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SYNTHESIS OF [4-GLUTAMIC ACID}DEAMINO—I CARBA-OXYTOCIN®
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[4—G1utafnic acid]deamino-1-carba-oxytocin (I} 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 methy! 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 fe afforded deamino-1-carba-oxytocin.

The majority of the hitherto prepared analogues** of neurohypophyseal hormones
oxytocin (Ia) 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 s-amino
‘group) is almost inactive®. [4-Glutamic acid]|deamino-oxytocin was also attached?
by means of the free carboxylic function to AH-Sepharose-4B in the hope that the
resuIting complex could be useful in isolation of tissue fractions containing oxytocin
bond sites (“receptors™ in the biological tassue) 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 introduction and interaction
with reactive groups on the carboxylic function of the amino acid in sequence posi-
tion 4) could be expected owing to the replacement of the —S—S-— bond by the
--CH,—8— grouping.

The general approach to the synthes;s of the analogue T¢ 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 c-amino groups was
mainly performed with the use of the o—nitrobenzenesulfenyl residue, the hydroxylic

* Part CXLV in thc series Ammo Ac1ds and Peptldes, Part CXLIV Th)q Journal 43, 511
(1978).

o wE The amino acids appearing in this paper are of the L-series, The nomenclature and symbols
. obey the published recommendations’, The abbreviation Picr designates the residue of picric
acid. . :
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function: of tyrosine was protected by the tert-butyl group, and the y-carboxyl -of
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 hberated 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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Is,X = NH,;, Y=S—5, Z=NH,, R=H
I, X=H, = Y=CH,—S, Z=NH;, R=H"
le,X==H, . Y=CHy-S, Z=OH, R=H
Id,X=H, . Y=CH,—S, Z=0Bu, R=Bu'.
Ie, X=H, Y = CH,—S, Z=OH, R = Bu*

Nps-Asn-Cys(CyHgCO,R)-Pro-Lew-Gly-NH,
| HaR=CH;, ~ IhR=H '

Nps-G]u(c)Bu‘)-Asn-Cys(QHﬁco,R) -Pro-Leu-Gly- NH2
Ila, R = CHj, iip, R=H

X-Tle-Glu(OBuY-Asn-Cys(CsHgCO,R)-Pro-Leu-Gly-NH,
IVa,X=Nps, R=CHy  IVh,X=Nps, R=H
Ve, X=H, R=CHy; Vd,X=H, R=H
 XTyr(BuY-Tle-Glu(OBuY)-Asn-Cys(C3 Hg CO, H)-Pro-Leu-Gly-NH,
Va, X = Nps; Vb, X == Boc
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acylation of the pentapeptide amide with the formation of compound IfIa; the penta-
peptide amide was obtained by removal of the o-nitrobenzenesulfenyl protecting
group from compound Ifa by the action of ethereal hydrogen chloride. The length-
ening of the peptide chain with an isoleucine residue with the formation of compound
I'Va was pé,rform_éd_ 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.JVd under optimum conditions. The lowest amount of by-product was
formed in water in the presence of sodinm hydroxide (the reaction is of first order
with the rate constant 2-5. 1072 s at 21°C). . In the presence of organic solvents
(methanol dimethylformamide, dioxane), the rate of hydrolysis is. rapidly decreased
and the tert-butyl ester group begins to undergo fission. An addltlon of tert-butyl
alcohol also decreases the rate of hydrolysis but on the other hand, the extent of the
fission of the tert—buty} ester s considerably decreased. This fission also occurs on
a sulfonate cation exchange resin; it is therefore necessary to use a short contact
tlme and to work at a low temperature.

In the parallel route, the carboxylic functmn was unprotected Both protectmg
groups of . benzyloxycarbonyl-S-(y-methoxycarbonylpropyljcysteinyl-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 I7b-was obtained in 46%:yield. The protecting group was
then removed and the residue of y-tert-butyl o- nitrobehzenesulfenylglutamate was
attached to the peptide sequence. The yield of the hexapeptide IITh was 80 %. The iso-
Jeucine res;due was attached analogously to the peptide chain with the formatlon
of compound Vb, 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 more laborious and the yields are lower.

