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CHAPTER V

GEHERAL PROCEDURE FOR THE PREPARATION OF 4-~n-ALKYL~§'=
CYANODIPHERYLS AND 4-~n~ALKYI=4"~CY HO-p~TERPHENYLS

51 Introduction

with the Qlacovery of the use of liquid erystals in
display devices utilising various electru~optical effects,
viz., (1) Freederickss effeot, (11) the dynamic soattering
effect, (111) the twisted nematic effeot, (iv) the ohole-
atoric menory effect, (v) the cdiolesteric~nematic phage
change effect, otc., the attention of the chemiete was
direoted towards particular types of liquid erystale with
specif ic characteristics. In addition to certaln phycical
proporties buwh as dislaectric anisotropy, resistivity, etc.
the compoundis had to satinfy various other oomditions in

1

ordexr to find applications. . These requirements are(a) the
compounds must be low melting - the orystal-nematic tramition
taaporature should be ~10°C oxr lower, (b) the mesophase
should poraist t1ll about +70°C, (a) the coumpounds must be
chemically stible to hydrolysis, oxidation, etc., (d) they
must be colourless, photochenically and elsotrochomically
stable and, finally (e) the compounds used should be safe
chaalcals which do not poze health problems to those handling
them either during their manufacture or filling up of the
cellas, ‘
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As discussed in ochapter I, compounds with both
positive and negative dieleotric anismctiropy are requlred
and the response times and relaxation times in theoe
elcotrically operated devices are also dependent On the
chesical nature of the mesogen, Therefore, from the
cheminsts point of view the task is NOt easy and to~date
no single compound has satiseficd all those conditions,

A swyey of the majority of knowh nematogens, which
have a falrly low orystale-nematic temperatures chows that
such chemivals have the general formula,

wvhere two p-phenylens rings are linked through & central
group X. In most of the casea the group X contalnzs a

double or a triple bond to maintain the rigidity and lincarity
of the molecules. The p, p' substituentsiand B may vary
widely and the lowest corystal-nomatic temperatures have been
obtained when A » n-alkyl and B = n-alkoxy or vice versa

o A and B = n-alkyl.

Exaaples of oentrsl group represented by X in the
goneral formula are

~Hall- Aso compounds®s3

-iluﬁ-' AgOXy oonpoumﬁa"” 2

Q



w=CHnllw Schiff's bal‘ﬂs 6 7

~GaCe Stilbenos®rIe 10

- 00 Tolanes' #1213

~ateli- Nitrones, 1421716
0

Azo compounds are highly oocloured and are susceptible
to oxidation and isomerisation. Agoxy compounds are also
coloured. 3chiff's bases are generally yellow Iin colowr
and undergo idation and hydrolysis rather easily. It
should howsver be mentioned here that 4~methoxybenzylidene=
4'=n~butyluniline (iBBA) was the most widely used compound
in electro=-optical devices until a fow years ago. The
stilbenea and tolanes are colourless mterials but the
former compounds are highly photochenically umstable
s.apécially to ultrauoleé light. However, the tolales seen
to be, quite stable. Aldonitrones are c¢olourdess substunces

~

but fend to decompose thermally and photochemically. In
addition to the above central linkage groups, an e¢ster

Q  17,18,19 .
linkage === which has boen used in 4,4'~disubatituted

phenylbcnaoates and related esters has been found to be
vory useful. In fact, a large proportion of the compounds
that are being reportad of late belong to this clasg., ZThese
caters are colourless compounds and give fairly low crystalw

nematic temperaturea vhen sultuwble mixtures are prapared.ig
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Uray gg__&zo aynﬂwsiaéd & new claes of liquld
crystals, in which the provlems of colour, instabilitlies
due to chemical and photochemical reactioms words elimi~
nated by not having any oentyal linknge group. They
prepared a number of 4,4'=disudstituted biphenyls of
which Bome at the 4=n-alkyl=4’-cyanobiphenyls (Chart Vila)
are nematic at room temperature. These, individually, do
not have the deaired temperature mm;le for use in display
devices. Later Gray g_‘g__&m extended this work to synthe -
silse 4~-n-alkyl-4'"-oyano=p~terphenyls by a similar route
(Chart VIIb). These ocompounds are also etable but have
higher melting points anmd wide nematic thermal ranges.
Suitable mixtures of these two aystems give excellent
texperature ranges amd can be used i N twisted nematic or
_ phase charge effeot diaplays, simce the mteriale ars of
poo it ive dielectrio anie otropy.

Beoauso of thelr wide utility, these compounds have
become important coumeroimlly. The procedure of Cade and
Pilbeam®? which was adopted by Gray Mm for the prepa=
ration of %hmmo—g—-ux*phml, an intemediate compound,
presented some problems. These two ygroups of workers have
reported a yield of 48.5% mnd 25+45% raaﬁeoﬁve),y. for
several runs. HMoreover, imolation of the pure monobromo
derivative in good yield has teen a difficulty. Further
the use of hasardous bromine or the polisonous cuprous
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eyanide may not be desirable, especially when working on a
large scale. These difficulties prompted us to develop a
convenient general proccaurnaz for the proparation of both
4-n=alkyl-4"~cyano~p~terphenyls and 4-n-alkyl-4'-cyanobiphenyla.
The procedure has deen described bLelow for the former oconpounds
and iz shown sclomatically (Charte V1II and IX).

5.2 Synthosis of 4-B-alkyl-4'-cyano-p~torphenyl

“his mothod consists of the Friedel~Crafts reaction
on p-texplenyl I (Chart VII1), with un n-aoyl halide to
furnish 4-nacyl-p-texphenyl II. Amonget the various solvonts
sultoble for thie reaoction, nitrobengene hae been found to
be the best solvent. This ketons 33 on Huang-tinlon reduo~
tion afforded the 4-n-alkyl~p-ierphenyl 11I, which was again
acylated with acetyl ehloride to yield 4-n-alkyle4"=gyanoe
Prterplenyl IV,  Oxidation of IV with sodium hypobroumite
gave the corresponding carboxylic acid V, which on treutment
with thionyl ohloride gave the aoid chloride. MNext, the
acid chloride was reacted with ligquor samonia to afford the
carb mxamide VI, which was conveniently dehydrated using
phosphorus pentoxide to yield the desired 4-n-al kyl-4"=cyuno-
P-terphonyl VII. 7he yields were good in all the asteps.

