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CHAPTER I11

SYNTHESIS AND MESOMORPHIC PROPHERTIES OF A HOMULOWUS
SERIES OF 4«CYAHOPHE HYLi=3 '=METH YIed t= (4" i ALK Y L
BENZOYLOXY ) BENZOATES

%.1 Survey of the nesomorphic properties exhibited by
diestors containing three phenyl rings

It is well known that most of the argaic compounds
exhiibiting liquid orystalline propertiea contain at least
two phenyl rings with substitwnts in the PAl'S positions.
The thermal stability and the mesophase range in these
compounds may be enhanced by the addition of & phenyl group
in one of the para posiltioms, Dewar and ﬁohroedar1 prepared
a nusber of p-phenylene and 2,2'~b1piwxzylem esters and
studied the éfrecm of structural changes on phase transi-
tions. They found very brond sesomorphic ranges and high
nesophage=~-liquid tranuwition tenperatures in  these conpoundu.
Later, Dewar and &cldbwr{g;‘? concluded that the p-phenyleme
units perfora a dial Tunctian, providing a rigid linearity
and contributing to the polarisability of the molecule.

This observation was based on comparison with ccapounds in
whilch phenyl rings were repiaced by cyolohexane or bicyclo
(2.2.2)octane. Dewar and Goldberg® further studied the

effect of central and terminal groups an rmematic mesophase
stability in & number if p-phenylenc esters of hydrogquinone

and para subotituted phenyl esters of terephthalle acid.



Around the same time Arora M.4 synthesised a nunber

of 1,4=;henylene bis (4'-alkoxybenzos tes) to study the

effect of cemtral carboxyl groups on the formation of

snectlic phaces and the themal stability of the mesophases.
They aleo prepured a parallel series with methyl substi-~
tuent 2t the 2~position of the 1,4=phenylene ring to investi-
gate the effeot of a lateral asubstituent on the mesomorphic
properties of thie system. Xt was found that many dexiva-
tiven of this series had lower melting points and nematic-
isotroplic transition temperatures, ?“"1. than the corre-~
sponding ursubatituted parent compounds., All these conpounds
are symuetrical in the sense that they have fdentical wing
grouge. Haut et al? explored the possibility of obtaining
compounds with lower nel ting pointe by introducing dissysmetry
int suchia molecule. They prepared several unsymsetrical
p-phenylene di-p'-n-alkoxybenzoates and found that, although
tho mel ting points were somewhat lowered the I, ; Teuained

relatively high.

Young amd uo-workerss in an éffort to obtain stuble,
low melting nematic liquids with laxge mesophase ranges
gynthesised a series of esters derived from phenyl 4-bengoyloxy-—
benzoatea., Thay also prepared a few compounie with laterally
placed methyl groups in thig system to understand the role
of lateral substituents upon msasomorphic properties. Van
Heter and mandermann7 also roported A large number of phenyl



4-bengoyloxybenzoates. They chose this systen because

of inoreased disaymmetry assoclated with them so that
there is leas efficient packing in the crystal lattlice
which would lower the melting temperaturcs. From theuse
studies it was found that (i) the mel ting point dees not
show any olgar cut increaslng or decreasing trend as the
molecular structure is regalarly vuried, (ii) the o
decreases syotematically as the number of aromatic ae thyd
group appendagaa increase, and (iii) since this systen
containg three p-phanylene groups, it can accomzud ate a
lateral substituent without affecting the mesomorplhiic
range drasticallys the lateral substituent would also
contribute t0 the disaymmotry of the molecule. In all the
cases discussed adbove the terminal substituenta are either
alkyl or alkoxy chains. Van Meter and Klarﬂarmnn? have
also reported a few phenyl 4~benzoyloxybensoates with

P, €1, By and CH grcups as terminal substituenta.

| N %he present atudy we proposed to synthesise a
homologoun series of compounds with popitive diclectric
aniactropy, wide themal ranges and prefersbly with loww
melting points. The followlng factors Ware taken into
conajderation in choosing the system to be Iinvestipated.
It i s known that the introduction of a termimal cyano group
into a moleculo results iN a waterinl i high positive
dielectric anisotrop,, as & Ph-UH group has a moment of
4.05 0.8 ifowever, in estere which Ore already polasx by



virtue of the «C0,0-= pup, the position of the oyano

group relative to the ester linkage 1o also important.

