CHAPTER 1II

SYNTHESI S AND MESOMORPHI C PROPERTI ES OF [S]-2-METHYLBUTYL

4-[4'-(trans-4"-n-ALKOXY-a-METHYLCINNAMOYLOXY ) BENZOYLOXY]

BENZQATES AND RELATED COVPQOUNDS
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IT.1 BRI EF ACCOUNT OF MESOMORPHI C PROPERTI ES OF DI ESTERS
CONTAI NI NG TWO AND THREE PHENYL RI NGS

Many organic conpounds exhibiting liquid crystalline
properties contain two phenyl rings with substituents in the para
positions. On noving fromtwo ring mesogens Wth one |inking unit
to three ring mesogens wWith two linking units, mnesophase thernal
stabilities are greatly enhanced. In a three ring system when two

rings are linked by a unit which preserves conjugative interac-

tion and nol ecular rigidity, e.g., -CH=N-, -CH=CH-, etc., the
second linking unit can be nore flexible, e.qg., -CH,-CH, -, O—CHZ—
etc. This inmplies that if a considerable portion of a lath-Iike

nolecule is rigid and packs parallel to simlar portions of
nei ghbouring nmol ecul es, nore flexible parts of the nol ecul es may
be constrained to lieinline with nore rigid parts. However, a
conbination of a rigid and a flexible linking unit in three ring
mesogens gives |ess thermalsy:gtable mesophases than those that

occur with two rigid linking units.

The changes in the nmesonorphic properties on extension of
the core in a nmoleculeis illustrated by considering the two

series of conmpounds II(i) and TI(ii).?

A conparison between the
two series shows that because of the |onger core of the nolecules
of series I1I1(ii), both the nelting points and the clearing tenpe-
ratures are higher and the tenperature ranges of nmesophases are
w dened. All the honol ogues of series II(ii) (n=1 to n=10) show
enantiotropic nesophases. The |ower honologues (n=t to n=3)
exhibit only a chiral nematic phase. However, this phase exists

over a wide range of temperature (about 125°C) for these hono-
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|l ogues. Wien n > 4 a snectic A phase is observed in addition to
the chiral nematic phase. |In series II(i) the chiral nematic
phase is exhibited by only two honol ogues (n=6 and n=7). The
snmectic A phase is observed for conmpounds with n > 8. Although
t he Scx phase exists for the honologues with n > 8 1in both

series, their tenperature ranges are different.

The decyl oxy conmpound of series II(i) has a thermal range
for the s., phase equal to 7.59C, whereas the correspondi ng hono-
| ogue of series II(ii) has a range of 36.5°C. Thus, tenperature
ranges of S., phase have indeed been wi dened by increasing the

| ength of the core of the nolecule.

Simlar conclusions can be drawmm by considering series
II(iii) and II(iv).3 There is no chiral nematic phase in both
the series of conpounds. It can be seen that the additional

benzoyl oxy group has increased the clearing tenperature by about

110°c and the Scx ~ S, transition tenperature by about 90°C in
the decyloxy honologue. 1In Series II(ii) the additional third
ring induced a chiral nematic phase in the honologue n = 10. In

the present case the nore ordered snectic phases below the S.,
phase observed in the higher honologues (n = 11,12) of Series

II(iii) are elimnated in the correspondi ng honol ogues of Series

IT(iv).

Dewar and Goldberg4 synthesised two isoneric honol ogous
series of esters, wviz., the p-phenylene bis-p-alkoxybenzoates
II(v) [X = OR] and the di-p-al koxyphenyl terephthalates II(vi)

[X = GR. The observed higher NI transition tenperatures of the
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qui nol esters [II(v)] than those of the terephthalic esters
[I1(vi)] have been explained by associating the thermal stabili-
ties with the nmutual conjugation between the al koxy group and t he
carbonyl of the ester linkage. This conjugation is present in the
former conpounds [II(v)] but absent in the latter [II(vi)]}. The
extent to which the N - | tenperatures of the quinol esters
exceed those of +the <corresponding terephthalic esters were
greatest when the substituent X donated electrons readily by
conjugation with the ring. For exanple, when X = OCH, conjugation
can extend up to the -C0.0~ function in quinol esters but not so
in the terephthalic esters where the ester function is -0.0C-.
Thus, the p-phenylene ring can pronote the liquid crystal forna-
tion by permtting conjugative interactions between substituents.
However, the difference in the N-Itransition tenperature was

much nore than expected when X = NO,, (strongly electron wth-

drawi ng group), resulting in a nonotropic phase in terephthalic

esters.

Bristol and Schroeder® synt hesi sed p- phenyl ene bis-
met hoxyci nnamat e and observed that the N-1 transition tenperature
increased by nmore than 37°C when conpared to the transition
tenperature of p-phenyl ene bis-nmethoxybenzoate The additiona
vinyl group increases nolecular |length and polarisability. An

introduction of a nmethyl group at a-position of a cinnamate wll

be di scussed | ater.

Byron et a1.6+7,8 have demonstrated that a lateral dipolar
substituent has different effects on the thermal stability Of the

nematic and the snectic phases.. Several series o0f compounds
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contai ni ng hal ogen as a lateral substituent have been studied. In
t hese series of conpounds as the aromatic hydrogen is replaced by
chlorine, bromne or iodine respectively, the NI transition
t enperature decreases nonotonically. This has been attributed to
a regular decrease in the internolecular forces with increasing
size of the substituent leading to a corresponding increase in
the nean internolecular separations. The effect of latera
di pol ar substituents on Sox phase has al ready been discussed in
Chapter |. Arora et al.? have introduced a met hyl group in the
central phenyl ring of p-phenyl ene bis-al koxybenzoates [II(V)].
The dim nished thermal stabilities of the nesophases as conpared
to the unsubstituted conpound have been attributed to the
decr ease in the anisotropy of polarisability. This is a
consequence of a decrease in the coplanarity of the conjugated
groups in the nolecule. An increase in the breadth of a nolecule

al so reduces the thermal stability. Schroeder 'V

has reported a
few honologous series wth laterally substituted chloro and
methyl groups in the central phenyl ring. In the dodecyl oxy
honol ogue of p-phenyl ene bis-al koxybenzoate [II(v), X = OC,, H ],
the methyl group reduces the clearing tenperature by 34°c and the
S - Ntransition tenperature by 66°C. The melting point is also
depressed by 28°c. The unsubstituted parent octyloxy honpl ogue
exhibits S, phase whi ch di sappears in the correspondi ng nethyl
substituted conpound. The change froma lateral methyl group to a
| ateral chloro group involves only a dipolar or a polarisability
change, the size of chloro and nmethyl groups being nmore or |ess

11

the same The nesophase transition tenperatures are not nuch

affected with this change.



I1-2. RESULTS AND DI SCUSSI ON

In an effort to obtain Scx phase at relatively | owtenpera-
tures and study its properties upon changes in the nolecular

structure, a nunber of conpounds were synthesised. These include

[S]1-2-methylbutyl 4-[4'-(trans-4"-n-alkoxycinnamoyloxy)benzoyloxy]
benzoates and [S]-2-methylbutyl 4-(4'-(trans-4"-n-alkoxy-a-methyl
cinnamoyloxy)benzoyloxylbenzoates. In these conpounds the central
phenyl ring was al so substituted with a nmethyl or a chloro group.

