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NUCLEOSIDES & NUCLEOTIDES, 1(3), 297-313 (1982) 

6 , 7- DIMETHY L-3-a-D-ERYTHROFURANOSY L- 1 -PHENYL- AND 
1 -e- FLUOROPHENYL-PY RAZOLO[ 3,4-b]QUINOXALINE* 

Mohammed A. E. Sal lam 

Department o f  Chemistry 
Facu l t y  o f  Science 

A lexandr i  a U n i v e r s i t y  
A lexandr ia ,  Egypt 

Abs t rac t  - The C-nucleoside analogs 6 ,7-dimethy1-3-B-~-erythrofur- 
anosy 1 - 1 - pheny 1 pyrazo l  o [ 3 , 4-b Iqu i  noxa 1 i ne $ and 3- B-g Ie ry t  h r o  f uranosy 1 - 
l-~-fluoropheny1pyrazolo[3,4-~]quinoxal i n e  $ were prepared by dehydra- 
t i o n  o f  t h e  po lyhyd roxya lky l  cha in  o f  6,7-dimethyl-l-pheny1-3-(!- 
a r a b i  n o - t e t r i  t o l - 1 - y l  )-pyrazolo[3,4-~]quinoxal i ne 2 and 1 - p f l  u5-o- 
phenyl-3- (D-arabi  n o - t e t r i  t o 1  -1 -y l  ) -pyrazolo[3,4-~]quinoxal  i ne 7, re -  
spectively. The s t r u c t u r e  and a n o m r i c  c o n f i g u r a t i o n  o f  t h e  p?oducts 
were determined by n.m.r. spectroscopy. The mass spec t ra  and b i o l o g -  
i c a l  a c t i v i t i e s  i n  connect ion  w i t h  chemical c o n s t i t u t i o n  a re  discussed. 

- C-Nucleosides a r e  a group o f  C-gy lcosy la ted  he te rocyc les  i n  
which t h e  anomeric carbon i s  a t tached t o  t h e  h e t e r o c y c l e  by a carbon- 
carbon bond. Th is  l i n k a g e  i s  more s t a b l e  towards h y d r o l y t i c  and 

enzymatic reagents than t h e  carbon-ni  t rogen  bond o f  1 -nuc leos i  des, 
which makes &-nucleosides power fu l  t o o l s  f o r  b iochemica l  i n v e s t i g a -  
t i o n s  and a n t i m i t o t i c  o r  a n t i v i r a l  research  . Few members o f  t h i s  
c l a s s  o f  n a t u r a l l y  o c c u r r i n g  compounds such as showdomycin , formyc in ,  
and oxaz i  nomyci n a re  known and possess d i v e r s e  b i  o l  og i  c a l  p r o p e r t i e s  

2 

*C-Nucleoside pyrazolo[3,4-b]quinoxaline analogs P a r t  111. For 
P a r t  11, see r e f .  1. 
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298 SALLAM 

t h a t  are,  i n  severa l  ins tances ,  o f  medical  s i g n i f i c a n c e .  The 
f requen t l y  impor tan t  b i o l o g i c a l  p r o p e r t i e s  o f  these substances have 

made them i n t e r e s t i n g  t a r g e t s  f o r  chemical syn thes i s ,  b u t  as 

y e t  t h i s  has proved t o  be a more fo rm idab le  t a s k  than  t h e  p r e p a r a t i o n  
o f  fi-nucl eos i  des . 

The syn thes i s  o f  C-nucleosides by dehydra t i ve  c y c l i z a t i o n  o f  t h e  
po lyhyd roxya lky l  cha in  o f  t h e  sacchar ide  h e t e r o c y c l i c  d e r i v a t i v e  has 

been used r e c e n t l y  as a f a c i l e  r o u t e  f o r  t h e  syn thes i s  o f  t hese  com- 
pounds. 

r e a c t i o n  i n  t h e  f i e l d  o f  C-nucleosides has been t h a t  o f  de te rm ina t ion  
o f  t he  anomeric c o n f i g u r a t i o n  o f  t h e  produc ts .  Th i s  problem has been 
so lved r e c e n t l y 3 y 4  by h i g h  r e s o l u t i o n  n.m.r. spectroscopy. 

Pyrazo l0 [3 ,4 -~ ]qu i  noxa l  i ne d e r i v a t i v e s  a r e  o f  p o t e n t i a l  b i o l o g i c a l  
i n t e r e s t .  Some o f  these d e r i v a t i v e s  have pharmacological  p r o p e r t i e s  

and show t u b e r c u l o s t a t i c  a c t i v i t y  i n  v i t r o  . The chemotherapeut ic pro- 
p e r t i e s  of  sacchar ide  pyrazo lo [3 ,4 -~ ]qu inoxa l  i n e  analogs have n o t  been 
tho rough ly  i n v e s t i g a t e d .  Cycl i z a t i o n  o f  t h e i r  po l yhyd roxy laky l  cha in  
p rov ides6 a novel  method f o r  C-nucleoside pyrazolo[3,4-~]quinoxaline 
synthes is  w i t h  m o d i f i c a t i o n  o f  t h e  b i o l o g i c a l  a c t i v i t i e s  o f  t h e  precur -  

s o r  po l yhyd roxya lky l  analogs. S u b s t i t u t i o n  a t  t h e  base mo ie ty  i s  ex- 
pec ted  t o  e x e r t  analogous e f f e c t  on t h e  b i o l o g i c a l  p r o p e r t i e s .  

Organic f l u o r o  compounds a re  o f  b i o l o g i c a l  importance because o f  
t he  e x t r a o r d i  nary  s t a b i  1 i ty  o f  t h e  ca rbon- f l  u o r i n e  bond i n  b i  o l  og i  c a l  
systems . The number o f  n a t u r a l l y  o c c u r r i n g  f l u o r i n e  compounds a r e  

very  r a r e  and replacement o f  hydrogen atom by f l u o r i n e  i n  n a t u r a l l y  
o c c u r r i n g  compounds a1 t e r s  d r a m a t i c a l l y  t h e i r  b i o l o g i c a l  p r o p e r t i e s .  

