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ABSTRACT 

The 6-aminohexyl a- and R-pyranosides and 8-furanoside of 
2-acetamido-2-deoxy-D-galactose (N-acetyl-D-galactosamine) were 
prepared. N-AcetylFD-galactosamine - was reacted with acetyl 
chloride in the cold.- The per-2-acetyl l-chloro derivative was 
then reacted with h-(3-trifluoroacety1)aminohexanol in the 
presence of mercuric cyanide. Glycoside products were isolated by 
gel chromatography, de-2-acetylated, and de-E-trifluoroacety- 
lated. The B-pyranoside, which is the major product, was obtained 
in 29% overall yield, as well as the B-furanoside. 

The a-pyranoside was prepared in 70% overall yield by 
reacting 2-acetamido-1,3,4,6-tetra-O-acetyl-2-deoxy-a-~-galacto- 
pyranose, which is a byproduct of the above synthetic Fcheme 
(22$), with 6-(~-trifluoroacetyl)aminohexanol in the presence of 
boron trifluoride etherate. 

A strong cation exchange resin (Dowex 50x8, H+ form) 
catalyzed interconversion of the B-furanoside and the 
8-pyranoside, with the latter predominating at equilibrium. The 
a-pyranoside was not produced in any appreciable amount in the 
Dowex-catalyzed isomerization. Although the ally1 B-pyranoside 
and 5-furanoside of 1-acetyl-i-galactosamine also isomerized under 

3 4 3  
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344 LEE, WONG, AND LEE 

similar conditions, the competing hydrolysis of the glycosidic 
bond occurred to a greater extent. A possible mechanism for the 
isomerization is discussed. 

INTRODUCTION 

We have previously reported facile methods for preparing 
w-aminoalkyl glycosides of a number of mono- and di-saccha- 
 ride^^-^. These w-aminoalkyl glycosides are versatile reagents 

that can be used in the preparation of cluster ligands6 or gels 
containing specific  carbohydrate^'^^. 
lectin specific for GalIGalNAc currently under study in our 
laboratory has far stronger affinity for GalNAc than for Gal or 

The rnamnalian hepatic 

We have now developed practical methods for the 
preparation of 6-aminohexyl pyranosides of GalNAc which serve as 
building blocks of high affinity ligands to be used in various 
biochemical studies of the lectin. 

RESULTS AND DISCUSSION 

Two synthetic schemes were used for the preparation of three 
isomeric 6-(N-trifluoroacetyl)aminohexyl - glycosides of GalNAc. 

Preparation of the f3-pyranoside and B-furanoside involves the 
following steps: 1) formation of 2-acetamido-3,4,6-tri-~-acetyl-2- 

deoxy-a-D-galactopyranosyl (and furanosyl) chloride (1) by 
modification of Horton's method", 2) conversion of the 
1-chloro derivative to glycosides using 6-(N-trifluoroacetyl)- 
arninohexanol and mercuric cyanide, 3 )  sodium methoxide-catalyzed 
de-0-acetylation - followed by de-N-trifluoroacetylation with 
triethylamine. Horton" developed a "one-pot" synthesis of 
2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-a-~-glucopyranosyl - - chloride 
by directly reacting GlcNAc with acetyl chloride. However, when 
this method was applied to GalNAc, considerable degradation 
resulted and the reaction mixture became discolored. By carrying 
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6'-AMINOHEXYL ~-ACETAMIDO-~-DEOXY-D-GALACTOSIDE ISOMERS 345 

out the reaction briefly at room temperature and mostly in the 

cold in a tightly sealed flask, we were able to obtain the 

i-chloro derivative in about 60% yield with little discoloration. 
A by-product, 2-acetamido-1,3,4,5-tetra-g-acetyl-2-deoxy-ct-~- 

galactopyrsnose (21, persisted in the reaction mixture for 
several days. 

such for glycosylation. The by-product ( 2 ) ,  which remained 
unchanged during the glycosylation reaction, was completely 

separated from the glycosides by gel filtration through a column 

of Sephadex LH-20, and was obtained in a crystalline form in about 
22% yield. 

