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PYRIMIDINETHIONE NUCLEOSIDES AND
THEIR DEAZA ANALOGUES

Galal H. FElgemeie* and Eman A. Kamal

Chemistry Department, Faculty of Science,
Helwan University, Ain-Helwan, Cairo, Egypt

ABSTRACT

The methods of preparation, structure, chemical properties and synthetic
potentiality of pyrimidinethione nucleosides and their deaza analogues
are reported.

INTRODUCTION

Thereis an increasing interest in the synthesis of nucleoside analogues and their
incorporation into DNA sequences for the study of ligand DNA and protein-
DNA interactions.!'?! A variety of nucleoside derivatives has been prepared
through the deletion or change in the nature of the functional group present on
the heterocyclic bases or their sugar moieties. Such analogues permit the
synthesis of oligonucleotides in which a single functional group at a preselected
position have been deleted or other wise altered.”® In this study we are con-
cerning with pyrimidinethione nucleosides as we were involved in synthesizing
its deaza analogue known as pyridinethione nucleosides. To our knowledge, no
attempt to survey their methods of preparation or their wide range of biolo-
gical applications has been made. The present article fill this gap and involves
an up to date survey in the synthesis, chemistry and biological activities of
pyrimidinethione nucleosides either modified or non-modified. The prepara-
tion of oligoribonucleotides containing pyrimidinethione nucleosides which
have recently reviewed* is not our aim and will not be discussed here.

*E-mail: rughe@rusys.eg.net
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I. SYNTHESIS

A) Synthesis of Non-modified Pyrimidinethione Nucleosides

The carbonyl group either in sites 2 or 4 and also NH, at position 4 are not
considered to be a modification hence they are present in natural pyrimidine
bases. Reaction of uridine 1 with 2,2-diethoxypropane in acetone in the
presence of acid catalyst (p-toluenesulfonic acid) gave 2’,3’-O-isopropylidine-
uridine 2. The latter was acetylated with acetic anhydride in a refluxing
pyridine to give 5'-O-acetyl-2',3’-O-isopropylidene-uridine 3. Compound 3
was thionated by refluxing with PS5 in pyridine to give 5'-O-acetyl-2/,3'-
O-isopropylidene-4-thiouridine 4. The acetyl group of compound 4 was
removed with aqueous ammonia in dioxane, while the isopropylidene group
was eliminated by refluxing in 50% acetic acid, giving compounds 5 and 6,
respectively.!'!] Other protecting groups were used as complete acetylation or
benzoylation.!'' 1"

SO,H o

Y QO my

+ (CH,),C(OC,H), —————— 2 .
o (CH,),CO 6) o
HO HO AcO
HO OH o__0 0.0
1
S
HN)JE
OJ\N NH,/dioxane
o
HO AcO o
o 0 0 0 AcO
H,C CH, H,C CH, HO OH

The amino group in any cytidine derivative is readily replaced by a thione
group under the action of hydrogen sulfide in aqueous pyridine."* " Thus
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treatment of aracytidine, analogously aracytidine-3'-phosphate 7,2!:??!
with liquid H,S in pyridine and heating in an autoclave at 80°C for 48 h
resulted in the formation of 4-thiouridine and its 3’-phosphate derivative 8.1

NH, S
N7~ | HN |
OJ\N H,S/C HN/H,0 0" °N
HO o A HO7 o
HO HO
OR OR
7 8

R = H, phosphate residue

Treatment of 2,2’-Anhydro-1-[5'-(OR-substituted)-B-D-arabinofuranosyl]-
uracil derivatives 9 with H,S yielded D-arabinofuranosyl-2-thiouracil

O O 0]
HN I HN | HN |
)\ ] s
O N H,S N Deprotection N
——— —
RO 0 RO 0] + HO 0
H,0
HO HO
OH OH OH
9 10 11
R = potecting group
Acetylation
NH, S O

S N Amination Thiation N
HO o AcO 0 AcO o
HO cO AcO
OH OAc OAc

14 13 12
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compounds 10, the latter were hydrolysed to give the free 2-thiouracil
nucleoside 11 which underwent acetylation and thionation to afford the 2,4-
dithiouracil analogue 13. Amination of compound 13 gave the corresponding
D-arabinosyl-2-thiocytosine 14.°*' Treatment of 2-thiocytosine 15 with
acetobromoglucose 16 in nitromethane containing a catalytic amount of
mercury (II) cyanide gave N(3)-(2/,3'.4,6'-tetra-O-acetyl-B-D-glucopyr-
anosyl)-2-thiocytosine 17, the structure of the latter was confirmed by sub-
sequent methylation and alkali hydrolysis®® which give 2-thiocytosine
nucleoside 18.*%?7! Similar reaction of 2-thiocytosine 15 with 2,3,5-triace-
tylribofuranosyl bromide!® afforded 2/, 3/, 35'-tri-O-acetyl-B-D-ribofur-
anosyl-2-thiocytidine.*”

