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BROHI NE- I NDUCED SELECTIVE N-HONODEMETHYLATI ON OF ~ 6 ,  N ~ - D  IHETHYL- 
2',3'-O-ISOPROPYLIDENEADENOSINE 

Te tsuo  Ka to ,  Takeshi  Endo and Jirf ,?emlic'ka* 

Depar tment  o f  Chemis t r y ,  M i c h i g a n  Cancer  F o u n d a t i o n  and 
Depar tment  o f  Oncology,  Wayne S t a t e  U n i v e r s i t y  School o f  M e d i c i n e ,  

D e t r o i t ,  M i c h i g a n  48201, U.S.A. 

ABSTRACT: B r o m i n a t i o n  o f  t h e  t i t l e  compound 1 w i t h  b r o m i n e  i n  phos-  
p h a t e  b u f f e r  has l e d  t o  8-bromo-N6,N6-dimethyl-2' , 3 ' - 0 - i  s o p r o p y l  i d e n e -  
adenos ine  ( 2 )  and 2',3'-0-isopropylidene-N6-methyladenosine (3 ) .  Under 
s i m i l a r  c o n d i t i o n s ,  compound 2 gave 8-bromo-2 '  ,3'-0-isopropylidene-N6- 
m e t h j l a d e n o s i n e  (4) .  The t r a n s f o r m a t i o n s  1 -+ 3 and  2 - 4  r e p r e s e n t  
b i o i n i m e t i c  models  o f  -- i n  v i v o  N 6 - d e m e t h y l a t i o n  o f  a n t i b i o t i c  purornyc in.  

Enzymic N6-monodemethy lat ion i s  an i m p o r t a n t  s t e p  i n  t h e  m e t a b o l i s m  

o f  t h e  a n t i b i o t i c  p u r o m y c i n l ~ 2 .  In s e a r c h  o f  b i o r n i m e t i c  mode ls  o f  such 

a t r a n s f o r m a t i o n ,  we have r e c e n t l y  d e s c r i b e d 3  N6-monodeal k y l a t i o n  o f  

N6,N6-di a1 kyl -2 ' , 3 ' ,5' -t r i  - 0 - a c y l  adenos i  nes ( I )  b y  o x i  d a t  i on w i  t h  KuO4 

i n  CCl4. A s i m i l a r  b u t  much l e s s  s e l e c t i v e  d e a l k y l a t i o n  r e s u l t e d 4  f ro in  

t h e  t r e a t m e n t  o f  compounds I w i t h  KMnU4 i n  50% a c e t i c  a c i d .  The l o s s  

o f  s e l e c t i v i t y  can be r e a d i l y  e x p l a i n e d  b y  a h i g h  r e a c t i v i t y  o f  KMnO4. 

It i s  c l e a r  t h a t  m i l d e r  rnethods must be sough t  i n  o r d e r  t o  a c h i e v e  

a maximum s e l e c t i v i t y  under  c o n d i t i o n s ,  i .e.,  pH, t e m p e r a t u r e ,  aqueous 

medium and o x y d a t i o n  p o t e n t i a l  o f  t h e  r e a g e n t ,  w h i c h  m im ic ,  as  c l o s e l y  

as  p o s s i b l e ,  t h e  enzyme-ca ta l yzed  N-deal k y l a t i o n .  The p r e s e n t  work 

d e s c r i b e s  one such p rocedure .  

N6,N6-Dimethyl-2'  ,3'-0-isopropylideneadenosine (1 )5 ,  when t r e a t e d  

w i t h  b romine  i n  phospha te  b u f f e r  (pH 7 )  i n  aqueous d i o x a n e  f o r  17  h a t  

40°C, gave t h e  e x p e c t e d  8-bromo d e r i v a t i v e  2 (30%) accompanied b y  

2 '  , 3 ' - 0 - i  sopropylidene-N6-methyladenosine (3 ,  15%). A1 t hough ,  i n  t h i s  
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82 KATO, ENDO, AND ZEMLICKA 

i ns tance,  N-demethylat ion occur red  p r i o r  t o  t h e  b romina t ion ,  compound 2 
was r e a d i l y  demethylated t o  g i v e  d e r i v a t i v e  4 i n  40% y i e l d  which was 

i d e n t i c a l  w i t h  t h e  produc t  ob ta ined  by  b romina t ion  o f  3 (Scheme 1 ) .  

These r e s u l t s  show t h a t  N-methyl groups i n  N6,NG-dimethyladenosine a r e  

s u s c e p t i b l e  t o  a s e l e c t i v e  N-demethylat ion w i t h  o x i d i z i n g  agents 

m i l d e r 6  than  KuO4. The e f f e c t  o f  pH seem t o  be o f  c r u c i a l  importance. 

