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We have previous ly  [1] invest igated the in teract ion of lysozyme with low-molecu la r -we igh t  inhibitors 
con ta in ing /3 - (1~  4)- and fi-(1 ~ 6)-glucosaminidic  bonds. We showed that the t r ios ide  GNAc-(I  ~ 4)-GNAc- 
(1 ~ 6)-GNAc-OC6H4NO2* (I) p o s s e s s e s  a high affinity for  the active cen te r  of lysozyme and is hydrolyzed 
by the  l a t t e r .  La te r ,  g lycos ides  of the t r i s a c c h a r i d e s  GNAc-(1 ~ 3 ) - G N A c - ( I  ~6) -GNAc O6H4NO 2 (II) [2] and 
GNAc-(I  ~ 4)-GNAc-(£ ~ 4)-GNAc-OC6H4NO 2 (III) ,  i somer i c  with (I), were  synthesized.  

To widen the range  of synthetic subs t r a t e s  and inhibi tors  of lysozyme we have pe r fo rmed  the syn- 
thes i s  of glycosides  of new o l igosacchar ides  with monosacchar ide  res idues  connected by f l - ( l ~ 4 ) -  and fl- 
(1 -6) -g lucosaminidebonds ,  namely:  GNAc-(1 ~ 6)-GNAc-(1 ~4)-GNAc-OCGH4NO 2 (IV) and GNAc- 
(i ~4)-GNAc-(I ~ 6)-GNAc- (i ~4)-GNAc-OCGH4NO 2 (V). In addition, we have studied the inhibiting action 
of these compounds and also the synthesized triosides (If) and (III) on the lysis of the bacterial walls of 
Micrococcus lysodeikticus by lysozyme. 

For the synthesis of compounds (IV) and (V) we selected the oxazoline method, by means of which 
various 1,2-trans-2-acetamido-2-deoxyglyeosides can be obtained, including oligosaccharides with various 
positions of the glycosidic linkages between the monosaccharide residues [2-4]. 

It hasbeen reported [3] that in compounds containing unsubstituted hydroxy groups at the C-4 and 
C-6 atoms of the pyranose ring, the primary hydroxy group is glucosylated almost exclusively. Conse- 
quently, as the aglycone component in the synthesis of the trioside (IV) and the tetraoside (V) we selected 
the partial acetate of p-nitrophenyl-fi-ehitobioside (VI). This glycoside was obtained by converting di-N- 
aeetyl-p-nitrophenyl-fi-chitobioside (VII) into the benzylidene derivative (VIII) and then into its acetate 
(IX), with the subsequent removal of the benzylidene protective group by heating in glacial acetic acid. 

CH20H CH2UH {]CH 2 CH~0~' CN20H CH20Ao 
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N~Ac NHAC NHA~ NHAg NHA~ ~HAc 

R'=A~ 
= p- nit rophenyl 

The stage of the glycosylat ion of (VI) with the oxazoline der iva t ives  of (X) and (XI) was compl ica ted 
by the low solubility of the component  to be glycosylated in the solvents  usually used [2-5] in this  react ion.  
Because of this ,  the se lect ion of a suitable solvent was the decis ive fac tor  in the synthesis  of de r iva t ives  
of higher o l igosacchar ides  of amino sugars .  