The samo series of reactions were periormed on
biphenyl VIII (Chart IX) to cbtain the desired 4-~n~alkyle
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CHART IX
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4'-gyanobiphenyl XIV. 7This general procedure ia cconomical
and quite safe in 80 far as the handling of the chemicals
at various stages ls converned. A recent report of Oh“
involves a alight modl fication of the above procedure amd
he has also compared the coste of production of 4-n-alkyl-
4'=cyanobiphonyls by comventional and the modified proce-
dureg. It is hearteming to note that this route ig far

more cconumical than the conventional ONe.

5.3 Hesomorphic properties of p-terphenyl derivatives

During this study, it was found that 4-n-alkyl=q''=
acetyl-p-terphenyls also exhibit mesomorphic properties.
Their transition teaperatures are saumiarised fn tuble S.1

below.
Table 5.1
Transition teaperatures of 4-n-al kyl-4''~acatyle
p-terphenyls
a.cézz4.csa4.06ﬂ4.com3
R Ke— 3 8§ ——1 AR 80
"3 G Thermal yange
\ n-cﬁ’ii” : - 231.5 25649 27.0
n-c:é,)s i3 2eY W0 253.0 2440
n«c_r*im 253« 5 256.0 24.H

"t B Aol oeh s

13¢
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A1l the four compounds melt to a smectic phase
which on further heating goes over to this isotyropic phase
without the formation of & mematic phase. This ig not
surprising, as it may be mentiomed that even the first
members of a seriea of 4=nwalkyl— ard 4-n=alkoxy=4*=n~
alknncykbiplwnylazs show a eimilar behaviour. Thic 1s
probably due to the stromg dipole moment of the carbonyl
group operating across the major molecular aoxie of the
molecules, which woul d increase the lateral attractive
forces betwgen molecules. The suectic phase of these
compounds shows a mosaie texture which is shown in plate. 3.
Howevor, the ki nd of mscetie phase has not yet beon identi-
£ied. A plot O3 the tranmition fcuperatures against the
mmbar of carbon atoms in the alkyl chaln is shown in
figure S5.1. It ean De seen that both the orystal-smectioc

and omectic-is otropic tramsition points alternate.

Based ON etruc tural features, the 4=-n-alkylep-
terphenyl-4'-carb axylic acids are expected to show mew-
morphic properties. All the four aclds are indced meieo—
—— ", but the melting points are around 300°C (bee
Experimental). A8 a conseguerce the compounds undergo
thermel decomposition N the mesophase. The mesophase=
isotropie transi tion points appear to be >350’€2. Howaever,
the transition temperatures are not guite reveruible and
have not been given. The transit ion tenperaturos for the
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Fig. 5.1

Plot of transition temperatures against number
of carbon atoms in the alkyl group for 4-n-alkyl-
4"-acetyl-p'~terphenyls.



4=-n-alkyl-4"=cyano~-p~terphenyls obtained by the above
method agree quite well with those reported by Uray et al'g(*‘
and are given in table 5.2 below.

Tabl 2
Irancition teuparatures of 4-n-alkyl-4"=gyano=p-
texrphenyls -
K—-H 8,—8, 8,3, ' 8§, K-l
R: ox 33 3@0 8 d ‘c L 1 yc ‘0
n-~Alkyv{ @3
nwcs n” - 130 - - - 249
n-Coplly 134.0 - - (124.5) 222
n—-caﬁw 126.0 127.0 131.5 195.0 215

e

Regarding the-senmectic phases of the octyl derivative,
N0 miscibility studies were made to establish the identity
of various mectic phases. The follawing sequence of texture
pattorn change was cbsarved from the nematic phase as the
sazple was cooled. A fan-shaped texture to a schlieren
texture and then to a mosaic texture before the eample
crystallised. %These changes at the temperatures mentioned,
ind icated the polymeacmorphism in this compound. Grayzs on
the baals of miscibility studies has asalgned smeotic A B
and .modi flcatdions to these threc 3,, Sy and S} phases

respectively. A plot ol the transltion temperatures against
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ths number of carbon atoms in the alkyl chaln ies ghown
in figure 5.2. Although there is zn alternation i N the
nelting points, the H-l transition temperature continuously

decreaces for these four homologues.

5.4 Yemomorphic properties of biphenyl derivatives

As mentiomod earlier J0ME of the siupleat 4,4" -
disubstituted biphenyls show mesomorphic properties.
4=n-Alkyl=-4'~-acetylbiphenyls exhibit mesomorphism. Their
transition teuperaturcs are mmmrised in table 5.3. 4aAs
¢an be scan the pentyl derivative is not mesomorphic whereus
the hexyl and heptyl derivatives are onantiotropic smeotic
and the cotyl and nonyl derfwatives are monotropic smectic,
The latter two cozmpounds are metastavle, beocause they have
somowhat higher melting points. All the four compoundis show
a mosalo texture and a typlcal texture iv shown in plate 4 .

Table 5.3: Tranaition tenperatures of 4=n~alkyle4d'-
acetylbiphenyls, R.C.H,.C.H,.COCH,

: s —
n-G.,H, 5 T4 .0 : 85.0

n-CgHyg 8545 - («2.5)
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Figure 5.2

Plot of transition temperatures against number
of carbon atoms in the alkyl chain for 4-n-alkyl-

4" ~cyano-p~terphenyls.
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4-n-Alkylbiphenyl-4 ‘=~carboxylio acids are also expected
to show uwmowhia operties. All the five acids are
enanti otropio smeotic and nematio. Their transition tempe-
ratures are summriced in table 5.4 below. The aclds have
wide thoermal rarges because of the elongated nature of

theso molecules which are pregent 4n the form of dimers.

Table 5.4

Pramition taiperatures of 4=-n=alkylbiphonyl-
4 '=-carboxylic acids

R=7-Alkyt KR—> 3 §— N B—1
n- rzzﬁﬂ1 4 174 200 258
b 2 66&!13 178 219.5 as?
n~c7n15 158 232 254
”""6“17 156 228 . 246
n-cgl{,g 139 2% 250

The 4~n-alkyle4 ' =cyanobiphenyla, obtained by the
dehydration of 4-n-alkylbiphenyl-4'=carboxanides, are
all colourlous, stable room teaperature ligid crystals.
Thoy have a otrong positive dielectrie mxsetropym
are useful compounts in many applications. The tranucition
tonperatures of these are given in table 5.5 below and
they agree quite well with those reported by Gray Mw

whose values are Lmluded in parenthesges.



