CHAPTZR IV

SYNTHESIS AND MESOMORPHIC PROVIRTILS OF SOME BIPHENYLYL-
. BENZOATES

4.1 Supvey of the liquid crystalline properties of
compounds coutaining a biphenyl molety

48 pointed out in chapter 1, the fundanental reguire=-
ments for a compound to exhibit liquid orystalline projerties
are that the constituent wolecules should have shape anlaow-
tropy and ¢that the anisotropy of the cohesive forces between
molecules muot be of sultable magnitude. The influence of
moleocular structure upon ldquid orystalline proparties s
varied and often interocting. The introduction of a lateral
substituent 4in a liquid crystalline substance may have
profound effects an the transition temperatures. The effects
of changing a teorminal substituont are also interesting ae
a givan substituent may alter the smectic art nematic
thermal stubilities to different extentas,

“he biphenyl moleculo is well osuited to furm the
central core of a potential lyuid orystalline subatance
because of its geometirical shape. The tendency to form
liguid crystals by biphenyl derivatives ie so marked that
oven very siaple 4.é'~aubatitumnms1aiva rise to aesogenic
compounds. A large nuaber of pcapounds containing a



biphenyl molety have been studied by Gray and hie
co-wo:rkersa and most of these are 4,4'-disubstitutod
derivatives, GOray M’ synthesised a series of
4=n-alkoxybiphonyl-4'=oarboxylic acids and compured the
measomorphic propexrtices with those exhibited by 4=Dealkioxy-
benzoic acids. 2The former compounds have ralatively
higher theruml stabilities and thio has been atiributed to
the onhanced molecular cohesions arising from tho second
aromatic ring and to the greator molecular length of the
biphenyl compounds, The mesmoxphic propartics of 4=-n-
alkoxybiphenyl=4'~garboxylic acids are ¥/ pical of a
homologpus sexries of mesogenic compounds and are similar
to other alkoxyarenecarboxylioc acrids like 4-n~-alkoxybengole
aoida,4 fram-p-n-alkoxyoinnamio aoic135 angd 6-n-aglkoxye

6 Howover, aimple alkyl gaters of the

2-naphtholic acids.
last three series of compounds do not show mesophases,
whoreas tﬁoae of 4-n-alkoyxybiphenyl-4'—-caxdboxyllie acids
do show thems Carbaxylio aocid molecules exist as dimers,
which are the effective units i N the mesophaose. The
absence of meaophase in alkyl esters of the abuve three
series of acids may be explained as due t0 insufficient
ocohcsive forces between the shortened munomerioc esier’
molecules. In view of the relatively hioher thermal stabi-
lity of the biphenyl aurbawuo acids, even thelir simple

alkyl esters? exnibit mesophases.
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4~Substituted and 4,4'-~disubatituted biphenyls

provide a rich source of liquid orystals, whioch are
thornally atabler and have wider mesophase ranges than
many other systems. This has led to various studlen such

the offcct of different types of lateral and terninal
substituents on tho mesomorphic behaviour, and of the
group effic.emy @der of the three types of mosophasen.
Host of the compounda studied, howaver, belong to the
Schiff's base class of compounds which are rather Jabile
to oxidation and hydrclysis and tend to undergo decomposi~
tion on repeated heating. However, esters are couparatively
more otadble than the achiff's bases. Moreover, therc are
relatively few homologous nériﬁa of oampoﬁhdu containing
a biphenyl molety in which one of the para positioms is
free. 7739 1n order to study suchcoompounds, we have
synthesised two homologous series of biphenylylbenzoates.
Thelir mesomorphic proporties are charaoterised and compared

with other asimilar series of compounds.

4.2 Synthesis and mesomorphic properties of 4-biphany1y1
AMwn-alkylbcnzoates

ine 4-biphenylyl 4"-n—-alkylbenzoates were conveniently
prepared from comsercially available 4~hydroxybiphenyl and
prapaweé_gfn-alxylbenzqyl chlarides and the reaction seyueIlco
ia shown schematically (Chart V). 7Zhe tramsition tespera=
tures for this gories are sunmarised in table 4ri. It is
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Table 4.1

Melting ard clearing tomperatures of 4=biphaenylyl

4A"-n-alkylbencoaten

Gompound

| Temperature of transition to
R = n-ilkyl pera z

Rumbex Nematic, ®°C  Isotropic,*C
1 Giy - 15545
2 0 5 - 153
3 Oyl (108.5) 114,2
4 CyHg - ‘« 133.4
5 CgH g4 (106.5) 1375
6 OMys ( 96.4) 130.3
7 Cllyg (102.5) 120.3
8 Callyq ( 96.3) 112.6
9 Coll g ( 99.2) 1C5.5
10 CyHaq ( 9% ) 106
11 Cyqfps ( 96.5) 10949

312325 ( 9% ) 1.3
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seen that only nine of the twelve compounds ghow BCEO—
aorphic properties, all of them exhibiting a monotropic
nematic phase. This type of behaviour ie rather roare and

is attributed to the fact that the molecules paokvthemelves
efficiently in the oryatul lattice ard require fulrly high
temperature for the solid to molt to glve the isolroplc
1iquid. However, supercooling of ﬁheae melis given rise

to the mosophase in ning of the twelve homologues.

Figure 4.1 48 a plot of the transition teaperatures
versue {he number of earbon atoms | N the ulkyl chain. o
decrenses on ascending the honolog;og:?egiia iag the genag;{
trend that has been obasrved by a number of warkers for
hemologous series of compounds with relativaely high transi~
tiuvn pointa. These points lie on two smooth curves, the
curve for the 0dd homologues lying above that for the evon
ones. Jompounds 1, 2 and 4 (table 4.1) do not supersocl
sulficiently to show the mesophase. They tend to crystullise
about 10° below their melting points whereas from figure 4.1
it may be estimated that they would have to supercool b;y
about 3U? below their melting points in c;rder to exiibit
a monotroplo mesophase,

