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The octapeptide isoleucyl®-alanyl’-angiotensin II has been synthesized in order to study further the significance of struc-

ture at the C-terminal end of angiotensin II for biological activity.

This replacement of proline, in position 7 of angiotensin

11, by alanine, greatly reduces the pressor activity of the peptide. This marked loss of activity, by merely removing two meth-
ylene groups of the proline ring, may be caused by changing the conformation at the C-terminus of the peptide.

Isoleucyl’-angiotensin II, the octapeptide L-
aspartyl - L - arginyl - L - valyl - L - tyrosyl - L-
isoleucyl-L-histidyl-L-prolyl-L-phenylalanine,  ex-
hibits marked specificity of structure at the C-
terminus for pressor and myotropic activities.?
Removal of L-phenylalanine? or only the aromatic
ring of this amino acid?5 destroys the biological
activities of the peptide. Conversion of the C-
terminal carboxyl group to an amide group causes
some reduction in biological activities.® The
phenolic ring of tyrosine’$ and the imidazole ring
of histidine® also have been reported to be essential
for the biological activities of the peptide.

Addition of urea to an aqueous solution of angio-
tensin II greatly reduces its myotropic action and
also causes a marked reduction in the degree of or-
der shown by the peptide as studied by optical
rotatory dispersion.l® From this it follows that
the conformation of the peptide is an important
factor for the myotropic activity.

A conformation recently suggested for angio-
tensin II,1 based on the assunption it will form an
a-helix to the greatest extent possible, will explain
all physical and biological data presently known for
this peptide. In this conformation the groups es-
sential for biological activity are all arranged in
close proximity and on the same side of the mole-
cule. Since rupture of the aliphatic ring of proline
would change the structure at the C-terminus of
the peptide and would alter the relative positions
of these essential groups, we have replaced proline
in angiotensin IT with alanine by the preparation
of isoleucyl®-alanyl’-angiotensin II.

Experimentall

Carbobenzoxy-L-alanyl-L-phenylalanine Methyl Ester
(I).—To a solution of 22.15 g. (0.1 mole) of carbobenzoxy-
L-alanine in 150 ml. of tetrahydrofuran was added 14 ml.
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(0.1 niole) of triethylamine and the solition was cooled to
—12°; then 9.8 ml. (0.1 mole) of ethvl chloroformate
was added and the solution was stirred for 15 minutes at
—12°. A pre-cooled solution of 21.57 g. (0.1 mole) of
L-phenylalanine methyl ester hydrochloride in 80 ml. of
dimethylformamide containing 14 ml. of triethylamine was
then added to the above solution. The mixture was
stirred for 1.5 hr. at 0° and then overnight at 4°. The
mixture was filtered and the filtrate concentrated to an
oil under reduced pressure. The oily material was dis-
solved in 250 ml. of ethyl acetate, washed once with 30 ml.
of water, 3 times with 20 ml. of 1 N hydrochloric acid, once
with 30 ml. of water, 3 times with 30 ml. of saturated sodium
carbonate and 2 times with 30 ml. of water, all at 4°. The
ethyl acetate layer was shaken for 20 minutes with anhy-
drous sodium sulfate and evaporated to an oil after removal
of tlie sodium sulfate by filtration. The oily product was
dissolved in ethyl acetate then ether and pet. ether (b.p.
30-60°) were added to give a final ratio of solvents of
2:1:1; vielding 32.0 g. of crystalline product which melted
at 98-102°. This product was recrystallized from the
same solvent mixture; wvield 30.5 g. (79.99); m.p. 99-
102°; [«]??D —14.90° (¢ 1, in methanol).

Anal. Caled. for CyHuN,0s: C, 65.61;
7.29. Found: C,65.43; H,6.29; N, 7.48.

L-Alanyl-L-phenylalanine Methyl Ester Hydrobromide
(II).—Carbobenzoxy-L-alanyl-L-phenylalanine methyl ester
(9.64 g.) was dissolved in 12 ml. of anhydrous acetic acid,
and 60 ml. of 4 N hydrogen bromide in anhydrous acetic
acid was added. After 45 minutes at room temperature
the mixture was evaporated to an oil #n zecuo. The oily
residue was dissolved in methanol, and ethyl acetate and
pet. ether (b.p. 30-60°) added to give a final ratio of sol-
vents of 2:1:1. The crystalline product obtained above
was recrystallized from the same solvent mixture; vield,
7.55 g. (919%) m.p. 149-152°. For analysis, a sample was
recrystallized from the same solvents, dried in wvacuo at
78° for 3 hr.; m.p. 150-152°; Rpw 0.73; [a]??D + 14.7°
(¢ 1, in methanol).