NH, NH,
HNT ) HNT
NH, AcO )\ . S)\
y OBr Hg(CN), 5" N om N
N |+ OAc — > AcO — = HO
A MeNO, ) o
> N A0 e OAc OH
AcO HO
OAc OH
15 16 17 18

Silylation of 2-thiocytosine 15 gave 4-(trimethylsilylamino)-2-(trimethylsi-
lylthio)pyrimidine 19, which reacted with 1-chloro-2,3,5-O-benzoyl-D-ribo-
furanose 20 in the presence of silver perchlorate in benzene to the
benzoylated 2-thiocytidine nucleoside 21. Treatment of compound 22 with
NH;/MeOH gave the free nucleoside 22. A similar reaction but using
2-thiouracil and 2-thiothymine gave the corresponding free nucleosides.!*”!
2,3',5'-Tri-O-acetyluridine 23 was treated with 1,2,4-triazole and
p-chlorophenyl phosphodichloridate in pyridine for 48 h to give the triazolyl
derivative 24.5%3! Treatment of the latter with sodium hydrogen sulfide in
acetone-water for 15min yielded the acetylated 4-thiouridine derivative 25.
Deacetylation of compound 25 gave the free glycoside 26.5

B) Synthesis of Modified Pyrimidinethione Nucleosides
1) Via Alteration of Their Heterocyclic Base

This modification is through substitution at C-5 and/or C-6 of pyri-
midinethione ring, via alkylation, halogenation or even hydrogenation. The
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NH, NHSi(CH,),
N7 | [(CH,),Si],NH NP | AgClO,/C H,
NS
S)\N (CH)3SiS)\N Bz0—,0.§!
H
15 19 BzO OBz
20
NH, NH
'’
) ]
PN Ay
NH,/ MeOH
HO (8] - > BzO 0
HO OH BzO OBz
22 21
N
4_\\
0 N
HN
' I
N N -CI-PhOPOCI
+ (_\\ P 2—: o N
ACO 0 /N
N ACO O
H
AcO OAce
AcO OAc
23 Q 0 24
1 ﬁ
- +
$° N MeO Na sZ >N~ NaSH
-
HO OH

AcO OAc

26 25
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modified bases 27 were usually prepared and silylated to give compounds 28
which were coupled with 1-chloro-2,3,5-tri-O-benzoyl-B-D-ribofuranose 20
and also with protected ribose derivatives in the presence of a Lewis acid to
give the protected glycosides 29. Furthermore, the protective group was
removed by alkaline hydrolysis yielding the free nucleosides 30.[*%-333
Similarly several pyrimidine and purine nucleosides were synthesized by
conjugation of silylated bases with a peracetylated sugar in the presence of a

Friedel Craft’s catalyst.[***4
NH, NHSi(CH,),
NZ | R |(CH,),Sil,NH NZ | R AgClO,/CH,
_—
NS
S)\N (CHS)SSiSJ\N Bz0—,0§'
H
27 28
R = H, CH;-NH-CH,-,CH,NHCH,, BzO OBz
HOOC-CH,NHCH,- 20

NH

: NH,
N)T N)j/R
|
Py A
How NaOH / MeOH Bzow

HO OH BzO OBz

30 29

Treatment of bis(trimethylsilyl)-5-(substituted)-2,4-pyrimidindione deriva-
tives 31 with 1-acetyl-2,3,5-O-benzoyl-xylofuranose 32 in vic. dichloroethane
containing SnCl, gave the benzoylated xylofuranosyl nucleosides 33. Upon
thionation of 33, the corresponding thionucleosides 34 were formed. Hydro-
lysis of compounds 34 gave the free nucleosides 35.1°'The Benzoylated B-
D-ribofuranosylamine 37 was coupled with different carbamates 36 as
heterocylic ring precursors, to form different protected pyrimidine nucleo-
sides 38. The hydrolysis of compounds 38 gave the free pyrimidine nucleo-
sides substituted at (C-5) 39.146

The reaction of 2,5-anhydrouridines 40 with aqueous H,S in pyridine at
room temperature for 4-days afforded 5-substituted-2-thiouridines 41.1474%]
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0
OSi(CH)) R
R33 BzO o HN |
N~ J\
- | Bz O N
(CH,),Si0” N * OAc BzO- O
31 32OBz Bz
R =H, CH,,F
OBz 33
P,S/CHN
S S
R
HN)T HN)’E/
(o)
0" 'N NaOH / MeOH o N
HO- O - BzO
H BZ
OH OBz
35 34
R2

o
/
rRIoR? Bz0— o\ H: ﬁ\(

RN R

N.__N
RHC=C-C-N-C-OC;H, + ‘w — B0 0/
X BzO OBz X

36 37 BzO OBz

1 38
R = OEt,NH,,NHMe r?

