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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 0.01 unit/mg of antidiuretic 
activities. [2-Leucine]-oxytocin has approximately 3 units/mg of avian vasodepressor, less than 0.5 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 reported2 that [2-isoleucine]-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 Jo§t, et al.3 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 
oxytocin4 and [2-isoleucine ]-oxytocin2 was utilized for 
the preparation of the requisite protected nonapeptide 
intermediates for [2-valine]-oxytocin and [2-leucine]-
oxytocin. The preparation of the protected nonapep­
tide intermediate for the synthesis of [2-leucine]-
oxytocin by Jost, et al.,5 was accomplished by means of 
the azide method with the use of N-tosyl-S-benzyl-
cysteinylleucine hydrazide and isoleucylglutaminyl-
asparaginyl-S-benzylcysteinylprolylleucylglycinamide. 

In our synthesis of [2-valine]-oxytocin and [2-
leucinej-oxytocin, the protected nonapeptides N-benzyl-

(1) (a) This work was supported in part by Grant HE-11680 from the 
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(3) K. Joist, J. Rudinger, and F. Sorm, Collection Czech. Chem. Commun., 
28, 1706 (1963). 

(4) M. Bodanszky and V. du Vigneaud, Nature, 183, 1324 (1959); J. 
Amer. Chem. Soc, 81, 5688 (1959). 
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oxycarboiiyl-S-benzylcysteinylvalylisoleucylglutaminyl-
asparaginyl - S - benzylcysteinylprolylleucylglycinamide 
and N - benzyloxycarbonyl - S - benzylcysteinylleucyliso-
leucylglutaminylasparaginyl - S - benzylcysteinylprolyl-
leucylglycinamide were treated with Na in liquid NH3

6 

to remove the protecting groups, and the resulting 
disulfhydryl peptides were oxidized to the oxytocin 
analogs by treatment with potassium ferricyanide.7 

The [2-valine]-oxytocin and [2-leucine]-oxytocin were 
purified by partition chromatography8 followed by gel 
filtration on Sephadex G-259 with the use of the solvent 
systems given in the Experimental Section. 

The four-point assay design10 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 
Munsick, et al.11 Oxytocic assays were performed on 
isolated uteri from rats in natural estrus according to 
the method of Holton,12 as modified by Munsick,13 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,14 as modified by van Dyke, et al.,ih and by 
Chan.16 Rat pressor assays were carried out on anes-

(6) R. H. Sifferd and V. du Vigneaud, J. Biol. Chem., 108, 753 (1935). 
(7) D. B. Hope, V. V. S. Murti, and V. du Vigneaud, ibid., 237, 1563 
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(9) J. Porath and P. Flodin, Nature, 183, 1657 (1959). 
(10) H. 0 . Schild, J. Physiol. (London), 101, 115 (1942). 
(11) R. A. Munsick, W. H. Sawyer, and H. B. van Dyke, Endocrinology, 

66, 860 (1960). 
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(15) H. B. van Dyke, K. Adamsons, Jr., and S. L. Engel, Recent Progr. 
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Figure I.—Structure (if oxytocin with numbers indicating the 
position of the individual amino acid residues. 

thetized male rats as described in the U. S. Pharma­
copeia.17 Assays for antidiuretic activity were per­
formed on anesthetized male rats according to the 
method of Jeffers, et a/.,ls as modified by Sawyer.19 