Thus, b rominat ion  o f  N6,NG-dimethyladenosine i n  a c e t a t e  b u f f e r  (pH 4 )7  
gave 8-bromo-N6,N6-dimethyladenosine as t h e  o n l y  p roduc t .  

The s t r u c t u r e s  o f  compounds 2-4 were con f i rmed  b y  UV, NMR and 

e lec t ron - impac t  mass spectra.  It i s  o f  i n t e r e s t  t h a t  t h e  presence o f  

bromine atom i n  2 d i d  n o t  change t h e  f ragmenta t ion  p a t t e r n  o f  t h e  base 

res idue  r e l a t i v e  t o  t h a t  found i n  t h e  pa ren t  nucleosides8. Thus, i o n  b 

t H - NCH3 i s  p resent  i n  bo th  2 and 3. Compounds 2 and 3 gave d i s t i n c t  

M and M-15 peaks; t h e  l a t t e r  i s  c h a r a c t e r i s t i c  f o r  2 ' , 3 ' -0 - i sop ropy -  

l i d e n e  n u c l e o s i d e s ~ ~ ~ 0 .  The bromo d e r i v a t i v e s  2 and 4 a f f o r d e d  t h e  

expected i s o t o p i c  "doub l ing"  o f  a p p r o p r i a t e  fragments. However, i o n s  

cor respond ing  t o  M-(CH3)2COOH, observed i n  t h e  p y r i m i d i n e  ( u r a c i  1 )  

d e r i v a t i v e s 9 ~ 1 0 ,  were n o t  found. 
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83 
6 ENZYMIC N -MONODEMF,THYLATION 

o f  t h e  

Neverthe 

m i  m i  c ked 

c l o s e  t o  

A p o s s i b l e  mechanism o f  N-demethylat ion i s  shown i n  Scheme 2. 

Thus, t h e  r e a c t i o n  c o u l d  be i n i t i a t e d  b y  a fo rma t ion  o f  adduct 5, as 

a n t i c i p a t e d ,  e.g., i n  bromine- induced cleavage o f  a l i p h a t i c  e t h e r s l l  o r  

aminesl2. S t r u c t u r e  5 t hen  appears as t h e  most l i k e l y  because o f  t h e  

known13914 nuc leoph i l  i c  cha rac te r  o f  N-1 i n  p u r i n e  nuc leos ides .  Adduct 

5 then co l l apses  t o  g i v e  q u a r t e r n a r y  s a l t  6 which, i n  t u r n ,  i s  hydro-  

l y z e d  t o  p roduc t  3 o r  4. However, i t  i s  recogn ized t h a t  mechanism o f  

o x i d a t i v e  c leavage o f  amines w i t h  bromine s t i l l  remains t o  be 

e s t a b l i s h e d l z ;  t h e r e f o r e ,  Scheme 2 desc r ibes  o n l y  one p o s s i b i l i t y .  

Al though t h e  mechanism o f  b i o l o g i c a l  demethy la t ion  o f  puromycin 

aminonucleoside has n o t  been i n v e s t i g a t e d  i n  d e t a i l ,  t h e  fo rma t ion  o f  

deal  k y l a t e d  produc ts  accompanied b y  t h e  cor respond ing  aldehyde has been 

observed i n  case o f  a v a r i e t y  o f  N -a l ky la ted  ~ e n o b i o t i c s l 5 , ~ 6 .  I n  t h i s  

respec t  , t h e  bromine- i  nduced N-demethylat ion may more c l  ose l  y s i m u l a t e  

t h e  i n  v i v o  s i t u a t i o n  than o x i d a t i o n  w i t h  RuU4 l e a d i n g  t o  t h e  

tnechani sms 

d i  f f e r e n t  . 
on may be 

c o n d i t i o n s  

cor respond ing  N-formyl d e r i v a t i v e s 3 .  I n  o t h e r  aspects,  t h e  

enzyme- and bromine-induced demethy la t ion  a re  

ess, t h e  f a c t  t h a t  a complex enzymic t rans fo r ina t  

by  a s imp le  chemical r e a c t i o n  i n  s o l u t i o n  under 

p h y s i o l o g i c a l  i s  o f  i n t e r e s t .  

lor2  5 

6 
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84 KATO, ENDO, AND ZEMLICKA 

The r e s u l t s  r e p o r t e d  h e r e i n  and p r e v i o u s l y 3  i n d i c a t e  t h a t  s e l e c t i v e  

N6-monodemethyl a t i  on o f  N6,N6-dimethyl adenos i  n e  can be e f f e c t e d  by 

agen ts  o f  d i f f e r e n t  o x i d a t i o n  p o t e n t i a l  and r e a c t i o n  mechanism. 