2
R; CN,COMe,CO,Et %\(O
R = H,p-CIC H, 3 OH

s N._ _NR
X=0,8 HO— o \n/
X
HO OH

39
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o 0
R HN R
i '
0" >N H,S/H,0/CHN S” °N
> HO
o o
HO OH HO OH
41
40

R = H, X, alkyl, hydroxyalkyl

Similarly, 2,2’-anhydro(p-D-arabinofuranosyl)-5-fluorouridine 42 underwent
the same reaction to form 2-thiouridine 43. Acetylation of compound 43
gave compound 44, which aminated to give the protected nucleoside 45. The
latter was hydrolyzed to give the free nucleoside 46.1*!

(¢} (8]

C,H,N/H,0/H,S

42
R = trityl group Acetylatlon
NH, NH,

F F

HN j\/ | )jj/

S N
aq.NH; Amlnatlon
CF,CO,H /ice RO o
AcO
HO AcO
46 45 44

Treatment of 2',3'-O-isopropylidine-5-chloromethyl-2-thiouridine 47 with
glycine tert-butyl ester hydrochloride 48 in DMF gave compound 49, which
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was trifluoroacetylated with an excess trifluoroacetic anhydride in pyridine to
give the acylated compound 50. Hydrolysis of the 5'-O-trifluoroacetyl group
of compound 50 with 5% NaHCO; gave compound 51, which after refluxing

with 0.5N HCI in methanol afforded the free nucleoside 52.5%

O

CH,CI
" )
S N
o} - f TEA
+
HO CIH,NCH,COOC(CHy),
4 b 48
<
H,C CH,
47
o COCF, 0
- CH, HN)‘E/CHZNHCHZCOZC(CHQ}
. Py | CH,CO,C(CH,), S)\N
$ON
0 (CF,C0),0 0
CF,C00 CHN HO
0o_0
OXO <
50 49
NaHCO,
COCF
O 3
cn o  focF,
HN 2 CH,N
1. cmcoccny, HN 2
SN MeOH J_ ) cmcocceny,
HCI $° N
o)
HO o
HO
0o_0
X HO OH
H,C CH,
51 52
Heating of 2/,3’-O-isopropylidin-2-thiouridine 53°'% in an aqueous Solu-

tion of formaldehyde and pyrrolidine gave the Mannich base 54. Treating of

the latter with methyl iodide in acetone and glycine tertbutyl ester

1531 gave

compound 55. The free nucleoside 56 was obtained via hydrolysis with

trifluoroacetic acid.¥
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o o

o N
H 0]
HO
HO
o_ O
0 o
H,C CH,
H,C CH,
53 54
H,N-CH,COOC(CH,); | Mel/(CH,),CO
0
OBut
0 T
+ 0" )\
HN | NH/Z\ﬂ/
)\ o
S N o
- HO
o CF,COOH
HO 0 o
Ho OH H,C CH,
56 55

The reaction of the glycosyl amine 57 with B-isothiocyanato aldehyde 58
gave the 4-hydroxyhexahydropyrimidine-2-thione nucleoside 59. Compound
59 could be also prepared by reaction of peracetylated glycoside iso-
thiocyanate 60 with B-aminoaldehydes, ketones as well as their derivatives as
3,3-diethoxypropane-1-amine 61. Reaction with the latter gave compound
62, which after deprotection was transformed into the target nucleoside
59.155°5% Recently, with the aim of obtaining non classical valuable nucleo-
sides, Elgemeie et al. synthesized the novel condensed bicyclic thiopyrimidine
nucleosides 65, utilizing the cyclopentapyrimidinethiones 63 and a-halosugars
64 as starting components. The formation of the S-glycosides 65 and not the
corresponding N-glycosides was proven using '*C NMR which revealed the
absence of the thione carbon C-2 at & 178 ppm. Instead a signal was found at
161 ppm which was the same value found in the corresponding S-alkyl
derivatives 67. Moreover an attempt to remove the protecting groups of 65
with methanolic ammonia failed to give the corresponding free glycosides.*"!
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HO
ONH,

