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ABSTRACT 

The reaction of HO-protected and -unprotected D-glucopyranosyl esters of 

N-acylamino acids (Gly, Ala, Phe) with glycine and phenylalanine methyl esters in 
N,ZV-dimethylformamide at 38” and dichloromethane at 40”, respectively, led to 
rupture of the C-l ester bond and formation of the corresponding N-acyldipeptide 
methyl ester. The relative reactivity of the C-l ester bond toward aminolysis was 
greatly influenced by the structure of the amino acid nucleophile, the nature of the 
aglycon side-chain group, and the anomeric configuration of the D-glucopyranosyl 

ester involved. Evidence for a substantially lower acylating efficiency of the ester 
at C-2, as compared to that at C-l, was obtained by aminolysis of two fully acetylated 
2-0-(acylaminoacyl)-j?-D-glucopyranoses. Treatment of l-O-(glycyIglycylglycyl)-D-D- 
glucopyranose with phenylalanine methyl ester in N,N-dimethylformamide led to 

parallel hydrolysis and intermolecular aminolysis, to give the tripeptide and tetra- 

peptide methyl ester. 

INTRODUCTION 

We have reported’ on the tendency of some 1-O-dipeptidyl-o-glucopyranoses 
to undergo intramolecular aminolysis with cleavage of the C-l ester bond and 
formation of the corresponding piperazine--, 3 5-dione derivatives. D-Glucopyranosyl 

esters of tripeptides are resistant to this reaction, because of an unfavourable spatial 
disposition of the terminal amino and the l-ester carbonyl groups’. D-Glucopyranosyl 
esters of amino acids, although readily hydrolysed, may also undergo intra- and 
inter-molecular transesterification through nucleophilic attack at the glycosyl ester 

carbonyl group3 V4. Since the reactions mentioned point to enhanced electrophilic 
properties of the l-ester carbonyl carbon, it seemed of interest to examine the sus- 
ceptibility of these compounds toward amino acids as the nucleophile. We now report 

on the aminolytic reactivities of HO-protected and -unprotected D-glucopyranosyl 

esters of N-acylamino acids under various conditions. 

*Glycosyl Esters of Amino Acids: Part XIV. For Part XIII, see ref. 23. 
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RESULTS .&SD DISCUSSION 

The susceptibility of gIycosy1 esters of amino acids to nucieophilic attack by 

the amino group of a second amino acid was first examined (Scheme 1) with 2,3,4,6- 
tetra-U-benzyl-l-O-(~V-reri-butoxycarbonyl-glycyI- and -r_-phenyldanyi)p-D-gluco- 
pyranose’ (1 and 3) as model substrates and the methyl ester of glycine as nucleophile. 
The aminolysis, performed with 3 molar equivalents of glycine methyl ester in N,N- 
dimethylformamide at 35 ‘, proceeded (t.1.c. monitoring) slowly and without competing 
hydrolysis. After 4 days, the mixtures contained onIy unreacted starting-material, 

2,3,4,6-tetra-O-benzyl-D-glucopyranose, and the corresponding N-rert-butoxycarbo- 
nyl(Boc)-dipeptide methyl ester. Under the same conditions, the HO-unprotected 

l-esters 26 and 4’ underwent a partial (- 100/,) hydrolysis of the C-l ester bond, to 
yield D-glucose and the Boc-dipeptide methyl ester, together with a small proportion 

of Boc-glycine and Boc-phenylalanine, respectively_ The reaction mixtures were 
fractionated by column chromatography, and the products isolated and characterised. 