Anal. Caled. for Ci3HpN.O3-HBr: C, 47.14; H, 5.78;
N, 8.46; Br. 24.13. Found: C, 47.15; H, 5.82; X,
8.61; Br, 24.07.

Carbobenzoxy-L-histidyl-L-alanyl-L-phenylalanine Methyl
Ester (III).—A solution of 11.9 g. (37 mmoles) of carbo-
benzoxv-L-histidinie hydrazide in 85 ml. of 2 N hydrochloric
acid was cooled to —10° and 20 ml. of a cold 2 3 sodium
nitrite solution was added. After 5 minutes, 100 ml. of
50 per cent. potassium carbonate was added and the aqueous
solution extracted 4 times with 600 ml, of cold ethyl acetate.
The combined ethyl acetate extracts were washed twice with
50 ml. of saturated sodium chloride solution, dried over
anhydrous sodium sulfate for 5 minutes and filtered through
cotton into a cold (0°) solution of 12.3 g. (37 mmoles) of
L-alanyl-L-phenylalanine methyl ester hydrobromide and
9 ml. (37 mmoles) of tributylamine in 50 ml. of dimethyl-
formamide. The reaction mixture was stirred for 1 hr.
at 0° and then overnight (16 hr.) at room temperature.
After concentrating the mixture 7 vacwo, the oily residue
was dissolved in methanol. Ethyl acetate and ether were
added to give a final ratio of solvents of 1:1:1. The crystal-
line product obtained above was recrystallized twice from
tlie same solvent mixture; vyield, 17.2 g. (90%,), m.p. 180-

H, 6.29; N,

Ripw. The conditions used for paper electrophoresis were: solvent,
95 ml. of acetic acid and 36 ml. of formic acld diluted to 2 liters with
distilled watet; pH 2.1; voltage, 14.8 volts per cm. of paper. Elec-
trophoretic mobilities are reported as the ratio : distance the peptide
roved /distance glutamic acid moved and abbreviated ns Bg.
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182°; Riaw 0.90. For analysis it was recrystallized from
the same solvents and dried at 110° for § hr. in wacuo;
m.p. 182-183°; [«a]2?D —19.05° (¢ 1.1, in methanol).

Anal. Caled. for CyHyNsO; C, 62.17; H, 5.93; N,
13.43. TFound: C, 62.20; H, 6.20; N, 13.55.

L-Histidyl-L-alanyl-L-phenylalanine Methyl Ester Di-~
hydrobromide (IV).—Carbobenzoxy-L-histidvl-L-alanyl-L-
plienylalanine methyl ester (6.64 g.) was dissolved in 20
ml. of glacial acetic acid and 40 ml. of 4 N hydrogen bromide
in glacial acetic acid was added. After 45 minutes at room
temperature the peptide was precipitated by the addition
of 350 ml. of absolute ether. The precipitate was col-
lected by filtration and washed with a large volume of
absolute ether. It was dissolved in absolute methanol
and precipitated by the addition of ethyl acetate. This
precipitation was conducted two more times and the final
product dried over sodium hydroxide and phosphorus
pentoxide in vacuo; yield, 6.67 g. (96.3%); m.p. 138
145°; Riaw 0.64. This product was used directly to pre-
pare the tetrapeptide below without analysis,