It is interesting to compare the mesmorphlc proper-
ties of 4-biphenylyl 4"-n-alkylbensoates with thoze of

p-n-alkylbenzoio acids. 10 It must be remembered that these
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Plot of tramsition temperatures against numbe of carbon atoms i nthe
alkyl group f ar 4-bfphenylyl 4'-n-alkylbenzoates,



acids are present as Aimers as shown N A, The first
three momdbors of this series are non-pesotiozphic pbut from
gmbutylbenzoio aoid up to ?nﬂoﬁecylbenzoio acid, they
are all enantiotropio nematic. In the cster molecule B,
we have added a biphonyl nucleus which, in addition Lo
lengthening tho molecule would contxribute t o the polarisa-
bility of the molecule | N the direction of the long nolecular
axis. Therefore, one would expect the esters to have higher
thermal stability for the mesophases, On the other hand,
three of the esters are non-mesomorphic and the reot are
all monotropic nematic. Zhe average li=l transitian tempew
rature (05 to 012) for series A is 114.'7°C whereas thone
for series B is 98.4°C. However, this redustionin % ;
can be explained by comsidering the two structures a and B.
in series A, Wwe have a symaestrical dimeric system which iw
conducive to liquid orystal farmation whereas | a series B
tho three pgenyl rings are not collinear because of the
bridging o=-U- group. Thus, the added biphenyl moicty
breadens the resulting monomeric ester molecule, reduces
the length to breadth ratio thoereby reducing tho thermal
8tability of the mesophases considerobly. The liquid
erystalline properxrtiea of seriem B can be conmpared to

gc, as the

those of p-phenylbenzylidem-n'~alkylanilines,
structures of the two are similar, Iilowever, the properties
are strlking | N series 0, where polymorphic amectic phasaes

are present. In bdoth series of campounds the firast ¢two
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homologues are non-mescmarphic. The average Ty _; (Cg %o
c,o) for aaries C in 134.1°C, This higher value, as
compared to that for series B may be attributed to the

fact that the agomethine linkage group in series C, &mpartd

a greater rigidity and polarisability than the ester linkage

group in series B. The length-breadth ratio in sexies B
is lower than that for series C. The appearance of the
enantiotropio meotio phase from 03 onwards in series O
may also be attriduted to these faotors.

4.3 Thermodynamio properties of 4~biphenylyl 4"-n-
alkylbenzoates

The transition enthalples ( All) and trancition
entroples ( AS) for 4=biphenylyl 4"-n-alkylbengontcs ave
sumiarised | N table 4.2. The enthalples for R-1 trancition
were obtained by reheating the supercocled mensophases.
These enthalpies are typically iN the range of 0.1 to V.25
koal/mole. The effect Of the alkyl chain lagth on the
s0lid to isotropie liquid transition emtropy end the meso-
phage transition extropies are shown in figure 4.2+ 48
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can be seen there is no regular trend inthe anlid to isotropic

liquid transition entropy. There is an odd-even alternation

in the AS values for R-I transition up to Cg after which
there i s a sharp rime for C,, and then again a decreuse

for 0" and 012. However such deorsases have becn observed



Ta 4

Transit i on enthalpies and entropies Of 4-biphenylyl

4"-n-al kylbensoatos

N- Alkyl Trangition heat Transition entropy
group Transition Ap  keal uol"? A8, oal/mole/*K
Hethyl K—X 7.7 2%, 49
Ethyl X—1 8.18 19,22
Propyl K—>1 6,75 17.44
op H—1 4P | 26 Q. 32
Butyl K —>1 8,32 20,49
Pentyl K—1I 11.62 28.28
H—1 O.143 037
Hexyl K—2X 8.56 21.2%
R—1 0e 111 0233
Heptyl K—>1 8,50 21,60
B—>1 0.140 Q57
Detyl K—>1 835 21.68
"—>1 Cel1tt G230
lonyl K—1I e 77 25.82
N—>I 0.154 .41
Decyl K—>1 11,92 3154
¥—1 0.232 0.62
Undecyl K—X $e GO 25434
R—1 Je219 0.59
Dodecyl X —>I 9.66 25. 68
H—>1 Le202 0655

.91



Transition Entropy cal/mole/°K
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Plgure 4.2

Transition entropies for 4-biphenylyl 4%-n=-
alkylbenzoates.

Transition Entropy cal/mole/°K



in some homologous series of compounds, € s, cholestanyl
S-alkyl thiocarbonates. !!

4.4 Jynthesis and mesomorphio properties of 4-biphenylyl
4"=-n-glicoxybenzoa tea

The 4-biphanylyl 4V=-n-alkoxybenzoates ware prepared
from commereinlly avallable 4~hydroxybiphenyl and prepared
p-n-alkoxybenz oyl chlorides (Chart VI). The transitial
tomperatures for this peries are given in table 4.3. As
can be seon all the twelve coupoundy exhibit meacphuses.

The first five homologuca, 01 to 05. are monotropic nematic.
The hexyl and hep 4yl derivatives, 06 and 07. are enattio-
tropioc nematic and the maeotio phase canmences as 4 mwono=-
tropic phase with the octyloxy derivative, Gy Tho susctic
phase of this and the higher hamologues shows a aimple
fan-shaped texture as shown in plate 2 and is dbelleved

to ba smectic A. Plgure 4.3 chows & plot of the transition
tomperatures against the number of carbon atoms | N the alkoxy
chain. The odd~oven effoot is evident from this figure.
Thaese pointa lie on two smooth falling ourves, the curve

for the even homologues lying above that for the odd ones.
The curve for tho smeotic-namatic transition points shows
the usual fnitial upward tremd and these lie on a smooth
curve, It 18 interonting t 0 note that there 3S alternation
in tho eryssai-isotropic liquid traneition temperatures of



CHART VI

CoHs OH
COOH —2 5 - @coocsz

1. NaOEt

RI
2. KOH
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Jable 4.3

Mel ting and cleoaring tempsratures of 4~-biphenylyl
A'-n~glkoxybens cates

'.zmnpdrdma of transition o

nuaber Sme 0t10,%C Kematic ,*C Is0iropic,*C

1 C.‘!3 - (145.3) 15649
2 Gyt - (157.5) 160
oty - (136.2) 146

4 Cyfg - (142.4) 156. 5

5 05!1, 1 o' - {13%2.3) 154.5

6 gl - 1325 1353
7 Collys - 126 130

8 c&“l? (98) 120 130.8

g Ogily g (191) 11741 12745
10 Syl (106) 110 127
11 Oypilpy 98,5  1u8.5 125
12 &4 pHac 105.7 143,2 124




Plate 2
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Plot of tr sition temperatures against number of carbon atoms i n the
alkaxy group for 4-biphenylyl 4'"'-n-slkoxybenzoates.



the first five nombers of this series. A similarity in
crystal structure would be expected to give some trend in
the orystal-mesophase or isotropic liquid transitions.

