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NUCLEOSIDES & NUCLEOTIDES, 5 ( 2 ) ,  201-212 (1986) 

STUDIES ON THE PREPARATION, ISOLATION, AND 
REACTIONS OF ADENOSINE SCHIFF BASES 

Edward W. Badger, Deedee S. Szotek, 
and Wal te r  H. MOOS* 

Wa rner-Lambe rt /Pa rke-Dav i s Pharmaceut i c a l  Research 
Ann Arbor, M ich igan 48105 

Abst rac t .  A sys temat ic  s tudy  o f  t h e  p repara t i on ,  i s o l a t i o n ,  and reac t i ons  

o f  adenosine S c h i f f  bases i s  presented. 
be prepared and i s o l a t e d ,  bu t  t h e  r e a c t i o n  appears t o  be s p e c i f i c  f o r  
2 '  ,3 ' -O- isopropy l idene adenosines. 

as s y n t h e t i c  i n te rmed ia tes  i s  not y e t  a v i a b l e  process. 

Schiff  bases o f  nuc leos ides  can 

The use o f  nuc leos ide  S c h i f f  bases 

I NTRODUCT I ON 

The syn thes i s  of adenosine (1) d e r i v a t i v e s  a l k y l a t e d  a t  N-6 has 

gained importance i n  recent years w i t h  t h e  d i scove ry  t h a t  c e r t a i n  
d e r i v a t i v e s  have po ten t  b i o l o g i c a l  p roper t i es .  Nd-Cyclohexyladenosine 

(CHA, L ) ,  f o r  example, has nananolar a f f i n i t y  a t  adenosine " i n h i b i t o r y "  

(A1, R i )  receptors . l ,2  
i n v o l v e s  displacement o f  a s u i t a b l e  l e a v i n g  group "L" w i t h  t h e  des i red  

amine;3 another  popu lar  r o u t e  i n v o l v e s  a l k y l a t i o n  a t  N-1  f o l l owed  by  
rearrangement (Scheme 1) .4  Both methods work we1 1 f o r  most a p p l i c a t i o n s ,  
however, educts a re  o f t e n  expensive i n  t h e  fo rmer  r o u t e  and removal o f  

amine s a l t s  can be ted ious ;  d i r e c t  a l k y l a t i o n  o f  t h e  nuc leos ide  i s  not 

always success fu l  and can l e a d  t o  m ix tu res  i n  t h e  l a t t e r  route.5 
I n  p r i n c i p l e ,  r e d u c t i v e  a1 k y l a t i o n  would be a d e s i r a b l e  a l t e r n a t i v e ,  

bu t  t h e  o n l y  repo r ted  d i r e c t  reduc t i ve  a1 k y l a t i o n  o f  adenosine requ i res  

c a r e f u l  pH c o n t r o l ,  and copious q u a n t i t i e s  o f  aldehyde and reducing agent 

a r e  necessary owing t o  a t tendant  aldehyde reduct ion.5 

Synthes is  o f  compounds such as CHA canmonly 

P repara t i on  and 
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- 3 (guonosine) 

HO OH 
4 (doridosine) 

CHART 

i s o l a t i o n  o f  t he  in termediate S c h i f f  base as a f i r s t  step fol lowed by 

reduct ion i n  a second step might avoid these problems, but on l y  one 

nucleoside S c h i f f  base has been repor ted i n  t h e  syn the t i c  l i terature.697 

i s o l a t i o n ,  and react ions o f  nucleoside S c h i f f  bases. 

systematic study o f  S c h i f f  bases der ived fran nucleosides. 

