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INTRODUCTION

Ketenes are compounds containing the functional group

C(=C=0. There are two types of ketenes, aldoketenes,

I R
>C::.0=O, and ketoketenes, \/C=C=O (R,R'=alkyl and/or aryl)
1 Rl

d

T

getenes can be prepared by reacting an acyl chloride with a

tertiary amine. Aldoketenes are very reactive compounds;

they will polymerize in several ways, as illustrated below,
forming B-lactone dimers 1, 2-hydroxycyclobutenone dimers 2,

acylated cyclobutenone trimers 3, and pyrone-type trimers 4.
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This method of preparation of B-lactone dimers, 1, and
acylated cyclobutenone trimers, 3, has been shown to yield the
dimer as a major product where R= CHB’ CHEC 31; this contrasts
with the case where aldoketenes are prepared by other methods.
For example, Enk and Spes2 found that in a reaction in which

aldoketenes were prepared by dehydration of carboxylic acids,

the major product was the trimer, 3, or the dimer, 2(when R:CH5)°



The mechanism suggested for the formation of the B-lactone
dimer involves the presence of a catalyst (here, thiethylamine
or its hydrochloride). It has been suggested that there is a
concerted cyclization with a skewed transition state, 5. the
catalyst lending stability to the 0 =C=0 bonds forming; this

allows the CeC bond to form while maintaining the proper

molecular orientation.
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The extra bulk possessed by ketoketenes requires that a
strong Lewis acid, such as AlClB, to act as a catalyst. Because
there is less steric hindrance in the case of the aldoketenes,
triethylamine of its hydrochloride provides sufficiént catalysis.
The competing reaction, which leads eventually to the formation of
the cyclobutenone trimer in the case of aldoketenes, has a
transition state, 6, which is effectively free of steric hindrance.1

1,2

It has been shown that at higher temperatures, or in

solvents in which triethylamine ot its hydrochloride 18 less



soluble, more trimer is formed; this is similar to uncatalyzed
polymerizations. It was therefore hypothesized that the
trimer/dimer ratio will increase with the bulk of the R group of
the aldoketene, because the additional bulk will cause more steric
nindrance in the already skewed transition state leading to the
formation of the B-lactone dimer.

Two compounds were chosen for study: (1) t-butyl ketene.
The trimer/dimer ratio for the polymerization of t-butyl ketene
has already been ascertained. The hypothesis stated above was
supported by experimental data. The trimer/dimer ratio for
t-butyl ketene is 0.75? in contrast to the ratio for the methyl
ketene, 0.38-0.42.1 The objective in working with it again was
to isolate the cyclobutenone trimer in pure form, as earlier
results had been determined by nmr analysis of a contaminated
producte.

(2) Benzyl ketene. Hydrocinnamic acid chlorider(l—phenyl—
propanyl chloride) was dehydrochlorinated to form benzyl ketene.
This compound was chosen due to the bulky nature of the benzyl
group., It was predicted that the cyclobutenone trimer (3, R:¢—CH2)
would be formed in higher yields than in the case where R:CHB'
Another objective of this study was, therefore, to seek further
confirmation of the previously mentioned mechanistic hypothesis

regarding the bulk of the R group.



DISCUSSION

Hydrocinnamic acid chloride could not be obtained commercial-
ly, so it was synthesized from hydrocinnamic acid. 1.0 parts
acid were combined with 1.5 parts thionyl chloride, and the
mixture was refluxed for one hour, in a synthesis similar to that
of cinnamic acid chloride (1-phenyl propenyl chloride)? Excess
thionyl chloride was removed by distillation and the acid chloride
isolated by vacuum distillation.

the reactions of t-butyl acetyl chloride and hydrocinnamic
acid chloride were carried out under identical conditions.

Bquimolar anounts of triethylamine and acid chloride were combined.

