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LIQUID CRYSTALLINE PHENYLCYCLOHEXANES WITH A
LATERAL METHYL SUBSTITUENT
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%ggtitute of Organic Intermediates & Dyes, lioscow,
R

VeS.BEZBORODOV
A.N.Sevchenko Research Institute of Applied Thysi-
cal Problems, Minsk, USSR

N.Po. ANDRYUKHOVA, N,A.BUMAGIN
Lomonosov State University, Moscow, USSR

Abstract With several methods, a large number of

qu crystalline compounds were obtained, which
contained a cyclohexane fragment with a lateral
methyl substituent. Novel mesogens were studied
for chemical, physisochemical, and mesamorphic
properties.

INTRODUCTION

Introduction of a number of substituents across 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 studied and
reducing its smectogeneity, so also for decreasing
its clearing points.1-4 The effects of the late-
ral substituent in the cyclohexane fragment on the me-
somorphic properties of mesogens are as yet imper-
fectly understood.5’

EXPERIMENTAL AND DISCUSSION OF RESULTS

In the present investigation, the Nenitzescﬁ?method

259
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was applied to produce a wide range of phenylcyclohe-
xane compounds with a lateral methyl substituent in
the seturated cycle.

CH
R, “b"“Re

The mesogens (V-IX) obtained by Scheme 1 via & number
of standard conversions simulate all the known types
of phenylcyclohexane mesogens that have found wilde

application (R1=n-A1k; R,=n-Alk, -OR3, CN, COOR4).

SCHEME 1 o
| AlC1
O—CHB + Reocl + (0) —] Rc—Z“ >—<:>—»—R1—Q—@—-
oH o I ch, II
— R1—€> —CH3

Iv V:R.,=C H.7 VI:R,=C H7(a)

1=C3 1=C3
} / o 0501 P
CH CH 3 t
R1‘2:>'@'0R3 R1‘t>“@‘CN R1'D‘@COOR4

VII:R,=C,H, IX:R, =03H7(a) VIII:R,=C,H,
R3=02H5(a) ;C4H9(b) CSHII(b) R4=n-CN-C6H4(a) ;
0006H1OC4H9(0). n-03H706H4(b);

4-03H706H10(c) .

Iiquid crystalline derivatives of cyclohexyldiphenyl
with a lateral methyl substituent (XI) were prepared
by Scheme 2 using various modified Grignard's reacti-
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ons.

SCHEME 2

CH CH CH
I O R g O N g O RO
1T X XI

XI: R1=C3H7; R5=CN(a); C5H11(b); 05H11C6H1O(c);

R,=C_.H R5=CN(d); 02H5(e); 03H7(f).

17750113
The phase transition temperatures for the newly syn-
thesized trisubstituted cyclohexanes and their analo-
gues having no lateral methyl substituents are listed
in Table I.

It is of interest to note that introducing a me-
thyl group into the cyclohexane ring,at the position
next to the carbon that bears a carbonyl function, cau-
ses steric hindrances to. e mumber of reactions. For
example, methyl=substituted ketone I, unlike trans-4-
phenyl-1-acetylcyclohexane, fails to undergo the
Baeyer-Villiger reaction. In contrast, hypobromite
oxidation of ketone I readily yields acid (XII) (Sche-
me 3). Using acid XIT as an example, the equatori-
al arrangement of the methyl substituent in the cyclo-
"H MMR. The above
experimental findings enabled us to perform selective
oxidation of the acetyl substituent in the aromatic di-
ketone XIII nucleus and, from the resultant 2-methyl-
4(4~hydroxydiphenyl)1-acetylcyclohexane (XIV) to pre-
pare a new liquid crystalline acid XVI, on whose basgis
megomorphic ester XVII wasg obtained, Diketone XIIT
oxidation gave rise to diacid XVIII. An attempt to
produce diegster with 4-propylphenol from it also indi-
cated a screening effect of the lateral methyl substi-

hexane ring was evidenced by double
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tuent against esterification of the adjacent carbonyl
slte. As a result, mesomorphic acid XIX, an esterifi-
cation product, was isolated from a more active and
sterically unhindered carboxy group (Scheme 3).

SCHEME 3
CH CcH
NaOBr
0D BEE n000L ()
I XII
cm, 1 CH
CHBCOQZE>-(:>-COCH3 Nakr pooc ~COOH ——t—
XIII XVIIT
CH
—_— HOOC—zi>—<:>—000—<:>—C3H7 XIX
0 CH CH
XIII ~2-%- CH CH —— CH co-é-@-oc e
HCOOH > 3 49
XTIV XV
NaOBr cH CH
e HOOC—Z >—<:>—oc g cn—@-ooc-z Y0)—oc Hg
XVI XVIT

The phase transition temperatures for gll the resul-
tant mesogens ayre listed in Table I. TFor comparison,
the literature data1 and those from the "Merck" pros-
pects for their unsubstituted snelogues are given,

TABLE I Phase trangition temperatures for com-
pounds with the general formula R1—<:>—<:>—R2

x

fo Ry R r  Tos Tsaw Tweg
C-N

1 2 3 R 6 7

v o) SR N SEL
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TABLE I (continued)

