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For physical measurements 9 isomeric cyclohexapeptides, belonging to three series, were synthes-
ized: one with the sequence ¢(Gly-Phe-Leu-Gly-Phe-Leu), four with c(Gly-Leu-Phe-Gly-Leu-Phe),
and four with ¢(Gly-Phe-Leu-Gly-Leu-Phe). Two of the cyclopeptides from the last series belong
in the category of cycloenantiomers. Structures were characterised by mass spectrometry.

The synthesis of cyclohexapeptides, started in this laboratory some years ago!, was motivated
by an attempt to use such substances as models for studies of the interactions in peptide molecules
and for studies of the properties of peptide bonds?. Cyclopeptides appeared to be versatile models
in which relatively simple structural alterations could markedly change the conformation of the
entire molecule or parts of it. The relation of this change to selected interactions could be studied.
This concept received some justification over succeeding years and has been used in a number
of instances in this laboratory® ~8 as well as elsewhere® ~ '3, In the basic sequence glycyl-phenyl-
alanyl-leucyl-glycyl-phenylalanyl-leucyl the first structural parameter chosen for alteration was
the absolute configuration of amino acid residues where changes resulted in a series of diastereo-
isomers!. The second parameter chosen was the sequence of amino acid residues, carried out by
preparing two retro-isomers!®.

The present communication deals with the preparation and properties of further
cyclohexapeptide 1somers with altered structural parameters in order to complement
the total series. From 2 residues of glycine, 2 of phenylalanine and 2 of leucine we can
construct a series of 16 positional isomers of cyclohexapeptides, two of which will con-
sist of enantiomeric pairs and meso-forms, four of cycloenantiomers!®, two of cyclo-
diastereoisomers'® and eight of enantiomers only; in all there are 120 enantiomeric
pairs and 4 meso-forms. Since measurements of chiroptical properties*® and NMR
spectra® have shown that data interpretation is more fruitful in compounds with some
degree of structural regularity, we have centred our interests on a series of positional
isomers in which there is some degree of symmetry. Thus in the series with the se-

* Part CVI: This Journal 37, 1539 (1972).
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quence c(Gly-Phe-Leu-Gly—Phe-Leu), isomers* -,L,L,-,L,Land -,D,L,-,D,L have a two-
fold rotational axis C,, and both meso-forms -,b,L,-,L,b and -,L,L,-,D,D have a centre
of symmetry C;. There is an analogous situation in the retro-series ¢(Gly-Leu-Phe-
Gly-Leu—Phe) where the -,L,L,-,L,L and -,L,D,-,L,D isomers possess a two-fold rota-
tional axis C,, and the meso-forms-,b,L,-,L,pand -,L,L,-,D,D have a center of symmetry
C;. In none of the members of the other positional isomeric series can an element
of symmetry occur. Instead of meso-forms with a centre of symmetry, substances
which can be categorised as cycloenantiomers can exist in some positional isomeric
series. These are particularly interesting because of their chiroptic properties®:'°.
Cycloenantiomers can occur in 4 sequences (two pairs in each): ¢(Gly-Phe-Leu-Gly-
Leu-Phe), ¢(Gly-Phe-Phe-Gly-Leu-Leu), ¢(Gly-Gly-Leu-Phe-Phe-Leu) and c(Gly-
Gly-Phe-Leu-Leu-Phe). We decided to synthesize two compounds with the first
sequence (isomers -,D,D,-,L,L and -,D,L,-,L,D) because this would make possible the
maximal utilisation of intermediates from previous synthetic work'%.

