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ABSTRACT 

The i sop rop  l i d e n a t i o n  o f  l-aryl-(I ,- threo- l yce ro l - l - y1 ) -6 ,7 -  

correspond1 ng a- th reo-d foxo l  anes. The r o l  e o f  c o n f i g u r a t i o n  o f  t h e  
g lycero ly l  r e s i d u e m i r e c t i n g  the  l oca t i on  o f  t he  isopropylidene r i n g  
1 s discussed. A1 though the pyrazolo-qui noxal i ne r i  ng was shown not  t o  
a f f e c t  t h e  r e g i o s e l e c t i v i t y ,  i t  has a cons ide rab le  e f f e c t  on t h e  
chemical s h i f t  o f  the  methyl groups o f  t he  isopropyl idene ring. 

dirnethyl-pyrazo~o~3,4-b~quinoxal i ne f i m g  3 o s e l e c t i - v e l y  t h e  

INTRODUCTION 

One of the  major factors t h a t  governs the  reg iose lec t i v i t y  o f  t he  

ace ta l  i z a t i o n  o f  p o l y o l  s i s  t h e  c o n f i g u r a t i o n  o f  t h e i r  hydroxy l  

groups. 2-6 We are in te res ted  i n  such reactions on acyc l i c  - C-nucleoside 

anal Thus t h e  L - t h r e o - g l y c e r o l y l  - s o f  t h e  pyrazo l  ined iones  

a f fo rded,  upon i sopropyl i denat i  on under thermodynamically cont ro l  1 ed 

cond i t i ons ,  t h e  corresponding a-threo-1,3-dioxol - anes as t h e  major  

products ,  whereas, under k i n e t i c a l l y  c o n t r o l 1  ed cond i t i ons ,  t h e  a- 

terminal -1 ,3-d ioxolanes p reva i l ed ,  w i t h  l e s s e r  amounts o f  t h e  6- 
t e r m i n a l  -1,3-dioxane be ing  observed.’ A1 though t h e  f o r m a t i o n  o f  t h e  

l a t t e r  r i n g  i s  unfavorable, i t s  poss ib le  format ion has been reported.’ 

* 
To whom i n q u i r i e s  shoul d be addressed. 
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5 08 EL ASHRY, EL-KILANY, AND MOUSAAD 

The i s o p r o p y l i d e n a t i o n  o f  t h e  Q - e r y t h r o - g l y c e r o l y l  - m o i e t y  o f  t h e  

pyrazol  0[3,4-bIquinoxal - i n e  has been reported," and t h e  s h i f t  r u l  e o f  E l  

Ashry8 was shown t o  f u r n i s h  good c r i t e r i a  f o r  ass ign ing  t h e  l o c a t i o n  o f  

t h e  i s o p r o p y l i d e n e  r i n g  i n  t h e  p r o d u c t s .  I n  t h e  p r e s e n t  work,  such a 

study was extended t o  t h e  L-threo - analogs. 

RESULTS AND DISCUSSION 
I s o p r o p y l  i d e n a t i o n  o f  (~-threo-glycerol-l-yl)-6,7-dirnethyl-l- 

phenyl-pyrazolo~3,4-b~quinoxaline - (1, Scheme 1 )  and i t s  - p - c h l o r o p h e n y l  

a n a l o g  2 w i t h  ace tone  i n  t h e  p resence  o f  c o n c e n t r a t e d  s u l  f u r i c  a c i d  

a f f o r d e d  t h e  1 ,2 -0 - i sop ropy l i dene  - d e r i v a t i v e s  3 and 4, r e s p e c t i v e l y .  

The p o s i t i o n  o f  t h e  i s o p r o p y l i d e n e  group i n  t h e s e  compounds was 

e s t a b l i s h e d  b y  compar ing  t h e i r  lH NMR s p e c t r a  w i t h  t h o s e  o f  t h e i r  

a c y l a t e d  d e r i v a t i v e s .  Thus t h e  a c e t y l a t i o n  o f  3 and 4 w i t h  a c e t i c  

a n h y d r i d e  i n  p y r i d i n e  gave t h e  c o r r e s p o n d i n g  monoacetates 5 and 6,  

r e s p e c t i v e l y .  The 'H NMR s p e c t r a  ( T a b l e  1 )  o f  3 and 5 showed no 

s i g n i f i c a n t  s h i f t  o f  t h e  H - 1  r e s o n a n c e  (65.63 t o  5.55) due  t o  

ace ty la t i on ,  whereas a down f ie ld  s h i f t  o f  t h e  resonances o f  H-2 (65.19 

t o  5.40), H-3 (64.03 t o  4.531, and H-3' (63.87 t o  4.30) were  observed. 

