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CIRCULAR DICHROISM OF OLEFINS—IVt

A SEMIQUANTITATIVE PREDICTION OF THE INTENSITY
OF THE COTTON EFFECT OF ALLYL ALCOHOLS AND ETHERS
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Abstract—A semi quantitative prediction of the inteasity of the Cotton effect of a few ally! alcobols and ethers in
the steroid and diterpene series has beea derived. It reties on a calculation of the weight of the various

conformations and on the allylic boad polarization model.

L INTRODUCTION

No thorough theoretical understanding of the electroaic
spectrum of mono-olefins has been reputed, although a
uwdalofworkhubeeadevo(edlothesub)ect. Asa

nce, prediction of the sign of the Cotton effect
mocmed vnh the allowed electronic transitions of
chiral olefins relies on empirical rules only.? Among
these, the reversed octant rule of Scott and Wrixon
(S.W. rule)’ seems to be fairly reliable, as far as the low
frequency transitions (A, band) is concerned. However
there are still some discrepancies. More recently it has
been shown that allylic bonds play a very important role
in the CD of a vaniety of olefinic compounds. As
suggested by Andersen’ in the so-called allylic bond
polarization (ABP) model, the Cotton effect due to
the A, transition should be dominated by the contribution
of the polarizable allylic bonds (Fig. 1). In order to test
the validity of this model some allylic ethers in diterpenes
series (1,2,3) as well as allylic alcohols in the steroid
series (4, 5) have been studied (Fig. 2). While it was
necessary to investigate the stability of the various
conformations of these flexible molecules, this could be
achieved by using the “force-field” model. Eventually it
led to a rough estimate of the Ae,., for the Cotton effect
associated with the A, transition.
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Fig 2.

1 RESULTS AND DESCUSERON

Manoyl oxide 1, Il-epunmoylonde 2 and 8 ept-
manoyloxide 3 are naturally occurring compounds.
Preparation of I7a-vmylmdroumc 170l 4 is straight-
forward. Synthesis of its epimer 5 has been carried out
according to the following Scheme: (Fig. 3) formyl-
olefination of androstane 17-0ne gives the E-unsaturated
aldehyde 6’ which was treated with H,0, under weakly
basic conditions.® The resulting a.8-epoxyaldehyde 7
was then submitted to a Wolfl-Kishner reduction’
leading to the expected 17a-akobol.

The coergy of a conformer of compounds 1 to § was
then calculated as a function of the dihedral angle ¢
counted anticlockwise in the oriented coordinate system
indicated on Fig. 4. For each of these five substances,
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sevenal (two in general) conformations of nearly equal
energy have been found (Fig. 5). The relative weight of
these conformations was cakulated by using Boitz-
mann's law.

On the basis of the ABP model™ the sign of the Cotton
effect could correctly be predicted, as well as the order of
magnitude of its intensity.

The contribution of an X group bonded to the allylic
carbon depends on the angle ¢ and the nature of X. If X
is oxygen, the contribution to the Cotton effect is
positive whea X lies above the xCy plane. The opposite
sign is found for alkyl groups (Fig. 4). In both cases, this
contribution 5(X, ¢) vanishes when ¢ =0 or » and is
maximum for ¢ = #/2 or 3wf2.

Since it is a periodic function of ¢, an approximation of
n(X, é) might be of the form:+

(X, $) =9, sind

with nox >0, May <0 and |nox| > |Heay!-

1This type of approximation is curreatly wsed for the rotation
barrier of simple compounds (¢.g. ethane).

14\ is the dibedral angle between the sodal plane of the double
bood and the plane costaining the X growp with the largest
atomic mumber.
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If, on the other hand, the coatribution of two groups
bonded to the same allylic carbon can be considered as
additive, then in a given conformationt

Ag = ny 5in ¢y + Nuay(sin (é +2973) + sin () +4973)]
or

B¢ = (e~ Neay) 5iD

Finally, if p, is the weight of the corresponding
conformation, the calculated Ae... value for the Cotton
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Table 1.
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effect should be:
A«-zp,u-(n.—m)zp,am

Our results (Table 1) show that there is a linear
relationship (Fig. 6) between the observed A¢a. and the
ula:hled?p,sinﬁ

EXPERIMENTAL

Usless otherwise stated, all m.ps were measured oa a Kofler
hot-stage apparatus and are uncorrected. IR spectra were taken
in CCl, with a Perkin-Elmer 257 spectropbotometer and NMR
spectra ia CDCl, sola with a Jeol C 60 H spectrometer using TMS
as imterual standard. CD curves were messured i n-bexane at
25° with 2 Roussel-Joman CD 18S dichrograph i 2 | e cell.

