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SUMMARY 

The s y t h e s i s  of carbon-14 labeled l-ir-3-ar~,'lI-7f~r~c.q, Icdtosine 

and i t s  hydrochloride salt i s  described. 

i n  four s teps  from bariwn carbonats-'4C, are labeterl in ;ve Z-7 

posit ion of the pyrimidine ring. 

The products, ; r e t < ? w d  

INTRODUCTION 

l-6-D-Arabinofuranosylcytosine1 is an effectivr! agent for t h2  ireatmer.t o f  

acute leukemias and lymphomas*. 

anti viral4 and antitumors activities. 

1-6-0-arabinofuranosylcytosine 

and imnunosuppressi ve* properties, when compared tc; tlie ?are-t co:npcur?d, 

ir, test animals (mice and rats). 

furanosylcytosine was carried out to provide radioactive dru?  for  olained 

absorption and metabolism studies with the drug itself and i t s  adamantoy1 

and other esters.' 

It inhibits DNA synthesis' and has shown 

The 5'-(l-ddama~toyl) Cerirztive- O f  

has exhihit,ed suoerio- ,-t' iei!ke,]'i:; 

Carbon-14 labeling c.f I-a-C-arnti?8:?- 
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DISCUSSION AND RESULTS 

The reaction sequence fo r  the synthesis o f  1-6-D-arabinof~ranosylcytosine-2-~~C 

(11) and i t s  hydrochloride s a l t  (111) i s  shown in Scheme 1. 

was pyrolyzed a t  840°C 

t a t ive  y ie ld ,  barium cyanamide-14C. 

acid t o  l i be ra t e  cyanamide-"T according t o  the procedures of Zbarsky and Fischer9. 

Barium carbonate-l'lC 

in a stream of amnonia gas t o  give, i n  v i r tua l ly  quanti- 

The l a t t e r  was treated with d i lu te  su l fur ic  

Scheme 1 

Reaction Sequence f o r  the Synthesis o f  
1 -~-D-Arabinofuranosyl cytosine-2- l4 C 

and I t s  Hydrochloride Sa l t  

NH3 BaN "+CN 
840°C H2S04 

Ba "+C03 - 

Hod 
HO 

H2N'"CN 

D-Arabinose 
40°C 1 IdeOH-6 N NH40H 

< 

HO 
I 

1 )  H C X C N  
DMA 

2) N H + O H  

Hydrochloride S a l t  
111 *The as te r i sk  denotes carbon-14. 

The procedures for the condensation of 0-arabinose with cyanamide t o  produce 

2-amino-~-D-arabinofurano[l~2~:4,5]-2-oxazol ine-2-l"C ( I )  and the conversion 

of  the l a t t e r  t o  l-6-D-arabinofuranosylcytosine-2-14C were modifications 

o f  the procedures of Sanchez and Orgel l o ,  The reaction conditions. J S  
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described. proved unsa t i s fac to ry  on the 5-10 m i l l i m o l e  scales requ i red  

f o r  r a d i o i s o t o p i c  synthesis. 

I n  the r e a c t i o n  o f  D-arabinose w i t h  cyanamide, c lose  adherence t o  the  

described procedure lo r e s u l t e d  i n  low y i e l d s  o f  2-amino-6-0-arabinofurano 

[l ',2':4,5]-2-0xazoline-2-~''C w i t h  low p u r i t y .  

c a r r i e d  o u t  i n  which the r a t i o  o f  reactants ,  t h e  so lvent  system, t h e  r e a c t i o n  

time, and the  r e a c t i o n  temperature were va r ied  t o  determine optimum r e a c t i o n  

condi t ions.  

D-arabinose could be reduced from 2: l  t o  4:3, b u t  no f u r t h e r ,  w i thou t  a f f e c t i n g  

the radiochemical y i e l d  and the  p u r i t y  o f  t h e  product. 

s ince cyanamide i s  t he  label -bear ing reactant .  

the so lvent  m ix tu re  o f  choice; &OH-water ( 5 : l  v /v)  gave products o f  good 

p u r i t y  but  i n  lower y i e l d s .  

t r o l l e d .  

temperatures r e s u l t e d  i n  products o f  lower p u r i t y  and/or i n  lower y i e l d s .  

Cyanamide must be p u r i f i e d ,  i.e., any dicyanamide present must be removed, 

s ince  products contaminated w i t h  dicyanamide were d i f f i c u l t  t o  p u r i f y  

w i thou t  heavy loss.  

