3138

Amnal. Caled. for C;H,OCL: Cl, 37.5. Found: Cl, 34.8.

Attempts to prepare quaternary ammonium salts as solid
derivatives were not successful. Even at 0°, N,N-dimeth-
vibenzylamine, dimethyvlaniline or pyridine and the chloro-
cther gave only the amine hydrochloride.

«,8-Dibromoethyl Methyl Ether.-—A portion of the dis-
tilled condensate from the Dry Ice traps was brominated.!!
The yield was 759, boiling 69-71° (22 mm.).

Anal. Caled. for Ci:HgOBrs: Br, 73.5.
73.2.

Generalized Procedure.-—The directions for making 3,3-
dinitrobenzoate derivatives are as follows. A mixture of
1.0 g. of 3,5-dinitrobenzoyl chloride and 2-3 ml. of acetal or
ketal in a 25-ml. round-bottom flask is heated by an oil-bath
at gentle reflux for 5-60 minutes. The time depends on the
reflux temperature—if the acetal boils below 60°, use 60
min. For boiling points between 60 and 100°, 30 minutes
is sufficient, and over 100° the reaction requires only 5-10
minutes. If the mixture turns dark, heating should be
stopped because the yield at this point will be adequate.
After cooling to room temperature, 10 ml. of aqueous 5%
sodium carbonate is added, and the mixture is solidified by
cooling. This is crushed in a mortar, and an additional 10
ml. of sodium carbonate solution added. After heating in
a beaker with stirring at 45-50° for 10 minutes, the crude
ester is collected, washed with water, dried in air, and crys-
tallized from 959, ethanol.
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A Test for Enzymatic Transpeptidation Reactions

By FEL1X HaUrROwITZ! AND JACK HoROwITZ?2
RECEIVED DECEMBER 23, 1054

I investigations on the action of enzymes ou
proteins, peptides and amino acids, it is important
to decide whether or not transfer of amino acid
residues takes place under the conditions of the
experiment. This problem can be solved by adding
small amounts of radioactive substrates of the re-
spective enzyme, and determining whether the
radioactivity is incorporated into the reaction
products. In our laboratory this method has been
used to investigate the mechanism of plastein
formation.

A peptic digest of ovalbumin was prepared according to
Tauber.®* Thirty ml. of the neutralized and concentrated

digest was placed in each flask and mixed with the substrates
shown in Table I. After 36 hours incubation with 9.6 mg.

TABLE I

RADIOACTIVITY OF PLASTEIN FORMED IN THE PRESENCE OF
Various C!4 SUBSTRATES

Substrates? Plastein
Wt., Counts,/ Counts/min.
Type g min. rer mg.
Glycine 0.50 82,500 0.13
Slyeine cthyl ester-HCI D4 69,500 .22
Phenylalanine 11 134,000 .10
Phenylalanine ethyl ester-
HCl T IRt ann 284 (2849
@ Labeled by (4 in Z-positivin. * Alter extrietion wich
deetone.

uhline
Health Service i R(G-181ds and 1l American Cancer Society (Br-19)
and hy eantracts nf Tndiana University with the 7. S, Atomic Energv
Commissian (AT-11-1) and the Office af Naval Research (282-00) 1«
gratefully acknowledged.

(2) Preducturate fellow of the Natiunal Science Foundation, 1952~
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of crystalline chymotrypsin (Armour), at pH 7.30 and 37°,
the insoluble plastein formed was washed, dried, plated
and counted in a gas flow counter. Table I shows that the
isolated plastein was radioactive after incubation with
phenylalanine ethyl ester, but practically free of activity
after incubation with phenylalanine, glycine or glvcine ethyl
ester. Evidently, the formation of plastein involves trans-
peptidation, .e., the transfer of phenylalanyl residues from
ethanol to peptides of the peptic digest. This is in agree-
ment with results of Brenner, ef al.,5~7 obtained with chymo-
trvpsin.

The fact that only traces of glvcine ester are iu-
corporated is in accordance with the substrate spe-
cificity of chymotrypsin.®® Since the radioactivity
of the insoluble material is not extracted by ace-
tone,' 1t cannot be due to contamination by phen-
vlalanylphenylalanine.

Obviously, the method described in the preceding
paragraphs also can be used for other enzymes.
While the esters of isotopically labeled phenylala-
nine, tyrosine or methionine are suitable substrates
for chymotrypsin, or cathepsin C, labeled lysine or
arginine ester or amide would have to be used as
test substrates for trypsin or cathepsin B."!

(3) M. Brenner. R. H. Mueller und R. W. Pfister, Helv. Chim. Acta,
33, 568 (1950).

(6) M. Brenner and R. W. Pfister, 7bid,, 34, 2085 (1931).

{7) M. Brenner, E. Sailer and K. Rufenacht, ¢bid., 84, 20Ut (1951).

(8) M. Bergmann and J. S, Fruton, J. Biol. Chem., 117, 189 (1837);
118, 405 (1937).

