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The a-chymotrypsin-catalyzed hydrolyses of some acetoxy-substituted esters have been examined and their
stereospecificity compared with that of hydrolyses of corresponding acetamido- and hydroxy-substituted esters.
In contrast with ethyl N-acetylalaninate, its nitrogen analog, ethyl a-acetoxypropionate, CH;CH(OCOCH;)-
CO,C;H;, shows more rapid hydrolysis of the p-enantiomorph than the L- at concentrations above 0.004¢ M, both
when the pL-material and the separate enantiomorphs are examined. The p-compound has less favorable Ky
than the L-, 0.18 and 0.0017 M, respectively; k; is more favorable for the p-compound, 0.020 as compared with

0.00037 sec. ™1,

A mechanism for inversion of antipodal reactivity is described. The corresponding symmetric

a-acetoxy compound, diethyl a-acetoxymalonate, CH;CQ.CH(CO:C,Hjs),, is also hydrolyzed with some stereo-
specificity, while the asymmetric and symmetric B-acetoxy esters, ethyl g-acetoxybutyrate, CH;CH(OCOCH;)-
CH,CO,C,H;, ethyl B-acetoxy-S-phenylpropionate, CeH;CH(OCOCH;)CH,CO.C,Hs, and dimethyl g-acetoxy-
glutarate and diethyl g-acetoxyglutarate, CH;CO,CH(CH:CO;R ), are hydrolyzed with no stereospecificity.

Introduction.—Study of the hydrolysis by a-chymo-
trypsin of esters containing an acetamido group has
shown that such compounds are hydrolyzed with
stereospecificity when the acetamido group is either in
the a- or B-position, and either at a center of asymmetry
in compounds of the type Cabde or at a developing
center of asymmetry in symmetric compounds of the
type Cabdd, in which the symbol d represents an ester
group. The symmetric compounds, diethyl a«-acet-
amidomalonate,? CH;CONHCH(CO,C:Hj);, and di-
ethyl B-acetamidoglutarate,?® CH;CONHCH(CH;CO;-
C.Hj)s, were hydrolyzed with stereospecificity leading to
optically active half-esters, while diethyl a-acetamido-
methylmalonate, CH;CONHCH,CH(CO,C.H;);, in
which the acetamido group is not attached directly
to the potentially asymmetric carbon atom, showed
little or no specificity. Ethyl N-acetylalaninate,*
CHaCONHCH(CHs)COzCsz, and ethyl B-phenyl-B-
acetamidopropionate,* CH,CONHCH (CsH;)CH,CO,-
C;H;, were hydrolyzed stereospecifically, leading to
optically active products from bpL-starting materials.
Ethyl B-acetamidobutyrate, CH;CONHCH (CHy)-
CH:CO,C;H;, and diethyl a-benzyl-a-acetamidomalon-
ate, CH;CONHC(CO.C.H;):CH,CsH;s, were not hy-
drolyzed.

Consideration of esters containing a hydroxyl group
indi‘cates that this substituent, present in the a- or §-
position, may also lead to stereospecificity. The L-
enantiomorph of ethyl g-phenyl-a-hydroxypropionate,
CsH;CH.CH(OH)CO,C,H;, hydrolyzes more rapidly®
than the b, while ethyl 8-phenyl-8-hydroxypropionate,
CsHyCH(OH)CH.CO,C,H;, and the B-hydroxygluta-
rates, HOCH(CH2C02R)2, R = CHs, C2H5, were hy-
drolyzed with stereospecificity.® However, ethyl lac-
tate,®” CH;CH(OH)CO,C,H;, and diethyl a-hydroxy-
malonate, HOCH (CO.C,Hjs)., were hydrolyzed without
stereospecificity, while ethyl g-hydroxybutyrate, CH,-
CH(OH)CH,CO,C:Hs, was hydrolyzed exceedingly
slowly and non-specifically. The hydroxyl group ap-
pears to be more effective in leading to stereospecificity
whgn in the 8- than in the a-position, and seems to be
assisted in this by an additional large -substituent, the
carbethoxymethylene and phenyl groups of the glu-
tarates and hydroxyhydrocinnamates, respectively,
being effective, the methyl and carbethoxyl groups of
the lactate, butyrate and malonate esters being in-

(1} Requirements for Stereospecificity in Hydrolysis by a-Chymotrypsin,
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(3) S. G. Cohen and E. Khedouri, ibid., 83, 1093 (1961).

(4) S. G. Cohen, Y. Sprinzak and E. Khedouri, ibid., 83, 4225 (1961).

(5) M. L. Bender and B. W. Turnquest, sbid., 77, 4271 (1955).

(6) 8. G. Cohen and E. Khedouri, ibid., 83, 4228 (1961).
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effective. The @B-phenyl group alone may not be
effective, the a-chlorohydrocinnamate ester hydrolyzing
with no specificity.?

Thus, compounds of varied structure, bearing little
relationship to the ‘‘natural”’? substrates, may be hy-
drolyzed stereospecifically by a-chymotrypsin, provid-
ing convenient access to many optically active mate-
rials. Asymmetric and symmetric compounds of type
Cabde and Cabdd, respectively, show similar response
of stereospecificity to structural features. A polar
interaction, possibly by hydrogen bonding, of the
hydroxyl or acetamido group, and a conformational
interaction of a second group with an asymmetric group-
ing in the enzyme may combine to form the diastereo-
meric transition states or complexes which leave the
group which is to be hydrolyzed in contact with or dis-
tant from the reactive nucleophilic site. To gain further
information about these interactions, it seemed of inter-
est to examine some acetoxy esters, the acetoxyl group
bearing relationship to both the acetamido and hydroxyl
groups, and lacking the hydrogen atom common to both.

Ethy! pL-a-Acetoxypropionate.—Ethyl DL-a-acetoxy-
propionate, CH,CH(OCOCH;)CO,C.H;s, was prepared
by treatment of ethyl DL-lactate with acetic anhydride.?
The expected product of hydrolysis, a-acetoxypropionic
acid, was prepared by treatment of pL-lactic acid with
glacial acetic acid in the presence of sulfuric acid.!®
It was characterized as the substituted ureide I, pre-
pared from 1,3-bis-(p-dimethylaminophenyl)-carbodi-
imide,!! as were the products of subsequent enzymatic
hydrolysis of the esters

0]
I
CH,CH (OCOCHa)CONCNH-@-N (CHa).

N(CI-%;);

DL, m.p. 153-154°
D and L, m.p. 146-147°
D, [a]?*D —50.9°, L, +50.4°, in CHCl;

The bDL-ester was subjected to hydrolysis by a-
chymotrypsin, 12 mg./ml., in phosphate buffer at pH
7.81in a pH-stat. Hydrolysis was fairly rapid initially,
slowed down, and was 509, complete after 12 hours,
when it apparently stopped. Unhydrolyzed ester was
isolated in 859, yield and was characterized by its
infrared spectrum which was identical with that of the
starting ester. Its optical rotation was determined,
Qobsd —2.32°, [a]D22 —22°, 5.3, in chloroform. Nega-

(8) J. E. Snoke and H. Neurath, Arck, Biockhem., 21, 351 (1949).

(9) H. Neurath and G. W. Schwert, Chem. Rev., 46, 69 (1950).

