June 5, 1963

moval of the ethyl acetate, a crystalline residue remained which
was recrystallized from aqueous acetic acid; wt. 16 g. (82%),
m.p. 263-264°, [a]%p —27° (¢ 1, dimethylformamide); R;
(hydrobromide) 0.85, single ninhydrin- and tyrosine-positive
spot.

Anal. Caled. for CuHgN:O:S: C, 66.7; H, 6.86; N, 8.6.
Found: C, 66.5; H, 6.61; N, 8.4.

The peptide hydrobromide which was obtained from the pro-
tected derivative was completely digested by LAP.

N-Carbobenzoxy-L-leucyl-L-tyrosyl-L-leucyl-L-valyl-S-benzyl-

L-cysteinamide (IV).—N-Carbobenzoxy-O-benzyl-L-tyrosyl-L-
leucyl-L-valyl-S-benzyl-L-cysteinamide (13 g.) was suspended
in acetic acid (60 ml.) and treated with 4 N HBr in acetic acid
(60 ml.). After 1 hour at room temperature, dry ether (500
ml.) was added, the precipitate which formed was filtered,
washed with ether, dried and dissolved in dimethylformamide
(100 ml.). To this solution triethylamine (2.3 ml.) was added
followed by N-carbobenzoxy-L-leucine p-nitrophenyl ester (6.1
g.). After 24 hours at room temperature, the yellow solution
was diluted with 1 N NH,OH (10 ml.), stirred for 1 hour and
poured into ice-cold 1 N NH,OH (300 ml.). The precipitated
product  was collected by filtration, washed with water, 1 N
HCl and water and reprecipitated from aqueous acetic acid;
wt. 12.6 g. (969%,), m.p. 248-250°, [«]®D —38.9° (¢ 1.03, di-
methylformamide); R; (hydrobromide) 0.84, single ninhydrin-
and tyrosine-positive spot.

Anal. Caled. for CuHeNsO:S: C, 63.4; H, 7.25; N, 10.0.
Found: C, 63.2; H, 7.14; N, 9.7.

N-Carbobenzoxy-L-alanyl-L-leucyl-L-tyrosyl-L-leucyl-L-valyl-

S-benzyl-L-cysteinamide Hydrate (V).—Compound IV (6 g.)
was dissolved in 2 N HBr in acetic acid (60 ml.). After 1 hour
at room temperature, dry ether was added. The precipitate
was washed with ether, dried briefly over KOH and dissolved in
dimethylformamide (50 ml.). . Triethylamine (1 ml.) was added
to this solution followed by N-carbobenzoxy-L-alanine p-nitro-
phenyl ester (2.4 g.). After 24 hours at room temperature, the
reaction mixture was diluted with 1 ¥ NH,OH (200 ml.). The
precipitated product was isolated by filtration, washed with
water, 1 N HCl and water and reprecipitated from aqueous
acetic acid; wt. 6 g. (909%), m.p. 259°, [«]®D —41.7° (¢ 1,
dimethylformamide); R; (hydrobromide) 0.91, single ninhydrin-
and tyrosine-positive spot.

Anal. Caled. for CyHe:N:O.S-H,O: C, 61.2; H, 7.34; N,
10.7. Found: C, 61.2; H, 7.06; N, 10.8.

N-Carbobenzoxy-v-benzyl-L-glutamyl-L-alanyl-L-leucyl-L-ty-
rosyl-L-leucyl-L-valyl-S-benzyl-L-cysteinamide (VI).—Compound
V (3.7 g.) was suspended in acetic acid (10 ml.) and treated with
4 N HBr in acetic acid (10 ml.). After 1 hour, dry ether (200
ml.) was added, the precipitate which was formed was collected
by filtration, washed with ether and dried over KOH % vacuo.
This solid was dissolved in dimethylformamide (20 ml.); tri-
ethylamine (0.6 ml.) was added followed by N-carbobenzoxy-+-
benzyl-L-glutamic acid p-nitropheny! ester (1.8 g.). After 24
hours the yellow solution was diluted with 1 N NH,;OH (2 ml.),
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stirred for 1 hour and poured into ice-cold 1 N NH.OH (50 ml.).
The precipitate was collected by filtration, washed with water,
1 N HCl and water and purified on reprecipitation from aqueous
acetic acid; wt. 4 g. (97%), m.p. 254-260°, [a]2D —27.9° (¢
0.48, dimethylformamide); R; (hydrobromide) 0.72, single
ninhydrin- and tyrosine-positive spot.

Anal. Caled. for CHpH7sNOS: C, 63.1; H, 7.00; N, 10.0.
Found: C, 62.9; H, 7.11; N, 10.0.

The heptapeptide amide hydrobromide which was formed from
the carbobenzoxy derivative on exposure to HBr in acetic acid
was fully digested with LAP.

