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ABSTRACT

PREPARATION AND THERMAL DECOMPOSITION OF SOME
UNSYMMETRICAL THENOYL BENZOYL PEROXIDES

by Delos Russell Byrne

This investligation deals wilth the preparation
and thermal decomposition of a new serles of unsymmetrical
peroxides of the structure shown below, contalning one
benzene and one hetero-aromatic ring.
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A total of elght compounds were synthesized and six were
selected for kinetic investigation. With one exception
the compounds 1lnvestigated kinetically were derivatives
of 2-thenoyl benzoyl peroxide either unsubstituted or
substituted in the 5-position of the hetero-aromatic ring.
3-Thenoyl benzoyl peroxide was included for comparison.

In all cases investigated the thermal decompo-
sition followed strict first-order kinetics. The rate
constants and half-lives at 82.17° in presence of styrene

as a radical scavenger are llisted below:
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k x 19%
Peroxide (min. 7) T1/2 (min.)
2-Thenoyl Benzoyl 4.00 173
3-Thenoyl Benzoyl 3.62 191
(5-Methyl-2-Thenoyl) Benzoyl 5.01 139
(5-Ethyl-2-Thenoyl) Benzoyl 5.19 134
(5-t-Butyl-2-Thenoyl) Benzoyl 4,69 148
(5-Nitro-2-Thenoyl) Benzoyl 4,93 141

The kinetic experiments were conducted at three
temperatures: 72.90, 82.17 and 90.35° in Spectrograde
carbon tetrachloride, 0.1000 molar in peroxide and 0.2
molar in styrene. The experiments were conducted in a
purified nitrogen atmosphere in the absence of light to
prevent decomposition. Peroxide concentrations were de-
termined by infrared technique; rate constants and acti-
vation energies were calculated by the least square method
using a 3600 CDC computer at Michigan State University.
Frequency factors and activation entropies were then cal-
culated from the Eyring absolute rate equation.

The data indicated that substituents increase
the decomposition rate regardless of the electron donating
or withdrawing character of the group. It appears that
the increase in reaction rate is related to the displace-
ment of the bonding electrons in one direction or the other
from the central oxygen-oxygen bond. There may be a sterilc

effect involved, specifically a case of "steric assistance."
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INTRODUCTION AND HISTORICAL

Interest in the behavior of peroxy compounds
has been shown by those concerned with their theoretical
aspects and those interested in their industrial applica-
tions. Free radical reactions are often catalyzed by
peroxides and this has made such peroxides as cumyl per-
oxide, bis-t-Butyl peroxide, and benzoyl peroxide impor-
tant catalytic reagents.

The initial thermal reaction of the peroxide
is the unimolecular cleavage of the oxygen-oxygen bond
and first order kinetics would be expected for practically
all peroxide decompositions. This 1s true for the thermal
decompositions of di-alkyl peroxides, but complications
appear to interfere with the clear-cut unimolecular de-
compositions for acyl derivatives of the aromatic series.
Both Brown (1) and Erlenmeyer and Schoenauer (2) deter-
mined that the decomposition reactions of aromatic acyl
peroxides were complex in order, a higher order induced
reaction being superimposed upon the first order oxygen-
oxygen bond scission process. A study of these compli-
cations was made by Bartlett and Nozakl (3) who showed
from thelr data that the assumption of the previous

authors was essentially correct, and orders varying from






0.5 to 2.0 could be observed. There was also consider-
able variation in the kinetic picture as the solvent was
varied. The work of Swain, Stockmeyer and Clark (4) was
essentially responsible for isolating the unimolecular
oxygen-oxygen bond cleavage reaction from the induced de-
compositions, by introducing a free radical scavenger,
such as 3,4-dichlorostyrene or methyl methacrylate. The
addition of these inhibitors increased the decompositilon
half-life of benzoyl peroxide at 80°C. by a factor of
ten, and the variability of the reaction rate in differ-
ent solvents became almost negligible. These investi-
gators (4) varied the solvent from benzene to acetophenone;
if one considers the large difference in polarity between
these solvents, 1t suggests the almost complete absence
of any ionic chemical species at any stop within the de-
composition mechanism.

