
103G K L A U S HOFMANN, A. JOHL, A. Ii. F U R L E N M E I E R AND M. K A P P E L E R Vol. 79 

[CONTRIBUTION FROM THE BIOCHEMISTRY DEPARTMENT, UNIVERSITY OF PITTSBURGH SCHOOL OF MEDICINE] 

Studies on Polypeptides. VIII. Synthesis of Peptides Related to Corticotropin12 

B Y K L A U S HOFMANN, ALBERT JOHL, ANDREAS E. F U R L E N M E I E R AND H E I N I K A P P E L E R 

RECEIVED OCTOBER 4, 1956 

A number of peptides and peptide derivatives containing the amino acids glycine, serine, tyrosine, methionine and glu
tamic acid have been preparedly the azide and mixed anhydride procedures. A modification of the azide procedure was 
developed, which allows formation of complex acylated peptides in heterogeneous aqueous systems. The application of this 
method to the synthesis of seryltyrosylserylmethionylglutamic acid, the N-terminal pentapeptide sequence of the cortico
tropins, is described. 

Recent s tudies 3 - 6 have led to the elucidation of 
the structure of swine /3-corticotropin, swine corti-
cotropin-A and sheep a-corticotropin. 

These hormones were found to be closely similar 
single-chain peptides composed of 39 amino acid 
residues derived entirely from known amino acids. 
The structure elucidation involved digestion of 
homogeneous' hormone preparations with highly 
purified homospecific proteolytic enzymes, separa
tion of the ensuing split products, and finally the 
establishment of the structures of the individual 
peptide fragments. In order to confirm the re
sults of this degradative work, and as model studies 
for contemplated synthet ic experiments, we under
took the preparation of a number of key peptides 
resulting from the enzymatic breakdown of the cor
ticotropin molecule. This communication de
scribes experiments relating to the five N-terminal 
positions which are beyond doubt identical in the 
three corticotropins. 

White and Landmann 7 identified among the prod
ucts of peptic digestion of corticotropin-A the 
pentapeptide seryltyrosylserylmethionylglutamic 
acid (I) . The demonstration of seryltyrosine as 
the N-terminus of the hormone placed the penta
peptide a t the amino end of its peptide chain. 
We selected for initial study sequences occurring 
in this pentapeptide, in particular those containing 
the amino acids serine, tyrosine, methionine and 
glutamic acid. Simple peptides of these various 
amino acids have been described previously, bu t 
the sequences occurring in the corticotropin mole
cule had received little at tention prior to this in
vestigation. 

The N-terminal dipeptide L-seryl-L-tyrosine was 
prepared along classical lines by the azide proce
dure. Carbobenzoxy-L-serine azide8 was coupled 
with ethyl L-tyrosinate and the ensuing acylated 
dipeptide ester saponified. The resulting carbo-
benzoxy-L-seryl-L-tyrosine afforded L-seryl-L-tyro
sine when subjected to hydrogenolysis. The paper 
chromatographic comparison of the synthetic with 

(1) The authors wish to express their appreciation to Armour and 
Company and to the U. S. Public Health Service for generous sup
port of this investigation. 

(2) A preliminary communication of some of the work reported in 
this paper has appeared in T H I S JOURNAL, 77, 2914 (1955). 

(3) P. H. Bell, ibid., 76, 5565 (1954). 
(4) K. S. Howard, R. G. Shepherd, E. A. Eigner, D. S. Davies and 

P. H. Bell, ibid., 77, 3419 (1955). 
(5) W. F. White and W. A. Landmann, ibid., 77, 1711 (1955). 
(6) C. H. Li, I. I. Geschwind, R. D. Cole, I. D. Raacke, J. I. Harris 

and J. S. Dixon, Nature, 176, 687 (1955). 
(7) W. F. White and W. A. Landmann, THIS JOURNAL, 77, 771 

(1955). 
(8) J. S. l'ruton, J. Biol. Chem., 146, 463 (1942). 

the natural peptide (obtained by chymotryptic 
digestion of corticotropin) demonstrated their 
identity.9 Following the initial announcement the 
preparation of seryl-tyrosine was also recorded by 
Fischer and Whetstone1 0 who employed essentially 
similar methods for its preparation. 

The sequence seryl-methionine, which occupies 
positions 3 and 4 in the hormone molecule, was 
obtained readily from carbobenzoxy-L-serine azide 
and methyl L-methionate followed by saponification 
and decarbobenzoxylation. Decarbobenzoxyl
ation was effected either catalytically or by reduc
tion with sodium in liquid ammonia; the same 
dipeptide resulted from both procedures. I t is of 
interest to note tha t we have subjected a number of 
carbobenzoxylated peptides of methionine to re
duction with sodium in liquid ammonia without 
incurring significant losses of methionine. The use 
of an excess of sodium in these reactions must be 
carefully avoided since Stekol11 has demonstrated 
tha t DL-methionine is converted to DL-homocys-
teine upon t rea tment with an excess of sodium in 
liquid ammonia. 

Next we turned our at tent ion toward the prep
aration of the dipeptide L-methionyl-L-glutamic 
acid, a sequence occupying positions 4 and 5 in 
corticotropin. Dekker, et al.,n have accomplished 
the synthesis of a number of peptides of methionine 
by the use of carbobenzoxy-L-methionine azide. 
We have prepared the ethyl esters of carbobenzoxy-
L-methionyl-L-glycine and carbobenzoxy-L-meth-
ionyl-L-glutamic acid by the mixed anhydride pro
cedure. Saponification and decarbobenzoxylation 
converted these derivatives into the corresponding 
dipeptides.13 

The dipeptides Ser-Tyr, Ser-Met, Met-Gly and 
Met-Glu exhibited one single ninhydrin positive 
spot with R1 values of 0.42, 0.46, 0.50 and 0.54, re
spectively, on paper in the Partr idge system.14 

The chromatographic analysis of their hydroly-
zates (6 N hydrochloric acid for 24 hours a t 110° 
in sealed tubes) afforded the expected mixture of 
amino acids. Considerable destruction of serine 
was observed in the hydrolyzates of the peptides 
containing this amino acid.16 

(9) W. F. White and W. A. Landmann, THIS JOURNAL, 76, 4193 
(1954). 

(10) R. F. Fischer and R. R. Whetstone, ibid., 76, 5076 (1954). 
(11) J. A. Stekol, / . Biol. Chem., UO, 827 (1941). 
(12) C. A. Dekker, S. P. Taylor, Jr., and J. S. Fruton, ibid., 180, 155 

(1949). 
(13) The optical rotation of L-methionylgycine agreed with that 

previously reported,12 but our peptide melted 29° higher. 
(14) S. M. Partridge, Biochem. J., 42, 238 (1948). 
(15) We wiph to express our appreciation to Mrs. Kleanore T. 

