CHAPTER TII1

SYNTHESI S AND MESOMORPHI C PROPERTI ES COF

(i) {S]-4"-(2- chl or o- 4- net hyl pent yl oxycar bonyl )

phenyl trans-4"-n-al koxyci nnamat es

(ii) 1[2S,3S])-4'-(2-chloro-3-nethyl pentyl oxycarbonyl )

phenyl trans-4"-n-alkoxycinnamates

(iii) [S]-4'-(2-chloro-4-methylpentanoyloxy)phenyl

trans- 4"-n-alkoxycinnamates, and

(iv) {25,35]-4"-(2-chl oro- 3- met hyl pent anoyl oxy) phenyl

trans-4"-n-al koxyci nnamat es
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ITI.1 A BRIEF ACCOUNT CF MESOMORPHI C PROPERTI ES OF COVPOUNDS
CONTAI NI NG OPTI CALLY ACTI VE CHLOROALKYL CHAI NS

The discovery of ferroelectricity in chiral smectic C (S,,)

C*
phase' stimulated a search for new compounds exhibiting SC* phase
around room temperature with a wide range and also having a high
value for spontaneous polarisation (Ps). As mentioned in chapter

I, compounds exhibiting S phase have to contain optically

C*
active groups. A variety of chiral moieties have been used for
this purpose, e.g., [S]—2—methylbutanol,2 [ S 1-4-methylhexanol 3
(sl- —hydroxybutyrateS,4 [S]—ethylacetate,5 {S)-2-=chloro-4-

methylpentanol,6 [S]—2—chloro—3—methylbutanol6 and [25,38]-2-~
chloro- 3- methylpentanol.6 The value for Ps in the Sc* phase is
found to incrcase when there is a polar substituent on the chiral
carbon atom. Also a carbonyl group next to the <chiral carbon

atom seems to enhance the value for PS.8

Hence the optically
active acids containing chloro substituents on the chiral carbon
atom have been extensively used to obtain ferroelectric liquid

crystals.

Sakurai et aI.9 have replaced [SI1-2-methylbutyl group
present in compound TIII(i)1,10 by (2S,3S]-2-chloro-3-methyl
pentyl, [(S]-2-chloro-4-methylpentyl, [S]-2-chloro-3-methylbutyl
groups [Compounds III(ii), III(iii) and IITI(iv) respectively]. A
comparison of these four series of compounds can be made by
considering the decyloxy compound as a representative example.
Compound III(ii) has the highest value for P_. It is also seen

that all the transition temperatures in the Ilatter three
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conpounds III(ii), III(iii) and III(iv) get depressed conpared to
conmpound III(i). The Scx=Sa transitions of these three conpounds
do not vary much. However, the nelting point of conmpound III(ii)
gets depressed considerably nore than the other two conpounds
III(iii) and III(iv) thereby increasing its range of Sx phase to
37°c. Thus, with respect to the spontaneous pol arisation, the
range of Scx phase and the nelting point, [2S,3S]-2-chloro-3-
nmet hyl pentyl group seens to have the nost desirable effect in
t hese decyl oxybenzyl i deneam no ci nnamat es.

In case of the phenyl benzoates ' |

III(v), only a nonotropic
Scx phase is observed. The thermal stability of the phase is
hi ghest for compound in which R* is [S]-1-chloro-2-methylpropyl
group. The |ower honol ogues (n=7 to n=10) of this series show an
N* phase and al so exhibit a blue phase. A change to biphenyl
benzoates12 III(vi), increases the nmesophase transition tempe-
ratures nore than the nelting points, as a result of which even
the octyloxy conpounds exhibit enantiotropic Scx phase. The
conpound III(vi) 1in which R*¥ is [2S,3S]-2-chloro-3-methylbutyl

group nelts at 90°c and has an s., phase range of 87°c. Bahr and

o
Heppke reported6 conmpounds with only a bi phenyl as the core which
exhibited a high value for the spontaneous polarisation. This
val ue, in case of conpound III(vii) [n=7], rises up to 2900 uc/m?
at the | owest tenperature before crystallisation. It is also seen
that Ps is considerably dependent on the | ength of alkyl chain.
In the series I1I(vii), the heptyl oxy honol ogue exhibits about

twice the value obtained for the nonyl oxy honol ogue at the sane

relative tenperature, i.e., at a fixed value of (T _-T). The
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enanti otropic Scx t hermal ranges of these conpounds are however
very small. Many conpounds involving cinnamc acid noiety have

been reported in the literature. 3717

Phenyl cinnamates have been
effectively considered as '"two and a half ring systems'.18 The
double bond m mcs half of a benzene ring and produces materials
with properties simlar tothe two and three ring nmaterials. A
conpari son of conpounds III(x) and III(xi) shows that when -COO
I's changed to -CH=CH-C0O- |inkage, higher order snectic phases
are induced. '®+1° The thernal stability as well as the s., meso-

phase range is found to increase. This is illustrated for the

dodecyl oxy honol ogue of series III(x) and III(xi).

However, when a termnal [S]-2-methylbutyl chain is attached
to an ester linkage, introduction of vinyl group seens to affect
only the thermal stabilities of the existing phases. This 1is
reflected in the transition tenperatures of decyl oxy honol ogues
belonging to the series 11I(xii), III(xiii); and III(xiv).20'21
It is also seen that when a double bond lies in between two
phenyl rings [III(xiii)], the S,, phase is stabilised much nore

than when it is present at the end of the core [III(xiv)].

III-2. RESULTS AND DI SCUSSI ON

In an effort to obtain conpounds exhi biting Scx phase with a
hi gh value for the spontaneous polarisation at relatively |ow
tenperatures a nunber of honol ogous series of conpounds were

synt hesi sed. These include the esters of trans-p-n-al koxyci nnam c



acids and trans-p-n-alkoxy-oa-methylcinnamic acids shown in figure
1. The transition temperatures of the dodecyloxy homologues of
these series of compounds are given in table 1. The compounds
3.e.7 and 3.f.7 exhibit a monotropic and an enantiotropic Sp
phase respectively and neither of them shows any Scx phase. Hence
the synthesis of other homologues of these two series was not
pursued any further. However, an Scx phase was observed in the

other four compounds (3.a.7 to 3.d.7) and the homologous series

of these were investigated systematically.

It must be mentioned here that around the same time Tinh et
al.22 also investigated several homologues belonging to series
3(c) and 3(d). The transition temperatures reported by them for
many of the homologues differ from what this author has observed.

22

Tinh et al. have not reported any thermodynamic data for their

compounds.

The synthesis of these compounds were carried out according
to the scheme shown in figures 2 and 3 respectively. Compounds of
series 3(a) and 3(c) were prepared in an analogous manner (see
experimental section for detailed procedures). The optically
active chloro acids, viz., [S]-2-chloro-4-methylpentancic acid
and [2S,3S]-2-chloro-3-methylpentanoic acid were obtained from 1-
leuzine and 1l-isoleucine respectively, via their diazonium

chloride solutions.23

The chloro acids were converted to their
respeetive methyl esters by refluxing them in methanol in
presence of catalytic amount of sulphuric acid. The methyl esters

were then reduced by lithium aluminium hydride to the
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Table 1

Transition temperatures (%) of compounds

3.a7 to 3.f.7 (n = 12)

Compound SC*

nunber

3.a.7 52.0 . 65.5 81.0 .
3.b.7 53.5 . 69.0 88.5 .
3.c.? 62.0 . 80.0 92.5 .
3.4.7 56.5 . 84.5 100.0 .
3.e.7 45.0 - 38.0) .
3.£.7 44.5 - 48.5
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correspondi ng alcohols. None of the reactions involved affected
t he absolute configuration of the chiral centres. The optically
active alcohols were condensed with 4-benzyloxybenzoic acid and
the optically active acids with 4-benzyloxyphenol. The products
of these reactions were subjected to hydrogenolysis wth 5%
palladium on charcocal as the catalyst. The phenols obtai ned upon
debenzylation were reacted wi th trans-p-n-al koxyci nnam c acids

in the presence  of dicyclohexyl car bodi i m de and 4-

pyrrolidinopyridine.24

The neasurenents of the values for the spontaneous polari-
sations for these conpounds were carried out by Prasad et a1.%%
The transition tenperatures of the conpounds belonging to the
homologous series ([S]-4'"-(2-chloro-4-methylpentyloxycarbonyl)
phenyl trans-4"-n-al koxycinnamate [3(a)] are given in table 2.
Conpounds 3.a.1 to 3.a.4 exhibit N* phase and have a narrow range
of 1-2.5°C  all the conpounds exhibit an enantiotropic SA phase
with a fan shaped texture. The range of S phase decreases on
I ncreasing the length of the carbon chain. Conpounds 3.a.1, 3.a.2
and 3.a.4 show a nonotropic Sc» phase and the remaining are
enantiotropic. The range of Scx phase does not show a regular
I ncrease or decrease with increasing carbon atons in the alkoxy
chain. This can be attributed to the irregularity in the melting
points. Conpound 3.a.4 with the highest melting point (62.0°C),
exhibits a nonotropic Scx phase. Conpound 3.a.5 wth the lowest

nelting point (44.0°C) has the widest range of s phase

C*
(19. 5°C). A plot of the transition tenperatures versus the number

of carbon atons in the terminal alkoxy chain is shown in figure



Table 2

Transition temperatures (°c) and heats of transition

81

(Kcals/mole) of

~ 0 0
i Il *
H2n+1CnO—@—CH=CH~C—O—@—-C—O—CHZ-C'H—CHZ—(%H-CH:;

