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SYNTdESIS OF 2 ' ,3'-DIDEOXYCYCLOPENTENYL CARBOCYCLIC NUCLEOSIDES 
AS POTENTIAL DRUGS FOR THE TREATMENT OF A I D S  

V i c t o r  E. Marquez,* Chr istopher K.H. Tseng, 
Susan P. Treanor and John S. D r i s c o l l  

Laboratory o f  Medicinal  Chemistry 
Developmental Therapeutics Program 

D i v i s i o n  o f  Cancer Treatment 
Nat ional  Cancer I n s t i t u t e  
Bethesda, Maryland 20892 

ABSTRACT: The r e c e n t l y  discovered a n t i v i r a l  a c t i v i t y  o f  2 '  ,3'-dideoxy- 
nucleosides against  t he  A I D S  v i r u s  i n  v i t r o  prompted the  synthes is  o f  2', 
3 '  -dideoxycycl opentenyl adenine a n d T y m e .  A sequence o f  two consecu- 
t i v e  reduc t i ve  deoxygenations using 1 ,l'-thiocarbonyldiimidatole fo l lowed 
by reduc t i on  w i t h  t r i b u t y l  t i n  hydr ide af forded the des i red t a r g e t  com- 
pounds. Nei ther  compound showed a c t i v i t y  i n  the  -- i n  v i t r o  assay against  
t he  HTLV-I I I/LAV v i r u s .  

The 2 '  ,3'-dideoxy (dd) nucleosides o f  the n a t u r a l l y  occu r r i ng  bases 

cy tos ine  (C), thymine (T I ,  adenine (A), hypoxanthine (Hx), and guanine 
(GI have been r e c e n t l y  repor ted t o  be e f f e c t i v e  agents i n  p r o t e c t i n g  

c e l l s  against  the cytopath ic  e f f e c t s  o f  t he  human T-lymphotropic v i r u s  
type I 1 1  (HTLV-I I I ) /  lymphadenopathy-associated v i r u s  (LAY) -- i n  v i t r o . 1  

The 5 ' - t r iphosphates of these compounds f u n c t i o n  as DNA chain te rm ina to rs  
a f t e r  being incorporated i n t o  DNA by the r e t r o v i r a l  DNA polymerase 

( reverse t ransc r ip tase ) ,  wh i l e  t h e  DNA polymerase a1 pha which i s  r e q u i r e d  
f o r  DNA r e p l i c a t i o n  dur ing normal c e l l  growth does n o t  recognize them as 
good subst rates. l ,2  The order o f  potency f o r  these dd nucl eosides 
against  HTLV-III/LAV -- i n  v i t r o  i s  ddC > ddA - ddI  - ddG >> ddT. 
Spec i f i ca l l y ,  ddC a t  the non-cytotoxic concentrat ions o f  0.5 and 5.0 
uM, provided e s s e n t i a l l y  100% p ro tec t i on  o f  ATH8 c e l l s  i n f e c t e d  w i t h  
HTLV-III/LAV, w h i l e  ddA concentrat ions ranging from 5 t o  20 PM a f -  
forded the  same l e v e l  o f  protect ion.1 
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240 MARQUEZ ET AL. 

We and others have repor ted on the  s i g n i f i c a n t  changes i n  b i o l o g i c a l  
a c t i v i t y  t h a t  t he  i nco rpo ra t i on  o f  t he  cyclopentene moiety impar ts  t o  the  
resul  ti ng carbocycl i c  nucl eosi  de re1 a t i  ve t o  convent ional  nucl eosi  des .3-7 
Nepl anoci n A and cyc l  opentenyl cy tos ine  (CPE-C) are rep resen ta t i ve  exam- 

p l e s  o f  t h i s  carbocycl i c  s e r i e s  t h a t  possess po ten t  antiturnor and a n t i -  
v i r a l  properties.597 

Based on these two independent f i  ndi  ngs ( d i  deoxy ; cyc l  opentenyl ) we 
decided t o  combine both types o f  s t r u c t u r a l  mod i f i ca t i ons  i n  one molecule. 
For t h i s  purpose , the f i r s t  se lected t a r g e t  compounds were dideoxycyclo- 
pentenyl adenine (ddCPE-A, - 1) and d i  deoxycycl opentenyl cy tos ine  (ddCPE-C , 
- 2 ) .  Add i t i ona l l y ,  s ince conventional dd nucleosides are i n h e r e n t l y  un- 
s tab le  under ac id i c  cond i t i ons  undergoing cleavage o f  the g l y c o s i d i c  

bond,8 i t  was f e l t  t h a t  ddCPE nucleosides o f f e r e d  the p o s s i b i l i t y  o f  
improved h y d r o l y t i c  s t a b i l  i t y .  

1 2 

Our apprOdCh t o  both - 1 and - 2 consis ted o f  performing two consecut ive 

reduc t i ve  deoxygenationsg s t a r t i n g  w i t h  the corresponding cyc l  opentene 
nucleoside isostere,  o r  a s u i t a b l e  precursor,  w i t h  the  r i bose  conf igura-  

t i o n .  

