CHAPZER XX

SYRTHESIS AND MESQMORPHIC PROPERTIES OF TRANSwp=n-
ALKOXYwa~-METHILCINNAMIC . ACIDS AND THEIR ESTERS WITH
?HYDRQXYBMZORHMIE

2+1  Survey of the mesomoxphio prog;-ruu of substituted
oinmnic acids

Hany homologous series of compounds involving cinnumic
acid moloty have been reported in the literature. -7 Bennet
and Jomn' asynthesised a homologous series of $rang-p-un~
alkoxyoinnanic aclds and compared the wvariation in the meso-
morphic propertios with a sories of g—-n«a)_.xmbanmie acide.
They comluded that the range of the mesophase is generally
wider in the benzoic acid sexice as compared with the cinnamie
acid series. On the other hand, because of increased aniso-
tropy of polarisability dus to the doudble bond, the mesophase
of cinmamic acids would be expected to have higher therxal
stabilitfes. Indecd, the cinnamic acids do have higher
themmal stabilities than those for bensolc acids. However,
the relatively high melting points of the ¢innamic acids
would cut off, as it were, the lower reglonm of possible
axistenc& of mesophases of these substances, thus lowering
the range., Later Gray and Jones® a&nthcsuod the samne
trgns-p-n-alkoxycinnamic acids to compare the mesvuorphic
properties with those exhibited by 6é~n-alkoxy-2-naphthoic
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acids. Gray and Jones? found substantial variation in the
transition temperatures from those cbtained by Eennet and

Jones and have attributed this to the greater purity of the
compounds prepuared by the former., Later Gray et_alj' studied
the mosomorphic propertiea of trahg-4-n-alkoxy-3-halogeno~
cinnamic acids., This halogen sudstitution imoreascs the
breadth and polarisability of the irans-nen-alkoxycinnamic
acids, which in turn would alter the thermal stabilitices of

the mesophases. In f£aot, Gray" has studied the effect of
inmtroducing variouws mbdetituents on the mesophanes formed

by several systems. Also, 1t is knoung"w that, when compared
with the unsubstituted parent compounds, lateral substituents,
eitl r at the ortho position on a phenyl ring or the ce=position
of a central linkage group will reduce both the svlid-mesophase
and mesophase~igotropic transition temperatures, the lattar
howaver, being more marked. The extent of reduction of the
tenperature depends on the sise of the lateral subetituent

and the shape of the substituted molscule.

During the last few years much attention has been
pald to the mynthesis of now liquid cxystalline compounds
of low melting points and muitable nematic runges and other
physilcal parameters. Jones and Ruttu”“'g have reported a
number of derivatives of cilmnamic acid with fairly low
melting pointas and wide themul ranges. ‘The interest in
the present study was (1) to exaumine the effcct of an a-methyl

-



substituent on the mesomorphic properties of some para-
substituted cinnanioc acids, and (ti) to prepare a nunber
of low-melting materiales with high positive dlelectric
anisotropy for possible uase in display dpplications.

2.2 srans~-p-n-Alkoxy-g-methyloinnamic aoidas:
Preparation and properties :

These acids were convaniently prepared by heating
a mixture Sf an appropriate aldehyde, proplonic anhydride
and potassium propionate following the procedure of Johxmonm
{(Chart I). Carboxylic acids in general, exist in tho form
of dimers. Only linear dimers show mesomorphic properties
if thoy also have other requieites of a potential mesogenic
compound. For exanple, & gis-p-n-alkoxyecinrmamic acid,
Pige 2.1a fornms a dimer, but the dimexr is not linear and
conseguently 1t is not mesomorphic. A $rang-p-n~alikoxy-
cinnanic acid, Fig. 2.1b forms a linear dimer und therefore
iz mesomorphic. The lincar dimeric form of trans-—p=-n-
alkoxy-g-me thyleinnaude acld is shown | N Pig.2.10.

The transition temperatures of the parent oompounds
are given in table 2.1 and those for $zang-p~n-al Koxy~q=
methyleinnamio aoids are summarised in table 2.2. The
p-methoxy and p-othoxy dc;r.tvaﬁ ves are non-megomorphic.
Thia 1a due to their hih melting points and the thermal
energy will be too much fur the molecules %o retain any
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Figure 2.1: Molecular structures of (a) g¢is=-p-n-alkoxy-
cinnamic acid (b) trans-p-n-alkoxycinnamic acid (c) dimeric
form of trans-p-n-alkoxy-a-methylcinnamic acid.
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Table 2.

Traneition temporatures of trans-p-n-alkoxy-
oinnanic acids,® RO.CgH, * CHé GH - COOH

” Pemperature transition to AT S0

Compound R = o !
nunber  n-Alkyl ﬁggt&o. ﬁagguo. moggo;;ic, R;g%:ic

1 Qﬂ3 - 1755 150 16.9

2 02H5 - 194 198.5 445

% 03ﬂ7 - 167 184.5 175

4 34H9 - 156 1649.9 33 9

5 Colly - 139.5 179.5 40

9 09H19 138 .5 144 171 17

10 010“21 136 150G.95 169 15.%

11 812H25 132 157 165 8




Table 2.2

Transition temperatures of trans-p=n=-al koxy -a-me thyl-
cinnamic acids, ﬂo.cgn4.au:a(cns).coau

mmmratwe of

Compound . . traonsition to a?, *C
nunber Ren-alkyl —geoesre- isotropie, gaw‘fu“
s a0 N e
1 Gl - 153 -
b4 0235 - 167 -
4 (3411,:} 110 143 33
5 Oglll 1 91 132 39
: (214
6 Cglly 102 131.7 29.7
T 07511,5 G3 120.5 27.%
8 Ca"w 83 123 40
, g 09}!‘9 82.5 117.5 35
10 ﬂmﬂm T¢.5 116.5 37
11 01 1!123 85342 112.5 24.%
12 86 111.5 £5¢5

