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SYNTHESIS OF [4-GLUTAMIC ACIDIDEAMINO-I-CARBA-OXYTOCIN*
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[4-Glutamic acidjdeamino-Iccarba-oxytocin (Ie) was prepared by the stepwise method of peptide
synthesis in solution, with the use of the o-nitrobenzenesulfenyl protective group and active
esters in the formation of peptide bonds. Two alternatives were examined, with an unprotected
carboxylic function and with protection by means of the methyl ester. The cyclisation was carried
out in the stage of a linear octapeptide by means of the active esters method again. By reaction
with ammonia, the analogue Ic afforded deamino-J-carba-oxytucin.

The majority of the hitherto prepared analogues** of neurohypophyseal hormones
oxytocin (I a) and vasopressin, modified in the sequence position 4, retains the high
degree of biological activities", This also holds in the case of the deamino-oxytocin
analogue in which the glutamine residue in sequence position 4 is replaced by glutamic
acid", A similar analogue but derived from oxytocin (i.e., possessing the ct-amino
group) is almost inactive". [4-Glutamic acidjdeamlno-oxytocin was also attached.'
DY means of the free carboxylic function to AH-Sepharose-4B in the hope that the
resulting complex could be useful in isolation of tissue fractions containing oxytocin
bond sites ("receptors" in the biological tissue). With a similar intention, the analogue
Ie has been now prepared since a higher metabolical stability (i.e., resistance to tissue
homogenates) as well as a higher chemical stability (in introdnction and interaction
with reactive groups on the carboxylic function of the amino acid in seqnence posi
tion 4) could be expected owing to the replacement of the -S-S- bond by the
-CHz-S- gronping.

The general approach to the synthesis of the analogue Ie was similar to the scheme
used" in the preparation of compound Ib, i.e. the stepwise synthesis of the peptide
chain in solution by means of active esters and cyclisation of the linear octapeptide
by the active esters method again. The temporary protection of «-amino groups was
mainly performed with the use of the o-nitrobenzenesulfenyl residue, the hydroxylic

* Part CXLV in the series Amino Acids and Peptides; Part CXLIV:This Journal 43, 511
(1978).
** The amino acids appearing in this paper are of the t-serics. The nomenclature and symbols
obey the published recommendations 1•. The abbreviation Pier designates. the residue of picric
acid.
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function of tyrosine was protected by thetert-butyl group, and the y-carboxylof
glutamic acid was blocked in the form of a tert-butyl ester. Final products were puri
fied by countercurrent distribution and gel filtration.

The o-nitrobenzenesulfenylglutamic acid y-tert-butyl ester' was liberated from
its dicyclohexylammonium salt and converted in the presence of N,N'-dicyclohexyl
carbodiimide to the N-hydroxysuccinimide ester. This active ester was used in
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IIa, R = CH" lIb, R = H

Nps-Glu(OBu')-Asn-Cys(C,H6C02R)-Pro-Leu-Gly-NH2

IlIa, R ~ CH" Wb, R ~ H

X-I1c-Glu(OBu')-Asn-Cys(C,H,COzR)-Pro-Leu-Gly-NH2
IVa, X ~ Nps, R ~ CH,; IVb, X ~ Nps, R ~ H
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X-Tyr(Bu ')-I1c-Glu(OBu')-Asn-Cys(C,H,CO,H)-Pro-Lcu-Gly-NH,

Va, X = Nps; Vb, X = Boe

Collection czechcelov. Chern. Commun. [Vor.43] [1978]
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acylation of the pentapeptide amide with the formation of compound Lila; the penta
peptide amide was obtained by removal of the o-nitrobenzenesulfenyl protecting
group from compound IIa by the action of ethereal hydrogen chloride. The length
ening of the peptide chain with an isoleucine residue with the formation of compound
IVa was performed analogously. After removal of the N-protecting group with ethe
real hydrogen chloride, the resulting peptide IVe was subjected to alkaline hydrolysis
to the peptide IVd under optimum conditions. The lowest amount of by-product was
formed in. water in the presence of sodium hydroxide (the reaction is of first order
with the rate constant 2·5 . 10- 3 s-1 at 21"C). In the presence of organic solvents
(methanol, dimethylforrnamide, dioxane), the rate of hydrolysis is rapidly decreased
and the tert-butyl ester group begins to undergo fission. An addition of tert-butyl
alcohol also decreases the rate of hydrolysis but on the other hand, the extent of the
fission of the tert-butyl ester is considerably decreased. This fission also occurs on
a sulfonate cation exchange resin; it is therefore necessary to use a short contact
time and to work at a low temperature.

In the parallel ronte, the carboxylic function was unprotected. Both protecting
groups of. benzyloxycarbonyl-S-(y-methoxycarbonylpropy1)cysteil1yl-prolyl-leucyl
-glycine amide were removed (by the action of hydrogen bromide in acetic acid and
by alkaline hydrolysis) and the resulting free tetrapeptide amide was acylated with
o-nitrobenzenesulfenylasparagine 2,4,5-trichlorophenyl ester to afford a mixture of
substances which was purified by chromatography on a column of silica gel; in this
manner, the pure peptide Ilb was obtained in 46% yield. The protecting group was
then removed and the residue of y-tert-butyl o-nitroberizenesulfenylglutamate was
attached to the peptide sequence. The yield of the hexapeptideIIIb was 80%. The iso
leucine residue was attached analogously to the peptide chain with the formation
of compound IVb. Removal of the protecting group and application of the resulting
hydrochloride to Amberlite IR-4B (acetate cycle) ion exchange resin afforded the
free peptide IVd, identical in every respect with the heptapeptide prepared by the
former route. The present route is however morelaborious and the yields are lower.