N-Carbobenzoxy-L-leucyl-L-valine p-Nitrophenyl Ester (VIII).
—To a precooled solution of N-carbobenzoxy-L-leucyl-L-valine
(1.0 g.) in ethyl acetate (15 ml.) and tetrahydrofuran (5 ml.)
was added p-nitrophenol (0.45 g.) followed by N,N’-dicyclo-
hexylcarbodiimide (0.57 g.). After 30 minutes at 0° and 2
hours at room temperature the N,N’-dicyclohexylurea which was
separated was filtered off and the filtrate concentrated to dryness
in vacuo. On reprecipitation from ether-petroleum ether,
0.62 g. (47%) of crystalline product was obtained, m.p. 126°,
[«]?p +16.8° (¢ 0.53, dimethylformamide).

Anal. Caled. for CuHaN:O7: C, 61.8; H, 6.42; N, 8.6.
Found: C,62.0; H, 6.42; N, 8.4.

N-Carbobenzoxy-L-leucyl-L-valyl-y-benzyl-L-glutamyl-L-alanyl-
L-leucyl-L-tyrosyl-L-leucyl-1-valyl-S-benzyl-L-cysteinamide One
and One-half Hydrate (IX).—N-Carbobenzoxy-y-benzyl-L-
glutamyl-L-alanyl-L-leucyl-L-tyrosyl-L-leucyl-L-valyl-S-benzyl-L-
cysteinamide (0.3 g.) was dissolved in 2 N HBr in acetic acid
(4 ml.). After 50 minutes at room temperature dry ether (50
ml.) was added and the precipitated material was isolated by
filtration and washed thoroughly with dry ether and dried over
KOH in vacuo. To a solution of this product in dimethylform-
amide (8 ml.), triethylamine (0.1 ml.) was added followed by
N-carbobenzoxy-L-leucyl-L-valine p-nitrophenyl ester (0.12 g.).
After 24 hours the reaction mixture was diluted with 1 ¥ NH.OH
(0.5 ml.), stirred 30 minutes and poured into ice-cold 1 N NH,OH
(50 ml.). The precipitated product was collected by filtration,
washed with 1 N NH.OH, water, 1 ¥ HCI] and water again.
On precipitation from dimethylformamide-water, 0.28 g. (91%)
of product was obtained, m.p. 262-266°, [«]#®p —32.8° (¢ 0.18,
dimethylformamide); R; (hydrobromide) 0.93, single sharp
ninhydrin- and tyrosine-positive spot.

Anal. Caled, for CrHgNy014S:1.5 H,O: C, 61.7; H, 7.39;
N, 10.3. Found: C, 61.4; H, 7.22; N, 10.7.

Amino acid analysis by a Beckman-Spinco analyzer after acid
hydrolysis showed the expected composition expressed in molar
ratios: glug.geala;.gvals.gleus.otyro.zs (S-benzylcysteine present on
paper chromatogram but not determined). The amino acid
recovery was 96 of the theoretical value.

Acknowledgments.—We wish to thank Mrs. C.
Yanaihara for the enzymatic analyses and Mr. John
L. Humes for the amino acid analysis reported in this
work.
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Insulin Peptides. VI.

The Synthesis of a Partially Protected Nonapeptide Corresponding to

the First Nine Amino Acid Residues of the A-Chain of Insulin!

By PanavoTis G. KaTsovaNNis, KOoUHEI FUKUDA AND ANDREW TOMETSKO
RECEIVED NOVEMBER 15, 1962

The partially protected nonapeptide N-p-nitrocarbobenzoxyglveyl-L-isoleucyl-L-valyl-y-tert-butyl-L-glutamyl-
L-glutaminyl-S-benzyl-L-cysteinyl-S-benzyl-L-cysteinyl-L-alanylglycine, containing the N-terminal sequence

of the A-chain of sheep insulin, has been synthesized.

The key step for the synthesis of this compound involved
the condensation of an acyltetrapeptide subunit with a pentapeptide ester subunit.

Both these subunits were

synthesized by stepwise elongation of the peptide chain from the amino end.

Regeneration of insulin activity from the separated
A- and B-chains or their benzyl derivatives has been
accomplished independently by two groups of in-
vestigators.?~® This provides sufficient assurance that

(1) This work was supported by a Research Career Development Award
(GM-K3-15151) from the Public Health Service and a grant (A-3067)
from the National Institute of Arthritis and Metabolic Diseases, Public
Health Service, for which we wish to express our appreciation.

(2) G. H. Dixon and A. C. Wardlaw, Nature, 188, 721 (1960).

(3) Du Yu-Cang, Zhang Yu-Shang, Lu Zi-Xian and Tsou Chen-Lu, Sci.
Sinica, 10, 84 (1961).

