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NUCLEOSIDES & NUCLEOTIDES, 5 ( 2 ) ,  135-151 (1986) 

FORMYCIN ANALOGS 11. ANTIVIRAL AND CYTOTOXIC s-TRIAZOLO [4,3-a] - AND - 
[ 1,5-<] P Y R I D I N E  DERIVATIVES 

J .  Kobe*, B. Brdar , J.  Sor iE  

"Bor i s  K i d r i t "  I n s t i t u t e  o f  Chemistry, Krka Pharmaceutical and Che- 

mica l  Works, Ha jdr ihova 19, L j u b l j a n a ,  Yugoslavia* 

Cent ra l  I n s t i t u t e  f o r  Tumors and A l l i e d  Diseases, I l i c a  197, Zagreb, 

Yugoslavia 

Abs t rac t :  The novel  N-bridgehead fo rmyc in  analog 3- f i  -D - r i bo fu ranosy l -  
-8-ami no-s - tri azo l  o [4,3-,a3 p y r  i d i ne (8a-aza -4,6-di deaza f ormyc i n  ) has 
been prepared f rom 5 -  [2,3,5-tr i-O-benzoyl- fl -D- r ibo furanosy l  J - (?H) - te -  
t r a z o l e  and 2-chloro-3-nitropyridine. The s y n t h e t i c  r o u t e  used an i n i t i a l  
condensat ion f o l l o w e d  by d e p r o t e c t i o n  and subsequent hydrogenat ion  t o  
a f f o r d  za. 2-Hydroxyethoxymethyl group, an a c y c l i c  group, t h a t  mimics 
the  r i bo fu ranose  u n i t  was a l s o  in t roduced.  These compounds were t e s t e d  
a g a i n s t  type  1 herpes and p o l i o v i r u s  i n  t i s s u e  c u l t u r e  and t h e i r  e f f e c t  
on c e l l u l a r  RNA and DNA syn thes i s  was determined. A l l  d e r i v a t i v e s  possess 
cons iderab le  c y t o t o x i c  e f f e c t  which i s  expressed more w i t h  r i b o f u r a n o s y l  
d e r i  va t i  ves . 

The d i ve rse  b i o l o g i c a l  a c t i v i t y  t h a t  has been repo r ted2  f o r  t h e  
C-nucleoside adenosine analog fo rmyc in  and c e r t a i n  analogs o f  1 
has produced a c o n t i n u i n g  i n t e r e s t  i n  C-nucleosides . We have been 

invo lved  w i t h  t h e  syn thes i s  o f  n a t u r a l l y  o c c u r r i n g  p u r i n e  analogs 

possessing a br idgehead n i t r o g e n ' .  Our nove l  approach l e a d i n g  t o  a 
s t e reose l  ec t i ve syn thes i  s o f  va r ious  fused  f i-F-r i  b o f  u ranosy l  - s - t r i  - 
azolo[4,3-a] py r im id ines  m a i n t a i n i n g  t h e  be ta  c o n f i g u r a t i o n  o f  t h e  

s t a r t i n g  synthon ,5 th roughout  t h e  r e a c t i o n  scheme, prompted t h e  
synthes i s o f  3-O-D-ri b o f  uranosyl -8-ami no-s- tri azo l  o [4,3-a_] p y r i  d i n e  

2a, i n  o rde r  t o  mimic the  fo rmyc in  s t r u c t u r e .  I t s  isomer ga has 
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136 K O B E ,  BRDAR, AND SORIC 
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3a - 

al ready  been reported4, and i t s  p recu rso r  ,3a /CT 5394 i n  r e f .  3b/ 
has shown remarkable c y t o t o x i c  and a n t i v i r a l  p r o p e r t i e s  . 
We would now l i k e  t o  r e p o r t  t h e  d e t a i l e d  syn thes i s  o f  7a and 3a and 

t o  e s t a b l i s h  some s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p  rega rd ing  bo th  

h e t e r o c y c l i c  systems. A d d i t i o n a l l y ,  t h e  d i s c l o s u r e  o f  t h e  non- tox i c  
a n t i v i r a l  p r o p e r t i e s  o f  9-( 2-hydroxyethoxymethyl ) guanine5 and /S/-9- 
(2,3-hydroxypropyl)adenine6 a l l o w  us t o  ex tend t h e  idea o f  p a r t i a l  
r i bo fu ranose  u n i t s  (acyc lo  s u b s t i t u e n t s )  t o  our  s tud ies .  The syn thes i s  
o f  E-&D-r ibofuranosyl-8-ni  t r o - s - t r i a z o l o  [I ,5-a] p y r i d i n e  :a was f i r s t  

descr ibed by Tam Huynh-Dinh e t  a1,4. However, t h i s  method u t i l i z i n g  
5-O-benzoyl -!-ribofuranosyl t h io fo rm im ida te  p rov ided  an anomeric m ix tu -  
r e  o f  2 and t h e  r i n g  c l o s u r e  w i th  3-nitro-2-pyridylhydrazine l e d  
e x c l u s i v e l y  t o  the  s - t r i a z o l o  [I ,5-t1]system. There fore ,  an a1 t e r n a t i -  
ve r o u t e  o f  syn thes is  was suggested. 
Apparent ly,  t he  condensat ion o f  5-[2 ,3,5-tr i  -0-benzoyl -n-o-ri bofu- 

r a n o s y l l - ( 2 H ) - t e t r a z o l e  :a, (R,=benzoyl) w i t h  2 -ch lo ro -3 -n i t ro -  
p y r i d i n e  2 i n  r e f l u x i n g  xylene, a l t e r e d  t h e  r e a c t i o n  t o  y i e l d  i a  i n  
a f a i r  y i e l d .  S t r u c t u r e  2c was asc r ibed  t o  a minor  p roduc t ,  which has 
been i d e n t i f i e d  by TLC and H-nmr. That no anomer iza t ion  occur red  was 
proved by  t h e  syn thes is  o f  ?a, (R,=H) which was ob ta ined  by depro- 

t e c t i o n  w i t h  methanol ic amnonia o r  sodium methoxide method o f  z a ,  