[2-Valine]-oxytocin was found to possess 6.8 ± O.o 
units/mg of avian vasodepressor, 2.1 ± 0.1 units/mg 
of oxytocic, 15.(5 ± 0.6 units/mg of milk-ejecting, 
•~0.0o unit/mg of pressor, and less than 0.01 unit/mg 
of antidiuretic activities. Our preparation of [2-
leucinej-oxytocin was found to possess .'•>..'-> ± 0.3 units 
mg of avian vasodepressor, less than O.o unit/mg of 
oxytocic, about 7 units/mg of milk-ejecting, about O.Oo 
unit/mg of pressor, and negligible antidiuretic activities. 
These results on the avian vasodepressor, oxytocic, and 
antidiuretic activities for [2-leucine]-oxytocin are 
similar to those reported by Jost, et al.:l 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 
vasodepressor, oxytocic, and milk-ejecting activity than 
[2-leucine]-oxytocin, both of these analogs are much 
less active than [2-isoleucineJ-oxytocin. As noted 
previously,2 [2-isoleucine]-oxytocin is also far more 
potent than several other analogs 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. Further investigation will be required to 
ascertain the underlying reason for the much higher 
potencies of the 2-isoleucine analog of oxytocin com­
pared to those of the 2-valine and 2-leucine analogs. 
In earlier studies20 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. 

117) " T h e P h a r m a c o p e i a of t h e Un i t ed S ta t e s of A m e r i c a , " 17th rev. 
M a c k Pub l i sh ing Co . . E a s t o n , Pa . . 1965, p 749. 

(18) W. A. Jeffers, M . M . Livezey. and J. H. Aust in , Proc. Snr. Kxptl. 
Rial. Med., 50, 184 (1942). 

(19) \V. H. Sawyer . Endocrinology, 63 , (594 1,1958). 
(20) V. du Vigneaud , G. F loure t , a n d R. Wal ter , ./. Biol. Chem., 241 , 20911 

(l!t(>(>); \^ .1.. IJj-utw, O, F loure t , and Y. du Vigneaud . ibid., in press. 

Experimental Section21 

N-Benzyloxycarbonylleucylisoleucylglutaminylasparaginyl-S-
benzylcysteinylprolylleucylglycinamide. A solution of 1.1):! g of 
X - benzyloxycarbonylisolencylglulaminylasparaginyl - S-benzyl-
cysteinylprolylleucyiglycinamide4 in 22 ml of anhydrous AcOH 
was stirred with 22 mi of 5.3 A" HBr in AcOH for I hr at room 
lemperaluro. Then 200 ml of KtX> wa.- added and I lie resulting 
colorless precipilaio was filtered off, washed with two KlO-ml 
portions of Ft 4) , and dissolved in ].">() ml of MeOll. The solution 
was passed through a short column containing Rexyn H(ll 
(OH cycle!. The column was washed with two 80-ml portions 
of MeOH, the eluales were combined, and the solvents were 
removed in vacuo. After the resulting powder was dissolved in 
1.") ml of DMF, 0.X0 g of p-nitrophenyl X-benzyloxycarboiiyl-
leucinate4 was added. The mixture was stirred at room tempera­
ture for 20 hr and 2.">0 ml of EtOAc was added. The mixt ure wa-, 
cooled and the solid residue was filtered off and washed with 
two 50-ml portions of EtOAc, two 75-ml portions of FtOH, 
and 75 ml of KlOAc. The resulting gelatinous powder was 
dried in vacuo to give 2.00 g of white powder, mp 250 -258°. 
[«]ici> -4(5.(i° ic 1, DMF). Aval. 'AV.HT 7 N I 1 ( ) I 2 S ) (', II, X. 

N-Benzyloxycarbonyl-S-benzylcysteinylleucylisoleucylgluta-
minylasparaginyl-S - benzylcysteinylprolylleucylglycinamide. A 
solution of 0.87 g of the preceding protected octapeptide in 10 ml 
of anhydrous AcOH was treated with 10 ml of 5.3 A' 11 Br in 
AcOH for I hr and the resulting hydrobromide was isolated and 
converted to the free octapeptide by the usual procedure as 
('escribed in the preceding section. The colorless powder was 
dissolved in 15 ml of DMF, 0.3S g of p-nitrophenyl N-benzyloxy-
carbonyl-S-benzylcysteinate* was added, and the mixture was 
stirred for 20 hr at room temperature. After addition of 100 
ml of KtOAc, the mixture was cooled and the precipitate that 
formed was filtered off and washed with 50 ml of FtOAc, two 
oO-ml portions of FtOH, and 50 ml of FtOAc. The product was 
dried in vacuo to give 1.00 g of white powder, mp 257 250° 
dec, [»l24i> -55.3" ic 0.:.0. DMF). Anal. (CVHv.NWS..) 
O, H, X. 

