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The enzymatic synthesis (using papain) of a number of N-benzylsulfonyl-L-a-amino acid phenylhydrazides has been ac-
complished. The stereospecific behavior of papain in this reaction has been demonstrated. The N-benzylsulfonyl-L-a-

aniino acid plienylhydrazides reacted with ferric chloride to give a high yield of the N-benzylsulfonyl-L-a-amino acids.

The

enzymatic resolution of p,L-methionine and L-methionyl-b,L-methionine is reported.

In a previous paper,® it was shown that benzyl-
sulfonyl chloride is a very useful reagent for pep-
tide syntheses. The preparation of N-benzylsul-
fonyl derivatives of an extensive list of amino acids
was reported. It was also shown that the benzyl-
sulfonyl group is cleaved by sodium in liquid am-
monia, Raney nickel, hydriodic acid and hydrobro-
mic acid. Both the synthesis and the cleavage of
the derivatives were accomplished without racemi-
zation of optically active amino acids. The use-
fulness of this reagent was demonstrated by using it
in the preparation of the dipeptides, L-leucyl-L-leu-
cine and L-methionyl-p,L-methionine.

Since Bergmann and co-workers? demonstrated
that proteolytic enzymes may, under suitable con-
ditions, cause the synthesis of peptide bonds as well
as their hydrolyses, there has been an interest in the
use of proteolytic enzymes in the resolution of am-
ino acids and the enzymatic synthesis of peptides.
At the present stage of its development, this method
cannot be compared in usefulness for peptide syn-
theses with other chemical methods. One of the
principal difficulties lies in the removal of amide or
anilide groups without the accompanying destruc-
tion of the peptide.

However, acylated-a-amino acid phenylhydra-
zides, which may be prepared by enzymatic syn-
theses, are oxidized with mild oxidizing agents to
give acylated-a-amino acids. Waldschmidt-Leitz
and Kithn® oxidized glycylglycine phenylhydrazide
with copper acetate and obtained glycylglycine.
We have shown® that phenylhydrazide groups may
be quantitatively removed from N-carboallyloxy-
a-amino acid phenylhydrazides by oxidation with
ferric chloride.

When N-carbobenzoxy-a-amino acids’ or N-car-
boallyloxy-a-amino acids® are used in an enzymatic
synthesis with papain, both the p- and rL-isomers
react. On the aother hand, when an acetylated-a-
amino acid’ is used, the reaction proceeds with al-
most complete specificity for the L-antipode.

It was of interest to see if N-benzylsulfonyl-a-
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amino acids could be used in enzymatic syntheses,
and if the reaction was stereospecific enough for
enzymatic resolutions of amino acids and dipep-
tides.

Discussion of Results

The enzymatic synthesis of the phenylhydrazides
of six N-benzylsulfonyl-L-a-amino acids and three
N-benzylsulfonyl dipeptides has been accomplished.
The results are listed in Table I. The enzymatic
reactions of the N-benzylsulfonyl-a-amino acids
with phenylhydrazine in the presence of papain
were stereospecific. The specific rotations and
melting points of the phenylhydrazides of N-benzyl-
sulfonyl-L-a-amino acids. prepared from D,L-a-
amino acids through enzymatic syntheses, were
the same as those of the corresponding phenylhy-
drazides prepared from L-a-amino acids. The phen-
ylhydrazides of three N-benzylsulfonyl-a-amino
acids were chemically synthesized in order to com-
pare their melting points and specific rotations
with those of the corresponding phenylhydrazides
from enzymatic syntheses.

However, the yield of this enzymatic reaction de-
pends upon the amino acids which are used. For
example, N-benzylsulfonyl-p,L-alanine, N-benzylsul-
fonyl-p,L-leucine and N-benzylsulfonyl-p,L-methi-
onine reacted with phenylhydrazine at a pH 4.7 in
the presence of papain to give the L-phenylhydra-
zides with yields of 10, 46 and 74%,, respectively.

