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Monoalkylation of amino acids of different structural types wilh N-chloroacetyl- 
glycosylamines was shown to be applicable for the preparation of glycoconjugates containing 
[]-o-galactose, N-acetyl-l~-o-glucosamine, I~-D-mannose, and lactose residues. The 
glycoconjugates were synthesized from amino acids with secondary (sarcosine, t-proline) or 
primary (l_-2- and 4-aminobutyric acids, L-tryptophan) amino groups as well as from various 
amino dicarboxylic acids (N-methyI-Dt.-aspartic. Dt-aspartic, L-glutamic, and Dt.- 
2-aminoadipic acids). The derivatives obtained may be of interest for glycotargeting of 
physiologically active compounds of this series. 
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Earlier we have shown t that alkylation of primar3, 
and secondary amines with N-chloroacetylglycosylamines 
(Noglycosylated chloroacetamides) can be used as a 
simple and convenient method for synthesis of gtyco- 
conjugates of amines which contain fragments of 
N-glycylglycosylamines including derivatives of various 
physiologically active compounds. Now we report that 
this reaction can be used for the preparation of analo- 
gous derivatives of amino acids. Compounds-of this type - 
are of great interest as potential building blocks for the 
synthesis of biologically active peptides. On the other 
hand, some amino acids and their derivatives are impor- 
tant medicinal preparations themselves acting as analogs 
or antagonists of neurotransmitters of the mammalian 
nervous system. 

A number of glycoconjugates of amino acids have 
been recently obtained by N-acylation of glycosylamines 
with the corresponding derivatives of amino acids, and 
the prospect of their use for glycotargeting of therapeu- 
tic drugs and oligo- and polynucleotides has been shown 
(see review3). 

In the present paper, the previously reported 4 
N-chloroacetyl-13-glycopyranosylamines l a - -d  contain- 
ing the residues of 13-D=galactose (as a monosaccharide 
or as a constituent of disaccharide lactose) and N- 
acelyl-[3-D-glucosamine capable of specific binding wi~h 
lectins of animal cell surface s, as well as [3-t>mannosc 
derivatives, were used for the alkylation of amino acids. 

J'he study of alky]ation of amino acids containing 
secondary NH groups was carried out using sarcosine 
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(N-methylglycine) and L-proline; fragments of these 
amino acids are constituents of numerous drugs 2. 

The reaction conditions used were similar to those 
described earlier i for the alkylation of secondary, amines 
(a mixture of MeOH--water,  70 ~ however, EtsN 
was added to the reaction mixture to neutralize COOt{ 
groups and as an acceptor of a hydrogen halide (molar 
ratio amino acid : N-glycosylchloroacetamide : ~ertiary 
atnine, 2 : I : 3L Monitoring of the reaction by paper 

electrophoresis showed that the yield of the products 
reached 85--90% in 3 I1 after the beginning of the 
reaction. The treatment of the reaction mixture with 
Ac20 for N-acetylation of the excess of amino acids 
facilitated the purification of the formed glycoconjugates 
2 and 3 with the use of cation exchange resin. Addi- 
tional purification by gel filtration afforded these com- 
pounds in 65 and 69% yield, respectively. 

Alkylation of N-methyI-DL-a.spartic acid, a racemate 
of the D-amino acid possessing neurostimulating activ- 
ity 6,7, was studied as an example of the reaction with an 
amino dicarboxylic acid. In this case the reaction pro- 
ceeded considerably more slowly and a satisfactory yield 
of glycoconjugate 4 was obtained only after heating of 
the mixture (molar ratio amino acid: N-glycosyl- 
chloroacetamide : tertiary amine 2 : I " 5) for 48 h. 
Attempts at using absorption on cation exchange resin 
for the purification of the product failed due to the 
formation of a by-product (probably a lactone) under 
the action of ion exchange resin in acidic form. Com- 
pound 4 was obtained as a mixture ofdiastereomers alter 
two separations by gel chromatography: initially in alka- 
line medium (0. t M NI-t4OH ) to separate it from the 
major amount of the starting amino acid and then in 
slightly acidic medium (0.05 M AcOH); the yield of the 
product was 59%. 

Opt imum condit ions for mono-N-a lky la t ion  of 
amino acids containing a primarT amino group with 
N-chloroacetylglycosylamines were developed using 
L-2- and 4-aminobutyric acids as examples. The first of 
these compounds belongs to the class of neuroactive 
amino acids 7,8, and the second is a natural inhibitory 
neurotransmitter and is used as a nootropic prepara- 
tionZ, 9. 

