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tained during pyrolysis (procedure A) and in addition a coin-
pound with an Ry value of 0.82. As this compound reacted
not only with FeCl—K;3[Fe(CN)s] but also with diazotized
N1, Ni-diethylsulfanilamide (brownish-yellow spot), it can-
not be a 3’,5’-di~-butyl analog of thyroxine. It is suspected
to be 2,4,6-triiodophenol.!®

Spontaneous Decomposition of the Quinol Ether VII (R;=
I, R; = CH,COOC;H;).—The following is an example for the
spontaneous decomposition of solutions of the iodinated
quinol ethers of the type VII, in the absence of an acidic
catalyst.

The quinol ether VII (R; = I, Ry = CH,;COOC,H;) (0.80
g., 1.2 mmoles) was dissolved at room temperature in 30
ml. of n-pentane. The resulting light-blue solution began to
turn brownish-red after a few minutes. After standing 3
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daysat rooni teniperature the reaction mixture was filtered to
remove an amorphous precipitate that had formed (0.13 g.).
The filtrate was titrated with 0.1 N sodiwin thiosulfate. This
titration showed that 249, of the iodine of the quinol etler
had been liberated as iodine. Tle pentane layer was con-
centrated, and the conceutrate filtered to remove some niore
anlorphous precipitate (0.18 g.). Attempts to crystallize
the two batches of amorplhous powder (total weight 0.31
g.), failed. The powder seenis to consist of a mixture of
polymerized substances. It was apparently formed by free
radical-induced pulymerization.

The filtrate, upon standing at —25°, deposited yellow
crystals of bis-(4-oxo-1,3,5-tri-f-butyl-2,5-cyclohexadien-1-
yl) peroxide,'*®* m.p. 144° dec.

BETHESDA, 14 MbD.

[ConTRIBUTION FROM THE HORMONE RESEARCH LABORATORY, UNIVERSITY OF CALIFORNIA, BERKELEY]

The Synthesis of L-Histidyl-L-phenylalanyl-L-ornithyl-L-tryptophyl-glycine and L~
Histidyl-D-phenylalanyl-L-ornithyl-L-tryptophyl-glycine and their Melanocyte-
stimulating Activity

By Cuon Hao L1, EUGEN SCHNABEL AND Davip CHUNG
RECEIVED AUcUsT 7, 1959

The synthesis of peptides L-histidyl-L-phenylalanyl-L-ornithyl-L-tryptophyl-glycine and L-histidyl-pD-phenylalanyl-L-orui-
thyl-L-tryptophyl-glycine is described. These two synthetic peptides have been shown by bioassay to possess melano-
tropic activities identical to their L-phenylalanyl- and L-arginyl analogs.

In the course of the purification and isolation of
adrenocorticotropins (ACTH) from pituitary glands
of various species, it has been observed by a number
of investigators that every adrenocortically-active
fraction always possesses melanocyte-stimulating
activity.! It is now well established that the
melanocyte-stimulating activity found in the
adrenocorticotropins is an intrinsic biologic prop-
erty of the hormone.»? When the chemical struc-
ture of the melanotropins (MSH)3* is compared
with that of the adrenocorticotropins,!® it is evi-
dent that a heptapeptide sequence, L-methionyl-
glutamyl-L-histidyl-L-phenylalanyl-L-arginyl-L-tryp-
tophyl-glycine, occurs in all preparations of these
two hormones. Indeed, synthetic peptides®?® re-
lated to this heptapeptide have recently been shown
to possess nielanocyte-stimulating activity. One
of the outstanding features of these natural and
synthetic peptides is the effect on them of alkali-
heat treatment. For example, when a solution
of L - histidyl - L - phenylalanyl - L - arginyl - L
tryptophyl-glycine (1 mg. per ml.) in 0.1 A/ NaOH
was kept in a boiling water-bath for 15 minutes,
the activity which is respousible for darkening the
skin of hypophysectomized frogs was greatly
prolonged.”.® It was suspected from unpublished
observations in this Laboratory that either the

(1) C. H. Li, Adv. Protein Chem,, 11, 101 (1956).

(2) C. H. Li, P. Pgnss-Bech, I. I. Geschwind, T. Hayashida, G,
Hungerford, A. J. Lostroh, W. R. Lyons, H. D. Moon, W. O. Rein-
hardt and M. Sideman, J. Expt, Med., 105, 335 (1957).

(3) C. H. Li, Adv. Protein Chem., 12, 269 (1957).

(4) J. 1. Harris and A. B. Lerner, Nature, 179, 1346 (1957).

(3) C. H. Li, J. S. Dixon and D. Chung, THIS JoURNAL, 80, 2587
(1938).

(6) K. Hofmann, T. A. Thompson and E. T. Schwartz, ¢bid., 79,
6087 (1957).

(7) R. Schwyzer and C. H. Li, Nature, 182, 1669 (1958).

(8) K. Hofmann, M. E. Woolner, H. Yajima, G. Spiokler, T. A.
Thompson and E. T. Schwartz, Tuis JourNAL, 80, 6458 (1938).

(9) C. H. Li, Laboratory Investigation, 8, 574 (1959).

conversion of arginine to ornithine or the race-
mization of L-phenylalanine, or both, may be
responsible for the ‘‘prolongation” effect of the
alkali-heattreatment; consequently, thesynthesisof
L-histidyl-L-phenylalanyl-L-ornithyl-L-tryptophy -
glycine (I) and L-histidyl-p-phenylalanyl-L-ornithyl-
L-tryptophyl-glycine (II) was undertaken.

