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The reaction of trans-4-alkylcyclohexanecarboxylic acid chlorides, 4-alkylben-
zoic, 4-(trans-4-alkylcyclohexyl)-benzoic, 4-alkyl-3-substituted biphenyl-4'-
carboxylic acids (I) with 4-hydroxy-3'-substituted benzonitriles (IIa-d) and 4-
hydroxy-3'-substituted-4'-cyanobiphenyls (Ile and g) has produced the correspond-
ing esters (IIla-v). The mesomorphic properties of the esters and electrooptic and
dynamic parameters of the mixtures containing these compound have been
studied. It has been shown that the liquid-crystalline mixtures containing
4-cyano-3-substituted-4’-biphenyl esters of 4-alkylbenzoic and trans-4-alkyl-
cyclohexanecarboxylic acids have higher threshold voltages and saturation
voltages in comparison with the analogous mixtures containing 4-cyano-3-sub-
stituted phenyl esters of 4-(trans-4-alkylcyclohexyl)benzoic acids.

1. Intreduction

Mesomorphic compounds with high positive dielectric anisotropies are an integral
part of liquid-crystalline mixtures for electrooptic display devices now widely available.
Such compounds ensure not only a director response to an electric field but also allow
(depending on their polarity and concentrations) liquid-crystalline mixtures to be
obtained with parameters which are optimim for specific device applications. However,
the compounds with high dielectric anisotropy are not always suitable as components
of liquid-crystalline mixtures. This can result from a high nematic—isotropic transition
or by the absence of the mesomorphic properties, by poor miscibility or strong
molecular interactions between non-polar and polar components of mixtures, leading
to a viscous nematic phase and unsatisfactory electrooptic parameters of the liquid-
crystalline compositions.

In order to continue the investigation [1-5] of the liquid-crystalline properties of
compounds that are characterized by a positive dielectric anisotropy we have
obtained 3-substituted-4-cyanophenyl esters of 3-(trans-4-alkylcyclohexyl)benzoic, 4-
alkyl-3-substituted biphenyl-4'-carboxylic acids, 4-cyano-3-substituted biphenyl esters

* Author for correspondence.

0267-8292/92 $3-00 © 1992 Taylor & Francis Ltd.



12:51 26 January 2011

Downl oaded At:

374 V. S. Bezborodov et al.

of trans-4-alkylcyclohexanecarboxylic and 4-alkylbenzoic acids. We have proposed,
taking into consideration a weakening of the molecular interactions when lateral
substituents are introduced into the molecules of mesomorphic compounds, that the
derivatives of 4-cyano-3-bromophenyl will have a lower nematic-isotropic transition
temperature than the corresponding fluoro-derivatives, and liquid-crystalline mixtures
containing these compounds will be characterized by low threshold voltages and
steeper voltage—contrast characteristics.

2. Results and discussion

3-Substituted-4-cyanophenyl esters of 4-(trans-4-alkylcyclohexyl)benzoic, 4-alkyl-
3-substituted biphenyl-4-carboxylic acids, 4-cyano-3-substituted biphenyl esters of
trans-4-alkylcyclohexanecarboxylic and 4-alk ylbenzoic acids (IlIa—v) were prepared by
the interaction of chlorides of trans-4-alkylcyclohexanecarboxylic, 4-alkylbenzoic, 4-
(trans-4-alkylcyclohexyl)benzoic, 4-alkyl-3-substituted biphenyl-4'-carboxylic acids (I)
with 4-hydroxy-3-substituted benzonitriles (Ila-d) and 4-hydroxy-3-substituted-4'-
cyanobiphenyls (ITe and g) and 4-hydroxy-3-substituted-4'-cyanobiphenyls (Ile and g).

