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COMMUNICATION 1. SYNTHESES OF O-, S-, AND N-KETOSIDES 

OF N-ACETYL-D-NEURAMINIC ACID* 

I .  M. P r i v a l o v a  a n d  A.  Y a .  K h o r l i n  UDC 542.978 +542,91 +547.455 

The specific activity of numerous  sialo-containing oligo- and polysacchar ides ,  glycolipids,  glycopep- 
t ides,  and mixed b iopolymers ,  which pe r fo rm  important  biological functions in living cells ,  is de termined 
by the p resence  of terminal  neursminic  acid res idues  and is lost as a resu l t  of their  el imination by neur-  
aminidases  which specif ical ly  cleave vz-ketoside bonds of sialic acids [1-3]. N.euraminidases have been de- 
tected in animal t i s sues  [4-6], in pathogenic mic roo rgan i sms  [7], in myxoviruses  [7], and in par t icu lar ,  in 
var ious  s t ra ins  of influenza vi rus  [8]. The important  biological role  played by these enzymes ,  both in the / 
normal  state andin pathology, has been establ ished.  The re fo re  invest igat ions d i rec ted  toward determining 
the mechanism of the e n z y m e - s u b s t r a t e  in teract ion of neuraminidases ,  toward a study of the l imits  of their  
specif ic i ty ,  and toward a s ea rch  for  specific inhibitors and ac t iva tors  of neuraminidases  of various origin, 
a re  taking on vital  impor tance .  

In this communicat ion we descr ibe  the synthesis  of 2 -O-p-n i t ropheny l -N-ace ty l -  vz-D-neuraminic acid (I), 
2 -deoxy-2 -me thy l th io -N-ace ty l -  cz-D-neuraminie acid (II), 2 -deoxy-2-p-n i t rophenyl th io -N-ace ty l -  ~ -D-neu r -  
aminic acid (III), and 2 -deoxy-2 -p -n i t ropheny lamino -N-ace ty l - a -D-neu ramin i c  acid (IV); the interact ion of 
these neuraminos ides  with neuraminidase  of the cholera  vibrio was studied, data charac te r iz ing  their  in teract ion 
with neuramin idases  of influenza v i ruses  were  obtained. 
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(I) R=p-O~NC~H4--, X=O (III) R=--O~NC6H4--, X=S 
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The O-ketoside (I) was synthesized by glycosylat ion of p-ni trophenol  with the methyl e s t e r  of aeeto-  
eh loroneuraminie  acid (V), followed by removal  of the protect ive  groups in the aeetate  of the methyl e s t e r  
of the ketoside (VI) fo rmed :  
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Glyeosylat ion of p-ni t rophenol  was conducted in ch lo ro fo rm at room t e m p e r a t u r e  in the p re sence  of 
Ag2CO a as an HC1 aeeep to r  and D r i e r i t e .  These  reac t ion  conditions,  approaching the usual  conditions of the 
K 6 n i g s - K n o r r  syn thes i s ,  d i f fered f r o m  those desc r ibed  e a r l i e r  for  the synthes is  of O-neu ramines ides  [9], 
in which the s tep of g lycosyla t ion  was accompl i shed  by a lcoholys is  of ace toeh loroneuramin ic  acid in a 
med ium of the aglycone component .  T h e r e f o r e  the r e su l t s  that we obtained indicate the theoree t ica l  pos -  
s ibi l i ty  of the synthes is  of neuraminos ides  with a s t ruc tu ra l ly  complex  aglyeone,  in pa r t i cu la r ,  oligosa,e- 
cha r ides  with a t e rmina l  res idue  of neuramin ic  acid.  