(R=benzoyl) o r  by rearrangement of ,7a o c c u r r i n g  d u r i n g  d e p r o t e c t i o n  
i n  methanol ic amnonia. Th is  p roduc t  was i d e n t i c a l  i n  a l l  respec ts  

t o  t h e  compound descr ibed by Tam Huynh-Dinh e t  a1 . 
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TRIAZOLOPYRIDINE NUCLEOSIDES 137 

N-NH I + R C N  - It 
4 - 

R,O OR, 

b, A = R,OCH2CH,OCH2 

c ,  = RW-() 

R,  = CGHSC0,H 

Care fu l  dep ro tec t i on  of l a ,  (R=benzoyl) i n  sodium methoxide so lu -  
t i o n  a t  room temperature a f f o r d e d  t h e  d e s i r e d  3 4 - D - r i b o f u r a n o s y l - 8 -  
n i t r o - s - t r i a z o l o  [ 4,3-?]pyridine l a ,  (R=H). The s t r u c t u r e  ass igned 
t o  nuc leos ide  ,7a was conf i rmed by comparing t h e  UV spec t ra  w i th  t h e  

UV spec t ra l  data reported4; by H-nmr spec t ra  (Tab le  2) and by mass 

s p e c t r a l  ana lys i s .  
The s t r u c t u r e  assignment was made once again a f t e r  r e d u c t i o n  o f  

t he  n i t r o  he te rocyc les  over pa l l ad ium on charcoa l .  l a  and :a were 
hydrogenated i n t o  ,2a and !a, t h e  isomer ic  s t r u c t u r e s  e s t a b l i s h e d  by 
the  H-nmr methods and conf i rmed by UV da ta  . 

red  by t h e  same procedure. 5- 2-benzoyloxyethoxymethyl - (2H) - te t razo le  

(!jb)was syn thes ized f rom benzoyloxyethoxymethyl n i t r i l e  #u 4b. f?b has 
been prepared f rom ch lo romethy leneg lyco l  monobenzoate f o l l o w i n g  t h e  

procedure descr ibed by L ingo e t  a1 

1 

13C-nmr spec t ra  suppor t  these conc lus ions  (Tab le  1 ) .  

1 14 

The acyc lo  d e r i v a t i v e s  7b and i b ,  as w e l l  as i b  and gb were prepa- 
c. 

13 . 
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138 KOBE,  BRDAR, AND SORIC 

TABLE 1. Carbon - 13 Chrnical Shifts of - s - t r i a r o l o  14.3-al and /1.5-a/ -wrldlne 

H 4 '  
4.04 

3.93 

3.86 

4.09 

8 - 
135.0 
135.4 
135.8 
135.9 

HSt5"  

3.5 3 .7 

3 . 5  3.7 

3.5 3.7 

3 . 5  3.7 

1 

135.6 

135.7 
134.5 - 

Br 

145.9 
142.9 
144.9 
144.8 

- 

144.7 

146.3 - 

TABLE 2. P r o t o n  - Chemkal S h i f t s  o f  -s-triatolo /4.3-a/ and /!,S-a/-pyridjne 
( p p  from Me4Si )  i n  OMSO-d6(a) and 020(b) 

9.39 

9.31 
8.07 
8.09 

?.87 

7.72 "b 

H6 
7.22 
7.35 
7 -40 

7.40 

6.88 
7 .01  

6.77 

6.81 

- H7 - 
8.51 
8.60 
8.71 

8.64 
6.59 
6.91 

6.55 
6 . 5 4  

- 
H l 6  - 

5.35 

4.95 

4.81 

5.28 

- 

- 
H 2 1  - 

4.64 

4.35 

4.31 

- 

- 
"3l - 

9.19 

4.10 

4.04 

4.26 

- 

from Ref. 4 

A s i m i l a r  r e a c t i o n  scheme was o u t l i n e d  i n  order  t o  prov ide 4 po- 
s s i b l e  de r i va t i ves  e.g. 3-[2-hydroxyethoxymethyl] -8-ni t r o - s - t r i a z o l  o 14, 
3-a] p y r i  d i ne , i b  , 2 - [2- hydroxye thoyme thy  l] -8-ami no-s- t r i a zol  o 11 , 
5-a] - p y r i d i n e  gb, 2-[2-Hydroxyethoxymethyl] -8-ni t ro-s- t r iazolo[ l ,5-a3 
p y r i d i  ne, - 3b, and 3-[2-hydroxyethoxymethyl]-8-amino-s-triazol o [4,3-a] 
py r id ine  2b. 
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TRIAZOLOPYRIDINE NUCLEOSIDES 139 

B i o l o a i c a l  Eva lua t i on  and Resu l t s  

I n  v i t r o  a n t i v i r a l  de te rm ina t ion  

were main ta ined i n  Minimum Essen t ia l  Medium (MEM) supplemented w i t h  
5 % /v /v /  f o e t a l  bov ine  serum a t  37OC i n  5 % C02. I n h i b i t i o n  o f  t h e  

v i r u s  induced c y t o p a t h i c  e f f e c t  (CPE) was used as t h e  i n i t i a l  i n d i c a -  
t o r  o f  a n t i v i r a l  a c t i v i t y .  CPE was observed a f t e r  i n f e c t i o n  w i t h  
herpes simplex v i r u s  and p o l i o v i r u s  f o l l o w i n g  t h e  procedure u t i l i z e d  
i n  ref .1.  The degree of CPE i n h i b i t i o n  and compound c y t o t o x i c i t y  
were observed a f t e r  36-48 h o f  i ncuba t ion  a t  37OC, and t h e  e f f e c t  
expressed as a v i r u s  r a t i n g  /VR/ as p r e v i o u s l y  descr ibed 

