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Abstract—The magnetic CD spectra of a number of Me substituted trans-2-decalones and bicyclo

119

Joctan-2-

ones were measured. The results showed a large. and sometimes dominant. contribution to the MCD intensity
which could be correlated with the presence of a-substituents lying outside of the plane of the carbonyl

chromophore.

The magnetic circular dichroism (MCD) spectra of
saturated ketones have been the subject of considerable
interest.” ' Earlier work correlated the structures of a
large number of saturated ketones with the B-values
obtained from the MCD spectra for their n—n*
transitions.” In arriving at these correlations one utilized
the fact that the MCD spectrum for the electric dipole
forbidden n — =* transition of a saturated ketone is z¢ro
except in the presence of vibrational or structural
perturbations that are nontotally symmetric as regards
the local ., symmetry of the carbonyl chromophore. In
order to clanfy the correlations and further test the
procedures involved. it was desirable to obtain a series
of closely related compounds in which vibrational
variations and conformational ambiguitics would be
minimized. In  frans-2-decalone (1), the trans ring
juncture prevents cither of the two 6-membered rings
from flipping from one chair conformation to the other;
calculations and clectron diffraction studies™ indicate
that the major species 18 in the chair<chair con-

formationally unambiguous compound since the two-
carbon bridge across the 6-membered rimg locks it into a
boat conformation. Therefore, we have synthesized a
series of methyl substituted trans-2-decalones and bicy-
clo{2.2.2Joctan-2-ones, measured their MCD spectra, and
subjected the data to the correlative analysis presented
carlier.”

“Taken in part from the Ph.ID Thesis of Kent Mornll, to be
submitted to Stanford University.

tAAUW Postdoctoral Fellow 1971-72.

§Force field calculations for the 1- and 3-axial Me substituted
trans-2-decalones indicated an encrgy difference between the
chair and boat conformations, for the ring contaiming the (O, of
ca 6kcallmole * A< a referee has pointed out, recent ab initio
calculations™ indicate o corresponding energy difference of 292
and 0.69kcal/mole for the 1- and l-axial methyl compounds.
respectively. Thus the chair—chair conformer 1s assumed to be the
more populated one 1n each case (> 997 for (8), and > 5% for
6}

9%0°

RESULTS AND DiSCUSSION
The MCD and UV data for the ketones studied are
summarized in Table 1. The B-values for the methyl

ones may be compared to the B-values for the parent
compounds of the two respective series in the manner
previously described.’ and which is illustrated in Fig. 1.
The perturbing atoms, i.¢. those which are not part of the
CO chromophore, are projected onto quadrant diagrams.
The total structural perturabtion is thereby decomposed
into its various components, each of which transforms as
a different nontotally symmetric representation of the
(.. point group. Each such component, if nonzero, has
associated with it a signed partial B-value. and the
pertinent signs here are:

B(A))>0. B(B,)>0. B(B:)<0.

The totally symmetric component B(A,) 1s neglected
since only an overall nontotally symmetric perturbation

Fig. 1. Symmetry operations and projection diagrams for
saturated ketones. A perturber (solid circle) constitutes an atom
which, for a given irreducible representation, does not fall on
nodal plane and 1s not cancelled by a contribution of equal and
opposile magnitude from another atom. (The sign of the net
effect of all perturbing atoms for a given irreducible represen-
tation 1s determined from the inequalities given in the text since
the phases given in the projection diagrams are arbitrary )
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Table 1. MCD and absorption data® for trans-2-decalones and bicyclo[2.2.2]octan-2-ones

