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was crystallized from ethyl acetate-ether in 97 7 yield to afford the
dipeptide free acid XXIX, mp 144-145°, [¢]®D —29.5° (¢ 2.05,
methanol).

Anal. Caled for CyoHsN,O;: C, 58.88; H, 6.86; N, 6.86.
Found: C, 58.75; H, 6.78; N, 6.99,

N-Carbobenzoxy -c-t-butyl-L-glutamyl-L-alanine Pentachloro-
phenyl Ester (XXX). The dipeptide free acid XXIX (4.08 g, 0.01
mole) was converted into the pentachlorophenyl active ester as
described for the preparation of the a-dipeptide pentachlorophenyl
ester I1I. Dipeptide active ester XXX was isolated in 509 yield
after crystallization from methanol, mp 132-138°. Two recrystal-
lizations from ethyl acetate—ether—petroleum ether raised the
melting point to 141-142°, [«] 26D +3.86 (¢ 0.88, chloroform).

Anal.  Caled for CosHxN:O:Cls: C, 47.50; H, 4.12; N, 4.27.
Found: C,47.68; H,4.37; N, 4,24,

N-Carbobenzoxy-a-t-butyl-L-glutamyl-L-alanyl-y-z-butyl-L-glu-
tamic Acid Methyl Ester (XXXI). Dipeptideactive ester XXX (1.5 g,
0.00228 mole) was coupled with glutamic acid diester hydrochloride
IV and the reaction mixture was worked up as described for the
a-tripeptide methyl ester V, yielding 72 77 of the v-tripeptide methyl
ester XXXI, after crystallization from ether-petroleum ether, mp
69-72°. Two recrystallizations from the same solvents raised the
melting point to 72-73°, [«]?*D —6.8° (¢ 2, chloroform).

Anal.  Caled for C30HasNsOyp: C, 59.2; H, 7.3; N, 6.9. Found:
C,59.04; H,7.46; N,7.16.

N-Carbobenzoxy-a-t-butyl-L-glutamyl-L-alanyl-~-r-butyl-L-glu-
tamic Acid (XXXII). Tripeptide methyl ester XXXI (0.607 g,
0.001 mole) was saponified as described previously and the sapon-
ified product, a white solid, was crystallized from ether-petroleum
ether to yield 83 % of the tripeptide free acid XXXII, mp 118-119°,
[a)?D +10°(c 0.5, chloroform).

Anal, Caled for C;sHyN;Oy: C, 58.71; H, 7.25; N, 7.09.
Found: C, 58.60; H,7.39; N, 7.35.

Transpeptidation Studies. N-Carbobenzoxy-vy-r-butyl-L-glutam-
yl-L-alanyl-y-r-butyl-L-glutamic acid (VI, 0.030 g) was dis-
solved in 90% trifluoroacetic acid (1 ml) and left at room tem-
perature for 50 min. The trifluoroacetic acid was removed under
reduced pressure and the residue chromatographed on Whatman

No. 3MM paper, in different solvent systems, at concentrations
ranging from 30 to 4000 ug; in this case less than 19 of a tripeptide
tricarboxylic acid could be detected when the chromatograms
were sprayed with bromphenol blue. The solvent systems used
were n-butyl alcohol saturated with water (descending), R; 0.85;
n-butyl alcohol-water—acetic acid (4:1:1) (ascending), R; 0.89;
n-butyl alcohol saturated with water and phenol-water (77:23)
(two-dimensional ascending), R; 0.89 and 0.72; pyridine-water
(4:1) (ascending), R; 0.79; phenyl-citric acid-disodium phosphate
buffer, pH 7.6 (100:20) (ascending), R; 0.79. Similarly N-carbo-
benzoxy-a-t-butyl-y-L-glutamyl-L-alanyl-y-t-butyl-L-glutamic  acid
(XXXII) (0.030 g) was treated with 90 % trifluoroacetic acid (1 ml)
at room temperature for 50 min. After the removal of trifiuoro-
acetic acid under reduced pressure, the residue was chromato-
graphed on the same paper and in the solvent systems used for the
a-tripeptide, as described above. In most of the solvent systems,
though a single spot was observed, the R; values of the y-tripeptide
tricarboxylic acid were identical with those of the a-tripeptide.
The most satisfactory solvent systems were pyridine-water (4:1) and
phenol—itric acid-disodium phosphate buffer, pH 7.6 (100:20).
The R; values with these solvent systems for the v-tripeptide tri-
carboxylic acid were 0.68 and 0.62, respectively. In another
experiment 3 mg each of a- and v-tripeptides VI and XXXII were
treated separately with trifluoroacetic acid (0.5 ml) for 50 min at
room temperature. After the removal of trifluoroacetic acid, the
residues were chromatographed separately and as a mixture. The
conditions of chromatography were identical with those described
above; the R values of a- and v-tripeptide tricarboxylic acids were
identical with those described above and they separated very well
into two spots.  Since only one spot was observed at concentrations
ranging from 30 to 4000 g for both «- and vy-tripeptide tricar-
boxylic acids, it was concluded that they were 99 & pure «- and y-pep-
tides,
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The fully S,N-protected derivatives (VI-IX) of the nonapeptide amide, L-cysteinyl-L-tyrosyl-L-isoleucyl-

L-glutaminyl-L-asparaginyl-L-cysteinyl-L-prolyl-L-leucylglycinamide, have been prepared by a step-by-step synthesis,
using new N-protecting groups (the z-butyloxycarbonyl and the o-nitrophenylsulfenyl groups) in addition to the

classical carbobenzoxy and new S-protecting groups (the S-benzoyl and S-carbobenzoxy groups).

The selective

removal of the S-protecting groups from compounds VI-IX by methanolysis afforded the N-protected oxytoceines
(X-XII). Oxidation of the free thiol groups of X and XII by 1,2-diiodoethane led to the formation of N-carbo-
benzoxy- (XIII), and N-z-butyloxycarbonyl-oxytocin, (XIV), respectively. The peptide obtained after decarbo-
benzoxylation of the N-carbobenzoxy-oxytocin (XIII) was purified by countercurrent distribution and partition

chrematography on Sephadex.
oxytocin.

Oxytocin was isolated in highly purified form by du
Vigneaud, et al.,* and its structure was postu-

lated* and proved by synthesis.? Since the first,

(1) This investigation was supported by the Royal Hellenic Research
Foundation, to which the author is greatly indebted.

(2) A preliminary communication of part of this work has already
appeared: 1. Photaki, Experientia, 20, 487 (1964).

(3) A. H. Livermore and V. du Vigneaud, J. Biol. Chem., 180, 365
(1949); J. G. Pierce, S. Gordon, and V. du Vigneaud, ibid., 199, 929
(1952),

The isolated material exhibited the chemical, physical, and biological activities of

classical synthesis of du Vigneaud, several other oxy-
tocin syntheses were reported®=!! from various labora-

(4) C. Ressler, S. Trippett, and V. du Vigneaud, J. Biol. Chem., 205,
949 (1953); H. Tuppy, Biochim. Biophys. Acta, 11, 449 (1953); H.
Tuppy and H. Michl, Monatsh. Chem., 84, 1011 (1953).

(5) V. du Vigneaud, C. Ressler, J. M. Swan, C. W. Roberts, P. G.
Katsoyannis, and S. Gordon, J. Am. Chem. Soc., 75, 4879 (1953); V,
du Vigneaud, C. Ressler, J. M. Swan, C. W. Roberts, and P. G. Katsoy-
annis, ibid., 76, 3115 (1954).

(6) R. A. Boissonnas, S. Guttmann, P.-A, Jaquenoud, and J.-P.
Waller, Helv. Chim. Acta, 38, 1491 (19535).
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tories including du Vigneaud’s. The synthesis of
oxytocin opened the way to the synthesis of a variety
of “analogs” of the hormone, which were prepared in an
attempt to establish the relationship between the chem-
ical structure and the biological activity.

The characteristic features of du Vigneaud’s syn-
thesis of oxytocin are the following: (1) the prepara-
tion of an open-chain S,N-protected peptide, i.e., an
N-protected nonapeptide amide, bearing two S-pro-
tected cysteine residues at positions 1 and 6 of the
molecule; (2) the use of the benzyl group exclusively
for the S protection of the cysteine residues; (3) the use
of the carbobenzoxy or the tosyl group for the N pro-
tection of the intermediate peptides and of the final
open-chain S,N-protected nonapeptide; (4) the simul-
taneous removal of both the S-benzyl and the N-pro-
tecting groups from the S,N-protected nonapeptide by
reduction with sodium in liquid ammonia; (5) the
oxidation of the resulting ‘“oxytoceine” (disulfhydryl
nonapeptide), without its isolation, to oxytocin.