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

{10) H. Tauber, Tuis JOURNAL, T4, 847 (1932).

(11) H. H. Tallan, M. E. Jones and J. S. Frutan, J. Biol. Chen., 194,
793 (1952).
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On the AlCl;-catalyzed Reaction between Ethylene
Oxide and Malonic Ester

By HArRoLD HART AND OMER E. CURTIS, JR.
RECEIVED JANUARY 6, 1955

It was clainied recently! that malonic ester cau be
alkylated by ethylene oxide, using anhydrous alu-
minum chloride, to give a quaniitative yield of ~-
butyrolactone. Because of an interest in lactones
as intermediates in dicycloalkyl ketone syntheses?
and because we were unaware of any phenomenon
of “dimorphism” which would cause vy-butyrolac-
tone to have two different boiling points 45° apart,
as was claimed,! we reinvestigated the reaction.

We have found that the products described by
Raha are, in fact, recovered malonic ester and the
ester-interchange product, 8-chloroethyl ethyl malo-
nate. In addition, a third product, bis-3-chloroethyl
malonate, was obtained. We isolated no y-butyro-
lactone from the reaction.

Experimental

The alkvlationwas carried ant following Ruha’s pro-
cedtre identivally, and wlso ou a lurger seale, except that the
cthvlene oxide wus obtained from u cyvlinder (Matheson!
rather than geuerated from chloroliydrin.  From five moles
each of malonic ester, aluminun chloride and ethylene oxide
there was obtained, upon distillation through an efficient
column, three main fractions: fraction 1, h.p. 60-61° at 1
mm., »%p 1.4130, 504 g.; fraction 2, b.p. 104-105° at 4

(1) C. Raha, THIS JoUurNaL, T8, 4098 (1433;.
(2) H. Hart and O. 15, Curtis. Jr., alistravts uf papers preseited al
Ciacinuaty, Qhin, Aprl (W55 46 X



June 5, 1955

mm., #%p 1.4386, 192 g.; and fraction 3, b.p. 141-151° at
4 mm., n%Dp 1.4644, 45 g.

Fraction 1 was shown to be recovered malonic ester (63%).
Its infrared spectrum was identical with that of an authentic
sample, and was distinctly different from that of an au-
thentic sample of v-butyrolactone. Other physical proper-
ties are in agreement with the literature values.® It should
be pointed out that malonic ester and v-butyrolactone boil
only two degrees apart. The refractive indices, »%D, are
1.4143 and 1.4354, respectively. Raha reports #3% 1.3760
for his product, but does not indicate the wave length of
light. Fraction 1, with concentrated ammonia, gave
malonamide, m.p. 168-169° (lit. value* 170°). A mixed
melting point with an authentic sample showed no depres-
sion.

It should be pointed out that malonic ester (C;H204) and
v-butyrolactone (C4HsO;) have nearly the same percentage
composition and saponification equivalent, possibly ac-
counting for Raha’s error in interpretation of the elemental
analyses. The higher boiling fraction 2, however, should
have had a distinctly different analysis, and we cannot ac-
count for Raha’s claim that all fractions had the same carbon
and hydrogen content, and saponification equivalent.

Fraction 2 was shown to be 8-chloroethyl ethyl malonate.
Although the elemental analysis is not entirely satisfactory,
it is given here to demonstrate that the compound contained
chlorine.

Anal’d Caled. for C;HuO,Cl: C, 43.2; H, 5.7; Cl, 18.2.
Found: C, 43.8; H, 5.7; Cl,17.2.

The high carbon and low chlorine can be explained satis-
factorily by about 59 of malonic ester as an impurity.
Fraction 2, with urea,® gave a good yield of barbituric acid,
m.p. 256° (lit. value? 245°).

Anal. Caled. for CZHN,0;: C, 37.5; H, 3.11; N, 21.9.
Found: C, 37.5; H, 2.82; N, 21.8.

Fraction 2 (10 g.) was shaken for 15 minutes with 60 ml.
of concentrated ammonia. After standing for one hour,
the crystalline solid was filtered. After recrystallization
from hot water there was obtained 4.5 g. (85.6%) of malon-
amide, m.p. and mixed m.p. 168-169°.¢ A small sample of
this malonamide was further identified by bromination,?
whiS}; gave dibromomalonamide, m.p. 201-202° (lit. value?
203°).

Raha claimed that the two fractions which he obtained as
product, although they boiled as far as 45° apart, gave iden-
tical derivatives. It is now obvious why this was so, since
both materials differed only in the alcohol portion of the
ester.

Fraction 2 accounted for 209, of the original malonic
ester.

Fraction 3 was shown to be bis-8-chloroethyl malonate.
With ammonia, using the same procedure described above,
malonamide was again obtained. The boiling point was
consistent with the literature value.? Fraction 3 accounted
for 49, of the original malonic¢ ester. Thus, without includ-
ing intermediate fractions, 879, of the original malonic ester
is accounted for as recovered ester, or the two ester-inter-
change products. If any y-butyrolactone was formed at all,
it must have been (including intermediate fractions) in less
than 69 yield.