*GNAc r e p r e s e n t s  2 -ace tamido-2-deoxy-~-D-g lucopyranosy l .  
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The p e r f o r m a n c e  of the reac t ion  in highly polar  solvents  such as N,N-d imethy l fo rmamide  (DMFA) or  
dimethyl  sulfoxide did not lead to s a t i s f ac to ry  r e su l t s .  The bes t  g lycosylat ion of (VI) was achieved in an- 
hydrous  n i t romethane ,  the solubil i ty in which the aglycone component  was  sti l l  fa i r ly  low. The reac t ion  
was  p e r f o r m e d  with a 1.5- to 2-fold m o l a r  amount of the oxazol ines (X) and (XI) in the p resence  of p - to l -  
uenesulfonic acid at 90-130°C. After  the chromatograph ic  separa t ion  of the reac t ion  mix tu re  and deace t -  
ylat ion,  the des i red  products  (IV) and (V) were  obtained with yie lds  of 14 and 13%, respec t ive ly .  We were  
unable comple te ly  to avoid the fo rmat ion  of by -p roduc t s ,  which were  not studied in detai l .  
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The glycosides  (IV) and (V) were  shown to be individual compounds on paper  c h r o m a t o g r a m s  [in the 
b u t a n o l - e t h a n o l - w a t e r  (10 : 2 : 5) sys tem]  (RGNAc 1.22 and 0.84, respec t ive ly) ,  and differed in c h r o m a t -  
ographic  mobi l i ty  f r o m  the cor responding  g lycos ides  with r egu la r  fl-(1 ~ 4) b o n d s - -  t r i -  N- acetylchi to-  
t r i o s ide  (RGNAc 1.17) and t e t r a - N - a c e t y l c h i t o t e t r a c s i d e  (RGNAc 0.81). 

The s t ruc tu re  of the g lycos ides  (IV) and (V) was  shown by per iodate  oxidation and the Smith degrada-  
t ion of these  sugar s  [7]. In oxidation, 2.0 equivalents  of per iodate  we re  consumed,  and in the products  of 
the Smith degradat ion  p-n i t rophenyl  2 -ace tamido-2 -deoxy- f l -D-g lucopyranos ide  was  identified. Both these  
fac t s  indicate the p r e s e n c e  of a (1 ~ 6)-glucosaminidic  bond in the g lycosides  synthesized.  

Informat ion  on the inhibiting action of the t r i o s ides  ( I - I I I )  obtained previous ly  and of the glycosides  
(IV) and (V) on the l y s i s  of the bac t e r i a l  ce l l s  of M. lysodeikt icus  by lysozyme is  given in Table 1. 

Attention is a t t r ac ted  by the s i m i l a r  values  of K i (appt) for  the t r i o s ides  ( I - I I I ) .  The high inhibiting 
act ivi ty  of t r ios ide  (I) has  been  r epor t ed  prev ious ly  [1]. It p roved  to be  c lose  to the act ivi ty  of t r ios ide  
(III) ,  containing only f l - ( l  ~ 4 ) - g l u c o s a m i n i d i c  bonds,  i .e. ,  in this case ,  in con t ra s t  to the b ios ides  GNAc- 

TABLE 1. [I]s0 Values and Calculated* Values for  Ki (appt) 
for  Var ious  Inhibi tors  

Sub- Inhibitor [Sl~×to ~ ~ Ki (appt)* x 
s t a n c e  | 10  ~ M 

I 
I1 

llI 
IV 
V 

GNAc- (1 ~4)-GNAc- (1 --6)-GNAc- ORJ" 
GNAc- (1 ~3)-GNAc- (1 -~ 6)-GNAc- OR 
GNAc-(1 ~4)-GNAc-(1 -~4)-GNAc- OR 
GNAc- (1 ~ 6)-GNAc- (1 ~4)- GNAc- OR 
GNAc- fl ~4)-GNAc- (1 ~ 6)-GNAc- ~1 ~4)- 
GNAc-OR 
T e t r a -  N- acetylchitotetraose 

0.4 1.5[1] 
O,4 1,5 
O,25 O,9 
4,5 16,2 
0,65 2.3 

0 1 0.36 

* Calculated f r o m  the re la t ion  Ki (appt) = K' i  (appt) [I]s0/[I]'s0, 
which appl ies  to compet ing inhtbl tors .  