The reactions of N-benzylsulfonyl-a-amino acids
with phenylhydrazine in the presence of papain are
slower than the corresponding reactions of N-carbo-
benzoxy or N-carboallyloxy derivatives of the am-
ino acids. This may be due in part to the low solu-
bility of the N-benzylsulfonyl-a-amino acids at a
pH 4.7. In order to increase the reaction rates,
relatively high concentrations of papain were used

Fox and co-workers® investigated the papain-cata-
lyzed reaction of some glycine-containing benzoyl di-
peptides with aniline. When glycine was adjacent
to the benzoyl group and alanine, valine, leucine or
glycine was terminal, a transamidation reaction was
observed. When the glycine was C-terminal and
alanine, valine or leucine was interior, a direct
coupling occurred leading to the synthesis of the
benzoyl dipeptide anilide. However, in the study
being reported here, N-benzylsulfonyl derivatives of
glycylglycine, L-leucyl-L-leucine and L-methionyl-
D,L-methionine reacted with phenylhydrazine in
the presence of papain to yield the N-benzylsul-

(9) G. Tollin, M. Winitz and 8. W, Fox, Federatfon Proc., 15, 371
(18586).



H. Bavarp MILNE aND Cui-Hsizn PenG

Vol. 79

TABLE I

ENzZYMATIC SYNTHESES OF L-PHENYLHYDRAZIDES OF N-BENZVLSULVONYLAMINU ACIDS

646
Phenylhy-
drazine
hydro-
N-Benzylsulfonyl Wt., chloride, Papain,
derivative of g. g. g.

Glyeine 2.29 1.44 1.0
D,L-Alanine 1.22 1.00 1.0
L-Leucine 1.43 1.00 1.0
p,L-Leucine 4.28 2.17 2.5
p-Leucine’ 1.00 0.70 1.0
1.-Methionine 1.00 1.00 1.0
D,L-Methionine 1.00 1.00 1.0
p-Methionine” 1.00 1.00 1.0
L-Phenylalanine 1.60 0.72 0.8
L-Lysine 2,27 0.72 1.0
Glycylglycine 2.86 1.44 1.2
L-Leucyl-L-leycine 1.00 1.00 1.0
L-Methionyl-b,1,-mcthionine 2.50 1.70 1.0

L-Methionyl-p-methionine™ (.10 0.10 0.1

* Yields are bascd on the weights of reerystallized product obtuined from total substrate used.
¢ [a]®p —30.1 =+ 0.8° (¢ 1.00, butanone), f 3
¢ No phenylliydrazide was obtained after 20 days of incnbation.

(¢ 1.00, butanone).
incubations. ¢ [a]®p —30.4 % 0.9° (¢ 1.00, butanone).

/ [a]®D —16.6 = 0.8° (¢ 1.50, butanone). ¢ [a]®D —16.4 & 0.8° (¢ 1.50 butanone).
i a]¥p —25.2 &= 0.9° (¢ 0.50, acetone).

after 15 days of incubation.
—48.5 &= 1.0° (¢ 1.00, butanone).
hours of incubation.

' [a]®D —22.3 £ 0.9° (¢ 1.00, butanone). ) afte
" This substrate was prepared by the resolution of N-benzylsulfonyl-L-metliionyl-p,L-methionine.

Analyses,

LFormula .

M.op., Yield, = of L-phenyl- nitrogen, G
e, T hydrazides Caled. Found
108 83 CuH N0 13.18 13.29
174-176 3 CreH19N30;8° 12.61 12,30
183-184 a8 CroHas N 058° 11.19 11.09
183-184 23 CeHas N; 0587 11.19 11.00
Noue
163164 76 CisHpN,0:8,7 10.068 10.48
163-164 37 CsHuyN:0:85 10,68 10.83
None
124-126 61 Cally N;Op8' 10.26 .08
172-173 80 Cutl5 N0 10.29 10.11
199--200 84 CrrHy N, 048 14,89 14.92
230-234 7 CosHys N, 0,8F 11.47 11.25
175-176 40 CotpN,0:84! 10.68 10.63
None™t
ble|¥n =378 &= 1.0°