Cl CH3 3(a)

Compound n - N* I
number
J.a.l 6 51.5 (. 41.5) 78.0 80.5

9.1 0.05 0.35 0.2
J.a.2 7 57.5 (. 50.0) 74.5 77.0 .

7.9 0.1 0.25 0.22
J.a.3 8 50.0 56.5 79.5 . 80.0 .

5.8 0.08 0.21 0.16
J.a.4 9 62.0 (. 60.5) 78.0 79.0

10.0 0.1 0.2 0.2
3.a.5 10 44.0 . 63.5 81.1 -

7.7 0.09 0.9
J.a.6 11 55.5 64.5 80.5 -

9.1 0.06 0.9
3.a.7 12 52.0 65.5 81.0 -

8.1 0.1 1.0




4. The'Sc*—SA transition . temperatures which vary from41.5°C to
65.5°C show a continuous increase with the I ncreasing length of
t he al koxy chain and forma snooth rising curve. The S,-N*, t he
Sp-1 and the N-I transition tenperatures show an alternation
with successive honologues which dimnishes with increase in
chain length. The heats of transitions for these conpounds are
given in table 2 belowtheir transition tenperatures. The diffe-

rential scanning calorinetric studies indicate that S S

C*"°a
transition is acconpanied by a very snmall enthal py.

Figure 5 shows the thermal variation of Ps for the conpounds
3.a.2 to 3.a.7 in table 2. It can be seen that for all the
conpounds P_ increases with decreasing tenperature. After an
initial steep rise it attains a constant value. This patternis
observed for all the honologues. It can also be seen that wth
decreasing chain length P, increases. Thus conpound 3.a.2 (n=7)
shows a Ps of about 500 uc/m“ at the same val ue of T-T. Thi s can
be clearly seen in the inset of this figure 5, where the polari-

sation at T-T_ = -10°C is plotted versus the nunber of carbon

atons in the chain.

The transition tenperatures and the heats of transitions of
the conmpounds belonging to honologous series [2S,3S]-4'-(2-~
chloro-3-methylpentyloxycarbonyl)phenyl trans-4"-n-al koxyci nna-
mates [3(b)] are given in table 3. All the conpounds exhibit Sp
phase. Conpounds 3.b.1, 3.b.2 and 3.b.3 exhibit a narrow range of
Nt phase and al so a bl ue phase. Except for conpound 3.b.l al |

ot her compounds exhi bit Sex phase. Conpound 3.b.2 has the highest
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temperatures (°c) and heats of transition

(Kcals/mole) oOf
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5 Il - Al * %
Hone1CnO—~O)—CH =CH-C-0 C~0~CHz~CH~CH~CHz ~CH3
| Cl CHj 3(b)

Compound n C s S N*
c* A
number
3.b.1 6 . 71.0 - . 83.5 . 84.5
5.2 0.4 0.1
3.b.2 7 . 64.5 (. 52.5) . 80.5 . 82.5
8.1 0.05 0.2 0.14
3.b.3 8 57.0 59.0 84.5 . 85.0
7.3 0.04 0.3 0.2
3.b.4 9 . 52.0 . 64.0 85.0 -
6.8 0.05 0.8
3.b.5 10 . 42.5 . 66.5 87.0 -
7.2 0.05 0.9
3.b.6 1 . 62.5 . 68.5 . 88.0 -
9.2 0.04 0.97
3.b.7 12 . 53.5 . 69.0 . 88.5 -
10.5 0.05 1.4




Plate IIT.1: The texture of blue phase of the compound
3.b.l at 84.4°C. (x300)
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melting point (64.5°C) and exhibits a nonotropic s., phase 12°C

C
bel ow the nelting point. Conpound 3.b.5 has the w dest range of

Scx phase. A plot of transition tenperature versus the nunber of

carbon atons in the al koxy chain is showm in figure 6. The S.,-S

C A

transitions rise with an increasing | ength of the carbon chain.

Figure 7 shows the variation of Ps with tenperature bel ow

Sp~Scx transition. Ps increases with decreasing tenperature. The

~
decrease in Ps with increasing |l ength of carbon chain is nore
explicit in the inset. The values at T-T_ = -10° for conpound
3.b.2 and 3.b.7 are about 650 uC/m2 and 350 uc/m2 respectively.

The rest of the conmpounds have internediate val ues.

The transition tenperatures and the heats of transitions of

[S]-4'-(2-chloro-4-methylpentanoyloxy)phenyl trans-4"-n-al koxy-

cinnamates [3(c)] are given in table 4. Al these conpounds
exhibit only S, and S., phases. The range of Sp phase decreases
continuously from 37.5°% for compound 3.c.1 to 12.5°% for

conpound 3.c.7. Conmpound 3.c.1 has the highest nelting point
(81.5°c) and a nonotropic S., phase 25.5°C below the nelting
point. Conpound 3.c.6 with | owest nelting point (54.0°C) has the
wi dest range of Scx phase (25.0°c). A plot of transition
tenperatures versus the nunber of carbon atons in the al koxy

chain for this series is shown in figure 8 The s Sy transition

C*~
tenperatures increase continuously from56.0° to 80.0° with
I ncreasing nunber of carbon atonms and fall on a smooth rising
curve. The S,-I transition tenperatures show an alternation with
successive homologues WwWhich dimnishwth increase in chain

| engt h.
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Figure 6: A plot of transition temperatures versus the
number of carbon atoms in the alkoxy chain for the
homologous series 3(b).
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Transition

Hops1Cn0—~O)—CH = CH- —o—@—o —C- CH ~CHy=CH—CHg

Tabl e 4

temperatures (°c) and heats of transition

(Kcals/mole)} of

Cl CHj3
Compound n C o*
number
J.c.1 6 81.5 (. 56.0) 93.5 .
6.01 0.04 0.96
3.c.2 7 . 55.0 . 67.0 90.5 .
8§.16 0.05 0.81
3.c.3 8 . 62.0 73.0 92.5 .
5.80 0.05 0.97
3.c.4 9 73.0 . 75.5 90.5 .
6.13 0.06 1.0
3.c.5 10 69.0 . 78.0 92.5 .
5.59 0.05 0.92
3.c.6 1 . 54.0 . 79.0 92.0 .
6.43 0.04 1.04
3.c.7 12 . 62.0 . 80.0 92.5 .
7.5 0.05 1.0
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Figure 8: A plot of transition temperatures versus
the number of carbon atoms in the alkoxy chain for
the homologous series 3(c).
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Figure 9 shows a thermal variation of P for conpounds

3.c.2 to 3.c.7. As is observed generally, P, increases wth
| owering of tenperature. |In the inset of this figure it is seen
that conmpound 3.c.2 has Ps of about 1000 UC/mz at T-T_, = -10°¢

and this val ue decreases on ascendi ng the honol ogous series. Thus

for compound 3.c.7 it is about 600 uC/mz.

Table 5 shows the transition tenperatures and the heats of
transitions for [25,3S]-4'-(2-chloro-3-methylpentanoyloxy)phenyl
trans-4"-n-al koxyci nnamates [3(d)]. It is seen that conmpounds

3.d.17 to 3.d.5 show N+ phase in addition to Sp and s phases.

