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FACILE SYNTHESIS OF 5-FLUOROCYTIDINE 

Minot i  Sharma and James L. A lder fe r *  

Department o f  Biophysics 
Roswell Park Memorial I n s t i t u t e ,  Buf fa lo ,  New York 14262 

ABSTRACT 

A f a c i l e  synthesis o f  5 - f l uo rocy t i d ine ,  an important in te rmed ia te  o f  
var ious  b i o l o g i c a l  i n te res ts ,  i s  described i n  2 steps from commercial ly 
ava i 1 abl e 5- f l  uorocytosi  ne and 1 -0-acetyl -2,3,5- tri -0-benzoyl- @ - k - r i bo f  - u r -  
anose. 

5 -F luorocy t id ine  (5-FCyd) i s  a b i o l o g i c a l l y  a c t i v e  compound which has 

f u n g i s t a t i c  propert ies1. 5-FCyd i s  a lso  found i n  RNA o f  c e l l s 2  which 

are grown i n  the presence o f  5-FU ( 5 - f l u o r o u r a c i l ) ,  an important chemother- 

apeut ic agent. The homopolynucleotide o f  5-FCyd, p o l y ( 5 - f l  uo rocy t i dy l  i c  

ac id ) ,  fonns a complex w i t h  po ly (1) .  This po lynuc leo t ide  duplex i s  a good 

i n t e r f e r o n  inducer3. I n  add i t i on  t o  t h e  general u t i l i t y  o f  py r im id ine  

nucleoside analogs as a n t i v i r a l  and ant i tumor agentsq we are i n te res ted  

i n  l a r g e  scale synthesis o f  5 - f luorocy t id ine ,  i n  o rder  t o  conver t  i t  t o  

var ious Dhosphoryl ated forms f o r  enzymatic studies. 

5-FCyd i s  n o t  commercially avai lable.  The procedure repor ted  by Robins 

e t  a1.5 f o r  i t s  synthesis includes d i r e c t  f l u o r i n a t i o n  o f  c y t i d i n e  w i t h  

t r i f l uo romethy l  hypof luor i te .  This f l u o r i n a t i n g  agent i s  t o x i c  and i t s  

l a r g e  scale use can be hazardous. The i s o l a t i o n  o f  5-FCyd using t h i s  pro- 

cedure i n  our 1 aboratory has always requ i red  prepara t ive  column o r  p l a t e  

chromatography. Saneyoshi e t  a1.6 repor ted  the synthesis o f  var ious  5- 

f luoropyr im id ine  nucleosides by mod i f i ca t i on  o f  the  stannic c h l o r i d e  cata- 

l yzed  g l ycosy la t i on  method f i r s t  introduced by N iedba l la  and Vorbruggen7. 

This mod i f ied  procedure i s  a d e f i n i t e  improvement over the  use o f  t o x i c  

h y p o f l u o r i t e  used t o  synthesize 5-FCyd5. However, t h i s  procedure6 i n -  

volves several steps both f o r  synthesis and i s o l a t i o n  o f  pure  5-FCyd. 
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We wish t o  r e p o r t  i n  t h i s  communication t h e  syn thes is  o f  5-FCyd from 

inexpensive,  commerc ia l ly  a v a i l a b l e  5 - f l u o r o c y t o s i n e  (1) and 1-0-acety l -  

2,3,5-tri-O-benzoyl- B-D-r ibofuranose - (2) by t h e  Vorbiuggen s i n g l e - p o t  

method8, w i t h o u t  a chromatoqraphic p u r i f i c a t i o n  step. T h i s  procedure 

does n o t  r e q u i r e  p r i o r  syn thes is  o f  Nq-acety l -5 - f l  uorocy tos ine  from 5- 
f l u o r o c y t o s i n e  nor  i s o l a t i o n  o f  t h e  s i l y l a t e d  d e r i v a t i v e  o f  5 - f l u o r o c y t o -  

s i n e  b e f o r e  c o u p l i n g  wi th  t h e  b locked carbohydrate,  as descr ibed prev ious-  

The sugar-protected nuc leos ide  (31 was syn thes ized by adding s i l y l a t -  

i n g  agent (HMDS; 1.5 m l ,  7 mmol) and TMCS (5.92 m l ,  3 1  mmole) t o  an anhyd- 

rous suspension o f  (1) (1.3 g, ~ 1 0  m o l ) ,  (2) (5.04 g, 10 m o l l  and t h e  

l y 6 .  