The exper iments were performed wi th monolayers o f  HeLa c e l l s .  C e l l s  

1 , I 0  . 
HeLa c e l l  s u r v i v a l  de te rm ina t ion  

C e l l  c u l t u r e s  ( P e t r i  d ish,  60 0)were p r e t r e a t e d  w i t h  samples o f  

d i f f e r e n t  concen t ra t i ons  and incubated  f o r  14 days. The c o l o n i e s  

were scored numer i ca l l y  a f t e r  be ing  c o l o r e d  by a 10 % Giemse s o l u t i o n .  
The s u r v i v a l  was determined toward t h e  c a p a b i l i t y  o f  t h e  t r e a t e d  

c e l l s  t o  form co lon ies ,  which possess 50 o r  more s i n g l e  c e l l s ,  and 

was expressed as a percentage o f  t h e  c o n t r o l .  

The e f f e c t  on Vero c e l l s  p r o l i f e r a t i o n  was determined as r e p o r t e d  
prev ious ly12.  The t e s t  compound was added t o  a c t i v e l y  growing c e l l s  
and incubated  f o r  48 h and t h e  c e l l  number and volume were measured 
by t h e  use o f  an e l e c t r o n i c  c e l l  counter  (Ana lys ins t rument  A . B . ,  

Stockholm). 

Macromolecule syn thes i s  de terminat ions  

The syn thes is  o f  c e l l u l a r  macromolecules was measured i n  t h e  c e l l  
c u l t u r e s  p r e t r e a t e d  w i t h  samples s t u d i e d  f o r  24 h by l a b e l l i n g  w i t h  

3 3 pu lses  of H thymid ine  (Ci /ml/0.5 g; spec. ac t .  2Ci/mmol) o r  H 
u r i d i n e  ( C i / m l / l  g; spec. ac t .  SCi/mrnol) and t h e  i ncuba t ion  c o n t i -  
nued f o r  9 h. 

Resu l ts  

The a n t i v i r a l  e f f e c t  a g a i n s t  herpes simplex and p o l i o v i r u s  i s  

shown i n  Table 3. None o f  t h e  compounds e x h i b i t  any e f f e c t  a g a i n s t  
herpes v i r u s  i n  comparison t o  R i b a v i r i n .  D e r i v a t i v e s  _7a,3j and ,3b 
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140 KOBE, BRDAR, AND SORIC 

s l i g h t l y  d imin ish the a n t i v i r a l  CPE of t he  p o l i o v i r u s .  ,3a d e f i n i t i v e l y  

possesses a n t i v i r a l  a c t i v i t y  w i t h  a VR-0.7 i n  3-100 pg/ml concentra- 
t i o n  l i m i t s .  No t o x i c  e f f e c t  has been no t i ced  up t o  these concentra- 
t i o n s  on uninfected c e l l s  bu t  a t  100 yg/ml morphological a l t e r a t i o n s  

o f  c e l l s  were determined together w i t h  the appearance o f  n e c r o t i c  
c e l l s .  These f i nd ings  prompted the i n v e s t i g a t i o n  o f  the i n f l uence  o f  
samples ,7a and _7b, ,3a and i b  on t h e  su rv i va l  and synthesis o f  c e l l u -  
l a r  macromolecules i n  HeLa c e l l s  i n  the  cu l tu re .  I n  F igure 1 

shown the r e s u l t s  o f  t he  experiment, where the  c e l l s  were incubated 
w i t h  compound l a  and l b ,  and ;a and i b  i n  a conc. o f  133,ug/ml:l) f o r  

3 days and 2 )  2 o r  6 h. They were washed af terwards and incubated i n  
a f resh medium f o r  an add i t i ona l  3 days. It can be n o t i c e d  t h a t  the 

compounds func t i on  c y t o t o x i c a l l y .  This e f f e c t  i s  completely r e v e r s i -  

b l e  i n  a 24 h per iod and a f t e r  t h i s  time, t h e  c e l l s  began t o  grow as 
i n  the untreated con t ro l .  It must be emphasized t h a t  za i s  l e s s  

ef fect ive i n  comparison t o  l a ,  though i t  e x h i b i t s  b e t t e r  r e v e r s i b i l i t y .  
Compounds ,7b and #" 3b possessing an a c y c l i c  subs t i t uen t  show a compara- 

b l e  ef fect  on the c e l l  growth. Table 4 presents the  s u r v i v a l  o f  HeLa 
andlor Vero c e l l s  t rea ted  w i t h  appropr ia te drugs i n  an exponent ia l  

growth. The su rv i va l  dec l ines w i t h  a h igher  concentrat ion o f  drugs. 
These data suggest a s l i g h t l y  s t ronger  e f f e c t  o f  ,7a and 2a d e r i v a t i v e s  
as compared t o  I 7b and zb. The same order  was establ ished w i t h  the  

ef fect  on DNA and RNA synthesis (F igure 2) .  I t  i s  impor tant  t o  empha- 
s ize t h a t  I 7a i s  a more potent  i n h i b i t o r  o f  t he  growth o f  DNA than ?a. 

a re  

Conclusion 

On the basis o f  these r e s u l t s ,  i t  may be concluded t h a t  3- and/or 
2-fl-0-ribofuranosyl d e r i v a t i v e s  za and ?a possess a more potent  
a n t i v i r a l  and c y t o t o x i c  e f f e c t  than t h e i r  acyc lo analogs 7b and 3b. - " 