Later studies by Swain (4) as well as Blomquist
and Buselli (5) were directed toward an examination of
the relationship of peroxide decompositions and the
Hammett Law (6). For the substituted derivatives of ben-
zoyl peroxide, provided the substituents were located
meta- and para- with respect to the peroxide linkage,
these investigators found that the Hammett Law was fairly
well obeyed. A reaction constant rho of -0.38 indicated
that the cleavage is favored by an increase of electron

density at the reaction site. The small value of rho






also 1ndicated that the decompositions were not strongly
influenced by the electron donating or attracting prop-
erties of the substituent in question.

The similarities between the benzenoid system
and the heteroaromatic system of thiophene are rather
striking. Thus, it was anticipated that the behavior of
the peroxides derived from either 2-thenoic or 3-thenoic
acid would show certain similarities to the benzoyl per-
oxides. Only one peroxide of this type, namely bis-(2-
thenoyl) peroxide had been prepared prior to 1959 (7);
Schuetz and Teller (8) reported the preparation and
kinetic studies of the thermal decompositions for ten
compounds; derivatives of bis-(2-thenoyl) peroxide. They
also included a study of the peroxide derived from the
unsubstituted 3-thenoic acid, as well as one unsymmetrical
compound, 5-methyl-bis(2-thenoyl) peroxide. These inves-
tigators found that for the series of symmetrical com-
pounds under investigation the Hammett equation was
followed reasonably well, a rho value of -0.44 being
obtained by a plot of sigmal plus sigma2 for the substi-
tuents involved against log k. The work of Schuetz and
Teller was extended to compounds derived from substituted
3-thenoic acids as well as additional substituted 2-thenoyl
peroxides by Schuetz, Gruen, Byrne and Brennan (9). A
total of nine new peroxides were prepared and the thermal

decomposition rates of eight of these compounds were



examined. Five of these peroxides were derivatives of
3-thenoic acid, three of 2-thenoic acid; all were symmet-
rical about the oxygen-oxygen bond. It was found that,
in general, electron donating groups accelerated decom-
positions whereas electron attractors retarded the de-
composition rates. Thils was especially true of the
peroxides with substituent halogens which showed the pre-
ponderance of an inductive effect over the resonance ef-
fect 1n these reactions. A notable exception was bis-
(5-nitro-3-thenoyl) peroxide; the nitro group seemed to
enhance the decomposition greatly, qulte contrary to
expectation, which was explained by a possible reversal
of the dipole from a negative polarity toward the oxygens
to a positive charge at the central bond (10, 11). In
this series of peroxides it was also found that the
Hammett Law was generally not applicable. It should be
noted that for quite a few of the compounds studies by
these investigators an "ortho-effect" would be expected.
An attempt was made to calculate rho values for the two
compounds for which such an effect would be absent, namely
bis-(5-chloro) and bis-(5-bromo-3-thenoyl) peroxide, but
even in these cases 1t was found that the calculated rho
values varied from -0.087 to -0.123. Activation energies
and entropies were calculated and found to vary from
38.1 to 20.1 kilocal. per mole for the activation ener-
gles and from -22 to +30 e.u. for the entropies of acti-

