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the influence of other factors which are not so
pronounced in the sulfonamide series. Apparently
the SO, and PO groups cannot compete equally for
the negative charge left by the dissociation of the
proton of the amide. In the bacteriostatically in-
effective alkyl hydrogen p-aminophenylphospho-
nates the PO,~ carries a formal negative charge
as does the CO,~ in the p-aminobenzoate ion, and
the pK, (3.8 to 4.0) of these esters approaches that
of PABA (4.68). The effects of solubility, steric
influences, etc., may outweigh those of acid dis-
sociation; alkyl N?-heterocyclically substituted
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P-(p-aminophenyl)-phosphonamidates are uni-
formly more soluble in base than the corresponding
sulfonamide drugs. The valence requirements of
the phosphonamidates place an alkyl group on one
of the oxygens whereas this is absent in the sulfon-
amides. While it is conceivable that the extra
group could interfere with the fit at an essential re-
ceptor site, the bacteriostatic activity of p-amino-
phenylphosphonamidates containing two relatively
bulky substituents in the amidate group’ cannot
readily be reconciled with this view.
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The preparation of vr-prolyl-L-arginylglycinamide dihydrobromide and S-benzyl-L-cysteinyl-L-prolyl-L-arginylglycin
amide dihydrobromide, peptides containing sequences that are found in arginine-vasopressin, is described.

As a result of degradation studies on purified
preparations of arginine-vasopressin, the principal
pressor and antidiuretic hormone of the beef pos-
terior pituitary gland, the sequence of amino acids
in arginine-vasopressin was obtained? and a struc-
ture was postulated.*® For the purpose of investi-
gating synthetic routes to arginine-vasopressin, the
peptides L-prolyl-L-arginylglycinamide dihydrobro-
mide (I) and S-benzyl-L-cysteinyl-L-prolyl-L-ar-
ginylglycinamide dihydrobromide (II) were de-
sired. The preparation of these peptides and their
intermediates are described in this paper.

Ne=-2-Nitrobenzyloxycarbonyl -L-arginylglycin -
amide hydrochloride (III) was prepared by the
method of Gish and Carpenter® and the peptide de-
rivative was isolated as the crystalline picrate IV.
The picrate IV was cleaved with acetic acid satu-
rated with hydrogen bromide to give L-arginyl-
glycinamide dihydrobromide (V) as an amorphous
solid. The dipeptide amide V was characterized as
its crystalline dipicrate VI. The dihydrobromide
V was converted to the monohydrobromide and the
monohydrobromide was condensed with carbo-
benzoxy-L-proline by the tetraethyl pyrophosphite
method’ to give carbobenzoxy-L-prolyl-L-arginyl-
glycinamide hydrobromide (VII). The tripeptide
amide derivative VII was purified by counter-
current distribution and then treated with acetic
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acid saturated with hydrogen bromide to give L-
prolyl-L-arginylglycinamide dihydrobromide (I).
The amorphous product was converted to the cry-
stalline diflavianate for characterization.
S-Benzyl-N-p-nitrobenzyloxycarbonyl-L-cysteine
was converted to its acid chloride and then con-
densed with proline benzyl ester to give S-benzyl-
N-p-nitrobenzyloxycarbonyl-L-cysteinyl-L - proline
benzy! ester (VIII) and with proline methyl
ester to give the corresponding methyl ester IX.
The esters VIII and IX were obtained as oils, but
could be converted to the crystalline hydrazide in
high yield. Saponification of these esters yielded
S-benzyl-N-p-nitrobenzyloxycarbonyl -L- cysteinyl-
L-proline (X). Yields of 50-85%, were obtained
on various runs of the saponification of the benzyl
ester of the p-nitrobenzyloxycarbonyl derivative of
this dipeptide, whereas a yield of 529, was ob-
tained in the saponification of the methyl ester.
Saponification of S-benzyl-N-carbobenzoxy-L-cys-
teinyl-L-proline methyl ester (XI), prepared in a
manner similar to that used for the preparation of
IX, gave conmsistent yields of about 859,. No
difficulties had been encountered previously during
the saponification of p-nitrobenzyloxycarbonyl de-
rivatives of peptides.® The dipeptide derivative
X was condensed with L-arginylglycinamide mono-
hydrobromide by the tetraethyl pyrophosphite
method to give the S-benzyl-N-p-nitrobenzyloxy-
carbonyl-L-cysteinyl-L-prolyl-L -arginylglycinamide
hydrobromide (XIT). The crude product was
purified by countercurrent distribution and the
tetrapeptide amide derivative was characterized as
its crystalline picrate XIII. Treatment of the
purified tetrapeptide amide derivative XII with
acetic acid saturated with hydrogen bromide gave
S-benzyl-L-cysteinyl-L-prolyl-L-arginylglycinamide
dihydrobromide (II) as an amorphous solid.
Countercurrent distribution of this material in the
system 2-butanol-0.19, acetic acid revealed a single
peak and the tetrapeptide amide dihydrobromide
(8) F. H. Carpenter and D. T. Gish, ibid., T4, 3818 (1952).
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was generally used for further work directly follow-
ing the cleavage in acetic acid-hydrogen bromide
without further purification except for precipita-
tion from methanol with ether in order to remove
acetic acid and excess hydrogen bromide.

