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The long srandmg problem of the optical activity of 
monoolefins has not been fully explored as far as the 
assignment of possible olefinic transitions and the relation 
of the observed Cotton effects to the olefin sterco- 

chemistry arc concerned. 
It is well known that the shape of the olcfinic CD 

spectrum does not necessarily follow the shape of the UV 

absorption curve and that thcrc is usually more than one 
Cotton effect within the region 22Sl85 nm. On the low 
frequency side of the electric dipole allowed n-a* 
transition Cotton effect (of which the maximum should 

coincide with the UV A,..) there is observed an electric 

dipole forbidden, magnetic dipole allowed CD band. 

MLIII~ referred IO a\ a n-3s Kydberg transition. In the 
vicinity of the 7-n. Cotton effect, but more to the blue 
side, there is observed another optically active transition, 
assigned as a ~-II.?-,,, or a-p, transition, which is not 

expected to contribute significantly to the isotropic 
absorption curve. At a higher frequency but still falling into 
a rather narrow energy span thcrc may be observed a 
a, p41-7r* transition Cotton &cl.’ 

The sign of the n-n* transition Cotton effect has been 

correlated with olefin stereochemistry on the basis of 
an olefin octant rule’ which assumes a planar ethylene 

chromophorc. In the case of a ground state twisted olefinic 
bond another approach is possible, in which the olcfin is 
treated as an inherently dissymmetric chromophore’ of D: 

symmetry. In the allylic bond polarization model‘ a 
dominant role in the n-r* Cotton effect is assigned to the 

rotatory contribution of the polarirable allylic bonds. The 
dynamic coupling of the olcfinic x-n* transition IO the 

allylic bond transitions is thought. according to the recent 
calculations, to play a dominant role in determining olcfin 
oplical aclivily.” 

I)espite the continuing interest in properties of strained 

molecules‘ and the large number of available experimental 
CD data. both in cyclic“ and acyclic” systems, only a 
limited number of strained oletins have been the subject of 
chiroptical studies. ThCSC include twisted 
ethylene derivative-rronscyclooctenc’ and 2bornany- 
lidene-bornanes,‘” the latter being formally viewed as the 
derivatives of 2.3.di-t-butyl-2-butene. As no chiroptical 
data arc available for crowded cyclohexene derivatives 
we were prompted IO synthesize a series of endocyclic 
olcfins including that wtth the degree of substitution 
equivalent to that in tri-t-butylcthylene,” one of the most 
strained oletins known so far. 
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We have chosen a series of olefins 1 and 2, derivatives 
of A’cholestcrte (la). with varying degree of substitution. 
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The 6-substituted olefins were accessible in a sequence 
of reactions in which the olefms Is and t were converted 
in a conventional manner into the corresponding So- 

cholcstan6ones 3 and 5. respectively. 
Addition of MeLi or t-BuLi to the ketones 3 and 5 was 

quantitative in each case, except for the reaction of 5 with 

t-Bu1.i in which some ketone remained unrcacted, 
cvidcnlly due to the severe strain in the reaction product 
and intermediate. 

In both ketones the o-side of the molecule is less 
hindered and the formation of 6&hydroxy derivatives 
should be favoured. Indeed, it has been reported that the 
addition of MeMgl to 3 yielded 6a-methylcholestan+ol 
in co. 7N yield.” while I-AH reduction of 5 afforded 

exclusively, 4.4.dimethylchole~tan+3-ol. ’ In our case 
PMR data Indicated the presence of 6a-hydroxy products. 

when the steric approach to the CO group was hindered on 
both the a- and g-side. For example, the ratio of b/3- and 
6a-alcohol as the products of t-Bu1.i addition to 3 was 
found to be 2: I. 

