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[4-Norvaline]-oxytocin, [l-deamino,4-norvaline]-oxytocin, [4-noiieucine]-oxyto('iu, and [l-deamiuo,4-nor-
leucine]-oxytocin have been synthesized from the requisite protected polypeptide precursors, which were prepared 
by the stepwise p-nitrophenyl ester method. The compounds were isolated by countercurrent distribution 
followed by partition chromatography on Sephadex G-25 and then tested for a number of pharmacological 
activities. The avian vasodepressor potencies were found to be 99, 128, 51, and 53 units mg, respectively; 
the oxytocic potencies 61, 56, 20.5, and 12.8 units/mg, respectively: and the milk-ejecting potencies 182, 134, 
87, and 50 units/mg, respectively. The antidiuretic and pressor activities of all four analogs were extremely low 
or negligible. 

The present communication is an extension of our 
work on the replacement of the glutamine residue at 
position 4 of oxytocin (Figure 1) by aliphatic amino 
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Figure 1.—Structure of oxytocin with numbers indicating the 
position of the individual amino acid residues. 

acid residues. We present here the synthesis and phar­
macological activities of [4-norvaline]-oxytocin, [4-
norleucine]-oxytocin, and their deamino analogs. For 
the synthesis of these compounds the methods used 
were patterned after those employed for the preparation 
of [4-valine]-oxytocin and [l-deamino,4-valine]-oxy-
tocin.2 The present analogs were isolated by counter-
current distribution3 and were further purified by 
partition chromatography4 on Sephadex G-25. 

The four-point assay design5 was used for measure­
ment of the pharmacological activities against the USP 
posterior pituitary reference standard. Avian vaso­
depressor assays were performed on conscious chickens 
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according to the procedure employed by Munsick, 
et al.6 Oxytocic assays were performed on isolated 
uteri from rats in natural estrus according to the method 
of Holton,7 as modified by Munsick,8 with the use of 
magnesium-free van Dyke-Hastings solution as the 
bathing fluid. Milk-ejecting activity was measured on 
anesthetized rabbits by the method of Cross and 
Harris,9 as modified by van Dyke, et al.,10 and by 
Chan.11 Rat pressor assays were carried out on anes­
thetized male rats as described in the U. S. Pharmaco­
peia.12 Assays for antidiuretic activity were performed 
on anesthetized male rats according to the method of 
Jeffers, et al.,13 as modified by Sawyer.14 The potencies 
so obtained for [4-norvaline]-oxytocin, [4-norleucine]-
oxytocin, [l-deamino,4-norvaline]-oxytocin, and [1-
deamino,4-norleucine]-oxytocin are presented in Table I 
along with corresponding data for related analogs of 
oxytocin and deaminooxytocin. 

As can be seen from Table I, as the length of the 
straight-chain amino acid substituent increases from 
glycine to a-aminobutyric acid, the avian vasodepressor, 
oxytocic, and milk-ejecting potencies of the analogs 
also increase. Further increases in chain length result 
in decreased potencies. The [4-norleucine]-oxytocin is 
even less potent than [4-alanine]-oxytocin. It will also 
be noted that in the corresponding deamino series of 
analogs there is a progressive decrease in potencies as 
the chain length is increased from that of a-amino­
butyric acid to that of norleucine. 

Of the three oxytocin analogs in Table I with 
branched-chain amino acids in position 4, the [4-
valine ]-oxytocin is far more potent than [4-isoleucine]-
oxytocin and [4-leucine]-oxytocin with respect to avian 
vasodepressor, oxytocic, and milk-ejecting activities, 
with [4-leucine]-oxytocin being the least potent. [4-
Valinej-oxytocin is also considerably more potent than 
the straight-chain analog [4-norvaline]-oxytocin. On 
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TABLE L 
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"' Expressed in units per milligram as mean potencies ± slandurd eiTor. '' \V. V. Clian and \'. dn Vigneaud, Endocrinology, 71, 977 
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the other hand, there is not much difference in the degree 
of these activities exhibited by |4-leucine]-oxytocin and 
[4-norleucine [-oxytocin. 

