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Cyclic disulfides of cysteinyl-tetraglycyl-cysteine (Ia), cysteinyl-tyrosyl-triglycyl-cysteine (/b) and
cysteinyl-tyrosyl-isoleucyl-diglycyl-cysteine (/c) were synthesized by classical methods of peptide
synthesis. The actions of solvent and of side chains in the positions 2 and 3 on the conformational
arrangement of the peptide backbone and the disulfide group were investigated by means ol CD
spectroscopy. Some mechanisms which co-operate in stabilizing the oxytocin conformation
were identified. Hence, it may be deduced, that the amino acid sequence in the positions 1—3
determines the spatial arrangement characteristic for oxytocin, at least in a protonating medium.

The present efforts' ~® in utilizing the spectra of circular dichroism to obtain know-
ledge on conformation of neurohypophyseal hormones were largely of an extensive
nature given above all by the use of numerous analogues prepared for the purpose
of understanding the structure-biological activity relationships”-%. Although it was
possible to draw some conformational conclusions agreeing in principle with the
findings afforded by other methods®™'#, the results were rather of a diagnostic
value, i.e. they enabled one to classify the particular types of analogues according
to the characteristic structural modification®+*. To rationalize the approach to con-
formational studies of the natural compounds — oxytocin and vasopressin — it would
be advantageous to investigate model compounds tailored directly for this purpose.
Such models would facilitate the more detailed analysis of the complex CD curves
of neurohypophyseal hormones as well as the recognition of the particular structural
segment actions on the spatial arrangement of mother compounds.

In this report we describe the synthesis of three simple heterodetic cyclohexa-
peptides Ia—Ic retaining the following features of the parent oxytocin molecule:
the size of the cyclohexapeptide fragment and the disulfide grouping.

In addition, compound Ib contains also the second amino-acid residue of the
oxytocin sequence (tyrosine) and compound ¢ the second and third residue (tyrosine

* Part CLXI in the series Amino Acids and Peptides; Part CLX: This Journal 45, 435 (1980).
b Visiting scientist, Leningrad State University, Leningrad, USSR.
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and isoleucine). These compounds, together with the additional heterodetic cyclo-
hexapeptide VII (prepared by Siemion and Klis'?), were thoroughly investigated by
CD spectroscopy in a series of solvents and in relation to temperature. We endeav-
oured to identify the factors of structure and environment capable of influencing
the spatial arrangement of the peptide backbone and the disulfide group and to
find relations between properties of the model compounds and those of the native
hormone.

Synthesis of the hexapeptides* Ta—Ic was performed by fragment condensation.
Protecting groups were chosen with respect to the need for their simultaneous removal
in the last step by sodium in liquid ammonia (N-benzyloxycarbonyl, S-benzyl and
benzyl ester). o-Nitrobenzenesulfenyl group was utilized for the temporary protec-
tion of the amino groups. A similar route was used'’~'? for the preparation of the
compound Ja. In addition, we were able to present the full characterisation of this
as well as the other two (Ib and Ic) hexapeptides. We have also proved the mono-
meric character of the compound Ja by partial substitution of the amino group?®-2!.

H-Cys-Gly-Gly-Gly-Gly-Cys-OH
la

H-Cys-Tyr-Gly-Gly-Gly-Cys-OH
Ib

| |
H-Cys-Tyr-Ile-Gly-Gly-Cys-OH

Ic

Z-Cys(Bzl)-Gly-Gly-R Nps-Gly-Gly-Cys(Bzl)-OBzl
lla, R = OEt, IIb, R = N,H; m
Z-Cys(Bzl)-Gly-Gly-Gly-Gly-Cys(Bzl)-OBz!
v

Nps-X-Gly-Gly-Cys(Bzl)-OBzl

Va, X = Gly, Vb, X=1Ile
Z-Cys(Bzl)-Tyr-X-Gly-Gly-Cys(Bzl)-OBzl

Vla, X ='Gly, VIb, X =lle

|
H-Cys-Lys-Ala-Gly-Gly-Cys-OH

vil

* Amino acids used in this work were of L-configuration. Nomenclature and symbols

follow the published proposals!®.
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Synthesis of the compound Ia started with two tripeptide derivatives. The ester I1a
was converted to hydrazide JIb and azide-condensed with the tripeptide ester ob-
tained from the compound III by removal of the amino protecting group with HCL.
The fully protected hexapeptide IV was reduced with sodium in liquid ammonia
and oxidized in the aqueous solution with air oxygen. Preparation of the remaining
two hexapeptides started again from the tripeptide I11. After removal of the o-nitro-
benzenesulfenyl group, the compound was acylated either with o-nitrobenzenesul-
fenylglycine and N,N'-dicyclohexylcarbodiimide (yielding the compound Va) or with
N-hydroxysuccinimide ester of o-nitrobenzenesulfenylisoleucine, affording the tetra-
deptide Vb. In both cases the o-nitrobenzenesulfenyl group was split off by HCI and
the free tetrapeptide esters were acylated with N-benzyloxycarbonyl-S-benzylcys-
teinyl-tyrosine azide prepared from the corresponding hydrazide?2. Similarly to the
case of the compound IV, the both protected hexapeptides VIa and VIb were reduced
with sodium in liquid ammonia and oxidized with the air. Inorganic salts were re-
moved using sulfonate cation exchanger and the products were purified by gel fil-
tration on Bio-Gel P-4 in IM acetic acid. The pure products were obtained in
30— 609 yield.

EXPERIMENTAL

Melting points were determined on a Kofler block and are corrected. Samples for elemental
analyses were dried 24—48 h at 130 Pa. Thin-layer chromatography was carried out on silica
gel plates in the solvent systems 2-butanol-98% formic acid-water (75:13-5:11'5) (S1),
2-butanol-25% aqueous ammonia-water (85:7-5:7-5) (S2), l-butanol-acetic acid-water
(4:1:1) (S3), 1-butanol-pyridine-acetic acid-water (30:20: 12: 6) (S4). Electrophoresis was
carried out on Whatman 3 MM paper in a moist chamber apparatus at 800 V for 1 h. The buffer
solutions used were 1M acetic acid (pH 2-4) and pyridine-acetic acid (pH 5:7). Spots were de-
tected by ninhydrin or by chlorination. The presented Ry and E values relate to pure compounds.
Samples for amino acid analysis were hydrolysed for 20 h in 6M-HCI (in ampoules sealed at 130 Pa).
Analyses were performed on an automatic analyser (Developmental Workshops, Czechoslovak
Academy of Sciences, type 6020). Reaction mixtures were evaporated on a rotatory evaporator
at a bath temperature of 30—35°C under reduced pressure (water pump; with mixtures containing
dimethylformamide an oil vacuum pump). Gel filtrations were performed in columns filled with
Bio-Gel P—4 (Bio-Rad Laboratories, Richmond, Ca., USA).

o-Nitrobenzenesulfenylglycyl-glycine

To a solution of glycyl-glycine (13-2 g) in a mixture of 2M-NaOH (50 ml) and dioxan (125 ml)
we added o-nitrobenzenesulfenyl chloride (20-6 g) and 2u-NaOH (60 ml) in a period of 10 min.
The mixture was poured into cold water (11), the precipitate was filtered off and the solution
was acidified with IM-H,SO,. The precipitated product was filtered off and washed with water.
Crystallization (ethanol) afforded 17-3 g (60%) of the product, m.p. 170 to 175°C. For C, o HN;.
.0S (285-3) calculated: 42:10% C, 3-89% H, 14:73% N; found: 42:30% C, 3-94% H, 14-73% N.
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o-Nitrobenzenesulfenylglycyl-glycyl-S-benzylcysteine Benzy! Ester (/1)

S-Benzylcysteine benzyl ester p-toluenesulfonate was prepared according to the published proce-
dure?® in 88% yield. M.p. 158—161°C, [¢]lp —19-2° (c 0-5, dimethylformamide); E$'Y 1-2,
EM50-63. Reported?® m.p. 159°C.