The transition tenperatures of these conpounds are given in table
1. An examnation of this table indicates that three conmpounds
exhi bit the Scx phase. Qut of these, two are enantiotropic while
t he ot her exhibits a nonotropic Scx phase. Conpound 2.d.6 exhibits

the s., phase at a relatively |ow tenperature-Hence an investiga-

tion of the honol ogous series containing this conpound was under -

t aken.

All  the conpounds were prepared according to the schenes
shown in figures 1,2 and 3. The trans-p-n-al koxyci nnam c acids
were prepared follow ng a procedure described by Gay and Jones.12
The trans-p-n-al koxy-a-nethyl ci nnam c aci ds were prepared accor-
ding to the method described by Johnson. '® '4-Hydorxy-3- nethyl -
acet ophenone was obtained by a Friedel-Craft's acylation reaction
with acetyl chloride on O-cresol. However, 3-chl oro-4- hydr oxy-
acetophenone was obtained by a Fries rearrangenent of 2-chloro-
phenyl acetate. The 'chloroand nethyl substituted aryl nmethyl
ketones were oxidisedto their corresponding carboxylic acids
using ice-cold sodium hypobromte solution in 1,4-dioxan”. The

benzyl ation reactions were carried out using sodium et hoxi de as a
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Transition tenperatures (°c) of
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2.4.6 CH, H . 64.5 . 68.5 . 151.5 = -
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base in ethanol solutions. Hydrogenolyses were performed in 1 ,4-
dioxan solutions wusing 5% palladium on carbon catalyst at room
temperature. All the esterification reactions were carried out by
condensing the appropriate carboxylic acid chlorides with sub-

stituted phenols in pyridine solution at room temperature.

As mentioned earlier, all the six compounds in table 1
exhibit chiral nematic and smectic A phases except the compound
2.d.6. However, only three compounds show a chiral smectic C
phase. When X=H range of SA phase is maximum for Y = H (compound
2.a.6). Similarly, when X = CH3 the range of Sa phase is widest
for Y = H (compound 2.4.6). The range of the N* phase follows an
ascending order on going from compound 2.a.6 to 2.£.6. Amongst
all the six compounds the melting point is highest Eor compound
2.b.6 and least for compound 2.f.6.

4

Leslie] has synthesised a homologous series of compounds

II(vii). The decyloxy homologue of this series can be compared
with [SI-2-methylbutyl 4-[4'-(trans-4"-n-decyloxycinnamoyloxy)

benzoyloxy Jbenzoate (2.a.6). The compound 2.a.6 has an additional
benzoyloxy group compared to the decyloxy homologue of series
II(vii). This results in an enhancement of the mesophase transi-
tion temperatures to a considerable extent. The thermal stabili-
ties of Sa and S« phases increase by about 108°c and 96°C respec-
tively. The range of Scx phase has increased by about 50°C. A
chiral nematic phase with a range of 2°C has also been induced in
compound 2.a.6. [SI-2-Methylbutyl 4-{4'-(trans-4"-n-decyloxy-

cinnamoyloxy)-3'-methylbenzoyloxy]benzoate (2.b.6) has a Ilateral
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methyl group in the central phenyl ring. A conparison with the
unsubstitued conpound shows that in the nethyl substituted
conmpound the clearing tenperature is reduced by 52°C and the Sy -
N transition tenperature by 54.5°. The nelting point however,
has increased by 27°c and the Sc« Phase has been eliminated. A
Drieding nodel of this conpound with a |ateral substituent in the
central ring shows an increase inits breadth. [S]-2-Methylbutyl
4-[3'-chloro-4'-(trans-4"-n-decyloxycinnamoyloxy)benzoate (2.c.6)
has a chlorine in the central ring in place of nethyl group of
conmpound 2.b.6. Enhancenent in the lateral dipole of the nolecule
can be expected wthout an increase in the breadth of the
nol ecul e when a chloro group replaces a lateral nethyl group. The
s, - N and N* - | transition tenperatures of conpound 2.c.6 are
only slightly affected conpared to the corresponding transition
t enper at ures of conmpound 2.b.6. However, the Scx phase present in
t he unsubstituted conpound 2.a.6 persists as a nonotropic phase in
the chloro substituted compound 2.c.6. This phase, as was seen

earlier, is absent in the methyl substituted conmpound 2.b.6.

A detail ed conparison of transition tenperatures of trans-p-
n- al koxyci nnam ¢ aci ds and trans-p-n-al koxy- a-net hyl ci nnam c aci ds
has been reported.]5 The a-nmethyl group of the central |inkage has
a pronounced effect on the types as well as the transition tenpe-
ratures of the nesophases when conpared with those of the unsub-
stituted conpounds. The nelting points are reduced by about 40-
50°C and the snectic phases are elimnated in the a-nmethyl substi -
tuted conpounds. The a-methyl group fills the space wthin the

nol ecule wi thout any substantial broadening. This thickening
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effect is considerably enhanced due to sSteric interaction between

the methyl group and the ortho ring protons.16

A comparison of [S]-2-methylbutyl 4-[4'-(trans- 4"-n-decyloxy-
a-methylcinnamoyloxy)benzoyloxy ]benzoate (2.d.6) and the compound
without the methyl group at the a- position (2.a.6) brings out the
following features. The introduction of the methyl group results
in a lowering of the melting points by about 40°¢c, and
elimination of the chiral nematic phase. The Scx ~ Sp transition
temperature however i s decreased by about 100°C, thus reducing
the range of s, phase from 62°C in compound 2.a.6 to 4°C in

compound 2.d.6.

(S]-2-Methylbutyl 4-[ 4'-(trans-4"-n-decyloxy-a-methylcinna-
moyloxy) 3'- methylbenzoyloxy Jbenzoate (2.e.6) and {SI-2-methyl
butyl 4-[(3"'-chloro-4'-(trans-4"-n-decyl oxy-a-nethylcinnamoyloxy)
benzoyloxy lbenzoate (2.f.6) show a similar decrease in the transi-
tion temperatures compared to the corresponding cinnamates without
the methyl group at the a position (2.b.6 and 2.c.6). Thus the
melting point of compound 2.e.6 is lowered by 64°C when compared
to that of compound 2.b.6 while the SA—N* and the N*-I transition
temperatures show a decrease of 47°c and 40°c respectively. So
also, the melting point of. compound 2.f.6 is less by 47 .5°c while
S,-N* and N*-1| transition temperatures are reduced by 52°c and
43.5% respectively than the corresponding transition temperatures

of compound 2.c.6.

An introduction of a methyl (compound 2.e.6) or a chloro



(conmpound 2.£.6) group in the central phenyl ring of the trans-p-
n- al koxy-a-nmet hyl ci nnamates results in lowering the nmesophase
transition tenperatures. The extent of decrease is about the sane
as observed upon introduction of the [ateral groups in trans-p-n-
al koxyci nnamat es (conpounds 2.a.6, 2.b.6 and 2.c.6). However, the
S« phase present in the wunsubstituted conpound 2.d.6 s
elimnated in the nethyl as well as the chloro substituted

conpounds (2.e.6 and 2.f.6).

