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catalysts for the oxidation of aniline sulfate by
sulfuric acid, mercury being the better. The
effect is not strictly proportional to the amount
of the catalyst.

2. Together the two catalysts give effects
much greater than the additive value. This is,
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accordingly, a case of coactivation. Mercury
and copper in the ratio of two moles to one give
the most pronounced effect.

3. The reaction is monomolecular or pseudo-
monommolecular in the first stages.

CoLLEGE PARK, Mp. RECEIVED SEPTEMBER 17, 1936
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Condensations by Sodium. VIIL

Solvent Exchange Reactions, Preparation of

Phenylmalonic Acid, and Comments on Some Mechanisms of Reactlons which
Employ Sodium

By AVERY A. MORTON AND INGENUIN HECHENBLEIKNER

When benzene or a mixture of benzene and
ligroin was used as the solvent for the prepara-
tion of amylsodium from amyl chloride and so-
dium by the recently described! synthesis of
organo-metallic compounds, the product after
carbonation was benzoic instead of caproic acid.
Exchange of phenyl for the amyl radical was com-
plete and the yield of benzoic acid, calculated on
the basis of a molecule of acid for every one of
amyl chloride used, was as high as 789,. Toluene,
dimethylaniline, anisole, diphenylmethane and
fluorene, when used similarly either as solvents or
as diluents in a ligroin solution, shared this in-
teresting property so that the monocarboxylic
acids formed as products of carbonation were
phenylacetic, N-dimethylanthranilic, o-methoxy-
benzoic, diphenylacetic and diphenyleneacetic
acids in yields of 40, 18, 20, 14 and 18.59, re-
spectively (see Table IT). No attempt was made
to obtain the maximum yields.

In order to illustrate the possibilities of extend-
ing this solvent exchange type of synthesis beyond
the preparation of acids we have prepared phenyl-
sodium by interaction of amyl chloride, sodium
and benzene and then brought about its reaction
with propyl chloride. Propylbenzene was found
in substantial quantity. In alike manner phenyl-
sodium was induced to react with ethylene oxide
yielding B-phenylethyl alcohol as one of the prod-
ucts.

Syntheses of this type continued to show prom-
ise of use in the preparation of malonic acids. A
notable example was the formation of phenyl-
malonic in addition to phenylacetic acid from the
reaction in toluene solution. With amyl chlo-

(1) Morton and Hechenbleikner, THIS JOURNAL, 88, 1697 (1938).

ride in a mixture of toluene and ligroin a yield of
33% of phenylmalonic acid was obtained from
the same run which yielded 409, of phenylacetic
acid. With isobutyl chloride the yields were 209,
of phenylmalonic and 119, of phenylacetic acid.
When the addition of toluene was delayed until
after all reactions between amyl chloride and so-
dium had ceased, the yields of phenylmalonic and
phenylacetic acids were 28 and 5%, respectively.
The method is therefore a far more convenient
source of this compound than has hitherto been
available. It is especially interesting to note that
the yield of the malonic acid is often considerably
in excess of that for the monocarboxylic acid.
Mechanism of Exchange Reactions.—Our
work has now progressed to a point where we
have assurance as to the manner in which
some of the products are formed. The mono-
substitution product, benzoic acid, arises from
metathesis of the sodium compound with the
hydrocarbon according to equation 1.

CsHuNa 4 CiHy —> CsHiz: + CsHsNa (1)
Important evidence of the correctness of this view
was furnished by (a) reserving the addition of
benzene in experiments 3 and 4 until after the
free radicals had disappeared and the formation
of amylsodium had been completed, a condition
which resulted in the entire replacement of ca-
proic by benzoic acid among the products of car-
bonation and (b) by carrying out, as in experi-
ment 6, an exchange reaction in the presence of
carbon dioxide to remove amylsodium as fast as
it was formed and thereupon failing to find any
benzoic acid. Neither was this acid found in six
experiments made under pressure of carbon di-
oxide. We therefore conclude that the free radi-
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cal amyl did not react with benzene under the
conditions of our experiments and that the occur-
rence of benzoic acid was due to the reaction of
the monosodium compound with benzene accord-
ing to equation 1. A mild form of acidity on the
part of the hydrogen atom in benzene which per-
mits the formation of a stable salt, sodium phe-
nide, is thus suggested. The much higher yield of
benzoic acid (78%) than was usually obtained for
caproic acid in like experiments reported in the
previous paper may be interpreted as indicating
the greater stability of phenylsodium in a Wurtz
synthesis.