The synthesis of I was accomplished in two dif-
ferent ways, which differed only in the blocking of
the imidazo group of histidine. In one instance,
the benzyl group was used to protect the imidazo
group, whereas in the other the imidazo group re-
mained free. Carbobenzoxy-L-histidine azide was
coupled with L-phenylalanine methyl ester and
converted to the carbobenzoxy-dipeptide hydrazide
in the manner described by Hofmann, et al.**
The azide was only slightly soluble in ethyl acetate
and chloroform; therefore, after the amiorphous
material was filtered, it was suspended in an
ethyl acetate solution of 8§-carbobenzoxy-L-orni-
thine niethyl ester!! and kept in the refrigerator
for 3 days with occasional shaking. The carbo-
benzoxy-L-histidyl-L-phenylalanyl-é-carbobenzoxy -
L-ornithine methyl ester was contaminated with
some histidyl carbobenzoxy-L-histidyl-L-phenyla-
lanine!® and material fornied by Curtius degradation,
and could be purified only by recrystallization
from a mixture of boiling water and ethyl acetate.
The crystalline product was saponified with Ba-
(OH)s;, and carbobenzoxy-L-histidyl-L-phenylala-
nine-é-carbobenzoxy-L-ornithine (I1I) was obtained
in crystalline form. The condensation of III with
L-tryptophyl-glycine benzyl ester (IV) was ac-
complished by means of the dicyclohexylcarbodi-
imide (DCCI) method.'? The product V was

(10) K. Hofmann, H. Kappeler, A. E. Furlenmeier, M. E. Wooner,
E. T. Schwartz and T. A. Thompson, THIs JoURNAL, T9, 1641 (1957).

(11) R. L. Synge, Biochem. J., 42, 99 (1948).

(12) J. C. Sheehan and G. P. Hess, Tuis JoUrNAL, 77, 1067 (1955).
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Fig. 1.—Outline of the synthesis of vL-histidyl-L-phenylalanyl-L-crnithyl-L-tryptophyl-glycine and t.-histidyl-p-phenyl-
alanyl-L-ornithyl-L-tryptophyl-glycine.

crystallized from methanol with a yield of 59%.
Compound IV was obtained by decarbobenzoxyla-
tion with HBr in glacial acetic acid!® of the cor-
responding carbobenzoxy-dipeptide ester, which
was synthesized vig the cyanomethyl ester of
carbobenzoxy-L-tryptophan.!4

For the synthesis of peptide I by the second
method, benzyl-L-histidine was employed instead
of free histidine. The carbobenzoxy-im-benzyl-
L-histidine! derivative was coupled by the DCCI
method with L-phenylalanine methyl ester. The
resulting crystalline carbobenzoxy-im-benzyl-L-his-
tidyl-L-phenylalanine methyl ester was saponi-
fied with Ba(OH),; the crystalline Ba salt was
filtered off and found to be insoluble in water but
readily soluble in methanol. The free acid was
obtained by the addition of an equivalent of HCI;
it had a melting point of 127-130°; the material
was chromatographically pure when developed on
paper (R SBA = 0.45)!6 by the chlorine method."?
It was then coupled with é-carbobenzoxy-L-
ornithine methyl ester by the DCCI method. The
solution containing the blocked tripeptide in
ethyl acetate could be extracted with HCI to re-
move the unreacted ester, since the hydrochloride
was insoluble in the aqueous phase. After saponi-
fication with 1 N NaOH the resulting acid was
allowed to react with IV according to the DCCI
method; the product was Va.

In the synthesis of both V and Va, all protecting
groups could be cleaved by catalytic hydrogena-
tion, although the im-benzyl group came off very
slowly. In the synthesis in which benzylhistidine
was used, the product was purer and hence no

(13) D. Ben-Ishai and A. Berger, J, Org. Chem., 17, 1564 (1952).

(14) R. Schwyzer, M. Feurer, B. Iselin and H. Kagi, Helv. Chim.
Acta, 38, 80 (1955).

(15) B. G. Overelland V. Petrow, J. Chem. Soc., 232 (1955).

(16) The following abbreviations will be used to designate the paper
chromatographic solvent systems: SBA = 2-butanol-10%, ammonia,
85:15; BAW = n.butyl alcohol-acetic acid-water, 4:1:1.

(17) H. Zahn and E. Rexroth, Z. anal. Chem., 148, 181 (1955).

further purification by countercurrent distribution
was necessary. Both samples manifested the same
chromatographic, electrophoretic and optical be-
havior. The diacetate salts of I may be converted
to the free base by being passed through an XE-64
resin column.

Peptide 11 was synthesized in a stepwise manner
from the C-terminus as follows: L-tryptophyl-
glycine methyl ester’” was coupled with carbo-
benzoxy-$-tosyl-L-ornithine by means of the DCCI
method. The protected tripeptide ester was then
decarbobenzoxylated by catalytic hydrogenation
to VII and subsequently coupled with carbobenz-
oxy-im-benzyl-L-histidyl-p-phenylalanine (VI) by
means of the DCCI method to produce VIII.
The blocked peptide VIII was first saponified,
and then reduced with sodium-liquid ammonia®®;
in this manner, the peptide was freed from all
protecting groups. After purification of the prod-
uct on an XE-64 resin column, peptide II was
obtained in a lyophilized form as the dihy-
drate (see Fig. 1 for an outline of the synthe-
sis).

Pentapeptides I and II were subjected to amino
acid analyses!?; in the former, L-His-L-Phe-L-
Orm-L-Try-Gly, the amino acids were present in a
molar ratio of 1.0/1.1/1.0/1.0/0.9, and in the
latter, L-His-D-Phe-L-Omn-L-Try-Gly, in a molar
ratio of 0.8/1.1/1.1/0.8/0.8. Chymotryptic and
tryptic digestion of I and II released fragments
which were expected from the known specificity
of these proteolytic enzymes. Hydrolysis of I
with chymotrypsin yielded L-His-L-Phe, 1-Orn-
L-Try and glycine, whereas II gave glycine and
L-His-p-Phe-L-Orn-L-Try. Tryptic digestion of I
and II revealed only traces of L-Try-Gly, indicating
that the L-Orn-L-Try bond is only slightly cleaved
by the enzyme.