As was observed, the thermal stability of s., phase of

compound 2.a.6 is depressed by 74°C in the corresponding chloro

substituted conpound 2.c.6. Considering this, an absence of s.,

phase in conpound 2.f.6 is not entirely unexpected. A very snal

deviation in the N-1 transition tenperatures of conpounds 2.e.6

and 2.f.6 conpares well with the observati ons nade by Gray7'17

10

and
Schr oeder about the substituted 4.4'-di-(p-n-alkoxybenzylidene
amino)biphenyls and the substituted p-phenylene bis-al koxy-

benzoat es respectively.

A conbined effect of introduction of a nmethyl group on the
doubl e bond and a chloro group on the central phenyl ring is seen
by conparison of conpounds2.a.6 and 2.£.6. The addition of these
groups | ower the Sp~N* and N¢-1 transition tenperatures by 107°C
and 91. 5°C respectively. Aso an Sc« Phase having a range of 62°C

in conpound 2.a.6 is totally suppressed in conmpound 2.£.6.

The transition tenperatures along wth their enthalpies for

the honol ogous series of {S]-2-methylbutyl 4-[4'-(trans-4"-n-
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alkoxy-a-methylcinnamoyloxy)benzoyloxy|benzoates are given in
table 2. Al the eight conpounds (n=5 to n=12) have a fairly |arge
range of s, phase (~75°C). Conpounds 2.d.1, 2.d.2 and 2d.3
exhi bi t S and N* phases only. The Scx phase is injected into the

series fromthe octyl oxy honol ogue onwards. A nonotropic S phase

C*
Is observed for conpounds 2.d.4 and 2.4.5, while the remaining
honol ogues (conpounds 2.4.6, 2.4.7, 2.d4.8) are enantiotropic. A
pl ot of the nunber of carbon atons in the al koxy chain versus the
transition tenperatures is showm in figure 4. It is seen that N-I
transition tenperatures decrease gradually on increasing the
carbon chain length. A slowrise is seen for the SA-N* transition
tenperatures. The s.,-s, ftransition tenperatures also show a
general increase with increasing carbon chain | ength.

The mesophase textures were observed using sanples sandw ched
between a glass slide and a cover slip, wunder a polarising mcro-
scope. A focal-conic fan texture of S, phase and a banded focal -
conic fan texture of SC* phase of conpound 2.d4.8, obtained on sl ow
cooling of isotropic liquid are shown in plates 11.1 and 11.2

respectively.

The tenperature variations of the spontaneous polarisation
(P_) for compound 2.d.7 and 2.d.8 are shown in figure 5. The
val ues of P at T-T, =-59C are: 17 uC/m2 for conpound 2.d4.7 and 14

1m7m2 for conpound 2 d. 8.

In 1988, Nakauchi and Kageyama® synthesised a honol ogous

series of conmpounds II(viii). The nol ecul ar structure of these



Plate 1x1.1: The focal-conic texture of S'A phase of the
compound 2.d.8 at 145°C. (x350)
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Plate IX.2: The banded focal-conic texture of g« phase of
the compoufid 2.4.8 at 71°C. (%350).



Tabl e 2

Transition temperatures (OC) and heats of transition (Kcals/mole) of

0 0 0
. H H ] *
HZanno—@—CH:cl—c—o C—O—@—C—O—CHZ—(IZH—CHZ—CH3
CHj CHj
»
Compound n C S . S N* [
C A
number
2.4.1 5 . 71.5 - 147.5 . 167.5
6.36 0.27 ° 0.13
2.4.2 6 . 76.0 - . 152.0 . 165.0
5.0 0.33 0.11
2.4.3 7 . 81.5 - . 151.5 . 159.5 .
6.39 0.42 0.13
2.d.4 8 . 77.0 (. 40.0) . 152.5 . 158.0 .
4.84 0.40 0.13
2.4.5 9 . 71.0 (. 67.5) . 153.0 . 155.0 .
5.16 0.38 0.10
2.4.6 10 . 64.5 . 68.5 . 151.5 -
5.05 0.98
2.4.7 11 . 67.0 . 83.5 . 151.0 -
5.54 0.99
2.d4.8 12 . 65.0 . 81.0 . 150.5 -

6.20 1.07
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Transition tenperatures (°c) for series II(viii)

Tabl e 3

n SC* SA N* I
9 78.5 93.1 178.9 189.4 .
10 77.5 . 117.1 178.2 . 185.0

11 76.7 128.0 177.1 . 181.7

12 78.1 . 139.0 . 176.7 179.4

14 76.7 . 142.0 173.1 -

16 72.6 . 141.0 . 170.3 -
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compounds differ from that of compound in table 2 (shown in figure
6), with respect to the position of —CH=C(CH3)— group. In the
homologous series discussed earlier this group lies in the central
part of the core whereas in this series II(viii) it is at the end
of the core. The transition temperatures of the series II(viii)
are shown in table 3. All the transition temperatures are higher
than the corresponding temperatures of the homologues of the
former series. The Sc*—sA transition temperatures are higher by
about 45-60° and the temperature range of Scx Is also larger py
35-45°C.  Within the homologous series, range of S., phase
increases with increasing carbon chain from about 15°C for n = 9

to about 70°C for n = 16.
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EXPERI MENTAL

I1.3 GENERAL METHODS OF | NVESTI GATI ON

Anhydrous solvents wused were prepared from commercial
solvents following the standard procedures. All solid starting
materials were crystallised before use. The melting and boiling
points reported herein are all corrected and are in degree
Celsius. Analytical tlc were carried out using silica gel supplied
by BDH India Ltd. and the spots rendered visible by brief exposure
to iodine vapour. Readymade tlc aluminium cards coated with silica
gel with a fluorescent indicator manufactured by Fluka AG,
Switzerland, were also wused. The spots on these plates were
rendered visible by exposing them to a DESAGA HP-UVIS lamps at 254
and 366 nm. Silica gel (60-120 mesh, ACME, 1India) was used for

column chromatography.

Infrared absorption spectra were recorded on Shimadzu IR-435
spectrophotometer. The ultraviolet and visible absorption spectra
were obtained on a Hitachi U-3200 spectrophotometer. The proton
magnetic resonance spectra were taken on a Bruker WP80SY FT NMR
spectrometer using tetramethylsilane as an internal reference
standard. The chemical shifts are quoted as § (parts per million)
downfield from the reference. CDCl3 was used as a solvent for all
the compounds unless otherwise stated. Elemental analyses were
carried out on a CARLO-ERBA 1106 elemental analyser. Specific
rotations were measured either on a ROUSSEL JOUAN digital polari-
meter TYPE 71 or on an optical activity AA-1000 polarimeter at

5890°A sodium line.



The transition tenperatures were.measured under a Leitz
Laborlux 12 POL pol arising mcroscope equipped with a Mettler
FP52 heating stage and a FP5 controller, by sandw ching sanpl es
between a glass slide and a cover slip. Sinultaneously the
mesophase textures were also observed. The enthal pies of
transitions were determined from thernograns obtained on a
Per ki n- El mer, Model DSC-2 or DSC-4 differential scanni ng
calorinmeter and are reported in kcals/mole. The heating and
cooling rates were 5°/min. The cal ori meters were calibrated using

pure indiumas a standard.