S-Benzylcysteine benzyl ester p-toluenesulfonate (40 g) dissolved in water was neutralized
with sodium carbonate to pH 8—9. The solution was extracted with ethyl acetate, the extract
was dried and taken down. The residue was taken up in dimethylformamide (70 ml), o-nitro-
benzenesulfenylglycyl-glycine (23 g) and |-hydroxybenzotriazole (12 g) were added. The solu-
tion was cooled to —20°C and N,N’-dicyclohexylcarbodiimide (18-3 g) was added. The mixture
was stirred for 2 h at —20°C and overnight at 0°C. Dicyclohexylurea was filtered off, the solu-
tion was taken down and the residue was treated subsequently with light petroleum and ether. The
crystalline portion was filtered and washed on the filter with 5% sodium carbonate solution,
water, IM-H,S0, and water. Crystallization from 2-propanol yielded 25 g (54%) of the title
compound, m.p. 125—127°C; [a], —-254° (¢ 0-5, dimethylformamide). For C,,H3,N,05S,
568:7) calculated: 57-02% C, 4-96% H, 9:85% N; found: 56:82% C, 4-93% H, 9-96% N.

N-Benzyloxycarbonyl-S-benzylcysteinyl-glycyl-glycine Ethyl Ester (/1a)

Glycyl-glycine (1 g) was dissolved in 5:2M ethanolic HCl (5 ml) and after standing for 18 h at
room temperature glycyl-glycine ethyl ester hydrochloride was precipitated with ether. Yield
1-5 g (93%), m.p. 184—186°C; ESY 0-54, EH'S 0-88. Refs!”'® give m.p. 185—186°C and 181 1o
182°C.

N-Benzyloxycarbonyl-S-benzylcysteine (3-45 g), glycyl-glycine ethyl ester hydrochloride (2:75 g)
and 1-hydroxybenzotriazole (1:35 g) were dissolved in dimethylformamide. The pH of the solu-
tion was adjusted to 7-5—8'0 (moist pH paper) by the addition of N-ethylpiperidine. The solution
was cooled to —20°C and N,N’-dicyclohexylcarbodiimide (2:27 g) was added. The- mixture
was stirred for 2 h at —20°C, overnight at 0°C and 2 h at room temperature. After evaporation
the residue was treated with ether, the crystalline portion was filtered and washed with 1M-HCJ,
water, 5% aqueous sodium hydrogen carbonate and water. Crystallization (2-propanol) afforded
44 g (86%) of Ila, m.p. 105—107°C, [a]p —8:9° (c 0-6, ethanol). For C,,H,qN;04S (487-6)
calculated: 59-12% C, 6:00% H, 862% N; found: 59:15% C, 6:01% H, 864% N. Ref.23 gives
m.p. 114°C, [«]p —12:9° (¢ 3-2, ethanol).

N-Benzyloxycarbonyl-S-benzylcysteinyl-glycyl-glycine Hydrazide (17b)

The compound was obtained in 80% yield by hydrazinolysis of the corresponding ethyl ester
with hydrazine hydrate. M.p. 170—172°C, [a]p —24-1° (¢ 0'5, dimethyl{ormamide). Literature?3
gives m.p. 164°C.

N-Benzyloxycarbonyl-S-benzylcysteinyl-glycyl-glycyl-glycyl-glycyl-S-benzylcysteine
Benzyl Ester (1V)

To a solution of the protected tripeptide I/ (1:7 g) in dimethylformamide 3-6M-HCI in ether
(1:75 ml) was added. After 4 min the mixture was evaporated and triturated with ether. To a cooled
(—20°) solution of the protected hydrazide 116 (1-46 g) in dimethylformamide (5 ml) 6-5M-HCl in
tetrahydrofuran (2-3 ml) and butyl nitrite (0-7 ml) were added. The pH of the mixture was adjusted
to 85 and the dimethylformamide solution of the amino component was added. After standing
for 24 h at 0°C, the mixture was taken down and the residue treated with 1mM-HCI, water, 5%
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aqueous sodium hydrogen carbonate and water. Crystallization from 2-propanol afforded 22 g
(82%,) of 1V, m.p. 209—211°C, [a]p —31-5° (¢ 11, pyridine). Ry 0-77 (S1), 0-65 (S2), 0-73 (S3),
0-71 (S4). Literature?3 gives m.p. 205—206°C, [a]p, —29-7° (¢ 11, pyridine).

Cyclic Disulfide of Cysteinyl-glycyl-glycyl-glycyl-glycyl-cysteine (/a)

The protected hexapeptide IV (0-50 g) was reduced with sodium in liquid ammonia (0-5 1). After
2 min the blue solution was discoloured by addition of ammonium chloride and the ammonia
was evaporated. The residue was dissolved in water, the pH was adjusted to 3—4 and the solu-
tion was extracted with ether. Then the pH value of the mixture was adjusted to 7 with 1M-NaOH,
the solution was diluted with water to 0-5 | and air-oxidized for 2 h. The pH was adjusted to 3—5,
the solution was concentrated to 100 ml and poured on a Dowex 50 (H *-cycle) column. The
column was washed with water and the peptidic material eluted with 10%; pyridine (5°C). Freeze-
-drying of the eluate afforded 0-14 g (55%) of the product, which was further purified by gel
filtration on a Bio-Gel P—4 column (140 X 2:5cm) in IM acetic acid (OD, 44 detection). One
main peak of the peptidic material was localized; freeze-drying yielded 54% of Ja (total yield
30%); ESY 077, ESY 0-0; Rp 0-12 (S1), 0:02 (S2), 0-07 (S3), 0:25 (S4); [«lp —24-0° (¢ 0-06, Im
acetic acid). Amino acid analysis: Gly 4-00, Cys 1-82. For C,,H,,N;0,S,.C,;H;0,.2'5 H,0
(555:6) calculated: 34-59%; C, 5-62% H, 15-13% N; found: 34-68% C, 5-23% H, 15:09% N. The
monomeric form of the peptide was proved by the determination of the number of amino
groups2®:2!,

o-Nitrobenzenesulfenylglycyl-glycyl-glycyl-S-benzylcysteine Benzyl Ester (Va)

The o-nitrobenzenesulfenyl group of the tripeptide /77 (1-7 g) was split off by the identical proce-
dure as described for the compound 7V. Hydrochloride of the tripeptide ester, together with the
dicyclohexylammonium salt of o-nitrobenzenesulfenylglycine (1-:23 g) and I-hydroxybenzo-
triazole (0-40 g), were dissolved in dimethylformamide (20 ml), the mixture was cooled to —20°C
and N,N’-dicyclohexylcarbodiimide (0-68 g) was added. After stirring for 2h at —20°C and for
12 h at 0°C the precipitated N,N’-dicyclohexylurea was filtered off, the filtrate was taken down
and the residue triturated with light petroleum and ether. The crystalline portion was filtered
and washed with 1M-H,SO,, water, 5% aqueous sodium hydrogen carbonate and water. Crystal-
lization from 2-propanol afforded 1-35 g (75%) of product, m.p. 109—111°C; [z]5 —251° (¢ 0'5,
dimethylformamide). For C,oH3;N50,S, (625:7) calculated: 55:68% C, 4:99% H, 11-19% N;
found: 55-90% C, 5-11% H, 11-49% N.