An inspection of the structure of oxytocin leads to the
conclusion that for the moment it is not possible to use
any other peptide precursor than the above described
under 1. The alternative route of synthesis would be
the preparation of unsymmetrical, open-chain cystine
octapeptides (with the cystine bearing one amino
group not combined in a peptide bond), and their sub-
sequent cyclization to oxytocin by peptide bond forma-
tion. This route is not feasible, since unsymmetrical
open-chain cystine derivatives are not stable but rear-
range rapidly to the symmetrical ones.!*>!* Therefore,
attempts to change the method of synthesis must be
,confined to points 2-5, i.e., to the scheme of prepara-
tion of the S,N-protected nonapeptide and its con-
version to oxytocin. In fact, until now almost all of
the syntheses of oxytocin®~!0 and its analogs are similar
in points 2-5, the only exception being a synthesis!!
in which the trityl group has been used, both as S-
and N- protecting group, for the preparation of the
nonapeptide. In this case hydrochloric acid was used
for the removal of all the trityl groups in the final step,
but no isolation of oxytocin and no quantitative results
on the biological activity of the obtained solution were
described.

In the present paper, a new synthesis of oxytocin is
described which differs from du Vigneaud’s scheme in
the following points: (a) the use of new N-protecting
groups in addition to the classical carbobenzoxy group;
(b) the use of new S-protecting groups; (c) the selective
removal of the S-protecting groups prior to the removal
of the N-protecting group, thus allowing for the first
time the isolation of N-protected oxytoceines; and (d)
the oxidation of the resulting sulfhydryl groups in
positions 1 and 6 of oxytoceine and the subsequent

(7) J. Rudinger, J. Honzl, and M. Zaoral, Collection Czech. Chem.
Commun., 21, 202 (1956).

(8) C. H. Beyerman, J. S. Bontekoe, and A. C, Koch, Rec. Trav.
Chim., 78, 935 (1959).

(9) (a) M. Bodanszky and V. du Vigneaud, J. Am. Chem, Soc., 81,
2504 (1959); (b) ibid., 81, 5688 (1959).

(10) L. Kisfaludy, S. Dualsky, S. Bajusz, M. Low, A. Uskert, and K.
Medzihradsky, Hungarian Patent, 151,959 (1965).

(11) L. Velluz, G. Amiard, J. Bartos, B. Goffinet, and R, Heymés,
Bull. Soc. Chim. France, 1464 (1956).

(12) F. Sanger, Nature, 171, 1025 (1953); A. P. Ryle and F. Sanger,
Biochem. J., 60, 535 (1955); R. E. Benesch and R, Benesch, J. 4Am.
Chem. Soc., 80, 1666 (1958).

(13) L. Zervas, L. Benoiton, E. Weiss, M. Winitz, and J. P, Green-
stein, ibid., 81, 1729 (1959).
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splitting off of the N-protecting group without use of
sodium in liquid ammonia.

For the synthesis of the new S,N-protected nonapep-
tides, in addition to the carbobenzoxy group of Berg-
mann-Zervas,'4 other N-protecting groups have been
used, e.g., the o-nitrophenylsulfenyl (NPS) group of
Zervas, et al.,** which can be removed with 2-3 equiv of
hydrogen chloride or the t-butyloxycarbonyl group!s
which can be split off by means of trifluoroacetic acid or
by hydrogen chloride.

In recent years, adequately N-protected S-trityl-,
S-diphenylmethyl-, and S-acyl-L-cysteines have been
widely used by Zervas, et al.,'"!° as intermediates for
the incorporation of cysteine residues into peptide
chains including a fragment of insulin containing the
intrachain disulfide bridge. These groups could be
selectively removed under mild conditions without
affecting sensitive parts of the molecule or any already
existing S-S bridge. The S-trityl group was shown to be
removable by the action of mercury chloride or silver
nitrate,'” and the benzhydryl'>? group by means of
trifluoroacetic acid.'"®** The S-acyl groups were re-
moved under the action of alkaline reagents and par-
ticularly by methanolysis in the presence of sodium
methoxide.'®* From the S-protecting groups men-
tioned above we have used acyl?? groups and in
particular S-benzoyl-®!®* and S-carbobenzoxy-L-cys-
teines. & 23

The N- and the N,S-protected amino acids were in-
corporated into the peptide chain step-by-step beginning
from its C-terminal amino acid to avoid racemization.
The known tripeptide L-prolyl-L-leucylglycinamide?4

(14) M. Bergmann and L. Zervas, Ber., 65, 1192 (1932); German
Patent 556,798 (1932).

(15) (a) E. Gazis, B. Bezas, G. C. Stelakatos, and L. Zervas, ‘“Pro-
ceedings of the 5th European Symposium, Oxford, 1962, G. T. Young,
Ed., Pergamon Press Ltd., Oxford, 1963, p 17; E. Gazis, D. Borovas, C.
Hamalidis, G. C. Stelakatos, and L. Zervas, ‘“‘Proceedings of the 6th
European Symposium, Athens, 1963,” L. Zervas, Ed., Pergamon Press
Ltd., Oxford, 1965, p 107, (b) L. Zervas, D. Borovas, and E. Gazis,
J. Am. Chem. Soc., 85, 3660 (1963); (c) L. Zervas and C. Hamalidis,
ibid., 87, 99 (1965); (d) ¢f. also I. Photaki and V. du Vigneaud, ibid., 87,
968 (1965).

(16) L. A. Carpino, ibid., 79, 98 (1957); F. C. McKay and N. F,
Albertson, ibid., 79, 4686 (1957); G. W. Anderson and A. C. McGregor,
ibid., 79, 6180 (1957); R. Schwyzer, P. Sieber, and H. Kappeler, Helv.
Chim. Acta, 42, 2622 (1959).

(17) L. Zervas and 1. Photaki, Chimia, 14, 375 (1960); L. Zervas and
I. Photaki, J. Am. Chem. Soc., 84, 3887 (1962).

(18) L. Zervas, Collection Czech. Chem. Commun., 27, 2242 (1962);
L. Zervas, I. Photaki, A. Cosmatos, and N. Ghelis, ‘“‘Proceedings of the
5th European Symposium, Oxford, 1962, G, T. Young, Ed., Pergamon
Press Ltd., Oxford, 1963, p 27, L. Zervas, 1. Photaki, and N. Ghelis,
J. Am. Chem. Soc., 85, 1337 (1963).

(19) L. Zervas, 1. Photaki, A, Cosmatos, and D. Borovas, ibid., 87,
4922 (1965).

(20) R.G. Hiskey andJ. B. Adams, Jr.,J. Org. Chem., 30, 1340 (1965).

(21) The S-p-methoxybenzyl group which has been recently used by
Sakakibara, et al., for a synthesis of oxytocin behaves similarly to the
S-diphenylmethyl group: ¢f. S. Akabori, S. Sakakibara, Y. Shimonishi,
and Y. Nobuhara, Bull. Chem. Soc. Japan, 37, 433 (1964); S. Sakaki-
bara, Y. Nobuhara, Y. Shimonishi, and R. Kiyoi, ibid., 38, 120 (1965).

(21a) NOTE ADDED IN PROOF: The $-4,4’-dimethoxydiphenylmethyl
group is also split off by trifluoroacetic acid and has been used for a
synthesis of oxytocin: ¢f. R. W. Hanson and H. D. Law, J. Chem.
Soc., 7285 (1965).

(22) Another S-acyl cysteine is the S-carbamoy! derivative which has
also been used for a synthesis of oxytocin; c¢f. a preliminary commu-
nication of S. Guttmann, ‘‘Proceedings of the 6th European Symposium,
Athens, 1963, L. Zervas, Ed., Pergamon Press Ltd., Oxford 1965, p
11; Helv. Chim, Acta, 49, 83 (1966).

(23) A. Berger, J. Noguchi, and E. Katchalski, J. Am. Chem. Soc., 78,
4483 (1956); M. Sokolovsky, M. Wilchek, and A. Patchornik, ibid., 86,
1202 (1964).