In this case the alkylation proceeds smoothly when a 
M e O H - - H 2 0 - - D M S O  mixture is used as solvent; the 
optimum molar ratio amino acid"  N-glycosylchloro- 
acetamide " tertiary amine to achieve monoalkylation is 
3 " 1 " 4. The reaction was carried out at 70 ~ gel 
chromatography in an alkaline medium followed by gel 
chromatography in a slightly acidic medium as described 
above was used for the purification of the products. 
Glycoconjugates 5 and ti were obtained in 70 and 55% 
yields, respectively. 

Similar conditions were also found suitable for the 
monoalkylation of the NH. ! group of k-tryptophan ex- 
hibiting antidepressant activityZ; reaction product 7 was 
isolated in 51% yield. 

N-Chloroacetylgtycosylamines can be also success- 
fully used for the nmnoalkylation of amino dicarboxylic 
acids belonging to a group of neuromodulators 8,1~ 
The reaction with DL-aspartic acid proceeds smoothly in 
a mixture of D M S O - - i t 2 0 ;  the molar ratio amino 
a c i d  N-glycosylehloroacetamide : tertiary amine is 
3 " 1 " 7. After gel chromatography glycoconjugate 8 
was obtained in 53% yield. 

It turned out, however, that these conditions were 
tmsuitablc i\)r the similar reactions with L-glutamic and 
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DL-2-aminoadipic  acids. The  synthesis  of  glycoconjugates  
9 and 10 shott ld be pe r fo rmed  in an aqueous  solul ion 
since in the  presence  of  D M S O  the fo rmat ion  of  a 
no t iceab le  a m o u n t  of  five- or s i x - m e m b e r e d  N-alkylated 
lac tams was observed;  the la t ter  are easily formed from 
the  g lycoconjugates  obta ined.  Moreover ,  partial  forma-  
t ion  of  such  lac tams  occur red  when  isolat ion o f  these 
c o m p o u n d s  as der ivat ives  of  dicarboxylic  acids was at-  
t empted ;  however ,  m o n o a m m o n i u m  salts of  compot tnds  
9 and  10 are qu i te  stable. 

A m o r p h o u s  g lycoconjuga tes  8 and  10 were obta ined  
as mixtures  o f  two d ias te reomers ;  the i r  separa t ion  has 
not  been  unde r t aken .  

The  s t ruc tu res  of  c o m p o u n d s  2 - - 1 0  were conf i rmed  
by e len tenta l  analysis  attd IH N M R spec t roscopy data. 

The  results  ob ta ined  have d e m o n s t r a t e d  that  alkyla- 
[ion with N-ch lo roace ty lg lyeosy lamines  can  be used as a 
conven ien t  m e t h o d  for i n t roduc t ion  of  ca rbohydra te  resi- 
dues  into a m i n o  acids of  d i f ferent  s t ruc tura l  types. 
G lycocon juga te s  of  biological ly  active compot ,nds  of 
this  class, in par t icu lar  of  the  analogs  or  an tagonis ts  of  
neu romed ia to r s ,  are of  in teres t  for the i r  glycotarget ing.  

Experimental 

IH NMR spectra were recorded with a Bruker WM-250 
(250 MHz) spectrometer for solutions in D20 at 300 K. 
Optical rotations were measured with a Jasco DIP-360 pola- 
rimeter. Electrophoresis (12 V - c m  -I ,  2 h) was performed on a 
Filtrak FNI paper in 6% HCOOH. The compounds were 
visualized with ninhydrin or the following sequences of re- 
agents: KIO4--AgNO~-KOH and Cl:t--Kl--starch. Gel chro- 
matography was monitored by l_lV detection at 206 n m  Water 
of crystallization was determined according to Fischer 

