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NUCLEOSIDES & NUCLEOTIDES, 3 ( 3 ) ,  221-232 (1984) 

A DETAILED INVESTIGATION OF THE METHYLATION 
REACTION OF A 5-BROMOPYRIMIDINE NUCLEOSIDE 

M. mrton-Meresz, J .  Kuszmannn, I]. Langb 
I n s t i t u t e  f o r  Drug Research, Budapest, P.0.Box 82, H-1325 Hungary 

and 

L. P l r k a n y i  and A. K l l m l n  

Budapest, P.O.Box 17, H-1525 Hungary 
Centr t i l  Research I n s t i t u t e  f o r  Chemistry, Hungaria:> Academy o f  Sciences 

Abst ract  5-Bromo-2',2-anhydrouridine was methylated us ing NaH i n  DMSO 
Xd-Km;?%yl i o d i d e  as methy la t i ng  reagent. Apply ing two o r  more eqiifva- 
l e n t s  o f  t h e  me thy la t i ng  reagent 2 Br t o  CH3 s u b s t i t u t i o n  took place a t  
C5 o f  t h e  py r im id ine  r i n g  and besides t h e  N,O-dimethyl-epoxiae 9 m e  
N-metbyl-5-methyl-dianhydro compound 16 could he i s o l a t e d l .  Und& d r a i t i r  
cond i t i ons  a N,O,C-trimethyl-epoxide E was formed, the  s t r u c t u r e  o f  
which was determined by X-ray c rys ta l l og raphy .  Compounds 9, 15 and 16 
were formed i n  d i f f e r e n t  r a t i o s  depending on t h e  r e a c t i o n c o n a i  t i c n s '  
appl ied.  Based on these f a c t s  a mechanism i s  suggested f o r  thi 's react' ion. 

I n  cu r  prev ious paper i t  was mentioned', t h a t  a rearrangement and 

a bromo-methyl s u b s t i t u t i o n  took place, when 5-brome-?',2-anhydrouridine 
- 1 was t rea ted  w i t h  methyl i o d i d e  i n  t h e  presence o f  a base, y i e l d i n a  

5 '  ,6-anhydro-l( 8-D-2' ,3'-anhydro-ribofuranosyl)-3,5-dimethylurac i l  -- 16 
besides t h e  corresponding methylated epoxide - 9. For  s tudy ing t h e  mechc!. 
nism o f  t h i s  unusual r e a c t i o n  t h e  r e a c t i o n  condi t fons were sys temat i ca l l y  
a l t e r e d  t o  determine t h e i r  i n f l uecce  upon the  course of the reac t i on .  In 
every experiment DMSO was used as so lvent ,  Naii as base, an3 methyl i o d i d e  

as reagent, t he  two l a t t e r  i n  equ iva len t  amounts. The follou+ng condi-  
t i o n s  were a1 tered:  

Copyright 0 1984 by Marcel Dekker, Inc. 
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222 MARTON-MERES2 ET AL.  

A) t h e  r a t i o  o f  t h e  nuc leos ide  and t h e  reagents,  
B) t h e  t i m e  i n t e r v a l  between t h e  a p p l i c a t i o n  o f  t h e  nuc leos ide  and 

methyl  i o d i d e  t o  t h e  NaH-DMSO s o l u t i o n .  

RESULTS AND DISCUSSION 

When 1 e q u i v a l e n t  o f  base was a p p l i e d  ( a ) ,  and 15 minu tes  elapsed 

be fo re  adding methyl  i od ide ,  t h e  N-methylated 2 ' ,3 ' -epox ide  8 c o u l d  be 
i s o l a t e d  as t h e  main p roduc t  (49%) and t h e  cor respond ing  N,O-dimethyl 

compound - 9 was t h e  o n l y  byproduc t  (4%).  I n c r e a s i n g  t h e  amount o f  t h e  
reagents  t o  1.5 e q u i v a l e n t s  ( b )  l e d  t o  a d ramat ic  s h i f t  i n  t h e  p roduc t  
d i s t r i b u t i o n ,  as t h e  amount o f  t h e  monomethyl d e r i v a t i v e  - 8 was reduced 
t o  9%, and besides t h e  N,O-dimethyl-epoxide - 9 (15%)  an equal amount o f  

t h e  N-methyl-5-methyl-dianhydro compound - 16 (14.4%) c o u l d  be i s o l a t e d  
as a r e s u l t  o f  t i l e  bromo-methyl s u b s t i t u t i o n  r e a c t i o n .  When t h e  amount 
o f  t h e  reagents  was f u r t h e r  inc reased tn  2 e q u i v a l e n t s  ( c ) ,  t h e  mono- 

methyl  d e r i v a t i v e  - 8 c o u l d  no l onger  be de tec ted  and t h e  r a t i o  of 9 and 
- 16 was s h i f t e d  towards t h e  l a t t e r  (1:3). T h i s  r a t i o  remained e s s e n t i a l l y  

unchanged when 3 o r  4 e q u i v a l e n t s  o f  t h e  reagents  were a p p l i e d  ( d y e ) .  

