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NUCLEOSIDES & NUCLEOTIDES, 9(5), 663-677  (1990) 

SYNTHESIS AND BIOLOGICAL ACTIVITY OF ARA AND 2‘-DEOXY- 
CY CLOPENTENY L CYTOSINE NUCLEOS IDE ANALOGUB~ 

Sung K. Kim, Richard W .  Fuller 
and Victor E. Marquez* 

Laboratory of Medicinal Chemistry, DTP, DCT, National Cancer Institute, 
NIH, Bethesda, Maryland 20892 

Abstract. The cytosine analogue o f  Neplanocin A, cyclopentenyl cytosine 
(CPE-C, A ) ,  has significant antitumor and antiviral activity. Two 
closely related analogues modified at the 2’-position, ara-CPE-C (6) and 
2’-deoxy-CPE-C (5), have been synthesized from the corresponding uracil 
derivative CPE-U. 
L1210 leukemia in vitro. Ara-CPE-C displayed antiviral activity 
against influenza type A2 but was not very potent. 

Both compounds were devoid of cytotoxicity against 

The carbocycl ic cytidine nucleoside (carbodine, 1) and its closely 
related cyclopentenyl cytosine analogue (CPE-C, 9) are both endowed with 
significant antitumor and antiviral a~tivities.~-~ In several antitumor 
and antiviral assays, however, the cycl opentene-containi ng carbocycl i c ,  

CPE-C, consistently displayed greater potency and superior biological 
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664 KIM, FULLER, AND MARQUEZ 

a ~ t i v i t y . ~ - ~  
this difference extends to other closely related members o f  the CPE-C 
family. 

carbodine (I) by Shealy and coworkers demonstrated the superiority of 
the "ara" configuration (compound 3) in relation to the "ribo" 
configuration (compound I) in terms o f  antitumor activity and potency 
against L1210 leukemia in mice.2 The "2-deoxy"l (compound 2) and "3- 
deoxy" configurations, in turn, completely lacked antitumor activity at 
comparable doses and schedules o f  administrati01-1.~ 
antiherpetic activity against HSV-1 and HSV-2,  the order was reversed 
for the first two compounds: the "ribo" analogue was superior to the 
"ara", as ascertained from its viral rating (VR) and minimum inhibitory 
concentration (MIC50) .3 
significant amount of antiviral activity, albeit at a higher dose, and 
the "3'-deoxy" analogue was completely i n a ~ t i v e . ~  

Based on these observations we became interested in the synthesis 
of the corresponding "ara" (compound 5) and "2'-deoxy" (compound 5 )  
analogues o f  the highly potent unsaturated, carbocyclic nucleoside CPE-C 
(3) in order to correlate these structural changes with antiviral and 
antitumor activities. 

In our laboratory, we are interested in exploring whether 

Molecular modifications performed on the carbocyclic moiety of 

In terms of 

The "2'-deoxy" analogue still retained a 

A preliminary account of this work has been presented6 and the two 
identified target compounds, 2'-deoxy-CPE-C (5) and ara-CPE-C (6 )  have 
a1 so been reported by Ari ta and coworkers. 

which produces the target compounds 5 and 6 from a common 2,2'-anhydro 
intermediate and discuss the cytotoxic and antiviral properties of these 
compounds. 

In the present communication we report on our synthetic approach 

Results and Discussion 

bocyclic nucleoside CPE-U (I, R = H)  which we had prepared earlier.4 
With the introduction of suitable protective groups, the 2,2'-anhydro 
intermediate ( 1 1 ) ,  generated from I ,  was to be converted to either the 
"2'-deoxy" (111, X = Y = H) or "ara" configuration (111, X = OH, Y = H) 
by selective opening of the oxide bridge (route 3 vs. route b ) .  

A logical starting point for our synthesis was the known car- 
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Specifically, compound l4 was deblocked to the dihydroxy inter- 
mediate 8 and reaction of this compound with N,N-thiocarbonyldiimidazole 
gave the expected cyclic thiocarbonate derivative 9 (SCHEME 1). 
Preliminary attempts to use this compound to generate the 2’-deoxy 
intermediate 1, following homolytic cleavage of the C-0 bond with tri- 
n-butyltin hydride, gave an inseparable mixture of the desired 2‘-deoxy 
isomer (11) and the more abundant 3’-deoxy isomer (D), which resulted 
from the radical deoxygenation at the more reactive allylic position. 
Thus, formation of the 2,2’-anhydro intermediate (12) appeared to be the 
best approach. 
desired 2,2’-anhydro intermediate (Q), capable of discriminating 
between 12 and the competing 2,3’-anhydro isomer, was required. It i s  
known that 2,3’-anhydro nucleosides derived from uridine and cytidine 
are formed only with difficulty and that the reaction of 5’-O-trityl 
uridine with N,N-thiocarbonyldiimidazole gives exclusively the 2,2’- 
anhydro derivative.* Such preference in favor of the 2,2’-anhydro 
compound also seems to extend to saturated carbocycl ic n u c l e o s i d e ~ . ~ , ~ ~  
However, it is possible that the unsaturation in the cyclopentene 
carbocyclic nucleoside 9 could change this preference due to a different 
puckering of the carbocyclic moiety. 
of the anhydro compound (SCHEME 1) proceeded with the exclusive 
formation of only one isomer. The 2D NMR COSY spectra (FIG. 1) provided 
convincing evidence in favor of the formation of the 2,2’-anhydro 
intermediate 12. The characteristic olefinic broad singlet at 6 6.00 
(notice the strong coupling with the 6‘a,b protons) helps to identify 
the H - 1 ’  doublet at 6 5.47, which in turn identifies the H-2’ doublet at 
6 5.15. 

at 6 4.72 collapses to a singlet as the OH doublet ( 6  5.90) disappears. 

