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A convenient preparative procedure was developed for the synthesis of N-glycyl- 
13-glycopyranosylamines, derivatives of monosaceharides (o-galactose. D-mannose, k-fucose, 
and N-acetyl-o-glucosamine) and disaecharides (lactose, melibiose, cellobiose, and maltose). 
These compounds were demonstrated to be useful for the preparation of glycoconjugates of 
biologically active compounds containing the carboxy group (nicotinic, orotic, kynurenic, and 
indoleacetic acids). Synthetic pathways were developed tbr conversions of N-glycyl- 
[.~-glycopyranosylamines into derivatives containing the carboxy group with the use of malonic 
and e-tartaric acid derivatives. 
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In recent years, the introduction of carbohydrate 
residues into physiologically active compounds has been 
extensively studied 1,2 in connect ion with the use of this 
modification for the directed transport of  medicines to 
cells o f  definite types. Readily accessible N-chloroacetyl- 
[3-gtycopyranosylamines 3A are convenient starting com- 
pounds for the preparation of  glycoconjugates. Previ- 
ously, we have reported the use of  these compounds for 
the addit ion of  residues of  mono-  and disaccharides to 
biologically active amines 5 and amino acids. 6 As part of  
our continuing studies, in the present work we report 
the synthesis of  glycoconjugates from biologically active 
c a r b o x y l - c o n t a i n i n g  c o m p o u n d s  using N-glycyl-13- 
glycopyranosylamines as the starting compounds.  

The first syntheses of  N-glycylglycosylamines, de-  
rivatives o f  N-acetyl-13-g-glucosamine and ~t- and 
[3-D-glucose, were carried out in connect ion with ex- 
aminations of  the properties of  the N-glycosylamide 
carbohydrate--pept ide bond in glycoproteins.  In these 
studies, glycosylamines of per-O-aceta tes  of  the corre- 
sponding monosaccharides,  7-10 free 13-D-glucopyrano- 
sylamine, 11 or its 4 ,6-O-benzyl idene derivative 12 were 
subjected to N-acylation with N-benzytoxycarbonyl-  
glycine in the presence of  N,N'-dicyclohexylcarbodiimide 
(DCC) followed by deprotection.  More recently, it has 
been demonstrated that N-glycyl-13-glycosylamines can 
serve as the starting compounds  for the preparation of  
labeled carbohydrates containing fluorophore groups or 
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biotin residues. 3,13 This gave impetus to the develop- 
ment of new procedures Ibr the synthesis of  N-glycyl- 
13-glycosylamines based on reactions of N-chloroacetyl- 
J3-glycosylamines with (NH4)2CO33 or N-acylat ion 
of unprotected glycosylamines under the action of  
N-(9- f luorenylmethoxycarbonyl )g lyc ine  followed by 
treatment with piperidine. 14 These syntheses were car- 
ried out on a microscale using N-acetyl-g-glucosamine 
or oligosaccharides containing this monosaccharide resi- 
due at the reducing terminus of the chain. 

The aim of  this study was to develop a convenient 
preparative synthesis of  N-glycyl-13-glycosylamines con- 
taining residues of  different mono- and disaccharides 
and to study the possibility of  the use of  these com- 
pounds for the synthesis of  glycoconjugates starting 
from a wide range of  carboxyl-containing biologically 
active compounds,  For the purpose of extending the use 
of  N-glycyl-13-glycosylamines  in the synthesis  of  
glycoconjugates, we investigated also N-acylation of  
these compounds under the action of  derivatives of 
dicarboxylic acids giving rise to compounds with a 
carboxyl-containing spacer. 

We used the co r r e spond ing  N-chloroacetyl-13- 
glycosylamines as the starting compounds for the syn- 
thesis of N-glycyl-lS-glycosylamines (Scheme I). De- 
rivatives of D-galactose ( l a ) ,  o-mannose (lb'L L-fucose 
( i t ) ,  and lactose ( ld)  have been described previously. 4 
Chloro derivatives of  N-acetyI-D-glucosamine ( le ) ,  meli- 
biose (If),  cellobiose ( lg) ,  and maltose ( lh)  were syn- 
thesized according to a general procedure by the reac- 
tion of  (CICH2CO)20 with the corresponding glycosyl- 
amine in DMF.  4 In this case, disaccharide derivatives 
l f - -h  were prepared as oily substances containing up to 
10% of  the starting disaccharides and were used for 
conversions into N-glycyl derivatives without additional 
purification. 

S c h e m e  ! 

Sug131~NHCOCH2C I NH3 = SugJ31~NHCOCH2NH 2 
l a - - h  2a - -h  

Sug = o-Galp (a), t)-Manp (b), L-Fucp (c), 
D-Galp(J31-4)o-Glcp (d), o-GIcNAcp (e), 
a-Galp(ttl-6)D-Glcp (f), t~-Glcp(131-4)a-Glcp (g), 
t3-Glcp(etl-4)o-Glcp (h) 

A concentrated aqueous solution of NH 3 proved to 
be the most convenient  reagent for the replacement of 
the chlorine atom in N-chloroacetamides by the amino 
group. 15 Under the chosen conditions (a 0.04 M aque- 
ous solution of  the chloro derivative, 10 ~ 40 h), we 
observed (paper electrophoresis) N-glycylglycosylamines 
(the yields were >95%) and only traces of by-products,  
viz., disubstituted amine and glycylamide (apparently, 
the ammonolysis product of  the N-glycosylamide bond, 

whose lability in the glucose derivative has been men- 
tioned previouslyl~ The resulting N-glycylglycosyl- 
amines 2a--h  were purified with the use of ion-ex- 
change resins, viz., an anion-exchange resin for removal 
of CI- ions and a cation-exchange resin, which made it 
possible, in particular, to separate the reaction products 
from small amounts of neutral carbohydrates present in 
some starting N-chloroacetyl derivatives. After recrys- 
tallization, N-glycyl-13-glycosylamines 2a- -h  were ob- 
tained in 55--70% yields. 

