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NUCLEOSIDES & NUCLEOTIDES, 7(1), 37-43 (1988) 

A SIMPLE, PREPARATIVE PROCEDURE FOR 
- N3-ANISOYLURI D I N E  AND 06-DIPHENYLCARBAMOYLGUANOSINE 

2 '  -O-(TETRAHYOROPVRAN-2-YL) DERIVATIVES 
- VIZ THE CORRESPONDING 3 '  ,~I-DIBENZOATES~ 

* 
Kazuo Kamaike, Yosh ih i ro  Hasegawa, and Yoshiharu I s h i d o  

Department o f  Chemistry, F a c u l t y  o f  Science, . Tokyo I n s t i t u t e  o f  Technology, 
0-okayama, Meguro-ku, Tokyo 152, Japan 

Abs t rac t :  3 '  ,5 ' -Di-O-benzoyl-2 ' -0-(  tetrahydropyran-2-y1)uridine and 
3 ' , 5  ' - d i  -0- benzoy 1 -12- i so bu tyry 1-2 ' -0- ( t e t r a  hydropyran-2-y 1 ) gua nos i ne 
a r e  conver ted  i n t o  J3-anisoyl-2'-Q-(tetrahydropyran-2-yl)uridine ( l e s s  
and more p o l a r  d ias te reo isomers  i n  37% and 42% y i e l d s ,  r e s p e c t i v e l y )  
and 06-diphenyl  carbamoyl -!2-isobutyryl-2'-2-( te t rahydropyran-2-y1) -  
guanosine ( l e s s  and more p o l a r  d ias te reo isomers  i n  15% and 59% y i e l d s ,  
r e s p e c t i v e l y )  , r e s p e c t i v e l y ,  by @ani  soy1 a t i o n  and @ d i  phenyl  carbam- 
o y l  a t  i on, f o 1 1 owed by 3 ' ,5 ' - d i  -0-de benzoyl a t  i on. 

INTRODUCTION 
The n e c e s s i t y  t o  p r o t e c t  t h e  p o r t i o n  o f  n u c l e i c  a c i d  base m o i e t i e s  

o f  guanosine and u r i d i n e  i n v o l v i n g  a c t i v e  hydrogen d u r i n g  o l i gonuc leo -  

t i d e  syn thes i s  has been no ted  by Reese e t  a1.2, and i s  caused by s i d e  
r e a c t i o n s  on those mo ie t i es  i n e v i t a b l y  induced i n  n u c l e o t i d e  coup1 i n g  
r e a c t i o n s .  These problems have g i ven  an impetus f o r  t h e  development 

o f  a f a c i l e  and u s e f u l  techn ique f o r  t h e  p r o t e c t i o n  o f  t h e  n i t r o g e n  

he terocyc les .  S tud ies  on p r o t e c t i n g  groups f o r  t h e  J - p o s i t i o n  of  
u r i d i n e  and t h e  0 - p o s i t i o n  o f  guanosine have r e s u l t e d  i n  t h e  develop- 
ment o f  a n i s 0 y 1 ~ ' ~  and diphenylcarbamoyl  group^,^ &. f o r  t h i s  purpose. 

T y p i c a l  i n te rmed ia tes  employed i n  o l i g o n u c l e o t i d e  syntheses a r e  - 
anisoy1-2'-0-(tetrahydropyran-2-y1 ) ~ r i d i n e ~ ' ~  ( 5 )  and 0 -d ipheny lcarba-  
moyl-J - i s o b u t y r y l - 2 ' - 0 - (  te t rahydropyran-2-y l  )guanosine (i). Both 
5 and 6 can be prepared by v a r i e t y  o f  methods, b u t  t h e  most e f f e c t i v e  

way has been t o  use 1,3-dichloro-1,1,3,3-tetraisopropyldisoloxane f o r  
t he  temporary, s imultaneous p r o t e c t i o n  o f  t h e  hydroxy l  groups a t  t h e  

3 

6 

3 

6 
5 N 2 

3 '  and 5 '  p o s i t i o n s .  3,495 
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TETRAHYDROPYRANYL NUCLEOSIDE DERIVATIVES 39 

