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DEVELOPMENT OF UETWDOLOGIES FOR THE STRATEGIC noOlFICATION 
OF P U R I M  RIBONWXEOSIDE SYSTEM 

Vasu Nalr 

Iowa City, Iowa 52242 
Department of Chemistry, The Unlverslty of Iowa 

Absiract: 

Development and appllcatlon of new methodologles for the synthesls of novel 
functlonallzed analogues of nebularlne, lnoslne, and adenosine of antlvlral 
1 nterest are descr Ibed. 

Synthesls of rare and prevlously lnaccesslble purine nucleosldes has 

ellclted conslderable attentlon recently because of observatlons that some 

compounds belonging to this famlly have potent antlvlral therapeutlc 

actlvlty as well as being of enzymologlcal usefulness as blologlcal probes 

for the study of key mammalian and vlral-encoded enzymes.'-'0 In an 

ongolng program In our laboratory dlrected at the synthesls of new 

antlvlral nucleosldes, we have developed methods for the speclflc 

modlf lcatlon of both the base and the carbohydrate moletles of purine 

nuc I eos Ides. 

Our research efforts In the area of base-modlfled purine nucleosldes 

have focused attentlon on reglospeclf Ic functlonal lzatlon Involving the 2- 

posltlon of nebularlne, lnoslne, and adenoslne.''-13. The natural 

nucleoslde, nebularlne C9-(8-D-rlbofuranosyI)purIne~~ Is an antlblotlc wlth 

strong competltlve lnhlbltory propertles for the enzyme, adenoslne 

deam1na~e.l~ Addltlonal ly, It has been studled as an antlcancer agent. 15 
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Although analogues of  nebularine, such as t h e  2-amino, 2-methyl-, and 2- 

t r i f l u o r o m e t h y l -  systems have shown some v e r y  i n t e r e s t i n g  b i o l o g i c a l  

ac t i v i t ies ,16-21 r e l a t i v e l y  few congeners of t h i s  i n t e r e s t i n g  na tu ra l  

nucleoside i nvo l v ing  func t iona l  i z a t i o n  a t  t h e  2-pos i t ion  a re  known.11’22r23 

While t h e  syn thes is  o f  a number of C-2 subs t i t u ted  hypoxanihine nucleosides 

are  k n ~ w n , ’ ~ - ’ ~  very few func t i ona l  lzed a l ky la ted  d e r i v a t i v e s  have been 

reported.27 Funct ional  ized C-2 a l ky la ted  inos ine  analogues a r e  no t  on l y  of 

p o t e n t i a l  i n t e r e s t  as a n t i v i r a l  agents, b u t  t h e r e  i s  enzymological i n t e r e s t  

i n  t h e s e  nove l  compounds as p o t e n t i a l  i n h i b i t o r s  of a k e y  p u r i n e  

metabo l iz ing  enzyme, inosine monophosphate dehydrogenase. 28 However, 

l i m i t a t i o n s  i n  syn the t i c  methodology r e s t r i c t  a c c e s s i b i l i t y  t o  a v a r i e t y  o f  

nove l  C-2 f u n c t i o n a l i z e d  hypoxan th ine  nuc leos ides .  The r i n g  c l o s u r e  

reac t l on  o f  appropr ia te ly  constructed imidazole nucleosides has provided 

the  major approach t o  t h e  synthesis o f  most 2 -subs t i tu ted  inosines. 

Other methods known f o r  en r y  i n t o  t h i s  general c l a s s  of compounds appear 

t o  be o f  more I im l ted  scope.*’ The aforementioned comments p e r t a i n i n g  t o  

l i m i t a t i o n s  i n  syn the t i c  methodology for C-2 func t i ona l i za t i on ,  a re  a l so  

app l i cab le  t o  analogues o f  adenosine. 24-6,30 Such analogues and t h e l r  

deoxygenated congeners  a r e  o f  i n t e r e s t  as p o t e n t i a l  a n t i c a n c e r  and 

a n t i v i r a l  agents and they a re  a l s o  o f  enzymologlcal i n t e r e s t  w i t h  respect 

t o  pu r ine  metabo l iz ing  enzymes such as adenosine deaminase and nucleoside 

k inases.2’9’31-39 

24925 

The general syn the t i c  approach t o  t h e  aforementioned 2-subs t i tu ted  

nucleosides i s  shown I n  Scheme 1. The s t a r t i n g  compound was a na tu ra l  o r  