Schwartz for these determinations. 
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The successful approach to the synthesis of com
plex polypeptides such as the pentapeptide I de
pends, in our opinion, upon the availability of 
methods allowing the formation of peptide bonds 
in aqueous media, without racemization under mild 
conditions. Consequently we have directed our 
efforts toward the development of such a proce
dure, based on the azide method of peptide syn
thesis. In its most commonly used form this 
method involves the coupling (in anhydrous sol
vents) of a carbobenzoxyamino acid or peptide 
azide with an amino acid or peptide ester to give 
an acylated peptide ester which is converted into 
the final peptide by saponification and decarbo-
benzoxylation. This method suffers from serious 
disadvantages as a generally applicable tool for the 
preparation of peptides of high molecular weight. 
Firstly, complex peptide esters and acylated peptide 
azides (in particular those containing polyfunc-
tional amino acid residues) are only sparingly solu
ble in most organic solvents. Secondly, many com
plex carbobenzoxylated peptide esters are racemized 
by exposure to strong alkali and thus cannot be 
saponified with retention of stereochemical pu
rity. The latter disadvantage can be eliminated 
by the use of benzyl esters which are subject to 
hydrogenolysis. However, the preparation of the 
benzyl esters of complex peptides is beset with diffi
culties. 

Tn 1904 Curtius and Wustenfeld16 described the 
preparation of a series of benzoylpolyglycines (up 
to benzoylhexaglycine). They coupled the azides 
of benzoylglycine, benzoyldiglycine, benzoyltri-
glycine and benzoyltetraglycine, respectively, with 
sodium glycinate or diglycinate. Similar proce
dures were employed by Curtius and Lambotte17 

for preparing hippuryl-DL-alanine, hippuryl-DL-
alanyl - DL - alanine an d hippuryl - DL - alanyl - DL-
alanyl-DL-alanine. The coupling reactions were 
carried out in aqueous solutions. This approach 
seemed to offer great promise as a generally useful 
tool in peptide synthesis and eliminates the final 
saponification step. Consequently we have now 
explored the potentialities of carbobenzoxyamino 
acid and peptide azides of the L-series as acylating 
agents for amino acid and peptide salts in aqueous 
systems. A solution of the azide in a suitable or
ganic solvent (ether or ethyl acetate) was shaken 
with an aqueous solution containing the triethyl
ammonium salt of an amino acid or peptide. 
After completion of the reaction, the organic layer 
was separated from the aqueous phase, the latter 
was acidified and the resulting carbobenzoxylated 
peptide isolated in the usual manner. Ion-ex
change resins were employed in some instances to 
separate the desired products from unchanged 
starting materials. It is apparent from the ex
amples presented in the experimental section that 
the desired products were obtained (in analytically 
pure form) in yields which varied from 30 to 65% 
of the theoretical. Some of the products were con
verted into the corresponding free peptides by de-
carbobenzoxylation. Of particular interest was 

(16) T. Curtius and R. Wustenfeld, J. prakl. Chem., [2] 70, 73 
(1004). 

(17) T. Curtius and E. Lambotte, ibid., [2] 70, 109 (1904). 

the application of this method to the synthesis of 
the pentapeptide I, which was accomplished in the 
following manner. Carbobenzoxy-L-serine azide 
was coupled with the triethylammonium salt of 
L-methionyl-L-glutamic acid and the ensuing 
acylated tripeptide was decarbobenzoxylated by 
treatment with sodium in liquid ammonia. The 
product, L-seryl-L-methionyl-L-glutamic acid (again 
as the triethylammonium salt), then reacted 
with the azide of carbobenzoxy-L-seryl-L-tyrosine 
to give carbobenzoxy-L-seryl-L-tyrosyl-L-seryl-L-
methionyl-L-glutamic acid which was decarbo
benzoxylated to afford the final pentapeptide I. 
This was purified by repeated precipitation with 
ethanol from its aqueous solution. It was finally 
dissolved in warm water and crystallized in the 
form of small rosettes upon slow cooling of this 
solution. 

The peptide gave a positive ninhydrin reaction 
and produced a dark purple color with diazotized 
sulfanilic acid in sodium carbonate solution. 

The paper chromatographic comparison of the 
synthetic product with the natural material in the 
Partridge14 and 2-butanol-ammonia systems18 

revealed identical behavior of both compounds. 
Their Ri value in the Partridge system was 0.51, 
and both peptides appeared between glutamic acid 
and lysine in the latter system. Paper chromatog
raphy of a 1:1 mixture of the peptides produced 
one spot only. 

The behavior of the synthetic specimen on treat
ment with carboxypeptidase and aminopeptidase19 

duplicated that observed with the natural material.7 

The four constituent amino acids were liberated 
in the expected molar ratios by both enzymes. 
The recovery of serine from an acid hydrolyzate 
(18 hours at 105° with 6 N HCl) was 90% of the 
theoretical, reflecting the well-known lability of 
this compound to acid. Excellent recoveries of 
tyrosine, methionine and glutamic acid were 
realized.20 

These results establish the structure and optica] 
purity of the synthetic peptide, and substantiate 
structure I for the pentapeptide resulting from the 
peptic digestion of corticotropin-A. 

Experimental21 

Tosyl-L-serine.—To a solution of L-serine (3.Og.) in water 
(20 ml.) was added a solution of tosyl chloride (7.2 g.) in 
ethyl acetate (100 ml.) . This mixture was shaken at room 
temperature for four hours while 2 N sodium hydroxide (38 
ml.) was added slowly. The organic phase was separated 
and the aqueous solution cooled in an ice-bath and acidified 
to congo red with 6 N hydrochloric acid. The resulting 
crystals were collected, washed with ice-water and recrystal-
lized from hot water; yield 5.8 g. (78%); m.p. 235-236°; 
W25D - 3 2 . 3 ° (c 2.06, in pyridine). 

Anal. Calcd. for C10Hi3O6NS: C1 46.3; H , 5.0; N , 
5.4; S, 12.4. Found: C, 46.4; H , 4.8; N, 5.4; S, 12.6. 

(18) J. F, Roland, Jr., and A. M. Gross, Anal. Chem.. 26, 502 
(1954). 

(19) D. H. Spackman, E. L. Smith and D. M. Brown, / . Biol. Chem., 
212, 255 (1955). 