(24) R. A. Boissonnas, S. Guttmann, P.-A. Jaquenoud, and J.-P.
Waller, Helv, Chim. Acta, 38, 1491 (1955); M. Zaoral and J. Rudinger,
Collection Czech. Chem, Commun., 20, 1183 (1955).
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was employed as starting material. Coupling of the
tripeptide with p-nitrophenyl carbobenzoxy-S-benzoyl-
L-cysteinate!® led to the formation of crystalline N-
carbobenzoxy-S-benzoyl-L-cysteinyl-L-prolyl-L-leucyl-
glycinamide (I) in good yield. The carbobenzoxy group
was removed from the tetrapeptide by means of hydro-
gen bromide in acetic acid. Attempts to couple the
peptide  S-benzoyl-L-cysteinyl-L-prolyl-L-leucylglycin-
amide thus obtained with N-carbobenzoxy-L-aspara-
gine by a variety of conventional methods, e.g., the
mixed anhydride with isobutyl-25 or ethylcarbonic?é
acid or the diphenylphosphoric acid,? the dicyclohexyl-
carbodiimide,”® the p-nitrophenyl ester,®?® or using
Woodwards reagent,® led to extremely poor yields of
the pentapeptide II, which was obtained in crystal-
line form and good yield only by incorporating in
the peptide chain the carbobenzoxy-L-asparagine via
its mixed anhydride with pivalic acid.®*' Using o-
nitrophenylsulfenyl-L-asparagine®® instead of carbo-
benzoxy-L-asparagine, the corresponding NPS penta-
peptide I1a was also obtained.

The possibility of an S — N migration in the presence
of a base should be taken into account when using the
S-acyl cysteine derivatives for peptide synthesis. There-
fore, the course of this synthesis was checked by a simple
method described in a recent publication of this labora-
tory.!® The pentapeptide II was subjected to methan-
olysis followed by iodine titration of the resulting thiol-
peptide to give the cystine peptide IIb. The hydrolysate
of an analytically pure sample of compound IIb was
found to contain asparagine, cystine, proline, leucine,
and glycine. Should the pentapeptide II be an S-
peptide, i.e., N-benzoyl-S-(carbobenzoxy-L-asparaginyl)-
L-cysteinyl-L-prolyl-L-leucylglycinamide, the hydrolysate
of the methanolysis product would not contain aspara-
gine.

1. CH;ONa Z—Asp(NH,)—Cys—Pro—Leu—Gly—NH,

I— |

2. I Z—Asp(NH;)—Cys—Pro—Leu—Gly—NH,
ITb

Decarbobenzoxylation of protected pentapeptide II
and incorporation of the sixth amino acid afforded N-
carbobenzoxy-L-glutaminyl-L-asparaginyl-S-benzoyl-L-
cysteinyl-L-prolyl-L-leucylglycinamide (III) in good
yield. The same protected hexapeptide III was ob-
tained by removal of the NPS group from compound
ITa and coupling of the resulting pentapeptide hydro-
chlogide with p-nitrophenyl carbobenzoxy-L-glutamin-
ate.’

The peptide chain was lengthened from six to eight
amino acid residues by successive reactions with the p-
nitrophenyl esters of carbobenzoxy-L-isoleucine®® and
N-carbobenzoxy-O-benzyl-L-tyrosine.®® From the pro-
tected octapeptide V the N-carbobenzoxy and O-
benzyl groups were removed by means of hydrogen
bromide in acetic acid. Coupling of the appropriate
S-benzoyl or S-carbobenzoxy cysteine derivatives, as
shown in Scheme I with the octapeptide, afforded the
1(2?) J. R. Vaughan and R. L. Osato, J. Am. Chem. Soc., 73, 5553
( ?;6; R. A, Boissonnas, Hely. Chim. Acta, 34, 874 (1951),

(27) A. Cosmatos, 1. Photaki, and L. Zervas, Ber., 94, 2644 (1961).

19(?2; J. C. Sheehan and G. P. Hess, J. Am. Chem. Soc., 77, 1067
( (29) M. Bodanszky, Nature, 175, 685 (1955).
(30) R. B. Woodward, R. A. Olofson, and A. Mayer, J. Am. Chem.

Soc., 83, 1010 (1961).
(31) M. Zaoral, Collection Czech. Chem, Commun., 27, 1273 (1962).

N,S-protected nonapeptides VI-IX. The N-t-butyloxy-
carbonyl-S-benzoyl-L-cysteine used in this synthesis was
prepared by reduction of bis-#-butyloxycarbonyl-L-
cystine with sodium in liquid ammonia followed by S-
benzoylation in sodium bicarbonate solution.

(CH;3);COCONHCHCOQOH
| Na—NH;
CH. —_
d_ )
(CH;);COCONHCHCOOH
CH2 ——
|
SH
(CH;);COCONHCHCOOH
CsHsCOCl !
> CIH
SCOCH;

The next step consisted in the methanolysis of the
N,S-protected nonapeptides VI-IX in the presence of
sodium methoxide.'® The dithiol compounds X-
XIII thus formed may be called N-protected oxytoceines
according to the nomenclature of du Vigneaud. S-
Benzylation of compound X afforded du Vigneaud’s
N-carbobenzoxy-S,S’-dibenzyl-oxytoceine.?

In this paper the conversion to oxytocin of only one of
these three N-protected oxytoceines, i.e., carbobenzoxy-
oxytoceine is described. As was expected the N-
protected oxytoceines were stable in air. du Vigneaud,
et al., have found that the oxidation of the reduced form
of deamino-oxytocin could not be completed even after
aerdation for 5 days.?? It has also been our experience
that various N-acyl or N-aminoacyl peptides such as
carbobenzoxy-L-cysteinylglycine ethyl ester” and car-
bobenzoxy-L-phenylalanyl-L-cysteinylglycine ethyl es-
ter”” did not change after storage for several months at
room temperature. Therefore the oxidation of N-
carbobenzoxy-oxytoceine was accomplished by Wey-
gand’s method?3 using, 1,2-diiodoethane as the oxidizing
agent, and N-carbobenzoxy-oxytocin was isolated in
microcrystalline form., The carbobenzoxy group was
removed by hydrogen bromide in acetic acid and the
resulting hydrobromide was dissolved together with a
few drops of 2 N ammonia in 50 ml of the lower phase
of the solvent system l-butanol-1-propanol-0.5%]
acetic acid containing 0.1% pyridine (6:1:8).** This
solution was subjected to countercurrent distribution?®s
in the same solvent system. The oxytocin so obtained,
gave the expected amino acid and elementary analyses,
and possessed a specific rotation which agreed with
that quoted in the literature. No differences were
detected in the infrared patterns of the two synthetic
products.? Furthermore our synthetic oxytocin has
been shown to be identical with a highly purified sample
of du Vigneaud’s oxytocin?® by the criteria of thin layer
chromatography and electrophoresis at three different

(32) V. du Vigneaud, G. Winestock, V. V. S. Murti, D. B. Hope, and
R. D. Kimbrough, Jr., J. Biol. Chem., 235, PC64 (1960); D. B. Hope,
V. V. S. Murti, and V. du Vigneaud, ibid., 237, 1563 (1962).

(33) F. Weygand and G. Zumach, Z. Naturforsch., 17b, 807 (1962).

(34) Cf. ref 39 in 1. Photaki and V. du Vigneaud, J. Am. Chem. Soc.,
87, 968 (1965). ,

(35) L. C. Craig and D. Craig, “Technique of Organic Chemistry,”
vol. 111, A. Weissberger, Ed., Inierscience Publishers, Inc., New York,
N. Y., 1950, p 171.

