
SOLOMON T. GARNER, JR 
The Synthesis of 1-[3-C-cyano-2, 3-Dideoxy- -L-glycero-pent-2-enofuranosyl]thymine; 
 1-[2-C-cyano-2, 3-Dideoxy- -L-glycero-pent-2-enofuranosyl]thymine and 1-(3- 

C-Cyano-3-deoxy- -L-arabino-pentofuranosyl]thymine and Computational  
Studies of 1-[2-C-cyano-2-deoxy-1- -D-arabinofuranosyl]cytosine.

(Under the Direction of C. K. CHU) 

 The attempt herein was to give a concise overview of the results and general 

milestones that have led to towards the synthesis of 1-[3-C-cyano-2, 3-Dideoxy- -L-

glycero-pent-2-enofuranosyl]thymine; 1-[2-C-cyano-2, 3-Dideoxy- -L-glycero-pent-2-

nofuranosyl]-thymine and 1-(3-C-Cyano-3-deoxy- -L-arabino-pentofuranosyl]thymine, 

nucleoside analogues. Also included is a computational evaluation, whereas a density 

functional theory (DFT) method has been employed to study the epimerization of 2’-C-

Cyano-2’-deoxy-1- -D-arabino-pentofuranosylcytosine (CNDAC) to 2’-C-Cyano-2’-

deoxy-1- -D-ribo-pentofuranosylcytosine (CNDC) as well as their degradation to 1,4-

anhydro-2-C-cyano-2-deoxy-D-erytho-pent-1-enitol (glycal) and cytosine by way of 

glycosyl bond cleavage. 

INDEX WORDS:  Nucleoside, 1-[3-C-cyano-2, 3-Dideoxy- -L-glycero-pent-2-

enofuranosyl]thymine, 1-[2-C-cyano-2, 3-Dideoxy- -L-glycero-

pent-2-enofuranosyl]thymine, (3-C-Cyano-3-deoxy- -L-arabino-

pentofuranosyl]thymine, 1-[2-C-cyano-2-deoxy-1- -D-

arabinofuranosyl]cytosine (CNDAC)/2’-C-Cyano-2’-deoxy-1- -D-

arabino-pentofuranosylcytosine (CNDAC), Density functional 

theory (DFT), Conformer, Eperimerization 



THE SYNTHESIS OF 1-[3-C-CYANO-2, 3-DIDEOXY- -L-GLYCERO-PENT-2-

ENOFURANOSYL]THYMINE; 1-[2-C-CYANO-2, 3-DIDEOXY- -L-GLYCERO-

PENT-2-ENOFURANOSYL]THYMINE AND 1-(3-C-CYANO-3-DEOXY- -L-

ARABINO-PENTOFURANOSYL]THYMINE AND COMPUTATIONAL STUDIES OF 

1-[2-C-CYANO-2-DEOXY-1- -D-ARABINOFURANOSYL]CYTOSINE 

by

SOLOMON T. GARNER, JR 

B.S., Jackson State University, 1999 

A Thesis Submitted to the Graduate Faculty of The University of Georgia in 

Partial Fulfillment of the Requirements for the Degree 

MASTER OF SCIENCE 

ATHENS, GEORGIA 

2001



©2001

SOLOMON T. GARNER, JR 

All Rights Reserved 



THE SYNTHESIS OF 1-[3-C-CYANO-2, 3-DIDEOXY- -L-GLYCERO-PENT-2-

ENOFURANOSYL]THYMINE; 1-[2-C-CYANO-2, 3-DIDEOXY- -L-GLYCERO-

PENT-2-ENOFURANOSYL]THYMINE AND 1-(3-C-CYANO-3-DEOXY- -L-

ARABINO-PENTOFURANOSYL]THYMINE AND COMPUTATIONAL STUDIES OF 

1-[2-C-CYANO-2-DEOXY-1- -D-ARABINOFURANOSYL]CYTOSINE 

by

SOLOMON T. GARNER, JR 

      Approved: 

      Major Professor: C. K. Chu 

      Committee:  F. D. Boudinot 
A. C. Capomacchia 

Electronic Version Approved: 

Gordhan L. Patel 
Dean of Graduate School
The University of Georgia 
December 2001  



TABLE OF CONTENTS 

CHAPTER                                                                                                                  Page

1 THE SYNOPSIS:  BRIEF INTRODUCTION OF L-NUCLEOSIDES

      AND 2’, 3’-UNSATURATED NUCLEOSIDES ….…………..….……1

Introduction of L-Nucleosides……………………………….………1

Introduction of 2’, 3’-Unsaturated Nucleosides………….………….5 

References………………………………………………….………..7

2 SYNTHESIS OF 1-[3-C-CYANO-2, 3-DIDEOXY- -L-GLYCERO-

      PENT-2-ENOFURANOSYL]THYMINE; 1-[2-C-CYANO-2, 3-

      DIDEOXY- -L-GLYCERO-PENT-2-ENOFURANOSYL]THYMINE

      AND 1-(3-C-CYANO-3-DEOXY- -L-ARABINO-

      PENTOFURANOSYL]THYMINE……………………………………14

Introduction………………………………………………………...14

Results and Discussion……………………...……………………..15 

Summary…………………………………...………………………21

Experimental Section ……………………...……………………...21

References…………………………………………………………32

3 COMPUTATIONAL STUDIES OF CNDAC:  THE DFT ENERGY

CALCULATIONS OF THE TWO CONFORMERS OF 2’-C-CYANO-

2’-DEOXY-1-  -D-ARABINO-PENTOFURANOSYLCYTOSINE

iv



 (CNDAC) AND 2’-C-CYANO-2’-DEOXY-1- -D-RIBO-

PENTOFURANOSYL-CYTOSINE (CNDC) AND THEIR PRODUCTS

FORMED VIA GLYCOSYL BOND CLEAVAGE… …………….………36 

Introduction………………………………………………….……...36

Background………………………………………………….……...37

Computational Methods..………………………….……….……….39 

Results and Discussion..……………………….………….………..41 

References..………………………………….…………..…………44

v



CHAPTER 1 

THE SYNOPSIS:  BRIEF INTRODUCTION OF L-NUCLEOSIDES AND 2’, 3’- 

UNSATURATED NUCLEOSIDES

Introduction of L-Nucleosides

L-Nucleoside research began with the pioneering work of Smejkal and Sorm’s1

synthesis of L-thymidine as well as Holy’s2 et al. synthesis of the enantiomers of the 

natural D-nucleoside’s uridine, cytidine, adenosine and guanosine.  More importantly, L- 

nucleoside anti-metabolites are known to inhibit the synthesis of DNA or RNA after 

conversion triphosphate analogues and exhibit evidence of antiviral/anti-neoplastic 

activities.3,4  Figure 1.1 illustrates a nucleoside analogue’s general mode of action, given 

that these processes are extremely important for the biochemical activation of therapeutic 

nucleosides.5  Nucleoside monophosphate kinases (NMPKs) and nucleoside diphosphates 

kinases (NDPKs) catalyze the reversible phosphotransferase reactions of a nucleoside to 

its corresponding 5’-nucleotidases via pathways to their corresponding triphosphates.5

The anti-human immunodeficiency virus type I (HIV-1) activity of L-(-)-3TC 

(3TC, Lamivudine) 1 was the first L-nucleoside approved by the Food and Drug 

Administration (FDA) to be used as therapy against HIV and chronic Hepatitis B viral 

infections [Figure 1.2].  Its cytotoxicity was observed to be less than its enatiomer (+)-

BCH-189 2. The D- nucleosides were previously thought to be the only biologically 

active enatiomers.6, 7, 8

Correspondingly, L-thymidine 3 was reported to be a substrate of thymidine

1



2

kinase that is coded by herpes viruses and to has weak anti-herpes simplex virus type 1 

(HSV-1) activity.7  The idea arose that L-nucleosides are not recognized by normal

mammalian enzymes and by virus-encoded or bacterial enzymes, thus giving rise to 

minimal host toxicity while maintaining good antiviral/antibacterial activity.9  On the 

other hand, it has been found that L-nucleosides are recognized by normal mammalian

enzymes.9

Nucleoside

NMP

NDP

NTP

cell membrane
nucleoside transporter

cellular
 kinases

Cellular Nucleoside Monophosphate Kinases
(NMPKs)