I n  our  f u r t h e r  exper iments t h e  r a t i o  o f  t h e  nuc leos ide  and t h e  
reagents  was kep t  c o n s t a n t  ( 3 : 4 ) ,  b u t  t h e  t i m e  o f  t h e  b a s i c  t rea tment  

( i . e .  t h e  a d d i t i o n  o f  methy l  i o d i d e )  was changed. When t h e  suspension 

o f  t h e  s t a r t i n g  m a t e r i a l  - 1 was s t i r r e d  o n l y  f o r  1 minu te  ( 9 )  i n  t h e  
NaH-DMSO s o l u t i o n  a v e r y  exothermic r e a c t i o n  took p l a c e  when t h e  methyl  

i o d i d e  was added, and f rom t h e  r e a c t i o n  produc ts  n e i t h e r  o f  t h e  epoxicles 

- 8 and - 9 c o u l d  be i s o l a t e d  and t h e  C-methyl compound - 16 was o n l y  formed 

i n  t races  (1%). Never the less  under t h i s  r a t h e r  u n c o n t r o l l e d  cond i t ion ;  

a new C-methyl d e r i v a t i v e  - 15 was formed and i s o l a t e d  (7%), t h e  s t r u c -  
t u r e  o f  which was proved by mass spectroscopy and X-ray c r y s t a l l o g r a p h y .  

Mhen t h e  methyl  i o d i d e  was added a f t e r  5 m in  ( f )  t h e  r e a c t i o n  was some- 
what l e s s  exothermic and anhydr ide  16 c o u l d  a l r e a d y  be separated as t h e  

main component (12.5%) be ing  accompanied by t races  o f  epoxide 9 - (1%)  

and some o f  t h e  new C-methyl d e r i v a t i v e  - 15 (3.5%). 

t h e  a d d i t i o n  o f  methyl  i o d i d e  l e d  t o  no s i g n i f i c a n t  change compared t o  

t h e  15 min  i n t e r v a l ,  as - 9 and - 16 were t h e  o n l y  p roduc ts  formed i n  r a t i o  
1:2.  DMSO as s o l v e n t  i s  n o t  e s s e n t i a l  f o r  t h e  r e a c t i o n  and cou ld  be r e -  

p laced by DMF g i v i n g  s i m i l a r  r e s u l t s  ( i ) .  

Keeping t h e  bas i c  s o l u t i o n  o f  nuc leos ide  - 1 f o r  1 hour  ( h i  b e t u r e  
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METHYLATION OF A 5-BROMOPYRIMIDINE NUCLEOSIDE 223 

M e t h y l a t i o n  o f  

q u a n t i t y  t i m e  i n t e r v a l  
Na!--and-..CH3I 

( equ i Val en t ) ( m i  nu t e  ) 

( A )  

c )  2.12 

a )  1.06 
b)  1.59 

d )  3.18 
e) 4.24 
f )  4.24 
g) 4.24 
h )  4.24 
i )  4.24 

( B )  
15 
15 
15 
15 
15 
5 
1 
60 
15 (DMF) 

TABLE 1 
5-bromo-2',2-anhydrouridine 

Products  % 

49 4 - - 
9 15 14.4 - - 6 16 - 
- 9 28 - 
- 5 20 - - 1 12.5 3 . 5  

- 8.6 14 - - 6.8 18 - 

- - 1 7 

From these da ta  t h e  f o l l w i n g  conc lus ions  c o u l d  be  drawn r e g a r d i n g  

t h e  r e a c t i o n  mechanism: (Fig.  1). I n  t h e  presence o f  a base nuc leos ide  - 1 
i s  conver ted  v i a  an ion  - 2 i n t o  epoxide - 5, which i s  i n  e q u i l i b r i u m  w i t h  
t h e  d ianhydro  i n t e r m e d i a t e  - 4 and p robab ly  w i t h  t h e  double charged an ion  
6, too .  

l e n t  of base (a )  - 5 i s  t h e  dominant anion, which g i v e s  on m e t h y l a t i o n  - 8. 
I n c r e a s i n g  t h e  amount of t h e  base (b,c,d,e) t h e  e q u i l i b r i u m  i s  s h i f t e d  
towards - 6, y i e l d i n g  on m e t h y l a t i o n  - 9. 