A comparison of the yields (Scheme 1) of the dipeptide derivatives implies that the 

nature of the aglycon amino acid affects the extent to which peptide formation occurs: 

the l-esters 1 and 2, involving Boc-glycine as the acid component, were more suscept- 

ible to the nucleophilic reagent than 3 and 4, which contain Boc-phenylalanine. 
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Solvents are potent catalysts for aminolysis, and active aryl esters of ammo 
acids couple with an amino component very much faster in dipolar aprotic solvents 

(e.g., N,N-dimethylformamide) than in solvents having low dielectric constants 
(e-g_, dichloromethane) ‘_ In order to avoid polar effects of the solvent, further 
experiments were performed with dichloromethane. As expected, aminolysis of 
D-glucopyranosyl esters in this solvent proceeded at a much lower rate; however, 
the reaction could be promoted when performed at Feflux temperature (40”). Under 
these conditions, all of the l-esters investigated were completely resistant to hydrolysis. 
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Thus, treatment of 2,3,4,6-tetra-o-benzyyl- and 2,3,4,6-tetra-O-acetyl-I-O-(N-benzyl- 
oxycarbonyiglycyl)~P-D-g1ucopyranose (Sfi9 and 68) with 3 equivalents of D,L- 

phenylalanine methy ester in dichloromethane at 40” for 4 days afforded N-benzyl- 
oxycarbonyl(Z)-glycyl-D,L-phenylalanine methyl ester in yields of 49 and 50 ;;, 
respectively. Since no appreciable differences in reactivity were found between the 
0-benzylated and 0-acetylated l-esters bearin g the same aglycon, the more accessible 
members of the latter series were examined. 

2 
H, O-C-R 

ox 
0 
Ii 

E-C- x 

O-C-R 
0 
I: 

R-C- 

5 z-c1y CH2??l 

6 Z-Gly fit 

7 Z-?!?e AC 

6 AC-Phe AC 

9 SCC-Ala i.C 

10 3oc-D-.~la AC 

11 Z-Ala AC 

12 Z-D-Ala AC 

13 AC-Ala AC 

14 AC-D-Ala AC 

17 H-Gly-Gly-Gly H 

15 Z-GlY 

16 aoc-Ale 

Boc = Me3COC0 

Z = PhCE20C0 

Table I summarises the results obtained with the fully acetylated D-gluco- 

pyranosyl esters of N-protected-gIycine (6), -phenylalanine (7, S), and -alanine 
(9-14) as the acylating agents and the methyl esters of slycine and D,L-phenylalanine 
as the coupling amines. From the data presented, it can be concluded that the relative 
reactivities of the l-esters investigated were higbiy dependent upon the structure of 
the amino acid nucleophile. Under the conditions studied, glycine methyl ester was 
markedIy more effective than an equal concentration of D,L-phenylalanine methyl 
ester (Expts. 1 and 2; 4 and 6). On the other hand, the different reactivities of B-D- 

glucopyranosyl esters of Z-glycine, Z-L-phenylalanine, and Z-r_-alanine (68, 78, and 
118”) toward dycine methyl ester (Expts. 1, 4, and 11) and D,L-phenyidanine 
methyl ester (Expts. 2 and 6), respectively, point to the influence of the side chain 
of the aglycon amino acid upon the acylatin g ability (i.e., relative electrophilicity) 
of the gIycosy1 carbonyl carbon. In general, these results accord with those acquired 
from kinetic studiess.“-‘3 on the coupling rates and relative activity cf amino acid 
active-esters having different side-chains. However, complete failure of the fully 
acetyIated l-esters of N-benzyloxycarbonyl- and PI-acetyl-L-phenylalanine (78 and 
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T_4BLE I 

ANISOL~SIS OF FULLY XCEIYLATED D-GLUCOPYRXSOSYL ESTERS OF N-PROTECTED AMIXO ACIDS WI-H 

AXlSC'XCiD METHYL ESTERSIN DICHLOROW3HASE" 

- 

Ekpr. D-Glucos_d ester Nucleoplde Dipeptide methyl ester isolated 
____~~_.-_---- __--__ 
1VO. AIromrr AgIwo~z Chemical Chemical Yieldb 

group strucflrre strtw2mre (?!J 
_- -. 