For this route a reliable proof of structure for the 

The imidazole-catalyzed formation 

After D20 exchange (data not shown), the higher field doublet 
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ARA AND Z'DEOXYCYCLOPENTENYL CYTOSINE ANALOGUES 667 

bd # 

1 1 I I I I I I I I I 
8.0 7.0 6.0 5.0 4.0 3.0 

F I G U R E  1. 2D-NMR COSY of anhydro-C-nucleoside Iz. in MezSO-dg 

These observations clearly identify the signal at 6 4.72 as the H-3' 
proton on the carbon bearing the hydroxyl group, since with the 
exception of the strong coupling to the OH proton, this signal shows no 
other off-diagonal cross peaks. 

the resulting bromo compound 13 was subsequently treated with acetic 
anhydride to give 14 (SCHEME 2). 
method of Fuji et a1..,l1 with Me2S and BF3.0Et3, proceeded satisfactori- 
ly. However, isolation of the product proved difficult unless one 
formed the di-0-acetyl derivative Is. Homolytic cleavage of the C-Br 
bond in compound 15 by tri-n-butyltin hydride/AIBN gave the desired 2 ' -  

Following nucleophilic ring-opening at C-2' with bromide (route a) ,  

Debenzylation of 14 according to the 
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ARA AND Z'DEOXYCYCLOPENTENYL CYTOSINE ANALOGUES 669 

TABLE 1. I n h i b i t i o n  o f  L1210 C e l l  Growth by CPE-C Nuc leos ides .  

% I n h i b i t i o n  

Concent ra t ion  (pM) ID50 (PM) 

0.1 1 10 100 

CPE-C ( A )  
2' -d-CPE-C (5) 
ara-CPE-C (6 )  

>90 >90 >90 >90 

(10 <10 <10 <10 
<10 t10 t 1 0  (10 

0.03 
>loo  
> l o o  

deoxy i n t e r m e d i a t e  16. 
t h i o  compound 17 which was then t r e a t e d  w i t h  sa tu ra ted  me thano l i c  

ammonia under p ressure  t o  g i v e  t h e  t a r g e t  2'-deoxy-CPE-C (5). 

h y d r o l y s i s  (SCHEME 2) and t rea tmen t  w i t h  a c e t i c  anhydr ide  a f f o r d e d  t h e  

f u l l y  p r o t e c t e d  compound 19. 
f o l l o w e d  by i n  s i t u  r e a c e t y l a t i o n  o f  t h e  l i b e r a t e d  hyd roxy l  f u n c t i o n ,  

gave t h e  p r o t e c t e d  ara-CPE-U d e r i v a t i v e  20. 
t o  ara-CPE-C (6) by t h e  sequence o f  r e a c t i o n s  a l ready  desc r ibed  f o r  t h e  
syn thes i s  o f  2'-deoxy-CPE-C (SCHEME 2). 

c u l t u r e  revea led  t h a t  bo th  "Z'-deoxy' '  and " a r a "  c o n f i g u r a t i o n s  i n  t h e  

CPE-C c l a s s  o f  c a r b o c y c l i c  nuc leos ides  produced compounds devo id  o f  any 

d e t e c t a b l e  c y t o t o x i c i t y .  A s  seen i n  TABLE 1, t h e  s imp le  removal o r  

i n v e r s i o n  o f  t h e  c r i t i c a l  2'-OH group comple te ly  abrogated t h e  p o t e n t  

c y t o x i c i t y  observed w i t h  CPE-C.  
I n  p r e l i m i n a r y  a n t i v i r a l  assays t h e  "2 ' -deoxy" analogue was devo id  

o f  a n t i v i r a l  a c t i v i t y ,  aga ins t  b o t h  herpes and i n f l u e n z a  v i r u s e s  (TABLE 

2). The "a ra "  analogue, however, demonstrated a c t i v i t y  o n l y  a g a i n s t  

i n f l u e n z a  t y p e  A2 v i r u s  (TABLE 2). Desp i te  t h e  f a c t  t h a t  t h e  MIC50 was 

r a t h e r  h igh ,  t h e  compound appeared t o  be r e l a t i v e l y  n o n - t o x i c  w i t h  a 
minum t o x i c  c o n c e n t r a t i o n  above 1000 lg/mL. 