178-Hydroxy-17a-viyl-Sa-androstane 4 was sycthesized by
lit methods™® with physical coastants ia good agreement with
those recorded, m.p. 120°-123 from MeOH, (Found: C, 83.30; H,
11.31; C,H,0 requires: C, 83.38; H, 11.31%); »... 3610, 3080,
1645, 1415 and 920cm™". § 6.1 (s, 1H, -CH=C-), 5.2 (m, 2H,
C=CH,), 08 (s, 18-CH,) and 0.9 (s, 19CH,). (a)o+ 2%(c 0.64
CHCL,).

Sa-Pregu-trans-17-en-21-al 6. To a suspeasion of NaH (1g of
Moidupamon)mﬂydm?mmmwlwho(
diethyl 2-cyclobexyliminoethylphosphosate (6g) in anhyd THF
(40 mi) with stisring and ice cooling wader an argoa atmosphere
while the mixture was stirred for 1S min. A soln of 17-keto-5a-
androstase (2g) in anhyd THF was then added and the mixture
was stirred at room temp. overnight. The reaction was followed
by TLC. The mixture was poured imto ice-water and extracted
with cther. The extracts were washed with a sat NaClag, dried
and evaporated in vecwo to give the crude aldimine.

The crude aldimine was dissolved in beazene (75 mi). The sola
was mixed with 1% oxalic acid sols (200 mi) and stirved overnight
at room temp. Working wp in the usual way gave a crude
af-oasatursted aldehyde which was puriied by silica-gel
column chromatography (Eletion: petroleum cther-diethy! ether
2:1) to give 183 (82%) m.p. 148-151° (from etber) tit? 150-152°.
(Found: C, 83.65; H, 10.80. C,,H,, requires: C, 83.25; H, 10.75%);
Vasa 2722, 1680 and 1620cm™' § 081 and 085 (23, 18 and
19-CH,), 5.7 (d, ] = 8 Hz, C=CH-CHO), 98 (d, ] = § Hz, -CHO).

17€20-¢poxy-Sa-pregn-21-el 7. To a stived mixture of
30% H,0, (S ml), IN NaOH (0.5 ml) and MecOH (15 mi) at 40-50°
was added dropwise a soin of 6 (05g) in EtOH (10mi) and
beazeae (3 mi). The mixture was stirred for 2 he and the pH was

beld at 8.5-9.5 (as determined by indicator paper) by addition
from time to time of some drops of IN NaOH. The mixture was
then poured in water and extracted 3 times with chioroform. The
extracts were combined and washed with sat NaClaq, dried over
Na,SO, and cvaporsied in cacmo. The crede material was
dissotved in benzeoe and parified by fiitration oa Florisil column
to give s pare cristalline product, m.p. 110-112°. (Found: C,
.40, H, 1044, C,,H,,0, requires: C, 19.70; H, 10.19%); v,
1725 and 1250cm™' & 0.8 and 0.78 (23, 18 and 19-CH,) 3.2 (d,
J=6Hz —C\-C-H), 9.25 (d, J =6 Hz <CHO). [a)o = - 40 (c, 0.54

in CHCD).

17a-Hydroxy-178-vsinyl-Sa-androstane 8. To a stirred soln of
7 (300 mg) in MeOH (30 m)) under N, was added 96% hydrazine
bydrate (08g) in McOH (Smi) and AcOH (0.4ml) in MeOH
(4 ml). The mixture was stirred for 18 kr theo poured in water and
extracted with cther. Washing with water and drying oves
Na,S0,, provided a yeHow oil, which was passed in beazeae soln
through a colums of Florisi. The bemzese cluted material
(120 mg) was crystallized from MeOH to afford § as coloriess
poedles, m.p. 102-105°. (Found: C, 83.17; H, 11.3. C,,H,.0
requires: C, £3.38; H, 11.31%); »a.. 3610, 3080, 1640, 1415 and
920cm~' 8 0.69 and 0.90 (2s, 18 and 19-CH,), 5.2 (m, C=CH,) 6.0

o, -cu-c<). (alo= —41.6" (c. 0.09 in CHCDY).
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