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NUCLEOSIDES & NUCLEOTIDES, 6 ( 5 ) ,  841-852 (1987)  

PARTIAL PROTECTION OF CARBOHYDRATE DERIVATIVES. PART 24. 
SYNTHESIS OF ADENYLYL-(2' - 5')-ADENYLYL-(2' - 5' )-ADENOSINE USING 

A 3' -0-( - TETRAHYDROPYRAN-2-YL)ADENOSINE DERIVATIVE 

* 
Kazuo Kamaike, Shun-ichi Yamakage, and Yoshiharu Ishido 

Department of Chemistry, Faculty of Science, . Tokyo Institute of Technology, 
0-okayama, Meguro-ku, Tokyo 152, Japan 

Abstract: The synthesis of the title compound was performed using a 3'- 
- 0-( tetrahydropyran-2-yl )adenosine derivative as the starting material , e. , a coupling reaction of triethylammonium N6-benzoyl-5'-O-dimethoxy- 
tri tyl-3 -c-( tetrahydropyran-2-yl )adenosine 2'-(4-chlorophenyl )phosphate 
with N6-benzoyl-2' ,3'-di-~-benzoyladenosine, followed by a sequence o f  
reactions, 9-dedimethoxytritylation, a coupling reaction with the former 
triethylammonium salt, and complete deblocking of the resultant 2' , 5 ' -  
triadenylic acid derivative. 

INTRODUCTION 
Regioselective protection of functional groups such as the hydroxyl 

groups of a sugar moiety and amino or amido groups of a nucleic acid 
base moiety of nucleosides has been one of the mose basic problems i n  
the synthetic study of compounds related to nucleic acids. Synthesis 
of RNA-type nucleotide oligomers involving a 3',5'-phosphodiester func- 
tion requires a ribonucleoside derivative bearing a protecting group at 
its 2'-position, whose preparation has been the subject of various in- 

4 and related 01 igoadenylate~~ stimulated a series of synthetic works 
because these compounds were induced in cells treated with an inter- 
feron and strongly inhibit protein biosynthesis in cells on infection 
with a virus. In these cases, protection of the 3I-hydroxyl group has 
been achieved with the tert.-butyldimethylsilyl group,4a the 4-methoxy- 
tetrahydropyran-4-yl group,4b and the tetrahydrofuranyl group,4C as we1 1 
as with the b e r - 1 ~ 0 ~ 1 ~ ~  and 2-nitrobenzyl groups. 

vestigations.' On the other hand, the discovery of ppp- 5' A 2' p 5' A 2 '  p 5 '  A 

4e 
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Copyright 0 1987 by Marcel Dekker, Inc. 

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



842 KAMAIKE, YAMAKAGE, AND ISHIDO 

Oligonucleo t ide  s y n t h e s i s  should i d e a l l y  involve  p r o t e c t i n g  groups 
f o r  hydroxyl func t ions  t h a t  a r e  n o t  s u s c e p t i b l e  t o  migra t ion  t o  a v i c -  

p re fe r r ed  t o  o t h e r s .  4 a y 4 d y 4 e  We have r e c e n t l y  e s t a b l i s h e d  a s imple ,  
e f f i c i e n t  p repa ra t ive  procedure f o r  r ibonuc leos ide  d e r i v a t i v e s  bear ing  
a tetrahydropyran-2-yl (THP) p r o t e c t i n g  group e i t h e r  a t  t h e  2 '  o r  3 '  
pos i t i on  a r b i t r a r i l y . '  
usefu l  a l s o  f o r  so l id -phase  o l i g o n u c l e o t i d e  s y n t h e s i s  because of  i t s  
appropr i a t e  s t a b i l  t y  under t h e  cond i t ions  f o r  removing a 5 '-0-dimeth- 

ing with fi -benzoy -3'-Q-( tetrahydropyran-2-yl )adenos ine  [ t h e  l e s s  (5) 
and t h e  more-polar d i a s t e reo i somer  ( l b )  were both used], '  he re in .  

i na l  hydroxyl group, G., hemiace ta l - type  p r o t e c t i n g  groups 4bY4C are  

Moreover, t h e  THP group has been shown t o  be 

o x y t r i t y l  group.5 We now r e p o r t  t h e  s y n t h e s i s  of A 2 '  p 5 '  A 2 '  p 5' A s t a r t -  
6 

- 
RESULTS A N D  DISCUSSION 

Compounds 2 and 2 were r e s p e c t i v e l y  conver ted  i n t o  t r i e thy lam-  
6 monium - b e n z o y l - 5 ' - ~ - d i m e t h o x y t r i t y l - 3 ' - ~ - ( t e t r a h y d r o p y r a n - 2 - y l ) a d e n -  

o s i n e  Z1-(4-chlorophenyl)phosphate (2 and a, by t h e i r  dimethoxy- 
t r i  t y l a t i o n  and subsequent (4-~hlorophenyl)phosphorylation,~ i n  66% and 
79% y i e l d s .  The d i e s t e r  

