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ABSTRACT 

Catalytic hydrogenation of the tetrabenzyl ethers of 1-O-acetamidoacyl- and 
1-O-rert-butyloxycarbonylaminoacyl-cr- and -p-r>-glucopyranoses (l-6) afforded the 
corresponding 1-0-acylaminoacyl-D-glucopyranoses S-13 which were fully charac- 
terised by physical methods and by conversion into the peracetylated derivatives 
14-19. The a anomers of l-O-serr-butyloxycarbonylaminoacyl-~-glucopyranoses 
underwent l-+2 acyl migration, and, in order to characterize the rearrangement prod- 
uct of l-O-(tert-butyloxycarbonyl-~-alanyl)-a-~-glucopyranose (la), 1,3,4,6-tetra-U- 
acetyl-Z0-(terr-butyloxycarbonyl-L-alanyl)-a- and -/3-D-glucopyranoses (22 and 23) 
were synthesized by definitive methods_ Initial studies of the simultaneous deprotection 
of the amino and hydroxyl functions were performed with D-glucose-amino acid 
6-esters; catalytic hydrogenation of methyl 2,3,4-tri-0-benzyl-6-O-(N-benzyloxycar- 
bonylglycyl)+D-glucopyranose (24) gave methyl 6-O-glycyl+D-glucopyranose (25) 
as the stable hydrochloride_ Hydrogenolysrs of the fi anomer of 2,3,4,6-tetra-O- 
benzyl-1-0-[1-benzyl N-(benzyloxycarbonyl)-L-aspart-4-oyl]-D-glucopyranose (7) af- 
forded I-O-(r_-/?-aspartyl)-P-D-glucopyranose (27). The rates of hydrolysis of the 
unprotected D-glucose-amino acid l-ester 27 in water and in 0.1~ hydrochloric acid 
were compared with those of the D-ghCOSe-aIUiU0 acid 6-ester 25. 

INTRODUCTION 

Previous reports’-3 from this laboratory have shown that fu!ly protected l-O- 
acylaminoacyl-D-glucopyranoses and -glucuronates can be prepared in high yields by 
two routes involvmg direct participation of imidazole in the formation of the l-ester 
linkage: (a) the “accelerated active-ester” (AAE) method and (b) the imidazole-pro- 
moted dicyclohexylcarbodiimide (DCC) condensation. It was established2 that, for 
fully benzylated D-glucosyl esters having the amino function in the aglycon group 
protected by the benzyloxycarbonyl or tert-butyloxycarbonyl group, the configuration 
of the amino acid component was retained to a high degree in both methods. 

Model compounds in which an N-acylated or free amino acid is linked by the 

*Part IV: Ref. 2. 
**Present address- PLIVA, Pharmaceutical and Chemical Works, Zagreb (Yugosiavla). 
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glycosidic ester bond to a neutral, unprotected carbohydrate moiety have not yet been 
described. Yoshimura and Funabashi4 reported the synthesis of some 2-acetamido-l- 
U-aminoacyl-2-deoxy-D-glucoses by the DCC condensation of 2-acetamido-4,6-0- 
benzylidene-2-deoxy-D-glucose and the appropriate N-benzyloxycarbonylamino acid, 
followed by the removal of the protecting groups by hydrolysis and cataiytic hydro- 
genolysis. However, the authors gave very few data in assigning the structure and 
configuration to these compounds. 

We have examined whether selective removal of blocking groups (either from 
the aglycon or sugar moiety) in a fully protected glucosyl or glucuronic ester of an 
amino acid could be achieved without affecting the l-ester linkage. Recently, we 
reported3 that catalytic hydrogenation of fully methylated I-O-benzyloxycarbonyl- 
glycyl+D-glucofuranuronate in the presence of oxalic acid led to the crystalline 
mono-oxalate salt of the fully methylated 1-0-glycyl ester. We now report on the 
deprotection of the hydroxyl functions in fully benzylated glucosyl esters of N-acy- 
lamino acids, and describe the preparation and characterization of l-O-(r&aspartyl)- 
j3-o-glucopyranose. In addition, for comparison purposes, some compounds belonging 
to the known class of D-glucose-amino acid 6-esters5*6 have been prepared. 

RESULTS AND DISCUSSlON 

Two groups of fully benzylated 1-0-acylaminoacyl-D-glucopyranoses were 
selected as model systems for the deprotection studies by catalytic hydrogenolysis, 
namely the I-O-acetamidoacyl- and 1-O-tert-butyloxycarbonylaminoacyl-D-gluco- 
pyranoses, l-3 and 4-6, respectively. 

The fuhy benzylated I-O-acetylglycyl derivative 1 was obtained as an anomerm 
mixture by the imidazole-promoted DCC condensation, and the anomers were 
resolved and characterized. The homoIogous acetyEL- and -D-alanine derivatives 2 
and 3 were reported earIier2. Catalytic hydrogenation of the CL and /3 anomers of P-3 
proceeded smoothly in neutral medium over palladium-on-charcoal, to give the 
amorphous ghrcosyl esters S-10 which were characterized by the data in Table I. The 
i-r. spectra revealed the presence of hydroxyl absorption at 3350-3450 cm-l and the 
absence of bands associated with the aromatic ring. The n.m.r. spectra in deuterium 
oxide showed H-l signals having JIB2 values consistent with the observed optical 
rotations; one 3-proton singlet at T 7.98-8.00 assigned to the N-acetyl group was 
present in all cases. 