All of the cyclohexapeptides cited below were prepared by a uniform synthetic
scheme!"1*. First we synthesized two tripeptide fragments derived from the benzyl-
oxycarbonyltripeptide ester I with a glycine residue at the amino end; one as a benzyl-
oxycarbonyltripeptide hydrazide I1, the other as a tripeptide ester I11. Azide coupling
yielded the benzyloxycarbonylhexapeptide ester IV from which the benzyloxycarbo-
nylhexapeptide hydrazide V (Table I) was obtained. The final cyclopeptides VI were
prepared by the decarbobenzoxylation of the protected hydrazides ¥ and subsequent
cyclisation by the azide method. In the case of compounds with a twofold rotational
axis of symmetry we also used an alternative synthesis, cyclisation-dimerisation
of the corresponding hydrazide, again by the azide method.

Z-Gly-X-Y-OMe~

NH:NH2 I HBr/CH3COOH
i : (S XYy Ol Xa ¥
Z-Gly-X;-Y-NHNH, + H-Gly-X,-Y,-OMe vi
b4 ur
J ]1. HBr/CH;COOH
2. HNOz
NH2NH2
Z-Gly-X,-Y-Gly-X,-Y,-OMe ——> Z-Gly-X;-Y,-Gly-X,-Y,-NHNH,
v 14

In a number of cases it was possible to use tripeptide derivatives prepared by previously
reported procedures“'. In the remaining cases the dipeptide or tripeptide derivatives were syn-

* The absolute configuration of the residue in the sequence is given. For greater clarity the
positions of the glycine residues are denoted by dashes.

Collection Czechoslov. Chem. Commun. /Vol. 37/ (1972)



Amino Acids and Peptides. CVII. 1863

thesized which are enantiomeric with compounds previously prepared. With all of these enan-
tiomeric pairs a good agreement in physical properties was attained; in particular the optical
rotation [«]p of the enantiomers were of equal magnitude but opposite sign. For the preparation
of tripeptide derivatives with a sequence Gly-Leu-Phe, but with various configurations we used
not only the benzyloxycarbonyl group but also o-nitrobenzenesulphenyl group, split off with
hydrogen chloride in methanol®!® for the synthesis of the intermediary dipeptides. This consi-
derably simplified the work.

In all, we prepared 8 new isomers. The series of compounds with the sequence
c(GIy-Phe-Leu-Gly—Phe-Leu) was completed by the synthesis of the last heretofore
unknown stereoisomer — the meso-form -,L,L,-,D,D — obtained by cyclisation of
both enantiomers of the corresponding linear hexapeptide hydrazide (glycyl-L-phenyl-
alanyl-L-leucyl-glycyl-D-phenylalanyl-p-leucine hydrazide and glycyl-p-phenylalanyl-
-p-leucyl-glycyl-L-phenylalanyl-L-leucine hydrazide). Of the series of retro-isomers
with the sequence ¢(Gly-Leu-Phe-Gly-Leu-Phe) two have been previously described!<:
one asymmetric -,L,D,-,L,L and one symmetric -,L,D,-,L,D. The last listed was originally
prepared by dimerisation'#; in the present work it was prepared by the alternative
route using the linear hexapeptide. In addition, a second symmetric, optically active
diastereoisomer -,L,L,-,L,L was prepared, again by cyclisation of the linear hexapeptide
as well as by cyclisation-dimerisation of tripeptide fragments. Cyclisation of the
corresponding hexapeptides (glycyl-L-leucyl-L-phenylalanyl-glycyl-D-leucyl-D-phenyl-
alanine hydrazide and glycyl-L-leucyl-D-phenylalanyl-glycyl-p-leucyl-L-phenylalanine
hydrazide resp,) yielded both possible meso-forms: -,L,L,-,0,0 and -,L,D,-,D,L. In the
series of compounds with sequence ¢(Gly-Phe-Leu-Gly-Leu-Phe) we prepared com-
pounds formally corresponding to four symmetrical isomers of both series mentioned
above. Substances with the same absolute configuration in terms of amino acid
residues of the same type, i.e. -,L,L,-,L,L and -,D,L,-L,D, do not show symmetry
in this case. Both were prepared by cyclisation of the corresponding linear hexapeptide
hydrazides. In the same manner we also prepared the last two isomers c(glycyl-p-
phenylalanyl-L-leucyl-glycyl-D-leucyl-L-phenylalanyl) and c(glycyl-D-phenylalanyl-
p-leucyl-glycyl-L-leucyl-L-phenylalanyl) which represent possible cycloenantiomeric
pairs in this series.