C*
The range of N phase decreases continuously from 8° for
conpound 3.d. 1 to 0.5% for conpound 3.d.5 The range of Sp phase
al so decreases on increasing chain length. A nonotropic Scx phase
is observed at 56.5°C for conpound 3.d4.5 which nelts at 81.0°C.
= i " q©
Conpound 3.d.6 (n=11) which nelts at 50.0°C has an Scx phase
range of 33.5°C. This is the widest range observed anobng the

conmpounds of all the four honol ogous series synthesised.

Figure 10 shows a plot of transition tenperatures versus the
nunber of carbon atoms in the term nal al koxy chain. The Scx=Sp
transition tenperatures forma snooth rising curve with increa-
sing carbon atons. The S,-N*, t he S,-1I and the N*-I transition
points show a pattern very simlar to the one observed for

conpounds 3 (b).

The value of Ps for this series of conmpounds 3.d.2 to 3.d.7

are found to be nore than 1000 uc/mz. Ps for conpound 3.d.2 (n=7)
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Table 5

Transition tenperatures (%c) and heats of transition (Kcals/mole) of
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3(d)

10.08 0.05 1.0

) 0
: - il : R T
Hyp o1Cn0—~O)—CH= CH—C~0 0~C— CH~ CH—CHy~ CH3
2n+1 ) | | o
Cl CH3
%
Conmpound n C Scx Sp N
nunber
3.4.1 6 ) 81.0 (. 56.5) . 90.5 . 98.5
6.0 0.03 0.13 0.14
3.4.2 7 . 61.5 . 68.5 . 88.0 95.0
8.7 0.06 0.12 0.21
3.4.3 8 . 61.0 . 73.0 . 93.0 . 96.5
4.5 0.05 0.10 0.18
3.d4.4 9 ) 69.0 . 78.0 . 95.0 . 97.0
7.3 0.06 0.05 0.23
3.4.5 10 X 56.0 . 80.0 ] 98.5 . 99.0
8.0 0.04 0.07 0.21
3.d.6 11 . 50.0 . 83.5 . 99.5 -
5.43 0.06 0.89
3.d.7 12 ) 56.5 . 84.5 . 100.0 -




Plate IIT.2: The Schlieren texture of Sc* phase of the

compound 3.d.7 at 80°C {x300)
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i s about 1500 uc/mz. This is the highest val ue obtai ned among al l
the conmpounds of the four series. A plot of Ps versus T-T, S
shown in figure 1. The inset shows the variation of Ps wth
|l ength of the carbon chain. 1t can be seen that the value for
conmpound 3.d4.7 is about half the value for conpound 3.d.2. Her e
too, the spontaneous pol arisation has decreasing values as the

nunber of nethyl enes increase.

Along wth the spontaneous pol arisation, rotational visco-
sity, tilt angle and response tine have been neasured for the

decyl oxy conpounds of the four honol ogous series.25

The conpounds [S]-4'-(2-chloro-4-methylpentyloxycarbonyl)
phenyl trans-4"-n-alkoxycinnamates [3(a)] and [2S,3S]-4'-(2~
chloro-3-methylpentyloxycarbonyl)phenyl trans-4"-n-alkoxycinna-
mates [3(b)] are isoneric. One nethyl group of the pentyl chain
from the 4-position in conpound 3(a) has been shifted to posi -
tion 3 in conpound 3(b). This change al so creates one nore chiral
centre. A conparison of these two series of conpounds shows the
following features. The N phase exhibited in conmpound 3.a.4
(n=9) of 3(a) is absent in the correspondi ng honol ogue of 3(b).
The n*-1 transition tenperatures in 3(b) are 4-5°C hi gher, though
the range of N* phase is nore or |ess the sane. The s,-N* and the
S,-I transition tenperatures in 3(b) are higher by about 5-8°C
and the range of s, phase is nore by only 2-4°c. The s_,-S

C* °a
transitions are higher in 3(b) by about 2-4°c.

The conpound 3(b) With the 2-chloro-3-methylpentyl group has

two chiral carbon atons adjacent to each other. Both the chloro
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and the methyl groups on these carbon atoms will experience a
hindrance to rotation around the main pentyl chain because of

steric repulsion due to their proximity. And the conformation in

which these are in 'anti' position is likely to be more favourable
(figure 12). This semblence of locking the dipole on the <chiral
group should favour a dipolar ordering and enhance the values for
the spontaneous polarisation. 1t is generally observed?® that the
configuration at the chiral carbon atom and the inductive effect
of the group attached to it would contribute to the polarisation
in an exactly reverse manner if this group were to be moved to the
adjacent carbon atom. Considering this fact it could be said that
the adjacent chiral carbons having configurations 'S' with the
chloro and methyl groups having opposite inductive effects should
27

add to the value of polarisation. However. Otterholm et al. have

reported an exception to this generalisation. Patel and Goodby28

in their studies have indicated that the core of the molecule is
usually tilted more than the overall structure. They also observe
that for systems in which core is less tilted than the overall
structure, there will be an inversion of polarisation producing
anomalous results. Thus, the tilt of the core with respect to the

overall molecular tilt is an important factor in determining the

sign of polarisation.

The values for spontaneous polarisation of compounds 3(b)
show a considerable increase in the Ilower homologues, viz.,
compounds 3.b.2 to 3.b. 5. Compound 3.b.2 has a Ps 150 uC/m2 more

than the corresponding compound 3.a.2 of the series 3(a) at T-T

= -10°C.



CHjy

H R
H3CHoC H
Cl
Figure 12: 'Anti' conformation of compounds

containing [2S,3S1-2-chloro 3-methyl groups.



The conmpounds ([S]-4'-(2-chloro-4-methylpentanoyloxy)phenyl
trans-4"-n-al koxyci nnamates [3(c)] and [25,3S5]-4'-(2-chloro-3-
methylpentanoyloxy)phenyl trans-4"-n-al koxyci nnamates [3(d)] are
I somers which differ only in the position of the methyl group on
t he pentyl chain. As noticed earlier in series 3(a) and 3(b), the
position of the methyl group has an effect on nesonorphic proper-
ties, which seens to be nmuch nore pronounced in series 3(c) and
3(d). An N phase present in five conpounds 3.d4.1 to 3.d.5 of
series 3(d) is totally absent in the conpounds of series 3(c).
The thermal stability as well as the range of S, phase of
compounds in series 3(d) is less in case of |ower homologues
[ Conpounds 3.d.1 (n=6) and 3.d.2 (n=7)] and more in case of the
hi gher homologues [ Conmpounds 3.d.3 to 3.4.7 (n=8...12)] than the

corresponding conpounds of series 3(c). The S.,-S, transition

A
tenperatures are nore by about 2-5°c in the higher homologues of
series 3(d). The nelting points of the conpounds in series 3(d)
are generally less and the range of s., phase is nore. For
example, conpound 3.d4.6 (n=11) with the lowest melting point
(50.07C) in series 3(d) has S., phase range of 33.5°C. The corre-
spondi ng conpound 3.c.6 (n=11) of series 3(c) has a range of 25°C

and it is also the compound Wwth the lowest melting point (54.0°C)

of that series.

The structural features of these conpounds are as follows.
The rotation of the chloro group in series 3(c) is already
hi ndered due to the carbonyl adjacent to it.The two dipoles due
t0 an electrostatic repulsion are likely to force thensel ves away

from each other resulting in an 'anti' conformation (figure 12).



The additional methyl group on the adjacent carbon in series 3(d)
should make it even nore difficult for the chloro group to rotate

about the parent pentyl chain.

The spont aneous pol ari sation of conpounds in series 3(d) is
considerably nore than the correspondi ng honol ogues of series
3(c). The difference is found to increase continuously wth
decreasing |l ength of the carbon chain. Thus, for conpounds 3.c.7
and 3.d.7 (n=12) the differenceis about 150 uc/m* and for

conpounds 3.c.2 and 3.d.2 (n=7) it is about 525 UC/mz.

[S]-4'-(2-Chloro-4-methylpentyloxycarbonyl)phenyl trans-4"-

n- al koxyci nnamates [3(a)] and [S]-4'-(2-chloro-4-methylpentanoy-
loxy)phenyl trans-4"-n-al koxycinnamates [3(c)] have one chiral

carbon atom each. The structural change involved in going from
3(c) to 3(a) is that of an inversion of the ester |inkage and an
addition of a nethylene unit between the core and the chiral

carbon atom A conparison of these two series shows the follow ng
features. The compounds in series 3(c), as nentioned earlier do
not exhibit an N phase. It is seen that all the transition
tenperatures of conpounds in series 3(c) are enhanced. However,
there is little change in the mesophase ranges of S, and Sg.
phases. The chiral carbon in series 3(a) can be said to be a
methylene unit away fromthe core. Hence the coupling between the
rotational bias about the chiral carbon and the rotation of the
core could be weaker than that in series 3(c). The Ps values for
the conpounds of series 3(c) area little less than twce the

val ues of the correspondi ng conpounds of series 3(a).