“zn+1°n‘xzz>‘[‘®_l—(—com + HO—[—@-—:I'—@Y—CN .
O e v e o)

Ita-v
n=4,5,6; X =H, Cl, CH;; A =benzene ring (B), cyclohexane ring (C); k=0 or 1; [=0
or 1; Y=H,F,Cl, Br, CHy

3-Fluoro-4-cyanophenol (Ila), 3-chloro-4-cyanophenol (IIIb) and 3-bromo-4-
cyanophenol (Ilc) were obtained from the corresponding m-halogenoanisoles (IVa—c)
by acetylation and oxidation of the synthesized ketones (Va—¢) with hypobromites of
alkaline metals and by conversion of the acids (VIa—c) into the corresponding amides
(VIIa—c) and then nitriles, the demethylation of the latter with aluminium bromide or
chloride and boron tribromide yields the phenols (Ila-c).

o 0
AcCl ﬂ NaOBr I
CHé)_Q —_ = CH9_< t —CHy ——— CH9_< éc—m —
IVa-b Va-c Via-c
o}
1.80Cl , T soci , AiBr,
—_— - —2 . — 3 » lla-c
2 N oH cng-( ic NH, cné)_< tm

Vila-c Villa-c
a=F,b=Cl, ¢c=Br.
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In this case the overall yield of fluorophenol (IIa) is 18 per cent and somewhat lower
than that of chlorophenol (IIb) (23 per cent) and bromophenol (II¢c) (21 per cent). This
may be related to the fact that 4-fluoro-2-methoxyacetophenone is formed along with
the main product 2-fluoro-4-methoxyacetophenone (IVa) in the course of acetylation
of m-fluoranisole, contrary to other m-halogenoanisoles. It should be noted that not
only the acetylation of m-fluoroanisole but also its bromination and formylation are
accompanied by the formation of by-products; the yield of acetophenone (1Xa) not
exceeding 15 per cent during the acetylation, the yield of the analogous isomer (XIa)
being no less than 25 per cent during the bromination and the yield of (XIIa) beingin a
prevailing quantity during the formylation. Therefore while the necessary product (Ila)
was isolated after the cyanation of the bromides (Xa, XIa) and the demethylation of the
nitriles, 4-fluoro-2-methoxybenzonitrile (XIVa) was obtained after the treatment of the
formylation product.

o
I
0 cH,C
AcCl g 3
CH:?—Q —_— CH:?—< 2_ —oHy 4
F F
la IXa
B Br
lva — > CHp —Q-Br + CHP
F F
Xa Xla
CIPHO-CH o CHg NH,OH.HCI
lva ———> CHp _Q cHO + CHP ~wp T P
Xilta XiVa

It is known [6] that the nitro-group of the esters of 4-nitrobenzoic acids is easily
substituted by an alkyloxy group during the reaction with alkaline metal alcolates. Of
some interest was the investigation of the possibility of an analogous substitution of the
nitro-group in 4-nitro-3-halogenobenzonitriles (XVa—c) which, in contrast to m-
halogenoanisoles, can be obtained without using a rather undesirable decomposition
of diazonium salts.

4-Nitro-3-halogenobenzonitriles (XVa—¢) were synthesized by oxidation of the
corresponding toluenes (XVIa-c) and then by successive conversion of the acids
(XVIla—¢) into nitriles.

e
NOZ—QCHS NO —Q—COOH — = NO —Q—-CN

X
XVlla-c XVlila-¢ XVa-c



12:51 26 January 2011

Downl oaded At:

376 V. S. Bezborodov et al.

4-Nitro-2-fluorobenzonitrile was also obtained by treatment of 2,4-dinitroben-
zonitrile with potassium fluoride [2].

NO —< Z— K NO —< Z-—
XVIIt XVa

The investigations showed that the highest yield of substitution products (80-90 per
cent) is observed for the chloro-derivative (XVb) during reaction of 4-nitro-2-
halogenobenzonitriles (XVa—¢) with alcolates of alkaline metals and alkaline alcohol.
4-Alkyloxy-2-brombenzonitriles (VIIIc) were formed with a yield of 30-35 per cent while
another substitution product, 4-nitro-2-alkyloxybenzonitrile (XIX), was obtained
when 4-nitro-2-fluorobenzonitrile (XVa) was refluxed with the alkaline metal alcolates,
the yield being 20-25 per cent.