EXPERIMENTAL SECTION 

(A) Chemistry 

Me l t i ng  po in ts  were determined on a K o f l e r  microscope and are 
uncorrected. 'H-nmr spectra were obtained a t  200 MHz w i t h  a JEOL 
FX 200 spectrometer. '3C-nmr spectra were determined w i t h  JEOL FX 90 
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10 

11 

10' 

10' \OC I 
24 &I 11 Z L  b e  7 2  

TIME ( h o u r s )  

FIGURE 1. E f f e c t  o f  s - T r i a z o l o  [4,3-aj 
and [1,5-a] p y r i d i n e  d e r i v a t i v e s  on 

Hela c e l l  growth 

Q and FX 200 i ns t ruments  and t h e  assignments made u s i n g  t h e  o f f  r e -  
sonance technique. U l t r a v i o l e t  spec t ra  were recorded w i th  a Beckman 
Mo25 spectrophotometer. 

O p t i c a l  r o t a t i o n s  were ob ta ined  on a P o l a t r o n i c  I ,  Schmidt/Haensch 
po la r ime te r .  Mass spec t ra  were run i n  a CEC 21-1106 mass spectrometer.  

Elemental analyses were performed by Dr.Tasovac a t  t h e  I n s t i t u t e  

of Chemistry o f  t h e  F a c u l t y  o f  Na tu ra l  and Mathematical Sciences, 

Be1 grade, Yugoslavia . 
Th in  l a y e r  chromatography (TLC) was performed w i t h  Merck s i l i c a  

ge l  60 F254 p l a t e s ;  t h e  spots  were de tec ted  by i r r a d i a t i o n  w i t h  a 
M i n e r a l i g h t  and by c h a r r i n g  a f t e r  sp ray ing  w i t h  5 % H2S04 i n  MeOH. 
P repara t i ve  chromatography was c a r r i e d  o u t  w i t h  20x20 p l a t e s  covered 
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142 KOBE,  BRDAR, AND S O R I C  

B 3 C  0 3  I 
TIME I hours 1 

FIGURE 2. E f f e c t  o f  s - T r i a z o l o  

[4,3-a] and [1,5-a] p y r i d i n e  

D e r i v a t i v e s  on DNA(a) and RNA(b) 
syn thes i s  

w i t h  a 2 mm l a y e r  o f  Merck s i l i c a  ge l  PF254. Merck s i l i c a  ge l  (0.05- 

0.2 mn) was used f o r  chromatographic separa t ions .  P u r i t y  o f  t h e  

products was determined by t h i n  l a y e r  chromatography on s i l i c a  ge l .  
Where analyses a re  i n d i c a t e d  o n l y  by symbols o f  t h e  elements, 

a n a l y t i c a l  r e s u l t s  ob ta ined  f o r  those elements were w i t h i n  0.4 % o f  
t h e  t h e o r e t i c a l  values. 

3-( 2,3,5-Tri -0-benzoyl-0-D-ri  -- bofuranosy l  ) -8 -n i  t r o - s - t r i a z o l  o 

[4,3-a]pyridine - (Za, R!=Benzoyl). 

A m ix tu re  o f  2 . 5  g (4.86 m o l e s )  of 2 ,3 ,5 - t r i -O-benzoy l~ -D- r i bo -  
furanosyl-(2H)-tetrazole (5a, - R,=Benzoyl) and 4.5 g (30 moles) o f  
2-chloro-3-nitropyridine ( f i )  i n  40  m l  o f  d ry  xy lene was r e f l u x e d  f o r  
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* 
0 n 
9 

( x 10-5M) 
Comp. 

( x 10-5M) 

76 (R1 = H) 11.2 2.60 1.35 
7b (R1 = H )  11.45 3.40 1.50 
- - 
31 ( R 1  = H) 9.8 3.85 1.90 
3b (R1 = H )  11.9 5.10 2.00 
- 
c 

KOBE,  BRDAR,  AND S O R I C  

20 
20 
50 
50 

100 
100 
100 

TABLE 4 .  a )  The E f f e c t  o f  C e r t a i n  s- t r iazolo[4 ,3-a]  and [1.5-a]- - 
pyr id ines on t h e  Surv iva l  o f  HeLa C e l l s  

45  
6 0  
45 
45 
65 
60 
80 

TABLE 4 .  b )  The E f f e c t  o f  C e r t a i n  s- t r iazolo[4 .3-a]  and [1.5-a]- - 
p y r i d i n e s  on t h e  S u r v i v a l  of Vero C e l l s  

Comp. 

7a ( R  = H )  

- 3a ( R  = H )  - 7b ( R  = H )  - 3b (R = H )  

2b ( R  = H )  
I 8b ( R  = H )  

- 

- 
- 2a (R = H )  

c e l l  tox (0-48h) 
% of c o n t r o l  growth 

/UM 
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18 h. React ion was fo l l owed  by TLC and was te rm ina ted  a f t e r  t h i s  

t ime, i n  s p i t e  o f  2 n o t  be ing  comple te ly  consumed. The s o l v e n t  was 
removed and t h e  res idue  d i sso l ved  i n  CHC13, washed w i t h  sodium hydro- 

gen carbonate s o l u t i o n ,  t h e  organ ic  l a y e r  d r i e d  over  anhydrous Na2S04 
and t h e  conc. s o l u t i o n  a p p l i e d  on a s i l i c a  ge l  column (120 g/prepacked 
i n  CHC13/MeOH, 9.9:O.l) gave 1.20 g o f  _7a, which a f t e r  c r y s t a l l i z a t i o n  
f rom EtOAc-MeOH y i e l d e d  0.9 g (42 %, c a l c u l a t e d  on 5 consumed i n  t h e  
r e a c t i o n ) .  Unreacted 2-chloro-3-nitropyridine (3.9 g )  was recovered 

fro:n t h e  column as a f i r s t  f r a c t i o n ,  and 150 mg o f  t h e  3-(5-benzoyl-  

oxymethylfuran)-8-nitro-s-triazolo[l,5-~]pyridine ($1, i s o l a t e d  as 
a foam, which f o l l o w e d  the  des i red  l a .  F i n a l  f r a c t i o n s  c o n s i s t e d  o f  
a m ix tu re  (800 mg) o f  u n i d e n t i f i e d  decomposi t ion produc ts  o f  t h e  

s t a r t i n g  nuc leos ide  and 0.7 g o f  recovered 5. 