Tbionyl chloride-pyridine dehydration of the mixtures 
of epimeric carbinols from the atkyllithium addition 
afforded mixtures of olcfins, recognized by PMR spectra 
and separated by means of preparative TLC on silver 
nitrate impregnated silicagel. In the exceptional case of 
dehydration of the product of Me1.i addition to 3. the 
6&OH group was suitably disposed for cxclusivc 
formation of the A’-olcfin lb. In the 4,4dimethyl dcrivativc 
2b the ~-MC group contributes substantially to the strain 
due to the nearly eclipsing interaction with la-Me group. 
This strain is partly released in the isomeric exocyclic 
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oletin 6. the formation of which is indeed favoured. The 

A’-olefin 2b is converted into 6 by acid-catalyzed 
equilibration. Dehydration of the products of t-Bu1.i 
addition IO 3 and 5 afforded Ihc expected 6-I-MyI-A’- 

olefins Ic and Lc along with their AL”-isomers 4 and 7, 

respectively. The predominance of A’ulefins is un- 
derstandable, since the double bond is less hindered in 
them than in the A’-isomers. The identity of each olcfin was 

confirmed by means of P YR spectra Crablc I) as well as by 

MIS. 
The olefins studied here exhibit chiroptical properties 

that do not appear IO fall into the framework of any of the 

existing rules. We note that the bisignatc-type CD curves. 
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characteristic of the x-bond twisted olefins”are clearly not 
observed in the case of the highly substituted A’-olefins le. 
21 and 2e. for which the olcfinic torsion should be more 
feasible. Secondly, in no case except the 6-methylene 

olefin 6, could the lowest frequency Cotton effect be 
attributed IO the oletimc UV s-a* electric-dipole allowed 

transition flablc 2). 
The n-a* absorption maxima appear below 200 nm. at 

shorter wavelengths than the expected values for tri- and 

Ictra-substituted endocyclic olcfins” but generally in 
agreement with the values for corresponding Mc- 

substituted eIhylenes.‘Thcrc is a noticeable red shift in the 
l!V maximum position upon increasing substitution. 

Table I PMH dar;, for olcfim and related compounds (8) 

Comp No. 4.4-SIC: IOP_Mc 13&Mc Vmyhc proton\ or alkyls 

la - 1.00 0.6X c S(6.H) 
lb - 0.97 0.67 I.58 16.&l 
IC - 100 067 I 13(6lRU) 
za 1.08.1 IO I08 066 .(49(&H) 
2b I.20 1.04 0.67 I.75 (6.hk1 

Ic 1.S. I.35 I .oc 0.68 I.26 Ih.IBul 
4 - 0.V 0.6X 1.07 (6-W). 5 41 l7.H) 
6 1.03 082 064 4 9! IM’H,I 
1 105. I 37 0.93 0.613 I ?3 (6. IHu). 5.75 (7.H) 
I - I.18 0 69 <69(bH) 

9 - 1.06 O.?O 4.63.4.85 (WH:). C70 (6.Hl 
IO 1.14. I.19 I !3 0 70 5.8916-H) 

II I I! I.12 0.7 I 4.70.4.88 (7=CH,). 5 89 (6-H) 

Table ! CD and UV data 
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although in some cases the UV maximum could be 

observed merely as the shoulder on the still rising 

absorption curve (oletins la. lb. 2a and Zb). The intensity 

of the absorption does not vary significantly with 

substitution, whereas decrease of the n-n* transition 

energy and oscillator strength with an increase in the olefin 
;r-bond twist is predicted by the semiempirical 

calculations.’ The LX absorption curves of the I-Bu 
substituted oletins lc. 2~. 4 and 7 show a shoulder on the 
lower energy side. This shoulder corresponds to the lower 

energy CD maximum (Table 2). 
The n-n* Cotton effects in A’ulehns are consistently 

negative. their magnitude increasing with the increasing 

bulk of the 6-alkyl substituent. The olefin octant rule’ 

predicts a negative Cotton effect for Za and a positive one 

for la. On the other hand. qualitative consideration of the 

conformation of A’-olefins leads to the prediction of a 
positive oletinic torstonal angle, as depicted in Fig. I. 
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Fig. I Projcctlon of the A’alcfin tcwon lcxaggeratcd) as looked 

41 alon CM“ twnd. 