X=ray 8% 18312

on p-n-alkaxydbengoioc acide ghowed thut,
although no similarities were found for tha crystul
structures of lower homologues, a aimilarity was found

from _;_:_-n-heptylwybemoxo acid onwards. The alternation
found in the present series may be atitributed to a posuidble
pimilarity in the crysial structure of the first {ive

homologueas, 01 to 05.

A comparison of the liquid oryetalline properties
of 4=biphenylyl 4"-n-alkoxybengoates, b with those of
p-n-alkoxybenzoie mxda.‘ De 38 sindlar to that dlsocussed
in section 4.2. The sverage H-1I transition teuperature
(¢, %o 012) for series D is 136°C and those | Or series E
is 123.5%C. This doorease has been attributed to the cane
argueuentas putforvard to in section 4.2. However, as the
series | S ascended the smeoctic phase appears as an enantio-
tropic phase from the p-n=heptyloxybengoic acid i n seriea D
ard as a monotropic phase from the 4=biphenylyl 4%-n-
cotyloxybenzo: te in series B, The mesomorphic properties
of meries R can be ocompared to the series 4~2-n~alkoxy-
bensylideneasinobiphenyls,! P, as the two are very sinilar.
In series F, all the homologues are emantiotropic mesamorphio

whereas in series B, only from Cg onwards the mesophase
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is enantiotropic. %The avarage H-| transition teuperature
for ceries F 18 169,2°0 which is very much higher than that
for series E. This 1s due to the fact t h%t «JH=li-brideing
group in P is more polarisable t han the ~5~0—brmging group
IN £ and also the latter broadens the molecule to a somewhat
groater extent than the former. Morcover, the agome thine
linkage group confers more rigid ity to the molecule than

the ester linkage groupe This is reflectud in the comuence-
ment of the smectic phase in the,\two serien of conpounds.

In series B it oommences as a mat&stable phase from g
whereas in series F At appears as an enantiotropio phase
from Og. However, it must be emphasised that it is difficult
to predit the onset of the smectic phase in & houologous
series, as thia depends on various paraneters like the
geomeiry of the molescule, the length to breadth ratio and

the relative strangtha of the lateral and teminal attractions.

4.5 ‘Thermodynamic properties of 4~biphenylyl 4"-n-
alkoxybenzoates

The traneition enthalpies and transition entropies
for 4-biphenylyl 4“‘"--u-almxybenzoatm are summrised in
table 4.4. A8 memtioned earlier, the transition enthalpice
for compounds exhibiting a monotropic phase, was obtained
by seneating these supercooled mesophuses. The enthalpies
ol the nematio~isotropie transition, AK;;.,x are typically
in the range of 0.1 to 0.3 keal/mole. FPigure 4.4 shows the



Table 4.4
froncition enthal pies and entropies of 4-biphenylyl 4"=n-

_nlko:qrbwmatm
. Transition Transition

n-Alkyl Transition hoat AR entropy A3,
group koal, ‘mole cal/nole/°k
Hethyl K—>1 8,50 15.78

N——>1 O. 137 0432
Ethyl X—>1 7.56 17.48

—>7 0160 Qe 57
Propyl K—>I 7.66 18,31

H—>1 O.1%7 Cel3
Butyl E—>1 10.0% - 23.41

)21 >1 Ce 160 0038
Tentyl [ E— ¢ 10.17 2%.78

N e § ﬂ.1 57 Ue 34
lexyl K —N 9,24 22,77
Heptyl & —l 935 23.42

] —X Ue 1 30 Ue 32
OQWI K —— i 8.81 e 44

4 —s1 0.204 0. 906

3 —h - -
Nonyl L —>ii 12.52 32,10

B —s1 0.178 Ued g

b —>H Vel23 0 HY
Ddecyl X —sN 11.24 2934

Ho— I 0. 1 % 004?
Unlecyl K —3 12.72 34.23

S —_— H 0. 336 00&7

M —3 Oe221 0«55
Dodecyl K —n3 12.86 33.62

oo—a 0.466 1.21
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relationchip between the tranoition entropies, A 3, and
the alkoxy chain length for the various tramitiom.
There 13 an alternation i n the A\ S, ; values betwem
succesaive homologues up to Gg af$er whichk thexe is a
sharp increase. Beyond 08 the compounds show a ancotic
phase also, and henge the increase in A3y  beyond ¢
may be duo to the oneet of smectic-like ghort range orxder
in the nematic phase. For the smect.o-nematic translition
there 18 a @uall initial decrease in the entropy followed

by a continuous increase as the series is ascended.

4.6 Effcoi of terminal substituent on bighenylyl-
benzocatos '

It is known from a nunber Of studies that a large
number of molecules farning 1iquid orys tals contain medera-
tely dipolar terminal groups. The effect of such terminal
substituents on ligquid crryotal behaviow varies firom one
nesogenic pystem to another. It is therefore of intercet
to study asuch effects in dilferent systenmsz and to under-
stand the function of such substituents. It has alsc been
fairly well establilshed thot replacezent of a tersdnal
hydrogen in a molecule by a different substituent enhaxes
tho wewsogenico order of the resultat molecule. In othux
words i f the unoubatitated purent codpounds show ldgudd

exryoial behaviour then the subetdsuted compounds aldo show



this behaviour dut generally of hipher thermal stability.
ilowever, it should be pointed out that certain terminal
subgtitucnts lower the themal stability of smectic liguid

oxryatals . 15

The role af a torainal substitusnt is lmportant in
some systems in which the umudbstituted parent compound
is Not mesomorphic. The 4-biphenylylbengoates belong to
this classe. For excmple, the unsubstitusted 4-viphinylyle
benzoate, is non-megomorphic whereas 4-biphenylyl 4"
cyancbenzoate is enaniiotropic nematic. The cyano group
in thia compound not only increaecs the ri;id eore of tho
molecule but al 80 increases the anisotropy of polarisability
comaiderably which contridutea to the fommation Of the
nesophase, Similarly methaxy and nitro groups impart
1iquid oxyastallinity to the 4-biphenylyibengoate systen
although they exhibit metastadble nematic phases. (On the
other hand substituents like chlorou, bromo and methyl do
not lead to mesomorphism. The introduction of o terminal
substituent generally raises the melting point of tho
compound but the themsal atabllity of the mepophase is
inoreased even more. This 18 olearly demonatrated by
comparison of the transition teuperatures of 4-cyunophenyl
biphenylyl 4'=carboxylate amd 4-cyanophenyl 4"-methoXys-
biphenylyl-4 '=carboxylate. Although both campounds are
enant Jotropioc nematic, the termimnal mcthoxy substituent



4-Biphenylyl L’icyanobenzoc’te
K1538.5 N182.51

~O)=~O~O)

4L-Biphenylyl A-nitrobenzoate
K172 N (156} I

4-Cyanophenyl biphenylyl 4- carboxylate
K 155N 1791

OO0

4L-Cyanophenyl 4- methoxy biphenylyl- 4- carboxylate
K167 N 3051



hus & profound effect On the thermul stability of the
mesophase. The melting point is ralsed by 12° but the
olearing temperature is inoreased by 126°.

