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Synopsis of the Thesis



STUDIES ON THE SYNTHESIS OF NEW AMINONUCLEOSIDES: REACTIONS
OF SULPHONYLATED PYRIMIDINE NUCLEOSIDES WITH AMINES

CHAPTER-I

Synthetic approaches towards sugar modified aminonucleosides and their
biological properties - A Review.

Nucleoside analogues in general display a wide range of biological activities. In the
past, a variety ofaminonucleosides were synthesised to study their biological properties.
Since the discovery of anti-HIV (Human Immunodeficiency Virus) activity of
3'-deoxy-3'-azidothymidine (AZT), various modifications have been made at the 2'-
and/or 3'-sites of nucleosides. It was reported that 3'-amino-3'-deoxythymidine was
formed from 3'-deoxy-3'-azidothymidine (AZT) in some cells as a reduced product. In
another report, 3'-amino-3'-deoxy- thymidine was synthesised and studied againstHIV.
It was observed that 3'- amino-3'-deoxythymidine itself inhibited HIV weakly with high
toxicity, whereas S'-triphosphate of 3'-amino-3'-deoxy-thymidine showed a strong
inhibition against HIV-1. As AZT was shown to be more lipophilic than
3'-aminothymijdine, several modification have been made at 3'-sites using lipophilic
group containing amino modifications to enhance the lipophilic parameter. In a recent

report, several 2'-deoxy-2'-alkylamino- and 3'-deoxy-3'-alkylamino- derivatives have
" been synthesised and studied against HIV. Moreover, 3'-amino-3'-deoxythymidine was
shown to be active against p815 mouse leukemia cells. Various
5'-deoxy-5'-amino-substituted nucleosides were also synthesised and found to be
active against Herpes Simplex Virus (HSV). Some aminonucleosides are important
building units for various naturally occurring antibiotics such as, nikkomycins
(neopolyoxins). Recently, in the rapidly developing area of anti-sense technology,
several research groups have replaced the phosphate backbones of oligonucleotides
by amino, amido, sulphamido, urea etc. linkages where the nitrogen atoms are part of
the carbohydrate moieties of the nucleoside units, some of these "oligonucleosides”
were more resistant towards nucleases and have shown comparable or higher melting
temperatures (T,) than the corresponding phosphate linked oligomers. In the light of
the above discussion, it becomes apparent that it would be useful to develop strategies
for the synthesis of new aminonucleosides as, a full evaluation of the biological activities
of this type of compounds will be possible only when they are easily accessible. In this
chapter, various synthetic approaches towards aminonucleosides and their biological
properties will be discussed as an introduction to the present thesis work.
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CHAPTER-II

Reactions of 3’,5’-di-O-mesylthymidine with secondary amines.

The main aim of this work is to synthesis 3',5'-dideoxy-3',5'-dihetero- substituted-
thymidine derivatives. We have shown that 3',5'-di-O-mesylthymidine 1 (DMST) on
reaction with secondary amines undergoes "one-pot-two-steps" transformation to
produce a new class of 2,3'-O-anhydro- 5'-deoxy-5'-alkylaminothymidines (Scheme-1).
DMST 1 was reacted with morpholine, piperidine, thiomorpholine, pyrrolidine,
N-methylpiperazine, N-acetylpiperazine, ethylisonipecotate and diethylamine to
produce compounds 2a-2h respectively. It was concluded from further studies that the
course of reactions between DMST 1 and secondary amines was controlied by the
nucleophilicities of the amines and not by their basicities.
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In order to synthesis 3',5'-dideoxy-3'-substituted-5'-alkylaminothymidines, compound
2a and 2b on reaction with lithium azide, sodium thiophenolate, potassium-tert-butoxide
and 0.1N aqueous sodium hydroxide solution followed by acetylation produced
compounds 3a-6a and 3b-6b respectively (Scheme-2).
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CHAPTER-III

Reactions of 2',3'-di-O-mesyl-5'-O-trityluridine with secondary amines.

To broaden the scope of the reactions of DMST 1 with secondary amines, we decided
toreact mesylated uridine with secondary amines. As a result of this study, we observed
that 2',3'-di-O-mesyl-5'-O-trityluridine 7a on reaction with secondary amines, such as,
piperidine, pyrrolidine, ethylisonipecotate and N-methylpiperazine produced isocytidine
~ derivatives, 1—(2,3-O-anhydro-S-O-trityl-ﬁ-D-!yxofuranosyl)-E-diaIkylamino-4-pyrimi-
dones 9a-9d, via, the formation of 2,2'-0O-anhydro-3'-O-mesyl-5'-O-trityl- uridine 8a
(Scheme-3). Extensive cleavage occurred when compound 7a was treated with
diethylamine, N-acetylpiperazine and N-methylethanolamine. As attempted
detritylation of compounds 9a-9d produced inseparable mixtures, we chose to study
the reactions of secondary amines with 2,2'-0-anhydro-3'-O-mesyl-uridine 8b. Thus
compound 8b on reaction with piperidine, pyrrolidine, ethylisonipecotate and
N-methylpiperazine produced compounds 10a-10d respectively.

It was reported earlier that 2,2'-O-anhydrouridine 11 on reaction with primary amines
produced C-2 amino substituted ara-uridine 12 but remained unaffected by secondary
amines due to "steric hindrance" (Scheme-4). It was concluded from the present study
that the presence of an electron withdrawing group and leaving group adjacent to the
C-2' position of 2,2"-O-anhydrouridine enhanced the electrophilicity of C-2 carbon,
thereby nullifying the steric effect
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CHAPTER-III
Reactions of 2’,3'-di-O-mesyl|-5'-O-trityluridine with secondary amines,

To broaden the scope of the reactions of DMST 1 with secondary amines, we decided
to react mesylated uridine with secondary amines. As a result of this study, we observed
that 2',3'-di-O-mesyl-5'-O-trityluridine 7a on reaction with secondary amines, such as,
piperidine, pyrrolidine, ethylisonipecotate and N-methylpiperazine produced isocytidine
~ derivatives, 1-(2,3-O-anhydro-s-O-trityl-ﬁ-D-lyxo—furanosyl)-2-dialky|amino-4-pyrimi-
dones 9a-9d, via, the formation of 2,2'-0O-anhydro-3'-0-mesyl-5'-O-trityl- uridine 8a
(Scheme-3). Extensive cleavage occurred when compound 7a was treated with
diethylamine, N-acetylpiperazine and N-methylethanolamine. As attempted
detritylation of compounds 9a-9d produced inseparable mixtures, we chose to study
the reactions of secondary amines with 2,2'-O-anhydro-3'-O-mesyl-uridine 8b. Thus
compound 8b on reaction with piperidine, pyrrolidine, ethylisonipecotate and
N-methylpiperazine produced compounds 10a-10d respectively,

It was reported earlier that 2,2'-O-anhydrouridine 11 on reaction with primary amines
produced C-2 amino substituted ara-uridine 12 but remained unaffected by secondary
amines due to "steric hindrance" (Scheme-4). It was concluded from the present study
that the presence of an electron withdrawing group and leaving group adjacent to the
C-2' position of 2,2"-O-anhydrouridine enhanced the electrophilicity of C-2 carbon.
thereby nullifying the steric effect
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CHAPTER-IV
Reactions of 2',3'-di-O-mesyl-5'-O-trityl-lyxo-uridine with amines.

It was evident from the results described in the previous chapter that
2',3'-di-O-mesyl-5'-O- trityluridine 7a was not particularly useful for the functionalisation
of the sugar moiety as the first step, especially in the presence of basic reagents like
amines, was always 2,2'-O-anhydro- ring formation. We, therefore, reasoned that a
study on the reactions between amines and 1-(2,3-di-O-mesyl-5-O-
trityl-B-D-lyxo-furanosyl)-uracil 13 would give new insight intc the area of the
functionalisation of the nucleosides, as unlike in the case of the ribo-uridine derivative,
compound 13 would not undergo any intramolecular cyclisation



vi
reporting that 1-(2,3-di-O-mesyl-5-O-
trityl-B-D-lyxo-furanosyl)-uracil 13 on reaction with morpholine, piperidine, pyrrolidine

and N-methylpiperazine undergoes a novel “"one-pot-multi-steps” conversion to
- generate a new class of

In this chapter, we wil be

1-(2,3-dideoxy-2-N-dialkylamino-5-O-trityl-D-glycero-
pent-2-eno-furanosyl)-uracils 14a-14d and 15a-15d respectively (Scheme-5). The
pure a-anomers, namely, compounds 15a-15d were separated from the mixture through
crystallisation. Attempts to react compound 13 with primary amines failed as the reaction

produced an inseparable mixture of compounds indicating the degradation of the
starting material,
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vii

The identity of the B-isomer present in the mother liquor was established through the
hydrolysed product of the representative example 14a. The enamine 14a was
hydrolysed using acid (THF-water 5:1, conc.HCI, 3 eqv; reflux, 12h). The detritylated
ketone was converted to its benzoyl derivative 16f3. Th.e hydrolysed product obtained
fromthe mother liquor was similar (mixed NMR) to the authentic compound 168 obtained

(O carson
& NITROGEN
OXYGEN

from known 17. The a-enamine 15a was also hydrolysed under acidic conditions and

rebenzoylated to generate §'-O-benzoyl-3'-deoxy-2'-keto-a-uridine 16« in anomericaly
pure form (Scheme-6).

The crystallised enamine was established to be the a-anomer with the help of X-ray
crystal structure analysis (FIG.1) of the representative example 15d.

CHAPTER-V

Reactions of 5'-O-trityl-3'-O-mesyl-uridine, 2’,3'di-O-mesyl-5’-O-trityl-ara-
uridine and 2',3'di-O-mesy!|-5’-O-trityl-xylo-uridine with amines.

In chapters Il and IV, we described that the presence or absence of intramolecular
cyclisation reactions played crucial role in determinig the nature of the products. We
envisaged, therefore, that suitably functionalised pyrimidine nucleosides with no leaving
group at C-2' position could also be made to form enaminonucleosides. Since it was
also reported earlier that the 2,3'-O-anhydro- ring formation was less facile than
2,2'-O-anhydro- ring formation and required very harsh reaction conditions, we decided
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to use a ribo-uridine derivative as the starting material for enamine synthesis. Thus,
5'-O-trityl-3'-O-mesyluridine 18 on treatment with secondary amines, morpholine,
piperidine, pyrrolidine and N-methylpiperazine produced the anomeric mixture of
compounds 14a-14d and 15a-15d respectively (Scheme-7).
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To conclude the studies on the reactions of sulphonylated pyrimidine nucleosides with
amines, we also studied the reactions of 2',3'-di-O-mesyl- 5'-O-trityl-ara-uridine 19 and
2',3'-di-O-mesyl-5'-O-trityl-xylo-uridine 20 with amines. 2'3'-Di-O-mesyl-5'-O-
trityl-ara-uridine 19 was treated with secondary amines, morpholine, piperidine,
pyrrolidine and N-methylpiperazine to produce the anomeric mixture of compounds
14a-14d and 15a-15d respectively. 2',3'-Di-O-mesyl-5'-O-trityl-xylo-uridine 20 on
treatment with piperidine at 50°C produced 2,2'-0-anhydro-3'-O-
mesyl-5'-O-trityl-lyxo-uridine 21 which eventually got cleaved at high temperature
(Scheme-8). Compound 19 and 20 on treatment with primary amines produced mixture
of unidentified products.
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CHAPTER-I

Synthetic Approaches Towards Sugar Modified Aminonucleosides and
their Biological Properties - A Review



1.1. Introduction

Nucleoside analogues in general, display a wide range of biological activities'?. In the past,
a variety of amino- nucleosides were synthesised to study their biclogical properties®. Since
the discovery of the anti-HIV (Human Immunodeficiency Virus) activity of 3'-deoxy-3'-azido
thymidine* 1 (AZT), various modifications have been made at 2' and /for 3'-sites of
nucleosides®. It was reported that 3'-amino-3'-deoxythymidine 2 was formed from
3'-deoxy-3'-azidothymidine (AZT) in some cells as the reduced product®. In another report,
3'- amino-3'-deoxythymidine 2 was synthesised and studied against HIV. It was observed
that 3'-amino-3'-deoxythymidine 2 itself inhibited HIV weakly with high toxicity, whereas the
5'-triphosphate derivative 2a showed strong inhibition” against HIV-1 (Scheme-1.1); the

Scheme - 1-1
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inactivity of compound 2 was attributed to its high polar nature. To enhance the lipophilic
parameter, several modifications have been made at 3'-sites using lipophilic group containing
amino- functionalities®. In addition, several 3'-deoxy-3'-alkylamino- 4a-b and
2'-deoxy—2'—aikylamino- derivatives 5a-b have been synthesised® from compounds 3a and
3b (Scheme-1.2) and studied against HIV. 3'-Amino-3'-deoxythymidine 2 was also active
against p*'® mouse leukemia cells. Various 5'-deoxy-5'-amino substituted nucleosides 9, 11
and 12 were also synthesised™" and found to be active against Herps Simplex Virus (HSV).
Various 5’ , 3' and 2' amino, alkylamino, and dialkylamino derivatives of sugar modified

nucleosides showed interesting biological properties. In recent years, various nitrogen
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containing dephospho-backbone modified di-nucleotides were synthesised for developing
oligonucleotides with anti-sense properties. Some naturally occurring nucleoside antibiotics

containing aminosugar moieties have also been reported.
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In the light of above discussion, it becomes apparent that it would be useful to develop
strategies for the synthesis of new aminonucleosides as, a full evaluation of the biological
activities of this type of compounds will be possible only when they are easily available. In
this chapter, various synthetic approaches towards aminonucleosides and their biclogical

properties will be discussed as an introduction to the present thesis work.
1.2. Synthesis and biological properties of 5’- deoxy-5'-aminonucleosides

5'-Amino-5'-deoxy-thymidine 9 was first synthesised' by Horwitz et.al. The introduction of
the amino function at 5'-position of nucleosides involved the direct displacement reaction of
5'-O-tosylthymidine 7 with azide followed by reduction (Scheme-1.3). It was also reported
that 5'-aminothymidine 9 showed good anti-viral activity against the replication of Herps
Simplex Virus both in vivo & in vitro™. In another report, 5'-aminothymidine was shown to be
a good competitive inhibitor of phosphorylation of thymidine kinase' and a modest inhibitor
of thymidilate kinase'*'®. In 1968, Hampton and coworkers synthesised'
5'-amino-5'-deoxyinosine  11a by using direct displacement reaction  of
5'-tosyl-2",3'-isopropylidineinosine 10a with azide followed by reduction (Scheme-1.4). It was
also reported that 5'-amino-5'-deoxyinosine 11a inhibited multiplication of L5178Y mouse
lymphoma cells by 50% after 48 hours at 1mM concentration'®. It was also reported'”'® that
5’-O-tosyl-5'-deoxynucleosides 10b and 7 (purines'” and pyrimidines'®) on reaction with
various primary and secondary amines produced 5'-deoxy-5'-aminonucleosides 11b-c
(Scheme-1.4) and 12a-d (Scheme-1.5) respectively. Some of these 5'-aminonucleosides
showed inhibition against thymidilate kinase.

5'-Deoxy-5-N-(1,2,3)-triazolylthymidine derivatives 13a-d have been synthesised' from
5'-azidothymidine 8. Compound 8 on treatment with dimethyl acetylenedicarboxlate afforded
the cyclised 5'- N-(1,2,3)triazolylthymidine 13a, which on further treatment with amines
produced corresponding diamido triazolyl derivatives 13b-d (Scheme-1.6). None of these
compounds showed any significant antiviral activity.

Baker and coworkers reported® the synthesis of 5'-C-tetrazole derivatives of thymidine from
methyl ester of uronic acid 14a-d. Compounds 14a-d were converted to the corresponding

amide derivatives using amines; the amides on further reaction with POCI; produced
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5'-deoxy-5'-cyanothymidine 15a-d. Compound 15 on treatment with azides produced
5'-deoxy-5'-C-tetrazolylthymidines 16a-d (Scheme-1.7). All these compounds were tested

againstvarious bacterial and viral strains. No significant in vitro or in vivoactivity was observed.

Scheme-1-7
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d: B= Adenine-9-yl
Scheme -1-8
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b X=NHCOCHoNHCOCH,NHCOCH
R=0H \
NH,

In 1970, M. J. Robins and coworkers reported®' the synthesis of 5'-aminoacylpeptide
derivatives of guanosine, adenosine and deoxyadenosine  1Ba-b  from

5'-deoxy-5"-aminonucleosides 17a-b (Scheme-1.8). Synthesis of 5'-amido analogues of
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3’ 5'-cyclic monophosphate 21a-d have been reported®. Compounds 19a and 19b were
phosphorylated using di- (p-nitrophenyl)phosphochloridate and the resulting compounds
20a-d were treated with 1N sodium hydroxide in methanol to give §'-amido analogues of
3',5'-cyclic-monophosphates 21a-d (Scheme-1.9).

Synthesis of S5'-aminouridine from 2'3"-isopropylidine-3N-benzyluridine 22 has been
attempted using phthalimide under Mitsunobu conditions®*. The removal of phthaloyl group
from compound 23 using n-propylamine in methanol led to the formation of 5',6-epimino-
derivative of uridine 24. However, the synthesis of 5'-O-benzoylaminouridine 27 was reported
using a modified procedure®. Compound 25 on treatment with sodium salt of
benzyloxycarbonylbenzamide produced compound 26. Compound 26 was converted to
5'-benzoylaminouridine 27 by catalytic reduction followed by acid treatment (Scheme-1.10).
It has been reported® that 2',3'-O-cyclohexylidine-5"-aldehydouridine 28 on reaction with
pyrrolidine  produced  1-(5-deoxy-5-pyrrolidino-  2,3-O-cyclohexylidine-p-D-erthyro-
pent-4-enofuranosyljuracil 29 (Scheme-1.11).

Scheme-1-11
0 Q0
0] U
& 0 N N 0
Pyrrolidine _
CgHg/ CH3CN H

50°C O 0

28 29

1-(5-Amino-2,3,5-trideoxy-f-D-glycero-pent-furanosyl)-  nucleosides 31 and  their

5'-aminoacylated derivatives 32a-d were prepared®*® from compound 30 and examined for
antitumor activity against sarcoma 180 (solid tumor). None of these compounds exhibited
significant antitumor activity (Scheme-1.12).
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5'-0-Amino-thymidine 33a-b was synthesised and reported as potential thymidine kinase
inhibitor”’.  §'-O-Tosylthymidine 7 was treated with the ethyl ester of potassium
hydroxycarbamate and the resulting urethane derivative 33a was hydrolysed to give 33b in
13% overall yield (Scheme-1.13).

Scheme-1:12 6
1 H
TsO 8 H N B ¥ § R-CH—L-N b
0 (i 2 o} NH-CH-COR® | 0
=7 "W — i
30 31 32 a-d
B =Thymine , Uracil, Adenine, a: R =CHyPh
Cytosine b: R = CHyCHSMe
c:R=Ph
(i) LiNg (i) HpS d:R=H
Scheme-1-13
T : T
TsO (i) HONHCO,Et/ R
0 KOH °© 0
(ii) MeOH/NaOH
HO OH
7 33 a-b
a : R= ONHCOLE!

b:R=ONHp

Synthesis of various 5'-amido-5'-deoxythymidines 34a-f was reported®. 5'-amino- and
5'-methylamino-5'-deoxythymidines 6a-b on treatment with various acid chlorides produced
compounds 34a-f (Scheme-1.14). Among them, 5'-bromo- and 5'-iodo- acetamidothymidine
34a-b showed good antiviral activity against P**® leukemia in mice. Analogues of various
S-adenosyl methionine with modifications at the 5'-position 36 were prepared®” as potential

inhibitors of S-adenosyl methionine decarboxylase from compound 35 (Scheme-1.15).
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A novel conversion of 3'5-O-di-tosylthymidine 37 to 5-aminothymidine analogues with
inversion of the 3"-hydroxyl group 38a and 38b was reported™® (Scheme-1.16). A potent
inhibitor of S-adenosyl-L-methionine decarboxylase
5'-{[(2)-4-amino-2-butenyllmethylamino}- 5'-deoxyadenosine 39 was synthesised” from
5'-deoxy-5'-methylaminoadenosine 35 (Scheme-1.17).

5'-[Bis(2-chloroethyl)amino] -5'-deoxyuridine 41, a uridine mustard, was synthesised for its
antitumor activity®®. Compound 40 was treated with diethanolamine to get 5'-N-substituted
uridine derivative. The subsequent reaction with thionyl chloride followed by acid treatment
produced 5'-[bis(2-chloroethyl)amino] -5’-deoxyuridine 41 (Scheme-1.18).

5'-Isocyanothymidine 43b and its 3'-azido derivative 45 were prepared™ and studied against
HIV. 3'-Protected-5'-azidothymidine 42 on treatment with triphenylphosphine/acetic
anhydride/acetic formicanhydride produced 5'-N- formamide derivative 43a which was
dehydrated to 5'-isocyano derivative 43b using tosyl chloride in pyridine (Scheme-1.19).
3'-Azido-5'-isocyanothymidine 45 was prepared as reported in the scheme (Scheme-1.20).

Neither of these derivatives showed any significant anti-HIV activity.

Scheme -1-19
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Nucleoside triphosphate isosteres of 5'-deoxy-5'"-{[(toluenesulphonyl)-
amino]carbonylamino}thymidine 46a and its 3'-fluro-derivative 46b were prepared® from
5'-aminothymidine 6a and 3'-fluro-5'-aminothymidine 6b (Scheme-1.21). Secrist and
coworkers reported® the synthesis and biological properties of 5'-amino-3'-azidothymidine

47; compound 47 was obtained from 2',3'-di-O-mesyl-thymidine 37 (Scheme-1.22).
1.3. Synthesis and biological properties of 3'-deoxy-3’-aminonucleosides
The first synthesis of 3'-amino-3'-decxy-ara-uridine 49 was achieved® by opening of the

anhydro-bridge of 2',3'-O-lyxo-anhydrouridine 48 with methanolic ammonia. The structure of

the product 49 was confirmed by converting it to 3'-amine-3'-deoxyuridine 50 (Scheme-1.23).

Scheme-1-23
U . 5 U U
How Eiiiethanglic:  HP 0HO Wmsct O 0
— —_— »
(i)Ac,0 (i) :J'ogAc
2
AcNH H,N  OH
48 49 50

2',3-Dideoxy-3"-aminothymidine 2 was first synthesised” by Miller and coworkers.
3'-0-Anhydrothymidine 52 or 5'-O-trityl-3'- deoxy-3'-O-mesylthymidine 51 was treated with
potassium phthalimide in DMF to produce 3'-phthalimido-derivative 53a which on further
treatment with n-butylamine afforded 3'-aminothymidine 2. Horwitz and coworkers later
synthesised'? compound 2 by opening of 2,3'-O-anhydrothymidine 52 with azide followed by
catalytic reduction (Scheme-1.24). 2',3'-Dideoxy-3'-aminothymidine 2 was found to have

potent inhibitory activity against the replication of both murinesarcoma-180 and L1210 cells

in in vitro and in vivo studies.

Robins and coworkers described® the opening of 2',3'-O-ribo-anhydroadenosine 55 by azide;
the resulting products on catalytic reduction afforded
3'-amino-3'-deoxy-B-D-xylo-furanosyladenine 56a and 57a. 3'-Amino-3'-deoxy-f-D-xylo (and
ara)-furanosyl- inosine 56b and 57b were synthesised® from 2',3'-O-ribo-anhydro-inosine
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55b following the same route. In 1970, Martinez and coworkers reported® the synthesis of
3'-amino-3'-deoxy-ara- adenosine 59 and 2'-amino-2'-deoxy-xylo-adenosine 60 by opening
of 2'3'-O-lyxo-anhydro-adenosine 58a with azide followed by catalytic reduction
(Scheme-1.25).

9-[3-Acetamido-3-C-(carboxymethyl)-3-deoxy-3?,2-lactone-a  (and f)-D-xylo -furanosyl]-
adenine analogues of the nucleoside moiety of polyoxine 64 have been synthesised*' from
carbohydrate derivatives using the sequence 61->62->63->64 (Scheme-1.26).

3-Deoxy-3-(3-methylureido)-B-D-ribofuranosyl derivatives of adenine and uracil 67a and 67b
respectively were obtained” from 3-deoxy-1,2-D-isopropylidine- (3-methylureido)-
a-D-furanoside 65 (Scheme-1.27). Nitrosoation of the compounds 67a-b gave the
corresponding 3-methyl-3-nitrosoureido nucleosides 68a-b. Some of these derivatives
showed mild cytotoxicity or activity against leukemia L1210 in vivo.

The direct introduction of acetamide group at 3'-position of nucleoside of epoxides have been
reported*’ by Fox and coworkers. Suitably protected derivative of 2',3'-O-anhydro-lyxouridine
69a was opened by acetonitiile in presence of BFj-etherate complex to give
3'-acetamidio-3'-deoxy-ara-uridine 70 (Scheme-1.28).