(4) Tsou Chen-Lu, Du Yu-Cang and Xi Geng-Jun, tbid., 10, 332 (1961).

the eventual synthesis of insulin can be achieved if
chemically synthesized A- and B-chains are avail-
able.

Peptide chemistry probably has not developed to the
level of sophistication necessary to cope with the syn-
thesis of large protein molecules.® However, the pres-
ent synthetic methodology and the development of
purification techniques has undoubtedly paved the

(5) S. Wilson, G. H. Dixon and A. C. Wardlaw, Biochim. Biophys. Acia,
62, 483 (1962).

(6) P. G. Katsoyannis, J. Polymer Sci., 49, 51 (1961).
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way for the synthesis of polypeptides of the size of the
insulin chains.®7

A program has therefore been initiated in this Lab-
oratory directed toward the synthesis of the two chains
of sheep insulin' which eventually can lead us to the
total synthesis of this protein hormone.?

In previous communications®=!* we have reported
the synthesis of protected peptides containing amino
acid sequences found in the C-terminal and middle sec-
tions of both chains of sheep insulin. In the present
communication we describe the synthesis of the
partially protected nonapeptide  N-p-nitrocarbo-
benzoxyglycyl-L-isoleucyl-L-valyl-y-tert-butyl-L-glu-
tamyl-L-glutaminyl-S-benzyl-L-cysteinyl-S-benzyl-L-
cysteinyl-L-alanylglycine (XI). The sequence corre-
sponding to this peptide is found in the N-terminal por-
tion of the A-chain of sheep insulin.

In the synthesis of the nonapeptide, which is il-
lustrated in Chart I, the “fragment condensation’’ ap-
proach was employed.® It involved the coupling of a
partially protected tetrapeptide subunit with a partially
protected pentapeptide subunit. Thus condensation
of N-p-nitrocarbobenzoxyglycyl-L-isoleucyl-L-valyl-
L-glutamic acid vy-tert-butyl ester (IV) with L-glu-
taminyl-S-benzyl-L-cysteinyl-S-benzyl-L-cysteinyl-L-al-
anylglycine ethyl ester (IX) by the carbodiimide
method!® yielded the fully protected nonapeptide
X from which, on partial saponification, the desired
partially protected nonapeptide XI wasobtained. The
tetrapeptide subunit IV and the pentapeptide
subunit IX were synthesized by stepwise elonga-
tion of the peptide chain from the amino end.
The carbobenzoxy!* group and in omne instance the p-
nitrocarbobenzoxy!® group were used for the synthesis
of the appropriate acylamino acids which served as the
“carboxyl components” in the various synthetic steps.
Activation of the carboxyl components was carried out
exclusively by conversion to the corresponding p-
nitrophenyl esters.'® In the stepwise synthesis of the
pentapeptide subunit IX decarbobenzoxylation of the
various intermediate peptide derivatives was effected
by treatment with HBr in acetic acid. In the syn-
thesis of the tetrapeptide subunit IV, however, decarbo-
benzoxylation of the intermediate blocked peptides was
carried out by catalytic hydrogenation. Deblocking
through hydrogenolysis in the latter case was necessary
because of the presence of the highly labile tert-butyl
ester group'” on the C-terminal glutamic acid residue.

The chemical purity of the intermediate peptides was
ascertained by elemental analysis and by paper chro-
matography of the deblocked derivatives. In the lat-
ter case the chromatograms exhibited sharp single
spots indicating the presence of single homogeneous
components. The chemical purity of the final product
was established by elemental analysis, paper cliro-
matography and amino acid analysis of an acid hy-
drolysate by the Stein and Moore technique.®* In the
latter case the comstituent amino acids, with the ex-

(7) K. Hofmann, Aun. N. ¥. Acad. Sci., 88, 689 (1960).

(8) An account of the work carried out thus far in our laboratory has been
presented (P. G. K.) in the Eighth National Medicinal Chemistry Sym-
posium of the American Chemical Society held in Boulder, Colo., June 18—
20, 1962,

(9) P. G. Katsoyannis, J. Am. Ckhem. Soc., 88, 4053 (1961).

(10) P. G. Katsoyannis and K, Suzuki, ibid., 88, 4057 (1961).
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(12) P. G. Katsoyannis and K. Suzuki, tbid., 85, 1679 (1963); P. G. Kat-
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(13) J. C. Sheehan and G. P. Hess, ¢bid., 77, 1067 (1955),

(14) M. Bergmann and L. Zervas, Ber., 68, 1192 (1932),
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(18) S. Moore, D. H. Spackman and W. H. Stein, Anal. Chem., 80, 1185
(1958).
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ception of S-benzylcysteine, were obtained in the
proportions required by theory and with an average
recovery of 869%,. S-Benzylcysteine was not deter-
mined. Its presence in the hydrolysate was dem-
onstrated by paper cliromatography (Rf = (.70 in the
Partridge!® system), but it was not eluted after 20-hr.
chromatography on the long (150 cm.) column of a
Beckman—-Spinco amino acid analyzer. However, chro-
matography of the hydrolysate on the short column
(15 cm.) of the analyzer, which is routinely used for the
determination of the basic amino acids,?® revealed the
presence of a ninhydrin-positive peak appearing after
36 ml. of effluent and tentatively identified as S-benzyl-
cysteine.