N-[ N-CarboxymethyI- N-methylglyeyl]-6-D-galacto- 
pyranosylamine (2).  A solution of N-chloroacetyl-[?,-D- 
galactopyranosylamine 4 ( la)  (0.25 g, 1 retool), sarcosine 
(0.18 g, 2 retool), and Et3N (0.42 mE, 3 mmol) in 2.8 m L o f  
60% aqueous MeO[I was heated for 3 h at 70 ~ Methanol 
was evaporated, the residue was dissolved in H20 (3 mL), and 
MeOH (0.15 mL) and Ac20 (1 mL) were added to the solu- 
tion. The mixture was stirred until the solution became homo- 
geneous and then was kept for 16 h at 20 ~ The reaction 
mixture was diluted with MeOH (10 mL x 3) and concen- 
trated to dryness (also three times). The residue was dissolved 
in 5 mL of H20, Dowex 50Wx8 (H ~) (15 mL) was added to 
the solution, and the mixntre was stirred for I h. The resin was 
filtered off and washed with H20 (150 mL) and then with 
1,5 M NH4OH (150 mL). Alkaline fractions were concen- 
trated to dryness and the residue was subjected to gel chroma- 
tography (column 4x 100 cm, Sephadex G-15, 0.05 MAcOH). 
Fractions containing the product were concentrated to dryness 
and the remaining AcOH was removed by addition and subse- 
quent evaporation of a mixture of H20--MeOH--toluene 
(2 : 15 : 5). Yield 0 2  g (65%), m.p. 215--217 ~ (MeO}'l-- 
acetone, dec.), Ic,10-~~ ~ (c 1. I-t20). Found (%): C, 42.78: 
H. 6.52: N, 9.07. CIlIt20N20 s. Calculated (%): C, 42.86: 
H, 654;  N, 908.  IH NMR spectrum (l)pm): 3.02 (s, 3 H. 
C1t3); 3.58--3.82 (m, 5 H, Gall; 3.83 (s. 2 H, CH~COOlt),  
3.99 (brd.  I H, 1|(4) Gal. J = 25 Hz): 4.19 (hrs.  2 It, 
COC112); and 4.99 (d. [ H, H ( l l  Gal. J = 9 tlz) 

N- [ (,~-2-Carboxypyrrolidinoacetyl ]-l~-D-mannopyranosyl- 
amine (3). Compound 3 was prepared from N-chloroacetyl-13- 
D-mannopyranosylamine (Ib) (0.25 g, 1 mmol), L-proline 
(0.23 g, 2 mmol), and Et3N (0.42 mL, 3 retool) as described 
for derivative 2. Yield 0.24 g (68%, amorphous solid), [ct]o 2~ 
-54.4  ~ (c 1, 1-120 ) . Found (%): C, 44.59; H, 7.10; N, 7.91; 
[t20 , 5.70. CI3H22N2Os-H20. Calculated (%): C, 44.31: 
H, 686:  N, 7.95; H20 , 5.11. IH NMR spectrum (ppm): 
2.00--2.20 (m, 3 H, Pro); 2.46 (m, 1 [-1, Pro); 3.24 (m, 1 H, 
Pro); 3.49 (m, I H, H(5) Man); 3.61 (dd, 1 H, H(4) Man, 
J =  9.7 Hz and J = 9.7 Hz); 3.68--3.78 (m, 2 H, Man): 
3.82--3.98 (m, 3 H); 4.07--4.3l (m, 3 H, NCH, COCH2); 
and 5.29 (br.s, 1 H, H(I) Man). 

N-[N-(n~-l,2-Diearboxyethyl)-N-methylglycyll-4-O-(f3-n- 
galactop)xanosyl)-[3-D-glueopyranosylamine (4). A solution of 
N-chloroacetyl-4-O-([J-o-galactopyranosyl)-f~-o-gluco- 
pyranosylamine monohydrate ( I t )  (215 rag, 0.05 mmol), 
N-methyl-DL-aspartic acid (147 rag, I retool), and Et3N 
(0.35 mL, 2.5 mmol) in 2 mL of 70% aqueous MeOH was 
heated for 48 h at 70 ~ Methanol was evaporated, and the 
residue was dissolved in 10 mL of 0.1 M NH4OH and sub- 
jected to gel chromatography (column 5• cm, Sephadex 
G-25 (fine), 0.1 M NH4OH). The fractions containing product 
4 were concentrated to dryness, and the residue was dissolved 
in l0 mL of 0.05 MAcOH and subjected to gel chromatogra- 
phy (4x100 cm, Sephadex G-15, 0.05 MAcOH) .  The frac- 
tions containing product 4 were concentrated to dryness and 
the remaining AcOH was removed by addition and subsequent 
evaporation ofa  mixture of H20--MeOH--toluene (2 : 15 : 5). 
Yield 156 nag (59%, amorphous solid), [a]D 2~ +4.5 ~ (c I, 
H~O). Found (%): C, 4281;  H, 6.23; N, 5.48. C19H32N2OIs. 
Calculated (%): C, 43.18; H, 6.10; N, 5.30. IH NMR spec- 
trum (ppm): 2.97 (s, 3 H, CH3); 3.00 (m, 2 H, CHCH2): 
3.40--3.97 (m, 12 H, Glc, GaD; 4.18 (br.s, 2 H, COCH2); 
4.28(m, I H, NCH); 4.44 (d, I H, H ( I ) G a I , s  = 8  Hz) :and 
5.04 (d. l H, I--1(I) GIc, J = 9 Hz). 