6 coupling r e a c t i o n  with & -benzoyl-2'  ,3'-di-Q-benzoyladenosine ( 1 . 0  mol. 
e q ~ i v . ) ~  i n  the presence o f  8-quinol inesu l fonyl  c h l o r i d e  (3 .125  mol. 
equ iv . )  and 1-methylimidazole (6 .25  mol. e q u i v . ) . 8  Chromatographic 
sepa ra t ion  of t h e  r e s u l t i n g  dimers on a column of s i l i c a  gel a f fo rded  
the l e s s  (5) and more p o l a r  phospho t r i e s t e r  d i a s t e reo i somer  (3) i n  
40% and 45% (85% t o t a l l y )  y i e l d s ,  r e s p e c t i v e l y .  

The d i n u c l e o t i d e  (I& was then sub jec t ed  t o  5 ' -g-dedimethoxyt r i -  
t y l a t i o n  with 2% p - to luenesu l fon ic  a c i d  monohydrate i n  7:3 chloroform - 
methanol, g iv ing  t h e  d i n u c l e o t i d e  u n i t  bear ing  a f r e e  hydroxyl group a t  
i t s  5 ' - te rminus  (9 i n  85% y i e l d .  
e q u i v . )  was f i n a l l y  coupled with 2 (1.25 mol. e q u i v . )  i n  t h e  presence 
of 8-quinol inesu l fonyl  c h l o r i d e  (2 .5  mol. equ iv . )  and 1-methylimidazole 
( 5  mol. e q u i v . ) ,  g iv ing  t h e  p ro tec t ed  t r i a d e n y l a t e  d e r i v a t i v e  (L) i n  
89% y i e l d  a f t e r  chromatographic p u r i f i c a t i o n .  

Unmasking of 6- was performed by t r e a t i n g  i t  wi th  0.3 M N ,! ,fi ,I - 
9- tetramethylguanidinium (E)-Z-pyridinealdoximate (TGM - P A O )  

temperature f o r  24 h ,  with 28% aqueous ammoniacal s o l u t i o n  a t  5OoC f o r  
5 h ,  and with hydrochlor ic  ac id  (pH 2)"  a t  room tempera ture  f o r  2 days.  

(1 .25  mol. equ iv . )  was sub jec t ed  t o  a 

The d i n u c l e o t i d e  u n i t 2  (1 mol. 

1 1 3 3  

a t  room 
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843 PARTIAL PROTECTION OF CARBOHYDRATES 

2' , 5 ' - T r i a d e n y l i c  a c i d  ( 7 )  thus  obta ined  was p u r i f i e d  by p a t e r  chroma- 
tography on Toyo Roshi No. 51 (83% y i e l d ;  E 372004e) and, t h e n ,  i t s  
p u r i t y  was reconfirmed by reversed-phase H P L C .  

Compound_Lwas decomposed by n e i t h e r  RNase T2 nor Nuclease P 1 ,  bu t  
by snake venom phosphodies te rase  (SVP) completely t o  g i v e  adenos ine  and 
5 ' - adeny l i c  a c i d  i n  a propor t ion  of 1.00 : 1.96. I t  was thus confirmed 
t o  be t h e  t r i a d e n y l i c  a c i d  involv ing  2 ' , 5 ' -phosphod ies t e r  l i nkages .  

N 

EXPERIMENTAL 
Melting p o i n t s  were determined by a Yanagimoto Micro-Melting-Point 

appa ra tus ,  and a r e  uncorrec ted .  T.1.c. was conducted on Merck s i l i c a  
gel F254 by developing w i t h  9 : l  chloroform - methanol (So lven t  A ) ,  and 
reversed-phase t . 1 . c .  was on Merck s i l a n i z e d  s i l i c a  gel RP18 F254S w i t h  
6:4 ace tone  - water  (So lven t  B ) .  Column chromatography was performed 
on s i l i c a  gel (Wakogel C-300, purchased from Wako Pure Chemicals, Co. 
Ltd . )  by t h e  use of  chloroform - methanol o r  methylene c h l o r i d e  - metha- 
no l .  Paper chromatography on Toyo Roshi No. 51 and high performance 
l i q u i d  chromatography on Lichrosorb  RP18 ( 5  p; 150 mm,  l eng th  x 4.6 m m ,  
d iameter ;  purchased from Nippon Se imi tsu  Kikai Co. , L t d . )  were performed 
by t h e  use of 55:10:35 propyl a lcohol  - 28% aqueous ammoniacal s o l u t i o n  

'H-N.m.r. s p e c t r a  were recorded on 
a JEOL JNM FX-200 appa ra tus  with t e t r a m e t h y l s i l a n e  a s  the i n t e r n a l  
s t anda rd .  
pa ra tus  with 85% phosphoric a c i d  as the ex te rna l  s t anda rd .  U . V .  spec- 
t r a  were determined with a Varian Techtron Uv-Vis spec t rophotometer  Mod- 
e l  635. Elemental ana lyses  were achieved with a Perkin-Elmer 240-002 
appa ra tus .  