RON
Noz—Q—cu _FRONa _ RO, CN

X X
XVa,b Villa,b
mz_Q_CN _RONa Noz_Qm
F OR
XVa

R=CH,,C,H,

Therefore, the corresponding fluorophenol (Ila) can be obtained from the nitro
derivative (XVa) only by a further reduction of the nitro group, by diazotization of the
amino group and then by decomposition of the diazonium tetrafluoroborate.

Since the optimization of the methods for obtaining 3-fluoro-4-cyanophenol (11a) is
of obvious interest, other possible ways of obtaining this compound or its semi-
products were considered. It was found that the trcatment of 4-methoxy-2-
chlorobenzonitrile (VIIIb) with potassium fluoride at an elevated temperature in the
presence of a catalyst does not yield the corresponding fluoro-derivative (VIIIa) while
an analogous reaction with 4-methoxy-2-nitrobenzonitrile (XX) yields only 20 per cent
of 4-methoxy-2-fluorobenzonitrile (VIHa). It should be noted that the reaction of 2,4-
dinitrobenzonitrile (XVIII) with potassium fluoride forms the substitution product
(XVa) with a higher yield:

CHP —G—CN L CH —G-CN

Villa
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4-Methoxy-2-nitrobenzonitrile (XX) was synthesized from 4-methoxyacetanylide
(XXI) by nitration, alkaline hydrolysis of the nitro compound (XXII) and by conversion
of the substituted aniline (XXHI) into the bromide (XXIV) and then into the nitrile:

o
I
CHP —@—NHCCH —CH —Q—NHCCH g —> CHP —-QNHZ
XXI NO, NO,
XXl XXl
—— cHp —Q—Br — cHp —Q—CN
NO, NO,
XXIV x

It should be noted that the reduction of 4-methoxy-2-nitrobromobenzene (XXIV),
diazotization of the aniline (XXV) and decomposition of the diazonium tetrafluorobo-
rate (XXVI) yields the previously considered bromide (Xa) and then the fluorophenol
(Ha):

o 1HNO,
—< Z—Br ——— CH —< >\: CH —< Z— _—
3 P 2. HBF P Br
XXIV XXV

—— CHp —Q—Br — lla

Using analogous conversions, 4-methoxy-2-fluorobenzonitrile (VHIa) can be
synthesized from 3-nitro-4-methoxyphenol, as well. However, this method as well as
the previous one is characterized by a low total yield of the product and is more time
consuming than the method for obtaining the phenols (Ia—¢) from m-halogenoanisoles
(IVa—) [1].

4-Hydroxy-2-methylbenzonitrile (Ild) was synthesized in a similar way from
3-methylphenol or from ethyl 2-methylcyclohex-2-ene-4-one-1-carboxylate (XXVII)
[7] by reaction with triethylorthoformate and N-bromosuccinimide, by subsequent
alkaline hydrolysis of the ethyl ester of 4-ethoxy-2-methylbenzoic acid (XXIX) and then
by conversion of 4-ethoxy-2-methylbenzoic acid (XXX) into its nitrile using the
methods considered previously:

HC(OCH) , NBS
0=Q—coocd-|5 cHP —Qcooc;l 5 ——
CH, CH,
XXVIHI —
m -
—= CHD -Q—COOC'II 5 — = CHO —Q—COOH -
cH, cH,
XXIX

— Qe
CH3
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4'-Hydroxy-3-chloro-4-cyanobiphenyl (Ile) was synthesized by de-alkylation of
4-ethoxy-3-chloro-4-cyanobiphenyl (XXXI) obtained from the corresponding acid
(XXXITI) or the aldehyde (XXXIII). The acid (XXXII) was obtained by acetylation of
4'-ethoxy-3-chlorobiphenyl (XXXIV) and then by oxidation of the ketone (XXXV),
while the aldehyde (XXXIV) was obtained by bromination of 4’-ethoxy-3-chloro-4-
methylbiphenyl (XXXVI) and then by conversion of the benzylbromide (XXXVII)
according to the method of Sommelet.

o 1. socl,
AcCl, AlCI I 2. NH OH
Ag St AR A-C-CH, NaOBr __ acooH T%’ A-CN
XXXIV XXXV XXXn 2 xxx
NBS (CH,) OH.HCI
A-CH, —— = ACH,Br 284 A-CHO L XXX —
XXXVI XXXVH xxxm M
cl
——— HO CN _
. Q A= c2|-|§
Cl
e