R = p-n i t rophenyl .  
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(1 ~4)-GNAc-OC6H4NO 2 and GNAc-(1 ~ 6)-GNAc-OC~H4NO~. [1] the replacement  of the fl-(1 - -4 ) -g luco -  
saminidic bond between the f i rs t  and second (from the reducing end)monosaccharide units by a fl-(1 ~ 6) 
bond has pract ical ly  no effect on the affinity of the inhibitors for the active center  of the lysozyme.  The 
replacement  of the fi-(1 ~ 4)-glucosaminidicbond between the second and third monosaccharide residues 
by a fl-(1 ~ 3) bond likewise has no effect on the inhibiting activity of the tr ioside.  On the bas is  of these 
resul ts  it is possible to put forward the hypothesis of the absence in lysozyme of a s t r ict  specificity for 
the positions of the glucosaminidic bonds between the monosaccharide residues.  

However, in those cases  where the f l - ( l ~  4)-glucosidic bond between the second and third monosac-  
charide units was replaced by a f l - ( l ~  6) bond [as in glycosides (IV) and iV)], a considerable decrease  in 
inhibiting effect is found. Triosides  (I) and (IV) differ only by the sequence of fl-(1 ~ 4)- and fl-(1 ~ 6)glu- 
cosaminidic bonds, but this has a decisive influence on their  affinity for the active center  of the lysozyme.  
This fact permits  the assumption that the sequence of positions of the glucosaminidic bonds in the oligo- 
sugars  and their  glycosides,  determining the conformation of the carbohydrate  chains of these modified 
subst ra tes  and inhibitors, plays a fundamental, if not decisive,  role.  

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

The solvents were evaporated in vacuum at t empera tu res  not exceeding 35°C. The melting points 
(corrected} were determined on a Kofler block and the specific rotations on a Pe rk in -E lmer  141 polar ime-  
ter .  Thin- layer  chromatography (TLC) was per formed on sil ica containing 5% of gypsum, and paper 
chromatography (PC, descending) on "Leningrad medium" paper in the b u t a n o l - e t h a n o l - w a t e r  (10 : 2 : 5) 
sys tem.  The sugars  were revealed with concentrated H2SO 4 (TLC) and with diphenylamine or  benzidine 
periodate (PC) ; the nitrophenyl glycosides were found specifically by means of a solution of sodium meth- 
oxide with subsequent heating. Periodate oxidation was per formed with 0.01 N KIO4, the consumption of 
periodate being determined iodometrieal ly [6]. Degradation was car r ied  out by Smith's method I7[. Ana- 
lytical samples were dried at 25°C and a p ressure  of 10-~mmfor 6 h. 

p- Nitrophenyl 2- Acetamido-4-  O- (2- acetamido- 4,6- O-benzylidene- 2- deoxy-fi -D-  glucopyranosyl) - 2- 
deoxy-fl-D-glucopyranoside (VIII). A mixture of 3.4 g of p-nitrophenyl di-N-acetyl-f l -chi tobioside (VII} 
[8], 25 ml of f reshly distilled benzaldehyde, and 3.75 g of anhydrous zinc chloride was s t i r red  at room 
tempera ture  for two days. Then 20 ml of hexane and 20 ml of water  were added to the react ion mixture 
and it was s t i r red  for  another 1 h. The hexane layer  was decanted off, and the precipitate was fil tered off 
and washed with water .  Recrysta l l izat ion f rom DMFA yielded 2.2 g (57%} of chromatographical ly  pure 
[TLC; c h l o r o f o r m - m e t h a n o l  (4 : 1)] benzylidene derivative (VIII) with mp 261-264°C (decomp.), [a]~ - 4 2  ° 
(c 0.15; DMFA). 

Found %: C 55.1; H 5.7. C29H34N3013. Calculated %: C 55.1; H 5.4. 

p- Nitrophenyl 2- Acetamido-4-O-  (2- acet amido- 3- O- acetyl -4 ,6-O-benzyl idene-  2-deoxy-fl- D- gluco- 
pyranosyl ) -3 ,6-d i -O-ace ty l -2-deoxy-f l -D-glucopyranos ide  (IX). Compound (VIII) (1.1 g) was acetylated 
with 10 ml of acetic anhydride in a mixture of 20 ml of pyridine and 15 ml of DMFA at 50°C for 24 h. This 
furnished 1.28 g (yield 97%) of the acetate (IX) with mp 305-306.5°C (decomp., f rom DMFA}, [a]~ --40 ° 
(c 0.15; DMFA), Rcpd. (VIII) 2.15 [TLC; c h l o r o f o r m - m e t h a n o l  (9 : 1)]. 