(20) We wish to express our thanks to Dr. W. F. White of the 
Armour Laboratories for comparing these properties of the natural and 
synthetic peptides. 

(21) The melting points are uncorrected. Optical rotations were 
determined in a Rudolph Precision Polarimeter, Model 70, using a 1 
dm. tube. 
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Tosyl-L-serinhydrazide.—Tosyl-L-serine (6.0 g.) was sus
pended in dry methanol (150 ml.) and the mixture saturated 
with hydrogen chloride. The solution was evaporated to 
dryness and the residue was re-esterified in an identical man
ner. The resulting crystalline tosyl-L-serine methyl ester 
was dissolved in methanol (35 ml.) and hydrazine hydrate (4 
ml.) was added. The mixture was kept in a refrigerator for 
15 hours and the crystalline hydrazide which had separated 
out was collected, washed with ice water, dried and recrvs-
tallized from ethanol; yield 4.9 g. (79%); m.p. 179-181< 

Anal. Calcd. for Ci0Hi6O4N3S: N, 15.4. Found: X, 
15.4. 

Carbobenzoxy-L-methionine.—To an ice-cold solution of 
!,-methionine (4.0 g.) in water (120 ml.) and sodium bicar
bonate (6.8 g.) was added in small portions carbobenzoxy 
chloride (5.0 g.) with vigorous stirring. Stirring was con
tinued for two hours with cooling and the solution was acidi
fied to congo red with 6 TV hydrochloric acid. The resulting 
oily precipitate was extracted into ether, the ethereal solu
tion washed with water, and dried over sodium sulfate. 
Evaporation of the ether solution to a small volume followed 
by the addition of petroleum ether (b.p. 40-60°) afforded 
needles which were recrystallized from a mixture of ether 
and petroleum ether; yield 6.3 g. (83%); m.p . 67-68° (lit.22 

in.p. for carbobenzoxy-D-methionine 69-70°); [a]28D — 16.6° 
(c 2.47, in ethanol). 

Anal. Calcd. for Ci3H17O4NS: C, 55.1; H, 6.0. Found: 
C, 55.1; H, 5.9. 

Carbobenzoxy-L-seryl-L-methionine Methyl Ester.— 
L-Methionine methyl ester hydrochloride (8.0 g.) was dis
solved in dry ethanol (30 ml.) and triethylamine (5.5 ml.) 
was added. The mixture was evaporated to dryness in 
vacuo at a bath temperature of 30° and the residue was ex
tracted with ethyl acetate (40 ml.) . To this solution was 
added at 5° an ethereal solution (100 ml.) of carbobenzoxy-
i.-serine azide (prepared from 7.6 g. of the hydrazide and 2.1 
g. of sodium nitrite in 60 ml. of 1 N hydrochloric acid at 0°8). 
The mixture was shaken at 5° for 20 hours and at room 
temperature for four hours. The solvents were evaporated, 
the residue was extracted with ethyl acetate and the solution 
was washed consecutively with 2 N hydrochloric acid, satu
rated sodium bicarbonate and water and was dried over so
dium sulfate. Evaporation of the solvent afforded a solid 
which was recrystallized from ethanol; yield 7.5 g. (65% 
based on hydrazide); m.p. 101-102°. 

Anal. Calcd. for CnH24O6X2S: C, 53.1; H, 6.3; N, 7.3. 
Found: C, 52.8; H, 6.3; N , 7.3. 

The mother liquors from the above preparation were 
evaporated to dryness, dissolved in ethanol (30 ml.) and 
hydrazine hydrate (0.5 ml.) was added. The mixture was 
kept at room temperature for 12 hours and the ensuing 
crystalline hydrazide was collected, washed with ethanol 
and ether and dried. The hydrazide was recrystallized 
from hot water; yield 1.46 g.; m.p. 215-216°. I t was iden
tical in every respect with the hydrazide described below. 

Carbobenzoxy-L-seryl-L-methioninhydr azide.—Carbo-
benzoxy-L-seryl-L-methionine methyl ester (2.5 g.) was dis
solved in dry ethanol (25 ml.) and hydrazine hydrate (0.5 
ml.) was added to the solution. The mixture was kept at 
room temperature for 12 hours and the crystalline hydrazide 
was collected, washed with ethanol and dried. The ma
terial was recrvstallized from ethanol; yield 1.6 g. (64%); 
m.p . 215-216°" 

Anal. Calcd. for Ci6H24O5N4S: C, 50.0; H, 6.3; N, 
14.6. Found: C, 49.4; H, 6.4; N, 14.7. 

Carbobenzoxy-L-seryl-L-methionine.—Carbobenzoxy-L-
seryl-L-methionine methyl ester (3.3 g.) was dissolved in 
methanol (10 ml.) and 1 N sodium hydroxide (9.5 ml.) was 
added. The solution was kept at room temperature under 
nitrogen for 30 minutes and water (100 ml.) was added. 
The mixture was extracted with ethyl acetate, the organic 
layer was separated and the aqueous phase acidified to congo 
red with 2 N hydrochloric acid. The resulting precipitate 
was dissolved in ethyl acetate, the solution was washed with 
water, dried over sodium sulfate and concentrated to dry
ness in vacuo. The substance was recrystallized from etha
nol; yield 2.1 g. (67%); m.p. 128-129°; M26D - 2 4 . 2 ° (c 
3.2, in saturated sodium bicarbonate). 

(22) C. A, Dekke r and J. S. F r u l o n , J. Biol, Chem., 173, 471 (1948). 

Anal. Calcd. for Ci6II„06X>S: C, 51.0; 11,6.0; X, 7.6. 
Found: C, 52.0; H, 5.9; N, 7.4. 

L-Seryl-L-methionine. a. With Sodium in Liquid Am
monia.—Carbobenzoxy-L-seryl-L-methionine (1.5 g.) was 
dissolved in liquid ammonia (approximately 100 ml.) and 
sodium (0.37 g.) was added with stirring. Dowex 50 (am
monia cycle) (7 g.) was added, the mixture was stirred for 10 
minutes and the ammonia was evaporated. The residue 
was kept over sulfuric acid in vacuo to remove the last traces 
of ammonia and was then suspended in water (40 ml.). 
The resin was removed by filtration and was re-extracted 
with several small portions of water. The combined fil
trates were acidified to p¥L 5 with glacial acetic acid and evap
orated to dryness in vacuo at a bath temperature of 
30°. The solid residue was recrystallized from aqueous 
ethanol; yield 0.71 g. (74%); m.p . 215-216°; [« ] 2 'D 
- 1 1 . 4 ° (c 5.6, in 1 N HCl); R: = 0.46 (Partridge). 

