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ABSTRACT 

Starting with methyl 2-(benzyloxycarbonyl)amino-2-deoxy-a-~-gluco- 
pyranoside (1) , the isomeric methyl 2-amino-2-deoxy-a-D-glucopy?anoside 
3- ,  4-, and 6-sulfates have each been prepared by sulfation of suitably 
blocked intermediates. 
tritylation gave methyl 3,4-di-0-acetyl-2-(benzyloxycarbonyl)amin0-2- 
deoxy-a-Q-glucopyranoside (2) , having a free 6-hydroxyl group. 
talyzed 5-4-0-6 acetyl migration provided the corresponding 3,6 di- 
O_-acetyl derivative (A) posessing a free 4-hydroxylgroup. Preparation 
of methyl 4,6-0-benzylidene-2- (benzyloxycarbonyl) amino-2-deoxy-a-D-glu- 
copyranoside (5) provided the intermediate bearing a free 3-hydroxyl 
group. g-sulfation of 2, and ?was effected with the pyridine sulfur 
trioxide complex in dry pyridine. 

Tritylation and acetylation of 1 followed by de- 
Base ca- 

INTRODUCTION 

In seeking to develop a convenient and sensitive assay for a mam- 

malian sulfamidase essential for the catabolism of heparin, g,_N-di- 

sulfated derivatives of a-methylglucosaminide were prepared starting 

with direct sulfation of methyl 2-(benzyloxycarbonyl)amino-2-deoxy-a-~- 

glucopyranoside Q). After removing the benzyloxycarbonyl blocking 

group, the nitrogen was sulfated with 3 5 S  labeled pyridine sulfur tri- 

oxide complex in aqueous medium. When the resulting mixture of putative 

substrates was tested, no hydrolysis of the !-sulfate group was detected. 

Instead, the presence of a novel sulfohydrolase was revealed. By means 
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5 84 LEDER 

of t h e  i somer i c  a-methylglucosaminide s u l f a t e s  whose d e f i n i t i v e  synthe-  

sis i s  d e s c r i b e d  h e r e i n ,  i t  w a s  e s t a b l i s h e d  t h a t  t h i s  new enzyme is  a 

3-0 s u l f o h y d r o l a s e  w i t h  t h e  s p e c i a l  requi rement  t h a t  t h e  2-amino group 

a l s o  be  s u l f a t e d . ‘  Such a 3-2,: d i s u l f a t e d  g lucosamine  r e s i d u e  was sub- 

s e q u e n t l y  shown, w i t h  t h e  a i d  of t h e  t i t l e  compounds, t o  be  a n  e s s e n t i a l  

element of t h e  a n t i t h r o m b i n  b ind ing  sequence  of h e p a r i n .  *’ 
f a t e s  a r e  found most abundan t ly  i n  g lycosaminoglycans ,  b u t  are a l s o  

wide ly  d i s t r i b u t e d  i n  mucins, g l y c o l i p i d  s u l f a t i d e s  and g l y c o p r o t e i n s .  

These s y n t h e t i c  suga r  s u l f a t e s  have been  u s e f u l  i n  s tudy ing  c e l l  su r -  

f a c e  b ind ing4  and, p a r t i c u l a r l y  a f t e r  conve r s ion  t o  t h e  co r re spond ing  

t r i t i a t e d  anhydromannitol  s u l f a t e s ,  i n  e s t a b l i s h i n g  t h e  s t r u c t u r e  of t h e  

g l y c o p r o t e i n  suga r  s u l f a t e s .  

Sugar s u l -  

5 

RESULTS AND DISCUSSION 

The scheme f o r  t h e  s u l f a t i o n  of s p e c i f i c  hydroxyl  groups  i s  shown 

i n  F i g .  1. Me thy1 2- (benzyloxycarbonyl)amino-2-deoxy-a-~-glucopyrano- 

s i d e  (1) w a s  p repa red  by t h e  p rocedure  of F i s c h e r  as d e s c r i b e d  by Neu- 

b e r g e r  and P i t t - R i v e r s 6  excep t  t h a t  n e u t r a l i z a t i o n  and removal of ch lo-  

r i d e  were achieved  by t i t r a t i o n  w i t h  i o n  exchange r e s i n  AG-1 (OH- form) .  

The s p e c i f i c  r o t a t i o n  of v a r i o u s  p r e p a r a t i o n s  (+94 - +99 ) w a s  h i g h e r  

than  r e p o r t e d  t h e r e i n ,  (+ROO), b u t  c l o s e  t o  t h e  maximum v a l u e  re- 

po r t ed  elsewhere’ (+looo). 
manner provided  e s s e n t i a l l y  pu re  methyl  3,4-di-~-acetyl-2-(benzyloxycar- 

bonyl )amino-2-deoxy-6- t r iphenylmethyl -~-~-g lucopyranos ide  - (2) a f t e r  one 

r e c r y s  t a l l i z a t i o n .  P r e p a r a t i v e  TLC w a s  employed to  remove a p e r s i s t a n t  

t race-contaminant  r e v e a l e d  by TLC i n  s o l v e n t  E. D e t r i t y l a t i o n  w i t h  H B r  

i n  g l a c i a l  a c e t i c  a c i d 8  r e s u l t e d  i n  fewer s i d e  p r o d u c t s  t h a n  when BF-me- 

thano l  complex9 w a s  employed. 