The stereochemical homogeneity of the partially pro-
tected nonapeptide XI was established by incubation
of the deblocked derivative with leucine aminopeptidase
followed by paper chromatography. Chromatograms
of the digest indicated the presence of ninhydrin-posi-
tive spots with R values corresponding only to the ex-
pected amino acids. This suggests that the digestion
was complete and imiplies that the optical purity of the
constituent amino acids was preserved during the syn-
thetic processes.”

An alcoholic solution of N-carbobenzoxy-L-glutamic
acid a-ethyl-y-tert-butyl ester?0:?! was hydrogenated
over palladium and the resulting product was treated
with N-carbobenzoxy-L-valine p-nitrophenyl ester??
to yield the crystalline N-carbobenzoxy-L-valyl-L-
glutamic acid a-ethyl-~-tert-butyl ester (I) in 799, yield.
The protected tripeptide N-carbobenzoxy-L-leucyl-L-
valyl-L-glutamic acid a-ethyl-y-tert-butyl ester (II)
was readily prepared in crystalline form and in 929
yield by the coupling of N-carbobenzoxy-L-isoleucine
p-nitrophenyl ester!® with the product which was ob-
tained by catalytic hydrogenation of the protected
dipeptide I. The same pattern was employed for the
conversion of the protected tripeptide II to the tetra-
peptide N-p-nitrocarbobenzoxyglycyl-L-isoleucyl-L-
valyl-L-glutamic acid a-ethyl-y-tert-butyl ester (III).
The p-nitrophenyl ester of N-p-nitrocarbobenzoxy-
glycine which was used for this conversion was prepared
in the usual manner.1®

Exposure of the fully protected tetrapeptide III to
dilute alkali led to the preferential hydrolysis of the
a-ethyl ester function of the C-terminal glutamic acid
residue and yielded the partially protected tetrapeptide
N-p-nitrocarbobenzoxyglycyl-L-isoleucyl-L-valyl-L - glu-
tamic acid y-tert-butyl ester (1V) in 769, yield.

The protected dipeptide N-carbobenzoxy-L-alanyl-
glycine ethyl ester?® (V) was obtained in crystalline
form and in 809, yield by the interaction of N-carbo-
benzoxy-L-alanine p-nitrophenyl ester’* with glycine
ethyl ester. Removal of the carbobenzoxy group with
HBr in acetic acid and coupling the resulting product
with  N-carbobenzoxy-S-benzyl-L-cysteine  p-nitro-
phenyl ester!® afforded the crystalline tripeptide N-
carbobenzoxy-S-benzyl-L-cysteinyl-L-alanylglycine
ethyl ester (VI) in 729, yield. The protected tetra-
peptide N-carbobenzoxy-S-benzyl-L-cysteinyl-S-benzyl-
L-cysteinyl-L-alanylglycine ethyl ester (VII) was pre-
pared in 829, yield by a similar series of reactions
and it was converted to the protected pentapeptide
VIII in 779, yield by decarbobenzoxylation and con-
densation of the ensuing product with N-carboben-
zoxy-L-glutamine p-nitrophenyl ester.'$

(19) S. M. Partridge, Biochem. J., 42, 238 (1948).

(20) F. Weygand and K. Hunger, Z. Naturforsch., 13B, 50 (1958).

(21) R. Schwyzer and H. Kappeler, Hely. Chim. Acta, 44, 1991 (1961).

(22) B. Iselin, W. Rittel, P, Sieber and R. Schwyzer, bid., 40, 373 (1957).

(23) M. Bergmann, L. Zervas, J. S. Fruton, F. Schneider and H. Schleich,

J. Biol. Chem., 109, 325 (1936).
(24) M. Goodman and K. C. Stuehen, J. Am. Chem. Soc., 81, 3980 (1959).
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For the synthesis of the fully protected nonapeptide
X,  N-p-nitrocarbobenzoxyglycyl-L-isoleucyl-L-valyl-
L-glutamic acid vy-tert-butyl ester (IV) was condensed
by the carbodiimide method with L-glutaminyl-S-
benzyl-L-cysteinyl-S-benzyl-L-cysteinyl-L-alanylglycine
ethyl ester. The latter compound was obtained from
its carbobenzoxy derivative VIII on exposure to HBr
in acetic acid. Selective hydrolysis of the ethyl
ester function of the C-terminal amino acid residue
of the fully protected nonapeptide X was effected
by treatment with dilute sodium hydroxide and the
final product N-p-nitrocarbobenzoxyglycyl-L-isoleucyl-
L-valyl-y-tert-butyl-L-glutamyl-L-glutaminyl-S-benzyl-
L-cysteinyl-S-benzyl-L-cysteinyl-L-alanylglycine (XI)
was obtained in 879, yield. The chemical and stereo-
chemical homogeneity of this nonapeptide was discussed
previously.

