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We became interested in the w-phenylalkanoates of cholesterol after 
it was reported") that of the first five members investigated only the 
odd esters were mesomorphic, but not the even members cholesteryl 
phenylacetate and 4-phenylbutyrate. However, we found a choles- 
teric mesophase in cholesteryl 4-phenylbutyrate. We also observed 
that the temperature values of the cholesteric-isotropic transitions 
fell on two curves, with the odd-numbered members forming the 
higher branch, and the even-numbered members forming the lower 
branch. The two curves did not merge, and no smectic-cholesteric 
transitions were observed except in cholesteryl 8-phenyloctanoate, 
the last member studied in that investigation. ( 2 )  

A similar, but  less pronounced, odd-even behavior has been 
reportedc3) for the cholesteric-isotropic transition temperatures of 
the first 10 homologues of the S-cholesteryl alkanethioates. These 
alternations of transition temperatures are not limited to the 
cholesteric-isotropic case since they have also been reported for 
smectic-nematic and nematic-isotropic phase transitions. ( 4 )  

In  order to compare the effects of structural changes on the odd- 
even effect in w-phenylalkanoates of 3p-sterols, we synthesized and 
investigated the homologous series of 5a-cholestan-3p-yl w-phenyl- 
alkanoates (I) and S-cholesteryl w-phenylalkanethioates (11). 

1. Preparation of Materials 

The w-Phenylalkanoic Acids(5.6.7) were obtained from the ester 
t Presented at the Third International Liquid Crystal Conference in Berlin, 

August 24-28, 1970. 
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176 M O L E C U L A R  CRYSTALS A N D  LIQUID C R Y S T A L S  

chlorides of CL, w-dicarboxylic acids and the corresponding tlialkyl- 
cadmium compounds(*.9) : 

CH,OOC-(CH,),-COCl+ Cd[(CH,),C,H,], + 

Wolff- 
Kishner CH,OO C-( CHJ,-CO-( CH,) v - C 6 H 5 e  HOO C-( CH2),-C6H, 

or by chain elongation via enarnines('O) : 

0 

- CO-( CH,) ,c- C,H 5 c + C1CO-(CH2),C,H, N(CZH5)s 

I 

(t =o, 1, 2, 3) 0 
Wolff- 

liishner K~H~HOOC-(CH~)~-CO-(CH2),-C6H5---+ HOOC-( CHs)6+2c-C6H5 

The purity was checked by gas chromatography of the corresponding 
methyl esters on EGSS-X (15%) and XE-61 (3%) phases, and found 
to be in the range: of 99%. 

The Steryl Esters were obtained by the reaction of the imidrbzolides 
of the w-phenylalkanoic acids with the stei ,I under catalysis with 
sodium methoxide(11J2) : 

41 ~ - ( C H J , - C O O H  
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T H E  O D D - E V E N  E F F E C T  177 

Because some of the side products formed in the esterification could 
not be removed by recrystallization, the compounds were chromato- 
graphed on silica gel. I n  each case the materials were uniform on 
thin-layer chromatography and satisfactory elemental analyses were 
obtained. Transition temperatures were determined and mesophases 
were identified under the microscope with a temperature-programmed 
Mettler FP I1 hot stage.(13) The temperature values are corrected. 

2. 5a-Cholestan-3/3-yl w-Phenylalkanoates (I) 

The homologous series of the w-phenylalkanoates of 5a-cholestan- 
3/3-01 exhibits a pronounced odd-even effect for the cholesteric- 
isotropic transition temperatures in analogy to the w-phenyl- 
alkanoates of cholesterol(14) (Fig. 1) .  The two curves formed by the 

56-CHOLESTANYL 

b-PHENYLALKANOATES 
160 

1 4 0  

120 Q-[CHJ ;CO* (IF ? 

100 
----- M E L T I N G  POINTS 

8 0  + C H - I  TRANSITION 

--b S-CH TRANSITION 
60 

40 

2 4 6 8 10 I2 14 

ACID CHAIN LENGTH 

Figure 1. Transition points of &-cholestun-3/3-yl w-phenylalkanoates, 
_ - -  - , melting point; -A-, cholesteric-isotropic transition ; -0-, 
smectic-cholesteric transition. 