N-Benzyloxycarbonyl-S-benzylcysteinyl-tyrosyl-glycyl-glycyl-glycyl-S-benzylcysteine
Benzyl Ester (Vla)

To a solution of the protected tetrapeptide Va (1-25 g) in dimethylformamide (3 ml) 3-6M-HC)
in ether (1-46 ml) was added and after standing for 2 min at room temperature the mixture was
taken down and the residue triturated with ether. To a cooled (—20°C) dimethylformamide
(10 ml) solution of N-benzyloxycarbonyl-S-benzylcysteinyl-tyrosine hydrazide (1:07 g) 4-:0M-HCI
in tetrahydrofuran (2-3 ml) and butyl nitrite (0-3 ml) were added. After stirring for 10 min at 0°C
the solution was again cooled to —20°C and after adjusting the pH value to 85 with N-ethyl-
piperidine the dimethylformamide solution of the amino component was added. After standing
for 24 h at 0°C and for 2 h at room temperature the mixture was evaporated and the residue
was treated with 1M-HCI, water, 5% aqueous sodium hydrogen carbonate and water. The yield
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of the product crystallized from 2-propanol was 1:70 g (88%). M.p. 172—176°C, [a]p —32-8°
(c 0-5, dimethylformamide); Ry 0-95 (S1), 0-80 (S2), 0-75 (S3), 0-85 (S4). For C5oHs4NgO,(S,.
.05 H,0 (972-2) calculated: 61:76%; C, 5:70% H, 8:65%; N; found: 61:78% C, 5-88%; H, 8:79% N.

Cyclic Disulfide of Cysteinyl-tyrosyl-glycyl-glycyl-glycyl-cysteine (16)

The protected hexapeptide V/a (0-50 g) was reduced with sodium in liquid ammonia and oxidized
with the air at pH 7-0. Inorganic salts were removed with the aid of Dowex 50 (H*-cycle; elution
of the peptidic material by 109 aqueous pyridine). The procedure yielded 250 mg (83%) of the
product exhibiting a single spot on electrophoresis (ninhydrin detected). The peptide was puri-
fied by gel filtration on a Bio-Gel P—4 column (140 X 25 cm) in 1M acetic acid (OD, g, detection).
The chromatographically and electrophoretically homogeneous product was obtained in 47%
yield. ESY 0-65, ESY 0-0; R 030 (S1), 0-07 (S2), 0-20 (S3), 033 (S4). Amino acid analysis
(hydrolysed in the presence of phenol): Gly 2-98, Cys 1-86, Tyr 1-03. [a]p, +14:7° (¢ 0-1, IM acetic
acid). For C,;H,gNg0gS,.C,H,0,.3 H,O (670-7) calculated: 41-18% C, 567% H, 12:53% N;
found: 41-09% C, 5:17% H, 12:77% N.

o-Nitrobenzenesulfenylisoleucyl-glycyl-glycyl-S-benzylcysteine Benzyl Ester (V)

o-Nitrobenzenesulfenyl group of the protected tripeptide /II (0-57 g) was split off as described
for the compound IV. The tripeptide ester and o-nitrobenzenesulfenylisoleucine N-succinimidy!l
ester (0-57 g) were dissolved in dimethylformamide (2 ml). The pH value of the mixture was
immediately adjusted to 8 by N-ethylpiperidine and the mixture was stirred for three days at room
temperature. After evaporation the residue was taken up in ethyl acetate and the resulting solu-
tion was washed with 1M-H,SO,, water, 57, aqueous sodium hydrogen carbonate and water,
dried with sodium sulfate and taken down. The residue was triturated successively with light
petroleum and ether. Crystallization from 2-propanol afforded 0-55 g (80) of ¥b, m.p. 155—157°C;
R 0-88 (S1), 0-80 (S2), 083 (S3), 0-82 (S4). [a]p, —57-2° (c 03, dimethylformamide). For C33H,,.
.N50,S, (681-8) calculated: 56:63% C, 5:20% H, 10:01%; N; found: 56-687; C, 5-68% H, 9-78% N.

N-Benzyloxycarbonyl-S-benzylcysteinyl-tyrosyl-isoleucyl-glycyl-glycyl-S-benzylcysteine
Benzyl Ester (VIb)

To a solution of the protected tetrapeptide Vb (1:36 g) in dimethylformamide (5 ml) 3-6M-HCI
in ether: (1-46 ml) was added. After standing for 2 min at room temperature the mixture was
evaporated, the residue was triturated with ether and the crystalline portion was filtered and
washed with ether. To a solution of N-benzyloxycarbonyl-S-benzylcysteinyl-tyrosine hydrazide
(1-07 g) in dimethylformamide (3 ml) 6:4M-HCl in tetrahydrofuran (1-56 ml) was added at —20°C.
Butyl nitrite (0-3 ml) was added, the solution was stirred for 10 min at 0°C, cooled to —20°C
and made alkaline with N-ethylpiperidine (pH 8-5). The dimethylformamide (3 ml) solution of the
amino component was then added, the mixture was stirred for 48 h at 0°C, evaporated and the
residue was triturated with water, IM-HCl and water. Crystallization from the mixture 1-propanol-
-2-propanol afforded 1-63 g (80%) of the product with m.p. 173—175°C. [a]p —32:5° (¢ 0-15,
dimethylformamide); Rp 0-91 (S1), 0-84 (S2), 0-89 (S3), 0-89 (S4). For C5,H4,N40,,S,.H,0
(1037) calculated: 62:53% C, 6:22% H, 8:10% N; found: 62:84% C, 6:16% H, 8-75% N.

Cyclic Disulfide of Cysteinyl-tyrosyl-isoleucyl-glycyl-glycyl-cysteine (Ic)

The protected hexapeptide Vb (0-50 g) was reduced with sodium in liquid ammonia. The oxida-
tion was affectuated with the air (the total volume of 500 ml) during the period of 2 h at pH 7.
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The solution was concentrated to 150 ml and applied on a Dowex 50 (H *-cycle) column. The
peptidic material was eluted with 10% aqueous pyridine, the eluate was concentrated and freeze-
-dried leading to 0-20 g (67%) of the electrophoretically homogeneous product, which was further
purified by gel filtration on a Bio-Gel P—4 column (140 > 2:5 cm) in 3m acetic acid. The detected
peptide (OD, g,) was freezen-dried affording 57% overall yicld of the product. E'Y 0-56, X 0-00;
R 0-50 (S1), 0-10 (S2), 0-37 (S3), 0-67 (S4). Amino acid analysis: Gly 2:09, Cys 1:71, lle 1-07,
Tyr 1:04. For C,sH36NgO0gS,.C3H,0,.1:5 H,0 calculated: 46:34% C, 6:19% H, 12:01% N;
found: 46-38%; C, 6:029; H, 11-78%; N.