(d , l  ,H5,J56=7H2);5.96 (d , l  ,H1 ,J1 I ,21=3.5 H2); Anal f o r  (C32H24N409) 
Calc. :  C ,  63.16; H,3.98; N, 9.21, Found: C, 62.79; H, 4.34; 8.85 

I 3~ H NMR (DMSOd6) JDSS:9.23 (d,l,H 5 ,J 56 =7HZ): 8,57 (d,l,H7,J67= 
8Hz); 7.0 (d, l ,H3-furan r i n g ,  J34=3.6Hz), 8.74 (d, l  ,H4-furan r i n g ) ;  

5.5 (s,2,CH20Bz); 7.38 (dd , l  ,H6);m.p 2CI7-21OoC Anal f o r  (Cl8HI2N4O5); 
Calc: C,59.34; H,3.32; N,15.38 Found. 59.12;H,3.51;N,15.30. M abs.mass 

364.081; Calc.364.080. 

m.p 198-199'C ( f r o m  EtOAc-n-hexane), L a  1 H NMR (CDC13) J T M S : 8 . 7 0  

1 

3- ~-D-Ribofuranosyl-8-nitro-s-triazolo [ 4,3-a] p y r i d i n e  (La,R1=H). -- 
A mix tu re  of 500 mg (0.82 m o l e s )  o f  ." 7a (R1=benzoyl) ,  30 m l  o f  

MeOH and 2 m l  o f  2N methanol ic sodium methoxide s o l u t i o n  was kep t  a t  
3OoC f o r  2 h. The 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 5ClWI(H+) r e s i n .  

The r e s i n  was removed by f i l t r a t i o n  and tho roug ly  washed w i th  MeOH. 
The f i l t r a t e  was concent ra ted  and t h e  res idue  adsorbed on 0.5 g of 

s i l i c a  ge l .  T h i s  m a t e r i a l  was a p p l i e d  t o  a s i l i c a  ge l  column ( 8  g )  

prepacked i n  CHC13. E l u t i o n  w i t h  CHC13, f o l l o w e d  by CHC13/MeOH 9.5: 
0.5; 9 : l ;  8:2; and f i n a l l y  w i t h  a m i x t u r e  o f  CHC13/MeOH 7:3 y i e l d e d  
170 mg (48 %),  m.p. 189-191OC (EtOH). 'H NMR (DMSOd6) JTMS: 

(H 5 ,J 56 =7Hz); ( H  7 ,J 67 =7.5Hz); ( H 6 ) ; ( J , 1 2 1 = 6 H ~ ) ;  ( H 2 I ) ;  ( H 3 ' ) ;  (H41); 

(H51511) UV max (EtOH: A. max=229 nm & =16005; h max=357 nm & =4374. 
Anal f o r  (Cl1Hl2N4O6! Calc: C,44.59, H,4.08; N, 18.91; Found: C,44.37; 

H, 4.54; N, 18.52. M : abs.mass 296.076; Calc. 296.076. 
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146 KOBE, BRDAR, AND S O R I C  

2 -  

A s o l u t i o n  o f  methanol ic ammonia and L a  (Rl=H) 80 mg (0.27 mmoles) 
gave a f t e r  24 h 75 mg (94 %) o f  ?a. M.p 195-197'C (EtOH). A l l  ana ly -  

t i c a l  and spec t roscop ic  data a r e  i d e n t i c a l  i n  a l l  r espec ts  t o  t h e  
sample i s o l a t e d  by Tam Hynh-Dinh e t  a l .  ( 3 ) .  
(H5,JS6=7.5Hz); (H7,J67=8.5 Hz); (H6); (H,',J1 t 2 1 = 5 . 5 H ~ ) ;  (H2 ' ) ;  

( H 3 ' ) ;  ( H 4 ' ) ;  ( H 5 , 5 , 1 ) .  UV M X  (EtOH): h max=230 A =12620. h max=323 
& =4459. Anal f o r  (CIIHl2H4O6) Calc.  C,44.59; H,4.08;N, 18.91; 
Found C, 44.12; 4.38; N.18.62. M+:abs.mass 296.075, Calc.  296. 

076. 

-D-Ribofuranosyl-8-nitro-s-triazolo [I ,5-a 3 p y r i d i n e  ( i a ,  R1=H). 

1 H NMR (DMSO-d6) 6 TMS: 

3-(2-Benzoyloxyethoxy)methyl-8-ni -I___ t r o - s - t r i a z o l o  C4,3-a] p y r i d i n e  

(7b,R =benzoyl ) and 2-(2-bentoyloxyethoxy methyl-8-nitro-s-triazolo 
N- 1-- 

1,5-a] p y r i d i n e  ($b,R,=benzoyl). - 
To a s o l u t i o n  o f  5-benzoyloxyethoxy/methyl-2(H)-tetrazole (zb ,  

2.48 g, 10 mmoles) and 5.5 g (35  mmoles) o f  2-chloro-3-nitro-pyridine 
om 50 m l  o f  d r y  xylene, 2 m l  o f  d r y  xylene, sa tu ra ted  w i th  d r y  HC1 was 

added. The m ix tu re  was r e f l u x e d  f o r  12 h. So lvent  was removed, t h e  

res idue was d i sso l ved  i n  CHC13 and the  s o l u t i o n  washed w i t h  sa tu ra ted  
aqueous NaHC03 s o l u t i o n  and d r i e d  over Na2S04. 