The phenylhydrazide was collected by a series of successive

®No phenylhydrazide was obtained
i [a]®p —15.2 £ 1.0° (¢ 0.462, acetone). * [a]®D
Tlie phenylhydrazide was collected after 2

» No phenylhydrazide was obtained after 300 hours of incubation.

fonyl dipeptide phenylhydrazides. There was no
evidence of the transamidation.
The usefulness of N-benzylsulfonyl- e-amino acids

i enzymatic resolutions was demoustrated by

resolving  N-benzylsulfonyl-p,L-methionine. The
N-benzylsulfonyl-L-methionine  phenylhydrazide,

formed in the enzymatic reaction, was oxidized with
ferric chloride to yield N-benzylsulfonyl-L-inethio-
uine.  N-Benzvlsulfonyl-p-methionine was recov-
cred from the filtrate of the enzymatic reaction.
Both purce L- and p-methionine were obtained by
reacting the N-benzylsulfonyl derivatives with so-
Awun i1 liquid anunonia. D,L-Methionine has
previously been resolved by the reaction of N-
acyl-p,r-methionie with amline iin the presence of
papant.'*1t However, as the acyl and anilide
groups were removed by hydrolyses, the method
would not be satisfactory for the resolution of a
dipeptide.

The enzymatic reaction of N-benzylsulfonyl-1-
uietlionyl-p,L-imethionine with phenylhydrazine has
now been studied. N-Benzylsulfonyl-L-methionyl-
D,L-methionine reacted with phenylhydrazine in the
presence of papain to give an 849 yield of N-benzyl-
sulfonyl-L-methionyl-L-methionine  phenylhydra-
zide. The phenylhydrazide group was removed by
oxidation with ferric chloride, and the N-benzyl-
sulfonyl group was removed by sodium in liquid
ammonia to yield L-methionyl-L-methionine. The
N-benzylsulfonyl-L-methionyl-p-methionine, from
the filtrate of the enzymatic reaction, was converted
to L-methionyl-p-methionine with sodium in liquid
aimonia.

N-Benzylsulfouyl-r-methionyl-L-methionine, ob-
tained by the oxidation of its phenylhydrazide, gave
a specifie rotation, [a]?*n --25.27 (¢ 1.00, N sodium
hiydroxide), and N-benzylsulfonyl-L-methionyl-p-

(e 0 AL Dekker aud J. 5. Vruton, J. Biol, Chene,, 178, 471 (1048},

vl DG Doherty and . A. Popenoe, thid,, 189, 447 (1951).

methionine from the filtrate gave a specific rotation,
[@]*D ~—31.3° (¢ 1.00, N sodium hydroxide). The
average of these two specific rotations is approxi-
inately equal to that of the starting material, N-
benzylsulfonyl-L-methionyl-p,L-methionine  [a]*D
~—38.2° (¢ 1.00, N sodium hydroxide).? L-Methio-
nyl-L-methionine gave a specific rotation [a]*D
+26.1° (c 2.00, water) and L-nethionyl-p-mecthio-
inie fromn the reduction of N-benzylsulfonyl-r.-mcthi-
onyl-n-metiiionine gave a specific rotation [«]*D
+73.8% (¢ 1.00, water). The average of these two
specific rotations is approximately equal to that of
L-itethionyl-p,L-methioniie, [a]*n +51.6° (¢ 1.00,
water).?

As the speetfic rotation of the L-methionyl-1-
nicthionine agrees with the reported?®® value, it may
be concluded from the above that the reaction of
N -benzylsulfonyl-L-inethionyl-p,i.-1methionine with
phenylhydrazine in the presence of papain is stereo-
specific, aund that N-benzylsulfonyl-L-niethionyl-p-
methionine and 1,-methionyl-p-methionine are op-
tically pure.