Anal. Calcd-for C8HiSO4X2S: C, 40.7; H, 6.8; X, 11.9. 
Found: C, 40.0; H, 6.4; X, 11.3. 

b. By Catalytic Hydrogenation.—Carbobenzoxy-L-seryl-
L-methionine (0.25 g.) was hydrogenated for 80 minutes in 
90% aqueous acetic acid (20 ml.) with palladium on barium 
sulfate23 (2.5 g.). The catalyst was removed by filtration 
(with the aid of Hyfio filter-eel) and the solvent was removed 
in vacuo at a bath temperature of 45°. The residue was 
evaporated with two 45-ml. portions of ethanol and dis
solved in a small quantity of water and crvstallized upon the 
addition of ethanol; vield 100 mg. (62%); [a]26D - 1 0 . 4 ° 
(c2.2, in 1 ./VHCl); Ri = 0.46 (Partridge). 

Carbobenzoxy-L-seryl-L-tyrosine Ethyl Ester.—L-Tyro-
sine ethyl ester hydrochloride (2.31 g.) was suspended in di-
oxane (20 ml.) and triethylamine (1.31 ml.) was added. The 
mixture was shaken a t room temperature for 15 minutes, the 
precipitate of triethylammonium chloride was removed by 
filtration and the filtrate was cooled in an ice-bath (dioxane 
solidifies). To this solution was added an ice-cold ethyl 
acetate solution of carbobenzoxy-L-serine azide (prepared 
from 1.5 g. of the hydrazide) and the mixture was kept in a 
refrigerator at 5° for 40 hours. The solvents were removed 
in vacuo and the ensuing oil dissolved in ethyl acetate. The 
solution was washed consecutively with saturated sodium 
chloride, 1 N hydrochloric acid (saturated with sodium 
chloride), sodium bicarbonate and finally saturated sodium 
chloride, and was dried over sodium sulfate. On evapora
tion a yellow oil was obtained which failed to crystallize; 
yield 2.1 g. (84% based on hydrazide). 

Carbobenzoxy-L-seryl-L-tyrosinhydrazide.—Carbobeu-
zoxy-L-seryl-L-t5Trosine methyl ester (4.66 g.) (prepared 
as described for the ethyl ester) was dissolved in boiling 
methanol (20 ml.) and hydrazine hydrate (0.9 ml.) was 
added. The mixture was kept in a refrigerator for Io 
hours, and the crystalline hydrazide collected and washed 
with ice-cold methanol. The compound was recrvstallized 
from dioxane; yield 4.2 g. (89%); m.p. 213-214°. 

Anal. Calcd. for C0H24O6X4: C, 57.7; H, 5.8; X, 13.4. 
Found: C, 57.2; H, 5.6; X, 13.0. 

Carbobenzoxy-L-seryl-L-tyrosine.'—Carbobenzoxy-L-
seryl-L-tyrosyl ethyl ester (5.3 g.) was dissolved in methanol 
(20 ml.) and 2 AT sodium hydroxide (12.5 ml.) was added. 
The mixture was kept at room temperature for 30 minutes, 
was then acidified to congo red with 2 A7 hydrochloric acid, 
and most of the methanol was removed in vacuo. The re
sulting oil soon solidified. The compound was recrystal
lized from hot water; yield 2.5 g. (50%); m.p . 189-190° 
(lit.10 m.p. 187-188°); M24D +37.4° (c 1.92, in ethanol). 

Anal. Calcd. for C20H22O7N2: C, 59.7; H, 5.5; X, 7.0. 
Found: C, 60.2; H, 5.8; N , 7.0. 

L-Seryl-L-tyrosine.—A sample of the carbobenzoxy de
rivative (0.48 g.) was hydrogenated over a palladium catalyst 
in methanol (12 ml.) containing glacial acetic acid (2 ml.) . 
The product was isolated in the usual manner and recrystal
lized from water to give the monohydrate; yield 0.3 g. 
(88%); m.p . 254-256° (lit.10 m.p. 200-260°); M24D 
+38.4° (c 1.0, in water); R1 = 0.42 (Partridge). 

Anal. Calcd. for Ci2Hi6O6X2(H2O): C, 50.3; H, 6.3; 
N, 9.8; H2O, 6.2. Found: C, 50,5; H, 6.4; N, 10.0; 
H2O, 6.1. 

(23} R. Moz ingo . S. A. Har r i s , I l E . Wolf, C. K, Hiiffliine. Jr 
X. R. Kastt.n and K. Folkr-rs, T i n s Joi'RNAi., 67, 2092 (194">) 
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The compound crystallizes from methanol in needles 
which disintegrate in air to give the half hydrate. 

Anal. Calcd. for Ci2H16O5N2-1/2H2O: C, 52.0; H, 
6.2; N , 10.1; H2O, 3.3. Found: C, 52.1; H, 6.5; N , 
9.6; H2O, 3.5. 

Tosyl-L-seryl-L-tyrosinhydrazide.—Tosyl-L-serinhydra-
zide (1.25 g.) was dissolved in water (20 ml.) and concen
trated hydrochloric acid (1.5 ml.) and the solution was 
cooled at 0° . Sodium nitrite (0.37 g.).in water (5 ml.) was 
added and the precipitated solid azide was extracted with 
ice-cold ethyl acetate. The ethyl acetate extracts were 
washed with ice-cold sodium bicarbonate and water and 
were dried over sodium sulfate. This solution, con
taining the azide of tosyl-L-serine, was then added to a 
dioxane solution of L-tyrosine methyl ester (prepared from 
2.11 g. of the hydrochloride). The mixture was kept at 5° 
for 20 hours when the solvents were removed in vacuo. The 
ensuing oil was dissolved in ethyl acetate, the solution was 
washed consecutively with water, 2 N hydrochloric acid, so
dium bicarbonate and water and was dried over sodium sul
fate. The solvent was evaporated, the residue dissolved in 
hot methanol (9 ml.) and hydrazine hydrate (0.4 ml.) was 
added. After standing at room temperature for 20 hours 
the hydrazide was collected and recrystallized from aqueous 
methanol; yield 1.25 g. (63%); m.p . 200-202°. 

Anal. Calcd. for C19H24O6N4S: N, 12.8. Found: N, 
12.9. 

