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1. I n t r oduc t i on  

1-1 The Rat iona le  f o r  t h e  Desiqn and Synthesis o f  B i o l o g i c a l l y  Ac t i ve  Nucleosides. 
1 - 

Major na tu ra l  py r im id ine  and pur ine  nucleosides are g iven i n  F ig .  1.  When s t r u c t u r a l  analogs 
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of the natura l  pur ine and pyr imidine nucleosides are suppl ied exogenously t o  a c e l l ,  they can under- 

go a va r i e t y  of transformationralong numerous metabolic paths, and they can thereby e f f e c t  the syn- 

thes is  of proteinrand carbohydrates and o ther  c e l l  const i tuents as we l l  as the synthesis of nuc le ic  

acids. 

Although conceivably these metabolic pat'hs ape q u a l i t a t i v e l y  s i m i l a r  i n  a l l  l i v i n g  c e l l s ,  s e l e c t i -  

v i t y  of act ion,  inc lud ing permeabi l i ty  ( t he  r a t e  of en t r y  of an analog i n t o  the c e l l )  and s t a b i l i t y  

against  ca tabo l ic  ac t ion  and s e l e c t i v i t y  o f  i t s  r a t e  o f  absorption, d i s t r i b u t i o n  and e l iminat ion  

must be d i f f e ren t .  

From the standpoint of drug design, a number of questions, of course, ar ise .  Why should we design 

nucleosides a t  a l l ?  What advantages do they hold over the normally less expensive base analog? How 

can we secure s p e c i f i c i t y  of s e l e c t i v i t y ?  It i s  no t  easy t o  answer these questions, Answers, i f  any, 

however, must be obtained from past b io log i ca l ,  biochemical, and phanaco log ica l  experiences gained 

w i th  synthet ic  nucleosides o r  w i t h  nucleoside a n t i b i o t i c s .  Tentat ive c r i t e r i a  which can serve as 

gu ide l ine  f o r  the design and synthesis of more s i te -spec i f i c  and target -se lec t ive  nucleosides, must 

emerge from such past observations. Fortunately,  dur ing the past twenty years a v e r i t a b l e  f lood o f  

nucleoside(especial ly adenosine) analogs, having a va r i e t y  of b i o l og i ca l  a c t i v i t i e s  has been ob-. 

ta ined by synthesis o r  from natura l  sources. Thus, a co r re la t i on  between the s t ruc tu ra l  var ia t ions  

and the u t i l i z a t i o n  by c e l l s  of these nucleosides has been c l a r i f i e d  t o  some extent.  For example, 

i n  the adenosine analogs the fol lowing s a l i e n t  features have emrged: (a) I n  order t o  be phos- 

phorylated t o  the  5 '4 r iphosphate  l eve l ,  the adenosine analog has t o  have a primary amino group a t  

the C-6 pos i t i on  o f  the pur ine moiety. Compounds tha t  belong i n  t h i s  category are 3'-deoxyadenosine; 

3'-amino-3'-deoxyadenosine and 2-fluoroadenosine. These three nucleosides were also found t o  be po- 

t en t  i n h i b i t o r s  of nuc le ic  ac id  synthesis. 7-Deazaadenosine, xylosyladenine, and arabinosyladenine 

were a lso  phosphorylated t o  5 ' - t r iphosphate  l eve l  by microbial  c e l l s .  Removal o f  the  6-amino group 

as i n  3'-deoxynebularine resu l t ed  i n  complete absence o f  phospharylation by asc i tes  c e l l s .  (b)  6- 

Methylaminopurine r ibonucleoside was metabolized t o  the  monophosphate l eve l  only. 

Anyway a plethora of nucleoside analogs have been synthesized and biochemical ly examined and o r  

evaluated as drugs. Therefore i t  i s  impossible t o  deal w i t h  a l l  o f  them. Only a few selected ex- 

2 amples w i l l  be touched on and besides emphasis w i l l  be l a i d  upon aza- and deeza-analogs. I n  add i t i on  

t o  the  above-mentioned reason, others are the fo l lowing. The aza-analogs o f  pyr imid ine and pur ine 

bases are an important group of ant imetabol i tes which are t h e o r e t i c a l l y  der ived by a replacement of 

the  methine group o f  pyr imidine o r  pur ine nucleus w i t h  a ni t rogen atom. This replacement represents,. 

w i t h  an exception o f  the induced change i n  e lec t ron densi ty i n  the nucleus, a r e l a t i v e l y  minor a l -  

t e rna t i on  o f  the s t ruc ture  o f  these substances as i t  does no t  change the funct iona l  groups, prac- 

t i c a l l y  the molecular weight, and produces almost i s o s t e r i c  compounds. The replacement of the 
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2 methine group w i t h  a n i t r ogen  atom can be e f f e c t e d  i n  p o s i t i o n  5 o r  6 of py r im id i ne  base. Th is  

r e s u l t s  i n  analogs descr ibed as "5-aza" and "6-aza". With the  pur ine  bases t h e  replacement can take 

place e i t h e r  i n  p o s i t i o n  2 o r  8,* t h i s  lead ing  t o  2- and 8-aza analogs, respec t ive ly .  On the  o ther  

hand, t h e  replacement of azomethine group w i t h  methine group r e s u l t s  i n  3-deazapyrimidine w i t h  

pyr im id ine  ser ies ,  whereas such replacement r e s u l t s  i n  t h e  pu r i ne  se r i es  i n  I-, 3- and 7- 

deazapurine. Among impor tan t  an t imetabo l i tes  belong t o  aza- o r  deaza-nucleosides are, f o r  example, 

3 - d e a ~ a u r i d i n e , ~  3 - d e a ~ a c y t i d i n e , ~  3 -dea~aadenos ine ,~  7 -dea~aadenos ine ,~  r i b a v i r i n , 6 a  6-aza- 

~ y t i d i n e , ~  5-aza-5,6-dihydrothymidine.8 and 6-azauridine.'  Some o f  these a re  i n  c l i n i c a l  use as 

an t i neop las t i c  agents. 

2. Azaimidazole Nucleosides To our  knowledge, deazaimidazoles nucleosides such as 1, {, and $ have 

,? 
never been repor ted .  Prepara t ion  of deaza- 

V 
H2NC imidazole nucleoside such as ;1 must be of 

H 2 N . Q  Hflo p o t e n t i a l  b i o l o g i c a l  importance. However, i t  

*q i s  a n t i c i p a t e d  by analogy w i t h  L -a lky la ted  

p y r r o l e  d e r i v a t i v e s  t h a t  such nucleosides migh t  

HO H  HO OH be q u i t e  uns tab le  and n o t  be e a s i l y  accessib le.  
1 2 2 

2-1 1-(6-0-Ribofuranosy1)-1,2,4-triazole Witkowski and Robins prepared t h e  t i t l e  analog dur ing  

s tud ies  on pyr im id ine  nucleoside analogs. It was found t o  be b i o l o g i c a l l y  i nac t i ve .  10 

* I n  keeping w i t h  t h e  t i t l e  t h e  present  min i rev iew occupies i t s e l f  w i t h  those substances which were 

r ecen t l y  t es ted  as aza o r  deaza analogs and f u r t he r  w i t h  substance which cou ld  be as such. For 
b r e v i t y  the  f o l l ow ing  a b b r e v i a t i o n r w i l l  be adopted. Far instance,  1-deazaadenosine, 7-amino-3-8-Q- 

r i b o f ~ r a n o s ~ l - 3 H - i m i d a z o [ 4 , 5 - a p y r i d i n e ;  5-azacyt id ine.  1-8-D-ribofuranosyl-4-amino-lH,2H-triazin- 
Z-one; 8-azaguanosine, 5-amino-3-B-p-rib0furanosyl-3H-6,7-dihydro-1,2,3-triazolo[4,5-~]~~rimidin- . 