Uqotlag

C
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ordered arrangement, Moreover, the isotrepic liquids of
these two compounds do NO2 suf ficiently smupercool for a
monot ropic nematic phase to be obiained. The a-methyl group
of the central linkage has a pronounced effect On the types
as well as traneitlion tesperatures of the mesophases, when
compared with those of the unsubstituted parent coupounde.
It in apparent from tables 2.1 and 22 that, there is a
marked decrease | N the melting pointa (L 40-50°) and
moreover the homologues 3 to 12 are purely nematic, the

~ smectic phase having been altogether elimimted. This
trend is in accordance with the work of Uray and co-workers® |
Oon various mesomorphic homologous Beries of compourds, which
show a similar behaviour. Even though the clearing points
have al so decreased in the substituted conmpourds (sce tables
2.1 and 2.2) in most cases, the thermal range of the nemetic
phase has increased for the higher homologues ag a result

of introaducotion of the a-methyl group.

The reduction in transition teaperatires may. be
explained as follows. A comstruction of the lreiding model
of this acid shows that there is N0 sudbetantial broadening
due to the a=-methyl substituent. The a-methyl group causes
a thickening effect vhich is considerably enhanced dus to
a steric effect between the methyl group amd the ortho ring
protons, This leads to an interference with the close
packing of the moleoules, increase the molecular separation
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and thereby reducing the strength of the intermolecular

attractions.

Pigure 2.2 chows a plot of the trapoltion temperatures
against the number of carbon atoms in the alkoxy chain. The
general trend that hae been obeerved by a number of workers
in the field la that Ty _; decreases in ascending the series.
|f i scen that for these compounds the Ty , poimta 1ie on
two smooth falling curves. The curve for the even homologues
lies above that for the odd ones, A similar trend has been
observed for the unsubstituted parent homologues synthesised
by Gray and J‘oma? In the unsubetituted series, M"g'ﬂ“
nonyloxyei nnamic acid exhibits a smectic phase., However,
as we mentionnd earlier, in the present serieas, we did not
obperve any smectic phase even up to Xrang~p-n-dodecyloxy-
a-xe thyleinnamic acid. Therefore, the smectioc phase is more
affected as A result of the introduction of the a=-methyl

group into a trang-p~n-alkoxycinmnic acid.

2.3 p-Cya riophenyl trans -p' =n-al Xoxy «a-pe th yleinnama tes:

arran e R a2t

Preparation and mesomorphic be haviowr

As nmentioned earlier the present study concerns the
preparation of materials having a high positive dielectric
anisctropy. It is known that Ph~CH has a moment of 4.05 D.°%
Therefore, it was decided to study the liquid erystalline

properties of a homologous geriens of esters of the acids
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Figure 2.2: Plot of transitiontenperatures against nunber of carbon atoms in the
alkoxy group for trans-p-n-alkoxy-a-methyleimnamic acids.



discussed in section 2.2, with gnhyﬂmxybenzonitrih. The
p-cyanophenyl trang-p'-n-slkoxy-a-methyleinmamates were
prepared by treating the sppropriate cinmmioc acid chloride
with p-hydroxybenzonitrile in pyridime solution at room
tenperature (Chart II). The cetera were obtained as colour-

leo0s products.

The transition temperatures fOr this series of
compounds are summarised in toble 2.3, It is seen that {he
clearing temperatures for the entire series is delww L0°,
Jdve of the twelve homologues are monctropic nematic and the
rest are enantiotropic wesomorphic. The smectic phase of
compounds 10,11 and 12 shows a simple fun-shaped toxture as
shown | N plate 1 and is believed to be smectic A. A meusure-
ment of the elastic constanta’ for compound 1, close to
tho swectic~nesmtic transition, supports this view. Horeover,

by analogy with many of the known materials of high pooitive
24,25,26

26

dielectric anisotropy showing a mmeotic A phase,
this can also be clasmified as emcotic A. We reported
oarlier that compound 10 showed another smectice phase with
a schlieren texture. | n fact, it has been recently rmmda"
that this is a ‘re-entrant nematic phase'. 7The occurrence
of the re~entrant nematic phase has been discussed in groater

detall in the next chapter.