With the use of the N-hydroxysuccinimide ester of an appropriately protected
tyrosine, the free heptapeptide IVd was converted to octapeptides Va and Vb. In one
case, the cyclisation was effected in the usual manner' by means of the p-nitrophenyl
ester after a partial removal of the o-nitrobenzenesulfenyl protecting group and the
resulting partially protected peptide was subjected to conntercurrent distribution and
gel filtration. The thus-obtained compound Id was converted by the action of tri
fluoroacetic acid to the analogue Ie which was purified by countercurrent distribution
and gel filtration. The required product Ie was observed to be accompaniedby com
pound Ie. A 60-min action of trifluoroacetic acid is therefore insufficient for a quanti
tative removal of protecting groups. The by-product Ie maybe converted into the
required analogue Ie by a 10 min treatment with hydrogen bromide in acetic acid
at room temperature. In another case, all the protecting groups of the octapeptide
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Vb were simultaneously removed; the cyclisation was carried out analogously to case
one to obtain the same product; an incomplete removal of the tert-butyl.group from
tyrosine by the action of trifluoroacetic acid has not been observed. Contrary to the
cyclic peptide I <I, the protecting group of the lineary peptide is thns not hindered.

A detailed pharmacological analysis of the analogue Ie will be published separa
tely", In a preliminary uterotonic assay in vitro", the value ofl LU.{mg was found.
It is the first case when a monocarba analogue of deamino-oxytocin exhibits a lower
activity than the parent disulfide. It is not excluded that this unusually decreased acti
vity is due to an interaction of the free carboxylic function with the amino-terminal
portion of the molecule.

The identity of the synthesised analogue Ie was established by its reaction with
ammonia affording the known' deamino-l-carba-cxytocin Ib of a high biological ac
tivity. This reaction was effected in the presence of a 20 molar excess of both N,N'-di
cyclohexylcarbodiimide and N-hydroxybenzotriazole. In the presence of N,N'-di
cyclohexylcarbodiimide alone or I-ethoxycarbonyl-Zsethoxy-I ,2-dihydroquinoline
alone,the reaction failed. The analogue Ib can also be obtained by reaction of the
product of the first cyclisation Ie with ammonia and the subsequent removal of the
tert-butyl protecting group by the action of hydrogen bromide in acetic acid.

EXPERIMENTAL

Samples for elemental analysis were dried at1 Torr and room temperature for 24 h. The stated
chrcmatographical (RF) and electrophoretical (E) values were determined with the use of pure
substances. Spots were detected by means of the ninhydrin reaction or by chlorination(in the
case of ninhydrin-negative substances). Thin-layer chromatography. was performedon ready
-for-use Silufol (Kavalier Glassworks, Votice, Czechoslovakia) silica gel sheets in the following
solvenr-systcms: 81 1 ·2':'butanol.;".98% formic acid-water (75: 13-5: 11'5); 82 • z-burancl..:'..25%
aqueous ammonia-water (85 : 7'5 : 7'5); S3' l-butancl-acetic acid-water (4:J: 1); and S4'
pyridine-I-butanol-acetic acid-water (10 : 15: 3 : 6). Electrophoresis was performed.in a moist
chamber on paper Whatman 3 MM. with theuse of IM-CH3COOH (pH 2'4)and pyridine-acetic
acid(pH5'7) as buffer solutions at 20Vjcmfor 60 min in most cases. Amino-acid analyses were
performed after hydrolysis of samples (20 h in 6M~HCI at 105°Cjl.Torr) in an Automatic Amino
Acid Analyser Type 6020·· (Developmental Workshops, .Czechoslovak Academy of Sciences,
Prague).' Reaction mixtures were taken down under diminished pressure on a rotatory evaporator
at the bath. temperature of 30-:-40°C. The dimethylformamide~containingmixtures.were. eva
porated with the use of an oil pump. Melting points (uncorrected) were.taken on a heated .rnicro
scope stage (Kofler block). Countercurrentdistributions wereperformed in an all-glass apparatus
making possible the shift of both upper and lower phases (Countercurrent Distribution Machine
Quickfit& Quartz, Stone, Staffordshire, England). Gel filtration was carried out on a column
of Bio-Gel P-4 (Bio-Rad Laboratories, Richmond; California,.USA).