7-one; 8-azaadenosine, 7-amino-3-8-p-ribofuranosyl-3H-l,2,3-triazolo[4,5-~lpyrimidine; 3-deaza- - 
adenosine, 4-amino-l-6-I)-ribofuranosyl-1H-imidazo[4,S-~pyridine and so on. 

I n  add i t ion ,  t h e  l e f t  hand abbrev ia t ions  r e fe r  t o  as f u l l  'names on the  r i g h t  hand: 

ABR 1-Q-Acetyl-2.3.5-tri-Q-benzoyl-B-p-ribofuranose 

BY Benzyl 

Bz Benzoyl 

HMDS Hexamethyldisi lazane 

TAR Tetra-Q-acety l -e-  r ibo fu ranose 

TMS T r i m e t h y l s i l y l  



2-2 R ibav i r i n  ( o r  ~ i r a z o l e ) ~  1-$-~-Ribofuranosyl-1,2,4-triazole-3-carboxamide $, ( r i b a v i r i n  o r  

v i razo le)  was synthesized by Robins &t.ll who reported tha t  t h i s  

B analog may be a broad-Spectrum of a n t i v i r a l  agent i n  v i t r o .  6a' 

Ho$cNH2 R ibav i r i n  also possesses s t r i k i n g l y  strong i n h i b i t o r y  e f f ec t s  on i n -  
fluenza and parainfluenza v i rus  r e p l i c a t i o n  i n  some animals. The drug 

has been l icensed f o r  human use i n  some countr ies.  This analog under-,' 

goes eas i l y  t ranspor t  i n t o  c e l l s  and p h o ~ ~ h o r ~ l a t e d . ~ ~  R ibav i r i n  5'- 
1 

phosphate can be regarded as a s t ruc tu ra l  analog of AICAR 5'-ohasphate 

t h a t  occupies a cent ra l  pos i t i on  i n  the biosynthesis of pur ine nucleosides. This drug i s  a potent 

i n h i b i t o r  against nuc le ic  ac id  synthesis i n  v i ruses. I t  i s  conceivable t h a t  t h i s  may represent the 

major .Si te of bc t i on  of t h i s  antimetabolit?.. It i s  of i n t e r e s t  i n  t h i s  reaard t ha t  $ f a i l e d  t o  i n -  : 

h i b i t  both eukaryot ic DNA polymerase d and B and eukaryot ic  RNA polymerase I and 11. 

1-0-k-Ribofuranosyl-1,2,4-triazoles having suhst i tuents o ther  than carbamoyl (R=COOCH~, CgN, 

6d CSNH?, NO2 and H) have been also prepared. Q u i t e  recent ly ,  I t o h  at. developed an improved and 

reg iose lec t ive  synthesis o f  $ s t a r t i n g  from c y a n o f ~ r m a t e . ~ ~  A ser ies  of analogs of the type 2 
(s t ruc tures  are shown below) has been prepared by Russian workers. However, no repor ts  regarding the 

b io log i ca l  p roper t ies  are ava i lab le  yet .  
7 
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3. Ueazapyrimidine Nucleosides 

3-1 8-0-Ribofuranosylbenzene(Ribofuranosy1 Analog o f  ~ h l o r a m p h e n i c o l ) ~ ~  Since p ( 5 - d i c h l o r o - .  - 
acetamido-5-deox~-t7-g-ribofuranosyl)nitrobenzene i s  considered as an ana- 

l og  of chloramphenicol ( a  potent i n h i b i t o r  of p r o t e i n  biosynthesis)  i n  

$ 
"curled conformation", one might expect..that X=NOZ may be a lso  an i nh ib -  

H i t o r  of the synthesis. C-Glycosyl bond was made by "Cadmium method" as 

shown below: Thus, Mertes & fl. prepared 2,6-dibenzyloxypyridyl-3-0-i- 

H OH ~ i b o f u r a n o s i d e . ' ~  By a s i m i l a r  technique, X=H was prepared and the 8- 
13 

X=H, NO2 conf igura t ion  was i n i t i a l l y  and d e f i n i t e l y  determined w i t h  t h i s  compound. 

Russian workers already had prepared P-ribopyranoside whose anomeric 

0 Ph 0 Ph 

Cl + h c d  $-- Bzv er xc 
BzO OBz 

6 
?I 

conf igurat ion was determined as 6 on the basis o f  la rge (7 Hz) coupl ing constant of J1 ,,?, Showing 

tha t  adjacent hydrogens are located a t  t rans and there fore  the anomeric conf igura t ion  i s  0 .  Per- 

iodate ox idat ion  o f  the above)-ribofuranosylbenzene af forded a dialdehyde, which was reduced w t h  

NaBH4 t o  the t r i a l c o h o l  1. A s i m i l a r  ox idat ion  and subsequent reduct ion of the above 0-0-r ibo- 

pyranosyl-benzene afforded a t r i a l c o h o l  which was found t o  be i den t i ca l  (mp, ord, and nmr) w i t h  

the compound 1. N i t r a t i o n  of ji , followed by debloking af forded p-nitrobenzene-l-rib~side. 

3-2 1,3-~ideazaur id ine" This analog was prepared by "Cadmium method" from 1-l i thio-2,4-dibenzY1- 

oxybenzene and 2,3,5-tri-Q-benzoyl-0-ribofuranasyl chlor ide,  as shown 

OH below. The s t ruc tu re  was confirmed on the basis of combustion values 

and spectral  (mass, nmr, and it-) data. The 0-conf igurat ion a t  the 

anomeric pos i t i on  was based mainly on ~mbach r u l e  (n~=0.23)  w i t h  i t s  2 ' 9  

HO 3'-0- isopropyl idene de r i va t i ve .  

1-(6-g-Ribofuranosy1)-2,4-di-benzyloxybenzene (no t  de-blocked one) was 

found t o  be ac t ive  against leukemia L1210 (50% i n h i b i t i o n  a t  7 x M)  



+ - 
X.Li 

X-Cdl/Z 

y.651 

HO 

Ox0  0. ,o B 
Ph 

and aga ins t  mammary carcinoma (50% i n h i b i t i o n  a t  5 x IO-~M), b u t  c u r i o u s l y  enough, d ideoxyur id ine  

i t s e l f  was much l ess  a c t i v e  (leukemia 1210, 1 x ~ o - ~ M ) .  