N-{N-[(S)-I  -CanSox3,'propyl]glyeyl}-[3-0- galactopyranosyl- 
amine (5). A solution of N-chloroacetyl-~3-D-galactopyranosyl- 
amine ( la)  (128 rag, 0.05 retool), L-2-aminobutyric acid 
(154 rag, 1.5 retool), and Et3N (0.28 mL, 2 retool) in a 
mixture o f H 2 0 - - D M S O - - M e O H ( l  : I : 2.5; 11.25 mL) was 
heated for 17 h at 70 ~ Water was removed from the 
reaction mixture by addition and subsequent evaporation of 
toluene (25 mL x 3); toluene (30 mL) was added to the 
residue and the precipitated product was washed with toluene 
and ether. The residue was subjected to gel chromatography on 
Sephadex G-25 and G-15 as described lbr compound 4. Yield 
120 mg (70%), m.p. 208--211 ~ ([120-- acetone), l a id  2n 
+15.5 ~ (c I, H20). Found (%): C, 42.39; H, 7.14; N, 8.44; 
H20, 588. CI /H22N208-H20.  Calculated (%): C, 42.35; 
H, 7.11; N, 8.23; H20, 5.29. tH NMR spectrum (ppm): 096  
(t, 3 H, CH 3, J = 8 Ha); [.92 (m, 2 H, _Q!J,CH3); 3.57-- 
3.81 (m, 6 H, Gal, NCH); 3,86--4.02 (m, 3 H, 11(4) Gal, 
COCHg;  and 4.97 (d, I H, H(I)  Gal, J = 9  Hz). 

N- [ N-(3-Carbox~ropyl)glyeyl 1-13- D-mannopyranosylamine 
(6). Compound 6 was prepared from N-chloroacetyl-~3-D- 
mannopyranosylamine (Ib) (128 rag, 0.05 retool), 4-amino- 
butyric acid (t54 rag, 1.5 nunot), and Et3N (0.28 mL, 2 retool) 
in a mixture of H20- -DMSO--MeOH (I : 2 : 3; 7.5 mL) 
after heating for 8 h at 70 ~ as described for compound 5. 
Yield 94 mg (55%), m.p. 141--143 ~ (HxO~MeOH--Et20) ,  
[,ZlD 2~ -30.4 ~ (c I, H20). Found (%): C, 42.64; H, 7.34: 
N. 8.34: t-120. 5.t0. CI21t22N2Os'H20.  Calculated (%): 
C. 42.35; H. 7.11, N. 823;  H20, 5.29. Ill NMR spectrum 
(ppm/: 1~12 (m, 2 H. C['1~C1t2CI-t2); 2.30 (t, 2 H. CH,.  
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l = 7.1 Hz); 3.10 (t, 2 H, CIt 2,./ = 7.5 Hz); 3.46 (m, I H, 
H(5) Man); 3.58 (dd, I It, H(41 Man, J = 9.7 Hz and J = 
9.7 Hz); 3.65--3.75 (m, 2 tt, Man); 3.84--3.94 (m, 2 It, Man); 
3.97 (br.s, 2 H, COCH~); and 5.27 (br.s, I It, H(I)  Man). 

2 - A c e  tamido-  2- d e o x y -  1 - N-  { N- [ ( S ) -  1 - ca rboxy-  2- ( 3 -  
indolyl)ethyi]glycy|}-i~-n-glucopyranosylamine (7). Compound 
7 was prepared from 2-acetamido-2-deoxy- 1 - N-chloroacetyl- 
13-D-glucopyranosylamir)e (ld) (148 nag, 0.05 retool), L-tryp- 
tophan (306 nag, 1.5 retool), and Et3N (0.28 mL, 2 retool) in 
a m i x t u r e o f H 2 0 - - D M S O - - M e O H  ( 1 : 2 : 6 ;  13.5 mL) after 
heating for 7 h at 70 ~ as described for compound 5. The 
reaction was performed in a screw-cap vial, which was closed 
after the air was displaced by methanol vapor. Yield 123 mg 
(51%), nt.p. 180--182 ~ (MeOH--E tOH--E t20 ) ,  [c~]o ~~ 
+%6 ~ (c 1, H20). Found ('%): C, 52.44; H, 6.36; N, 11.75; 
H20, 4.00. C21H28N4Os-H20. Calculated (%): C, 52.28; 
H, 6.26; N, 11.61; H20, 3.73. II-t NMR spectrum (pprn): 
2.03 (s, 3 H, CH3); 3.40--3.68 (m. 5 H); 3.72--3.98 (m, 5 H); 
4.11 (dd, NCH, J = 7.1 Hz and J = 5.9 Hz); 5.10 (d, I 1t, 
H(I) GIcN, J = 9.5 Hz); 7.21--7.40 (m, 2 tl, Ar); 7.39 (s, 
1 H, Ar); 7.61 (d, I H, At, J = 8 Hz); and 7.79 (d, 1 | t .  Ar, 
J = 8 Hz). 

