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The hexapeptide, L-glutamyl-L-histidyl-L-phenylalanyl-1-arginyl-L-tryptophylglycine, occurring in adreno-
corticotroping and melanotropins, has been synthesized by a stepwise procedure beginning with the COOH-

terminal glycine.
Iytic agent.

Bioassay results showed that the hexapeptide is active as a melanocyte-stimulating and lipo-
The following peptides were synthesized in crystalline form for the first time: L-tryptophylglycine

t-butyl ester, NC-tosyl-L-arginyl-r-tryptophylglycine #butyl ester, carbobenzoxy-L-phenylalanyl-NG-tosyl-1-

arginyl-L-tryptophylglycine #-butyl ester,

Ne-carbobenzoxy-L-histidyl-L-phenylalanyl-N@-tosyl-L-arginyl-L-

tryptophylglycine ¢-butyl ester, Ne-carbobenzoxy-rL-histidyl-L-phenylalanyl-NG-togyl-L-arginyl-1-tryptophyl-

glycine,
glycine #-butyl ester,
glycine.

In connection with our previous synthesis!? of the
nonadecapeptide corresponding to the first nineteen
amino acid residues of adrenocorticotropins (ACTH),
we have reported a synthesis of the protected hexapep-
tide, N2-carbobenzoxy-v-benzyl-r-glutamyl-Im-benzyl-
L - histidyl - L - phenylalanyl - N© - tosyl - L - arginyl-
L-tryptophylglycine. Since this hexapeptide is a key
peptide fragment for the synthesis of adrenocortico-
tropically and melanotropically (MSH) active products,
it was deemed desirable to improve the synthesis by
obtaining high yields and crystalline intermediates at
each synthetic step. The present paper presents a
new synthesis® of L-glutamyl-1-histidyl-L-phenylalanyl-
L-arginyl-L-tryptophylglycine (IX), by means of a
stepwise procedure from the COOH-terminal residue.

Fig. 1 outlines the synthetic steps for each inter-
mediate product, with its yield, obtained in the course
of the synthesis of IX; the heavy underline indicates
that the product had been obtained in crystalline form.
Carbobenzoxyglycine {-butyl ester®® was hydrogenated
and then crystallized as the hydrochloric acid salt.t?
This salt was treated with triethylamine to liberate the
free base and then condensed with carbobenzoxy-L-
tryptophan by the dicyclohexylearbodiimide (DCCI)
procedure.” The protected dipeptide (I) failed to
crystallize, but its free base (II) did crystallize on
hydrogenation; IT was then allowed to react, »ia DCCI,
with crystalline Ne-carbobenzoxy-N°-tosyl-L-arginine?
to produce the amorphous protected tripeptide (III).
The free base of the tripeptide ester (IV) crystallized
on hydrogenation. This tripeptide ester was next
condensed with carbobenzoxy-r-phenylalanine by the
N-ethyl-5-phenylisoxazolium 3’ sulfonate procedure®
to obtain the crystalline protected tetrapeptide (V).
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The tetrapeptide was hydrogenated and allowed to
react with the azide of Ne-carbobenzoxy-L-histidine
hydrazide!® to produce the protected pentapeptide VI.
After countercurrent distribution in the toluene system?
to remove azide decomposition produects, VI was crystal-
lized from methanol solution; VI was further charac-
terized by treatment with triflurcacetic acid to obtain
the crystalline N>-carbobenzoxy-L-histidyl-L-phenyl-
alanyl-N¢-tosyl-L-arginyl-L-tryptophylglycine.  After
hydrogenation, VI was then coupled with the crystalline
p-nitrophenyl ester of N*-t-butyloxycarbonyl-y-benzyl-
L-glutamic acid to produce the crystalline protected
hexapeptide (VII).

