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[2-Valine]-oxytocin and [2-leucine]-oxytocin have been synthesized from the requisite protected nonapeptide
intermediates, which were prepared by the stepwise p-nitrophenyl ester method. The analogs were isolated by
partition chromatography and gel filtration on Sephadex and then tested for a number of pharmacological

activities.

[2-Valine]-oxytocin possesses approximately 7 units/mg of avian vasodepressor, 2 units/mg of

oxytocic, 15 units/mg of milk-ejecting, 0.05 unit/mg of pressor, and less than 0.0l unit/mg of antidiuretic

activities.

[2-Leucine]-oxytocin has approximately 3 units/mg of avian vasodepressor, less than 0.3 unit/mg

of oxytocic, about 7 units/mg of milk-ejecting, 0.05 unit/mg of pressor, and negligible antidiuretic activities.
Both of these analogs are much less active than [2-isoleucine]-oxytocin.

It was recently reported? that [2-isoleucine J-oxytocin,
an analog in which the aromatic tyrosine residue at
position 2 of oxytocin (Figure 1) is replaced by the
aliphatic amino acid isoleucine, possesses a considerable
degree of avian vasodepressor, oxytocic, and milk-
ejecting activities. This finding was surprising in view
of the extremely low activities reported for [2-leucine -
oxytocin by Jost, ef al.? The striking difference in the
biological activities of two such similar analogs of
oxytocin has led us to synthesize [2-valine]-oxytocin
and examine its pharmacological properties.

To make possible the comparison of the pharmacologi-
cal activities of [2-isoleucine ]-oxytocin and [2-valine]-
oxytocin with those of [2-leucine]-oxytocin under the
same assay conditions, the [2-leucine]-oxytocin was
also prepared in this laboratory. The stepwise p-
nitrophenyl ester method as used in the synthesis of
oxvtocin® and [2-isoleucine]-oxyvtocin? was utilized for
the preparation of the requisite protected nonapeptide
intermediates for [2-valinel-oxytocin and [2-leucine]-
oxytocin. The preparation of the protected nonapep-
tide intermediate for the synthesis of [2-leucine]-
oxytocin by Jost, et al., was accomplished by means of
the azide method with the use of N-tosyl-S-benzyl-
cysteinvlleucine hydrazide and isoleucylglutaminyl-
asparaginyl-S-benzyleysteinylprolylleucylglycinamide.

In our synthesis of [2-valine]-oxytocin and [2-
leucine J-oxytocin, the protected nonapeptides N-benzyl-
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oxycarbonyl-S-benzyleysteinylvalylisoleucylglutaminyl-
asparaginyl - S - benzylcysteinylprolylleueylglycinamide
and N-benzyloxycarbonyl-S-benzylcysteinylleucyliso-
leucylglutaminylasparaginyl -8 - benzyvleysteinylprolyl-
leucylglveinamide were treated with Na in liquid NH,8
to remove the protecting groups, and the resulting
disulfhydryl peptides were oxidized to the oxytocin
analogs by treatment with potassium ferricyanide.”
The [2-valinel-oxytocin and [2-leucine]-oxytocin were
purified by partition chromatography® followed by gel
filtration on Sephadex G-25° with the use of the solvent
systems given in the Experimental Section.

The four-point assay design!® was used for measure-
ment of the pharmacological activities against the
USP posterior pituitary reference standard. Avian
vasodepressor assays were performed on conscious
chickens according to the procedure employed by
Munsiek, et al.'! Oxyvtocic assays were performed on
isolated uteri from rats in natural estrus according to
the method of Holton,'? as modified by Munsick,'3 with
the use of magnesium-free van Dyke-Hastings solution
as the bathing fluid. Milk-ejecting activity was mea-
sured on anesthetized rabbits by the method of Cross
and Harris,!* as modified by van Dyke, ef al.,’® and by
Chan.'® Rat pressor assays were carried out on anes-
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thetized male rats as deseribed in the U. S. Pharma-
copeia.'”  Assays for antidiuretic activity were per-
formed on anesthetized male rats according to the
method of Jeffers, et al.,’® as modified by Sawver.!?

