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It was pointed out recently that triethylamine or its
hydrochloride is effective for catalyzing the dimeriza-
tion of aldoketenes to their 8-lactone dimers.! These
compounds are not effective catalysts for preparing 8-
lactone dimers of ketoketenes, however, and tetra-
methyl-1,3-cyclobutanedione (1) is obtained when iso-
butyryl chloride is dehydrohalogenated in the presence
of triethylamine.? Strong Lewis acids such as alumi-
num chloride have been found to catalyze the dimeriza~
tion of dimethylketene to its B-lactone dimer, 3-hy-
droxy-2,2,4-trimethyl-3-pentenoic acid B-lactone (2),*
while sodium methoxide catalyzes this type of dimeriza-~
tion of diphenylketene.*

In the presence of strong bases such as sodium
methoxide, dimethylketene polymerizes to a poly(enol
ester). Evidence has been presented which indicates
that this polymerization does not involve the S-lactone
dimer as an intermediate.? Staudinger and co-workers
reported that dimethylketene is polymerized in the
presence of triethylamine.® Later he suggested that
this polymer contained random arrangements of units
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fore, appears to depend upon the nature of the base:
strong ionic bases such as sodium methoxide give poly-
(enol ester), and the Lewis base, triethylamine, gives
a polymer containing random ketone and ketene acetal
units.

Trivalent phosphorus compounds are Lewis bases.
Their nucleophilicity varies widely, depending upon the
nature of the substituents on the phosphorus atom.
Some of these compounds, particularly trialkyl phos-
phites and dialkylphenyl phosphonites, are very effec-
tive catalysts for promoting the formation of the g-lac-
tone dimer from dimethylketene.” For example, when
dimethylketene was added gradually to triethyl phos-
phite, a strongly exothermic reaction occurred which
was still vigorous when the concentration of triethyl
phosphite in the reaction mixture had fallen below 2.
The reaction product was analyzed by glpe and found
to contain approximately 949, of 2 and only 3%, of 1,
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together with several minor impurities. It is quite
possible that the small amount of 1 was formed by
spontaneous dimerization of the ketene in the inlet lines
or on the condensing surfaces of the reactor before it
came into contact with the reaction mixture.

The nature and degree of catalytic activity of other
compounds of trivalent phosphorus depends upon the
substituents attached to the phosphorus atom. At one
extreme, the relatively strong Lewis base, tributyl
phosphine, gave only a tough, horny polymer whose
physical appearance and infrared spectrum were the
same as those of the polymer obtained by allowing di-
methylketene to polymerize in the presence of a trace of
triethylamine. Triphenyl phosphite, at the opposite
end of the basicity scale, was almost totally ineffective
for catalyzing formation of 2. Compound 1 was virtu-
ally the sole product of the reaction. In the presence
of phosphorus compounds whose strengths as Lewis
bases varied between these extremes, polymer and 8-
lactone and dione dimers were formed to varying de-
grees. Although no effort was made in most cases to
make quantitative measurements, the data in Table I

TaBLe I
Cararysts, R'R*R3P, ror DIMERIZING DIMETHYLKETENE
Catalyst:
Ri R? Rs Results
C.H;0 C.H:0 C:H;0e 93% 2,4% 1,39,
unidentified,
no polymer
CioHa0 CioHnO CeH;04 Mostly 1, some 2°
C1oH20 CeH;0 CeH:04 Mostly 1, some 2¢
CeH:0 CH:O CeHsO0 1, with trace of 2?
CH3(CH,)%S CHi(CH,)S  CHy(CH,):S¢ 1, with trace of 2?
CHy(CH:);0 CH3(CH,)0 C;H 899, 2,119, 1
CoH; CeH; CeHze Mostly polymer,
some 2/
CH3(CH,): CHi(CH,); CH;(CH,)#* Polymer

¢ Hooker Chemical Corp. ? The crude product from these
experiments was almost completely solid. Compound 2 was
detected by slurrying the product with benzene and analyzing
the extract by glpe. ¢ A. Lippert and E. E. Reid, J. Am. Chem.
Soc., 60, 2370 (1938). ¢ Victor Chemical Division, Stauffer
Chemical Co. ¢ M and T Chemicals, Inc. / The product from
this reaction consisted of tough, horny polymer and a small
amount of viscous liquid in which 2 was detected by glpe.
¢ Aldrich Chemical Co.