(10) K. H. Vogeland J. C. Warner, J. Am. Chem. Soc., 78, 6076 (1953).
(11) F. Zetzche and W, Neiger, Ber,, T8B, 467 (1940).
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Fig. 1.—Zero-order rates of hydrolysis of L- and p-ethyl a-

acetoxypropionate by a-chymotrypsin (5.0 mg./ml.), 0.1 N Na(C],
pH 7.2, 25°: -0-0-@-,L; -O-0-O-, D.

tive rotations were also observed in acetone and ethyl
acetate, Since the L-isomer has a negative rotation,!?
excess L-ester was present in the unhydrolyzed material
and D-ester in the pL-mixture had been hydrolyzed more
rapidly than the r- by the a-chymotrypsin. A syn-
thesized sample of the optically active ethyl acetoxy-
propionate showed [a]D?? —48°, indicating that the
ester recovered from the enzymatic hydrolysis con-
tained about 739, vL-ester, 279, b, and that the
relative rates of hydrolysis of the p- and L-esters were
in the ratio of about 2.7 to 1. After the unhydrolyzed
ester had been removed, the aqueous hydrolysate was
worked up, leading to a-acetoxypropionic acid. This
was characterized by its infrared spectrum, and its opti-
cal rotation was determined, .pea +1.77°, [a]D2% 423.3°,
3.89%, in chloroform. Since the p-acid has a positive
rotation,'? this confirmed the more rapid enzymatic
hydrolysis of the p-ester. A synthesized sample of this
acid showed [a]p?? +49.3° indicating 73% b acid,
27% L in the recovered acid and a relative rate of the
hydrolysis of the p- and L-esters of 2.8. The isolated
partially active acid was characterized as the sub-
stituted ureide I, m.p. 149-150°, [a]D?? —16.6°, in
chloroform. In another experiment a suspension of a
large quantity, 6.75 g., of ethyl pL-a-acetoxypropionate
was subjected to the action of 0.200 g. of a-chymotryp-
sin so that the unhydrolyzed ester could simply be sep-
arated, dried, and examined in the polarimeter without
the use of solvent. About 159 of the ester was hy-
drolyzed by the enzyme in 36 hours. The recovered
ester was again levorotatory, aopsa?? —2.7° 1 dm., and
calculation indicated that the relative rates of the hy-
drolysis of the p- and L-esters were in the ratio of 1.8
to 1.

The Enantiomorphic Ethyl «-Acetoxypropionates.—
That the enzymatic hydrolysis of the p-enantiomorph
in the racemate is more rapid than that of the L- is of
interest, and experiments were carried out on the ki-

(12) J. Kenyon, H. Phillips and H. G. Turley, J. Chem. Soc., 127, 399

(1925).
(13) C. M., Bean, J. Kenyon and H. Phillips, bid., 303 (1936).
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netics of enzymatic hydrolysis of the separate enantio-
morphic esters. D(4)- and L(—)-Acetoxypropionic
acids were prepared from the corresponding calcium
salts of D(—)- and L(+)-lactic acids and characterized
by their infrared spectra, boiling points, refractive
indices, specific rotations, [a]p?? %49.3°, 7%, in chloro-
form, and by conversion to the optically active ureides.
The pL-ureide melted at 153—-154°, and a mixture of
2p:1L melted at 151-154°, indicating that the partially
active ureide, which had been obtained from the prod-
uct of enzymatic hydrolysis of the pL-ester, had a satis-
factory melting point, 149-151°. The desired ethyl
D(+)- and L(—)-a-acetoxypropionates were prepared
by treatment of the active acetoxy acids with diazo-
ethane and were characterized by infrared spectra, boil-
ing points, refractive indices and specific rotations,
[a]p® +47.7° (D), —47.6° (L), 0.99% in chloroform.
A sample of ethyl L(—)-a-acetoxypropionate was also
prepared from 407, aqueous L(+)-lactic acid, instead
of from calcium lactate, but it seemed to contain some
base-consuming impurity, possibly lactide. The kinetic
studies were carried out on the optically active esters
prepared from the calcium lactates and on the inactive
ester prepared from ethyl lactate.

In a preliminary run ethyl L-acetoxypropionate was
hydrolyzed in the presence of a-chymotrypsin, and the
acid product was isolated and characterized as the
ureide I, identical with the product prepared from
synthesized L-acetoxypropionic acid, confirming hy-
drolysis of the desired ester group. As in the case of the
pL-ethyl acetoxypropionate, the enzymatic hydrolysis of
the separate enantiomorphic esters failed to go to
completion, possibly because of inactivation of the
enzyme by-product. Preliminary kinetic experiments
were carried out at pH 7.2, 7.4 and 7.8 in the absence
and in the presence of a-chymotrypsin. The non-
enzymatic hydrolysis was sensitive to pH, being 3.2
times greater at pH 7.8 than at 7.2, while the enzymatic
rates were comparatively insensitive to pH in this range.
The subsequent kinetic studies were made at pH 7.2,
in 0.1 M NaCl, 5 mg./ml. of a-chymotrypsin. At each
substrate concentration, corrections were applied for
non-enzymatic hydrolysis and for consumption of
alkali by the enzyme. Details of the procedure are
given in the Experimental section. The apparent
zero-order enzymatic rates of hydrolysis at the several
concentrations of the L-, b-, and pL-substrates are given
in Table I and in Fig. 1.

TABLE 1
RATES OF HYDROLYSIS OF L-, D- AND DL-ETHYL «-ACETOXY-
PROPIONATE BY a-CHYMOTRYPSIN (5.0 mg./ml.), 0.1 M NaCl,

pH 7.2, 25°
181 X 103, vV X 107, 1S1 X 103, vV X 107,

mole/1. mole/l./sec. mole/1. mole/l./sec.
L 1.13 0.23 D 1.50 ~0
1.25 .29 3.01 0.57
1.92 .43 4.07 .89
1.93 .39 5.30 .90
2.48 .47 6.20 1.24
2.84 .60 7.36 1.76
3.79 .66 10.38 2.33
4.11 .68 DL 2.25 0.40
5.54 .72 3.92 .66
6.69 .71 5.43 .87
8.23 1.47
10.00 1.39

At low concentrations the L-enantiomorph was hy-
drolyzed more rapidly than the p-, but with increasing
concentration the rate of hydrolysis of the p-enantio-
morph increased much more rapidly, that of the L-
enantiomorph leveling off. Our initial preparative
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hydrolyses were carried out in the presence of excess
undissolved ester, at solution concentrations greater
than 10—! M, at which concentration the D-enantio-
morph is hydrolyzed more rapidly; the kinetic experi-
ments and the preparative experiments with the DL-
mixture were consistent. These results differ from
those in which a crude liver esterase has been reported
to hydrolyze methyl L-mandelate more rapidly than
the b when the pL-substrate was studied,'* and the
D-ester more rapidly than the L-when the pure enantio-
morphs® were used as substrates. The explanation'®
offered for this was that Vmax was greater for the -
enantiomorph than for the L- while the binding of the
L-enantiomorph to the enzyme was the more favorable,
the greater affinity of the L-enantiomorph for the en-
zyme allowing it to be hydrolyzed more rapidly from
the DL-material. Presumably the relative values of
Vmax and K, the concentration ranges studied and the
character of the enzyme-substrate interactions may
lead to one effect or the other.

Ethyl L-a-acetoxypropionate appeared to reach its
maximum rate of hydrolysis at 5 X 1073 M, Vmax
= 0.72 X 10~7 mole/l./sec., leading to k; = 0.36 X
10—% sec.™!; Km was determined graphically, 0.0017
mole/l. For the p-enantiomorph a plot of 1/V against
1/S was linear,’” and from it the kinetic parameters
were determined, k2 = 20 X 10~?% sec.”!, Km = 0.18
mole/l. The kinetic parameters for the pL-material,
also determined by the double reciprocal plot,'” are
ks = 3.8 X 1073, Km = 0.040, values intermediate
between those of the p- and L-enantiomorphs. A con-
ventional interpretation of this behavior of the b-
and L-compounds is that the L-enantiomorph is more
firmly bound (smaller Km) while the p-enantiomorph
has a higher specific rate of hydrolysis (k;). We pro-
pose that this results from the nature of the preferred
mode of binding of this substrate to a-chymotrypsin,
in which the more common mode of association of the
L-enantiomorph does not place the carbethoxyl group
at the active nucleophilic site.

