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ABSTRACT 

This work involves the synthesis of two types of 

electro-optic monomers and their corresponding polymers. 

The first type of monomers contain the p-oxy-a-

cyanocinnamate structure 

hydroxyalkoxy-substituted 

and were synthesized from w-

benz aldehydes and methyl 

cyanoacetate. These w-hydroxy-a-cyanoester monomers show a 

high degree of electron delocalization. Copolyesters were 

synthesized by copolymerization of these monomers with 

methyl 12-hydroxydodecanoate by the standard two-stage, 

high-temperature polyesterification procedure. The 

copolyesters, incorporating dipolar units all pointing in 

the same direction, are soluble and solution- and melt

processable. Second harmonic generation (SHG) measurements 

on chloroform solutions of the copolymers showed 

enhancements of X2 as large as 20 relative to the dipolar 

monomers. These are the first known readily soluble main 

chain polymers that exhibit SHG behavior. 

The second type of monomers were acrylates 

containing substituted phenyl esters of benzoic acid as 

mesogenic (pendant) groups. Specifically, the mesogenic 

group contained an oxy-aryl-carboxy-aryl-carboxy-alkyl 

structure separated from the acrylate carbon-carbon double 

viii 
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bond by a spacer group, which had a carboxyethyl

carboxyhexyl structure. A synthetic route was established 

by synthesizing a model monomer containing a 2-methylpropyl 

group as the alkyl group at the end of the mesogenic group. 

The model monomer was polymerized free radically and the 

the resulting polymer found to possess a smectic liquid 

crystalline phase that became isotropic at 103 0 c. with 

the synthetic route established, an optically active 

monomer containing a (S)-2-methyl-1-butyl group as the 

alkyl group at the end of the mesogenic group was 

synthesized and polymerized. The optically active polymer 

was already in a smectic liquid crystalline phase at room 

temperature (~25° C) and the phase persisted up to 72.6 0 c. 

These results indicate that it is possible to design 

polymers containing thermotropic liquid crystalline phases 

by fixing low molecular weight liquid crystalline molecules 

to a polymer main chain. 



CHAPTER 1 

INTRODUCTION 

The history of polymer chemistry shows a striving 

to improve the physical properties of materials. These 

properties are chiefly mechanical strength and thermal 

stability. 

More recently chemists have focused on synthesizing 

materials that combine the useful physical properties of 

polymers plus adjunct properties like the nonlinear optic 

phenomena and liquid crystallinity. 

This work deals with the synthesis of two types of 

polymers that exhibit these adjunct properties. 

Nonlinear Optic Materials 

Historical Background 

In 1961, Franken and co-workers found that the 

frequency of laser light could be doubled by focusing the 

laser light onto a quartz crystal. 1 This doubling effect 

was called second harmonic generation (SHG). A complete 

theoretical treatment of the SHG phenomenon was described a 

year later by Armstrong and co-workers. 2 

In actuality, SHG is a single manifestation of what 

is known as nonlinear optics, so-called because the 

1 
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fundamental equation for this phenomenon is a nonlinear 

equation. At the atomic or molecular level, this equation 

is 

P = aE + ~EE + Y EEE + •.. , ( 1) 

and refers to the polarization P induced in an atom or 

molecule by an external field E. For macroscopic or bulk 

media the analogous equation is 

where the coefficients X(l), X(2), and X(3) are similar in 

meaning to their microscopic counterparts a, ~, and Y, 

respectively. A more detailed description of the 

mathematics underlying nonlinear optics can be found in 

numerous publications. 3- 9 

The ~ or X(2) coefficient is the quantity of 

interest when measuring SHG, and consequently, much work 

has gone into maximizing these values. The important 

aspect regarding all even ordered coefficients, such as ~, 

is that they are highly symmetry dependent. Therefore, for 

centrosymmetric molecules, ~ is zero and likewise, X(2) is 

zero in centrosymmetric media. In contrast, a molecule 
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with an asymmetric charge distribution will show a nonzero 