N -Benzoyl-5' -0-dimethoxytri  tyl -3 ' -0- ( te t rahydropyran-2-y l  )adeno- 
sine ( 2 ) :  N Compound 5 ( R F  0.44, Solvent  A ;  0.6832 g ,  1 .5  mmol) was d i s -  
so lved  i n  p y r i d i n e  (7 .5  mL), t o  which d ime thoxy t r i t y l  c h l o r i d e  (0.6099 
g ,  1.8 mmol) was added; the r e s u l t i n g  s o l u t i o n  was allowed t o  s t i r  
f o r  5 h a t  room tempera ture  and, t hen ,  f o r  30 m i n  a t  room tempera ture  
a f t e r  t h e  a d d i t i o n  of c h i l l e d  water ( 3  mL). 
was e x t r a c t e d  w i t h  methylene c h l o r i d e  (20 m L ) ,  and t h e  o rgan ic  l a y e r  
was washed w i t h  water  (10  mL x 2 ) .  After dry ing  over  anhydrous mag- 
nesium s u l f a t e  and f i l t e r i n g  i t  o f f ,  t h e  o rgan ic  s o l u t i o n  was evapora- 
t ed  and t h e  r e s i d u e  was sub jec t ed  t o  column ( 5  cm, l eng th  x 2 .5  cm, d i a -  

- water (So lven t  C )  as the e l u a n t .  

31P-N.m.r. s p e c t r a  were recorded on a J E O L  JNM FX-100 ap- 

6 

The r e s u l t i n g  mixture 
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PARTIAL PROTECTION OF CARBOHYDRATES 845 

6 
N 

1 )  0.3M MG-PAO,r.t.,lday 
2) conc. NHbOH, 5OOC,5 h 
3)  pH 2 HCI,r.t., 2days 

- 4 1 Paper ChromatograPhy 
83"Io 

5 )  HPLC 
7 

A2b5'A2b5h 
v 

I R Nase T2 no degradation 
I I Nuclease P1 
I no degradation 7 - 

A -I- 2 p A  Snake venom phosphodiesterase 

( 1.00 : 1.96 

0 5 10 15 20 
Time (min) 

Reverse-phase HPLC of A2b5'Arp5/A 
on Lichrosorb RP18 ( 5 ~  ,4.6x150mm) 

Elution was performed with a linear gradient of 
acetonitrile (0-20%) in 0.lM triethylammonium 
acetate (pH 7.0) in 20 rnin. The flow rate wds 
1 ml/min. 

COHPOUNDS (continued) 
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846 KAMAIKE, YAMAKAGE, AND ISHIDO 

meter )  chromatography wi th  methanol - methylene c h l o r i d e  system. 
product (1.0396 g ,  91% y i e l d )  thus ob ta ined  was f u r t h e r  d i s so lved  i n  
methylene c h l o r i d e  ( 2  mL) ,  and  the  s o l u t i o n  was added dropwise i n t o  
hexane (50 mL) under vigorous s t i r r i n g  t o  g ive  the product (0.8827 g ,  
78% y i e l d )  a s  a white amorphous powder, m.p .  105 - 107"C, RF 0.58 
(Solvent  A ) ,  'H-n.m.r. ( C D C 1 3  - TMS): 6 1.42 - 2.32 (6H, m y  C-CH2-C - 

x 3 ) ,  3.33 - 3.58  ( 2 H ,  m y  O-Cf12) ,  3.77 (6H, s ,  O C i 3  x 2 ) ,  3.96 - 4.07 

( Z H ,  m y  H-5' and 5 " ) ,  4.49 - 4.52 ( l H ,  m y  O-CH-0), - 4.52 ( l H ,  t ,  H - 3 ' ) ,  

6.71 - 8.06 (18H, m y  Ph proton x 18),  8.27 ( l H ,  s,  H-8), 8.77 ( l H ,  s, 

H - 2 ) ,  and 9.35 ( l H ,  br. s,  N H ) .  - 

Found: C ,  
68.32; H ,  5.81; N ,  9.18. 