Scheme -1-28
U U
BzO Bz 0
| :(3-; | BF3 — CH3CN H
69a NHAc
70

In 1981, 3'-deoxy-3’-aminocytidine 74 was synthesised* from 1,2:5 6-di-O-isopropylidine-3
-amino-3- deoxy-a-D-allofuranose 71 (Scheme-1.29). 3'-Deoxy-3'-aminocytidine 74 showed
activity against mouse leukemia L5178 cells. The synthesis and biological properties of
2',3'-dideoxy-3'-aminocytidine 76a was also reported*® in the literature. Synthesis of
compound 76a was achieved by the direct chlorination of 2',3"-dideoxy-3'-aminouridine 75a
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at C-4 position using thionylchloride followed by methanolic ammonia treatment
(Scheme-1.30). Compound 76a was found to exhibit potent cytotoxic activity against both
L1210 and S-180 cells in vitro. This also showed antitumor activity against L1210 tumor
bearing mice. 5-Flouro- and 5-iodo- substituted-3'-amino-2'-deoxy-cytidines 76b and 76¢
were obtained from the corresponding S5-substituted-3'-azido-2'-deoxy-cytidine under

catalytic reduction.

Chemically reactive analogues of AZT 78a-d and their biological evaluation against HIV have
been reported*® by Scheriber. The direct displacement reactions  of
1-(5-O-trityl-3-O-trifulromethanesulphonyl-2-deoxy-xylofuranosyl)-  thymine 77  with
nucleophiles such as hydroxylamine, cyanide, thiocyanide and isothiocyanide were reported
(Scheme-1.31). However all these nucleophilic displacement reactions produced compound

79 as the side product in varying yields.

Scheme - 1-31
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In 1989, Chattopadhyaya and coworkers reported®’ the Michael addition reactions of
1-(5-O-trityl-2',3'-dideoxy-2'- phenylselenonyl--D -glycero- pent-2-enofuranosyl)- uracil 80
with variety of amino- nucleophiles. As a result, various
3'-(dialkyl)amino-2,2'-0O-anhydrouridines 81 and 3'-amino-3'-deoxy-ara-uridines 82 were
synthesised. Nucleophilic attack at 3'-site of the nucleosides followed by intramolecular
displacement of the phenylselenonyl group produced aziridinium derivative; in case of
secondary amines this aziridinium ion intermediate was ultimately opened by C-2 oxygen to

give 3'-amino-2,2"-O-anhydrouridine 81. The same results were obtained*® by reacting
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2' 3-eno-furanosyl-2'-phenylselenonyluridine 83 with amines. It was also reported that the
synthesis of 2',3'-dideoxy-2’,3-epiminouridines 84 could be achieved using this

phenylselenone derivatives 83 (Scheme-1.32).
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Pederson and coworkers reported* the convenient synthesis of 3'-amino-3'-deoxythymidine
derivatives 87a from carbohydrate derivative of a, p -unsaturated aldehyde 85. Compound
85 on reaction with pthalimide in presence of DBU followed by acetylation afforded
3-pthalimido-5,1-O-diacetyl-2-deoxy-D-ribose 86. Compound 86 was then coupled with
thymine to produce anomeric mixture 87a and 88a. Anomers were separated and the
pthalimido group was deprotected by treatment with methylamine in ethanol. Using the same
methodology 3'-deoxy-3'-piperidino, pyrrolidino, N-acetylpiperazino- 2'-deoxythymidine
derivatives 87b-d were obtained™ (Scheme-1.33).

The efficient synthesis of 3-amino-3'-deoxyadenosine 91 from adenosine has been reported™'
by Robins and coworkers. The 5'-O-tert-butyldiphenylsilyl- 2',3'-lyxo-O-anhydroadenosine
55 was opened by dimethylboron bromide. The resulting bromohydrine derivative was
converted to N-benzylcarbamate 89 using benzylisocyanate; cyclisation of 89 afforded

compound 90. The deprotection of compound 90 produced 3'-amino-3'-deoxyadenosine 91
(Scheme-1.34).

3'-N-(Pyrrol-1-yl)- .and 3'-N-(1,2,4-triazolyl)-3'-deoxythymidine 92a and 92b were
synthesised™ by cyclisation of 3'-aminothymidine 2 with 2,5-dimethoxytetrahyrofuran and
dimethylformamide  azine  hydrochloride  respectively.  In  addition,  various
2'-deoxy-2'-substituted and  3'-deoxy-  3'-substituted  pyrrol-1-yl,  imidazol-1-yl,
1,2,4-triazol-1-yl thymidines were prepared. 2',3'-Lyxo-O-anhydrothymidine 93 was treated
with sodium salt of pyrrol, imidazole and 1,2,4-triazole in DMSO. The resulting compounds
94a-c and 95a-c were deoxygenated to generate compounds 96a-c and 97a-c respectively
in very poor yields (Scheme-1.35). Among all these compounds,

3'-pyrrol-1-yl-8'-deoxythymidine 96a showed marginal anti-HIV activity.

Synthesis of 3'-isocyano and 3'-isothiocyano-2',3'-dideoxyuridine have been reported™. The
5'-protected-3'-azidothymidine 1b  was converted to  3'-N-formamide  using
triphenylphosphine and aceticformicanhydride. Dehydration of 3'-N-formamide afforded
3'-isocyano-2'-deoxythymidine 98. None of these compounds showed significant anti-HIV
activity. In another development®®, 3'-isocyanothymidine 98 and
3'-isothiocyano-2'-deoxythymidine 78d were obtained from 3'-amino-3'-deoxythymidine 2.

Compound 2 on treatment with carbondisulphide/OCC in pyridine produced compound 78d.
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3’-Amino-3'-deoxythymidine 2 was treated with aceticfermicanhydride/triphenylphosphine to
give 3'-formamide derivative; it was then dehydrated to compound 98 using triethylamine.
3'-Isoseleno-3'-deoxythymidine 99 was also obtained by heating compound 98 with selenium

metal in pyridine (Scheme-1.36). None of these compounds showed any significant anti-HIV
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Scheme-1-38
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activity. It was also reported* that 2',3'-dideoxy-3'-eno pentofuranosyl- 2'-phenylselenonyl-
uridine 80 on reaction with triazole and imidazole produced 3'-triazolyl and 3'-imidazolyl-2',3'-

dideoxy-2'-eno- pentofuranosyl-uridine 100a and 100b (Scheme-1.37).

5'-Protected-2',3'-O-lyxo-anhydro-adenosine 58b was treated with various primary and

secondary amines to yield 2'-amino- and 3'- aminonucleosides 101 and 102. The direct
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displacement reactions of compounds 3a and 3b with amines produced compounds 4 and

5 respectively’ (Scheme-1.38).

The one pot synthesis of 3'-(5-amino-1,2,3,4- tetrazolyl-1-yl)-3-deoxythymidine 103 was
reported®. 3'-Azido-3'-deoxythymidine 1 on treatment with PPhyTHF and RNCO/HN, in
toluene produced the carbodiimide intermediate which underwent cycloaddition reaction with

hydrazoic acid to give compounds 103 (Scheme-1.39).

5'-O-Trityl-2',3'-O-anhydro-fxo-uridine 69b was opened by imidazole, pyrazole, and
1,2,4-triazole®™. The resulting 2'-substituted-2'-deoxy-xylo- or 3'-substituted-3'-deoxy-ara-

derivatives 104 and 105 were functionalised further to produce
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2',3'-disubstituted-2',3'-dideoxy-uridines 106a-b and 107a-b (Scheme-1.40).
3'-Alkylamino-3'-deoxythymidines  108-110 were synthesised” by condencing
3'-amino-3’-deoxythymidine 9 with appropriate aldehyde or ketone followed by sodium
borohydride reduction (Scheme-1.41).
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1.4. Synthesis and biological properties of 2’- deoxy-2'-aminonucleosides

2'-Deoxy-2'-aminonucleosides could be prepared® by the introduction of azide at the
2'-position followed by reduction. 1-(3,5-O-Dibenzoyl-2-O-mesyl-f-D-ara-furanosyl)- uracil
111 was treated with a mixture of sodium azide and ammonium chloride (3:2) at elevated
temperature. Two products, 1-(2-azido-2-deoxy-3,5-O-dibenzoyl-p-D-ribofuranosyl)- uracil
112a and 1-(2-azido-2-deoxy-5-O-benzoyl-p-D-ribofuranosyl)- uracil 112b were isolated and

catalytically reduced to the corresponding 2'-aminonucleoside 113 (Scheme-1.42).

lkehara and coworkers reported® the total synthesis of an antibiotic
2'-amino-2'-deoxyadenosine 117 and  2-amino-2’-deoxyguanosine 118,  The

5'.3'-tetrahyrofuran protected- 8,2'-O-anhydroadenosine 114a and guanosine 114b were
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reacted with hydrogen sulphide. The resulting 8-mercapto derivatives were dethiolated using
Raney nickel and mesylated to generate 1-(3,5-tetrahydrofu ranyl-2-O-mesyl-ara-furanosyl)-
adenine 115 and guanine 116. The displacement reactions with azide followed by catalytic
reduction afforded 2'-amino-2'-deoxyadenosine 117 and 2'-amino-2'-deoxyguanosine 118
respectively (Scheme-1.43).

Chattopadhyaya and coworkers reported®™®' the synthesis of 2'-alkylamino- and
2'-dialkylamino- nucleosides by using Michael addition reactions. Vinyl sulphone nucleoside
119 on treatment with amines produced® compounds 121. Nucleophilic attack took place at
the a-side of 2'-centre. Most of the amino nucleophiles gave exclusively trans adduct.
Desulphonation of compound 121 using either sodium amalgum or magnesium in methanol
produced compound 123 in poor yield. It was also reported®' that 2',3'-ene-3'-nitrile-uridine
120 on reaction with amines produced 2',3"-dideoxy-2'-alkylamino-3'-nitrile-xylo-uridine 122
(Scheme-1.44).

1-{3,6-0-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)- p-D-ribo-furanosyl -3N-benzoyl)- uracil
124 was converted to its 2'-azido derivative 125a by reacting with sodium azide under
Mitsunobu conditions. Compound 125 was further converted to
1-(2-azido-2-deoxy-p-D-ara-furanosyl)-cytosine 125b. The catalytic reduction of compound

125b produced®™* the corresponding 1-(2-amino-2-deoxy-p-D-ara-furanosyl)-cytosine 126
(Scheme-1.45).

Robins and coworkers synthesised™ 1-(2-amino-2-deoxy-f-D-ara-furanosyl)-adenine 129 by
nucleophilic opening of 2',3"-aziridine-nucleosides 127 with excess of ethyltrifluoroacetate in
warm DMF. Deprotection of ring opened product using 4N aqueous potassium hydroxide

containing ethanol afforded 1-(2-amino-2-deoxy-B-D-ara-furanosyl)-adenine 129
(Scheme-1.46).

1.5. Synthesis and biological properties of diaminonucleosides

Lin and coworkers were the first to synthesise 5',3',-dideoxy-diaminothymidine 130 from

3'-azido-3'-deoxythymidine 1 (Scheme-1.47); the compound 130 showed neither antiviral
nor antineoplastic activities®®.
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Synthesis of 3',5"-dialkylamino-3',5'-dideoxyadenosine 136 was reported®. The protected
3-amino derivative 131 was converted to its 5'-tosylate nucleoside 132. The direct
displacement reaction of compound 132 with ammonia, benzylamine and n-octylamine
produced the corresponding 3', 5'-diamino substituted nucleosides 133, 134 and 135
respectively. The 5'-amino group was condenced with aldehyde and the resulting schiff base

was reduced to give corresponding 3’ 5'-dialkyamino-3',5'-dideoxyadenosine 136
(Scheme-1.48).

Sasaki and coworkers synthesised® 2',.3'-dideoxy- 2',3'-diaminouridine 141 by reducing
2',3"-dideoxy-2',3-diazidouridine 140 catalytically. Compound 137 was converted to
3'-azido-2,2'-O-anhydrouridine 139 through azidonium intermediate 138. Compound 139 on

treatment with sodium azide produced diazido- derivative 140 (Scheme-1.49).

3’ 5'-Dideoxy-3',5’-diamino-ribo-nucleosides 145 and 146 were synthesised® from xylose.
1,2-O-Isopropylidine-3,5-di-O-mesyl-D-xylose 142 was converted to its diazide derivative
143. Compound 143 on treatment with acetic acid and acetic anhydride produced compound
144. Compound 144 was coupled with nucleoside bases, thymine and uracil. The resulting
diazidonucleosides were reduced to 3',5-diamino-3',5'-dideoxynucleosides by using

triphenylphosphine/ammaonia/pyridine (Scheme-1.50).

Robins and coworkers® reported the synthesis of 2',3'-diamino-2,3'-dideoxyadenosine 148.
The 5'-O-silyl protected-ara-adenosine was converted to its 2',3'-O-anhydro-lyxo-adenosine
58a using Mitsunobu reaction. This lyxo-epoxide was opened with azide and the resulting
azido-alcohol was converted to its 2'-triflate derivative 147. Further displacement reaction
with azide produced 2'3'-diazido-nucleoside which was then reduced to

2' 3'-diamino-2',3'-dideoxy-adenosine 148 catalytically (Scheme-1.51).

In 1992, Jandal and coworkers synthesised” water soluble ribonucleoside technetium chelate
150 and found it to inhibit ribonuclease U2. The synthesis of technetium complex involved
four steps from 2',3'-dideoxy-2',3"-diamino-adenosine 148. Compound 148 was converted
to compound 149 which was metalated to 150 (Scheme-1.52).
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Several platinum (Il complexes  of 8',5'-dideoxy-3',5'-diaminothymidine 151,
5'-deoxy-5'-aminothymidine 152 and 3'-deoxy-3'-aminothymidine 153 have been reported”’
(Scheme-1.53). (3'-Deoxy-:?,'-aminothymiciine)zF‘tCI2 153 proved to be a potent inhibitor of
replication of murine L1210 cells in cell culture with an ED,, of 0.8uM.
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1.6.. Synthesis and biological properties of 2',3'-dideoxy-2’,3'-fused-cylic-
aminonucleosides.

Minamoto and coworkers reported’® the first synthesis of
2',3'-lyxo-epimino-2',3'-dideoxypyrimidine nucleoside 156. 2'-Deoxy-2'-
benzylamino-ara-uridine 155 was cyclised intramolecularly under Mitsunobu conditions to
give 2',3'-dideoxy-2',3"-lyxo- epiminobenzyl-uridine 156. Compound 155 was obtained by

hydrolysing the 2,2'-N-benzylimino-ara-uridine 154 under basic conditions (Scheme-1.54).

Synthesis of 2',3-epiminopurine nucleosides was also reported”. Treatment of
9-(2,3-O-anhydro-B-D-lyxo-furanosyl)- adenine 58a with sodium azide in hot DMF gave
9-(3-azido-3-deoxy-B-D-ara-furanosyl)- adenine 157a. Selective protection of 5'-hydroxyl
group using pivaloyl or tritylchloride and mesylation of 2'-hydroxyl produced compound 157b

Compound 157b was intramolecularly cyclised using hydrazine hydrate to give
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8-(2,3-epimino-g-D-ribo-furanosyl)- adenine 158 (Scheme-1.55). The
9-(2,3-epimino-p-D-lyxo-furanosyl)- adenine 160 was prepared from

9-(2,3-O-anhydro-f-D-ribo-furanosyl)- adenine 55a through compound 159 (Scheme-1.56).

Chattopadhyaya and coworkers synthesised™ various 2',3'-epimino nucleosides using
2'.3'-ene-3'-phenylselenone  derivatives. Primary amines were reacted with
2',3'-ene-3'-phenylselenonyl-uridine 83 to give 2’,3"-aziridinium nucleosides 161a-b. Some
diamines like, ethylenediamine on treatment with this phenylselenone 83 produced
2',3'-dideoxy-2',3'-N,N-ethylenediaminouridine 162a-b and the epiminoderivative 163a-b
(Scheme-1.57).

Synthesis of 2',3'-dideoxy-2',3"-cis-fused-pyrrolidino- B-D-ribo-furanosyl)- nucleosides
166a-d and 170a-d have also been described in literature’. This synthesis was achieved
from 2'-alkyamino-3'-phenyselenyl 165a-d and 3'-alkylamino-2'- phenylselenyl- uridine
169a-d using free radical cyclisation. However this free radical cyclisation also afforded simple
3" and 2' -deoxygenated products 167a-d and 171a-d in minor amount ( Scheme-1.58).

1.7. Synthesis and biological properties of nucleosides containing nitrogen (imino)
bridge between sugar and nucleoside base.

Fox and coworkers reported™ the first synthesis of
2,3'-imino-1-(2-deoxy-f-D-threo-pentofuranosyl)thymine  174a-c.  2,5'-O-Anhydro-3'-O-
mesylthymidine 172 was treated with liquid ammonia, methylamine and hydrazine to give
the corresponding 2,3'-imino-1-(2-deoxy-B-D-threo- pentofuranosyl)- thymines 174a-c. This
reaction proceeded via isocytidine intermediates 173a-c (Scheme-1.59).

8-Bromo-2'-O-triisopropylbenzenesulphonyladenosine 175 on treatment with ammonia or
methylamine produced” the corresponding 8-aminosubstituted-2'-O-
triisopropylbenzenesulphonyl- adenosine 176; compound 176 was cyclised to afford
8,2"-imino- or methylimino-adenosine 177a-b (Scheme-1.60). It was also reported that the
5'-0O-benzoyl-3'-O- mesyl-2,2’-O-anhydro-uridine 178 on treatment™ with ammonium azide

generated in situ, produced 2,3"-imino-5"- O-benzoyl- B-D-lyxo-uridine 179 (Scheme-1.61).
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5-Fluro-isccytidine 180 was cyclised intramolecularly using diphenylcarbonate and the
resulting 2,2'-imino-5-fluro-ara-uridine 181a was converted to its 2,2’-imino-5-fluro-cytidine
181b (Scheme-1.62). None of these 2,2'-imino-5-fluro-ara-uridine or cytidine derivatives
showed any antitumor activity’.

8-Bromo-2’,3'-O-isopropylidine-5-O-mesyladenosine 182 was reacted with anhydrous
hydrazine in ethanol and the resulting 8-hydrazine substituted compound cyclised to give the
corresponding 8,5'-aminoimino-adenosine 183 derivative. Interestingly, compound 183 was
converted to 8,5"-iminoinosine 184 by treatment with nitrous acid*® (Scheme-1.63). The same
reactions in case of guanosine derivative 185, produced 3-N,5'-cyclised product 186 and
5-N,5’-cylonucleoside of 4-carboxyhydrazido-5-amino-2-bromo-imidazole 187. To exclude
this 3-N,5'-cyclisation, 2-N-dimethylaminomethylidine- 1N-methoxymethylene,
8-bromo-2',3'-O-isopropylidine-5-O-mesyl-gunosine 188 was prepared®’ and treated with
hydrazine under forcing conditions to produce
8,5-aminoimino-N1-methoxymethylidineguanosine 189. Compound 189 was oxidised with
sodium metaperiodate and sodium nitrite followed by acidic deprotection to generate
8,5'-imino-1N-methoxymethylidine- guanosine 190 (Scheme-1.64).

8—8r0m0~3’—0—(2,4.6;triisopropylphenyisulphonyl)— adenosine 191a on treatment with
methylhydrazine produced 8,3'-N(a-methylhydrazo)-9- [3'-deoxy-B-D-xylo-furanosyl]-
purines 191b and 9-[2",3'-[(methylamino)epimino]-
2',3'-dideoxy-p-D-lyxo-furanosyl]-adenine- 8, N-cyclonucleoside 193%. The compound 191b
on further treatment with diphenylcarbonate produced 9-[3",5'-[(N-methylamino) azetidino]-
3',5'-dideoxy- B-D-xylo-furanosyl]- adenine-8,N-cyclonucleoside 194 (Scheme-1.65). The
2',3'-O-isopropylidine derivatives of 8-methylamino or benzylamino purines 195 on reaction
with excess of diphenyl carbonate produced 8,5'-substituted iminocyclonucleosides
derivatives 196. The same conversion was also carried® out by using different reagents like,

N,N'-carbonylimidazole and triphenylphosphine/diethylazodicarboxlate (Scheme-1.66).

Minamoto and coworkers reported the synthesis®* and basic hydrolysis®® of various
N-substituted derivatives of 2 3-imino-1-(3-deoxy-p-D-lyxo- furanosyl]- uracil 197a-e.
2,2"-O-Anhydro-1-(5-O-benzoyl-3-O- mesyl-f-D-ara-furanosyl]- uracil on treatment with

excess of amines in presence of acetic acid in DMF produced 197a-e. The alkaline hydrolysis
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of compounds 197a-e with 6N sodium hydroxide and ethanol (1:1) produced the
corresponding 2,3'-imino-bridged lyxopyranosyl isomers 198a-d as well as 3'-"up" arylamino
furanosyl nucleosides 199a-b (Scheme-1.67). It was also reported®® that
2,5'-0O-anhydro-2"-O-tosyluridine 200 on treatment with various amines afforded
2,2'-N-substituted- imino-1-(2'-deoxy-f-D-ara-furanosyl)- uracil 201a-c. Compounds 201b-c
were hydrolysed under basic conditions to give 2'-deoxy-2'-arylamino-ara-uridine 203b-c.
2,2'-Imino-1-(2-deoxy-f-D-ara-furanosyl)- uracil 201a on the other hand, was converted®’ to
tricyclic analogue of §'-N-anhydro-2,2'- imino-1-(2,5-dideoxy-f-D-ara-furanosyl)- uracil 202
under Mitsunobu conditions (Scheme-1.68). Compound 202 was hydrolysed®” under basic

conditions to give 1-(2,5-N-anhydro-5-amino- 2,5-dideoxy-f- D-ara-furanosyl)- uracil 204.

2',3'5-0O-Trimesyluridine 205 on treatment with various primary amines produced®
5'-0O-mesyl-2,3"-iminosubstituted-lyxo- uridine which was further functionalised by amine to
give compounds 206a-c. Under basic conditions, 2,3"-alkylimino derivatives 206a-b were
hydrolysed to give 2,3"-iminobridged- piperidino-pyranosyl-nucleosides 207a-b while,
2,3"-arylimino or anilino derivatives 206c gave C-2 fission product of 3',5'-dianilino-

3'5'-dideoxy-lyxo-uridine 208 as well as 2,3'-N-anilino- piperidinopyranosyl- nucleoside
derivative 207¢ (Scheme-1.69).
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1.8. Synthesis and biological properties of nucleosides with nitrogen in the pentose
ring (aza-nucleosides)

Incorporation of nitrogen atom into the furanose ring provided various
2',3'-dideoxynucleosides. This class of nucleosides are called aza-nucleosides. The nitrogen

atom has been introduced in three different positions of the pentose ring so far.

3'-Aza-nucleosides were prepared® from trans-4-hydroxy proline 209. Compound 209 was
converted to the prolinol 210 with the inversion of both chiral centers. Coupling reaction with
nucleosides bases produced 3'-aza nucleoside 211a. The further modification was also
carried at 3'-nitrogen position to obtain a series of AZT related aza-nucleosides 211b-d

(Scheme-1.70). The corresponding purine nucleosides were also reported® ' in the literature.
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Another group of modified aza-nucleosides involved linkage of the pyrrolidine ring to the
nucleoside base via, the nitrogen atom. This kind of nucleosides were synthesised®** from
1-amino-pyrrolidine 213. The desired starting material 213 was obtained by reacting
corresponding dimesylate 212 with hydrazine. The nucleoside base thymine, uracil, and

cytosine were built on the 1-aminogroup to give aza-nucleosides 214 (Scheme-1.71).

In another development®™*, the nitrogen atom was substituted for the oxygen atom of the

dideoxyribose moiety. Synthesis of 4-aza-uridine 216 from  N-Boc-protected(S)-
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5-hydroxymethyl-2-pyrrolidione 215a was reported®. N-Acetyl-4'-aza-2",3'-dideoxythymidine
217 was also obtained® from N-acetyl- (S)-5-0-
utyldimethylsilyl-hydroxymethyl-2-pyrrolidione 215b (Scheme-1.72).

In order to study the biophysical properties of 4'-aza-nucleosides,
4'-N-acetyl-2'-deoxy-azathymidine 219 was synthesised® and incorporated into
oligonucleotides®™. The thirteen step synthesis of 4'-N-acetyl-azathymidine 219 from
deoxyribose derivative 218 was reported by Huang and coworkers®™. Compound 219 was
also synthesised” from prolinol derivative 220 (Scheme-1.73). Incorporation of

aza-thymidine 219 in to oligonucleotides caused destabilisation of the DNA/RNA duplex as
compared to unmodified duplex.

1.9. Synthesis and biological properties of dinucleotides or oligonucleotides
containing nonphosphate nitrogen backbone (Fig-1.1)

Recently, in the rapidly developing area of anti-sense technology, several research groups
have replaced the phosphate backbones of oligonucleotides by amino, amido, sulphamido,
urea etc. linkages where the nitrogen atoms are part of the carbohydrate moieties of the
nucleosides. Some of these oligonucleotides were more resistant towards nucleases and

had shown comparable or higher melting temperatures (T,,).