0-Nitrobenzenesulfenylglutamic Acid «-N,Hydroxysuccinimide y-Tart-Butyl. Ester

The y-tert,;,buty'· ester ofo-nitrobenzencsulfenylglutamic acid (5'1 g). was liberated from the di
cyclohexylammoriium saIt6 on a col limo ofDowex 50 ion exchange resin in aqueous methanol.
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Usual processing yielded a substance, m.p. 130-132°C. For ClsH20N206S (356'4) calculated:
50'55% C; 5·65% H, 7'S6% N; found: 50'39% C, 5'S4%H, S'OO% N. The free 'y-tert-butyl ester
was dissolved in dichloromethane (150 ml) and then Nchydroxysuccinimide (I'S g) was added.
The mixture was cooled down to _lo°C, treated with N,N'-dicyclohexylcarbodiimide (3'25 g),
kept at _lOoG for 1 h and in a refrigerator for 11 h, and finally stirred at room temperature
for 5 hv.The precipitate of N,N'-dicyclohexy1urea was filtered off and washed with dichloro
methane; The-filtrate and washings were evaporated and the residue was dissolved in ethyl
acetate. The organic solution was washed with water, O'5M-NaHC0 3, and water again, dried
over anhydrous sodium sulfate, and evaporated. The residual oil solidified when triturated
with warm ethanol (20 ml). The crystals were collected with suction, washed with light petroleum,
and dried. Yield, 6'02 g (93%); m.p. lIS-121oC (does not change on crystallisation from ethanol
and light petroleum). RF values: 0·75 (SI)' 0·83 (S2), 0'46 (98: 2 benzene-ethanol). Optical
rotation: Iet]D- 50'10 (c0'3, dimethylformamide). For C19H23N30aS (453'1) calculated: 50'33% C,
5'11% H, 9'27% N; found: 50'59% C, 5'32% H, 9'27% N.

o~Nitrobenzenesulfenyl-"(';tert-butyl Glutamoyl-asparaginyl-S-("(-methoxycarbonylpropyl)~

cysteinyl-prolyl-leucyl-glycine Amide (lIla)

To a solution of the protected pentepeptide- IIa (4'3 g) in methanol (250 ml), 2M ethereal hydrogen
chloride (6'5 ml) was added and the mixture was concentrated to a small volume. The concentrate
was precipitated by the addition of ether and the solid substance was reprecipitated from methanol
with ether. The. precipitate was repeatedly triturated with ether, filtered, and dried under dimin
ished pressure. The dry material was dissolved in dimethylformamide (56 ml), the solution adjusted
to pH S- 9 with Ncethylpiperidine, and then treated with the o-Nchydroxysuccinimide ester
of o-nitrobenzenesulfenyI-y-tert-butylglutamic acid (3,15 g). The mixture was kept at room
temperature for 76 h, evaporated, and the residue triturated with light petroleum and ether
in order to solidify. The solid was collected with suction and washed with water, 0'5M-NaHC03,

water again, and ether. Yield, 5·0 g (93%) of compound IlIa, m.p. 16S-173°C (this value did not
change on crystallisation from a mixture of dimethylformamide, ethyl acetate, and ether);
[.Jo -64'6' (c 0-2, dimethylformamide). RF values: 0'54 (SI)' 0·40 (S2)' 0'54 (S3)' 0·68 (S4):
Er.ll O~SS, Er.l~ 0'52 (after removal of the c-nitrobenzenesulfenyl protecting group with methanolic
hydrogen chloride). For C4 oH61N9013S2 (940'1) calculated: 51'11% C, 6'54% H, 13'41% N;
found: 51'OS~~ C, 6'50~~ H, 13'26% N.

o-Nitrobenzenesulfenyl-isoleucyl~y-tert-butyl Glutamoyl-asparaginyl-S~(y-methoxycarbonyl

propyl)cysteinyl-prolyl-Ieucyl-glycine Amide (IVa)

A solution of the protected hexapeptide IlIa (5'0 g). in dimethylformamide (35 ml) was treated
with 2M ethereal hydrogen chloride (12'2 ml), the mixture kept at r'onm temperature for 4 min,
and precipitated with ether (500 ml), The precipitate of the hexapeptide hydrochloride was
washed with ether, dissolved in dimethylformamide (90 ml), and the solution precipitated with
ether again. E~.i7 O·50,E~.IX 0'89. The solid dissolved in dimethylformamide (90 ml), the solution
adjusted to pH S by the addition of Neethylpiperidine (101 ml), and treated with the Nehydroxy
succinimide ester .of c-nitrobenzenesulfenylisoleucine (3'1 g). After 65 h at room temperature,
the solution was still ninhydrin-positive. Additional Ncethylpiperidine (0'8 ml). was introduced
and after 90 h, another .portion (1 g) of the active ester was added. The overall reaction time
was 200 h. The solution was then evaporated and the residual oil triturated with ether in order
to solidify. The crystals were collected with suction and washed with ether, ethyl acetate, water.
and ether again. Yield of crude compound IVa, 5·1 g; m.p. 207-213°C. Crystallisation from
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dimethylformamide and ethyl acetate yielded 4·7 g'(84%) of compound IVa;·.m.p. 216-'-':-220°C.
RF values: 0'41 (51)' 0'44 (52)' 0'52 (53)' 0'81 (5.,). The electrophoresis was performed after
removal of the amino-protecting group with methanolic hydrogen chloride: E~.i7 0'40, E¥.lr 0'68.
The analytical sample of compound IVa was obtained by crystallisation from dimethylformamide
and ethyl acetate; m.p;219-221°C; laID -67-4° (c 0,2, dimethylformarnidej.tFor C4 6HnN lO •

.OI45,.H20 (1071) calculated: 51'57% C, 6'96% H, 13'07% N; found: 51'71% C, 6'67% H,
12·90%N. Amino acid analysis: Asp 1'03, GIu J·OO, Pro 1'00, GIy 1-03, He 1'01, Leu 1'02,
Cys(C3H.COOH) 0'94.