Compound 2 ( R F  0.33, Solvent  A ;  0.6832 g ,  1 .5  m m o l )  was s i m i l a r l y  
t r e a t e d  a s  above t o  g ive  a crude product (1.1270 g ,  99% y i e l d )  by chro- 
matography, and  a pure sample (0.9661 g , '85% y i e l d )  as a whi te  amor- 
phous  powder by p r e c i p i t a t i o n ,  pouring i t s  methylene c h r o r i d e  s o l u t i o n  
i n t o  hexane w i t h  vigorous s t i r r i n g ,  m.p. 109 - 111"C, RF 0.50 (So lven t  
A ) ,  'H-n.m.r. ( C D C 1 3  - TMS): 6 1.40 - 2.40 (6H, m y  C-CH2-C x 3 ) ,  3.28 - 
3.54 ( Z H ,  m y  O-Cf12) ,  3.77 (6H, s ,  OCf13 x 2 ) ,  3.84 - 3.98 ( 2 H ,  m y  H-5' 
and 5 " ) ,  4.43 - 4.47 (IH, m, H-4 ' ) ,  4.56 (lH, t ,  J z I y 3 ,  = J 3 r , 4 1  5.6 
Hz, H-3 ' ) ,  4.72 ( l H ,  br. s ,  O-CH-0), - 4.76 - 4.81 ( l H ,  m y  H-2 ' ) ,  6.11 
( l H ,  d ,  J 1 1 , 2 1  5.6 Hz, H - l ' ) ,  6.77 - 8.04  (18H, m y  P h  pro ton  x 18) ,  
8.27 ( l H ,  s, H-8), 8.74 ( l H ,  s, H - 2 ) ,  and 9.31 (lH, br. s ,  N f l ) .  

67.95; H ,  5.87; N ,  9.40. 
6 Tr i  e thy l  ammoni um N -Benzoyl - 5 ' -0-di me t hoxyt r  i t y  1 -3 ' -0- ( t e t r a  hydro- 

pyran-2-y1)adenosine 2'-(4-Chlorophenyl)phosphate (A): A s o l u t i o n  of 3 
(2.2588 g, 2.98  m m o l )  and 4-chlorophenyl dihydrogen phosphate  (0.7466 g ,  
3.58 mmol) i n  py r id ine  ( 5  mL) was evapora ted  t h r e e  t imes i n  o r d e r  t o  re- 
move mois ture  a z e o t r o p i c a l l y .  The r e s i d u e  was d i s so lved  i n  py r id ine  
(15  mL)  and 8-quinol inesu l fonyl  c h l o r i d e  (1.6278 g ,  7.15 mmol) added ;  
t h e  r e s u l t i n g  s o l u t i o n  was s t i r r e d  a t  room temperature f o r  1 h .  White 
c r y s t a l s  of p r e c i p i t a t e d  8 - q u i n o l i n e s u l f o n i c  ac id  were f i l t e r e d  o f f ,  
a n d  c h i l l e d  water ( 5  mL) was added t o  t h e  f i l t r a t e .  A f t e r  s t i r r i n g  a t  
room tempera ture  f o r  30 min, the mixture  was e x t r a c t e d  w i t h  methylene 
c h l o r i d e  (60  mL) and the e x t r a c t  was washed wi th  0 .5  M aqueous t e t r a -  

Crude 

4.80 (IH, q ,  J 2 1 , 3 '  4.4 H z ,  H - 2 ' ) ,  6.12 ( l H ,  d ,  J11 ,21  4 .4  H z ,  H - l ' ) ,  

Anal. Cal-cd f o r  C43H43N508: C ,  68.15; H ,  5.72;N, 9.24. 

Anal. Calcd f o r  C43H43N508: C ,  68.15; H ,  5.72; N ,  9.24. F o u n d :  C ,  
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PARTIAL PROTECTION OF CARBOHYDRATES 847 

ethylammonium b i c a r b o n a t e  (TEAB) s o l u t i o n  ( 3 0  mL x 2 ) .  The o r g a n i c  

s o l u t i o n  was e v a p o r a t e d  and t h e  r e s i d u e  was d i s s o l v e d  i n  1:l  p y r i d i n e  

- w a t e r  (100 mL). The s o l u t i o n  was e x t r a c t e d  w i t h  d i e t h y l  e t h e r  ( 4 0  

mL x 3 )  and t h e n  w i t h  methy lene c h l o r i d e  (100 m i ) .  The o r g a n i c  l a y e r  
was, a f t e r  d r y i n g  o v e r  anhydrous magnesium s u l f a t e ,  evapora ted ,  and t h e  

r e s i d u e  was, a f t e r  d i s s o l v i n g  i n  methy lene c h l o r i d e  (16  mL), added drop-  

w i s e  i n t o  hexane (300 mL) w i t h  v i g o r o u s  s t i r r i n g .  The r e s u l t a n t  w h i t e  

amorphous powder was g a t h e r e d  by f i l t r a t i o n  t o  g i v e  5 (2 .2458 g, 72% 

y i e l d ) ,  RF 0.46 ( S o l v e n t  B) ,  31P-n.m.r. (CDC13 - 85% p h o s p h o r i c  a c i d ) :  

6 -6.321, 'H-n.m.r. (CDC13 - TMS): 6 1.24 - 2.12 (6H, m y  C-CH2-C x 3 ) ,  

1.27 (9H, t, J 7.32 Hz, CH3 - o f  N - e t h y l  g roup x 3 ) ,  3.02 (6H, q, C - C l j 2 -  
N x 3 ) ,  3.34 - 3.54 (2H, m y  O-CH2-C), 3.77 (6H, s ,  OCH3 x 2 ) ,  3.86 - 