Glycoconjugates of biologically active acids were 
synthesized primarily starting from compounds 2a,d,e 
containing 13-o-galactose or N-acetyl-13-o-glucosamine 
residues, which can bind to widespread lectins of animal 
cell surfaces, t,16 The prospects for using derivatives of 
the above-mentioned carbohydrates for the directed 
transport of medicines have been demonstrated previ- 
ously, l,z 

Ini t ia l ly ,  we prepared g lycoconjuga tes  (3- -6 ,  
Scheme 2) of a number of heterocyclic monocarboxylic 
acids (nicotinic, orotic, kynurenic, and indoleacetic 
acids), which exhibit pronounced biological activity and 
which are often used as medicines possessing various 
therapeutic actions_ t7 

Scheme 2 

o-Galp(131-4)o-Glcpt31--N HCOCH2N HCO I ~  

3 
O 

D.Galp131_NHCOCHzN HC O N "~O 
H 

D-Galp~31--N HCOCH2N HCO- ~ 

5 OH 

o- ManPl3 I~N HCOCH2N HCOCH 2 ~ . ~  

H 
6 

Condensa t ion  of the cor responding  acids with 
N-glycylglycosylamines in the presence of DCC and 
N-hydroxysuccinimide 18 in DMSO proceeded smoothly 
to form the corresponding glycoconjugates (it is conve- 
nient to monitor the course of the reactions by paper 
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electrophoresis). After precipitation with toluene and 
purification by crystallization or gel chromatography 
on Sephadex G-15, products 3- -6  were obtained in 
45--65% yields. 

With the aim of  extending the potential of  N-glycyl- 
13-glycosylamines in the synthesis of  glycoconjugates, it 
was of  interest to prepare derivatives whose aglyconic 
fragments contain a carboxy group, which can subse- 
quently be used for conjugation to proteins or amine- 
containing polymeric carriers. In this connection, we 
studied the synthesis of  this type of  compounds by 
reactions of  N-glycylglycosylamines with dicarboxylic 
acid derivatives (Scheme 3). 

Scheme 3 

R ~ O - q  
O ~ O j  HCOCH2N HCOCH2COOH 

R10 I 
OH 

7a: R ~ = o - G a l p [ ~ l ,  R 2 = H; 7 b :  R ~ = H. R 2 = a -Ga lpo ,  l :  

7 6 :  R I = n-Glcp131.  R 2 = H; 7 d :  R 1 = o - G l c p o . 1 .  R 2 = H 

T 
D- GIC NACpl31--NHCOCH2NHCOCH2CH~mlrI:C.mlCOOH 

A 
H 

8 

OR H 
T f 

D-Galp(~ 1-4)D-Glcpl3 lwN HCOCH2N HOCI~uwC--C~I~COOH 
i A 
H OR 

9a: R = Pt~CO, 9b: R = H 

Initially, acylation ofdisacchar ide derivatives 2d,f--h 
under the action of  ethyl hydrogen malonate in the 
presence of  DCC and N-hydroxysucc in imide  has 
been studied, ta The reaction products were subjected 
to saponi f ica t ion  without isolat ion,  giving rise to 
N-[ N-(carboxyacetyl)glycyl]-l?,-glycosylamines, deriva- 
tives of  lactose (7a), metibiose (7b), cellobiose (7c), and 
maltose (7d), in 46--65% yields. In the isolation of  
these compounds using KU-2 (H +) cation-exchange 
resin, small amounts of  neutral (paper electrophoresis) 
products (apparently,  lac tones)were  obtained. The lat- 
ter were separated from the t a~e t  compounds by subse- 
quent anion-exchange chromatography. 

An alternative procedure for the preparation of these 
der ivat ives  involves the r eac t ions  o f  N-glycyl-13- 
glycosylamines with acid anhydrides. The reaction of  
compound le  with readily accessible N-phthaloyI-L- 
glutamic anhydride (it is known ]9 that the latter is 
opened at the 7-carboxy group to form amide) proceeded 
smoothly to form the corresponding N-[(N-phthaloyl-  
�9 ~-e-glutamyl)glycyl]-13-glycosylamine (8). This deriva- 
tive is of  interest because it was found that the corre- 
sponding acid exhibits properties of  a neuromediator  
analog of the mammalian central nervous system. 

With the aim of  p repa r ing  der ivat ives  o f  
N-glycy[glycosylamines containing a spacer possessing 
hydrophilic properties, we studied N-acylation of  com-  
pound 2d with readily accessible z~ di-O-benzoyI-L-tar-  
taric anhydride. The reaction in DMSO (I h, 20 ~ 
afforded the corresponding dibenzoate (ga) in 67% yield. 
Debenzoylation of  compound 9a under the action of  
Et3N in 50/% aqueous MeOH followed by treatment 
with KU-2 (H*) cat ion-exchange resin gave rise to the 
2 ,3-d ihydroxy-3-carboxypropionyl  derivative (9b) in 
87% yield. 