The properties and yields of the prepared cyclohexapeptides are presented in Table 1I. As
observed»®17-18 the yield was related to the relative configuration of chiral atoms in the chain.
Higher yields were obtained in all cases in which both Land D forms were present in the same
molecule. The homogeneity of the cyclohexapeptides was controlled by thin layer chromato-
graphy among other methods. In the system diisopropy! ether—chloroform-formic acid there was
some degree of separation of diastereoisomers. Somewhat larger R values were shown by isomers
containing both L and b residues. The structure of all the cyclohexapeptides were studied by mass
spectrometry. The molecular weight in all cases corresponded to cyclohexapeptides of the given
structure, even if data from elemental analysis corresponded to variously hydrated forms which
are usual in the cyclohexapeptides!®. Fragmentation determined was in agreement with observa-
tions on substances prepared previously.
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EXPERIMENTAL

Melting points were determined on a Kofler block. Optical rotation was measured with a photoelectric polarimeter or the
Jasco ORD-UV/'S spectropolarimeter. Samples for analysis were dried at 70°C/1 Torr over phosphorus pentoxide for
8—16 h, unless otherwise stated. Intermediate products, i.c. derivatives of di-, tri-, and hexapeptides, were analysed for
purity both by thin layer chromatography on silica gel (Kieselgel G, Merck) in the solvent system I-butanol—acetic acid—
water (4: 1: 1) and 2-butanol—3% aqueous ammonia (3 : 1), and by paper electrophoresis on Whatman 3 MM in a moist
chamber in 6 acetic acid at a potential gradient of about 20 V,"cmA Compounds with a free amino groups were detected
with ninhydrin and the protected peptides with tolidine reagent after chlorination®®. Substances used in further stages were
pure by these criteria. Allsolutions were evaporated on a rotating evaporator at 40°C/15 Torr.

o-Nitrobenzenesulphenyl-p-leucyl-L-phenylalanine Methyl Ester

To a solution of the dicyclohexylammonium salt of e-nitrobenzenesulphenyl-p-leucine (6:0 g)
and the hydrochloride of L-phenylalanine methyl ester (3-0 g) in chloroform (100 ml) dicyclo-
hexylcarbodiimide (3-2 g) was added. The mixture was left standing overnight in the refrigerator,
the solution was filtered and evaporated, the residue was dissolved in ethyl acetate, the solution
shaken with 0-5M-H,SO,, water, 5% NaHCO,, and water, dried and evaporated. The residue
was crystallised from a mixture of ethyl acetate and light petroleum, giving a yield of 4-7 g (72%),
m.p.127—129°C, [¢], — 12:1° (¢ 0-50, methanol). For C,,H,;N;05S (445-5) calculated: 59-31% C,
6:11% H, 9-43% N; found: 59-29% C, 5-86% H, 9-48% N. The analogously prepared enantio-
meric ester had m.p. 128—129°C, [«], +11-8° (¢ 0-50, methanol).

o-Nitrobenzenesulphenyl-p-leucyl-p-phenylalanine Methyl Ester

A mixture of the dicyclohexylammonium salt of e-nitrobenzenesulphenyl-p-leucine (12:6 g), the
hydrochloride of p-phenylalanine methyl ester (6:0g) and dicyclohexylcarbodiimide (6-3 g)
in chloroform (200 ml) was worked up as in the preceding preparation. The yield was 84 g
(70%) of a substance with m.p. 107—108°C, [«]p +30-3° (¢ 0-50, methanol). For C,,H,,N;04S
(445-5) calculated: 59-31% C, 6-11% H, 9-43% N; found: 59-64% C, 6-03% H, 9-11% N. An
analogously prepared enantiometric ester had a m.p. of 108—109°C, [«]p, — 30-1(c 0-50, methanol).