4.02 (2H, m y  H-5 '  and 5 " ) ,  4.46 - 4.52 ( l H ,  m y  H - 4 ' ) ,  4.64 - 4.70 ( l H ,  

m, 0-CH-O), 5.00 - 5.10 ( l H ,  m, H - 3 ' ) ,  5.27 ( l H ,  t, H - 2 ' ) ,  6.38 ( l H ,  d, 

7.08 Hz, H - l ' ) ,  6.75 - 8.05 (22H, m y  Ph p r o t o n  x 22) ,  8.17 ( l H ,  
s, H-8), 8 .71  ( l H ,  s, H-2), and 9.15 - 9.31 ( l H ,  m y  Nlj) .  

w i t h  4 - c h l o r o p h e n y l  d i h y d r o g e n  phosphate (0.8757 g, 4.2 mmol) i n  t h e  

presence o f  8 - q u i n o l i n e s u l f o n y l  c h l o r i d e  (1.9124 g, 4.2 mmol), f o l l o w e d  

by t h e  work-up d e s c r i b e d  above, gave 3& (2.9569 g, 80% y i e l d ) ,  RF 0.50 

( S o l v e n t  B) ,  31P-n.m.r. (CDC13 - 85% p h o s p h o r i c  a c i d ) :  6 -6.442, 'H- 
n.m.r. (COCl, - TMS): 6 1.24 - 1.98 (6H, m y  C-CH2-C x 3 ) ,  1.27 (9H, t, 

J 7.32 Hz, C-Ct i3  o f  N - e t h y l  g roup x 3 ) ,  3.02 (6H, q, C-CH2-N x 3 ) ,  3.72 

- 4.04 (4H, m y  H-5 ' ,5" ,  and O-Cti2-C), 3.78 (6H, s ,  O C 1 3  x 2) ,  4.64 - 

4.76 (2H, m y  H-4 '  and 0-CH-O), - 4.92 - 5.02 ( l H ,  m y  H - 3 ' ) ,  5.09 - 5.19 

( l H ,  m y  H - 2 ' ) ,  6.12 ( l H ,  d, J11,21 5.85 Hz, H - l ' ) ,  6.79 - 8.02 (22Hy m y  
Ph p r o t o n  x 22) ,  8.26 ( l H ,  s ,  H-8), and 8.71 - 8.73 (2H, m y  H-2 and NE). 

F u l l y  P r o t e c t e d  2 ' , 5 ' - D i a d e n y l i c  A c i d  (3: A m i x t u r e  o f  3J (2 .9388 
g, 2.8 mmol) and 1 6 - b e n z o y l - 2 '  ,3'-di-0-benzoyladen~sine~ (1.2982 g, 2.8 

mmol) was e v a p o r a t e d  f r o m  p y r i d i n e  ( 5  mL) t h r e e  t i m e s ,  and d i s s o l v e d  i n  
p y r i d i n e  (11 mL). 

s u l f o n y l  c h l o r i d e  (1.5936 g, 7 mmol) and 1 - m e t h y l i m i d a z o l e  (1.11 mL, 14 

mrnol), and t h e  m i x t u r e  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  1 h. A f t e r  

quench ing  t h e  r e a c t i o n  by t h e  a d d i t i o n  o f  w a t e r  ( 3  mL) ,  f o l l o w e d  by 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 e x t r a c t e d  w i t h  m e t h y l e n e  c h l o -  

r i d e  ( 6 0  mL). The o r g a n i c  s o l u t i o n  was s u c c e s s i v e l y  washed w i t h  5% 

aqueous sodium hydrogen c a r b o n a t e  s o l u t i o n  ( 2 0  mL x 2) and w a t e r  ( 2 0  mL). 

J1' ,2 '  

A s i m i l a r  t r e a t m e n t  o f  t h e  d i a s t e r e o m e r  3 (12.6524 g, 3.5 mmol) 

- 

To t h e  r e s u l t a n t  s o l u t i o n ,  were added 8 - q u i n o l i n e -  
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a48 KAMAIKE, YAMAKAGE, AND ISHIDO 

The o r g a n i c  s o l u t i o n  was, a f t e r  d r y i n g  o v e r  anhydrous magnesium s u l f a t e ,  

e v a p o r a t e d  and t h e  r e s i d u e  was t h e n  s u b j e c t e d  t o  column ( 8  cm, l e n g t h  x 
4.5 cm, d i a m e t e r )  chromatography w i t h  t h e  n e t h a n o l  - methy lene c h l o r i d e  

system t o  g i v e  a l e s s  p o l a r  ( 2 ) ( 1 . 3 2 5 9  g, 40% y i e l d )  and a more p o l a r  

t r i e s t e r  d i a s t e r e o m e r  ( 4 b ) (  1.5192 g, 45% y i e l d ) .  

