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DIRECTING EFFECT OF A NEIGHBORING HYDROXYL SUBSTITUENT
ON BASE-CATALYZED ENOLIZATION OF A KETONE!

Samuel G. Levine*, Ruei~Ching L. Hsu, and Marion L. Miles

Department of Chemistry, North Carolina State University, Raleigh,
Nerth Carolina 27650

Abstract: Evidence is presented that a neighboring hydroxyl substituent may exert a
directing effect on the base-catalyzed enolization of a cyclohexanone derivative.

We are engaged in a study of proximity effects on enolate-mediated reactions of carbonyl
compounds using a-H,D exchange as the probe reaction, OQur substrates are spirocyclic S-membered
ketones of the type 1 in which (a) the carbonyl group lies in the plane of symmetry of trhe
skeletal framework of the molecule and (b) the environment of the carbonyl group is rendered
asymmetric due to the gpacial proximity of a second functional group X. Our initial experiments
were performed with hyvdroxy-ketone 2 and have disclosed that monodeuteration is unexpectedly

rapid and leads selectively to replacement of the 3[axial]-hvdrogen by deuterium.
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Compound 2 was synthesized by the following seven step sequence which was accomplished in
57% overall yield. The base-catalyzed reaction of 4,4—dimethy1—l—indanonel and acrylonitrile
gave dinitrile 32, m.p. 124-124.5°,which was aonverted.(HCl/CHSOH) to the corresponding diester 42,
m.Pe« 111-112°. Dpieckmann eyclization (NaOCHglbenzene) followed by decarbomethoxylation3 (NaCl,
H,0, DMSO, 165°) produced diketone 5°, m.p. 127-128.5°. The latter, with CH40H, HC(OCH,),, and
3280& gave moncketal 6, an oil, which was reduced (LiAlH&) te hydroxyketal 72, m.p. 73.5-75°,
This product was prone to carbon skeleton rearrangement under acidic conditions but treatment
with pieric acid in a water-chloroform medium accomplished deketalization and gave 82, m.p.
114-115°,

+This paper 1s dedicated to the memory of Professor Robert Burns Woodward.
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Hydroxyketone 8 (S 2) was found to undergo rapid incorporation of carban—boundﬁ deuterium
when dissolved in Cﬁaﬂn in the presence of Et3N as catalyst. Deuterium incorporation was
followed by mass spectrometry and extensive kinetic studies of deuterium uptake were performed
at 30.0t0.1o with Et3N copcentrations wvarying from 5 x 10'-4 M to 10-2 M. Excellent pseudo-—
first order kinetics were obtained in all cases.s For the present purposes, the most signif-
icant finding was that the first carbon-bound deuterium was incorporated 35 times faster than
the second deuterium after statistical correction. (The second deuterium was iIncorporated some-
what faster than for an alaxiallhydrogen of 4-t-butyl-cyclohexanone under the same conditions.}
On the basis of these results, we were able to determine the optimum experimental conditions
for a preparative experiment which would furnish a sample with maximum d1 —content for spectral
analysis. The deuteration of 2 was performed for 18 hr. at 30° in CK3GD containing Et3N at
0.001 M concentration. The product consisted of 23% do, TO% dl’ and 7% d2 species. In order
to determine the location of the deuterium substIitueatin the predominant d1 species it was
first necessary to analyze the proton nmr spectrum of the parent hydroxyketone 2.

In GDC13 solution, the cyclohexanone ring protons of 2 are not individually distinguish-
able but are represented by a complex of overlapping multiplets between & L.5 and § 3.0.
However, the addition of a lanthanide shift reagent (LSR), Eu {fod)a, in small increments led
to a series of shifted spectra in which most of the protons were individually visible. These
spectra provided chemical shift data which, when extrapolated teo zero LSR concentration, gave

unshifted resonance positions (& } for the various protons, This information, along with

cDCY
the observed splitting patterns, led to the identification of all non-aromatic protons. Chem-

ical shifts for the four a~protons of 2 are given in Table 1. Paramagnetic induced shift

8 ’ix

CDOC1 ~AEu
3 Iaxialled
3{axiall 2.74 15.6
3[equat.} 2.41 11.4
5[axiall] 2.58 12.6
5{equat.]  2.37 10.4
6.0 5.0 4.0 3.0 ™
Table 1 Figure 1. WMR spectrum of 2 in CDC1l, with

3
0.16 molar ratic of Eu(fod)3
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value36 (AEu) were also calculated from the shifted spectra and are likewise recorded in Table 1.
Note that the 3[axial] and 5{axial] protons may be distinguished from one another since the former
should have its unshifted resonance at lower field and also should possess a AEu of higher
magnitude, in both cases due to its proximity to the OH group.s’? A spectrum of 2 in CDC]_3
centaining 0.16 mole ratio of Eu(fod)3 presents the 3[axial] proton as a symmetrical triplet of
doublets centered at § 5.20 and nearly free of overlap with adjacent resonances {Fig. 1). In the
spectrum of the above deuteration product, measured under identical conditions, this multiplet is
reduced to 0.2H intensity; the major deuteration product is, therefore, assigned the 3[axiazl]
structure 14. We suggestB that the formation of 14 occurs wvia the oxanion 10 which acts as an
internal base, removing the nearbyg 3laxial] proton to give the enolate anion 1l. Rapid exchange
of the hydroxyl proton with the deuterated solvent leads to 12 which, by intramolecular deuteration
of the enolate anion, gives 13 and then 1l4. Note that 12 -+ 13 is the microscopic reverse of

10 -+ 11 except for the D in place of H., Thus, the configuration of the deuterium substituent in
14 ghould be identical with that of the hydrogen removed from 2. This seems to be the first

case in which intramolecular catalysis of enolization results in stereochemical selectivity.

O
2
CH,0D g gﬂ : l{
—-3—3/‘} — 2,
..g\r.,,\ o
12 14

Parallel deuteration studies conducted with the bis-nor keto-alcohol 910 revealed no
special effects attributable to the hydroxyl substituent. This result is not surprising since
the stable conformation of 9 is presumably not analogous to 2 but is the alternative chair form

in which the OH is far removed from the a-methylene hydrogens.
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