The structures of the resulting compounds were con-  
firmed by the data from elemental  analysis and N M R  
spectroscopy. 

A convenient procedure for the synthesis of N-glycyl- 
J3-glycopyranosylamines described in the present work 
opens up a route to the wide use o f  these compounds  for 
the preparation of gtycoconjugates of  different carboxylic 
acids and for the synthesis of  derivatives with a car- 
boxyl-containing spacer. 

Experimental 

The fH and 13C NMR spectra were recorded on a Bruker 
WM-250 spectrometer (250 MHz for ]H and 75 MHz for 
13C) in D20 at 24 ~ relative to residual protons of the 
solvent (imernal standard) or relative to acetone (external 
standard). The optical rotation was measured on a Jasco 
DIP-360 polarimeter. Electrophoresis was carried out on 
Filtrak FN I paper in a pyridinium--acetate buffer (0.05 M Py, 
pH 4.5, 30 V cm - l ,  I h), a 2% solution of HCOOH 
(12 V cm -I ,  I h). or a 0.4% solution ofNH4HCO 3 (pH -8, 
20 V cm -I,  1 h). Ascending chromatography was per- 
formed using Filtrak FNI5 paper and the 4 : 1.4 : 2.5 
BunOH--AcOH--H20 solvent system. Compounds were de- 
tected using ninhydrin. KIO4--AgNO3--KOH reagents, or in 
UV light. Elution of compounds in gel chromatography was 
monitored by absorption at 206 nm. Water of crystallization 
was determined by the Fischer method. 

2-Acetamido-N-chloroacetyl-2-deoxy-~- D-glucopyrano- 
sylamine ( le)  was prepared from 2-acetamido-2-deo• 
13-D-glucopyranosylamine under the action of (CICH2CO)20 in 
DMF according to a procedure reported previously. 4 The yield 
was 69%, m.p. 223--225 ~ (from a EtOH--EtOAc mixture, 
with decomp.), laid 20 +29.1 ~ (c 1, H20). IH NMR, 6:2.02 (s, 
3 H, CH3): 3.46--3.57 (m, 2 H, H(4), HI5)); 3.65 (t, I H, 
H(3), J2.3 = ,/3.4 = 9 Hz); 3.74--3.96 (m. 3 H, H(2), H(6a), 
H(6b)): 4.15 (br.s, 2 H, CHzCI); 5.11 (d, 1 H, H (I), J= 9 Hz); 
cf lit. dataZl: m.p. 220--22[ ~ laid 2~ +28.2 ~ (c I, H20). 
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N-Chloroacetyl-6- O-(~t-o-galactopyranosyl)-13-a-gluco- 
pyranosylamine ( 1 I'), N-chloroacetyl-4- O-(13-o-glncopyranosyl)- 
13-o-glucopyranosylamine (lg),  and N-ehloroacetyl-4-O- 
(ct-o-glucopyranosyl)-13-D-glucopyranosylamine (Ih)  were pre- 
pared from the corresponding glycosy[amines zz under the action 
of (CICH2COI20 in DMF according to a known procedure. 4 
The solvent was evaporated and the residue was triturated with 
acetone at 50 ~ (2 timesl. Then the reaction products were 
extracted from the residue with 90% aqueous acetone at 50 ~ 
The aqueous-acetone extracts were concentrated and chtoro- 
acetamides l f - -h  were obtained in ~50% yields as oily products 
containing ~10% of the initiat disaccharides (the data from 
paper chromatography). These products were used without ad- 
ditional purification for conversions into N-glycylglycosylamines. 

Preparation of N-glycyl-13-glyeapyranosylamines (2a--h) 
(general procedure). N-Chloroacetyl-13-o-glycopyranosylamines 
l a - -h  (4 retool) were dissolved in a 30% aqueous solution of 
NH 3 (100 mL). The reaction solution was kept at -10 ~ for 
40 h and concentrated to 20 mL. Then Dowex t• (OH- )  
anion-exchange resin (15 mL) was added and the mixture was 
stirred for 30 rain. The resin was filtered off and washed with 
H20 (150 mL). The filtrate and washings were concentrated to 
~50 mU Then AcOH was added to pH -5, the reaction mixture 
was kept at 20 ~ for 16 I1. KU-2 (H*) cation-exchange resin 
(30 mL) was added, and the mixture was stirred for I h. The 
resin was filtered off and washed with water (300 mL) and 
0.5 M Py in water (300 mL). The product was eluted with 2 M 
NHaOH (300 mL), the corresponding fractions (control by 
paper eleetrophoresis, pH 4.5) were concentrated to dryness, 
and the residue was crystallized. 

N-Giycyl-13-o-galaciopyranosylamine (2a), The yield was 
0.65 g (70%), m.p. 220--222 ~ (from H 20- - MeO H) .  
[C~]D 2~ +13.2 ~ (c I, H20). Found (%): C. 40_74; H, 6.99: 
N, 11.55. CsHI6N206. Calculated (%1: C, 40.68: H, 6.83; 
N, 11.86. IH NMR, 8:3_46 (br.s, 2 H, NCH2): 3.66--3.89 (m. 
5 H, Gall; 4.04 (m, I H, H(4) Gall; 5.02 (d, 1 H, H(I) Gal. 
J = 9 Hz). 