A s i m i l a r  p a t t e r n  f o r  t h e  chemical s h i f t s  o f  t h e  g l y c e r o l y l  protons o f  6 

was a l s o  observed. B e n z o y l a t i o n  o f  3 and 4 w i t h  benzoyl  c h l o r i d e  i n  

p y r i d i n e  gave t h e  monobenzoates 7 and 8, r e s p e c t i v e l y ,  The 'H N M R  
spec t rum o f  7 showed an even more pronounced d o w n f i e l d  s h i f t  ( 6  0.68) 

o f  t h e  resonances o f  H-3 and H-3' o f  3 upon b e n z o y l a t i o n ,  whereas H-2 

was shown t o  b e  1 ess a f f e c t e d ,  and H - 1  was a1 m o s t  u n a f f e c t e d .  These 

r e s u l t s  1 ed t o  t h e  conclusion t h a t  bo th  t h e  a c e t y l  a t i o n  and benzoyl a t i o n  

o f  e i t h e r  3 o r  4 r e s u l t e d  i n  a d e s h i e l d i n g  e f f e c t  on t h e  H-3 and H-3' 

resonances, which unequivocal ly proved t h e  1 o c a t i o n  o f  acy l  groups on 

t h e  C-3 hydroxyl  groups. Thus t h e  l o c a t i o n  o f  t h e  isopropyl idene group 

i n  t h e  parent  compounds 3 and 4 i s  es tab l i shed  on t h e  C - 1  and C-2 oxygen 

atoms. On t h e  o t h e r  hand, t h e  a t t e m p t e d  d e d u c t i o n  o f  t h e  l o c a t i o n  o f  
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ISOPROPYLIDENATION 509 

R 

l R =  a 

2 R = b  

0 M!+$7 H 
R 

5 R = a  

6 R = b  

R 
3 R = a  

4 R = b  

7 R - a  

8 R = b  

R -  
Me N’ 

x 
a ,  X = H 

b, X = C1 

SCHEME 1 
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510 EL ASHRY, EL-KILANY, AND MOUSAAD 

Table 1. l H  WR Spectral Data for Conpounds 3 - 7: 

Compound R H - 1  H-2 H - 3  H-3 '  OH OAc CMe2 A r o n a t l c  
NO. I J1 .2Hr l  (J2 ,3Hr )  ( J j , 3 ' H r )  (J2,3 'H2) 

3 H 5.634 

( 7 . 5 )  

4 C l  5.60d 

(7 .5 )  

5 H 5.55d 

(7 .5 )  

6 C l  5.45d 

(7 .5 )  

I H 5.626 

17.51 

5.19n 4 . 0 3 ~  3 * 87q 

( 3 1  ( 1 2 1  ( 5  1 

5.05n -4.0n 

5.400 4.539 4.309, 

( 3 )  ( 1 2 )  I 6 1  

5.30n 4.48q 4.25q 

( 3 )  ( 1 2 1  ( 6 1  

5.5On -4.634 

1.9bs 1.70s 

1.80s 

1.62s 

1.70s 

2.03s 1.63s 

1.77s 

2.03s 1.63s 

1.72s 

1.67s 

1.79s 

7.44m 

7.914 

8.43d 

7.45d 

7.954 

8.45d 

7.45n 

7.974 

8,5d 

7.50d 
7.96d 

8.436 

7 . 4 0 ~  

7.9011 

8.4d 

?. Chemlca l  s h i f t s  a r e  i n  b u n l t s .  and s p i n - s p i n  c o u p l i n g s  ( J - v a l u e s 1  a r e  I n  H t .  M u l t l p l l c i t l e s  

a r e  d. d o u b l e t :  m, n u l t i p l c t ,  q. q u a r t e t ;  s, s i n g l e t ,  and b. broad. 

the isopropylidene ring from the shift  rule8 could not be accomplished 
since the value A s ( 6 1 - 6 2 )  of the resonances of the two  methyl groups 
was f o u n d  t o  be higher t h a n  the required value (0.05) f o r  such a ring. 
This result  may be attr ibuted t o  the much higher influence of  the 

a n i  sotropi c effect  o f  the pyrazol o-qui noxal i ne ri  ng on one of the two 
methyl groups of  the f sopropyl i dene ring. 

