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A preparative synthesis of the autimetabolite C,-azacytidine is de- 
scribed which involves the amination under mild conditions without 
the use of an autoclave of 2', 3', 5 '- tr i-O-aeyl-4-thip-6-azauridines 
with the isolation of the intermediate 2', 3', 5 ' - t r i -O-acyl-6-azacyt i -  
dines and subsequent elimination of the protective groups at room 
temperature. 

One of the m o s t  i n t e r e s t i n g  and p r o m i s i n g  c l a s s e s  
of anoma lous  n u c l e o s i d e s ,  a n t i m e t a b o l i t i e s  of the  b io -  
s y n t h e s i s  of the nuc le i c  ac ids ,  a r e  the  a z a p y r i m i d i n e  
n u c l e o s i d e s  ( 6 - a z a u r i d i n e ,  6 - a z a c y t i d i n e ,  etc. ). In 
r e c e n t  y e a r s  they have been s tud ied  wide ly  in many  
coun t r i e s .  The b i o s y n t h e s i s  and l a t e r  the c h e m i c a l  
s y n t h e s i s  of 6 - a z a u r i d i n e  have been e f fec ted  [1 -4 ] .  6-  
A z a c y t i d i n e  [5-7]  and o the r  a z a p y r i m i d i n e  n u c l e o s i d e s  
have  been ob ta ined  by c h e m i c a l  me thods .  The b io log i ca l  
s tudy of the a z a p y r i m i d i n e  n u c l e o s i d e s  has  shown that  
they p o s s e s s  a b r o a d  s p e c t r u m  of b io log ica l  ac t iv i ty .  
This  has  led  to the r e a l i z a t i o n  in a n u m b e r  of coun-  
t r i e s  of new v a r i a n t s  of the s y n t h e s i s  of 6 - a z a c y t i d i n e  
and o the r  a z a n u c l e o s i d e s  [8 ,9] .  The me thods  for  the  
s y n t h e s i s  of 6 - a z a c y t i d i n e  d e s c r i b e d  in the l i t e r a t u r e  
a r e  f a i r l y  c o m p l e x ;  they r e q u i r e  the  p ro longed  use  of 
high t e m p e r a t u r e s  and high p r e s s u r e s  o r  the  c h r o m a -  
t o g r a p h i c  s e p a r a t i o n  of condensa t ion  p r o d u c t s  and a r e  
unsu i t ab le  for  the p r a c t i c a l  p roduc t ion  of a z a n u c l e o -  
s i d e s  in l a r g e  a m o u n t s .  In th i s  r e s p e c t ,  the  p r e p a r a -  
t ive  s y n t h e s i s  of  6 - a z a c y t i d i n e  (I~) and i t s  d e r i v a t i v e s  
tha t  we c a r r i e d  out [11] by the  fo l lowing s c h e m e  i s  
m o r e  conven ien t .  
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As the s t a r t i n g  nmter_ial we took the anomalous  
nue l e os ide  6 - a z a u r i d i n e ,  in which the hydroxy  g roups  
of the r i b o s e  r e s i d u e  w e r e  p r o t e c t e d  by acy la t ion  o r  
by the ace tona t ion  of the v ic ina l  hyd roxy l s  and sub-  
sequent  acy la t ion  of the p r i m a r y  hydroxyl .  The p r o -  
t e c t ed  a z a u r i d i n e s  w e r e  c o n v e r t e d  into th iones  as  
d e s c r i b e d  by C h e r n e t s k i i  et al  [7] g iv ing  I. In o r d e r  
to s imp l i fy  the s y n t h e s i s  of 6 - a z a c y t i d i n e ,  we have 
c a r e f u l l y  s tud ied  the l im i t i ng  s t age  in the p r o c e s s  of 
the  amina t ion  of the t h i o a z a u r i d i n e s  and at the s a m e  
t i m e  r e i n v e s t i g a t e d  the sp l i t t i ng  off of the p r o t e c t i n g  
O - a c y l  and O - a l k y l i d e n e  groups .  
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C h r o m a t o g r a p h i c  s p e c t r a :  1) 6 - a z a c y -  
t idine;  2) 6 - a z a u r i d i n e  ( for  the so lven t  

s y s t e m s ,  s e e  E x p e r i m e n t a l  par t )  