Absorption® Din - 2°) MCD* B(n-»=z®)
Compound Aail@) x 10° Aeel[8]. ¢ 10Y) x 10" Pred (obsy
1 trans-2-Decalone 288(16) 23 T(-7) 289
2 l(eq)-Mcthyl-trans- 295(16) 28 307(4) 83 -t )
d-decalone* 7%=
3 Heq)-Methyl-trans- 294200 2R 289 - 9) 47 s(1)
d-decalone
4 1(eq).Meq)-Dimethyl- 292(23) 31 20 6) 72 ~(=)
trans-2-decalone
s Hax)-Mcthyl-trans- 2972 34 3136) 0% ()
Jdecalone 27A-4)
6 Max)-Methyl-trans- 297(21) 32 300(18) -46.5 (=)
2-decalone s260(- 2)
7 L1-Dimethyl-trans- 296(20) 3.0 300(11) 28.0 - ()
d-decalone 2550 )
8 1.1.}cq)- Tnmethyl- 295(28) 41 7(9) ~120 -0
trans-2-decalone 268 )
9 8.8.10-Tnmethyl- 287(16) 24 288(- 11) N8 (=)
trans-2-decalone®
10 Stcq).10-Dimethyl- J8S(18) 28 28U -6) 23 )
trans-2-decalone’
11 5.5 %ax )} Tnmethyl- 290(17) 26 2900 6) 30.2 =)
trans-2-decalone®
12 Bicych[2.2 2octan- 29729 36 285(- 18) 26
2.one
13 1-Methvl-bicyclo- 2922h 38 28— 15) 734 (=)
[2.2.2}octan-2-one
14 1-Mecthyl-bicyc¢lo- 298(23) 34 290(-- 16) 658 +(-)
[2.2.2}octan-2-one
15 3.3-Dimethyl-bicyclo- 293(14) 28 30044) -99 =)
2.2 2loctan-2-onc 2600-2)
16 4-Methyl-bicyclo- 296(23) 3s 283-12) 468 200)
[2.2.2)octan-2-0ne
17 Stendo)-Methyl-bicyclo- 295(24) 42 306(6) 704 (=)
[2.2.2}octan-2-onc 260(- 24)
18  6{endo}-Methyl-bicyclo- 295(24) 37 97(-21) 86.0 - (+)
[2.2.2]octan-2-one
*Spectrograde cyclohexane.
*Wavclength in nm: molar extinction coefficient in 1000 cm’ mol .
* Dipole strength in (debye)’.
“Magnetic molar ellipticity in degcm’dmol ' G . s = shoulder.
“B-value in units of (debye)’ bohr magneton/em
Predicted (observed) change (AB(n -+ 7*)] in Bin — #°*) relative to the parent compound for the
series.

*See ref. 13

*G. Ohloff. F. Naf, R. Decorzant, W. Thommen and E. Sundt, Helr. Chim. Acta $6. 1414 (1973).
‘E. Piers and M B. Geraghty. Can. J. Chem. 81, 2166 (1973)

can induce MCD intensity. Further, these partial B-
values are additive:”

B(n— 7% = B(A,) ~ B(B)

+ B(B.) (structural perturbation).
Thus one is able to estimate the sign of the difference in
B(n - w*)values, AB(n — n*), between a compound and
a reference parent compound by noting the differences in
the contributions of their partial B-values from the
projection diagrams.

The projection diagrams for several of the ketones
studied are illustrated in Figs. 2 and 3: predicted and
observed signs for AB(n — #*) are given there also. The
results for the entire series of compounds are listed in
Table 1.

In the case of the trans-2-decalones, the bulk of the
predicted and observed signs of AB(n—#*) arc in
agreement. However. there is one especially notable
exception. The compound 3(ax)-methyl-trans-2-decalone

(6). exhibits a change in B-value of appreciable magnitude
tis-@-vis (1), and of sign opposite to that predicted.
Similarly, four of the bicyclo[2.2.2]octan-2-ones show
changes in the B-values which clearly disagree with the
predicted results. In addition, the differences between the
B-values for 3.3-dimethyl-bicyclo[2.2.2]octan-2-one (15)
and those of the other bicyclo(2.2.2Joctan-2-ones are far
larger than would be predicted if they arose simply from
the same type of static structural perturbations assumed to
be the cause of the vanations in B-values among the other
bicyclo(2.2.2)octan-2-ones.

The discrepancies just noted have forced us to
recxamine the basis of our analysis, and we recognize
now the potential importance of an effect associated with
the totally symmetric structural perturbations previously
neglected. As noted above, a totally symmetric structural
perturbation cannot per se provide any MCD intensity.
However, a totally symmetric structural perturbation can
exert a marked synergistic, or antienergistic, effect on the
MCD intensity associated with nontotally symmetric
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Fig. 2. Projection diagrams for the frans-2-decalones. The
reference compound for AB(n— =) is 1
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Fig. 3. Projection diagrams for the bicyclo[2.2.2joctan-2-ones.
The reference compound for 3B(n— 7°) 1s 12. Note that an
unusual degree of cancellation exists in the B, partial B-value
diagrams, leading 1n certain cases to ambiguity in the predictions.

vibrational perturbations. The mechanism for the syner-
gistic cffect operates by altering the efficacy of the
vibronic coupling through which a forbidden transition
borrows MCD intensity.

