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ABSTRACT 
D e h y d r a t i v e  c y c l  i z a t i o n  o f  t h e  c o n d e n s a t i o n  p r o d u c t  o f  2,3,4,5- 

tetra-0-acetyl-galactaryl c h l o r i d e  w i t h  a n t h r a n i l  i c  a c i d  ave 1,2,3 4- 
t e t r a = O - a c e t y l - 1 , 4 - b i  s(4H-benzoxazin-4-one-2-yl )-gal a c t o - f e t r i  to1 f t s  
r e a c t i  07 w i  t h  a n i l  i ne i n t h e  presence o f  hosphorusF3VTliI o r i  de a f i o r d e d  
1,4-bi s(3-phenyl qu i  nazol i n-4-0ne-2-yll-l,!!, 3,4-tetra-O-acetyl - -gal acto- 
t e t r i  to1 . 

INTRODUCTION 

Benzoxazines a r e  a well-known c l a s s  o f  organic compounds which can 

some o f  

which may have p o t e n t i a l  phys io log i ca l  a c t i v i t y 7  - lo o r  may be usefu l  

as components o f  thermostable  polymer^.^^,^^ As a c o n t i n u a t i o n  o f  our 

work f o r  d e v e l o p i n g  new syn theses  f o r  - C-nucl  e o s i d e  a n a l ~ g s l ~ , ~ ~  and 

heterocyc l  es f rom carbohydrate  precursor^,^^,^^ we r e p o r t  t h e  d e t a i l  s18 

o f  t h e  s y n t h e s i s  o f  a new a c y c l i c  - C - n u c l e o s i d e  a n a l o g  p o s s e s s i n g  a 

benzoxazi  ne r i n g ,  w h i c h  i s t h e  f i r s t  exampl e o f  a benzoxazi  ne i n  t h e  

c a r b o h y d r a t e  s e r i e s .  I t s  r e a r r a n g e m e n t  t o  q u i  nazo l  ones was a1 s o  

invest igated,  as t h e  l a t e r  h e t e r o c y c l i c  r i n g  system has t h e  p o t e n t i a l  

f o r  pharmacological a c t i v i t y . l g  - 25 

, be t ransformed i n t o  o t h e r  n i t r o g e n  h e t e r o c y c l i c  compounds,2 - 

599 
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6 00 E L  ASHRY,  RASHED,  AND MOUSAAD 

RESULTS AND DISCUSSION 
2,3 ,4 ,5 -Tet ra -O-acety l  - g a l a c t a r i c  a c i d  (1, Scheme 1)  was s e l e c t e d  

as  a model s t a r t i n g  m a t e r i a l  f o r  t h e  s y n t h e s i s  o f  t h i s  t y p e  o f  - C 

n u c l e o s i d e  ana log .  C o n d e n s a t i o n  o f  i t s  d i c h l o r i d e  2 w i t h  a n t h r a n i l i c  

a c i  d a f f o r d e d  a c o l  o r1  ess c r y s t a l 1  i ne p r o d u c t  3 whose e l  emental a n a l y s i s  

i n d i c a t e d  t h a t  r e a c t i o n  had occu r red  between 2 and t w o  e q u i v a l e n t s  o f  

a n t h r a n i l i c  a c i d .  Its i n f r a r e d  ( I R )  s p e c t r u m  showed t h e  C O  and OH of 

t h e  c a r b o x y l i c  a c i d  group a t  1690 and 3400 cm-l, respec t i ve l y ,  t h e  OAc 

g r o u p s  a t  1760 cm- l ,  a n d  t h e  n e w l y  f o r m e d  a m i d e  l i n k a g e  a t  1680 cm'l. 

These d a t a  a g r e e d  w i t h  t h e  s t r u c t u r e  2,3,4,5-tetra-O-acetyl - g a l a c t a r i c  

1,6-bi s[(o-carboxyphenyl - l a m i  d e l  ( 3  1. 