Va N(CH.CH.) R
R—CH— G 2“3’ it
Gl V4 H”
R R
d ¢ Py
N - o
0 AR SO0
R-CH2-g-—O/ # Rg'c

The triethylamine was added dropwise (one drop per second) to
a refluxing solution of acid chloride in methylene chloride
(200 ml per mole acid chloride). After the addition was com-

pleted, the mixture was refluxed for an additional five hours.



Vigorous stirring was effected during the addition and subsequent
reflux. The solid triethylamine was removed by suction filtration
and solvent was removed by distillation.

In the case of the reaction of t-butyl acetyl chloride,
isolation of the products was accomplished via vacuum distil-
lation. The trimer fractions were redistilled, again under a
vacuum, to obtain further purity. The trimer thus isolated
crystallized when refrigerated. The solid formed was a whitish-
yellowish waxy substance which melted to an oil at about room
temperature. Infrared and nmr analyses were consistant with the
product structures postulated. Although the nmr spectrum of the
trimer showed some contamination with the dimer, the proportion
of dimer was so small that the percentage could not be determined
from the integration. The nmr spectrum of the dimer did not
show contamination.

The trimer was further reacted with bromine in carbon tetra-
chloride., Equimolar amounts of trimer and Br2 were combined and
the mixture stirred magnetically for two hours. The crystals formed

were isolated by suction filtration. The product was isolated as

—

¢ +Br2 Ly N ﬁ
o=t ! C—é
+CH-C-—O H Br

X _» _ X
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very fine white crjstals. An infrared spectrum (IR #3) was
consistent with the proposed structure. The wide band from

3~%/sis typical of enolic-type structures. The carbonyl stretch

is at 5.72/», and the absorbances at 8.0§/»and 8.2§A.are indicative
of a t-butyl function. This compound is of theoretical interest

as a possible precursor to a cyclobutadiene dication, a unique

aromatic species.

— ) OH

—
H,S0, ®
HO Br ? HO

The dication could possibly be prepared by a reaction with sulfuric

acid. This type of compound was prepared in the phenyl series,

5

but was not observed where R=CH,.
2

B \E@_r_oz{
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When the solvent was distilled from the benzyl reaction

mixture, the mixture became extremely viscous. Additional solvent
was removed under vacuum, but upon heating, no vaporization
occurred. Heating was discontinued due to danger of decomposition.
An infrared spectrum (IR #4) of the reaction mixture indicated that
no B-lactone dimer was formed. The B-lactone dimer has char-

acteristic peaks at approximately 5.4 and B.Q/Q. (Compare with



IR #1.) Since distillation, even under vacuum did not seem to

be a viable method of purification, alternate methods were ex-
plored. Crystallation from mixed solvents was tried first. The
mixture was soluble in ether, but not in ligroin. Attempts to
obtain crystals from ether-ligroin systems were not sucessful;
they resulted in the formation of oils., Purification with
column chromatography was also attempted. Material with a
spectrum similar to that of the reaction mixture was obtained

by elution with benzene or benzene-ligroin mixtures. (See IR #5)
The column was packed with Florisil. Subsequent elution with
ether, and later, acetone, produced small amounts of material
with similar infrared spectra. (See IR# 6.) There is evidence
of decomposition in the form of a broad band at about B/LL

and a generally less definitive spectrum. It is thus obvious that
some purification has been accomplished. All material isolated,
however, is still in the form of an oil. The material isolated
by column chromatography is lighter in color, being a light

orange as compared with a brown.
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EXPERIMENTAL

Preparation of B-lactone dimer and cyclobutenone trimer of

t-butyl ketene.

In a 3-liter, 3-necked round bottom flask equipped with a
water cooled Freidrich condenser, carrying a calcium chloride
drying tube, and a motor-driven centrifugal stirrer with a poly-
ethylene paddle, methylene chloride (150 ml) and tertiary-butyl
acetyl chloride (99.8g, 0.741 moles) were refluxed employing a
heating jacket. Vigorous stirring was initiated at the beginning
of heating. Triethylamine (79.3 g, 0.784 moles) was added drop-
wise, over a period of one hour, from a pressure-equalized
dropping funnel. When formation of solid triethylamine hydro-
chloride blocked passageways, methylene chloride was used to
rinse. When the addition was complete, the funnel was replaced
with a stopper. The mixture was refluxed for an additional 4.5
hours. Triethylamine hydrochloride was isolated with suction

filtration. Methylene chloride was removed by distillation. More

triethylamine hydrochloride was collected, bringing the total to
106.4 g; this represented a reaction completion of 104%. Two
approximately equal fractions were distilled under vacuum.