EXPERIMENTAL SECTION 
M e l t i n g  p o i n t s  were t a k e n  on a Thomas Hoover c a p i l l a r y  m e l t i n g  

p o i n t  a p p a r a t u s  and t h e y  a r e  u n c o r r e c t e d .  NMR s p e c t r a  were d e t e r m i n e d  

w i t h  an FX 100 F o u r i e r  t r a n s f o r m  NMR s p e c t r o m e t e r  (JEOL Ltd., Tokyo, 

Japan) i n  CDC13 as s o l v e n t  and S i (CH3)4  a s  an i n t e r n a l  r e f e r e n c e .  

E l e c t r o n - i m p a c t  mass s p e c t r a  were o b t a i n e d  w i t h  a JMS D-100 mass 

s p e c t r o m e t e r  (JEOL L td . ,  Tokyo, Japan). 

T h i n - l a y e r  ch romatog raphy  (TLC) was p e r f o r m e d  as d e s c r i b e d 3 .  F o r  

column ch romatog raphy  s i l i c a  g e l  60, 70  - 230 mesh ASTM (Merck )  was 

used. 

B r o m i n a t i o n  o f  N6,N6-Dimethyl - 2 '  , 3 ' - 0 - i s o p r o p y l  i d e n e a d e n o s i n e  (1 1. 
Bromine (0.5 g, 2.8 mmol) was added t o  a s t i r r e d  s u s p e n s i o n  o f  compound 
1 (0.8 g, 2.3 minol)5 i n  50% aqueous d i o x a n e  c o n t a i n i n g  Na2HP04.H20 

(1.92 g, 7.2 mmol). The m i x t u r e  was h e a t e d  t o  40'C f o r  17  h and t h e  

c l e a r  s o l u t i o n  was, a f t e r  c o o l i n g ,  e x t r a c t e d  w i t h  c h l o r o f o r m .  The 

o r g a n i c  l a y e r  was washed w i t h  2 N Na2S203 and w a t e r ,  i t  was d r i e d  

(MgS04) and evapora ted .  The r e s i d u e  was ch romatog raphed  on a s i l i c a  

ge l  (15  g )  column b y  u s i n g  c h l o r o f o r m  as an e l u e n t .  Compound 2 was 

e l u t e d  f i r s t ,  0.31 g (31%);  mp. 73 74'; UVmax ( e t h a n o l )  277 nm 

( E  15,500); NMR (CDC13 + D20) 6 ,  8.20 ( s ,  1 ,  H2), 6.09 (d ,  1 ,  H1 1 ,  

5 1 1 ~ 2 1  4.9 H z ) ,  5.31 (t, 1, H ~ I ) ,  5.07 (d ,  1 ,  H ~ I ) ,  4.52 ( s ,  1,  H41) ,  

3.86 ( d  of q, 2, H ~ I ) ,  3.48 ( s ,  6, N CH3)2), 1.67 and 1.38 (2s ,  6, 

(CH3)2C). I n  t h e  absence o f  D20, s i g n a l s  o f  6,  6.67 and 6.56 ( a p p a r e n t  
2d, 1 ,  OH) were p r e s e n t .  Mass spect rum, m/e ( r e l a t i v e  i n t e n s i t y )  415, 

413 (10.1, 9.6, M ) ,  400, 398 (5.0, 5.3, M - CH3), 327, 325 (2.8, 3.8, M 

- CH3COCH3 - CH20), 385, 383 (6.0, 6.2, M - CH20), 326, 324 (7.7, 7.7, 

M - 89 ) ,  312, 310 (9.1, 12.5, M - 103),  272, 270 (12.7, 13.2, b-CHOH), 

244, 242 (23.6, 31.5, b + 2H, m/e 242 i s  o v e r l a p p e d  w i t h  b81Br ) ,  243, 

241 (100.0, 96.6, b t H ) ,  240 (8.4, b79Br ) ,  228, 226 (21.2, 21.6, b + H 
- CH3), 215, 213 (8.6, 9.3, b t 2H - NCH3), 214, 212 (91.5, 92.7, b + H 
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ENZYMIC N~-MONODEMETHYLATION 85 

- NCH3). Anal. Calcd. f o r  CirjH20BrN504.1/7 H20: C, 43.22; H, 4.91; N, 
16.80. Found: C, 43.36, H, 4.80, N, 16.52. 