1 8  . 3-3 1-Oea~a~vrimidine-1-D-ribofuranosides ~ h , s  of C-nucleosides was prepared as oo ten t i a l  

i n h i b i t o r s  o f  thymidy la te  synthetase, because 0.  R .  Baker had suggested t h a t  

the  decreased e lec t rondens i ty  of the  pyr im id ine  r i n g  might  enhance i t s  

e l e c t r o s t a t i c  b ind ing  t o  the  enzyme. 

As shown below, these C-nucleosides were a l so  prepared by "Cadmium 

H method".15 The reac t i on  of 2,6-di-benzyloxypyridine-3-cadmium d e r i v a t i v e  

w i t h  TBRC l e d  t o  the  predaninant fo rmat ion  o f  undesired k e t a l  

R=H o r  OH type  product  (0. A des i red  product, however, was i s o l a t e d  i n  

Bz 
112 BzO OBz 

H HO HO 

HO 
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low y i e l d  (ca. 10%). These compounds were found t o  be q u i t e  unstable. No s i g n i f i c a n t  i n h i b i t i o n  of 

thymidylate synthetase o r  dihydroreductase was observed i n  t h i s  ser ies of compounds. 

3-4 3-Deazauridine and 3-Deazacytidine (3-~eaza~~rimidine-l-ribofuranoside)~~'~ Two t i t l e  compounds 

were prepared by Hilbert-Johnson procedure from 2,4+is(trimethylsilyloxy)- 

py r i d i ne  2 and 2.3,5-tri-0-benroyl-D-ribofuranosyl The anomeric 
0 

& 
MeOH 

88% 

conf igura t ion  o f  and was 
HO OH HO 

shown by the observation t h a t  diphenyl carbonate treatment o f  u gave 

r i s e  t o  the 2.2'-anhydro compound. It i s  of i n t e r e s t  t ha t  i n  D20 so lu t ion ,  H-3 o f  JJ was slowly re-  

placed w i t h  deuterium. 

3-Deazacytidine was s i m i l a r l y  prepared from 2-methoxy-4-acetamidopyridine and 2,3,5-tri-0- 

benzoyl-Q-ribofuranosyl bromide. The s t ruc tu re  was determined i n  a s i m i l a r  way. i nc lud ing  the de- . 

terminat ion of the anomeric conf igurat ion.  3-Deaza-2'-deoxycytldine was also prepared.3a q u i t e  re-  

cen t l y  ( i n  1977) an improved procedure of the  synthesis of 3-deazapyrimidine r ibos ides was reported 

by Cook g ,1 .19  3-Deazauridine and 3-deazacytidine were prepared i n  70% ove ra l l  y i e l d s ,  s t a r t i n g  

from 1-methow-1-buten-3-yne JZ,. 0 
CHjO 

>C-CHCECH - '9 ,!oc~H~ & & 
H NaOEt C 2 H 5 0 ~ ~ ~ ~ 2 ~ = ~ ,  C2H50 H 

A,? .M. 93% H 
(EtO)ZCO kl 



3-Deazauridine was shown t o  be ac t ive  as an t i bac te r i a l  agent." I n  addi t ion,  t h i s  drug posseses 

a wide spectrum o f  anti-RNA v i r a l  ac t iv i ty ,21 a c t i v i t y  on cutaneous les ions i n  pat ien ts  w i t h  nod- 

u l a r  basal c e l l  carcinoma, " and i n  v i t r o  a c t i v i t y  against neoplast ic hepat ic c e l l .  
23 

3-5 1-(2-Deoxy-B-D-ribofurbnosy1)-2(1H)pyridone This type o f  3-deazapyrimidine-2'-deoxyribo- - 
furanoside and i t s  nucleot ides and a lso  polynucleotides containing the analog were prepared and 

some proper t ies  were studied. 24 

3-6 C l i t i d i n e  C l i t i d i n e  was i so la ted  from ~ l i t o c v b e  acromelalqa (Dokusasako i n  Japanese) by 

Matsumoto& Marked increase i n  hyperemia and hyperesthesia i n  f ingers 

and toes was observed on i n j e c t i o n  o f  t h i s  drug. It i s  t o  be noted t h a t  spe- 

24 
c i f i c  r o t a t i o n  o f  c l i t i d i n e  i n  g. so lu t i on  i s  [ e l o  -50.6, because comnon 

HOYY 
natura l l y  occurr ing pyr imidine nucleosides have the spec i f i c  r o t a t i o n  of p lus 

sign. i n  nmr (DMS0)H-2 tha t  i s  located i n  the  v i c i n i t y  o f  e l ec t ron -a t t r ac t i ng  

HO OH carboxyl group appears a t  8.7  ppm as doublet having q u i t e  l a rge  long range 

coupling(J=1.5 Hz). 

The chemical synthesis of c l i t i d i n e  s t a r t s  from methyl 4-aminonicotinate. The react ion  o f  the 
:??o<, !. 

n i co t i na te  (47 mg) w i t h  3,5-di-5-benzoyl-q-ribofuranosyl ch lo r i de  (97 m g l i n  CH2C12 a t  roam temp.for 
, ,,.. ,. , ,. , . 

1 day gave r i s e  t o  an exce l len t  y i e l d  of N-r ibosylated product having desired 6-conf igurat ion.  The 

assignment of conf igurat ion comes from the mode of reac t ion  (presumably via 1,2-epoxido-;-ribo- 

f u r a n o ~ e ) ~ ~  and the r e s u l t  was f u r t h e r  confirmed enzymatically. The s i t e  o f  r i bosy la t i on  on the 
, -, , 

r i n g  n i t rogen ra ther  than exo-nitrogen was cherni&lly demonstrated as shown. Thus, the synthesis 
, , ~ '  

s ta r ted  from methyl 4-chloronicot inate,  t o  lead t o  the formation o f  the same nucleoside. Almost 

BzO OH R=OH 

R=NH2 I 
Bz@/&cl + 6 O l C H 3  

020 OH 
a t  the same time, the a n t i b i o t i c  was i so la ted  and character ized by Ushizawa & a l .  and i t s  phy- 

s i o l og i ca l  propert ies were extensively examined.25b Quite recent ly  workers i n  the I n s t i t u t e  of 

Imnunological Sciences, Hokkaido Univers i ty ,  s tud ied on the biosynthesis of the a n t i b i ~ t i c . ' ~ ~  I n  

add i t ion  t o  c l i t i d i n e  and NAD, a number of oyridine(deazapyrimidine)  nucleosides have been synthe- 



4-1 6-Azauridine This drug was prepared by a  number of d i f fe rent  procedures. However, t r imethy l -  

Si-blocked-Friedel-Crafts catalyzed Hilbert-Johnson method was found t o  b e t h e  

method of chloice.28 The react ion  of 2,4-bis(trimethylsily1oxy)-6-aza- 

pyr imidine w i t h  ABR and SnC14 i n  1.2-dichloroethane gave even on a  10 kg 

scale, a f t e r  hydro lys is  o f  thereact ive  intermediate,  pure ZS ,3 ' , 5 ' - t r i - 0 -  

benroyl-6-azauridine i n  93% y i e l d .  6-Araur id ine 5'-phosphate may be, above 

a l l ,  one o f  the most potent i n h i b i t o r s  against  o ro t i d i ne  5'-phosphate decarboxylase. 

