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The buffer solution was next acidified with hydrochloric acid
to pH 1 and extracted two times with 80-ml portions of clean
ether. The combined ether extracts were dried, filtered, and
saved.

A second sample of 6 (226 mg) was decarboxylated in a similar
fashicn, except that it was introduced into the aqueous buffer
solution at room temperature. After 1 hr the mixture was steam
distilled.

A third sample (721 mg) was introduced into 330 ml of buffer
solution at room temperature. After 3 hr steam distillation was
carried out.

Vpe Analysis of Steam Distillates.—The dried pentane extracts
were examined directly on a Carbowax column. All three sam-
ples gave the same chromatogram. A single, sharp peak corre-
sponding in retention time to cis-propene was observed. A {race
peak corresponding in retention time to frams-propene was also
observed, but it was no larger than in the freshly prepared cis-pro-
pene cis-lactone mixture; 7.e., it amounted to no more than 0.2
of the total.

Examination of the Ether Extracts.—The ether extracts from
the first sample yielded 13.8 mg of clear, viscous oil which was a
mixture of citric acid and «-methyl-8-hydroxy-8-(p-chlorophen-
yl)propionic acid. The ether extracts of the third sample yielded
a total of 47 mg of a clear, viscous oil. This oil was dissolved in
10 ml of ether and treated with ethereal diazomethane until the
yellow color persisted. Evaporation of the ether from the meth-
vlated residual oil afforded a new, highly viscous oil, readily sol-
uble in carbon tetrachloride. The nmr spectrum of this oil
showed peaks at » 2.77 (singlet, ArH), 5.37 (doublet, J = 8.5
cps, B-H), 6.38 (singlet, OMe), ca. 7.10 (multiplet, «-H), and
9.04 (doublet, J = 7 cps, «-Me). Both the position of the
methyl ester peak, and the coupling constant for the g8 hydrogen
support the assignment of the three configuration to this ma-
terial. In addition the spectrum showed the four sharp peaks
characteristic of methyl citrate at r 6.23, 6.36, 6.72, and 7.27.
By integration of the relative areas of the peaks assigned to 10
and to methyl citrate, the composition of the mixture was deter-
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mined to be 569, 10 and 449, methyl citrate. Thus of the lac-
tone originally present, 259, was converted to the hydroxy acid
8. This value is obviously subject to some uncertainty.

Decarboxylation of trans-3-Lactone 7.—Two samples of the mix-
ture of 17.87%, trans-lactone (7), 77.39 trans-propene, and 4.99,
cis-propene were decarboxylated under similar conditions to
those used for the cis-lactone. Sample A (383 mg) was decar-
boxylated by addition (in 10 ml of methanol) to boiling buffer
solution. Sample B (367 mg) was decarboxylated by adding to
buffer solution at room temperature. After stirring for 1.5
hr at room temperature, the mixture was heated, and volatile
organic material was allowed to steam distil as before.

Isolation procedures were as described above. The ether ex-
tracts of the two experiments were combined.

The pentane extracts of the steam distillates were examined by
vpe. The distillate from sample A showed 939, irans-propene
and 79, cis-propane. The distillate from fraction B showed 949,
trans-propene and 69, cis-propene. These values are in good
agreement with the composition of the propene fraction before
the decarboxylation (949, trans-propene and 69, cis-pro-
pene).

Examination of the Ether Extracts.—The combined ether ex-
tracts were concentrated to yield a clear, viscous oil (46 mg).
This oil was converted to methyl esters with diazomethane.
Examination of the nmr spectrum showed 679, methy! hydroxy
ester and 339, methyl citrate. The peaks in the nmr at » 8.93
(doublet, J = 7 cps) and at 5.01 (doublet, J = 4 cps) were as-
signed to the erythro isomer of methyl a-methyl-g-hydroxy-g-(p-
(chlorophenyl)propionate (11) in analogy to the results of Can-
ciell, Basselier, and Jacques® and Brauman.? In addition to
the peaks for the erythro isomer, the doublet for the methyl ester
of the threo isomer, centered at » 9.02 (J = 7 cps) was observed.
The estimated composition was 409, erythro isomer and 27%
threo isomer. Further, from the weight of lactone taken (133
mg) it may therefore be calculated that 209, of the trans lactone
was converted to the epimeric a-methyl-g-hydroxy-8-(p-chloro-
phenyl)propionic acids.
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Cyeclohexanones and tetrahydropyranones, methyl substituted in the 8 (and ) position, relative to the car-
bonyl, give rise to benzene-induced chemical shifts of the order of 22 (equatorial methyl) and 12 cps (axial
methyl), differing much less than the previously determined values at the « position, 16 (axial methyl) and —5