S~(y-CarboxypropyI)cysteinyI-prolyl-IeucyJ-glycineAmide

To a solution of benzyloxycarbonyI-S-(y-methoxycarbonylpropyI)cysteinyl~prolyl-leucyl-glycine

amide (3'4 g) hi. acetic acid 07 ml), 35% hydrogen bromide in acetic acid (34 ml) was added.
The mixture was kept at room temperature for 10 min and precipitated with ether. The hydro
bromide was collected with suction, washed with ether, dried, dissolved in methanol (50 ml),
the solution treated with 1M~NaOI-I. (22 ml), and the whole kept at room temperature for 1 h.
The methanol was evaporated and the residue applied to Dowex 50 (H+) ion exchange resin
(180 ml). The column was washed with water until the washings were bromide-negative and then
eluted with 10% aqueous pyridine. The eluates were evaporated and the residue was precipitated
from methanol with ether. Yield,1'7 g (65%) of the title amide, m.p. 97..:....102°C; [!X1D -35'9Q

(c 0·4, dimethylformamide). RF values: 0'15 (51}' 0·00 (52)' 0·11 (5,), 0·43 (54)' EI'!:; 0'20,
E~.lX 0'83. For C2oH3SNs06S (473'6) calculated: 50'72% C, 7'45% H, 14'49% N; found: 50'64~'i;
C, 7·61% H, 14'51% N.

0-Nitrobenzcnesulfenyl-as paraginyl-S{y-carboxypropyl)cystcinyI-prolyl-Ieucyl-glycine Amide
(Ilb)

The free tetrapeptide amide (1-65 g) was dissolved in dimethylformamide (16 ml), the solution
made alkaline with Ncethylpiperidine (0'5 ml), and treated with c-nitrobenzenesulfenylaspara
gine 2,4,5-trichlorophenyl ester (1'6 g). The mixture was kept at room temperature for 24 h
and treated with another portion of the active ester (0'8 g) and Neethylpiperldine (0'2 mI).Af
ter 90 h,a further portion of the active ester (1 g) was added. The whole was kept additional 45 h,
evaporated, the residue triturated with ether, the solid collected with suction, and washed with
ether and ethyl acetate. Crystallisation from methanol and ethyl acetate yielded 2 g of a substance,
m.p. 149-166°C. As Indicated by chromatography, several by-products were present. A portion
of the mixture (1'5 g) was therefore chromatographed on a column of silica gel (400 ml) in 4: 1
benzene-methanol to afford 0·9 g of the chromatographically homogeneous compound IIb;
RF values: 0·45 (81), 0'09 (8 2), 0·48 (83 ) , 0-64 (84.); E~~~V 0'35. Ei'.il 0·00 (without.removal of the
protecting group)-. The analytical sample. of compound IIb was recrystallisedfrom a mixture
of dimethylformamide, methanol. and ether; 169-:-172°C; .[o:lD-77~e (c 0'2, dimethylforma
mide). ForC30H44Ns01052.3 H20 (794'9) calculated: 45-33% C, 6'34% H, 14'09% N; found:
45'38% C. 6·02%H. 14'37% N. Amino acid analysis: Asp 1'00, Pro 1'05, Glyl'OO, Leu 0,98,
Cys(C3H.COOH) 0'99.

The chromatography also afforded 83 mg of an additional substance, m.p. 146-148DC;

RFvalues: 0'40 (St), 0·02 (82), 0·34 (83).0'65 (84) ; E~~~/ 0'63, Er.ij 0'00 (without removal of the
protecting group). The elemental analysis (found: 46'60% C. 6·06% H. 14·07% N) does not
indicate deamidation of asparagine or glycine amide. Amino-acid analysis: Asp 1'00, Pro 1,00,
Gly 1'00, Leu 1'00, Cys(C3H6COOH) 1'02.
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0-Nitrobenzenesulfenyl-y-tert -butyl G Iutamoy1Masparaginyl-Scf-y-carboxypropyIjcysteinyl
-prolyl-leucyl-glycine Amide (lIlb)

529

To a solution of the protected pentapeptide lIb (0'9 g) in dimethylformamide (10 ml), 2Methereal
hydrogen chloride (2'5 mI) was added, the mixture kept at room temperature for 3 min, and
precipitated with ether (loa ml). The hydrochloride was collected with suction, washed with
ether, and dried; RF values: 0·10 (S,), 0'02 (S2)' 0'09 (S3), 0'45 (S.); Er':; 0'17, Er.l!, 0'65. The
salt was dissolved in dimethylformamide (13 ml), the solution made alkaline with Neethylpiperl
dine (0,5 ml) and treated with the Nchydroxysuccinimide ester of c-nitrobenzenesulfenyl-y-tert
-butylglutamic acid (0'65 g). After 48 h at room temperature, the mixture was evaporated and the
residue triturated with ether. The hygroscopic product was kept for several days under ether
to pass into a powder which was reprecipitated from dimethylformamide with ether. Yield, 0·92 g
(80%) of compound Illb, m.p. 98-103°C. RF values: 0'56 (SI)' 0·12 (S2)' 0'62 (S3)' 0·67 (S.).The
electrophoresis was carried out after removal of the amino-protecting group by means of methano
Iic hydrogen chloride: £11.':; 0'17,. Ei'.IX 0'62. The analytical sample was rcprecipitated from di
methylformamide with ether. Optical rotation: [0:]0 -44'2° (c 0'4, dimethylformamide). For
C39HS9Ny013S2.H20 (944'1) calculated: 49'78% C, 6'51% H, 13'35% N; found: 49'78~~C,

6·79~·~ H, 13'02% N.

