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NUCLEOSIDES & NUCLEOTIDES, 2 ( 2 ) ,  147-154 ( 1 9 8 3 )  

Synthes is  o f  5-Subst i  tu ted-1-  [2-Hydroxy- 
1 - ( hydroxyme t h y  1 ) e thoxy  ] me t h y  11 c y t o s  i nes . 

K e l v i n  K. Og i lv ie*a ,  D i l i p  M. D i x i t a ,  

Bruno K. Radatusa, Kenda l l  0. Smithb and K.S. Gallowayb 
a k p a r t m e n t  o f  Chemistry, McGi l l  U n i v e r s i t y  

bDepartment o f  M ic rob io logy ,  The U n i v e r s i t y  
Montreal ,  Quebec, Canada H3A 2K6 

o f  Texas, San Antonio,  Texas 78284, U.S.A. 

Abs t rac t .  
(methyl) ethoxyJmethyl l ’guanine (BIOLF-62) have been syn thes i zed  
and t e s t e d  a g a i n s t  HSV-1. 

5 -Subst i  t u t e d  c y t o s i n e  analogues o f  9- [ 12-hydroxy-1- 

We have been deve lop ing  a s e r i e s  o f  nuc leos ide  analogues based on a 
novel  acyc lonuc leos ide  s t r u c t u r e ’  3 2 .  

guanine analogue known as BIOLF-62, has shown s i g n i f i c a n t  a c t i v i t y  as an 

a n t i h e r p e t i c  agent2-6. 

acyc lonuc leos ides  havebeen shown t o  g i v e  r i s e  t o  w ide  v a r i a t i o n s  i n  b i o -  
l o g i c a l  
s t i t u t e d  c y t o s i n e  analogues (4a-e) - o f  BIOLF-62 and t h e i r  a c t i v i t y  as 
a n t i  herpe t i c agents . 

The i n i t i a l  r o u t e  t o  compounds - 4 was model led on t h e  procedure used 

t o  prepare BIOLF-622. The ch lo romethy l  e t h e r  1 was condensed w i t h  t h e  
9 t r i m e t h y l s i l y l a t e d  bases 2a-c us ing  e i t h e r  s t a n n i c  c h l o r i d e ”  o r  t e t r a -  

- n-butylamnonium i o d i d e 2  as c a t a l y s t s .  Y ie lds  were l ower  (39  and 34% f o r  

- 3a and &) u s i n g  s tann ic  c h l o r i d e  than when (nBu)dNI - was employed (90% 
f o r  - 3b). 

proved t o  be somewhat o f  a problem. 
c a t a l y t i c  t r a n s f e r  hydrogenat ion  u s i n g  p a l l a d i u m  b l a c k  and cyclohexene, 

y i e l d s  o f  i a - b  were 23 and 79% r e s p e c t i v e l y .  

t h e  s i d e  c h a i n  i s  very  s e n s i t i v e  t o  c leavage and un less  g r e a t  c a r e  i s  

One o f  these compounds, t h e  

Changes i n  t h e  p u r i n e  o r  p y r i m i d i n e  r i n g s  o f  

We wish  t o  r e p o r t  t h e  syn thes i s  o f  t h e  5-sub- 

- 

The removal o f  t h e  benzyl groups th rough c a t a l y t i c  hydrogenat ion  

I n  t h e  m i l d e s t  c o n d i t i o n s  o f  

The bond between N-1 and 

1 4  7 

Copyright 0 1983 by Marcel Dekker, Inc. 0732-83 1 1 / 8 3 / 0 2 0 2 ~ ~ 4 7 ~ 3 . 5 0 / 0  
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148 O G I L V I E  ET AL. 

taken, t o t a l  cleavage o f  t h e  c y t o s i n e  r i n g  r e s u l t s .  W i th  5 -ha locy to-  
s ines  c a t a l y t i c  hydrogenat ion  gave complete c leavage of t h e  c y t o s i n e  
r i n g  f rom t h e  molecule. 