(36) The author is indebted to Dr. V. du Vigneaud, for a gift of highly
purified synthelic oxytocin and for the performance in his laboratory of

bioassays (under the direction of Dr. W. Chan) and quantitative amino
acid analyses (by Mr. R, Sebbane).
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Scheme 1 Bz Bz
Z—éys—ONP _é
Pro—Leu—Gly—NH; ———~—> Z—Cys—Pro—Leu—Gly—NH; ~—>

Bz I
1. HBr-CH:COOH

l
> Z—Asp(NH,}—Cys—Pro—Leu—Gly—NH; —>
_/ 2. Z—Asp(NHy), (CH:)COCL Et:N I
Bz

|
» NPS—Asp(NH)—Cys—Pro—Leu—Gly—NH; —>
2. NPS-Asp(NHs), (CHs)sCOCL, EtsN Ila

1. HBr-CH:COOH

1. HBr-AcOH

2. Z—Glu(NH)—ONP, Et:N \ ?Z
e Z—GIu(NH;)—Asp(NH;)—Cys—Pro—Leu—Gly—NH; —>

1. HCI-CH;OH / I

2, Z—GIlu(NH)—ONP, Et;:N Bz
1. HBr-AcOH

— Z—-Ile—Glu(NHz)—Asp(NHz)—éys—-Pro—Leu—-Gly—-NHz —_—

2. Z—Ile—ONP, Et:N v
BZL Bz
1. HBr-AcOH I l
—» Z—Tyr—Ile—Glu(NH:)—Asp(NHz:)—Cys—Pro—Leu—Gly—NH,
2. Z—Tyr—ONP, EtsN A"
BZL
Bz Bz
1. HBr-AcOH | l
—3 Z—Cys—Tyr—Ile—Glu(NH:)—Asp(NH,;)}—Cys—Pro—Leu—Gly—NH,
2. Z—(lJys—ONP VI
Bz
Zz Bz
1. HBrAcOH [ |
3 Z—Cys—Tyr—Ile—Glu(NH;}—Asp(NH;}—Cys—Pro—Leu—Gly—NH,
2, Z—(liys—ONP VII
Z
V|
Bz Bz
1. HBr-AcOH | |
> NPS—Cys—Tyr—Ile—Glu(NH:)—Asp(NH—Cys—Pro—Leu—Gly—NHj;
2. NPS—Cys—ONP VIII
¥4
Bz Bz
1. HBr-AcOH | |
» BOC—Cys—Tyr—Ile—Glu(NHy)—Asp(NH:)—Cys—Pro—Leu—Gly—NH,
2, BOC—Cys—ONP X
¥4
CH;ONa
VI or V[I ———— Z—Cys—Tyr—Ile—Glu(NH;}—Asp(NH;}—Cys—Pro—Leu—Gly—NH,
CH:0H X
CH:ONa
VIII ——— NPS—Cys—Tyr—Ile—Glu(NH;}—Asp(NH;)—Cys—Pro—Leu—Gly—NH,
CH;O0H XI
CH;3;0Na
X —— BOC—Cys—Tyr—Ile—Glu(NH,}—Asp(NH:}—Cys—Pro—L.eu—Gly—NH,
CH:;:0H XII
ICH.CH.I
X — 5 7 Cys—Tyr—Ile—Glu(NH:)—Asp(NH;)—Cys—Pro—Leu—Gly—NH,
XIII
ICH.CH.I
X1l BOC—Cys—Tyr—Ile—Glu(NH:)—Asp(NHy)—Cys—Pro—Leu—Gly—NH,
X1v
HBr-AcOH
XIII

Cys—Tyr—Ile—Glu(NHz)—Asp(NH,)—Cys—Pro—Leu—Gly—NH,
T2 3 4 5 6 7 8 9

1. HBr-AcOH

oxytocin
2. oxidation
Z = C¢H;CH,0CO NPS = 0-NO,CHS BOC = (CH,);COCO,
Bz = C¢H;CO BZL = CH;CH, ONP = p-NO.C¢H.0,
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hydrogen ion concentrations. Oxytocin prepared as
described above possesses an avian depressor activity ¥
of approximately 380 IU/mg as measured by Dr. W,
Chan at the Department of Biochemistry, Cornell
University.?® This value may be increased by ca.
159 if the water and acetic acid content of the lyo-
philized product are taken into account. The same
sample of oxytocin after storage for some months at
— 10° was further purified by partition chromatography
on Sephadex according to the procedure of Yama-
shiro.®® The material so obtained exhibited an avian
depressor activity of ca. 380 IU/mg and an oxytocic
activity® of ca. 400 IU/mg as measurd by Dr. L.
Krejci at the Research Institute for Natural Drugs,
Prague.®

Oxytocin has also been obtained from N-carbo-
benzoxy-oxytoceine by another route. The N-carbo-
benzoxy-oxytoceine was decarbobenzoxylated by hydro-
gen bromide in acetic acid. The resulting amorphous
hydrobromide has been dissolved in water and after
adjustment of the pH to ca. 6.8 it was oxidized by
aeration. The oxidized solution was concentrated to a
volume of approximately 50 ml and subjected to coun-
tercurrent distribution as described above. Oxytocin
obtained by this route showed the same chemical,
physical, and biological properties compared with the
product described above.

Experimental Section

For the coupling reactions anhydrous reactants and dry solvents
were used; the ether was dry and free of peroxides. Evaporations
were carried out in vacio at 35-40°. Capillary melting points were
determined for all compounds and are not corrected. Prior to
analysis the compounds were dried between 20 and 80° under high
vacuum over phosphorus pentoxide.

Thin layer chromatography was performed on silica gel G
(Merck)?! using the following solvent systems: (a) l-butanol-
acetic acid—water (100:10:30),*2 (b) l-butanol-acetic acid-water—
pyridine (30:6:24:20),*% (c) l-propanol-ammonia 33 % (67:33),4
and (d) I-propanol-water (64:36).4' Identification of the amino
acids contained in the intermediate protected peptides was per-
formed by means of ‘‘two-dimensional” thin layer chromatography
of their hydrolysates in the solvent systems ¢ and d. These chro-
matograms were compared to that of an equivalent mixture of the
expected amino acids.

N-Carbobenzoxy-S-benzoyl-L-cysteinyl-L-prolyl-L-leucylglycin-
amide (1). To a cold solution of 3.2 g (0.011 mole) of L-prolyl-L-
leucylglycinamide in 8 ml of dimethylformamide 5.5 g of p-ni-
trophenyl N-carbobenzoxy-S-benzoyl-L-cysteinate was added.
The solution was allowed to stand at room tempgrature for 4 days.
Ethyl acetate was added and the solution was washed with cold 1 ¥
hydrochloric acid and with water until the water extracts were
neutral to congo red paper. The ethyl acetate layer was dried over
sodium sulfate and evaporated to dryness. The residue was dis-
solved in 6 ml of dimethylformamide and crystalline compound I
separated out upon addition of 400 ml of ether. The yield was 5.8 g
(829%), mp 160-161°, unchanged after recrystallization from 709
methanol, [a]??D —73.2° (¢ 2.5, dimethylformamide).

Anal. Caled for CuH3N;O:S: C, 39.50; H, 6.28; N, 11.19;
S, 5.12. Found: C,359.73; H, 6.23; N, 11.12; S, 5.20.

N-Carbobenzoxy-L-asparaginyl-S-benzoyl-L-cysteinyl-L-prolyl-L-
leucyliglycinamide (II). A solution of the mixed anhydride of

(37) R. A. Munsick, W. H. Sawyer, and H. B. Van Dyke, Endocri-
nology, 66, 860 (1960).

(38) D. Yamashiro, Nature, 201, 76 (1964).

(39) Oxytocic assays were performed on isolated rat uterus suspended
in Munsick’s solution: R. H. Munsick, Endocrinology, 66, 451 (1960),

(40) Appreciation is expressed to Dr. 1. Kreji (Research Institute for
Natural Drugs, Prague) for 1he measurement of both the avian depres-
sor and the oxytocic activities of our synthetic oxytoein.

(41) M. Brenner and A. Niederwieser, Experientia, 16, 378 (1960).

(42) R. Schwyzer and H. Kappeler, Helv. Chin. Acta, 44, 1991 (1961).

(43) S. Waley and J. Watson, Biochem. J., 55, 328 (1953).

carbobenzoxy-L-asparagine (2.65 g, 0.01 mole) and pivalic acid in
30 ml of chloroform was prepared as described in the literature.s!
After allowing the anhydride solution to stand for 3 min at 5-10°,
it was added with stirring at —10° to a chloroform (30 ml) sus-
pension of S-benzoyl-L-cysteinyl-L-prolyl-L-leucylglycinamide hy-
drobromide prepared by decarbobenzoxylation of 0.0l mole of
compound I. Then triethylamine (0.01 mole plus an amount
necessary to neutralize the excess?#® of hydrogen bromide) was
added dropwise and the stirring was continued at room temperature
until the solution was transformed to a gelatinous mass. After
allowing the mixture to stand overnight the solvent was removed
in vacuo. The residue was triturated twice in a mortar with cold 1
N hydrochloric acid, then with cold water, and twice with a cold
5% solution of sodium hydrogen carbonate and water, alter-
nately. The residue was dried in a desiccator over phosphorus
pentoxide and was recrystallized by dissolving it in 200-250 ml of
hot methanol, followed by the addition of an equal volume of
water. After allowing the solution to cool at room temperature
and seeding, the product separated out in prisms. The yield was 4.5
g (61 %), mp 214-215°, [a]'*D —71.5° (¢ 2.5, dimethylformamide).