I n  t h i s  work t h e  syn thes i s  o f  two t ypes  o f  sacchar ide  p y r a z o l o [ 3 , 4 - ~ ] -  
qu inoxa l i ne  analogs have been explored, t o  s tudy  t h e  r e l a t i o n  between 
t h e i r  chemical c o n s t i t u t i o n  and b i o l o g i c a l  a c t i v i t i e s .  The f i r s t  t y p e  

has two methyl  s u b s t i t u e n t s  a t  t h e  q u i n o x a l i n e  p a r t  o f  t h e  py razo lo -  
[3,4-b]quinoxal ine - base moiety.  The second t y p e  con ta ins  f l u o r i n e  sub- 
s t i t u e n t  a t  t h e  py razo le  p a r t .  

[3,4-k]qui noxal  i n e  analogs were conver ted  i n t o  t h e  correspondi  ng c- 
nuc leos ide  analogs and t h e i r  s t r u c t u r e  and anomeric c o n f i g u r a t i o n  were 
determined by mass spectrometry and n.m.r. spectroscopy. The c o r r e l a -  

t i o n  between the  m o d i f i e d  chemical c o n s t i t u t i o n  and b i o l o g i c a l  a c t i v i t y  
i s  discussed. 

3 

The main problem m i l i t a t i n g  aga ins t  t h e  ex tens i ve  use o f  t h i s  

5 

7 

The two types  o f  sacchar ide  py razo lo -  
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DISCUSS I O N  
Condensation of  4,5-dimethyl-g-phenylenediamine Q, g-glycero-D- - 

@-heptose, and phenylhydrazine h y d r o c h l o r i d e  ,@, a f f o r d e d  6,7-di- 

methyl  -1-phenyl-3- ( 0 - a r a b i n o - t e t r i  - t o l - 1  -yl  )-pyrazolo[3,4-b]qui  noxal  i ne 
,3, i n  a one f l a s k  r e a c t i o n ,  s i m i l a r  t o  t h e  r e a c t i o n  w i t h  2-phenylene- 

diamine6 (see Scheme 1) .  
a c i d  s o l u t i o n  ( w i t h  m o n i t o r i n g  o f  t h e  r e a c t i o n  by t .1 .c . )  a f f o r d e d  t h e  

- C- n u c l  eos i de ana l  og , name1 y , 6 , 7- dime thy1  - 3- ( 8-g-e - r y t h  r o f  u ranosy l  ) - 1 - 
phenyl pyrazolo-[3,4-~]quinoxaline $,. 
anomeric p r o t o n  as a doub le t  a t  6 5.19 hav ing  JlI,-,, 6.8 Hz. 
coup l ing-cons tan t  va lue  made the  anomeric assignment o f  compound $, un- 

H-1 ' and H-2' o f  t h e  1 -e ry th ro fu ranosy l  - group. A c e t y l a t i o n  o f  compound 
4 gave t h e  d i - 0 - a c e t y l  - d e r i v a t i v e  2 ,  whose n.m.r. spectrum showed t h e  
anomeric p r o t o n  as a doub le t  a t  6 5.67, w i th  l i t t l e  decrease i n  t h e  
va lue  o f  t h e  coup l i ng  cons tan t  (Jll ,2, 6.2 Hz). However, t h e  i sop ro -  
py l i dene  d e r i v a t i v e  5,  showed t h e  anomeric p r o t o n  as a s i n g l e t  which i s  
unequ ivoca l l y  c o n s i ~ t e n t ~ ' ~  w i t h  t h e  t r a n s  arrangement o f  H-1 ' and 
H - 2 '  , t h a t  i s ,  t h e  a-D-erythro - - c o n f i g u r a t i o n .  

A d d i t i o n a l  evidence f o r  t h e  6 -D-con f igu ra t i on  - - was o b t a i n e d  f rom 
t h e  va lue  o f  t h e  d i f f e r e n c e  (ns) between t h e  chemical s h i f t  of  t h e  

methyl s i g n a l s  o f  t h e  2,2-dimethyldioxolane r i n g ;  t h e  d i f f e r e n c e  0.20 
(1.664-1.464) between t h e  chemical s h i f t s  o f  t h e  two methyl  p ro tons  of  
6 i s  c o n s i s t e n t  w i t h  t h e  @-!-configuration. - 

The h i g h e r  nega t i ve  s p e c i f i c  r o t a t i o n  o f  t h e  C-nucleoside $, 

R e f l u x i n g  compound 2 w i t h  methano l ic  s u l f u r i c  

I t s  n.m.r. spectrum showed t h e  
Th is  

as i t  agrees w i t h  e i t h e r  a cis o r  t r a n s  arrangement f o r  

% 

% 

-117.4') compared t o  t h e  p recu rso r  2 +11.1') con f i rms  t h e  

8-!-configuration - f o r  compound $, and i l l u s t r a t e s  t h e  i n v e r s i o n  i n  t h e  
c o n f i g u r a t i o n  o f  C - 1 '  o f  t h e  p recu rso r  2 d u r i n g  t h e  dehydra t i ve  c y c l i -  

z a t i o n  process. 
(c.d.)  s t u d i e s  f o r  t h e  phenyl  analog . 

was prepared by condensat ion o f  2-phenylenedi amine ,&, - 0-g1ycero-D- - 
&-heptose, and p - f l uo ropheny lhyd raz ine  h y d r o c h l o r i d e  g i v i n g  1-p- 
f l  uorophenyl-3- (D-arabi  - n o - t e t r i  t o 1  -1 -y l  ) -py razo lo [3 ,4 -~ ]qu i  noxa l  i ne <. 
Ref 1 u x i  ng ; w i  t h  methanol i c s u l  f u r i  c a c i d  s o l  u t i  on , w i  t h  moni t o r i  ng 
o f  t h e  r e a c t i o n  by t . l . c . ,  a f f o r d e d  t h e  g-nuc leos ide  analog, namely, 
3- p-D-erythrofuranosyl -l - - -p-fl uorophenyl py razo l  o[ 3,4-b]qui noxa l  i ne t. 