The excess s o l v e n t  was removed and the  res idue  was chromatographed 
on a s i l i c a  gel  column ( 6 0  g)  prepacked i n  CHC13. E l u t i o n  w i t h  CHC13, 

fo l l owed  by CHC13/MeOH (9.8:O.Z) and f i n a l l y  w i t h  CHC13/MeOH (9.6:0.4) 
gave 4.9 g o f  s t a r t i n g  2-chloro-3-nitro-pyridine and 400 mg (31  %) o f  

3b; m.p. 124.126°C (EtOAc: n-hexane), and 480 mg (37 %) o f  Jb; m.p 
172-173OC (EtOAc: n-hexane:MeOH (pe rcen t ) :  L b  H NMR (CDC13) JTMS: 

8.58 (d, l ,H5,J56=6H~); 8.20 (d,l,H7,J67; 6.84 (dd,l,H6); 5.20 ( ~ , 2 ,  

OCH2-Het); 4.46 (m2-CH20R); 3.93 (m,2,-CH2CH2). Anal f o r  (CI6Hl4N4O5) 

Calc. C. 56.14; H, 4.12; N.16.37, Found: C.56.41; H. 390; N. 16.73. 

6.84 (dd, 1 ,H6 ) ;5,1 ( s ,2 ,0CH2-Het) ; 4.55 (m,2 ,CH20R) ; 4.08 (m,2-CH2CH2). 

Anal. f o r  (CI6Hl4N40,-) Calc. C, 56.14; H, 4.12; N. 16.37; Found C. 55.92; 

H. 3.85; N. 15.94. M : abs. mass 342.097; Calc.  342.096. 

( i b ,  R!=H) 

1 
rr 

3b I H NMR (CDC13 dTMS: 8.94 (d, l ,H5,J56=6H~);  8.20 (d, l ,H7,J67); - 

3-(2-Hydroxyethoxy)methyl-8-ni t r o - s - t r i a z o l o  [4,3] p y r i d i n e  

The depro tec t i on  o f  200 mg (0.58 mmoles) o f  Jb (R1=benzoyl) was pe r -  
formed w i t h  a m l  o f  2N sodium methoxide s o l u t i o n  i n  40 m l  MeOH a t  
room temperature. The r e a c t i o n  was d i scon t inued  when t h e  rear ranged 

produc t  3b began t o  fo rm ( r e a c t i o n  was f o l l o w e d  by TLC i n  CHC13/MeOH 
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9 : l  m ix tu re ) .  The usual  work up procedure, n e u t r a l i z a t i o n  w i th  Dowex 

and f i l t r a t i o n  column chromatography gave 120 mg (87 %) o f  L b  m.p 168- 
17OoC (EtOAc-MeOH). 'H NMR (DMSO-d6) dTMs (H5,JS6=6Hz); 

(H7,J67=7HZ); (H6); 5.20 (~,2,0CH,-Het); 3.60 (s,4,CH2); 
UV max (EtOH); hmax=227 nm &=13600, hmax=353 nm &=  5236. Anal f o r  

(C9HloN404) Calc. C. 45.38; H. 4.23; N. 23.52; Found. C. 45.28; 
N, 23.16. M+: Abs. mass 238.070. Calc. 238.070. ~ ,4 .61 ,  

R1 = H I .  

Method A:  

A s o l u t i o n  o f  l b ,  (R1=benzoyl) 300 mg (0.88 mmoles) i n  methanol ic 
a m n i a  (40 m l )  y i e l d e d  a f t e r  40 h, 170 mg (81  %) o f  i b  (R1=H); m.p. 

(H 7 , J  67 =8Hz); (H6); 4,.80 (s,2,0CH2-Het); 3.60 (s,4,CH2); 

(C9HloN404), Calc. C. 45.38; H. 4.23; N. 23.52; Found. C. 44.98; 

H. 4.76; N. 23.68. M': abs.mass 238.071, Calc. 238.070. 

2-( -Hydroxyethoxy)methy1-8-nitro-s-triazolo[1 - ,s-a]pyr id ine ( i b ,  

131-133OC ( f r o m  MeOH). zb 1 H NMR (DMSO-d6) dTMS:(H5,J56=7Hz); 

UV M X  (EtOH), hmax=228 & =1437, hmax=325 &=4900. Anal f o r  

Method B:  
300 mg (0.88 mmoles) - 3b (R1=benzoyl) i n  30 m l  o f  MeOH and 2 m l  o f  

2N sodium methoxide s o l u t i o n  was s t i r r e d  f o r  2h. The usual  work up 

procedure y i e l d e d  140 mg (67 % )  o f  t h e  produc t  i b  (R1=H), i d e n t i c a l  

i n  a l l  respec ts  t o  the  produc t  ob ta ined  by method A. 
13 2-Benzoyloxyethoxymethylcarbo-ni t r i l e  ( i b ,  R_,=benzoyl) . 

Dry Cu/ I /  cyan ide  (FLUKA) (17.5 g )  i n  a 150 m l  f l a s k  equipped w i t h  

a 100 m l  dropping funne l  was heated t o  8OoC and 39 g o f  ch lo romethy l -  

ethylene-glycol-monobenzoate i n  40 m l  o f  d r y  benzene was added 
dropwise d u r i n g  a 1 h per iod .  The m i x t u r e  was then s t i r r e d  and r e f l u x e d  

f o r  4 h, coo led  t o  room temperature and t h e  s o l i d  removed by f i l t r a t i -  

on. Benzene was evaporated t o  y i e l d  21 g (54 %) o f  4b a f t e r  d i s t i l l a -  

t i o n  (1.2 t o r r  b.p. 148OC). 
Anal f o r  (C,l H11ti103): C,H,N. Calc. C,64.36;H,5.40;N,6.82; Found:C,61.84, 

H,5.62;N,6.88. M : abs. mass 205.074, Calc. 205.074. 

