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ABSTRACT 

The 2,3,4,6-tetra-O-benzyl-l-O-(N-benzyloxycarbonyltripeptidyl)-~-glucopyra- 
noses 1, 8, and 13 were synthesised from 2,3,4,6-tetra-0-benzyyl-a-D-glucopyranose 
and the active esters of the appropriat e N-protected tripeptides (Gly-Gly-Gly-, 
r_-Phe-Gly-Gly-, and Gly-Gly-L-Phe-) in the presence of imidazole; the anomeric 
mixtures were resolved and the a and p anomers characterised. The /3 anomer of 13, 
containing the L and D enantiomers (ratio -3 : 1) of Gly-Gly-Phe- as the aglycon, 
could be resolved by column chromatography into the pure isomeric forms. Cata- 
lytic hydrogenolysis of the /3 anomers, in the presence and absence of a strong acid, 
yielded the free l-esters 2/3, 9fi, and 148, which were characterised as the mono- 
oxalate or trifluoroacetate salts and as free bases. Similarly, the CL anomers afforded 
2a, 9a, and l&, whereas omission of the strong acid led to accompanying 1+2 
acyl migration, to give the 2-O-acyl derivatives. All of the compounds prepared were 
converted into the N-acetyl and/or peracetylated derivatives. The l-esters 28 and 9fi, 
both in the charged and uncharged form, and the trifluoroacetate salt of 148, are 
susceptible to cleavage by /I-D-glucosidase; the enzyme had no effect on the uncharged 
form of 14/I. This difference between 148 and its salt is discussed in conformational 
terms. 

INTRODUCTION 

In a previous paper’, we reported on the synthesis of some 1-O-dipeptidyl-D- 
glucopyranoses and their tendency to undergo intramolecular aminolysis with scission 
of the glycosidic ester bond. The balance between the formation of free D-glucosyl 
ester and the respective piperazinedione derivative depends on the nature and sequence 
of the amino acids, as well as on the nature of substituents and the anomeric con- 
figuration of the sugar component. 

In continuation of our studies, we turned to D-ghJCOpyranOSy1 esters of tri- 
peptides, which, as expected, are resistant to intramolecular cyclisation of the aglycon 

*Glycosyl Esters of Peptides, Part II. For Part I, see ref. 1. 
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group, because of an unhavourable spatial disposition of the amino and the l-ester 
carbonyl groups. We now report on the synthesis and reactions of D-glucopyranosyl 
esters having glycylglycylglycine, L-phenylalanylglycylglycine, and glycylglycyl-~- 
and -D-phenylalanine, respectively, as the aglycon. 

RESUL.l-S AND DISCUSSION 

The reaction of 2,3,4,6-tetra-O-benzyl-a-D-glucopyranose with the pentachloro- 
phenyl esters of N-benzyloxycarbonyl-glycylglycylglycine, -L-phenylalanylglycyl- 
glycine, and glycylglycyl-L-phenylalanine, in the presence of imidazole, gave the 
fully protected l-esters 1, 8, and 13, respectively. The resulting, anomeric mixtures 
were resolved and the CL and jI anomers characterised (Table I). TLC. (solvent A) 
revealed 138 to be a mixture of two components of similar mobility that could be 
separated from one another by repeated column chromatography. They were shown 
(see Table I and the section dealing with carboxypeptidase A) to be the pair of 
diastereoisomers containing the enantiomeric Gly-Gly-L-Phe and Gly-Gly-D-Phe 
aglycon groups. Since the active peptide ester used’ in the synthesis was ~90 % 
optically pure, racemisation of the L-phenylalanyl residue must have occurred during 
the coupling of the peptide portion with the sugar component. It is kn~wn~-~ that 
active esters of N-acylglycyl-L-phenylalanine are readily racemised, and that storage 
of solutions of N-benzyloxycarbonylglycyl-L-phenylalanine pentachlorophenyl ester 
in NJV-dimethylformamide causes - 70 % loss of optical activity during 24 h. 