E l u t i o n  w i t h  ch lo ro fo rm - methanol (95  : 5)  a f f o r d e d  N-demethylated 

p roduc t  3, 0.13 g (14%), mp. 88 - 90' ( foaming) ;  UVmax ( e t h a n o l )  267 nm 

( E 11,000); NMR (CDC13 + D20) 6, 8.34 ( S ,  1, Ha), 7.76 (s ,  1, H2), 5.84 

(d ,  1, H i ' ,  5 1 1 ~ 2 1 ,  4.4 Hz), 5.16 (apparent q t ,  2, H ~ I  and H ~ I ) ,  4.54 

( s ,  1, H41), 3.87 ( d  of q, 2, H ~ I ) ,  3.19 (s ,  3, NCH3), 1.65 and 1.38 
(2s, 6, (CH3)zC). I n  t h e  absence of D20, s i g n a l s  o f  6, 6.80, 6.69 

(apparent 2d, 1, OH) and 6.04 (b road d, 1, NH) were present .  Mass 
spectrum, m/e ( r e l a t i v e  i n t e n s i t y )  321 (12.1, M), 306 (6.5, M - CH3), 

291 263 (4.6, M - CH3COCH3), 233 (10.6, M - CH3COCH3 
- CH20), 232 (44.9, M - 89)s 218 (21.0, M - 103) ,  178 (63.0, b-CHOH), 

(12.1, M - CH20), 

150 (35.5, b t 2H), 149 (100.0, b + H), 148 (18.6, b ) ,  119 (7.9, b + H 

- NCH3). Anal. Calcd. f o r  C14H19N504.2/3H20: C, 50.44; H, 6.15; N, 

21.01. Found: C, 50.39; H, 6.01; N, 20.99. 

8-Bromo-2',3'-0-isopropyl idene-N6-methyladenosine (4).  A. Brominat ion  

o f  compound 3. The r e a c t i o n  was performed as mentioned above w i t h  

compound 3 (0.16 g, 0.5 mmol). Column chromatography on s i l i c a  gel  
( ch lo ro fo rm)  gave produc t  4 which was c r y s t a l l i z e d  from ch lo ro fo rm - 
pet ro leum e t h e r ,  56 mg (28%), mp. 173.5 - 174.5O UVmax ( e t h a n o l )  270 nm 

( E  17,000); NMR (CDC13 + D20) 6, 8.30 ( s ,  1, H2), 6.09 (d, 1, H i ' ,  

J11,21 4.9 Hz), 5.27 ( t ,  1, Hz l ) ,  5.07 (d,  1, H ~ I ) ,  4.52 ( s ,  1,  H ~ I ) ,  
3.86 (d  of q, 2, H ~ I ) ,  3.18 ( s ,  3, NCH3), 1.67 and 1.38 (2s, 6, 

(CH3)zC). I n  t h e  absence of D20, s i g n a l s  6, 6.53, 6.42 (apparent  2d, 

1 ,  OH), 5.66 ( p o o r l y  reso lved  d, 1, NH) and 3.19 (d, 3, CH3NH, J C H ~ N H  
5.1 Hz) were present.  It was n o t  p o s s i b l e  t o  o b t a i n  M o r  M - 15 i o n s  

i n  t h e  mass spectrum of 4 b y  a d i r e c t  probe techn ique b u t  f ragments o f  

m/e 229 and 227 (100.0, 100.0, b + H) were present .  Anal. Calcd. f o r  

C14H18BrN504.6/7 H20: C, 40.44; H, 4.62; N, 16.84. Found: C, 40.56; 
H, 4.35; N, 16.55. 

B. N-Demethylat ion of compound 2. The r e a c t i o n  was performed as 

descr ibed above w i t h  bromo d e r i v a t i v e  2 (0.083 J, 0.6 mniol). The c rude 

produc t  was chromatographed on a l oose  l a y e r  o f  s i l i c a  ge l  which was 

developed i n  ch lo ro fo rm - methanol (95 : 5). E l u t i o n  o f  t h e  major  UV 

absorb ing  band w i t h  t h e  same so lven t  gave compound 4 which was 
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86 KATO, ENDO, AND ZEMLICKA 

c r y s t d l l i z e d  f rom c h l o r o f o r i n  - p e t r o l e u m  e t h e r ,  34 rng (43%) ,  mp. 173.5 

- 174.5', m ixed  rnp. w i t h  a sample p r e p a r e d  b y  [nethod A was undepressed. 

NMK s p e c t r a  o f  b o t h  p r o d u c t s  were i d e n t i c a l .  
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