Nevertheless,  - 9 can be formed v i a  m o t h e r  pathway as wel1,since - 8 

formed i n  t h e  p r imary  process can undergo a f a s t  d e p r o t o n a t i o n  a t  OH5', 
y i e l d i n g  i o n  - 11 which  would g i v e  i n  a subsequent m e t h y l a t i o n  s t e p  - 9. The 

p r o b a b i l i t y  o f  t h i s  l a t t e r  process i s  backed by t h e  f a c t ,  t h a t  f o r m a t i o n  
o f  d i a n h y d r i d e  - 16 can o n l y  b e  exp la ined  v i a  a h y p o t h e t i c  i n t e r m e d i a t e  

- 10, which can be formed e i t h e r  f rom - 4 v i a  - 7 o r  f rom - 8 v i a  11. 
For  suppor t i ng  t h i s  t h e o r e t i c a l  p o s s i b i l i t y  b o t h  N-methyl d e r i v a -  

t i v e s  - 7 and 8 , which were prepared p r e v i o u s l y ,  were submi t ted  t o  

f u r t h e r  m e t h y l a t i o n  u s i n g  one e q u i v a l e n t  o f  reagents  and f o l l o w i n g  t h e  
r e a c t i o n  by t .1 .c .  Independent o f  t h e  s t a r t i n g  m a t e r i a l  2 and - 16 were 

formed i n  bo th  cases p r o v i n g  t h e  ex i s tence  o f  t h e  e q u i l i b r i u m  lCJ + JL. 
I t  i s  w o r t h w i l e  ment ion ing ,  t h a t  t h e  an ions  formed f rom - 1 under bas i c  

c o n d i t i o n s  a r e  much more s t a b l e  (4-5 hours)  than those, fo r r ied  from 
t h e  N-methylated d e r i v a t i v e s  - 7 and - 8 (10-15 min)  tt-:er.efore methy l  i o d i d e  

- 
T h i s  e q u i l i b r i u m  i s  base dependent and i n  t h e  presence o f  1 equiva- 

1 1 
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Fig. lb 
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MARTON-MERES2 ET AL. 226 

had t o  be  g i v e n  immedia te ly  a f t e r  d i s s o l u t i o n .  When t h e  amount o f  t h e  
base was increased t o  3 equ iva len ts ,  - 9 c o u l d  no more be de tec ted .  That  
means, t h a t  t h e  - -  10 * 11 e q u i l i b r i u m  i s  base dependent and i s  s h i f t e d  
towards - 10 when t h e  amount o f  base i s  inc reased.  

The f a c t ,  t h a t  i n  t h e  case of nuc leos ide  - 1 compound - 9 was alwdys 
formed, even i n  t h e  presence o f  4 e q u i v a l e n t s  o f  base, suggests, t h a t  
- 9 can be formed n o t  o n l y  v i a  - 11, b u t  v i a  t h e  h y p o t h e t i c a l  d i a n i o n  I 6, 
too, which can e x i s t  under s t rong  bas i c  c o n d i t i o n s .  

ponents, t h e  D-arabinose d e r i v a t i v e  - 12, which can be formed d u r i n g  t h e  

workup v i a  a h y d r o l y t i c  c leavage o f  epoxide - 9 ,  and t h e  5 '  ,6-anhydro 

d e r i v a t i v e  - 18 which can be formed f rom - 7 by  e l i m i n a t i o n  o f  hydrobromic 

ac id .  The 3,5-di-O-methyl d e r i v a t i v e  - 3, c o u l d  n e i t h e r  be i s o l a t e d ,  n o r  
i t s  presence proved by MS- inves t i ga t i on  o f  t h e  c rude r e a c t i o n  m ix tu re .  
For t h e  f o r m a t i o n  of t h e  N,O,C,-trimethylated epox ide  - 15 under t h e  

a p p l i e d  v e r y  d r a s t i c  c o n d i t i o n s  ( f , g ) ,  i t  was presumed t h a t  13 undergoes 
a h e t e r o l y t i c  r i n g  f i s s i o n  a t  t h e  05'-C6 b r i d g e  y i e l d i n g  an i o n  p a i r  

which i s  immediately a t t a c k e d  by a h y d r i d e  i o n  as w e l l  as by a methyl  
c a t  i on .  