N-Glycyi-13-n-mannopyranosylamine (2h). The yield was 
0.6 g (65%L m.p. 200--202 ~ (from propan-2-ol, with 
decomp.), [etlD 2~ --41.2 ~ (c l, H20). Found (%): C, 40.74: 
H, 6.99; N, IJ.49. CsHI6N206. Calculated (%): C, 40.68: 
H, 6.83; N, 11.86. 1H NMR, 8." 3.42 (br.s, 2 H, NCH2); 3.48 
(m, I H, H(5)); 3.61 (t, I H, H(4L J3.4 = ./4.5 = 9.7 Ha); 3.68-- 
3.79 (m, 2 H): 3.87--3.99 (m, 2 H); 5.27 (br.s, I H, H(I)). 

N-Glycyl-13-L-fueopyranosylamine (2c) was prepared ac- 
cording to the general procedure, but the product was crystal- 
lized from a mixture of H20 and MeOH after treatment of the 
mixture with Dowex ix8 (OH-) .  The yield was 0.6 g (68%), 
m.p. 219--221 *C, [ct]D Is -0.1 ~ (c I, H20). Found (%): 
C, 43.61; H, 7.60; N, 12.45. CsHI6N205. Calculated (%): 
C, 43.63; H, 7.32; N, 12.72. JH NMR, 8: 1.30.(d, 3 H, CH 3. 
J = 6.5 Hz): 3.48 (br.s, 2 H, NCH2): 3.68 (t, I H, H(2). JL2 = 
J2,3 = 8.5 Hz); 3.79 (m, 1 H, H(3)): 3.86 (m, I H, H(4)); 3.95 
(m, I H, H(5)); 5.00 (d, I H, H(I),  J = 8.5 Ha). 

4-O-(f3-a-Galactopyranosyl)-N-glyeyl-f3-o-glucopyranosyl- 
amine (2d), the yield was I. I g (70%), m.p. 246--248 ~C (from 
H20--EtOH),  [a]D 2~ +3.0 ~ (c 1, H20). Found (%): C, 42.37: 
H, 6.46; N, 7.06. CI4H26N2OII. Calculated (%): C, 42.21: 
H. 6.58: N, 7.03. IH NMR, 8:3.42 (br.s, 2 H, NCH2); 3.45-- 
3.60 (m, 2 H); 3.64--3.88 (m, 8 H): 3.92--3.99 (m, 2 H): 4.48 
(d, I H. H(1) Gal, d = 8 Hz): 5.04 (d, 1 H, H(I) GIc, 
J = 10 Ha). 

2-Aeetamido-2-deoxy- N-glyeyl-13-o-glueopyranosylamine 
(2el, the yield was 0.64 g (69%). m.p. 245--247 ~ (from 
H20--EtOH),  [ctlD2~ +26.2 ~ (c I, H20); cf lit. datag: m.p. 
236--237 ~ [t~]D 23 +23.54 ~ (c 0.8, H20). 

6- O-(a-D-Galaetopyranosyi)-N-glycyl-[5-o-glucopyranosyl- 
amine (2t") was purified by precipitation with ether from MeOH. 
The yield of the amorphous compound was 0.9 g (55%). 
[Ct]D 2~ +66.3 ~ (c I, H20). Found (%): C, 41.36; H, 6.92: 
N, 7.22; H20, 2.70. Ci4H26N2Oll �9 i/2 H~O. Calculated (%): 
C, 41.28; H, 6.68; N, 6.87; H20, 2.21. IH NMR, 8:3.47 (br.s. 
2 H, NCH2); 3.38--4.04 (m, 12 H); 5.00 (d, I H, H(I) Gal, J =  
4 Ha); 5.04 (d, I H, H(1) GIc, J =  9.5 Hz). i3C NMR, 8:44.7 
(NCH2): 62.3 (C(6) Gall; 67.2 (C(6) GIc); 69.7, 70.5, 70.6, 
70.8, 72.1, 73.0, 77.4, 77.9 (8 C, GIc, Gall; 80.6 (C(I) GIc): 
99.5 (C( I ) Ga l l  

4-O-([3-o-Glucopyranosyl)- N-glyeyl-[~-o-glucopyranosyl- 
amine (2g). The yield was 1.15 g (71%), m.p. 246--247 ~ 
(from H20--MeOH, with decomp.), [c~lD 2~ --17.1 ~ (c 1, H20). 
Found (%): C, 42.37; H, 6.56; N. 7.15. CI4H2t, N2Orl. Calcu- 
lated (%): C, 42.21; H, 6.58; N, 7.03. IH NMR, 8:3.42 (br.s. 
2 H, NCH2); 3.30--3.60 (m, 5 H); 3.67--3.99 (m, 7 H): 4.53 
(d, I H, H(1) O-GIc, J = 8 Hz); 5.04 (d. I H. H(I) N-Glc, 
d = 9.5 Hz). 

4- O-(ct-o-Gluenpyranosyl)- N-glycyl-13-a-glucopyraaosyl- 
amine (2h). The yield was I g (60%), m.p. 220--222 ~ (from a 
H20--MeOH--EtOH mixture), let]D20 +75.2 ~ (c I, H,O). 
Found (%): C, 41.29; H, 6.75; N, 6.81; H20,  2.25. 
CI4H26N2OTl. I/2 H20. Calculated (%): C, 41.28: H, 6.68; 
N, 6.87; H20, 2.21. LH NMR, 6 :3 .43  (br.s. 2 H, NCH2); 
3.40--3.98 (m, 12 H, Glc); 5.04 (d, 1 H, H(i)  N-GIc, J = 
9 Ha); 5.46 (d, I H, H(I) O-GIc, J =  4 Hz). 