Carbobenzoxy-L-methionylglycine Ethyl Ester.—A mixed 
anhydride was prepared in the usual manner from carbo-
benzoxy-L-methionine (2.0 g.) in dry dioxane (15 ml.) with 
tri-»-butylamine (1.67 ml.) and ethyl chloroformate (0.76 
g.). This solution was added to a dioxane solution of ethyl 
glycinate (prepared from 1.1 g. of the hydrochloride), and 
the mixture was kept for 30 minutes at 8-10°, then one hour 
at room temperature. The solvent was evaporated, and 
the reaction product isolated in the usual manner, and re-
crystallized from a mixture of.ether and petroleum ether; 
yield 2.Og. (77%); m.p. 95-96° (lit.12 m.p . 93-95°); [<*]27D 
- 2 0 . 0 ° (c 4.6, in absolute ethanol). 

Anal. Calcd. for Ci7H24O5N2S: C, 55.4; H, 6.6; N, 
7.6. Found: C, 55.7; H, 6.6; N , 7.7. 

Carbobenzoxy-L-methionylglycine.—Carbobenzoxy-L-
methionylglycine ethyl ester (1.0 g.) was dissolved in metha
nol (17 ml.) and 1 N sodium hydroxide (3.2 ml.) was added. 
The solution was kept at room temperature for one hour, 
then cooled in an ice-bath and acidified to congo red with 2 N 
hydrochloric acid. Most of the methanol was evaporated 
and the resulting crystalline material was collected and re-
crystallized from hot water; yield 0.87 g. (94%); m.p . 135-
136° (lit.12 m.p. 130-131°); [a]28D - 1 6 . 0 ° (c 2.2, in abso
lute ethanol). 

Anal. Calcd. for CuH20O6N2S: C, 53.0; H , 5.9; N , 
8.2. Found: C, 52.9; H, 5.9; N, 8.2. 

L-Methionylglycine.—A sample of the carbobenzoxy de
rivative (680 mg.) was dissolved in liquid ammonia and so
dium (40 mg.) was added in small pieces with stirring. 
Dowex 50 (ammonia cycle) (2.5 g.) was added, the ammo
nia was evaporated and the residue kept over sulfuric acid in 
vacuo at room temperature for 12 hours. The residue was 
triturated with water (30 ml.) , filtered and the filtrate acidi
fied with glacial acetic acid. The solution was evaporated 
to a sirup at a bath temperature of 50° and the peptide pre
cipitated by the addition of absolute ethanol. The material 
was recrystallized from aqueous ethanol; yield 292 mg. 
(71%,); m.p. 211-212° with decomposition (lit.12 m.p . 182-
183°); Ri = 0.50 (Partridge); [a]26D +83.0° (c 1.9, in 
H2O), (lit.12 rotation [a]u +86.0° in H2O). 

Anal. Calcd. for C7HuO3N2S: C, 40.8; H, 6.8. Found: 
C, 40.7; H, 6.8. 

Carbobenzoxy-L-methionyl-L-glutamic Acid Diethyl Es
ter.—A mixed anhydride was prepared in the usual manner 
from carbobenzoxy-L-methionine (4.06 g.) in dry dioxane 
(30 ml.) , tri-n-butylamine (3.9 ml.) and ethyl chloroformate 
(1.6 ml.) . This solution was added over a period of 30 min
utes to a solution of diethyl L-glutamate (prepared from 3.6 
g. of the hydrochloride in 30 ml. of dioxane and 2.4 ml. of 
triethylamine) and the mixture was stirred at 8-10° for one 
hour. The solvents were evaporated, the residue dissolved 
in ethyl acetate and the solution washed in the usual manner 
and dried over sodium sulfate. The solution was concen
trated to a small volume and petroleum ether was added. 

The resulting fine needles were collected and recrystallized 
from a mixture of ethyl acetate and petroleum ether; yield 
5.5 g. (82%); m.p. 95-96°; W25D - 2 0 . 9 ° (c 1.27, in 
ethanol). 

Anal. Calcd. for C22H32O1N2S: C, 56.4; H, 6.9; N, 
6.0. Found: C, 57.1; H, 6.9; N, 5.9. 

Carbobenzoxy-L-methionyl-L-glutamic Acid.—Carboben-
zoxy-L-methionyl-L-glutamic acid diethyl ester (5.03 g.) was 
dissolved in methanol (60 ml.) and 2 N sodium hydroxide 
(25.5 ml.) was added. The mixture was kept at room tem
perature for 45 minutes, was then cooled in an ice-bath and 
acidified with 2 N hydrochloric acid. Most of the methanol 
was evaporated at a bath temperature of 40° and the result
ing crystalline material was collected and recrystallized from 
a mixture of ethyl acetate and petroleum ether; yield 4.07 g. 
(92%); m.p. 138-140°; [^]28D - 1 3 . 5 ° (c 1.0, in ethanol). 

Anal. Calcd. for C8H24O7N2S: C, 52.4; H, 5.9; N, 6.8. 
Found: C, 52.3; H, 5.8; N , 6.8. 

L-Methionyl-L-glutamic Acid.—The carbobenzoxy deriva
tive (3.86 g.) was dissolved in liquid ammonia (25-30 ml.) 
and sodium (0.86 g.) was added in small pieces with stirring. 
The ammonia was evaporated and the residue dried over 
sulfuric acid, and dissolved in 50% acetic acid (25 ml.) . 
The solution was filtered and evaporated to dryness in vacuo 
at a bath temperature of 40°. The residue was evaporated 
with three portions of methanol and then recrystallized from 
aqueous ethanol to give shiny plates; yield 2.05 g. (79%); 
m.p. 205-206°; [a]28D +18.6° {c 2.6, in 1 N HCl); R1 = 
0.54 (Partridge). 

Anal. Calcd. for Ci0HiSO6N2S: C, 43.2; H, 6.5; N , 
10.1. Found: C, 43.5; H , 6.7; N, 10.0. 

Carbobenzoxyglycyl-L-glutamic Acid.—A solution of L-
glutamic acid (1.0 g.) in water (10 ml.) and triethylamine (3 
ml.) was shaken for four hours at room temperature with an 
ethyl acetate solution of carbobenzoxyglycine azide (pre
pared in the usual manner from 1 g. of the hydrazide). The 
mixture was acidified with 2 N hydrochloric acid to congo 
red, the ethyl acetate layer was separated and the aqueous 
phase re-extracted with ethyl acetate. The combined 
ethyl acetate extracts were washed with water, dried over 
sodium sulfate and evaporated to dryness. The residue was 
recrystallized from hot water; yield 1.0 g. (65%); m.p . 160-
162° (Ht.2 4m.p. 160-162°). 

