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INTRODUCTION

The reaction of monocarboxylic acid anhydrides with_olefins to
form unsaturated ketones has been known since 1894 when it was
reported by Kondakov (13), who showed that the interaction of equi-
molecular amounts of trimethYlethylene and acetic anhydfide at room
temperature in the presence of zinc chloride gave "methylmesityl
oxide", 3,4-dimethyl-3-penten-2-one, along with some of the olefin-
anhydride adduct and some Egngamyl acetate. isobutylené similarly
gave Eg;ﬁ-ﬁutYl acetate and mesityl oxide. Ketones have been
produced commerically in thi's manner from diisobutylene and acetic
anhydride (3). These ketones are useful as solvents and plasticizers.

The purpose of this research was to extend this reaction to
énhydridés and olefins not previously tried and parﬁicularly to
effect the reaction of cycli¢ dicarboxylic acid anhydrides. These
cyclic anhydrides should produce unsaturated keto-acids if théy

react like the monocarboxylic anhydrides.



HISTORICAL

Kondakov (13) showed in 1894 that the interaction of equimolecular
amounts of trimethylethylene and acetic anhydride at room temperatﬁfe
in the presence of zinc chloride gave 3,4~dimethyl-3-penten-2-one,
along with some 1 51 ,3-£r51nethy1-3—oxobutyl acetate and some ter'ﬁ-amyl
acetate. ‘Isobutylene similarly gave tert—butyl acetate and mésityl
oxide. o

. , A , ,

The reaction is a Friedel-Drafts-type synthesis similar to the

reaction of acid halides with olefins, as illustrated below:
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Ebel and Goldbert (7) treated cyclohexene with acetic anhydride
containing acetylsulfoacetic acid; CHy00,S0,CH,COH, the latter
being formed by treating acetic anhydride with concentratéd sulfuric
ac_ﬁid. A thirty per cent yield of l-acetylcyclohexene was réported.
Attempts by the same workers to acetylate ethylene, methyl cinnamate,

safrole, and pinene in the same manner were unsuccessful.



Acetic anhydride reacts with diisobutylene to produce isomeric
méthyl octenyl ketones. A number of condensing agents have been fptﬁd
to be effective. These include zin¢ chloride (1,3), aluminum chloride
(8), boron trifluoride (2,3), hydrogen fluoride (2), and sulfuric acid
(1,3). Sulfonated fatty acids, aromatic 5ulfonic acids, and alkane-
su;fonic acids have also been réported as gbod catalysts. The follow-
ing compounds and Yields have been claimed: acetyléulfoacetic:acidg,
88% (5,7),_30% (7); ethanesulfonic acid, h2.8%;‘g}benZénedisulfonic
acid 40.6%; p,p'-diphenyldisulfonic acid, 28.4%; and a dichlorobenzene-
sulfonic acid, 25% (). gggg—toluenesulfbnic acid, chlorosulfonic
acid, and a mixture of acetic acid and sulfamic acid have also been
used (14).

Acetic aﬁhjrdride with ethanesulfonic acid reacts with "jﬁoly—
propylene" to give a 42.8% yield of ketones (12). “

Acetic anhydride and diiSobutylene react in the vapor ﬁhase over
activated alumina impregnated with ferric chloride to give a forfy per
cent yield pér pass of the unsaturated ketone (6).'

The reaction between acetic anhydride and cyclohexene has been
well étudied; Royals and Hendry (17) have made a}studj of the factors
iﬁfluehcing the &ield of l-acetylcyclohexene in the ﬁreéence of aluminum
chloride,‘zinc éhloride, and stannic chloride. The best results were
obtained with stannic chloride when the acetic anhydride was added drop;
wise., A 54% yield of ketone was reported for this procedure.. The

following mechanism was given for the reaction:
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Petrov and Kaplan (16) cbtained a 33% yield of 3-tert-butyl-6,6-
dimethyl-3-hepten-2-one from acetic anhydride, zinc chloride and 2,2,7-
trimethyl-h-octene.