The effect of t he a=methyl group on the mesophase
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Table 2.3

Transition tcuporatures of p-cyanophenyl framg-p'=ne=allkoxye

a-pethyleinnagmtes

Tenperature of tranasition to

Conpourd Renealkyl

number zg;amggw;tc Sm% gtic Hm:gtio Iﬂoﬁgﬁpiv
1 cﬂ3 - ‘- (r1.2) 112,
2 Oyt - - 79 03
3 033 7 - - (67.1) 19
4 04}.-!9 - - ‘68.3 T4+ 2
5 Sy, - - (64) YiUed
6 ¢4y - - (790.5) 83
7 Cotlyss - - (67.5) T
8 Cgtiye - - 5649 7.9
g gl 4 - - 63 70.9
12 LN 32.5 (59) 62 74
11 Gy - (70.3) 70.5 T2 7
- 61 - 7641
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transition temperatures shows some interasting features.
A comparigon of the melting and clearing temperaturces of
the first eight homologues of p-cynnophenyl trans-p'-n-
alkox yolnnamates prepared by Titov et alza with the present

perieas showse that there is mn average decrease of about

70° for Ty, I N the case of the substituted compounds.
Uomparing this result with that an the acid serles discusced
IN section 2.2, we find that the a-methyl substituent has
oppoeite effect, on the nematic runge in the two series.
However, the avernge doecrease in the melting points iz not
marked and is only about 16°. Thus, the mmatic range is
considercbly decreased in the substituted compounds clearly
danonetrates that no definite prediction of the mel ting
points can be :ade Lfrom the molecular structure. Litov et_a.l‘:"
do not mention of any smcctic phase UP to the p—cyanophenyl
Lrane-p'-n-octyloxycinnasiato and the higher homologucs of
thisz series are not known. However, in the present serics
the smectic phase appears from gn-ayanaphnny}. M—-g'-n«
decy loxy-g-ne thyleinnanate. In compounda 10 and 11, the
srectic phase Is monoiropic, whereas | N compourd 12 1t i»
enanti otropic (table 2.3). 3Since the higher homologues of
the parent serles are not known 14 would be difficult to
comtent on the cffect of the substituent ON the smectic
thermal ziabliitien. Unlike 1a the case of the acld series

divcuseed in the prevliour secilon, the w-methyl group dose




not come in the way of the formation of the swectic phabe

N the ester series.

The reduction in NK-I may be explained as due to
sone 4 gnificant structural Sffeat. The cster moleouie
could take up el ther of the two possible conformations
or @ shown | N figwe 2.3. |N both there conformers the
thickening effect arising due to sterio effest between the
a=-me thyl group and the ortho ring protons, mentioned earlier
is present and would tend to lower the trangition tenperatures.
in gonlormer @ where the a-methyl group and the carbonyl
group are on the same side, there is a broadeaning of the
molecule. This broadening would alsc Le expected to lower
transition tewperature. In conformer @ the a-methyl and
the carbonyl groups are on opposite sides. This conformation
is sterically more favoured and free rotation around the
m')-»ﬁ‘n- single bond is unlikely since this bond has sone
QH3 0
double bond character due to resonance. However, it is
1ikely that at least a fraction of the molecuies have the
conforna tion @ so that there would also be sowe CONtri-
bution of the broadening effect towards the lowering of the
trans ftion temperatures, The reduction of about 70" in TN-*I
in the p-cyanophenyl m»B'-n-nlkcxy-u—mthyl cinnamates
can be atiributed to these fuctorws.

Pigure 24 shows the plot of the transition temperatures
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Molecular structure and two posasible confarmations
of the rigid part of p~cyanophenyl trans<p'-n-alkoxy-
a-methylcinnamates.
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against the numbor of carbon atoms | N the alkoxy chain for
the _p_—cyunophenyl Xreng-p ‘wnealikoxy=a-methyl clnnanotes.
T™hie has some intereatirwng features. Usually, Eﬁ«l for a
homologous series decreases on ascending the sories. Devia-
tions from ¢thie type of behaviour are known, whorein these
transition points show an upward trend as the terminal
carban chain length 1is increased. Gray® has reported a
nerics of 2'-pudbatituted N~(_g-n~a1komybenwudem)~g'~
aminobiphenyls, whose tranaifion points show an upward trend.
He has attributed this L0 a decrease in the ratio of lateral
to terminal interactions because of the broadening of the
molecules due to 8teric hindrance., Castellano 23“3429
reported a series of N~(p-n-alkoxybenzylidene)=pn'-amino-
acetophenone s, which also deviated from normal behaviour.
They have suggested that thie might be due to the strong
torninal attractions ariginating from the acetyl group

which would result, ao in the wbove case a low ratio of
lateral to terminal cohesions. However, it must be pointed
out that there are several other series of compounds with
siwilar atron; permanent dipoles, which show a norml descen-
ding trend., Deitrieh am Stmigerso reported A series of
Hi~(p=n=alkoxybenzylid ene )~p '~butylanils which showed an
upward trend for tho transition points. They concluded,
""that ascendirn mesomorphic tramsition temperature funotions

are likely to occur in homologous series o overall low

3t



intermolecular cohesivencss". Murcel,jn.m baecd on
theoretical caloulations has concluded that i N a homologous
series with higher transition temperatures, these tumpera~
tures deorease with increasing erd~chuin length. Ilie has
attributed this to rather strong anicotrople interaction
between the rigid strwtures of the molecule and that the
addition of end chains decrease the average anisotropic
interaction, However, iN a series with low transition
temperatures the addition of molecular and chaine increase
tho overage anisotropic Interaction between the molecules.
Some homologous series of coapourdds are .lmownw"32"?’3 which

show an upward trend.