Experimental!?

Papain.—Comuercial papain (Nutritional Bioeliemicals
Corporation) was purified by the procedure of Grassmann!
aind Bergmann and Frucnkel-Conrat? as modified by Bennett
and Niemann.” After three or fonr successive treatments
with hydrogen sulfide, followed by precipitation with
methanol, the precipitate was lyophilized, and a white
powder was obtained.

Enzymatic Syntheses of Phenylhydrazides of N-Benzyl-
sulfonyl-L-a-amino Acids.-—These phenylhydrazides were
prepared according to the method of Bergimann and Fraenkel-
Conrat.* Some of the resnlts are listed in Table I. The
N-benzylsulfonyl-g-amino acid was dissolved in 4-5 equiva-
lents of N sodimn hydroxide solution and the resulting

Dekker, © T

12O A rhi] 180, 1535
RN

13 AN benzylsitlfay! devivatives of a-amino aculs and togrep -
tides in this research are preparet! according to our procedures?

(14) W, Grassmann, Bioiene, 7., 279, 131 (1035).
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solution was treated successively with 1-2 equivalents of
phenylhydrazine hydrochloride in 30 ml. of water, 1.5-2.0
equivalents of L-cysteine hydrochloride!d in 30 ml. of water
and 50 ml. of 1 M acetic acid-sodium acetate buffer (pH
4.7). If an insoluble phenylhydrazine salt precipitated the
mixture was heated to 40° and diluted with water until it
became homogeneous. The total volume of the solution
was about 150-200 ml. After adjusting the pH to 4.7 with
3 N hydrochloric acid, papain was added, and nitrogen was
bubbled through the solution for a few mimutes. The flask
was stoppered, and the solution was then incubated in a
water-bath at 40°; after several days, the product was
collected by filtration. After incubating the filtrate for
several days, a second crop of crystals was obtained. The
crude product was recrystallized from acetone~water.

N-Benzylsulfonyl-L-leucine Phenylhydrazide.—N-Benzyl-
sulfonyl-L-leucine (2.85 g.) was dissolved in 200 ml. of
anhydrous ether and cooled in an ice-bath. Pulverized
phosphorus pentachloride (2.5 g.) was added, and the
reaction was allowed to proceed with cooling and swirling
for one hour. This mixture was filtered rapidly through a
sintered glass filter. When the ether was removed in vacuo,
the product crystallized. The crystals were washed with
dry petroleum ether, dried ¢n vacuwo, and redissolved in 100
ml. of anhydrous ether. This ethereal solution was added
dropwise to a mixture of 10 ml. of N sodium hydroxide
solution, 4 ml. of phenylhydrazine and 50 ml. of water,
which was cooled in an ice-bath and vigorously stirred
mechanically. At the end of the addition of the ethereal
solution, the mixture was stirred for an additional one-half
hour. The slightly yellow precipitate was washed with 30
ml. of ether and decolorized with charcoal during recrys-
tallization from acetone-water. The crystalline product,
3.52 g. (949, yield), melted at 183-184°, [a]2p —30.0 =%
0.8° (¢ 1.00, butanone).

Anal. Caled. for CpHasN3:0:8: C, 60.77;
N, 11.19. Found: C, 60.37; H, 6.60; N, 11.10.

N-Benzylsulfonyl-p-leucine Phenylhydrazide.—N-Benzyl-
sulfonyl-p-leucine (1.00 g.) was used to prepare its phenyl-
hydrazide in the usual manner. The crystalline product,
1.25 g. (95% yield), melted at 183-184°, [a]%*D +29.9 =+
0.9° (¢ 1.00, butanone).

Anal. Caled. for CpHaxN:0:8: C, 60.77;
N, 11.19. Found: C, 60.05; H, 6.85; N, 11,15.