Although the free radical amyl was without a
role in the solvent exchange reactions, some evi-
dence suggesting that the radical amylidene was in
part responsible for the formation of iso- and tere-
phthalic acids was uncovered. In the aforemen-
tioned experiments on the interaction of benzene,
amyl chloride and sodium, under pressure of car-
bon dioxide, a mixture of the two phthalic acids
was obtained in each instance. On the reason-
able assumption that carbon dioxide would re-
move the organo-dimetallic compound before it
could react with benzene as effectively as it had
in the case of amylsodium, we conclude that free
amylidene must have reacted with benzene ac-

cording to equation 2, and that the phenylene so

CsHio< + CeHy —> CiHi: + GHu< (2)

formed then added two atoms of sodium yielding
phenylene disodium which was promptly car-
bonated, producing the mixture of phthalic acids.

Iso- and terephthalic acids may also be formed
because of a reaction of amylidene disodium with
benzene according to equation 3. Although the
likelihood of benzene reacting with two molecules

CsHioNa; + CiHy —> CsHi + CsH:Na, (3)

of amylsodium (equation 4) appeared to be very
CeHs + 2C;HuNa —> CiHiNa; + 2CsH:  (4)

good, we have so far been unable to produce evi-
dence which would point conclusively to such a
chemical change. The facts bearing on this point
can be stated briefly. (1) When benzene was
present at a temperature below 5° during or after
the reaction of amyl chloride with sodium the
subsequent carbonation yielded benzoic and
butylmalonic but no phthalic acids. Apparently
amylidene disodium reacted more sluggishly with
benzene than did amylsodium so that at this tem-
perature a solvent exchange reaction occurred with
amylsodium only. (2) When benzene was al-
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lowed to react at 65° with the products of the
reaction between amyl chloride and sodium,
phthalic acids appeared among the products and
the amount of butylmalonic acid was decreased.
These two facts suggested that under these con-
ditions bimetallation of benzene may have oc-
curred by reaction 3. With toluene, it is true, we
did obtain evidence that disubstitution by means
of amylsodium had taken place, for the yield of
phenylmalonic acid in one experiment was 287
under conditions which had produced butylmal-
onic acid in yields no higher than 249, and usually
near 179, (see previous paper).

Mechanism of Malonic Acid Formation.—
As an explanation for the occurrence of butyl-
malonic acid we favor that which pictures an
initial formation of the free radical amyl, its
disproportionation to amylidene and pentane,
the addition of sodium to the former and the
carbonation of the disodium product shown in
sequence below.

Na CsHu—- Na
CHuCl —> CiHiyy— ——>» GsHy + CiHio< —>

CO.
CeHioNa; —> CsHyo(COONa):  (5)

Our opinion is founded on (a) the agreement of the
experimental facts with all the results which
would be predicted on the free radical basis, and
(b) the inability to find any evidence to bolster
up alternative mechanisms, 242., one involving
amylsodium and another the splitting out of
hydrogen chloride.

A full discussion of our efforts to connect amyl-
sodium with the formation of butylmalonic acid
was included in the previous paper. That evi-
dence, coupled with additional information in
this paper, is overwhelmingly against any such
idea. To conserve space we are limiting our
present discussion of this point to only one of the
ways in which amylsodium could conceivably be
responsible for the occurrence of the dicarboxylic
acids. The following sequence assumes a certain
lability of the hydrogen atom on the alpha carbon
atom of sodium caproate so that it reacts with
amylsodium.