The structural change involved in [2S,3S]-4'-(2-chloro-3-
methylpentyloxycarbonyl)phenyl trans-4"-n-al koxyci nnamates [3(b)]
and [2S,3S]-4'-(2-chloro-3-methylpentanoyloxy)phenyl trans-4"-n-
al koxyci nnamates [3(d)] is the sane as that involved in series
3(a) and 3(c). However, inthis case with two chiral carbon
atons, the change seens to have sone different inplications. 1In
case of series 3(a) and 3(c) the reversal of ester |inkage and
elimnation of the nmethylene unit resulted in a total suppression
of the N* phase. But in case of series 3(b) and 3(d) this change
results in not only enhancing the thermal stability but also in
the induction of this phase in conmpounds 3.d4.4 and 3.d.5 of
series 3(d). Al the nesophases of the conpounds in series 3(d)
have higher thermal stabilities. Al so the tenperatures of N*-I,
Sp-I. S,-N* and Scx—Sp transitions are higher by about 11-14%,
10-13°c, 7-9°c and 14-16°C respectively. The range of s, phase is
wi der in conpounds of series 3(b) but the s., phase has a wi der

range in conmpounds of series 3(d).

The value for the spontaneous pol arisation of conpounds in
series 3(d) is alnobst two to two and a half tinmes nore than that
of the correspondi ng conpounds of series 3(b). This difference is
nore in the lower and | ess in the higher honol ogues. For exanpl e,
for conpounds 3.b.2 and 3.d4.2 (n=7) the difference is about 850
uc/m® and for conpounds 3.b.7 and 3.d.7 (n=12) it is about 375

pc/m? at T-Tc's_-dooc.

I n conclusion, the follow ng points can be highlighted on a

conpari son of nesonorphic properties of all the conpounds synt he-
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sised. In the compounds with these structures no higher order
smectic phases are observed. Sp and Scx phases are predominant.
The mesomorphism gets immensely diminished in case of esters of
trans- p-n-al koxy-a-net hyl ci nnam c acids. The clearing temperature
of all the compounds is less than 100°Cc. Compounds with a rela-
tively rigid chiral chain where rotation of various groups is
hindered due to the 'syn barriers' have a wide range of Scx
phase in spite of having relatively high melting points. In
comparison a flexible chain with groups having more rotational
freedom Ilowers the melting points. The value for spontaneous
polarisation is increased when the chiral centre is moved closer
to the core and a carbonyl group is present adjacent to the
chiral carbon atom. Also two chiral carbon atoms adjacent to each
other with groups having opposite inductive effects enhance the

value for spontaneous polarisation.
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I11.3 EXPERI MENTAL

[S]-2-Chloro-4-methylpentanoic acid

This was prepared following the procedure of Fu et al.22
Thus a mixture of l-leucine (52.4 g, 0.4 mol) and 6N hydrochloric
acid (500 ml) contained in a one litre three- necked flask fitted
with a mechanical stirrer and cooled in an ice-salt bath, was
stirred vigorously. Sodium nitrite (44.0 g, 0.64 mol) was added
to this mixture in small portions. The temperature of the reaction
mixture was not allowed to exceed 0°C during the addition. The
stirring was continued for a further period of five hours at 0°c
after completion of the addition. The reaction mixture was then
extracted with ether (3x150 ml) and the combined ether solution
dried (Na2504). The residue obtained on removal of the solvent was
distilled under reduced pressure to yield the pure product (30.0
g, 50%).b.p. 90°C/2.5 mm;[a]gs = -25.0(c=5 in C,H_OH).

25

[Reported®” b.p. 112.4%¢/20 mm; [a])® = -24.6 (c=5 in C,HZOH)].

[2S,3S]-2-Chloro-3-methylpentanoic aci d

This was prepared from l-isoleucine following a procedure

similar to the one described above.

Yield, 49%; b.p. 84.0°C/3 mm; [a]2> = -2.62(c = 5 in CH,OH).
[Reported29 b.p. 88-90°C/1-2 mm ; [u]2D7 = -2.9 (c=5 in CH3OH)].
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[s]-Methyl 2-chloro-4-methylpentanoate

A mixture of [S]-2-chloro-4-methylpentanocic acid (15.1 g,
0.1 mol), methanol (100 ml) and a few drops of concentrated
sulphuric acid was refluxed for eight hours. The excess alcohol
was removed by distillation and the residue was poured into
water. This was extracted with ether (3x60 ml) and the combined
ethereal solution was washed with 10% aqueous sodium bicarbonate
(2x75 ml1), water (2x100 ml) and dried (Na2804). Removal of the
solvent afforded the required ester which was purified by
distillation under reduced pressure. (16.1 g,98%); b.p.105°C/20 mm.

29

[Reported b.p. 72%/11 mm] .

[2S,3S]-Methyl 2-chloro-3-methylpentanoate

Following a procedure similar to the one described above,
[2S,3S]-2-chloro-3-methylpentanoic acid was esterified with
methanol in the presence of catalytic amount of concentrated
sulphuric acid.

29

Yield, 98%; b.p. 94-98°C/20-25 mm. [Reported“’ b.p.71-72°C/10 mm].

[Ss]-2-Chloro-4-methylpentanol

Lithium aluminium hydride (2.28 g, 0.06 mol) was added to sodium
dried ether (200 ml) contained in a three-necked flask fitted
with a condenser and a dropping funnel. This was cooled in an
ice- bath and magnetically stirred. To this cold mixture was added
dropwise a solution of [S]-methyl-2-chloro-4-methylpentanoate

(16.45 g, 0.1 mol) in dry ether. After completion of addition,



the mxture was stirred at roomtenperature for a period of two
hours. The reaction m xture was again cooled thoroughly in an
i ce-bath and the excess lithiumal um ni um hydri de was deconposed
by a careful addition of danp ether (100 ml) followed by ice-cold
water (4 ml). The stirring was continued till the deconposition
was conplete. The gelatinous white precipitate was filtered and
washed t horoughly wth warm ethyl acetate. The filtrate was dried
(Na,s0,) and the solvent renpved. The crude product so obtained
was purified by distillation under reduced pressure (12.2 g,
90% . b.p. 80°C/3mm; [al2® = -30.0 (c=2 in CHO 5); v aedl 3370,

max

2950,2850,1480,1360 and 1070 cm™'; §:0.9(dd, 6H, (CH,) ,~CH-),1.2-

1.9(m,3H,-CH-CH,),2.7(s,1H,~0H),3.5-4.25(m, 3H, ~CH-CH,,0H) .

2

[2S,35]-2-Chloro-3-methylpentanol

Followng a procedure simlar to the one described above,
[2S,3S]-methyl - 2-chl or o- 3- net hyl pent anoate was reduced to the

correspondi ng al cohol by Iithiumal um niun hydride.

Yield 90% b.p. 60°/7 mm; lal% = -5.0(c=2 in CHO 5); vRSa!:
3370, 2960, 2880, 1480, 1465, 1380 and 1075 cm™'; &§:0.7-1.1(m,6H,

CHyCH,-CH(CH4)~),1.1-2.0(m,3H,-CH,~CH),2.6(s, 1H,-0H),3.55-4.1(m,

3H,-CH(C1l)-CH,-OH).

2

[S]-2-Chloro-4-methylpentyl 4'-benzyloxybenzoate

This was prepared followi ng the esterification procedure of

24

Hassner and Al exani an. Thus, a m xture of 4-benzyl oxybenzoic

acid (11.4 g, 0.05 mol), N,N-dicyclohexylcarbodiimide (11.3 g,



0.055 mol), [S]—2-chlordf4—methylpen€énol (7.5 g, 0.055 mol), 4-
pyrrolidinopyridine(0.74 g, 0.005 mol) and dry chloroform (100
ml), protected from noisture through anhydrous cal cium chloride
guard tube was s{rrred for six hours at room tenperature. N,N-
Di cycl ohexyl urea forned was filtered and the filtrate was washed
successively with water (2x50 ml), 5% acetic acid (2x70 ml),
water (3x50 ml) and dried (Na,S0,). The residue obtained on
renmovi ng the sol vent was chronmat ographed on silica gel and el uted
with 30% chloroformpetroleum ether (b.p. 60-80°C) mixture.
Removal of solvent fromthe eluate afforded a white solid which

was crystallised fromethanol (11.0 g, 64%. m.p. 51-52°C; [a]%f

= +3.92(c=2 in CHCl3);\);;i01:2950,1700,1605,1585,1510,1280,1240,

1175 and 1010 cm '; §:0.75(dd,6H,HC(CH;),CH-), 1.23-1.7(m,3H,

~CH,CH(CH4),),3.3-3.7(m, 3H, -COOCH,CHC1) ,4.1(s, 2H,-OCH,),5.6(d, 2H,

ArH),5.9(s,5H,ArH),6.4(d,2H,ArH).