Th is  i n v e r s i o n  was conf i rmed by, c i r c u l a r  d i c h r o i s m  
6 

The second t ype  o f  sacchar ide  pyrazo lo [3 ,4 -~ ]qu inoxa l  i n e  ana log  
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H ~ O H  I N- N H 0 - X  

2a, x =  H 
la ,  .. R = CH3 2b, X = F  
l b ,  R = H 

SCHEME 1 
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- C-NUCLEOSIDE ANALOGS 30 1 

I t s  n.m.r. spectrum showed t h e  anomeric p r o t o n  a t  6 5.25 hav ing  
7.0 Hz, which cannot asce r ta in8 ”  t h e  anomeric c o n f i g u r a t i o n .  J1 ’2 ’  

A c e t y l a t i o n  o f  g a f f o r d e d  t h e  d i - g - a c e t y l  d e r i v a t i v e  t, whose n.m.r. 
spectrum showed t h e  anomeric p ro ton  as a doub le t  a t  6 5.68 w i t h  a 

l i t t l e  decrease i n  t h e  va lue  o f  t h e  c o u p l i n g  cons tan t  (J1 ,21 6.6 Hz).  
However, t h e  i sop ropy l i dene  d e r i v a t i v e  K, showed t h e  anomeric p r o t o n  

as a s i n g l e t  a t  6 5.85 which unequ ivoca l l y  asce r ta in8 ”  t h e  6-D-con- - - 
f i g u r a t i o n .  The d i f f e r e n c e ,  A& = 0.202 (1.665 - 1.463), between t h e  

two methyl  s i g n a l s  o f  t h e  2,2-dimethyldioxolane r i n g  o f  compound 
conf i rmed t h e  6-D-conf igura t ion .  - 

The h i g h  nega t i ve  s p e c i f i c  r o t a t i o n  f o r  compound $ ([el; -124.4’) 
supports t h e  &) -conf igura t ion  and t h e  i n v e r s i o n  o f  C-1’ o f  t h e  a c y c l i c  

p recu rso r  ([a];’ +I 10) .  
From t h e  p resen t  r e s u l t s  i t  seems t h a t  t h e  dehydra t i ve  c y c l i z a t i o n  

o f  sacchar ide pyrazo lo [  3,4-b]quinoxal i n e  analogs i s  a s te reospec i  f i c  

process and t h e  s te reo-course  o f  t h e  r e a c t i o n  i s  n o t  a f f e c t e d  by  sub- 
s t i  t u t i o n  i n  t h e  base moie ty .  The s t e r e o s e l e c t i v e  dehydra t i on  process 

produces t h e  favo red  6-anomer hav ing  t h e  t r a n s  arrangement between t h e  
base moie ty  and 2 ‘ -hyd roxy l  group o f  t h e  fu ranosy l  group formed. 

i n t e n s i t y  a t  m/i 394. 
cleavage o f  t h e  po lyhyd roxya lky l  cha in .  

303 (BCH6H) and 304 (BCH20H) are  formed by C1 ,-C2,-cleavage o f  t h e  po ly -  
hyd roxya lky l  cha in  by McLa f fe r t y  rearrangement o f  t h e  mo lecu la r  i o n  

(see Scheme 2).  
a s t a b l e  b e n z y l i c  s t r u c t u r e  was shown as t h e  base peak. The fragments 

a t  m/g 273 (B), 274 (BH) , and 275 (BH2) a re  ob ta ined  by B-C1 , -c leavage 
o f  t h e  po lyhyd roxya lky l  cha in  and hydrogen t r a n s f e r  t o  t h e  base moie ty  

which a re  common f o r  t h e  f ramen ta t i on  o f  po l yhyd roxya lky l  n i t r o g e n  he te ro -  
c y c l i c  analogs, than f o r  t h e  c y c l i z e d  C-nucleoside d e r i v a t i v e s  (see t h e  
Exper imental  Sec t i on ) .  The BH2 f ragment u s u a l l y  shows h i g h e r  abundance 

compared t o  t h e  o the r  base fragments. 

peaks M and (1.1 + 1)  a t  m/r 376 and 377, r e s p e c t i v e l y .  
occured a t  ITJ/Z 303, corresponding t o  BCHOH, and i s  formed as shown i n  
Scheme 3. 
i n d i c a t i o n  o f  t h e  carbon-carbon l inkage13.  

- 

1,6 

The mass spectrum o f  compound 2, showed mo lecu la r  i o n  M o f  low 
The fragment a t  IJ/L 333 i s  ob ta ined  by C 2 ’ - C 3 ’ -  

The abundant fragments a t  ;/r 

+ 
The peak a t  m/z 303 corresponding t o  (BCHOH) which has 

The mass spectrum o f  t h e  &-nucleoside $, showed t h e  mo lecu la r - i on  

The base peak + 

Th is  fragment i s  c h a r a c t e r i s t i c  f o r  C-nucleosides and i s  an 
The fragments a t  m/g 303 
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SCHEME 2 
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C-NUCLEOS I DE ANALOGS 30 3 - 

CH3 

CH3 

Y -  

-Ph 

H O  O H  

SCHEi4E 3 

+ 
(BCHOH) , 304 (BCH20H) , 248 ( BH2 - HCN) 
a re  c h a r a c t e r i s t i c  f o r  6,7-dimethylpyrazolo-[3,4-~]quinoxal i n e  analogs. 

_ _  m/z 460. The base peak was shown a t  !/g 341 cor respond ing  t o  (M - H - 
2 OAc) and i s  considered, t o g e t h e r  w i t h  t h e  abundant peak a t  m/g 342 (M - 
2 OAc) , i n d i c a t i v e  o f  t h e  fu ranosy l  group and a r e  common f o r  t h e  f r a g -  
menta t ion  o f  t h e  a c e t y l  d e r i v a t i v e s  o f  C-nucleoside pyrazolo[3,4-b] 

qu inoxa l i ne  analogs . 
t i c  f o r  a c e t y l  d e r i v a t i v e s  was shown as a h i g h  abundance peak a t  m / ~  
43. The peaks a t  ;/i 303 (BCHOH), 304 (BCH20H), 275 (BH2), 274 (BH), 

273 ( B ) ,  and 248 (BH2 - HCN) were o f  l e s s  abundance than t h a t  f o r  com- 

pound $. 
d i d  n o t  show 

molecu la r  i o n  (M) o r  t h e  i o n  ( M  - CH3). 
CH3COCH3) and (M - CH3C=6HCH3), observed f o r  t h e  phenyl  analog6, were 

shown a t  m/g 358 and 357, r e s p e c t i v e l y .  
43 corresponding t o  t h e  a c e t y l i u m  i o n  CH3CO+. 