As shown i n  Scheme 1, the  u r i d i n e  precursor 3a was deblocked t o  - 4a 
i n  95% y i e l d  a f t e r  t reatment w i t h  30 equiv o f  AG50W-X8 (Ht) r e s i n  i n  metha- 
no l  (50°C, 16 h) .  Reaction o f  - 4a w i t h  1,l'-thiocarbonyldiimidazole 
( I m 2 C S ,  1.5 equiv i n  DMF, 25"C, 40 h) a f forded t h e  c y c l i c  th iocarbonate 
- 5a (87% y i e l d )  which was then t rea ted  w i t h  t r i b u t y l t i n  hydr ide (n-Bu3SnHY 

3.0 equiv) I n  the presence o f  a,a'-azaisobutyronitrile (A IBN,  1.75 
equiv)  i n  r e f l u x i n g  toluene f o r  1 h r  t o  g i ve  a m ix tu re  hydroxy compounds - 6a 
(95% y i e l d ) .  The separated mixture was t r e a t e d  i n  the same fashion as 

before w i t h  ImZCS i n  DMF t o  g i ve  a m ix tu re  o f  monothiourethanes (7a).  - 
Even under these r a t h e r  m i l d  r e a c t i o n  cond i t i ons  the  E ' -O( l - im idazo ly l ) -  
th iocarbonyl  isomer underwent an in t ramolecular  r e a c t i o n  t o  fonn t h e  
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2',3'-DIDEOXYCYCLOPENTENYL CARBOCYCLIC NUCLEOSIDES 2&1 

3a.b 4a.b 

4 

1 

1 

- 
H, OH 

a, B=uracil. R-CHIPh 
b, B = W-ben~~WOnine, R zs COPh 

9 10 

'H'/MeOH/HIO; '( N / Z k ) * C S ;  'Bu, SnH, AIBN; 2 

SCIlEME 1 

corresponding anhydride (40% y i e l d )  which was is01 ated by column chroma- 

tography. The remaining 3'-O-(l- imidazolyl  )thiocarbonyl isomer (60%) was 
reduced with n-Bu3SnH to the corresponding dideoxy analogue - 8a (67% 
y i e l d ) .  Conversion o f  - 8a to  the  t h i o  analogue - 9 was accomplished i n  58% 
y i e l d  a f t e r  reacting with 1.3 equiv o f  2,4-bis-(4-methoxyphenyl)1,3,2,4- 
dithiaphosphetane-2,4-disulfide (Lawesson reagent110 i n  benzene ( r e f l u x ,  
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'Me,SiCH,CH,OCH,CI(SEM-CI): W%HOAc; '(()N),CS; 'nEu,SnH; 

Vn-Bu),NF; 'Ph,P, DEAO, 6-chbropurine; 'ECI,; WH, 

SCHEME 2 

45 min). Ammonolysis o f  9 wi th  saturated methanolic ammonia i n  a pressure 

b o t t l e  (80"C, 20 h) gave 63% of the benzyl protected ddCPE-C analogue 10 

which was deblocked t o  2 w i th  BCl3 i n  CH2CI2 (5  equiv, -78°C + 24OC, 2 

h ,  80%); 'H NMR (020) 6 1.73 ( m ,  l H ) ,  2.46 ( m ,  3H), 4.26 ( 5 ,  2H, 

H-6',,b), 5.58 ( b r  s, 2H, H-1 '  and H-5'1, 5.95 ( d ,  J = 7 Hz, lH ,  H-5), 7.50 
(d,  J = 7 Hz, l H ,  H-6); FABMS m / t  ( r e 1  i n t e n s i t y )  208 (MH+, 711, 112 ( b  + 

2H, 100).  

- 
- 
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2',3'-DIDEOXYCYCLOPENTENYL CARBOCYCLIC NUCLEOSIDES 

2 ' ,  3' -dd-cyclopentenylcytosine (2) 
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Figure 1: I n h i b i t i o n  o f  cytopath ic  e f f e c t  o f  HTLV-III/LAV by ddCPE-C 
( 2 )  and ddA i n  ATH8 c e l l s .  Control c e l l s  (open columns) 
were s i m i l a r l y  t reated,  b u t  were n o t  exposed t o  t h e  v i rus .  

A s i m i l a r  s e t  o f  reac t i ons  performed on 06' ,N6-dibenzoyl-(2' ,3'-0- 
isopropy1idene)neplanocin A ( 3 b )  - affo rded  the  pu r ine  t a r g e t  ddCPE-A (1). 
This  compound was a l so  approached v i a  the Mitsunobu reac t i on11  between dd- 
cyc l  opentene-1 I -01 - 18 and 6-chl  oropur i  ne ( Scheme 2) .  Conversion o f  t h e  

r e s u l t i n g  condensation product - 19 t o  ddCPE-A ( 2 )  - was accomplished i n  two 

steps a f t e r  ammonolysis and debenzylation. The synthes is  o f  i n te rmed ia te  
- 18 s t a r t e d  w i t h  t h e  already known cyclopentene precursor  - 1112 which was 
subjected t o  a s i m i l a r  sequence o f  two reduc t i ve  deoxygenations. The 1'- 

hydroxy group was i n i t i a l l y  protected wi th t h e  2-( t r i m e t h y l s i l y l  Iethoxy- 
methyl (SEMI group (Scheme 2). 

The b i o l o g i c a l  experiments were d i sappo in t i ng  s ince t h e  compounds 

showed no p r o t e c t i o n  o f  ATH8 c e l l s  i n f e c t e d  w i t h  HTLV-III/LAV. The 
r e s u l t s  f o r  ddCPE-C (2 )  - are shown i n  F igu re  1 together  w i t h  t h e  r e s u l t s  
o f  an a c t i v e  standard ddA. 
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MARQUEZ ET AL. 2 4 4  

The i nac t iv i ty  o f  these compounds could be due t o  their  poor ana- 
bolism t o  the mono, d i ,  or t r iphosphate  l eve l s ,  o r  t o  the  poor substrate 
propert ies  o f  the 5 ' - t r iphosphates  towards the viral  encoded reverse 
t ranscr ip tase .  Experiments aimed a t  resolving t h i s  i s sue  are be ing  con- 
ducted in  our 1 aborator ies .  
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