Tractions collected are summarized below.



Separation of the B-lactone dimer and cyclobutenone trimer of t-butyl ketene by fractional

distillation.

Fraction

1A
2A
34
LA
5A
6A
7A
8A
9A

1B
2B
3B
LB
5B
6B
7B
8B
9B

Tempe, °c Press., mm Hg

222 0.250
L6-47 0.35
L7-51 0.35-0.33
51-54 0.33
54-55 0.32-0.30
5551 0433=0435
54=105 0.35-0.40
105-111 0.33%-0.40
111=-112 0+38-0435
23 0«65
50-53% 0.45-0,47
54=-56 0e47-0,45
56=55 0.50-0.52
55=514 0.50-0.40
50-103 O0.44-0.48
103-110 0.50-0.42
110-111 0.50
111-108 0.50

Descriptiom

orange

liquid

clear light yellow liquid

clear,

clear,

almost colorless liquid

colorless liquid

clear colorless liquid

clear,

colorless liquid

clear light yellow liquid

clear,

clear,

orange
clear,

clear,

light yellow liquid
light yellow liquid

Ligudd
light yellow liquid

almost colorless liquid

clear colorless liquid

clear,
clear,
clear,
clear,

clear,

colorless ligquid

light yellow liquid
light yellow liquid
light yellow liquid
light yellow liquid

— W O

N

Al



The infrared spectrum of the dimer (a representative spectrum is of’
fraction 4B, IR #1) shows.?\ﬁg%t 5.41, 5.55, and 5.8j/¢g. The nmr
spectrum showsi? 5031 (weakly coupled doublet, J=1.5 Hz, area 1.0),
6.26 (weakly coupled doublet, J= 1.5 Hz,area 1.0), 8.87 (singlet,

area 9.67), and 8.96 (singlet, area 8.95). Fractions 8A, 9A, 7B, 8B,
and 9B solidified upon refrigeration, producing yellowish-whitish
waxy material which melted to a light yellow oil at approximately room
temperature. These fractions were combined and redistilled under

vacuume. All fractions collected were a clear, light yellow liquid.

Fraction Temp, OC Press, mm Hg Amte ml
i f08=110 0.50 1
2 110-113 0.65-0.30 3
3 113 0.60-0.50 6
L 2

113-118 0.50

Fractions 2, 3, and 4 solidified upon refrigeration to produce crystals

of the type previously described. The infrared spectrum showed7\%g§t 5.64,
5.71, and 6.1%4(IR #2)e« The nmr spectrum showed 236.59 (singlet, area 1.0),
7,59 (singlet, area 2.0), 8.84 ( singlet, area 11.,0), 8.91 (singlet,

area 7.1), and 9.08 (singlet, area 8.0).(nmr #2).

Preparation of L-bromo-3-hydroxy-2,4-di-t-butyl cyclobutenone from

the t-butyl ketene trimer.

In a 250 ml Erlenmeyer flask, with a calcium chloride drying tube,

bromine (1.1g, 0.0068 moles) in 6 ml CCl, was added to t-butyl ketene

L

trimer (2.0g, 0.,0068 moles) in 6 ml CCl The mixture was stirred

LI_.



magnetically for two hours. The bromine color faded rapidly and a
white solid was produced. Fuming with an odor of HBr was noticed upon
opening the flask. The crystals were suction filtered and washed with

CCl 1.7 g product was isolated (96.5% yield). The crystals had a

L*,.
melting point of 175—80C. Decomposition with an orange color indicating

bromine was noticed upon melting. The infrared spectrum showed

BOL 5477,6430,8.06,8.28 e . (IR #3)

Preparation of hydrocinnamic acid chloride (3-phenyl propanoyl chloride).