r e a d i l y  a v a i l a b l e  syn the t i c  nucleoside which was converted i n  a se r les  of 

steps t o  a key intermediete where bo th  t h e  carbohydrate and base moie t ies  

were pro tec ted  ( i f  needed). The 2-pos i t ion  was approp r ia te l y  subs t i t u ted  

w i t h  a halogen (commonly iod ine) .  Th is  key intermediate was converted 

t h r o u g h  a key  t r a n s f o r m a t i o n  t o  an immediate p r o d u c t  wh lch  was e i t h e r  

deprotected o r  elaborated f u r t h e r  t o  t h e  f i n a l  t a r g e t  molecule. The major 

syn the t i c  emphasls o f  t h i s  paper w i l l  be on t h e  key s tep  o f  t h e  synthesis. 
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Y=H Z-H 

X-HALOGEN C,-MODIMNG GROUP 

Y - W K E D  GROUP Z-OH, N h .  SH. ettc 

Scheme 1 

I n  previous work from our labora tory  i nvo l v ing  s t r u c t u r a l  modlf l c a t l o n  a t  

t h e  6-pos i t ion  o f  t h e  pur lne  r ing ,  reduc t i ve  deamlnations, deamlnation- 

halogenatlons, thermal and photochemical a l k y l t h l o l a t l o n s l  and photolnduced 

SRNl  r e a c t l o n s  were deve loped f o r  t h e  s y n t h e s i s  o f  s p e c i f i c  t a r g e t  

nucleosldes. Unfortunately,  t h e  photochemlcal SRNl react lor^,^^'^^ one o f  

t he  key func t l ona l  l z l n g  steps used I n  these syntheses, fa1 led when appl led 

t o  t h e  2-posl t lon.  Varlous o ther  approaches Inc lud ing  t h e  Eschenmoser 

s u l f l d e  con t rac t ton  and Meerweln-type reac t l ons  were a l l  unsuccessful. 

We have now developed a general methodology f o r  t h e  r e g l o s p e c i f i c  

f u n c t l o n a l l z a t l o n  o f  t h e  2 - p o s i t i o n  o f  p u r l n e  n u c l e o s l d e s .  T h i s  

methodology involves a pal  ladlum-catalyzed cross-coup1 Ing reac t l on  between 

an organostannane con ta ln lng  t h e  desired synthon t o  be Introduced and a 2- 

l od lna ted  pu r lne  system.” A p l a u s l b l e  mechanlst lc explanat lon o f  t h l s  

reac t l on  Is summarlzed I n  Scheme 2. 

The m e t h o d o l o g y  c a n  b e  i l l u s t r a t e d  w i t h  t h e  s y n t h e s i s  o f  2-  

ace tony l lnos lne  from pro tec ted  2-lodo-6-methoxypur1ne r lbonucleoslde as 

summarlzed I n  Scheme 3.13 The f i n a l  t a r g e t  nucleoslde was p u r i f i e d  by 

reversed-phase HPLC on Amberl l te XAD-4 r e s i n  w i t h  ethanol/water as t h e  

e l u t i n g  so lvent  and charac ter ized  by FAB HRMS, h i g h - f l e l d  mu l t l nuc lea r  NMR 

data, and by UV and FTlR spectroscopy. I t  e x h i b i t s  h lgh  In XULQ a n t l v l r a l  
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Scheme 3 

a c t i v i t y  ( T i  = MTC/ID50 = >1000) against  t h e  Sandfly Fever Virus (an RNA 

v i rus of  the  Phlebovirus fami ly ) .  

This pal ladium-catalyzed cross-coupling react ion wi th  enol acetates 

appears t o  have considerable g e n e r a l l t y .  I n  addit ion,  these react ions can 

be extended t o  include other funct ional lzed organostannanes. For example, 

2 - v i n y l i n o s i n e ,  a novel  hypoxanthlne n u c l e o s i d e  analogue which is 
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B y S n C H - C h  L H O C W  wF H O C W  

DYF, 

96% OH OH 75x OH OH 
OH OH 

Scheme 4 

potentially a precursor to a varlety of new lnoslne compounds (a 
ozonolyslst hydroboratlon, osmylationr etc.), Is also readlly avallable 

using this methodology (Scheme 4 ) .  Allylation reactions are also posslble. 