Finally, authentic 8-chloroethyl ethyl malonate and bis-3-
chloroethyl malonate were synthesized according to the pro-
cedure of Michael and Weiner!® from malonic ester, ethylene
chlorohydrin and hydrogen chloride. The products had
identical physical constants and infrared absorption spectra
with fractions 2 and 3, respectively.

KEepziE CHEMICAL LABORATORY
MicHIGAN STATE COLLEGE
East LaNnsiNG, MICHIGAN

(8) See 1. Heilbran, "Dictivnary of Organic Compuuads,” Vul, 1f,
Oxford University Press, New York, N. V., 1953, p. 186.

14) 1. Heilbron, 7bid.. Vol. IT1, p. 206.

13) Analyses were hy Clark Microanalytical Laboratory, Urbana,
111,

(6) The procedure was analogous to that in '‘Organic Syntheses.”
Coll. Vol. 11, John Wiley and Sons, Inc., New York, N. Y., 1943, p. 60.

(7) H. Biltz and H, Wittek, Ber., 54, 1035 (1921).

(8) J. V. Backes, R. W, West and M. A. Whiteley, J. Chem. Soc.,
119, 364 (1921).

() (i, M. Benuvett, 7bid., 127, 1278 (1923).

i10) A, Mirhael and N. Weiner, 'urs Jubryat, 58, 999 11936).
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A New Synthesis of Neopentyl Alcohol!

By JosepH HorFmax? axp Cecir E. Boorp
RECEIVED NOVEMBER 24, 1954

In the course of an investigation on the prepara-
tion of 2,4 4-trimethyl-2-pentyl (isotctyl) hydro-
peroxide by mixing diisobutylene® with an aqueous
solution consisting of sulfuric acid and hydrogen
peroxide,! it was found that the hydroperoxide
could be prepared if the acid concentration of the
aqueous phase was less than 45%,. When the per-
centage of acid in the aqueous phase was increased
to 65—70, no hydroperoxide was found at the end of
a run (as evidenced by lack of active oxygen) even
though most of the diisobutylene had disappeared
during the course of mixing. When the aqueous
acid layer was poured onto cracked ice, a viscous
oil separated. This suggested that the hydroper-
oxide although formed was being degraded almost
as rapidly.

The acid-catalyzed degradation of hydroperox-
ides has been observed previously.*=® It has been
postulated to proceed through the initial scission of
the oxygen-oxygen bond followed by rearrange-
ment.5—# Itisreasonable to assume that the extent
of rearrangement as well as the nature of the group
or groups participating in it will vary with the struc-
ture of the molecule. One might predict that the
decomposition of iso6ctyl hydroperoxide (involving
only the migration of a neopentyl group) would re-
sult in the formation of neopentyl alcohol.

H+
(CH;);CCH,C(CH;)00H —
(CH;)sCCH.0H + CH;COCH;

It was suspected, therefore, that the unidentified
0il was crude neopentyl alcohol, and subsequently
this was confirmed.

It was thought that perhaps a new synthetic
method for the preparation of this alcohol might be
developed by further study of the reaction. A
series of experiments was performed in which hy-
drogen peroxide and diisobutylene (DIB) were al-
lowed to react in varying ratios in sulfuric acid solu-
tion. Asthe HsO./DIB ratio was increased, a point
of diminishing returns was reached at about 2/1.
In each experiment an organic product was recov-
ered by dilution of the aqueous acid phase; this was
identified as being mainly neopentyl alcohol. The
acetone produced by the degradation of the hydro-
peroxide reacted with hydrogen peroxide to form
acetone peroxide. A small amount of methyl neo-
pentyl ketone was identified in the unreacted DIB
phase; this ketone can be accounted for by the

(1) This wurk was presented before the Division of Organic Chemis-
try at the 121st Meeting of the American Chemical Society, at Mil-
waukee, Wis., April 2, 1952. It was taken in part from the disserta-
tion submitted by Juseph Hoffman to the Graduate School of The Ohiis
State University, in 1931, in partial fulfillment of the requirements for
the degree of Doctor of Philosophy.

(2) Firestone Tire and Rubber Co. Fellow, 1D49-131l1.

(3) Commercial diisobutylene comprises approximately 83% 2.4,4-
trimethy!-1-pentene and 15% 2,4,4-trimethyl-2-pentene.

(4) H. Hock and S. Lang, Ber., TT, 257 (1944).

(3) R. Criegee and H. Dietrich, Anx., 560, 135 (1948).

(6) R. Criegee, ibid., 560, 127 (1948).

(7) M. 8. Kharasch, A, Fono and W. Nudenlierg, J. Org. Chen., 15,
748 (1950).

(817 M. S0 Klarasel wral J. €, Burt, jhid., 16, 150 510515,