Anal.  Caled for C3:Hy:N7OsS: C, 56.82; H, 6.13; N, 13.25;
S, 4.33. Found: C, 56.97; H, 6.33; N, 13.09; S, 4.19.

N-o-Nitrophenylsulfenyl-L-asparaginyl-S-benzoyl-L-cysteinyl-L-

prolyl-L-leucylglycinamide (IIa) was prepared by coupling N-o-
nitrophenylsulfenyl-L-asparagine with S-benzoyl-L-cysteinyl-L-pro-
lyl-L-leucylglycinamide in the same manner as described for com-
pound II. After being allowed to stand for 18 hr at room tem-
perature the mixture was triturated with ethyl acetate. The pre-
cipitate was filtered off and washed on the filter with water and with
a solution of potassium hydrogen carbonate. The crude product
IIa was dissolved in dimethylformamide and precipitated with ether.
The yield was 55%, mp 208-210°, [«]'*D —126° (¢ 1, dimethyl-
formamide).

Anal. Caled for CgaHmNsOgSzl
N, 14.95; S, 8.29.

N.N’-Bis(carbobenzoxy-L-asparaginyl)-L-cystinylbis(L-prolyl-L-

leucylglycinamide) (IIb). To a suspension of 0.185 g of protected
pentapeptide II in 2.5 ml of absolute methanol, 0.51 ml of metha-
nolic 0.5 N sodium methoxide was added in an atmosphere of
hydrogen with stirring at room temperature.’® The substance
dissolved completely during the first few minutes of stirring which
was maintained for 20 min. On acidification with 0.4 ml of acetic
acid and titration with 0.1 N iodine,!® 2.45 ml of iodine solution
(98 % of the theoretical amount) was consumed. The mixture was
concentrated i vacuo until most of the methanol was removed;
it was diluted with water and extracted with chloroform. Pre-
cipitation of the cystine peptide was achieved upon neutralization
of the aqueous layer with a saturated solution of sodium hydrogen
carbonate. The yield was 0.098 g (6197), mp 191-192° dec (after
softening at 164°), unchanged after recrystallization from 2 ml of
ethanol, [a] D —129° (¢ 1, dimethylformamide). Thin layer chro-
matography of an hydrolysate showed the presence of all the ex-
pected amino acids, f.e., aspartic acid, cystine, proline, leucine, and

N, 14.76; S, 8.45. Found:

glycine.
Anal. Calcd for C;eHgoN13O16S::  C, 52.97; H, 6.35; N, 15.44,;
S, 5.05. Found: C, 52.76; H, 6.62; N, 15.30; S, 4.86.

N-Carbobenzoxy-L-glutaminyl-L-asparaginyl-S-benzoyl-L-cys-
teinyl-L-prolyl-L-leucylglycinamide (III). A. A solution of penta-
peptide hydrobromide prepared by decarbobenzoxylation**® of
5.18 g (0.007 mole) of compound II in 10 ml of dimethylformamide
was cooled to 0° and 2.96 g of p-nitrophenyl N-carbobenzoxy-L-

(44) (a) D. Ben-Ishai and A. Berger, J. Org. Chem., 17, 1564 (1952).
(b) Decarbobenzoxylation of the N-prolected peptides was performed
throughout this work as follows. To the solution of 0.0l mole of
carbobenzoxy peptide in anhydrous acelic acid, sufficient hydrogen
bromide in acetic acid was added so that a final volume of 35 ml, and a
concentration of 2.5 N hydrogen bromide in acetic acid were obtained.
After standing for 30-35 min at room temperature the mixture was
poured with stirring into five times its own volume of cold cther. The
hydrobromide which separated out was allowed to sellle and was washed
several times with ether, each washing being followed by decantation.
The hygroscopic residue was 1hen filtered off and washed wilh erher;
after drying in vacuo over polassium hydroxide and phosphorus
pentoxide, it was quickly weighed. The homogeneity of 1he peptide
hydrobromides was tested by 1hin layer chromatography in the solvent
systems a and b. These hydrobromides are soluble in water and they
usually retain more than | equiv of hydrogen bromide showing acidic
reaction on congo red paper. The excess of hydrogen bromide was cal-
culated on the basis of the weight of the peptide hydrobromide assuming
a quantitative yield in the decarbobenzoxylation step.
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glutaminate was added. This was followed by the addition of
triethylamine (0.007 mole plus an amount necessary to neutralize
the excesst® of hydrogen bromide). After allowing the mixture
to stand overnight at room temperature, 100 ml of ethyl acetate
was added. The solid was filtered off, washed with ethyl acetate,
and dried in vacuo. The product thus obtained was ground in a
mortar, triturated with cold water, filtered off, and washed with
cold water. This procedure was repeated using alcohol and then
ether. For purification the crude product was dissolved in 60 ml of
hot dimethylformamide, filtered, and precipitated upon addition of
the triple quantity of ether, The yield was 5.2 g (85%), mp 214~
216°, [a]'*D —66.2° (c 2.5, dimethylformamide).

Anal. Caled for CyH;:NgOuS: C, 55.35; H, 6.15; N, 14.52;
S, 3.69. Found: C, 55.22; H, 6.28; N, 14.24; §, 3.54.

B. To a suspension of o¢-nitrophenylsulfenylpentapeptide Ila
(0.415 g) in 10 ml of absolute methanol, 1 ml of 2 N methanolic
hydrogen chloride was added with stirring. The solid dissolved
within 15 min and the solution was immediately added to ether.
The ether was decanted and the residue was dissolved in methanol
and reprecipitated with ether. After filtration 0.280 g (80%) of
L-asparaginyl-S-benzoyl-L-cysteinyl - L - prolyl - L-leucylglycinamide
hydrochloride was obtained, mp 138-145°, R 0.38 (solvent system
a). This hydrochloride was coupled with p-nitrophenyl N-carbo-
benzoxy-L-glutaminate as described under A for the corresponding
hydrobromide. The yield of compound III was 85%, mp 214°,
[e]'*D —67.0° (¢ 2, dimethylformamide).

N-Carbobenzoxy-L-isoleucyl-L-glutaminyl-L-asparaginyl-S-ben-
zoyl-L-cysteinyl-L-prolyl-L-leucylglycinamide (IV). Protected hexa-
peptide III (5.2 g, 0.006 mole) was decarbobenzoxylated*® and the
resulting hydrobromide was dissolved in 14 ml of dimethylform-
amide and cooled to 0° p-Nitrophenyl N-carbobenzoxy-L-
isoleucinate (2.45 g) and triethylamine (0.006 mole plus an amount
necessary to neutralize the excess'*® of hydrogen bromide) were
added. The mixture was treated as described for compound III.
The yield of IV was 4.5 g (77 %), mp 222-223° dec, [«]®D —52.9°
(¢ 1, dimethylformamide).

Anal. Calced for C46HsiN1(O1S: C, 56.31, H, 6.57, N, 1427,
S, 3.26. Found: C, 56.14; H, 6.98; N, 14.44; S, 3.22.

N-Carbobenzoxy-O-benzyl-L-tyrosyl-L-isoleucyl-L-glutaminyl-L-
asparaginyl-S-benzoyl-L-cysteinyl-L-prolyl-L-leucylglycinamide (V).
A. Protected heptapeptide IV (3.9 g, 0.004 mole) was decarbo-
benzoxylated in the usual manner*® except that 20 ml of 2.5 N
hydrogen bromide in acetic acid was used. To a solution of the
resulting hydrobromide in 14 ml of dimethylformamide, cooled to
0°, p-nitrophenyl N-carbobenzoxy-O-benzyl-L-tyrosinate (2.21 g)
and triethylamine (0.004 mole plus an amount necessary to neutral-
ize the excess*®® of hydrogen bromide) were added. The mixture
was treated as described for compound III giving 4.1 g (839;) of V,
mp 225-228° dec, [«]'™D —44.6° (¢ 1, dimethylformamide).