Wlth the use of the N—hydroxysuccmimade ester of an appropr;ately protected
tyrosine, the free heptapeptide I'Vd was converted to octapeptides Va and Vb. In one
case, the cyclisation was effected in the usual manner® by means of the p-nitropheny!
ester after a' partial removal of the g-nitrobenzenesulfenyl protecting group and the
. result:ng partlaliy protected pePtlde was subjected to countercurrent dlstrlbuhon and
gel filtration. The thus- obtained compound Id was converted by the act:on of trl—
fluoroacetic acid to. the analogue Ic which was puriﬁed by countercurrent distribution
and gel filtration. The reqmred product Ie was observed to be accompanied by com-
pound le, A 60-min action of trifluoroacetic acid is therefore insufficient for a quanti-
tative removal of protecting groups. The by-product e may be converted into the
reqmred analogue Ic by a. 10 min treatment with hydrogen bromide in acetic acid
at room temperature. In another case, all the protecting groups of the octapeptlde
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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'd; the protecting group of the lineary peptide is thus not hindered.

A detailed ‘pharmacological analysis of the analogue Ic will be published separa-
tely”. In a preliminary uterotonic assay in vitro®, the value of 1 LU./mg was found:
It is the first case when a monocarba analegue 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 carboxyhc functzon w1th the ammo-termma}
portion of the molecule. : - a : :

The 1dent1ty of the synthesised analogue Ic was established by its reaction W1th
ammonia affording the known® deamino-1- carba-oxytocm Ib of a high b;o]oglcal ac-
tivity. This reaction was effected in the presence of a 20 molar excess of both N,N'~di-
cyclohexylcarbodiimide and N- hydroxybenzotnazole In the presence of N, N'-di-
cyclohexylcarbodiimide alone or l-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline
alone, the reaction failed. The analogue Ib can also be obtained by reaction of the
product of the first cyclisation Je with ammonia and the subsequent removal of the
tert-butyl protecting group by the action of hydrogen ‘bromide in acetic acid.

EXPERIML‘NTAL

Samples for elemental analysns were dried at-1 Torr and room- temperature for 24 h. The stated
chmmatographlcdl (Rg) 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 nmhydrm-r:egatwe substances). Thm-layer chromatography was- perf'ormed on ready-
-for-use Silufol (Kavalier Glassworks; Votice; Czechoslovakia) silica’ gel sheats in the following -
solvent ‘systems: Sy, 2-butdnol-987; formic acid-water (75 13-5:11-5); S5, 2-butanol-25%;
agueous: ammonia-water (85:7-5:7'5); 85, 1-butanol-acetic acid-water (4:1:1); and’ Sa.
pyridine-1-butanol-acetic. acid-water (10 : 15: 3 : §). Electrophoresis was performed in a moist
chamber on paper Whatman 3 MM with the use of IM-CHSCOOH (rH 2 4) and pyndme-acetlc
acid (pH 5-7) as buffer solutions at 20 V/cm for 60 min in most cases. Amino- acid analyses were
perforrned after hydrolysis of samples (20 h in 6m-HCl at 105°C[ {.Torr) in an Aufomatic 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-containing mixtures were eva-
porated thh the use of an eil pump. MeItmg points (uncurrectcd) were. taken on a heated micro-
scope st'tge (Koﬁer block). Countercurrent distributions were performed in an afl- _L_,lass apparatus
making posslble the shift of both upper and lower phases {Countercurrent Distribution Machine

Quickfit' & Quartz; Stone, Staffordshire, England). Gel filtration was carried out on' 4 column
of Bio-Gel P-4 (Bio- Rdd Laboratories; .Rlchmcmcl California, USA}).- : o

-'o-Nitrobenzenesu[fenylglutamic Acid a-N—Hydroxysuccinimide 7-Tert~}3utyl Ester. .
The v-tert-butyl ester of "b-nftrobéﬁzehefs'lilféziylg_I.ut.zimic aéid_ '(5-'1 ) ‘was libérdted from the di:
cyclohexylammonium salt® on a column of Dowex 50 ion exchange resin: in aquicous methandl.
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Usual processing yielded a substance, m.p. 130—132°C. For C;5H;3N,048 (356-4} calculated:
30-55% C, 5-65% H, 7-86% N; found: 50-39% C, 584% H, 8-00% N. The frec y-tert-butyl ester
was dissolved in dichloromethane (150 ml) and then N-hydroxysuccinimide (18 g) was added.
The mixture was cooled down to —10°C, treated with N,N’-dicyclohexylcarbediimide (3-25 g,
kept at. —10°C for 1 h and in a refrigerator for 11 h, and finally stirred at room temperature
for 5h. The precipitate of N,N'-dicyclohexylurea 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, 0~5M-NaﬂC03, 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, 602 g (93%); m.p. 118~ 121°C (does not change on crystallisation from ethanol
and light petroleum), Rp values: 073 (S;), 0-83 (S,), 046 (98 :2 benzene-ethanol). Optical
rotation:. [o]lp ~~ 50:1° (¢ 0-3, dimethylformamide). For C; gH,3N3045 (453-1) calculated: 50-33%C,
511% H, 9-27% N; found: 50-59%, C, 5-32% H, 9-27% N.

