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The photocyclization of cu-(N-methylani1ino)styrene (1) to indoline 2 proceeded in a cholesteric liquid crystal 
medium with no detectable asymmetric induction. Similarly, the photochemical interconversion of methyl wnaph- 
thy1 sulfoxicle (11) in a cholesteric phase afforded a negligible (<1-2%) enantiomeric excess. On the basis of these 
results and after reinvestigating several of the reported cases of asymmetric inductions in cholesteric media, we 
conclude that asymmetric transformation in cholesteric phases, as in ordinary chiral solvents, can generally result 
in only low optical yields although exceptions may he found in special cases where strong and specific interactions 
between solute and solvent exist 

There is a great current interestl--lla in the possibility of 
influencing or controlling chemical reactivity by an organized 
medium such as a liquid crystal. Part of this interest is due to 
the analogies between liquid crystal and some biological 
media. 

Nematic mesophases were used as reaction solvent in xan- 
thogenate pyrolysis* and Claisen rearrangements of 0-allyl 
aryl ethers.:j Although initial kinetic measurements indicated 
a definite effect when compared to isotropic solvents, further 
work4," failed to substantiate any specific effect of the nematic 
solvent on Claisen rearrangement. Dewar5 hypothesized that 
bimolecular reactions would be more sensitive to the nematic 
environment, but for several years there was no evidence for 
any positive result in this area.6 One of the few chemical re- 
actions strongly influenced by the organization of a liquid 
crystal was the polymerization of nematic or cholesteric phases 
which retains in the solid polymer the features of the liquid 
crystal structure.; I t  is only recently that a large rate en- 
hancement was described in the photodimerization of ace- 
naphthylene to syn- and anti-cyclobutane dimers;* it was 
concluded that solvent order exerts a dramatic influence on 
the efficiency of dimerization but plays little role in deter- 
mining the stereochemical course of the reaction. 

In contrast to the lack of evidence for control over reactivity 
of nonphotochemical reactions in nematic solvents, asym- 
metric inductions were recently reported to  occur in cholest- 
eric In view of the successful asymmetric photo- 
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cyclizations of various substrates with circularly polarized 
light,l* we repeated these reactions with natural light in var- 
ious cholesteric systems13 in an attempt to observe asymmetric 
synthesis. However, photocyclization of tu-(N-methylanil- 
inolstyrene (1) into N-methyl-2-phenylindoline (2) gave a 
racemic material. 

We turned then to another simple cyclization reaction, the 
transformation 3 -+ 4. We were encouraged to investigate this 
photosynthesis of chiral oxaziridines because photocyclization 
of nitrones to optically active oxaziridines in a chiral solvent 
has been described.14 We indeed obtained good chemical 
yields (75%) but the irradiation in the cholesteric J mixture13 
a t  28-30 "C gave 4 having a very low specific rotation ((0)~ = 
+0.18 f 0.04"). When cholesteryl 2-(2-ethoxyethoxy)ethyl- 
carbonate (ChEC) was used as a cholesteric phase (meso- 
morphic range, -5 to +32 " C )  we obtained a completely ra- 
cemic oxaziridine 4 after photocyclization a t  0 OC. 

Due to the negative results in asymmetric photocyclization 
of 3, even a t  low temperature, we decided to reinvestigate some 
of the asymmetric reactions previously described.9- 11 First we 
reproduced the Claisen rearrangement of 5 to  6 in cholesteryl 
p-nitrobenzoate (ChNB) a t  200 "C (in the mesomorphic re- 
gion) as indicated in ref 9. Phenol 6 was isolated by two dif- 
ferent procedures and had no significant specific rotation. The 
CD curve of 6 showed a very weak positive Cotton effect ( A d t  
4 f 2 X lo-" a t  275 nm). Since the chiroptical properties of 6 
are not known the optical purity of 69a cannot be calculated 
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and the system does not clearly demonstrate the ability of the 
chiral mesophase to induce appreciable asymmetric reac- 
tion. 