Klingbiel mg have shown this for phenyl benzoate csters
(figure 3. 1‘).

of ntructures I and STZ " These remults have been explzined

I n texrms of the dipole moments of the eyano group and the

ester linkage either opposcing (I) or reinforcing (1) cuch

uthm{. The 1iquid orystal transltion temperatures are

also affected by the relative positioms sf the cyano and

10 baoed on some resulto

aster groups. Coates and Gray,
have shown that t he presence of the cyane group i N the
phenolic moiety will lead to much higher positive dielectric
anjasotropies, but giving slightly lower K~I transition
temperatures, In a substituted benwoyloxybenzgoate systen,
there {8 dissymmetry, as this can be considered to have
been derived from p-hydroxybensoic acid. This would contri-
buts to the lowering of melting points, as oompared to the
more symmetrioal dxasters? derived from hydroquinome or
terephthalic acid. Lastly, a lateral smibstituent efther

on a phenyl ring or in the a-position of a contral linkage
senerally reduces the melting as well as the clearing

tenperatures, the latter effect however being nore marked.

3«2 Synthesls of 4-gyanophenyles'-methyl—q'-
(4"~n-alkylbenzoyloxy)benzoates

The 4~cyanophenyl-3'~methyl=4'-{4"-n-alkylbensoyloxy)
benzoates wore prepared in olx convenient steps by a procedure
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Pigure 3.1

Structures of phenyl benzoate esters showing
the dipole moments of the cyano group and the

eater linkage either reinforcing (1) or
opposing (II) each other.



sinilar to the one described dy Young amd Green” {Chart
III). Van Meter and Klandermann’ used another mthod
involving only %wo Steps to prepare substituted phenyl
4-benzoylaxybenzoates and in their procedure (chart IV)
One of the steps imvolves esterification of a 4~alkylw
or 4-alkoxyphenol with 4-hydroxybenzoic avid or one of
its subotituted dexivatives tuv afford a substituted
4~hydroxybenzoate. 4 combination of sulphurio oacid and
boric acid was nst as a catalyst for thie aawr.tﬂcauon,m
ah this was found té be specific for the 9atnr1xxoation of

the hydroxyl group of the 4-alkylphenol oOnly. We could

not use this method since the reaction of 4=hydroxybensonitrile
with either 4~-hydroxybensoic acid or J-methyl-4-hydroxybensoio
acid failed to prooeed, presumadly due to the presence of

a deactivating para oyano group in 4-hydroxybensonitrile.
However, it must bde emphasized that the six step method

glves excellont yielda.

The aeaters prepared in this study are colourleao
compounis and are highly transparent in the ultravioclet
region in comparison with Schiff's dases, asobensenes,
agoxyhenzenca, nitrones and at.ubama.w”“’w For example
ester 4, exhibited )\ .. 251 2a (e 4.74) and eater 5 exhi-~
u“dXim: 250 na (¢ 4.73). All these compounds showed
intense vidbrational sbasorption in the infrared region at
2225-2235 aw™! (omN stretching) 1738-1740 an™' (carbonyl
stretching) and 1603 ™! (phenyl ring vibrations). In
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CHART |V

R@—dH + HO—@-COOH

H»S0, - H3BO+

Toluene
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the nmx wpectra taken | N deuteriochloroform, sharp

singlets for the absorption of the methyl group of the
central aromatic ring appeared at 2.3 ppm down field from
M3, while the wethyl group on the termiml chains gpeared
as triplet around 0.9 ppm.