Plgure 2.4 shows a wizxed trend for TR“‘I peints, with
an initial degorease UP (0 the pentyloxy derivative, and a
gradunl increase from thereon. This may be due to the
various posoible conformational changes in the alkyl chalne
Young and co-workarau Who have obtained thermodynamic data
ON & homologous series of aldonitrones, have come to the
conclusion that the conformation of the chain ir the newatlic
phase is Not fixed in a series. A posaible explanation of
the obeerved trend in figwe 2.4 is as followr. The lateral
substituent (a-mothyl group) evidently increases the lateral
dimensions (breadth ad thickening) of the molecule. It
would sppear that under these circume tances, the gauche
conformation of the end chain for the first few menbers of



the homologous series does not enhance the maximum

lateral dinmensioms of the molecule and therefore there is

an increased probability of its occurrence. This conforma-
tion decrcases the anisotropy of polarisability amd hence
decroases fi‘n..x. Interontingly Pi:nk” has putforward g simi-
lar nmodel based an theoretical calculatioms. This might
happen up to the pentyloxy derivative which has a minimunm
in the curve. The relaftive mrobability of the existence

of the ‘all trans' or 'zig-zag' conformation would oppear
to ircrease at this stage amd the increasing residual
lateral attractions, which assist in the maintenunce of the
rematic order come iNtO play. The result is that I,., curve
riser ai the terminal alkyl chaln grows longer.

snother feature | N this series is that the curve
Joining the smectio~-nemuile cr fzotropic points does not
merge with the curve joindng the mmatic~isotroplo poinis.
This has again been explained by erra a8 due to u leas
efficient packing of the molecules vwhich in trn is due to

a atoric effect as discussed earlier.

2.4  Thermodynamic propertios

The enthalpies and entropies Of transiti on for tho
homologous serica >F pecyanophenyl trang-pn'=-n-alkoxy-a-methyl-
cinmmiamates have becen summarised in toble 2.4. It was difficult

to get the 2I¢ trace of p-cyanophenyl trang-p'-necthoxyede
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Zable 2.4
Transition enthalples and entropies of a homologous geries
of p~cyanophenyl Yrans ~Q'-n~alkoxy~a~methy1c1mamtw
Transition

Iransition ‘ \
Compound  Ren-Alkyl entropy A,
number group Transition gﬁg{ /‘;ﬁ; keal;moles °K

1 Hethyl - K—1 Ge 3B 16, 56
2 Bthyl K—H 4.11 11, 68
KE—1 V.84 Q3
3 Propyl K—1 4.5 13.12
' H—1 057 G, 16

4 Butyl K— N 6.9 19
R—>1 0. 10" 0. 29

5 Pentyl K—>1 Sel 25
' n—1 Geo82 O.24
6 Hexyl E—1 6.52 19.45

BR—1 Ve 10 0.3

T Heptyl K—>1 6, 64 131
| K —1 0ot O34
8 Octyl K—h 7.94 23,92
N —1 Uel2 0«37
9 Ronyl E— N 11.62 344 5Y
10 Deoyl K—0H 1112 33 1Y
8 —H Q. 003 a1

k—1 0 18 DeH2



Pable 2,4contimed

4G

. | | Transition  Transition

:ﬁgognd W&Ai&yl Transition heat AH, entropy A4S,
e P kcal/mole  keal, nole,/?K

11 Undecyl K—>H 10.38 30,82

5 —>H 0.02 Qe UH

K—>1 Ou 16 0.46

12 dodecyl K—3 11. 43 %4.23

3 —>1 0. 61 1.75




methyloinnamate as the wmesophase solidl fled immedintely
after its formation. Hence the AH and A3 values for
this compound have not been given, &ll the transitions

were found to be first order although the smectic-ncmatic
tranpition was accompunied Dy rather small enthalpies.
However, 1t is Jnown >0 that many smectic A-nomatic trenei-
tions are weakly first order Of may even bhe second order,
fhis is due %o the fact that & slipht longitudinal dlsplace-
ment of the molecules from the smoctic A layers lu sufficient
to glve riee t 0 the nematic woaophase. The trancition
enthalpies for compounds exhiditing a wmomnotropic nhuze was
obtained by reheating the supercooled mesophases. The
enthgl pies for the nematio-isotropic transitlion are of tho

order of 0.1 to 0.9 koal/mole.

Figure 2.5 shown the relationship between the entropy
change and the alkoxy chain length for the gerles p~cyanophenyl
trang-p'=-n-al koxy-a-mse thylel nnamates. There is an alternation
for H—-| transition Up to Cg after vhich there i= & conti-
nuous increase up to ﬁ'”. However, there 1ls & suall

decreane for O The gmeotic~nematic tramcition which

12
oceurs | N only iwo of the compounds in this series has very
low entropy change. The entropy chunge accompunying a

crys tal-mesophase or isotropie transition along the humologous
series is random. However, the general tendency is that there

is an increase in entropy as the seriee ie mecended.
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2.5 Dielectric propertles « p-cyanophenyl trang-p‘ene

al koxy-g=methylcinnaiaates

A montioned in section 2.1, the Interest in these

compounds is that they have stirorg poeitive dielectric

anisctropy. The principal dislectric comtuntes and diclectrio

anleotropy for this series neasured Dy Ratna ! arc given i N

table 2.5.
Zable .3
Prineipal dleleotrio cormstants and dielectric

anlsotropy of p-cyanophenyl trans-?'un-alkoxyu
a~pe thyleinnamatee at (TH‘.I - 1)7Q

Compound numder

(see table 2.3) € €. AE
2 22,22 10.27 11. 95
4 19.80 10,00 .80
8 16,88 8.1 7.77
9 14. 79 8.04 6. 75
10 14. 16 755 6.21
11 1397 8445 He 92

