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Abstract. The enrichment of one of the enantiomers ( P  or M )  of hexahelicene (3) synthesized 
by the photochemical cyclodehydrogenation of 2-styryl-benzo[ clphenanthrene (1) in chiral media 
has been (rehvestigated. Four different chiral solvents, two cholesteric liquid crystals, two chiral 
crystals, all at several temperatures, and two chiral polymers were used as media. To avoid 
erroneous values from circular-dichroism (CD) measurements due to contributions of chiral 
side-products, the enantiomeric excess (ee) was determined by HPLC analysis. 
In general the observed ee is small (< 7%). In chiral solvents the ee increases with decreasing 
temperatures. In the liquid crystals the macroscopic helix of the cholesteric phase has a small but 
distinct effect on the ee, probably due to the preferred fitting of one enantiomer of Z-1 to the helix 
of the ‘solvent’. In chiral crystals the ee is relatively larger. A peculiar effect is observed when 1 is 
irradiated in ethyl (S)-( +)-0-(4-phenylbenzoyl)lactate. Below - 19°C the M enantiomer and 
above - 14°C the P enantiomer of 3 is the preferred photoproduct. In the polymer triacetylcellu- 
lose, M-hexahelicene is formed in 4.5% excess; in P-cyclodextrine only a very small amount of 3 is 
formed, due to the preferred photo-isomerization into E-1. 

Introduction 

The ortho-annellated polycyclic aromatic compound hexa- 
helicene a (3) has a non-planar structure due to over- 
crowding of the terminal rings’. As a consequence it 
occurs in two enantiomeric forms: P- and M-hexaheli- 
cene ’. It can be obtained in high yield (80-90%) by 
irradiation of 2-~tyrylbenzo[c]phenanthrene (1) in the 
presence of a dehydrogenating agent. The primary photo- 
cyclization product, trans-16d,l6e-dihydrohexahelicene (2) 
is then converted into he~ahel icene l -~  (Scheme 1). At 
room temperature and in the absence of any oxygen or 
other dehydrogenating agent, the primary photocycliza- 
tion product 2 is not very stable and most of it will return 
to the starting material 1. Only a minor part will rear- 
range by a [1,5] H shift into 6a,l6d-dihydrohexahelicene 
(4)5. Depending on the amount and type of dehydrogenat- 
ing agent other stable helicene-like compounds may be 
formed from 2. Thus in the absence of oxygen, but in the 
presence of a very small amount of iodine (< 0.5% of 1) 
4,5-dihydrohexahelicene ( 5 )  and 7,s-dihydrohexahelicene 
(6) (Scheme 1) are formed6. 

The chiral configuration of the helicene skeleton is intro- 
duced and fixed by the photochemical ring closure. The Z 
isomer of 1 equilibrates between two antipodal conform- 
ers: P-2-syn-1 and M-Z-syn-1 (Scheme 2). The photocy- 
clodehydrogenation of the P conformer yields P-hexa- 
helicene; the ring closure of the M conformer leads to the 
M enantiomer of 3. In fact there is yet another Z isomer, 
the Z-anti-1. However, this isomer does not give rise to a 
photocyclization product’. Next to the photocyclization 
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a IUPAC name: phenanthro[3,4-c]phenanthrene. 

