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This p a p e r descr ibes the synthesis o f phenyl - and p-ni t rophenyl-N-acety l -J -D-glucosamintdes . We
used t h e s e compounds previously t o study the ac t ive centers o f N-acetyl-~-D-glucceaminidase B~ obtained
from epididymis of sharks [1]. The overal l synthesis of the title compounds is outlined in schemes 1 and 2.
The reac t ion of benzyi-2-acetamido-2-desoxy-r,-D-glucopyranoside (I) with t o s y [ chlor ide , followed by a n
exchange of the t o s y l g r o u p in (II) fo r iodine gives benzyl-2-acetamido-2,6-didesoxy-6-todo-~-D-glucopyran-
oside (III). It was found that hydrogenation of (III) using Pd i n t h e p re sence of CH3COONa leads to t h e removal
of iodine but t h e benzy l group a t 1-C is re ta ined . The corresponding benzy l glycoside (IV) is obtained in nearly
100% yield . The benzy l g r o u p c a n b e removed by hydrogenation using f resh IM-catalyst and, as a resu l t , 2-
acetamido-2,6-dtdesoxy-D-glucopyranose (V) i s obtained. Similarly, benzyi-2-acetamido-3,6-di-O-acetyl-2-
desoxy-~-D-glucopyranoside (VI)gives 2-acetamido-2,4-didesoxy-D-xylohexopyranose (IX).

It is known that 3-chlorodesoxy derivatives cannot b e obtained by reac t ing SO2CI~ with aikyt-4,6-benzyl-
id ine-~-glucosides due t o 1,3-diaxial in terac t ion be tween the a x i a l substituent a t 1-C and the chlor ide that
a t tacks 3-C i n t h e a x i a l di rect ion [2, 3]. Fo r this r e a s o n , 3-desoxy derivatives (XIV) are prepared from the
benzylidine der ivat ive of phenyl-N-acetyi-j-D-glucopyranoside that reacts with SO2C12 [3] t o give the c o r r e -
sponding 3-chloro der ivat ive (XI). The subsequent removal of t h e benzyiidine blocking g r o u p with CH~COOH,
followed by dehydrochlorination with i-C3HTONa gives (XIII). The NbIR and IR spec t ra confirmed that 0flII)
is phenyl-2-acetamtdo-2-desoxy-~-D-erythrohex-2-enopyranoside. Hydrogenation of (XIII)gives phenyl-2-
acetamtdo-2,3-t i ldes oxy-d-D-ribohexopyranoside (XIV).

The reac t ion of SOzCI~ with benzyl-2-acetamido-3,4-di-O-acetyl-2-deso~y-a-D-glucopyranoside (XV),
followed by trea tment with CH3ONa and by subsequent removal of t h e benzy[ blocking g r o u p in (XVI) gives 2-
acetamido-2,6-didesoxy-6-chloro-D-glucopyranose (XVII) in a good yie ld .

The nitropbenyl analogues (XXI)-(XXVI) of N-acetyl-;~-D-glucopyranoside are obtained by reac t ing cor-
responding chlor ides with sodium nitrophenolate in D M F [4] (see the tame). The partially methylated N-acetyl-
j-D-glucosaminldes (XXIX) and (XXX) are obtained b y reac t ing dlazomethane with the compounds (XXVII) and
(XXVIII), r espec t ive ly .

E X P E R I M E N T A L

The solvents were removed under v a c u u m at 45°C. TLC analyses (silica g e l Chem~pol CSSR, 5-40/~,
10~ gypsum) were carr ied out using CHCls-- MeOH, 50:1 (A), 9 : 1 03), o r e t b e r - - MeOH, 98:2 (C) solvent
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a - H. a ' = OH (XXI);
a -- OH. a ' = It (XXlD;
R -- Clo R' -- OH (XXIII);
It m Brj R' =a OH (XXIV);
R = . r , a ' = OH ( x x v ) ;
R -- R' := OH (XXVI)
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R = . O H . R' ~= 0A¢ (XXVII);
R m OAc, R' ~ OH (XXVlII)

11 =, OMe, 1t' -- OH (XXIX);
R -- OH. R ' -- OMe (XXX)

systems. T h e s e p a r a t e d c o m p o u n d s w e r e l d e n t f f i e d by heating with c o n e . H ~ O 4 . T h e p r e p a r a t i v e c h r o m a t o -
g r a p h y w a s c a r r i e d out u s i n g s i l i c a g e l ( C h e m a p o l , C S S R ) 1 0 0 - 2 5 0 / ~ . T h e m e l t i n g p o i n t s ( c o r r e c t e d ) w e r e d e -
t e r m i n e d u s i n g B o e t i t m a p p a r a t u s a n d t h e v a l u e s of o p t i c a l r o t a t i o n w e r e d e t e r m i n e d o n a P e r k i n - E l m e r 14 I M
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polarimeter. IR spec t ra were recorded on a UB-20 spect rometer . N1VIR spec t ra were measured in CD3CN on
a Varian X L - 1 0 0 spec t romete r a t 100 MHz u s i n g TMS as an in terna l s t a n d a r d .

