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Grateful acknowledgment is due Professor
Louis F. Fieser for proposing the problem and for
advice and criticism.

Summary
The effects of iodine on the phenanthrene-
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bromine reaction have been determined, and from
an analysis of the results it is shown that the ob-
servations cannot be reconciled with the addition—
elimination theory for aromatic substitutions.
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High Vacuum Distillation of N-Acyl Amino Acid and Polypeptide Esters

By SaMUEL GUrIN!

An observation that certain N-benzenesulfonyl
polypeptide esters suffer no apparent decomposi-
tion at temperatures appreciably above their
melting points, suggested that such substances
might be distilled satisfactorily under suitable
conditions. Since Fischer’s work upon the vac-
uum distillation of amino acid esters, very little
further extension of this techmique to N-acyl
amino acid esters has been made; apparently no
successful distillation of polypeptide derivatives
of this type has been reported.

Acetylglycine ethyl ester,? as well as carbeth-
oxyglycine and alanine ethyl esters® may be dis-
tilled easily. Muhlemann® attempted to apply
this technique to several benzoylated amino acid
esters, but observed considerable decomposition
at a pressure of 2 mm. Cherbuliez® prepared a
number of N-acetyl amino acid esters, and suc-
cessfully distilled them, although considerable
racemization accompanied the distillation of
optically active compounds of this type.

It was found that butyl esters of benzenesul-
fonylated amino acids could be distilled without
decomposition or racemization at pressures of
107%-10"7 mm. with the aid of a mercury vapor
pump of the type described by Copley, Simpson,
Tenney and Phipps.® In Table I are described
the results obtained with a number of such com-
pounds which were prepared in most cases by the
method previously described by Gurin and
Clarke.” Although butyl esters were first pre-
pared in order to obtain greater stability (in con-
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trast to methyl and ethyl esters),® this precaution
was later found to be unnecessary since corre-
sponding ethyl esters could be equally well dis-
tilled. Under these conditions distillation begins,
in most cases, at temperatures ranging from 10 to
35° above the melting point. No racemization
was observed to take place when optically active
derivatives of this type were distilled. Thus,
benzenesulfonyl-/-leucine butyl ester as well as di-
benzenesulfonyl-I-tyrosine butyl ester showed no
change in rotation after distillation. In Table I
are listed the approximate distillation tempera-
ture ranges, as well as mixed melting points which
were made with original and distilled material.
Di-benzenesulfonyl-d-lysine butyl ester® distils
extremely slowly, and at a temperature consid-

TABLE I
M. p, Dist. Mizxed
Substance °C.e temp. m. p., °C.

PhSO,-Glycine butyl ester® 26 50-55  25-26
PhSOy-Alanine butyl ester® 114 120-125 113.5-114
PhSO;,-l-Leucine butyl es-

ter®® 51 68-73 50.5-51
PhSO,-Phenylalanine butyl

ester 107 120-125 106-107
N-PhSQO,-Serine butyl ester 55 70-75 55
PhSQ;-Methionine ethyl es-

ter 45 75-80 45
Di-PhSO,-l-tyrosine butyl

ester 98 150-155 98
Di-PhSO,-d-Lysine butyl

ester 62 155-160 62
Dibutyl-PhS0O;-d-glutam-

ate? 58-59 80-85 38
Dibutyl-PhSQ,-¢-8-hydroxy-

glutamate® 74 95-100 73-74

® Prepared according
¢ After distillation

@ All temperatures are corrected.
to method previously described.?
[a]2D ~15.9° (1%, in ethyl alcohol).
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erably higher than its melting point, while di-
benzenesulfonyl-/-cystine diethyl ester does not
distil but slowly decomposes at 185-200° yielding
a colorless oily distillate.