o_—NitrobcnzénesulfényI-_y-terbbutyi Glutamoyl-asparaginyl-S-(y-methoxycarbonylpropyl)-
cysteinyl-prolyl-leucyl-glycine Amide (I1Ia)

To a solution of the protected pentapeptide® Ha (4-3 g} in methanol (250 ml), 2m ethereal hydrogen
chloride {(6-5 m!) 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 8—9 with N-ethylpiperidine, and then treated with the ¢N-hydroxysuccinimide ester
of g-nitrobenzenesulfenyl-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-NaHCO,,
water again, and ether. Yield, 50 g (93%) of compound Ilfa, m.p. 168—173°C (this value did not
change on crystallisation from a mixture of dimethylformamide, ethyl acetate, and ether);
[xlp —64:6° (¢ 0-2, dimethylformamide). Rp. values: 0-34 (8,), 040 (8;), 0-54 (83), 0-68 (S, )

EG”' 0-88, E“'s 0 52 {(after removal of the g-nitrobenzenesulfenyl protecting group with methanolic
hydrogen chloride). For CyoHgiNyO58, (940-1) calculated: 51-11%0 C, & 54/ H, 13 41/ N;

found: 51- 08% C, & SO H, 13:26% N.

a—N1trohenzenesuIfenyl—lsoleucyl y-tert-butyl GlutamoyE asparagmyl §-(y-methoxycarbonyl-
propyl)cystemyl-prolyl leucyl-glycine Amide (IVa)

A’ solution of the protccted hexapeptide Iffa (50 g) in dlmethylformamidc (35 ml) was treated
with 2 ethereal hydrog_en chloride (12:2 ml), the mixture képt at room temperature for 4 min,
and precipitated with ether (500 ml). The precipitate of the hexapeptide hydrochloride was
washed with ether, dissolved in dimethylformamide (90 mb), and the solution precipitated with
ether again. EF5 0-50, ES'Y 0-89. The solid dissolved in dimethylformamide (30 mI), the solution
adjusted to pH 8 by the addition of N-ethylpiperidine {1-1 ml), and treated with the N-hydroxy-
succinimide ester -of o-nitrobenzenesulfenylisoleucine (3-1 g). After 65 h at room. temperature,
the solution was still ninhydrin-positive, Additional - N-ethylpiperidine (0-8 ml). was introduced
and after 50 h, another portion (I 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, 51 g; m.p. 207—213°C. Crystallisation from
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dimethylformamide and ethyl acetate yielded 4-7 g*(84%%) of compound [¥a, m.p. 216—=220°C.
Rp values: 041 (5;), 044 (8,), 0-52 (§,), 0-81 (8,). The electrophoresis was performed after
removal of the aminc-protecting group with methanolic hydrogen chloride: £8% 0-40, EFY 0-68.
The analytical sample of compound fFa was obtained by crystallisation from dimethylformamide
and ethyl acetate; m.pi 219—221°C; [elp —67-4° (¢ 0-2, dimethylformamide); For C; HyaNyp.
.01,5,.H,0 (1071) caleulated: 51-57)4 C, 69674 H, 13-074N; found: 51'71% C, 6:67% H,
12:90% N. Amino acid analysis: Asp 103, Glu 1-00, Pro 1-00, Gly 1-03; Ile 101 Leu 1-02,
Cys(C3HﬁCOOH) 094, :