Complete deprotection of the o! and j3 anomers of 1,8, and 13 was performed 
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by catalytic hydrogenolysis in the presence, and in the absence, of a strong acid. 
Thus, hydrogenolysis of lj? in the presence of an equimolar amount of oxalic acid 
dihydrate afforded l-0-(glycylglycylglycyl)-B-D-glucopyranose (28) mono-oxalate, 
the structure of which was confirmed by analytical and spectral data and by its 
conversion into the iV-acetyl derivative 38. Gel filtration of 2/3 mono-oxalate on a 
column of Sephadex G-10 resulted in separation of oxalic acid to give 28 as the free 
base; the latter compound was also obtained directly from 18 by hydrogenolysis 
in acetic acid-2-methoxyethanol. Compared to the /I-D-glucopyranosyl ester of 
glycylglycine, which could be characterised only in the form of its mono-oxalate 
salt, both 28 and its salt were much more stable in water and in 0. lM HCI; after 4 days, 
the extents of their decomposition into glucose and tripeptide were - 30 and 50 %, 
respectively. By contrast, on dissolution in methanol, 28 underwent rapid, inter- 
molecular transesterification, to give, within 12 h at room temperature, -70 % of 
glucose and the corresponding tripeptide methyl ester; under these conditions, the 
scarcely soluble 28 mono-oxalate remained unchanged. 

Conventional acetylation of 38 yielded a sole product, whose chromatographic 
and spectral data were consistent with the structure 2,3,4,6-tetra-0-acetyl-l-O-(N- 
acetylglycylglycylglycyl)-B-D-glucopyranose (48). However, attempts to purify the 
crude product on silica gel with ethyl acetate-methanol (5 : 1; solvent C) were un- 
successful, because of the transfer of the aglycon group to the alcoholic component 
of the eluent; 2,3,4,6-tetra-O-acetyl-D-ghrcopyranose and IV-acetylglycylglycylglycine 
methyl ester were identified as the principal components in the eluate. A closer 
examination revealed that intermolecular transesterification of 4/? in solvent C 
proceeded at a remarkably higher rate in the presence of silica gel. It should also 
be noted that all attempts to prepare I-0-(N-acetyltripeptidyl)-D-glucopyranose 
tetra-acetates (4, 10, and 16, respectively) by direct condensation of 2,3,4,6-tetra-0- 
acetyl-D-glucopyranose and the appropriate N-acetyltripeptide failed, because of 
decomposition of the crude products on silica gel during chromatography. 

Catalytic hydrogenolysis of lcr, performed in the presence of oxalic acid, gave 
the or-D-glucopyranosyl ester mono-oxalate 2a, which was converted into the N- 
acetyl and tetra-acetate derivatives (3~ and 4a, respectively); the isolation of the 
latter could be achieved without recourse to chromatography on silica gel. When 
deprotection of la was performed in the absence of a strong acid, accompanying 
1+2 acyl migration occurred, to give 2-0-(glycylglycylglycyl)-D-glucopyranose (5, 
71% yield). The p.m.r. spectrum (D,O) of 5 contained a multiplet for H-l (r 4.62- 
4.80) that was 0.85 p.p.m. upheld from the H-l doublet (JI,z 2.5 Hz) of 2a, thus 
indicating that HO-l was unsubstituted. Compound 5 was converted into the N- 
ace@ derivative 6, which was treated with acetic anhydride-pyridine to give the 
peracetylated 2-CJ-acyl derivative 7: the p.m.r. spectrum of 7 was indicative of an 
~2 : 1 mixture of the c1 and j3 anomers. 

By using the reactions described above, l-o-(L-phenylalanylglycylglycyl)-j?-D- 
ghrcopyranose (9/?> was prepared from Sfi and characterised as the mono-oxalate 
and the free base; acetylation of each form yielded 2,3,4,6-tetra-0-acetyl-l-O-(% 
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acetyl-L-phenylalanylglycylglycyl)-~-D-glucopyranose (10s). Catalytic hydrogeno- 
lysis of 8a in the presence of trifluoroacetic acid gave the l-ester trifluoroacetate 
salt 9at, whereas the same treatment in the absence of a strong acid gave 2-O-(L- 
phenylalanylglycylglycyl)-D-glucopyranose (11). Both 9a and 11 were characterised 
as the N-acetyl l- and 2-O-acyl tetra-acetates (10a and 12, respectively). In the 
p.m.r. spectrum (CDCI,) of lOa, the signal assigned to AcO-2 was shifted to higher 
field (r 8.15) relative to the corresponding signal for 10s. Inspection of Dreiding 
models revealed that the phenyl group of the N-terminal L-phenylalanyl residue in 
10a can easily approach the protons of the AcO-2 group of the sugar moiety, whereas 
such shielding is not possible for 10s. 

