146.1. 146.2 (2s, arom. C); 155.1 (br. s. C(2)V. 159.0 (s. MeO-C); 162.6 (s, CO); 166.8

(5, C(4)). FAB-MS (NOBA. pos. mode): 1338 (38): 1337 (73, [M + FI]A, 1336 (100,

M+), 303 (72).



221

N4-Benzoyl-l-f6'-0-(5-broniopenty^)-5'-0-(4,4'-dimethoxvtrityl)-2'-0-

{[(triisoproply)silxloxyfrnethyiAß-D-all' ojitranosxljextosine 3'-f(2-cyanoethyl)

diisopropylphosphoramidite] (34)
NHBz

N

DMTO-
O..

4
K5>
O OTOM

,NA' CN
—/ 0 \^

A soin, of 32 (204 mg. 0.2 mmol) in CH2C12 (0.6 ml) was treated with (/-Pr)2NEt (85 pl,

0.5 mmol) and 2-eyanoethyl diisopropylchlorophosphoramidite (62 mg, 0.26 mmol) and

stirred at r.t, for 1 h. FC (aluminiumoxide, hexane/AcOEt 6:4 to 3:7) gave 34 (217 mg.

89%) as a pale yellow foam (1:1 mixture of diastereoisomers). TLC (hexane/AcOEt : 5:5)

7?f0.67. UV (MeCN): 259 (29600). 239 (31500). 224 (29700). IR (CHC13): 341 \w,

3019m, 2967m, 2868w. 1666m, 1629w, 1606;/;. 1553ir\ 1509m, 1401s, 1384m;,

1309w, 1250s, 1179m, 1036m, 980m, 883u\ 1H-NMR (300 MFIz, CDCI3): 0.97-1.07

(m, 21 H, Si(C77Me2)3); 1.17-1.25 (m, 12 H, N(CHMf2)2); 1.37-1.41 (m, 4H,

BrCH2(C7/2)2); 1.77-1.82 (/;;, Br(CH2)3C742); 2.54, 2.61 (2f, 7 = 5.5, OCH2C772CN);

3.03-3.18 (m, OCH2, H-C(6')); 3.35 -3.40 (///, BrCHA 3.42 -3.53 (///, OC7/2CH2CN);

3.60-3.75 (m, H'-C(6'). H-C(5'), NC77Me2): 3.81 (s. OMe); 4.32-4.44 (;/;, H-C(2').

H-C(4')): 4.65-4.80 (m, H-C(3')): 4.98-5.06 (m, OCFI20); 6.05 (7. 0.5 H, 7 = 5.0, II-

C(l')); 6.07 (7, 0.5 H. 7 = 5.3, H-C(l')): 6.83-6.91 (m. 4 arom. H); 7.21-7.63 (in, 13

arom. H, H-C(5)); 7.87-7.80 (//;. 2 arom. H, H-C(6)); 8.65 (br. s, NH-C(4)). 13C-

NMR (75 MHz, CDCI3): 12.0 (d, Si(CHMe2)3); 17.9 (q, Si(CHMe2)A 20.3, 20.4 (2/,

7(CP) = 7, OCH2CH2CN): 23.6 (t, Br(CH2)2CH2); 24.68. 24.76, 24.84 (3q, NCFIMe2);

28.8 (t, BrCH2CH2); 32.6 (/. Br(CH2)3CH2); 33.8 (t, BrCH2); 43.3, 43.5 (27, 7(CP) =

12.2, N(CFIMe2)2); 55.3 (q. MeO); 57.8. 58.6 (2/, 7(CP) = 20.3. OCH2CH2CN); 69.0,

72.1, 78.1. 84.9 (47. C(2'). C(3'). C(4'). C(5')): 87 6. 87.7 (2s. CAr2ph); 89.5, 89.8

(27, C(l')): 92.4 (/, OCTbO); 96.1 (br. 7. C(5)); 1 13.38. 113.44 (27, arom. C); 117.8,

117.9 (2s, CN); 127.3, 128.1. 128.6, 129.2, 130.7. 133.4 (6d, arom. C); 136.3, 136.4,

136.7 (3s, arom. C); 146.1, 146.2 (2s, arom. C): 146.16 (7, C(6)); 155.1 (br. s, C(2));

159.0 (s, MeO-C); 162.1 (s, CO): 166.1 (5. C(4)). FAB-MS (NOBA. pos. mode): 1314

(6, [M + PEN). 1 135 (7. MA. 1115 (26), 1001 (59). 303 ( 100).
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W-Benzoyl-l-{6'-0-{^-methyl-5-amhwpentyl)-5'-0-(4A'<limethc)xytrityl)-2'-0-

{f(triisoproply)silyloxy]methylj-f)-D-allofuranosyl}cytosine (25)
NHBz

MeNH(CH2)50-i
DMTO-

N

N^O

OH OTOM

A Suspension, of Pd[P(Ph)3U (126 mg. 0.11 mmol) and PPI13 (60 mg, 0.23 mmol) in

CH2C12 (3 ml) was added dropwise to a soin, of 22 (604 mg. 0.58 mmol) and Et2NH (0.3

ml, 2.9 mmol) in CH2C12 (3 ml). The soin, was stirred for 1h at r.t. Evaporation and FC

(silica gel, CH2C12 (+ 2% Et3N) to MeOH/CH2Cl2 (+ 2% Et3N) 5:95) gave 25 (488 mg,

88%) as a yellow foam. TLC (alumiumoxid plate, MeOH/CH2Cl2 4:96): Rf 0.45. [a]^5 =

23.4 (c = 1.0, CFICI3). UV (MeOH): 261 (19800), 251 (21000), 238 (25500), 226

(20400). IR (CHCh): 3408u\ 3009w, 2945m, 2868ir. 1704w, 1664;;;, 1608;;;. 1553m,

1480s, 1382m, 1305w, 1259s. 1178m, 1095s, 1036s, 882w. AI-NMR (300 MHz,

CDCI3): 1.07, 1.09 (m. 21 H, Me2CH): 1.29-1.37 (m. N(CH2)2C/72); 1.44-1.51 (m,

NCH2C772CH2C7/2); 2.43 (5. NCH3): 2,55 (/. 7 = 1.2. NCH2); 3.15-3.20 (in, OCH2,

H-C(6*)): 3.48-3.56 (;//. H'-C(6'). NH): 3.65-3.68 (//;, FI-C(5')); 3.77-3.79 (m, OH);

3.81, 3.82 (2s, OMe); 4.13-4.17 (///. H-C(4')), 4.21 (dd,J = 3.1, 5.3. H-C(2')); 4.63-

4.65 (m, H-C(3')); 5.10. 5.22 (27, 7 = 4.7. OCLbO); 5.99 (7, 7 = 3.1, H-C(l')); 6.83-

6.86 (m, 4 arom. H); 7.25-7.63 (//;. 12 arom. H. H-C(5)); 7.80-7.83 (//;. 2 arom. H):

7.91 (7, 7= 7.2, H-C(6)). i'A-NMR (75 MHz. CDCI3): 11.9 (7, CHMe2); 17.9 (q, Me);

23.9 (f, N(CH2)2CH2); 28.8 (/. NCH2CFI2); 29.2 (/, N(CH2)3CH2); 35.8 (t, NCH2);

51.5 (q, MeO): 68.9. 72.1, 81.7 (37, C(2'), C(3'). C(5')): 85.0 (el, C(A')): 87.8 (t,

OCH2); 89.5 (5. CAnph): 90.6 (7. C(l')); 96.3 (7. C(5)): 1 13.4, 113.5 (27, arom. C);

127.3 (el, arom. C); 128.0 (v. arom. C); 128.1, 128.4, 129.2. 130.6. 130.7. 133.4 (67,

arom. C); 136.2, 136.7 (25. arom. C): 145.5 (5, arom. C): 146.2 (7. C(6)): 1554 (br. s,

C(2)); 159.0 (s, MeO-C); 162.6 (s. CO); 166.4 (s, C(4)). FABA1S (NOBA. pos. mode):

965 (100. MA, 661 (6). 303 (35).
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N4-Benzoyl-l-{6'-0-N-7)ielhyl-5-l(2'-{2'-metho\y-etho\y)-ethoxy-ethylamino)pentyl)--

5'-0-(4,4'-elimethoxytrit\-l)-2'-0-{[(triisopwply)silyloxy]rnethyl}-D-

allofuremosyljcytosirie (33)
NHBz

Me(OCH2CH2) (\N
V(CH2)50-, A,X,

Me DMTO-

^
N O

OH OTOM

A soin, of 25 (244 mg. 0.253 mmol). Bu4Nl (187 mg. 0.506 mmol) and (NPr)2NEt (0.17

ml, 1.0 mmol) in 0.8 ml toluene was treated in portions with Me(OCH2CH2)Cl (110 mg,

0.61 mmol) and stirred for 8h at 95°. Workup and FC (silica gel): CH2C12 (+ 2% Et3N) to

MeOFI/CFI2Cl2 (+ 2% Et?N) 3:97) gave 33 (120 mg. 44%) as yellow foam. TLC

(alumiumoxide plate) (MeOH/CH2Cl2 3:97): Rf 0.41. UV (MeOH): 259 (19700), 252

(19800), 234 (28700). 229 (21100). IR (CHC13): 3402w. 2938s, 1664m. 1609m, 1554w,

1508m, 1481m, 1384m-. 1302m-. 1256s. 1095n-, 1035//;, 883w, 828w. AI-NMR (300

MHz, CDCI3): 1.05-1.09 (///, 21 H, CHMe2): 1.26-1.29 (m, N(CH2)2C772); 1.32-1.39

(m, NCH2C772CH2C772); 2.25 (s. NMe): 2.33-2.38(7», NCH2); 2.55-2.59 (m,

OCH2C772N); 3.14-3.21 (///. OCH2, H-C(6')): 3.36 (s, McOCH2CH2); 3.50-3.66 (m.

1311, OH, OC772C7/20. ÏT-C(6'), H-C(5')); 3.80 (5, 2 MeO); 4.14-4.21 (m. H-C(2').

H-C(4')); 4.62-4.66 (m, H-C(3')): 5.13, 5.23 (27, 7 = 4.7. OCH20); 6.01 (7, 7 = 2.8,

H-C(l')); 6.84-6.86 (m. 4 arom. IT); 7.25-7.63 (m. 12 arom. H, H-C(5)): 7.82-7.85

(m, 2 arom. H); 7.88 (7,7 = 7.2. H-C(6)). 1 AANMR (75 MHz, CDCh): UN)

(7,CHMe2); 17.9 (q, EllMcE: 24.0 (t, N(CFI2)2CIl2): 27.1 (/, NCH2CH2): 29.7 (t,

N(CH2)3CH2); 42.8 (q. NMe); 56.8 (7. NCH2): 58.9 (t, OCH2CH2N); 59.3 (q,

MeOCH2CH2): 69.5, 70.5. 70.6, 70.7, 71.4, 71.8 (6t. C(6'), OCH2, OCH2CH20,

OCH2CH2N); 68.6, 72.1, 77.4 (37, C(2'), C(3A C(5')): 85.1 (el, C(4')); 87.9 (s,

CAr2ph); 88.8 (el, C(l')); 90.6 (/, OCH20); 111.2 (v. C(5)); 113.4, 113.5 (27, arom. C);

127.3, 127.8, 128.1. 128.3. 129.3. 130.5, 130.7. 132.2, 133.4 (97. arom. C); 136.0,

136.7 (2s. arom. C): 145.6 (br. 7. C(6)N 146.2 (5. arom. C); 154.6 (br. s, C(2)N 159.0

(5, MeO-C); 162.0 (s, CO); 165.7 (s, C(4)). FAB-MS (NOBA, pos. mode): 1 113 (3, [M

+ H]A. 1112(3. MA. 303 (100).
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~N4-BenzoyI-I-[6'-0-(N-methyl-5-[(2-{2-inethoxy-ethoxy)-ethoxy-ethylamino)perityl)-5'-

0-(4,4'-clirnethoxytrityl)-2'-0-{l(trEsoproply)silyloxy]methyl}-^-D-cdlofuranosyl]cytosine

3 '-[(2-cyanoethyl) eliisopropylphosphoramidite] (27)
NHBz

Me(OCH,CH2)3 l, N

N(CH2)50-, U A

Me DMTO- o I

\ ^
—( O OTOM

/N_P'' -\AN
-\

°

A soin, of 33 (120 mg, 0.11 mmol) in CH2C12 (0.3 ml) was treated consecutively with (/'-

Pr)2NEt (47 pi, 0.28 mmol) and 2-cyanoethyl diisopropylchlorophosphoramidite (31 mg,

0.12 mmol) and stirred at r.t. for 1 h. FC (aluniiniumoxide. hexane/AcOEt 6:4 to 2:8) gave

27 (130 mg, 90%) as a pale yellow foam (1:1 mixture of diastereoisomers). TLC

(alumiumoxid plate, MeOH/CH2Cl2 4:96): 7?f 0.52. UV (MeCN): 261 (18700), 239

(27700), 223 (21400). IR (CHC13): 340hv, 2966s, 2868s, 1702m, 1669s, 1629m,

1608w, 1554w, 1508m, 1481s, 1464/;;. 1384//;. I309u\ 1252m, 1180m, 1098m,

1080m, 1037«;, 992w, 828w. 1.02-1.08 (m, 21 H, S\(CHMe2)3); 1H-NMR (300MHz.

CDCI3): 1.16-1.25 (m, 12 II, N(CHMe2)2); 1.26-1.28 (//;, N(CH2)2C772): 1.34-1.39

(m, NCH2C7/2CH2C7/2); 2.24 (s, NMe). 2.31-2,34 (m, NCH2); 2.54-2.63 (m,

OCH2C7/2CN, OCFl2C772N): 2.92-3.08 (m, OCH2. H-C(6')): 3.36, 3.37 (2s,

MeOCH2CH2); 3.43-3.62 (//;. 12 H, OCH2CH20, H'-C(6'). H-C(5')); 3.80 (s, 2 MeO);

4.20-4.41 (m. H-C(2'), H-C(4')): 4.66-4.69 (//;, 0.5 H, H-C(3')); 4.75-4.79 (//;, 0.5

H, H-C(3')); 5.00-5.05 (m. OCH20): 6.07. 6.09 (2br. 5. H-C(l')); 6.82-6.85 (m, 4

arom. H); 7.23-7.71 (//;. 13 arom. H. FI-C(5)); 7.89-7.91 (;/;, 2 arom. H); 8.02 (7, 7 =

7.2, H-C(6)); 8.61 (br, s, NH-C(4)N 13C-NMR (75 MHz. CDCI3): 12.0 (7,

Si(CHMc2)3); 17.9 (q, Si(CHMe2)3); 20.25. 20.44 (2/. 7(CP) = 7.1. OCH2CH2CN);

24.0 (t, N(CH2)2CH2); 24.56. 24.68. 24.77 {Aq, N(CHAA42); 27.1 (t, NCH2CH2); 29.6

(t, N(CH2)3CH2); 42.8 (t, NMe); 43,4 (7. 7(CP) = 12.2. NCHMe2); 55.3 (q, OMe); 56.9

(t, NCH2); 57.9, 58.7 (2t, 7(CP) = 19.8, OCH2CH2CN): 58.5 (/. OCH2CH2N); 59.1 (q,

MeOCH2CH2): 69.6. 70.5. 70.7. 70.8, 71.2, 72.1 (6/, OCH2. C(6'), OCH2CH20,

OCH2CH2N); 68.9, 70.0. 72.2. 77.4, 77.8, 78.5 (67, C(2'), C(3'), C(5')): 84.0, 84.8

(27, C(4')); 87.6, 87.8 (2s. CAr2ph): 88.7. 89.2 (27. C(l')): 89.5, 89.8 (It, OCFUO);

111.2 (s, C(5)); 113.36. 113.44 (27. arom. C): 117.8. 118.1 (2s. CN); 127.3, 27.9.

128.1. 128.5. 129.2. 130.0. J30.7. 133.3 (87, arom. C): 136.27. 136.35, 136.77,

136.80 (4v. arom. C); 145.6 (7. (UN); 146.1. 146.2 (2s, arom. C): 154.6 (br. v. C(2));

158.9 (s, MeO-C); 162.1 (5. CO); 166.0 (s, C(4)). FAB-MS (NOBA, pos. mode): 1313

(26, [M + FLA). 1312 (36. ME. 303 (100).
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N6-Benzoyl-9-[6'-0-(5-bromopentyl)-2',3'-di-0-benzoyl-ß-D-atlofuranosyl]adenine (39)
NHBz

Br(CH2)50
&J

HO-H
0^

N N'

OBz OBz

A suspension of 28aß (3.2 g. 4.0 mmol), ^-benzoyl-adenine (1.14 g, 4.8 mmol) and

BSA (3.5 ml, 14 mmol) in CH3CN (12 ml) was stirred at 60° for lh. Then S11CI4 (1.9 ml,

20 mmol) was added to the clear solution which was kept at 60° for another 20 min. After

work-up and the residue was dissolved in CF3COOH/H2O (1:1. 80 ml) and stirred at r.t.

for 12 h. Work-up and FC (silica gel, hexane/AcOEt: 8:2 to 4:6) gave 39 ( 1.13g, 45%) as

a white foam. TLC (hexane/AcOEl 3:7): R( 0.31. [o)g = - 145.3 (c = 1.0. CHCI3). UV

(MeOH): 280 (21900). 254 (12600), 231 (32800). 215 (26400). IR (CHCI3): 3619u\

3014m, 2976w, 1730s. 1612;;;. 1590m, 1481w. 1457m. 1272s, 1245s. 117Su<, 1123//;,

1092m, 908w, 877w. Ui-NMR (300 MHz, CDCI3): 1.42-1.52, 1.57-1.66 (m,

BrCH2(C772)2); 1.78-1.88 (///, Br(CH2)3C772): 3.33 (t, J = 6.8, BrCH2); 3.55 (t, J = 6.2,

OCH2); 3.69-3.80 (m, 2 FI-C(6')): 4.28-4.31 (//;, H-C(5'V): 4.67 (br.s, H-C(4')); 6.16

(del, J = 1.2, 5.0, H-C(34); 6.19 (7,7 = 2.5. OH-C(5')); 6.35-6.43 (m, H-C(l'), H-

C(2')); 7.26-7.65 (;/;. 9 arom. H); 7.79-8.10 (;/;. 6 arom. H); 8.18 (s, H-C(2)); 8.86 (s.

H-C(8)); 9.10 (br. s. NH-C(6)). 13C-NMR (75 MHz, CDCI3): 24.9 (t, Br(CH2)2CH2);

28.7 (t, BrCH2CH2): 32.6 (t, Br(CH2)3CH2): 33.7 (t, BrCH2); 70.8, 71.9, 73.7 (37,

C(2'), C(3'), C(5')): 71.1, 71.5 (2t, C(6N OCH2): 87.2, 88.2 (br. 7, C(l'), C(4'));

123.4 (5, C(5)); 127.9, 128.5. 128.7, 128.9, 129.8, 133.0 (67, arom. C); 128.3, 129.3,

133.5 (3s, arom. C): 133.7 (7. arom. C); 142.4 (7, C(8)): 150.4 (s, C(4)): 151.0 (s,

C(6)), 152.6 (7, C(2)); 164.3. 164.8. 165.2 (3s, CO). FAB-MS (NOBA, pos. mode): 761

(45, [M + FI14- 760 (100. MA. 759 (45. [M + H]4. 758 (87, M+), 519 (58), 105 (64).

l-[6'-0-(5-broniopent\'l)~2', 3'-di-0-ben:oxi-ß-D-aUoluranosyl]urasile (38)
0

NH

3,(CH2)5On UL

HO-I
0

N °

OBz OBz

A suspension of 28aß (3.2 g, 4.0 mmol), uracile (0.5 g. 4.4 mmol) and BSA (2.5 ml, 10

mmol) in CHAN ( 12 ml) was stirred at 60e for 30 mm. Then S11CI4 (1.7 ml, 14 mmol)

was added to the clear solution which was kept at 60 for another 20 min. After work-up

and the residue was dissohed m CH3CN (80 ml), treated with HCl (cone.) (0.8 ml) and



226

FIF (40% in H20) (1.6 ml) and stirred at r.t. for 8 h. Work-up and FC (silica gel,

hexane/AcOEt: 7:3 to 3:7) gave 38 (l.78g, 75%) as a white foam. TLC (hexane/AcOEt

3:7): RrO.AO. [a]g = - 86.0 (c = 1.0, CHC13). UV (MeOH): 257 (12000), 251 (11700),

229 (29000), 216 (23300). IR (CFICI3): 3619n-, 3392>r. 3014;/;. 2975m-, 3939m\ 1727s.

1700s, 1602m. 1453//;. 1392»'. 1317/;;. 1262s, 1222m. 1178u\ 1126m, 1094m, 1070m;,

1046m, 877w. 'H-NMR (300 MHz, CDCI3): 1.47-1.65 (m. BrCH2(C772)2); 1.82-1.89

(m, Br(CH2)3C7T2); 3.23 (7,7 = 1.9. OPI-C(4A; 3.39 (/, 7 = 6.9, BrCH2); 3.52-3.57

(m, OCH2); 3.65 (br. 7,7- 5.9, 2 H-C(6')): 4.20-4.23 (//;, FI-C(5')); 4.37 (br. s, H--

C(4')); 5.75 (77, 7 = 5.6, 7.5. H-C(2A: 5.83 (7, 7 = 8.1. H-C(5)): 5.89 (dd, I = 1.5,

5.6, H-C(3*)); 6.50 (7,7= 7.5. H-C(l')); 7.324.61 (m, 6 arom. H); 7.90-8.04 (m, 4

arom. H, H-C(6)); 8.18 (s, NH-C(3)). 13C-NMR (75 MHz, CDCI3): 24.8 (/,

Br(CH2)2CH2); 28.7 (/. BrCH2CH2); 32.5 (t, Br(CH2)3CH2); 33.7 (t, BrCH2); 71.0.

71.1(2/, C(6'), OCH2); 71.4. 71.8, 74.0 (37, C(2'). C(3'), C(5')); 84.6 (el, C(4')); 86.3

(br. el, C(l')); 103.6 (d, C(5)); 123.4 (s, C(5)); 128.4, 128.5. 128.6. 129.8, 129.9 (57,

arom. C); 129.0, 133.71, 133.74 (3s, arom. C); 140.5 (7. C(6)); 150.7 (s, C(2)); 163.0

(5, C(4)), 165.3, 165.5 (2s, CO). FAB-MS (NOBA, pos. mode): 1263 (26, [M2 + H]+),

633 (10, [M + H]+). 631 (12, [M + PEJ+), 521 (79), 519 (76). Anal, calc for

C29H3jBrN209 (631.48): C 55.16. H 4.95. N 4.44; found: C 55.25. H 4.93, N 4.45.

N2-acetyl-9-[6'-0-6'-0-(5-bromopen1yl)-5'-0-(4A'-climethoxytrityl)-ß-D-

allofuranosyl]guanine (42) and N2-acetyl-7-[6'-0-(5-bromopentyl)-5'-0-(4,4'-

dimethoxytrityi)-ß-D-aiiofuranosyl]guanine (43)

A suspension of 28cq3 (4.0 g. 5.0 mmol). A2-acetyl-guaninc (1.6 g, 7.5 mmol) and BSA

(6 ml, 25 mmol) in (CH2C1)2 (15 ml) was stirred at 80° for 1 h. Then TMS-OTf (8.1 ml,

45 mmol) was added to the clear solution which was kept at 80° for another 4 h. After

work-up, the residue was dissolved in CPI3CN (100 ml), treated with HCl (cone.) (1 ml)

and HF (40% in H20) (2 ml) and stirred at r.t. for 4 h. Work-up and a short EC gave a

mixture of W- and iVAiucleosidc derivatives. The mixture (1.53 g, 2.0 mmol) was

dissolved in CH2C12 (12 ml) and treated with svm-collidine (0.67 ml, 5 mmol), AgN02

(340 mg, 2 mmol), and DMT-Cl (1.2 g. 3.6 mmol). The suspension was stirred at r.t. for

4 h. After filtration and evaporation, the residue was dissolved in an ice-cold solution of

THF /MeOH /H20 5:4:1 (50 ml), treated with ION aq. NaOH ( I ml) and stirred at 4° for

15 min. then neutralized with AcOH (0.6 ml) and concentrated to 10 ml. Work-up and FC

(silica gel, CH2C12 (+2% NEh) to CPUCN/MeOH 97:3 (+2% NE13)) gave 42 (0.95g,

25%) and 43 (0.56 g. 14%) as yellow foams.
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Data ofAl:
o

NH

//Al ^

Br(CH2)sOn <X X
DMTO-

n
N-^N-^NHAc

OH OH

TLC (CFI2Cl2/MeOH 90:10): fif 0.32. [ag = - 26.2 (c = 1.0, CFICI3). UV (MeOH): 275

(9300), 236 (19000), 225 (16700). TR (CHCI3): 3620w, 3022m, 2937w, 1687m, 1609s.

1562m, 1509m, 1403m. 1375m-. 1302m. 1252m-, 1 178h\ 1118m-, 1037s. 877m-. 826u\

1H-NMR (300 MFIz, CDCI3): 1.40-1.47 (m. BrCH2(C772)2); 1.80-1.84 (m.

Br(CFI2)3C/72); 2.30 (s. CPLCO); 3.02-3.23 (in, OCH2, 2 H-C(6')); 3.37 (/, 7 = 6.7,

BrCH2); 3.48-3.52 (m. H-C(5'). OH); 3.71. 3.73 (2s. MeO); 4.31-4.33 (m, H-C(4');

4.51-4.54 (in, H-C(3')); 4.73-4.75 (m, H-C(2')): 5.76 (7, 7= 5.6, Fl-C(P)): 6.70-6.76

(m, 4 arom. H); 7.13-7.45 (//;. 9 arom. H); 7.58(s. H-C(8)). 13C-NMR (75 MHz,

CDCI3): 23.5 (q, CH3CO); 24.8 (t, Br(CH2)2CH2); 28.7 (/, BrCH2CH2); 32.5 (t,

Br(CH2)3CH2); 33.8 (t, BrCH2); 55.2 (q, MeO); 69.7. 70.9 (2t, C(6'), CH20); 70.6,

72.4, 74.9 (37, C(2*), C(3'), C(5')); 86.5 (7, C(4')): 87.2 (s, CAr2ph); 89.1 (el, C(l*));

113.0 (7, arom. C); 120.7 (s, C(5)); 126.9, 127.7, 128.2, 128.3, 130.4, 130.5 (67,

arom. C); 136.2, 136.4 (2s, arom. C); 139.1 (el, C(8)); 145.9 (s, arom. C); 147.4 (5,

C(4)); 148.2 (5, C(2)); 158.6, 158.7 (2s, MeO-O: 172.2 (s, CO). FAB-MS (NOBA. pos.

mode): 809 (28, [M + H]+), 808 (63, M 4. 807 (34. [M + H]+). 806 (54, M+), 303

(100).

Data of A3:

N^N^NHAc

1
<

DMTO-

Br(CH2)çO-i <?
N

OH OH

NH

O

TLC (CH2Cl2/MeOH 95:5): Rf 0.29. [al^ = 39.7 (c = 1.0. CHCI3). UV (MeOH): 264

(14600), 255 (14300), 223 (32300). 212 (34500). IR (CHCI3): 3622m-, 3152m-, 3013m.

2936m-, 1679s, 1609s, 1548m-, 1509//;. 1444m-, 1373;/;. 1301m-, 1252s, 1178;;;, 1116m,

1038m. 877m;, 829«'. Al-NMR (300 MHz. CDCI3): 1.45-1.56 (/?;, BrCH2(C772)2);

1.83-1.87 (//;, Br(CH2)A7/2); 2.39 (v. CH3CO); 3.16-3.21 (/?;. OCH2, H-C(6')); 3.39

(t,J = 6.7. BrCIE): 3.36-3.41 (//;, H'-C(6')): 3.64-3.69 (//;. H-C(5')): 3.75, 3.77 (2s,

MeO); 4.24 (br. t, J - 5.0. H-C(4A; 4.31 (br. /. 7 - 4.0, H-C(3')); 4.66 (br, /. 7 - 5.3.

H-C(2')): 6.13 (d, J = 4.3. H-C( 1')): 6.76-6.81 (///. 4 arom. H); 7.18-7.50 (//;. 9 arom.

H); 7.85(s. H-C(8)). 11.02 (br. v. NH-C(6)); 12.41 ( br. s. FÏ-N(D). 1-A-NMR (75
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MHz, CDCI3): 24.5 (q, CH3CO); 24.8 (t. Br(CH2)2CH2); 28.7 (t, BrCFI2CH2); 32.4 (t,

Br(CH2)3CH2); 33.7 (f. BrOTh); 55.2 (q, MeO): 69.9, 71.0 (2t, C(6'), CH20); 70.1,

72.1, 77.4, (37. C(2'). C(3N C(5')): 86.2 (7, C(4*)); 87.3 (s, CAr2ph); 91.5 (7, C(l'));

111.3 (s, C(5)); 113.0 (cl, arom. C): 127.0. 127.8, 128.1.128.3. 130.4, 130.5 (67. arom.

C); 136.1, 136.4 (2s, arom. C): 141.4 (7. C(8)); 145.9 (s. arom. C); 147.9 (s, C(4));

153.4 (s, C(2)); 157.4 (s. C(6)), 158.6, 158.7 (2s, MeO-C); 173.5 (s. CO). FAB-MS

(NOBA, pos. mode): 809 (9. [M + IEJ4. 808 (12, MA- 807 (12, [M + ITJ+), 806 (19.

MA, 303 (100).

N6-Benzoyl-9-[6'-0-(5-bromopen1yl)-5'-0-(4,4'-dimetho\ytrityl)-ß-D-

allofuranosyl]adenine (40)
NHBz

Br(CH?)30-, < J ^
DMTO-

n 1
N

OH OH

A suspension of 39 (1.13 g, 1.5 mmol), AgNÛ3 (255 mg. 1.5 mmol) and sym-collidine

(0.5 ml, 3.8 mmol) 111 CH2C12 (5 ml) was treated with DMT-Cl (0.78 g, 2.3 mmol) at r.t.

for 3 h. After filtration and evaporation, the residue was dissolved in an ice-cold solution of

THF /MeOH /H20 5:4:1 (40 ml), treated with 10 N aq. NaOH (0.8 ml) and stirred at 4° for

15 min. then neutralized with AcOH (0.48 ml) and concentrated to 10 ml. Work-up and FC

(silica gel, CEI2C12 (+2% NEt3) to CH2Cl2/MeOH 97:3 (+2% NEt3)) gave 40 (1.13 g,

92%) as a pale yellow foam. TLC (CH2Cl2/MeOH 95:5): Äf 0.29. [a]2^ = - 14.0 (c =

1.0, CHCI3). UV (MeOH): 278 (18800), 256 (11200), 232 (29100). 224 (27900). IR

(CHCI3): 3622m-, 3113u-. 2975m-. 1709m. 1611s. 1585m-. 1509m, 1454m, 1299m;,

1251s, 1179m, 1046s. 877m-. 829m-. 1H-NMR (300 MHz. CDCI3): 1.52-1.60 (m,

BrCH2(C772)2); 1.83-1.91 (m. Br(CH2)3C772); 3.09-3,13 (//;. H-C(6')); 3.18-3.25 (m,

OCH2, H'-C(6')); 3.43 (/. 7 = 6.8, BrCH2); 3.64-3.65 (m, H-C(5*)); 3.75. 3.76 (2s,

MeO); 4.27 (77. 7 = 3.5. 5.0. H-C44')): 4.67 (eld. J = 4.6. 5.3, H-CAA 4.87 (br. /, J -

5.3. H-C(3')); 5.96 (7, 7 = 4.4, FI-C(l')): 6.70-6.78 (//;, 4 arom. H); 7.17-7.61 (m, 12

arom. H); 7.96 (s, H-(2)); 8.01-8.04 (//;. 2 arom. H); 8.72 (s. H-C(8)); 9.08 (br. s. NH-

C(6)). 4C-NMR (75 MHz, CDC14: 24.8 (/, Br(CH2)2CH2): 28.8 (t, BrCH2CH2); 32.5

(t, Br(CH2)3CH2): 33.7 (t, BrCH2): 55.3 (q. MeO); 70.1 ,71.1 (2/. C(6T); 70,0. 72.1,

74.7 (37. C(2'). C(3'). C(5)): 86.3 (7. C(4A; CH20): 87.2 (5. CAr2ph): 89.3 (7. C(l')):

113.1 (7, arom. C); 123.0 (s, C(5)); 128.4 (s, arom. C); 126.9, 127.7. 127.9, 128.1,

128.9, 130.3, 130.4, 132.8 (87. arom. C); 133.6, 136.2. 136.5 (3s, arom. C): 141.7 (7,

C(8)): 145.9 (s, arom. C): 149.6 (v. C(4)); 151.2 (s, C(6)): 152.4 (d. C(2)); 158.6, 159.7
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(2s, MeO-C); 164.3 (s. CO). FAB-MS (NOBA, pos. mode): 855 (22, [M+ H]+), 854

(37, M+), 853 (21, [M + HJA, 852 (33, MA. 303 (100),

l-16'-0-(5-brornopennl)-5'-0-(4A'-dimethoxxtrit\l)-ß-D-allofuremosxl]iiracile (41)
o

fi NH

Br(CH2)5On 11 L

DMTO-
N'^O

OH OH

A suspension of 38 (1.78 g. 2.8 mmol), AgNO-? (476 mg, 2.8 mmol) and sym-collidinc

(0.93 ml, 7 mmol) in CH2C12 (10 ml) was treated with DMT-Cl (1.42 g, 4.2 mmol) at r.t.

for 1 h. After filtration and evaporation, the residue was dissolved in an ice-cold solution of

THF /MeOH /H20 5:4:1 (40 ml), treated with 10 N aq. NaOH (0.8 ml) and stirred at r.t.

for 30 min, then neutralized with AcOFI (0.48 ml) and concentrated to 10 ml. Work-up and

FC (silica gel, CH2C12 (+2% NEh) to CFbCU/MeOH 97:3 (+2% NEt3)) gave 41 (1.69 g,

87%) as a white foam. TLC (CH2Cl2/MeOH 92:8): Äf 0.45. [alg = 31.8 (c = L.0,

CHC13). UV (MeOH): 269 (9500). 235 (21400), 227 (19700). IR (CHCI3): 3622m;,

3390w, 3029m, 1691s, 1608s, 1509m, 1461m, 1391m;, 1302m-, 1253s, 1226m, 1178//;.

