The Phenol CisHi¢O from Dehydrogenation of Rubijer-
vine.—A sample of the material obtained by Jacobs and
Craig? was used without furthet purification for the experi-
ments reported in this paper. In our hands it melted at
130-132° (reported® m.p. 136-138°). Its infrared spectrum
(KBr) was characterized by bands at 3240 c¢m.~! (OH
stretching) and 859, 853, 844, 827, 817, 755sh. and 748
cm. ™! (aromatic C~H).

Reduction of the Phenol C;sH; O with Zinc Dust.—A mix-
ture of 55 mg. of the phenol and 2.1 g. of zinc dust was
heated in a sealed tube at 350-360° for 2 hr. After cooling
to room temperature, the tube was opened and the contents
were extracted repeatedly with benzene. On evaporation
to dryness iz vacuo, the benzene solution gave 39 mg. of a
dark brown gum. This material was chromatographed
over alumina giving 8 mg. of brown oil on elution with ben-
zene and an additional 30 mg. of brown oil on elution with
ether aud methanol. The former resisted attempts at fur-
ther purification and the latter furnished, on rechromatog-
raphy and recrystallization (Norit) from ether, colorless
needles, m.p. 133-134°, undepressed on admixture with
starting material.

A mixture of 51 mg. of the phenol and 1.0 g. of zinc dust
was heated at 400 == 10° for 6 hr. to give 18 mg. of crude
product which on chromatography over alumina gave on
elution with benzene 11.5 mg. of an amorphous colorless
glass. This material was crystallized from ethanol to give
irregular crystals subliming above 220°, with a melting
point ca. 242-248°, much dependent on the rate of lieating.
The melting point of a mixture of this material and a sample
of chrysene (m.p. 256-258°) was 252-256°. The ultravio-
let absorption spectrum was identical with that reported
for chrysene?® within experimental error.

Reduction of 3-Phenanthrol to Phenanthrene wia Its Di-
ethyl Phosphate Ester.¢—Solutions containing 0.28 mmole
of diethyl phosphite’ and of triethvlamine in carbon tetra-
chloride were prepared. A 52-mg. (0.26 mmole) sample of
3-phenanthrol#¢ was dissolved in a 1-ml. aliquot of the di-

(35) R. A. Friedel and M. Orchin, “Ultraviolet Spectra of Aromatic
Compounds,” John Wiley and Sons, Inc., New York, N. V., 1951, Fig,
447,

(539) H. McCombie, B. C. Saunders and G. J. Stacey, J. Chem. Soc.,
380 (1945).
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ethyl phosphite solution, and this solution was cooled in an
ice-bath. A 1-ml. aliquot of the triethylamine solution was
then added, and the solution was allowed to stand at room
temperature overnight. An additional 10 ml. of carbon
tetrachloride was added, and the solution was washed with
dilute hydrochloric acid and cold dilute sodium hydroxide
(four times) and finally water. The organic layer was
evaporated to dryness % vacuo giving 67 mg. of light brown
oil. This material was taken up in a minimum of ether and
cooled in a Dry Ice-Cellosolve-bath. A large excess of
liquid ammonia was then run in until only one liquid phase
was present and a solid had separated. Thesolution was then
removed from the bath, and when it had reached the boiling
temperature of the liquid ammonia several drops of ether
were added to bring the solid into solution. Small pieces
of sodium were added until a permanent blue color de-
veloped. Several drops of alcohol were added, and the
solution was allowed to evaporate overnight. The residue
was taken up in ether, washed with sodium bicarbonate,
sodium hydroxide and finally water and then dried and
evaporated to dryness in vacuo to give 27 mg. of nearly
colorless oil. This was chromatographed over alumina to
give 14.5 mg. of white crystals, m.p. 83-91°. Recrystalli-
zation from ethanol gave colorless scales 95-98°, undepressed
when mixed with authentic phenanthrene. The infrared
absorption spectrum of this material in KBr was identical
with that of an authentic sample.

Reduction of the Phenol Ci3sHysO via Its Diethyl Phos-
phate Ester.—A sample of 45 mg. of the phenol from the de-
hydrogenation of rubijervine was converted to its diethyl
phosphate ester (54 mg.) by the above procedure. Reduc-
tion was accomplished as above, 11 mg. (2 moles) of sodium
being added without a permanent blue color developing.
The reaction mixture was worked up as before giving 28 mg.
of crude petroleun ether-soluble product. This material
on chromatography over alumina furnished 15 mg. of white
crystals, m.p, 75.5-78.5°. Rechromatography and re-
crystallization from ethanol gave crystals of m.p. 79-81°,
undepressed on admixture with authentic 1’/-methyl-1,2-
cyclopentenophenanthrene. The infrared (Fig. ‘3) and
ultraviolet absorption spectra of this material are identical
with those of 1’-methyl-1,2-cyclopentenophenanthrene.

NeEw YOork 21, N Y.
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Preparation and Properties of the Isomeric Forms of Cystine and S-Benzylpenicillamine
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RECEIVED MARcH 28, 1957

Racemization of bis-(acetyl)-L-cystine in glacial acetic solution was achieved readily through the action of acetic qnhyd}ride
at room temperature, and the epimeric mixture of optically inactive bis-(acetyl)-cystine so derived isolated in high yield.
The asymmetric hydrolytic action of the L-directed renal acylase I upon this latter derivative, at pH 7.5 and 37°, resulted in
a mixture of free L-cystine, monoacetyl-meso-cystine (acetyl moiety at p-position), and bis-(acetyl)-p-cystine. The marked
insolubility of the former compound permitted its direct isolation from the enzymic digest by filtration, while the two latter
compounds were acid hydrolyzed to meso-cystine and D-cystine, respectively, after their separation and isolation from the
filtrate on a Dowex-50 column in the acid phase. Specific rotation values were —-211 and +208° (1% in ¥ HCI) for the
L- and D-enantiomorphs, respectively, whereas the meso-cystine was completely devoid of detectable optical activity. In
addition, a resolution of S-benzyl-pL-penicillamine was effected via the hydrolytic action of hog kidney amidase on the
amide derivative at pH 8.0. Subsequent separation of the liberated S-benzyl-L-penicillamine from the unhydrolyzed S-
benzyl-p-penicillamine amide on an Amberlite XE-64 column, followed by acid hydrolysis of the latter compound, ulti-
mately yielded the pure enantiomorphs with specific rotation values of +91.3 and —90.6° (1% in N HCI) for the L- and D-
forms, respectively. Infrared spectra for each of the stereoisomeric forms of cystine, in addition to data on the susceptibility
of these compounds or certain of their selected derivatives to the enzymic action of L- and p-amino acid oxidase and hog renal
acylase I, are preseuted.