As shown in Table I. when the amino group of [4-
valine [-oxytocin is replaced by hydrogen ([l-deuniino,4-
valino j-oxytocin). the avian vasodepressor and oxy­
tocic potencies show a dramatic increase similar to the 
increase from oxytocin to deamino-oxytocin. This 
difference in potency is also shown between the [4-
isoleucinej- and [4-leucine]-oxytocin and their deamino 
analogs. However, in the case of the norvaline and 
norleucine compounds there is no significant difference 
in potency between the oxytocin and deamino-oxytocin 
analogs. 

As shown in Table I, the norleucine and norvaline 
analogs of oxytocin and deamino-oxytocin possess very 
low or negligible pressor and antidiuretic potencies. 

It is to be noted that [4-leucinej-oxytocin (Table J) 
did not show any antidiuretic activity but, surprisingly, 
exhibited a diuretic effect instead. As reported by 
Chan. Hruby, Klouret. and du Vigneaud,,:> [4-leucine]-
oxytocin was found to possess not ony a potent diuretic 
effect, but also a potent natriuretic effect, further­
more, it antagonized the antidiuretic activity of argi-
nine-vasopressin. 

Experimental Section"' 

/)-Nitrophenyl N-Benzyloxycarbonylnorvalinate.—A stirred 
solution of 3..s7 g of X-benzvloxvcarboiiN'lnorvaline17 and 2.52 g 

M o i l ul V. Vijinc i.l. SVi,. (I ' l l U . "I . C h a n . V. .1. Hull 
161, 2MII i lilUX). 

. Hi; All mel t ing puini.- me co l l ec t ed eapi l la iy i i ie lung puinus and u e i r 
lakfi i on a T l i u m a s - H o u v t ' i melt ing puin t a p p a r a t u s . W h e r e ana lyses a re 
u i d u a t e J only by symbols of the e lements , ana ly t i ca l resul ts ob t a ined tot the 
e l e m e n t were wntrni 1-U.41', ul' the theoretiea'L va lues . All proter-red pep-
li.les were dried In emisla iu Heiulil over l':().. under v a c u u m al 10(1' before 
yields were de t e rmined . 

.17) II. IJchino. Si II tin i, Kmi'il;" y.osthi, 82, 10(1 i lDKl) : Vhem. .!/,.«/;'.. 
56, 1()2I)S', ! l l » a i . 

of p-iiitroplieiiol iii 54 ml of KlOAr was cooled in ice, and ii. 1 JJ 
of I)C;i was added. After 4.5 hr AcOH (5 drops) was added, and 
after 1.5 min the dicyclohexylurea formed was filtered off and 
washed with KtOAe. The filtrate and washings were combined 
and concentrated, and the oil obtained was crystallized from 10 
ml of KtOH by the addition of petroleum ether (bp 60-70°): 
yield 4.6 «•. mp 69 70°. cv|-"i> -:!1.2° u- 2. DMF). Annl. 
iC,,,H„,N3()s) C, II, X. 

N-Benzyloxycarbonylnorvalylasparaginyl-S-benzylcysteinyl-
prolylleucylglycinamide.- A suspension of 0.6.5 g of N-benzylo.xy-
carbonylasparas'inyl - S - benzylcysteinyl])i'i)lylleucylglvcinamidelh 

in 4 ml of anhydrous AcOII was treated with 4 nil of IIBr in 
AcOI I I M2',, \v/w i for 1.5 hr al room lemperat lire. The resulting 
solution was added lo odd ml of Kt-.() and the precipitate was 
washed by decanlation with four 400-ml portions of VAA). 
After being dried in vacuo over KOII and PjO;,, the solid residue 
was dissolved in 120 ml of MeOH and (he solution was passed 
through a column of ion-exchange resin IRA-410 (OH). The 
resin was washed with 100 ml of MeOII. The combined filtrate 
was slightly basic and it gave a negative tesl for bromide ion 
with AgX();). The white solid obtained after evaporation of the 
solvent under reduced pressure was filled for 2 hr in vacuo, 
dissolved in 4 ml of DMF, and treated with 0.34 g of p-nitro-
phenyl X-benzyloxycai'bonylnorvalina1e. The reaction mixture, 
which solidified overnight, was triturated with 100 ml of EtOAc 
and filtered. The solid was washed with EtOH and finally 
ril,(); vield 0.62 g, mp 2.52-2.53°, |al2nn -,57° (r I, DMF), 
Anal. (C„HSeX»OsS) C, H, X. 