- 

The preparation containing both 1 snd 2 was used as 

The glycosylation reaction produced the B-pyranoside and the 

B-furanoside in a ratio of approximately 4 to 1 .  The isomeric 

products were separated by repeated gel filtration after 

de-0-acetylation. - 
in a pure state as the per-)-acetylated product by fractional 

crystallization, leaving a mother liquor enriched in the 

per-g-acetylated 8-furanoside. The isomers, after de-O-acetyla- - 
tion, interconvert in the presence of Dowex 50x8, with the 
B-pyranoside predominating at apparent equilibrium. Therefore, 

the following sequence of operation after glycosylation gave 

the best yield of the B-pyranoside: 1 )  fractional crystallization 

of the per-2-acetyl-B-pyranoside, 2) de-)-acetylation of the 

crystalline product (B-pyranoside only) as well as the mother 

liquor (6-pyranoside and 6-furanoside), 3 )  Dowex-50 treatment of 
the de-0-acetylated - mother liquor to increase the B-pyranoside, 

followed by separation by gel filtration (Sephadex G-25), 4) 
de-N-trifluoroacetylation - of the combined B-pyranoside fractions. 

In this fashion we obtained 6'-aminohexyl 2-acetamido-2-deoxy-B-~- 
galactopyranoside in 29% overall yield. 

Alternatively the B-pyranoside can be obtained 

- 

The byproduct, 2, obtained above was utilized for the 
preparation of the a-pyranoside. 

acety1)aminohexanol for 1.5 h in toluene o r  nitromethane in the 

presence of 0.1 M boron trifluoride etherate produced a glycoside 
mixture in -90% yield. Examination by thin layer chromatography 

Refluxing - 2 and 6-(!-trifluoro- 
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346 L E E ,  WONG, AND LEE 

(t.1.c.) in solvent D after de-2-acetylation indicated that the 
a-pyranoside was the major product (-70%), followed by the 

B-pyranoside ( -10%) and the 6-furanoside ((5%). Crystalline 
a-pyranoside (w) was obtained in 70% yield after gel filtration 
as described above. The boron trifluoride-catalyzed glycoside 

formation appeared to proceed via an oxazoline derivative. 
Detailed studies of this method will be presented elsewhere. 
Ally1 glycosides were prepared by the Kbnigs-Knorr type reaction 
(B-pyranoside and B-furanoside) and by the Fischer synthesis 
(a-pyranoside)'. Structural assignment of the glycoside isomers 
was made primarily from 'H-NMR examination of per-0-acetylated - 
derivatives". 
of ally1 and 6-(~-trifluoroacetyl)aminohexyl glycosides of GalNAc 
are presented in Table 1. It can be seen that in the pyranoside, 
the chemical shift of H5 (6 3.9) is at a much higher field than 
that of H4 (6 5 .4 ) ,  while the positions are reversed in the 

furanoside structure. 
8.9 Hz are those expected for pyranosides of the a- and 
B-configuration, respectively. 
furanoside strongly suggests a 8-configuration. In addition, a 
mild periodate oxidation followed by a specific determination of 

formaldehyde" was used to differentiate pyranosyl and furanosyl 
forms. Compounds and 5Bf produced 0.7 and 0.88 mol of 
formaldehyde per mol, while produced only a negligible amount. 

'H-NMR parameters for per-2-acetylated derivatives 

The coupling constants, &,2, of 3.7 Hz and 

A small J1,2 (0.9 Hz) for the 

A strongly acidic cation exchanger (Dowex 50x8 200-400 mesh, 
H+ form) catalyzed isomerization between the 8-pyranoside and the 
B-furanoside. Although all the 8-pyranosides and B-furanosides of 
- N-acetyl-galactosamine we have tested appeared to undergo this 
isomerization, interconversion of the 6-(~-trifluoroacetyl)amino- 
hexyl B-furanoside and 6-pyranoside (4Bf and w, respectively) 
proceeded most smoothly. Under Condition A (see EXPERIMENTAL) i n  

which the sulfonic acid of Dowex 50 resin was equivalent to ca. 
0.1 M if it existed as a homogeneous solution, 4Bf and 4Bp 
isomerized to an apparent equilibrium in 1-2 days, at which time 

the 6-pyranoside and the 8-furanoside represented about 95% and 
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348 LEE,  WONG, AND LEE 