For further characterization, both anomers of S-10 were treated with acetic 
anhydride in pyridine; the B anomers gave crystalline products identical with the 
already known l-O-acetamidoacyl-2,3,4,6-tetra-O-acetyl-~-~-glucopyranoses 147, 
15a, and 16’, respectively. The corresponding a anomers yielded highly dextrorotatory, 
hygroscopic foams which were identified by comparison of their n m.r. spectra with 
those of the a anomers of 14, 152, and 16 obtained directly from 2,3,4,6-tetra-0- 
acetyl-D-glucopyranose and the appropriate N-acetylamino acid by the imidazole- 
promoted DCC condensation. In order to reinforce evidence that no l-+2 acyl migra- 
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C&OR 1-7 R = PhCH=; 

0 

id_r 

8-13 R= H; 
14-19 R = AC 

OR H.OR’ 
1 R’ = Ac-Gly- 

RO 2 R’ = AC-L-Ala- 

OR 3 R’ = AC-D-Ma- 
4 R’ = BOGGly- 
5 R’ = BOC-r-Ala- 

OBZL 

I 
6 R’ = BOC-L-Glu- 

I 
7 R’ = Z-L-Asp-OBZL 
8 R’ = Ac-Gly- 
9 R’ = Ac-L-Ala- 

10 R’ = Ac-D-Ma- 

11 R’ = BOC-Gly- 
12 R’ = BOC-L-Ala- 

OH 

I 
13 R’ = BOC-L-Glu- 
14 R’ = Ac-Gly- 
15 R’ = Ac-L-Ala- 
16 R’ = Ac-a-Ala- 
17 R’ = BOC-Gly- 
18 R’ = BOC-L-Ala- 

OH 

I 
19 R’ = BOC-L-Glu- 

BOC = tert-butyloxycarbonyl; 
BZL = benzyl; 
Z = benzyloxycarbonyl. 

tion had taken place during hydrogenolysis of the a anomers of l-3, 1,3,4,6-tetra-O- 
acetyl-2-0-(acetyl-D-alanyl)-cc-D-glucopyranose (20) was synthesised and compared 
with the acetylated hydrogenation product of 3a (Table IQ. The positions of the 
acetyl signals in the n.m.r. spectrum of 20 in deuteriochloroform and methyl sul- 
phoxide-d, are clearly different from those for the acetylated product of 3a; on the 
other hand, the spectrum of the latter compound is identical with that of authentic 16~. 

R&z 

OR3 

Roe f-$~yl:” 

OR OH 

20 R =R2=Ac.R7=H.R3=Ac-D-ALa- 24 R = P hCH2, R’ = ZGty- 27 R=H 
21 R = H , F? = R2= H.OH. R3= E3OC -L-Ala- 25 R =H,d = I-iCLxH-GLy- 28 R = AC 
22 R =$=Ac.R’ :H,R3= BOC-L-Aia- 26 R = AC, R’=AcGLy- 
23 R =$=Ac.RP=H,R3= BOC-L-Ala- 

2,3,4,6-Tetra- O-benzyl- 1- 0-[Sbenzyl N-(tert-butyloxycarbonyl)-L-glutam- l- 
oyl]-D-glucopyranose (6) was synthesized by the AAE method from tetra-O-benzyl-cc- 
D-glucopyranose and 5-benzyl l-pentachforophenyl rert-butyfoxycarbonyl-L-giuta- 
mate; the anomeric products were resolved by chromatography on sihca gel and 
carbon-Celite. Hydrogenolysis of the j? anomers of the fully benzylated 1-O-tert- 
butyloxycarbonyl derivatives 42, 52, and 6 yielded chromatographically homogeneous, 
solid foams having physic& data consistent with the /3-D-anomeric structures of the 
hydroxyl-free D-glucosyl esters 11, 12, and 13 (Table I). Acetylation of these com- 
pounds afforded the crystalline /I anomers of 2,3,4,6-tetra-O-acetyl-l-O-(tert-butyloxy- 
carbonylaminoacyl)-D-glucopyranoses 17, 18, and 19. For comparison, anomeric 
mixtures of 17 and 18 were prepared directly by the AAE method from 2,3,4,6-tetra- 
0-acetyl-D-glucopyranose and tert-butyloxycarbonyl-glycine and -L-alanine penta- 
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chlorophenyl ester, respectively; the /3 anomers of 17 and 18 were indistinguishable 
from the acetylation products of 11/3 and 12/I. 

The pure /.I-anomers of the D-glucosyl esters S-13 were stable when stored under 
anhydrous conditions; in aqueous solutions kept at room temperature, the cleavage of 
the glycosidic ester bond did not exceed 5% after one week (monitoring by t.1.c.). On 
the other hand, the CL anomers of the Wacetyl derivatives S-10 underwent -220% 
hydrolysis within the first 24 h. Incubation of the /3 anomers of S-13 with p-D-gluco- 
sidase resulted in a complete splitting into D-glucose and the parent N-acylamino acid 
within l-2 h; the tc anomers of S-10 were not affected by the enzyme. 

Debenzylation of the a anomers of the tert-butyloxycarbonyl derivatives 4 and 5 
gave products which underwent 1 +2 acyl migration during the isolation procedure. 
The sequence of the reactions was studied in detail with 5~. The n.m.r. spectrum (D,O) 
of the crude hydrogenolysis product of 5a contained a doublet (Jr,, 3 Hz) for H-l at 
r 3.90; during several days, the intensity of this signal decreased substantially as a 
multiplet appeared at z 4.54-4.78 attributable to HO-l. Acetylation of the crude, 
hydrogenolysis product afforded the CL anomer of 2.3,4,6-tetra-O-acetyl-l-O-(tert- 
butyloxycarbonyl-L-alanyl)-D-glucopyranose (18); comparison of the n.m.r. spectrum 
with that of authentic 18 (highly enriched in the CL anomer) con&rmed the structure 
proposed (Table IQ Thus, l-O-(rert-butyloxycarbonyl-L-alanyl)-a-~-glucopyranose 
(12~~) is the initial product of debenzylation of 5~. The rearrangement of 12a occurred 
rapidly in aqueous solutions containing silica gel to give 2-O-(tert-butyloxycarbonyl- 
L-alanyl)-D-glucopyranose (21). Acetylation of 21 yielded 1,3,4,6-tetra-0-acetyl-2-0- 
(tert-butyloxycarbonyl-L-alanyl)-D-g’lucopyranose as an anomeric mixture 22 and 23; 
the n.m.r. spectrum of the product is given in Table II. For comparison, the authentic 
anomers were synthesized separately by the imidazole-promoted DCC condensation 
of 1,3,4,6-tetra-O-acetyl-a- and -/3-D-glucopyranose with tert-butyloxycarbony’-L-ala- 
nine (Table II). 