Carbobenzoxy-L-isoleucyl-L-histidyl-L-alanyl-L-phenyl-
alanine Methyl Ester (V).—To a cold (—10°) solution of 4.0
g. (15 mmoles) of carbobenzoxy-L-isoleucine and 3.6 ml.
(15 mmoles) of tributylamine in 15 ml. of tetrahydrofuran
was added 1.45 ml. (15 mmoles) of ethyl chloroformate.
After stirring for 15 minutes at —10°, a cold (0°) solution
of 5.4 g. (9.5 mmoles) of histidyl-alanyl-phenylalanine methyl
ester dihydrobromide, 6 ml. (23 mmoles) of tributylamine
and 0.36 ml. of distilled water in 30 ml. of dimethylform-
amide was added. The mixture was stirred 30 minutes at
0° and overnight (16 hr.) at room temperature. The tetra-
hydrofuran was removed i#n vacuo at 45° or less, and 150 ml.
of ethyl acetate was added. The ethyl acetate solution was
washed at 4° with 50 ml, of water, 30 ml, of 1 N hydro-
chloric acid, 30 ml. of water, 30 ml. of saturated sodium
carbonate and 30 ml. of water. After drying over anhy-
drous sodium sulfate, the ethyl acetate was removed in
vacuo. The oily product was dissolved in ethyl acetate and
precipitated by the addition of ether, The product was
precipitated again from the same solvents and dried ¢n vacuo
over phosphorus pentoxide and paraffin; yield of amor-
phous material, 4.8 g. (78.4%); m.p. 182-191°; Ruw 0.97;
Ripaw 0.98; Eg 0.87. A small amount of this sample was
precipitated two more times as above and the final amor-
phous product was dried at 64° ¢ vacuo for 20 hr. for analy-
sis; m.p. 185-190°; [«]%?2D —28.54° (¢ 1.0, in methanol).

Anal, Caled. for C33H42N507Z C, 62.44; H, 667; N,
13.24. Found: C,62.19; H,6.77; N, 13.00.

L-Isoleucyl-L-histidyl-L-alanyl-L-phenylalanine Methyl
Ester Dihydrobromide (VI).—Carbobenzoxy-L-isoleucyl-
L-histidyl-L-alanyl-L-phenylalanine methyl ester (10.5 g.,
16.5 mmoles) was dissolved in 20 ml., of glacial acetic
acid for 45 minutes at room temperature. After the addi-
tion of 500 ml. of absolute ether, the resulting precipitate
was collected by filtration, washed with a large volume of
absolute ether and crystallized from absolute methanol with
ethyl acetate—absolute ether (1:1). The crystalline product

was recrystallized twice from the same solvents; yield,
10.24 g.(93.8%); m.p. 168-162°; Ripaw 0.51; Riaw 0.74;
[«]??D 4+ 50.91°(¢ 1.0, in pyridine).

Anal. Caled. for CypHisNegOsBr.: C, 45.33; H, 5.78;

N, 12.69; Br, 24.13. Found:

12.74; Br, 24.01.

Carbobenzoxy-L-valyl-L-tyrosyl-L-isoleucyl-L-histidyl-
v-alanyl-L-phenylalanine-methyl Ester (VII).—To a cooled
(—6°) solution of 9.9 g. (23 mmoles) of carbobenzoxy-
L-valyl-L-tyrosine hydrazide in 200 ml. of glacial acetic
acid and 200 ml. of 2 N hydrochloric acid was added 1.6 g.
(23 mmoles) of sodium nitrite in 10 ml. of water. After
standing for 5§ minutes at —6°, one liter of cold water was
added. The precipitated azide was collected by filtration,
washed with 500 ml. of 5 per cent. potassium bicarbonate
and then with water. It was dissolved in 400 ml. of cold
tetrahydrofuran and shaken for 8 minutes with anhydrous
sodium sulfate. This solution was filtered into a cooled
solution of 9.9 g. (15 mmoles) of tetrapeptide methyl ester
dihydrobromide (VI) and 7.2 ml. (30 mmoles) of tributyl-
amine in 30 ml. of tetrahydrofuran. After stirring 3 hr,
at 0° and 4 hr. at room temperature, the resulting precipi-
tate was collected by filtration and washed with tetrahydro-
furan. The volume of the filtrate was reduced ¢n vacuo and

C, 45.37; H, 593; N,
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additional precipitate was obtained by addition of tetrahy-
drofuran. The combined amorphous precipitate showed
two spots on paper chromatography: Rgpw 0.74 (ninhydrin
and Pauly positive); 0.86 (Pauly positive). After triturat-
ing the peptide with 100 ml. of hot methanol-tetrahydrofuran
(1:1), the product was dried in vacuo; yield 11.0g.(81.7%)
of amorphous product: Rppw 0.86; m.p. 244-49°; [«]?D
— 10.00° (¢ 1.4, in dimethylforinamiide).