~ value. Macroscopically, if these molecules form a 

centrosymmetric crystal or are in an orientationally 

averaged molecular environment, such as a liquid, they will 

exhibit a zero X(2) value. In order to get a measurable 

X(2) value, the molecule must form an asymmetric crystal or 

an applied external aligning force, like an electric field, 

must be used to give a bulk alignment. 3 

The initial work on SHG focused on inorgainc 

materials. In 1968, however, Kurtz and Perry reported ~ 

values for many organic compounds including urea, picric 

acid, 1,3-dinitrobenzene, 4-aminopyridine, and d-glucose. 10 

The next year Bass and co-workers reported SHG from several 

coumarin dyes. 11 They found 7-diethylamino-4-

methylcoumarin had a ~ value as high as LiNb03, one of the 

best inorganic SHG compounds. Since then numerous studies 

have been done looking at available and newly synthesized 

compounds. 4 ,12-18 

From the study of organic compounds, researchers 

noted that compounds with delocalized n-systems showed 

higher ~ values than those without. The best compounds 

were those with donor and acceptor substituents attached to 

the extended n-system. 19- 20 These compounds have a highly 

asymmetric charge distribution, a requirement for the 

exhibition of ~ values. 
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While many compounds possess large ~ values, a 

major obstacle in their development as bulk materials has 

been trying to incorporate them into condensed phases with 

appropriate symmetries for observing large X(2) values. 21 

To this end, various methods are being explored for 

producing such materials. 3 ,22-26 Approaches based on 

single crystal growth could lead to the highest achievable 

X(2) values due to the high concentration of active 

chromophores. Unfortunately, crystal symmetries are 

unpredictable and large crystals with reasonable mechanical 

properties are difficult to aChieve. 25 Hence, a variety of 

alternate approaches have emerged for achieving well 

controlled orientation with some sacrifice in the ultimate 

nonlinear coefficient, in this case X(2). These approaches 

include monomolecular films,22 poled polymer glasses,24 

poled polymeric liquid crystals,26 and poled polar 

polymers. 21 A benefit to the polymeric approaches is that 

they utilize the excellent physical properties associated 

with polymers. 

Monomolecular films rely on control of inter- and 

intralayer forces and bonding to control symmetry. Poled 

polymer glasses combine the useful properties of polymeric 

host media with those of the nonlinear molecule and use 

electric field poling to achieve partial removal of 

orientational averaging of the isotropic medium. Dilution 

of the chromophore concentration and the practical problems 
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associated with high poling fields constitute the 

limitations on this approach. Polymeric liquid crystalline 

media have been shown to provide enhancement in the 

orientation of dopant molecules due to the contribution of 

orientational potential of the host to the guest polar 

alignment. Finally, there is the possibility of an 

additional alignment enhancement mechanism in polymers due 

to cooperation of individual molecular dipole contributions 

in polar polymer chains. 

Objective 

Using the established structural parameters for 

large value organic compounds, and the known 

characteristic of polymers providing useful physical 

properties, we set out to synthesize a polymerizable 

monomer with a molecular dipole. The monomer was to be of 

the AB-type, so that its corresponding polymer would have 

the dipoles of the monomer units all pointing in the same 

direction along the polymer chain. Additionally, the 

polymer was to be soluble in common organic solvents like 

dichloromethane to ensure processability. 

Liquid Crystalline Materials 

Historical Background 

The self-orienting ability of certain compounds 

above their melting point was first noted by the Austrian 

botanist Reinitzer in 1888. 27 A year later, Lehmann 
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described the properties of these compounds and suggested 

the name liquid crystals for compounds which are liquid in 

their mobility and crystalline in their optical 

properties. 28 However, it was not until the late 1950's, 

after the publication of a review by Brown and Shaw,29 that 

numerous studies of the properties and structures of liquid 

crystals began. 