The present repo r t  describes our s tud ies on t h e  preparat ion,  

This i s  t h e  f i r s t  
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RNHZ- 

HO OH 
5 - 

L=halogen, SR, OSiR, 
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NHR 

RX- (6 X =  halogen 

"G HO OH 

2 - 
SCHEME 1 

RESULTS AND D I S C U S S I O N  

HO OH 

" 
pH Control 
(Dimroth) 

HO OH 
7 - 

Prepara t ion  of S c h i f f  Bases 

Work began w i t h  t h e  2 '  ,3 ' -0 - isopropy l idene d e r i v a t i v e  o f  adenosine 

(8), - protec ted  t o  guard aga ins t  t h e  p o s s i b i l i t y  o f  r e a c t i o n  o f  t h e  
carbony l  compound w i t h  t h e  2 ' ,3 ' -hydroxyls.  A v a r i e t y  o f  aldehydes 

reac ted  r e a d i l y  w i t h  - 8 i n  r e f l u x i n g  t o l u e n e  ( w i t h  t h e  removal o f  water  and 

w i t h  an a c i d  c a t a l y s t )  t o  p rov ide  t h e  des i red  S c h i f f  bases (Scheme 2),  
w i t h  no evidence o f  t r a n s - k e t a l i z a t i o n .  The S c h i f f  bases were somewhat 

s t a b l e  t o  i s o l a t i o n  and p u r i f i c a t i o n  v i a  r a p i d  normal phase s i l i c a  gel 

chromatography, bu t  t hey  were r e a d i l y  hydro lyzed i n  water  o r  upon 

adso rp t i on  on to  s i l i c a  ge l .  The NMR, TLC, and HPLC d a t a  f o r  t h e  crudes 

l e d  u s  t o  expect h i g h  y i e l d s  o f  t h e  S c h i f f  bases - t h e  l o w  y i e l d s  

apparen t l y  r e f l e c t  h y d r o l y s i s  du r ing  chromatography.8 M ix tu res  o f  N6- 

isomers were apparen t l y  obtained, based upon NMR evidence.9 
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ADENOSINE SCHIFF BASES 205 

The reac t i on  w i t h  c y c l i c  ketones was a1 so examined, but on l y  cyc lo-  

hexanone afforded a s i g n i f i c a n t  y i e l d  o f  " S c h i f f  base" (Scheme 2). 
t h i s  case, t h e  double bond was predominantly endocycl ic i n  t h e  i s o l a t e d  

product; mix tures o f  double bond isomers were obtained i n  o t h e r  cases.9 

The reac t i on  w i t h  cyclohexanone was more s lugg ish  than w i t h  a1 dehydes, but 
t h e  product was more s tab le.  

corresponding ketones. 

L i t t l e  o r  no S c h i f f  base format ion was observed under a v a r i e t y  o f  

condi t ions wherein both educt and product were s tab le,  Educts included 
adenosine, adenine, 2 '  ,3' , 5 ' - t r i -O-s i l y l a ted  (TMS o r  TBDMS) adenosine, 

t u b e r c i d i n ,  and t h e  2 ' ,3 ' -0- isopropyl idene d e r i v a t i v e s  o f  guanmine, 

dor idos ine,  5' -chloro-5 ' -deoxyadenosine,  t u b e r c i d i n ,  NECA, R - P I A ,  
adenosine 5 ' - ca rboxy l i c  acid,  and 5'-O-acetyl  adenosine. I n  s i t u  

generat ion o f  N6-TMS d e r i v a t i v e s  fo l lowed by r e a c t i o n  w i t h  aldehydes was 
unsuccessful i n  d r i v i n g  t h e  process t o  completion. However, t h e  
2 '  ,3 ' -0- isopropyl idene d e r i v a t i v e  o f  2-chloroadenosine ( 9 )  - gave a 5oX, 

y i e l d  o f  S c h i f f  base, showing some g e n e r a l i t y  o f  t h i s  method f o r  
adenosines. Reasons f o r  t h e  special  r e a c t i v i t y  o f  2 ' ,3 ' -0- isopropyl idene 

adenosines are unknown. The l i m i t e d  s o l u b i l i t y  o f  some of these 
nucleosides i n  to luene may be a factor, lO but  t h e  S c h i f f  bases are not 

i s o l a b l e  i n  b e t t e r  so lvents  such as, f o r  example, ethanol. 