Found %: C 55.0; H 5.3. C3~H41N301G. Calculated %: C 55.3; H 5.4. 

p- Nitrophenyl 2- Acetamido-4-  O- (2- acetamido- 3- O- acetyl-  2- de oxy- fi- D- gluc opyranosyl)-  3,6- di- O- 
acetyl -2-deoxy-f l -D-glucopyranoside  (VI). A suspension of 4.68 g of (IX) in 300 ml of 60% acetic acid was 
s t i r red  at 100°C for 30 min. The solution was evaporated to dryness  and t races  of benzaldehyde and ace- 
tic acid were eliminated by distillation with water .  The residue was recrys ta l l i zed  f rom nitromethane.  
This gave 3.2 g (yield 77%) of the t r i -O-ace ta te  (VI), mp 236-237°C, [~]~ - 3 5  ° (c 0.15; DMFA), Rcpd.(iX} 
0.43 [TLC, c h l o r o f o r m -  methanol (9 : 1)]. 

. 

Found %: C 49.7; H 5.5. C28H37N30~. Calculated %: C 50.1; H 5.5. 

p- Nitrophe nyl O- (2- Ac et amido- 3,4,6-tr  i- O- acetyl-  2- de oxy- fl- D- gluc opyrano syl)- ( 1 ~ 6) - O~- (2- ac e -  
tamido- 3- O- acetyl- 2- deoxy-fl-D-glucopyr anosyl)- (1 ~ 4)- 2- acet amido- 3,6-di- O- acetyl-  2- deoxy-fi-D-glu- 
copyranoside (XII). A suspension of 0.40 g of (VI), 0.39 g of 2-methyl-(3 ,4 ,6 - t r i - O - a c e t y l - l , 2 - d i d e o x y -  
a-D-glucopyrano)  [2' ,1'  : 4,5]-2-oxazoline (X) [9] and about 20 mg of p-toluenesulfonic acid in 13 ml of ab- 
solute nitromethane was heated in a sealed tube at 120-130°C for 30 rain. Then the react ion mixture was 
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cooled, and 0.24 g of the s ta r t ing  m a t e r i a l  (VI) was  f i l te red  off. The f i l t ra te  was  evapora ted  and the r e s i -  
due was  ch romatographed  on s i l ica  (column 1.5 x 50 cm),  the product  being eluted by the gradient  method 
with solvents  ranging f r o m  ch lo ro fo rm to c h l o r o f o r m - m e t h a n o l  (12 : 1). F r o m  the f rac t ions  containing a 
subs tance  with Rcp d (VI) 1.3 [TLC, c h l o r o f o r m - m e t h a n o l  (12 : 1)] 95 mg  of the acetyla ted  t r ios ide  (XII) 
was  isolated.  Yield'14% on the (VI) or iginal ly  charged;  mp 273.5-275°C (decomp.) f r o m  ni t romethane ,  
[~]~ -44 ° (c 0.2; DMFA). 

Found %: C 50.6; H 5.6. C42H56N4024. Calculated %: C 50.4; H 5.6. 

p-Nitrophenyl O-(2-Acetamido-2-deoxy-fl-D-glycopyranosyl)-(1 -- 6)-O-(2-acetamido-2-deoxy-fi-D- 
glucopyranosyl) - (1  - - 4 ) - 2 - a c e t a m i d o - 2 - d e o x y - f l - D - g i u c o p y r a n o s i d e  (IV). A suspension of 180 mg of the 
aceta te  (XII) in 3 ml  of absolute methanol  was  t r ea t ed  with 0.5 ml  of 1 M sodium methoxide and was  s t i r r ed  
at r o o m  t e m p e r a t u r e  for  1 h. Then it was  diluted with 3 ml  of wa te r ,  and the solution was  deionized with 
KU-2 ca t ion-exchange  r e s i n  (H + form) and evapora ted  to d ryness .  Recrys ta l l i za t ion  of the res idue  f rom 
aqueous methanol  gave 130 mg (yield 96%) of the t r ios ide  (IV) with mp 257.5-259°C, [~]~ - 2  ° (c 0.21; water) ,  
RGNAc 1.22 (PC). 