(18) V. du Vigneaud and O. K. Behrens, J. Biol, Chem., 117, 27
(1937).
(19) A. L. Levy, Nature, 174, 126 (1954).
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The action of leucine aminopeptidase® (LAP)
on I and II has also been studied. In peptide I,
digestion amounting to approximately 509 oc-
curred, and the amino acids liberated appeared in
the following molar ratio: His/Phe/Orn,/Try/Gly
= 1.0/1.0/0.35/0.55/0.57. Apparently, the Orn-
Try bond is the slowest to be cleaved and hence
becomes the rate-determining step in the digestion.
In peptide II, only histidine was liberated in any
appreciable quantity (289%); it is evident that the
D-phenylalanine prevents any further hydrolysis
by LAP.

The melanocyte-stimulating activity of I and
11 was estimated by the isolated frog skin method?!;
the results of these assays, presented in Table I,
indicate that I and II possess the almost identical
specific activity of 2.6-2.9 X 104 units/g., a value
which is comparable to that previously reported
for L-His-L-Phe-L-Arg-L-Try-Gly.”? The biologi-
cal activity of I and II was also investigated in
zizo in hypophysectomized frogs; both peptides
exerted a good darkening effect at a dose of 350
ug. Without further treatment, II exhibited the
characteristic ‘“‘prolongation” of the darkening
effect,®® which was absent from I. If, however, a
solution (1 mg./ml.) of peptide I in 0.1 M NaOH
was kept at 100° for 15 minutes and injected into
hypophysectomized frogs,*2 this characteristic ‘‘pro-
longation” effect was now observed in I. On the
other hand, when peptide II was subjected to
similar treatment, not only did the “prolongation”
effect disappear, but also the melanocyte-stimulat-
ing activity as assayed in the hypophysectomized
frog was abolished. These data provide some
interesting conclusions concerning the relation of
chemical structure to biological activity in melano-
tropically active peptides. It is evident that the
replacement of arginine by ornithine in the penta-
peptide does not alter its melanocyte-stimulating
activity. Although no difference in specific activ-
ity was observed between I and II, substitution of
L-phenylalanine by bD-phenylalanine brings about
the characteristic ‘‘prolongation’ of the darkening
effect on the frog skin. The fact that alkali-
heat treatment destroys the melanocyte-stimulat-
ing activity of II implies that neither the racemi-
zation of L-phenylalanine nor the conversion of
arginine to ornithine in the synthetic pentapep-
tide, L-His-L-Phe-L-Arg-L-Try-Gly,” or in the
melanotropins® or the adrenocorticotropins,! can
explain completely the “‘prolongation” phenomenon
noted after mild treatment with NaOH.

TABLE I

MELANOCYTE-STIMULATING ACTIVITY
OF SYNTHETIC PEPTIDES

No. of
Peptides assays® Activity
L-His-L-Phe-L-Arg-L-Try-Gly? 3 3.1 X 10¢
L-His-L-Phe-L-Orn-L-Try-Gly 3 2.9 X 10*
L-His-p-Phe-L-Orn-L-Try-Gly 2 2.6 X 10¢
@ Each assay was performed on 4 to 6 pieces of frog
skin. °? See ref. 7.

(20) R. L. Hill and E. L. Smith, J. Biol. Chem., 228, 577 (1957).

(21) K. Shizume, A. B. Lerner and T. B. Fitzpatrick, Endocrinol.,
54, 553 (1954).

(22) L. T. Hogben and D. Slome, Proc. Roy, Soc. (London), B108,
10 (1931).
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Experimental

Carbobenzoxy-L-histidyl-L-phenylalanyl-s-carbobenzoxy-
L-ornithine Methyl Ester.—Carbobenzoxy-L-histidyl-L-
phenylalanine hiydrazide,® 5 g., was dissolved in a nixture
of 10 mil. of coned. HCl and 120 ml. of H.O. Tlhe solution
was cooled to 0%, and a saturated solution of 0.3 g. of NaNO,
was added dropwise with vigorous stirring. After 10 min-
utes 250 ml. of ethiyl acetate and 150 wl. of chloroform were
added and the pH of the aqueous phase was adjusted to 9.5
with a £09; solution of potassium carbonate. The azide
dissolved readily in the organic phase, but after a short time
an amorphous precipitate formed which was subsequently
filtered off and air-dried. The precipitate was suspended
in a chloroform solution of é&-carbobenzoxy-L-ornithine
methyl ester!* which was prepared by adding an equivalent
amount of triethylamine to 3.7 g. of the hydrochloride.
The reaction started immediately with evolution of hydra-
zoic acid. The reaction mixture was kept in the refrigera-
tor for 3 days, and then the amorphous product was filtered
off and washed carefully with water and bicarbonate solu-
tion. The residue was dissolved in 30 ml. of methanol,??
and the methanol-soluble material was further purified by
dissolving it in hot ethyl acetate and then extracting with
3 portions of boiling water. When the ethyl acetate was
evaporated in the oven, the ester crystallized as a white
material, m.p. 191-193°, which beliaved as a pure conipo-
nent in paper chromatography (Rspaw = 0.8); yield 2.1 g.
(27%), [a]?*p —25.2° (¢ 2, methanol).

Anal. Caled. for CyHpNeOs (698.76): C, 63.59; H,
6.06; N, 12.03. Found: C, 63.88; H, 6.10; X, 12.09.

Carbobenzoxy-L-histidyl-L-phenylalanyl-s-carbobenzoxy-
L-ornithine (IIT).—Carbobenzoxy-L-histidyl-L-phenylalanyl-
s-carbobenzoxy-L-ornithine methyl ester, 2 g., was dis-
solved in 75 ml. of methanol; 50 mul. of 0.5 N Ba(OH), was
added and the mixture was allowed to stand at room tem-
perature for 3 hours. After acidification with 25 ml. of 1 ¥V
HCI, the mixture was kept at 0° overnight and the amor-
phous precipitate that formed was filtered off. The mother
liguor was evaporated in vacuo and the salt was removed by
repeated washing with water. The residue and the filtered
product were pooled and dissolved in methanol, leaving
some crystalline material.2* From the methanolic solution
an amorphous product was obtained which crystallized
when water was added (m.p. 125-129°, sintering from 122°).
After several recrystallizations from acetone~water and
methanol, the yield of III was 960 mg. (49%), m.p. 163—
166°. An amino acid analysis showed the presence of histi-
dine, phenylalanine and ornithine in a ratio of 1:1:1;
R sBa, 0.33, [a]®D —15.6° (¢ 2, methanol). For elemen-
tary analysis III was dried over P,O; at 80° for 5 hours.

