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LIQUID CRYSTALLINE PIIEITYLCYCLOHEXANES WITH A 
LATERAL l'I1ETHYL SUBSTITUENT 

Lo AoKARATJIYSHEVA, K.V.ROITMAN, 1.F. AGAFONOVA, 
S I. TORGOVA, R.KH. GEYVANDOV, V. 3'. PETROV , l!?. F. GRE- 
BYONKIN 
Institute of Organic Intermediates & Dyes, Koacow, 
USSR 
V.S.BEZBORODOV 
A.N.Sevchenko Research Institute of Applied Physi- 
cal Problems, Minsk, USSR 

Lomonosov State University, ~'IOSCOW, USSR 
J!T.P*AI\TDRYUIGlOVA, 1J.A.BU"JAGIN 

Abstract With several methods, a large number of 
liquid crystalline compounds were obtained, which 
contained a cyclohexane fragment with a lateral 
methyl substituent. IJovel mesogena were studied 
for chemical, physioochemical, and mesomorphic 
properties. 

IRTRODUCTION 

Introduction of a number of substituents aorosa the 
long axis of a liquid crystalline molecule (a lateral 
substituent) is a conventional method just as for 
lowering the melting point of the mesogen 
reducing its enaectogeneity, so also for decreasing 
its clearing points. The effects of the late- 
ral substituent in the cyclohexane fragment on the me- 
somorphic properties of mesogens 

studied and 

are as yet imper- 
fectly understood. 5,6 

EXPERIIEEXTAL AND DISCUSSION OF RESULTS 
7 In the present investigation, the Nenitzescu method 
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260 L. A. KARAMYSHEVA ET AL. 

was appl ied  t o  produce a wide range of phenylcyclohe- 
xane compounds wi th  a lateral  methyl s u b s t i t u e n t  i n  
t h e  s a t u r a t e d  cycle .  

The mesogem 
o f  s tandard  conversions simulate a l l  the known types  
of phenylcyclohexane mesogeria that have found wide 
a p p l i c a t i o n  (R1 =n-Alk; R2=n-Alk, -OR3, CN, COOR4) 

(V-1x1 obta ined  by Scheme 7. v i a  a number 

SCHEME 1 
+ RCOCl  + @ -2 A l C 1  R h R l m  

8 I cH3 I1 
-3 

I V  

1 

V I I  :R1 =C3H7 IX:R, =C3H7(a) V I I I  :R1 =C3H7 

= n - c ~ - c ~ H ~ (  a) ; R4 

Liquid c r y s t a l l i n e  d e r i v a t i v e s  of  cyclohexyldiphenyl  
with a la teral  methyl s u b s t i t u e n t  (XI) were prepared 
by Scheme 2 us ing  va r ious  modified Grignard 's  r e a c t i -  
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ons. 

LIQUID CRYSTALLINE PHENYLCYCLOHEXANES 

s m m  2 

26 I 

I1 X XI 

The phase t r a n s i t i o n  temperatures  f o r  the newly syn- 
thes i zed  t r i s u b s t i t u t e d  cyclohexanes and t h e i r  analo- 
gues having no l a t e r a l  methyl s u b s t i t u e n t s  a r e  l i s t e d  
i n  Table I. 

It i s  o f  i n t e r e s t  t o  n o t e  that i n t r o d u c i n g  a me- 
t h y l  group i n t o  t h e  cyclohexane r i n g , a t  t h e  p o s i t i o n  
next  t o  the carbon that b e a r s  a carbonyl  funct ion,cau-  
a e s  s t e r i c  hindrances to -  a number 'of r eac t ions .  F o r  
example, methyl -subs t i tu ted  ketone I, u n l i k e  trans-4- 
phenyl-1-acetylcyclohexane, f a i l s  t o  undergo t h e  
Baeyer-Vil l iger  r eac t ion .  I n  c o n t r a s t ,  hypobromite 
ox ida t ion  of ketone I r e a d i l y  y i e l d s  a c i d  ( X I I )  (Sche- 
me 3 ) .  Using ac id  X I 1  as an example, the equa to r i -  
a1 arrangement of  the methyl  s u b s t i t u e n t  i n  the  cyclo- 
hexane r i n g  was evidenced by double 'H NMR. The above 
experimental  f i nd ings  enabled us t o  perform s e l e c t i v e  
o x i d a t i o n o f t h e  a c e t y l  s u b s t i t u e n t  i n  the aromat ic  d i -  
ketone XI11 nucleus and, from the  r e s u l t a n t  2-methyl- 
4( 4-hydroxydiphenyl) 1 -ace tylcyclohexane (XIV) t o  pre- 
pare  a new l i q u i d  c r y s t a l l i n e  a c i d  X V I ,  on whose basis 
mesomorphic e s t e r  XVII w a s  obtained.  Diketone X I 1 1  
ox ida t ion  gave r i s e  t o  d i a c i d  XVIII. An a t tempt  t o  
produce d i e s t e r  w i t h  4-propylphenol from i t  a l s o  i n d i -  
ca ted  a sc reen ing  e f f e c t  o f  t h e  l a t e ra l  methyl substi-  
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262 L. A. KARAMYSHEVA ET AL. 