RESULTS AND DISCUSSION 
Such aspec ts  as descr ibed above l e d  us t o  e x p l o r e  p u t t i n g z a n d z  

t o  more p r a c t i c a l  use by t h e  use o f  3 '  ,5 ' -d i -0-benzoyl-2 ' -0-(  t e t r a h y d r o -  
pyran-2-y l  ) u r i  d i  ne ( 3 )  and 3 I , 5 ' - d i  -0- benzoyl -lj2-i sobu tyryl -2 -0- ( t e t r a -  

hydropyran-2-y1)guanosine ( 4 ) ,  which were r e s p e c t i v e l y  i s o l a t e d  as a 

g lassy  m i x t u r e  of  t h e i r  d ias te reo isomers  f rom each o f  t h e  r e a c t i o n  mix- 
6 t u r e s  of 2 I -0- ( te t rahydropyran-2-y l  ) a t  i on o f  3 ' , 5 I - d i  -0- benzoyl  u r i  d i  ne 

( 1 )  and 3 '  ,5'-di-!-benzoyl-! - i sobu ty ry lguanos ine  ( 2 ) .  

E t (  iPr)2N,4 f o l l o w e d  by 3 '  ,5 ' -d i -O-debenzoy la t ion  - w i t h  2 M NaOH s o l u t i o n  
i n  1:2 p y r i d i n e  - EtOH; b o t h  d ias te reo isomers  o f  A w e r e  thus  i s o l a t e d  
i n  37% ( l e s s  p o l a r )  and 42% y i e l d s  (more p o l a r  i somer) .  Compound 4 was 
sub jec ted  t o  0 -d ipheny lcarbamoy la t ion  w i t h  diphenylcarbamoyl c h l o r i d e  
- E t (  iPr)2N,5-fol lowed by t h e  3 '  ,5'-di-Q-debenzoylation; b o t h  d ias te reo -  

isomers o f 2  were i s o l a t e d  i n  15% ( l e s s  p o l a r )  and 59% y i e l d s  (more 
p o l a r  isomer).  

N 

/v 

2 6 
/v /u 

Compound 3 was sub jec ted  t o  a n i s o y l a t i o n  w i t h  a n i s o y l  c h l o r i d e  - 
N 

6 

The use o f  1 a n d k f o r  t h e  p r e p a r a t i o n  o f A a n d  6 v i a  Land:, r e -  
/v N- 

s p e c t i v e l y ,  was concluded t o  be p r a c t i c a l l y  u s e f u l  i n  t h e  f i e l d  of 

o l i g o n u c l e o t i d e  syn thes is .  

EXPERIMENTAL 

General methods. A m e l t i n g  p o i n t  was de termied by a Yanagimoto 
M ic ro -me l t i ng -po in t  apparatus, and i s  uncor rec ted .  

duc ted  on Merck s i l i c a  ge l  F254 by deve lop ing  w i th  9 : l  c h l o r o f o r m  - 
methanol system (So lven t  A). Column chromatography was performed on 

s i l i c a  ge l  (Wakogel C-300; purchased f rom Wako Pure Chemicals, Co. L td . )  
by t h e  use o f  c h l o r o f o r m  - methanol system. 

recorded on a JEOL JNM FX 200 apparatus w i t h  t e t r a m e t h y l s i l a n e  (TMS) as 

t h e  i n t e r n a l  standard.  Elemental analyses were ach ieved w i t h  a Perk in -  
Elmer 240-002 apparatus.  

I s o l a t i o n  o f  3 f rom t h e  M i x t u r e  o f  (Tetrahydropyran-2-y1)ation o f  
1: A s o l u t i o n  o f  1 (2.7145 g, 6 mmol) i n  d r i e d  I,$-dioxane (15 mL) was 

t r e a t e d  w i t h  2,3-dihydropyran (4 .1  mL, 45 mmol) and TsOH.H20 (0.2853 g, 

1.5 mmol) a t  room temperature.  A f t e r  s t i r r i n g  f o r  30 min, t h e  r e s u l t -  

i n g  m i x t u r e  was n e u t r a l i z e d  w i t h  5% aqueous sodium b i ca rbona te  s o l u t i o n ,  

e x t r a c t e d  w i th  c h l o r o f o r m  (40 mL) and washed w i t h  water  (20  mL x 2). 