vation.
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The present investigation is essentially con-
cerned with a study of a new series of peroxide compounds,
unsymmetrical peroxides bearing a benzene and a thiophene
ring, and being substituted, if at all, in the hetero-
cyclic system only. It seemed of interest and value to
study this series of compounds from several points of
view, as peroxides intermediate between the bis-(benzoyl)
peroxides and the symmetrical peroxides in the thiophene
series; they would afford an opportunity to study the
effects on the decompo§ition rates due to the presence
of substituents in only one of the two ring systems
present. Leffler (12) carried out a study on unsymmetri-
cal peroxides in the benzenold series, but had employed
different reaction conditions favoring an ionic mechanism.
As mentioned previously, the only unsymmetrical peroxilde
studies to this point in the thiophene series was 5-methyl-
bis(2-thenoyl) peroxide (8). The investigation reported
here, it 1is felt, 1s therefore unique, as it involves,
for the first time, a carbocylic aromatic as well as a
hetero-aromatic system studied under conditions favoring
free radical decompositions which are homolytic at the
oxygen-oxygen bond. A total of elght new peroxides were
prepared and the kinetics of decomposition of six of
these compounds were studied. These compounds were chosen
as they all bear either no substituent or substituents in

the 5-position of the heterocylic ring. For comparison



3-thenoyl benzoyl peroxide was included. Three of the
substitutents chosen were typical electron releasers:
methyl, ethyl, and t-butyl; one, the nitro group, was
a typical electron attractor. Infrared spectroscopy
was employed for the analysis in this series of com-
pounds (9), an I.R.5 Beckmann Spectrophotometer being
employed; the solvent was M.C.B. Spectroquality carbon
tetrachloride. The solutlons were kept exactly at
0.1000 molar concentration, in the presence of 0.2
molar styrene as a free-radical scavenger. Strict
precautions were observed to keep the ampoules free
of dirt, dust and oxygen, and a constant temperature
bath employed was set up 1in a dark room, to avoid com-
plications due to photochemical reactions of any kind.
First order kinetics were found to be obeyed
by all compounds under 1investigation. It was felt that
the use of a larger temperature span than that employed
in previous investigations of peroxide decompositions
was preferable (8, 9). The total temperature span was
extended to eighteen degrees, with a difference of about
nine degrees being used between kinetic determinations.
Duplicate determinations were employed for each tempera-
ture. Actlvation energies and entropies were calculated,
the former by a plot of the logarithm of the rate con-
stant against the reciprocal of the absolute temperature,

the latter by the use of the Eyring equation (13).



Slopes were determined from the kinetic plots by the
method of least squares, employing a CDC 3600 computer
at the Michigan State University computer center. The
author 1is greatful for the help of Mrs. Norma Ray of

that office and her unselfish cooperation.



EXPERIMENTAL

Chemical Reagents

The carbon tetrachloride used as a solvent in
the kinetic determinations was MCB Spectrograde CX 415.
The 3-bromothiophene was purchased from the Aldrich
Chemical Corporation, their White Label product.

The 5-t-butyl-2-acetylthiophene was donated as
a sample by the Pennsalt Corporation; 2-furoic acid was
an Eastman Kodak product, reagent grade. The writer is
indebted to Dr. Fred M. Gruen of Olivet College for
samples of 5-methyl-2-thenoic acid and 3-methyl-2-thenoic
acid.

The styrene used as a free radical scavenger
was Eastman Kodak White Label material, stabilized with
t-butyl catechol. It was distilled in vacuo and stored

in a refrigerator, in the dark, without inhibitor.

Syntheses
2-Acetylthiophene

The method of Hartough and Kosak (14) was em-
ployed in the preparation of this compound. A solution
of 252 g. (3.0 moles) of thiophene and 117 g. (1.1 molé)
of acetic anhydride was stirred and heated to 70° in a

one-liter, three-necked flask. Ten grams of orthophosphoric
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acid were then added cautiously from a dropping funnel
during fifteen minutes. The temperature rose to 87-88°
during the addition of the acid and the mixture was im-
mersed in an ice-bath to prevent further rise in tempera-
ture. After completion of the addition the mixture was
refluxed at 95-96° for two hours, during which time it
turned dark in color. The mixture was then allowed to
cool, water (200 ml.) was added and the aqueous mixture
stirred for thirty minutes. The organic layer was sepa-
rated, washed several times with 200 ml. portions of 10%
sodium corbonate solution and then with water. The mix-
ture was distilled at atmospheric pressure to remove the
thiophene-water azeotrope and the residue was distilled
in vacuo through a 6 inch Vigreux column to obtain 103 g.
(0.82 mole, 74%) of 2-acetylthiophene, b.p. 79-81°/6 mm.