Mesmaeker and coworkers reported®'™ eight anionic and achiral, amide linkage between
dinucleotides L.1-L.8 (Fig-1.1). Among them linkage L.3 was the best as it showed favorable
melting temperature (T,) and good resistance towards nucleases'®. In addition, Mesmaeker
and coworkers synthesised urea L.9 (Ref.104), carbamates L.10 (Ref.105) linked
dinucleotides, incorporated them into oligonucleotides and studied their biophysical
properties. Herdewijn and coworker'® introduced the thiourea L.11 linkage between the
nucleosides. Kutter and Just reported'” the synthesis of carbamate linked dimeric nuclectides
L.12 whereas tri, tetrameric carbamate linked nucleotides were synthesised by Agrawal and
successfully incorporated into the oligonucleotides'®. These oligomers were shown to

enhance the nuclease resistance with only slight destabilisation of the duplexes.
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Table-1.1
No: Nature of Linkage X Y A-B-C-D
L.1. Amide T T NRCOCH,CH,
L.2. " T T CH,CH,NHCO
L.3. - T T CH,CONHCH,
L.4. " o T CH,CONHCH,
L.5. " A G CH,CONHCH,
L.6. " G T CH,CONHCH,
L.7. T T CH,NHCOCH,
L.8. " T T CONHCH,CH,
L.9. Urea T T NRCONRCH,
L.10. Carbamate T T OCONRCH,
L.11. Thiourea T T NHCSNHCH,
L.12. Carbamate T T NRCOOCH,
L.13. Amine T T NHCH,CH,CH,
L.14. " T T CH,NRCH,CH,
L.15. " T T CH,CH,NRCH,
L.16. . T T CH,CH,NHCH,
L.17. " T T Piprazine-CH,
L.18. Oxyamide T T O-NHCO
L.19. Carboxyamide T T OCH,CH,NHCO
L.20. Glyamide T|T NHCOCH,NHCO
L.21. Oxime T T CH=N-OCH,
L.22. Methyleneimino T T CH,NHOCH,
L.23. . Tl T CH,N(CH,)OCH,
L.24. i C C CH,N(CH,)OCH,
L.25. B Al cC CH,N(CH,)OCH,
L.26. " G C CH,N(CH,)OCH,
L.27. . T T CH,N(CH,)N(CH,)CH,
L.28. " T T CH,ON(CH,)CH,
L.29. " T T ON(CH,)CH,CH,
L.30. Guanidine T T NH-C(=N-CN)-NHCH,
L.31. " T |CA NH-C(=N-CN)-NHCH,
L.32. " T T NH-C(=NR)-CH,
L.33. Sulphonamide T T NHSO2CH,CH,
L.34. Sulphamoyl T T OSO,NHRCH,
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It was believed that amino linkage would be partially protanated at physiological pH and could
assist in cellular uptake. The electrostatic and hydration factors between protonated nitrogen
atom in the amino linkage and the anionic phosphate of the complimentary strand were
expected to further increase in thermal stability of these duplexes. Therefore, various amino-

linkages L.13-L.17 were introduced'® """ and their biological properties were studied.

Most of the researchers in this field reported the four atom modification at dinucleotide level.
However few reports have appeared on five atom modification at dimer level. Peterson and
coworkers sythesised'"” amino-4 linkage L.16 and along with an interesting'"" cyclic amino-5
linkage L.17 (piperazino). Both are 5 atom linked backbones unlike the natural phosphate
linkages which is a four atom one. Oxyamido linked dimer T*T L.18 was prepared and shown
to hybridise to complimentary DNA (Ref.112). The five atom linker carboxamide L.19 was
synthesised''? and it was shown that the oligonucleotides containing this carboxamide linked

units destabilised the duplex by 2-4°C. Varma and coworkers have reported''® the synthesis
of five atom glycyl-amide linked dimer L.20.

A variety of nitrogen containing backbones have been synthesised''* by a group of scientists
from ISIS pharmaceutical Ltd. These included oxime L-21, methyleneimino,
methylene(methylimino), methylene(dimethylhydrazo), methylenenoxy(methylimino) and
hydroxy (methyliminomethylene) L.22-L.29 linkages''®""". Biophysical properties of the
oligomers containing these modifications were studied. Herdewijn and coworkers
synthesised''®"™*° oligothymidilate containing thymidine dimers with a variety of guanidine
linkages L.30-L.32. Among them, the N-methylsulphonyl guanidine linkage L.32 showed
intresting biophysical properties. Widlanski and coworkers reported'?' the synthesis and
biophysical properties of sulphonamide linked dinucleosides L.33. Sulphamoyl linked
dinucleosides L.34 were also reported in the literature'*,

1.10. Aminonucleoside antibiotics and their biological properties.

Various naturally occuring antibiotics contain aminosugar modified nucleoside units. Since

various reviews are available in this area'®'**, we will briefly highligt the core structures of
such nucleoside antibiotics.
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3'-Aminoacyl- analog of nucleosides were reported'?® by lwamoto and coworkers;. Antibiotic
FR-900403 (Fig-1.2) was produced by a fungus kermia.SP.F-19849. It was shown'* to be
a 3'-aminoacyladenosine derivative related to chryscandin. The 3'-amino group was linked

with alloisoleucine. This antibiotic exhibited specific antimicrobial activity against candida
albicans.

Few 4’-aminoacyl-4’-deoxy pyranosyl cytosines were reported'® as Blasticidin S (Fig-1.3).
Two other groups'*'® have isolated 5-hydroxymethyl leucyl blasticidin S. It was found to
have anti-inflammatory activity in the reverse passive Arthus reaction and the adjuvant arthritic
rate at doses ranging between 1-10mg/kg and 0.3-0.6mg/kg respectively'®. 5-Hydroxymethyl
Blasticidin S was isolated from the culture filtrate of streptomyces setonii together with
blasticidin S and 16-deethyllindanomycin™'.

COOH
(o]
o Ad
H
O0—
E: A CH,
NH ot NHR
|
O—C CHZ—T—C—NH2
|
NH, CH,CH, CH, NH
B= Cytosine, 5-Hydroxymethyl cytosine
R=H, Leucyl
Fig-1.2 Fig-1.3

Various Nikkomycins (neopolyoxins) (Fig-1.4) were reported by different groups'®*'®'>
These Nikkomycins are a group of peptidyl nucleosides structurally and biologically related
to polyoxins which are inhibitors of chitin synthetase of the fungal cell wall. Mureidomycins
A-D (Fig-1.5) are peptidyl nucleosides produced by streptomyces flavidovirenes'*. The

planar structures were deduced from all spectrocopic analysis and degradation studies'**.
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CORs
Ry-H o B
B= Uracil, Thymine
R2=L-Tyrosine Rg= OH or Glutamate
o1 o

Fig-1.4

e l—‘(
NH H NH
o o Oé\
‘NH
OH
'f, "f,
R,
R4=H, Glycyl R4= Alanyl, H, Glycyl
B= 5,6-Dihydrouracil, 5,6- Cyclopropyl uracil R2= Indol-3-yl, Phenyl, m-hydroxyphenyl

Fig-1.5 Fig-1.6
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Fig-1.7



50

Mureidomycins A and C contains uracil while dihydrouracil is the component of B and D.

Pacidamycins (Fig-1.6) produced by streptomyces coeruleorubidus were also described in
literature'®®.

Antibiotic T.R-900848 (Fig-1.7) was discovered'¥ by Fujisawa and coworkers. The structure
was shown to be 5'-amino-5'-deoxy-5,6-dihydrouridine with an unsaturated fatty acid having
unprecedented four serial and one isolated cyclopropane rings. It showed highly specific
activity against filamentous fungiat concentrations of 0.005-0.5ug/ml, suppressing the growth
of aspergillus niger, mucor rouxianus, penicillium pullium pullulans, aureobasidium pullulans,

trichopytons spcies fusarium oxysporum and scherosinia arachidins.
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CHAPTER-II

Reactions of 3',5’-Di-O-mesylthymidine with Secondary Amines
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2.1. Introduction

Since the discovery of the anti-HIV activity of 3'-deoxy-3'-azidothymidine 1 (AZT)', enormous
progress has been made in the synthesis of new 3'-deoxy-3'-substitutedthymidines due to
urgent need for better therapeutic agents. As a result, in addition to 1 (AZT), three more
nucleosides, such as, 2',3'-dideoxyionosine 2 (ddl)?, 2',3'-dideoxycytidine 3 (ddC)?, and
2',3'-dideoxy-2',3'-didehydrothymidine 4 (d,T)** were approved for the treatment of AIDS.
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In general, all these modified nucleosides need to be phosphorylated through three
consecutive steps to their triphosphate forms before they can interact at the HIV reverse
transcriptase level®. Therefore, attempts in recent years are aimed at designing new modified
nucleosides with 5'-free hydroxyl groups®”. Interestingly, however, Miyasaka and co-workers

have shown® that a modified nucleoside having no free primary hydroxyl group, i.e. a
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nucleoside which can not be phosphorylated, inhibits HIV-1 more efficiently than the
corresponding nucleoside with free hydroxyl group; compound 5 and related derivatives
interact, as such, noncompetitively, with a specific allosteric binding site of HIV-1 reverse
transcriptase®. It has been also reported® that another modified nucleoside, compound 6
(Fig-2.1) with no free hydroxyl group, selectively inhibited HIV-1. The last few reports coupled
with the literature on the synthesise and biological studies of 3',5'-dihetero- substituted
nucleosides mentioned in Chapter-l (Schemes-1.20 and 1.22) warrants the synthesis of
3',5'-dideoxy-3',5'-disubstituted- thymidine nucleosides.

There are very few reports on the synthesis'®', and antiviral properties'™" of
3'5'-dideoxy-3',5'-disubstituted thymidines, especially when 3'- and 5'-sites are
heterosubstituted. In order to develop a general methodology for the synthesis of
5'-deoxy-5"-alkylaminothymidines with different substituents at the 3'-sites, we set out to
identify versatile intermediates substituted at the 5'-sites and suitably functionalised to
undergo further transformations at the 3'-sites. We argued that the ideal reagent should be
both basic and moderately nucleophilic in character to functionalise the 5-end of the

derivatives of thymidine and form the 2,3'-O-anhydro ring but should stop short of opening
the anhydro ring.

2.2. Present work

3',5'-Di-O-mesylthymidine 7a (DMST)'™ on treatment with secondary amines underwent a
hitherto unknown "one-pot-two-steps" transformation to produce a new class of modified
nucleosides 5'-alkylamino-5'-deoxy-2,3'-O-anhydrothymidine 8a-h. To show the usefulness
of these derivatives 8a-h in synthesis of 3'5'-dideoxy-3'5"-disubtituted nucleosides,

compounds 8a and 8b were further transformed to 3',5'-dideoxy-5'-alkylamino-3'-substituted-
thymidines 9-13.

General method for the synthesis of 5’-deoxy-5'-alkylamino-2,3’-O-anhydrothymidines
8a-h: DMST 7a was reacted with neat morpholine, piperidine, thiomorpholine, and pyrrolidine
at room temperature or at 50-60°C to produce compounds 8a-d respectively. Other
bifunctionalised cyclic amines such as N-methylpiperazine, N-acetylpiperazine and ethyl

isonipecotate reacted with DMST in a similar fashion to produce compounds 8e-g respectively



Scheme-2 -1
MsO T X ¥
—w Secondary Arninu__ 0

A

IOAOOO

Be.X = —
B8f:X= N N—Ac
N/
N
8h:x= N
-
Scheme-2-2
0
_T\JT
0 |
X N X T
o LiNz, DMF 0
135°C
N3
B8Ba-b 9a-b

60



61

(Scheme-2.1). In all cases (except for thiomorpholine) the products precipitated out from the
reaction mixtures. DMST 7a reacted with acyclic amine such as diethyl amine in DMF at a

much slower rate to furnish a mixture of compounds 8h and 17 (Scheme-2.7) inaratio 1.4:1.

Synthesis of 3’,5’-dideoxy-3’,5’-diheterosubstituted-thymidines 9-13: As reported in the

literature'*'**, modification could be incorporated at the 3'-position of thymidine derivatives

by the opening of 2,3'-O-anyhdro bridge using nucleophiles such as azide, thiophenol etc;
however nucleophiles like thiocyanate, cyanide, isothiocyanide were not reactive enough to
open the 2,3'-O-anhydro brfdge. For the introduction of the latter class of nucleophiles at the
3'-position, compound 12 (Scheme-2.5) in its mesylated form would be an ideal starting
material'®. In order to synthesise 3',5'-dideoxy-3"-substituted-5'-morpholino and piperidino

thymidines, compounds 8a and 8b were subjected to four different reaction conditions.

Synthesis of 3',5'dideoxy-3’-azido-5’-morpholino- and piperidino- thymidines 9a-b:
Compound 8a and 8b on reaction with lithium azide in DMF at 135°C produced anhydro ring
opened products, 3',5'-dideoxy-3'-azido-5"-morpholino- thymidine  9a and
3',5'-dideoxy-3'-azido-5'-piperidino- thymidine 9b respectively (Scheme-2.2).

Synthesis of 3’,5’-dideoxy-3’-S-thiophenyl-5’-morpholino- and piperidino- thymidines
10a-b: Compound 8a and 8b on reaction with sodium salt of thiophenol in DMF at 135°C
produced anhydro ring opened products 3',5'-dideoxy-3'-S- thiophenyl-5'-morpholino-
thymidine 10a and 3',5'-dideoxy-3'-S- thiophenyl-5'-piperidino- thymidine 10b respectively
(Scheme-2.3).

Synthesis of 3’,5’-dideoxy-2’,3’-ene-5'-morpholino- and piperidino- thymidines 11a-b:
Compound 8a and 8b on treatment with potassiumtert-butoxide in DMSQO underwent an
elimination reaction to produce 3',5'-dideoxy-2', 3'-ene-5'-morpholino-thymidine 11a and

3',5'-dideoxy-2', 3'-ene-5"-piperidino- thymidine 11b respectively (Scheme-2.4).

Synthesis of 1-(2,5-dideoxy-5-morpholino- (and piperidino) -3-O-acetyl-3-D-threo-
pentofuranosyl)-thymines 13a-b : Compound 8a and 8b were treated with 0.1N sodium
hydroxide to produce 2,3'-O-anhdyro ring opened products 12a and 12b respectively
(Scheme-2.5). Due to the polar nature of these compounds, 12a and 12b were acetylated
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to the corresponding products 13a and 13b respectively. By introducing mesyl group at
3'-position instead of acetyl group, one could achieve the synthesis of various 3'-substituted

nuclesides such as, 3'-cyano-, 3'-thiocyano- and 3'-isothiocayano- derivatives'.

2.3. Structural assignment

Structural assignment of compounds 8a-h: In order to establish the structures of the



64

Table - 2.1
Compound H-1' H-3' H-4
No: JHanz
(Solvent)
17 5.82 (d) 5.28 4.4-438
(DMSO-dy) (bs) (m)
8a 5.58 (d) 5.19 4.43

(CDCly) 3.8 Hz (bs) | (septet)

8b 5.52 (d) 5.14 4.37
(CDCl,) 3.8Hz (bs) (septet)

8c 552 () | 5.17 4.36
(CDCly) 3.8 Hz (bs) (sextet)

8d 577(d) | 5.2 4.3
 (DMSO-dy) | 38Hz | (bs) | (sextet)

8e 5.52 (d) 5.11 4.34
(CDCly) 3.7Hz (bs) (septet)

8f 558(d) | 5.22 4.37
(CDCly) 3.7 Hz (bs) (m)
8g 552(d) | 517 4.38

(CDCly) 38Hz | (bs) | (septet)

8h 5.5 (d) 5.15 4.28
(CDCly) 3.8Hz (bs) (sextet)

Structural assignment of compounds 9a and 9b: The IR spectrum of azido derivatives 9a
and 9b showed sharp peaks at 2100 cm” corresponding to azide frequency. 'H NMR of
compounds 9a and 9b showed triplets around 6 ppm for H-1' protons which corresponded
to the anhydro ring opened product. The H-3' and H-4' protons of compounds 9a and 9b

resonated at @ 4.1 and 3.9 as multiplet. In"*C NMR spectrum, compounds 9a and 9b showed
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products Ba-h unambiguously compound 8a, as a representative example, was synthesised
through an independent route. 5'-O-Tosylthymidine 14 (ref.16), on reaction with morpholine
at room temperature was converted to compound 15 which on treatment with
methanesulphonyl chloride in pyridine produced
3'-O-mesyl-5'-N-morpholino-5'-deoxythymidine 16. Compound 16 on reaction with DBU
furnished compound 8a in good overall yield (Scheme-2.6).

The 'H-NMR of compounds 8a-h were consistent with the structures assigned. The H-1'
resonance appeared around 5.52-5.77 ppm as a doublet showing small coupling constant
(Jy2= @ 3.8 Hz) and the H-3' resonance appeared around 5.11-5.22 ppm as broad singlet
which were consistent with the literature'” values for compound 17a. In case of all the
compounds the H-4' signal appeared either as sextet or septet (Table-2.1). The carbon signals
were assigned on the basis of HET-COSY for the morpholino- and the diethylamino-
derivatives 8a and 8h respectively (Fig-2.2 and 2.3). In "*C spectrum, C-1' carbon appeared
at 87-89 ppm for all anhydro- compounds 8a-h. Similarly C-4’-and C-3’ carbon signals
appeared around 84 and 77-80 ppm respectively. The carbon signals of the rest of the
carbons were consistent with structure assigned. In  mass spectrum, all

5'-alklyamino-2,3'-O-anhydro derivatives produced corresponding amine+5'CH, peak as the
base peak along with molecular ion peak.
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signals at around 85 / 81 and 62 ppm corresponded to C-1'/C-4" and C-3' respectively. In
mass spectrum, compounds 9a and 9b showed peaks at 292 and 290 respectively
corresponding to molecular ion-N, fragment.

Structural assignment of compounds 10a and 10b: In 'H NMR, compounds 10a and 10b
showed peaks ataround 6 (dd or t) for H-1", 3.5 (m) for H-3"and 4.0 (m) for H-4'. The aromatic
protons resonated around 7.5 as multiplet. "*C NMR spectra of the compounds 10a and 10b

displayed peaks at 85.1 and 83 for C-1" and C-4' respectively. All other carbons and protons
resonated at the characteristic frequencies.

Structural assignment of compounds 11a and 11b: The 'H NMR of compounds displayed
peaks at 7.0 as multiplet which corresponded to H-1" proton. The H-3' and H-2' protons
appeared as mutiplet at @6.3 and 5.8 ppm respectively. >C NMR spectrum of compounds
11a and 11b showed characteristic peaks around 90 ppm for C-1', 125 for C-2" and 135 for
C-6 and C-3'. Position of the rest of the protons and carbons were consistent with the structure

assigned. In mass spectrum, compounds 11a and 11b produced both peaks at 206 which
matched with molecular ion-amine fragments.

Structural assignment of compounds 13a and 13b: The 'H NMR spectrum of compounds
13aand 13b showed sharp singletpeak ataround 2.1 ppm which corresponds to acetyl-methy|
group. In addition, mutiplet peaks at @6.2, 5.4 and 4.32 ppm were displayed for H-1', H-3'
and H-4' respectively. *C NMR spectrum of compounds 13a and 13b showed chracteristic
peaks at @169 ppm for OCOCH,. The signals corresponding to C-1'/C-4'/C-3' were displayed
around 83/79/73ppm.

2.4. Discussion

The mechanism of conversion of DMST 7a to compound 8a-h was believed to involve
formation of compound 16 by nucleophilic displacement of the 5'-O-mesyl group of DMST,
followed by anhydro ring formation. In fact, if the reaction mixture of DMST 7a and morpholine
was not heated at 50°C the major product isolated was compound 16 (Scheme-2.7). Prior
formation of compound 17 was also ruled out by the fact that unreacted starting material was

recovered when 17 was reacted with morpholine at 50°C (Scheme-2.7). It was assumed that
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the same mechanism was operating in case of all the reported compounds 8a-h. The
mechanism of conversion of DMST 7a to compounds 8a-h should be contrasted with the
reported reactions'’” of ammonia and primary amines with 3',5'-di-O-tosylthymidine 7b (DTST
Scheme-2.8)) ; DTST 7b reacted with ammonia and methyl amine to produce 2,5'-imino-
and 2,5'-(methylimino)-1- (2-deoxy-B-D-threc-pentofuranosyl)- thymines 18a and 18b
respectively, via the formation of 2,3'-O-anhydro-5'-O-tosylthymidine 17a and subsequent
attack on C-2. The formation of compounds 8a-h from the reactions of DMST 7a and
secondary amines was not obvious as it was expected that piperidine (pKa 11.123)'® and
pyrrolidine (pKa 11.27)"®, which were stronger amines than methylamine (pKa 10.657)'® and
ammonia (pKa 9.247)" should have produced the anhydro- compound 17 first, by abstracting
the N-3 proton. In fact, as mentioned earlier, diethylamine (pKa 11.09)", a less nucleophilic
amine because of its “flapping" ethyl groups, produced compound 17 alongside the desired
product 8h, in a ratio 1.4:1 (Scheme-2.8). It was highly probable that reactions of DMST 7a

and DTST 7b with secondary and primary amines were controlled by the nucleophilicities of
the amines and not by their basicities.

Itshould also be emphasised that the presence of an amino group at the 5'-position facilitated

the anhydro ring formation. This conclusion corroborated from the fact that compounds 19

Scheme -2-9
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and 20 (ref. 13) required 104h and 140h respectively to get converted to compounds 21 (ref.
19) and 22 (ref. 20) when treated with neat piperidine at room temperature (Scheme-2.9);
DMST 7a was converted to compound 8b under identical conditions within 70h. Whether the
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tertiary amino group present at the 5-end of the intermediate (compound of the structure
such as 16) abstracted the N-3 proton intramolecularly or altered its pKa through

intramolecular H-bonding or through-space interactions?', remains to be established.

2.5. Conclusion

We have demonstrated that DMST 7a reacted with secondary amines to generate a new
class of aminonucleosides 8a-h, ready to undergo further transformations to compounds
9-13; most of the amines used, irrespective of their basicities showed remarkable selectivity
towards the 5'-substitution over the 2,3'-O-anhydro ring formation.
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2.6. Experimental:

Melting points were uncorrected. All amines were purchased from Aldrich, U.S.A. and were
used without further purification. Thymidine was purchased from Pharma Waldhof GmbH,
Germany and used as received. Thin Layer Chromatography was performed on Merk
precoated 60 Fs, plates. Compounds were visualised on TLC plate under UV light. Column
chromatographic separations were done using silica gel (Silica gel 60, 230-400 mesh, E.
Merck) or basic alumina (Brockmann Grade | for Chromatography, S.D. Fine Chem. Ltd.,
India). "H-NMR (200 MHz) and "*C-NMR (50 MHz) spectra were recorded on Bruker ACF200
NMR spectrometer (5 scale) using TMS, solvent chloroform-d or dioxane (in case of D,0) as

internal standards. Mass spectra were recorded on Finnigan MAT 10208 GC/MS.
Synthesis of 3’,5'-di-O-mesylthymidine (DMST) 7a:

Compound 7a was synthesised using reported procedure'.

Synthesls of 2,3"-0-anhydro-5’-deoxy-5'-N-morpholino- thymidine 8a:

DMST 7a (1mmol) was reacted with neat morpholine (5ml) at room temperature for 20h and
then at 60°C for 40h. The reaction mixture was poured into ether and filtered. The residue
was washed thoroughly with ether and was purified by column chromatography on basic

alumina to yield compound 8a. This reaction could also be carried out directly at 50°C for
50h.

Yield . 80%
M.P . 229°C (decomp)
'H-NMR  : (CDCly): 6 7.06 (d, 1.0 Hz, 1H) H-6; 5.58 (d, 3.8 Hz, 1H) H-1"; 5.19 (bs, 1H)

H-3' 4.44-4.37 (Sept, 1H) H-4", 3.67 (m, 4H) H,C-O-CH,; 2.8-2.43 (m, 8H)
H-2', H-2", H-6", H-5", H,C-N-CH,; 1.92 (d, 3H) 5-CH,.
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BC.NMR @ (D,0): 5175.9, C-4; 156.1, C-2; 140.0, C-6; 118.8, C-5; 89.4, C-1': 84.0, C-4';
80.6, C-3"; 67.2, H,C-O-CH,; 59.1, C-5"; 54.3, H,C-N-CH,; 3.8, C-2"; 13.8,
CH,.

Mass (El) : 293 (M', 2%); 100 (Morpholino+CH,, 100%)

Synthesis of compound 8a from 3’-O-mesyl-5"-deoxy-5’-N-morpholino-thymidine 16:
A solution of compound 16 (1.5mmol) and DBU (1.65mmol) in dichloromethane (20ml) was
stirred for 6h at room temperature. The solvent was then removed under reduced pressure
and the residue was purified on basic alumina column. The product thus obtained was similar
in every respect with compound 8a.

Synthesis of 2,3’-0O-anhydro-5’-deoxy-5’-N-piperidino-thymidine 8b:

DMST 7a (1mmol) was reacted with neat piperidine (5ml) at 50°C for 50h. The product was
isolated and purified as described in case of compound 8a

Yield . 85%
"M.P . 223°C (decomp)
'H-NMR . (CDCly): 66.99 (d, 1.0 Hz, 1H) H-6; 5.52 (d, 3.8 Hz, 1H) H-1"; 5.14 (bs, 1H)

H-3'; 4.4-4.33 (Sept, 1H) H-4"; 2.78-2.39 (m, 8H) H-2', H-2", H-5', H-5",
H,C-N-CH,; 1.91 (d, 3H) 5-CH,; 1.6-1.39 (m, 6H) H,C-CH,-CH,

“C.NMR : (CDCl,+DMSO-d,): & 170.6, C-4; 152.5, C-2; 135.0, C-6; 116.0, C-5; 86.1,
C-1;82.4,C-4"; 76.8, C-3"; 57.4, C-5"; 53.7, H,C-N-CH,; 32.3, C-2'; 24.5 and

22.6 H,C-CH,-CH,; 11.9, CH,,

Mass (El) : 291 (M*, 2%); 98 (piperidino+CH,, 100%)
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Synthesis of 2,3’-0-anhydro-5’-deoxy-5"-N-thiomorpholino-thymidine 8c:

DMST 7a (1mmol) was reacted with neat thiomorpholine (3ml) at room temperature for 17h
and at 50°C for 48h. The reaction mixture was poured in ether and filtered. Saturated sodium
bicarbonate solution was added to the residue and the mixture was stirred for 30min. The
compound was then extrated with dichloromethane (3x15ml). Dichloromethane fractions were
pooled together, dried on sodium sulphate and filtered. The filtrate was evaporated to dryness

and the residue was purified on a basic alumina column.