p-Leucyl-L-phenylalanine Methyl Ester Hydrochloride

To a solution of o-nitrobenzenesulphenyl-p-leucyl-L-phenylalanine methyl ester (1-5 g) in metha-
nol (10 ml) 9 ml of 0-5M-HCl in methanol were added. The mixture was left standing at room
temperature (the course of the reaction was followed by thin layer chromatography on silica gel
in benzene?!) for 10 min, evaporated, the residue was ground with ether and let stand for 30 min
at room temperature. The substance was filtered and crystallised from methanol-ether with
a yield of 0-93 g (84%), m.p. 215—220°C, [a]p —30-7° (¢ 0-50, methanol). For C,gH,5CIN,O4
(3288) calculated: 5844% C, 7-66% H, 825% N; found: 5870% C, 7-78% H, 8-59% N. The
analogously prepared enantiomer had a m.p. of 215—220°C, [«];, +-30:9° (¢ 0-50, methanol).

p-Leucyl-p-phenylalanine Methyl Ester Hydrochloride

This compound was obtained in the same manner as above from 1 g of o-nitrobenzenesulphenyl-
p-leucyl-D-phenylalanine methyl ester in a yield of 065 g (89%), m.p. 199—201°C, [a]y —10-6°
(¢ 0-50, methanol). For C;sH,sCIN,0; (328-8) calculated: 58-44% C, 7-66% H, 8-52% N; found:
58-59% C, 7-717% H, 8-63% N. The analogously prepared enantiomer had a m.p. of 204—205°C,
[alp +10-6° (¢ 0-50, methanol).
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Benzyloxycarbonyl-p-phenylalanyl-p-leucine Methyl Ester

To a solution of benzyloxycarbonyl-p-phenylalanine (8 g) and p-leucine methyl ester (4 g)
in ethyl acetate (150 ml) 6-3 g of dicyclohexylcarbodiimide was added. The mixture was left
standing overnight in the refrigerator and then 0-5 ml of dilute acetic acid was added. After 1 h
at 0°C N,N’-dicyclohexylurea separated out and was filtered off, the filtrate was washed with
IM-HCl, 5% NaHCO,, and water, dried over sodium sulphate and evaporated. The residue was
taken up in ethyl acetate and light petroleum and the product crystallised out at a yield of 9-4 g
(82%,), m.p. 112—113°C, [a]p +25-7° (c 0-50, methanol). The literature?? reports for the enantio-
mer m.p. 110—111°C, [a], —25:0° (¢ 2-8, methanol).

o-Nitrobenzenesulphenylglycyl-p-leucyl-L-phenylalanine Methyl Ester

A mixture of the dicyclohexylammonjum salt of o-nitrobenzenesulphenylglycine (1-0 g), the
hydrochloride of p-leucyl-L-phenylalanine methyl ester (0-8 g) and dicyclohexylcarbodiimide
(0-6 g) in chloroform (20 ml) was worked up as in preceding preparations; the yield 0-8 g (66%) m.p.
128--130°C (ethyl acetate-light petroleum). For C,,H;3oN,04S (502:6) calculated: 57-35% C,
6-02% H, 11-15% N, found: 57-78% C, 6:18% H, 11-11% N.

Benzyloxycarbonylglycyl-p-phenylalanyl-p-leucine Methyl Ester (/, X = p-Phe, Y = p-Leu)

The above procedure was used to obtain 4-2 g (88%) of the title compound from benzyloxycarbo-
nylglycine (7 g), p-phenylalanyl-p-leucine methyl ester (10 g) in ethyl acetate (200 ml) and di-
cyclohexylcarbodiimide (7-0 g); m.p. 90—92°C, [«]y +21-2° (¢ 0-50, dimethylformamide). After
decarbobenzoxylation with hydrogen bromide in acetic acid and decomposition of the crude
hydrobromide with ammonia in chloroform the free tripeptide methyl ester was obtained, m.p.
111—112°C (methanol-ether), The literature gives m.p. 84—86°C, [a]y —17-4° (¢ 0-40, 989,
acetic acid) for the enantiomer of the protected tripeptide methyl ester and m.p. 108—109°C
for the enantiomeric unprotected tripeptide ester.