Definitive evidence that the two components (a and b) of the fully protected 
/?-D-glucopyranosyl ester 13 contained peptidic aglycons of opposite enantiomeric 
configuration was provided by subjecting each of them to catalytic hydrogenolysis, 
followed by incubation of the residue with carboxypeptidase A, which attacks the 
end of a peptide chain producing the C-terminal amino acid and a smaller peptide. 
Thus, monitoring of the reaction mixture by t.1.c. (solvent D) revealed that > 80 % 
of the aglycon of the free C-l ester derived from 13/?a was split into phenylalanine 
and glycylglycine (ratio 1: 1) within 12 h, whereas that for 13jb remained unchanged, 
even after 24 h; in both cases (buffer pH 7.5), hydrolysis of the glycosidic ester bond 
was complete within 6 h. Catalytic hydrogenolysis of 13a (which moved as a single 
spot in all of the chromatography systems tried), followed by incubation of the 
residue with carboxypeptidase A, yielded phenylalanine, glycylglycine, and glycyl- 
glycylphenylalanine in -3 :3 : 1 ratios, thus indicating that the aglycon contained 
the L- and D-enantiomeric tripeptide in an -3 : 1 ratio. 

Catalytic hydrogenolysis of 13fla was performed on a larger scale in the 
presence and absence of trifluoroacetic acid. The structure of l-O-(glycylglycyl-L- 
phenylalanyl)-/3-D-glucopyranose (148) trifluoroacetate was easily determined, inter 
alia, from its p.m.r. spectrum (D,O; H-l: t 4.37, Jr,, 7 Hz) and that of the N-acetyl- 
ated tetra-acetate 16/I (CDCl,; H-l: r 4.30, J1,2 7 Hz); in the spectrum of 148, with 
the tripeptide chain uncharged, the signal due to H-l could not be assigned, as it 
occurred further upfield in the region (7 5-6) obscured by the large HDO peak. 
Treatment of the latter compound with acetic anhydride in aqueous acetone gave the 
corresponding iV-acetyl derivative IS/?, in whose p-m-r. spectrum (DtO) the anomeric 
proton resonated at r 4.46 ( J1,z 7 Hz); furthermore, conventional acetylation of 
15s yielded 168 as the sole product. 

It is well-established that protons situated above or below an aromatic ring 
are subject to shielding effects in n.m.r. spectroscopy5. The difference in the spectra 
for the uncharged and charged molecule of 148 may be rationalised in these terms. 
Thus, if the terminal amino group in 148 is not protonated, the preferred conforma- 
tion of the tripeptidyl chain could be that in which the aromatic ring of the phenyl- 
alanyl residue is turned perpendicularly toward the anomeric proton of the sugar 
moiety. In such a case, restriction of flexibility in the peptide chain might also cause 
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addition of anhydrous ether to a solution of the product in 2-methoxyethanol precipi- 
tated l-o-(N-acetylglycylglycyl-L-phenylaianyl)-B_ose (15s) as a hygro- 
scopic solid (35 mg, 64x), [u-Jr, -5.8” (water). P-m-r. data Q&O): r 2.70 (ph), 
4.46 (d, .71,2 7 Hz, H-l), and 7.99 (NAc). 

Anal. Calc. for C21H29N3010 - H,O: C, 50.29; H, 6.23; N, 8.37. Found: C, 
50.34; H, 6.55; N, 8.47. 

Conventional acetylation of 15s (21 mg) yielded a chromatographically homo- 
geneous product (22 mg, 78 %), indistinguishable (t.l.c., analytical, and spectral data) 
from 168 described above. 

I-0-(GIycyIgZycyIphenylalanyl)-a-D-ghrcopyranose trifluoroacetate (14a). - 
Deprotection of 131x (110 mg), as described for 9a, gave hygroscopic 14a (39 mg, 
61x), m-p. 95-100” (dec.), [a]n f43.5” (c 1.6, water); ~2: 3320 (vs, broad; OH, 
NH), 1745 (C=O), 1670 and 1540 (Amide I and II), and 720 cm-’ (CF,CO;). 

Anal. Calc. for Cr9H,,N,09 * CF,CO,H: C, 45.41; H, 5.08; N, 7.56. Found: 
C, 45.64; H, 5.40; N, 7.84. 

