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LIQUID CRYSTALLINE 1,3-DISUBSTITUTED CYCLOPENTANES

L.A.KARAMYSHEVA, T.A.GEYVANDOVA, I.F,AGAFONOVA,
K.V.ROITMAN, S.I.TORGOVA, R.KH.GEYVANDOV, V.F.PET-
ROV, A.,Z.RABINOVICH, M,F.GREBYONKIN

Institute of Orgenic Intermediates & Dyes, Moscow,
USSR

Abstract Novel liquid crystalline 1,3-disubsgstitu-
cyclopentanes were studied for physicochemical
and temperature characteristics.

INTRODUCTION

Our further work on the synthesis and study into the
properties of mesogens in the alicyclic series yield-
ed over 70 novel liquid crystalline compounds such as
1,3-disubstituted cyclopentane derivatives. The syn-
thegized mesogens in the cyclopentane series simulate
all conventional types of liquid crystalline molecules,
trans-1,4-disubstituted cyclohexenes, in particular.

1. Esters of Cyclopentanecarboxylic Acids
3-n-Alkylcyclopentanecarboxylic acids and their esters
were prepared by the known methods -3 according to
Scheme 1, the characteristics of the novel mesogens
are given in Table I.

SCHEME 1

0 H,, = )=0 =~ C/H, .o O =0 - an2n+1-O —C00CH,
T C.H

n 2n+1_<:>_COOH
n 2n+1_o COO—@—

237
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SCHEME 1 (continued)

I: R=C6H4CN, n=I(a),3(b)’5(C);
R=C6H1OCSH11’ n=1(4d); R=OC2H5, n=3(e); R=CN, n=3(f)

TABLE 1 Phase transition temperatures for com-
pounds I (°C)

Cyclopentanes Cﬁ;ﬁggg§2§e4
Index n R -
Te-s Ts-v  Ty-1 To-s To-n Ty-1
C-N S-N
Ia 1 CgH,CN (41.3) 53.5
Ib 3 CgH,ON 52.2 6645
Ic 5 CgH,ON 36.9 71.4 80.8 -~ 85 241
Id 1 CeH,oCsHyy (47) - 60,0
Tex 3 0CHg - - - - 41 785
If* 3 CN - - - - 54,5 69.5

( ) = monotropic transition; * = liquid

As geen from Table I, the mesogens 1n the cyclopen-
tane series have lower melting points and substantial-
ly lower clearing temperatures than the cyclohe-
xane analogues ( by 160° C). Only three-ringed esters
display liquid crystalline properties, cyanodiphenyl
and cyclohexylphenyl esters of methylcyclopentanecar-
boxylic acid showing only monotropic nematic and smec-
tic phases, respectively. Two-ringed esters Ie, f are
nonmesomorphic.

2. Phenylcyclopentanes

To produce cyclopentane analogues of liquid crystal-
line phenylcyclohexanes, the Nenitzescu method?was em-
ployed along with a number of standard chemical reac-
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tions (Scheme 2). The properties of the resultant me-
somorphic phenylcyclopentanes(II-VI) are listed in
Tgble II. As in the case of esters (I), mesogens 1in
the phenylcyclopentane series demonstrate a pronounced
depression of clearing temperatures (by 130-160°C)
end an apprecisble tendency to formation of a smectic
phase as compared to cyclohexane analogues. The latter

observation makes it possible to compare the effect of
introduction into a molecule of the cyclopentane frag-

ment with that of the alkyl radicel elongation, As is
the case with two-ringed esters (I), cyclopentylbenzo-
nitriles (Y) are nommesomorphic.

SCHEME 2
Crlon+4COCT + O + @ — Cpflon+q ﬁ_o_@ -
0
Con 2m+1-o_@—" Cott 2m+1_o;@'COCH3
Crflom+1 Q-@"OH CmHgmH-O@—COOI\

{ II: m=3(a),
4(v), _<:>_
CmH2m+1-O_@—oﬁR 5(c)’ Cmfl2 +1_O G5
O III: m=3
IV: m=4, R=C6H4C6H1OC3H
CmH2m+1_O_@_CN | CmH2m+1-O—<§>—COO—@—R
V: m=3(a),5(b) VI: m=3,R=CBH7(a); m=4,R=

03H7(b); m=4,R=05H11(c);
m=3,R=CN; m=5,R=CN(e);
m=5,R=002H5(f); m=3,R=
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3. Cyclopentyldiphenyls
ILiquid crystalline cyclopentenyl- (VII) and cyclopen-~

tyldiphenyls (VIII) were prepared by organomagnesium
synthesis using 3-alkylcyclopentanones that were in
turn synthesized by ring narrowing from corresponding
4-alkylcyclohexanone (Scheme 3). A series of standard
conversions gave rise to 4'-substituted 3-alkylcyclo-
pentyldiphenyls (VIIIa-g), their constants being given
in Table III.

