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Coulometric Procedure.—Fifty ml. of buffer solution was
added to the coulometer cell and deoxygenated for about
10 minutes; the mercury was then introduced and the
solution electrolyzed at a potential more negative than at
which the electrolysis was to be run, until the current fell
to its minimum value, generally 1 to 2 ma. The mercury
was removed; a known volume of a stock solution containing
the electroactive species added; nitrogen was again bubbled
through the solution; the mercury reintroduced; the coulom-
eter connected (the hydrogen-oxygen coulometer was satu-
rated with the gases prior to use); and electrolysis at the
desired controlled potential started. Nitrogen was passed
continuously through the ccll during electrolysis.

PaNavoTis G. KATSOYANNIS AND KENJI SUZUKI

Vol. 84

Solutions appropriate for spectrophotometry were pre-
pared by dilution with water to an appropriate volume fol-
lowed by pH measurement. The identical concentration of
buffer and pH were employved in the reference cell.
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The protected heptapeptide N-carbobenzoxy-L-phenylalanyl-L-phenylalanyl-L-tyrosyl-L-threonyl-L-prolyl-Ne-tosyl-L-

lysyl-L-alanine methyl ester was prepared by stepwise elongation of the peptide chain from the amino end. Decarbo-
benzoxylation of this compound and coupling of the resulting product with Ne-carbobenzoxy-Nw-nitro-L-arginylglycine p-

nitrophenyl ester

amino acid sequence of the B-chain of insulin.

Degradative studies by Sanger and co-workers?
led to elucidation of the amino acid sequence of
insulinn and the postulation of a complete structure
for this hormone. In this structure the amino acid
sequence. . .-arginyl-glycylphenylalanyl -phenyl-
alanyl-tyrosyl-threonvl-prolyl-lysyl-alanine occupies
the C-terminal position of the B-chain of the insulin
niolecule.

In continuation of our studies of syuthetic poly-
peptides with amino acid sequences found in in-
sulin,*?® we undertook the synthesis of a protected
nonapeptide (VII) einbodying the above mentioned
ainino acid sequence of the C-terminal region of the
insulin B-chain,

The synthesis of this peptide was accomplished
by a combination of two principal synthetic ap-
proaches, wviz., ‘‘stepwise elongation” and ‘‘frag-
ment condensation.”’* The protected C-terminal
heptapeptide,® N-carbobenzoxy-L-phenylalanyl-r.-
phenylalanyl - L - tyrosyl - L - threonyl - L -pro-
lyl-Ne-tosyl-L-lysyl-L-alanine methyl ester (VI),
was prepared by stepwise elongation of the peptide
chain from the amino end. The appropriate
N-carbobenzoxy amino acids which served as the

(1) This work was supported by a Senior Research Fellowship
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peptide by a differeut approach.

gave the mnonapeptide Ne-carbobenzoxy-Ne-nitro-L-arginylglycyl-L-phenylalanyl-L-phenylalanyl-L-
tyrosyl-L-threonyl-L-prolyl-Ne-tosyl-L-lysyl-L-alanine methyl ester.

This protected nonapeptide contains the C-terminal

“carboxyl component” i each step were activated
either by the use of N,N’-dicyclohexylcarbodiimide’
or by conversion to the corresponding p-nitrophenyl
esters.® In the latter case, aminolysis of the p-
nitrophenyl esters was carried out in dimethyl-
formamide for 24 hr. The reaction mixture was
then treated with 1 V NH,OH to destroy the excess
p-nitrophenyl ester and the product isolated in the
manner described in the experimental sectiom.
The yields of the various synthetic steps ranged
from 71 to 9697 of the theoretical. Leucine amino
peptidase (LAP) digestion of the decarbobeuzox-
vlated heptapeptide ester followed by paper chro-
matography revealed the presence of ninhydrin
positive components with R; values corresponding
to the expected awino acids. Ninhydrin reactive
components witl Ry values correspondiug to auy of
the intermediates were abseut. This suggests that
the digestion was complete and indicates® that the
optical homogeneity of the constituent amino
acids was preserved during the synthesis of the
heptapeptide fragment. The protected dipeptide,
Ne . carbobenzoxy - N¢ - nitro - L - arginylgly-
cine,” which coutainus the amiuno acid sequeitice
found in the N-teriinal region of the nonapeptide,
was converted to its p-nitrophenyl ester and sub-
sequently coupled with the decarbobenzoxylated
heptapeptide to give the desired protected nou-
apeptide Ne-carbobenzoxy-N¢-nitro-L-arginyl-