12-LeucineJ -oxytocin. A .solution of 25b mg of the preceding 
protected nonapeptide in 175 ml of boiling anhydrous XTH:, was 
t reated with X*a until a blue coloration persisted for a few minutes. 
The X"H:i was removed by lyophilization and the salt was dis­
solved in 500 ml of deaerated water containing 0.50 ml of tri-
fiuoroacetic acid. The pll was adjusted to S.2 with 1 X NH4OH, 
40.(i ml of 0.01 A' KaFe(CX)« was added, and the mixture was 
stirred for 15 min. The pll was adjusted to 0.5 with dilute t ri­
ll uoroacetic acid and the solution was stirred with a small amount 
of ion-exchange resin AC1M-X4 (trirluoroacetate cycle) for 15 min. 
The polymer was removed by filtration, and the solution was 
lyophilized. The resulting solid was dissolved in 15 ml of the 
upper phase of I he solvent system 3 .5 ' , aqueous AcOH (con­
taining 1..}''., pyridine)-l-Hu(')H ! 1 : 1 I and added lo a 2.15 X 110 
cm column of Sephadex (i-25 (100-200 mesh) which had been 
equilibrated with both lower and upper phases according to the 
method of Yamashiro.* One hundred !).(i-ml fractions were 
collected and the fractions corresponding to the major peak 
(7tt 0.30), as determined by plotting of the Folin Lowry color 
values,-2 were pooled. H.O (250 ml) was added and the solution 
was evaporated to 40 ml in vacuo and lyophilized. The colorless 
powder was dissolved in 5 ml of 0.2 A' AcOH and placed on a 
2.8 X 65-cm column of Sephadex (1-25 1200-270 mesh i for gel 
filtration.9 The column was then eluted with 0.2 A' AcOH and 
one hundred 5-uil fractions were collected. The eltiates corre­
sponding to the major peak (fractions 52-615), as determined by 
plotting of the Folin-Lowry color values, were pooled and lyo­
philized to give 12!).7 mg of [2-leucine]-oxvtocin as a white powder, 
i>pi> -37.:!° '.<• 0.53, 1 ,V AcOH). ' Anal. <CmU»*Si.OuS:) 
O, H, X. 

A sample was hydrolyzed for 22 hr in 0 A' HOI at 1 10° and 
subjected to amino acid analysis-3 on a Beckman, Spinco amino 
acid analyzer. The following molar ratios were obtained with the 
value of glutamic acid taken as 1.0: aspartic acid, 1.0: glutamic 

i21l Alt mel t ing po in ts a re corrected capil lary mel t ing points . Where 
ana lyses are ind ica ted only by symbols of t he e lements , ana ly t i ca l resul ts 
ob ta ined for t he e lements were within =r.0.A% of t he theore t ica l values . 

1221 O, H. Lowry . X. .1. Rosebrough . A. L. Fa r r . and R. .1. R a n d a l l . 
,/. Biol. Chem.. 193, 265 11951). 

'2:S> It. II, S p a c k m a n , W, H. Stein, and S. Moore , Anal. Chrm.. 30. 1 190 
U95SS 
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acid, 1.0; proline, 1.1; glycine, 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-benzylcysteinylpro-
lylleucylglycinamide24 in 20 ml of D M F was stirred at room 
temperature with 0.75 g of p-nitrophenyl N-benzyloxycarbonyl-
valinate25 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 EtOAc, two 75-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 -53 .9 ° (c 0.40, DMF) . Anal. 
(C5iH75N„Oi,S) C, H, N. 