Spectroscopic Measurements

The spectra of circular dichroism were recorded on a Roussel-Jouan Dichrographe CD 185
model II in quartz cells with an optical pathlength of 0:02—1-00 ¢cm at 22—25°C (unless otherwise
stated). The solutions were prepared by weighing the freeze-dried substances. Concentrations
(about 0-3 mg ml™') were corrected for the respective content of water and acetic acid (see
elemental analyses). The data are given as molar ellipticity values ([8], deg cm? dmol ') and are
not corrected for the refractive index of solvent. The following solvents were used: 0-01M phos-
phate buffer (pH 7'5), 0:01M-HCI (pH 2), methanol, 2,2,2-trifluoroethanol, hexafluoroacetone
trihydrate. Temperature dependences were measured in a mixture of solvents?* (phosphate
buffer, pH 7-5, water—ethanol-glycerol 1 : 1 :.1) using a cryostat cooled with liquid nitrogen.

RESULTS

Assignment of the dichroic bands to particular electronic transitions in the mole-
cules of cyclohexapeptides under investigation is based on the previously reported
interpretation of the CD spectra of oxytocin, vasopressin and their analogues®~¢.
In the compound Ia only amide and disulfide chromophores are present. The two CD
bands in the long wavelength region (240—320 nm) may be assigned, in analogy
with the spectra of model compounds?*:2¢, to n—o* transitions of the disulfide
chromophore: A negative band with the maximum at 270277 nm and a shoulder
in the region of 240 —250 nm, indicating the presence of a positive band. The latter is,
however, well developed only in aqueous solutions. The negative band is in turn
stronger in non-aqueous solvents (particularly in methanol). Likewise, the hypso-
chromic shift of the crosspoint of the CD curves with the zero line (between 253 and
264 nrn) indicates, that in non-aqueous solvents the dichroic intensity is transferred
from the positive band to the negative disulfide band. Spectra measured in the acidi-
fied aqueous or methanolic solutions do not exhibit any significant changes in the
region of the disulfide bands. Similarly, the acidic nature of hexafluoroacetone tri-
hydrate compared with 2,2,2-trifluoroethanol does not apply. The negative disulfide
band is markedly enhanced at low temperature in a mixture water—ethanol-glycerol
(Table ).

Dichroic bands located in the short wavelength region of CD spectra of the cyclo-
hexapeptide Ia may be assigned to electronic transitions within the amide groups.
The bands are analogous to those of the homodetic cyclohexapeptides, e.g. cyclo-
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(L-Leu-Gly;)?” and cyclo(Gly-L-Ala-L-Leu),?®, with respect to wavelength, intensity
and sometimes even the sign. Thus, there is no reason to suppose any significant
manifestation of the disulfide chromophore in this spectral region. The CD band

TaBLE [
CD Data on NHZ-L-C)"S—(Gly)rL-CyS-OH (la)
|

%, nm ([©]. 1073, deg cm? dmol ™ ")

Solvent” amide bands

disulfide bands .
n—n* n—n*
Buffer, pH 75 276'5 261 s 247 2155 197 185¢
(—0-31) (0) (+0-91) (+61) (—62)  (+10)
Methanol 273 253 250¢ 222 § 205 194
(—129) 0) (+0-79) (+16'D (+4-6) (—81)
TFE 270 253 250¢ 214 1995 185¢
(—0-67) ) (+0-29) (++12:5) (+209)  (—=10)
Buffer, pH 4-9 276 262 5250 219 1955
(—0-33) © (+1:00) (+17-1) (—38-7)
0-01M-HCL 277 264 5248 221 196
(—023) () (41-04) (+161) (—386)
0-05M-HCl 273 256 250¢ 222 195
in methanol (—1-38) (0) (+127) (+263) (—50-4)
HFA 271 2525 250¢ 219 1885
(—0-79) 0 (40-36) (4207 (—37-9)
B., pH 49 273 260 5 250 219 1945
at +12:5°C (—048) 0) (+1:07) (4189) (—41-6)
B., pH 49 277 261 5250 218'S 195
at +72°C (—0-24) (0) (40-65) (+10-8) (—17-8)
Mixed at —80°C 268°5 2505 250¢ 226 G
(—2:69) ) (+0:25) (+69)
Mixed at +40°C 268 252 2507 2235 €
(—0-82) ©) (+025) (+49

4 TFE 2,2,2-trifluoroethanol, HFA hexafluoroacetone trihydrate, mixed solvent is a mixture
of ethanol, water and glycerol (1:1:1); b5 denotes shoulder; € end value; d ellipticity value
at 250 nm; ° not measured.
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of the amide n—n* transitions is located at 214—222 nm and exhibits a positive
sign in all solvents. The bands in the 185—210 nm region belong to the components
of the exciton splitted amide m — n* transition. We observe either a sole high intensity
band or a couple of oppositely signed bands (the maximum of the short wavelength
band being usually outside the region accessible to measurement). Parameters of the
amide bands are markedly dependent on polarity and acidity of the solvent (Table I,
Fig. 1). In the neutral aqueous solution intensities of the amide bands are low.
In alcohols we observe a significant change in the n — n* transition region in addition
to the intensity enhancement of the n—n* band. In methanol a shoulder of the
positive band appears at 205 nm besides the low intensity negative band. The change
is completed in 2,2,2-trifluoroethanol. The signs of the pair of the n—=n* bands are
opposite to those exhibited in the neutral buffer. Lowering the pH value of the
aqueous solution to 4-9 results in almost threefold increase of the n—n* Cotton
effect (combined with its bathochromic shift) and a sixfold increase of the negative
Cotton effect due to the 7 —n* transition. No marked changes are observed when pH
is further lowered to the value of 2. Acidification of the methanolic solution results
in similar effects. In the proton donating hexafiuoroacetone trihydrate the para-
meters of the amide bands are similar to those characteristic for the acidic aqueous
solutions (Table I).

A slight increase in intensity of the positive n—n* band is observed when the
temperature is lowered (in water‘elhanol—glycerol). Similar but much more pro-
nounced temperature dependence is exhibited by both the amide bands (A[@]/Ar =
= 16 and 136 [©] units per deg, respectively) in the acidic aqueous solution (pH 4-9).

—

610~

Fia. 1
Circular Dichroism Spectra of NH,-L-Cys-(Gly),: -Cys-OH (Ja) in Buffer, pH 7-5 (——),
in Methanol (—— —), in 2,2,2-Trifluoroethanol (- - - ), in Hexafluoroacetone Trihydrate (—-—~-)
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CD spectra of the cyclohexapeptides Ib and Ic are more complex owing to the
presence of the tyrosine aromatic side chain the dichroic bands of which are related

Tanee 11
CD Data on NH,-L-Cys-L-Tyr-(Gly);-L-Cys-OH (/b) and N-Acetyl-L-tyrosine Methylamide
I —

