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yl-5-thienylacetamide and the corresponding acid

was obtained by hydrolysis.
Experimental

Attempted Transmetalation of 3-Methylthiophene.—A
mixture of 23 g. (1 gram atom) of sodium sand, 250 ml. of
anhydrous ether and 98 g. (1 mole) of 3-methylthiophene
was refluxed and 68.5 g. (0.5 mole) of #-butyl bromide in 100
nl. of anhydrous ether was added dropwise with mechanical
stirring. After the addition was completed the mixture was
refluxed for an additional 2 hours and was carbonated with
pieces of Dry Ice. Water was cautiously added, the alka-
line aqueous layer was separated and acidified with con-
centrated hydrochloric acid whereupon 15 g. (219,) of 4-
methyl-2-thiophenecarboxylic acid, m.p. 119-120° was
obtained.

There was also obtained from the ethereal layer 469, of 3-
methylthiophene and 609 of a liquid, b.p. 198-202°.
Using ethyl bromide as the alkyl halide there was obtained
10% of 4-methyl-2-thiophenecarboxylic acid, 609, of 3-
methylthiophene and 409, of a liquid, b.p. 164-166°, 46~
48° (13 mm.). For some unaccountable reason, when
bromobenzene was used only a high recovery of 3-methyl-
thiophene was observed.

2-Ethyl-4-methyl-5-acetylthiophene.—The organic liquid,
b.p. 46-48° (13 mm.) obtained from the attempted trans-
metalation of 3-methylthiophene with ethyl bromide, was
acetylated with acetic anhydride and stannic chloride by
the method of Johnson and May.* From 16 g. (0.13 mole)
there was obtained 15 g. (709%) of a colorless liquid, b.p.
125-126° (15 mm.). A semicarbazone was prepared in the
usual manner and crystallized from alcohol, m.p. 185-186°.

Anal. Caled. for C,oHsN:08: C, 53.33; H, 6.66; N,
18.67. Found: C, 53.55; H, 6.60; N, 18.78.

The molecular formula, C;;Hi;;N3;OS, was calculated for
the semicarbazone of a methylethylacetylthiophene. The
semicarbazone of 3-ethyl-4-methyl-2-acetylthiophene is a
known compound and has a m.p. of 228-229°. The ketone
ogtained is believed to be 2-ethyl-4-methyl-5-acetylthio-
phene,

2-Ethyl-4-methyl-5-thenylacetamide .—2-Ethyl-4-methyl-
5-acetylthiophene was converted to 2-ethyl-4-methyl-5-
thienylacetamide, m.p. 98-99°, in a yield of 359 by the
Willgerodt reaction.!

Anagl. Caled. for C;HNOS: XN, 7.63.
7.77.

Hydrolysis of this amide gave an oil which readily formed
a solid p-bromophenacyl ester, m.p. 95-97°.

Anal. Caled. for CyH;BrO;S: C, 53.54;
Found: C, 53.82; H, 4.31.

(4) J.R. Johnson and C. E. May, “Organic Syntheses,’’ Coll. Vol II,
John Wiley and Sons, Inc., New York, N. V., 1943, p. 8.

Found: N,

H, 4.46.
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Optical Rotation of Peptides. V. Alanine Tetra-,
Penta- and Hexapeptides®

By ErwIN BranND, BERNARD F. ERLANGER AND HowARD
Sacus

Previous papers in this series dealt with the syn-
thesis and specific rotation of alanine dipeptides?
and tripeptides.® In this paper the syntheses and
specific rotations (in 0.5 N HCl) of four isomeric
alanine tetrapeptides,* pentaalanine (5L) and hexa-
alanine (6L) are presented. More detailed data on
their specific rotations and on the residue rotationss
of alanine residues will be reported subsequently.

(1) Presented in part before the Division of Biological Chemistry
at the 119th Meeting of the A. C. 8., Boston, Mass., April, 1951,

(2) B. F. Erlanger and E. Brand, Tuis JOURNAL, 78, 3508 (1951).