Cystine is a symmetrical diaminodicarboxylic mercially available cystine. However, the drastic

acid which, although hitherto found in nature only
as the L-form, may in fact exist as two racemic
modifications, one an internally compensated
meso-form, and the other a mixture of externally
compensated isomerides. Since L-cystine may
be relatively inexpensively isolated from acid hydrol-
ysates of certain natural materials, e.g., hair or wool,
stich sonrce has provided the major supply of com-

hydrolytic conditions employed in its manufacture
might also lead to rather extensive racemization,
and commercial samples of “L-cystine’” whose
specific rotation values differ by as much as thirty
or forty degrees from the generally accepted value
of —212° (in N HCI) have not been uncommon.
With the view in mind that certain biochemical
studies demand not only 1-cystine, but also the D-
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and meso-forms, in a high degree of stereochemical
purity, the preparation of these isomers via the gen-
eral enzymic resolution procedures developed in
this Laboratory! is here presented. In addition,
an enzymic resolution procedure for preparing the
optical antipodes of S-benzylpenicillamine is also
described.

Results and Discussion

Racemization and Resolution of Cystine.—
The preparation of inactive cystine by Mérner,? in
1899, subsequently led to a series of investiga-
tions®—® concerned with the question of its stereo-
chemical identity. Such question was resolved
when du Vigneaud, in collaboration with Hol-
lander* and Loring,® demonstrated that the race-
mization of L-cystine, upon boiling for five days in
hydrochloric acid, led to an epimeric mixture of
DL- and meso-cystine, Separation of the meso-
from the pL-form could be effected through a series
of fractional crystallizations of the hydrochloride
salts. Treatment of the bis-(acetyl) derivative of
the epimeric mixture with brucine resulted in a
separation of the alkaloid salt of bis-(acetyl)-D-
cystine, which, after some twelve crystallizations,
yielded D-cystine with [a]D®* 4-212° (in HCI).¢
Preparation of p-cystine with [«]®p +208° could
be achieved, in addition, from the insoluble salt
which arose from the treatment of bis-(formyl)-
DL-cystine with strychnine.® Alternative prep-
arations of D-cystine with [a]®p +224°7 and
+221.2°%% (in HCI) resulted from the debenzylation
of S-benzyl-p-cysteine with the sodium-liquid am-
monia procedure, followed by oxidation of the
D-cysteine so liberated.!®

The direct resolution of pL-cystine was handi-
capped by virtue of the prolonged refluxing (5
days) of L-cystine with concentrated HCI required
for its conversion to the epimeric starting material,
as well as by the tedious fractional crystallizations
necessitated for the separation of the pL- and the
meso-forms.> A search for methods whereby these
difficulties could be obviated was therefore under-
taken. The former difficulty was resolved with
the observation that the action of a glacial acetic
acid-acetic anhydride mixture!! on bis-(acetyl)-L-
cystine, at room temperature, readily proceeded
with the formation of an epimeric mixture of bis-
(acetyl)-DL- and meso-cystine, which could be iso-

(1) J. P. Greenstein, Adv. Protein Chem.,9, 122 (1954); J.P. Green-
stein, S. M. Birnbaum and M. C. Otey, J. Biol, Chem., 204, 307 (1953).

(2) K. A. H. Mérner, Z, physiol. Chem., 28, 595 (1899).

(3) W. F. Hoffman and R. A, Gortner, THis JoUrRNAL, 44, 341
(1922); R. A. Gortner and W. F. Hoffman, J. Béol. Chem., T2, 433
(1927).

@ L.
1932).

(5) H. S. Loring and V. du Vigneaud, ibid., 102, 287 (1933).

(6) V. du Vigneaud, R. Dorfmann and H. S. Loring, tbid., 98, 577
(1932).

(1) J. L. Wood and V. du Vigneaud, ibid., 130, 109 (1939).

(8 L. Levintow, V. E. Price, and J. P. Greenstein, 7bid., 184, 55
(1950).

(9) S. M. Birnbaum and J. P. Greenstein, Arch. Biochem. Biophys.,
39, 108 (1952).

(10) The S-benzyl-p-cysteine here employed was secured from the
resolution of formyl-S-benzyl-pL-cysteine with brucine,? and from the
asymmetric enzymic hydrolyses of S-benzyl-DL-cysteine amide? and
acetyl-S-benzyl-pL-cysteine? with hog kidney amidase and acylase I,
respectively.

(11) M. Bergmann and L. Zervas, Biochem. Z., 208, 280 (1928).

Hollander and V. du Vigneaud, zbid., 94, 243 (1931-
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lated in high yield (84% of theory).!? With an
eye toward the previous success achieved in the
separation of the D-, L- and meso-forms of «,e-di-
aminopimelic acid via the asymmetric enzymic
hydrolysis of a mixture of their amide derivatives,!
it appeared particularly tempting to subject the
epimeric mixture of acetylcystine to an analogous
scheme. Such scheme, if successful, would lead to
an easily separable mixture of L-cystine, bis-
(acetyl)-D-cystine and monoacetyl-meso-cystine (ac-
etyl moiety at the D-position). Although a pre-
vious report from this Laboratory® had indicated
that the N-acylated cystines were highly resistant
to the hydrolytic action of hog renal acylase I, un-
der the conditions given, re-investigation of the
hydrolytic reaction with varying concentrations of
enzyme revealed that it could be induced to pro-
ceed at a rate which was of sufficiently large mag-
nitude to make the resolution of inactive bis-
(acetyl)-cystine practicable,

Racemization of bis-(acetyl)-L-cystine was ef-
fected upon treatment of a glacial acetic acid solu-
tion thereof with an excess of acetic anhydride at
room temperature, The course of the racemiza-
tion was followed polarimetrically. As 1is re-
vealed in Fig. 1, a plot of observed rotation vs. time
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Fig. 1.—Change in optical rotation, with time, of a solu-
tion of 20 g. of bis-(acetyl)-L-cystine in 150 ml. of glacial
acetic acid upon the addition of 12 moles of acetic anhydride
at room temperature (about 27°), A 2 dm. tube was em-
ployed.

revealed a linear relationship over approximately
the first three hours, during which time the ob-
served rotation fell to about 259 of its initial value.
In order to ensure complete optical inactivation,
the reaction mixture was permitted to stand for
some 16 hours prior to the isolation of the epimeric
substance. No detectable desulfuration of the
cystine residue was apparent during the entire
course of the reaction under the conditions em-
ployed herein,

(12) The racemization of bis-(acetyl)-L-cystine with acetic an-
hydride in an aqueous medium at 37° was previously reported (V.
du Vigneaud and C. E. Meyer, J. Biol. Chem., 98, 295 (1932)), Héw-
ever, an appreciable degree of desulfuration was noted by these in-
vestigators during the course of the reaction.