Benzyl-2-acetamido-3,4-di-O-acetyl-2-didesoxy-6-O-tosyl-~-D-glucopyranoside (II). Compound (I) (3
g) [5] and t o s y l chlor ide (2 g) were dissolved in abs. pyr id ine (50 ml) and the mixture was left standing over-
night a t 5°C. (CH3COs)20 (10 ml) was added and af te r 3-4 h t h e mixture was poured onto ice (100 g). The
aqueous layer was extracted with CHCIs (3 × 50 ml), the chloroform extract was washed with water , 10~
NaHCOs, and wate r and then dried o v e r MgSO4. CHCI3 was evaporated and the res idue was crystal l ized from
MeOH -- e t h e r m i ~ u r e t o give 3.5 g (55%) o f (II), mp 125-127°C, [~]D20 + 69° (C 0.8 CHCI3). Found: C 56.61;
H 5.49; N 2.49; S 5.71%. C2e~I31Ot~. Calcula ted: C 56.83; H 5.65; N 2.55; S 5.83.

Benzyl-2-acetamido-2,6-didesoxy-6-iodo-~-D-glucopyranoslde (HI). A mixture o f (II) (3.4 g ) and KI
(2.5 g) in D M F was refluxed fo r 30 min (the p r o g r e s s of t h e reac t ion checked by TLC, s y s t e m A), then cooled

t o about 20"C and poured into water; the aqueous l a y e r was extracted with C6H6--CHCI3 1 : 1 mixture (3 x 50
ml), the organic layer was successively washed with water , 270 Na~2C~, and water , dr ied over MgSO4 and

e v a p o r a t e d . The res idue was t rea ted with 0.01 N MeONa in abs. MeOH t o give 1.6 g (62%) o f (III), mp 196-
197"C (from MeOH--ether , with decoml~osition), [~]DZZ + 14.6~ (C 0.7 MeOH). F o u n d : C 42.58; H 4.86; I
29.88; N 3.29%. ClsHz0IC~N. Calcula ted: C 42.76; H 4.75; I 30.17; N 3.32%.

Benzyl-2-acetamid6-2,6-didesoxy-~-D-glucop~rranoside (IV). Compound (III) (1.5 g ) was hydrogenated
in MeOH (10 ml) i n t h e p re sence of 20~ Pd /C (1.5 g) and AcONa .3H20 (4.5 g) fo r 16-20 h . The c a t a l y s t was
t h e n fil tered off, the fil trate was evaporated t o dryness and the res idue , was chromatographed on silica g e l
using the s y s t e m C (80 ml) t o give (IV) in 99% yield (0.9 g), mp 200-201"C (from alcohol--ether) , [r,]D~ +
18.9 ° (C 1.6, MeOH). Found: C 61.20; H 7.08; N 4 . 8 0 ~ . ClsHnOsN. Calcula ted: C 61.02; H 7.12; N4.75%.

2-Acetamldo-2,6--didesoxy-D-~lucopyranose (V). A quantity (0.86 g) of (IV) was hydrogenated in MeOH
(10 ml) ln the p re sence of f resh 29% Pd/C (1.5 g) fo r 16 h t o give 0.6 g of (V) (73~), mp 209-210°C (from alco-
hol) , [']~o + 26- (c 0.8, H~O); (cf. [3]) .

Benzyl-2-acetamido-3,6-di-O-acetyl-2-desoxy-4-O-tosyl-~-D-glucopyranoside (VII). A solution of
(VI) (9.5 g) [6] and t o s y l chlor ide (24 g)in pyr idine (50 ml) was kept fo r 3 days a t about 20~C; the solvent was
then evaporated, the res idue was extracted with CHCI~, the chloroform layer was washed with water , 10~
NaHCO3, wate r and then dried over MgSO4 before evaporating t o d r y n e s s . The yield of (VII) was 11 g (83%),
mp 114-115°C (from ether) , [a~)~ + 56° (C 1.0, CHCI3). Found: C 56.50; H 5.55; N 2.35; S 5.75%. C2sHsl-
Ot01~. Calcula ted: C 56.83; H 5.65; N 2.55; S 5.83~.