In Table II are shown the results obtained with
similar peptide derivatives. Again, ready distil-
lation took place, although very little decompo-
sition was observed. Successful distillation of
N-benzenesulfonyl peptide ethyl esters indicates
that it is unnecessary to prepare butyl esters for
this purpose. Furthermore, carbethoxy peptide
esters were found to be still more readily and
rapidly distilled than their N-benzenesulfonyl
analogs. For example, 0.2-0.3 g. of carbethoxy-
glycylglycine ethyl ester was distilled in approxi-
mately fifteen minutes at 95-100°,

TaBLE II
. M.p, Dist. Mixed
Substance °C. temp., °C. m. p., °C.

PhSO,-Glycylalanine butyl

ester® 101 120-125 100.5-101
PhSO;-Glycylalanine ethyl

ester 74 90-95 74
PhSOy-Alanylglycine butyl

ester® 76.5 100-105 75.5-76
PhSO4-Glycyl-i-leucine bu-

tyl ester® 107 125-130 106.5
PhSO;-Alanylalanine butyl

ester 102 115-120 101
Carbethoxyglycylglycine

ethyl ester 86 95-100 86
Carbethoxy-diglycylglycine

ethyl ester 159 170-175 158-159
PhSO;-Leucylglycylglycine

ethyl ester 171 190-195 171

¢ Prepared by method previously described.”

Several artificial mixtures were fractionated by
this method. Benzenesulfonyl-methionine ethyl
ester was almost quantitatively separated from di-
benzenesulfonyl-cystine diethyl ester by distilla-
tion at 75-95°, while the cystine component was
left behind unchanged and undecomposed. Simi-
larly, benzenesulfonyl-glycine butyl ester and ben-
zenesulfonylalanine butyl ester were separated in
pure form from a mixture of the two. From a
mixture of carbethoxyglycylglycine ethyl ester
and carbethoxydiglycylglycine ethyl ester, both
components were separated easily in pure form as
were the N-benzenesulfonyl butyl ester derivatives
of glycylalanine and alanylglycine from a mixture
of the two. Finally, benzenesulfonyllencylglycyl-
glycine ethyl ester and benzenesulfonylglycylal-
anine ethyl ester were similarly separated. Recov-
eries of 909 or better were obtained in every case.
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The application of this method to problems of
protein structure is at present in progress.

Experimental

Benzenesulfonyl - 4,/ - alanylalanine Butyl Ester.—d,/-
Alanylalanine was prepared according to Fischer and
Kautzsch!?® (amino-N, 8.60; caled. amino-N, 8.75). To
0.6 g. of the dipeptide dissolved in 10 cc. of water plus 1
cc, of 5 N sodium hydroxide were added with good stirring
1.4 g. of benzenesulfonyl chloride and 2 cc. of 5 IV sodium
hydroxide. The reaction mixture was kept just alkaline to
thymolphthalein, and, after stirring for four hours, was
acidified to Congo red with concentrated hydrochloric acid.
The solution was extracted repeatedly with butyl alcohol
and esterification carried out as previously described.”
The ester crystallized as needles from ether and petroleum
ether and weighed 0.569 g. (40%); m. p. 102°,

Anal. Caled. for CiH,ON,S: N, 7.86. Found: N,
8.02.

Benzenesulfonyl - glycyl - d,/ - alanine Ethyl Ester.—
Glycyl-d,l-alanine, prepared according to Fischer and
Schulze,!! was benzenesulfonylated as previously de-
seribed.” The precipitate which separated out of the aque-
ous acid reaction niixture was filtered, dried and esterified
by boiling for a few minutes with absolute ethyl alcohol
previously saturated with dry hydrogen chloride gas. On
evaporation of the alcoholic solution, followed by recrys-
tallization from chloroform and petroleum ether, needles
were obtained melting at 74°,

Anal. Caled. for CisHysOsNoS: N, 8.90. Found: N,
8.93.