As pub1 i shed  by Shealy and coworkers, t h e  s a t u r a t e d  cyc lopentane 
compounds, 2 ' -deoxycarbodine (2) and ara-carbod ine  (3) ,  d i s p l a y e d  
a c t i v i t y  aga ins t  t h e  same herpes v i r u s  and i n  t h e  same assay system w i t h  

T h i a t i o n  w i t h  Lawesson's reagent  genera ted  t h e  

Cleavage a t  C-2 o f  t h e  base ( r o u t e  t ~ )  was accomplished by a c i d  

Debenzy la t ion  o f  19 w i t h  Me2S/BF3, 

Th is  compound was conver ted  

I n i t i a l  i n  v i t r o  c y t o t o x i c i t y  t e s t s  aga ins t  L1210 leukemia  c e l l s  i n  
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TABLE 2. A n t i v i r a l  Act 
V i ruses  

v i t i e s  o f  CPE-C Nuc 

K I M ,  FULLER, AND MARQUE2 

eos ides  Aga ins t  DNA and RNA 

DNA V i r u s a  RNA V i r u s b  

Type 1 Type A2 

Herpes Simplex I n f l u e n z a  

(E-377, TKt) (A ich i /2 /68)  

v RC M I ~ 5 0 '  VR MIC50 

_ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - _ - - - - - - - - -  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CPE-C (4J 3.8 0.3 2.4 18.2 

2'-d-CPE-C (5 )  0 - - -  0 - _ _  
ara-CPE-C (6) 0 - - -  1.3 173.2 

aVero c e l l s  ( A f r i c a n  green monkey k idney  c e l l s )  were used as 
bMDCK (Madin-Darby can ine  k idney  c e l l  s )  were used as h o s t  ce 
CFor t h e  d e f i n i t i o n  of  VR see re fe rence  12. 

dMinimum i n h i b i t o r y  c o n c e n t r a t i o n  t h a t  causes 50% r e d u c t i o n  
induced cy topa thogen ic i  ty .  

hos t  c e l l  s .  

1s .  

n v i r u s -  

VR va lues  o f  1.2 (MIC50 = 196 pg/mL) and 1.3 (MIC50 = 20 bg/mL), 
r e ~ p e c t i v e l y . ~ , ~ ~  When t e s t e d  a g a i n s t  t h e  i n f l u e n z a  v i r u s ,  however, 
o n l y  a ra-carbod ine  showed marg ina l  a c t i v i t y  hav ing  a VR va lue  o f  0 .8  

(MIC50 = 312 pg/mL).3 There fore ,  bo th  3 and 6 appear r a t h e r  poor when 

compared t o  carbod ine  (VR = 3.5, MIC50 = 2.6 ~ g / m L ) ~  o r  CPE-C (VR = 3.8, 
MIC50 = 0.3 ~ g / m L ) ~  i n  t h e  i n f l u e n z a  t e s t  system. 

From t h e  s tandpo in t  o f  s t r u c t u r e - a c t i v i t y  c o r r e l a t i o n s  i t  i s  

obv ious  t h a t  f o r  t h e  s a t u r a t e d  s e r i e s  a d e p a r t u r e  f rom t h e  " r i b o "  
c o n f i g u r a t i o n  i s  n o t  d e t r i m e n t a l  t o  b i o l o g i c a l  a c t i v i t y  i n  genera l .  The 
p resen t  r e s u l t s  i n d i c a t e  t h a t  t h i s  s i t u a t i o n  has no p a r a l l e l  i n  t h e  
cyc lopentene s e r i e s  where b o t h  changes d r a s t i c a l l y  reduce a n t i v i r a l  
a c t i v i t y  and c y t o t o x i c  p r o p e r t i e s .  

EXPERIMENTAL SECTION 

A l l  chemical reagents  were commerc ia l l y  a v a i l a b l e .  Me1 t i n g  
p o i n t s  were de termined on a Thomas-Hoover m e l t i n g  p o i n t  appara tus  and 
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ARA AND Z'DEOXYCYCLOPENTENYL CYTOSINE ANALOGUES 671 

are  unco r rec ted  ( r e c r y s t a l l i z a t i o n  so l ven ts  a r e  i n d i c a t e d  p a r e n t h e t i c a l -  
l y  a f t e r  m e l t i n g  p o i n t s ) .  Pro ton  NMR spec t ra  were recorded on a Var ian  
XL-200 ins t rumen t .  Pro ton  chemical s h i f t s  a re  expressed as 6 va lues  

w i t h  re fe rence  t o  MeqSi. P o s i t i v e - i o n  f a s t  atom bombardment (FAB) mass 
spec t ra  were ob ta ined  on a VG 7070E mass spectrometer t h a t  was equipped 
w i t h  a FAB i o n  source. 
Labora to r ies ,  Inc. ,  K n o x v i l l e ,  TN. 

Elemental Analyses were performed by G a l b r a i t h  

B i o l o g i c a l  Tes ts .  i n  v i t r o  c y t o t o x i c i t y  e v a l u a t i o n s  were performed by  
D r .  James D. Moyer o f  t h e  Labora tory  o f  B i o l o g i c a l  Chemistry,  DTP, DCT, 
N C I .  A n t i v i r a l  eva lua t i ons  were conducted under NIH purchase o r d e r  263- 
MD-610174 a t  Southern Research I n s t i t u t e ,  Birmingham, AL, under t h e  
d i r e c t i o n  o f  Dr. W i l l i a m  Shannon and Ms. Gussie A r n e t t .  