(3) E. Brand, B. F. Erlanger, H. Sachs and J. Polatnick, ¢bid., 73,
3510 (1951).

(4) For abbreviations see Table I, footnote a.

(3) E. Brand and B. F. Erlanger, THis JourNAL, 72, 3314 {1950).

NoTes 1849

Experimental

The synthesis and properties of most of the starting mate-
rials have been previously described: L- and p-alanine?;
L- and p-alanine benzyl esters (ref. 2, Cmpds. 5, 6); car-
bobenzoxy-p-alanine hydrazide (ref. 2, Cmpd. 3); carbo-
benzoxydialanine hydrazide (Z.Ala-Ala.NHNH,(2L), ref.
2, Cmpd. 17); and three isomeric carbobenzoxytrialanine
hydrazides (ref. 3, Cmpds. 14-186).

The benzyl ester hydroiodides of di- and trialanine were
used as intermediates in the synthesis of some of the higher
peptides. These benzyl esters were prepared from their
corresponding carbobenzoxy derivatives by reduction with
phosphonium iodide, which removes the N-carbobenzoxy
group more rapidly than the benzyl ester group.®

(1) H.Ala-Ala.OBz.HI (21) (CygH1305N2.HI, mol. wt.
378.2).—0.15 mole of Z.Ala-Ala.OBz (2L) (ref. 2, Cmpd.
13) is dissolved in 65 cc. of glacial acetic acid and warmed
to 35-40°. PhyI (0.45 mole) is added and hydrogen passed
through the solution for about two hours, when CO; evolu-
tion stops. The solution is evaporated in vacuo. Water is
added and then distilled off ¢% vacwo, in order to remove
acetic acid; this treatment is repeated several times. The
solution is finally distilled down to an oil, which is taken up
in about 15 cc. of water and extracted with several portions
of ether (caution—lachrymator!). The amount of H.Ala-
Ala.OBz.HI (21) present in this aqueous solution is deter-
mined by Van Slyke amino nitrogen determination. From
this solution the free dipeptide benzyl ester is prepared in the
usual fashion?? for use in further synthesis.

Since neither the hydroiodide, the hydrochloride, nor the
free dialanine benzyl ester is obtained in crystalline form,
Compound 1 is identified by converting it into derivatives.
Reaction of the free dialanine benzyl ester in ethyl acetate
with an ethereal solution of carbobenzoxy-L-alanine azide
yields a compound with the same melting point, mixed
melting point (201°) and analysis as Z.Ala-Ala-Ala.OBz
(3L), previously prepared by a different procedure (ref. 3,
Cmpd. 9). Compound 1 is further identified by converting
it into Z.Ala-(Ala);-Ala.OBz (5L) (¢f. below, Cmpd. 7).

(2) H.Ala-Ala-Ala.OBz.HI (3L) (CmHzaO,;Ns.HI, mol. wt,
449.3).—This compound is prepared from Z.Ala-Ala-Ala.
OBz(3L)(ref.3,Cmpd.9) as described above for Compound 1.
Since neither the hydroiodide nor the free trialanine benzyl
ester is obtained in crystalline form, Compound 2 is identi-
fied by converting it into derivatives (¢f. below, Cmpds. 6,
7 and 8).

Carbobenzoxytetraalanine Benzyl Esters (Compounds
3-6).—Compounds 3-5 are prepared by coupling the azide
of a carbobenzoxytrialanine hydrazide® with free alanine
benzyl ester essentially as described in detail for the synthe-
sis of carbobenzoxydipeptide and -tripeptide esters.%3