5%, r e s p e c t i v e l y ,  o f  t h e  t o t a l  g l y c o s i d e  ( a s  estimated by 

i n t e g r a t i o n  o f  t h e  H1 s i g n a l s  i n  t h e  'H-NMR s p e c t r u m ) ,  r e g a r d l e s s  
o f  whether t h e  p r o c e s s  was s t a r t e d  from LlBf o r  'IBp. T h e r e f o r e ,  t h e  

i s o m e r i z a t i o n  was v e r y  much easier t o  o b s e r v e  from t h e  

B-furanoside t h a n  from the  f3-pyranoside. I n  f a c t ,  Dowex- 

t r e a t m e n t  of 4gf sometimes produced a b a r e l y  d e t e c t a b l e  amount of 

- 4ap i n  a d d i t i o n  t o  a l a r g e  amount of %. 
i s o m e r i z a t i o n  between 4ap and was neve r  obse rved .  I n  t h e  

p r e s e n c e  of a l a r g e r  amount o f  t he  Dowex r e s i n  ( C o n d i t i o n  B), the  

i s o m e r i z a t i o n  was f a s t e r  b u t  was accompanied by increased 

h y d r o l y s i s  of t h e  g l y c o s i d i c  bond. I n c l u s i o n  o f  67% i s o p r o p a n o l  

a l s o  d i d  n o t  a l t e r  t h e  o v e r a l l  i s o m e r i z a t i o n  p a t t e r n .  A c i d i t y  

a l o n e  is n o t  s u f f i c i e n t  f o r  t he  i s o m e r i z a t i o n  t o  o c c u r ,  s i n c e  llBf 
and 9 d i d  n o t  i s o m e r i z e  when 0.1 M p - t o l u e n e s u l f o n i c  acid was 

used i n s t e a d  of Dowex-50 r e s i n .  We s p e c u l a t e  t h a t  t h e  hydrophobic  

n a t u r e  o f  t h e  Dowex r e s i n  matrix,  i n  a d d i t i o n  t o  i ts  a c i d i c  

n a t u r e ,  is e s s e n t i a l  f o r  t h e  i s o m e r i z a t i o n  t o  proceed smoothly.  

However t h e  

Two o t h e r  6-(!-trifluoroacetyl)aminohexyl g l y c o s i d e s ,  t h e  

6-pyranosides  of N-acetyl-glucosamine and g a l a c t o s e ,  were a l s o  

t e s t e d  f o r  i s o m e r i z a t i o n  ( a -Furanos ides  o f  these s u g a r s  were n o t  

a v a i l a b l e  t o  u s ) .  Using t .1.c.  (which can  detect  a s  l i t t l e  as ca. 

5% i s o m e r i z a t i o n ) ,  we d i d  n o t  o b s e r v e  i s o m e r i z a t i o n  o f  these two 

8 -g lycos ides .  Under c o n d i t i o n  B ,  where a l a r g e  amount o f  Dowex 50 

was used ,  a small deg ree  of h y d r o l y s i s  o f  t h e  g l y c o s i d i c  bond was 

obse rved  f o r  t h e  N-acetyl-glucosamine g l y c o s i d e ,  b u t  n o t  f o r  t h e  

g a l a c t o s e  g l y c o s i d e .  From such o b s e r v a t i o n s ,  we s p e c u l a t e  t h a t  

t h e  2-acetamido group p l a y s  an i m p o r t a n t  r o l e  i n  t h e  i s o m e r i z a t i o n  

( h y d r o l y s i s ) .  