(benzyloxycarbonyl )amino-Z-deoxy-~-~-g lucopyranos ide  (3) , c r y s t a l l i z e d  

r e a d i l y  a s  sheaves  of b l u n t  n e e d l e s  by t h e  a d d i t i o n  of pe t ro leum e t h e r  

t o  a s o l u t i o n  of t h e  c rude  p roduc t  i n  ch loroform.  

i n  95% e t h a n o l ) ,  ace ty l -g roup  m i g r a t i o n  from 0-4 t o  0-6. 10911 

t i o n ,  allowed t o  proceed a t  room t e m p e r a t u r e  f o r  3-5 hour s  u n t i l  a con- 

taminant  of v e r y  low Rf appeared  (TLC; s o l v e n t  g) ,  w a s  s topped  by t h e  

a d d i t i o n  of 0.2M a c e t i c  a c i d .  The r a t i o  of t h e  d e s i r e d  3,6- t o  t h e  

3,4-di-g-acetyl d e r i v a t i v e  v a r i e d  from 7 : 3  t o  9:l. A f t e r  e v a p o r a t i o n  of 

0 0 

T r i t y l a t i o n  and a c e t y l a t i o n  i n  t h e  u s u s a l  

The p roduc t ,  methyl  3, b-di-c-acetyl-2- 

Convers ion  of 2 t o  5,  w a s  ach ieved  by base -ca t a lyzed  (0.6 mM N a O H  

The r eac -  
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HoQM7TroQ OH AcO OMe 

NCbz 2 NCbz - 
I H 0 i  

1 - 

9 R = H  
10 R = S03K I 

H 0 1  

NCbz 1/zBa++ 
I 
NCbz A I  

OMe 

QOMe oso, 

OH 

NH; 
11 - 

K03S0 O O M e  

I NCbz 

6 - 

NCbz 

I-Ac 
I -Cbz 

OH QoMe 

NH: 8 - 

SCHEME 1 

t h e  s o l v e n t ,  t h e  3 ,6  d i -2-ace ty l  d e r i v a t i v e  6, w a s  c r y s t a l l i z e d  a s  c l u s -  

ters of r o d s  by t h e  a d d i t i o n  of pe t ro leum e t h e r  t o  a s o l u t i o n  of t h e  

c r u d e  p roduc t  i n  e t h e r .  A t r a c e  o f  3 as a contaminant  i n  t h e  c r y s t a l -  

l i n e  p roduc t  cou ld  be  removed by column chromatography on S i l i c a  60 o r  

by p r e p a r a t i v e  TLC. A s  expec ted ,  t h e  p roduc t  cou ld  n o t  r e a d i l y  be  

t r i t y l a t e d .  
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586 LEDER 

Methyl 2-(benzyloxycarbonyl)amino-2-deoxy-4,6-O-benzylidene-a-~- - 
glucopyranos ide  (2), bea r ing  a f r e e  3-hydroxyl group, w a s  p repared  by 

t h e  a d d i t i o n  of 1 t o  t h e  z i n c  ch lor ide-benza ldehyde  complex as sugges ted  

by Ha11.12 

b o i l i n g  methano 1. 

The product  was ob ta ined  as s o f t ,  h a i r - l i k e  c r y s t a l s  from 

S u l f a t i o n  of hydroxyl groups  i n  p o s i t i o n s  3 ,4  o r  6 w a s  c a r r i e d  o u t  

3 i n  anhydrous p y r i d i n e  employing a 20-30% excess  of a pyridine:SO 

p lex  as t h e  s u l f a t i n g  a g e n t .  

s a l t  of methyl 3 ,4-d i -~-ace ty l -2- (benzyloxycarbonyl )amino-2-deoxy-~-~-  - 
glucopyranos ide  6 - s u l f a t e  (1) which r e a d i l y  c r y s t a l l i z e d  from methanol 

a s  f i n e  need le s  i n  50-60% y i e l d .  The barium s a l t  w a s  d e a c e t y l a t e d  wi th  

0 . 1  molar e q u i v a l e n t s  of sodium methoxide i n  methanol.  The benzyloxy- 

carbonyl  group was t h e n  removed by hydrogenat ion  i n  g l a c i a l  a c e t i c  a c i d  

i n  t h e  p re sence  of 10% pal lad ium on c h a r c o a l .  Removal of a c e t i c  a c i d  by 

d i s t i l l a t i o n  and of c a t i o n s  by passage  through a column of s u l f o n i c  a c i d  

r e s i n  gave c r y s t a l l i n e  amphoteric methyl  2-amino-2-deoxy-a-g-glucopyra- - 
n o s i d e  6 - s u l f a t e  ( S )  a s  sheaves  of n e e d l e s  from a concen t r a t ed  aqueous 

s o l u t i o n  by t h e  a d d i t i o n  of methanol.  