N-Benzylsulfonyl-p,L-methionine Phenylhydrazide.—N-
Benzylsulfonyl-p,L-methionine (1.52 g.) was dissolved in a
mixture of 20 ml. of dry dioxane and 50 ml. of anhydrous
cther and cooled in an ice-bath. Pulverized phosphorus
pentachloride (1.04 g.) was added, and the reaction was
allowed to proceed in the nsual mmanner., The phenyl-
liydrazide was recrystallized from acetone-water; 1.12 g.
(57% yield), m.p. 172~-173°.

_dnal.  Caled. for CiHysN3OsS,: C, 54.93;
N, 10.68. Found: C, 54.72; H, 5.78; N, 10.87.

Conversion of N-Benzylsulfonyl-L-leucine Phenylhydra-
zide to N-Benzylsulfonyl-L-leucine.—N-Benzylsulfonyl-L-
leucine phenylhydrazide (0.5 g.), obtained from the enzy-
matic reaction of N-benzylsulfonyl-p,L-leucine with phenyl-
hydrazine, was dissolved in 50 ml. of acetone, and the solu-
tion was warmed to 35-40°. To this solution, 4.0 g. of
ferric chloride (FeCl;-6H:0) in 8 ml. of water was added
dropwise. The reaction mixture was stirred mechanically
during the addition of the reagent. After the addition of
the reagent, the mixture was refluxed for two hours. The
vellow-green solution was diluted with 20 ml. of water,
cooled to room temperature, and then made alkaline to
litmus paper with 3 N sodium hydroxide solution. The
black residue was removed by centrifugation, and the
solution was evaporated 7z vacxo until no odor of acetone
remained. The solution was acidified (congo red) with
concentrated hydrochloric acid. White crystals were ob-
tained and recrystallized from ethanol-water; 0.33 g.
(87% yield), m.p. 133°, [«]®p —23.1 =% 1.0° (¢ 1.00, N
sodium hydroxide). A mixed melting point determination
with an authentic sample of N-benzylsulfonyl-rL-leucine
showed no depression.

Anal. Caled. for C3HisNO,S: N, 4.91; neut. equiv.,
285.35. Found: N, 5.00; neut. equiv., 286.

H, 6.71;

H, 6.71;

H, 5.89;

(15) One gram of L-cysteine hydrochloride per 100 ml. of the reac-
tion mixture was used.
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Resolution of p,L-Methionine. (a) N-Benzylsulfonyl-r-
methionine Phenylhydrazide.—N-Benzylsulfonyl-p,L-meth-
ionine (6.27 g.) was dissolved in a solution consisting
of 80 ml. of N sodium hydroxide solution and 50 ml. of
water, and the resulting solution was treated successively
with 2.98 g. of phenylhydrazine hydrochloride in 20-30
ml. of water, 3 g. of L-cysteine hydrochloride in 20-30 ml.
of water, 100 ml. of 1 M acetic acid-sodium acetate buffer
(pH 4.7), and 3 g. of papain. This enzymatic reaction
then was allowed to proceed in the usual manner. The
phenylhydrazide was collected in successive fractions and
recrystallized from acetone—water; 3.49 g. (869 based on
the weight of L-substrate), m.p. 163-164°, [«]?®D —16.5
=+ 0.9° (¢1.50, butanone).

Anal. Calcd. for CmHgaNaOaSgZ N,
10.48.