(13) E. Work, S. M. Birnbaum, M. Winltz and J. P, Greenstein,
Tais JourNar, 77, 1916 (1955); R. Wade, S. M. Birnbaum, M, Winitz,
R. J. Koegel and J. P. Greenstein, tbid., 79, 648 (1957).
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The bis-(acetyl) derivative of inactive cystine
was subjected to the asymmetric hydrolytic action
of the L-directed renal acylase I. ~ Description of
the preparation of this enzyme from hog kidney
homogenates has appeared elsewhere.! Digestion
of a 0.1 M solution of the epimeric substrate with
the lyophilized enzyme, at pH 7.5, was effected at
37°.  An initial rate of hydrolysis, as measured by
the Van Slyke manometric ninhydrin—-CO, proce-
dure, was 10 micromoles per hr. per mg. of protein
nitrogen. Upon completion of the reaction, the
liberated L-cystine, bv virtue of its extreme in-
solubility, could be isolated directly from the en-
zymic digest by simple filtration. The mixture of
bis-(acetyl)-D-cystine and monoacetyl-meso-cystine,
which remained in the filtrate, could ultimately be
separated upon passage through a Dowex-50
column in the acid phase. Acid hydrolysis of each
of the latter two compounds subsequently yielded
pure D- and meso-cystine, respectively, which could
be crystallized from water through the hydrochlo-
ride salts.’® Optical rotation values for the enan-
tiomorphic D- and L-forms were equal and opposite
within the limits of experimental error, while the
meso-form was devoid of any detectable optical
activity, an indication of its freedom from optical
contamination. The bD-cystine, when subjected
to the action of L-amino acid oxidase (Crotalus
adamanteus) in the usual fashion,!® revealed an op-
tical purity which was greater than 99.99,. A
time-rate comparison of the susceptibility of
meso-cystine and L-cystine to the oxidative action
of L.-amino acid oxidase has appeared elsewhere,!".18

Effect of N-Acyl Substituents and Co++ Concen-
tration on Hydrolytic Rates.—In view of earlier
communications!®*® which demonstrated that the
hydrolytic activity of renal acylase I toward certain
acetyl-L-amino acids was accelerated in some in-
stances, and depressed in others, by the addition
of Co** to the enzymic digest, it became of in-
terest to deterniine the behavior of bis-(acetyl)-1.-
cystine under comparable circumstances. Thus,
although the initial hydrolytic rate of a digest,
which was 0.017 M in this substrate, was 10 micro-
moles per hr. per mg. of protein nitrogen, such
rate was progressively increased to a value of 19.6
at a Co™" concentration of 10~% M. An even
greater increase in activation was shown with bis-
(chloroacetyl)-L-cystine, with the rate of hydrol
ysis in the presence of a 10~3% 1/ concentration of
Co*™ increasing some 1869, over the digest de-
void of added cobalt. Such results indicated that
the degree of activation of acylase I by Co*+, in

(14) S. M. Birnbaum, L. Levintow, R. B, Kingsley and J. 1.
CGreenstein, J. Biol. Chem., 194, 435 (1952).

(15) E. Fischer and K. Raske, Ber., 41 833 (1908).

(16) A. Meister, I.. Levintow, R, B. Kingsley and J. I'. Crevuostein,
I Biel. Chem., 192, 535 (1051).

(17) N. lzumiva and J. . Greeustein, drrh. Binchem. Biuphys., B2,
203 (1054).

(18) The initial rates of oxidation for .- and meso-cystine by L.-amina
aeid oxidase (Crolalus adomanieus) here observed were 59 and 28
micromoles of oxygen consumed per hr. per mg. of protein nitrogen,
respectively., The former value is in full accord with that previously
observed,” while the latter, although still considerably less than
that of 1.-cystine, is somewhat larger than the value recorded earlier.!?

(19) K.R.Rao, 8. M. Birnbanm, R. B Kingsley and J. P. Greenstcin,
J. Biol, Chem,, 198, 507 (1952).

(200 R. Marshall, S0 M. Birnlamw sud §. P,
Dornay, T8, 1636 (1D36).
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addition to being dependent upon the nature of the
amino acid residue, as hitherto observed,? was also
highly dependent upon the nature of the N-acyl
substituent. Substantiation of this latter view
was obtained with digests containing acetyl-L-
alanine and D-chloropropionyl-L-alanine?! as sub-
strates, with a 10—3 A Co™** concentration leading
to a 609 activation in the former instance and a
1479, activation in the latter. The results secured
with various levels of Co*+ are revealed in Table I.

TABLE I
Errect oF Co'™ ox THE SUSCEPTIBILITY OF N-ACYLAMINO
Acips TO THE HVYDROLYTIC AcTiON OF RENAL ACYLASE |
Increase in rate on addn. of

Rate? Co** at conen.,
without 1 X 4 X
added 1 X I X 102 102
Substrate Co*~ 10-¢M 10-8 A M M
Bis-(acetyl)-L-
cystine 102 < 14 4+ 96 +81 ~75
Bis-(chloroacetyl)-
L-cystine S6.6 0 1y 186 +87 0 oY
p-Chloropropionyl-
L-alanine 32.3 + 63 -+147 +80 61
Acetyl-L-alaniie 3800 + 12 + 60 +25 — 9

@ Rates expressed as inicromoles of substrate hydrolyzed
per hr. per mg. of protein N in the reaction mixture at pH
7.0 and 37°; substrate at 0.017 M concentration; hydroly-
sis figures taken within 309, of complete cleavage so as to
approximate a zero order reaction.

It should perhaps be noted, in addition, that pre-
liminary studies on the hydrolytic susceptibility of
various acylated cystines to acylase I indicated
that while the monocarbobenzoxy derivative of
L-cystine???® was completely resistant to enzymic
cleavage, the bis-(chloroacetyl) and bis-(glycyl)
derivatives were hydrolyzed at rates of 37 and 60
micromoles per hr. per mg. of protein nitrogen, re-
spectively. This finding was of interest in the
light of previous data'® that, with the exception of
the tryptophan and tyrosine derivatives, the acyl-
ase I induced hydrolysis of a given chloroacetyl-r.-
amino acid generally proceeded at a greater rate
than that of the corresponding glycyl-L-amino
acid. The anomalous behavior of the part of the
tyrosine and tryptophan derivatives was attributed
to the presence of one or more as yet unidentified
highly specific acylases in hog kidney. On the
basis of the data here obtained, the association of
the hydrolytic activity toward the acylated cys-
tines with an unidentified acylase is likewisc sug-
gested.?*

(21) S.-C. J. ¥Fu, S. M. Birnbauin and }. I
6054 (1954).

(22) Carbubenzoxy-cyclo-L-cystinyl was alsy resistunt to enzymic
cleavage. ‘The only carbobenzoxy-amino acid which has this far
proved susceptible to hydrolysis by acylase 1 was the wn-glutamic
acid derivative (L. Levintow, J. P. Greenstein and R. B. Kingsley,
Awrch. Bsochem, Biophys., 81, 77 (1951)).

(23) Preparation of this derivative was clfected by tlhie treatment of a
severil-fuld excess of L-cystiyne with carbobenzoxy chloride uvnder Schot-
ten- Baumann conditions. Removal of the excess wu-cystine wus
achieved by adjustment of the p1I to 6, fullowed by filtration,  Sub-
sequent adjustment of the pH of the filtrate to 3.2 led to the precipita-
tion of the desired monocarbobenzoxy derivative which, upon being
copiously washed with ethanol, was freed from any contaminating
dicarbobenzoxy derivative. The compound shonld prove of value for
the synthesis of unsymmetrical cystine peptides.