Finally, a comparison of the two series of compounde,
i.ea, 4~diphenylyl 4'"-n-alkylbensoates versus 4-biphenylyl
4"-n-alkoxybaenzoates reveals that alkoxy substitution
fawurs the themal stebilisation of wll phases. This is
poosibly due to the aygen atom adjacent to the phenyl ring
undergoing an eleotronic interaction with it, which in turn
stab ilivos the mesophases. The smeotic jroperties cboerved
i nthe alkoxy series may also be explained | n terms of
strong 4ipole moments operating across the major axls of
the molecules which enhance the lateral attractive forces.
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EXPERIMENTAL

n~-Propylphenyl ketone

This was propared folloving the procedure described
by Vogel.'® us,by Priedcl-Crafts reaction weing n-butyroyl
ohloride (60.25 g, 0.5 mol) and bensene (200 ml), B-propyl=
phenyl Xetone (76.3 g, 94%), b.p. 97°C/5 mm was obtained
(reported’® b.p. 227-230°0/680 mmy yleld 524).
‘

By a sinilar procedure the other reguired ketones
wore prepared and their physical data are given in table 4.5.

n-Butylbonzone

This was prepared following the proosdure described
by Vogel.!! Thus,by Huang~Hinlon redustion of n-propyphenyl
Kotone (6.0 g, Js4C mol), D-butylbensene (50.0 g, 92/),
bepe 179=1317/630 mpm was obt&ined (reported” bepe 1811847,
yield 5%4), |

The other n-alkylbengenes were prepared by a oimllar
procedure and their physical data are given in %able 4.6.

4-n-Butylacetophenone
3
In a one litre three-necked flask fitted with a

mercury sealed stirrer, a reflux condenser anmi a dropping
funnel, were placed carbon tetrachloride (400 ml),anhydrous
aluniniun trichloride (73.42 g, U«55 mol) and n~-butylbenzeno
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Bailing points of n-alkylbengengs, R’OGHB'

Table 4.

R = n-alkyl g?g?rzg m DeDe “w“&tareme
Cylly 153-155/690 15@-159/760 17
CgH g 4 200~202/690 198-203/760 17
Cgily 62-70/3 220~225/760 17
A BO-32/% 240/760 18
cé&x” 50~93,3 251/160 18
Ol 4q 103-108/3 215/7160 18
Cioflay 120-122/4 - -

Gy g 135-149/4 - -
Sy Hag 138/1=2 138 19

102
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(60 g» 0e44 mol)s The nmixture was ptirred and coocled

in ioe-water (0=-5°C) and freshly distilled acotyl chloride
(34.54 £,0.44 mol) was added drop by drop during thirsy
minutes. It was stirred for an additional two hours and
left at room tenperature overnight. The dark coloured
reaction mlxw.ro wan pwod into a mixture of concentrated
hydrochlorie acid (300 ml) and crushed ilce (500 g). 7The
organic layer was separated, washed with water (2x100 ml)
and dried (Naaso4). The solvent wao removed and the

residue distilled undeyr vacuun tw give 4-n-butylacetophenone
(40.0 g, 514), bepe 96-98°/1 mue (reporteézo G15%, Deps 101,5~
102/1.5 wma),

The physical data of the cognate preparatione of
gther 4=-n-alkylavetophenonos are given in table 4.7.

4-n-Buty lbengolo acid

This was prepared following the procedure of Johnwon,
Outsche and Offenhausr.2! A solution of sodiun hypobromite
prepared at 0=5°C by adding bromine (1238 g, U.s mol) to
sodium hydroxide (64 g, 1.6 mol) in water (400 ml), was
added slowly to a etirred solution of 4=-n-hutylacetophenone
(35.2 g, 0.2 mol) in dfoxan (350 ml) malntained at 20°C
during one hour. The sodium salt separated out during the
addition and stirring was continued for a ‘furtlmr one hour



Table 4.7
Physical data for a series of 4~n-alkylacetophenones,

R. cg&coms
R« Observed Reported
n-Alkyl  y,p.eC/mm 5 Yield bep.*C/mm F¥ield ﬁ‘&“;
o, %0/4 80 86/3 95.7 20
Cylly g2 83 82-90/1 88 22
Csily 4 120/4 70 106=109/1.1 22
Cgllq3 118-20,/2 64 120,/1 90,6 20
Colly5 132/2 72 165-75/10 45 23
O il 17 140-45/1 6u 149-50,1 94. 8 20
Cellqq 165-68,"3 83 159~62/2~3 56.6  2u
¢y Hog 150=65/1 62 166~68/1.5 %4 20
G Hys 130~135,/3 80 - - -
Cyoling - 197-98/2 76 47-48 (n.p.) 69.7 20

104
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during which period the tenperature was gradually raised
fa 55%C to ensure completion of reaction. IEnough agueous
sodium nmetobisulphite solution was added to remove the
excens of hypobromite and the mixture was diluted with
water (1500 ml). About 300ml of the liquid was distilled
ani the mixture cooled., Acidification with concentrated
hydrochlorie acid affoxrded white cryutale, which was
filtered off, washed With Wala and air dried. Reoryste-
1linsation of the solid afforded pure 4=n=-butylbengoic
acld (29.7 g, 84.55) m.p. 99.5%C (reported’” m.p. $9.5°C)s

Q;ﬁ"l 1680, 1603, 1320, 1180, 1009, 855 and 763 ™t

The results of the cognmate preparationy of other
4-n-alkylbengolc acide are given in table 4.8.