Benzyloxycarbonylglycyl-L-leucyl-L-phenylalanine Hydrazide (II, X, = r-Leu, ¥, = L-Phe)

To a solution of benzyloxycarbonylglycyl-L-leucyl-L-phenylalanine methyl ester'* (1'5g) in
methanol (5 ml) 82% hydrazine hydrate (0-5 ml) was added. The mixture was refluxed for 2 h,
left overnight at 0°C and then diluted with water. The crystals which separated out were recrystal-
lised from aqueous methanol, giving a yield of 1-32 g (88%) of the hydrazide, m.p. 191--192°C,
lalp —283° (c 0-50, dimethylformamide). For C,sH33NsO5 (483-5) calculated: 6210 C,
6-80% H, 14-50% N; found: 62:03% C, 7-02% H, 14:49% N.

Benzyloxycarbonylhexapeptide Methyl Esters IV

As an example we present the synthesis of substance IVi. Isomers 1Va— IVh were prepared in the
same manner. Yields and analytical data are presented in Table I. To a solution of benzyloxy-
carbonylglycyl-p-phenylalanyl-L-leucine hydrazide! (1-0 g) in dimethylformamide (20 ml) 5-5 ml
3-5M-HCl in tetrahydrofurane was added, followed by the dropwise addition of 0-45 ml of butyl
nitrite at — 30°C with stirring. After 4 min a solution of hydrobromide of glycyl-L-leucyl-t-phenyl-
alanine methyl ester'* (26 g) in dimethylformamide (5 ml) was added and the mixture was neu-
tralised with N-ethylpiperidine to pH 8:5. After 12 h standing at 0°C the solvents were removed
and the residue was taken up in 30 ml IM-HCL. After 1 h at 0°C the solid substance which formed
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TaBLE 1

Yields, Specific Rotations in Dimethylformamide and Analyses of Benzyloxycarbonyl Hexa-
peptide Esters IV and Hydrazides V

Compound Xt Y, Yield, %  [#ly _Ffowd
X, Y, M.p., °C 4 % C % H %N
Esters [V*°

1va p-Phe Dp-Leu 47 + 7-2° 64-49 7-04 10-53
L-Phe L-Leu 239—240 (0-21)

b L-Leu L-Phe 67 —43-8° 64-81 7-06 10-36
L-Leu L-Phe 210—211 (0-28)

vee L-Leu D-Phe 67 + 37° 64-24 7-05 10-22

i-Leu  p-Phe  217—218 (0-50) .

we L-Leu L-Phe . 45 —15-0° 64-28 7-32 10-25
D-Leu p-Phe 230—-232 (0-20)

1ve® L-Leu D-Phe 87 + 89° 64-48 7-08 10-58
D-Leu L-Phe 212—-213 (0-50)

vf L-Phe L-Leu - 44 —257° 64-70 7-01 10-61
L-Leu L-Phe 240—242 (0-50)

Vg p-Phe L-Leu 76 + 50° 64-82 728 10-81
p-Leu L-Phe 189—-190 {0-50)

1vh p-Phe p-Leu 60 —19-5° 64-29 696 10-62
L-Leu L-Phe 230—232 (0-50)

1Vi D-Phe L-Leu 70 + 7-8° 64-34 7-12 1049
L-Leu D-Phe 205—1207 (0-50)

Hydrazides v’

va® L-Phe  L-Leu 80 — 35" 6318 7-01 1379
Dp-Phe D-Leu 260—265 (0-50)