(b) Conversion of N-Benzylsulfonyl-L-methionine Phenyl-
hydrazide to N-Benzylsulfonyl-L-methionine.—The phenyl-
hydrazide (1.97 g.) from the above enzymatic reaction was
dissolved in 100 ml. of acetone, and the solution was warmed
to 35~40°. To this solution, 15 g. of ferric chloride (FeCls-
6H.0) in 30 ml. of water was added dropwise. The time
required for the addition of ferric chloride solution was one
hour. The reaction mixture was stirred mechanically
during the addition of the reagent and then heated under
reflux for three hours. The resulting slightly yellow solu-
tion was cooled to room temperature and made alkaline to
litmus paper with 509, sodium hydroxide solution. The
black residue was removed by centrifugation, and the solu-
tion was evaporated ¢z vacuo until no odor of acetone
remained. The solution was acidified (congo red) with
concentrated hydrochloric acid, saturated with sodium
chloride, and extracted with three 50-ml. portions of ether.
The ethereal solution was washed with 20 ml. of water.
The solution was dried over anhydrous magnesium sulfate
and evaporated to dryness in wvacuo. The product was
recrystallized from anhydrous ether~hexane; 1.26 g.
(839, yield), m.p. 90-91°, [«]®D —13.8 == 0.6° (¢ 1.00,
N sodium hydroxide). A mixed melting point determina-
tion with an authentic sample of N-benzylsulfonyl-rL-
methionine showed no depression.

Anal. Caled. for C:HiNOS:: N, 4.62; uent. equiv.,
303.39. Found: N, 4.60; neut. equiv., 304.

(¢) L-Methionine.-—N-Benzylsulfonyl-L-methionie (1.00
g.) was dissolved in 200 ml. of liquid ammonia. To this
mixture was added, with mechanical stirring during one-
half hour, 0.21 g. of metallic sodium in 15 approximately
cqual portions. A blue color persisted for one minute
after the last addition of sodium. The mixture was treated
with 0.2 ml. of methvl iodide, stirred mechanically for a
few minutes, and then allowed to evaporate spontanconsly.
The residue was dried in vacuo and dissolved in 10 inl. of
water. The solution was filtered, and the filtrate was
neutralized with 3 N hydrochloric acid to pH 5.8. L-
Methionine was collected after the addition of 20 ml.
of ethanol and recrystallized from water—ethanol; 0.38 g.
(77% vyield), m.p. 280~283° (with decomposition), [a]®D
—8.0 %= 0.6° (¢ 0.80, water). The reported! value is
[«]?D —8.11 = 0.5° (¢ 0.80, water).

Anal. Caled. for CHuNO,S: C, 40.25; H, 743; N,
9.39. Found: C, 40.66; H, 7.49; N, 9.10.

(d) N-Benzylsulfonyl-pD-methionine.—The filtrate from
the enzymatic preparation of N-benzylsulfonyl-L-methionine
phenylhydrazide was acidified (congo red) with concen-
trated hydrochloric acid, saturated with sodium chloride
and extracted with three 50-ml. portions of ethyl acetate.
The organic layer was dried over anhydrous sodium sulfate,
decolorized with charcoal and evaporated iz wvacuo. The
residue was recrystallized twice from anhydrous ether—
hexane. The white crystals, 1.88 g. (609 based on the
weight of p-substrate), melted at 90-91°, [«]®D +13.5 &=
1.1° (¢ 1.00, N sodium hydroxide). A mixed melting point
determination with an authentic sample of N-benzyl-
sulfonyl-pD-methionine showed no depression.

Anal. Caled. for C,HyyNO,S;: N, 4.62; neut. equiv.,
303.39. Found: N, 4.85; neut. equiv., 306.

(e) p-Methionine.—N-Benzylsulfonyl-np-methionine (0.4
g.) was allowed to react with 0.13 g. of metallic sodium in
100 ml. of liquid ammonia in the usual manner. Db-Meth-

10.68. Found:

(16) W. Windus and C. S, Marvel, THIs JourNnaL, 53, 3490 (1931)"



648

ionine (0.14 g., 71% yield) was obtained after recrystalliza-
tion from water—ethanol; m.p. 281-285° (with decomnposi-
tion), [«]®D +8.1 =% 0.5° (¢ 0.80, water). The reported?!®
valueis [«]%D +8.12 & 0.5° (¢ 0.80, water).

Anal. Caled. for CiHpNO.S: C, 40.25; H, 7.43;
N, 9.39. Found: C, 40.30; H, 7.58; N, 9.30.