3,3 Hegomorphic properties of 4~cysnophenyl-3‘-nathyl-
4" (4"-n-alkylbenzo yloxy)benszoatea

The transition temperatures for this homologous
serios of compounis are summarised in tadble J.1. AB can
be seen these have falrly wide mesophase thermal ranges.
There 18 a gradual reduction of the range of the mesophase
as the series is ascended. Compound 2 bas the wideat nematic
range, via ,105.5* and compound 4 the lowost melting point,
viP ¢392, All theme compounds have large positive
dielectric anisotropy, evidently becauve of the Ph~CK group.
The diclectric constanta of compound 6 at 120°C were experi-

pentally found to be a“ » 15,28, € = $.12, At ~ +14,

Pigure J.2 shows & plot of the transition tomperatures
varsua t he number of carbon atome in the alkyl c¢hain. 7The
nenatic-igotropic transition temperature decreases on
ascending the homologous series, the points lying On two
mooth falling curves) the curve far the odd hamologues
lying above that for the even hamologuea. It 16 intercating
to see that there 1s adN alternation in the melting pointo

from compound 2 to compound 7, a behaviour that has been
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Table 3.1

Hel ting and olearing temperatures of 4-cymophenyle-
3temethyles L (4"=n~alkylbenm yloxy Jbenzmte

Temperature of transition % AT, °Q

ggg::m ﬁ-:lkyl Re-entrant Smectic Nematio Isotropio ;xgmatio
nomatic °C *0 g 5 ee
1 o,y - - 157 21%.5 58.5
2 Opllg - - 99 20445 105.5
3 Gy - - 105.5 204 98.5
4 O4Hig - - %2 152.5 1000
5 CgH,y 4 - - 108.5 168 795
6 Ogyy - - 101.5  175.9 7
(] Colyg - - 103.5 172 68.5
8 CaHl 4 - - 106 162 56
9 Cilyg - - 104 159 55
10 Caollag - - 1005 153 52.5
11 Cqqfipy (78.5) 103 127 152.5 2%
12 Oyoflys  (59.8) w2 13,5 148 9.5
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Plot of transition temperatures against number of carbon
atom in the alkyl chain for 4-cyanophenyl 3'-methyl-4'-
(4"-n-alkylbenzoyloxy)benzoates.



attriduted to a possible aimlilarity in the cxrystal

structurcs of these homologues. Lhe suectic phave appears
from compound 11 onwards as an enantiotropic phase. This

phase exhibits a simple fan-shapoed textures amd is telieved

to be smectic A, in gnalogy with what is observed in many
other compounds of high positive dielectric anisotropy. 10,16,17
Compounds 11 and 12 also show & *Re-entrant ' nematic phase
which is discussed in the next peootion. The curve fOr the
smectic-nematic tramsition in figure 7.2 shows the usual
initial upward trend.

van Meter st a1'® nave prepared the unsubstituted
parent homologue, 4-oyanophenyl-4'—(4*-n-hop tylbenzoyloxy)
benzoate. Comparing the transit ion temperatures of this
compound with the oorresponding methyl substituted homologue

c,,H]Sco.o—@»co.o—@-m

K945111H2251

(compound 7, table 3.1), it is peen that the lateral methyl
group has lowered the nematic=-isotropic transition tempew
rature, eliminated the smectic phase and also increased the
melting point. It has been genorally observed?® that a
lateral: subetituent whioch increases the breadth of S molecule
will affect the therml Btability of the smeotic mesophase
more than that of the nematio mesophase,



3.4 Re-entrant nomatic phase in pure 4-cyanophenyl-
3'=mg thyl=4'-(4"~n-alkylbengoyloxy)bengoate

A fow yoars ago, Cladis?® found that binary mixtures
of certain mesnogenic compounds oogx_tainina a torminal ¢yano
group exhibit the following interesting seguence of phase

transiti oms oncoolings

Isotropio liquid — NematiC —> Smeotio A —> Kematic

The second nematic phase which ocours at a lower teumpe-
rature than the smectic A phase iS called the 're-entrant’
nematic phase. lore recently Cladis M?‘ also ovoerved
the re-eutrant nematic phase In pure compounds having a
teminal cyuno group at certaln elevated ressures.