CO, CsHuNa
C:HuNa —> C:HiuCOONa ————>

co
CsHi + CiHiNa(COONa) —> CsHio(COONa)s  (6)

Four points can be cited against this mechanism:
(1) the failure as reported in the previous paper
to get an increased yield of butylmalonic acid
when sodium caproate, prepared 4z situ by partial
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carbonation, was present during the addition of
amyl chloride to sodium; (2) the destruction of
most of the amylsodium, prior to carbonation by
fourteen hours of heating at 80° while leaving tle
vield of butylmalonic acid unchanged, a fact
which we interpreted in the previous paper as
illustrating the surprising stability of amylidene
disodium, obviously formed prior to carbonation;
(3) the reaction in benzene solution recorded in
this paper in which amylsodium was removed by
complete reaction with benzene below 5° but
from which butylmalonic acid was isolated among
the carbonation products, thereby showing again
that sodium amyl could not be a source of butyl-
malonic acid and that amylidene disodium must
have been present before carbonation; (4) the
unlikelihood that amylsodium would react with
sodium caproate in the manmner above indicated
since Schorigin? has already shown in the case of
phenylsodium and Gilman and Van Ess® have
found with alkyllithium that the secondary prod-
ucts in reactions with carboxyl containing com-
pounds were ketones and tertiary carbinols. In
short, organo-metallic compounds of this type,
when they do react with alkali salts of carboxylic
acid, show a tendency to react with the carboxyl
group after the usual manner of an ester with the
Grignard reagent rather than with a weakly acid
hydrogen atom on the alpha carbon atom. The
above facts confirm the view expressed in the pre-
vious paper that amylsodium is in nowise con-
nected with the formation of butylmalonic acid.

Splitting out of hydrogen halide from an alkyl
halide was initially proposed by Michael* as a
first step in the Wurtz synthesis. Acree® in a
study of the action of phenylsodium on ethyl
bromide suggested a similar role for phenylsodium
as a means of accounting for the presence of
ethylene among the products of the reaction.
Ethylidene was assumed to be the intermediate.
These assumptions are adaptations of the well-
known activity of sodium ethylate in double
bond formation with the exception that hydrogen
halide is taken from the same rather than from
adjacent carbon atoms. The equation for the re-
action is

Na (or NaR)
CeHuCl ———————— HCl 4 CHi<  (7)

The corresponding equation for the formation of

(2) Schorigin, Ber., 41, 2723 (1908).

(3) Gilman and Van Ess, TaIs Journavr, 55, 1258 (1933).
(4) Michael, Am. Chem. J., 28, 419 (1901).

(5) Acree, ibid., 29, 588 (1903).
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amylidene in the reaction of sodium on diamyl
mercury would require the splitting out of
HHgC;Hy; instead of HCl. Reference to the
work in the fifth paper® on the formation of butyl-
malonic acid in the reactions under pressure of
carbon dioxide is sufficient to dispose of the possi-
bility that amylsodium had caused the eviction
of hydrogen chloride in this manner, since carbon
dioxide should remove the organometallic com-
pound as fast as it was formed. Other agents
commonly employed in forming ethylenic bonds
are not available under all conditions in these
reactions. Thus sodium ethylate or sodium hy-
droxide could not be present in the autoclave re-
actions® in the presence of an excess of carbon
dioxide and sodium carbonate on the other hand
was not present when the formation of organo-
alkali compounds! was carried out in absence of
carbon dioxide. Metallic sodium, therefore, re-
mains as the sole agent which might function in
this manner and be present in all cases. Such an
opinion of the special activity of sodium would
appear to require considerable tinkering in an en-
deavor to link the general mechanism of double
bond formation with the Wurtz synthesis. We
have thought it worth while, however, to make
one more attempt under conditions which are or-
dinarily quite favorable for the splitting out of
hydrogen halide. Since the formation of phenyl-
malonic acid occurred with considerable ease we
elected to try the reaction of benzyl chloride with
sodium in the presence of sodium alcoholate,
formed n situ by the addition of a little alcohol.
A vigorous reaction ensued and the product had
the customary dark color but no phenylmalonic
acid could be found upon carbonation. If a sub-
stituted methylene radical were formed under
these conditions, as might be thought possible
from the opinion of Bergmann and Hervey,” me-
tallic sodium did not serve as an interceptor.
Further investigations of this idea did not appear
promising.