If this substrate complexed preferentially with the
enzyme in such a way that the acetoxyl substituent and
a-hydrogen had the same association and orientation
as the acetamido group and a-hydrogen in ethyl acetyl-
alaninate, or ethyl N-acetylphenylalaninate,® the
L-enantiomorph would place the carbethoxyl group at
the nucleophilic or essential catalytic site, and we be-
lieve that a higher rate of hydrolysis of this enantiomorph
would result, since this enantiomorph is the more firmly
bound. This would lead to normal or “natural”
stereospecificity; but this is not found. However, it
may be that the acetoxyl group, lacking the H atom
and thus the polar association properties of the aceta-
mido group, may associate either at the polar acylamido
contact site or at the non-polar 8-aryl contact site of
a-chymotrypsin. may in this
3

The group —O—C<
C

situation act more like the group —CHz—O than

like the acylamido, and much of its association may be at
the non-polar B-aryl contact site, and it may do this more
effectively than the simple end-methyl group. Also the
a-hydrogen may well assume one required conforma-
tional relation in association of substrates with this
enzyme, fitting into a small space, since substrates with
a quaternary a-carbon are generally hydrolyzed very
slowly if at all by a-chymotrypsin.®® On this basis,

(14) P. Rona and E. Chain, Biochem. Z., 288, 480 (1933),

(15) P. Rona and R. Ammon, ibid., 181, 49 (1927).

(16) H. H. Weber and R. Ammon, ibsd., 204, 197 (1929).

(17) H. Lineweaver and D. Burk, J. Am. Chem. Soc., 86, 658 (1934).
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associations of substrates with a-chymotrypsin are
described in the following scheme, in which the enzyme
is indicated schematically as providing association sites
in an expanded tetrahedral arrangement (Chart I).

CHART I
@ = non-polar (§-aryl) contact site (enzyme)
am = acylamido contact site (enzyme)
n = nucleophilic or catalytic site (enzyme)
Am = acetamido group (substrate)
Ao = acetoxyl group (substrate)
Substrate Enzyme
CHzR a
H—\, )(
hY
Am COgEt anv n
II, R = H, ethyl L-acetylalaninate
R = CgH;, ethyl L-N-acetylphenylalaninate
CH;
Ao CO.Et am "
111, ethyl L-a-acetoxypropionate
Ao o
“CH, f\n
COzEt am

1V, ethyl L-a-acetoxypropionate

Ao
H K
CO:Et N

CHa an T

V, ethyl p-a-acetoxypropionate

In II are indicated normal associations of ethyl
L-acetylalaninate or ethyl L-N-acetylphenylalaninate
which are leading to effective attack of the reactive
enzyme group 7 upon the ester. In III is indicated the
corresponding association of ethyl L-acetoxypropionate
which would lead to hydrolysis of this enantiomorph.
However, we suggest that the dominant form of associa-
tion of this €énantiomorph may be indicated by IV with
the acetoxyl group associated with the non-polar con-
tact site g, and the ester group thus associated with the
polar acylamido contact site am; this may lead to
favorable Km, which may be the resultant of both
modes of association III and IV, but in conformation
IV reactiondoes not result. Ina sense, association mode
IV corresponds to the tight complexing of p-enantio-
morphs of natural substrates which do not lead to
subsequent reaction but to inhibition.’® To the extent
the K, reflects this non-reacting assocation, it may be a
true equilibrium constant. In V is indicated the ana-
logous association of the Dp-enantiomorph, with the
acetoxyl group associated with the non-polar contact
site ¢ and the ester group now accessible for reaction
withn, This may have a less favorable Km than IV due
to the low association of the methyl group with the
acvlamido site am, but with increasing concentration
the rate of reaction may rise, as found.

A detailed and general analysis of reactivity and
stereospecificity, involving productive and mnomn-pro-
ductive binding, has been made by Hein and Nie-
mann®®.? and it has been applied to the hydrolysis of
1-keto-3-carbomethoxytetrahydroisoquinoline (VI) by
a-chymotrypsin.

(18) H. R. Almond, Jr., D. T. Manning and C. Niemann, Biockemisiry, 1,
243 (1962).

(19) H. T. Huang and C. Niemann, J. Am. Chem, Soc., 78, 3223 (1951).

(20) (a) G. E. Hein and N. Niemann, Proc. Natl. Acad. Sci., 47, 1341
(1961); (b) J. Am. Chem. Soc., 84, 4495 (1962).
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CO,CH,

VI

Hydrolysis of VI was the first example?!s.? of inversion
of antipodal specificity of a-chymotrypsin, the b-
enantiomorph hydrolyzing very rapidly and much
faster than the L. The rigid bicyclic nucleus is con-
sidered to be important in leading to this behavior.?
Other interpretations of the steric factors involved in
the hydrolysis of VI have been offered,??-? in each case
depending upon the cyclic nature and the constrained
conformations of this substrate, Ethyl a-acetoxypro-
pionate appears to be the first non-cyclic sterically
unconstrained ester which shows inversion of the usual
antipodal specificity in hydrolysis by a-chymotrypsin.
Replacement of the NH group in the alanine deriva-
tive by an oxygen atom in our substrate leads to in-
version of stereospecificity, probably because of a differ-
ent preferred association between substrate and en-
zyme, and the difference does not appear to be related to
size.

Diethyl a-Acetoxymalonate.—Since we wish to con-
tinue comparison of stereospecificity in a-chymotrypsin-
catalyzed reactions of related asymmetric and sym-
metric substrates of the types Cabde and Cabdd,
respectively, the symmetric compound diethyl ao-
acetoxymalonate, CH;COOCH(CO,C,Hs)s, was studied,
in which one carboethoxy group replaces the methyl
group of ethyl a-acetoxypropionate. This compound
was prepared by acetylation of diethyl a-hydroxy-
malonate, which had been prepared and studied pre-
viously.® It was hydrolyzed by a-chymotrypsin con-
siderably more rapidly than was ethyl a-acetoxypro-
pionate, perhaps consistent with its greater chemical
reactivity. The hydrolysate was optically active,
aobsa +0.55°, the rotation decreasing with time, the
product, 2-acetoxy-2-carboethoxyacetic acid

o)

|
CH3C~—O>C <COOH
H CO,C,Hs

racemizing much as the corresponding acetamido com-
pound had.? The product in this case was an oil,
obtained in high yield, but characterized only by its
infrared spectrum. Repeated attempts to prepare a
solid derivative by treatment with 1,3-bis-(p-dimethyl-
aminophenyl)-carbodiimide failed. The observed posi-
tive sign of rotation in the hydrolysate is the same as
that found in the hydrolysis of diethyl a-acetamido-
malonate,? but one would hesitate to comment on the
absolute configuration. The a-acetoxy substituent
in both the symmetric and asymmetric esters led to
some stereospecificity, while the a-hydroxy substituent
in the corresponding lactate and a-hydroxymalonate
esters had led to no stereospecificity.

B-Acetoxy Esters.—As in the cases of the acetamido
and hydroxy esters, it seemed desirable to compare the
effectiveness of the acetoxyl group in the a- and B-posi-
tions in leading to stereospecificity.

(21) (a) G. E. Hein, R. B. McGriff and C. Niemann, J. Am. Chem.
Soc., 82, 1830 (1960); (b) G. E. Hein and C, Niemann, :bid., 84, 4487 (1962).