glyeyl - L - phenvlalanyl - 1. - phenylalanyl - 1-

(7) J. C. Sheehan and . P. Hess, J. 4m, Chem. Soc., 77, 1067
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tyrosyl - L - threonyl - L - prolyl - N¢ - tosyl - L-
lysyl-L-alanine methyl ester (VII) in a 679 yield.

As mentioned above, the optical homogeneity of
the heptapeptide was established by complete di-
gestion with LAP. Since this peptide was coupled
to a C-terminal glycine dipeptide, a step wherein
racemization could not occur, it is concluded that
the optical purity of the constituent amino acids
in the protected nonapeptide was preserved during
the synthetic processes.

Ne-Carbobenzoxy-N¢-tosyl-L-lysine p-nitrophenyl
ester!! was coupled with alanine methyl ester to
give the crystalline Ne-carbobenzoxy-N¢-tosyl-
L-lysyl-L-alanine methyl ester (I) in 949, yield,
Decarbobenzoxylation of this dipeptide ester by
treatment with HBr in acetic acid and coupling of
the resulting product which was neutralized with
triethylamine with N-carbobenzoxy-L-proline p-
nitrophenyl ester® vielded the crystalline N-car-
bobenzoxy - L - prolyl - N¢ - tosyl - L - lysyl - L-
alanine methyl ester (II) in a vield varying from
40-709%. A by-product was isolated during this
step, in a yield varying from 5-109%, which ou the
basis of analytical data obtained, proved to be the
diketopiperazine of  Ne¢-tosyl-L-lysyl-L-alanine,
However, when the protected dipeptide I was de-
carbobenzoxylated by hydrogenation over a pal-
ladium on charcoal catalyst in the preseuce of HCI
and the resulted dipeptide ester hydrochloride was
mixed with N-carbobenzoxy -L -proline p-nitro-
phenyl ester followed by one equivalent of triethyl-
amine, no by-product could be detected. The
yield of the product by this procedure was 719%.

Catalytic hydrogenation of N-carbobeuzoxy-L-
prolyl-N¢-tosyl-L-lysyl-L-alanine methyl ester and
coupling of the resulting deblocked product with
N-carbobenzoxy-L-threonine!? by the carbodiimide
procedure afforded the tetrapeptide N-carbobenz-
0xXy - L - threonyl - L - prolyl - N¢ - tosyl - L. - lysyl-
L-alanine methyl ester (III) in 859 yield. This
tetrapeptide ester was decarbobenzoxylated by
catalytic hydrogetration and the deblocked peptide
was condensed with N-carbobenzoxy-O-benzyl-L-
tyrosine p-nitropheuyl ester® to give the penta-
peptide N-carbobenzoxy-0O-benzyl-L-tyrosyl-L-
threonvyl-L-prolyl-Ne-tosyl-L-lysyl-L-alanite methyl
ester (IV) in 96% yield.

