
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 26 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Nucleosides, Nucleotides and Nucleic Acids
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597286

The Controlled Stereospecific Reduction of Cyclopentenyl Cytosine (CPE-
C) to Carbodine and Isocarbodine
Pamela L. Russa; Lajos Hegedusa; James A. Kelleya; Joseph J. Barchi Jr.a; Victor E. Marqueza

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

To cite this Article Russ, Pamela L. , Hegedus, Lajos , Kelley, James A. , Barchi Jr., Joseph J. and Marquez, Victor E.(1992)
'The Controlled Stereospecific Reduction of Cyclopentenyl Cytosine (CPE-C) to Carbodine and Isocarbodine',
Nucleosides, Nucleotides and Nucleic Acids, 11: 2, 351 — 363
To link to this Article: DOI: 10.1080/07328319208021709
URL: http://dx.doi.org/10.1080/07328319208021709

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597286
http://dx.doi.org/10.1080/07328319208021709
http://www.informaworld.com/terms-and-conditions-of-access.pdf


NUCLEOSIDES & NUCLEOTIDES, 11(2-4), 351-363 ( 1 9 9 2 )  

THE CONTROLLED STEREOSPECIFIC REDUCTION OF CYCLOPENTENYL 
CYTOSINE (CPE-C) TO CARBODINE AND ISOCARBODINE# 

Pamela L. Russ, Lajos Hegedus, James A. Kelley, 
Joseph J. Barchi, Jr., and Victor E. Marquez* 

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

Abstract. The preferential cis-addition of hydrogen to either face of 
the carbocycl ic double bond o f  enantiomerically pure cyclopentenyl 
cytosine (1) was achieved. 
nucleosides carbodine (2) and isocarbodine (3) were evaluated against 
human influenza virus. Carbodine showed the greater potency against this 
virus but the activity o f  isocarbodine was still substantial. 

The resulting saturated carbocycl ic 

The selective cis-addition of hydrogen to opposite sides ( a  or p )  
of the double bond of cyclopentenyl cytosine (1, CPE-C) was considered 
o f  interest as a way o f  preparing carbodine (2) and its corresponding 
4’-epimer (sugar numbering) isocarbodine (3 ) .  Since CPE-C has been 
synthesized in optically pure form,’ regiochemical control of this 
reduction was anticipated to generate, for the first time, enantio- 
merically pure carbodine and isocarbodine. 

and has been shown to possess significant antitumor and antiviral 
activity.2i3 It was therefore of interest t o  compare the biological 
differences between enantiomerically pure carbodine and its racemate, as 
well as to investigate the biological properties of the new carbocyclic 
nucleoside isocarbodine. 

Racemic carbodine was prepared initially by Shealy and coworkers 

Results and Discussion. The results from the attempted catalytic 
reduction (Scheme I ,  Method A) of CPE-C demonstrated the existence of a 

# T h i s  work i s  dedicated to the memory of Professor Tohru Ueda. 
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PhCH(OMe), 

HBF, I 
* 2 + 3 

H,/Pd/C (METHOD A) 

[HN=NH] (METHOD B) 
1 

METHOD A: 19% 78 % 

METHOD B: 65-73% 17-25% 

HO 

p h c H 2 0 ~  , HCOONH, 

Pd/C 
METHOD C 

O X 0  O X 0  

5 6 (3%) 7 (97%) 

HCOOH I 
3 

SCHEME 1 
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CONTROLLED, STEREOSPECIFIC REDUCTION OF CPE-C 353 

significant bias of the molecule to accept hydrogen preferentially from 
the top, or P-side. 
of 
reaction mixture. 

This preference is illustrated by the ca. 4/1 ratio 
isocarbodine (3) to carbodine (2) measured by HPLC analysis of the 