2% nm ([e]. 10‘3, deg cm? dmol ™)

a o . . - .
Solvent composite aromatic composite amide

and disulfide band and aromatic bands
NH,-L-Cys-L-Tyr-(Gly);-L-Cys-OH (Ib)
I |

Buffer, pH 75 273 252 226 m 214-5 199-5 192¢

(—1-14) 0) (+199) (+13-0) (+431) (—40)
Methanol 269 249-5 230 m 2165 200 4

(—2:26) ©0) (+175) (+61) (+653)
TFE 272'5 249 225 m 215 200 190¢

(—1-29) () (+12:8) (+53) (+431) (—15)
0-0IM-HCl 2745 254 225 m 2125 202'5 191-5¢

(—1-17) ©) (++40-0) (+232) (+41-8) (—35)
HFA 272 251 223 m 211 200

(—1-40) (0) (+379) (+22:4) (+430) ™ -
0-01M-NaOH 289 269 240 m 224 205 195¢

(—0-79) © (+16'6) (+12:7) (+43-5) (+8)
Mixed at —80°C 2645 250 2265 m 215 d

(—4-19) (0) (+22'1) (+10-2)
Mixed at +40°C 2675 250 2285 m2l17-5 d

(—2-59) 0) (+14-1) (+48)

N-Acetyl-L-tyrosine Methylamide

Buffer, pH 7-5 276 224°5 m 214 199-5

(—043) — (+18:9) (+11:7) (+43-9)
Methanol 4 227'5 m 2155 200

(+163) (+60) (+42:8)

0-01M-NaOH 2975 — 240 m 224 206

(+0-16) (—9-8) (+7-4) (+29-5)

“TFE denotes 2,2,2-trifluoroethanol, HFA hexafluoroacetone trihydrate, mixed solvent is
a mixture of water, ethanol and glycerol (1:1:1); > m denotes minimum; € end value; 4 not
measured.
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to 'B,, « 'Ay,, 'By, + 'Ay,, and 'E,, « "4, transitions of the benzene chromo-
phore. These bands overlap with those of the amide and disulfide groups. The long

TabLe IIT

CD Data on NH,-L-Cys-L-Tyr-L-lle-(Gly),-L-Cys-OH (Jc) and Oxytocin
I

b nm([@i L1072, deg cm® dmol ™)

Solvent? composite aromatic composite amide and
and disulfide band aromatic bands
NH;-1-Cys-L-Tyr-L-Ile-(Gly),-L-Cys-OH (Ic)
[ |
Buffer, pH 7-5 274 5255 247 226 m214 201 189
(—=0:61) (—037) (0) (+165) (+86) (--281) (—43)
Methanol s 282 261:5 247 228 m217 203 193¢
(—1-10) (—1:70)  (0) (+24:8) (4-153) (-+60-2) (—47)
TFE s 281 262 243 2255 m2ls 201
(—065) (—081) (O (+79 (+38) (+228) ¢
0-01M-HCl 273 5257 245 225 207¢ 190°¢
(—0:77) (—0:60) (0) (+21-6) (+3-0) (—50)
0-05M-HCl s 281 267 247 2265  m209 2035  195¢
in methanol (—0-52) (—0'61) (0) (+242) (+72) (+101) (—34)
HFA 2735 255 247 224 s213 $200  192°
(—1:72) (0) (431:3) (+129) (—193) (—39)
0-01M-NaOH d 239 m220 210
(+109)  (+47) (+128) ¢
Mixed at —80°C 262 2455 226  m 215
(—1-58) (0) (4379 (+23-2) ‘4
Mixed at +40°C 261 244 2285 m2i8
(—1-22) © (+141)  (+54) d
Oxytocin”
Buffer, pH 3-0 282 271 5250 226 s211 196
(—0-45) ©) (+1-90) (+223)  (—94) (—70)
HFA 280 263 5251 225 s213 195
(—1-28) (O] (+2:30) (+32:0) (+168) (—46)

“TFE 2,2,2-trifluoroethanol, HFA hexafluoroacetone trihydrate, mixed solvent is a mixture

of ethanol, water and glycerol (1:1:1); > m denotes minimum, s shoulder; € end value;

measured; € broad shoulder; S see ref.3.
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wavelength CD extremum lying within the limits of 261 and 280 nm represents now
a composite band, the dichroic absorption of which is contributed by the n—a*
transition of the disulfide grouping as well as by the longest wavelength aromatic
7m—m* transition (BZ,,). This composite band exhibits a negative sign for compounds
Ib and Ic. In the case of compound /b the related parameters are not much sensitive
to a solvent change. It may be deduced from the course of the spectrum measured
in the alkaline aqueous solution (Table IT) that the intensity of the band is contributed
more seriously by the aromatic transition. The intensity of the band appears approxi-
mately doubled only in methanolic solution probably due to the higher participation
of the disulfide transition. The shoulder caused by the short wavelength disulfide
transition, which is indicated in the spectra of Ja at 250 nm, is not detectable. The
total dichroic absorption at 250 nm remains small positive or even a negative
one (in methanol and 2,2,2-trifluoroethanol).

In general, the intensity of the long wavelength composite band of the cyclohexa-
peptide Ic (Table 111, Fig. 4) is lower and distributed in a different way when com-
pared with the compound Ib. The negative shoulder at about 255 nm (aqueous solu-
tions, hexaﬂuoroacetone) and the negative maximum at 261 nm (methanol, 2,2,2-tri-
fluoroethanol) are related to the transitions within the disulfide group. The negative
dichroism of the broad bands at 290 nm and higher wavelengths is of the same origin.
The contribution of the aromatic transitions to the composite band intensity is signi-
ficantly smaller than in the case of the compound Ib. The negative long wavelength

oo

-2
370"
FiG. 2
Circular Dichroism Spectra of NH,-L-Cys-L-Tyr-(Gly);-L-Cys-OH (1b) in Buffer, pH 7-5 ( ),
in Methanol (—— —), in 2,2,2-Trifluoroethanol (----- " ), in Hexafluoroacetone Trihydrate
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band of the compound Ib exhibits hypsochromic and hyperchromic effect on lowering
the temperature (in water-ethanol-glycerol), while the analogous band of the com-
pound Ic¢ undergoes only insignificant changes.

The compounds Ib and I¢ possess a single positive band at 223 —230 nm (Tables 11
and 11, Figs 2 and 4) which involves contributions of both the transition types
located in this spectral region, i.e. n—m* transitions of the amide groups and the
!B, transition of the aromatic chromophore. If positions of this maximum and of the
n—n* maximum of Ja are compared and if the hypsochromic shift towards 240 nm
in alkaline medium is considered it may be assumed, that for both the compounds,
Iband Ic, the positive ellipticity is marshalled by the contribution of the ! B, transi-
tion Jocated at slightly higher wavelength. Protonation of the primary a-amino
group in acidic aqueous solution and in hexafluoroacetone results in an intensity
increase of the composite positive band. This increase is, probably, enhanced by the
n—n* component of the band (cf. spectra of the compound Ia) as may be deduced
e.g. from the presence of a shoulder at about 215 nm in hexafluoroacetone solutions
of the compounds Ib and Ic or from the difference spectra (Fig. 3).

The short wavelength region is also characterized by the overlap of closely neigh-
bouring bands caused by m—7* amide transitions and 'E, transition of the phenol
chromophore. Assignment of bands Jocated in this experimentally difficult region
is uncertain even for simple model compounds?”+?°. Cyclopeptide Ib is characterized
by a very strong positive band at 199—200 nm the dichroic absorption of which
is only little sensitive to a change in solvent or in jonic state of the primary amino

FiG.3
Difference Circular Dichroism Spectra Obtained by Subtracting the Spectrum of
NH;-L-Cys-(Gly),4-L-Cys-OH (Ja) from NH2-L-Cys-L-Tyr-(Gly)J-C%'s-OH (1b) in Buffer, pH 7-5
7
( ), In Methanol (— ——), in 2,2,2-Trifluoroethanol (---- - ), in Hexafluoroacetone Tri-
hydrate (=-—--- )
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group. In the alkaline aqueous solution, the band is shifted to 205 nm (Ib) or 210 nm
(Ic) similarly to the behaviour of the aromatic bands at higher wavelengths (Tables 11
and I1J). In this context itis interesting to note that the simple model, N-acetyl-L-tyro-
sine N’-methylamide, displays spectra, which are almost identical with those of the
cyclopeptide Ib including the shifts of dichroic bands in alkaline medium (Table IT).
Consequently, the short wavelength positive band of the compound Ib (and similarly
the analogous band of Ic) is directly conditioned by the presence of tyrosine side
chain and probably belongs to the aromatic 'E, transition.