N-Acetylation of the above salt (100 mg) afforded, after addition of anhydrous 
ether to a solution of the residue in methanol, amorphous l-O-(N-acetylglycylglycyl- 
phenylalanyl)-a-D-ghicopyranose (15a; 80 mg, 91%). [a&, +38” (water). P.m.r. 
data (D,O): r 2.66 (Ph), 3.83 (d?, J1,z 1.5 Hz, H-l), and 7.92 (NAG). 

Anal. Calc. for C,,H,SNsO,O - H,O: C, 50.29; H, 6.23; N, 8.37. Found: 
C, 50.53; H, 6.29; N, 8.20. 

Conventional acetylation of l5a (44 mg) afforded, on addition of anhydrous 
ether to a solution of the residue in chloroform, amorphous 2,3,4,6-tetra-0-acetyl-l- 
O-(N-acetylglycylglycylphenylalanyl)-a-D-~ucopyranose (16a; 49 mg, 83 %), [aID 
+59’. P.m.r. data (after D,O exchange): r 2.75 eh), 3.70 (d, J1,2 3 Hz, H-l j, 6.82 
(d, J 6 Hz, PhCN, of phenylalanine), 7.91, 7.97, 7.99, and 8.02 (4 OAc + NAc). 

Anal. Calc. for C29H37N3014: C, 53.45; H, 5.72; N, 6.44. Found: C, 53.17; 
H, 5.85; N, 6.38. 

2-O-(GZycyZgiycyZphenyZaZanyZ)-D-glucopyranose (17). - Hydrogenolysis of 
1% (100 mg), performed in the absence of a strong acid, gave hygroscopic 17 (38 mg, 
81x), m-p. 136-140° (dec.), [a&, +35.4” (c 1.5, water). P.m.r. data (D,O): z 2.66 
(Ph) and 4.60-4.82 (m, H-l). 

Anal. Calc. for &H2,Na09: C, 51.69; H, 6.17; N, 9.52. Found: C, 51.46; 
H, 6.11; N, 9.67. 

Conventional acetylation of 17 (30 mg), followed by addition of anhydrous 
ether to a solution of the product in chloroform, yielded 1,3,4,6-tetra-O-acetyl-2-0- 
(~-acetylglycylglycylphenylalanyl)-D-glucopyranose (18; 20 mg, 50 %) as a cream, 
hygroscopic mass, [a],, +33 O. p.m.r. data (after D,O exchange): o 2.76 (Ph); 
3.70 (d, JI,2 3 Hz) -I- 4.24 (d, J1,2 7 Hz), H-l; 7.81 (-0.5 x 3 H, AcO-lax) + 7.92 
and 7.99 (- 13.5 H), 4 OAc + NAc. - 

Anal. Calc. for C29H37N3014: C, 53.45; H, 5.72; N, 6.44. Found: C, 53.52; 
H, 6.00; N, 6.45. 

Enzymic hydrolyses. - (a) With carboxypeptidase A. Samples (15 mg each) 
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of the L- and D-phenyIaIanyI-containing components (a and b) of 138, as well as 
13cr and fl, were catalytically hydrogenolysed in acetic acid-2-methoxyethanol (2 : 1). 
The residues [t_I_c. of deprotected products (solvent D): RF 0.25 (from a) and 0.20 
(from b)], obtained after removal of the catalyst and solvent, were made 0.01~ in 
Tris-HCl buffer (O.~M, pH 7.5), and the solutions were incubated in parallel with 

carboxypeptidase A (EGA, from bovine pancreas, crystalline suspension in water) 
at 25” together with glycylglycyl-L-phenylalanine as the standard substrate. After 
3, 6, and 24 h, aliquots were subjected to t.1.c. with the standard tripeptide, glycyl- 
glycine, and phenylalanine. After development (solvent D), the amino acid and 
peptides were located by staining with ninhydrin. 

(b) With /3-D-gZucosr&re. A 5mM solution (OS ml) of each I-U-tripeptidyl-fl- 
o-glucopyranose compound (in the form of the salt and as the free base) in 0.05~ 
citrate buffer (pH 5.25) was incubated with a solution (2 mg/ml, 0.2 ml) of D-D- 
glucosidase (Sigma, from sweet almonds) at 37“, together with Cmethylumbelliferyl 
B-D-glucopyranoside as the standard substrate. Blank solutions contained the same 
concentration of the substrate, but no enzyme. After 3, 6, 12, and 24 h, aliquots were 
subjected to t.1.c. (solvent 0) 
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