Yield . 76%
M.P . 233°C
H.NMR @ (CDCLy): 8 7.0 (s, 1H) H-6; 5.52 (d, 3.8 Hz, 1H) H-1; 5.17 (bs, 1H) H-3"

4.4-4.32 (sex, 1H) H-4"; 2.83-2.41 (m, 12H) H-2', H-2", H-5",H-5", H,C-N-CH,,
H,C-S-CH,; 1.94 (s, 3H) 5-CH,.

BC-NMR  : (D,0):6175.8,C-4; 156.0, C-2; 139.9, C-6; 118.8, C-5; 89.3, C-1",84.2, C-4",
80.6, C-3'; 59.1, C-5"; 55.5, H,C-N-CH,, 33.8, C-2'; 27.3, H,C-S-CH,; 13.5,
CH,

Mass (El) : 309 (M*, 5%); 116 (thiomorpholino+CH,, 100%)

Synthesis of 2,3'-0-anhydro-5’-deoxy-5’-N-pyrrolidino-thymidine 8d:

DMST 7a (1mmol) was reacted with neat pyrrolidine (Sml) at room temperature for 72h. The
product was isolated and purified as described in case of compound 8a

Yield : 93%

M.P 1 215°C
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HANMR @ (DMSO-dy): 4 7.55 (s, 1H) H-6; 5.77 (d, 1H) H-1"; 5.2 (bs, 1H) H-3"; 4.3 (sex,
1H) H-4"; 2.8-2.3 (m, 8H) H-2', H-2", H-5', H-5", H,C-N-CH,; 1.75-1.5 (m, 7H)
5-CH,, H,C-CH,

“C-NMR : (DMSO-dg+CDCly): & 170.9, C-4; 153.5, C-2; 136.5, C-6; 115.8, C-5; 86.6,
C-1"; 83.7, C-4"; 77.5, C-3"; 55.1, C-5"; 54.0, H,C-N-CH,; 32.7, C-2"; 23.1
H,C-CH,;, 12.8, CH,.

Mass (El) : 246 (M*, 3%); 84 (pyrrolidino+CH,, 100%)

Synthesis of 2,3'-0O-anhydro-5’-deoxy-5’-N-(1-methylpiperazino)-thymidine 8e:

DMST 7a (1immol) was reacted with neat 1-methylpiperizine (3ml) at room temperature for

34h and at 50°C for 24h. The product was isolated and purified as described in case of
compound 8a.

Yield . 62%
M.P . 238°C
'H-NMR  : (CDCl,): 6.98 (s, 1H) H-6; 5.52 (d, 3.7 Hz, 1H) H-1"; 5.11 (bs, 1H) H-3'; 4.34

(Sept, 1H) H-4"; 2.77-2.36 (m, 12H) H-2', H-2", H-5', H-5", (H,C-N-CH,),;
2.22 (s, 3H) N-CHj; 1.87 (s, 3H) 5-CH,

“C.NMR : (CDCly): & 171.6, C-4; 153.4, C-2; 135.3, C-6; 118.0, C-5; 87.5, C-1"; 83 6,
C-4';77.5, C-3"; 57.7, C-5'; 54.7 and 53.5, (H,C-N-CH,),; 45.7, N-CH,; 33.5,
C-2',13.1, CH,

Mass (El) : 306 (M*, 25%); 113 (1-Methylpiperazino+CH,, 100%)
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Synthesis of 2,3’-0-anhydro-5'-deoxy-5’-N-(1-acetylpiperazino)-thymidine &f:

DMST 7a (1Immol) was reacted with neat 1-acetylpiperazine (3ml) at room temperature for

96h and at 50°C for 48h. The product was isolated and purified as described in case of

compound 8a.

Yield

M.P

'H-NMR

C-NMR

Mass (E1)

70%

256°C

(CDCIy): & 7.55 (s, 1H) H-6; 5.58 (d, 1H) H-1"; 5.22 (bs, 1H) H-3"; 4.37 (m,
1H) H-4; 2.75-2.3 (m, 12H) H-2', H-2", H-5", H-5", (H,C-N-CH,),; 1.95 (s,
3H) NC(O)CHj; 1.75 (s, 3H) 5-CH,

(D,0): & 175.8, acetyl CO; 173.4, C-4; 156.1, C-2; 139.9, C-6; 118.7, C-5;
89.3, C-1'; 84.2, C-4"; 80.5, C-3"; 58.3, C-5"; 53.8, 53.4, 46.8 and 42.2,

(H,C-N-CH,),; 33.7, C-2'; 21.3, acetyl CH,; 13.4, CH,.

334 (M*, 3%); 141 (1-Acetylpiperazino+CH,, 100%)

Synthesis of 2,3’-0-anhydro-5'-deoxy-5'-N-(ethyl isonipecotatyl)-thymidine 8g:

DMST 7a (1mmol) was reacted with neat ethyl isonipecotate (3ml) at room temperature for

48h. The reaction mixture was poured in ether and filtered. Saturated sodium bicarbonate

solution was added to the residue and the mixture was stirred for 30min. The compound was

then extrated with dichloromethane (3x15ml). Dichloromethane fractions were pooled

together, dried over sodium sulphate and filtered. The filtrate was evaporated to dryness and
the residue was purified on basic alumina column.

Yield

M.P

66%

230°C
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'H-NMR  : (CDCL): 8 7.0 (d, 0.9 Hz 1H) H-6; 5.52 (d, 3.8 Hz, 1H) H-1"; 5.17 (bs, 1H)
H-3'; 4.38 (Sept, 1H) H-4"; 4.13 (q, 2H) ethyl CH,; 2.95-1.65 (m, 16H) H-2',
H-2", H-6", H-5", HC(H,C-N-CH,),, 5-CH,; 1.25 (t, 3H) ethyl CH,

“C-NMR : (CDCly: 8 174.6, ester CO; 171.7, C-4; 153.4, C-2; 135.5, C-6; 117.7, C-5:
87.4,C-1',83.7, C-4", 77.5, C-3'; 59.9 ethyl CH,; 57.9, C-5'; 53.28 and 53.19,
H,C-N-CH,; 40.4 and 27.9 H,C-CH-CH,; 33.4, C-2"; 13.9, ethyl CH,; 12.9,
CH,

Mass (El) : 363 (M, 3%); 170 (Ethylisonipecotatyl+CH,, 100%)

Synthesis of 2,3’-0O-anhydro-5’-deoxy-5'-N-diethylamino-thymidine 8h:

DMST 7a (1mmol) was reacted with diethylamine (3ml) in DMF (2ml) at room temperature
for 100h. The precipitate formed was filtered and it was found to be compound 17. The filtrate

was evaporated to dryness and was purified on a basic alumina column to produce the title
compound.

Yield . 55%
M.P ©191°C
H-NMR  : (CDCly): 6 6.97 (d, 1.1 Hz, 1H) H-6; 5.5 (d, 3.8 Hz, 1H) H-1; 5.15 (bs, 1H)

H-3 4.31-4.24 (sex, 1H) H-4"; 29-2.4 (m, 8H) H-2", H-2", H-5', H-5",
H.C-N-CH,; 1.91 (d, 3H) 5-CH,; 0.97 (t, 6H) ethyl (CH,), .

“"C-NMR : (CDCly: 8 172.0, C-4; 153.7, C-2; 135.8, C-6: 117.9, C-5; 87.6,C-1'; 84.9,
C-4, 77.6, C-3' 83.1, C-5'; 47.5, H,C-N-CH,; 33.7, C-2'; 13.3, CH,; 11.7,

ethyl (CH,),

Mass (El) : 279 (M, 1%); 86 (diethylamino+CH,, 100%)
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Synthesis of 3’,5'dideoxy-3"-azido-5'-N-morpholino-thymidine 9a:

A mixture of compound 8a (1mmol) and lithium azide (3mmol) in DMF (Sml) was heated at
140°C. After 4h the mixture was cooled and poured in water (10ml). The aqueous sclution
was extracted with ethyl acetate (3x15ml). Organic layers were pooled together and washed
with water (3x10ml). Ethyl acetate solution was dried on sodium sulphate and filtered. The

filtrate was evaporated to dryness. The white foam thus obtained, was purified on basic
alumina column.

Yield D 62%

M.P . hygroscopic foam

I.R : 2100Cm™

'H-NMR  : (CDCly): 4 9.87 (bs, 1H) H-3; 7.18 (s, 1H) H-6; 6.06 (t, 6.0 Hz and 6.7 Hz,

1H) H-1"; 4.12 (m, 1H) H-3; 3.98 (m, 1H) H-4; 3.76 (t, 4H) H,C-O-CH,;
2.83-2.32 (m, 8H) H-2', H-2", H-5', H-5", H,C-N-CH,; 1.95 (s, 3H) CH,

“C-NMR : (CDCl,):5163.8,C-4;150.4,C-2;135.9,C-6;111.6,C-5;85.9/82.2,C-1'/C-4",
67.1, H,C-O-CH,; 62.5, C-3'"; 60.8, C-5"; 54.9, H,C-N-CH,; 37.5, C-2'; 12.7,

CH,.

Mass (El) : 294 (M*-N,, 3%); 100 (morpholino+CH,, 100%)

Synthesis of 3’,5’-dideoxy-3’-azido-5’-N-piperidino-thymidine 9b:

A mixture of compound 8b (1mmol) and lithium azide (3mmol) in DMF (5ml) was heated at

140°C for 4h. The product was isolated and purified as described in case of compound 9a

Yield . 70%
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M.P : hygroscopic foam
I.R © 2100cm’
'H-NMR  : (CDCly: & 7.25 (s, 1H) H-6; 6.05 (t, 6.0 Hz and 6.7 Hz, 1H) H-1"; 411 (m,

1H) H-3"; 2.91 - 2.35 (m, 8H) H-4', H,C-N-CH,; H-2", H-2", H-5', H-5" ; 1.93
(s, 3H) CHy, 1.71 - 1.14, H,C-CH,-CH,.

“C.NMR : (CDCIy):5164.4,C-4;150.6, C-2;136.2, C-6; 111.2,C-5;85.6/81.3,C-1'/C-4',
62.14, C-3"; 60.21, C-5"; 55.2, H,C-N-CH,; 37.0, C-2’; 25.2 and 23.6,
H,C-CH,-CH,; 12.5, CH,.

Mass (El) : 292 (M*-N;, 10%); 98 (morpholino+CH,, 100%)

Synthesis of 3’,5'-dideoxy-3’-thiophenyl-5’-N-morpholino-thymidine 10a:

A mixture of compound 8a (1mmol) and sodium thiophenolate (Smmol) in DMF (5ml) was
heated at 60°C. After 16h the mixture was cooled and poured in water (10ml). The aqueous
solution was extracted with dichloromethane (3x15ml). Organic layers were pooled together
and washed with water (3x10ml). Dichloromethane solution was dried over sodium sulphate

and filtered. The filtrate was evaporated to dryness and the residue was purified on basic
alumina column.

Yield © 54%
M.P © 43°C
'H-NMR . (CDCly): 89.55 (bs, 1H) H-3; 7.51-7.25 (m, 6H) aromatic, H-6; 6.11 (dd, 6.7

Hz and 5.2 Hz, 1H) H-1'; 4.03 (m, 1H) H-4"; 3.72 (t, 4H) H,C-O-CH,; 3.54 (m,
1H) H-3"; 2.67-2.64 (m, 2H) and 2.61-2.40 (m, 6H) H-2', H-2", H-5', H-5",
H,C-N-CH,; 1.95 (d, 1.2 Hz, 3H) CH,



C-NMR

Mass (El)
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(CDCl,): & 164.1, C-4; 150.5, C-2; 135.6, C-6; 133.3, 133.0, 129.5, 128.4,
aromatic; 111.2, C-5;85.1/83.0, C-1'/C-4"; 66.9, H,C-O-CH,; 60.6, C-5', 54.6,
H,C-N-CH,; 46.9, C-3"; 39.3, C-2"; 12.8, CH,.

403(M"*, 10%); 294 (M*-SPh, 20%); 100 (morpholino+CH,, 100%)

Synthesis of 3’,5’-dideoxy-3’-thiophenyl-5’-N-piperidino-thymidine 10b:

A mixture of compound 8b (1mmol) and sodium thiophenolate (Smmol) in DMF (Sml) was
heated at 60°C for 16h. The product was isolated and purified as described in case of

compound 10a.

Yield

M.P

'H-NMR

“C-NMR

Mass (El)

65%

65°C

(CDCl,): 6 10.1 (bs, 1H) H-3; 7.61-7.30 (m, 6H) aromatic, H-6; 6.15 (t, 1H)
H-1"; 4.05 (m, 1H) H-4"; 3.51 (m, 1H) H-3"; 2.82 - 2.3 (m, 8H) H,C-N-CH,,
H-2', H-2", H-5", H-5"; 1.93 (s, 3H) CH,; 1.62 - 1.3 (m, 6H) H,C-CH,-CH,.
(CDCl,): 6 164.4, C-4; 150.5, C-2; 135.5, C-6; 132.8, 132.6, 129.06, 127.76,
aromatic; 110.7, C-5; 84.5/82.2, C-1'/C-4"; 60.29, C-5'; 54.97, H,C-N-CH;

46.43, C-3"; 39.04, C-2'; 25.36 and 23.76, H,C-CH,-CH,; 12.5, CH,,

98 (piperidino+CH,, 100%)

Synthesis of 3’,5'-dideoxy-2'-ene-5’-N-morpholino-thymidine 11a:

A mixture of compound Ba (1mmol) and potassium tertbutoxide (2.2mmol) in DMSO (5ml)

was stirredatroom temperature. After 1h the mixture was poured inwater (10ml). The aqueous

solution was extracted with dichloromethane (3x15ml). Organic layers were pooled together
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and washed with water (3x10ml). Dichloromethane solution was dried over sodium sulphate

and filtered. The filtrate was evaporated to dryness and the residue was purified on basic
alumina column.

Yield

M.P

'H-NMR

*C-NMR

Mass (EI)

81%

125°C

(CDCIy: 8 7.15 (s, 1H) H-6; 7.02 (m, 1H) H-1"; 6.32 (m, 1H) H-3"; 5.82 (m,
1H) H-2'; 5.03 (m, 1H) H-4'; 3.74 (t, 4H) H,C-O-CH,; 2.63 (m, 6H) H-5', H-5",
H,C-N-CH,; 1.92 (d, 3H) CH,.

(CDCly): & 164.3, C-4; 151.0, C-2; 135.63/ 135.58, C-6/C-3" 125.9, C-2"
111.1 C5; 90.1, C-1"; 84.0, C-4’; 66.6, H,C-O-CH,, 62.8, C-5" 54.1,

H,C-N-CH,; 12.6, CH,

206 (M*-morpholino, 2%); 100 (morpholino+CH,, 100%)

Synthesis of 3’,5’-dideoxy-2’-ene-5’-N-piperidino-thymidine 11b:

A mixture of compound 8b (1mmol) and potassium tertbutoxide (2.2mmol) in DMSO (5ml)

was stirred at room temperature for 1h. The product was isolated and purified as described
in case of compound 11a.

Yield

M.P

'H-NMR

70%
120°C
(CDClY: 87.21 (s, 1H) H-6; 7.0 (m, 1H) H-1'; 6.35 (m, 1H) H-3'; 5.82 (m, 1H)

H-2'5.01 (m, 1H) H-4'; 2.8 - 2.4 (m, 6H) H,C-N-CH,, H-5"H-5"; 1.92 (d, 3H)
CH,, 1.71 - 1.4 (m, 6H) H,C-CH,-CH,.
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“C.NMR : (CDCI): & 164.3, C-4; 150.9, C-2; 135.65/135.45, C-6/C-3"; 125.3, C-2';
110.6, C-5; 89.7, C-1"; 83.9, C-4"; 62.5, C-5'; 54.55, H,C-N-CH,; 25.66 and
23.6, H,C-CH,-CH,; 12.17, CH,

Mass (El) : 206 (M*-piperidino, 4%); 98 (piperidino+CH,, 100%)

Synthesis of 1-(2,5-dideoxy-5-morpholino-3-O-acetyl--D-threo-
pentofuranosyl)-thymine 13a:

Compound 8a (1mmol) was reacted with aqueous sodium hydroxide solution (0.1N, 3ml) at
room temperature. After 3h, the reaction mixture was neutralised with aqueous hydrochloric
acid solution (0.1N). The solution was evaporated to dryness and the residual water was
removed by coevaporation with pyridine (3x5ml). The residue was redissolved in pyridine
(5ml) and acetic anhydride (5mmol) was added. After 2h the reaction mixture was poured
into saturated sodium bicarbonate solution (15ml) and was extracted with dichloromethane
(8x15ml). Dichloromethane solution was evaporated to dryness and the residual pyridine was

coevaporated with toluene. The residue thus obtained, was purified on a silica gel column.

Yield . 73%
M.P . 95°C
'H-NMR  : (CDCly): 5 7.43 (s, 1H) H-6; 6.26 (dd, 2.9 Hz and 8.0 Hz, 1H) H-1; 5.41 (m,

1H) H-3'; 4.21 (m, 1H) H-4"; 3.75 (t, 4H) H,C-O-CH,, 2.85 - 2.49 (m, 7H) and
2.09 - 1.96 (m, 1H) H-2', H-2", H-5', H-5", H,C-N-CH,; 2.11 (s, 3H) acetate
CH3; 1.96 (s, 3H) CH,

“C-NMR : (CDCI,): b 169.1, acetyl CO; 163.6, C-4; 150.4, C-2: 135.1, C-6; 110.4, C-5;
83.7/79.9, C-1'/C-4’; 729, C-8; 66.5 H,C-O-CH, 57.1, C-5; 53.9,
H,C-N-CH,; 39.3, C-2"; 20.5, acetate CH,, 12.4, CH,.
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Mass (El) : 227 (M*-thymine, 2%); 168 (M*-thymine-OAc, 3%); 126 (thymine, 5%); 100
(morpholine+CH,, 100%)

Synthesis of 1-(2,5-dideoxy-5-piperidino-3-0O- acetyl-p-D-threo-
pentofuranosyl)-thymine 13b:

Compound 8b (1mmol) was reacted with aqueous sodium hydroxide solution (0.1N, 3ml) at
room temperature. After 3h, the reaction mixture was neutralised with aqueous hydrochloric

acid solution (0.1N). The product was acetylated and purified as described in case of
compound 13a.

Yield . 70%
M.P . 102°C
'H-NMR  : (CDCI): 6 7.45 (s, 1H) H-6; 6.25 (m, 1H) H-1"; 5.41 (m, 1H) H-3"; 4.32 (m,

1H) H-4'; 2.89 - 2.49 (m, 7H) and 2.09 - 1.96 (m, 1H) H-2', H-2", H-5", H-5",
H,C-N-CH,; 2.11 (s, 3H) acetate CH,; 1.81-1.42 (m, 6H) H,C-CH,-CH,; 1.96
(s, 3H) CH,

“C-NMR : (CDCIy): 4 169.3, acetyl CO; 164.2, C-4; 150.6, C-2; 135.4, C-6; 110.5, C-5;
83.9/79.2,C-1'/C-4'; 73.4, C-3", 57.0, C-5"; 54.5, H,C-N-CH,; 39.3, C-2'; 30.6
and 24.7, H,C-CH,-CH,; 20.8, acetate CH,; 12.6, CH,.

Mass (El) : 292 (M*-OAc, 10%); 98 (piperidino+CH,, 100%)

Synthesis of 5’-O-tosylthymidine 14:

Compound 14 was synthesised using reported procedure'®.

Synthesis of 3’-0-Mesyl-5'<deoxy-5’-N-morpholino-thymidine 16:

5'-O-Tosylthymidine 14 (2mmol) was reacted with morpholine (neat, 5ml) at room
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temperature. After 4d, the amine was removed under reduced pressure. The residue was
passed through a basic alumina column. The appropriate fractions were collected and solvent
was evaporated. The residue was dried by coevaporation with pyridine and was redissolved
in the same solvent (10ml). The solution was cooled at 0°C and methanesulphonyl chloride
(10mmol) in pyridine (5ml) was added dropwise to it. After completion of the addition, the
solution was left at +4°C overnight. The mixture was then poured in saturated sodium
bicarbonate solution (30ml) and was extracted with dichloromethane (3x20ml).
Dichloromethane solution was evaporated to dryness and the residual pyridine was

coevaporated with toluene. The residue thus obtained, was purified on a silica gel column.

Yield o BB%
M.P : 130°C
'H-NMR . (CDCly): 6 9.49 (bs, 1H) N-H; 7.21 (d, 0.9 Hz, 1H) H-6; 6.18 (t, 6.8 Hz, 1H)

H-1"; 5.24 (m, 1H) H-3'; 4.31 (dd, 1H) H-4"; 3.75 (m, 4H) H,C-O-CH,; 3.14
(s, 3H) SO,CHjy; 2.75-2.35 (m, 8H) H-2', H-2", H-5', H-5", H,C-N-CH,; 1.95
(d, 3H) 5-CH,.

“C-NMR : (CDCy): 6 164.1, C-4; 150.6, C-2; 135.6, C-6; 111.6, C-5; 85.6, C-1"; 815,
C-4'; 79.9, C-3,; 66.9, H,C-O-CH,; 59.7, C-5"; 54.4, H,C-N-CH,: 38.6,
SO,CHj; 37.5, C-2'; 12.7, 5-CH,.
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CHAPTER-III

Reactions of 2°,3’-Di-O-mesyl-5’-O-trityluridine with Secondary Amines
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3.1. Introduction

The cyclic 2,2', 2,3'and 2,5-O-anhydro- pyrimidine nucleosides 1-3 are extensively used as
precursors for synthesising modified ( base or sugar) nucleosides'?. These
anhydro-derivatives 1-3 were opened either at C-2 or C2'/C-3'/C-5' positions by various

nucleophiles such as, halides, sulphides, amines, azides etc'? (Fig-3.1). In this connection,

Fig-31
g o 0
N&{\ NE\y
-J[kﬂ N ol |
HO HO 0 N 0 N
NG X HO X
! 2a: X=H 3a:X=H
2b: X=0H 3b: X=OH

Hirota and coworkers reported® that the nucleophilic opening of 2,2'-O-anhydrouridine 1 can
be rationalised on the basis of the Hard and Soft Acids and Bases principle (HSAB). The
2-position of the pyrimidine ring and 2-position of the ribosyl moiety in the
2,2'-O-anhydrouridine are regarded as hard and soft acid sites respectively. Therefore, a soft
thiolate anion attacked at the 2'-position to produce 4, whereas hard hydroxide ion caused
substitution at C-2 position to give 5 (Scheme-3.1).

In the previous chapter, we described* that 3',5'-di-O-mesylthymidine on reaction with
secondary amines underwent ‘one-pot-two-steps" transformation to  produce
2,3"-O-anhydro-5'-deoxy-5'-alkylaminothymidines (Scheme-2.1 in Chapter-I1). In an attempt
to broaden the scope of such reactions, we decided to react various sulphonylated derivatives
of the other pyrimidine nucleoside, uridine with secondary amines. Attempted reactions
between 2',3',5'-tri-O-mesyluridine 6 and neat piperidine at ambient temperature produced
an inseparable mixture of compounds. As under basic conditions 2,2'-0-anhydro-ring

formation was much faster than 2,3'-O-anhydro- and 2,5'-O-anhydro- ring formation®, it may
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be concluded that at least one pathway of the reactions between 2',3",5'-tri-O-mesyluridine
6 and neat piperidine or morpholine must had been the 2,2'-O-anhydro- ring formation 7
(Scheme-3.2). The additional complications may have arisen from the direct displacement
of the 5'-O-mesyl- group by piperidine in a fashion similar to that described for
3',5'-di-O-mesylthymidine®. In order to reduce the number of pathways involved and simplify
the product distribution, we decided to study the reactions of 2',3'-di-O-mesyl-5'-O-trityluridine
8 with secondary amines; the absence of the 5'-O-mesyl- group would remove the pathway
generated from the displacement reactions.

3.2. Present work

Synthesis  of  1-(2,3-O-anhydro-5-O-trityl-p-D-lyxofuranosyl)-  2-dialkylamino-
4-pyrimidone 9a-d: 2',3'-Di-O-mesyl-5'-O-trityluridine 8 was treated with piperidine either



123

or in DMSO solution at room temperature. In both cases single product was obtained and
the structure of the product was established as
1-(2,3-0-anhydro-5-O-trityl-B-D- lyxofuranosyl)-2-piperidino-4-pyrimidone 9a, an isocytidine
derivative.  Pyrrolidine, N-methylpiperazine and ethyl isonepicotate also reacted with

compound 8 in similar fashion to produce various isocytidine derivatives, 9b, 9c¢ and 9d
respectively (Scheme-3.3).