384. 
The fragment ob ta ined  by C2,-C3,-cleavage o f  t h e  p o l y h y d r o x y a l k y l  cha in  
was shown as a weak peak a t  m/z 323. The abundant fragments a t  m/z- 293 
and 294 corresponding t o  B'CHOH and B'CH20H were o b t a i n e d  by i d e n t i c a l  
C1 I -CZl -c leavage and McLa f fe r t y  rearrangement as i n d i c a t e d  f o r  compound 
3 (see Scheme 2). The peak a t  m/g 293 was shown as t h e  base peak. The 
fragments B '  B'H, B 'H2,  ob ta ined  by B-C1 , -c leavage o f  t h e  po lyhydroxy-  

275 (BH2), 274 (BH) and 273 (B) 

The d i -Q-acety l  d e r i v a t i v e  2 ,  showed t h e  mo lecu la r  i o n  peak M a t  

+ 6 The a c e t y l i u m  i o n  (CH3CO), which i s  c h a r a c t e r i s -  

t 

The mass spectrum o f  t h e  i sop ropy l i dene  d e r i v a t i v e  
However, t h e  i ons  (M - 

The base peak was shown a t  n ~ / i  

The mass spectrum o f  compound L ,  showed t h e  mo lecu la r  i o n  a t  ;/g 
I t s  f ragmenta t ion  p a t t e r n  i s  i d e n t i c a l  t o  t h a t  o f  compound 2. 

-t- 
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a l k y l  cha in  and subsequent hydrogen t r a n s f e r  t o  t h e  base moie ty ,  were 

shown a t  m/z- 263, 264, and 265, r e s p e c t i v e l y .  

t h e  h ighes t  abundance between t h e  base fragments.  
s t i t u e n t  was de tec ted  by t h e  presence o f  t h e  fragments a t  m/g 121 

( C6H4FCN) , 11 1 ( C6H4FNH2) , 110 ( C6H4FNH) , 109 ( C6H4FN) , 96 ( C6H5F) , and 
95 (C6H4F). 

atoms were a l s o  observed (see Exper imental  Sec t i on ) .  

h ighes t  mass fragment a t  - m/g 391 corresponds t o  (M - OAc). 
ment (M - H- 2 OAc) c h a r a c t e r i s t i c  f o r  f u ranosy l  pyrazolo[3,4-b] 

qu inoxa l i ne  C-nucleoside a c e t y l  d e r i v a t i v e s 6 ,  was shown a t  m / i  331. 
Fragments corresponding t o  B'CHOH and B'CH20H were o f  l e s s  abundance 

than t h a t  f o r  compound t. The base peak was shown a t  m/i 43 co r res -  
ponding t o  t h e  CH3C0 group. 

The B ' H 2  f ragment showed 
The f l u o r i n e  sub- 

The corresponding fragments ob ta ined  by loss o f  f l u o r i n e  

The d i -0 -ace ty l  d e r i v a t i v e  2, d i d  n o t  show mo lecu la r  i o n ,  and t h e  

The f r a g -  

t 

BIOLOGICAL ACTIVIT I  

B i  o l  og i  c a l  a c t i  v i  ty s tud ies  i n v i  t r o  showed c y t o t o x i  c i  t y  aga ins t  

KB c e l l s  (a  human ep idermoid  carcinoma o f  t h e  nasopharynx, c e l l  c u l t u r e )  

f o r  t h e  f l u o r i n a t e d  C-nucleoside 6, whereas t h e  g-nuc leos ide  $ was i n -  

a c t i v e .  B i o l o g i c a l  s t u d i e s  i n  v i v o  aga ins t  P388 mouse l ympocy t i c  
leukemia c e l l s  f o r  compounds 2, $, ,?,, and 8 ,  d i d  n o t  show a c t i v i t y .  

Aga ins t  t h e  leukemia screen ing  t e s t  was 3PS31 , t h e  a c y c l i c  p recursors  2 
and ;I d i d  n o t  show a c t i v i t y ,  however, t h e  C-nucleoside ana log  8 ,  showed 
t o x i s i t y  a t  50, 25, and 12.5 mg/kg doses, and t h e  f l u o r i n a t e d  analog @, 
i n d i c a t e d  t o x i s i t y  a t  200, 100, 50 mg/kg doses. 

These r e s u l t s  i n d i c a t e  t h a t  m o d i f i c a t i o n  o f  t h e  s t r u c t u r e  o f  t h e  
po lyhydroxya l  kyl-pyrazolo[3,4-b]qui  noxa l  i n e  analogs by c y c l  i z a t i  on of 
t h e  po lyhydroxya l  k y l  c h a i n  t o  a t t a i n  t h e  &-nucleoside s t r u c t u r e ,  en- 
hanced t h e  b i o l o g i c a l  a c t i v i t y .  
base moiety by s u b s t i t u t i o n  a t  t h e  q u i n o x a l i n e  p a r t  by two methyl  
groups, o r  a t  t h e  py razo le  p a r t  by f l u o r i n e  atom, showed t h e  same ef-  

f e c t .  

On t h e  o t h e r  hand, m o d i f i c a t i o n  o f  t h e  

EXPERIMENTAL 
General.  Evaporat ions were performed under d im in i shed  pressure  

below 60'. 

w i t h  3 : l  benzene-ethanol . I .r. absorp t i on  s p e c t r a  were recorded w i th  
T.1.c. was conducted on s i l i c a  ge l  (K iese lge l  G, Merck) 
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C-NUCLEOSIDE ANALOGS 30 5 - 

a unicum SP 1025 and Perkin-Elmer 467 ins t rumen ts .  N.m.r. s p e c t r a  were 
recorded w i t h  a N i c o l e t  470 MHz ins t rument ,  us ing  i n t e r n a l  t e t r a m e t h y l -  
s i  lane  as t h e  re fe rence.  