1107m, 1036s, 909w, 877m-, 828m-. Al-NMR (300 MHz, CDCh): 1.55-1.69 (m,

BrCFI2(C7/2)2); 1.90-1.94 (//;, Br(CH2)3C772); 347-3.41 (m, OCFl2, 2 H-C(6"). OH):

3.45 (/, 7 = 6.5, BrCH2); 3.60 (bi. s, H-C(5'V); 3.795. 3.798 (2s, MeO): 4.01 (77, 7 =

1.5, 7.5, H-C(4'));4.16 (77,7 = 4.4. 5.6. H-C(2')): 4.69 (77, J =5.6, 7.5, FI-C(3')):

4.88 (7. 7 = 8.1. H-C(5)); 5.86 (d. J = 4.4, PI-C(D); 6.82-6.86 (/?;, 4 arom. H): 7.22-

7.53 (m, 9 arom. H. H-(6)). 1?C-NMR (75 MFIz. CDCI3): 27.7 (t, Br(CFI2)2CH2); 28.8

(t, BrCH2CH2); 32.2 (/, Br(CH2)3CH2): 33.8 (/, BrCFI2); 55.3 (r/. MeO): 70.7. 71.3 (2t,

C(6')); 68.1, 71.5, 75.5 (37. C(2'). C(3'), C(5)): 85.6 (7, C(4A; 87 9 (s, CAr2ph); 89.2

(7, C(l')); 103.6 (7. C(5)):113.3. 113.4 (27, arom. C); 127 1. 127.7, 128.1, 128.4,

130.1, 130.6 (67, arom. C); 135 6. 135.9 (2s, arom. (4; 140.2 (d. C(6)); 146.3 (s. arom.

C); 150.3 (s, C(2)); 158.7. 158 8 (2s, MeO-C); 163.1 (5. C(4)). FAB-MS (NOBA. pos.

mode): 747 (33), 746 (53), 727 (2. M+). 725 (2. MA- 303 (100).

N6-Benzoy/-9-[6'-0-(5-bwmopentxl)-5'-0-(4,4'-dimetho^tnt\I)-2'-0-

l[(triisoproply)sihi()xxlmetlnl}-ß-D-allofurcmosyl]aclenine (44) and W^-Benzo}l-9-[6'-0-

6'-0-(5-brorrwpenl\l)-5'-0-(4A'-dimethoxytnt\l)-2'-0-{[(tnisoproph )siivlo\y]methyl}-

ß-D-allofuranosx l]adenme (47)
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A soin, of 40 (1.05 g, 1.0 mmol) and (;-Pp)2NEt (0.7 ml. 4 mmol) in C1CH2CH2C1 (3 ml)

was treated with (f-Bu)2SnCl2 (334 mg, 1.1 mmol) at r.t. for 1.5 h. Then the mixture was

heated to 80°, treated with TOM-Cl (291 mg, 1.3 mmol) and stirred at 75° for 15 min.

Work-up and FC (silica gel, hexane/AcOEt (+2%NEt3) 2:8 to 8:2 (+2%NEt3)) gave 44

(0.45 g, 45%) and 47 (0.2 g, 20%) as pale yellow foams.

Dato of 44:

NHBz

N

Br(CH2)50-
DMTO-

W
N-^rA

OH OTOM

TLC (hexane/AcOEt 4:6): R{ 0.56. [cc]^ = - 46.1 (e = 1.0. CHCh). UV (MeOH): 278

(19400), 257 (11900). 233 (32000), 226 (31 100). TR (CHCI3): 3620w, 3016s, 2945m,

2869m;, 1708m, 1611m, 1584m-, 1509m. 1456s. 1391m-, 1300m, 1250s, 1177/;;, 1048s,

881m;, 862m;. 1H-NMR (300 MHz. CDCI3): 0.97-1.10 (//?, 21 H, SiP43); 1.46-1.56 (m,

4H, BrCH2(Cr72)2); 1.84-1.88 (m. Br(CH2)3C772); 3.05-3.18 (m, H-C(6'), CH20.

OH-C(3')); 3.29 (77. 7 = 4.0, 10.3, H'-C(6')); 3.43 (t, 7 = 6.8. BrCH2); 3.67 (br. s, H-

C(5')); 3.775, 3.781 (2s, MeO); 4.39 (77.7 = 2.3, 5.6, H-C(4')); 4.72-4.77 (m
,
H-

C(2'), H-C(3')): 4.83. 5.02 (27.7 = 4.6, OCFbO); 6.07 (7.7 = 6.0, II-C(P): 6.78

-6.82 (m, A arom. Fl); 7.21-7.61 (;/;. 12 arom. H); 7.80 (s, H-C(2)); 8.01-8.03 (m, 2

arom. II); 8.64 (s, H-C(8)); 9.02 (br. s, NH-C(6)). 13C-NMR (75 MHz, CDCI3): 11.8

(7. Si(CHMe2)3); 17.8 (q, S\(CllMe2h). 24.9 (/. Br(CH2)2CH2); 28.8 (i, BrCH2CH2);

32.6 (/, Br(CH2)3CH2); 33.7 (/. BrCHA 55.3 (q, OMe); 69.1, 70.7 (2t, OCH2, C(6));

70.3, 72.3, 80.8 (37, C(2'). C(34 C(5*)); 85.2. 86.9 (27. C(l'). C(4')); 87.2 (s,

CAr2ph); 90.8(/, OCH20): 113.1 (7, arom. C). 123.5 (v. C(5)); 126.9, 127.7, 127.8,

128.9. 130.3, 130.4. 132.8 (77. arom. C); 133.7. 136.7. 136.8 (3s. arom. C): 142.4 (7,

C(8)); 146.1 (s, arom. C): 149.5 (s. C(4)): 151.7 (v. C(6)):152.6 (7, C(2));158.3 (s,

MeO-C): 164.6 (s, CO). FAB-MS (NOAB. pos. mode): 1040 (51. [M + PT|A, 1039 (30 .

MA, 1038 (40, [M + H]A. 1037 (35, MA. 303 (100).

Data oi'47:

NHBz

Br(CH2)cO~i
DMTO
W

47
1 F

TOMO OH
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TLC (hexane/AcOEt 4:6): AN 0.40. \a\2£ = - 54.3. UV (MeOH): 278 (16200), 257

(10800), 233 (30000), 226 (29400). IR (CHC13): 3621m-, 3014w, 2973>v, 2869m;.

1710m. 1611m, 1585m/, 1509m. 1456m, 1390w, 1301m, 1250s, 1 178h-, 1038s, 880m-,

829m-, 1H-NMR (300 MHz, CDCh): 1.09-1.1 1 (m. 21 H. SiPr'3): 1.42-1.57 (m, 4H,

BrCH2(C7/2)2); 1.84-1.88 (///, Br(CU2)3CH2y, 3.02-3.31 (//;. H-C(6'). CH20); 3.41 (/,

7= 6.8, BrCH2); 3.59-3.62 (m. H-C(5')): 3.77, 3.78 (2s. MeO); 3.99 (el, J = 6.9, OH-

C(2A; 4.49-4.55 (m. H-C(3*), H-C(4A: 4.66-4.70 (//;, H-C(2')); 4.95, 5.23 (27.7 =

4.6, OCH20); 5.84 (7,7 = 6.9, H-C(l'); 6.78-6.84 (m. 4 arom. H); 7.21-7.69 (///, 12

arom. H); 7.82 (s, H-C(2)); 8.01-8.03 (///. 2 arom. II); 8.61 (s, FI-C(8)): 9.02 (br.s,

NH-C(6)). UC-NMR (75 MHz, CDCI3): 11.9 (7. Si(CHMe2)3); 17.8 (q, S\(CHMe2)$),

24.9 (t, Br(CH2)2CH2); 28.9 (/. BrCFI2CH2); 32.6 (/. Br(CH2)3CH2); 33.7 (t, BrCH2);

55.3 (q, OMe); 68.7. 70.7 (2f. OCH2, C(6')); 72.2, 72.6. 81.0 (37, C(2N C(3'). C(5'));

83.8 (7, C(4')); 87.3 (s. CAr2ph); 89.0 (7, , C(l')); 91.0 (/, OCH20); 113.2 (7. arom.

C), 123.4 (s, C(5)); 126.9 (s, arom. C); 127.7. 127.8, 128.2, 128.9, 130.3, 132.7 (67,

arom. C); 133.7, 136.7, 136.8 (3s, arom. C); 142.3 (7, C(8)); 146.2 (s, arom. C); 149.4

(s, C(4)); 151.8 (s. C(6));152.5 (d. C(2)); 158.7 (s. MeO-C); 164.3. 170.8 (s, CO).

FAB-MS (NOAB. pos. mode): 1040 (57. [M + H|+), 1039 (39, M A, 1038 (44, [M +

HA), 1037 (42, MA, 303 (100).

N2~Acet\-l-9-6'-0-(5-brornopeiitYl)-5'-0-l4A'-dimethoxxtritylE2'-0-

ff(triisoproply)silylo\\']methvl}-ß-D-a]lofurunosvl]guanine (45)
6

jw -NH
Br(CH2)50-i (' J I

N-^m^nhAcDMTO-

ÔH OTOM

As described for 40. with 42 (0.45 g, 0.58 mmol), (/-PrbNEt (0.4 ml, 2.3 mmol),

CICII2CH2CI (2 ml). (/-Bu)2SnCl2 (176 mg, 0.58 mmol) and TOM-C1 (130 mg, 0.58

mmol). Work-up and FC (silica gel. hexane/AcOEt (+2%NEt3) 3:7 to AcOEt (+2%NEt3))

gave 45 (0.31 g, 55%) as a pale yellow foam. TLC (AcOEt): AN 0.24. [a]^5 = - 15.5 (c =

1.0. CHCI3). UV (MeOH): 282 (10900). 276 (11600), 260 (13200), 246 (11600), 231

(26100). IR (CHCI3): 3215m-, 3027m. 2945tr. 2868m, 1704s. 1609m, 1559;/;. 1509/;;.

1464m. 14185. 1374m-. 1298///. 1251s. 1176m-, 1118s. 1037///, 996m\ 831n\ iH-NMR

(300 MHz, CDCI3): 1.01-1.07 (//;. 21 H. S1P/4): 142-1.51 (//;. BrCH2(C//2)2); 1.82-

1.84 (m, Br(CH2)3C772); 2.12 (s, MeCO); 2.95 (77.7 = 3.1. 10.3, H-C(6')); 3.13-3.17

(m, CF120. OH-C(3')): 3.24 (77. 7 = 4.3, 10.3. IP A(6')); 3.39 (/, 7 = 6.8. BrCFI2):

3.60-3.62 (//;. H-C(5')); 3.77, 3.78 (2s. MeO); 4.23 (77. 7 = 3,1. 3.4, H-C(4')): 4.51-
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4.55 (m, H-C(2')); 4.82-4.83 (/// , H-C(3')): 4.89, 5.07 (27. 7 = 5.0, OCH20); 5.85 (7,

J = 6.9, H-C(l')); 6.74-6.79 (///, 4 arom. H); 7.20-7.54 (m, 9 arom. H, H-C(8)); 8.43

(br. s, NH-C(6)); 11.95 (s, H-N(l)). 13C-NMR (75 MHz. CDC13): 11.8 (7.

Si(CHMe2)3): 17.8 (q. Si(CHMe2)A 24.4 {q, MeCO); 24.8 (t, Br(CH2)2CIi): 28.7 (t,

BrCH2CH2); 32.5 (t, Br(CH2)3CH2): 33.8 {t. BrCH2); 55.3 {q, OMe): 69.9, 70.8 (2t,

OCH2, C(6)); 72.5. 77,2. 81.5 (37. C(2'), C(3'), CA)); 85.2, 86.1 (27, C(l'). C(4'));

87.2 (s, CAr2ph); 90.9 (t, OCH20); 113.2. 113.3 (27. arom. C); 121.6 (s, C(5)); 127.1.

127.9. 128.2, 128.4. 130.4, 130.5 (67, arom. C); 136.3, 136.4 (2s, arom. C); 137.5 (7.

C(8)); 146.1 (s, arom. C); 147.0 (s. C(4)): 148.5 (v. C(2)); 155.7 (s. C(6)); 158.7 (s,

MeO-C); 171.2 (s, CO). FAB-MS (NOAB, pos. mode): 994 (3, MA, 992 (3. M+), 693

(20), 691 (17), 303(100).

l-f6'-0-(5-brornopentyl)-5'-0-(4A'-dimethoxxtrityi)-2'-0-

{[(triisopropty)siiyioxy]methyl}-ß-D-allofuranosyl]uracile (46) and l-[6'-0-(5-

bromopentyl)-5'-0-(4A'~diriiethoxytrityl)-2'-0-{[(triisopropiyjsilyioxy]'methyl}-ß-D-

allofuremosyl]uracile (40)

As described for 40, with 41 (1.68 g, 2.4 mmol), (NPr)2NEt (1.5 ml, 4 mmol),

CICH2CH2CI (8 ml), ABu)2SnCl2 (729 mg, 2.4 mmol) and TOM-C1 (700 mg, 3.1

mmol). Work-up and FC (silica gel, hexane/AcOEt (+2%NEt3) 2:8 to 7:3 (+2%NEt3))

gave 46 (1.0 g, 48%) and 40 (480 mg, 23%) as white foams.

Data of'46:
o

(1 NH

Br(CH2)50-, Il A
N"0

O-
"DMTO-

OH OTOM

TLC (hexane/AcOEt 5:5): flt 0.59. [ocl^5 = 31,2 (c = 1.0. CHCI3). UV (MeOH); 268

(9200), 235 (22500), 226 (20700). IR (CHCI3): 3622m-, 3391m-, 3013//;, 2945/;;, 1692s,

1608m;, 1509;/;, 1462/?;, 12525. 1224s. I177w. 1038s, 996m-, 881m;. 1H-NMR (300

MHz, CDCI3): 1.05-1.11 (m, 21 H. SiPrpA 1.43-1.55 (//;, 4H. BrCH2(C772)2); 1.77-

1.87 (m. Br(CFÏ2)3C/72); 3.12-3.25 (m. 2 H-C(6'), CH20. OH-C(3')); 3.40 (t, J = 6.7,

BrCH2); 3.49-3.50 (//;. H-CN5')); 3.80 (s. MeO); 4.10 (77. 7 = 2.2. 4.0, II-CAA: 4.16

(br. /. 7 = 5.6, H-C(3A:4.74-4.77 (m ,
H-C(3A: 4.97. 5.17 (27. 7 = 5.0, OCILO);

5.06 (7, 7 = 8.4. H-C(5)); 5.98 (7. 7 = 5.6. H-C(l')); 6.81-6.85 (;/;. 4 arom. FI); 7.07-

7.51 (m, 9 arom. IL H-C(6)): 8.05 (br. s. H-N(3)). 4C-NMR (75 MHz, CDCI3): 11.9
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(d, Si(CHMc2)3); 17.8 {q, Si(CHMe2)3), 24.8 (t. Br(CH2)2CH2); 28.7 (t, BrCH2CH4;

32.5 (/, Br(CH2)3CH2); 33.7 (t, BrCH2); 55.3 (q. OMe); 69.7, 70.9 (2t, OCH2. C(6')):

69.3, 72.6, 81.2 (37. C(2'). C(3'). C(5')); 85.8. 86.0 (27, C(l'). C(4')); 87.8 (s,

CAr2ph); 90.5 (t, OCH20); 102.3 (7, C(5)); 113.2, 1 13.3 (27. arom. C); 127.1, 128.0,

130.2, 130.6 (47. arom. C): 135.8. 135.9 (2s, arom. C); 140.2 (7. C(6)); 146.3 (s, arom.

C); 150.2 (s, C(6)): 158.7, 158.8 (2s. MeO-C); 162.9 (s, C(4)). FAB-MS (NOAB, pos.

mode): 913 (7, M A. 912 (4. [M-H]A. 911 (7, M A, 910 (4, [M-H]A, 303 (100).

Data ofAS:
o

3r(CH2)50-|
DMTO-

NH

A>
N O

roMO OH

i25TLC (hexane/AcOEt 5:5): AN 0.48. [a]tf
= - 41.5 (c- = 1.0. CHC13). UV (MeOH): 268

(7800), 235 (21700), 227 (20200). IR (CHC13): 3620m>, 339A-, 3018m, 2945///, 1716/;/,

1694s, 1608m;, 1509m, 1462m, 1390m-, 1299m-, 1252s, 1226m, 1178s. 1076m. 1036s,

881m;. 1H-NMR (300 MHz, CDCI3): 1.10-1.14 (m. 21 H, SiP/A): 1.44-1.54 (m. 411.

BrCH2(CH2)2): 1.83-1.87 (m. Br(CH2)3C/72); 3.10-3.20 (m, H-C(ô'), CLEO); 3.31-

3.38 (m, H-C(5'), H-C(6')); 3.41 (/. 7 = 6.8. BrCH2); 3.79, 3.80 (2s, MeO); 3.80 (7, 7

= 7.5, HO-C(2')); 4.08-4.11 (m . H-C(4')); 4.18-4.19 (m , H-C(2')); 4.70 (77, 7 = 2.2,

5.9, II-C(3')): 4.94. 5.20 (27. 7 = 5.7. QCTAO); 5.19 (7, 7 = 7.8, H-C(5)); 5.85 (d, J =

7.5, H-C(l')): 6.81-6.86 (//;. 4 arom. H); 7.21-7.49 (;/;. 9 arom, H. H-C(6')); 8.44 (br.

s. H-N(3)). 13C-NMR (75 MHz. CDCI3): 11.9 (d, Si(CPIMe24): 17.8 (q, Si(CHMe2)3),

24.8 (/. Br(CH2)2CH2): 28.9 (t. BrCFI2CH2); 32.5 (f. BNCEhhCEPA 33.6 (/, BrCH2);

55.3 (q, OMe); 69.7. 70.9 (2t, OCH2. C(6)); 71.0. 72.9. 79.2 (37, C(2'), C(3'), C(5'));

84.6, 87.1 (27, CA), C( D); 87.8 (s, CAr2ph): 90.7 (t, OCH20); 102.5 (7, C(5)):

113.2, 113.3 (27. arom. C); 127.1. 128.0, 130.3. 130.5 (47. arom. C); 135.8, 136.1 (2s,

arom. C); 140.2 (7. C(6)V. 146.2 (s. arom. C): 150.5 (s, C(6)): 158.7, 158.8 (2s, MeO--

C); 162.8 (s. C(4)). FAB-MS (NOAB. pos. mode): 913 (3. MA. 912 (4, [M- FIA). 911

(6, MA, 910 (5. [M- HA). 303 (100),
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N6-Benzoyl-9-[6'-0-(5-bromopeiitYl)-5'-0-(4A'-dimcthoxytrityl)-2'-0-

{f(triisoproply)silyloxx]methyl}-^>-D-allofuranosyl]adenine 3'-f(2-cyanoethyl)

diisopropylphosphoramidite] (35)
NHBz

3r(0H2)5On
<'' X J

^°\o^
N

^ f
—( o OTOM

N-P

-( o--CN

A soin, of 44 (560 mg. 0.17 mmol) in CH2C12 (2.0 ml) was trcatedwith (/-Pr)2NEt (0.24

ml, 1.4 mmol) and 2-cyanoethyl diisopropylchlorophosphoramiditc (153 mg, 0.67 mmol)

and stirred at r.t. for 12 h. EC (aluniiniumoxide, hexane/AcOEt 8:2 to 6:4) gave 35 (605

mg, 90%) as a pale yellow foam (1:1 mixture of diastereoisomers). TEC (hexane/AcOEt

5:5) Af 0.52. UV (MeCN): 277 (20400), 258 (14200). 234 (33300). 224 (31400). IR

(CHC13): 3406m;, 3067m-, 2945m. 2867m-. 1709m. 1611s, 1545;/;, 1509m, 1457s,

1365w, 1300m;, 1250m-, 1179m. 1120m. 1082m, 980m', 932m;, 828w. 1H-NMR (300

MHz, CDCI3): 0.75-0.81 (;/;, 21 H, SiP/4); 1,21-1.27 (m, 12 H. NCHMq); 1.45-1.50

(m, BrCH2(C772)2); 1.72-1.84 (///. Br(CH2)3C7/2): 2.53-2.57 (m, OCH2C7/2CN): 2.94-

2.97 (m, IH, OC/72CH2CN); 3.05-3.11 (;/;. OCFI2); 3.25-3.28 (m, IH, OC7/2CH2CN);

3.36-3.42 (m, IH, BrCH2); 3.48-3.55 (//;. IH. BrCH2); 3.66-3.74 (m, H-C(6').

NC77Me2): 3.78 (s. OMe): 3.81-3.87 (///. H-C(5')): 4.60-4.94 (in, H-C(2'). H-C(3').

H-C(4'), OCH2O); 5.98 (7. 0.5 H, 7 = 7.4, H-C(l')): 6.02 (7, 0.5 H, 7 = 7.4, H-C(l'));

6.81-6.85 (m, A arom. H); 7.21-7.61 (//;, 12 arom. FI); 7.89, 7.91 (2s, FI-C(2)); 8.00-

8.02 (m, 2 arom.H); 8.58, 8.61 (2s, H-C(8)); 9.02 (br.s, NH-C(4)). 13C-NMR (75

MHz, CDCI3): 11.9 (7. Si(CHMe2)3); 17,5 (q, Si(CHMe2)3); 20.2. 20.3 (2/, 7(CP) = 6.8,

CH2CN); 23.6 (t, Br(CH2)2CH2); 24.51, 24.55. 24.61. 24.70, 24.72 (5q, NCHMe2);

28.90, 28.96 (It, BrCH2CH2); 32.4. 32.5 (2t, Br(CH24CII2): 33.8. 34.0 (2/. BrCH2);

43.4 (d, 7(CP) = 12,1, NCHMeA 45.1 (el, 7(CP) = 4.9. NCHMe2): 55.3 (q. MeO); 57.9.

58.4 (2/, 7(CP) = 17.7, OCH2CII2CN); 67.8, 68.0. 70.5. 70.6 (At. OCH2, C(6*)); 72.0,

72.3. 72.8, 73.0. 75.9. 76.4 (67. C(2'). C(3'), C(5')); 84.0, 84.7, 87.6, 88.0 (47, C(l'),

C(4A: 87.0 (s, CAnph); 89.1. 89.5 (2/. OCH20): 113.0 (7, arom. C); 117.7, 117.8 (2s,

CN); 123.6 (7. C(5)): 127.0, 127.8. 128.6. 128.9, 130.2. 130.4, 130.5, 133.8 (87,

arom. C): 132.8. 136.8. 136.9, 137.0. 137.1 (5s, arom. C): 143.2, 143.3 (27, C(8));

145.8 (s. arom.C); 149.4 (s, C(A)): 151.3. 151.5 (2v. C(6)); 152.6 (7, C(2)): 158.6 (5,

MeO-C); 164.4 (s, CO). FAB-MS (NOBA. pos. mode): 1240 (5, [M + HA). 1239 (7.

MA, 1238 (6. [M + HJ+), 1237 (8. ME. 303 (100),



235

m-Acetyl-9-l6'-0-(5-bromopentyl)-5'-0-(4A'-dimethoxytrityl)~2'-0-

{[ (triis op roply) silylo xy]m c t hyl} - a-D -allofuranosyl]guanine 3'-f(2-cyanoethyl)

diisopropylphosphorain idite 1 (36)
o

ZW

3r(CH?)50-|
DMTO-

U.A.

W

NHAc

—( o OTOM

A soin, of 45 (170 mg. 0.17 mmol) in CH2C12 (1.0 ml) was trcatedwith (/-Pr)2NEt (75 pi,

0.43 mmol) and 2-cyanoeth\l dusopropylchlorophosphoramiditc (52 mg, 0.20 mmol) and

stirred at r.t. for 12 h. FC (aluniiniumoxide, hexane/AcOEt 6:4 to 3:7) gave 36 (164 mg,

80%) as a pale yellow foam (14 mixture of diastereoisomers). TEC (hexane/AcOEt : 2:8)

Af0.50. UV (MeCN): 276 (13500), 270 (13000), 239 (24500), 228 (22200). IR

(CHC13): 3213m;, 3012m, 2945m. 2868m-, 2361m-, 1695s. 1609s. 1559m>. 1509m,

1464m, 1403w, 1371m, 1301//;, 1252s, 1179;/;. 1127m, 1036s, 981w, 882w, 828w. bH-

NMR (300 MFÏz, CDCI3): 0.90-1.07 (//;, 21 H, SiP/4): 1.11-1.42 (m, 16 H, NCHMeo,

BrCH2(C772)2); 1.72-1.79 (in, Br(CH2)3C772); 2.15. 2.17 (2s, MeCO); 2.74-2.78 (111,

OCH2C772CN): 2.98-3.15 (///, OCH2); 3.35-3.61 (;/;. OC/f2CH2CN. BrCPK H-C(6').

NC/7Me2); 3.763. 3.767. 3.774, 3.778 (4s. OMe): 3.88-3.91 (;/;, H-C(5T); 4.22-4.42

(m, H-C(2'), H-C(4')): 4.62-4.92 (/;;. H-C(3'). OCH20); 5.80 (d. 0.5 H, 7 = 5.3, H-

C(1')); 5.96 (7. 0,5 H, 7 = 7.5. H-C(l')); 6.74-6.84 (//;, 4 arom. H); 7.21-7.53 (m, 9

arom. H); 9.03-9.11 (m, NH-C(2)); 11.96-12.07 (//;. FI-N(D). 13C-NMR (75 MHz,

CDCI3): I 1.9 (7, Si(CHMe2)3): 17.9 (q, Si(CHMéAA 20.3, 20.4 (2t, 7(CP) = 7.2,

OCH2CH2CN); 24.3 (q, MeCO); 24.8 (t, Br(CH2)2CH2): 24.46. 24.51, 24.59, 24.64

(Aq, NCHMe2); 28.6. 28.7 (It. BrCThCFb); 32.4. 32.6 (2t, Br(CH2)3CH2); 33.6, 33.7

(2t. BrCH2); 43.4, 43.5 (27, 7(CP) = 11.1. NCHMeA 55.3 (q, MeO): 57.8 (/, 7(CP) =

8.7, OCH2CH2CN); 58.7 (t. 7(CP) = 18.8, OCH2CH2CN); 68.7, 69.2, 70.9, 71,2 (4/,

OCH2. C(6')); 74.3. 74.5. 77.2. 784, 87.4. 87.9 (67. C(2'). C(3'), C(5*)); 84.9, 85.3

(27, C(4')); 87.4. 87.9 (27. C( 1')): 87.3 (s. CAr2ph): 90.4. 90.6 (2t, OCILO); 113.3 (7,

arom. C); 1J7.7, 117.8 (2s. CN): 122.2 (7, C(5)); 127.3. 127.4, 128.1, 128.4, 128.5,

128.7. 130.4 (77. arom, C): 135.4, 135.5. 136.1 (3s. arom. C): 137.8. 138.4 (27, C(8));

145.5, 146.1 (2s, arom.C): 147.7. 147.8 (2s. C(4)): 148.7. 148.9 (2s, C(2)); 155.2.

155.3 (2s, C(6)): 158.8, 158.9 (2s. McO-O: 170.1 (v. CO). FAB-MS (NOBA, pos.

mode): 1195 (4, [M + HJ4. 1 194 (6, itN), 1193 (4. [M + H]+), 1 192 (5. MA- 303 (100).
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l-[6'-0-(5-bromopentyl)-5'-0-(4,4'-dimetïwx\tntyl)-2'-0-

{[(triisopropyl)silxloxx /methyl}-$-D-allofuranosyl /uracile 3'-[(2-cyanoethyl)

diisopropylphosphoramidite] (37)
o

Br(CH2)50-|
DMTO

Cm

W

X

N^O

—{ O OTOM

N~p'
^ CM

A soin, of 46 (170 mg, 0.17 mmol) in CH2C12 (1.0 ml) was treated with (;-Pr)2NEt (75

pi, 0.43 mmol) and 2-cyanoethyl diisopropylchlorophosphoramidite (52 mg, 0.20 mmol)

and stirred at r.t. for 12 h. FC (aluniiniumoxide, hexane/AcOEt 6:4 to 3:7) gave 37 (184

mg, 90%) as a white foam (1:1 mixture of diastereoisomers). TEC (hexane/AcOEt : 6:4) Af

0.39. UV (MeCN): 269 (9700). 238 (23100). 226 (19100). ÏR (CHC13): 3408w, 3019m;,

2965m, 2868m;, 2360m\ 1719//;. 1694s. 1608//;, 1509m, 1462;/;, 1386w, 1302m;,

1252m, 1218m. 1178m. 1117m-. 1036/;;. 980m-. 882m-. 828w. UT-NMR (300 MHz,

CDCI3): 0.95-1.05 (m, 21 FI, SiPr'3; 1.10-1.22 (;/;, 12 H, NCFIMe2); 1.37-1.42 (/;/,

BrCH2(C772)2); 1.70-1.81 (//;, Br(CH2)?C/72): 2,53 (t, 7= 6.7, 0.5 H, OCH2C772CN):

2.54 (t, J = 6.2, 0.5 II. OCH2C7/2CN); 2.62 (/. 7 = 6.2, 1 H. OCH2Cff2CN); 2.97-3.11

(m, OCH2); 3.35-3.67 (;/;. BrCEb. H-C(5'), H-C(6'). NC/7Mc2); 3.80 (s, OMe); 4.30-

4.36 (m, H-C(2*), H-C(4')); 4.68-4.81 (//;. H-C(3')); 4.87, 4.92. 4.94, 4.97 (47,7 =

5.0, OCH20); 5.23 (7, 7 = 8.1. H-C(5)): 6.00 (7, 0.5 H, 7 = 5.8, FI-C(P)); 6.01 (el, 0.5

PI, 7 = 7.5, H-C(l')); 6.81-6.85 (//;, 4 arom. H); 7.06-7.49 (;;;, 9 arom. Fl, H-C(6));

8.21 (br. s, H-N(3A LA-NiMR (75 MHz. CDCI3): 12.0 (7, Si(CHMe2)3); 17.8 (q,

Si(CHMe2)3); 20.2, 20.4 (2/. 7(CP) = 6.1, OCH2CH2CN): 23.5 (7. Br(CII2)2CH2);

24.48, 24.50, 24.63. 24.69, 24.73. 24.74 (6q. NCHMc2); 28.7, 28.8 (2t. BrCH2CH2);

32.4, 32.6 (It, Br(CH2)3ClI2): 33.6, 33.7 (It. BrCHA: 43.4. 43.6 (27, 7(CP) = 4.9,

NCHMe2); 55.4 (q. MeO); 57.7 (t, ,/(CP) = 18.3, OCH2CH2CN); 58.7 (t, 7(CP) = 15.8.

OCH2CH2CN); 68.8. 69.2, 71.6, 71.7 {At. OCPK C(6')); 70.7, 70.8, 70.9, 72.5 (47,

C(2'). CAN C(5')): 84.6. 85.6. 86.4, 87.0 (47, C(T). C(4')); 87.77, 87.81 (2s,

CAroph): 89.3. 89.7 {2t. OCFUO); 102.5. (7. C(5)); 113.4. 113.5 (27, arom. C); 117.8,

118.0 (2s. CN); 127.3. 128.1, 128.5, 130.5, 130.8, 130.9 (67, arom. C); 136.28,

136.32. 136.42 (3s, arom. C); 141.0 (7. C(6)); 146.2. 146.3 (2s, arom.C); 150.3 (5.

C(4)): 162.9 (2s. C(6)); 159.0. 159.1 (2s. MeO-O, FAB-MS (NOBA, pos, mode): 1114

(6, [M+HJA. 1113(10. MA. 1 112(7, |M + H]+). 1111 (11, MA, 303 (100).
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[(3 '-bromo-propyl)oxy]methyl-thiomethyl ether (56)

bA\/v'o"'Nvsx'

A soin, of 3-bromopropanolc (8.8 g, 0.1 mol), DMSO (108 ml, 1.8 mol), Ac20 (94 ml.

1.0 mol) and AcOFI (68 ml, 1.2 mol) was kept at r.t. for 7 days. Extraction (hexane / sat.

NaHC03) and distillation (75° / 10 mmHg) gave 56 ( 10 g, 50%) as a yellow liquidNH-

NMR (300 MHz): J .98-2.03 (///. CH2); 2.14 (s, MeS); 3.37 (/, 7 = 6.5, BrCH2); 3.51 (t,

J =5.4, OCH2); 4.63 (s. OCPLS). 13C-NMR (75 MHz): 29.9 (/, CH2); 31.6 (q, MeS);

32.2 (/, BrCH2): 66.5 (t. CH20); 74.4 (t, OCH2S).

[(3'-bromo-propyl)oxy]chloromethane (55)

bA^^A^C!