is dextrorotatory. 
P (plus) denotes the enantiomer with the right-handed helix, which 
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Scheme I .  
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reaction, there is a second photoreaction, the photoiso- 
merization to the E isomer, which is the most efficient 
one. The complete reaction scheme is given in Scheme 2. 
Since in an isotropic solvent there is no preference for 
one of the conformers of Z-syn-1 after photocyclodehy- 
drogenation, the resulting hexahelicene is racemic. 
Several attempts have been made to create conditions 
under which the synthetic route is changed in such a way 
that one of the enantiomers of 3 is formed in excess. 
Because of the large specific optical rotation of P-3, [a]:: 
3640°, even very small values of optical yield [ ( [a]  of 
product/[a] of pure enantiomer) * loo%] can be deter- 
mined with accuracy, provided that no interfering side- 
products are formed. (Optical yield corresponds with the 
per cent excess of one enantiomer over the other, ee) 
Right-handed (or left-handed) circularly polarized light 
was used for irradiation of 1 to excite preferentially one of 
the conformers of Z-syn-1. By assuming that the excited 
conformers of Z-1 are not in equilibrium, because of the 
increased double bond character of the single bonds in 
that state, an excess of one of the enantiomers of 3 was 
expected'. However, though this excess was observed, the 
optical yield was very small, about 0.05%. Only on using 
an o-Chloro-substituted phenyl group in 1 did the optical 
yield increase' to 0.33. 
I t  might be expected that in a chiral solvent the equilib- 
rium of the conformers of 2-syn-1 is shifted in the direc- 
tion of the conformer which fits best in that solvent. 
Irradiation of 1 in a chiral solvent resulted indeed in an 
enrichment of one enantiomer of 3. The observed optical 
yields varied over a wide range (0.04-3.1), depending on 
the solvent and the temperature'. Using special chiral 
compounds, which contains an aromatic group in their 
molecular structure, as solvents leads to higher optical 
yields. On using ethyl (S)-( - )-lactate as solvent the opti- 
cal yield was 0.42%; using ethyl (S)-( + )-0-benzoyllactate 
0.84% and with ethyl (S)-( + )-0-(I-naphthoy1)lactate 1.6% 
was found'. Next to the effect of the chiral solvent on the 
equilibrium of Z-1, there might also be a difference in the 
rate of ring opening of P-2 and M-2 by the chiral solvent, 
which will also influence the enantiomeric excess of 3. 
A special category of chiral solvents is formed by 
cholesteric liquid crystals'". They possess a macroscopic 
helical structure and seem to be ideal chiral matrices for 
the asymmetric synthesis of 3. There is, however, much 
controversy in the literature about the effect of the 
cholesteric phase on asymmetric synthesis. Kagan et a].'' 
concluded, after reinvestigating several cases of asymmet- 
ric induction, that in general the effect of the cholesteric 
mesophase on the induction is negligible, and argued that 

the solute molecules are very small with respect to the 
pitch of the macroscopic helix, which is usually > 400nm. 
The solute molecules experience in their neighbourhood 
only a nematic chiral microstructure. Nevertheless, the 
results of two who used cholesterol derivatives 
as cholesteric liquid crystals, show an increase in the 
optical yields of 3 when 1 was irradiated in the cholesteric 
phase, compared with the result in the isotropic phase of 
the same liquid crystals. However, the results of the two 
investigations are contradictory, right-handed P-hexa- 
helicene is formed in a right-handed helix of the 
cholesteric phase in one case" and in the left-handed 
helix in the other caseI3. Because of these results and the 
fact that the presence of the dihydrohelicenes, mentioned 
above, and their contribution to the optical activity are 
ignored, we decided to reinvestigate the influence of 
liquid crystals on the optical yield of hexahelicene. To 
obtain optimal results, use was made of cholesteric liquid 
crystals, TM74 and TM75, which contain an aromatic 
group in their molecular structure and possess a small 
helical pitch. To get a better insight, some temperature- 
dependent irradiations of 1 in isotropic chiral solvents and 
crystals were also performed. Moreover two other chiral 
media uiz. P-cyclodextrin and triacetylcellulose in ethanol 
as solvent were used as media to study the chiral induc- 
tion. As in the past the presence of dihydrohexahelicenes 
was ignored, analysis of the product by determination of 
only the rotation by polarimetry or circular-dichroism 
(CD) measurements might lead to erroneous results. 
Therefore, for the analysis of the irradiation products and 
the enantiomeric excess ( e e )  we used the HPLC method 
for the separations of helicenic enantiomer~'~. By this 
method, using columns with silica gel coated with (R)-  
(-)-TAPA, the accuracy is not affected by contamina- 
tions in the sample. Independent CD measurements were 
made to observe the differences in the methods. 

Materials and experimental 

Materials 

The synthesis of 2-~tyrylbenzo[c]phenanthrene 1 and its photocy- 
clodehydration product hexahelicene 3 have been published previ- 
ously [see references in Ref.11. The synthesis of the chiral isotropic 
solvents: diethyl (R,R)-(  + )-tartrate, diethyl (R,R)-( + )-0,O-dibenzo- 
yltartrate, ethyl (S) - (  +)-0-(I-naphthoy1)lactate and ethyl (S)-( +)-0- 
(2-phenylbenzoyl)lactate, as well as the chiral crystalline phases ethyl 
(S)- (  + )-0-(2-naphthoyl)lactate and ethyl (S)-( + )-0-(4-phenylben- 
zoyl)lactate, have also been described previously9. 
As cholesteric phases, the chiral nematic mixtures TM74 and TM75 
of BDH Chemicals Ltd. were used. They consist of derivatives of 
biphenyl substituted with a chiral alkyl g r o ~ p ' ~ ~ ' ' .  The cholesteric 
phase of these mixtures possess a very short pitch of 230 nm. 
Moreover these mixtures possess a smectic phase. 