1 6 
1 6 
3 6 
-? 7 ; 
5 7 
6 7 i; 
7 8” P 
s 8 P 
9 9e 

IO 10 11 11” ! 
12 12” c: 
13 13’ e 
1-l 14c B 

Z-GIy 
Z-G& 
Z-Gly 
Z-Phe 
Z-Phe 
Z-Phe 
Ac-Phe 
Ac-Phe 
Boc-Ala 
Boc-o-Ala 
Z-Ala- 
z-~-Ala 
AC-_4la 
AC-D-Ala 

H-Gly-OMe 
H-D,L-Phe-OMe 
H-D,r-Phe-OMe 
H-Gly-OMe 
H-Gly-OMe 
H-D,L-Phe-OMe 
H-Gly-OMe 
H-D,r-Phe-OMe 
H-Gly-OMe 
H-Gly-OMe 
H-Gly-OMe 
H-Gly-OMe 
H-Gly-OMe 
H-Gly-OMe 

Z-Gly-Gly-OMe 
Z-Gly-D,r-Phe-Oldie 
Z-Gly-D,L-Phe-0;Me 
Z-Phe-GIy-OMe 
Z-Phe-Gly-OMe 
No reaction 
Ac-Phe-Gly-OXqe 
No reaction 
Boc-AIa-Gly-OMe 
Boc-D-Ala-Gly-OMe 
Z-Ala-Gly-OMe 
Z-D-Ala-Gly-OMe 
Ac-Ala-Gly-OMe 
Ac-D-Ala-Gly-OMe 

57c 
50 
28 
51 

8 
- 

82 
- 
mf 
75, 
15 
33 
93 
48 

_-____I---- ___.~__I 
---- 

“Ali reactions were performed with N 3 .: 10-Q giucosyl ester and 3 equiv. of nucleophile at the 
refb.. temperature of the solvent for 4 days, if not stated otherwise. “Yields refer to the pure dipeptide 
derkative isolated after chromatography, and are calculated on the D-ghCOSy1 ester used. CLsoiated 
after 7 days of refius. dLit.lO. ‘L- It.d_ Qsoiated after 16 h of reflu. 

SfiLo) to react with D,L-phenylalanine methyl ester (Expts. 6 and 8) cannot be ex- 

plained only by eIectronic effects and should, at least in part, be ascribed to steric 
factors connected with the bulky phenyl groups. The striking difference in reactivity 

between @-D-l-esters of Boc- and Z-protected r_-alanine (g/i6 and 11/i; Expts. 9 and 
11) appears to be a consequence of steric hindrance, because electronic effects of 

the two N-protecting groups on amino acid coupling-rates were found8S1i to be very 
similar and not significant_ Differences in aminolytic reactivity observed between two 

glycosyl esters bearing the same aglycon, but of opposite configuration (95 and lo/?; 
11/J and 12s “; 13b6 and 146 6; Expts. g--14), should also involve steric factors. 

The present data, however, are not sufficient to allow any conelusion on this phenome- 

non. 
The results obtained with the a and j? anomers of the fully acetylated l-esters 

of Z-glycine and Z-L-phenylalanine (6 and 7; Expts. 2 and 3; 4 and 5) provide evidence 

for the influence of anomeric configuration upon the relative ease of peptide bond 

formation_ The higher aminolytic activity of the 12 anomers may be explained by a 
greater negative charge of the glucosidic oxygen atom, thus suggesring more extensive 
protonation on the equatorial O-1 in the bond-breaking step’. 

The finding that the optical rotations of isolated dipeptide derivatives were 

identical, or very close, to those of the optically pure, authentic specimens indicates 
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that aminolysis occurred without epimerisation of the aglycon chiral center. The 
tendency of amino acid derivatives protected by urethane-type (Boc, 2) protecting- 
groups to racemise is generally very low, but the opposite is true for N-acetyl deriv- 
atives, which epimerise readily via oxazolone intermediatesrs. The absence of race- 
misation in Ac-Ala-Gly-OMe ([cc]~ -59.4”) and Ac-D-Ala-Gly-OMe ([z]n +664.7”) 
formation by aminolysis of ISfi and 148, respectively, suggests some intramoleculart 
anchimeric assistance by the sugar moiety during aminolysis. 