[ Found: C,69.05;H,6.54% C20F53C103 requires
C,69.26;H,6.64%].

[25,35]-2-Chloro-3-methylpentyl 4'-benzyloxybenzoate

Followi ng a procedure simlar to the one described above,
4- benzyl oxybenzoic acid was esterified wth [2S,3S]-2-chloro-3-
met hyl pentanol in presence of N,N-dicyclohexylcarbodiimide and 4-
pyrrolidinopyridine using dry chloroformas sol vent.
Yield, 62% m.p. 48-50°C; [a]® = +3.13(c = 2 in cuCly); vhulob;

max
2950,1715,1605,1510,1460,1260,1170 and 1100 cm™'; 6:0.85-2.0(m,
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9H, 2XCH, , CH,

6.82-8.18(m,9H,ArH).

and CH),4.06-4.68(m,3H,COOCH,CHC1),5.09 (s, 2H,PhCH,0Ar),

2

[ Found: C,69.68;H,6.18% C,oHh3C10, requires

C,69.26;H,6.64%].

[S]-4'-Benzyloxyphenyl 2-chloro-4-methylpentanoate

This was prepared follow ng the esterification procedure of

Hassner and Alexanian.24

Thus, a mxture of [S]-2-chloro-4-methyl
pentanoic acid (7.5 g, 0.05 mol), N,N-dicyclohexylcarbodiimide
(117.3 g, 0.055 mol), 4-benzyloxyphenol (11.0 g, 0.055 mol), 4-
pyrrolidinopyridine (0.74 g, 0.005 mol) and dry chloroform (100
ml), protected from noisture through anhydrous cal ci um chl oride
guard tube, was stirred for six hours at room tenperature. N,N-
D cycl ohexyl urea forned was filtered and the filtrate was washed
successively with water (2x50 ml1), 5%acetic acid (2x60 ml),
water (3x50 ml) and dried (Na,S0,) . The residue obtained on
removal of the solvent was chromatographed on silica gel and
eluted wth 35% chloroformpetroleum ether (b.p. 60-80°C)
m xture. Renoval of solvent fromthe eluate afforded a white
solid which was crystallised fromethanol (10.0 g, 60%. m.p.
Ji v et 2900, 1760,
1595,1510,1460,1380,1300,1200,1150 and 1010 cm~'; §:0.78-2.09(m,

1 4

67.5°C; [ a@l3® = _4.57(c=2 in CHCL

9H, 2xCH, ,CH

8.39(m,9H,ArH).

, and CH),4.17(t,1H,CHCl),5.28(s,2H,PhCH,0),  6.95-

2

[ Found: C,68.09;H,6.53% C19H21C103 requires

C,68.57;H,6.31%].
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{2s,35]-4'-Benzyloxyphenyl 2—chlqro—3amethylpentanoate

Following a procedure similar to the one described above
(25,38)-2-chloro-3-methylpentanoic acid was esterified with 4-
benzyloxyphenol in the presence of «N,N-dicyclohexylcarbodiimide
and 4-pyrrolidinopyridine using dry chloroform as solvent.
vield, 64% m.p. 60.5°C; [al%’ = +2.19(c=2 in cucl,); vhiJ
2900, 1760, 1595, 1505, 1460, 1380, 1300, 1190 and 1020 cm '; &:0.62-
1.92(m,9H,2xCH,,CH, and CH),3.48(d,1H,CHC1),4.05(s,2H,0CH
6.05(m,8H,ArH).

2),5.4—

[ Found: C,68.94;H,6.69% 19H21C103 requires

C,68.57;H,6.31%].

[S]-2-Chloro-4-methylpentyl 4'-hydroxybenzoate

A mxture of ([S]-2-chloro-4-methylpentyl 4'-benzyloxy
benzoate (10.4 g, 0.03 mol) dissolved in 1,4-dioxan (100 ml) and
5% Pd/C catalyst (5.2 g) was stirred in an atnosphere of
hydrogen till the calculated quantity of hydrogen was absorbed.
The reaction mxture was filtered and dioxan renobved by
distillation wunder reduced pressure. The residual product so
obtained was chromatographed on silica gel and eluted wth
chloroform. Removal o0f solvent fromthe eluate afforded a white

solid which was crystallised from ethanol (7.0 g, 91%. m.p.

60.0°C; [ a]3® = -6.2(c=2 in C,H,OH); v hal®l : 3420, 2950, 1690,
1590, 1460, 1285 and 1165 cm™'; §:0.65-2.22(m,9H, 2xCH,,CH, and CH),

3.57-4.60(m, 3H,COOCH,CHC1),6.57 (s, 1H,0H),6.92(d,2H,ArH),8.0(4d,2H,
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nujol,



ArH).

[ Found: C,60.94;H,6.83% C13H17C103 requires

C,60.82;H,6.63%].

[25,35]-2-Chloro-3-methylpentyl 4'-hydroxybenzoate

Followng a procedure simlar to the one described above
[25,3S8]-2-chloro-3-methylpentyl 4' - benzyl oxybenzoat e was
subjected to hydrogenolysis in 1,4-dioxan using 5% pP4/C as a
catal yst.

Yield, 90% m.p. 59.0°; (al8® = -6.5(c=2 in C,HOH); vhilo
3360, 2980, 1690, 1615, 1590, 1515, 1450, 1270and 1165 cnfl; § :0.72-
2.12(m,9H,2xC§3,C52
OH), 6.88-8.48(m,4H,ArH)

and CH),4.04-4.76(m,3H,COOCH,CHC1),6.80(s, 1H,

2

[Found: C,61.03;H,6.90% C13H17Clo3 requires

C,60.82;H,6.63%].

[S]-4*-Hydroxyphenyl 2-chloro-4-methylpentanoate

A mxture of [S]-4'-benzyloxyphenyl 2- chl or o- 4- net hyl
pentanoate (10.0 g, 0.03 mol) dissolved in 1,4-dioxan (100 ml)
and 5% Pd/C catalyst (5.0 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

chloroform Renoval of solvent fromthe eluate afforded a white



solid which was crystallised from ethanol (6.8 g, 94%. m.p.

77.5%c;  [a]2% = +6.83(c=2 in C,H,0H); v 2l 3360, 2940, 1750,
1600, 1510, 1180, 864 and 824 cm™'; §:0.73-2.0(m,9H,2xCH,,CH, and

CH),4.35(t,1H,CHC1),5.92(s, 1H,0H),6.27-7.07 (m, 4H,ArH) .

[ Found: C,58.91;H,6.54% Ci,Hy5CL05 requires

c,59.38;H,6.18%].

[25,3S]-4-Hydroxyphenyl 2-chloro-3-methylpentanoate

Following a procedure similar to the one described above
(2S,3S])-4"'-benzyloxyphenyl 2-chl oro-3-net hyl pentanoate was sub-

jected to hydrogenolysis in 1,4-dioxan using 5% P4d/C as a

catalyst.
Yield, 95% m.p. 80.8°C; [a]2® = +3.4(c=2 in cHCly); vpal®t
3400,2940,1740,1600,1510,1390,1180,940,715 and 700 cm_,; §:0.8-

2.4(m,9H,2xCH,,CH, and CH),4.35(d,1H,CHC1),6.26(s,1H,0H),6.82

(dd, 4H,ArH).

[ Found: C,59.86;H,6.25% C12H15C103 requires

C,59.38;H,6.18%1].