All these coumpounds have a highly polar oyano group
attached to one end of the nmoleocule which resmilte in atrong
antiparallel carrelations between neighbowing molecules.ze

Zhis, in turn leads to a bilayer etructure with intor-
digitated moleoules in each bnayer.“ as show | N figure 3.%
for 4~n-a1ky1~4'~cyanob1phenyla.2‘ Cenerally one expects
that the distance between layers of smectio A lquid crystals
corresponds to the molecular length. However, the layer
spacing | N compounis possessing a very polar terminal group,
sach as a eyano group, 1S about one and half times the
molecular length. Gray and Iayﬁon,zs based on some X-ray
studles, attributed this discrepancy to some kind of inter-
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Pizure 3.3

Schematic regresentation of antiparallel | ocal
order in 5GB. The repeat distance al ong the
nematic axis iS about 1.4 tinmes the molecular

length. (After Leadbetter, Richardson and Colling.24)
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digitation of the molecules and caulled it a bilayer
sumectio A. Ao the tcuperature and pressure are varied,
the molecular puacking 1s alteroed slightly and the
resulting subtle choanges In the bilayer structure appear
to be »esponsible for the ceccurrence of the re-entrant

nematic phase. <hia phase had only bocn observed either in
20,26

Bys tm.m

mixtures or at hizgh pressures in eingle canponent

Ao mentioned in chapter IX, we observed the re-entrant
nematic phase in p-oyanophenyl-p'-n-decylaxy-a=moethylcinnamate
at atmosphoric preasure. This phase was also observed [N
two of the pure oyanophenyl 4-bagoyloxydengoates at atmos-
pheria pressure. 7hese are (1) 4~oyanophenyl-3'-methyl-4'-
(4"-n-undeaylbenzoyloxy )benzoate, and (11) 4-cyanophenyl=
3temothyl=4'-(4"=-n-dodecy lbensoyluxy )benzoate. This togother
with the case mentioned i N chaptas 1I represent the first
obaservations of re-entrant nematic behaviowr in pure conpounds
at atmoopherio pressure. [Sfoultaneously Hardouin .9;&...!2&'_.&,.37
also observed enantiotropic re-entrant nematic and smeoctic
pnasea in pure compounds at atmospheric pressure.] The
transition taemperatures of the two compounds (1) and (ii)
are given in table 3.2 A3 can be seen in this tuble, the
re-entrant nematio phase is fomed readlly and the cryctalli-
aation ocours well below the amectic A-re-ontrant nematio

tranaitioOn point, even when the sanple is cooled ralatively
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slowly. ZThese transition points were determined ocn a
Mottler hot stage (i‘odel FP52) as well & from thermograms
taken on a differential scanning calorimeter. The
enthalples were aluo calculated from the latter., 1t is
interesting t 0 note that heat is liberated at both the
nezatio -— smectio 4 and smectico A—re-entrmnt nonatic
phase Sranasitions and these are falrly stronger in
compound (i1).

.71



BXPERIMENT AL

4=ilydroxybe nzonitri le

This was prepared following the procedure of
Friedman and .‘Shectar.zs A mixture of 4-bromophenol (17.3% g,
ODetmol), anhydrous ocuprous oyanide (13.43 g, U115 mol) and
anhydrous dimethyl formamide (100 ml) was refiuxed for
8 hours and cooled. The reaction mixture was poured onto a
Btirred mixture of hydrated ferric chloride (7.5 g),
concentrated hydrochlorisc acid (2.5 ml) and water (100 ml).
This was heated to 60°C and maintained at that temperature
for about 30 minutes. 7The codled reactl on mixture was
extracted with ather (4X75 ml) ard the ¢ ombined ether extraoct
wae washed with water (2 x 100 ml) aml dried (!332::04).
Removal of solvent afforded a white materinl whioh' was
recryastallised from benzene (11.0 g, 92.55), nmep. 113°C

(repartadag mep.113°C).