The ease with which the a anomers of tert-butyloxycarbonyl derivatives 11 and 
12 underwent acyl migration contrasts with the stabrlity of the 1-O-acetamidoacyl-a- 
D-glucopyranoses S-10. Presuming that the rearrangement of the former compounds 
proceeds uia a cychc o&o-ester intermediate, the above results suggest that the tert- 

butyloxycarbonyl group confers a higher positive charge on the ester carbonyl carbon 
than does the acetyl group, thereby facilitating nucleophilic attack by the adjacent 
hydroxyl group. The difference between the acyl and alkoxycarbonyl residues as 
blocking agents of the amino function was studied by DetermanngS” who found, on 
the basis of i.r. and n.m.r. data, that the nitrogen atom in urethane-type protecting 
groups retains its basic character in contrast to that of normal amides. The fact that 
acetylation of the rearrangement product 21 gave an anomeric mixture of the cor- 
responding ten-a-acetyl derivative (compounds 22 and 23) suggests that acyl migration 
is followed by anomerization of the initial form (presumably /3) of 21 released. 

cor studies of simultaneous deprotection of the amino and hydroxyl functions, .& 
we initially examined the more-stable class of sugar-amino acid B-esters. Kochetkov 
and his collaborators5 prepared a number of 6-0-aminoacyl-~-glucoses as neutral 
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oxalate salts from D-glucose and the appropriate N-benzyloxycarbonylamino acid by a 
DCC condensation followed by catalytic hydrogenation in the presence of oxalic acid. 
In order to exclude the effect of the glycosidic hydroxyl group, we used methyl 2,3,4- 
tri-O-benzvl-6-O-(N-benzyloxycarbonylglycyl)-B_D-glucopyr~oside (24) as a model 
for the hydrogenolysis studies. Compound 24 was prepared by the imidazole-promoted 
DCC and the AAE methods by reacting methyl 2,3,4-tri-O-beuzyl-j?-D-glucopyra- 
noside’ ’ with N-benzyloxycarbonylglycine and its pentachlorophenyl ester, respec- 
tively; the high yields of 24 indicate the general applicability of these methods for the 
synthesis of sugar-amino acid esters. 

Hydrogenolysis of 24 in the presence of oxalic acid proceeded very slowly. 
However, when the reaction was performed in the presence of one equivalent of M 

hydrochloric acid, methyl 6-O-glycyl+D-glucopyranoside (25) was readily obtained 
as the crystalline hydrochloride; its structure was coniirmed by conversion into methyl 
2,3,4-tri-O-acetyl-6-0-(acetylglycyl)-~-D-glucopyranoside (26). In order to investigate 
the stability of the 6-ester bond, solutions of 25 (1OmM) in water (pH 5.25) and 0.1~ 
hydrochloric acid (pH 1.25) were kept at room temperature and 38”, respectively, for 
6 days; the amount of glycine released did not exceed 5% in water and 10% in 0.1~ 
hydrochloric acid. 

Simultaneous deprotection in the glucose-ammo acid l-ester class was studied 
with the p anomer of 2,3,4,6-tetra-0-benzyl-1-0-[1-benzyl N-(benzyloxycarbonyl)-r_- 
aspart-4-oyl]-D-glucopyrdnose (7). This compound was chosen as model substance 
because of its aglycon structure; it is to be expected that the presence of a free car- 
boxylic group, as well as the remoteness of the amino group from the ester bond, will 
add to the stability of the glucosidic ester linkage. Crystalline 78 was obtained by the 
AAE method from 2,3,4,6-tetra-0-benzyl-a-D-glucopyranose and 1-benzyl 4-penta- 
chlorophenyl N-benzyloxycarbonyl-L-aspartate, followed by separation of the ano- 
merit products_ Hydrogenolysis of 76 was carried out over palladium-on-charcoal in 
acetic acid-2-methoxyethanol to give crystallme l-0-(IL-B-aspartyl)-/_i-~glucopyra- 
nose (27). The i.r. spectrum of 27 showed hydroxyl absorption at 3500 cm-l, as well 
as absorptions at 1640 and 1500 cm- ’ characteristic of CI amino acids possessing 
dipolar, ionic structures; the n.m.r. spectrum revealed a one-proton doublet at 
z 4.40 (J 7 Hz) indicative of the /?-D-configuration. Attempts to acetylate 27 in the 
standard manner with pyridme-acetic anhydride gave a complex mixture of products 
(t.1.c.). However, treatment of an aqueous solution of 27 with 2% acetic anhydride in 
acetone12 resulted in selective acetylation of the amino group to give l-O-(N-acetyl- 
r_-j?-aspartyl)-j?-D-glucopyranose (28). 