Cook, Krimme1; and Whitmore (4) have apparéntly‘sﬁccessfdlly used
the reaction ofvacid ahhydrides with olefins to pfépare ketones, but
the work has not been published.

To become fanilar»with technique the known reaction between acetic

anhydride and diisobutylene was undertaken.



EXPERIMENTAL

Preparatioh of Methyl Octéhyl Kétones:

One hundred and twelve grams (1 mole) of diisobutylene and 102
grams (1 mole) of acetic anhydride were placed in a three-necked flask
fitted with a thermometer and an electric stirrer. Sixty-eight grams
(0.5 moles) of granular zinc chloride was added slowly with stirring.
The temperature rose immediately. The flask was cooled in an ice bath
so that the temperature remained between 20—30o during the addition of
the zine chloride. A yeiiow color deVeloped which gfadually darkened
to brown. A fine white solid was éuspendéd in the mixture.

‘The mixture was stirred for three hours and the solid was filtered
out. This weighed 24.2 grams and was assumed to be a complex between
the zinc chloride and the ketone. No attempt was made to decompose it
since Byrns and Doumani (3) reported that they were unsuccessful in
obtaining the free ketone from this complex. The filtrate was washed
with three 200-ml. pbrtions of water. This removed some of the brown
color. The acetic acid formed in the reaction was removed by washing
with a dilute solution of sodium hydroxide, Water was used to remove
any sodium hydroxide.

The oil (107.L grams) was distilled at atmospheric pressure in a
Todd column. TWenty-four grams of diisobutylene was recovered. A

yield of 59 grams (36.7%)of methyl octenyl ketones (b.p. 186-196°)



was obtained, This fraction gave a 2,h-dinitrophenylhydraZOne but no
attempt was made to determine the melting point of the derivative
because commercial diisobutylene is a mixture of isomers and 80 at 1éést
two broducts are possible.

‘Preparation of l-Acetylcyclohexens:

This was first attempted using sulfuric acid és_a éatalyst; B
Fifty-one grams (0.5 moles) of acetic anhydride was placed in a three-
necked flask equipped with a stif¥er and a thermometer. The flask was
cooled #h an icewbaﬁh; One milliliter of concéntréted:sulfurié acid
was added and then forty grams (0.5 ﬁoleé) of cyclohexene was added in
small portions with stirring. A emall témperatufé rise was notédﬂ

The sitrring was discontinued after 4 hours and the mixture was
steam-distilled, A vigorous reaction began with the first addition
of steam and some product was lost. The oil that was distilled gave
no solid derivative with semicarbazide hydrochloride.

.The reaction was next attémpted using ffeéhly fgséd zinc‘chlpfiaéi
Equimolar quahtities of cydléhéXéne, acetic anhydride and zinc Chldride‘
were uséd. After 8 hours the oil was decanted from a small amount of
solid in the flask and placed in a refrigerator overnight. The color
became éliéhtiy darker and two 1aYers were apparent. Each of theée
layeré was washed in the manner of the previous run. The lower layer
emulsified on washing with water and was steam-distilled. Some oil,
lightéf than wéter, came over and another layer, heavier than wéter,
remained in the flask. Both these layers were combined with the ﬁpper
iqyer from the reaction flask and distilled in a Todd column. A yield

of 6.6 grams of material boiling at 203-206° was obtained. This



fraction gave a semicarbazone, m.p. 218-220°. The literature boiiing
pbint of l;acetylcyclohexené is 201-202° and that for the‘melfing point
of its semicarbazone is 221° (9).

Attempted Preparation of Acetyleyclohexane:

It has been feportéd that saturated ketones result from the
reaction of acid chlorides with olefins if aluminum chloride is used
as & catalyst and the reaction is carried out in cyclohexane (15).