1 - 

w 2  

- 4 (a -c )  

An a l t e r n a t i v e  r o u t e  t o  t h e  c y t o s i n e  analogues i s  shown below. 
1,3-dichl  oro-2-propanol (5) was conver ted  t o  t h e  c h l  oromethyl  d e r i v a t i v e  

- 6. D i r e c t  condensat ion of 6 w i t h  t h e  t r i m e t h y l s i l y l a t e d  c y t o s i n e s  
- 2 (b-e) i n  t h e  presence o f  (n-Bu),NI gave t h e  d e s i r e d  produc ts  7 (b-e) 
i n  y i e l d s  o f  80, 99, 81 and 67% r e s p e c t i v e l y .  Compound 7 was conver ted  

a1 i n t o  t h e  ace toxy  d e r i v a t i v e s  S u s i n g  potassium a c e t a t e  i n  DMF. 
of t h e  a c e t y l  groups w i t h  potassium carbonate i n  methanol gave t h e  

des i red  compound 5 (b-e),  a l l  o f  which were w h i t e  s o l i d s .  

HSV-1. The ED-50's vs. HSV-1 a r e  shown below. 

Remo 

None of t h e  compounds 5 a-e approached BIOLF-62 i n  a c t i v i t y  aga 

Compound V i rus  ED-50 ( vs  HSV-1, pg/ml)  .3,4 
4a 35 

> 100 
4L > 320 
M > 320 
4e > 320 

BIOLF-62 0.12 

n s t  
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5-SUBSTITUTED CYTOSINE ANALOGUES 149 

KzCO3 
Me OH 

- 4 b , X = H  
c , X = F  
d, X = B r  
e , X = I  

I""' & 
a b Ac 
- 

Exper imenta l  

General Methods. 
recorded f rom Merck K i e s e l g e l  60F 254 a n a l y t i c a l  sheets. Column chroma- 
tography was performed u s i n g  Merck s i l i c a  ge l  60 (230-240 mesh) packed 
i n  g lass  columns us ing  15 g o f  s i l i c a  p e r  gram o f  c rude m a t e r i a l .  Cyto- 
s i n e  bases were purchased f rom Sigma Chemical Co. 
recorded on a Cary 17 spectrometer.  
were recorded us ing  Var ian  XL-200 and T60A spectrometers.  

1 - [ 12-Hydroxy- 1 - ( hydroxyme thy1)ethoxyl methyl  I -5-azacytos i ne (k) 

T h i n - l a y e r  chromatographic da ta  (Rf va lues)  a r e  

UV Spect ra  were 
Nuc lear  Magnet ic Resonance spec t ra  

5-Azacytosine ( 5  g, 44.6 mnole) and amnonium s u l f a t e  (100 mg) were 
suspended i n  1 ,1 ,1 ,3,3,3-hexamethyldisilazane (HMDS, 40 m l ) .  
was heated a t  r e f l u x  f o r  20 min a t  which p o i n t  an a d d i t i o n a l  100 mg o f  
ammonium s u l f a t e  was added. 

The mix tu re  

A f t e r  a f u r t h e r  20 m in  a t  r e f l u x  t h e  so lu -  
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150 OGILVIE ET AL. 

t i o n  was c l e a r .  
w h i t e  res idue  was d i s s o l v e d  i n  l Y 2 - d i c h l o r o e t h a n e  (100 m l )  and s tann ic  

c h l o r i d e  (3.5 m l )  was added. 
was added and t h e  s o l u t i o n  was s t i r r e d  a t  room temperature f o r  14 h. 