OH
HO
OH
57

AcO NCS

OAc

AcO
OAc

60

297
HO
y T
CHN N. _NH
+ 0 —_— HO h
NCS ol s
58 OH
HO
OH
59
OEt
OEt g (\/
N Nu OEt
OFt AcO o \[(
CHN S NaOMe
—_—
NH, OFt QA HCI/H,0
OAc OAc
61 62
+
H ,-K H H
o H

-HI

NS
CH,HDMFAr h Ll g YS

~N -

KOH

2 Ar Ar

63

Ar=CHg,p-CICH,-,
p-CH,CH -, p- CH,0C H,-

acetone
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The bi-glyconde 70 was formed when 4-phenyl-5-cyano-2-thiouracil 68
reacted with glycosylhalide 69 however, deacetylation of compound 70
caused a cleavage of the S-glycosyl residue to give the N-3-glycosylated
analogue 71.6"

Ph
Ph NC =~ "NH
NC NH
A, - - oY
0" NS OH AcO
H o
68 OAc
OA
¢ 0Ac
Ph
NC
= "NH
0”70
HO o 70
ol NH,/MeOH
OH
OH
gt

2) Via Alteration of Their Sugar Moieties

Acyclic nucleosides 74 were prepared by coupling the trimethylsilylated
pyrimidine 72 with ACOCH,OR 73 in actonitrile using lithium bromide as a
coupling agent in presence of trifluoroacetic acid.!®

OSi(CH,), O
N7 MeCN/LiBr HN |
IV + acocnor -
(CH,),Sis” "N CF,COOH S N
CH,OR
72 73 74

R = AcOCH,CH,-, (phCHOCH,),CH-

A stereoselective glycosylation was described for synthesis of a- and B-2'-
deoxy-2-thiouridine. The reaction passed a silylated glycoside intermediate,
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which underwent a S>-N' rearrangement in the presence of SnCl, to give
compound 75.16!

O

TsO 0]

Ts O 75

Refluxing of 2’'-deoxy-3'-O-mesyl-protected-uridines 76 with P,Ss in pyridine
gave compounds 77 which reacted with sodium azide in DMF to compounds
78. Deprotection of the latter was induced by 80% acetic acid to give the
azido-deoxy nucleosides 79.117:646¢]

0 S
R
HN | HN |
0” >N~ CHN/H,0/P}S, 07 N
ROT o RO o
OMs OMs
76 R=H,CH, 77
lNaN3/DMFA
S S
HN | HN |
O N AcOH 0 N
N, N,
79 78

Treatment of uridine 80 with acetylbromide gave 2'-bromo-3',4’ diacetylur-
idine 81 which was reduced by Zn/Cu to the unsaturated uridine 82.
Subsequent treatment of compound 82 with 2,4-bis(4-methoxy-phenyl)-1,
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3-dithia-2,4-diphosphetane-2,4-disulfide (Lawesson’s reagent)®”! afforded the
thioamide 83 which was deprotected to 84.16%

O
Q (0]
HN HN
A | )\ | HN
O N o)
AcBr
HO O ACO o Zn/Cu AcO
OH OH OAc¢ Br
80 81 82
Lawesson's
reagent
S S
HN)j HN
NH /MeOH
B ——

83

Deoxynucleosides were prepared by coupling of the cyclopentane derivative
85 with 3-ethoxypropenoylisothiocynate 86[°” to give the acyclic inter-
mediate 87. This compound cyclized in aqueous ammonia to give the
nucleoside analogue 88.17%-7!

3) Via Alteration of Both Their Heterocyclic Base and Sugar Moieties

2-Thiothymine derivatives were silylated to form the bis(trimethylsilyl)-5-
(subst)-2-thiothymine derivatives 89. These reacted with 3,5-di-p-tolyl-2-
deoxy-D-ribofuranosylchloride 90 in presence of AgClO,4 in benzene to both
o- and B-anomers 91 and 92 respectively. The B-anomer was hydrolyzed to
give compounds 93.%”) By a similar procedure many other modified

nucleosides were prepared.l’> !
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P9
_ HO NHCNHCCH=CHOC,H,
2
+ C,HO,CH=CHCCNS —>
86 Yy X 87
Y X
85 a,X=H, Y=OH NH,
b,X =0OH,Y=H
¢, X =OH, Y = OH o
d,X=H, Y=H
HN |
SA\
HO— : N,
X Y
88
ArO e)
OSi(CH,),
R Ar0— 0! OAr
N AgClO,/C H,
. J\\ *+ S« _N
(CH,)Sis” N Oar Y
HN
89 9 X R
_ Ar=p.CH.C.H, CO
R = CH,, C,H, r=p.CH,CH, o1
+
0
0
R
HN
HN | )\ |
)\ NH,/ MeOH SN
S N -
ArQ O
HO— O
OH ArO