(1R,4R,5S)-1-[3'-[(Benzyloxy)methyl]-4',5'-dihydroxy-2'-cyclopenten-l'- 
y l l u r a c i l  (4). A s o l u t i o n  o f  L4 (4.26 g, 11.5 mmole) i n  40 mL o f  60% 

t r i f l u o r o a c e t i c  a c i d  was s t i r r e d  a t  room temperature f o r  1 h.  
s o l v e n t  was removed under reduced pressure  and t h e  r e s i d u e  was p u r i f i e d  

by f l a s h  chromatography ( s i l i c a  g e l ,  EtOAc/MeOH, 30 : l )  t o  a f f o r d  3.31 g 
(87%) o f  4 as a w h i t e  foam; 1~ NMR (MezSO-ds) 6 3.90 (m, 1 H, ~ - 5 ' 1 ,  
4.08 ( b r  S ,  2 H, H-6'a,b), 
4.95 (d, 3 = 6.1 Hz, 1 H, OH), 5.07 (d, J = 6.8 Hz, 1 H, OH), 5.30 ( b r  

(m, 5 H, Ph, H-6). Anal. Calcd f o r  C17H18N205.0.33 H20: C,  60.71; H, 
5.59; N, 8.33. Found: C, 60.82; H, 5.95; N, 8.32. 

The 

4.30 (m, 1 H, H-4') ,  4.51 ( s ,  2 H, C&Ph), 

S ,  1 H, H - 1 ' ) ,  5.56 (d, J = 8.0 Hz, H-5), 5.62 ( s ,  1 H, H-2 ' ) ,  7.1-7.50 

(1R,4R,5S)-1-[3'-[(Benzyloxy)methyl]-4',5'-O-thiocarbonyl-2'-cyclopen- 
t e n - 1 ' - y l l u r a c i l  ( 9 ) .  A s o l u t i o n  o f  (3.17 g, 9.6 mmol) i n  d r y  THF (80 

mL) was t r e a t e d  w i t h  1,l'-thiocarbonyldiimidazole (2.56 g, 14.4 mmol) 
under a n i t r o g e n  atmosphere and t h e  r e s u l t i n g  m i x t u r e  s t i r r e d  a t  room 
temperature ove rn igh t .  A f t e r  removal o f  t h e  s o l v e n t  under reduced 
pressure,  t h e  r e s i d u e  was p a r t i t i o n e d  between c h l o r o f o r m  and water .  The 
o rgan ic  l a y e r  was washed w i t h  b r i n e ,  d r i e d  (MgSOd), f i l t e r e d ,  and 
concent ra ted  under vacuum. 
chromatography ( s i l i c a  ge l ,  EtOAc/petroleum e ther ,  1:20) t o  g i v e  3.29 g 
(92%) o f  t h e  c y c l i c  t h ioca rbona te  9 ,  mp 105-7°C (EtOAc/petroleum e t h e r ) ;  
'H NMR (CDC13) 6 4.25 ( b r  S, 2 H, H-6'a,b), 4.57 ( b r  S ,  2 H, Cli2Ph), 

The c rude p roduc t  was p u r i f i e d  by column 
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672 K I M ,  FULLER, AND MARQUEZ 

5.04 ( b r  s ,  1 H ,  H-1’), 5.48 (d,  J = 6.0 Hz, 1 H ,  H-5’), 5.76 (dd, J = 

8.0 Hz, J‘ = 2.0 Hz, 1 H ,  H-5), 5.87 ( b r  s ,  1 H ,  H-2’), 5.97 (d,  J = 6.0 
Hz, 1 H ,  H - 4 ’ ) ,  7.10 (d,  J = 8 .0  Hz, 1 H ,  H-6), 7.34 ( b r  s ,  5 H ,  P h ) ,  
8.42 ( b r  s ,  1 H ,  N H ) .  Anal. Calcd f o r  C18H16N205.0.20 H20: C ,  57.50; H ,  
4.40; N ,  7.45. Found: C ,  57.88; H ,  4.32; N ,  7.04. 

(1R,4R,5R) -1- [3‘ -[ (Benzyl oxy)methyl ]-2,5' -anhydro-4‘ -hydroxy-2‘ - 
cyclopenten-l‘-yl]-4(lli)-pyrimidinone (12). A suspension of the c y c l i c  
t h ioca rbona te  9 ( 1.79 g ,  4.8 mmol) i n  d r y  to luene  (60 mL) was heated a t  
100°C f o r  2 h under n i t rogen  in  t h e  presence o f  imidazole (0.33 g ,  4.18 
mmol). 
r e s idue  chromatographed ( s i l i c a  g e l ,  EtOAc/MeOH, 7 : l )  t o  g i v e  1.12 g 
(75%) of t h e  anhydro compound 12 as  a c r y s t a l l i n e  s o l i d ,  mp 193-94°C 
(acetone/petroleum e t h e r ) ;  l H  NMR (Me2SO-dg) 6 4.13 ( s ,  2 H ,  H-6’a,b),  
4.50 (s ,  2 H ,  CHzPh), 4.72 (d,  J = 6.4 Hz, 1 H ,  H-4’ ,  converted t o  a 
s i n g l e t  a f t e r  D20 exchange),  5.15 (d,  J = 7.0 Hz, 1 H ,  H-5‘),  5.47 (d,  J 