Benzyl-2-acetamido-~,4-didesoxy-u-D-xylohexopyranoside (VIII). A solution o f (VII) (10.9 g) and KI
(9 g) i n D M F (50 ml) was refluxed for 30 rain and the reac t ion mixture was worked up as fo r (liD. The product
was deacetylated with 0.01 N MeONa in aim. MeOH; the resu l t ing solution was t h e n neutral ized u s i n g the H+
form of KU-2 cationic-exchange res in , and then hydrngenated on 20~-Pd/C (3.0 g) in the p re sence of AcONa •
3 H20 (4 g) fo r 1 6 - 2 0 h t o give 3.2 g (54%) of (VIII), mp 168-169°C; (cf. [3]).

2-Acetamido-2,4-<lidesoxy-D-xylohexopyranose (IX). A quantity (3.1 g) of (VIII) were hydrogennted in
t h e p re sence of a freshly prepared Pd /C (2.5 g) as fo r (IV). A quantity (1.8 g) (84%) of a viscous liquid (IX)
were obtained, [u~)2a + 80° (C 0.6, HzO); (cf. [3]).

Phenyl-2-acetamido-4,6-O-benzylidlne-2,3-dldesoxy-3-chloro-~-D-aUopyranoside (XI). This compound
was prepared accord ing t o [3] in 42% yield , mp 183-184°C (from CH3CN, with decomposition), lug)20-- 25° (C
0.6, CHCIs).

Phen~l-2-acetamido-2,3-didesoxy-3-chloro-~-D-al lopyranoside (XII). A quantity (3 g) o f (XI) in 80~
AcOH (70 ml) were refluxed fo r 10-15 mln (checked by TLC, s y s t e m B), the solution was then evaporated to
dryness and t h e res idue was crystal l ized from a n alcohol-- e t h e r mixture. Fur the r recrystal l izat ion from
alcohol gave 1 g (43%) of (XII), mp 163-164°C, [ ~ ) z 0 _ 56° (C 0.7, MeOH). Found: C 53.09; H 5.79; CI,
11.00; N4.26%. CI4HteCIOsN. Calcula ted: C 53.25; H 5.71; C111.25; N4.44%.

Phen~l-2-acetamido-2,3-didesoxy-~-D-ribohexopyranoside (XIV). T o a mixture o f Na (0.2 g) in i-C3H7-
OH (5 ml) was added 0.4 g o f (XII) a t 55-60"C. The mixture was cooled, the resu l t ing solid was dissolved in
MeOH (5 ml) and acidified with 1~ AcOH to pH 7-8. The volatile components were evaporated u n d e r vacuum,
t h e res idue was dissolved in the solvent s y s t e m B and t h e n passed t h r o u g h charcoa l and silica gel . The fil-
t ra te was evaporated t o give 0.13 g (28%) of phenyl-2-acetamldo-2-desoxy-~-D-erythrohex-2-enopyranoside
(XIII) as a viscous l iquid. NMR spec t rum (5, ppm): 6.52 d(H3), J = 4 Hz; 5.85 s(Hi); 4.20tCr14). IR s p e c -
t rum (~, c m - i ) : 1665 and 1550 (amide I and H). 0A g of (XIII) was hydrogenated with I g o f 20~ Pd /C for 3
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d a y s . The catalyst was fil tered off, the fil trate was evaporated and chromatographed on silica g e l u s i n g the
solvent s y s t e m B. 0.04 g (4(H~o) of (XIV) was obtained, mp 176-177°C (from alcohol), [ a ~ - - 3 2 °, (C 0.4
MeOH); (cf. [3]).

Benzyl-2-acetamido-2,5-didesoxy-6-chloro-a-D-glucopyranoside (XVI). T o a solution of {XV) (1.7 g)
[5] in pyridine (10 ml) at --40~C was added SC~CI2 (0.6 ml) and the mixture was kept at --20°C overnight.
Pyridine was evaporated under vacuum, the residue was extracted with CHCI3, the chloroform layer was
washed with water, 10% NaHCO3, water and then dried over M g S O4. CHCI 3 was evaporated, the residue was
deacetylated to give 1 g (71~) of (XVI), m p 169-190~C (from alcohol), [~]D20 + 175° (C 0.5, M e O H ) ; (cf. [6]).

2-Acetamido-2,6-didesox~-6-cliloro-D-glucopyranose (XVII). A quantity (0.95g) of (XVI) in M e O H (10
ml) was hydrogenated in the presence of 2.0 g of freshly prepared 20% Pd/C for 16-20 h to give 0.55 g (60%)
of (XVII), m p 169-170°C (from alcohol), [a~20 + 75° (C 0.9, H20, 7 rain); (cf. [6]).