6100 D a t a  System Gas-Chromatograph/e.i . - c . i .  spectrometer.  Combustion 

analyses were performed i n  t h e  department o f  Chemistry, Purdue Un iver -  

s i  ty. 
6 , 7- D i  met hy 1 - 1 - pheny 1 - 3- ( - D- a ra  b i  no- t e  t r i  t o 1  - 1 -y 1 ) -pyrazo 1 o [ 3 ,4+] 

q u i n o x a l i n e  (z ) .  A s o l u t i o n  o f  - D-glycero-D-g~lo-heptose~~ - (10 g) i n  

water  (1300 mL) was heated w i t h  4,5-dimethyl-g-phenylenediamine (&; 
6.5 g ) ,  pheny lhydraz ine  h y d r o c h l o r i d e  (a, 35 g),  and a c e t i c  a c i d  (11 

mL) i n  a sea led  f l a s k  f o r  10 h i n  a b o i l i n g  water-bath.  
cooled, opened, and t h e  y e l l o w  p r e c i p i t a t e  was f i l t e r e d  o f f ,  washed 
w i t h  water,  50% e thano l ,  and e t h e r ,  and d r ied ;  y i e l d  7 g. The mother 

l i q u o r  was f u r t h e r  heated f o r  24 h, i n  a sea led  f l a s k ,  g i v i n g  f u r t h e r  
3.2 g; t o t a l  y i e l d  10.2 g (54%). 
gave y e l l o w  needles,  m.p. 237-239"; RF 0.38; 

d i n e ) ;  v;:; 3340 (OH) , and 1605, 1560 cm-' (C=N); mass-spectral  da ta  

Mass s p e c t r a  were recorded w i t h  a F inn igan  

- 

The f l a s k  was 

R e c r y s t a l l i z a t i o n  f rom p r o p y l  a l coho l  

t11.1" ( c  1.9, p y r i -  

( s e l e c t e d  i o n s )  
CHOHCH20H) , 31 7 

(3,4-bJquinoxal 
(1  1 , BCHO) , 301 
(30, BH2) , 274 
CH3), 249 (3, B 

- m/g 394 (1, M), 334 (1,  M - CHOCH20H), 333 (2, M - 
(2, BCH2CHOH) , where B=6,7-dimethyl-l-phenylpyrazolo 
ne, 305 ( l o ) ,  304 (56, BCH20H), 303 (100, BCHOH), 302 

(2, BCO) , 288 (2,  BCH3) , 287 (5,  BCH2) , 276 ( 7 )  , 275 

t 

11, BH), 273 (25, B ) ,  260 (6,  BH2 - CH3), 258 (BH - 
2 - CN), 248 (17, BH2 - HCN), 246 (B  - HCN), 233 (4, 

B - CN2), 170 (2, B - PhCN), 156 (3, B - CN2Ph), 117 (2, PhCN2), 104 

(2, PhCNH), 103 (3, PhCN), 91 ( 4  PhN), 77 (11, Ph), and 43 (30, 
CH3CO). 

C, 63.76; H, 5.80; N, 14.00. 

q u i n o x a l i n e  ($. 
s o l u t i o n  (500 mL, made by add ing  40 mL conc. s u l f u r i c  a c i d  t o  500 rnL 

methanol) was b o i l e d  under r e f l u x  w i t h  s t i r r i n g ,  f o r  49 h; complete 
d i s s o l u t i o n  occur red  a f t e r  28 h.  

complete dehydra t ion  was found a f t e r  60 h ( o n l y  one s p o t ) .  

was poured i n t o  h o t  water,  and t h e  methanol was evaporated under 
d imin ished pressure,  and t h e  y e l l o w  p r e c i p i t a t e  ob ta ined  was c o l l e c t e d ,  

washed w i t h  water  u n t i l  n e u t r a l ,  and d r i e d ;  y i e l d  0 .4  g (21%). 

For n.rn.r. s p e c t r a l  da ta  see Tab le  1. 
Anal. Calc.  f o r  C21H22N404: 

6 , 7- D i  met hy 1 - 3- ( 8-n-e - ry  t h r o  f uran osy 1 ) - 1 - pheny 1 - py r a z o l  o [ 3 , 4-b] 

C, 63.45; H, 5.62; N ,  14.20. Found: 

Asuspension o f  2 ( 2  g )  i n  8% methano l ic  s u l f u r i c  a c i d  

The r e a c t i o n  was mon i to red  by  t.1.c.;  

The s o l u t i o n  

It was 
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306 SALLAM 

r e c r y s t a l l i z e d  from methanol-benzene t o  g i v e  y e l l o w  needles, m.p. 211- 
213'; RF 0.65; [a$O -117.4' ( c  1.1, p y r i d i n e ) ;  vmax 3360 (OH), 1600, 
1560 (C=N), and 1530, 755 cm-l (Ph); mass s p e c t r a l  da ta  ( s e l e c t e d  

i o n s ) :  y/r 377 (4, M + l), 376, M), 318 (5, BCHOHCH ) ,  317 (22, 
BCHOHCH2), 316 (9 ) ,  304 (23, BCH20H), 303 (100, BCHOH), 302 (4, BCHO), 

301 (3, BCO), 288 (3 ,  BCH3), 287 (BCH2). 275 (8 ,  BH2), 274 (8,  BH), 

KB r 

t 3  

273 (21, B), 272 (2, B - l ) ,  249 (3, BH2 - CN),  248 (14, BH2 - HCN), 246 

(4, B - HCN), 333 (3, B - CN2) ,  170 (2, B - PhCN), 156 (2, B - PhCN2) 
149 ( 5 ) ,  129 ( 4 ) ,  117 (2 ,  PhCN2), 104 (3,  PhCNH), 103 (4,  PhCN), 91 (5,  

PhNH2), 77 (15, Ph), 43 (18) .  For n.m.r. spec t ra  da ta  see Tab le  1.  
-- Anal. Calc. for  C21H20N403: C, 67.01; H, 5.36; N, 14.88. Found: C, 

67.05; H ,  5.43; N, 14.80. 