N-Benzyloxycarbonylisoleucylnorvalylasparaginyl-S-benzyl-
cysteninylprolylleucylglycinamide. A suspension of 2.3S g of the 
preceding protected hexapeptide in 10 ml of anhydrous AcOII 
was treated with 10 ml of :J,2'"( ITBrin AcOII. The ])eptide hydro-
bromide was isolated as before, dried, dissolved in SO ml of MeOH, 
and passed through a column containing Rexyn RG1 (Oil) . 
The eluate was evaporated in rucno lo give a residue which was 
dissolved in 5 ml of DMF and treated with 1.34 g of p-nitro-
phenyl X'-benzylnxycarbony]isoleueinate.ls The reaction mix-
lure solidified overnight and was triturated with KlOAr. The 
solid residue was collet-ted, dissolved in hot DMF, and then 
precipitated by adding the solution to 400 ml of Et20. The 
resulting precipitate was filtered off and washed with EtOH and 
tinallv with Et-,0 vield 2.27 g, nip 243-245°. \a]'mv - 54 .7 ° (<• 
I, DMF. . .l,ni/. iC1,H«:XtO„S <\ H, X. 

V. du Vianeau 
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N-Benzyloxycarbonyl-O-benzyltyrosylisoleucylnorvalylaspara-
ginyl-S-benzylcysteinylprolylleucylglycinamide.—A suspension of 
2.24 g of the preceding protected heptapeptide in 13 ml of anhy­
drous AcOH was treated with 13 ml of 32% HBr in AcOM. 
The heptapeptide hydrobromide was isolated and converted to 
the free heptapeptide by the usual procedure. The white powder 
obtained was dissolved in 8 ml of D.MF and treated with 1.51 
g of p-nitrophenyl X-benzyloxycarbonyl-O-benzyltyrosinate.18 

The solid mass formed overnight was broken tip with 100 ml of 
EtOAc, filtered off, and washed with EtOII and finally with 
E t 2 0 ; yield 2.43 g, mp 2r>3-2:>r>°, [«119,> - 4 0 ° (<• 2, DMF). 
Anal. (C62H82X10O12S) C, IT, X. 

N-Benzyloxycarbonyl-S-benzylcysteinyltyrosylisoIeucylnor-
v a 1 y I a s p a raginyl-S-benzylcy steinylprolylleucylglycinamide.—A 
suspension of 0.5 g of the preceding protected oetapeptide in 25 
ml of ice-cooled trirluoroethanol was saturated at 0° with HBr.4 

The resulting solution was allowed to stand at room lemperature 
for 1 hr and then was evaporated to dryness under vacuum. The 
residue was washed with E t 2 0 and dried in vacuo over P205 . 
The oetapeptide hydrobromide was dissolved in 100 ml of MeOH 
and neutralized with ion-exchange resin IKA-410 (OH). The 
suspension was filtered, evaporated to dryness, and dried over 
P2Oi in vacuo. The free peptide was dissolved in 3 ml of D M F 
and 235 mg of p-nitrophenyl X-benzyloxycarbonyl-S-benzyl-
cysteinate18 was added. The reaction mixture, which solidified 
overnight, was triturated with 20 ml of EtOAc and filtered. The 
solid material was washed with EtOH and finally with E t O A c 
vield 412 mg, mp 242-244°, \a]m\) - 5 3 . 8 ° (c l , ' l )MF) . Anal. 
(Cr.HnNnO.sSo) C, H, N. 