[2-Valine ]-oxytocin was found to possess 6.8 + 0.5
units/mg of avian vasodepressor, 2.1 =% 0.1 units/mg
of oxytoeie, 13.6 = 0.6 units/mg of milk-ejecting,
~0.05 unit/mg of pressor, and less than 0.01 unit/mg
of antidiuretic activities. Qur preparation of [2-
leucine ]-oxyvtocin was found to possess 3.3 = 0.3 units’
mg of avian vasodepressor, less than 0.5 unit/mg of
oxyvtocic, about 7 units/mg of milk-ejecting, about 0.05
unit/mg of pressor, and negligible antidiuretic activities.
These results on the avian vasodepressor, oxytoeie, and
antidiuretic activities for [2-leucine]-oxyvtocin are
similar to those reported by Jost, ef al.? It is not possi-
ble to compare the milk-ejecting potencies reported for
this analog from the two laboratories since our assay
was performed on the rabbit, while their assay results
were obtained on the guinea pig.

Although [2-valine]-oxytocin exhibits higher avian
rasodepressor, oxytoeie, and milk-ejecting activity than
[2-leucine J-oxytoein, both of these analogs are much
less active than [2-lsoleucine]-oxvtoein.  As noted
previously,? [2-Isoleucine J-oxytocin is also far more
potent than several other unalogs possessing non-
aromatic amino acid residues at position 2. The iso-
leucine analog possesses approximately seven times the
avian vasodepressor, ten times the oxytocic, and three
times the milk-ejecting activities exhibited by the valine
analog.  Purther investigation will be required ta
ascertain the underlying reason for the much higher
potencies of the 2-isoleucine analog of oxyvtocin com-
pared to those of the 2-valine and 2-leucine analogs.
In earlier studies® of the effect on pharmacological
properties of the replacement of the glutamine residue
at position 4 of oxytocin by these same three amino
acid residues, the [4-valine]-oxytocin was found to be
far more potent with respect to the activities mentioned
than the 4-isoleucine and 4-leucine analogs.

(17) “The Pharmacopeia of the United States of America,"” (7th rev.
Mack Pnblishing Co., Easton, Pa., 1965, p 749.

118) W. A, Jeffers, M. M. Livezey, and J. H. Anstin, Proc. Sec. Frpl.
Biol. Med., 50, 184 (1942),

119) W. H. Sawyer, Endocrinology, 68, 594 (1958).

120 V., Vigneaud, (. Flouret, and R. Walter, J. Biol. Chem., 241, 2(hny;
11u66); Y, 1L Wby, G, Fhmret, amt V. dn Vigneand. <bird., in press,
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Experimental Section?!

N-Benzyloxycarbonylleucylisoleucylgiutaminylasparaginyl-S-
benzylcysteinylprolylleucylglycinamide.- A sohution of 103 g of
N - benzvloxyearbonyhi=aleneylghitaminy bisparnginyt - S-henzyi-
yysteinyiprolvleneviglyeinamide® in 22 b of anhydrons AcOll
wis stirred with 22k of 5.3 N HBr in AeOTIF i | hr at oo
temperatnre. Then 200 mb of FoO was added and the resnlting
eplortess precipitme was filtered off, washed with two Too-ml
partions of 0, and dissotved i1 130 mbof MeOH. The solition
was passed throngh a <hort colmmn containing Rexyun RO
(OH cvelet. The cohimmn was washed with two 80-l portinns
of MeOH, the ehmtes were combined, and the solvents were
removed v racwo. After the resnlting powder was dissolved in
1y mb of DME, 0.80 g »f p-nitrophenyl N-benzybyvearbymyl-
foneinate was added.  The mixtire was stirred at room tenmpera-
ture for 20 hr and 250 b of KtOAe was added.  The mixture was
cooled and the solid residine wasx filtered pff and washed with
two H0-mib portions nf FEtOAe, two -l portions of FiOH,
and T3 b of FiOAe. The resalting gelatimnis powder was
dried /n cucoe to give 2,00 g of white powder, mp 236--255°,
[ ¥ —46.6° <o b, DML Anal, «CoHaNZ O C) 1L N