SCHEME 3

(CH,),COOH

)
P 2’2
cnﬁ2n+1_<:>=o - cnH2n+1_CH\\CH COOH -
2

an2n+1-Q“o —"CnH2n+1R -

VII: n=5,R=H

—= Cpllpn <X O~ 0)~0)-R

VIII: n=5,R=02H5(a), 06H1003H7(b), cocaB(c);
COOH(d), n=4,R=CO0H(e); n=5,R=CN(f);

5,R=CH, (D= (g)

TABLE ITI Phase transition temperatures for com-
pounds (II-VI) (°C)

Cyclopentanes Cyclohexanes
Index m R
To-s To-n Tv-1 To-s To-m Tw-1
S-N S-N
1 2 3 4 5 6 T 8 9
IIa 3 COOH - 94-6 144 - 217 275
ITv 4 COOH 86 92 165.5 - 201 265
IIc 5 COCH 70.5 80,5 139.5 =~ 180 265
IIT* 3 C,H - - - - =70 0

275
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TABLE II (continued)

1 2 3 4 5 6 T 8 9
IV 4 C6H4C6H1003H7 80B 98 168.5
84A

Va* 3 CN - - - - 43 45
Vb*x 5 CN - -95%* - - 31 55
Via 3 COOC6H403H7 - 18.4 34.5 - 89 186
VIb 4 COOCeH403H7 40.8 52 86 90 176
Vic 4 COOC6H4CSH11 41 51 86.5 83 109 165
Via 3 COOC6H4CN 55 60 90 - 122 227
Vie 5 COOCGH4CN - 55 81 - 108 217
VIf 5 COOCGH4OC2H5 - 50.7 7T8.3
Vig 3 COOC6H4C6H4CN 100 104.5 264 -~ 165 280
Vih 4 COOC6H4C6H4CN 105 148 245
VIi 4 COOC6H4C6H1OCBH7 106 114 214

* = liquid; ** = apparent clearing temperatu-

re estimated in the mixtures with liquid crystal-

line azoxy compounds.

As with the considered cyclopentane derivatives,
mesomorphic cyclopentyldiphenyls have depressed
clearing = temperatures of ~ 125-160°C and a tendency
to & narrower nematlc phase range and a wider smectic
phase range. These properties are particularly marked
in the series:

65t~ O~~~ O3t 05t = OO~ -0t
05ty =~~~y 4

when the cyclohexane fragment ig sequentislly replaced
by a cyclopentane one.
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TABLE III Phase transition temperatures for com-
pounds VII, VIII (°C)

Cyclopentanes Cyclohexanes
Index n R
To-s  To-w Ts-1 Te-w  To-w Ty-z
S1-82 S-N N-I S4-5, 8-N
VII 5 H 65 - 93
VIiIIa 5 02H5 20 - 37.5 34 146 164
VIIIb 5 06H1OC3H7 20 165.5 172 55 251 311
163A 228,
VIiiIc 5 COCH3 88A - 98
VIII4a 5 COOH 155 242 265
178A
VIITIe 4 COOH 141 235 258
VIIIf 5 CN - 50,5 61 - 94 219
VIllg 5 CgH ()= 20 - 73
BOA

Decreased thermal stability of the liquid crystal-
line phase in cyclopentane derivatives is attributable
not only to disturbed linearity in its 1,3-disubstitu-~
ted compounds but also to their conformational hetero-
geneity. As shown by double 1H NMR, hydrogen atoms
have mainly an axial configuration, i.e. cyclopentane
substituents are diequatorially directed. In addition,

compounds Ia end VIIIf were found to have 10-15%
of axial-equatorial conformer.

