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41000 Zagreb, Yugoslavia 
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ABSTRACT 

The susceptibility of the fully acetylated l-thio- 
-fi-D-glucopyranosyl esters of 5-protected amino acids 
tow&d the amino group of an external amino acid- o r  
peptide-ester was exapfined in dichloromethane at room 
temperature and at 40 , respectively. In each case, 
the aminolysis reaction led to rupture of the C-1 
thiolester bond and formation of the corresponding - N-acylpeptide ester; the reaction proceeded without ra- 
cemization of the aglycon chiral centre. nkidence for 
a remarkably high acylating efficiency of the sugar- 
-amino acid C-1 thiolester bond is presented. 

INTRODUCTION 

In a previous paper' it was shown that the fully 
acetylated 1-thio-$-@glucopyranosyl esters of g-pro- 
tected amino acids and peptides possess a high ten- 
dency to undergo S - +  0 an3 S-+ N acyl migration involv- 
ing cleavage of the C-1 thiolester bond and formation 
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252 TOMIC, HORVAT, AND KEGLEVIC 

of the corresponding amino acid-ester and -amide deriv- 
atives. The thiolester group is the ester function of 
choice in acyl transfer reactions occurring in bioloE- 
ical systems.2 
thiolester aminolysis represents the crucial reaction 
step in the non-ribosomal biosynthesis (2.g. gramici- 
din S) of peptides.3 The mechanism of hydrolysis of a 
peptide by cysteine proteases (2.g. papain) involves 
the formation of tetrasubstituted intermediates also 

4 generated in the aminolysis of thiolesters. 
We considered it of interest to examine in more 

detail the reactivity of the above 1-thioglucosyl 
esters toward amino acids as nucleophiles, and 
report here data demonstrating a remarkably high acyl- 
ating efficiency of the sugar-amino acid C-l.thio1- 
ester bond. 

Thus, the peptide bond formation by 

MSULT6 AND DISCUSSION 

The susceptibility of the fully acetylated 1-g- 
-(E-acylaminoacy1)-1-thio-p-pglucopyranoses 1-2 
toward the amino group of an external amino-acid-meth- 
yl or peptide-methyl ester was examined with 3 mo- 
lar equivalents of the nucleophile in dichloromethane 
at room temperature for 4 days. In each case, the 
reaction led to rupture of the C-1 thiolester bond and 
formation of tetra-eacetyl-1-thio-Q-glucose - and the 
corresponding g-acylpeptide methyl ester (Scheme 1) 
which was isolated and characterized. the aminolysis 
of 2 was practically complete (t.1.c. monitoring) 
after 2 days, and from an additional experi- 
ment performed for 16 h, J-benzyloxycarbonyl-glycyl- 
-glycine methyl ester was isolated in 38h yield. The 
same treatment of the analogous eglucopyranosyl 
esters left them practically unchanged; after 4 days, 
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H20Ac 

+ H ~ N - R ’  - (ty + R-COW-R’ 

AcO ACO 

OAC 

9 
R-C- 

1 2-Ph. 

1 2-Ph. 
- 
- 
- 2 2-Cly 

- 3 z-Ala-c1y 

2 - PhCHpOCO 

OAc 

H2N-R’ R-CONH-R ’ Y1.10 (%) 

H-Ala-OMe 2-Phe-Ala-One ee 
H-Cly-Phe-OM0 2-Phe-Cly-Phe-OM. 72 

H-Cly-OWs 2-Cly-Cly-OMe 2 90 

5 a L i t . ’  

H-PhO-OMe 2-Ala-Gly-Phe-One 75 

Scheme 1 

the estimated amounts of aminolysis products ranged 
from < 1 to .- 5;i.5 

an amino acid linked to 30-1 and H3-1 of p-D.glucopy- 
ranose and 1-thio-p-Ihglucopyranose, - respectively, 
further reactions were performed at the reflux 
temperature of dichloromethane (40°C). TJnder these 
conditions, the relative reactivities o f  the C-1 oxygen 
ester analogues were found’ to be highly dependent 
upon the structure of the amino acid nucleophile and 
the nature of the aglycon side-chain and amino- 
-protecting groups. 