Incubation of 27 with &D-ghrcosidase resulted in quantitative liberation of 
aspartic acid, whereas in the absence of enzyme - 10% of the compound was hydro- 
lysed. At room temperature, an aqueous solution of 27 is remarkably stable, but the 
compound is more labile at lower pH values (Frg. 1). This finding agrees with that of 
Yosh&uu-a et al.’ 3 for the relative stability of 2-acetamido-6-0-(L-a-aspartyl)-2- 
deoxy-D-ghlcose; these authors ascribed the increase in hydrolytic rate in acidic media 
to the fact that, in lower pH regions, the proton-attractive effect of the carboxylate 
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anion diminishes the electrostatic repulsion of the protonated amino group. With an 
increase in temperature to 38”, the cleavage of the gIucosidic ester bond in 27 is 
rapidly accelerated in both media; the effect of the temperature on the hydrolytic rate 
of 27 is even more apparent when compared with the glycyl 6-ester 25 which is 
hydrolysed at a nearly identical rate at both temperatures. 

I 
0 1 2 3 4 5 6 

Time (days) 

Ftg. 1. The rate of cleavage of 1Omhr solutions of I-0-(r&aspartyl)-/b-D-glucopyranose (27) in water 
(pH 3.12) and o.lh¶ hydrochlorx acid (pH 1.20) as a function of temperature; 0 and 0 = water; 
A and A = o.lhf hydrochlonc acid; r.t. = room temperature. 

EXPERIMENTAL. 

General _ - Melting points are uncorrected. Evaporations were performed in a 
rotary evaporator in zmuo at bath temperature below 40”, if not stated otherwise. 
Column chromatography was performed on silica gel (Merck, 0 05-O 2 mm); carbon- 
Celite (Charcoal activated, BDH; Kieselguhr, BDH), prepared as a 2:l (w/w) mixture; 
or cellulose powder (Whatman, standard grade), packed as a slurry by using a 
plunger. Solvent systems: A benzene-ethyl acetate (proportions are given in the text); 
B 15~49 chloroform-methanol-acetic acid; C 5:4:1 methanol-ethyl acetate-water; 
D 5:l:l ether-acetone-light petroleum; E 5:3:1 propan-2-ol-light petroleum-water; 
F 5:2: 1 chloroform-acetone-methanol. T.1.c. was performed on Kieselgel G (Merck), 
followed by detection with 10% sulphuric acid and heating, with ninhydrin reagent, 
or with chlorine-starch-iodide reagent for acylated amino acids. Optical rotations 
were determined for 1% solutions in chloroform unless otherwise stated. 1-r. spectra 
were determinated on a Perkin-Elmer Model 137 spectrometer. N.m.r. spectra were 
recorded on solutions in chloroform-d, unless otherwise stated, with tetramethylsilane 
as internal standard, using a Varian A-60A spectrometer. 

I-Benzyl Ppentachlorophenyl benzyioxycarbonyl-L-aspartate was prepared by 
the method of Fujino and Hatanake14. 5-Benzyl I-pentachlorophenyl tert-butyloxy- 
carbonyl-L-glutamate was synthesized (yield 72%) by the DCC method from equi- 
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molar amounts of Sbenzyl tert-butyloxycarbonyl-I;-glutamic acid’ 5 and pentachloro- 

phenol in dichloromethane; after two recrystallisations from ethanol, the product had 
m.p. 133-135”, [aID- 14.9”. 

Anal. Calc. for Cz3H&15N06: C, 47.16; H, 3.79; N, 2.39. Found: C, 46.90; 
H, 3.60; N, 2.23. 

Incubations with /?-D-glucosidase (from sweet-almond meal, BDH) were per- 

formed in citric acid-sodium citrate buffer (5Om~, pH 4.5) at 38” for 1 and 2 h. The 
amount of IV-acylamino or amino acid liberated was estimated by co-chromatography 
with authentic samples. 

Determination of ester bond-stability in compounds 25 and 27 was performed 
with lOmM solutions in a thermostat at 38” or at room temperature; aliquots were 
taken at intervals, and the amino acid liberated was determined as described above. 

I-O-(AcelyZgZycy~)-Z,3,4,6-tetra-O-benzyZ-D-gIz~copyranose (l).-To 2,3,4,6-tetra- 
U-benzyl-a-D-glucopyranose (I -640 g) in dichloromethane (5 ml), solutions of N-ace- 
tylglycine (351 mg) in IV,%dimethyiformamide (8 ml), imidazole (408 mg) in dichlo- 
romethane (2 ml), and DCC (618 mg) in dichloromethane (5 ml) were added at 0”; 
after 2 h, more N-acetyIgIycine (35 mg) was added, and the mixture was kept overnight 
at room temperature. N,N’-Dicyclohexylurea was filtered off, the filtrate was evapo- 
rated (traces of IV&dimethylformamide were removed at 0.1 Torr), and the residue 
was extracted with chloroform; the extracts were washed with water, 1.5% sulphuric 
acid, water, aqueous sodium hydrogen carbonate, and water. After drying (sodium 
sulphate) and evaporation, the residue was eluted from a column of silica gel with 
solvent A (2:l); crystalhsation of the chromatographically homogeneous, anomeric 
mixture (1.257 g, 65.5%) from dry ether-acetone (2:l) afforded the /3 anomer of 1 
(851 mg), m.p. 136-138”, [o(]n 0”, [oi]n+S.S“ (ethyl acetate). N-m-r. data: T 4.12 

(broad, 1 proton, removed by D20 exchange, NH), 4.38 (l-proton doublet, J1,2 

7 Hz, H-l), 8.02 (3-proton singlet, NAc). 
Anal. Calc. for C3sH4rNOs: C, 71.34; H, 6.46; N, 2.18. Found: C, 71.52; H, 

6.33; N, 2.25. 
The mother liquor was evaporated to dryness, and the residue was submitted to 

chromatography on carbon-Cehte and sdica gel (solvent A, 2:1) to give the CY anomer 
of 1 as a colourless syrup, [aID+ 56-O”, [aID+ 66.5” (ethyl acetate). N.m.r. data: z 3.65 
(l-proton doublet, J1 ,2 3 Hz, H-l), 3.85 (broad, 1 proton, removed by D20 exchange, 
NH), 8.02 (3-proton singlet, NAc). 

