Notes

tridec-4-ene (2b) was prepared as for 2a, yield 50%.

Anal. Caled for CaoHasS: C, 79.94; H, 9.39. Found: C, 80.07; H, 9.60.
This product turned out to be diastereomeric free.

NMR (CCly) 4 1.00 s, 9, C(CHa)3], 1.58 (s, 3, C=CCH3), 1.80-2.90
(m, 14, aliphatic H), 6.70-6.95 (AB, 2, ThH).

Acknowledgment. The authors are indebted to Dr. Jan
W. de Haan and Miss Marianne E. van Dommelen for re-
cording and interpretation of spectral data and for helpful
discussions during the course of this work. This investigation
has been supported by the Netherlands Foundation for
Chemical Research (SON) with financial aid from the Neth-
erlands Organization for the Advancement of Pure Research
(ZWO).

Registry No.—1a, 62815-66-1; 1b, 62815-67-2; 2a, 62815-68-3; 2b,
62815-69-4; 3a, 62928-71-6; (E)-5a, 62815-70-7; (Z)-5a, 62815-71-8;
5b, 62815-72-9; 6a, 62815-73-0; 6b, 62815-74-1; 7a, 62815-75-2; 7h,
62815-76-3; 8a, 62815-77-4; 8b, 62815-78-5; 9, 62815-79-6; 10a,
62815-80-9; 10b, 62815-81-0; 11a, 62815-82-1; 11b, 62815-83-2; triethyl
phosphonoacetate, 867-13-0; 2-acetylthiophene, 88-15-3; 2-piva-
loylthiophene, 20409-48-7.

References and Notes

(1) (a) A. Corvers, J. H. var Mil, M. M. E. Sap, and H. M. Buck, Recl. Trav. Chim.
Pays-Bas, 96, 18 (1977); (b) A. Corvers, J. W. de Haan, and H. M. Buck,
to be published; A. Corvers, Thesis, Eindhoven University of Technology,
March 1977.

{2) W. S. Johnson and G. E. Dubois, J. Am. Chem. Soc., 98, 1038 (1976).

(3) W. 8. Johnson, S. Escher, and B. W. Metcalf, J. Am. Chem. Soc., 98, 1039
(1976).

(4) W. S. Johnson, M. B. Gravestock, and B. E. McCarry, J. Am. Chem. Soc.,
93, 4332 (1971).

(5) M. Schlosser and K. F. Christman, Angew. Chem., Int. Ed. Engl., 5, 126
(1966).

(8) A. Corvers, P. Scheers, and H. M. Buck, unpublished results.

(7) J.9W3. de Haan and L. J. M. van de Ven, Org. Magn. Reson., 5, 147
(1973).

(8) Bruce, Challenger, Gibson, and Allenby, J. inst. Pet. Technol., 34, 226
(1948).

(9) D. K. Dalling and D. M. Grant, J. Am. Chem. Soc., 96, 1827 (1974).

(10) This is also confirmed for phenyl analogues. See P. A, Bartlett, J. |. Brauman,
W. 8. Johnson, and R. A. Volkman, J. Am. Chem. Soc., 95, 7502
(1973).

(11) "Organic Syntheses”, Collect. Vol. Hl, Wiley, New York, N.Y., 1955, p
14,

(12) "Organic Syntheses”, Collect. Vol. i, Wiley, New York, N.Y., 1943, p
8.

(13) E. J. Corey and J. W. Suggs, Tetrahedron Lett. 2647 (1975).

(14) F. W. Vierhapper and R. L. Willer, Org. Magn. Reson., 9, 13 (1977).

An Unusual Side Reaction of 1-Succinimidyl Esters
during Peptide Synthesis

Jaroslav Savrda

Institut Pasteur, Service de la Tuberculose, 75 Paris (15°),
France!

Received January 25, 1977

Peptide bond formation mediated through 1-succinimidyl
ester couplings in aqueous or nonaqueous solvents is a stan-
dard procedure of peptide synthesis.? In the present com-
munication we wish to report the observation of a new side
reaction of 1-succinimidyl esters.