0-Nitrobenzenes ulfenylisoleucyl-v-tert -butyl GIuta moyl-asparaginyl-S-(I' -carboxypropyl)
cysteinyl-prolyl-Ieucyl-glycine Amide (IVb)

The protected hexapeptide amide IIIb (0'90 g) was dissolved in dimethylformamide (10 ml), the
solution treated with 2'15M ethereal hydrogen chloride, kept at room temperature for 4 min,
and precipitated with ether (180 ml). The precipitate was repeatedly triturated with ether and then
thoroughly dried. RF values: 0'19 (SI)' 0'06 (S2)' 0·21 (S3)' 0'58 (S.). The hygroscopic hydro
chloride was dissolved in dimethylformamide (15 ml), the solution made alkaline with Ncethyl
piperidine (0'45 m!) and then treated with the Nchydroxysuccinimide ester of c-nitrobenzene
sulfenylisoleucine (0'70 g). After 225 h at room temperature, the mixture was evaporated and the
residue repeatedly triturated with ether. The solid was collected with suction, washed with ether,
dried, and crystallised from dimethylformamide and ethyl acetate. Yield, 1'0 g (99%) of com
pound Ivb, m.p.186-190"C (did not change on recrystallisation from dimethylformarnide).
RF values: 0'58 (SI)' 0·18 (S2)' 0'61 (S3)' 0·67 (S.). Optical rotation: [olD -55'3° (c 0'4, dimethyl
fcrmumide). For C.,H70NIOOI.Sz.2 H20 (1039) calculated: 50'27% C, 6'93% H, 13'02% N;
found: 49'98% C, 6'92~~ H, 12'81% N.

Isoleucyl-y-tert -butyl Gill tamoyl-aspara ginyl-S'{y-methoxycarbony! propyljcysteiny1-prol yl
-leucyl-glycine Amide Hydrochloride (lVe)

The protected heptapeptide IVa (4,1 g) was dissolved in:dimethylformamide (50 ml), the solution
treated with 2·1M·ethereal hydrogen chloride (4'4 ml), kept at room temperature for 4 min,
and precipitated with ether. The precipitate was collected with suction and washed with ether
to afford 3·56 g(99%)ofthehydrochlorideIVc, m.p. 221-223°C (decomp.). Rp-values: 0'28 (51)'
0'29 (Sz); Er.iq 0'44, ¥.IX 0·64. For C4oH70CINg012S.2 H20 (972'6) calculated: 49'48% C,
7-67% H, 12'99% N; found: 49'73% C, 7-46% H, 13·17% N.
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Isoleucyl-y-tert-butyl Glutamoyl-nsparaginyl-S-(y-carboxypropyl)cysteinyl-prolyI-Jeuey}.;
-glycine Amide (IVd)

A. Asolutionof the heptapeptide hydrochloride lVe (3'2 g) in water (220 ml) was treated with
IM-NaOH (7'5mI; pH I2-S), then 0-5 ml (after 5 min) and finally 1 mI(after 15 min). The mixture
was keptat room temperature for 25 min, adjusted to p'H 7 with the use of 1M-HCl (5'0 ml),
cooled down to aoc, and applied to a column of Dowex 50 (H +) ion exchange resin (120 nil).
The column was washed with water (aOC) until the washings did not give a positive reaction
on chloride ions- The.product was then eluted with 10% aqueous pyridine (O°C)and the eluates
were evaporated. The residue was purified by precipitation from methanol with ether. Yield,
2·52 g (83%) ofcompound IVd, m.p. 165-167°C (did not change on reprecipitation of the analyti
cal sample); [alo -50'2" (c 0'2, dimethylformamide); Rp values: 0'19 (S,), 0·02 (Sz), 0·27 (S3)'
0·67 (S.l, EIf.'i 0'08, Er.'X 0'58. For C39H67N9012S.HzO (904'1) calculated: 5J081% C, 7-69% H,
13'94% N; found: 51'99% C, 7'78~{, H, 14'03% N.

B. A solution of tbe heptapeptide hydrochloride IV" (0'15 g) in methanol (5 ml) was treated
with 1M-NaOH (0'7 ml) and kept at room temperature for 1 h. The methanol was evaporated
and the residual solution was diluted with water (3 ml). The whole was applied to a column
of Dowex 50 (H+) ion exchange resin (8 m!) and the column washed with water to the negative
reaction on chloride ions. The product was then eluted with 10% aqueous pyridine, the eluate
concentrated under diminished pressure to a small volume, and the concentrate freeze-dried.
The resulting product (116 mg} was precipitated from methanol with ether to afford a mixture
of compounds (100 mg) containing not only the unreacted methyl ester and the required acid
but also the diacid. It is not possible to exclude the formation of the diacid by the use of a pro
longed reaction time and a lower temperature even in the stage when a considerable amount
of the methyl ester remains unreacted. The following procedures were used in the separation
of the components of the mixture (Er.I; 0'44, E1l.i.!J 0'08, and E~i.cf0'06). I. Separation on Amberlite
IR-4B ion exchange resin. The head aqueous eluates mainly contained the methyl ester but
a pure substance was not obtained. 2. Countercurrent distribution in the solvent system z-butnnol
-0'05% aqueous acetic acid. After 100 transfers of the upper phase, only a single peak (K = 0'56)
was obtained. The content of tubes 20.:...- 55 was pooled, concentrated to a small volume, and the
concentrate freeze-dried. 3. Column chromatography on silica gel (8 g of the adsorbent per
60 mg of the substance) in methanol. The required pure substance IVd was obtained in a very
poor yield. 4. Countercurrent distribution in the solvent system I-butanol-pyridiIie~benzene-O'1%
aqueous acetic acid (6: 1: 2: 9). After 100 transfers of the upper phase, the peptidic material
was Jocatedby the FoIin-Ciocalteau reaction and the content of the particular set of tubes was
determined. The required product IVd was present in the peak of K= 0;06 (tubes 3- 23),; the
K value of the unreacted ester was 0·85 (tubes 30-65), and' the distribution coefficient of the
diacid was approximately zero (tubes 1-2). The content of the corresponding tubes was pooled,
concentrated, and the concentrates were freeze-dried.