We p ropose  t h e  mechanism as d e p i c t e d  i n  Scheme 1 f o r  t h i s  

i s o m e r i z a t i o n  ( h y d r o l y s i s ) .  Ac id -ca t a lyzed  h y d r o l y s i s  o f  

g l y c o s i d i c  bonds is though t  t o  proceed th rough  f o r m a t i o n  o f  an 

a c y c l i c  or a c y c l i c  carbonium ion.  Of t h e  two p o s t u l a t e d  

carbonium i o n s ,  t h e  l a t t e r  i s  b e l i e v e d  t o  be  t h e  f a v o r e d  

i n t e r m e d i a t e  i n  most cases" .  I n  t h e  p r e s e n t  case o f  t h e  Dowex-50 

c a t a l y z e d  i so rne r i za t ion  ( h y d r o l y s i s ) ,  however,  t h e  c y c l i c  
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R: CF,CONH(CH,),- 

‘OH 

SCHEME I 

carbonium intermediate is not favored. This is supported by the 
following evidence. The aglycon is retained to a very high degree 
in aqueous media, and in a medium containing 67% isopropanol 

(condition C ) .  In the process of the cyclic carboniurn ion 
formation, the aglycon leaves as alcohol and once lost it cannot 
compete favorably against water or isopropanol for a nucleophilic 
attack on the carbonium ion. Secondly, a cyclic intermediate of a 
defined ring size will not permit furanoside--pyranoside 

isomerization. Instead, as depicted in Scheme 1, the alternative, 
acyclic carbonium ion (A), stabilized by participation of the 
2-acetamido group ( B ) ,  can explain our experimental results. The 
fact that the B-configuration was largely maintained during the 
4Bf-4Bp isomerization may suggest that the intermediate B is the 
more important species in the isomerization. Initial attack on 
C-1 by the 2-acetamido group would directly form the intermediate 
B with a fixed C-1 configuration. Ring reclosure would form only 
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350 LEE, WONG, AND LEE 

the 8-glycosides. An alternative explanation is that a strong 
resin-glycoside interaction (hydrophobic interaction and/or 
sulfonate-carbonium ion interaction) effectively fixes the spatial 
orientation of the aglyconic group in both intermediates A and B, 
so that ring closure would occur predominantly from one side 
leading to the B-glycosides. The latter consideration also 
explains the predominance of isomerization over hydrolysis, 

as well as the ineffectiveness of E-toluenesulfonic acid as 
compared with the resin. Whether the small amount of hydrolysis 
observed resulted directly from A and B or  from a small amount of 
a cyclic intermediate cannot be determined at this moment. A 
much faster rate of hydrolysis of the CalNAc glycoside compared 
with the GlcNAc glycoside agrees with the well-documented fact 
that glycosides of 1-galacto configuration containing an axial 
hydroxyl group are hydrolyzed much faster than those of D-Eluco 
configuration 5 .  

- 
- 

EXPERIMENTAL 

Materials and Methods. N-Acetyl-D-galactosamine, - acetyl - 
chloride and Dowex 50x8 (H’ form, 200-400 mesh) were obtained from 
Sigma Chem. Co.; triethylamine was from Aldrich Chemical Co. The 
preparation of 6-(~-trifluoroacetyl)aminohexanol and its 

conversion to 8-glycopyranosides of N-acetyl-~-glucosamine and 
- D-galactose have been described’. 
methyl glycosides of GalNAc will be described elsewhere. 

A l l  evaporation was done under reduced pressure and 
uncorrected melting points were determined with a Fisher-Johns 
apparatus. Elemental analyses were performed by Galbraith 
Laboratories, Inc., (Knoxville, TN). ‘H-NMR spectra were obtained 
with a Varian 400 MHz spectrometer. For determination of 

formaldehyde (produced from furanosides), the chromotropic acid 
method of Hanahan and Olley” was modified as follows: 
sample containing 10--150 nmol of glycol in a 13 x 100-mm tube was 
treated with 0.1 M NalO, (O.lmL) and 1 M H,SO, (0.1 mL) for 