Hz, 1 H ,  O H ) ,  6.00 ( b r  s ,  1 H ,  H-2’), 7.32 ( s ,  5 H ,  Ph), 7.87 (d,  J = 

7.4 Hz, 1 H ,  H-6). Anal. Calcd f o r  C17H16N204: C ,  65.38; H ,  5.16; N ,  
8.97. Found: C ,  65.43; H ,  5.47; N ,  8.80. 

The so lven t  was then removed under reduced p res su re  and the 

= 7.0 H z ,  1 H ,  H- l ‘ ) ,  5.81 ( d ,  J = 7.4 H z ,  1 H ,  H-5), 5.90 (d ,  J = 6.4 

(1R,4R, 5s) -1- [3’ - [ (Benzyl oxy)methyl ] -4‘ -hydroxy-5’ -bromo-2‘ -cycl openten- 
1’-yl]-uraci l  (13). A s o l u t i o n  o f  the anhydro compound 12 (0.584 g ,  1.87 
mmol) i n  d ry  DMF (6 m L )  was heated t o  100°C under n i t rogen  i n  an o i l  
bath.  
s o l u t i o n  (20% in DMF) and t h e  r e s u l t i n g  mixture was s t i r r e d  a t  the  same 
temperature f o r  a t o t a l  of 4 h .  Af t e r  coo l ing  t o  room temperature ,  the 
r e a c t i o n  mixture was d i l u t e d  with chloroform and washed with water  and 
s a t u r a t e d  b r ine .  The organic  l a y e r  was d r i e d  (MgSO4) and concentrated 
under reduced p res su re .  
( s i l i c a  g e l ,  EtOAc/petroleum ether,  3 : l )  t o  a f f o r d  0.61 g (83%) o f  
compound 13 a s  a c o l o r l e s s  foam; l H  NMR (CDC13) 6 4.24 ( s ,  2 H ,  H -  

J = 6.0 Hz, 1 H ,  H-4’), 5.67 (m, 1 H ,  H- l ’ ) ,  5.72 (d,  J = 8 . 0  Hz, 1 H ,  
H-5), 5.85 ( b r  s ,  1 H ,  H-2‘), 7.02 (d,  J = 8.0 Hz, 1 H ,  H-6), 7.35 ( b r  
s ,  5 H ,  Ph), 8.20 ( b r  s ,  1 H ,  N H ) .  
H20: C ,  50.54; H ,  4.54; N ,  6.93; Br, 19.78. Found: C ,  50.26; H ,  4.52; N ,  
6.72; Br, 19.83. 

Ten minutes l a t e r ,  the heated s o l u t i o n  was t r e a t e d  w i t h  an HBr 

The re s idue  obtained was chromatographed 

6 ’ a , b ) ,  4.32 ( t ,  J = 6.0 H z ,  1 H ,  H-5’), 4.59 ( s ,  2 H ,  CtIzPh), 4.67 (d,  

Anal. Calcd f o r  C17H17N2Br04.0.6 
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ARA AND Z’DEOXYCYCLOPENTENYL CYTOSINE ANALOGUES 67 3 

(1R,4R,5S)-1-[3‘-[(Benzyloxy)methyl]-4’-acetoxy-5‘-bromo-2‘-cyclopenten- 
1’-ylluracil (14). A solution o f  13 (0.61 g, 1.55 mmol) in 7 mL of 
pyridine was treated with acetic anhydride (0.75 mL) and the resulting 
mixture stirred at room temperature for 1 h. 
ly removed with isopropyl alchohol under vacuum and the residue was 
purified by flash chromatography (silica gel, EtOAc/petroleum ether, 
1.5:l). 
to give 0.634 g (94%) of compound 14 as a crystalline solid, mp 58-62°C 
(ether/petroleum ether); 

CIizPh), 5.80 (m, 2 H, H-l’, H-5), 5.85 (d, J = 6.0 Hz, 1 H, H-4’), 5.96 
(d, J = 1. 5 Hz, 1 H, H-2’), 7.00 (d, J = 8.0 Hz, 1 H, H-6), 7.33 (br s ,  

5 H, Ph), 8.42 (br s, 1 H, NH). Anal. Calcd for C1gH1gBrN205-0.1 H20: C, 

Pyridine was azeotropical- 

The product-containing fractions were combined and evaporated 

lH NMR (CDC13) 6 2.11 (s, 3 H, COCH3), 4.11 
( S ,  2 H, H-6‘a,b), 4.33 (t, J = 6.0 Hz, 1 H, H-5’1, 4.56 (s, 2 H, 

6.41; Br, 18.28. Found: C, 52.33; H, 4.43; N, 6.43; 52.21; H, 4.43; N 
Br, 17.98. 