(3) Z.Ala-(Ala),-Ala.OBz (4L).—For the preparation of
this compound, 0.1 mole of Z.Ala-Ala-Ala.NHNH: (3L)
(ref. 3, Cmpd. 14) is dissolved in 150 cc. of glacial acetic acid,
12.5 cc. of 5 N HCI and 100 cc. of water. The solution is
cooled to —5°, sodium nitrite (0.11 mole) added, and allowed
to stand in an ice-salt-bath for three minutes, after which an
additional 300 cc. of ice-cold water and 250 cc. of ice-cold
ethyl acetate are added. The azide is extracted and washed
with water, 3% aqueous NaHCO; and water (all ice-cold),
dried over sodium sulfate and added in one portion to a cold,
dry, ethereal solution of L-alanine benzyl ester? (previously
prepared from 0.15 mole of its hydrochloride). After stand-
ing at room temperature for about 20 hours, the carbo-
benzoxytetraalanine ester is isolated and recrystallized from
dioxane,

(4) Z.Ala-(Ala),-Ala.OBz (LpLL). (5) Z.Ala-(Ala),-Ala.
OBz (LLpL).—For the preparation of these compounds, the
carbobenzoxytrialanine azides are prepared from their re-
spective carbobenzoxytrialanine hydrazides (ref. 3, Cmpds.
15, 16) by following exactly the procedure described for the
preparation of carbobenzoxydialanine azides,® except that
the carbobenzoxytrialanine azides are extracted with ethyl
acetate instead of with ether-ethyl acetate. The azide
solutions are then added in one portion to a 509, molar ex-
cess of free alanine benzyl ester in ether. After 20 hours the
carbobenzoxytetraalanine benzyl esters are collected and re-
crystallized from 95% ethanol,

(6) Z.Ala-(Ala),-Ala.OBz (pLLL).—This compound is
prepared by coupling 0.1 mole of carbobenzoxy-p-alanine
azide? with 0.15 mole of H.Ala-Ala-Ala.OBz (3L) in ethyl

(6) C. R. Harington and T. H. Mead, Biochem. J., 80, 1599 (1936)_
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TaBLE I
TETRA-, PENTA- AND HEXAALANINE DERIVATIVES
Molecular M.p., N, %

No. Compounds formula Mol, wt. °C. (IcJor.) Caled. Found
3 Z.Ala-(Ala)-Ala.OBz (4L) CyHO:N, 526.6 246 10.6 10.7
4 Z.Ala-(Ala);-Ala.OBz (L-D-L-L) CnH ;0N 526.6 181.5 10.6 10.5
5 Z.Ala-(Ala),-Ala.OBz (L-L-Dp-L) CnHyOyNy 526.6 213-214 10.6 10.6
6 Z.Ala-(Ala);-Ala, OBz (D-L-L-L) CyuH 0,04 526.6 191-192 10.6 10.9
7 Z.Ala-(Ala)s-Ala.OBz (5L) CioHn QN 597.7 254 11.7 11.7
8 Z.Ala~(Ala)-Ala.OBz (6L) CuH 0N, 668.7 Decomp. >260 12.6 12.7

¢ The following abbreviations are used (¢f. ref, 2, 3, Table I, footnote a): Z, carbobenzoxy, CH;CH,OCO; Ala, NH-

(CHCH,)CO; peptide linkage indicated by hyphen; Bz, C¢H;CHs; configuration follows compound in parentheses.

Eg.,

carbobenzoxy-L-alanyl-L-alanyl-L-alanyl-L-alanyl-L-alanyl-L-alanine benzyl ester: Z.Ala-(Ala)-Ala.OBz (6L); L-alanyl-p-

alanyl-L-alanyl-r-alanine: H.Ala-(Ala),-Ala.OH (L-p-L-L).

TaBLE II

TETRA-, PENTA- AND HEXAALANINE
ANALYTICAL DATA AND SPECIFIC RoTATION IN 0.5 N HCl

Molecular
No, Compounds formula
9 H.Ala-(Ala),—Ala.OH.HgO (4L) CanOsN‘.HQO
10 H.Ala«(Ala)}-Ala.OH (L-D-L-L)® C1aH2205N,
11 H.Ala-(Ala)g-Ala.OH (L-L-D-L) Cqu:OaN‘
12 H.Ala-(Ala);-Ala.OH (p-L-L-L) CraHOsNy
13 H.Ala-(Ala)z-Ala.OH (5L) ClanOcNa
14 H.Ala-(Ala)-Ala.OH (6L) C1sH::O1Ng

¢ See Table I, footnote (a).