tuent against  e s t e r i f i c a t i o n  o f  the adjacent carbor.yl 
s i t e .  As a r e s u l t ,  mesomorphic acid X I X ,  an e s t e r i f i -  
cat ion product, w a s  i so la ted  from a more ac t ive  and 
s t e r i c a l l y  unhindered carboxy group (Scheme 3). 

SCrnPIIE 3 

The phase t r ans i t i on  temperatures f o r  a l l  the resul-  
tant mesogens a re  l i s t e d  i n  Table I. For comparison, 
the l i t e r a t u r e  data’ and those from the lfBIerckll pros-  
gecta f o r  their unmbstituted analogues are given. 

TABLE I Phase t r a n s i t i o n  temperatures f o r  com- 
pounds with the  general formula R,-o@-R2 

x 
NO R1 R2 x TC-S TS-B TN- I 

C-El 

1 2 3 4 5 6 7 
P C3H7 c2H5 CH3 -115 
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LIQUID CRYSTALLINE PHENYLCYCLOHEXANES 263 

TABLE I (continued) 

I 2 3 4 5 6 7 

H - 70 
C OOH CH3 165 - 23 6 

H 217 - 275 
C3H7 V I a  

V I b  C5H1 1 COOH CH3 138 - 22 1 

V I I a  C3H7 

E I b  C3H7 

VIIc C3H7 

VIIIa C3H7 

V I I I b  C3H7 

VII Ic  C3H7 

- 
H 

CH3 

CH3 

H 
0C2H5 

H 
0c4H9 

O O ~ - C 4 H g  CH3 
H 

COO-@4!N CH3 
H 

COO-(+C~H~ C I J ~  
H 

C O v 3 H 7  CH3 
H 

1 80 - 265 
liquid 

37 41 - 
liquid 

36 - 32 
54.6 - 122.5 
64 116 189 

122 - 227 
65 - 107 
89 - 186 
48 - 95.5 
95 (93)  160 

80 - 162 

A 

VIIId C3H7 C O w O C 2 H 5  CH3 92.2 - 
32 - CH3 CN C3H7 IXa 

'!jH1 1 IXb 

C3H7 X I a  

C3H7 X I b  

C3H7 X I  c 

'5'1 1 XId 

- 
H 43 - 

34 - 
30 - H 

H 130 - 

m3 

CH3 102 - 
CN 

=@cN 

34 55 
43 150 

CH3 
H 

- e C g H 1  1 

-@'@sH1l m3 40 177 
H 61 251 

-@N CH3 97 - 
H 95 - 

155 
- 27 

45 
- 37 

55 
1% 
230 

91 
167 
245 
31 1 
158 
219 
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264 L. A. KARAMYSHEVA ET AL. 

Table I (continued) 

1 2 3 
~- 

4 5 6 7 

XIe C 5 H 1 1  *42H5 40 - 90.5 
34 146 164 

cH3 
H 

20 43.5 98.5 
14 - 158 H 

CH3 99.7 107.1 160.7 
CH3 89.3 94.7 126.7 

CH3 X I f  C5H11  4 W H 7  

0c4H9 XVI HOOC 
XVII NC-@-OOC OC H 
XIX HOOC CO* H CH3 215 223.5 253 3 7  

The data given in Table I show that the in t roduct ion  
of a l a t e r a l  methyl group i n  the cyclohexane r i n g  as 
i n  the aromatic r ing  generally r e s u l t s  i n  a reduction 
o f  melting and smeotio-nern.atio t r a n s i t i o n  temperaturea 
and, t o  a grea te r  extent ,  olewing poin ts  of  the 
new mesogena as compared t o  t h e i r  unsubsti tuted ana- 
logues. 