Sulfuryl chloride (4.3 ml, 0.1 mol) was added dropwise a solution of 56 (10 g, 0.05 mol)

in CH2CI2 (240 ml) at 0°. Aie solution was stirred at r.t. for 1 h. Evapration and distillation

(53° / 0.3 mmHg) gave 55 (4.7 g, 42%) as a yellow liquid. 1H-NMR (300 MHz): 2.02-

2.10 (m, CH2); 3.43 (/, 7 = 6.4. BrCH2): 3.61 (t, J = 5.0, OCH2); 4.63 (5, OCH2Cl).

13C-NMR (75 MHz): 30.1 (t, CH2); 32.7 (t, BrCH2); 66.5 (/. Cli20); 82.0 (/, OCH2Cl).

N6-Acetyl-9-[2'-0-(3-(bromopropyloxy)7nethyl))-5'-0-(4A'-dimethoxytrit)'l)-ß-D-

ribofuranosyl]adenine (61) and N6-Acetyl-9-[3'-0-(3-(bromopropyloxyfnethylA4'-0-

(4A'-dimelhoxx1rityl)~ß-D-ribofuranosyl]adenirie(65)

A soin, of 57 (1.5 g, 2.5 mmol) and (NPr)2NEt (1.7 ml, 10 mmol) 111 CICH2CH2C1 (10

ml) was treated with Bu2SnCl2 (0.75 g, 2.5 mmol) at r.t. for 1.5 h. Then the mixture was

heated to 70°, treated with 55 (630 mg, 3.6 mmol) and stirred for 15 min at 70 °. Work-up

and EC (silica gel, hexane/AcOEt (+2%-NEt3) 8:2 to AcOEt/EtOH 9:1 (+2%NEt3)) gave 61

(941 mg, 51%) and 65 (370 mg. 20%) as pale yellow foams.

Data of 61:

NHAc

DMTO

TLC (AcOEt/EtOH 9:1): Ar0.54. [a]^ = 1.3 (c = 1.0. CHCI3). UV (MeOH): 272

(17900). 253 (12500), 234 (18400). IR (CHCI3): 3374m-, 3028m-. 2934m;, 1728m;,

1703m. 1608s. 1588m. 1509///, 1463m. 1375m-, 1297//;. 1251/;;. 1233m. 1208s, 1177m,

1098m. 1037//;. 913m-. 829m-. Al-NMR: 1.80-1.98 (//;. CHA 2.16 (5. MeCO); 2.78 (el,



238

7 = 5.0, OH-C(3')); 3.37 (t, J = 6.5, BrCHN; 3.41-3.67 (m, OCH2, H-C(5')): 3.78 (s,

OMe); 4.25-4.28 (m. FI-C(4')); 4.53-4.56 (//;. FLC(3')): 4.83 (s, OCTbO); 4.94 (77,7

= 5.0. 5.4, H-C(2')); 6.23 (7, 7 = 5.4. H-C(l')): 6.78-6.83 (/?;, 4 arom. H); 7.19-7.44

(;;/, 9 arom. H); 8.18 (s. H-C(2)); 8.61 (s, H-C(8)); 8.66 (br. s. NH-C(6)). HC-NMR

(75 MHz, CDC13): 25.6 {q. MeCO). 29.9 (t, CH2); 32.2 (/, BrCH2); 55.3 (q, MeO); 63.1.

66.3 (2i, OCH2, C(5')); 78.2. 80.1. 84.1 (37. C(2'). C(3'), C(4')); 87.1 (s, CAr2ph);

89.5 (7, C(l')); 95.9 (t, OCIEO); 113,4 (7, arom. C): 127 0, 127.9. 128.1, 130.1 (47.

arom. C); 128.4, 135.5, 135.6 (3s, arom. C); 141.6 (7. C(8)): 144.4 (s. arom. C); 149.4

(s, C(4)); 151.0 (s, C(6)); 152.5 (7, C(2)); 158.6 (s. MeO-C). FAB-MS (NOBA, pos.

mode): 765 (47, [M + HA). 764 (100. M+). 763 (59, [M + R]E. 762 (94, MA, 303 (51).

Data of 65:

NHAc

TLC (AcOEt/EtOH 9:1): Ai 0.43. [a]g = - 5.7 (c = 1.0, CHCI3). UV (MeOH): 271

(18200), 253 (13500). 234 (24700), 229 (24300). IR (CHC13): 3373m;, 3016;//, 2935m/,

1729w, 1704m, 1609s, 1588;;;. 1509m. 1462m. 1375m-, 1296m. 1252m, 1226m, 1206s-,

1177m, 1086w, 1036;/;. 912ir, 833w. 'H-NMR (300 MHz, CDCI3): 2.04-2.08 (m.

CFÏ2); 2.61 (s, MeCO): 3.17-3.71 (m, BrCPA. OCH2, H-C(5')): 3.77, 3.78 (2s, MeO);

4.09 (br. s, OH-C(2')); 4.37-4.39 (;;;, H-C(4')); 4.48 (77. 7 = 3.4, 5.0, H-C(3')); 4.80,

4.84 (27, 7 = 67. OCFEO): 4.82-4.88 (m. H-C(2')); 6 04 (7. 7 = 5 6, H-Cfl')): 6.73-

6.82 (m. 4 arom. H); 7.16-7.38 (m. 9 arom. H): 8.19 (s. H-C(2V); 8.62 (s, H-C(8));

8.71 (br. s, NH-C(6)). l A-NMR (75 MHz, CDCP4: 25 7 (q. MeCO); 30.1 (t, CH2);

32.4 (/, BrCH2): 55.2 {q. MeO): 63.0. 66.0 (2t. OCH2. C(5')); 74 4. 77 0, 83.2 (37,

C(2'), C(3'), C(4A: 86.7 (s, CAr2ph); 89.4 (7, C(D). 95.7 (t. OCFLO); 113.2 (7. arom.

C); 122.1 (s, C(5)): 127 0, 127 9. 128.1. 130.1 (47, arom C); 135,5, 135.6 (2 s, arom.

C); 141.5 (7, C(8)); 144.4 (s. arom. C); 149.3 (s, C(4)); 152.3 (s. C(6)); 158.6 (s, MeO-

C). FAB-MS (NOBA, pos. mode): 765 (34, [M + Hl+L 764 (67. MA 763 (34, [M +

HJA, 762 (64. MA, 303 (100).
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N4-Acetyl-l-[2'-(3-(bromopwp\loxy)metliyl))-5'-0-(4,4'-dimethoxytrityl)-ß-D-

allofuranosyl] adenine 3'-[2-cxanoethyl) diisopropylphosphoramidite / (51)
NHAc

DMTO

A soin, of 61 (705 mg. 0.87 mmol) in CH2C12 (3 ml) was treated with (;-Pr)2NEt (0.4 ml,

2.2 mmol) and 2-cyanoethyl diisopropylchlorophosphoramidite (266 mg, 1.13 mmol) and

stirred at r.t. for 12 h. FC (aluminiumoxide, hexane/AcOEt 6:4 to 9:1) gave 51 (760 mg,

92%) as a pale yellow foam (1:1 mixture of diastereoisomers). TLC (hexane/AcOEt 2:8)

Af0.35. UV(MeCN): 271 (19300), 254 (14700). 236 (22300), 229 (20800). ÏR

(CFICI3): 3014m, 2974m;, 2337w, 1806//;, 1706m-, 1610s, 1590m;, 1509m, 1462m.

1412m;, 1373vv, 1252s, 1180m, 1097m, 1035m, 1003m-, 839m;. 1H-NMR (300 MHz

CDCI3): 1.06-1.29 (//;, 12 H, NCPi4A2): 1.78-1.96 (m. CH2); 2.39 (t, 0.8 H, 7 = 5.6

OCH2C7/2CN); 2.60 (s. MeCO): 2.65 (t. 1.2 H, 7= 5.6, OCH2C772CN); 3.27-3.73 (///

H-C(5'), OCHo, BrCEb OC/72CH2CN, N(C/7Me2)2); 3.77, 3.78 (2s, OMe): 4.32-4.35

(m, 0.6 H, PI-C(4A; 4.40-4.42 (///. 0.4 H. H-C(4')); 4.65-4.67 (m, H-C(3')): 4.69-

4.85 (//;, OCH20); 5.08-5.13 (m, H-C(2')); 6.19 (7. 0.4 II, 7 = 5.9, H-C(l')); 6.21 (7

0.6 H, 7 = 1.5. H-C(l')): 6.76-6.83 (/?;. 4 arom. H); 7.19-7.44 (m, 9 arom. FI); 8.19

8.20 (2s, 1 H. H-C(2)): 8.59, 8.61 (2s. 1 H. H-C(8)); 8.68 (br. s, NH-C(6)). 13C-NMR

(75 MHz. CDCI3): 20.2. 20.4 (2/, 7(CP) = 7.1, CH2CN); 24,3, 24.4, 24.5, 24.7 (Aq,

NCHMe2); 25.7 (q, MeCO): 30.1 (/, CH2); 32.3 (t, BrCEE): 43.1, 43.4 (27, 7(CP) = 6.9

NCPLMeo); 55.3 (q, MeO): 58.1. 58.9 (2f, 7(CP) = 13.9, OCH2CH2CN): 63.0, 66.0 (2/

OCHo, C(5')); 71.1. 71.3. 71.7. 71.9, 83.8. 83.9 (67, C(E). C(3'), C(4')); 86.7, 86.8

(27. C(l')); 87.0 (s. CAr2ph): 95.1. 95.2 (2t, OCH20): 1 13.2 (7. arom. C); 117.4, 117.6

(2s, CN); 122.2 (5, C(5)); 127.0 (s, arom. C): 127.9, 128.2. 128.3, 130.1. 130.2 (57,

arom. C); 135.5, 135.6 (2s. arom. C); 141.9 (7. C(8V): 144.4, 144.5 (2s, arom.C), 149.2

(s, C(4)); 151.2 (s. C(6)); 152.4 (7. C(2)), 158.6. 158.7 (r. MeO-C); 170.1 (s, CO). 3ip_

NMR (202 MHz. CDCI3): 150.9. 151.1. FAB-MS (NOBA. pos. mode): 965 (16, [M+

HA), 964 (38, [MJ + ). 963 (11. [M + H]+). 962 (37. [M]+), 787 (34), 785 (35), 303

(100).
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N4-Acetyl-l-[2'-0-(3-(bromopropyloxy)methyI))-5'-0-(4,4'-dhnetlioxytrityl)-ß-D-

ribofuranosyl[cytosine (62) and E\4-Acet\l-l-[3'-0-(3-(bromopropyloxy)methyl))-5'-0-

(4A'-elirnethoxytrityl)-ß-D-ribofuranosy]Jcytosirie(66)

A soin, of 58 (1.47 g, 2.5 mmol) and (/-Pr)2NEt (1.7 ml, 10 mmol) in C1CII2CFI2C1 (10

ml) was treated with Bu2SnCl2 (760 mg, 2.5 mmol) at r.t. for 1.5 h. Then the mixture was

heated to 70°, treated with 55 (610 mg. 3.3 mmol) and stirred at 70° for 15 min. Work-up

and FC (silica gel, hexane/AcOEt (+2%AEt3) 7:3 to AcOEt/EtOH 9:1 (+2%NEt3)) gave 62

(833 mg, 45%) and 66 (370 mg. 20%) as pale yellow foams.

Data of 62:

NHAc

DMTO-i N O

HO

TLC (AcOEt/EtOH 9:1): Rt 0.63. [a]^ = 40.9 (c = 1.0. CHC13). UV (MeOH): 299

(6600), 290 (6100). 283 (6500), 278 (6000). 271 (5800), 236 (26700), 226 (23300). IR

(CHCI3): 3401m-, 3011m. 2961m>, 1723m. 1661s, 1610m, 1554m, 1504m, 1462s,

1362m, 1306m, 1252//;, 1224s. 1206m-. 1177/;;, 1102m, 1036;;;, 909m;. 829w. Al-NMR:

2.06-2.14 (m, 2H, CHA 2.22 (s, MeCO); 2.71 (el, J = 9.3, OH-C(3')); 3.48 (t, J = 6.4.

BrCH2); 3.52-3.74 (//;. OCH2. H-C(5')V. 3.81, 3.82 (2s, OMe); 4.11-443 (//;, H-

C(4A; 4.24 (br. 7. 7 - 5.0. H-C(2A: 4,43-4.46 (m. H-C(3'); 4.95, 547 (27, 7 = 6.5,

OCH2O): 5.99 (s. H-C(l')): 6.85-6.89 (/;;. 4 arom. H); 7.08-7.44 (m, 9 arom. H, PÏ-

C(5)); 8.47 (7, 7 = 7.4, H-C(6)); 9.21 (br. 5, NH-C(4)). 13C-NMR (75 MHz, CDCI3):

24.9 (q, MeCO); 30.4 (/. CI1A 32.5 (t, BrCH2); 55.3 (q, MeO); 61.0, 66.3 (2/, OCH2,

C(5')); 68.0, 80.2, 83.2 (37. C(2'), C(3«), C(4A: 87.1 (5. CAnph): 89.5 (7, C(l')); 95.2

(t, OCH20); 96.7 (7. C(5)); 113.4 (el. arom. C); 127.2, 128.0. 128.1. 128.4, 130.2 (57,

arom. C); 135.2, 135.5 (2s, arom. C); 144.3 (s. arom. C): 144.7 (7. C(6)); 155.3 (s,

C(2)); 158.7 (s, MeO-C); 162.8 (s, C(4)): 170.4 (5. CO). FAB-MS (NOBA, pos, mode):

740 (92, [M + H]+), 739 (45. M4. 738 (74. [M + H]A. 737 (14. M+). 303 (100).

NHAc

Data of 66:

NI

Ùo
DMTO-i N O

Br\x^\^-°\^° 0H

TLC (AcOEt / EtOH 9:1 ): Ai 0.53. \a\2^ = 11.8. (c = 1.0, CUCh). UV (MeOH): 299
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(5600), 290 (5100). 284 (5400), 271 (4700), 236 (23300), 227 (20900). IR (CHC13):

3400m;, 3012m, 2960iv, 1724///, 1658;/;, 1610m-, 1554m, 1510m, 1482s, 1444m;,

1382/;;, 1307m, 1252s, 1177m, 1114m, 1036//;. 909iv. 830m>. ]H-NMR (300 MHz,

CDCI3): 2.01-2.06 (;;;, CHA 2.24 (s, MeCO); 3.35-3.67 (m, BrCH2, OCH2. FI-C(5'),

OH); 3.81 (s, 2 MeO); 4.27-4.39 (m, H-C(2'). H-C(3'). H-C(4')); 4.70, 4.77 (27,7 =

6.8, OCH20); 5.94 (7.7 = 2.8. H-C(l')): 6.84-6.88 (;/;. 4 arom. H); 7.16-7.39 (m, 9

arom. H, H-C(5)): 8.31 (7.7 = 7.5. H-C(6)); 9.16 (br. s. NH-C(4)). 13C-NMR (75

MHz, CDCI3): 25.0 (q.Ah'CO): 30.2 (t. CH2); 32.4 (/, BrCHo): 55.3 (q. MeO); 61.7,

65.9 (2t, OCH2, C(5')): 74 9. 75.5, 82.4 (37, C(2'). C(3'). C(4')); 87 0 (y, CAr2ph);

92.2 (7, C(P)); 95.4 (t, OCÏUO); 96.7 (7, C(5)); 113.3 (el, arom. C); 128.0, 128.1,

128.4, 130.3 (47, arom. C): 135.2, 135.3 (2 s, arom. C); 144.1 (7, arom. C); 144.6 (7,

C(6)); 155.7 (s, C(2)): 158.8 (v, MeO-C): 162.6 (5, C(4)); 170.0 (s, CO). FAB-MS

(NOBA, pos. mode): 740 (38, [M + H]+), 739 (25, M+), 738 (38, [M + H]+), 737 (11,

MA- 303 (100).

N4-AceM-l-l2'-(3-(bronioprop\Io\\)7netlnl))-5'-0-(4A'-dimethoxytrir\'l)-ß-D-

allofuranosyJ/ cytosine 3'-/2-cyanoetlnl) diisoj)ropylphosphoraniidite[ (52)

NY
A soin, of 62 (566 mg, 0.77 mmol) m CH2C12 (2 ml) was treated with (NPr)2NEt (0.34

ml. 1.9 mmol) and 2-cyanoethyl diisopropylchlorophosphoranudite (218 mg, 0.92 mmol)

and stirred at r.t. for 12 h. FC (silica gel, hexane/AcOEt 6:4 to 2 8) gave 52 (639 mg,

$9%) as a pale yellow foam (PI mixture of diastereoisomers). TLC (hexane/AcOEt 1:9):

A( 0.40. UV (MeCN); 304 (6600), 290 (5600). 283 (6100), 237 (27900). 226 (22700).

IR (CHCJ3): 3401u. 3011m. 2969//;. 2361m, 1722m. 1664m, 1609m;, 1555m, 1509m,

1482s, 1383m-, 1307m. 1251/?;. 1179/», 1120m, 1035m, 980m;, 830m;. 1H-NMR (300

MHz, CDCI3): 0.99-1 29 (//;, 12 H. NCFI3A4: 2.08-2.18 (;;;. CH2); 2.205, 2.213 (2s,

MeCO): 2.40. 2.61 (2/. 7= 6.2. OCH2C/72CN); 3 41-3 76 (//;, H-C<5'), OCH2, BrCH2)

OCH2CU2CN, N(C77Me2)2): 3 81. 3 82 (2s. OMe). 4 22-4 53 (//;, H-C(2'), H-C(3'),

H-C(4')): 4.89-5.01 (m. OCH20): 6 06 4, 0.5 H. H-C( 1')). 6 09 (7. 0 5 H. 7 = 1.5. H-

C(D); 6 80-6.98 (//;. 4 arom. 11); 6 95 (7. 0.5 II. J = 7.6. H-C(5)); 7.00 (7, 0.5 H, 7 =

7.5, H-C(5)); 7.23- 7.44 (//;. 9 arom. H). 8.42 (7. 0.5 II, 7 = 7.5, H A(6)): 8,52 (7, 0,5
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FI, ,7 = 7.8, H-C(6)); 9.09. 9.13 (2 br. s. NH-C(4)). 13C-NMR (75 MHz, CDC13): 20.2,

20.4 (2t, 7(CP) = 6.9, CPLAN); 24.4. 24.5. 24.6. 25.0 (Aq, NCHMe2, MeCO); 30.7 (t,

CH2); 32.8 (t, BrCH2): 43.1. 43.3 (27. 7(CP) = 7.0. NCHMeo); 55.2 (q, MeO); 58.2 (t,

7(CP) = 15, OCH2CH2CN); 60.6, 61.0. 65.2, 66.1 {At. OCH2. C(5')): 69.1, 76.6, 78.6.

79.1, 82.0, 86.4 (67, C(E), C(3'), CA)): 87.08, 87.15 (2s, CAr2ph); 89.8 (7. C(l'));

94.9, 95.1 (2t, OCH20); 96.4 (7, C(5)); 113.3 (7, arom. C); 117.4 (s, CN); 127.3,

128.0, 128.4, 130.1. 130.3. (57. arom. C); 128.3, 135.1, 135.2. 135.3 (4s. arom. C);

144.1. 144.2 (2s, arom. C); 144.9 (7. CEE). 155.2 (s, C(2)). 158.8 (s, MeO-C); 160.6

(5, C(4)); 170.1 (5. CO). ^P-NMR (202 MHz, CDCI3): 150.2, 151.3. FAB-MS (NOBA.

pos. mode): 941 (11, [M + H]A, 940 (18, [M]+), 939 (1 1, [M + H]+), 938 (17, \M]+),

303 (100).

N2-Acetyl-9E2'-0-(3-(bromopropyloxy)methxl))-5'-0-(4A'-dimethoxytriEl)-ß-D-

ribofuranosyl]guanine (63) and N2-acefyl-9 [3'-ö-(3-(brornopropyloxy)methyl))-5'-0-

(4A'-dimethoxytrityl)-ß-D~ribofuranosyl/guanine (67)

A soin, of 59 (1,57 g, 2.5 mmol) and (/-Pr)2NEt (1.7 ml, 10 mmol) in C1CH2CH2C1 (10

ml) was treated with Bu2SnCl2 (760 mg, 2.5 mmol) at r.t. for 1.0 h. Then the mixture was

heated to 70°. treated with 55 (470 mg, 2.5 mmol) and stirred at 70
° for 15 min. Work-up

and FC (silica gel, hexane/AcOEt (+2%NEU) 5:5 to AcOEt (+2%NEt3)) gave 63 (1.18 g,

60%) as a pale yellow foam and 0.1 g of a mixture of by-products. From this mixture, 67

(8 mg, 1%) was isolated by prep. TLC (CII2Cl2/McOH 9:1) as a pale yellow foam.

Data of 63:

DMTO

TLC (AcOEt/EtOH 9:1): A] 0.48. [a]^ = 1.5 (c = 1.0, CHCI3). UV (MeOH): 275

(13000). 271 (12900). 235 (26700), 226 (25200). IR (CIICI3): 3369w, 3222m>, 3022m,

2935m;, 1703s, 1674s. 1563/;;, 1509m. 1463m-, 1411//;. 130hr, 1253m, 1226s, 1178m;,

1095m. 1036m, 996m-, 830m-, 1H-NMR: 1.76 (5, MeCO): 1.94-1.97 (m. CH2): 3.18 (br.

5, OH-C(3A; 3.22-3.73 (m. BrCH2. OCPK H-C(54; 3.75, 3.76 (2s. OMe); 4.21 (br.

s, H-C(4')): 4.23 (br. v. H-C(3A; 4.74, 4.80 (27. 7 = 6.8. OCH20); 5.07-5.10 (m, H-

C(2')); 5.70 (7. ,7 = 6.2, H-C( 1 A; 6.75-6 84 (//;. 4 arom. PI): 7.15-7.50 (;/;. 9 arom. H);

7.87 (s. H-C(8)); 8.73 (s. NH-C(6)): 1 1 94 (s. H-N(D), i-A-NMR (75 MHz. CDCI3):

23.7 (q, MeCO); 30.1 (/. CPU): 32.2 (t. BrCH2): 55.3 (q, MeO); 63.8. 66.1 (2/, OCH2,
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C(5')); 70.5, 78.9, 84.3 (37, C(2'). C(3'), C(4')); 86.5 (el, C(1T): 87.1 (s, CAr2ph); 95.7

(/, OCH20); 113.3 (7. arom. C): 122.0 (s. C(5)); 127.2, 128.1, 128.4, 130.1 (47, arom.

C); 135.5, 135.9 (2s. arom. C); 139.0 (7. C(8)); 144.9 (s, arom. C); 147.2 (s, C(4));

148.4 (s, C(4)); 155.6 (s, C(6)); 158.8 (s, MeO-C); 171,9 (s. CO). FAB-MS (NOBA,

pos. mode): 781 (36, [M + H1+). 780 (52, M+), 779 (18. [M + HJ+), 778 (69, M+), 303

(100).

Data of 67:

DMTO-i if 'N NHAc

TEC (AcOEt/EtOH 9:1): Ar0.40. 1H-NMR: 1.64-1.67 (;//, CH2); 1.79 (s, MeCO); 3.11 —

3.16 (m, H-C(5*)); 3.26-3.58 (m, BrCH2, OCH2, H'-C(5')); 3.74. 3.76 (2s, OMe);

4.10-4.12 (;/;, H-C(4')); 4.30-4.33 (m. OCH20); 4.45-4.48 (m, H-C(3')); 4.51 (br. el,

J = 5.0, OH-C(24); 4.98-5.02 (///, H-C(2')); 6.00 (7, 7 = 6.5. H-C(l')); 6.71-6.83 (m,

4 arom. H); 7.10-7.46 (///. 9 arom. H); 7.81 (s, H-C(8)); 8.92 (br. s, NH-C(6)); 11.95

(br. s, H-N(l)). 13C-NMR (75 MHz, CDCh): 23.6 (q, MeCO); 30.2 (t, CH2); 31.6 (t,

BrCH2); 55.1 (q, MeO): 62.4, 64.8 (2t, OCH2, C(5')); 68.7, 74.9, 82.6 (37. C(24

C(3'). C(4A; 86.9 (7. C(IA: 87.9 (s. CAr2ph): 94.8 (/, OCHoO); 113.2 (7, arom. C);

123.8 (s. C(5)); 128.0. 128.2. 128.5. 130.1 (47, arom. C); 135.1, 135.6 (2s, arom. C):

138.7 (el, C(8)); 144.9 (5. arom. C): 147.9 (s, C(4)); 148.4 (s, C(4)); 155.5 (s, C(6));

158.7 (s, MeO-C): 172.1 (s. CO). FAB-MS (NOBA. pos. mode): 780 (10. MA, 778 (8,

MA, 653 (4), 561 (5). 303 (100).

W-Acetyl-Ef2'-(3-(bre)mopropyloxx)methyl))-5'-0-(4A'-dimethoxytrityl)-ß~D-
allofuranosyl]guarnne 3'-/2-cxanocth\l) diisopropxlphosphoramidite [ (53)

o

DMTO-i AN NHAc

NC^° P'°
1

A soin, of 63 (990 mg, 1.27 mmol) in CH2C12 (4 ml) was treated consecutively with (/-

Pr)2NEt (0.54 ml, 3.2 mmol) and 2-c\anoeth\l diisopropylchlorophosphoramidite (360

mg, 1.5 mmol) and stirred at r.t. for 12 h. EC (silica gel, hexanc/AcOEt (+2% Et3N) 6:4)
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to AcOEt (+2% Eb$N) gave 53 (1.03 mg, 83%) as a pale yellow foam (1:1 mixture of

diastereoisomers)- TLC (hexane/AcOEt 1:9): AiO.51. UV (MeCN): 281 (12900), 269

(11800), 238 (23700), 224 (19600). IR (CHCI3): 3385u>, 3020s, 2973m, 224lw, 1806m;,

1701s, 1608m, 1560m, 1509m. 1494m-, 1412m, 1301m-, 1253s. 1178m. 1126m-, 1094m,

1034s, 1002w, 835m-, H4-NMR (300 MHz, CDCI3): 1.00-1.19 (m. 12 PI, NCHM?2):

1.59, 1.74 (2s, CH3CO): 1.86-1.94 (//;, CH2); 2.31 (t.J = 6.2, Hi, OCH2Cff2CN);

2.72-2.78 (m, IH, OCH2C7/2CN); 3.17-3.19 (m, IH, H-C(5')); 3.26-3.29 (m,

BrCH2); 3.42-3.66 (m. H'-C(5'). OCH2. N(C77Mc2)2); 3.75, 3.76. 3.77 (3s, OMe);

4.23, 4.34 (2br. s, H-C(4')): 4.52-4.61 (m, H-C(3'): 4.64-4.80 (m, OCIUO); 5.13-

5.22 (;/;. Ii-C(2')); 5.86 (7. 7 = 6.5. 0.5 PL H-C(l')); 5.98 (el, 0.5 H, .7 = 8.5, H-C(l'));

6.77-6.82 (;;;, 4 arom. H): 7.19-7.55 (;/;. 9 arom. H); 7.79, 7.83 (2s, H-C(8)): 8.60,

8.46 (2br. s, NH-C(2)); 11.88 (br. s, H-N(l)): 13C-NMR (75 MHz, CDCI3): 20.2 (m,

CH2CN); 23.5, 23.6 (2q, MeCO); 24.5, 24.6. 24.7 (3q. NCHMe2); 30.1 (/. CH2); 32.4,

32.5 (It, BrCH2); 43.1. 45.4 (27, 7(CP) = 12.2. NCHMc2); 55.4 (q, MeO); 57.4 (t,

7(CP) = 19.5, OCH2CH2CN); 59.0 (/. 7(CP) = 13.4. OCH2CH2CN): 63.6, 63.8 (2t,

C(5')); 66.0, 66.2 (2t, OClh): 70.7 (7. 7(CP) = 17.1), 71.8 (7, 7(CP) = 13.4), 76.4,

76.8 (27), 84.5 (7. 0(2'). C(3'), C(4')); 86.1, 88.0 (el, C(P)); 86.5, 86.8 (2s, CAr2ph);

95.0 (/, OCH20); 113.4. 113.5 (27, arom. C); 117.7, 118.3 (2s, CN); 122.2, 122.9 (2s,

C(5)); 127.35. 127.42. 128.26. 128.33, 128.4. 130.3, 130.4 (77, arom. C); 135.7.

135.9, 136.0. 136.4 (4s. arom. C): 138.3, 139.5 (27. C(8)), 144.9, 145.3 (2s, arom CV.

147.1, 147.5 (2s, C(4)): 148.4. 148.7 (2s, C(2)), 155,8 (s. C(6)), 159.0 (s, MeO-C);

171.8, 171.9 (2s. CO). 31P-NMR (121 MHz, CDCI3): 150.4, 150.8. FAB-MS (NOBA.

pos. mode): 981 (16. [M + H]+). 980 (38. [M]+), 979 (10, [M + H]+), 978 (36, [M]+),

787 (40), 785 (38). 303 (100).

l-[2'-0-(3-(bromopropyloxxhnethyl))-5'-0-t4A'-dbncllw\ytnt\[)-ß-D-ribofiiranosyl]

uracile (64) and J-[3'-0-(3-(broniopropxlo\\ )meth\l))-5'-O-{4A'-dimethoxytrityl)-ß-D-

ribofuranosyI[uracile ( 68)

A soin, of 60 ( 1.1 g. 2.0 mmol) and (NPiANEt (1.4 ml, 8 mmol) in ClCH2CH2Ci (6 ml)

was treated with Bu2SnCI2 (608 mg. 2.0 mmol) at r.t. for 1.0 h. Then the mixture was

heated to 70°, treated with 55 (488 mg, 2.6 mmol) and stirred at 70° for 15 min. Work-up

and FC (silica gel. hexane/AcOEt (+2%NEt3) 5:5 to AcOEt (+2%NEt3)) gave 64 (530 mg,

38%) and 68 (418 mg. 30%) as pale yellow foams.
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Data of 64:

DMTO

TLC (hexane/AcOEt 7:3): ftf0.55. [u]if = 17.1. (c = 1.0. CHC13). UV (MeOH): 264

(9700), 256 (9500), 233 (22900), 227 (22300). IR (CHCI3): 3391m;, 3018/;/. 2959m-,

1691s, 1608w, 1510m. 146br. 1390m-, 1299m-, 1276m-, 1253/;/, 1221m. 1178;/;,

1102w, 1036m, 909m-. 830m-, JH-NMR: 2.07-2.15 (/;;, CH2): 2.67 (br. s, OH-Q3'));

3.50 (t, J = 6.4, BrCH2): 3.54-3.78 (//;, OCH2, FI-C(5')); 3.80 (5, 2 OMe); 4.07-4.09

(m, H-C(4')); 4.26 (77. 7 = 2.8. 5.3, H-C(2')): 4.47-4.49 (//;, H-C(3'); 4.90. 5.00 (27,

J = 6.9, OCH20); 5.29 (7. 7 = 8.1. H-C(5)); 6.01 (7, 7 = 2.8. H-C(l')); 6.82-6.87 (m, A

arom. H); 7.22-7.40 (//;. 9 arom. H); 7.96 (el, J = 8.1, H-C(6)). 13C-NMR (75 MHz,

CDCI3): 30.1 (/, CPU); 32.4 (t, BrCH2); 55.3 (q, MeO); 62.1, 66.1 (2/, OCH2, C(5'));

74.6, 75.4, 81.9 (37. C(2'), C(3'). C(4')): 87.1 (s. CAr2ph); 89.6 (el, C(l')): 95.5 (t,

OCPUO): 102.5 (7. C(5)); 113.3 (7. arom. C); 127.3, 128.1, 128.2, 128.4, 130.1 (57,

arom. C); 135.1, 135.2 (2s. arom. C); 140.0 (el, C(6)); 144.2 (s, arom. C); 150.7 (s,

C(2)); 158.8 (v, MeO-C); 163.2 (s. C(4)). FAB-MS (NOBA, pos. mode): 699 (6. [M +

H]+). 698 (11, ME. 697 (7. [M + H]+\ 696 (12, MO, 303 (100).

Data A 68:

o

NH

DMTO-! A °

TLC (hexane/AcOEt 3:7): Af 0.43. [a]^5 = 27.1. 4 = 1 0, CFIC4). UV (MeOH): 264

(9700), 257 (9400). 234 (22100), 227 (21300). IR (CHC14: 3556m-. 3390m-, 2959w,

1690s, 1608m;, 1510m, 1461//;. 1391m-, 1300m-, 1253s, 1226//;, 1177m, 1101m, 1036;/;,

909m\ 830m;. 1H-NMR: 2.02-2.06 (///. 211, CH2); 3.37-3.70 (m, OH-C(2'), BrCH2,

OCH2. H-C(5')): 3.80 (s. 2 OMe); 4.25-4.32 (m. H-C(2'). 11-0(3'); H-C(4')); 4.74,

4.78 (27. 7 = 6.8. OCTUO); 5.37 (7. 7 = 8.4. PI-Q5)): 5 95 (7. 7 = 3.4, H-C(l'T); 6.83-

6.86 (m. 4 arom. ID; 7.24-7.39 (in. 9 arom. II); 7 83 (7. 7 = 8,1. PI-C(6)). 8.91 (br. s,

H-N(3)). 13C-NMR (75 MHz, CDC14: 30.3 it. CH2); 32.4 (t. BrCHA 55.3 (q, MeO);

61.7, 66.4 (2/, OCH2. C(5')); 69.0. 80.0. 83.5 (37, C(E). C(3'). C(4')); 87.2 (s,

CAr2ph); 87.7 (7. C(1A: 95.3 (t. OCH20); 102.3 (7, Co)); 113.3 (7, arom. C); 127.2,
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128.1, 128.2, 130.1, 130.2 (57, arom. C); 128.4, 135.1, 135.2 (3e arom. C); 140.0 (el,

C(6)); 144.3 (s, arom. C); 150.2 (s. C(2)): 158,7. 158.8 (2s, MeO-C); 163.3 (s, C(4)).

