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Note

Svynthesis and enzymic hydrolysis of some p-nitrophenyl
2-aroylamino-2-deoxy-fg-bD-glucopyranosides
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Pacific Institute of Bio-organic Chemistry, Far East Science Centre, Academy of Sciences of the
U.S.S.R., Viadivostok (U.S.S.R.)

(Received February 26th, 1975; accepted for publication, April 30th, 1975)

Recently, a novel pB-b-hexosaminidase that hydrolyses p-nitrophenyl 2-
benzamido-2-deoxy-f-D-glucopyranoside was found in the tissues of marine in-
vertebrates and the fruiting bodies of certain mushrooms!. Various N-aroyl sub-
stituted p-nitrophenyl 2-amino-2-deoxy-f-D-glucosides were therefore synthesized
in order to study the substrate specificity of the new enzyme.

Condensation of 2-amino-2-deoxy-D-glucose with 1.2 mol. of the appropriate,
substituted benzoyl chloride in the presence of sodium hydrogen carbonate proved
to be a suitable route to the N-aroyl derivatives shown in Table I (¢f. ref. 2). The
p-nitropheny! B-p-glycosides in Table III were then obtained viz the glycosyl chloride
intermediates (Table IT) by treatment with sodium or potassium p-nitrophenoxide®
(see Experimental). The N-p-nitrobenzoyl glycoside in Table III was also obtained
from the oxazoline 1 (prepared according to the methods of Pravdié et al.* and
Khorlin et al.¥) by treatment with p-nitrophenol in nitromethane in the presence of
toluene-p-sulphonic acid.

CHyOAC

ACO Cl>

The f-configuration of the glycosides in Table III was confirmed by p.m.r.
spectroscopy, and they were deacetylated using methanolic triethylamine® to give the
compounds shown in Table IV.

The p-nitrophenyl 2-aroylamino-2-deoxy-f-p-glucosides shown in Table 1V
were used as substrates to study the specificity of a f-D-hexosaminidase, earlier
termed an N-benzoyl-g-D-glucosaminidase!. An extract from the fruiting body of the
mushroom Hohenbuehelia serotina (Fr.) Sing.” was used as the enzyme source. It was



143

NOTE

vL'E

18y 65t 85+ wo €171 LS [Kuaydowosg-o
95'¢ 0y 65T L3¢ 92 2N 5 ONITHE'O 8+ 790  017-807 19 1Auaydowoag-d
¥9'p 9y €ThP 86°¢ 6y VeV SONIDSTHED 99+ 09'0  ZI1T-01T 95 [4uaydorofyo1(I-4'e
9Py 17§ sreb 164 oS pI'6h SONID*'HEO €L+ £9'0  v61-€61 s 1Auaydorojy)-d
ST 1wy W 8L+ 81'0  $61-461 Ly JAuaydonuiq-“g
811 &y 60'CH 97'11 o 191 OYQENSTHE'D w+ o - L6I-961 8 JKuaydonuiq-y*g
8'8 8y €5'Ly LS+ 0S'0  vTT-gee 96 JAuaydox)IN-
LS'8 $0°S  vE'LY §p+ oy0  STTHeE £9 JAuaydoniN-o
£8'8 wWs €69 £5°8 16y 9s'Lh BOTNTHETD 99+ IS0 £61-1T68 09 AuaydoniN-d
N H o) N H o)
(%) punog (%) 210D
(s20482p)  (vo°d) (s22433p) (%)
sisdjouy oo - (fouvijtaudy I[o] dy dw  proik q
HOOHN
OH
HO HO
[0}
HO™HD

STAISONY YA JOONTO-A~-AXOHA~Z-ONINY-Z "TAOUY- ANOS NO VIVa

I 974V.L



NOTE

144

(A4 Iel+ £8'0 ILT-0L1 SE [dusydoworg-o
99T 9T SONIOM **H %D 9¢1+ 850 8s1 6¢ TAusydowoig-d
to90E £8'C SON®D*H D Sel+ 080 gel 9L 1&uoydolojyaiq-
17e £0'E PONYID " H®'D §'TLTH+ vL'0 8r1 05 [Ausydoropyy-d
86°L 89+ €S0 i-sp1 oL JAuaydonuig-ge
9L'L I BOENIDOTHE'D LS+ 9L0 £81 0t [Auoydonua-4'c
c19 8L+ 950 81-181 6T AuaydoninN-w
w9 £9+ 190 14! 8 [Auaydonin-o
9'¢ 26's OTONIDT*HS™D 9t + bso y6-t6 98 JAuoydoniN-d
N N
(%) punog (%) w2
(s20482p) (V¥ uaajos) (592432p) ()
sisdjpuy Do g (@1o1300 (d1)19) 9] 4y d' Ik ¥
HOOHN
12 oy
VO
N
o]
39Q%H)