Table 5.5

Transition temperatures of 4-n-alkyl-

4'=cyanobiphenyls
R= K—> S ar N 8 >N i >3
272- ALy
o 22,5 (22.5) - - 35 (35)
Cllyq | 13.5 (13.5) - 29.5 (27)
01“15 m.‘i (2805) - . 42 (42)
Cglyr 21 (21) 32.5 (32.5) 40.5 (40)

CgHyg 40.5 (40.5) 45 (44.5) 48  (47.5)
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4-n-Pentanoyl-p-terphenyl

In a two litre three-noocked flask fitted with a
reflux condenser, a mercury-pealed stirrer and a dropping
funnel were placed p-terphmyl (46 g, 0.2 mol) and ‘analar’
nitrobenzena (350 ml). Anhydrous sluminiun Mcshiorme
(29237 g, 022 mol) was added and the mixture stirred at
room teamperature. n-Pentanoyl ohloride (24.1 8 0.2 mol)
was introduced drop by &rop to the 'utixred mixture during
4% minutes, Stircing was ountinued after addition for
2 hours at room tamgeramm and then at 55=65°0 for 2 more
hours and left at room temyeramc ovemipght. 7The dark
gomplex waa hydrolyced with cwicontrated hydrochloric
acid (100 ml) amd ice-water (254 ml) and the reaction
mixture steam distilled to romove nitrcbenzene., The solid
maze was flltared of £, washed with water and air-dried.

It was recrystallised from 1,4-dioxan using activated
charcoal (578, S04), m.p. 177-178°Cs ) BIod 4686, 1603,
1393, 833 and 780 cm '3 & (DCLy), 0.96(t, 3l =Ci,)
1.3=1,93 (m, 4H, methylenss) 2,96 (%, 2H, =-COCU;) and

Te 18,05 (m, 133, arf)

[Yound: ©, 57.583 H, 7.2114 O, H,,0 remires

5

C, 8749y H, 7.0064), =%



The romlts of the cognate preparations of other
4=n=-alkanoyl-p=torphenyls assS g ven below.

4-n~lexan oyl=p=terphenyl
Yield 864, m.p. 195-157°C; ) 22°) 1660, 1985, 1450,
979, 814 and 757 ca”'y & (CDCL,) 0.52 (8, 31, = )
1.2-2.03 (m, 6, wethylenes) 5.0 (t, 2i, -wcgé) Te23=8.03
(=, 13U, axy)
{Rounds O, 87.50y H, T.6# Oy H,,0 Fequires
G, 87.803 H, Te324].

4~-n-leptanoyl-p-terphenyl

Yield 92%, m.p. 194~197°Cy~) 2uJoL 1665, 1593, 1460,
1370, 1190, 1000, 825 amd 763 ca™'y & (CXC1y) 0.9 (¢, 3H,
"033) 1. 1=2.1€ (n, 8H, metylenes) 3.03 (%, 20, ~COCH3)
Te21-8.33 (m, 13H, arH)

[Found: ©, 87.64y H, 7.50% Cpilpg 0 requires
0. 87.%’ B. 7.50}‘30

3~n~00tamyl-xterpheny1

Yield. 88%, m.p. 190-193%;} nujol 41658, 1585, 1450,

1186, 997, 514 and 758 om~ 'y & (cwxs) 0.9 (8, 3H, =Cily)

1413-2,13 (m, 10H, methylenes) 3.01 (%, 2i, -'Oﬂcﬁz) 72426

(=, 134, ari)

[Pounds ©, 87.563 K, T.88% C,gHog U requires
- 37064' H, 7-860’”}.

13%



4-n-Pentyl-p-terphenyl

A mixture of 4~-n-pen tanoyl-p=terphenyl (53.38 g,
Get17 mol), diethylene glyol (300 ml), potacsium hydmx&aa
pallete (28.77 g, 0.51 mol) and 905 hydramine hydrate
(36 ml) was heatod at 110%C for 2 hours. %The tomperature
was gradually raised to 180°C, distilling off the volatile
matter in the process, and held at this teaperature for
4 hours. The mixture was cooled when it beceame a solid
masa. This was dissolved | N chloroform (2%0 ml), wa—
(200 ml) added and the nmixture extracted with ahlorofora
(3 x 120 m1)., The canbine?Ng:gggn.)l? phase was washed with
water {4 x 100 ml) and driedz ﬁmwal of molvent affoxded a
pale brown material which was orystallised from icopropyl
alcoliol wsing activated charcoal to yleld 4-n~pemy1-_g-
torphenyl (39.5 g, 864) m.p. 177°C1) B30 4456, 1378, 611,
773 and 685 a™'y 6 (0DC14), 0.91 (¢, M, ~Cli,), 1.15-1.91
(m, 611 wethylenes), 2.65 (%, 28, arCi,) and 7.11=7.75 (m,
134, ari)
[Fqund: C, 92.003 H, 7.9984 0253124 requires

G, Y2.00y H, 8.0UA4].

Zhe resulis of the cusnate preparations of other
4-n«ul£:yl~_g-f:m‘phmyla are given below.

4~u~3iaxy1~£~targhenyl:
Yield Y24, m.p. wawz-'cx§ Dadol 1406, 1472, wis,
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762 and 690 om”'y & (CDUly) 0.88 (t, 3, ~CH,) 1.06-240
(n, &1, scthylenes) 2,66 (¢, 2H, arCll,) 7.1-7.83 (m, 131, ard)

[Found: ©, “Y1.9uy , B.# Cpatlgg Fuquires
¢, Y1.7% H, 8,284

4~n-l1aptyl-p~terphenyls

Y1014 874, m.p. 170-171°C; ) BBIOL 1493, 1380, 635,
810, 760 and €90 au™'y & (CDC1,) 0.88 (%, F, =Cl,)
1.06-2.0 (n, 10 H, methylenes) 2.66 (t, 2H, arGi,) 7.13-
7.86 (m, 1%, arH)
[Pound: C, 91.3%3y B, 8.41%  COy4lly; remires
C, Y1.46y H, 8,534,

4=n-0c tyl-p-terphenyl

Yield 894,mep. 158-160°Cy 1) Budol 4471, 1380,
815, 760 and 746 ea™'y & (GDC1,) 0.86 (%, i, -CH,)
1.03-2.0 (u, 124, methylenes) 2.66 (%, 2i, arCH,) 7.1=
T.8 (=, 134, arH)

[Found: ©, 91.453 M, G.5% czﬁﬁmrequiren
0. (..-‘1022' H, Ba'r’;‘g -
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4-n-Pentyl-4"-acety l-p~terphenyl