Anal, Caled for C52H79N11014S'H20: C, 5945, H, 651,
N, 12.30; S, 2.56. Found: C, 59.67; H, 6.74; N, 12.40; S,
2.49,

B. The heptapeptide hydrobromide, prepared by decarbobenz-
oxylation of compound IV (0.001 mole) as described under A, was
dissolved in 10 ml of methanol and passed through a column of ion-
exchange resin IR-400 (OH form). The column was washed twice
with small portions of methanol. The eluate and washings were
combined and evaporated :n# vacuo. The crystalline residue was
recrystallized from water to give 0.150 g of free heptapeptide
amice, mp 192-195°, [a]¥'D —54.5° (¢ 1, dimethylformamide),
R; 0.35 (solvent system a), R; 0.78 (solvent system b). A second
fraction of 0.260 g showing the same physical constants was
obtained by concentration of the filtrate and addition of acetone,
The first fraction of the free heptapeptide amide was coupled
with p-nitrophenyl N-carbobenzoxy-O-benzyl-L-tyrosinate in di-
methylformamide and octapeptide V was obtained (70% yield),
mp 224-228°, [a]'*D —45.3° (¢ 1, dimethylformamide).

N-Carbobenzoxy-S-benzoyl-L-cysteinyl-L-tyrosyl-L-isolencyl-L-
glutaminyl-L-asparaginyl-S-benzoyl-L-cysteinyl-L-prolyl-L-leucylgly-
cinamide (VI). Protected octapeptide V (1.23 g, 0.001 mole) was
decarbobenzoxylated in the usual manner‘® except that 8 ml of 2.5
N hydrogen bromide in acetic acid was used, and the solution was
allowed to stand for 45 min at room temperature. The hydro-
bromide so obtained was dissolved in 3.5 ml of dimethylformamide
cooled to 0°, and mixed with 0.5 g of p-nitrophenyl N-carbobenz-
oxy-S-benzoyl-L-cysteinate followed by addition of triethylamine
(C.601 mole plus an amount necessary to neutralize the excess#¢b
of hydrogen bromide). The mixture was left for 36 hr at room
temperature and worked up as described for the preparation of
compound III. The crude product was purified by dissolving it in
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8 ml of hot dimethylformamide, filtering off some undissolved
material, and precipitating with ether. The yield was 1.1 g (83 %),
mp 227-229°, [a]?*D —64.5° (¢ 1, dimethylformamide).
Anal. Calcd for CesHgpN1O16S:: C, 57.76; H, 6.11; N, 12,43,
Found: C, 57.92; H, 6.40; N, 12.14,
N-Carbobenzoxy-S-carbobenzoxy-L-cystelnyl-L-tyrosyl-L-isoleu-
cyl-L-glutaminyl-L-asparaginyl-S-benzoyl-L-cysteinyl-L - prolyl-L-leu-
cylglycinamide (VII) was prepared from 0.280 g of p-nitrophenyl
N,S-dicarbobenzoxy-L-cysteinate!® and the octapeptide hydro-
bromide (prepared by decarbobenzoxylation of 0.0005 mole of
compound V) using the procedure described for compound VI.
The crude product was purified by dissolving it in 5 ml of hot di-
methylformamide, and reprecipitating with ether. The yield was
0.44 g (64%), mp 224-226°, unchanged after trituration with 5 ml
of hot methanol, [¢]?3D —60.6° (¢ 1, dimethylformamide).
Anal. Caled for C55H34N1201752: C, 5737, H, 612, N,
12.11; S, 4.64. Found: C, 57.05; H, 6.08; N, 12.24; S, 4.69.
N-o-Nitrophenylsulfenyl-S-benzoyl-L-cysteinyl-L-tyrosyl-L-iso-
leucyl-L-glutaminyl-L-asparaglnyl-S-benzoyl-L-cysteinyl-L - prolyl -L-
leucylglycinamide (VIII) was prepared from 0.265 g of p-nitrophenyl
N-o-nitrophenylsulfenyl-S-benzoyl-L-cysteinate!sc and the octa-
peptide hydrobromide (prepared by decarbobenzoxylation of
0.0005 mole of compound V), The procedure used was as de-
scribed for compound VI except that half of the triethylamine was
added to the hydrobromide solution prior to the addition of the
p-nitrophenyl ester. The crude product (0.405 g, 60%) was re-
crystallized by dissolving it in 2 ml of hot dimethylformamide and
adding 10 ml of ethanol, mp 226-229°, [«]?D —56.6° (c 1, di-
methylformamide).

Anal. Caled for CgHeNizO16S;: C, 55.20; H, S5.81; N,
13.28; S, 7.0l. Found: C, 55.23; H, 6.05; N, 13.53; S,
6.97.

Bis-r-butyloxycarbonyl-L-cystine. To a cold solution of 10.5 g of
L-cystine in a mixture of 435 ml of dioxane and 175 ml of 0.5 N
sodium hydroxide, 25 ml of r-butyloxycarbonyl azide was added
with stirring; stirring was continued for 48 hr at room temperature,
During the first 9 hr 90 ml of 1 N sodium hydroxide was added in
nine equal portions, The mixture was filtered to remove a pre-
cipitate of cystine which did not react. The dioxane was removed
by evaporation in vacuo. The remaining solution was extracted
with ethyl acetate and the aqueous layer was acidified with cold 1
N sulfuric acid, The product separated out and was filtered off
after allowing the mixture to stand for a few hours in the refriger-
ator. The yield was 13 g of small prisms, mp 141-142°, Re-
crystallization from ethyl acetate-petroleum ether (bp 50-70°)
raised the melting point to 145-146°, [a]'®D — 138° (¢ 2.5, methanol).

Anal. Caled for C15H23N203522 C, 4362, H, 640, N, 636,
S, 14.55. Found: C, 43.80; H, 6.61; N, 6.29; S, 14.70.

N-r-Butyloxycarbonyl-S-benzoyl-L-cysteine. Bis-s-butyloxycar-
bonyl-L-cystine (2.2 g) was dissolved in 100 ml of liquid am-
monia (freshly distilled from sodium) and treated at the boiling
point with 0.8 g of sodium in portions until a blue color persisted
for 5 min, Some drops of glacial acetic acid were added to dis-
charge the color and the ammonia was evaporated in vacio. The
solid residue was suspended in 60 ml of cold 1 N sulfuric acid and
was extracted twice into ether. The ethereal solution was washed
with water and was then extracted three times with cold 109
potassium hydrogen carbonate solution; immediately afterwards
and while the temperature of the aqueous layer was kept between
0 and 5°, 3 ml of benzoyl chloride was added and the mixture was
vigorously stirred for 5 min, The stirring was continued for an
additional 15 min at room temperature and then the solution was
acidified with sulfuric acid, The precipitate was collected by filtra-
tion, Contaminating benzoic acid was removed by repeated
treatment of the product with boiling water followed by decanta-
tion. Finally the crude product was purified (1.1 g, mp 105-110°)
by dissolving in 5 ml of hot methanol and reprecipitating by addition
of 50 ml of boiling water; recovery 0.9 g, mp 110-112° dec, [a]*D
—52,5° (¢ 2, dimethylformamide), R; 0.25 in toluene-pyridine-
acetic acid (80:10:1), chromatogram developed in iodine vapor. 4

Anal. Caled for CsHsNO,;S: C, 55.36; H, 5.88; N, 4.30.
Found: C,55.25; H, 5.76; N, 4.20.

The purification of the above substance was also achieved by con-
verting it to its dicyclohexylammonium salt. To prepare this salt
1.2 ml of dicyclohexylamine was added to a solution of 1.3 g of
crude product (mp 105-110°) in 10 ml of ethyl acetate. The yield of
crystalline salt was 1.7 g (85%,), mp 147°. After recrystallization

(45) A. C. Barrett, Narure, 194, 1171 (1962).
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from ethyl acetate (recovery 80 %) the melting point was raised to
151-153°, [@]?*D +18° (¢ 1, dimethylformamide).

Anal, Calcd for CxHuN:O:S: C, 63.99; H, 8.35; N, 5.54;
S, 6.28. Found: C,63.78; H, 8.48; N, 5.25; S, 5.96.

