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NUCLEOSIDES & NUCLEOTIDES, 8(5&6), 867-870 (1989) 

REGIOCONTROLLED GENERAL SYNTHESIS O F  BRANCH-TYPE 
2'-5'-LINKED OLIGOADENYLATES 

Y. Hayakawa," M. Hirose,+ and R. Noyori+* 
Chemica l  Instrument  C e n t e r  and + D e p a r t m e n t  of Chemis t ry ,  

Nagoya University, Nagoya 464-01, J a p a n  

Abs t rac t :  2'-5'-Linked ol igoadenylates  (2-5As) having a nucleot ide branch a t  
t h e  3' position have  been synthesized in a general ,  regiodefined manner. 

Since t h e  discovery in .I 978,'  2-5As have  aroused chemotherapeut ica l  
a t t e n t i o n  because  they show a var ie ty  of biological ac t iv i t ies  such as in- 

hibition of protein biosynthesis, DNA biosynthesis, (pro)insulin biosynthesis, 

e t c 2  
e z y m a t i c  hydrolysis in vivo t o  resul t  in inact ivat ion and thus some s t ruc-  

tural  modif icat ions toward enhancing t h e  s tab i l i ty  are required for  t h e  
chemotherapeut ica l  use. The  branch-type analogs, 1-4, a r e  a class of such 

candidates .  In th i s  communicat ion,  we  descr ibe  a regiocontrolled, genera l  
approach to t h e  branched 2-5As. 

The natural ly  occurr ing compounds, however, s u f f e r  very easi ly  

Firs t ,  two types  of  building blocks w e r e  prepared. S tandard  L-butyl- 

dimethyls i lylat ion [t-C4Hg(CH3)2SiCl/imidazole/DMF] of 5 followed by c a r e -  
ful  f rac t iona l  recrystal l izat ion from a (C2H5),N/CH,OH/CH3C0OC2H5/ 

(C2H5)20 (4/4/5/100) mixture  gave  in 86% isolated yield t h e  J ' -Q-si lylated 

der iva t ive  6 as a s ingle  product ,  mp 178-179 "C. Successive t r e a t m e n t  
of 6 a t  room t e m p e r a t u r e  with (1) t r imethyls i lyl  imidazole/THF, (2)  t- 
CqH9MgCI (2.2 equiv) and ally1 benzotr iazolyl  c a r b o n a t e  (1.6 e q ~ i v ) , ~  and 
(3) a 1 M c i t r i c  acid/methanol  afforded t h e  allyloxycarbonyl (AOC) pro- 
t e c t e d  der iva t ive  7 in 86% overal l  yield. The  o t h e r  nucleoside 5'-phos- 

phoramidi te  der iva t ives  w e r e  prepared as follows. When 5 w a s  h e a t e d  a t  
ref lux (12 h) with 4.5 equiv of allytoxycarbonyl te t razol ide  (AOC-Tet )  in a 

mixture  of DMF and THF, t r ia l lyloxycarbonylated pruduct  9 was obtained 

in 96% yield. In a s imilar  manner ,  t h e  cy t id ine  and  uridine dr ivat ives ,  10 

and 15, w e r e  allyloxycarbonylated to furnish I 1  and 16 in 9 3  and 94% 

86 7 
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868 HAYAKAWA, H I R O S E ,  AND NOYORI 

How- 
OH HO OH 

1, B = Ad 

2, B = C y  

3, B = GU 
4, B = Ur 

MMTrO 

R1O OH 

I 5 , R  = R 2 = H  
6, R 1  = TBDMS; R 2  = H 

7, R 1  = TBDMS; R 2  = A O C  

8, R 1  = H; R 2  = A O C  

yields, respect ively.  T h e  full p ro tec t ion  of t h e  guanosine 12 w a s  ac- 
complished by s l ight  modifications. Thus, t h e  al lyloxycarbonylat ion of 12 

using e x c e s s  AOC-Tet ,  giving t h e  di-AOC-protected m a t e r i a l  13 (73%), fol- 

lowed by t r e a t m e n t  wi th  t -C4HSMgCI (3.0 equiv)  and A O C  chlor ide  (2.0 

equiv)  produced t h e  des i red  der iva t ive  14 (60%). T h e  nucleosides  9, 11, 

W MMTrO 

Ri, OR 

9, B = AdAoC; R = A O C  

11, B = CyAoC; R = A O C  

10, B = Cy; R = H 

12, B = Cu; R = H 
13, B = Gu; R = A O C  

14, B = GuAoC; R = A O C  

15, B = Ur; R = H 

16, B = IJr; R = A O C  

A O C  

A O C  

A O C  

17, B = Ad 

18, B = Cy 

19, B = CU 
20, B = Ur 

14, and 16 w e r e  then  c o n v e r t e d  t o  t h e  phosphoramidi tes ,  17-20, i n  82- 