Contribution of the tyrosine side chain to the CD spectrum of the cyclopeptide Ib
is well illustrated by the difference spectra obtained by subtracting the spectra of Ia
from those of Ib (Fig. 3). The positive difference maximum found at about 225—228
nm indicates a dominant contribution of the B,, transition to the composite posi-
tive band. This contribution is significantly lower for solutions in methanol and 2,2,2-
~trifluoroethanol in which the difference curve in the n—n* transition region (225 to
230 nm) becomes negative. These findings indicate that in the above-mentioned
solvents introduction of the tyrosine residue into the molecule causes the amide
n—n* band to decrease in intensity or even to change the sign.

TabLE 1V
CD Data on NH,-L-Cys-L-Lys-L-Ala-(Gly),-L-Cys-OH (VII)
[

b, nm ([8]. 1073, deg cm? dmol ™)

Solvent” amide bands
disulfide bands
n—n* n—n*
Buffer, 2735 257 s 250 217-S 1985
pH 7-0 (—0-45) 0) (40-42) (+15:0) (—29)
Methanol 272 255 250° 220 194
(—1-35) ©) (4+0-37) (29-6) (—25)
TFE 270 2535 250° 238 211 2014 189-5
(40-21) 0) (—021) (—1I5) (+190) (+15:5) (+35)
0-01M-HCI 272 254 5248 220 198
(—0-46) ©) (+0-27) (+10'1) (—41)
HFA 276 263 256 2285 211 200-5 191°5

(—0:09) (@ (+007) (—64) (+26) (=59  (+21)

“TFA denotes 2,2,2-trifluoroethanol, HFA denotes hexafluoroacetone trihydrate; b g denotes
shoulder; € ellipticity at 250 nm; 4a negative band appearing as a positive minimum.
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Contrary to the compound Ib, the dichroic absorption of the compound Ic¢
in the short wavelength region is markedly solvent sensitive (Table 1II, Fig. 4).
In methanolic solution, the above mentioned positive band exhibits about the same
intensity as in the case of Ib, while in 2,2, 2-trifluoroethanol and in buffer (pH 7’5)
the intensity of the band (which could be again ascribed to the E,, transition) is much
lower. The band disappears in protonating solvents. In 0-0I1M-HC] we observe only

Fic. 4
Circular Dichroism Spectra of NH,-L-Cys-L-Tyr-L-lle-(Gly),-L-Cys-OH (Jc) in Buffer, pH 75
( ), in 0-0IM-HCI (- - - - - - ), in Methanol (— — —), in Hexafluoroacetone Trihydrate (—-—--~)
—
a W 1
N |
(o110 | \\ —‘(9110"
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Fio. 5
Circular Dichroism Spectra of NH,-L-Cys-L-Lys-L-Ala-(Gly),
( ), in Methanol (— ——), in 2,2,2-Trifluoroethanol (- - -
hydrate (---—- )

Coltection Czechoslov. Chem. Commun. [Vol. 45] [1980}



1124 Fri&, Leonteva, Maloi, Jo&t, Bldha :

a broad shoulder at 207 nm on a curve sharply declining to negative ellipticity values.
A shoulder at 200 nm in hexafluoroacetone indicates the presence of a negative
band. There is one additional negative band in the spectra of compounds Ib and Ic.
The maximum of this band is located outside the region accessible to measurement
(except for Ic in neutral buffer). Temperature dependence of CD spectra of both
compounds (measured in water-cthanol-glycerol) is qualitatively similar, i.e. intensity
of the dichroic bands increases with decreasing temperature. With Ic, we observe
a more pronounced temperature dependence of the B,, maximum and of the minimum
at 215 nm (which indicates changes of the amide n— n* band).

The cyclohexapeptide VII does not fall into the series of compounds Ia—Ic
which simulate the stepwise build up of the oxytocin ring moiety. The compound
does not contain aromatic chromophore, however, in the positions 2 and 3 amino
acids with side chains are present.

Therefore, it will be interesting to compare its CD spectra with those of Ia and Ic.
The spectra of VII in aqueous solutions and in methanol (Table 1V, Fig. 5) are similar
to those of Ia, as concerns number of bands and their respective signs. In the region
of the disulfide bands, even a quantitative similarity exists, but for the compound
VII the intensity is slightly changed in favour of the negative band. The same similarity
is expressed also in the spectra measured in methanol: Intensity of the positive
amide n—n* band increases while the negative ellipticity of the 7—7* band does not
change when compared with the neutral buffer. The bands related to compound VII
are stronger. Protonation of the a-amino groups results with both compounds, Ia
and VII, in comparably increased intensities of the negative m—n* band, however
only with VII in a decrease of the n—n* band ellipticity. The compound VII exhibits
markedly different behaviour in strongly polar organic solvents. In hexafluoroacetone,
there are two bands in the region of the disulfide transitions: a weak negative band
at long wavelength and a distinct positive band at 256 nm. Only one broad positive
band at 270 nm is present in this region in 2,2,2-trifluoroethanol. The distinct
negative band at 238 nm can be ascribed to the amide n—=* transition, with respect
to the presence of a similar band in the hexafluoroacetone solution. Thus, contrary
to the spectra of Ia, the compound VII exhibits a negative n—n* band at longer
wavelength in addition to the positive one. The couple of m—7* bands is of opposite
sense as compared with the spectra of Ia (2,2,2—triﬂu0roelhano] solution), the long
and short wavelength component being negative (positive minimum in 2,2,2-tri-
fluoroethanol) and positive, respectively.