We e f fec ted  the r e p l a c e m e n t  of the m e r c a p t o  group 
by an amino  g roup  by bubbl ing ga se ous  a m m o n i a  into 
a so lu t ion  of I under  v a r i o u s  cond i t ions  (va ry ing  the 
so lvent ,  the t e m p e r a t u r e ,  and the t i m e  of the r eac t ion ) .  
The c o u r s e  of the exchange  was s tud ied  c h r o m a t o -  
g r a p h i c a l l y  in v a r i o u s  s y s t e m s  of so lven t s  ( s ee  Ex-  
p e r i m e n t a l  pa r t ) .  On the c h r o m a t o g r a m s  spo t s  c o r -  
r e s p o n d i n g  to compounds  I, II,  and III w e r e  ident i f ied .  
It was e s t a b l i s h e d  that  the i n t e r a c t i o n  of the t h i o a z a u -  
r i d i n e s  I wi th  a m m o n i a  f i r s t  l e a d s  to the  r e p l a c e m e n t  
of the m e r c a p t o  g roup  by the amino  group with the 
f o r m a t i o n  of s u b s t i t u t e d  6 - a z a e y t i d i n e s  (II) and then to 
the  g r a d u a l  sp l i t t i ng  off of the O - a c y l  p r o t e c t i n g  groups .  
Consequen t ly ,  i t  is  not n e c e s s a r y  to c a r r y  out the a m -  
m o n o l y s i s  of I in an au toc lave  for  a long t ime ,  s ince  
the subs t i t u t ion  r e a c t i o n  t akes  p lace  r e a d i l y  when a m -  
mon ia  is  bubbled  into aqueous  so lu t ions  of the th io -  
a z a u r i d i n e s .  Under  t h e s e  cond i t ions ,  depending  on 
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t h e  t e m p e r a t u r e  and  t h e  t i m e  of  t h e  r e a c t i o n  and  t h e  

n a t u r e  of  t he  p r o t e c t i n g  g r o u p s ,  fu l ly  o r  p a r t i a l l y  

s u b s t i t u t e d  II and  u n s u b s t i t u t e d  6 - a z a c y t i d i n e  (Ill)  a r e  
o b t a i n e d .  T h e  o p t i m u m  c o n d i t i o n s  f o r  o b t a i n i n g  s u b -  

s t i t u t e d  a z a c y t i d i n e s  a r e  c r e a t e d  in m o s t  c a s e s  by 

c a r r y i n g  out  t he  a m m o n o l y s i s  in b o i l i n g  p r o p a n o l .  

T h e  u s e  of  o t h e r  a I c o h o l s  a s  s o l v e n t  m a r k e d l y  r e t a r d s  
t h e  r e a c t i o n .  

T h e  r e m o v a l  o f  t h e  p r o t e c t i n g  b e n z o y l  and  a c e t y l  
g r o u p s  w a s  c a r r i e d  out  u n d e r  m i l d  c o n d i t i o n s  by 
t r e a t i n g  t h e  a p p r o p r i a t e  t r i a c y l a z a c y t i d i n e s  w i t h  

s o d i u m  m e t h o x i d e  in m e t h a n o l i c  s o l u t i o n  a t  r o o m  

t e m p e r a t u r e .  The  pH of t he  r e a c t i o n  m e d i u m  w a s  

m a i n t a i n e d  b e t w e e n  8.5 and  9 .5 ,  and  u n d e r  t h e s e  c o n -  

d i t i o n s  t h e  s p l i t t i n g  o f f  o f  t h e  p r o t e c t i n g  g r o u p s  w a s  