- 
Preparation of the ally1 and - 

A 0.25 mL 
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6'-AMINOHEXYL 2-ACETAMIDO-2-DEOXY-D-GALACTOSIDE ISOMERS 351 

exactly 5 min at room temperature. To the solution were added 10% 

NaHSO, (0.1 mL) and the chromotropic acid reagent', (2.5 mL), and 
the mixture was heated in a boiling water bath for 30 min. After 
cooling a half-saturated thiourea solution (0 .25  mL) was added and 
the absorbance was read at 570 nm. Concentration of solutions 
containing GalNAc glycosides was determined with the automated 
amino sugar analyzer16 after acid hydrolysis. T.1.c. was done on 
0.2-mm layers of silica gel 60 F,, ,  precoated on aluminum sheets 
(E. Merck), using solvent A C1:4 (v/v) toluene--ethyl acetate], 
solvent B [9:4:2 (v/v) ethyl acetate--isopropanol--water], solvent 
C [3:2:1 (v/v) ethyl acetate--acetic acid--water], or solvent D 
[8:2:1 (v/v) ethyl acetate--isopropanol--water]. After the plates 
were dried, carbohydrate components were visualized by spraying 

with 15% sulfuric acid in 50% ethanol and heating at -140O. The 
amino group was detected by spraying with 0.2% ninhydrin in 95% 
ethanol and heating the plate briefly. 
group was detected by the following steps: 1 )  spray the plate with 
1 M NaOH and keep the plate for a few minutes at room temperature 
to de-N-trifluoroacetylate, - 2) spray with glacial acetic acid to 
neutralize the excess alkali, and 3 )  spray with the ninhydrin 
reagent and heat it as described above. 

The - N-trifluoroacetamido 

2-Acetamido-3,4,6-tri-O-acetyl-l -chloro-1 ,2-dideoxy-a-D- - 
galactopyranose (1). Finely ground N-acetyl-1-galactosamine ( l g ,  

4.5 mmol) was suspended in 10 mL of acetyl chloride in a tightly 
sealed flask and stirred for about 2 h at room temperature. When 
the suspension appeared slightly thinner, the mixture was moved to 
the cold room and stirred for 2 days, at which time a clear 
solution had resulted. T.1.c. of the mixture in solvent A 

indicated about a 60% yield of 1 (RF 0.41). 
into 50 mL of cold dichloromethane and then into 80 mL of ice 
water. Layers were separated quickly and the organic layer was 
drained directly into 120 mL of cold saturated sodium bicarbonate. 
The mixture was carefully shaken and the organic layer was drained 
into a flask containing anhydrous sodium sulfate. When the 
solution became clear, it was filtered and the filtrate was 

- 

The mixture was poured 
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352 LEE, WONG, AND LEE 

e v a p o r a t e d  t o  a small volume under  r educed  p r e s s u r e  a t  room 

t e m p e r a t u r e .  D i e t h y l  ether (80 mL) and pe t ro l eum ether  (b .p .  
35--70°, 40 mL) were added i n  t h a t  o r d e r  and t h e  m i x t u r e  was l e f t  

i n  t h e  cold o v e r n i g h t .  The clear s u p e r n a t a n t  s o l u t i o n  was 
decan ted  and the  p r e c i p i t a t e  was washed w i t h  a m i x t u r e  o f  1:5 

( v / v )  d i e t h y l  e the r - -pe t ro l eum ether and d r i e d  f o r  a b o u t  1 h i n  a 

d e s i c c a t o r .  The p roduc t  (1 .05 g ) ,  which c o n t a i n e d  2-acetamido- 
1,3,4,6-tetra-0-acetyl-2-deoxy-~-galactopyranose - - (2) ( R F  0 .15 )  i n  
a d d i t i o n  t o  1, was used i n  t he  n e x t  r e a c t i o n  w i t h o u t  p u r i f i c a t i o n .  