Interestingly, 2-vlnyl inoslne exhlblts low but broad-spectrum la vltra 

activity agalnst a number of RNA viruses of the Flavl, Bunya, Pox, and 

Arena faml I les. 

The aforernentloned and other reactlons lnvolvlng organostannanes can 

be extended to the nebularlne serles. The startlng nucleoslde for these 

syntheses was lsoadenoslne, synthesized b y  a photochemlcal reductlve 

dehalogenatlon previously descrlbed b y  us." A p p l  lcatlon to adenlne 

nucleosides Is also possible wlth 2-lodoadenoslne as the tailored 

precursor.42 A series of C-2 functional lzed adenoslne analogues have been 

synthesized using thls and related organozlnc coupling reactions. A n  

example of the key transformatton Is Illustrated In Scheme 5 for the 

direct synthesls of P-cyanoadenoslne (cf. reference 43) .  lnterestlngly, 

the series of C-2 functlonalized adenoslnes syntheslzed are either very 

poor substrates (<<  1 %  compared to adenoslne) or In most cases, totally 

resistant, to hydrolytic deamination b y  the ublqultous enzyme, adenoslne 

deaminase. 
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Scheme 5 

In our work directed at novel analogues of the anti-AIDS compoundr 

21s31-dideoxyadenosine2'8, we have synthesized several congeners of this 

d ideoxygenated that have greater stab i I ity than the parent compound with 

respect to deamination by adenosine deaminase and hydrolytic cleavage of 

the glycosidic bond. One of our approaches is shown in Scheme 6 with the 

synthesis of 2-ethyi-21s3'-dideoxyadenoslne from 2-lodoadenosine. 

Glycosidic bond stabillties were determined by differential UV 

Results for some representative cases are shown in Table spectro~copy.~~ 

1. The analogues were resistant to deamlnation by adenosine deaminase. 

Finally, it should be mentioned that the glycosidic bond conformation 

of purine nucleosldes may play a critical role in determining their ability 

to be substrates for key purine metabolizing enzymes and also subsequently 

in their antiviral and related biological activities. We have previously 

reported that the preferred conformation of purine ribonucieosides in 

solution may be qualitatively determined through correlation of their high- 

field 13C NMR data.45 A key factor in this determination is the 

magnitude of the chemical shift difference between C-2' and C-3'. This 

correlation can be extended to dideoxypurine nucleosides as Illustrated in 

Table 2. It appears that for the dideoxynucleosides in the preferred lyn 

conformation the magnitude of the chemical shift difference between C-2' 
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Scheme 6 

Table 1 .  Relative Rates of Hydrolysis of Dideoxyadenosines (25' C, pH 3 )  

21,31-DIdeoxyadenoslne 100 

2r,31-DIdeoxynebuIarine 177 

8-Metho~y-2'~3~-dldeoxyadenosine 61 

2-EthyI-2~r31-dIdeoxyadenosine 75 

Table 2. Preferred Conformation of Purine Dideoxynucleosides Discerned from 

High-Field 13C NMR Data 

90.6 MHz Carbon Data ddAdo ddNeb 2-Et ddAdo 8-OCH3 ddAdo 
( PPm) 

c-2' 31.72 31.74 31.87 28.88 

c-3 ' 25.62 25.36 26.00 26.96 

(C2' - C3') 6.10 6.38 5.87 1.92 
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and C-3' I s .  < 2 ppm whereas i n  t h e  p re fe r red  ~ conformation, t h i s  

d i f f e r e n c e  i s  > 5 ppm. 

U w l e w .  T h i s  r e s e a r c h  was suppor ted  by  t h e  U.S. Army Med ica l  

Research and Development Comnand and t h e  U n i v e r s i t y  of Iowa. The major 

equipment used i n  these inves t i ga t i ons  were purchased I n  p a r t  from funds 

provided by t h e  Nat ional  Science Foundation and t h e  Nat ional  I n s t i t u t e s  of 

Health. I t  i s  a pleasure t o  acknowledge t h e  ab le  assistance o f  my graduate 

students Greg S. Buenger, A r thu r  G. Lyons, David F. Purdy, Todd 6. Sel ls,  

and A l l e n  J. Fasbender. 
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