A8 can be seen from this table, for wll the compounds

a,, 4s about twice €. . %The large dislectiric anlsotrupy ie

1

nainly due to the presemce of the termimsl ~Ual group.



capillary tubes using a microscope Frang Kustner hacht EG,
Iresden, Hodel MK 70/3171 provided with a heating stage.
The trancitions were also studied by differential sounning
oalorimetry wing a Perkin-ilmer Model DuC~2. The enthalpy
and entropy values were calculated by measuring the areas
under the peaks on the recording chart paper, knowing the
weight o the sanple and the area given by a known welght
of a standard saaple for which the enthalpy of melting 1is
known accurately. Pure Indium wae used as the staniard.
“he mesophane textures were observed, by sandwvi ching sanples
betweon a glass slide and cover slip, under a polarising

microscope.




pP~Ethoxybenszaldehyde

A solution of modium ethaxide was prepared by
adding sodiun (2.3 &, Ye1 mol) in omall pleces to
absolute ethyl alechol (100 ml) taken in a 250 ml round
bottom flask fitted with a reflux condenser and a drying
tube. p-iiydroxybonzaldehyde (12.2 g, O.1 mol) was
added to this solution and the mixture was stirred and
refluxed for fifteen ninutes. Sthyl iodide (17.1 &,
O.11 mol) was added through the candenser and the
atirring and refluxing continued for a further pericd
of fouwr hours and ccoled. Ethyl alcohol was removed
by distillation under reduced pressure and tha' residue
was dlssolved in ethex (150 ml). This was washed with
10,4 sodiwa hydroxide solution (2x50 ml) and water
(2x50 wl) and dried (1%&2304). Renoval of solvent
afforded a liguid which was distilled under reduced
p-eosure to giva peothoxybenzaldenyde (14.0 g, 934),

bBeps S07/1 ma (reported yield 65.755%, bepe 106%/3 mm).

The physical data of the oogrnate preparations of



other g_-nna}.kuxybensaldohydea are given in table 2.65.
Anisaldehyde was obtained commercianlly aemd dietilled

before use.

tramo-p-Ethoxy~-g-nethyleinnanic acid

Thins was prepared following the procedure of
Johnaon, 20 Thus, a mixture of p-cthyloxybonsaldehyde
(9.0 g, 0.06 mol), proplonic anhydride (9.75 g, 0+075 nol)
and potasocium propicmate (6.72 g, .06 mol) was heated
in Oil bath at 130°C for thirty hows., The warm reaction
nixture was poured ON to a stirred mixture of comcentrated
hydrochloric acid (10 ml) and ice-cold water {50 ml).

The pale brown . semi=-golid hardened after about thirty
minutes., |{ was filtered off, washed with water, dried
and recrystal lised from 955 ethyl alcohol to constant
aeps (10.2 g 82% mepe B7°0s Y DO 1674, 1604, 1503,
1160 and 140 an'y )\ ___ 282 mm (¢, 4.25)5 6 (WiS0=4,)
134 4 3, *0&3) 2.04 (4, =1, ~Q§in{2(i‘.ﬁ3} 4,05 (g, 2,
~0CH =) 6.96=7.6 (n, 5H, axll and vinyl i) 12.43 (s, 1,
~G00H)

[#ound: ©, 69.96y H, 7.08% Cyolg40, Tequires

0, 69.902;5 H, 6.7964] S



4"

Yable 2.6
Physical constants of pen-alkoxybonzaldehydes, m.c.cmma.ﬁwo

R Observed Hepor ted

n-Alkyl DeP. *C/mm  Yield £ BoPe?C/mn Yield § Hofarence
nuf 100-102,/2 a2 141-143/20 48 38
Cpllg 115/2 82.5 155=~157/20 64 38
nmﬁ 1 150=15%,/5 9G.5 163¢166,/10 54 38
Celly 3 142=145/2 75 5 177=-180/1¢C N 33
Caly e 155-157/8 7345 143-146,5 58 3o
oau: 160~-184,2 8%, 5 141=~144,/0.1 40 %5
CSeilyg 185=-18%,/2 75 163-166,0% 42 38
Cyoilag 135=140,/Ge1  T1e5 165/4 65-719 2

¢y &mw 155/1 6deu - - -




Phe physical data of the cognate preparatione of
other tramy-p-n-alkoxy-a-pethylolnnamic acids are given
below.

m—-g-Math oxy~a=nethyloinramie acid

Y114 84%, m.p. 153°Cy YRUOL 1670, 1601, 11, 1430,
1325, 1134, 1032 and 832 @™y A poy 281 m (e 4039)s
a (mso-a;) 2.04 [4, A, ~x=0(H,)] 3.79 (s, 3, ~0CH)
6.9-7.6 (m, SH, aril amd vinyl H) 12.38 (s, 14, -CGOH)

[Pounds C, 63.68y H, 6.434 04 4H 05 Tequires
ﬁ. 68075‘ u' 6.25)‘]. '

trans-p=propoxy~a-~methyloinnanic acid

Yield 794, m.p. 130.1°0y ) 2UIL 1676,1603, 1517, 115,
1134, 1020 and 618 @™’y ), 83 mn (& 4.26)5 S(MiU-d)
0.98 (¢, 34, =~CH,) 1.67-1.8 (m, 2H, =CH;~) 2.03 {a, 31,
-mac(ms)j 3.96 (s, 21, -0CH3) 6.97-7.56 (m, i, aril and
vinyl H) 12.46 (s, 1, =COOH)

{Founds O, TO.843 U, T.45% Oy 5t 1603 reguires
S, 70,903 H, 7.273].