A small sample of this product was prepared for analysis
by precipitating twice from dimetlhylformamide by the
addition of methanol and drying at 110° overnight in vacuo;
m.p. 248-254°; Eg 0; [a]®D — 14.01° (¢ 1.47, in dimethyl-
formamide).

Anal. Caled. for CpHeOeNsH,O: C, 61.68; H, 6.82;
N, 12.24. Fouund: C,61.86; H,6.83; N, 12.44.

L-Valyl-L-tyrosyl-L-isoleucyl-L-histidyl-L-alanyl-L-phen-
ylalanine Methyl Ester Dihydrochloride (VIII).—To a
solution of 2.0 g. (2.24 mmoles) of carbobenzoxy-hexa-
peptide (VII) in 40 ml. of glacial acetic acid, 20 ml. of
methanol and 2.0 ml. of 6 N hydrochloric acid was added
0.4 g.of 10 per cent. palladium on charcoal suspended in a
few ml. of water. Hydrogen gas was bubbled through the
solution with shaking for 15 hr. at room temperature. An-
other 10 ml. of methanol and about 0.1 g. of catalyst were
added during the hydrogenation. The catalyst was re-
moved by filtration and the filtrate evaporated to an oil
under reduced pressure, The oily product showed 2 spots
on paper chromatography (Rsmaw 0.44 and 0.54). The
residue was precipitated twice from methanol by addition
of etlier; wield 1.75 g. (93.5%); Risaw 0.51. A small
sample of this material was precipitated twice from meth-
anol with ether after the addition of one drop of 3 NV hydro-
chloric acid and finally dried at 110° for 4.5 hr. 1 vacuo for
analysis; m.p.211-18°; [«]%?D —6.38° (¢ 1.1, in methanol);
Ripaw 0.51; Ruaw 0.54; Eg 1.11.

Anal. Caled. for CagHssNgOgClz'l/zHgo: C, 5544, H,
6.80; N, 13.26; Cl, 8.39. Found: C, 55.61; H, 6.93;
N, 12.82; (I, 8.55.

Carbobenzoxy-nitro-L-arginyl-L-valyl-L-tyrosyl-L-iso-
leucyl-L-histidyl-L-alanyl-L-phenylalanine Methyl Ester
(IX).—To a cold solution (—5to —10°) of 1.5 g. (4 mmoles)
of carbobenzoxy-nitro-arginine monohydrate in 4 ml. of
dimethylformamide, 10 ml. of tetrahydrofuran and 1 ml.
of tributylamine (4 mmoles) was added 0.48 ml. (4 mmoles)
of ethyl chloroformate. The solution was stirred for 15
minutes at —10° and combined with a cold (0°) solution of
2.05 g. (2.47 mmoles) of hexapeptide methyl ester dihydro-
chloride (VIII) and 1.2 ml. (4.94 mmoles) of tributylamine
in 35 ml. of dimethylformamide. The mixture was stirred
35 minutes at 0° and 2 hr. at room temperature. The
addition of 250 ml. of methanol to the reaction mixture
yielded a white amorphous precipitate. After 3 hr. at 4°,
the product was collected by filtration and washed with 50
ml. of methanol and 100 ml. of ether. The dried, amor-
phous material (1.9 g.) was precipitated from dimethyl-
formamide by addition of water and then from dimethyl-
formamide with methanol to yield 1.85 g. (68.3%); Ripaw
0.95; Eg 0; m.p. 236-40°. For analysis, a small sample
of this product was dissolved in a large volume of hot
methanol and precipitated by cooling. It was dried at 138°
overnight in wacuo yielding a product melting at 241-
244°; [a]?D —21.80° (¢ 0.8, in formic acid).

Anal. Caled. for CyHnN13O:-H,0: C, 57.03; H, 6.59;
N, 16.31. Found: C, 57.18; H, 6.53: N, 15.93.