cholesteric-isotropic transition temperatures can be represented as 
hyperbolas with a deviation of only a few "C as in the case of the 
corresponding cholesteryl series. All odd members are monotropic 
cholesteric and their transition temperatures form the upper branch. 
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178 M O L E C U L A R  C R Y S T A L S  A N D  L I Q U I D  C R Y S T A L 9  

The 8-phenyloctanoate is the first even member exhibiting LL mono- 
tropic cholesteric mesophase. This mesophase is not observed in the 
preceding members phenylacetate, 4-phenylbutyrate and 6-phenyl- 
hexanoate. Extrapolation of the lower branch indicates that the 
cholesteric-isotropic transitions can only be expected a t  a tempera- 
ture far below that a t  which the isotropic melts crystallize on cooling. 
Cholesteric colors are exhibited by all mesomorphic members of this 
series. Smectic mesophases are observed only in the last five 
members, starting with the 12-phenyldodecanoate. The smectic- 
cholesteric transition temperatures do not exhibit an odd-even effect 
but increase almost linearly with chain length. 

3. S-Cholesbryl w-Phenylalkanethioabes (11) 

The phase transitions of the w-phenylalkanoates of 3p-mercapto- 
cholest-5-ene (thiocholesterol) are presented in Fig. 2. The melting 
points show a regular behavior with the higher temperaturle values 

S-CHOLESTERYL 

W-PHENY L - 
ALKAN ETH IOATES 

-----. MELTING P O I N T S  

-b CH-I  TRANSITION - S-CH TRANSITION 

Figure 2. Transition points of S-cholesteryl w-phenylalkanethioates. - - - - , 
melting point ; -A-, cholesteric-isotropic transition ; -0-, smoctic-- 
cholesteric transition. 
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THE ODD-EVEN EFFECT 179 

for odd and the lower temperatures for even homologues. No other 
homologous series of steryl derivatives has exhibited such a regular 
temperature dependence of the melting points. The cholesteric- 
isotropic transition temperatures fall on two distinct branches : the 
high temperature branch for odd chain length and the low tempera- 
ture branch for even chain length. The two curves again can be 
represented in close approximation as hyperbolas. The even 
members phenylthioacetate, 4-phenylthiobutyrate and 6-phenyl- 
hexanethioate do not exhibit cholesteric mesophases. All the other 
members of this series are monotropic cholesteric and most of them 
exhibit cholesteric colors. The smectic-cholesteric transition tem- 
peratures also show an odd-even effect of distinct regularity, a 
phenomenon never observed in any other homologous series of 
3p-steryl derivatives. The high temperature branch is formed by the 
odd, and the low temperature branch by the even members of this 
series. However, the alternations are much smaller than in the 
cholesteric-isotropic phase transitions. 

4. Summary and Conclusion 

Figure 3 depicts the cholesteric-isotropic transition temperatures 
of the w-phenylalkanoates of cholesterol,(2*14) 5a-cholestan-3/3-01, and 
3/3-mercaptocholest-5-ene. The transition temperatures of the 
5a-cholestan-3/3-yl derivatives are consistently lower than those of 
the corresponding cholesteryl analogues. I n  both homologous series 
the odd-even effect might disappear with approximately the 20th 
member. The extrapolated merging temperature of the 5a-cholestan- 
3/3-yl series is about 10" lower than that of the cholesteryl series. 
The two branches of the cholesteric-isotropic transition temperatures 
of S-cholesteryl w-phenylalkanethioates are spread farther apart 
and the odd-even effect might persist to a much higher hornologue 
than the 20th member. However, the temperature region a t  which 
the two branches might merge can be expected in the vicinity of that 
of the corresponding series of cholesteryl w-phenylalkanoates, 