Anal. Found: C, 71.61; H, 6.25; N, 2.31. 
2,3,4,6-Terra-O-benz>&l-0-[Sbenzyl N-(tert-butyZo_xycarbonyl)-L-ghfanz-l-oyl]- 

D-ghcopyranose (6)_ - 2,3,4,6-Tetra-O-benzyl-a-D-glucopyranose (540 mg), Sbenxyl 
1-pentachlorophenyl tert-butyloxycarbonyl-L-glutamate (585 mg) and imidazole 
(340 mg) were dissolved in dichloromethane (20 ml) at room temperature with shaking. 

After 2 h, an additional amount of the amino acid component (59 mg) was added to 
the mixture. After a further 3 h, the pentachlorophenol was Mtered cff, and the titrate 
was treated as described for 1 except that 10% citric acid was used in place of sulphuric 
acid. The residue was eluted from a silica gel column with solvent A (1O:l); crystallisa- 
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tion of the chromatographically homogenous, anomeric mixture (742 mg, 86.5%) 
from ether-light petroleum afforded the /? anomer of 6 (290 mg), m.p. 75-76”, 
[~&-,+3.8~. N.m.r. data: 7 4.33 (l-proton doublet, .J,,, 7 Hz, H-l), 8.59 (g-proton 
singlet, Me&). 

Anal. Calc. for CS1HS7NOll: C, 71.22; H, 6.68; N, 1.63. Found: C, 71.29; H, 
6.61; N, 1.55. 

The mother liquor was evaporated and the residue was chromatographed over 

carbon-Celite and silica gel in solvent A (10:1) to give the CI anomer of 6 as a syrup, 
[a],+53.8”. N.m.r. data: 7 3.58 (l-proton doublet, J1,Z 3 Hz, H-l), 8.59 (9-proton 
singlet, rMe,C). 

Anal. Found: C, 71.26; H, 6.88; N, 1.75. 
2,3,4,6-Terra-0-benzyl-I-0-[I-benzyl N-(benzyloxycarbonyl)~L-aspart-4-oy&D- 

glucopyranose (7). - The condensation of 2,3,4,6-tetra-O-benzyl-a-D-glucopyranose 
(810 mg) and 1-benzyl Ltpentachlorophenyl benzyloxycarbonyl+aspartate (909+ 
91 mg) was performed in the presence of imidazole (510 mg) as described for 6. After 
working up, the residue was chromatographed over silica gel in solvent A (1O:l) to 
give chromatographically homogeneous 7 (958 mg, 72%). Recaystallisation from 
ethanol afforded the /? anomer of 7 (427 mg), m-p. 114-l 15”, [a],-t7.5°. N.m.r. data: 
7 4.18 (l-proton doublet, J 8.5 Hz, removed by DzO exchange, NH), 4.40 (l-proton 
doublet, .ll,* 7 Hz, H-l). 

Anal. Calc. for C53H53N011: C, 72.34; H, 6.07; N, 1.59. Found: C, 72.23; H, 
6.15; N, 1.54. 

The mother liquor was evaporated, and the residual oil was rechromatographed 
three times over silica gel in solvent A (1O:l) to give the a anomer of 7 as a syrup, 
[a&,+41.0”. N.m.r. data: 7 3.66 (l-proton doublet, Jl,Z 3 Hz, H-l), 4.10 (l-proton 
doublet, J 8.5 Hz, NH). 

Anal. Found: C, 72.57; H, 6.09; N, 1.80. 
Catalytic debenzylation of I-O-(acyZa~inoacyl)-2,3,4,6-tetra-O-betzzyZ-D-gi~co- 

pyranoses I-6. - (a) Hydrogenation of the a and B anomers of I-O-(2-acetamidoacyl) 
derivatives l-3 (1 mmole) was performed in 2-methoxyethanol(l5 ml) over 10% pal- 

ladium-on-charcoal (200 mg) at room temperature and pressure; the reaction was 
monitored by t.1.c. in solvent B. After completion of the reaction (18-24 h), the 
catalyst was removed by centrifugation and washed with Zmethoxyethanol, and the 
combined supematant and washings were evaporated to dryness (0.1 Torr, bath 30”). 

Tire residue was eiuted from a column (49 x 1.5 cm) of cellulose with solvent C: frac- 
tions (1 ml/O.5 h) were examined by t.1.c. in solvent B and those containing the chro- 
matographically homogenous material were combined and evaporated to dryness. 
The a and /I anomers of 1-O-(2-acetamidoacyl)-D-glucopyranoses S-10 were obtained 
as hygroscopic foams (yields 75-85%); physical constants and analytica data are 
given in Table I. 

Acetylation of the above compounds was performed with pyridine-acetic 
anhydride (5:1) at 0” for 5-10 h; the progress of the reaction was monitored by t.1.c. 
in solvent D. The mixtures were poured on to ice and extracted with chloroform, and 



GLYCOSYL ESTERS OF AhfIN ACIDS 35 

after working up the residues were eluted from silica gel with solvent D to give prod- 
ucts (60-75% yields) identical with authentic samples of 1-0-(2-acetamidoacyl)- 
2,3,4,6-tetra-O-acetyl-a- and -/3-n-glucopyranoses 14-16, as judged by spectroscopic 
data, elemental analyses, and optical rotations. 

(b) Debenzylation of the tert-butyloxycarbonylaminoacyl derivatives 4-6 was 
performed as described above, except that a catalytic amount of acetic acid (0.3 ml/ 
mmole of ester) was added in order to accelerate the uptake of hydrogen. The crude 
hydrogenolysis products, obtained from the B anomers of 4-6 were purified by chro- 
matography on cellulose (solvent E) to give l- O-(2-iert-butyloxycarbonylaminoacyl)- 
/3-D-glucopyranoses 11-13 in 70-80% yields; physical constants and analytical data 
are given in Table I. 