S u l f a t i o n  of 2 a t  50-60 OC gave t h e  barium 

S u l f a t i o n  of t h e  3,6-di-c-acetyl d e r i v a t i v e  5 w a s  c a r r i e d  o u t  i n  

s imilar  f a s h i o n ,  excep t  t h a t  barium w a s  exchanged f o r  potassium p r i o r  t o  

c a t a l y t i c  d e a c e t y l a t i o n  w i t h  sodium methoxide i n  methanol.  The po ta s -  

sium s a l t  of methyl 2-(benzyloxycarbonyl)amino-2-deoxy-~-~-glucopyra- 

n c s i d e  4 - s u l f a t e  (5) c r y s t a l l i z e d  spon taneous ly  from t h e  methanol ic  

s o l u t i o n .  

r e c t a n g u l a r  p l a t e s .  The benzyloxycarbonyl b locking  group was removed by 

c a t a l y t i c  hydrogenat ion  provid ing  methyl 2-amino-2-deoxy-a-~-glucopyra- 

nos ide  4 - s u l f a t e  (12) which c r y s t a l l i z e d  as r o s e t t e s  of b l u n t  rods  from 

a concen t r a t ed  aqueous s o l u t i o n  upon a d d i t i o n  of methanol. 

The c r y s t a l s  appear  t o  be  need le s  bu t  are  a c t u a l l y  v e r y  t h i n  

- 

S u l f a t i o n  of  t h e  benzyl idene  d e r i v a t i v e  (2) followed by exchange of 

barium f o r  po tass ium as d e s c r i b e d  above gave t h e  potass ium s a l t  of me-  

thyl-2-(benzyloxycarbonyl)amino-2-deoxy-4,6-~-benzylidene-a-~-glucopyra- - 

nos ide  3 - s u l f a t e  (lo) which c r y s t a l l i z e d  r e a d i l y  from 95% a l c o h o l .  The 

subsequent  removal of t h e  benzy l idene  group w a s  b e s t  e f f e c t e d  by au to-  

h y d r o l y s i s :  Compound =, d i s s o l v e d  i n  50% methanol,  w a s  passed through 

a column of s u l f o n i c  a c i d  r e s i n  and t h e  r e s u l t i n g  s o l u t i o n  of t h e  f r e e  

a c i d  warmed t o  60 C .  

was comple te  i n  30 minutes .  

0 The h y d r o l y s i s ,  monitored by TLC i n  s o l v e n t  C, 
Although t h e  p roduc t  appeared t o  be homo- 
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geneous,  r e p e a t e d  a t t e m p t s  t o  c r y s t a l l i z e  t h e  potassium s a l t  of methyl  

2- (benzyloxycarbonyl )amino-2-deoxy-~-~-g lucopyranos ide  3 - s u l f a t e  were 

unsuccess fu l .  However, a f t e r  removing t h e  l i b e r a t e d  benzaldehyde by 

e t h e r  e x t r a c t i o n ,  when t h e  benzyloxycarbonyl group w a s  removed as de- 

s c r i b e d  above, c r y s t a l l i n e  methyl 2-amino-2-deoxy-a-~-glucopyranoside 

3 - s u l f a t e  (11) was ob ta ined  a s  t h i n  r e c t a n g u l a r  p l a t e s  by t h e  a d d i t i o n  

of a l c o h o l  t o  an  aqueous concen t r a t e .  

EXPERIMENTAL 

Genera l  Procedures .  Mel t ing  p o i n t s  were determined w i t h  a h o t  

s t a g e  appa ra tus  and are  uncor rec t ed .  

i n  1 dm tubes  w i t h  a Perkin-Elmer au tomat i c  p o l a r i m e t e r ,  Model 241 MC. 

Thin l a y e r  chromatography (TLC) w a s  performed on  s i l i c a  g e l  60, 0 .2  mm 

t h i c k  on aluminum (E. Merck, Darmstadt,  Germany). P r e p a r a t i v e  TLC was 

performed on precoa ted  g l a s s  p l a t e s ,  2 mm t h i c k  and con ta in ing  a f luo -  

r e s c e n t  i n d i c a t o r  (Brinlanann Ins t rumen t s ,  U.S.A.). Slurry-packed co- 

lumns were prepared  from s i l i c a  g e l  60, 0.05-0.2 mm (Brinlanann I n s t r u -  

ments,  U.S.A.). D e t e c t i o n  of compounds on aluminum p l a t e s  was e f f e c t e d  

by h e a t i n g  on  a h o t  p l a t e  a f t e r  sp ray ing  w i t h  5% s u l f u r i c  a c i d  i n  e tha-  

n o l .  