The r e a c t i o n  m i x t u r e  was then poured i n t o  an aqueous 

s o l u t i o n .  Ch loro form was added and t h e  whole m i x t u r e  was f i l t e r e d  
th rough c e l i t e .  The ch lo ro fo rm l a y e r  was separated, washed w i t h  water  
and d r i e d  ove r  sodium s u l f a t e .  The s o l v e n t  was concen t ra ted  t o  a smal l  

volume ( Q 2 0  m l )  and a p p l i e d  t o  a s i l i c a  ge l  column (14.5 x 6.5 cm) 
which was e l u t e d  f i r s t  w i t h  c h l o r o f o r m  (450 m l )  and then w i t h  5% methanol 

i n  ch lo ro fo rm.  The f r a c t i o n s  c o n t a i n i n g  t h e  d e s i r e d  p roduc t  were poo led  

and t h e  s o l v e n t  removed a t  reduced pressure.  

f rom e thano l  t o  g i v e  a t o t a l  o f  6.21 g o f  l-[[2-benzyloxy-l-(benzyloxy- 
methyl)ethoxylmethyll-5-azacytosine (a, 391, mp 120-122"C, h max (nm), 

251 (pH l ) ,  241 (pH7). 250(pH13)). 
na l s  w i t h  G(ppm) o f  3.52 (d ,  4H, -CH2CHg2-), 4.02 ( m y  l H ,  -CH ) ,  4.45 
( s ,  4H, 2 x PhCH2-), 5.30 (s ,  2H, -CH2N-), 7.27 (m, 10H, 2 x Ph) and 

Compound & (6.43 g, 16.2 m o l e )  was d i s s o l v e d  i n  e thano l  (200 m l )  
The 

So lvents  were then removed a t  reduced pressure  and the  

A t  t h i s  p o i n t  t h e  ch lo romethy l  e t h e r 2  (1) 

sodium b icarbonate  

The r e s i d u e  c r y s t a l l i z e d  

The NMR spectrum i n  CHC13 showed s i g -  

8.07 ( 5 ,  l H ,  H-6). 

and pa l l ad ium ox ide  (89)  and cyclohexene (100 rnl)  were added. 
s t i r r e d  m i x t u r e  was brought  t o  a g e n t l e  r e f l u x  f o r  a t o t a l  o f  25 h. 

The so l ven t  was c o l l e c t e d  by f i l t r a t i o n  and t h e  r e s i d u e  was washed w i th  
h o t  95% e thano l .  

t o  leave a res idue  t h a t  c r y s t a l l i z e d  f rom e thano l  t o  g i v e  4a (23%, 
mp 189.5-191°C). 
and 248 (pH13). The NMR spectrum i n  CO3OD showed s i g n a l s  a t  G(ppm) o f  

3.43-3.83 (m,5H), -CH2-CH-CH3-), 5.37 (s ,  2H, -CH2N-) and 8.27 ( s ,  l H ,  

The f i l t r a t e  and washings were combined and evaporated 

The p roduc t  had Amax (nm) o f  250 ( p H l ) ,  220, 245 (H20) 

H-6). 

Anal. c a l c ' d  f o r  C7H12N404: C, 38.89; H, 5.59; N, 25.91. 
Found: C, 39.60; H, 5.35; N ,  26.02. 

1- [ 12-Hydroxy -1-(hydroxymethyl)ethoxylmethy1lcytosine (&) 

( a )  Cy tos ine  (5 g, 45 mmole) was t r e a t e d  w i t h  HMDS and ammonium 
s u l f a t e  as descr ibed above. 

s tann ic  c h l o r i d e  as above. 
chromatography us ing  5% methanol i n  ch lo ro fo rm.  A f t e r  c r y s t a l l i z a t i o n  
from e thano l  5.32 g (34%) o f  pure  1- [ [2 -benzy loxy- l - (  benzyloxymethy1)- 

The p roduc t  was condensed w i t h  1 us ing  

Compound &was  o b t a i n e d  by s i l i c a  ge l  
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5-SUBSTITUTED CYTOSINE ANALOGUES 15 1 

e t h o x y l m e t h y l l c y t o s i n e  (a) was ob ta ined  (mp 129.5-13loC, X max 

(MeOH, nm) 279 (pH2), 272 (H20) and 272 (pH14). 