.. 

5-( Benzoyl oxyethoxy )methyl  - (  2H) - t e t r a z o l  e (5b. R1 =benzovl ) 
To a s o l u t i o n  o f  20.5 g (100 mmoles) o f  4b (R,=benzoyl) and 5.8 g 

198 mmoles o f  thorouah ly  d r i e d  NH4C1 i n  f r e s h l y  d i s t i l l e d  DMF, (20  
ml) 6.8 g (105 mmoles) o f  sodium az ide  was added. The suspension was 
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148 KOBE, BRDAR, AND S O R I C  

v i g o r o u s l y  s t i r r e d  f o r  3 h, under r e f l u x .  DMF was evaporated i n  vacuo 
a t  7OoC. The dark o i l y  res idue was chromatographed on a column ( w i t h  
250 9 )  o f  s i l i c a  ge l  prepacked i n  CHC13/MeOH (9.8:O.Z) which were used 
f o r  e l u t i o n .  Appropr ia te  f r a c t i o n s  were combined and evaporated t o  y i e l d  
14 g (56 %) o f  o i l y  ,.. 6b,  which had s low ly  c r y s t a l l i z e d  i n  a r e f r i g e r a t o r  

M.p 99-1C)ZoC. Anal f o r  (CnHI2N4O3), Calc: C. 53.22; H. 4.87; N. 2.57; 
Found: C. 53.29; H. 5.03; N. 22.71. 

5-( 2-Hydroxyethoxy)methyl-( 2H) - t e t r a z o l e (  5b .R1'H). 
4 m l  o f  1N sodium methoxide s o l u t i o n  i n  MeOH was added t o  a s o l u t i o n  

of 5-(2-benzoyloxyethoxy)methyl-(2H)-tetrazole (992 mg, 4 mmoles) i n  25 
m l  MeOH, and s t i r r i n g  was cont inued f o r  1 h a t  room temperature. TLC 
i n d i c a t e d  t h a t  complete dep ro tec t i on  had occurred. The s o l u t i o n  was 
then n e u t r a l i z e d  w 
washed w i t h  MeOH. 

poured i n t o  101) m l  

several  t imes w i t h  
o i l y  p roduc t  was a 

t h  Dowex 50 WX8/Ht/ r e s i n ,  f i l t e r e d  and the  r e s i n  
he f i l t r a t e  was evaporated and the  o i l y  res idue  s l o w l y  
o f  d i e t h y l  e the r .  White o i l  separated. It was washed 

25 m l  p o r t i o n s  o f  d i e t h y l e t h e r ,  and t h i s  r e s i d u a l  
lowed t o  s tand i n  a coo l  p lace. Several  days 

a f te rwards ,  a wh i te  s o l i d  separated, which was f u r t h e r  r e c r y s t a l l i z e d  
f rom EtOAc t o  g i v e  350 mg (60 %) o f  pure - 5b w i t h  m.p. 155OC (decomp.). 
Anal f o r  (C4H8N402) Calc.  C. 33.33; H. 5.59; N. 38.87; Found: C. 32.90, 
H. 5.42, N. 38.51. M': Abs.mass 144.065, Calc.  144.065. 

3-( 2-Hydroxyethoxy)methyl-8-amino-s-triazolo- k,3-a1 p y r i d i n e  

(?b, R:=Hl .  

Method A: 
320 mg ( 1  .O m o l e s )  o f  i b ,  ( R1=benzoyl) was hydrogenated over Pd/C 

(10 %) i n  MeOH. A f t e r  f i l t r a t i o n ,  t h e  s o l v e n t  was removed and t h e  

res idue c r y s t a l l i z e d  fromEtOAc t o g i v e  250 mg (80  %) o f  3-(2-benzoyloxy- 
ethoxy) methyl -8-amino-s-tr iazolo[4,3-a]pyr id ine i n  t h e  fo rm o f  w h i t e  

c r y s t a l s ,  m.p 151-153OC. 'H-NMR (CDC13) d&: 7.95 (d , l  ,H5,J56=7Hz); 
6.56 (dd,l  ,H6); 6.30 (d,H7,J67=6.7Hz); 5.1 (s,2,0CH2-Het); 4.48 (m, 
2,0CH20R); 3.83 (m,2,CH2CH2), Anal. f o r  (C16H16N403) Calc. C. 61.72; 
H. 5.16; N. 17.94 Found. C. 61.38; H. 5.53, N .  17.51. M': Abs. mass 

312.122. Calc. 312.122. 
80 mg (0,26 m o l e s )  o f  gb  (R1=benzoyl) was depro tec ted  i n  0.5 m l  

2N NaOMe i n  10 m l  MeOH (45 min).  80 WX 50 W (H'I(0.7 g) was added, 
f i l t e r e d  and the  r e s u l t i n g  s o l u t i o n  evaporated. D i e t h y l  e t h e r  was 
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TRIAZOLOPYRIDINE NUCLEOSIDES 149 

added, w h i t e  c r y s t a l s  separated. m.p. = 82-84OC. UV max (EtOH).hmax 

= 297nm & =9324 . 
Method B: 

A produc t  i n d e n t i c a l  with ,2b was ob ta ined  by hydrogenat ion  o f  i b ,  
(R1=H) i n  dioxane. The y i e l d  was 50 %. 'H NMR ( D 2 0 ) 6 ; M S ( c a p i l l a r y ) :  

(H5,J56=6.5Hz); (H6;J6 7=7Hz); (H7); 4.9G (s,2,0CH2-Het); 3.70 (m,4,-CH2). 