Scheme -33
0] 0]
Y 1
TrO o) 0 Secondary TrO 0 N X
Amines —@
—_—
7 e
MsO OMs 9a-e
8 9a: X = NC)
9b: X = Na
Y
9c: X = N\_,N—
9d: X = N_)—COOEt
9e : X = OH

Synthesis of 1-(2,3-O-anhydro-f-D-lyxofuranosyl)-2-dialkylamino- 4-pyrimidone
12a-d: As attempted detritylation of compounds 9a-d using hydrochloric acid in methanol or
trifuloroacetic acid in dichloromethane or BF ,.etherate in dichloromethane produced mixture
of products (Scheme-3.4), we chose to study the reactions of secondary amines with
2,2'-0-anhydro-3'-O-mesyluridine 11 which could be synthesised® very easily from 10. Thus,
compound 11 on reaction with piperidine, pyrrolidine, N-methylpiperazine and ethyl

isonepicotate at room temperature produced compounds 12a, 12b, 12c and 12d respectively
(Scheme-3.5).

Attempts  to synthesise 1-(2,3-0O-anhydro-5-O-trityl-3-D-lyxo-  furanosyl)-
2-morpholino-4-pyrimidone 9f: 2’ 3'-Di-O-mesyl-5'-O-trityluridine 8 on reaction with
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morpholine produced a mixture, but one of those products certainly was the similar kind of
isocytidine derivatives 9f as was evident by the '"H-NMR of the mixture; the structure of the
morpholino derivative was also confirmed by mass spectrum (M' as well as

2-morpholino-4-pyrimidone - 1 peaks). However prolonged reaction time yielded the mixture
of products (Scheme-3.6).

Attempted reactions of 2’,3’-Di-O-mesyl-5'-O-trityluridine 8 with diethylamine and

some bifunctionalised amines: Extensive cleavage occurred when 8 was treated with
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diethylamine, N-methylethanolamine, N ,N'-dimethylethylenediamine and N-acetylpiperizine;
all these reactions, however, did produce the 2,2'-O-anhydro derivative 13 (tlc) which
eventually got cleaved (Scheme-3.7).

Scheme-3'6
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3.3. Structural Assignment

The structures of all new compounds 9a-d and 12a-d were assigned unambiguously by
spectroscopy. A comparison of the UV spectra of compounds 12a-d (Table-3.1) with that of
the known epoxide 12e (ref.7) showed a distinct hypsochromic shift (Fig-3.2), proving thereby
that the base modification must have taken place. In case of the 'H-NMR, H-1' signal of
compounds 9a-d was shielded by 0.5ppm and H-5 was deshielded by 0.3ppm when compared
with the same signals of 9e (ref.8): the same signals of compounds 12a-d shifted positions
in a similar fashion by 0.3ppm when compared with the same signals of 12e. Itis interesting

to note that in the case of both the sets of compounds the Hs-H, coupling constants changed
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Table - 3.1

Comp. H-1' H-3' H-2’ H-4' H-5 H-6 |UV-Ap
No: Jnamz | Inzne Jnsne | Inens | (H0)

9e | 6.2(s) |3.94(d) |3.89 (d)|4.19 (1) [5.67 (d)|7.55 ()| -
(CDCly) 28Hz | 28 Hz 82Hz |82 Hz

9a |5.74 (s)|3.95 (d) |3.89 (d)| 4.16(t) | 6.0 (d) |7.61 (d)] -
(CDCIy) 2.9Hz | 29 Hz 78Hz | 7.8 Hz

9b |5.68 (s)|3.95 (d)|3.88 (d)|4.13 (t) [5.98 (d) | 7.62 (d) -
(CDCly) 29Hz | 29Hz 7.7Hz | 7.7 Hz

9c |5.73(s)|3.97 (d) [3.88 (d) | 4.15 (t) |6.02 (d) [7.65 (d)| -
(CDCly) 2.9Hz | 2.9 Hz 7.7Hz | 7.7 Hz

9d |5.75(s)[3.96 (d)|3.88 (d)| 4.18 |6.04 (d)|7.67 (d)| -
(CDCly) 27Hz [27 (Hz)| (m) |7.7Hz | 7.7Hz

12e | 6.2(s) [4.18 (d)|4.12 (d) [4.29 (t) |5.87 (d)|7.88 (d) | 259.7
(D,0) 3.6Hz | 3.6 Hz 8.2Hz [ 8.2Hz nm

12a  15.89 (s) [4.19 (d) [4.12 (d) [ 4.28 (t) |6.13 (d) | 8.0 (d) | 235.2
(D,0) 3.2Hz | 3.2Hz 7.7Hz | 7.7 Hz nm

12b |5.95 (s) [4.16 (d) [4.07 (d) [ 4.22 (t) [6.01 (d)|7.89 (d) | 230.3
(D,0) 33Hz | 3.3Hz 7.7Hz | 7.7 Hz nm

12c |5.96 (s) [4.19 (d) |4.13 (d) [ 4.29 (1) |6.19 (d) |8.05 (d) | 232.4
(D,0) 30Hz [ 35Hz 77Hz | 77Hz | nm

12d |5.93 (s) [Merged |Merged | 4.24 |6.18 (d)|8.05 (d)| 234.4
(D,0) with with (m) 7.7Hz | 7.7 Hz nm
H-4' H-4'

by almost 0.4 Hz (Table-3.1). In the case of the ?C-NMR, C-1'. C-2/C-4 and C-5, signals of

compounds 9a-d were deshielded by 3.5, 6-8 and 7ppm respectively when compared with
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the same signals of 9e; the same signals of compounds 12a-d shifted positions in a similar
fashion (except for compounds 12b and 12d where the C-4'signal shifted by 2ppm; it should
be noted, however that "C-NMR of 12b was recorded in DMSO-d,) when compared with
the same signals of 12e. Both the proton and the carbon signals were assigned on the basis
of 'H-'H and 'H-'*C COSY spectra of compound 9a (Fig-3.3 and 3.4). It was assumed that
the proton and carbon signals of both the tritylated and non-tritylated compounds followed
the same order as there was no significant change in the positions of peaks in a particular
group of compounds. All tritylated derivatives 9a-d gave molecular ion peak in the mass
spectra but in case of the nontritylated compounds only 12b-d gave the same. On the other
hand, only 9a-b and 12a-b produced fragments corresponding to (2-piperidino-4-pyrimidone
- 1) and (2-pyrrolidino-4-pyrimidone - 1) as base peaks (Fig-3.5).

3.4. Discussion

A perusal of the litrature®""'* on the opening of the 2,2'-O-anhydro- bridge of pyrimidines by
amines revealed that all the amino groups which were attacking the C-2 position were primary
innature; for example, the nucleophilic opening of 2,2"-0-anhydro-aza-uridine 14 with various
amino acid derivatives produced 2-N-alkyaminoacid-iso-cytidine derivatives 15a-d (ref.9)
(Scheme-3.8). Beranek and coworkers reported™ that 4-aminobenzeneslphonamide on
reaction with 2,2'-O-anhydro-uridine 16a and 5'-deoxy-5' -chloro-2,2’-O-anhydro- uridine 16b
produced C-2 aminobenzenesulphonamido- ara-uridine  derivative 17a-b  and
2,5'-(aminobenzenesluphonyl)imino- ara- uridine 18 respectively (Scheme-3.9). As already
mentioned in Chapter-l, Minamotoe and coworkers reported'’ the reactions of
5-0O-benzoyl-3'-0O-mesyl-2,2'-O-anhydro-uridine 16¢ with various primary amines. The initial
nucleophilic attack at C-2 position produced the expected 2-amino(alkylamino)-ara-uridine

19 which further cyclised intramolecularly to give 2,3"-alkylimino-ara-uridine 20
(Scheme-3.10).

Interestingly, however, Reese and coworkers described'®™ the nucleophilic opening
reactions of 8,2"-O-anhydro-purine nucleosides by both primary and secondary amines. Thus
8-bromo-2'-O-tosyladenosine 21 on treatment with primary amines and secondary

amines produced 8-alkylamino(dialkylamino)-ara- adenosine 23a-e via, the formation of
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R

j)\ i
N Hk
| |
LN N\N/ﬁd\ B
HO o e HO— ;0:; H
Aminoacid HO
—_—

HO HO
14 15a-d

15a: R = CH, COOH
15b : R = (CHp), — CH — COOH

NHo
15¢ : R= (CHY)4— ?H — NHCHO
COOH
NH
H |
15d: R= ——(l:H—(CHz)s—N—C—NHz

COOH

8,2'-0-anhydroadenosine 22 (ref.12). It was also reported' that compounds 24a and 24b on

reaction with both primary and secondary amines afforded 8-aminosubstituted products 25a-c
and 26a-c respectively (Scheme-3.11).

As far as our knowledge goes in the litrature®'’, there was no report on the opening of
2,2-O-anhydro-ring by secondary amines. However it was reported™ that
2,2'-0O-anhydrouridine 16a, on reaction with primary amines produced C-2 amino substituted
arauridine derivatives 27 (isocytidines, R= alkyl, benzyl etc.) but remained unaffected by
secondary amines due to the "steric hindrance" (Scheme-3.12).

In our case, the mechanism of formation of compounds 9a-d from 8 was believed to involve
the formation of the 2,2'-O-anhydro-derivative 13. This conclusion corroborated by the fact
that 2,2'-O-anhydro-3'-O-mesyl-5'-O-trityluridine 13 (ref.15) on reaction with neat piperidine
produced compound 9a within 1h (Scheme-3.13, path-a). The opening of the 2,2'-O-anhydro-

bridge by secondary amines in presence of 3'-O-mesyl- group could also be explained by
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NHp NH,
N N
o ’N]l/%)"
HO N HO N
0 EtzN 0
EtOH
HO OTs HO
21 22
Primary amine
or
Secondary amine
23a: X*'NH_’NHZ Nl"lz
23b: X=NHCHx
N XN
23c: X=NHCH,Ph x~< I
23d:x=N ) HO \'7ON
HO
23e X = G
HO
23a-e
0 0]
N N
/ f‘nn X3¢ i NH
NSNS NTSNTS
HO N X 0 N X
Amines HO
HO HO
24a-b 25a-¢c and 26 0-c¢
24a :X= NH, 25: X'=NHp 26:X'=H
.
24b:X'=H a : X=CHyNH
b : X% PhCH,NH
2
c:X= N

HSAB principle laid down by Hirota and coworkers® for nucleosides. The hard nucleophiles,
secondary amines attacked the hard acidic C-2 position as expected followed by

intramolecular epoxidation reaction to produce compounds 9a-d and 12a-d. It was cbvious
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that the presence of an electron-withdrawing and a leaving group adjacent to the C-2’ position
of 2,2'-0O-anhydrouridine enhanced the electrophilicity of the C-2 carbon, thereby nullifying
the "steric" effect. However, it was not clear whether or not the epoxide formation contributed
to the reaction as a driving force. It should be noted, that, the oxygen atom of 2,2'-O-anhydro
bridge was shown'® to participate in a fashion depicted in scheme 3.13 (path-b). Therefore,
formation of an intermediate like 13a could not be ruled out.

Itis worth mentioning here that some C-2 aminosubstituted pyrimidine (isocytidine) derivatives
displayed interesting biological properties'®".
4-Amino-2-(N°®-lysino)-1-(B-D-ribofuranosyl)prymidinium(lysine) 30 in the the first position of
the anti-codon of minor isoleucine tRNA has been isolated and the structure was confirmed
by chemical synthesis of 30 from 29 (ref.17) (Scheme-3.14).

Scheme - 314
NH NH
@i EU\/’NK
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HO OH HO OH
29 30
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COOH

3.5. Conclusion

We have shown for the first time that in cotrast to the reported inert behaviour of
2,2'-O-anhydrouridine 16a towards secondary amines, some secondary amines successfully
openedthe 2,2'-O-anhydro-bridge 0f2,2'-O-anhydrouridines 13 and 11 containing 3'-O-mesy|

group to produce compounds 9a-d and 12a-d, a new class of isocytidine derivatives.
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3.6. Experimental

Melting points were uncorrected. All amines were purchased from Aldrich, U.S.A. and were
used without further purification. Uridine was purchased from Pharma Waldhof GmbH,
Germany and used as received. Thin Layer Chromatography was performed on Merk
precoated 60 F,, plates. Compounds were visualised on TLC plate under UV light. Column
chromatographic separations were done using silica gel (Silica gel 60, 230-400 mesh, E.
Merck) or basic alumina (Brockmann Grade | for Chromatography, S.D. Fine Chem. Ltd.,
India). '"H-NMR (200 MHz) and "*C-NMR (50 MHz) spectra were recorded on Bruker ACF200
NMR spectrometer (b scale) using TMS, solvent chloroform-d or dioxane (in case of D,0O) as
internal standards. Mass spectra were recorded on Finnigan MAT 1020B GC/MS.

Synthesis of 2’,3’di-O-mesyl-5’-O-trityluridine 8:
Compound 8 was synthesised using reported procedure®.

Synthesis of 1-(2,3-0-anhydro-5-O-trityl-p-D- lyxofuranosyl)-uracil 9e: Compound 9e

was synthesised using a reported procedure®.
Yield . 84%

'H-NMR  : (CDCI): 8 9.18 (bs,1H) NH; 7.55 (d, 8.2 Hz, 1H) H-6; 7.49-7.22 (m, 15H)

trityl; 6.2 (s, 1H) H-1; 5.67 (d, 8.2 Hz, 1H) H-5; 4.19 (t, 5.66 and 5.77 Hz,
1H) H-4'; 3.94 (d, 2.8 Hz, 1H) H-3'; 3.89 (d, 2.8 Hz, 1H) H-2": 3.52-3.32 (m,
2H) H-5', H-5'

“C-NMR : (CDCly: 6 163.60, C-4; 150.9, C-2; 143.6, trityl; 141.5, C-6; 128.8, 128.2,

127.4, trityl; 102.6, C-5; 87.3, trityl; 81.9,C-1", 76.9, C-4"; 62.4, C-5"; 56.4/56.2,
C-2'/C-3.
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Synthesis of  1-(2,3-O-anhydro-5-O-trityl-p-D-lyxofuranosyl) -2-piperidino-4-
pyrimidone 9a:

Method A: Compound 8 (1mmol) was treated with neat piperidine (3ml) at ambient
temperature. After 5h, the reaction mixture was poured into petroleum ether (50ml) and the

liquid was decanted off. The oily residue was purified by column chromatography on basic
alumina. Yield: 50%.

Method B: A solution of compound 8 (1mmol) in DMSO (2ml) was treated with piperidine
(15mmol) at ambient temperature. After 48h the reaction mixture was poured into water. The
white precipitate was collected by filteration and dissolved in dichloromethane (25ml). The
solution was dried over sodium sulphate and filtered. The filtrate was evaporated to dryness
and the residue was purified as above.

Yield © 55%
M.P . 102°C
"H-NMR . (CDCly: 8 7.61 (d, 7.8 Hz, 1H) H-6; 7.5-7.24 (m, 15H) trityl; 6.0 (d, 7.8 Hz,

1H) H-5; 5.74 (s, 1H) H-1"; 4.16 (t, 6.1 and 6.0 Hz, 1H) H-4"; 3.95 (d, 2.9 Hz,
1H) H-3"; 3.89 (d, 2.9 Hz, 1H) H-2’; 3.53-3.18 (m, 6H) H-5', H-5", H,C-N-CH,;
1.66 (bs, 6H) H,C-CH,-CH,.

"C.NMR : (CDCl): 6 171.0, C-4; 159.3, C-2; 143.8, trityl; 140.1, C-6; 128.8, 128.2,
127.5, trityl; 110.2, C-5; 87.5, trityl; 85.8, C-1'; 76.5, C-4"; 62.3, C-5'; 56.3/55.8,

C-2/C-3"; 51.2, H,C-N-CH,; 25.7 and 24.4, H,C-CH,-CH,

Mass (El) @ 535 (M*, 6%); 178 (CsH,,N;0", 100%).
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Synthesis  of 1-(2,3-0O-anhydro-5-O-trityl-f-D-lyxofuranosyl)-  2-pyrrolidino-4-
pyrimidone 9b:

Compound 8 (1mmol) was treated with neat pyrrolidine (3ml) at ambient temperature. After
3h, the reaction mixture was evaporated to dryness under reduced pressure. The oily residue
was purified by column chromatography on basic alumina.

Yield . 50%
M.P : 85°C
'H-NMR . (CDCl,):67.62(d, 7.7 Hz, 1H) H-6; 7.51-7.23 (m, 15H) trityl; 5.98 (d, 7.7 Hz,

1H) H-5; 5.68 (s, 1H) H-1"; 4.13 (t, 6.2 and 6.0 Hz, 1H) H-4"; 3.95 (d, 2.9 Hz,
1H) H-3", 3.88 (d, 2.9 Hz, 1H) H-2'; 3.68-3.27 (m, 6H) H-5', H-5", H,C-N-CH,;
2.0-1.92 (m, 4H) CH,-CH,.

“C-NMR : (CDCl,): & 170.6, C-4; 156.9, C-2; 143.8, trityl; 139.6, C-6; 128.9, 128.2,
127.6, trityl; 109.8, C-5, 87.5, trityl; 85.4, C-1"; 76.5, C-4": 62.3, C-5": 56.4/55.7,
C-2'/C-3'; 50.9, H,C-N-CH,; 25.9, CH,-CH,

Mass (EI) : 521 (M, 2%); 164 (C;H,,N,O*, 100%)

Synthesis of 1-(2,3-0-an hydro-5-O-trityl-f-D-lyxofuranosyl)- 2-(N-methylpiperazino)-4-
pyrimidone 9c:

Compound 8 (1mmol) was treated with neat N-methylpiperazine (2ml) at ambient temperature

for 48h. The product was isolated and purified as described in Method B for the preparation
of compound 9a.

Yield ©42%
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M.P . 96°C

'H-NMR  : (CDCly): 87.65 (d, 7.7 Hz, 1H) H-6; 7.54-7.24 (m, 15H) trityl; 6.02 (d, 7.7 Hz,

1H) H-5; 5.73 (s, 1H) H-1"; 4.15 (t, 6.2 and 6.0 Hz, 1H) H-4; 3.97 (d, 2.9 Hz,
1H) H-3'; 3.88 (d, 2.9 Hz, 1H) H-2'; 3.59-3.28 (m, 6H) H-5', H-5", H,C-N-CH,;
2.64-2.43 (m, 4H) H,C-N-CH,; 2.35 (s, 3H) N-CH,

“C-NMR : (CDCly): & 170.7, C-4; 158.3, C-2; 143.6, trityl; 139.9, C-6; 128.7, 128.0,

127.4, trityl; 110.2, C-5; 87.4, trityl; 85.6, C-1'; 76.4, C-4";62.1, C-5': 56.1/55.6,
C-2/C-3"; 54.4 and 49.6 (H,C-N-CH,),; 46.0, N-CH,

Mass (El) : :m/z550 (M, 2%)

Synthesis of 1-(2,3-O-anhydro-5-O-trityl-3-D-/yxofuranosyl)- 2-(ethyl
isonipecotyl)-4-pyrimidone 9d:

Compound 8 (1mmol) was treated with neat ethyl isonipecotate (2ml) at ambient temperature

for 21h. The product was isolated and purified as described in Method A for the preparation
of compound 9a.

Yield C 40%
M.P . 93°C
'HNMR  : (CDCly): 57.67 (d, 7.7 Hz, 1H) H-6; 7.57-7.27 (m, 15H) trityl; 6.04 (d, 7.7 Hz,

1H) H-5,5.75 (s, 1H) H-1'; 4.24-4.12 (m, 3H) H-4', ethyl CH,; 3.96 (d, 2.7 Hz,
1H) H-3'; 3.88 (d, 2.7 Hz, 1H) H-2'; 3.87-3.37/3.14-2.79/2.58-2.48/2.12-1.7
(m, 11H) H-6", H-5", H,C-N-CH,, H,C-CH-CH,; 1.3 (t, 3H) ethyl CH,
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Mass (EI)
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(CDCl,): & 174.5, ethyl CO; 170.9, C-4; 158.9, C-2; 143.7, trityl; 140.1, C-6;

128.9, 128.2, 127.5, trityl; 110.4, C-5; 87.5, trityl; 85.7, C-1'; 76.5, C-4', 62.2,
C-5'; 60.9 ethyl CH,; 56.2/55.8, C-2'/C-3"; 50.0 and 49.3, H,C-N-CH,; 40.9
nipecotyl CH; 28.0 and 27.9, nipecotyl CH,; 14.4, ethyl CH,

: m/z 607 (M", 2%)

Synthesis of 2,2’-0O-anhydro-3’-O-mesyluridine 11:

Compound 11 was synthesised using reported procedure®.

Synthesis of 1-(2,3-O-anhydro-§-D-lyxo-furanosyl)-uracil 12e:

Compound 12e was synthesised using a reported procedure’.

Yield

M.P

UV')\‘MM

'H-NMR

“C-NMR

90%
138°C (139-140°C)’

259.7nm (H,0)

(D,0): 6 7.88 (d, 8.2 Hz, 1H) H-6,6.2 (s, 1H) H-1"; 5.87 (d, 8.2 Hz, 1H) H-5;

4.29 (t, 6.01 and 5.23 Hz, 1H) H-4"; 4.18 (d, 3.6 Hz, 1H) H-3"; 4.12 (d, 3.6
Hz, 1H) H-2'; 3.98-3.81 (m, 2H) H-5', H-5"

(D,0): b 167.2, C-4; 152.7, C-2; 143.9, C-6; 103.1, C-5; 83.2, C-1"; 78.9,
C-4';61.1, C-5', 57.2/57.1, C-2'/C-3".
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Synthesis of 1-(2,3-0-anhydro-8-D-lyxo- furanosyl)-2-piperidino-4- pyrimidone 12a:

A solution of compound 11 (1mmol) in DMSO (2ml) was treated with piperidine (2ml) at
ambient temperature. After 8h the reaction mixture was poured into ether (50ml) and the

liquid was decanted off. The residue was purified by column chromatography on basic
alumina.

Yield : B0%

M.P . 75°C

UV-Aax : 235.2nm (H,0)

'H-NMR  : (D,0): 88.0 (d, 7.7 Hz, 1H) H-6; 6.13 (d, 7.7 Hz, 1H) H-5; 5.89 (s, 1H) H-1";

4.28 (t, 5.7 and 5.6 Hz, 1H) H-4"; 4.19 (d, 3.2 Hz, 1H) H-3'; 4.12 (d, 3.2 Hz,
1H) H-2"; 4.0-3.8 (M, 2H) H-5', H-5"; 3.41-3.38 (m, 4H) H,C-N-CH,; 1.69 (bs,
6H) H,C-CH,-CH,

BC.NMR (DMSO-dg): & 168.9, C-4; 158.3, C-2; 139.9, C-6; 108.9, C-5; 85.2, C-1;
77.4,C-4",59.4, C-5" 55.7/55.1, C-2'/C-3';50.1, H,C-N-CH,; 24.7 and 23.5,
H,C-CH,-CH,.

Mass (El) : :m/z293 (M*, 11%); 178 (C;H,,N;0%, 100%).

Synthesis of 1-(2,3-0O-anhydro-f-D-lyxo- furanosyl)-2-pyrrolidino-4 -pyrimidone 12b:

A solution of compound 11 (1mmol) in DMSO (2ml) was treated with pyrrolidine (2ml) for 10h

at ambient temperature. The product was isolated and purified as described in case of
compound 12a.

Yield T 75%
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UV-Ayax

'H-NMR

¥C-NMR

Mass (El)
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70°C
230.3nm (H,0)

(D,0): 67.89 (d, 7.7 Hz, 1H) H-6; 6.01 (d, 7.7 Hz, 1H) H-5; 5.95 (s, 1H) H-1";
4.22 (t, 5.7 and 5.6 Hz, 1H) H-4"; 4.16 (d, 3.3 Hz, 1H) H-3'; 4.07 (d, 3.3 Hz,
1H) H-2'; 3.97-3.8 (M, 2H) H-5", H-5"; 3.7-3.55 (m, 4H) H,C-N-CH,; 2.0-1.88
(m, 4H) H,C-CH,

(D,0): & 174.2, C-4; 157.9, C-2; 143.3, C-6; 108.0, C-5; 86.7, C-1'; 78.7,
C-4", 61.2, C-5'; 57.3/56.7, C-2'/C-3'; 51.9, H,C-N-CH,; 26.3, CH,-CH,

- m/z 279 (M*, 4%); 164 (CgH,oN,O*, 100%)

of  1-(2,3-O-anhydro-D-lyxo-furanosyl)-2-  (N-methylpiperazino)-

4-pyrimidone 12c:

A solution of compound 11 (1mmol) in DMSO (2ml) was treated with N-methylpiperazine

(2ml) at ambient temperature. After 16h the reaction mixture was loaded directly on a basic

alumina column packed in petroleum ether. The column was eluted with the same solvent

until all the DMSO and excess amine were removed. The polarity of the eluent was increased

gradually and the product was eluted with a mixture of methanol-ethyl acetate (1:9).