OAc 

~ O A C  

0 A c  

2 R = C O C I  - 1 R z C O O H  - 

SCHEME 1 
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601 SYNTHESIS OF - C-NUCLEOSIDE ANALOGS 

D e h y d r a t i v e  c y c l i z a t i o n  o f  3 gave 4 whose s t r u c t u r e  was deduced 

f rom i t s  spectroscopic data. The I R  spectrum o f  4 i n d i c a t e d  t h e  absence 

o f  bands due t o  t h e  carboxy l i c  a c i d  and amide groups which appeared i n  

i t s  p r e c u r s o r  3. I n  t h e i r  p l a c e  bands appeared a t  1780 and 1655 cm-l, 

r e s p e c t i v e l y ,  a t t r i b u t e d  t o  t h e  O C O  and C=N o f  t h e  newly  f o r m e d  

h e t e r o c y c l i c  r ing.  The l H  NMR spectrum o f  4 showed t h e  aromat ic protons 

o f  t h e  he terocyc l i c  r i n g s  as a m u l t i p l e t  and a doublet  respec t ive ly  a t  

67.6 and 8.1, t h e  p r o t o n s  o f  t h e  t e t r i  t o l y l  r e s i d u e  a s  t w o  s ing1 e t s  a t  

65.58 and 5.77, and t h e  ace toxy  groups as t w o  s i n g l e t s  a t  62.05 and 

2-20. The 'H NMR spect rum c o n f i r m e d  t h e  symmetry e x i s t i n g  i n  t h e  

molecule.  The mass spec t rum o f  4 d i d  n o t  show t h e  mol ecul  a r  i o n  peak 

a n t i c i p a t e d  a t  - -  m / t  580; however i t  d i d  show t h e  h ighes t  mass a t  - -  m/z 538, 

a t t r i b u t e d  t o  t h e  loss o f  CH2=C=O. The f ragmentat ion p a t t e r n  i n  general 

cou ld  be d iv ided i n t o  th ree  d i s t i n c t  ser ies:  The f i r s t  f ragmentat ion 

o r i g i n a t e s  f rom t h e  l o s s  o f  AcOH, AcO, Ac and CH2=C=O from t h e  backbone 

A c O - C  - - A c  
II 
C H  

OAc 
0 

g1-r 538 

B 
F O A c  

CH 
F O A c  

0 

0-c  
I1 
CH 

t O A c  

0 

9 
t 
i 

t O A c  
0 l? 

t- OH 
OAc 

0 
0 

- r n l i  417 g/_ l375  

SCHEME 2 
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602 EL ASHRY,  R A S H E D ,  AND MOUSAAD 

o f  t h e  mol ecul e (Scheme 2). The second s e r i e s  begins by  a cleavage of 

the molecular i o n  i n to  two halves t o  give the i o n  a t  m/z 290, which then 

l o s e s  CHOAc t o  give t h e  ion a t  - -  m/z 218. Moreover, l o s s  of AcOH and Ac 

occurs from each of t h e  pri ncipal fragments t o  give a d d i  t ional  i ons 

(Scheme 3). The t h i r d  s e r i e s  of i o n s  deal s w i t h  fragmentations of the 

heterocyclic r i n g  (Scheme 4). Structure 4 was therefore assigned t o  be 

1 , 2,3,4-tetra-O-acety1-1,4-bi - s (4H-benzoxazi - n-4-one-2-yl )-gal acto- 

t e t r i  to1 . 

- -  

Reaction o f  4 w i t h  a n i l i n e  under any of several  condi t ions (See 

Experimental Sect ion)  afforded t h e  same product 5. This product was 

f o u n d  t o  be a r e s u l t  of t h e  condensation of 4 w i t h  two molecules o f  

ani l ine without elimination of water. The IR spectrum of 5 showed the 

COO group a t  1695 cm’l and OAc group a t  1760 cm-l, i n  a d d i t i o n  t o  the N H  

group a t  3190 cm-l. These data  confirm t h a t  a n i l i n e  reacted w i t h  t he  