S (7—Carboxypropyl)cystemyi proly]-leucy]-g]ycme Amide

To a solution of henzyloxycarbonyl-S{'y-methoxycarbonylpropyf)cystemy] prolyl- leucyl—g[ycme
amide (3-4 g) in acetic acid (17 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-NaOH (22 ml), and the whole kept at room temperature for 1 h.
The methanol was evaporated and the residue applied to Dowex 50 (L ) fon exchange resin
{180 ml}. The column was washed with water until the washings were bromide-negative and then
eluted with 10% aqueous pyridine. The eluatés 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; [o]p —359°
(¢ 04, dimethylformamide). Ry values: 0'15(8y), 0-00(S,), 0-11 (S3), 043 (5,). £ 020,
ESY 083, For €,yH,5N;04S (473-6) calculated: 50-72% C, 7-45% H, 14-49% N; found: 50 54, %
C, 761/H I451“/N

~N1tr0benzenesu]fenyl-asparagmyl S- (y-carboxypropyl)cyste1ﬂyl~proly]—leucy]-glycme Amtde
(Ilb) '

The free tetrapeptldc amide {1-65 ¢) was dlssolved in d:methylformamlde (& ml), the solutmn
made alkaline with N-ethylpiperidine (0-5 ml), and treated with e-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 N-ethylpipéridine (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 ethy! acetate yielded 2 g of a substance,
m.p. 149—166°C. As indicatcd 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 mi) in4:1
benzene-methanol to afford 09 g of the chromatographically homogeneous compotnd 1Ib;

Ry values: 0-45 (8,), 0:09 (S,), 0-48 (S;3), 0-64 (S,); EE'ST 0-35, EX'% 0-00 (without removal of the
protecting group).. The 'xnalyttcal sample of compound Ifh. was recrystallised from a mixture
of dlmethylformamldc methanol, and ether; 169—172°C; [aly - 77: -1%. (¢ 0-2, dimethylforma-
mide). For CyqH ;4 NgQ3;.3 H,0 (794-9) caleulated: 45-337 C, 6:3420 H, 14097 N; found:

45-38%; C, 6:027¢ H, 14:37% N. Ammo ‘actd ana]ys:s Asp 1-00, Pro 105 Gly 1-00, Leu 0-98,

Cys(C3H6COOH) 0-99. :

The chromatography a]so aﬁ'orded 83 mg of an addltmna! subatance m.p. 146—148°C
Rp values: 0-40 (8), 0-02 (S,), 0:34 (S,), 0-65 (S,); £LS" 0-63, EX'§ 0-00 (without removal of the
protecting group). The elemental analysis {found: 4660 C, 606% H, 14:07% N) does not
indicate deamidation of asparagine or glycine amide. Amino-acid analysis: Asp I 00 Pro 1-00,
GIy 1-00; Leu 1-00, Cys(C,H 5COOH) 1-02. :
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o-Nitrobenzenesulfenyl-y-tert-butyl Glutamoyl-asparaginyl-S-(y-carbozypropyl)cysteinyl-
-prolyl-leucyl-glycine Amide (JI15)

To a solution of the protected pentapeptide F76 (09 g) in dimethylformamide {10 ml)}, 2M ethereal
hydrogen chloride (2-5 mlI) was added, the mixture kept at room temperature for 3 min, and
precipitated with ether (160 ml). The hydrochloride was collected with suction, washed with
ether, and dried; RF values: 0-10 (8,), 002 (8,), 0-09 (S3), 0-45 (5, EH“ 0-17, E3 13‘: 0-65, The
salt was dissolved in dimethylformamide (13 ml), the solution made alkaline with N-ethylpiperi-
dine (05 ml) and treated with the N-hydroxysuccinimide ester of g-nitrobenzenesulfenyl-y-teri-
-butylgfut_afnic acid (063 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 ¢
(80%) of compound 7k, m.p. 98—103°C., Ry values: 0-56 (8,), 0-12 (8,), 062 (83); 0-67 (8,). The
clectrophoresis was carried out afler removal of the amino-protecting group by means of methano-
lic hydrogen chloride: E? 017, EG[Y 0-62. The analytical sample was reprecipitated from di-
methylformamide with ether. Opilcal rotation: [e]lp —44-2° (¢ 0-4, dimethylformamide). For
CapH5oN, 025, H,0 (944-1) caleulated: 49-78%, C, 65130 H, 13-35% N; found: 49-78%C,
6799 H, 13:02% N

o-Nitrobenzenesulfenylisoleueyl-y-tert-buty! Glutamoyl-asparaginyl-S-(y-carboxypropyl)-
cysteinyl-prolyl-leucyl-glycine Amide (I¥h)