S=Methyl-4d=hydroxyacetophenone

Into a O® litre thrce~necked flask fitted with a
roury-sealed stirrer, a reflux condenser anl a proessure
egualising separatory funnel was introduced dry carbon
disulphide (300 ml), anhydrous aluminiym trichloride (146.85 g,
1.1 mol) amd o-cresol (54.0 g, 0% mol). <he mixture was
stirred and freshly distilled acetyl chloride (3%.25 g,
0.5 mol) was added drop by drop during 45 minutes. The



reaction nmixture was refluxed for 4 houwrns and lelt at

roon temperature overnight. Carbon disulphide was removed
by distillation and t he dark brown complex was decorposed
with crushed ice and concentrated hydrochloric acid (100 ml).
The mixture was extracted with ether (3x150 ml) and the
ethereal solution was wached with water (2x100 ml) and
dried (3%32504). Removal of solvent gave a pale brown
matorial which was dlstilled under roduced pressure. The
colourless product was recrystallised from benzene (65,25 g,
87%), bepe 175-180°C/1 om, m.pe 110~112%0 (reportedm MePe
104°C).

J-ilethyl-4-bangyl oxyace tophenone

A solution of sodium ethoxide was prepared [N a
one litre three-necked flask, fitted withia reflux condenser
and a pressurs cqualising secparatory funmel, by dissolving
gsodiun (6.9 g, V.3 mol) in absolute ethyl alcchol (100 ml).
Zo thia solution was added J=nethyl-4-hydroxyacetophenone
{(454C s Ve mol) in aboolute athyl aleohol (250 ml) through
the separatory funnel. The mixture was stirred magnetically
and refluxed far 30 minutes and to thie was added freshly
dictilled benzyl chloride (3%.2t g 0.3%% mol)} drop, by drop
during 45 minutea., The mixture was refluxed for a further
8 hours and alcohol (2.0 ml) was rezoved by distillation.
water (%00 ml) and hydroch o acid (100 ml) were addod to
the cooled reaction mixture and extracted with ether (3x300al).



The combined ethereal extract was washod with 705 sodium
hydroxide solution (2 x 100 ml) and water (2 x 150 ml)

and dried (anm‘). Removal of colvent afforded a pale
yellow matorial which was orystal lised from petrolews ether
(bepe 60-8070) to yleld 64.8 g (90%) of product.

3-Mothyl~4~bengyloxybenmlio asid

A polution of posasslum hypocbromite preyared at 0°C,
by dissolving bramine (128 g, U.8 mol) in a solution of
potasclium hydroxide (89.6 g 1.6 mol) i N wate (&30 ml) was
added to a otirred solution of 3J-mothyl-d-benygylaxy-
acatophenone (48 g, 0.2 mol) | a 4l oxan (4(}0 0l). She
addition wap carried ocut at 30-35*0 during 30 minutes.
Stirring was comtinued and the temperature was raised to
507C and hold there for ono hour to ensure coupletion af
the reaction, Enough agueous sodium e tabieulphite was
added to destroy the excess of hypcbromite. Water (1000 ml)
was added amd adout 400 nl of the liqid was diletilled.
The roaidual olear sclution was cooled ard acidified with
gconcantrated nydmchlwxc_ acid, The snow white produwt wan
filtered off, washed thoroughly with water and alr dried.
This was roorystallised from ethyl aloohol (42.4 g, 87.64),
B.pe 1831840,