4 -n-Decyloxybenzaldehyde

A solution of sodium ethoxide was prepared by dissolving
sodium (2.3 g, 0.1 g atom) in absolute ethanol (100 ml). 4-Hydroxy-
benzaldehyde (12.2 g, 0.1 mol) was added to it. This mixture was
stirred and refluxed for thirty minutes. 1-Bromodecane (24.3 g,
0.11 mol) was then added to it. The refluxing and stirring was
continued for a further period of six hours. Ethanol was removed
by distillation wunder reduced pressure, the residue was poured
into ice cold water. This was extracted with ether (300 ml),
washed with 10% aqueous sodium hydroxide (3x100 ml), water (3x100
ml) and dried (Na2SO4). Removal of the solvent afforded a liquid
which was distilled under reduced pressure to give pure 4-n-
decyloxybenzaldchyde (24.0 g, 70%).b.p.135-140C/0.1 mm.

(Reportcd'? b.p. 185°C/4 mm).

The physical data of the cognate preparations of other 4-n-

alkoxybenzaldehydes are given in table 4.

trans- 4- n- Decyl oxyci nnami ¢ acid

This was prepared following the procedure of Gray and
Jones.12 Thus, a mixture of 4-n-decyloxybenzaldehyde (15.7 g, 0.06
mol), malonic acid (12.5 g, 0.12 mol), pyridine (25 ml) and a few
drops of piperidine was heated at 100°C in an oil bath for three
hours. The mixture was then poured on to ice and concentrated
hydrochloric acid. The precipitate so obtained was filtered,
washed with water and dried. This was crystallised alternately

from acetic acid and ethanol until the melting point was constant.

(16.4g, 90%). m.p. 136.0°C (Reported?® m.p. 136.0°C).



Tabl e 4

Physi cal constants of 4-n-al koxybenzal dehydes
RO - CcH, - CHO
R Cbserved Reported Ref erence

n- al kyl b.p. ©¢/mm b.p. °¢c/mn

-C.H,, 130 -134/2 163 - 164/10 18
—CeH, 4 142 - 145/2 177 - 180/10 18
-C7H15 137 - 139/4 143 - 146/5 18
-CgH 155 -~ 157/2 141 - 144/0.1 18
~Colly g 172 - 175/1 163 - 166/0.5 18
-Cola4 135 - 140/0.1 185/4 12
-C iyl 180 - 183/1 185/1 16
-CioH00 160 - 163/1 194/8 12
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The physical data of the cognate preparations of other trans- 4-

n-alkoxycinnamic acids are given in table 5.

trans- 4- n- Decyl oxy- a- net hyl ci nnami c acid

This was prepared following the procedure of Johnson. 13 Thus

a mixture of 4-n-decyl oxybenzal dehyde (15.7g, 0.06 mol), propionic
anhydride (9.75g, 0.075 mol) and potassium propionate 6.729, 0.06
mol) was heated in an oil bath at 130°C for thirty hours. The warm
reaction mixture was poured on to a stirred mixture of concentrated
hydrochloric acid and ice cold water. The pale brown semi-solid
hardened after about thirty minutes. It was filtered off, washed
with water, dried and recrystallised from petroleum ether (b.p.

60-80°C) (15.4g, 81%). m.p. 79.0°C (Reported >

m.p. 79.5°C).
The physical data of the cognate preparations of other trans-

4-n- al koxy-a-nethyl cinnam c acids are given in table 6.

Ethyl 4-benzyloxybenzoate

A solution of sodium ethoxide was prepared by dissolving
sodium (4.6 g, 0.2 g atom) in absolute ethanol (150 ml1). Ethyl 4-
hydroxybenzoate (33.2 g, 0.2 mol) was added to it. The resulting
mixture was stirred and refluxed for thirty minutes. Benzyl
chloride (27.8 g, 0.22 mol) was then added to it. The stirring and
refluxing was continued for a further period of twelve hours.
Excess ethanol was distilled off, the residue poured into cold

water and extracted with ether (3x100 ml). The combined ethereal



Tabl e 5

Physi cal constants of trans-4-n-al koxycinnam c aci ds

RO - C6H4-CH = CH - COOH

R Observed Reported Ref erence

n- al kyl m.p. °C m.p. °C

—CSH11 140.0 139.5 12
—C6H13 152.0 153.0 12
-C_/H15 148.0 148.0 12
—C8H17 147.0 146.0 12
~CoH, g 138.0 138.5 12
-CLolay 136.0 136.0 12
-C, 1l 127.0 - 12
—C12H25 132.0 132.0 12
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Tabl e 6

Physi cal constants of trans-4-n-al koxy-a-methylcinnam c acids

RO - C6H4 - CH = C(CHB)COOH

R Observed Reported Ref erence

n-al kyl m.p. % m.p. °c

—C5H1] 95.0 ' 97.0 15
—CGH13 102.0 102.0 15
-C7H15 93.5 93.0 15
—C8H17 82.0 83.0 15
—C9H]9 84.5 82.5 15
—C]0H2] 79.0 79.5 15
-C”H23 88.0 88.2 15

—C12H25 85.5 86.0 15




solution was washed with 10% aqueous sodium hydroxide (2x75 ml)
and water (2x60 ml). The ethereal solution was dried (Na2804) and
the solvent removed. The solid residue was crystallised from

ethanol (40.0 g, 78%).m.p. 46.0°C (Reported19 m.p. 46.0°C).

4- Benzyl oxybenzoi c aci d

A mixture of ethyl 4-benzyloxybenzoate (30.0 g, 0.12 mol),
potassium hydroxide (8.6 g, 0.15 mol), water (10 ml) and ethanol
(50 ml) was refluxed for six hours. Ethanol was removed by
distillation and the residue poured into cold water. This was
acidified by adding cold, concentrated hydrochloric acid. The
white precipitate so obtained was filtered off, washed with
water and dried. This was then crystallised from ethanol (25.0

20

g, 90%)m.p. 191.2°% (Reported m.p. 188.0°C).

[S]-2-Methylbutyl 4-benzyloxybenzoate

A mixture of 4-Dbenzyloxybenzoic acid (15.0 g, 0.065 mol) and
thionyl chloride (50 ml) was refluxed for six hours. Excess
thionyl <chloride was removed by distillation wunder reduced
pressure. A solution of (S)-2-methylbutanol (6.3 g, 0.07 mol) in
anhydrous pyridine (40 ml) was added to the crude acid chloride.
This mixture was stirred at room temperature for sixteen hours
and then poured on to a mixture of 1ice and concentrated
hydrochloric acid. This was extracted with ether (2x100 ml). The
combined ethereal solution was washed successively with water

(2x50 ml), 10% aqueous sodium hydroxide (2x60 ml) and water (2x50



ml). It was then dried (Na,S0,) and the solvent renoved. The
crude product was chromat ographed on silica gel and eluted wth
50% chl or of orm petrol eum ether (b.p. 60-80°C) nixture. Renpval of

solvent fromthe eluate afforded a viscous liquid. (13.5 g, 69%.

[a]2’ = +3.3(c=2 in cucly). ™% 3000, 1710, 1610, 1580, 1280, 1250
max
and 1150 cm™'. 8:0.63-2.3(m,9H,2x-CH,,CH, and CH),4.15(ad,2H,

COOCEz),S.12(s,2H,PhC§20Ar),6.91—8.15(m,9H,Ar§).

[ Found: C,76.15;H,7.63% C19H2203 requires

C,76.50;H,7.38%].