Reinvestigation of the reported asymmetric decarboxyla- 
tion of 7a into 8a was of special interest because an 18% ee to 
8a was claimedlO when the medium was cholesteryl benzoate 
(ChB) (mesomorphic range, 149-166 "C). Several experiments 
were conducted as described in ref 10 or with various changes 
in the procedures but all invariably afforded in our hands 
racemic a-phenylbutyric acid 8a (70% yield of pure material). 
Similar results were obtained in the preparation of hydra- 
tropic acid 8b through decarboxylation of 7b. 

We then turned to the most recent report in this field, 
dealing with equilikration between diastereomers or enan- 
tiomers.lla The equilibrium 9 e 10 was studied in several 
cholesteric or isotroipic phases and it was concluded that the 
equilibrium was dependent on the anisotropic nature of the 
cholesteric phase but not on its helicity. Cholesteryl meth- 
anesulfinate was prepared by treatment of cholesterol with 
methanesulfinyl chloride and pyridine and was obtained as 
a mixture of 9 and 10 after crystallization from hexane. From 
the specific rotations given for 9 and lolla the composition was 
determinated as 59:41 (18% ee in S configuration a t  the sulfur 
atom). By heating the mixture of 9 and 10 in various solvents 
or liquid crystals we obtained the results of Table I. An im- 
portant difference with ref l l a  is entry 2; in our hands there 
was no reversal of configuration a t  the sulfur atom when 
working in toluene instead of a cholesteric mesophase. 

The thermal interconversion of enantiomeric sulfoxides in 
a cholesteric liquid crystalline reaction medium has also been 
reported to lead to a nonracemic composition.'la We rein- 
vestigated the specific case of methyl a-naphthyl sulfoxide 
(1 1) which was dissolved (4% by weight) in ChNB and heated 
a t  190 "C in a sealed, degassed ampule. At  this temperature 
the cholesteric mesophase is retained. The sulfoxide 11 was 
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7% R = Et 8 a , R - E t  
b,R = Me b , R = M e  

Table I. Equilibration between Diastereomers 9 and 10 of 
Cholesteryl Methanesulfinate by Heating in Various 

Solventsa 

config 
time, temp, at S 

no. solvent h "C ee,%b atom ref 

1 toluene 3 85 28 f 3 R 
2 toluene 3 110 1852 R 

3 xylene 3 145 1Oi3 R 
4 ethyl pro- 3 85 11 1.2 R 

3 110 20 S l l a  

pionate 

aclohol 

benzoate 

5 isopropyl 3 83 3 f l  R 

6 cholesteryl 0.5 145 lfi.9 R 

0.5 145 1 6 %  2 R 
mesomor- 

phic 

isotropic 

a Concentration of solute is between 2 and 3% in all experi- 
ments. b Calculated for sulfur atom from the diastereomeric 
composition. 

0.5 175 14f 2 R 

then recovered by chromatography over silica gel followed by 
sublimation a t  80 "C and found to be essentially a racemic 
mixture (as determined by polarimetry), in contradiction with 
the reported result (9.2% e.e. in R configuration).'la I t  is in- 
teresting to point out that  this reported result was the basis 
of the argument of independence of stereochemistry of 
asymmetric synthesis on the handedness of the cholesteric 
liquid crystal. A racemic mixture was likewise obtained from 
this sulfoxide heated a t  145 "C in ChB. 

Discussion 
One of the major difficulties in performing asymmetric 

reactions in cholesteric mesophases is the isolation and puri- 
fication of final products, since the solute concentration has 
to remain less than 5% in order not to disturb the anisotropic 
arrangement. We took great cautions for the workup, which 
is detailed in the Experimental Section. Volatile chiral 
products (2,4,6, and 8) were isolated by vacuum sublimation 
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(0.01-0.05 mm). No volatility of cholesteric compounds was Table II 
detected under these conditions. I t  is important i o  be certain 
that  the products are totally uncontaminated by the chiral 
phase for a correct interpretation of results and therefore, for 
the separation of 9 and 10 from the cholesteryl benzoate, 
careful chromatography was performed. One source of ex- 
perimental error could be a change of enantiomeric compo- 
sition during the vacuum distillation of product from meso- 
phases. We therefore checked that dl -  2, dl-  4, dl -  6, d l -  8, and 
dl- 11 were recovered devoid of optical activity. We checked, 
too, that  partially resolved 8 (18% ee) or 11 (13% ee) was re- 
covered with the initial enantiomeric excess. 