Acetylation of 118-138 was performed as described above; the products were 
eluted from silica gel with solvent A (1:l) to give the crystalline /3 anomers of tetra- 
acetates 17-19. Compounds 178 and IS/? (yields 69 and 64%, respectively) were iden- 
tical with the authentic samples described below. The /i anomer of 2,3,4,6-tetra-O- 
acetyl-l-O-[N-(terf-butyloxycarbonyl)-L-glutam-1-yl]-~-glucopyranose (19) was ob- 
tained in 61% yield; m-p. 143-145” (from ether-light petroleum), [aID 0", [aID- 18.8” 
(methanol). N.m.r. data: t 4.28 (l-proton doublet, J,,, 8 Hz, H-l), 7.98-8.05 (two 
singlets, 12 protons, OAc), 8.62 (g-proton smglet, MesC); in methyl sulphoxide-&: 
t 2.75 (l-proton doublet, J 8 Hz, NH), 3.99 (l-proton doublet, Jr_, 8 Hz, H-l), 
8.05-8.09 (two singlets, 12 protons OAc), 8.68 (g-proton singlet, Me,C). 

.4naZ. Calc. for C,,H,,NO,,: C, 49.91; H, 6.11; N, 2.42. Found: C, 49.88; H, 
5.05; N, 2.49. 

Hydrogenolysis products of the cz anomers of 4 and 5 revealed (t.l.c., solvent B) 
a major spot wi’ih mobility identical to that of 11s and 128, respectively, and a minor, 
slightly faster-moving spot; the intensity of the latter increased during the isolatron 
procedure. A sample (150 mg) of the crude hydrogenolysis product of 5a was acetylated 
with pyridine-acetic anhydride in the usual manner. Elution of the residue from silica 
geI with solvent A (1:l) afforded 1Sa (65 mg, 30%) as a chromatographically homo- 
geneous foam, [alD+70", identical with the authentic compound described below. 

A sample (149 mg) of the crude hydrogenolysis product of 5a was dissolved in 
water (5 ml) and kept with silica gel (500 mg) a room temperature for 20 h: by this t 
time, the initial product had rearranged ahuost completely into the faster-moving 
component. The silica gel was filtered off, the filtrate evaporated to d_ryness, and the 
residue eluted from siJica gel with solvent P to give chromatographically homogeneous 
2-O-(&! t-butyloxycarbonyl-L-alanyl)-D-glucopyranose (21; 120 mg, 8 1%) as an 
amorphous solid which was recrystallised from dry ethanol-dry ether; m.p. W5”, 
[a]D+35.0" (ethanol). N.m.r. data (D,O): r 4.52-4.78 (l-proton multiplet, H-l), 
8.56-8.68 (singlet, 12 protons, Me& and Me-CH). 

Anal. Calc. for C,,H,.&O,: C, 47.86; H, 7.17; N, 3.99. Found: C, 47.72; H, 
7.17; N, 3.89. 

Acetylation of 21(60 mg) gave a mixture of two components which were partly 
resolved by elution from silica gel with solvent A (1:l). Fractions containing only the 
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slower-moving component were combined and evaporated, and the residue (27 mg) 
was recrystallised from ether-light petroleum to give 1,3,4,6-tetra-0-acetyl-2-0- 
(?ert-butyloxycarbonyl-r.-alanyl)-a-~-glucopyranose (22), m.p. 88-90” alone and in 
admixture with the authentic compound described below. 

2,3,4,6-Terra-O-acetyI-I-O-acetyZgIycyI-D-gZucopyranose (14). --This compound 
was prepared’ by the DCC method in the presence of trlethylamine; the mother liquor 
left after crystallisation of the /3 anomer7 was evaporated to dryness, and the residue 
was submitted to chromatography on carbon-Celite and silica gel in solvent D to give 
the EC anomer of 14 as a hygroscopic foam, [a],,+ 110”. N.m.r. data: r 3.62 (l-proton 
doublet, J1 ,2 3 Hz, H-l), 3.92 (broad, 1 proton, removed by DzO exchange, NH), 
7.92, 7.96, and 7.99 (singlets, 15 protons, 3 x OAc and NAc). 

Anal. Calc. for C,,H,,NO,,: C, 48.33; H, 5.63; N, 3.13. Found: C, 48.55; H, 
5.65; N, 3.23. 

2,3,4,6-Tetra-0-acetyZ-~-0-(acetyZ-D-ala) (16). - This com- 
pound was prepared by the DCC method in the presence of two equivalents of imida- 
zole, as described for the L-alanine homologue ‘. Crystallisation of the chromatogra- 
phically homogeneous product (solvent D, yield 54%) from ether-acetone-light 
petroleum afforded the fi anomer of 16, m.p. 149-150”, [I&,+ 15.9”; lit.* m.p. 150- 
151°, [a],,+ 15.0” (chloroform), for the product obtained by the silver salt method. 

The mother liquor was evaporated to dryness, and the residue was eluted from 
carbon-Celite with solvent D to give the a anomer of 16 as a hygroscopic foam, 
[a],+83.5”, [a],+90.0” (methanol). N.m.r. data are given in Table II. 

Anal. Calc. for Ci9H,,N0,z: C, 49.46; H, 5.90; N, 3.04. Found: C, 49.22; H, 
5.95; N, 3.32. 