The P-side selectivity was further enhanced by 

NH2 NH2 

t A o  HO Q *  5' fi0 Hoq tLO 
HO OH HO OH HO OH 

2, Carbodine 3, Isocarbodine 

Hov 
1, CPE-C 

protecting the cis-diol function of CPE-C with an isopropylidene moiety. 
Thus, when either catalytic hydrogenation or catalytic transfer 
hydrogenation (Scheme 1, Method C) were attempted on fully protected 
CPE-C (s), the reaction proceeded to give, almost exclusively, compound 
- 7, the isopropylidene protected form of isocarbodine. Removal of the 
benzyl group occurred simultaneously with the reduction of the double 
bond. Direct HPLC analysis of this reaction mixture, or analysis of an 
a1 iquot after treatement with formic acid to remove the i sopropyl idene 
moiety, indicated a ratio of 97% isocarbodine (3) to 3% carbodine (2). 
Separation of these two components at the protected stage was 
accomplished by successive recrystallizations of 7 from the mixture. 
After four recrystallizations from acetone, an analytical sample of 1. 
(99.6% pure by HPLC) was obtained. Deblocking of 1. with formic acid 
afforded enantiomerically pure isocarbodine (3, Scheme 1 ) .  

In order to change the facial selectivity of the reduction, diimide 
was considered as a possible reagent. This reagent, generated from 
potassium azadicarboxylate (PADA), is an important reducing agent in 
synthetic ~ h e m i s t r y ~ - ~  but has been sparsely utilized in nucleic acid 
~hemistry.~ Merely on the basis of its size, diimide was at least 
expected to deliver hydrogen with equal ease from both sides o f  the 
double bond. However, the results from the experiments showed that 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
0
9
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



RUSS ET AL. 354 

d i im ide  appeared t o  favo r  d e l i v e r y  o f  hydrogen from t h e  a -s ide  o f  C P E - C  

s ince t h e  r a t i o  o f  carbodine (2) t o  isocarbodine (3) was c o n s i s t e n t l y  
between 3/1 and 4/1 (Scheme 1, Method B) .  Such preference o f  d i im ide  
f o r  t h e  a -s ide  o f  CPE-C could r e s u l t  from t r a n s i e n t l y  formed hydrogen 
bonds between the  c i s  form o f  d i im ide  ( the  actual  reducing agent) and 

t h e  c i s - d i o l  o f  t he  subst rate.  Despi te t h e  observed s e l e c t i v i t y ,  t h e  
r e a c t i o n  was somewhat s luggish.  
h indered nature o f  t h e  double bond o f  CPE-C which requ i red  several  
add i t i ons  o f  PADA t o  d r i v e  the  r e a c t i o n  t o  completion. A f t e r  f o u r  
addi t ions,  t he  y i e l d s  f l u c t u a t e d  between 65% t o  73% f o r  carbodine (z), 
17% t o  25% f o r  isocarbodine (3) and 1% t o  17% o f  unreacted CPE-C (I), as 
determined by HPLC analys is .  Treatment o f  t h e  m ix tu re  w i t h  
benzaldehyde dimethyl  aceta l  i n  order  t o  p r e f e r e n t i a l l y  t r a p  the  syn- 
3 ' , 5 ' - d i o l  system o f  isocarbodine (compound 4, Scheme 1) a f fo rded  a new 

m ix tu re  i n  which unreacted 1 and 2 were separated from 4 by prepara t i ve  
TLC. 
carbodine (2), complete removal o f  isocarbodine was n o t  achieved and the  
composi t ion o f  t he  new r e a c t i o n  m ix tu re  improved t o  on l y  87% carbodine 
(2), 12% isocarbodine (3) and ca. 1% o f  unreacted CPE-C (F igure 1, 
panels a and b ) .  Separation o f  t h i s  m ix tu re  by p repara t i ve  HPLC was 

d i f f i c u l t  due t o  t h e  closeness o f  t he  k' values o f  carbodine and i s o -  
carbodine. Panels c and d i n  F igure 1 i l l u s t r a t e  t h e  r e s u l t s  o f  t he  
semi-preparat ive HPLC p u r i f i c a t i o n  o f  carbodine from t h i s  m ix tu re  t o  
produce enan t iomer i ca l l y  pure compound. 

The 'H and 13C-NMR spectra o f  ( - )carbodine (2) were super- 
imposable t o  those obtained from a sample o f  authent ic  racemic carbodine 

k i n d l y  suppl ied t o  us by D r .  Shealy f r o m  Southern Research I n s t i t u t e ,  
Alabama. 

