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We have previously synthesized p- nitrophenyl ~- D- gluc osaminides with phthalylglycine and phthalyl- D, L- 
alanine as substituents in the amino group of D-glucosamine [1]. The presen t  paper descr ibes  a method for ob- 
taining p-nitrophenyl ~-D-glucosaminides  acylated with glycine and L-alanine.  

In the hydrazinolysis  of p-nitrophenyl N-(phthalylglycyl)-~-D-glucosaminide (Ia), or  its t r i -O-ace ty l  der iv -  
ative (Ilo), and of the acetate of p-nitrophenyl N-(phthaly l -L-a lanyl) -~-D-glucosaminide  (Ic) in ethanol at the 
boil, the corresponding glucosaminides (IIa) and (IIb) a re  formed in good yield. The free bases (II) are  unstable 
and in t ime are  converted into compounds containing no free amino group. 

Compounds (IIa) and (IIb) were used as subst ra tes  for the investigation of f l -hexosaminidases .  It was 
found that ordinary  N-acetyl  hexosaminidase (EC 3.2.1.30) does not cleave compounds (IIa) and (IIb); however, 
we have isolated a "neutral" f l -D-hexosaminidase  with an optimum pH of 7 f rom Chaetopterus variopedatus and 
Ophiura s a r s i  which does cleave (IIa) [2, 3]. F r o m  (Ha) and'(IIb) af ter  acetylation with acetic anhydride in 
aqueous methanol we obtained the N-acetyl  derivat ives (IIIa) and (IIIb). 

When (IIa) was t reated with benzyloxycarbonylglycine and the methyl es te r  of N-benzyloxycarbonylglutamic 
acid in the presence  of N,N'-dicyclohexylcarbodi imide,  the corresponding peptide derivat ives were obtained. 

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

Paper  chromatography was per formed on FN-15 paper in the b u t a n o l - w a t e r - a c e t i c  acid sys tem (system 
1), e lec t rophores is  in py r id ine - ace t a t e  buffer, pH 5.5 (1 ml of acetic acid and 3.5 ml of pyridine per  l i ter  of 
water),  and th in- layer  chromatography on "Silufol" plates in e ther  (system 2), e t h e r - e t h y l  acetate (1:9) (sys- 
tem 3), and ethyl a c e t a t e -  ethanol (4 : 1) (system 4). The melting points of the substances were determined on a 
Bo~tius stage, and the angles of rotation were measured on a P e r k i n - E l m e r  model 141 spectrophotometer .  The 
compounds were hydrolyzed with 4 N HC1 at 105°C for 4-16 h, and the p-nitrophenyl in the hydrolyzate was de- 
termined spect rophotometr ica l ly  at 440 nm on a Spekol spect rophotocolor imeter  af ter  the hydrolyzate had been 

la.  R = H; R,  = H P,U~OR 

Ib. R = CHACO--; Rt = l-t ~,+'-LOOI',~NO~ 
Ic. R = CHACO - - ;  RI = CHa :~OR .fl R, .._,..,~ 
l la .  Rt = H : NXO~HN'~ G u ~  

l ib.  Rt = CHa ,/,t~0.0CsH4110H 

- -  ~ OH l l l a .  Rt = H; R2 = CHACO ~ I I )  
lllb. Rt = CHa; R2 = CHACO-- ~, " N,~OOHNh 2 
IVz. R, = H; l~2 = CaHsCH.oOCONHCH2CO-- :H~0H 
IVb. R ,=H ji-"Op0,H,,0t 

R== C6HsCH2OCONHCHCO-- ~Q~v )1 P,, 
CH2CH~COOCH, ~,lv NHCOCHtIBt~t 
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made alkaline with 1 M Na2CO 3. The solvents fo r  the sys tem were absolute. The analyses of all the substances 
cor responded to the calculated f igures.  

p-Nitrophenyl  2-Glycylamino-2-deoxy-~-D-glucopyranos ide  (IIa). Method A. A mixture of 244 mg (0.5 
mmole) of p-ni t rophenyl  2-phthaly lg lycylamino-2-deoxy-~-D-glucopyranoside  (Ia), obtained as descr ibed pre-  
viously [1], and 10 ml of a 0.1 M solution of hydrazine in 90% ethanol was boiled for 1 h. The react ion mixture 
was left at room tempera tu re  for 4 h and then the precipitate was fi l tered off, washed with ethanol and ether,  
dried, and covered with 5 ml of a 20% solution of CH3COOH. The mixture was kept at 50-60 ° for 10 min, slow- 
ly cooled at room tempera ture ,  and filtered. The fi l trate was evaporated to dryness ,  the residue was dissolved 
in ethanol (3 ml), e ther  was added until the solution had become turbid, and it was left in the r e f r ige ra to r  for 
12 h. This gave 147 mg of the acetate of (IIa) (yield 70%), R f  0.41 (system 1), mp 186 ° (from aqueous ethanol.) 
[ ~ ] ~ -  30 ° (c 1; 20% CH3COOH ); composit ion C14H19N308"CH3COOH. 