CHART I
v-OBut v-OBu¢
| Cbzo-Val-PNP
H.Glu-OEt —~——————> Cbzo-Val-Glu-OEt
I
v-OBu¢
1, Hy/Pd-C
~——————————3 Cbzo-Ileu-Val-Glu-OEt
2, Cbzo-Ileu:PNP 11
v-OBut
1, Hy/Pd-C l
—3» NCbzo-Gly-Ileu-Val-Glu-OEt
2, NCbzo-Gly-PNP 111

Cbzo-Ala-PNP
H-Gly-OEt —————————> Cbzo-Ala-Gly-OEt

v
Bz
1, HBr-AcOH |
» Cbzo-CyS-Ala-Gly-OEt
2, Cbzo-CyS-PNP
| VI
Bz
Bz Bz
OH- 1, HBr-AcOH l
———————————> Cbzo-CyS-CyS-Ala-Gly-OEt
2, Cbzo-CyS-PNP
| VII
Bz
NH, Bz Bz
1, HBr-AcOH | |
———————————> Cbzo'Glu-CyS-CyS-Ala-Gly-OEt
2, Cbzo-Glu-PNP
l VIII
i NH, i
y-OBut NH, Bz Bz

l F ]
NCbzo-Gly-Ileu-Val-Glu-OH + H:Glu-CyS-CyS-Ala-Gly-OEt
v L IX

DCC l

J

v-OBut NH, Bz B:z
| | OH~
NCbzo-Gly Ileu-Val-Glu-Glu-CyS-CyS-Ala-Gly-OEt ——>
X
-y—(l)But I\IIHg 1|3Z ITZ
NCbzo -Gly-Ileu-Val-Glu-Glu-CyS-CyS-Ala-Gly-OH
X1
But: tert-butyl
Cbzo: carbobenzoxy
NCbzo: p-nitrocarbobenzoxy
Bz: benzyl
PNP: p-nitrophenyl ester
DCC: N,N’-dicyclohexylcarbodiimide

Experimental

Capillary melting points were determined for all compounds
and are cotrected.
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For paper chromatography the protected peptides were de-
blocked either with HBr in acetic acid or by catalytic hydrogena-
tion and chromatographed on Whatman No. 1 filter paper at
room temperature. The Partridge!® or the 2-butanol-ammonia
system?® was employed for the development of the chromato-
grams; the location of the peptides was revealed either by the
ninhydrin or the chlorine method.2¢

N-Carbobenzoxy-L-valyl-L-glutamic Acid «-Ethyl-y-tert-butyl
Ester (I).—N-Carbobenzoxy-L-glutamic acid a-ethyl-y-tert-
buty! ester (3.4 g.) was dissolved in ethanol (50 ml.) and hydro-
genated for 2 hours in the presence of 109, palladium-charcoal
catalyst (1 g.). The catalyst was filtered off and the filtrate
was concentrated to dryness. To a solution of the residue in
dimethylformamide (40 ml.) N-carbobenzoxy-L-valine p-nitro-
phenyl ester (3.5 g.) was added followed by a few drops of tri-
ethylamine to ensure basicity. After 40 hours at room tempera-
ture the yellow reaction mixture was poured into ice-cold 1 N
Na,CO; (400 ml.). The white precipitate was collected by
filtration, washed with 1 N Na,CO;, water, 1 N acetic acid and
water, and extracted into ethyl acetate (50 ml.). The organic
layer was washed successively with 1 N Na,CO;, water, 1 N
acetic acid and water and evaporated to dryness. The remain-
ing oily product was precipitated from ethanol-water (1:2)
and then crystallized from ethyl acetate-petroleum ether; wt.
3.6 g. (79%), m.p. 67°. For analysis a sample was recrystallized
from ethyl acetate-petroleum ether; m.p. 70-71°, [«]%D —26.7°
(¢ 1, ethanol).

Anal. Caled. for CoHgN,O7: C, 62.0; H, 7.83; N, 6.0.
Found: C,62.0; H, 7.69; N, 6.0.

For paper chromatography a sample was decarbobenzoxylated
by catalytic hydrogenation; Rs® 0.85, R;%* (.90, sharp single
spot (ninhydrin or chlorine test).