4~Biphenylyl 4"-n-butylbenzoate

A mixture of 4=n-butylbenzole acid (5.34 g, U.0% mol)
and redistilled thionyl qm.ax:.ac (12 m1) was refluxed for
five hours wid the excoss of thionyl chloride wus romoved
by distillation under reduced prescure. 4-Hydroxybiphenyl
(5.1 g, 0.0% mol) in anhydrous pyridine (30 ml) was added
to the émda acid chloride and the mixture stirred mugne-
tiocally at rmom tenperature and left overnight. It was
poured into a stirred mixture of corcentrated hydrochloric
acid (50 m1l) anmd orushed ice (100 g) when a precipitate
vag obtained. It was filtered, washed with 10/ aqueous
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Table 4.8

Phyesical data of 4=n-alkylbensolo acids

R. OgH - 00OH
Obs erved Reported
Ren=Alkyl g p.e0 £ Yi0l4 32.5'5 % Yield ?32;

Collg 113-113.5 &1 113.5 - 24
CH 141-42 94 141 - 25
CgH {4 %@ 8 88 9 26
Cglly 5 98 7 97 89 26
Crag 1935 84  101.5 84 26
c:&a,;l 100 81 100 - 26
Sl 99 94 98.5 - 10
Cy oy 97 75 9.5 - 10
Ci i,y - 98 79 - - -

C. 1 ,2!123. 6 12 - - -




odium hydroxide solution (200 ml) and water (250 nl)
and dried. ‘This was chromatographed on silica gel wad
eluted with benzene. Removal of solvent from the eluate
afforded a white matexial which was recrystallised from
absolute ethyl alcohol to constont meiting point (%.2 &,
82,5%) mape .uu.toevu&ou 1725, 1603, 1454, 1370, 1218,
1168, 1005, 875 and 760 ca™'y & (CDCl,) 0,93 (%, 3, =Cil,)
1,1=2,0 {m, 4H, aaﬁ«wasaav 2,7 (¢, 211, arcCi,) 7.16-8.3 (m,
131, arf) |
[Founa: 0©, 83,993 H, 6.584 n»uzwmom rogires

G, 83.64y H, 6.66%],

The physical data of the cognate preparations of
other biphenylyl 4"-n-alkyldenzoates are given below.

4-Biphenylyl 4"-mothylbenzoate

Yield 924, m.p. 155.5°Csy) 3810 1725, 1603, 14u6,
1220, 1676, 1005, 875 and 757 om '3 & (CiCly) 2.4 (e, 3,
“Cliy) 7.0-8416 (m, 134, axH)
[Pound: C, 83,36y H, 5.838 O, H,.0, Tequires
C, 83.3% H, mowww&o

4~Bipher.ylyl 4"-ethylbensoate
Yield 824, m.p. 153°C3) 8301 4725, 1608, 1462, 1215,
1078, 1005, 850 and 755 em™'y & (ODCl,) 1.26 (%, 3H, =Cii,)

10

1
¢
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2.66 (q, 2, ardi,~) 7.1-8.3 (m, 134, arf)

{Pound: ¢, 8577 H, 6e18% 02,!11802 regaires
0, 6304" ﬂ, 50961‘].

4-Biphenaylyl 4"-n-propylbonzoate
14 PEOpS

Yleld 874 mep.114.2°C;y) ::i"l 1726, 1604, 1460, 1220,
1077, 1005,878 and 762 ca™'s & (CDGls) 0.93 (%, i, ~Cliy)
1.33-2.0 (a, 21, =Cli,=) 2.66 (%, 21, ardi,) 7.13-8.5 (m,
134, ari)

[Found: C, 83753 H, 6.597 0,,H,,0, requires
C, 83.543 H, 6.35%].

4-Biphenylyl 4"-B-pentylbenzoate

Yield 894, m.p. 137. 5'0Q““3°1 1725, 1602, 1485,
1220, 1074, 1005, 875 and 757 om s (cm,) 0.9 (¢, 34,
-c_g}) 1, 06=2,03 (m, 6H, methylenes) 2.7 (t, 28, arGl,)
Te16=~3.3 (a, 131, arf)

! 3 » 3.
LPound: C, 8%.413 U, T.1¢4 02‘32‘02 roquires
c, 83.?1’ i ’ 6. 97 l"j . .

4~Diphenylyl 4"~n»hexylbemoata

Yie1d 854mepa130.3°Cs ) pado 1730, 1605, 14%0, 1218,
1279, 105, 873 and 758 ca” '3 & (CDOLg) 0.9 (8, 34, G )
Vo1=2.1 (a, &d, mothyicnes) 2.7 (t, 3, arCH,) 7.1-8.23 (m,
131, arl)

[Found: ¢, 83.8Y if, 7.004 CogllagU, Tequires
Cy 8370 i, T.264.
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4-Biphenylyl 4-n-hoptylbensonte

Y1eld 774, m.p. 120.3°Csy) MUY q705, 1606, 1460,
1218, 1070, 1005, 875 and 762 ca™ 'y & (on01) 0.9 (%, 3,
-(ﬁa) 1.06=2.0 (m, 10H, methylenes) 2,73 (t, 2, arCl,)
7.16-8,3(n, 13, arf)
(Found: ©, 83.563 H, 7.79% Gyl 0y Taquires
0: 83089‘ ﬂ’ 7052/530

4-Biphenylyl 4"-n-Ootylbens oate

Yie1d 83%, m.p. 112.69C3) 2L 1705 1604, 1470, 1218,
1375, 1006, 878 and 760 em~'y & (CUCL,) 0.9 (t, 3, =Cy)
1,1=2,03 (m, rat, meshylenes) 2.71 (t, 2H, arqi,) 7.16=G.3
(a, 134, ard)
{Pound: ¢, 83%51 H, 7.61}‘ Cpliz,0, Tequires
C, 839y H, T.77%].

4~-Biphenylyl 4"-n-nonylbonszoate

Yi01a 76%, m.p. 105.5°Cy y D% 1725, 166, 1468,
1218, 1072, 1005, 876 and 760 on~ 'y & (CDCl,) 0.9 (%, 3H,
-035) 1, 1-2.0% (m, 14H, methylenss) 2,73 (¢, 2H, ari:ggz)
7e2-B8.33 (m, 134, arf)
[Pound: ©, 83.56y H, 8,194 Cogiiz0, Tequires

G. 33:993 R. 7099%}.
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A-Biphenylyl 4"'-n-decylberczoate

Yield 79%mep. msmﬂ nujol 4725, 1604, 1462, 1213
1076, 1005, 878 and 759 cu™ 'y & (cxm,) 0.9 (¢, ™, -tg_.,)
1,06=2.03 (m, 16H,mothylenes) 2.73 (%,2H, argi,) 7.23-0.33
(m, 13, ard)
[Pournds ¢, 84.09s H, U564 62933402 requires
C, 84.07y H, B.21%4].