i n  CDC13 gave s i g n a l s  w i t h  G(ppm) o f  3.60 (d ,  4H, -CH2CH-CH2-), 

4.05(m, l H ,  -CH/), 4.52(s 4H, 2xPhCH2-), 5.23(s, 2H, -CH2N-), 5.70(d, 

Compound 2 (5.59 g, 14.1 mmole) was t r e a t e d  w i t h  p a l l a d i u m  b lack  
and cyclohexene i n  ethano a t  r e f l u x  f o r  3h. The produc t  was c o l l e c t e d  
as i n  9 and c r y s t a l  1 i z e d  f rom methanol w i t h o u t  t h e  need f o r  chromato- 

graphy t o  g i v e  5 (2.41 g, 79%, iiip 14O-14l0C, X max (nm) o f  275 (pH2), 
268 (H20), 268 (pH12)). The NMR spectrum i n  CD30D showed s i g n a l s  w i t h  

G(ppm) a t  3.62 ( m y  5H, -CH2CHCH2-), 5.30 ( s ,  2H, -CH2N-), 5.87 (d ,  l H ,  
H-5, J5,6= 7.5 Hz) and 7.63 (d, l H ,  H-6). 

Found: C, 44.34; H, 6.08; N, 19.44. 

tetra-1:-butylammonium - iod ide  was added i n  p lace  o f  s t a n n i c  c h l o r i d e .  The 
condensat ion r e a c t i o n  was heated a t  r e f l u x  f o r  45 min  and t h e  p roduc t  

i s o l a t e d  by s i l i c a  ge l  chromatography. Compound 3b was o b t a i n e d  i n  
88.5% y i e l d .  

Attempted Prepara t i on  o f  1 - [ [2-Hydroxy-l-(h.~droxymethyl)ethoxyImethyl]- 
5 - f l u o r o c v t o s i n e  ( 4 c )  f rom 1 

The NMR spectrum 

l H ,  H-5, J5,6= 7.5 H z ) ,  7 26 (d,  l H ,  H-6), 7 . 3 5 ( ~ ,  2H, -NH2). 

Anal. C a l c ' d  f o r  C8Hl3N3O4: C, 44.64; H, 6.09; N, 19.53. 

( b )  Th is  procedure was repeated  except  t h a t  a c a t a l y t i c  amount o f  

5 -F luorocy tos ine  ( l g ,  7.75 mmole) was t r e a t e d  w i t h  HMDS as b e f o r e  
and condensed w i t h  1 u s i n g  ( ~ B U ) ~ N I  - (0.005 eq). The p roduc t  was 

c o l l e c t e d  by s i l i c a  ge l  column chromatography u s i n g  e t h y l  a c e t a t e  and 
methanol (95 :5) .  1- ~[2-Benzyloxy-l-(benzy1oxymethy1)ethoxylmethyll- 
5 - f l u o r o c y t o s i n e  (z) was ob ta ined  i n  84% y i e l d  (1.2 g, mp 90-9loC, 

A max (nm) i n  MeOH: 291(pH2), 281, 243(pH7), 282, 243(pH14)). 
NMR i n  CDC13 showed s i g n a l s  a t  G(ppm) o f  3.23 (d, 4H, -CH2CH-CH2-), 

3.65 (m, l H ,  -CH ) ,  4.48 ( s ,  4H, PhCH2-), 5.27 (bs,  2H, -CH2N-), 
7.27 ( s ,  12H, Ph and -NH2), 7.38 (d, l H ,  H-6, J = 6 Hz).  

C a t a l y t i c  hydrogenat ion  of  & under c o n d i t i o n s  t h a t  removed t h e  

benzyl  groups gave r i s e  t o  5 - f l uo rocy tos ine  and c y t o s i n e  as t h e  o n l y  
p roduc ts .  

The 

Prepara t i on  o f  1,3-di chloro-2-chloromethoxypropane (j) 
2 Th is  p r e p a r a t i o n  i s  v i r t u a l l y  i d e n t i c a l  t o  t h e  p r e p a r a t i o n  o f  - 1 . 

