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The stereochemistry of the camphoketene dimers has been deduced from optical rotatory dispersion and

nuclear magnetic resonance data.
ring as in formula III.
the dimers at 589 mu.

Dehydrochlorination of d-camphor-3-carbonyl chlo-
ride with quinoline or triethylamine in ether gives two
products of molecular formula CypHy0..2 Staudinger
and Schotz? assigned structure I to these isomers, but
more recently Yates and Chandross® have shown that
the two dimers should be represented by structure II.
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The dimers were reported??® to differ markedly in
optical rotation; since they can differ in stereochem-
istry only at C-3 of the pyronone ring, it appeared
likely that theoretical correspondences between optical
rotation and stereochemistry could lead to an un-
ambiguous prediction of configuration for the molecule.
To check this predietion by degradation would be
difficult, for the epimeric center is not very durable:
both dimers give identical products upon acidic hy-
drolysis, basic hydrolysis, or thermal rearrangement.?
Physical methods that would be sensitive to the stereo-
chemical aspects of structure looked more promising.

Yates and Chandross® noted that the rates of alka-
line hydrolysis of the dimers differed slightly, and that
a tentative assignment of stereochemistry could be
made on this basis.

Results and Discussion

Preparation of the camphoketene dimers® gave ma-
terials having optical rotations in satisfactory agree-
ment with the literature. Isomer A, the dimer which
is less soluble in ether and forms compact crystals,
had [a]p +127° (lit.2 +126.8°, lit.* 4132°), while
the second substance, which crystallizes in fine needles,
had [a]p +65° (lit.2 +62.9°, 1it.* +66.3°).

The nuclear magnetic resonance spectrum of the
supposed second dimer, [«¢]p +65°, was not compre-
hensible in terms of a single camphoketene dimer.
For instance, the methyl region of the spectrum had
peaks at 70, 63, and 54 c.p.s. (1.17, 1.05, and 0.90
p.p.m.) below tetramethylsilane with relative strengths
in the ratios 1.1:3.3:1.5. Recrystallization of the ma-
terial of [a]p +65° from absolute methanol gave
crystals having less positive rotations. The final
recrystallization gave stout needles of m.p. 156-158°,
[a]p 4+23.7°. The n.m.r. spectrum of this resolved
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The more dextrorotatory isomer has configuration S at C-3 of the pyronone
This finding accords with theoretical agsignments based on molecular rotation data for

dimer, isomer B, was compatible with expectations for
fully resolved material.

The crystals of [a]p +62.9 to +66.3° are then a
1:1 mixture of the two diastereoisomeric campho-
ketene dimers. The slight discrepancy between the
observed rotations and that calculated for an equimolar
mixture of isomers A and B may be due either to in-
complete resolution of isomer B, or to a small con-
tamination of the 1:1 eutectic with isomer B.

The optical rotatory dispersion characteristics of
dimers A and B are shown in Fig. 1. Both isomers
have positive Cotton effects at the wave lengths cor-
responding to the K-bands for the «,3-unsaturated
carbonyl moieties. Both of the «,S-unsaturated car-
bonyl systems, therefore, have the same chirality,*
and are left-handed.* The dimers in question, then,
are III and IV.
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The n.m.r. spectra of isomers A and B are strikingly
different. In isomer A, [a]p +127°, the two methine
protons are centered at 172 and 166 c.p.s. (2.87 and
2.77 p.p.m.) and the methyl signals at 70, 63, and 54
¢.p.s. (1.17, 1.05, and 0.90 p.p.m.) are of relative
strength 1:4:1. For isomer B, [a]p +23.7°, the
two methine protons are found at 175 and 156 c.p.s.
(2.82 and 2.60 p.p.m.), and the methyl absorptions at
70, 63, and 55 c.p.s. (1.17, 1.05, and 0.92 p.p.m.) are
of relative strength 1:3:2. The two spectra are dis-
tinguishable by the chemical shift differences of one
methine proton and of one methyl group. The stereo-
chemistry of A results in substantial long-range de-
shielding of the methyl and methine protons in ques-
tion, or that of B causes long-range shielding, or both
influences may be operative.