The procedure outlined above for the synthesis of
VII gave an over-all yield, based on the hydrochloride
of glycine f-butyl ester, of approximately 309, of
crystalline product. In the azide coupling step to
obtain VI, an excess of the azide was used. In a nor-
mal azide coupling, an excess of peptide base is pref-
erable in order to minimize the danger of Curtius
rearrangement. However, an excess of azide was used
to insure complete reaction of the tetrapeptide base;
countercurrent distribution was shown to be an effective
procedure in separating VI from contaminating decom-
position products from excess N*carbobenzoxy-L-
histidine azide. The protected hexapeptide VII was
treated with trifluoroacetic acid to remove the ¢-
butyloxycarbonyl and t-butyl ester groups, and then
reduction in sodium in liquid ammonia!! was performed
to remove the y-benzyl ester and tosyl groups. The
resulting free peptide was purified by zone electro-
phoresis on starch. The purified product, IX, was
submitted to paper chromatography in the solvent
system consisting of n-butyl aleohol pyridine-acetic
acid-water (15:10:3:12, v./v.), and to electrophoresis
on paper in buffers of pH 3.6, 6.5, and 11.0; results
of these experiments indicated that IX behaves as a
homogeneous substance. Moreover, when IX was
treated with leucine aminopeptidase'? (LAP), it was
digested completely to its constituent amino acids.
Quantitative analyses of the digest by the procedure of
Spackman, et al.,'® in the Spinco amino acid analyzer
gave a composition in molar ratios which is consistent
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Over-all
HCl—Gly—0—t—Bu Yield yield
'
Z—Try—OH + H—Gly—0—t—Bu
DCCI
Z—Try—Gly—O0——Bu (1)
Hz/Pd
'Z|[‘os
Z—Arg—OH + H—Try—Gly—O0—{—Bu (II) 79%
DCCI
’Il‘os
Z—Arg—Try—Gly—0—¢—Bu (I1I)
H;/Pd
’I{‘os
7Z—Phe—OH + H—Arg—Try—Gly—O—¢—Bu (IV) 79%
i Woodward’s Reagent
Tos
Z—Phe—Arg—Try—Gly—O0—t—Bu (V) 849,
H./Pd
’{os
7—His—NHNH, + H—Phe—Arg—Try—Gly—0—t—Bu
i H+ NO;—
T|os
Z—His—Phe—Arg—Try—Gly—O0—t—Bu (VI) 749,
l H:/Pd
OBz 'Il‘os
|
BOC—GIlu—0C:H,NO; + H—His—Phe—Arg—Try—Gly—0—i—Bu
OBz ’1|”os
BOC—-élu—His——Phe—Arg—Try——Gly—O—t——Bu (VII) 77% 309,
CFCOOH .
(I)Bz ’{os
v
H—Glu—His—Phe—Arg—Try—Gly—OH (VIII) 86%
Na/NH;
H—Glu—His—Phe—Arg—Try—Gly—O0H (IX) 679,

Fig. 1.—Outline of the synthesis of 1-glutamyl-L-histidyl-L-phenylalanyl-vL-arginyl-L-tryptophyl glycine; Z, carbobenzoxy; Bgz,
benzyl; Tos, p-toluenesulfonyl; BOC, t-butyloxycarbonyl; #-Bu, ¢-butyl.

with the theoretical calculated values (molecular weight
830.9): Gluy.es, Hiso.or, Phe; .2, Argi.0s, Tryo.e7, Glyo.ss.
Peptide IX was assayed for melanocyte-stimulating

activity by the in vitro frog skin method,!® and on the
basis of change in the melanophore index in hypophys-
ectomized Rana pipiens.’® It was found that melano-
trophic activities obtained by these two procedures
(2 X 10° units per gram; a single dose of two micro-
grams caused a change in melanophore index from 14
to 34+ within one hour in hypophysectomized frogs)
were almost identical to values reported earlier’® for
the hexapeptide, glycine-L-histidyl-L-phenylalanyl-L-
arginyl-L-tryptophylglycine. In agreement with pre-
vious conclusion,?® it appears that glutamic acid can
be replaced by glycine in IX without alteration of the
melanocyte-stimulating potency.

By in vitro assay for lipolytic activity with perirenal
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fat pads of rabbits, IX was found to be active® in
releasing non-esterified fatty acids with a caleulated
mean effective dose of twenty-three micrograms.
Under the same conditions, the synthetic pentapeptide,
L - histidy! - L - phenylalany! - » - arginyl - L - trypto-
phylglycine, had only one-fiftieth of the lipolytic ac-
tivity of IX.