FAB-MS (NOBA, pos. mode): 699 (12, [M + HA), 698 (9, MA, 697 (8, [M + H]+), 696

(14, MA, 303 (100).

/ -[2 '-(3-(bromopropylo\y )methyl))-5 '-0-(4,4 '-dimetho\ytrityl)-ß-D-al'I'ofuranosyl[uracile

3'-[2-cyanoethyl) diisopropxlphosphorarnidite] (54)
o

NH

x
DMTO-, 'N O

Û

,*\„0. ,0 Ck_Os

NC ^^ P
^

.Br

NY
A soin, of 64 (373 mg. 0.53 mmol) in CF12C12 (2 ml) was treated with (7-Pr)2NEt (0.23

ml, 1.3 mmol) and 2-cyanoethyl diisopropylchlorophosphoramidite (150 mg, 0.64 mmol)

and stirred at r.t. for 12 h. FC (alummmmoxidc, hexanc/AcOEt 8:2 to 3:7) gave 54 (434

mg. 91%) as a pale yellow foam (1:1 mixture of diastereoisomers). TLC (hexane/AcOEt

5:5): Ar0.42. UV (MeCN): 265 (22300). 236 (20900). 225 (18200). IR (CHCI3): 3390m--,

30265, 2973m-, 2360m-, 1806//;. 1697s. 1608.V, 1509///, 1458m;, 1414m;, 1395m;, 1251s,

1178m', 1098m-, 1034m. 1004;/;. 835m;. Hd-NMR (300 MHz, CDCI3): 1.03-1.29 (;/;. 12

H, NCHMoN 2.07-2.13 (;/;. CPU): 2.43 (t, 1 H.,/ = 6.4. OCPI2CH2CN); 2.66 (t, l H, J

= 6.0, OCH2C772CN): 3.40-3.77 (//;, H-C(5'). OC4/2CH2C772Br, OC772CH2CN,

N(C7/Me2)2); 3.80, 3.83 (2s, OMe); 4.18-4.19, 4.26-4.28 (2//;, H-C(4')); 4.37-4.39,

4.42-4.45 (2m, H-C(2')); 4.52-4.58 (/?;, H-C(3')); 4.82-4.93 (m, OCH20); 5.24 (el,

0.5H, 7 = 8.4, H-C(5)); 5.28 (7, 0.5H, 7 = 8.1, H-C(5)); 6 05 (7, 0.5 H, 7 = 3.7, H-

C(J')); 6.09 (7, 0.5 H, 7 = 4.0. PI-C(l')); 6.82-6.86 (m, 4 arom. H): 7.24-7.42 (m, 9

arom. H); 7.90, 7.96 (27, .7 = 8.1. H-C(6)). 13C-NMR (75 MHz. CDCI3): 20.3 (br. t,

CH2CN); 24.5 (br. q. NCHMob 30.4 (/, CH2): 32.6 (/. BrCHN; 43.2, 43.3 (2br. 7.

NCHMe2); 55.3 (q, MeO); 58.1. 58.2 (2t. 7(CP) = 18.5. OCH2CH2CN); 61.5, 63.9,

65.9. 66.2 (4/, OCTU. C(5')V. 68.0. 70.4. 73.9. 75.5. 82.7, 82.8 (67, C(2'). CA),

C(4*)); 87.1, 87.2 (27. C(1A; 87.7. 87.8 (2s. CAr2ph); 95.0 (t, OCPUO); 102.5. 102.6

(27, C(5)): 113.3 (v, arom. C): 117.4. 117.6 (2s. CN): 127.2, 128.0. 128.2, 128.3,

130.3, (57, arom. CN. 134.9. 135.1. 135.2 (3s, arom. CN; 140.0 (7. C(6)); 144.2, 144.3

(2s. arom. C); 150.06, 150.13 (2s, C(2V), 158.8 (s. MeOAA 162.9 (s, C(4)). 3ip_NMR

(121 MHz. CDCI3): 150.5. 151.2. FAB-MS (NOBA. pos. mode): 900 (7. |M + H1+). 899

(16, IMA), 898 (8, [M + II)A 897 (21. |.\/]A. 595 (68), 593 (64), 303 (100).
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Allyloxymethyl-thiomethyl ether (69)

To a magnetically stirred suspension of NaFl (4.8 g, 0.2 mol) in 100 ml of DME was

added allyl alcohol (6.8 ml. 0.1 mol) at 0° under Ar. To this reaction mixture Nal (15 g,

0.1 mol) or BU4NI (37 g, 0.1 mol) was added, followed by chloromctliyl methyl sulfide

(8.3 ml, 0.1 mol). After 1 h at 0°, the reaction mixture was warmed to r.t. and stirred for

another 4 h. After work-up, the crude product was purifed by distillation (123°) and gave

69 (5.9 g, 50%) as a yellow liquid. TEC (hexane/EtOAc 9:1): Af 0.61. Al-NMR (300

MHz): 2.16 (s, MeS); 4.07-4.10 (//;, C772=CHCH2); 4.66 (s, OCH2S); 5.19-5.35 (m,

CH2=CHCr72); 5.85-5.96 (m. CH2=C77CH2). 13C-NMR (75 MHz): 31.6 (q, MeS); 68.5

(t. CH2=CHCH2); 74,4 (t. OCIUS); 117.7 (t, CH2=CHCH2): 134.0 (7, CFI2=CHCH2).

Allyloxy chloromethane (70)

Sulfuryl chloride (9.85 ml. 0.12 mol) was added dropwise a solution of allyloxy

methylthiomethyl ether 69 (14.33 g. 0.12 mol) and cyclohexene (14.6 ml, 0.144 ml) in

CH2C12 (240 ml) at 0°. The solution was stirred at r.t. for 1 h. Evapration and distillation

(35450 mmHg) gave 70 (5.4 g, 45%) as a yellow liquid. 1H-NMR (300 MHz): 4.21-4.24

(m, C/72=CHCH2); 5.27-5.40 (///. CH2=CHC772); 5.52 (5, OCH2Cl); 5.83-5.96 (///,

CH2=CffCH2). NC-NMR (75 MHz): 70.5 (t, CH2=CHCH2); 8J.8 (t, OCH2Cl): 119.2

(t, CH2=CHCH2): 132.3 (7. CH2=CHCH2).

N6-Acetyl-9-[2' OE(allvlo\x)methyl)~5'-0-(4A'-dimetho\vtrihl)-ß-D~

ribofuranosyl]adenine (71) and ~N6-acetxl~9-[3'-0-((alhloxx)inethyl)-5'-ö-(4,4'~

diinethoxxtriiyl)-ß-D-ribcfuranosxl[adenine(15)

A soin, of 57 (3.0 g. 5.0 mmol) and (;-Pr)2NEt (3.4 ml. 20 mmol) in C1CH2CH2C1 (20

ml) was treated with Bu2SnCl2 (1.5 g. 5.0 mmol) at r.t. for 1.5 h. Then the mixture was

heated to 70°, treated with 70 (0.75 g, 7.5 mmol) and stirred at 70° for 15 min. Work-up
and FC (silica gel. hexane/AcOEt (+2%NEt5) 8:2 to AcOEt/EtOH 9:1 (+2%NEt3)) gave 71

(1.43 g. 42%) and 75 (0.7 lg, 21%) as pale yellow foams.
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Data of 71:
NHAc

CO
DMTO-, N-^ N>

HO O^O^^

TLC (AcOEt/EtOH 9:4: At 0.61. [a]^5 = - 4.1 (c = 1.0. CHC13). UV (MeOPI): 271

(16100), 253 (12900), 239 (16600). IR (CHCI3): 2935m-, 1703///. 1609s, 1589m. 1509m,

1469m, 1419m;, 1375m-, 1295v. 1274//;, 1226m-, 1178//;. 1034s, 830m\ 1H-NMR: 2.61

(5, MeCO); 2.94 (7, ,7 = 4.4. HO-C(3')); 3.42-3.58 (//;, H-C(5')): 3.77 (s, OMe); 3.94-

4.00 (m, C7/2=CHCH2): 4.26-4.30 (m. H-C(4')); 4.53-4.57 (;;;, H-C(3')); 4.82 (s,

OCH20); 4.97-5.00 (m. H-C(2')): 5.10-5.19 (;/;. CH2=CHC77N); 5.70-5.79 (m,

CH2=CHCH2); 6.22 (7, 7 = 5.3, H-C(l')): 6.78-6.82 (;//. 4 arom. H); 7.18-7.43 (m, 9

arom. H); 8.17 (s. H-C(2)); 8.60 (s, H-C(8)): 8.79 (s. NFUC(6)). 13C-NMR (75 MHz,

CDCI3): 25.6 (q, MeCO), 55.2 (q, MeO); 63.2, 70.4 (2t, CH2=CHCH2, C(5')); 70.5,

80.3, 84.2 (37, C(2'). C(3'), C(4')); 86.8 (s. CAi"2ph): 87.0 (7, C(l')); 95.0 (t, OCH20);

113.2 (7, arom. C); 117.8 (t, CH2=CHCH2); 121.9 (s. C(5)); 127.0, 127.9, 128.2,

128.3, 130.1 (57. arom. C): 133.2 (7. CH2=CHCH2); 135,5, 135.6 (2s, arom. C); 141.7

(7, C(8)); 144.2 (s, arom. C); 149.1 (s, C(4)): 1514 (s, C(6)); 152.5 (7. C(2)): 158.6 (s,

MeO-C); 164.9 (5, CO). FAB-MS (NOBA. pos. mode); 683 (39. [M + H]A, 682 (100.

MA, 303 (29).

Data oj 75:

NHAc

<-N:6
DMTO-! N-^A"

^^O. X) OH

^
TLC (AcOEt/EtOH 9:1): At 0.53. |a]^ = - 7.6 (c = 1.0. CHCI3). UV (MeOH): 272

(17700), 253 (13100). 237 (19900). IR (CHCI3): 3055/;/, 2936w, 1703m. 1609s, 1588m,

1509///. 1467m-, 1420m-, 1374m-, 1296//;, 1253s. 1177m. 1035s, 896m-, 830w. Al-NMR

(300 MHz, CDCI3); 2.61 (v. MeCO); 3.32 A.36 (//;. H-C(54; 3.46-3.56 (/;;, H'-C(5'));

3.77 (s. MeO); 4.02 (br. 7.7 - 5.6. HO-C(2A; 4.07-4.10 (in, C772=CHCH2); 4.35-

4.38 (m, H-C(4M; 4.48-4.51 (//;. FI-CA')): 4.80A.83 (/;;. OCTUO); 4.87-4.89 (m, H-

C(2')): 5.16-5.29 (//;. CH2=CHC772); 5.79-5.90 (m. CH2=CtfCH2); 6.05 (7,7= 5.6,

H-C(l A: 6.76-6.81 (m. 4 arom. H): 7 19-7.38 (/;;, 9 arom. PI); 8.20 (s, H-C(2)); 8.62

(s, H-C(8V): 8.84 (br. s. NFI-C(6)). HC-XMR (75 MHz. CDCI3): 25.6 (q. MeCO); 55.2
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(q, MeO); 60.4, 62.9 (2/. CH2=CHCH20, C(5')); 69.2. 74.3, 83.0 (3d, C(2'), C(3'),

C(4')); 86.8 (s, CAr2ph): 89.3 (7. C(F)): 94.8 (t, OCHoO); 113.2 (7. arom. C); 117.7 (/.

CH2=CHCH2); 122.1 (s. C(5)): 127.0. 127.9, 128.1, 130.1(47, arom. C); 133.5 (7,

CH2=CHCH2); 135,50. 135.53 (2s. arom. C): 141.4 (7. C(8)); 144.3 (s, arom. C); 149.2

(s, C(4)); 150.9 (s, C(6)); 152.4 (7. C(2)); 158.6 (s, MeO-C); 171.1 (s, CO). FAB-MS

(NOBA, pos. mode): 683 (42. [M + HA), 682 (96, MA, 303 ( 100).

N6-Acetyl-9-[2'-((allxlo\y)niethyl)-5'-0-(4A'-dimethcrxytrilyl)-ß-D-allofurartosyl]adenine

3'-](2-cyanoethyl)cliisoprop\lphosphoramidite] (78)
NHAc

UJ
DMTO-, N-^N-

NC — "P
o._,o 0^,0^^.

AY
A soin, of 71 ( 0.944 mg. 1.4 mmol) in CH2C12 (5 ml) was treated with (/-Pr)2NEt (0.6

ml, 3.5 mmol) and 2-cyanoethyl diisopropylchlorophosphorarnidite (430 mg, 1.8 mmol)

and stirred at r.t. for 12 h. FC (silica gel, hexane/AcOEt 1:9 to 9:1) gave 78 (1.05 g, 85%)

as a pale yellow foam (mixture of diastereoisomers). ITA (AcOEt): R{ 0.65. UV (MeCN):

270 (18600), 254 (14500N 236 (20500), 222 (20000). IR (CHC13): 3368m;, 3054//;.

2968m, 2934m\ 2254m-, 1702m. 1609s. 1588//;, 1467m, 1347m;, 1295s, 1251m, 1179//;.

1120m;, 1034s, 980;/;. 922m-, 878m;, 830m;. Af-NMR (300 MHz. CDCI3): 1.09, 1.18,

1.19 (37, ,7 = 6.5, 12 PL NCHA/<?2); 2.40. 2.65 (2/, 7 = 6.2. OCH2C/72CN); 2.61 (s,

MeCO); 3.33-3.39 (//;. 1 H. H-C(5*)); 3.47-3.65 (m. H'-C(5'). OCHNCHAN.

NC//Me2); 3.77, 3.78 (2s, OMe); 3.82-3.87 (in, C772=CHCH2); 4.34-4.36 (m, 0.6 Ft,

H-C(4')); 4.40-4.42 (//;. 0.4 H. H-C(4')): 4.63-4.85 (//;. 11-C(3'). OCH20); 5.03-5.17

(m. H-C(2'L CH2=CHC/A): 5.63-5.73 (m, CH2=C7/CHA 6.19. 6.22 (27. 7 = 6.2, H-

C(l')); 6.78-6.82 (/;;, 4 arom. H); 748-7.44 (in, 9 arom. H); 8.16. 847 (2s, H-C(2));

8.59, 8.60 (2s, H-C(8)): 8.61 (br. s. NH-C(6)). l-A-NMR (75 MHz, CDC13): 20.2,

20.3 (2t. 7(CP) = 6.1. CHAN); 24.5. 24.62, 24.68, 24.71 (Aq. NCHMe2); 25.7 (q,

MeCO); A3.2 (el, J(C?) = 12.2). 43.3 (7. 7(CP) = 13.4, NCHMe2): 55.2 (q. MeO); 58.0

(7, 7(CP) = 19.5), 58.9 (/. 7(CP) = 17.1. OCPI2CH2CNN: 62.3. 63.1. 68.79, 68.82 (At,

CH2=CHCH20, C(5A: 71.1 (7. 7(CP) = 17.1). 71.8 (7, 7(CP) = 13.4), 77.3, 77.6,

84.0. 84.3 (47, C(2N C(3N C(4')): 86.7. 86.8 (2s. CAnph); 86.85. 86.92 (27. C(l')) ;

94.0, 94.1 (21, OCIUO); 1 13.2 (7. arom. C): 117.2 (t. CH2=CHCH2): 117.4, 117.6 (2s,

CN); 122.1 (5, C(5)); 127,0. 127.9. 128.1. 128.3. 128.4. 130.1, 130.2 (77. arom. C);
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133.5, 133.6 (27, CH2=CHCH2); 135.49. 135.54. 135.60 (3s. atom. C); 141.8. 141.9

(27. C(8)); 144.4, 144.5 (2s. arom.C), 149.1 (s. C(4)); 151,3 (5. C(6)); 152.4 (7, C(2));

158.6 (s, MeO-C); 170.3 (v. CO), 31P-NMR (202 MHz, CDCI3): 150.3, 150.9. FAB-MS

(NOBA. pos, mode): 883 (6, [M + H]+). 882 (10, [M|+). 705 (33), 303 (100).

N4-Acetyi-l-[2'~0-((alIyloxx)iuclhxl)S'-0~(4A'~dimetho\ytritxI)-ß-D-

ribofuranosyljcyfosine (72) and N4-acetyl-J-[3'-0-((allylo\x)methvl)-5'-0-(4,4'-

dimetho\xtrityl)-ß-D-riho1uranosxl]cytosine (76)

A soin, of 58 (2.93 g. 5 0 mmol) and (;-Pr)2NEt (3.4 ml. 20 mmol) m C1CH2CH2C1 (20

ml) was treated with Bu2SnC12 (1 52 g, 5.0 mmol) at r.t. for 1.5 h. Then the mixture was

heated to 70°, treated with 70 (0.75 g, 7.5 mmol) and stirred at 70° for 15 min. Work-up

and FC (silica gel, hexane/AcOEt (+2%NEt3) 7:3 to AcOEt/EtOH 9:1 (+2%NEt3)) gave 72

(1.35 mg, 41%) and 76 (0.89 g, 27%) as pale yellow foams.

Data of 72:
NHAc

DMTO-i N O

TLC (AcOEt/EtOH 9:1): A( 0.62. Lo]g = 64.1 (c = 1,0, CHCI3). UV (MeOPI): 299

(6700), 290 (6200), 283 (6600). 278 (6100), 276 (6100). 271 (5800), 243 (15900). IR

(CHCI3): 3054m, 2935m-. 1722m. 1665s. 1609m. 1555m, 1509;;;. 1483s. 1444m;,

1382m, 1305m, 1252//;. 1227m. 1177///, 1102m. 1034;». 909m-, 829m-. AI-NMR: 2.23

(s, MeCO); 2.86 (7, 7 = 90. OH-C(3')): 3.52-3.62 (m, H-C(5')); 3.81, 3 82 (2s, OMe);

4.07-4.29 (m, C772=CHCH2. H-C(4')): 4.27 (br. 7,7 - 5 3. H-C(2')): 4.41-4.49 (m,

H-C(3'): 4.99. 5.15 (27,7 = 6 5. OCIUO); 5.17-5.32 (/;;. CH2=CHCA2); 5.83-5.96

(m, CH2=CffCH2): 6.00 4. H-C( D): 6.83-6.89 (//;. 4 aiom. ID: 7 09 (7. 7 = 7.5. H -

C(5)); 7,24-7.44 (//;. 9 aiom. H): 8 45 (7. 7 = 7.5, 1UC(6)); 9.21 (bi. s, NH-C(4)). 13C-

NMR (75 MHz, CDCI3): 24 9 (q. MeCO); 55.3 (q, MeO); 614, 69.6 (2t, CH2=CHCH2,

C(5A: 67.9, 80.6, 83.2 (37. C(2'), C(3'), C(4')); 87.1 (s, CAr2ph): 89 6 (7, C(l')): 94.6

(t, OCH20); 96.5 (7, C(5)); 1 15.4 (7. arom. C); 117.7 (/. CH2=CHCH2); 127.2, 128.1,

128.2, 128.4, 130.1 (57. arom. C); 133 8 (7. CH2=CHCHA 135 3. 135.5 {2s. arom.

C); 144.3 (7, arom. C): 144 8 (7. C(6)). 155.1 ( s. C(2)); 158.7 (s, MeO- C): 162.5 (s,

C(4)); 170.4 (s. CO). FABALS (NOBA. pos. mode): 658 (46. [M + H]A- 657 (1 I, M+),

303 (100).
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Data of76:
NHAc

N

DMTO-i „A °

sj>^sO^ ^O OH

,o
TLC (AcOEt/EtOH 9:1): Af 0.52. [a]^ = 31.9. (c = 1.0. CFICh). UV (MeOH); 299

(7100), 289 (6500), 284 (6800), 278 (6200), 240 (17700). IR (CHCU): 3053;?;. 2934m-,

1732m, 1666s, 1610//;, 1554//;, 1509m. 1483s, 1421m-, 1374m-, 1306m, 1249m, 1178m.

1113n7, 1035;//, 896u-, 830m-. 'H-NMR (300 MHz, CDCI3): 2,25 (s, MeCO); 3.36-3.40

(m, IH, H-C(5')): 3.61-3.65 (m. IH, H'-C(5')); 3.81 (s. 2 MeO); 3.82 (br. s, HO-

C(2'V); 4.00-4.03 (m. C7A = CHCII2); 4.31-4.36 (m. H-C(2'), H-C(3'), H-C(4'));

4.72, 4.79 (27,7 = 6.8. OCThO); 5.13-5.26 (m, CH2 = CHC772); 5.78-5.87 (m,

CH2=C7/CH2); 5.96 (7. 7 = 2.2. H-C(l')); 6.82-6.88 (m. 4 arom. H); 7.15 (el, J = 7.5,

H-C(5)); 7.24-7.39 (///, 9 arom. H); 8.35 (7. 7 = 7.5, FI-C(6)); 9.31 (s, NH-C(4)). 13C-

NMR (75 MHz, CDCI3): 24.9 (q, MeCO); 55.3 (q, MeO): 61.4, 68.9 (It, CH2=CHCH2,

C(5')); 74.4, 74.8, 82.0 (37, C(2'). C(3'). C(4*)); 87.0 (s, CAr2ph); 92.2 (el, C(P)); 94.3

(t, OCH20); 96.7 (7, C(5)); 113.3 (el, arom. C); 117.7 (t. CH2=CHCH2); 127.2, 128.0.

128.2, 128.3, 130.1 (57. arom. C): 133.7 (7. CH2=CHCH2); 135.2, 135.3 (2s, arom.

C); 144.1 (7, arom. C); 144.7 (7. C(6)); 155.8 (s, C(2)): 158.7 (s, MeO-C); 162.5 (s,

C(4)); 170.2 (s. CO). FAB-MS (NOBA, pos. mode): 658 (85, [M + H]+), 657 (18, M+),

303 (100).

N4-Acetyl-l-[2'-((allyloxy)met/nl)-5'-0-(4,4'-dimethoxxtrih[)-ß-D-a]lofuranosyl]cyfosine

3'-[(2-cyanoethyl)diisopro]nlplwsphoramidite[ (79)
NHAc

DMTO-! ^ °

,-n^O .0 o.a

A soin, of 72 (1.11 g. 1.7 mmol) m CH:C12 (7 ml) was treated with (4Pr)2NEt (0.72 ml,

4.3 mmol) and 2-cyanoethyl dusopropOchlorophosphoramidite (521 mg. 2.2 mmol) and

stirred at r.t. for 12 h. FC (silica gel. hexane/AcOEt 8:2 to 2-8) gave 79 (1.31 g, 90%) as a

pale yellow foam (mixture of diastereoisomers). TLC (AcOEt): Af 0.39. UV (MeCN): 304

(6400), 290 (5300). 283 (5800). 275 (5600). 239 (20300). IR (CHCI3): 3391m;, 3052w,
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2969»;, 2934/;/. 2255w, 1722/;;, 1666s, 1609;//. 1555//;, 1509/?;, 1483/;/, 1384w,

1307m-, 1251s, 1179m. 1117m-, 1034///, 980m-, 830m-. 1H-NMR (300 MHz, CDC13):

1.00, 1.26, 1.27 (37.7= 6.9. 12 H. NCHM^o); 2.22, 2.23 (2s. MeCO): 2.41, 2.61 (2t, J

= 6.2, OCH2C/72CN): 3.42-3.78 (///, H-C(5'). OC772CH2CN, NC7/Me2); 3.808. 3.816,

3.818 (3s, OMe); 4.16-4.20 (m. CFI2=CHC//2); 4.26-4.54 (in, H-C(2*), H-C(3'). H-

C(4')); 5.03-5.14 (//;, OCIUO); 5.16-5.32 (m, C742 = CHCH2); 5.84-5.96 (m,

CH2=CHCH2); 6.08 (7, 0.5 II, ,7 = 1.9, H-C(l')): 6.11 (7, 0.5 H. 7 = 2.5, H-C(D);

6.83-6.88 (m, 4 arom. PI); 6.95. 7.01 (27. 7 = 7.5. H-C(5)): 7.26-7.45 (//;, 9 arom. H);

8.37, 8.48 (27,7= 7.5, H-CN6)); 9.52. 9.57 (2 br. s, NH-C(4)). 13C-NMR (75 MHz,

CDCI3): 20.2, 20.3 (2r, 7(CP) = 7.3, CPUCN): 22.9, 23.0 (2q,MeCO); 24.4, 24.61,

24.66, 24.7, 24.8, 24.9 (6q, NCHMqN 43.1, 43.3 (27. 7(CP) = 12.2, NCHMe2); 55.24,

55.28 (2q, MeO); 58.2. 58.4 (2/. 7(CP) = 12.3. OCTUCTUCN); 60.8. 61.2. 68.9. 69.0

(At, CH2=CHCH2, C(5')): 69.2 (7, 7(CP) = 12.2), 70.2 (7, 7(CP) = 15.9), 76.3, 77.2

(27), 78.3 (7, 7(CP) = 20.7). and 82.2 (7. 7(CP) = 7.2, C(2'), C(3'), C(4')): 87.07,

87.12 (2s, CAr2ph); 89.6. 89.7 (27. C(P)); 93.8, 93.9 (2/, OCH20); 96.7 (el, C(5));

113.3 (el, arom. C); 117.03. 117.11 {It. CH2=CHCH2); 117.4, 1 17.6 (2s, CN); 127.2,

128.0, 128.3, 128.4, 130.3, (57, arom. C); 134.26, 134.31 (27, CPI2=CHCH2); 135.05,

135.15, 135.23, 135.31 (4s, arom. C): 144.1, 144.2 (2s. arom. C); 144.8 (7, C(6)),

155.0, 155.1 (2s, C(2)). 158.7 (s. MeO-O; 162.6. 162.7 (2s, C(4)); 170.5 (s, CO). 3ip.

NMR (202 MHz. CDCUY. 150.1. 151.5. FAB-MS (NOBA. pos. mode): 859 (25. [M +

HA), 858 (57, MA, 706 (37), 705 (91), 303 (100).

N2^Aceiyd-9-[2'-0-((allyloxy)metlnlE5'-0-(4AElimethoxxtritylfß-D-

ribofiiranosyl]guanine (73)

DMTO-i
0

N 'N NHAc

HO 0^,0^/^

A soin, of 59 (3.14 g, 5.0 mmol) and (NPr)2NEt (3.4 ml. 20 mmol) 111 C1CH2CH2C1 (20

ml) was treated with Bu2SnCh (1.52 g, 5.0 mmol) at r.t. for 1.0 h. Then the mixture was

heated to 70°. treated with 70 (510 mg, 5.0 mmol) and stirred at 70° for 15 min. Work-up

and FC (silica gel, hexane/AcOEt (+2%NEt3) 5:5 to AcOEt (+2%NEt3)) gave 73 (2.16 g,

62%). TLC (AcOEt/EtOH 9:1): Af 0.59. [a]2^ = 13.9 (c = 1.0. CHCI3). UV (MeOH): 275

(13200), 270 (13000). 245 (15800). IR (CHCPA: 3052m. 2935m-. 1702s, 1608s. 1561m-,

1505///. 1421//;, 1301m-, 1227//;. 1178/;;. 1034m. 830m-. W-NMR: 1.80 (5. MeCO); 3.24
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(77,7 = 3.7, 10.9, H-C(5')); 3.47-3.51 (//;. H'-C(5')); 3.75, 3.76 (2s, OMe); 3.76-

3.79 (m, C772=CHCH2), 3.89-3.94 (m, H-C(3')): 4.23-4.25 (;/;. H-C(4')); 4.53-4.56

(/;;, H-C(2')): 4.74 (br. s, H0-(3')): 4.74. 4.81 (27, 7 = 6.8, OCH20); 5.07-5.18 (m,

CH?=CHC772); 5.69-5.78 (//;, CH2=C/7CH2); 5.98 (7,7 = 6.5. H-C(P)); 6.76-6.86

(m. 4 arom. H); 7.17-7.50 (///, 9 arom. H); 7.88 (s, H-C(8)); 9,36 (br. s, NH-C(6));

12.16 (br. s, H-N(l)). 13C-NMR (75 MHz. CDC13): 23.8 (q, MeCO); 55.4 (q, MeO);

63.9, 69.1 (2t, CH2=CHCH2. C(5')): 70.1, 79.1, 84.3 (37. C(2'), C(3'). C(4')): 86.5 (s,

CAr2ph); 86.6 (el, C(F)N 94.6 (t. OCH20); 113.3 (7, arom. C): 117.6 (t. CH2=CHCH2);

121.7 (s, C(5)): 1274. 128.0. 1284. 128.3. 1304 (57. arom. C): 133.4 (7,

CH2=CTTCH2); 135.6. 135.8 (2s, arom. C); 138.5 (7. C(8)); 144.7 (s, arom. C); 147.1

(5, C(4)); 148.4 (s, C(2)); 156.0 (s. C(6)); 158.7 (s. MeO-C); 171.8 (5, CO). FAB-MS

(NOBA, pos. mode): 768 (100). 699 (40, [M + HAN 698 (87. MA, 303 (52).

N2-Acetyl-l-[2'-(allyoxxlmethyI )-5'-0-(4,4'-dimethoxytriEl)-ß-D-allofiiranosyl]guanine

3'-l2-cyanoethyl)diisopropvlphosphorarnidite/ (80)

<a x

DMTO-! N-^N-^NHAc

A soin, of 73 (1.06 g, 1.5 mmol) in CH2C12 (4 ml) was treated with (;NPr)2NEt (0.66 ml,

3.8 mmol) and 2-cyanoethyl diisopropylchlorophosphoramidite (465 mg. 2.0 mmol) and

stirred at r.t. for 12 h. FC (silica gel, hexane/AcOEt (+2%) Et3N 6:4) to AcOEt (+2%

EbjN) gave 80 (J .09 mg. 8 1%) as a pale yellow foam (mixture of diastereoisomers). TLC

(AcOEt): Af0.58. UV (MeCN): 281 (11800), 279 (11800), 269 (10900). 239 (19100).

IR (CHCI3): 3370m-, 3218m-. 2969m, 2934m-, 2256m. 1701s, 1608s, 1557//;, 1509m,

14641V. 1365m;, 1301m\ 1251//;. 1179//;, 1124n-, 1035/?;. 980;/;, 920m;
,
830m-, 1H-NMR

(300 MHz, CDCI3): 1.00. 145. 1.17 (37,7= 6.5, NCPUtA2); 1-53, 1.66 (2s, MeCO);

2.31 (/, 7= 6.2. IH. OCH2C772CN): 2.74 (t, 7= 6.8. IH. OCH2C772CN); 3.15-3.21 (in,

IH. H-CA)): 3.44-3.66 (//;. IP-C(5'), OC/72CH2CN. NCAMc2): 3.756, 3.761, 3.765,

3.770 (4s, OMe): 3.80-3.84 (//;. CH2=CHC772); 4.23. 4.35 (2br. s. IUC(4')); 4.52-4.58

(m, H-C(2'): 4.63-4.83 (//;. OCFUO): 5.05-5.15 (/;;. Cf72=CHCH2); 5.26-5.31(m, H-

C(3')); 5.63-5.76 (m, CH2=C//CH2); 5.85 (7. 7= 6.8. 0.5 II. H-C(l')); 5.96 (7. 0.5 H,

.7 = 7.8. H-C(l')): 6.77-6.83 (m, 4 arom, PI); 7.19-7.65 (//;. 9 arom. H); 7.78. 7.82 (2s,

H-C(8)); 8.31 (br. s. XH-C(2)): 11.82 (br. s, PI-N(D): 13C-NMR (75 MHz. CDCI3):
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20.1-20.3 (q, CH2CN); 22.93, 29.96, 23.01, 23.04 (Aq, NCHMe2); 23.4, 23.5 (2q,

MeCO); A3 A, 43.4 (27, 7(CP) = 13.4, NCHMeo): 55.4 {q, MeO); 57.4 {t, 7(CP) = 19.5.

OCH2CH2CN); 58.0 (t, 7(CP) = 13.4, OCH2CH2CN); 63.6, 63.9, 68.8 (3/, C(5'),

CFI2=CHCH2); 70.4 (7. 7(CP) = 17.1). 71.6 (d, 7(CP) = 13.4), 75.9 (d, 7(CP) = 6.1),

77.0, 84.6, 86.2 (37, C(2'), C(3'), C(4')): 86.4, 86.8 (2s, CAr2ph); 88.0 (7, C(P));

93.86, 93.95 (2/, OCH20): 113.4, 113.5 (27, arom. C); 117.3, 117.4 (2t,

CH2=CHCH2); 117.6, 118.2 (2s, CN); 122.3 (s, C(5)); 127.35, 127.41. 128.3, 128.41,

128.45, 128.6, 130.2. 130.3. 130.4 (97. arom. C); 133.8. 133.9 (27, CH2=CHCH2);

135.8, 136.0, 136.1, 136.4 (4s. arom. C): 138.5, 139.6 (27. C(8)). 144.9, 145.3 (2s.

arom.C); 147.0, 147.3 (2s. C(4)): 148.4. 148.7 (2s, C(2)). 155.9 (s, C(6)), 159.01,

159.05 (2s, MeO-O; 171.7, 171.8 (2s, CO). 3ip_NMR (121 MHz, CDCI3): 150.4,

150.7. FAB-MS (NOBA. pos. mode): 899 (72. [M + Pl]+), 898 (87, MA, 303 (100).

l-[2'-0-((Allyloxx)niethxl)-5'-0-(4A'-dimethoxxtritxl)-ß-D-ribofurariosyl[uracile (74)

and l-[3'-0-((allyloxy)methy[)-5'-0-(4A'-dimetlwxyiriEl)-ß-D-ribofurcinosylluracile (77)

A soin, of 60 (2.73 g. 5.0 mmol) and (;-Pr)2NEt (3.4 ml, 20 mmol) in C1CPI2CH2C1 (20

ml) was treated with Bu2SnCl2 (1.52 mg, 5.0 mmol) at r.t. for 1.0 h. Then the mixture

was heated to 70°, treated with 70 (0.75 g. 7.5 mmol) and stirred at 70° for 15 min. Work¬

up and FC (silica gel. hexane/AcOEt (+2%NEt3) 8:2 to AcOEt (+2%NEt3)) gave 74 ( 1.17

g, 38%) and 77 (0.8 g, 26%) as pale yellow foams.