Coupling of a N-protected amino acid 1-succinimidyl ester
with a free amino acid in anhydrous dimethylformamide in
the presence of triethylamine results usually in high yields of
the dipeptide derivative, as loss through hydrolysis of the
activated ester is minimized. As an example, the preparation
of N-benzyloxycarbonylglycyl-L-proline, containing an 85%
13C-enriched proline residue,’ is described in the Experi-
mental Section. However, when N-tert-butyloxycarbonyl-
L-proline 1-succinimidy! ester was coupled under identical
conditions with free proline or 4-thiazolidinecarboxylic acid,
the expected N-protected dipeptides 1 and 3 were accompa-
nied by secondary products formed in nearly the same amount
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0]
BOC-N 1COON + HN]—COEH

0
+gf{;3 BOC—Nm CONQ—COzH + 2
1 ca. 60% ca. 40%
0
BOC-N(—j—COON + HNE—COZH
0]
+NEt, | ] [ |
o BOC- ON COH + 4
3 ca. 60% ca. 40%

(BOC = tert-butyloxycarbonyl)

(contaminants 2 and 4). Coupling of the activated ester with
the sodium salt of proline in an ethanol-water mixture re-
sulted in an important hydrolysis of the ester. The by-prod-
ucts 2 and 4, which were not chromatographically identical,
could not be obtained pure enough for elemental analysis.
However, they were obtained free from the corresponding
N-protected dipeptides and accompanied only by a trace
amount of proline or 4-thiazolidinecarboxylic acid through
repeated precipitations. Infrared and NMR spectroscopy as
well as mass spectrometry have shown the contaminants to
have structures 2 and 4.

BOC—NQ—COO N HCOCHQCHZCONK—\LCOZH

2

BOC-NQ—COO NHCOCH,CH,CON i— CO,H

4

In the infrared region the carbonyl stretching vibrations of
the two N-protected dipeptides 1 and 3 appeared as three
bands of approximately the same intensity located at 1605,
1682, and 1755 cm~1, while compounds 2 and 4 showed two
strong absorptions centered at 1605 and 1685 cm~! and a band
of medium intensity at 1790 cm~1. The appearance of an ab-
sorption at higher frequency (1790 cm~1) is consistent with
the presence of a carbonyl group implicated in a O-acylhy-
droxylamine linkage.*

The general aspect of the proton NMR spectra of contam-
inants 2 and 4, in chloroform solution, was essentially the same
as that of the corresponding dipeptides® 1 and 3. In particular,
the observation of two singlets at § 1.40 (smaller) and 1.47 ppm
(larger) for compound 2 and at & 1.43 (smaller) and 1.49 ppm
(larger) for compound 4 confirmed the presence of the tert-
butyloxycarbonyl group. On the other hand, contaminants 2
and 4 presented an additional unresolved peak centered at §
2.75 ppm, corresponding to four protons, which was absent
from the spectrum of 1 and 3, and which is assigned to the
methylene protons of the succinic acid group.

Mass spectra of the methylated (diazomethane) contami-
nants 2 and 4 confirmed the proposed structure and showed
that methylation occurred on the carboxylic acid function and
on the nitrogen proton of the O-acylhydroxylamine deriva-
tives 2 and 4. The observed fragmentation of the methylated
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contaminant 4 is presented in Scheme I. From the peak at m/e
417, corresponding to the thermal decomposition of the
tert-butyloxycarbonyl group with departure of isobutylene,
a normal fragmentation is again observed with peaks at m/e
386 and 271. A parallel fragmentation pattern was observed
for methylated 4, which gave a molecular peak at M+ 455.

0-Acylated hydroxamic acid derivatives have been found
to be “activated esters” and have proved useful in peptide
synthesis.%7 It is therefore surprising that when N-tert-
butyloxycarbonylproline 1-succinimidyl ester was allowed to
react with a twofold excess of proline or 4-thiazolidinecar-
boxylic acid, contaminants 2 and 4, which are “activated es-
ters” of hydroxamic acid as shown by the high infrared fre-
quency carbonyl absorption (1790 cm~1), were still formed in
the same proportion and did not react further to give the
corresponding N-protected dipeptide. It is reassuring to find
that, among the activated esters of pivalohydroxamic acid and
N-benzyloxycarbonyl amino acids,” the ester of N-ben-
zyloxycarbonylproline is the only one which does not react
with amines of amino acids to form a peptide bond. This ob-
servation might explain in part why we were able to isolate in
both experiments the side products 2 and 4.

The formation of an intermediate of the type of compounds
2 and 4 was also observed during the coupling of N-tert-
butyloxycarbonylproline 1-succinimidyl ester with sarcosine.
Thin-layer chromatography of the reaction mixture revealed,
besides the expected dipeptide and starting materials, a
compound developing a characteristic blue color with nin-
hydrin as do 2 and 4 and giving a positive hydroxamic acid test
when sprayed with ferric chloride solution. In no other 1-
succinimidyl ester coupling we tried were we able to demon-
strate the presence of intermediates of the type of compounds
2 and 4. Thus, thin-layer chromatography of couplings of
sterically hindered amino acid residues, such as the coupling
of N-tert-butyloxycarbonylproline 1-succinimidyl ester with
valine or leucine, or of N-tert-butyloxycarbonyl-3-ben-
zylaspartic acid 1-succinimidyl ester with proline, showed the
presence of only the starting materials and the corresponding
dipeptides. Infrared spectra of the partially purified products,
free from interfering 1-succinimidyl ester and hydroxysuc-
cinimide, did not present a carbonyl band at an unusually high
frequency.