In a ome litre three~necked flask fitted with a
reflux condenser, @ asrcury-sealed mechanical stirrer and
a dropping funmel, were plaoced 4-n-pentyl-p=-terphenyl (42 &,
0.14 mol},'amalar' carbon tetrachloride (300 ml) and
arhydrous aluninium chloride (24.0% g, 0.18 mol). Zhe
nixture was kept below 2070 and Guring etirring was aldded
freshly distilled acetyl chloride (10.99 g, 0.14 mol)}, drop
by drop, during ¥ hour, Stirring was continmued for 4 hours
at the sam temperature and left to stand for %6 hourw.
The dark coloured complex was deoamposed W ih concontrated
hydrochloric acid (75 ml) and ice-water (150 ml). Chloro-
form (100 ml) was added anml the mixture extracted with
chloraeforam (3 x 100 nl). The combined organio phase was
waslied with water and dried over anhydrous scdium sulphate.
Removal of gsolvent and recrystallisation of the residue
from toluene afforded 35.7 g (85%) of the desired acetyl
derivate (any unounverted starting material could be
recovared by chromatography). m.pe 2-31.5‘(3;_3 ::é"l 1687,
1608, 1404, 1261, 81 and 653 w~l ¢ (ce1,) 0.91 (%, 3,
~G§53) 1.18-1.88 (a, 6H, methylenea) 2,48-2.88 (t, SH, a.wgz
and ~eocg3) and 7.08-8.15 (m, 12H, axl).

[Zound: ©, 37.463 H, 7.5684 G, 560 Fequires
Gy BTaT2% K, 7.6934),
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The remults of the cognate preparatdions of other
4-n~alkyl~4"-acety J-p-torphenyls are glven below.

d=-n-Hoxyl=4"-acetyl-p=texphenyl

Yi01d 874, m.p. zze'aﬂb”“i‘"l 1690, 1614, 1495,
1405, 1370, 1276, 827, 768 and 733 an™ 'y & (Cil,) 0.9 (¢,
» -033) 1.12-2.,03 (m, 8, methylenes) 2.64 (%, 3, arCi,)
2.64 [a, H, =COCH,) 7+16=8,26 {m, 12H, ari)

[Founds ©, 87.%s H, T.80% O, H, .0 requires
0. 31.66‘ H’ 7&85%30

4-n~%pty1-4”~aantyl-g-terphnyl

 Yield 82%, m.p. 233.5*0&) nujol 16%, 1612, 1476,
1332, 1280, 826 and 807 om ~5 8 (cmz.s) .91 (t, 3H, ~cg3)
1.1=2,06 (m,10H, methylenes) 2,63 (t,3H, arCH,) 2.63 (s, 3,
~CUCH5) 7.2-8.36 (m, 1281, arj)

[Pounds C, 87.82y H, 8,334 0273300 requires
C, 87.56y% H, 8e104] 4

4~n—00w1~4"-§-ﬁ;hwl

Yiold 824, m.p. 230.5%037) ned®d 1688, 1605, 1438,
1270, 808 and 785 aa™'y & (UDOL,) 0.9 (t, 3i, ~Cily)
1.06-2,0 (m, 12il, methylenes) 2.63 (s, 3H, —COGl,) 2.63 (¢,
23, Mcgz) 7.13‘3.2 (ﬂ‘ ‘23. arg) »

[Found: O, 87.345 H, 8.42% Oy H,,0 Tequires
S, 87.53 H, 8.334].
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4~n-Pentyl-p=teorphenyl=4Y=-carb axylic acid

A solution of sodlum hypobromite prapared at 0°C
by adding bromine (54.6 g, 0.35 liol) t0 podium hydraide
(49 g, 1.225 mol) in water (245 ml) was added slowly to a
vigorously stirred solution of 4=~n-pentyl-4"-acetyl-p-
texphenyl (23.94 £,0.07 mol) in 1,4~-dioxan (800 ml)
maintained at 30°C dwring 1 how. The sodium salt separatoed
out durirg the addition and stirring was continucd for a
further 1§ howrs diring which period the tesperature was
slowly ralosed to %5°C to ensure completion of reaction.
Enough aguecus godium metabisulphite: solution was added to
remove the excess of hypobromite and the mixture wae diluted
with water (1200 ml). About 400 ml of the liquid was distilled
and the mixture cooled. Acidification with comentrated
hydrochlorioc acid afforded pale yellow cryetals of the
acid. This was filtered of £, washed W th water, dried
and reoryatallised from 1,4~dioxan to yield a colouxless
product. (1e3 g, T76.54) mepe 308°Cy s:ﬁ“ 1682, 1604,
1432, 1300, 314 and 776 eu™'y & (DM30-dg) 0.83 (&, 3, -l,)
1.2«1.7 (m, 64, mothylenes) 2.63 (t, 21, areﬁzé Telwiiet (m,
124, arf)
[Pourd: C, 83.75s H, 6.913% 02‘82402 reqaires

C, 8371y M, 6.9764],

Zhe resultg of the cognate preparations of other
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4~n~alkyl-p-terphenyl-4"-carbexylic acids are given below.

4-n-Hexyl-p=-terphenyl=4"=carbmylic acid

Yield w‘ BePe zs7~o;q m«"’l 1682, 1614, 1468, 1004,
834 and 775 a™ 'y & (pMo-a.) 0.87 (¢, 3, -aggg) 1o 3=1s 65
(m, 84, nethylonos) 2,63 (t, 2H, arGi,) 7.2-8.1 (m, 124, arh)

[ Pound: ¢, 84.0% H, 7.42% OpyHpg 0p Tequires
0, 83793 K, 7.26%],

4 -n-ileptyl=p-terphenyl-4"-oarh oxylic aod.§

Yield 704, m.p. 285°C)) nudol 16a5, 1612, 1498, 1465,
1305, 1005 and 778 cu™ 'y & (IMS0-dg) 0.86 (%, 3H, =Cfi,)
1.2-1.65 (m, 10H, methylenes) 2.63 (%, 2H, arega) Te2=8,1
(n, 121, aril)

[Found: C, 84.3% H, 7.40% 0Oy Hy 0, Tequiraes
Ce 8’5.87; 8. 7052751.