The protected hexapeptide amide 1176 (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. Ry values: 0-19 (8,), 0-06 (S,), 0-21 (8;), 0-58 (8,). The hygroscopic hydro-
chloride was dissolved in dimethylformamide (15 ml), the solution made alkaline with N-ethyl-
piperidine (0-45 ml) and then treated with the N-hydroxysuccinimide ester of o-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 IFh, m.p. 186—190°C (did not change on recrystallisation from dimethylformamide).
Ry values: 0-58 (8), 0118 (S,), 0-61 (S3), 0-67 (S,). Optical rotation: [alp —55-3° (¢ 0-4, dimethyl-
formamide). For Cy5H;gN,g0;48,-2 H,0 (1039) calculated: 50-27% C, 693% H, 13-02% N;
found: 49-98%{ C, 69230 H, 12:81% N,

Isoleucyl-f—teft-!ﬁtiiyi Glutamoyl-asparaginyl-S-(y-methoxycarbonylpropylcysteinyl-prolyl-
-!cucyl-glycine_: A'mide Hydrochluride IVe)

The protected heptapeptide IVa (41 g) was dissolved m'dlmcthylformamlde (50 ml), the solution
treated with 2:1m ethereal hydrogen chioride (4-4 mi), 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%) éfthe hydrochloride I'Ve, m.p. 221-—223°C (decomp.). Rp-vélues 0:28 (8,),
0-29(S,); EFY 044, §% 0-64. For C40H7001N901,S9H O (972:6) calculated: 49- 48% C
7-67% H, 12: 99/N found 49-73% C, 7-46% H, 13174 N.

- Collaction Gzechosiov. Chem. Cammun. {Vol. 43] [1978]



530 o - e e *-Lebl, Jost

Isoleucyl-y-tert-butyl Gluetamoyl-asparaginyl- S-(-y-carbo*cypropyl)cystemyl pronE Ieucyl-
-glycine Amide (JVd)

. A solution of the hepmpeptlde hydrochloride JFe (3-2 g) in water, (220 ml) was treated with
IM—NaOH (75 ml; pH 12 +5), then 05 ml (after 5 min) and finally 1 ml (after 15 n‘un) The mixture
was kept at room femperature for 25 min, adjusted to pH 7 with the use “of Im-HCI (5-0 ml),
ooled down to 0°C, and applied to a column of Dowex 50 (H‘I") ion exchange resin (120 ml).
The chumn was washed with water (0°C) until the washings did not },We a posmve reaction
on chloride ions. The product was then eluted with 107 aqueous pyridine (0°C) and the eluates
were evaporated The residue was purlf ed by prec:pttat;on from methanoel with ether. Yield,
2-52 g (837%) of compound {7, m.p. 165—1 67°C (did not change on reprempztatlon of the analyti-
cal sample); [] g = 50:2° (c 0-2, "dimethylformamide); Rp values: 0-19 (51): 02(8,), 0-27 (S5,
0-67 (S,), EL' 008, E§Y 0-58. For CypHg,Ny0;,5.H,0 (904-1) calculated: 51-81% C, 7-69% H,
13-94% N; found 51 99/C 7-78% H, 14 03% N, .

B. A solution of the heptapeptide hydrnchlorlde Ive (0 15 g) in methanol (5 mi) was treatcd
with Im-NaQH (0-7 ml) and kept at room. temperature for 1 h. The methanol was evaporated
and the residnal solution was diluted with water (3 ml). The whole was applied to a column
of Dowex 50 (H™*) ion exchange resin {8 ml) and the celumn washed with water fo the negative
reaction on chloride ions. The product was then eluted with 10% agueous 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 & lower temperature even in the stage when a considerable amount
of the methy! ester remains unreacted. The following procedures were used in the separation
of the components of the mixture (£5% 0-44, E¥150-08, and E5!% 0:06). 7. Separation on Amberlite
IR-4B ion exchange resin, The head aqueous eluates mam!y confained the methyl ester but
a pure substance was not obtained. 2. Countercurrent distribution in the solvent system 2-butanol-
-0-05%, aqueous acetic acid. After 100 transfers of the upper phase, only a single peak (X = 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 JVd was obtained in a very
poor yield. 4. Countercurrent distribution in the solvent system 1-butanol-pyridirie-benzene-0-1%;
aqueous acetic acid {6:1:2:9). After 100 transfers of the upper phase, the peptidic material
was located by the Folin-Ciocalteau reaction and the content of the particular set of tubes was
determined. The required product 7Vd was present in the peak of K'= 0-06 (tubes 3-—23); the
K value of the unreacted ester was 0-85 (tubes 30—635), and the distribution coefficient of the
diacid was approximately zero (tubes [—2). The content of the correspondmg tubes was pooled,
concentrated, and the concentrates were freeze-dried. :

