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OPTICAL ROTATORY DISPERSION STUDIES CXI.*
THE OCTANT RULE AND EQUATORIAL ALKOXYCARBONYL AND CARBOXYL GROUPS.
SYNTHESIS OF OPTICALLY ACTIVE ADAMANTANONES
W. Scott Briggs, Milos Euch§** and Carl Djerassi

Department of Chemistry, Stanford University, Stanford, California
(Received in USA 13 November 1967)

The original tenets of the octant rule (1) state that equatorial substituents adjacent
to the cvarbonyl group in an opticaily active cyciohexanone make no significant contribution
tov the Cuttion effevti. fFor gualitative purposes (2} this assumption has proved to be sufficient,
tut more accurate studies (§{ Gave radicdted that a measuvadle raotatory cantrisution s wade
ty an equatorial a-sudstituent (e.g. methyi{ presumahly fecause the equatarial graug ifles very
near but not exactly in the horizontal symmetry plane of the carbonyl chromophore. The extent
of this contribution has as yet not been determined accurately, principally because all opti-
cally acTaive mobel cycionexanones wnicn nave so Tar ‘peeh examineh were subpdecIT IO rang Con-
faormgtianal adaliity {3v. The gaorqariete madel stauid te & strata-foee croiguexsrane. LRegd-
Zpie of conformationdl Tang WiIsToYTion, and ine abovaniane SETIES 18 Adeaily suited Tor Tnis
purpose. ‘We Snoula now LTke TO report the syntnesis ot an opTlcdlly pure, &-supsTITuted
ahamantancsﬁ?**, Wnicn Sneds some 1AFNT oOh TRis guestion.

Exposure of dimethyl adamantane-2,6-dione-1,5-dicarboxylate (I, (+,5) to one equivalent

©f etTnane 4iTnio) 1In Denzene sOlVTIon in ‘The presence of Doron Tririvoride eInerate aiforded

For paper CX see J. Goré, C. Djerassi and J.~M. Conia, Bull. Soc. Chim. France, 950 (1957).
Visiting investigator (1965-1966) from Czechoslovak Academy of Sciences, Prague.

Dr. G. Snatzke of the University of Bonn has informed us that similar work with B-substitut-
ed adamantanones is currently under way in his laboratory (see also G. Snatz<e and D.
Marquarding, Chem. Ber., 100, 1710 (1967)). This should provide valuable quantitative
information on the rotatory contribution of equatorial and axial B-substituents in cyclio-
hexanone.
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the mono-thioketal II* (m.p. 130-131°) accompanied by small amounts of the bis-thioketal III
(m.p. 214-215°) and unchanged starting material. Desulfurization of II in ethanol solution
with Raney nickel catalyst (prepared by addition of W. R. Grace and Co., No. 2813 catalyst
powder to 10% aqueous potassium hydroxide solution at steam bath temperature) resulted in
simultaneous reduction of the carbonyl group to yield dimethyl adamantan-2-ol-l,5-dicarboxylate
(IV) (m.p. 68-69°), which was oxidized with 8N Jones reagent (6) at 25° to yield the correspond-
ing keto-diester (V) (m.p. 84-85°). Subsequent saponification of V gave the free keto-
dicarboxylic .acid (VI) (m.p. 223-224°).

Resolution of acid VI was accomplished through the di-dehydroabietylamine salt (7) (m.p.
of racemic material 163-167°), which was fractionally crystallized from aqueous methanol and
acetone to constant m.p. (176-180°) and maximum CD molecular ellipticity of the resulting acid
(as determined in 2% aqueous sodium hydroxide solution). The optically active (-)-antipode of
VI obtained by decomposition of the head fraction salt from the above recrystallization had

m.p. 211-21and CD [g] + 248 £ 15 (c, 0.144 in 2% aqueous sodium hydroxide). Reformation

293
of the salt and additional recrystallization from acetone gave, after cleavage, (-)-keto-diacid
VI having CD [6]293 + 260t 26 (c, 0.0375 in 2% aqueous sodium hydroxide).

The tail fraction from the above recrystallization yielded, upon cleavage, the optically-

impure (+)-antipode of VI [m.p. 214-215°, CD [61] - 128 t 12 (¢, 0.101 in 2% aqueous sodium

293
hydroxide)]. This acid was treated with one equivalent of quinine in acetone solution, and
the resulting salt recrystallized three times from acetone, then reconverted to the acid [m.p.

208-210°, CcD [6] - 260t 16 (¢, 0.159 in 2% aqueous sodium hydroxide)l. The molecular

293
ellipticity of this latter acid was not changed upon additional recrystallization of the
quinine salt from acetone.

Treatment of portions of the (-)-antipode of acid VI (96-98% optical purity) in methanol
solution at 0° with diazomethane and diazobutane led to dimethyl adamantan-2-one-1,5-dicarboxy-
late (V) (m.p. 108-109°) and di-n-butyl adamantan-2-one-1,5-dicarboxylate (VII) (oil bath

distilled at 230-235°/5 mm.), respectively. Both optically active keto-diesters were purified

by vapor phase chromatography prior to instrumental examination.

3
All substances in this communication gave correct elementary analyses and/or mass spec-
trometrically determined molecular weight values and were homogeneous by thin layer and/
or vapor phase chromatography.
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Optical rotatory dispersion and circular dichroism measurements were performed with a
JASCO Model ORD/UV 5 spectropolarimeter fitted with circular dichroism attachment and demon-
strated the occurrence of very weak Cotton effects and associated CD maxima. Thus the keto
dimethyl ester V exhibited Cotton effect extrema (in methanol solution) of [“310 - 115° and
{¢]275 + 213° corresponding to the extremely low molecular amplitude value* of a = -3.28.
Measurements were performed in three solvents of differing polarity (methanol, dioxane and
acetonitrile), and the results for the dimethyl and dibutyl esters (V and VII) as well as for
the dicarboxylic acid VI are summarized in Table 1. As the rotatory dispersion curves of
optically active keto-diacid VI and keto-diesters V and VII are apparently affected by moderate-
ly strong plain background curves, more meaningful information regarding quantitative sub-
stituent contributions may be derived from consideration of the molecular ellipticity maxima
of the related circular dichroism curves where such effects are absent. Hence, the results
cited in Table 1 are reported in terms of this parameter. Of particular interest is the obser-
vation that the negative Cotton effect (and associated CD maximum) of the keto dicarboxylic
acid VI in the three organic solvents is inverted in sign in sodium hydroxide solution. Pre-
sumably, this is due to restricted rotation of the carboxylate group around C-l1 caused by

electrostatic repulsion, which favors a rotamer with a positive rotatory contribution.

¥ The molecular amplitude (a) is defined in ref. (2) as the difference between the molecular
rotation at the extremum of longer wavelength {[¢], minus the molecular rotation at the
extremum of shorter wavelength [¢]2 divided by 10U for convenience: a = ([¢]l - [¢]2)/100.
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In summary, it may be stated that the present study demonstrates that the adamantanone
system is ideally suited for establishing quantitatively the octant contributions of various
substituents in the undisturbed chair form of cyclohexanone and that an equatorial alkoxy-
carbonyl or carboxyl group makes only a very small rotatory contribution in accordance with
the earlier qualitative assumptions of the octant rule (1).
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circular dichroism measurements and to the National Science Foundation (grant No. GP-7432)
and the National Institgtes of Health (grant No. CA-07195) for financial assistance.
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