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ABSTRACT 

1,Z-0-Cyclohexylidene-a-CJ-xylofuranuronic a c i d  (2) has 
been c o n v e r t e d  i n t o  i t s  3-Q-Zcetyl d e r i v a t i v e  and consecu-  
t i v e l y  t o  t h e  c o r r e s p o n d i n g  a c i d  c h l o r i d e  and e t h y l  e s t e r .  
D i r e c t  r e a c t i o n  o f  2 w i t h  e t h a n o l  i n  t h e  p r e s e n c e  o f  p- to -  
l uene  s u l p h o n i c  a c i X  gave t h e  e t h y l  e s t e r .  R e a c t i o n  07 2 
w i t h  phosphorus p e n t a c h l o r i d e  i n  d r y  e ther  gave the  a c i z  
c h l o r i d e  o f  1,2-~-cyclohexylidene-3-Q-dichlorophosphoryl- 
- a - e - x y l o f u r a n y r o n i c  P S i d .  Conformational  d a t a  have  been 
o b t a i n e d  from H a n d  C N M R  measurements.  

I 14 T R 0 D U C T I 0 N 

In t h e  p r e v i o u s   communication^^'^ from t h i  l a b o r a t  Y ,  

s y n t h e s i s  o f  5-deoxy- and 5-bromo-5-deoxy- d e r i v a t i v e s  o f  
1 , 2 -0 -cyc lohexy l  - idene-a-~-xylofuranose4'5 have been d e s c r i  - 
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502 MILJKOVIC ET A L .  

bed.  I n  t h e  p r e s e n t  r e p o r t  we d i s c u s s  some f u r t h e r  t r a n s f o r -  
m a t i o n s  o f  1,2-O-cyclohexylidene-a-~-xylofuranose - - i n t o  s i m p -  
1 e de r i v a t  i ve s o f  1 ,2 - - 0 - c y c  1 o he xy  1 i d e n  e -a - - LJ - x y  1 o f  u r  an u r  on i c 
a c i d .  These d e r i v a t i v e s ,  o w i n g  t o  t h e i r  p o l a r  and s o l u b i -  
l i t y  p r o p e r t i e s ,  c o u l d  p o t e n t i a l l y  s e r v e  as s t a r t i n g  b u i l -  
d i n g  b l o c k s  i n  t h e  p r e p a r a t i o n  o f  v a r i o u s  p h a r m a c e u t i c a l s .  

RESULTS AND DISCUSSION 

The s t a r t i n g  compounds 1,2-O-cyclohexylidene-u-~-xylo- - - 
f u r a n u r o n i c  a c i d  ( 2 )  - and i t s  c a l c i u m  S a l t ( 1 )  - w e r e  o b t a i n e d  
b y  0 2 - o x i d a t i o n  o f  1,2-0-cyclohexylidene-a-~-xylofuranose - 
u s i n g  P t / C  as  t h e  c a t a l y s t . 6  The p r e p a r a t i o n  o f  - D - x y l o f u r a -  
n u r o n i c  a c i d  d e r i v a t i v e s  i s  g i v e n  i n  Scheme 1 .  

SCHEME 1 - 

D i r e c t  e s t e r i f i c a t i o n  of a c i d  - 2 w i t h  e t h a n o l ,  i n  t h e  
p r e s e n c e  o f  c a t a l y t i c  amounts  o f  - p - t o l u e n e s u l p h o n i c  
a c i d ,  t a k e s  p l a c e  w i t h o u t  a n y  c h a n g e  o f  t h e  1 , 2 - O - c y c l o -  
h e x y l i d e n e  a c e t a l  f u n c t i o n .  
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1 ,2 -O-CYCLOHEXYLIDENE-~-~-XYLOFURA"RONIC - A C I D  503 

T r e a t i n g  a c i d  - 2 w i t h  phosphorus  p e n t a c h l o r i d e  g i v e  
1 ,2 -0 -cyc lohexy l  - idene-3-0-dichlorophosphoryl-a-~-xylofura- - - 
n u r a n o y l  c h l o r i d e  ( 7 )  - as shown i n  Scheme 2 .  I t  i s  p r o b a b l e  
t h a t  - 7 i s  fo rmed v i a  t h e  c y c l i c  i n t e r m e d i a t e  - 7a. A s i m i l a r  
r e a c t i o n  sequence has been d e s c r i b e d  f o r  s a l i c y l i c  a c i d  
when i t  i s  c o n v e r t e d  i n t o  - O-dichlorophosphorylsalicyl c h l o  
r i d e .  7 