c o m p l e t e  in  2 . 5 - 3 . 5  h r ,  w h i l e  t h e r e  w a s  p r a c t i c a l l y  

no r e p l a c e m e n t  of  t he  a m i n o  g r o u p  by  a h y d r o x y  g r o u p ,  

i . e .  6 - a z a c y t i d i n e  w a s  f a i r l y  s t a b l e  u n d e r  t h e  c o n d i -  

t i o n s  m e n t i o n e d .  T h e  i s o p r o p y l i d e n e  p r o t e c t i o n  w a s  

r e m o v e d  by h e a t i n g  2 ' ,  3 ' - i s o p r o p y l i d e n e - 6 - a z a c y t i -  

d ine  w i t h  10~o a c e t i c  a c i d  f o r  3 0 - 4 5  m i n .  

T h e  s y n t h e s i s  o f  t r i b e n z o y l a z a c y t i d i n e  (II) w a s  a l s o  
c a r r i e d  ou t  v i a  t h e  c h l o r o  d e r i v a t i v e  of  6 - a z a p y r i m i -  

d i n - 2 - o n e  r i b o s i d e  [8]. H o w e v e r ,  t h e  m e t h o d  d e s c r i b e d  

in  t h e  l i t e r a t u r e  w a s  s o m e w h a t  s i m p l i f i e d :  t h e  d r o p -  

w i s e  a d d i t i o n  of  a p r e v i o u s l y  p r e p a r e d  30~o m e t h a n o l i c  

s o l u t i o n  of  a m m o n i a  w a s  r e p l a c e d  by  t h e  d i r e c t  b u b -  

b l i n g  of  g a s e o u s  a m m o n i a  in to  a b e n z e n e  s o l u t i o n  of  

t h e  c h l o r o  d e r i v a t i v e  in  t h e  cold .  

T h e  i n v e s t i g a t i o n s  p e r f o r m e d  h a v e  l e d  to  t he  d e -  

v e l o p m e n t  of p r e p a r a t i v e t y  c o n v e n i e n t  m e t h o d s  f o r  

o b t a i n i n g  6 - a z a c y t i d i n e  and  i t s  O - a c y l  d e r i v a t i v e s ,  

and  a n u m b e r  Of s u c h  c o m p o u n d s  h a v e  b e e n  o b t a i n e d  

and  p r o c e s s e d  f o r  t he  p e r f o r m a n c e  of b i o l o g i c a l  t e s t s .  

In t h e  i s o l a t i o n  a n d  p u r i f i c a t i o n  of  t h e  s u b s t a n c e s  

s y n t h e s i z e d ,  t h e  c h r o m a t o g r a p h i c  s p e c t r a  of 6 - a z a c y -  

t i d i n e  a n d  i t s  d e r i v a t i v e s  in  a c o n s i d e r a b l e  n u m b e r  of 

c h r o m a t o g r a p h i c  s y s t e m s  a r r a n g e d  r o u g h l y  in i n c r e a s -  

ing  p o l a r i t y  w e r e  u s e d .  T h e  u s e  of  c h r o m a t o g r a p h i c  

s p e c t r a  f o r  t h e  i d e n t i f i c a t i o n  of  a n t i b i o t i c s  i s  d e -  

s c r i b e d  in  t h e  l i t e r a t u r e  [12, 13]. A m e t h o d  of  t h e  

d i s t r i b u t i o n  of  t h e  s p o t s  of  t h e  n i t r o g e n  b a s e s  f o r m -  

ing  c o m p o n e n t s  of  t he  m a i n  n u c l e o s i d e s  in  e igh t  s y s -  

t e m s  of  s o l v e n t s  w a s  u s e d  e v e n  e a r l i e r  in t he  c h e m -  

i s t r y  of  t h e  n u c l e i c  a c i d s .  T h i s  s c h e m e  m a y  b e  t h e  

p r e c u r s o r  of  c h r o m a t o g r a p h i c  s p e c t r a .  T h e  f i g u r e  

s h o w s  the  c h r o m a t o g r a p h i c  s p e c t r a  t h a t  w e  o b t a i n e d  

f o r  6 - a z a u r i d i n e  and  6 - a z a c y t i d i n e .  