6~-(N-Trifluoroacetyl)aminohexyl 2-Acetamid0-3,4,6-tri-O- 
acetyl-2-deoxy-5-D-galactopyranoside ( 3 8 ~ )  and 2-Acetamido-3,5,6- 

tri-0-acetyl-2-deoxy-B-D-galactofuranoside (3Bf) .  To t h e  f l a s k  

c o n t a i n i n g  amorphous 1 from the  p r e v i o u s  s t e p  were added 

6-(~-trifluoroacetyl)hexanol (0 .75 g ,  3.5 mmol), Dr ie r i te  (0 .3  g ) ,  
mercu r i c  cyan ide  (0.88 g ,  3.5 mmol) and 30 mL o f  a 1 : l  ( v / v )  

m i x t u r e  of  t o luene - -n i t rome thane ,  and  the  m i x t u r e  was st irred 

o v e r n i g h t  a t  room t empera tu re .  T.1.c. ( s o l v e n t  A )  showed t h a t  1 
had been e x h a u s t e d  and a compound which c o u l d  be charred and 

which a l s o  c o n t a i n e d  the  t r i f l u o r o a c e t a m i d o  group (RF 0.22) was 
produced. The r e a c t i o n  m i x t u r e  was f i l t e r e d ,  the  f i l t r a t e  

e v a p o r a t e d  and the  r e s i d u e  was t aken  up i n  ch lo ro fo rm.  The 

ch lo ro fo rm s o l u t i o n  was washed twice w i t h  1 M NaC1, once  w i t h  

0 . 5  M KBr, and then  d r i e d  as b e f o r e  w i t h  anhydrous  sodium s u l f a t e .  
The d r i e d  s o l u t i o n  was e v a p o r a t e d  t o  a s y r u p ,  d i s s o l v e d  i n  1 5  mL 

of 95% e t h a n o l  and f r a c t i o n a t e d  on a column (5x190 cm) o f  Sephadex 
LH-20 u s i n g  95% e t h a n o l  a s  e l u a n t .  Compounds 2 and 2 emerged i n  

s u c c e s s i o n  w i t h  complete  s e p a r a t i o n .  The i s o m e r s ,  3Bp and 3Bf, 
o v e r l a p p e d  a lmos t  comple t e ly  b o t h  by t .1.c. and by g e l  f i l t r a t i o n ,  
w i t h  - 38f moving s l i g h t l y  ahead i n  t .1.c.  and e l u t i n g  s l i g h t l y  
l a t e r  t h a n  3Bp from the  g e l  f i l t r a t i o n  column. The f r a c t i o n s  

c o n t a i n i n g  3Bp and 3Bf were e v a p o r a t e d  t o  a s y r u p ,  suspended i n  a 

m i x t u r e  of e t h a n o l - - d i e t h y 1  e the r - -pe t ro l eum ether  (5:2:2, v / v )  t o  

y i e l d  c r y s t a l l i n e  3Bp (0 .31g,  0.59 m m o l ) .  The mother l i q u o r  was 
e v a p o r a t e d  t o  y i e l d  ca. 1 g of  amorphous s o l i d  (m and 3Bf).  The 

c r y s t a l l i n e  3Bp was r e c r y s t a l l i z e d  once  from e t h a n o l - - d i e t h y 1  

- 
- 
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6'-AMINOHEXYL 2-ACETAMIDO-2-DEOXY-D-GALACTOSIDE ISOMERS 353 

ether--petroleum ether ( 5  :2 :2,  v/v) ; mp 137-1 3 8 O .  Overall yield 
of 3 (a + Bf) from GalNAc was -45%. See Table 1 for 'H-NMR data 

of 3Bp and 3Bf. 
- Anal. of 3Bp. Calc: C, 48.70; H ,  6.13; N, 5.16. Found: C, 

48.59; H, 6.19; N ,  5.15. 
Fractions containing 2 were combined and evaporated to a 

syrup which crystallized upon standing, yielding 0.42g (1.08 mmol) 
of pure 2; mp 180-181O (lit." 182-183O). 
1.94 (9, 3, C O C H , ) ;  2.02 (5, 6, 2 C O C H , ) ;  2.16 (5, 6,  2 C O C H , ) ;  

4.04-5.41 (m, 6, CH, and ring H I ;  6.20 (d, 1 ,  anomeric H ,  2 3.7 
Hz). 