(1R,4R,5S) -1-[3’- (Acetoxy)methylJ-4’-acetoxy-5‘-bromo-2‘-cyclopente~- 
1’-ylluracil (15). A solution o f  compound 14 (0.226 g, 0.52 mmol) in 
anhydrous 1,2-dichloroethane (15 mL) was treated with Me2S (0.97 g, 15.6 
mmol) and BF3.OEt2 (1.48 g, 10.4 mmol) under nitrogen. 
the resulting solution at room temperature for 7 h, 0.15 mL o f  acetic 
anhydride was added and stirring was continued for 0.5 h more. After 
the addition of 5 mL of 1,2-dichloromethane, water was added and the 
organic layer was washed further with water and brine, dried (MgS04) and 
reduced to dryness under reduced pressure. The residue was purified by 
flash chromatography (silica gel, EtOAc/petroleum ether, 2:1) to give 
0.151 g (75%) of compound l5, mp 64-68°C (ether/petroleum ether); I H  NMR 
(CDC13) 6 2.10 ( s ,  3 H, COCH3), 2.16 (s, 3 H, COCH3), 4.42 (t, J = 6.0 
Hz, 1 H, H-5’), 4.70 (s, 2 H, H-6‘,,b), 5.69 (dm, 1 H, H-1’), 5.78 (dd, 

5.96 (br s ,  1 H, H - 2 0 ,  7.04 (d, J = 8.0 Hz, 1 H, H-6), 8.86 (br s, 1 H, 
NH). Anal. Calcd for C14H15N2Br06: C, 43.43; H, 3.91; N, 7.23; Br, 
20.64. Found: C, 43.51; H, 3.98; N, 7.18; Br, 20.77. 

After stirring 

J = 8.0 Hz,  J ’  = 1.7 Hz, 1 H, H-5), 5.84 (d, J = 6.0 Hz, 1 H, H-4’), 

(1R,4R) -1- [3’- [ (Acetoxy)methyl ] -4’-acetoxy-2‘ -cyclopenten-1‘ -yl Iuraci 1 
(16). A solution of compound Is (0.115 g, 0.30 mmol) in 4 mL o f  toluene 
was added dropwise to a refluxing solution o f  tri-’n-butyltin hydride 
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(0.13 g, 0.45 mmol) and azabis(isobutyrylnitri1e) ( A I B N ,  0.01 g, 0.06 
mmol) in 5 mL of toluene which was kept under nitrogen. 
continued for 2 h and the solvent was evaporated under reduced pressure. 
The residue was purified by flash column chromatography (silica gel, 
EtOAc/petroleum ether, 7 : l )  to give 0.071 g (77 %) of compound l6, mp 
123-24’C (ether/petroleum ether); l H  NMR (CDC13) 6 2.08 ( s ,  3 H, COCH3), 

Refluxing 

2.12 ( S ,  3 H, COCH3), 2.00-2.20 (m, 1 H, H-5’a), 2.40-2.60 (m, 1 H, H- 
5 ’ b ) ,  4.72 (S, 2H, H-6’a,b), 5.74 (dd, J = 8.0 Hz, J‘ = 2.0 Hz, 1 H, H- 

5), 5.80-5.90 (m, 3 H, H - l ’ ,  H-2’, H-4’) ,  7.02 (d, J = 8.0 Hz, 1 H, H- 
6 ) ,  8.57 (br s ,  1 H, NH). 
5.23; N, 9.09. Found: C, 54.82; H, 5.36; N, 9.06. 

Anal. Calcd for C14H16N206: C, 54.54; H, 

(1R,4R)-l-[3’-[(Acetoxy)methyl]-4’-acetoxy-2’-cyclopenten-l’-yl]-4- 
thioxouracil (17). A solution of compound 16 (0.12 g, 0.39 mmol) in dry 
toluene (15 mL) was treated with 2,4-bis(4-methoxyphenyl)-l,3-di thia- 
2,4-diphosphetane-2,4-disulfide (Lawesson‘s reagent, 0.174 g, 0.43 mmol) 
and the resulting solution was heated at 100°C and stirred at that 
temperature for 1.5 h under nitrogen. The solvent was evaporated under 
reduced pressure and the residue purified by flash column chromatography 
(silica gel, EtOAc/petroleum ether, l : l ) ,  to give 0.1  g (79 %) of II as 
a yellowish foam-like solid; l H  NMR (CDC13)  6 2.02 ( s ,  3 H, COCH3), 2.06 
( s ,  3 H, COCH3), 2.15-2.25 (m, 1 H ,  H-5’,), 2.40-2.60 (m,  1 H ,  H-s’b),  
4.66 ( s ,  2 H, H-6’a,b), 5.70-5.90 (m,  3 H, H-1 ’ ,  H-2’, H-4’),  6.34 (dd, 
J = 7.4 Hz, J’ = 1.9 Hz, 1 H, H-5), 6.80 (d, J = 7.4 Hz, 1 H, H-6), 9.79 

(br s ,  1 H, NH). 
without further puri fication. 