I n  o u r  f u r t h e r  exper iments we submi t ted  t h e  me thy la ted  epoxide - 9 

and t h e  d ianhydro  compound - 16 t o  t h e  c o n d i t i o n s  o f  m e t h y l a t i o n  mentioned 
above. Whi le  - 16 remained unchanged, - 9 underwent a rearrangement process 

and f u r t h e r  me thy la t i on ,  a f f o r d i n g  t h e  me thy la ted  2 '  ,6-anhydroarabino- 

s i d e  - 25, i n  which t h e  bromide was exchanged by  a methyl  group, too .  The 

proposed mechanism o f  t h i s  r e a c t i o n  (F ig .  2)  i s  t h e  f o l l o w i n g :  The 

carbony l  group o f  t h e  p y r i m i d i n e  a t t a c k s  t h e  o x i r a n e  a t  C2' ,  and t h e  

formed zwi t t e r i o n  i s  immedia te ly  me thy la ted  a t  03', a f f o r d i n g  c a t i o n  - 19 
which m i g h t  be s t a b l e  i n  t h e  presence o f  t h e  dimethyl-sulphoxonium an ion .  
A slow h y d r o l y s i s  y i e l d s  v i a  k e t a l  - 20 a r a b i n o s i d e  - 21, t h e  f r e e  OH2' 
group o f  which can undergo an a d d i t i o n  r e a c t i o n  t o  t h e  5,6-doltble bond 

o f  t h e  p y r i m i d i n e  r i n g  (22) - which i s  a c t i v a t e d  by t h e  presence o f  t h e  

bromine a t  C5. Th is  i n t e r m e d i a t e  i s  me thy la ted  a t  t h e  same carbon atom 
ana logous ly  t o  t h e  5',6-anhydro compound - 10 g i v i n g  - 24 f rom which hydro- 

bromic a c i d  is  e l i m i n a t e d  y i e l d i n g  - 25. The o x a r o l i d i n e  r i n g  i n  25 i s  an 
e n e r g e t i c a l l y  f avo red  arrangement and i s  r e a d i l y  formed n o t  o n l y  f rom 
5-hromopyrimidine-arabinosides under b a s i c  cond i t i ons2 ,  b u t  even under 
a c i d i c  c o n d i t i o n s ,  as t rea tment  o f  t h e  5 '  ,6-anhydror ibo-epoxide - 16 w i t h  

A f u r t h e r  a n a l y s i s  o f  t h i s  l a t t e r  r e a c t i o n  a f f o r d e d  two o t h e r  com- 
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0 

H3c-k9 0 

0 H3c.i3Br HO 

.Br 

""0H2cd 20 OCH3 J 

0 

H 

OH 2cd &CJIH3 ___) 

23 *! OCH3 OCH3 

FIG.  2. 

H3c0H2cd 
1N h y d r o c h l o r i c  a c i d  y i e l d e d  t h e  cor respond ing  2',6-anhydro-arabinoside 
- 17 v i a  h y d r o l y s i s  and subsequent c y c l i z a t i o n .  

f rom t h e  f i n a l  r e l a t i v e  a tomic  coo rd ina tes  g i v e n  w i t h  t h e i r  e.s.d. 's i n  
Tab le  2. The m a j o r i t y  o f  t h e  bond l e n g t h s  and ang les  l i s t e d  i n  Tables 

1 3 and 4 agree w i t h i n  exper imenta l  e r r o r  w i t h  those  observed r e c e n t l y  

f o r  3-methyl-2 '  ,3 ' -anhydrour id ine  and 3,5-dimethyl-2'  ,3' : 5 '  ,6-dianhydro- 

6 -hyd roxyu r id ine  (16) .  - The fused o x i r a n e  r i n g  shor tens  b o t h  C2'-C3' and 
C3'-C4' bonds, r e s u l t i n g  i n  a quas i  p l a n a r  sugar r i n g .  The mean d e v i a t i o n  
o f  t h e  r i n g  atoms from t h e  leas t -squares  p lane  (-0.4339OX t 0.82628Y - 

F i g u r e  3 shows a v iew o f  t h e  X-ray s t r u c t u r e  o f  compound 15 computed - 
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228 MARTON-MERESZ ET AL. 