'H-NMR data (CDC1,): 6 

- Anal. Calc: C, 49.35; H, 5.95; N ,  3.60. Found: C ,  48.91; H ,  

6 -( N-Tr if luoroacetyl) aminohexyl 2-Acetamido-2-deoxy-B-D- 
5.99; N ,  3.56. 

- 
galactopyranoside ( 4 B p )  and 2-Acetamido-2-deoxy-~-D-galactofurano- 
side (4Sf). Crystalline 3Bp and the residue from the mother liquor 
were de-2-acetylated separately in dry methanol containing 0.01 M 

sodium methoxide for a few hours at room temperature. T.1.c. in 

solvent B showed that product 4Bp (RF 0.51) was produced 
exclusively from crystalline 3Bp, while a syrupy residue from the 
mother liquor produced 4& and a second component (Ilsf) of higher 
RF (0.64) and of similar quantity (by both charring and NaOH-- 
ninhydrin). 
treated with Dowex 50x8 (H' form) in a small amount of water till 

- 

The rnethanolic solution containing only % was 

neutral pH was obtained, filtered and evaporated to yield 'IBp 
quantitatively as a white solid; mp 187-189O. The mixture 
containing both LIBp and 4Bf was acidified with acetic acid, 
evaporated to -5 mL and chromatographed on a column (5x220 cm) of 
Sephadex G-25 with 0.1 M acetic acid. The two isomers were eluted 
with much overlap, with 4Bp eluting slightly ahead of Ilsf. 
fractions containing 
evaporated. 
and subjected to either another gel filtration or isomerization by 
Dowex 50x8 as described later. 

The 
only or 4Bf only were combined and 

The fractions containing both isomers were combined 
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354 L E E ,  WONG, AND L E E  

6'-Aminohexyl 2-Acetamido-2-deoxy-B-D-galactopyranoside (5Bp) - 
and 2-Acetamido-2-deoxy-B-D-galactofuranoside (58f). Relatively - 
pure (0.42g, 1 mmol) was de-1-trifluoroacetylated by 
dissolving it in 5 mL of an aqueous solution containing 10% 
triethylamine and 9% ethanol and leaving the solution overnight at 
room temperature. The reaction mixture was evaporated to a syrup, 
dissolved in 5 mL of 0.1 M acetic acid and fractionated on the 
Sephadex G-25 column as described above. 
5Bp (RF 0.17 in solvent C) were combined and evaporated. 
residue was dissolved in absolute ethanol, mixed with an equal 
volume of toluene and the mixture was evaporated again. Crystals 
obtained upon standing were trituated in 3:l (v/v) ethanol--ether 
and filtered, yielding 0.32 g (1 mmol) of 5&; mp 139-l4Oo. By 
using the Dowex 50-catalyzed isomerization to increase the yield 
of the 8-pyranoside ( 5 B p ) ,  the final product 5Bp (crystalline and 
amorphous solid) was obtained in 29% yield from GalNAc. 'H-NMR 

data of 5Bp ( D , O )  : 6 1.36--1.66 [rn, a ,  C(CH,),Cl; 2.03 ( s ,  3, 
COCH,); 2.97-3.94 (m, 10--11, 3 CH, and ring H); 4.44 (d, 1 ,  

anomeric H, 2 8.5 Hz). 

The fractions containing 
The 

Similarly, llBf was de-N-trifluoroacetylated - to yield 5 B f ,  

which also had a higher RF (0.27 in solvent C) than the 

B-pyranoside (5). As in the case of 4gf and w, 5Bp was eluted 
slightly ahead of - 5Bf from the Sephadex G-25 column, thus enabling 
partial fractionation at this stage as well. 'H-NMR data of 5Bf 

(D,O): 6 1.35--1.61 Em, 8, C(CH,),CI; 2.02 (s, 3, CQCH,); 
2.80--4.16 (m, 10--11, 3 CH, and ring H); 4,974 (d, 1 ,  anomeric H, 
- J 2.4 Hz). 