Experimental® 1

Na-p-Nitrobenzyloxycarbonyl-L-arginylglycinamide Pi-
crate.—Nea-p-Nitrobenzyloxycarbonyl-L-arginyl chloride
hydrochloride was prepared as previously describédé from
3.53 g. (0.01 mole) of Na-p-nitrobenzyloxycarbonyl-L-ar-
ginine. To the acid chloride was added a cold solution of
1.11 g. (0.01 mole) of glycinamide hydrochloride! and 3.0
ml. (0.0215 mole) of triethylamine in 15 ml. of dimethyl-
formamide. The mixture was stirred for one hour in the
cold. The precipitate of triethylamine hydrochloride was
ﬁl.tered off, washed with a few ml. of cold dimethylforma-
mide and the washings were added to tle filtrate. The prod-
uct was precipitated with chloroform and the sticky solid
was collected on a Buchner funnel and washed with chloro-
form. The material was dissolved in 25 ml. of warm water
and 2.6 g. (1.1 moles) of picric acid dissolved in 25 ml. of
warm ethanol was added. The crystalline picrate separated
as the solution cooled to room temperature. The mixture
was not cooled below room temperature since further cooling
caused the separation of an oily product. The picrate
was collected, washed with 509, ethanol and dried over
PEOS in vacuo. The yield was usually 60-659,, m.p. 148-
1'08°. For further work the material was twice recrystal-
lized from 509, ethanol to give an over-all yield of 509,
m.p. 165-168°. For analysis a sample was further recrys-
tallized from 509, ethanol, m.p. 165-168°, and dried over
%342015))”2 vacuo at 75°; [a]**p —3.8° (¢ 1, acetone-water

Anal. Calcd. for C16H2306N7"C6H307N3: C, 41-38, H,
4.10; N, 21.94. Found: C, 41.40; H, 4.17; N, 21.82.

Sometimes during crystallization of this material a crys-
talline product of m.p. 110-120° was obtained. This was
presumably a hydrate and could be converted to the mate-
rial of m.p. 165-168° by seeding a warm solution with crys-
tals of m.p. 165-168°.

L-Arginylglycinamide Dihydrobromide.—Ne-p-Nitro-
benzyloxycarbonyl-L-arginylglycinamide picrate (10 g.) was
suspended in 75 ml. of acetic acid which had been saturated
with hydrogen bromide in the cold. The mixture was
warmed to 50-35° for 1.25 hours. Ether was then added to
the cooled mixture to precipitate the diliydrobromide as a
white amorphous solid. The material was collected and
washed with ether. To free tlie product from excess hy-
drogen bromide and acetic acid it was precipitated several
times from methanol with ether. The yield was quantita-
tive. Tbe product was easily soluble in water, alcohol and
dimethylformamide and insoluble in the usual organic sol-
vents. The material was hygroscopic. Titration of a
sample with standard alkali, using the Model G Beckman
pH meter, gave the expected titration curve, shewing the
absence of any free carboxyl group and the presence of an
a-amino group with a pX’ of 7.3. The electrodes used did
not permit titration of the guanido group. For titration of
the a-amino group, 0.0620 g. requires 1.58 ml. of 0.0998 N
NaOH. Found: 1.56 ml.

In order to characterize this hygroscopic compound it was
converted to its crystalline dipicrate. The dihydrobromide
(0.94 g., 2.4 mmoles) was dissolved in 5 ml. of warm water
and 1.32 g. (209, excess) of picric acid dissolved in 10 ml. of
hot ethanol was added. The crystalline dipicrate sepa-
rated from the cooled mixture; vield 1.21 g., m.p. 206-207°.
The material was recrystallized from water-ethanol (8:1),
m.p. 209-210°; [«]?*p +15.9° (¢ 1, acetone-water (1:1)).
A sample was dried ¢# vacuo over P,Os at 56° for analysis.