Cellular Nucleoside Diphosphate Kinases
(NDPKs)

Inhibition of viral
polymerase or Incoporation

into viral DNA

Inhibition of cellular DNA
polymerase or Incorporation

 into cellular DNA

Figure 1.1 General Nucleoside Mode of Action: Nucleoside monophosphate
(NMP), Nucleoside diphosphate (NDP), Nucleoside triphosphate (NTP) 
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Because of these findings, L-nucleosides such as L-FMAU11 4 and FTC13 5 have

been cited as potential selective antiviral agents. L-FMAU, as reviewed by Wang et al12

exhibited potent anti-HBV and anti-EBV activities11. Triangle Pharmaceuticals, Inc. is 

currently undertaking L-FMAU in Phase I/II dose-range finding study in patients with 

HBV infection.13  FTC14 is a 5-fluorinated analog of 3TC which has been demonstrated

as a potent inhibitor of HIV-1 and is currently undergoing clinical trials.15  As an 

example, it has been shown that FTC is phosphorylated in a manner similar to that of the 

natural D-nucleosides.16,17  [Figure 1.2] 
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Figure 1.2 Structures of Biologically Active L-Nucleosides

For example, the activity/toxicity of the previously mentioned compounds 3TC, 

FTC and L-FMAU is compared to that of their D-enantiomers.  3TC and its enatiomer

(+)-BCH-189 both showed potent anti-HIV activity but cytotoxicity is primarily
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associated with the D- enantiomer.  This comparison (Table 1.1) comes from in vitro data 

reported by Chu and co-workers, which shows that 3TC (EC50 0.0018 µM in PBM cells) 

was more potent than (+)-BCH-189 (EC50 0.002-0.06 µM) against HIV-1 PBM cells7, 18.

3TC was also shown to be more effective against HBV than (+)-BCH-189, where each 

compound had EC50 values of 0.01 µM  and 0.5 µM respectively.19  The 5-fluorinated 

analogues of these compounds FTC and D-FTC showed EC50 values of 0.0008 µM and 

0.84 µM in vitro, respectively against HIV-1 in PBM cells, whereas FTC had the greater 

potency.20  Similarly, these compounds exhibited the same trends of anti-HBV activity in 

potency against HBV hepatoma cell lines (2.2.15)21 as listed in Table 1.1.

Table 1.1 Comparison of 3TC’s and FTC’s Enantiomers

Nucleosides

S
O

OH
N

NH

NH2

O

H

3TC

S
O

HO
N

HN

NH2

O

H

(+)-BCH-189
S

O
OH

N

NH

NH2

O

F

L-FTC
S

O
HO

N

HN

NH2

O

F

D-FTC

Anti-HIV-1 (EC50, µM)

PBM

CEM

0.002

0.07

0.2

0.1

0.008

0.009

0.84

1.4

Anti-HBV-(EC50, µM)

2.2.15 0.01 0.05 0.01 0.96

Cytotoxicity (IC50,,µM)

PBM

CEM

>100

>100

2.7

>100

>100

>100

>100

>100
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L-FMAU was found to have potent anti-HBV (EC50 0.1 µM in 2.2.15 cells) and anti-

Epstein Barr (EC50 5.0 µM in H1 cells) viral activities.  In comparison with D-FMAU , L-

FMAU exhibited lower cytotoxicity and was a more potent anti-HBV agent.11 [Table 1.2]

Table 1.2 Comparisons of D- and L-FMAU

Nucleoside
O

OH
N

NH

O

O

H3C

F

OH
L-FMAU

O
HO

N

HN

O

O

CH3

F

OH
D-FMAU

Anti-HBV-(EC50, µM)

2.2.15 0.1 0.2

Anti-HBV-(EC50, µM)

H1 5.0 0.1

Cytotoxicity-(IC50, µM)

MT2 100 8.0

2’, 3’-Unsaturated Nucleosides

2’, 3’-Unsaturated-nucleosides have become an important class of potent anti-

viral agents in light of the FDA’s approval23 of L-2’, 3’-didehydro-2’, 3’-

dideoxythymidine (d4T, Stavudine, Zerit) as an anti-HIV drug during the mid-1990s.24

The corresponding cytosine analogue (d4C, 2’, 3’-didehydro-2’, 3’-dideoxycytidine) has

also been found to be a strong inhibitor of HIV replication25, 24.  In effect, many of these 

types of nucleosides have been synthesized and identified as anti-HIV agents such as 
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abacavir,26, 27 L-2’, 3’-didehydro-2’, 3’-dideoxycytidine  ( -L-d4C, L-d4C) and its 5-

flouro analogue ( -L-Fd4C, L-Fd4C).28, 29  [Figure 1.3]
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Figure 1.3 Structures of Biologically Active 2’, 3’-Unsaturated-nucleosides

In view of interesting biological activities of this class of compounds, our 

research group has reported the synthesis and anti-HIV/HBV activities of 2’-flouro-2’,3’-

unsaturated-L-nucleosides such as L-Fd4C, L-Fd4FC, which were found to be more

potent and have lower cytotoxicities than their D-enantiomers(Table 1.3).12, 30, 31 L-Fd4C

listed in Table 1.3 is currently undergoing pre-clinical studies.12 As an electron 

withdrawing group, the 2’-flouro substituent stabilizes the glycosyl bond by providing 

acid stability, thus making a more stable 2’,3’-unsaturated nucleoside.30, 32 It has also 

been found that the 2’-flouro as an electron withdrawing group substituents confers more

interesting biological activities on 2’, 3’-unsaturated nucleosides.30, 32
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Table 1.3 Comparison Fd4C’s and Fd4FC’s Enantiomers

Nucleosides
O

OH
N

HN

NH2

O

H

L-Fd4C
F

O
HO

N

NH

NH2

O

H

D-Fd4C
F

O
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N

HN
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O

F
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F

O
HO

N
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NH2

O

F

D-Fd4FC
F

Anti-HIV-1 (EC50, µM)

PBM 0.51 3-10 0.17 0.35

Anti-HBV-(EC50, µM)

2.2.15 2.0 2.0 4.0 Not reported 

Cytotoxicity (IC50,,µM)

PBM cells 

CEM cells 

Vero cells 

>100

>100

>100

2.6

>29.9

>100

>100

>100

>100

>100

>100

>100
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CHAPTER 2 

SYNTHESIS OF 1-[3-C-CYANO-2, 3-DIDEOXY- -L-GLYCERO-PENT-2-

ENOFURANOSYL]THYMINE; 1-[2-C-CYANO-2, 3-DIDEOXY- -L-GLYCERO-

PENT-2-ENOFURANOSYL]THYMINE AND 1-(3-C-CYANO-3-DEOXY- -L-

ARABINO-PENTOFURANOSYL]THYMINE

Introduction

Our approach has been to synthesize the key carbohydrate intermediate.  Once the key 

carbohydrate moiety is synthesized, many nucleosides may be prepared.  This convergent 

approach for the synthesis of nucleoside analogues is a very desirable and flexible 

process, since it provides the basis for the preparation of numerous pyrimidine and purine 

analogues from the same intermediate.  Thus, a series of nucleosides can be tested for 

biological activities as potential medicinal agents.

In perspective, as found, completing the sugar moiety before making the 

nucleoside, however, is not always the best approach when chemical properties limit the 

route toward the final nucleoside product.  Correspondingly, two groups Matsuda and co-

workers 1-3 as well as Velázquez and Camarasa 4 successfully synthesized 2’-C-Cyano- -

D-arabinofuranosyl pyrimidine nucleoside analogues, the enantiomers of our targeted 

compounds.  They synthesized the analogues by divergent methods of completing a 2’-

CN addition into a nucleoside to obtain the final product.