Preparation of p-Nitrophen~l Derivatives of N-Acetyl-~-D-glucoseaminide (X~)-COTVI). A suspension
of 0.5-1 g of carefully dried N-acetyl-glucosamine in 10 ml of AcCl was saturated with dry HCI at --10°C for
30-40 rain. The mixture was kept in a sealed vessel at about 20°C overnight, AcCI was then r e m o v e d by an
azeotropic distillation with abs. CsH G under v a c u u m and the residue was dried at i m m for 2 h [4]. The resi-
due was then dissolved in D M F (5-15 ml), 1.5 mole excess of sodium p-nitrophenolate was added and the mix-
ture was kept at 5-10°C overnight. The reaction mixture was then poured onto an ice --water mixture and pre-
cipitated solid was filtered off, washed with water and dried. Theproduct was deacetylated with 0.01 N M e O N a
in abs. M e O H and recrystallized from alcohol to give the corresponding nitrophenyl derivative of N-acetyl-~-
D-glucoseaminide (see Table 1).

p-Nitrophenyl-2-acetamido-3,4-di-O-acetyl-2-desoxy-/3-D-glucopyranoside ~ I ) . A solution of p-
nitrophenyl-N-acetyl-~-D-glucopyraneside (XXVI) [4] (6.7 g) in pyrldtne (50 ml) was reac ted with Ph3CC1 (8.4
g) a t 100~C unti l all (XXVI) disappeared from the reac t ion mixture (5-10 rain , checked by TLC using t h e s y s -
tem C). The mixture was cooled, Ac20 (10 ml) was added and the mixture was left standing overnight. The
t r i t y l blocking group was removed with 80% AcOH (50 ml) using the method [5]; 3.5 g (41%) of (XXVII) were
obtained, mp 210-211°C (from alcohol), [~]D~z--97° (C 0.4 MeOH). Found: C 50.68; H 5.15; N 6.82%. C18-
H22OIsN2. Calcula ted: C 50.70; H 5.16; N 6.57%.

p-Nitrophenyl-2-acetamido-3,6-di-O-acetyl-2-desoxy-~-D-glucopyranoside 0(XVIII). T o a solution of
(XXVI) (6.8 g) in abs. pyr id ine (25 ml) a t --40°C was added, with efficient s t i r r ing , a solution of AcCI (3.1 ml)
in a b s . toluene (10 ml) dur ing 30 mln [7]. The mixture was then kept with st~rring a t t h e same temperature
fo r a n o t h e r 1.5 h and fo r a fur the r 1 h a t ~20°C. The resu l t ing mixture was fi l tered, the solid was washed
with toluene, the fil trate was evaporated and the res idue was chromatographed on silica g e l and eluted g r a d -
ually with pe t ro leum ether , e ther , and the s y s t e m C. A quantity (2.5 g) (30%) of (XXVIII) were obtained, mp
190-192°C (from alcohol, with decomposltion), [~]Dzz--37° (C 0.9, M e O H ) . Found: C 50.75; H 5.03; N 6.39%.
C18H2zOIoN2. Calculated: C 50.70; H 5.16; N 6.57~.

p-Nltrophenyl-2-acetamido-2-desoxy-6-O-methyl-/3-D-glucopyranoside {XXIX)=. This compound was
prepared from (XXVII) by methylation with dlazomethane in the presence of B F 3 ester and C H 3 C N according to
[8], followed by deacetylation with M e O N a in M e O H . The yield of (XXIX) was 30-40%, m p 182-183°C (from
alcohol, with decomposition), [cz]D22--36° (C 0.4 M e O H ) . Found: C 50.20; H 5.40; N 7.41%. CIsH20OaN2.
Calculated: C 50.56; H 5.62; N 7.87~.

p-Nitrophenyl-2-acetamido-2-desoxy-4-O-methyl-J-D-glucopyranoside 0CA~). This compound was ob-
tained from (XXVIII) using the same method as for 0U~IX), m p 211-212°C (from alcohol), [c~]D22--14° (C 0.4,
M e O H ) . Found: C 50.33; H 5.57; N7.70~. CIsH20OsN2. Calculated: C 50.56; H 5.62; N7.87~.

C O N C L U S I O N S

A number of desoxy der ivat ives of N-acetylglucosamine were prepa red . T h e s e compounds se rve as
modified substrates fo r studying the catalytic proper t ies o f the ac t ive c e n t e r in N-acetyl -d-D-glucosamidase .
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