As the key compound in the syntheses  of S-ke tos ides  (II) and (Ill) we used the methyl  e s t e r  of 2-deoxy-  
4 , 7 , 8 , 9 - t e t r a - O - a c e t y l - 2 - t h i o - N - a c e t y l - a - D - n e u r a m i n i c  acid (VII), which was produced by the action of 
th iourea  on the chlor ide  (V), followed by hydro lys i s  of the thiuronium sal t  (VIII) 
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(Ill} -'4 OH- _ C~H- {11} 
' ~ COOCHa ' ~F-~/COOCHa 

AcO ] AC>oAc " TOAc 
ToA{ {x) --{-Oac (ix) 
CIt2OAc CH2OAc 

Convers ion  of the thiol (VII) to methyl  e s t e r s  of ace ta tes  of thioketosides  (ZX) and CX) wa, s a,chieved by 
alkylat ion or a.rytation of (VII). Remova l  of the pro tec t ive  groups  in (IX) and (X) leads to the S-ke tos ides  
(K) and (lid sought. The high yie lds  at all  s tages  of synthes is  of the 8 -ke tos ides  (II) and KID indicate the 
p r e p a r a t i v e  convenience of the genera l  means  of product ion of thioglyeosides  (X) as applied to the synthes is  
of th ioneuraminos ides .  

The synthes is  of the N-ke tos ide  (IV) was conducted in two ways .  in the f i r s t  p lace ,  by the action of p- 
n i t roani l ine  on the chlor ide (V), followed by el iminat ion of the pro tec t ive  group in the methyl  e s t e r  of the 
ace ta te  (XI). In the second place ,  by the in terac t ion  of the methyl  e s t e r  of N - a c e t y l - D - n e u r a m i n i c  acid (XII) 
with p-n i t roani l ine ,  followed by saponif icat ion of the methyl  e s t e r  of tile c~-N-ketoside (XZII) f o rmed  to the 
N-neu raminos ide  ffV) 
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The s t ruc tu re  of the O- ,  S- ,  and N-ke tos ides  (I)-(IV) obtained was conf i rmed  not only by the data of 
thei r  e lementa l  ana lys i s ,  but a lso  as fol lows.  As a r e su l t  of the acid hydro lys i s  of the ketosides  ff)-(IV), 
N - a c e t y l - D - n e u r a m i n i c  acid and the co r respond ing  aglyeone,  identified by paper  ch romatography  or thin- 
l aye r  ch romatography  on s i l ica  gel, a re  fo rmed .  The values  of the molecu la r  rota t ion of the ketos ides  ff)- 
(IV) indicate an a - con f igu ra t i ono f  the ketoside bond in these compounds.  Moreover ,  in the case  of O-p -  
n i t rophenylneuraminos ide  (I), the o~-eonfiguration of the ketoside bond is conf i rmed  by hydrolyt ic  c leavage 
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TABLE 1. Constants of Inhibition (KI) of the Enzymatic  Hy- 
drolysis  of the O-Ketoside (I) by Cholera Vibrio Neuramini-  
dase for N-Acetylneuraminic  Acid and Its Derivatives 

Compound 

No Acetyl- D- neura rninic acid . . . . . . . . . . . . . . . . . . . .  
2- Deoxy- 2- p- nitrophe nylamino- N- acetyl- a - D- ne ur arninic 

acid (IV) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2- Deoxy- 2- methylthio- N- acetyl- a- D- neur aminic acid 
(II) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2- Deoxy- 2- p- nitrophenylthio- N- acetyl- ct - D- neuraminic 
acid (III) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

KI.103, M 

4.88 

2.34 

0.84 

0.23 

of it by neuraminidases  of cholera, vibrio and influenza virus .  The S- and N-ketosides  (II)-(IV) are  p rac t ica l -  
ly not cleaved by the neuraminidase  of the cholera  vibrio and are  only slowly hydrolyzed in the presence  of 
the neuraminidase  of influenza virus .  And yet,  the S- and N-ketosides  (K)-(IV) are active competit ive in- 
hibi tors  of neuraminidases  (see below), which, taking into considerat ion the rigid requi rements  of specificity 
of g lycos idases  with respec t  to the configuration of the glycoside center ,  should be considered as supple- 
menta.ry evidence of an ~-configurat ion of the neuraminoside bond in compounds (II)-(IV). 