Anal. Caled. for CsquoNsOg (68473) C, 63.29; H,
5.89; N, 12.37. Pound: C, 62.32; H, 6.06; N, 12.10.
Caled. for CssHmNsOg'l/gHQO: C, 6232, H, 5.96; N, 12.11.

Carbobenzoxy-L-tryptophyl-glycine Benzyl Ester.—Car-
bobenzoxy-L-tryptophan cyanomethyl ester,!* 10.5 g., was
dissolved in 50 ml. of tetrahydrofuran and the solution was
mixed with a solution of glycine benzyl ester wlich was pre-
pared by adding 5.8 ml. of triethylamine to a suspen-
sion of 13.5 g. of glycine benzyl ester benzenesulfonate? in
50 ml. of tetrahvdrofuran. After the reaction had been
allowed to proceed for 24 liours at room temperature, the
solvent was removed in a vacuum and the oily residue was
dissolved in ethyl acetate. Tle ethyl acetate solution was
washed thoroughly with 1 ¥ HCI, H;0, 59, NaHCO; and
H,0 and dried over sodium sulfate. The ethyl acetate was
evaporated under reduced pressure and the remaining yellow
oil triturated with the aid of ether; 9.2 g. of white needles
was obtained (709,), which were recrystallized from ethyl
acetate-petroleumn ether and ethyl acetate—ether; yield
5.5 g. (429%), m.p. 124-125°, [a]?‘p —20° (¢ 2, methanol).

Anal. Caled. for CosHyyN;O5 (485.52): C, 69.26; H,
5.61; N, 8.65. Found: C, 69.55; H, 5.51; N, 8.72.

L-Tryptophyl-glycine Benzyl Ester (IV).—L-Trypto-

phyl-glycine benzyl ester was prepared by decarbobenzoxyl-

(23) Some insoluble material proved to be carbobenzoxy-L-histidyl-
L-phenylalanine (m.p. 226-228°).

(24) R sBA 0.03; amino acid analysis showed that this material
did not contain phenylalanine, indicating that Curtius degradation
had occurred during the azide synthesis.

(25) H. K. Miller and H. Waelsch, TaIs JoUrRNAL, 74, 1092 (1952).
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ation of 2.2 g. of carbobenzoxy-L-tryptophyl-glycine benzyl
ester with 4 N HBr in glacial acetic acid for 15 minutes!?;
the hydrobromide salt was precipitated by the addition of
ethyl ether and the precipitate was repeatedly washed by
decantation. The free base was obtained by stirring the
hydrobromide salt with 6 ml. of a 509, solution of potassium
carbonate with ethyl acetate at 0°. After the solution was
dried and the ethyl acetate evaporated, there remained
0.7 g.of IV (39%,), Rt gpa 0.64, Rt Baw 0.55.
Carbobenzoxy-L-histidyl-L-phenylalanyl-s-carbobenzoxy-
L-ornithyl-L-tryptophyl-glycine Benzyl Ester (V).—Carbo-
benzoxy-L-histidyl-L- phenylalanyl- §-carbobenzoxy - L-orni-
thine (III), 690 mg., was dissolved in 20 ml. of dimethyl-
formamide and the solution was added to a solution of 500
mg. of L-tryptophyl-glycine benzyl ester (IV) in 10 ml. of
dimethylformamide; 250 mg. of dicyclohexylcarbodiimide
was added and the reaction mixture was kept in the re-
frigerator for 36 hours. The dicyclohexylurea formed was
removed by filtration and the solvent was evaporated in
vacuo. The oily residue was dissolved in ethyl acetate and
the solution washed in the usual manner. Evaporation of
the solvent yielded an amorphous material which was re-
crystallized several times from ethyl acetate and finally
from methanol. The yield was 600 mg. (59%), m.p. 198-
201°. A small sample was crystallized once more from
methanol for analysis; m.p. = 203-205°, [a]'*D —7.5°
(¢ 2, glacial acetic acid), Rt gga = 0.90; a positive reaction
was obtained with the Pauly and Ehrlich reagents.
Anal. Caled. for CseHsgNsOm (10181) N,
Found: N, 12.41.
L-Histidyl-L-phenylalanyl-L-ornithyl-L-tryptophyl-glycine
(I).—The pentapeptide derivative V obtained from the pre-
ceding step, 560 mg., was dissolved in 75 ml. of hot meth-
anol, and after the addition of 1.5 ml. of glacial acetic acid,
the solution was hydrogenated with palladium as the catalyst
at 60° for 24 hours. The catalyst was removed by filtration
and the solvent was evaporated under reduced pressure to
give a sirup which solidified when trituration with the aid of
ethyl acetate was performed; yield 240 mg. of the peptide
diacetate (56%). The material contained some minor
impurities, with R¢ paw = 0.02 and 0.5. The mixture was
purified by countercurrent distribution in the acetic acid-
pyridine system of Craig and Konigsberg.®® After 40
transfers, three components?” were present. The contents
of the peak tubes (K = 0.96) were combined and the sol-
vent was removed by a rotary evaporator; the residue
was redissolved in diluted acetic acid and lyophilized to
vield the pentapeptide diacetate in the form of a white
powder, yield 110 mg. (569%), Rt saw 0.07. According to
the results of paper electrophoresis in an acetate—collidine
buffer of pH 7.0, the material was homogeneous; further-
more, it gave positive reactions with ninhydrin and the
Ehrlich and Pauly reagents; [«]%°D —7.8° (¢ 1, H,0).