The sense of n-bond twist is thus the same as in 
I-/-R-rronscycll~tene and a negative rotatory strength 

would be expected for the z-n* transition.’ Small but 
positive olcfinic torsional angles arc displayed in the solid 

state by a number of unsubstituted steroidal A’-olcfins, as 

shown bv X-ray analysis. * 
The vinylic substituents (R = Me. I-Buj increase n- 

bond torsional angle and this is followed by the increase 
of the u-n* Cotton effect. The allylic substitution 
(R’ = Me) will open rhc C(6)_(‘(5K( 10)-C(9) torsional 

angle, thus reducing the olelinic C(IO)-CtSK(6W7) 
torsion. Again, this trend is seen in the reduced negative 

tr-# Cotton effects of 4.4dimcthylatcd olefins 2+2c. 
Additionally. the 4p-Ye group partially off sets the negative 

rotatory power contribution of the IO&Me group. 
The olefins lc. 2b and 2c are roughly the cyclic 

equivalents of the highly strained ethylene derivatives. 
namely 2.3-di-t-but~l-rrans-2-butene. I.I-dimethyl-2.2.di- 
t-butylcthylene and tri-t-butylethylcne. for which a-bond 

torsional angles 21.9”. 29.4” and 16.4’. respectively. were 

calculated.‘” In substituted cyclohcxenes the strain is 

lowered by the cyclic structure, in place of the C-H 

nonbonded interactions existing, for example, in cisdi-t- 
butylethylenc. On the other hand, rigid cyclic structure 
disfavours other ways of molecular strain release. i.e. bond 

stretching and bond angle distortion. Hence. the s-bond 
torsion in substituted A’-olctins cannot be neglected as the 

possible contribution IO the a-n* Cotton effect. 
The weak longer wavelength (217-223nm) Cotton 

effects in tetrasubstituted olcfins lb. lc. 2b and tC arc 
attributed to the ~3s Rydbcrp transition, as they fall in 
the expected energy span and correspond to at most weak 
shoulders in the isotropic absorption curves. Intcres- 
tmgly . thcsc C’otton cffcc~s show a sign reversal m 
gomg from a 6-W IO a 6.1-Bu suhstitucnt. ‘The longer 
wavelength transitions (202-209 nm) in trisuhstituted 
olefins la. 20. 4 and 7 arc most probably of different 

origin. as judged by their higher CD intensity and low 

contribution to the elctronic absorption spectra. (‘on- 

sistently. they are referred to as z-u* tKinSitiOnS and 

apparently they correlate with the stereochemistry of 

olctin within the predtction of olclin octant rule.’ The 
contribution of the n-a’ transition to the 218 nm Cotton 
effecr of lb may hc responsible for IIS high intensity. The 
negative CD hand at 204 nm in M also falls into the n-n* 

transition energy range. 
Literature search of the CD data Icnd\ additional 

support for a little broader gencraliration of the CD 

behavior of cyclic olefins. 
(a) Olefins substituted unsymmetrically in allylic 

positions generally display rr-# Cotton effect ;II the 

longer wavelength side of the Cotton effect associated 

with the z-n* transition. The olefin should be tctra-. tri- or 

at least cisdisubstituted in order to hring the n-a* 
transition below the n-n* energy region. Calculations 

predict that in strained polycyclic oletins n-a*. Rydberg 
transitions may precede the n-x’ excitation.’ Local 

symmetry of olefin allylic substituuon may obscure the 

presence of the T-U* CD band. This may explam the 
exceptional CD behavior of A’-cholestenc. for which only 
a single negative Cotton effect (AC-3.1 at I87 nm) was 

observed.‘Thc related 6-substituted A’olefins 4 and 7 also 
show an intense negative CD hand in the region of n-n* 
absorption (Table 2). probably resulting from the n-bond 

torsion. In highly twisted &fins the a-n* excitalion 
energy is lowered more efficiently than that of the rr-~* 

transition, i.e. the sequence of the two transitions may be 

reversed.’ 
(b) The extreme complexity of the (‘D behavior of 

oletins complicates the uw of any particular symmetry 

rule.‘” although some measure of success was noted in 

applying the olcfin octant rule.’ Incidentally. this might 
result from the persistent prcscnse of the rr-(J* transition 

in cyclic olctins. at long-wavelength side of the spectrum 
(previously referred to as A: rr,-n: Cotton effect). 