Nitro-L-arginyl-L-valyl-L-tyrosyl-L-isoleucyl-L-histidyl-
L-alanyl-L-phenylalanine Methyl Ester Dihydrobromide
(X).—To a solution of carbobenzoxylieptapeptide niethyl
ester (IX) (2.4 g., 2.18 mmoles), in 40 ml. of glacial acetic
acid was added 30 ml. of freshly prepared 4.5 N hydrogen
broniide in glacial acetic acid. After 50 minutes at room
temperature 200 ml. of absolute ether was added, and the
resulting precipitate was collected by filtration, washed with
a large volume of ether in a dry atmosphere and dried over
sodium hydroxide 47 wecuo, This product showed 2 spots
on paper chromatography; Rsaw 0.28, 0.51 (both reacted
with ninhydrin and Pauly reagent). The slower moving
substance was removed by treating a methanolic solution
of the peptide with 0.2 g. of Darco G-60 followed by pre-
cipitation with ether. Yield of amorphous product was
2.41 g.(98.3%); m.p. 197-203°; Rpaw 0.31.

A small sample of this product was dissolved in a mini-
mum volume of cold water, the pH adjusted to 9 with
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saturated sodium carbonate solution, and the precipitate
was collected by centrifugation. This heptapeptide methyl
ester free base was washed several times with cold water,
precipitated twice from methanol with ether and dried at
100° for 7 hr. in vacuo; m.p. 228-232°; [a]**D —10.38° (¢
0.8, in dimethylformamide); Rsmaw 0.62; Eg 1.01.

Anal. Caled. for CuHeNuOn: C, 56.06; H, 6.79; N,

18.89. Found: C, 55.84; H, 7.05; N, 18.89.
Carbobenzoxy-8-benzyl-L-aspartyl-nitro-L-arginyl-L-
valyl- L-tyrosyl-L-isoleucyl- L-histidyl- L-alanyl - L- phenyl-
alanine Methyl Ester (XI).—To a cold solution (—10°)
of 1.07 g. (3 mmoles) of carbobenzoxy-g-benzyl-L-aspartic
acid and 0.72 ml. (3 mmoles) of tributylamine in 7.0 ml. of
tetrahydrofuran was added 0.27 ml. (3 mmoles) of ethyl
chloroformate, The reaction mixture was stirred for 15
minutes at that temperature and added to a cold (0°)
solution of 1.7 g. (1.5 mmoles) of heptapeptide methyl
ester dihydrobromide (X) and 0.72 ml. (3 mmoles) of
tributylamine in 30 ml. of dimethylformamide. Tlie com-
bined mixture was stirred for 20 minutes in an ice bath and
for 3 hr. at room temperature. After addition of 200 ml.
of cold water and 15 ml. of cold 1 N hydrochloric acid, the
precipitate was collected by filtration, washed with a large
volume of cold water and with 300 ml. of acetone. After
drying at room temperature it was dissolved in 40 ml. of
dimethylformamide and precipitated by the addition of 40
ml. of 1 N hydrochloric acid and 200 ml. of water. This
precipitate was dissolved in 40 ml. of dimethylformamide
and precipitated by the addition of 200 ml. of methanol
and dried over P,Os in vacuo; yield of amorphous product
1.48g.(71.19%,); m.p.228-230°; Rsaw 0.89; Eg 0.

A small amount of this sample was reprecipitated 3 times
from dimethylformamide with methanol and finally washed
with water and dried at 110° overnight (16 hr.) iz vecuo for
analysis; m.p. 228-230° (dec); [a«]2p —17.65° (¢ 0.853,
in acetic acid).

Anal. Caled. for CeHeoN1yO1s: H.O: C, 58.17; H, 6.41;
N, 14.82. Found: C, 58.47; H, 6.39; N, 14.83.