4~n-0aty lwg-tcrphmyl-&"-carboxym acid

Y101d 76%, m.p. 302°03~) Dui®d 178, 1600, 1460,
1370, 814 amd 770 m""; & (m&o-as) 0.86 (t, 31, ~£¥13)
Te2=1,65 (m, 124, mo thylenss) 2.62 (%, &I, m*mg) TeR=tie
(m, 1211, axil)

[rouna.z ¢, 84.% H, 8,0% Opylyr0y requires
C, 8%, 933 Hy T774]. |
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4-n~pent yl=p=torphenyl=4"~carboxanide

A nixture of 4-n-pentyl=-p~terphenyl-4"=parboxylic
acid (13.76 g, V.04 mol) and redistilled thionyl chloride
(60 ml) was refluxed for 4 hours when tho evolution of
hydrozen ohloride gas osased. Excess thionyl chloride was
removod by distillation under redwed pressure and | fquor
amaonia (75 ml,Bp.gr.0.9) was added to the crude acid chloride
and the mixfture agitated for 1/2 hour. The tolid material
was filtered, washed with water and dried. Reorysialli-
gation from oyolohexanone afforded the desired amide (10.8 g,
78.55) m.p. 315-317°01~) 240k 5410,3180, 1640, 1615, 1466,
1008 and 814 ca™

[Pound: ©, 84,263 H, 7.213 K, 4.3BF G, 1,50 requires
cl 83’97‘ H.' 7.285 3. ‘008)@}.

The reasults of the oognate preparations of othex
4=n=alkyl-p~torp henyl-4"~carboxanides are given below.

4-n~:~'£axy1-g~tmphenyl%“-»cswbuxwmo

Yield $0%, mepe 285-288C3~) WL 5420, 3200, 1658,
1612, 1472, 1394 and 816 m™ ',

[Pounmd: ¢, 83.9% I, 7.483 N, 3.86% 02532780 requires
e, 84.03%3 H, 7.56; H, 3,924%].

4-n-ilep tyl-p~tarphonyl=4"«carboxamide

Yiold 885, mep. 31:3«-315*0;-’9 ::gam 3400, 3150, 1642,
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1614, 1003 and 808 cm™ 'y

[Pound: C, B4.0% H, 7.654 N, 3.87% C,gHpoll0 requires
C, 84.09y H, 7.8y K, 3,774].

4=n=0ctyl=n=~terphanyl«4"-carboxamide

Yield 81%, m.p. 308-3124C3.) audod 5305, 3160, 1640,
1614, 1460, 1376 and 614 on™ 'y

[Pound: O, 83.855 H, 8.4%3 N, 3, %4 O li5qHO requires
C, 84,15y H, 8.05y K, 3063;‘3}0

4=n~FPenty l=4 *~oyano~-p~terp henyl

An intimate nixture of 4=n~pentylep-terphenyl=q''~
carb oxanide (8,575 g, 0.02% mol) and phosphorus pentoxide
(10.65 g, 0.075 mol) was heated in an elestrical heater
at 200°C for 2 hours amd c¢ooled. The dark brown material
wae carefully treated with moint ohloroform (250 ml). The
organiec phase was washed with 254 hydrcchlorie acid (3 x
70 ml), water (7 w}), 10X sodium hydroxide solution (3 x
75 ml) and finally water (2 x S0 ml). It wac dried over
anhydrous sodium sulphate: and the solvent removed to give a

pale brown product. This was chromatographed ON silica gel
and eluted with benzene. Hemoval of eolvent from tho eluate

afforded a white materiunl which was sublimed under high



14¢

vacuum at a bath temperature of 185°C (4.9 g, 6045) m.p.

130°C (reported>* 130°C)y~) D2J9d 2234, 1602, 1470, 1382,
1004 and 813 on™'y & (ODC1y) 088 (t, 3, =Cly), V+1-1.83
(m, 64, methylenes) 2.61 (¢, 2i, ar@a) 6o 93~7.7 (m, 1211, arf)

[Pound: C, 88.413 H, 6.923 N, 4,94 Qz‘ﬂzsﬂ remires
C, 88.613 H, T.073 N, 4.30%].

The results of the oognate reparatioxe of other
4mn=aliyl=4''=crano~p-terphenyls are mim bel ow.

4 n~Hoxy l~4"=cyano=p~torphon yl

Yield 68%, m.p. 124.5 °C (reported?d m.p. 125¢¢);
Budol 2234, 1601, 1504, 1474, 1380, 1006 and 615 ca™y
6 (CDC1,) 2489 (¢, 34, ~c§3) 10 26=1,62 (m, BH,methylonca) 2.64
(t, 21, arCl,) 7.25-7.7 (m, 1211, ary)

[Pounds C, 88,363 H, 7.32y N, 4.08% ozs“arn reuires
4
c, 68-49% Hy 7«37y K, 4015%}*

4~n~Heptyl-4"~oyano~p=torphenyl

Y1e1d 664, m.p. 134°C (reported?® m.p. 134°0);)Rulol
2230, 1601, 1494, 1366, 1004, 827, 806 and 726 ou 'y

2064 (t,28, arCl,) 7.21-7.68 (m, 12, acH)
[Pound: C, 38313 i, TeiBy N, 3.454 92632715 reguires
C, G8.38y H, Teb4s N, 3.964).



4=n-00ty 1+4"'=oyan osp~terphenyl

Yield 674, mep. 127°C (repartad% mepe 1279C,3

nujol 5032, 1601, 1498, 1388, 1005, 814 ant 775 @ 'y
) (cm13) J.88 (t, 3H, -egs) 1, 25=1, 65 {1, 124, meihylcnes)

2.65 (t, 2, ardy) 7.23-7.80 (a, 12, ary)

[Pound: C, 88.203 H, 7.923 N,3.80% O Hygli reqiren
0. 86.28: x. 7.90' H. 3.81:‘@0

4-n-Pentanoylbiphenyl

This was prepared following the procedure of lLong and
Herze.?® 7hus, shydrous sluminium trichloride (56.74 &,
0v44 SO|) was suspended i n.dry carbon disulphide (250 ml)
in a one litre threo-necked flask, fitted wWith a reflux
comienser, a neroury-sesled stirrer anm! a dropping funnel,
n-Pentancyl chloride (48.2 g, Ue4 mol) amd biphenyl (61.6 g,
0.4 mol) were dissolved in carbon & sulphide (250 ml) amd
added to the rapidly stirred auspension over a period of
fortyfive minutes. Stirring was cuntinued for thirty minutes
at roon tamporature and the mixturae was refluxed far four
hours on a stean bath, Carbon disulphide was reamoved Dy
distillation and the dark residue was hydrolysed by adding
it slowly to a mix‘hir- of fce (400 g) and cancentrated hydro-
chloric acid (200 nl).‘.y. A pale yallow £ 0lid soparated out,
which was filtered and reorystallised from methyl alcohol



uaing activated charcoal to give 4=n~-ps ntanoylbiphenyl
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(80 @, 844}, mepe T8-79°C (Teported® yie1d 63%, m.p.76-768°C)3

:Q"“J"l 1676, 1602, 1400, 850, 762, 43 and 650 ca™ '3

& (0n013) Vs 95(t, 3H, -ugg) 1.13-2.1 (m, 4, methylencs)
30 (t. 2i, *00032‘) 7.23“8Q26 (lﬂ' 9“. “ﬂ)t

fhe remlts of the cognate jreparatiom of othor
f=n=~ol xanoylbiphenyls are givan below.