benzoxazine preferentially a t  the carboimino center, rather t h a n  a t  the 

carbonyl group, t o  a f f o r d  1,2,3,4-tetra-O-acety1-1,4-bis~N-(2- - - 
carboxyphenyl 1-N’-phenyl - ami d i  nel-gal a c t o - t e t r i  to1 (51, agreeing w i t h  

reported data on simp1 e  compound^.^ 
The attempted c y c l i z a t i o n  of 5 t o  a quinazolone d e r i v a t i v e  u s i n g  

various dehydrating agents f a i l  ed; however, a successful syn thes i s  of 

the q u i  nazol one coul d be achieved i n one s tep by the reaction of ani 1 i ne 

w i t h  t h e  benzoxazine 4 i n  to luene i n  t h e  presence of phosphorus 

t r i ch lo r ide .26  The r eac t ion  afforded a c r y s t a l l i n e  product 6, whose 

elemental analysis indicated tha t  the condensation of 4 occurred w i t h  

two molecules o f  ani l ine w i t h  the lo s s  of two molecules of water. The 

s t r u c t u r e  was deduced t o  be 1,2,3,4-tetra-O-acetyl - -1 ,4-b i  s(3-phenyl- 

qui  nazol in-4-one-2-yl )-gal acto-tetri  to1 (6) from the spectroscopic data.  
The IR spectrum showed a band a t  1680 cm-l f o r  the OCN group (instead o f  

a b a n d  a t  1780 cm-l f o r  O C O  group i n  t h e  IR of i t s  precursor)  i n  

addition t o  a band a t  1755 cm-l f o r  t he  OAc groups. I t s  l H  NMR spectrum 

showed the aromatic p ro tons  a s  a multiplet  and a doublet, respectively, 

a t  6 7.56 and 8.25, the protons of  the  t e t r i  tolyl residue a s  two sing1 e t s  
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SYNTHESIS OF - C-NUCLEOSIDE ANALOGS 603 

B 7 

AcO Acoc: 0 
I 

CH or 
II t 
C = OAC 

0 
I 

c-OAC 

+!H 

F I E  230 

B B 0 
-CHOAc toAc -AC t OAc I +  + -  

CH = O  CH = OAC - 
CH = OAc 

B 
I 

+-HZ0 

B 
I 

- Ac C -0Ac  
II 

c ,  .- 
II p 

C,H -+ C H  

SCHEME 3 

p / z  146 

0 -I+ 

m i l  147 

1 x 0  

-I+ 

- m l g  119 
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6 04 EL A S H R Y ,  R A S H E D ,  AND MOUSAAD 

a t  65.26 and 5.32, and t h e  a c e t o x y  groups as t w o  s i n g l e t s  a t  61,62 and 

2.15. 

I n  c o n c l u s i o n ,  t h i s  model s t u d y  d e m o n s t r a t e d  t h e  s u c c e s s f u l  

s y n t h e s i  s o f  a benzoxazi  ne and i t s  t r a n s f o r m a t i o n  t o  a q u i  nazol  one i n  

the  carbohydrate series. The method i s  o f  p o t e n t i a l  value as t h e  2,5- 

a n h y d r o a l d o n i c  a c i d s  a r e  r e a d i l y  a v a i l a b l e  s t a r t i n g  m a t e r i a l s  f o r  - C- 
nucl eosi de synthesis.  

EXPERIMENTAL 

Genera l  procedures.  Me1 ti ng p o i  n t s  were determined w i t h  a Ko f l  er- 

b l o c k  appara tus  and a r e  u n c o r r e c t e d .  I n f r a r e d  ( I R )  s p e c t r a  were 

r e c o r d e d  w i t h  a Unicam SP 200 s p e c t r o m e t e r ,  and lH N M R  s p e c t r a  w i t h  a 

Jeol-100 spectrometer (on sol u t i o n s  i n  ch l  oroform-d), - w i t h  te t ramethy l -  

s i l a n e  as t h e  i n t e r n a l  s tandard.  Chemical  s h i f t s  a r e  g i v e n  on t h e  6 

scale. The mass spectrum was recorded w i t h  an A.E.I. MS 902 instrument.  