N-Benzyloxycarbonyl-S-benzylcysteinylvalylisoleucylgluta-
minylasparaginyl - S - benzylcysteinylprolylleucylglycinamide.—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-benzylcysteinate4 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 
50-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°, [C*]25D - 4 6 . 9 ° 
(c 0.49, DMF). Anal. (C6iHS6Ni2018S2) 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 
2.85 X 54 em column of Sephadex G-25 according to the proce­
dures used for [2-leucine]-oxytocin. One hundred 9.6-ml frac­
tions from the partition chromatography were collected, the 

(24) D. B. Hope and V. du Vigneaud, / . Biol. Chem., 237, 3146 (1962). 
(25) B. Iselin, \V. Rittel, P. Sieber, and R. Schwyzer, Helv. Chim. Acta, 

40, 373 (1957). 

The octapeptide tissue hormone angiotensin II, Asp-
Arg-Val-Tyr-Ile- (or Val-) His-Pro-Phe,2 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 [ValBl- and equine [Ile5]-
angiotensins have equivalent pressor activity. 

fractions corresponding to the principal peak {Rs 0.24) (deter­
mined by plotting of the Folin-Lowry color values) were pooled, 
and 300 ml of H 2 0 was added. The mixture was concentrated to 
about 40 ml and the solution was lyophilized to give a pale yellow 
hygroscopic glass which was dissolved in 10 ml of 0.2 N AcOH 
and subjected to gel filtration on Sephadex G-25. One hundred 
o-ml fractions were collected and the eluates 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]-oxvtocin as a white powder, 
M 2 6 D -33 .5° (c 0.51, 1 A' AcOH)." Anal (CMH66N12OnS,-
C 2 H,0 2 )H, X; C: calcd, 49.0; found, 48.5. 

The analog was hydrolyzed in 6 A" HC1 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; 
isoleucine, 0.72; leucine, 1.0; and ammonia, 2.7. A 45-hr 
hydrolysis under the same conditions 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 NH3, 3.0. The prolonged hy­
drolysis was necessitated by the difficulty in the hydrolysis of a 
valyl-isoleucine peptide bond. 
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work has been reviewed by Law8 and by Schroder and 
Liibke.4 The portion of the molecule which has been 
most thoroughly studied is the X-terminal dipeptide, 
Asp-Arg-. The analogs described by Schwyzer,5 

Khosla, et al.,6 and Arakawa, et at.,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. Schroder and K. Liibke, "The Peptides," Vol. 2, Academic Press 

Inc., New York, N. Y., 1966, Chapter 1. 
(5) R. Schwyzer, Helv. Chim. Acta, 44, 667 (1961). 
(6) M. C. Khosla, R. R. Smeby, and F. M. Bumpus, Biochemistry, 6, 

754 (1968). 
(7) K. Arakawa, R. R. Smeby and F. M. Bumpus, ,/. Amer. Chem, Soc, 

84, 1424 (1962). 
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[Gly1 ,Gly2 ,Ile5]-angiotensin II, [Ac-Gly1 ,Gly2 ,Ile5]-angiotensin II, and 

[GlySGlyy ieSHisCBzl^ l -ang io tens inU 1 
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[Gly1,Gly2,Ile5]-angiotensin I I has been synthesized by fragment condensation and also in better yield and 
purity by solid-phase synthesis. This peptide showed 16-20% of the pressor activity of [Asn^YaPJ-angiotensin 
II in the rat and the dog, while its N-acetyl derivative showed an activity of 0.4%. These results show that only 
a single basic group is necessary in the N-terminal dipeptide for good pressor potency. This essential basic 
group may be correlated with either the terminal amino group or the guanido group of arginine in angiotensin I I . 
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 II. The synthetic intermediate 
[GlyI,Gly2,Ile5,His(Bzl)6]-angiotensin II showed a pressor activity of 0.3% indicating the importance of the free 
imidazole ring. 