Nitrogen, % Amino N, % [«]2%D
Mol, wt. Caled, Found Caled. Found (c = 2)
320.3 17.5 17.6 4.4 4.5 -~131.0
302.3 18.5 18.5 4.6 4.5 — 14.2°
302.3 18.5 18.6 4.6 4.5 - 5.0
302.3 18.5 18.3 4.6 4.5 —145,14
373.4 18.8 18.8 3.8 3.8 —149.7°
4445 18,9 187 3.2 3. —156.67

b Neutralization equivalent = 303, obtained by titration in alcohol (Ellenbogen and Brand,

Am. Chem. Soc., Philadelphia Meeting, April, 1950, Abstracts p.56C); the other peptides are too insoluble for this determina-

tion, ©At21° 9At22° ¢At23° [At23°c¢=09
acetate (for the preparation of the free ester, ¢f. above under
Compounds 1 and 2). The compound is isolated after 20
hours at room temperature and recrystallized from 959,
ethanol,

The yield of pure carbobenzoxytetraalanine benzyl esters
is 65-75%, based on the hydrazide used.

(7) Z.Ala-(Ala);-Ala.OBz (5L).—The carbobenzoxypen-
taalanine benzyl ester is prepared in two ways: (a) by
coupling 0.1 mole of carbobenzoxydialanine azide (pre-
pared? from Cmpd. 17, ref. 2) with 0.15 mole of trialanine
benzyl ester in ethyl acetate (for the preparation of the free
ester, ¢f. above Cmpds. 1 and 2); (b) by coupling 0.1 mole
of carbobenzoxytrialanine azide (prepared as described
above under Cmpd. 3) with 0.15 mole of dialanine benzyl
ester (for the preparation of the free ester, ¢f. above under
Cmpd. 1).

The carbobenzoxypentaalanine benzyl ester obtained by
both procedures is insoluble in most orgaric solvents. It is
purified by extracting with 959 boiling ethanol for 30
minutes, with a 75% yield of the pure product.

(8) Z.Ala-(Ala);-Ala.OBz (6L).—The carbobenzoxyhexa-
alanine benzyl ester is prepared by coupling 0.1 mole of car-
bobenzoxytrialanine azide (prepared as described above
under Cmpd. 3) with 0.15 mole of trialanine benzyl ester
(for thg)preparation of the free ester, ¢f. above under Cmpds.
1 and 2).

Compound 8 is insoluble in most organic solvents. It is
purified by extracting with 959, boiling ethanol for 30
minutes, with a 769, yield of the pure product.

Peptides—Isomeric Tetraalanines (Compounds 9-12).—
The carbobenzoxytetraalanine benzyl esters (Cmpds. 3-6)
are hydrogenated in the usual way,? using 809, acetic acid
as solvent. A volume of 180 cc, is used for 0.008 mole of
Compound 3 and 150 cc. for 0.015 mole each of Compounds
4-6. The peptides are recrystallized from water-alcohol
and dried in high vacuum at 56°. The yield of pure pep-
tides is about 85%.

Tetraalanine (41) (Cmpd. 9) is the only peptide obtained
with one molecule of water. A previous preparation® from
an a-halogen acid halide contained one molecule of water and
gave [a]%D —122.5° (2.29%, in 2 N HCI).

(7) As described previously? under ‘'Carbobenzoxy Tripeptide
Esters,” except that ethyl acetate is used for extraction instead of
ether—ethyl acetate.

‘ (8) E. Abderhalden and W. Gohdes, Fermentforschung, 18, 52
1931).