93 92
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Refluxing ethylnitroacetate 94 with triethylorthoformate in acetic anhydride
gave compound 95, which condensed with thiourea in presence of NaOH. 5-
Nitro-2-thiouracil 96 was formed after treatment with HCI. Upon silylation
of the latter, compound 97 was formed, which was treated with 1-chloro-2-
deoxybenzoylated ribose 90 in presence of AgClO,4 in benzene to give the «-
anomer of the protected nucleoside 98. Hydrolysis of compound 98 afforded
the free nucleoside 99.%!

0
NO
C,H,OCH )
s H,NCSNH HN
0,NCH,CO,cH, HCOCHY, [ 2 TS |
(CH,C0),0 O,NCCO,C;H, NaOHHCI A~
H
94 95
96
ArCO0O 0
OSI(CH,),
Arc00— 0 ¢! ) NO,
ArCOO N

N o . T

S
H AN
Y AgClOJCH, OCOAr (CHy),SiS °N
HN
NO 90 97

0 2
o8 Ar=p.H,C-CH,-

HO— o

NH/MeOH

Coupling of 5'-O-triphenylmethyl-4-thiothymine 100 with N-benzyloxy car-
bonyl-DL-alanine or N-tert-butoxyoxycarbonyl-L-phenylalanine by dicyc-
lohexylcarbodiimide method to form 3’-nucleoside esters 101 which were
hydrolysed to give 3'-O-(L-phenylalanyl)-4-thiothymidine 102.I7"!
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PhCO— O + HOOOCH(CHPWHNHR ———— PhCO— 0
R=DL-PhCH,0,C-, L-BuO,C-

HO RHN(CH,Ph)CHCOO
100 S 101
e
Sl
o
HO O -
HZN(CHZPh)CHCY)O
102

Reaction of 5-ethyl-2’-deoxyuridine 103, similarly the 2’-deoxy-thiouridine
with triphenyl chloromethane gave compound 104. Acetylation gave the
actylated nucleoside 105.1%)

0O
i C,H C,H;
HN C2H5 HN 2775 HN |
A | A | O)\N
() N
o N Ph,CCI CHN ohCO
HO 0 > Ph,CO o) A0 3 0]
HO HO AcO
103 104 105

Treatment of 2-thiouridine 27 with triphenylphosphine and the diazoester
followed by addition of water afforded the anhydro derivative 106."]



11: 43 26 January 2011

Downl oaded At:

304 ELGEMEIE AND KAMAL

0O (o)
'8 '
S N Dioxan/H,0 S N
H.C.,0,.CN=NCO,C,H Ph.P
HO o T stV A R ——»A o
HO OH HO OH
27 106
Similar treatment of 2-thiocytidine 23 with chlorophosphoric acid in ethyl
acetate afforded the (S)-2-2’-anhydro derivative 107.5") + -
NH,CI
NH,
N
N?Z )|\ |
A | 1/ H,0/ C,H.OA s N
S N POCI/ H,0/ C,H, ¢ HO
HO- o A
HO
HO OH
107
23

Heating of the pyrimidine derivative 108 with alkali metal salts of weak acid,
alkali earth metal salts, ammonium salts in polar organic solvents or tertiary
cyclic amines to give the nucleosides 109.18!-82

X
HN R i R
Wy "
Hoj 0 ‘ NaOA¢/DMF - HO-\o
0, .0 HO
o
108 109 z=0,8

X=0,S,NH, NHR
X=0,8
R = H, Halo



11: 43 26 January 2011

Downl oaded At:

PYRIMIDINETHIONE NUCLEOSIDES 305

Silylation of 2-thiothymine dervatives 110 gave the silylated dervatives 111,
which condensed with ethoxychloromethane to give the derivatives 112.
Upon selenation of the latter with dibutyllithium azide-diphenyldisilane
compounds 113 were obtained which were then desilylated to afford the free
nucleosides 114.1%%

o OSi(CH,),C(CH,),
HN R N7 R
}\ | + (CH),C(CHy,siICl ——> s |
SE N (CH,),C(CH,),SiS” "N