A number o f  t r i a l  runs were 

The r e s u l t s  i nd i ca ted  t h a t  t he  molar r a t i o  o f  cyanamide t o  

This i s  o f  importance 

MeOH-6~ NH,OH (5: l  v /v)  was 

The r e a c t i o n  temperature must be c a r e f u l l y  con- 

Lower (27°C.) o r  h igher  (65°C.) The optimum was found t o  be 40'C. 

I n  %he rad ioac t i ve  preparat ion,  7.5 m l e s  o f  0-arabinose and 10 m l e s  o f  

cyanamide-l"C were s t i r r e d  i n  2 m l  o f  5 : l  v/v MeOH-6N NH,,OH f o r  24 hours 

a t  40°C 

arzbinofurano[l  ' ,2':4,5]-2-oxazol ine, 2- "'C. 

2-Amino-6-D-arabi nofurano [l ' ,2' : 4,5]-2-oxazol i ne -2 -  1 4 C  was t r e a t e d  w i t h  

cyanoacetylenel 

cytosine-Z-"+C. 

n o t  be reproduced. 

cytos ine hydrochlor ide (111). 

t o  g i ve  47.6% chemical y i e l d  (based on cyanamide) o f  2-amino-e-D- 

i n  a two-stage procedure lo t o  g i ve  1-6-0-arabinofuranosyl- 

I n  numerous t r i a l  runs the  repor ted 80%-90% y i e l d  could 

The best  r e s u l t  was a 32% y i e l d  o f  1-6-D-arabinofuranosyl- 

I n  the rad ioac t i ve  preparation, t he  crude 
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hydroch lo r i de  s a l t  was chromatographed on a column o f  s i l i c a  

7:3 v/v EtOH-EtOAc. 

product  b u t  t h e . l a t t e r  on r e c r y s t a l l i z a t i o n  gave roughly  equal amounts o f  

two ma te r ia l s  o f  d i f f e r e n t  me l t i ng  po in ts  bu t  v i r t u a l l y  i d e n t i c a l  R f  values 

by TLC. 

gel e l u t e d  w i t h  

This  procedure separated a dark gum from t h e  c r y s t a l l i n e  

One o f  these two ma te r ia l s  proved t o  be 1-6-D-arabinofuranosylcytosine- 

hydrochlor ide w h i l e  the  o the r  was the f r e e  base, 1-a-D-arabinofuranosyl- 

~ y t o s i n e - Z - ~ ~ C .  as evidenced by elemental analyses and a negat ive AgN03 t e s t .  

A t o t a l  o f  3.99 mCi  o f  products was obtained, represent ing 42.5% radiochemical 

y i e l d  from Z-amino-f+O-arabinofurano[l' ,2' : 4 , 5 ] - 2 - 0 x a z o l i n e - 2 - ~ ~ C .  

products were shown t o  be rad iochemical ly  pure by TLC w i t h  two so l ven t  systems: 

(1) n-BuOH sa tu ra ted  w i t h  H20 and (2)  7:3 v/v EtOH-EtOAc. 

Both 

EXPERl MENTAL 

Me1 t i n g  po in ts  were uncorrected, 

out  w i t h  the  i n t e r n a l  standard method, 

R a d i o a c t i v i t y  determinat ions Here c a r r i e d  

B a r i u m  Cyanamide-14C wad Cyanamide-L4C 

A m ix tu re  o f  139 mg (40 m C i )  o f  '%-labeled ( f rom New England Nuclear 

Corporation) and 875 mg o f  non-labeled barium carbonate was pyro lyzed a t  

840°C f o r  4 h rs  under a stream of amnonia gas a t  100 ml/min. 

s u l t i n g  r o c k - l i k e  BaNl4CN weighed 897 mg (98.5% y ie ld ) ,o f  which 851 mg 

was t rea ted  wi th d i l u t e  H2SOI. according t o  the  procedure o f  Zbarsky and 

F ischerg t o  l i b e r a t e  H2N1"CN. The crude ma te r ia l  was d isso lved i n  E t j O  

and f i l t e r e d  to remove inso lub le  inorganic  s a l t s  and/or dicyanarnide. 

moval o f  Et20 gave 168 mg (83% y i e l d )  o f  h2Ni4CN. This  ma te r ia l  was 

r e p u r i f i e d  imnediate ly  p r i o r  t o  use by e x t r a c t i o n  i n t o  E t  0 and removal 

o f  t h e  so l ven t  under reduced pressure. 