Anal. Caled. for C37H43N9010'H20 (79785) C, 5570;
H, 6.44; N, 15.80. Found: C, 56.03; H, 6.66; N, 15.80.

The diacetate was converted to the free peptide by resin
(XE-64) column chromatography.
Carbobenzoxy-im-benzyl-L-histidyl-L-phenylalanine
Methyl Ester.—Carbobenzoxy-im-benzyl-L-histidine,® 2.0
g., was dissolved in 70 ml. of dimethylformamide with the
aid of heat. After the solution was cooled to 0°, the L-
phenylalanine methyl ester prepared from 2.0 g. of the
hyvdrochloride as described by Hofmann, et al.,'* was added,
together with 1.24 g. of DCCI. The reaction mixture was
kept in the refrigerator overnight, the urea was filtered off,
and the solvent was removed in a vacuum. The sirupy
residue was dissolved in ethyl acetate, and acidic and basic
impurities were removed by washing in the usual manner.
When the ethyl acetate was evaporated, carbobenzoxv-im-
benzyl-L-histidine-L-phenylalanine methyl ester?® crystal-

12.38.

(26) L. C. Craig and W. Konigsberg, J.
(1957).

(27) An amino acid analysis of the slow moving component (K =
0.15) showed the absence of phenylalanine, another indication that
Curtius degradation had occurred during the azide synthesis in a
heterogeneous medium. The fast-moving impurity (K = 3.2)
seemed to be L-histidinyl-L-phenylalanyl-L-ornithine-dicyclohexylurea,
since only traces of glycine were found.

(28) This compound may also be obtained by the reaction of carbo.
benzoxy-im-benzyl-L-histidine and pL-phenylalanine methyl ester:
Carbobenzoxy-im-benzyl-L-histidine, 2 8., was coupled with bL-

Org. Chem., 22, 1345
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lized in the form of white needles, m.p. 136-140°, and was
recrystallized from ethyl acetate, m.p. 144-145°, [a]®D
+45.2° (¢ 2, methanol), yield 2.2 g. (77%).

Anal. Caled. for C3HpN,O;5 (540.6): C, 68.87; H, 5.97;

N, 10.36. Found: C, 69.02; H, 5.96; N, 10.47.
Carbobenzoxy-im-benzyl-L-histidyl-L-phenylalanine . —

The ester derived from the preceding step, 2.3 g., was dis-
solved in 50 ml. of methanol and 85 ml. of 0.5 N Ba(OH),
was added. More methanol was added to clear the cloudy
solution. When the clear solution was allowed to stand
at room temperature, crystallization occurred in the form
of needles, which were filtered off after 3 hours and washed
well with water and ether. The barium salt was recrystal-
lized from a small volume of methanol; m.p. 218-220°,
yield 1.8 g. (71%).

Anal. Caled. for (594.24) CiHyN4OsBat/s:
Found: N, 9.24.

The crystalline barium salt (1.75 g.) was acidified to pH
5.3 with 1 N HCl and water was added to precipitate the
acid. After the suspension was allowed to stand in the cold
overnight, 1.5 g. (88%) of carbobenzoxy-im-benzyl-L-his-
tidyl-L-phenylalanine?® was recovered. It was crystallized
from a large volume of ethyl acetate; m.p. 114-118°.
After further drying over P»Os at 80°, the material took the
form of needles, m.p. 127-130° (sintering at 123°), [a]®D
+15.6° (¢ 2, methanol).

Anal. Caled. for CyHaNOs (526.57): C, 68.42; H,
5.74; N, 10.64; neut. equiv., 526.6. Found: C, 68.18;
H, 5.83; N, 10.78; neut. equiv., 552.5.

Carbobenzoxy-im-henzyl-L-histidyl-L-phenylalanyl-s-
carbobenzoxy-L-ornithine Methyl Ester.—Carbobenzoxy-
im-benzyl-L-histidyl-L-phenylalanine, 730 mg., was dis-
solved in 100 ml. of tetrahydrofuran and mixed with a solu-
tion of §-carbobenzoxy-L-ornithine methyl ester!! in ethyl
acetate, which was prepared from 900 mg. of the ester-hy-
drochloride with a K,CO; solution; DCCI, 340 mg., was
added, the reaction mixture was kept in the refrigerator for
24 hours and then filtered free of the urea that formed. The
filtrate was evaporated in a vacuum, the residue was re-
dissolved in ethyl acetate and was then purified in the usual
manner to yield 700 mg. (60%) of the desired compound,
m.p. 143-145°. The material was recrystallized several
times from methanol and finally from dioxane; yield 500
mg. (43%), m.p. 157-158°, [a]®¥D —17° (¢ 1, dioxane).

Anal. Caled. for C44H43N508 (78887), C, 6699; H,
6.12; N, 10.65. Found: C, 66.79; H, 6.25; N, 10.43.

Carbobenzoxy-im-benzyl-L-histidyl-L-phenylalanyl-5-car-
bobenzoxy-L-ornithine (IIla).—The ester obtained from the
previous step, 2.2 g., was dissolved in 35 ml. of dioxane and
treated with 6 ml. of N NaOH for 1.5 hours at room tem-
perature. The mixture was then acidified to pH 5.2 and
evaporated under reduced pressure to give a somewhat ge-
latinous product which crystallized from methanol; m.p.
135-140°, yield 1.6 g. (75%); I1Ila was then recrystallized
from dioxane and acetonitrile; yield 1.5 g. (69%), m.p.
149-150°, [a]%p —17.5° (¢ 2, dimethylformamide), Rt gpa
0.59.

Anal. Caled. for CiHyeNeOs (774.85): C, 66.65; H,
5.98; N, 10.85. Found: C, 66.36; H, 5.79; N, 10.77.