C4 FeSO3K 
HMDS+ 

+ 6 Z o O o A c  TMCS * 
CHsCN 

H BzO OBr rrflux 24hr 

it See rrfrrrncr 10 

c a t a l y s t ,  potassium n o n a f l a t e  (8.12 g, 24 mml) i n  a c e t o n i t r i l e  under d r y  

n i t r o g e n  atmosphere. The r e a c t i o n  m i x t u r e  i s  r e f l u x e d  f o r  24 hours, and i s  

f o l l o w e d  by s i l i c a  ge l  TLC (methanol: ch lo ro fo rm,  20:80; Rf  ( 3 )  0.56). 

A f t e r  workup ( 3 )  i s  deblocked d i r e c t l y .  I n  t h e  r e p o r t e d  procedure6, (31  

was i s o l a t e d  by s i l l c a  gel column chromatography as a syrup which c o u l d  n o t  

be c r y s t a l l i z e d  from severa l  so lvents .  

The f i n a l  s tep i n  nuc leos ide  syn thes is  i s  t h e  removal o f  t h e  p r o t e c t -  

i n g  groups. The Vorbruggen procedure r o u t i n e l y  t r e a t s  t h e  benzyolated nu- 
c l e o s i d e  w i t h  excess methanol ic  ammonia f o r  1-3 days. Th is  procedure f a i l e d  

t o  complete ly  debenzoylate (31, even a f t e r  72 hours o f  s i m i l a r  t rea tment .  
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On the  other hand, when the  crude product, f o l l ow ing  r o u t i n e  workup from 
the  condensation step, i s  s t i r r e d  i n  methanol a t  room temperature w i t h  
Amberlyst A-26 (OH-) resin7, deblocking i s  complete overn igh t  (us ing  1 
gm mois t  r e s i n  per gm blocked nucleoside).  A f t e r  workup the  crude product 
c r y s t a l l i z e s  from water-methanol (55% y i e l d  from 5- f luorocy tos ine) .  TLC 
ind i ca tes  the  mother l i q u o r  s t i l l  con ta ins  some (4) .  This deblocking pro- 

cedure i s  q u i t e  simple; c r y s t a l l i n e  product ( 4 )  was obtained w i thou t  the  
need o f  charcoal t reatment and ion-exchange chromatography6. The c r y s t a l -  
l i n e  product co-migrates w i t h  an au thent ic  sample on c e l l u l o s e  TLC (n- 
butanol/H20 saturated; Rf(41 0.25). The UV spectrum and m.D. of (4)  are 

a re  i n  agreement with l i t e r a t u r e  values3. 
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awarded by the  Nat ional  Cancer I n s t i t u t e  DHHS. 

1. 
2. 

3. 

4. 

5. 

6. 

7. 
8. 

9. 

10. 

REFERENCES 
A. Polak and H.J. Scholer (1973). 
M.K. Gleason and H. Fraenkel-Conrat (1976). Proc. Nat l .  Acad. Sci.  

J.O. Folayan and D.W. Hutchinson (1974). Biochim. Biophys. Acta - 340, 

W.H. P rusof f  and P.H. Fischer (1979). In:  Nucleoside Analogues, Nato 
Advanced Study I n s t i t u t e s  Series, A26, R.T. Walker, E. DeClercq and F. 
Eckstein, Eds., Plenum: New York, pp. 281-318. 
M.J. Robins, M. MacCoss, S.A. Naik and G. Ramani (19761. J. h e r .  
Chem. SOC. - 98, 7381-7390. 

M. Saneyoshi, M. Inomata and F. Fukuoka (1978). Chem. Pharm. B u l l .  
26, 2990. 

U. Niedba l la  and H. Vorbruggen (1970). 
H. Vorbruggen and B. Bennua (1981). 

L.A. Reed, 111, P.A. Rishood and L. Goodman (1981). J.C.S. Chem. 

Abbreviat ions: WDS, hexameth.yl d i  s i l  azane; TMCS, t r ime thy l  ch l  oro- 
s i l  ane. 

Path. M ic rob io l .  - 39, 148-519. 

U.S.A. 73, 1528-1531. - 

194-198, 

- 
Angew. Chem. - 9, 461. 

Chem. Ber. - 114, 1279-1286. 

Corn. 760-761. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
6
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1


