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Rationalization of the Chiroptical Properties of the A*-3-Oxo-steroids

By R. N. Torry and J. Hupec*
(Department of Chemistry, The University, Southampton SO9 5NH)

Summary The signs of the two lowest energy Cotton
effects of the A%-3-oxo-steroids may be rationalized in
terms of the contributions of the pseudoaxial bonds on the
o’ and vy carbon atoms.

transoid-Bf’-DIsuBSTITUTED «,B-unsaturated ketones gener-
ally exhibit three optically active absorption bands between
200 and 350 nm, the lowest band being due to an # —>7*
transition (ca. 320—350 nm), and the others to 7 —>7*
transitions.'-® Recently the sign of the Cotton effect of the
highest energy band (200—220 nm) was correlated with the

equatorial hydrogen [R? in (XVI)—(XVII)] or change of
the axial substituent on C-10 [R!; Me — H — OH, (I)—
(III)] does not (Table) suggesting that the chirality of this
band is controlled solely by the y-fransoid substituent R?
and its relative orientation to the o’ axial hydrogen.

The effect of substitution of the axial hydrogen on C-6
[R?in (IV)—(XYV)] on the sign of the Cotton effect n — m*
transition; (320—350nm c.d. band) depends upon R?
(Table). Those substituents that change the sign of the
Cotton effect [Me in (VII), Clin (IV), Brin (V), Iin (XIV),
SAc in (XIII)] also induce strong quadrant behaviour in

C.d. and o.r.d. data for A%-3-oxosteroids

[6] x 102
L8 ~Ae )
n-—>n* 7> 7% 7 —> 7*
Compound R: R? R® (317—351 nm)  (225—252 nm)  (205—225 nm)
) Mes H H —38 +289 + 316!
(1) Ha H H —61 +260
(I1I) OH= H H —55 4223 +181
(v Mes  Cl H +25 —363
Mear Br H +171 —597 +3121
(VI) Ha Br H +26 —345 +-88!
(VII) Mes Me H +21 —148 +218
(VIID) Mes  OH H —18 —132 +484
(IX) Hs OH H —49 —170 +154
(X) Mes OAc H —43 — 96 +443
(XI) Hs OAc H —58 —115 +228
(XII) Hp Me H —%
(XIII) Meb SAc H +t
(XIV) Meb I H ++
(XV) MeD F H —
XVI) Mes H Br —35 4395 +-462!
XVII Mes H OAc —48 +123 +180
(XVIII) Mee H Me —1
(XIX) Med H F -1
(XX) Cle H H -t
{ Represents extremum.
+ From o.r.d. data.
a Ref. 3.

b Ref. 12, and references cited therein.
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chirality contribution of the «’ pseudoaxial bond,* and we
have rationalized® the existing rules for the chirality of the
#n —qr* transition.® The chirality of the medium energy
band (230—250 nm) has not so far been correlated with
molecular geometry. However, the signs of the Cotton
effects of both low energy bands vary with substitution?.®
and this variation has been attributed to conformational
changes in ring A;® this has recently been criticised on the
basis of n.m.r. evidence.”

We show that, with particular reference to A%-3-oxo-
steroids [(I)——(XX)], the chiralities of both low energy
bands vary in a predictable manner that is related to the
variation of the sign of the Cotton effect in o axially® or 8
equatorially® substituted cyclohexanones without postula-
tion of conformational changes in ring A.1°

Substitution of theaxial hydrogenon C-6 [R?in (IV)—(XI)]
changes the sign of the Cotton effect for the 7 — 7* transi-
tion (230—250 nm c.d. band) whereas substitution of the

axial® or B equatorial® substituted cyclohexanones but
those which do not change the sign [OH in (VIII), OAc in
(X), F in (XV)] induce only a very weak or antiquadrant
behaviour in such systems®3! The opposite effect is
evident at C-2.12

The change of R from Me to H in these A%-3-oxo systems
leads to a negative increment in molar ellipticity (A[6] ca.
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—28 x 10?) of the » — 7* band, independent of R? suggest-
ing that R! and R? are independently coupled to the enone
chromophore.

Sterically the 68 axial bond is correctly positioned for
efficient overlap with the 7 orbital of the enone systemt
whereas the 6a equatorial bond is not; substitution of the
6a equatorial hydrogen would not be expected to change the
sign of the # —o* Cotton effect [R® in (XVI)—(XIX)].

Study of the n.m.r. spectra of A#%-3-oxo-steroids has
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shown that whereas both axial protons at C-10 and C-6 are
coupled with the C-4 olefinic proton, coupling of the
equatorial proton at C-6 to the C-4 proton is negligible.1?
The transmission of spin information from axial allylic pro-
tons* and the transmission of chiral information may
depend on a similar efficient overlap with the 7 system and
o electron framework.
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t The Amax changes can also be rationalized [J. Hudec, Chem. Comm., 1970, 829, rules (i) and (ii)].
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