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Optikzentrum NRW, D-44799 Bochum, Germany 
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The preparation of trans-2,5-disubstituted cyclohexan-1-ones from 3,6-disubstituted 
cyclohex-2-en-1-ones by reduction with hydrogen in the presence of palladium on carbon in 
a basic medium is described. The nature of the mesomorphic phases together with some 
physical properties of single compounds and of nematic mixtures comprising them are 
reported. Mesogens containing the trans-2,5-disubstituted cyclohexan-1-one ring show a small 
negative dielectric anisotropy and a low birefringence. 

1. Introduction 
3,6-Disubstituted cyclohex-2-en-1-ones can be pre- 

pared easily by condensation methods [l-51 and they 
are therefore promising intermediates for the synthesis 
of different kinds of mesogen containing laterally substi- 
tuted as well as unsubstituted benzene, cyclohexane or 
cyclohexene rings [6]. Continuing our interest in manu- 
facturing liquid crystals from the cyclohexenones we 
have investigated the reduction of compounds I: 

0 

wherein the terminal substitutents R1 and R, are hydro- 
gen or halogen or alkyl, alkoxy, COOH, COCH, and 
CN groups and K, , K, and K, are single bonds, CH=CH 
groups, benzene or cyclohexane rings. The main purpose 
of this investigation was to find a convenient and a more 
general method for the preparation of different 
trans-2,5-disubstituted cyclohexanones. Mesogenic 
cyclohexanones are needed for the synthesis of difluoro- 
cyclohexane and fluorocyclohexene derivatives [ 7, 81 or 

*Author for correspondence. 
?Present address Samsung Display Devices Co. Ltd., R&D 

Center, 575 Shin-Dong, Paldal-Do, Korea, 445-970. 

as components for modifying the electro-optical proper- 
ties of liquid crystalline mixtures [9]. 

2. Results and discussion 
2.1. Synthesis 

We have investigated a catalytic hydrogenation of 
unsaturated ketones I in the presence of palladium on 
carbon (10 wt %, product of Merck) in an acidic, neutral 
or basic medium. It was found that the compounds 

listed in the scheme are formed and their ratio in the 
reaction mixture depends strongly on the conditions of 
the reduction. When R, and R, are alkyl and m=O, I =  
0 and K,, K, and K, are single bonds, cis- and trans-l- 
alkyl-4-arylcyclohexanes IV and V are formed in the 
majority (40-60%) in formic or acetic acid. These hydro- 
carbons, together with cyclohexanones I1 and 111 and 
cyclohexanols VI, VII, and VIII are also formed from I 
in isopropyl alcohol containing hydrochloric acid. The 
hydrogenation of ketones I in neutral isopropyl alcohol 
leads to a mixture containing mainly ketones I1 and 111 
and alcohols VI, VII and VIII in yields of about 40-50% 
and 20-30%, respectively. The highest yield of the 
required saturated trans-ketone I1 was obtained using 
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Scheme 1 .  The reduction products lormed from the 
3,6-disubstitutcd cyclohex-'-en- 1-ones. 

alcohols (cthanol, isopropanol) containing potassium 
hydroxide. In these media, only ketones I1 and I11 are 
formed in yields from 90 to 95% and with a ratio of cis- 
to trans-isomers of 1 : 7. The 90% yield in the reduction 
of 3-( 4-ethoxyphenyl)-6-pentylcyclohex-2-en- 1 -one to 
2-pcntyl-5-(4-ethoxypheiiyl)cyclohexanone in an eth- 
anol solution of NaOH has been previously mentioned 
[9] We have also found that the reduction of com- 
pounds 1 in alkaline solution in the presence of pall a d' ium 
on carbon gives better results than the reduction of I by 
sodium in liquid ammonia (Birch method), ethylene 
diamine or alkylamines. In the latter case, the mixture 
of trans- and cis-ketones I1 and 111 was formed in yields 
between 70 and 90%. Additionally we have found that 
the hydrogenation of ketones I containing the cyclohex- 
enone ring between two benzene rings ( 1  is 0, K, and K, 
are benzene rings in formula I) always gives a mixture 
o f  all the products listed in the scheme independently of 
the acidity of the medium in which the hydrogenation 
was carried out. Unlike the compounds mentioned 
above. styrylcyclohex-2-en-1-ones I ( K, is the CH=CH 