DEPT and pub1 ished data f o r  c y t i d i n e  nucleosides.' 
dimensional NOE d i f f e r e n c e  spectroscopy revealed important d i f f e rences  
between carbodine and i t s  4' -epimer, isocarbodine. I n  isocarbodine (3 ) ,  
a st rong NOE e f f e c t  observed a t  H-2 '  and H-3', when H-4' was i r r a d i a t e d ,  
estab l ished the  a l l  c i s  r e l a t i o n s h i p  o f  these th ree  hydrogens. This,  
coupled t o  t h e  absence o f  NOE between H-1 '  and H-4', corroborated the  
a - o r i e n t a t i o n  o f  t he  hydroxymethyl s ide chain i n  isocarbodine. I n  

This  was poss ib l y  due t o  t h e  r e l a t i v e  

Despi te t h e  f a c t  t h a t  t he  new r e s u l t i n g  m ix tu re  was enr iched i n  

A l l  NMR assignments were made w i t h  the  a i d  o f  'H-'H-COSY, 
I n  add i t i on ,  one 
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356 RUSS ET AL 

TABLE 1. Inhibition o f  L1210 Cell Growtha by (-)CPE-C, (-)Carbodine, 
and (-) Isocarbodi ne, 

% Inhibition 

Conc. (&lf CPE-C 
IC5,=0.03 pM 

0.1 >90 
0.2 >90 
0.25 
0.3 
0.5 
1 .o 

Carbodine 
IC5,=0.30 $4 

(10 
(10 
(10 
85 
95 

Isocarbodine 
IC5,=N. D.  

<lo 
(10 
(10 
t10 
t10 
t10 

aL1210 cells were seeded at 1.5~10~ cell/mL in Fisher’s medium 
containing 10% heat-inactivated horse serum. 
drugs continuously for 48 h, and the cell number was determined by the 
use of a Coulter counter. Percent inhibition was calculated relative to 
control cultures without drug. 

Cells were exposed to the 

carbodine, the NOE effect observed between H-1’ and H-4’ after 
irradiation o f  H-1‘ was riot very diagnostic due to the overlap that 
exists between the H-4’ signal and the signal of one of the H-6‘ 
protons. Interestingly, in isocarbodine, a strong NOE interaction 
observed at H-6 when H-1‘ is irradiated - and vice versa - is probably 
the result of a significant contribution from the syn conformer in 
sol ut ion. 

Biological Activity. The in vitro cytotoxicities displayed by 
enantiomerically pure CPE-C (L) ,  carbodine (2) and isocarbodine (3) are 
shown in Table 1. 
several doses of the test drugs to compare their relative potencies. 
CPE-C exhibited the greatest cytotoxicity achieving greater than 90% 
inhibition of growth at 100 nM. Carbodine showed no cytotoxicity at 
concentrations less or equal to 250 nM, yet it achieved approximately 
85% growth inhibition at 300 nM and 95% inhibition at 500 nM. 
bodine was essentially non-toxic at concentrations o f  1 pM or  less. 

In these experiments L1210 cells were treated with 

Isocar- 
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CONTROLLED, STEREOSPECIFIC REDUCTION OF CPE-C 357 

TABLE 2. 
Human I n f l u e n z a  V i r u s  Type AJPR/8/34 i n  C e l l  Cu l tu rea .  

A n t i v i r a l  A c t i v i t y  o f  (-)Carbodine and ( - ) Isocarbod ine  Aga ins t  

- VRb u 5 o c  - M T C ~  - T I e  
( - )Carbod ine  5.1 0.4 24.1 60 

rac-Carbodine 4.9 0.7 25.0 36 

( - ) I soca rbod ine  2.6 21.2 24 1 11 

’Madin-Darby Canine Kidney (MDCK) c e l l s .  bVR i s  a weighted measurement 
o f  a n t i v i r a l  a c t i v i t y  t h a t  takes  i n t o  account bo th  t h e  degree o f  
i n h i b i t i o n  o f  v i rus - induced  cy topathogen ic  e f f e c t s  and t h e  degree o f  
c y t o t o x i c i t y  produced by t h e  t e s t  compound. A VR o f  1.0 o r  g r e a t e r  i s  
i n d i c a t i v e  o f  s t a t i  s t i  c a l l  y s i g n i f i c a n t  a n t i v i r a l  a c t i v i t y  . ‘The dmi n imum 
d rug  dose (pg/mL) t h a t  i n h i b i t e d  cytophatogenic e f f e c t s  by 50%. The 
minimum drug concen t ra t i on  (pg/mL) causing any cytotoxicity.eTherapeutic 
index = MTC/ID,,. 