FIG. 3. A perspec t i ve  v iew  o f  mo lecu le  15 showing atomic l a b e l l i n g .  
Bare numbers a r e  f o r  carbon atoms un less  i n d i c a t e d  o the rw ise .  
The H atoms a r e  shown b u t  n o t  l a b e l l e d .  

- 0.359162 = - 1.23466) i s  0.035 8. The endocyc l i c  bond ang les  e s p e c i a l l y  
a t  01' a r e  inc reased r e l a t i v e  t o  those found i n  thymidine3 and r e l a t e d  
compounds . I t  i s  wor th  n o t i n g  t h a t  t h e  conformat ion  ( X  = 86.7(4)') 

about t h e  g l y c o s i d i c  Cl'-Nl bond i s  p r a c t i c a l l y  i d e n t i c a l  w i t h  t h a t  

angles between t h e  b e s t  planes o f  t h e  p y r i m i d i n e  base and t h e  p l a n a r  
sugar r i n g  a r e  a l s o  s i m i l a r  (71.5' - vs 72.0'). T h i s  suggests t h a t  t h e  

sugar r i n g  w i t h  p l a n a r  conformat ion p r e f e r s  a t o r s i o n  ang le  x i n  a 
narrow range about 87' independent ly  f rom t h e  s u b s t i t u e n t s  on t h e  
p y r i m i d i n e  base and t h e  sugar res idue .  Even t h e  hydrogen bond 

05'-H5' .  . .04(~-1/2,y+l /2,%1/2) formed i n  t h e  u n i t  c e l l  o f  3-methyl-  

2 ' ,3 ' -anhydrour id ine  does n o t  i n f l u e n c e  t h i s  arrangement. However, i t  

has an impact on t h e  t o r s i o n  ang les  about t h e  C5'-C4' bond. I n  15 Y = 

= - 169.6(4)' and 05'-C5'-C4'-01' = 70.2(3) (- t ,+9) - w h i l e  i n  3-methyl- 

4 

(x = 88.1(3)') observed i n  3-methyl-2',3'-anhydrouridine 1 . The d i h e d r a l  

- 
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METHYLATION OF A 5-BROMOPYRIMIDINE NUCLEOSIDE 229 

TABLE 212 
4 3 Atomic coordinates (x10 ) for non-hydrogen atoms and (x10 ) for hydrogen 
atoms with their e.s.d.'s 

Nl 
c2 
02 
N3 
c4 
04 
c5 
C6 
c7 
C8 
H6 
H7A 
H7B 
H7C 
H8A 
H8B 
H8C 
H9A 

5471(4) 
4681( 5) 
2942( 4) 
5968 ( 5) 
7986( 5) 
9087(4) 
8567(5) 
7340( 5) 
5127(8) 
10604( 6) 
768( 5) 
601 (9) 
328(8) 
550(8) 
1083 (8) 
1020( 6) 
1218(7) 

- 205(8) 

5744(2) 
6125(2) 
6802( 2) 
5676(2) 
4903(2) 
4604( 2) 
4486 ( 2) 
49254 2) 
6054( 3) 
3612( 2) 
465(2) 
566(3) 
592( 3) 
683(3) 
336(3) 
295( 2) 
389( 3) 
230( 3) 

Bond 

9727( 1) 
10346( 1) 
10410( 1) 
10889( 1) 
10853 ( 1 ) 
11366( 1) 

9668( 1) 
11558( 1) 
10129( 1) 
921(1) 
1185( 2) 
1158(2) 
1162( 2) 
964( 2) 
1038( 1) 
1025( 1) 
823( 2) 

10190( 1) 

c9 
C1' 
01' 
C2' 
C3' 
03' 
C4' 
C5' 
05' 

H9B 
H9C 
H1' 
H2' 
H3' 
H4' 
H5'A 
H5'B 

- 208(8) 
4380( 5) 
2228( 3) 
6312(5) 
5294( 6) 
5159(4) 
2786( 5) 
2739 (6) 
105( 4) 

70(8) 
W 8 )  
387(6) 
816( 7) 
636 (8) 
139( 7) 

383(6) 
355( 7) 

TABLE 3 
lengths (fi) with e.s.d. ' s  

2492( 3) 
6289(2) 
5688( 2) 
6373( 2) 
5759( 2) 
6956( 2) 
5 248 ( 2) 
4004( 2) 
3664(2) 