Resolution of  L-Methionyl-p,L-methionine. (a) N-
Benzylsulfonyl-L-methionyl-L-methionine Phenylhydrazide.
-—N-Benzylsulfonyl-L-methionyl-p,L-methionine (3.0 g.)
was dissolved in 40 ml. of N sodium hydroxide solution.
To this solution was added successively 2 g. of phenyl-
liydrazine hydrochloride in 30 ml. of water, 2 g. of L-cysteine
hydrochloride in 30 ml. of water, 50 ml. of 1 A acetic acid~
sodium acetate buffer (pH 4.7) and 1.5 g. of papain. This
enzymatic reaction was allowed to proceed in the usual
manner. After the reaction mixture had been incubated at
40° for two hours, N-benzylsulfonyl-L-methionyl-L-metlio-
nine plienylhvdrazide was collected by filtration and re-
crystallized from acetone~-water; 1.51 g. (84% based
on the weight of rL-substrate), m.p. 175°, [a]®D —22.1 =&
0.7° (¢ 1.00, butanone). After anotlier 411 lours of incuba-
tion, no appreciable amount of phenylliydrazide was ob-
tained.

Anal.
N, 10.63.
. (b) Conversion of N-Benzylsulfonyl-L-methionyl-L-meth-
ionine Phenylhydrazide to N-Benzylsulfonyl-L-methionyl-
L-methionine.—The phenylhydrazide (1.2 g.) fromn tle
above enzymatic reaction was oxidized with 8 g. of ferric
cliloride (FeCl;-6H,0) in the usual manner as for N-benzyl-
siulfonyl-L-methionine plienylhydrazide. Slightly yellow
crystals were obtained after acidification with concentrated
Itydrochloric acid and dissolved in 50 ml. of ethyl acetate.
This solution was extracted with three 30-ml. portions of
N sodium bicarbonate solution. The aqueous solution
was evaporated im vacuo until no odor of ethyl acetate
remained and acidified (congo red) with coucentrated
hiydrochloric acid. After refrigerating the mixture over-
niglt, white crystals were obtained which were recrystallized
from ethanol-water; 0.74 g. (75% yield), m.p. 107-108°,
[a]®p —25.2 = 0.9° (¢ 1.00, N sodium hvdroxide).

Caled. for CyHpN,0:8;: N, 10.68. Found:

R. WabpE, S. M. BirnBaUM, M. WINITZ, R. J. KOEGEL AND J. P. GREENSTEIN
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mechanical stirring during one-half hour, 0.08 g. of metallic
sodium in 15 approximately equal portions. A blue color
persisted for one minute after the last addition of sodium.
The mixture was treated with 0.15 ml. of methyl iodide,
stirred for a few minutes more, and then allowed to evapo-
rate spontaneously. The residue was dried in vacwo and
dissolved in 10 ml. of water. The solution was filtered;
tle filtrate was neutralized with hydrobromic acid (20%)
to pH 6~7 and then evaporated to dryness under reduced
pressure. Tlie residue was extracted into 40 ml. of hot
039, ethanol. The insoluble residue was discarded. The
alcoltolic solution was evaporated to 10 ml. iz vacuo and
diluted witls 30 ml. of ether. The white crystals werc
recrystallized from 809, ethanol; 0.21 g. (81% yield),
m.p. 224-226° (with decomposition), [«]¥D +26.1 & 0.7°
(¢ 2.00, water). The reported!? value is [x]¥D +26.5°
(¢ 2, water).