[4-Norvaline]-oxytocin.—A solution of 145 mg of the preceding 
protected nonapeplide in 400 ml of boiling anhydrous X*H3 was 
treated with X'a19 until a blue coloration persisted for about 1 min. 
The XH 3 was removed by evaporation in vacuo and lyophilization. 
The resulting residue was dissolved in 200 ml of 0.25% AcOH, 
the pH was adjusted to 6.8 with 1 A' XH4OH, and the resulting 
solution was aerated with C02-free air overnight. The oxidation 
was completed by treatment with 0.011 A" K3Fe(CX)6 solution.20 

The ferro- and ferricyanide ions wrere removed by means of 
AG3-X4 resin (chloride form). The solution was concentrated 
to approximately 20 ml, placed in the first five tubes of a 400-tube 
countereurrent distribution apparatus, and subjected to 500 
transfers in the solvent syslem n-BuOH-n-PrOII-0.5% AcOH 
containing 0 . 1 % pyridine (6:1:8). The Folin-Lowry color 
values21 defined a main peak (K = 2.1). The solutions corre­
sponding to this peak were combined, concentrated to a small 
volume, and lyophilized. This material (24 mg) was subjected 
to further purification by dissolving it in 5 ml of the upper phase 
of the solvent system n-BuOH-C6H6-3.5% AcOH containing 
1.5% pyridine (3:1:4) and subjecting it to partition chromatog­
raphy4 on a 2.15 X 110 cm column of Sephadex G-25. The 
fractions corresponding to the major peak, as determined from 
Folin-Lowrv color values, were pooled and lvophilized; vield 
16 mg, [a]22D - 2 2 ° (c 0.5, 1 A'AcOH). Anal. (CttHe-NnOrA) 
C, H, X. 

A sample was hydrolyzed for 22 hr in 6 Ar HC1 at 110° and 
subjected to amino acid analysis22 on a Beckman/vSpinco amino 
acid analyzer. The following molar ratios were obtained, with 
the value of glycine taken as 1.0: aspartic acid 1.0, proline 1.0, 
glycine 1.0, cystine 1.0, isoleucine 0.9, leucine 1.0, tyrosine 0.87, 
norvaline 1.0, and XH 3 2.0. 

Paper electrophoresis with pyridine-AcOH buffer pH 5.6 (19 
hr) showed [4-norvaline]-oxytocin to have approximately the 
same electrophoretic mobility as that of oxytocin and to travel 
as a single spot. Descending paper chromatography in two dif­
ferent solvent systems, M-BuOH-AcOH-H20 (4:1:5) and pyri-
dine-AcOH-H20 (10:7:3), showed [4-norvaline]-oxytocin to 
travel as a single spot (Ri 0.70 and 0.81, respectively). 

[l-Deamino,4-norvaline]-oxytocin.—A suspension of 0.64 g of 
the protected oetapeptide X-benzyloxycarbonyl-O-benzyltyrosyl-
isoleucylnorvalylasparaginyl-S-benzylcy.steinylprolylleucylglycin-
amide in 4 ml of anhydrous AcOH was treated with 4 ml of 32% 
HBr in AcOH. The free oetapeptide, isolated as usual, was dis-

(19) R. H. Sifferd and V. du Vigneaud, J. Biol. Chem., 108, 753 (1935). 
(20) V. du Vigneaud, G. Winestock, V. V. S. Muni , D. B. Hope, and R. 

D. Kimbrough, Jr., J. Biol. Chem., 238, PC64 (I960); D. B. Hope, V. V. S. 
Murti, and V. du Vigneaud, ibid., 237, 1563 (1962). 

(21) O. H. Lowry. N. J. Rusebrough, A. L. Farr, and R. .). Randall. 
ihiil., 193, 205 (1951). 

(22) 1). II. Spaekman, \Y. H. Stein, and S. Moore, Anal. Chem., 30, 1190 
(1958). 

solved in 3 ml of D M F and treated with 187 mg of p-nitrophenyl 
H-benzyl-/3-mercaptopropionate.20 After 2 days the solution was 
treated with EtOAc, and the resulting precipitate was collected 
and washed with EtOH and Et>0: vield 440 mg, mp 243-245°, 
[«]2»D -51 .2 ° (c 1, DMF) . 