220(3) 
221( 3) 
704( 2) 
664( 3) 

551(2) 
371(2) 
367(2) 

537 (3) 

8250(2) 
9136( 1) 
8G67( 1) 
8576( 1) 
8007(1) 
8017(1) 
8209(1) 
8207( 1) 
8291( 1) 

7?9(2) 
865(2) 
931( 1) 
866( 2) 
773( 2) 
790(1) 
779( 1) 
857( 1) 

N 1 -C6 1.382(3) C4 -04 1.224( 3) C2 '-03 ' 1.445(3) 
Nl-C2 1.378(3) N3 -C2 1.380 (3) C3'-C4' 1.486( 4) 
Nl-C1' 1.461(3) N3 -C7 1.475( 3) C3 '-03 ' 1.440(3) 
C6-C5 1.327(3) C2 -02 1.217( 3) C4'-01' 1.444( 3) 
c5-c4 1.446(3) Cl'-C2' 1.499(3) C4'-C5' 1.495(3) 
C5-C8 1.489(4) Cll-01' 1.428(3) C5'-05' 1.427(4) 
C4-N3 1.396(4) C2'-C3' 1.452(3) 05'-C9 1.420( 4) 

JABLE 4 
Bond angles ( ) with e.s.d.'s 

C6-Nl-CZ 
C6-N 1 -C1' 
CE-N1-C1 ' 
N 1-C6-C5 
C6-C5-C4 
C6-CS-C8 
c4 -c 5 - C8 
C5-C4-N3 
C5-C4-04 
N3-C4-04 
C4-N3-C2 

121.2(4) C4 -N3 -C7 118.1(4) 
121.2(4) C2 -N3 -C7 116.7(4) 
117.4(3) N1 -C2 -N3 115.6(4) 
123.2(4) N1 -C2 -02 122.2(4) 
118.8(4) N3 -C2 -02 122.2(4) 
123.5(4) N1 -Cl'-C2' 112.1(3) 
117.7(4) N1 -C1'-01 ' 112.0( 3) 
115.6( 4) C2 ' -C1' -01 ' 105.6( 3) 
124.6( 4) C1 '-C2' -C3' 108.0( 3) 
119.8( 4) C1 ' -C2'-03' 109.6( 3) 
125.3( 4) C3 '-C2 '-03 ' 59.6( 3) 

C2'-C3'-C4' 
C2'-C3' -03 ' 
C4 ' -C3 '-03 ' 
C3'-C4'-01' 
C3' -C4' -c5 ' 
Ol'-C4'-C5' 
C1'-01 '-C4' 
C2'-03'-C3' 
C4'-C5 ' -05 ' 
C5'-05'-C9' 

108.2( 4) 

111.5( 4) 
105.6( 3) 
115.3( 4) 
111.4( 3) 
111.9(3) 
60.4(3) 
107.5( 4) 
112.7( 4) 

59.9( 3) 
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230 MARTON-MERESZ ET AL. 

2 ' ,3 ' -anhydrou r id ine  Y = 47.7(3)' 05'-C5'-C4'-01'  = -70.9(3)" (tg,-g). 
Y' assumes i n  bo th  r e l a t e d  s t r u c t u r e s  179.5' w i t h i n  exper imenta l  e r r o r .  
The d i h e d r a l  ang les  between t h e  bes t  planes o f  t h e  sugar r i n g s  and +,he 

epoxy t r i a n g l e s  a r e  a l s o  r a t h e r  s im. i la r  (-79.;13 vs -77.5'). 

EXPERIMENTAL 

M e l t i n g  p o i n t s  a r e  uncor rec ted .  TLC was c a r r i e d  o u t  on K i e s e l g e l  HF254 

coated  microscope s l i d e s  u s i n g  EtOAc (A), EtOAc/CC14 1 : l  (8) and 
EtOAc/CC14 7:3 (C) 
w i t h  0.1N KMn04 and 

ma t og ra  phy K i ese l  ge 

recorded w i t h  a Jeo 

spectrometer , us i ng 
The low r e s o l u t i o n  

o r  e l u t i o n .  D e t e c t i o n  was e f f e c t e d  by UV l i g h t  and 
2N H2S04 ( 1 : l )  and hea t ing  t o  105'. For column ch ro -  

40fO.063-0.200 mm) was used. 'H-NMR spec t ra  were 

C-60-HL (60  MHz) and a Var ian  EM-390 (90  MHz) 