T.1.c. was con- 

'H-n.m.r. spec t ra  were 
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40 KAMAIKE, HASEGAWA, AND ISHIDO 

The o rgan ic  l a y e r  was evaporated and t h e  r e s i d u e  was sub jec ted  t o  t h e  

chromatography on t h e  column (4.5 cm, diameter x 10 cm, l e n g t h ;  c h l o r o -  

form - methanol system) t o  g i v e  a g lassy  m i x t u r e  o f  t h e  d ias te reo isomers  

of  3 (2.9295 9, 91% y i e l d ) ,  RF 0.48 (So lven t  A). 'H-N.m.r. (CDC13 - 
TMS): 6 1.24 - 1.90 (6H, m, C-CH2-C x 3 ) ,  3.34 - 3.71 (ZH, m, O-CH2-C), 

4.55 - 4.92 (5H, m, H-2' ,  4 ' ,  5 ' ,  5", and 0-CH-0), 5.48 - 5.63 (ZH, m, 

H-3' and 51, 6.11 and 6.14 ( lH ,  d x 2, J11,21 3.90 Hz and 5.86 Hz, H- 
I'), 7.27 - 7.65 and 8.03 - 8.12 (lOH, m x 2, Ph p r o t o n  x l o ) ,  and 9.30 

- 9.50 ( lH ,  m, NH). 
Conversion o f  2-2: Compound2 (2.9295 g, 5.46 mmol) was t r e a -  

t e d  w i t h  a n i s o y l  c h l o r i d e  (2.7945 g, 16.38 mmol) i n  t h e  presence o f  
E t ( i P r ) 2 N  (2&5 mL, 16.38 mmol) i n  p y r i d i n e  (27 mL) f o r  30 m in  a t  room 
temperature w i t h  s t i r r i n g .  
water  ( 5  mL) a t  room temperature w i t h  s t i r r i n g  f o r  30 min, t h e  m i x t u r e  

was e x t r a c t e d  w i t h  CHC13 (100 mL)  and t h e  e x t r a c t  was washed successive- 
l y  w i t h  5% aqueous NaHC03 s o l u t i o n  (50  mL x 2) and water  (50 mL). 
o rgan ic  s o l u t i o n  was evaporated and t h e  res idue  was d i s s o l v e d  i n  1:2 

p y r i d i n e  - ethano l  (60 mL); t h e  s o l u t i o n  was t r e a t e d  w i t h  2 M aqueous 
NaOH s o l u t i o n  ( 6  mL) f o r  10 min a t  t h e  temperature i n  an ice-NaC1 bath.  

The r e s u l t i n g  s o l u t i o n  was n e u t r a l i z e d  w i t h  Dowex 50W ( p y r i d i n i u m  form) 
r e s i n  and t h e  r e s i n  was f i l t e r e d  o f f .  The r e s i n d  was washed w i t h  1:2 

p y r i d i n e  - ethano l  (100 mL), and t h e  f i l t r a t e  and t h e  washing were com- 
b ined  and evaporated. The res idue  was sub jec ted  t o  t h e  chromatography 
on the  column w i t h  ch lo ro fo rm - methanol system t o  g i v e  t h e  l e s s  p o l a r  

[0.9444 g, 37% y i e l d ;  RF 0.40 (So lven t  A ) ]  and more p o l a r  d i a s t e r e o i s o -  
mers C1.0611 g,  42% y i e l d ;  RF 0.30 (So lven t  A ) ]  o f  5. The fo rmer  was 

c r y s t a l l i z e d  f rom e thano l  (0.7323 g, 29% y i e l d ) .  
The l e s s  p o l a r  isomer had m.p. 169 - 171"C, 'H-n.m,r. CDC13 - TMS): 

6 1.44 - 1.90 (6H, m, C-Cl-12-C x 3), 3.14 - 3.38 (ZH, m, 0 CH2-C), 3.68 
- 4.00 (ZH, m, H-5' and 5"), 3.84 (3H, s, OCH3), 4.04 - 4 10 ( lH ,  m ,  H- 

4 '19 4.24 (1Hs t, J2i  ,3 i  5.25 Hz, H-3 ' ) ,  4.34 - 4.40 ( l H ,  m, H-2') ,  4.61 

- 4.67 ( lH ,  m, 0-CH-0), 5.76 - 5.79 ( l H ,  m, H - l ' ) ,  5.77 ( l H ,  d, J5,6 8.3 
Hz, H-5), 6.92 (ZH, d, 3 8.79 Hz, Ph p r o t o n  x 2),  7.85 (ZH, d ,  J 8.79 

Hz, Ph p ro ton  x 2), and 7.93 - 8.04 ( lH ,  m, H-6). 