173 L-Leu L-Phe 92 —54-4° 62:36 775 1395
L-Leu L-Phe 246—248 (0-50)

Ve L-Leu D-Phe 82 + 2-8° 62-68 711 14-06
L-Leu  p-Phe 180182 (012

vd L-Leu L-Phe 75 — 86° 62-66 679 14-00
D-Leu p-Phe 245--247 (0-50)

Ve L-Leu D-Phe 86 + 56° 62-63 696 14-00
p-Leu  L-Phe  226—227' (0-50)

vf L-Phe L-Leu 84 --31-5° 63-14 715 1426
i L-Leu  1-Phe  246—-248'  (0-50)

vg' D-Phe L-Leu 77 — 46° 62:32 711 13-93
p-Leu L-Phe 160—162™ (0-50)

Vh p-Phe p-Leu 80 — 56° 62:93 7-01 13-92
L-Leu L-Phe 254—256 (0-19)

Vi D-Phe L-Leu 80 +27-4° 63-00 714 13-76

t-Leu  D-Phe  228—230 (0-50)
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TasLE 1T
Yields and Analyses of Cyclohexapeptides VI

Compound X, Y, Yie]d,o% Formula Cajculated/Found
- X, Y, m.p., °C (M.v.) % H %N
Vie®  L-Phe  L-Leu 30 C34Hy6NgOg 2 H,0  60-88  7-51  12:53

D-Phe D-Leu — (670-8) 60-89 724 12:29
Vib 1-leu  i-Phe 23 C34Ha6NgOs 6432 730 1324
L-Leu L-Phe 314316 (634-8) 64-05 7-67 13-14
Vic t-Leu  p-Phe 43¢ Cy4HygNgOg 2 H,O 6088 751 12:53
L-Leu p-Phe 314—-316 (670-8) 61-06 7-53 12-57
vd L-Leu  1L-Phe 35 CyaHygNgOg 2 H,O 6088 7:51  12:53
D-Leu D-Phe 4 (670-8) 61-03 7-54 12:59
Vie 1-Leu  p-Phe 43 Cy HugNgOg H,0  62:55 741 1288
D-Leu L-Phe € (652-8) 6268 7-33 12:53
vif  1-Phe  L-Leu 31 CyaHy6NgOg. A H,0 6337 730 13:05
L-Leu L-Phe 295—298 (643-8) 63-27 771 1272
Vlg  p-Phe 1-Leu 37 CyoHu6NgOg 2 H,0 6088 7-51  12:53
D-Leu L-Phe 307--309 (670-8) 6119 7-52 12:66
Vi p-Phe  D-Leu 58 CyHygNgOg 4 H,O0 6337 730 1305
L-Leu L-Phe 315317 (643-8) 63-09 7-32 1298
vii p-Phe  1-Leu 34 C34HyNg0g.2 H,0 6088 7:51  12:53
L-Leu p-Phe 307—310 (670-8) 60-89 7-14 12:55

“Substance synthesized from enantiomeric -,L,L,-D,p hydrazide Va decomposes over 330°C;
substance synthesized from -,D,D,-,L,L enantiomer with a yield of 279 did not melt to 360°C.
Changes in crystalline form in both cases at 305—310°C. bSubstance identical with cyclopeptide
obtained by cyclisation-dimerisation with a yield of 197, m. p. 312—315°C. “Substance identical
with product of cyclisation-dimcrisation”. 4pid not melt at 350°C, change in crystaline form
at 320°C. *Decomposition at about 360°C, change in crystalline shape at about 350°C.