Anal. Caled. for C3H1302Ne'2C5H307N3! C, 3489, H,
3.51; N.24.42. Found: C, 34.95; H, 3.62; N, 24.31.

S-Benzyl-N-p-nitrobenzyloxycarbonyl-L-cysteine.—This
was prepared from 21.13 g. (0.1 mole) of S-benzyl-vL-cys-

(9) Corrected capillary melting points are reported.
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(11) Prepared essentially as described by Vang and Rising (Ta1s
JournaL, 53, 3183 (1931)) using glycine ethyl ester hydrochloride as
the starting material; yield 40%, m.p. 195-200° with decomposition.
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teine!? according to procedure A previously described.!?
The yield was 34.75 g. (89%), m.p. 127-133°. One re-
crystallization from 1600 ml. of 509 acetic acid gave 31.5 g.,
m.p. 134-135°, Further recrystallization did not raise the
melting point. For analysis a sample was dried i# vacuo
over POs at 75°; [a]??p —47.0° (¢ 1, 95%, ethanol).

Anal. Caled. for C3HisOsN=S: C, 55.37; H, 4.65; N,
7.18; S,8.21. Found: C,55.42; H,4.88; N,7.19; S, 8.08.

S-Benzyl-N-p-nitrobenzyloxycarbonyl-L-cysteinyl-L-pro-
line Benzyl Ester.—S-Benzyl-N-p-nitrobenzyloxycarbonyl-
L-cysteine (7.8 g., 0.02 mole) was suspended in 100 ml. of
dry absolute ether and the mixture was cooled in an ice-salt
bath. To the mixture was added 4.6 g. (109 excess) of
phosphorus pentachloride and the mixture was stirred for
1.25 hours. The solution was filtered free of excess phos-
phorus pentachloride and the ether was evaporated at re-
duced pressure, with a bath temperature less than 20°.
The acid chloride crystallized from the concentrated solu-
tion. The product was washed with cold hexane by de-
cantation and then collected on a Buchner funnel and
washed on the funnel with cold hexane. The acid chloride
was added to 100 ml. of cold ether (almost all dissolved) and
a cold solution of proline benzyl ester, prepared from 5.8 g.
(0.024 mole) of proline benzyl ester hydrochloride,'* and
2.8 ml. of triethylamine in ether was added. (The free ester
was prepared by dissolving the hydrochloride in 30 ml. of
chloroform, adding 3.4 ml. of triethylamine and evaporat-
ing the solution to a small volume. Dry ether (75 ml.) was
added, triethylamine hydrochloride was filtered off, washed
with ether and the washings were added to the filtrate.
The ethereal solution of the free ester was kept cold until
used and triethylamine equivalent to the acid chloride was
added just before use.) The reaction mixture was stirred
in the cold for about 15 minutes and then at room tempera-
ture for 1.5 hours. The triethylamine hydrochloride was
removed by filtration and washed with ethyl acetate, the
washings being added to the filtrate. The solution was
washed successively with N hydrochloric acid, water, N
sodium bicarbonate and saturated sodium chloride and
dried over magnesium sulfate. The solvent was removed
in vacuo and the oil was washed with hexane and then dried
in vacuo over concentrated sulfuric acid and paraffin. The
yield varied from 89-989%,. This compound could not be
crystallized.

S-Benzyl-N-p-nitrobenzyloxycarbonyl-L-cysteinyl-L-pro-
line.—The ester was saponified by stirring a dioxane solu-
tion with a 59, excess of NV sodium hydroxide for 2-3 hours.
The mixture was acidified and the product was extracted
into ethyl acetate—ether (1:1). The organic solution was
washed with N hydrochloric acid and water and the product
was then extracted into N sodium bicarbonate. The bicar-
bonate solution was washed with ethyl acetate-ether and
acidified and extracted with ethyl acetate. The organic
solution was washed with N hydrochloric acid, water and
saturated sodium chloride and dried over magnesium sul-
fate. The solvent was removed in vacuo and the oil was
dried over concentrated sulfuric acid ¢7 vacwo. The yield
generally varied from 50-85% and gave a product with a
neutral equivalent within a few per cent. of the calculated
value.

S-Benzyl-N-p-nitrobenzyloxycarbonyl-L-cysteinyl-L-pro-
line Methyl Ester.—This compound was prepared in the
same manner as that described for the benzyl ester. The
yield varied from 73 to 809%.