A1 though mechani stical 1 y the i sopropyl i dene ri ng may be formed i n 

the f i r s t  stage o f  the reaction a t  the terminal position, i t s  

rearrangement readily takes place under aci d-catalyzed condensation t o  
g i  ve the thermodynamical 1 y control 1 ed product possessing the a-threo- 

dioxolane ring. S u c h  rearrangement was shown t o  be enhanced by the 
transition from a situation h a v i n g  a dioxolane ring w i t h  unsymmetrical 
substituents t o  a more symmetrical one w i t h  trans substituents. This 
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ISOPROPYLIDENATION 5 11 

type of rearrangement could not occur i n  t h e  case  of t he  e ry th ro  

analogslO since the substituents would be i n  a c i s  position i n  the more 

symmetrical compounds. 

In conclusion, t h e  isopropyl idenat ion of 1 and 2 afforded t h e  a- 

threo-dioxolanes i n  a manner s imi l a r  t o  t h a t  reported f o r  the - L-threo- 

glycerol s possessing pyrazol edi one ri n g ~ . ~  These resul t s  i ndicated t h a t  

t h e  i sop ropy l  i d e n a t i o n  of t h e  C - t h r e o  - -  g l y c e r o l y l  s o c c u r r e d  

regiosel ectively, and the heterocyclic ring d i d  a f f ec t  the resonances of 

the methyl groups of the isopropylidene ring. 

-- 

EXPERIMENTAL 

General  P rocedures .  Me1 t i  ng po in t s  were determined using a 

"Me1 temp" apparatus and a r e  uncorrected. IR spectra were recorded w i t h  

a Unicam SP 1025 spectrophotometer. l H  N M R  spectra were recorded w i t h  a 

Varian EM-390 spectrometer ( fo r  s o l u t i o n s  i n  chloroform-d). - Chemical 

s h i f t s  r e f e r  t o  a n  i n t e r n a l  s tandard of te t ramethyl  s i l  ane (60.00). 

Signal mu1 t i p l  i c i  t i e s  a r e  given a s  d, doublet; m, mu1 t ipl  et; q, quartet; 

s, s i n g l e t  El emental analyses were performed a t  the Microanalytical 

Laboratory, Cairo University. 

3- ( 1,2-0- - I sop ropy1 i den+&- - threo- g1 ycerol - 1 -yl)-6,7-di methyl -1 - 
phenyl-pyrazolo[3,4-blquinoxaline - (3). Compound l1 (1 g, 2.74 mmol) was 

added t o  a mixture of dry acetone (40 mL) and 96% s u l f u r i c  a c i d  (0.4 

mL). The mixture was s t i r r e d  f o r  2 h a t  room temperature and then kept 
o v e r n i g h t .  I t  was then n e u t r a l i z e d  w i t h  sol i d ,  anhydrous sod ium 

carbonate,  f i l t e r e d ,  and the f i l t r a t e  was evaporated i n  vacuo t o  give 
the product (0.90 g, 81%), t h a t  was c r y s t a l l i z e d  from ethanol t o  give 

yel low needles: mp 157-158 OC. IR ( K B r )  3440 ( O H )  and 1600 cm-l ( C - N ) .  

Anal. Calcd f o r  C23H24N403: C ,  68.30; H ,  5.98; N, 13.85. C ,  

68.0; H ,  5.7; N, 13.9. 

Found: 

l-(R-Chl orophenylb3-(1,2-0-i - sopropyl idene-l-threo-glycerol-1-yl 1- 
6,7-dimethyl -pyrazolo[3,4-blqui - noxal ine (4). Compound 4 was prepared 
from Z1 (1 g, 2.51 mmol) a s  above t o  give the product (0.79 g, 72%), 
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5 12 EL ASHRY, EL-KILANY, AND MOUSAAD 

t h a t  crystallized from ethanol t o  g i v e  yellow needles: 

IR (KBr) 3450 ( O H )  and 1600 cm-l ( C = N ) .  