98% overal l  yields, through de t r i ty la t ion  by exposure to d ich loroace t ic  acid 

and 1H-tetrazole/diisopropylamine (1: I ) -promoted  condensat ion with 
CH2=CHCH20P[N(i-C,H,)2]2. 4 
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BRANCH-TYPE 2'-5'-LINKED OLIGOADENYLATES 869 

The second s t a g e  of t h e  synthesis  was  formation of  t h e  i n t e r m e d i a t e  

21 having 2'-5'-linked diadenosine phosphate  s t r u c t u r e  by coupling of t h e  
3',5'-G-diprotected adenosine 7 and amidi te  '17 (1.7 equiv) ass is ted by 
t e t r a z o l e  (5.5 e q ~ i v ) ~  and subsequent  t - b u t y l  hydroperoxide (TBHP) 

oxidation6 (86% overal l  yield). 
a f t e r  full depro tec t ion ,  giving crystal l ine A 2 ' ~ 5 l A , ~  by t r e a t m e n t s  with ( 1 )  

- n-C4H9NH2/HCOOH (excess),3p7 and (3) te t rabuty lammonium f luoride 
(TBAF). No undesired migrat ion of t h e  2'-phosphate moiety t o  t h e  3'- 

position o c c u r r e d  under t h e  desilylation conditions. 

The 2'-5'-linked s t r u c t u r e  was  conf i rmed 

CHC12COOH, (2)  Pd[P(C6H5)3]q (5 mOI%/al~yl), P ( C s H 5 ) 3  (3 mol%/allyl), and 

The  final s t a g e ,  construct ion of t h e  branched skeleton,  was done by 

t h e  following reac t ion  sequence. When 21 w a s  exposed to excess  Nal in 
refluxing a c e t o n e  (30 rnin), se lec t ive  deal lylat ion f rom t h e  phosphate  linkage 

took place to af ford  t h e  phosphodiester 22 (86%). Desilyllation of 22 

with TBAF (2 h), giving t h e  J l - g - f r e e  der iva t ive  23 (93%), followed by 

reac t ion  with t h e  a m i d i t e  18 (5.2 equiv) in t h e  presence  of t e t r a z o l e  

(excess)  and 4-dimethylaminopyridine (DMAP) (1.2 equiv)  and TBHP oxidation 

a f forded  t h e  branched 2-5A der iva t ive  24 (87%). Similarly, 25 (76%) and 

26 (89%), w e r e  obtained by t h e  reac t ions  using 19 and 20, respect ively,  as 

t h e  a m i d i t e  reagent .  
hydrolysis and  Pd-catalyzed reac t ion  using a 1:1:1 m i x t u r e  of H 2 0 ,  C 0 2 ,  

and n-C4HgNH2 as t h e  nucleophile in T H F  ( 1  min). T h e  resul t ing ta rge t  
compounds w e r e  prec ip i ta ted  out  during t h e  reac t ion  from t h e  mixture. 

Full depro tec t ion  of 24-26 w a s  accomplished by acid 

YHAOC 

AOC( 3 OAOC AOCb bAOC 

21, R I  = TBDMS; ~2 = ally1 
22, R1 = TBDMS; R2 = Na 

23, R 1 = H; R 2 = Na 

24, B = CyAoC; R = Na 

25, B = GuAoC; R = Na 
26, B = Ur; R = Na 

27, B = AdAoC; R = ally1 
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a70 HAYAKAWA, H I R O S E ,  AND NOYORI 

Yields of 2, 3, and 4 w e r e  82, 64, and 75'10, respect ively.  S imple  f i l t ra-  

tion and recrys ta l l iza t ion  from e thanol  g a v e  t h e  analyt ical ly  pure  mater ia ls .  

The  branched s t r u c t u r e s  of t h e  products  w e r e  conf i rmed by t h e  f a c t s  t h a t  

(1 )  digest ion with RNase  T2 l e f t  2-4 i n t a c t  and (2)  hydrolysis with 

VPDase g a v e  a 1:1:1 mixture  of adenosine, 5'-AMP, and t h e  corresponding 

nucleoside 5'-monophosphate. 
Symmetr ica l ly  linked t r iadenyla te  I 8  could also be  prepared  in a 

c rys ta l l ine  form through d i r e c t  diphosphorylation of 2 ' ,3 ' -di-c-free adenosine 

8 with 17 promoted  by t e t r a z o l e  and DMAP followed by TBHP oxidat ion,  

forming 27 (76%), and depro tec t ions  (92%). 

Eminent  advantages  of th is  e n t r y  include c o m p l e t e  regiocontrol ,  e a s y  

isolation of t h e  t a r g e t  products  without  chromatographic  purif icat ion,  and 

capabi l i ty  of mult i -gram scale synthesis  of t h e  products. 
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