L-Aspartyl-L-arginyl-L-valyl-L-tyrosyl-L-isoleucyl-L-
histidyl-L-alanyl-L-phenylalanine Monoacetate (XIII).—
To a solution of 193 mg. of carbobenzoxy-g8-benzyl-L-
aspartyl - nitro - L - arginvl - L - valyl - L - tyrosyl - L-
isoleucyl - L - histidyl - L - alanyl - L - phenylalanine methyl
ester in 15 ml. of glacial acetic acid, and 11 ml. of methanol
was added 0.3 g. of 10 per cent. palladium on charcoal
suspended in 3 ml, of water, Hydrogen gas was bubbled
through this mixture with shaking for 24 hr, Another 10
ml, of water and 5 ml. of metlianol were added during the
hydrogenation. The reduced product showed one spot
on paper chromatography (Rssaw 0.27) and 2 spots on paper
electrophoresis. The faster moving spot reacted with
ninhydrin, Pauly and Sakaguchi reagents while the other
spot reacted only with Pauly reagent. The small slow
moving spot on electrophoresis did not disappear on further
reduction. After removal of the palladium on charcoal
by filtration, the clear solution was evaporated to an oil
and triturated with ether, The resulting amorphous solid
was collected by filtration, washed with ether and dried;
yield, 158 mg. (97%); m.p. 248-255° (decomposition
beginning at 220°); Rmaw 0.27; Eg 1.08. This octa-
peptide methyl ester (100 mg.) (XII) was suspended in 8 ml.
of 1 N sodium hydroxide solution, and after 40 minutes the
material was completely dissolved. After 2.3 hr. at room
temperature, the material was precipitated by the addition
of about 1 ml. (about 17 mmoles) of glacial acetic acid.
The precipitate was collected by filtration, washed with 6
ml. of cold water, 2 ml. of acetone and 15 ml. of ether.
This product showed one spot on paper chromatography
(R¢paw 0.40) but 2 major spots and a third minor component
on paper electrophoresis. The product was dissolved in
10 ml. of 509, acetic acid solution, precipitated by the
addition of 20 ml. of acetone, and reprecipitated from a solu-
tion of 10 ml, of glacial acetic acid, 3 ml. of water and 30
ml. of acetone. This dried product showed one spot on
paper chromatography and paper electrophoresis; yield,
65 mg. (70.6%); m.p. 238-240° (decomposition at 230°).
A small sample was dried at 110° for 24 hr. in wvecuo for
analysis; m.p. 248-255° (began decomposition at 223°):
Rf%A)w 0.41; Eg 1.13; [«a]??2D —20.85° (¢ 0.67, in 309, acetic
aci

Anal, Caled. for ngHsgNmO[g'CH;COOI{: C, 5559;
H, 6.81; N, 16.85. Found: C, 55.82; H, 6.80; N, 16.75.
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After hydrolysis in 6 N hydrochloric acid at 111° for 36
hr. under nitrogen, the expected eight amino acids were
found on paper chromatography. The pressor activity
of this sample was 116 units per ing. The assay was con-
ducted as described previously.”

A second preparation of the crude octapeptide, which
showed three spots on electrophoresis, was purified in a
simpler manner by precipitation from aqueous acetic acid
by carefully raising the pH. The octapeptide monoacetate
(230 mg.) was dissolved in 55 ml, of 1 N acetic acid, and the
pH was carefully adjusted to 4.4 withh § IV sodium hy-
droxide. After standing 2 weeks at 4° the resulting pre-
cipitate was collected by centrifugation, washed twice with
cold water and redissolved in 50 ml. of 1 N acetic acid. The
pH of this solution was brought to 3.8 and the solution was
allowed to remain at 4° for 3 weeks. The resulting pre-
cipitate was collected by centrifugation, waslied twice with
5 ml. of cold water, dissolved in 20 ml. of 509, acetic
acid and taken to dryness by lyophilization.  Additional
precipitate which separated from the mother liquor on
standing 2 additional weeks at 4° was treated as described
for the initial precipitate. The final combined product
exhibited only one spot on electrophoresis and paper chroma-
tography and could not be separated by these methods from
the product analyzed above; yield, 102 mg. (469%); m.p.
248-259°; [a]®D —20.88° (¢ 0.66, in 509, acetic acid).