Properties of the liquid crystals 

The temperatures of transition from the cholesteric phase to the 
isotropic phase, T,,.,, were determined by observation of the melting 
process under a polarizing microscope". The data on the pure 
mixtures TM74 and TM75 were obtained from BDH. The presence 
of foreign molecules and prolonged irradiation influenced the physi- 
cal properties of the cholesteric mixtures as is illustrated by the data 
in Table I. 
The temperature dependence of the pitch ( p )  of TM75 containing 1 
and iodine was determined before and after the photochemical 
conversion by calculating the wavelength (Arc f i )  of the reflected, 
circularly polarized light as a function of temperature, using the 
relation's-20 A = n ; p ,  in which n,, the mean refractive index, 
was estimated'ge:o be 1.5. The wavelength of the reflected light was 
determined by measurement of the transmitted light" outside the 
absorption bands of the sample (Aren  > 380 nm). For the determina- 
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Table I Transition temperatures of the smectic to cholesteric phase 
(TS.Ch) and cholesteric to isotropic phase (TCh.I) of the liquid crystals 
TM74 and TM75. 

Liquid crystal mixture 
TM74 
TM74 + 2 wt% 1 + 0.3 Wt% iodine 
TM74 + 2 wt% 1 + 0.3 wt% iodine after 60 h 

irradiation with 360 nm light 
TM75 
TM75 + 2 wt% 1 + 0.3 wt% iodine 
TM75 + 2 wt% 1 + 0.3 wt% iodine after 60 h 

irradiation with 360 nm light 

TS.Ch cc) 
-32.6 

41.3 
36 
28 

tion of the pitch of a cholesteric mixture with Arc. < 380 nm, the 
optical-rotary-dispersion (ORD) method of Stegemeyer et al.2z-z4 
was used. The handedness of the pitch of the cholesteric mixture 
TM75 was deduced from the O R D  measurements according to the 
method of de Vries”. TM75 has a right-handed helix. TM74 also has 
a right-handed helix, as could be deduced from the properties of the 
cholesteric phasez5 of a mixture of TM74 and TM75. 

General experimental procedure 

A 2% (by weight) solution of 1 in the chiral medium to which 15-20 
mol% (relative to 1) of iodine had been added, was prepared. In the 
case of a liquid-crystalline or crystalline medium, the mixture was 
heated slightly above the melting point. About 150 mg of the solution 
was sandwiched in a cell, consisting of two pyrex plates separated by 
a 0.1-mm teflon spacer. To ensure a planar alignment of the prepara- 
tion of the liquid-crystalline sample, (helical axis perpendicular to 
the plates), the upper plate was carefully polished by rubbing it 
several times in a single direction with a lens tissuez6. The desired 
temperature was obtained by placing the cell in an alumina holder 
on a thermostatted copper block. A stream of dry air was applied 
above the cell to avoid any overheating during irradiation or the 
formation of ice on the cell at low temperatures. The sample was 
exposed to 360-nm UV light from a fluorescent tube (Sylvania 
F15T6-BL) at a distance of 5 cm for 60 h. After irradiation the chiral 
solvent was removed by flash chromatography on silica gel with 
n-hexane as eluent. HPLC analysis on a reversed phase column 
demonstrated that, apart from hexahelicene, the purified sample 
contained the Z and E isomer of the precursor 1 and the two 
dihydrohexahelicenes 5 and 6‘. To remove 1, the sample, after 
removal of the chiral solvent, was dissolved in 2 ml of a mixture of 
water and methanol (1/9) and injected on a Lobar column (Merck, 
size A: 20 X 240 mm) packed with LiChroprep RPS (size 40-63 Km; 
mobile phase: water/methanol (1/9k flow rate 2 ml/min). The 
fraction containing hexahelicene was analysed by HPLC on a 
LiChrospher RP18 column to ensure that the sample was completely 
free from the precursor 1, because the peaks of cis- and trans-1 
overlapped the peaks of the enantiomers of 3. No effort was made to 
separate 3 completely from the two dihydrohexahelicenes 5 and 6, 
since these compounds did not interfere with the determination of 
the enantiomeric excess (ee) of 3. The value of the ee (% of 3) in a 
sample could be determined with an accuracy of 0.3%. (The proce- 
dure for the determination of the accuracy is given in Ref. 14.) The 
complete experimental procedure was tested with racemic hexahe- 
licene as substrate in all the chiral solvents used. Enantiomeric 
enrichment of 3 due to this procedure was never observed. 