The biphenyls (XXXIV and XXXVI) were synthesized from the corresponding
3-(4-ethoxyphenyl)-cyclohex-2-enones (XXX VIII and XXXIX) by refluxing them with
phosphorus pentachloride in inert solvents. In this case the yield of 4'-ethoxy-3-
chlorobiphenyl (XXXIV)does not exceed 10--15 per cent while the yield of the biphenyl
(XXXVI) reaches 60-70 per cent. When the reaction temperature is lowered or the
reaction time is reduced the yield of the methylbiphenyl decreases. In this reaction the
mixture of compound (XXXVI) with 4-(4-ethoxyphenyl)-2-chloro-1-methylcyclohex-
1,3-dienc (XL) is formed, the latter compound is obtained with a yield of 65 per cent
without an aromatization product admixture by reaction of the ketone (XXXIX) with
Wilsmeyer’s complex. When the ketone (XXXIX) reacts with the complex of thionyl
chloride and dimethylformamide the intermediate diene formed is easily aromatized up
to biphenyl.

czH5°x — o O — e -0
0O I Cl
XXXVHI , XXXIX XL XXXIV , XXXVI

X =H (XXXVII and XXXIV), CH,(XXXIX, XL and XXXVI).

It should be noted that, in contrast to the methylcyclohexenone (XXXIX), 3-(4-
ethoxyphenyl)cyclohex-2-enone (XXXVIII) is formylated with Wilsmeyer’s complex.
However, the formyl group enters the second position of the cyclohexene ring, leading
to the formation of 4-ethoxy-2-formyl-3-chloro-biphenyl (XLI) with a yield of 10-15
per cent.

Other attempts to introduce the formyl group into the sixth position of the
cyclohexene ring also failed. The formylation of the ketone (XXXVII) with ethyl
formate in the presence of alkali metal alcolates leads, as shown carlier 8], to a mixture
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of products whereas 3-(4-ethoxyphenyl)cyclohex-2-enone does no actually react with
the dimethylacetal of dimethylformamide.

3-(4-Ethoxyphenyl)cyclohex-2-enones (XXXVIII and XXXIX) were obtained by
the reaction of 4-ethoxyphenylmagnesium bromide with 3-butoxycyclohex-2-enones.

4'-Ethoxy-3-methylbiphenyl-4-carboxylic acid (XLIV), from which 4-hydroxy-3-
methyl-4-cyanobiphenyl was obtained according to the scheme considered earlier (Ile)
[7], was synthesized by the reaction of 4-ethoxyphenylmagnesium bromide with the
ethyl 2-methylcyclohex-2-ene-4-one-1-carboxylate (XXVII), by an aromatization of
the obtained product (XLII) with N-bromosuccinimide and by hydrolysis of the ethyl
ester (XLII).

cpo— H—mger o=<;2—cooc,‘;-|5 — -

CH3
XXV
— = C COO! w3 HO CN
R e
Ite

XL

1. NBS
20on- P
CH,
XLHI , XLIV

The initial acids (I) were obtained from the corresponding hydrocarbons.

The composition and structure of the compounds obtained were confirmed by
elemental analysis and by IR and proton NMR spectra. The NMR spectra of the
alkyloxy(nitro)benzonitriles and their derivatives are presented in table 1.

In the NMR spectra of the 4-ethoxy-3-chlorobiphenyls (XXXV and XXXVI), a
quartet signal of the a-methylene protons of the ethoxy groups is located at 3-836 ppm
(7 Hz). The signals from the aromatic protons of these and the final products (ITla-v) are
observed in the proton NMR spectra within the ranges 6-58—7-50 and 7:00-8-12 ppm,
respectively. In the NMR spectra of 4-(4-ethoxyphenyl)-2-chloro-1-methylcyclohex-
1,3-diene (XL), a singlet signal at 1-76 ppm belongs to the protons of the methyl group.
The singlet signal of the methyl group protons of 4-ethoxy-3-methyl-4-cyanobiphenyl
(XV)is observed in the spectrum at 2-50 ppm. In spectra of the derivatives of 4-(trans-4-
alkylcyclohexyl)benzoic acids (IIla-d) the signals of the cyclohexane fragment are
observed within the range 1-3-2-69 ppm. In the IR spectra of the esters the intense
bands at 1705 and 2230cm ™! correspond to the stretching vibrations of the carboxyl
group and the cyano group, respectively.