N-Benzyloxycarbonyl-S-benzylcysteinylleucylisoleucylgluta-
minylasparaginyi-S - benzylcysteinylprolylleucylglycinamide.- - A
sabition of 0.87 g of the preceding protected netapeptide in 10 il
of anhyvdrons AcOF was treated with 10 mlb of 5.3 .V HBr in
AcOH for | hr aud the resnlting hydrobromide was xolited and
converted to the free netapeptide by the nsnal procedure ax
described in the preceding <ection.  The colorless powder wax
dissolved in 13 mb of DNF, 038 g of p-nitrophienyt N-benzyhixy-
carbanyi-S-benzylevsteinate was added, and the mixtnre was
stirred for 20 hr at roam temperatnre.  After addition af 1o
ml of EtOAe, the mixtnre was cooled and the precipitate that
formed was filtered off and washed with 50 ml of KtOAe, two
50-mi partions of O, and A0l of EtOAe, The produet was
dried n vecao ta give 1O g of white powder, mp 257-230°
dee, o)™ =330 o 050, DNMFL nad. i CepHWNRORR)
¢, H, N,

[2-Leucine]-oxytocin.- -A sohition af 256 mg of the preceding
protected nonapeptide in 175 mlb of boiling anhydrons N1h was
treated with Nanutil a blie coloration persisted for a few mintes.
The NH; was remaved by lyophilization and the sal. was dix-
solved in 300 ml of deaernted water containing 0.50 ml of -
fluoroacetic neid. The pIl wax adjusted t S22 with 1.V NHLOH,
40.6 ml of 0.01 NV K;Fe(CN)y wax added, and the niixure was
stirredt for By min. Fhe pIt was adjnsted ta 6.5 with dibite tri-
fhioroncetic acid and the <obhithn was stirred with a simall amonnt
of ion-exchange resin ACG-X4 (trithioronectate exvele) for 15 min.
The polymer was ranoved by filtration, aud the sohition wax
tvophilized.  'The resnlting <olid was dixsolved in 15 mlb of the
npper phase of the solvent systenmr 3.5 nquueons AcOH icon-
taining 1.50, pyridine = 1-BaOE oF: by and added to 2 2.15 X 110
e enhmin of Nephadex (=29 1100-200 mesh) which had been
equilibrated with both bywer and upper phases aceording to the
method of Ymuashiros  One hondred 9.6-mlb fractions were
collected and the Nmcethims emresponding Hy the nmajor penk
T/t 9.30), as determined by plotting of the Folin- Lpwry enbw
vahies,* were popled.  TLO 1250 ml) was added and the soltion
wis evapornted to 40 ml i cwrwo and bvophitized.  The colarfess
powder was dissplved in 5 mb of 0.2V AcOH and placed on a
28 X 65-cm cabmnn of Nephudex (=23 1200270 meshi for gel
filtration.® The cohmun wax then ehited with 0.2 N AcOF and
ye hundred d-mlb fracthms were enltecterh, The ehintes eorre-
spouding to the major peak (fractinns 52-63), ax determined hy
plotting of the Folin-Lowry color vahies, were pooled and lvy-
philized to give 120.7 g of {2-lencine]-oxytocin as a white powder,
[e]®n —37.3° ¢ 033, 1 N AcOM. cnal. 1 CoHaN1iO008,)
¢, H, \.

A sample was hydrolyzed for 22 b in 6 .V HCEH ar TH® and
snbjected to amino acid analy=is® on a Beckman, Spinco aminy,
acid analyzer. The following molar ratios were abtained with the
vahie of glhntamic acid (nken as 1.0: aspartic acid, 1.0: ghitamic

<211 At melting points are corrected capillary melang puinis. Where
analyses are indicated onty by symbols of the elements. analytical resntts
obtained for the elements were within =0.49 of the theoreticat vatnes.