C. The protected heptapeptide amide I¥5 (0-90 g) was dissolved in dxmethylformamlde (14 ml},
the solution treated with 2-1m ethereal hydrogen chloride (0:9 m[), kept at room temperature
for 4 min, and prec;pltated with ether (150 ml). The precipitate was collected ‘with suctiom; washed
with ether, and dried. Yield, 067 g (84%) of the hydrochforlde, m.p. IGG—]M“C RF values:
020 (5,), 002 (Sq), 028 (S3), 0-68 (S,). EH"‘ 0-09, " 0-56. The suft was dissolved m water
and the solution passed through a column of Amberhte 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 (853} of compound ¥4, identical with the above substance; []p, —53-4°
(¢ 0-2, dimethylformamide). Amino acid analysis: Asp 101, Glu 0-94, Pro 1-03, GiyO 99, He 0-96,
Leu 100, Cys(CyHCO,H) 1-05.
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" Tert-Butyloxycarbonyl-O-tert-butyltyrosyl-isoleucyl-y-tert-butyl Glutamoyl-asparaginyl-
«-8-(y-carboxypropyl)eysteinyl-prolyl-leucyl-glycine Amide (Fb)

To a solution of the free heptapeptide amide 7Fd (300 mg) in dimethylformamide (20 mi), N-
-ethylpiperidine (0-2 ml) and N-hydroxysuccinimide 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 petroleum and ether. The crystals were collected with suction
and washed with ether and water, Yield, 360 mg; m.p. 205—215°C. Crystallisation from di-
methylformamide and ether afforded 324 mg (80%4) of compound ¥b, m.p, 216—219°C. Ry
values: 0+78 (8,), 0-63 (S;), 0-70 (83), 0-90 (S,). The elecirophoresis was perf‘nrmed after removal
of protecting groups by the action of trifluoreacetic acid: JEC'ly 0-66, EP‘“ 0-01.Fhe analytical
sample was recrystallised from dimethylformamide and ether; the m.p. value did not change.
Optical rotation: {oly —36:3° (¢ 0-2, dimethylformamide). For C5;Hg,N; o0, 8.H,0 (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 1'03, Glu 1-00, Pro 1-00, Gly 1-00, Leu 1-03, Ile 1-00, ’I'yr 96, Cys(C3H6C02H}
0-95, ‘

[P

u-NltrnbenzenesutfenyE Owtert butyltyrosyiqsoieucy]-y—tert butyl GIutamoyl—asparagmyf—
-5- (7 carboxypropylcysteinyl-prolyl-teucyl-glycine Amide (Vo)

Tou so]ution of the free heptapepﬁdc amide IVd (637 mg) in dimethylformamide (10 ml}, N-cthyl-
piperidine’ {0-23 ml) and WN-hydroxysuccinimide ester of e-nitrobenzenesulfenyl-O-tert-butyl-
tyrosine (0-8 g) were added. The mixture was kept at room temperature for 21 h and treated
with additional 0-05 ml of N-cthylpiperidine. 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 dimethylformamide solution by the addition of ether.
Yield, 680 mg (7877} of compound Ve, m.p. 208—210° (decomp.). Ry values: 0-60 {8,), 0-46 (5,),
0+75 (85), 0-81 (8,). The electrophoresis was performed after removal of the protecting group
by the action of methanolic hydrogen chioride: ES'Y 0-68, E? 0-12. The analytical sample
of compound Ve was recrystallised from dimethylformamide and ether, m.p, 212—213°C (de-
comp.); felp —0-2° (¢ 0-2, dimethylformamide). For C5gHgoN{ 0,,:8,.2 H,0 (1294} calculated:
33:81% C, 7-08%; H, 11-90% N; found: 53-70% C, 6-82% H, 11-79% N. Amino acid analysis:
Asp 1-00, Glu 097, Pro 1-02, Gly 0-99, Tle 0-98, Leu 1-02, Tyr 0-97, Cys(C;HoCO, H) 1-04.