Literature value (14): 77°/4 mm.

2-Thenoic Acid

In a four-liter beaker were placed 440 g. (11
moles) of sodium hydroxide pellets in 600 ml. of water
and 2,500 g. of ice. The beaker was tared and 332 g.
(4.53 moles) of chlorine gas were passed from a cylinder
into the basic solution. The hypochlorite solution was
heated to 60° and transferred to a five-liter three-necked
standard taper flask fitted with mechanical stirrer,

dropping funnel and reflux condenser. Acetylthiophene






10

(73.0 g., 0.58 mole) was added dropwise to the hypochlorite
solution. During the addition of the ketone, the tempera-
ture of the reaction mixture rose to 67-68°, and was main-
tained by means of a cooling bath. Rapid refluxing due to
the evolution of chloroform could be observed. The mix-
ture was stirred and allowed to cool. A solution of 100 g.
of sodium bisulfite in 200 ml. of water was added to de-
stroy the hypochlorite. Careful acidification under cool-
ing gave a heavy white precipitate. After standing
overnight, the solid was recovered by filtration. Re-
crystallization from hot water gave white needles (0.52
moles, 67 g., 90.4%), melting at 127-218°. Literature

value: (15) 128-129°.

3-Cyanothiophene

A mixture of 3-bromothiophene (115.2 g., 0.71
mole), cuprous cyanide (80 g.) and quinoline (Eastman
Technical grade) (480 ml.) was heated under reflux in a
two-1liter, three-necked standard taper flask for three
hours. The color of the reaction mixture changed from a
dark green to a yellowish brown in an hour under reflux.
After reflux the mixture was allowed to cool and then 400
ml. of liquid were removed by vacuum distillation, during
which the temperature of the residual liquid reached approxi-
marely 180°. The distillation was carefully acidified with
1:1 hydrochloric acid and set aside overnight in a re-

frigerator. It was then extracted with ether and washed



--




11

twice with 6 N. hydrochloric acid and finally with water.
After having been dried over anhydrous calcium chloride,
the solvent was removed from the ether extract and the
residual oil was vacuum distilled to yield: 74 g. (0.679

mole, 96.1%) of the crude product.

3-Thenolc Acid

The crude 3-cyanothiophene was placed 1n a three-
liter, three-necked standard-taper flask and 1,480 ml. of
concentrated hydrochloric acid were added. The mixture
was then refluxed for 3.5 hours. Following this the mix-
ture was cooled very slowly to allow the slow crystalli-
zation of the product. The product was recovered by
filtration and extraction of the mother liquor with ether
to yield a total of 79.0 g. (0.616 mole, 90.8%) of 3-
thenoic acid, mp. 136-137°. Literature value (17):

mp. 137-138°.

2-Ethylthiophene

Using the experimental procedure of King and
Nord (18) a mixture of 100 g. (0.79 mole) of 2-acetylthio-
phene, 155.1 ml. of 85% hydrazine hydrate and 617.1 ml.
of ethylene glycol was stirred and heated to 170° to
remove excess hydrazine and water. About 120 ml. of dis-
tillate was collected, and the residue was allowed to
stand overnight protected from moisture by means of a

calcium chloride tube. The distillling head was replaced
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by a reflux condenser and 55.4 g. (0.99 mole) of potassium
hydroxide pellets were added. The stirred mixture was
heated to a temperature of 120° when the evolution of
nitrogen began. The temperature was maintained at 120-
140° for approximately two hours after which time the
mixture was allowed to cool; it was observed that the
solution had changed to a two-phase liquid mixture during
nitrogen evolution.