Coupling of N-carbobenzoxy-L-phenylalanine p-
nitrophenyl ester!® with the product obtained by
catalytic hydrogenation of N-carbobenzoxy-O-
benzyl - L - tyrosyl - L - threouyl - L - prolyl - N«
tosyl-L-lysyl-L-alanine methyl ester yielded the
hexapeptide N - carbobenzoxy - L - phenylalanyl-
L - tyrosyl - L - threonyl - L - prolyl - N¢ - tosyl-
L-lysyl-L-alanine methyl ester (V). Hydrogen-
olysis over a palladium on charcoal catalyst was
employed to decarbobenzoxylate the protected
hexapeptide (V). The ensuing hexapeptide ester
was condensed with N-carbobenzoxy-L-phenyl-
alanine p-nitrophenyl ester to give the protected
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Chem. Soc., 82, 3195 (1960).
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heptapeptide = N-carbobenzoxy-L-phenylalanyl-L-
phenylalanyl - L - tyrosyl - L - threonyl - L -prolyl-
Ne-tosyl-L-lysyl-L-alanine methyl ester (VI) in
78% yield. The optical homogeneity of this pep-
tide was discussed previously. Its chemical purity
was established by elemental analysis and using
the decarbobenzoxylated derivative by paper
chromatography and amino acid analysis. The
peptide ester hydrochloride which was obtained by
catalytic hydrogenation of the protected hepta-
peptide (VI) was homogeneous when analyzed by
paper chromatography using the ninhydrin and
Pauly reagents to develop the chromatograms.
Amino acid analysis of an acid hydrolysate of this
homogeneous material using a Beckman-Spinco
analyzer showed the expected composition. As
can be seen from the amino acid ratios obtained
(see Experimental section), the tosyl group was
split almost quantitatively from the lysine during
acid hydrolysis. Thisisarather unexpected finding
since with other Ne-tosyl-lysine containing pep-
tides,!¢ the Ne-tosyl-lysine remained practically in-
tact during acid hydrolysis. The possibility then
exists that the particular sequence found in the
above peptide labilizes the Ne-tosyl linkage.

N* - Carbobenzoxy - N¢ - nitro - L - arginyl-
glycinel® was converted to its p-nitrophenyl ester
in the usual manner. This ester was then allowed
to react with the decarbobenzoxylated hepta-
peptide ester to give the desired protected non-
apeptide N@=-carbobenzoxy-N¢-nitro-L-arginylgly-
cyl - L - phenylalanyl - L - phenylalanyl - L - tyrosyl-
L - threonyl - L - prolyl - N¢ - tosyl - L - lysyl - L-
alanine methyl ester (VII) in 679, yield. The
stereochemical homogeneity of this peptide was dis-
cussed previously. Its chemical purityv was es-
tablished by elemental analysis and by paper
chromatography of the decarbobenzoxylated de-
rivative. In the latter case a single, sharp spot
was obtained indicating the presence of a single
component.

The chemical honiogeneity of all the other inter-
mediate peptides was also established by elemental
analysis of the protected derivatives and by paper
chromatography of the deblocked compouuds.

The over-all scheme which was employed for the
construction of the protected nonapeptide is sum-
marized in Chart I.

Experimental

Capillary melting points were determined for all com-
pounds and are corrected.

For paper chromatography, the protected amino acids
and peptides were deblocked either with HBr in acetic acid
or by catalytic hydrogenation in the presence of HCl. The
resulting hydrobromides or hydrochlorides were chromat-
ographed on paper, Whatman #1, using the Partridge
system!® and the Ry values are reported. The reported
vields were calculated on the basis of the carboxyl compon-
ent used.

Nea-Carbobenzoxy-Ne-tosyl-L-lysyl-L-alanine Methyl
Ester (I).—L-Alanine methyl ester hydrochloride (11.4 g.)
was dissolved in dimethylformamide (200 ml.) and tri-
ethylamine (11.2 ml.) was added followed by Na-carbobenz-
oxy-Ne-tosyl-L-lysine p-nitrophenyl ester (46.0 g.). After
standing overnight at room temperature the solution was
diluted with 1 N NH.OH (10 ml.), stirred for 1 hr, and

(14) K. Hofmann, T. A. Thompson, M. E, Woolner, G. Spiihler, H.
Yajima, J. D. Cipera and E. T. Schwartz, ib:d., 83, 3721 (1960).
(13) 8. M. Partridge, Biochem. J., 42, 238 (1948).
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CuHArT ]
Tos
| Tos
Cbzo.Lys.PNP J 1. HBr/AcOH
Ala.OMe Cbzo.Lys.Ala.OMe >
2. Cbzo.Pro.PNP
1
Tos Tos
1. Hy/Pd-C