With regard to the decarboxylation of 7 to chiral 81° we 
hypothesized that  some transesterification with cholesteryl 
benzoate could obscure the interpretation of the reaction. 
Indeed, we always detected some benzoic acid, but its origin 
could arise from thermal elimination from ChB.15 Since 8 was 
obtained as a racemic mixture the origin of benzoic acid was 
not established. Another difficulty in asymmetric synthesis 
of 8 lies in the fact that  decarboxylation of the malonic acid 
starts at 140-145 "C, below the cholesteric region of ChB. In 
order to avoid synthesis of 8 in a noncholesteric phase we 
prepared the mixture of 7 and ChB in three different ways: 
(i) As in ref 10,7 was intimately mixed with ChB. (ii) The so- 
lute and mesophase were dissolved in ether which was then 
evaporated. In both cases the mixture obtained was rapidly 
heated to 160 "C and then kept a t  this temperature. (iii) An- 
other procedure was t o  progressively introduce 7 into ChB 
preheated a t  160 "C. I r  all of our experimental procedures we 
never succeeded in observing optical activity for 8. 

In the Claisen reaction leading to 6 we were able to detect 
a very weak CD; obviously the optical yield should be ex- 
tremely small. In addition treatment of dl- 6 in ChNB with the 
same procedure as for Claisen reaction led to the recovery of 
6 with essentially the same positive weak CD. 

The thermal equilibr stion of diastereomeric sulfinates 9 and 
10 is, as has been pointed out in ref I l a ,  a good case where 
stereochemical control might be attained because the solute 
is structurally "mimicking" the mesophase. 

From our results, Table I, it is clear that the R configuration 
is always preferred whatever the solvent or the temperature. 
In an aromatic solvent (toluene, xylene) the enantiomeric 
excess decreases with increasing temperature (entries 1, 2, and 
3). The strong changes with temperature preclude any com- 
parison between cholestric mesophase and isotropic chiral 
phases which would not be made a t  the same temperature. 
Such a temperature effect in ChB working in the cholesteric 
mesophase or in the isotropic liquid chiral phase (entry 6) 
indicates a negligible, small effect of the mesophase. The na- 
ture of the solvent is important in determining the position 
of the equilibrium or the rate of interconversion between di- 
astereomers (compare, for example, entries 1 ,4 ,  and 5 ) .  This 
solvent effect is an addil ional difficulty for discussing here the 
role of a cholesteric mea,ophase. In conclusion, there remains 
no proof that  the 9 F! 10 equilibrium or the (R)- t t  "c (S)-11 
equilibrium is significantly affected by the cholesteric meso- 
phase. Finally, as part of our interest in performing asym- 
metric photochemical syntheses, we investigate the pho- 
tointerconversion between enantiomers of methyl a-naphthyl 
sulfoxide (11) in a low temperature cholesteric phase. The 
reaction is possible because the naphthyl chromophore acts 
as a photosensitizer.16 Ii-acemic 11 was irradiated in ChEC a t  
8 "C and in J mixture al.. 30 "C, in the cholesteric mesophase 
range. The sulfoxide 11 was recovered by vacuum distillation 
a t  80 "C as a racemic mixture. Irradiation of optically active 
11 in J mixture under the same conditions gave recovered 
material with substantial racemization. In summary, and 
contrary to recent work in the field:-ll* it has not yet been 
demonstrated that a cholesteric mesophase has special ad- 

transition temp, "C 
solid- cho1.- 

solvent chol. isotropic ( a P D  

ChB 148 176 -15 " (C 6, CHC13) 

ChEC <O 32 -29" ( C  1.5, CHC13) 
ChOC 18a 31 -24" (C 2, CHC13) 

ChNB 190 265 dec -6" (c 1.5, CHC13) 

J mixture room tempb 78 

a Smectic-cholesteric transition. Cholesteric at  room tem- 
perature during several days but crystallizes slowly on stand- 
ing. 