H

111 HSCZOCHZCI

110

R = H, halo, vinyl, Alkyl, haloalkyl
OSi(Cgs)zC(CHs)a 0Si(CH,),C(CH,),
)\ (Me,CH),NLi- )\
SePh -
SN PhSeSePh TN
CH,0C,H; CH,O0C,H,
113 . 112
H
0
R
1 |
S}\I\ll SePh
CH,OC,H,
114

Direct thionation of 5-substituted-4-thiouracil compounds 115 with phos-
phorous pentaoxide in absolute dioxane®®®! led to the formation of the 4-
thiouracil derivatives 116 with a variety of oxygen containing groups
attached to N-1.%¢! Thionation of the benzoyl derivatives of 1-(a--dihy-
droxyalkyl) uracil 117 with P,Ss in dioxane gave the benzoylated nucleosides
118, which were deprotected to give the free diol nucleosides 119.53¢-87]
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R
HN |
oy
R
116
1
R
H
CH

|
H,C,00CCHCOOC,H, F

X 1
R
HN l sts
Di
O oxan
R X=0,8
115
R
0 [o]
g (o]
)
Cl
()
0
CH
HN 3 P,S,
A —
.
BzOCH,CH(CH,)CH,0Bz
n
117
n=0,1

Cl

118

HOCH,CH(CH,)CH,OH
n

119
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Treatment of a tert-butyldimethylsilyl protected 2-thiothymine 120 with
lithium diisopropyl amide in THF resulted in the formation of the inter-
mediate lithium compound (lithiation approach originally developed for C-6
modification of uridine) which reacted with a variety of diarylsulphide
compounds to form the desired analogues 121. Deprotection of the latter

gave the free nucleosides 122.[8%92
1 o)
H3C\(KNH H3CfN“
N/KX i LDA @S N/&X
’ OB
i $—8
? R R o
OSi(CH,),C(CHy), K/OSi((:Ha)zc((:}13)3
? 121
120 Hscrj\NH
| .
H
o LR
R P
o)
K/OH

122

Treatment of different substituted nucleosides 123 with tripropylbenzen-
sulphonylchloride at room temperature followed by reaction with thiourea
gave the corresponding thio nucleosides 124.1%

O 1 S 1
HN R $0,Cl HN R
A\ | Pr Pr )\ I
0" "N . H,NCSNH, o N
HO 4) MeCN / DEAP HO 2o 3
R2 R4 Pr R R
35 35
R R R R
123 124

1
R = H, halo, alkyl

2 5
R- R = H, halo, azido, OH

Reacting of the amino sugar 125 with B-isothiocyantocarbonyl compounds
126 in the presence of a base afforded compounds 128 instead of compounds
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127 as the result of an intramolecular dehydration.”*°® Similarly the 4,2’
anhydro derivative was synthesized.””*®! Furthermore these nucleosides
easily reacted with nucleophiles (alcohols, amines) which substituted the
hydroxyl group.”? 104

1
R R
NH

HO NH 1
o ! R o /&
H CHN HN S
w8 (H.C.),N HO o
0><0 SCN (8] 5273
H,C CH,

125 126 H,c” “cH
1 “1
R R R_ R
HOfNH /ftilf
/J\ H N S
o
0
><

o~ TN o
< -H,0 How
0 O><?
H,c~ CH, H,C  CH,
128 127

4) Via Deletion of N-3 Nitrogen ‘“‘Pyridinethione Nucleosides”

The function of various 3-deaza analogues of pyrimidine nucleosides in
biological systems has been the subject of considerable comment and
speculation.!®” Although a number of N-glycosyl pyridines have been
prepared, no pyridinethione nucleosides have been synthesized or biologi-
cally evaluated. Recently, Elgemeie and his co-workers reported their one-
pot pyridin-2-(1H)thiones synthesis and their corresponding nucleo-
sides.'%¢12% Thuys, it has been found that the pyridine-2-(1H)-thiones 132
reacted with 2,3,4,6-tetra-O-acetyl-a-D-gluco- and galacto-pyranosyl bro-
mide 64 in an aqueous potassium hydroxide to afford the corresponding
glycosides 1341121122
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S 0 0
NC\/U\ /lkﬂ/u\ C;HON«
CH
NH, + R 3 A
N-NHAr
129 130 Ar=CH,-, p-CICH,,

p-CH,CH,-, p-CH,0C H -

CH
Ar-N=N CN %
| AN + Ar-N=N X CN
H I
R N S
H R N-=-8
Na
132 131
3
64 Ar-N=N CN OAc
KOH N _
acetone 64 R=H,OH
R - R=0OH,H
AcO
R o)
OAc
R
OAc
133
NH,/MeOH
H,
Ar-N=N
134