Usually prepara t ions  of neuraminyl lac toses  are  used as a standard natural  substrate  in the study of 
the activity of neuraminidases  [11]. The method of kinetic measurements  in this case ,  based on a quantita- 
tive determinat ion of the neuraminic acid eliminated, is marked by complexity and laboriousness  [12]. Re-  
cently a number of synthetic subst ra tes  of neuraminidases  were proposed [9], of which only O-phenyl-N- 
a ce ty l - a - D-neu raminos ide  permi t s  the course  of enzymatic  hydrolys is  to be followed according to the phenol 
fo rmed  [13]. Since the methods of quantitative determinat ion of p-nitrophenol [14] are s impler  than the de- 
terminat ion of phenol [15], the 2 -O-n i t ropheny l -N-ace ty l - a -D-neu raminos ide  (I) that we synthesized is an 
ex t remely  convenient synthetic substrate  in kinetic investigations of neuraminos idases .  At a substrate  con- 
centrat ion of 1.17.10 -3 M, the rate of enzymatic  hydrolys is ,  determined by the amount of p-ni trophenols  
fo rmed  in 30 min of incubation, is proport ional  to the concentrat ion of the enzyme (0.1-0.5 mg/ml)  within 
sufficiently wide l imits .  The dependence of the enzymatic  hydrolysis  of the O-ketoside (I) on the time at a 
constant  concentrat ion of the enzyme is presented in Fig. 1 for var ious  substrate  concentrat ions.  

The dependence of the initial rate of enzymatic hydrolys is ,  determined by extrapolation to zero  time 
according to the N e w t o n - G r e g o r y  method [16], ent irely cor responds  to the conditions of Michae l i s -Menten  
equil ibrium kinetics,  and presented graphical ly  according to Linewea.ver-Burk [17], permi ts  a de te rmina-  
tion of the values K m 1.67.10 -3 M and V m = 5.3.10 -5 m o l e / l i t e r . m i n  for  the O-ketoside (I) (Fig. 2). 

The use of enzymatic  hydrolys is  of the O-ketoside (i) as a background react ion for  studying the in- 
hibiting effect of S- and N-ketosides (II)-(IV) and of neuraminic  acid itself permit ted indentification of the 
competi t ive nature of the inhibiting action of these compounds in all cases  (see Fig. 2) and a determinat ion 
of the values of the inhibition constants  for  them (Table 1). 

These values were close to the value of K m for the O-ketoside (I) or less than it, and therefore  we 
can consider  the constants of binding of the inhibitors close to the constant of binding of the substrate  (I). 

An explanation for  the differences in the catalytic action of cholera  vibrio neuraminidase on O-neur -  
aminoside (i), on the one hand, and on S-neuraminosides  (II) and 0II), on the other, should apparently be 
sought in the relat ively high nucleophilicity of the p r o t o n - d o n o r  catalytic group of the enzyme, which pa r -  
t ieipates in the react ion of coupled a c i d - b a s e  ca ta lys is .  The possibil i ty remains  that such a group in neur -  
aminidase,  inert  with respec t  to the S-neuraminoside bonds, as in the case  of fl--galactosidase of E. coli, 
s t ra in  ML309, which does not cleave fi-thiogalactosides [18], is the S - H - g r o u p  of the cysteine residue.  
Thus, the data obtained in this communicat ion show that p-ni t rophenyl-N-acetyl-c~-D-neura.minoside (I), 
synthesized according to the K~nigs-- Knorr  reaction,  is a convenient and readily available substrate  in ki- 
netic investigations of neuraminidases .  The synthesized S- and N-ketosides (II)-(IV) represen t  competit ive 
inhibitors of the enzymatic  hydrolys is  of the O-ketoside (I). Since the S- and N-ketosides  (II)-(IV) are dis-  
tinguished by stability to the hydrolytic action of var ious neuraminidases ,  their behavior  in the enzymatic  
reac t ion  can serve as a supplementary charac te r i s t i c  of the specific activity of neuraminidases  of var ious  
origins.  
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Fig.  1. Hydrolyt ic  c leavage  of the O-ke tos ide  (I) by neuramin idase  of the 
cholera, v ibr io  ([El = 0.3 m g / m l )  in 0.1 iV[ ace ta te  buffer  (pH 5.6), containing 
0.9% NaC1 and 0.1% CaC12 at 37 ~ Concentrat ion of the subs t ra te  (I) (M): 1) 
0.58.10-3; 2) 1.17.10-3; 3) 1.75. i0-3; 4) 2.3.10-3; 5) 3.5.10 -3. 