group. K, is a single bond and m = O ,  p =  1)  or 
acetylcyclohex-2-en-1-ones I, (1 is 0. K IS a single bond 
and R, is the CH,CO group) are hydrogenated into 
trans- and cis-ketones I1 and I11 in alkaline and acidic 
media and in the former case both the double bonds ( i n  
the bridge and the cyclohexene ring) are reduced simul- 
taneously. In both cases the truns-ketones 11 are formed 
more efficiently. 

2.2. Mesomorphic propertica 
Thc 2,5-disubstituted cyclohexanones are listed in 

table 1. The phase transition tcmpcratures for the 
pure rrans-isomers (compounds 11) isolated from the 
reduction products by crystallization are given. 
Cyclohexanoiies I I  are strongly smectogenic compounds 
and smectic A and smectic B phases are mainly exhibited. 
The nematic phase was however observed with some 
structures with hydrogen or fluorine atom as a terminal 
substituent and also with the structures with the 
-CH,-CH,- spacer between the rings. For other struc- 
tures, the nematic phase exists in a narrow temper' '1 t ure 
range, but only for cornpounds with short alkyl or 
alkoxy terminal groups. It is interesting that molecules 
containing cyclohexyl-cyclohexanone fragments give 
the nematic phase more effectively than molccules 
containing a phenyl-cyclohexanone fragment-see for 
example, compounds I19 and 1123. This is the opposite 
relation to that for known mesogens containing a 
bicyclohexyl and a cyclohexylphenyl fragment [ lo]. 

2.3. Dielectric arid optical anisotropy 
Dielectric constants and refractive indices were meas- 

ured for the nematic phase and the isotropic phase of 
the single nematic compound II25, (figures 1 (u) and 
l (0))  and for a multicompoiient mixture A at a temper- 
ature of 20°C. 

Thc broad range nematic mixture A was prepared 
from the compounds 118, 21, 25. 26, 27 (some of them 
are smectics) by dissolving them in non-polar 4-(trans- 
4-propylcyclohexy1)pentylbenzene. The mixture A had 
the composition in wt YO: 

4-( trans-4-propylcyclohexyl ) pentylbenzene 3 5.4 
Compound I18 7.3 
Compound 1121 2.9 
Compound I125 29.3 
Compound I126 17.8 
Compound 1127 7.3 

Mixture A had the following properties: TN 63-72'C: 
N-SA 3°C; A t  at 20°C -0.5; clI 3.8; E~ 4.3; An at 589.7 nm 
0.0746; 12, at 589.7nm 1.4965; rz, at 589.7nm 1.5713 

The wavelength-dependent rcfractivc indiccs no and 
ne of mixture A at 20':C are shown in figure 2(a). The 
wavelength-dependent birefringence is compared in 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
5
7
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



Synthesis of mesomorphic 2,5-disubstituted cyclohexan-1 -ones 

Table 1. Yields and transition temperatures of 2,5-disubstituted cyclohexan-1-ones I1 1-25. 
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Transition temperaturesrc 

N 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

- 
Kl 1 K2 ni K, p Yield/% Cr 

- 0 -  0 -  1 
- 0 -  0 -  1 
- 0 -  0 -~ 1 
- 0 -  0 -  1 
- 0 - 0  - 1 

1 - 0 -  1" -~ 

- 0 -  1" - 1 
- 0 -  1" - 1 
- 0 B O  - 1 
- 0 B O  - 1 
- 0 B O  - 1 
- 0 B O  - 1 
- O B O  ~ 1 
- O B O  - 1 
- 0 B O  - 1 
- 0 B O  - 1 
- 1 -  0 -  1 