The re -  

Re-  

A m ix tu re  o f  1.126 g (7.5 m o l e s )  o f  D-arabinose, 112 mg o f  H N ' - C F I  and 

310 mg o f  H2NCN ( t o t a l :  10 m o l e s ) ,  and 2 m l  o f  5 1 v /v  l4eOH-65r NH.OH 
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was s t i r r e d  under N2 i n  an o i l  bath a t  40°C f o r  24 hrs ,  then a t  room 

temperature f o r  1 h r  and kept  i n  the r e f r i g e a r t o r  (0°C) f o r  19 hrs. 

s o l i d s  were f i l t e r e d ,  washed wi th c o l d  MeOH fo l lowed by Et,O, and d r i e d  

t o  g i ve  830 mg o f  2-amino-6-D-arabinofurano[l ,21:4,5]-2-oxazoline-2-~4C, 

m.p. 180-181°C (dec.), sp. ac t .  1.99 mCi/mM, 47.6% y i e l d  based on H2N14CN. 

The 

I-6-D-AmbznofuMnoaytcytoazne-2- "C (II) and ita Hydrochloride 5dlt (111) 

A s t i r r e d  suspension o f  819 mg (4.7 m o l e s )  o f  2-amino-6-0-arabinofurano - 
[ 1 ' , 2 1 ~ 4 , 5 ] - 2 - o x a z o l i n e ~ 2 - 1 ~ C  i n  4.5 m l  of DMA was cooled t o  10°C under N2. 

The c o o l i n g  bath was removed and 0.35 m l  (5.5 m o l e s )  o f  cyanoacetylene 

was added i n  one p o r t i o n  by means o f  a syr inge,  

and a f t e r  10 min a wine-red but  homogeneous s o l u t i o n  resul ted.  

min, 4.5 m l  o f  N NHLOH was added i n  one po r t i on .  The r e s u l t i n g  warm 

mix tu re  (pH 19) was s t i r r e d  f o r  40 min and concentrated under vacuum 

( 1  mm Hg) a t  45°C f o r  3 hrs. The resu ! t i ng  brown syrup was d isso lved 

i n  10 m l  o f  MeOH and 2 m l  o f  19% w/w HC1-MeOH was added. The m ix tu re  

(pH 1)  was concentrated and t h e  res idue was r i n s e d  w i t h  E t z O  and d r i e d  

t o  g i ve  2.165 g o f  paste which f a i l e d  t o  c r y s t a l l i z e  as expected. This 

m a t e r i a l  was chromatographed on a 52 x 2.8 cm column of s i l i c a  gel e lu ted  

w i t h  7:3 v/v EtOH-EtOAc. A f t e r  t he  f i r s t  300 m l  o f  e luen t  (column holdup 

volume was 430 m l )  was c o l l e c t e d  i n  one po r t i on .  a t o t a l  o f  2.6 1. o f  e luen t  

was c o l l e c t e d  i n  15 ml f r a c t i o n s  a t  the r a t e  of 1.75 min per f r a c t i o n .  

This  procedure separated a brown gum f r o m  the  des i red product. 

through 166 were pooled and concentrated t o  g i ve  804 mg s o l i d s  which were 

washed w i t h  MeOH fo l lowed by Et10 and d r i e d  t o  g i v e  247 mg o f  wh i te  powder, 

m.p. 213-215°C (dec.).  sp. act. 2.00 mCi imM. 

and a negat ive AgNO, t e s t  showed t h i s  m a t e r i a l  t o  be the  f r e e  base 1-6-D-ara- 

b 1 no f u ranosy 1 cy tos ine - 2 - C . 

The m ix tu re  became warm 

A f t e r  30 

Fract ions 41 

Elemental analyses (C, H, N) 

A m ! .  Calcd. f o r  CGH.,N,Or\< C 44.44; H 5.39, N, 17.28 

Found: C .  44.05. H ,  5.57, N, 16.92. 



4 1 2  Richard S . P .  Hsi 

The mother liquor of t he  above ma te r ia l  was t r ea ted  w i t h  more HCI-MeOH 

and from the  r e s u l t i n g  m ix tu re  1.96 m C i  o t  1c .D a r ~ ~ ~ n o f u c a n o s y l ~ y t o s i ~ l ~  Z - ! " L  

hydrochlor ide was obta ined.  map. 290 201 C (dec . )  sp .  a c t .  2 03 m C i / m M .  

A W I ~ . :  Calcd. f o r  C q H , , C I N . O .  C ,  38.65, H ,  5 . 0 5 .  N, 15.01 

Found C. 38 92, H. 5 .11 ,  N .  14,58 

The t o t a l  radiochemical y i e l d  was 3.99 siCi  or  42.5% based on 2.amino 6-0 

arabinofurano[ l  , Z  :4,5]-2.oxazol ine-2 'C Both products were rdd locnemlcal iy  

pure by TLC on s i l i c a  ge l  us ing ( 1 )  w-BuOH saturated w i t h  H,O and ( 2 )  7 3 v / v  

EtOH-EtOAc as developinq s o l v e n t  cystem. 
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