Anal. Calcd. for C]o}{goNanSgi C, 4283,
N, 9.99. Found: C,42.36; H, 7.29; N, 9.75.
(d) N-Benzylsulfonyl-L-methionyl-p-methionine.-—The
filtrate from the enzymatic preparation of N-benzylsulfonyl-
L-methionyl-L-methionine phenylhydrazide was acidified
(congo red) with concentrated hydrochloric acid and ex-
tracted witlh three 50-ml. portions of etliv]l acetate. The
etliyl acetate solution was extracted with three 20-ml.
portions of IV sodinm bicarbonate solution. The resulting
aqueous solution was evaporated in vacuo until no Odor‘ of
etliyl acetate remained and acidified (congo red) with
concentrated hydrochloric acid. White crystals were
obtained after refrigerating the mixture for a few hours.
The product was recrystallized from ethanol-water; 0.54
g. (369 based on the weight of D-substrate), m.p. 136-137°,
la]*Dp —51.3 &= 0.7° (¢ 1.00, N sodium hydroxide).
Caled. for CpHagN.0;S;: C, 46.98; 1, 6.03;
N. 6.45; neut. equiv., 434.58. Found: C, 46.80; H,
5.83; N, 6.70; neut. equiv., 431.

(e) L-Methiouyl-p-methionine.-——N-Benzylsulfouyl-r-
victhionyl-p-methionine (0.35 g.) in 200 ml. of liquid
ammonia was treated with 0.07 g. of nietallic sodium in
thie 1sual manner. p-Methionyl-p-metlhiionine was re-
crystallized fromm 809, ethanol; 0.20 g. (89% yield), m.p.

H, 7.19;

Anal. Caled. for CyHuNoOsSy: C, 46.98; H, 6.03;  295-938° (with dccomposition), l«|®p +75.8 £ 1.2°

N, 6.45; mneut. equiv., 434.58. Tound: C, 47.00; H, (;1.00, water).

6.17; N, 6.40; neut. equiv., 436. ) i I . :
vy s Lo Anal. Caled. for CplleNy0:8:: N, 9.99. TFound:
(¢) L-Methionyl-L-methionine.——N-Benzylsulfouyl-1,- N 1”0(”26. led o1 10R5se . (

utethionyl-L-znethionine (0.40 g.) was dissolved in 200 ml. "7 "

of lignid simmonia. To this mixture was added, witlh  Durimay, WAsHIXGTON
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Resolution of e-aminopimelic acid, as its N-acetv] derivative, lias been effected via tlie ssyvinmetric action of hog renal
acylase T at pH 7.0. The yield of the optically pure L- and p-isomers, which showed [«]p +21.53° and [a]p —21.0° (1% in &
N HCI) values, was 77 and 489, respectively. In addition, a modified procedure, whereby the three isomeric forms of
«,e-diaminopimelic acid may be secured, is described. Such modification consists in a fractional separation of the carbe.-
benzoxy derivatives of the meso- and pL-forms from the inactive synthetic epimeric mixture. Conversion of the pL-form to the
corresponding amino acid amide proceeded through hyvdrogenolysis of carbobenzoxy-pL-a,e-dianlinopimelic acid amide.
Resolution of the racemic amino acid amide with a purified hog kidney amidase preparation subsequently resulted in the
optically pure L- and p-isomers, which showed [a]D values of +45.0° and —45.5° (19 in 1 N HCI), respectively, in agree-

ment with previous results.

Infrared spectra for each of the stereoisomeric forms of a-amino- and «,e-diaminopimelic acid,

as well as the apparent dissociation constants of the latter, are presented.

The natural occurrence of a-aminopimelic acid
as a compornent of green plants has been reported
recently by Virtanen and Berg.! This compound,
isolated in milligram quantities, was characterized
vi@ chromatographic, melting point and titration
data. Paucity of the natural material unfor-

(1) A. 1. Virtanen and A. M. Berg, Acta Chem. Scand., 8, 1725,
1085 (1954).

tunately permitted mneitlier determination of its
optical rotation nor configuration. It is with such
identification and characterization of the L- and p-
antipodes of a-aminopimelic acid with which the
present communication is, in part, concerned. In
addition, a modification and nuprovemnent of the
procedure for the preparation of the three isomeric
formis of a,e-diaminopimelic acid, previously de-