4~n-Hexanoylbi Ehenz}.

Yield 87.%, mede 95~97”0(rapartodm yield 674, m.p.
96. s-c);§"“3°1 16738, 1603, 1462, 1260, 1200, 989, 828 and
757 em™ 'y & (CDCLg) 0.91 (%, 3, =Cify) 1. 1-2.43 (a, 6N,
methylenes) 2.96 (t, 2H, -cocx,;_z-) Tel 3=8.33 (m, SH, arfl).

4~n-Heptanoylbiphanyl

o

Yield 86.5%, m.p. 87-88°C (roport;dm yield 524,
Bep. 85.5-86.500)10) 401 1678, 1603, 1405, 95, 845 and
76 @™y 5 (2uc1y) 0.9 (% 3, ~Cll;) 106~2.16 (m, &H,
pethylenes) 2..5 (¢, 2, »cacgz-)_v.zs«a.w (m, 9, axi).

4-n-0c tanoylbliphenyl
¥Yield 904 @.pe ,Q,-,OZ.‘;,DMM 1678, 1604, 1463,
1578, 1292, 825 and 758 ca™ 'y & 6 (0Ddly) 0.88 (%, =, ~Gil5)
1.03=2.13 (s, 10H, wothylenes) 3.0 (t, 2, =COCH,~) 7.13~
8426 (m, SH, axrl)
[Pound: ©C, 85.623 H, 8.52% cwuz‘o roeqires
S, B5.T1y H, Be574]
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4-n-Nonanoylbiphenyl

Yield 69.5%, m.p. 93-94 50y ) BuIot 1670, 1601, 1482
1367, 1004, 833 and 748 on ; 6(0,{3&13) 0.88 (t, 3, -0535)
105-2. 13(a, 12H, methylenes) 2 Y8 (t, 2H, ~COCH5) 7.16-
Be33 (m, 94, ari)
[Pounds C, 85.92y H, 8.61% 0,,il, 0 Feqires
C, 85 71y 1, B.844].

A-n-Pentylbiphenyl

A nmixture of 4-n-pentanoyldbiphenyl (71.4 g, 0.3 wol),
diethylene glycol (375 ml), potassium hydroxide pellets (5..4y,
0.9 mol) and 90% hydrasine hydrate (50 ml) was heated at
110°0 4n an oil bath for two hours. The temperatuye was
gradually raised t 0 180%C, dietilling Off the wvolatile matter
I N the prooess ard held at this teuperature for four houre,
The mixture was cooled, water (200 ml) and chloroformm {250 ml)
were added. The agueous phase was extracted with chlorofom
(3 x 100 ml) and the c aubined organic phave wat wathed with
water and dried (Fa,80,}. Removal of sclvent and distilling
the residue unier reduced pressure gave a colowless liguid
(51.0 g T4.54), beps 147155/2 mm (reported®t yield 654,
bepe 106-105/0.1 mm)y~) B3 o556, 2664, 1601, 1488, 1096,
760 and 697 ca™'y 3 (0Doly) (%, 34, ~Gl,) t0s-1.58 (m, 6K,
methylenes) 2,61 (t, 2, arCH,) 6.9-7.76 (m, 9, aril),
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The results of the cognate preparatioms of other
4=n=alkylbiphenyls are given below,.

4~n-Haxylbiphehyl

Yield 794, bep. 168=170/2 mm (reported®’ b.p. 175
176/3 ma); ) B93% 2000, 2050, 1601, 1485, 1408, 1072, 1006,
763 and 695 ™'y & (UD01,) 0489 (%, 3H, =CHy) 1.1-2.0 (a, 8H,
methylenes) 2.59 (%, aN. arcll,) 7.0~7.7 (m, °H, ari).

4-n-ilep tylbiphenyl

Yield 764, bop* 165-170/2 mm (reported? yield 65%,
bope124=127/0.1 ma)y ) B2I9L 4604, 1488, 1377, 1004 , 760
and 694 ™'y & (0DOLy) 0.86 (% 3, ~CGy) 1.05-2.03 (m, 10H,

methylenes) 2.66 (%, 2, arCi,) 7.05-7.85 (m, 9, ari).

4=n=Joty lbiphenyl

Yi01d 72.5% b.p. 162-199/3 ma (reported®” b.p. 187-
188/2 m1) 1) 23 1601, 149c, 1480, 1377, 1005, 757 and 695
™'y & (0201,) 0.86(t, 3T, ~Clly) 1.05-2.01 (m, 128, methylencas)
2.63 (t, 21, arCi,) 7.0-7.7 (w, 9H, arfl).

5_:3:3 onylbiphenyl

Yield 73.54 mep. 42-43°Cy~) ;:3"1 1602, 1450, 1462,
1378, 1006, 760 and 655 oo™ 'y & (CDCLy) 0088 (t, 3it, =uil)
1.03=1.9% (m, 144, methylenea) 2.61 (¢, 2H, arc,ﬂ_z) Te0=T7.66
{a, 8, aril)

W I M [ P £, “"\}m ™
{Found: ©, 8L.8y If, Yeb2 “ G, 4Hlog
Sy Y0403 H, 1W.U..

reguires



4=n=-Penty 1-4 '=acetylbiphenyl

This was prepared following the procedure of liyron,
Gray anl wilson>°., hus, a nixture of amydrous wluminium
trichloride (30.74 g, 0.23 mol), dry carbon disulphide
(300 m1) amd 4~n-pentylbiphenyl (44.8 g, 0.2 mol) was placed
in a one litre three-necked flask fitied with a reflux
condens er,a ueroury Sealed stirrer and a dropping funnel.
Preshly dictilled ascetyl chloride (15.7 g, Ue2 mol) wan
added drop by drop %o the stirred reaction mixture during
thirty minutes. This was stirred fa one hour ut room
temperature, refluxed for three hours on 4 steanm bath and
left c;vammt. Carbom disulphide was removed by distilla~
tion and the dark ooloured complex was hydrolysed by adding
carefully a nixture of ice 00ld oconcentrated hydrochloric
acid (100 ml) and water (100 ml). More water (100 ml) was
added and the mixturse stirred iN order t o odtain the solid
materdal in a finely divided form. It was filtered off,
washed with water and dried. Rocxystallisation from methyl
aloohol gave 4-nD-pentyl-4'-acetylbiphenyl (32 g, 604)
Bepe 664540 (reportea! m.p.o'rg'c);§ neut 467, 1601, 1470,
1273 and 809 @™y & (OD0L4) (t, 30, ~CH,) 1.1-2.0 (m, 6H,
methylenes) 2.63 (s, 3H, —-covcg,) 2.7 (¢, =, wcga) Tel=8e23
(m, 8H, axil).