1 -  0 - -  
- 0 -  0 -  1 
- 1 B O  C O  
- O B O  C O  
- 0 B O  C O  
- 0 c o  - 1 
- 0 c o  - 1 
- o c o  - 1 
p o c o  - 1 
C l C O  - 1 
B 1 -  1" ~ 1 

- 

44 
47 
58 
52 
48 
51 
47 
46 
56 
60 
5 5  
64 
61 
59 
70 
56 
48 
52 
62 
44 
68 
75 
82 
86 
86 
87 
82 
59 

43 
45 
47 
56 
44 
59 
72.5 
68 
97 
59 

105 
75 
84 
74 

112 
68 

118 
150 
47 

139 
139 
99 
85 

140 
70 
44 
61 
66 

~ 

s* N I 

(36) - 
0 53 - 

0 (47) - 
- - 

- (20) 

(36) 
- - 

- 

0 (81) - 
0 95 ~- 

124 160 
96 ~- 

148 152 
126 
178 

__ 
- 

171 - 

~___ ~ 

B = benzene ring, C = cyclohexane ring. 
a This -CH,CH,- group is formed by reduction of a -CH=CH- group 
omeans phase present; --means phase not present. 

figure 2(b') with the birefringence of a Demus ester 
mixture. 

The dispersion characteristic of mixture A at different 
constant temperatures is given in figure 3. 
The solid lines are experimental data and the dotted 
lines are fits using the single bond model equation [ 111: 

The above data show that the cyclohexanones I1 
containing saturated rings joined to a single benzene 
ring are mesogens with a small negative dielectric aniso- 
tropy and a very low birefringence, and with a low 
spectral dependence in the visible spectral range. 

An(2,T) = G(T)[A2A:/(A2 - A:)] ( 1 )  3. Experimental 
3.1. Structures and physical properties 

Confirmation of the structures of products was 

MSD), 'H NMR spectrometry (Varian-Gemini 

Elmer). Phase transition temperatures were measured 
using a Linkam heating stage, in conjunction with a 
polarizing PZO microscope. In some cases the results 

The values of the coefficients G and ;lo are shown in 

decrease with increasing temperature (disorder of the 

at temperatures far from the clearing point. This is as 
expected. The coefficient G is correlated with the order 
parameter S by the equation [ 111: 

2. The G-values (a kind Of Order parameter) obtained using GC/Ms spectrometry (HP 5972 

LC)> the ;lo does not depend On temperature 200 MHz, in CDC1,) and IR spectrometry ( Perkin 

G(T) = g N Z S  (R -. f l*) (2) were confirmed by differential scanning calorimetry 
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4.0~ --- , 7-- I 1 I 
60 ao 100 

TPC 
Figure 1. Temperature-dependent refractive indices (a) and 

dielectric constants (b) of the liquid crystal I1 25. The 
optical indices were measured using an Abbt refracto- 
meter. Experimental data a t  tcmperature T-T,-, = - 10' 
are as follows: n,= 1.5399, no = 1.4872, An =Om27, cI l  = 
4.33, EL ~ 4 . 6 0 ,  AAC = -0.27. 

(Setaram DSC92). Ordinary (no)  and extraordinary ( M e )  

refractive indices for compound I125 were measured by 
the standard method using an Abbe refractometer and 
Na, light (589.7nm). In order to measure their wave- 
length-dependent properties, the liquid crystals were 
filled into commercial cells supplied by EKMO (Minsk, 
Rep. Belarus) and Displaytech (Boulder, Colorado). The 
liquid crystals were aligned by the parallel rubbed polyi- 
mide layers and the thicknesses of the cells were meas- 
ured by interferometry before filling [ 121. The 
birefringence of the liquid crystals was obtained by using 
the method of Wu [13] modified by us in two details. 
Firstly, we used a fast optical multichannel analyser 
which allowed us to obtain a spectrum covering the 
entire visible range in a few milliseconds. Secondly, we 
found that with the small layer thicknesses used thc 
interferences from the reflections at the two liquid crystal 
surfaces became very important. Therefore we considered 
the cntirc cell as an etalon with different optical thick- 
ncsses for polarizations parallel or perpendicular to the 
fast axis of the liquid crystal and expanded the evaluation 
of Wu. The refractive indices were obtained from the 
transmission maxima and the evaluation of suitable 
polarized white light using again the multichannel ana- 
lyser. The details of the method are described elsewhere 