I n  

F i n a l l y ,  k e t a l s  were l e s s  r e a c t i v e  than  t h e  

Resul ts w i t h  modif ied sugar and base po r t i ons  were d isappoint ing,  

Reactions o f  S c h i f f  Bases 

hydrogenat i on  condi t ions (Pd/C, 85% y i e l  d )  ,I1 but ketone " i m i  ne" - 19 

requi red low pressure ( 5 0  p s i y )  c a t a l y t i c  hydrogenation condi t ions (86% 
y i e l d ) .  An apparent boron complex formed w i t h  attempted NaBH4 reduct ion,  
and no a d d i t i o n  t o  the  imine was observed w i t h  Grignard reagents o r  
o rgano l i t h ium canpounds. F ina l l y ,  anion format ion fo l lowed by a1 k y l a t i o n  

was unsuccessful (see Scheme 3). 

Reduction o f  aldehyde imine - 13 proceeded r e a d i l y  under t r a n s f e r  

CONCLUSIONS 

S c h i f f  bases o f  nucleosides can indeed be prepared and i so la ted .  
However, t h e  use o f  nucleoside S c h i f f  bases as s y n t h e t i c  in termediates 
i s  not  y e t  a v i a b l e  process. While reduct ion o f  t h e  S c h i f f  bases i s  
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206 BADGER, SZOTEK, AND MOOS 

Me1 

JT 
(no reaction) 

M A N  M 

24 23 - 23 
(no reaction) (boron complex?) (85-86O/0 yield) 

SCHEME 3 

f a c i l e ,  o v e r a l l  y i e l d s  f o r  t h e  s tepwise  r e d u c t i v e  a l k y l a t i o n  sequence a re  

poor,  apparent ly  owing t o  i n s t a b i l i t y  o f  t h e  S c h i f f  bases. 

EXPERIMENTAL 

General Methods. Toluene was d r i e d  ove r  4h molecu la r  s ieves . l *  

Spectra were recorded w i t h  t h e  f o l l o w i n g  i n s t r u n e n t s  as i n d i c a t e d :  i n f r a -  
r e d  (IR), KBr, N i c o l e t  FT, r e p o r t e d  i n  cm-l; u l t r a v i o l e t  (UV) ,  MeOH, 

Cary 118, x~~~ repo r ted  i n  nm; p r o t o n  nuc lea r  magnetic resonance (1H 

NMR), 9 0  MHz, Var ian  EM-390 ( o r  200 MHz, Var ian  XL-200, as noted),  

repo r ted  as p a r t s  per  m i l l i o n  down f ie ld  from i n t e r n a l  MeqSi, w i t h  
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ADENOSINE SCHIFF BASES 207 

coup l i ngs  ( J )  i n  Hz ( o n l y  ma jor  s i g n a l s  a re  repo r ted ) ;  low r e s o l u t i o n  mass 

(LRM), e l e c t r o n  i o n i z a t i o n ,  F inn igan 4521, r e p o r t e d  as m/z ( r e l a t i v e  

i n t e n s i t y ) ;  h i g h  r e s o l u t i o n  (exac t )  mass (HRM), e l e c t r o n  i o n i z a t i o n ,  VG 

7070E; o p t i c a l  r o t a t i o n  (OR), Perkin-Elmer 141. Elemental analyses were 

determined a t  Warner-Lambert/Parke-Davi s. 

system c o n s i s t i n g  o f  2 o r  3 M-45 punps, a U6K i n j e c t o r ,  a Model 680 
automated g r a d i e n t  c o n t r o l l e r ,  and e i t h e r  a DuPont v a r i a b l e  wavelength UV 

spectrophotometer o p e r a t i n g  a t  254 o r  280 nm o r  an A l t e x  f i x e d  wavelength 