[S]-2-Methylbutyl 4-hydroxybenzoate

A mxture of [S]-2-methylbutyl 4-benzyl oxybenzoate (12.0 g,
0.04 mol) dissolved in 1,4-dioxan (100 ml) and 5% Pd/C catal yst
(6.0 g) was stirred in an atnosphere of hydrogen till the cal-
culated quantity of hydrogen was absorbed. The reaction mxture
was filtered and dioxan renmoved by distillation wunder reduced
pressure. The residual product obtained was chromat ographed on
silica gel and eluted with chloroform Renoval of solvent fromthe

25

"eluate afforded a viscous liquid (7.5g, 90%. [a]D = +4.69(c=2

in CHC1,). v?é&t 3375, 2940, 1710, 1605, 1510 and 1290 cm™'. 8:0.78-
2.0(m,9H,2xCH,,CH,
1H,0H),7.9(d,2H,ArH).

and CH),4.2(4,2H,COOCH,),6.9(d,2H,ArH),7.2(s,

2

[ Found: C,69.54;H,7.50% CioH1603 requires

C,69.23;H,7.69%].



[S]-2-Methylbutyl 4-(4'-benzyloxybenzoyloxy)benzoate

A mixture of 4-benzyloxybenzoic acid (6.85 g, 0.03 mol) and
thionyl chloride (30 ml) was refluxed for Six hours. Thionyl
chloride was then removed by distillation under reduced pressure.
A solution of [S]-2-methylbutyl 4-hydroxybenzoate (6.86 g, 0.033
mol) in anhydrous pryidine (25 ml) was added to the crude acid
chloride. This mixture, protected from moisture through anhydrous
calcium chloride guard tube, was stirred at room temperature for
sixteen hours and then poured onto a mixture of ice and
concentrated hydrochloric acid. This was extracted with ether
(2x100 ml) and the combined ethereal solution was washed
successively with water (2x40 ml), 10% aqueous sodium hydroxide
(2x60 ml) and water (2x50 ml). It was then dried (Na2504) and the
solvent removed. The crude product obtained was crystalliscd from
acetonitrile (8.0 g, 64%). m.p. 99.0°C. {a]%é = +2.64 (c=2 in

1

CHC1.). v2;§°1 2940,1725,1700,1610,1520,1460 and 1275 cm . 6:

3

O.94—2.28(m,9H,2xC§3,

PhCEZOAr), 7.02-8.6(m,13H,ArH).

cy, and CH), 4.35(dd,2H,C00CH,), 5.18(s,2H,

2

[Found: C,74.60;H,6.52% C26H2605 requires

C,74.64;H,6.223%]

[S]-2-Methylbutyl 4-(4'-hydroxybenzoyloxy)benzoate

A mixture of [S]-2-methylbutyl 4-(4'-benzyl oxybenzoyl oxy)
benzoate (6.0 g, 0.014 mol) dissolved in 1,4-dioxan (100 ml) and

5% Pd/C catalyst (3.0 g) was stirred in an atmosphere of hydrogen



N

till the calculated quantity of hydrogenr was absorbed. The
reaction mixture was then filtered and dioxan removed by disti-
llation under reduced pressure. The residual liquid was chromato-
graphed on silica gel and eluted with chloroform. Removal of the

solvent from the eluate afforded a viscous liquid. (4.0 g, 87%).

[ @ 12> = +2.86(c=2 in CHCl;) 239l 3370 2950,1740,1690,
D max
1600,1510,1450,1275 and 1070 cm™'. §:0.75-2.0(m,9H,2xCH,,CH, and

CH),4.1(d,2H,CO0CH,),6.5-8.1(m,8H,ArH)

[Found:C,69.1;H,6.3% C19H2005 requires

C,69.5;H,6.1%]

[S]-2-Methylbutyl 4-[4'-(trans-4"-n-decyloxy-a-methyl cinnamoyloxy)

benzoyloxylbenzoate (2.4.6)

A mixture of trans-4-n-decyloxy-a-methylcinnamic acid (0.32
g, 0.001 mol) and thionyl chloride (10 ml) was refluxed for six
hours. Excess thionyl chloride was removed by distillation under
reduced pressure. A solution of [S]-2-methylbutyl 4-(4'-hydroxy
benzoyloxy)benzoate (0.36 g, 0.0011 mol) in pyridine (10 ml) was
added to the crude acid chloride. This mixture, protected from
moisture through anhydrous calcium chloride guard tube, was
stirred at room temperature for sixteen hours and poured on to a
mixture of 1ice and concentrated hydrochloric acid. This was
extracted with ether (3x50 ml) and the combined ether extracts
was washed successively with water (2x100 ml), 10% aqueous sodium
hydroxide (3x100 ml) and water (3x100 ml). The ethereal solution

was then dried (Na2804) and the solvent removed. The crude
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product thus obtained was chromatographed on silica gel and
eluted with 60% chloroform petroleum ether (b.p. 60-80°C).
Renoval of solvent fromthe eluate gave a solid residue which was

crystallised repeatedly from ethanol (0.43 g, 68%. m.p.

o 25 _ P : nujol
64.5%. [a]2® = +0.77(c=2 in chcly). vRiJOt 2050, 1740, 1730, 1720,
1605, 1490, 1270, 1080 and 890 cm™'. §:0.75-1.95(m,28H,3xCH,, 9xCH

_3’
and CH),2.27(d,3H,-C=C(CH,)-),4.0(t,2H,Ar0CH,),4.2(d, 2H, -COOCH

2

2
6.85-8.39(m,13H,ArH and vinyl H).

[ Found: C,74.53;H,7.62% H,,0- requires
C,74.52;H,7.64%] “30"g%7

The physical data of the cognate preparations of other
[S]-2-methylbutyl 4-[4'-(trans-4"-n-alkoxy-a-methylcinnamoyloxy)

benzoyloxylbenzoates (table 2) are given bel ow

[S]-2-Methylbutyl 4-[4'-(trans-4"-n-pentyloxy-a-methylcinnamoyloxy)

benzoyloxylbenzoate (2.4.1)

nujol
3 max -

2950, 1740, 1730,1725, 1605,1490 and 1280 em™ §:0.75-1.95(m, 18H,

4

Yield,70%; m.p. 71 .5°C; [a]%? = +0.78(c=2 in CHCl,); v
3xCH3,4xc§2 and Cg),2.28(d,3H,—C=C(Cg3)—),4.0(t,2H,ArOC§2),4.19

(d,2H,-COOCH,-),6.7-8.5(m, 13H,ArH and vinyl H).

[ Found: C,72.85;H,6.90% Cy4H5g05 requires

C,73.12;H,6.81%]



[s]-2-Methylbutyl 4-[4'-(trans-4"-n-hexyloxy-a-methylcinnamoyloxy)

benzoyloxylbenzoate (2.4.2)

Yield,76%; m.p. 76.0°C; [cﬂés = +0.8(c=2 in CHCl,); “2§£Ol

2950,1720(br),1605,1490,1280 and 1080 Cm—'; 6:0.8-1.9(m,20H,

3xCH5, 5%CH, and CH),2.25(4,3H,-C=C(CH;-),4.0(t,2H,Ar0CH,),4.19
(d,2H,-COOCH,-),6.8-8.4(m,13H,ArH and vinyl H).
[ Found: C,73.62;H,7.12% CGSFMOOY requires

C,73.43;H,6.99%]

[S]-2-Methylbutyl 4-[4'-(trans—-4"-n-heptyloxy-a-methylcinnamoyloxy)

benzoyloxylbenzoate (2.d.3)

Yield,75%; m.p. 81.5°C; [(a]2® = +0.77(c=2 in cucl,); VAL
2950,1720(br),1605,1490,1280 and 1080 cm_‘; 8§:0.7-1.95(m,22H,
3xCH,4,6xCH, and CH),2.22(d4,3H,-C=C(CH;)-),3.97(t,2H,Ar0CH,),4.17

d,2H,—COOC§2—),6.8—8.4(m,13H,Arg and vinyl H).