4- O-([~-n-Galactopyranosyi)- N-( N-nicotinoylglycyi)- 
13-a-glueopyranosylamine (3). A solution of compound 2d (0.3 g, 
0.75 retool), N-hydroxysuccinimide (0.124 g, 1.08 mmol), and 
nicotinic acid (0.14 g, 1.14 mmol) in DMSO (2 mL) was cooled 
to -12 ~ An emulsion of DCC (0.24 g, 1.16 retool) in DIvlSO 
(1.1 mL) was added over 3 mix. Then the reaction mixture was 
stirred at 15 ~ for I h and kept at 20 ~ for 20 h. The 
precipitate was filtered offand washed with DMSO (2x0.5 mL). 
Toluene (55 mL) was added to the filtrate and the mixture was 
kept at - 5  ~ for 16 h. The solvent was decanted from the oily 
residue, the residue was washed with toluene (2x20 mL), and 
MeOH (15 mL) was added to the precipitate. The mixture was 
heated to ~50 ~ The precipitate that formed was filtered off. 
washed with MeOH (5x20 mL), and dried. Then the precipitate 
was recrystallized from water (4 mL) and washed with ice water 
and acetone to give compound 3 in a yield of 0.23 g (56%7. 
m.p. 268--270 ~ (with decomp.), tot]D2~ +2.5 ~ (c I, H20). 
Found (%): C, 44.32; H, 6.29; N, 7.86; H20,  6.64. 
C~0H29N3Ot2.2H20. Calculated (%): C, 44.52; H, 6.16; 
N, 7.79; H20, 6.68. IH NMR, 8:3.54--3.70 (m, 2 H); 3.71-- 
3.97 (m, 8 H); 3.98--4.09 (m. 2 H): 4.3t (br.s, 2 H, NCH2): 
4.56 (d, l H, H(l)  Gal, J= 8 Hz); 5.16 (d, I H, H(l) Glc, J =  
9 Hz); 7.70 (m, I H, Ar): 8.34 (d, l H, Ar, J = 8 Hz); 8.80 (d, 
I H, Ar, J = 4 Hz): 9.02 (s, I H, Ar). 

N- [ N- Uracil-6-ylcarlmnyl)glycyl]- 13- a-galactopyranosyl-  
amine (4). A solution of compound 2a (235 rag, 1 mmolL 
orotic acid monohydrate [190 rag, I.I retool), and N-hydroxy- 
succinimide (135 rag, 1.2 retool) in DMSO (6 mL) was cooled 
to 15 ~ An emulsion of DCC (290 rag, 1.4 retool) in DMSO 
(I mL) was added over 3 mix and the reaction mixture was 
stirred for 30 mix and kept at 25 ~ for 6 h. The precipitate was 
filtered off and washed with DMSO (2x0.5 mL). Toluene 
(80 mL) was added to the filtrate and the mixture was kept at 
- 5  ~ for 16 h. The solvent was decanted and the oily product 
was washed with toluene (3• t0 mL) and dried. The residue was 
extracted with H20 (3x 10 mL) and the solution was concen- 
trated to ~1 mL. The gel-like precipitate that formed was 
filtered off, washed with H20 (4x0.5 mL), and dissolved in 
H20 at ~70 ~ The hot solution was filtered and cooled to 
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20 ~ The precipitate that formed was filtered off, washed with 
H,O and acetone, and dried to give compound 4 in a yield of 
95 rag. The mother liquor was concentrated, the residue was 
dissolved in a 0.1 M NH4OH solution in 10% aqueous MeOH 
(5 mL), and the solution was applied onto a column (4• 100 cm) 
with Sephadex G-15. The column was washed with the same 
solvent system and the fractions containing product 4 (electro- 
phoresis at pH 4.5 and -87 were concentrated. Water (15 mL) 
was added to the residue and the solvent was evaporated. This 
treatment was repeated 5 times. The residue was washed with 
H20 and acetone and then dried. Compound 4 was obtained in 
a yield of 105 rag. The total yield of compound 4 was 200 mg 
(51%), m.p. 258--260 ~ (with decomp.), la id  --'~ +31.7 ~ (c I, 
DMSO). Found (%): C, 40.08; H, 4.86: N, 14.58; H20, 5.00. 
CI3H~sN400 �9 H~O, Calculated (%): C. 39.80; H, 5.14; N, 14.28; 
H~O, 4.59. IH NMR, 6:3.70--3.86 (m, 5 H); 4.01 (m, I H. 
H(4) GaD: 4.19 (br.s, 2 H. NCH2); 5.00 (d, I H, H(I) Gal, J '=  
9 Hz); 6.30 (s. I H, C=CH).  ~3C NMR, 8:44.0 (NCH2): 62.2 
(C(6) Gal): 69.9 (C(4) Gal): 70.5 (C(2) Gal); 74.6 (C(3) Gal); 
78.0 (Ct'5) GaD: 81.2 (C(I) Gal): 101.3 (C=CH): 151.4. 156.9, 
165.3. 169.1, 173.2 (5 C). 