A n a l y t i c a l  l i q u i d  chromatography (ALC) was performed w i t h  a Waters 

d e t e c t o r  (254 nM), Model 153. A l l  f i n a l  p roduc ts  were homogeneous by ALC 
u s i n g  t h e  f o l l o w i n g  cond i t i ons .  Columns employed: (A) A l t e x  U l t rasphere  

- Oc ty l ,  5 pm, 4.6 x 250 mn; (8) Whatman P a r t i s i l  PXS 10/25 ODs-2, 
1 0  pm, 4.6 x 250 mn; (C) Hami l ton  PRP-1, 10 pm, 4.1 x 150 mn; (D) 

A l l t e c h  S i l i c a ,  10 pm, 4.6 x 250 mm. So lvents :  ( A )  1/1/1 
HzO/MeOH/MeCN; (B) 3/1 MeOH/H20; (C) 1/1 CHCl-JEtOAc. 

P r e p a r a t i v e  1 i q u i d  chromatography (PLC) was performed on a Waters 

Prep 500A i n s t r u n e n t  under normal phase c o n d i t i o n s  un less  o the rw ise  

noted. 
coa ted  g lass  p l a t e s  (EM reagents s i l i c a  ge l  60 F-254). 

hydrogenat ions  were c a r r i e d  o u t  on a Par r  apparatus. 

mon i to red  by TLC and/or ALC. 

u n l  ess o therw ise  noted. 

A n a l y t i c a l  t h i n  l a y e r  chromatography (TLC) was done w i t h  p re-  

Pressur ized  
A l l  r e a c t i o n s  were 

Evapora t ions  were performed under reduced pressure. 

I s o l a t e d  compounds were foams o r  glasses 

General Procedure f o r  S c h i f f  Base Format ion ( I l l u s t r a t e d  f o r  8 + 13) 

A suspension of 2' ,3'-g-(l-methylethylidene) adenosine (5.0 g, 

16.3 tnnol), 4-(tr i f luoromethy1)benzaldehyde (6.39 g, 225 mol%), and 
7,7-dimethy1-2-oxobi c y c l  o[ 2.2, l l h e p t a n e -  1-met hanesul f o n i  c a c i d  (0.5 g, 
12  mol%) i n  t o l u e n e  (250 mL) i s  heated a t  r e f l u x  f o r  16 hours w i t h  water 

removal v i a  Dean-Stark. The r e s u l t i n g  y e l l o w  s o l u t i o n  i s  evaporated i n  
vacuo t o  a y e l l o w  g lass  which i s  p u r i f i e d  by PLC (4/1 e t h y l  a c e t a t e l  

i sooc tane) .  The major  i s o l a t e d  f r a c t i o n  i s  evaporated i n  vacuo t o  a w h i t e  
foam (13): I R  2990, 2940, 1615, 1585, 1475, 1375, 1325, 1215, 1165, 1140, 

1095; l H  NMR (CDCl3) 6 8.8-8.4 ( b r  s,lH), 8.25 ( b r  s,2H), 7.65 

( b r  s,4H), 7.0-6.7 ( b r  s,<lH), 6.2 (s, lH), 5.8-5.4 (m,lH), 5.4-5.1 (m,lH), 
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BADGER, SZOTEK, AND MOOS 208 

4.5-4.2 (m,lH 

(61, 320 (61, 
Anal. ca 

, 4.0-3.3 (m,2H), 1.55 (s,3H), 1.35 (s,3H); LRM 464 ( 2 ) ,  374 

cd. f o r  C21H20F3N504: 

292 (81, 120 (100); UV13 Amax 263, E 16600. 

C,  54.4; H, 4.4; N, 15.1. 

Found: C, 54.4; H, 4.5; N, 15.4. 

