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CYCLOL FORMATION IN PEPTIDE SYSTEMS. IV.
HYDROXY ACID INCORPORATION INTO PEPTIDES
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(Received 24 June 1963)

EARLIER we reported on the rearrangement of N-( p-hydroxypro-
pionyl)-piperidone to the 10-membered cyclodepsipeptide (I)
(1,2). FPurther study showed that this new reaction in which

a hydroxy acid residue is directly incorporated into a peptide
system i3 of general significance and occurs with both cyclic
and acyclic peptides.

Under conditions similar to those described earlier
(1,2,3), we obtained N-(‘3-benzyloxypropionyl)-pyrrolidone
(11), N—(|3-benzyloxypropionyl)-eaprolactam (III) and N-ben=-
zyloxyacetyldodecalactam (IV) (see Tables 1 and 2). Hydro-
genolysis of compound (III) and (IV) over Pd-black in abs.
tetrahydrofurane led to the cyclodepsipeptides (V) and (VI).

The structure of these compounds followed from a comparison
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of their I.R, spectra with those of cyclodepsipeptide (I),****
The fact that the rearrangement takes place with

K-glycolyldodecalactam in which the -COI;(CO- group possesses

a configuration similar to that of acyclic acylamides (4)

caused us to explore the possibility of incorporating

hydroxy acids into linear peptides. Indeed, it was found that

hydrogenolysis, sometimes followed by heating, of the N-ben-

zyloxyacylamides (VII a-e) yields the linear depsipeptides

(VIII a-e), whose structure has been proved by means of

their I.R. spectra and by countersynthesis (see Table 3),

C.B.CH,0(CH, ). CoN(R)cOR? Hy/Pd R2CO0(CH., ). CONHR
gH5CH0(CH, ) 2)n
(VII) (VIII)

I N 2 .

a. n=1, R'=R%CH,; b. =1, R'=CH,;, R°=CHN(CO),COcHy;:

c. n=1, R"=cazcozcu 32=cnzn(co)206114; d. n=2, R1=033,

3’
2 1 -
R2=CH,N(C0),CcH,: e. n=2, R'=CH,CO,CH;, R2=CH,N(CO) ,CcH,.
These results allowed some inferences to be made regar-
ding the conditions for stabilisation and for directing the

* The absence in compounds (V) and (VI) of a bathochromic
shift of the ester band observed in (I) on passing from
tetrahydrofuran to cc14 bears evidence of the absence
of a transannular effect in the former compounds,

*+*+ The weak musk-like odor perceived on heating (VI) con-
firms the absence of association via hydrogen bonding
(ef., Y. Iwakura and K. Uno, J, Org. Chem,, 25, 1227
(1960)).
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cleavage of cyclols. We believe that the cyclols (B) arising
from interaction of hydroxyl with endocyclic carbonmyl in
K-hydroxyacylamides (A) are generally unstable, decomposing
with the formation either of the initial N-hydroxyacylamides,
or of cyclic or linear depsipeptides (C).

((H TO--,. (O-ffi-.,_ C—O—co—-._‘
GO-F— CO-F— - CO-NE- -
1) (®) ©)

If, however, the cyclodepsipeptides possess strong ste-
ric hindrances or transannular interaction the cyclol may
prove to be more stable than the macrocycle, as, for instan-
ce, in the case of the 9-membered cyclotridepsipeptides (cf.
5). The existence of stable cyclols is thus a possibility
and a pumber have been formed from N-( o ~hydroxyacyl)-diketo-
piperazines (1,3,6,7).* In the series of N-glycolyllactams
the cyclol structure, in conformity with Brown’s rule (8,9),
is observed with N-glycolylpiperidone (1,3).

The above said is confirmed by the fact that hydrogeno-
1lysis of (II) leads to the N-(g-hydroxypropionyl)-pyrrolidone
(IX), rather than to the cyclol or cyclodepsipeptide. The
structore of (IX) followed from comparison of its U.V. and

* Recently, R.C. Sheppard (Experientia 19, 125 (1963)) on
the basis of our earlier communicatad spectral characte-
ristics of cyclols (1), was able to demonstrate the possi-
bility of cyclol formation by isomerization of the corres-
ponding cyclotridepsipeptide.
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I.R. spectra with those of N-acylpyrrolidones (1,3,4).

The unprecedented ease of formation of macrocyclic
systems, we have observed in the above described transforma-
tions, led us to the belief that such reactions may possibly
occur in the biogenesis of cyclodepsipeptides, in particular
of serratamolide (10). This is supported by the readiness with
which the model reaction of P-hyd.roxrpropionic acid incorpo-
ration into diketopiperazine rings takes place. Thus in the
hydrogenolysis of N,N-bis-(p ~benzyloxypropionyl)-diketopi-
perezine ring closure spontaneously takes place to give the
eyclotetradepsipeptide (X) (11). At present we have in a si-
milar way synthesized a number of other serratamolide ana-
logs, namely depsipeptides (XI), (XII) and (XIIXI) (see Tables
1 and 2).

R3

(X). R'=R%=R=H; (XI). R'=H, 32=n3=c53 (T,L);

(x11). B'=8%H, R3=CH,0H (DL); (XIII). n"=c33, B%=R=H (DL)
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