N-[ N-(4-Hydroxy-2-quinolylcarbonyi)glycyl]-13-tJ-galacto- 
pyranosylamine (5). Compound 2a (0.35 g, 1.5 retool) was 
added to a solution of kynurenic acid monohydrate (0.33 g, 
1.6 mmolL N-hydroxysuccinimide (0.2 g, 1.7 mmol), and DCC 
(0.39 g, 1.9 retool) in DMSO (9 mL) and the reaction mixture 
was kept at ~20 ~ for 24 h. Then DCC (0.21 g, I retool) was 
added and the reaction mixture was kept at -20 "C for 24 h. The 
precipitate of N,N'-dicyclohexylurea was filtered offand washed 
with DMSO (3xl  mL). Toluene (180 mL) was added to the 
filtrate and the mixture was kept at - 5  ~ for 16 h. The 
precipitate that formed was filtered off, washed with toluene 
(3x10 mL) and ether (3• mL), dried, and triturated with 
H~O (15 mL) at 80 ~ An undissolved precipitate was filtered 
offand washed with H~O (2x5 mL). The gel-like product that 
precipitated from the filtrate upon cooling was filtered off, 
washed with cold water (3x10 mL), MeOH (5x l5  mL), and 
ether, and dried to give compound 5 in a yield of 0.28 g. After 
concentration of the mother liquor and the above-described 
tritumtion of the residue, the product was additionally obtained 
in a yield of 0.18 g. The total yield of compound 5 was 0.46 g 
(76%), m.p. 244--246 ~ [a]D 2~ +27.8 ~ (c I. DMSO). 
Found (%): C. 52.94; H. 5.68; N, 10.28. CI8H2aN30 s. Calcu- 
lated (%): C, 53.07: H. 5.20; N, 10.31. IH NMR (80 ~ 
8:3.74--3.95 (m, 5 H, GaD; 4.11 (br.s, 1 H, H(4) Gal); 4.36 
(br,s, 2 H, NCH2); 5.09 (d, I H, H(I)  Gal, J = 7 Hz); 6.95 (s, 
I H, At): 7.63 (t, I H, Ar, J =  7.5 Hz); 7.90--7.96 (m, 2 H, 
Ar): 8.28 (d. I H. Ar, J =  8 Hz). I3C NMR (80 ~ 
(NCH~_): 62.3 (C(6) Gal); 70.1 (C(4) Gal); 70.9 (C(2) Gal); 
74.8 (C(3) G a l l  78.0 (C(5) GaD; 81.3 (C(I) Gal); 108.2, 120.9, 
125.6, 126.6, 134.9 (5 CH, Ar). 

N-{N-[(Indol.3-yl)acetyl]giyeyl}-~-a-mannopyranosyiamine 
(6). N-Hydroxysuccinimide (0.21 g, 1.8 mmol) and 3-indolence- 
tic acid (0.315 g, 1.8 retool) were added to a solution of 
compound 2b (0.35 g, 1.4 retool) in DMSO (4 mL). Then the 
reaction mixture was cooled to 15 ~ DCC (0.4 g, 1.9 retool) 
was added, and the mixture was kept at ~20 ~ Ibr 24 h. The 
precipitate of N.N'-dicyclohexylurea was filtered offand washed 
with DMSO (2• mL). Then toluene (I00 mL) was added to 
the filtrate. The mixture was kept at - 5  ~ for 16 h and an oily 
product was separated by decantation, washed with toluene 
(2• mL), and triturated with acetone (4x30 mL) upon 
heating. The resulting solid residue was filtered off, washed with 
acetone and ether, dried, and di~olved in 0.033 M AcOH. The 
reaction solution was applied onto a column (4• 100 cm) with 
Sephadex G-15. The column was washed with 0.033 M AcOH 

(1200 mL) and the product was eluted with 10% aqueous 
MeOH. The fractions containing the product were concen- 
trated, the residue was dissolved in MeOH (15 mL). propan- 
2-ol (20 mL) was added, and the solution was concentrated to 
7 mL in vacuo. The precipitate that formed was filtered off. 
washed with propan-2-ol and ether, and dried to give an 
amorphous compound 6 in a yield of 0.36 g (62%), [C~]D20 --24.7: 
(c 1. H20). Found (%): C. 54.62; H, 6.24; N, 10.46. 
CIsH23N307. Calculated (%): C, 54.96; H, 5.89; N, 10.68. 
IH NMR, 6:3.50 (m, I H, H(4) Man); 3.63--4.02 (m, 7 H); 
3.88 (br.s, 2 H, CH2): 5.20 (br.s, I H, H(I) Man): 7.22--7.34 
(m, 2 H, At); 7.37 (s, I H, Ar); 7.60 (d, I H, Ar. J = 8 Hz): 
7.69 (d, I H, At, J = 8 Hz). 