An a c i d  c a t a l y s t  i s  necessary. Mo is tu re  must be c a r e f u l l y  excluded 

d u r i n g  t h e  prepara t ion ,  i s o l a t i o n ,  and r e a c t i o n  o f  these S c h i f f  bases. 

General Procedure f o r  S c h i f f  Base Reduct ion 

aldehyde de r i ved  S c h i f f  bases. The method has been descr ibed by 

Rapoport .ll 

- 19 (1.00 y, 2.58 mnol) ,  methanol (75 mL), and 5% P t - C  (0.1 g, 10 w t % )  i s  

(A) T rans fe r  Hydrogenation: Th is  method i s  success fu l  o n l y  w i t h  

(B) Parr  Hydrogendtion ( I l l u s t r a t e d  f o r  19 + 23) :  A m i x t u r e  o f  

shaken under 50 p s i g  hydrogen pressure  f o r  17 h which no f u r t h e r  hydrogen 

uptake i s  observed. F i l t r a t i o n  o f  t h e  m i x t u r e  th rouyh  super-cel  f o l l owed  

by  evapora t ion  o f  t he  f i l t r a t e  i n  vacuo a f f o r d s  a y e l l o w  glass.  Column 

chromatography ( 4 / 1  e t h y l  ace ta te / i sooc tane,  normal phase S i  02) a f f o r d s  

N6-cycl ohexy l -2 '  ,3'-0- - (l -methy l  e t h y l  idene)adenosi  ne (23, - 0.86 y , 
86%). Proof o f  s t r u c t u r e  i s  based upon comparison w i t h  a u t h e n t i c  
materid13a,14,15 (1H NMR, IR, LRM, ALC, and TLC). 

repor ted  be1 ow. 
Phys ica l  data a re  

Physical  Data f o r  S c h i f f  Bases 

I H  NMH (CDC13) 6 9.7-9.5 (d,J = 10,1H), 8.5 (s , lH) ,  8.3 (s, lH),  

6.4 (s,lH), 5.7-5.5 (m,2H), 5.0-4.8 (m.lH), 4.3-4.0 (m,2H), 1.7 (s,3H), 
1.4 (s ,3Y) ;  LRM 441 (3), 351 (19 ) .  297 (13) ,  269 (15 ) ,  121 (12 ) ,  120 

( l o o ) ,  93 (14); U V I 3  Amax 264, E 8200. 

- 11: I K  2980, 2940, 1615, 1585, 1525, 1476, 1410, 1375, 1345, 1215; 

8.1 (S,lH), 7.95 (S,lH), 7.5 (S,lH), 7.4 (S,lH), 6.6-6.5 (d;J = 10,1H), 

Anal. calcd.  f o r  C20H20N606: C, 54.5; H, 4.6; N, 19.1. 

Found: C. 54.3; H, 4.6; N. 18.9. 

- 14: I R  2960, 2930, 2880, 1670, 1615, 1580, 1470, 1370, 1215; 
1H NMR (DMSO-d6) 6 8.55-8.2 (m,2H), 6.2 ( b r  S,lH), 5.4-5.2 (m,lH), 

5.2-4.8 (m,3H), 4.3-4.0 (m,lH), 3.6-3.4 (m,2H), 2.0-0.6 ( b r  m,17H); LRM 
( 9 )  332 (15 ) ,  256 (12),  242 (20 ) ,  228 ( l l ) ,  218 (31 ) .  217 (34) .  216 (16) ,  

188 (31), 174 (47) .  160 (1OO).I6 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
4
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



ADENOSINE SCHIFF BASES 209 

- 15: I H  2990, 2930, 2850, 1680, 1615, 1580, 1475, 1375; 1H NMR 

(COCl3) 6 8.25 (S,lH), 7.65 (S,lH), 7.1 (S,lH), 5.7-5.6 (d,J = 10,1H), 
5.2-5.1 (m,3H), 4.35 (s , lH) ,  4.0-3.4 ( b r  m,3), 2.2-0.9 ( b r  1n,16H); LRM 

401 (20 ) ,  229 ( l o o ) ,  228 (38) ,  218 (16 ) ,  213 ( l l ) ,  200 (13) ,  187 (13) ,  

235, E 12600; OR13 CaJEO -70.6" (C 1.17, &OH). 
186 (47) ,  173 (12 ) ,  164 (24 ) ,  136 (36) ,  135 (64) ,  121 (18) ;  UV13 Xmax 

HRM calcd.  f o r  C20H27N504: 401.206; Found: 401.206. 