ABR 

a. SnC14/C1CH2CH2C1, 4 hr, 2Z9 - 

b. H20/NaHC03 - 

c. NH3/MeOH - 

Among the above-mentioned several orocedures was a  method t h a t  

was developed by Mizuno a l .  who prepared the nucleoside a 4- 

methylthio-1-6-D-ribofuranoyl-2-oyrimidone. The l a t t e r  was pre- 

pared by "Mercuri method" from 4-methylthio-2-pyrimidone. 28b HO OH 
29, 30 

4-2 5,6-Oihydro-5-azathymidine, 

This a n t i b o t i c  w i t h  both a n t i v i r a l  and an t i bac te r i a l  a c t i v i t y  was prepared by 

s i l y l  ether modi f ica t ion  of Hilbert-Johnson procedure.Z8 On t r i m e t h y l s i l y l -  

a t ion ,  hexamethyldisi lazane afforded b is -der iva t ive ,  whereas b is ( t r imethy1-  

s i l y l )  t r i f luoroacetamide i n  py r i d i ne  (25" f o r  18 h) gave r i s e  mainly t o  mono- 

der iva t ive .  Conf igurat ion of!-glcosyl bond comes from the observation t h a t  

i n  nmr, w i t h  0-anomer s ignals due t o  H-1' appear as t r i p l e t ,  wh i le  w i t h  u- 

anomer s ignals due t o  H-1' appear as cha rac te r i s t i c  quar te t .  Rat io  of forma- 

t i o n  of two anomers was found t o  be 1 : l .  Both a n t i b i o t i c s  are i n  c l i n i c a l  use as ant ineop las t ic  

agents. The corresponding r ibos ide was a lso  prepared. From the synthet ic  standpoint, i t  i s  of i n -  

t e r e s t  t h a t  the reac t i on  of 5,6-dihydro-5-methyl-s-triazin-2,4-dione w i t h  ABR, TBRB, o r  t r i - Q -  

acetyl-q-r ibofuranosyl  bromide gave r i s e  t o  N3-riboside alone, whereas w i t h  te t ra-0-acety l - r ibose,  a  



t 

Tol 
Tol- p - to luoy l  

0 
xture of N1- and N3-r ibosylated products was formed. Deblocked nucleosides are ac t i ve  against  

both herpes simplex type 1 and herpes simplex type 11. Other analogs t h a t  belong t o  azapyrimidine 

nucleosides have been also prepared;)7 

4-3 5-Azacytiding 5-Azacytidine was i so la ted  from a cu l t u re  bro th  of s t r e P t o v e r t i c i l l i u m  ladakanus, 

NH2 by Hanka et g. (1966) .31'32 The chemical synthesis was achieved by both Sam's 

group ( 1 9 6 4 ) ~ ~  and Robins group (1970). 34 

TBRC - 
CH3CN 

2) 'OH 

4-4 6-Azacytidine' S o w  a prepared azacyt id ine and some of i t s  der iva t ives .  The 4- th io-  

d e y v a t i w  was obtained from ZS ,3 ' , 5 ' - t r i - 0 -ace ty l -  o r  Z8,3' ,5 ' -  

t r l -0-benzoyl-6-azauridine by treatment w i t h  phosphorus penta- 

su l f ide :  t h i s  procedure afforded 4-thio-6-azdur id ine which wasiden- 

t i f i e d  w i t h  4-thin-6-azauraci l  kv comparing the uv spectra each 

other. Treatment v!ith ammonia produced 6-azacytidine; treatment 
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w i t h  hydrazine, hydroxylamine, and n-butylamine y ie lded  the corresponding der iva t ives  The uv Spec- 

t r a  of 5-azacytidine are s i m i l a r  t o  those o f  u r i d i ne  and 6-azauridine, bu t  d i f f e r  from those of 

cytosine and cy t i d i ne .  On the other hand, the spectrum of the 4-methylamino de r i va t i ve  i s  d i f f e r e n t  

from t h a t  of 6-azacytidine and s i m i l a r  t o  t h a t  o f  ~ y t i d i n e . ~ ~  The i r  spectra of chloroform so lu t i on  

o f  6-azacyt id ine and i t s  der iva t ives  show t h a t  these compounds, l i k e  the corresponding cy t i d i ne  de- 

r i va t i ves ,  e x i s t  i n  t h e  amino form. 

Mizuno et a. also oreoared the same nucleoside i n  the fo l lowing way.37138 

4-5 6-Azathvmidine 6-Azathymidine C(2-deoxy-5-P-erythro-penrofuranosyl )-6-methyl-] ,2,4-triazine- 

3,5-(2H,4H)-dionel i s  a strong i n h i b i t o r  of the synthesis of nuc le ic  acids 

and a much more potent antagonist  of thymine and thymidine than i s  6; 

a z a t h ~ r n i n e ~ ~ . ~ ~  P l i m i l  et 3. are  the f i r s t  t o  obta in  the analog as an amor- 

phous s o l i d  by the "Mercuri s a l t  rnethod"(1963).~' q u i t e  recent ly ( l978)  the 

HO preparat ive procedure has been much improved by the app l ica t ion  of TMS-Hibert- 

Johnson methnd and high y i e l d  of c r y s t a l l i n e  analog could be prepared. The o u t l i n e  of Shian and 

Prusof f ' s  procedure i s  shown below. 42 

0 

RO 

The assignment of 6-conf igurat ion was based mainly on the observation t ha t  a s i gna l (a t  6.53 ppm) 

due t o  H-1' appears double-doublet(J1 , ,2,  5.88 Hz; J1, ,*,, 6.22 Hz) t yp i ca l  of an anomeric proton 

of 5-D-2'-deoxyriboside. M i t r a  and Saran have discussed about the conformation of 6-azapyrimidine 

nucleosides. 43 

5. Deazapurine Nucleosides 

5-1 1-(6-D-Ribofuranosy1)indole and 4-Amino-l-(~-D-ribofuranosyl)indole(l,3,7-Trideazaadenosine) 
44-46 

1-(5-Q-Ribofuranosy1)indole (1,3,7-trideazaneblarine) i s  the f i r s t  indo le  analog o f .  nucleo- 