Lactam of O-Tert-_butyityrdsy]-isoieut_:ylf?-teri-buty! Glutamoyl-asparaginyl-
—S-(7-carboxyprqpyl)cysteinyl-prdlyl-Ieucyl-eg_cine Amide (Ig)

Under nitrogen; d solution of the protected octapeptide amide Ve (650 mg) in dimethylformamide
(23 ml) and pyridine (23 ml) was treated with bis-p-nitropheny! sulfite (2-1 g) and the misture
stirred at room temperature for 3 h. Additional sulfite (1 g} was then introduced followed by ano-
ther 1 g (after 14'h). 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 profected active ester was dissolved in dimethylformamide
- (8:5'ml), the solution treated with 2m ethereal hydrogen chloride (I-1'ml), 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 mg of the substancé, m.p. 138—144°C (decomp.). The
- substance was” dissolved in dimethylformamide (10 ml) and-the solution was added at 50°C
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with stirring under nitrogen (rate, 2-7 mi per h) to N-ethylpiperidine (0-1 ml) in pyridine (450 ml).
The whole was kept at 50°C for 4 h and at room temperature for 12 h, evaporated, the residue
triturated with ether, dried (360 mg), and dissolved in the upper phase (25 ml) of the solvent
sysiem 2-butauol-0 05% acetic acid. The solution was introduced into the second tube of the
countercurrcnt distribution apparatus (IOO transfers of the upper phase and, 160 transfers of the
lower phase). The' peptidic material was located by the Folin-Ciocalteau Teaction. The peak
of K= 25 (ciohtcnt of tubes 80—102) was concenfrated and the concentrate was fréeze-dried
to afford 305 mg ‘of the substance. The peak of K = O 13 contamed a very smal] amount of an un-
known substance and was not thereforc worked up.

A purtmn (80 mg) of the product was passed through a column of Bio- Gel P-4 (10{) x 1cm)
in 3M acetic acid. The pepnde contammg fractions (detected by absorpt[on at 280 nm) were
freeze-dried to afford 51 mg of a selld ‘which still contained traces of a nmh)drm—pomtwe
contaminant. The material was therefore dissolved in the upper phase (25 ml) of the solvent
sysiem 1-butanol—benzcne—pyrldmc-() 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
%0—100} vielded 38 mg of the freeze-dried material. Rp values: 0-37 (5,}, 0-35 (8,), 0-51 (83),
0-71 (8,) Optical rotation: [u]; —552° (¢ 0+1, 203 agqueous acetic acid). The analytical sample
of compound fe was precipitated from methanol with ether. For CsaHgoNygOy38.2 HyO
{1123) calculated: 54723 C, T-39% H, 12:27% N; found: 54-40%; C, 7-31% H, 12272 N (cor-
rected for the ash content of 1- 8%). Amino-acid anaiysts Asp 1 U Glu 1-01, Pro 1-03, Gly 1-03,
}!c 0-97, Lcu 1-04, Tyr] 00 Cys(C HbCOZH) 0-89, o

Lactam of Ty1 osyl-lsoleucyl-giutamnyl—aspamgmyl S-{y- carboxypropyl)cystemyi—prolyl—
-leucyl-glycine Amide {fc).

A. A portion-(100 mg) of the freeze-dried cyciisation preduct after the first countercurrent distri-
bution was dissolved in trifluoroacetic acid (3:5 ml), the sohiion 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-0-05% aqueous acetic acid; 120
transfers of the upper phase and 100 transfers of the lower phase). Peaks of distribution coef-
ficients- 16, 2-5, 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 mg). The material was then subjected
to a further purification by gel filtration (Bio-Gel P-4, 3M acetic acid) to afford 30 mg of the freeze-
~dried material. Ry values: 0-33 (8,), 0-07 (S,), 028 (83), 0-63 (5,); EH"‘ (-27, Optical rotation:
[e]p —57-5° (c O°1, water). The ana]ytlca] sample of compound 1c was premplmted from methanol
with ether. For Cy Hg N, ,0;28.2 H,0 (1001) caleulated: 51-27%4 C, 6 843 H, 13-58% N;
found: 51-17% C, 6:59%} H, 13-3234 N (corrected for the ash content of 234). Amino-acid analysis:
Asp 1-02, Glu 0-99, Pro 1-06, Gly 1-01, Tle 0-97, Leu 099, Tyr 0-94, Cys(C;HzCO,H) 1-04.
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 (Bio-Gel P-4, 3M acetic acid) to afford 5-7mg
of the freeze~dried material: Ry values: 0-20 (8,), 0-02 (5,), 017 (53}, 0-63 (S,); EH“ 0-27. Optical
rotation: [a]y —59-8° (¢ 0-1, water). The analytical sample was precipitated from methanol
with ether. For CygH, Ny n0,358.5 H,0. (1121) caleulated: 50-67% C, 74454 H, 12:31% N
found: 50-41%4 C, 6-82% H, 12:56% N (corrected for the ash content of 1-6%4). Aminc-acid
analysis: Asp 1-03, Glu 1-01, Pro 1-03, G]y 1-03, Ile 1-00, Leu 1-03, Tyr 0-97, Cys(C:,HﬁCOZH)
0-90. :
.- A sample (1. mg) of thc latter substance was dlssulved in acetic actd (30 [.1!), the solutlou treated
with 35%, hydrogen bromide in acetic acid (100 pl),.the whole kept at room temperature for