vantages over chiral solvents of similar structure, as far as 
asymmetric induction is concerned. Optical yield remains very 
small in the Claisen reaction leading to 6; 8 is obtained as a 
racemic mixture in the decarboxylation of 7 and the 9 g 10 
equilibrium is not strongly affected by the nature of cholest- 
eric mesophase (vide supra). The equilibrium between en- 
antiomers of methyl a-naphthyl sulfoxide (1 1) may be slightly 
displaced toward the R or S enantiomer in some cholesteric 
liquid crystals but the enantiomeric excess is less than 2%.lla 
I t  is clear from the large amount of reinvestigated or new ex- 
perimental data that, in general, cholesteric liquid crystals are 
very inefficient for stereochemical control dealing especially 
with asymmetric i n d ~ c t i 0 n . l ~  We would agree with the pro- 
posal in ref l l a  that it is reasonable, even if it has not yet been 
demonstrated, that the macrostructural handedness of the 
mesophase cannot control the stereochemistry of an asym- 
metric transformation. I t  must be recalled that cholesteric 
helices have currently pitches of more than 3000 A (which is 
much larger than the solute size). One might ask, what can be 
expected from a chiral mesophase? For example, induced CD 
on achiral ketones dissolved in cholesteric solvents was es- 
tablished in some case@ but the induced CD is always very 
weak and its relevance to asymmetric reaction is not obvious. 
A chiral solvent effect can always be expected.lg Although the 
local ordering which is imposed by the mesophase may have 
some additional importance, this is compensated by the great 
ease of structural rearrangement.20 

It should be pointed out that nematic and cholesteric phases 
are thermodynamically much closer to isotropic liquids than 
they are to crystalline solids (where the high degree of order 
may exert considerable stereochemical control and afford 
appreciable asymmetric induction).21 Thus, typical heat of 
phase transitions for nematic and cholesteric phases, to iso- 
tropic liquids, are only 0.2-0.4 kcal/mol whereas the values 
for crystal to nematic or cholesteric phase transitions are 3-4 
kcal/mo1.22 These considerations suggest the use of chiral 
smectic C phasesz3 which, by contrast, are much closer to 
crystalline phases: lHsmectlc+~lqul~ = 3-4 kcal/moLZ2 Special 
effect of the mesophase might be to force solute molecules to 
autoassociate in some regions. This effect may have impor- 
tance for reactions such as photodimerization8 but is, proba- 
bly, disfavorable for good control over asymmetric induction. 
A way to best use the local order effect of a chiral solvent or 
the very similar cholesteric mesophase could be to use solute 
molecules of the same shape and size as the mesophase mol- 
ecules or to choose a solute giving rise to strong specific in- 
teractions with the mesophase. 

In conclusion, the effect of mesomorphic anisotropic or- 
dering on asymmetric induction remains to be clearly estab- 
l i ~ h e d . ~ ~  

Experimental Section 
Instrumentation. 'H-NMR spectra were measured on a Perkin- 

Elmer R 32 instrument, with internal Me4Si as standard. The 
vapor-phase chromatography was a Carlo Erba Model GI with NZ as 
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carrier gas. Melting points and temperature transitions of the meso- 
phases were determined with a Reichert polarizing microscope 
equipped with a suitable heating stage. Infrared spectra were recorded 
on a Perkin-Elmer Model 257 spectrophotometer. Optical rotations 
were measured on a PIskin-Elmer Model 141 polarimeter. CD mea- 
surements were made on a Roussel-Jouan apparatus. 

Preparat ion of Cholesteric Liquid Crystal  Solvents. Cholest- 
eryl benzoate (ChB), cholesteryl oleyl carbonate (ChOC), cholesteryl 
nonanoate (ChN), cholesteryl oleate (ChO), and cholesteryl propio- 
nate (ChP) were supplied by Aldrich. Cholesteryl 2-(2-ethoxyeth- 
oxy)ethyl carbonate (ChEC) was supplied by Eastman. 

ChB was recrystallized from hexane before use. ChEC and ChOC 
were purified by chroniatography over silica gel. ChNB was prepared 
by treatment of cholesterol with p-nitrobenzoyl chloride in toluene 
in the presence of pyridine. Pyridine hydrochloride was removed by 
filtration and the brown solution was filtered over silica gel to give a 
light yellow solution. Recrystallization from hexane-ethyl acetate 
60:40 afforded ChNB as yellow granules. 