(24) The peptidase action of an 87% glvcerol extract of hog intesti-
nal mncosa has been earlier employed to cleave L-rystinylglycine ami 1.
cvstinvlglyeylglyeine, and the t-cystine thus liberated isolated in pure,
crystalline form (f. . Gireoustein, J. Biol. Chew., 124, 255 (1938)).

Greenstein. vbid., 76,
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Resolution of S-Benzylpenicillamine.—The syn-
thetic work related to penicillin during the early
1940’s stimulated considerable interest in the
general preparation and chemistry of the penicil-
lamines. Resolution of DL-penicillamine was gener-
ally effected via the action of alkaloids on N-formyl-
DL-penicillamine,? N-formylisopropylidene-Dr-
penicillamine® and various derivatives of S-benzyl-
penicillamine.?2  Application of the general en-
zymic procedures developed in this Laboratory to
the resolution of pL-penicillamine assumed especial
interest in view of the previous behavior exhibited
toward hydrolytic enzymes by derivatives of the
structurally related #-leucine. Thus, although the
complete resistance of chloroacetyl-pL-¢-leucine to
the hydrolytic action of renal acylase I could be
conceivably attributed to the high degree of steric
hindrance arising from complete substitution about
the B-carbon atom of the substrate, no such ab-
solute resistance was encountered upon subjecting
f-leucine amide to the hydrolytic action of hog kid-
ney amidase.” That the same general pattern
was followed for the N-acetyl derivatives of S-
benzyl- and S-methylpenicillamine was indicated
by the inability of renal acylase I to effect their
cleavage. However, the ability of the r-directed
hog kidney amidase® to induce an asymmetric
cleavage of S-benzyl-DL-penicillamine amide, albeit
slow, nonetheless made an enzymic resolution
feasible here.

The S-benzyl-pDL-penicillamine amide employed
in the present investigation was prepared by the
conversion of carbobenzoxy-S-benzyl-pL-penicil-
lamine to the corresponding amide derivative, via
the mixed carbonic—carboxylic anhydride proce-
dure,®® followed by decarbobenzoxylation of this
latter compound with hydrogen bromide in glacial
acetic acid.® Asymmetric cleavage of the amide
with a hog kidney amidase preparation® proceeded
at a rate of 5 micromoles per hr. per mg. protein
nitrogen at pH 8.0, 38°, and a substrate concen-
tration of 0.01 to 0.02 A{. Isolation of the liber-
ated S-benzyl-L-penicillamine and S-benzyl-p-peni-
cillamine amide was achieved through the utiliza-
tion of an Amberlite XE-64 resin in the acid phase.?!
It is especially noteworthy that the steric hindrance
imposed by the groups about the 3-carbon atom
presumably made the p-amide extremely resistant
to acid hydrolysis, for less than 109, cleavage oc-
curred upon refluxing the compound with ten
volumes of 2 NV HCI for 2 hr.3? Conversion of the

(25) ‘The Chemistry of Penicillin,”” Princeton University Press,
Princeton, N. J., 1949, p. 464.

(26) L. H. Werner, A, Wettstcin and K. Miesches, Helv. Chim.
Acta, 80, 432 (1947).

(27) N. Tzumiva, $.-C. J. Fu, 8. M. Birnbauni and J. P. Greenstein,
J. Biol. Chen., 206, 221 (1953).

(28) ID. Hanter and J. P. Greeustein, ibid., 193, 8 (1951); S. M.
Birnbaum in *‘Methouds in Enzymology,” Vol. 1], Academic Press,
Inec., New York, N. Y., 1955, p. 397.

(29) J. R. Vaughan and R. Osata, THIS JOURNAL, T4, 676 (1952);
R. A. Boissonas, Helv. Chim. Acia, 34, 874 (1951); T. Wieland and
H. Bernhard, Anxn., 572, 190 (1951).

(30) D. Ben-lshaiand A. Berger, J. Org, Chem., 17, 1564 (1952).

(81) Cf. C. G. Baker and H. A. Sober, TH1S JourNaL, 758, 4058
(1953).

(32) Deterriinations with a 0.03 M solution of S-benzyl-pL-pencil-
lamine amide in 5§ N HCI revealed that after reflux periods of 1, 1.5

2.5 and 4.8 hours, the degree of hydrolysis was 19, 34, 70 and 100%, re-
speetively.
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p-amide to S-benzyl-D-penicillamine was achieved
upon its treatment with 5 N HC], under reflux, for
some 6 hr. An [a]*p —90.6° (19 in N HCI) was
revealed for the p-amiino acid so procured, a value
which was equal and opposite, within the limits of
experimental error, to the [a]*Dp +91.3° (1% in
N HCl) secured for the r-antipode. Unfortu-
nately, the complete resistance of these enantiomers
to p-amino acid oxidase and r-amino acid oxidase
(Crotalus adamanteus), respectively, did not permit
measurements of their optical purity.®

Infrared Spectra.-—The absorption spectra of
L-cystine and of such peptides as cyclo-L-cystinyl
and of L-cystinyl-L-cystine have been described.®?
L-Cystine and D-cystine were mixed in equal
amounts and the mixture recrystallized as described
above. The solid state spectrum in the infrared re-
gion of the resulting pr-cystine was found to be
identical with that of L cystine which in turn is
identical with that of p-cystine The spectra of
meso-cystine was found to be almost indistinguish-
able from that of L-, D- or DL-cystine.

Experimental

I. Resolution and Derivatives of Cystine. Monocarbo-
benzoxy-L-cystine.—One hundred grams (0.42 mole) of L-
cystine was dissolved in 1 1. of cold 1.65 N NaOH. The
solution was placed in an ice-bath and 25 ml. of carbobenz-
oxy chloride added thereto over a period of 1 hr. with vigor-
ous stirring. After an additional 20 min., the reaction mix-
ture was carefully adjusted to pH 6 with 6 N HCl and the
stirring and cooling continued for 20 min. longer. The pre-
cipitate of excess L-cystine was filtered over suction and
washed with 100 ml. of water. The combined filtrate and
washings were adjusted to exactly pH 3.2 with 6 N HCland,
after cooling at 4° for several hours, was filtered and washed
copiously with alcohol, then ether. A yield of 37.5 g. of
pure monocarbobenzoxy-L-cystine was so secured. Re-
crystallization could be effected by suspending the material
in 11, of water, bringing the #H to 6.5 by the addition of 2 ¥
NaOH with stirring to effect solution filtering off any un-
dissolved material, and then adjusting the pH downward to
3.2 by the addition of 6 N HCl. After cooling, the precipi-
tate was filtered, and washed successively with a little cold
water, ethanol and ether; [«]2p —126° (19 in 5 NV HCI)
and —120° (1% in 1 N NaOH).

Anal. Caled. for CiuH;sOsNS:: C, 44.9; H, 4.8; N,
7.5; S, 17.1. Found: C, 44.6; H, 4.9; N, 7.4; S, 16.7.