6 S i g n a l s  a s s i g n e d  t o  t h e  5 ' - t e r m i n a l  m o i e t y ;  1.28 - 2.54 (6H, m, C-Ct12- 

C x 3 ) ,  3.12 - 3.68 (4H, m y  H-5 ' ,  5 " ,  and O - C i j 2 ) ,  3.74 (6H, s ,  O-Ct13 x 
2 ) ,  4.40 - 4.46 ( l H ,  m y  H - 4 ' ) ,  4.78 - 4.82 (ZH, m y  H-3' and 0-CH-0), - 
5.71 - 5.79 ( l H ,  m y  H - 2 ' ) ,  6.34 ( l H ,  d, J11,21 5.62 Hz, H - l ' ) ,  t h o s e  as-  

s i g n e d  t o  t h e  3 I - t e r m i n a l  m o i e t y ;  4.61 - 4.64 (3H, m y  H - 4 ' ,  5 ' ,  and 5 " ) ,  
6.00 - 6.04 ( l H ,  m y  H - 3 ' ) ,  6.19 ( l H ,  t, H - Z ' ) ,  6.52 ( l H ,  d, J11,21 6.52 

Hz, H - l ' ) ,  t h o s e  i m p o s s i b l e  t o  d i s c r i m i n a t e ;  6.76 - 8.02 (37H, m y  Ph p r o -  
t o n  x 3 7 ) ,  8.28 and 8.36 (2H, s x 2, H-8 x 2 ) ,  8.66 and 8.79 (2H, s x 2, 

H-2 x 2 ) ,  and 9.28 and 9.34 (2H, b r .  s x 2, N t j  x 2 ) .  

6 S i g n a l s  a s s i g n e d  t o  t h e  5 ' - t e r m i n a l  m o i e t y ;  1.49 - 2.65 (6H, m y  C-Ct12-  

C x 3 ) ,  3.25 - 3.81 (4H, m y  H-5 ' ,  5", and 0-Ctj2), 3.75 (6H, s ,  O - C t i 3  x 

2 ) ,  4.37 - 4.45 ( l H ,  m y  H - 4 ' ) ,  4.71 (lH, b r .  s ,  0-CH-0), 4.79 ( l H ,  t, 

6.84 Hz, H - 3 ' ) ,  5.68 - 5.77 ( l H ,  m y  H - 2 ' ) ,  6.44 ( l H ,  d, JlI ,21 

4.4 Hz, H - l ' ) ,  t h o s e  a s s i g n e d  t o  t h e  3 ' - t e r m i n a l  m o i e t y ;  4.58 - 4.66 

(3H, m y  H-4 ' ,  5', and 5"), 5.98 - 6.04 ( l H ,  m y  H - 3 ' ) ,  6.15 ( l H ,  m y  H- 

2 ' 1 9  6 - 4 9  (1H, d, J 1 i Y 2 i  5.61 Hz, H-l'), t h o s e  i m p o s s i b l e  t o  d i s c r i m i -  
n a t e ;  6.77 - 8.04 (37H, m y  Ph p r o t o n  x 37) ,  8 .31 and 8.32 (ZH, s x 2, 

H-8 x 2 ) ,  8.66 - 8.75 (2H, s x 2, H-2 x 2 ) ,  and 9.34 and 9.38 (2H, b r .  
s x 2, N! x 2 ) .  

5 ' - P o s i t i o n  ( 5 ) :  To a s o l u t i o n  o f  4b (0.7550 g, 0 .5 mmol) i n  7:3 c h l o -  
r o f o r m  - methanol  ( 3 0  mL), was added a s o l u t i o n  o f  p - t o l u e n e s u l f o n i c  
a c i d  monohydrate (1.2814 9 )  i n  t h e  same s o l v e n t  (20 mL) w i t h  s t i r r i n g  a t  

0°C and t h e  m i x t u r e  was s t i r r e d  f o r  10 min; i n  t .1 .c  ( S o l v e n t  A) ,  t h e  

s p o t  o f  4J ( R F  0.58) d isappeared and a new s p o t  ( R F  0.46) ,  w h i c h  showed 
no c o l o r  p e c u l i a r  t o  t h e  d i m e t h o x y t r i t y l  g roup on s p r a y i n g  a 5% metha- 
n o l i c  s u l f u r i c  a c i d  s o l u t i o n ,  appeared. 
t r a l i z e d  w i t h  a 5% aqueous sodium b i c a r b o n a t e  s o l u t i o n  w i t h  s t i r r i n g ,  

and e x t r a c t e d  w i t h  c h l o r o f o r m  (50  mL). The o r g a n i c  l a y e r  was washed 
w i t h  w a t e r  (50  mL x 2 )  and, a f t e r  d r y i n g  o v e r  anhydrous magnesium s u l f a t e ,  

N 

Compound 2 was a g l a s s ,  RF 0.55 ( S o l v e n t  A), 'H-n.m.r. (CDC13 - TMS): 