The wide spectrum a n t i v i r a l  a c t i v i t y  o f  CPE-C has been tho rough ly  
documented.’ Data on racemic carbodine, however, i s  more 1 i m i t e d  
a l though i t  has been repo r ted  t o  be ve ry  e f f e c t i v e  aga ins t  i n f l u e n z a  
v i r ~ s e s . ~  A comparat ive s tudy  of  our  e n a n t i o m e r i c a l l y  pure  compounds 
carbod ine  (2) and isocarbod ine  (3) versus rac-carbod ine  was performed 

aga ins t  human i n f l u e n z a  v i r u s  ( t ype  A,JPR/8/34) i n  c e l l  c u l t u r e  by t h e  
c y t o p a t h i c  e f f e c t  i n h i b i t i o n  assay. The r e s u l t s  f rom t h i s  s tudy  are  
shown i n  Table 2. From these data,  one can see t h a t  ( - ) ca rbod ine  i s  

exper imen ta l l y  1 .75 - fo ld  more po ten t  ( t h e o r e t i c a l l y  2 - f o l d )  than r a c -  
carbodine. I n  a d d i t i o n ,  s ince  t h e i r  r e s p e c t i v e  minimum t o x i c  concent ra -  
t i o n s  (MTC) were v i r t u a l l y  i d e n t i c a l ,  t h e  pure  enantiomer had a g r e a t e r  
t h e r a p e u t i c  index  ( T I ) .  Th i s  was r e f l e c t e d  i n  t h e  b e t t e r  v i r a l  r a t i n g  
(VR) ob ta ined  f o r  t h e  enant iomer ic  form. Q u i t e  unexpectedly,  i soca rbo -  
d i n e  showed s i g n i f i c a n t  a c t i v i t y  aga ins t  t h i s  v i r u s  w i th  a VR o f  2.6 and 
a T I  o f  11. 
fo rma t ion  f rom these analogues i s  a p r e r e q u i s i t e  f o r  a c t i v i t y  aga ins t  

t h i s  v i r u s ,  t h e  unusual con format ion  o f  t h i s  4’-epimer o f  carbod ine  i s  

never the less  accepted by a k inase present  i n  t h e  assay m ix tu re .  
a n t i h e r p e t i c  a c t i v i t y  o f  isocarbodine, however, was n e g l i g i b l e  w i t h  a VR 
o f  0.71 (da ta  n o t  shown). 

Such an unexpected r e s u l t  suggests t h a t  i f  n u c l e o t i d e  

The 
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358 RUSS ET A L .  

This  study demonstrates t h a t  t he  p r e f e r e n t i a l  reduc t i on  o f  CPE-C 
from e i t h e r  s ide o f  t he  double bond i s  f eas ib le .  The r e s u l t i n g  
enant iomer ica l ly  pure isomers, carbodine and isocarbodine, are both 
endowed w i t h  i n t e r e s t i n g  b i o l o g i c a l  a c t i v i t i e s .  The unexpected a c t i v i t y  
o f  isocarbodine against  human in f l uenza  v i r u s  may prov ide a new l e a d  f o r  
t he  development o f  f u t u r e  drugs i n  t h i s  area. 

EXPERIMENTAL SECTION 
General. M e l t i n g  p o i n t s  were taken on a Mel-Temp I 1  apparatus o r  

UV spectra Fisher-Johns me l t i ng  p o i n t  apparatus and are uncorrected. 
were obtained on a Beckman DU-70 spectrophotometer. Opt ica l  r o t a t i o n s  
were recorded on a Perkin-Elmer 7278 polar imeter  a t  t he  sodium D l i n e .  
Proton and carbon NMR spectra were run on a Varian XL-200 spectrometer 
a t  200 Mz and 50 MHz, respec t i ve l y .  Chemical s h i f t s  are g iven i n  ppm 
( 6 )  r e l a t i v e  t o  Me,Si and are referenced t o  the  so lvents  i n  which t h e  