The following simple and high-yield methodology by Elgemie et al. provided
a facile and convenient route for the synthesis of non-classical nucleosides of
biological significance, which were not readily accessible.!'*?
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CN
EtOH/Plp ‘ ~
ArCH

135 Ar=CH,- PCIC6H4-,

6 5

136
p-CH, C,H,-,p-CH;0CH,- 3
Ar
CN
AcQ N/‘—\ﬁ
R 0o K
OAc 64 R -H,0H
R Br R=0H,H
OAc
Ar
A
r X CN
X CN
‘ NH,/MeOH
R S N S
N S
AcO ¥ (0]
s}
OH
OAc R
R OH
OAc
139

Another example of the metal salt pyridin-2(1H)thione technique by the
same authors is the synthesis of the interesting cycloalkane ring fused
pyridinthione nucleosides 143 and 148 as illustrated in schemes shown
below. 12371271

II. CHEMICAL REACTIONS
A) Alkylation

Methylation of protected 4-thionucleoside 149 with an excess of diazo-
methane in methanol (or methyliodide) gave 4-methylthiopyrimidin-2-one
150 and N(3)methyl-4-thiouridine 151. Compound 150 when heated with
NH; in a bomb tubes gave the corresponding aminonucleoside 152. Com-
pound 150 could also be reacted with hydrazine hydrate to form the hydra-
zino compound 153, which upon treatment with silver oxide or manganese
dioxide in refluxing methanol gave compound 154.116-26
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%L—NH
2 7 0' + /—\ X CN
+ (CH,) Na — > (CH,) ‘
CN n NS n
0 NX
144 X=0 H
X = 145 n=3,4,56,7,8 i
1
AcO
N R —o KOH
(CH,) | OAc
n N X R Br N\ X CN
AcO - OAc (CH,) |
n
R =0 64 N-X
K
ROAc /N X CN
(CH,)
1470A¢ ‘n |
N X
HO
\ —O
NH./MeOH
OH
R
OH
148

B) Reaction of 4-Thiouridine with Cyanogen Bromide

The reaction of 4-thiouridine 155 with cyanogen bromide in a phosphate
buffer at pH=26.5 gave the disulphide 156. The 4-thiouridine could be
recovered by reaction with mercaptoethanol. The disulfide 156 further
reacted to give a mixture of a thiocyanate 157 and 4-thiouridine 155. The
thiocyanate decomposed at pH = 8.5 to give a mixture of uridine 158 and 4-
thiouridine 155. In the presence of an excess BrCN, compound 156 was
quantitatively converted into uridine 158 at pH =8.5.['*®]

C) Transformation Reactions

The protected anhydro 2-thiouridine 159 was transformed in methanolic HCI
and a ring cleavage at the 3,4 position occurred to give the hydrochloride of
thio-oxa-azabicyclononane 160 which structure was verified by reaction with
H.S to give the corresponding thione 161.1'*!
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HN | CH)N, N~ | .\ Me\N |
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O)\lf MeOH 041\1? OJ\‘T’
R R R
149 150 151
NHNH, NH,
N7 | . NHNH, NH, N7 |
O;\N OA\JT’
i R

153 152

Nq
MnO,/CHOH OJ\N
- |

R

154
R = 2,3,5-tri-O-benzoyl-B-D-ribofuranesyl
R =2,3,5-tri-O-benzoyl-B-D-xylofuranosyl
R =23,5-tri-O-benzoyl-B-D-arabinofuranosyl

D) Hydroxy Methylation Reaction

313

Reaction of 2/,3’-O-etheoxymethylene-2-thiouridine 6 with aqueous for-
maldehyde in potassium hydroxide gave the corresponding 5-hydroxy-
methylthiouridine derivative and then acid hydrolysis to afford the free-

nucleoside 162.[139

E) Reaction with Thionyl Chloride

Reaction of pyrimidinthione-5'-phosphate 163 with thionylchloride in a
polar organic solvent and a cyclic tertiary amine to give the altered nucleoside

164.131
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BrCN_ _GHSH RN |
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155 155
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0] 0]
H,C H,C
8y 8\
N S N S
HO), P(O)O
(HO),P(0)0— O +50,CL, (HOLPOO™ g
HO OH SN
S
(0
163 164