Experimental Section

Infrared spectra were recorded on a Perkin-Elmer 337 infrared
spectrometer in Nujol using sodium chloride plates; 'H NMR spectra
were obtained on a Perkin-Elmer R32 (90 MHz) spectrometer. We
are indebted to Dr. B. C. Das who recorded and interpreted mass
spectra of methylated compounds 2 and 4, taken at 200 °C with an
AEI mass spectrometer, Model MS9, at the Institut de Chimie des
Substances Naturelles in Gif-sur-Yvette. Chromatograms on silica
gel plates (Merck) were run in 1-butanol-acetic acid-water, 3:1:1,
mixtures.

N-Benzyloxycarbonylglycyl-L-proline® with 13C-Enriched
Proline.? 13C-enriched L-proline (85%, 240 mg, 2 mmol) was sus-
pended in dry dimethylformamide (3 mL), triethylamine (0.28 mL,
2 mmol) was added followed by N-benzyloxycarbonylglycine 1-suc-
cinimidyl ester (612 mg, 2 mmol), and the reaction mixture was left
to stir overnight at room temperature. After dilution with water and

acidification to pH 2 with 6 N hydrochloric acid, the product was
extracted with ethyl acetate. The organic solution was washed with
water, the product extracted with saturated sodium bicarbonate, and
the alkaline solution was acidified with hydrochloric acid to pH 5 and
evaporated to a small volume. On acidification to pH 2 with 6 N hy-
drochloric acid the product crystallized out (566 mg, 91%): mp 156158
°C, 1it.2 mp 158-159 °C. This product was identical to an authentic
sample of N-benzyloxycarbonylglycyl-L-proline.®

N-tert-Butyloxycarbonyl-L-prolyl-L-proline5 (1) and Con-
taminant 2. The N-tert-butyloxycarbonyl-L-proline 1-succinimidyl
ester was coupled with proline and the reaction mixture worked up
as described for the preparation of N-benzyloxycarbonylglycyl-L-
proline, except that the product was precipitated from ethyl acetate
by addition of n-hexane. From a concentrated ethyl acetate solution
of this product, chromatographically pure N-tert-butyloxycar-
bonyl-L-prolyl-L-proline crystallized out (48%). After recrystallization
from ethyl acetate, the protected dipeptide (37%) had mp 187-188
°C, lit.> mp 186-187 °C; Ry 0.70 on silica gel plates (ninhydrin negative
when spotted on cellulose). This product was identical with an au-
thentic sample of N-tert-butyloxycarbonyl-L-prolyl-L-proline.?

The combined ethyl acetate recrystallization filtrates were highly
enriched in contaminant 2 but still contained some protected di-
peptide. After evaporation and drying, the oil represented a 40% yield.
Repeated trituration in ether, which was accompanied with great
losses of material, gave 2 (R 0.63) as a solid free from the dipeptide
1 and contaminated by only a trace amount of a slow-moving, nin-
hydrin-positive material (R 0.17). Contaminant 2 gave a positive blue
ninhydrin reaction on silica gel and cellulose plates. It gave a positive
hydroxamic acid test in the presence of ferric chloride.

Attempts at further purification of compound 2 for analytical
purposes or attempts to obtain 2 in larger quantities through column
chromatography (Kieselgel 60, Merck; ethyl acetate-methanol, 2:1,
or chloroform-methanol, 2:1) resulted in extensive degradation of this
compound.

N-tert-Butyloxycarbonyl-L-prolyl-L-4-thiazolidinecarb-
oxylic Acid (3) and Contaminant 4, The protected dipeptide and
contaminant 4 were prepared in the same manner as described for the
preparation of dipeptide 1.

The N-protected dipeptide 3 was obtained analytically pure in 32%
vield: mp 154-156 °C; []?2p —129° (¢ 1.0, CHCl3), R; 0.72. Anal. Calcd
for C14H9oN2058: C, 50.9; H, 6.7; N, 8.5; S, 9.7. Found: C, 50.9; H, 6.8;
N, 84; 5,9.9.

Contaminant 4 had Ry 0.66, ninhydrin positive on silica gel and
cellulose plates. It gave a positive hydroxamic acid test in the presence
of ferric chloride.

Registry No.—1, 15401-08-8; 2, 62726-56-1; 3, 62726-57-2; 4,
62726-58-3; N-tert-butyloxycarbonyl-L-proline 1-succinimidyl ester,
3392-10-7; proline, 147-85-3; 4-L-thiazolidinecarboxylic acid,
34592-47-7.
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