(13) H.Ala-(Ala):-Ala.OH (5L).—For the preparation of
pentaalanine the corresponding carbobenzoxy benzyl ester
is reduced in dimethyl formamide in the following way:
0.0045 mole of the ester (Cmpd. 7) is dissolved in 225 cc. of
dimethyl formamide at 105°. The solution is cooled
quickly to 45°, resulting in a fine suspension. About 1 g.
of palladium black suspended in about 10 ce. of dimethyl
formamide is added quickly and followed immediately by a
rapid stream of hydrogen. After about 30 minutes, when
the solution has cooled to about 25°, 2.5 cc. of 2 N HCl is
added. After another 15 minutes, 50 cc. of water is added
gradually over a 30-minute period to keep the reduced pep-
tide in solution—care being taken not to precipitate unre-
duced material, After a total of about two hours, CO;
evolution ceases and the solution is clear. Hydrogenation
is continued for another two hours. Palladium black is
filtered off and washed with 50 cc. of 0.1 N HCl. The pep-
tide is precipitated by adding 2 cc. of pyridine to the com-
bined filtrate and washings. After standing overnight in
the ice-box, the peptide is filtered off and purified by dissolv-
ing in the calculated quantity of 0.256 N HCI, precipitating
with pyridine, and washing thoroughly with alcohol and ether,
For analysis it is dried in high vacuum at 100°. The yield of
the pure peptide is 85%.

It was previously prepared® with [«]18p —136.4° (1.9%, in
2 N HCI), containing one molecule of water which could
not be removed in high vacuum at elevated temperature.

(14) H.Ala-(Ala)-Ala.OH (61L).—For the preparation of
hexaalanine the corresponding carbobenzoxy benzyl ester
is reduced in phenol in the following way: 0.0043 mole of the
ester (Cmpd. 8) is dissolved in 175 cc. of phenol (saturated
with water) by warming to 90°. The solution is then
cooled rapidly to 40°. About 1 g. of palladium black sus-
pended in about 10 cc. of phenol is added quickly to the
slightly turbid solution, followed immediately by a rapid
stream of hydrogen. After 20 minutes 2.5 cc. of 2 N HCI
and 30 cc. of 959, ethanol are added. After hydrogenation
has proceeded for one hour, 30 cc. of 509, ethanol is added
to reduce the turbidity, and another 30 cc. after a second
hour, At this point CO; evolution is negligible, and the
solution becomes clear. Hydrogenation is continued for
three more hours. Palladium black is then filtered off and
washed with 50 ce. of a 1:1 (v./v.) mixture of 959, ethanol
and 0.5 N HCI. An excess of pyridine is added to the com-
bined filtrate and washings, followed by 250 cc. of 85%
ethanol. After standing overnight in the ice-box, the
gelatinous precipitate of the peptide is filtered off and washed
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with alcohol and ether. The peptide is purified by dissolving
in 250 cc, of water containing a 509, molar excess of HCI,
filtering, adding 150 cc. of absolute ethanol to the clear solu-
tion, and precipitating with pyridine. The precipitate is
centrifuged off and washed repeatedly, first with absolute
alcohol and then with ether. For analysis the material is
dried in vacuo at 100°. The yield of pure peptide is about
78%. It was previously prepared?® containing one molecule
of water which could not be removed in high vacuum at
elevated temperature; since the preparation was insoluble,
no rotation was reported.?

This work was aided by a contract between the
Office of Naval Research Department of the Navy
and Columbia University (NR 122-260).

CoRRECTION.—In Paper IV, Lysine Tripeptides,
by E. Brand, et al., THIS JOURNAL, 73, 4026 (1951),
Compound 5 in Table I should read Z.Ala-Z.Lys-
Ala.OBz (L-L-p), and Compound 14 in Table II
should read H.Ala-Lys-Ala.OH.HCI (L-L-p).
DEPARTMENT OF BIOCHEMISTRY
COLLEGE OF PHYSICIANS AND SURGEONS

CoLUuMBIA UNIVERSITY

NEw Yorxk 32, N. V. RECEIVED NOVEMEER 5, 1951

Optical Rotation of Peptides. VI, Tetra- and
Pentapeptides Containing Alanine and Lysine!