221 0. H. Lowry, N. J. Rosebrongt. A. L. Farr. and R. J. Rondull,
J. 3ol Chew., 193, 265 (1951,

23y 11 H, Spackman, W, H, Siein, and S, Mpore, Aanl. Ches.. 30, 1100
IS RN
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acid, 1.0; proline, 1.1; glyveine, 0.9; cystine, 1.0; isoleucine,
1.0; leucine, 2.0; and ammonia, 3.0.

N-Benzyloxycarbonylvalylisoleucylglutaminylasparaginyl-S-
benzylcysteinylprolylleucylglycinamide. —A solution of 1.67 g of
crystalline isoleucylglutaminylasparaginyl-S-benzyleysteinylpro-
Iyllencylglvcinamide?t in 20 ml of DMF was stirred at room
temperature with 0.75 g of p-nitrophenyl N-benzyloxycarbonyl-
valinate® for 20 hr, 300 ml of EtOAc was added, and the slurry
was cooled to —20°. The precipitate was filtered off and washed
with 75 ml of EtOA¢, two 73-ml portions of EtOH, and 75 ml of
EtOAc. The powder was dried in vacuo to give 2.04 g of white
powder, mp 252-253°, [a]¥D —73.9° (¢ 0.40, DMF). Anal
(CuHi:N1O0wS) C, H, N.

N-Benzyloxycarbonyl-S-benzylcysteinyivalylisoleucyigluta-
minylasparaginyl -S - benzylcysteinylprolylleucyiglycinamide.—A
solution of 0.85 g of the preceding protected octapeptide in 10
ml of AcOH was converted to the free octapeptide in the usual
manner. The product was dissolved in 15 ml of DMF, 0.38 g
of p-nitrophenyl N-benzyloxycarbonyl-S-benzylcysteinate* was
added, the mixture was stirred for 20 hr at room temperature,
and 150 ml of EtOAc was added. The slurry was cooled and the
precipitate was filtered off, washed with EtOAc¢ (50 ml), two
30-ml portions of EtOH, and 50 ml of EtOAc and dried in vacuo
to give 0.85 g of white powder, mp 261.5-262.5°, [a]®D —46.9°
(c 0.49, DMF). Anal. (CeHgNp0sS,) C, H, N.

[2-Valine] -oxytocin.—The preceding protected nonapeptide
(252 mg) was converted to [2-valine]-oxytocin, and the resulting
preparation was subjected to partition chromatography on a
2,80 X 54 em column of Sephadex G-25 according to the proce-
dures nsed for [2-lenciue]-oxytocin. One hundred 9.6-ml frac-
tions from the partition chromatography were collected, the

(24) D. B. Hope and V. du Vigneaud, J. Biol. Chem., 287, 3146 (1962).
{25) B. Iselin, W. Rittel, P. Sieber, and R. Schwyzer, Helv. Chim. Acta,
40, 373 (1957).
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fractions corresponding to the principal peak (R; 0.24) (deter-
mined by plotting of the Folin-Lowry color values) were pooled,
and 300 mi of H:O was added. The mixture was coucentrated to
about 40 ml and the solution was Iyophilized to give a pale yellow
hygroscopic glass which was dissolved in 10 ml of 0.2 ¥ AcOH
and subjected to gel filtration on Sephadex G-25. One hundred
3-ml fractions were collected and the elnates corresponding to
the major peak (fractions 48-57) were pooled, concentrated to 40
ml, and lyophilized to give 196 mg of a hygroscopic powder,
which was again subjected to partition chromatography as
before and worked up in the usual way to give 119 mg of a
white powder. Subjection of this material to gel filtration as
before afforded 104 mg of [2-valine]-oxytocin as a white powder,
[a]®D —33.5° (¢ 0.531, 1 N AcOH). Anal. (CsHgNi20y,S,-
C.H,0:) H, N; C: caled, 49.0; fonnd, 48.5.

