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2-Phenylalanine lysine-vasopressin is an analog of lysine-vasopressin in which the tyrosyl residue of the hormone is re
placed by the phenylalanyl grouping. This analog has been synthesized through the protected nonapeptide, S-benzyl-N-
carbobenzoxy-L-cysteinyl-L-phenylalanyl-L-phenylalanyl - L - glutaminyl - L-asparaginyl - S - benzyl - L- cysteinyl - L - prolyl - Ne-
tosyl-L-lysylglycinamide, which was itself prepared by the successive attachment of L-phenylalanine and S-benzyl-N-carbo-
benzoxy-L-cysteine to the appropriate heptapeptide amide with the use of the nitrophenyl ester method. Conversion of the 
nonapeptide intermediate to 2-phenylalanine lysine-vasopressin was effected by treatment with sodium in liquid ammonia 
followed by oxidation in air. After purification by ion-exchange chromatography, the 2-phenylalanine lysine-vasopressin 
possessed approximately one-fifth of the pressor activity exhibited by lysine-vasopressin. Thus, the presence of the phenolic 
hydroxyl group in lysine-vasopressin enhances the pressor activity of the hormone but is not essential for the possession of 
this activity. 

In connection with studies on the relation of 
s tructure to the biological activity of vasopressin, 
an analog of lysine-vasopressin has been synthesized 
in which the tyrosyl residue is replaced by the 
phenylalanyl residue.2 Earlier studies on synthetic 
2-phenylalanine oxytocin3 '4 had shown this analog 
to possess the biological activities characteristic of 
oxytocin although they occurred to a smaller de
gree in the analog than in the hormone. I t was thus 
evident t ha t the presence of the phenolic hydroxyl 
group contributed to the biological activities of oxy
tocin bu t was not essential for them. The same has 
now been found to be the case with 2-phenylalanine 
lysine-vasopressin (I). 

H-CyS-Phe-Phe-Glu(NH2)-Asp(NH2)-CyS-Pro-Lys-Gly-
NH2 

(D (2) (3) (4) _ (5) (6) (7) (8) (9) 
2-Phenylalanine lysine-vasopressin 

The synthesis of 2-phenylalanine lysine-vaso
pressin was accomplished by use of the nitrophenyl 
ester method5 in a series of reactions similar to those 
used recently for the synthesis of lysine-vasopres
sin.6 In fact, t he crystalline heptapept ide amide 
intermediate for lysine-vasopressin, namely car-
bobenzoxy-L-phenylalanyl- L - glutaminyl - L - aspara-
ginyl-S-benzyl-L-cysteinyl-L- prolyl -Ne- tosyl -L-Iy-
sylglycinamide (II),6 served as start ing material for 
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2-phenylalanine lysine-vasopressin. Following re
moval of the carbobenzoxy group with HBr in 
acetic acid, reaction with the ^-nitrophenyl ester of 
carbobenzoxy-L-phenylalanine, removal of the car
bobenzoxy group from the resulting protected 
octapeptide and t rea tment with the p -nitrophenyl 
ester of S-benzyl-N-carbobenzoxy-L-cysteine led to 
an excellent yield of the protected nonapeptide, 
S - benzyl - N - carbobenzoxy - L - cysteinyl - L -
phenylalanyl - L - phenylalanyl - L - glutaminyl - L -
asparaginyl - S - benzyl - L - cysteinyl - L - prolyl -
Ne - tosyl - L - lysylglycinamide ( I I I ) . 

Cleavage of the protecting groups from I I I by 
t rea tment with sodium in liquid ammonia, ring 
closure through formation of the disulfide bond of 
cystine by oxidation with air and isolation of the 2-
phenylalanine lysine-vasopressin after desalting on 
an ion-exchange column were carried out according 
to the procedures already described for lysine-vaso
pressin.7 The product thus obtained possessed 43 
pressor uni t s /mg. Purification was carried out by 
ion-exchange chromatography on Amberlite IRC-
50 (XE-64)8 or by electrophoresis on a cellulose 
supporting medium.9 T h e 2-phenylalanine lysine-
vasopressin appeared to be homogeneous on ion-
exchange chromatography, paper chromatography 
and paper electrophoresis. Chromatography on the 
starch column and elementary analysis also gave 
the expected results. A highly purified preparation 
showed, per mg., 50-60 units of ra t pressor activ
ity,10 approximately 0.5 uni t of avian depressor 
activity1 1 and less than 0.1 uni t of ra t uterine-con
tract ing activity.12 These values are in general 
agreement with those reported by Boissonnas and 
Gut tmann. 2 
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(7) J. Meienhofer and V. du Vigneaud, ibid., 82, 2279 (1960). 
(8) A. Light, R. Acher and V. du Vigneaud, / . Biol. Chem., 228, 633 

(1957). 
(9) D. N. Ward and V. du Vigneaud, ibid., 222, 951 (1956). 
(10) J. Dekanski, Brit. J. Pharmacol, 7, 567 (1952); "The Pharma

copeia of the United States of America," 15th revision, Mack Printing 
Co., Easton, Pa., 1955, p. 776. 