M i c r o a n a l y s e s  w e r e  p e r f o r m e d  i n  t h e  F a c u l t y  o f  Science, C a i r o  

Uni v e r s i  ty  . 
2,3,4,5-Tctra-O-acetyl - g a l  a c t a r i  c 1,6-bi sC(o-carboxyphenyl - lamide l  

( 3 ) .  A c o l d  s o l u t i o n  of  Z27 (4.0 g, 9.6 mmol) i n  benzene (20 mL) was 

added dropwise t o  a c o l d  and s t i r r e d  s o l u t i o n  o f  a n t h r a n i l i c  a c i d  (2.63 

g, 19.2 mmol) i n  p y r i d i  ne  (10 mL) a t  0 OC. The m i x t u r e  was s t i r r e d  f o r  

f u r t h e r  0.5 h, and t h e  so l ven t  was removed under reduced pressure. The 

product  (4.45 g, 75% y i e l d )  was c r y s t a l l i z e d  f rom ethanol as c o l o r l e s s  

needles:  mp 283 OC (dec.); vhi:  3400 (OH), 3200 ( N H ) ,  1760 (OAc), 1690 
(COO), 1680 (OCN), 1605 a n d  1590 C m - l  (C=C),. A n a l .  C a l c d  f o r  

C28H28N2014: C, 54.54; H, 4.58; N, 4.54. Found: C, 54.42; H, 4.44; N, 
4.45. 

1,2,3,4-Tetra-O-acetyl-l,4-bi - s(4H-benzoxazi - n-4-one-Z-yl )-gal acto- 

t e t r i  t o 1  (4). A m i x t u r e  of 3 (3.0 g, 4.9 mmol and a c e t i c  anhydr ide (12 

mL) was heated under r e f l u x  f o r  2 h, and t h e  so l ven t  was removed under 

reduced pressure. The product  (2.26 g, 80% y i e l d )  was c r y s t a l l i z e d  f rom 
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SYNTHESIS OF C-NUCLEOSIDE ANALOGS 605 - 

KB r 
e t h a n o l  i n  c o l o r l e s s  n e e d l e s :  mp 292 OC; Vmax 1780 ( O C O ) ,  1755 (OAc), 

1655 cm-' (C=N) ;  'H NMR (CDC13): 62.05, 2.28 ( 2  S ,  12  H, 4 COCH31, 5.58 

( s ,  2 H, H-2,-33, 5.77 (s, 2 H, H-1,-4), and 7.6 a n d  8.1 ( m  and d 8 H ,  

a r o m a t i c  p r o t o n s ) .  Anal. Ca lcd  f o r  C28H24N2012: C, 57.93; H, 4.17; N, 
4.83. Found: C, 57.54; H, 3.91; N, 4.57. 

1,2,3,4-Tetra-O-acetyl- - 1,4-bi sCN- - (2-carboxyphenyl 1 -N ' -phenyl - 
anidinel-galacto-tetritol  (5). a )  A mixture o f  4 (1.0 g, 1.7 mmol) and 

a n i l i n e  (0.4 m L ,  4.4 mmol) was f u s e d  on a w a t e r  b a t h  f o r  2 h.  The 

mixture  was then t r i t u r a t e d  w i t h  a l coho l ,  and the  product  5 was f i l t e r e d  
o f f  and d r i e d  (1.16 g, 88% y i e l d ) :  mp >350 OC; V i:L 3190 (NH),  1760 

(OAc), 1695 (COO), 1610 cm-l (C=C), i n  a d d i t i o n  t o  a b road  band f o r  the  

amidine s a l t  a t  2500 - 2688 and 1579 cm-1. Anal. Calcd f o r  ~ ~ ~ ~ 3 ~ ~ ~ 0 ~ 2 :  

C, 62.65; H, 4.99; N, 7.30. Found: C, 62.60; H, 4.90; N, 7.00. 