J mixture6b was prepared by mixing 50 wt% ChN, 37.5 wt % ChO, 
and 12.5 wt % ChP, after purification of each component by chro- 
matography over silica gel. 

The physical properties of the cholesteryl liquid crystal solvents 
used are summarized in Table 11. 

Photochemical Experiments. For all the experiments, the sub- 
strat,e was dissolved in the cholesteric solvent slightly above the 
cholesteric-isotropic transition temperature. When a clear homoge- 
neous solution was obtained, the cholesteric mixture was cooled to 
the desired temperature so as to have a cholesteric mesophase. Cho- 
lesteric solutions were put in a flat Pyrex cell immersed in a thermo- 
stated water bath and irradiated with a Hanovia 450-W high-pressure 
mercury lamp through1 a Pyrex filter. The cholesteric layer in the cell 
did not exceed a few millimeters. At the end of the experiment the 
irradiated solutions were collected and submitted to vacuum molec- 
ular distillation in a sublimation apparatus, when the product was 
sufficiently volatile, or chromatographed over silica gel two or more 
times in order to ensure a pure product for measuring optical rota- 
tions. In all cases the pi*oducts were checked to be free of contaminants 
by GLC or NMR spectroscopy. 

N-Methyl-2-phenylindoline (2). A solution of 200 mg (0.9 X lo-" 
mol) of a-(N-methylanilino)styrene, 1, in 4 g of ChOC was irradiated 
during 3 h a t  20 "C under the above described conditions. The prog- 
ress of the photocyclization was monitored by GLC. The indoline 2 
was isolated by chromatography over silica gel (eluent, hexane- 
CH&12, 70:30); a pure sample (33 mg) did not show any significant 
optical rotatory power, 

mol) of nitrone 
(3 )  in 9.5 g of J mixture was irradiated at  28 "C for 4.5 h. Oxaziridine 
(4 )  (298 mg) was isolated by vacuum molecular distillation followed 
by chromatography over silica gel (eluent hexane-CHzCl2 7030) (75% 
yield). The product, showed a weak optical activity, + 0.18 f 
0.04" ( e  11.0, CHC13) and (0)25436 +0.35 f 0.09". 

In order to check that optical enrichment did not occur by prefer- 
ential photodestruction of one enantiomer, 300 mg of racemic oxa- 
ziridine (4) in 7 g of J mixture were irradiated under the same condi- 
tions as the previous experiment. The recovered oxaziridine (70%) 
did not show any significant optical rotation, ( 0 ) 2 5 D  0.00 f 0.05". To 
study a possible temperature effect on the optical yield during the 
photocyclization 3 - 4, a solution of 300 mg of nitrone (3) in 8 g of 
ChEC was irradiated between -1 and 0 ' C for 4 h. Oxaziridine (4)  
was isolated (231.8 mg, 77.,5?6) without significant optical rotation, 

mol) of racemic 
a-naphthyl methyl sulfoxide in 5 g of J mixture was irradiated during 
2.5 h at  30 "C. The reaction mixture was submitted to molecular 
distillation at 80 "C under vacuum (0.01 mm); 78.5 mg of sulfoxide 
were recovered (7l0/o). It was shown that no thermal racemization 
occurs under such conditions. No optical rotation could be detected 
on the recovered irradiated sulfoxide. The same reaction was per- 
formed in ChEC a t  8 " C  with 200 mg of sulfoxide 11. Sulfoxide (146 
mg) was recovered (Xioh) without significant optical rotation, ( a ) 2 5 ~  
0.00 f 0.05'. In order to check that a photochemical interconversion 
of sulfoxide 11 did occur in the mesophase, 60 mg (0.32 X mol) 
of optically active sulfoxide 11, (OC)D -83.5", EtOH (21% ee), dissolved 
in 5 g of J mixture were irradiated at  29 "C during 2.5 h. Pure sulfoxide 
(46.0 mg) was recovertsd (77%) having ( a ) ~  -40.5', EtOH (51% race- 
mization). 