Apparatus 

UV spectra were measured with a Perkin-Elmer 555 spectropho- 
tometer. CD spectra were measured with a Jouan Dichrograph 
Model Mark 111 and the O R D  spectra with a Jasco spectrometer. A 
Perkin-Elmer 241 polarimeter was used for the measurements of 
optical rotations. A Leitz melting point microscope was used for the 

Hibert” noticed, that some of the samples of hexahelicene ob- 
tained from the cholesteric phases were contaminated with a dihy- 
drohexahelicene. H e  suggested that it was the intermediate 2, but 
taking into account that it is not possible to isolate this highly 
unstable compound, it is very likely that the sample contained the 
dihydrohexahelicenes 5 and/or 6. 

determination of the transition temperatures of the phases of the 
liquid crystals. 
Differential-scanning-calorimetry (DSC) measurements were per- 
formed on a Setaram 111 instrument at the department of Thermody- 
namics of the University of Utrecht. 
HPLC analysis was performed on a Spectra-Physics HPLC system, 
made up of a solvent delivery system (SP8700) equipped with a 254 
nm detector (SP8300) and a computing integrator (SP4100). The 
modification of the HPLC columns with TAPA and details of the 
separation have been described previously 14. 

Results and discussion 

Chiral isotropic soluents 

Although in our former experiments the influence of the 
chiral solvent was clearly demonstrated’, it could not be 
predicted beforehand whether or not the differences in 
experimental procedure [irradiations in tubes instead of 
between pyrex plates and only polarimetric determination 
of the enantiomeric excess (ee) instead of the HPLC 
method] were of decisive influence on the observed ee 
values. Therefore the measurements were repeated under 
the new conditions and at several temperatures. 
In isotropic solvents the solutes: 1, iodine and oxygen, are 
more homogeneously distributed than in liquid crystals or 
in crystalline phases. Nevertheless, the dihydrohexahe- 
licenes 5 and 6 are formed under the experimental condi- 
tion used. This may be due to the relatively thin layer 
between the pyrex plates, from which oxygen can easily 
escape. The results of the irradiations at different temper- 
atures are collated in Table 11. 
The observed ee of the formed hexahelicene at room 
temperature is in all but one case [ethyl (S)-(+)-O-(l- 
naphthoy1)lactatel the same as found previously’. The 
difference can be explained by the isolation technique of 
the helicene by TLC, used previously’. When the separa- 
tion of the bands in the chromatogram is good the purity 
of the isolated 3 is also good. When there is some overlap 
with small bands of side-products or chiral solvent, the 
purity of 3 is less good. Although the effect of tempera- 
ture is not very large, an increase of the ee at lower 
temperature is evident. 

Cholesteric liquid crystals 

In Tables 111 and IV the results of irradiation of 1 in the 
liquid crystals TM74 and TM75 are given. 
The results show that P-hexahelicene is the preferential 
enantiomer in all samples. Because the values for the ee 
of 3 were less than 1% in all samples, we used the 
extended HPLC analy~is ’~ ,  combining the peak area and 
the peak height, to minimize the experimental error. In 
additiop we attempted to determine the ee of 3 by means 
of the measurement of the CD of the sample, neglecting 
the influences of the two dihydrohexahelicenes, 5 and 6, 
on the CD spectrum. By relating the CD of the sample to 
the molar ellipticity of 3’’ the ee of 3 could be calculated. 
The discrepancies between the values derived from CD 
and those obtained from HPLC (see Tables) prove that 
the CD method is unreliable. 
Comparison of the ee values obtained in the isotropic 
phases of TM74 and TM75 with those in the chiral liquids 
in Table 11, reveals a smaller effect in the former cases. 
From the data in Tables 111 and IV it follows that the 
smectic phases, which are more ordered than the 
cholesteric phases, induce higher ee values than the 
isotropic phases, but lower ones than observed in the 
cholesteric phases. The ee obtained in the cholesteric 
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Temp. PC) 
- 33 
- 25 
- I9  
- 14 
- 10 
- 6  
- 1  
- 5  
+ 10 
+ 24 
+51 