Collection Gzechnosiov. Ghem. Commun. [Vol. 43} [1978]



Synthesis of [4-Glutamic Acid]deamino-1-carba-oxytocin : 533

10 min, and precipitated with ether. The resulting material was reprecipitated from methanol
with ether. The product was identical on chromatography and electrophoresm w1th the above
described peptide: Jo. : : oo . e :

* Ariother portion (50 mg) of the frecze-dried cyclisation product after the first countercurrent
distribution was dissolved in trifiuoroacetic acid (1-5 ml) arid the solution kept at room temﬁera—
ture for I h. Toluene (1-5 ml} was then added, the whole evaporated, and the residue friturated
with ether. The solid was purified on a column of Bio-Gel P-4 in 3nm dcetic acid. The separated
fractions were subjected to an additional purification on Bio-Gel P-4 to’ obtam both the above
mentioned substances in a pure state but ina very poor y[eld. a

B. The protected octapeptide amide Vb (79(} mg) was dissalved in a mlxture of dnmcthyl-
formamide (12 m1) and pyridine (12 ml} and the solution was treated under nitrogen with bis-
-p-nitrophenyl sulfite (§ 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 0-5 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 {rifluoroacetic acid (10 ml),
the solution kept at room temperature for 1 h, diluted with toluene (10 ml), and evaporated,
The residue was triturated with ether, dried, and dissolved in dimethylformamide (9 ml). The
sohution was added (rate, 2:7 ml per h) at 50°C to 250 ml of pyridine. After 12 h at rooin tempera-
ture, the solution was evaporated, the residue triturated with ether, dried, and purified by counter-
current distribution (2-butanol-0-05% 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 fc obtained by the above mentioned procedure. In this case, the com-
pound of K = 1-6 was absent,

Lactam of Tyrosyl-isoleucyl-glutaminyl-asparaginyl-8-(y-carboxypropyl)cysteinyl-profyi-
-leucyl-glycine Amide (Ih)

To a solution of the cyclopeptide-acid Ie of K= 2-5 (4-8 mg) in dimethylformamide (200 ul),
Im ammonia in dimethylformamide {50 pl) and N-hydroxybenzotriazole (135 mp) were added.
The mixture was cooled down (0°C), treated with N,N’-dicyclohexylcarbodiimide (20-6 mg),
and kept at 0°C 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 insotuble portion filtered off. The filtrate
was applied to a column of Bio-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-t-carba-
~gxytocin. RF values: 0-18 (8,), 0-17 (S,), 0-16 (S3), 0-63 {8,); EH“ 0-02. In an assay on isolated
rat uterus’, the activity of 1225 I.U./mg was found in the absence ot‘ Mg? ™ ions.

The other product (K == 1-6} was subjected to an anzlogous reaction to afford a substance
" differing on chromatography from the authentic sample. Ry values: 0-12 (S,), 0-04 (S,), 0-08 (S;),
0-64 (S); EX5 0-02. A sample (1 mg) of this substance was dissolved in acetic acid (30 ul), the
solution treated with 35% hydrogen bromide in acetic acid {100 ul} 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-1-carba-oxytocin.

" Thanks are due to Dr T. Barth for biological assays, Mrs H. Farkasovd for amino acid analyses,
and Mrs Z. Ledvinovd for optical votations, Elemental analyses were performed in the Analytical
Department {Dr J. Hord¢ek, Head) of this Institute.
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