Fig. 2. Dependence of the initial rate of enzymatic hydrolysis of the O-keto- 
side (1) on its concentration in the absence (1) and in the presence of an in- 
hibitor ([I] = 1.1.10 -3 M): 2) N-acetyl-D-neuraminic acid; 3) S-ketoside (If); 
4) S-ketoside (Ill); 5) N-ketoside (IV). For conditions of hydrolysis see Fig. i .  

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

Descending pape r  ch roma tog raphy  on Whatman No. 3 ch romatograph ic  paper  in the solvent  s y s t e m  (by 
volume):  n - p r o p a n o l - 0 . 1  N H C l - n - b u t a n o l ,  2 : 1 : 1  (A), was  used.  Chromatography  in a thin fixed l ayer  of 
s i l i ca  gel (KSK, 150-200 mesh)  in the s y s t e m s  c h l o r o f o r m - m e t h a n o l ,  92:8 (B), n - p r o p a n o l - w a t e r ,  7 : 3 (C), 
and e the r  (D) was conducted.  The spots  were  detected with aniline phthalate,  with Svennerholm~s reagent ,  
with an ammon ia  solution of s i lve r  n i t ra te ,  and with sodium methyla te  in methanol .  The melt ing point (cor-  
rec ted)  was de te rmined  on a Kof le r  block.  The soivents  were  evapora ted  under vacuum at a t e m p e r a t u r e  
no h igher  than 35 ~ . 

Methyl E s t e r  of N - A c e t y l - D - n e u r a m i n i c  Acid (XII). The e s t e r  was produced according to thb method 
of [19], yield 95%, mp 179-180 ~ (from m e t h a n o l - e t h e r ) ,  [OZ]D 2~ -26.0  ~ (C 1; water ) ,  Rf 0.62 (C). According 
to the l i t e ra tu re  data:  mp 179-180 ~ [C~]D2~ ~ (C 1; water ) .  

Methyl Es t e r  of Ace toch loroneuramin ic  Acid (V). (V) was produced according to [191, yield 90%; 
[C~]D 2~ ~ (C 1; CHC13) , Rf 0.67 (B). According t o t h e  l i t e ra tu re  data: [cqD2~ -63  ~ (C 1; CHC13). 

Methyl Es t e r  of 2 -Deoxy -2 -p -n i t r ophe ny I -4 , 7 , 8 , 9 - t e t r a -O-ace ty ! -N-aee ty l - c~ -D-neu ra rn in i c  Acid (VI). 
To a suspension of 250 mg p-ni t rophenol ,  100 mg f re sh ly  p r e p a r e d  Ag2CO3, and 500 mg Dr i e r i t e  in 3 ml abs.  
CHC13 we added 200 mg of the methyl  e s t e r  of ace toch lo roneuramin ic  acid (V), mixed for  3 h at room t e m -  
p e r a t u r e ,  diluted to 10 mI with CHC13, and f i l t e red  through ce l i te .  The f i l t r a te  was concent ra ted  to a smal l  
vo lume,  and the res idue  ch roma tog raphed  on s i l ica  gel (column 2 x 18 cm).  p-Nit rophenol  was eluted with 
e ther ,  the product  (VI) was eluted with a mix tu re  of CHCla -me thano l  , 1 : 1 .  The eluate,  containing pure  (VI), 
was  evapora ted  and the res idue  dr ied at 40 ~ (1 mm) .  The yield of (VI) was 124 mg (51%), co lo r l e s s  powder,  
ch romatograph ica l ly  homogeneous ,  Rf 0.36 (13), 0.53 (B), [OZ]D 20 +4.2 ~ (C ! .05;  methanol) .  Found: C 50.88; 
H 5.78; N 4.38%. C2GH32N2015. Ca teulated:  C 50.98; H 5.27; N 4.57%. 