(22) (a) E. S. Awad, H. Neurath and B. S. Hartley, J. Biol. Chem., 288,
PC 35 (1960); (b) I. B. Wilson and B. F. Erlanger, J. Am. Chem. Soc., 82,
6422 (1960).
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Ethyl dl-B-acetoxybutyrate was prepared by acetyla-
tion of the B-hydroxy ester. It was hydrolyzed very
slowly by a-chymotrypsin and with no stereospecificity.
Both the recovered unhydrolyzed ester and the isolated
hydrolysis product, 3-acetoxybutyric acid, and the ureide
of the latter from 1,3-bis-(p-dimethylaminophenyl)-
carbodiimide were optically inactive.

Dimethyl and diethyl B-acetyoxyglutarates were
prepared by acetylation of the B-hydroxyglutarates.
They were hydrolyzed readily but non-stereospecifically
by a-chymotrypsin, leading to the optically inactive
B-acetoxy half-esters in high yield. These were ob-
tained as oils, identified by infrared spectra and char-
acterized as their inactive solid ureide derivatives by
treatment with 1,3-bis-(p-dimethylaminophenyl)-car-
bodiimide. These hydrolyses stand in contrast with
the hydrolyses of the B-hydroxy-¢® and B-acetamido-
glutarates? by o-chymotrypsin which proceed with
complete stereospecificity. Furthermore, consideration
of the time required for complete hydrolysis of one
ester group in each of these glutarates indicates that the
present non-stereospecific hydrolyses of the B-acetoxy
esters proceed considerably more rapidly than the
stereospecific hydrolyses of the B-hydroxy-¢ and g-
acetamidoglutarates.?

Finally, ethyl dl-3-acetoxy-B-phenylpropionate was
prepared by acetylation of the corresponding 8-hydroxy
ester, which had been prepared previously and found
to be hydrolyzed stereospecifically® by a-chymotrypsin.
This acetoxy ester is now found to be hydrolyzed slowly
by a-chymotrypsin, with no stereospecificity, despite
the presence of the §-aryl substituent, characteristic of
natural substrates.? Optical activity was found in
neither the recovered unhydrolyzed ester, nor in the
hydrolysis product, B-acetoxy-S-phenylpropionic acid,
nor in the ureide prepared from this by treatment with
1,3-bis-(p-dimethylaminophenyl)-carbodiimide.

The acetoxyl group shows a similar effect, or lack of
effect, in the hydrolysis of both symmetric and asym-
metric esters by a-chymotrypsin. When in the
a-position it leads to some stereospecificity in the hy-
drolysis of the malonate and of the acetoxypropionate;
in the latter case this may be accompanied by inversion
of antipodal specificity. In the S-position it leads to
no stereospecificity, neither in the butyrate, nor in the
3-phenylpropionate, nor in the glutarate. The hy-
droxyl substituent also behaved similarly in symmetric
and asymmetric esters, but shows high effectiveness in
leading to stereospecificity when in the B-position, and
less effectiveness when in the a-position. The acet-
amido substituent shows high effectiveness in leading to
stereospecificity, whether in the a- or in the 8-position
and whether in symmetric or in asymmetric compounds,
providing it is attached directly to a center or to a
developing center of asymmetry.

Experimental

Melting points are uncorrected. Elementary analyses are by
Dr. S. M. Nagy, Massachusetts Institute of Technology, unless
otherwise indicated.

1,3-Bis-(p-dimethylaminopheny!)-carbodiimide was prepared

as described previously,® by treatment of N,N-dimethyl-p-
phenylenediamine with carbon disulfide, leading to N,N’-bis-
(p-dimethylaminophenyl)-thiourea, followed by treatment of
this with lead oxide in the presence of flowers of sulfur; m.p.
87-90°, reported! 88-90°. . ) . .

a-Chymotrypsin was obtained from Worthington Biochemical
Corporation, salt-free, recrystallized. Samples were dried to
constant weight at 120° for assay of protein content. The molec-
ular weight was assumed to be 25,000 for calculation of kinetic
parameters, . .

Optical rotations were determined in a Zeiss-Winkel polarim-
eter and read to #0.02°.

Infrared spectra were determined on a Perkin—Elmer model 21
instrument.
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Ethy! pL-a-Acetoxypropionate.~—A solution of 50 g. (0.42 mole)
of pL-ethyl lactate (Matheson, Coleman and Bell) and 100 g.
(1.0 mole) of acetic anhydride (Baker A.R.) was boiled under reflux
for 2.5 hours and acetic acid and excess acetic anhydride were
boiled off at atmospheric pressure. The residue was washed with
three 50-ml. portions of distilled water, dissolved in 50 ml. of
ether and washed three more times, dried over sodium sulfate and
distilled, leading to ethyl pL-a-acetoxypropionate, 22.4 g. (0.14
mole), 339 yield, b.p. 81-82° (25 mm.), #*p 1.4050; reported®®
b.p. 175-177° (745 mm.), n®¥p 1.4051.

pL-a-Acetoxypropionic Acid.——A solution of 121 g. (1.2 moles)
of 85-909%, pL-lactic acid (Merck and Co.), 540 g. (9.0 moles)
of glacial acetic acid, 1 ml. of concentrated sulfuric acid and 200
ml. of benzene was boiled under reflux for 24 hours, water being
removed with a Dean—Stark trap. The residue was concentrated
and distilled, leading to DL-a-acetoxypropionic acid, 102 g. (0.77
mole), 649 yield, b.p. 108-109° (1.5 mm.), »%¥p 1.4220, m.p.
43.5-45.5°; reported b.p. 101° (1.5 mm.), »®¥p 1.4222,° m.p.
57—60°,23a 38-40°,2%

A solution of 0.50 g. (3.8 mmoles) of DL-a-acetoxypropionic
acid in 10 ml. of ether was treated with a solution of 1.06 g. (3.8
mmoles) of 1,3-bis-(p-dimethylaminophenyl)-carbodiimide in 20
ml. of ether under reflux for 3 hours. The mixture was cooled in a
freezer and filtered, leading to 1-(DL-2-acetoxypropanoyl)-1,3-bis-
(p-dimethylaminophenyl)-urea, 1.10 g. (2.7 mmoles), 709, yield,
m.p. 153-154°, from: chloroform—ether.

Anal. Caled. for CooHpsO4Ny: C, 64.06; H, 6.84; N, 13.58.
Found: C, 63.04; H, 6.60; N, 13.43.

L( — )-a-Acetoxypropionic Acid.—A solution of 25 g. of 409,
aqueous L(+ )-lactic acid (Mann Research Laboratories, 0.11
mole), 70 g. (1.16 moles) of glacial acetic acid, 0.5 ml. of con-
centrated sulfuric acid and 100 ml. of benzene was boiled under
reflux for 18 hours, water being removed. Sodium acetate, 2 g.,
was added and the solution was concentrated and distilled, lead-
ing to L(—)-a-acetoxypropionic acid, 7.3 g. (0.055 mole), 509,
yield, b.p. 115-117° (2 mm.), n%*p 1.4220, [«]?’p —49.3°, 7.39%,
in CHCl;; reported!® b.p. 136-137° (16 mm.), [«]¥p —47.8° (no
solvent).

Anal. Caled. for C;HgO4: C, 45.45; H, 6.10.
45.82; H, 5.80.

A sample of this compound was converted to 1-(L(+)-
2-acetoxypropanoyl)-1,3-bis-(p-dimethylaminophenyl)-urea by
treatment with the carbodiimide as described for the DL-com-
pound, 86% vyield, soften 144°, m.p. 146~147°, from chloroform-
ether, [a]??p + 50.4°, 5.129%, in chloroform.

Anal. Found: C, 63.98; H, 6.81; N, 13.47.