DISCUSSION

The CD spectra of cyclohexapeptides Ia—Ic and VII constitute an experimental
basis facilitating conformational considerations. Molecular chirality of the compound
Ia originates solely from the cystine moiety. The tetraglycine chain is supposed
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to have appreciable conformational flexibility, due to the minimal steric restrictions.
In solution, the compound probably exists as a mixture of conformers the dichroic
contributions of which can efficiently compensate. This assumption is well met
by CD spectra of the cyclohexapeptide Ia in neutral aqueous solution or in methanol.
In these solvents the amide n—7n* bands, the rotational strengths of which originate
from the interactions among the amide groups and which, in consequence, reflect
the peptide backbone conformation in the most sensitive way, exhibit very small
intensities. The flat temperature dependence in water—ethanol-glycerol indicates
small energy differences among conformers. The spectra in other solvents are charac-
terized by a significant increase in the 7 — n* bands intensities which might be related
to the predominance of a certain conformation of the peptide chain. The conforma-
tional type preferred in 2,2,2-trifluoroethanol, which is hydrogen-bonded to the
carbonyl oxygen3, is characterized by a couple of 7 —n* bands with signs opposite
to those in the neutral buffer. Different conformational type seems to be preferred
in aqueous and methanolic HCI or in hexafluoroacetone, where a strong negative
temperature dependent m—n* band is observed. The enhancement of the m—n*
bands intensities is accompanied by an increase in intensity of the amide n —n* band,
the disulfide bands being unchanged. These spectral changes are caused primarily
by protonation of the a-amino group and not by the properties of the solvent used.
The corresponding conformational changes arise probably from the interaction
of the positive charge with the dipoles of the adjacent amide groups. As far as the
n—n* bands are concerned, the spectra of VII in aqueous solutions and in methanol
exhibit similar properties to those of Ja. The higher band intensities of V/I may be
explained as an effect of the conformational flexibility limitations by the side chains,
which results in the predominance of one conformational type. However, we may
state that, under given conditions, both the compounds possess similar conformations
and undergo similar conformational changes. The side chains in the positions 2 and
3 do not seriously influence the interactions of the compound VII with solvent.
On the contrary, in 2,2,2-trifluoroethanol and in hexafluoroacetone the preferred
conformation of VII is, according to the m—n* bands pattern, different from that
characterizing the compound Ja under identical conditions. The difference could be
explained by greater solvation ability and/or bulkiness of these solvents resulting
with VII in steric interactions of the bound solvent molecules with side chains.
Intensity of the positive amide n — n* band of the compound Ia is changing in paral-
le]l with the intensity of the negative disulfide band in neutral as well as in protonating
media. On the other hand, the amide n—n*band does not follow the changes of the
n—n* band due to the solvent, excepting protonation of the a-amino group. This
implies, that the properties of the positive amide n—n* band are not directly related
to the conformation of the peptide backbone, but merely to the presence and mani-
festation of various conformations of the heterodetic joint of the cyclohexapeptide.
(The positive amide n—n* band is not typical for homodetic cyclohexapeptides
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possessing aliphatic side chains, e.g. cyclo(Gly-L-Ala-L-Leu),, cyclo(Gly-L-Val-L-
-Leu),?%, cyclo(Gly,-L-Leu),?”.) We may deduce that most of the n—n* band rota-
tional strength originates from the amide group adjacent to the cysteine residue
in the position 1. A similar dependence of the n—n* component of composite
positive band on the location of the sulfur atom as well as on the presence and ionic
state of the a-amino group was previously observed with the series of oxytocin
carba-analogues®.

Circular dichroism of the amide n —n* transition is also influenced by the presence
and nature of side chains. The origin of the positive band in the spectrum of VII
is probably identical with that of Ia, while negative long wavelength band is likely
to originate from other amide groups. The decrease in intensity of the positive
n—n* band of VII, found in 0-01M-HCI in contrast to Ia, may be explained by the
effect of the positively charged e-amino group of the lysine residue. This charge
compensates the effect of the charged o-amino group of cysteine 1 and/or causes
an interaction resulting in a local conformational change.

CD bands related to the disulfide group represent a potential source of information -
concerning conformation of the heterodetic joint. *3C-NMR spectra of oxytocin
and its analogues®! afford evidence on a significant conformational mobility around
S—C bonds. As follows from the Raman spectra®?~34, several conformations of the
disulfide group coexist in solutions of oxytocin and lysine-vasopressin. Hence,
conformational mobility of the disulfide segment is to be expected also for the cyclo-
hexapeptides under study. The observed changes of the disulfide bands may then be
rationalized on the basis similar to that used by Maxfield and Scheraga®? in their
interpretation of published!~* CD spectra of neurohypophyseal hormones. The CD
spectra of Ia and VII can be interpreted as a superposition of one positive band at
250 nm and a doublet (or several doublets) of bands which are symmetrically centered
around the singlet band and have a short wavelength (1 < 250 nm) positive lobe
and along wavelength (A > 250 nm) negative lobe. The positive lobes overlap with the
stronger positive n—z* band and, hence, only the negative lobes can be identified
in the spectra. The positive band at 250 nm, detected as a shoulder, indicates the pre-
sence of disulfide conformers with a torsion angle close to +90° (ref.3**¢). Optical
activity of these conformers arises solely from perturbations of the disulfide chromo-
phore by the neighbouring chiral centres?®-37-3%, Their rotational strength may be
comparable with that resulting from the inherent chirality of the disulfide group?é-37
and is given by the rotamer distribution around C,—C, bonds of the cystine residue?®,
Rotational strengths of the oppositely signed couple of bands originate then from the
inherent chirality of the disulfide chromophore3*:3¢, Hence, a negative band indicates
the presence of conformers with the disulfide torsion angle significantly differring
from 490°.

We may suggest the following interpretation of the CD spectra of Ia: In aqueous
solutions, the prevailing conformer with dihedral angle ¢ = +90° is significantly
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accompanied by conformers with a different ¢ angle. From the small width of the
negative band we may deduce that this group of conformers is more homogeneous
(as to the ¢ va]ues) than conformers population in methanolic solution. Location
of the band maximum (271 —277 nm) correlates best with a declination of 30° from
+90°. Due to the negative sign of the band, the dihedral angle values of + 120°
or —60° are expected®?+**. (The position of the maximum is in agreement with that
found for [2-hemicystine, 7-hemicystine]gramidicin S)*°. In alcoholic solvents, the
ratio of conformers is shifted in favour of the type involving dihedral angle values
different from +90°. This conformational type is probably prevailing in methanol.
The greater width of the negative band implies the presence of a minor proportion
of conformers exhibiting a dihedral angle declination greater than 30°. The effect
of lowering the temperature, which is constrained to intensity changes of the negative
band, is to be interpreted rather as a consequence of a restricted overall internal
mobility of the molecule than as a change in the population of the particular con-
formational types.

Side chains of residues in positions 2 and 3 of VII have only a limited influence
on the overall conformation of the disulfide moiety as far as aqueous and methanolic
solutions are concerned (a certain increase in population of the conformational type
withg # 190°). On the contrary, a manifestation of the structural differences between
Ia and VII is found in strongly interacting polar solvents. The overall spectral change
in hexafluoroacetone reflects a shift of the conformational equilibrium towards
conformers with a rectangular arrangement of the disulfide group. (The observed
intensity of the positive singlet at 257 nm which characterizes these conformers,
may be low due to the superposition with the negative amide n—n* band.) The
positive long wavelength band in 2,2,2-trifluoroethanol indicates the presence
of conformers with the ¢ value differing from +£90° in the opposite sense (e.g.
¢ = +60° or —120°). It is obvious, that the mentioned changes in conformation
of the disulfide group of the compound VII must be connected with changes of the
backbone conformation, which are indicated by the variations of amide m—n*
bands.

CD spectra of VII in the region of the disulfide bands were previously investigated
by Siemion and Klis'5. According to our interpretation only the negative band
at 270—273 nm is assigned to conformers with the dihedral angle ¢ differing from
+90° by about 30°. Assignment of a defined helicity to the disulfide group is a matter
of choice between the two possible values of the ¢ angle (+120° or —60°). The
value of +120° and, hence, the P helicity of the disulfide group seems to be pre-
ferable for the compound VII on the basis of molecular model studies'*. The identical
type of helicity (¢ = +90°) may be assigned also to those conformers of VII which
are well characterized by a positive singlet at 250 nm. Similar considerations may be
applied to cyclopeptides Ja—Ic and even to oxytocin, the disulfide group of which
has been suggested to possess the same P-helical arrangement (see e.qg. ref.!®). The
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relationships between the disulfide bands of our model cyclopeptides and those
exhibited by oxytocin indicate that disulfide groups in these compounds are arranged
in a uniform manner, i.e. the torsion angle value may vary within certain limits,
but does not change the sign.