Methyl Es t e r  of 2 - D e o x y - 2 - m e t h y l t h i o - 4 , 7 , 8 , 9 - t e t r a - O - a c e t y l - N - a c e t y l - c ~ - D - n e u r a m i n i c  Acid (IX). 
To a suspension of 100 mg th iourea  in 5 ml anhydrous acetone we added 500 mg of the f r e sh ly  p r epa red  
methyl  e s t e r  of ace toch lo roneuramin ic  acid (V) and boi led for  30 min.  The solution obtained was left 
overnight  at 0~ the p rec ip i ta te  of th iourea  f o r m e d  (Rf 0.21, B, detect ion with AgNO3) was f i l t e red  off, the 
f i l t ra te  evapora ted ,  10 ml of CI-ICI 3 added to the res idue ,  the prec ip i ta te  of th iourea  again f i l te red  off, and 
the mothe r  l iquor evapora ted  to d rynes s .  We obtained 509 mg (88.5%) (VIII), Rf 0.58 (B). To a. soIution of 
500 mg of the th iuronium sal t  (~glII) in 5 ml  of acetone we added 3 ml  of a sa tu ra ted  aqueous solution of 
K2CO3; a f te r  20 min 4.5 ml  of CH3I was added. The mix tu re  was mixed for  2.5 h at 20 ~ poured out into 20 
ml  of ice wa te r ,  mixed for  30 rain, and ex t r ac t ed  with CHC13. The ex t r ac t s  were  dr ied with K2CO 3 and 
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TABLE 2. Ketosides of N-Aeetyl-c~-D-neuraminic  Acid 

Compound 

2-O-p- Nitrophenyl-N- acetyl-a- 
D-neutaminie acid (I) . . . . . . .  

2- Deoxy- 2- p- nitrophe aylamino- 
N- acetyl-c~- D- neuraminic acid 
(iv) .................. 

2- Deoxy- 2- methylthio- N- acetyl- 
a-D-neuraminic acid (II) . . . .  

2- Deoxy- 2- p-nitrophenylthio- N- 
acetyl- a- IN neuraminic acid 
(m) . . . . . . . . . . . . . . . . . .  

2-O-Methyl- N- acetyl-a- IN 
neuraminic acid . . . . . . . . . .  

2- O- Methyl- N- acetyl-B- 1)- 
neuraminie acid . . . . . . . . . .  

92 

89 

90 

75 

Found, % 

C H N 

4 ,70 4 }6 6.2,8 

4 ,00 5 ~6 9.82 

4 ,49 6 ;9 8fil 

4 24 4 rl 6.09 

Empirical 
formula 

C17H22N2Otl 

C17HzaNaO10 

ClzH21NOsS 

C 17H22N20106 

CI2H2aNO9 

CIzH21NO9 

Calculated, % 

C H 

47.44 5.11 6 

47.55 5,40 9 

42.48 6.2,1 4 

45.73 4.97 6 

[a] D 
- -  (C 1; 

N metha- 
nol) 

51 -i.33 ~ 

79 0 ~ 

15 + 1.6" 

28 + 1,5 ~ 

-1 ~ [19] 