4-Biphenylyl 4''=n-undacy lb ansoate

tield 745, m.p. 105.5°0) pudod 4725, 1608, 1469, 1216,
1064, 1204, 877 and 760 o™ 'y & (ODOy) 0.9 (%, 3H, =Cl,)
1.06~2.0 (m, 13H, methylenes) 2,75 (%, 2H, arCH,) 7.23-8.36
(m, 13, axy)

[Found: ©C, 84.333 H, 8803 Oy Hye0, requires
C, 84,12y H, 8.414],

4-Biphenylyl 4'"-n-dodecylbengscateo

Yield 83%, mep. 10360@““3"1 1725, 1604, 1465, 1374,
1218, 1075, 1005, 878 and 758 cu™'y & (coo1,) .86 (%, 31,
-C;,gg) 1.03=2,0 (m, 20H, methylenes) 2.7 (8%, 21, az'eﬂz) Tet16w
8.3% (m, 17, arxil)

[Found: ¢, 84.455 H, 8704 Oy yH,.0, requires
C, 84,163 I, 8.594].
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Ethyl 4-«hydroxybensoate

A mixture of 4-hydroxybensoic acid (41.4 &, U.3 mol),
absulute ethyl alochol (200 ml) anmd corcentrated sulphuric
acid {5 ml) was refluxed On & water bath for elght howrs
and the excess alochol was removed Dy distillation. The
nixture was oovoled, diluted with water (200 ml) and extracted
with ether (3 x 100 ml). %The combined ethereal solution
was washed with 10X sodium bicarbonate solution (2x100 ml)
and water (2x100 ml) and dried (Na,30,). Removal of solvent
afforded the required cater (47.9 g, 99%) m.p. 116°C
(report-ad‘?’ n.pe 116°0),

4-n-Butoxybengoic acid

This was prepared following the procedure of Lauer
M.m Thus, from ethyl 4-hydroxybengzoate (16.6 g, 0.1 mol),
sodium (2.3 g,0.1 mol), n~butyl iodide (20.24 g, Ce11 mol)
absolute ethyl aloohol (10U ml), amd hydrolysing « the
product with ethanolio potaseium hydroxlide, 4=-n-butoxybengoic
acid {(13.6 g, 82%) m.p. 147°C was obtained (mporwdaﬁ Depe
147-148°0); ) B0 4668, 1602, 1504, 1170, 654 and 775 eu” ',

The physical data of the cqnate propuratioms of other
4-n-alkoxybenzoic acids are given table 4.9.
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Table 4.9

Mol & ng points of 4~n-alkoxybenzoic acids

RO. Ggli, « QOO

R = n-alkyl m.p.*gbsorvad — | R;?gzgdza
ar 184 92 180=-182
Cyig 195.5 g5 165
03;{17 145 S0 145.5-147
Cgily 124 94 123=-124
Sgilyg 105 % 105, 5~107
Colfy 5 9% 95 92
Gl 49 191 91 100
Ceilyg % 90 Yz
ST I 5645 %0 s2
011323 84 92 84.5 (ref.2y)
) 95 95 95
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4~Diphenylyl 4"~n~buto5!bemoata

A mixture of 4=n-butoxybenzoic aclid (3.88 g, Ueu2
mol) and freshly distilled thionyl chluaride (12 ml) was
refluxed for three hours and the excess of txiianyl chloride
was removed by distillation under reduced pressure.
4-Hydroxybiphenyl(3.4 g, 0«U2 mol) in anhydrous pyridine
(60 ml) was added to the crude acid chloride and stirred
nagnetically at roam temperature and left overnight. %The
reaction mixture was poured onto a stirred nix ture of
conoentrated hydroochloric acid (100 ml) amd crushed ice
(200 g) vhen a precipitate war obtained. This was filtered,
washed with 107% aqueous sodium hydroxide solutian (200 ml)
and water (250 ml) amd dried, Tho orude material was
chromatographed ON neutral alumina and was ecluted with
benzene. Removal Of solvent from the eluate afforded o
white material which was orystallised from benzene-petroleun
et her (4u=-60") to constant melting point (6.4 g, $0#)
mepe 156.5°Csy) oo 1725, 1602, 1580, 1460, 1170, .78,
856 and 763 om™'y 6 (eDC1,) 1.0 (s, 3H, =Cif,) 1.2-2,0
(m, 4il, methylenes) 4.18 (%, 28, -WCU3) 7.0 (8, 2, arl,
Ju9 Hz) 7.2-7.6 (m, 9, arf) 8.2 (4, 24, asji, Juilis).

[Fouma: 0, 7?.64; Hy 6o445 0, Hp40y Tequires
QQ 79077} K. 6'3§%JQ

The physical data of the cognate preparations of
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other 4~biphenylyl 4"=n-alkaxybengoates are given below.

4-Biphenylyl 4"-methoxybengzoate

Yield 86% m.p. 156.59Cs7) mud®d 1725, 1604, 1518,
1454, 1260, 1164, 1072, 1004, 870 and 759 ™'y & (ODCL,)
3.63 (a, Wi, -0033) 6.8 (4, 24, arH, J=SHaz) 6.9-7.6 (n, SH,
ari) 8.16 (a, 2H, axil, J=9 Ha)

[Pouna: ©, 78,783 H, 5.50% CpoHeg0s requires
a, 7094, H, 5.264].

4-Biphenylyl 4%-ethoxybenzoate

Yield 824, mep. 160°Csy) midod 4725, 1603, 1518, 1260,
1178, 1074, 1005, 855 and 759 ™'y & (0a014) 1.43 (t, 3,
=Cll,) 4.1 (q, 2, =0CHZ) 7.0 (4, 2H, axii, J=9 H) 1416=7.75
(m, SH, axfl) 8.23 (4, 24, aril, J=9 Ha)

[ Pound: ¢, 79.52;3 H, 5.T6% Gg,HmC!: reguires
Ce 79.25}' H, bté@l@.