b )  A s o l u t i o n  of 4 (1.0 g, 1.7 mmol) and a n i l i n e  (0.4, 4.4 mmol) 

i n  1 ,4 -d ioxane  (20 m L )  was b o i l e d  u n d e r  r e f l u x  f o r  2 h. The p r o d u c t  

t h a t  s e p a r a t e d  o u t  on c o o l i n g  was f i l t e r e d  o f f  and d r i e d  (1.22 g, 92% 

y i e l d ) :  mp >350 OC. The product was i d e n t i c a l  t o  t h a t  obtained from a ,  

above. 

c )  A s o l u t i o n  o f  4 (0.5 g, 0.85 mmol) i n  a n i l i n e  (1 m L ,  11 mmol) 

was b o i l e d  u n d e r  reflux f o r  2 h.  The p r o d u c t  t h a t  s e p a r a t e d  o u t  on 

d i l u t i o n  w i t h  alcohol was f i l tered o f f  and d r i e d  (0.56 g, 85% y ie ld ) :  mp 

>350 OC. I t  was i d e n t i c a l  t o  t h a t  obtained from a ,  above. 

d )  A s o l u t i o n  o f  4 (1.0 g ,  1.7 mmol) i n  a n i l i n e  (30  m L )  was 

s t i r r e d  f o r  3 h a t  room t e m p e r a t u r e .  The r e a c t i o n  mixture was l e f t  

overnight ,  and the product t h a t  s epa ra t ed  o u t  was f i l t e r e d  o f f  and d r i e d  

(1.06 9, 80% Yield):  mp >350 OC. I t  was i d e n t i c a l  t o  t h a t  obtained from 

a ,  above. 

e l  A s o l u t i o n  o f  4 (1.0 g, 1.7 mmol) and a n i l i n e  (0.4 m L ,  4.4 

mmol) i n  d r y  benzene (100 m L )  was s t i r r e d  f o r  3 h ,  then l e f t  t o  s t a n d  

o v e r n i g h t .  The p r o d u c t  t h a t  s e p a r a t e d  o u t  was f i l t e r e d  o f f  and d r i e d  

(1.15 g, 87% y i e l d ) :  mp >350 OC. I t  was i d e n t i c a l  t o  t h a t  obtained from 

a.  above. 
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606 EL ASHRY,  R A S H E D ,  AND MOUSAAD 

1,2,3,4-Tetra-O-acetyl-1,4-bis(3-phenyl - quinazol in-4-one-2-yl)- 

g a l a c t o - t e t r i t o l  (6). To a s o l u t i o n  o f  4 (0.7 g, 1.2 mmol) and a n i l i n e  

(0,28 mL) i n  t o l u e n e  (15 mL), a s o l u t i o n  o f  phosphorus t r i c h l o r i d e  

(0,055 g, 0.4 mmol) i n  t o l u e n e  (5 mL) was added dropwise.  The r e a c t i o n  

m i x t u r e  was heated  under  r e f l u x  a t  130 OC f o r  4 h, a t  t h e  end o f  wh ich  

t i m e  i t  was cooled and t h e  to luene was decanted. The res idue was washed 

w i t h  10% sodium c a r b o n a t e  s o l u t i o n  and w a t e r ,  and c r y s t a l  1 i z e d  f r o m  

a l c o h o l  (0.68 g, 77% y i e l d )  as c o l o r l e s s  needles:  mp 270 - 272 O C  

(dec.); v,"!: 1755 (OAc) and 1680 cm-l (OCN); H NMR (CD3C1): 6 1.62 and 

2.15 (2 S, 12 H, 4 OAC), 5.26 ( s ,  2 H, H-2,-3), 5.32 (s, 2 H, H-1,-4), 
and 7.56 and 8.25 (m and d, 18 H, a r o m a t i c  p r o t o n s ) .  Anal. C a l c d  f o r  

C40H34N4010: C, 65.75; H, 4.69; N, 7.67. Found: C, 65.82; H, 4.93; N, 

8.13. 
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