One-half mole of anhydrous aluminum chloride was added to 100 ml,
of cyclohexane in a three-necked flask fitted with a stirrér, a buret,
and -a thermometer. The flask was immersed in an ice bath and 0.5 moles
'Qf:acetic anhydride was added. One-half mole of cyclohexene was d:ipped
in slowly from the buret with stirring. The mixture became too gumy to
stir soon after all the cyclohexené had béen added. |

The mixture was poured on cracked ice, washed as in the previous
runs, and distilled. Only 1 ml, of material boiliﬁg at the temperature
expected for acetylcyclohexane (179-180°) was obtained, and even this
fraction gave tests for active unsaturation. Higher cuts appeared to be
l—aCetylcyclohexene. Yields were poor and the prdduct was dark due to

some aldol condensation caused by evolved hydrogen chloride.

Preparation of l-Propanoylcyclohexene:

Eighty-two grams (1 mole) of cyclohexene and 130 grams (1 mole) of
propionic.anhydride were placed in a three-necked flask fitted with an
electric stirrer and a thermometer. Sixty-eight grams (0.5 moles) of
anhydrous zinc chldride was added in small portions. The temperature

rose immediately from 28° to 42° so the flask was cooled in an ice bath.



A light brown color developed and gradually darkened.

The flask was kept in the ice bath and stirred for 6 hours and then
stirred an additional 6 hours at 20°. The mixture was placed in an ice
box for one day. It became quite dark.

The contents of the flask were washed in the usual manner and
distilled in an ordinary distilling flask. Twenty-three grams of
material boiling at 217—220o was obtained. The literature value given
in Beilsteih for the boiling point of l-proﬁanoylcyclohexene is "about
2180" but the compound was not certainly identified (18). A large
amount of high-boiling material remained in the flask. The 217-220°
fraction gave a semicarbaione, m.p. 186-189°, The cut was redistilled
and the molar refraction was determined. The observedvvalue was 41,1
and the calculated value was L40.Lk. 7 ‘

‘ Ahalytigal data: Calculated for C9H11+O: ‘C, 78.21; H, 10.21;
molecular weight 138. Found. C, 78.18, 78.4L; H,'10.12, 10.28;

molecular weight (cryoscopically in benzene), 132,

Preparation of Mesityl Oxide:

'One—fdurth mole of anhydroﬁs zinc chloride was added to one-half
mole of acetic anhydride in a three-necked flask fitted with a stirrer
and a gas-dispersing tube. Iéobutylene was bubbled in for an hour
with stirring'whilérthe flask was cooled in tap water. There was
some heat evolved., The mixture was stirred an additional seven hours
and washed as in the previous runs. The oil seemed to be rather
soluble in water and some was lost in the washing. The small yield
' of oil was not distilled. It gave a positive test for a ketone when

treated with semicarbazide hydrochloride.



Another attempt to produce the desiredvrééétién was tried using a
Parr hydrogénatidn appafatus} The tank was charged with"iédbutylene to
a pressuré of 25 1b./sq. in, One-fourth mole of acetic anh?dfide and
one~eighth mole of anhydrous zinc chloride were used in tﬁé”reagtiéh
bottleT ' The mixture was shaken for 6 hours during which time there
was a pressure drop of only 4 lbs,/sq. in. in the tank. The liquid
became quite dark. The product was worked up as in the previous runs
but no kétbhe.was isolated.

'A‘third:attempt was made usiﬁg'aéety1$ulfogcetic acid., This was
pﬁéparéq.By treating one-half mole of acetic énhydride cooled i@_ah
ice bgth with.one;fourth mole of concentrated sulfuric acid. After the
initial,réaCtibn.had slowed this mixture was heated on a steam bath for
thirty minuteg‘émd added with one-half mole of acetic anhydride to a
threeenécked.flaskmﬁitteq wi@h a stirrer and a gas-dispérsing'tﬁbe.
Isobﬁtyleﬁé.wasububbled.iﬁ with stirring while the flask was cooled in
an.i¢e.bathm _One-half mole of isobutylene was dissolved in one hour,
Ihgrice,bachWas fémpved, phe,fldw of isobﬁtYléne was stopped, and the
ﬁixture”was stiﬁréd.for‘six_hburs. ‘The contents of the flask were
' d?ssciﬁedmin_etheruand.WAShed in the customary mamer. The ether was
stripped .off. and the residue was distilled in a Todd column. One
gram of material boiling at 130-131°, the literature value (10) for
the expected product, was obtained.