I
Cbzo.Thr,Pro.Lys.Ala.OMe

!
Cbzo.Pro.Lys.Ala.OMe

2. Cbzo.Thr + DCC

11

Bz
1. H./Pd-C I

2. Cbzo.Tyr.PNP
| v

Bz
Tos

|
Cbzo.Phe, Tyr. Thr.Pro.Lys.Ala.OMe

\Y

I
Cbzo. Tyr. Thr,Pro.Lys.Ala.OMe

11

Tos
1. H;/Pd-C

2. Cbzo.Phe.PNP

Tos

!
Cbzo.Plie.Phe. Tyr. Thr.Pro.Lys.Ala.OMe

VI

Tos = Ne-tosyl (p-toluenesulfonyl)
PNP = p-nitrophenyl ester

Bz = QO-benzyl

DCC = N,N’-dicyclohexylecarbodiimide

mixed with ethyl acetate (1000 ml.) and water (500 ml.).
The organic layer was washed successively with 1 N NH,OH,
water, 1 N HCl and water, On removal of the ethyl ace-
tate a crystalline residue remained which was recrystallized
from aqueous ethanol; wt. 38.8 g. (94%), m.p. 137°,
la]®p —7.7° (¢. 1.0, dimethylformamide); R¢ (hydrobro-
mide) 0.72 f[lit.® m.p. 133-134°, [«]?®p —20.8° (¢, 2.0,
methanol)].

Anal. Caled. for Cp:HgN;O:8: C, 57.7; H, 6.41; N, 8.1-
Found: C, 57.6; H, 6.28; N, 8.1.

N-Carbobenzoxy-L-prolyl-Ne-tosyl-L-lysyl-L-alanine
Methyl Ester (II). A.—Na-Carbobenzoxy-Ne-tosyl-L-lysyl-
L-alanine methyl ester (6.7 g.) was dissolved in 2 N HBr in
acetic acid (36 ml.)., After 40 minutes at room tempera-
ture dry ether (400 ml.) was added and the precipitated
semi-solid hydrobromide was triturated several times with
ether and dried over KOH 4z vacuo. To a solution of this
product in dimethylformamide (50 ml.), triethylamine (1.9
ml,) was added followed by N-carbobenzoxy-L-proline p-
nitrophenyl ester (4.2 g.). After standing overnight at
room temperature the solution was diluted with 1 N NH,;OH
(2 ml.), stirred 1 hr, and subsequently was poured into ice-
cold 1 N NH.OH (300 ml.). The precipitate was filtered
off and washed successively with 1 N NH,OH, water, 1 N
HCl and water. The crude product was suspended in warm
ethanol (100 ml.); the insoluble material (P) was filtered
off and treated as described subsequently. The filtrate
was concentrated to dryness iz vacuo and the residue was
crystallized from aqueous ethanol. The vyield varied
from 40-70% (3.1-5.6 g.); m.p. 129°, [a]®D — 34.3° (c,
1.1, dimethylformamide); R; (hydrochloride) 0.86 [lit.
m.p. 125-127°, [a]**p —52.8° (¢, 2 methanol)].

Anal. Caled. for CuHN,OsS: C, 58.4; H, 6.55; N,
9.1. Found: C, 584; H, 6.77; N, 9.1.

Diketopiperazine of Ne-tosyl-lysyl-alanine.—The insoluble
material (P) was crystallized from aqueous acetic acid.
The yield generally varied from 5-109, m.p. 240°, [a]%D
—20.1° (c. 1.16 dimethylformamide). Ninhydrin re-
action was negative. The infrared spectrum of this prod-
uct indicated the absence of ester- and oxycarbonylamide-
groups. Acid hydrolysis with 6 N HCl and paper chroma-
tography of the hydrolysate revealed the presence of alanine,
lysine and a trace of Ne-tosyl-lysine. The molecular weight
of this product, determined by the isothermo distillation
method was found to be 311, All these data indicate that
the substance in question is the diketopiperazine of Ne
tosyl-lysyl-alanine.