Carbobenzoxycyclo-L-cystinyl.—This coinpound was pre-
pared by the carbobenzoxylation of cyclo-L-cystinyl®* ac-
cording to the usual Schotten-Baumann procedure. The
precipitate secured after acidification of the reaction mixture
was recrystallized ‘from ethyl acetate-petroleum ether;
dec. p. 170-172° with preshrinking at 141°, [«]¥p —32.5°
(1% in methanol).

Anal. Caled. for CisHiOsN.S,: C, 47.2; H, 4.5; N,
7.9; S, 18.0. Found: C, 47.6; H,4.8; N, 7.6; S, 17.6.

Bis-(glycyl)-L-cystine.—Preparation of this compound
lias been reported by several investigators.®— The mate-
rial here employed was prepared by amination of the pre-
cursor bis-(chloroacetyl)-L-cystine®® according to a miodifi-
cation of the procedure of Abderhaldenr and Wybert3;
[¢]?p —118° (1% in water) for the mounohydrate, aud
—114° (1% in N HC)).

Bis-(acetyl)-L-cystine.—To a solution of 24.0 g. of 1.-
cystine in 100 ml. of ice-cold 2 N NaOH were added alter-

(33) R. J. Koegel, J. P. Greenstein, M. Winitz, S, M, Birnbaum
and R. A, McCallum, TH1s JourNaL, 77, 5708 (1955); M. C. Otey
and J. P. Greensteln, Arch. Biochem, Biophys., 88, 501 (1954).

(34) R. Wade, M. Winitz and J. P. Greenstein, Tm1s JoURNAL, 78,
373 (1956).

(35) E. Abderhalden and E. Wybert, Ber., 49, 2449, 2838 (1916).

(36) E. Fischer and U. Suzuki, £bid., 37, 4575 (1904).

(37) N. W. Pirie, Biochem. J., 2B, 614 (1931).

(38) J. P. CGreenstein, J. Biol. Chew., 128, 211 (1039),

(39) E. Pischer aml 0. Gerugross, Ber., 42, 1185 (120Y),
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nately, and in small portions, 500 ml. of 2 N NaOH and 50
nil. of acetic anhydride, with vigorous cooling and shaking.
The reaction mixture was shaken for an additional 30 min.
and then acidified to congo red with 6 ¥ HCl. The mixture
was exhaustively extracted with ethyl acetate and the com-
bined ethyl acetate fractions dried over anhydrous sodium
sulfate and concentrated to dryness. The residual oil was
taken up in hot acetone and a white solid precipitated upon
the addition of petroleum ether. This was filtered off,
again dissolved in hot acetone, filtered and the solution per-
mitted to stand for 2 hr. at 10°. Maicroscopic examination
revealed white, prism-shaped crystals which were highly
hygroscopic upon exposure to air. The bis-(acetyl)-L-cys-
tine was therefore separated from the acetone supernatant
by centrifugation and subsequent decantation, and immedi-
ately placed in a vacuum desiccator where the residual sol-
vent wasremoved. After drying over phosphorus pentoxide
at 80° for some 12 hr., the compound appeared no longer
hygroscopic; yield 19 g., m.p. 121-122°, {«]?p —118° (1%
in water). This compound was previously prepared? as a
non-crystalline solid for which no physical constants were
given, and as a white solid with m.p. 120° (J. P. Greenstein
and F. M. Leuthardt, Archiv. Biochem., 18, 377 (1948)).

Amnal. Caled. for CiHisOeN2S:: C, 37.0; H, 4.9; N,
8.6; S,19.8. Found: C, 37.1; H, 5.1; N, 8.6; S, 19.5.

Racemization of Bis-(acetyl)-L-cystine.—To a solution of
20 g. of bis-(acetyl)-L-cystine in 150 ml. of glacial acetic
acid, at room temperature (ce. 27°), was added 30 ml. of
acetic anhydride. A very small quantity of crystalline
material appeared within a few minutes but did not change
noticeably in amount during the next 16 hours. An aliquot
of the solution was removed and its change in optical rota-
tion followed polarimetrically., A plot of the optical rota-
tion value versus time is given in Fig. 1. After some 16 hr.,
the optically inactive solution was filtered and the filtrate
evaporated to drvness under 2 jet of air. A white, sticky
residue remained which began to crystallize upon rubbing
under ether and which appeared to be completely crystalline
after standing for two days in the cold. Since the material
was highly hygroscopic, it was separated from the ethereal
layer by centrifugation and decantation, and then immedi-
ately placed in a vacuum desiccator where the residual ether
was drawn off. After drying over potassium hydroxide in
vacuo, the yield of the epimeric mixture of bis-(acetyl)-cys-
tine was 16.8 g. (849,), dec. point 78°, [a]?®p 0° (in water).
The compound exhibited a slight hygroscopicity and was
analyzed after drying i» vacuo at 60°.

Anal. Caled. for C1oH1606N2S:: C, 37.0;
8.6. Found: C, 37.2; H, 5.2; N, 8.2.

One gram of the epimeric mixture was hydrolyzed by re-
fluxing with 100 ml. of 2 ¥ HCl for 2 hr. The solution was
concentrated to dryness 7z vacuo at 37°, and the evaporation
repeated several times subsequent to the addition of water.
The residue was taken up in water, the solution filtered, and
the pH adjusted to 5.5 with aqueous ammonia. After
standing for several hours in the cold, tlie optically inactive
cystine was recovered by filtration over suction; yield 0.43
g. (58%), [«]*®*p 0° (1% in 1 N HCI).

Anal. Caled. for CeH;ON:S;: C, 30.0; H, 5.0; N,
11.7; 8, 26.7. Found: C, 29.9; H, 5.0; N, 11.6; S, 26.5.

Enzymic Resolution.—A solution of 9.72 g. (0.03 mole)
of optically inactive bis-(acetyl)-cystine in 150 ml. of water
was prepared, the pH adjusted to 7.5 with 2 NV NaOH, and
the volume brought to 300 ml. with distilled water. After
the addition of 1 g. of hog renal acylaseI powder,'4the digest
was intcitbated at 37° for some 16 hr., at which point the de-
gree of hydrolysis, as measured by the van Slyke manoniet-
ric-CO; procedure,® had proceeded to only 18.5% of theory.
The pH of the digest was adjusted to 7.5 and an additional
S g. of “‘crude’’ acylase I# was added. After some 24 hr., a
30% hydrolysis of the total substrate was indicated. This
value remained unchanged upon the further addition of 1 g.
of crude acylase I and subsequent incubation for an addi-

H, 4.9; N,

(40) Although the precipitation of free L-cystine accompanied the
hydrolysls, a representative aliquot could be removed successfully
from the well-shaken reaction mixture and the degree of hydrolysis
measured with a high degree of precision.