3- ( 2  , 3-Di -0-ace - t y l  - 6-D-e - r y t h r o f u r a n o s y l  ) -6 ,7-di me t h y l  - 1 -phenyl - 
pyrazolo[3,4-~]quinoxaline (2).  
a c e t i c  anhydr ide (10 mL) f o r  4 h, t h e  s o l u t i o n  was evapora ted  t o  dryness 
and t races  o f  a c e t i c  anhydr ide removed by repeated  a d d i t i o n  and evapora- 
t i o n  of  t o luene .  

y e l l o w  needles of  x, y i e l d  0.26 g (71%); m.p. 130', [a]kO -68.9' ( c  0.3, 
ch lo ro fo rm)  ; vmax KBr 1740 (OAc), 1600, 1560 (C=N), and 1500, 758 cm-l 

(Ph); mass-spectral  da ta  ( s e l e c t e d  i o n s ) :  y / ~  460 (2, M), 401 (1,  M - 

Compound $ (0.3 g) was r e f l u x e d  w i t h  

The r e s i d u e  was r e c r y s t a l l i z e d  f rom methanol, t o  g i v e  

OAC),  400 (6 ,  M - AcOH), 342 (24, M - 2 O A C ) ,  341 

340 (3, M - 2 AcOH), 329 (7 ) ,  316 ( 3 ) ,  315 ( 4 ) ,  313 (6 ) ,  312 ( 7 ) ,  304 

(100, M - H - 2 OAC), 

(3, BCH20H), 303 (13, BCHifH) , 287 (5 ,  BCH2), 275 (2,  BH2), 274 (5, BH) , 
273 (15, B),  248 (6, BH2 - HCN), 149 (6 ) ,  115 (17),  111 (4),  100 (6 ) ,  

98 (5 ) ,  83 ( l o ) ,  81 ( 7 ) ,  77 ( 9 ) ,  73 ( l o ) ,  71 (12),  69 (17),  60 (8, 
AcOH), 57 (22),  56 (7 ) ,  55 (211, 44 (7 ) ,  43 (93, CH3CO), and 42 (7, 
CH2CO). 

C, 65.27; H ,  5.54; N, 12.01. 

phenylpyrazolo[3,4-~]quinoxaline ($,), A s o l u t i o n  o f  $ (100 mg) i n  d r y  
acetone (50 mL) was t r e a t e d  w i t h  p - t o l u e n e s u l f o n i c  a c i d  (300 mg), w i t h  

s t i r r i n g .  

spo t ,  RF 0.72).  The m i x t u r e  was poured i n t o  a c o l d  s o l u t i o n  o f  sodium 
hydrogen carbonate, and t h e  r e s u l t i n g  p r e c i p i t a t e  was fi 1 t e r e d  o f f ,  
washed w i t h  water,  and d r ied ;  y i e l d  100 mg (90%). 

l i z e d  f rom methanol t o  g i v e  y e l l o w  needles,  m.p. 195-197'; v::; 1600, 

For n.m.r. s p e c t r a l  da ta  see Tab le  1. 

Anal. Calc. f o r  C25H24N405: 

6 , 7- D i  me t h y l  - 3- ( 2 ,3-@ i sop ropy1 i de ne- 8-B-e - ryt  h r o  f uranory  1 ) - 1 - 

C, 65.21, H, 5.25; N, 12.17. Found: 

A f t e r  24 h, t .1.c.  showed t h e  r e a c t i o n  t o  be complete (one 

I t was r e c r y s t a l -  
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- C-NUCLEOSIDE ANALOGS 30 7 

1560 (C=N), 1500, 760 (Ph), and 1370 cm-l (CMe2); mass-spectral  da ta  
( s e l e c t e d  i o n s ) :  n J i  358 (2,  M - CH3COCH3), 357 (8, M - CH3C=OHCH ) ,  
330 (4) , 329 (18) , 316 (9, BCOCH3) , 304 (2, BCH20H) , 303 (22, BCHOH) , 
302 (24, BCHO), 301 (7, BCO),  275 (1, BH2), 274 (10, BH), 273 (41, B ) ,  

PhCN2), 117 (3, PhCN2), 104 (5, PhCNH), 103 (12, PhCN), 102 (4 ) ,  101 

(71, 99 (51,  91 (17, PhNH2), 90 (3, PhNH), 78 (7 ) ,  77 (80, Ph), 73 (13) ,  

69 (22), 65 (ll), 60 (13),  59 (36), 57 (43), 56 ( l o ) ,  51 (23),  45 (14), 
44 (291, 43 (100, CH3CO), and 41 (53) .  
Table 1. 

Anal. Calc. f o r  C24H24N403: 

1 -p- F1 uoropheny 1 - 3-CJ- a r a  b i  no- t e  t r i t o l  - 1 -y 1 ) - py r a z  01 o- [ 3 , 4 4  - 

+ 
t 3  

272 (1, B - l), 246 (2, B - HCN), 170 (9, B - PhCN), 156 (7, B - 

For n.m.r. s p e c t r a l  da ta  see 

C, 69.21; H, 5.81; N, 13.43. Found. 
C, 68.99; H, 6.03; N, 13.60. 

qu inoxa l i ne  (1). A s o l u t i o n  o f  D-glycero-D-gulo-heptose - -- (2.8 g )  i n  
wa te r  (250 mL) was heated w i t h  2-phenylenediamine (a, 1.6 g), p- 
f luoropheny lhydraz ine  hyd roch lo r i de  (&by 10 g )  , and a c e t i c  a c i d  (5 mL) 
i n  a sea led  f l a s k  f o r  6 h and t r e a t e d  as compound $; y i e l d  2.5 g (51%). 