4~Cya nophenyl-3"~meth yl-4 '=benzy loxy be . on te -

A Bixture of J-methyl-4-dDengylaxybenzoic acid (24.2 g,



Get mol) and freshly distilled thimyl chlaride (100 m1,
excesc) wao rofluxed for 6 howrs and the excess thionyl
chloride was removed by distillation wnder reduced prossure.
A-iydroxybengonitrile (11.9 g, O« mol) in smhydrows
pyridine (150 ml) was added to the orude acid chlaride

and the mixture stirred magnotically-at roum teuperature
for 20 hours and at 100*C for 2 haws and cooled. The
reacstion mixture was poured onto a stirred nixtwmre of
erwhed ioe and concentrated hydrochloris sold (200 al)
when o precipitate was obtaived. It wae 1 1tered, washed
with water, 107 aqueous sodium hydroxide noluumi. water
and dried. The pale brown material was chromatographed

on silica gel and eluted with hensene-petroleun ether
mixture. Removal of solvont from the eluate affarded

a white prreduct which was reorystaliised Lrom absolute
othyl aloochal (29.5 8, 864) mepe 122-12370 ) BJ01 2233,
1740, 1603, 1338, 1268, 1130, 1055 and 743 m™ 'y é (o1xl,)
2.7 (o, 3, arcily) 5.2 (s, 3, axrdly) 6.8-~8.1 (m, t24, ar})

[Pounds ©, T76.863 H, 4.833 ¥, 4,15 O H Wa,n requix*w
Gy 76.563 H, 42953 ¥, 4.08%].

4-Cyanophonyl=3'=ne thyl—4 '=hydroxybenaoa te

A adxture of 4~cyanophenyl~3'-methyl=4'~benzyloxy~
bengoate (10.% g, .09 mol), ethyl alecohol (150 ml) and
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5% PA/C (3.0 g) was stirred and heated at 50°C in an oil

bath in an atmosphere of hynirogen in a hydrog enation epparatus
until the theoretical quantity of hydrogen was a:sorbed.

The reaction mixture was filtered and the alcohol was

renoved by distillati on under reduced presouwre. IThis
afforded a vhite product which was reorystalliced from
toluens (6.6 & 874), m.p. VT0=17200;7) B340 3350, 2240,
1730, 1608, 1510, 1380, 1290, 1172,1079, 25 and 765 cu™ 'y
& (CDCl,) 226 (8, 3H, arCH,) 6.66-7.9 (m, 7H, axH) S.96
(s, 1, arcH)

[(Found: ¢, 71,093 M, 4.33 K, 5.464 01511“03?& rejuires
G, 71.143 H, 4.34;3 N, 5.534].

4~Cyanophenyl=3'~ns thyl=4 L(4"~n~hexylbe nzoylox y)bensoate

A mixture of 4-n-hexylbenzolc acid (2.06 ¢, V.01 mol)
and freshly distilled thionyl chloride (10 ml) was refluxed
for 4 hours and the exocess thionyl chloride was removed by
dio%illation under reduced pressure. A solution Of 4~cyanoe
phenyhﬁmthyl—éhydraqb«maate (2.53 £40e01 mol) inN
anhydrous pyridine (20ml) was added to the crude acid chleride.
The mixture was stirred magneti cally at roam temperature for
24 hours and poured onto a stirred mixture of crushed ice
(100 g) and comoentrated hydrochloric acid (5G ml) when a
pale brown precipitate was obtaimed. This was Ifiltered,
washed with water, 10# agueous scdium hydroxide solution
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water and dried. This material was chromamtogruphed on
silica gol and eluted with chloroform. Heaoval of solvent
from eluate afforded a white material which was yeorys taw
1lised fryom absplute athyl alochol to coxetant melting point
@.p. 101.5%C (3.53 g, 80#)y) 3301 2050, 4740, 1723, 1604,
1502, 1378, 1254, 1170, 1018, 920 and 755 ou™'y & (0DC1,)
0.9 (¢, M, ~c§g,) 1.1-2,01 (u, 88, methylenss) 2.33 (s, 3,
arcil,) 2.73 (¢, 21, arci,) 7.13-8.33 (m, 111, arf)