1,3-Dichloro-2-propanol  ( 1 0  g) was d i s s o l v e d  i n  dichloromethane (100 m l )  
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152 OGILVIE ET AL. 

i n  a 250 m l ,  three-neck, round-bottom f l a s k .  
was added and t h e  m i x t u r e  was cooled i n  an i c e - s a l t  bath.  ( A l l  so l ven ts  
and systems were k e p t  anhydrous). Dry  hydrogen c h l o r i d e  gas was bubbled 
s l o w l y  i n t o  t h e  s o l u t i o n  w i t h  s t i r r i n g  f o r  4h. A d d i t i o n a l  paraformalde- 
hyde (2.45 g) was added and t h e  r e a c t i o n  was con t inued  f o r  2h. 
p o i n t  a d d i t i o n  o f  hydrogen c h l o r i d e  was stopped and anhydrous ca l c ium 
c h l o r i d e  ( 5  g) was c a r e f u l l y  added. 
q u i c k l y  th rough c e l i t e .  
The NMR i n  CDC13 (b(ppm) o f  3.73 (d,  4H, -CH2C1), 4.07 (m, l H ,  -CH ) ,  
and 5.53 ( s ,  2H, -OCH2C1)) i n d i c a t e d  t h a t  t h e  m a t e r i a l  was about  80% 
pure. 

Paraformaldehyde (2.45 g) 

A t  t h i s  

The r e a c t i o n  m i x t u r e  was f i l t e r e d  
The f i l t r a t e  was concen t ra ted  under h i g h  vacuum. 

The p roduc t  was used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

General Preparat ion o f  1- [ [2-chloro-l-(chloromethyl) e t h o x y l m e t h y l l -  

The s i l y l a t e d  c y t o s i n e  base (p repared as descr ibed p r e v i o u s l y )  was 
condensed w i t h  an excess (1.5 eq) o f  compound g us ing  (FBU),NI as ca ta-  
l y s t  i n  methylene c h l o r i d e  as s o l v e n t .  
f rom s i l i c a  ge l  column chromatography us ing  methylene c h l o r i d e  -methanol  
1 O : l  as so l ven t .  P r o p e r t i e s  o f  compounds - 7 a r e  c o l l e c t e d  i n  the  Table 1. 

cy tos ines  (1). 

The produc ts  1. were c o l l e c t e d  

Y i e l d  
Compound (%)  

7b 80 

7c 88 

- 

- 
&i 81 
- 7e 67 
- 8b 68 

8c 74 

- 8d 34 

- 8e 52 

TABLE 1 
P r o p e r t i e s  o f  Compounds and 8 

Me1 t i n y  lluMhld NMR (6,ppm) 
Po in t (  C) pH2 pH7 pH14 -(CH2)2CH -CH2N- H-6 

279 269 268 3.70a 5.33 7.55 

215-216 288 277 277 3.73b 5.15 7.90 

160-162 297 292 292 3.58b 5.12 7.93 
179-180 309 293 293 3.70a 5.33 7.95 
147-148 279 268 268 4.07C 5.20 7.33 

168-169 291 281 282 4.10C 5.25 7.42 

gum 293 291 290 4.13C 5.27 7.60 

d , J=7.5Hz 
9 

239 239 

240 240 d , J=6 Hz 

239 240 d ,J =7 .5 Hz 

243 243 d,J=6 Hz 

248 248 248 
gum 308 290 292 4.16C 5.30 7.63 

254 255 

aCD300-CDC1 3( 1 . 1 ) 

b~~~~ 

CCDC13-CD30D-020(5:1 :0.1) 
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5-SUBSTITUTED CYTOSINE ANALOGUES 153 

General P repara t i on  o f  1 - [  [2-Acetoxy-l-(acetoxymethyl)ethoxylmethyll- 
cy tos ines  (8) 