Carbobenzoxy-L-seryl-L-tyrosyl-L-serine Methyl Ester.— 
Carbobenzoxy-L-seryl-L-tyrosinhydrazide (2.3 g.) was dis
solved in a mixture of water (25 ml.), concentrated hydro
chloric acid (1.8 ml.) and glacial acetic acid (2.5 ml.) and 
the solution was cooled in an ice-salt bath. A solution of so
dium nitrite (0.42 g.) in water (15 ml.) was added slowly and 
the oily azide which precipitated was extracted with ice-cold 
ethyl acetate. The extract was washed consecutively with 
ice-cold sodium bicarbonate and water and was dried over 
sodium sulfate. This azide solution was added to an ice-
cold ethyl acetate solution of L-serine methyl ester (prepared 
from 1.72 g. of the hydrochloride with triethylamine (1.6 
ml.) in ethyl acetate (70 ml.)) . The mixture was kept at 5° 
for 15 hours, and was then washed with water, 2 N hydro
chloric acid, sodium bicarbonate and water and was dried 
over sodium sulfate. The solvent was evaporated in vacuo 
and the residue recrystallized from a mixture of dioxane and 
petroleum ether (b.p. 60-90°); yield 2.4 g. (86%); m.p . 
191-192°; [a]25D - 3 . 9 ° (e 1.77, in pyridine). 

Anal. Calcd. for C24H29O9N3; C, 57.2; H, 5.8; N, 8.3. 
Found: C, 57.0; H, 6 .1; N, 8.2. 

Carbobenzoxy-L-seryl-L-tyrosyl-L-serinhydrazide.—The 
above ester (1.2 g.) was dissolved in methanol (15 ml.) and 
hydrazine hydrate (0.25 ml.) was added. The solution was 
kept at room temperature for 24 hours and the hydrazide 
which had separated in the form of a gel was collected and 
washed with methanol and ether; it was recrystallized from 
hot water; yield 1.2 g. (100%); m.p . 210-213°. 

Anal. Calcd. for C23H29O8N5: N , 13.9. Found: N, 
13.5. 

Carbobenzoxy-L-serylglycyl-L-glutamic Acid.—A solution 
of glycyl-L-glutamic acid (0.4 g.) in water (10 ml.) and tri
ethylamine (0.82 ml.) was shaken for 18 hours at 5° with an 
ethyl acetate solution of carbobenzoxy-L-serine azide (pre
pared in the usual manner from 0.5 g. of the hydrazide). The 

(24) K. Hofmann and M. Bergmann, / . Biol. Chem., 134, 225 
(1940). 
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aqueous phase was separated, Dowex 50 (acetate cycle) (3 g.) 
was added and the mixture was shaken for 10 minutes. The 
resin was removed by filtration, was washed with several 
portions of water, and the combined filtrate and washings 
were concentrated to a small volume in vacuo at a bath tem
perature of 40°. The solution was placed in a refrigerator 
where crystallization occurred. The material was recrys-
tallized from water; yield 0.37 g. (44% based on hydrazide); 
m.p. 106-107°. 

Anal. Calcd. for Ci8H23O9N3: C, 50.8; H, 5.5; N, 9.9. 
Found: C, 50.6; H, 5.6; N, 9.6. 

Carbobenzoxy-L-seryl-L-methionyl-L-glutamic Acid.—A 
solution of L-methionyl-L-glutamic acid (0.5 g.) in water (10 
ml.) and triethylamine (0.5 ml.) was shaken for 42 hours at 
5° with an ethereal solution of carbobenzoxy-L-serine azide 
(prepared from 1.36 g. of the hydrazide). The ether layer 
was separated, the aqueous solution re-extracted with ether 
and Dowex 50 (acetate cycle) (9.0 g.) was added. The 
mixture was shaken for 10 minutes, the resin was removed by 
filtration and was washed repeatedly with water. The com
bined filtrate and washings were evaporated in vacuo to a 
volume of 10 ml., when the reaction product began to sepa
rate out. Precipitation was completed by placing the mix
ture in a refrigerator for 10 hours. The product was col
lected, washed with a small portion of ice-water and dried 
over phosphorus pentoxide in vacuo. The material was dis
solved in hot water and separated on cooling in the form of a 
gelatinous mass, which was dried at room temperature 
in vacuo; yield 0.42 g. (46%); m.p. 117-121°; [a]25D 
- 2 2 . 5 ° (cl, methanol ) . 

Anal. Calcd. for C21H23O9N3S'1/2H2O: C, 49.6; H , 
5.9; N, 8.3. Found: C, 49.5; H, 5.5; N, 8.4. 

Carbobenzoxy-L-seryl-L-tyrosyl-L-ghitamic Acid.—A solu
tion of i.-glutamic acid (0.13 g.) in water (7 ml.) and tri
ethylamine (0.23 ml.) was shaken at 5° for 40 hours with an 
ethereal solution of carbobenzoxy-L-seryl-L-tyrosine azide 
(prepared from 0.7 g. of the hydrazide). The ethereal phase 
was removed, the aqueous phase re-extracted with ether and 
Dowex 50 (acetate cycle) (2.5 g.) was added to the water 
layer. The mixture was shaken for 10 minutes, was warmed 
at 60° to dissolve the product which had precipitated, and 
the resin was removed by filtration. The filtrate was con
centrated to a small volume in vacuo. The tripeptide deriv
ative which separated in the form of a gelatinous mass was 
collected and dried in vacuo over phosphorus pentoxide; 
yield 0.18 g. (37%); [a]26D - 2 3 . 5 ° (c 1, in ethanol). 

Anal. Calcd. for C26H29O10N3(H2O): C, 54.7; H , 5.7; 
N, 7.6. Found: C, 54.5; H, 6.0; N, 7.7. 

L-Seryl-L-methionyl-L-glutamic Acid.—Carbobenzoxy-L-
seryl-L-methionyl-L-glutamic acid (0.40 g.) was dissolved in 
liquid ammonia (approximately 50 ml.) and sodium (0.12 g.) 
was added in small pieces with stirring. Dowex 50 (ammo
nia cycle) (9 g.) was then added, the mixture was stirred for 
an additional 10 minutes and the ammonia was evaporated. 
The last traces of ammonia were removed by keeping the 
residue over sulfuric acid in vacuo for 20 hours. Water (30 
ml.) was added, the resin was removed by filtration and was 
washed with additional 20 ml. of water. The combined fil
trate and washings were acidified to pK 4 with glacial ace
tic acid and the solution was evaporated to dryness in vacuo. 
The ensuing material was evaporated with three 10-ml. 
portions of methanol, was suspended in ethanol (10 ml.) 
containing three drops of glacial acetic acid and the mixture 
was ceutrifuged. The supernatant was decanted, the solid 
residue was washed with three 5-ml. portions of ethanol and 
was recrystallized from aqueous ethanol. Fine needles were 
obtained; yield 0.28 g. (86%); O]25D - 2 6 . 1 ° (c 1, in water), 
R, = 0.48 (Partridge). 