As stated before the favored explanation for the
occurrence of malonic acids is that the free radical
amyl undergoes disproportionation forming an
idene radical which then adds two atoms of so-
dium. This view is in full accord with every fact
which has been brought out by these studies.
Thus the yields of carboxylic acids in all cases,
whether in the autoclave reactions (fifth paper),®

(6) Morton, LeFevre and Hechenbleikner, THIS JOURNAL, 88,
754 (1936).
(7) Bergmann and Hervey, Ber., 62, 893 (1929).
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the reactions with mercury diamyl (sixth paper),?
the experiments in the isolation of the interme-
diate amylsodium (seventh paper),! or in the ex-
change reactions reported in this paper, have
never been in excess of that which could be ac-
counted for on this basis. Moreover, the amount
of pentane recovered in the reaction of sodium
with diamyl mercury® was close to that demanded
by the theory. If we accept the view that the
free radical mechanism pictures a correct outline
of events, the isolation of butylmalonic acid means
that in the disproportionation of free amyl an in-
termediate step is the formation of amylidene
which then rearranges to amylene. Metallic so-
dium acted as an imperfect interceptor for the
amylidene stage. The quantity of butylmalonic
acid on this basis is actually a measure of the free
radical known to have disproportionated.

Mechanism of the Wurtz Reaction.—In ap-
plying our data to the mechanism of the Wurtz—
Fittig reaction we shall show that (a) free radi-
cals are formed either before or simultaneously
with the formation of alkylsodium, and (b)
the free radical amyl undergoes disproportiona-
tion instead of dimerization to at least 929, (the
true value may be even higher) from which it
follows that decane is probably formed by the
reaction of amylsodium with amyl chloride.
Schlubach and Goes!® represented the first step of
the Wurtz—~Fittig reaction as the formation of a
free radical by the action of sodium on an alkyl
halide according to equation 8. Subsequently the
radical added sodium, dimerized or underwent
disproportionation.

RX + Na —>» R— + NaX (8)

See equations 9. In the final step the alkylso-
dium reacted with alkyl halide.

Na —> RNa (a)
R— + {R— —> RR (b) 9)
R— —> R g+ Rig (o)

Goldschmidt and Schémn,!! however, gave the first
phase as shown in equation 10
RX + 2Na —> + NaX (10)

and have outlined the possibility of the occurrence
of free radicals from the reaction

RNa 4+ RX —>» R— 4+ R— 4 NaX (1)
Our experiments under pressure of carbon dioxide
are equivalent to carrying out a Wurtz-Fittig re-

(8) Morton and Hechenbleikner, Ta1S JoURNAL, 88, 1024 (1936).

(9) See reaction 20, Table 1, ref. 8, p. 1026. By error the calcu-
lated amount of pentane was given as 1.08 instead of 0.79.

(10) Schlubach and Goes, Ber., 88, 2889 (1922),

(11) Goldschmidt and Schén, ibid., 89, 948 (1926).
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action in the presence of an agent, carbon dioxide,
which would trap the alkyl sodium but not the
free radical. Since butylmalonic acid continued
to be formed under these conditions, even when
the pressure was as high as 900 pounds (60 atm),
we conclude that free radicals must have been
formed either prior to or simultaneously with the
formation of alkylsodium as given in equation 8.

That the tendency of the amyl radical under
these conditions was overwhelmingly toward dis-
proportionation (equation 9¢) rather than toward
dimerization (equation 9b) can be seen by refer-
ence to onel? of the experiments in which we were
particularly successful in finding conditions under
which metallic sodium acted as a nearly perfect
trap for the amylidene. In this instance only 29,
calculated on the basis of the sodium, went to
products'® which were other than acids. When
recalculated in terms of the amyl chloride con-
sumed we find that 45.5%, appeared as amyl so-
dium (caproic acid), 509, as a free radical which
underwent disproportionation (butylmalonic acid)
and only 4.5%, as unknown (decane, pentane and
pentene). The combined amount of free radical
which was present and could either dispropor-
tionate or dimerize was therefore 54.59), and of
this amount 929, is known to have taken the
former path. Because of this great tendency for
disporportionation it seems likely that decane,
when synthesized from the action of sodium on
amyl chloride, is formed largely by way of the
amylsodium plus amyl chloride path. Particu-
larly is this view made likely by reference to the
45.59, yield of amylsodium in the same reaction.
As regards the formation of amylsodium by equa-
tion (9a) or (10) our data do not permit a differ-
entiation.