S C H E M E  2 - 

' H  and 1 3 C  NMR p a r a m e t e r s  a r e  g i v e n  i n  T a b l e  1. 
8 A c c o r d i n g  t o  t h e  n o t a t i o n  o f  A l t o n a  and S u n d a r a l i n g a m  

t h e  p r o t o n  c o u p l i n g  c o n s t a n t s  a r e  c o m p a t i b l e  w i t h  a 
t w i s t  c o n f o r m a t i o n  3T2  o f  t h e  f u r a n o s e  r i n g .  These r e -  
s u l t s  a r e  c o n s i s t e n t  w i t h  t h e  c o n c l u s i o n s  o f  Abraham 
e t  a l . '  and Neeser e t  
c o n f o r m a t i o n s  o f  1,Z-O-isopropylidene-a-Q-xyloses. - - 

a l . , "  c o n c e r n i n g  t h e  p r e d o m i n a n t  

The p r e f e r r e d  conforma t i o n  a round  t h e  C3-03 phospho-  
e s t e r  bond o f  - 7 f o l l o w s  f r o m  t h e  
s t a n t s  between phosphorus -31  and 

i s  c h a r a c t e r i s t i c  o f  a 

4Jp0ccH)  and ca rbon-13  ( 3 J p o c c ) .  

3JPocc12,  

observed  c o u p l i n g  con -  
b o t h  p r o t o n s  ( J p O C H .  
The l o w  v a l u e  o f  
gauche o r i e n t a t i o n  

3 

11 

of p h o i p h o r u s  w i t h  r e s p e c t  t o  t h e  c a r b o n  a t  p o s i t i o n  2 

and i n d i c a t e s  t h a t  t h e  p r e f e r r e d  c o n f o r m a t i o n  has  
C4-C3-0-P i n  a z i g - z a g  a r rangement .  The h i g h  v a l u e  o f  
4JPocc"( 4)  c o n f i r m s  a z i  g-zag coup1 i n g  pathway,  w h i c h  
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504 MILJKOVIC ET AL. 

T A B L E  1 
themica1 Shifts and C o u p l i n g  Constants of Compounds 

- -  2-7 i n  C D C 1 3  

N MR Compounds 
3 5 - 6 - 7 b  - 4 - 

Parameters 2a 
- - 

1 
6 H, p p m  
H- 1 6.16 6.05 6.05 5.99 6.08 6.06 
H-2 4.86 4.53 4.53 4.47 4.57 4.82 
H- 3 5.17 5.58 5.66 5.41 4.76 5.43 
H-4 4.75 5.11 5.13 4.78 4.48 5.07 - 1.92 1.92 1.93 - - - - - 4.22 4.26 
CH3(Ac) 

CH3(Et) 1.24 1.20 - CH2 (Et) - 
- - - 

J ~ ,  H eHz 

51,2 
J3,4. 

3.5 3.3 3.3 3.3 3.5 3.3 
3.1 3.6 3.6 3.6 3.1 3.1 
0 60.4 60.4 60.4 0 d0.6 '2,3 

6 13c, p p m  
103.7 103.9 104.0 103.3 103.3 105.6 
79.7 75.6 74.9 75.2 78.1 81.6 
74.6 76.7 80.2 76.3 74.5 83.6 
83.4 81.4 83.2 80.7 82.4 85.2 
169.3 167.3 167.2 167.2 167.0 166.8 - 165.9 166.3 165.1 - - 

- 18.5 18.6 18.6 - - 
59.4 59.7 - - - - 12.3 12.3 - 

- - - 

a. C5D5N as solvent 

b .  J H 1  -p=O.2 Hz, J H 2 - p -  =10.4 Hz and 
- O a 3  H z a  J H 3 - p  

JH4.p=4.2 Hz. Jcl.p- -0.5 Hz, Jc2-p=l.5 Hz, JC3-,=7.8 Hz 

an d  Jcq,p=9,8 Hz. 
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~,~-O-CYCLOHEXYLIDENE-~-D-XYLOFURANURONIC - A C I D  505 

i s  s e n e r a l l v  obse rved  i n  s i m i l a r  c a s e s .  On the b a -  - 
1 2  

O f  3 J P H ( t r a n s )  2 3  H Z  a n d  3JPH(gauche) = 2 . 1  Hz, 

= 2 .5  a s  we l l  a s  3 ~ p C ( t r a n s )  = l o  H Z  a n d  JPC(gauche)  
H z , l l  t h e  molar f r a c t i o n  of  t h i s  r o t a m e r  i s  e s t i m a t e d  
t o  be more than  0 .7 .  

3 

EXPERIMENTAL 

General Methods. IR s p e c t r a  were r e c o r d e d  a s  KBr 
pe l  l e t s  on a Perkin-Elmer 577 S p e c t r o p h o t o m e t e r .  