The following assignments for the n.m.r. absorptions
may be made at once. The tertiary methyl groups
3, 4, and 7 in each dimer appear at 63 c.p.s., and the
methyl 6 is 7 c.p.s. lower, at 70 c.p.s. This chemical
shift difference is close to that observed, 6.5 c.p.s.,
between the methyl group at C-1 and the two methyls
at C-7 of camphor.> The methine proton at 172 or
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175 c.p.s. in the dimers is 1; it is shifted downfield by
the adjacent carbonyl group.®! The methyl group 5
at 54 or 55 c.p.s. is shifted upfield in both dimers by
the carbon—carbon double bond below it. These
assignments leave only the methine proton 2 and the
methyl group 8 unaccounted for.

From examination of Dreiding’ stereomodels of the
dimers IIT and IV, it is apparent that methyl group 8
in isomer III is in close proximity to and to the side of
the C-4 carbonyl group and, hence, is deshielded.
The methine proton 2 in dimer III is to the side of
carbonyl groups at C-2 and C-4 and, accordingly, is
deshielded.®* The methyl group 8 in isomer IV is
located below the C-2 carbonyl function, and is there-
fore shifted to higher field.! The n.m.r. chemical
shift data indicate that dimer A, which has the methine
proton 2 and methyl group 8 at lower field, is isomer
I1I, and B is IV. The more dextrorotatory isomer has
the 8 configuration? at C-3 of the pyronone ring.

The assignments for n.m.r. absorptions are sum-
marized in Table I.

TasLE I
N.M.R. SPECTRAL ASSIGNMENTS FOR THE CAMPHOKETENE
DiIMERS
Dimer Proton type Number Chemiecal shift, c.p.s.
III, A Methine 1 172
Methine 2 166
Methyl 6 70
Methyl 3,4,7,8 63
Methyl 5 54
IV, B Methine 1 175
Methine 2 156
Methyl 6 70
Methyl 3,4,7 63
Methyl 5,8 55

This stereochemical assignment is consistent with
predictions based on Brewster’s® correlations of con-
figuration and optical activity. The total difference in
molecular rotation between structures III and IV is
expected to be +k(2C; — O) (Ca — C), where Ca
represents a carbonyl group, C; an olefinic carbon,
and the other symbols have their usual® meanings.
Then AMIII — IV) = 4215°. The calculation
predicts that III is the more dextrorotatory isomer.
In fact, AM (A — B) = 4367°, and the correspondence
between theory and the observed molecular rotation
difference is satisfactory when structure II1 represents
isomer A, and IV, B.

New applications of Brewster’s postulates are of
particular interest when, as in the present instance,
the skeletal system of the molecules is quite dissimilar
to those of the compounds used in the development of
the postulates. An earlier new application to nor-
bornane derivatives® led to only partial success.
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Fig. 1.—Optical rotatory dispersion and ultraviolet absorption
curves for the camphoketene dimers A and B: o.r.d., A (—--—),
B (———); ultraviolet, A (- ~--), B (—-—).
Experimental!!

Camphoketene Dimers.—Treatment of crude d-camphor-3-
carbonyl chloride®!? with triethylamine in ether, followed by the
usual work-up,? gave a mixture of the camphoketene dimers as
vellow crystals (879% from d-camphor-3-carboxylic acid). Re-
crystallization from ether? gave dimer A as compact crystals,
m.p. 151-152°, [a]p 4127° (¢, 2.6); lit.2 m.p. 152-153°, [a]D
+126.8°; lit.* m.p. 150-151.5°, [a]D +132°.

The second solid was obtained after crystallization from
methanol and had [a]p + 65° (¢, 2.3); lit.? [@]lD +62.9°, lit.?
[a]p +66.3°. The n.m.r. spectrum of this solid of [«]p +65°
showed methyl signals at 70, 63, and 54 c.p.s. below the internal
gtandard, tetramethylsilane, with relative intensities 1.1:3.3:1.5.
Repeated recrystallization from methanol led from the solid of
[a]p +65° to stout needles, m.p. 156-158°, [a]Dp +23.7° (¢, 1.2).
The identity of this material as a camphoketene dimer (dimer B)
was confirmed by infrared, n.m.r., and ultraviolet spectroscopic
comparisons between the solid of [«]p +65° and that of {a]D
+23.7°.

The n.m.r. data for methine and methy! protons of dimers A
and B are shown in Table I. The o.r.d. data are given in Fig. 1.
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