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IT was shown earlier in our Institute (1-5) that linear and
cyclic N-hydroxyacylamides (I, X=0), depending upon their
structure, are capable of reversible or irreversible isome-
rization to cyclols (II, X=0) and further to cyclodepsipep-
tides (III, X=0).
OH
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This new reaction, called hydroxyacyl incorporation
into the amide group, served as the basis for a method we
have developed for synthesizing linear and cyclic depsi-
peptides containing amino and hydroxy acid residues (4,6,7).

The next stage of our studies in this field was devo-

ted to an investigation of the intramolecular isomerization

* Laboratory of Chemistry of Antibiotics of this Institute.
++ Laboratory of Physical Chemistry of this Institute.

727



728 Aminoacyl incorporation into linear and cyclic peptides No.13

of N-aminoscylamides, in order to see whether aﬁalogous incor-
poration of amino acid residues into peptides (I—-VII——III,
X=NH) woull. occur, The first examplés we took were N-acyl-
phthalyldipeptides, which we prepared by acylation of phtha-
lyldipeptice esters by azidoacyl chlorides, The latter are
highly convenient forms of activated N-protected amino acids,
being relatively stable under acylating conditions (refluxing
in toluene, 12 hrs,) and sufficiently active as acylating
agents, For instance, acylation of ethyl phthalyldiglycinate
(IV) by azidoacetyl chloride yielded the corresponding N-azi-
doacetyl derivative (V) (Table 1), which by the action of HBr
in glacial acetic acid was converted into the hydrobromide of
the N~aminoacyldipeptide ester (VI), The latter was then trea-
ted with DEAE-~-cellulose or Agzo in aqueous alcohol solution to
glve phthalyltriglycine ethyl ester (VII)., The structure of
this compound was confirmed by comparison with a specimen

obtained by counter synthesis.,

Ph‘thCHZCONHCH2000Et —_— PhthNCHZCOIiICHECOOEt —_—

(v COCHZN 3
w
PhthNCH2CONCHZCOOEt
— COCH,NH, +HBr == PhthNCH,C ONHCH,,CONHCH,,COOE
vI) (VII)

We investigated the incorporation of amino acid resi-
dues into cyclopeptides on the example of N- ﬁ-—aminoacyllac—
tams, It is known (8,9) that N-o{~aminoacyllactams very easi-
1y pass over to the corresponding dicyclic amidines (XI, n=1),
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which may be regarded as dehydration products of intermedi-
ately formed azacyclols (X, n.=1).+ However, by analogy with
the behavior of N-hydroxyacyllactams (2,4,5) we expected

the unstable azacyclols of type (X, n=2) to decompose also

by different route, with the formation of cyclopeptides (X11).

/NHZ CO/\ HB;\:’}NH2 GO/\

(i | Gy —— @y | Gy
\co/N\/ \CO/N\/
(VIiIIa): n=2,m=1 (IX)
(VIIIb): n=2,m=3 /

OH
N'H\(';

i, | Qo

\co'N\/

/=N N

CCHZ)n (CHZ)m (CHZ)n (CH2>m
\CO /N\/ \CO/NH\/
(XT) (XIIa): n=2,m=1

(XIIb): n=2,m=3

Indeed, we synthesized the cyclopeptides (XII) as
follows. Acylation of pyrrolidone or of caprolactam by
N-carbobenzoxy- p-alanyl chloride afforded the acyl deriva-
tives (VIIIa) and (VIIIb). Subsequent removal of the benzyl-
oxycarbonyl group by HBr in AcOH and then treatment of the
resultant hydrobromides (IX) by Agzo in aqueous solution
or hydrogenolysis of initial acyl derivatives in EtOH led

+ The only report of the isolation of azacyclols as indivi-
dual compounds (10) was later refuted (11).
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to isolation of the expected cyclopeptides (XIIa) and (XIIb).
The compounds do not possess free amino or carboxyl groups.
Analytical data and molecular weight determination (cryoscopy
in water) are in agreement with their molecular formula, In
contrast with I.R. spectra of N-acyllactams, the I.R., spectra
of these compound exhibited no CONCO bands (in the region of
1720 cm’1), but did show the amide I and amide II frequencies
(for the compound (XIIa) the latter band is observed only in
solution, c¢f. (2)). The amide IT band (in the region of

1560 cm"q) disappears on deuteration of compounds (XIIa) and
(XIIb). Finally, intensity measurements of the amide carbonyl
showed two amide groups to be present. All these data give
sufficient reliability to the conclusion that compounds (XIIa)
and (XIIb) are cyclodipeptides.

Finally, the readiness of dehydration of type (XII)
cyclodipeptides, displayed during their mass spectrometry+
should be mentioned. The main fragmentation pathway in both
cases (XITa and XITb) is elimination of water according to
the Scheme (XII)-=(X)-=(XI), subsequent degradation being
identical with that of amidines of type (XI). The tendency
of the 9-membered cyclopeptide (XIIa) and 11-membered cyclo-
peptide (XIIb) to cyclolize and then dehydrate is similar to
the behavior under mass spectrometric conditions of the
10-membered cyclodepsipeptide we studied earlier (12),.

Our data show that the aminoacyl residue is readily

incorporated into the activated amide bond. Hence a new me-

* The mass spectra were studied in our Institute by N.S,.
Wulfson and V.A. Puchkov, Details will be published in a
separate communication.
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thod has been discovered for the synthesis of some linear and

cyclic peptides which have so far been difficult to prepare by

the usual methods of peptide synthesis., It should be mentioned

that aminoacyl incorporation into the peptide chain or ring

may be one of the ways for the biogenesis of a number of natu-

rally occurring peptides, and also a way for the transforma-

tion of peptides and proteins in the organism.
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