Xrans-p-~But oxy-a=-me thylci nnamic acid

Yied 86%, m.ps 116°Cy ) B0 1680, 1603, b1, 1133,
1142 and 820 en™'y ) oo 281 am (e 4.27)y & (DoO-dg) 0.93
(t, 34, =CH,) 1.3-1.8 (m, 44, methylenes) 2.03 {a, =1,
~H=C(Cy)] 399 (¢, 24, «~0CH5) 6.9=7.55 (m, bH, arii and



vinyl H) 12.% (s, 14, -COOH)

[Found: ©, 72.163 H, 8.09% Cy4H4g0y Toquires
¢, 7179 H, 7.69%]. |

3rans ~p-Pentyloxy-a-methylcinnamic ac i d

Yield 805, m.p. eT*¢ 3““3"1 1670, 1600, 1510, 1180,
1020 and 837 an” 'y ) pay 201 mm (e 42501 & (PMSO~ag) 0.89
(t, 38, <Cily) 1.30-1.74 (a, 64, methylenes) 2.03 (4, 3H,
--w«cmgﬂ] 3.98 (t, 2H, =0CH;) 6.96~7.55 (a, 5H, ari and
vinyl H) 12.41 (s, 1, -CUCH)
[Found: ¢, 73.0% H, 7.76% Cyslip03 Fequires
C, 72.983 H, 8.064),

trm-g-iiaxyloxym-wthyloi manic acid

Y1013 724, @.p. 102°Cy 3 29 1650, 16u4,1520, 1425,
1270, 1186, 1026 and 638 @™’y ) .. 261 ma (¢ 4.26)3
6 (pr30-d.) 0.87 (¢, H, -6113) 1, 2=1.75 (m, &, methylenes)
2.03 {a, 31, -cztuc.(czz3)3 3.98 (t, 20, -0CH;) 6.9-7.6 (m, 5H,
arid and vinyl H) 12,39 (s, 14, -COOH)
[Pound: O, 73.243 H, 8,705 101632203 requires
G, T3.2683 H, 3.39%],

tram«-g-!‘iept yloxy=-a-methyleinmmic acid

Yield 794, mep. 93°Cy § Mdod 4672, 1601, 1518, 1320,




1161 and 635 om” 'y Amax @1 1@ (€ &21)3 6 (WMs0-dg)
0.86 (¢, =, -Cﬂg) 1e2«1.8 (m, 10 U, mothylencs) 2.u3
[a, 3, -—muc(msn 399 (%, 24, -ocuz) 6, 9=7.6 (m, S5H,

[Found: @, 74.013 H, 8.95% Og4l5405 requires
¢, 73.913 H, 8.69%],

trans~p-0Ootyloxy-c-me thyloi nmanic acld

Yield 83%, n.p. 83°0; Q""”"l 1676, 1601, 1518, 1180,
6 (DMS0-ag) .86

1021 and 838 om t Amax 281 m (g 4.29);
(t, 31, =Ciy) 1.2-1.71 (m, 12H, me thylenee) 2.03 [4, 3H,

-c:zz-c(cg__S)J 3.98 (%, 2H, ~0CH3) 6.90-7.75 (m, SH, ari and
vinyl H) 12.36 (s, 1, =COUH)
{Pound: ¢C, T4.%8y H, 0.504 Ciglog 0y rouires

0, 74048’ H, 8.961‘%.

trans-p-honyloxy-a-methyloinnanic wcid

Yicld T14, mepe az 5005 ) madol 1680, 002, 1512,
1182, 1014 and 839 a™y Amax 262 ma (e 4.25)y & (Di50-dg)
0.85 (¢, %, -0}3_3) 1,2=2.0 (m, 14li, methylenes) 2,03 [d4, 3,
-caugcqg3)]{12.3a (e, 17, =COOH)
[Pound: ¢, 75.25 H, 9.34% CygH 5305 Fequires
G, 75.003 H, 9.21%].




frans-p-n=-Decyloxy=a-ne thylci nnamic acid

Yiold 824 , mp. 79.5°Cs ~) 24D 160, 1604, 1512,
1300, 1184 and 838 @™y ) 281 mu (¢ 427)s & (DHSO-dg)
0.85 (%, X, =Cl,) 1.24 = 1.73 {m, 16H, nethylenes) 2.03
[a, 3H, ~CH=C(CH4)] .68 (%, 2, -0CH7) 6.96-7.55 (8 SH,
ar and vinyl H) 12.3% (e, 1H, =CO0H)

[found: ©, 75.883 N, 9.60 CagHlsg0y requires
C, 7547 1, 9.43%],

trang-p-n~indecyloxy-a-methylci nnanic acid

Yield 71#, m.p. 88.3*0;9 ::g“l 1682, 1601, 1512, 1250,
1162, 1024 and 636 ™'y ). 252 m (& 4.27)3 & (DMS0-dg)
0.85 (%, 3H, ~Cli;) 1.24~1.73 (m, i, methylenes) 2.03 [a, 3H,
~CH=C(Cily}] 30498 (t, 2i, =0CHz) 6.95-7.55 (m, 54, aril and vinyl H)
12.38 (s, 1, =CuOH)
[Found: ¢©C, 75.91s H, Y794 02’113205 requires
C, T5.903 H, 9.63%4].