Data oj'7A:
o

DMTO-i
_

N O

HO 0^,0^-^.

TEC (AcOEt): Af 0.56. [a]2D" = 44.5. (c = 1.0, CHCI3). UV (MeOH): 264 (10500). 256

(10200). 236 (18400). IR (CHCI3): 3056//;, 2935m-. 1694s, 1608m-. 1509m. 1458m;,

1458m-. 1420m;, 1301m-, 1253m, 1178m. 1099m, 1035m. 830m-, 1H-NMR: 2.89 (br. 5,

PIO-C(3')): 3.51-3.55 (in. H-C(5')); 3.80 (s. 2 OMe); 4.07-4.09 (m, H-C(4')); 4.10-

4.15 {m, C772=CHCII2): 4.34 (77. 7 = 3.3. 5.3. H-C(2A; 4.46-4.50 (m, H-C(3'); 4.90,

4.98 (27, 7 = 6.5. OCH20); 5.18-5.28 </;;. CH2=CHC7A); 5.30 (7, 7 = 8.4, H-C(5));

5.83-5.96 (/;;, CH2=C77CH2); 6.05 (7, 7 = 3.4, H -C( IT); 6.82-6.88 (m, 4 arom. H);

7.21-7.40 (//;. 9 arom. H): 7.92 (7.7 = 8.4. H-C(6)), 8.99 (br. s. H-N(3)). 13C-NMR

(75 MHz, CDCI3): 55.3 (q. MeO): 61.9, 69.5 (2/, CH2=CHC1I2, C(5A: 69.1. 804, 83.5
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(37, C(2'), C(3'), C(4')); 87.1 (s. CAnph); 87.6 (7. C(P)): 94.5 (/. OCFI20), 102.3 (7,

C(5)); 113.3 (7, arom. C); 117.8 (t, CH2=CHCH2); 127.2, 128.1, 128.2, 128.4, 130.1,

130.2 (67, arom. C); 133.7 (el, CH2=CHCH2); 135.0. 135.3 (2s, arom. C): 140.1 (7,

C(6)); 144.3 (s, arom. C); 150.2 (s. C(2)); 158.7, 158.8 (2s. MeO-C); 163.2 (s, C(4A

FAB-MS (NOBA. pos. mode): 617 (17. [M + PI]A, 616 (30. MA, 303 (100).

Data of 77:
o

NH

DMTO-i A O

>5

O^^O OH

TLC (AcOEt): R\ 0.42. \a]~£
= - 31.9. (c = 1.0, CIIC14- UV (MeOH): 264 ( 1 1000), 255

(10600), 235 (21400). IR (CHCI3): 3066m. 2935m-, 1695s, 1608m;, 1509m, 1459w,

139Uv, 1300m;, 1253m, 1178m. 1114//;, 1035m, 830m;. IPUNMR; 3.40, 3.60 (277,7 =

2.5, 10.9, H-C(5)); 3.37-3.70 {in, HO-C(2'). OCH2, Pl-C(5')); 3.79 (s. 2 OMe); 4.03-

4.07 (;;/, C772=CHCH2); 4.26-4.28 (;;;. H-C(4')): 4.33-4.36 (m, H-C(2'), H-C(3'));

4.76, 4.80 (27, ,7 = 6.8, OCFhO); 5.15-5.29 (m. CH2=CHC7/2); 5.35 (7, ,7 = 8.1, II-

C(5)); 5.79-5.88 (;//. CH2=C//CPI2); 5.96 (7, 7 = 2.8, H-C(IT); 6.83-6.86 (m. 4 arom.

H); 7.24-7.39 (m, 9 arom. II); 7 90 (7. 7 = 8.1. II-C(6)), 9.40 (br. s. H-N(3)). HC-

NMR (75 MHz, CDCI3): 55 3 (q, MeO); 61.9, 69.1 (2/, CH2=CHCH2, C(5')); 74.3.

75.2, 81.7 (37, C(2'), C(3'), C(4')): 87.1 (s. CAr2ph); 89.8 (7, C(1T); 94.5 (t, OCH20);

102.5 (7, C(5)); 113.3 (7. aiom. C); 117.8 (t, CFI2=CHCH2); 127.2, 128.0, 128.2,

128.3. 130.2 (57. arom. C); 133.5(7, CH2=CHCH2); 135 1, 135.2 (2s, arom. C); 140.0

(7, C(6)); 144.2 (s. arom. C): 150.8 (5. C(2)); 158.7 (s. MeO-C): 163.3 (s, C(4)). FAB-

MS (NOBA, pos. mode): 617 (12, [M+ FI]A, 616 (20. MA. 303 (100),

1-[2'-(Allyloxy)methyl-5'-0-(4A'-cHmctho\\tnnl)-ß-D<illofuranosylJuracile 3'-[2-

cyanoethyl) diisopropx Iphosphoramidite] (81)
o

ÎNT
DMTO-i NO

x\ O ,0 O^Os

NC ^"-' "P
^
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A soin, of 74 (1.46 g, 2.4 mmol) in CH2C12 ( 10 ml) was treated with (z'-Pr)2NEt (1.0 ml,

6.0 mmol) and 2-cyanoethyl diisopropylchlorophosphoramidite (730 mg, 3.1 mmol) and

stirred at r.t. for 12 h. FC (silica gel, hexane/AcOEt 8:2 to 3:7) gave 81 (1.8 g, 92%) as a

pale yellow foam (mixture of diastereoisomers). 4AC (hexane/AcOEt 6:4): Af 0.53. UV

(MeCN): 264 (11800), 255 (9800), 234 (21800). ÏR (CPÏCh): 3380m;, 3052w-, 2969m,

2934w, 2255w, 1695s, 1608m, 1509m, 1461m, 1395m-, 1300>v, 1253m, 1180m.

1119m, 1034m, 932m, 830m-. IH-NMR (300 MHz, CDCI3): 1.04, 1.16, 1.17 (37,7 =

6.8, 12 H. NCHMé>2): 2.43, 2.65 (2t,J = 6.2, OCH2C772CN); 3.39-3.63 (m, H-C(5'),

OCONCIAAN, NC/7Mc2); 3.79, 3.80 (2s. OMe); 4.09-4.14 (m, CH2=CHC772); 4.16-

4.20, 4.27-4.29 (2m, H-C(4T); 4.43-4.58 (m, H-C(2'), H-C(3')); 4.84, 4.91 (27,7 =

7.8. OCH2O); 5.14-5.31 (m, C772=CHCH2); 5,26, 5.28 (27. 7 = 8.1, H-C(5)); 5.83-

5.92 (//;, CH2=C7/CH2); 6.09. 6.11 (27, 7 = 4.4, H-C(IT): 6.82-6.87 (///, 4 arom. H);

7.22-7.42 (m, 9 arom. H); 7.86, 7.91 (27,7 = 8.1. H-C(6)). 13C-NMR (75 MHz,

CDCI3): 20.3 (t, 7(CP) = 12.3). 20.4 (t, 7(CP) = 13.4, CH2CN); 22.88, 22.92, 22.98,

23.01 (Aq, NCHMq): 43.2. 43.3 (27, 7(CP) =12.1, NCHMe2); 55.3 (q, MeO); 57.9 (t,

,/(CP) = 19.5). 58.7 (t, 7(CP) = 17.4, OCH2CH2CN): 61.8, 62.1, 68.9 (3/,

CH2=CHCH2, C(5')); 70.5, 70.7 (27, 7(CP) = 17.0), 77.4 (d, ,7(CP) = 17.2), 77.7 (d,

7(CP) = 18.3). 83.0. 83.1 (27. C(2'). C(3"). C(A')); 87.15. 87.23 (2s, CAr2ph); 87.3,

87.5 (27. C(IT); 93.8 (t. OCPUO); 102.2. 102.4 (27. C(5)); 113.3 (7. arom. C): 117.3.

117.4 (2t, CH2=CHCID); 117.7 (s. CN): 127.2, 128.0. 128.1. 128.2, 128.3, 128.4,

130.2, 130.3 (87, arom. C); 134.0 (7, CFI2=CHCIÏ2): 134.9, 135.1, 135.2, 135.3 (4s.

arom. C); 140.2 (7. C(6)); 144.1, 144.2 (2s, arom. C); 150.2, 150.3 (2s, C(2)), 158.7 (s,

MeO-C); 163.0, 163.1 (2s. C(4)). ^IP-NMR (121 MPlz, CDCI3): 150.7. 151.1. FAB-MS

(NOBA, pos. mode): 818(18, [M + H]A- 817 (41, [M] 4, 773 (91), 303 (100).



257

[(2S)-(2,3-diacetoxy-propvl)oxx]methxl-thiomet/ixl ether (116)

^ S""^ O'^AA^ OAc

OAc

To a magnetically stirred suspension of NaH (3.8 g, 80 mmol) and Nal (6.0 g, 40 mmol)

in DME (40 ml) was added drop by drop D-a,ß-isopropyhdeneglycerol (5.33 g, 40 mmol)

and chloromethyl methyl sulfide (4.54 ml. 44 mmol) at 0° 30 min, respectively. The

reaction mixture was warmed to r.t. and stirred for another 1 h. After work-up (sat, NaCl /

CH2C12), the residue was dissolved in CHAOOH/HCOOH/PUO 10:4:3 (170 ml), stirred

45 min at r.t,, evaporated, treated with toluene (3x100 ml) and evaporated again. The

residue was dissolved in CH2C12 (140 ml) and Py (60 ml), treated with DMAP (970 mg, 8

mmol) and Ac20 (12 ml. 120 mmol) and stirred at r.t. for 30 min. After evaporation, the

residue was treated with toluene (3x100 ml) and evaporated. FC (silica gel, hexane to

hexane/EtOAC 7:3) gave 116 (7.1 g, 76%) as a yellow liquid. TLC (hexane/EtOAc 6:4):

Af0.55. [cc]g = 9.1 (c = 1.0, CHC13). ÎR (CHCI3): 3028s, 311m-, 2924w, 1741s,

1432w, 1372m, 1302m>, 1227s. 1083/;/. 1048m. 962. AUNMR (300 MHz): 2.07, 2.09

(2s, MeCO). 2.13 (s. MeS); 3.69 (el, J = 5.0. CTUOAc); 4.17 (del, 7= 6.2, 10.8, IH,

OCH2); 4.33 (77, 7= 4.0, 10.8, HI. OCH2); 4.62, 4.67 (27, 7= 11.5, OCH2S); 5.20-

5.24 (m, CHOAc). UC-NMR (75 MHz): 13.8 (q, MeS); 20.8, 21.0 (2q, CH3CO); 62.9,

66.0 (2t, CH2); 70.2 (7. CPI); 75.8 (t, OCUAS): 171.1 (5. CO), ESI-MS: 223([M ]A.

[(2R)-(2,3-diacetoxy-propYl)oxx]niethyl thiomethyl ether 117)

^ S"^0'/XV/V OAc

OAc

As described for (116). with NaH (2.4 g. 50 mmol). Nal (3.8 g. 25 mmol), L-a,ß-

isopropylideneglycerol (3.34 g. 25.3 mmol) and chloromctliyl methyl sulfide (2.9 ml, 28

mmol), DME (25 ml), for 0.5 h. Then. CFUCOOH/HCOOH4DO 10:4:3 (100 ml), for 30

min, followed by CTUCb (60 ml). Py (30 ml). DMAP (617 mg. 5 mmol), and Ac20 (5.7

ml. 60 mmol) 30 mm. FC (silica gel hexane to hexane/EtOAC 7:3) gave 117 (3.3 g, 55%)

as a yellow liquid. TTC (hexane/EtOAc 6:4): Af 0.55. [a\2^ = - 6.7 (c = 1.0, CHCI3). IR

(CHCI3): 3028s. 311m-, 2924m-, 1740s. 1432m-, 1372/». 1302m-, 1228s. 1082//;, 1048m,

962. ill-NMR (300 MHz): 2.06, 2.09 (2s. MeCO), 2.12 (5, MeS); 3.68 (7,7 = 4.6,

CH2OAc): 4.17 (77.7= 6.4, 12.0. IH, 0CH4: 4.32 (77,7= 4.5. 12.0, IIP OCH2);

4.63. 4.65 (27.7= 1 1.5. OCfDS): 5.19-5.23 (//;. CHOAc). 4C-NMR (75 MFIz): 13.8
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(ci, MeS); 20.8, 21.0 (2q, CH3CO); 62.9, 66.0 (2t, CED); 70.2 (d, CH); 75.7 (/, OCH2S);

170.6 (s, CO). ESPMS: 223([M ]+).

[(2S)-2,3-diacetoxy-propyl)oxy]metJiylchloride 112 or [(2R)-2,3-diacetoxy-

propyl)oxy]methylchloride 113 (crude)

c|/^0-^s^\0Ac ci'/VO'^A/^0Ac
OAc ÖAc

112 113

At -78°, S02C12 (0.1 ml. 1.2 mmol) was added dropwise to a stirred solution of 116 or

(117) (143 mg, 1.2 mol) and cyclohexenc (0.28 ml. 2.4 ml) in CH2C12 (2.4 ml). The

reaction mixture was warmed to r.t. and stirred for another 1 h. After evaporation the

residue was subjected to high vacuum for 10 min. and used for alkylation reactions.

(2S)-W-Acetyl-9-[2'-0-[((2,3-diacetoxy-propyl)o\y)meth)[J-5'-0-(4A'-dimethoxytrityl)-

ß-D-ribofuranosyl}adenine (118) and (2S)-N4-acetyl-9~{3'~0~{[((2,3-diacetoxy-

propyl)oxy)methylJ-5'-0-(4,4'-dimethoxytritxl)-ß-D-ribo[uraiiosyl'[adenine (120)

At 70°. a soin, of 57 (0.6 g, 1.0 mmol). (/-Pr)2NEt (0.68 ml, 4 mmol), and Bu2SnCl2

(303 mg, 1.0 mmol) in C1CH2CH2C1 (4 ml) was treated with 112 (from 1.2 mmol 116)

and stirred for 15 min. Work-up and FC (silica gel. hexane/AcOEt (+2%NEt2) 8:2 to

AcOEt (+2%NEt3)) gave 118 (320 mg. 40%) and 120 (162 mg, 21%) as pale yellow

foams.

Data of 118:
NHAc

DMTO-n N N

1 ( - -
^

HO 0^0'"Y'"^Ac
OAc

TLC (AcOEt): R[0E3. [a]2^ ~ 1.3 (c = 1.0. CHCI3). LA (McOFI): 272 (18000), 253

(12500), 234 (22500). 229 (21900). IR (CHCI3): 3013m. 2958m-, 1742s, 1703m, 1609s,

1588;;;, 1509;/;, 1466//;, 1419m-, 1374m-, 1296s, 1251//;, 1228s. 1206s, 1177//;, 1036s,

904m-. 829m-, 1H-NMR: 2.04 (v, 611. MeCOO); 2.62 (s. MeCONTl); 2.76 (7, 7 = 5.3,

FIO-C(3')); 3.41-3.51 (m. H-05T): 3.59-3.74 (m. CTUO); 3.78 (y, OMe); 4.05-4.11,

4.21-4.22 (2m, ClUOAc); 4.26-4.27 (//;. H-C(4A; 4.53-4.58 (m. H-C(3*)); 4.83-4.92

(m, OCH20, H-Q2A; 5.08-5.11 (m. CHOAc): 6.19 (7. 7 = 4.7. H-C(IT): 6.79-6.82

(//;, 4 arom. II); 7.21-7.43 (m, 9 arom, H); 8.18 (s, H-C(2)); 8.58 (s, NPI-C(6)); 8.60

Ï4
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(s, H-C(8)). 13C-NMR (75 MHz. CDCI3): 20.7, 20.9 (2q, MeCOO); 25.7 (q,

MéCONH). 55.3 {q. MeO); 62.5. 63.2. 67.4 (3t. OCH2CH(OAc)CH2OAc, C(5*)); 70.2,

70.6, 80.9. 84.2 (47. C(2'), C(E). C(A'). CHOAc); 86.9 (s, CAr2ph); 87.3 (cl, C(1T);

95.5 {t. OCH20); 113.4 (d, arom. C); 122.4 (s, C(5)); 127.2. 128.1. 128.4, 128.6. 130.3

(57. arom. C); 135 8 (s, arom. C); 141.9 (7. C(8)); 144.2 (s, arom. C); 149.5 (s, C(4));

151.2 (s, C(6)); 152.7 (7. C(2)); 158.9 (s. MeO-C); 170.5, 170.9 (2s. CO). FAB-MS

(NOBA, pos. mode): 801 (34. [M + H1+). 800 (86, MA, 303 (100).

Data A120:
NHAc

TLC (AcOEt): Af 0.60. [a]^ = -15.6 (c = 1.0, CHCI3). ]H-NMR (300 MHz, CDCI3):

2.04 (s, 6H, MeCOO); 2.62 (s, McCONH): 3.31-3.51 (m, H-C(5')); 3.65-3.74 (m,

CH20); 3.78 (s, OMe); 4.02-4.16 (;/;, H-CH2OAc, HO-C(2')); 4.29-4.48 (m, H-

CH2OAc, H-C(3'). Pï-C(4')): 4.82-4.91 (m, OCIUO. H-C(2')); 5.13-5.18 (m,

CHOAc); 6.03 (7, 7 = 5.3. H-C(P)); 6.77-6.80 (;/;, 4 arom. H); 7.19-7.41 (;//, 9 arom.

H); 8.18 (s, II-C(2)): 8.62 (s. H-C(8)): 8.67 (br. s, NH-C(6)). FAB-MS (NOBA, pos.

mode): 801 (23, [M + H]A, 800 (49, MA- 303 (100).

(2R)-N4-Ace1yl-9A2'-0-[(y2,3-diacetoxx-propyl)oxy)methyl[-5'-0-(4AElimethoxytntyl)-

ß-D-ribofuranosyljadenine (123) and (2R)-N4-acetyl-9-{3'-0-[[((2,3-diacetoxy-

propyl)oxy)ineihvl/-5,-0-(4A'-dimethoxxtrilxl)~ß-P)-ribofuranosxl}adenine (125)

At 70°, a soin, of 57 (0.6 g, 1.0 mmol). (NPr)2NEt (0.68 ml, 4 mmol), and Bu2SnCl2

(303 mg, 1.0 mmol) in C1CH2CH2C1 (4 ml) was treated with 117 (from 1.2 mmol 116)

and stirred for 15 min. Work-up and FC (silica gel. hexane/AcOEt (+2%NEt2) 8:2 to

AcOEt (+2%NEt3)) gave 123 (360 mg, 45%) and 125 (172 mg, 19%) as pale yellow

foams.
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Data of 123:

DMTO

TLC (AcOEt): Af 0.73. [alf = 2.0 (c = 1.0. CHC13). UV (MeOH): 271 (19100), 253

(11900), 234 (21600), 229 (22000). IR (CHCI3): 3011//;. 2957m, 1742s. 1701m, 1608s,

1588w, 1509m, 1457m, 1419m-, 1374m-. 1296s, 1251m, 1228v, 1210s, 1177m, 1036s,

908m;, 830>v. 1H-NMR: 2.04, 2.05 (2s, 6H, MeCOO); 2.61 (s, MeCONH); 2.86 (7, 7 =

5.6, HO-C(3')); 3.42A.55 (///, H-C(5')); 3.55-3.61, 3.72-3.75 (m, CH20); 3.78 (s,

OMe); 4.04-4.10, 4.23-4.28 (2///, CH2OAc. H-C(4')); 4.52-4.57 (in, H-C(3')): 4.82-

4.90 (m, OCH20, H-Q2T); 5.08-5.11 (//;, CHOAc); 6.22 (7, 7 = 4.7. H-C(l')); 6.78-

6.83 (//;, 4 arom. H); 7.21-7.43 (in, 9 arom. PI); 8.19 (s, H-Q2)); 8.61 {&, NH-C(6));

8.75 (s, H-C(8)). 13C-NMR (75 MHz, CDCI3): 20.7. 21 0 (2q, MeCOO); 25.7 (q,

MeCONFI), 55.2, 55.3 (2q. MeO); 62.4. 63.0. 67.1 (3t, OCPI2CH(OAc)CH2OAc, C(5'));

70.1, 70.5, 80.7, 84.1 (47, C(2'), C(3'), C(4'). CHOAc): 86 6 (s, CAr2ph); 87.1 (7,

C(1T); 96.2 (t, OCII2O); 113.2 (7, arom. C); 122.1 (s, C(5)); 127.0, 127.9, 128.2,

128.3, 130.1 (57, arom. C); 135.6 (s, arom. C); 141.6 (el, C(8)); 144.4 (s, arom. C);

149.2 (s, C(4)); 150.9 (5. C(6)); 152.5 (7, C(2)); 158.6 (s. McO-C): 169.3, 170.3, 170.5

(3s, CO). FAB-MS (NOBA. pos. mode): 1600 (6, 2M+), 801 (38, [M + HA), 800 (100,

M+), 303 (92).

Data of 125:

<A j
DMTO-i N"^N

NHAc

N

AcO-""V^O
OAc

OH

TLC (AcOEt): /Ni 0.60. [a]^ = 19.3 (c = 1.0, CHCI3). Al-NMR (300 MHz, CDCI3):

2.040, 2.043 (2s, 611. MeCOO); 2.62 (v. MeCONH): 3 31-3.51 (m, H-C(5')); 3.67-

3.77 (m. ClhJD): 3.78 (s, OMc): 4.02 (7, 7 = 5.6. HO-C(2')); 4.10-4.16. 4.25-4.30

(2m, CH2OAc); 4.36 (77.7 = 3.7, 6,1. H-C(4')): 4.44A47 (//;, PI-C(3')): 4.82-4.92

(m. OCHoO, H-C(2')): 5 13-5.18 (m, CHOAc): 6 03 (7, 7 = 5 6, H-C(P)); 6.76-6.82

(m, 4 arom. II); 7.17-7.36 (//;, 9 arom. H); 8,10 (s. H-C42)); 8,63 4. H-C(8)); 8.67 (br.
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s, NH-C(6)). FAB-MS (NOBA, pos. mode): 801 (10, [M + H]+), 800 (24, M+), 303

(100).

(2S)-N4-Acetyl-9-{2'-0-l((2E-diacetoxx-propyl)oxy)meth\l]-5'-0-(4A'-dimethoxxtriix-lE

ß-D-ribofuranosylfadenine 3 '-[(2-cyanoethyl) diisopropylphosphoramklUe[ (128)
NHAc

DMTO-, N-^-n"

x\„0 .0 O 0*^T OAc

OAc

AY
A soin, of 118 (122 mg. 0.15 mmol) in CH2C12 (0.5 ml) was treated with (;'-Pr)2NEt (62

pi, 0.35 mmol) and 2-cyanoethyl diisopropylchlorophosphoramidite (46 mg. 0.2 mmol)

and stirred at r.t. for 12 h. FC (silica gel. hexane/AcOEt 8:2 to 3:7) gave 128 (127 mg,

88%) as a pale yellow foam (mixture of diastereoisomers). TEC (hexane/AcOEt 9:1): Af

0.52. UV (MeCN): 271 (19300). 254 (13600). 233 (21900). IR (CHC13): 3009m;, 2970/7/,

2839w, 2256m;, 1741m. 1703m. 1609s, 1588//;, 1510m, 1461w, 1397m-, 1373w,

1296m;, 1228s, 1179m. 1122n\ 1035s, 982m-, 830m\ 'H-NMR (300 MPIz, CDCI3):

1.05, 1.16, 1.17, 1.26, 1.27 (57.7 = 6.8. 12 H, NCPLMe2): 2.01, 2.02 (2s, 9H,

CH3CO); 2.38, 2.74 (It, J = 6.5, OCH2C/ACN); 3.32-3.73 (;?;, PI-C(5').

OCr72CH2CN, NC7/Me2); 3.76, 3.78 (2s. OMe); 3.95^4.09. 4.12-4.25, 4.31-4.40,

4.65-4.72 (m, H-C(2'), H-C(3'), Il-C(4'). OC7?2CH(Ac)C772OAc); 4.73-4.85 (m,

OCH20); 4.99-5.07 (m, CH(OAc)); 6.17. 6.20 (27,7= 5.0, H-C(l')); 6.76-6.82 (m, A

arom. H); 7.17-7.42 (///. 9 arom. H); 8.21. 8.22 (2s. PI-C(2)): 8.59, 8.60 (2s, H-C(8));

8.70 (br. s, NH-C(6)N 13C-NMR (75 MHz, CDCI3): 20.7, 20.9 (2/, 7 (CP)=

4.6,CH2CN); 21.2. 21.3 {Zq. MeCOO); 24.5, 24.6, 24.7 (3q, Me2CHN); 25.6 (q,

MeCONH); 43.2 (7. 7 (CP)= 14.4), 43.4 (7. 7 (CP)=1 1.9. NCHMeN; 55.3 (q, MeO);

58.2, 58.3. 58.6, 58.9, 62.7. 62.9. 66.6. 70.0 (St. OCH2CH(OAc)CH2(OAc). C(5'),

OCH2CH2CN): 71.2. 71.4. 71.9, 72.3. 77.2, 78.3. 83.6, 83.7 (87, CH(OAc), C(2'),

C(3'), C(4')); 86.8, 86.9 (2s, CAnph): 87.4. 87.6 (27. C(1T); 95.5. 95.6 {It, OCH20);

113.4 (7, arom. C); 117.6, 117.8 (2s. CN); 122.4 (s. C(5)); 127.1. 128.0, 128.4, 128.5,

130.2. 130.4 (67, arom. C): 135.6. 135.8 (2s, arom. C): 142.1, 142.2 (27. C(8)): 144.7

(5, arom. C); 149.5 (s. C(4)); 151.3. 151.4 (2s. C(6)): 152.7. 152.8 (27, C(2)); 158.9 (s,

MeO-C); 170.4, 170.5. 170.6. 170.9 (4s. CO). 31P4A1R (121 MPIz, CDCI3): 151.1,

151.3. FAB-MS (NOBA. pos. mode): 1001 (21. L\/+H]A. 1000 (43, [M]+). 823 (20),

303 (100).
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(2R)-N4-Acetyl-9-{2'-0-[((2,3-diaceto\y-propyI)oxy)inethyl]-5'-0-(4A'Mimelhoxy(ritx>l)-

ß-D-ribofuranosyl}adenine 3'-[2-cyanoethyl) diisopropylphosphoramidite] ( 130)
NHAc

A soin, of 123 (104 mg, 0.14 mmol) in CH2C12 (0.5 ml) was treated with (NPr)2NEt (51

pi, 0.3 mmol) and 2-cyanoethyl diisopropylchlorophosphoramidite (40 mg, 0.18 mmol)

and stirred at r.t. for 12 h. EC (silica gel. hexane/AcOEt 8:2 to 2:8) gave 130 (109 g. 90%)

as a pale yellow foam (mixture oi' diastereoisomers). TLC (hexane/AcOEt 9:1): Af 0.52.

UV (MeCN): 271 (19200). 253 (14200), 233 (22000). IR (CHC13): 3011m-, 2969m,

2934>v, 2256m;, 1741s, 1703m, 1609s. 1588m, 1509m, 1458w, 1374m, 1296m, 1250s,

1231s, 1179m, 1 121w, 1035s. 980/7;, 830m-, Hi-NMR (300 MHz, CDCI3): 1.05, 1.16,

1.17, 1.26, 1.27 (57,7=6.8, 12 H, NCHMe2); 2.01, 2.02 (2s, 9H, CH3CO); 2.39, 2.74

(2t,J = 6.2, OCH2C772CN); 3.33-3.69 (m, H-C(5'), OC772CH2CN, NC/7Me2); 3.77,

3.80 (2s, OMe); 3.96-4.01, 4.12-4.25, 4.33-4.40. 4.65-4.71 (m, H-C(2'), H-C(3').

FI-C(4'), OC772CH(Ac)C//2OAc): 4.71-4.87 (///, OCH20); 4.90-5.06 (m, CH(OAc));

6.20 (7, 7 = 5.3, 0.5 PI. H-C(l')): 6.23 (7. 7 = 5.0, 0.5 H, H-C(IT); 6.77-6.82 (m, 4

arom. H); 7.20-7.42 (m. 9 arom. H); 8.20, 8.21 (2s, H-C(2)); 8.611, 8.613 (2s, H-

C(8)); 8.71 (br. s, NP1-C46)). 13C-NMR (75 MHz, CDCI3): 20.1, 20.4 (2/, 7 (CP)=

6.1,CH2CN); 20.7. 21.0 (2q, MeCOO): 24.5. 24.6. 24.7 (3q, MeoCUN): 25.7 (q,

MeCONH); 43.3 (el, J (CP)= 13.2), 43.4 (7, 7 (CP)=11.0, NCHMei); 55.3 (q, MeO);

58.2, 58.3, 58.7, 58.9, 62.7, 62.9. 67.0, 70.1 (8/, OCII2CH(OAc)CH2(OAc), C(5'),

0CH2CI12CN): 70.3, 71.4. 71.6. 71.8. 77.4, 78.1, 83 6. 83.7 (87. CIKOAc), C(2'),

C(3'), C(4')): 86.8. 86.9 (2s. CAnph); 87.2. 87.3 (27. C(1A; 95.7 (/, OCH9O); 113.4

(7, arom. C): 117.6. 117.8 (2s. CN); 122.4 (5. C(5)): 127.2, 128.1. 128.4, 128.5, 130.3,

130.4 (67. arom. C); 135.7. 135.8 (2s, arom. C); 141.9. 142.1 (27. C(8)); 144.6, 144.7

(2s, arom. C); 149.5 (s. C(4)); 151.4 (5. C(6)); 152.7 (el. C(2)); 158.9 (s, MeO-C);

170.4, 170.5, 170.6. 170,9 (4s, CO), 3ip_NMR (121 MHz. CDCI3): 151.2. FAB-MS

(NOBA, pos. mode): 1001 (44. |A/+H]A. 1000 (83, [M]+). 823 (31), 303 (100).
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W-Acetyl-l-{2'-0-l((2,3-dihydro\yl-prop\l)o\\l)melhyl[-5'-0-(4,4'-dimethoxytrityl)-3'-

O-triethylsilyl-ß-D-ribofiiremosyl[cytosine (82)
NHAc

DMTO-, 'r °

\Ej
TESO O^^O^^f^OH

OH

A soin, of 72 (791 mg, 1.2 mmol) and imidazole (188 mg, 3.0 mmol) in CH2C12 (6 ml)

was treated with Et^SiCl (270 mg. 1.8 mmol) and kept at r.t. for 30 min. Work-up and

silica gel filtration. The residue was added to a suspension of AD-ß-mix (2.1g), PI20 (7.5

ml) and f-BuOH (7.5 ml). The heterogeneous slurry was stirred vigorously at r.t. until

TLC revealed the absence of starting material (24 h). The reaction was quenched by adding

Na2S03 and stirred for 10 min. Work-up and EC (silica gel, CH2C12 (+2%NEt3) to

CH2Cl2/MeOH 9:1 (+2%NEt3)) gave a 2:3 mixture of two diastereoisomers 82 (0.78 g,

81%) as a pale yellow foam. TTC (CH2Cl2/MeOH 9:1): Af 0.37. UV (MeOH): 303

(6100), 282 (5500), 271 (5200), 243 (15300). IR (CHC13): 3009m. 2958m
, 1772m;,

1658s, 1610m, 1556;/;, 1510m. 1482m, 1443m-, 1385m-, 1309m-, 1252s, 1226m, 1177m,

1115s, 1035s, 912mx 887m-, 836m. iH-NMR: 0.37-0.49 (m, SiC772CIi3); 0.77-0.82 (in,

SiCH2C7/3); 2.20, 2.21 (2s, MeCO); 2.26, 2.28 (2br. s, OPI); 3.30-4.35 (m. i 1PI); 3.82

(s, OMe); 4.88-4.98 (m. OCLUO); 6.05 4. H-C(IT): 6.85-6,88 (m. 4 arom. H); 7.00.

7.01 (27, 7 = 7.8. H-C(5A 7.22-7.44 (;?;. 9 arom. H); 7.91 (5, H-C(8)); 8.65. 8.66 (27,

7 = 7.8, H-C(6)); 9,71 (br. v. NH-C(4)). 13C-NMR (75 MHz, CDCJ3): 4.6 (t,

SiCH2CH3); 6.7 (q, SiCH2CH3): 24.9 (q.MeCO); 55.3 (q, MeO); 60.4, 60.5, 63.2,

63.8, 69.9 (5t, OCH2CH(OH)CH2OH. C(5')); 69.0. 69.1, 70.7, 71.0, 79.3, 79.5, 82.3,

82,4 (87, C(2'), C(3'). C(44, CH(OH)): 87.1 (s, CAnph); 90.0, 90.2 (27. C(1T); 95.6

(/, OCPI20); 97.2 (7. C(5)); 113.2 (7, arom. C); 127.4, 128.0, 128.3, 128.6, 130.4 (57,

arom. C): 134.9 (s, arom. C): 143.7 (s, arom. C): 144.8 (7. C(6)); 155.4 (s, C(2)); 158.9

(5, MeO-C): 162.9 (s. C(44: 170.5 (s. CO). FAB-MS (NOBA. pos. mode): 807 (2. [M +

HJ+). 806(5, MA. 303 (100).