Preparation of N-[N-(carboxyacetyl)glyeyi]-~-o-glyeo- 
pyranosylamines (7a--d) (general procedure). An emulsion of 
DCC (0.38 g, 1.85 retool) in DMSO (1.7 mL) was added to a 
cooled (12--15 ~ solution of compound 2d, 21", 2g, or 2h 
(0.48 g, 1.2 retool). N-hydroxysuccinimide (0.18 g, 1.6 retool). 
and ethyl hydrogen malonate (0.24 g, 1.8 retool) in DMSO 
(3 mL) over 5 rain. The reaction mixture was stirred for 30 rain 
and kept at 20 ~ for 18 h. Then the mixture was diluted with 
toluene (50 mL) and kept at - 5  ~ for 5 h. The solvent was 
decanted and the precipitate was washed with toluene (5• 15 mL) 
and dried in vacuo. Water (6 mL) was added to the precipitate 
and the mixture was stirred for 20 rain and kept at 20 ~ for 
18 h. The precipitate of N,N'-dicyclohexylurea was filtered off 
and washed with H~O. The filtrate and washin~ were concen- 
trated. The oily residue (0.46 g) was dissolved in 50% aqueous 
MeOH i l l  mL). Then Et3N (1.1 mL) was added and the 
solution was kept at 15 "C for 24 h and concentrated. The 
residue was dissolved in H20 (5 mL), the solution was stirred 
for 30 rain with KU-2 (H ~') cation-exchange resin (3 mL), and 
the resin was filtered off and washed with H20 (30 mL). The 
filtrate and washings were concentrated to -5 mL, Dowex I• 
(CO32-) anion-exchange resin (2.5 mL) was added, and the 
mixture was stirred for I h. The resin was filtered off and 
washed with H20 (30 mL) and the product was eluted with 
0.5 M AcOH (60 mL). Fractions containing the target product 
(control by eletrophoresis at pH 4.5) were concentrated to 
-5 mL, a 2 : 15 : 5 water--MeOH--toluene mixture was added, 
and the reaction mixture was concentrated to remove AcOH. 
The residue was dissolved in water (I mL), a 1 : 1 MeOH--  
EtOH mixture was added, and the solution was concentrated 
until a precipitate formed. The precipitate was filtered off, 
washed with EtOH and ether, and dried. 

N-[ N-(Carboxyaeetyl)glyeyll-4-O-(~-o-galaetopyranosyi)- 
13-o-glncopyranosylamine (7a). The yield of compound 7a was 
0.29 g (54%), m.p. 265--267 ~ (from H20- -MeOH , with 
decomp.), [ct]D 20 +5.0 ~ (c 1, H20). Found (%): C, 41.40; 
H, 6.03: N, 5.85: H~O, 2.02. CITH2sN2OI4- I/2 H20. Calcu- 
lated (%): C, 41.38; H, 5.92; N, 5.67; H20, 1.82. ~H NMR, 
8:3.46--3.86 (m, 12 H): 3.89--3.98 (m, 2 H); 4.05 (br.s, 2 H, 
NCH2): 4.46 (d, I H, H(I) Gal, J = 8 Hz); 5.04 (d, 1 H, 
H(1) GIc, . /=  10 Hz). 

N- [ N-(Carboxyacetyl)glyeyl ] -6 - O- (ct- v-galactopyranosyl) - 
[3-u-glucopyranosylamine (7b). The yield of compound 7b was 
0.27 g (46%). m.p. 197--199 ~ (from H20- -MeOH--EtOH,  
with decomp.), fetiD -~~ +57.1 ~ (c 1, H~O). Found (%): C, 41.38; 
H, 6.00; N, 6.00; H20. 2.00. CITH28N~OI4" 1/2 H_~O. Calcu- 
lated (%): C, 41.38; H, 5.92: N, 5.67; H20, 1.82. IH NMR, 
8:3.44--3.65 (m, 4 H); 3.66--4.04 (m, 10 H); 4.06 (br.s, 2 H, 
NCH2); 4.99 (d, I H. H([) Gal, 3'--- 3.5 Hz); 5.04 (d, 1 H, 
H(I) Glc, J= 9.5 Hz). 

N- [N- (Carboxyacetyl)glycyl]-4- O- (1~- a-glueopyranosyi)-  
13-n-glucopyranosylamine (7c), The yield of amorphous com- 
pound 7c was 0.28 g (50,%), [ctlD2~ -9 .8  c (c I, H~O). Found (%): 
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C. 41.68: H, 6.07: N, 5.94. CI7H2sN2OI4. Calculated (%): 
C, 42.15; H, 5.83: N, 5.78. tH NMR, 6:3.27--3.93 (m, 14 H); 
4.04 (br.s, 2 H, NCH2); 4.51 (d, I H, H(I) O-GIc, J =  8.5 Hz); 
5.04 (d, I H, H(l) N-GIc, J = 9.5 Hz). 

N- [ N-(Carboxyaeetyl)glycyl]-4- O-(a-o-glucopyranosyl)-  
!3-o-glucopyranosylamine (7d) was prepared analogously, but 
the compound was precipitated with ether. The yield of amor- 
phous compound 7d was 0.38 g (65%), let]D2~ +67.9 ~ (c I, 
H20). Found (%): C, 41.73; H, 6.31; N, 5.81. CI7H2sN2OI4. 
Calculated (%): C, 42.15; H, 5.83; N, 5.78. IH NMR, 8: 3.40-- 
3.65 (m, 4 H); 3.66--3.95 (m, 10 H); 4.05 (br.s, 2 H, NCH2); 
5.04 (d, I H, H(I) N-GIc, d = 9.5 Hz); 5.45 (d, I H, 
H(I) O-GIc, d = 4 Hz). 