ExperimentalV

Glycine ¢-Butyl Ester Hydrochloride.—Carbobenzoxyglycine
t-butyl ester, 10.61 g., (40 mmoles) was prepared according to
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at 0.3-mm. pressure. Paper chromatography was carried out on Whatman
no. 1 filter paper at room temperature; the solvents used were l-butanol—
acetic acid—water (BAW) in the ratio 4:1:1 and sec-butanol-10% ammonia
(8BA) in the ratio of 85:15; the location of peptide spots was revealed by
either the ninhydrin reagent, the Ehrlich reagent,1® the Pauly reagent,!®
or the chlorine method.®
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the procedure of Anderson and Callahan® and hydrogenated in
150 ml. of methanol with palladium (from 2 g. of palladium
chloride) as catalyst for 2 hr. in a Vibro-mixer.2! The catalyst
was removed, and to the filtrate 36.5 ml. of 1.1 N hydrochloric
acid was added. After evaporation to dryness in vacuo (20-25°),
the flask containing the ester hydrochloride was kept in a desic-
cator in vacuo overnight over phosphorus pentoxide and sodium
hydroxide pellets. The residue was dissolved in a small amount
of methanol and crystallized by the addition of ether. After
recrystallization from the same solvent system, 4.03 g. (60.5%),
of glycine ¢-butyl ester hydrochloride were obtained®®; m.p. 137-
140° Bt paw = 0.6.
Anal. Caled. for CeH o N,O:Cl (167.7):
N, 8.35. Found: C,42.9; H,R8.22; N, 8.42.
Ne-Carbobenzoxy-L-tryptophylglycine ¢-Butyl Ester (I).—
Glycine t-butyl ester hydrochloride, 3.60 g. (21.4 mmoles), was
suspended in 100 ml. of ethyl acetate and then cooled to 0° in an
ice bath. A 3.0-ml. aliquot of triethylamine (21.4 mmoles) was
added and the resulting suspension was stirred at 0°. Then 6.59
g. of carbobenzoxy-L-tryptophan (19.5 mmoles)?? and 4.02 g. of
N,N'-dieyclohexylcarbodiimide’ (19.5 mmoles) were added and
the mixture stirred for 1 hr. at 0° and then overnight at room tem-
perature. The precipitate, dieyclohexylurea (DCU), was filtered
off and the ethyl acetate solution was washed successively with
0.59, acetic acid, water, 1 M sodium carbonate, and water, and
then dried over anhydrous sodium sulfate. The dried ethyl
acetate solution was then evaporated to dryness in vacuo (20-25°
bath). The residue was redissolved in acetone, more dicyclo-
hexylurea was filtered off, and the acetone was evaporated in
vacuo (20-25°). The original precipitate was washed with water
to remove triethylamine hydrochloride and then filtered and
dried. The total weight of dicyclohexylurea was 3.80 g. (87%);
m.p. 235°. The Ne-carbobenzoxy-L-tryptophylglycine i-butyl
ester was isolated as a glassy material; wt., 8.24 g. (94%,), m.p.
60-70°. It resisted all attempts at crystallization. [a]%D
—19.6° (¢ 1, methanol) R;paw = 0.83; R;sps = 0.81; Ehr-
lich, chlorine positive, single spot.
Anal. Caled. for 025H2905N3 (4515) C, 665,
N,9.31. Found. C,66.2; H,6.51; N, 9.60.
L-Tryptophylglycine t-Butyl Ester (II).—N=-Carbobenzoxy-r-
tryptophylglycine ¢-butyl ester, 4.80 g. (10.6 mmoles), was dis-
solved in 100 ml. methanol. Palladium from 1 g. of palladium
chloride was added and the peptide was decarbobenzoxylated by
hydrogenation in a Vibro-mixer. When no more carbon dioxide
could be detected, the catalyst was filtered and the methanol was
evaporated in vacuo (20~25°). The peptide II was then crystal-
lized from ethyl acetate-petroleum ether to give 2.84 g. (84%);
m.p. 94-97°; [a]®Dp + 2.3° (¢ 1, methanol).
Anal. Caled. for CnH?aOaNs (3174> C, 643, H, 7.30, N,
13.2. Found: C,63.9; H, 7.51; N, 13.6.
Nea-Carbobenzoxy-NC-tosyl-L-arginyl-L-tryptophylglycine ¢-
Butyl Ester(IIl).—N<-Carbobenzoxy-N%-tosylarginine,® 4.62 g.,
(10.0 mmoles), was dissolved in 200 ml. of warm acetonitrile.
The solution was cooled to room temperature, 3.59 g. of II (11.3
mmoles) were then added, and the solution then cooled to 0°.
Dicyclohexylcarbodiimide in the amount of 2.06 g. (10. mmoles)
was added with stirring at 0° for 1 hr., and the mixture was then
placed overnight in the refrigerator at 4°. The dicyclohexylurea
was filtered and the acetonitrile evaporated in vacuo (20-25°).
The residue was redissolved in ethyl acetate and then washed with
0.5% acetic acid, water, 1 M sodium carbonate, water, and then
the washed material was dried over anhydrous sodium sulfate.
It was precipitated from ethyl acetate-petroleum ether to yield
6.40 g. (849,). The peptide resisted all attempts at crystalliza-
tion. It wasfound to be homogeneous by paper chromatography.
Risaw = 0.82, Rrspa = 0.75, positive to Ehrlich regent and
chlorine. [a]®p —25.1° (¢ 1, methanol).
Anal. Caled. for C;Hy0s8 N7 (761.9): C,59.9; H,6.22; N,
12.9. Found: C, 59.6; H, 6.01; N, 12.7.
NG-Tosyl-L-arginyl-L-tryptophylglycine {-butyl ester (IV).—
N2 .- Carbobenzoxy - N@ - tosyl - L - arginyl - L - tryptophylglycine
t-butyl ester, 6.40 g., (8.4 mmoles) was dissolved in 150 ml. of
methanol and then catalytically hydrogenated with palladium
(from 1 g. of palladium chloride) as above. The catalyst was
filtered off and the methanol evaporated ¢n vacuo (20-25°). The
peptide was crystallized from ethyl acetate; wt., 4.94 g. (79%
over-all from the dicyeclohexylcarbodiimide coupling step), m.p.
156-157°; {a]®p +8.1° (¢ 1, methanol).