14
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Therefore, to add to the knowledge of the nucleoside chemistry, it was our 

objective to synthesize these types of pyrimidine nucleoside analogues in the -L-

configuration by convergent methods.  Due to the unsuccessful reaction as shown in 

Scheme 2.1, a divergent method was tried to obtain 2’-CN and 3’-CN substituted -L- 5-

methyluridine nucleoside analogues, as well as their 2’, 3’-unsaturated analogues.  From 

this approach, 1-[3-C-Cyano-2, 3-dideoxy- -L-glycero-pent-2-enofuran-osyl]thymine; 1-

[2-C-Cyano-2, 3-dideoxy- -L-glycero-pent-2-enofuranosyl]thymine; and 1-(3’-C-Cyano-

3’-deoxy- -L-arabino-pentofuranosyl]thymine were synthesized. (Figure 2.1). 

Matsuda et al evaluated the inhibition of cytopathogenicity of HIV by 3’-C-

cyano-3’-deoxy-2’, 3’-didehydro- -D-5-methyluridine I and 1-(3-C-Cyano-3-deoxy- -D-

arabino-pentofuranosyl)-thymine II, the enantiomers of 1-[3-C-Cyano-2, 3-dideoxy- -L-

glycero-pent-2-enofuranosyl]thymine and 1-(3-C-Cyano-3-deoxy- -L-arabino-

pentofuranosyl]thymine respectively.5  Neither compound exhibited inhibitory activity up 

to 500 µg/ml concentration when tested by using HTLV-1 in MT-4 cells.5  (Figure 2.2)

These results conflict with a report 6 that compound 1 is more active than AZT.  Others 

report the inhibitory activity of compounds I and II as >500 µg/ml and >250 µg/ml 

concentration, respectively, when tested by using HTLV-1 in MT-4.7  Only one group 

Azuma et al2 synthesized and reported the biological activity of 2’-C-Cyano-2’, 3’-

didehydro-2’, 3’-dideoxy-5-methyluridine III; the enatiomer of 1-[2-C-Cyano-2, 3-

dideoxy- -L-glycero-pent-2-enofuranosyl]thymine; as its in vitro cell growth inhibitory 

activity against murine leukemia L1210 and human oral epidermoid carcinoma KB cells; 

IC50 values were 12.4 and 97.8 respectively.1 [Figure 2.2]
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Discussion and Results 

Strategy A (Scheme 2.1). Mitsunobu reaction conditions 8-12 in were employed as 

the preliminary method, since good yields from use of this SN2 type substitution 

reactions were observed by Chu and Co-workers towards the synthesis of 2’-substituted-

flouro-L-ribofuranosyl carbohydrate moieties by use of 1,3,5-tri-O-benzoyl-ribofuranosyl

1 as the starting material.13-15  However, the Mitsunobu reaction conditions failed to 

provide key intermediate 2, because the primary reagent sodium cyanide proved to be too 

weak.

 Strategy B (Scheme 2.2). Methods were explored that would provide a good 

leaving group as well as non-acidic conditions, which would not cause 1,3,5-tri-O-

benzoyl-ribofuranosyl to decompose.  Further exploration led to Fleet et al’s method of 

using tetrabutylammoniumcyanide (TBACN) in the SN2 substitution of the cyano group 

into the 3’-position of the pentose-carbohydrate moiety.16  To explore this method, a 

triflic anhydride intermediate 3 was synthesized.  The method failed to provide 

compound 2, but provided a 2’-C-Cyano-2’3’-dideoxy-2’3’-didehyro-L-ribo-pento

carbohydrate moiety 5 via the leaving of 3’-O-benzoyl induced by an acidic 2’-proton.

The condensation of compound 5 by common methodologies for carbohydrate moiety 

condensations involved the use of a Lewis acid and an electrophilic base in conjunction 

with a 1-O-alkyl/acyl sugar moiety, which undergoes direct nucleophilic displacement or 

oxonium ion formation.17  These methods of condensation, however, failed towards the 

synthesis of 2’-C-Cyano-2’3’-dideoxy-2’3’-didehydro-L-nucleoside analogues 6, due to 

unsuccessful condensation reactions under various conditions.
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 Strategy C (Scheme 2.3). This method explored method of completing a 2’-CN 

addition into a nucleoside to create nucleoside analogue 13b as well as its 3’-C-cyano 

isomer 13a and its analogue 14.  We focused on first synthesizing 5-methyl-L-uridine18

(9, scheme II), which could be potentially more active than uridine as well as to avoid 

the problems associated with the reactive N4 position of cytidine towards the key 

intermediate, epoxide 11.  We proceeded from commercially available L-ribose via an

O
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Scheme 2.2 Strategy B acetylation method19 to produce 1, 2, 3, 5-tri-O-acetyl- -

L-ribofuranose 7 in 74.5 % yield.  The introduction of the -N-glycoside bond was 

completed by the method reported by by Mayroud and Strazewski20 or Vorbrüggen et al, 

21, 22 to produce 2, 3, 5-tri-O-acetyl- -L-5-methyl-uridine 8 in 92.1% yield.  Compound 8

was treated with NH3-CH3OH to give 5-Methyl-L-uridine 9 in 98.0% yield, and then the 

5’-OH was protected by use tritylation methodology23-25 to provide compound 10 in high 

yield.  Subsequently, key epoxide intermediate 11 was also prepared by methods 

previously reported.23-25  Faul et al.24 used two procedures towards the epoxide ring 

opening reaction with varying conditions by the use of LiCN or Et2AlCN.  Using 

Et2AlCN as the reaction reagent, we obtained a mixture of both 2’- and 3’-C-cyano 

isomers in a ratio of 5:1 of compounds 12a and 12b in 82% overall yield.  The 2’-isomer 

was found to be relatively unstable and inseparable.

In spite of this, relatively pure fractions of compound 12a were obtained.  Hence, 

we were able to synthesize 1-[3-C-Cyano-2, 3-Dideoxy- -L-glycero-pent-2-enofuran-

osyl]thymine 13a in 86% yield via 2’-deoxygenation25, 26 of intermediate 12a and 

subsequent detritylation of compound 15 by use of BF3-OEt2.  Uncontaminated fractions 

of 12a were also deprotected to provide the 2’-OH congener of 13a, 1-(3’-C-Cyano-3’-

deoxy- -L-arabino-pentofuranosyl]thymine 14 in 89% yield.  A partially separated 

mixture containing the 2’-C-cyano nucleoside 12b and 12a was detritylated and found to 

also be inseparable.  Consequently, we were not able to obtain the 3’-OH congener of 

13b.  However, this mixture was deoxygenated by conditions described for related 

nucleosides25, 26 to obtain a mixture of nucleosides 13a and 13b from which 1-[2-C-
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Cyano-2, 3-Dideoxy- -L-glycero-pent-2-enofuranosyl]thymine 13b was successfully

separated and acquired in 13% yield.
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Summary

Attempts made to synthesize a series 2’-C-cyano-L-nucleosides and 2’-C-cyano-

2’, 3’ unsaturated- L-nucleoside analogues were not successful by use of Schemes 2.1 

and 2.2.  Scheme 2.3 proceeded with difficulties in the separation of intermediates 12a

and 12b as well as with the subsequent purification of their corresponding detritylated 

products.  Thus, we were not able to obtain 2’-C-cyano-5-methyl-L-uridine, 13b’s

congener.  Overall, 13a; 13b and 14 were prepared in fair yields using a tritylated 

epoxide (11) derived from L-5-methyl-uridine.  Data obtained in these syntheses is 

presented and is relative to the referenced D-enantiomers.  On the other hand, in vitro 

biological activity data for nucleosides 13a, 13b and 14 currently has not been returned to 

our group.

Experimental Section 

General.  The reactions were performed under a nitrogen atmosphere and all 

reagents were used as received unless noted otherwise.  TLC was performed on Analtech 

Co. Uniplates (silica gel).  Column chromatography was performed using silica gel 60 

(220-440 mesh) or silica gel G (TLC grad>440 mesh) for vacuum column 

chromatography.  Melting points were determined on a Mel-temp II and are uncorrected.  

1H NMR spectra at 400 MHz and 13C NMR spectra at 100 MHz were obtained by use of 

a Brüker 400 AMX spectrometer.  NMR chemical shifts ( ) are reported in units parts per 

million (ppm) referenced to TMS or residual proton signals in the deuterated solvents as s 

(singlet), br s (broad singlet), d (doublet), t (triplet), q (quartet), m (multiplet) or nm 

(narrow multiplet).  Mass spectra were either recorded under fast atom bombardment 
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(FAB), on a Micromass Autospect high-resolution mass spectrometer unless noted.  