samples were run. NOE experiments were run on a Bruker AC-250 a t  250 
MHz and carbon m u l t i p l i c i t y  was determined w i t h  t h e  same instrument by a 
DEPT-45 sequence i n  the automated mode a t  62.9 MHz. 
performed on Un ip la te  GHLF s i l i c a  ge l  (Analtech, 250 p ) .  P u r i f i c a t i o n  

by c a t i o n  exchange chromatography was c a r r i e d  out  us ing a 15 x 3 cm 
column (50 mL g lass syr inge body') packed w i t h  15 mL Dowex 50W-X4 r e s i n  
(Bio-Rad, 50-100 mesh, H' form). Azodicarbonamide (98%) was purchased 
f r o m  Fluka Chemical Corp. wh i l e  o ther  reagents were o f  t he  h ighest  
commercially a v a i l a b l e  grade. P o s i t i v e  i o n  f a s t  atom bombardment mass 

spectra were obtained on a VG 7070E mass spectrometer operated a t  an 
acce le ra t i ng  vo l tage o f  6 kV and a r e s o l u t i o n  o f  1000. Glycero l  was 

used as t h e  sample m a t r i x  and xenon f a s t  atoms were produced by charge- 

exchange n e u t r a l i z a t i o n  of a 1.2-1.3 mA beam o f  xenon ions accelerated 
through 8.4-9.2 kV. 

11/250 J' data system a t  a scan speed o f  10 s/decade and the  background 
due t o  t h e  g l y c e r o l  m a t r i x  was automat ica l ly  subtracted. 
analyses were performed by A t l a n t i c  Microlab, Inc., Norcross, GA. 

A n a l y t i c a l  TLC was 

Spectra were acquired under the  c o n t r o l  o f  a VG 

Elemental 

High-Performance L i q u i d  Chromatography. HPLC analyses were 

c a r r i e d  out  on a Beckman model 324 g rad ien t  l i q u i d  chromatograph 
c o n s i s t i n g  o f  a Model 210 sample i n j e c t i o n  va lve w i t h  a 250 pL i n j e c t i o n  
loop, two Model l O O A  pumps, a Model 421 pump c o n t r o l l e r ,  and a Waters 
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CONTROLLED, STEREOSPECIFIC REDUCTION OF CPE-C 359 

994 photodiode array detector. 
detected by monitoring UV absorbance at 278 nm, and the resulting peaks 
were integrated and recorded on a Spectra-Physics 4400 computing 
integrator. For analytical separations, a 10-20 pL sample injection was 
made onto a Beckman 250 x 4.6 mm 5-pm ODS Ultrasphere column, which was 
protected by a 30 x 4.6 mm 5-pm Brownlee RP-18 reverse phase cartridge 
precolumn. This analytical column system was eluted at a flow rate of 
1.0 mLJmin with a mobile phase consisting of either 15% MeOH in pH 5, 
0.1 M ammonium formate buffer (mobile phase A ) ,  pH 5, 0.1 M ammonium 
formate buffer (mobile phase 6);  or deionized distilled water (mobile 
phase C). 
filtration through 0.22 pm Durapore or Fluoropore filters before mixing 
and use. For semipreparative isolation of carbodine, 50-100 pL of 
concentrated reaction mixture was injected onto a column system 
consisting of a Waters guard column filled with 37-50 pm Vydac 201SC 

reverse phase packing and a Beckman 250 x 10 mm 5-pm ODS ultrasphere 
column. 

Carbocyclic cytosine nucleosides were 

All mobile phase components were degassed by vacuum 

Mobile phase C was used at a flow rate of 4.0 mL/min. 