The data obtained are not sufficient to explain the observed odd- 
even effect. Nevertheless, a few parameters can be pointed out 
which may be responsible for this unusual effect. A terminal phenyl 
group in the 3/3-acyl moiety causes a differentiation of mesomorphic 
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180 M O L E C U L A R  C R Y S T A L S  A N D  L I Q U I D  C R Y S T A L S  

properties, which decreases with increasing chain length. Sirice the 
extension of the ester chain by a methylene group does not appreciably 
change polarizability and size of the molecule, two distinct con- 

T ( O C 1  

200  

180  
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2 4  6 8 10 12 I 4  
A C I D  CHAIN LENGTH 

Figure 3. Cholesteric-isotropic phase transitions. - - 0 - - , cholesteryl W -  

phenylalkanoates; .. .o * * , Bcr-cholestan-3~-yl w-phenylalkanoates; -v-, 
S-cholesteryl UJ-phenylalkanethioates. 

figurations of the molecule in the mesophase must be assumed, one 
for even and one for odd chain length, Dreiding stereo models 
(Fig. 4) display a difference for odd and even members in the relative 
position of the phenyl group with respect to the carbonyl group. 
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A C I D  C H A l  N L E N G T H  

ODD ++J \\ 0 

0 
Figure 4. 
alkanoate. 

Dreiding stereo models depicting an even and an ocld w-phenyl- 

We notice a cisoid arrangement for even and a trnnsoid arrangement 
for odd w-phenylalkanoates. The resulting difference in side spacing 
might explain the alternations of phase transition temperatures 
between members of odd and even chain length. Since the flexi- 
bility of the acyl chain becomes greater with increasing chain length, 
the alternations should become smaller and this, indeed, is observed. 
If our assumption is correct, this odd-even effect of phase transitions 
should also be observed with bulky terminal groups other than the 
phenyl group in the ester chain. 

Acknowledgements 

phases and the determination of phase transitions. 
We are grateful to Mr. A.  J. Brown for the identification of meso- 

R E F E R E N C E S  

1.  Fergason, J. L., Goldberg, N. N. and Nadalin, R. J., Mol. Cryst. 1, 309 

2. Ennulat, R. D., Mol. Cryst. aTbd Liq. Cryst. 8, 247 (1969). 
3. Elser, W., Pohlmann, J. L. W. and Boyd, P. R., ibid. 11, 279 (1970). 
4. Gray, G .  W. and Httrrison, K. J., Mol. Cryst. and Liq. C r p t .  13, 37 ( 1971). 
5. Huisgen, R., Rapp, W., Ugi, I., Walz, H. and Glogger, I., Justus Liebigs 

(1966). 

Ann. Chem. 586, 52 (1954). 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

8:
04

 2
3 

Fe
br

ua
ry

 2
01

3 



182 MOLECULAR CRYSTALS A N D  L I Q U I D  C R Y S T A L S  

6. Hase, J. and Ohura, H., Chem. Phrm.  Bull. (Tokyo) 2, 368 (1954). 
7. Huisgen, R.  and Ugi, I., Chem. Ber. 93, 2693 (1960). 
8. Cason, J. and Prout, F. S., J .  Amer. Chem. SOC. 66, 46 (1944). 
9. Cason, J., Chem. Rev. 40, 15 (1947). 

10. Hunig, S., Lucke, B. and Benzing, E., Chem. Ber. 91, 129 (1967). 
11. Staab, H. A. and Rohr, W., in “ Newer Methods of Preparative Organic 

Chemistry,” W. Foerst, Ed., Verlag Chemie, Weinheim, and Acadernic 
Press, New York, N.Y., Val. V, p. 74. 

12. Pohlmann, J. L. W. and Elser, W., Mol. Cryst. and Liq. Cryst. 8,42’7 (1969). 
13. Ennulat, R. D.,  Mol. C r p t .  3, 405 (1968). 
14. Ennulat, R. D. and Brown, A. .J., Mol. Cryst. and Liq. Cryst. 12,3(i’7 (1971). 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

8:
04

 2
3 

Fe
br

ua
ry

 2
01

3 