Electron spray ionization (ESI) high-resolution mass spectrometry obtained from the 

University of Georgia Chemistry Department’s Mass Spectrometer Laboratory.  Optical 

rotations calculation were performed on a Jasco DIP-370 Digital Polarimeter.  UV 

spectra were obtain on a Beckman DU-650 spectrophotometer.  Elemental analyses were 

performed by Atlantic Microlab, Inc., Norcross, GA.      

2-Trifluoromethanesulfonyl-1, 3, 5-tri-O-benzoyl-L-ribofuranose (3). Compound 1

(Scheme 2.2) (1 g, 2.17 mmol) was dissolved into anhydrous methylene chloride (15 ml) 

and cooled to -50° C under a nitrogen atmosphere.  Upon cooling, the solution was 

treated with pyridine (2 ml) and subsequently with triflouromethanesulfonic anhydride 

(0.91 g, 3.24 mmol).  The reaction mixture was allowed to stir for 40 min from –50°-0° 

C, then the mixture washed with of water (20 ml), extracted with ethyl acetate (3 x 50 ml) 

and concentrated by rotary evaportion.  The residual material was purified on silica gel 

column using (EtOAc: hexanes, 0.3:0.7).  Compound 3 was obtained as a pale yellow oil 

1.29 g (77.5%). 1H NMR (CDCl3)  (ppm) 7.29-8.17 (15 H, m, Ar-H), 6.90 (1 H, s, H-1), 

5.82 (1H, s, H-2), 5.59 (1 H, s, H-3), 5.90 (1 H, s, H-4), 4.80-4.64 (2 H, m, H-5’. H-5’’).

. Anal. Calcd. for C27H21F3O10S·H2O:  C, 54.65; H, 3.56; found C, 53.90; H, 3.69

2-C-Cyano-2, 3-deoxy-2, 3- didehydro-1, 5, di-O-benzoyl-L-ribofuranose (5).  

Compound 5 (580 mg, 0.976 mmol) was dissolved into anhydrous acetonitrile (25 ml) at 

r.t.  To this, mixture tertiarybutylammoniumcyanide [TBACN] (1.57 g, 5.92 mmol) was 

added.  The solution was allowed to stir for 6 hrs at r.t.  Upon which the solvent was 

removed and the concentrate mixed in a saturated NaCO3 (25 ml) solution and brine (25 

ml).  This mixture was washed with ether (3 x 50 ml).  The organic phase was then 
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concentrated and purified by silica gel on a vacuum column (EtOAc: hexanes, 1:9) upon 

to obtain a orange oil (150 mg, 34% yield) was obtained.  [ ]25
D –40.8.  Spectral data:

(CDCl3)  (ppm) 7.96-7.38 (10 H, m, Ar-H), 6.07 (1 H, t, H-3, J3’, 4’=1.8 Hz), 6.02(d, 

J=2.96, 1H, H-1), 6.02 (t, J=3.3, J=6.3 Hz, 1 H, H-3), 4.97 (m, 1 H, H-4), 4.57 (m, 2 H, 

H-5’, H5’’):  FABMS m/z Calcd.  350.1028 (M+H)+; found 350. 1011 (M+H)+:  IR 

(Nujol) –CN 2240 cm-1:  Anal. Calcd. for C20H15NO5·0.1 hexanes:  C, 69.12.; H, 4.62; N, 

3.91; found C, 69.31; H, 4.58; N, 3.91.

1,2,3,5-Tri-O-acetyl- -L-ribofuranose (7). L-ribose (32.0 g, 0.21 mol) in anhydrous 

methanol (500 ml) and sulfuric acid (7.5 ml) was stirred at –10˚ to 5˚ C for 13 hrs.

Anhydrous pyridine (100 ml) was added to neutralize the solution and subsequently 

removed via reduced pressure rotary evaporation providing a stiff syrup.  The syrup was 

dissolved into anhydrous pyridine (100 ml) and cooled to 0˚ C.  Acetic anhydride (200 

ml) was slowly poured into this solution via syringe and the mixture was allowed to stir 

at room temperature for 60 hrs.  The pyridine was removed via reduced pressure rotary 

evaporation providing pyridine free syrup.  This syrup was dissolved into acetic acid (300 

ml), treated with acetic anhydride (70 ml) and sulfuric acid (15 ml) at 0˚ C and stirred at 

room temperature for 24 hrs.  This reaction mixture was subsequently neutralized with 

sodium hydrogen carbonate until the evolution of carbon dioxide ceased while 

maintaining the temperature below 30˚ C.  The product was extracted with CH2Cl2  (5 x 

100 ml).  The organic layer was washed with brine (2 x 100 ml) and condensed by 

reduced pressure rotary evaporation to form syrupy solid, which was seeded with product 

crystals and kept in a refrigerator for 24 hours.  The resulting solid was washed with ice-

cold ethanol to remove the impurities to give a white crystalline solid (35.0 g, 74.5% 
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yield):  Mp 83-84˚ C:  [ ]26
D 11.9˚ (c 1.0, MeOH).  Spectral Data: 1H NMR (CDCl3)

(ppm) 6.15(s, 1H, H-1’), 5.32 (m, 2H, H-2’ and H-3’), 4.38-4.30 (m, 2H, H-5’, and H-4’), 

4.13 ( m, 1H, H-5’’), 2.12 (s, 3H, CH3), 2.09 (s, 3H, CH3), 2.08 (s, 3H, CH3), 2.06 (s, 3H, 

CH3): 13C NMR  (CDCl3) 20.8 (2C, CH3)), 21.0 (CH3), 21.3 (CH3), 63.9 (C-5’), 70.8 

(C-3’), 74.4 (C-2’), 79.6 (C-4’), 98.5 (C-1’) 169.3 (C=O), 169.7 (1C, C=O), 170.0 

(C=O), 170.7 (C=O):  FABMS m/z calc. 259.0818 [M+H-AcOH]+; found 259.0821 

[M+H-AcOH]+:  Anal Calcd for C13H18O9:  C, 49.06;  H, 5.70.  Found:  C, 49.04; H, 

5.71.

2, 3, 5-tri-O-acetyl- -L-5-methyluridine (8).  N, O-Bis(trimethylsilyl)acetamide [BSA] 

(43.45 ml, 0.18 mol) was added at room temperature to a mixture of compound 7 (18.65

g, 0.059 mol) and thymine (22.13 g, 0.33mol) in anhydrous CH3CN (120 ml) and stirred 

under argon for 6 hrs at 65-70o C under an argon atmosphere.  TMSOTf (19.50 g, 0.088 

mol) was slowly added to the reaction mixture, which was allowed stir for 16 hrs at 65-

70o C under an argon atmosphere.  The reaction mixture was cooled to room temperature 

and subsequently quenched with saturated NaHCO3 and stirred until the evolution of 

carbon dioxide ceased.  The resulting mixture was diluted CH2Cl2 (250 ml).  The mixture 

was filtered and the solid washed with CH2Cl2 (2 x 100 ml).  The filtrate was washed 

with brine (2 x 100 ml).  Subsequently, the organic layer was dried with MgSO4.  The 

organic solvent was removed via reduced pressure rotary evaporation and the resulting 

product was purified by silica gel column chromatography (CH2Cl2/MeOH 9:1).  

Compound 8 was afforded as a hygroscopic white crystalline foam (23.22 g, 91.2%).  Mp 

60˚ C:   [ ]27
D -56.8˚ (c 1.0, CH2Cl2):  Spectral Data:  1H NMR (CDCl3)  (ppm) 9.03 (s, 

NH), 7.32 ((s, H-6), 6.14(d, J=3.7,1H, H-1’), 5.40-5.35 (m, 2H, H-2’ and H-3’), 4.43-
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4.38 (m, 3H, H-4’, H-5’, and H-5’’), 2.19 (s, 3H, CH3), 2.15(s, 3H, CH3), 2.09 (s, 3H, 

CH3), 1.99 (s, 3H, 5-CH3): 13C NMR (CDCl3)  (ppm) 12.64 (5-CH3), 20.3 (CH3)), 20.5 

(CH3), 20.7 (CH3), 63.2 (C-5’), 70.2 (C-3’), 72.5 (C-2’), 79.7 (C-4’), 86.9 (C-1’), 110.5 

(C-5), 111.92 (C-6), 134.9 (C-4), 150.4 (C-2), 163.4 (C=O), 169.6 (C=O):  UV max 263 

nm (CH2Cl2):  FABMS m/z Calcd.  385.1247 [M+H]+; found 385.1265[M+H]+:  Anal 

Calcd for C16H12N2O9:  C, 49.06;  H, 5.70.  Found C, 49.04;  H, 5.71. 