This compound was used directly for the next reaction 

(lR,4R)-l-[3’-(Hydroxymethyl)-4’-hydroxy-Z’-cyclopenten-l‘-yl]cytosine 
( 5 ) .  
saturated methanolic ammonia and the solution kept in a stainless steel 
bomb at 80°C for 24 h. The solvent was removed under reduced pressure 
and the residue purified by C-18 reversed phase column chromatography 
using water as eluant. Fractions were monitored by UV (254 nm) and the 
collected fractions were lyophilized to afford 0.033 g (48%) of 5 as an 
amorphous powder; l H  NMR (D20) 6 2.10 (m, 1 H, H-5’a), 2.18 (m, 1 H,  H- 
5’b) ,  4.20 ( s ,  2 H, H-6’a,b), 4.80 (br d, 1 H, H-4’) ,  5.50 (br S ,  1 H, 

Compound 11 (0.10 g, 0.31 mmol) was dissolved in 25 mL of 

H- l ’ ) ,  5.60 ( s ,  1 H, H-2’),  5.75 (d, J = 8.0 Hz, 1 H, H-5), 7.20 (d, J = 
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ARA AND 2’DEOXYCYCLOPENTENYL CYTOSINE ANALOGUES 67 5 

8.0 Hz, 1 H, H-6);  FAB mass spectrum, m/z ( r e l a t i v e  i n t e n s i t y )  316 (MH t 
g l y c e r o l ,  13), 224 (MH+, 53), 112 ( b  + 2H, 100). Anal .  Ca lcd  f o r  

C10H13N303-0.75H20: C,  50.73; H, 6.17; N, 17.75. 
6.04; N, 17.78. 

Found: C,  50.82; H, 

( 1 R, 4R,  5R)  - 1 - [ 3 ’ - [ (Benzyl oxy )met hyl 3 -4 ’ , 5 ‘ -di  hydroy-2  ’ -cycl openten - 1 ‘ - 
y l l u r a c i l  (l8). A s o l u t i o n  o f  t h e  anhydr ide  12 (1 g ,  3.2 mmol) i n  
abso lu te  e thano l  (60 mL) was t r e a t e d  w i t h  60 mL o f  3 N HC1 and t h e  
r e s u l t i n g  s o l u t i o n  was s t i r r e d  f o r  3 days a t  room tempera ture .  
was evaporated under reduced p ressu re  and t h e  rema in ing  aqueous s o l u t i o n  
was e x t r a c t e d  w i t h  ch lo ro fo rm and n e u t r a l i z e d  w i t h  conc. ammonium 
hydroxyde. The s o l  i d  powder ob ta ined  a f t e r  l y o p h i l  i z a t i o n  was e x t r a c t e d  
w i t h  acetone and f i l t e r e d .  
and t h e  s o l i d  r e s i d u e  was p u r i f i e d  by f l a s h  column chromatography 
( s i l i c a  g e l ,  EtOAc/MeOH, 1 5 : l )  t o  g i v e  0.95 g (90 %) o f  18 as a 
c o l o r l e s s  foam; 1~ NMR (Me3SO-dg) 6 4.00 (m, 1 H, H-5 ’ ) ,  4.12 ( s ,  2 H, 

E thano l  

The o r g a n i c  s o l u t i o n  was reduced t o  d ryness  

H-6‘a,b), 4.34 (d, J = 5.9 Hz, 1 H, H-4 ’ ) ,  4.52 ( s ,  2 H, CtizPh), 5.25 
(d, J = 6.6 Hz, 1 H, 4’-OH), 5.34 (d, J = 4.9 Hz, 1 H, 5’-OH), 5.40-5.60 
(m, 2 H, H - l ’ ,  H-5),  5.63 ( s ,  1 H, H -2 ’ ) ,  7.08 (d, J = 8 .0  Hz, H-6), 
7.34 (m, 5 H, Ph), 11.19 ( s ,  1 H, NH). Anal. Calcd f o r  C17H18N205’ 
0.5H20: C, 60.19; H, 5.64; N, 8.26. Found: C, 60.17; H, 5.51; N, 8.35. 

( 1Ry4R,5R) -1-[3‘ - [ (Benzy1oxy)methyl ] -4‘ ,5’ -d iace toxy-2 ’  - cyc lopen ten -1  ‘ - 
y l l u r a c i l  (19). T h i s  compound was prepared by t h e  same procedure  used 
t o  p repare  compound 14. Compound 19 (0.896 g, 94% y i e l d )  was o b t a i n e d  
from 18 (0.76 g ,  2.3 mmol); mp 170-171°C (EtOH); l H  NMR (CDC13) 6 1.96 

( S ,  3 H, COCH3), 2.05 ( s ,  3 H, COCH3), 4.12 (AB m u l t i p l e t ,  2 H, H- 
6’a,b), 4.60 (AB m u l t i p l e t ,  2 H, CHzPh), 5.42 (m, 1 H, H-5 ’ ) ,  5.66 (dd, 
J = 8.0 Hz, J ‘  = 2.0 Hz, 1 H, H-5),  5.76 ( b r  s, 1 H, H-4‘) ,  5.80-5.90 
(m, 2 H, H-1’ ,  H-2‘) ,  7.03 (d, J = 8.0 Hz, 1 H, H-6),  7.30 (m, 5 H, Ph),  
8.75 ( b r  s ,  1 H, NH). Anal .  Calcd f o r  C21H22N207: C, 60.86; H, 5.35; N, 
6.76. Found: C,  60.98; H, 5.73; N, 6.58. 