Continuation of Table I:

“For C43H36NgO, (800:9) calculated: 64-50% C, 7.00% H, 10-50% N; “enantiomer I¥a -,L,L,-,D,b
was prepared with the same yield, m.p. 237—240°C; crystallised from 2-propanol-ethyl acetate;
derystallised from aqueous dimethylformamide; “crystallised from 2-propanol, the same compound
was synthesized starting with non-crys(allineglycyl-D-leucyl—L-phenylalanine methylester (prepared
by deblocking of the o-nitrobenzenesulphenyl derivative; ffor C,,Hs6NgOg (800-9) calculated:
62:98% C, 7-05% H, 13:99% N; “enantiomer ¥a-,D,D,-,L,L gave the same yielld, m.p. 262—264°C,
[alp -+2:4° (c 0-50, pyridine); hmeasured in pyridine: ‘for C42H55N398- /2 H.zo (809:9) cal-
culated: 62:36% C, 7-25% H, 13-95%4 N; ksolidifies and melts at 212°C; ‘crystallised from aque-
ous methanol; ™crystallised from methanol-ether.
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was filtered off, washed with 1M-HCI, 5% NaHCO,, and water and dried in vacuo. The yield was
1-5 g, m.p. 185—195°C, after crystallisation from 2-propanol-ether-light petroleum the yield
was 116 g (70%), m.p. 204— 207°C.

Benzyloxycarbonylhexapeptide Hydrazides V'

As an example we present the synthesis of substance Vi. Isomers Va-- Vi were prepared in the
same manner, ¢f. Table 1. To a solution of hexapeptide ester I¥i (0-5 g) in methanol (5 mi) 0-5 ml
92% hydrazine was added. The mixture was refluxed for 6 h, left standing 20 h, diluted with water
and left standing 1 h at 0°C. The precipitate which separated out was sucked off and dried in vacuo;
the yield was 0-45 g, m.p. 226— 228°C; after crystallisation from aqueous methanol the yield was
0-40 g (80%), m.p. 228—230°C.

Cyclohexapeptides V7

As an example the synthesis of peptide VJi is presented. Isomers Via— Vih were prepared in the
same manner (Table I1T). Hydrazide Vi (0-5 g) was left standing in a 33% solution of hydrogen
bromide in acetic acid for 30 min at room temp. The mixture was diluted with ether, the hydro-
bromide which separated out was ground with ether and dried in vacuo. A solution of sodium
nitrite (40 mg) in water (5 ml) was added dropwise to a solution of purified hydrobromide hydra-
zide (0-45 g) in acetic acid (10 ml) and 1M-HCI (30 ml) with constant stirring at 0°C. After
a further 15 min mixing at 0°C the mixture was added to 1000 m] of ice water and the pH was
adjusted to 6:7 with a solution of NaHCO; and Na,COj;. The reaction mixture was left standing
at 3°C for 6 days. The solid substance which separated out was filtered off and dried in an exsicca-
tor, giving a yield of 160 mg, m.p. 270—290°C. After crystallisation from acetic acid-water the
yield was 121 mg (34%); m.p. 307— 310°C. With isomer VIf the reaction time was 28 days, V/b 9
days, and the remaining isomers were left standing for 3— 6 days. In the case of isomer /¥Va with
t he given dilution a product was isolated containing a small admixture of a high molecular weight
substance, p:rhaps an oligomer according to mass spectrometry. In repeated syntheses, thereflore,
the dilution was increased threefold. The yields presented in Table II refer to product crystallised
once from acetic acid and values given are the highest from repeated measurements.

The synthesis of isomer VIb by cyclisation dimerisation: Hydrazide II (X; = L-Leu, Y, =
= L-Phe) (0-8 g) was decarbobenzoxylated as described for cyclisation of hexapeptide hydrazide ¥i.
To a solution of the impure hydrobromide (0-70 g) in 1mM-HCI (26 ml) was added dropwise a solu-
tion of sodium nitrite (101 mg) in water (8 ml) at —5°C with stirring. The mixture was stirred
15 min at 0°C, added to 300 ml ice water, left standing 4 days and worked up as above.

We are greatly obliged to Academician F. Sorm for his continuing interest in this work. We wish
10 express our thanks to Mrs H. JaneSovd for excellent technical assistance. Mass spectromelry
was kindly carried out by Dr L. Dolejs, analyses by the analytical department of the Institute.
Optical rotations were measured by Mrs H. Pilafovd and Mrs J. Vétrovska.
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