Found %: C 47.0; H 6.3. C30H14NaO18"H20. Calculated %: C 47.0; H 6.0. 

The t r ios ide  (IV) absorbed 2.0 equivalents  of KIO 4 in 16 h at 250C. 

p- Nitrophenyl O- (2- Acetamido-  2-deoxy-f l -  D- gluc opyranosyl ) -  (1 - -  4)- O- (2 ace tamido-  2- deoxy-fl-  D- 
g lucopyranosy l ) - (1 - -  6 ) - O - ( 2 - a c e t a m i d o - 2 - d e o x y - f l - D - g l u c o p y r a n o s y l ) - ( 1 -  4 ) -2 -ace t amido -2 -deoxy- f i -D-  
glucopyranoside (V). A suspension of 1.0 g of (VI), 1.4 g of 2-methyl-[4'-O-(2'-acetamido-3',4',6'-tri-O- 
acetyl-2'-de~Xy-~-D-g~uc~pyran~sy~)-3',6'-di-~-acety~-1~2-dide~xy-a-D-gluc~pyran~][2',1' : 4,5]-2-ox- 
azoline (XI) [9], and about 30 mg of p-toluenesulfonic acid in 140 ml of absolute nitromethane was heated 
at 80-90°C with stirring for 1.5 h. The reaction mixture was evaporated to dryness and the residue was 
chromatographed on silica (column 1.5 x 50 cm) with elution by the gradient method using solvents ranging 
from chloroform to chloroform-methanol (9 : 1). The fractions containing substances with Rcpd.(Vi) 1.0 
[TLC, chloroform-methanol (9 : 1)] were combined and evaporated. The mixture of the starting material 
(VI) and the product (XIII) obtained in this way (0.96 g) was treated with 3 ml sodium methoxide in 10 ml 
of absolute methanol at 25°C with stirring for 1 h. The mixture was diluted with water to dissolve the pre- 
cipitate and was neutralized with KU-2 cation-exchange resin (H + form). The resin was filtered off and 
washed with water, and the solution was evaporated. Preparative chromatography on Whatman 3 MM pa- 
per gave 0.18 g (yield 13°/0) of the tetraoside (V), mp 248-249°C (from methanol), [~]~ -28 ° (c 0.2; water), 

RGNAc 0.84 (PC). 

Found %: C 47.1; H 6.4. C38HsTNsO23.H20. Calculated %: C 47.0; H 6.1. 

The tetracside (V) absorbed 2.0 equivalents of KIO 4 in 16 h at 25°C. 

Inhibition of the Lysis of the Bacterial Walls of M. lysodeikticus. These experiments were performed 
by the procedure described previously [1]. 

CONCLUSIONS 

The followingglycosides oftri- and tetrasaccharides have been synthesized by the oxazoline method: 
GNAt-(1 ~ 6)-GNAt-(1 -- 4)-GNAc-OC6H4NO 2 and GNAc-(1 ~ 4)-GNAt-(1 -'6)-GNAc- ( 1 ~ 4)-GNAc- 
OC6H4NO 2. 

Information has been given on the inhibition by the se compounds and other trios ides of the lysis of 
the bacterial walls of M. lysodeikticus by lysozyme. 

It has been shown that a change in the positions of the glucosaminidic bonds between the monosac- 
charide units in the modified inhibitors does not deprive them of their affinity for the active center of ly- 
sozyme, but their inhibiting activity depends substantially on the sequence of position of the glucosaminidic 
bonds.  
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