4~-Biphenylyl 4"-n-propoxybensocate

Yield 81/ m.p. 146201y MI01 1725, 1603, 1510, 1460,
1258,1163, 1072, 1005, 878 and 757 ™'y & (CDG1,) 1.03
(v, 3, ~CHy) 1.43-2.16 (n,20, =03,~) 4.0 (%, 2, -0CH3)
6.91 (a, 2, arl, Ju%Hz) T.15-7.3 (m, B, axg) 8.11 (4, 21,
ar, J=9 Hz)

[Pound: ¢, 79.503 H, 6.28.5 Gy Hp,04 Tequires
Q, 79.52y H, 6.02.].
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4~Biphenylyl 4"=-n-pentyloxyberzoate

Yield 79%, mep. 154.5°0yy nud®l 1725, 1603, 1510,
1458, 1260, 1170, 1074, 1005 and 759 ou™ 'y & (0DCL)
0,95 (%, 31, =CHy) % 13-2,23 (m, 6H, methylenes) 4. 05
(t, &, -0GH3) 6.98 (4, 24, arli, J=SHz) 7.2-7.96 (m, 9,
arll) 8.2 (4, 2, ard, J = 9 Ha)

(Found: ©, 80.003 H, 6,945 ¢, 43{2403 requires
6’ BD.W; B. 6-76%}.

4~Biphenylyl 4"-n-hoxyloxybengoate

Yield 87%, m.ps 132.5°C3) 2W0L y7a5, 4603, 1510,
1463,1250, 1164,1070, 1005, 875 and 756 om™ '3 & (COCL,)
0.93 (4, ™H, «q_!_,,) te 1=2.16 (m, 8H, mothylemes) 4.1 (t, 27,
-XMz) 7.0 (4, 21, arf) JeSHz) 7.23~7,9 (m, W, orl) 8.26
4, 20, arH, J=9Hg)

[Pound: O, 80.193 X, 7.18% Cp5lly 05 Tequires
¢, 80.213 H, 6,95%],

4-Biphenylyl 4"-n-heptyloxybenroate

Yield, 79% m.p. 126*0yy 2430L 4705, y602, 14%,
1254, 1168, 1673, 1004, 844 and 759 ca™ 'y & (cpol,) 0.91
Sy ~0Hy) 1e1-2.11 (8 10H,methylenes) 4,09 (%, 2if,-UCH3)
7.0 (4, 2H, ar}l, J=SHe) 7.13~7.8 (n, SH, arli) 8.18 (4, 2K,
arf], JeSig)
{Pound: O, 80.553 H, 7.57% C gl o504 Toquires
G, 80.423 H, 7.22%].



4-Biphonylyl 4¥-n-00tylaxybensoate

Yield, 815, mep. 1200033 2301 4705, 1603, 1491,
1255, 1168, 1072, 1005, 860 and 760 cm™'y & (ca01,) 0.91

11t

(¢, 34, -c;;s) 1.06-2.1 (m, 12H, mothylones) 4,03 (8, 24, ~CCH5)

6.9% (4, 2H, arll, J=%Ha) 7.1~7.8 (a, 9, ax]]) 8.16 (4, 2H,

aril, JabHz)

{Pound: ©, 80.22y H, 7.63% Opqlgn0x requires
C, 80.6{)‘ “, ?.46!‘]‘

4~Biphenylyl 4'-n-nonyloxybcnzoate

Yield 764, m.p.117. 1°Csy DuJ nujol gnas. 9604, 1492,
1258, 1170, 1072, 1003, 881 and 762 o™ 'y & (opo1,) 0.9
(t, ~Cll,) 1.1-2.1 (=, 141, nothylenes) 4.08 (¢, 2ii,

~XH5) 7.03 (4, 21, arH, J=9 Hs) 7.2-7.9 (m, 9B, ari) 8.26

[Found: C, 80.60; U, 7.9u% Copllyp05 Toqires
O, 80.773. H, 7.694],

4-Biphenylyl 4"-n~decyloxybenzcate

Yield 7S4mepe noac,} mJol ygo5. 1603, 1483, 1315,
1150, 1670, 1003, 877 and 757 cu™'y & (CDO1,) 0.88 (%, 3i,
~Cil5) 1,05-2.15 (m, 164, nethylene:) 4.0 (%, 2, m.n-) 6o ¢
(4,211, arli, Jalilz) 7.06«7.75 (n, Y8, axH) 8.1 (4, 28, avd,

J=91z)
{Pound:s ©C, a1,.145 H, 7.983 ‘329”34"3 regpires
C, 80.9%; H, 7.907%5].
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4-Biphenylyl 4“-n-dodecyloxybenzoate

Y1614 T7%, m.p. 108.7°GsY) Dudol 4705, 1603, 1465,
1315, 1192, 1070, 1005, 878 and 760 cu™'y & (CDO1,) 0,86
(t, F-CH,) 1.06-2.1 (m, 20H, mthylenes) 4.03 (t, 211, =00 5)
6.96 (a, 211, arll, Jn9s) 7.16-7.8 (m, SH, arf) 8.2 (4, 24,
arfl, J=Sis)
[Pound: C, 81.323 H, 8,284 P reqires
0, 81.21y H, 8,294].

4=Cyancbenszoic aoid

A mixture of 4-~bromobenzoic acid (8.04 g, Oel4 mol),
anydrous cuprous oyanide (5.372 g, 0.06 mbl) and anhydrous
dimethyl formamide (125 ml) was refluxed far 12 hows and
cooled. The reaction mixture was poured onto a stirred
mixture of hydrated ferrie chloride (6.5 g), concentrated
hydroohloric acid (5 ml) and water (200 ml). <his wae
heated to 60%0 and maintained at that teuperature for obout
30 minutes. The cooled resction mixture was extracted with
ether (4x100 ml) and the combined ethereal molution was
washed with water (2x100 ml) and Gried over snhydrous sodl um
sulfate. Removal of solvent afforded a white mteﬁ.al
which was reorystallised from glacinl acetic acid (5.4 g,
924) m.p. 218-219°0 (reported™ m.p. 215°C)s~ Dol ougo,
1700, 162c, 1440, 1325, 1020, 866 and 773 m™',
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4~Biphenylyl 4"-cyanobengoate

This was prepared following the method adopted for
4~biphenylyl 4"-n~butoxydbenzoate as deacribed eariier.
Thus, from 4-cyanobengoic acid (2.9 g, 0.02 mol), thionyl
chloride (15 ml), 4-hydroaxybiphenyl (3.4 g, .02 mol), and
anhydrous pyridine (35 ml), 4-biphenylyl 4"-cysnobensocate
(5.5 & 99 m.p. 160°C was obtained, nud®t 2250, 1745,
1495, 1210, 1085, 1010 and 764 @™y 8(0DCL,) 7. 25-8.55
(=, 131, ari).