[ Found: C,73.76;H,7.28% C4gHa207 requires

C,73.72;H,7.17%]

[S]-2-Methylbutyl 4-[4'-(trans-4"-n-octyloxy-a-methylcinnamoyloxy)

benzoyloxyl]benzoate (2.d4.4)

. o 25 . nujol
9 . . = +0. = -
Yield,70%; m.p. 77.07°C; [a]D 0.74(c=2 I n CHCl3), Vax
1

2950,1720(br),1605,1500,1280 and 1080 cm™ ';  &:0.7-1.9(m,24H,
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3xCH,,7xCH, and CH), 2.25(d,3H,-C=C(CH,;)-),4.0(t,2H,Ar0CH,),4.19

3? 2
(d,2H,-COOCH,-),6.75-8.4(m, 13H,ArH and vinyl H).
[ Found: C,73.67;H,7.39% C37Fh407 requires

C,74.0;H,7.33%]

[S]-2-Methylbutyl 4-[4'-(trans-4"-n-nonyloxy-a-methylcinnamoyloxy)

benzoyloxylbenzoate (2.4.5)

max

Yield,68%; m.p. 71.0°C; [a]25 = +0.72(c=2 in CHCl3);V nujol
D
2950,1720(br),1605,1490,1280,1080 and 890 cm_1; §:0.7-1.9(m, 26H,

3xCH,,8xCH and cg),2.25(d,3H,-c=C(C§3)—),4.0(t,2H,Arocg2),4.17

3’ 2
(d,2H,-COOCH,~),6.8-8.4(m, 13H,ArH and vinyl H).

[Found: C,74.74;H,7.52% CygH, 05 requires

C,74.27;H,7.49%]

[S]-2-Methylbutyl 4-[4'=(trans-4"-n-undecyloxy-a-methylcinnamoy-

loxy)benzoyloxy]benzoate (2.d4.7)

Yield,70%; m.p. 67.0°C; [a]if = +0.74(c=2 in CHCl3); vhujol

max
2950, 1750, 1730,1720, 1605, 1490, 1270, 1080 and 890 cm"; 6:0.8-2.0
(m,30H,3xCH3,10xcg2 and cg),2.25(d,3H,—c=C(cg3)—),4.0(t,2H,Ar0C§2),

4.18(d,2H,-COOCH,-),6.8-8.4(m,13H,ArH and vinyl H).

2

[ Found: C,74.88;H,7.99% CaoHgp07 requires

C,74.77;H,7.79%]
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[S]-2-Methylbutyl 4-[4'-(trans-4"-n-dodecyloxy-&-methylcinnamoy-

loxy)benzoyloxy]lbenzoate (2.d4.8)

. . On. 25 _ -5 i . .
Yield,74%; m.p. 65.0°C; [(x]D +0.71(c=2 1N CHCl3), vq%&Pl
2950, 1740, 1725, 1715, 1605, 1490, 1260 and 1075 cm ';§:0.6-1.8(m,32H,

3xCH3,11xC§2‘and Cg),2.4(d,3H,—C=C(C§3)—),3.92(t,2H,ArOC§2),4.11

(d,2H,-COOCH,-),6.8-8.4(m,13H,ArH and vinyl H).

2

[ Found: C,74.94;H,7.92% C,qHg,0, requires

C,75.00;H,7.93%]

[S]-2-Methylbutyl 4-[4'-(trans-4"-n-decyloxycinnamoyloxy)benzoy-

loxylbenzoate (2.a.6)

A mxture of trans-4-n-decyl oxycinnamc acid (0.30 g, 0.001
mol) and thionyl chloride (10 ml) was refluxed for six hours. Excess
thionyl chloride was renoved by distillation under reduced pressure.
A solution of [S]-2-methylbutyl 4-(4'-hydroxybenzoyloxy)benzoate
(0.36 g, 0.0011 mol) in pyridine (10 ml) was added to the crude
acid chloride. This mxture, protected from noisture through
anhydrous calcium chloride guard tube, was stirred at room
tenperature for sixteen hours and poured on to a m xture of ice
and concentrated hydrochloric acid. This was extracted with ether
(3x50 ml) and the conbined ether extracts was washed successively
with water (2x100 ml), 10% aqueous sodi um hydroxi de (3x100 ml)
and water (3x100 ml). The ethereal solution was then dried
(Na,s0,) and the solvent renoved. The crude product thus obtained

was chromat ographed on silica gel and eluted with 40% chlroform-

petroleum ether (b.p. 60-80°C) mixture. Removal of solvent from



the eluate gave a solid residue which was crystallised repeatedly

from ethanol (0.45 g, 73%); m.p. 105.0°C; [a]éS = +1.55(c = 2 in

CHCL,) ; v?ﬁiﬁl 2950,1720(br),1630,1600,1510,1460,1270 and 1160
em™'; §:0.7-2.0(m,28H,3xCH,,9xCH, and CH), 4.0(t,2H,AroCH,),4.19

(d,2H,-COOCH,~-),6.26-8.46(m,14H,ArH and vinyl H).

2

[Found: C,74.38;H,7.18% C38H46O7 requires

C,74.27;H,7.49%]

2-Chlorophenyl acetate

To an ice-cold solution of 2-chlorophenol (32.1 g, 0.25 mol)
in pyridine (75 ml), acetyl chloride (19.6 g, 0.25 mol) was added
dropwise over a period of one hour. This mixture was stirred at
room temperature for four hours and then poured on to a mixture
of ice and concentrated hydrochloric acid. This was extracted
with chloroform (2x150 ml) and the combined chloroform extracts
was washed with water (3x200 ml). The chloroform solution was
dried (Na2804) and the solvent removed. The crude product soO

obtained was distilled wunder reduced pressure. (37.6 g, 88%).

b.p. 65°C/2-3 mm. (Reported®’ b.p. 103°C/15 mm).

3-Chloro-4-hydroxyacetophenone

A mixture of 2-chlorophenyl acetate (37.6 g, 0.2 mol) and
anhydrous aluminium chloride (58.8 g, 0.4 mol) was heated for two
hours at 120°C in an oil bath. It was then poured on to a mixture

of ice and concentrated hydrochloric acid. The precipitate formed



was filtered off, washed with water until the washings were
neutral and then dried. The crude product thus obtained was
crystallised from benzene. (24.0 g, 64%). m. p. 99.0°%.
(RepTrted21 m.p. 100.0-100.5°C.)