N-Carbobenzoxy-L-isoleucyl-L-valyl-L-glutamic Acid «-Ethyl-
y-tert-butyl Ester (II).—Compound I (7 g.) was dissolved in
ethanol (150 ml.) and hydrogenated for 2 hours over 109,
palladium-charcoal catalyst (2 g.). The catalyst was removed
by filtration and the filtrate was concentrated to dryness in
vacuo. The residue was dissolved in dimethylformamide (130
ml.) containing a few drops of triethylamine. To this solution
N-carbobenzoxy-L-isoleucine p-nitrophenyl ester (7 g.) was
added. After 24 hours at room temperature the yellow solution
was poured into ice-cold 1 N Na,CO; (1000 ml.) and stirred for
25 minutes. The precipitated product was isolated by filtration,
washed thoroughly with water and dissolved in methylene chlo-
ride (50 ml.). The organic layer was washed with 1 N acetic
acid and water, dried with MgSO, and evaporated to dryness
in vacuo. The product was thus obtained in crystalline form;
wt. 7.95 g. (929), m.p. 180-184°. For analysis a sample was
recrystallized from methylene chloride-ether; m.p. 186-189°,
[«]%p —18.5° (¢ 1, chloroform).

Anal. Caled. for CyHaN;Os: C, 62.4; H, 8.20; N, 7.3
Found: C, 62.3; H, 8.32; N, 7.3.

For paper chromatography the product was decarbobenzoxyl-
ated by catalytic hydrogenation; R 0.89, R;% 0.94 single spot
(ninhydrin or chlorine test).

N-p-Nitrocarbobenzoxyglycine p-Nitrophenyl Ester.—To a
cold solution of N-p-nitrocarbobenzoxyglycine? (2.54 g.) in
dioxane (20 ml.) and ethyl acetate (10 ml.), p-nitrophenol (1.7
g.) was added followed by N,N’-dicyclohexylcarbodiimide (2.1
g.). After 1 hour the mixture was allowed to come to room
temperature and was held there for 16 hours. The N,N’-di-
cyclohexylurea which separated was removed by filtration.
Addition of petroleum ether to this filtrate caused the precipita-
tion of the product. On reprecipitation from ethyl acetate—
petroleum ether the material crystallized; wt. 3.2 g. (85%,),
m.p. 138°.

Anal. Caled. for CH;aN3Os: C, 51.2; H, 3.49; N, 11.2.
Found: C, 50.9; H, 3.78; N, 11.2.

N-p-Nitrocarbobenzoxyglycyl-L-isoleucyl-L-valyl-L-glutamic
Acid «-Ethyl-y-tert-butyl Ester (III).—N-Carbobenzoxy-L-iso-
leucyl-L-valyl-L-glutamic acid a-ethyl-y-tert-butyl ester (0.78 g.)
was dissolved in dioxane (15 ml.) and hydrogenated for 2 hours
in the presence of 109% palladium-charcoal catalyst (0.4 g.).
The catalyst was filtered off and the filtrate evaporated in
vacuo. To a solution of the residue in dimethylformamide
(25 ml.) N-p-nitrocarbobenzoxyglycine p-nitrophenyl ester (0.62
g.) was added followed by a few drops of triethylamine to ensure
basicity. After 48 hours the reaction mixture was poured into
ice~cold 0.4 N acetic acid (120 ml.) and stirred for 20 minutes.
The precipitate which was formed was separated by filtration,
washed with water and dried. When reprecipitated from
methylene chloride—ether the product was obtained in crystalline
form; wt. 0.66 g. (72%), m.p. 183-186°, [«]%¥D —32° (¢ 1,
chloroform).

(25) J. F. Roland, Jr., and A. M. Gross, Anal. Chem., 26, 502 (1954).
(26) H. Zahn and E. Rexroth, Z. Anal. Chem., 148, 181 (1955).
(27) D. T. Gish and F. H, Carpenter, J. Am. Chem, Soc., T8, 950 (1953).
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Anal. Caled. for CazHggNsOui C, 565; H, 7.27; N, 10.3.
Found: C, 56.7; H, 7.23; N, 10.2.

For paper chromatography the protected peptide was de-
blocked by catalytic hydrogenation; R:? 0.81, R;:% (.88, single
spot (ninhydrin and chlorine test).

N-p-Nitrocarbobenzoxyglycyl-L-isoleucyl-L-valyl-L-glutamic
Acid y-tert-Butyl Ester (IV).—To a solution of the fully pro-
tected tetrapeptide III (0.34 g.) in dioxane (8 ml.) and water
(2 ml.) 1 N NaOH (0.65 ml.) was added. After 2.5 hours at
room temperature the solution was poured into water (60 ml.)
containing ‘1 N acetic acid (1 ml.). The precipitated product
was isolated by filtration, washed with water and dried; wt.
0.25 g. (76%,), m.p. 176-179°, [«]®D —7.7° (¢ 1, dimethyl-
formamide).