EXPERIMENTAL 

Paper chromatography. For chromatographic analysis and the pre- 
paration of chromatographic spectra we used type B paper of the Lenin- 
grad No. 2 paper mill. Chromatography was carried out in the follow- 
ing set of solvent systems: 1) dry benzene: 2) dry ethyl acetate: 3) dry 
butyl acetate; 4) petroleum ether saturated with water; 5) carbon 
tetrachloride saturated with water; 6) benzene saturated with water; 
7) chloroform saturated with water; 8) ethyl acetate saturated with 
water; 9) butyl acetate saturated with water; 10) nitromethane saturated 
with water; 11) dioxane + 10% of water; 12) dry acetone; 13) tetra- 
hydrofuran + 10% of water; i4) n-butanol saturated with water; 15) 
isopropanol + 10% of water; 16) acetone + 10% of water; 17) dry 
methanol; 18) methanol + 10% of water; 19) water saturated with 

n-butanol; 20) dimethylformamide § 10%o of water; 21) water; 22) am- 
monium chloride, 3% aqueous solution; 20) n-butanol saturated with 
water + 2% of piperidine; 24) n-butanoI-py~idine-water (1.0:0.6:1.0); 
25) n-butanol-acetic acid-water (5:2:3); 26) n-butanol-acetic ac id-  
water (2:1:1); 27) isopropanol-aqueous ammonia-water (7:1:2). The 
spots of the substances on the chromatograms were detected under an 
ultraviolet lamp with UFS-1 filters of various thicknesses (2-5 ram). 

The UV spectra were taken on a SF-4 spectrophotometer in the 
range from 210 to 300 nm. The solvents were water and 96%0 ethanol 
The concentration of the solutions was 10-SM and the layer thickness 
1 cm. 

2', 3', 5'-Tri-O-benzoyl-6-azacytidine (IIa). a) Dry ammonia was 
passed into a boiling solution of 0.36 g (0.63 nm) of Ia in 4.5 ml of 
propanol for 2 hr whereupon a white crystalline precipitate slowly 
deposited. The reaction mixture was cooled to 0 ~ C. The precipitate 
was filtered off, washed with cold ethanol, and dried. This gave 0.3 g 
of substance. An additional 0.04 g of substance was obtained from the 
mother liquor. The total yield was 98%. White prisms (from ethanol) 
with mp 218-220 ~ C. kma x 229, 267 nm (in ethanol). P~f (system: 
0,87 (14), 0.92 (25). Found, %0: C 62.45; H 4.23; N 10.22. Calcu- - 
lated for C2sH~4N40 8, %: C 62.57; H 4.35; N 10.07. 

b) Ammonia was bubbled through a cooled solution of 0.6 g (lnM) 
of the 4-chloro derivative of an azanucleoside [8] in l0 ml of benzene 
for 2 hr. The temperature of the reaction mixture was kept at 5-7 ~ C. 
After the absorption of ammonia had ceased and the mixture had been 
allowed ro stand for 30 rain, the solvent was distilled off in vacuum. 
The residue was treated several times with water and was dried. This 
gave 0.5 g (86%) of a substance with mp 215-217 ~ C. 

A mixture of the products from experiments (a) and (b) melted with- 
out depression. 