R e c r y s t a l l i z a t i o n  f rom p r o p y l  a l coho l  gave y e l l o w  needles,  m.p. 232- 
234", RF 0.47; [a]? +11" ( c  1.9, p y r i d i n e ) ;  v,",": 3320 (OH), 1570 (C=N), 

1270 cm-l (C-F); mass-spectral  da ta  ( s e l e c t e d  i o n s ) :  _nllz- 384 (1, M), 
335 (1 ) , 334 (1  , B '  CHOHCH20H , where B ' = 1 -p-f 1 uorophenyl  py razo l  o 
[3,4-b-]quinoxaline), 323 (1, B'CHOHCHOH), 307 (1, B'HCH20H), 306 (1, 
B'CH2CHO), 305 (1 ,  B 'CH2CO),  295 (7,  B'HCH20H), 294 (61, B'CH20H), 293 
(100, B'CHOH),  292 (7, B'CHO), 291 (B'CO), 277 ( B ' C H 2 ) ,  266 (8), 265 
(41, B 'H2) ,  264 (5, B ' H ) ,  263 (18, B ' ) ,  250 ( 5 ) ,  249 ( l ) ,  239 (3, B 'H2 - 
CN), 238 (33, B'H2 - HCN), 237 (3),  236 (3 ) ,  191 ( 2 ) ,  144 (2 ) ,  143 (2 ) ,  
110 (2,  C6H4FNH), 109 (2,  C6H4FN), 103 (1,  PhCN), 102 ( 2 ) ,  96 (1,  
C6H5F) , 95 (8, C6H4F) , 92 (2, PhNH) , 91 (2, PhN) , 90 (4) , 77 (2, Ph) , 
and 43 ( 5 ) .  For n.m.r. spec t ra l -da ta ,  see Table 2. 

@. Calc. f o r  C19H17N404F: C, 59.37; H, 4.46; N, 14.58. Found: 
C, 59.63; H, 4.52; N, 14.33. 

3- 8-g- - E ry t  h r o f u  ranosy 1 - 1 -p-f 1 uoropheny 1 py razo l  o- [ 3 , 4-bJqu i noxa 1 i ne 

(8). A suspension o f  compound 1, ( 2  g) i n  8% methano l i c  s u l f u r i c  a c i d  
s o l u t i o n  (400 mL) was b o i l e d  under r e f l u x  w i t h  s t i r r i n g ,  f o r  48 h ( w i t h  
m o n i t o r i n g  o f  t h e  r e a c t i o n  by t .1.c.) ;  a f t e r  48 h, t .1 .c .  revea led  t h e  

absence o f  t h e  s t a r t i n g  m a t e r i a l  and fo rma t ion  o f  one more mob i l e  spot  
RF 0.55. The s o l u t i o n  was d i l u t e d  w i th  h o t  wa te r  and t h e  methanol was 
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TABLE 1. Chemical s h i f t s  ( 8 )  and f i r s t - o r d e r  
cons tan t  (J Hz) f o r  Compounds (z)-(fE) 

6 2 
Sugar p ro tons  

H-1 I a 5.24dd 
b 5.25d 

J 1 i Y 2 i 9 * 4  

H-2 I a 4.41d 

b 4.60d 

J1 i ,219.4 

J2' ,3'O 

H-3' a 4.04m 

b 4.04t 

H-4' 

3.54111 

H-4" J31,416.4 

J31 ,4117.5 

10.5 J4' ,4" 

4 
2, 

5.19d 

J1 I ,2 16 - 8  

a 4.91111 

b 4.91 t  

J21 ,315-0 

a 4.46111 

4.45d 

4.35dd 

J3i ,414-6 

3.86dd 

J31 ,41t2.1 

9.4 J4'  ,4" 

c 5.67s 

J1 i ,216-2 

6 .27 t  

J21 ,315-4 

5.88m 

3 4.66dd 

J31 ,414.5 

4.14d 

10 J4'  ,4" 

SALLAM 

coup1 i ng 

fE 

c 5.83s 

5.57d 

J2' ,3t6.0 

5.27t 

J3 '  ,4'O 

4.19m 

J31 ,4114-6 

J4 i  ,41110-4 

removed by evapora t i on  under d imin ished pressure.  

t a t e  ob ta ined was c o l l e c t e d ,  washed tho rough ly  w i t h  water  u n t i l  n e u t r a l  , 
and d r i e d  y i e l d  1.8 g (95%). 

benzene, t o  g i v e  y e l l o w  needles, m.p. 210-212'; [a]:' -124.4" ( c  1.3, 
p y r i d i n e ) .  For n.m.r. s p e c t r a l  da ta  see Tab le  2. 

C, 62.18; H, 4.42; N, 15.20. 

[3,4-b]quinoxal ine ( 2 ) .  
anhydr ide (10 mL) f o r  2 h, and t h e  s o l u t i o n  was t r e a t e d  as descr ibed 
f o r  2. 

The y e l l o w  p r e c i p i -  

I t  was r e c r y s t a l l i z e d  f rom methanol- 

Anal. Calc. f o r  C19H15N403F: C, 62.29; H, 4.13; N, 15.29. Found: 

3-(2 ,3-Di-0-acety1-~-~-erythrofuranosy1)-1-~-fluoropheny1pyrazolo- - 

Compound 8 (160 mg) was r e f l u x e d  w i th  a c e t i c  

The y e l l o w  produc t ,  y i e l d  150 mg (77%), was r e c r y s t a l l i z e d  f rom 
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- C-NUCLEOSIDE ANALOGS 30 9 

TABLE 1 (cont inued)  

6 

5.78d 5.27d 
J 5.0 J 6.2 2.188 
5.61t  5.14d 2.079 
J 4.3 J 3.7 1,664 
J 5 . l t  1.464 
J 8.4 A 6  0.200 
4.25d 

J 7.4 

6,7-Dimethyl-1 -phenylpyrazolo[3,4-t$qui noxal  i ne protons 

H-5 8.45s 8.39s 8.45s 8.44s 
H-8 8.43s 8.37s 8.43s 8.42s 
6-CH3 2.52s 2.50s 2.56s 2.55s 
7-CH3 2.50s 2.48s 2.54s 2.54s 
H- (0) 8.06s 8.01s 8.04s 8.02s 

7.99s 7.96s 7.97s 7.96s 
H- (m) 7.63t 7.64t 7.56t 7.57t 
H- (El 7.33t 7.36t 7 .34t  7 .33t  

a. I n  d imethy l  sulfoxide-ci+-. b. CD3C02D added. c. i n  CDC13. 

methanol-chloroform, t o  g i v e  ye1 low needles m.p. 163-164" ; [a];' -103.4" 
( c  1.7, ch loroform);  vKBr 1775 (OAc), 1520, 760 (Ph), and 1260, 1225 ma x 
cm-l (C-F); mass-spectral data ( se lec ted  i o n s ) :  391 (0.1, M - OAc), 

B'CH20H), 293 (2,  B'CHOH), 265 (1, B ' H 2 ) ,  264 (1, B'H),  263 (3,  B ' ) ,  
238 (3, B ' H 2  - HCN), 116 (2, C6H4CN2), 115 (19),  109 (C6H4FN), 95 

(C6H4F), 90 (3,  C6H4N), 77 (1, Ph), and 43 (100, CH3CO). For  n.m.r. 
s p e c t r a l  data,  see Table 2. 