Yield

M.P

UV-Ayax

65%

65°C

232.4nm (H,0)
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'H-NMR  : (D,0):88.05 (d, 7.7 Hz, 1H) H-6; 6.19 (d, 7.7 Hz, 1H) H-5; 5.96 (s, 1H) H-1";
4.29 (t, 6.1 and 5.2 Hz, 1H) H-4"; 4.19 (d, 3.0 Hz, 1H) H-3"; 4.13 (d, 3.5 Hz,
1H) H-2'; 4.0-3.85 (m, 2H) H-5', H-5"; 3.6-3.4 (m, 4H) H,C-N-CH,; 2.64 (bs,
4H) H,C-N-CH,; 2.34 (s, 3H) N-CH,

“C-NMR : (D,O): 6 174.6, C-4; 160.2, C-2; 143.9, C-6; 109.4, C-5; 87.4, C-1" 78.7,
C-4'; 61.1, C-5"; 57.1/56.6, C-2'/C-3"; 54.3, H,C-N-CH,; 49.8, H,C-N-CH,;
45,6, N-CH,

Mass (El) : :m/z 308 (M*, 1%)

Synthesis  of  1-(2,3-O-anhydro-p-D-lyxo-  furanosyl)-2-(ethyl  isonipecotyl)-
4-pyrimidone 12d:

A solution of compound 11 (1mmol) in DMSO (2ml) was treated with ethyl isonipecotate (2ml)

for 24h at ambient temperature. The product was isolated and purified as described in case
of compound 12a.

Yield . 40%

M.P : 82°C

UV-Aypan 234.4nm (H,0)

'HNMR  : (D,0): $8.05 (d, 7.7 Hz, 1H) H-6; 6.18 (d, 7.7 Hz, 1H) H-5; 5.93 (s, 1H) H-1":

4.34-4.14 (m, 5H) H-2', H-3', H-4', ethyl CH, ; 4.03-3.72 (m, 4H)/3.2-3.05 (m,
2H)/2.8-2.65 (m, 1H)/2.1-1.79 (m, 4H) H-5', H-5", H,C-N-CH,, H,C-CH-CH,,;
1.32 (t, 3H) ethyl CH,
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BCNMR @ (D,0): 8 173.9, ethyl CO; 168.9, C-4; 158.2, C-2; 140.1, C-6; 109.1, C-5;

85.2, C-1';,77.5, C-4", 59.8/59.4, ethyl CH,/ C-5'; 55.8/55.2, C-2'/C-3'; 48.7
and 48.5, H,C-N-CH,; 39.7, nipecotyl CH; 27.2 and 27.0, nipecotyl CH,; 14.0,
ethyl CH,

Mass (El) : :m/z 210 ((M*-C4H,.NO,)+1, 6%)

Synthesis of 2,2’-0-anhydro-3’-0-mesyl-5’-O-trityluridine 13:

Compound 13 was synthesised using reported procedure'®,

Reaction of 2,2’-0O-anhydro-3’-0O-mesyl-5’-O-trityluridine 13 with piperidine:
Compound 13 (1mmol) was treated with neat piperidine (3ml) at ambient temperature. After

1h, the reaction mixture was poured into petroleum ether (50ml) and the liquid was decanted

off. The oily residue was purified by column chromatography on basic alumina. Yield: 60%.
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3.8. Spectra
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CHAPTER-IV

Reactions of 2’,3’-Di-O-mesyl-5’-O-trityldyxo-uridine with Amines
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4.1. Introduction

Since the discovery of the anti-HIV activities of AZT, d,T, ddC and ddl, various attempts have
been made to devise newer methods to functionalise the 2'- and 3'-sites of the nucleosides'?.
Among them, the functionalisation of the double bond of the 2'-enenucleosides 1 was found
to be the most difficult and least useful method because of the unusual inert nature of these
double bonds; at least six different reagents (IN,, BrN;, INO,, IOCN, PhSeNO,,PhSeN,),
which were supposed to react with double bonds failed to react with 2'-enenucleosides’.
Phenyl sulphenyl chloride, the only reagent which reacted with the 2'-eneadenosine*, also
reacted with 2-eneuridine 1 but led to the formation of 2,2'-O-anhydro-3'-
deoxy-3'-alkylthiouridine 3 through the formation of the episulphonium intermediate 2a. It has
also been reported® that compound 1 on treatment with iodine in silver acetate produced
2,2'-0O-anhydro-3'-deoxy-3"-iodouridine 4 via, the formation of 2',3"-iodonium intermediate 2b
(Scheme-4.1). The problem, however, was circumvented by making use of the electron
deficient double bonds which were used as Michael acceptors such as 2',3"-ene-3'- sulphone’,

ene-nitrile’, ene-phenylselenones® (Schemes-1.44 and 1.32 in Chapter-l), etc.

The synthesis and use of electron-rich double bond such as enamines in nucleoside
chemistry, on the other hand, was an area which was studied least-the only reported

enaminonucleoside® so far, was synthesised from 5'-aldehydo derivative (Scheme-1.11 in
Chapter-1).

4.2. Present work

We have described in previous chapter that 2',3'-di-O-mesyl-5'-O-trityluridine on reaction with
secondary amines produced isocytidine derivatives,
1-(2,3-0-anhydro-5-O-trityl-p-D- lyxofuranosyl)-2-dialkylamino-4-pyrimidones, via  the
formation of 2,2'-O-anhydro-3'-O-mesyl-5'-O-trityluridine'® (Scheme-3.3 in Chapter-Ill).
Although the procedure gave access to hitherto unknown isocytidine derivatives, the starting
material was not particularly useful for the functionalisation of the sugar moiety of nucleosides,
as the first step, especially in the presence of basic reagents like amines, was always the

2,2'-0-anhydro-ring formation. We, therefore, reasoned that a study on the reactions between
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amines and 1-(2, 3-di-O-mesyl-5-O-trityl- g-D-lyxofuranosyl)- uracil 5a would give new insight
into the area of the functionalisation of the nucleosides, as unlike in the case of the ribo-

derivative'®, compound 5a would not undergo any intramolecular cyclisation.

As a result of that study, we describe in this chapter, that compound 5a on reaction with
secondary amines underwent a hitherto unknown "one-pot-multistep” conversion to generate
a new class of 1-(2,3-dideoxy-2-N- dialkylamino-5-O-trityl-D-
glycero-pent-2-enofuranosyl)-uracil 6a-d and 7a-d.

Synthesis of 1-(2,3-dideoxy-2-N-dialkylamino-5-O-trityl-D-glycero-pent-
2-enofuranosyl)- uracil 6a-d and 7a-d: In a typical procedure, compound 5a was treated
with neat morpholine at reflux temperature for 12h. The amine was removed under reduced
pressure and the oily residue was purified by column chromatography to produce an anomeric
mixture of isomers 6a and 7a in 75% yield. The pure a-isomer 7a was crystallised from
methanol (or isopropanol) in 26% yield. Piperidine, pyrrolidine and N-methylpiperazine
reacted in similar fashion to produce compounds 6b-d and 7b-d in 71%, 65% and 70% yields
respectively (Scheme-4.2); the a-isomers, namely, compounds 7b, 7¢c and 7d were separated
from the mixture through crystallisation in 20-25% yields. The f(-isomers were always
contaminated with varying amounts of a-isomers depending on the amine. In case of
pyrrolidine enamines a-anomer was predominant in the mixture; even after crystallisation the
mother liquer contained a mixture of both the isomers in aratio 3:2. Separation of the anomers
of pyrrolidine enamine was most difficult to achieve: after repeated crystallisation, the
a-anomer 7¢ was contaminated with 5-10% of the B-anomer. Attempts to react compound
5a with a primary amine (benzylamine) failed as the reaction produced an inseparable mixture
of compounds indicating the degradation of the starting material.

Reactions of 5'-O-trityl-3’-deoxy-2’-ketouridine 8 with secondary amines: In order to
assign the structures of compounds 6a-d and 7a-d formed in these reactions, the known
2'-B-ketouridine 8 (ref.11 and 12) was reacted with neat morpholine in the same as was done
in case of the dimesyl derivative. The mixture of products obtained from the reaction was
identical and similar to the products 6a and 7a obtained from the reactions of compound 5a
and morpholine; treatment of compound 8 with 10 equivalents pyrrolidine in a mixture of

toluene and benzene (1:1)° produced compounds 6¢ and 7¢ (Scheme-4.3). However
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starting material was recovered when 1-(2, 3-di-O-mesyl-5-O-trityl- §-D- lyxofuranosyl)- uracil

5a was treated with 10 equivalents of pyrrolidine in other solvent systems (DMSO, DMF,
Pyridine). To achieve this one pot conversion of 5a to 6 and 7, use of neat amines was
necessary.

Acid hydrolysis of enaminonucleosides 6a and 7a: The identity of the p-isomers present
in the mother liquor were established through the hydrolysed product of the representative
example 6a. As, the attempted hydrolysis of the pure crystallined isomer 6a under neutral
conditions (THF-water, 1:1; reflux; 12h) produced an anomeric mixture of the
2'-ketonucleosides and a single 2'-ketonucleoside under acidic conditions, the enamine 6a
was hydrolysed using acid (THF-water 5:1; conc. HCI, 3eqv.; reflux; 12h). The detritylated
2'-ketonucleoside was converted to 5'-O-benzoyl-3'-deoxy-2'-ketouridine 9 (Benzoyl
chloride; pyridine; 0°C to room temp.; 2h). The known'? 5'-O-trityl-3'-deoxy-2'-keto-B-uridine
8 was detritylated and benzoylated under similar conditions to produce the authentic
5'-O-benzoyl-3'-deoxy-2'-keto-f-uridine 98 (Scheme-4.4). The hydrolysed product 9
obtained from the enamine 6a present in the mother liquor was similar to the authentic keto
derivative (mixed 'H-NMR).
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The crystallised enamine was established to be the a-anomer with the help of crystal structure

analysis (Fig-4.1) ofarepresentative example 7d. In order to prove whether the acid hydrolysis
caused any anomerisation or not, the a-enamine 7a was subjected to the same acidic
conditions (THF-water 5:1; conc. HCI, 3eqv.; reflux; 12h); hydrolysis followed by benzoylation
produced 5'-O-benzoyl-3'-deoxy-2'-keto-a-uridine 10a. The structure of compound 10a was
unambiguously assigned by X-ray crystal structure analysis (Fig-4.2).

4.3. Structural Assignment

The spectral data were consistent with the structures assigned. A discussion on the 'H-NMR
will be pertinent here. The H-1' signals of both the sets of anomers appeared at around 7.0
ppm as doublets; however, H-1' of 6a-d were always more deshielded than the same of 7a-d.
A perusal of the COSY spectrum of compound 7a (Fig-4.3) revealed that H-1' was coupled
with H-4' showing a coupling constant of 4.2 Hz. It was also evident that H-1' was weakly
coupled with H-3". The H-1" of compound 6a, on the other hand showed a very small coupling
constant of 1.7 Hz. H-3' of both the anomers carrying a particular amine appeared at the
same ppm values as singlets showing that the difference in anomeric configuration had no
bearing on H-3'. Itis worth mentioning here that the chemical shift values of the vinyl protons

of all the enamines (H-3') followed the expected and reported' order, i.e. H-3' protons of
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pyrrolidine enamines (6c/7c, 4.48/4.49 ppm) were shielded most and the same protons of
morpholine enamine pair (6a/7a, 4.93/4.92 ppm) was least shielded. The H-4' of the a-anomer
7awere deshielded than thatof the 8-anomer 6a but the multiplet arising from the 5'-methylene
protons were more upfield in case of compound 6a. It may be concluded that the difference
in the stereochemistry around C-1' affected both C-4' and C-5' centers. The most striking
difference was noted when the chemical shift values of H-5 and H-6 protons of compounds
6a and 7a were compared. H-6 of 7a was shielded by 0.46 ppm and H-5 was deshielded by
0.65 ppm when compared with the same sets of signals of compound 6a. The drastic changes
in the positions of H-5 and H-6 signals indicated the difference in the anomeric configurations
of compounds 6a and 7a. A further comparison of the positions of H-5/H-6 and the splitting
pattern of H-5'/H-5" of compounds 6a-d and
1-(5-O-trityl-2,3-dideoxy-p-D-glycero-pent-2-enofuranosyl)- uracil'** ( 5'-O-trityld,U) revealed
the similarities in the configurations of the C-1' and C-4’ centers. In general, the a- and
p-enamines could be readily identified by the characteristic positions and coupling patterns
of the respective peaks arising from H-1'/H-4' and H-5/H-6 protons (Table-4.1). In mass

spectrum, all compounds showed peaks corresponds to M'-uracil and M*-Ph,COCH,
fragments.

Elucidation of the crystal structure of a representative example, compound 7d (Fig-4.1)
confirmed unambiguously our assertion that compounds 7a-d were indeed of a-configuration.
A perusal of the selected bond lengths and angles in and around the pentofuranose ring
(Tables 4.2a and 4.2b) revealed that C2'-C3' was a double bond. The shortening of the
neighbouring bonds indicated the presence of double bond character in them, presumably
due to delocalisation of the electron density in C2'-C3’ bond. The five membered sugar ring
was planar with the piperazine nitrogen lying in the plane.

The crystal structure elucidation of compound §'-O-benzoyl-3'-deoxy-2'-keto-a-uridine 10c
confirmed unambiguously that the compound was indeed a a-anomer. ORTEP drawing of
the molecule along with an atom labelling is shown in Fig.4.2. Bond lengths and angles for
the pyrimidine base are in expected range (Tables 4.3a and 4.3b). The bond length of the
oxygen attached C-2' of the sugar corresponded to those of double bond confirming keto
form. Underits influence, presumably, the neighboring bond C-3'-C-4' is shorter and furanosyl

intra ring angle at C-2' is wider compared to standard values. The pyrimidine base is in syn
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C3'-C4'-Cs’ 118
04'-C4'-Cs’ 111
C4'-C5-0-5' 104(1

Fig-4.1
Table-4.2a Table-4.2b
Selected bond lengths (A) for Selected bond angles (deg) for
compound 7d compound 7d
04'-C1' 1.44(3) 04'-C1'-C2 106(1)
04'-C4’ 1.41(2) C1-04'-C4’ 109(1)
C1'-N1 1.48(2) 0O4'-C1'-N1 111(3)
c1'-c2 1.48(3) C2-C-1'-N1 112(3)
cz-c3 1.34(3) c1-C2'-C3 109(2)
C2'-Np* 1.37(2) C1-C-2-Np* 122(2)
c3'-c4' 1.48(3) C3'-C2'-Np* 129(2)
C4'-C5' 1.53(3) C2-C3'-C4’ 109(1)
C5'-05' 1.42(2) C3-C4'-04’ 107(2)
)
)
)
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o )2
Fig-4.2
Table-4.3a Table-4.3b
Selected bond lengths (A) for Selected bond angles (deg) for
compound 10a compound 10«

04'-C1’ 1.408(6)
04'-C4' 1.469(7) C1-04'-C4’ 111.1(4)
C1'-N1 1.452(7) 04'-C1'-N1 112.3(4)
c1-c2 1.517(9) 04'-C1'-C2’ 105.4(5)
c2'-02 1.221(7) N1-C-1'-C2’ 113.5(5)
c2-c3 1.485(10) 02-Co-Cca 127.2(6)
C3'-C4' 1.518(9) 02'-C2-C1’ 123.0(7)
C4-Cs’ 1.480(8) C3-C2-Ct1’ 109.6(8)
C5-05’ 1.446(7) C2-C3-C4’ 103.9(5)
04'-C4'-C5’ 108.0(5)
04'-C4'-C3 106.3(5)

C5'-C4'-C3' 112.01(5)
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Table - 4.1
Compound H-1' H-3' H-4' H-5 H-6
No: e JhsHe Jnsns
(Solvent)
6a 6.99 (d) | 4.94 (m) | Merged 5.18 7.63
(CDCly) 1.7Hz withH-3' [ 8Hz 8 Hz
7a 7.06 (d) | 4.92(s) |5.14(m) | 5.83 717
(CDCl,) 4.2 Hz 8 Hz 8 Hz
6b 6.9 (bs) | 4.81(s) | 4.95 (m) 516 |7.55-7.25
(CDCly) Merged
8 Hz | with trityl
7b 70(d) | 481 (s) [5.08(m)| 575 7.2
(CDCly) 4.0 Hz 8 Hz 8 Hz
6c 6.94 (d) | 4.48 (s) | 4.98 (m) 5.24 7.53
(CDCly) 1.1 Hz 8 Hz 8 Hz
7c 7.0 (d) 4.49(s) | 5.19 (m) 5.78 7.51-7.22
(CDCly) 4.1 Hz 8 Hz Merged
with trityl
6d 6.96 (d) | 4.87 (s) | 4.94 (m) 5.14 7.53
(CDCl,) 1.3 Hz 8 Hz 8 Hz
7d 7.02(d) | 4.86(s) |5.13 (m) 5.76 7.12
(CDCly) 43Hz 8 Hz 8 Hz

conformation. This is in contrast to the more common anti-conformation observed in
pyrimidine nucleosides'”. It may be noted that bulky group at C-1' and C-4' disposed on

opposite sides of the furanosyl ring here, was conducive to syn conformation.
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4.4. Discussion

It was reported in the literature'® that compound 5a on direct nucleophilic displacement
reaction with thiols produced 2',3'-dideoxy-2',3'-dithiophenyl-uridine 11 (Scheme-4.5).
Therefore, the first step of our study was to eliminate the possibility of the involvement of the
intermediates  such as  2'-O-mesyl-3'-deoxy-3'-morpholino-5'-O-trityl-ara-  and
2'-deoxy-2'-morpholino-3'-O-mesyl-5'-O-trityl-xylo-uridines 13b and 14b respectively, which
could have formed by the direct nucleophilic attack of the amines at the 2'- or 3'-site of
compound 5a.

Scheme-4-5

MsO  OMs

+x0 ol !V —@—SH TrO 0
—_— =
NaH

Sa

We converted compounds 13a and 14a (obtained from the reactions between compound 12
and morpholine™) separately to the mesylated derivatives 13b and 14b (Mesy! chloride:
Pyridine; +4°C); a mixture of 13b and 14b was then heated under reflux with neat morpholine.
The reactiondid not furnish the enamines 6a and 7a; instead, the starting materials underwent

extensive degradation as was evident from tic (Scheme-4.6).

As it was well known that under basic or even nucleophilic  conditions,
1-(2,3-di-O-mesyl-5-O-benzoyl- B-D-lyxofuranosyl)- uracil 5b underwent an elimination
reaction to form the 1-(2,3-dideoxy-2-O-mesyl-5-O-benzoyl- D-glycero-
pent-2-enofuranosyl)- uracil'” 15a (Scheme-4.7) it could be assumed that similar type of
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Scheme-4-6
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ene-mesylate derivative 15b was also an intermediate formed in the present case.

To prove that point unambiguously, we synthesised
1-(2,3-dideoxy-2-O-mesyl-5-O-trityl-p-D-glycero-pent-2-enofuranosyl)-uracil ~ 15b  from
compound 5a (BuOK, DMSQ). It was extremely difficult to obtain compound 15b in pure
form as in solution some of it got converted into the corresponding keto derivative 8 as was
evident from the *C-NMR. Compound 15b was then reacted with morpholine (neat; reflux;
1h). The reaction did furnish compounds 6a and 7a (Scheme-4.8).

As the formation of the ene-mesylate 15b as intermediates alone did not explain the formation
of the anomers 6a and 7a, formation of the 2'-ketonucleoside 8 was thought to be prerequisite
for the anomerisation to take place. It is not illogical to assume the formation of the
2'-ketonucleosides as it was well known in the literature that the conversion of the
ene-mesylates to the 2'-ketonucleoside was a facile reaction under basic conditions''*, The
assumption was further supported by the fact that the pure 2'-ketonucleoside 8 could be

converted to the mixture of anomers 6a and 7a very easily as described above.

The formation of 3'-deoxy-2'-ketonucleosides 8 from 2',3'-di-O-mesyl-lyxo-uridine derivatives
5a was shown to go through the two mechanistic pathways such as, base catalysed
p-elimination reactions' ' and 1,2 hydride shift rearrangements®*® (This part will be
discussed in detail next chapter). In the present system, whether the 2'-ketonucleoside 8
was formed directly from compound 5a through 1,2-hydride shift®*® remained to be
established; however, all reports of 1,2-hydride shift in case of nucleosides involved the

presence of metal ions®*?®. The possible two mechanism of this conversion was shown in
scheme 4.9.

4.5. Conclusion

In this chapter, we have decscribed that the mode of reactions of
2',3'-di-O-mesyl-5'-O-trityl-lyxo-uridine 5a with secondary amines was completely different
than that of 2',3'-di-O-mesyl-5’-O-trityl-ribo-uridine. We have also described an interesting

and distinct difference in behaviour of 2',3'-di-O-mesyl-lyxo-uridine 5a towards basic
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Scheme-4-9

TrO

nucleophiles (amines) as compared to other nucleophiles such as thiols; the amines reacted
as bases first to modulate the course of reactions whereas the thiols produced the expected

substitution products.
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4.6. Experimental

Melting points were uncorrected. All amines were purchased from Aldrich, U.S.A. and were
used without further purification. Uridine was purchased from Pharma Waldhof GmbH,
Germany and used as received. Thin Layer Chromatography was performed on Merk
precoated 60 F,s, plates. Compounds were visualised on TLC plate under UV light. Column
chromatographic separations were done using silica gel (Silica gel 60, 230-400 mesh, E.
Merck) or basic alumina (Brockmann Grade | for Chromatography, S.D. Fine Chem. Ltd.,
India). '"H-NMR (200 MHz) and *C-NMR (50 MHz) spectra were recorded on Bruker ACF200
NMR spectrometer (b scale) using TMS, solvent chloroform-d or dioxane (in case of D,0) as

internal standards. Mass spectra were recorded on Finnigan MAT 1020B GC/MS.
Synthesis of 1-(2,3-di-O-mesyl-5-O-trityl-B-D-lyxofuranosyl)- uracil 5a:

Lyxouridine' (10mmol) was dried by coevaporation with dry pyridine and redissolved in same
solvent (60ml). Trityl chloride (13 mmol) was added and the solution was kept for overnight
at room temperature. The reaction mixture was then heated at 100°C for 3 hours. After
completion of the tritylation (tic), the reaction mixture was cooled to 0°C. Methanesulphonyl
chloride (30 mmol) in pyridine (20ml) was added dropwise to it. After completion of the addition,
the reaction mixture was allowed to warm up to room temperature and left at that temperature
for 20 hours. The reaction mixture was then poured in to the saturated sodium bicarbonate
solution (S00ml) and was extracted with ethyl acetate (3x200ml). Ethyl acetate solution was
evaporated to dryness and the residual pyridine was coevaporated with toluene. The residue

thus obtained was purified on silica gel column. The product was crystalised from methanol.

Yield T 75%

M.P . 227°C (229°C)"®
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H-NMR  : (CDCly: & 9.3 (bs, 1H) NH; 7.48-7.24 (m, 16H) trityl, H-6; 6.38 (d, 6.3 Hz,
1H) H-1"; 5.7 (d, 8 Hz, 1H) H-5; 5.41 (m, 1H) / 5.33 (m, 1H) H-2/H-3"; 4.28
(m, 1H) H-4'; 3.71-3.44 (m, 2H) H5', 5"; 3.09 (s, 3H) / 2.95 (s, 3H) 2',3', mesy!
CH,

“C-NMR : (CDCly): & 163.7, C-4; 150.9, C-2; 143.3, trityl; 140.3, C-6; 128.8, 128.2,
127.6, trityl; 102.4, C-5; 87.8, trityl; 82.0, C-1"; 77.9/77.1,C-2'/C-3", 74.9, C-4/,
61.7, C-5'; 38.9, 38.6, 2'/3'mesyl CH,.

Synthesis of 1-(2,3-dideoxy-2-N-morpholino-5-O-  trityl-§-D-glycero-  pent-2-
enofuranosyl)- uracil 6a and 1-(2,3-dideoxy-2-N- morpholino-5-0-
trityl-a-D-glycero-pent-2- enofuranosyl)- uracil 7a:

A solution of compound 5a (1mmol) in neat morpholine (2ml) was heated under reflux for
12h. After the completion of the reaction, the amine was evaporated under reduced pressure.
The oily residue was purified by column chromatography on basic alumina.

Total yield: 75%

Compound 6a:

'H-NMR  :  (CDCly): 8 7.63 (d, 8 Hz, 1H) H-6; 7.49-7.22 (m, 15H) trityl; 6.99 (d, 1.7 Hz,
1H) H-1"; 5.18 (d, 8 Hz, 1H) H-5; 4.95-4.93 (m, 2H) H-4", H-3"; 3.72 (t, 4H)
H,C-O-CH,; 3.4-3.23 (m, 2H) H-5', 5"; 3.06-2.94 (m, 4H) H,C-N-CH,,.

“C-NMR (CDCly): 6163.9, C-4; 151.3, C-2; 145.1, C-2'; 143.5, trityl; 141.4, C-6; 128.9,
127.9, 127.4, trityl; 102.8/101.3, C-5/C-3'; 87.2/86.1/84.1, trityl/C-1'/C-4’;
66.2, C-5'and H,C-O-CH,, 48.7, H,C-N-CH,

Mass (El) : m/z 426 (M'-uracil, 20%); 264 (M*-Ph,COCH,, 40%).

Compound 7a: (Compound 7a was crystallised from methanol)
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Yield T 26%
M.P : 193°C
'H-NMR . (CDCLy): 6 7.49-7.22 (m, 15H) trityl; 7.17 (d, 8 Hz, 1H) H-6; 7.06 (d, 4.2 Hz,

1H) H-1", 5.83 (d, 8 Hz, 1H) H-5; 5.14 (m, 1H) H-4"; 4.92 (s, 1H) H-3"; 3.7 (t,
4H) H,C-O-CH,; 3.25-3.09 (m, 2H) H-5', 5"; 3.03-2.81 (m, 4H) H,C-N-CH,.