(11) J. M. Coon, Arch, intern. Pharmacodynamic, 62, 79 (1939). 
(12) J. H. Burn, D. J. Finney and L. G. Goodwin, "Biological Stand

ardization," 2nd Ed., Oxford University Press, London, 1950, p. 180. 
(13) Capillary melting points were determined for all compounds 

and are corrected. 



Dec. 20, 1960 SYNTHESIS OF 2-PHENYLALANINE LYSINE-VASOPRESSIN 6337 

L-lysylglycinamide (III).—To a solution of I I (2.34 g.) in 
acetic acid (10 ml.) 3 N HBr in acetic acid (20 ml.) was 
added. After 1 hr. at room temperature dry ether (250 
ml.) was added. The precipitate was filtered, washed 
thoroughly with ether and dried in vacuo over KOH and 
CaCb. The hydrobromide was then dissolved in dimethyl-
formamide (10 ml.) and triethylamine (1.6 ml.) was added 
with cooling. p-Nitrophenyl carbobenzoxy-L-phenylalani-
nate8 (840 mg.) was added to the reaction mixture. After 
45 hr. at 35° the almost solid mass was triturated with 
ethyl acetate (100 ml.) , filtered and washed successively 
with ethyl acetate, ethanol and ethyl acetate; yield 2.56 g., 
m.p. 222° dec. After reprecipitation of the material from 
dimethylformamide by the addition of ethanol, the melt
ing point was unchanged; [a]23D —42.3° (c 1, dimethyl
formamide) . 

Anal. Calcd. for C65H79Oi4N12S2: C, 59.3; H, 6.05; 
N, 12.8; S, 4.87. Found: C, 59.1; H, 6.12; N, 12.6; 
S, 4.78. 

S-Benzyl-N-carbobenzoxy-L-cysteinyl-L-phenylalanyl-L-
phenylalanyl-L- glutaminyl - L - asparaginyl - S - benzyl - L - cy s-
teinyl-L-prolyl-Ne-tosyl-L-lysylglycinamide (IV).—The free 
base, prepared from II I (1.98 g.) by treatment with 2 N 
HBr in acetic acid, was allowed to react with ^-nitrophenyl 
S-benzyl-N-carbobenzoxy-L-cysteinate14 (840 mg.). The 
product was isolated in the manner described in the pre
ceding section and purified by precipitation from a dimethyl
formamide solution with ethyl acetate; wt. 1.9 g. (88%), 
m.p. 222-223°. After reprecipitation of the compound 
from acetic acid-ethatiol the melting point remained un
changed; [a]21D —43.0° (c 1, dimethylformamide). 

Anal. Calcd. for C75H91Oi5Ni3S3: C, 59.6; H, 6.08; 
N, 12.0; S, 6.37. Found: C, 59.3; H, 6.05; N, 12.0; 
S, 6.25. 

2-Phenylalanine Lysine-vasopressin (I).—The protected 
nonapeptide IV (500 mg.) was dissolved in liquid ammonia 
(600 ml.) which had been distilled from sodium. Sodium 
was added until a blue color persisted for 3 min. (approxi
mately 95 mg. of sodium). Acetic acid (0.5 ml.) was added 
and the ammonia was then evaporated to a small volume 
(20 ml.) . The rest of the ammonia was evaporated from the 
frozen state on a water pump with a KOH drying jar be
tween flask and pump. The residue was washed with freshly 
distilled ethyl acetate (200 ml.) and then dissolved in 1 1. 
of oxygen-free redistilled water at approximately 0° . 
The pH of the solution was 6.5-6.8. Air was passed through 
the solution for 3 hr., when assay for rat pressor activity 
showed a total of 18,000 units. The p~R was adjusted with 
acetic acid to 4.0, and the solution was passed through an 
Amberlite IRC-50 (XE-64) column (1.9 X 12.5 cm.) in the 
H + form for desalting.15 The column was washed with 
0.25% acetic acid (450 ml.) and water (20 ml.), and the 
product was then eluted with a 30% pyridine-4% acetic 
acid solution. After lyophilization of the eluate (about 
20 ml.) 380 mg. of material with a pressor activity of 43 
units/mg. was obtained, representing a total pressor activity 
of approximately 16,000 units. 