(1R,4R,5R)-1-[3’-[(Acetoxy)methyl]-4’,5’-diacetoxy-2’-cyclopenten- 
l ’ y l l u r a c i l  (20). T h i s  compound was ob ta ined  f rom compound 19 (0.216 
g, 0.53 mmol) f o l l o w i n g  an i d e n t i c a l  procedure as desc r ibed  f o r  t h e  
syn thes i s  o f  15. T h i s  procedure a f f o r d e d  0.131 g (69%) o f  20, mp 151- 
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KIM, FULLER, AND MARQUEZ 676 

152°C (ether/pe 
gel ,  EtOAc); l H  
COCH3), 2.12 ( S  

roleum e the r )  a f t e r  f l a s h  column chromatography ( s i l i c a  
NMR (CDC13) 6 1.98 ( s ,  3 H, COCH3), 2.11 ( s ,  3 H, 

3 H, COCH3), 4.70 (AB m u l t i p l e t ,  2 H, H-6’a,b), 5.43 
(dd, J = 6.6 Hz, J’ = 2.6 Hz, 1 H, H-5’),  5.70 (dd, J = 8.0 Hz, J’ = 2.4 
Hz, 1 H, H - 5 ) ,  5.80 ( b r  s ,  1 H, H - 4 ’ ) ,  5.86 ( b r  s ,  1 H, H-Z’),  5.91 (m, 

1 H, H-1 ’ ) ,  7.04 (d, J = 8.0 Hz, 1 H, H-6), 8.38 ( b r  s ,  1 H, NH). Anal. 
Calcd fo r  C16H18N208’0.5H20: C, 51.20; H, 5.10; N, 7.46. 
51.18; H, 4.91; N, 7.64. 

Found: C,  

(1R,4R,5R) -1-[3’- [ (Acetoxy)methyl ] -4’ ,5’ -d iacetoxy-2‘  -cyclopenten-1’ - 
y l l - 4 - t h i o x o u r a c i l  (a). Treatment o f  compound 20 (0.103 g, 0.28 m m o l )  
w i t h  Lawesson’s reagent as descr ibed f o r  t h e  synthes is  o f  l7, a f fo rded  
0.099 g (92%) o f  21 as a ye l l ow ish  foam a f t e r  p u r i f i c a t i o n  by f l a s h  
column chromatography ( s i l i c a  ge l ,  EtOAc/petroleum ether ,  1 : l ) ;  I H  NMR 
(CDC13) 6 2.00 ( s ,  3 H, COCH3), 2.11 ( s ,  3 H, COCH3), 2.12 ( s ,  3 H, 

COCH3), 4.71 (AB m u l t i p l e t ,  2 H, H-6’a,b), 5.45 (dd, J = 6.9 Hz, J ’  = 

2.7 Hz, 1 H, H-5 ’ ) ,  5.80-6.00 (m, 3 H, H-4 ’ ,  H - 2 ’ ,  H - l ’ ) ,  6.37 (dd, J = 

7.7 Hz, J’ = 1.8 Hz, H-5), 6.86 (d, J = 7.7 Hz, 1 H, H-6), 9.31 ( b r  s ,  1 
H, NH). This compound was used i n  the next and f i n a l  r e a c t i o n  w i thou t  
any f u r t h e r  p u r i f i c a t i o n .  

(1R,4R,5R) -1- [3’- (Hydroxymethyl ) -4’ ,5’-di hydroxy-2’ -cyclopenten-1’ - 
y l l c y t o s i n e  (6) .  Treatment o f  21 (0.099 g, 0.26 mmol) w i t h  a s o l u t i o n  
o f  concentrated methanolic ammonia, under pressure, as descr ibed f o r  t he  

synthesis of compound 5, af forded 0.039 g (63%) o f  6 as a wh i te  l y o p h i l -  
i zed  powder ( p u r i f i e d  by C-18 reversed phase chromatography us ing water 
as e luant) ;  l H  NMR (D20) 6 3.59 ( b r  s ,  2 H, H-6’a,b), 3.63 ( p a r t i a l l y  
hidden m, 1 H, H - 5 ’ ) ,  3.88 ( b r  s ,  1 H, H-4’) ,  4.90 (m, 1 H, H - l ’ ) ,  5.08 
(b r  s ,  1 H, H - Z ‘ ) ,  5.24 (d, J = 7.4 Hz, 1 H, H-5), 6.63 (d, J = 7.4 Hz, 
1 H, H-6); FAB mass spectrum, ml/z ( r e l a t i v e  i n t e n s i t y )  332 (MH t 
g l y c e r o l ,  13),  240 (MHt, 89), 112 (b t ZH, 100). 
C10H13N30q*0.25H20: C,  49.27; H, 5.58; N, 17.24. 
5.57; N, 17.29. 

Anal. Calcd f o r  
Found: C,  49.48; H, 
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