C ,  62.94; H, 5.28; N, 12.76. Found: C ,  62.7; H ,  5.7; N, 12.5. 

mp 154-155 OC. 

Anal. Calcd f o r  C23H23ClN403: 

3-(3-0-Acetyl-1,2-O-i - - sopropyl i dene-L-threo-glycerol - - -1-y1)-6,7- 

di  methyl -1-phenyl-pyrazol oC3,4-blqui - noxal i ne (5). A col d sol u t i  on of 3 

(0.5 g, 1.236 mmol) i n  d ry  p y r i d i n e  (5 mL) was t r e a t e d  w i t h  a c e t i c  

anhydride ( 5  mL). The mixture was k e p t  overn ight  a t  room temperature, 

poured onto  crushed i c e ,  and the product  was c o l l e c t e d  by f i l t r a t i o n ,  

washed w i t h  water, dried (0.48 g, 87%), and c rys t a l l i zed  from ethanol t o  

give 5 a s  ye l low c r y s t a l  s: mp 87-89 OC. IR (KBr) 1750 ( O A c )  a n d  1605 

cm-l ( C = N ) .  Anal. Calcd f o r  C25H26N404: C,  67.25; H ,  5.87; N ,  12.55. 

Found: C ,  67.1; H ,  6.3; N ,  12.6. 

3-(3-0-Acetyl-1,2-0-i - - sopropyl i dene-4-threo-glycerol-1-yl - -  )-l-(p 

chlorophenyl)-6,7-dimethyl-pyrazoloC3,4-blqui - noxal i ne (6). Compound 6 

was prepared  from 4 (0.5 g, 1.14 mmol) a s  above t o  give t h e  product  

(0.455 g, 83%) t h a t  c rys t a l l i zed  from ethanol t o  give yellow crys ta l s :  

mp 155-157 OC. Anal. Calcd 

f o r  C25H25ClN404: C. 62.43; H ,  5.24; N ,  11.65. Found: C ,  62.7; H ,  5.5; 
N ,  11.8. 

IR (KBr) 1750 (OAc) a n d  1605 cm-l ( C - N ) .  

3-(3-0-Benzoyl-1,2-0-1 - - sopropyl i dene---threo-glycerol-l-y1)-6,7- -- 
dimethyl-l-phenyl-pyrazolo~3,4-b’lquinoxal - ine (7). A col d sol u t i  on of 3 

(0.4 g, 0.989 mmol) i n  d ry  p y r i d i n e  ( 5  mL) was t r e a t e d  w i t h  benzoyl 

c h l o r i d e  (1 mL). T h e  mixture was k e p t  o v e r n i g h t  a t  room temperature, 
then poured onto crushed ice. The product  was co l lec ted  by f i l t r a t i o n ,  

s e q u e n t i a l l y  washed w i t h  w a t e r  and e thano l ,  d r i e d ,  (0.407 g, 81%) and 

crys ta l l ized  from ethanol t o  give 7 a s  yellow crys ta l s :  mp 101-102 OC. 

IR (KBr) 1725 (OBz) and 1605 cm-l (C=N). Anal. Calcd f o r  C30H28N404: C,  

70.85; H ,  5.55; N, 11.02. Found: C ,  70.4; H, 5.7; N ,  10.9. 

3-(3-0-Benzoyl-1,2-0-i - - sopropyl4dene-L-threo-glycerol-l-yl -- )-l-(p- - - 
chi orophenyl)-6,7-dimethyl-pyrazoloC3,4-blquinoxaline - (8). Compound 8 

was prepared from 4 (0.4 g, 0.911 mmol) a s  above t o  g i v e  t h e  product  
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ISOPROPYLIDENATION 513 

(0.36 g, 73%) t h a t  c r y s t a l  1 i r e d  f r o m  e t h a n o l  t o  g i v e  ye1  1 ow c r y s t a l  s: 

mp 99-100 OC. I R  (KBr) 1700 (OBZ) and 1605 c m - l  (C=N). Anal. C a l c d  f o r  

C30H27ClN404: C, 66.36; H, 5.01; N, 10.32. Found: C, 66.1; H, 4.8; N, 

10.0. 
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