After standing overnight the reaction mixture
was distilled through a six-inch Vigreux column until
the vapor temperature had reached 140°. The distillate
was extracted twice wilth ether, the ether solution washed
once with 1:1 hydrochloric acid and twice with water and
dried over anhydrous calcium chloride. The ether was re-
moved on a steam-bath and the product distilled at stmos-
pheric pressure to yield 76 g. (0.68 mole, 86%) of product
boiling at 133-135°. Literature value (19): b.p. 132-134°,

5-Ethyl-2-Acetylthiophene

The apparatus and general method described for
the preparation of 2-acetylthiophene (14) was used to pre-
pare this compound. Orthophosphoric acid (5 g.) was added
at room temperature to a well stirred mixture of 56 g.
(0.5 mole) of 2-ethylthiophene and 55 g. (0.540 mole) of
acetic anhydride. During the addition of the catalyst the

temperature rose spontaneously to 37-38°. The mixture
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was then heated with vigorous stirring to 135-140°, its
reflux temperature. The mixture was then refluxed for
three hours. After cooling to room temperature, water
was added to the mixture and it was stirred for an addi-
tional fifteen minutes. The organic layer was separated,
washed with 10% sodium carbonate to basic reaction and
then twice with water. The brown oll was dried over an-
hydrous magnesium sulfate and distilled in vacuo to yield,
after a small forerun, 47.6 g. (0.317 mole, 58.7%) of

water-clear liquid, boiling at 100°/10 mm.

5-Ethyl-2-Thenoic Acid

Using the experimental procedure described for
the preparation of 2-thenoic acid (15), 47.6 g. (0.317 mole)
of 5-ethyl-2-acetylthiophene were used to prepare this
acld. The 5-ethyl-2-acetylthiophene was added dropwise
to a solution of sodium hypochlorite prepared from 132 g.
(3.30 moles) of sodium hydroxide, 94.5 g. (1.35 moles) of
chlorine and 800 g. of ice. The initial temperature of
the reaction mixture was 52°, but it had to be raised to
78-80° before the reaction commenced, as evidence by re-
flux (chloroform). The reaction temperature was controlled
at 75-78° by means of alternate heating and cooling. The
temperature was maintained for two hours, and then the mix-
ture was cooled to room temperature. A solution of 35 g.

of sodium bisulfite in 100 ml. of water was added. The
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solution was tested with potassium iodide-starch paper to
assure complete reduction of the hypochlorite. The re-
action mixture was transferred to a four liter beaker and
acidified cautiously with concentrated hydrochloric acid,
ylelding a white precipitate. Yield: 40.7 g. (0.269 mole,
84.8%) of product melting at 67-70°. Literature value

(20): T1°.

5-t-Butyl-2-Thenoic Acid

Using the experimental procedure described pre-
viously for the preparation of 2-thenoic acid (21), 54.6 g.
(0.30 mole) of 5-t-butyl-2-acetylthiophene (supplied as a
sample by the Pennsalt Corporation) were added dropwise
during approximately 30 minutes to a solution of sodium
hypochlorite. The latter was prepared from 132 g. (3.30
moles) of sodium hydroxide, 96 g. (1.35 moles) of chlorine
and 800 g. of ice. The temperature of the mixture was
maintained at 50-55° during the addition of the ketone.
Followling the addition of the ketone the mixture was
heated to 75°. At this point the temperature began to
rise rapidly, indicating that the reaction had been ini-
tiated. To control the exothermic initial reaction 1t
was necessary to apply alternate cooling and heating
to keep the reaction temperature in the range of 75-85°.
During the reaction the color of the solution changed

from a foggy yellow to a clear yellow and finally violent
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bubbling due to the evolution of chloroform could be ob-
served. The reaction mixture was set aside overnight

and a solution of 30 g. of sodium bisulfite in 100 ml.