[Pound: 0, 76.173 H, 6.05; H, %.49% 038327043 requires
0, 76019’ “. 6.12‘ ﬁ. 3.'7’]‘

The physical data of the cognate preoparations of otierx
4~gyanoptgnyle’t~nathyl-4 '« (4" -n-alkylbenzoyloxy Joenzoa tes
are givon bolow.

4~-Oyanophen yl-3'-mnethyl=4 '=(4"-neth ylbenmyloxy )benzcate

Tield 76%, @mep.157.0°Cy) ::g“ 2223, 1740, 1720, 1604,
1460, 1254, 1175, 1055 and 738 au™'y & (ODQL,) 2.33 (e, 3,
~Cil,) 2.5 (8, i, ~Cly) 7.16-8.33 (m, 114, arj)

[Pounds O, 74.57s H, 4.803 K, 3.89% Gqfig708 roquires
Qo T4.39 H, 4,583 N, %778,

4-Cyanophanyl=3'~methyl-4 '~ (4" -ethylbensoyl oxylbenscate

| Yiedd 794, m.p. 99°C1) 4392 2228, 1740, 1720, 1604,
1510, 1252, 1175, 1016 and 752 cm™ 'y & (opo1,) 1.3 (%, 3,
=C;) 2433 (s, 3, arciy) 2.78 (q, 2H, arc,) 7.2-8.33 (a,
11, aril)




Co 74,80y H, 4933 K, 3.634].

4-Cya nophenyl=3"=me thyl=4 -(4"=n-propylbe ngoylaxy Jbensonte
Yiold 844, mep. 105.5°C;i~) madol 2036, 1738, 1603,
1510, 1250, 1210, 1125, 1016 ami 757 @™ 'y o (02K1;) UeY6

2,75 (t, 28, avCH,) T.23~8.33 (a, 1M, ari)

[Pound: C, 74.88y H, 5.03 N, 3.61/ G, 210414 reqires
C, 75183 H, 5.263 N, 3.50+].

4-Cyanophenyl=3'-mothyl-4 t(4{"=n-buty 1ben soyloxy )be nzonte

Yicld 86%, m.p. fz-cQ"“”l 2230, 1738, 1613, 1505,
1378, 1204, 1018 and 757 cu™'y & (CDCly) U.96 (%, 3, ~GiL,)
1.16=-2,0 (n, 4H, methylenes) 2.35 (s, 31, urqz_;3) 2.76 (t,
2H, arQi,) 7.16-8.33 (m, 11, axl)

[Found: G, 75.264 H, 5.7Ty N, 3443 CygH,,0,li Tequires
Co Thed4y i, 54563 N, 3. %],

4=Cyanophonyle3'-ng thyl-4 L{4"-n-penty lbenzoyloxy jbenzoate

Yield 814, mep. 108.5°Cs ) Budod 223'*. 1733, 1603,
1504, 1378, 1165, 1018, S20 and 756 ca™ ; 6 (Cuily) vl
(S35, = 3) 1.1=2,03 (s, 6&. methylenes) 2456 {8, 3, arug;3)
2,76 {t, 21, arCH,) 7.26-8.36 (m, 111, arli)

[Pound: C, 75.863 H, 5.608 N, 3.45% 27u2, 0,H reguires
3, T5.873 H, 5.85% K, 3.27»“‘};



4~Cyancphen yl=3'~me thyl=4 L (4"=-n~heptylbens qrloxy )bensoate

Tield 874, mep. 103, s,dc-Q pudol o232, 1738, 1606,
1505, 1216, 1018, 925 and 794 @™ 'y & (cnc13> 0.88.(%, 3,
-%3) 1.06=2,0 (m, 10i, methylenen) 2.35 (e, 34, arqu)
2.73 (%, 28, ardi,) 7.16-8.35 (m, Vi, ar}d)

{Found: ¢, 76.553 H, 6.32y N, 3.144 O gHo 0 N requires
G, 16.433 H, G.3Ty H, 3.074].