To a suspension of 0.750 g of the above dicyclohexylammonium
salt in cold water, 2 ml of 1 N snlfuric acid was added and the mix-
ture was immediately extracted with ether. The ethereal layer was
repeatedly washed with water until the water extracts were neutral
to congo red paper, dried over sodium sulfate, and evaporated
in vacuo to dryness. The residue was recrystallized from methanol-
water to give 0.415 g (86 %) of N-r-butyloxycarbonyl-S-benzoyl-L-
cysteine, mp 111-113°,

N-i-Butyloxycarbonyl-S-benzoyl-L-cysteine p-Nitrophenyl Ester.
To a cold solution of 0.405 g of N-r-butyloxycarbonyl-S-benzoyl-L-
cysteine and 0.2 g of p-nitrophenol in 12 ml of ethyl acetate, 0.275 g
of dicyclohexylcarbodiimide was added. The mixture was stirred
for 30 min at 0° and then allowed to stand overnight in the refrig-
erator and for 5 hr at room temperature, The precipitated N,N’-
dicyclohexylurea was removed by filtration and the filtrate was
evaporated to dryness in vacwo. The crystalline residue was
recrystallized from 10 ml of ethanol. The yield was 0.475 g
(84%), mp 131-132°, [a]??2D —38.3 (¢ 2, dimethylformamide), R;
0.83 in toluene-pyridine-acetic acid (80:10:1), chromatogram
developed in iodine vapor.

Anal, Caled for CyH»N.O:S: C, 56.49; H, 4.96; N, 6.27.
Found: C,56.42; H,4.97; N, 6.35,

N-t-Butyloxycarbonyl-S-benzoyl-L-cysteinyl-L-tyrosyl-L-isoleucyl-
L-glutaminyl-L-asparaginyl-S-benzoyl-L - cysteinyl -L - prolyl -L -leuc-
ylglycinamide (1X) was prepared from p-nitrophenyl N-r-butyloxy-
carbonyl-S-benzoyl-L-cysteinate (0.490 g) and the octapeptide
hydrobromide (prepared by decarbobenzoxylation of 0.001 mole of
compound V) in the same manner as described for compound VIII.
The yield was 1.05 g (80%), mp 225-228° dec, [a]?**D —55.3° (c 1,
dimethylformamide).

Anal. Calcd for Cazngleolaszi C, 56.51, H, 642, N,
12.75; S,4.86. Found: C, 56.24; H, 6.52; N, 12.74; S, 4,76.

N-Carbobenzoxy-oxytoceine (X). A. To a suspension of 0.4 g
(0.0003 mole) of compound VI in 4 ml of dimethylformamide, 1.8
ml of methanolic 0.5 N sodium methoxide® and 2 ml of absolute
methanol were added in an atmosphere of hydrogen with stirring
at ca. 20°. The protected peptide dissolved completely during the
first few minutes of stirring. After 15 min the solution was acidi-
fied with 0.75 ml of acetic acid, 0.5 ml of methanol was added, and
the product was precipitated upon addition of 100 mi of cold,
oxygen-free water. The mixture was cooled and was centrifuged.
The supernatant liquid was decanted and the solid was washed
twice with water, Methanol was added to the residue repeatedly
and evaporated to remove water. The residue was triturated with
10 ml of hot methanol, and after cooling was centrifuged and washed
with methanol giving 0.3 g (88 %) of compound X, mp 234-235°,
[a]?*D —46.4° (c 1, dimethylformamide). The nitroprusside test
for the sulfhydryl group was strongly positive.

Anal. Caled for CsH:uNwiOwS:: C, 53.57; H, 6.52; N,
1470; S, 5.60. Found: C, 53.71; H, 6.43;, N, 14.79; S,
5.49,

B. Upon methanolysis of 0.1 g of compound VII for 30 min,
0.05 g of N-carbobenzoxy-oxytoceine (X) was obtained, mp 232-
233°, [a]p —45.6° (¢ 1, dimethylformamide).

N-o-Nitrophenylsulfenyl-oxytoceine (XI) was prepared and
purified starting from the protected nonapeptide VIII (0.274 g) in
the same way as compound X was prepared from the corresponding
nonapeptide VI. The yield was 0.15 g (65%,), mp 213-214° dec.

Anal. Caled for Cs;HnNpiO1S;: C, 50.63; H, 6.15; N,
15.66; S, 8.27. Found: C, 50.58; H, 598; N, 15.33; S,
7.74.

N-t-Butyloxycarbonyl-oxytoceine (XII). This compound was
prepared by methanolysis of compound IX (0.261 g) in the same
manner as compounds X and XI were prepared from their cor-
responding protected nonapeptides V1 and VIIL. ~After the addi-
tion of water, the methanol was removed in vacuo, the solution was
extracted with ethyl acetate, and from the water layer the product
was precipitated by addition of sodium sulfate to a final concen-
tration of ca. 1%. The yield was 0.1 g (40%), mp 224-227°,
[e]22D —48° (¢ 1, dimethylformamide).

Anal, Caled for CisH7eN12014S, C, 51.96;
15.15. Found: C, 51.81; H, 6.61; N, 15.33,

N-Carbobenzoxy-S-benzyl-L-cysteinyl-L-isoleucyl-L-glutaminyl-L-
asparaginyl-S-benzyl-L-cysteinyl-L - prolyl-L-leucylglycinamide. A
solution of N-carbobenzoxy-oxytoceine (X, 0.06 g) in 1 ml of
dimethylformamide was benzylated by addition of 0.1 ml of tri-

H, 690; N,

ethylamine and 0.4 ml of freshly distilled benzyl chloride, the latter
being added in two portions within 5 min. After stirring for 40
min, water was added, the mixture was cooled to 0°, and the product
was collected by centrifugation. The precipitate was washed with
water and with acetone, and then dried and triturated with hot
95% tetrahydrofuran. The yield was 0.05 g, mp 235-236°,
[a]''D —52,5° (¢ 1, dimethylformamide) (lit. mp 224-225°5
241°,6 237-239°8 243-245°% 245-248°%> [a]2D —46° (c 0.6,
dimethylformamide)® [a]?2D —43° (¢ 2, dimethylformamide),®
[e]®D —50.5° (c 1, dimethylformamide)®b).

Anal. Caled for CgHgsNiO1,S:: C, 58.98;
12.70. Found: C, 59.08; H, 6.36; N, 12.34.

N-Carbobenzoxy-oxytocin (XIII). A solution of 0.572 g (0,0005
mole) of freshly prepared compound X in 40 ml of dimethylform-
amide and another solution of 0.162 g of freshly recrystallized 1,2-
diiodoethane® in 40 ml of absolute methanol were prepared.
Both of the above solutions were added simultaneously, dropwise,
and with stirring, into a mixture of 100 ml of absolute methanol and
20 ml of dimethylformamide, under hydrogen, and within a period
of 1 hr. Upon removal of the methanol in vacuo at room tempera-
ture and addition of ethyl acetate, the oxidation product preci-
pitated; it was collected by centrifugation and washed with ethyl
acetate. The yield was 0.34 g (6097). This substance was purified
by dissolving in 1 ml of dimethylformamide and reprecipitating
with 10 ml of ethyl acetate (recovery 9097); it melted with de-
composition between 220 and 227° after shrinking at 165°. This
material was further used for the preparation of oxytocin, [«]¥*D
—76.8° (c 0.5, dimethylformamide). For analysis a sample was
dissolved in dimethylformamide, precipitated by water, collected
by centrifugation, washed with acetone and ethyl acetate, redis-
solved in dimethylformamide, and reprecipitated with acetone;
recovery 709, mp 225-226° after shrinking at 175° [«]®¥D —78°
(c 0.5, dimethylformamide).

Anal, Caled for C3HN1Ow1S;: C, 53.67, H, 6.36; N,
14.71; S,5.61. Found: C,53.32; H,6.76; N, 14,61, S, 5.57.

N-r-Butyloxycarbonyl-oxytocin (XIV) was prepared by oxidation
of compound XII in the same manner as described for the prepara-
tion of compound XIII. The yield was 54 %, mp 220-225° dec,
[a)®D —54.3° (¢ 1, dimethylformamide).