5-Methyl-L-uridine (9).  Compound 8 (17g, 6.58 mmol) was stirred in saturated 

NH3/CH3OH until the TLC indicated that the reaction had completed.  Upon completion, 

the solvent removed via reduced pressure rotary evaporation.  The resulting solid/syrup 

was purified via a silica gel column (1:9, MeOH/CH2Cl2) to give 11.3g (98.0%) of a 

white solid. mp 182-184 C (Lit.18 mp 183-184 ˚ C):  [ ]27
D -13.2˚ (c 1.0, MeOH):

Spectral Data:  1H NMR (D2O)  (ppm) 7.8 (d, J= 7.3, H-6), 7.7 (br. s, NH), 5.9 (d, J=3.2, 

1H, H-1’), 4.34 (t, 1H, J=4.8, H-3’), 4.23 (t, 1H, J=5.2, H-2’), 4.11 (m, 1H, H-4’), 3.91 

(dd, 1H, J5’b,5’a=12.5, J5’b,4’=2.8, H-5’b), 3.81 (dd, 1H, J5’a,5’b=12.7, J5’a,5’b=2.5, H- 5’a), 

2.91 (t, 1H, J=8.0, 0H-5’), 1.76 (m, 1H, OH-2’), 0.62 (t, 1H, J=8.4, OH-3’):  13C NMR 

(D2O)  (ppm) 14.3 (5-CH3), 57.1 (C-5’), 63.4 (C-3’), 72.1 (C-2’), 86.8 (C-4’), 91.7 (C-

1’), 114.0 (C-5), 140.0 (C-6), 154.0 (C-2), 169.1 (C-4): UV max 266 nm (MeOH):

FABMS m/z Calcd.  259.0930 [M+H]+; found 259.0929 [M+H]+.

5’-O-(Triphenylmethyl)-5-methyl-L-uridine (10). A mixture of triphenylmethyl 

chloride (11.2 g, .40.7 mmol) and compound 9 (8.4g, 32.5 mmol) and pyridine (60 ml) 

was heated at 75˚-80˚ C for 2.0 hrs and cooled r.t.  After completion of the reaction, the 

pyridine was removed via reduced pressure rotary evaporation.  The residual material 

was diluted with CH2Cl2 (100 ml) and cooled to 0˚ C.  The acidity of the mixture was 
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adjusted to pH 4 with use of 6 N HCl while maintaining the temperature below 10˚ C.

The organic layer was washed with saturated aqueous NaHCO3 (50 ml) and brine (100 

ml) and dried with MgSO4.  The solvent was removed by rotary evaporation to give 

11.3g  (89.0%) of a pale yellow solid.  Mp 182-184˚ C (lit. D-enatiomer 181-184˚ C):

[ ]25
D 18.2˚ (c 1.0, CH2OH).  Spectral Data:  1H NMR (CD3OD)  (ppm) 10.32 (br s, 

1H), 7.21 (d, J=8.0 Hz, 1H), 6.63-6.47, m, 15H), 5.08 (br s, 1H), 4.57 (br d, 1H), 4.25 (br 

d, 1H), 3.42 (br s, 3H), 3.23 (br s, 2H), 1.77 (s, 3H); 13C NMR(CD3OD)  (ppm) 12.0, 

64.5, 71.9, 75.6, 85.0, 88.7, 90.0, 111.7, 128.5 (3C) 129.0 (6C), 130.0 (6C), 137.5, 137.7, 

144.9 (3C), 163.0;  UV max (MeOH) 263 nm;  FABMS m/z Calcd 501.2026 [M+H]+;

found 501.2360 [M+H]+;  Anal Calcd for C29H28N2O6·0.25 CH2Cl2:. C, 67.33;  H, 5.51; 

N, 5.30.  Found: C, 67.38; H, 5.84;  N, 5.16.

1-[2, 3-Anhydro-2, 3-dideoxy -5’-O-trityl-( -L-lyxofuranosyl)]thymine (11).

Compound 10 (11.5 g, 22. 9 mmol) was stirred in THF (70 ml).  This mixture was cooled 

to –30˚ C upon which Et3N (12.0 g, 0.19 mol) was added to the solution.  The reaction 

mixture was allowed to warm to from -10˚ to 0˚ C and subsequently MsCl (37 g, 0.32 

mol) was added drop wise to the reaction mixture over .75 hr.  The reaction mixture was 

stirred for an additional 2 hrs.  CH2Cl2 (100 ml) was stirred into the reaction mixture for 5 

min, the organic was separated and condensed by rotary evaporation.  Then EtOAc (100) 

along with a 5 N solution of NaOH (20 ml) solution was added and the resultant two-

phase reaction mixture was allowed to stir at 40˚ C for 13 hrs.  The pH of the aqueous 

phase was adjusted to 0.8 with 3.0 N HCl.  The phases were separated and the organic 

fraction was washed with brine, concentrated to an oil by rotary evaporation and diluted 

with EtOAc (50 ml).  The resulting suspension was stirred for 30 min at 50˚ C and the 
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precipitated product was filtered, rinsed with EtOAc and dried in vacuo to give 9 g (81%) 

of compound 11. m.p. 132-136 (lit.23 D-enatiomer 130-134˚ C[ ]29
D -17.13 (c 0.5, 

CH3OH): 1H-NMR (CD3OD)  (ppm) 7.75 (s, H-6), 7.09 (dd, 1H, J1’,2’=1.4 Hz, J2’,4’=3.9

Hz, H-2’), 6.90 (t, 1H, J1’,4’=1.6 Hz, H-1’), 4.85 (m, 2H, 5’-OH, NH, D2O

exchange CD3OD), 5.00 (m, 1H, H-4’), 3.88 (s, 2H, H-5’, H-5’’), 1.84 (s, 3H, 5-CH3);

13C-NMR  (ppm)  (CD3OD) 166.378 (C-2), 152.48 (C-4), 142.57 (C-6), 138.61(d, J-

=19.3 Hz, C-3’), 120.26 (3’-CN), 113.27 (C-5), 111.83 (C1’), 90.71 (d, J=13.4 Hz, C-2’), 

88.29 (d, J=17.0 Hz, C-4’), 62.04 (C-5’), 12.40 (5-CH3);  IR(CH3OH film) 2260 (CN);  

UV (H2O) max 263.0 nm (  13400) (pH 7), max 263.0 nm (  14400) (pH 2), max 266.5

nm (  2800)  (pH 11);  ESI-MS m/z 250 (M + H) [calcd 250 (M + H)].  . 