In a 1-1iter, 3-necked round bottom flask equipped with a water-ccolect
Freidrich condenser, carrying a calcium chloride drying tube, and a
motor driven centrifugal stirrer with a polyethylene paddle, SOCl2
(122.6g, 1.03 moles) was added rapidly through a pressure-equalized
dropping funnel to hydrocinnamic acid (98.9g, 0.658 moles). The
funnel was then replaced with a stopper, and the mixture was refluxed,
employing a heating jacket, for 1 hour. Excess SOCl2 Was removed by
distillation and 103.1g clear, light yellow liquid was collected by
vacuum distillation (b.pe. 88—900C, 1¢5-2.0 mm Hg). This represents a

Reaction of hydrocinnamic acid chloride with triethylamine.

In a 1-liter, 3-necked round bottom flask, equipped with a water-

cooled Freidrich condenser carrying a calcium chloride drying tube, and
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a motor driven centrifugal stirrer with a polyethylene paddle, methylene
chloride (125 ml) and hydrocinnamic acid chloride (103.1g, 0.611 moles)
were refluxed employing a heating jacket. Vigorous stirring was initiated
at the beginning of heating. Triethylamine (67,0g, 0.662 moles) was

added dropwise, over a period of L5 minutes, from a pressure-equalized
dropping funnel. When formation of solid triethylamine hydrochloride
blocked passageways, methylene chloride was used to rinse. When the
addition was complete, the funnel was replaced with a stopper. The mix-
ture was refluxed for an additional five hours. Triethylamine hydro-
chloride was isolated by suction filtration (86.5 g,which indicates

103% reactiaon completion). Methylene chloride was removed by distillation
and vacuum distillation, No product vaporized during vacuum distillation.
Heating was discontinued due to danger of decomposition. The infra-

red spectrum of the reaction mixture showed 7\%g§t 566, 5.80,-6.09.

6e2lyy, 6565 6268, 6.8§/0L. (IR #4) Attempts to crystallize the substance
from ether-ligroin systems were unsuccessful. Chromatography on a
Florisil column, with benzene or benzene-ligroin solutions as elutants,
yielded an oil upon solvent evaporation. nggt 5669,5.84, 6.10, 6.24,
6.36, 6.70, and 6.8%/0(IR #5) Later elution with ether and then acetone
resulted inFmall amounts of oil whose spectrum is described in the

discussion section. (IR #6)
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SPECTROSCOPIC DATA

The infrared spectra were recorded on a Perkin-Elmer Infracord
Spectrometer at room temperature using sodium chloride plates, except
in the case of IR #3, which utilized a KBr pellet.

The nmr spectra were traced at Fraklin and Marshall College using
a Varian A-60D NMR Spectrometer. Tetramethyl silane was added as an in-

ternal standard. The sweep was with a constant 500 Hz.
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SUMMARY OF RESULTS AND FUTURE WORK

Results

The cyclobutenone trimer of t-butyl ketene was obtained in a
purer form, and spectral analyses were obtained,

L-bromo-3-hydroxy-2,4-di-t-butyl cyclobutenone was prepared.
As far as it can be ascertained, this compound was previously un-
reported in the literature.

The reaction of hydrocinnamic acid chloride with triethylamine

was carried out and the product was analyzed via column chromatographye.

Future Work

4-bromo-3-hydroxy-2,4-di-t-butyl cyclobutenone, as mentioned
previously, is the possible precursor to an unusual aromatic species,
the 2,4-di-t-butyl-1,3-dihydroxy cyclobutadiene di-cation. The bromide
will be further purified and its nmr spectrum in concentrated sulfuric
acid will be determined in an effort to observe the di-cation.

The reaction of hydrocinnamic acid chloride with triethylamine
will be carried out in other solvent systems, for example, diethyl

ether, in an attempt to isolate the cyclobutenone trimer.
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