/21) A. G. Fiir Chemie Apparateban, Ziirich, Model El.
(22) E. L. Smith, J. Biol. Chem., 175, 39 (1948).

C, 43.0; H, 8.41;

H, 6.47;
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Anal. Caled. for CyHyON1S, (627.8): C, 57.4; H,6.58; N,

15.6. Found: C, 57.2; H,6.71; N, 15.5.
Carbobenzoxy-L-phenylalanyl-NS-tosyl-L-arginyl-1L-trypto-

phylglycine {-Butyl Ester (V).—Carbobenzoxy-L-phenylalanine,??
5.23 g. (17.5 mmoles), was dissolved in 280 ml. of acetonitrile and
then cooled to 0°. Triethylamine, 2.45 ml. (17.5 mmoles), and
Woodward’s reagent K,%2 4,45 g. (17.5 mmoles), were added
with stirring for 1 hr. at 0°. Then 10.24 g. of IV (16.0 mmoles)
was added and the mixture stirred at room temperature over-
night. The acetonitrile was evaporated in vacuo (20-25° bath)
and the residue was dissolved in ethyl acetate—water (200:100
ml.). The ethyl acetate was then washed twice with water, twice
with cold 19, citric acid, once with water, four times with 5%
sodium bicarbonate, and then with water until the aqueous wash
was neutral. The ethyl acetate layer was washed with saturated
sodium chloride and then dried over anhydrous sodium sulfate.
The ethyl acetate was evaporated in vacuo (20-25° bath), the
dried residue was treated with fresh, dry ethyl acetate (150 ml.),
and the peptide crystallized. Wt., 12.17 g. (84%); m.p., 160-
162°; la]®p +18.8° (¢ 1, methanol).

Anal. Caled. for CaHyuNsOS (909.1): C, 62.1; H, 6.21;
N, 12.3. Found: C, 62.1; H, 6.30; N, 12.6.

L-Phenylalanyl-N@-tosyl-L-arginyl-L-tryptophylglycine :-Butyl
Ester—Carbobenzoxy-L-phenylalanyl-N¢-tosyl-L-arginyl-L-tryp-
tophyl glycine i-butyl ester, 3.85 g. (4.22 mmoles), was hydro-
genated in 150 ml. of methanol with palladium (from 2 g. of
palladium chloride). The catalyst was filtered off and the meth-
anol evaporated in vacuo to give a glassy material, wt. 3.1 g.
(95%,). Single spot positive to ninhydrin and the Ehrlich reagent.
R¢paw = 0.70.