cps (equatorial CH;), carbon tetrachloride being the reference solvent.

Nevertheless, the present results are

consistent with strong deformations, into a flattened chair or twisted chair conformation, for both molecules 8
and 14, as well as for 13. Mixing curves of ketones with benzene are presented and emphasize the need of a
careful control of concentration in such conformational studies.

In addition to the accepted use of intramolecular
chemical shifts (e.g., via the Ziircher rules® in the steroid
field) another extremely useful technique of nmr spectros-
copy has been developed recently:4—# the chemical
shift for some group in a solute can be induced to vary
by a change in solvent, and these variations in turn
can be related to the structure of the solute. For
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instance the comparison between the spectrum of a
polycyclic ketone as a solute either in a reference sol-
vent (CDCl; or CClL) or in an aromatic solvent (Ce-
He, 45 CeH:N,® or C,H,O") affords incremental shifts®
characteristic of the spatial relationship of the cor-
responding protons with respect to the carbonyl
grouping. When the molecule contains several such
C=0 groups, the shifts are quite additive.5

It is the purpose of the present article to present such
measurements on the monocyclic cyclohexanone itself,
methyl-substituted in the e, 8, and v positions, there-
fore enlarging the scope of the previous observations.
The A variations are believed to be generated
by conformational changes since the results are
self-coherent within series of compounds. However,
it should be pointed out that these A variations
also depend upon the ease of formation of the postu-
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lated 1:1 complex between the solute and a benzene
molecule, and this in turn depends on the steric hin-
drance® of the solute and therefore on its degree of
substitution. Mixing curves relating the chemical
shift of the solute’s protons to the molar fraction of
benzene are presented for various ketones (Figure 1).

Very similar curves are obtained when the chemical
shift of the methyl groups for acetone and compounds
6 and 11 (Figure 1) is plotted against the molar fraction
of benzene; positive deviations (ca. 1-5 cps) from the
straight line expected for ideal mixtures occur in each
case;!® yet, it does not necessarily follow that the
associations or complexes present in these solutions are
similar.

(9) J. E. Anderson, Tetrahedron Letters, 4173 (1965).
(10) These curves emphasize the need for a precise control of the concen-
trations if such measurements are to be significant.

The ASIS! method leads to the results sum-

marized in Table I. The observed ASIS (ASS,

AERCY) are consistent with those of Williams, et al., 5

obtained in the steroid field. As already stressed,!?
use of the hydrogen-bonding solvent, chloroform, leads
to a ASSSH greater than ASG by 1-5 cps for protons
« to a hydrogen-bonding site—the C=0 group for all
the cyclohexanones discussed and the oxygen hetero-
atom in the tetrahydropyranone series 11-14; whenever
possible, carbon tetrachloride ought to be used as an
“inert” reference solvent for such studies.

We have previously suggested a flattened chair
conformation for molecule 4 on the basis of the devia-~
tion of the ASIS (1.8 cps) from the value calculated
(5.4 cps) assuming interconversion between true chair

(11) ASIS, aromatic solvent induced shifts.
(12) P. Laszlo, Bull. Soc. Chim. France, 2658 (1984).
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forms, as in 2; the incremental ASIS for an axial CH;
group (15.7 cps) and an equatorial CH; group (—4.8
cps) were from observations on 3 which should exist in
a practically nondeformed chair form. In a similar
way it could be shown that 1 exists essentially as an
equatorial conformer. This treatment cannot be
extended identically with molecules 5-14; these are
more liable to experimental error, since the experimental
ASIS are now of the order of 22 (equatorial CHj) and
12 eps (axial CH;) which differ much less than the
above values for the « position.