4-Hydroxy-3-methylacetophenone

Into a one liter three-necked flask fitted with a mercury-
sealed stirrer, a reflux condenser and a pressure equalising
separatory funnel was introduced dry carbon disulphide (300 ml),
anhydrous aluminium chloride (146.8 g, 1.1 mol) and O-cresol
(54.0 g, 0.5 mol). To this stirred mixture was added freshly
distilled acetyl <chloride (39.25 g, 0.5 mol) dropwise over a
period of forty minutes. The reaction mixture was refluxed for
four hours and left overnight at room temperature. Carbon
disulphide was then removed and the dark brown complex was
decomposed by a careful addition ice and concentrated hydro-
chloric acid. The mixture was extracted with ether (2x200 ml) and
the combined ether extracts was washed with water (3x250 ml) and
dried (Na2804). Removal of solvent gave a pale brown . material
which was distilled under reduced pressure. The colourless
product was crystallised from benzene (65.0 g, 87%). b.p. 175-

180°C/1 mm; m.p. 110.0-112.0°C. (Reported?? m.p. 104.0°C).

4-Benzyloxy-3-chloroacetphenone

A solution of sodium ethoxide was prepared by dissolving

sodium (4.6 g, 0.2 g atom) in absolute ethanol (100 ml). 3-



Chloro-4-hydroxyacetophenone (34.1 g, 0.2 mol) was added to it.
This mixture was stirred and refluxed for thirty minutes. Benzyl
chloride (27.8 g, 0.22 mol) was then added and the stirring and
refluxing were continued for a further eight hours. Ethanol was
distilled off and the residue poured into cold water. This was
extracted with ether (3x150 ml). The combined ethereal solution
was washed with water (2x250 ml) and dried (Nazso4). Removal of
solvent gave a residue which was chromatographed on silica gel
and eluted with 30%chloroform-petroleum ether (b.p. 60-80°C)
mixture. Removal of solvent from the eluate gave a colourless

product which was crystallised from methanol (41.6 g, 80%). m.p.

111.5%%. vﬁ;&Ol 2925,2875,1670,1595,1500,1480,1360,1275,1170,1060

and 820 cm”'; §:2.53(s,3H,COCH;),5.2(s,2H,0CH,Ph),6.88-8.13(m,8H,

ArH).

[Found: C,69.26;H,4.50% C]5H13c102 requires

C,69.10;H,4.99%]

4—Benzyloxy—3—methylacetophenohe23

Following a procedure similar to the one described above,
3- et hyl - 4- hydr oxyacet ophenone  was benzylated using benzyl
chloride in the presence of sodium ethoxide in ethanol. The

crude product so obtained was crystallised from petroleum ether

(b.p. 60-80°C).

Yield, 85%;m.p. 77.7°C.
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4- Benzyl oxy- 3- chl orobenzoi c acid

A solution of sodium hypobromte was prepared by adding
brom ne (64.0 g, 0.4 mol) to a solution of sodi um hydroxide (32.0
g, 0.8 mol) in water (400 ml) at 0°c. This was added to a vigo-
rously stirred solution of 4- benzyl oxy- 3- chl or oacet ophenone
(26.05 g, 0.1 mol) in 1,4-dioxan (200 ml). The addition was
carried out at 30-35° during thirty minutes. Stirring was conti-
nued and the tenperature was raised to 50°c and held there for
one hour to ensure the completion of the reaction. Enough aqueous
sodi um metabisulphite was added to destroy the excess of hypo-
bromte. Water (500 ml) was added and about 200 ml of the liquid
was distilled. The residual clear solution was cooled and aci di -
fied wth concentrated hydrochloric acid. The white precipitate
obtained was filtered, washed thoroughly with water and dri ed.
This was crystallised from ethanol (20.4 g, 78%. m.p. 209.0°C.

v?éﬁfl 2900(br),2700,1680,1600,1500,1460,1380,1270,1160 and 1060

cm

[Found:C,64.28;H,4.20% Cc,,H,.Cl0

12811 requires

| 3
‘C,64.0; H,4.19%]

4- Benzyl oxy- 3- net hyl benzoi ¢ acid

Following a procedure similar to the one described above, 4-
benzyl oxy- 3- met hyl acet ophenone was oxi di sed to the correspondi ng
carboxylic acid. The crude product' so obtained was crystallised

from ethanol. Yield,83%. m.p.183-5°C. (Reported'® m.p.183-184°C).
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[S]-2-Methylbutyl 4-(4'-benzyloxy-3'-chloro)benzoyloxybenzoate

A mixture of 4-benzyl oxy- 3-chl orobenzoic acid (7.87 g, 0.03
mol) and thionyl chloride (30 ml) was refluxed for six hours
Excess thionyl chloride was removed by distillation under reduced
pressure. A solution of [S]-2-methylbutyl 4-hydroxybenzoate (6.86
g,0.033 mol) in anhydrous pyridine (25 ml) was added to the crude
acid chloride. This mixture, protected from moisture through
anhydrous calcium chloride guard tube, was stirred at room tempe-
rature for sixteen hours and poured on to a mixture of ice and
concentrated hydrochloric acid. This was extracted with ether
(2x100 ml) and the combined ethereal solution was washed succe-
ssively with water (2x50 ml), 10% aqueous sodium hydroxide (2x50
ml), water (3x50 ml) and dried (Nazso4). The solvent was removed
and the crude product thus obtained was chromatographed on silica
gel and eluted with 25% chloroform-petroleum ether (b.p. 60-80°C)
mixture. Removal of solvent from the eluate gave a solid residue
which was crystallised from ethanol. (9.5 g, 70%). m.p. 102.7°C.
[a]éS = +2.06(c=2 in CHCl3); v;giOl 2950,1740,1720,1580,1460,1270
and 1210 cm™'. 6: 0.80-2.12(m,9H,2xCH,,
-COOCEZ),5.06(5,2H, PhCEZO—),6.63—7.70(m,12H,Ar§).

ng and CH),4.49(4,2H,

[Found: C,68.66;H,5.47% C26H25Clo5 requires

C,68.95;H,5.52%]

[S]-2-Methylbutyl 4-(4'-benzyloxy-3'-methyl )benzoyloxybenzoate

Following a procedure similar to the one described above, 4;<k\\\

benzyl oxy- 3- net hyl benzoi ¢ acid was esterified with [S]-2-methyl-
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butyl 4-hydroxybenzoate. The chromat ographed product was crysta-

|lised fromethanol. Yield, 81% mp.68.0°C; [a]?> = +2.02 (c=2

D
in cucly); vhilel 2950,1720, 1610, 1510, 1460, 1280, 1130and 1110
cm i, §:0.78-2.0(m,9H,2xCH,,CH, and CH),2.34(s,3H,ArCH,),4.18(d,
2H,-COOCH,),5. 18 (s, 2H,PhCH,0) ,6.85-8.24 (m, 1 2H,ArH) .

[ Found: C,74.86;H,6.66% C,,H,g05 requires

C,75.0;H,6.48%]

[S]-2-Methylbutyl 4-(3'-chloro-4"'-hydroxy)benzoyloxybenzoate

A mxture of [S]-2-methylbutyl 4-(4'-benzyloxy-3'-chloro)
benzoyl oxybenzoate (4.53 g, 0.01 mol) dissolved in 1,4-dioxan (30
ml) and 5% Pd/C catalyst (2.3 g) was stirred in an atnosphere of
hydrogen till the calculated quantity of hydrogen was absorbed.
The reaction mxture was filtered and dioxan renoved by
distillation wunder reduced pressure. The residual product so
obtained was chromatographed on silica gel and eluted wth
chl oroform Renoval of solvent fromthe eluate gave a white solid
which was crystallised fromcyclohexane (3.3 g, 91%), m.p.