Benzenesulfonyl - 4, - leucylglycylglycine Ethyl Ester.—
Two and forty-five hundredths grams of 4,/-leucylglycyl-
glycine prepared according to Fischer!? (N, 17.30; caled.
17.12) was dissolved in 10 cc. of N spdium hydroxide and
treated with 3.5 g. of benzenesulfonyl chloride and 20 cc.
of N sodium hydroxide; the reaction mixture was kept just
alkaline to thymolphthalein. After stirring for three
hours, a small amount of insoluble material was removed by
filtration, and the filtrate acidified to Congo red with 5 N
hydrochloric acid. The solution was concentrated i
vacuo to dryness, and the residue extracted with 3-15 cc.
portions of the hot methyl alcohol. After evaporating
the methyl alcohol solution to dryness, the residue was sus-
pended i1 75 ce. of cold absolute ethyl alcohol previously
saturated with dry hydrogen chloride gas, and boiled for
a few minutes until a clear solution was obtained. The
solution was concentrated ¢# vacuo to approximately 10
cc. and, after chilling, the ester was obtained in the form of
small bars. A further crop was obtained by addition of
petroleum ether to the mother liquor. After recrystalliza-
tion from hot absolute alcohol, the product weighed 2.51
g. (61% vyield); m. p. 171°. Anal. Caled. for CisHyr-
OgN:S: N, 10.16. Found: N, 10.27.

Carbethoxyglycylglycine Ethyl Ester.—Prepared accord-
ing to Fischer and Fourneau;!? m. p. 86°; N, 12.20; calcd.

for CquoOsNg: N, 1207
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Carbethoxydiglycylglycine Ethyl Ester.—Carbethoxy-
diglycylglycine was prepared according to the method
described by Fischer; m. p. 208-209°; N, 16.02;
caled. for CgHsO6Ng: N, 16.08. The ester was obtained
by treatment with absolute ethyl alcohol and dry hydro-
gen chloride; the solution obtained after boiling for a few
minutes, was concentrated % vacuo to a small volume and
the ester precipitated by addition of ether. On recrys-
tallization from hot absolute alcohol, needles were ob-
tained melting at 159°: N, 14.44; caled. for C;HsO¢Ns,
N, 14.53. This ester was prepared by Fischer!® using a
different method of synthesis.

Dibenzenesulfonylcystine Diethyl Ester.—Dibenzene-
sulfonylcystine was prepared according to the method
described by Fruton and Clarke; m. p. 208°. The di-
ethyl ester was obtained by suspending in absolute ethyl
alcohol and saturating with dry hydrogen chloride. After
refluxing for ten minutes, the clear solution was con-
centrated iz vacuo to dryness, and the residue recrys-
tallized from hot ethyl acetate. The ester (tufts of
needles) melted at 121°: N, 4.96; S, 22.40; caled. for
CoeHypeOsNLS,, N, 4.86; S, 22.22,

Benzenesulfonyl-d,l-phenylalanine Butyl Ester.—This
was prepared from benzenesulfonyl-d,)-phenylalanine by
vacuum distillation in the presence of excess butyl alcohol
by the general method described by Gurin and Clarke.?
The product is obtained in the form of needles after
recrystallization from ether and petroleum ether: m. p.
107°; N, 3.95; caled. for CyH,ONS, N, 3.88.

N-Benzenesulfonyl-d,/-setine Butyl Ester.—After es-
terifying in the same manner with butyl alcohol, needles
are obtained from ether and petroleum ether, m. p. 55°;
N, 4.78; caled. for Ci3H1pO:NS, N, 4.65.

Dibenzenesulfonyl--tyrosine Butyl Ester.——Obtained as
needles from ethyl acetate and petroleum ether or from
amyl ether; m. p. 98°; N, 2.74; caled. for CysHyyONS,,
N, 2.72. [al®D +20.1° (1% in ethyl alcohol). After
distillation [«]%p +20.2°

Benzenesulfonyl-d,/-methionine Ethyl Ester.—Prepared
from benzene-sulfonyl-d,-methionine by treatment with
absolute ethyl alcohol and dry hydrogen chloride gas.
The product crystallizes from ether and petroleum ether
as tufts of fine needles; m. p. 45°; N, 4.60; caled. for
CpH;ONS,, N, 441,