( l R ,  Z S ,  3R,4S) - 1 - [ 2,3- (i sopropyl i denedioxy) -4- (hydroxymethyl ) - 
cyclopentyl]cytosine (z). Fully protected CPE-C' (5 ,  0.304 g, 0.822 
mmol) was refluxed in methanol (45 mL) for 4 h in the presence of a 
mixture of 10% Pd/C (0.608 g) and ammonium formate (5 9). After such 
;time, monitoring of the reaction by TLC (silica gel, 20% MeOH/CH,Cl,) 
indicated complete comsumption of starting material. 
removed by vacuum filtration and the filtrate was concentrated under 
vacuum. 
to give 0.210 g (91%) of a white solid. HPLC analysis of this solid 
(mobile phase A ) ,  or of the resulting mixture after treatment with 
formic acid (vide infra) to remove the isopropylidene moieties (mobile 
phase B),  indicated that the composition of the mixture was 97% Z and 3% 
6. Four successive recrystallizations from acetone were required to give 
an analytical pure sample of L ,  mp 213-214" C (99.6% pure by HPLC, 
mobile phase A, k' = 6.71); 'H NMR (Me,SO-d,) 6 1.20 (s, 3 H, CH3), 1.35 
( s ,  3 H, CH3), 1.62-1.93 (m, 2 H, H-6',,), 2.20-2.45 (m, 1 H, H-4'), 
3.32 (m, 1 H, H - 5 3 ,  3.53 (m, 1 H, H-5',), 4.40 (m, 2 H, H-2', H-3'), 
4.67 (m, 2 H, OH, H-1'), 5.60 (d, J = 7.5 Hz, 1 H, H-5), 7.00 (br s, 2 

The catalyst was 

The residue was solidified by trituration with 15 mL of acetone 
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RUSS ET AL. 360 

H, NH,), 7.40 (d, J = 7.5 Hz, 1 H, H-6) . Anal. Calcd f o r  C13Hl,N30,: C, 
55.49; H, 6.81; N, 14.94. Found: C, 55.57; H, 6.85; N, 14.96. 

(lR,2S,3R, 4s) -1- [ 2,3-di hydroxy-4- (hydroxymethyl ) c y c l  open ty l  ] c y t o s i n e  

( i soca rbod ine  3). A s o l u t i o n  o f  z (0.105 g, 0.374 mmol) i n  3 mL o f  
d i s t i l l e d  water  was t r e a t e d  w i t h  fo rm ic  a c i d  (Sigma, 99%, 100 pL) and 
heated  a t  60" C i n  a c losed  v i a l .  
HPLC, (mob i le  phase A) i n d i c a t e d  t h a t  a smal l  amount o f  s t a r t i n g  
m a t e r i a l  was s t i l l  p resent  a f t e r  24 h. 

(30 pL) and cont inued hea t ing  f o r  24 h a f f o r d e d  complete dep ro tec t i on .  
The r e a c t i o n  m i x t u r e  was d i l u t e d  w i t h  20 mL o f  methanol and reduced t o  

dryness t o  a f f o r d  crude 3 (90 mg, 100%) which was 99.7% pure  by HPLC 
(mob i le  phase B, k '  = 4.06). R e c r y s t a l l i z a t i o n  f rom abso lu te  ethanol  
produced 0.043 g (48%) o f  3 as a w h i t e  c r y s t a l l i n e  s o l i d  (a  second crop 
of  0.020 mg was a l s o  ob ta ined) ,  mp 236-238' C; [ a ] 2 5 ,  -53.6" ( c  0.097, 

H,O); UV (0.01 M phosphate b u f f e r ,  pH 7)  A,, 275 nm ( l o g  E 3.93); 'H NMR 

(D,O) 6 1.78 (m, 2 H, H-6',,J, 2.32 (m, 1 H, H-4') ,  3.40 (dd, J = 12, 6 

1 H, H-3') ,  4.30 (dd, J = 8, 4 Hz, 1 H, H-2 ' ) ,  4.45 ( d i s t o r t e d  q, 1 H, 

C NMR (Me,SO-d,) 8 29.47 (t, C-6'),  41.33 (d, C-4 ' ) ,  60.88 (t, C - 5 0 ,  

144.80 (d, C-6), 156.00 (s,  C-2), 165.32 (s,  C-4); FAB MS m/z ( r e l a t i v e  

i n t e n s i t y )  242 (MH', l o o ) ,  112 ( b  t 2H, 42). Anal .  Calcd f o r  Cl,Hl,N30,: 
C, 49.77; H, 6.27; N, 17.42. Found: C, 49.83; H, 6.28; N,  17.34. 