- 17: mp 158.5-161.5"C; I R  2965, 1619, 1583, 1327; 1H NMR (200 MHz, 

COCl3) 6 9.6 ( b r  s,lH), 8.37 (s, lH),  8.2-7.0 ( m u l t i p l e  s i g n a l s ) ,  6.50 

J = l o ) ,  3.94 (t , lH,J = l o ) ,  1.67 (s,3H), 1.44 (s,3H); LRM 498 (14) ,  
328 (38) ,  154 (10O).l6 

l H ) ,  8.35 (s, lH),  8.2 (s, lH),  6.2-6.0 ( b r  d,J = 4.5,2H), 5.4-5.2 (m,lH), 
5.2-5.0 ( t , J  = 7.5,1H), 5.0-4.8 (m,lH), 4.3-4.0 ( b r  m,lH), 3.6-3.4 ( t ,  

(d,lH,J = l o ) ,  6.29 (S,lH), 5.6-5.4 (XI), 4.86 (d,lH,J = l o ) ,  4.10 (d,lH, 

- 19: I R  2930, 1670, 1610, 1585, 1470; 1 H  NMR (DMSO-d6) 6 8.6 (5,  

215 (66) ,  187 (27) .  

00); ~ ~ 1 3  Xmax 

J = 7.5,2H), 2.4-1.0 (m,  

186 (55),  147 ( l l ) ,  136 

285, E 14500; OR13 LaJgO 

14H); LRM 387 ( 2 ) ,  216 (13 ) ,  
15),  119 (12),  69 (25),  43 ( 

-64.7" ( c  0.68, DMF) . I6 

N6-Cyclohexyl-2'  , 3 ' -0 - ( l -me thy le thy l  idene)  adenosine 23): 

8.1 (s, lH), 7.4-7.6 (d,J = 7.5,1H), 7.25 ( b r  s,lH), 6.15-6.0 (d,J = 3,1H), 

5.45-5.0 (m,2H), 5.0-4.8 (m,lH), 4.3-3.9 ( b r  m,2H), 3.6-3.4 ( t , J  = 4.5, 

2H), 2.1 ( b r  m,17H); UV Xmax 268, E 12800.3a,14*15 

I R  2930, 2850, 1615, 1585, 1425; 1 H  NMR (UMSO-d6) 6 8.25 (S,lH), 

2-Chloro-2',3'-0-(1-1nethylethylidene) adenosine (9 ) :  

Hamptonl4~17 f rom commerc ia l l y  a v a i l a b l e  2-chloroadenosine (Sigma 

Chemical Co.): 

(200 MHz, CDC13) 6 7.9 (s, lH),  7.0 (s,2H), 5.9 (d,lH,J = 4.5), 5.2 ( t ,  
l H ,  J = 6), 5.1 (d,lH,J = 6 ) ,  4.5 (s, lH),  4.0 (d,lH,J = 12),  3.8 (d,lH, 

J = 12),  1.6 (s,3H), 1.4 (s,3H); LRM 342 (161, 252 (23),  198 (28 ) ,  169 
( l o o ) ,  134 (30).  

Th i s  m a t e r i a l  was prepared i n  q u a n t i t a t i v e  y i e l d  by t h e  method o f  

I R  2991, 1651, 1596, 1348, 1314, 1218, 1105; 1H NMR 
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