R side, which has been prepared i n  1967 by the " indo l ine- indo le  method". This work 

has been st imulated by the discovery o f  tuberc id in  and toyocamycin which i s  

pyrrolopyr imidine nucleoside analog. Thus, the  condensation o f  5 -Q- t r i t y l -&  

r ibose ;L1 w i th  indo l ine  resu l ted  i n  5-g-tritylribofuranosylindoline whose acety l -  

a t i on  l e d  t o  1-(5-Q-trityl-2,3-di-Q-acetyl-B-~-ribofuranosyl)indoline a. Indole 

r ibos ide a was obtained by dehydrogenation o f  the  l a t t e r  w i t h  dicyano- 

@. R=H Or NH2 dichloroquinone (DDQ) r a the r  than ch lo ran i l .  The d e t r i t y l a t i o n ( w i t h  80% AcOH) and 

deacetylat ion (withBa(OMe)?) gave 1-(6-g-ribofuranosy1)indole. The s t ruc tu re  was confirmed by nmr 

and i r  spectral  analysis as we l l  as NaI04 ox idat ion lcare  must be exercised because indo le  r i n g  may 

H 
+ 

z? 
HO OH 

HO OH 
I 

44 20 be able t o  k n s u m  the oxidant 1, [aid -7.1' spec i f i c  r o t a t i o n  being negative, but  small. 

I n  the fo l lowing year, Walton u. also prepared @.a s t a r t i n g  from TAR by indo l ine- indo le  

method.45 I n  add i t ion  4-aminoindole-1-ribofuranoside(&Q,b, 1,3,7-trideazaadenosinel was prepared 

44 by the same workers.45 walton4' as we l l  as Suvanov noted the suoe r i o r i t y  of DDO over ch lo ran i l  i n  

ox idat ion  o f  i ndo l i ne  t o  indoles.  

R 

R=H 

R=NHBz + 

ABR &O OBz BzO OBz HO OH 
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5-2 5-Nitrobenzimidazole Ribosides Mizuno gal. prepared benzimidazole r ibo fu ranos ides  i n  the 

f o l l ow ing  way. However, they f a i l e d  t o  prepare 1.3-dideoxyadenosine a. 41 

NH? 

26 R=NH - 2 y.21.7% y.84% 

5-3 l s o - 3 - d e a z a t ~ b e r c i d i n ~ ~  4-Amino-5-azaindole was obtained s t a r t i n g  from 1-benzy lpyr ro le  as 

shown. Thus, d i r e c t  a l k y l a t i o n  o f  the co r res~ond ing  4-benramido d e r i v a t i v e  a 
w i t h  TBRB and subsequent debenzylat ion l e d  t o  t h e  corresponding 1-5-6-g-r ibo- 

furanoside. The s t r uc tu re  and con f i gu ra t i on  o f  t h i s  compound were deduced on the  

basis o f  spectroscopic data which were i n  good agreement w i t h  X-ray c r y s t a l -  

lograph ic  data. Th is  i s  the  f i r s t  example o f  di-deazaadenosine analogs . 
HO OH 0 

$2. 0 vi- OCHO + ucHowittia f l  CH-CHZOC~H~ 
N r e a c t ~ o n  N N reac t i on  N 
BY BY BY BY 
a y.74% y.2.3% ,,.,%\ 1) KOHIEtOH 

2) AcOH 

reac t i on  

'y \ NH, NHBz NHBz 

" QIJlzd&--J~~~ H 

H Bz 



3 N _---- BzNH yj N 

\q/Bzo"p;l .q/J 

BzO OBz %O OBZ 

5-4 1-Deazaadenosine Anand &t. a re  the  f i r s t  t o  prepare 1 -dea~aadenos ine .~ '  De Roos and 

Salemink 49 then prepared the  same analog from commercial ly ava i l ab l e  a- 

p i c o l i n i c  a c i d  i n  10 steps i n  q u i t e  unsa t i s f ac to r y  o v e r a l l  y ie lds,  as shown. &> - N-Glycosyl bond was f o r d  by fusion procedure. I t o h  and h i s  coworkers pre-  

Hcfj pared the  nucleoside by a l t e rna te  route.50 One of the  key intermediates,  2 ' -  

3-diaminopyridine,could be prepared according t o  a repor ted  ~ r a c e d u r e . ~ '  1- 

Deazaadenosine was prepared f rom the  2.3-diaminopyridine as shown i n  an 
HO OH 

accompanying sheet. 

HCOOH - 
70% k O H  AcOH 

H 
9s % 

0 



NH? NHAc N HAc 

The s i t e  of r i bosy la t i on  and the conf igurat ion of k g l y c o s y l  bond w i l l  be discussed along w i t h  

the case o f  3-deazaadenosine synthesis. I t o h  and h i s  coworkers devised another synthesis 

which was able t o  much b e t t e r  ove ra l l y i e l d ,  s t a r t i n g  from 1-deazapurine, ove ra l l  y i e l d  being ca. 

20%. 
53 

Improved synthesis of 1-deazaadenosine This improved synthesis ( I t o h  %%. ) deserves some 

commnts: Polonovski reac t inn  took place i n  a reg iose lec t i ve  way and i n  b o i l i n g  to luene 9-subst i -  

t l l ted  i-deazapurine may be more thermodynamically s tab le  and 

therefore HgBr2-catalyzed migra t ion  of 7 - r ibosy l  qroup t o  the 

pos i t i on  9 took place. 

I t o h  kt a l .  have a lso  prepared other adenosine analogues 

54 H and &l&. This type o f  analogues are o f  i n te res t ,  because these 



w i l l  be useful as probes f o r  screening the po ten t i a l  i n h i b i t o r s  against  suic ide-type enzyme such as 

S-adenos~lhomoc~stein~se 56 and might have other i n te res t i ng  phys io log ica l  propert ies.  

5-5 1 - ~ e a z a g u a n o s i n e ~ ~  A fusion react ion  of 5.7-dichloroimidazo[4,5-bloyridine wi th  TAR gave, a f t e r  

deacetylation,, 5,7-dichloro-3-B-~-ribofuranosylimidazo[4,5-_b]pyridine. The 

&N> 
s i t e  o f  r i bosy la t i on  and the anorneric conf igurat ion of the nucleoside ob- 

y 'N N ta ined were determined by conve r t i ng i t  i n t o  the known 3 - 5 - ~ - r i b o f ~ r a n o ~ ~ l -  

~d im idaz0 r4 ,5 -b ]py r i d i ne .~~  i n  a d i r e c t  condensation of 5-acetamido-7-benzyl- 

o x y i m i d a ~ o l 4 , 5 - ~ 1 p y r i d i n e ~ ~ ~ 6 , ~ i t h  TBRC i n  nitromethane, a r ibos ide which was 

Hi OH formed, afforded 1-deazaguanosine upon removal of the p ro tec t i ng  group. The 

s t ruc ture  of t h i s  compound was confirmed by i t s  conversion i n t o  the  above B-Q-ribofuranosyl-5.7- 

dichloroimidazor4.5-blpyridine. 