1. H,/Pd-C
2. Cbzo.Phe PNP
1. H,/Pd-C
2. Cbzo.Arg.Gly. PNP
NO,

NOz Tos

f I
Cbzo.Arg.Gly.Phe . Phe Tyr.Thr.Pro.Lys.Ala.OMe
VII

Anal. Caled. for CiHnN3;0.S: C, 54.4; H, 6.57) N,

11.9. Found: C, 54.9; H, 6.70; N, 12.1.

The calculated molecular weight is 353 .4.

B.—I (12.6 g.) was dissolved in methanol (70 1nl.) con-
taining 1 N HCl (27 ml.) and hydrogenated over 109,
palladium—charcoal catalyst (1.2 g.) until evolution of
carbon dioxide ceased. The catalyst was removed by
filtration and the filtrate evaporated sz vacuo. To a solu-
tion of the residue in dimethylformamide (50 ml.) N-carbo-
benzoxy-L-proline p-nitrophenyl ester (7 g.) was added
followed by triethylamine (3.4 ml.). After 24 hr, the re-
action mixture was diluted with 1 & NH,OH (5 ml.), stirred
for 1 hr. and then mixed with ethyl acetate (500 ml.) and
water (100 ml.). The organic layer was washed succes-
sively with 1 N NH,;OH, water, 1 N HCl and water and
concentrated to dryness 7n vacuo, The residue was crystal-
lized from aqueous ethanol, wt. 10.7 g. (719%,), m.p. 129°,

N-Carbobenzoxy-L-threonyl-L-prolyl-Ne-tosyl-L-lysyl-
L-alanine Methyl Ester (III).—N-Carbobenzoxy-L-prolyl-
Ne-tosyl-L-lysyl-L-alanine methyl ester (18.1 g.) was hy-
drogenated for 8 hr. over 59, palladium-charcoal catalyst
(2.0 g.) in methanol (100 ml.) containing 1 N HCI (24 ml.),
The catalyst was removed by filtration and the solvent
removed under reduced pressure. The remaining product
was dried by the addition of methanol followed by evapora-
tion under reduced pressure, The residue (R = 0.86) was
dissolved in methylene chloride (100 ml.) containing tri-
ethylamine (4.1 ml.) and cooled at 0°; N-carbobenzoxy-
L-threonine (7.3 g.) was added to this solution followed by
N,N’-dicyclohexylearbodiimide (6.0 g.). After 24 hr. the
precipitated N,N’-dicyclohexylurea was filtered off and the
filtrate evaporated to dryness ¢n wvacuo. The residue was
dissolved in ethyl acetate and water. The organic layer
was washed successively with 1 N acetic acid, water, 1 N
NH,OH and water and concentrated to a small volume
in vacuo. Addition of petroleum ether resulted in the precip-
itation of the tetrapeptide ester; wt. 18.4 g. (85%). The
amorphous product sintered at 67° and melted over a wide
range (82-100°); [a]®Dp —31.8°, (¢, 1.0 dimethylforma-
mide); R (hydrochloride), 0.73 [lit.® m.p. 87-90°;
[«]2’D —56.2 (¢, 2 methanol)].

Anal. Caled. for CyHaN;OnS: C, 56.8; H, 6.61;
9.7. Found: C, 56.6; H,6.71; N, 9.5.

N-Carbobenzoxy-O-benzyl-L-tyrasyl-L-threonyl-L-
prolyl-Ne-tosyl-L-lysyl-L-alanine Methyl Ester (IV).—N-
Carbobenzoxy-L-threonyl-L - prolyl - Ne¢ -tosyl-L - lysyl - L~
alanine methyl ester (10.0 g.) was hydrogenated for 8 hr,