A second portion of L(— )-a-acetoxypropionic acid was pre-
pared, as described below for the p-compound, from 15 g. (0.091
mole) of the calcium salt, tetrahydrate, of L( + )-lactic acid (Mann
Research Laboratories). This led to 4.1 g. (0.031 mole) of L{ —)-
a-acetoxypropionic acid, 349 yield, b.p. 110-114° (1 mm.).
This was converted directly to the ethyl ester (below).

D( + )-a-Acetoxypropionic Acid.—A solution of 5 g. (0.030
mole) of the calcium salt, tetrahydrate, of b( — )-lactic acid (Mann
Research Laboratories) in 15 ml. of water was treated with 100
ml. of glacial acetic acid and 2 g. (0.02 mole) of concentrated sul-
furic acid. Calcium sulfate was filtered and washed with acetic
acid and the filtrates were combined. A second 5-g. portion of
calcium lactate was treated similarly and the acetic acid solutions
were combined, treated with 200 ml. of benzene and 2 ml. of
concentrated sulfuric acid and boiled under reflux for 24 hours,
water being removed with a Barrett trap. Sodium acetate, 3 g.,
was added, the solution was concentrated, filtered and distilled,
leading to D(+ )-a-acetoxypropionic acid, 5.9 g. (0.045 mole),
75% yield, b.p. 112-113° (1 mm.), #%p 1.4220, [«]**D +49.3°,
6.929%, in chloroform.

A sample of this was converted to 1-(p( — )-2-acetoxypropanoyl)-
1,3-bis-(p-dimethylaminophenyl)-urea by treatment with the
carbodiimide as described for the bL-compound; 809 vield, soften
144°, m.p. 146-147°, from chloroform~ether, [a]¥p —50.9°,
4.01% in chloroform.

Anal. Found: C, 63.84; H, 6.67; N, 13.76.

Diazoethane.~—Potassium hydroxide, 30 g., was dissolved in
120 ml. of ethanol, diluted with 100 ml. of ether and warmed until
the ether began to distil. N-Nitrosoethylurethane,? 30 g. (0.23
mole) in 100 ml. of ether, was added rapidly and diazoethane was
distilled over with the ether and condensed in salt—ice. Distilla-
tion was continued until the distillate was colorless. Ether was
added to the reaction flask during the distillation to maintain its
volume there at a minimum of 100 ml,

Ethyl bp(+4)-a-Acetoxypropionate.—b(+ )-a-Acetoxypropionic
acid (4.5 g., 0.034 mole) was added to diazoethane in ether (pre-

Found: C,

(23) (a) R. Anschiitz and W. Bertram, Ber., 37, 3967 (1904); (b) M. V.
Auger, Compt, rend., 140, 938 (1905).

(24) W. H. Hartman and R. Phillips, *’Organic Syntheses,” Coll. Vol. 11,
A. H. Blatt, editor, John Wiley and Sons, Inc., New York, N. Y., 1943,
p. 464,

HyproLYSIS BY a-CHYMOTRYPSIN

1689

pared above from 30 g. of nitrosoethylurethane) and allowed to
stand for 2 hours. The solution was dried over magnesium sul-
fate, concentrated and distilled, leading to ethyl p(+ )-a-acetoxy-
propionate, 1.63 g. (0.010 mole), 30% yield, b.p. 63° (12 mm.),
7%p 1.4079, [a]?*D +44.6° (no solvent); +47.7°, 0.91% in
chloroform; +62.9°, 3.979% in ethanol; reported!? 4+49.8°.

Anal. Caled. for C;H,,O4: C, 52.50; H, 7.51. Found: C,
52.71; H, 7.58 (by A. Bernhardt, Mulheim).

Ethyl L(—)-a-Acetoxypropionate.—L( — )-a-Acetoxypropionic
acid (4.1 g., 0.031 mole), prepared from calcium lactate, was
added to diazoethane and worked up as described above for the
p-compound, leading to ethyl L(— )-a-acetoxypropionate, 1.80
g. (0.011 mole), 36% yield, b.p. 45-48° (8 mm.), »*p 1.4074,
[«]*p —44.7° (no solvent); —47.6°, 0.90% in chloroform;
—~62.9°, 4.459%, in ethanol; reported!? »¥p 1.4095, [«]¥*p —47.6°.

Anal. Found: C, 51.8; H, 7.6 (by Dr. C. Fitz).

Hydrolysis of Ethyl pL-a-Acetoxypropionate by a-Chymotryp-
sin.—(i) The ester 1.101 g. (6.88 mmoles), 2.5 ml. of 0.1 M
Na.HPQy, 0.300 g. of the enzyme and 22 ml. of distilled water
were adjusted to pH 7.8 and the hydrolysis was followed in a
pH-stat, pH 7.8, 27°, with magnetic stirring, N NaOH being
added from an automatic buret. The ester was not completely in
solution initially. Alkali was consumed fairly rapidly initially,
0.82 mmole in the first hour, 0.57 in the second, 2.5 after 5 hours,
3.4 mmoles after 12 hours, then slowing down markedly, despite
the addition of 0.200 g. of fresh enzyme. The solution was
saturated with sodium chloride and extracted with five 30-ml.
portions of ether. The extract was dried over sodium sulfate and
concentrated, leaving a colorless liquid, 0.475 g. (3.0 mmoles),
859, yield. The infrared spectrum was identical with that of the
starting ester with peaks at 3.35(w), 5.70(s), 6.89(w), 7.26(m),
7.64(w), 8.05(m), 8.30(m), 8.81(w), 9.05(m), 9.50(w), 9.80(w)
u. The optical rotation was determined, aobsa —2.32°, 2 dm.,
5.39% in chloroform, [a]?®p —22°. The aqueous hydrolysate,
which had been extracted, was brought to pH 2 with N HCI,
concentrated to a small volume 17 vacuo and extracted with
five 100-ml. portions of ether. The extract was dried and con-
centrated, leaving a colorless sirup, 0.385 g. (2.9 mmoles), 85%
yield calculated for a-acetoxypropionic acid, aobsd +1.77°,. 2
dm., 3.8% in chloroform, [a]??p +23.3°, indicating 47% p-acid,
539, pL in the recovered acid. A portion of this (0.100 g., 0.76
mmole) in 10 ml. of ether was treated with 0.210 g. (0.77 mmole)
of 1,3-bis-(p-dimethylaminopheny!)-carbodiimide in 15 ml. of
ether under reflux for 3 hours and cooled at 0°, leading to 1-(2-
acetoxypropanoyl)-1,3-bis-(p-dimethylaminophenyl)-urea, 0.22
g. (0.54 mmole), 719, yield, m.p. 149-151°, from acetone—ether,
Qobsd —0.38°%, 1 dm., 2.299%, in chloroform, [«]?*D —16.6°, indi-
cating excess of b( —)-ureide.

Anal. Found: C, 63.94; H, 6.95; N, 13.62.

(ii) The enzymatic hydrolysis of ethyl DL-a-acetoxypropion-
ate was repeated with quantities and cenditions identical with
those of experiment (i) above, leading t0 0.45 g. (2.8 mmoles), 819,
recovery, of the unhydrolyzed ester. This was dissolved in 0.45
ml. of chloroform and its rotation determined in a 1-dm. tube,
sy —18.45°, [a]??D —17.7°, indicating 35%, excess of L(—)-
ester,

(iii) A suspension of 6.75 g. (42.2 mmoles) of ethyl DL-a-
acetoxypropionate in 20 ml. of distilled water containing 0.200 g.
of a-chymotrypsin and 2.5 ml. of 0.1 M NasHPOq was allowed to
react in the pH-stat, pH 7.8, for 36 hours, 9.85 ml. of N NaOH
being consumed. Blank runs indicated consumption of 0.42 ml.
by the enzyme and of 2.88 ml. by the non-enzymatic hydrolys}s
during this period; net consumption of alkali due to enzymatic
hydrolysis, 6.55 ml. (6.55 mmoles). The suspended unreacted
ester was separated and dried, 3.8 g. (24 mmoles), a*%psa —2.7°,
1 dm.