(cl In highly crowded cyclic olctins CD couplets and 
batochromic shifts are not necessarily observed. although 

this doe\ not exclude the presence of olefin torsion. In 

fact, the CD band corresponding to the n-n* DV max 
retains the same sign in all olelins belonging to the same 

structural series. thus establishing the relation between 

n-n* Cotton C&XI and olcfin geometry. 
Interestingly. the same strongly negative Cotton effect. 

characteristic of twisted A’-olefins. 1s found hctwecn 200 

and 215 nm in the CD spectra of related cholest-S-en-7- 
ones 8 and 9 (Fig. 2). However. their 7-mcthylcne 

derivatives 10 and 11 give more complex CD patterns: 
while the negative helicity dicne 10 still retains a negative 

Cotton effect at the short-wavelength side of the strong 

conjugated dienc Cotton effect, dienc 11. with a planar or 
slightly positive hclicity chromophore, and a competitive 

chirality contribution of the C+Me and C-lOBMe 

hmds,” ” displays ;I complex hisigfli~lc long XI\ clenpth 

(‘ouon elfccr. making assignment of the short-wa\clcnpth 
transitions Icss rcliahlc. 

ExPeXnlWrAL 

CD and UV spccfra of the spccIro5coprc grade n-hcxanc wln\ 

(0.005 0 01 rnolll~ were recorded on Jobm-Yvon Dichrogrqhc 
Ill and a Cay IISC spcctrophotometer. rcspcclr~el). using 

0 01 cm cells. PMR \pcctra were obtauwd on a V.arun EM.360 

rpcctromcter and refer IO CLX‘I, wlutron\ wth TMS a\ reference 

IR $pcctra were recorded on a Perkm-Elmer Model SW mstrumcm 
usmg KBr t~4le1s and MS on a JEOL J.WS %I00 spcclromcler. 
Rotations were mcaturcd m CCI. $olns 



I :. t 

. .” * 

I 
I : 

;;,: I’ : 
) ,” ,. /I (‘,H,. 

* I ‘_# I 
.I<. , : : i 

ii. ” 

,_: m 
., ,y : 

QP 
\ 

- ?C f .J’ \ ,’ R R 
X 

I ; : 
8R H.X.0 

I 3 ; 
9 R-Me. x 0 

r 10 R H. x . lx, 

3: ! 11 R - Me. x *WI 

Rg. 2. CD curves (n.hcxuK): - choksr.S-cn-:-one (8). ...‘.. 

J.Mimethylchokst-S-en-7.one 0). -..... 7.mcrhylenecholesr-S-ene 
1101 and ..-- 4,4dlmefhyl-7-melhyknecholesr.~~nc (11, 

Chokst-Stnc (la). m.p. 91-91.5’. was prepared from choksrcryl 

bromide” by zinc rcductlon in A&H. Nitrationof lror choksreryl 
bromide. followed by Zn rcductmn in AcOH tiordcd 3.” m.p. 
91100”. 

4.CUmrfhvl-!cr-rhobronaonr (5). 3 986 g (IO mrnoks) of t. 

m p. 73-7y (obtained from 4.r-dimerhylcholcrl~S~n~3~o~~’ b) 
Wolff-Klshncr reducrlon) wti placed in a pressure flask equipped 
with *plum cap, dlswlved m anhyd. drerhyl ether (4Oml) and 
treated with BF,.Er,O (6.3 ml. CO mmoks). The flask was purged 
wirh dry argonc and al 0” 2Oml 2M l..\H m dierhyl ether was 
admlfred. lhe content of the flask was stirred under B,H. prc55ure 

for 2 hr. rhc excess of B:H. *a\ remotcd u~th argone and to the 

restdue waler (! ml) was added The rc\ultanr mrxrurc was srurcd 
for 24 hr ullh Brown rcapcnt” (2’ ml). c\rra<rcd with ether and 

the oily mlxrurc of products separated by mean\ of column 
chromatography on silicagel. With petroleum ether there was 
recovered ca. I g (3X) of starring material. and wtth 
bcnlcne-petroleum ether (I: 1) rhcre was eluled I.2Og (ml of 

cr)\rallinc 5. m p 109-110‘ (from petroleum cthcr.F.tOH: 111 ” 
m p. 1(&109’). Jc(hckane): -0.347 (324nml. -0.446 (313nm). 