Thermal  Experiments. (1) Decarboxylation of Ethylphenyl- 
malonic Acid (7a). Ethylphenylmalonic acid (7a) (0.96 X mol; 
200 mg) was intimately mixed with 5 g of ChB. The mixture was 
heated for 2 h at, 160 "C, under a nitrogen atmosphere, in a thermo- 

0.00 f 0.05". 
Oxaziridine (4).  A solution of 400 mg (2.26 X 

(fi)',jD 0.00 f 0.05". 
Sulfoxide 11. A solution of 110 mg (0.58 X 

stated silicone oil bath. The reaction products (170 mg) were collected 
by molecular distillation under vacuum (0.05 mm) a t  160 "C and 
consisted of a mixture of 95% 2-phenylbutanoic acid (8a) and 5% 
benzoic acid. A second distillation gave 160 mg (80%) of pure 8a having 
no significant optical rotation, ( ( u ) " ~  0.00 f 0.07". 

Molecular distillation of mixtures of optically active and racemic 
2-phenylbutanoic acid (sa) in ChB under the conditions described 
above afforded materials with unchanged specific rotations. The same 
experiments were made with phenylmethylmalonic acid (7b) which 
led to the recovery of racemic hydratropic acid 8b. In order to study 
the influence of the experimental conditions during the decarboxyl- 
ation experiments of 7a, several ways were tested to prepare the re- 
action mixtures of 7a in ChB. (a) crystallized ChB and 7a were inti- 
mately mixed. (b) ChB and 7a were dissolved in ether to give a ho- 
mogeneous solution, and the solvent was removed under vacuum. (c) 
Ethylphenylmalonic acid (7a) was progressively introduced into the 
mesophase (ChB preheated at  160 "C). In all cases, no optical rotation 
could be detected for 8a. 

(2) Claisen Rearrangement  of y-Methylallyl p-Tolyl Ether 
( 5 ) .  y-Methylallyl p-tolyl ether ( 5 )  (650 mg; 4 X mol) was dis- 
solved in 13 g of ChNB (5 wt %). The solution was heated in a sealed 
degassed ampule at  200 f 4 "C in an oil bath during 5 h. The product 
of the rearrangement was isolated by vacuum distillation a t  100 "C 
(0.1 mm). The collected product was then purified over silica gel [el- 
uent: hexane-CHzClz 50:50 to give 338 mg of 2-(n-methylallyl)-4- 
methylphenol (6) (52%)]. Measurement of optical rotation of this 
sample in absolute ethanol did not show an appreciable value of ro- 
tatory power: ( ( r ) 2 5 ~  0.00 f 0.05"C. 

CD measurements were made a t  22 "C in cyclohexane. A very weak 
positive circular dichroism was detected for 6 between 260 and 290 
nm (Ac/c(4 f 2 X lo+), A 275 mm). In order to find the actual origin 
of this very weak optical activity, 400 mg of racemic phenol 6 was 
dissolved in 8.6 g of ChNB and heated under the same conditions as 
those described above. No optical rotation could be detected for the 
recovered phenol 6 but a positive circular dichroism of the same order 
of magnitude ( l d t ( 3  f 2 X A 275 nm) observed in the previous 
experiment was measured. This fact led us to consider that partial 
thermal asymmetric destruction of the phenol 6 could occur during 
the heating a t  200 "C. In addition we always detected p-nitrobenzoic 
acid in the reaction mixture. 

(3) Thermal Equilibration of Cholesteryl Methanesulfinates, 
Epimers 9 and 10. (a) I n  Achiral Solvent. Preparat ion of Cho- 
lesteryl Methane sulfinates 9 and 10. Sulfinyl chloridez5 (2.18 g; 
0.022 mol) in toluene (25 mL) was added to a mixture of cholesterol 
(8.15 g; 0.022 mol), pyridine (1.76 g, 0.0226 mol), and toluene (25 mL). 
After 24 h of stirring the pyridinium chloride was filtered off and the 
solvent was evaporated. Two recrystallizations of the crude product 
from hexane gave 5.56 g (56%) of cholesteryl methanesulfinates 9 and 
10 (mp 118 "C), ( 0 ) 2 5 D  -42.5 f 1.5' ( e  3.3, CHC13) (18% diastereo- 
meric excess of the epimer with the S configuration at  sulfur)." 