[S]-4"-(2-Chloro-4-methylpentyloxycarbonyl)phenyl trans- 4"-n-

dodecyl oxyci nnamate (3.a.7)

This was prepared following the esterification procedure of
Hassner and Alexanian.?® Thus a nixture of trans-4-n-dodecyloxy-

cinnamc acid (0.33 g, 0.001 mol), N,N-dicyclohexyl carbodiim de



(0.23 g, 0.0011 mol), [sS]-2-chloro-4-methylpentyl 4'-hydroxy-
benzoate (0.28 g, 0.0011 mol), 4-pyrrolidinopyridine (0.015 g,
0.0001 mol) and dry dichloromethane (50 ml), protected from
noi sture through anhydrous calcium chloride guard tube, was
stirred for one hour at roomtenperature. N,N-Dicyclohexyl urea
formed was filtered and the filtrate was washed successively W th
water (2x25 ml), 5% acetic acid (3x30 ml), water (3x30 ml) and
dried (Na,S0,). The residue obtained on removal of solvent was
chromat ographed on silica gel and eluted with 40% chloroform-
petroleum ether (b.p. 60-80°C) mixture. Removal of solvent from

the eluate afforded a white solid which was crystallised several

times fromethanol (0.4 g, 70%. m.p. 52.0°C; [a]%5 = -8.86(c=2
in CHCl3); v33101:2950,2850,1720,1620,1600,1480,1280and 1120
cnfl; §:0.7-2.2(m,32H,3xCH,, 11xCH, and Cd),4.0(t,2H,ArOCH,),4.15-~

4.56(m,3H,COOCH,CHC1),6.27-8.17 (m, 10H,ArH and vinyl H).

[ Found: C,71.93;H,8.45% C;,4H,,C1l0; requires

C,71.52;:H,8.24%].

The physical data of the cognate preparations of other
[S]-4'-(2-chloro-4-methylpentyloxycarbonyl)phenyl trans-4"-n-

alkoxycinnamates [3(a)] are given below.

[s]-4'-(2-Chloro-4-methylpentyloxycarbonyl)phenyl trans-4"-n-

hexyl oxyci nnamate (3.a.1)

vield, 62% mp.51.5°C; [al}’ = -9.43(c=2 in CHC1,); vpujol
1

.
4

2950,2850,1720,1630,1600,1520,1460,1280,1140 and 1100 cm™

§:0.75-2.25(m, 208, 3xCH, , 5xCH, and‘CH),4.O(t,2H,ArOCH2),4.2-5.0



(m,3H,COOCH,CHC1),6.3-8.62(m,10H,ArE and vinyl H).

2
[ Found: C,70.42;H,7.52% C28H35C105 requires
C,69.96;H,7.19%].

[S]-4-(2-Chloro-4-methylpentyloxycarbonyl )phenyl trans- 4" -n-

hept yl oxyci nnarnate (3.a.2)

nNnujol.

25 L
-9.31 (c=2 in CHC1 max

D 3
2950, 2850, 1720, 1630, 1600, 1580, 1520, 1380, 114Gand 1120 cm

vield, 70% m.p. 57.5°C; [a) ) ;v

1

§:0.6-2.0(m,22H,3xCH,,6xCH, and CH),4.0(t,2H,Ar0CH,),4.22-4.62

37 2
(m,3H,COOCH,CHC1),6.4-8.4(m,10H,ArH and vinyl H).
[ Found: C,69.60;H,7.55% C29H37C105 requires

C,69.53;H,7.31%].

(S]-4'-(2-Chloro-4-methylpentyloxycarbonyl)phenyl trans-4"-n-

octyl oxyci nnanate (3.a.3)

25 _ a ...hujol.
[a] = ~9.29(c=2 In CHC13),\)maX

2950, 2875, 1720, 1630, 1605, 1520, 1280, 1140 and 1120 Cnfl; §:0.5-

Yield, 65% m.p. 50.0°C;

2.2(m,24H,3xCH,,7xCH, and CH),4.0(t,2H,ArOCH,),4.2-4.7(m, 3H,

37 2

COOCH.,CHC1),6.25-8.3(m,10H,ArH and vinyl H).

2

[ Found: C,69.86;H,7.70% Céok59c105 requires

C,69.97;H,7.58%].



[S]-4'-(2-Chloro-4-methylpentyloxycarbonyl)phenyl trans-4"-n-

nonyloxycinnamate (3.a.4)

. On. 25 _ —n .yhujol,
Yield, 65% m.p. 62.0°C; [a]D = -9.26(c=2 1in CHCl3),vmaX :

2950,2850,1720,1630,1600,1580,1520,1460,1280 and 1140 cm—1° 6:

r

0.65-2.2(m,26H,3xCH,,8xCH, and CH),3.9(t,2H,Ar0CH,),4.05-4.47 (m,

37 2
3H,COOCH,CHC1),6.16-8.2(m, 10H,ArH and vinyl H).

[ Found: C,70.79;H,8.03% Célkh1C105 requires
C,70.39;H,7.76%].

(S]-4'-(2-Chloro-4-methylpentyloxycarbonyl)phenyl trans-4"-n-

decyl oxyci nnamate (3.a.5)

0 On. 25 _ _ - Lhujol,
Yield. 68% m.p. 44.0°C; [a] b 9.06(c=2 in CHClz);v -~

2950,2850,1720,1630,1600,1580,1520,1270 and 1120 cm™'; 8§:0.62-2.2

(m,28H,3xC§3,

COOCH,CHC1),6.3-8.25(m, 10H,ArH and vinyl H).

9xCH, and CH), 4.0(t,2H,Ar0C§2), 4.1-4.57(m, 3H,

[ Found: C,70.70;H,8.17% C32H43Clo requires

5
C,70.78;H,7.93%].

{S]-4'-(2-Chloro-4-methylpentyloxycarbonyl)phenyl trans-4"-n-

undecyl oxyci nnamate (3.a.6)

on. 25 _ P ..ujol
Yield. 68% m.p. 55.5°C; [aly”™ = -8.93(c=2 in CHCL,) v s

2950,2850,1720,1600,1520,1480 and 1260 cm '; §:0.7-2.0(m,30H,3xCH,,
10xCH, and CH),4.0(t,2H,ArOCH,),4.1-4.57(m,3H,COOCH,CHC1),6.31-8.4

(m,10H,ArH and vinyl H).

[ Found: C,71.40;H,8.27% C33H45C105 requires
C,71.16;H,8.09%].
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[2S8,35]1-4'~(2-Chloro-3-methylpentyloxycarbonyl)phenyl trans-4"-n-

dodecyl oxyci nnamate (3.b.7)

Esterification of trans-4-n-dodecyloxycinnamc acid wth
[25,35]-2-chloro-3-methylpentyl 4'-hydroxybenzoate, following a
procedure similar to the one described for conpound 3.a.7, affor-

ded the desired ester 3. b 7.

).vnujol

. O . _ - .
Vield, 64% m.p. 53.5°C; [alf = +9.23(c=2 in CHCl,);»24)

2900, 1720, 1605, 1510, 1480, 1260 and 1160 cm .; §:0.78-2.2(m, 32H, 3xCH

31
11xC§2 and Cg),4.0(t,2H,Arocg2),4.12-4.78(m,3H,COOC§20§Cl),6.3-
8.6(m,10H,Ard and vinyl H).

[Foand: C,71.88;H,8.48% Cé4kh7C105 requires

C,71.52;H,8.24%].

The physical data of the cognate preparations of other
[25,3S]-4'-(2-chloro-3-methylpentyloxycarbonyl)phenyl trans-4"-n-

alkoxycinnamate [3(b)] are given below.

[25,3S]1-4'-(2-Chloro-3-methylpentyloxycarbonyl)phenyl trans-4"-n-

hexyl oxyci nnamate (3.b.1) v
vield, 70% m.p. 71.0°C; [al%5 = +9.29(c=2 in CHC13);Vgg§Ol
2900, 1720, 1630, 1600, 1520, 1480, 1310, 1270 and 1140 cm'l; §:0.06-

2.18(m,20H, 3xCH,,

COOCHZCECI),6.2—8.3(m,10H,Ar§ and vinyl H).

5xCH2 and Cg),4.0(t,2H,ArOC§2),4.1-4.65(m,3H,

[ Found: C,69.59;H,7.35% C28u35c10, requires

C,69.06;H,7.19%].
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[25,3S]-4'-(2-Chloro-3-methylpentyloxycarbonyl )phenyl trans- 4" -n-

hept yl oxyci nnamate (3.b.2)

. 0 OnA. 25 _ - i yhujol,
Yield, 68% m.p. 64.5°C; [a]D = +9.17(c=2 In CHCl3),vmax :

2900, 1720, 1630, 1600, 1460, 1290, 1270, 1160 and 1120 cm™'; &:0.62-

2.28(m,22H,3XC§3,6xC§2 and Cg),4.0(t,2H,ArOC§2),4.12—4.68(m,3H,

C00C§2C§Cl),6.25—8.37(m,10H,Arg and vinyl H).