Table I1 Enantiomeric excess (ee) obtained in the asymmetric synthe- 
sis of hexahelicene in four chiral isotropic solvents at various tempera- 
tures, 

Composition of product mixture (%I 1 Phase ee of 3 (%) 

Type Pitch (nm) HPLC CD 3 5 6 
- smectic 0.4 0.1 83 7 10 

chol. 260 0.8 0.3 47 41 12 
chol. 240 0.6 0.1 33 44 23 
chol. 230 1 .o 0.9 58 25 17 
chol. 230 0.8 0.2 71 15 14 
chol. 230 0.7 0.4 25 44 31 
chol. 230 0.8 0.3 54 31 15 
chol. 230 0.9 0.5 43 31 26 
chol 230 0.9 0.3 30 35 35 
isotr. 0.1 0.1 80 11 9 - 

- isotr. 0.2 0.2 75 10 15 

Chiral Solvent 

diethyl (RR)-( + )-tartrate 

diethyl (RR)-( + 1-0,O’-dibenzoyltartrate 

ethyl (S)- (  + )-O-(I-naphthoyl)lactate 

ethyl (S)- (  + )-0-(2-phenylbenzoyl)lactate 

f 1°C. +0.3%. Enantiomer of 3 pre 

emp. a 

CC) 
- 33 
- 25 
+ 16 
+51 

- 

- 25 
- 6  
+ I6 
+51 
- 60 
- 33 
- 6  
+ 5  
+51 
- 33 
- 6  
+ 16 
+51 

- 
ee 

HPLC 

2.7 
1.9 
1 .O 
0.3 
1.1 
1 .o 
1.1 
0.4 
1 .o 
1.3 
0.8 
0.8 
0.4 
1.6 
1 .o 
0.3 
0.5 

- 

.entially formec 

D / M  

M 
M 
M 
M 
P 
P 
P 
P 
M 
M 
M 
M 
M 
M 
M 
M 
M 

- 

phases reveals a small but significant increase of 050.8%. 
In accordance with the results of Hibert12 the right-handed 
cholesteric phases promote the formation of right-handed 
P-hexahelicene. The effect of the macroscopic helix of the 
cholesteric phases becomes more important as the pitch is 
shorter, which follows from a comparison of the results in 
cholesterol esters, with pitches of 1600-4900 nm and an 
ee of about 0.4%12, with the present results. 
The observed influence of the cholesteric phase is not 
readily explained, when taking into account the arguments 
of molecular dimensions and the heat of phase transitions 
of the cholesteric phase. The two-dimensionally ordered 
smectic phase, which is closer to a crystalline phase, 
should induce a higher ee than the cholesteric phase, in 
which the solute molecules of the precursor ‘see’ a ne- 
matic phase with a one-dimensional arrangement at the 
molecular level. The higher ee values found in the 
cholesteric phases must be caused by its macroscopic, 
helical arrangement. This leads to the question as to how 
the solute molecules ‘experience’ the helical structure of 
the cholesteric phase. Some possibilities may be consid- 
ered. 
( a )  Circularly polarized light (CPL) might be generated 
by the cholesteric phase. Although this might be responsi- 
ble for some chiral induction in our experiments, the 
effect will only be very small, because CPL induces only a 
slight ee in isotropic solvents (see introduction). More- 
over, the results of HibertI2 cannot be explained in this 