tions carried out with the fully acetyfated 1-thio-B-D- 
-glucopyranosyl esters of g-acylphenylalanine (I), 
-glycine (g ) ,  and -alanine (*2> as the acylating 
agents and methyl esters of Il,&-pnenylalanine - and gly- 
cine as the nucleophiles; for comparison, the report- 
ed5 yields of dipeptide methyl esters formed by amino- 
lysis of the corresponding C-1 oxygen esters a r e  also 
included. The data provide clear evidence that the 

In order to compare the degree of activation of 
- 

Table 1 presents the results of aminolysis reac- 

- 
- 
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acylating efficiency of the sugar-amino acid C - 1  thiol- 
ester bond is substantially higher than that of the 
C-1 oxygen ester bond. Furthermore, in contrast to the 
Q-glucopyranosyl - ester series, the thiolesters investi- 
gated revealed a surprising uniformity in amholytic 
activities to give the respective dipeptide esters in 
very similar yields. 

ester series, the structures of the nucleophile and 
aglycon amino acids have only a small effect on the 
extent of peptide bond formation. Apparently, the 
sulphur atom with its larger size and lower basicity 
than oxygen has a by far stronger influence on the 
reaction rates. According to the generally accepted 

lysis, one may expect that the departing 1-thi0-E - 
-glucopyranosyl moiety represents a much better leav- 
ing group than the pglucosyl - moiety, and that 
the transition state offers less steric hindrance to 
the reaction in the 1-thio-Q-glucopyranosyl-ester - than 
in the Fglucopyranosyl-ester series. 

The optical rotation values of the isolated 
peptide derivatives indicated that the aminolysis of 
1-thioglucosyl esters proceeded, as established5 for 
their oxygen analogues, without racemization of the 
aelycon c'airal centre. In order to provide a definite 
confirmation, 2,3,4,6-tetra-2-acetyl-l-*(E-acetyl-&- - 
and a-alany1)-1-thio-&Q-glucopyranose - - ( 8 and - 9) w e r e  
synthesized from the corresponding N-tert-butoxycarbon - 
yl derivatives 6 andz, respectively, pia deprotec- 
tion and reacylation of the aglycon amino group. The 
'H MCiR spectrum of S in CDC13 revealed the methyl 
doublet ( d  1.41) of alanine at a slightly lower field 
than the equivalent signal in the spectrum ofp, thus 
allowing differentiation of the two diastereoisomers. 

The results imply that in 1-thio-Q-glucopyranosyl - 

mechanism f o r  ester l1 l2 and thiolest er 13 *14 mino- 
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256 TOMIC, RORVAT, AND KEGLEVIC 

It should be noted that a direct synthesis of g from 
tetra+-acetyl-1-thio-pglucoppanose and J-acetyl-L 

yielded a partially racemized product in which the 
4:Q - -  ratio of g-acetylalanine was estimated ('Ii NHR) to 
be hl 2:l. 

afforded Ac-Ala-Gly-OKe and Ac-PAla-Gly-OPie, - respec- 
tively, in high yield (Table I), thus confirming that 
under the conditions studied, the aminolysis reaction 
proceeds with retention of the aglycon amino acid con- 
figuration. 

-alanine by the imidazole-promoted DCC condensation, "1 

Aninolysis of 8 and 2 with glycine methyl ester 

General Frocedures. Column cimomatography was per- 
formed on Silica Gel (Nerck 0.05-0.2 mm) and t.1.c. on 
Silica Gel 60 (idierck); detection on t.1.c. plates was 
effected by charring with sulphuric acid, or the 
chlorine-iodine reagent15 for peptides. 'ti N i U 2  spectra 
were obtained from a Jeol FX 90 Q FT spectrometer 
using (CH ) Si (0 ppm) as the internal standard. 2,3, 
4,6-~etra-~-acetyl-l-S-(N-acylaminoacyl)-l-thi~~-~- - 
-glucopyranoses 1-2 were prepared as described in the 