1,45 
400 500 600 700 800 

WAVELENGTH I nrn 
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mlxtu:e A 

~ 

0,070 

400 500 * 600 700 600 900 

WAVELENGTH I nm 

Figure 2. The wavelength-dependent refractive indices of 
mixture A at 20°C (a) and a comparison (b )  of the 
wavelength-dependent birefrigence of mixture A and of 
an ester mixture (4-methoxyphenyl, 4-ethoxyphenyl and 
4-pentyloxyphenyl trans-4-buty1cyclohexanoate in mol 
ratio 1 : 1 : 1; TN-, 65°C) at 20°C. 

L141. The dielectric anisotropy was measured by a 
capacitative method as described in [ 153. 

3.2. Generul method for the prepurution of' 
trans-2,5-disubstituted cyclohexan-1 -ones 

The 3,tj-disubstituted cyclohex-2-en-1-ones I (0.2 mol) 
dissolved either in ethyl or isopropyl alcohol (200ml) 
containing potassium hydroxide (0.02 mol ) were hydro- 
genated by gaseous H, in the presence of 1 g of lOwt % 
palladium on carbon at 40°C with vigorous stirring until 
hydrogen absorption ceased. The catalyst was separated 
by filtration, the alcohol was distilled off and the residue 
was dissolved in benzene. The solution was washed with 
water and dried over anhydrous magnesium sulphate. 
After evaporation of the solvent, the residue was crystal- 
lized from isopropyl alcohol until the phase transition 
temperatures were constant (2 or 3 times normally). 

Spectral data for tuans-2-pentyl-5-[4-(rrcins-4-propyl- 
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F 0,070 

0.065 
G 

consist of two ring molecules, but it is interesting that 
those mesogens which contain a cyclohexyl- 
cyclohexanone moiety form the nematic phase more 
easily than those containing a phenyl-cyclohexanone 
moiety. Mesogens in which the cyclohexanone ring is a 
single polar group have a small negative dielectric aniso- 
tropy and their birefringence and the dispersion of the 
birefringence are the lowest among known molecules of 
moderate polarity. 

0,050 
400 500 600 700 800 900 

WAVELENGTH I nm 

Figure 3. The wavelength-dependent birefrigence of the mix- 
ture A at different temperatures. Solid lines: measured 
values. Dotted lines: fits of the measured values to 
equation (1); the fit parameters are listed in table 2. 

Table 2. Coefficients of equation (1) for mixture A. 

TemperaturerC G(T)/10-6 nm-2 &/nm 

20 3.02 152.0 
30 2.85 151.8 
40 2.62 151.5 
50 2.32 149-4 

cyclohexy1)phenyll cyclohexan-l-one are given by way 
of illustration: m/z 368 (M’, 3.4%) 350 (9.2%), 298 
(26.3%), 280 (11-7%), 228 (100%); IR(KBr) 1720cm-‘ 
(C=O). 

4. Conclusion 
The reduction of 3,6-disubstituted cyclohexen-l-ones 

by hydrogen in the presence of the catalyst palladium 
on carbon in alkaline media gives trans-2,5-disubstituted 
cyclohexan-1 -ones in high yield, except for structures 
wherein the benzene rings are directly joined to both 
sides of the cyclohexenone ring. Mesogens containing a 
cyclohexanone ring show only smectic phases when they 

This work was supported by the Polish Committee 
for Scientific Research under grant No 3P405 003 07 
and by the European Community under grant 
CIPACT 940157. 
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