The hydrolysis  (16 h) of {IIa) gave p-nitrophenol,  glycine, and glucosamine in a rat io of 1 : 0.9 : 0.79. 

Method B. A mixture of 0.31g (0.5 mmole)of  (]b)and 10 ml of a 0.25 M ethanolic solution of hydrazine was 
boiled for 1 h. Then the react ion mixture was left for 5 h at room tempera ture ,  and the c rys ta l s  were  fi l tered 
off and and washed with ethanol and ether.  This gave 120 mg (62%) of (IIa) in the form of the free base.  After 
recrys ta l l iza t ion  f rom aqueous ethanol, mp 192°C and [~]2~-37° (c 1; 20% CH~COOH). With time, the sub- 
stance was converted into a compound elect rophoret ical ly  neutral  at pH 5.5 and giving no colored product  with 
ninhydrin. The c rys ta l s  of the free (IIa) were  converted into the acetate as descr ibed  above. This sample of 
(IIa) acetate had mp 182 ° and [c~]~-29 ° (c 1; 20% CH3COOH). F rom the mother  solution of the original  reac-  
tion mixture,  t rea ted  s imi lar ly ,  another 70 mg of (IIa) acetate were obtained. The total yield of the salt  of (IIa) 
was 85%. 

2 - (Ph tha ly l -L-a lany lamino) -2-deoxy-D-g lucopyranose  was obtained by the method descr ibed previously 
[1] for  the phtha ly l -D-L-analy l  derivative with a yield of 30%; mp 210°C (from methanol), [ a ]~+  23.6 ° (c 1; 
H20, after  24 h). 

3,4,6- Tr i -  O- acetyl-  2- (phthalyl- L- alanylamino)- 2- deoxy- a -D-glueopyrano  syl chloride was obtained by 
the method descr ibed for the D,L-alanyl  derivative [1]; composit ion C23H25N2010Cl, yield 65% (after purif ica-  
tion on a column of SiO 2 with elution by abs. ether), mp 99°C (from abs. ethyl a c e t a t e - a b s ,  ether),  [~]~+ 144 ° 
(c 1, acetone), R f  0.6 (system 2). 

p- N- Phenyl 3,4,6- t r i -  O-acetyl- 2- (phthalyl- L- alanylamino)- 2- deoxy-fl- D- glucopyranoside (Ic), C29H29N3013, 
was obtained in a similaI '  manner to the D,L-alanyl  derivative [1], yield 70%, mp 206°C (from ethanol), [ ~ ] ~ -  
28 ° (c 1; Py); Rf 0.4 (system 3). On hydrolysis ,  p-nitrophenol,  alanine, and glucosamine were  found in a 
rat io of 1 : 1 : 0.96. 

p-Nitrophenyl 2- (L-a lanylamino)-2-deoxy-~-D-glucopyranos ide  (IIb) was obtained f rom (Ic) by the method 
descr ibed above for obtaining (IIa) f rom (Ib). After the end of the reaction, the mixture was left in the r e f r ig -  
e r a to r  for  5-6 h. The c rys ta l s  that deposited were washed with cooled ethanol and with ether• This gave the 
base (IIb) with mp 199°C in a yield of 70%. Trea tment  with 20% CH~COOH gave the acetate of (IIb) with a yield 
of 3%, mp 209-210°C ( f rom aqueous ethanol), [ ~ ] ~ - 1 2  ° (c 1, 20% CH3COOH), R f  0.43 (system 1), C15H21N30~ 
• H20. When compound (lib) was hydrolyzed,  p-nitrophenol,  alanine, and glucosamine were found in a rat io of 
1 : 0.96 : 0.8. 

p-Nitrophenyl 2-(Acetylglycylamino)-2-deoxy-~-D-glucopyranoside  (IIIa). With cooling, 0.07 ml of t r i -  
ethylamine (TEA) was added to 208 mg (0.5 mole) of (IIa) in 10 ml of 10% aqueous methanol. The react ion mix- 
ture was s t i r red  for 20 rain, 0.1 ml (1 mmole) of acetic anhydride was added, and it was s t i r red  overnight;  
then it was evaporated to dryness  and the residue was extracted with chloroform (3 x 10 ml) and rec rys taUized  
f rom aqueous ethanol. Yield 60%, mp 207-208°C, [ ~ ] ~ - 4 5 . 6  ° (c 0.5; DMFA); composit ion C16H21OgN 3 "C2HsOHo 

p-Nitrophenyl 2- (ace ty l -L-a lanylamino)-2-deoxy-f l -D-glucopyranos ide  (IIlb) was obtained f rom (IIb) 
s imi lar ly  witha yield of 60%, mp 243°C, [ ~ ] ~ - 6 1 . 5  ° (c 0.5; DMFA), composit ion C17H23OsN3. 