By ERwWIN BRAND, BERNARD F. ERLANGER AND HOWARD
SacHS

Previous papers in this series dealt with the syn-
thesis and specific rotation of a number of alanine
and lysine peptides.?—® In this paper the syntheses
and specific rotations (in 0.5 N HCI) of two isomeric
tetrapeptides and two isomeric pentapeptides con-
taining lysine are presented. More detailed data
on their specific rotations and on the residue rota-
tions® of lysine and alanine residues in these pep-
tides will be reported subsequently, as well as the
action of certain proteolytic enzymes on these pep-
tides.

Notes
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lysine’; Z,Ala-Z.Lys.NHNH; (2L and LD, ref. 3, Compds.
14, 15); Z.Ala-Z.Lys-Ala.NHNH; (31, ref. 4, Compd. 10);
benzyl ester hydroiodides of di- and tri-L-alanine (ref. 5,
Cmpds. 1, 2).

Carbobenzoxytetrapeptide Benzy! Esters

(1) Z.Ala-Z.Lys-Ala-Ala.OBz (4L).—This compound is
prepared by two different methods. (a) From a carbo-
benzoxy dipeptide azide and a dipeptide benzyl ester:
0.01 mole of Z.Ala-Z .Lys.NHNH; (2L, ref. 3, Cmpd. 14) is
converted into the azide as described previously (ref. 4
under ‘‘Carbobenzoxy Tripeptide Esters’’) and added to an
ethyl acetate solution of H.Ala-Ala.OBz (2L), prepared
from 0.015 mole of the hydroiodide (ref. 5, Cmpd. 1). A
white gelatinous precipitate forms almost immediately.
The mixture is allowed to stand overnight at room tempera-
ture, the carbobenzoxytetrapeptide benzyl ester collected
and recrystallized from absolute ethanol. The yield of pure
product is 45%; m.p. 198° (all m.p. cor.).

Anal. Caled. for CHyOpN; (717.8): N, 9.8. Found:
N, 9.8.

(b) From a carbobenzoxy tripeptide azide and L-alanine
benzyl ester: 0.006 mole of Z.Ala-Z.Lys-Ala. NHNH, (3L)
(ref. 4, Cmpd. 10) is dissolved in 20 cc. of glacial acetic acid,
2 cc. of 5 N HCI and 120 cc. of water. The solution is
cooled to —4°, and 0.006 mole of sodium nitrite dissolved
in a small amount of water is added in one portion. The
precipitated azide is extracted with ice-cold ethyl acetate,
washed with ice-cold water and bicarbonate solution. If
precipitation occurs in the ethyl acetate layer at this point,
a small amount (10 cc.) of glacial acetic acid is added to it
after removal of the aqueous bicarbonate layer. The clear
ethyl acetate solution is then washed with ice-cold water,
dried over sodium sulfate and added to L-alanine benzyl
ester in ethyl acetate, prepared from 0.009 mole of the hy-
drochloride (ref. 2, Cmpd. 5). After standing overnight at
room temperature, the carbobenzoxytetrapeptide benzyl
ester is collected and recrystallized from absolute ethanol.
Yield of pure product is 556%; m.p. 197°.

Anal, Caled, for CuHuOsNg (717.8): N, 9.8. Found;
N, 9.8.

(2) Z.Ala-Z.Lys-Ala-Ala.OBz (LDLL).—The preparation
of this compound is the same as that of Compound 1 (a),
except that the isomeric (L~D) carbobenzoxy dipeptide hy-
drazide (ref. 3, Cmpd. 15) is used as one of the starting mate-
rials. The product is recrystallized from ethyl acetate.
Yield of pure product is 46%; m.p. 166-167°.