Cornsumption o f  7, as mon i to red  by 

However, a d d i t i o n a l  f o rm ic  a c i d  

HZ, 1 H, H-5',), 3.57 (dd, J = 12, 8 Hz, 1 H, H-5',), 4.00 (t, J = 4 Hz, 

H-l'), 5.82 (d ,  J = 7.5 Hz, 1 H, H-5), 7.45 (d, J = 7.5 Hz, 1 H, H-6); 
13 

63.05 (d, C - l ' ) ,  72.03 (d, C-2'),  75.82 (d, C-3'),  93.19 (d, C-5), 

Potassium Azod ica rboxy l i c  Ac id  (PADA). 
y i e l d  accord ing  t o  l i t e r a t u r e  procedures by t r e a t i n g  azodicarboxamide 
w i t h  50% KOH a t  0" C. 

anhydrous CaSO, ( D r i e r i t e )  p r i o r  t o  use. 

T h i s  reagent  was prepared i n  87% 

T h i s  y e l l o w  s o l i d  was s t o r e d  des i cca ted  over  

(1R,2S,3R,4R)-1-[2,3-dihydroxy-4-(hydroxymethyl)cyclopentyl]cytosine 
(carbod ine  2). 
a t  room temperature.  PADA (3.2 g) was added t o  t h e  s t i r r e d  s o l u t i o n  

f o l l o w e d  by t h e  dropwise a d d i t i o n  o f  2 mL o f  g l a c i a l  a c e t i c  ac id .  The 
r e a c t i o n  m i x t u r e  temperature was s l o w l y  inc reased t o  55' C and s t i r r e d  
a t  t h i s  temperature f o r  12-16 h u n t i l  a l l  o f  t h e  PADA was consumed as 

CPE-C' (0.480 g, 2.0 mmol) was d i s s o l v e d  i n  20 mL o f  DMF 
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evidenced by t h e  disappearance o f  t h e  y e l l o w  s o l i d .  
m i x t u r e  was coo led  t o  room temperature and t h e  e x t e n t  o f  t h e  r e d u c t i o n  

and f o r m a t i o n  o f  2 was mon i to red  by HPLC (mob i le  phase B, k’ = 7.27). 

The i n o r g a n i c  s o l i d s  were removed by vacuum f i l t r a t i o n  and t h e  f i l t r a t e  
was reduced t o  dryness under vacuum. The r e s i d u e  was r e d i s s o l v e d  i n  20 
mL o f  DMF and r e a c t e d  w i t h  a d d i t i o n a l  PADA ( 3.2 g )  and 2 mL o f  a c e t i c  
a c i d  as above. 

a d d i t i o n s  o f  PADA a f t e r  which t ime  HPLC a n a l y s i s  revea led  a m i x t u r e  
c o n s i s t i n g  o f  65% 2 (ca rbod ine ) ,  17% 3 ( i soca rbod ine )  and 17% unreac ted  
- 1 ( C P E - C ) .  Residual  i n o r g a n i c  s a l t s  were removed f rom t h i s  m i x t u r e  by 

c a t i o n  exchange chromatography (Bio-Rad, 50W-X4 Dowex r e s i n ,  50-100 

mesh, H’ form) mon i to red  a t  280 nm. An aqueous s o l u t i o n  o f  t h e  e n t i r e  
r e a c t i o n  m i x t u r e  was loaded on to  t h e  column (50 mL g l a s s  s y r i n g e  body) 
packed w i t h  15 mL o f  r e s i n  and e x h a u s t i v e l y  washed w i t h  water .  
Carbocyc l i c  nuc leos ides  were then e l u t e d  w i t h  2 N NH,OH. 
of t h e  e l u a n t  and r e c o n c e n t r a t i o n  w i t h  MeOH under vaccum gave 0.440 g o f  

s o l i d .  

mob i l e  phase C produced 0.190 g o f  2 (carbod ine)  and 0.048 g o f  3. 
R e c r y s t a l l i z a t i o n  o f  90 mg of 2 f rom abso lu te  e thano l  gave 59 mg o f  2 as 
w h i t e  needles,  mp 218-219” C (99.1% pure  by HPLC, mob i l e  phase B ) ;  

-76.0’ ( c  0.107, H,O); UV (0.01 M phosphate b u f f e r ,  pH 7) It max 

275 ( l o g  E 3.99); ’H NMR (D,O) 6 1.35 (m, 1 H, H-6’,), 2.05 (m, 2 H, H- 

6‘b, H-4’) ,  3.49 (m, 2 H, H-5’,,b), 3.80 (dd, J = 6, 4 Hz, 1 H, H-3’),  

4.08 (dd, J = 8, 6 Hz, H-2’),  4.53 ( d i s t o r t e d  q, 1 H, H-1’),  5.90 (d ,  J 
= 8 Hz, 1 H, H-5), 7.61 (d, J = 8 Hz, 1 H, H-6);  13C NMR (Me,SO-d,) 6 