Preparation of 2-Methyl-2-~Hexen-4-one:

One mole of propionic anhydride and one-half mole of anhydrous

zinc chloride were placed in a three-necked flask fitted with a
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stirrer and a gas-dispersing tube. The flask was placed in a water bath
maintained at approximately 186. Isobutylene produced by passing Eggi—

butyl alcohol over activated alumina at 5400° was bubbled in for an hour,
A dark_brown color developed.

The flask was allowed to stand overnight in a refrigerator and
washed in the customary manner. The oil was distilled in a Todd column
and yielded 16 grams of material boiling at 148-157°. This fraction gave
a semicarbazone, m,p. 162°. The recorded boiling point for 2-methyl-2-
hexen—h—one is ],111,870 and the melting point of the semicarbazone is 162°
(11).

Preparation of l-Benzoylcyclohexene:

An attempt was made to combine benzoic anhydride with cyclohexene
using boron trifluoride as a catalyst. One-kalf mole of benzoic
anhydride was dissolved in 100 ml. of cyclohexene. The solution was
placed in a three-necked flask fitted with a thermometer, a stirrer,
and a gas—dispersing tube. The flask was cooled in an ice bath and
25 grams of boron trifluoride was dissolved as determined by the
dif ference in weight of the flask. The contenﬁs of the flask were
stiyred for 3 hours. A large amount of heat was evolved. The'meterial
became very viscous and the stirring was discontinued. A slurry of
sodium carbonate was used to neutralize the mixttre. The solid was
filtered and the small amount of oil in the filtrate was separated.

It gave no semicarbazone.

A second attempt using anhydrous zinc chloride gave no ketone.
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. A tgifd app¢g9§ Wgs“mgde using anhydrous aluminum chloride. One-
half mole 6f benzoic anhydride was dissolved in 100 ml. of cyclohexene
and ﬁlaced in a flask fitted with a stirrer and a thermometer. One~half
_mp;emqf aghj@rous'aluminum chlo?ide was added with stirring over an
‘intgryal_gf‘nng.hour.. A temperature rise followed each addition of
glupinug'éﬁ}oridg énd g/dark_brown golor developed. After b hours the
stip;inguhadnté?bémdiscontinﬁed because the contents of the flask
became too viscous.

, The mixture waé neutralized with sodium hydroxide and steam-“
distilled. An o0il, lighter than water, distilled first and then a
.fragtign heavier than water came over. The heavier oil gave a solid
derivative when treated with semicarbazide hydrochloride and addéd'
bromine. This 0il was redistilled. Six grams of material, all
boiling above 3000, was obtained.

The same procedure was folloﬁed again except that 400 ml. of
ether was used as a solvent. No ketone was isolated.

Forty grams of benzoic anhydride was dissolved in 50 ml. of
cyclohexene and stirred. Twenty ml. of concentrated sulfuric acid
was added. Avlérge amount of heat was liberated and a gummy material
was formed in the flask. An additional 50 ml., of cyclohexene was
added and the flask was cooled to room temperature in an ice bath.

The_m;xture was stirred for 6 hours; neutralized with sodium
hydroxide ?Fd then steam distilled.. A large amount of cyclohexene
distillqd and then 12.3 grams of an oil heavier than water came over.

This heavier 0il resembled the ketone from the earlier run.
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The two yields were combined and distilled in a Todd column., All
the material boiled at 130-135° at & mm. It was distilled at reduced
pressure two additional times, The last time four cuts were taken but
they had essentially the same index of refraction. The molar refraction
was 53.95 before the last fractionation and 53.88 afterward. The
calculated value for l-benzoylcyclohexene is 50.78. A molecular weight
was determined cryoscopically in benzene. The experimental value was
207 while the calculated value is 186.1.

Reactions between the olefins and cyclic anhydrides in Table I
were tried with various catalysts. In each case, except where noted,
the reaction mixture was extracted with base or sodium carbonate and
§¢idified in an attempt to isolate the keto-acid. No keto-acids were
isolated.