Carbobenzoxy-im-benzyl-L-histidyl-L-phenylalanyl-§-car-
bobenzoxy-L-ornithyl-L-tryptophyl-glycine Benzyl Ester

N, 9.43.

phenylalanine methyl ester by means of reaction with DCCI as de-
scribed above; after extraction in the usual manner, crystals with m.p.
of 120-125° were obtained. After repeated recrystallization from ethyl
acetate, a product with a m,p. of 144-145° was obtained which did
not manifest a lowering of the melting point when mixed with the
L,L-compound, yield 820 mg.

(29) Alternatively, the free acid may be obtained from the chloride
salt which was prepared as follows: 910 mg. of the barium salt was
acidified to pH 3.5 by the addition of 1 ¥ HCl. The solvent was then
removed in wacuo and the residue extracted several times with ethyl
acetate and water to remove unreacted material and the BaCl;. The
chloride salt was then crystallized from dioxane; m.p. 186-194°,
yield 520 mg. (55%). The product was further purified by dissolving
the crystals in dimethylformamide, adding ethyl acetate to produce
a precipitate, and finally recrystallizing the material from pyridine—~
ethyl acetate; m.p. 208° dec. with darkening from 203°, [a]%?p
—1.5° (¢ 2, dimethylformamide), Rt ga 0.4. Anal. Caled. for
CsuoHauCIN«Os (563.04): C, 63.99; H, 5.55; N, 9.95; Cl, 6,30, Found:
C, 63.90; H, 5.80; N, 10.16; Cl, 6.33.
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(Va).—Compound IIIa, 1.5 g., was dissolved in 50 ml. of
dioxane and after the solution was cooled to 0°, 0.91 g. of
IV and 0.46 g. of DCCI were added. The reaction mixture
was kept in the refrigerator for 3 days. After the urea that
formed was removed by filtration, the filtrate was evaporated
in vacuo, redissolved in ethyl acetate, and washed in the
usual manner. The residue which was left after evaporation
of the ethyl acetate weighed 1.25 g. (56%). Va was re-
crystallized several times from ethyl acetate and methanol;
m.p. 160-162° with sintering at 152°, [a]*Dp —10.5° (¢ 1,
dioxane); yield 950 mg. (43%).
Anal. Caled. for CeuHgNyOp (1108.22): C, 68.28;
H, 5.91; N, 11.38. Found: C, 68.14; H, 5.83; N, 11.11.
L-Histidyl-L-phenylalanyl-L-ornithyl-L-tryptophyl-glycine
(I).—Compound Va (875 mg.) was subjected to catalytic
hydrogenation in a mixture of 100 ml. of methanol and 3
ml, of glacial acetic acid at 60°. The reaction was allowed
to continue until the material gave a positive Pauly reac-
tion after paper chromatography (3 days), since the benzyl
group attaclied to the imidazo group was split off only very
slowly. After the catalyst was removed by filtration, tlie
solvent was evaporated in a vacuum and the resulting sirup
was triturated with the aid of ethyl acetate. The product
was dissolved in water and adsorbed onto an XE-64 resin
column. The column was washed, first with water and then
with NH,OH. The NH,OH eluate was lyophilized to give
340 mg. of I (656%). This peptide was identical with the
product obtained in the first synthesis.
Carbobenzoxy-im-benzyl-L-histidyl-p-phenylalanine
Methyl Ester.—Carbobenzoxy-im-benzyl-L-histidine, 2 g.,
was coupled by the DCCI method with p-phenylalanine
metlhyl ester, which was prepared from 2 g. of the hydro-
chloride as described above, and purified in the usual manner.
The product was crystallized several times from ethyl ace-
tate; yield 1.9 g. (67%), m.p. 122-123°, [«]%*D +11° (¢ 2,
methanol).
Anal. Caled. for Cy;H3pNOs (540.6): C, 68.87; H,
5.97; N, 10.36. Found: C, 69.13; H, 5.80; N, 10.36.
Carbobenzoxy-im-benzyl-L-histidyl-p-phenylalanine (VI).
—Tle ester obtained from the preceding step, 2 g. , was dis-
solved in 50 ml. of methanol, and 2 ml. of 1 N NaOH was
added, and the mixture was stirred at room temperature for
1.5 hours. The pH was then adjusted to 5.3 and the free
acid precipitated by the addition of water; yield 1.6 g.
(82%), m.p. 156-159°; VI was crystallized several times
from methanol; yield 1.4 g. (73%), m.p. 167-168°, [a]%D
+5.4° (¢ 2, methanol). For analysis the material was
dried in vacuo over P,Os at 80°.
Anal. Caled. for CsHoN,Os (526.57): C, 68.42; H,
5.74; N, 10.64. Found: C, 68.28; H, 5.79; N, 10.44.
Carbobenzoxy-s-tosyl-L-ornithine.—s-Tosyl-L-ornithine,%
2.66 g., was suspended in 25 ml. of water at 0°, and 1 N
NaOH was added until the pH was 11. Then 1.74 g. of
carbobenzoxy chloride was added dropwise with vigorous
stirring; 1 N NaOH was added when necessary, to maintain
the pH at 11. Wlen the pH no longer dropped (ca. 1 hr.)
an additional 0.5 g. of carbobenzoxy cliloride was added
and the mixture was stirred an hour longer at 0°. The
sodium salt of the product precipitated out during the acyla-
tion. The mixture was then diluted with an equal volume
of water and extracted with ethyl ether to remove the ex-
cess carbobenzoxy chloride. The aqueous phase was then
acidified to pH 3 with 6 N HCI, producing a white, cloudy
suspension. The suspension was then extracted with ethyl
ether, and the ether layer was dried over anhydrous sodium
sulfate and then evaporated to dryness in vacuo. An amor-
phous material remained, which could not be crystallized.
Chromatographically this material (2.78 g., 70%) was
homogeneous (R¢ paw 0.79, Ri gpa 0.45), when developed
by the chlorine method.'” There was no ninhydrin-reactive
material present. This compound was used directly in the
following condensation.
Carbobenzoxy-é-tosyl-L-ornithine-L-tryptophyl-glycine
Methyl Ester.—Carbobenzoxy-L-tryptophyl-glycine methyl
ester,” 2.3 g., was dissolved in 100 ml. of methanol, and 1
ml. of 5.7 VHCI (1 equivalent) was added; hydrogenation
was carried out in the presence of 0.2 g. of palladium—char-
coal mixture. After the hydrogenation was complete (ca. 1
hr.), the methanol was evaporated in a vacuum at 30-40°,