O p t i c a l  r o t a t i o n s  were determined 

T r i t y l a t e d  compounds were r evea led  a s  ye l low s p o t s  b e f o r e  h e a t i n g .  

TLC was performed w i t h  t h e  fo l lowing  s o l v e n t s :  A, e t h y l  a c e t a t e -  

benzene 3:7 2, e t h y l  ace ta te -benzene  1:l C, 1-bu tano l - ace t i c  acid-water 

10:3:7 g, i s o b u t y r i c  acid-0.5M NH OH 5:3 E, e t h y l  ace ta te -benzene  1 : 7 .  

E lementa l  a n a l y s e s  were performed by G a l b r a i t h  L a b o r a t o r i e s ,  Knoxvi l le ,  

Tennessee o r  by A t l a n t i c  Micro lab ,  A t l a n t a ,  Georg ia .  

4 

P y r i d i n e  was d i s t i l l e d  over barium ox ide .  Benzaldehyde w a s  washed 

w i t h  s a t u r a t e d  sodium ca rbona te ,  d r i e d  and d i s t i l l e d .  Zinc c h l o r i d e  w a s  

f r e s h l y  fused  and ground. So lven t s  w e r e  s t o r e d  over molecular  s i e v e s  31  

o r  4A (F i she r  S c i e n t i f i c ) .  

p r e s s u r e  a t  less than  40 OC.  

H', K ) w e r e  from Bio-Rad. 

Evapora t ions  were conducted under reduced 

Ion  exchange r e s i n s  (AG 1x8 OH-, AG 50W x8 + 
Methyl 3,4-Di-O-acetyl-2- (benzyloxycarbonyl) amino-2-deoxy-6- tri- 

phenylmethyl-- ( A ) .  
p y r i d i n e  (56 mL), t r i pheny lme thy l  c h l o r i d e  (17 g )  and Drieri te (2 g )  

were added. 

anhydr ide  (31.4 mL) w a s  added i n  one p o r t i o n .  

ove rn igh t  a t  room t empera ture ,  t h e  d r i e r i t e  and c r y s t a l s  of pyr id in ium 

TO a s o l u t i o n  of 1 (19 g )  i n  d ry  

The mix tu re  was hea ted  t o  100 OC and a f t e r  45 min, a c e t i c  

A f t e r  s t a n d i n g  o v e r n i g h t  
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c h l o r i d e  were removed by f i l t r a t i o n  and t h e  f i l t r a t e  added dropwise t o  

one l i t e r  of v i g o r o u s l y  s t i r r e d  ice-water c o n t a i n i n g  s u f f i c i e n t  a c e t i c  

a c i d  t o  n e u t r a l i z e  a l l  of t h e  excess  p y r i d i n e .  The g r a n u l a r  p r e c i p i t a t e  

of c rude  2 w a s  resuspended i n  ice  water and f i l t e r e d .  I t  w a s  then  d i s -  

so lved  i n  e t h y l  e t h e r  (400 mL), and t h e  e t h e r  w a s  e x t r a c t e d  twice  w i t h  

s a t u r a t e d  sodium b i s u l f a t e  (20 mL) and s a t u r a t e d  sodium b i c a r b o n a t e  ( t h e  

f i n a l  wash should  b e  a l k a l i n e ) .  Drying (sodium s u l f a t e )  and concent ra -  

t i o n  i n  vacuo gave a r e s i d u a l  o i l  which c r y s t a l l i z e d  from 95% e t h a n o l .  

After one r e c r y s t a l l i z a t i o n  from a b s o l u t e  e t h a n o l ,  t h e  product  2 (30 g ,  

75%) con ta ined  a t r a c e  impur i ty ,  w i t h  a n  R f  0 . 1  i n  s o l v e n t  A. Prepara- 

t i v e  chromatography of 300 mg of 2 on s i l i c a  coa ted  p l a t e s  (SIL G 200 

uv-254, 2mm t h i c k )  removed t h i s  impur i ty .  Compound 2 e x h i b i t e d  unusual  

me l t ing  c h a r a c t e r i s t i c s .  I t  mel ted  p a r t i a l l y  a t  96-98 C ,  r e s o l i d i f i e d  

between 100 OC and 105 O C ,  t o  m e l t  s h a r p l y  a t  115 

ch loroform) .  

0 

0 
C ;  [ a ] ,  +90.6' (c 1, 

Anal.  Calcd  f o r  C38H39NOg: C ,  69.81; H,  6.02; N ,  2.14. Found: C ,  

69.89; H ,  6.02; N,  2.06. 