TAR 
AcO OAc 

TBRC 

The s t ruc tu re  of subst i tu ted nucleoside was confirmed by ir, nmr and uv spectra 

5-6 1-Deaza-6-thioquanosine and l-~eaza-6-(methylthio)quanosine~~ 6-Subst i tuted 1-deazaguanosines 
60 

were preoared by E l l i o t  and Montgomery s t a r t i n g  from 2-acetamino-6-chloro-1-deazapurine and TARC. 

2-hino-6-chloro-1-deazaguanosine was ac t i ve  against L-1210 mouse leukemia and was able t o  produce 

a 79% increase i n  l i f e  span o f  the  mouse. The ch loro-der iva t ive  was converted t o  t h i o l  and methyl- 

t h i o -de r i va t i ve  by usual procedures. 
4b 

5-7 3-Deazaadenosine 3-Oeazaadenosine was i c k t i a l l y  prepared by Robins e t  a l .  and then by --  
Mizuno and h i s  coworkers q u i t e  s i m i l a r  route, s t a r t i n g  from 6-chlor0-3-deazapurin,?~ I n  1975 

a s l i g h t  modif icat ion was introduced bv May and Townsend by use of 4,6-dichloroimidazo[4,5-flpyri- 

dine as a s t a r t i n g  mater ia l .63 Montgomery a. optimized the ea r l y  condi t ions t o  prepare a h igh 

y i e l d  of the t i t l e  analog , s t a r t i n g  from the dichloro-3-deazapurine and  TAR.^^ 3-oeazaadenosine 

60 has a potent a c t i v i t y  against herpes simplex 1. I n  add i t i on  isobutylthio-5'-deow-3-deazaadenosine. 
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S-3-deazaadenosyl-L-homocysteine and the  dialdehyde of t h e  l a t t e r  was found t o  

be b iochemica l l y  a c t i v e  analogs. 67 

U n t i l  now we have reserved t h e  d iscuss ion  o f  t h e  s i t e  o f  r i b o s y l a t i o n  and the  

H@-d 
determinat ion  of y -g lycosy l  bond formed i n  the  synthesis of 1- and 3-deaza- 

adenosine: Now the  d iscuss ion  w i l l  be touched on b r i e f l y .  Mizuno ett?'65band 
Elguero etc65a prepared i n  an unambiaous way each " a i r  of 7- and 9-methyl- l -  

HO OH o r  3-deazapurine, and 3-methyl-der ivat ive.  The s i t e  o f  r i b o s y l a t i o n  of 1- o r  3- 

deazapurine could be determined by spec t ra l  comparisnn o f  pmduc t ( s )  w i t h  those of K-methyl counter- 

par ts .  The 6-conf igura t ion  was assigned on the  bas is  o f  t h e  mode af reac t ion(8aker 's  1.2-trans r u l e )  

and i n  the  case of 1-deazapurine r ibofuranosides,  the  6 -conf igura t ion  was f u r t h e r  conf i rmed by the 

denonstrat ion n f  5',3-cyclonucleoside format ion.  I n  t h e  case of r i b o s y l d t i o n  of  chloro-deazapurines, 

the  p roduc t (s )  were subjected t o  c a t a l y t i c  hydrogenation lead ing  t o  the  known B-D-ribofuranosyl-1- 

o r  3-deazapurines. Thus, 1- o r  3-deazaadenosine was der ived  from t h e  chloro-1-  o r  3-deazapurine 

r i bos i de  of  the d e f i n i t e  s t ruc tu re ,  respec t ive ly .  2'-Deoxy-3'-deazaadenosine was a l so  prepared. 55 

5-8 8,5'-0-~yclo-3-deazaquanosine~~ - Tanaka and Ueda prepared t h e  t i t l e  compound from 1-(2,3-0- 

isopropylidene-%-~-ribofuranosyl)-2-oxo-4-imidazoline-4-carboxyl i c  a c i d  methyl es te r  which i n  t u r n  

r ecen t l y  became ava i l ab l e  from 2',3'-P-isopropyliden-5-bromouridine. One of key steps of t h e i r  syn- 

t h e t i c  sequence i s  the  i n t r o d u c t i o n  o f  cyanomethyl group on p o s i t i o n  5 o f  the  im idazo l ine  moiety.  

* we had a t a b l e  o f  nmr data of 3-deazaadenosine made by Dr. H u n r i t z ( D e t r o i t )  and Dr. Endo(Fuji 
Kagakw) t o  show t h a t  repor ted  chemical s h i f t s ,  no tab ly  o f  H-8 o f  3-deazaadenosine are d i f f e r e n t  
from sample t o  samDle depending upon t h e  sources(1 i t .  65) .  

Nrnr Data of 3-Deazaadenosine(Numbers i n  parentheses re fe r  t o  coup l ing  
constants i n  Hz) 

H3 ' H6 reference L i t .  

8.72 7.79 7.46 5.98 8.52 TMS -. a 
(7.1) (7.1) (5.9) 

8.24 7.66 6.90 5.75 6.11 TMS Sample f rom NIH 
(5.8)  (5.8) (5.9)  

8.30 7.69 6.93 5.78 6.14 DSS Sample from NIH 

8.77 7.a3 7.47 5.99 8.63 TMS 63 
(3 .5 )  (3.5) (3.0) 

8.3 7.7 6.9 5.8 6.2 TMS 64 
(6.0) (6.0) ( (6 .1 )  

a 5. Kitano, Y. Mizuno, M. Uemura, K. To r i ,  M. Kamisaka, and K. Aj isaka,  Biochem. Biophys. Rex. - 
Commun.. 1980, a, 347. 

Regarding t h i s  matter ,  nmr spec t ra l  de ta  of 4-amino-3-%-q-ribofuranos~l-3H-irridazo[4,5-_clpyridine 

(a p o s i t i o n a l  isomer of  3-deazaadenosine) whose syn thec i r  has never been repor ted  a re  h i g h l y  

des i rab le .  



They successfully achieved the cyanomethylation by a series of reactions 

(hydroxymethyl ation-cetyl ationtsubstitution of the acetoxy group 

NHZ with cyano group). In the subsequent steps, they used a base-catalyzed 

ring closure which had been developed by Cook g.69 The acetoxy group 
could be quite easily displaced with cyano group. This displacement pre- 

sumably took place.2 elimination and addition mechanism. 

Ox0 Ox0 

The title compound t 

X X 

5-9 3-~eazaquanosine~~ This analog may be useful biochemical tools employed to probe enzymatic 

trensfomations and also is active against the viral infection. The syn- 

<I& thesis was achieved by Robins and coworkers in an ingeneous way.69 One of 

NH2 key stew was ribosylation of 5-cyanomethylimidazole-4-carboxamide or 5- 

YY carbamoylmethyl-4-carbomethoxyimidazole. Another was a base-catalyzed 

ring closure of l-~-p-ribofuranosyl-5-cyanomethylimidazole-4-carboxamide. . 