trarg~p-n-Dod ecy laxy~a~-me thylcli nnamic acid

Y1eld 79%, m.p. 86°Cs 3 Bulol 16g0, 1601, 1512, 1300,
1250, 1182 and 833 o™}, Amx 281 ma (e 4.27)3 & (DiS0-dg)
0.85 t 3, =Cliy) 1.14~1.73 (m, 20H, methylenes) 2.03 {a, =,
-Gt=G(Cl,)] 3.98 (¢, 21, -OCH7) 6.95-7.55 (m, 5H, ari and
vinyl H) 12.35 (s, 1, «-C00H)
[Pound: ¢, 76.285 i, 9.91% Cp H5,05 Tequires
S, T6.30y H, Y.82.4).



p~Cyanophenyl trmwghethmym-memylainmmate

tramg-p-Bthaxy~g-me thyleinnanic acid (4.12 g,
Q@ mot) was refluxed with redistilled thionyl chloride
(29.52 g, 0.25 mol) for three howra, at the end of which
excess thionyl chloride was renoved by distillation under
reduced pressure. p-lydroxybenzoniirile (2. 28 g, V.02 mol)
in anhydrouse pyridine (30 ml) waes added all at once to the
crude aoid ohloride, the mixture being stirred magneti-
cally for three howrs at room temperature and left overw
night, The reaction mixture was powred on to a stirred
mixture of comoentrated hydrochloric acid (60 ml) and
crushed ice (150 g), when a precipitate was obtained. It
was flltered, washed with water, 10/ godium hydroxide
solution, water anmd dried. The crude material was chrouna-
tographed on sllica gel amd eluted with bengene. Removal
of solvent from the eluate afforded a white product which
wag cryotallised from bengene-petroleunm ether (40-60°C)
to constant melting point (5.6 g, 91/4) m.p.80"Cy Qgg}"’-
2240, 1725, 1602, 1518, 1303, 1264 and 918 en™'s )\ oo
232 mu (e 4.38), 312 m (e 4, 47)3 & (CDC1y) 1.44 (2, 3H,
-Cily) 2.25 [a, 3H, ~Cli=0(CHy)] 4.15 (q, 2H, -0CU3) 6.8~
7.9 (m, SH, arH{ and vinyl H)

{Pound: G, 74.583 H, 5.453 K, 4.467% 01931703” requires
C, 74.27y H, 5.53% &, 4056%].



The physical data of the cognate preparatioms of
other p-oyanophenyl trans «p feneal Koxy«=ae=no thylel nanates

are given below.

p=Cranophenyl trans-p'-nethoxyw-ag-methylod nnamate
w W o e S B

Y401d 85% m.p. 112.59Cs) 34391 2240, 1710, 1608,
1518, 1328, 1220, 1085 and 832 am™ 'y )\ .. 232 m (& 4.32)
317 (e 4.47)y 5 (0DCl,) 2.23 (4, 3, -m-so(cg,)] 3,83
(a, 3H, =0CH,) 6.8-7.93 (m, 94, axil, and vinyl })

U’aund: C, 732.653 U, H.32¢ N, 4064% 0181115031'( mqu.lraa
C, 73.72%y H, 5.123 N, 4-77}‘}0

p~Cyancphenyl trang-p'-propoxy-a-ms thylel nnanate

Yield 824, m.p. 7070y 5 M40 2040 1725, 1603, 1572,
1380, 1170, 974 and 839 @™y 3 . 252 m (¢ 4.32) 312 mw
(e 4.48)3 & (CDO15) 1,06 (%, 3H, =Ciy) 1.85 (q, &, =Ci,~)
225 [d4, 3, ~Ci=0(CH,)] 3.98 (t 2, =0CH =) 6.73~8.0
(m, %3, arf and vinyl H)
[found: C, 744551 H, S.8%3 N, 4e285 ¢ 204995 Tequires
Cy 74476y i1, 5,92y N, 4.364].

p-Cranophenyl trans-p'-n-but o:w—a-uaﬂxyloazmamtu

Yield 837 m.p. T4. u,g J Budol 2240, 1725, 1603, 1390,
1212, 1183, 890 amd 810 em™ , Amax 232 nm (e 4.31) 311 mn
(e 4.46)y & (ODT14) 1.0 (t, 3H, =CHy) 1.16-2.1 (m, 6H,
methylemes) 2.26 [4, 3H, -cz«!uc(a;i_.,)] 4.01 (¢, 2, -CH,~)




6086"800 (m. QH’ arﬁ am '1”1 g)
[Found: ©, 75.183 H, 5.%8y N, 4.05% 0”1}{2103“ reguires
G, 75.233 H, 6.273 X, 4.18)”5].

g:—cyan ophenyl trang-p'-n-pentylaxy-a-methylcinnamate

Tield 79%, m.ps 90.5°Cy ~) Buiol 2340, 1725, 1605,
1516, 1470, 952, B43 and 745 ™'y ). 232 mv (e 4.33)
312 nm (e 4.47)3 & (cw13) 0.98 (%, 3i, -@_13) 1. 16-2.1
(n, 6H, methylenes) 2,23 {4, 3I, ~u'zzac(c_z§3)} 4.01 (¢, 21,
-ocga-") 6, 76-8,06 (m, SH, arl and vinyl H)