The details of these cooperative vibrational-structural
effects are claborated in separate publications.” We note
here only that such effects are dependent upon the
relative stereochemistry of the perturbing atoms vis-a-vis
the CO group, and that the stereochemistry of out-of-
plane a-substituents 1s particularly conducive to them.
This 1s already manifest in some of the raw MCD data.

For example, among the decalones, the MCD curves for
6 and 7 (Fig. 4) exhibit very prominent posiive MCD
components that are absent in 1, 3 and 4 where there are
no out-of -plane a-alkyl substituents. Of course, the static
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Fig. 4. Representative MCD spectra of methyl-substituted trans-
J-decalones and the parent compound. The vertical bar indicates
the cxperimental noise level.

structural perturbations are always operative, and these
may contribute to the MCD intensity in a direction
opposite to that of the a-alkyl effect noted. In such
instances. manifestation of the out-of-plane a-alkyl effect
in the raw data may tend to be obscured. For example, the
positive component in the MCD curves is less prominent
in 18 (Fig. §) than in 6 or 7. and is overridden in 14 by

Fig. S. Representative MCI) spectra of methyl-substituted bicy-
clo[2.2.2}octan-2-ones and the parent compound. The vertical bar
indicates the expenimental noise level.
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strong BtA,) and B(B,). and diminished B(B,) static
contributions (see projection diagrams). Thus although
the raw data are at times instructive, a more informative
structural interpretation is provided by analysis of the
8-values, Such analyses® must take into account both
static structural and vibrational-structural effects.

EXPERIMENTAL

The magnetic circular dichrometer and cxpenmental procedure
have been described elsewhere.” * The sources of the compounds
which were not synthesized in these laboratories are listed in
Table 1. The NMR specira were measured on a Vanan T-60 NMR
spectrometer using CClL as the solvent.

Because the MCUD is weak for saturated ketones, it was
necessary to monitor all of the compounds——synthesized or
donated—for the presence of impurities, some of which
dominated the MCD spectra at very small concentrations (e.g. as
httle as 0.1% of an a.8-unsaturated ketone). This was done by
examining the GLC traces and UV spectra of the samples as well
as the MCE spectra themselves. When necessary, the compounds
were purified as much as possible using GLC and high pressure
hgquid chromatography (HPL.Ch Even with these precautions,
however, sufficient impuritics remained to prevent the negative
hands in the high frequency regions of many of the MCD spectra
from returning (o the bascline {Figs. 4 und $). In these cases, the
curves were extrapolated o the baseline <o that they could be
tergrated and the 8-values determined.

Max) - Methvl- 6) and Meg) - methyl - trans - ) - decalone
13y Trans-3-octalin was prepared from quinone and i 3-butadiene
according to the method of Mion ef al” with «light alterations in
the conditions of the Diels—Alder reaction'™ and in the separation
of the cis and trans isomers:'' NMR 8 5.6 (unresolved narrow
vinvlic muluplet). The octalin was reacted in chloroform with
meta-chloroperbenzoic acid n the usual manner 1o form the
cpoxide. The reaction was followed using NMR by the
disappearance of the vinylic protons of the octalin and the
appearance of a new peak at 30 ppm. The epoxide was treated
under nitrogen with Mel.i in refluxing hexane to form the aleohol
Oxidation of the alcoho! using chromic acid in acetic acid” gave
the desired Maxymethyl-trans-2-decalone (61 NMR & 118 (d.
J= 6 5Ha) reported® 1.21d. J - 6.3Hz). The equatorial isomer 3
was produced by epimerization of the axial somer & in methanolc
KOH as described by Mion 7 ¢l " NMR S 097 (d. J =60 H
reported " 10, I~ 638Hz

Hax)- Methvi-trans.Y-decalone (81 Compound 17 was epi
merized to a 50:50 mixture of the axial and equatorial isomers
via the pyrrolidine cnamine intermediate (not isolated) by
refluxing with pyrrolidine in xylene over 3 A molecular sieves for
one day. The two isomers were separated using HPLC: NMR &
103 ¢d. =65 Ha) reported” 103 (d. J ~ 6.5 Ha)