(41) This acylase 1 preparatlon has not been carried as far as the
acetone fractionation step, but rather is a lyopbilized powder of a
dialysate prepared just subsequent to the ammonium sulfate precipi-
tation stage (cf. ref. 14),

R. MarsuarL, M., WinNiTz, S. M. BIRNBAUM AND J. P. GREENSTEIN
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tional 16 hr. The hydrolysate was then adjusted to pH 5.5
with glacial acetic acid and concentrated to 100 ml. in vacuo
at 35-40° in the presence of capryl alcohol to eliminate
foaming. The concentrate was warmed over the steam-bath
for some 10 min. (to denature the protein), allowed to stand
in the cold overnight, and the precipitate of L-cystine plus
coagulated protein filtered and washed with 100 ml. of cold
water. The combined filtrate and washings, which con-
tained both the bis-(acetyl)-D-cystine and monoacetyl-meso-
cystine, was concentrated to about 50 ml. in vacuo at 40°,
and the concentrate then run onto a Dowex 50-X* column
(80 X 2.5 cm.) in the acid phase which had been previously
washed with water. Fractions were collected in 30-35-ml.
cuts, with water as the eluent, and the presence of bis-
(acetyl)-p-cystine was indicated in tubes 2 to 16 by the
drop in pH of the eluate. The column was further eluted
with 1 1. of water, which was discarded, and then with 1 &V
HCI, which was collected in 30-85-ml. cuts and examined for
the presence of monoacetvl-meso-cystine with ninhydrin as
the indicator. All “‘positive’” fractions were combined.

L-Cystine.—The combined precipitate of L-cystine and
denatured protein, secured above, was extracted twice with
250-ml, portions of warm (70°) 1 N HC], the extracts treated
with Norite, filtered and the filtrate adjusted to pH 5.5 with
aqueous ammonia. After standing for 6 hir. in the cold, the
L-cystine was filtered, washed with water and recrystal-
lized from water vig the hydrochloride derivative according
to the procedure of Fischer and Raske.! An over-all yield
of 0.)8 g. of L-cystine was obtained, [«]?p —211° (1% in N
HCI).

Anal. Caled. for CeH;0:N:S: C, 30.0; H, 5.0; N,
11.7; S, 26.7. Found: C, 29.9; H, 5.3; N, 11.7; 8, 26.5.

p-Cystine.—The combined eluates of tubes 2 to 16, se-
cured above, were concentrated to drymess i# wvacuo and
the residual oil was dissolved in 100 ml. of 2 N HCl. After
refluxing for 2 hr., the hydrolysate was decolorized with
Norite and the pH brought to 5.5 witl aqueous amionia.
The precipitated D-cystine was recrystallized in the same
manner employed for the L-antipode; yield 0.95 g., [«]**D
+208° (19, in N HC1).

Anal. Found: C,30.1; H,5.1; N,11.6; S, 26.5.

Mesocystine.—The combined 1 N HCI eluates, secured
above, were concentrated to dryness and the residual wono-
acetyl-meso-cystine taken up in 100 ml. of 2 N HCl und re-
fluxed for 2 hr. Recovery of the meso-cystine from the acid
hydrolysate, as well as its recrystallization, was effected as
given for the D-stereoisomer; yield 0.8 g., {«]%p 0° (1% in
N HQY).

Anal. Found: C,29.8; H, 5.0; N, 11.7; S, 26.5.

II. Resolution, Derivatives and Analogs of S-Benzyl-
penicillamine. N-Acetyl-S-benzyl-pL-penicillamine.—To a
solution of 19.1 g. (0.1 mole) of acetyl-pL-penicillamine® in
500 ml. of liquid ammonia was added small pieces of sodium
metal, with stirring, until a slight excess was present (as in-
dicated by a permanent light blue color). S-Benzylation®?
was effected by the dropwise addition of benzyl chloride
until the blue color just disappeared, and then the further
dropwise addition of an additional 12.7 ml. (0.11 mole) of
benzyl chloride. The mixture was stirred for 3 hr. after
the addition was complete, the liquid ainmonia then allowed
to evaporate spontarieously, and the resulting residue ex-
tracted into water. Following filtration of a slight amount
of insoluble residue, the pH of the solution was adjusted
to 1.7 with 6 & HCl and the mixture extracted exhaustively
with ethylacetate. Tle ethyl acetate extracts were proled,
dried over anhydrous sodium sulfate, filtered and the filtrate
concentrated to dryness. After recrystallization of the
crystalline residue from 50¢7 ethanol, a vield of 21.9 g.
(78%) of N-acetyl-S-benzyl-pr-penicillamnine was secured,
nt.p. 174°.

Anal. Caled. for C;HisO;NS: C, 59.8; H, 6.8; N, 5.0;
S,11.4. Found: C,60.0; H,6.9; N, 35.0; S,11.4.

N-Acetyl-S-methyl-pL-penicillamine.—This compound
was prepared in the same general manner as employed for
the S-benzy! analog through the use of methyl iodide in lien
of benzyl chloride.*3 A 767 vield of the desired product

(42) Cf. V. du Vigneaud, L. F. Audrieth and H. S. Loring, Tms
JourNaAL, 62, 4500 (1930),

(43) Cf. V.du Vigneaud, H. M. Dyer and J. Harmon, J. Biol. Chem.,
101, 719 (1933); J. E. Wilson and V. du Vigneaud, ibid., 184, 63
(1850).



Aug. 20, 1957

was secured after recrystallization from water; m.p. 196-
197°.

Anal. Caled. for CsHsO;NS: C, 46.8; H, 7.3; N, 6.8;
S, 15.6. Found: C, 46.7; H,7.2; N,6.7; S, 15.6.

N-Carbobenzoxy-S-methyl-pL-penicillamine.—N-Acetyl-
S-methyl-pL-penicillamine was hydrolyzed to S-methyl-pL-
penicillamine upon refluxing with 2 N HCI (10 ml. per g. of
acetyl derivative) for 2 hr. After evaporation of the hy-
drolysate to dryness iz vacuo, the residue was extracted
into water, the pH adjusted to pH 5.5 with aqueous am-
monia, and the resulting crystals of S-methyl-pL-penicil-
lamine filtered, washed with water, and finally recrystal-
lized from water. This compound has been previously
prepared*® via methylation of penicillamine with methyl
iodide in the sodium-liquid ammonia system.

Anal. Caled. for CeH1isO.NS: C, 44.2; H, 8.0; N, 8.6;
S, 19.6. Found: C, 44.1; H, 8.0; N, 8.2; S, 19.4.

Preparation of the carbobenzoxy derivative was effected
in a manner comparable to that given below for the S-benzyl
analog. A 679 yield was obtained after recrystallization
from benzene-petroleum ether; m.p. 89°.

Anal. Caled. for C 3 H;3O,NS: C, 56.6; H, 6.5; N, 4.7;
S, 10.8. Found: C, 57.0; H, 6.5; N, 4.6; S, 10.3.