BC-NMR . (CDCly): 5163.9,C-4; 151.2,C-2;145.7,C-2": 144 .1, trityl; 140.2, C-6; 128.9,
128.1, 127.3, trityl; 103.6/103.1, C-5/C-3"; B6.9/86.5/84.8, trityl/C-1°/C-4’;
67.4, C-5'; 66.3, H,C-O-CH,; 48.8, H,C-N-CH,.

Mass (El) : m/z 426 (M*-uracil, 20%); 264 (M*-Ph,COCH,, 40%).

Synthesis of 1-(2,3-dideoxy-2-N-piperidino-5-O-trityl-g-D-glycero-
pent-2-enofuranosyl)- uracil 6b and 1-(2,3-dideoxy-2-N-piperidino-5-O-trityl-a-D-
glycero-pent-2-eno-furanosyl)- uracil 7b:

A solution of compound 5a (1mmol) in neat piperidine (2ml) was heated at 80°C for 12h. After
the completion of the reaction, the amine was evaporated under reduced pressure. The oily
residue was purified by column chromatography on basic alumina.

Total yield: 71%

Compound 6b:

'H-NMR  : (CDCly): & 7.55-7.25 (m, 16H) trityl, H-6; 6.90 (bs, 1H) H-1"; 5.16 (d, 8 Hz,
1H) H-5; 4.95 (m, 1H) H-4"; 4.81 (s, 1H) H-3"; 3.40-3.10 (m, 2H)H-5', 5™ 2.95
(bs, 4H) H,C-N-CH,; 1.55 (bs, 6H) H,C-CH,-CH,

C-NMR : (CDCl,):8164.1,C-4; 151.3,C-2; 145.0, C-2'; 143.5, trityl: 141.7, C-6; 128.6,
127.9,127.2, trityl; 102.4/99.3, C-5/C-3'"; 87.0/86.4/84.0, trityl/C-1'/C-4"; 66.7,
C-5"; 49.3, H,C-N-CH,; 25.1, 24.0, H,C-CH,-CH,.
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Mass (El) : m/z 423 (M*-uracil, 10%); 262 (M*-Ph,COCH,, 10%).

Compound 7b: (Compound 7b was crystallised from methanol)

Yield . 20%
M.P ©193°C
'H-NMR  :  (CDCly): b 7.48-7.22 (m, 15H) trityl; 7.20 (d, 8 Hz, 1H) H-6; 7.00 (d, 4.0Hz,

1H) H-1";5.75 (d, 8Hz, 1H) H-5;5.08 (m, 1H) H-4"; 4.81 (s, 1H) H-3": 3.20-3.04
(m, 2H) H-5', 5"; 2.88 (bs, 4H) H,C-N-CH,; 1.53 (bs, 6H) H,C-CH,-CH,.

“C-NMR : (DMSO-dy): 6 163.4, C-4; 151.2, C-2; 144.9, C-2'; 144.1, trityl; 140.8, C-6:
128.7, 128.3, 127.4, trityl; 103.2/99.0, C-5/C-3'; 86.2/84.3, trityl/C-1/C-4"
67.4, C-5; 49.0, H,C-N-CH,; 24.9, 23.9, H,C-CH,-CH,.

Mass (El) : m/z 423 (M*-uracil, 10%); 262 (M*-Ph,COCH,, 10%).
Synthesis of 1-(2,3-dideoxy-2-N-pyrrolidino-5-O-trityl-p-D-glycero-pent-2-

enofuranosyl)- uracil 6c and 1-(2,3-dideoxy-2-N- pyrrolidino-
5-O-trityl-a-D-glycero-pent-2- enofuranosyl)- uracil 7c:

A solution of compound 5a (1mmol) in neat pyrrolidine (2ml) was heated at 60°C for 10h.
After the completion of the reaction, the amine was evaporated under reduced pressure. The

oily residue was purified by column chromatography on basic alumina.

Total yield: 65%

Compound 6c:

'H-NMR  : (CDCI,): 8 7.53 (d, 8 Hz, 1H) H-6; 7.48-7.22 (m, 15H) trityl; 6.94 (d, 1.1 Hz,
1H) H-1',6.24 (d, 8Hz, 1H) H-5; 4.98 (m, 1H) H-4"; 4.48 (s, 1H) H-3"; 2.94-3.11
(m, 6H) H,C-N-CH,, H-5', 5"; 1.87 (m, 4H) H,C-CH,
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BC.NMR : (CDCly): 5164.0, C-4; 151.1, C-2; 143.6, C-2'; 141.7, trityl; 141.2, C-6; 128.8,
127.9,127.2, trityl; 102.8/93.7, C-5/C-3'; 87.0/85.2/84.7, trityl/C-1'/C-4"; 66.9,
C-5'; 48.6, H,C-N-CH,; 25.2, H,C-CH,

Mass (El) : m/z248 (M*-Ph,COCH,, 5%)

Compound 7c: (Compound 7¢ was crystallised from methanol)

Yield . 20%
M.P . 158°C
'H-NMR  : (CDCL,): 8 7.51-7.22 (m, 16H) trityl; H-6; 7.0 (d, 4.1 Hz, 1H) H-1; 5.78 (d, 8

Hz, 1H) H-5; 5.19 (m, 1H) H-4"; 4.49 (s, 1H) H-38'; 3.20-2.94 (m, 6H) H-5', 5;
H,C-N-CH,; 1.86 (m, 4H) H,C-CH,.

BC-NMR : (DMSO-de+CDCl): 6 163.43, C-4; 151.22, C-2; 144.1, C-2'; 142.0, trityl;
140.2, C-6; 128.66, 128.1, 127.3, tityl; 103.37/93.55, C-5/C-3"
86.84/86.27/84.78, trityl/C-1'/C-4'; 68.28, C-5'; 48.46, H,C-N-CH,; 25.08,
H,C-CH,

Mass (El) : m/z 248 (M*-Ph,COCH,, 5%)

Synthesis of 1-[2,3-dideoxy-2-N-(N-methylpiperazino)-5-O-
trityl-p-D-glycero-pent-2-enofuranosyl]- uracil 6d and 1-[2,3-dideoxy-
2-N-(N-methylpiperazino)-5-O-trityl-a-D-glycero-pent-2- enofuranosyl]- uracil 7d:

A solution of compound Sa (1mmol) in neat N-methylpiperazine (2ml) was heated at 80°C
for 24h. After the completion of the reaction, the amine was evaporated under reduced

pressure. The oily residue was purified by column chromatography on basic alumina.

Total Yield: 70%
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'H-NMR

“C-NMR

Mass (El)

Compound 7d:

Yield

M.P

'H-NMR

C-NMR

Mass (El)

186

(CDCIy): 6 7.53 (d, 8 Hz, 1H) H-6; 7.47-7.20 (m, 15H) trityl; 6.96 (d, 1.3 Hz,
1H) H-1",5.14 (d, 8Hz, 1H) H-5; 4.94 (m, 1H) H-4"; 4.87 (s, 1H) H-3"; 3.37-3.20
(m, 2H) H-5', 5" 3.10-2.94 (m, 4H) ,C-N-CH, 243-232 (m, 4H)
H,C-N(CH,)-CH,; 2.29 (s, 3H) N-CH,

(CDCly): 8163.1,C-4,151.4, C-2; 144.7, C-2'; 143.5, trityl, 141.3, C-6; 128.8,
127.9, 127.3, trityl; 102.6/100.7, C-5/C-3'; 87.1/86.2/84.0, trityl/C-1'/C-4',
66.5, C-5'; 54.7, H,C-N(CH,)-CH,; 48.0, H,C-N-CH,; 45.8, N-CH,

m/z 549 (M*, 2%) 437 (M*-uracil, 20%); 277 (M*-Ph,COCH,, 10%)
(Compound 7d was crystallised from methanol)

22%

220°C

(CDCly): 8 9.25 (bs, 1H) N3-H; 7.48-7.22 (m, 15H) trityl; 7.12 (d, 8 Hz, 1H)‘
H-6;7.02 (d, 4.3 Hz, 1H) H-1"; 5.76 (d, 8 Hz, 1H) H-5; 5.20-5.07 (m, 1H) H-4',
4.86 (s, 1H) H-3'; 3.23-3.08 (m, 2H) H-5', 5"; 3.02-2.88 (m, 4H) H,C-N-CH,;
2.42-2.37 (m, 4H) H,C-N(CH)-CH,; 2.84 (bs, 3H) N-CHj,.

(DMSO-dg): 6 163.4, C-4; 151.1, C-2; 144.7, C-2"; 144.0, trityl; 140.4, C-6;
128.6, 1281, 127.3, ftrityl, 103.1/100.0, C-5/C-3'; 86.2/85.9/84.2,

trityl/C-1/C-4"; 67.5, C-5"; 54.1, H,C-N(CH,)-CH,; 47.9, H,C-N-CH,: 46.1,
N-CH,.

m/z 549 (M, 2%) 437 (M"*-uracil, 20%); 277 (M*-Ph,COCH,, 10%)
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Synthesis of 5’-O-benzoyl-3’-deoxy-2’-ketouridine 9f from compound 6a:

A solution of compound 6a (0.5mmol) and conc. HCI (1.5mmol) in THF/H,O (6ml, 5:1) was
heated under reflux for 12 h. After completion of the reaction, solvents were evaporated under
reduced pressure. The oily residue was coevaporated with pyridine and redissolved in the
same solvent (6ml). the solution was cooled at 0°C and benzoyl chloride in pyridine was
added to it. After the addition, the reaction mixture was stirred at room temperature for 2h.
the reaction mixture was poured into the saturated sodium bicarbonate solution and was
extracted with ethyl acetate. Organic layer was dried over sodium sulphate and evaporated
under reduced pressure. The oily residue was purified on silica gel column. Yield: 65 %.

Synthesis of 5’-O-trityl-3'-deoxy-2'-ketouridine 8:
Compound 8 was synthesised using reported procedure'''2.

Synthesis of authentic 5'-0O-benzoyl-3’-deoxy-2’-ketouridine 94 from compound 8:

A solution of compound 8 (1mmol) and conc. HCI (8mmol) in THF (5ml) was heated under
reflux. After completion of the reaction, solvents were evaporated under reduced pressure.
The oily residue was coevaporated with pyridine and redissolved in the same solvent (6ml).
The solution was cooled at 0°C and benzoyl chloride in pyridine was added to it . After the
addition, the reaction mixture was stirred at room temperature for 2h. The reaction mixture
was poured into the saturated sodium bicarbonate solution and was extracted with ethyl

acetate. Organic layer was dried over sodium sulphate and evaporated under reduced
pressure. The oily residue was purified on silica gel column.

Yield . 70%
M.P . 191°C
'H-NMR . (DMSO-dy): 6 11.57 (bs, H) N-H; 8.02-7.49 (m, 6H) benzoyl, H-6 ; 5.65 (d,

7.9 Hz 1H) H-5; 5.52 (s, 1H) H-1'; 4.75 (m, 1H) H-4"; 4.49 (m, 2H) H-5", 5"
2.77 (d, 7.9 Hz, 2H) H-3', 3"



PC-NMR

Mass (El)

188

(DMSO-dg): 6 207.4, C-2"; 166.1, benzoyl keto; 163.7, C-4; 150.6, C-2; 145.2,
C-6, 133.9, 129.8, 129.2, phenyl; 102.6, C-5; 86.5, C-1'; 73.7, C-4"; 66.4,
C-5',86.7, C-3".

330 (M*, 10%); 219 (M*-uracil, 15%); 208 (M*-BzOH, 25%); 195 (M*-BzOCH,,
5%).

Synthesis of 5’-O-benzoyl-3'-deoxy-2'-keto-a-uridine 10a from enamine 7a:

A solution of compound 7a (1mmol) and conc. HCI (3mmol) in THF/H,O (6ml, 5:1) was heated
under reflux for 12 h. After completion of the reaction, solvents were evaporated under reduced

pressure. The oily residue was coevaporated with pyridine and redissolved in the same solvent

(6ml). The solution was cooled at 0°C and benzoyl chloride in pyridine was added to it . After

the addition, the reaction mixture was stirred at the same temperature for 2h. The reaction

mixture was poured into saturated sodium bicarbonate solution and was extracted with ethyl

acetate. Organic layer was dried over sodium sulphate and evaporated under reduced
pressure. The oily residue was purified on silica gel column.

Yield

M.P

'H-NMR

""C-NMR

Mass (El)

67 %,
195°C

(DMSO-dg):  11.62 (bs, H) N-H; 7.99-7.46 (m, 6H) benzoyl, H-6 ; 5.65 (d,
7.9 Hz 1H) H-5; 5.59 (s, 1H) H-1"; 4.97 (m, 1H) H-4'; 4.54-4.35 (m, 2H) H-5',
5", 2.97-2.63 (m, 2H) H-3', 3",

(OMSO-d,): 6206.5, C-2'; 166.0, benzoyl keto; 163.8, C-4; 151.2, C-2; 145 6,
C-6; 133.9, 129.7, 129.2, phenyl; 102.3, C-5; 86.67, C-1": 76.9, C-4": 66.85,
C-5'; 37.6, C-3'

330 (M, 10%); 219 (M"-uracil, 15%); 208 (M*-BzOH, 25%); 195 (M*-BzOCH,,
5%).
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Synthesis of 2’-O-mesyl-3'-deoxy-3’-morpholino- 5’-O- trityl-ara-uridine 13b:

Compound 13a (0.5mmol) was dried by coevaporation with dry pyridine and redissolved in
the same solvent (10ml). The solution was cooled at 0°C and methanesulphonyl chloride
(1.5mmol) in pyridine (Sml) was added dropwise to it. After completion of the addition, the
solution was left at +4°C overnight. The reaction mixture was then poured in to the ice-cold
water. The white precipitate was filtered and the residue was washed thoroughly with water.
The residue was redissolved in ethyl acetate, dried over sodium sulphate and filtered. The

filtrate was evaporated to dryness. The residue thus obtained was purified on silica gel column.

Yield : 68%
M.P : 155°C
'H-NMR : (CDCly): 59.18 (bs, 1H) NH; 7.69 (d, 8 Hz, 1H) H-6; 7.47-7.24 (m, 15H) trityl;

6.14 (d, 4.6 Hz, 1H) H-1"; 5.68 (d, 8 Hz, 1H) H-5; 5.38 (m, 1H) H-2": 4.13 (m,
1H) H-4'; 8.67 (m, 4H) H,C-O-CH,; 3.59-3.36, (m, 3H) H-5', 5", H-3"; 2.95 (s,
3H) 2'-mesyl CH,; 2.71-2.58, H,C-N-CH,

“C-NMR : (CDCL): & 163.5, C-4; 150.5, C-2; 143.4, trityl; 140.8, C-6;, 128.7, 128.1,
127.5, trityl; 102.7, C-5; 87.3, trityl; 83.7, C-1'; 77.4/76.9, C-2'/C-4": 70.8, C-3"
66.9, H,C-O-CH,, 63.2, C-5'; 50.6, H,C-N-CH,; 38.5, 2'-mesyl CH.,

Synthesis of 2’-deoxy-2"-morpholino-3’-0- mesyl-5’-O-trityl-xylo-uridine 14b:

Compound 14b was prepared'® from 14a and purified as described in case of compound
13b.

Yield . 70%

M.P . 134°C
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'H-NMR  : (CDCl): 8 9.1 (bs, 1H) NH; 7.45-7.25 (m, 16H) trityl, H-6; 6.19 (d, 4.4 Hz,
1H) H-1'; 5.63 (d, 8 Hz, 1H) H-5; 5.29 (m, 1H) H-3'; 4.32 (m, 1H) H-4'; 3.75
(m, 4H) H,C-O-CH,; 3.67-3.6, 3.38-3.26 (m, 3H)H-5', 5", H-2"; 2.83 (s, 3H)
3-mesyl CH,; 2.72 (m, 4H) H,C-N-CH,

“C-NMR : (CDCly: & 162.3, C-4; 149.4, C-2; 142.3, trityl; 138.7, C-6; 127.6, 127.0,
126.4, trityl; 102.2, C-5; 86.5, trityl; 83.2, C-1'; 77.9, 77.2, 74.7, C-2'/C-3'/C-4";
65.6, H,C-O-CH,; 60.6, C-5"; 50.3, H,C-N-CH,; 37.5, 3-mesyl CH,.

Synthesis of 1-(5-O-trityl-3-deoxy-2-O-mesyl-f-D-glycero- pent-2- eno-furanosyl)-
uracil 15b:

A solution of compound 5a (1mmol) in DMSO (3ml) was treated with pottassium t-butoxide
(2mmol). After 12h, the reaction mixture was poured in to the water which was substiquently
extracted with ethyl acetate. The organic layer was dried over sodium sulphate and
evaporated to dryness. The product obtained was purified on silica gel column.

Yield . 30%
M.P . 134°C
'H-NMR  :  (CDCIy): 89.00 (bs, 1H) NH; 8.05 (d, 8 Hz, 1H) H-6; 7.4-7.28 (m, 15H) trity:

6.93-6.9 (m, 1H) H-1"; 6.17 (t, 1H) H-3"; 5.03-4.97 (m, 2H) H-5, H-4"; 3.6-3 4
(m, 2H) H-5", 5"; 3.24 (s, 3H) mesyl CH,

C-NMR : (CDCly): & 163.6, C-4; 151.2, C-2; 143.0, trityl: 140.82/140.73, C-6/C-2":
128.9, 128.7, 128.2, trityl; 115.7, C-3"; 103.1, C-5; 87.8, trityl, 84.9/82.9,
C-1'/C-4’; 64.4, C-5'; 38.7, CH,,.
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Reaction of morpholine with compound 15b.

A solution of compound 15b (0.28mmol) in neat morpholine (2ml) was heated under reflux
for 1h. After the completion of the reaction, the amine was evaporated underreduced pressure.
The oily residue was purified by column chromatography on basic alumina to produce a
mixture of compounds 6a and 7a. Yield 60 %.

Reaction of morpholine with 5’-O-trityl-3’-deoxy-2’-ketouridine 8:

A solutiun of compound 8 (1mmol) in neat morpholine (2ml) was heated under reflux. After
1 h, the amine was evaporated under reduced pressure. The oily residue was purified by

column chromatography on basic alumina to produce a mixture of compounds 6a and 7a.
Yield. 70 %.

Reaction of pyrrolidine with 5’-O-trityl-3'-deoxy-2’-ketouridine 8:

A mixture of compound 8 (1mmol) and pyrrolidine (10 mmol) in toluene and benzene (1:1,
20 ml) was heated under reflux for 20 hours. The reaction mixture was evaporated to dryness

and the residue was purified on basic alumina column to produce a mixture of enamines 6c¢
and 7c. Yield: 63%.

Reactions of morpholine with compounds 13b and 14b:
A solution of a mixture of compounds 13b and 14b (1 mmol, 0.5 mmol each) in neat morpholine

(5ml) was heated under reflux for 6h. The reaction did not produce any isolable compounds;

instead the starting materials underwent extensive degradation (tlc).
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4.8. Spectra
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CHAPTER-V

Reactions of 5°-O-Trityl-3’-O-mesyluridine, 2°,3’-Di-O-mesyl-5’-O-
trityl-ara-uridine and 2’,3’-Di-O-mesyl-5"-O-trityl-xylo-uridine with Amines
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5.1. Introduction

We have described' in Chapter-1ll that 2',3'-di-O-mesyl-5"-O-trityluridine on reaction with
secondary amines produced isocytidine derivatives, 1-(2,3-O-anhydro-5-O-trityl-f-D-
lyxo-furanosyl)-2- dialkylamino- 4-pyrimidones, via the formation of
2,2'-O-anhydro-3'-O-mesyl-5"-O-trityluridine (Scheme-3.3 in Chapter-lll). As already
discussed in Chapter-1V, the procedure gave access to new isocytidine derivatives; but the
methodology was not particularly useful for the functionalisation of the sugar moiety as the
first step, was always the 2,2'-O-anhydro ring formation. We, therefore, decided to study the
reactions between amines and 1-(2,3-di-O-mesyl-5-O-trityl- B-D-lyxofuranosyl)- uracil, as
unlike in the case of the ribo- derivative, it would not undergo any intramolecular cyclisation.
Compound  1-(2,3-di-O-mesyl-5-O-trityl-B-D-lyxo- furanosyl)- uracil on reaction with
secondary amines generated a new class of enaminonucleosides® (Scheme-4.2 in
Chapter-1V). On the basis of the above observations, we envisaged that if the presence or
absence of the intramolecular cyclisation was the key feature of the reactions between various
sulphonylated pyrimidines and secondary amines, then even a properly functionalised

ribonucleoside with. no leaving group at the C-2' position would also form the
enaminonucleosides.

As we have established in the previous chapter that the generation of 2'-ketouridines in situ
was a prerequisite for the formation of enaminonucleosides, we envisaged thatany nucleoside
derivative capable of forming 2'-ketouridines in the reaction medium under basic or
nucleophilic conditions would be the substrate of choice for the synthesis of
enaminonucleosides.

A persual of literature established that the 2'-ketouridine could be obtained in situ from two

different kind of reactions namely, base catalysed elimination reactions®® and 1,2-hydride
shift rearrangements®'®,

Base catalysed elimination reactions®®: Sasaki and coworkers developed the base
catalysed B-elimination reactions directed towards the synthesis of 2'-ketouridines from
2',3'-di-O-mesyl derivatives. 5'-0-Benzoyl-2',3'-di-O-mesyl-lyxo-uridine 1 on treatment with
sodium benzoate in hot DMF produced 1-(5-O-benzoyl-2,3-dideoxy-2-0O-mesyl-$-D-pent-
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Scheme-5-1
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1 2a 3a
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——— e —>
MsO  OMs OMs o __|
4 2b 3b
0 U
- >
0
5

enofuranosyl)-uracil 2a which got transformed into 2'-ketouridine derivative 3a (ref.3)
(Scheme-5.1). ltwas also reported*that 2',3',5'-tri-O-m esyl-3-N-benzoyl-uridine 4 on reaction
with sodium carbonate in DMF produced 3',5'-cyclopropane derivative of 2'-ketouridine 5 via
a base catalysed elimination reaction (Scheme-5.2).

1,2-Hydride shift reactions in nucleosides®'®: A stereoselective deoxygenation of
ribofurancse derivatives involving 1,2-hydride shift was reported by Kawana and
coworkers®™. The synthetic utility of this method was demonstrated later by various
groups'*'®*" by synthesising novel carbohydrates or nucleoside derivatives. The derivatives
having a 3'-O-sulphonyl group alongwith either a 2'-free hydroxyl function 6a or a 2'-O-pivaloyl
group 10 produced 2'-ketonucleosides 7 under various reaction conditions through

1,2-hydride shift reaction. Compound 6a on reaction with Grignard reagent followed by acid
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treatment produced compounds 9 through the keto derivative 7a. To show the usefulness of
this interesting rearrangement, 3'-deoxy-ara-nucleosides 8a and 11 were synthesised
through 1,2-hydride shift reaction (Scheme-5.3).

Scheme-5-3
Ad  mg(OMe)2 Ad
RO 0 _NaBHs — .(OH?
12Hydr|d¢
6a:R=DMTr Ta 8a
HO S (0
(i) MeMgX
DMME 7] e
(ii) 80% AcOH y
3
9
PivO B HOH o B HO i i
KOH /MeOH HO
NaBH,
MsO  OPiv 0 X
1
10

B=U,C,Ad,G

Robins and coworkers reported” that 3'-O-tosyl-adenosine 6b on reaction with
triethylborohydride in THF produced 3'-deoxy-ara-adenosine 8b through 1,2-hydride shift.
This transformation was well studied using deuteriated nucleosides to estabilish the hydride
shift. Boron coordinated with the 2'-hydroxyl group which ultimately underwent 1,2-hydride
shift. The resulting 2'-ketone 7b simultaneously got reduced by hydride to yield
-ara-nucleoside 8b (Scheme-5.4).

Chattopadhyaya and coworkers described'® that 3'-O-tosyl-5'-O-trityluridine 6¢ on controlled
treatment with Grignard reagent produced 5'-O-trityl-3'-deoxy-2'-ketouridine 3c

(Scheme-5.5). In this case, the possibility of formation of a 2'-magnesium enol-ether complex
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Scheme-5-4
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was also proposed.

Base catalysed elimination and 1,2-Hydride shift reactions'”: Kawana and coworkers
described'” that compound 12 having sulphonyl group at the 2'-position underwent both kind
of reactions. Compound 12 on treatment with magnesium methoxide and sodium borohydride
underwent elimination reaction to produce ene-tosylate 14 which eventually produced the
keto derivative 7a. Under the same reaction conditions, the simple 2'-detosylation of
compound 12 to 13 led to the formation keto derivative 7a through 1,2-hydride shift
rearrangement (Scheme-5.6). The resulting ketonucleoside was reduced to its ara-derivative
8a. The incorporation of a deuterium atom at the C-3' of 8a throughp-elimination was examined
by the use of methanol-d, instead of methanol. The 'H-NMR spectrum of the product 8a
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Scheme-5-6
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obtained from 12 showed that the content of the deuterium at C-3' position was 37.5%. From

this observation, it was suggested that about 75% of the reaction proceeded through
elimination reaction path.