SHANMOTHO TASONVHALOINTD~Q-0-AX0HQ~T-ONINVIAOYY~T QILVTIALIOV HNOS NO v.va

II 4719VL



145

NOTE

158

60'6Y

A A S¥'0  QST-6VT 197 iusydowroig-o
Iy 1'% e 09 €Iy LT6p VOINIGETH T 1T+ 10  O¥T-6£T Ly [fuaydoworg-d
Iy L'y 866y 69'Y 0% 60°0S FIOENFIDYEHR O 8+ 9€'0 67C 08 Huaydoroyatq-+'t
€CS ¥S'v  £TES S6v Ly PI'Es TOINID*H D g+ $s'0 Lyt IL [Ausydotopyy-d
6 Sty $B'8Y Y+ 850 LYTO¥T 6L JAuoydontuq-‘
§¢'8 9IY $¥LY €06 06'C 68y STOPNPPHE %D - €0 182 94 Kusydoxnuid-p'e
8S'L §§'F 1€°TS se+ 8§20 £74 43 TAuaydoin-wu
1L sy 0ETS og'L 8ty 8I'Te ETOENFEHETD 8y — 20 (Y4 SL [Auaydonn-o
L89 WP 90s 80°L 8%V 6508 O*H STOSNF*H ™D 61+ £€0 e 0L JAuaydonyiN-d
N H 0 N H o]
(%) punog (%) 219D
(s20480p) (g susajos) (s2a4d2p) (%)
sisdpony vpniog  (uaejoiopyay Gix] dy dw  plx b4
YOIHN
o
VO
%ON o ©
YOI

SAAISONYYAdODINTO--ff-AX0TA-Z-ONINVTAOUY-Z~TALBO V-0~ 1¥.1-9p* TANTHIOULIN-d TWOS NO VIV

JLISCULLAN



NOTE

146

‘001 se uayey i apisouelfdooni3-a-g-Axoap-z-opiwezuag-g jAusydoniu-d punodwod aoudiayel ay1 10§ ojel ML,

0 — 60V TH'iy — 96'¢ TTLY  O®H-PO'NIGS'HS'OD (AL L90  STTiT 68 1Auaydowoig-o
001 €§°S 60V SY'Sy 85§ 0TV TGSy SOENIECTHO'D 4+ SLO 11 89 1Ausydowolg-d
0 — 10 '8P — £8't By SONFIDPTHE'D L1- IL0  0£T-61C 98 lAuaydolopoiq-#g
06 — 09'% ol'cs — 9¢'% 00°CS SO*NIOSTHE'D - 0L'0 PET 06 1Ausydosopyo-d
SI PTIL TV SS°Sy (4= 70 8IT-LIT L9  1Auaydomuig-s“g
0 E0'TI €0V €8'Sk  €1'11 08¢ EE'St OFHS'0:-TONE'HC™D Ly— 950 1414 Tl TAusydonmuiq-pz
Sl L96 TGV L6'OS SE'6 9TY 8L'OS OTOENSTHS'D 6- o Y44 65 ThusydonN-
0 §6'8 8LV v9'8r 668 TSV T8'BY O*H ®'O*NE'HS'O 0L~ 6€'0  8TT-LTT 6v JKuaydolyN-o
SIT 0¥'6 L'y 1I'IS SE€'6 9T% BLOS OTOENSTHS'D L- §9'0 0tC-87C 98 KuaydoniN-d
%) N H D N H D
oSIsdjoapdy (s20482p)
opudzua (%) punoy (%) ‘oD (apnuvnriof
Jo aipu ~[Ayloup-NCN) (D misajos)  (saa43ap) (%)
anppoy sisdppuy pinuao,] o9 4y ‘AW prax ¥y
HOJHN
OH
HO
. %oN 0 ©
HOPHD

SHAISONVYAJODN1D-A-f-A XORA-Z-ONINVTAQUY-Z TANTHIOULIN- AINOS NO VI¥d
Al T4V



NOTE 147

found that a p- or a m-substituent in the aroyl residue did not significantly affect the
rate of hydrolysis, whereas two m-substituents caused a decrease. However, the
presence of an o-substituent reduced the hydrolysis rate to zero. The relative rates of
hydrolysis are shown in Table IV.

EXPERIMENTAL

General methods. — Melting points were determined on a Boethius table.
Optical rotations were measured using a Perkin—Elmer Model 141 polarimeter.
Paper chromatography (p.c.) was performed on Whatman No. 1 paper with 1-
butanol-water—acetic acid (4:1:1). Thin-layer chromatography (t.l.c.) was performed
on silica gel with ether (4), and on Siluphol with ether-benzene (17:3) (B) and ethyl
acetate-alcohol (9:1) (C). Detection was effected with alkaline silver nitrate, nin-
hydrin, and chlorine-benzidine. Column chromatography was performed on silica gel.

2-Deoxy-2-p-nitrobenzamido-D-glucose. — To a solution of 0.1 mole of 2-amino-
2-deoxy-D-glucose hydrochloride in water (90 ml), sodium hydrogen carbonate
(30 g) in water was added followed by dropwise addition, with stirring and cooling in
ice, of a solution of 0.12 mol of p-nitrobenzoyl chloride in p-dioxane (50 ml). The
mixture was stirred for 1h, acidified with hydrochloric acid, and stored at ~5°
overnight. The title product was collected, washed with water and ether, dried in air,
and then recrystallized from alcohol. The compounds shown in Table I were prepared
by essentially the above procedure.