1 H  and 13C NMR s p e c t r a  were r e c o r d e d  i n  CDC13 
(TMS a s  i n t e r a l  s t a n d a r d )  a t  80 and 20 MHz r e s p e c t i -  
v e l y ,  u s i n g  a Varian CFT-20 i n s t r u m e n t .  Assignements  of  
t h e  p r o t o n s  of  the  f u r a n o s e  r i n g  were done by homode- 
c o u p l i n g  e x p e r i m e n t s  and confirmed by s i m u l a t i o n  of  
the s p e c t r a  u s i n g  SIMEQ. l 4  
were based on the  c r o s s - c o r r e l a t i o n  e x p e r i m e n t s .  

on Varian MAT 311A, u s i n g  d i r e c t  a probe and 7 0  eV i o n -  
i z i n g  e n e r g y .  Melting p o i n t s  a r e  n o t  c o r r e c t e d .  

- -  1 , 2 - O - C y c l o h e x y l i d e n e - 3 - O - a c e t y l - a - ~ - x y l o f u r a n u r o n i c  - - 
- -  a c i d  ( 3 ) .  A suspension of  c a l c i u m  1 ,2 -O-cyc lohexy l idene -  
- a - D - ~ y l o f u r a n u r o n a t e ~  - 1 ( 1  g ,  1 , 9  mmol) i n  a c e t y l  c h l o -  
r i d e  ( 1 0  mL) was s t i r r e d  a t  room t e m p e r a t u r e  f o r  1 2  h .  
A f t e r  removing a c e t y l  c h l o r i d e  i n  vacuo,  t h e  r e s u l t i n g  mix- 
ture was d i l u t e d  w i t h  c o l d  w a t e r  and e x t r a c t e d  w i t h  
e t h y l  a c e t a t e .  T h e  combined e x t r a c t s  were d r i e d  ove r  
anhyd sodium s u l f a t e .  A f t e r  f i l t r a t i o n  of Na2S04 and 
e v a p o r a t i o n  of  e t h y l  a c e t a t e  i n  vacuo,  t h e  r e s i d u e  
was d i r e c t l y  c r y s t a l l i z e d  from methylene c h l o r i d e - n -  
-hexane t o  y i e l d  0.75 g (69.4%) of  - 3 w i t h  mp 137 O C .  

IR (KBr) 3200, 2970, 1740, 1680, 1370, 1230, 1060, 
930 cm-'; ' H  NMR (CDC13) see Tab le  1.;  MS 286 (M', 
7 8 ) ,  257 ( 3 2 ) ,  243 ( l o o ) ,  171 ( 2 6 ) ,  99 ( 4 8 ) ,  4 3  ( 9 6 ) .  

Anal.  Calcd 
C,54.48; H,6.20. 

13c N M R  s p e c t r a l  a s s i g n e m e n t s  

H i g h  r e s o l u t i o n  mass s p e c t r o m e t r y  was performed 

f o r  C13H1807: C,54.54; H,6.43. Found: 
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1 ,2 - 0-  Cyc 1 ohe xy 1 id en e - 3 -0- a c e  t y  1 -a - g- xy 1 o f  ur an  ur a - - -  - 
noyl c h l o r i d e  ( 4 ) .  - A m i x t u r e  o f  
and t h i o n y l  c h l o r i d e  ( 2 0  mL) was r e f l u x e d  f o r  2 h .  Thionyl  
c h l o r i d e  was removed i n  vacuo, p e t r o l e u m  e t h e r  was added 
t o  t h e  r e s i d u e  and t h e  s o l u t i o n  c o n c e n t r a t e d  t o  d r y n e s s .  
T h i s  was r e p e a t e d  t h r e e  t i m e s  i n  o r d e r  t o  remove l a s t  
t r a c e s  o f  t h i o n y l  c h l o r i d e .  The p r o d u c t  was c r y s t a l l i -  
zed from methylene c h l o r i d e - n - h e x a n e  t o  g ive  1.8 g 
(58%) of  - 4 w i t h  mp 97 O C .  

- 3 (2 .86  g ,  0.01 mmol) 

A sample f o r  m i c r o a n a l y s i s  was p u r i f i e d  by low- 
- p r e s s u r e  d i s t i  1 l a t i  on f o l  lowed by c r y s t a l  1 i z a t i o n .  
I R  (KBr) 2940, 1800, 1740, 1370, 1225, 1075, 780  cm-'; 
' H  NMR ( C D C 1 3 )  s e e  Table  1 . ;  MS 304 (M', l o o ) ,  261 
( 9 5 ) ,  241 ( 4 5 ) ,  189 (30), 169 ( 3 0 ) ,  143 (85), 99 ( 9 7 ) .  