Discussion

This peptide was prepared following the general
plan used recently for the synthesis of isoleucyl®-
angiotensin 1112 and is outlined in Fig. 1. Begin-
ning with the C-terminal phenylalanine, as the
methyl ester, the peptide was built up one amino
acid at a time except for the addition of the di-
peptide valyl-tyrosine. The mixed anhydride pro-
cedure was used for most condensations in which
carboxyl-entering group was a single amino acid
and the azide procedure was used to add the di-
peptide unit. Use of these procedures would avoid
racemization.1?—18

The dipeptide, alanyl-phenylalanine metlyl es-
ter hydrobromide (II), was prepared in 739, over-
all yield from carbobenzoxy-alanine and phenyl-
alanine methyl ester by the mixed anhydride proce-
dure followed by removal of the carbobenzoxy
group with hydrogen bromide in acetic acid. This
peptide was then coupled to carbobenzoxy-histidine
azide to give carbobenzoxy-histidyl-alanyl-phenyl-
alanine methyl ester. The tripeptide dihydro-
bromide (IV) was prepared by removal of the block-
ing group with hydrogen bromnide in acetic acid in
an over-all yield of 86%,. Carbobenzoxy-iso-
leucyl-histidyl-alanyl phenylalanine methyl ester
(V) was prepared from the tripeptide (IV) in 789
yield by the mixed anhydride procedure. Carbo-
benzoxy-valyl-tyrosine azide was then coupled to
the tetrapeptide hydrobromide (VI) to yield, after
hydrogenolysis, valyl-tyrosyl-isoleucyl-histidyl-ala-
nyl-phenylalanine methyl ester dihydrochloride
(VIII) in 779, yield. Nitro-arginyl-valyl-tyrosyl-
isoleucyl-histidyl-alanyl-phenylalanine methyl ester
dihydrobromide (X) was prepared in 67%, yield
from carbohenzoxy-nitroarginine and hexapeptide
(VIII) by the mixed anhydride procedure followed
by removal of the blocking group with hydrogen
bromide in acetic acid. Carbobenzoxy-8-benzyl
aspartic acid was joined to heptapeptide (X) by

(12) K. Arakawa and F, M, Bumpus, J. Am, Chem. Soc..
(1961).

(13) J. R. Vaughan and J, A, Eichler, ibid.. T8, 5558 (1953).

(14) B. F. Erlanger, H. Sachs and E. Brand. ibid., 78, 1806 (1956).
(15) H. Schwarz and ¥, M, Bumpus, sbsd., 81, 880 (1959).

83, 728
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Fig. 1.—Outline of tlie syutliesis of isoleucyB-alanyl’-angiotcusiu 1T,

tlie mixed anhydride procedure to yield the com-
pletely blocked octapeptide (XI).

Hydrogenation of the blocked octapeptide
methyl ester (XII) followed by saponification gave
crude isoleucyls-alanyl’-angiotensin IT in 699
vield. This product exhibited a single spot on
chroinatography in several solvent systems but was
resolved into two spots by paper electrophoresis at
pH 2.1 indicating the two peptides had very similar
solubility properties but differed in isoelectric
poiuts and/or charged groups. It was possible to
utilize this charge difference for final purification.
By dissolving the mixture obtained from sapounifica-
tionn in 0.1 M acetic acid and carefully raising the
pH by the addition of sodiun hydroxide, the de-
sired product precipitated first, vielding a homo-
geneous material.

The hexa-(VIII). hepta- and octapeptide inter-
mediates (IX~XII) are all considerably less soluble
in organic solvents than the corresponding pep-
tides prepared in the synthesis of isoleucyl®-

angiotensin II. Similarly isoleucyls-alanyl’™-angio-
tensin I1 is considerably less soluble in aqueous sys-
tems. such as 0.1 1/ acetic acid. than the natural
angiotensin which possibly suggests a greater de-
gree of order for the alanyl’-peptide.’* The
imidazole ring of histidine in the completely blocked
hexa-, liepta- and octapeptide intermediates (VII,
1X. XI) does not protonate readily for these pep-
tides did not migrate on paper electrophoresis
strips at pH 2.1, while the completely blocked
tetrapeptide (V) did migrate under the same condi-
tions. Even at pH 1.6 these blocked intermediates
did uot nigrate and the blocked octapeptide (XI)
precipitated from dilute hvdrochloric acid (about
.1 NV) as the free base. The reason this imidazole
group is so resistant to reaction with the hydrogen
1011 is not known.