0.333 I304 ! nm). + 0.015 (265 nm). - 5.9 (195 nm) 
Reaction ofkrrontur 3 and 5 wifh alk~llirhiumr I mmok of 3 or 5 

was stirred under argone with anhyd. dicrhyl ether (6ml) and 

treated with S-fold cxccss of either MeLi or I-Bu1.1 in ethereal soln 
(in the larrer case. ketone roln was added IO lhe I-BuLi roln al 

-?oC and after addition the soln was allowed IO warm lo rcmm 
rcmp). Stirring was conunucd overnight. the exces\ of alkylhrhium 
was destroyed with water and ~hc residue extracted with ether. 
Addition producls were obtained with essentially quanltlativc 

yield. wirh exception of the reaction of 5 wlrh I-Bu1-1. where m 
of 5 wa\ lcfr unrcacred. 

Prcparafion of&fins lb, Ic.Zb.Zc.4.6and 7.Thc crude product 
of alkyllithlum addition (after removal of dicthyl crhcr from the 
drKd soIn) was diswlved In anhpd pyndinc (2 ml) and treated at d 
wrrh 10 drops of SOCI,. After 3 hr at room temp. TLC mdicakd no 
sl;lnrng matcnal. Ihe mixture was extracted with petroleum ether 

and the extract was hlrcrcd through sdicagel IO afford the okfiruc 
products (~hc yield of rhls reaction step u-as almost quanrltalivc). 

Deh)dratron of the product of Mel.1 addition IO 3 afforded 
cryslalline lb. a’i lhc de reaction product. m p. 100-101’ (from 
I~lOAc-MeOH; lit.“’ m.p. 98-W). In orher ca>es oily mixtures of 
okfins were ohraincd and thew were analyzed h) PMR spectra 
(cf. ~hc data collected In Tahk I) 

The mtxrure of okfms from the reaction of 5 wlrh Meli and 
SOCI, con&cd of Zb and 6. in the ratio 7: 3. Acid cqudlhralion of 
rhe mixture (HCKO. In Ccl.) mcreaced the content of 6 lo the ratio 
3:‘. Olcfin~ from he reactron of 3 or 5 with r.Hu1.i and SOCI? 

were accordmgly: Ic + 4 (ca I : I) and Zc + 7 (co I. 2). The above 
mixtures were upardred with the aid of preparative TLC on 
K~selgcl G tmpregnated with 405I Ap.NO, (the plates were 
developed with n-pcnranc) In each case the A’okfin was the kss 
polar component of lhe mixlurt. The products were cryslallized 
from F.rOAc-MeOH: 

ZbM’ 412. m.p. 89-91’. [a],,.” ~5.1’ (c - 0.6) 

GM’ 412. m.p. %-96’. [all,” ‘22.6’ (c = 1.0). Y,. 1641 cm ’ 
k--M 426. m.p. 71-?4’. [a],,” -84.4’ (c = IO) 

CM’ 426. m.p. 70-73’. [u]d’- l8.r (r = 1.2) 
Zc-M’ 454. m.p. 102-105”. [aIt,” - 45.y (c = 0.6) 

7-M’ 454. l101 crystalline. (a),:’ r5.P (c = 1.7). 

The AS’.i-kcloner 8 (m.p. 12&131e. t,. 14.640 at 2)o MI) and 9 
(m.p 81-t!?. e,. 13.400 at 233nm) were obtained from the 

corresponding delins 11 and t in a pholooxdalion reaclion” in 

cyclohcxane soln. The encone\ 8 and 9 were subsequently 

converted inlo the diencs IO (nor c~stalhnc. e,. 23.850 al 

239 C nm. [a],,” -205.tP. c = I 2) and I1 (m.p. 7&p. <,. 19.600 

al 242 nm. (cl],,.” - 60.3’. c = 2.0). respectively. by means of Witrig 

reaclion 
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