Ne-Carbobenzoxy-L-histidyl-L-phenylalanyl-NC-tosyl-r-arginyl
1-tryptophylglycine ¢-Butyl Ester (VI).—An ice cold ethyl acetate
solution of N@-carbobenzoxy-L-histidine azide prepared from 2.57
g. of the hydrazide (8.5 mmoles) as described by Holley and
Sondheimer!® was added to an ice cold solution of 3.1 g. of L-
phenylalanyl - N@ - tosyl - L - arginyl - L - tryptophylglycine ¢-
butyl ester (4.1 mmoles) in 20 ml. ethylacetate. In afew minutes
the pentapeptide ester started to precipitate. The reaction mix-
ture wag stirred at 0°C. for 48 hr., and for 12 hr. at room tempera-
ture. The ethyl acetate was evaporated in vacuo at 0°, and the
remaining amorphous material was dissolved in 20 ml. of methanol
and added dropwise with stirring to 700 ml. of ether to precipitate
the pentapeptide. After filtering and drying, 4.78 g. of crude
material were obtained. Paper chromatography in the system
BAW showed one Ehrlich positive spot with B¢ = 0.80 and three
Pauly positive spots with R; = 0.25, 0.65, and 0.80. For
further purification the material was subjected to countercurrent
distribution in the system consisting of toluene-chloroform-—
methanol-water (5:5:8:2). After 100 transfers, the desired
pentapeptide was identified by ultraviolet absorption at 280
mp as the material in tubes 41-61 (K = 0.96). In paper chro-
matography, this material showed a single spot that was positive
to the Pauly and Ehrlich reagents and migrated with B¢ paw =
0.80. Tubes 61-71 contained material that showed two Pauly-
positive spots in paper chromatography: RE¢ = 0.25 and 0.65.
The contents of tubes 41-61 were pooled and evaporated in vacuo
(20-25°). The oily residue was dissolved in 30 ml. of methanol,
and water was added until the beginning of a slight turbidity.
After the solution had stood for 1 week at 0°, the pentapeptide
ester crystallized, and was collected and dried. Yield: 3.74 g.
(78%), m.p. 152-160°. The product was then recrystallized
from the same solvent system, m.p. 158-160°; [a]%D —32.6°
(¢ 1, methanol)

Anal. Ca,lcd. for CssHquNuSr‘/z Hzo (10552)1 C, 603,
H, 6.15; N, 14.6. Found: C, 60.3; H, 6.50; N, 14.3.

Ne-Carbobenzoxy-r-histidyl-L-phenylalanyl-NC-tosyl-L-arginyl
L-tryptophylglycine.—The above protected pentapeptide ester
VI (200 mg.) was dissolved in 2 ml. of trifluoroacetic acid in a
nitrogen atmosphere. After being allowed to stand at room tem-
perature for 15 min., ether was added to precipitate the product.
The precipitate was washed well with ether to remove all excess
trifluoroacetic acid, filtered, and then dried. The peptide acid
was crystallized from dimethylformamide—ether to yield 154 mg.
(73%,), m.p. 162-164°, Rsgsa = 0.16; [a]®p —20.7 (¢ 1,
methanol).

Anal. Calcd. for CananNuSrCFaCOOH (11041)' C, 55.5,
H,5.11; N, 14.0. Found. C, 55.8; H, 5.51; N, 14.4.