C, 61.26; H, 4.38; N, 12.24. 

pyrazolo[3,4-~]quinoxaline (g). Compound (150 mg) was d i s s o l v e d  i n  

390 (1, M - AcOH), 331 (17, M - H - 2 Ac) ,  302 (2, B'H2CH20H), 294 (0.3, 
t 

Anal. Calc. f o r  C23H19H405F: 

1 - p F l  uorophenyl-3- (2,3-g- isopropyl  idene-B-D-erythrofuranosy1)- - 

C, 61.33; H, 4.25; N, 12.44. Found: 
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TABLE 2. Chemical shifts  ( 6 )  and f i r s t - o r d e r  
coupl ing  c o n s t a n t  ( J  Hz) f o r  compounds (l)-(,g). 

2 R 2 

Sugar pro tons  

H-1 ' a 5.60dd 
b 5.60d 
J 1 i y 2 i 2 - 6  

ti-2' a 4.18111 
b 4.18dd 

8 J 2 '  ,3 '  

H-3' a 3.50111 
b 3.50dd 
J 5 . 9 ,  10.7 

H-4 '  1 3.73111 

J 
H-4" 

OH 5.41d 
(OAc) J 7.2 
( CMe2) 4.80d 

J 5.5 
4.73d 
J 6 . 5  
4 .40 t  
J 5 . 6 ,  5.5 

a 5.31d 
b 5.25d 

J1  i ,217-0  

a 4.91dd 
b 4.91dd 
J2i ,314.7 

a 4.50111 
b 4.47dd 
J31 , 4 1 4 . 4  

4.38dd 
J31 ,414 .5  

5.31d 
J 6 .5  
5.25d 
J 7.0 

c 5.68d c 5.85s 
J I i , 2 ' 6 . 6  

6 .26 t  5.57d 
J21 ,315-8  J21 ,316 .2  

5.89dd 5.261~1 
J31 ,414.9 J31 ,410 

2 .09s  
2.20s 1.665s 

1.463s 
as 0.202 
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TABLE 2 (continued) 

311 

QJ:Ql*F 1-p-F1 uorophenylpyrazolo[3,4-~]quinoxal ine. 

H-5 8.45d 8.38d 8.42d 8.41d 

J5,65'8 J5,64*8 J5 ,64'7 J5,65'3 

H-6 8.30d 8.28d 8.32d 8.32d 

J6 ,78'5 J6,78'7 J6,78'5 J6 ,78'4 

H-7 8.21 d 8.19d 8.21 d 8.21d 

H-8 8.43d 8.36d 8.40d 

J7,84'8 J7,84'6 J7,84*5 

8.40d 

J7,84'4 

H-A 7.98t 8.96t 7.88t 7.8at 
J 7.3, 7.7 J 8.3 J 7.3, 8.4 J 7.4, 7.5 

H-A' 7.88t 7.87t 7.79t 7.79t 
J 7.7, 7.3 J 8.2 J 8.3, 7.3 J 7.7, 7.2 

H-B,B' 7.50t 7.49t 7.28t 7.28t 

JH,F8*7 J~,~8.8 J~,~8.6 JH , F8 ' 

a. In dimethyl sulfoxide. b .  CD3C02D added. c. In CDC13. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
4
0
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



312 SALLAM 

d r y  acetone and t r e a t e d  w i t h  p - t o l u e n e s u l f o n i c  a c i d  (150 mg) as de- 

s c r i b e d  f o r  Q,. 
was r e c r y s t a l l i z e d  from d i l u t e  methanol , t o  g i v e  y e l l o w  needles,  m.p. 

128-130"; RF 0.71. 

- Anal. Calc.  f o r  CZ2Hl9N4O3F: 
C, 65.20; H, 4.82; N, 13.61. 

B i o l o g i c a l  t e s t s .  

It gave y e l l o w  p r e c i p i t a t e ;  y i e l d  120 mg (75%) which 

For n.m.r. s p e c t r a l  da ta  see Table 2. 
C, 65.02; H, 4.71; N, 13.61. Found. 

Compounds $ and 8 were t e s t e d  i n  v i t r o  a g a i n s t  

KB c e l l s ,  by t h e  C e l l  C u l t u r e  Labora tory  o f  t h e  Purdue U n i v e r s i t y  

Cancer Center. 
aqueous d imethy l  s u l f o x i d e .  Compound showed a c t i v i t y  a t  100 ug/mL 
d i l u t i o n ,  and compound $, was i n a c t i v e .  

Compounds 2, $, L ,  and were t e s t e d  i n  v i v o  aga ins t  P388 mouse 
lymphocy t ic  leukemia c e l l s ,  and were i n a c t i v e ,  as i n d i c a t e d  f rom t h e  
N I H  sc reen ing  data summary (SDS). The leukemia screen (3PS31) t e s t  

r e s u l t s ,  d i d  n o t  show a c t i v i t i e s  f o r  compounds 4 and x. 
pound $ i n d i c a t e d  a c t i v i t y  a t  50, 25, and 12.5 mg/kg doses, whereas 
compound 
(3PS31) t e s t  r e s u l t s  were ob ta ined th rough t h e  Screening Program o f  
Drug Eva lua t i on  Brnach, D i v i s i o n  o f  Cancer Treatment, Na t iona l  Cancer 
I n s t i t u t e ,  Na t iona l  I n s t i t u t e  o f  Hea l th ,  Bethesda, Maryland 20205. 

The compounds were t e s t e d  as a suspension i n  d i l u t e  

However com- 

was a c t i v e  a t  200, 100, and 50 mg/kg doses. The P388 and 
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