2,3,4,6-Tetra-O-acefyZ-I-O-(tert-butyZoxycarbo~yZgZycyl)-D-gZ~copyra~zose (17). 
- The condensation was performed with 2,3,4,6-tetra-0-acetyl-D-glucopyranose 
(348 mg) and tert-butyloxycarbonylglycine pentachlorophenyl ester (423 +42 mg) in 
the presence of imidazole (340 mg), as described for compound 6. After working up, 
the residue was eluted from silica gel with solvent A (1:l) to give chromatographicallyjr 
homogeneous 17 (421 mg, 83.5%). Crystallisatlon from isopropyl ether, to which a few 
drops of ethanol were added, afforded the fl anomer of 17 (137 mg), m.p. 146147”, 
[a],+3.8”. N.m.r. data: z 4.18 (l-proton doublet, J1,2 7 Hz, H-l), 7.91, 7.96, and 
8.00 (singiets, 12 protons OAc), 8.55 (g-proton singlet, Me&). 

Anal. CaIc. for C21H3iN013: C, 49.90; H, 6.18; N, 2.77. Found: C, 49.72; H, 
6.33; N, 2.79. 

Evaporation of the mother liquor left a residue which was chromatographed over 
silica gel in solvent A (1:l) to give the a anomer of 17 as a semi-solid foam, [aID +90.0”. 
N.m.r. data: z 3.60 (l-proton doublet, J1,2 3 Hz, H-l), 7.91 and 7.98 (singlets, 12 pro- 
tons OAc), 8.54 (g-proton singlet, Me&). 

Found: C, 50.09; H, 6.10; N, 3.10. 
2,3,4,6- Terra-0-acetyl-I-0-(tert-butyloxycarbony-D -gZucopyranose 

(18). - The reaction was performed with tert-butyloxycarbonyl-L-alar&e pentachloro- 
phenyl ester as the amino acid component, as described for 17, to give the anomeric 
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mixture of 18 in 64% yield. The pure fl anomer of X8 was obtained after repeated 
column chromatography on carbon-Celite with solvent A (1:l); m.p. 110-l 11” (from 
ether-light petroleum), {aID -2.1”. N.m.r. data: ‘c 4.24 (l-proton doublet, J1,2 7 Hz, 
H-l), 7.97-8.01 (two singlets, 12 protons, OAc), 8.48 (singlet, 12 protons, Me& and 
Me-CH); in methyl sulphoxide-d,: ‘t 2.71 (l-proton doublet, J 7 Hz, NH), 3.99 
(doublet, Jr,2 7 Hz, H-l), 8.01-8.07 (singlet, 12 protons, OAc), 8.63 (g-proton singlet, 
Me&), 8.78 (3-proton doublet, J 7 Hz, Me-CH). 

Anal. Calc. for C,,H,,NO,,: C, 50.86; H, 6.40: N, 2.70. Found: C, 51.06; H, 
6.63; N, 2.73. 

Attempts to obtain the pure a anomer of 18 failed; n m.r. data of a fraction, 
[aID+-40”, highly enriched in 1&c, are given in Table II. 

I,3,4,6-Tetra-O-acetyZ-2-O-(acetyZ-D-aZunyZ)-a-D-gZ~co~y~o~o~e (20). -The reac- 
tion was performed with 1,3,4,6-tetra-0-acetyl-a-~glucopyranose, N-acetyl-D-ala 
nine, DCC (2 mmoles each), and imidazole (4 mmoles), as described for 1; after work- 
ing up, the product was eluted from silica gel with solvent D to give the title com- 
pound (507 mg, 50%) as a hygroscopic foam, [~$,+88.5~, [c&t 103’ (methanol). 

N-m-r. data are given in Table II. 
Anal. Calc for C,aH,,NO,$ C, 49.46; H, 5.90; N, 3.04. Found: C, 49.22; H, 

6.07; N, 3.03. 
1,3,4,6-Tetra-O-acetyZ-2-O-(tert-EutyZoxycarbo~zyZ-L-aZa~yl)-a-D-gZz~copyra~ose 

(22). - This compound was prepared as described for 20 by using tert-butyloxycar- 
bonyl+aIanine as the ammo acid component and dichloromethane as the exclusive 
solvent. After working up, the residue was eluted from silica gel with solvent A (l:l), 

and the chromatographically homogeneous product (54% yield) was recrystallised 

from ether-light petroleum to give 22 as white needles, m.p. S-89”, [a&-,+87.5”, 
vKBr 3510s (NH), 1780~s (C=O), 1740 and 1710sh (C=O), 1530s (amide II), 1030s *ax 
(C-O-C). N.m.r. data are given in Table II. 

Anal. Calc. for CP,H,,NO,,: C, 50.86; H, 6.40; N, 2.70. Found: C, 50.97; H, 
6.57; N, 2.99. 

1,3,4,6-Tetra-O-acetyZ-2-O-(tert-br1tyZoxycarbonyZ-~-aZanyZ)-~-D-gZ~icopyranose 

(23). - This compound was prepared, as described for 22, by using 1,3,4,6-tetra-O- 
acetyl-B-D-glucopyranose as the sugar component. Elution of the product from stlica 
gel with solvent A (1:l) afforded chromatographically pure 23 in 45% yield; after two 
recrystallisations from isopropyl ether, the compound had m-p. lOl-103”, [a],-2.8”, 

~2; 3450s (NH), 1755~s (C=O), 172Ovs (GO), 1520s (amide II), 1030sh (C-C-C). 
N.m.r. data are given in Table II. 

Anal. Calc. for Cz,H,,NO,,: C, 50.86; H, 6.40; N, 2.70. Found: C, 50.63; H, 
6.31; N, 2.99. 