[ Found: C,69.66;H,7.50% C,9H3,C10 requires

C,69.53;H,7.39%].

[25,35]-4"'-(2-Chloro-3-methylpentyloxycarbonyl)phenyl trans-4"-n-

octyl oxyci nnamate (3.b.3)

9 Oc. 25 _ - Ghujol,
Yield. 60% m.p. 57.0°C; [a]D = 4+9.01(c=2 in CHCl3),VnHX

2900, 1720, 1630, 1600, 1500, 1290, 1270, 1140 and 1120 Cnrl; §:0.72-
2.12(m,24H,3xC§3,7xC§2 and Cg),4.0(t,2H.ArOCg2),4.1—4.7(m,3H,

COOCH,CHC1),6.3-8.27(m, 10H,ArH and vinyl H).

[Found: C,70.07;H,7.72% H39C135 requires

30
C,69.97;H,7.58%].

[25,35]-4'-(2-Chloro-3-methylpentyloxycarbonyl)phenyl trans-4"-n-

nonyl oxyci nnamate (3.b.4)

- On. 25 _ P ~ AUjol
Yield, 65% m.p. 52.0°C; [a]D = +9.08(c=2 in CHC13)n)max :

2900,1720,1630,1600,1290,1270,1140 and 1120 cmf1' 6:0.62-2.22(m,

14



26H,3xCH;, 8xCH, and cg),4.0(t,2H,Arocg2),4;1-4.65(m,3H,coocgzcgc1),
6.25-8.27(m,10H,ArH and vinyl H).
[ Found: C,70.44;H,7.98% Cy,H,,ClO; requires

C,70.39;H,7.76%].

[25,3S]-4'-(2-Chloro-3-methylpentyloxycarbonyl)phenyl trans-4"-n-

decyloxycinnamate (3.b.5)

Yield, 65% m.p. 42.50C; [a]D5 = +9.12(c=2 In CHCl3);V%%%ol

2900,1720,1630,1610,1520,1460,1280,1260 and 1120 cm™ ' ;6:0.64-2.22

(m,28H,3xCH,,9%xCH and CH), 4.0(t,25,Arocg2), 4.13-4.66(m,3H,

3 2

COOCH,CHC1),6.26-8.26(m,10H,ArH and vinyl H).

2

[ Found: C,71.20;H4,8.13% C3,H3C10; requires

C,70.78;H,7.93%].

[2S,35]-4"-(2-Chloro-3-methylpentyloxycarbonyl)phenyl trans-4"-n-

undecyl oxyci nnamate (3.b.6)

. . On. [ 4125 _ i .y1ui,0
Yield, 65% m.p. 62.5°C; [a.]D = +9.18(c=2 in CHCl3),vmaX

2900,1720,1630,1600,1510,1470,1280,1260 and 1120 cm™'; §:0.62-2.2

(m,30H,3xCHy , 10xCH,, and CH),4.0(t,2H,ArOCH,),4.12-4.69(m,3H,

2 2
COOCH,cHC1),6.3-8.3(m, 10H,ArH and vinyl ).

[Found: C,71.00;H,8.31% C33H45C105 requires

C,71.16;H,8.09%].
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[S]-4'-(2-Chloro-4-methylpentanoyloxy)phenyl trans-4"-n-

dodecyloxycinnamate (3.c.7)

Followng a procedure simlar to the one described for
compound 3.a.7, esterification of trans-4-n-dodecyloxycinnamic
acid with [Ss]-4'-Hydroxyphenyl 2-chloro-4-methylpentanoate affor-

ded the desired ester 3.c.7.

nujol .

Yield, 64% m.p. 62.0°C; [@13> = -10.01(c=2 in CHCl,); v may

1

14

2950,1770,1720,1630,1600,1580,1510,1500, 1480 and 1140 cm

§:0.78- 2.16(m,32H,3xCH,, 11xCH, and Cg),4.0(t,2H,ArOC§2),4.5(t,1H,

3 L
CHCl1),6.3-8.0(m,10H,ArH and vinyl H).

[ Found: C,70.83;H,8.26% C4y4H,5ClOg requires

C,71.16;H,8.09%].

The physical data of the cognate preparations of other ([s]-
4'-(2~-chloro-4-methylpentanoyloxy)phenyl trans-4"-n-alkoxycinna-

mates [3(c)] are given bel ow

[S]-4'-(2-Chloro-4-methylpentanoyloxy)phenyl trans-4"-n-

hexyl oxyci nnamate (3.c.1)

) .\)nuiJOI .
' 'max "

1

-
14

Yield, 65% m.p. 81.5°C; [a]§5 = -10.41(c=2 in CHCl,

2950,1770,1720,1630,1600,1510,1500,1460,1260,1180 and 1140 cm

§:0.74-2.16(m,20H,3xCH,, 5xCH, and CH),4.0(t,2H,Ar0CH,),4.48(t,
1H,CHC1),6.32-8.06(m, 10H,ArH and vinyl H).
[ Found: C,68.12;H,7.06% C,,H;3Cl0 requires

C,68.57;H,6.98%].



[s]-4'-(2-Chloro-4-methylpentanoyloxy)phenyl trans-4"-n-

hept yl oxyci nnamate (3.c.2)

: 2 . nuijol
Yield, 65% m.p. 55.0°C; [al% = -10.42(c=2 in CHCl,);vpy]
2950,1760,1740,1630,1620,1580,1510,1500,1470,1280,1250,1180 and

1120 cm™'; 6§:0.81-2.15(m,22H, 3xCH 6xCH, and CH),4.0(t,2H,ArOCH

37 2)1

4.53(t,1H,CHC1),6.31-8.0(m,10H,AxH and vinyl H).

[ Found: C,69.29;H,7.34% C28F56c105 requires
C,69.06;H,7.11%].

[S]-4'-(2-Chloro-4-methylpentanoyloxy)phenyl trans-4"-n-

octyl oxyci nnamate (3.c.3)

- On. 25 _ P G ujol
Yield, 68% m.p. 62.0°C; [a]g™ = -10.81(c=2 in CHCl;);v .o

2950,1760,1720,1630,1600,1580,1500,1470,1280,1260,1180 and 1130

cm=1; §:0.72-2.22(m,24H,3xCH , 7xCH, and CH),4.0(t,2H,ArOCH,),

4.51(t,1H,CHC1),6.31-8.0(m,10H,ArH and vinyl H).

[ Found: <,69.68;H,7.55 C29F57C105 requires

C,69.53;H,7.39%].

[S]-4'-(2-Chloro-4-methylpentanoyloxy)phenyl trans-4"-n-

nonyl oxyci nnamate (3.c.4)

i 9 °c. [a]25 = _1p. =2 in CHC1,);ynu3ol
Yield, 70 m.p. 73.0°C; [ ]D 10.28(c in 3),vnax

2950,1760,1720,1630,1600,1580,1520,1500,1470,1290,1260,1180  and

1160 cm_1; §:0.71-2.22(m,26H, 3xCH,,8xCH, and CH),4.0(t,2H,ArOCH

3' 2)'



4.51(t,1H,CHC1),6.3-8.0(m, 10H,ArH 'and vinyl H).

[ Found: C,69.55;H,7.68% Céokbgc105 requires

C,69.97;H,7.58%].

[S]-4'-(2-Chloro-4-methylpentanoyloxy)phenyl trans-4"-n-

decyl oxyci nnanate (3.c.5)

nujol,

. o o, 25 | _ =2
Yield, 68% m.p. 69.0°C; [a]D 10.77(c=2 in CHCl nax

33V

2950,1760,1720,1630,1600,1520,1500,1460 and 1130 cm™ ' ;8:0.69-2.22

xm,28H,3xC§3,9xC§ and CH),4.0(t,2H,Ar0CH, ), 4.53(tg1H,CHC1),6.3~

2
8.0(m,10H,ArH and vinyl H).

[ Found: ¢,70.39;H,7.91% C31H41C105 requires

C,70.39;H,7.76%].