p- Nitrophenyl 2- (Benzyloxycarbonylglycylglycylamino)- 2- deoxy-~-D- glucopyranoside (IVa! : With cooling 
and s t i r r ing,  0.07 ml (1 mmole) of TEA was added to 417 mg (1 mmote) of (IIa) in 15 ml of 90% aqueous pyri -  
dine. The mixture was kept for  20 rain, and then 418 mg (2 mmole) of benzyloxycarbonylglycine were added 
and, af ter  this had dissolved completely,  300 mg (15 mmole) of CDI, and then the m L x ~ e  was s t i r red  at room 
tempera ture  for 16 h and was diluted with 100 ml of water .  The fi l t rate was evaporated to dryness  and the r e s i -  
due was washed with dry  ch lo roform (3 x I 0 ml) and crys ta l l ized  f rom methanol. This gave 40% of (IVa), mp 202°C 
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{from methanol), [ ~ ] ~ - 2 3  ° (c 1; DMFA), R f  0.64 {system 3); composit ion C24H28OlIN 4. On hydrolysis ,  p- 
nitrophenyt,  glycine, and glucosamine were  found in a rat io of 1 : 1.96 : 0.92. 

p- Nitrophenyl 2_ (7_ O- methyl_ N- benzyloxycarbonyl-  L- glutaminoylamino)- 2- deoxy- fl- D- glucopyranoside 
(IVb) was obtained s imi la r ly  f rom 0.5 mmole of {IIa) and 1 mmole  of the 7-methyl  es te r  of N-benzyloxycarbon-  
y l -L-g lu tamic  acid; yield 55%, mp 198°C. (from methanol), [ ~ ] ~ - 2 0  ° (c 1; DMFA), R f  0.7 (system 3), com- 
position C28H34013N4. On hydrolysis ,  p-nitrophenol,  glycine, glutamic acid, and glucosamine were found in a 
rat io of 1 : 1 : 0.96 : 0.9. 

S U M M A R Y  

1. A method has been developed for  the synthesis of p-nitrophenyl fl.-D-glucosaminides acylated with 
glucine and alanineo 

2. p-Nitrophenyl N glycyl-f l -D-glucosaminide has been found to be a substrate  of a neutral  fl D-hexos -  
aminodase,, 
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In recent  yea r s ,  in te res t  has r i sen  in the immobil izat ion of various enzymes,  including enzymes of medi-  
cal significance, in order  to create  new medicinal fo rms .  The immobilization of L-asparag inase  (L-aspara -  
gine aminohydrolaze,  EC 3.5.1.1) has been performed hitherto mainly with the aid of adsorption [1] or  by co- 
valent at tachment to the mat r ix  [2- 4]. 

On the inclusion of the enzyme in the lattice of a polyacrylamide gel, the molecule of L - a s p a r a g i n e - t h e  
subst ra te  of L - a s p a r a g i n e - h a s  small dimensions in compar ison  with the enzyme molecule.  However, there is 
very  little information onthe proper t ies  of L-asparagine  included in a polyacrylamide gel. 

In order  to fix L-asparag inase  in the s t ruc ture  of a polyacrylamide gel we have used a modification of 
the method proposed by Miller [5]. The aim of the present  work was to investigate the stabili ty and some 
kinetic pa rame te r s  of L-asparag inase  bound in a polyacrylamide gel. 

To e:[ucidate the influence of the concentrat ion of acry lamide  and of the c ross - l ink ing  agent N,N ' -b is -  
acrylamide on the inclusion of L-asparag inase  in the gel, we performed a ser ies  of experiments  in which the 
amount of acrylamide was varied f rom 3 to 15% at a constant concentrat ion of N,N ' -methylenebisacry lamide  of 
1.5%, and the amount of c ross- l inking  agent was varied f rom 1 to 5% in a 6% polyacrylamide gel. The best  re-  
sults on the binding of L-asparag inase  in a polyacrylamide gel were achieved at a 6% concentrat ion of ac ry l -  
amide with 1.5% of the c ross - l ink ing  agent N,N' -methylenebisacrylamide .  

A distinguishing feature of L-asparag inase  is its capacity for retaining its activity over a wide pH range, 
with a maximum at pH 7.0-8.0. The bel l-shaped curve of the pH dependence of the activity of the native enzyme 
contracts  for the enzyme included in the gel, and in place of the plateau of the optimum activity pH a well-de-  
fined sharp peak of activity appears  on the curve at pH 8.5. 
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