Anal, Caled. for CsHusNsOn: C, 55.3; H, 6.96; N, 10.7.
Found: C, 55.3; H, 7.11; N, 10.4.

N-Carbobenzoxy-L-alanylglycine Ethyl Ester (V).—To a
solution of glycine ethyl ester (5.56 g.) and triethylamine (5.6 ml.)
in dimethylformamide (30 ml.) was added N-carbobenzoxy-L-
alanine p-nitrophenyl ester (13.4 g.). After 24 hours at room
temperature, the reaction mixture was poured into ethyl acetate
(600 ml.) and water (200 ml.). The ethyl acetate layer was
extracted successively with 1 N NH,OH, water, 1 N HCI, water,
and dried. On removal of the ethyl acetate ¢ vacuo a crystalline
residue remained; wt. 9.8 g. (80%), m.p. 97-98°. Recrystalliza-
tion from aqueous ethanol gave 9.3 g. (76%), m.p. 98-99°,
lit.?* m.p. 100°.

N-Carbobenzoxy-S-benzyl-L-cysteinyl-L-alanylglycine  Ethyl
Ester (VI).—N-Carbobenzoxy-L-alanylglycine ethyl ester (3.18
g.) was suspended in acetic acid (5 ml.) and treated with 4 N
HBr in acetic acid (10 ml.). After 1 hour at room temperature
the reaction mixture was poured into anhydrous ether (300 ml.).
The precipitate was filtered, washed with ether and dried over
KOH in vacuo. This solid was dissolved in dimethylformamide
(20 ml.), triethylamine (1.4 ml.) was added, and the triethyl-
amine hydrobromide was filtered off. To the filtrate N-carbo-
benzoxy-S-benzyl-L-cysteine p-nitrophenyl ester (4.4 g.) was
added, and the resulting solution was left standing at room
temperature for 24 hours. The yellow solution was then poured
into a mixture of ethyl acetate (300 ml.) and water (100 ml.).
The organic layer was extracted successively with 1 N NH,OH,
water, 1 N HCI, water and dried. Concentration of the solvent
to a small volume and cooling of the solution afforded a solid
which was crystallized from aqueous acetic acid; wt. 3.59 g.
(72%), m.p. 1566-157°, [«]¥D —16.2° (¢ 1, dimethylformamide),
R (hydrobromide) 0.75.

Anal. Caled. for CosHaN;3;O6S,: C, 59.8; H, 6.23; N, 8.4.
Found: C, 59.8; H, 6.17; N, 8.3.

N-Carbobenzoxy-S-benzyl-L-cysteinyl-S-benzyl-L-cysteinyl-
L-alanylglycine Ethyl Ester (VII).—N-Carbobenzoxy-S-benzyl-
L-cysteinyl-L-alanylglycine ethyl ester (2.52 g.) was suspended
in acetic acid (5 ml.) and treated with 4 N HBr in acetic acid
(5ml.). After 1 hour at room temperature the reaction mixture
was poured into anhydrous ether (300 ml.). The precipitate
formed was collected by filtration, washed with ether, and dried
over KOH in wvacue. This material was dissolved in dimethyl-
formamide (15 ml.) to which triethylamine (0.7 ml.) was added.
The triethylamine hydrobromide was filtered off, and N-carbo-
benzoxy-S-benzyl-L-cysteine p-nitrophenyl ester (2.10 g.) was
added to the filtrate. After 24 hours at room temperature the
reaction mixture was poured into ice-cold 1 N NH.OH (100 ml.).
The precipitate was filtered off, washed successively with 1 N
NH.OH, water, 1 N HCI, water and dried; wt. 3.1 g., m.p.
187-190°. After reprecipitation from aqueous acetic acid 2.6 g.
(82%) of product was obtained, m.p. 188-190°, [«]%*D —29.3°
(¢ 1, dimethylformamide), Rs® (hydrobromide) 0.86, single nin-
hydrin-positive spot.