TABLE 1
TETRA- AND PENTAPEPTIDES CONTAINING ALANINE AND LYSINE ANALYTICAL DATA AND SPECIFIC ROTATION IN 0.5 N HCl
Basis: FrREE PEPTIDE

Nitrogen, Amino N, Neut,
Molecular Mol, A % HCL, % equiv.b [a]¥D
No. Compound?d formula wt, Caled, Found Caled, Found Caled. Found Caled. Found (c2)
§ H,Ala-Lys-Ala-Ala.OH-2HC! (41) C1sH1OsN¢2HCI 432.4 16.2 16.0 6.5 6.5 16.9 16.6 144 147 — 78.0
6 H.Ala-Lys-Ala-Ala,OH-HC! (LbLL) CuHaOsNs HC 395.9 17.7 17.6 7.1 7.1 9.2 9.1 198 190 — 18.6
7 H.Ala-Lys-(Ala)s-Ala,OH'HCLH:0 (§1.) CuHuOsNeHCI-H:O 485.0 17.3 17.1 5.8 5.8 7.5 7.3 243 244 —109.3°
8 H.Ala-Lys-(Ala)s-Ala,OH-HCI (LDLLL) CisHuOsN¢HCl 467.0 18.0 18.0 6.0 5.9 7.8 7.7 234 232 — 82.09

¢ The following abbreviations are used (¢f. refs, 2, 3 and 4, Table I, footnote a):
Ala, NH(CHCH,)CO; Lys, NH(CHCHsNH,;)CO; peptide linkage indicated by hyphen;
follows compound in parentheses, e.g., carbobenzoxy-L-alanyl-e-carbobenzoxy-p-lysine hydrazide:

Z, carbobenzoxy, CsH;CH,O0CO;
Bz, C¢H;CH;; configuration
Z.Ala~-Z.Lys. NHNH,

(1~p); carbobenzoxy-L-alanyl-e-carbobenzoxy-L-lysyl-L-alanyl-L-alanine benzyl ester: Z.Ala~Z.Lys-Ala~Ala, OBz (4L); L-

alanyl-p~lysyl-L-alanyl-L-alanyl-1~alanine monohydrochloride: H.Ala~Lys—(Ala)y~Ala.OH.HCI (LDLLL),
titration in alcohol (Ellenbogen and Brand, Am, Chem. Soc.,

23°, 4 At27°

Experimental’

The synthesis and properties of the starting materials
have been previously described3:; r-alanine®; 1- and b-

(1) Presented in part before the Division of Biological Chemistry at
the 75th Anniversary Meeting of the A. C. S., New York, N. Y., Sep-
tember, 1951,

(2) B, F. Erlanger and E, Brand, Turs Jour~ar, 78, 3508 (1951),

(3) B. F. Erlanger and E, Brand, sbid., 78, 4025 (1951),

(4) E. Brand B, P, Erlanger, J, Polatnick, H. Sachs and D. Kir-
schenbaum, sbsd., 78, 4026 (1951).

(8) E. Brand, B, P. Erlanger and H. Sachs, ¢bid., T4, 1849 (1952).

{6) E. Brand and B. F. Erlanger, sbid., 73, 3314 (1950),

(7) We are indebted for analytical work to T. Zelmenis (total N)
and to D. Kirschenbaum (amino N, HC! and neut. equiv,),

(8) For abbreviations see Table I, Footnote a,

b Obtained by
Philadelphia Meeting, April, 1950, Abstracts, p,56C). © At

Anal,
N, 9.6,

Caled. for CuHaOpNﬁ (717.8): N, 9.8. Found:

Carbobenzoxypentapeptide Benzyl Esters

(3) Z.Ala-Z Lys-Ala-Ala.OBz (51).—The method of prepa-
ration of this compound is the same as that of Compound 1
(b). The carbobenzoxy tripeptide azide is coupled with the
dipeptide benzyl ester, H.Ala-Ala.OBz (2L), prepared from
a 509, molar excess of the hydroiodide (ref. 5, Cmpd. 1).
Precipitation starts about 15 minutes after adding the azide
solution to that of the dipeptide benzyl ester. After stand-
ing overnight at room temperature, the material is collected
and recrystallized from glacial acetic acid-water. Vield
of pure product is about 656%; m.p. 238-239°.

NA%af’; Calcd. for CyHeOyoNs (788.9): N, 10.7. Found:

, 10.5.