DMSO-d6 as s o l v e n t  and DSS as  t h e  i n t e r n a l  s tandard .  
R = 1250) mass spec t ra  were recorded u s i n g  a MAT SM-1  

spectrometer o p e r a t i n g  a t  a 70 eV e l e c t r o n  energy, an i o n  source tempers- 

t u r e  o f  250°, a c c e l e r a t i n g  v o l t a g e  8 kV, e l e c t r o n  c u r r e n t  300 uA. Evapo- 
r a t i o n  temperatures d i r e c t  i n l e t :  - 15, 150°, - 25, 170°, - 18, 160'. 

d i m i n i shed p r  e s sure  . 
A l l  evapora t ions  were c a r r i e d  o u t  i n  a r o t a r y  evapora tor  under 

-- General method f o r  m e t h y l a t i o n  o f  p y r i m i d i n e  nuc leos ide  d e r i v a t i v e s  
( R a t i o  and t i m e  a r e  g i ven  i n  Tab le  1 )  

To a s l u r r y  of NaH (53%, washed 3x w i t h  l i g h t  pe t ro leum)  i n  DMSO 

temperature f o r  15 min. Then Me1 was added (see  Table l ) ,  when an exo- 
thermic r e a c t i o n  took  p l a c e  r a i s i n g  t h e  tempera ture  t o  60'. The m i x t u r e  
was kept  a t  room temperature f o r  24h, and was then  evaporated a t  60'. 
The r e s i d u e  was separated by column chromatography. Fo r  r e c r y s t a l l i z a -  

t i o n s  E t O H  was used. 
1 3 -  ---. 3,5 - d i me --- t h y l -  

~- u r a c i l  (15)  was prepared accord ing  t o  t h e  genera l  method (see Table - 1, 
9) s t a r t i n g  f rom - 1. P u r i f i c a t i o n  was c a r r i e d  o u t  by column chromatography 
us ing  f o r  e l u t i o n  s o l v e n t  ( B ) .  Y i e l d  7%, m.p. 145-146', R f  (B) 0.35, 

(A)  0.7, 13.5' (clDMF) 
Anal. Calcd. f o r  C12H16N205: 
Found: C, 53.6;H,6.1 ;N, 10.0 
I R  (KBr ) :  vC=O 1705, 1665 cm-': v r i n g  1640, 1470 cm-'. 
'H-NMR da ta  (DMSO-d6): 67.58 (s ,  lH, %H); 5.9 (s,  l H ,  ' ' C H ) ;  4.1-4.4 
(m, 3H, "CH, 3'CH, "CH), 3.58 (d,  2H, 5'CH,); 3.28 ( s ,  3H, OCH3); 

( l o x  vo l /nuc leos ide )  - 1 was added and t h e  m i x t u r e  was s t i r r e d  a t  room 

R f  

C,53.7;H,6.O;N, 10.4 
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METHYLATION OF A 5-BROMOPYRIMIDINE NUCLEOSIDE 231 

3.17 (s, 3Hy N-CH ) ; 1.85 (s, 3H, C-CH3) MS 5 y 6 y 7 ;  m/z: 129 [S]'; 140 
CBtHI'; 141 Bt2HI'; 251 CM-OH]'; 223 [M-CH20CH3]+. 

_I- C r y s t a l  da ta :  C12H16N205, MW = 268.27, o r thorhombic ,  - a = 5.150(1), 
b = 12.018(2), c = 19.947(3) 8,  U = 1234.6(6) 8 3 , Dc = 1.443 g . ~ m - ~ ,  

- - 
Z = 4, space group P212121 ( f rom sys temat ic  absences) F(OO0) = 568. 

I n t e n s i t i e s  o f  2097 symnetry independent r e f l e c t i o n s  were co l e c t e d  
i n  t h e  range 2 0 ~ 5 0 ~  by  an w - 24 scan on an Enraf-Nonius CAD 4 d i f f r a c -  

tometer w i t h  g r a p h i t e  monochromated MoK, ( A  = 0.71073 8 )  r a d  a t i o n .  C e l l  
cons tan ts  were determined by l e a s t  squares re f i nemen t  f rom t h e  s e t t i n g  

ang les  o f  25 r e f l e c t i o n s .  A f t e r  da ta  r e d u c t i o n  1401 r e f l e c t i o n s  w i t h  
I - & ( I )  > O  were taken as observed. The phase problem was so l ved  by t h e  
MULTAN program. F u l l - m a t r i x  leas t -squares  re f i nemen t  o f  t h e  p o s i t i o n a l  