Teble IV presents the dielectric properties of me-
somorphic cyclopentanes versus cyclohexane analogues.,
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TABLE IV  Dielectric properties of cyclohexane
and cyclopentane derivatives

No. Structural formula A & g, af T.,°C
1 C.H 37.2*% 9,7%¥27,5*% 25
578
o C5H ‘A’<:>‘C°°‘<:>'<:>‘C Cell g 36.3% 9.8%26.5% 25
3 C.H 36,8%12,9%23,9% 25
578
4 Caflgm ~(0)~c00~0)—CN CgH,o 37.1* 8.3%28.8% 25
5 CcHg 22.7% 9.5%13,2% 25
578
6 C5H11‘A“<:>’<:>‘CN CHa g 12.,0%*20
T C_H 4,8 4,4 0.4 20
578
B e Oan Oa RN 0. 4#%20
CSHB 13.0 6.8 6,2
9 C5H11—Ar000 T =0.96
10 ¢ H —Ar<:>—COO-<:>—CN C-H 20.6 9.5 11.1
58 T=0,96
* g5 calculated in terms of a mixture (10%) with
cyanodiphenyls
**x "Merck" deta
T= Tmeasurement’ K/TN-I’ K

Table IV shows that these parameters are comparable.
Moreover, the replacement of the cyclohexane ring by a
cyclopentane one results in a decrease in viscosity
(Table V).

4, Cyclopentylarylmethanes and Cyclopentylarylethanes

An attempt was made to level the geometric distortion
of 1,3-disubstituted cyclopentanes by inserting a me-
thylene and ethylene bridge between the 5-membered and
aromatic rings (Schemes 4 and 5).
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TABLE V  Viscosity of cyclohexane and cyclopen-
tane derivatives

No, Structural formula A Q,mmz/s T,»°C
1 C-H 62 20
CH, ;~A~(0)—~0)~CN 5°8
s oM Cg,g 0%+ 20
3 C.H 80* 40
C.H —A—<:>—COO—<:>—CN 58
4 1 06310 100%* 40
6 C.H 200%x 40
610
T o H~a~(0)—on Csg 11 20
8 CeHio 20%* 20

* gg calculated in terms of a mixture (10%) with
cyanodiphenyls

*x "Merck" data

SCHEME 4
H7-<>-COCI + (0) = 03H7-O-C
05t~ D~0H,~(0) — — 0,1 -O-CH2-©-COOH
/
, 7—Q—CH2—O—C 7—O—CH —@—coo s

} XI R=CN(a) ,C¢H,CN(b)
045~ —CH ,~)—=c00-{0)-R

XII : R=06H4CN

SCHEME 5
03H7-O=O + BrigCH,CH~(0) - C H7—<>=CHCH2 (o)~
+ €~ )~CH,CH,~(0)~COOH =+

XIII
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SCHEME 5 (continued)

~ CH —<:>—CH cH,—~(0)—c00~0)-R

XIV: R-CN(a),06H4CN(b)

245

TABLE VI Effects of polymethylene bridge on tem-
perature properties of cyclopentanes

(IX-XIV) € H~( )—(CH,) ~&)~CO0R

Index R n A Phage transition Mesophase
temperatures, °C range, °C
To-s To-n Ts-1
S-N N-I
IX H 1 C6H4 - 114 118 4
X H 1 C6H1O 20 - 35 15
XIa  CgH,CN 1 CgH, (38) - 48
XIb C6H4H4CN 1 C6H4 93 129 217 124
XTI 06H406H4CN 1 C6H10 177 203 130
XIII H 2 CGH4 - 210 214 4
XIVa 06H4CN 2 CGH4 87 91 167 80
XIVb 06H4C6H4CN 2 06H4 78 150 238 160

the

Thus, comparing with appropriate cyclopentylbenzo-
ic acid and its derivatives, the thermal stability of

a1 )—(cH,) ~(0)~cooR
may be arranged as follows: n=2 > n=0 > n=1., In fact,
the cyclopentylaryl molecule insertion between two
cycles of the methylene link causes the most serious
disturbance of its geometry while. the introduction of
en even ethylene chain generally yields a positive re-

sult,

compounds:
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CONCLUSION

Our work provided a wide renge of cyclopentane meso-
gens Their properties were compared with those of
cyclohexane analogues, Liquid crystalline cyclopen-
tanes were found to be a mixture of conformational
isomers, which may lead to a considerable depression
of their clearing temperatures. However, lower
melting points and decreased kinematic viscosity of
the novel mesogens versus cyclohexane analogues do
not rule out the possibility of their usage in spe-
oial purpose liquid crystalline materials.
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