Anal. Calcd. for C13H23O7N3S(C2H5OH): C, 43.8; H, 
7.1; N, 10.2. Found: C, 44.5; H, 6.7; N , 10.8. 

Carbobenzoxy-L-seryl-L-tyrosyl-L-seryl-L-methionine 
Methyl Ester.—L-Seryl-L-menthionine (2.6 g.) was sus
pended in methanol (80 ml.) and the solution saturated with 
hydrogen chloride with cooling. The solvent was removed 
in vacuo at a bath temperature of 40°, and the residue re-
esterified as described. This process was repeated once 
more. The ester hydrochloride was obtained in the form of 
an oil; yield 3.2 g. The methyl ester hydrochloride (2.35 g.) 
was dissolved in methanol (30 ml.) and 0.9 N methanolic so
dium methoxide (9.1 ml.) was added. The solution was 
evaporated to dryness and the residue dissolved in a mixture 

of dioxane (20 ml.) and ethyl acetate (20 ml.) . To this 
solution was added an ethyl acetate solution of carboben-
zoxy-L-seryl-L-tyrosine azide (prepared in the manner de
scribed above from 2.74 g. of the hydrazide). The mixture 
was shaken at 5° for 20 hours and was then evaporated to 
dryness in vacuo. The residue was dissolved in ethyl ace
ta te , the solution washed with 1 TV hydrochloric acid, sodium 
bicarbonate and water and dried over sodium sulfate. 
Evaporation of the solvent afforded a solid which was re-
crystallized from methanol; yield 2.45 g.; decomposes at 
190°; [Q-J27D - 3 9 . 0 ° (c 0.7, in methanol). 

Anal. Calcd. for C29H38O10N4S: C, 54.9; I I , 6.0; N, 
8.8. Found: C, 55.0; H, 6.3; N , 8.6. 

Carbobenzoxy-L-seryl-L-tyrosyl-L-seryl-L-methioninhy-
drazide.—Carbobenzoxy-L-seryl-L-tyrosyl-L-seryl-L-methi-
onine methyl ester (1.64 g.) was dissolved in boiling metha
nol (20 ml.) and hydrazine hydrate (0.25 ml.) was added. 
The mixture was kept at room temperature for 17 hours, the 
resulting gelatinous mass was collected, washed with metha
nol, and dried in vacuo at room temperature. The material 
was recrystallized from 9 5 % ethanol twice; yield 1.1 g. 
(67%j); decomposes on heating. 

Anal. Calcd. for C28H38O9N6S: C, 53.0; H, 6.0. 
Found: C, 52.9; H, 5.4. 

Carbobenzoxy-L-seryl-L-tyrosyl-L-methionyl-L-glutamic 
Acid.—A solution of L-methionyl-L-glutamic acid (0.17 g.) 
in water (8 ml.) and triethylamine (0.17 ml.) was shaken at 
5° for 40 hours with an ethereal solution of carbobenzoxy-L-
seryl-L-tyrosine azide (prepared as described above from 0.5 
g. of the hydrazide). The ether phase was separated, Dowex 
50 (acetate cycle) (2.5 g.) was added to the aqueous layer 
and the mixture was shaken for 10 minutes. The resin was 
removed by filtration and was washed with several portions 
of water. The combined filtrate and washings were evap
orated to dryness in vacuo at a bath temperature of 40°, the 
residue was dissolved in methanol and water was added. 
The ensuing gelatinous material was collected and dried 
over phosphorus pentoxide in vacuo; yield 0.13 g. (32%); 
[a]25D —22.7° (c 1, in glacial acetic acid). 

Anal. Calcd. for C30H38Oi1N1S: C, 54.4; H, 5.8; N, 
8.5. Found: C, 54.4; H, 6.0; N, 8.2. 

L-Seryl-L-tyrosyl-L-methionyl-L-glutamic Acid.—A sam
ple of the carbobenzoxy derivative (0.14 g.) was dissolved 
in liquid ammonia (20 ml.) and sodium 0.05 g.) was added 
in small pieces with stirring. Dowex 50 (ammonia cycle) (2 
g.) was added and the ammonia was evaporated. The 
product was isolated as described for the preparation of L-
seryl-L-methionyl-L-glutamic acid, and was purified by pre
cipitation from water with ethanol; yield 60 mg. (50%); 
[a]25D - 8 . 6 ° ( c l , in water). 

Anal. Calcd. for C22H32O9N1S^H2O): C, 46.8; H, 6.4; 
N, 9.9. Found: C, 46.8; H, 7.0; N , 10.6. 

Carbobenzoxy-L-seryl-L-tyrosyl-L-seryl-L - methionyl - L-
glutamic Acid.—A solution of L-seryl-L-methionyl-L-glu
tamic acid (0.27 g.) in water (10 ml.) and triethylamine 
(0.21 ml.) was shaken at 5° for 48 hours with an ethereal 
solution of carbobenzoxy-L-seryl-L-tyrosine azide (prepared 
in the usual manner from 0.92 g. of the hydrazide). The 
ether layer was separated, the aqueous solution filtered and 
Dowex 50 (acetate cycle) (4 g.) added to the clear filtrate. 
The suspension was shaken for 10 minutes. The carboben-
zoxypentapeptide precipitated during the treatment with the 
resin, and was redissolved by the addition of ethanol. The 
resin was removed by filtration, washed with water and the 
combined filtrate and washings were concentrated to a small 
volume in vacuo at a bath temperature of 40-50°. The ma
terial separated during this operation and precipitation was 
completed by placing the concentrate in a refrigerator for 12 
hours. The product was collected, dissolved in ethanol, 
precipitated with water and dried over phosphorus pentoxide 
in vacuo; yield 0.26 g. (52%); [a]25D - 1 3 . 2 ° (c 1, in glacial 
acetic acid). 

Anal. Calcd. for C33H43O13N6S: C, 52.9; H, 5.8; N, 9.3. 
Found: C, 53.7; H, 6.2; N, 9.1. 