6-Azacyttdine (liD, a) In drops, a 1 N solution of sodium methoxide 
in methanol was added to a suspension of 2 g (3.6 nM) of IIa in 55 m] 
of dry methanol, the pH of the reaction mixture being kept at 8.5-9.5. 
After stirring for 30 minutes, the IIa had dissolved completely and 
soon a crystalline precipitate of 6-acacytidine began to deposit. The 
mixture was stirred for another 2 hr and then the precipitate was fil- 
tered off and washed with chloroform, ethanol, and ether. This gave 
0.67 g of 6-azacytidine. The methanolic filtrate was neutralized with 
acetic acid. The precipitate that deposited on cooling to 0 ~ C was 
filtered off and washed as described above. This yielded another 0.07 
g of substance. The methanolic mother liquor was distilled in vacuum, 
and similar treatment yielded a further 0.08 g of 6-azacytidine. The 
total yield was 90%. White prisms (from water) with mp 220-222 ~ C. 
A mixture with a sample obtained by the method of Chemetskij et el. 
[7] gave no depression of the melting point, kma x 263 nm (in water). 

b) Ammonia was passed into a solution of 0.58 g (1,5 nM) of Ib 
in 9 ml of methanol at room temperature for 2 hr, and then the solu- 
tion was kept in the cold for 12 hr. After this time practically all the 
Ib had been converted into 6-azacytidine. The methanol was distilled 
off in vacuum to half bulk, and the residue crystallized on cooling. 
The precipitate that deposited was washed as described above, and 
the mother liquor was evaporated and allowed to stand for further cry- 
stallization. The total yield of 6-azacytidine was 0.34 g (93%) in 
the form of white prisms (from water) with mp 218-220 ~ C. The sample 
was identical with a reference sample. 

c) A mixture of 50 mg of IId and 1 ml of 10% acetic acid was 
heated in the boiling water bath for 30 rain. After the end of hydroly- 
sis, 2 ml of methanol was added to the solution and it was evaporated 
in vacuum to dryness. This operation was repeated three times. This 
yielded 85 mg (80%o) of white prisms (from aqueous ethanol) with mp 
216-218" C. A mixture with products (a) and (b) melted without de- 
pression. 

d) With heating, 50 mg of Ie was dissolved in 1.5 ml of propanol, 
and ammonia was bubbled into the boiling solution for 30 rain. After 
the usual isolation procedure, 40 mg (86%) of white prisms (from water) 
was obtained with mp 216-218" C. The sample was identical with 
those obtained previously. 

2',3'-O-Isoptopylidene-5'-O-acetyl-6-azacy~tdine (lie). Ammonia 
was passed into a boiling solution of 0.52 g (1.5 nM) of Ie in 25 ml 
of propanol for 1.5 hr. The solvent was rapidly distilled off in vacuum, 
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and the dry residue was treated with ethanol, filtered off, and washed 
with ethanol, with a mixture of ethanol and ether, and with ether. 
This gave 0.44 g (96%) of clusters of white needles (from ethanol) with 
mp 173~ C. )~max 268 nm (in ethanol). R( (system): 0,77 (14), 
0.90 (25). Found, %: N 17.33; t7.37, Calculated for C13HIsN4Os, 
%: N 17.19. 

2'8'-O-Isopropylidene-6-azaeytldtn8 (lid). a)A mixture of 0.69 g 
(2 riM) of Ic and 10 ml of methanolic ammonia, prepared by mixing 
liquid ammonia with absolute methanol (cooled with solid carbon 
dioxide and acetone), was sealed into a tube and heated in an autoclave 
at 100 ~ C for 38 hr. The reaction mixture was evaporated in the vacuum 
of a water pump and then in the vacuum of a diffusion pump in the 
water bath (95-40 ~ C). This gave 0,47 g (78%) of white needles with 
mp 202-203~ C (deeomp.) after recrystallization from methanol. 
Xrnax 263 nm (in water). Rf (system): 0.56 (14), 0.77 (25). Found, o/, : 
C 46.39; H 5.61; N 19.69. Calculated for CI1HI6N4Os, %: C 46.48; 
H 5.63; N 19.72. 

b) Ammonia was bubbled through a boiling solution of 50 mg of Id 
in propanol for 2 hr. Distillation of the solvent and treatment of the dry 
residue with ethanol gave 40 mg (92%) of small prisms (from ethanol) 
with mp 198-199" C. The substance was identical with that obtained 
previously. 

c) A solution of 50 mg of IIc in 10 ml of methanol saturated with 
ammonia at 0 ~ C was kept in the cold for a day. After a working up 
process analogous to that described above, 43 mg (88%) of white 
prisms was obtained with mp 196-198 ~ C (from ethanol). A mixture 
with the product from experiment (a) melted without depression. 