Our conclusions on the mechanism of the Wurtz
reaction can be summarized briefly. This syn-
thesis occurs because of the reaction between
amylsodium and amyl chloride, a view confirmed
by (a) our isolation of the organo-metallic com-
pound in quantity and (b) the evidence showing
that the free radical amyl had scarcely any ten-
dency to combine with itself forming decane.
Having shown that free radicals are present either
prior to or simultaneously with the formation of
amylsodium, it is an entirely reasonable supposi-

(12) See reaction number 8, Table 11, THis JoUrNAL, §8, 756
(19386).

(13) By the term Wurtz in the former paper we included all
reactions possible in & Wurtz synthesis. The figure was arrived at
by difference. Hence the column marked Wurtz referred to decane,
pentane and pentene.
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tion that amylsodium is a consequence of the addi-
tion of an atom of sodium to the free radical.

Experiments

General Direction.—The usual method of
carrying out the reactions, unless otherwise
specified, was the same as described in the
previous paper,! vi2., addition of amyl chloride to
fine sodium sand with gentle stirring in the de-
sired solvent. Such changes as were made neces-
sary by the use of a different solvent are indicated
clearly. The separation of the products was in
general made possible by the fact that the ali-
phatic monocarboxylic acids could be extracted
with petroleum ether, the malonic acids were
usually soluble in cold or hot water, but could be
extracted with ether, the phthalic acids were in-
soluble in water or ligroin. The melting points
of the products were compared with those in
Beilstein. The sodium sand was made up in
large batches so that the grade did not change
through a series of experiments. This precaution
was necessary because the yields of acids were af-
fected by the fineness of the sand. The data for
the experiments are given as far as possible in
tables followed by supplementary notes on each
reaction. In the paragraph immediately follow-
ing that section attention is called to the signifi-
cance of each experiment. The numbering is for
convenience only. Yields are calculated on the
basis of the sodium employed except in reaction
3 in which the value is referred to diamyl mercury.

TaBLE 1

EXCHANGE REACTIONS WITH BENZENE

Constant factors. Eastman Kodak Co. n-amyl chloride
used in all experiments except in number 3, where diamyl
mercury and in number 5 where isobutyl chloride were
used. Mallinckrodt thiophene-free benzene used.

So- Amyl Benzoic Phthalic Butylmalonic
dium, chloride, acid R acids acid
No. &g. ml, G. % G. % G. %
1 1 30 6.4 21.4 3.5 17.5
2 15 20 15.7 78 0.43 3.2
3 4 10¢ 2.2 32 0.2 4
4 10 20 2.3 11.5 .9 6.5 1.1 8.2
5 10 15 5.3 32 Traces
6 5 30 0.0

Quantity of diamyl mercury in grams instead of ml.

1. Sodium sand in 150 ml. of benzene with 50 ml. of
pentane to keep the mixture from solidifying. Tempera-
ture below 5° during addition of the chloride which re-
quired two hours, Stirred for fifteen minutes after addi-
tion was completed.

2. Sodium in 80 ml. of benzene and 50 ml. of pentane.
Amyl chloride in 50 ml. of benzene. Temperature below
—2° during addition of amyl chloride solution which re-
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quired one hour, Stirred for one hour longer at room
temperature,

3. Diamyl mercury used in place of amyl chloride.
Sodium sand in 100 ml. of pentane. Mixture stirred for
two hours following mixing of reagents, after which 100 ml.
of benzene was added.

4. Sodium sand in 50 ml. of ligroin; amyl chloride in
50 ml. of same solvent, Addition time one and one-half
hours, temperature 18-22°, Stood one hour at room tem-
perature. Benzene, 100 ml.,, then added and mixture
heated to 65° for one hour. The phthalic acid mixture con-
tained 0.054 g. of the iso- form which was separated by the
solubility of the barium salt.

5. Isobutyl chloride dissolved in 50 ml. of benzene.
Sodium sand in 50 ml. of benzene. Time of addition one
and one-quarter hours; temperature 25-30°. Mixture
allowed to stand for two hours before carbonation.