The product was submitted to ion-exchange chromatog
raphy essentially according to the procedure already de
scribed for the purification of lysine-vasopressin.7'8 The 
material (250 mg., containing approximately 11,000 pres
sor units) was dissolved in 1 ml. of 0.5 M ammonium 
acetate buffer of pH 6.38 (20°) and placed on an Amberlite 
IRC-50 (XE-64) column (1.9 X 43.5 cm.) which had been 
equilibrated with the same buffer. The chromatogram was 
developed with the same buffer at room temperature with 
a flow rate of 5 ml. per hr. and 85 fractions were collected. 
The volume per fraction was 2.8 ml. The fractions were 
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analyzed by determination of the absorption at 275 irux, 
Folin-Lowry color reaction16 and pressor activity. A 
small inactive peak (Tubes 20-30) was separated from the 
main peak (Tubes 47-70) which contained the activity. 
The recovery in terms of activity in the main peak was 
8 3 % and the recovery in terms of weight, 64%. Tubes 
47-49, 50-55, 56-60 and 61-70 were pooled, aliquots re
moved for pressor assay and the solutions lyophilized three 
times to remove the ammonium acetate. The results are 
summarized in Table I . The most active fractions of 2-
phenylalanine lysine-vasopressin exhibited a pressor activity 
of 56-60 units/mg. and an avian depressor activity of 0.5 
uni t /mg. This analog showed less than 0.1 uni t /mg. of 
activity in the rat uterine strip assay. 

TABLE I 

ION-EXCHANGE CHROMATOGRAPHY OP 2-PHENYLALANINE 

Pressor 
activity 

after 
lyophil., 
units/mg. 

48 
60 
56 
49 

Total pressor 
activity in 

fraction 

630 
4200 
2300 
1900 
9030 

Fraction 

47-49 
50-55 
56-60 
61-70 
Recovery 

before 
lyophil. 

750 
4000 
2300 
2200 

lyophil., 
mg. 
13 
69 
41 
38 

161 m 

A sample of the crude 2-phenylalanine lysine-vasopressin 
(120 mg. containing approximately 4800 pressor units) 
was also purified by electrophoresis on powdered cellulose.9 

The material was dissolved in 0.7 ml. of 0.1 M pyridine-
acetate buffer of pK 4.0 and placed 6 cm. from the anode 
end of a cellulose block17 (46 X 10 X 1 cm.). A current 
of 400 volts and 34-40 milliamperes was applied at 0° for 
50 hr. The 6-cm. main band had traveled 25.8 cm. Some 
trailing material was found to be inactive. The block was 
cut into segments (1.25 cm.) and the solution pressed from 
each segment. The pressor activity, Folin-Lowry color 
reaction and weight were determined for each segment. 
The material in the three segments representing the main 
band (52 mg.) possessed a pressor activity of 50-58 uni ts / 
mg. 

Paper electrophoresis on Whatman No. 3 M M with 0.1 
M pyridine-acetate buffer of pK 4.0 with 400 volts showed 
the purified 2-phenylalanine lysine-vasopressin to travel as 
a single spot at the same rate as lysine-vasopressin. Paper 
chromatography on Whatman No. 1 paper with the solvent 
system butanol-acetic acid-water (4:1:5) showed a single 
spot with an Ri value compared to lysine-vasopressin (1) 
of 1.36. Chromatography of an hydrolysate of 2-phenyl
alanine lysine-vasopressin on the starch column18 showed 
the amino acids and ammonia to be present in the following 
molar ratios, with the ratio for glycine arbitrarily taken as 
1: phenylalanine 1.9, proline 0.7, glutamic acid 1.0, as-
partic acid 1.0, glycine 1.0, lysine 1.0, cystine 1.0 and am
monia 3 .1 . A sample for elementary analysis was dried 
at 100° for 8 hr. in vacuo over P2O5. 

Anal. Calcd. for C46H65O11N13S2-C2H4O2: C, 52.4; H, 
6.32; N, 16.5. Found: C, 52.9; H, 6.31; N, 16.9. 
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