(30) B. F. Erlanger, H. Sachs and E. Brand, THrs JOoUrNaAL, 76,
1806 (1954),
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and the residue was dissolved in 50 ml. of water. The
aqueous solution was extracted with ethyl acetate to remove
any unreacted material aud cooled to 0°; 50 ml. of saturated
K,CO; was then added. The suspension was vigorously
stirred for 0.5 hr. at 0° with 100 ml. of ethyl acetate. The
suspension was re-extracted with another 50 ml. of ethyl
acetate., The ethyl acetate extracts, containing the L-
tryptophyl-glycine methyl ester, were pooled, dried over
anhydrous sodium sulfate, and then evaporated to dryness
in a vacuum at 30°; yield 1.53 g.

The L-tryptophyl-glycine methyl ester was then dissolved
in 100 ml. of ethyl acetate. This solution was mixed with a
solution of 2.3 g. of carbobenzoxy-é-tosyl-L-ornithine in 100
ml. of ethyl acetate at 0° and 1.23 g. of DCCI was added.
The reaction mixture was stirred until all the DCCI was
dissolved, and was then stored overnight at 4°. After the
dicyclohexyiurea was removed by filtration, the ethyl ace-
tate solution was washed in the usual manner, dried over
anhydrous sodium sulfate and evaporated in a vacuum.
The carbobenzoxy-s-tosyl-L-ornithyl-L-tryptopliyl-glycine
methyl ester was crystallized from ethyl acetate—petroleum
ether; yield 2.48 g. (67%), m.p. 115-120°, [«]®D —3.4°
(¢ 2, glacial acetic acid).

Anal. Caled. for C3HsOsN;:S;: C, 60.30; H, 5.75;
N, 10.32. Found: C, 60.36; H, 5.82; N, 10.29.

Carbobenzoxy-im-benzyl-L-histidyl-p-phenylalanyl-é-tos-
yl-L-ornithyl-L-tryptophyl-glycine Methyl Ester (VIII).—
Carbobenzoxy - 8 - tosyl - L - ornithy I- L - tryptophyl - glycine
methyl ester, 1.35 g., was subjected to catalytic hydrogena-
tion, as above, to obtain 1.05 g. of the HCI salt of the de-
carbobenzoxylated tripeptide ester. Treatment of the HCI
salt in cold saturated Ko,CO; and subsequent extraction with
ethyl acetate produced 0.885 g. of VII. This tripeptide es-
ter was then dissolved in 50 ml. of tetrahydrofuran and
added to a solution of 0.790 g. of VI in 30 ml. of warm tetra-
hydrofuran. The combined solutions were cooled to 0°,
and 0.350 g. of DCCI was added with stirring until the DCCI
was dissolved. After the reaction mixture had stood in a
refrigerator for 3 days, the dicyclohexylurea that formed
was filtered off and the tetrahydrofuran was evaporated
in vacuo. The residue was redissolved in ethyl acetate and
then purified by being washed in the usual manner. After
the ethyl acetate was removed by evaporation, the residue
was crystallized from ethyl acetate—petroleum ether to yield
a product (VIII) with m.p. 135-140°, yield 0.818 g. (51%).

Anal. Caled. for CssHeO1uNeS: C, 64.0; H, 5.80; N,
12.00. Found: C, 64.11; H, 5.95; N, 12.05.

L-Histidyl-D-phenylalanyl-L-ornithyl-L-tryptophyl-glycine
(II).—The blocked pentapeptide methyl ester VIII was
saponified by dissolving 0.710 g. in 40 ml. of methanol,
adding 6.8 ml. of 1.0 N NaOH, and allowing the solution
to stand at roown teimnperature for 1 hour. Chromatography
on paper of tle acidified solution in SBA showed complete
saponification when developed by the chlorine method."”
The solution was then transferred to a two-necked round-
bottomed flask and then evaporated to dryness in a vacuuni.
The residue was then further dried over P;O; in a vacuum
to ensure removal of all water. It was then dissolved in
anhydrous liquid ammonia, and reduction with small pieces
of metallic sodium was carried out in the usual manner.'
After the ammonia was removed by evaporation, the pep-
tide was extracted into 0.1 M acetic acid. Chromatography
on an Amberlite XE-64 resin column was effective in re-
moving all salts and side products. A column, measuring
2 X 10 cm. and containing 50 ml. of resin that lhad been
washed with 0.1 M acetic acid and water, was used. The
material was applied to the column in a buffer of 0.1 M
acetic acid, and elution with water was performed until the
optical density at 270 mu was zero and all the salts had been
removed. The free peptide was then eluted from the
column with 0.1 3 NH,OH. Lyophylization of the main
component in the NH,OH eluate yielded a substance that
was chromatograplically and electrophoretically homo.
geneous on paper and gave a positive reaction with nin-
hydrin and the Ehrlich and Pauly reagents. The yield was
0.25 g. (60%), [a]?®D +6.1° (¢ 0.5, water). Elementary
analysis indicated that this material was the dihydrate of
peptide II.

Anal. Caled. for Csaf{.mOgNg: C, 570; II, 648; 1\7,
18.13. Found: C, 56.73; H, 6.93; N, 18.40.