MethyZ 2,3,4-tri-O-bemzyZ-6-O-(be~zzyZoxycarbo~yZgZycyZ)-~-D-gZzico~yranoside 

(24). - The compound was prepared by the AAE method from methyl 2,3,4-tri-O- 
benzyl-/.?-D-glucopyranoside , l1 N-benzyloxycarbonylglycine pentachlorophenyl ester, 
and imidazole, as described for 6: after working up, the residue was eluted from silica 
gel with solvent A (3:1) to give a 67% yield of chromatographically homogeneous 24 
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which was recrystallised from ethanol; m.p. 95--97”, [alD+23.0*; ugz 3370m (NH), 
1780s (C=O), 17lOvs and 1570s (amide I and II), 1075~s (C-O-C), 748s and 700~s 
cm-l (phenyl). N.m.r. data: r 2.67-2.72 (multiple& 20 protons, 4 x Ph), 4.87 (2-proton 
singlet, OCO-CH,-Ph), 6.08 (2-proton doublet, J 6 Hz, CH,N), and 6.48 (3-proton 
singlet, OMe). 

Anal. Calc. for C38H40N09: C, 69.71; H, 6.16; N, 2.14. Found: C, 69.44: H, 
6.44; N, 1.86. 

Compound 24 was also prepared in 65% yield by the imidazole-promoted DCC 
condensation, using N-benzyloxycarbonylglycine as the amino acid component_ 

Methyl 6-0-glycyl-/I-D-glucopyranosfde hydrochloride (25). - To a solution of 24 
(1 mmole) in 2-methoxyethanol (I2 ml), M hydrochloric acid (1 ml) and 10% palla- 
dium-on-charcoal (200 mg) were added, and hydrogenation was performed as 
described for the debenzylation of 1-6; the progress of the reaction was monitored by 
t.1.c. in solvent E. The filtered solution was evaporated, and crystallisation of the 
residue from methanol-dry ether afforded 25 (840 mg, 83%), m-p. 160-163” (dec.), 
[a],-20.0° (methanol), [c&- 24.0” (water); ~2; 3470 broad (OH), 1760~s (C=O), 
105Ovs cm-’ (C-O-C). N.m.r. data (D,O): T 5.96 (2-proton singlet, CHIN), 6.43 
(3-proton singlet, OMe). 

Anal. C&c. for C,H,,ClNO,: C, 37.57; H, 6 31; N, 4.87. Found: C, 37.53; H, 
6.30; N, 4.68. 

Acetylation of 25 (150 mg) with pyridine-acetic anhydride was performed as 
described for S-10; after working up, the residue was eluted from silica gel with solvent 
A (1:lO) to give the tetra-acetyl derivative 26 (117 mg, 80.5%) as a solid foam, 
[orlD- 11.3”; ~2: 3480m (NH), 1770~s (C=O), 1670s and 156Om (amide I and II), 
1040~s (C-O-C). N.m.r. data: T 3.67 (broad, 1 proton, NH), 5.92 (2-proton doublet, 
J 6 Hz, CH,N), 6.50 (3-proton singlet, OMe), 7.98-8.01 (two singlets, 12 protons, 
3 x OAc and NAc). 

Anal. Calc. for C1,HzsNO,,: C, 48.69; H, 6.01; N, 3.34. Found: C, 48.93; H, 
6.3 1; N, 3.26. 

I-O-(L-8-Aspartyl)-8-D-gbcopyranose (27). - A solution of the /3 anomer of 7 
(500 mg) in acetic acid-2-methoxyethano1(2:1, 22 ml) was hydrogenated in the pres- 
ence of 10% palladium-on-charcoal (500 mg) for 5 h at atmospheric pressure and 
room temperature; the reaction was monitored by t.1.c. in 1-butanol-acetic acid-water 
(12:3:5). The catalyst was centrifuged off, and the supernatant was evaporated to 
dryness (0.1 Torr, bath 30’). The remaining solid was shaken with dry ether (3 x 5 ml) 
and then dissolved in hot acetic acid (65-70”); on cooling and addition of some drops 
of dry ether, 27 was deposited as white, hygroscopic crystals (101 mg, 60%) with no 
definite melting point, [a],- 3.8” (water), [ala-2.7” (methanol); ~2: 3500 broad 
(OH), 176Ovs (C=O), 1640~s and 1500s (amino acid I and II), 1070~s cm- ’ (C-O-C). 
N.m.r. data (D20): z 4.40 (l-proton doublet, J1,* 7 Hz, H-l). 

Anal. Calc. for CIOH1,NOs: C, 40.68; H, 5.80; N, 4.75. Found: C, 40.52; H, 
6.06; N, 4.55. 

I-O-(N-Ace@-L-fkqx?rfy&8_D-glucopyranose (28). - To a solution of com- 
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pound 27 (295 mg) in water (100 ml), 2% acetic anhydride in acetone (100 ml) was 
added and the solution was left for 24 h at room temperature with occasiona shaking. 
After removal of the solvent (rotary evaporator and then 0.1 Torr, bath 30”), the 
residue was evaporated several times with a small amount of water until free of acetic 
anhydride odour, and dried. The residue thus obtained was a glassy solid which turned 
to a powder on trituration with dry ether; it was dissolved in methanol, and some 
drops of ether were added whereupon the unreacted 27 precipitated. The precipitate 
was centrifuged off, more ether was added to the supematant, and the turbid solution 
was kept overnight at 0”; white, hygroscopic crystals (202 mg, 60%) of 28 were 
deposited. The substance, which was chromatographicahy homogeneous in solvent C, 
showed no definite melting point; [c&+-5.0” (water), [c&,-i- 16.0” (methanol); v:i 
3450 broad (OH and NH), 1740s (C=O), 1640s and 1550s (amide I and II). 1070~s 
cm-’ (C-O-C). N .m.r. data (D,O): ~4.42 (l-proton doublet, Jl,2 7 Hz, H-l), 8.08 
(3-proton singlet, NAc). 

Anal. Calc. for C12H1sNO10: C, 42.73; H, 5.67; N, 4.15; AC, 12.76. Found: 
C, 42.92; H, 5.93; N, 4.18; AC, 12.96. 
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