Isolencvli-alanyl-angiotensin 11 possesses only
about 19, of the pressor activity of isoleucyl®-

(18) M. M. Marsh, J. Am. Chem. Soc., 84, 1896 (1962).
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angiotensin II. Rupture of the aliphatic ring of
proline causes a marked decrease in the pressor
activity of the peptide. Since the removal of this
ring would be expected to cause a marked change in
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the conformation of the C-terminus of the peptide,
this evidence further suggests the importance of
conformation in the angiotensin structure for
biological activity.
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On Cysteine and Cystine Peptides. I. New S-Protecting Groups for Cysteine'?

By LEONIDAS ZERVAS AND IPHIGENIA PHOTAKI
REcEIVED MAy 31, 1962

The problem of the syntliesis of unsymmetrical cystine peptides withi two or more cystine —=S-S- bridges is discussed. For
a solution of this problem, the following requirements must be fulfilled: (a) cysteines bearing different S-protecting groups
selectively removable must be available and (b) procedures must be worked out for preventing the rearrangement of cystine
chains during svnthesis until their final incorporation in a multimembered ring system. Concerning the first of the above
requireruents, S-diphenylmethyl-L-cysteine (I) and S-trityl-L-cysteine (II) are proposed as the most suitable S-protected
cysteines for the incorporation of cysteine residues in a peptide chain. The S-trityl group can be easily split off with heavy
metal salts at room temperature, whereas the removal of the S-diphenylmethyl group is also easily effected by the action of

trifluoroacetic acid. The SH- groups thus liberated can be oxidized to the corresponding —S—S- derivatives.

Several pep-

tides of cysteine and cystine have been synthesized in this way.

Introduction

An attempt by Fischer and Gerngross® to pre-
pare monoglycyl- and monoleucyl-L-cystine through
aminolysis of their respective monohaloacyl-L-
cystine precursors resulted in the formation, in
each instance, of a dipeptide which was not pure
and appreciable amounts of cystine. This unusual
aminolysis of an «-haloacylamino acid can be
easily explained* by the well-known fact that un-
symmetrical open chain derivatives of cystine
(Fig. 1) are not stable but rearrange very easily

NHRy ?’HRI .]‘\'HRZ
_SCH:CHCOOH SCH.CHCOOH  SCH,CHCOOH
zéC}{;CHCOOI{ SCH.CHCOOH - SCH.CHCOOH

i‘HRg i’HRl ;\[*1{1<_,

Fig. 1.

to the symmietrical ones.*® The existence of un-
symmetrical cystine peptides, as in oxytocin and
in vasopressin, may apparently be attributed to
the fact that these compounds are of cyclic struc-
ture, the only cystine ~S—S— bridge being implicated
in the ring system. Most of the proteins can be
considered, in principle, as unsymmetrical poly-
peptides of cystine. These proteins, i.e., insulin,
whose structure has been elucidated by Sanger,
et al.,’ are more or less stable, because in this case
more than one cystine —~8~S- bridge holds the poly-
peptide chains together, forcing them to participate
in a multimembered ring system.

(1) (a) A summary of a part of this paper was presented at the 3rd
European Peptide Symposium, Basle, September, 1960; L. Zervas and
I. Photaki, Chimia. 14, 375 (1960). (b) A summary of this paper was
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sf é
s S
B-cligin. -vee-ereeeme- C\ --------------------------------------- éy--..{la
Fig. 2

Owing to the carbobenzoxy method” as well as to
various other methods® the synthesis of common
polypeptide chains (i.e., peptides of different amino
acids including cysteine, symmetrical cystine pep-
tides or peptides of the oxytocin type) is no longer
a problem, especially since these methods have
already been adapted to the peculiarities of some
amino acids, as in the case of lysine® and arginine!
and—what was more requisite—of cysteine-
cystine. ' However, an inspection of the insulin
—-S-S- bridge system® (Fig. 2) shows that an ap-
proach to the synthesis of unsymmetrical cystine
peptides with two or more cystine —S-S— bridges
would be facilitated if, in addition to the methods
mentioned above, the following requirements could
be met: (a) the availability at cysteines bearing
different S-protecting groups (R,R’ Fig. 3)la.1b
which could be incorporated into a peptide chain;

(7) M. Bergmann and L. Zervas, German Patent 536,798 (1932);
Ber., 85, 1192 (1932).
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(b) ¢f. also A. Cosmatos, I. Photaki and L. Zervas, Chewm. Ber., 94, 2644
(1961).
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