N-Carbobenzoxy-S-benzyl-pL-penicillamine.—A solution
of 105.5 g. of S-benzyl-pL-penicillamine in 450 ml. of 1 NV
NaOH was cooled to about 5° and a total of 95.4 ml. of car-
bobenzoxy chloride and 650 ml. of 1 N NaOH added alter-
nately thereto, in small portions, with vigorous shaking and
cooling. Separation of an oil was noted at this stage. The
reaction mixture was shaken for an additional 2 hr. in the
cold and then acidified to pH 1.7 with 6 N HCl, An oil was
precipitated which was taken up in half-saturated sodium
bicarbonate solution, filtered, and reprecipitated with 6 N
HC1. Although an oil was initially formed, crystallization
soon commenced. The crystals were dissolved in ethvl ace-
tate and the solution dried with anhydrous sodium sulfate,
filtered and concentrated to dryness in a stream of dry air.
An oil was secured which readily crystallized upon rubbing
with water; yield 99 g., m.p. 81°.

Anal. Caled. for CoHuOsNS: C, 64.3; H, 6.2; N, 3.8;
S,8.6. Found: C,64.0; H,6.2; N,3.7; S, 8.4.

N-Carbobenzoxy-S-benzyl-pL-penicillamine Amide.—A
solution of 98.5 g. of carbobenzoxy-S-benzyl-pL-penicilla-
mine and 37.1 ml. of triethylamine in 1.5 1. of dry dioxane
was cooled to 10°, and 35.2 ml. of isobuty!l chloroformate
added thereto. The reaction mixture was maintained at
10° for 1 hr., with occasional shaking, and 34.4 ml. of con-
centrated aqueous ammonia then added. As no carbon
dioxide was evolved at this temperature, the mixture was
warmed to 80° over a steam-bath and was maintained at
this temperature for 10-15 minutes, during which time vigor-
ous gas evolution was observed. An additional 34.4 ml. of
concentrated ammonia was then added, the mixture allowed
to stand at room temperature overnight, the precipitate of
triethylamine hydrochloride removed by filtration, and the
filtrate concentrated to dryness i# vacuo. The residue was
dissolved in chloroform and the chloroform layer washed
successively with half-saturated sodium bicarbonate, water,
1 N HCl and water. The chloroform layer was evaporated
to dryness iz vacuo, benzene added, and the evaporation
repeated. Crystallization of the residue was effected from
ether-petroleum ether. Since the precipitate was slightly
colored, it was taken up in ethyl acetate, the solution de-
colorized with Norite, dried over anhydrous sodium sulfate,
and evaporated to dryness. The white crystals were recrys-
iaégizlegélgrom absolute ethanol; yield 63.5 g. (65%,), m.p.

Anal. Caled. for CgonsOsNgS: C, 64.3; H, 67, N,
7.5; S,8.6. Found: C,64.2; H,6.6; N, 7.4; S, 8.4.

S-Benzyl-pr-pencillamine Amide Hydrobromide.—De-
carbobenzoxylation of carbobenzoxy-S-benzyl-pL-penicilla-
mine amide was effected according to the general procedure
of Ben-Ishai and Berger.® A stream of dry hydrogen bro-
mide was passed through a solution of 60 g. of the carbo-
benzoxy-amide in 1 1. of glacial acetic acid to saturation,
the temperature being maintained below 35°. After 0.5 hr.
at room temperature, the mixture was concentrated to 500
ml. and 3 1. of dry ether added thereto. After standing
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overnight in the cold, the mixture was filtered and the pre-
cipitate washed with ether, dried 47 vacuo over potassium
hydroxide and recrystallized from 959, ethanol; yield 44 g.
(86%,), m.p. 227-228°,

Anal. Caled. for C:HssONSBr: C, 45.1; H, 6.0; N,
8.8; S, 10.0; Br, 25.0. Found: C, 45.0; H, 6.0, N, 8.6;
S, 9.7; Br, 25.0.

Enzymic Resolution.—The pH of a solution of 4 g. of
S-benzyl-prL-penicillamine amide hydrobromide and 50 mg.
of MnCl,-4H,0, in water, was adjusted to 8.0 with 2 N
LiOH; 30 ml. of a hog kidney amidase*! solution containing
5 mg. of nitrogen per ml. was added thereto, and the final
volume diluted to 250 ml. The mixture was subsequently
digested at 38° for 18 hr., at which point the manometric
ninhydrin-CO; procedure revealed 509, hydrolysis of the
total substrate. No change in the degree of hydrolysis was
revealed upon digestion for an additional 24 hr. after the
addition of 7 ml. more of amidase solution. The digest was
adjusted to pH 5.2 with glacial acetic acid, deproteinized
by filtration in the presence of Norite, the precipitate washed
with water and the filtrate and washings combined. Since
the precipitate contained some adsorbed substrate, this was
extracted twice with hot methanol, filtered, the filtrate
evaporated to dryness in wacuo at 35° and the resulting
residue taken up in the pooled aqueous filtrate. This latter
was concentrated to about 250 ml. in vacuo and the concen-
trate run onto an Amberlite XE-64 column (28 X 2.5 cm.)
in the acid phase. With water as the eluent, fractions were
collected every 8 ml. and examined for ninhydrin-positive
material. The presence of S-benzyl-L-penicillamine in
tubes 10 to 170 was so indicated. After emergence of the
L-amino acid, the column was washed with 2 1. of distilled
water and the S-benzyl-p-penicillamine amide then eluted
with 0.3 N HCI (fractions tested for ninhydrin positive
material, as previously).

S-Benzyl-L-penicillamine.—The combined eluate of tubes
10 to 170 was concentrated to dryness iz vacuo at 40°. The
residue was dissolved in 1 NV HCl and the pH brought to 5.5
with aqueous ammonia. A crystalline precipitate of S-
benzyl-L-penicillamine was so obtained in 969, yield. Re-
crystallization was effected from water; [a]%D +87.5° (1%
in NaOH)and [«]*Dp +91.3° (1%, in N HCI).

Amnal. Caled. for C3H;O:NS: C, 60.3; H,7.1; N, 5.9;
S, 13.4. Found: C, 60.2; H,7.3; N, 5.8; S, 13.1.

S-Benzyl-p-penicillamine Amide Hydrochloride.—The
0.3 N HCl eluate from the column, which contained the D-
amide, was brought to pH 4.5 with silver carbonate and
filtered. Adsorbed material on the silver chloride precipi-
tate was eluted off with hot methanol, the methanol extracts
filtered, concentrated to dryness and the residue taken up
in the aqueous filtrate. Hydrogen sulfide was passed
through the latter to remove silver ions, the suspension fil-
tered, and the filtrate concentrated to dryness in wacuo.
The residue was dissolved in approximately 100 ml. of meth-
anol, the solution filtered, the filtrate concentrated to dry-
ness, and the residue crystallized from 809, ethanol to yield
S-benzyl-p-penicillamine amide hydrochloride. This mate-
rial contained approximately one molecule of water of crys-
tallization which could be removed upon drying i» vacuo at
80°; yield 1.4 g. (81%,) of anhydrous product, m.p. 182-
183°, [a]*D —73.0 (1%, in ethanol).

Anal. Caled. for C13H190N25C15 C, 524, H, 69, N,
10.2; S, 11.7; Cl,12.9. Found: C,52.4; H,7.0; N, 10.0;
S, 12.0; C1, 13.0.