1-[3-C-Cyano-3-deoxy-5-O-triphenylmethyl-( -L-arabinofuranosyl)]thymine (12a) 

and its 2’-isomer; 1-[2-C-Cyano-2-deoxy-5-O-triphenylmethyl-( -L-

arabinofuranosyl)]thymine (12b). Diethylaluminumcyanide (1.0 M in toluene, 48.3

mmol) was added dropwise to over 30 min. to a slurry of compound 11 (9.3 g, 19.3 

mmol) in THF (60 ml) while maintaining the temperature be 10º C.  The mixture was 

heated at reflux an 75º C for 3 hrs and cooled to 0º C.  To the solution ice cold 2 N HCl

(100 ml, 85.1 mmol) and EtOAc (100 ml) were slowly pour into the solution.  The 

mixture was allowed to reach r.t.  and stirred for 30 min.   The aqueous layer was 

separated and the organic layer was washed with 1 N HCl (2 x 100 ml) and brine (2x100 

ml).  The organic layer was dried with MgSO4.  Removal of the solvent provided 12a and 

12b 7.8 g  in 82% overall yield as a orange syrup in approximately a 5:1 ratio 

respectively from which 2’-isomer 12b was inseparable except for a minuet amount 

obtained from preparative TLC (EtOAc/Hexane 0.1~1:1.0) used for 1H NMR 
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characterization.  Whereas, a larger amount of an 12a (orange solid) was obtained by 

silica gel column chromatography (EtOAc/Hexane 1:1) whereas the 2’-isomer 

decomposed.  Data for 12a:  m.p. 146-148 [ ]27
D –64.0 (c 1.0, CH2Cl2) (lit.5 D-enatiomer

physical data not reported).  Spectral Data: 1H NMR (CDCl3)  (ppm) 10.82 (br s, 1H, 

NH), 7.57-7.28 (m, 16H, Tr, H-6), 6.17 (d, J=5.0 Hz, 1H, H-1’), 5.09 (d, J=3.3 Hz,   1H, 

H-3’), 4.15 (dt, J-8.8 Hz, J=3.3 Hz, 1H, H-4’), 3.50 (dd, J=8.0 Hz, J=3.2 Hz, 1H, 2’-OH), 

3.41-3.34(m, 3H, H-3’, H-5’, H-5’’), 1.69 (s, 3H, 5-CH3); 13C NMR (CDCl3)  12.0, 

37.5, 62.0, 74.4, 77.7, 85.5, 87.7, 108.9, 117.6 (CN), 127.5 (3C), 128.8 (6C), 128.5 (6C), 

138.7, 143.2 (3C),150.8, 165.3: UV max (MeOH) 264 nm;  FABMS m/z Calcd 501.2026 

[M+H]+; found 501.2360:  Anal Calcd for C30H27N2O5·0.3 CH2Cl2:. C, 67.90; H, 5.19;

N, 7.83.  Found: C, 67.90;  H, 5.27; N, 7.83. 1H NMR (CDCl3) data for the 2’-isomer 

12b:  (ppm)  8.04 (br s, 1H, NH), 7.417-7.19 (m, 16H, Tr and H-6), 6.11 (s, 1H, H-1’), 

4.09 (t, J=5.7 Hz, 1H, H-2’), 3.84 (dd, J=11.9 Hz, J=2.8 Hz, 2H, H-4’), 3.41 (n m, 3H, H-

3’,H-5’a, 3’-OH), 3.30(m, 2H, H-5’b), 1.69 (s, 3H, 5-CH3).

1-[3-C-Cyano-2, 3-dideoxy- -L-glycero-pent-2-enofuranosyl]thymine (13a).

Compound 15 (800 mg, 1.62 mmol) dissolved in CH2Cl2 (10 ml) and diluted with MeOH 

(25 ml) was cooled to 0º C.  BF3-OEt2 (2 ml) was subsequently added to the cool 

solution, which was stirred at r.t. (2 hr) until the TLC indicated a completed reaction.  

Saturated NaHCO2 was added to the solution and organic phase was dried with Na2SO4.

The solvent was removed and the residual material was purified by silica gel 

chromatography (CH2Cl2/MeOH 100:1~50:1) to give compound 13a (300 mg, 86%) as a 

white solid.  mp 200-202o C (lit.26 mp 200-201o C, D-enantiomer);  [ ]29
D -17.13 (c 0.5, 

CH3OH): 1H-NMR (CD3OD)  (ppm) 7.75 (s, H-6), 7.09 (dd, 1H, J1’,2’=1.4 Hz, J2’,4’=3.9
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Hz, H-2’), 6.90 (t, 1H, J1’,4’=1.6 Hz, H-1’), 4.85 (m, 2H, 5’-OH, NH, D2O

exchange CD3OD), 5.00 (m, 1H, H-4’), 3.88 (s, 2H, H-5’, H-5’’), 1.84 (s, 3H, 5-CH3);

13C-NMR  (CD3OD)  (ppm) 166.378 (C-2), 152.48 (C-4), 142.57 (C-6), 138.61(d, J-

=19.3 Hz, C-3’), 120.26 (3’-CN), 113.27 (C-5), 111.83 (C1’), 90.71 (d, J=13.4 Hz, C-2’), 

88.29 (d, J=17.0 Hz, C-4’), 62.04 (C-5’), 12.40 (5-CH3);  IR(CH3OH film) 2260 (CN);  

UV (H2O) max 263.0 nm (  13400) (pH 7), max 263.0 nm (  14400) (pH 2), max 266.5

nm (  2800)  (pH 11);  ESI-MS m/z 250 (M + H);  calcd 250 (M + H).  Anal.Calcd. for 

C11H11N3O4; C, 53.01: H, 4.45: N, 16.86.  Found C, 52.97: H, 4.51: N, 16.53.

1-[2-C-Cyano-2, 3-dideoxy- -L-glycero-pent-2-enofuranosyl]thymine (13b). MsCl (2 

eq., 460 µl) was added to a cooled (0º C) solution of compounds 12a and 12b (1.62 g, 3.2 

mmol, approximately a 5:1 mixture, respectively) along with DMAP (1g, 8.2 mmol) in 

CH2Cl2 (30 ml) and stirred for 1 hr.  The reaction mixture was refluxed for 2 hr and the 

solution cooled to r.t.  Water (50 ml) was added to the solution and the phases were 

separated.  The aqueous phase was washed with CH2Cl2 (2x30 ml).  The organic phases 

were combined, dried with Na2SO4 and the solvents were removed via rotary evaporation.

Due to the inseparability, the reduced products were dissolved in CH2Cl2 (10 ml) and 

MeOH (50 ml) was added.  The solution was cooled to 0º C and BF3-OEt2 (2 ml) was 

subsequently added.  The solution was stirred at r.t. (2 hr) until the TLC indicated a 

completed reaction.  Saturated NaHCO2 was added to the solution and organic phase was 

separated and dried with Na2SO4.  The solvent was removed and the residual material 

was purified via silica gel chromatography (CH2Cl2/MeOH 100:1~50:1~30:1~20:1) to 

remove 13a (330 mg, 42%) and give compound 13b (100 mg, 13%, crystallized CH3OH

-Hexane) as a white solid:  mp 190-192  C (lit.3 mp 191-192, D-enantiomer); [ ]29
D -
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25.53 (c 0.5, CH3OH); 1H-NMR (DMSO-d6)  (ppm) 11.32 (s, 1H, NH), 7.59 (d, 1H, J6, 

Me=1.1 Hz, H-6),  7.42 (t, 1H, J1’, 3’=1.7 Hz, H-1’), 6.81 (dd, 1H, J3’, 1’=1.7 Hz, J3’, 4=3.8

Hz, H-3’), 5.10 (t, 1H, J=4.7 Hz, 5’-OH), 4.85 (m, 1H, H-4’), 3.50 (ddd, 1H, J5’a, 4’=2.7 

Hz, J5’a, OH=4.2 Hz, Ja,b=13.5 Hz), 3.45 (ddd, 1H, J5’b, 4’=2.7 Hz, J5’b, OH=4.2 Hz, Jb,a=13.5

Hz) 3.66 (m, 2H, H-5’, H-5’’), 1.54 (d, J6,Me=1.1 Hz, 3H, 5-CH3); 13C-NMR (CD3OD)

(ppm) 169.06 (C-6), 155.49 (C-4), 154.61 (d, J=30, C-6), 140.4 (d, J=47, C-2’), 116.12 

(CN), 115.78 (C-5), 115.51 (C-1’), 92.86 (C-3’), 92.58 (C-4’), 85.88 (C-5’), 15.37 (5-

CH3); IR(CH3OH-film) 2230 cm-1 (CN);  UV (H2O) max 263.0 nm(  9200) (pH 7), max 

263.0 nm (  8900) (pH 2), max 262.5 nm (  6800)  (pH 11);  ESI-MS m/z 250 (M + H);  

calcd 250 (M + H).  Anal.Calcd. for C11H11N3O4; C, 53.01: H, 4.45: N, 16.86.  Found C, 

53.07: H, 4.50: N, 16.73.