L-Seryl-L-tyrosyl-L-seryl-L-methionyl-L-glutamic Acid .— 
A sample of the carbobenzoxy derivative (0.26 g.) was dis
solved in liquid ammonia (30 ml.) and sodium (0.1 g.) was 
added in small pieces with stirring. Dowex 50 (ammonia 
cycle) (8 g.) was added and the ammonia was evaporated. 
The residue was dried over sulfuric acid in vacuo and was 
then extracted with water (20 ml.) . The mixture was filtered, 
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the resin washed with an additional 20 ml. of water and the 
combined nitrates acidified to pH 4 with glacial acetic acid 
and evaporated to dryness in vacuo at a bath temperature of 
40-45°. The residue was evaporated with three 10-ml. 
portions of methanol and suspended in 10 ml. of ethanol con
taining a few drops of glacial acetic acid. The solids were 
collected by centrifugation and were re-extracted with three 
additional 5-ml. portions of ethanol. The residue was dried 
in vacuo over phosphorus pentoxide. The material was 
purified further by precipitation from water with ethanol. A 

In previous communications,2-3 we have de
scribed a synthesis of seryl-tyrosyl-seryl-methion-
yl-glutamic acid, the N-terminus of swine ^-cortico
tropin, swine corticotropin-A, and sheep /!!-cortico
tropin.4-6 A structural unit, common not only to 
these corticotropins but also to the melanocyte-
stimulating principle of porcine pituitary glands,7'8 

possesses the sequence glutamyl-histidyl-phenyl-
alanyl-arginine. In the present communication, 
we record a synthesis of this tetrapeptide. Prior to 
attempting the preparation of the entire peptide, 
methods were explored for preparing various 
smaller peptides and peptide derivatives embodying 
within their structures certain bond types occur
ring in the over-all sequence. The dipeptide, L-
histidyl-L-phenylalanine, was prepared readily by 
the azide method via carbobenzoxy-L-histidyl-L-
phenylalanine. Two routes to this substance were 
explored. In the first, the azide of carbobenzoxy-
L-histidine9 was coupled with the methyl ester of 
L-phenylalanine and the ensuing carbobenzoxy-L-
histidyl-L-phenylalanine methyl ester was subjected 
to saponification. In the second, the triethylam-
monium salt of L-phenylalanine was treated with 
carbobenzoxy-L-histidine azide in a manner re
cently described.3 The carbobenzoxy-L-histidyl-
L-phenylalanine resulting from both approaches 

(1) The authors wish to express their appreciation to the U. S. Pub
lic Health Service, the National Science Foundation, and Armour and 
Co. for generous support of this investigation. 

(2) K. Hofmann and A. Johl, T H I S JOURNAL, 77, 2914 (1855). 
(3) K. Hofmann, A. Johl, A. E. Furlenmeier and H. Kappeler, ibid., 

78, 1636 (1956). 
(4) P. H. Bell, ibid., 76, 5565 (1954). 
(5) W. F. White and W. A. Landmann, ibid., 77, 1711 (1955). 
(6) C. H. Li, I. I. Geschwind, R. D. Cole, I. D. Raacke, J. I. Harris 

and J. S. Dixon, Nature, 176, 687 (1955). 
(7) J. I. Harris and P. Roos, ibid., 178, 90 (1956). 
(8) I. I. Geschwind, C. H. Li and L. Barnafi, T H I 3 JOURNAL, 78, 

4494 (1956). 
(9) R. W. Holley and B. Sondheimer, ibid., 76, 1326 (1954). 

white granular powder was obtained; yield 0.14 g. (63%); 
[^]26D - 2 0 . 6 ° (c 1.95, in 2 N HCl); Rt = 0.51 (Partridge). 
For analysis, the pentapeptide was dissolved in a small quan
tity of hot water, and separated in the form of small rosettes 
upon cooling of the solution. I t was collected and dried at 
room temperature in vacuo over phosphorus pentoxide. 

Anal. Calcd. for C25H37O11N6S(H2O): C, 47.4; H, 6.2; 
N, 11.1. Found: C, 47.0; H, 6.4; N , 11.6. 
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exhibited identical properties, and on catalytic 
hydrogenation afforded the crystalline free dipep
tide. Recrystallization from water gave a product 
which was homogeneous, as revealed by paper 
chromatography. Acid hydrolysis converted the 
dipeptide into an equimolar mixture of histidine 
and phenylalanine. 

The observation that the azide of carbobenzoxy-
L-histidine lends itself to coupling in aqueous sys
tems provided a key to a synthesis of L-histidyl-L-
phenylalanylnitro-L-arginine. Acid-catalyzed de-
carbobenzoxylation in glacial acetic acid contain
ing hydrogen bromide converted carbobenzoxy-L-
phenylalanylnitro-L-arginine10 into the hydrobro-
mide of L-phenylalanylnitro-L-arginine, which gave 
the free peptide when treated with the ion ex
changer Amber lite IR-4B in the acetate form. 
This dipeptide, as its triethylammonium salt, was 
then coupled with carbobenzoxy-L-histidine azide9 

to give carbobenzoxy-L-histidyl-L-phenylalanylni-
tro-L-arginine. The carbobenzoxylated tripeptide 
was sparingly soluble in water, but dissolved readily 
in dilute ammonia and was precipitated therefrom 
in crystalline form by glacial acetic acid. This 
property of the compound provided a convenient 
method of purification. Hydrogenation in glacial 
acetic acid in the presence of a palladium catalyst 
converted the carbobenzoxy derivative into the 
acetate salt of L-histidyl-L-phenylalanyl-L-arginine. 
This tripeptide salt was purified by precipitation 
from its ethanolic solution with ether, and ex
hibited a single ninhydrin-positive spot on paper 
in the Partridge11 and the 2-butanol-ammonia sys
tems.12 Control strips sprayed with diazotized 

(10) K. Hofmann, W. D. Peckham and A. Rheiner, ibid., 78, 238 
(1956). 

(11) S. M. Partridge, Biochem. J., 42, 238 (1948). 
(12) J. F. Roland, Jr., and A. M. Gross, Anal. Chem., 26, 502 

(1954). 
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The sequences histidyl-phenylalanyl-arginine and glutamyl-histidyl-phenylalanyl-arginine, have been shown to occur in 
the corticotropins and in the melanocyte-stimulating hormone. Peptides corresponding to these sequences have been syn
thesized and their homogeneity ascertained by paper chromatography and by quantitative determination of the amino 
acids liberated on acid hydrolysis. Leucine aminopeptidase converted both peptides into an equimolar mixture of the ex
pected amino acids, demonstrating their stereochemical purity. The behavior, on paper chromatography, of the synthetic 
histidyl-phenylalanyl-arginine was identical with that of a peptide resulting from the enzymatic degradation of corticotropin-
A. This provides unequivocal synthetic confirmation for the sequence his-phe-arg in this hormone. The synthesis of a 
series of compounds related to the two peptides is also described. 