Effect of pH on Rate of Hydrolysis of Ethyl a-Acetoxypropion-
ate. (i) Non-enzymatic Hydrolysis.—A saturated solution
(0.145 M) of the ester in 20 ml. of 0.0056 M phosphate was al-
lowed to consume alkali in the pH-stat. The rates of consump-
tion of 0.2 N NaOH were: pH 7.2, 0.0006 ml., 0.00012 mmole,
0.004%/min.; pH " .4, 0.00087 ml., 0.00017 mmole, 0.0058%/
min.; pH 7.8, 0.0019 ml., 0.00037 mmole, 0.013%/min.

(ii) Enzymatic Hydrolysis.—A solution of 0.207 g. (1.29
mmoles, 0.06 M) of ethyl pL-a-acetoxypropionate, 2 ml. of 0.1 M
Na;HPO. and 0.100 g. of a-chymotrypsin in 20 ml. of water was
allowed to consume alkali. Initial rates of consumption of 0.2 N
NaOH were: pH 7.2 and 7.4, 0.0140 ml., 0.0028 mmole, 0.22%/
min.; pH 7.8, 0.0146 ml., 0.0029 mmole, 0.22%,/min.

Hydrolysis of Ethyl L(—)-a-Acetoxypropionate by «-Chymo-
trypsin.—A solution of 0.483 g. (3.00 mmoles) of the ester and
0.205 g. of the enzyme in 20 ml. of 0.1 M NaCl was allowed to
hydrolyze in the pH-stat at pH 7.2, 0.1 N NaOH being added.
The reaction was about 509, complete in 24 hours. The unre-
acted ester was extracted with ether; the aqueous solution was
brought to pH 6 and lyophilized. The residue was extracted with
30-ml. portions of ether and the extracts were dried and concen-
trated. The residue, L( — )-a-acetoxypropionic acid, was treated
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with 0.28 g. of 1,3-bis-(p-dimethylaminophenyl)-carbodiimide In
20 ml. of ether under reflux for 3 hours, leading to a precipitate of
the ureide, 0.237 g., m.p. 143-146° crude, m.p. 146-147° from
chloroform—ether; mixture m.p. with an authentic sample, 146~
147°; [a]**D 4+48.6°, 2.229 in chloroform.

Kinetics of Enzymatic Hydrolysis of Ethy! L-, p-, and DL-a-
Acetoxypropionate.—The rates of hydrolysis were followed in a
pH-stat, at 25.0 = 0.1°, the pH being maintained at 7.2 with a
Radiometer Titrator, model TTT 1B, 0.1 N NaOH being de-
livered from an Aminco automatic buret. The reactions were
run in a 30-ml. beaker equipped with water-jacket, Teflon-coated
magnetic stirrer and a plastic cover through which passed the
electrodes, the buret tip, a gas inlet tube and a saniple holder.
Sodium chloride solution, 0.1 M, 15 ml., was run into the beaker;
the ester was weighed into a small glass tube and suspended from
the holder; nitrogen gas was bubbled through distilled water and
passed over the solution; stirring was started, the solution was
brought to pH 7.2, the ester was dropped in and the rate of water
hydrolysis was followed for 40 minutes, The enzyme solution,
0.100 g. of a-chymotrypsin in 5 ml. of 0.1 M NaCl, was added,
the pH was brought rapidly back to 7.2 and the total rate of
hydrolysis was followed to about 15% hydrolysis. Plots of
added alkali vs. time, corrected for non-enzymatic hydrolysis and
for consumption of alkali by the enzyme, were linear over the
periods examined.

Diethyl «-Acetoxymalonate.~—Diethyl a-hydroxymalonate® (20
g., 0.113 mole) was treated with 40 g. of acetic anhydride at 100°
for 2 hours. The product was isolated by distillation, b.p. 132~
134° (15 ml.), reported® 114-116° (5 mm.), 17 g. (0.078 mole),
699 yield.

A suspension of 1.472 g. (6.75 mmoles) of this ester in a solu-
tion of 2.5 ml. of 0.1 M Na,HPO; and 0.200 g. of a-chymotrypsin
in 20 ml. of water was brought to pH 7.8 and followed in the pH-
statat 28°. After 4.5 hours 6.68 ml. of N NaOH was consumed,
999, hydrolysis of one ester group, of which a blank indicated
149, was due to hydroxide, the balance, 859, being due to the
enzyme. The solution was examined in a polarimeter and com-
pared with a chymotrypsin blank, showing a net contribution due
to the product of +0.55°, which fell after 0.5 hour to 40.41° and
after 16 hours to 40.15°. The solution was brought to pH 2
with IV HCI, taken to dryness i# vacuo at room temperature and
extracted with ether. The ether was removed, leading to an oil,
1.25 g. (6.6 mmoles), 99% vyield of ethyl hydrogen-a-acetoxy-
malonate; it showed infrared absorption bands in chloroform
at: 2.90(w), 3.10(w), 3.45(m), 5.75(s), 6.96(m), 7.32(m), 8.50-
(m), 9.15(m), 9.70(m), 11.75(w) u.

pL-Ethyl g-acetoxybutyrate was prepared by treatment of 25 g.
(0.21 mole) of dl-ethyl-8-hydroxybutyrate (Eastman Kodak Co.,
b.p. 179°) with 50 g. (0.5 mole) of acetic anhydride at 100° for 2
hours. The solution was distilled, leading to the product, 29 g.
(0.17 mole), 80% yield, b.p. 92-94° (8 mm.), reported? 72°
(0.4 mm.). The infrared spectrum was obtained in chloroform:
3.34(w), 5.75(s), 6.92(w), 7.25(m), 7.65(m), 8.05(s), 8.77(w),
9.05(w), 9.40(m), 9.70(m) u.

A suspension of the ester (1.011 g., 5.8 moles) in a solution
of 2 ml. of 0.1 M Na,;HPO, and 0.300 g. of a-chymotrypsin in 20
ml. of water was brought to pH 7.8 and followed in the pH-stat
at 30°. After 13 hours, 1.83 ml. of N NaOH had been consumed,
31.5% hydrolysis, some ester still remaining undissolved. The
mixture was extracted with ether and the extracts were dried and
concentrated, leading to recovered dl-ethyl B-acetoxybutyrate
(0.625 g., 3.6 mmoles), 909, recovery, acbsa 0.00°, 6.8% in
chloroform. Its infrared spectrum in chloroform was identical
with that of the starting material. The solution which had been
extracted was brought to pH 2 and taken to dryness in vacuo
and the residue was extracted with acetone. Evaporation of the
acetone led to dl-B-acetoxybutyric acid, 0.24 g. (1.64 mmoles),
96% vield, abea 0.00°, 2.29%, in chloroform. A solution of this
acid, 0.24 g. (1.64 mmoles) in 10 ml. of ether, was added to a
solution of 0.46 g. (1.64 mmoles) of 1,3-bis-(p-dimethylamino-
phenyl)-carbodiimide in 15 ml. of ether and boiled under reflux
for 3 hours. The mixture was filtered, leading to 1-(DL-3-acetoxy-
butanoyl)-1,3-bis-(p-dimethylaminophenyl)-urea, 0.57 g. (1.34
mmoles), 829 vyield, m.p. 159-160°, from chloroform-ether,
aobsa 0.00°, 1.8% in chiloroform.