A solution of 200 mg of this material was reduced with sodium 
in liquid ammonia by the usual method and converted to [1-
deamino,4-norvaline]-oxytocin by oxidation with 0.011 .V 
K3Fe(CX")6. After removal of ferri- and ferrocyanide ions, the 
resulting solution gave a negative Ellman test.23 The solution 
was concentrated to about. 15 ml, placed in the first five tubes of 
a 400-tube countercurrent distribution apparatus, and subjected 
to 400 transfers in 1he solvent system M - B U O H - C 6 H 6 - 0 . 5 % 
AcOH containing 0 .1% pyridine (1:3:4). The distribution 
profile, determined by the Folin-Lowry color reaction, revealed 
only one peak (K = 0.91). The contents of the tubes from the 
central portion of the peak were combined, concentrated to a 
small volume, and lyophilized to give 66 mg of product. For 
further purification, 47 mg of this material was dissolved in 5 
drops of M-BuOH, 5 ml of lower phase, and 5 ml of upper phase 
of the solvent system n-BuOH-C6H6-3.5% AcOH containing 
1.5% pyridine (1:3:4), and the resulting solution was subjected 
to partition chromatography on a 2.15 X 110 cm column of 
Sephadex G-25 which had been equilibrated with lower phase. 
Lyophilization of the contents of tubes represented by the centra] 
portion of the main peak of Folin-Lowry color values yielded 33 
mg of product, [a]22D - 118° (r 0.5, 1 .V AcOH). Anal. (C«H66-
X,„0„S,) C, II, X. 

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 leucine taken as 1.0: aspartic acid 1.0, proline 1.0, glycine 
0.95, norvaline 1.0, isoleucine 1.0, leucine 1.0, tyrosine 1.0, XH3 

2.17, cystine 0.23, and the mixed disulfide20 of cysteine and fi-
mercaptopropionic acid 0.79. 

Paper chromatography with the solvent systems n-BuOH-
C6H6-pyridine-0.1% AcOH (1:3:1:5) and J I - B U O H - C 6 H 6 - 3 . 5 % 
AcOH (1:3:4) showed [l-deamino,4-norvaline]-oxytocin to 
have only one major component with /?t 0.76 and 0.78, respec­
tively. 

p-Nitrophenyl N-benzyloxycarbonylnorleucinate.—A solution 
of 6.46 g of X'-benzyloxycarbonylnoiieucine24 and 4.16 g of 
jo-nil rophenol in 60 ml of EtOAc was cooled in ice. A solution 
of 5.04 g of DCI in 30 ml of EtOAc was added to the stirred re­
action mixture. After 3 hr, AcOH (20 drops) was added, and 
after 30 min the dicyclohexylurea was filtered off and washed 
with EtOAc The filtrate and washings were combined and 
evaporated in vacuo, and the residual oil was crystallized from 
15 ml of EtOH bv the addition of hexane to incipient cloudiness: 
yield 8.0 g, mp'70.5-72°, [«] 2 0D -30 .8 ° (c 2, DMF) . Anal. 
(C20H22X2O6) C, H, X. 

N-Benzyloxycarbonylnorleucylasparaginyl-S-benzylcysteinyl-
prolylleucylglycinamide.—A suspension of 3.04 g of X'-benzyloxy-
carbonvlasparaginyl-S-benzylcysteinylprolylleucylglvcinamide in 
15 ml of dry AcOH was treated with"]5 ml'of 32% HBr in AcOH. 
The pentapeptide hydrobromide was isolated and converted as 
usual to the free peptapeptide, which was dissolved in 9 ml of 
D M F and treated with 1.78 g of p-nitrophenyl X-benzyloxy-
carbonylnoiieucinate. The waxy material which formed over­
night was broken up with 100 ml of EtOAc and filtered. Tri­
turation with EtOH and finally with E t 2 0 yielded 2.8 g, mp 
246-247°, M 1 9 n -61 .8 ° (c 1, DMF). Anal. (C4iH6sXsO,S) 
C, H, X. 

N-BenzyloxycarbonylisoIeucylnorleucylasparaginyl-S-benzyl-
cysteinylprolylleucylglycinamide.—A suspension of 1.85 g of the 
preceding protected hexapeptide in 12 ml of AcOH was converted 
to the free hexapeptide in the usual manner. The product was 
dissolved in 6 ml of DMF and treated with 0.94 g of p-nitrophenyl 
X-benzyloxycarbonylisoleucinate. After 2 days the waxy 
material formed was broken up with 100 mi of EtOAc and 
filtered. The material collected was washed with EtOH and 
finally with Et 2 0: yield 1.85 g, mp 255-259°. This material was 
dissolved in 80% EtOH and reprecipitated by addition to EtOAc, 
filtered off, and washed with E t 2 0 ; yield l".35 g, mp 260-262°, 
[<*]19D - 5 6 . 3 ° (c 1, DMF) . Anal. (C4,H6!!X90,oS) C, H, X. 