3 4  

previous paper. 1- 

Aminolgsis reactions. 2. To a stirred suspension 
of the amino acid- , or peptide-, methyl ester nydro- 
chloride (1.5 mmol) in Ca2C12 (25 ml) was added at 
room temperature the equivalent amount of g-methylmor- 
pholine (0.167 ml) followed by the relevant l-thioglu- 
cospl ester (L-2, 0.5 nmol). The solution was kept at 
room temperature for 4 days, whereupon the solvent was 
removed, the residue was dissolved in StOAc, and the 
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PEPTIDE FORMATION BY AMINOLYSIS 257 

organic l a y e r  was washed w i t h  water, 10,; c i t r i c  ac id  
i n  water, water, aqueous I?aifC03 and water, dried and 
concentrated. The res idue  w a s  passed through a s i l i ca  
g e l  colunn with benzene-EtOAc (2 : l )  t o  give the  
corresponding %-peptide methyl e s t e r  i n  pure form; 
tetra-2-acetyl-1-thio-g-glucose - underwent considerable 
decomposition during f r ac t iona t ion .  

Z-~;hen.ylalanyl-Glgcyl-pnenylalanine idle-ester, 
obtained by aminolysis of 1 and Crys t a l l i zed  from 
CriCl l i g h t  petroleum, had m.p. 1W3-15O0C,  [a]11 
+29.4' (c  1, CliC13). 

N ,  8.12. Found: C ,  67.14; ti, 5.95; N ,  8.33 .  

by aminolysis of 2 and c r y s t a l l i z e d  from CHC13-light 
petroleum, had n.p. 142-1WoC, [a]D +26.S0 (c 1, 

3- 

- Anal. Calc. f o r  C29HjlN306: C ,  67.30; H,  6.04; 

Z-Alanyl-alycgl-phenylalanine he-ester ,  obtained 

CIiC13). - Anal. Calc. 2or C2jE27N306: C ,  62.57; H ,  6.16; 

- b. Plolar r a t i o s  of t he  r eac t an t s  and the  so lvent  

I<, 9.52. Found: C, 62.49; n ,  6.26; B, 9.79. - 
were the  same a s  described above, except t h a t  the  
r eac t ion  mixtures were re f luxed  (bath temp. 40-42°C) 
for t he  times ind ica ted  i n  Table 1. The r eac t ion  mix- 
tures  were worked-up as described above, and the  
residues were submitted t o  s i l i c a  gel  chromatography. 

by aminolysis of 1 and c r y s t a l l i z e d  from benzene-light 
petroleum, had n.p. 119-12loC, 

B, 6.08. Pound: C ,  70.39; ti, 6.34; E, 5.93. 

sis of  2 and c r y s t a l l i z e d  from CHC13-light petroleum, 
had m.p. 91-93OC, [ u ] ~  +22.0° ( c  1, i.ie0il). 

'i, 9.52. Found: C ,  57.37; H ,  6.13; N, 9.70. 

Z-I?hen.ylalanyl-D,L-phenylal~ine Ne-ester, obtained 
I 

+8.0° (c I, Ci%13). 
&. Calc. for C27Z281J205: C ,  70.42; H ,  6.13; 

2-D-Alangl-glycine he-ester,  obtained by aminoly- 

Anal. Calc for C14~lt;N205: C ,  57.14; H ,  6.17; 
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258 TONIC, HORVAT, AND KEGLEVXC 

2,~,4,6-Tetra-O-acetgl-l-S-(N-acetgl-~alan~l)-l- - 
-thio-fbpB;lucop.yranose (8) .  Compound 6 (535 mg, 
1 mol) was treated with CF CO li (98$, 2.5 ml) at 
-1OOC f o r  10 min, whereupon anhydrous ether was added, 
the solution was concentrated, and traces of Ci? CO n 
were removed by co-distillation with ether. 
lution of the residue in water (74 ml), 20;o Ac20 in 
acetone (75 ml) was added, the solution was kept over- 
night at 4OC, and the solvent was removed (0.1 'Torr). 
Crystallization of the residue from CHC13-light petro- 
leum gave 357 mg (75%) of S .  M.p.  143-144"C, 
-40.0' (c 1, CEiC1-). 'ii NPlR (CDCl3)d2.O8 (s, CIi3CO), 
2.03 (s, 3 x Cii-CO), 2.00 (s, E3CO), 1.41 (d, 2 7.25 
I i z ,  CB Ch). 
- Anal. Calc. f o r  C19H27NOllS: C, 47.80; n ,  5.69; 

N ,  2.95; 8 ,  6.72. Found: C, 47.78; L y  5.48; IT, 2.78; 
5, b.84. 