Compound 2 was a g l a s s ,  RF 0.52 ( S o l v e n t  A), 'H-n,m,r. (CDC13 - TMS): 

J2 '  ,3 '  

D i a d e n y l i c  A c i d  D e r i v a t i v e  B e a r i n g  a Free A l c o h o l i c  F u n c t i o n  a t  t h e  

N N 

The r e s u l t i n g  m i x t u r e  was neu- 
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PARTIAL PROTECTION OF CARBOHYDRATES 849 

evaporated. 
cm, diameter) chromatography with methanol - methylene ch lor ide  s.ystem 
t o  give 5 (0.5146 g ,  86% y e i l d ) ,  a g l a s s ,  RF 0.42 (Solvent A ) ,  'H-n.m.r. 
(CDC13 - TMS): 6 , Signals assigned t o  the 5 '- terminal moiety; 1.38 - 
2.50 (6H, m y  C-CH2-C x 3), 3.42 - 3.98 (4H, m y  H - 5 ' ,  5", and O-CH2), 
4.38 - 4.50 - ( l H ,  m y  H-4'), 4.65 - 4.71 (2H, m y  H-3' and 0-Ci-0), 5.34 
- 5.54 ( l H ,  m y  0!-5'), 5.68 ( l H ,  q ,  H - 2 ' ) ,  6.23 ( l H ,  d ,  J11,21 6.59 Hz, 

H-l'), those assigned t o  the 3I-terminal moiety; 4.39 - 4.50 (3H, m y  H-4', 
5 ' ,  and 5"), 5.95 - 6.01 (lH, m y  H-3'), 6.10 ( l H ,  t ,  H-2'), 6.52 (lH, d ,  
J 1 1 , 2 1  5.61 Hz, H - l ' ) ,  and those impossible t o  discr iminate;  6.91 - 8.07 
(24H, m y  Ph proton x 24) ,  8.91 and 8.45 (2H, s x 2, H-8 x 2), 8.74 and 
8.08 (2H, s x 2, H-2 x 21, and  9.27 and 9.42 (2H, br. s, s x 2, NH x 2). 

mmol) and  2 (0.4592 g ,  0.438 mmol) was evaporated from pyridine ( 3  mL) 
th ree  times in  order t o  remove moisture azeotropical ly .  To a so lu t ion  
of the resu l t ing  residue i n  pyridine (1.75 mL), were added 8-quinoline- 
sulfonyl chlor ide (0.1992 g ,  0.875 mmoL) and  l-methylimidazole (0.14 mL, 
1.75 mmol), and the solut ion was s t i r r e d  a t  room temperature f o r  1 h .  
The resu l t ing  mixture was, a f t e r  quenching with ch i l l ed  water (1 mL), 
fur ther  s t i r r e d  f o r  30 min and extracted with methylene chlor ide ( 2 0  mL). 
The ex t r ac t  was washed with a 5% aqueous sodium bicarbonate so lu t ion  (10 
mL x 2 )  a n d  then with water (10 mL), and dried over anhydrous magnesium 
su l f a t e .  After  f i l t e r i n g  of f  the desiccant ,  the f i l t r a t e  was evapora- 
ted and the residue was subjected t o  colum (5 cm, length x 2.5 cm, dia- 
meter) chromatography with methanol - methylene chlor ide system t o  give 
6 (0.6665 g ,  89% y i e l d )  as  a diastereomer mixture, a g l a s s ,  RF 0.49 
(Sol vent A ) .  

solved in a 0.3 M solut ion of 1 ,) ,fl ,Ij -tetramethylguanidium (E)-2- 
pyridinealdoximate i n  1:l dioxane - water (4 mL), and the so lu t ion  was 
s t i r r e d  a t  room temperature fo r  1 day. 
t ion  was p u t  on a column (5 cm, length x 2 cm, diameter) o f  Dowex 50W 
(pyridinium form) and the column was eluted with 50% aqueous pyridine 
(100 mL). After evaporating the e lua t e ,  the residue was dissolved in  
9:l 28% aqueous ammonical solut ion - pyridine (5 mL), a n d  then s t i r r e d  
a t  50% f o r  5 h .  The resu l t ing  mixture was, a f t e r  cooling, evaporated, 
and the residue was t rea ted  a t  pH 2 i n  hydrochloric acid (10 mL) a t  room 

The residue was subjected t o  column (5 cm, length x 2.5 

rv 

Fully Protected Triadenylic Acid ( 6 ) :  A mixture o f 2  (0.4226 g ,  0.35 
N 

N 

Complete Unmasking of $ Compound 6 (0.0641 g ,  0.03 mmol) was d is -  
1 1 3&3 

The whole of the resu l t ing  solu- 
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t e m p e r a t u r e  f o r  2 days. 