Methyl 3,4-Di-O-acety1-2-(benzyloxycarbony)amino-2-deoxy-a-D_-g1u- 

copyranos ide  (2). To a s t i r r e d  s o l u t i o n  of 2 (10 g )  i n  g l a c i a l  a c e t i c  

a c i d  (27 mL) a t  room tempera ture ,  H B r  (3 .4  mL, 5N i n  g l a c i a l  a c e t i c  a- 

c i d )  w a s  added i n  one  p o r t i o n  and a f t e r  90 s e c  t h e  mix tu re  w a s  r ap id -  

l y  f i l t e r e d  i n t o  a Buchner f l a s k  c o n t a i n i n g  ice  (70 g )  and sodium b i c a r -  

bona te  (20 g ) .  A f t e r  f r o t h i n g  had ceased ,  more sodium b i c a r b o n a t e  (10 

g )  w a s  added and t h e  s o l u t i o n  w a s  e x t r a c t e d  wi th  ch loroform (300 m L ) .  

The e x t r a c t  w a s  washed s e q u e n t i a l l y  w i t h  s a t u r a t e d  sodium b i c a r b o n a t e  

and w a t e r ,  d r i e d  (sodium s u l f a t e )  and c o n c e n t r a t e d  t o  a s l i g h t l y  t u r b i d  

s o l u t i o n  (15 mL). 

c l a r i f i e d  t h i s  s o l u t i o n  then  l e d  t o  renewed t u r b i d i t y .  
c r y s t a l l i z e d  spontaneous ly  as  sheaves  of b l u n t  need le s  (6 g ,  95%) .  

Trace i m p u r i t i e s ,  r e v e a l e d  by TLC i n  s o l v e n t  6 were e l i m i n a t e d  by re- 

c r y s t a l l i z a t i o n  from t h e  same s o l v e n t s ,  mp 98-99 OC, [aID +102,.3' (c 3.6  

ch loroform) .  

The dropwise a d d i t i o n  of petroleum e t h e r  i n i t i a l l y  

The product  3 

Anal.  Calcd f o r  C19H25NOg: C ,  55.47; H, 6.13; N ,  3.40. 

Found: C,  55.73; H, 6.13; N,  3.30. 

Methyl 3,6-Di-O-acetyl-2- (benzyloxycarbony1)amino-2-deoxy-a-D-glu- 

copyranos ide  (A). 
i n  s o l v e n t  2, i n  which 2 and mig ra t e  w i t h  Rf v a l u e s ,  r e s p e c t i v e l y ,  of 

Ace ty l  m i g r a t i o n  from 0-4 t o  0-6 w a s  monitored by TLC 
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0.42  and 0.57. A s o l u t i o n  of 2 ( 7 . 1  g )  i n  0 .2  mM sodium hydroxide  i n  

95% a l c o h o l  (250 mL) w a s  s t i r r e d  a t  room t empera tu re  f o r  5-8 h u n t i l  a 

contaminant  (Rf of approximate ly  0 .07)  appeared. The r a t i o  of t o  3 
v a r i e d  from 713 t o  911. The r e a c t i o n  m i x t u r e  w a s  a c i d i f i e d  by t h e  addi -  

t i o n  of a c e t i c  a c i d  (ZN, 0.075 mL) and t h e  s o l v e n t  evapora t ed  t o  leave a 

c o l o r l e s s  o i l .  Res idua l  water was removed by r e p e a t e d  a z e o t r o p i c  d i s t i l -  

l a t i o n  w i t h  e t h e r .  A d d i t i o n  of pe t ro leum e t h e r  t o  t h e  e t h e r e a l  s o l u t i o n  

(10-15 mL) t h e n  caused  c r y s t a l l i z a t i o n  of impure 4 (5 .3  g ,  75%).  A per- 

s i s t a n t  contaminant  (3) and a n  u n c h a r a c t e r i z e d  contaminant  of low Rf 

were removed by column chromatography: 

roform w a s  a p p l i e d  t o  a column (32 x 2.5 cm) of  S i l i ca  G e l  60 (0.05- 

0 .2  mm) and e l u t e d  w i t h  s o l v e n t  2. 
and t h e  p roduc t  c r y s t a l l i z e d  from chloroform by t h e  a d d i t i o n  of pe t ro -  

leum e t h e r  t o  g i v e  contaminant - f ree  (3  g ) :  mp 99-100 C ,  [ u ID  +58.7' 

(5 2 . 1  ch lo ro fo rm) .  

a s o l u t i o n  of 4 (3 .5  g )  i n  chlo- 

Appropr i a t e  f r a c t i o n s  were combined 

0 

Anal .  Calcd  f o r  C H NO C ,  55.47; H ,  6.13; N ,  3.40. Found: C ,  1 9  25 9: 
55.38; H, 6.23; N ,  3.30. 