-thio-p-D-Xlucopgranose (2). Treatment of 2 (535 mg) 
in the same manner as described above afforded the 
title compound (333 mg, 70;;); 1n.p. 133-135OC (CSC13- 
light petroleum), [aIn +31;.5' (C L, ChC13). '3 NLa 
(CXlg):d2.07 ( s ,  g3CO), 2.04 (s ,  ChjCO), 2.03 ( s ,  

CH CO), 2.02 ( s ,  Ck3CO), 2.00 (s, C&,CO), 1.40 (d, -3 
J 7.25 tic, CH CH). 

3 2  

3 2  
TO a so- 

I d D  

3 
-9 

-3 

2,3,4,6-*Tetra-O-acetyl-l-S- (N-acetgl-@-alangl)-l- - 

- 

-3 - 
Anal. Found: C, 47.86; f i ,  5.47; M, 2.63; S, 6.53. 

ACKNOXLEDGFIENE3 

:le thank Pirs. Lj. Sesarti6 f o r  the microanaiyses, 
i-irs. A .  Natijevac for technical assistance, and the 
staff of NU? Service for recording the %i IL'kLI spectra. 

1. a. Tomi6 and D. Keglevi6, J. Carbohgdr. Chem., 1, 
71 (1982). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
8
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



PEPTIDE FORMATION BY AMINOLYSIS 259 

2 .  

3 .  
4. 

5. 

6 .  

7 .  

0. 

9. 

10. 

11. 

12. 

13. 

14. 

15 

1.i. J. Janssen i n :  "The Chemiqtry of Carboxylic 
Acids and 2 s t e r s "  (Zd., 6. P a t a i ) ,  In t e r sc i ence  
Publ i shers ,  London, 1969, p. 705. 

2'. Lipmann, Account Chem. des . ,  5, 361 (1973). 
J. Drenth, X. 17. Kalk and 11. i i .  Sven, 3iochem- 
istrx, s, 3731 (19765. 

6. iiorvat and D. Keglevi6,  Carbohgdr. des., E, 
(1982) i n  press.  

S. Goldschmidt and I(. K. Gupta, Chem. Ber. ,  2, 
(1964) 2831. 

S.-I. Yamada, id. iagatsuma, Y. ,fakeuchi, and ij. 
Terashiaa,  Chem. ?harm. Bul l . ,  3, 2380 (1971). 

N. P. Albertson and P. C .  Kay, J. Am. Chem. Soc., z, 5323 ( 1 9 5 3 ) -  

L. Zervas, D. aorovas,  and L. Gazis,  J. Am. Chem. 
-* doc 9 3, 2660 (1963). 

1. T. Chuvaeva. L. V. Xorozova. V. A. Shibnev. -. -. . 

and I;. T. P o r o h i n ,  Dokl. Akad: Iiauk Padzh. 
, 28 (1970); them. Abstr . ,  2, 

' 

il. p. Jencks and Pi. G i l c h r i s t ,  J. Am. Chem. Soc., 
90, 2622 (1968). 

C. D. R i t ch ie ,  J. Am. Chem. Soc., 2, 1170 (1975). 

A. Barnet t  and bi. 1'. Jencks,  J. Am. Chen. Soc., 
90, 4199 (1965). 
2. K. Chaturvedi and G. L. Schmir, J. An. Chem. 
--, SOC - 91, 737 (1969)- 
ti. N. dydon and P. ;J. G. i j m i t h ,  Nature, 3, 
922 (1952). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
8
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1