The r e a c t i o n  

T h i s  r e a c t i o n  c y c l e  was repeated  f o r  a t o t a l  o f  f i v e  

Concen t ra t i on  

Semiprepara t ive  HPLC i s o l a t i o n  o f  t h e  r e d u c t i o n  p roduc ts  us ing  

28.52 (t, C-6’) ,  44.93 (d, C-4‘) ,  61.33 (d, C - 1 ’ ) ,  62.95 (t, C-5’) ,  

71.72 (d, C-2’) ,  73.42 (d, C-3’) ,  93.38 (d, C-5), 143.34 (d,  C-6), 
156.14 (s,  C-2), 165.19 ( s ,  C-4); FAB MS m/z ( r e l a t i v e  i n t e n s i t y )  242 

(MH’, l o o ) ,  112 (b  t 2H, 34).  Anal .  Calcd f o r  Cl0Hl5N3O,: C, 49.77; H, 
6.27; N, 17.42. Found: C, 49.67; H, 6.31; N, 17.43. 

C a t a l y t i c  Reduction o f  CPE-C. C P E - C  (0.050 g, 0.21 mmol) was d i s s o l v e d  
i n  25 mL o f  d i s t i l l e d  water  and shaken i n  a P a r r  hydrogenator  a t  20 p s i  

o f  hydrogen i n  t h e  presence o f  5% Pd/BaSO, (0.010 g )  for 48 h. A t  t h a t  
t i m e  HPLC a n a l y s i s  (mob i le  phase B) i n d i c a t e d  t h a t  a l l  s t a r t i n g  m a t e r i a l  

had been consumed. 
determined by HPLC was 4 : l .  

The r a t i o  o f  i soca rbod ine  (3) t o  carbod ine  (2) as 
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362 RUSS ET AL. 

Enrichment of t h e  M ix tu re  i n  Carbodine (2) by Reaction with Benzaldehyde 
Dimethyl Aceta l .  A f t e r  performing a s i m i l a r  d i im ide  reduc t i on  o f  CPE-C 

(1) as descr ibed f o r  t h e  preparat ion o f  carbodine (z), a m ix tu re  (0.057 
g) c o n s i s t i n g  o f  73% carbodine (z), 25% isocarbodine (3) and 1% 
unreacted CPE-C (HPLC analys is ,  mobi le phase B, F igure l a )  was obtained. 
This m ix tu re  was d isso lved i n  DMF ( 2  mL) and t rea ted  w i t h  benzaldehyde 
dimethyl  aceta l  (40 pl, 0.26 rnmol) and HBF, 

temperature overn ight .  

cont inued s t i r r i n g  f o r  6 h, no f u r t h e r  changes were noted by TLC 
analys is .  The r e a c t i o n  mixture was then neu t ra l i zed  w i t h  Et,N and 
reduced t o  dryness under vacuum. 
a small amount o f  MeOH and appl ied t o  a p repara t i ve  TLC tapered p l a t e  
(Analtech, s i l i c a  gel  GF) which was developed w i t h  a m ix tu re  of 

CHCl,:MeOH:NH, (300:lOO:lO). The band t h a t  remained a t  t he  o r i g i n  was 
ex t rac ted  w i t h  MeOH (3 x 5 rnL) and reduced t o  dryness t o  g i ve  a s o l i d  

which by HPLC analys is  (mobile phase B) was 87% carbodine, 12% 
isocarbodine and 1% CPE-C (Figure I b ) .  This mix ture was separated by 
semiprerat ive HPLC chromatography (mobile phase C )  as i l l u s t r a t e d  i n  
F igure l c .  

(5 drops) a t  room 
A f t e r  three successive add i t i ons  o f  HBF, and 

The mate r ia l  obtained was d i sso l ved  i n  

A n t i v i r a l  Evaluat ions.  A n t i v i r a l  eva luat ions were c a r r i e d  out  under N I H  
purchase order  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  D r .  W i l l i am Shannon and Ms. Gussie A rne t t .  
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