Methyl 4,6-O-Benzylidene-2- (benzyloxycarbonyl)amino-2-deoxy-u-D~ - 
g lucopyranos ide  (2) To d r y  benzaldehyde (27 mL), f r e s h l y  f u s e d  and 

ground z i n c  c h l o r i d e  (8 g )  w a s  added and t h e  m i x t u r e  shaken f o r  f i f t e e n  

min. To t h i s  g e l a t i n o u s  g r a y  p a s t e ,  1 (9 g )  was added and t h e  m i x t u r e  

shaken  f o r  56 h on a mechanica l  shake r .  The m i x t u r e  w a s  t r a n s f e r e d  t o  

a s e p a r a t o r y  f u n n e l  w i t h  t h e  a i d  of pe t ro leum e t h e r  and ice-water  (1:l) 

and shaken  v i g o r o u s l y .  The p r e c i p i t a t e  o b t a i n e d  w a s  washed s e q u e n t i a l l y  

f o u r  t i m e s  w i t h  pe t ro leum e t h e r  and ice-water .  C r y s t a l l i z a t i o n  from 

b o i l i n g  methanol gave  9 (8 g ,  7 0 % ) .  R e c r y s t a l l i z a t i o n  of a p o r t i o n  

gave  t h e  a n a l y t i c a l  sample. The powder subl imes  a t  approx ima te ly  185- 

190 OC t o  form c l u s t e r s  of n e e d l e s  which m e l t  s h a r p l y  a t  214-215 OC; 

[u],  +47O (c 0 .97 ,  ch loroform) .  

C ,  63.60; H, 6 .12 ;  N ,  3.41. 

Calcd  f o r  C2*HZ5NO7: C ,  63.60; H, 6.07; N ,  3.37. Found: 

Barium Methyl 3,4-Di-0-acetyl-2-(benzyloxycarbonyl)amino-2-deoxy- 

_- a-D-glucopyranoside 6 - s u l f a t e  (7). To a s o l u t i o n  of 3 (1.1 g)  i n  d r y  

p y r i d i n e  (6 mL), Drieri te (250 mg) and pyridine:SO complex (600 ma) 

were added and t h e  m i x t u r e  s t i r r e d  f o r  one h a t  50 C and t h e n  a t  room 

tempera ture .  A f t e r  two h ,  TLC i n  s o l v e n t  A, i n  which t h e  s u l f a t e d  pro-  

d u c t  does  n o t  m i g r a t e ,  i n d i c a t e d  t h a t  s u l f a t i o n  w a s  comple te .  

30 

The r eac -  
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t i o n  m i x t u r e  w a s  d i l u t e d  w i t h  water (20  mL) and a f t e r  removing t h e  

Dr ie r i te ,  made a l k a l i n e  ( p h e n o l p h t h a l e i n )  w i t h  s a t u r a t e d  bar ium hydro-  

x i d e .  The r e s u l t i n g  s u s p e n s i o n  w a s  r e p e a t e d l y  c o n c e n t r a t e d  under  re- 

duced p r e s s u r e ,  a d d i n g  water and  b a r i u m  h y d r o x i d e  s o l u t i o n  a s  r e q u i r e d  

to m a i n t a i n  a l k a l i n i t y ,  u n t i l  t h e  p y r i d i n e  had  b e e n  removed. Barium 

s u l f a t e  w a s  removed by c e n t r i f u g a t i o n  and  t h e  p r e c i p i t a t e  e x t r a c t e d  w i t h  

water. The s u p e r n a t a n t  f l u i d  and combined washings  were c o n c e n t r a t e d  t o  

d r y n e s s  and  t h e  r e s i d u e  t a k e n  up i n  m e t h a n o l  (3-4 mL). A d d i t i o n  of two 

volumes of e t h e r  produced f i n e  n e e d l e s  o f  7 (900 mg, 6 0 % ) ,  [ a ] ,  +94.6' 

(g 1 . 2 ,  c h l o r o f o r m ) .  

A n a l .  C a l c d  f o r  C H N 0 S B a :  C ,  40.81; H,  4 .33;  N ,  2 .51;  38 4 8  2 24 2 
S ,  5 .73.  Found: C ,  40.89;  H ,  4 .05 ;  N, 2.37; S ,  5 .77.  

Methyl  2-Amino-2-deoxy-a-Q-glucopyranoside 6 - s u l f a t e  (8). To a 

s o l u t i o n  of ( 1 . 8  g )  i n  methanol  (10 mL), sodium methoxide  (17 mg) was 

added and t h e  m i x t u r e  w a s  l e f t  o v e r n i g h t  a t  room t e m p e r a t u r e .  The co- 

p i o u s  p r e c i p i t a t e  of d e a c e t y l a t e d  bar ium s a l t  w a s  c o n v e r t e d  t o  t h e  po- 

t a s s i u m  s a l t  by p a s s a g e  of i t s  aqueous  s o l u t i o n  t h r o u g h  a s u l f o n i c  a c i d  

ion-exchange r e s i n  (2 mL) i n  a c i d  form f o l l o w e d  b y  t i t r a t i o n  w i t h  p o t a s -  

s ium h y d r o x i d e  to pH 7.5.  The s o l u t i o n  o b t a i n e d  w a s  l y o p h i l i z e d ,  t h e  

c r u d e  d e a c e t y l a t e d  p o t a s s i u m  s a l t  t a k e n  up i n  g l a c i a l  a c e t i c  a c i d  ( 4 5  

mL) a n d  t h e  b e n z y l o x y c a r b o n y l  g r o u p  removed by h y d r o g e n a t i o n  i n  t h e  hood 

f o r  two h i n  a n  open  b e a k e r  i n  t h e  p r e s e n c e  of  p a l l a d i u m  o n  c h a r c o a l  