indicate qualitatively how the nature of the catalyst
affects the relative amounts of each product formed.
A plausible mechanism for this dimerization, which is
analogous to that proposed by Anet for the methoxide-
catalyzed dimerization of diphenylketene is shown in
Scheme I.
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If this mechanism is correct, the effectiveness of a
nucleophile as a catalyst for the formation of the 8-lac-
tone dimer (2) depends upon its ability to coordinate
with the carbonyl carbon of the ketene to give zwitter-
ions 5 and 6. Triphenyl phosphite is apparently too
weak a nucleophile to form zwitterions of this type. At
the other extreme, it appears that the phosphines (and
tertiary amines) coordinate so strongly that ring closure
to the g-lactone does not occur and 6 reacts instead with
more dimethylketene, ultimately giving polymer.

Experimental Section

With the exceptions noted, the experiments listed in Table I
were carried out according to the general procedure described
below. The phosphorus compounds obtained from commercial
sources were used without purification. Dimethylketene was
generated by the pyrolysis of isobutyric anhydride® and was
passed as the gas into the reaction vessel, where it was condensed
and allowed to fall into the solution.

Five grams of triethyl phosphite was placed in a 1-1., three-
necked flask which was fitted with a Dry Ice cooled reflux con-
denser, thermometer, inlet for dimethylketene, and magnetic
stirrer. Stirring was started and dimethylketene was passed in.
A strongly exothermic reaction occurred and the temperature rose
spontaneously to between 90 and 100° and remained there until
the dimethylketene stream was shut off. A total of approxi-
mately 300 g of product had collected. Gas chromatographic
analysis of the crude product indicated that it contained 939, of
3-hydroxy-2,2,4-trimethyl-3-pentenoic acid g-lactone (2) and
49, of tetramethyl-1,3-cyclobutanedione (1). Distillation gave
235 ml of pure 2, bp 78.5~79° (25 mm), n®p 1.4380, the infrared
spectrum and glpe retention time of which were identical with
those of authentic material.

When this experiment was repeated with tributylphosphine as
the catalyst, only a tough, horny, transparent polymer was
obtained. The infrared spectrum of this polymer (KBr pellet)
contained strong bands at 5.75, 5.85, 8.45, and 9.25 u. This
spectrum was identical with the spectrum of a polymer prepared
as described by Staudinger.®
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Horeau’s method*® for the determination of the
absolute configuration of alcohols has been successfully
applied to natural products such as terpenes,*® caryo-
phyllene derivatives,® steroids,” and the grayanotoxins.?
Since esterification of an asymmetric alcohol, LCHOHS,
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where L is a bigger substituent than S in a steric sense,®
by an excess of racemic a-phenylbutyric acid anhydride
results in preferential combination with one of the
antipodes of the acid, the excess of the acid which is
recovered is optically active. Horeau*57 has empiri-
cally correlated in a great number of examples the sign
of the recovered acid with the absolute configuration
of the starting aleohol as follows.

H
|
§
§——L ~> (— )-(R)-a-phenylbutyric acid recovered
i

OH

In order to test the applicability of the method in the
sesquiterpene lactone series,!! we applied it first to
several hydroxylated sesquiterpene lactones previously
studied by W. H., where the absolute configuration of
the hydroxyl group had been established unequivocally
by chemical or physical means. Chart I lists these
compounds (1, 2, and 3) which are of the type RCH,-
CH(OH)CR;R;R;1*~% as well as three others of the
same type (4, 5, and 6) where the configuration of the
hydroxyl group was somewhat uncertain or completely
unknown. The results of Horeau’s method given
in Chart I are in agreement with the previously known
absolute configurations (1, 2, and 3) and, in the case
of compound 4, a derivative of pulchellin, in agreement
with the configuration deduced?® by the application of
the Hudson-Klyne rule. For 5% and 6** we indicate
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