Nl
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in the presence of 59 palladium—charcoal catalyst (1.0 g.)
in methanol (50 ml.) containing 1 N HCI (15 ml.). The
catalyst was filtered off and the filtrate evaporated to dry-
ness in vacuo. The residue was dissolved in dimethylform-
amide (60 ml.) and cooled at 0°. To this solution tri-
ethylamine (2 ml.) was added followed by N-carbobenz-
oxy-O-benzyl-L-tyrosine p-nitrophenyl ester (7.3 g.).
After 24 hr. the reaction mixture was diluted with 1 N
NH,OH (3 ml.), stirred for 1 hr, and subsequently mixed with
ethyl acetate (400 ml.) and water (150 ml.). The organic
layer was washed with 1 N NH,OH, water, 1 N HCI and
water again. On removal of the ethyl acetate sn vacuo and
reprecipitation of the residue from methanol-ethyl acetate~
petroleum ether (1:6:30), 13.0 g. (96%) of product was
obtained; m.p. 153°, {a]®p —37.7° (¢, 1.0 dimethylform-
amide); R (hydrochloride), 0.79.
Anal. Caled. for CmHszNeOmS: C, 61.8; H, 6.45; N,
8.7. Found: C,62.1; H, 6.61; N, 8.4.
N-Carbobenzoxy-L-phenylalanyl-L-tyrosyl-L-threonyl-L-
prolyl-Ne-tosyl-L-lysyl-L-alanine Methyl Ester (V).—N-
Carbobenzoxy-O-benzyl-L-tyrosyl-L-threonyl-L-prolyl- Ne-
tosyl-L-lysyl-L-alanine methyl ester (12.6 g.) was dissolved
in methanol (50 ml.) containing 1 N HCI (14 1al.) and hy-
drogenated for 8 hr. in the presence of 59, palladium-
charcoal catalyst (1.2 g.). The catalyst was filtered off and
the filtrate was concentrated to dryness. To a solution of
the residue in dimethylformamide (60 ml.), triethylamine
(1.7 ml.) was added followed by N-carbobenzoxy-L-phen-
ylalanine p-nitrophenyl ester (5.1 g.). The reaction
mixture was allowed to stand at room temperature for 24
hr., diluted with 1 N NHOH (3 ml.), stirred for 1 hr. and
poured into cold 1 N NH,OH (300 ml.). The precipitated
product was isolated by filtration, washed with 1 N NH,OH,
water, 1 N HCl and water again. On reprecipitation from
a mixture of methanol-ethyl acetate~petroleum ether (1:6:
30), 9.4 g. (76%) of product was obtained; m.p. 165-
167°; [a]®p — 46.0° (¢, 1.3 dimethylformamide); Ry
(hydrochloride), 0.88.
Anal. Caled. for C52H65N7O1353 C, 60.7; H, 6.37,‘ N,
9.5. Found: C, 60.1; H, 6.38; N, 9.4.
N-Carbobenzoxy-L-phenylalany:-L-phenylalanyl-L-
tyrosyl-L-threonyl - L - prolyl - Ne- tosyl - L -lysyl -L - alanine
Methyl Ester One Half Hydrate (VI).—N-Carbobenzoxy-L-
phenylalanyl-L-tyrosyl-L- threonyl-1.-prolyl - Ne-tosyl - L-
lysyl-L-alanine methyl ester (12.0 g.) was decarbobenzoxyl-
ated by catalytic dehydrogenation in the usual manner over
5%, palladium catalyst (1.2 g.) in methanol (150 ml.)
containing 1 N HCI (12.7 ml.). The hexapeptide ester
hydrochloride obtained was dissolved in dimethylformamide
(40 ml.) containing triethylamine (1.5 ml.). To this solu-
tion N-carbobenzoxy-L-phenylalanine p-nitroplienyl ester
(5.0 g.) was added. After 24 hr. the reaction mixture was
diluted with 1 N NH,OH (3 ml.), stirred 1 hr, and poured
into ice-cold 1 N NH,OH (300 ml.). The precipitated
product was washed in the usual manner and reprecipitated
from aqueous acetic acid; wt. 9.9 g. (72%); m.p. 172~
175°, la]®p —37.3° (¢, 1.1 dimethylformamide); Rs
(hydrochloride), 0.90, single ninhydrin and Pauly positive
spot. For the anhydrous peptide it was reported® m.p.
199-203°,
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Anal. Caled. for CqHuNgO1S-0.56H0: C, 61.9; H,
6.40; N,9.5. Found: C,61.9; H, 6.50; N, 9.5.