N-Benzyloxycarbonyl-O-benzyltyrosylisoleucylnorleucylaspara-
ginyl-S-benzylcysteinylprolylleucylglycinamide.—A suspension of 

(23) G. L. Ellman. Arch. Biochem. Biophys.. 82, 70 (1959). 
(24) N. Izumiya, H. Ucliino, and T. Yamashita, Xippon Kugnku Zutxlti, 

79, 420 (1958); Chem. Abntr., 52, 14539* (1958). 
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1.18 g of I he protected heptapeptide in 7 ml of AcOII was con­
verted to the free heptapeptide by the usual methods. The 
product was dissolved in 5 ml of D M F and treated with 0.72 g 
of ju-ilit niphenyl X-benzyloxycarbonyl-O-beuzyltyrosinate. The 
solidified reaction mixture was broken up with .50 ml of EtOAc 
and filtered, and the solid material was washed with E t O H - T H F 
and finallv with Kt20; yield 1.1 g, mp 250-252°, [«]2lln -45 .4 ° 
(<• 1, DMF). Anal. (Ce3'HMN,o014S) C, H. X. 

N-Benzyloxycarbonyl-S-benzylcysteinyltyrosylisoleucylnor-
leucylasparaginyl - S - benzylcysteinylprolylleucylglycinamide.-A 
suspension of 0.6 g of the preceding octapeptide in 25 ml of tri-
fluoroethanol was saturated at 0° with HBr. After 1 hr at room 
temperature, the resulting solution was evaporated -in vacuo. 
The residue was washed with E t 2 0 and dried. The product was 
dissolved in MeOII and neutralized with TEA. After evaporation 
of this solution to dryness in vacuo, the residue was suspended in 
CHC'li and filtered off. The filtered solid was dissolved in 1 ml of 
DMF and 257 mg of p-nitrophenyl X-benzyloxycarbonyl-S-
benzylcysteinat? was added. After 5 hr, 1 ml of AeOH was 
added followed by 50 ml of EtOAc. The mixture was allowed 
lo stand for 1.5 hr and filtered. The solid material collected was 
washed with EtOH and finally with petroleum ether: yield 310 
mg, mp 240-242°, [«] 2 0 D -55 .4 ° (c 1, DMF) . Anal (C66H8,,~ 
NiiO,3S2) C, H, X. 

|4-NorIeucine]-oxytocin was prepared from 100 mg of the 
preceding protected nonapeptide, using conditions similar to 
those described for [4-norvaline]-oxytocin and its deamino analog. 
After removal of ferro- and ferricyanide ions, the clear solution 
obtained gave a negative test to nitroprusside and 1o Ellman's 
reagent. This solution was concent rated to about 30 ml, placed 
in the first four tubes of a 200-tube countercurrent distribution 
machine, and subjected lo 200 transfers in the solvent system 
H-BuOH-('6HB--0.5r; AeOH containing 0.1' < pyridine (2: 1:3). 
The Folin-Lowry color values showed one major peak (K = 
0.43). The contents of tubes corresponding lo this peak were 
combined, concentrated to a small volume, and lyophilized to 
give 31 mg of product, which was combined with 35 mg of simi­
larly prepared material and subjected to further purification. 
The combined material was dissolved in 5 ml of upper phase of 
the solvent system «-BuOH-C6H6-3.5'j AeOH containing 1.5', 
pyridine (2:1:3) and subjected to partition chromatography on 
a Sephadex 0-25 column (2.15 X 1 10 cm). Fractions correspond­
ing to the major peak (Rf 0.42) of Folin-Lowry color values were 
pooled and lyophilized: yield 45 mg, [«]22n —15.05° (c 0.5, 1 A" 
AeOH). A rial. ( C H H M X U O H S . ) C, H, X. 

The analog was hydrolyzed in 6 A* HC1 at 110° for 22 hr and 
the following molar ratios of amino acids and XHj were found, 
with glycine taken as 1.0: aspartic acid 1.0, proline 1.0, glycine 
1.0, cystine 1.0, isoleucine 1.0, leucine 1.0, tyrosine 0.9, norleucine 
1.0, and Ni l , 2.0. 