Anal. Calcd f o r  C13H1706C1: C,51.23; H,5.58. 
Found: C,51.28; H,5.33. 

E t hy 1 1 ,2 -0-cyc 1 o he xy 1 id ene  - 3 - O-a ce  t y  1 -a -0- xy 1 o- 
f u r a n u r o n a t e  ( 5 ) .  - A s o l u t i o n  o f  - 4 (0 .85  9, 2.8 mmol) 
i n  e t h a n o l  ( 3  mL) was c o n c e n t r a t e d  t o  d r y n e s s  a t  40 OC. 

T h i s  p rocedure  was r e p e a t e d  t w i c e .  The c rude  e s t e r  
was d i s s o l v e d  i n  wa te r  and t h e  r e s u l t i n g  s o l u t i o n  
e x t r a c t e d  w i t h  e t h e r .  The d r i e d  ( sod ium s u l f a t e )  e x t -  
r a c t s  were c o n c e n t r a t e d  and p e t r o l e u m  e t h e r  was added 
t o  y i e l d  0.49 g ( 6 1 % )  of - 5 w i t h  mp 64 O C  IR (KBr) 
2930, 2860, 1760, 1740, 1320, 1250, 1060, 960 cm-'; 
' H  N M R  (CDC13) s e e  Tab le  1 . ;  MS 314 (M', 45), 271 (52), 
225  ( 2 2 ) ,  134 ( 1 8 ) ,  107 ( 3 4 ) ,  43 ( 1 0 0 ) .  

Anal.  Calcd f o r  C l 5 H Z 2 O 7 :  C,57.31; H,7.06. Found: 
C,57.45; H,7.23. 

A s o l u t i o n  of  - 2 (0.25 g ,  1 mmol) i n  e t h a n o l  ( 5  mL) was 

- - - -  

E t h y l .  1,2-0-cyclohexylidene-a-~-xylofuranuronate - - ( 6 )  - 

r e f l u x e d  w i t h  g - t o l u e n e s u l p h o n i c  a c i d  (0 .05  9 ,  0 . 3  mmol) 
f o r  6 h .  The r e a c t i o n  mixture was c o n c e n t r a t e d  and p o u -  
r ed  i n t o  wa te r  ( 1 0  mL). T h e  aqueous s o l u t i o n  was neut -  
r a l i z e d  w i t h  sodium b i c a r b o n a t e  and e x t r a c t e d  w i t h  ch- 
lo ro fo rm.  T h e  combined e x t r a c t s  .were d r i e d  ( sod ium s u l -  
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f a t e )  and c o n c e n t r a t e d  i n  vacuo.  The c r u d e  p r o d u c t  was 
c r y s t a l l i z e d  f r o m  m e t h y l e n e  c h l o r i d e - n - h e x a n e  t o  g i v e  
0.068 g (25%)  o f  6 w i t h  mp 115OC: I R  ( K B r )  3480, 2920, 
1374, 1210 cm-'; TH NMR (CDC13) see T a b l e  1.; MS 272 
(M', 40) ,  229 ( g o ) ,  169 ( 6 ) ,  139 ( l o ) ,  5 5  ( 1 0 0 ) .  

Ana l .  C a l c d  
C,56.59; H,7.44. 

- -  1,2-0-Cycl  o h e x y l  i d e n e - 3 - 0 - d  - i c h l  o r o p h o s p h o r y l  -a-D- - 
- x y l o f u r a n u r a n o y l  c h l o r i d e  ( 7 ) .  - A m i x t u r e  o f  - 2 (0.15 g 
0.6 mmol) and phosphorus  p e n t a c h l o r i d e  (0.15 g, 0.7 mmol) 
i n  d r y  e t h e r  ( 4  mL) was s t i r r e d  a t  room t e m p e r a t u r e  f o r  
6 h. C o n c e n t r a t i o n  o f  t h e  r e a c t i o n  m i x t u r e  f o l l o w e d  b y  
c o o l i n g  a t  -10 O C  gave 0.112 9 ( 4 8 % )  o f  - 7 w i t h  nip 120 O C  

( d e c o m p o s i t i o n ) :  I R  ( K B r )  2930, 1790, 1280, 1040, 610 
cm-'; ' H  NMR (CDC13) see T a b l e  1.; MS 378 (M', 24) ,  335 
( 8 2 ) ,  181 ( 3 0 ) ,  135 ( l l ) ,  5 5  ( 1 0 0 ) .  

C1,27.81. 

f o r  C13H2006: C,57.33; H,7.40. Found:  

A n a l .  C a l c d  f o r  C11H1406C13P: C1,28.02. Found:  
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