-46 ~ [1% 

[M]D 

-5.76' 

)o 

5.41 

6.7 ~ 

-3,23' 

,148.E 

Rf (B) 

0.64 

0.66 

0.60 

0.55 

evaporated.  The residue was dissolved in methanol, decolorized with charcoal ,  and evaporated.  After d ry -  
ing under vacuum we obtained 224 mg (44%7 (IX), co lor less  powder, chromatographical ly  homogeneous,  Rf 
0.83 03), [Ce]D 20 +13.1 ~ (C 1.54; CHCI3). Found: C 48.15; H 5.96; N 6.57%. C21HalNO12S. Calculated: C 48.36; 

H 5.97; N 6.15%. 

Methyl Es te r  of 2 -Deoxy-2 -p -n i t ropheny l th io -4 ,7 ,8 ,9 - t e t r a -O-aee ty l -N-ace ty l - a -D-neuramin ic  Acid 
~.~_~. A saturated aqueous solution of K2CO 3 was added to a solution of 880 r~g of the thiuronium salt (VIII) 
in 5 ml of water ,  the mixture mixed for 1 h at 20 ~ deionized with Amberl i te  IR-120 (H + form),  and evap- 
orated.  A solution o f  p-ni t rophenyldiazonium chloride ffrom 0.46 g of p-nitroaniline) was added to a solu- 
tion of 760 mg of the residue in 5 ml of methanol with vigorous mixing and cooling of the react ion mass  to 
-10~ after  20 rain it was poured out into 30 ml of ice water .  The f i l t rate  was extracted with CHC13 (3 • 30 
ml), dried with K2COa, deeolor ized with charcoal ,  and evaporated.  The residue was chromatographcd on a 
column (2 x 20 cm) with s i l ica  gel, eluted with mixtures  of CHCl3--methanol ,  and the f ract ions  giving a 
positive color  with Ehr l i ch ' s  reagent  were combined and evaporated.  We obtained 420 mg (38.6%) (X) in the 
fo rm of a co lor less  powder, Rf 0.4 (D), ice]D2~ + 5.4 ~ (C 1; MeOH). Found: C 50.09; H 4.87; N 4.90; S 4.61%. 
C26H32N2014S, Calculated: C 49.67; H 5.09; N 4.44; S 5.08%. 

Methyl Es te r  of 2-p-Nitrophenylamino-4,7,8,9-tetra-O-acetyl-N-acetyl-a-D-neuraminic Acid (XI)o 
To a suspension of 1.7 g p-ni troanil ine and 2.4 g f r e s h l y  prepared  Ag2CO3 in a mixture of 5 ml abs. CHCla 
and 5 ml abs. ether  we added 1 g of the methyl es te r  of acetochloroneuraminie  acid (V), mixing for  24 h at 
room tempera ture .  The residue was fi l tered,  the fi l trate evaporated, 5 ml of a 1 : 1  m e t h a n o l - w a t e r  mix-  
ture added, and the mixture left overnight at 0% On the following day the precipi tate  of p-nitroanil ine was 
f i l tered off, the f i l t rate  evaporated,  the residue chromatographed on a column (2 • 18 cm) with neutral  AlzO a 
(activity IV), and eluted f i r s t  with CHC13, then with a mixture of CHC13-methanol,  1 : 1. We obtained 510 
mg (42%7 of (XI) in the fo rm of a l ight-yellow powder, Rf 0,72 (B), l a id  ~~ ~ (C 0.9; methanol). Found: 
C 50.92; H 5.12; N 6.77%. C26Ha~NaOlr Calculated: C 51.06; H 5.43; N 6.87%. 