way, because a cholesteric phase with a pitch of > 1600 
nm cannot generate a wavelength in the range 300-400 
nm. 
( b )  The cholesteric phase could influence the absorption 
of light by the conformers of 1 by the liquid crystal 
induced circular dichroism (LCICD) effect. This LCICD 
effect has been demonstrated by achiral molecules, such 
as anthracene, dissolved in cholesteric liquid crystals, 
which display induced CD corresponding to their own 
absorption  band^^^-^'. This effect suggests that the ab- 
sorption of light can be influenced by the macroscopic 
helix of the cholesteric phase, although the solute 
molecules experience in their neighbourhood a nematic 
microstructure. Such a difference in absorption should 
account for the effect of the cholesteric phase on the 
asymmetric induction. 
( c )  The third possibility for asymmetric induction by a 
cholesteric phase is at the molecular level. The cholesteric 
phase provides a helical matrix, into which one of the 
conformers of 1 has a better fit. It is known that chiral 
compounds induce a cholesteric phase in a nematic liquid 
crystal. Solladie studied the conversion of nematic phases 
into cholesteric phases by optically active  compound^^^^^^, 
and found that biaryl derivatives with a P helicity induce 
a cholesteric phase of the same P helicity in a nematic 
phase of 4’-pentylbiphenyl4-~arbonitrile (an achiral iso- 
mer of a component of TM74 and TM7.5). He argued that 
the P helicity of the chiral inducer is transferred to a 
nearby molecule of the liquid crystal and from this to the 
next one and so on, via chiral conformations. Therefore, 
the P helicity of the induced cholesteric phase is the 
result of a chiral distortion at the molecular level. The 
mechanism of the induction of a cholesteric phase by 
chiral compounds implies a connection between a chiral 
distortion at the molecular level and the chiral macro- 
scopic arrangement of the cholesteric phase. In the case 
of the precursor 1 in a cholesteric phase with P helicity, 
such a chiral distortion will favour the P conformer of 1 
and induce the formation of hexahelicene enriched in the 
P enantiomer. The present observations are consistent 
with this explanation for the chiral induction in a 
cholesteric phase. 

Chiral Crystals 

Because of the scattering of light by crystals, the photo- 
chemical conversion of 1 into 3 is much slower than in 
other phases. The procedure described above was slightly 
adapted by increasing the amount of iodine to 100% 
relative to 1, to overcome the lower accessibility for oxy- 



Temp. a ("C) 

+ 15 
+ 24 
+ 35 
+ 36 
+ 38 
+ 39 
+ 45 
+ 62 

gen. The molten mixture, about 150 mg, was placed be- 
tween the pyrex plates of the cell and allowed to crystal- 
lize. After irradiating for 150 h at 360 nm, 20-30% of the 
precursor had been converted into hexahelicene 3. This 
amount was sufficient for chromatographic isolation and 
determination of the ee by HPLC. However, the accuracy 
was only 0.5% due to the small amount of 3 that could be 
isolated. The  ee was determined independently by CD 
measurements. Two chiral crystalline phases, ethyl (S)- 
( + )-0-(2-naphthoyl)Iactate (mp 64-65°C) and ethyl (S)- 
( + )-0-(4-~henylbenzoyl)lactate (mp 88-89"C), were stud- 
ied at several temperatures. The results are presented in 
Table V. 
As expected for these highly ordered chiral environments, 
the ee is relatively high (up to 7%). The CD and HPLC 
determinations are consistent when the contamination of 
the sample with dihydrohexahelicenes is small. A temper- 
ature dependence of the ee is observed in both crystalline 
phases. In ethyl (S)-( +)-0-(2-naphthoyI)lactate the ee 
decreases with increasing temperature while in ethyl (S)- 
( +)-0-(4-phenylbenzoyI)lactate a decrease of the excess 
of the preferential M enantiomer with increasing temper- 
ature is only observed up to - 19°C; above - 14°C the P 
enantiomer is the preferred product. The sudden change 
of the preferred product is fully reproducible. A similar 
temperature effect has previously been reported for the 
chemically induced asymmetric photosynthesis of a hexa- 
helicene d e r i ~ a t i v e ~ ~ .  It suggests a change in the crystal 
structure of the medium. In order to check this, crystal 
structure analyses of the solid solvent were performed at 
two temperatures, - 25°C and + 20°C respectively 34. A 
comparison of the two structure determinations shows 
that neither the crystal structure nor the molecular config- 
uration is affected by the change in temperature. This 
conclusion is corroborated by differential scanning 