6. Sodium sand in 30 ml. of benzene; amyl chloride
added undiluted; temperature 10-20°. Carbon dioxide
passed in during the addition of the alkyl chloride; re-
action time one hour. No benzoic acid was obtained.
Caproic acid, 23%. No analysis was made for butyl-
malonic acid.

Special attention is directed to (a) the absence of phthalic
acids in 1 and 2 where the temperature of the reaction was
below 5° and the presence of these acids where the tem-
perature was 65° (experiment 4); (b) the very high yield
of benzoic acid in number 2 where the concentration of
benzene was less and the rate of addition of amyl chloride
was greater than in number 1; (c) the exchange reaction,
experiment 5, with isobutyl chloride and the small quantity
of dicarboxylic acids among the products; (d) the failure
to find benzoic acid when carbon dioxide was bubbled
through the reaction mixture (experiment 6) indicating
the ease with which amylsodium could be removed from
the reaction before the latter could react with benzene;
(e) the combined yields of phthalic and butylmalonic acids
in experiment 4 which amounted to 14.7%, a value within
the range of 13-179% noted in the previous paper for the
yield of butylmalonic acid under the same conditions and
hence suggestive of the formation of phthalic acids at the
expense of butylmalonic acid in the exchange reaction;
(f) the delayed addition of benzene to the reaction mixture
in experiments 3 and 4 which showed that an exchange
reaction had occurred between benzene and the organo-
metallic compound.

7. Sodium sand in 25 ml. of ligroin and 25 ml. of tol-
uene. Amyl chloride dissolved in 25 ml. of ligroin and 25
ml. of toluene. Addition at 0-5° for two and one-half
hours. Stirred three hours at 40-45° during which time
100 ml. more ligroin was added because the mixture be-
came so thick it could not be stirred. At the end of this
time the almost solid greenish-yellow mass was car-
bonated.

8. Solvent conditions the same as in experiment 7.
Isobutyl chloride used instead of amyl chloride. Addi-
tion time three hours at 0-5°. Stirred two hours at 40—
45°, Carbonated at 60°.

9. Sodium sand in 50 ml. of ligroin. Time of addition
two hours at 0~10°. Stood at room temperature for three
hours, 100 ml. of toluene added and the mixture heated
to 50° for ten minutes,
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TaBLE II
ExcHANGE REACTION WITH COMPOUNDS OTHER THAN BENZENE
. Amyl Butylmalonic
Sodium, chloride, Mono-acid Di-acid acid
No., g. ml, Solvent or diluent ML G. % G. o G. %
7 15 20 Toluene 50 9 40 5.0 33
8 15 15 . Toluene 50 2 11 2.4 20
9 10 20 Toluene 100 1.2 5.2 4.15 28
10 10 20 Anisole 50 5 20 Trace
11 10 20 Diphenylmethane 20 4.8 14 None Trace
12 10 20 Dimethylaniline 50 5 18
13 15 20 Fluorene 10 (g) 6.5 18.5 1 7

10. Sodium sand in ligroin—anisole mixture, 25 ml. of
each. Amyl chloride dissolved in the same mixture was
added at 20-25° during one hour. o-Methoxybenzoic acid
obtained. Melting point 99°. Recorded value in litera-
ture 98.5°.

11. Sodium sand and diphenylmethane in 50 ml. of
ligroin. Amyl chloride in 50 ml. of ligroin added at 25~
30° during one hour. Mixture stood twelve hours at room
temperature before carbonation. Diphenylacetic acid
m. p. 145-146° obtained. Recorded values in the litera-
ture vary from 144 to 148°. The corresponding malonic
acid is unstable. i

12. Sodium sand in a mixture of 50 ml. each of ligroin
. and dimethylaniline, Amyl chloride dissolved in 50 ml.
of ligroin added at 0-10° during 1.25 hours. The mixture
was allowed to stand for four hours before carbonation.
N-Dimethylanthranilic acid of m. p. 68-70° was found.
Recorded value in the literature is 70°.