Anal. f o r  (CgH12N402).H20. Calc. C.47.78; H. 6.23, N. 24.76; Found. C. 

48.05: H,5.82 N, 24.41. M': Abs. mass 208.096. Calc. 208.096. 

2- ( 2-Hydroxyethoxy)methyl-8-amino-s-triazolo [1 ,5 -a lpyr id ine  gb, 

Method A: 
320 mg ( 1.34 mnoles) o f  i b  ( R1=H) i n  50 m l  MeOH was hydrogenated 

over  30 mg Pd/C (10 %) a t  atmospher ic p ressure  and room temperature. 
The c a t a l y s t  was removed and t h e  f i l t r a t e  evaporated t o  dryness t o  
y i e l d  on o i l y  res idue  gb (250 mg, 75 %). 

Method B: 

o f  dioxane, 10 mg Pd/C (10 %) was added, and t h e  m i x t u r e  hydrogenated 

a t  room temperatureand atm. pressure.  60 mg (72 %) o f  2-(2-benzoyloxy 
ethoxy)methyl-8-amino-s-triazolo [1,5-a]pyridine was i s o l a t e d  as a 
dark foam. T h i s  d e r i v a t i v e  was submi t ted  t o  d e p r o t e c t i o n  w i t h  1N 
sodium methoxide s o l u t i o n  t o  g i v e  gb w i t h  a 50 % y i e l d ,  i d e n t i c a l  i n  

a l l  respec ts  t o  t h e  produc t  ob ta ined by  procedure A~n.p .84-86~C.  
'H NMR (D20) dDSS: (H5,J55=6Hz); (H6, f r om decoupled spec t ra ) ;  

(H7) ; 4.90 ( s  ,2 ,0-CH2-Het) ; 3.72 ( s  ,4 ,CH2CH2) 

Anal. f o r  (C9H12N403) Calc: C. 51.91; H. 5.80; N. 26.91, Found: 
C. 51.62; 5.90; N. 26.78. M': Abs. mass 208.0955. Calc. 208.0960. 
UV max (EtOH).hmax=278 ( &  =10.040). 

3-(2,3,5-Tri-O. benzoyl-  0 -Q-r i  bofuranosyl)-8-amino-s-triazol o 

[4,3-a] p y r i d i n e (  !a, Rl=benzoyll - 7a (R1=benzoyl, 12 mg was suspended i n  10 mlEtOAc,l2 mg Pd/C (10 %)  

was added and t h e  r e a c t i o n  m ix tu re  hydrogenated a t  5OoC under low pre-  
ssure w i t h  v igorous  shaking. Hydrogen consumption was te rm ina ted  
w i t h i n  2 h and t h e  r e a c t i o n  m i x t u r e  was a l lowed t o  s t a y  under H2 w i t h  
shaking f o r  a d d i t i o n a l  8 h. A f t e r  f i l t r a t i o n  the  s o l v e n t  was evapora- 

To a s o l u t i o n  o f  zb, (R1=benzoyl 100 mg, 0.29 m o l e s )  i n  10 m l  
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t e d  and t h e  res idue  p u r i f i e d  by column chromatography t o  y i e l d  80 mg 
o f  wh i te  foam. 

6.1 (dd,l,H6); 5.8 (d,l,H7,J67=5.4Hz). Anal. f o r  (C32H24N407) Calc. 
C. 66.42; H. 4.53; N. 9.68. Found: C. 66.06; H. 4.56; N. 9.3. Mt Abs. 

mass 578. 
3-~-D-Ribofuranosyl-8-amino-s-triazolo[4,3-a]pyridine (23, ,u - R 1- =H) 

Deblocking was achieved w i t h  NaOMe t o  y i e l d  a w h i t e  s o l i d ;  m.p 
215-217'C. Ana lys is  f o r  (CllH14N404.H20). Calc. C. 46.47; H. 5.67; 

N. 19.71, Found: C. 46.24, H.6.01 N. 19.92. M': Abs mass. 266.1015. 
Calc. 266.1015. 

'H NMR (D20) dTMS ( c a p i l l a r y ) :  (H5,J56=6.8Hz); (H6); (H7,J6 ,=7.4Hz); 

1H NMR (CDC13) dTMS: 7.70 (d,l,H5,J56=6.8Hz); 6.2 (d,l,H;,J1,?,=7Hz) 

(HI  i , J1 i,i:6.3Hz); - ( H i ) ;  (Hql); (H515t I ) .  

2 4- D- R i  bo f u r a  no sy 1 -8-ami no- s - t r i a zo 1 o [l -- ,5 -a] p y r  i d i ne (:a , R = H . 
A methanol ic s o l u t i o n  o f  i a  (80 mg, 0.27 mmoles) i n  30 m l  MeOH was 

hydrogenated over Pd/C (10 %) a t  room temperature and atm pressure.  

Hydrogen consumption was te rmina ted  i n  45 minutes. A f t e r  f i l t r a t i o n ,  

the  so l ven t  was evaporated and t h e  residuechromatographed on a s i l i -  
ca gel  (CHC13-EtOH) t o  y i e l d  60 mg (83 %) o f  w h i t e  foam. Spectroscopic 

data were i d e n t i c a l  t o  compound 8a l i s t e d  i n  re f .3 .  Anal. f o r  (C11H14 

N404). Calc. C .  49.64; H. 5.30; N. 21.06. Found:C.49.31; H.5.65, N, 
20.75. M': Abs. mass 266.101; Calc. 266.101. 
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