In the maleic anhydride runs the product was neutralized with
sodium carbonate and then filtered. The filtrate was acidified and
any solid filtered out. It was assumed that the keto-acid would
precipitate from this acid solution. Products of treating maleic
anhydride with cyclohexene and with isobutylene gave identical solids
when treated in the described manner. The neutralization equivalents
of both products were 144 as compared to 180 fof the expected product.
An idenﬁical run omitting the olefin gave the same product. Ignition
of this material left a white residue which was basic in water
solution and gave a flame test for sodium. From these results the

precipitated acidic product was identified as monosodium maleate.



Anhydride
Phthalic
Phthalic

Phthalic
(molten)

Phthalic
Maleic?

Maleic®

Maleic®
Maleic
Maleic
Maleic

Maleic
(molten)

Succinic

- Sueceinic

Table 1

Testing of Cyclic Anhydrides

Olefin
Isobutylene
Isobutylene

Isobutylens

Cyclohexene
Diisobutylene

Diisobutylene

Styrene
Cyclohexene
Propylene
Isobutylene

Cyclohexene

Cyclohexene

Cyclohexene

Solvent
Methyl alcohol
Cellosolve

none

none
none

Isopropyl
ether

none
Ether
Ether
Ether

none

Dioxane

none
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Catalyst

Zinc chloride
Zinc chloride

Zinc chloride

Boron trifluoride
%inc chloride

Zinc chloride

Zinc chloride

Boron trifluoride
Boron trifluoride
Boron trifluoride

Zinc chloride

Boron tribluoride

Zinc chloride

@ Product tested directly for ketones without extracting

b Polymerized; no attempt to isolate product



Reactions of acetic anhydride with the following reagentis were

tried. No ketones were formed.

Olefin Catalzst ngulpsA_

& -Pinene Zinc chloride Very exothermic; polymerized

Allyl chloride Aluminum chloride  Some polymerization

Allyl chloride Zinc chloride Some polymerization

Vinyl acetate Sulfuric acid No sign of reaction

Styrene Sulfuric acid Very exothermic; polymerized
- Trichloroethylene Aluminum chloride  No sign of reaction

Propylene Acetylsulfoacetic Polymerized

acid
Vinyl bromide Sulfuric acid No sign of reactien

Thirty-foﬁr grams of chloroacetic acid anhydride was dissolved in
50 ml. of cyclohexene and placed in a three-necked flask fitted with a
stirrer and a thermometer. The flask was cooled in an ice bath and
20 ml., of concentrated sulfuric acid was added slowly. There was a
rapid temperature rise at first. The temperature was kept below 35°.

The mixture was stirred for 9 hours at room temperature. It was
washed in the usual manner with sodium hydroxide solution and water.,
The oil layer was distilled. Sulfur dioxide was evolved during the
distillation and a large amount of polymer was left in the flask. The
distillate gave oﬁly a slight precipitate when treated'with semicarba-
zide hydrochloride.

Another attempt was made to cause chloroacetic acid anhydride to
react with cyclohexene using acetylsulfoacetic acid as a catalyst.

No ketone was isolated.
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Attempts were made to cause acetic anhydride and isobutyléne to
react in the vapor phase over activated alumina at various temperatureé.
Acetic anhydridé was vaporized by dripping it into a heated flask and
then passing it along with isobutylene through the catalyst tube.

The flow rates in all cases were approximately 0.4 ml. (liquid)

of acetic gnhydride per minute and 150 ml. of isobutylene gas per

minute.
Témgerature Results
210° @ Only acetic anhydride was recovered
250° Some acetic acid was formed
280° Some acetic acid was formed
3h0° Some acetone was formed

No ketone except acetone could be identified in the effluent.
Acetic anhydride is known to produce acetone on pyrolysis.