Saponification of the methyl ester, carried out as de-
scribed for the benzyl ester, gave, in a yield of 529, a prod-
uct with a neutral equivalent within 3% of the calculated
value.

S-Benzyl-N-p-nitrobenzyloxycarbonyl-L-cysteinyl-L-pro-
line Hydrazide.—The conversion of both the methyl and
benzyl ester to the hydrazide was slow and required more
drastic conditions than usually employed. The methyl
ester (5.54 g.) was refluxed for one hour with 15 ml. of eth-
anol and 1.5 ml. of hydrazine hydrate (99-1009%). The
solution was then stored at about 37° for three weeks. The
solution was filtered and crystallization was then induced.
The hydrazide was filtered from the cooled mixture and

(12) J. L. Wood and V. du Vigneaud, J. Biol. Chem., 180, 109
(1939).

(13) D. T. Gish and F. H. Carpenter, THis JoURNAL, 78, 950
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(14) R. E, Neuman and E, L. Smith, J. Biol. Chem., 198, 97 (1951).
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washed with cold ethanol. The yield was 5.06 g. (919%,),
m.p. 149-151°, Recrystallization was from ethanol, m.p.
150-151°; [a]?p —51.6° (¢ 1, dimethylformamide). A
sample was dried i# vacuo over P;O; at 75° for analysis.

Anal. Caled. for CoHunOeNsS: C, 55.08; H, 5.43; N,
133.96; S, 6.39. Found: C, 55.16; H, 5.57; N, 13.64; S,
6.30.

S-Benzyl-N-carbobenzoxy-L-cysteinyl-L-proline Methyl
Ester.—This preparation was carried out in the same man-
ner as that used for the preparation of the p-nitrobenzyloxy-
carbonyl derivative. The yield was 699%,.

S-Benzyl-N-carbobenzoxy-L-cysteinyl-L-proline.—The
saponification was carried out as described above for the p-
nitrobenzyloxycarbonyl derivative except that 1.5 hours
was required for complete saponification. The yield was
859%. Neutral equivalent: Calcd. for CgHaOsN,S: 442.5,
Found: 450.

S-Benzyl-N-p-nitrobenzyloxycarbonyl-L-cysteinyl-L-pro-
lyl-L-arginylglycinamide Hydrobromide.—vr-Arginylgly-
cinamide dihydrobromide (1.18 g., 0.003 mole) was dis-
solved in 5 ml. of dimethylformamide, 0.47 ml. of triethyl-
amine was added, the mixture was stirred for a few minutes
and the monohydrobromide was then precipitated by addi-
tion of chloroform. The gummy material was washed with
chloroform, then ether, and was dried over P,Os in vacuo.
The material was dissolved in 5 ml. of diethyl phosphite,
1.46 g. (0.003 mole) of S-benzyl-N-p-nitrobenzyloxycar-
bonyl-L-cysteinyl-L-proline .and 1.55 g. (1009, excess) of
tetraethyl pyrophosphite were added and the mixture was
heated at 100° with stirring for 30 minutes. The mixture
was cooled and the product, along with unreacted v-arginyl-
glycinamide, was precipitated by the addition of ethyl ace-
tate. The amorphous solid was collected on a Buchner
funnel, washed with ethyl acetate and ether and dried in
vacuo over Py0; and sodium hydroxide pellets. The crude
material weighed 1.78 g. The material was purified by
countercurrent distribution in the system 2-butanol-0.19,
acetic acid. Omne hundred and twenty transfers were suffi-
cient to obtain complete separation of the tetrapeptide (K =
1.1) from unreacted dipeptide (X = 0.2). The distribution
curves were obtained by use of the Sakaguchi reaction.®®
The solvent from the tubes containing the tetrapeptide was
concentrated on the flash evaporator® and lyophilized to
yield a white amorphous solid, weight 1.38 g. (59%). The
material was easily soluble in water, alcohol and dimethyl-
formamide and insoluble in the usual organic solvents.
For the purpose of characterization the amorphous tetra-
peptide was converted to its crystalline picrate., The puri-
fied tetrapeptide (175 mg.) was dissolved in 5 ml. of warm
water and 35 mg. of picric acid in 5 ml. of warm ethanol was
added. The picrate crystallized from the cooled solution;
yield 184 mg. (889%), m.p. 155~160°. Recrystallization
from 509 ethanol gave 153 mg., m.p. 181.5-184.5°; [«]%%D
—47.7° (¢ 1, acetone-water (4:1)). A sample was dried
over PyO; in vacuo at 75° for analysis.