(2R)-N4-Aeen[-J-{2'-0-[((2,3-diacetoxy-propyl)oxy)iriethyll-5'-0-(4A'-(Jimet/w^tri1yl)-

ß-D-ribofiiranosyljcytosine (85) and {2R)-'H4-acetxl-l-{2'-0-[((2,3-diacetoxy-

propxl)o\y)methxl]-5'-0-(4A'~dimetho\xtrilxl)-ß-D-rihofuranosxl}cxtosine (84)

A soin, of 82 (470 mg. 0.58 mmol) in Py (2 ml) was treated with Ac20 (0.14 ml, 1.5

mmol) and kept at r.t. for 12 h. After work-up, the residue was co-evaporated with toluene

(2x) and TP1F. then treated with TBAF m TPIE (0.2M) at r.t. for 30 mm. Work-up and FC
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(silica gel, CH2C12 (+2%NEt3) to CIUCU/MeOH 95:5 (+2%NEt3)) gave two

diastereoisomers 85 and 84 (369 mg, 82%) as pale yellow foams. Separation of the two

diastereoismers by HPLC (EtOAc) gave 85 ( 136 mg) and 84 (168mg) as white foams.

Data of'85:
NHAc

DMTO

TEC (CH2Cl2/MeOH 95:5): Af 0.63.(c = 1.0, CHCJ3). \a\2£ = 46.0 (c = 1.0. CHCI3).

UV (MeOH): 303 (5700). 283 (5600), 276 (5100). 271 (5000), 243 (14900). IR (CPICI3):

3028m;, 2960m;, 1740m. 1662m, 1610m, 1555m, 1510m, 1482m. 1443m-, 1382m,

1306m, 1226s. 1177m, 1036//;, 909m;, 829m-. 1H-NMR: 2.04, 2.06 (2s, MeCOO); 2.21

(5, MeCONH); 2.73 (7, J = 8.7, HO-C(3')): 3.52-3.62 (m, H-C(5')); 3.70-3.80, 4.07-

4.37 (rn, H-C(2'), H-(3'), II-C(4'), OC//2CII(OAc)C7/2OAc ); 3.82 (s, OMe); 4.94,

5.22 (27, 7 = 6.5, OCFUO): 5.15-5.18 (;//, Cli(OAc)); 5.95 (s, H-C(l')); 6.85-6.89 (m,

A arom. H); 7.08 (7. 7 = 7.5, PI-C(5)); 7.24-7.43 (;;;. 9 arom. H); 8.48 (el, J = 7.5, H-

C(6)); 8.79 (br. s. NH-C(4)). i-A-NMR (75 MHz. CDCI3): 20.78, 21.00 (2q, MeCOO);

25.0 (q, MeCONH); 55.3 ON/, MeO): 60.9, 62.6, 67.0 (3/, OCH2CH(OAc)CH2OAc.

C(5T); 67.8, 80.6, 83.0 (37, C(2'), C(3'), C(4')): 70.4 (7, CH(OAc)); 87.1 (s, CAr2ph);

89.7 (el, C(l')); 95.5 (t, OCFUO); 96.4 (7. C(5)); 113,3 (7, arom. C); 127.2, 128.1,

128.3, 130.1 (47, arom. C); 135.2, 135.5 (2s, arom. C); 144.2 (7, C(6)); 144.8 (s, arom.

C); 155.4 (s, C(2)): 158.7 4, MeO-CT 162.4 (s. C(44: 170.7 (s, CO). FAB-MS (NOBA,

pos. mode): 777 (13, M+), 776 (26, [M- H]+), 303 (100).

Data of 84
NHAc

N

A
DMTO-, 7

°

HO 0*^0-^YA^OAc
OAc

TLC (CH2Cl2/MeOH 95:5): Af 0.63.(c = 1.0. CHCh). [a\2^ = 61.0 (c = 1.0. CHCI3).

UV (MeOH): 303 (5900). 282 (5900). 276 (5100). 270 (5200). 241 (15300). IR (CHCI3):

3028w, 2959m-, 1739/». 1662»;. 1610. 1554m, 1510m, 1482m. 1442m-, 1382//;,

1306m, 1225s, 1226s, 1177//;, 1102//;, 1036/;;. 908m-, 829m-. 1H-NMR: 2.05. 2.07 (2s,
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MeCOO); 2.21 (s, MeCONH); 2.76 (br. s. HO-C(3')): 3.51-3.63 (m, H-C(5')); 3.69-

3.86, 4.07-4.35 (;;;. H-C(2'). H-(3'), H-C(4'). OC77NCH(OAc)C7/2OAc ); 3.81 (s,

OMe); 4.96, 5.20 (27. J = 6.5. OCTUO); 5.16-5.18 (m, CH(OAc)); 5.94 (s, PI-C(l')):

6.84-6.88 (m, 4 arom. H): 7.10 (7. J = 7.8. H-C(5)); 7.24-7.43 (m, 9 arom. H); 8.48

(7, 7 = 7.8, PI-C(6)); 9.06 (br. s, NH-C(4)). J3C-NMR (75 MHz, CDCI3): 20,8. 21.0

(2q. MeCOO); 25.0 (q, MeCONH); 55.4 (q, MeO); 61.0. 62.6, 67.4 (3/,

OCH2CH(OAc)CH2OAc, C(5')): 67.9. 80.9, 83.2 (37. C(2'). C(3'). C(4')): 70.4 (7,

CH(OAc)); 87.3 (s. CAnph): 89.9 (7, C(P)); 95.9 (t, OCH20); 96.6 (7, C(5)); 113.6 (d,

arom. C); 127.4, 128.3. 128.4. 130.3. 130.4 (57, arom. C): 135.5, 135.8 (2s. arom. C);

144.6 (d, C(6)); 145.1 (s. arom. C); 155.2 (s, C(2)): 159.0 (s, MeO-C); 162.8 (s, C(4));

170.3, 170.7, 171.0 (s. CO). FAB-MS (NOBA, pos. mode): 777 (9, MA, 776 (19, [M-

FilA, 663 (13), 303 (100).

(2R)-N4-Acetyl-E[2'-0-[((2,3-diacetoxy-pwpyl)oxx)niefhxl]-5'-0-(4A'-diinethoxytrityt)-

ß-D-ribofuranosyi'}cytosine (85) and (2R)-N4-acet\4-l-{3'-0-[((2,3-diacetoxy-

propyl)oxy)methyl/'-5'-0-(4,4'~dimethoxytrityl)-ß-D-ribofuranosyl}cytosine (126)

At 70°, a soin, of 58 (0.58 g, 1.0 mmol). (NPr)2NEt (0.68 ml, 4 mmol), and Bu2SnCl2

(303 mg, 1.0 mmol) in C1CII2CH2C1 (4 ml) was treated with the reaction residue of 117

(from 1.2 mmol 116) and stirred for 15 min. Work-up and FC (silica gel, hexane/AcOEt

(+2%NEt3) 8:2 to AcOEt (+2%-NEt3)) gave 85 (307 mg. 40%) and (126 (143 mg, 20%)

as pale yellow foams.

Data of 85: see above

Data of 126:

NHAc

K]A'n
DMTO-1

^ 1

^^
AcOAf O O OH

OAc

TLC (CH2CJ2/MeOH 95:5): Ar 0.50.4 = 1.0. CHCI3). La]f = 15.7 (c = 1.0. CTICI3). IR

(CIICI3): 3013m-, 2959m-, 1739s. 1662s, 1610m, 1553/;;, 1510m, 1482m, 1443w,

1382m, 1306m, 1251s. 1209m, 1177m, 1102m, 1016//;. 908m-, 829m-. AI-NMR; 2.04,

2.08 (2s. MeCOO): 2.24 (5. MeCONH): 3.36-3.40 (/;;. IUC(5A; 3.57-3.64. 3.73-3.79

(2m, PP-C(5'). CTDO): 3.81 (5. OMe): 4.05-4.37 (//;. H-C42'), FU-(3'). H-C(4'),

C/72OAc, HO-Q2A: 4.72. 4,77 (27.7 = 6.9. OCPUO); 5.13-5.19 (m, CH(OAc)); 5.92
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{d, J = 3.5, H-C(l')); 6.83-6.88 (m. 4 arom. H): 7.16 (7. 7 = 7.5, H-C(5)); 7.24-7.40

(;;;, 9 arom. FI); 8.35 (d. J = 7.5, H-C(6)); 8.82 (br. s. NH-C(4)). FAB-MS (NOBA,

pos. mode): 777 (15. [M1+). 776 (39. [M- H1+). 303 (100).

(2S)-N4~Acetyl-l-l2'-0-[((2,3-diacetoxx-pwpyl)oxy)methyl/~5'-0-(4A'-cliinethoxxtrityI)-

ß-D-ribofuranosyljcytosine (84) and (2S)-N4~acetyl-E{3'-0-[((2,3-diacetoxy-

propyl)oxy)methyll-5'-0-(4A'Ei)iietlwxytrityl)-ß-D-ribofiininosyl}cytosiiie (121)

At 70°, a soin, of 58 (0.58 g. 1.0 mmol), (;-Pr)2NEt (0.68 ml. 4 mmol), and Bu2SnCl2

(303 mg, 1.0 mmol) in C1CH2CH2C1 (4 ml) was treated with the reaction residue of 117

(from 1.2 mmol 116) and stirred for 15 mm. Work-up and FC (silica gel, hexane/AcOEt

(+2%NEt3) 8:2 to AcOEt (+2%NEt3)) gave 84 (301 mg, 39%) and (121 (152 mg, 22%)

as pale yellow foams.

Data of SA: see above

Data of 121:
NHAc

DMTO

AcO

25TEC (CH2Cl2/MeOH 95:5): Af 0.50,(e = 1.0, CHC13), [a]£ = 11.2 (c = 1.0, CPICI3), IR
D

x

(CHCI3): 3013m, 2959m-, 1740s, 1662s, 1610//;, 1554m, 1510m, 1482m, 1443w,

1382m. 1306m, 1251s. 1206m, 1177//;, 1103m, 1066/;/, 1035;/;, 1016m, 828w. 1H-

NMR: 2.04. 2.08 (2s. MeCOO); 2.24 (s. MeCONH): 3.36-3.40 (m. PI-C(5')); 3.57-

3.64, 3.73-3.79 (2//;, H-C(5'). CH20): 3.81 (s, OMe): 4.05-4.37 (;/;, H-C(2'), H-(3'),

H-C(4'), C772OAc. HO-C(2')): 4.72, 4.77 (27,7 = 6.9, OCH20); 5.13-5.19 (m,

CTI(OAc)); 5,92 (7. 7 = 3.5, H-C(l')); 6.83-6.88 (//;. 4 arom. H); 7.16 (7. 7 = 7.5, H-

C(5)); 7.24-7.40 (///, 9 arom. H); 8.35 (7.7 = 7.5, Fl-C(6)); 8.82 (br. s. NPT-C(4)).

FAB-MS (NOBA. pos. mode): 777 (20. [M]+). 776 (48. [M- Il]+). 663 (11), 303 (100).
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(2R)-N4-Acet}>l-l-{2'-0-[((2.3-diaceto\y-propyl)oxy)inethyl]-5'-0-(4,4'-di77iethoxytrity1)-

ß-D-ribofuranosyl}cytosine 3'-[2-cyanoethyl) diisopropylphosphoramidite] (93)
NHAc

N

DMTO— ^ '°

,a „o o o v oac

.

1
/

6ac

A soin, of 85 (124 mg, 0.15 mmol) in CH2C12 (1 ml) was treated with (;"-Pr)2NEt (64 pi,

0.38 mmol) and 2-cyanocthyl diisopropylchlorophosphoramiditc (46 mg, 0.2 mmol) and

stirred at r.t. for 12 h. FC (silica gel, hexane/AcOEt 8:2 to 3:7) gave 93 (129 g. 88%) as a

pale yellow foam (mixture of diastereoisomers). TTC (hexane/AcOEt 9:1): Af 0.36. UV

(MeCN): 304 (5900), 289 (4900), 283 (5200), 279 (5000), 237 (24300), 226 (19700). IR

(CHC13): 3012m;, 2976m, 2256m;. 1739s. 1663m, 1609//;, 1509m, 1442w, 1382m,

1309m', 1276w, 1250s, 1105m, 1035s, 902m-, 829m-. 1II-NMR (300 MHz, CDCI3):

0.99. 1.11, 1.12, 1.16 (47,7 = 6.8, 12 H. NCHMe2); 2.050, 2.056, 2.059, 2.07 (4s,

CH3COO); 2.19, 2.20 (2s, C7/3CONH); 2.41, 2.76 (It, J = 6.2, OCH2C7/2CN); 3.43-

3.60 (m. H-C(5'). OC7/2CH2CN); 3.65-3.79 (//;, NC/7Mc2); 3,810, 3.818. 3.82 (3s,

OMe); 3.87-3.97, 4.10-4.51 (;//. PI-C(2'). H-C(3'). H-C(4'), OC7/2CH(Ae)C7/2OAc);

4.95-5.04 (//;, OCPUO); 5.21-5.30 (//;. CH(OAc)); 6.05 (s, H-C(l')); 6.83-6.97 (//;, 4

arom. H); 7.26-7.44 (/;;. 9 arom. H, H-C(5)); 8.44, 8.52 (27, 7 = 7.5, H C(6)), 8.43,

8.51 (2br.s, NH-C(4)). HC-NMR (75 MHz, CDCU): 20.3, 20.8, 21.1 (3t, CH2CN);

22.9, 23.0 (2q, MeCOO): 24.5. 24.6 (2q, MeCONH); 43.2, 43.3 (27, NCH.Me2); 55.3

(q, MeO); 58.1. 58.2. 60.5. 60.7. 63.1, 66.8, 69.2 (5/. OCH2CH(OAc)CH2(OAc),

C(5'), OCH2CH2CN); 70.4. 70.5. 77.2, 78.4, 81.9 (57. CH(OAc), C(2'), C(3'), C(4'));

87.0 (s, CAr2ph); 90.1. 92.1 (27. C(1T); 95.0, 95.2 (2/. OCH20); 96.2 (7. C(5)); 113.3

(7, arom. C); 117.4, 117.6 (2s. CN): 127.2, 128.0. 128.4. 129.5, 130.3, 131.4 (67,

arom. C); 135,2 (s. arom. C); 144.1 (s, arom. C): 144 8 (7, C(6)); 158.7 (s, MeO-C);

162.1 (s. C(4)): 170.3. 170.5, 170.8 (3s, CO). 3tp_NMR (121 MHz. CDCI3): 149.9,

151.7. FAB-MS (NOBA. pos. mode): 978 (1. [MIA, 824 (12). 303 (100).
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(2S'EN4^Acely[-E[2'-0-l((2J-diacetoxy-propyl)oxv)melhyl]-5'-0-(4AElimelhoxyîrdylE

ß-D-ribofuranosy1[cytosine 3'-[2-cyanoethyl) diisopropylphosphorainidite] (92)
NHAc

DMTO'

OAc

A soin, of 84 (157 mg, 0.19 mmol) in CH2C12 (1 ml) was treated with (NPr)2NEt (81 pi,

0.48 mmol) and 2-cyanoethyl diisopropylchlorophosphoramidite (58 mg, 0.24 mmol) and

stirred at r.t. for 12 h. EC (silica gel, hexane/AcOEt 8:2 to 3:7) gave 92 (158 g, 85%) as

pale yellow foam (mixture of diastereoisomers). TLC (hexane/AcOEt 9:1): A( 0.36. UV

(MeCN): 304 (6300), 290 (5200). 283 (5600), 279 (5400), 237 (25500). 226 (20700). IR

(CHC13): 3026m-, 2970m, 2256m-, 1738s. 1664m. 1608m. 1552m, 1510;//, 1462m;,

1369m, 1308w, 1258w, 1227s, 1179m, 1120m-, 1034;/;. 980w. 829w. PH-NMR (300

MHz, CDCI3): 0.98-1.14 (;/;. 12 H. NCPIMeA; 2.043, 2.051, 2.055, 2.063 (4s,

CH3COO); 2.19, 2.20 (2s, CH3CONH); 2.39-2.43 (;/; , IH), 2.76 (t, 7 = 6.2, IH,

OCH2C772CN); 3.43-3.73 (m. PI-C(5'). OC772CH2CN. N(C77Me2)2); 3.810, 3.817,

3.820 (3s, OMe); 4.14-A.49 (//;, H-C(2'). H-C(3'). H-C(4'). OCff2CH(Ac)C772OAc);

4.95-5.04 (m, OCTUON 5.22A.30 (m, CH(OAc)); 6.03, 6.04 (2s, H-C(l')): 6.83- 6.88

(m, 4 arom. H); 7.26-7.44 (//;, 9 arom. H, H-C(5)); 8.43, 8.52 (27, 7 = 7.6, II-C(6)),

8.57 (br. s, NPI-C(4)). HC-NMR (75 MHz. CDCI3): 20.2-21.1 (t, CH2CN); 22.88,

22.91 (2q, MeCOO): 24.42, 24.50 (2q, MeCONH): 43.1, 43.3 (27, NCHMe2); 55.2,

55.3 (2q. MeO); 58.1, 58.2, 60.5. 60.8. 63.0, 63.1, 66.8. 66.9 (8/,

OCH2CH(OAc)CTI2(OAc). C(5'). OCH2CH2CN): 70.0, 70.3, 76.2, 77.2, 78.7, 81.7

(67, CH(OAc), C(2'). C(34. C(4')); 87.0, 87.1 (2v, CAr2ph); 89.9, 90.0 (27, C(P));

95.1, 95.3 (2/, OCPUO): 96.2 (7, C(5)); 113.3 (7. arom. C); 117.4, 117.6 (2s, CN);

127.2, 128.0, 128 3, 129.4, 130.3 (57, arom. C); 135.2, 135.4 (2s, arom. C); 144.1,

144.2 (2s, arom. C): 144.9 (7. C(6)); 158.7 (s, MeO-C); 162.1 (5, C(4)); 169.6, 170.4.

170.7 (3s, CO). 3IP-NMR (121 MPIz. CDCI3): 150.0, 151.6. FAB-MS (NOBA, pos.

mode): 978 (1. [MIA, 824 (12). 303 (100).
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N4-Acetyl-l-f2'-0-[((3-benzoyl)oxyl)propoxyl77iethyl)l-5'-0-(4,4'-dimethoxytrityl)-ß-D-

ribofuranosyl}cytosine (94)

A Suspension of 62 (370 mg. 0.5 mmol) and AgOBz (360 mg, 0.75 mmol) in benzene (5

ml) was stirred for 14 h. Work-up and FC (silica gel, hcxane/AcOEt 8:2 to AcOEt) gave 92

(258 g, 75%) as a pale yellow foam. TLC (AcOEt): Af 0.73. [a]2^ = 22.5 (c = 1.0.

CHC13). UV (MeOH): 298 (5400), 290 (5200), 283 (6200), 279 (6000), 239 (26400),

226 (24200). IR (CHCI3): 3400u>. 3026m;, 2960w, 1722m, 1658s, 1610m, 1552m,

1510m, 1489s, 1382m, 1306m-, 1258m. 1277s, 1217m, 1176m, 1098s, 1035;/;. 909w,

830w. 1H-NMR: 2.04-2.07 (m, 2PI. CH2); 2.23 (s. MeCO): 2.84 (7,7 = 9.3, OH-

C(3')); 3.53-3.82 (;/;, OCH2, H-C(5')): 3.81, 3.82 (2s, OMe); 4.06-4.08 (;//, H-C(4'));

4.23-4.25 (in, PI-C(2')); 4.41 (t. 7= 6.2, CH2OBz); 4.42-4.45 (in, H-C(3'); 4.96, 5.18

(27, 7 = 6.5, OCH20); 5.99 (s. PI-C(l')); 6.84-6.89 (//;. 4 arom. PI); 7.10 (el, J = 7.5,

H-C(5)); 7.25-7.53, 7.99-8.03 (m, 14 arom, H): 8.46 (7, 7 = 7.5, H-C(6)); 9.36 (br. s,

NH-C(4)). 13C-NMR (75 MHz. CDCI3): 24.9 (q, MeCO); 29.1 (/, CH2); 55.3 (q, MeO);

60.9, 61.9, 65.5 (t, OCTU. CPDOBz. C(5')); 67.9, 80.5. 83.2 (37, C(2'), C(3'), C(4')):

87.1 (s, CAr2ph); 89.6 (d, C(Y)): 95.1 (/, OCH20); 96.6 (d, C(5)); 113.3 (7. arom. C);

127.2, 128.1, 128.2. 128.4, 129.6. 130.1, 132.9 (77. arom. C); 135.2, 135.5 (2s, arom.

C); 144.3 (s, arom. C); 144.7 (7, C(6)): 155.0 (s, C(2)N 158.7 (s, MeO-C): 162.7 (s,

C(4)); 170.3 (s, CO). FAB-MS (NOBA, pos. mode): 821 (13, [M + FIA), 478 (27), 303

(100).

W-Acet\[-l-{2'-0-[((3-beiizoxl)o\xl)propy[()xymelhyl)]E'-OE4A'-dimetho\ytrityl)-ß-D-
ribofiranosyl'[cytosine 3'-/2-tyanoethxl) diisopropxlphosphorainiditc] (95)

NA
A soin, of 24 (106 mg. 0.17 mmol) in CH2C12 (1 ml) was trcatedwith (;-Pr)2NEt (68 pi,
0.4 mmol) and 2-cyanoethy] diisoprop\1chlorophosphoramiditc (53 mg. 0.2 mmol) and
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stirred at r.t. for 12 h. FC (aluniiniumoxide. hexane/AcOEt 8:2 to 2:8) gave 95 (100 mg,

80%) as a pale yellow foam (mixture of diastereoisomers). TLC (hexane/AcOEt 1:9): 0.65.

Af 0.40. UV (MeCN): 304 (5900). 290 (5100). 235 (29500), 225 (27000). TR (CHCI3):

3401w. 3008m, 2970m, 2256m-, 1718m. 1663s, 1609m, 1555m, 1509m. 1482s, 1383m;.

1309m, 1277m, 1251s, 1178m. 1119//;. 1035m, 980m-, 829m-. IH-NMR (300 MHz,

CDCI3): 0.99-1.25 (//;. 12 H. NCPIMe2); 1.98-2.18 (m, CH2); 2.21, 2.22 (2s, MeCO);

2.39, 2.76 (2t,J= 6.2. OCIUC/ACN): 3.41-3.89 (m, H-C(5'), OCH2, CTDQBz,

CTACIDCN, N(C77Me2)2); 3.80. 3.81 (2s, OMe); 4.09-4.56 (;/;. H-C(2'), H-C(3'), H--

C(4')): 4.90-5.03 (//;. OCTUO); 6.06 (7. 0.5 H, 7 = 1.9. Pl-C(l')): 6.09 (7, 0.5 PI. 7 =

1.6, H-C(l')); 6.83-6.87 (//;. 4 arom. H); 6.95 (el. 0.5 H, 7 = 7.6, H-C(5)): 7.00 (7, 0.5

H,./ = 7.5, H-C(5)); 7.26-7.54 (///, 12 arom. H); 8.00-8.02 (m, 2 arom. H): 8.40 (7, 0.5

H, 7 = 7.6, H-C(6)): 8.51 (7. 0.5 PL 7 = 7.5, H-C(6)); 9.70, 9.77 (2 br. s. NH-C(4)).

13C-NMR (75 MPI/, CDCh): 20.0, 20.2 (It, 7(CP) = 8.0, CH2CN); 22.9, 23.0 (2q,

MeCO); 24.4, 24.5. 24.6, 24.7, 24.9 (5q, NCHMe2): 29.0 (t. CPI2); 43.1, 43.3 (27,

7(CP) = 7.1, NCHMc2); 55.2, 55.3 (2q, MeO); 58.2 (/. OCH2CH2CN); 60.6, 61.1, 61.9,

62.2, 65.1, 65.3 (6f, OCH2, CH2OBz, C(5')); 69.2, 70.0. 78.3, 78.6, 82.0, 86.9 (67,

C(2'), C(3'), C(4')); 87.1 (s. CAr2ph); 89.8 (el, C(V)): 94.9 (t, OCH20); 96.7 (7, C(5));

113.3 (el, arom. C); 117.0, 117.4 (2s. CN): 127,2, 128.0, 128.3, 128.4, 129.6, 130.3.

132.8 (77, arom. C); 135.1, 135.2, 135.3 (3s, arom. C); 144.1, 144.2 (2s, arom. C);

144.8 (e/, C(6)), 148.2 (s. arom. C); 155.0 (s. C(2)), 158.8 (s, MeO-C); 162.7 (s. C(4));

170.5, 170.6 (s, CO). 31P-NMR (202 MHz. CDCI3): 150.3. 151.3. FAB-MS (NOBA,

pos. mode): 1021 (6, [M + H|+). 827 (24), 303 (100).

(2S)-N2-Acety>l-9-{2'-0-[((2,3-diacetoxy-propyl)oxy)iiwl]nl]-5'-0-(4,4'-dhncthoxytrityl)-

3'-0-triethylsilyl-ß-D-riboturanosxl}guanine (105) and (2R)~W-acetxE9-[{2'-0-/((2,3-

diacetoxy-propyl)oxx)methxl]-5'-0-(4A '-dimethoxytrityl)-3 '-O-triethylsilyl-ß-D-

ribo[uranosyl]guanine (104)

A soin, of 73 (500 mg. 0.72 mmol) and imidazole (122 mg, 1.8 mmol) in CH2C12 (3 ml)

was treated with Et3SiCI (0.18 ml. 1.1 mmol) and kept at r.t. for 30 min. Work-up and

silica gel filtration. The residue was dissolved in CH2C12 (2.5 ml) and treated at -20° during

lh dropwise with a solution of KM11O4 ( 156 mg. 1.1 mmol) and B114NCIO4 (670 mg, 2.1

mmol) 111 H20 (0.5 ml) and CH2C12 (2.5 ml). The reaction was quenched by adding solid

Na2S203 (250 mg). Work-up and EC (silica gel, ClUCU (+2%NEt3) to CH2Cl2/McOH

9:1 (+2%NEt4) gave a mixture of two diastereoisomers 105 and 104 (493 mg. 81%) as a

pale yellow foam. This intermediate was dissohed m CH2C12 ( 1.5 ml) and Py (0.5 ml) and

treated with DMAP ( 12 mg. 0.1 mmol) and Ac20 (0.14 ml, 1.5 mmol) during lh. The
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reaction mixture was treated with toluene and evaporated. FC (silica gel, CH2C1?

(2%Et3N) to MeOH (2%Et3N) 95:5) gave a pale yellow foam. The two diastereoisomers

were scperaled by HPLC (CH2Cl2//-propanol 96:4) leading to 202 mg 105 (30%) and 83

mg 104 (12%). TLC (CH2C12/MeOH 92:8): Af 0.41. UV (MeOH); 275 (6400), 272

(6100), 236 (14200). 222 (12100). IR (CHC13): 3212m-. 3011m, 2958//;
, 2877w,

1738m, 1693s, 1608s. 1562m, 1510m. 1464m/, 1378m;, 1300m-, 1253s, 1228m, 1178m.

1034s, 834vt;.

Data of 105:
o

DMTOn y N NHAc

TESO O O Tf 0Ac

OAc

IFI-NMR: 0.44-0.55 (m, SiC/42CH3); 0.80-0.87 (//;, SiCPI2C7/3); 1.98, 2.07, 2.10 (3s,

MeCO); 3.20 (del, J = 4.0, 10.9. H-C(5')); 3.53 (77, .7 = 6.9, 10.3, OCH2); 3.73-3.77

(m, PP-C(5')); 3.77, 3.78 (2s, OMe); 4.12-4.18 (m, 2H. C7/2OAc, H-C(4*)); 4.31 (eld,

/= 3.4, 12.1, IH, C7/2OAc); 4.42-4.45 (//;. H-C(2'), H-C(3')); 4.75, 4.80 (27, 7 = 7.2,

OCH20); 5.21-5.24 (/;;. CHOAc); 6.05 (7. 7 = 3.4. H-C(P)); 6.79-6.84 (///, 4 arom. H);

7.22-7.48 (;;;, 9 arom. H); 7.91 (s, PI-C(S)): 9.04 (s. NH-C(2)); 12.02 (v. H-N(l)).

13C-NMR (75 MHz. CDCp): 4.7 (t, S1CPUCH3): 6.7 (q, SiCH2CH3); 20.8, 21.2. 23.9

(3q, MeCO); 55.4 (q, MeO); 62.6. 62.8. 66.3 (3t, OCH2CH(OAc)CH2OAc, C(5')):

70.4. 70.6, 80.7, 83.6 (47. C(E), C(3'). C(47, CH(OAc)); 86.8 (s, CAr2ph); 87.0 (el,

C(l')); 96.1 (/, OCH20): 113.2 (7. arom. C); 122.2 (s. C(5)); 127.4. 128.2, 128.4,

128.6, 130.3 (57, arom. C): 135.8, 135.9 (2s, arom. C); 137.7 (el, C(8)); 144.7 (5, arom.

C); 147.8 (s, C(4)): 148.2 (,s. C(2)); 155.8 (s. C(6)); 159.0 (s, McO-C); 171.2, 171.6,

172.3 (3s, CO). FAB-MS (NOBA, pos, mode): 930 (14, [47+ HA). 910 (100. MA, 303

(39).

Data of 104:

0

<iXr
DMTO-i ^ n' NHAc

O-

TESO O O V OAc

ÖAc

1H-NMR: 0.44-0.56 (;/;. SiC7/2CH3N 0.80-0.91 (//;, SiCH2C773); 1.90. 2.07. 2.08 (3s,

McCO): 3.19 (77,7 = 4.1. 10.6, H-C(5')K 3.49-3.56 (in. OCPU): 3.73-3.77 (del, J =
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4.5, 10.6, H'-C(5')); 3.77, 3.78 (2s, OMe); 4.10 (77,7 = 5.9, 11.8. IH, C772OAc);

4.15-4.18(m, H-C(4')): 4.24 (dd.J = A.A. 124, IH. C772OAc,); 4.41-4.44 (m, II-

C(3')): 4.68-4.71 (m, H-C(2')); 4.76, 4.78 (27.7 = 7.2. OCPUO); 5,15-5.21 (m,

CT/OAc); 6.03 (7, 7 = 4.4, H-C(P)); 6.79-6.84 (///. 4 arom. H); 7.19-7.58 (m, 9 arom.

PI); 7.91 (s, H-C(8)): 9.04 (v. NH-C(2)): 12.00 (s. H-N(l)). UC-NMR (75 MHz,

CDC13): 4.7 (t, SiCHoCIU); 6.7 (q, SiCH2CH3); 20.7, 21.0, 23.7 (3q,MeCO); 55.3 (q,

MeO); 62.4, 62.9, 66.7 (3t. OCH2CH(OAc)CH2OAc, C(5')): 70.2. 70.4, 79.7, 84.1 (Ad,

C(2'), C(3'), C(4'), CH(OAc)): 86.6 (s, CAr2ph): 86.9 (7. C(l')): 95.6 (/. OCH20):

113.3 (el, arom. C): 122.2 (v. C(5)); 127.5, 128.1. 128.2. 128.4. 130.2 (5e/. arom. C);

135.6, 135.8 (2s, arom. C): 137.8 (7, C(8)); 144.4 (s, arom, C); 147.6 (s, C(4)); 148.1

(s, C(2)); 155.7 (s, C(6)); 159.0 (s, MeO-C); 170.7. 171.4, 171.9 (3s, CO). FAB-MS

(NOBA, pos. mode): 1798 (18, [2M+-CH3COO]), 930 (14, [M+ H]+), 910 (100. MA,

303 (68).