C. The protected heptapeptlde amide IVb (0'90 g) was dissolved in dlmethylformamide (14 ml),
the solution treated with 2'}Methereal hydrogen chloride (O~9 ml), kept at room temperature
for 4 min, and precipitated withether (150ml). The precipitate was collected with suction; washed
with ether, and dried. Yield, 0'67 g (84%) of the hydrochloride, m.p. 166-174°C. RF values:
0'20 (81),0'02(82 ) , 0·28 (83),0'68 (84 ) , Ery; 0'09, E¥.'l 0'56. The salt was dissolved in water
and the solution passed through a column of Amberlite IR·:-4B ion exchange resin In.the acetate
cycle (10 ml). The effluent was freeze-dried and the resulting material precipitated from methanol
with ether. Yield, 0'54 g (85%) of compound IVd, identical with the above substance; faJD -53'4°
(c 0'2, dimethylformamide). Amino acid analysis: Asp l'OJ, Glu 0'96, Pro 1'03, GIy 0'99, Ile 0'96,
Leu r-oo, Cys(C 3H6CO zH) J·05.
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Tert .;ButyIoxycarbany1-0- tert~butyl tyrosyl-isoleucyl-y-tert -butyl GIutamoyl-asparaginyI~
_-S_(y_carboxypropy1)cysteinyl_prolyl_leucyl~gIycine Amide (Vb)

To a solution of the free heptapeptide amide 1V([ (300 mg) in dimethylformamide (20 ml), N
-ethylpiperidine (0'2 ml) and Nchydroxysuccinimide ester of tert-butyloxycarbonyl-O-tert~butyl

tyrosine (350 mg) were added. The mixture was stirred at room temperature for 62 h, evaporated,
and the residue triturated with light petrolenm and ether. The crystals were collected with suction
and washed with ether and water. Yield, 360 mg: rn.p. 205-215°C. Crystallisation from di
methylformamide and ether afforded 324 mg (80%) of compound Vb, m.p. 216-219°C. RF
values: 0·78 (S), 0'63 (S2)' 0'70 (S3)' 0'90 (S2)' The electrophoresis was performed after removal
of protecting groups by the action of trifluoroacetic acid: EY.lr 0'66, E~~7r 0'01. The analytical
sample was recrystallieed from dimethylformamide and ether; the m.p. 'value-did not change.
Optical rotation: [odD -36'3° (c 0'2, dimethylformamide). For CS7H92NI0016S.HzO (1223)
calculated: 56'00% C, 7'69% H, 11'48% N; found: 56'02% C, 7'34% H, 11'61% N. Amino acid
analysis: Asp ]'03, GIu ]'00, Pro ]'00, Gly ]'00, Leu ]'03, lIe \'00, Tyr 0'96, Cys(C3H6C02H)
0,95,

0-.Nitrobenzenesurfenyl-Octert-buty1tyrosyl-isol eucy1-j-tcrt-butyI Glutamoyl-asparaginyl
~S-(y-carboxypropyl)cysteinyl-prolyl-Ieucyl-glycineAmide (Va)

To a solution of the free heptapeptide amide 1Vd (637 mg) in dimethylformamide (10 ml), Ncethyl
piperidine (0'23 ml) and Nchydroxysuccinimide ester of o-nitrobenzenesulfenyl-O-tert-butyI~

tyrosine (O·g g) were added. The mixture was kept at room temperature for 21 h and treated
with additional 0·05 ml of Ncethylpiperidine. After 69 h, the solution was evaporated and. the
residue triturated with ether. The crystals were collected with suction, washed with ether, ethyl
acetate and water, and reprecipitated from a dimethylforrnamide solution by the addition of ether.
Yield, 680 mg (78%) of compound Va, m.p. 208-210° (decomp.). RF values: 0-60 (SI)' 0'46 (S2)'
0'75 (S3)' 0·81 (S4)' The electrophoresis was performed after removal of the protecting group
by the action of methanolic.hydrogen chloride: Ef1x 0'68, Er.i~ 0·12. The analytical sample
of compound Va was .recrystallised from dimethylformamide and ether, m.p. 212-213°C (de
comp.); [al D -0'2° (c 0'2, dimethylformarnide). For CSSHS7NI1016SZ.2 H20 (1294) calculated:
53'81% C, 7'08% H, 11·90% N; found: 53'70% C, 6'82% H, 11'79% N. Amino acid analysis:
Asp 1'00, Glu 0'97. Pro 1'02, GIy 0'99, lie 0,98, Leu 1-02, Tyr 0'97, Cys(C3H6C02H) ],04.