Paper electrophoresis with pyridine AeOH buffer pH 5.b 
(IS hr) showed [4-norleucine]-oxytocin to have a mobility similar 
lo that of oxytocin and to travel as a single spol. On descending 
paper chromatography in r<-BuOH-AcOH--H>0 (4:1:5) and 
pyridine-AeOH-HiO (10:7:3), [4-norleucine]-oxytocin traveled 
as a single spot with Hi 0.75 and 0.86, respectively. 

S-Benzyl-fi-mercaptopropionyltyrosylisoleucylnorleucylaspar-
aginyl-S-benzylcysteinylprolylleucylglycinamide. A suspension 
of 0.7 g of X-benzyloxycarbon}d-0-benzyltyrosylisoleucylnor-
leucylasparaginvl-S-benzylcysteinylprolylleiicylglycinamide in 0 
ml of AeOH was treated'with 7 ml of 30% HBr'in AcOII. The 
octapeptide hydrobromide was isolated by the usual method, 
dissolved in 3 ml of DMF, and neutralized by the addition of 
TEA. To the clear solution was added 221 mg of /j-nitrophenyl 
S-benz\'l-/3-mercaptopropionate. After 1 hr the reaction mixture 
had solidified. After 3 additional hr a mixture of 1 ml of AcOII 
and 10 ml of EtOH was added and the resulting mixture was 
filtered. The solid product, was washed with. EtOH, EtOAc, 
and finally Et 20; yield 0.48 g, mp 252-253°, M2<>i) -50 .7° w 
I, DMF). Anal. !Or)SH,.,X,,A,S..) H, X: C: calcd. (5(1.1; found. 
59.0. 

Il-Deamino,4-norleucine|-oxytocin. — The protected octapep­
tide, S-beiizyl-^-merca])topi'opioiiyltyi'osyIisoleucylnorleiicvlas-
paraginyl-S-benzylcysteinylprolylleucylglycinamide (100 mg i. 
was converted to []-deamino,4-norleucine]-oxytocin by the usual 
procedures. After removal of ferro- and ferricyanide ions, the 
resulting solution and another solution prepared identically were 
combined, concentrated to about 30 ml, treated with a few drops 
of »-BuOH, saturated with upper phase of the solvent system 
H-BuOH--C8Hir-0.5f; AeOH containing 0 .1% pyridine <l';3:4i. 
and placed in the first, three tubes of a 200-tube countercurrent 
distribution machine. After 200 transfers, the Folin-Lowry 
color reaction revealed a main peak (A" = 2.34). The conieuts 
of tubes corresponding to this peak were combined and lyophilized 
to give 30 mg of product. For further purification, 25 mg of this 
material and ati additional 52 mg similarly obtained were com­
bined and dissolved in 5 drops of AeOH, 5 drops of n-BuOH, and 
5 ml of upper phase of the solvent system n-BuOH ('6H6 3 .5 ' , 
AeOH containing 1.5' ( pyridine i 1 :4:5), and subjected to parti­
tion chromatography on a Sephadex 0-25 column (2.15 X 110 
i'in). The fractions corresponding lo the central portion of ihe 
peak of Folin - Lowry color values {Rf 0.42) yielded after lyophiliza-
tion 00 mg. [«pi> ' -43° (r. 0.5. I .V AeOH). 

The analog was hydrolyzed in 0 A' HC1 at 1 10° for 22 hr ami 
the following molar ratios of amino acids and XHS were found, 
with glycine taken as 1.0: aspartic acid 1.0, proline 1.0, glycine 
1.0, isoleucine 1.0, leucine 1.0, norleucine 1.0, tyrosine 0.95, X'lE 
2.1. cystine 0.25, mixed disulfide of cysteine and fj-mercapto-
propionic acid 0.84. 

Paper chromatography showed | l-deamino,4-norleucine]-oxy-
tocin lo travel as a single spot, with an Rf of 0.85 in n-BuOH 
CdVpvridiiie- 0.1' , ' AeOH (1:3:1:51 and an R, of 0.84 in 
n-BuOH C J L 3.5 ' , AeOH (1:3:4). 
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