13. Sodium sand and amyl chloride separately con-
tained in 50 ml. of ligroin. Addition time one hour at
0-15°, Stirred twenty minutes at room temperature,
Fluorene, 10 g., in 100 ml. of ligroin then added. Di-
phenyleneacetic acid obtained. Melting point of ethyl
ester 44-45°, Recorded value in literature 43-45°. The
corresponding malonic acid is unstable.

Special attention is directed to (a) the formation of sub-
stituted malonic acids with an aromatic compound con-
taining a methyl group illustrated in experimehts 7,89
with toluene; (b) the addition of fluorene to the reaction
mixture after the formation of the organo-alkali compounds
from amyl chloride and sodium had been completed, a
method found satisfactory after other attempts in which
fluorene was present during the first stage of the reaction
had failed to give products which could be isolated readily;
(¢) the occurrence of ortho substitution products with
anisole and dimethylaniline,

Reaction of Benzyl Chloride and Sodium Ethylate.—
To a mixture of 15 g. of sodium sand and 20 ml. of benzyl
chloride in 100 ml. of ligroin was added slowly 5 ml. of
anhydrous ethyl alcohol at room temperature. The re-
action mixture evolved a gas and turned a dark red
color characteristic of the color present in any of the
reactions in the absence of alcohol. After carbonation,
however, scarcely a trace of acid was found to be present.

Propylbenzene from Amyl Chloride, Benzene, Sodium
and Propyl Chloride.—To 75 g. of sodium sand suspended
with stirring in 350 ml. of benzene and contained in a
three-necked flask protected by an atmosphere of nitrogen
was added 180 ml. of technical s#-amyl chloride at 18°
over a period of three hours. The mixture was then al-

lowed to stand fourteen hours after which 100 g. of n-
propyl chloride was added. The mixture was heated to 80°
for two hours, after which it was decomposed and the
hydrocarbon layer distilled. Propylbenzene, b. p. 159°,
was obtained in a yield of 23% (30 g.). Higler boiling
fractions were present which were not investigated.

Phenylethyl Alcohol from Amyl Chloride, Benzene,
Sodium and Ethylene Ozxide.—In a similar apparatus
20 g. of sodium sand was suspended in a mixture of 150
ml. of benzene and 50 ml. of ligroin. Amyl chloride, 40
ml,, was added at 0° during two hours. The mixture was
stirred for four hours after which 8 g. of ethylene oxide was
passed in at 0°. The yield of phenylethyl alcohol obtained
from the process was 12.5%, (5 g.). About 3 g. of heptyl
alcohol was also obtained. Higher alcohols insoluble in
benzene were also present.

Exchange Reactions with Benzene under Pressure of
Carbon Dioxide.—Six experiments were carried out in the
autoclave described in a previous publication in this
series. The amount of sodium sand was varied from 10
to 15 g. and the quantity of benzene varied from 100
to 120 ml. Amyl chloride, 120 ml. and carbon dioxide,
200 1b. (13 atm,) were present in each case. The tempera-
tures varied from 80 to 132°. In no case was benzoic acid
found to be present among the acids isolated from the re-
action mixture, although caproic, 1 to 2.5 g. of phthalic
(iso and tere mixture), and butylmalonic acids were
readily obtainable.

Summary

A yield as high as 789, of benzoic acid can be
obtained in an exchange reaction between amyl
chloride, sodium and benzene. In varying yields

'phenylacetic, N-dimethylanthranilic, o-methoxy-

benzoic, diphenylacetic and diphenyleneacetic
acids have been obtained in a similar manner from
amyl chloride and sodium with toluene, dimethyl-
aniline, anisole, diphenylmethane and fluorene.

Phenylsodium, prepared from amyl chloride
and sodium has been treated with propyl chloride
and ethylene oxide to yield propylbenzene and
phenylethyl alcohol, respectively.

Phenylmalonic acid has been prepared by reac-
tion of toluene with amyl chloride and sodium or
with the products of the reaction of this chloride
and the metal.
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Evidence is presented to show that the forma-
tion of phenylsodium occurs from the action of
amylsodium, but not the free radical amyl, with
benzene.

The formation of iso- and terephthalic acids in
the interaction of benzene, amyl chloride and so-
dium has been shown to be due probably to reac-
tions of either amylidene or amylidene disodium
with benzene.