and a n i s o t r o p i c  v i b r a t i o n a l  parameters o f  non-hydrogen atoms r e s u l t e d  
i n  a f i n a l  R = 0.047 (Rw = 0.043). The H p o s i t i o n s  were generated f rom 

assumed geometr ies and r e f i n e d  i s o t r o p i c a l l y  i n  t h e  f i n a l  s tage  o f  t h e  
l e a s t  squares procedure.  S c a t t e r i n g  f a c t o r s  were taken f rom r e f .  9. 
A l l  c a l c u l a t i o n s  were performed on a PDP 11/34 minicomputer w i t h  t h e  

use o f  t h e  SDP-34 system o f  Enraf-Nonius w i t h  l o c a l  m o d i f i c a t i o n s .  
2',6-Anhydro-l-(~-D-arabinofuranosyl)-3,5-dimethyl-6-hydrox.~urac~l 

(17 )  - The m i x t u r e  o f  - 16 ( 1  mmol, 0.259) i n  M HC1 ( l o x  v o l )  was heated on a 

water  b a t h  f o r  3 h. The dark-brown s o l u t i o n  was evaporated t o  dryness, 
and t h e  brown r e s i d u e  was c r y s t a l l i z e d  w i t h  EtOH (2mL). Y i e l d  0.139 
(50Z), m.p. 225-226°, R f  ( A )  0.25,[a]~0 - 182.0' (clDMF) 
Anal. Calcd. f o r  Cl1HI4N2O6: C,49.0; H,5.2; NY10.4;Found: C,48.6; H,5.5; 

N,10.1. 
IR (KBr ) :  vOH 3480 cm-'; vC=O 1720, 1690 cm-'; w i n g  1650, 1490 an-'. 
'H-NMR da ta  (DMSO-d6): 66.32 (d, lH, "CH); 5.85 (d, lH, 3 'C -OH) ;  5 . 2 5  

( d ,  lH,  "CH); 4.92 ( t ,  I H ,  51C-OH);  4.35 (dd, l H ,  3'CH); 4.05 ( d t ,  l H ,  
4'GH); 3.32 (my  2H, 5 'CH2) 3.16 ( s ,  3H, N-CH3); 1.70 (s ,  3H, C-CH3). 

u r a c i l  (E) was prepared f rom t h e  m e t h y l a t i o n  r e a c t i o n  m i x t u r e  of - 1 
bes ides  9 and L 16, u s i n g  column chromatography w i t h  s o l v e n t  ( C ) .  Y i e l d  

5%, m.p. 200-205° subl . ,  R f  ( C )  0.4. 

Anal. Calcd. f o r  CIOH10N205: C,50.5; H,4.2; N,11.8; 

Found: C,49.8; H,4.5; N,11.4. 
I R  (KBr ) :  v5CH 3100 cm-'; vC=O 1700, 1655 cm-'; w i n g  1615, 1440 cm-'. 
'H-NMR da ta  (DMSO-d6): 66.50 ( S ,  l H ,  5CH); 5.35 (s, l H ,  "CH); MS'O: 
m/z: 238 [M']'  

5 ' ,6-Anhydr0- l - (B-D-2~ , 3 '  -dnhydror i  bo furanosy l  )-3-methyl-6-hydroxy- 
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MARTON-MERESZ ET AL. 232 

2',6-Anhydro-1-(B-D-31,5'-di-0-methy1-arabinofuranosy1)-3,5-dim~~hy1- 

6 -hyd roxyu rac i l  (25)  - was prepared as desc r ibed  i n  genera l  method (see  
Table l y e )  - s t a r t i n g  f rom 2. P u r i f i c a t i o n  was c a r r i e d  o u t  by column ch ro -  
matography u s i n g  s o l v e n t  (B). The c rude m a t e r i a l  was r e c r y s t a l l i z e d  w i t h  

E tOH,  y i e l d i n g  - 25 (17%), m.p. 166-170' sub l .  Rf (B)  0.3,  Ca l i0  -156.3' 

(clDMF) 
Anal. Calcd. f o r  C13H18N206: C,52.4; H,6.1; N,9.4; 

Found: C,51.9; H,6.3; N,9.3; 
MS7y11y12: m/z: 298 [MI+ ;  253 [M-c2H50]+; 225 [M-c3H502]+; 196 

[M-~5Hlo021+. 
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