(23) W. Grassmann and E. Wiinsch, Ber,, 91, 462 (1958).
(24) N-Ethyl-5-phenylisoxazolium 3’-sulfonate, Pilot Chemicals, Ine.
Watertown 72, Mass.
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N-t-Butyloxycarbonyl-v-benzyl-L-glutamic Acid p-Nitrophenyl
Ester.—y-Benzyl-L-glutamic acid,® 2.37 g. (10 mmoles), and
MgO, 0.80 g. (20 mmoles), were suspended in 40 ml. of 509, di-
oxane and stirred for 1 br. at room temperature. Then 3.0 g. of
t-butyloxycarbonyl azide?6?? (21 mmoles) was added and the
mixture was stirred at 45-50° for 6 hr. The mixture was then
poured into 250 ml. of ice cold water and some insoluble material
(MgO) was filtered off. The aqueous solution was then extracted
with 150 ml. of ethyl acetate (three times) to remove excess ¢-
butyloxycarbonyl azide. The ethyl acetate washings were then
washed twice with 20 ml. of 7.5% sodium bicarbonate and once
with 50 ml. of water. The combined aqueous extracts were cooled
at 0°, and the pH was adjusted to 3 with 109}, citric acid (approxi-
mately 40 ml.). The acidified solution was then saturated with
sodium chloride and extracted twice with 150 ml. of ethyl ace-
tate. The ethyl acetate was washed with saturated sodium chlo-
ride, and then dried over anhydrous sodium sulfate. The ethyl
acetate was evaporated in vacuo (20-25° bath) to leave the N-t-
butyloxycarbonyl-y-benzyl-L-glutamic acid as an oil, homogene-
ous in paper chromatography, E:paw = 0.90; Rissa = 0.58
(chlorine detection). Wt., 1.54 g. (469%,), 4.5 mmole. The oil
was dissolved in 20 ml. of ethyl acetate, cooled to 0°, and then
0.63 g. of p-nitrophenol (4.5 mmoles) and 0.9 g. of dicyclohexyl-
carbodiimide (4.5 mmoles) were added. The mixture was stirred
at 0° for 2 hr. It was then placed in the refrigerator (4°) over-
night. The dicyclohexylurea was filtered off, [wt. 0.77 g. (75%)]
and the ethyl acetate was evaporated in vacuo (20-25° bath).
The p-nitrophenyl ester was crystallized from ethyl acetate-
petroleum ether (20-30 ml.) to yield 0.53 g. (529%), m.p. 120~
121°; [a]%p —32.7° (¢ 1, methanol).

Anal. Caled. for CyHasNaOs (458.3):
6.11. Found: C,60.3; H, 5.90; N, 6.32.

N-t-Butyloxycarbonyl-v-benzyl-L-glutamyl-L-histidyl-L-phenyl-
alanyl-NC-tosyl-L-arginyl-L-tryptophylglycine ¢-Butyl Ester (VII).
Nea-carbobenzoxy - L - histidyl - L - phenylalanyl - N¢ - tosyl-
arginyl - L - tryptophylglycine t-butyl ester, 6.28 g. (6.0 mmoles),
was dissolved in 150 ml. of methanol and catalytically hydro-
genated with palladium from 2 g. of palladium chloride until no
more carbon dioxide was detectable; R;paw = 0.60. The palla-
dium was filtered off and the methanol was eviporated in vacuo
(20-25° bath). The residue was dissolved in 50 ml. of acetonitrile
and 3 ml. of dimethylformamide. A 3.04-g. sample of N-butyl-
oxycarbonyl-y-benzylglutamic acid p-nitrophenyl ester (6.6
mmoles) was added and the mixture was stirred for 2 days at room
temperature. During the course of the reaction, the mixture be-
came gelatinous, and more acetonitrile (approximately 50 ml.)
was added to insure good stirring and mixing. After the 2 days
of stirring, the solvents were evaporated in vacuo (20-25° bath)
and the residue treated with a large volume of ether. The re-
sulting precipitate was filtered, washed well with ether, and then

C,60.3; H, 5.68; N,

(25) R. A, Boissonnas, Hels. Chim. Acta, 41, 1864 (1958).

(26) L. A. Caprino, J. Am. Chem. Soc., 81, 955 (1959); 82, 2725 (1960),

(27) R. Schwyzer, P. Sieber, and H. Kappeler, Helo. Chim. Acta, 43, 2622
(1959).
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dried. Weight of crude VII was 6.8 g. (93%). The product was
then erystallized from warm methanol to yield 5.7 g. (77%), m.p.
162-164°. [a]®Dp —22.5° (¢ 1, dimethylformamide).