In order to compare the degree of activation of an amino acid linked to HO-l 
and HO-2 of D-glucopyranose, 1,3,4,6-tetra-O-acetyl-2-O-(N-benzyloxycarbonyl- 
glycyl)- and -(Ar-tert-butoxycarbonyl-L-alanyl)-P-D-glucopyranose (15 and 166) were 
treated with glycine methyl ester in dichloromethane for 4 days, under the conditions 
described in Table I. Compound 15 afforded the dipeptide Z-Gly-Gly-OMe (15 %) 
as the minor, and N-acetylglycine methyl ester (44%) as the major, product, whereas 
aminolysis of 16 led to equal amounts (36%) of Boc-Ala-Gly-OMe and N-acetyl- 
glycine methyl ester. Two conclusions may be drawn from these results and the data 
obtained for aminolysis of the isomeric l-esters 68 and 9B (Tabie I, Expts. 1 and 9): 
(a) the degree of activation of the acid involved in the C-l ester linkage was substanti- 
ally higher than that of the isomeric C-2 ester, and (b) the acylating efficiency of the 
sugar-amino acid C-I and C-2 esters was, in all cases, higher than that exerted by the 
corresponding I- and 2-acetates. 

Treatment of 1-U-(glycylglycylglycyl)-P_D-glucopyranose (178’) with 2 molar 
equivalents of D,L-phenylalanine methyl ester in N,N-dimethylformamide at 3s” for 
3 days led (t.1.c. monitoring) to parallel hydrolysis and aminolysis of the C-l ester 
bond, to give D-glucose (92%), 3 ~lycylglycylglycine (67 %), and glycylglycyIglycyI- 
D,r_-phenylalanine methyl ester (25 7;). Thus, under the conditions of the experiment, 
a minor part of 178 underwent intermolecular aminoIysis with scission of the glycosjrl 
ester bond and elongation of the aglycon tripeptide-chain into tetrapeptide in which 
the nucleophilic reagent becomes the C-terminal amino acid. 

EXPERIMENTAL 

Gemraf. - Melting points are uncorrected. Optical rotations were determined 
for 1 y0 solutions in chloroform, if not stated otherwise. Concentrations were per- 
formed at diminished pressure on a rotary evaporator at ~35”. Column chromato- 
graphy was performed on Silica Gel (Merck 0.05-0.2 mm), or cellulose powder 
(Whatman standard grade) packed as a slurry using a plunger. T.1.c. was performed 
on Silica Gel 60 (Merck), and detection was effected with sulphuric acid (charring), 
the ninhydrin reagent, or the chlorine-iodine reagent for peptides. Solvents used 
were: A, benzene-ethyi acetate (various proportions); B, chloroform-ethyl acetate 
(10 : 1); C, l-butanol-acetic acid-water (60 : 15 : 25); and D, 2-propanol-light petro- 
leum-water (55 :30: Ii). P.m.r. spectra (100 MHz, internal Me,Si) were recorded 
with a Jeol JNM FX-100 Fourier-transform NMR spectrometer_ 

Peptides. - Ac-Phe-Gly-OMe”, Boc-Ala-Gly-OMe16, Boc-Gly-Gly-OMe16, 
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Boc-Phe-Gly-OMe’7, Z-Ala-Gly-OMe”, Z-Gly-Gly-OMer9, Z-Gly-D,r_-Phe-0Me2’, 
and Z-Phe-Gly-OMe” were prepared accordin g to literature procedures. Ac-Aia- 
Gly-OMe was prepared by treating AC-Ala-Gly-OH (lit.” [=]D -63” (water); 
with diazomethane in ether at 0” for 1 h; m-p. 126-127”, [~]n -64”. 