1-(3-C-Cyano-3-deoxy- -L-arabino-pentofuranosyl]thymine (14).  Compound 12a

(530 mg, 1.04 mmol) dissolved in CH2Cl2 (10 ml) and diluted with MeOH (25 ml).  The 

solution was cooled to 0º C.  BF3-OEt2 (2 ml) was subsequently added to the cool 

solution, which was stirred at r.t. (2 hr) until the TLC indicated a completed reaction.  

Then saturated NaHCO2 was added to the solution and organic phase was separated and 

dried with Na2SO4.  The solvent was removed and the residual material was purified via 

silica gel chromatography (CH2Cl2/MeOH 100:1~50:1) to give compound 14 (261 mg, 

94%)as a white solid.  mp 241-242o C (lit.7 243o C, D-enantiomer);  [ ]26
D -15.98 (c 0.98, 

DMSO), [ ]26
D -39.187 (c 0.57, CH3OH),, [lit27. [ ]20

D 12.5 (c 0.92, DMSO), D-

enantiomer);  IR(CH3OH-film) 2230 cm-1 (CN); 1H-NMR (DMSO-d6)  (ppm) 11.17 (s, 

NH). 76.60 (s, 1H, H-6), 6.26 (d, 1H, J=6.5 Hz, H-1’), 6.13 (d, 1H, OH-2’), 5.36 (t, 1H, 

OH-5’), 4.80 (q, 1H, J=6.8 Hz, H-2’), 4.11 (d, 1H, J=13.8 Hz, H-4’), 3.77 (d, 1H, J=13, 
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H-5’), 3.65 (d, 1H, J=13, H-5’), 3.22-3.36 (m, 1H, H-3’), 1.77 (s, 3H, 5-CH3): 13C-NMR 

(DMSO-d6)  (ppm) 167.09 (C-4), 153.85 (C-2), 140.88 (C-6), 122.07 (3’-CN), 111.37 

(C-5), 86.70 (C-1’), 81.30 (C-2’), 76.72 (C-4’), 62.98 (C-5’), 39.49 (C-3’), 15.55 (5-

CH3);  UV (H2O) max 263.5 nm (  11 300) (pH 7), max 263.5 nm(  6 200) (pH 2), max 

266.0 nm(  8 100)  (pH 11);  ESI-MS m/z 268 (M+H); calcd 268 (M+H).  Anal.Calcd for 

C11H13N3O5:  C, 49.44:  H, 4.90:  N, 15.72.  Found C, 49.34:  H, 4.90:  N, 15.63.

1-[3-C-Cyano-2, 3-didehydro-2, 3-dideoxy- 5’-O-triphenylmethyl-( -L-

pentofuranosyl)]thymine (15). MsCl (2 mol. eq., 230 µl) was added to a cooled 

solution (0º C) of compound 12a (820 mg, 1.61 mmol) along with DMAP (480 mg, 3.9 

mmol) in CH2Cl2 (30 ml).  The solution was stirred for 1 hr while maintaining 0º C. 

Following this stage of the reaction, the solution was refluxed for 2 hr and allowed to 

cool to r.t.  Water (50 ml) was added to the solution and the phases were separated.  The 

aqueous phase was wash with CH2Cl2 (2x30 ml).  The organic phases were combined, 

dried with NaSO4 and the solvents were removed via rotary evaporation. The residual 

material was via silica gel chromatography (CH2Cl2/MeOH 20:1)  to give compound 15

(690 mg, 89%) as a yellow solid.  m.p. 154-156 (lit.5 no physical data given on D-

enatiomer):  [ ]25
D -51.3 (c 1.0, CH3OH): 1H-NMR (CDCl3)  (ppm) 10.17 (s, 1H, NH), 

7.47-7.18 (m, 16H, Tr, H-6), 6.78 (s, 1H, H-1’), 5.23 (s, 1H, 4’), 4.97 (m, 1H, H-2’), 

3.57-3.51 (m, 2H, H-5’, H-5’’):  13C-NMR (CDCl3)  (ppm) 163.4 (C-2), 152.5 (C-4), 

142.5 3(C), 141.0 (C-2’), 135.4 (C-6), 129.6 [C(6)], 128.1 [C(6)], 127.6 [C(3)], 119.3 

(CN), 112.4 (C-3’), 111.9 (C-5), 88.8 (C-1’), 87.5 [C(1)], 85.1 (C-4’), 62.7 (C-5’);  UV 

(CH2Cl2) max 263.0 nm;  ESI-MS m/z 491 (M + H), calcd 491 (M + H):  Anal.Calcd for 

C30H25N3O4:  C, 73.30:  H, 5.13:  N, 8.55.  Found C, 73.41:  H, 5.39:  N, 8.33.
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CHAPTER 3 

COMPUTATIONAL STUDIES OF CNDAC:  THE DFT ENERGY 

CALCULATIONS OF THE TWO CONFORMERS OF 2’-C-CYANO-2’-DEOXY-

1-  -D-ARABINO-PENTOFURANOSYLCYTOSINE (CNDAC) AND 2’-C-

CYANO-2’-DEOXY-1- -D-RIBO-PENTOFURANOSYLCYTOSINE (CNDC) AND 

THEIR PRODUCTS FORMED BY GLYCOSYL BOND CLEAVAGE

Introduction

A density functional theory (DFT) method has been employed to study the epimerization

of 2’-C-Cyano-2’-deoxy-1- -D-arabino-pentofuranosylcytosine (CNDAC), also stated as 

1-[2-C-Cyano-2-deoxy- -D-arabinofuranosyl]cytosine to 2’-C-Cyano-2’-deoxy-1- -D-

ribo-pentofuranosylcytosine (CNDC) as well as their degradation to 1,4-anhydro-2-C-

cyano-2-deoxy- D-erytho-pent-1-enitol (glycal) and cytosine by way of glycosyl bond 

cleavage.  CNDAC and CNDC geometries were optimized to the C1 point group while 

cytosine and glycal were optimized to Cs point group.  The initial optimizations were 

performed at the AM1 semi-empirical theory.  Cartesian coordinates of the AM1 

optimized structures into GAUSSIAN 94 at the B3LYP level of theory using a 6-31G(d) 

basis set.  The calculated energies and dipole moments were recorded.  CNDAC ‘s 

calculated energy was found to be 2.50 kcal/mol greater than that of CNDC.  CNDC’s 

dipole moment was approximately 2.95 Debye greater than that of CNDAC.  As products 

of glycosyl bond cleavage, cytosine and glycal energy values were observed as 

36
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–1.688356 x 105 and –2.025143 x 105 kcal/mol respectively.  Their dipole moments were 

observed to be 6.3803 and 2.6372 Debye.

 Frequently, nucleoside analogs are developed which have antiviral activity 

against various cell lines.  Nevertheless, those particular compounds are later found to be 

inactive in vivo within the human body due to the slightly alkaline blood.  As a precursor 

to future research, it may be advantageous to study nucleoside mechanisms quantum 

mechanically in determination of which nucleoside analogs will most likely undergo this 

cleavage rendering those compounds inactive.  In retrospect CNDAC presents an 

interesting mechanism to be proved or disproved quantum mechanically.  

Background 

CNDAC was designed and synthesized by Matsuda et al. and hypothesized to be a 

potential DNA-strand-breaking nucleoside after showing quality anti-tumor activity.1, 2, 3

Matsuda and Azuma were able to further demonstrate the hypothesis in a cell-free model 

system from which CNDAC was theoretically presented to exhibit a DNA-self-strand-

breaking mechanism.1  The cell-free model consisted of  alkaline medium, from which 

they found that CNDAC readily eperimized to CNDC at ratio of 3:5 respectively and 

slowly decomposed to glycal and cytosine.1  Deuterium incorporation experiments with 

CNDAC in D2O buffer were performed.  This experiment suggested that  β-elimination 

occurs via an E1cB type reaction mechanism initiated through the presence of a highly 

acidic 2’-α-proton.  Correspondingly, Azuma and co-workers observed CNDAC’s 

epimerization and the conformers’ subsequent degradation reactions in neutral media (pH 

7.5) as well. 1
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As a carbohydrate nucleoside, CNDAC could be strongly affected by the 

anomeric effect and its other substituents which are a nucleophilic base (cytosine) bonded 

to the anomeric carbon and an electron withdrawing group (cyano) bonded to the 2’- 

position carbon within the ribose sugar moiety.  One assumption is that the presence of 

cyano as a strong Lewis base at the 2’-position further stimulates CNDAC’s 

epimerization and degradation.  To evaluate the route of epimerization and degradation, 

the total energies of CNDAC, CNDC and products formed through glycosyl bond 

cleavage as observed by Matsuda and coworkers, were determined.  