Anal. Caled. for CoeH,y04Ny: C, 64.77; H, 7.09; N, 13.14.
Found: C,64.41; H,7.15; N, 13.59.

pL-Methyl Hydrogen B-Acetoxyglutarate.——Dry crude di-
potassium B-hydroxyglutarate, prepared from 10 g. (0.057 mole)
of dimethyl B-hydroxyglutarate,® was treated at 0° with 17 g.
(0.20 mole) of acetyl chloride. The temperature was allowed to
rise to 35° and was kept there for 1 hour. Excess acetyl chloride
was removed iz vecuo, and the residue was extracted with hot
chloroform. The extract was filtered and concentrated iz vacuo
to 15 ml., diluted with 5 ml. of ether and cooled, leading to 5.2 g.

(25) G. W, K. Cavill and D. H. Solomon, J. Chem. Soc., 4426 (1955).
(26) R. P, Linstead, L. N. Owen and R. F, Webb, bid., 1211 (1953).
(27) K. Serck-Hanssen, Arkiv, Kems, 10, 135 (1956).
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(0.033 mole), 549, yield, of B-acetoxyglutaric anhydride, m.p.
84-86°, reported?” 86°. This anhydride (3.1 g., 0.018 mole) and
methanol (1.8 g., 0.059 mole) were heated under reflux for 0.5
hour, concentrated and treated with 7 ml. of water. Concen-
trated ammonia-water (1:2) was added until the smell of am-
monia became perceptible. The solution was extracted with ethyl
acetate to remove any diester, acidified and again extracted with
ethyl acetate. The latter extract was dried and concentrated 7
vacuo, leading to methyl hydrogen a-acetoxyglutarate, a light
yellow oil, 2.2 g. (0.014 mole), 789, yield. The infrared spectrum
was determined in chloroform: 2.90(w), 3.44(m), 5.80(s), 6.97
(m), 7.30(m), 8.40(m), 9.72(m), 10.55(w) u. A portion of this
half-acid (0.31 g., 1.52 mmoles) was treated, in 30 ml. of ether,
with 0.42 g. (1.52 mmoles) of 1,3-bis-(p-dimethylaminophenyl)-
carbodiimide. The solution was boiled under reflux for 3 hours
and cooled in ice, leading to 1-(pL-3-acetoxy-4-methoxycarbonyl-
butanoyl)-1,3-bis-(p-dimethylaminophenyl)-urea, 0.55 g. (1.15
mmoles), 769 yield. This was treated with Norit A in chloro-
form, taken to dryness and recrystallized from 3:1 ether—petro-
leum ether; colorless plates, m.p. 131-132°.

Anal. Caled. for CosH30O¢Ny: N, 11.56. Found: N, 11.57.

Dimethyl B-Acetoxyglutarate.—Dimethyl B-hydroxygluta-
rate® 2 (15 g., 0.085 mole) was heated on the steam-bath for 2
hours with 15 g. (0.18 mole) of sodium acetate and 30 g. (0.30
mole) of acetic anhydride and concentrated in vacuo. The
residue was extracted with ether, the extract was dried and con-
centrated and the product was distilled; 16 g. (0.074 mole), 919,
yield, b.p. 145-147° (8 mm.), reported?® 134-135° (8 mm.).

A suspension of 1.26 g. (5.8 mmoles) of dimethyl 8-acetoxyglu-
tarate, 2.0 ml, of 0.1  Na,HPO, and 0.200 g. of a-chymiotrypsin
in 25 ml, of water was brought to pH 7.8 and followed in the pH-
stat at 27°, The material went into solution as the hydrolysis
proceeded, 3.0 ml. of N NaOH being consumed in 1 hour, 529,
hydrolysis, and 5.8 ml. in § hours, 1009, hydrolysis of one ester
group. Hydroxide ion-catalyzed hydrolysis at pH 7.8 was
negligible. The optical rotation of the solution was compared
with a-chymotrypsin blank and showed no contribution due to
the reaction. The solution was brought to pH 2 and taken to
dryness in wvacuo at room temperature. The residue was ex-
tracted with ether, the extract was dried and concentrated, leav-
ing as an oil pL-methyl hydrogen B-acetoxyglutarate, 0.95 g.
(4.65 mmoles), 80% vield; its infrared spectrum in chloroform
was identical with that of the synthetic sample, aobsa 0.00°, 10%
in chloroform. A solution of 0.16 g. (0.75 mmole) of this in 5 ml.
of ether was treated with 0.21 g. (0.77 mmole) of 1,3-bis-(p-di-
methylaminophenyl)-carbodiimide as described above, leading
to the ureide, 0.26 g. (0.54 mmole), 72% yield, m.p. and mixture
m.p. with the authentic sample 131-132°, aobsa 0.00°, 1.72%, in
chloroform.

Diethyl B-acetoxyglutarate was prepared by treatment of 30
g. (0.15 mole) of diethyl 8-hydroxyglutarate with 60 g. of acetic
anhydride under reflux for 1 hour and isolated by distillation;
31 g.(0.13 mole), 86% yield, b.p. 153-154° (11 mm.), reported®
b.p. 138° (4 mm.). Two grams (8.2 mmoles) of this was hydro-
Ivzed by 0.100 g. of a-chymotrypsin, as described above, complete
hydrolysis of one ester group requiring 10 hours. There was no
optical activity due to the product. .

Ethyl hydrogen B-acetoxyglutarate was isolated as described
above, 1.65 g. (7.6 mmoles), 93% vield, and found to be optically
inactive. A portion (0.30 g., 1.4 mimoles) was treated with 0:39
g. (1.4 mmoles) of 1,3-bis-(p-dimethylaminophenyl)-carbodiimide
leading to the ureide, 0.62 g., 899 yield.

Anal. Caled. for CaeHsiOsNy: C, 62.63; H, 6.87; N, 11.24.
Found: C, 62.55; H, 7.07; N, 11.30.

pL-Ethyl g-acetoxy-8-phenylpropionate was prepared by treat-
ment of 15 g. (0.078 mole) of pL-ethyl g-hydroxy-8-phenylpro-
pionate®? with 20 g. of acetic anhydride at 100° for 2 hours.
The product was distilled, 16 g. (0.068 mole), 88% yield, b.p.
184-186° (3 mm.). The infrared spectrum was obtained in

chloroform: 3.40(m), 5.578(s), 6.70(w), 6.90(w), 7.30(m),
8.35(m), 9.30(m), 9.80(m), 10.60(w) .

Anal. Caled. for CsH;s04: C, 66.08; H, 6.83. Found: C,
66.04; H, 6.81.

A suspension of 1.25 g. (5.3 mmioles) of the ester ina solgti_on of
2.5 ml. of 0.1 M Na:HPO;, and 0.300 g. of a-chymotrypsin in 20
ml. of water was brought to pH 7.8 and followed with the pH-stat
at 28°. After 24 hours, 1.22 ml. of N NaOH was consumed, 23%
hydrolysis. The non-enzymatic hydrolysis at this pH was nil.
The mixture was extracted with ether and the ether was eva-
porated, leading to recovered starting ester, 0.932 g. ‘(3
mmoles), 98%, yield, aobsg 0.00°, 7.2% in chloroform. The in-
frared spectrum was identical with that of the starting ester. The

(28) R. P. Eustigneeva, R. S. Livshitz, M, S. Bainova, L. I. Zakharbin,
and N. A. Preobrachenskii, Zhur. Obschches Khim., 38, 1467 (1952): Chem.
Abstr., 47, 5949 (1953).