of water was added. The mixture was extracted with ether
to remove neutral materials. The aqueous layer was then
transferred to a three-liter, three-necked flask fitted with
a stirrer and 500 ml. of ethyl ether were added under
stirring. The mixture was carefully acidiflied with con-
centrated hydrochloric acid. After separation of the
ether extract, the water layer was again extracted with
ether. The comblned ether extracts were dried over anhy-
drous magnesium sulfate, and the ether was removed leaving
an orange-white liquid which solidified after being trans-
ferred to a beaker. Recrystallization of the material
from ligroin (b.p. 90-120°) gave 18 g. (9.1 mole, 33%)

of a crystalline material, melting at 124-125°. Litera-

ture value (21): 128-128.5°.

2-Thenal

The method of Campaigne and Archer (22) was em-
ployed in the preparation of thls aldehyde. 1In a liter,
three-necked flask fitted with a mechanical stirrer, reflux
condenser and dropping funnel were placed 84 g. (1.0 mole)
of thiophene and 92 g. (1.28 moles) of N,N-dimethylforma-
mide and the mixture was cooled by immersion in an ice-
bath. To the stirred mixture there was added 192 g.

(1.24 moles) of phosphorus oxychloride during two hours.
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During the addition of the inorganic chloride the reaction
mixture underwent a change from clear white to canary
yellow. Following the addition of the phosphorus oxychlo-
ride the mixture was refluxed for an hour and a half on a
steam bath during which it underwent further coloration
changes from yellow to reddish-black. The reaction mix-
ture was then cooled, partially neutralized with 10%
sodium hydroxide solution and then completely neutralized
by the addition of solid sodium carbonate. The milxture
was next extracted with ether, the ether extract was
washed with water and set aside in contact with anhydrous
sodium sulfate overnight. The ether was removed on a
steam bath 1leaving a reddish black oily residue. The
latter was distilled in vacuo using a six-inch Vigreux
column and the fraction distilling at 82-84°/20 mm. was
collected as product. The yield was 73.5 g. (0.654 mole,

65.4%). Literature value (22): U44-45°/1mm.

5-Nitro-2-Thenal

The experimental method of Buu Hol (23) was em-
polyed for the preparation of this aldehyde. A 250 ml.
flask was equipped with a mechanical stirrer, dropping
funnel, and Allihn condenser. The flask was cooled by
immersion in an ice-bath. Into the flask was placed a
solution of 26 g. (0.232 mole) of 2-thenal in 50 g.

(0.490 mole) of acetic anhydride. To the cold aldehyde
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solution there was added a mixture of 50 g. of glacilal
acetic acid and 19.8 g. of fuming nitric acid (sp.g. 1.49)
during a half hour in which time the reaction mixture
changed from a light brownish red to a clear canary yellow.
Care was taken to keep the reaction temperature below 0°
during the entire experiment. Following addition of the
nitrating mixture the solution was stirred at 0° for an
additional hour and a half and then poured into approxi-
mately 200 ml. of a crushed ice slurry. Initially the
mixture became cloudy and a reddish oil separated from
solution. This, after brief stirring, solidifled to a cry-
stalline solid. This was removed by filtration and

washed several times wilth distilled water. The filtrate
which had a turbid yellow-green color was again poured
into water and the additional product was recovered by
filtration. The combined so0lid product was ailr-dried for
several hours and then recrystallized from 95% ethanol
by dissolving it 1n ethanol, concentrating the solution
on a steam-bath, and allowing the concentrated solution
to stand overnight. The pale-brown crystalline product
was recovered by filtration. The yield was 29.8 g.

(0.189 mole, 82%). The melting point was 72°. Literature

value (23): 77°.