The present results are consistent with important
deviations from a chair conformation for molecules 8, 13,
and 14. In the absence of more detailed knowledge of
the respective function of the carbonyl group, the
hindering alkyl substituents, and the oxygen hetero-
atom in molecules 1114 in these solvation phenomena,
we abstain from speculations regarding the sign and
the magnitude of the deviations observed in distorted
molecules.

All the benzene shifts reported here and in the litera-
ture obey a generalization of Connolly and Me Crindle:13
“if a reference plane (P) is drawn through the carbon
of the C==0 group at right angles to the carbon-
oxygen bond, then protons close to (P) show very small
shifts. Protons in front of plane (P), on the same side
as the oxygen of the carbonyl are slightly deshielded,
while protons behind are shielded.”

Experimental Section

The nmr spectra were recorded using a Varian A-60 spectro-
graph with 5% (v/v) solutions, and the carbonyl vibration fre-
quencies in the infrared using a Perkin-Elmer 421 with 1%
(v/v) solutions (all solvents used were Spectro Grade).

All the compounds studied were purified by gas chromatog-
raphy (ge) using an aerograph A 90 P with hydrogen as vector
gas, the stationary phase usually being Chromosorb impreg-
nated with silicone SE-30.

The preparation of the various ketones and tetrahydropyrones
has been, in the main, described elsewhere; the references are
given in Table I. The structures of these compounds have, in all
cases, been verified by mass spectrometry (Atlas—Werke CHy).

3,3-Dimethylcyclohexanone (6).—This was obtained by 1,4 ad-
dition of methylmagnesium iodide with 3-methylcyclohex-2-enone
in the presence of cuprous acetate. By using tetrahydrofuran
{(THF) as solvent and by refluxing, the desired product can be
obtained in excellent yield. Dry THF (40 ml) is added to a
0.04 M ethereal solution of methylmagnesium iodide, and the
ether is distilled until the temperature of the distillate reaches
50°.

Cuprous acetate (20 mg) and 2.20 g of 3-methylcyclohex-2-
enone in 5 ml of THF are added. The suspension thus obtained
is stirred for 3 hr under reflux, allowed to cool, and then poured
into a mixture of 20 g of ice and 4 g of ammonium chloride. The
aqueous phase is extracted with ether, and the extracts are dried
over sodium sulfate. After evaporation of the solvent on a
water bath, 2 g of a liquid are obtained which appeared to con-

(13y J. D. Connolly and R, McCrindle, Chem. Ind. (London), 379 (1956).
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Figure 1.—Plot of the chemical shift (cycles per second from
tetramethylsilane at 60 Me, +0.5 eps) for the methyl groups of
acetone (upper trace), 6 (lower trace), and 11 (middle trace),
against the molar fraction of benzene in binary solutions.

tain a simple product by ge analysis on a 6-m column of silicone
SE-30 at 150° (retention time, 32 min).

After recovery under these conditions, the product was identi-

fied as 3,3-dimethylcyclohexanone.

2,2,6-Trimethyltetrahydropyran-4-one (13).—1,4 addition of
methylmagnesium iodide to 2,2-dimethyl-2,3-dihydropyran-4-
one (Table I)} gives the required product but in very low yield
(of the order of 29%,).

The method described for 6 yields 1.4 g of residual liquid start-
ing from 2 g of the unsaturated compound; gc on a 6-m column
of silicone SE-30 at 175° indicates a mixture of a number of low-
boiling products from which it is possible to isolate 50 mg of the
desired 2,2,6-trimethyltetrahydropyr-4-one (retention time, 34
min). The nmr spectrum showed bands at 213 (m, 1 H), 140-
90 (m, 4 H), 64.8 (s, 3 H), 58.6 (d, J = 6.0 cps, 3 H), and 53.0
cps (s, 3 H). The mass spectrum for the parent ion was 140.
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