I 2 3 4 5 6 7

H - 70
VIa  CjH, COOH CHy 165 - 236

H 217 - 275
VIb CgHyq COOH CHy 138 - 221

H 180 - 265
VIIa CaH, OC,Hg CH, liquid

H 41 - 37
VIIb CpH,  OC,H, CH, liquid

H 36 - 32
VIIe CaH, OOC—<:>-C4H9 CHy 54.6 - 122.5

H 64 116 189
VIIIa CoH, coo—(Z)—cw CHy 80 - 162

H 122 - 227
VIIIb C,H, coo—(:>-03H7 CHy 65 - 107

H 89 - 186
VIIIc C.H, COO—<:>—03H7 CHy 48 - 95.5

H 95 (93) 160
VIII4 CjH,  C00—0)-0C,Hg CH, 9i;2 - 155
IXa  CjH, CN CHy 3 - - 27

43 - 45

IXb ¢ H CN 34 - - 37

30 - 55

CH
H
Xla  CgH, —<:>—CN CH
H 130 - 230
XIb C4Hq -<:>—c5H11 CHy 34 55 91
H 43 150 167
XIe  CyHly OO0y, ;H
CH
H

3 40 177 245
61 251 311
XId Coll, 4 —<:>-CN

3 97 - 158
95 - 219
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Table I (continued)

1 2 3 4 5 6 7

XIe CgHy, —<:>—02H5 CHy 40 = 90.5
H 34 146 164

XIf CgH,, -C)—cBH7 CHy 20 43.5 98.5
H 1 - 158

XVI HOOC 0C,Hg CHy  99.7 107.1 160.7

XVII NO—<:>—OOC 0C ,H CHy  89.3 94.7 126.7
0-2:>-c H
377

XIX HOOC co CH3 215 223.,5 253

The data given in Table I show that the introduction
of a lateral methyl group in the cyclohexane ring as
in the aromatic ring generally results in a reduction
of melting and smectic~nematic transition temperatures

and, to a grester extent, olearing points of the
new megogens as compared to their unsubstituted ana-
logues.

Table II presents dielectric parameters for some
of the resultant mesogenes. For comparison, constants
for their unsubstituted analogues are given,

TABLE IT Dielectric properties of compounds with

the general formula R1—Q@—R2

X
R1 R2 X Eu 81 Ag T T,°C
1 2 3 4 5 6 7 8
CgH, 4 —<:>—CN CHy 11.0 4.6 6.4 0.9

CH, 13, 4% 20

H 12,0 20
C5Hy coo—(:)-cn CH. 198 6.1 13.7 0,85

CHy 18.5 6.4 12,1 0.9

CH 33.5% 20
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TABLE II (continued)

265

1 2 3 4 5 6 7 8
CoH, COO—<:>—002H5 CH, 4411 4.21 0,10 0.85

CHy 3.95 4.02 -0,07 0.9
Oty COO—O—03H7 CHy 3453 4.40 -0.87 0.85

CH3 3.46 4020 -0074 009

H 3437 3.69 =0,32 0.9

CHy 3,41 4,00 -0.59 0,95
Oy, 000—(0)—C,H, CHy 4.16 3.85 0.31  0.85

CHy 4400 3,71 0,29 0.9

CHy 3.81 3.60 0,21 0,95

CH, 0, 36%* 20

H 0, 40%*x 20
CyH, 000=( )=C,Hy CHy 2,73 3,07 =0.34 0,85

CHy 2,69 2.97 -0.28 0.9

CH3 2.65 2085 "0020 0095
CyH, ON CH, 29,8% 20

H 27.6 20
CgH,q CN CH, 20,6% 20

H 26,5 20

T= Thens 'K/TN_I,IK; * Calculated in terms of mix-

ture with ZLI ~1132 (10%); ** Calculated in terms of
mixture with 21X -3086 (10%); *%* "Merck" data

Anelysis of the data from Table IT indicates a si-
milar behaviour of the dielectric properties displayed
by the compared compounds. The optic paresmeters for

our synthesized methyl-substituted cyclohexsnes are
listed in Table III. For comparison, constants for

their unsubstituted analogues are given,
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TABLE ITII Optic properties of compounds with the
general formula R1—§:>-<:>-R2
X
R1 R2 X n, n, An T T°C
C4l, coo—(0)—oN CH, 0.154* 20
*

03H7 CcH CH3 0.05 20
H 04 13%%* 20
C5H11 CH3 CH3 0.,05% 20
H 04 13%*x 20
Cglyq —(0)-CN CH, 0,135+ 20
H O, 19%%x* 20

CqHq coo-(:>-03H7 CHy 146090 1,4970 0,1120 0.9
CH3 0,092%% 20
£ O, 14%%% 20

Call COO—<:>—03H7 CH, 1.5682 1.4850 0,0832 0.88

(Wotes are the same as for Table II),.

It ig seen from Table IITI that the new mesogen

s

have lower optic anisotropic values than their unsub-
stituted anaelogues, In eddition, the new mesogens have

higher kinematic viscosity than their unsubstituted
analogues (Table IV).

TABLE IV  Kinematic viscosity values for com-

pounds with the general formula R1-§:>-<:>—R2

X
R, R, X y,mm°/8, 20°C
CyH,  Cpig CH, 6.6

Tk Aok 4,0
CyH,  CO0=(0)=C,H, CHy** 115.0

H* 60,0

(Notes are the seme as for Table II),
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CONCLUSION

The results presented provide evidence that our syn-
thesized mesogens containing & methyl-substituted
fragment are suitable components for the development
of liquid crystalline materials applicable to electro-
optic devices.
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