2-Deoxy-2-p-Nitrophenylamino-N-aeetyl-a-D-neuraminic Acid (IV). To a solution of 500 mg N- 
ace ty l -D-neuramin ic  acid and 500 mg p-nitroanil ine in 10 ml of abs. methanol we added one drop of conc. 
HC1 and left the mixture overnight at 0 ~ On the following day the mixture was evaporated, a solution of the 
res idue  in 1 ml of methanol chromatographed on a column (2 x 18 cm) with Dowex-1 (HCOO- form),  eluted 
f i r s t  with 100 ml of methanol, and then with 250 ml of a mixture of methanol and 0.3 N HCOOH, 1 : 1, col-  
lecting the f rac t ions  giving a positive color  with Ehr l i ch ' s  reagent,  and evaporated.  We obtained 420 mg 
(61%7 of (IV), yellowish powder, Rf 0.13 (B), 0.64 (C), [Ce]D 2~ -1.1 ~ (C 1; methanol). The product was iden- 
tical with the N-ketoside obtained in the deionization and subsequent saponification of (XI). 

Saponification of (VI, (IX), (X), and (XI). A 0.001 M portion of (VI), (IX), (X), or (XI) was dissolved 
in 5 mI of abs.  methanol, 1 . 5 m l  of 0.1 N CH3ONa in methanol was added, and the mixture kept for  3 h at 
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room temperature. Then 5 ml of water was added, and 1 N NaOH dropwise to pH 9. On the following day 
the mixture was neutralized with dry Amberlite IR-120 (H + form), the resin was filtered off, thoroughly 
washed with methanol, the combined filtrates decolorized with charcoal and evaporated, and the residue 
dried at 40 ~ (0.8 ram) over P205. The results of the saponification are given in Table 2. 

Acid Hydrolysis of the Ketosides (I), (II), (IH), and (IV). A solution of 20 mg of the ketoside (I)-(IV) 
in 3 ml of 0.1 N H2SO 4 was heated for 1 h at 80 ~ neutralized with a saturated solution of Ba(OH)2, and the 
residue of BaSO 4 filtered off and washed with water. The filtrate was deionized with Amberlite IR-120 
(H + form); only N-acetyl-D-neuraminic acid, Rf 0.4 (A), 0.17 (C), and the corresponding aglycone compo- 
nent: NO2C6H4OH, Rf 0.77 (D) from (I), O2NCGH4SH , Rf 0.9 (13} from (KI), and NO2C6H41N-H2, Rf 0,75 (D) from 
(IV) were identified chromatographically. 

Enzymatic Hydrolysis of the Ketosides (I), (II), (III), and (I-V). A preparation of neuraminidase from 
a filtrate of cholera vibrio (N. V. Phil ips-Duphar Company, Holland) and influenza virus, strain A2 (Smo- 
lensk, 72-67) was used. Enzymatic hydrolysis was conducted in 0.1 M acetate buffer at pH 5.6 [20], contain- 
ing 0.9% NaCI and 0.1% CaCI2, at 37 ~ The p-nitrophenol eliminated was determined as follows: a~ter de- 
finite periods of time 0.1 ml of the incubation mixture was collected, the enzymatic reaction was stopped by 
adding 2.9 ml of borate buffer at pH 9.8 [20], and the optical density of the solution obtained at 400 nm was 
determined on a speetrophotometer. 

CONCLUSIONS 

1. The synthesis of 2-O-p-nitrophenyt-N-aeetyl-a-D-neuraminic acid, 2-deoxy-2-methylthio-N-acetyl- 
a-D-neuraminic acid, 2-deoxy-p-nitrophenylthio-N-acetyl-a-D-neuraminic acid, and 2-deoxy-2-p-nitro- 
phenylamino-N-acetyl-a-D-neuraminic acid was described, and their behavior in enzymatic hydrolysis by 
neuraminidases of cholera vibrio and influenza virus was studied. 

2. 2-O-p-Nitrophenyl-N-acetyl-e~-D-neuraminoside is a convenient synthetic substrate in kinetic in- 
vestigations of neuraminidases. N- and S-ketosides are distinguished by their stability to neuraminidases 
from various sources. 
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