(2S)-W~Acetyl-9-[2'-0-/((2,3-eliacetoxy-pwpyl)oxy)methyl]-5'-0-(4A'-cli7iujthoxytrityl)-

3'-0-lert-butyldimethylsiIyl-ß-D-rihofuranosyl}guanine (132) and (2R)-N2-Acetyl-9~[2'-

0-[((2,3-diacetoxx-propyl)oxy)inethyl]-5'-0-(4A'-dimethoxytritvl)-3'-0-tert-

butyldimethylsilyl-ß-D-ribojuranosyl}guanine (133)

A soin, of 73 (1.323 mg, 1.9 mmol) and imidazole (323 mg, 4.8 mmol) in CH2C12 (10

ml) was treated with TBDMS-C1 (428 mg, 2.9 mmol) and kept at r.t. for 12 h. The

reaction stopped after half of the starting material consumed. Work-up and FC (silica gel,

hexane/AcOEt 5:5 to 2:8). The intermediate (400 mg. 0.4 mmol) was dissolved in CH2C12

(2 ml) and treated during lh at -20° dropwise with a solution of KM11O4 (96 mg, 0.6

mmol) and Bu4NC]04 (4100 mg, 1.2 mmol) in I120 (0.4 ml) and CH2C12 (2 ml). The

reaction was quenched by adding solid Na2S203 (500 mg). Work-up and FC (silica gel,

CH2CI2 (+2%NEt3) to ClUCb/MeOH 9:1 (+2%NEt3)) gave a mixture of two

diastereoisomers 132 and 133 (235 mg, 70%) as a pale yellow foam. The intermediates

were dissolved in CPUCU (0.5 ml) and P\ (0.5 ml) and treated with DMAP (6 mg,

O.lmmol) and Ac20 (76 mg, 0.7 mmol). After 1 h, the reaction mixture was co-evaporated

with toluene, FC (silica gel, CP12C12 (2%Et3N) to MeOH (2%Et3N) 95:5) gave a pale

yellow foam. The two diastereoisomers were seperated by HPLC (CH2Cl2/2-propanol

96:4) leading to 1 10 mg 132 (30%) and 30 mg 133 (8%). TLC (CPUCU/MeOH 9:1): Af

0.50. UV (MeOH): 275 (14800). 272 (14700). 254 (19800), 237 (25600). 224 (21600).

IR (CHCI3): 3389m-. 3026m-, 2946m
,
1743m-, 1721//;, 1710s, 1607//;, 1510m. 1467m-,

1442m-, 1369m-, 1299m. 1258s. 1230//;. 1177/;;. 1086s, 1038m, 883m-, 834m-,
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Data of 132:

DMTO

TBDMSO

IH-NMR: -0.09. 0.00 (2s, SiMe2); 0.80 (s, SiCMe3); 2.00, 2.07, 2.11 (3s, MeCO); 3.19

(77,7 = 4.4, 10.9. IH. H-C(54); 3.51-3.56 (m, OCPU); 3.73-3.76 (m, IH. PI'-C(5A;

3.77, 3.78 (2s, OMe): 4.13-448 (/;;, 2H, CAUOAc, H-C(4T; 4.31 (77,7= 3,4. 11.8,

IH, C7/2OAc); 4.38-4.42 (;/;. H-C(3')); 4.46-4.49 (;;;, H-C(2')); 4.73, 4.78 (27,7 =

7.0, OCH20); 5.20-5.29 (;/;. CHOAc); 6.04 (7,7 = 3.4, H-C(IT); 6.79-6.84 (m, 4

arom. H); 7.22-7.48 (//;. 9 arom. H); 7.92 (s. H-C(8)); 9.05 (s. NH-C(2)): 12.0 (s. PI¬

NO)). 13C-NMR (75 MHz. CDC13): -4.7. -4.6 (2q, SiMe2); 18.0 (q. SiCMe3); 20.8,

21.2, 23.8 (3q,MeCO): 25.6 (q, SiCMe3); 55.3 (q, MeO); 62.5, 62.7, 66.2 (3/,

OCH2CH(OAc)CH2OAc. C(5')); 70.3. 70.7. 80.4, 83.4 (47, C(2'), C(3'), C(4'),

CH(OAc)); 86.6 (s, CAr2ph); 87.0 (7. C(l')); 95.9 (7, OCH20): 113.3 (el, arom. C);

122.0 (s, C(5)); 127.1, 128.0. 128.2, 128,3, 130.1 (57, arom. C); 135.5, 135.6 (2s,

arom. C); 137.4 (el. C(8)): 144.4 (5, arom. C); 147.5 (s, C(4)); 147.9 (s, C(2)); 155.5 (s,

C(6)); 158.7 (s, MeO-C); 170.9, 171.3, 172.0 (3s, CO). FAB-MS (NOBA, pos, mode):

930 (11, LM + HA). 647 (45. MA. 303 (100).

Data of 133
0

<Xt
DMTO-i y N NHAc

O-

TBDMSO

IH-NMR: -0.08, 0.00 (2s, SiMe2); 0.81 (s, SiCMe3); 1 92. 2.08 (2s. MeCO): 3.19 (eld, J

= 4.4, 10.9, III, H-C(5')): 3.49-3.55 (//;, 0CH4: 3.79 (77.7 = 4.4. 10.6. IH, H'-

C(5')); 3.77, 3.78 (2v. OMe); 4,10 (77, 7 = 5.9. 12.1, IH, C77;OAc); 4.15-4.17 (m, H-

C(4')); 4.24 (77, 7 = 4.0. 10.8, IH, CTAOAc); 4.39 (br. t. J = 5.0. II-C(3')); 4.68 (77, 7

= 4.4, 4.7, H-C(2A: 4.75 (7.7 = 7.0). 4.77 (7.7 = 7.2, OtTUO): 5.17-5.21 (//;.

C770Ac); 6.01 (7,7 = 4.4. H-C( V)): 6.79-6.83 (//;. 4 arom. H): 7.21-7.49 (//;, 9 arom.

H): 7.92 (s, FUC(8)); 8.72 (s. NH-C(2V>: 12.01 (s, PI-N(D). 13C-NMR (75 MPIz,

CDCI3): -4.9. -4.6 (2q. StMe2); 18.0 (q. SiCMe3); 20.0, 20.8. 23.8 (3q, MeCO); 25.6 (q,

SiCMe3); 55.3 (q. MeO); 62.5. 62.9. 66.7 (3t, OCH2CH(OAc)CH2OAc, C(5')); 70.2,
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70.5, 79.5, 84.0 (47, C(2'). C(3'). C(4'), CH(OAc)): 86.6 (s, CAr2ph); 87.0 (el, C(P));

95.6 (t, OCH20); 113.3 (el, arom. C): 122.4 (s, C(5)): 127.1. 128.0, 128.2, 128.3, 130.0

(57, arom. C); 135.5, 135.7 (2s, arom. C); 137,9 (7, C(8)): 144.6 (s, arom. C); 147.3 (s,

C(4)): 147.9 (s, C(2)); 155.5 (v, C(6)); 158.7 (s, MeO-C): 170.6, 171.1, 171.9 (3s. CO).

(2S)-N2-Acetyl-9-{2'-0-[((2J-dMceto\y-propyl)oxy)me^

ß-D-ribofuranosyl]guanine ( 103)

DMTO

A solution of 132 (or 105) (0.1 mmol) in 0.1 ml THF was treated with 0.3 ml TBAF in

THF (IM) and kept at r.t. for 30 min. Work-up and FC gave 103 (92%) as white foam.

TLC (CH2Cl2/MeOH 94:6): Ar 0.30. [a]^5 = - 35.9 (c = 1.0, CHC13). UV (MeOH): 275

(13900), 271 (13700), 241 (17800), 224 (21600). IR (CPICI3): 3215w, 3026w, 1743iv,

1722m, 1692s, 1608m, 1552//;. 1511;/;. 1409m-, 1307m-, 1294m, 1244s, 1214m, 1099m,

1038m, 910m;, 830;/;.. IH-NMR: 1.99, 2.04, 2,06 (3s, MeCO); 2.66-2.69 (in, HO-

C(3T): 3.29-3.34 (//;, IH. H-C(5')); 3.47-3.52 (///. H'-QA)): 3.63-3.72 (in, OCH2 );

3.75, 3.76 (2s, OMe); 4.12 (77, .7= 5.8, 12.0, IIP C//2OAc); 4.17-4.21 (;//, H-C(4')):

4.28 (del, J = 3.6. 12.0, IH, C772OAc): 4.58 (br. t, J - 5.3, H-C(3')); 4.76 (br. t, J -

4.7, H-C(2')); 4.81, 4.82 (27, 7 = 7.5, OCH20); 549-5.22 (m, CHOAc); 6.02 (7, 7 =

4.0, H-C(P)); 6.76-6.81 (;/;, 4 arom. H); 7.18-7.45 (//;. 9 arom. H); 7.84 (s, H-C(8));

9.34 (br. s, NPI-C(2)); 12 07 ( s. H-N( D). I3C-NMR (75 MHz, CDCI3): 20.8, 21.1,

23.9 (3q, MeCO): 55.3 (q. MeO); 62.5, 63.6. 66.9 (3t. OCH2CH(OAc)CH2OAc, C(5'));

70.2, 70.4, 80.9. 83.7 (47. C(24. C(3"). C(A'). CH(OAc)); 86.7 (s. CAr2ph); 86.8 (d,

C(l')); 96.5 (/, OCH20); 113,4 (7. arom. C); 121.9 (s, C(5)): 127.3. 128.2, 128.4,

128.6, 130.3 (57, arom. C): 135.9, 136.0 (2s. arom. C): 138.3 (7. C(8)): 145.0 (s, arom.

C): 147.9 (s. C(4)); 148.5 (s. (42)); 156.0 (s. C(6)): 159.0 (s, McO-C); 171.2, 172.6

(2s, CO). FAB-MS (NOBA. pos. mode): 816 (100. [M + H]+). 663 (34), 647 (33), 303

(64),
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(2R)-N2-Acet)4-9-l2'-0-[((2,3-diacetoxy-pwpyl)oxy)niethyl]-5'-0-(4A'-climetlwxytrityl)-

ß-D-ribofitranosyl}guanine (102)

HO (TOY OAc

ÔAc

A solution of 133 (or 104) (0.1 mmol) in 0.1 ml THF was treated with 0.3 ml TBAF in

THF (IM) and kept at r.t. for 30 rain. Work-up and FC gave 102 (92%) as a white

foam.TLC (CH2Cl2/MeOH 94:6): Af 0.30. [tx]^5 = - 5.9 (c = 1.0, CHC13). UV (MeOH):

275 (14100), 271 (13600). 241 (17900), 224 (21600). IR (CHCI3): 3214m;. 3026w,

1744w, 1722m, 1691s, 1608s. 1553m, 1510m, 1409m\ 1307m>, 1294m, 1245s. 1214m,

1098m, 1033m. 829///.. IH-NMR: 2.00, 2.04 (3s, MeCO); 2.75 (br. el, J - 8.1, HO-

C(3')); 3.30 (eld,J = 4.2, 10.7, IH, H-C(5*)); 3.46-3.51 (///, IH, H'-C(5T): 3.67 (7,7

= 5.3, OCH2 ); 3.74, 3.75 (2s. OMe); 4.09 (77. 7= 6.1, 12.0, IH. CA72OAe); 4.21-4.22

(m, H-C(4')); 4.27 (del. J = 4.2, 11.9. IH, C7/2OAc); 4.58-4.61 (in, H-C(3')); 4.81,

4.82 (2d, J = 7.5, OCH20); 4.85-4.89 (//;, H-C(2')); 5.14-5.19 (;;;, CHOAc); 6.03 (7. 7

= 4.4, H-C(IT); 6.75-6.79 (in, A arom. H): 7.15-7.45 (///. 9 arom. PI): 7.88 (s, II-

C(8)); 9.48 (br. s, NH-C(2)); 1 1.98 (br. 5, H-N(D). UC-NMR (75 MFIz, CDCI3): 20.8.

21.0, 23.9 (3q.MeCO): 55.3 (q, MeO): 62.5, 63.6. 66.8 (3/. OCH2CH(OAc)CH2OAc.

C(5')); 70.2, 70.3. 80.2, 83.9 (47. C(2'). C(3'), C(4'). CH(OAc)): 86.5 (s, CAr2ph);

86.9 (el, C(P)): 96.1 (t, OCH20); 113.2 (7, arom. C): 122.2 (s, C(5)): 127.0, 127.9,

128.1, 128.3, 130.1 (57. arom. C); 135.6, 135.8 (2s, arom. C); 138.3 (7. C(8)); 144.7

(s, arom. C); 147.6 (s. C(4)V. 148,3 (s, C(2)); 155.7 (s. C(6)); 158.6 (s, MeO-C); 170.6,

170.9, 172.5 (3s, CO). FAB-MS (NOBA, pos. mode): 816 (86. [M + H]+), 663 (17),

303 (100).

(2S)-W-Acetxl-9-{2'-0-[((2,3-tUacetoxy-propyl)o\x)metlnl[-5'-0-(4A'-di7netho\ytrilyl)-

ß-D~ribo[iiranosxljguanine 3'-]2-cyanoethyl) diisopropxIphosplioramidite] (107)
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A soin, of 103 (96 mg, 0.1 mmol) in CH2C12 (0.3 ml) was treated with (/"-Pr)2NEt (34

pl, 0.2 mmol) and 2-cyanocthyl diisopropylchlorophosphoramidite (31 mg, 0.13 mmol)

and stirred at r.t. for 12 h. FC (silica gel. hcxane/AcOEt (+2%) Et3N 6:4) to AcOEt (+2%

EAN) gave 107 (101 mg, 84%) as a pale yellow foam (mixture of diastereoisomers). TLC

(AcOEt ): Af 0.38. UV (MeCN): 281 (13200), 269 (12100), 251 (19400), 237 (24700),

224 (20100). IR (CHCP4: 3213m-, 3010m;. 2968m, 2256m-, 1739//;, 1700s. 1608s,

1557m, 1509m, 1464n\ 1399m-, 1367m>, 1300w, 1253;/;, 1228s, 1179m, 1123n>. 1035s.

980m;, 909vv, 830m-. AUNMR (300 MHz, CDCI3): TOO, 1.14. 1.15 (37,7 = 6.8.

NCHMe2); 1.83, 1.92, 2.05 (3,s. McCO); 2.31 (/, 7 = 6.4. JH. OCH2C/72CN); 2.67 (t. J

= 6.4, IH, OCH2C772CN); 3.20-3.30 (//;, IH, H-C(5')); 3.47-3.67 (m, IP-C(5'),

OC772CH2CN, NC77Me2): 3.77. 3.78 (2s, OMe); 4.08-4.16 (m, IH, CH2OAc): 4.23-

4.28 (m, 2H, H-C(4'). ClUOAc); 4.50-4.66 (;;/, H-C(34; 4.73-4.89 (m, H-C(2'),

OCPI20); 5.12-5.19 (//;. CHOAc); 5.95 (d, 7 = 4.3. 0.5 H. H-C(P)); 6.01 (7, 0.5 H, 7 =

4.7, H-C(I')); 6.75-6.82 (//;, 4 arom. PI); 7.18-7.51 (m. 9 arom. H); 7.86, 7.87 (2s, H-

C(8)); 8.65, 8.91 (2br. s, NH-C(2)): 11.96 (br. s. H-N(l)), 13C-NMR (75 MFIz,

CDCI3): 20.0, 20.1 (2/, CTUCN); 20.7, 21.0, 23.7, 23.8 (Aq, MeCO); 24.3, 24.5, 24.6,

24.7 (Aq, NCHMe2); 43.1, 43.2 (27, 7(CP) = 7.1, NCHMe2); 55.3 (q, MeO); ); 62.5,

63.2. 66.5, 66.6 (At. OCH2CH2CN, C(5'). OCH2CHOAcCH2OAc); 70.0, 70.1, 70.6,

78.3, 79.1, 83.6. 83.9 (67. C(2*), C(3'). C(4'). CHOAc); 86.6 (5, CAroph); 86.8. 87.8

(2d, C(P)); 95.7 (/, OCPUO); 113.2. 113.3 (27, arom. C); 117.4 (5, CN); 122.0 (s.

C(5)); 127.1, 127.5, 127.9. 128.1, 128.2, 128.3, 130.1, 130.2 (97. arom. C); 135.5,

135.6, 135.9, 136.4 (4s. arom. C); 138.5 (7. C(8)). 144.5, 144.7 (2s, arom.C); 147.5 (s,

C(4)); 147.9 (s, C(2)). 155.6. 156.2 (2s. C(6)), 158.7 (s, MeO-C); 170.9, 172.0 (2s,

CO). 31P-NMR (121 MFIz. CDCI3): 150.3. 150,9. FAB-MS (NOBA. pos. mode): 1017

(12, [M + HJA, 1016 (27. A/+). 823 (18). 303 (100).

(2R)-W-Acety[-9-[2'-0-[((2,3Aiacefoxy-propyl)oyx)inethxl]-5'-OA4A'--dimeihoxytrityl)-
ß-D-ribofuranosyl}guanine 3,-/2-cyanoethyl) diisopropxIphosphoramidite] (103)

0

AlY
lwl.

DMTO h „ PN NHAc

NC^O.p,0 O O V OAc

1 OAc

A soin, of 102 (102 g. 0.12 mmol) in C1UCN (0.4 ml) was treated with (APrTNEt (42

pi, 2.5 mmol) and 2-c\anoeth\l diisopropylchlorophosphoramiditc (37 mg. 1,5 mmol) and
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stirred at r.t. for 12 h. FC (silica gel. hexane/AcOEt (+2%) Et3N 6:4) to AcOEt (+2%

FjNN) gave 103 (110 mg. 85%) as a pale yellow foam (mixture of diastereoisomers). TLC

(AcOEt ): AF 0.38. UV (MeCN): 281 (13200), 269 (12100), 251 (19400). 237 (24700).

224 (20100). ÏR (CHC13): 3213m-, 3010m-. 2968//;, 2256m-, 1739m, 1700s, 1608s,

1557m, 1509m, 1464m-, 1399m-, 1367m-, 1300w. 1253/;;, 1228s, 1179m, 1123m-, 1035s,

980w, 909w, 830m-. IH-NMR (300 MHz, CDCI3): 1.00, 1.14, P15 (37,7 = 6.8,

NCHMe2); 1-78. 1.87. 2.04. 2.05. 2.06 (5s, MeCO); 2.32 (t, J = 6.2. IH,

OCPI2C7ACN); 2.68. 2.69 (2t, J = 6.8. III. OCH2C772CN); 3.21-3.29 (//;. IH, H-

C(5')); 3.42-3.64 (m. H'-C(54. OC772CH2CN, NC77Me2): 3.77, 3.78 (2s, OMe); 3.97-

4.34 (m, FI-C(4'), CPI2OAc); 4.49-4.64 (;/;. PI-C(3'); 4.70-4.86 (m, OCH20); 4.99-

5.03 (;//, H-C(2*)); 5.08-5.16 (m, CHOAc); 5.93 (7,7= 5.0. 0.4 H, H-C(l')): 5.99 (el,

0.6 H, 7 = 5.6, H-C(P)): 6.78-6.82 (rn. A arom. H): 7.18-7.52 (m, 9 arom. H): 7.85 (5,

H-C(8)); 8.43, 8.67 (2br. s. NH-C(2)); 11.96 (br. s. H-N(l)). HC-NMR (75 MHz,

CDCI3): 20.1, 20.2 (2/, CPDCN); 20.7, 21.0. 23.6, 23.7 (Aq,MeCO); 24.5, 24.6, 24.7

(3q, NCHMe2); 43.0. 43.2 (2e/. 7(CP) = 7.5. NCHMe2): 55.3 (q, MeO); ); 62.5, 63.2,

66.5, 66.6 (At, OCH2CH2CN, C(5'), OCTI2CHOAcCH2OAc); 70.0, 71.4, 78.4, 83.5

(47, C(2'), C(3'), C(4'). CHOAc): 86.6 (s, CAr2ph): 87.8. 88.3 (2d, C(l')); 95.4 (/,

OCH20); 113.3 (7. arom. C); 118.7 (s. CN); 122.0 (s. C(5)); 127.1, 128.0. 128.3,

130.0, 130.1 (57, arom. C); 135.5, 135.6, 135.8 (3s. arom. C); 137.9, 138.7 (27, C(8)),

144.6 (s, arom.C): 147.4 (s, C(4)); 148.1 (s, C(2)), 155.5 (5, C(6)). 158.7 (s, MeO-C);

170.4, 170.8, 171.9 (3s. CO). 3ip.\MR (121 MHz, CDCI3): 150.3, 150.8. FAB-MS

(NOBA, pos. mode): 1017 (12. [M+ UN). 1016(18, MA, 303 (100).

N2-Acetyl-9-[2 '-0-[(3-benzox lo \ y-2-iodopropoxyl)metln l[-5'-0-(4A'-dimetho\ytrityl)-

ß~D~ribo[uranosyl}guarüne (97 ) and N2-acefyl-9 -{2 '-0-[(2-benzoyloxyl-3-

iodoprr>poxylinethyl)]~5'-0-(4A'~diiiiethoxytriryl)-ß~D-ribofuranosylfguaniric (98)

To a solution of I2 (508 mg. 2.0 mmol) in benzene (10 ml), silver benzoate (916 mg, 4.0

mmol) was added and the mixture was stirred vigorous]} until the colour had disappeared.

Then 73 (700 mg, 1.0 mmol) was added rapidly. After 0.5 h. a mixture of iodine and

silver benzoate (10 mol%) was added. The reaction mixture was stirred for other 15 min.

Work-up with 10% Na2S204CH2Cl2 and then standard workup. FC (silica gel, CH2C12

(+2% NEt3) to CTPCU/MeOH 98:2 (+2% NEt3)) gave a mixture of 4 compounds (a pair

of diastereoisomeric regioisomers). A small part of this mixture was separated by HPLC

(EtOAc) leading to 97, 98 and their diasterotsomers, respecta ely.
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Data of 97:

o

DMTOn N N NHAc
• 0-

HO 0 0 4"^ OBz

TLC (CH2Cl2/McOH 9:1): At 0.48. IR (CHC13): 3011/?/, 2935;//, 1700s. 1608s, 1559///.

1509m, 1464m;. 1405m-, 1254//;. 1206//;, 1178m. 1096;/;, 1035m, 909m-, 830nv AU

NMR (300 MHz, CDCI3): 1.74 (s. MeCO); 2.69 (br. s, FIO-C(3')): 3.20-3.24 (;/;. IH,

H-C(5')); 3.47-3.51 (;?;, III. H'-C(5')); 3.76, 3.77 (2s, OMe); 3.79-3.93 (m. OCH2);

4.17-4.18 (m, H-C(4')): 4.28-4.35 (//;. H-C(3T): 4.51-4.65 (m, C77IC772OBz); 4.85

(s, OCH20): 5.10-5.14 (//;, H-C(2*)); 5.95 (7. 7 = 5.6, H-C(IT); 6.77-6.91 (//;. 4 arom.

H); 7.16-7.60 (in, 12 arom. H): 7.82 (s. H-C(8)); 7.99-8.02 (m, 2 arom. H): 8.24 (br. 5,

NII-C(2)); 11.87 (s, H-N(l)). 13C-NMR (75 MHz, CDCP4: 23.8 (ey.MeCO); 24.3 (d,

CHI); 55.3 (q, MeO); 63.6, 66.2. 70.6 (3/, OCH2CFIICH2OBz, C(5')); 71.1, 79.4, 84.0

(3d, C(2'), C(3'), C(4')): 86.5 (s, CAr2ph): 86.6 (7. C(l')); 95.8 (/, OCH20); 113.3,

113.6 (27, arom. C); 121.7 (s, C(5)); 127.2, 128.0, 128.1, 128.6, 129.7, 130.1, 133.8

(Id. arom, C); 135.5, 135.8 (2s, arom. C); 138.5 (7. C(8)): 143.5, 144.8 (2s, arom. C);

147.2 (s, C(4)); 148.0 (5, C(2)); 155.5 (v. C(6)): 158.7 (s, MeO-C); 166.1. 171.6 (2s.

CO). FAB-MS (NOBA. pos. mode): 947 (34. [M + II]+). 946 (37, M +), 663 (25), 303

(100).

Data o[ 98:

0

"Xi"
DMTO h 'V N NHAc

HO O O Y '

OB/

TEC (CH2Cl2/MeOH 9:1): At 0.48. IH-NMR (300 MHz, CDCI3): 1.93 (s, MeCO); 2.90

(br. s, HO-C(3')); 3.27-3.34 (m. IH. H-C(5')): 3.77-3.50 (/?;, CH2I); 3.51-3.54 (in,

LH. IP-C(5'); 3.757. 3.764 (2v. OMe): 3.74-3.80 (m, 114. OCPU): 3.96 (dd. J = 5.3.

10.3, IH. OCPU); 4.13-4.17 (//;. H-A44); 4.55-4.57 (//;, II-C(3T): 4.74 (77,7 = 4.4,

5.0, H-C(2')); 4.86. 4,91 (27.7 = 7.2. OCPUO); 5.14-5.19 (m. CIIOBz); 6.00 (7.7 =

4.4, H-C(P)): 6.77-6.87 (//;. 4 arom. PI): 7.17A.62 (;;;. 12 arom. H); 7.83 (5, H-C(8));

7.98-8.04 (m, 2 arom. H); 9.03 (br. s, NH-C(2)): I 1.99 (br. v. H-N(l)). 13C-NMR (75

MHz. CDCI3): 4.2 (/, CH2I): 23.9 (q.MeCO); 55.3 (q. MeO); 63.3. 60.1 (2/, OCH2,
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C(5')); 70.4, 71.2, 80.3, 83.4 (47, C(2'), C(3'). C(4'). CHOBz): 86.56 (s. CAr2ph);

86.7 (7, C(l')): 96.6 (t. OCPUO): 113.2 (7. arom. C); 121.6 (s. C(5)); 127.1, 128.0,

128.1, 128.3, 128.6, 129.0, 130.1, 133.8 (87. arom. C): 135.6, 135.7 (2s. arom. C);

138.0 (el, C(8)); 144.7 (s. arom. C); 147.5 (s, C(4)); 148.1 (s. C(2)); 155.6 (s, C(6));

158.7 (s, MeO-C): 166.1, 172.2 (2s. CO). FAB-MS (NOBA. pos. mode): 947 (14, [M +

H]+),946(32,M+). 303 (100).

N2-Acetyl-9-l2'-0-ll2,3-e/>o\y])ropxloxxl)inethyl]-5'-0-(4.4'-diinethoxxtritx'l)-ß-D-

ribofuranosyl}guanine (101 ) and N2-acetxl-9-[2'-0~l{2,3-epo\ypropyloxyl}rnethyl)-5'-

0-(4,4'-diinethoxytritxl)-ß-D-ribofuranosyl]'guanine (100)

The remaining mixture of 97, 98 was dissolved in an ice-cold solution of THF /MeOH

/H20 5:4:1 (30ml), treated with JON aq. NaOH (0.6 ml) at 4° for 20 min, then neutralized

with AcOH (0.38 ml) and concentrated to 10 ml. Work-up and FC (silica gel, CH2C12

(+2% NEt3) to CIUCU/MeOH 97:3 (+2% NEt3)) gave a mixture of the two

diastereoisomers 101 and 100 (388 mg, 5574 as a pale yellow foam (TLC

(CH2Cl2/McOH 96:4): Aj 0.35). Separation of the two diastercoismers by HPLC

(CH2Cl2/Me2CHOH 94:6) afforded (97 mg) 100 and (103 mg) 101 as white foams.

Data of W0:

<'NINT
DMTO-i ^ H NHAc

HO 0-^0^2
IH-NMR: 1.85 (s. MeCO: 2.60 (77, 7 = 2.8, 4.7. IH. CH2Ocpo); 2.82 (eld, J = 4.4, 4.7,

IH, CH2Ocpo); 3.17-3.23 (///. IH. H-C(5'): 3.27-3.54 (/;;. HO-C(3"). CPIOcpo, H-

C(5'), H-CH20); 3.75. 3.76 (2s, OMe); 3.92 (77, 7 = 1.9. 1 1.8, IH, H-CH20); 4.22-

4.24 (m, H-(3A: 4.51-4.54 (//;, H-C(2T); 4.82 (s, OCIUO): 4.92A.95 (/?;, Pl-C(2'));

5.98 (d, 7= 5.3, H-C(P)); 6.77-6.84 (m. 4 arom. H): 7.16-7.50 (m, 9 arom. H): 7.89

(s, H-C(8)); 9.18 (br. s. NH-C(2)); 11.99 (br. s. H-N(l)). FAB-MS (NOBA, pos.

mode): 1829 (11), 721 (19. [M+ HA). 303 (100).
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Data of 101:
o

AtA
NH

DMTO-] N N NHAc

HO O""^ O'"*"^

IH-NMR: 1.84 (s, MeCO; 2.64 (77, 7 = 2.9, 4.6, HI, CH2Ocpo); 2.83 (t, J = 4.6. IH,

CH2OcPo); 3.18-3.57 (m. H-C(5*), FIO-C(3). CHOcpo. H-CIDO); 3.77, 3.78 (2s,

OMe); 3.90 (dd,J= 1.3. 10.0. IH. H-CH20): 4.22-4.24 (in. IAEA')); 4.49-4.51 (//;, H-

C(3')); 4.83, 4.90 {2d. J = 7.0. OCH20); 4.86-4.88 (/;;. PI-C(2')); 5.95 (el, 7= 4.6, H-

C(P)); 6.79-6.86 (m. 4 arom. H); 7.16-7.63 (//;, 9 arom. H); 7.89 (s, PI-C(8)): 9.01 (br.

s, NH-C(2)); 11.97 (br. s. PI-N(l)).

W-Acetyl-9-{2'-0-[((2,3-cy)o\y-propyl)oxy)methyl]-5'-0-(4A'-dimethoxytriE)l)-ß-D-

ribofuranosyl}guanine 3'-[2-cyanoethx 1) diisopropylphosphoramidite] ( 109)
o

//N A NH

DMTOi
o >

fU NHAc

ap,o o^o""^^

A soin, of 100 (97 mg, 1,2 mmol) in ClUCU (0.4 ml) was treated with (NPr)2NEt (42

pi, 2.5 mmol) and 2-cyanoethyl diisopropylchlorophosphoramiditc (33 mg. 1.5 mmol) and

stirred at r.t. for 12 h. FC (silica gel, hexane/AcOEt (+2%) Et3N 6:4) to AcOEt (+2%

EtßN) gave 109 (93 mg. 81 % ) as a pale yellow foam (mixture of diastereoisomers), TLC

(AcOEt ): Af 0.35. UV (MeCN): 281 (1 1300). 269 (10500). 237 (22800), 223 (19300).

IR (CHC13): 3205vr. 3028m. 2969m>. 2255m-. 1703//;, 1691//;, 1608s. 1502;/;. 1408w,

1368m-. 1300m-, 12535. 1201s. 1179/;;. 1109m-, 1035m. 980m-. 909m-, 830m1. AUNMR

(300 MHz, CDCI3): 0.98-1.15 (in, NCHMeN: 1.88. 1.99 (2s. MeCO): 2.30 (/, 7 = 6.2,

IH. CAUCN); 2.60-2.69 (//;. 2H. CAUCN H~CH2OepeA 2.79-2.82 (in, IH, CH2Ocpo)
3.20-3.69 (m. H-C(5'), OCA72CH2CN. NC/7Mc2. CH2Ocpo); 3.77, 3.78 (2s, OMe);

4.20-4.28 (//;, H-C(4')): 4.35-4.48 (//;. H-C(3')): 4.73-5.01 (;;;. OCbUO, H-C(2'));

5.93 (7, 7 = 4.7. 0.4 H, H-C( A); 5.99 (7, 0.6 H, 7 = 5.3, Pl-C(P)): 6.80A.84 (;;;, 4

arom. PI); 7.22-7.53 (///. 9 arom. II); 7.870. 7.874 (2s. 1I-C(8)); 8.83 (br. 5, NPI-C(2));

11.91 (br. s, H-N(1)).31P-NMR (121 MHz. CDCP4: 150.2. 150.4.
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N2-Acetyl-9-[[2'-0-[((2,3-epoxv-prop)l)o\\)methyl]-5'-0-(4A'-diiiiethoxytrityl)-ß-D-

rïbofuranosyl}guanine 3'-[2-cyanoethyl) diisopropxlphosphoramielite/ (108)
"o

N_X.
// 1

O

NH

DMTO-i
„ E '[AnHAc

V^
<AA

^\ O, o
NC^-" P'

A soin, of 101 (103 mg. 1.2 mmol) in CH2C12 (0.4 ml) was treated with (/'-Pr)2NEt (42

pi, 2.5 mmol) and 2-cyanoethyl diisopropylchlorophosphoramidite (33 mg, 1.5 mmol),

stirred for stirring at r.t. for 12 h. EC (silica gel, hexane/AcOEt (+2%) Et3N 6:4) to AcOEt

(+2% EP3N) gave 109 (93 mg, 81%) as a pale yellow foam (a mixture of

diastereoisomers)- TLC (AcOEt ): Af 0.35. UV (MeCN): 281 (11900). 269 (11100), 260

(13600), 238 (20700). IR (CHC13): 3206m-. 3027/;;. 2969m;, 2255w, 1720m;. 1703m,

1691s, 1608s, 1552m;, I510m. I462w, 1402m-. 1366m-, 1300m-, 1256s, 1226m, 1179m,

1121m;, 1078m, 1035s. 980m, 830vv. AUNMR (300 MHz. CDCI3): 0.92-1.17 (m,

NCFlMe2); 1.79, 1.85 (2s, MeCO); 2.30 (t. J = 6.2. IH, C7/2CN); 2.55-2.58 (m, IH,

CH2Oepo): 2.65 (/. 7 = 6.8. IH, C742CN); 2.79-2.83 (;/;, IH, CH2Ocpo) 3.16-3.64 (m,

H-C(5'), OC742CH2CN, NC77Me2. CH2Ocpo): 3.77, 3.78 (2s. OMe); 4.27-4.35 (;;;, H-

C(4')); 4.43-4.54 (//;, PI-C(34); 4.72-4.98 (m, OCPUO, H-C(2')); 5.88 (d. J = 4.0, 0.4

H, H-C(P)); 5.94 (7. 0.6 H. 7 = 5.0. H-C(P)); 6.80A.84 (//;, 4 arom. II); 7.19-7.54

(m, 9 arom. PI); 7.86, 7.88 (2s. H-C(8)); 8.64. 84 (2br. 5, NH-C(2)); 11.95 (br. s, H-

N(l)). 3ip-NMR(121 MHz, CDC13): 150.2, 150.4.