( l o % ,  200 mg). The f i l t e r e d  r e a c t i o n  m i x t u r e  w a s  c o n c e n t r a t e d  under  d i -  

m i n i s h e d  p r e s s u r e  t o  remove t h e  a c e t i c  a c i d  and a n  aqueous  s o l u t i o n  of 

t h e  p r o d u c t  p a s s e d  through a s u l f o n i c  a c i d  r e s i n  (3 .5  mL) t o  remove a l l  

c a t i o n s .  The s l i g h t l y  y e l l o w  e f f l u e n t  w a s  d e c o l o r i z e d  w i t h  c h a r c o a l  and 

c o n c e n t r a t e d  t o  a p p r o x i m a t e l y  0.5 mL. 

e t h a n o l  p r o v i d e d  r e c t a n g u l a r  c r y s t a l s  of 8 (400 mg, 6 6 % ) .  R e c r y s t a l l i -  

z a t i o n  gave  t h e  a n a l y t i c a l  sample  o f  8: mp 192-194 O C ,  [ a ] ,  +129.6' 

(5 1 . 4  w a t e r ) .  

The a d d i t i o n  of two volumes of 

Anal .  C a l c d  f o r  C H NO S :  C ,  30.77; H ,  5 .53;  N ,  5 .13 ;  S ,  11.73.  7 15 8 
Found: C ,  30.87;  H, 5 .74;  N,  5 .14;  S ,  11.41.  

P o t a s s i u m  Methyl  2-(Benzyloxycarbonyl)amino-2-deoxy-a-D-glucopyra- - 
n o s i d e  4 - s u l f a t e  (A).  To a s o l u t i o n  of 4 (2 .5  g) i n  d r y  p y r i d i n e  (10 

mL), p y r i d i n e : S 0 3  complex ( 1 . 2  g )  w a s  added  and t h e  m i x t u r e  s t i r r e d  f o r  

70 min a t  50-60 OC. The m i x t u r e  w a s  worked up t o  remove i n o r g a n i c  s u l -  

f a t e  and p y r i d i n e  a s  d e s c r i b e d  f o r  t h e  p r e p a r a t i o n  of 1. A f t e r  r e p l a -  
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c i n g  bar ium w i t h  p o t a s s i u m  by p a s s a g e  t h r o u g h  s u l f o n i c  a c i d  r e s i n  

(18 mL) and t i t r a t i o n  w i t h  KOH ( 1  N) t o  pH 7 .5 ,  t h e  s o l u t i o n  w a s  t a k e n  

t o  d r y n e s s  u n d e r  reduced  p r e s s u r e .  R e s i d u a l  water w a s  removed by re- 

p e a t e d  e v a p o r a t i o n s  of  added methanol .  The p o t a s s i u m  s a l t  w a s  t a k e n  up 

i n  methanol  (40 mL) and d e a c e t y l a t e d  by t h e  a d d i t i o n  of sodium methy- 

l a t e  (32 mg). The p r o d u c t  c r y s t a l l i z e d  s p o n t a n e o u s l y  and  a f t e r  c h i l l i n g  

p r o v i d e d  2 (2 .34 g ,  8 6 % ) .  R e c r y s t a l l i z a t i o n  of a p o r t i o n  from e t h a n o l  

(95%) g a v e  t h e  a n a l y t i c a l  sample ,  mp 196-197 C ,  [a] ,  +83.2' (2 .97,  

w a t e r ) .  

0 

A n a l .  Calcd  f o r  C H KNO S - H  0: C ,  38.72; H,  4.77; N ,  3 .01;  1 5  20 1 0  2 
S ,  6 .88 .  Found C ,  38.76; H ,  4.77; N ,  3 .03;  S ,  6 .85.  

M e t h y l - g l u c o p y r a n o s i d e  4 - s u l f a t e  (6). A s o l u -  

t i o n  of  2 (495 mg) i n  g l a c i a l  a ce t i c  a c i d  (4 mL) w a s  h y d r o g e n a t e d  i n  t h e  

p r e s e n c e  of  p a l l a d i u m  o n  c h a r c o a l  ( l o % ,  50 mg) f o r  90  min a s  d e s c r i b e d  

above .  The m i x t u r e  w a s  d i l u t e d  w i t h  wa te r ,  f i l t e r e d ,  and t h e  a c e t i c  

a c i d  removed by d i s t i l l a t i o n  a t  d i m i n i s h e d  p r e s s u r e .  P o t a s s i u m  w a s  re- 

moved by p a s s a g e  through a s u l f o n i c  a c i d  r e s i n  ( 2  mL). The a d d i t i o n  of 

methanol  t o  a n  aqueous  c o n c e n t r a t e  ( 0 . 3  mL) g a v e  c r y s t a l l i n e  6 (250 mg, 

82%).  Two r e c r y s t a l l i z a t i o n s  from water -methanol  g a v e  t h e  a n a l y t i c a l  

sample:  mp 208-210 O C ,  [ a ] ,  +148O (r 0.66%,  w a t e r ) .  