The resulis of the cognate properatdoms of othex
4~n-~alkyl=4'~goetylbiphenyls are given below.



4~p~Hexyl=4'~acetylbiphenyl

Yield 6554, meps T4°C (reportedat mepe 79%C)s
sg;g"l 1676, 1601, 1462, 1360, 1270, 960, 813 and 774 on -t
(um3) 0.86 (t, 3H, =Clly) 1.05-2.01 (m, 8H, methylenes)

2.61 (s, 3, ~cqug) 2,63 (%, 24, arGi,) 7.05-8.15 (=, 8H,
axfl).

4-n-ileptyl-4'~acetylbiphonyl

Yicld 7275, mep. T4°C (raported3' MePe THe 5“0);
snudol 1672, 1601, 1461,1390, 1137, 828 and 603 ca™'s & (CDOL,)
0.86 (¢, 3H, =Cl;) 1.03-2.03 (m, 10H, me thyl mea) 2,61 (s, 3,
-COCH ) 2.64 (t, 2H, arcl,) 7.06-8.23 (=, BR..amﬂ).

400ty L4 '=acaiylbiphenyl

Y1614 714 @ep. 85°C (mportad’ B pe 66.5’0);
Qﬁ‘z&"l 1672, 1603, 1460, 1262, 612 and 783 @™y & G )

‘\4086 (t,}:f, ‘VJ}) 100)“'600 (1.'.3. ‘2‘1. mthyleﬂﬁa) 2060 (ﬂ, 3!!'
"'QUCQB) e 61 (t‘ 2:1, 31"032) 7. 1"3'13 (m. aﬂ! wg)’

fempi=lionyl=4 '~acatyiblphanyl

Yield 824, mep. 85.57C (roported31 mepe 859C)s

nwiol e 16073, 1465, 1378, 1270, 626 and 805 on
& (93013) Je Y3 {t, 3U, —cgg) 1o 12,03 (m, 14H, methylones)

2.53% (s, 31, »c@cgg) 2.65(%, 21, axcgz) 7.03=3.16 (m, 8H, ari).

u-i’



{=n=-Pentylbiphenyl=4'~carboaxylic acid

This was prepered follawing the procedure of Johneon,
Guteche and Offenhauer. 32 Thus, a solution of sodiun hypoQ
bromite prepared at 0°C, by dissolving bromine (93.6 &, U.6
mol) in a solution of umium hydroxide (84 g, 2.1 mol) in
water (420 ml) was added to a vigorously stirred solution
of 4=n-pentyl-4'=acetylbiphenyl (31.$2 g, C.12 mol) in
dsoxan (300 ml). The addition was carried out at room tempe-
rature during one hOw. The tesperature was alowly raired
to 50°Cand held there for half hour % enswre completion of
reactions Enough agueous sodium motabisulphite wolution wao
added to dostvoy ;hhn oxcess of sodium hypobromite. Watexr
(2000 m1) was added and 400ml of the liguid was boiled off.
The residue was conlea and acldified with concentrated hydro-
chlarie acide The product so obtained was filtered, washed
wi th water thoroughly and eir-dried. lecrystallisation from
glaclal acetic acid gave colourless crystaln of 4e=n-pentyle
biphenyle4'=carboxylio medd (2235 g, 65.57), mep. 176°C
‘reported>’ w.p. 176°C)s ) :;g"l 1670, 1603, 1428, 1160, 1005
and 775 ™'y & (BMSO-8g) 0.9 (%, 3, =Giy) 1.06-2.11 (m, G,
methylenes) 2,68 (t, 2H, arCi,) 7.15-8.45 (m, 6H, ari).

The results Of the ocognate preparations of of her 4-n-
alkylbiphenyle-4'=carb oxy 110 aclids are given below.



154

4-n~Hoxylbiphenyl-4'=carboxylic acid

Yield 75% mep. 178°C (reported’’ m.p. 165%0);
§ m“ 1668, 1603, 1430, 1126, 1002 and 775 ow™
6 (IMs0-a.) 0.88 (¢, 3, =CH,) 1.05-2.0 (m, &, nethylenes)

2.65 (tg 2, Mmz) Ta1=8.33 (ag 8, u'ﬂ).

3

4-n-Hoptylbiphenyl-4 ‘=garboxylic acid
Yield 654, mep. 158°C (reported’ n-p. 156°0)3
D) Bulal 46, 1602, 1422, 1002 and TT4 aw™'y & (DMSO-dy)
0.86 (%, W, -Cll,) 1.06-2.03 (n, &, methylenos) 2.6 (%, 2H,
arci,) 7.03-8.3 (m, 81, ax}i).

4-n-Octylbiphenyl-4'-carboxyllio acid
Y16ld 684, mep. 156°C (mpartad" HeDe N’I’O)s
i)"“i"l 1667, 1601, 1460, 1371, 1001 and 757 om" 'y
6 (DHs0~dg) 0.86 (t, 31, -cx:3) 1.03%-2.0 (m, 1GH, methylencs)
2.6 (t, 2H, arci,) 7.1-8.33 (=, &, arfl).

4-n-Honylbiphen yl=4'-carboxylio acid

Yiold 785, mep. 139°¢ (mportcdn Balo 135"'0);
D nudel 4666, 1601, 1422, 12682, 1001 and 763 oa” 'y
6 tﬁaw*'dé) Ue83 (%, 3, ~€2§§3) 1.0-2.0 (m, 12H, methylenes)
2.5 (t, &1, ardly) 7.0-8.16 (m, &, ari).