5-Nitro-2-Thenoic Acid

The experimental procedure was adapted from the

general method described by Migridichian (24). Into a
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two-liter, three-necked flask fitted with a stirrer, Allihn
condenser, thermometer and dropping funnel was introduced
a mixture of U400 ml. of water andIHOO ml. of 95% ethanol
containing 18.8 g. (0.12 mole) of 5-nitro-2-thenal. A
40.8g (0.24 mole) quantity of silver nitrate was then

added to the reaction mixture, at which point the mixture
had a slight pale brown-yellow color. A solution of 19.2 g.
(0.48 mole) of sodium hydroxide in 400 ml. of water was
then placed in the dropping funnel and allowed to drip
slowly into the well-stirred mixture during a half hour
while holding the reaction mixture below 50°. Following
addition of the base the mixture was stirred for fifteen
minutes, then cooled 1n an 1ice-bath for thirty minutes

and flltered. The large cake of sillver remaining on the
filter was washed several times with hot water and the
washings were added to the filtrate. As the filtrate was
still turbld, it was refiltered several times through a
finer filter by using a plece of fllter paper placed in-
side the "coarse grade" sintered glass funnel. After
several filtrations the filtrate had a slight yellow-green
color, but was clear. Its total volume was approximately
1,500 ml. The filtrate was concentrated until the volume
had been reduced to 500 ml. and 500 ml. of ethyl ether
were added. The mixture was carefully acidified with con-
centrated hydrochloric aclid. A cloudy white materlal pre-

cipitated, but quickly dissolved in the ether layer. The
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ether layer was separated and the aqueous solution was
extracted with several portions of ether. The ether
extracts were combined and dried over anhydrous magne-

sium sulfate. The ether was removed on a steam bath,
leaving a yellow-brown solid. During the evaporation

of the solvent a brown gas was observed indicating the
presence of residual nitric acid. The solid was re-
crystallized from hot water to obtaln pure product in

the form of yellow needles, melting at 158-159°. Literature

value (25): 158°. The yield was 11.0 g. (0.064 mole, 53%).

Preparation of Acid Chlorides

The thenoyl chlorides used in this work were
prepared by reaction of the corresponding carboxylic
aclds with thionyl chloride; thelr properties are sum-

marized in Table 1. A typical preparation follows:

2-Thenoyl Chloride (26)

In a 100 ml. flask fitted with an Allihn con-
denser and heating mantle, there were placed 12.8 g.
(0.1 mole) of 2-thenoic acid and 46.0 g. (0.39 mole) of
thionyl chloride. The mixture was heated under reflux
for ten hours, during which it became a clear orange
colored solution. After cooling, the excess thionyl
chloride was removed by distillation at atmospheric

pressure using an eight-inch Vigreux column.
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The residual dark colored oil was distilled in
vacuo, yielding 14.1 g. (0.095 mole, 95%) of clear color-
less liquid which solidified immediately on immersion of
the receiver in a dry-ice isopropanol bath. The boiling
point was 58.5-59.5°/1.5 mm. (McLeod gauge). The distil-
lation of this product was carried out in a micro apparatus
using a fraction cutter. The product was stored in the
dark at 0° and protected from moisture by a calcium

chloride drying tube. Literature value (27): 92°/18 mm.

Sodium Perbenzoate

The material was prepared by the experimental
procedure originally reported by Braun (28). In a 500 ml.
Erlenmeyer flask, cooled by immersion 1in an ice-salt bath,
and fitted with a calcium chloride drying tube there were
placed 100 ml. of absolute methanol in which 5.2 g. (0.22 g.
atom) of sodium metal had been dissolved. A 50 g. (0.21
mole) quantity of benzoyl peroxide was dissolved in 200 ml.
of pure chloroform and the solution chilled by immersion
in an ice-salt bath. The benzoyl peroxide-chloroform
solution was then added quickly to the sodium methoxide
solution and the resulting mixture was vigorously stirred
for four to five minutes while immersed in an ice-salt
bath. The mixture turned turbid and after several minutes
a curdy, cheese-like solid had formed. The mixture was

transferred to a two-liter separatory funnel and the
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sodium perbenzoate was extracted with 50