The investigation of the liquid-crystalline properties of the compounds (Illa-v)
showed that the incorporation of halogen atoms into the position ortho to the nitrile
group in comparison with the unsubstituted analogue is accompanied by a lowering of
the nematic—isotropic transition temperature by 19°C and 25°C for the fluoro-
derivatives (ITIb and ITIg) ; by 21°C and 13°C for the chloro-derivatives (ITle and I1Th);
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by 7°C and 6°C for the bromo-derivatives (ITId and IIlj); and by 26°C and 25°C for the
methyl-derivatives (ITll and ITIk) and leads to an insignificant narrowing of the nematic
range by 4°C and 14°C for the fluoro-derivatives (IIIb and IIIg) and to a drastic
narrowing of the nematic range for compounds containing cumbersome substituents:
by 50°C and 74°C for chloro-derivatives (I1le and IITh) and 83°C and 101°C for the
bromo-derivatives (IIld and IIIj). It should be noted, that the incorporation of a
chlorine atom or a methyl group into the position ortho to the nitrile group of the esters
(IIp and u) in comparison with the unsubstituted analogues [9] is accompanied only by
a narrowing of the nematic range by 106°C and 84°C, respectively which is larger than
for the analogous change for the esters (ITfe and III) (see table 2).

The correlation of the electrooptic parameters of the liquid-crystalline mixtures
containing compounds (IIla—k and ITIp-r) (see table 3) showed that the esters (IIIa—k)
are the most promising for use as components of liquid-crystalline mixtures
intended for electrooptic display devices. These compounds (ITla-k) give liquid-
crystalline mixtures with lower threshold and saturation voltages. The 3-fluoro-4-
cyanophenyl esters (IIIb—g) allow us to obtain mixtures with better parameters. The
mixtures containing these fluoro-derivatives (IIlb and g) are characterized by the
lowest threshold (2:21 V and 2-01 V) and saturation voltages (2:96 V and 2-90 V) and
steeper voltage-contrast characteristics.

Table 2. Yields and transition temperatures and nematic ranges of the esters (Illa—v)

e[0T

Hla-v
Transition temperatures/°C
Yield
Compound n X A k | Y %% C S N I AT°C
ITIa 5 H C 1 0 H 70 e 109 o 218 o 109
b s H C 1t 0 F 67 e 90 e 195 o 105
ITle 5§ H C 1 0o d 52 e 88 o 147 e 59
IId 5 H € 1 0 Br 44 e 102 o 128 o 26
Mle 5 H C 1 0 CH; 46 e 83 o 135 o 52
mf 5 H B 1t 0 H 71 o 111 o 229 o 118
g 5 H B 1t 0 F 64 e 86 e 190 o 104
H1h 5 H B 1 0 «da 42 e 98 o 142 o 44
I 5. ¢1 B t 0 36 . 104 o 0
J111] 5 H B 1 0 Br 48 e 105 e 122 17
Ik 5 H B t 0 CH; 57 o 86 o 146 o 60
m 5 CHy B 1 0 H 42 e 107 o 164 o 57
IIIm 6 H B 1 0 H 49 e 103 o 213 o 110
IIn 6 CIl B 1 0 H 48 e 66 e 107 e 143 o 77
IIo 6 CI B 1 0 d 37 . 74 e 0
ITp 4 H C 0 1 C 38 o 77 o 133 56
IIig 4 H C 0 1t CH; 49 e 76 e 154 o 78
Hir 5 H C 0 1 CH; 59 o 92 e 158 o 66
Is 5 H B ¢ 1 Q4 53 . 129 o 0
It 5 H B 0 1 CH; 36 o 98 o 146 o 48
Mu 6 H B 0 1 ( 59 ° 120 o 0
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Table 3. Electrooptic parameters of the liquid-crystalline mixturest