57.02; H, 5.67; N, 6.09. 

N 

A f t e r  quenching the  r e s u l t i n g  m i x t u r e  w i t h  

The 

N 

- Anal. Calcd f o r  C22H26N209: C, 57.14; H, 5.67; N, 6.06. Found: C, 
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TETRAHYDROPYRANYL NUCLEOSIDE DERIVATIVES 41 

The more p o l a r  isomer was a g lass ,  'H-n,m,r. (CDC13 - TMS): 6 1.27 - 
2.08 (6H, m, C-CH2-C x 3), 2.88 - 3.01 and 3.12 - 3.28 (2H, m, HO-3' and 

5'), 4.42 - 4.56 (2H, m, O-Ci2-C), 4.68 - 4.92 (2H, rn, H-5" and 5"), 
3.88 (3H, s, 0Ci3), 4.08 - 4.13 (lH, m, H-4'), 4.30 - 4.36 (lH, m, H- 
4'), 4.30 - 4.36 (lH, m, H-3'), 4.55 (lH, t, H-2'), 4.72 (lH, b r .  s, 

H-1'1, 6.96 (ZH, d, J 9 Hz, Ph p r o t o n  x 2), 7.70 (lH, d, H-6), and 7.90 
(ZH, d, J 9 Hz, Ph p ro ton  x 2). 

Found: C, 
57.39; H, 5.80; N, 6.16. 

I s o l a t i o n  o f  5 f rom t h e  M i x t u r e  o f  (Tetrahydropyran-2-y1)ation o f  

2: The m i x t u r e  ob ta ined  by t r e a t i n g  2 (2.5270 gm 4.5 mmol) wi th  2,3- 
d ihydropyran (3.33 mL, 33.75 mmol) i n  t h e  presence o f  TsOH.H20 (0.8560 
g, 4.5 mmol) i n  1,4-dioxane (11.25 mL) was worked up as desc r ibed  above 
and was sub jec ted  t o  t h e  chromatography w i t h  c h l o r o f o r m  - methanol 
system t o  g i v e  a g lassy  m i x t u r e  o f  t h e  d ias te reo isomers  o f  A (2.5723 g,  
90% y i e l d ) ,  RF 0.58 (So lven t  A ) ,  'H-n.m.r. (CDC13 - TMS): 6 1.19 - 2.49 
(6H, m, C-CH2-C x 3 ) ,  1.277, 1.284, 1.31, and 1.32 [6H, s x 4, C(CH3)2], 
2.68 - 2.84 (lH, m, CiMe2), 3.10 - 3.22 (ZH, m, 0-Cli2-C), 4.62 - 4.92 
(4H, m, H-4', 5', 5", and O-CH-0), 5.20 (lH, t, H-2'), 5.87 - 5.97 (lH, 

( l O H ,  m, Ph p r o t o n  x lo), 9.54 and 9.60 (lH, b r .  s x 2, N f i ) ,  12.06 
and 12.09 (lH, b r .  s x 2, H-1). 

t e d  w i t h  diphenylcarbamoyl c h l o r i d e  (1.8766 g, 8.10 mmol) i n  t h e  pre-  

sence o f  E t ( i P r ) 2 N  (1.06 mL, 6.08 mol) i n  p y r i d i n e  (20.25 mL) w i t h  
s t i r r i n g  f o r  2 h a t  room temperature. 
quenched w i t h  water  ( 5  mL) and s t i r r e d  f o r  30 min. 

e x t r a c t e d  w i t h  ch lo ro fo rm (100 mL), and t h e  o rgan ic  l a y e r  was succes- 
s i v e l y  washed w i t h  5% aqueous NaHC03 s o l u t i o n  (50 mL x 2) and water  

(50 mL). 
f u r t h e r  used f o r  t h e  subsequent 3',5'-di-Q-debenzoylation w i t h o u t  p u r i -  
f i c a t i o n .  

EtOH (8 mL), and t r e a t e d  w i th  2 M aqueous NaOH s o l u t i o n  (5.4 m L )  a t  0°C 
f o r  15 min w i t h  s t i r r i n g .  

( p y r i d i n i u m  fo rm) ,  and t h e  r e s i n  was f i l t e r e d  o f f .  