Anal, Calced for C43H74N1201452: C, 5206,
15.18. Found: C, 52.40; H, 6.95; N, 15.25.

Oxytocin, A. N-Carbobenzoxy-oxytocin (XIII, 0.266 g) was
finely ground and dissolved in 2 ml of freshly prepared, bromine-
free 2.5 N hydrogen bromide in glacial acetic acid. After 40 min at
room temperature the solution was poured into 50 ml of cold ether.
The supernatant liquor was decanted and the hydrobromide was
washed three times with cold ether, each washing being followed by
decantation. The residue was then dried in vacuo over potassium
hydroxide and phosphorus pentoxide. The hydrobromide was
dissolved in 50 ml of the lower phase of the solvent system I-
butanol-1-propanol-0.5% acetic acid containing 0.1%, pyridine
(6:1:8),3 and 0.3 ml of 2 N ammonium hydroxide was added.
The solution and washings were placed in the first ten tubes of a
200-tube countercurrent distribution machine. After 400 trans-
fers determination of the Folin-Lowry color values* indicated a
main peak between tubes 110 and 165 (K = 0.5), as well as two
other minor peaks with K values of approximately 0.2 and 0.04,
respectively, The contents of tubes 120-155 were concentrated
and lyophilized to give 65 mg of a fluffy material, [«]?'D —24.0°
(¢ 0.5, 1 N acetic acid) (lit.*" [&]?2-*D —23.1° (¢ 0.51, 1 N acetic
acid)).

For analysis a sample was dried at 100° over phosphorus pentox-
ide in vacuo (0.1 torr) and a loss in weight of 6% was observed.

Anal. Caled for CyiHeeNOwRS:-CH;COOH-H:0: C, 49.80;
H, 6.68; N, 1548, Found: C, 50.03; N, 6.73; H, 15.44,

A sample was hydrolyzed in 6 N hydrochloric acid at 110° and
then analyzed for amino acids?® in the 30-50° system according to
the method of Spackman, Stein, and Moore* on a Beckman
Spinco amino acid analyzer. The following molar ratios of amino
acids and ammonia were obtained, with the value of glycine taken
as 1.0: aspartic acid, 1.0; proline, 1.0; glycine, 1.0; glutamic acid,
1.0; cystine, 1.0; isoleucine, 1.0; leucine, 1.0; tyrosine, 0.8; and
ammonia, 3.

H, 6.55; N,

H, 6.73; N,

(46) O. H. Lowry, N. J. Rosebrough, A. L. Farr, and R. J, Randall,
J. Biol. Chem., 193, 265 (1951).

(47) C. Ressler and V. du Vigneaud, J. Am. Chem. Soc., 79, 4511
(1957).

(48) D. H. Spackman, W. H. Stein, and S. Moore, Anal. Chem., 30,
1190 (1958).
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Oxytocin prepared as described above is identical with a sample of
highly purified oxytocin prepared in the laboratory of du Vigneaud?®
as compared by paper or thin layer chromatography and by paper
electrophoresis. Paper chromatography on Whatman No. 4 paper
and thin layer chromatography were performed in butanol-acetic
acid-water (4:1:5, ascending) and the chromatograms were
developed with ninhydrin, Paper electrophoresis was carried out
on Schleicher and Schiill 2043-B paper for 4.75 hr in pyridine-
acetate buffer of pH 4 at 300 v, or for 16 hr in pyridine-acetate buffer
of pH 5.6 at 80 v, or for 2 hr in glycine buffer of pH 9.25 at 300 v,
and bromophenol blue-mercuric chloride reagent‘? was used for
development.

The oxytocin obtained as described above was submitted to
partition chromatography on Sephadex.® A sample of 14 mg of
oxytocin was dissolved in 1 ml of the upper phase of the solvent
system l-butanol-benzene-pyridine-0.1% acetic acid (6:2:1:9)
and applied to a Sephadex G-25 column (1.1 X 112 cm) which
had been equilibrated with both phases. Elution with the upper
phase was performed and 137 fractions (1.5 ml) were collected at a
flow rate of approximately 5 ml/hr. The Folin-Lowry color
values showed a main peak having a R; of 0.27 (reported R; for
oxytocin under the same conditions 0.24%), The recovery of
oxytocin from the central portion of this peak was 9.5 mg. Ma-
terials taken before and after partition chromatography exhibited
the same behavior electrophoretically and chromatographic-
ally.

(49) E. L. Durrum, J. Am. Chem. Soc., 72, 2943 (1950).
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B. N-Carbobenzoxy-oxytoceine (X, 0.154 g) was finely ground
and dissolved in 2 ml of freshly prepared, bromine-free 2.5 N
hydrogen bromide in glacial acetic acid. After 30 min at room
temperature 100 ml of cold ether was added. The supernatant
liquor was decanted and the hydrobromide was washed five times
with cold ether, each washing being followed by decantation.
The residue was dried in vacuo over potassium hydroxide and
calcium chloride, The hydrobromide was dissolved in 150 ml of
air-free water and was brought to a pH of ca. 7 by addition of a few
drops of 2 N ammonium hydroxide. After adjustment of the pH
to ca. 6.8 with 1 N acetic acid, the solution was aerated with CO,-
free air for 5 hr. The pH of the solution was adjusted to ca. 4,
before concentrating it in a flash evaporator to a volume of 50 ml
and submitting it to countercurrent distribution as described under
A, After 388 transfers, determination of the Folin-Lowry color
values indicated a main peak with a partition coefficient (X) of
approximately 0.5. The contents of tubes 110-150 were concen-
trated and lyophilized to give 30 mg of oxytocin which was identi-
cal with preparation A in its chromatographic (paper and thin
layer) and electrophoretic behavior. A sample was hydrolyzed in 6
N HCI at 110° and analyzed?3 according to the method of Spack-
man, Stein, and Moore. The following molar ratios of amino
acids and ammonia were obtained, with the value of glycine taken
as 1.0: aspartic acid, 1.0; proline, 1.0; glycine, 1.0; glutamic acid,
1.0; cystine, 1.0; isoleucine, 1.0; leucine, 1.0; tyrosine, 0.8; and
ammonia, 3.
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The syntheses of D-oxypantetheine-4’ phosphate, 3’-dephosphooxy-coenzyme A, isooxy-coenzyme A,

and oxy-coenzyme A are described. Oxy-coenzyme A is shown to be a competitive inhibitor of coenzyme A in the

phosphotransacetylase reaction witha K; = 3.5 X 1077 M,

he ubiquitous role that coenzyme A (CoA) plays in

intermediary metabolism is well known.* It is
desirable to have available a specific CoA antagonist in
order to facilitate the study of cofactor binding effects
on the various apoenzymes and advance one’s knowl-
edge of the reaction mechanisms of CoA-dependent
reactions. The successful syntheses of CoA by
MofTatt and Khorana,® Michelson,® and Gruber and
Lynen’ have provided routes for the synthesis of CoA
analogs; e.g., the synthesis of seleno-coenzyme A

(1) (a) This investigation was supported by Public Health Service
Grant GM-07977, from the National Institute of General Medical
Sciences, (b) A part of this work was reported previously: C. J.
Stewart and T. L. Miller, Biochem. Biophys. Res. Commun., 20, 433
(1965), and portions were submitted in partial fulfillment of the require-
ments for the M.S. degree by G. L. R. in June 1963, and by T. L. M. in
Aug 1965.

(2) National Science Foundation Undergraduate Research Partici~
pant, 1962-1963.

(3) Author to whom inquiries concerning this paper should be ad-
dressed.

(4) L. Jaenicke and F. Lynen, Enzymes, 3B, 3 (1960).

(5) J. G. Moffatt and H. G. Khorana, J. Am. Chem. Soc., 83, 633
(1961).

(6) A. M. Michelson, Biochim. Biophys. Acta, 93, 71 (1964).

(7) W, Gruber and F., Lynen, Ann., 659, 139 (1961).

(seleno-CoA) has been reported recently by Giinther
and Mautner.®
The oxygen analog of CoA, oxy-coenzyme A (oxy-

CH,

|
0—CH,—C— CHCONHCH;CH,CONHCH,CH,—R
==P—QH Hs:C H

NH,
l Z
0=1|°—"0—HZC o NN
OH G 2
(l) OH
O=1|°—-OH
OH
R =SH; CoA

R=0H; oxy-CoA
R =8eH; seleno- CoA
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