Anal .  Calcd  f o r  C H NO - ? i H 2 0 :  C ,  29.78; H ,  5 .71 ;  N ,  4.96 7 1 5  8 
S ,  11.36.  Found: C ,  29.85;  H, 5 .75 ;  N ,  4 .93 ;  S ,  11.35.  

P o t a s s i u m  Methyl  4,6-0-Benzylidene-2-(benzyloxycarbonyl)amino-2-de- 

oxy-a-D-glucopyranoside - 3 - s u l f a t e  (x). To a s o l u t i o n  of  2 ( 3 . 8  g )  i n  

d r y  p y r i d i n e  (24 mL), Drier i te  (300 mg) and p y r i d i n e : S 0 3  complex (1 g )  

were added and t h e  m i x t u r e  s t i r r e d  a t  50 O C  f o r  90 min and t h e n  a t  room 

t e m p e r a t u r e  o v e r n i g h t .  I n o r g a n i c  s u l f a t e  and p y r i d i n e  w e r e  removed as 

d e s c r i b e d  f o r  2. The bar ium s u l f a t e  w a s  e x t r a c t e d  w i t h  m e t h a n o l  (75%) 

and t h e  e x t r a c t e d  bar ium s a l t  c o n v e r t e d  t o  t h e  p o t a s s i u m  s a l t  by pas- 

s a g e  t h r o u g h  a column (1 .4  x 1 3  cm) of s u l f o n i c  a c i d  r e s i n  i n  p o t a s s i u m  

form.  C h i l l i n g  o v e r n i g h t  p r o v i d e d  t h i n  l o n g  n e e d l e s  of lo ( 3 . 1  g ,  6 5 % ) .  

R e c r y s t a l l i z a t i o n  from e t h a n o l  (95%) p r o v i d e d  t h e  a n a l y t i c a l  s a m p l e ,  

mp 192-193 O C ,  [a], 0' (2 2, w a t e r ) .  

A n a l .  C a l c d  f o r  C H NO SK: C ,  49.52; H, 4 .54;  N,  2.62; S ,  6 .00 ;  22 24 1 0  
K, 7 .33 .  Found: C,  49.46; H ,  4 .69;  N ,  2.74; S ,  6 .10;  K,  7.33. 

Methyl  2-Amino-2-deoxy-a-D-glucopyranoside 3 - s u l f a t e  (11). A s o l u -  

t i o n  of  10 ( 1 . 1  g )  i n  50% methanol  (5 mL) w a s  p a s s e d  t h r o u g h  a column 
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(1x4 cm) of s u l f o n i c  a c i d  r e s i n  and warmed t o  60 O C .  

benzy l idene  group w a s  moni tored  by TLC i n  s o l v e n t  2, i n  which lo exh i -  

b i t s  a n  Rf of 0 .75  and t h e  product  a n  Rf of 0.55, and w a s  comple te  i n  

less than  t h i r t y  minutes .  Benzaldehyde w a s  e x t r a c t e d  w i t h  e t h e r  and t h e  

aqueous l a y e r  c o n c e n t r a t e d  under  d iminished  p r e s s u r e  t o  40 mL. To one 

h a l f  of t h i s  m a t e r i a l  (20 mL), palladium-on-charcoal ( l o % ,  50 mg) was 

added and t h e  benzyloxycarbonyl  group removed by hydrogena t ion  f o r  60 

min as d e s c r i b e d  above f o r  compound 8. The c a t a l y s t  w a s  removed by f i l -  

t r a t i o n  and t h e  f i l t r a t e  c o n c e n t r a t e d  t o  l mL. The a d d i t i o n  o f  e t h a n o l  

y i e l d e d  c r y s t a l l i n e  11 (211 mg, 75%).  Two r e c r y s t a l l i z a t i o n s  from wa te r  

- a l coho l  provided  t h e  a n a l y t i c a l  sample of 11: 
+124.6' (c 1 .87 ,  w a t e r ) .  

Hydro lys i s  of t h e  

mp 208-210 O C ,  [ a ] ,  

Anal. Calcd  f o r  C H 0 S :  C ,  30.77; H, 5.53; N,  5.13; S ,  11 .73  7 1 5  8 
Found: C,  30.89; H, 5.57; N ,  5.09; S ,  11 .64 .  
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