Anal. Caled. for CyHyN4O:S,: C, 60.50; H, 6.09; N, 8.0.
Found: C, 59.9; H, 6.30; N, 8.0.
N-Carbobenzoxy-L-glutaminyl-S-benzyl-L-cysteinyl-S-benzyl-
L-cysteinyl-L-alanylglycine Ethyl Ester (VIII).—N-Carbobenz-
oxy-S-benzyl-L-cysteinyl-S-benzyl-L-cysteinyl- L -alanylglycine
ethyl ester (7 g.) was suspended in 2 N HBr in acetic acid (50
ml.). After 1 hour at room temperature the reaction mixture
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was poured into cold dry ether (200 ml.). The precipitated
product was isolated by filtration, washed with anhydrous ether,
and dried over KOH n vacuo. This product was dissolved in
dimethylformamide (45 ml.) and triethylamine (1.5 ml.) was
added. The triethylamine hydrobromide was filtered off and
N-carbobenzoxy-L-glutamine p-nitrophenyl ester (3.50 g.) was
added to the filtrate. After standing overnight at room tempera-
ture the solution was poured into cold 1 ¥ NH,OH (200 ml.).
The precipitate was filtered off and washed successively with 1 N
NH(OH, water, 1 N HCI, water and dried. On reprecipitation
from aqueous acetic acid, 6 g. (779) of product was obtained,
m.p. 250-252° dec., [«]?'D —31° (¢ 0.2, dimethylformamide),
Rs1® (hydrobromide) 0.84, single ninhydrin-positive spot.

Anal. Caled. for CgoHaoNeOgSzZ C, 58.4; H, 6.12; N, 10.2.

Found: C, 58.2; H, 6.17; N, 10.2.

N-p-Nitrocarbobenzoxyglycyl-L-isoleucyl-L-valyl-y-tert-butyl-
L - glutamyl - L - glutaminyl - S - benzyl - L - cysteinyl - S - benzyl-
L-cysteinyl-L-alanylglycine Ethyl Ester (X).—N-Carbobenzoxy-
L-glutaminyl-S-benzyl-L-cysteinyl-S-benzyl-L-cysteinyl-L-alanyl-
glycine ethyl ester (0.5 g.) was suspended in 2 N HBr in acetic
acid (4 ml.). After 1 hour at room temperature dry ether was
added. The precipitate was isolated by filtration and washed
thoroughly with dry ether. This solid was dissolved in cold
(0°) dimethylformamide (40 ml.); triethylamine (0.16 ml.) was
added followed by N-p-nitrocarbobenzoxyglycyl-L-isoleucyl-L-
valyl-L-glutamic acid y-tert-butyl ester (0.44 g.) and N,N’-di-
cyclohexylcarbodiimide (0.25 g.). After 15 minutes the mixture
was allowed to come to room temperature and was held there for
2 days. During this period the mixture was turned to a gelat-
inous mass. Acetic acid (0.1 ml.) was then added and the
gelatinous mass was mixed with methanol (200 ml.)., After
standing overnight at 5° the precipitated product was filtered
off and washed with methanol; wt. 0.41 g. (529%,), m.p. 268°
dec. For analysis a sample was reprecipitated from dimethyl
sulfoxide-dioxane; m.p. 270-272°, [«]¥D —27.1° (¢ 0.51, di-
methyl sulfoxide).

Anal. Caled. for CeHsiNyOiS:: C, 56.3;
11.6. Found: C, 58.1; H, 6.56; N, 11.4.

N-p-Nitrocarbobenzoxyglycyl-L-isoleucyl-L-valyl-v-tert-butyl-
L - glutamyl - L - glutaminyl - S - benzyl - L - cysteinyl - S - benzyl-
L-cysteinyl-L-alanylglycine (XI).—Compound X (55 mg.) was
dissolved in dimethyl sulfoxide (3 ml.) and 0.1 N NaOH (0.5
ml.) was added. The reaction mixture was allowed to stand at
room temperature for 3 hours then cooled to 0° and mixed with
water (25 ml.) and 0.1 N HCI (0.55 ml.). The reaction mixture
was stirred at 0° for 1 hour and the precipitated product was
filtered off, washed with water and dried; wt. 47 mg. (87%),
m.p. 254-250° dec., [a]%Dp —27.5° (¢ 0.32, dimethyl sulfoxide).

Anal. Caled. for CeHgNiOrSs: C, 55.6; H, 6.46; N, 11.9.
Found: C, 55.0; H, 6.55; N, 11.6.

Amino acid analysis of an acid hydrolysate by a Beckman-
Spinco analyzer showed the expected composition expressed in
molar ratios: glus.oglys.calag.ovale.siletg.g( NH;); (S-benzyleysteine
present on a paper chromatogram but not determined). The
average amino acid recovery was 869 of theory.

For paper chromatography and enzymatic analysis the fully
protected nonapeptide was deblocked on exposure to HBr in
acetic acid and the resulting hydrobromide was converted to the
free base with NH,OH.

Paper chromatography of this material using the formic acid
system?® exhibited a single spot, revealed either by ninhydrin or
the chlorine test; R; (formic acid system) 0.84.

The deblocked nonapeptide was digested with LAP. Paper
chromatography of the digest revealed the presence of seven
ninhydrin-positive components with Ry’s 0.70, 0.63, 0.50, 0.28,
0.25, 0.21 and 0.23, identical with the Ry’s of authentic samples
of S-benzylcysteine, isoleucine, valine, alanine, glutamic acid,
glutamine and glycine, respectively.
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