98.0°; [@]3% = +2.6(c=2 in cHcl,); vAuJ°t 3350, 2050, 1720, 1700,

1600,1580,1510,1460,1300,1270,1120,1110 and 760 em™'; §:0.82-2.08

(m,9H,2xCH,,CH, and cH),4.18(d,2H,-COOCH,),6.31(s, 1H,0H),7.0-8.33
(m,7H,ArH).

[ Found: C,63.03;H,5.11% C19H19C105 requires

C,62.89;H,5.24%]



‘[S]—Z—Methylbutyl 4-(4'-hydroxy-3'-methyl )benzoyloxybenzoate

Followng a procedure simlar to the one described above,
[S]-2-methylbutyl-4-(4'-benzyloxy-3'-methyl)benzoyloxybenzoate
was subj ected to hydrogenolysis in 1,4-dioxan using 5% Pd/C as a

catal yst. The product was crystallised from n-heptane.

25

Yield, 90% m.p. 95.5°C; [a]] nujol,

max
3440, 2875, 1710, 1700, 1605, 1500, 1460and 1290 cm—1; 6:0.7-2.0(m,9H,

= +2.32(c =2 in CHC13); v

2xCH,,CH, and CH),2.28(s,3H,ArCH,),4.2(d,2H,-CO0CH,),6.31(s, 1H,

=3
OH),6.69-8.26(m,7H,ArH).

2

[ Found: C,70.23;H,6.02% C,oH,,05 requires

C,70.17;H,6.43%]

[S]-2-Methylbutyl 4-[3'-chloro-4'-(trans-4"-n-decyloxy-a-methyl

cinnamoyloxy)benzoyloxy]benzoate (2.£.6)

A m xture of trans-4-n-decyl oxy-a-nmethylcinnamc acid (0.32
g, 0.001 mol) and thionyl chloride (10 ml) was refluxed for siXx
hours. Excess thionyl chloride was renoved by distillation under
reduced pressure. A solution of [S]-2-methylbutyl 4-(3'-chloro-
4'-hydroxy)benzoyloxybenzoate (0.40 g, 0.0011 mol) in pyridine
(10 ml) was added to the crude acid chloride. This mxture,
protected from noi sture through anhydrous cal cium chloride guard
tube, was stirred at roomtenperature for sixteen hours and
poured on to a m xture of ice and concentrated hydrochl oric acid.
This was extracted with ether (2x50 ml) and the conbi ned et herea
solution was washed successively with water (2x75 ml), 10%

aqueous sodium hydroxide (3x75 ml) water (3x75 ml) and dried



(Na,S0,). The solvent was renoved and t he residue obtained was
chromat ographed on silica gel and eluted with 50% chloroform
petrol eum ether (b.p. 60-80°C) mixture. Renpval of solvent from
the eluate afforded a white material which was crystallised
repeatedly from ethanol (0.48 g, 72.5%. m. p.56.5°C; [a]2D5 -

+1.14(c = 2 I n CHC1

and 1080 cm™'; §:0.72-2.1(m,28H,3xCH,, 9

-C=C(CH,)-),4.0(t,2H,Ar0CH,),4.19(d,2H,-COOCH, ) ,6.8-8.46(m, 12H,

30 vuIol 59901740~1720,1600,1510,1460,1370
max

9xCH, and CH),2.22(d,3H,

ArH and vinyl H)

[ Found: C,70.64;H,7.00% Cy9H,43CLl0, requires

C,70.24;H,7.14%)

[S]-2-Methylbutyl 4-[3'-chloro-4'-(trans-4"-n-decyloxy

cinnamoyloxy)benzoyloxy]benzoate (2.c.6)

Followng a procedure simlar to the one described above,
trans-4-n-decyl oxycinnamc acid was esterified with [S]-2-methyl

butyl 4-(3'-chloro-4'-hydroxy)benzoyloxybenzoate.

. 25 _ _ : . nujol
Yield, 74% [u]D = +1.14(c =2 1n CHC13), V rax 2950, 1740,

1720(br),1630,1600,1510,1460,1270 and 1120 cm—1' 6:0.7-2.0(m,28H,

14

3xCH,,9xCH, and CH), 4.02(t,2H,ArOCH,), 4.19(d,2H,-COOCH,),6.39~

=3 =2
8.52(m,13H,ArH and vinyl H)

2

[ Found: ¢,70.12;H,7.03% C38H45Clo7 requires

C,70.31;H,6.94%]
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[S]-2-Methylbutyl 4-(4'-(trans-4"-n-decyloxy-a-methyl

cinnamoyloxy)-3'-methylbenzoyloxy]benzoate (2.e.6)

A mxture of trans-4-n-decyloxy-a-methylcinnamic acid (0.32
g, 0.0%1 mol) and thionyl chloride (15 ml) was refluxed for six
hours. Excess thionyl chloride was renoved by distillation under
reduced pressure. A solution of [S]-2-methylbutyl 4-(4'-hydroxy-
3'-methyl)benzoyloxybenzoate (0.38 g, 0.0011 mol) in anhydrous
pyridine (10 ml) was added to the crude acid chloride. This
m xture, protected fromnoisture through an anhydrous calcium
chloride guard tube, was stirred at roomtenperature for sixteen
hours and poured on to a mxture of ice and concentrated hydro-
chloric acid. This was extracted wth ether (2x50 ml) and the
conbi ned ethereal solution was washed successively wth water
(2x60 ml), 108 aqueous sodi um hydroxide (3x75 ml) and water (3x75
ml). The ether solution was then dried (Na,s0,) and the sol vent
renoved. The residue obtained was chromat ographed on silica gel
and eluted with 50% chl oroform petrol eum ether (b.p. 60-80°C).
Rermoval of solvent fromthe eluate afforded a white nmaterial
which was crystallised repeatedly fromethanol. (0.48 g, 75%.
]if = +1.36(c=2 in CHCl); v W)
1710, 1600, 1490, 1460 and 1260 cm '; &:0.71-2.1(m,31H,4xCH

nujol

m.p. 68.0°C; [a 2900,1730(br),

3,9xC§2
and CcH),4.0(t,2H,0CH2),4.17(d,2H,-COOCH,),6.83-8.33(m, 12H,ArH and

vinyl H)

[ Found: C,74.56;H,7.88% C4OF%OO7 requires

C,74.76;H,7.79%]



[s]-2-Methylbutyl 4-[4'-(trans-4"-n-decyloxycinnamoyloxy)-3'-

methylbenzoyloxy]lbenzoate (2.b.6)

Following a procedure simlar to the one described above,

trans-4- n-decyloxycinnamc acid was esterified with [s]-2-

met hyl butyl 4-(4'-hydroxy-3'-methyl)benzoyloxybéenzoate. Yi el d,

72% m p. 132.0°; [al2>3 = +1.53(c = 2 in cHCL,); wB¥3°l 2950,
D 3 max

1740,1720(br),1630,1600,1510,1460 and 1260 qm—1; §:0.7-2.0(m,28H,

3xCH, ,9xCH

Hs, 2 and cg),2.33(s,3H,ArC§3),4.0(t,2H,ArOC§2),4.19(d,2H,

-COOCH,),6.35-8.26(m, 13H,ArH and vinyl H)
[ Found: C,74.26;H,7.75% C3gHyg07 requires
C,74.52;H,7.64%].
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