{Pound: C, 8B0.23 H, 4.315 H, 4,624 Opoflys08 requires
G, 80.265 U, 4,343 K, 4.68%].

4-Biphenylyl 4'"-nitrobenzoate

From 4-nitrcobenzoic acid (3.34 g, 0.02 mol) thionyl
chloride (15 ml), 4~hydraxybiphenyl (3.4 g, 0.02 mol) and
anhydrous pyridine (40 ml), 4-~dbiphenylyl 4'"-nitrobengzoate
(6.2 g, 94.55) was obtained. Repe 172-175"05’3 m‘iﬂ 1735,
1604, 1520, 1355, 1085, 1510, 853 and 766 om™ 'y & (epa,)
1.2-8.6 (1, 134, arif)

(Pound: ©, 71.513 W, 4.1y N, 4.24% OygH,40,8 requires
C, 71.473 i, 4.07y N, 4,34,

4-Biphenylyl 4"-chlorobenszoate

From 4-chlorobenzoic acid (3.13 g, 0.02 mol), thionyl
chloride (15 ml), 4~hydroxybiphenyl (3.4g, 0.02 mol) and



11§

anhydrous pyridine (40 ml), 4~biphonylyl 4"-chloxvbengoate
(5.8 g, 915) was obtainmed. m.ps 170-171.5°C3y nudod g7p5,
1590, 1490, 1195, 1095, 1015, 875 and 760 ™'y a (cpelg)
7.3-8.5 {(m, 130, aryl) |

[Pound: ©, 74.223 H, 4.40% OygH 450,01 requires
C, 73.903 H, 4.213 01, 11.50%].

4-Biphenylyl. {"=bromobenzoate

From 4~bromodbenzolioc acid (4.02 g, C.02 mol), thionyl
chloride (2¢ ml), 4=hydraxybiphenyl (3.4 &, 0.02 mol) and
anhydrous pyridine (40 ml), 4=~biphenylyl 4"~bmmobmmoate
(6.3 & 574) was obtained, m.p. 1w70¢y Y B0 1725, 1590,
1450, 1196,1010, 875 and 758 @™ 'y & (cmls) 7.3~8.4 {m, 13H,
aril)

[Founds ¢, 64.423 .H, 3.805 Omﬂwﬁzhr reuires
Q. 64058‘ x’ 30%‘ BZ‘. 22.66&30.

4~ Acetylbiphenyl

This was prepared following the procedure of Long
and ﬂeme.” Thus, from biphenyl (61.6 g, 0.4 nol), acetyl
chloride (31.4 g,9.4 mol), anhydrous aluminium chloride
(58.74 g, 0.44 mol) and carbon disulphide (300 ml), 4-acetyl-
biphenyl was obtained. Thie was recrystallised from ethyl
aloohol (yield 69.0 g, aa%) mep. 121°C (reportea®! yiela 907,
@ePpe 121°C).
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Biphenyl=4=carb oxylic acid

This was prepored following the provedure of Byron,
Gray and Wilson.>? fhus from 4~-acetyldbiphenyl (19.6 g,
0.1 mol),dioxan (210 ml), sodium hydroxide (32.0 £ 0.8 mol),
bromine (64 g, V.4 mol) and water (400 ml), biphenyl-d-
carboxylic acid was obtained. This was reorystallised from
othyl aloohol (16 g, 80%) m.p. 228°C (reported>> yisld 79%,
m.pe 228°C),

4~Cyanophenyl biphenylyl-4*=carboxylate

a mixture of biphonyl-4~-carbxylic acid (2.97 g,
0.15 mol) and thionyl chloride (15 ml) wos refluxed for
twelve hours and the excesas thiunyl chloride was removed

by dietillation under reduced pressure. 4~Hydraxybenso-
nitrile (1.785 g, “e15 mol) i N anhydrous pyridine (3v ml)
was addedto the orude aclid chlaride and stirred megunetically
at room temperature for twentyfour hours. <The resotion
aixture was poured on t a stirred mixture of concentrated
hydrochloric acid (50 ml) and orushed loe (200 g) and the
procipitated solid was filtered, washed with 104 sodiuwm
hydroxide solution (150 ml) and water (200 ml) and dried.
This was rocryotallised from benzene prepeatedly until the
melting point was comsiant (4.0, 874, mupe 155*0& ::;g"l
2235, 1725, 1603, 1461, 1272, 1165, 1005, 857 and 744 o™y
& (CDCly) 7.2-05 (m, 134, ari)

{Pounds ©, 80.1%3 H, 4.335 N, 4.5454 Coi iy 50,8 Tequires
0. &0026‘ !I. 4 34‘ ﬂ" 4.&}{'}.
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4 ‘~liethoxybiphenyl-4=-carboxylic acid

This was prepared according t o tho procedure of Gray,
Hartley and Jms;“ Thus, fram 4-methoxybiphenyl (15.0 g),
4 teme th oxybiphenyl-4-carboxylic acid (10.8g) was cbiained.
m.p. 258%C (rcpar'aed" m.pe. 258°0).

4-Cyanophenyl 4"-methoxybiphenylyl-4'=carboxylate

From 4'-methoxybiphenyl-4=carboxylic acid (2.26 g,
0401 mol), redistilled thionyl chloride (12 ml), 4=hydroxy=
bengonitrile {1.19 g, 0.01 mol) and anhydrous pyridine (30 ml),

was obtalned 4~cyanophenyl 4"-mgthumydbiphonylyl=4'-sarboxylaste

(2.8 g, 854), mops167°C3 ) Dudot 2030, 4740, 1601, 1500, 1303,

1209, 1065, 9.0, 83 and 776 @™y & (cae1,) 3.86 (s, 3H,
«-00@,3) 6. 0~8.4 (m, 1201, arfl)

[Found: C, 76.423 H, 4.563 N, 4.21% 321!515031‘ reguires
C, 76.58y H, 4,59 K, 4.257].
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