Further discussion of the mechanism of the
formation of butylmalonic acid from the reaction
of amyl chloride and sodium has been made and
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the probable path has been judged to be by dis-
proportionation of the free radical amyl.

In the disproportionation of this free radical to
pentane and pentene, the presence of the interme-
diate state, amylidene, which rearranges to pen-
tene has been indicated.

Application of these studies to the mechanism
of the Wurtz-Fittig reaction has shown that it
proceeds by means of the reaction of an alkylso- -
dium with the alkyl chloride and that free radicals
are present during the early stages.
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Reactions of Alkyl Sulfates, Tetraethyl Orthosilicate and Diethyl Carbonate in
Friedel-Crafts Syntheses'’

By HowARD L. KANE AND ALEXANDER Lowy

Alkylations by the method of Friedel and
Crafts are generally carried out using the halides
or olefins. Nevertheless, certain disadvantages,
especially among the lower members, are inherent
in both these methods (particularly the necessity
for pressure apparatus or very high stirring
speeds).

The use of esters other than the halides as alkyl-
ating agents also has been proposed. Among
these esters are the alkyl chlorocarbonates,?® ethyl
toluene-p-sulfonate,* trialkyl or triaralkyl bor-
ates® and the esters of aliphatic acids such as
ethyl acetate or ethyl valerate.! An apparent
exception to this mode of behavior exists in the
case of ethyl nitrate, which acts as a nitrating
agent rather than an alkylating agent.”

The purpose of this investigation was to ob-
serve whether the alkyl esters of sulfuric, ortho-
silicic and carbonic acids were active in this type
of synthesis. As was anticipated, these sub-
stances proved to be efficient alkylating agents.
The conditions which influenced the yield of
mono-alkylated benzenes were also observed, such

(1) Abstracted from a thesis presented by Howard L, Kane to the
Graduate School in partial fulfilment of the requirements for the
Ph.D. degree.

(2) Presented before the Division of Organic Chemistry of the
American Chemical Society, September, 1936, in Pittsburgh, Pa.

(3) (a) Rennie, J. Chem. Soc., 41, 33 (1882); (b) Kunckell and
Ulex, J. prakt. Chem., (ii) 86, 518 (1912),

(4) Clemo and Walton, J. Chem. Soc., 723 (1928),

(5) Kaufmann, German Patent 555,403; French Patent 720,034.

(8) Kashtanov, J. Gen. Chem. (U. S.S.R.), 2, 515 (1932).

(7) (a) Boedtker, Bull. soc. chim., (iv) 8, 726 (1908); (b) Tronov
and Sibgatullin, J. Russ. Phys.-Chem. Soc., 68, 2267 (1930).

as concentrations of reagents, duration of heating
and reaction time.
It is probable that many other esters (such as
the sulfites, phosphates, acid sulfates, etc.) can
undergo this type of condensation. The excep-
tional case of the nitrate may likewise become
normal under different experimental conditions.
This generalization is in harmony with the obser-
vation of Slanina, Sowa and Nieuwland® that
acidic substances promote the olefin—benzene
condensation in the presence of boron fluoride,
this probably occurring through the formation of
alkyl esters.
In the present investigation it has been shown
that dimethyl, diethyl, diisopropyl and dibutyl
sulfates, tetraethyl orthosilicate and diethyl car-
bonate will condense with benzene in the presence
of aluminum chloride. These reactions may be
summarized by equations
3(RO):S0; + 6CsHs + 2AIClL; —>
6CsHsR + 6HCI + Aly(SO);

3(RO):CO + 6C¢Hs + 2AICI; —>
6CsHsR + 6HCI + AL(COs)s

3(RO)SI + 12CHs + 4AICl,; —>
12CHR + 12HCI + AL(SiO)s

Experimental

The apparatus employed for the alkylations was the
usual one-liter three-necked flask, into one neck of which
extended a dropping funnel and thermometer. The cen-

(8) (a) Slanina, Sowa and Nieuwland, THIS JoURNAL, B7, 1547
(1938); (b) Wunderly, Sowa and Nieuwland, {bid., 58, 1007 (1936);
(c) Ipatieff, Corson and Pines, 1bid., 58, 919 (1936).