[Founds C, 75.413 H, 6.533 N, 3,924 022H230313 requires
Uy 75.653 1, 6.59 W, 4.014].

g«@yan opbenyl trana-g ten-hexy 1l oxy--x-meth ylol nnanate

Yield 81%, m.p. 85°Cy B pogy, 1725, 1603, 116,
1380, 1225, 1143, 1075 and 882 cu™ 'y ) . 232 m (& 4.32)
312 nm {e 4.46)3 6 (01)013) 0.93 (%, 3, -0.313) 1.13=2. 1
(m, 84, uethylenes) 2.26 [a, 3!, -cszac(c_r,_!3)] 4,03 (%, 2,
=0CH,~) 6.9-8.1 (m, 9, arH and vioyl i)
[Found: C, 76.3%s H, 7.46y N, 3.707 Upslip Ogll requires
G, 76,03y H, 6.83y X, 3,085.:].

p~Cyanophenyl trans-p'~n-heptylaxy-a-nethyleinnanate
Yield 73%, m.p. 7190y 233 2240, 1723, 1602, 1516,

1470, 1310, 1084, 893 amd 745 cm"‘.)\mx 232 nn (e 4.32)
312 nm (& 4.46)3 & (cncla) 0.9 (t, 3, -0333) 1.1=2.1 (m, 10H,




mothylenea) 2.25 [d4, %, -GHNG(GK,)] 4.05 (s, 2, -0CH,~)
6e9=8,06 (m, SH, ard and vinyl §)

[ Pound:s C, 76.543 H, T.38y N, 3.78% O,y 27c;:'u requires
C, 76.393 H, T.163 H, 3.71%].

gncyan ophenyl trang-p'-n-octyloxy-a-methyloinnanate

Yield 764, mepe58.5°0y ) 301 2940, 1722, 1601,
1513, 1329, 890 and 845 om 's ) oo 231 ma (s 4.33) 312 m
(¢ 4.45)5 & (QDCL;) 0.87 (t, 3, =0H,) 1.11=2.13 (m, 121,
sethylones) 2.25 [4, 3, ma(eg,)} 5.99 (%, 2u, ~0CH,~)
Ge TT-7093 (1, S, arl] and vinyl R)

[ Pound: C, 77«08y H, 7663 H, 3.48% Cpylipg Oyl Tequires
C, T6.T2% U, Teh1s N, 3.584],

p=~Cyanopiwnyl ggmﬁg 'wn-nonyloxy-a=me th yle innanate

Yiold GTH, meps 637y ) Budod 2240, 1725, 1603,
1512, 1310, 1.74, 1015, 913 and 832 oa™ly )\mw 231 m
(e 4.32) 312 m (¢ 4.47)3 5 (CDG1,) 0.88 (t, F. ~Cily)
1.15-2.13(a 14’1, nethyleneo) 2,23 [4, 310, ~C1-C{Cl,)]
4.0 (%, 2i, =Cld,~) 6.82-7.95 (n, 9, ax}] and vinyl H)

[Pound: €, 77.40s H, 8,06y N, 3,794 CpgliyyOsll requires
C, 77.0% I, T.654 N, 3.453],




p~Cyanophenyl Srans~p ten~deay loxy=-aemethylol nnanate

Y1e1d 81%, m.ps 62003 ~) B339 2240, 1722, 1601, 1565,
1380, 1310, 1120, 1016, 835 and 718 o 'y ) g 232 ma
(e 4433) 312 ma (¢ 4.48)s & (GDCLy) 0.88 (%, 3, =Giy)
1.16-2.04 (m, 16H, methylenes) 2,19 4, X1, ~CU=0{CH,)]
3.94 (s, 24, Mg") 6074"‘7'082 (n, SH, arjl acd vinyl i)
{Pounds O, 77.14s B, 7.96; B, 3.25% 0 Hgy04ll requires
Gy T7.32y B, 7.87s H, 3.344.

x:ﬂymphnyl m-m—m‘wloxm-mthﬁcmmt.

Yield 745, meps 70.3°0Cy ) 2401 2240, 1725, 1603,
1512, 1380, 1308, 1205, 1075, 914 and 834 om™ 'y |, .. 231 m
(e 4.32) 312 o (s 4.48)3 & (ODOY,) 0.87 (%, 3H, ~Giy)
1.11-1.97 (m, 18H, mthylenss) 2.18 [4, 3, -CH=0(CH,)]
3.94 (t, 20, ~00H,=) 6.71~7.8 (m, 9, ar ard vinyl f)

[Founds O, 77.683 B, 8.24s ¥, 3,15% Cyull,-0.8 requires
g, T7.584 H, 8.08; K, 3.23%.

P-Cyanophenyl Srgnawp'-n-dodeqyloxy-a-methylol nnume te
Yield 804, ia.p. 61°¢Cy ::g"l 2240, 1725, 1603,
1578, 1380, 1180, 1025, 867 and 820 on™ 'y )\ ... 232 na
(e 4.31] 311 ma (g 4.47)s & (0DAL,) U.B6 (%, X, =0Hj)]
4.0 (%, 2H, -0043) 6.78~8.05 (s, S, oxil and vinyl i)
[Pounds d. 77.954 B, 8.253 N, 3.08% 0292!,570 K requires
O, 77.853 B, 8,27y ¥, S.43%]. ’
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