6 - ( N-Tr i f luoroacety 1) aminohexy 1 2 -Acetamido-3,4,6 -tr i-0- 

- 

acetyl-2-deoxy-a-D-galactopyranoside (3crp). 6-(N-Trifluoroacetyl)- - 
hexanol (0.41 g, 1.9 mmol) and 2 (0.39 g, 1 mmol) were dissolved 
in dry nitromethane (5 mL). Boron trifluoride etherate (0.1 mL) 
was added and the mixture was refluxed for 1.5 h. T.1.c. (solvent 

A) examination showed that 2 had been totally spent with 
concomitant production of one major product ( 3 ) .  The reaction 
mixture was evaporated; the residue was dissolved in chloroform 

- 
- 

- 
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6'-AMINOHEXYL ~-ACETAMIDO-~-DEOXY-D-GALACTOSIDE ISOMERS 355 

(-20 mL) and washed with 1 M NaCl (2 x 10 mL). The chloroform 
layer was dried (anhydrous sodium sulfate), filtered and 
evaporated. The residue was dissolved in absolute ethanol and 
decolorized. Evaporation of the ethanolic solution resulted in 

crude, solid 3ap (0.41 g, 0.76 mmol). 
6f-(N-Trifluoroacetyl)aminohexyl 2-Acetamido-2-deoxy-a-D- - 

galactopyranoside (hap). The residue (mainly 3ap) obtained above 
was dissolved in dry methanol (10 mL) and the solution was made 
5 mM in sodium methoxide. After a few hours at room temperature, 
t.1.c. (solvent D) examination of the mixture showed the presence 
of 4ap and 
amount of 4Bf. The mixture was evaporated after addition of 80% 
acetic acid (-50 p L ) .  The residue was dissolved in 0.1 M acetic 
acid and purified on a column (2.5 x 136 cm) of Sephadex G-15 
using 0.1 M acetic acid as eluant. Fractions containing the major 
product (*), eluted just after a small peak of w, were 
combined and evaporated to produce 0.29 g of crystalline Llap (70% 
overall yield); mp, 158-1 61 O .  'H-NMR data (D,O) : 6 1.36--1 .60[m, 

8, C(CH,),Cl; 2.04(S, 3 ,  COCH,); 3.31--4.15(m,10--11, 3 CH, and 
ring HI; 4.896 (d, 1, anomeric H, J 4.0 Hz). 

in an approximately 9 to 1 ratio with a trace 

6'-Aminohexyl 2-Acetamido-2-deoxy-a-D-galactopyranoside - 
(5ap). De-E-trifluoroacetylation was carried out as described 
above for the preparation of 5Bp. 

obtained from ethanol--ether. Mp 125-126O; RF in solvent C, 0.30. 
Dowex 50-Catalyzed Isomerization. Condition A: 1 mg each of 

A crystalline product was 

test compounds was dissolved in 150 pL of water and treated with 7 

mg of fresh Dowex 50x8 (200 - 400 mesh, II+ form). Condition B: as 
above except that 50 mg of Dowex 50x8 was used. Condition C: as 
the condition A except that 67% isopropanol was used instead of 
water. Condition D: as the condition A except that Dowex 50 was 
omitted and E-toluenesulfonic acid was added to make 0.1 M in the 
mixture. The compounds tested were 48f, w, 9, 6-(!-trifluoro- 

acety1)aminohexyl 8-glycosides of Gal and GlcNAc. Ally1 
B-pyranoside and R-furanoside of GalNAc and methyl B-pyranoside of 

GalNAc were also examined under the condition A. Progress of 
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356 LEE, WONG, AND LEE 

reactions was monitored by t.1.c. in solvent D. The three 
6-(N-trifluoroacetyl)aminohexyl - glycosides had the following RF 
values: 0.33 (4Bp), 0.44 (9) and 0.48 ( I r g f ) .  For the purpose of 
‘H-NMR spectroscopy, reactions were carried out with five-fold 
larger amount of reactants and spectra were taken before and after 
the reaction. 
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