Anal. Caled. for CuHy»OsNeS-CeH;0/N;: C, 47.84;
H, 4.77; N, 18.10. Found: C, 47.78; H, 4.95; N, 17.73.
S-Benzyl-L-cysteinyl-L-prolyl-L-arginylglycinamide Dihy~
drobromide.—The cleavage of the p-nitrobenzyloxycar~
bonyl derivative was carried out in the same manner as
for Na-p -nitrobenzyloxycarbonyl - L - arginylglycinamide

(15) A. A. Albanese and J. E. Frankston, J. Biol. Chem., 159, 185
(1945).

(16) L. C. Craig, J. C. Gregory and W. Hausman, Anal. Chem., 28,
1462 (1950).
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picrate except that warming was at 50° for 45 minutes.
The product was freed from excess hydrogen bromide and
acetic acid as before. The yield was nearly quantitative.
The white amorphous solid was hygroscopic and was easily
soluble in water, alcohol and dimethylformamide and in-
soluble in the usual organic solvents. The tetrapeptide
amide dihydrobromide was titrated using the Model G Beck-
man pH meter. No free carboxyl group was detectable.
The pK’ of the a-amino group was 6.7. For titration of the
a-amino group, 0.035 g. requires 0.52 ml. of 0.100 N NaOH;
found, 0.52 ml. When subjected to countercurrent dis-
tribution up to 200 transfers in the system 2-butanol-0.1%,
acetic acid this material gave a single peak. The distribu-
tion constant was about 0.2 but varied with concentration.
As a result the distribution curve (the Sakaguchi reaction
was used as before) was sharp on the leading edge but skewed
to the rear, as expected.?”
Carbobenzoxy-L-prolyl-L-arginylglycinamide Hydrobro-
mide.—Carbobenzoxy-L-proline’® (0.5 g., 0.002 mole,
m.p. 74.5-76.5°), vr-arginylglycinamide monohydrobro-
mide, prepared from 0.78 g. (0.002 mole) of the dihydrobro-
mide as described above, 3 ml. of diethyl phosphite and 1.0
g. (1009, excess) of tetraethyl pyrophosphite were heated
at 100° for 30 minutes with stirring. Ether was added to
the cooled mixture to precipitate the product along with un-
reacted arginylglycinamide. The amorphous solid was col-
lected, washed with ether and dried over P:0; and sodium
hyvdroxide pellets., The crude material was purified by
countercurrent distribution in the system 2-butanol-0.1%
acetic acid. One hundred and fifty transfers were sufficient
for complete separation. The distribution constant of the
tripeptide was 0.6. The Sakaguchi reaction was used for
preparation of the distribution curve. From concentration
and lyophilization of the solvent containing the tripeptide
was obtained 0.80 g. (749%,) of a white amorphous solid.
Vields from other preparations varied from 65~75%.
L-Prolyl-L-arginylglycinamide Dihydrobromide —The
carbobenzoxy group was removed by warming the carbo-
benzoxy derivative in acetic acid saturated with hydrogen
bromide for one hour at 40-45°. The white amorphous
product was freed from excess hydrogen bromide and acetic
acid in the manner described for L-arginylglycinamide dihy-
drobromide. The yield of the hygroscopic dihydrobromide
varied from 80-849,. It was easily soluble in water, alcohol
and dimethylformamide and insoluble in the usual organic
solvents. The pK’ of the imino group was 8.5. To char-
acterize this compound it was converted to its crystalline
diflavianate. The dihydrobromide (0.36 g., 0.74 mmole)
was dissolved in 2 ml. of warm water and 0.51 g. of flavianic
acid in 1.5 ml. of warm water was added along with 0.5 ml.
of ethanol. The diflavianate crystallized from the cooled
mixture; yield 0.58 g. (80%), m.p. 173° (opaque melt).
After recrystallization from water—ethanol (3:1) the di-
flavianate hydrate was allowed to dry in air for analysis,
m.p. 180° (forms opaque melt), {@]*D —18.2° (¢ 1, acetone-
water (1:1)).
Amnal. Caled. for C13H2503N7'2C10H603N2S'11/2H-JO! C,
40.32; H, 4.10; N, 15.68; H,0, 2.75. Found: C, 40.63;
H, 4.16; N, 15.38; H,0, 2.43.
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