Compound 7 ( 3  mmole) was d r i e d  by repeated  d i s t i l l a t i o n  o f  t o luene  
and was then mixed w i t h  potassium a c e t a t e  (12 mmole) i n  DMF (15  m l )  and 
t h e  m i x t u r e  was heated a t  r e f l u x  f o r  2h under n i t rogen .The  s o l v e n t  was re- 
r o v e d  a t  reduced pressure  and t h e  r e s i d u e  was chromatographed on s i l i c a  
gel  (67 x 2  cm) u s i n g  methylene chlor ide-methanol  ( 1 6 : l ) .  The p roduc t  g 
was c o l l e c t e d  and c r y s t a l l i z e d  f rom methanol. P r o p e r t i e s  a r e  c o l l e c t e d  
i n  t h e  Table 1. 

General Conversion o f  Compounds 8 t o  4 

Compound 8 (1.5 m o l e )  was d i s s o l v e d  i n  methanol (1  5 m l  ) and 

potassium carbonate ( 5  mg) was added. 

temperature f o r  20 h and c a r e f u l l y  n e u t r a l i z e d  w i th  Dowex 50W x 8 (Ht 
fo rm) .  The s o l u t i o n  was c o l l e c t e d  by f i l t r a t i o n ,  concen t ra ted  a t  
reduced pressure  and a p p l i e d  t o  a s i l i c a  ge l  column (62 x 1.3 cm) and 
e l u t e d  w i t h  methylene ch lo r ide-methano l  ( 2 : l ) .  The produc ts  were 
g e n e r a l l y  c o l l e c t e d  by c r y s t a l l i z a t i o n  f rom methanol. 

The y i e l d  o f  
desc r ibed  p r e v i o u s l y .  

Compound - 4c was ob ta ined  i n  38% y i e l d  (mp 134-135 C,hmax (MeOH, 
nm) : 288 (pH2) , 278, 243 (pH7) , 280, 244 (pH14)). The NMR i n  acetone- 
d6-D20 showed s i g n a l s  a t  G(ppm) o f  3.65 (d, 4H, HOCH2-), 5.33 (bs ,  2H, 

The s o l u t i o n  was s t i r r e d  a t  room 

was 63% and the  p roduc t  was i d e n t i c a l  t o  t h a t  

-CH2N), 7.93 ( d ,  l H ,  H-6, J = 6 Hz).  
Anal. C a l c ' d  f o r  C8H12N304F: C, 41.20; H, 5.19; N, 18.02. 

1- [ [2-Hydroxy- 1- (hydroxymethyl  )e thoxy  lme thy l  I -5-bromocytosi ne (g) 
Found: C, 40.38; H, 5.37; N,  17.87. 

was ob ta ined  i n  88% y i e l d  (mp 195OC, Xmax(MeOH, nm): 300 (pH2), 286, 
243 (pH7), 287, 243 (pH14). 
6 (ppm) o f  3.6 (d ,  4H, HOCH2-), 3.93 (m, l H ,  -CH ) ,  5.27 (bs, 2H, 

The NMR i n  CD30D-D20 showed s i g n a l s  a t  

-CH2N-), 7.98 ( s ,  lH,  H-6). 
Anal. C a l c ' d  f o r  C8H12N304Br'H20: C, 30.79; H, 4.52; N ,  13.46. 

Found: 30.62; H ,  4.75; N,  13.29. 
1- [ [ 2-Hydroxy- 1 - ( hydroxyme thy1  ) e thoxy l  methyl  I -5- i odocytos i ne (4eJ 

was ob ta ined  i n  38% y i e l d  (mp 177-178"Cy max (MeOH, nm): 306 (pH2), 285, 
248 (pH14). The NMR i n  acetone-d6-D20 showed s i g n a l s  a t  (ppm) o f  2.62 
(b,  4Hy HOCH2)a 5.33 (bS, 2H, -CH2N-), 8.13 ( s ,  1Hy H-6). 
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Anal. C a l c ' d  f o r  

Found: C, 28.24; H, 3 
- C8H 

29; 

OGILVIE ET AL. 

2N3041: C, 28.17; H, 3.55; N, 12.32. 

N, 12.19. 
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