The protected heptapeptide ester was decarbobenzoxyl-
ated by ecatalytic hydrogenation in the usual manner.
Amino acid analysis of the resulted peptide ester hydro-
chloride by a Beckman-Spinco analyzer, Model 120, after
acid hydrolysis showed the expected composition, expressed
as molar ratios: phegstyr; ethryeprosolyse.salai;. The hep-
tapeptide ester hydrochloride was also digested with LAP.
Paper chromatography of the digest revealed the presence
of six ninhydrin positive components with R¢s 0.62, 0.46,
0.25, 0.34, 0.74 and 0.28 identical with the Ry’s of authentic
samples of phenylalanine, tyrosine, threonine, proline,
Ne-tosyl-lysine and alanine, respectively.

Na-Carbobenzoxy-Nw-nitro-L-arginylglycine p-Nitro-
phenyl Ester.—To a pre-<cooled solution of Na-carbobenz-
oxy-Ne-nitro-L-arginylglycine (7.5 g.) in dimethylform-
amide (12 ml,) and tetrahydrofuran (15 ml.) was added
p-nitrophenol (2.7 g.) followed by dicyclohexylecarbodi-
imide (3.8 g.). After 30 minutes at 0° and 4 hr. at room
temperature the N,N’-dicyclohexylurea which separated
was filtered off and the filtrate concentrated to one half
of its original volume ¢n vacwo. Addition of ether to the
remaining solution resulted in the precipitation of an oily
product which was solidified on reprecipitation from ethanol
five times and drying 4n vacuo; wt. 7.1 g. (756%); m.p.
90-95°, [«]?®p —4.8° (¢, 1.68 dimethylformamide).

Anal. Caled. for CpHp:N:Og: C, 49.7; H, 4.75; N,
18.5. Found: C,49.4; H, 5.28; N, 18.9.

Nea-Carbobenzoxy-Ne-nitro-L-arginylglycyl-L-phenyl-
alanyl-L-phenylalanyl-L-tyrosyl-L - threonyl - L - prolyl - Ne-
tosyl-L-lysyl-L-alanine Methyl Ester One and One Half
Hydrate (VII).—N-Carbobenzoxy-L-phenylalanyl-L-phenyl-
alanyl-L-tyrosyl-L-threonyl-L-prolyl-Ne-tosyl-L-lysyl-L-
alanine methyl ester (7.8 g.) was decarbobenzoxylated by
catalytic hydrogenation for 10 hr. over 59, palladium-
charcoal catalyst (1.5 g.) in methanol (70 ml.) containing
1 N HCI (10 ml.), The resulted heptapeptide ester hydro-
chloride was dissolved in dimethylformamide (50 ml.) con-
taining triethylamine (1.0 ml.) and cooled at 0°; Ne-
carbobenzoxy-Nu-nitro-L-arginylglycine p-nitrophenyl ester
(3.7 g.) was added to this solution. After 24 hr. at room
temperature the reaction mixture was diluted with 1 N
NHOH (5 ml.), stirred for 1 hr. and poured into ice~cold
1 N NH.OH (300 ml.). The precipitated product was
washed in the usual manner and reprecipitated from meth-
anol-etlier; wt. 7.0 g. (67%), m.p. 185-195°, [a]®D —
31.9° (¢, 1.07, dimethylformamide). Paper chroma-
tography of the decarbobenzoxylated (HBr/AcOH) nona-
peptide ester showed only a single spot (R = 0.77) as
revealed by ultraviolet quenching and ninhydrin and Pauly
reactions.

Anal. Caled. for CeHyuNi01,S-1.56H,0: C, 56.7; H,
6.20; N, 13.4. Found: C, 56.4; H, 6.40; N, 13.1.
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