Table I1 presents  d i e l e c t r i c  parameters for some 
o f  the r e su l t an t  mesogenes. F o r  comparison, constants 
f o r  t h e i r  unsubatituted analogues a m  given. 

TABLE I1 Dieleo t r ic  proper t ies  of compounds with 
the general formula R 1 W 2  

1 2 3 4  5 6  7 8 

cW3 11.0 4.6 6.4 0.9 

cH3 

CH3 18.5 6.4 12.1 0.9 

cH3 

13.4* 20 
12.0 20 

C551  *N 

H 
COO-@CN CH3 19.8 6.1 13.7 0.85 3H7 

33.5" 20 
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LIQUID CRYSTALLINE PHENYLCYCLOHEXANES 265 

TA3LE I1 (cont inued)  

1 2 3 4  5 6 7 8 

C3R7 C O 0 - @ O C 2 H 5  CH3 4.11 
cH3 3.95 

c 0 0 - O - c ~ ~ ~  C H ~  3.53 C3H7 
CH3 3.46 
H 3.37 

CH; 3.81 
CH3 
H 

CN C3H7 

cH3 2.65 

H 
CH3 

'5'11 CN CH3 
H 

20 
20 

20 
20 
20 
20 

K / T N m I , : K ;  * Calculated i n  terms of  mix- y =  'meas., 
t u r e  with ZLI-1132 (10%); ** Calculated i n  terms of  
mixture with ZU.-3086 (10%); *** ltl.Iercktt data 

Analysis o f  the d a t a  from Table I1 i n d i c a t e s  a si- 
milar behaviour of  t he  d i e l e c t r i c  p r o p e r t i e s  d i sp layed  
by t he  compared compounds. The o p t i c  parameters  f o r  
ou r  synthes ized  methyl-subst i tuted cgclohexanes are 
l i s t e d  i n  Table 111. For comparison, cona tan t s  f o r  
. t h e i r  unsubatituted analoguee are given. D
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266 L. A. KARAMYSHEVA ET AL. 

TABLE I11 Optic p r o p e r t i e s  of  compounds wlth 
general formula R 

the 

R1 R2 ne An T°C 

c 3117 
C3H7 

'5'1 1 

3H7 

'3II7 

C O O W I ' ?  CH3 
CIT 

cH3 

CH3 
H 

m3 
H 

-@CN cH3 
H 

C O O w 3 H 7  CH3 

J 
II 

1 6090 1 4970 

1 5682 1 4850 

0*154* 
0*05* 
0.13*** 

0.13*** 
0.135* 
0.19*** 
0.1120 0.9 
0.092** 
0.14*** 
0.0832 0.88 

0.05* 

20 
20 
20 
20 
20 
20 
20 

20 
20 

(Notes are t h e  same a s f o r  T a b l e X ) .  

It i s  seen from Table I11 that t h e  new mesogent 
have lower o p t i c  a a i s o t r o p i o  values than their u b b -  
stituted analogues. In addition, the new mrsogenrs have 
h ighe r  kinematic v i s o o s i t y  than t h e i r  u n s u b s t i t u t e d  
analogues (Table IV). 

TABLE I V  Kinematic v i s c o s i t y  va lues  for com- 
pounds with tne gene ra l  formula R 

C3H7 '2'5 

C3H7 

m3 
H*** 

H*** 

6.6 
4.0 

115.0 
60.0 

(NoteB a r e  t h e  same as for- Table 11). 
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LIQUID CRYSTALLINE PHENYLCYCLOHEXANES 261 

CONCLUSION 

The r e s u l t s  presented provide evidence t h a t  our syn- 
thesized mesogens conta inhg  a methyl-substituted 
fragment a re  su i tab le  components for the development 
of  l i q u i d  c rys t a l l i ne  mater ia ls  applicable t o  e lec t ro-  
op t i c  devices. 
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