Heg).Yeg)-Dimethyl-trans-2-decalone (4). Methyl bopropenyl
ketone and the pyrrolidine enamine of cyclohexanone were
reacted in the manner described by Stork ¢ @i’ to produce
L.methyl-A' " 2octalone (M™ mie 168 which was reductively
alkylated using Mel and K in liquid ammonia' to give 4 as the
major product: M” mie 180; NMR 5 0.92 (two overlapping Me
doublets, J-6Hz). (Found: C. 8014, H, 11.06. Cak. for
CoHGO G, 7994, H, 11L18%)

L1-Dimethsl- (7) and 1.1 eg)-irimethyl-ttans-2-decalone {83
1-Methyl-8’ "2octalone was synthesized and reductively k-
ylated using K and Mel in liquid ammonia and THF as described
by Stork et al'*'' The resultant oily liqud obtained on
hulb-to-bulb distillation contained two components which were
separable using HPLC. One component proved to be 7: M* mie
180; NMR 3 1.00 {s}; reported" 0.99 (s). The second component
had a masy pectral molecular ion of mie 194, mdicating the
presence of an additional Me group. A large NMR singlet (8 0.99)
and an overlapping doublet {8 0.97) indicated the presence of a
gem-dimethyl and an equatorial Me group, Of the two pos-
sbilities,  1.1.Meqptrimethyl-trans-2-decalonc  and  3.3.Heqh
trimethyl-trans-2-decalone. the former is the only one which
could result from the reductive methylation of l-methyld™™
octan-2-one. Evidently. a base catalyzed methylation producing

the additional 3-Me subsutuent took place during the work-up of
the reaction mixture. (Found: C, 80.2t; H. 11.08. Calc. for
CaH,;0: CL 8035, H, 11.41%).

Bicvelo[2.22Joctan-2one (11" Bicyclof2 2. 2oct-2-en-Swl
was prepared as described by Goering ef af.™ followed by
catalytic reduction and Jones oxidation” NMR 8 1.72 5, BH1L 220
is, 2Hr

3 Methvi-bicyclo[2.2 Noctan-2-one {18} was prepared ac-
cording to the method described by Tichy e al:” M™ mie 138,
NMR S 110 J~6Hn.

3.3 Demethyl-bicyclo|2.2.2Joctan-2-one (15)"* was synthesized
from 14 via a bas¢ catalyzed methylation using Mel and intyl
lithim: M mie 152 NMR § 1.07 {5).

S-endo- (1T and  G-endo-Methyi-bicyclo]2.2 Yoctan-2-one
{183. These compounds were prepared by the method of Tichy of
ai*® Both compounds had mass spectral molecular won peaks at
mie 138. The distinctive peaks 1n their NMR spectra were:
S.endo-Mc isomer, § 0.99 (d. J - 6 H2): 6-¢ndo-Me isomer. 5 0.93
(d. -6 H2.

V-Methyl- (13) and $-methyi-bicyclof2 2 Qloctan-2-one {186}
The hthium reduction of toluene in liquid ammonn™ gave
f-methyl-1d-cyclohexadiene. The unconjugated dwene  was
equilibriated by refusing overnight with 1-BuOH and - BuOK™
to give a colorless liquid which on distidlation had an odor
resembling that of 1 3-cyclohexadiene. This liquid was placed in
a flask and successive small amounts of maleic anhydnde added.
An NMR spectrum of the crude adduct displayed a sharp singlet
at 1.34ppm. The material from the Deels-Alder reaction was
hydrogenated in THF using 102 PA/C until H, uptake ceased.
The NMR spectrum of the hydrogenation product contained a
sharp singlet at 112 ppm and a very small doublet centered at
098 ppm. The hydrogenation product was placed with 12 equiv
KHCO, in water and left on a steam bath for several hr. The
residuc, after removal of the water. was bis-decarboxylated using
lead tetraacctule in pyridine:™ NMR 8 L1 ts). 61 (m)
Hydroboration yielded an sicohol which was oxidized by sodium
dichromate in a mixture of H,80,, water and ether. After several
hours, the soln was exiracted with ether o give a ketone mixture,
The components of the mixture were separated by GLC
tdiethylenc-glycol-adipate cross-linked on Chromosorb W) ante
two fractions. The first fraction proved to be 130 M™ mie 138,
NMR 8§ 083 (s, 3H). 163 ts, 8H 2.17 (s, 2H); reported”™ 082 s,
3H), 162 {s, 8H) 217 (s, 2H) The second fraction was 167
Mo mie 138, NMR 8 0.93 15, 3H1, 199 (s, 2H), 2.13 (m, 1Hy
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