0-Clj-0), 5.82 (lH, d, J5,6 8.06 Hz, H-5), 5.85 (lH, d, J11,21 5.1 Hz, 

Anal. Calcd f o r  C22H26N206: C, 57.14; H, 5.67; N, 6.06. 

/v N 

m, H-3'), 6.00 - 6.03 (lH, d x 2, J11,21 5.86 Hz, H-l'), 7.23 - 8.13 
2 

Conversion o f k i n t o  6: Compound 4 (2.5723 g, 4.05 mmol) was t r e a -  
/v N 

The r e s u l t i n g  m i x t u r e  was 
The m i x t u r e  was 

The o rgan ic  s o l u t i o n  was evaporated and t h e  r e s i d u e  was 

The res idue  ob ta ined  above was d i s s o l v e d  i n  1:2 p y r i d i n e  - 

The m i x t u r e  was n e u t r a l i z e d  w i th  Dowex 50W 
The r e s i n  was 
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42 KAMAIKE, HASEGAWA, AND ISHIDO 

washed w i th  1:2 p y r i d i n e  - water  (50  mL) .  The f i l t r a t e  and t h e  wash- 
i n g  were combined and evaporated; t h e  res idue  was sub jec ted  t o  t h e  
chromatography w i t h  c h l o r o f o r m  - methanol system t o  g i v e  t h e  l e s s  p o l a r  

c0.3952 g, 15% y i e  

isomers C1.5153 g, 
The l e s s  p o l a r  

- 1.27 [6H, s x 2, 

2.81 ( l H ,  m, CljMe2 

d; RF 0.39 (So lven t  A ) ]  and t h e  more p o l a r  d ias te reo -  

59% y i e l d ;  RF 0.34 (So lven t  A ) ]  o f  6. 

somer was a g lass ,  'H-n.m.r. (CDC13 - TMS): 6 1.24 

C(C13)2], 1.37 - 2.21 (6H, m, C-Ct i2-C x 3), 2.67 - 

w 

, 3.45 - 3.52 and 3.58 - 3.81 (3H, m x 2, O-Cl j2-C 
and HO-3'1, 3.96 - 4.03 (2H, m, H-5' and 5 " ) ,  4.31 ( l H ,  b r .  s ,  0-Ch-0), 

4.40 - 4.43 ( l H ,  m, H-3'1, 4.54 - 4.57 ( lH ,  m, H -3 ' ) ,  4.84 ( l H ,  dd, 

J21,31 4.88 Hz, H-2'),  4.86 - 4.94 ( l H ,  m, HO-5'), 5.91 ( lH, d, J11,21 
7.32 Hz, H - l ' ) ,  7.22 - 7.46 (lOH, m, Ph p r o t o n  x l o ) ,  8.02 ( lH ,  s ,  H-8), 
and 8.18 ( lH ,  b r .  s ,  N 1). 
- Anal. Calcd f o r  C32H36N608.2H20: c ,  57.53; H, 6.03; N, 12.57. 

Found: C, 57.77; H, 5.74; N ,  12.31. 
The more p o l a r  isomer was a glass,  'H-n.m.r, (CDC13 - TMS): 6 1.23 

and 1.27 [6H, s x 2, C(Cf13)2], 1.38 - 2.13 (6H, m, C-Cl j2 -C x 3) ,  2.66 - 
2.80 ( l H ,  m, CljMe2), 2.97 - 3.08 and 3.33 - 3.41 (3H, m x 2, O-Ct i2-C 
and HO-3'), 3.76 - 4.02 (2H, m, H-5' and 5 " ) ,  4.18 - 4.23 ( l H ,  m, H-4'1, 

4.47 - 4.58 (2H, m, 0-Ch-0 and HO-5'), 4.72 - 4.77 ( lH ,  m, H - 3 ' ) ,  4.96 

( l H ,  t, H-2'),  5.99 ( lH ,  d, J11 ,21  6.65 Hz, H - l ' ) ,  7.21 - 7.45 ( l O H ,  m, 
Ph p r o t o n  x l o ) ,  8.01 ( l H ,  s ,  H-8), and 8.25 ( l H ,  b r .  s ,  N h ) .  

Found: C, 58.77; H, 5.65; N, 12.93. 

2 

2 

- Anal. Calcd f o r  C32H36N608-H20: C, 59.07; H, 5.89; N, 12.92. 
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