2', 3', 5'-Tri-O-acetyl-6-azacytidine (lib). Dry ammonia was 
passed through a solution of 0.75 g of Ib in 8 ml of methanol at room 
temperature for 15 rain. Then the solvent was rapidly evaporated in 
vacuum and the resulting syrup was separated by means of preparative 
paper chromatography (system 14). From 200 mg of syrup was obtained 
47 mg of cream-colored powder with mp 162-164 ~ C. l m a  x 267 nm 
(in water). Rf (system): 0.63 (14), 0.71 (25). Found, o/~: N 15.59; 
15,62. Calculated for CI4HIsN4Os, %: N 15.13, 

N 4 -Acety1-2 ', 3 ', 5 '-Tri-O-benzoyl-6-azacytidine. T o a solution 
of 0.28 g (0~ aM) of Iia in 1 ml of pyridine was added 0.5 ml of ace- 
tic anhydride and the mixture was kept at room temperature for 12 hr. 
With stirring, the solution was poured into ice-water, and the viscous 
mass was triturated in a mortar with ice. The precipitate was filtered 
off and washed successively with ice water, 50% ethanol, and ether. 
This gave 0.24 g (80%) of a white microcrystalline substance (from 
a mixture of ethanol and acetone) with mp 202-204 = C. )'max 215, 
277 nm (in ethanol). Rf (system): 0.89 (14), 0.95 (25). Found, %: 
N 9.11; 9.14. Calculated for C~tlt~sN409, ~o: N 9.33. 

N~-Acetyl-2', 3', 5 '- t t i-O-acetyl-6- azacytidine [16]. To a suspen- 
sion of 2.44 g (10 riM) of tII in 10 ml of pyridine was added 4.3 mi o f  
acetic anhydride, and the mixture was heated in the water bath (50~ 
until the solid matter had dissolved completely. Then the solution was 
cooled and kept for several hours at room temperature, after which the 
solvent was distilled off in vacuum. The white paste of crystals was 
treated with 15 ml of water, and the solid matter was filtered off, 
washed with water, and dried. This gave 3.98 g (96%) of white elon ~ 
gated needles (from aqueous ethanol) with mp 148-150" C. Xma x 
267 nm (in ethanol). Rf (system): 0.82 (14), 0.86 (25). Found, %: 
N 13.30: 13.49, Calculated for CIsHi0N40 9, %: N 13.59. 

2'3'-O-Isopropylidene-5'-O-acetyl-4-thio-6-azauridine (Ic) [17]. 
A mixture of 16.4 g (50 nM) of 2', 3'-O-isopropylidene-5'-O-acetyl- 
6-azauridine [15], 12.0 g (54 riM) of finely ground phosphorus pentasu!- 
fide, and 16 ml of pyridine was boiled under reflux for 3 hr. At the 

end of this time the pyridine was distilled off in vacuum. The dark 
brown residue was dissolved in 300 mt of chloroform and the chloro- 
form solution was extracted five times with 100-ml portions of water 
and was then filtered and evaporated in vacuum. The red-brown 
residue was dissolved in absolute methanol with heating, and the solu- 
tion deposited crystals after standing in the cold for several days. This 
gave 7.9 g (46%) of light brown needles with mp 145-148 ~ C. The 
mother liquor yielded an additional 7,13 g of thio derivative. The total 
amount was 15,03 g (8V.5%) of clusters of golden orange needles (from 
methanol) with mp 153-154" C. Rf (system): 0.85 (14), 0.9 (27). 
Found, %: C 44.99; H 5.08; N 12.65; S 9,10. Calculated for 
CI~HI7N3OsS, %: C 45.511 H 4.99; N 12.25; S 9.34. 
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