3,4,6-Tri-O-acetyl-2-deoxy-2-p-nitrobenzamido-u- -glucopyranosyl chloride. —
A suspension of 2-deoxy-2-p-nitrobenzamido-D-glucose (1 g) in freshly distilled acetyl
chloride (20 ml) was saturated with dry hydrogen chloride at —15-—20° for
~15 min. The solution was kept in a tightly stoppered flask for 10-12 h at room
temperature, and then concentrated #n vacuo to dryness. Benzene was twice distilled
from the residue, which was then dried over KXOH in vacuo before elution from a
column (2.5 x 10 cm) of silica gel with ether. The title compound crystallized from the
appropriate fractions. The mother liquors were concentrated to dryness, and the
residue was crystallized from ethyl acetate—ether to give more of the title compound.
The compounds listed in Table II were prepared by essentially the above procedure.

2-p-Nitrophenyl-4,5-(3,4,6-tri-O-acetyl-2-deoxy-D-glucopyrano)-A*-oxazoline (1).
— (a) A solution of 2-deoxy-2-p-nitrobenzamido-p-glucose (1 g) and freshly fused
zinc chloride (2.9 g) in freshly distilled acetic anhydride (9.2 ml) was stirred for
20 min at 85-90°. The cooled mixture was diluted with chloroform (50 ml), washed
with saturated, aqueous sodium hydrogen carbonate and water, dried (Na,SO,), and
concentrated. The residue was eluted from a column of alumina with benzene,
benzene—cther, and ether. Fractions containing the substance with R 0.6 (solvent B)
were combined and concentrated to give 1 (0.11 g, 10%), m.p. 145-146° (from ether),
[«]3° +50° (c 0.5, benzene), v, 1681 cm™ 1.

Anal. Calc. for C,,H,,N,0,,: C, 52.34; H, 4.62; N, 6.42. Found: C, 52.36;
H, 4.65; N, 6.63.
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(b) To a suspension of silver nitrate (5 mmol) in acetone (14.5 ml) and collidine
(2 ml), a solution of 3,4,6-tri- O-acetyl-2-deoxy-2-p-nitrobenzamido-a-D-gluco-
pyranosyl chloride (3 mmol) in acetone (8.5 ml) was added. The mixture was stirred
for 2 h at room temperature, diluted with ether (85 ml), and then filtered through a
column (3x5cm) of alumina. The column was washed with ether (300 ml), the
washings were concentrated to dryness, and the residue was eluted from a column
(2.5 % 8 cm) of alumina to give the title product (0.9 g, 70%).

p-Nitrophenyl 3,4,6-tri-O-acetyl-2-deoxy~2-p-nitrobenzamido - - - gluco-
pyranoside. — (a) To a solution of 0.8 mmol of the foregoing oxazoline in nitro-
methane (20 ml) were added 0.8 mmol of p-nitrophenol, and toluene-p-sulphonic
acid until an acid reaction was obtained. The mixture was boiled under reflux for
30 min and then concentrated to dryness. The residue was eluted from a column
(2.5 x 8 cm) of silica gel with ethyl acetate (0, 5, 10, 15, and 20%) in ether. Fractions
containing a substance with Ry 0.33 (solvent B) were concentrated to dryness, and
the residue was crystallized from alcohol to yield the title compound (0.08 g, 20%).

(b) 3.,4,6-Tri-O-acetyl-2-deoxy-2-p-nitrobenzamido-e-D-glucopyranosyl chloride
(2.1 mmol) was mixed with potassium or sodium p-nitrophenoxide (4.2 mmol) in
N,N-dimethylformamide (5 ml). After 14-16 h, the mixture was poured into ice-water
(100 ml), and the product was collected, washed with water, and crystallized from
alcohol. Additional amounts were obtained from the aqueous solution by extraction
with chloroform (total yield, 0.85 g, 70%). The compounds listed in Table I1I were
obtained by essentially the above procedure.

p-Nitrophenyl 2-deoxy-2-p-nitrobenzamido-f-D-glucopyranoside. — To a solution
of the foregoing triacetate (1.7 mmol) in methanol (50 ml), a 10% solution (34.5 ml)
of triethylamine in methanol was added. The mixture was stirred for 8-10 h and then
concentrated, and methanol was twice evaporated from the residue, which was then
dried over P,0; and crystallized from alcohol to give the title compound (0.8 g, 67%).
The compounds listed in Table IV were obtained by essentially the above procedure.

Enzymic hydrolyses. — To a 0.5-uM solution of each p-nitrophenyl 2-aroylamino-
2-deoxy-f-D-glucoside (Table IV), in 0.2 ml of 0.1M citrate—phosphate buffer (pH 4.0)
containing 0.5M NaCl, was added an extract from the fruiting body of H. serotina
(0.1 ml) or an extract partially purified by chromatography on CM-Sephadex. The
mixture was incubated for 30 min at 50°, with subsequent addition thereto of M
sodium carbonate (1 ml). The released p-nitrophenol was estimated spectrophoto-
metrically at 400 nm. The controls and blanks were incubated and treated in a similar

manner.
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