Separation of Dibenzenesulfonylcystine Diethyl Ester
and Benzenesulfonyl-d,/-methionine Ethyl Ester.—From a
mixture containing 50 mg. of dibenzenesulfonylcystine di-
ethyl ester and 50 mg. of benzenesulfonyl-d,l-methionine
ethyl ester, 49 mg. of the methionine derivative was re-
covered by high vacuum distillation at a temperature range
of 75-95°. The benzenesulfonyl-d,l-methionine ethyl ester
so recovered, melted at 45°; N, 4.50; caled. for CisHye-
O;NS,, N, 4.41. The dibenzenesulfonylcystine diethyl ester
remained in the distillation bulb unchanged; m. p. 120-121°,

Benzenesulfonylglycine Butyl Ester and Benzenesul-
fonyl-d,/-alanine Butyl Ester.—A mixture containing 100

(14) E. Fischer, Ber., 86, 2982 (1903).
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mg. of benzenesulfonylglycine butyl ester and 85 mg. of
benzenesulfonyl-d,/l-alanine butyl ester was similarly
subjectea to high vacuum distillation. On heating to
50-75° 98 mg. of a colorless oil was recovered, which
crystallized on chilling and proved to be benzenesulfonyl-
glycine butyl ester; m. p. 26°; N, 5.01; caled. for Cy,Hy;-
O/NS, N, 5.16. Upon raising the temperature to 125—
135° 81 mg. of benzenesulfonyl-d,l-alanine butyl ester
was recovered; m. p. 113.56-114°; N, 4.78; calcd. for Cs-
H,,O,NS, N, 4.91,

Carbethoxydiglycylglycine Ethyl Ester and Carbethoxy-
glycylglycine Ethyl Ester.—A mixture was made up con-
sisting of 35.0 mg. of carbethoxyglycylglycine ethyl ester
and 27.0 mg. of carbethoxydiglycylglycine ethyl ester.
After distilling at 95-115° for one hour, a first fraction
was recovered weighing 34.8 mg. and melting at 86°; N,
12.02; caled. for CoHyOsN;, N, 12.07. The product ob-
viously was pure carbethoxyglycylglycine ethyl ester.

A second fraction weighing 24.1 mg. was obtained at
175-185°, and appeared to be pure carbethoxydiglycyl-
glycine ethyl ester; m. p. 158-159°; N, 14.35; caled. for
CuHjpON;, N, 14.53. The remaining few mg. was ac-
counted for by a small amount of decomposed material in
the distilling bulb.

Benzenesulfonyl-d,/-leucylglycylglycine Ethyl Ester and
Benzenesulfonyl-glycyl-d,/-alanine Ethyl Ester—In a
similar manner, a mixture consisting of 75.4 mg. of benzene-
sulfonyl-glycyl-d,l-alanine ethyl ester and 54.1 mg. of
benzenesulfonyl-d,/-leucylglycylglycine ethyl ester was
fractionated. At 90-110° a colorless oil was obtained
weighing 70.3 mg.; after chilling, crystals were obtained
melting at 74°, thereby indicating the product to be ben-
zenesulfonyl-glycylalanine ethyl ester; N, 9.08; caled. for
CrsHy:0:N,S, N, 8.90.

The second fraction, obtained at 190-200°, weighed 48.5
mg. and appeared to consist of pure benzenesulfonyl-
leucylglycylglycine ethyl ester; m. p. 171°; N, 10.25;
caled. for ClgHg']OsNaS,' N, 10.16.

Summary

N-Benzenesulfonyl amino acid esters have been
distilled at pressures of 10-5%-10-7 mm. No
racemization and very little decomposition were
observed under the conditions described.

A number of N-benzenesulfonyl di- and tri-
peptide esters were prepared and similarly dis-
tilled without decomposition. Carbethoxy pep-
tide esters may likewise be distilled.

Several artificial mixtures containing N-acyl
amino acid, dipeptide and tripeptide esters were
fractionated by this method. In every case re-
ported, the individual components were isolated
in pure form, and in yields corresponding to 90%
or more.
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