4~n-Pentylbiphenyl—4'-carboxanide

A nixture af 4~n=-pentylbiphenyl-4'=carb wxylic mad
{(21. 44 & *+08 mol) and redistillied thionyl chloride (100 wml)
was rofluxed for five howe whien the evolution of gabB ceaseds
Excees of thionyl chlaride was removed by disiiliation under
reduced pressure. Liquor ammonia (125 ml, Bpegde UeY) was
added to the crude acid ohloride and the umixture agitated
for thirty minutes. The whitae solld so obtuined was filtered
of f, washed with water and air-aried. Reeryp tallisation from
1,4-dioxan .afforded the pure amide (18g, H4%) mep. 234=235+C
(roportea®® yie1a a6, m.p. 231-233°C)3~) malod 3400, 3200,
1645, 1618, 1574, 1408, 1145, 1005 and 048 om™ '3 & (DHBO~d;)
s.8a (%, 34, -Gﬁ}) 1o 08«2,03 (m, 611, methylenes) 2.56 (%, 24,
arCl,) 3.33 (s, 2H, -CONH,) 6.9~8.36 (3, &1, axil).

The romults of the cognate preparatl ons of other 4-n-
alkylbiphenyl=4'~carboxylic acids are given below.

4=n-exylbiphenyl-4 '«carboxamide

Yield 834 mep. 218-220°0; ) PuJod 535, 3164, 1640,
1617, 1574, 1460, 1409, 1003 and 820 o™ 'y & (WMSU-dg) C.9
(%30, =CGil,) 1.1-2.36 (m, &8, methylencs) 2.6 (%, 24, arci,)
3.36 (8, 2H, -Oim;l_z) 6. B=8.43 (n, 84, aril).

4-n~Hoptylbiphenyl-4'~carboxanide
Yield 90%, m.p. 225=-228°C (roported®® yield 824, m.p.
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Mepe 22%-225°0)3 Q’“‘J“" 3400, 3200, 16435, 1618, 1582, 1416,
1150, 1005 and 788 aa™'y & (DMSO-44) 0.88 (t, 3, =CH,)
1.06=-2.03 (m, 10H, methylenea) 2.6(t, 2H, ardi,) 3.36 (s, 2k,
-00MH,) 7.05-8.53 (m, &, arH).

4= n-0otylbiphenyl-4 '=oarb oxani le

Yield 884, m.p. 224=227°Cy. ) D039 3395, 3152, 1645,
1612, 1462, 1371, 1004 and 818 ca™'y & (IM30-d.) 0.86 (¢,
31, ~C;) 1.0-2.03 (m, 121, methylenes) 2.53 (¢, 2, arci,)
3.4 (s, 2H, =-CONH,) 7.03-8.3 (u, 81, arf).

4~ n=lionylbiphenyl-4 '=carb oxanide

Yield 79, Mape 227229 %;9"“4"1 3400, , 3180, 1642,
1612, 1460, 1408, 1408, 1378 and 832 ™'y & (DMSC-d,) 0.86
(ty 3, ~Cl,) 1.06-2.06 (m, 14il, mothjlenes) 2.53 (¢, 2i,
arGl,) 3.33 (s, 24, ~Culill,) 7..6-8.16 (m, 8, ari).

4-n-Pontyl=4 '~cyancbliphenyl

An intinate mixture of 4e-n-pentylbiphenyl~4'~carboxanide
(16.02 g, QB mol) and phoaphorus pentoxide (24.08 g, 0.24 mol)
wag heataed at 200°C in an: elecotrical heater for two hours
ard cooled. The brown material was carefully dec mposed with
molat chlorofom {100 ml). Water (125 ml) and concentrated
hpdrochlioric acid (50 nl) were added to this mixture and
exiracted wlith chloroform (3 x 100 ml). The c ombined orgmnic



phase was washed with water, 10% agueous codium hydroxide
solution (2 x 60 ml) and water (2 x 100 ml) and dried (ua?aoé).
Kemoval of solvent afforfed s pale brown naverial, which

wats chromatographed on silica gel using benzens as gluent

to give a white product. Further purii lcation by sublimation
at 1807C undeor high vacuum afforded 11.0 g of pure product
(73.5%), mepe 22.5°0 (reportea®’(®) n.p. 20.5°¢)5) BE8% 2950,
2250, 1605, 1500 and 1008 em™ 'y & (CDCl,) ©.9 (%, 3l, ~Giy)

1. 1~1.86 (u, 611, methylenes) 2,65 (t, 2i, meKa) T 06~7.8

(m. ﬁ?i » a‘fﬁ) L ]

The resulta of the ocognate proparations of other
4-n=alkyl-4'-gcyancbiphenyls are given below.

4=-n-liexyl=4*-cyan cbiphenyl

Yield 807, mep. 15.5°C (reported??(B) g o 93 520),

pagt 2931, 2856, 2228, 1603, 1493, 1005 and 815 cn” s
max | |

o (di‘}t}lg) 09 (¢, 3u, -mgs) leUb=2.u (m, 8H, methylenes)

2,63 (t, 2, arCi,) 7.03-7.86 (m, wi, asli).

4~-n~feptyl-4'<cymnobiphenyl

Yield 764, meps 28,5%C (veportedasVi¥? 4 . 20,9003
Dneat p936, 2063, 2235, 1610, 1498 and 1006 ou 1y & (onoLg)
.88 (%, 3, ~0dy) 1.03-2.0 (m, 10H, methylenes) 2.65 (%, 2i,
arCil,) 7.03-7.86 (m, 8H, axii).




4=n=0otyl=4 '~cyanobiphenyl

Yield 794, mep. 21°C (raportadao(b) n.p. 21°0)4

}"“‘ 2078, 2868, 22%, 161C, 1498, 1472, 1006 and 615 ca™ '}

5 (2 3013) 086 (%, 3H, -cx3) 1.05-2.0 (m, 121, methylenes)
2.63 (t’ 23, ax‘CHz) 7.0=T.86 (u. 8, “g).

4=n~Honyl-4'-cyanobiphenyl

20(b)

Yiold 83+ #.p.40°C (reported Repe 40°C)3

3““«""1 2234, 1610, 1458, 1470, 1378, 1005, 653 and B30 cu™ '

(C’JC:}. ) 0e36 (t' 5, "WK3) 1‘05"200 (lﬂ, 14ﬂ' m@thjl@nﬁa)
2o 66 (t’ d»a.ig 3:‘\!‘_!_2) Tel "“70‘3 (m. &H, Cr}_i,)- |
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