F) Desulfurization Reaction

Reaction of 2-thiouridine 165 with KO,CN: NCO,K and with hydrazine in
H>0, gave compound 166, suggesting that the reaction involved a diimide.
Treatment of the first compound 165 with H,O, gave the same compound
166.1°7

O 0
H,CCO H.C
H3CC02H2C\kaH 3 202 \m
N/gs N
HO— o KOONNCOK — po
N,H,.H,0
HO OH HO OH
165 166

III. BIOLOGICAL ACTIVITIES OF PYRIMIDINETHIONE
NUCLEOSIDES

Among the minor components of some t-RNA’s have been found nucleotides
containing sulfur in a pyrimidine or purine bases, that t-RNA of Escherichia
Coli has been found to contain 4-thiouridine phosphate among 140 nucleo-
tides present in it.!'**13¢ The modified bases located in the first position of
the anticondon of t-RNAYYS and tRNACLY of B. Subtilis, were determined
as 5-carboxymethylaminouridine 167a'*”' and 5-carboxymethylamino-2-
thiouridine 167b.["*]
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CH,NHCH,COOH

HO OH
167
ax=
b,x=s

Various modified nucleosides when present in the Wobble position of the
anticondons of t-RNAs strongly influence the condon anticondon recogni-
tion.!3%1%%1 We conclude that pyrimidinethione nucleosides could interact
with DNA synthesis, t-RNA transcriptions and protein synthesis that have
antiviral, antibacterial, antitumor and cytotoxic activities.'"*! ¥ 4-thiopyr-
imidine nucleosides viz, 4-thiouridine, 2-thiouridine, 2-thiocytidine and their
derivative have antitumor and antiviral activities.""*>'*") In 1991 a group of
Japanese workers reported the synthesis of some azidodeoxynucleosides 168
and compound 168b (R =CHj3) showed a virucidal activity against Rous.
Sarcoma virus.'”' Three years latter Czernecki and and his coworkers
recorded the preparation other derivatives, among these compound a
(R =H) that exhibited an unexpectedly marked anti HIV activity and higher
selectivity index.[63-64!

O

1
$7N
NJ

168

a, R=H
b, R = CH,

2-Thiouracil was found to possess some virucidal and antitumor activities
that inhibit the multiplication of infective Turnip yellow and tobacco Mosaic
viruses."** 1> An analogue of thiouracil, 2’-deoxy-2-thiouracil 169 was
investigated against melanomas. It proved to have selective inhibition
properties.['*?
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HO
169
T. Hiromichi et al. registered the synthesis of many acyclic-uridine dervatives

170 and many of them were found to have antiviral activty and an excellent
inhibitory effect against HIV-virus.’*%

0]
R
R\
HO—\/OJ

170

R =H, lower alkyl
R\ = H, lower alkyl, X, -CN, -COOH, -NO,

5-Fluoro-2-deoxyuridine-5-monophophate FDUrd 171 was reported to be an
antitumor and antifungal chemotherapeutic agent. In 1993 Bertner and co-
workers modified this nucleoside by the introduction of a 2-thio group. This
compound reaveled to be a good substrate for thymidylate synthase isolated
from Ehrlich carcinoma and was selective with respect to the tumor cells.!”!

0]

HO

171

Also the 5-chloro derivative of 171 showed a moderate cytotoxic activity in
vitro against mouse leukemic cells.l”*!
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In 1997 M. Saneyoshi and others reported the synthesis of 5-fluoro-2-
thiocytosine 46 that inhibited HSV-1 in vitro and which showed low toxicity
against the host cells.[*”!

RO

OR

172
RI R2 R
a, 2-furyl H Ac
b, 2-furyl H H
¢, phenyl H H
d, phenyl H Ac

e, 4-methoxyphenyl Ac Ac

173

a,R=Cl
b, R =0CH3
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Beside to their biological activities, nucleosides and nucleotides modified
in the base or sugar moiety were convenient probes for the study of various
enzymes, proteins and DNA sequences. 4-Thiothymidine was used to
investigate the mechanism of DNA photodamage. This corresponds to the
second most abundant DNA photolesions produced by the ultraviolet por-
tion of solar spectrum that induce human skin cancer.!'>*'** 4-Thiothy-
midine was also used to obtain structural information within nucleic acid
assemblies that were used in labeling models of DNA.!3>13% A number of
novel pyridinthiones nucleosides 172 and 173 was recently reported by
Elgemeie et al. and were analysed in multidrug resistant human colon car-
cinoma cells. These compounds were prospectively defined as pgp substrates
and antagonists.['*”]
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