5.2. Present Work

The above mentioned literature®'® established that nucleoside derivatives having a
3'-O-sulphonyl group alongwith either a 2'-free hydroxyl function 6a-c or a 2'-O-pivaloyl group,
such as 10 produced 2'-ketonucleosides under various reaction conditions. Moreover, it was
established earlier'® that 3'-O-mesyluridine 17 did not undergo any 2,3'-O-anhydro ring
formation under various reaction conditions; this observation was important for our work
because formation of 2,3'-O-anhydro derivative from compound 17 would lead, through an
intramolecular reaction, to the formation of 2,2’-O-anhydro derivative and not the intended
ketone 3c. These results warranted us to use the 5'-O-trityl-3'-O-mesyluridine 17 as a

substrate for the synthesis of enaminonucleosides.
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We also decided to study the reactions of 5'-O-trityl-2',3'-di-O-mesyl-ara-uridine 21 (ref.19)
with secondary amines, as compound 21 would not undergo any intramolecular cyclisation.
In order to complete the studies on the reactions of sulphonylated pyrimidine nucleosides
with amines, we have also described the reactions of 2',3"-di-O-mesyl-5'-O-trityl-xylo-uridine
22 (ref.19) with amines in this chapter.

The improved synthesis of 5’-O-trityl-3’-O-mesyl-uridine 17: In order to use compound
17 as starting material, we had to develop a better method for its synthesis. In the earlier
method® for the preparation of 17, 5',2’-O-ditrityluridine was used as the starting material
which was obtained from uridine 15 in 32% yield'®; 5',2'-O-ditrityluridine was mesylated to
compound 16 , detritylated and retritylated selectively at the 5'-site to produce the required
product 17. The overall yield of this conversion was less than 15% (Scheme-5.7, path-a)
which was unacceptable to us as we needed compound 17 in large amount. Therefore, we
decided to improve the overall yield of compound 17 by using an alternative route.
5'-O-Trityluridine was reacted with pivaloyl chloride at -20°C followed by methanesulphonyl
chloride in one-pot fashion; usual work-up followed by column purification furnished
2'-O-pivaloyl-3'-O-mesyl-5'-O-trityluridine 18 in 80% yield®'. The pivaloyl group was removed
smoothly from compound 18 by aqueous methylamine®® at room temperature to produce

compound 17 in 68% yield. The overall yield of compound 17 in this case was greater than
40% (Scheme-5.7, path-b).

Reactions of 5’-O-trityl-3’-O-mesyl-uridine 17 with secondary amines: Compound 17
was reacted with morpholine, piperidine, pyrrolidine and N-methylpiperazine to furnish mixture
of enamines 19a/20a, 19b/20b, 19c/20c and 19d/20d respectively in good yields
(Scheme-5.8). Compounds 19a-d and 20a-d were similar in all respect to authentic
enaminonucleosides reported in previous chapter. These reactions and the product
distribution were more or less similar to the reactions between
2',3"-di-O-mesyl-5'-O-trityl-lyxo-uridine and secondary amines as reported in the previous
chapter; the only difference is that, compound 17 reacted with amines much more slowly
(28-30h) than 2',3'-di-O-mesyl-5'"-O-trityl-lyxo-uridine did (less than 12h with the exception of
N-methylpiperazine which took 24h). To illustrate the point that products obtained from these
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reactions were indeed the same enamines reported in Chapter-1V, compounds 19a and 20a
were separated, as representative examples, from the mixture following the same procedure;
both compounds were found to be identical ("H-NMR) with the earlier reported isomers.

Reactions of 2’,3'-di-O-mesyl-5'-O-trityl-ara-uridine 21 with secondary amines:
2',3'-Di-O-mesyl-5'-O-trityl-ara-uridine 21 was treated with morpholine, piperidine, pyrrolidine
and N-methylpiperazine at approximately 80°C. The products obtained were, as expected
the enaminonucleosides 19a-d and 20a-d (Scheme-5.9).

Reactions of 2',3'-di-O-mesyl-5’-O-trityl-xylo-uridine 22  with  piperidine:
2',3"-Di-O-mesyl-5"-O-trityl-xylo-uridine 22, did not produce any enaminonucleoside at all; the
only product that was isolated from the reactions of piperidine at 50°C was 2,
2'-0-anhydro-3'-O-mesyl-5'-O-trityl-lyxo-uridine 23 (Scheme-5.10). The 'H and *C NMR was
consistent to the structure assigned. It was obvious that 2,2'-O-anhydro ring formation from
compound 22 under basic conditions was very facile. The prolonged reaction time or heating
at > 50°C caused cleavage of the starting material.

Scheme-5-10

N
OMs OMs Iﬁj
Tr U TrO N

Piperidine 0 ﬂ;ﬂg— Cleaved
50°C 50°C >
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29 £S5

5.3. Discussion

An attempt to react compound 18 with secondary amines failed and the unreacted starting
material was recovered. This observation indicated that the formation of 2'-free hydroxy!

group was necessary for the enamine formation to take place. This assumption was further
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strengthened by the fact that when 2'-O-benzoyl-3'-O-mesyl-5'-O-trityluridine 25 was reacted
with piperidine at elevated temperature enaminonucleoside (19b/20b) formation took place
via generation of the 2'-free hydroxy derivative 17 as was evident by tic (Scheme-5.11).

Scheme-5-11

U TrO U
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24 18
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OBz MsO OBz

26 25

A discussion on the mechanism of formation of compounds 19 and 20 from 17 would be
pertinent here. It was obvious that the formation of the 2'-ketouridines 3¢ was a prerequisite
for the formation of the anomeric mixture of enamines 19 and 20. The 2'-ketonucleoside 3¢
could have formed directly from compound 17 through 1,2-hydride shift or through an enolic
intermediate 27. Although all reports of 1,2-hydride shift®'® in case of nucleosides involved
metal ions, the present report on the conversion of compound 17 to the 2'-ketouridine 3¢
strongly argued in favour of the 1,2-hydride shift mechanism as under no circumstances a
2'-free hydroxy nucleoside with a leaving group at the 3'-position was ever shown to form an
enolic intermediate 27 through elimination (Scheme-5.12).

It should also be noted here that although the conversion of any sulphonylated uridine to the
2'-ketouridine could take place either by 1,2-hydride shift or by the elimination of the mesylate,
the pathway was controlled by the configurations at the 2'- and 3'-centers of the starting
materials. For the formation of the ketouridine 3¢ from 2',3'-O-dimesyl-5"-O-trityl-lyxo-uridine,

both the 1,2-hydride shift and mesylate elimination processes had equal chance to operate
(Scheme-4.9 in Chapter-1V).
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Scheme-5-12
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The formation of enamines 19 and 20 from ara-derivative 21 could be attributed to
B-elimination reaction only (Scheme-5.13). The possibility of 1,2-hydride shift was ruled out

in this case by the fact that 1,2 hydride shift could take place only from the same side of the
ring.

5.4. Conclusion

We have shown for the first time that a ribonucleoside, such as uridine, as its
5'-O-trityl-3'-O-mesyluridine 17, on reaction with secondary amines produced

enaminonucleosides 19 and 20. The reaction proceeded through the formation of
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2'-ketouridine 3c in situ which was evident from the formation of both the o- and g- anomers
of the enaminonucleosides. More interestingly, two ribonucleoside derivatives,
2',3'-di-O-mesyl-5"-O-trityluridine and 5’-O-trityl-3'-O-mesyluridine on reaction with the same
group of amines produced completely different classes of compounds; in case of
2',3'-di-O-mesyl-5'-O-trityluridine derivative?, the 2,2'-O-anhydro ring formation was first step
which controlled the course of reactions and in the present case there was no possibility of
the intramolecular ring formation.
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5.5. Experimental

Melting points were uncorrected. All amines were purchased from Aldrich, U.S.A. and were
used without further purification. Uridine was purchased from Pharma Waldhof GmbH,
Germany and used as received. Thin Layer Chromatography was performed on Merk
precoated 60 F,;, plates. Compounds were visualised on TLC plate under UV light. Column
chromatographic separations were done using silica gel (Silica gel 60, 230-400 mesh, E.
Merck) or basic alumina (Brockmann Grade | for Chromatography, S.D. Fine Chem. Ltd.,
India). 'H-NMR (200 MHz) and "*C-NMR (50 MHz) spectra were recorded on Bruker ACF200
NMR spectrometer (b scale) using TMS, solvent chloroform-d or dioxane (in case of D,0) as
internal standards. Mass spectra were recorded on Finnigan MAT 1020B GC/MS.

Synthesis of 2’-O-pivaloyl-3’-O-mesyl-5'-O-trityluridine 18:

5'-O-Trityluridine (10mmol) was dried by coevaporation with dry pyridine and redissolved in
same solvent (60ml) and the reaction mixture was cooled to -20°C in a ice-salt bath. Pivaloyl
chloride (13mmol) in pyridine (20ml) was added dropwise to it. After completion of the addition,
the reaction mixture was stirred at same temperature. After 3 hours, methanesulphonyl
chloride (30 mmol) in pyridine (20ml) was added dropwise to it. After completion of the
addition, the reaction mixture was allowed to warm up to room temperature and left at that
temperature for 8 hours. The reaction mixture was then poured in to the aqueous saturated
sodium bicarbonate solution (500ml) and was extracted with ethyl acetate (3x200ml). Ethyl
acetate solution was evaporated to dryness and the residual pyridine was coevaporated with

toluene. The residue thus obtained was purified on silica gel column to furnish compound
18.

Yield o 80%

M.P : 110°C



'H-NMR

C-NMR
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(CDCI,): $9.25 (bs, 1H) NH; 7.64 (d, 8 Hz, 1H) H-6; 7.46-7.25 (m, 15H) trityl;
6.16 (d, 5.6 Hz, 1H) H-1"; 5.55 (t, 1H)/5.43-5.36 (m, 2H) H-5/H-2'H-3"; 4.39
(m, 1H) H-4"; 3.6 (d, 2H)H-5', H-5"; 3.0 (s, 3H) mesyl CHj; 1.26 (s, 9H) pivaloyl
(CHJ)s

(CDCly): & 177.3, pivaloyl CO; 163.4, C-4; 150.5, C-2; 142.9, trityl; 139.9,
C-6; 128.7, 128.1, 127.8, trityl; 103.1, C-5; 88.1, trityl; 86.9/82.1/75.9/72.6,
C-1'/C-2'/C-3'/C-4", 62.2, C-5"; 38.9, pivaloyl; 38.2, mesyl CH;; 27.0, pivaloyl
(CHy)s.

Synthesis 5’-0-trityl-3’-O-mesyluridine 17:

Compound 18 (3mmol) was treated with aqueous methylamine (3ml) at room temperature

for 4 hours. After completion of the reaction (tic), the reaction mixture was poured into water

(100ml) and was extracted with ethylacetate. Ethylacetate solution was dried over anhydrous

sodium sulphate and evaporated to oily material. The residue thus obtained was purified on
silica gel column to produce compound 17.

Yield

M.P

'H-NMR

""C-NMR

68%
152°C (152°C)®

(CDCI,): 810.99 (bs, 1H) NH; 7.81 (d, 8 Hz, 1H) H-6; 7.46-7.2 (m, 15H) trityl:
5.99 (d, 4.4 Hz, 1H) H-1"; 5.41-5.21 (m, 3H) H-5/ 2'-OH/H-3"; 4.76 (m, 1H)
H-4"; 4.45 (m, 1H) H-2; 3.57 (m, 2H) H-5", H-5"; 3.23 (s, 3H) mesyl CH,

(CDCly): b 163.4, C-4; 152.1, C-2; 143.2, trityl; 140.0, C-6; 128.8, 128.3,

127.7, trityl; 102.9, C-5; 89.4, trityl; 88.1/82.0/77.5/73.6, C-1'/C-2'/C-3'/C-4",
62.2, C-5'; 38.2, mesyl CH,.
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Reactions of 5’-O-trityl-3’-O-mesyluridine 17 with morpholine:

A solution of compound 17 (0. Smmol) in neat morpholine (2ml) was heated under refiux for
30h. After completion of the reaction, the amine was removed under reduced pressure. The
oily residue was purified by column chromatography on basic alumina to afford
1-(2,3-dideoxy-2-N-morpholino-5-O-trityl-a-D- glycero-pent-2-enofuranosyl)- uracil 19a and
1-(2,3-dideoxy- 2-N-morpholino-5-O-trityl-B-D-glycero-pent-2-enofuranosyl)- uracil 20a.
Yield: 72%. Compound 20a was separated from the mixture by crystallisation from methanol.

Reactions of 5’-O-trityl-3’-O-mesyluridine 17 with piperidine:

A solution of compound 17 (0. 5mmol) in neat piperidine (2ml) was heated at 90°C for 28h.
After completion of the reaction, th'e amine was removed under reduced pressure. The oily
residue was purified by column chromatography on basic alumina to afford
1-(2,3-dideoxy-2-N-piperidino-5-O-trityl-a-D- glycero-pent-2-enofuranosyl)- uracil 19b and
1-(2,3-dideoxy-2-N-piperidino-5-O-trityl:ﬁ-D-glycero-pent-2-enofuranosyl)- uracil 20b. Yield:
65%.

Reactions of 5’-O-trityl-3’-O-mesyluridine 17 with pyrrolidine:

A solution of compound 17 (0. Smmol) in neat pyrrolidine (2ml) was heated at 80°C for 30h.
After completion of the reaction, the amine was removed under reduced pressure. The oily
residue was purified by column chromatography on basic alumina to afford
1-(2,3-dideoxy-2-N-pyrrolidino-5-O-trityl-a-D- glycero-pent-2-enofuranosyl)- uracil 19¢ and
1-(2,3-dideoxy-2-N-pyrrolidino-5-O-trityl-B-D-glycero-pent-2-enofuranosyl) - uracil 20c. Yield:
60%.

Reactions of 5'-O-trityl-3’-O-mesyluridine 17 with N-methylpiperazine:

A solution of compound 17 (0. 5Smmol) in neat N-methylpiperazine (2ml) was heated at 100°C
for 28h. After completion of the reaction, the amine was removed under reduced pressure.

The oily residue was purified by column chromatography on basic alumina to afford
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1-(2,3-dideoxy-2-N-(N-methylpiprazino)-5-O-trityl-a-D-glycero-pent-2- enofuranosyl)- uracil
19d and 1-(2,3-dideoxy-2-N- (N-methylpiprazino)-5-O-trityl-f-D-glycero-pent-
2-enofuranosyl)- uracil 20d. Yield: 65%.

Synthesis of 2’,3'-di-O-mesyl-5’-O-trityl-ara-uridine 21:

5'-O-Trityl-arauridine (10mmol) was dried by coevaporation with dry pyridine and redissolved
in the same solvent (60ml) and the reaction mixture was cooled to 0°C. Methanesulphonyl
chloride (30mmol) in pyridine (20ml) was added dropwise to it. After completion of the addition,
the reaction mixture was allowed to warm up to room temperature and left at that temperature
for 8 hours. The reaction mixture was then poured into the aqueous saturated sodium
bicarbonate solution (500ml) and was extracted with ethyl acetate (3x200ml). Ethyl acetate
solution was evaporated to dryness and the residual pyridine was coevaporated with toluene.
The residue thus obtained was purified on silica gel column.

Yield . 75%
M.P : 178°C (178-180°C)"
'H-NMR  : (CDCIy): 9.6 (bs, 1H) NH; 7.6 (d, 8 Hz, 1H) H-6; 7.48-7.23 (m, 15H) trityl;

6.27 (d, 4 Hz, 1H) H-1": 5.58 (d, 8 Hz, 1H) H-5; 5.38 (m, 2H) H-2, H-3"; 4.17
(m, 1H) H-4'; 3.59-3.5 (m, 2H) H-5', H-5": 3.08 (s, 3H)/3.04 (s, 3H), 2'/3" mesyl
CH,.

“C-NMR : (CDCl,): d 163.4, C-4; 150.5, C-2; 143.2, trityl; 140.5, C-6; 128.8, 128.2,
127.8, trityl; 102.6, C-5, 87.7, trityl; 83.5/80.4/80.2/80.2; C-1'/C-2'/C-3'/C-4',
61.2, C-5’; 38.6/38.4, 2'/3' mesyl CH,.

Reactions of 2',3’-di-O-mesyl-5'-O-trityl-ara-uridine 21 with morpholine:
A solution of compound 21 (1mmol) in neat morpholine (2ml) was heated under reflux for 8h.

After completion of the reaction, the amine was removed under reduced pressure. The oily

residue was purified by column chromatography on basic alumina to afford
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1-(2,3-dideoxy-2-N-morpholino-5-O-trityl-a-D- glycero-pent-2-enofuranosyl)- uracil 19a and
1-(2,3-dideoxy-2-N-morpholino-5-O-trityl-B-D-glycero-pent-2-enofuranosyl)-  uracil  20a.
Yield: 60%

Reactions of 2°,3’-di-O-mesyl-5’-O-trityl-ara-uridine 21 with piperidine:

A solution of compound 21 (1mmol) in neat piperidine (2ml) was heated at 80°C for 6h. After
completion of the reaction, the amine was removed under reduced pressure. The oily residue
was purified by column chromatography on basic alumina to afford
1-(2,3-dideoxy-2-N-piperidino-5-O-trityl-a-D- glycero-pent-2-enofuranosyl)- uracil 19b and
1-(2,3-dideoxy-2-N-piperidino-5-O-trityl-8-D- glycero-pent-2-enofuranosyl)- uracil 20b. Yield:
56%.

Reactions of 2’,3’-di-O-mesyl-5’-O-trityl-ara-uridine 21 with pyrrolidine:

A solution of compound 21 (1mmol) in neat pyrrolidine (2ml) was heated at 70°C for 5h. After
completion of the reaction, the amine was removed under reduced pressure. The oily residue
was purified by column chromatography on basic alumina to afford
1-(2,3-dideoxy-2-N-pyrrolidino-5-O-trityl-a-D- glycero-pent-2-enofuranosyl)- uracil 19¢ and

1-(2,3-dideoxy-2-N-pyrrolidino-5-O-trityl-B-D- glycero-pent-2-enofuranosyl)- uracil 20¢. Yield:
44%.

Reactions of 2’,3’-di-O-mesyl-5’-O-trityl-ara-uridine 21 with N-methylpiperazine:

A solution of compound 21 (1mmol) in neat N-methylpiperazine (2ml) was heated at 80°C
for 8h. After completion of the reaction, the amine was removed under reduced pressure.
The oily residue was purified by column chromatography on basic alumina to afford
1-(2.3-dideoxy-2-N-(N-methylpiprazino)-5-O-trityl-cx-D-glycero—pent-2- enofuranosyl)-uracil
i9d and 1-(2,3-dideoxy-2-N- (N-methylpiprazino)-5-O-trityl-p-D-glycero-pent-
2-enofuranosyl)-uracil 20d. Yield: 53%.
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Synthesis of 2’,3'-di-O-mesyl-5'-O-trityl-xylo-uridine 22

Xylouridine™ (10mmol) was dried by coevaporation with dry pyridine and redissolved in same
solvent (60ml). Trityl chloride (13mmol) was added and the solution was kept for overnight
at room temperature. The reaction mixture was then heated at 100°C for 3 hours. After
completion of the tritylation (tic), the reaction mixture was cooled to 0°C. Methanesulphonyl
chloride (30 mmol) in pyridine (20ml) was added dropwise to it. After completion of the addition,
the reaction mixture was allowed to warm up to room temperature and left at that temperature
for 8 hours. The reaction mixture was then poured into the aqueous saturated sodium
bicarbonate solution (500ml) and was extracted with ethyl acetate (3x200ml). Ethyl acetate

solution was evaporated to dryness and the residual pyridine was coevaporated with toluene.
The residue thus obtained was purified on silica gel column.

Yield . 75%
M.P : 139°C (138-141°C)"
'H-NMR  : (CDCl,): 5 9.6 (bs, 1H) NH; 7.65-7.24 (m, 16H) trityl, H-6: 6.22 (d, 3.8 Hz,

1H) H-1'; 5.7 (d, 8 Hz, 1H) H-5; .41 (m, 1H)/5.22 (m, 1H) H-2/H-3'; 4.8 (m,
1H) H-4"; 3.66-3.42 (m, 2H) H-5", H-5"; 3.27 (s, 3H)/2.93 (s, 3H) 2'/3' mesyl
CH,.

“C-NMR : (CDCly): 5 163.7, C-4; 150.9, C-2; 143.1, trityl; 138.9, C-6; 128.8, 128.2,

127.6, trityl; 102.6, C-5; 88.5, trityl; 87.9/83.6/80.8/79.7, C-1'/C-2'/C-3'/C-4’;
61.0, C-5'; 38.7/38.2, 2'/3' mesyl CH,,

Reactions of 2’,3’di-O-mesyl-5’-O-trityl-xylo-uridine 22 with piperidine:

A solution of compound 22 (0.5mmol) in neat piperidine (2ml) was heated at 50°C. After 5h,
the excess amine was removed under reduced pressure. The oily residue was purified by

column chromatography on siliga gel to produce 2, 2'-O-anhydro-3'-O-mesyl-5'-O-trityl-fyxo-
uridine 23.
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Yield . 70%
M.P . 174°C
'H-NMR  : (CDCly): & 7.4-7.2 (m, 16H) trityl, H-6; 6.01 (d, 4 Hz, 1H) H-1"; 5.87 (d, 7.4

Hz, 1H) H-5; 5.47 (t, 1H)/5.34 (t, 1H) H-2'/H-3"; 4.33 (m, 1H) H-4'; 3.27-3.13
(m, 2H)H-5", H-5"; 2.92 (s, 3H), mesyl CH,

BC-NMR : (DMSO-dy): 6 171.1, C-4; 160.1, C-2; 143.6, trityl; 136.9, C-6; 128.5, 128.3,
127.6, trityl; 109.4, C-5; 88.9, trityl; 86.9/80.2/79.6/76.8; C-1'/C-2'/C-3'/C-4";
62.4, C-5'; 38.1, mesyl CH,

Mass © m/z 545 (M*-1); 304 (M*-trityl); 215 (M*-trity-OCNCO-H,0).
Synthesis of 2’-0O-benzoyl-3’-0O-mesyl-5'-O-trityluridine 25:

5'-O-Trityluridine (Smmol) was dried by coevaporation with dry pyridine and redissolved in
same solvent (25ml). The reaction mixture was cooled to 0°C and benzoy! chloride (6.5mmol)
in pyridine (10ml) was added dropwise to it. After completion of the addition, the reaction
mixture was stirred at the same temperature for 6 hours. The reaction mixture was then
poured into aqueous saturated sodium bicarbonate solution (300ml) and was extracted with
ethyl acetate (3x100ml). Ethyl acetate solution was evaporated to dryness and the residual
pyridine was coevaporated with toluene. The residue thus obtained was purified on silica gel
(230-400 mesh) column to furnish 2'-O-benzoyl-5'-O-trityluridine in 20% yield.
2'-O-Benzoyl-5'-O-trityluridine (1mmol) was dissolved in dry pyridine (10ml). The solution
was cooled at 0°C and methanesulphonyl chloride (2.5mmol) in pyridine (5ml) was added
dropwise to it. After completion of the addition, the reaction mixture was allowed to warm up
to room temperature and left at that temperature for 4 hours. The reaction mixture was then
poured into aqueous saturated sodium bicarbonate solution (150ml) and was extracted with
ethyl acetate (3x50ml). Ethyl acetate solution was evaporated to dryness and the residual

pyridine was coevaporated with toluene. The residue thus obtained was purified on silica gel
column to furnish compound 25.



Yield

M.P

'H-NMR

“C-NMR

Mass
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86%
104°C

(CDCly): 9.1 (bs, 1H) NH; 8.12 (m, 2H) and 7.75-7.2 (m, 19H) trityl, benzoyl
andH-6;6.42 (d, 5.6 Hz, 1H) H-1";5.7 (t, 5.3, 6.2 Hz, 1H)/5.6 (m, 1H) H-2'/H-3";
5.4 (d, 8 Hz, 1H) H-5; 4.5 (m, 1H) H-4"; 3.65 (m, 2H) H-5', H-5"; 2.95 (s, 3H)
mesyl CH,

(CDCly): & 165.6, benzoyl CO; 163.3, C-4; 150.6, C-2; 142.9, trityl; 139.8,
C-6;134.2,130.21, benzoyl; 128.9, 128.3, 127.7, trityl, 103.4, C-5; 88.4, trityl;
86.3/82.8/77.8/73.5; C-1'/C-2'/C-3'/C-4"; 62.7, C-5’; 38.4, mesyl CH,

m/z 668 (M*); 590 (M'-CH,SO,); 504 (M'-C;H,CO,-NHCO); 460
(M*-uracil-CH,SO,4H); 425 (M*-CigH,): 409 (M*-CgH,50); 315
(M*-C,gH,s0-CH SO H); 304 (M*-C,H,5-CsHsCO,)

Reactions of 2’-0-benzoyl-3’-O-mesyl-5-O-trityluridine 25 with piperidine:

A solution of compound 25 (0. 5Smmol) in neat piperidine (2ml) was heated at 90°C for 28h.

After completion of the reaction, the amine was removed under reduced pressure. The oily

residue was purified by column chromatography on basic alumina to afford

1-(2,3-dideoxy-2-N-piperidino-5-O-trityl-a-D- glycero-pent-2-enofuranosyl)- uracil 19b and
1-(2,3-dideoxy-2-N-piperidino-5-O-trityl-B-D- glycero-pent-2-enofuranosyl)- uracil 20b. Yield:

55%.
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