HO OH 
Thus. the outline of synthetic sequence is shown below. 
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5-10 1-0-0-Arabinofuranosyl-3-deazaguanine Poonian prepared the t i t l e  compound analogously. 

&> However, they experienced d i f f i c u l t y  t o  i s o l a t e  a pure sample of the ana- 

log ,  because g lycosy la t ion  w i t h  sugar having non-par t ic ipa t ing  blockinq 

Hz N 
R group gave r i s e  t o  both a pos i t i ona l  (N-1 and N-3) and anomeric mix- 

~ = ~ - ~ . ~ ~ ~ b i ~ ~ f ~ ~ a ~ o s ~ l  t u r e  of arabinosides. 

5-11 3-Deazathioguanosine[6-~ino-l-(~-~-ribofuranosyl)imidazo[4,5-cl~yridine-4-thion~~ The t i t l e  

H&> 

analog was prepared analogously. I n  t h i s  case, the  anomeric conf igurat ion 

N 
was confirmed t o  be 0-0, on the basis o f  the  f a c t  t h a t  AS of the methyl 

H f l  
R group of the corresponding 2',3'-0-isopropylidene-3-deazathioguanosn i s  

R-8-a-ribofuranosyl 0.22. The key step o f  t h e i r  synthesis consists i n  the r i bosy la t i on  of 

t r i m e t h y l s i l y l  de r i va t i ve  o f  4-bromo-6-acetarnido-3-deazapurine w i t h  TBRC 

by mercury cyanide-nitromethane procedure. 

5-12 Tubercidin, Toyocamycin, and Sanqivamycin Tubercidin was i so la ted  from Streptomyces tuber-  - i n  1 9 5 3 . ~ ~  The s t ruc tu re  was elucidated hy Suzuki d.74 and 

ourselves.75 Chemical synthesis of these three a n t i b i o t i c s  and i n t e r -  

conversion among them have been made, and the s t ruc tu re  o f  toyocamycin and 

sangivamycin have been d e f i n i t e l y  established. The tube rc id in  was chem- 

i c a l l y  synthesized by Ektora and h i s  coworkers76 by a modi f ica t ion  of 

i ndo l i ne  and i ndo le  method. Overal l  y i e l d  o f  t ube rc id in  was 31% on the 

basis o f  TAR. I n  1969 the f i r s t  and elegant synthesis o f  4-amino-5-cyano- 

TAR 

7-8-E-ribofuranosylpyrrolo[2,3-dl~yrimidine by d i r e c t  r i b o s y l a t i o n  o f  a pyrrolo[2,3-clpyrimidine 

was accomplished by the fus ion procedure. 
85 



Ad3 OAc \ / HO OH CN 

Toyocomyci 
#' 

Sang iwmycin - Sangivacic acid 

AcO OAc 

However, p r i o r  t o  the  work i n  1967, Tolman gtfi. f a i l e d  t o  de th ia te  4-amino-5-cyano-6-methylthio- 

pyrrolo[2,3-ciloyrimidine i n t o  toyocamycin. The Raney n i cke l  reduct ion  gave r i s e  t o  an unt rac tab le  

mixture, showing t h a t  the  subst i tuent  on p o s i t i o n  6 has a c r i t i c a l  imp l i ca t i on  i n  the  synthesis of 7- 

deazapurine nucleoside synthesis.86 

A l l  th ree  of the  above pyr ro lopyr imid ine  nucleoside a n t i b i o t i c s  are reported t o  possess cytotox- 

i t y  against  HeLa c e l l  i n  c e l l  cu l t u res  and t o  e x i h i b i t  remarkable a c t i v i t y  against  leukemia L1210 

i n  mice. 

Ueda gt c. were able t o  convert successful ly  t ube rc i d i n  t o  t ~ ~ o c a m y c i n . ~ ~  The key step i n  t h i s  

t ransformat ion i s  t o  in t roduce one carbon u n i t  i n t o  t he  p o s i t i o n  5 o f  the  former. To t h i s  end, 

Mannich reac t ion  has been used. The conversion of morpholinomethyl group i n t o  formyl group was 

e f f ec ted  by the  !-oxidation and successive treatment w i t h  ace t i c  ac id  o f  the  product. The formyl 

de r i va t i ve  was converted i n t o  cyan0 group by way of  the  oxime. The o u t l i n e  o f  t h e i r  syn thet ic  

scheme i s  shown on next  page. The ove ra l l  y i e l d  of toyocamycin from tube rc i d i n  was sa t i s f ac to r y .  
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Tubercidin 

Toyocamycin - 
Ad) OAc 

5-13 4-Amino-7-(~-O-apab~nofuranosyl)pyrrolo;~,~-d]pyrimidine 7 8 ( ~ r a t u b e r c i d i n )  Arabinofuranosyl- - - 

adenine i s  very important  ant iherpes agent. This s t imu la ted  the  synthesis of t he  t i t l e  compound. 

5-14 Queosine and Related Nucleosides I n  1968 a nucleoside named Q was discovered i n  the  f i r s t  

l e t t e r  o f  the anticodon o f  tRNA whose corresponding 

CH) codons cons i s t  o f  UApyrimidine, CApyrimidine, AApyri- 

midine, o r  GApyrimidine. A comnon fea ture  i s  t ha t  ade.- 

nosine i s  located i n  t he  middle of an anticodon ending 

i n  pyr imidine nucleoside. Recently. Goto ~t G. have 

d e f i n i t e l y  determined the  absolute conf igura t ion  regard- 

51 
"A 

ing  cyclopentene r i n g  and concomitant ly achieved the  t o t a l  

synthesis of the  n ~ c l e o s i d e ! ~  The synthet ic  sequence s t a r t s  w i t h  a whose a n m e r i c  conf igura t ion  has 

been r i go rous l y  es tab l ished as 8. Queosine was ohtai l led i n  10 steps. Concerning d e t a i l s  of t h i s  e le -  

gant work, r e f e r  t o  t he  o r i g i n a l  paper. 
79 

5-15 9-Deazaadenosine Lim a?d K le i n  who have already achieved the  synthesis o f  9-deazainosine 
80a 

i n  1980 succeeded i n  the  synthesis o f  9-deazaadenosine as shown i n  accom- 

panying Flow sheet?Ob This C-type analog shows,potent cy to tox i c  p roper t ies .  

H 
P ~ C ~ H S  
NCH2CN 

Tr Tr CN 

X 



\ 
9-Dwzaadenosine 

6 Azapurine Nucleosides 

6-1 2-Azaadenosine This analog has anticancer a c t i v i t y  and other i n te res t i ng  b io log i ca l  propert ies 

f o r  example, 2-azaadenosine i s  cy to tox i c  t o  human ep idemic  carcinoma c e l l s  i n  

cu l t u re  and shows consistent a c t i v i t y  against L-1210 leukemia i n  kh chronic 
N ~ N  N 

n I and single-dose schedules. This analog was i n i t i a l l y  prepared by Montgomery and 

Thomas i n  1969. log However, the repo r t  o f  Montgomety and Jeanette i n  "Nu- 

110 
c l e i c  Acid Chemistry" i s  the preoarat ion of choice. 