DO 0[O o

k
lia-v
Threshold Saturation
Compound n A k l Y voltage/V voltage/V AUV
I1a 5 C 1 0 H 2-80 400 1-20
ITTh 5 C 1 0 F 224 296 072
IIlc 5 C 1 0 dl 225 337 1-12
I1d 5 C 1 0 Br 223 335 1:12
I1le 5 C 1 0 CH, 2:66 338 0-72
If 5 B 1 0 H 274 390 1-16
IIg 5 B 1 0 F 2:01 2:90 0-89
Mh 5 B 1 0 2:32 336 1-04
Ik 5 B 1 0 CH, 2:67 341 0-74
IIIp 4 C 0 1 Cl 2-87 392 1-05
1100 4 C 0 1 CH, 321 4-06 0-85
mr 5 C 0 1 CH, 328 418 0-90

tThe compositions of the liquid-crystalline mixtures are 25 per cent 4-ethoxyphenyl trans-4-
butylcyclohexylcarboxylate, 55 per cent 4-ethoxyphenyl trans-4-hexylcyclohexanecarboxylate
and 20 per cent of the compound under investigation.

It should be noted that the liquid-crystalline mixtures containing the less polar
methyl derivatives (IFle and IIIk) are characterized by higher values of the threshold
(2:66 V and 2:67V) and saturation voltages (3-38V and 3-41V), but have steeper
voltage—contrast characteristics. It can result from a considerable weakening of the
anisotropic molecular interactions which are responsible for orientational order in the
nematic phase, after a methyl group is incorporated in a position ortho to the nitrile
group.

Thus, the results obtained show, that our supposition is not yet confirmed. An
increase in the volume of a halogen atom, which is in a position ortho to the nitrile
group does not lead to a fall in the nematic-isotropic transition temperature or an
increase of the threshold and saturation voltages of the liquid-crystalline mixtures
containing these compounds. From the esters (IIla-v), the 3-fluoro-4-cyanophenyl
derivatives (IIb and g) are the most promising for use as components of liquid-
crystalline mixtures for electrooptic display devices. These compounds are character-
ized by a nematic-isotropic transition temperature 20°C lower than the unsubstituted
analogues (Ia and Ila), have a wide nematic range in contrast to other esters (IIla-v)
and allow us to obtain liquid-crystalline mixtures with low threshold and saturation
voltages. A subsequent increase in the size of the substituents (chloro derivatives and
bromo derivatives) is accompanied only by a great narrowing of the nematic range and
an increase of the threshold and saturation voltages of the liquid-crystalline mixtures
containing these compounds.

3. Experimental
The infrared spectra of 0-1 M solutions of the compounds dissolved in carbon
tetrachloride were recorded on a SPECORD IR-75 spectrophotometer. The proton
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NMR spectra of 10 per cent solutions in carbon tetrachloride or perdeuteroacetone
with hexamethyldisiloxane as an internal standard were recorded with a TESLA BS-
467 or a TESLA BS-56&A spectrometer. The textures of different phases and the
transition temperatures were determined with a polarizing microscope. The measure-
ment of the electrooptic parameters of the mixtures was performed at room
temperature in twisted nematic cells with a 10 um spacer, a thin polyamide layer was
used to obtain homogeneous oriented samples.

3.1. 4-Methoxy-2-fluorobenzonitrile (VIIIa)

0-3 mol of bromide was added drop by drop while stirring to a solution of 0-3 mol of
m-flouroranisole in 50 ml of chloroform. After the addition the mixture was refluxed for
2 h, washed with a 15 per cent sodium hydroxide solution and with water and dried
with anhydrous sodium sulphate. The solvent being removed the residue was distilled
and the fraction with the boiling point 210-220°C (760 mm Hg) was collected. The
bromide obtained (0-24 mol) was mixed with 0-28 mol of copper cyanide in 35ml of
dimethylformamide, refluxed with stirring for 8 h, cooled, diluted with 100 ml of diethyl
cther, washed with 25 per cent ammonium hydroxide and water and dried with
anhydrous sodium sulphate. The residue obtained after the solvent had been removed
was recrystallized from hexane. Yield 34 per cent; mp 58-59°C; [1] mp 58-60°C.