(2S)-l-[2'-0-[((2,3-diaceto\x-propxl)o\x)iuethxl]-5'-0-(4A'-dimethoxxtrityl)-ß-D-

ribofuranosyl}uracile (119) and (2S)-E[[3'-0-[((2.3-chacetoxy-propyl)oxy)methyl]-5'-0-

(4A'-elimethoxytritxl)-ß-D-ribo/uranosyl[uracile (122)

At 70°, a soin, of 60 (540 mg, 1.0 mmol), (/'-PrNNEt (0.68 ml. 4 mmol), and Bu2SnCl2

(303 mg, 1.0 mmol) m C1CH2CH2C1 (4 ml) was treated with 117 (from 1.2 mmol 116)

and stirred for 15 mm. Work-up and FC (silica gel, hexane/AcOEt (+2%NEt3) 8:2 to

AcOEt (+2%NEt3)) gave 119 (250 mg. 344) and 122 ( 191 mg, 26%) as pale yellow

foams.
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Data of 119:

DMTO

TLC (hexane/EtoAc 2:8): R{ 0.61.[a]^5 = 36.3 (c = 1.0, CPIC13). UV (MeOH); 264

(11100), 256 (10800). 234 (23400), 226 (21900). IR (CHCI3): 3392w. 3013;/;, 2958m-,

1742m, 1690s, 1608//;. 1510//;. 1457m. 1372m-, 1300m-, 1252s, 1177m, 1101m-, 1036;/;.

908w, 829w. IH-NMR: 2.06, 2.07 (2s, MeCO); 2.68 (el, J = 7.4, HO-C(3T); 3.49-3.59

(m, H-C(5')); 3.70-3.79 (//;, OCH2); 3.80 (s, OMe); 4.05-4.48 (m, H-C(24, H-(3'),

H-C(4'), CH2OAc ): 4.89. 5.01 (27, 7= 6.8, OCUUO); 5.17-5.22 (///. CHOAc); 5.30 (el,

J - 8.1, H-C(5)); 5.97 (7. 7 = 2.2, H-C(IT); 6.83-6.88 (in, A arom. PI): 7.22-4.40 (m,

9 arom. H); 7.95 (7,7 = 84, H-C(6)); 8,42 (br, s, H-N(l)). 13C-NMR (75 MHz,

CDCI3): 20.8, 21.0 (2q,MeCO); 55.4 (q, MeO); 61.6, 62.6, 67.4 (3/,

OCH2CH(OAc)CH2OAc, C(5')); 69.0. 70.2. 80.8. 83.5 (47, C(2'), C(3'), C(4*),

CHOAc); 87.3 (s, CAr2ph); 88.1 (el, C(P)); 95.9 {t, OCH9O); 102.5 (el, C(5)); 113.6 (el,

arom. C); 127.4, 128.3, 128.4, 128.6, 130.2. 130.4 (67, arom. C); 135.3, 135.5 (2s,

arom. C); 140.1 (7. C(6)): 144.6 (s, arom. C); 150.4 (s. C(2)); 159.0, 151 (2s, MeO-C);

163.3 (s, C(4)); 170.7, 171.0 (v. CO), FAB-MS (NOBA. pos. mode): 735 (40. [M-

H]+), 734 (65, M+). 303 (100).

Data of 122:

AcO

TLC (hexane/EtoAc 2:8): Af 0.46. Lalg= 16.7 (c = PO. CHCI3). 'H-NMR: 2.05, 2.06

(2s, MeCO); 3.27 (7, 7 = 5.9. HO-C(2')); 3.37-3.38 (//;. IH, H-C(5')): 3.41-3.61 (m,

2H, PP-C(5'), II-OCH2): 3.72A.78 (m. IH, PI-OCTU); 3.80 (s. OMe); 4.08 (del, J =

5.9, 11.8, IH, CTUOAe); 4.22-4,35 (/?;, H-C(2'). H-(34, H-C(44, Pl-CTUOAc ); 4.76

(5, OCTUO); 5.14-5.17 (//;. CHOAc); 5.38 (7. 7 = 7.8. H-C(5)); 5.92 (d, J = 3.7, H-

C(l')); 6.83-6.87 (//;. 4 arom. H): 7.20-7.38 (in. 9 arom. H); 7.83 (7. 7 = 7.8, II-C(6)):

8.42 (br. s. H-N(D). FABA1S (NOBA. pos. mode): 735 (27. [M - H]A, 734 (42, ME,

733 ( 12, [M- H]A. 627 (31 ), 303 (100).
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(2R)-l-[[2'-0-l((2,3-diacetoxx-propyl)oxy)inethyl]-5'-0-(4A'-dimethoxytriEl)-ß-D-

ribofitranosyl]uracile (124) and (2R)-l-[3'-0-[((2,3-diacetoxy-propyl)oxy)methyl]-5'-Q-

(4A'-dimethoxvtri1xl)-ß-D-riho[uranosxlfuracile (127)

A soin, of 60 (540 mg, PO mmol), (/-PrANEt (0,68 ml, 4 mmol), and Bu2SnCl2 (303

mg, 1.0 mmol) in C1CH2CH2C1 (4 ml) was treated with 117 (from 1.2 mmol 116) and

stirred for 15 min at 707 Work-up and FC (silica gel. hexane/AcOEt (+2%NEU) 8:2 to

AcOEt (+2%NEt3)) gave 124 (263 mg. 36%) and 127 (186 mg. 25%) as pale yellow

foams.

Data of 124:
o

If NH

HO 0'^~0'^XA^0Ac
ÔAc

TLC (hexane/EtoAc 2:8); Af 0.61. \a)2^ = 36.2 (c = PO, CHCI3). UV (MeOH): 264

(10900), 256 (10700). 235 (209000). 224 (19200). IR (CHCI3): 3392w. 3013m, 2958m-,

1742;;;, 1691s, 1608//;, 1510m, 1456m. 1372m-. 1299m-, 1252s, 1177m, 1036m, 908m-,

829mv IH-NMR: 2.06. 2.07 (2s. MeCO); 2.77 (7,7 = 7.4, HO-C(3')); 3.50-3.59 (m. H-

C(5')); 3.70-3.83 (///, OCPU); 3.79, 3.80 (2s. OMe); 4.05-4.08 (//;, H-C(4')); 4.15 (77,

7 = 6.1, 11.8, IH, CPUOAc); 4.24 (del, J = 2.2, 5.3, H-C(2')); 4.35 (del, J - 3.9, 11.8,

IH, CH2OAc); 4.45-4.52 (m, H-(3')); 4.88, 5.03 (27. 7 = 6.6, OCH20); 5.15-5.21 (m,

CHOAc); 5.30 (7, ,7 = 8.4, H-C(5)): 5.97 (el, J = 2.5, H-C(P)); 6.82-6.87 (//;, 4 arom.

H); 7.21-7.40 (m, 9 arom. H); 7.97 (el, J = 8.4. H-C(6)): 9.07 (br. s, Pl-N(l)). 13C-

NMR (75 MHz, CDCI3): 20.8. 21.0 (Iq.MeCO): 55.3 (q, MeO); 61.4, 62.6, 67.0 (3t,

OCH2CH(OAc)CH2OAc. C(54): 68.8. 70.3. 80 5, 83.2 (47. C(2'), C(3'). C(4').

CHOAc); 87.1 (s, CAnph): 88 0 (7, C(l')); 95.6 (/. OCIUO): 102.3 (7. C(5)); 113.3 (7.

arom. C): 127.2, 128.0. 128.1. 130.2 (47. arom. C): 135.0, 135.2 (2s, arom. C); 139.9

(7. C(6)); 144.3 (s. arom. C); 150.1 (s. C(2)); 158.7. 158.8 (s. MeO-C); 163.1 (s, C(4));

170.5, 170.7 (s, CO). FAB-MS (NOBA. pos. mode): 735 (20. [M-H1+), 734 (36, MA,

647(3 4,303 (100).
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Data of 127:

DMTO

AcO Y 0 O OH

OAc

NH

AA")

TLC (hcxane/EtoAc 2:8): At 0.46. [a]2^ = -11.6 (c = 1.0, CHC13). AUNMR: 2.04. 2.05

(2s, MeCO); 3.39 (77.7 = 2.5. 10.9
.
IH. H-C(5')); 3.59-3.64 (;/;. IH. OCH2); 3.63

(eld, J = 6.6, 10.9, IH, H'-C(5')): 3.73-3.78 (m, HO-C(2'), H-OCPU); 3.80 (s. OMe);

4.13 (dd,J = 6.0, 12.0. IH, CTDOAe); 4.23-4.30 (;;;, H-C(2'). H-(3'), IT-C(4'), H-

CH2OAc ); 4.77 (s. OCIUO); 5.11-5.16 (///, CHOAc): 5.38 (7, 7 = 8.4, H-C(5)); 5.94

(7, 7 = 3.7, H-C(P)): 6.82-6.87 (in, A arom. H); 7.22-7.38 (/;/. 9 arom. H); 7.86 (7. 7 =

8.4, H-C(6)); 9.26 (br. 5. H-N(l)). FAB-MS (NOBA, pos. mode): 735 (22. [M + HA),

734 (50, M+), 627 (31), 303 (100).

(2R)- E{2 '-0-[((2,3-diacetoxy-propyl)oxy)methyl]-5 '-0-(4,4 '-dimethoxytrityl)-ß-D-

ribofuranosyl}uracile 3 '-[2-cyanoethyl) diisopropylphosphoramidite] (131)
0

DMTO-

NC
OAc

A soin, of 124 (210 mg. 0.3 mmol) in CH2C12 (1 ml) was treated with (;-Pr)2NEt (0.1 ml,

0.6 mmol) and 2-cyanoeth\l diisopropylchlorophosphoramidite (90 mg, 0.36 mmol) and

stirred at r.t. for 12 h. FC (silica gel, hexane/AcOEt 8:2 to 3:7) gave 131 (261 g, 94%) as

a pale yellow foam (mixture of diastereoisomers). TLC (hexane/EtoAc 2:8): Af0.58. UV

(MeCN): 263 (10200). 256 (10000). 234 (203000). 225 (19100). IR (CPICI3): 3392w,

3011;;;. 2970u-, 2934m-, 2256m-, 1741m, 1691s, 1608;?;. 1510//;, 1461//;, 1372w,

1299m-, 1251s. 1179///. 1035//;, 982/;;. 890m-. 830m-. IH-NMR (300 MHz, CDCI3):

1.01 -148 (;/;. 12 H. NCH4/e2): 2.045, 2.054. 2.064 (3v. CTUCO); 2.44, 2.66 (2/, 7 =

6.2, OOUC/ACN): 3.40-3.75 (//;. H-C(5'). 0C/4A4UCN. N(C77Me2)2); 3.792,

3.794. 3.799, 3.801 (4s. OMe): 3.82-3.93. 4.08-4.26 (2m. OC7ACH(Ac)CA2OAc. H-

C(27): 4.34-4.39 (/;;, II-C(34): 4.5A4.61 (m. H-C444); 4.83-4.98 (//;. OCIUO);

5.18 A.23 (m. CH(OAc)): 5.21, 5.25 (27.7 = 8.1, H-C45)): 6.00-6.03 (//;. H-C(l'));

6.82-6.86 (/;;, 4 arom. H); 7.24A.42 (m. 9 arom. H); 7.94. 7.97 (27. 7 = 8.1. H--C76)).
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8.02 (s, H-N(3)). 13C-NMR (75 MHz, CDC13): 20.1-21.1 {t. CH2CN); 22.96, 23.01,

23.04 (3q, MeCO); 43.2, 43.3 (2e/, NCHMe2): 55.3 {q, MeO); 58.2, 58.3. 58.6, 61.4,

63.0, 63.1, 66.8, 66.9 (8f, OCH2CH(OAc)CH2(OAc), C(5'), OCH2CH2CN); 70.4,

70.5, 77.4, 78.3, 82.3. 82.6 (67. CH(OAc). C(2'), C(3'), C(4')): 87.3 (s, CAr2ph);

88,4, 88.5 (27, C(P)): 95.3 (t, OCPDO): 102,3 (7, C(5)): 113.3 (7, arom. C); 117.1,

117.8 (2s, CN); 127.4. 128.2. 128.5, 130.5 (4e/, arom, C): 135.2, 135.3, 135.4, 135.5

(4s, arom. C); 140.2 (7, C(6)): 144.4, 144.6 (2s, arom. C); 150.3 (s, C(2)); 159.1 (s,

MeO-C); 163.1 (s, C(4)N 170.6. 171.0 (2s. CO). 31P-NMR (121 MHz. CDCI3): 150.4.

151.7. FAB-MS (NOBA. pos. mode): 935 (19, [M + H]+). 933 (12, [M + HA), 823

(24), 303 (100).

(2S)-l-[{2'-0-[((2,3-diaceto\y-propx[)o\y)metliyl]-5'~0-(4A'-dimethoxytritxl)-ß-D-

ribo[uranosyl[uracile 3'-/2-cyanoethyl) diisopropxlphosphoramidite] (129)
o

A
(T NH

DMTO-i
0

NC^V° ° ° T OAc

OAc

A soin, of 119 (210 mg. 0.3 mmol) in CPUCP (1 ml) was treated with (/-Pr)2NEt (0.1 ml,

0.6 mmol) and 2-cyanoethyl diisopropOchlorophosphoramidite (90 mg, 0.36 mmol) and

stirred at r.t. for 12 h. FC (silica gel. hexane/AcOEt 8:2 to 3:7) gave 129 (242 g, 91%) as

a pale yellow foam (mixture of diastereoisomers). TLC (hexane/EtoAc 2:8): Af 0.58. UV

(MeCN): 263 (11 100). 256 (10800). 234 (205000), 225 (18800). IR (CÏTCI3): 3392m;,

3029w, 3011//;. 2993m-. 2255m-, 1740m, 1691s, 1608m. 1510m. 1459m, 1368m;,

1300m;, 1252s, 1209m, 1179//;, 1035s, 980m, 830m-, AI-NMR (300 MHz, CDCI3):

1.01-1.19 (m. 12 H. NCÏLMeA 2.04. 2.05. 2.06 (3s. CH3CO): 2.44. 2.65 (2t, J = 6.2,

OCII2C/72CN); 3.40-3.77 (m. H-C(5')- OC772CH2CN. N(CHMe2)2); 3.793. 3.795,

3.801 (3s, OMe); 3.83-3.91, 4.13-4.26 (2//;. OCff2CH(Ac)CA2OAc, H-C(2')): 4.32-

4.39 (//;, H-C(3')): 4.53-4.61 (m, H-C(4')): 4.82-4.98 (m, OCIloO); 5.18-5.23 (m.

CH(OAc)); 5.23. 5.27 (2e/, 7 = 8.1. H-C(5)): 6.02, 6.03 (2s. H-C(P)); 6,82-6.87 (m, 4

arom. H); 7.23-7.42 (;/;. 9 arom. H); 7.92, 7.96 (27, 7 = 8.1. H-C(6)). 8.45 (br.s, H-

N(3)N 13C-NMR (75 MHz. CDCU): 20.4-21.0 (/. CPUCN): 24.6 (q. MeCO); 43.3 (cl,

NCHMeA; 55.25, 55.30 (2q. MeO): 57.8. 61.3, 62.9. 66.7 (4/,

OCH2CH(OAc)CH2(OAc). C(5T OCH2CH2CN); 70.2, 70.4. 78.2. 82.3. 82.6 (5e/,

CPI(OAc). C(2'). C(3'). C(44): 87.09. S7.14 (2s, CAi2ph); 88.0 (7, C(b)); 95.1 (t,

OCH20); 102.2 (7. C(5)); 113.3 (7. arom. C); 117.4. 117.6 (2s, CN); 127.2. 128.0,
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128.3. 130.3 (4e/, arom. C); 134.9, 135.0, 135.1, 135.2 (4s, arom. C); 139.9 (d, C(6));

144.1, 144.3 (2s, arom. C); 150.0 (s. C(2)N 158.8 (s. MeO-C); 162.8 (s, C(4)); 170.3,

170.7 (2s, CO). 3ip-NMR (121 MHz. CDCI3): 150,3, 151.74. FAB-MS (NOBA, pos.

mode): 935 (8, [M + 1I]A. 631 (41), 303 (100).
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Solid support reactions (described in chapter TI-2.3.)

General procedure: The immobilized sequence C-s-1 was synthesized on CPG-solid

support on a 20 pmol scale with a 7 min coupling time for standard phosphoramidites and

14 min for the modified phosphoramidite 34. Deprotection implies: the solid support was

placed in a sterile eppendorf and treated with 0.5 ml ofNMeNPU (10M) in EtOH/H20 (1:1)

at r.t. for 2 h. After centrifuging, the supernatant was withdrawn with a sterile pipette and

the CPG was washed with EtOH/H20 (1:1: 2 x 1 ml). The soin, were combined and

evapoated to dryness ;'// vacuo. The residue was treated with 0.5 ml of IM TBAF/THF af

r.t. for 10 h. The reaction mixture was treated with an equal volume of l M Tris-buffer (pH

= 7.4 ), evaporated to remove the THF, applied to a Sephadex column and eluted with

sterile water. The cmde oligonucleotide was analyzed, purified and desalted (according to

General).

Methylamino-subslituted secjttence C (C-1):
NHMe

( RNA )

C-s-1 was treated according to the genera] deprotection procedure: 5 o.D. C-1. MALDI-

TOF MS: 4535 (calc; 4534).

Thiophenol-subsiituted sequence C (C-2):

AD
(rna)

A soin, of NaH (12 mg. 0.5 mmol) and PhSH (0.1 ml. 1 mmol) in DMF (0.4 ml) were

added to C-s-1 (5 mg). The suspension was shaken at r.t. for 4 h and washed with DMF

(2 x 1 ml) and EtOH (1 ml). Deprotection and purification gave 4 o.D. C-2. MALDI-TOF

MS: 4615 (calc: 4614).

Amino-thiophenol-substititted sequence C (C-4):

(rna)

A soin, of 2-amino thiophenol ( 15 mg. 0.2 mmol) and (z'Pr)2NEt (34 pi, 0.4 mmol) in

DMF (0.5 ml) was added to 5 mg C-s-1. The suspension was shaken at r.t. for 12 h,
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washed with DMF (2 x 1 ml) and EtOH (1 ml). Deprotection and purification gave 4 o.D.

C-4. MALDI-TOF MS: 4629 (calc: 4629).

[mmobilized azide-substituted sequence C (C-s-5):
N,

(rna )

A soin, of NaN3 (32 mg. 0.5 mmol) in DMF/H20 (0.5 ml. 4:1) was added to 5 mg C-s-

1. The suspension was shaken at r.t. for 15 h and washed with DMF/PUO (t : 1) (2 x lml),

EtOH (lml).

Azkle-substitutecl sequence C (C5):

(RNA]

Deprotection and purification of 5mg C-s-5 gave 3 o.D. C-5. MALDI-TOF MS: 4548

(calc: 4546).

Thiol-substituted sequence C (C-6):
SH

(rna")

Method 1 :

A suspension of AcSNa (26 mg, 0.25 mmol) and AcSH (18 nil, 0.25 mmol) in DMF/FDO

(0.5 ml, 1:1) was added to 5 mg C-s-1. The suspension was shaken 4 h at r.t. and

washed with DMP7HA9 (1:1) (2 X 1 ml) and EtOH (1 ml). Deprotection and purification

gave 3 o.D. C-6. MALDI-TOF MS: 4538 (calc: 4538).

Method 2:

A soin, of AcSH (18 ml. 0.25 mmol) and (z"Pr)2NEt (85 pi, 0.5 mmol) in DMF (0.5 ml)

was added to 5 mg C-s-1. The suspension was shaken ar r.t. lor 12 h. washed with DMF

(2 x 1 ml) and EtOH (1 ml). Deprotection and purification gase 2 o.D. C-6. MALDT-TOF

MS: 4538 (calc: 4538).

Immobilized ihioglycolic acid-substituted sequence C (C-s-7):
H

s""Af N'Me

O

RNA 3
A soin, of HSCHAOOH (35 pi. 0.5 mmol) and (;Pr)2NEt ( 170 pi, 1 mmol) m DMF (0.5

ml) was added to 5 mg C-s-l, The suspension was shaken at r.t. for 12 h. washed with

DMF (2 x 1 ml) and EtOH ( 1 ml).
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Thioglycohc amide-substituted sequence C (C-7):
H

(rna*)

Deprotection and purification of 5 mg C-s-7 gave 3 o.D. C-7. MALDI-TOF MS: 4608

(calc: 4609).

Ditiopropane-substituted sequence C (C-8):

(rna)

A soin, of HS(CH2)3SH (50 pi. 0.5 mmol) and (/Pr)2NEt (43 pi, 0.25 mmol) in DMF

(0.5 ml) was added to 5 mg C-s-1. The suspension was shaken at r.t. for 4 h and washed

with DMF (2 x 1 ml) and EtOH (1 ml). Deprotection and purification gave 4 o.D. C-8.

MALDI-TOF MS: 4612 (calc: 4612).

Immobilized thiosalicxlic acid-substituted sequence C (C-s-9):
o

"(rna)

A soin, of thiosalysylic acid (15 mg. 0.2 mmol) and (/Pr)2NEt (34 pi, 0.4 mmol) in DMF

(0.5 ml) was added to 5 mg CPG C-s-1. 44ie suspension was shaken at r.t. for 12 h,

washed with DMF (2 x 1 ml) and EtOH (1 ml).

Thiosalicxlic acid-substituted sequence C (C-9):
o

OH

s

(rna)

Deprotection and purification of 5 mg C-s-9 gave 3 o.D. C-9. MALDI-TOF MS: 4658

(calc: 4658).

Thiotetrazolo-siihstitiited sequence C (C-10):

n-n,
,X ,N
? N

H

(rna)

A soin, of B114NSCN (150 mg. 2 mmol) m DMF (0.5 ml) was added to 5 mg C-s-1 and

stirred at 50° for 12 h. The CPG was washed with DMF (2 x lml) and treated with a soin.
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of NaN3 (32 mg, 0.5 mmol). NH4CI (28 mg, 1 mmol) in DNM/H20 (1:1) at 85° for 6h.

The support was washed with DMF/H20 (1:1) (2 x 1 ml) and EtOH (1 ml). Deprotection

and purification gave I o.D. C-10. MALDI-TOF MS: 4607 (calc: 4607).

Amino-substituted sequence C (C-ll):
NH„

—ill
(rna)

5 mg C-s-5 was treated with a soin, of PPfi3 (26 mg, 0.1 mmol) in Py (0.5 ml). The

suspension was shaken at r.t. for 12 h and washed with EtOH (3 x lml). Deprotection and

purification gave 2 o.D. C-11. MALDI-TOF MS: 4520 (calc: 4520).

Acetamido-substituted sequence C (C-13):
NHAc

(rna)

5 mg C-s-5 were treated with a soin, of SnCU (14 mg. 0.075 mmol), PhSH (31 pi, 0.3

mmol) and Et3N (31 pi. 0.225mmol) in MeCN (0.5 ml). The suspension was shaken at r.t.

for 6h and washed with MeCN (3 x 1 ml). The CPG was treated with said. aq. NaHCO^ at

r.t. for 5 min, washed with H20 and Py, treated with Ac20 (0.1 ml), Py (0.4 ml) and

shaken at r.t. for lh and washed with EtOH (3 x 1 ml). Deprotection and purification gave

2 o.D. C-13. MALDI-POF MS: 4562 (calc: 4563).

Thioglycolic butyramide-substituted sequence C (C-15):

(rna )

5 mg C-s-7 was treated with a soin, of HOBT (7mg. 0.05 mmol), TBTU (16 mg, 0.05

mmol), (/PrNNEt (17 pi. 0.1 mmol) and z;BuNH2 (lOpl. 0 4 mmol) in DMF (0.5 ml). The

suspension was shaken at r.t. for 2 h. washed with DMF (2 x I ml) and EtOPI (1 ml).

Deprotection and purification ga\c 2 o.D. C-16. MALDI-TOF MS: 4608 (calc: 4609).

Thiosalicxic butyramide-substituted sequence C (C-16):

(rna)

5 mg C-s-9 was traeted with a soin, ot HOBT (7mg, 0.05 mmol), TBTU (16 mg, 0.05

mmol), ;Pr2NEt (17 pi. 0.1 mmol) and ;;BuNH2 ( IOui. 0.4 mmol) in DMF (0.5 ml). The
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suspension was shaken at r.t. for 2 h, washed with DMF (2x1 ml) and EtOH (1 ml).

Deprotection and purification gave 3 o.D. C-16. MALDI-TOF MS: 4714 (calc: 4714).

Spermine-substituted sequence C (C-17):
o

s

[RNA J

5 mg C-s-9 was traeted with a soin, of HOBT (7mg, 0.05 mmol), TBTU (16 mg, 0.05

mmol), (;'Pr)2NEt (17 pi, 0.1 mmol) and spermine (40 mg, 0.8 mmol) in DMF (0.5 ml).

Tlie suspension was shaken at r.t. for 4 h, washed with DMF (2 x 1 ml) and EtOH ( I ml).

Deprotection and purification gave 1 o.D. C-18. MALDI-TOF MS: 44842 (calc: 4842).
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Sequences
Modified

nucleoside

Scale Yield MALDI-TOF MS

(pmol) (oD26o) Calc. Found

A r(GCAUCCGAGCUAUC) 1 5 16 4406 4403

A-1 r(GCAUCCGAGCUAUC) C from 1 1.5 12 4493 4537

A-2 r(GCAUCCGAGCUAUC) C from 1 1.5 11 4493 4536

A-3 r(GCAUCCGAGÇUAUC) C from 2 1.5 15 4493 4534

A-4 r(GCAUCCGAGCUAUC) C from 2 1.5 15 4493 4436

A-5 r(GCAUCCGAGCUAUC) C from 17 1.5 28 4493 4537

A-6 r(GCAUCCGAGCUAUC) C from 17 1.5 32 4493 4536

A-7 r(GCAUCCGAGCUAUC) C from 26 1.5 21 4767 4767

A-8 r(GCAUCCGAGCUAUC) Ç from 26 1.5 18 4767 4767

A-9 r(GCAUCCGAGCUAUC) Ç from 27 1.5 15 4681 4682

A-10 r(GCAUCCGAGCUAUC) C from 27 1.5 16 4681 4682

B r(GAUAGCUCGGAUGC) 1 5 18 4486 4490

dB d(GATAG(TCGGATGC) 1.5 36 4304 4304

C-1 r(GCAUCOGAGCUAUC) R: NHMe 0.2 5 4534 4535

C-2 "

(C see Fig. 78a) R: SPh 0 2 4 4614 4615

C-4 R: SC6H4NH2 0.2 4 4629 4629

C-5 R:N^ 0.2 3 4546 4548

C-6 R: SH 0.2 3 4538 4538

C-7 RSCIPCOMtMe 0.2 A 4609 4608

C-8 R: S(CH2)3SH 0.2 4 4612 4612

C-9 R SC6H|C0:H 0.2 3 4658 4658
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Sequences
Modified Scale Yield MALDI-TOF MS

nucleoside (pmol) (oD260) Calc. Found

C-IO r(GCAUCCGAGCUAUC) R; S-tetra7ole 0.2 1 4606 4607

C-11 "

(C see Fig. 78a) R: NH2 0.2 2 4521 4520

C-13 "

R: NHAc 0.2 2 4563 4562

C-15 11

R SCPbCONHBu 0.2 2 4572 4573

C-16

C-17 „

R SC6H4CO\HBu
R SCfeH4CONH-

spciminc

0.2

0.2

3

1

4715

4842

4714

D r(GGCGACCCUGAUGAGGCC

GAAAGGCCGAAACCGU)
1.5 37 11012 11052

D-l r(GGCGACCCUGAUGAGGCC

GAAAGGCCGAAACCGU)
R = NHMe 0.4 3 / /

D-2 '*

(C see Fig. 78a) R = SEt 0.4 2 / /

D-3 tt

R = SCA16SH 0.4 1.5 / /

D-4 "

0.4 1.2 / /

E r(ACGGUCGGUCGCC) 1.5 44 4129 4130

dE d(ACGGTCGGTCGCC) 1.5 69 3952 3951

E-1 r(ACGGUCGGUCGCC) A see Fig. 78b 0.2 8 4257 4257

E-2 r(ACGGUCGGUCGCC) A from 53 1.5 12 4646 4653

E-3 (ACGGUCGGUCGCC) >

E-S 2'-diol(5)-(ACGGTCGGTCGCC) 1.5 *>3 5482 5483

E-R 2'-diol«)-(ACGGTCGGTCGCC) 1 5 T7 5482 5485

E-Me 2*-Me-(ACGGTCGGTCGCC) 1.5 44 4311 4311

F r(GGCGACCGACCGU) 1.5 38 4137 4139

dF d(GGCGACCGACCGT) 1 5 76 3960 3959

dF-1 d(GGCGACCGACCGT) C from 52 0.2 10 4078 4081

dF-2 d(GGCGACCGACCGT) -

0.2 9 4078 4080
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Sequences
Modified

nucleoside

Scale Yield MALDI-TOF MS

(pmol) (oD26o) Calc. Found

dF-3 d(GGCGACCGACCGT) C see Fig. 78c 0.2 4 4152 4153

dF-4 d(GGCGACCGACCGT)
-

0.2 5 4152 4153

dF-5 d(GGCGACCGACCGT)
"

0.2 3 4232 4234

dF-6 d(GGCGACCGACCGT)
"

0.2 A 4232 4235

dF-7 d(GGCGACCGACCGT) G from 108 0.2 4 4094 4098

F-S 2'-(S)-(GGCGACCGACCGU) 1.5 28 5508 5508

F-R 2'-(7?)-(GGCGACCGACCGU) 1.5 32 5508 5508

F-Me 2'-Mc-(GGCGACCGACCGU) 1.5 52 4319 4319

G-1 r(AUGGAL)CCGAGCUAUG) R: -NHMe 0.3 6 5209 5208

G-2
"

( C see Fig. 78 a) R: SH 0.3 5 5213 5211

G-3
n

R: -NIU 0.3 4 5195 5194

G-4
••

R: A4 0,3 5 5222 5220

H-1 r(GAUAGCUCGGAUCCAU) R: -NHMe 0.3 7 5208 5208

H-2
"

( C see Fig. 78 a) R: -SH 0.3 5 5212 5211

dl d(CG)4-p 1.5 28 2592 2593

I-lS (CdG)4-p C from 92 1.5 22 °972 2972

I-lR (CdG)4-p Ç from 93 1.5 25 2972 2975

1-2 (rCdG)4-p 1 0 29 2556 2557

1-3 (CdG)4-p Cfrom 2-Me-C 1.5 32 2612 2613

1-4 (CdG)4-p C from 52 1.5 28 2962 2963

1-5 (CdG)4-p C from 95 1.0 14 2908 2910

1-6 (CdG)4-p C from 79 1.5 21 2836 2838

I-7S (dCG)4-p G from 107 1.5 27 2972 2974

T-7R (dCG)4-p G from 106 1.5 26 2972 2974
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Sequences
Modified Scale Yield MALDI-TOF MS

nucleoside (pmol) (oD26o) Calc. Found

ï-8 (dCG)4-p G i'roni 2*-Mc-G 1.5 31 2612 2613

K d(UA)8-p 1.5 75 4845 4848

K-lS (UdA)8-p U from 129 1.5 77 5806 5807

K-lR (UdA)g-p U from 131 1.5 48 5806 5806

K-2 (UdA)8-p V from 2'-Me-U 1.5 52 5085 5087

K-3S (dUA)8-p A from 128 1.5 63 5806 5808

K-3R (dUA)s-p A from 130 1.5 55 5806 5809

K-4 (dUA)8-p A from 2'-Mc-A 1.5 81 5085 5086

L r(GGCGACGGACCGU) 0.5 26 4195 4196

dL d(GGCGACGGACCGT) 0.5 30 4156 4156

M r(GGCGACUGACCGU) 0.5 22 4164 4165

dM d(GGCGACTGACCGT) 0.5 32 4001 4003

N r(GGCGAAUAACCGU) 0.5 25 3975 3976

dN d(GGCGAATAACCGT) 0.5 26 3983 3983

R *0-i

-0-

w
x

o»

O OH

HO"

°N
HO- O

OHOH

A DMTO
O

BAcyl

x
O O.

Figure 78.
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2) Phosphoramidites

NHBz NHBz

O
U

AIIO"^N-(CH?)30
H

DMTO

NC

O

JE
AllO'^N-fCH^O-

H
A

hODMT N O

O,

NO,

NC ,0,p,0 O^O,
i

.N

YY

\\ /

NHBz

o A„ ro o

AIIO-^N-(CH2)50-|
Me DMTO-I

_0

^

n r° °a

N A0 07 DMTO-4 -
1^

NHAc

N

N^O Me(OCH2CH2).

NC
,oo oroM

rr
17

0-1
DMTO

gAcyl

NC
,0.-0 OTOM

p'

AAc: 35

CAc: 34

GAc: 36

U : 37

Nc^-V0 0T0M

NY
26

DMTO-, BAcy
O*

N(CHo)sO-1
Me' DMTO-

NHBz

N

À
NO

NC

DMTO

,0 0 OTOM

27

gAcyl

NC
,0. ,0 ox^ov ,Br

NC

AAc: 51

CAc: 52

GAc: 53

U :54

,o.p,o 0^,0^^

Y AAc: 78

CAc: 79

GAc: 80

U ;81

DMTO gAcyl

NC ,o_ro o^o^Y^
Vr

AAc:128 I I

OAc

OAc

CAc; 92

GAc: 107

U :129

DMTOi
0

BAcV

NC
,0 0 0 0' OAc

NYA
OAc

DMTO-, BAcy1

Ac,

CAc:

GAc.

130

93

106

U : 131

'NH

A
DMTO-, N "N NHAc

NC ,o.p,o o^.ov ,OBz
NC

NY 95

,o. .o o"^o"A<i
-p' o

108 and 109
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