The analog was hydrolyzed in 6 NV HCI at 110° for 22 hr and the
following molar ratios of amino acids and ammonia were found
with glutamic acid taken as 1.0: aspartic acid, 1.0; glutamic
acid, 1.0; proline, 1.0; glycine, 1.0; cystine, 1.0; valine, 0.72;
isolencine, 0.72; leucine, 1.0; and ammonia, 2.7. A 453-hr
hydrolysis under the same couditions gave the following results
with glutamic acid taken as 1.0: aspartic acid, 1.0; glutamic acid,
1.0; proline, 1.1; glycine, 1.0; cystine, 1.05; valine, 0.9; iso-
leucine, 0.9; leucine, 1.0; and NHj, 3.0. The prolonged hy-
drolysis was necessitated by the diffienlty in the hydrolysis of a
valyl-isolencine peptide bond.
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Angiotensin Il Analogs. 1.

Synthesis and Biological Evaluation of

[Gly',Gly’ Ile’]-angiotensin 11, [Ac-Gly',Gly? 1le’]-angiotensin 11, and
[Gly!,Gly?,11le’, His(Bzl)®]-angiotensin II'

EvceexkE C. JorGENSEN, GRaHAM C. WINDRIDGE, WALTER PATTON,

Department of Pharmaceutical Chemistry, School of Pharmacy,

AND THoMas C. LEE
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[Gly',Gly? Ile®]-angiotensin IT has been synthesized by fragment condensation and also in better yield and

purity by solid-phase synthesis.

This peptide showed 16-209 of the pressor activity of [Asn?,Val’]-angiotensin
II in the rat and the dog, while its N-acetyl derivative showed an activity of 0.49,.
a single basic group is necessary in the N-terminal dipeptide for good pressor potency.

These results show that only
This essential basic

group may be correlated with either the terminal amino group or the gnanido group of arginine in angiotensin II.
The low activity of the acetylated peptide shows that extension of the peptide backbone from six to eight amino

acids does not alone contribute measurably to the potency of natural angiotensin IL

The synthetic intermediate

[Gly?,Gly? Ile?, His(Bzl)f]-angiotensin II showed a pressor activity of 0.3% indicating the importance of the free

imidazole ring.

The octapeptide tissue hormone angiotensin I, Asp-
Arg-Val-Tyr-Ile- (or Val-) His-Pro-Phe,? has been the
subject of numerous studies on the relationship between
chemical structure and biological activity because of its
possible relationship to hypertension. Most of this

(1) This investigation was supported in part by Public Health Service
Research Grants AM 08066 and AM 06704 from the National Institute of
Arthritis and Metabolic Diseases and Training Grant No. 5 T01 GM 00728
from the National Institute of General Medical Sciences. Presented in
part at the First American Peptide Symposium, Yale University, Aug 1968,
The abbreviations used to denote amino acid derivatives and peptides are
those recommended in "IUPAC-IUB Commission on Biochemical Nomen-
clature, Abbreviated Designation of Amino Acid Derivatives and Peptides.
Tentative Rules,'* Biochemistry, B, 2485 (1966).

(2) It is assumed in this paper that the bovine [Val’}- and equine [Ile5}-
angiotensins have eqnivalent pressor activity.

work has been reviewed by Law? and by Schroder and
Litbke.* The portion of the molecule which has been
most thoroughly studied is the N-terminal dipeptide,
Asp-Arg-. The analogs described by Schwyzer,®
Khosla, et al.,* and Arakawa, et al.,7 listed in Table I
show that none of the functional groups in this portion
of the molecule is essential for significant pressor activ-

(3) H. D. Law, Progr. Med. Chem., 4, 86 (1965).

(4) E. Schréder and K, Litbke, “The Peptides,” Vol. 2, Academic Press
Inc., New York, N. Y., 1968, Chapter 1.

(3) R. Schwyzer, Helv. Chim. Acta, 44, 667 (1961).

(6) M. C. Khosla, R. R. Smeby, and F. M. Bumpus. Biochemistry, 8,
754 (1968).

(7) K. Arakawa, R. R. Smeby and F. M. Bumpus, J. Amer. Chem. Soc.,
84, 1424 (1962).