~V-BenzyIoxycarbonylglycyiplycyigIycyl-D,~-phenylalanine methyl ester, pre- 
pared (51%) by treating Z-GIy,-OH with equimolar amounts of N-hydroxysuccini- 
mide, dicyclohexylcarbodi-imide (DCC), and D,L-phenylalanine methyl ester in 
IV&V-dimethylformamide, had m-p. 120-122” (from N,N-dimethylformamide-diethyl 
ether)_ 

Anal. Calc. for C,H,sN,O,r C, 59.49; H, 5.82; N, 11.56. Found: C, 59.22; 
H, 5.86; N, 11.65. 

Catalytic hydrogenation of the above compound in methanol-acetic acid 
(5 : 1, 10 mL) afforded gycylglycyIglycyl-D.r-PhenylaIanine methyl ester acetate salt; 
m-p. 122-126” (from methanol-diethyl ether). P.m.r_ data (D,O): b 7.25 (Ph), 
3.68 (CO=Me), and lS9 (AcOH). 

Arzal. Calc- for &HIINJOS * CH,CO,H: C, 52.67; H, 6.39; N, 13.65. Found: 
C, 52.40; H, 6.42; N, i3.54. 

2,3,4,6-Tetra-O-acet~~-I-0-~-ac~~a~?ziizoac~~)-D-~~zicop~ranoses (6, 7, and 10). 
- These compounds were prepared by the methods already describedss9: (a) acceler- 
ated active ester (AAE) method usin g tetra-O-acetyl-P-D-glucopyranose and the 
appropriate Wacylamino acid pentachIoropheny1 ester in the presence of imidaz& 

(- q - ) - d- hl o e UIV. In IC oromethane; (6) DCC condensation of the same sugar component 
with the N-acylamino acid in the presence of imidazole (2 equiv.) in dichloromethane; 
(c) condensation of tetra-O-ace@-cr-D-gIucopyranosy1 bromide with the siIver salt 
of the hr-acylamino acid in dry benzene at room temperature. After working-up, the 
products were purified by chromatography on silica gel (solvent A) and characterised 
by anaIytica1 and spectral (i-r., p-m-r_) data. 

Tetra-O-acetyl-l-O-(~i-benzyloxycarbonylglycyl)-P_D-glucopyranose (68,60 %), 
prepared by method (c), was a solid foam, [z]n f 21 O_ 

Anai. Calc. for CzaH2sNO13: C, 53-43: H, 5.41; N, 2.59. Found: C, 53.19; 
H, 5.21; N, 2.45. 

The CL anomer of 6 (61x), prepared by method (6), was a solid foam, [z]n 
+103” (Found: C, 53.69; H, 5.22; N, 2.75). 

Tetra-O-acetjii-l-O-(Ilr-benzyloxycarbonyl-L-phenylalanyl) - p - D -gIucopyranose 
(78, 70 %), obtained by method (c), was a solid foam, [=]n t 13 O_ 

Anal. Calc. for Cs1Hs5NO13: C, 59.13; H, 5.60; N, 2.22. Found: C, 59.31; 
H, 5.63; N, 2.42. 

The a anomer of 7 (84x), obtained by method (a), was a viscous oil, [~]u 
t62” (Found: C, 59.09; H, 5.37; N, 2.47). 

Tetra-O-acety!-i-#-(N-tert-butoxycarbonyl-D-alanyl)-B_o-glucopyranose (log, 
230/,), prepared by shaking tetra-O-acetyl-a-D-ghrcopyranosyl bromide, BOC-D- 

alanine, and freshly prepared silver carbonate in dry benzene, was a solid foam, 
[=]n +109 
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Anal. Calc. for C2ZH33N0,,: C, 50.86; H, 6.40; N, 2.70. Found: C, 51.20; 
H, 6.22; N, 2.89. 

1,3,4,6-Ten-a-O-acetyl- 2-O- (N-befz~~Zos~carbolz~lgZ~c~?~)-P-~-glrtcop~ra~zose 

(15). - This compound was prepared by the AAE method (a) using 1,3,4,6-tetra-U- 
acetyl-B-D-glucopyranose as the sugar component. The product was eluted from 
silica gel (solvent A , 2: I), to give 15 (54%) as a solid foam, [z],, i 15”. 