2 -Aee tamido-2-deoxy-N-  [ (N-phthaloyl-7-L-glutamyl)-  
glycyl]-13-n-glucopyranosylamine (8). A solution of compound 
2e (0.415 g, 1.5 mmol) in DMSO (5 mL) prepared with heating 
to 70 ~ was cooled to 20 ~ Then N-phthaloyI-L-glutamic 
anhydride (0,623 g, 1.6 retool) was added and the reaction 
mixture was kept at 20 ~ for 24 h. Toluene (70 mL) was added 
and the reaction mixture was kept at - 5  ~ for 16 h. The 
solvent was decanted and the precipitate was washed with 
toluene (5• mL), filtered off, washed with hot acetone 
(7xl5  mL) and ether (2x10 mL), and dried. The yield of 
amorphous compound 8 was 0.52 g (65%), [a]D 2~ +15.9 ~ (c 1, 
H20). Found (%): C, 51.20; H, 5.61: N, ]0.59. C23H2sN40~t. 
Calculated (%): C, 51.49; H, 5.26: N. 10.44. IH NMR, & 2.03 
(s, 3 H. CH3); 2.37--2.61 (m, 4 H, CH2CH2); 3.45--3.71 
(m. 5 H); 3.72--3.97 (m, 3 H, GleN): 4.96--5.08 (m, 2 H, H(I) 
GleN. COCH); 7.88--8.00 (m, 4 H, Ar). 13C NMR, 6:23.0  
(CH3); 24.0 (CH2): 33.1 (CH_~): 43.4 (NCH2); 52.7 (CN); 54.9 
(CN): 61.5 (C(6) GleN): 70.5 (C(4) GleN); 75.1 (C(3) GIcN); 
78.6 (C(5) GleN): 79.6 (C(I) GleN): 124.8 (2 C, CH, Ar); 
131.8 (2 C, C, Ar): 136,2 (2 C, CH, Ar); 170.4, 173.2, 173.8, 
175.8, 176.2 (5 CO), 

N-{ N-[ ( R,R)-2,3-Dibenzoyloxy-3-carOoxypropionyqglycyl}- 
4-O-([3-o-galactopyranosyl)-J3-D-glucopyranosylamine (9a). A 
solution of compound 2d (0.4 g) in DMSO (5 mL) was added 
with stirring to a cooled (12--15 ~ suspension of di-O- 
benzoyI-L-tartaric anhydride (0.62 g, 1.8 retool) Z~ in DMSO 
(I mL) over 3 rain. The reaction mixture was kept at 20 ~ for 
I h+ diluted with toluene (120 mL), and then kept at - 5  ~ for 
16 h. The precipitate was separated and washed with toluene 
(5 • 5 m L). The residue was triturated with acetone (10 m L) and 
boiling acetone (3x2 mL). The acetone extracts were concen- 
trated to dryness, the residue was dissolved in propan-2-o[ 
(6 mL), and ether (30 mL) was added. The precipitate that 
formed was filtered oft, washed with ether, and dried. The yield 
of amorphous compound 9a was 0.5 g (67%), l a id  -~~ -55.1 ~ 
(c I, MeOH). Found (%): C, 51.68" H, 5.43: N. 3.46. 
C32H38N2OIs. Calculated (%): C, 52.03; H, 5.10: N, 3.79. 
IH NMR (CD3OD), 6:3.37--3.88 (m, 12 H); 3.97 (br.s, 2 H, 
NCH2); 4.41 (d, 1 H, H(1) Gal, J = 8 Hz); 4.91 (d, I H, 
H(I) GIc, J =  9 Hz); 5.96 (br.s, I H. COCH); 6.06 (br.s, I H, 
COCH); 7.54 (m, 4 H, Ar): 7.68 (m, 2 H, Ar); 8.17 (m, 4 H, At). 

N-{ N-[ 3-Carboxy-( R,R)-2+3-dihydroxypropionyllglycyl}-4- 
O-(13-D-galactopyranosyi)-!3-a-glucopyranosylamine (gb). Et3N 
(I.2 mL) was added to a solution of dibenzoate 9a (0.35 g, 
0.47 retool) in 50% aqueous MeOH (12 mL). The reaction 
mixture was kept at ~17 ~ for 20 h and concentrated to -2 mL. 
Then MeOH (2• mL) was added and the mixture was 
concentrated. The residue was dissolved in H20 (8 mL), the 
solution was stirred with KU-2 (H +) cation-exchange resin 
(4 mL) for 30 rain, and the resin was filtered off and washed 
with H20 (50 mL). Benzoic acid was removed from the filtrate 
and washings by extraction with ether (4x 10 mL). The aqueous 
solution was concentrated to 5 mL and then EtOH ( 15 mL) was 

added. The precipitate that formed upon concentration of the 
solution was filtered off, washed with EtOH and ether, and 
dried. The yield &compound 91) was 0,22 g (87%), m.p. 202-- 
205 ~ [r 2~ +35.7 ~ (c I, H20). Found (%): C, 40.41: H, 
5.97: N, 5.31. CIsH30N2OL6. Calculated (%): C, 40.75; H, 5.70: 
N, 5.28. tH NMR, 8:3.40--3.57 (m, 2 H); 3.61--3.84 (m, 
8 H): 3.88--3.95 (m, 2 H); 4.07 (br.s, 2 H, NCH2)~ 4.44 (d, 
I H, H(I) Gal, J =  8 Hz); 4.68 (br.s, 2 H, COCHCH); 5.02 (d, 
I H, H(I) GIc, J = 9 Hz). 
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