Lactam of 0-Tert-butyltyrosyl~isoleucyl-y~tert-butylGIutamoyl-asparaginyl
-S-.(y-carboxypropyl)cysteinyl-prolyl-Ieucyl-glycine Amide (Ie)

Under nitrogen, a solution of the protected octapeptide amide Va (650 mg) in dimethylformamide
(23 ml) and pyridine (23 ml) was treated with bis-p-nitrophenyl sulfite (2'1 g) and the mixture
stirred at room temperature for 3 h. Additional sulfite (1 g) was then introduced followed by ano
ther 1 g (after 14h); The whole was stirred for 5 h more, evaporated, the residue triturated with
ether, the solid collected with suction, and washed with ether and water. Yield, 1·7 g of the sub
stance, m.p. 120-123°C; Reprecipitation from dimethylformamide by the addition of water
and trituration with ether afforded ·510 mg of the substance, ·m.p. 168-185°C (did not improve
on a further reprecipitation). The protected active ester was dissolved in dimethylforrnamide
(8;5m1), the solution treated with 2Methereal hydrogen chloride {l-Lml), kept at room tempera
ture for 7 min, and precipitated with ether (300 ml)..The precipitate was collected with suction,
washed with ether, and dried. Yield,' 380 rng of the substance, m.p. 138-144°C {decomp.). The
substance was dissolved in dimethylformamide (IO ml) and the solution was added at 50°C
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with stirring under nitrogen (rate, 2-7 ml per h) to Ncethylpiperidine (0-1 ml) in pyridine (450 ml),
The whole was kept at sOGe for 4h and at room temperature ror Jzh, evaporated, the residue
triturated. with ether, dried. (360 mg), and dissolved in the upper phase (25 rot) of the solvent
system 2-butauol;....Q·05% acetic acid. The solution was introduced into the. second tube of the
countercurrent distribution apparatus (100 transfers of the upper phase and.160 transfers of the
lower phase). The peptidic material was located by the Fclin-Ciocalteau reaction. The peak
of K= 25 (content of tubes 80-102) was concentrated and the concentrate was freeze-dried
to afford 305 mg of the substance. The peak of K = 0·15 contained a very small amount of an un
known substance and was not therefore worked up.

A portion (80mg) of the product was passed through a column of Blo-Gel P,:"4 (100 X 1 em)
in 3M acetic acid. The peptide-containing fractions (detected by absorption at 280nm) were
freeze-dried to afford 51mg of a solid which still contained traces of a ninhydrin-positive
contaminant. The material was therefore dissolved in the upper phase (25 ml) of the solvent
system 1-butanol-benzene-pyridine-O'1% aqueous acetic acid (6: 1 : 2: 9) and the solution
was introduced into the second tube of the countercurrent distribution apparatus (272 transfers
of the lower phase and 98 transfers of the upper phase). The peak of K = 45 (content of tubes
90-100) yielded 38 mg of the freeze-dried material. Rp values: 0-37 (S1)' 0-35 (S2)' a-51 (S3)'
0'71 (S4); Optical rotation: [O:]D :...-55'2° (c 0-1, 20% aqueous acetic acid). The analytical sample
of compound Ie was precipitated from methanol with ether. For CS2H82N10013K2 H 20
(1123) calculated: 54'72% C, 7'59% H, )2'27% N; found: 54'40% C, 7'31% H, 12'27% N (cor
rected for the ash content of l-S%)_Amino-acid analysis: Asp J'02, Glu 1-01, Pro 1-03, Gly l'OS,
lie 0'97, Leu 1'04, Tyr 1'00, Cys(C,HbC02H) 0'89.

Lactarn of Tyrosyl-isoleucyl-glutamoyl-asparaginyl-S-(r-carboxypropyl)cysteinyl-prolyl
-leucyl-glycine Amide (Ie)

A_ A portion(lOO mg) of the freeze-dried cyclisation product after the first countercurrent distri
bution was dissolved in trifluoroacetic acid (3'5 ml), the solution kept at room temperature
for 1 h, diluted with toluene (3-5 ml), and evaporated. The residue was triturated with ether,
dried, and subjected to countercurrent distribution (2-butanol-D'05% aqueous acetic acid; 120
transfers of the upper phase and 100 transfers of the lower phase). Peaks of distribution coef
ficients 1'6; 2-S,4'5,: and 14'8 were detected. The peak of K = 2-5 (content of tubes 45-75)
was concentrated and the concentrate freeze-dried (55 rug). The material was then subjected
to a further purification by gel filtration (Bie-Gel P-4, 3M acetic acid) to afford 30 mg of the freeze
-dried material. RFvalues: 0'33 (Sl)' 0-07 (S2)' 0'29 (S3), 0'63 (S4); Er.i' 0 -27. Optical rotation:
[IX]D -57'50 (e 0'1, water). The analytical sample of compound Ie was precipitatedfrom methanol
with ether. For C44H66N10013S.2 H 20 (1DOl) calculated: 51-27% C,_ 6'84% H, 13'S8% N;
found: 51'17% C, 6'S9%H,13'32% N (corrected for the ash content of 2%). Amino-acid analysis:
Asp 1-02, GIu 0'99, Pro 1'06, GIy 1-01, 1Ie 0'97, Leu 0'99, Tyr 0'94, Cys(C3H6COzH) ),04.