Anal. Calc. for Cz4H,,N0,,: C, 53.43; H, 5.41; N, 2.59. Found: C, 53.71; 
H, 5.29; N, 2.57. 

Aminolysis reactiorrs. - (a) fir N,N-ninletil~lforrnamide. To a stirred suspension 
of amino acid methyl ester hydrochloride (0.9 mmol) in N,_IV-dimethylformamide 
(5 mL) was added, at room temperature, Gmethylmorpholine (0.1 mL, 0.9 mmol) 
followed by the D-glucopyranosyl ester of the N-protected amino acid l-4 (0.3 mmol). 
The solution was kept at 38” for 4 days, and the reaction was monitored by t.1.c. 
(solvent A, 1 : 1). After removal of the soIvent, the residues (from 1 and 3, and 2 
and 4) were passed through silica gel with solvents A (1: 1) and B, respectively, to 
give the corresponding IV-protected dipeptide methyl ester (Scheme 1). 

(6) fir dicilfor-ometllatle. Molar ratios and the order of addition of reactants 
were the same as described above, except that aminolysis (compounds 6-16) was 
performed in dichloromethane (50 mL/mmol of glycosyl ester). The reaction mixtures 
were boiled under reflux (40”) for the times indicated in Table I, the solvent was then 
evaporated, and the residue was eluted from silica gel (solvent A), to afford the 
respective dipeptide ester as a chromatographically homogeneous solid (Table I). 

Boc-D-alanylglycine methyl ester, obtained by aminolysis of lop, was an oil, 
[z]n fl7”. 

Anal. Calc. for C,,H2,N20s: C, 50.75; H, 7.74; N, 10.76. Found: C, 50.50; 
H, 7.96; N, 10.99. 

Z-c-alanylglycine methyl ester, obtained by aminolysis of 128 and crystallised 
from chloroform-light petroleum, had m-p. 91-93 =, [z]n +23 o (methanol). 

Anal. Calc. for C11HISN20s: C, 57.14; H, 6.1 7; N, 9.52. Found: C, 57.37; 
H, 6.13; N, 9.70. 

Iv-Acety!-L-alanylglycine methyl ester, obtained by aminoiysis of 138 and 
crystallised from ethyl acetate-light petroleum, had m.p. 126-127”, [~]n -59.4’. 

Anal. Calc. for C,H,,N,O,: C, 47.52; H, 6.98; N, 13.85. Found: C, 47.30; 
H, 7.00; N, 13.60. 

N-Acetyl-D-alanylglycine methyl ester, obtained by aminolysis of 148 and 
crystallised from ethyl acetate-light petroleum, had _m_p_ US-130”, [z]n f64.7” 
(Found: C, 47.62; H, 6.77; N, 13.86.) 

(c) Aminolysis of ~-O-(~lyCylglyCylglyCyi)-P_D-giUCOpyraUOSe (178; 100 mg, 
0.255 mmol) was performed with 2 equiv. of &I_-phenylalanine methyl ester as 
described under (a) for a total of 3 days; the reaction was monitored by t.1.c. (solvent 
C). After removal of precipitated glycylglycyIgIycine (36 mg, 67x), the filtrate was 
evaporated (0.1 Torr) to dryness, and the residue extracted with diethyl ether (to 
remove the unreacted phenylalanine methyl ester). The remaining solid was dissoIved 
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in a minimum of solvent D and chromatographed on a column (81 x 1.5 cm) of 

cellulose (100 g) with the same solvent, to give D-glucose (47 mg, 92%), followed by 

chromatographically homogeneous glycylSlycylglycyl-D,L-phenylalanine methyl ester 

(28 mg, 28 %), which crystaliised from methanol-diethyl ether; m.p. 119-122”, 

indistinguishable (mixture m.p., i-r., p.m.r.) from the sample prepared by direct 

synthesis. 
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