Anal. Calcd. for CaanOxanS] (12314). C, 60.5; H, 638,
N, 13.7. Found: C, 60.2; H, 6.43; N, 13.7.

v-Benzyl-L-glutamyl-L-histidyl-L-phenylalanyl-N¢-tosyl-L-ar-

ginyl-L-tryptophylglycine (VIII).—The above protected hexa-
peptide, 0.62 g. (0.5 mmole), was dissolved in 2.0 ml. of trifluoro-
acetic acid in a nitrogen atmosphere. The solution was allowed
to stand at room temperature for 15 min. and then added to 50
ml. of ether to precipitate the desired peptide. The precipitate
was thoroughly washed with ether to remove excess trifluoro-
acetic acid, and then crystallized from the slow evaporation of a
methanol solution to give 0.56 g. (869%,), m.p. 165-168° (dec.);
[«]®D +12.0° (¢ 1, dimethylformamide).

Anal. Calcd. for CgingzOuNuSl'(CFaCOOH)z'CHsOH (13353):
C, 52.2; H, 5.13, N. 12.6. Found: C, 52.1, H, 5.53; N, 13.0.

L-Glutamyl-v-histidyl-L-phenylalanyl-L-arginyl-L-tryptophyl-

glycine (IX).—The ditrifluoroacetate salt of VIII, 0.534 g., was
dissolved in 100 ml. of liquid ammonia, and small pieces of sodium
were added at the temperature of the boiling point of liquid am-
monia (—33°) until the blue color persisted for 30 min.}* The
ammonia was then allowed to evaporate and the residue was dried
completely in a vacuum desiccator over concentrated sulfuric
acid. The residue was then desalted on an IRC-50 column, eluted
with pyridine-acetic acid~water buffer (30:4:66), and then lyo-
phylized to yield 0.300 g. (90%) of the crude free hexapeptide.
A 50-mg. sample of this material was purified by zone electro-
phoresis on starch in 0.05 M sodium carbonate and run for 24 hr.
at 200 volts to yield 37 mg. (74%) of a product that was-homo-
geneous in paper chromatography in the BAW, SBA, and 1-
butanol-pyridine-acetic acid-water (15:10:3:12) systems, and in
paper electrophoresis in buffers of pH 3.6, 6.5, and 11.0. It ap-
peared as a single spot, positive to ninhydrin, the Ehrlich, Pauly,
and Sakaguchi reagents, and chlorine; [a]®p —17.3° (¢ 1, in
acetic acid).

Anal. Caled. for CagH.aoleOg'CHaCOOH'HzO (9090). C,
54.2; H, 6.21; N, 18.5. Found: C, 54.3; H, 6.78; N, 18.7.

LAP Digest of the Hexapeptide.—The above hexapeptide, 0.8
mg., was dissolved in 0.5 ml. of tri(hydroxymethyl)aminomethane
(TRIS)buffer, (pH 8.5, 0.01 M Mg*) and 0.008 ml. of a LAP
solution (1 mg. of Worthington LAP, lot no. 5917§in 0.2 ml. of
water) was added and the solution was incubated at 37° for 24
hr. Amino acid analysis by the Spinco amino acid analyzer!?
gave the following molar ratios: Glu,,esHise.grPhey csArgr.esTryo,er
Glyo_%.
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The preparation, properties, and reactions of triphenyltinlithium with water, triphenyltin fluoride, tri-n-butyl
phosphate, ethyl iodide, benzyl chloride, bromobenzene, chlorotriphenylsilane, chlorotrimethylsilane, and car-

bon dioxide are described.

The preparation of triphenyltinlithium has been
described in the literature by several investigators. In
1950, G. Wittig?® reported its preparation from phenyl-
lithium and diphenyltin, as well as from triphenyltin
bromide and metallic lithium in liquid ammonia. Gil-

(1) University of Dayton, Research Institute, Dayton, Ohio.
(2a) G. Wittig, Angew. Chem., 62, 231 (1950); (b) H. Gilman and 8. D.
Rosenberg, J. Am. Chem. Scc., T4, 531 (1952).

CeH;Li + (CeHa)gSn —_— (CeHs)aSnLi (1)

NH:
(CeHs)s8nBr 4 2Li —; (CeH;)s8nLi + LiBr (2)

man and Rosenberg?® later reported the preparation of
triphenyltinlithium from stannous chloride and phenyl-
lithium. In this manner the intermediate preparation
of diphenyltin was eliminated. Blake, Coates, and