(29) C. R. Hauser and D. S. Breslow, "Organic Syntheses,’”” Coll. Vol.
III, John Wiley and Sons, Inc., New York, N. Y., 1955, p. 408,
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aqueous reaction solution was brought to pH 2, taken to dryness
in vacuo and extracted with ether, leading to an oil residue,
8-acetoxy-8-phenylpropionic acid, 0.212 g. (1.0 mmole), 84%
yield, aobsa 0.00°, 3.19%, in chloroform. A portion of this (0.165
g., 0.80 mmole) in 10 ml. of ether was added to 0.224 g. of 1,3-
bis-(p-dimethylaminophenyl)-carbodiimide in 15 ml. of ether,
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boiled under reflux for 3 hours, and cooled, leading to 1-(3-
phenyl-3-acetoxypropionyl) - 1,3 - bis - (p - dimethylaminophenyl)-
urea, 0.342 g. (0.70 mmole), 889 vield, aobsa 0.00°, 1.8% in
chloroform, m.p. 178-179° from ether.

Anal. Caled. for C;sH32:O4Ny: C, 68.83; H, 6.60; N, 11.47,
Found: C, 68.40; H, 6.73; N, 11.81.

COMMUNICATIONS

TO THE EDITOR

HOMOGENEOUS HYDROGENATIONS WITH
PLATINUM-TIN CHLORIDE COMPLEXES
Sir:

Although several metal ions and complexes that
catalyze the homogeneous hydrogenation of unsaturated
compounds have been described,! none is reported to be
effective for ethylene® and acetylene. We wish to re-
port the facile homogeneous hydrogenation of these two
compounds at room temperature and atmospheric pres-
sure with a complex platinum-tin chloride catalyst.
This complex was shown earlier to catalyze the car-
bonylation of a variety of unsaturated compounds.?

A typical catalyst solution was prepared (with ex-
clusion of oxygen) by dissolving stannous chloride di-
hydrate (10.0 mmoles) and chloroplatinic acid (1.0
mmole) in 120 ml. of methanol. When a 1:1 mixture of
ethylene and hydrogen at a pressure of 1 atm. was ad-
mitted to the stirred catalyst solution, rapid and es-
sentially quantitative hydrogenation occurred. Simi-
larly, a 1:1 mixture of acetylene and hydrogen gave
ethane and ethylene in about a 3:1 molar ratio.

Preliminary studies indicate that the hydrogenation
of ethylene is first order in platinum. At constant
platinum concentration, maximum rates are observed
at tin:platinum molar ratios above about 5: 1.

Pertinent to the catalytic activity of the complex is
the ability of stannous chloride to promote the co-
ordination of ethylene to platinum. Thus, reaction of
ethylene at atmospheric pressure with a solution of
K,PtCly containing 5 mole 9 of stannous chloride in
1.5 M HCI gave a quantitative conversion to Zeise’s
salt, KPtCl;C,Hy-H,O, within 1.5 hr. In the absence of
stannous chloride, no Zeise’s salt formed in 16 hr.
Furthermore, solutions of stannous chloride and chloro-
platinic acid (6:1) in CH;OD containing an excess of
ethylene show a single n.m.r. absorption attributable to
ethylenic protons that is appreciably shifted downfield
compared to the absorption for ethylene in CH;OD.
This suggests an extremely rapid exchange between
codrdinated and free ethylene in the platinum~tin sys-
tem. Since higher olefins are more difficult to hydro-
genate with the complex catalyst, it appears that the
ease of hydrogenation parallels the ability of the olefin
to complex with platinum,

A second function of the stannous chloride is to
stabilize the platinum against reduction to metal by
hydrogen. Used catalyst solutions were shown to be
devoid of colloidal particles by a variety of optical

(1) See, for example, (a) J. Kwiatek, I. L. Mador and J. K. Seyler,
J. Am. Chem. Soc., 84, 304 (1962); (b) J. Halpern, J. F. Harrod and B. A.
James, ibid., 88, 753 (1961); (¢) M. F. Sloan, A. S. Matlack and D. S.
Breslow, paper presented at the Delaware Science Symposium, University
of Delaware, Newark, Delaware, February 23, 1963, abstracted in the
DEL-CHEM Bulletin, 19 (5), 24 (1963).

(2) The data presented by J. H. Flynn and H. M. Hulburt, J. Am. Chem.
Soc., 76, 3393 (1954), may, however, be interpreted as a homogeneous hydro-
get;gtoion of ethylene in the presence of (PtCl:CeHd)s at temperatures below
19;:;) E. L. Jenner and R. V. Lindsey, Jr,, U.S. Patent 2,876,254, March 3,

methods. This is in marked contrast to the behavior of
simple platinum salts.

To better understand their catalytic activity, we are
also examining the chemistry of the platinum-tin
chloride complexes. Meyer and Ayres* suggested that
the predominant species formed in 3 M hydrochloric
acid is a cationic complex, Pt(Sn,Cly) *¢, whereas Shukla®
demonstrated the presence of anionic species in both
the platinum-tin and rhodium-tin systems in dilute
hydrochloric acid by electrophoresis. In the ruthen-
ium—tin system, the precipitation of complexes with
cations and anions was recently reported by Okuno,
et al.® 1In none of these studies, however, were any
discrete compounds fully characterized. In our work,
we have established the existence of at least two complex
anions and have also isolated neutral complexes as their
triphenylphosphine derivatives.”?

Addition of methyltriphenylphosphonium chloride to
a deep red solution of chloroplatinic acid and stannous
chloride (molar ratio 1:6) in methanol gave a quantita-
tive yield of red, crystalline [(Ce¢Hs):PCH;l;[Pt(Sn-
Cly)s] (Amal. Caled.: Cl, 24.7; Pt, 9.1; Sn, 27.6.
Found: Cl, 24.2; Pt, 9.0; Sn, 27.5), soluble in acetone
and nitromethane. Evaporation of the filtrate gave one
mole of [(CeHs)sPCH;]:SnClg8 for each mole of Pt(IV)
used, indicating that no reduction below Pt(II) occurs.
The same red compound was obtained by reaction of
phosphonium chloride, stannous chloride and K,PtCl,
in a molar ratio of 3:5:1 in 3 M hydrochloric acid.

From similar reactions at Sn:Pt of about 2:1,
we have isolated yellow, crystalline [(CsHs)sPCH;ls-
[PtCly(SnCly).] (Anmal. Caled.: Cl, 22.4; Pt, 15.4;
Sn, 18.5. Found: Cl, 22.6; Pt, 15.0; Sn, 18.8). This
compound was also prepared by treating a suspension
of [(CeHs):PCH;,PtCl# in acetone with two molar

equivalents of stannous chloride.

Addition of triphenylphosphine in ethyl alcohol to a
solution of K,PtCl, and stannous chloride (molar ratio
1:10) in 3 M HCl gave orange [(CsHs);Plo[Pt(Sn-
Cly).] (Anal. Caled.: Cl, 18.2. Found: Cl, 18.1.)
Solutions of this compound in acetone rapidly precipi-
tated [(CsHs);P],PtCl.. However, dissolution of [(Ce-
H;);P.PtCl; in an acetone solution of stannous chloride
afforded pale yellow, crystalline [(CsH;);Pl:[PtCl-
(SnCly)] (Anal. Caled.: Cl, 14.5; Pt, 19.9. Found:
Cl, 14.8; Pt, 19.4). Both the red and yellow anionic
complexes also reacted with triphenylphosphine in ace-
tone to give [(CsHs)sPJ2PtCls.
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(1955).

(5) S. K. Shukla, Ann. Chim. (Paris), 113] 6, 1432 (1961).
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(7) Similar results have been obtained by A. G. Davies, G. Wilkinson and
J. F. Young, J. Am. Chem. Soc., 88, 1692 (1963).

(8) Identical with a sample prepared from (CsH:)sPCHiCl and SaCl
in 3 M HCl, m.p. 294° after recrystallization from methanol-3 M HCI
(Anal. Caled.: Cl, 24.1; Sn, 13.4. Found: CIl, 24.4; Sn, 13.8).
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