S-Benzyl-p-penicillamine.—A solution of 0.7 g. of S-
benzyl-p-penicillamine amide hydrochloride in 20 ml. of 5 ¥
HC! was refluxed for 6 hr. and the hydrolysate then concen-
trated to dryness ¢# vacuo at 38°. After the addition of a
little water, the evaporation was repeated. The residue
was dissolved in a few ml. of water and the pH adjusted to
5.5with 2 N LiOH. The p-isomer, which crystallized out on
standing, was filtered, washed with water aud dried; yield
0.58 g. Recrystallization was effected from water; [a]*D

—~90.6 (1% in 1 N HCI).

(44) The amldase preparation employed was prepared as described
previously,® but without prior adsorption on calcium phosphate gel.
Its rate of hydrolysis toward L-leucine amide, under the same condi-
tions as utilized for the S-benzylpenicillamine amide, was 2880 umoles
per hr. per mg. of N.
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Amnai.
5.9;
13.2.

Culed. for C.Hz0:NS: C, 60.3; 1
S, 13.4. Touund: C,60.1; H, 7.0; N, 5.8;
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Synthesis of Ethyl 38,3-Diethoxyalanyl-I.-cysteinate Hydrochloride®

By HoMER ADXINS® AND BURRIS D. TIFrany?
Rece1vep Marcn 19, 1057

Ethyl 8,8-diethoxyalanyl-L-cysteinate hydrochloride (XIX) has been synthesized tlirough the coupling of N-carbobenzoxy-
8,8-diethoxyalanine azide (XI) with S-benzyl-L-cysteine, followed by selective removal of the protecting N-carbobenzoxy

and S-benzy! groups by mild reduction.

The azide XI was prepared by the carbobenzoxylation of ethyl 8,8-diethoxyalanate
(IV) followed by conversion of the ester IX to the hydrazide X and then to the azide.

The primary coupling product, N-

carbobenzoxy-g,8-diethoxyalanyl-S-benzyl-L-cysteine (XIV) and (XV), was separated into its component D,L- and L,L-

diastereoisomers by fractional crystallization of its methyl esters and sodium salts.
glycine (XTI) resulted from a preliminary investigation of the synthetic route using glyvcine.

p,L-N-Carbobenzoxy-g,8-diethoxyalanyl-
An attempt to eouple the un-

protected 3,3-diethoxyalanine azide (V1) with glycine yielded 3-diethoxvmethyl-2,5-piperazinedione (VIII).

In connection with a study of the structure of
benzylpenicillin,? it was of interest to synthesize
the stereoisomeric ester hydrochlorides (I) of 3,3-
diethoxyalanylpemicillamine, a dipeptide incorpo-
rating certain structural features known to be pres-
ent in benzylpenicillin itself.

(CI‘IsCIIgO)gCH?HCONHCHCO?CHQCHs

» |
H,N'HC!  CR.SH

This paper describes the synthesis of one of the
stereoisomers of the lower homolog, ethyl 3,3-di-
ethoxyalanyl-L-cysteinate hydrochloride (II), de-
rived from L-cysteine, as a model for the synthesis
of the dipeptide ester hydrochlorides I, which re-
quire the less available penicillamine.

The first approach studied was the azide cou-
pling of 8,3-diethoxyalanine (III) with ethyl glyci-
nate. The latter amino acid was employed in de-
veloping the method to avoid difficulties due to the
sensitive sulfhydryl group and the complications of
diastereoisomeric dipeptides.

Ethyl 8,8-diethoxvalanate (IV), prepared from
ethyl glycinate,® was converted to the hydrazide
V in good wvield, using anhydrous hydrazine.
The hydrazide was surprisingly stable, considering
the functional groups present, and could be distilled
at reduced pressure without change.

We were encouraged by the unusual stability
of the hydrazide to attempt direct conversion to
the azide VI and coupling with glycine without
protecting the amino group. When this uncon-
ventional series of reactions was tried, the product.
obtained in 10%, yield, was not the dipeptide ester
VII, however, but a white water-soluble solid
which gave correct carbon and hydrogen values

I,R CH;
II,R H

(1) From a thesis submitted by Burris D. Tiffany to the Gradnate
School of the University of Wisconsin in partial fualfillment of the re-
rjuiremnents for the degree of Doctor of Philosophy, 1940,

(2) Deceasell Angnst 10, 1949,

{3) The Upjohn Co., Kalasnazoo, Mich. Wisconsin Alumni Re-
search Foundation Rescarch Assistant, 1947-1949.

(4) Cf. H. Adkins, R. M. Ross and D. C. Schroeder, TH1S JOURNAT.,
72, 5401 (1930).

(3} “The Chemistry of Penicillin,”’ Clarke, Jolinsnn and Robinson,
Lditnrs, Princetvn Uwiversity Press, Princetou, N. J. 1949, p. 312,

for 3-diethoxymethyl-2,5-piperazinedione (VII.I)
i.e., the compound to be expected upon cyclization
of the coupled product VII. The failure, there-
fore, appeared not to be in the coupling, although of
low yield, but rather in preventing the subsequent
cyclization. Herein is implied the existence of a
moderately stable aliphatic primary amino acid
azide, which seems to be unprecedented.®

For a successful coupling procedure we turned
to Bergmann’s method for protection of the amino
group. Carbobenzoxylation of ethyl 8,8-diethoxy-
alanate (IV) was accomplished in 819, yield, and
the resulting ethyl N-carbobenzoxy-g,3-diethoxy-
alanate (IX) was converted readily to the hydrazide
X with 859, hydrazine hydrate in ethanol. Be-
fore treatment with nitrous acid this acetal-con-
taining hydrazide was tested for stability in aque-
ous acid. It could be dissolved in three equiva-
lents of cold 1 V hydrochloric acid and largely re-
covered unchanged upon neutralization of the acid.
The azide XI was prepared from the hydrazide us-
ing nitrous acid and coupled with glycine in
potassium carbonate solution, giving N-carbo-
benzoxy-8,5-diethoxyalanylglycine (XII) as a white
crystalline solid in good yield. The crystalline
methyl ester XIII was prepared readily from the
acid upon treatment with diazomethane.

Having demonstrated that the acetal system
would survive in the coupling reaction, attention
was next turned to the dipeptide containing the -
cysteine residue. The sensitive sulfhydryl group
was protected with a benzyl group as described by
Wood and du Vigneaud.” When the coupliug
procedure was carried out with S-benzyl-r.-cys-
teine, the product, obtained in 80Y yield, was a
solid with a broad melting range and presumably
was a mixture of the p,L- and L,L-diastereoisomniers
of the dipeptide XIV and XV. _

For separation of the diastereoisomers the nux-
ture of acids was converted to the methyl esters

(6) Cf. P. A. S. Smith’s review of the Curtius reaction in **Organic
Reactivns,” Vol ITI, Johu Wiley and Sons, Ine, New York, N. Y.,

1946, p. 353.
(7) J. L. Wood and V. du Vigneaud, J. Biol. Chem., 180, 110 (1439).