Thermal  Equilibration of Cholesteryl Methanesulfinates. In 
a typical experiment, 90 mg (0.2 X mol) of cholesteryl methane- 
sulfinates 9 and 10 with 18% diastereomeric excess of the epimer with 
the S configuration at  sulfur was dissolved in 3 g of toluene and the 
solution was heated at  85 "C during 3 h. The solvent was rapidly re- 
moved at  the same temperature under vacuum. The mixture of the 
two sulfinates was recovered after purification of the crude reaction 
mixture on a short silica gel column (eluent hexane-ether 1:l) to avoid 
any enrichment in one epimer. 9 and 10 (75.1 mg) were recovered 
(83%) and the diastereomeric composition was evaluated from the 
optical rotation of the mixture: ( c I ) * ~ D  -18.5 i 1.5" ( e  2, CHC13). From 
the published data concerning the optical rotations of the pure dia- 
stereomers" [@)-lo, ( n ) 2 4 ~  19.2"; (S)-9, ( c u ) * ~ D  -85.3' ( e  1-2, CHCh)] 
we concluded that the sulfinate epimerization in toluene at  85 "C 
afforded a 28 f 3% enrichment in the R epimer. 

(b)  In  Cholesteryl Benzoate (Cholesteric Mesophase). Cho- 
lesteryl methane sulfinate (250 mg) (with 18% diastereomeric excess 
of the epimer with the S configuration at sulfur) was intimately mixed 
with 3 g of ChB. The mixture was heated at  145 "C for 30 min (cho- 
lesteric mesophase). The reaction mixture was then rapidly cooled 
and chromatographed over silica gel. ChB was first eluted by hex- 
ane-CHaClz, 7050. The sulfinate was then eluted by ether; 206 mg 
(82.5%) was recovered. A new purification over silica gel gave 180 mg 
of sulfinate having (CY)25D -24.5" which corresponded to a 16 f 2% 
enrichment in the R epimer. 

(c) In  Cholesteryl Benzoate (Isotropic Phase).  The same re- 
action as described above was repeated in ChB in the isotropic phase. 
The mixture was kept at  175 "C for 30 min. Two chromatographic 
purifications over silica gel afforded 176 mg of sulfinate having ( n ) * " ~  
-25.7' which corresponded to a 14 % f 2% enrichment in the R ep- 
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Recently we repori;edl the synthesis of the strained 
bridgehead diene la (Scheme I) and the characterization of 
its transannular bromination product 2a by X-ray crystal 
analysis. Examination of a molecular model of the oxepin 
oxide la  reveals considerable distortion of the bridgehead 
double bonds, but disappointingly the crystals of la  are not 
suitable for X-ray crystal analysis. Herein we report the syn- 
thesis, characterization, and X-ray crystal structure of de- 
rivative l b ( ( p s ,  3R,5S,9s)-9-methoxy-4,ll-dioxatricyclo- 
[5.3.1.03~5]undeca-1,6-diene) and its transannular bromination 
to  2b. 

The synthesis of oxepin oxide lb from syn-2-hydroxyindane 
3a,7a-oxide2 follows the route previously reported1 for the 
unsubstituted diene la. The chemical consequences of locking 
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Scheme I 
I1 

0 

l a ,  R = H 
lb ,  R = OCH, 

2a, R = H 
2b, R = OCH, 

the oxepin oxides la and lb into the pictured transoid:j con- 
formations have been discussed.' 

Results and Discussion 
An X-ray crystal analysis of oxepin oxide l b  yields the 

perspective view of the molecule shown in Figure 1. In the 
crystal, the six-membered ring (C1, C7-10, and 0l1) adopts a 
distorted chair conformation in which the bridgehead atoms 
C1 and C7 are held close together (distance C1-C7 = 2.176 
(0.004)4 A; compare CS-Clo = 2.564 (0.004)4 A). The methyl 
ether oxygen ( 0 1 2 )  assumes an equatorial position and the 
methyl group (Cl:j) takes a noneclipsed position between CIo 
and Hg (dihedral angle C1~-C9-OI2-C13 = 67.2O (0.3')*). 

The bridgehead double bonds display virtually identical 
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