At this point it seemed useless to try more reactions with
cyclic anhydrides as they did pot appear to”giverphe desi;ed”rgactiqnq
It did not appear profitable to puréue the reaction of monocarquylic
acid anhydrides further since it appeared that only the mor e reaétive

olefins and anhydrides could be sued. Many of the same compounds

could be produced more easily from the acid chlorides and olefins.

2 No alumina was used in this run, only the hot glass tube.



DISCUSSION

It has been pointed out in the Historical part that this reaction
is believed to proceed by the formation of a carbonium ion from the
gnhydride underrthe influence of the acid catalyst and then the attack
of this carbonium ion on the double bond. Anhydrides are not as
suitable as acid chlorides as a source of carbonium ions but are used
when the acid halide is less accessible.

Olefins themselves are converted to carbonium ion by Lewis acids,
and these carbonium ions may then react preferentially. The pqumeri—
zation of olefins proceeds by such a mechanism and with the same
catalysts. The large number of failures and poor yields in this work
indicate that the carbonium ion from the olefin either is formed
faster or adds to an olefin molecule faster than the one from the acid
anhydride does. The cyclic anhydrides are apparently stabilized by
the ring_structure and do not readily form carbonium ions. Styrene
polymerized so rapidly that there was no chance for attack by the
acylcarbonium ion. Polymerization of the olefins was worse when no
solvenf other than excess olefin was used, but it was never completely
prevented by change of solvent, catalyst, or temperature. Indeed,
more severe conditions and catalysts only appeared to increase the
amount of polymer with little effect on the amount of ketone formed.

It is, of course possible that part of the observed polymerization is
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that of the unsaturated ketones, as suggested by Royals and Hendry (17).
The present results verify those of others for acetic anhydride
with diisobutylene and cyclohexene, and supply new examples of the
reaction in propionic anhydride and isobutylene, propionic anhydride
and cyclohexene, and benzoic anhydride and cyclohexene. Higher anhy-
drides were not immediately available and were not tried., It appears
that only the more reactive olefins can be used successfully. The
poor results with the gaseous olefins may be due to the difficulty of
keeping them in solution with the anhydride. No explanation is avail-
able for the difficulty in purifying the l-benzoylcyclohexene produced.
Altogether, no more work on this reaction can be recommended. It
appears to be less suitable for syntheic work than the better-known
achation of olefins with acid chlorides, in spite of the cbntrary
observation of Royals and Hendry (17) for the one acylation they
studied.intensively, and of the preéumable success of Cook, Kimmel,

and Whitman (4).



SUMMARY

Maleic anhydride, succinic anhydride, and phthalic anhydride did
not react with olefins to form keto-acids in the presence of Friedel-
Crafts-tjpe catalysts. Réising the temperature of the reaction mixture
merely»resultédrin polymerization of the olefins.

Acetic anhydride reacted with diisobutylene in the presence of
zinc chloride to form isomeric methyl octenyl ketones,and likewise
with cyclohexene to form l-acetylcyclohexene. Sulfuric acid was not
effective as a catalyst for the reaction of acetic anhydride and
cytlohexene. Only unsaturated ketones were formed when aluminum
chloride was used as a catalyst with cyclohexane as a solvent.

Acetic anhydride reacted with isobutylene to form mesityl oxide
with either zinc chloride or acetyl sulfoacetic acid as catalyst;
however, the yields were poor. Acetic acid did not react with
isébutylene in the vapor phase over hot activated alumina.

Acetic anhydride did not react with trichloroethylene, vinyl
bromide, vinYl acetate, o -pinene, styrene, propylene, or allyl
chloride in the presence of various acid catalysts.

Results with chloroacetic acid anhydride and cyélohexene were
inconclusive. However, it appears that no desired ketcne was formed.
Propionic anhydride reacted like acetic anhydride with isobutylene

and Cyclohexeneo
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Benzoic anhydride evidently reacted with cyclohexene to give impure
l-benzoylcyclohexene. The yields ﬁtilizing sulfuric acid as a catalyst
were much better than those with aluminum chloride, and zinc chloride
and boron trifluoride were entirely ineffective.

The reaction offers little promise of any general usefulness for

the preparatibn of unsaturated ketones.
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