t h e  r e s u l t i n g  s o l u t i o n  was evapora ted .  A f t e r  d i s s o l v i n g  t h e  r e s i d u e  i n  
( 4 0  mL), t h e  aqueous s o l u t i o n  was washed w i t h  d i e t h y l  e t h e r  ( 2 0  mL x 2 ) ,  

and evaporated.  The r e s i d u e  was d i s s o l v e d  i n  w a t e r  and i t s  t o t a l  volume 

was a d j u s t e d t o  10 mL, whose 0.2 m L - a l i q u o t  was s u b j e c t e d  t o  paper  chrom- 

a t o g r a p h y  i n  t h e  descend ing  manner w i t h  S o l v e n t  C. The band c o r r e s p o n -  
d i n g  t o  RF 0 .38 was e x t r a c t e d  t o  g i v e  2 ' , 5 ' - t r i a d e n y l i c  a c i d  ( 7 ) ( 8 3 %  

y i e l d ;  18.5 OD, E 372004e). 
l i q u i d  chromatography c o n f i r m e d  t h a t A o b t a i n e d  b y  paper  chromatography 
was p u r e  enough t o  g i v e  a s h a r p  s i n g l e  peak [RF  0.38 ( S o l v e n t  C) ] ,  

257 nm and 226 nm. 

To t h e  s o l u t i o n  was added p y r i d i n e  ( 2  mL) and 

/v 

F u r t h e r  e v a l u a t i o n  of  7 by h i g h  per fo rmance 
/v 

11 S t r u c t u r e  C o n f i r m a t i o n  o f  7 Through D e g r a d a t i o n  by Enzymes 
Y 

Treatment  w i t h  R ibonuc lease T2 (RNase T2) :  To a s o l u t i o n  o f 2  

(9.750 OD) i n  w a t e r  (200 p L ) ,  were added 1 M sodium a c e t a t e  b u f f e r  (pt!  
4.5; 10 pL)  and RNase T2 (Sankyo Chemical Co.; 500 u n i t s / m L ) ( 8  pL, 4 

u n i t s ) ,  and t h e  s o l u t i o n  was a l l o w e d  t o  s t a n d  a t  37OC f o r  5 h. 
chromatogram o f  t h e  r e s u l t i n g  m i x t u r e  showed no bands o t h e r  t h a n  t h e  

o r i g i n a l  one w i t h  RF 0.38. A U . V .  d e t e r m i n a t i o n  o f  7 a t  260 nm a f t e r  

e x t r a c t i n g  t h e  band w i t h  w a t e r  gave 9.00 OD (92% r e c o v e r y  y i e l d ) ;  t h i s  

r e s u l t  c o n f i r m e d  t h a t  7 s t r u c t u r a l l y  i n v o l v e d  no 3 ' , 5 ' - p h o s p h o d i e s t e r  
l i n k a g e s .  

(9 .75  OD) i n  w a t e r  (200 

(pH 5.7; 12 pL)  and t h e  Nuclease P 1  (Yamasa Shoyu Co., 1 mg/mL)(10 pL; 
10 u g ) ,  and t h e  s o l u t i o n  was a l l o w e d  t o  s t a n d  a t  37OC f o r  5 h .  A paper  

chromatogram o b t a i n e d  i n  a s i m i l a r  manner as above gave a s i n g l e  band o f  

RF 0.38 ( S o l v e t  C ) ,  and a U.V.  d e t e r m i n a t i o n  a t  260 nm gave 7 (8.70 OD; 

89% r e c o v e r y  y i e l d ) .  
T rea tment  o f z  w i t h  Snake Venom P h o s p h o d i e s t e r a s e  (SVP): To a s o l u -  

t i o n  o f  7 (9.00 OD) i n  w a t e r  200 p L ) ,  were added 1 M T r i s  a c e t a t e  b u f f e r  

(pH 7.6; 13 p L ) ,  1 M aqueous magnesium s u l f a t e  s o l u t i o n  ( 5  pL) ,  and SVP 

( W o r t h i n g t o n  B iochemica l  Corp., 4 rng/mL, 25 u n i t s / m g ) ( 8  mL). The s o l u -  
t i o n  was a l l o w e d  t o  s t a n d  a t  37°C f o r  5 h. A paper  chromatogram showed 

two s p o t s  o f  RF 0.76 and 0.40 c o r r e s p o n d i n g  t o  adenos ine  and 5 ' - a d e n y l i c  

a c i d ,  r e s p e c t i v e l y .  A U.V. d e t e r m i n a t i o n  o f  each s p o t ,  a f t e r  e x t r a c -  
t i n g  w i t h  water ,  r e v e a l e d  t h a t  t h e  p r o p o r t i o n  o f  adenos ine  (3.03 OD) : 

5 ' - a d e n y l i c  a c i d  (5.98 OD) was 1.00 : 1.96. 

A paper  

N 

N 

Treatment  o f L  w i t h  P e n i c i l l i u m  Nuclease P1 :  To a s o l u t i o n  o f  7 
w 

L ) ,  were added a 0 . 1  M ammonium a c e t a t e  b u f f e r  

N 

/v 
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