[S]-4'-(2-Chloro-4-methylpentanoyloxy)phenyl trans-4"-n-

undecyloxycinnamate (3.c.6)’

. O, 25 _ P . yhujol,
Yield, 62% m.p. 54.0°C; [a]9’ = -10.4(c=2 in CHCly); Voo ™

2950,1760,1720,1630,1600,1580,1510,1500, 1460 and 1140 cm_1; 6 :

0.71-2.29(m,30H,3xCH,, 10xCH, and CH),4.0(t,2H,ArOCH,),4.53(t,1H,

37 2
CHC1),6.3-8.07(m,10H,AxrH and vinyl H).

[ Found: C,70.47;H,8.02% C‘32H43C1o5 requires

C,70.78;H,7.98%].
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[25,35]-4'-(2-Chloro-3-methylpentanoyloxy)phenyl trans-4"-n-

dodecyl oxyci nnamate (3.4.7)

Followng a procedure simlar to the one described for
the compound 3.a.7, esterificationof trans-4-n-dodecyloxycinna-
mc acid wth [(25,35]-4'-hydroxyphenyl 2-chloro-3-methylpenta-

noate afforded the desired ester 3.d.7.

25

Yield, 65% m.p. 56.5°C; [@]%> = +1.12(c=2 in CHCl,);vhJol

3)Vmax
2950,1720,1630,1605,1510,1500,1470 and 1130 em™ §:0.69-2.39(m,

1 4

32H,3xCH,, 11xCH,, and CH),4.0(t,2H,ArOCH

8.0(m,10H,Ard and vinyl H).

,),4.37(d, 1H,CHC1), 6.3~

[ Found: C,71.41 ;H,8.24% C33Fh5ClOS requires

C,71.16;H,8.05%].

The physical data of the cognate preparations of other
[25,35])-4"'-(2-chloro-3-methylpentanoyloxy)phenyl trans-4"-n-

al koxyci nnamates [3(d)] are given bel ow.

[25,3S]-4"'-(2-Chloro-3-methylpentanoyloxy)phenyl trans—-4"-n-

hexyl oxyci nnamate (3.d4.1)

Yield, 65% m.p. 81.0°C; [@]%’ = +1.06(c=2 in CHCl.);yR4Jol
D 3 max

2950,1770,1720,1630,1600,1500,1470,1260,1180 and 1140 cm™'; 6

1 4

0.7-2.35(m, 20H, 3xCH,,

CHC1),6.32-8.0(m,10H,ArH and vinyl H).

5xCH, and CH),4.0(t,2H,ArOCH,),4.41(d, 14,

[ Found: C,68.51;H,7.09% C27F%3C105 requires

C,68.57;H,6.98%].



[2S5,35]-4'-(2-Chloro-3-methylpentanoyloxy)phenyl trans-4"-n-

hept yl oxyci nnamate (3.d4.2)

. nujol .-
3)'vmax

2950,1770,1750,1640,1610,1580,1510,1470,1140 and 875 cm™'; 6

1 4

Yield, 67% m.p. 61.5°C; [a]é5 = +1.08(c=2 in CHC1

0.7-2.38(m,22H,3xCH,,6xCH, and  CH),4.0(t,2H,ArOCH,),4.38(d, 1H,

2
CHC1),6.32-8.0(m,10H,ArH and vi nyl H).

[ Found: C,68.83;H,7.27% C,gH35C10; requires

C,69.06;H,7.19%].

[25,35]-4'-(2-Chloro-3-methylpentanoyloxy)phenyl trans-4"-n-

octyl oxyci nnamate (3.d4.3)

- . 25 . nuiol.
Yield, 648, m.p. 61.0°C; [alf’ = +1.18(c=2 in CHCl3);vmai .
2950,1765,1740,1640, 1605, 1580,1510,1470,1140 and 875 cm™'; 6:

r

0.68—2.36(m,24H,3xC§3, 2

CHCl),6.3-8.0(m,10H,Ard and vinyl H).

7xCH, and CH),4.0(t,2H,ArOCH.,),4.38(d, 1H,

2

[ Found: C,69.84;H,7.55% C29Fb7c105 requires

C,69.53;H,7.39%].

[25,35]-4"'-(2-Chloro-3-methylpentanoyloxy)phenyl trans-4"-n-

nonyl oxyci nnamate (3.d.4)

. P i nujol
Yield, 75% m.p. 69.0°C; kx]és = +1.17(c=2 1n CHC13);“mag< )
2950,1770,1730,1630,1600,1580,1510,1500,1460 and 1140 cm § :

_1°

0.68-2.43(m,26H, 3xCH,,8xCH, and CH),4.0(t,2H,Ar0CH,),4.39(d, 1H,

=3
CHC1),6.21-8.03(m,10H,ArH and vinyl H).

[ Found: C,69.85;H,7.68% C30k59c105 requires
C,69.97;H,7.58%].



[25,35]-4"'-(2-Chloro-3-methylpentanoyloxy)phenyl trans- 4" - n-

decyl oxyci nnamate (3.4.5)
vield, 70% 56.0°C; (@122 = +1.06(c=2 in CHCL,) ; .ynujol.
ield, m.p. . ; D = c= max -

2950, 1770, 1730, 1630, 1600, 1470 and 1130 cm'1; §:0.7-2.41(m, 28H,

H,,9xCH, and CH),4.0(t,2H,ArOCH, ),

10H,ArH and vinyl H).

3xCH 4.38(4,1H,CHC1),6.3-8.0(m,

[ Found: C,70.50;H,7.86% C31H41C105 requires

C,70.39;H,7.76%].

[25,35]-4"'-(2-Chloro-3-methylpentanoyloxy)phenyl trans- 4" -n-

undecyloxycinnamate (3.d4.6)

. 0 O 25 _ o _.nujol,
Yield, 70% m.p. 50.0°C; [a]D = 4+1.20(c=2 InN CHC13),vmax :

2950, 1765, 1730, 1630, 1600, 1580, 1470 and 1130 cm '; &§:0.73-2.39

(m,30H, 3xCH3,10xc§2 and CH),4.0(t,2H »ArOCH,

6.3-8.0(m,10H,ArH and vinyl H).

),4.36(d, 1H,CHC1),

[ Found: ¢€,70.42;H,8.04% C,,H,5Cl0, requires

C,70.78;H,7.93%].

[25,35]-4"'-(2-Chloro-3-methylpentyloxycarbonyl)phenyl

trans-4"-n-dodecyloxy-a-methylcinnamate (3.e.7)

Following a procedure similar to the one described for the
conpound 3.a.7, esterification of trans-4-n-dodecyl oxy-nmethyl -
cinnamc acid wth [2S,3S]-2-chloro-3-methylpentyl 4'-hydroxy-

benzoate afforded the desired ester 3.e.7.



‘¢°p* ¢ punodwoo ay3z Jo wniazoads HKWN mF

q wdd

] |
_2-2_0-H)-H)-2-0—~<0O)e ﬁbn?@o b

0 0 I_
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Yield, 65%; m.p. 44.3°c; [a]%5 = +8.8(c=2 1IN CHC13);Vg;iO

1730,1605,1510 ,1460 ,1260 and 1080 cm_l; §:0.71-2.12(m,32H,

2950,

3xC§3,

4.7(m,3H,COOC§2C§Cl),6.8—8.3(m,9H,ArH and vinyl H).

11xCH, and CH),2.25(s,3H,C=C(CH;)~),4.0(t,2H,Ar0CH,) ,4.12-

[Found: C,72.083H,8.62% C35H49Clo5 requires
c,71.853H,8.38% ].

[25,35]-4'-(2-Chloro-3-methylpentanoyloxy)phenyl

trans— 4"- n- dodecyloxy- a- mehylcinnamate (3.£-7)

Following a procedure similar to the one described for the
compound 3.a.7, esterification of trans-4"-n-dodecyloxy-o-me thyl-
cinnamic acid with [2S,3S]-4'-hydroxyphenyl 2-chloro-3-methyl-
pentanoate afforded the desired ester 3.f.7.

Yield, 64%; m.p. 44.4°C; (a]S’ = -1.82(c = 2 in CHCLy) 3w !

2950,1755,1720 ,1600 ,1510 ,1500 ,1250 ,1165 and 1085 cm—1- 6:0.5-2.0

-

(m,32H ,3xC§3 ,

4.4(d4,IH,cHcl) ,6.8-8.0(m,9H ,ArH and vinyl H).

11XC§2 and CH),2.24(5,3H,C=C(CH3)—),4.0(t,2H,ArOCHZ),

[Found: C,71.893H,8.45% C34H47Clo5 requires

c,71.523H4,8.23% ).
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