6-2 &Subst i tuted 2 - ~ z a i n o s i n e ~ ~  i t  i s  we l l  establ ished tha t  halogen atom on the imidazole may be 

i n e r t  toward nuc leoph i l i c  a t tack .  However. i n  cases where 

Y the imidazole r i n g  i s  fused w i t h  e lec t ron d e f i c i e n t  t r i a z i n e  

r i n g  t o  fonn imidazor4,5-dl-v-triazine system, halogen atom 

on the imidazole r i n g  moiety o f  the fused r i n g  system be- 

comes more suscept ib le t o  nuc leoph i l i c  displacement w i t h  a 

va r i e t y  o f  nucleophi les.  On the n ther  hand, 5-amino-1-(0-j- 

ribofuran0syl)imidazole-4-carboxamide(A1CA and 4-hydroxy-~7-p-~- r ibo furanosy l ) - im idazo[4 ,5-~ ] -~-  

t r iazine(2-azainosine) are in terconver t ib le ;  namely, hydrogenation i n  the presence of Raney Ni ( f o r  

t h i s  purpose, hydrogenation over Pd/C was of no use) can e f fec t  opening of the t r i a z i n e  r i n g  t o  g ive  

AICAR, whereas AlCAR can be r ing-closed t o  t r i a z i n e  system w i t h  HONO t o  afford 2-azainosine. 

Therefore, 2-azainosine can be viewed as "masked" A I C A R  whose halogen on the imidazole can be re-  
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placed with nucleophile. As shown in an accanpanying flow sheet, 2-azainosine is a key intermediate 

for the synthesis of 2-substituted imidazole ribosides (in addition to a potential antimetabolite 

of biolouical interest). 

6-3 8-~zaadenosine~' The title analog has attracted considerable attention as purine antagonists 

biological system, including virus and cancers. Since azapurines appear to 

\ function by incorporation as ribosyl derivatives, the synthesis. for biological 
'N 

d~ ' N/ testing, of the analog was undertaken. Synthetic sequence starts with the re- 

action of chloromercuri-derivative(7-amino-5-methylthio-v-triazolo~dlpyri- 

midine). Analogously, 8-azainosine was prepared by the same authodd. Davoll) 

in 1958. However, in elsewhere one wants to prepare these analogs, the 

directions written by Montgomery and Elliot in "Nucleic Acid Chemistry" are recomnended. 89 

8-Azainosine was found to be incorporated into RNA in place of guanosine. 90 

7. Deazaazapurine 

1-Deaza-8-azaadenosine (7-1-1, De Roos and Salemink, 1971)~', 1-deaza-8-azaguanosine(7-1-2, 

Cline, Panzica and Townsend, 1976)'~, 6-substituted 3-deaza-8-azapurine ribosides(7-2-1, May and 

Townsend, 1976)'~, 3-deaza-8-azaguanosine(7-2-2, Meyer eta, 1980):~ 7-deaza-8-azaadenosinef7-3-1, 



Mont(iomery, Clayton, and Fi tagibbon,  1964; Kren i tsky  etc, 1 9 6 7 ) ~ ~ ' ~ ~  allopurinol-1-ribofuranoside 

(7-3-2, Kren i tsky  et a l ,  19671g3 and formycin(7-4-1. 9-deara-8-azaadenosine) f a l l  i n t o  t h i s  category. 

NH2 . :. 

R R 
7-2-1 

R 
7-2-2 

R 
7-3-1 

R 
7-1-1 7-1-2 

CI 0 NH2 

H a TMS TMS 
7-3-2 

R 
7-4-1 

R 

7-3-2 ~llopurinol-1-ribofuranosideg3 I n  1964, Montgomery &a. i n i t i a l l y  prepared 1-(8-i)-ribo- 

furanosyl-4-aminopyrazolo[3,4-dlpvrimidine.92 The procedure was s l i g h t l y  improved by Krenisky 

e t  -- 
NH% NHBz 

N ' 
R R 

TAR 

A8 OAc 
R = P - D - R ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

7-4-1 Formycin Th is  a n t i b i o t i c  was discovered by Hor i  eta, i n  1964 from c u l t u r e  b ro th  o f  

Norcardia i n t e r f ~ t m a . ~ ~  The s t r uc tu re  was e luc ida ted  by X-ray analysisg5 and by o ther  instrumental  

analysis.96 Chemical synthesis has been achieved i n  a number o f  l a b o r a t ~ r i e s . ~ ~ ' ~ ~ ~ ~ ~ ~ ~ ~ ~  This an- 

t i b i o t i c  i s  one of C-nucleoside having po ten t  ant i tumor a c t i v i t v  and t he re fo re  the  phys ica l  and 

chemical p roper t ies  have been ex tens ive ly  examined t o  ga in  some informat ion nn t h e  r e l a t i o n s h i p  

between s t r uc tu re  and f unc t i on .  For examole, ~ e m l  ickalO1 examined t h e  conformat ional  s p e c i f i c i t y  o f  

adenosine deaminase bv use of 5 ' 8 - cyc l o fo tmyc in  and Lewis and Townsend s tud ied  on me thy l a t i on  o f  

formycin t o  determine the  tautomeric d i s t r i b u t i o n . l o 2  I n  add i t i on  t o  the above deazaaza-analogs, nu- 

c leosides whose r i n g s  n i t r ogen  atom i s  loca ted  a t  one of the r i n g  junc tu re  are known. For  instance,  

we have a few analo s o f  t h i s  type:103'104'105 Y 
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These analogs showed no s ign i f i can t  an t i bac te r i a l ,  a n t i v i r a l ,  ant i fungal  o r  cy to tox i c  e f f ec t s .  
105 

These compounds are a l so  i n a c t i v e  against  leukemia L1210and Eh r l i ch  asc i tes  carcinoma i n  mice. 

8. Micellaneous Nucleosides Closely Related t o  Above-mentioned Nucleosides For example, fo l low- 

i n g  some inosine, u r i d i ne  o r  2 ' -deoxyur id ine analogs were prepared from appropr iate bases and TAR 

by VorbrDggen procedure. 106,107,108 

0 &> N 0 1') N 

R R 

R-6-g-ribofuranosyl 

1 .2-Di hydro- 1-(0-0-ribofuran0syl)-2-oxopyrazine 4-oxide has showed moderate i n h i b i t o r y  a c t i v i t y  

against  Stqeptococus faecium and Escherichia c o l i  0 ,  whereas 2'-deoxy-0-k-ribofsranoside counter- 

p a r t  exh ib i ted  aoproximately l o 6  times more ef fec t ive  against  the same microb ia l  s ~ s t e m ( E D ~ ~  5 x 

and 4 r 10-11~,  respect ive ly ) .  
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