3.2. 4-Methoxy-2-chlorobenzonitrile (VIIIb)

A mixture of 0-1 mol of 4-nitro-2-chlorobenzonitrile obtained from 4-nitro-2-
chlorobenzoic acid and 0-2mol of potassium hydroxide in 250 ml of methanol was
refluxed for 20 h and diluted with 11of water. The precipitated crystals were filtered off,
washed with water and recrystallized from 2-propanol. Yield 83 per cent; mp 76°C.

The following compounds were obtained in a similar way: 4-ethoxy-2-
chlorobenzonitrile (VIIIb), yield 75 per cent mp 60°C; 4-ethoxy-2-bromobenzonitrile
(VIIIe), yield 31 per cent mp 65°C; and 4-nitro-2-ethoxybenzonitrile (XIX), yield 13 per
cent, mp 98°C.

3.3. 4-Methoxy-2-bromobenzonitrile (VIIIc)

4-Methoxy-2-bromobenzoic acid obtained from m-bromoanisole was converted
into 4-methoxy-2-bromobenzonitrile using the methods described in [4]. Yield 52 per
cent; mp 78°C.

3.4. 2-Fluoro-4-cyanophenol (11a)

A mixture of 0-15mol of 4-methoxy-2-fluorobenzonitrile and 0-25mol of anhy-
drous aluminium chloride in 200 ml of benzene was refluxed for 15 h and poured into
300 m] of a 10 per cent hydrochloric acid solution. The organic layer was diluted with
100 ml of diethyl ether, washed with water and dried with anhydrous sodium sulphate.
The residue obtained after the solvent had been removed was crystallized from a
mixture of toluene and hexane (3:1). Yield 67 per cent , mp 118°C.

The following compounds were obtained in a similar way: 3-chloro-4-cyanophenol
(IIb), yield 70 per cent, mp 162°C; 3-bromo-4-cyanophenol (I¢), yield 54 per cent, mp
164°C; 4-cyano-3-methylphenol (IId), yield 45 per cent, mp 136°C; and 4-hydroxy-3-
methyl-4-cyanobiphenyl {IIg), yield 78 per cent, mp 152°C.
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3.5. 4’-Ethoxy-3-chloro-4-methylbiphenyl (XXXVI)

A mixture of 0-1 mol of 3-(4-ethoxyphenyl)-6-methylcyclohex-2-enone and 0-1 mol
of phosphorous pentachloride in 100 ml of hexane was refluxed for 4 h, cooled and
poured into 250 ml of a 20 per cent sodium hydroxide solution. The organic layer was
separated, washed with water to neutral, dried with anhydrous sodium sulphate and
then filtered through a layer of alumina. The residue obtained after the solvent had
been removed was crystallized from 2-propanol, yield 64 per cent, mp 99°C.

3.6. 4-Hydroxy-3-chloro-4-cyanobiphenyl (Ile)

A mixture of 0-02mol of 4-ethoxy-3-chloro-4-cyanobiphenyl and 0-04 mol of
anhydrous aluminium chloride in 100 ml of toluene was stirred for 4 h at 60°C and
poured into 250 ml of a 5 per cent hydrochloric acid solution. The organic layer was
diluted with 100ml of diethyl ether, washed with water and dried with anhydrous
sodium sulphate. The residue obtained after the solvent had been removed was
crystallized from toluene. Yield 54 per cent, mp 206°C.

3.7. 3-Fluoro-4-cyanophenyl 4-(trans-4-pentylcyclohexyl) benzoate (1IIb) [ 1]

A mixture of 0-05 mol of 4-trans-4-pentylcyclohexyl)benzoic acid chloride, 0-06 mol
of 3-fluoro-4-cyanophenol and 0-1 mol of pyridine in 100 ml of anhydrous diethyl ether
was stirred for 6 h, washed with water and dried with anhydrous sodium sulphate. The
residue obtained after the solvent had been removed was crystallized from 2-propanol.
Yield 67 per cent; Ty= 90°C and Ty, =195°C. The other esters presented in table 1
were obtained in a similar way.
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