2 - A c e t a m i d o - 2 - d e o x y -  1- N-[N-(oL- 1,2-dicarboxyethyl)- 
glycyl]-~-D-glucopyranosylamine (8). Compound 8 was pre- 
pared from 2-ace tamido-2-deoxy- l -N-ch loroace ty l - lGD-  
glucopyranosylamine (ld) (148 nag. 0.05 retool), Dt.-aspartic 
acid (200 rag, 1.5 retool), and Et3N (0.48 mL, 3.5 retool) in 
a mixture of H20 and DMSO (4 : 3; 3.5 mL) after heating for 
48 h at 70 ~ as described for compound 5. Yield 104 mg 
(53%, amorphous solid), [cx]O ~'0 +21.2 ~ (c 1, H20). Found 
(%): C, 42.51; H, 6.29; N, 10.56. CI4H23N3OI0. Calculated 
(%): C, 42.75: H, 5.89; N, 1068.  IH NMR spectrum 
(ppm): 1.98 (s, 3 H, CH3); 3.02 (m, 2 H, CHCH2); 3 .42-  
3.54 (m, 2 H, GleN); 3.60 (br.t, I H, H(3) GleN, J = 
8.8 Hz); 3.68--3.91 (m, 3 H, GleN);  3.94--4.03 (m, 
3 H, COCH 2, NCH); and 5. l l  (d. I H, H(I) GleN, ./ = 
9.5 ttz). 

N-{N-[ (S ) -  1,3- Dicarboxypropyl]glycyl}-[~-o-galacto-  
pyranosylamine, monoammonium salt (9) and N-[N-(oL-I,4- 
diearboxybutyl )g lycyl ]  -13- o -ga lac topyranosy lamine ,  mono-  
ammonium salt (10). Compounds 9 and l0 were prepared 
from N-chloroacetyl-13-D-galactopyranosylamine ( la)  ( 128 rag, 
0.05 retool), t.-glutamic (220 rag, 1.5 retool), or DL-2-amino- 
adipic acid (241 rng, 1.5 mmol)  and Et3N (0.48 mL, 
35  retool) in 2.5 ml. H20 after heating for 24 h at 70 ~ 
The reaction mixture was concentrated to voh, me 0.5 mL, 
dJ.l.uted with 7 mL of 0.1 M NIt4OH, and subjectcd to gel 

chromatography (column 5x90 crn, Sephadex G-25 (fine), 
0.1 M NH4OH). 

Yield of compound 9 121 mg (63%), m.p. 163--165 ~ 
(H20--EtOH), laid 2~ +3.2 ~ (c I, H20 ). Found (%): C, 40.63; 
H, 684 ;  N, 10.84. CI3H22N2OI0-NH 3. Calculated (%): 
C, 40.73; H, 6.57; N, 1096. IH N M R s p e c t r u m  (ppm): 2.10 
(m, 2 H, CH2); 2.40 (t, 2 H, Clq2, J = 7.7 Hz); 3.55--3.81 
(m, 6 H); 3.94 (m, 3 H); and 4.95 (d, 1 H, H(I)  Gal, J = 
9 ttz). 

Yield of compound 10 119 rng (60,,%, amorphous solid), 
l~lD 20 +10.7 ~ (c I, H~O). Found (,%): C, 42.55; H, 6.81; 
N, 10.47. CI4|t24N2OI0.NIt~. Calculated (%): C, 42.31; 
H, 6.85; N, 10.57. lt-I NMR spectrum (ppm): 1.66 (m, 
2 H, CH2); 1.85 (m, 2 H, CH2); 2.26 (t, 2 H, CH 2, J = 
7.5 Hz); 3.57 (t, I H, NHCH, J = 6.2 Hz); 3.62--3.85 (m, 
7 1t);4.00 (m, 1 [1, H(4) G a l ) ; a n d  4.99 (d, I H, H(t)  Gal, 
J = 9  Hz). 
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