There is no unequivocal preference for the energetically most favourable rectan-
gular arrangement of the disulfide group, although the ring of this size represents
a system with not too much strain. CD spectra similar to those of Ia are exhibited

- 1
by cyclopeptides possessing similar structure Boc-L-Cys-Glyy-L-Cys-OMe (ref.*°),
where x = 3, 4 and S. Intensity of the long wavelength negative band of these com-
pounds is not very dependent on the ring size. Therefore, the conformation or the
distribution of conformers of the disulfide group seems to be given rather by inter-
actions of substituents on the cystine a-carbon atoms than by the ring size.

Different situation applies to the compound Ib. Its CD spectra are dominated
by bands related to transitions within the tyrosine side chain (at 275, 225 and 200 nm)
and exhibit only a small solvent and temperature dependence. Rotational strengths
of aromatic transitions in analogous peptides arise from their interactions with the
n—m* transitions of the proximate amide groups (electric dipole coupling mecha-
nism)?®*!+42_ In addition, it follows from the reported papers that the aromatic
bands are dependent differently on the relevant dihedral angles. In general, the
band due to the !B,, transition, which is polarized perpendicularly to the direc-
tion of the Cy—C, bond, seems to be more sensitive to conformational changes®*!.
A similar sensitivity should be expected for the short wavelength 'E,, transition,
especially for its long wavelength component exhibiting the identical polarization?®.
The conformation of Ib is relatively stable and homogeneous, at least as far as the
spatial relations of the aromatic nucleus to the neighbouring amide groups are
concerned. Solvation interactions leave this spatial arrangement unchanged. Some
ideas concerning the tyrosine conformation in Ib may be achieved on the basis of com-
parison with N-acetyl-L-tyrosine methylamide which possesses similar chiroptical
properties including small sensitivity to solvent change. Detailed conformational
energy calculations based on empirical energy functions*® are available for this
amide. The three most favourable conformations, which differ little in energy and
possess the overall statistical weight of 70%, belong to the extended type of the
peptide backbone conformation (Cs conformation, ® ~ —150°, ¥ ~ 140°). As
far as the side chain conformations are concerned, the largest population was cal-
culated*? for the staggered conformation (x, = —180° yx, = +90°) in which the
aromatic ring is close to the carbonyl group of tyrosine. The calculated*?® conforma-
tion conforms with spectral properties of N-acetyl-L-tyrosine methylamide. The solvent
is not expected to influence seriously either the extended conformation of the peptide
backbone or the side chain conformation. We assume that the tyrosine residue
in Ib exists in a conformation close to that calculated** for the isolated dipeptide
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unit and, hence, to the conformation suggested for the oxytocin ring moiety®~!!,
i.e. a B-turn with tyrosine localized in the extended part. The tyrosine side chain
seems to play an important role in stabilising B-turn conformation.

The effect of solvent on the spectra of Ib is more discernible on the intensity
of the positive band located at 223—230 nm. In protonating solvents, this effect
of charge on the a-amino group is mediated rather by the protonated a-amino group
than by a conformational change of the aromatic side chain. In methanol, unusually
high intensities are observed for the long wavelength negative band (similarly as found
for Ia and VII) as well as for the short wavelength aromatic band. It is probable
that in this solvent a more extensive reorganization operates, favouring conformations
with the disulfide dihedral angle different from +90°. This reorganization may result
in a conformational change of the tyrosine side chain in Ib indicated by intensity
change of the aromatic band at 200 nm.

The most important consequence of introducing the isoleucine residue into the
position 3 of Ic consists in the fact that the dichroism of the band at 200 nm becomes
strongly dependent on the solvent (contrary to Ib). Assuming the positive band
at 200 nm to be of aromatic origin, we may interpret this spectral change as the result
of a conformational change of the tyrosine side chain. It may be supposed that, in ac-
cord with calculations*?, the value of y, related to tyrosine does not deviate too much
from +90°. Then the intensity changes of the positive band at 200 nm would cor-
respond mainly to the deviations of y, from the preferred value of 180°. These
conformational changes could be caused by a steric interaction with the bulky side
chain of isoleucine which represents the first corner residue of the B-turn conformation
of Ic. The dependence on solvent may then be caused by the varying interactions of
both the side chains in the particular solvent-solute complex.

Supposing that the tyrosine dipeptide unit is relatively rigid, a change in the ¢
angle of the isoleucine residue would be critical in the first place. The conformational
change of the peptide backbone may in turn take part in variations of the short
wavelength region of CD spectra through contributions of the amide m—n* bands.

The smallest interaction of the tyrosine and isoleucine side chains is expected
in methanol and in water-ethanol-glycerol at 40°C, as follows from the similarity
of spectra exhibited by Ib and Ic. Under these conditions, both the compounds possess
identical or similar conformations in the tyrosine containing segment. This conforma-
tion remains also preferred at low temperature where it is more pronounced for Ic
than for Ib. A change in the tyrosine side chain conformation due to the interaction
with solvent is indicated in 2,2,2-trifluoroethanol and in neutral buffer. The protonat-
ed o-amino group takes part in conformational changes in methanolic or aqueous
HCI because of the interaction with the aromatic n-electron system. This interaction
is more effective in I¢ since the tyrosine side chain conformation is altered by the
interaction with isoleucine. Both the above mentioned mechanisms are operating
in strongly interacting hexafluoroacetone.
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The long wavelength region of the spectra of I¢ indicates that, compared with Ib,
the stereochemistry of the disulfide group is further shifted in favour of conforma-
tions with the dihedral angle ¢ different from 4 90°. The broad negative band at about
280 nm found in the methanolic solution suggests the presence of several conformers
possessing various disulfide ¢ values. The present investigation of model cyclo-
hexapeptides Ia—1Ic and VII affords some information useful for a more detailed
understanding of CD spectra of oxytocin and related natural or chemically modified
neurohypophyseal hormones. The assignment of particular dichroic bands to the
electronic transitions within the amide, disulfide and aromatic chromophores was
firmly established. The tyrosine residue in position 2 most probably stabilizes the
extended part of the oxytocin-ring conformation. Conformational space of the
tyrosine side chain is seriously limited by the isoleucine side chain. Conformational
effect caused by protonation of the a-amino group is inherent already to the non-
-substituted cyclohexapeptide ring. The compound Ic, the structure of which is
most similar to that of oxytocin or tocinamide, possesses in protonating media CD
spectra which are very similar below 240 nm to those of the full hormone. Thus,
side chains in positions 2 and 3 are sufficient to determine the conformation which
roughly corresponds to that of oxytocin. On the other hand, the model compound I¢
differs significantly from oxytocin (more than Ia) as to the conformation of the di-
sulfide group. Oxytocin and analogues assume®? a dominant conformation with the
dihedral angle ¢ close to +90°. Conformation of the disulfide group is given rather
by the character and interactions of substituents close to the heterodetic joint than
by the ring size.

We thank to Mrs H. PilaFovd for skilful technical assistance; our thanks are also to Mrs H. Far-
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staff’ of the analytical department of this Institute for the elemental analyses.
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