Amino Acid Analysis.—Peptides (1 to 3 mg.) were hy-
drolyzed at 110° in a sealed evacuated tube with 1 ml. of
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constant boiling (5.7 N) HCI for 24 hours. The amino
acid content in the hydrolysates was determined by the
method of Levy."® Since tryptophan is destroyed by acid
hydrolysis, this amino acid was estimated from the ultra-
violet absorption spectrum of the intact peptide according
to the procedure of Goodwin and Morton.3!

Paper Chromatography and Paper Electrophoresis.—
Paper chromatography was carried out on Whatman No. 1
filter paper. The solvents used were n-butyl alcohol-
acetic acid-water, 4:1:1 (BAW), and sec-butyl alcohol-
109 NH;, 85:15 (SBA). Zone electrophoresis on paper
(Whatman 3 MM) was performed in a Spinco apparatus??
for 8 hours at 200 volts with a collidine-acetic acid buffer
of pH 7. Both paper electrophoresis and paper chroma-
tography were conducted at room temperature. Color
reactions were used to confirm the presence of histidine3® and
tryptophan.3*

Enzymic Studies.—Crystalline a-chymotrypsin and tryp-
sin were obtained from the Armour Laboratories; diges-
tion of I and II with these enzymes was carried out at 25°
for 24 hours in a solution of pH 9.0, with an enzyme—sub-
strate ratio of l/im (w./w.). A preparation of leucine
aminopeptidase was kindly furnished by Drs. R. L. Hill
and E. L. Smith; digestion was carried out at 25° for 8 hr.

(31) T. W. Goodwin and R. A, Morton, Biochem. J., 40, 628 (1946).

(32) F. G. Williams, Jr., E. G. Pickels and E. L. Durrum, Science,
121, 829 (1955).

(33) F. Sanger and H. Tuppy, Biochem. J., 49, 463 (1951).

(34) I. Smith, Nature, 171, 43 (1933).
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in a bicarbonate buffer of pH 8.8 containing 0.002 M MgCl,,
and with an enzyme-substrate ratio of /100 (W./W.).

Assay of Melanocyte-stimulating Activity.3*—The melano-
cyte-stimulating activity of the synthetic peptides was de-
termined by the method described by Shizume, et al.,” with
isolated skins of Rana pipiens; the unit of activity used is
the same as that defined by these investigators. Bioassay
was also carried out with hypophysectomized Rana pipiens
(not more than 4 days after operation) as described by
Hogben and Slome.??
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Resolution of N-Carbobenzoxy Amino Acids.

Alanine, Phenylalanine and

Tryptophan

By Lacy R. OVERBY! AND A. W. INGERSOLL
REcEIVED OCTOBER 5, 1959

Racemic N-carbobenzoxy derivatives of alanine, phenylalanine and tryptophan were resolved, respectively, with ephed-

rine, a-phenylethylamine and quinine.

to all active forms of the acid and base.
and gave only moderate yields of pure isomers.

The carbobenzoxy derivatives of D- and L-
amino acids are widely used for peptide synthesis
because of their relatively simple preparation and
the eventual easy removal of the carbobenzoxy
group by reductive procedures or by the use of
anhydrous acids. However, the requisite p-amino
acids and many of the L-forms must now first be
obtained through resolution of some other racemic
derivative and subsequent hydrolysis to the free
amino acid prior to conversion to the desired opti-
cally active carbobenzoxy derivative. A saving in
time and material would be possible by preparation
of the desired optically active derivatives by direct
chemical resolution of carbobenzoxy-pL-amino
acids. Because of the facile removal of the carbo-
benzoxy group, the method might also be of ad-
vantage as a source of free amino acids in instances
where other resolutions are difficult or removal of
acyl radicals from other types of derivatives is not
satisfactory.

Several carbobenzoxy amino acids have been
resolved through the asymmetric biosynthesis of
the anilides.?=® Hunt and du Vigneaud? resolved

(1) Research Division, Abbott Laboratories, North Chicago, Ill.

(2) J.S. Fruton, G. W, Irving, Jr., and M, Bergmann, J. Biol. Chem.,

138, 703 (1940).
(3) C. A. Dekker and J. S. Fruton, ibid., 178, 471 (1948),

The resolution of N-carbobenzoxy-bpL-alanine with inexpensive
provided what is regarded as the most convenient source of N-carbobenzoxy-p-alanine and of p-alanine.
resolution of pL-ephedrine with N-carbobenzoxy-L-alanine easily provided (4 )-ephedrine,

(=)-ephedrine
The reciprocal
These resolutions afford routes

The resolutions of carbobenzoxyphenylalanine and tryptophan were less couvenient

the carbobenzoxy derivatives of g-amino-n-bu-
tyric acid and S-aminoisobutyric acid using (4)-
and (—)-a-phenylethylamine.

In the present studies we sought to provide a
broader test of the method with representative
examples by preparing the pure p- and L-forms of
carbobenzoxyalanine, carbobenzoxyphenylalanine
and carbobenzoxytryptophan. Natural (—)-ephed-
rine forms a less soluble diastereoisomeric salt
with N-carbobenzoxy-p-alanine, and this was ob-
tained pure in high yields, providing an excellent
source of Dp-alanine. Furthermore, pL-ephedrine
was found to be easily resolved with active carbo-
benzoxyalanine. Therefore, starting with either
N-carbobenzoxy-L-alanine or (—)-ephedrine and
the corresponding racemic compounds, both active
forms of each were easily produced by reciprocal
resolutions. The process provides (+)-ephedrine,
a rare and little studied compound.

N-Carbobenzoxy-pL-phenylalanine was resolved
with a-phenylethylamine. Both active forms of

(4) H. Borsook, C. L. Deasy, A. J. Haagen-Smit, G. Keighley and
P. H. Lowy, ibid., 176, 1383 (1948); 184, 529 (1950).

(5) H. T. Hanson and E. L. Smith, ¢bid., 179, 815 (1949).

(6) D. G. Doherty and E. A. Popenoe, Jr., ibid.,
(1951).

(7) M. Hunt and V. du Vigneaud, ibid., 127, 727 (1939).

189, 447