 CNDAC and CNDC consist of thirty atoms each, which is considered an 

extremely large and difficult system to calculate due to the molecules size.  Due to 

limited time, choosing a method proved to be somewhat difficult in relationship the 

molecules size.  In perspective, Holmén and Broo4 found that Hartree-Fock ab initio and 

semi-empirical methods used for DNA base geometry calculations differ significantly 

from those obtained experimentally.  Full geometry optimizations using more expensive 

and time consuming experiments by implementation of Møller-Plesset pertubation theory 

(MP2) 6 with medium sized basis sets like 6-31G(d, p) [5] were employed.  In respect to 

this information, Broo and Holmén compared their MP2 results with experimental data 

finding reasonable agreement for most DNA bases with that of Stewart et al.’s work.7

Therefore, our first thought was to try MP2 and MP4 with various basis sets to obtain 

quality data.   

After contemplating the amount of time it would take to complete these types of 

calculations for molecules 1, 2, 6 and 7 in Figure 3.1, we decided to explore other areas 

that led us to density functional theories (DFT).  In doing so, we viewed Broo and 
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Holmén’s work which compared a few DNA base calculations taken from the use 

DFT(B3LYP) with various basis sets and MP2/6-31G(d).8  Both methods yielded 

relatively accurate geometry approximations in respect to 9-methyladenine’s 

experimentally found geometry by neutron diffraction  Overall, Broo and Holmén 

showed that both the MP2/6-31G(d) and the DFT(B3LYP)/6-31G(d) calculations give 

accurate geometries for a series of purines (Fig. 1).  Several studies other than Broo and 

Holmén’s also relate the use of B3LYP functional.  The B3LYP system consists of 

Becke’s three parameter (B3) functional for the exchange9 and the Lee, Yang and Parr10

for the correlation part, and MP2 with the same basis sets yield similar geometries for 

medium size molecules.11, 12  B3LYP functional has also been applied in the study of 

hydrogen bonding where it was shown it provides practical approximations of hydrogen 

bond lengths and bonding energies.11,13  In relation, Sponer et al. 14, 15 reported that when 

DFT(B3LYP)/6-31G(d, p) theory was applied to nucleic acid base pairs, the hydrogen 

bond energies relatively agreed with MP2 calculations but found that DFT did not do 

well in describing base stacking interactions.  Since these studies provided relative data in 

relation to energies and angles, the assumption taken is that B3LYP along with medium 

sized basis should provide relatively accurate data until crystal structure data are provided 

to compare the calculated angles. 

Computational Methods 

DFT(B3LYP) was evaluated as a useful tool for the investigation of large 

molecules.  We employed its use in obtaining geometry optimizations, total energies and 

dipole moments of molecules 1, 2, 6 and 7 (Fig. 3.1).  The initial geometris optimizations 
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were performed at the AM1 semi-empirical level of theory within Spartan 5.l.14  The 

cartesian coordinates obtained were further optimized in GAUSSIAN 9415
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Figure 3.1 Azuma et al.’s proposed pathways for the equilibrium/epimerization 

and degradation of CNDAC and CNDC 

using DFT to perform final geometry optimizations of CNDAC, CNDC, glycal and 

cytosine.  Becke’s three parameter (B3) functional for the exchange9 and the functional 

Lee, Yang, and Parr 10 for the correlation part in combination with the 6-31G(d) basis set, 
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a split valence double zeta standard basis set augmented with a d-type polarization 

function, were utilized.16  The 6-31G(d) basis set was used as the standard since the C1

point group of nucleosides prohibits the use of large basis sets.  GAUSSIAN94’s default 

atomic radii values were used.  Negative eigenvalues were not found within the Hessian’s 

(force constant matrix) of the conformers, cytosine or glycal.  Geometry optimizations 

and transition state calculations were performed on 3,4 and 5 (Fig. 3.1) using AM1 theory 

within Spartan 5.l.14

Results and Discussion 

Implementation of DFT(B3LYP) functional for the calculations was due to the 

size and the nucleosides symmetry factor.  The properties within the systems could be 

derived from the knowledge of the molecules electronic density as related to the size of 

CNDAC and CNDC.  Particularly, the systems studied were large molecules and we were 

not concerned with the systems total energy property.  The 6-31G(d) basis set was chosen 

due to its addition polarisation functions on heavy non-hydrogen atoms as well as the fact 

that the nucleosides concerned had no symmetry.   

Table 3.1 Ground state calculations of geometry optimized molecules 

Method B3LYP/6-31G(d) B3LYP/6-31G(d) B3LYP/6-31G(d) B3LYP/6-31G(d)

Molecule CNDAC CNDC Cytosine Glycal 

Energy (au) -908.147759  -908.1517456ּ -394.927856ּ -475.7065476ּ

μ, (D) 6.8875 9.8335 6.3803 2.6372 
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CNDAC ‘s calculated energy has been established to be 2.5 kcal/mol greater than that 

of CNDC.  Since CNDC has a slightly lower heat of formation.  In perspective, we find 

that CNDAC and CNDC are conformers due to their differences in energy being close in 

proximity. Correspondingly CNDC 2 is assumed quantum mechanically to the most 

stable of the conformers due to its lower energy, which corresponds to Azuma et al.’s

kinetic study3, which found CNDC 2 in greater concentration.  The dipole moment of 

CNDC 2 was observed to be approximately 2.95 Debye greater than CNDAC’s 1,

indicating that CNDAC 1 has a smaller separation of charges.  As products of glycosyl 

bond cleavage, cytosine and glycal energy values were observed as –1.69 x 105 and –2.03 

x 105 kcal/mol respectively.  Their dipole moments were observed at 6.38 and 2.64 

Debye, respectively.  Data related to any of these or similar molecules are not available 

presently.  Therefore, we were not able to compare the calculated total energies and 

dipole moments of molecules 1, 2, 6 or 7 (Fig.3.1).  Calculations were neglected for 3

and 5 (Fig. 1).  Both structures are essentially resonance forms as compared to 4 (Fig. 

3.1).  AMI transition state calculations were performed on 4, (Fig. 3.1) as a relative 

resonance form of  3 and 5 (Fig. 1). The expectation was to find one of the resonant 

forms as a transition state molecule.  Neither of the resonant forms was found to be a 

transition state molecule. 

Our observation showed an indication that compounds 1 and 2 inter-converts by 

inversion, in the same manner as alkyl carbanions, or tertiary amines, thus giving rise to 

conformers 1 and 2.  On the other hand, OH2 elimination does not occur because the 

cyano group is a highly polar substituent molecule as well as a strong Lewis base which, 

lends toward the idea that it much would rather “pull” the corresponding proton to 
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stabilize the system.  Thus the –CN group in this case seems to be acting as versatile 

character in the exchange of charges by means of classical electrostatic effects.  In other 

terms, theoretically the R-group (nucleoside moiety) can be either an σ-acceptor or π-

donor whereas –CN acts as an σ-acceptor/π-donor.  This brings up the question of, 

how/why do one-way and two-way charge transfers interact in CNDAC glycosyl bond 

cleavage?  Qualitatively, the data correlates with the experimental data expressed by 

Azuma and co-workers. Thus, we find that the proposed mechanism does not accurately 

describe the decomposition of conformers’ CNDAC (1) and CNDC 2 cytosine 6 and

glycal 7 via the proposed intermediates 3 and 5 (fig. 3.1).  Therefore we conclude that the 

mechanism involves only the equilibrium of  conformers’ CNDAC 1 and CNDC 2 which

go through subsequent glycosyl bond cleavage to provide cytosine 6 and glycal 7.

[Figure 3.2]
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Figure 3.2 Proposed pathway for the equilibrium of conformers’ CNDAC and           

CNDC towards their subsequent glycosyl bond cleavage 
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