The peak of K= 1-6 (content of tubes 14-44) was concentrated. the concentrate freeze-dried,
and the resulting material purified by gel filtration (Bie-Gel P-4, 3M acetic acid) to afford 5·7 mg
of the freeze-dried material. Rp values: 0'20 (S1)' 0-02 (S2)' 0'17 (S3); 0-63 (S4); Er_i; 0-27. Optical
rotation: [O:}D-59'8° (c 0-1,: waterj.r.The analytical sample was precipitated from methanol
with ether. For C4sH74NI0013S.5 H20 (1121) calculated: 50-67% C, 7'44%'H; 12'31%N;
found: 50'41% C, 6'82% H, 12'56% N (corrected for the ash content of 1'6%)_ Amino-acid
analysis: Asp 1'03, Glu )'01, Pro )'03, GIy )'03, lie )'00, Leu )'03, Tyr 0'97, Cys(C3H6COzH)
0'90.

A sample (1 mg) of the latter substance was dissolved in acetic acid (30 Ill), the solution treated
with 35% hydrogen bromide in acetic acid (l00 Ill),. the whole kept at room temperature for
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10 min, and precipitated with ether. The resulting material was reprecipitated from methanol
with ether. The product was identical on chromatography and electrophoresis with the above
described peptide Ie.

Another portion (50 mg) of the freeze-dried cyctisation product after the first countercurrent
distribution was dissolved in trifiuoroacetic acid (1-5 ml} and the solution kept at room tempera
ture for 1 h. Toluene (1'5 ml) was then added, the whole evaporated; and the residue triturated
with ether. The solid was purified on a column of Bio-GeIP;.4 in 3M acetic acid. The separated
fractions were subjected to an additional purification on Bie-Gel P-4 to obtain both the above
mentioned substances in a pure state but in a verypoor yield.

B. The protected octapeptide amide Vb (290 mg)was dissolved in a mixture ofdimethyl
formamide (12 ml) and pyridine (12 m!) and the solution was treated under nitrogen with bis
-p-nitrophenyl sulfite (1 g). The mixture was stirred at room temperature for 8 h, treated with
additional 1 g of the sulfite, stirred for 12 h, treated with O~5 g of the sulfite, and stirred for 5 h.
The mixture was finally evaporated, the residue triturated with ether, the solid collected with
suction, washed on the filter with ether and water, and dried. Yield, 286 mg of a substance.
m.p. 198-205°C (decomp.). The substance was dissolved in trifluoroacetic acid (10 ml),
the solution kept at room temperature for 1 h, diluted with toluene (10 rnl}, and evaporated.
The residue was triturated with ether, dried, and dissolved in dimethylformamide (9 rnl). The
solution was added (rate, 2·7 ml per h) at 50°C to 250 ml of pyridine. After 12 h at room tempera
ture, the solution was evaporated, the residue triturated with ether, dried, and purified by counter
current distribution (2-butanol-o'05% acetic acid; 168 transfers of the upper phase and 201
transfers of the lower phase). The peak of K = 2·42 (content of tubes 45-78) was concentrated,
the concentrate freeze-dried (70 mg), and subjected to gel filtration. Yield, 35 mg of a product
identical with substance Ic obtained by the above 'mentioned procedure. In this case, the com
pound of K = 1·6 was absent.

Lactam of Tyrosy I-isoleucy1-glutaminy l-asparaginy1-8-(r-ca rboxypropyIjcysteinyI-prolyl
-Ieucyl-glycine Amide (Ib)

To a solution of the cyclopeptide-acid Ic of K = 2'5 (4·8 mg) in dimethylformamide (200 Ill),
1M ammonia in dimethylfonnamide (50 Ill) and Nehydroxybenzotrlazole (13'5 mg) were added.
The mixture was cooled down (DOC), treated with N,N'-dicyc1ohexylcarbodiimide (20'6 mg),
and kept at DoC for 2 h and at room temperature for 20 h. The solvent was evaporated, the resi
due shaken for 30 min with 3M acetic acid (3 ml), and the insoluble portion filtered off. The filtrate
was applied to a column of Bie-Gel P-4 and the effluent freeze-dried. Yield, 2'6 mg of a substance
identical on chromatography and electrophoresis with an authentic sample of deamino-f-carba
-oxytocin. RF values: 0'18 (8 1), 0·17 (52)' 0'16 (53)' 0·63 (S4); Er.!.] 0·02. In an assay on isolated
rat uterus7, the activity of 1225 LV.fmg was found in the absence of Mg2 + ions.

The other product (K = 1'6) was subjected to an analogous reaction to afford a substance
differing on chromatography from the authentic sample. RF values: 0·12 (5 I)' 0·04 (82 ) , 0'08 (83) ,

0·64 (54); Er.l:; 0·02. A sample (I mg) of this substance was dissolved in acetic acid (30 Ill), the
solution treated with 35~i hydrogen bromide in acetic acid (100 Ill) kept at room temperature
for 15 min, and precipitated with ether. The thus-obtained precipitate exhibited the same pro
perties as the earlier prepared deamino-l-carba-oxytocln.

Thanks are due 10 Dr T. Barth for biological assays, Mrs H. Farkatova for amino acid analyses,
and Mrs Z. Ledotnooa for optical rotations. Elemental analyses were performed in the Analytical
Department (Dr J. Horacek, Head) of this Institute.
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