4=Cyanophenyl=%t=ne thyl-4 L{4"=n-00 tylbs nsoylaxy )benscate

field 904, m.p. 106% ) 28I0L 2035, 1740, 1606, 1503,
1300, 1205, 1020, 877 and T58 ™ 's & (CDOLg) 0.88 (s 3H,
~C5) 1.08<2.05 (m, 12H, methylenes) 2. 35 (s, 34, arCi,)
2.73 (t, 21, arCii,) 7.16-8.35 (n, 111, arll)

[Pourd: 0, 76.55 H, 6.78y X, 2,91% Ogsli4,0,8 requires
C, 76.75y N, 6.60y N, 2.984].

4-Cyanuphenyle3"=methyl-4 L (4"-n-nonylbensoyloxy )benzoate

Yield 884, map. 104.5°C Q nujol 2235, 1740, 1603,
1502, 13578, 1018, 478 and 798 cu™ly (cnm,f) 0.9 (¢, 31,
~Cily) 1.06-2.0 (a, 14if, mcthylenes) 2.33 (8, X, ariiiy)
2,75 (t, 24, arCil,) 7.26-8.35 (m, 14, ari)
[Found: €, 77173 K, 7.103 ki, 3.104 CyyHg30,l requires

S, TT.013 H, 6.83%y &, 2.895],.



4~Cyanophenyl=3'=me thyl-4 {4"~n~decy lbengoylaxy Jvenzoate
Yield 835, m.p.wo.;w;Q Bujol ouxy, 1740, 1725, 1603,
1502, ['Y€. 1210 ana 754 a™'y 6 (c:m3) Gutis (6, 3, =Cl)
1003=2.0 (m. 163.@0”131“8) 2¢ 33 (33 o 1549 wﬁ_{%) e T3 (t, 2H,
arGi,) 7.11-8.33 (m, 111, axi)
[Yound: ©, 77.443 H, 7.50y N, 2,934 (232!1350‘3 reqguires
G. 77026' “. 7.0‘3 ﬂ. 2.81#{}.

4~Cyan ophenyl-3'~mo thyl=4 -(4"~-n-undecylbe 7z oyloxy Jbenzcate

Yield 79%, mep. 103°Cy~) mud®t 2230, 1740, 1725, 1603,
1504, 1418, 1018, 879 and 753 on™ 'y & (cnclg) 0.89 (t, %,
-Gg,) 1,06=2.0 (m, 180, methylenes) 2 36 (s, 3, nr0§3)
2.75 (t,2H, artl,) 7.23-8.4 (m, 11H, ar])

[?oundzi}. 77-35' H, 7.051 n, 5.0’93{; 933!{3704“ rmp.ires
c. 77049! H; 702‘3 !;, 2o 733‘@0

4~Cyanophenyl—3 '~me thyl=4(4"~n~dodecyllgrenyinyy Jbo nzoate

Yield 824, m;p.wo.a'ugp ::g"l 2230, 1738, 1602, 1502,
1378, 1232, 1017, 677 and 756 an™ 'y & (C201,) 0.86 (8, 3,
~CH,) 1.03-2.0 (m, 20H,methylenes) 2.35 (s, 3H,arCy) 2.73
(t. au, ar(}ﬁz) 7016’8053 (ﬂ. 1'“’2’ ﬂrﬁ)

[Pounds C, 77.713 H, T.723 KN, 2,964 O ﬁ Oy requires
3, 77071$ Ho 74‘-2) B, 2.66;@
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