Phase ee of 3 (%I Composition of product mixture (%I 
Type Pitch (nm) HPLC CD 3 5 6 

smectic 0.4 0.4 90 8 2 
smectic - 0.4 0.3 85 10 5 

smectic/chol. 240 0.6 0.2 37 27 36 
smectic/chol. 230 0.6 0.4 66 16 18 

chol. 330 230 0.5 0.2 49 27 24 
chol. 270 230 0.5 0.4 51 15 34 

chol./isotr. 230 - 0.8 0.5 58 17 25 
isotr. - 0.1 0.0 98 1 1 

1 2 
- - 
- 
- 
- 

- 

calorimetry (DSC). A DSC measurement of 60 mg of the 
solid solvent did not detect any phase transition in the 
range -70 to +8O"C. A change in the crystal structure 
involving an enthalpy of transition of more than 0.1 
kJ/mol would have been detected by the DSC measure- 
ment. However, these results do not exclude the possibil- 
ity that a guest molecule 1, which replaces a molecule in 
the crystal structure, does change its preferential confor- 
mation at the given temperature. Assuming that the dif- 
ference in ee depends only on the preferred conformation 
of the crystalline solvent, this suggestion is corroborated 
by the difference in entropies of activation below and 
above - 14°C calculated from the observed enantiomeric 
excess. In Figure 1 this is illustrated by a plot of the 
temperature ( T )  versus -RT In ( K  *), where K * = 
equilibrium constant, k(P) / k(M) = 0.5 (100 + ee)/0.5 
(100 - ee), according to the equation -RT In ( K  * )  = AC * 

It had to be expected that without a change in conforma- 
tion no sudden change in entropy of activation will occur. 
The change of the entropy as shown in Fig. 1 is an 
indication that a change in the system of crystalline sol- 
vent and 1 takes place around -14°C. 

Triacetylcellulose and p-cyclodextrin 

= A H  - T A S  *. 

ee of 3 (%) 

Temp '' C'C) P / M  HPLC CD 
ethyl (S)-( + )-0-(2-naphthoyl)lactate 

- 26 M 5.9 5.2 
- 19 M 5.3 5.4 
+ 16 M 1.7 1.6 
+51 M 3.0 3.1 

ethyl (S)-( + )-0-(4-phenylbenzoyl)lactate 
- 26 M 6.8 5.3 
- 24 M 5.0 4.4 
- 19 M 4.1 3.5 
- 14 P 2.6 2.3 
+ 16 P 2.8 2.2 
+51 P 3.0 2.2 

These two compounds were used in preliminary experi- 
ments to observe the photochemical behaviour of 1 ad- 
sorbed on a powder of chiral polymers. To this aim a 
solution of 5 mg of 1 in 250 ml of ethanol to which 5 g of 
the polymer was added was refluxed for 3 h after which 
the ethanol was evaporated in uacuo. The resulting dry 
powder was irradiated for 60 h with 300 nm light at room 
temperature in a rotating pyrex vessel. After irradiation 
the powder was extracted three times with ethanol. The 

Composition of product mixture (%I 
3 5 6 

64 14 22 
84 11 5 
92 1 7 
99 1 - 

78 5 .  17 
94 2 4 
89 5 6 
78 9 13 
90 4 6 
91 2 7 
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Figure 1. Plot of temperature us. AG * , derived from the enantiomeric 
excess (ee) of hexahelicene (3)  in ethyl(s)-( + )-0-(4-phenyl- 
henzoy1)lactate. 

ethanol of the combined fractions was evaporated in 
uucuo and the residue analyzed by HPLC on a reversed 
phase column. 
The analysis of the sample obtained from triacetylcellu- 
lose demonstrated that 20% of 1 had been converted into 
hexahelicene, which had an ee value of 4.5% in favour of 
the M enantiomer. 
The sample obtained from P-cyclodextrin contained less 
than 1% hexahelicene. The t rans /& ratio of 1 had 
increased from about 3 to 20. As only the cis isomer of 1 
can be converted photochemically into 2 (the precursor of 
3), the large excess of the trans isomer will delay the 
conversion of 1 into hexahelicene. 

Conclusion 

Notwithstanding the generally low optical yield of the 
photoproduct hexahelicene, the influence of the medium 
is undeniable. The increase of the ee with decreasing 
temperature can be explained by the increase of the 
lifetime of the primary photoproduct 2 and a change in  
the equilibrium between M-2-syn-1 and P-2-syn-1. The 
overall low yield might be a result of the combination of a 
small difference between the association constants of P- 
and M-2-syn-1 and a high rate of interconversion be- 
tween these enantiomers. The high mobillity of molecules 
adsorbed to a solid is well known from other 
experiments3’. The peculiar results of the change in the 
preference for a certain enantiomer caused by a change in 
the temperature of the solid medium ethyl (S)-( +)-0-(4- 
phenylbenzoy0lactate may be explained by a change in 
the preferred conformation of the ‘solvent’ induced by the 
presence of a guest molecule. 
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