In the last dozen years, the study of liquid 

crystalline polymers has generated increasing interest 

because they combine the 

liquid crystals and 

associated with polymers. 

desirable optical properties of 

the useful physical properties 

In the 

co-workers at Dupont described 

mid-1970's, Kwolek and 

the characteristics of 

liquid crystalline solutions (lyotropic liquid crystals) of 

p-linked aromatic polyamides. 30 At the same time, Jackson 

and co-workers at Tennessee Eastman synthesized 

copolyesters from poly(ethylene terephthalate) and p-

acetoxybenzoic acid. 31 These were recognized as the first 

thermotropic liquid crystalline polymers. Thermotropic 

liquid crystals are those that form by heating a compound. 

The synthesis of side chain liquid crystalline 

polymers began in the early 1970's.32-35 These were vinyl 

polymers with mesogenic side chains. Mesogen refers to the 

part of the molecular structure within a compound that 

enables it to exhibit liquid crystalline behavior. This 

early work involved the formation of liquid crystalline 
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phases of the monomer, followed by polymerization. The 

resulting polymer showed liquid crystalline phases, but 

heating above the polymer glass transition temperature 

caused the irreversible loss of the liquid crystalline 

phases. 36 

Ringsdorf and co-workers began a systematic study 

on various side chain liquid crystalline polymers in the 

mid-1970's. They established the need for flexible spacer 

groups between the polymer main chain and the rigid 

mesogenic side chains, so that the main chain motions are 

decoupled from those of the mesogenic side chains. 37 - 38 

These polymers showed sharp reversible phase transitions. 

In 1980, Clark and Lagerwall developed a bistable, 

fast-switching, electro-optic light valve based on the 

properties of ferroelectric smectic C* liquid crystals. 39 

Smectic C liquid crystals are those which have structures 

where the long axes of their constituent molecules are 

tilted with respect to their layer planes. . * Smect1c C 

liquid crystals exhibit the same liquid crystal structure 

as smectic C liquid crystals, but the constituent molecules 

contain a chiral center also. Because of the reduced 

symmetry in the molecule (and in the liquid crystalline 

phase) due to the presence of the chiral center, these 

materials possess a spontaneous polarization. 39 - 41 

Materials of this type are called ferroelectrics, and have 
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mentioned above. 
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applications such as the light valve 

Goodby and Leslie, in 1984, published guidelines 

stating the necessary molecular features required 

for materials to potentially exhibit ferroelectric smectic 

phases. 40 

In 1986, Decobert and co-workers published the 

results on their synthesis of vinyl side chain monomers 

that exhibit a smectic c* phase. For the corresponding 

polymers they only described the formation of liquid 

crystal phases, not the specific types of phases. 42 

Objective 

Using the design rules of Goodby and Leslie and the 

synthetic ideas of Ringsdorf and co-workers for the 

synthesis of side chain liquid crystalline polymers, we set 

out to synthesize side chain liquid crystalline polymers 

that could potentially exhibit smectic C* liquid crystal 

phases. Specifically, we wanted to synthesize an acrylate 

monomer with a pendant group containing an optically active 

site. The pendant group structure would be similar to that 

found in low molecular weight liquid crystal compounds that 

displayed smectic liquid crystalline phases. 

Polymerization of this monomer was expected to give a 

liquid crystal compound that not only displayed a smectic 

C* liquid crystalline phase, but contained the desirable 
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physical properties of polymers; chiefly, physical 

resiliency and solution processability. 



CHAPTER 2 

SYNTHESIS OF POLYESTERS CONTAINING A NONRANDOMLY 
PLACED HIGHLY POLAR REPEAT UNIT 

Background Leading to Synthetic Approach 

In the past two decades a lot of work has gone into 

the synthesis of organic molecules that exhibit SHG upon 

exposure to laser light. Even though many molecules have 

been found to exhibit large ~ values, it is necessary that 

in bulk these molecules have a collective orientation in 

one direction, so that the bulk materials exhibit large 

X(2) values. Large crystals of these molecules would lead 

to high X(2) values, but the crystal symmetries required 

are unpredictable and large crystals with reasonable 

mechanical properties are difficult to achieve. The 

alternate approach has focused on various uses of polymers, 

which have excellent physical properties. These should 

give well controlled orientation with some sacrifice in the 

ultimate X(2) value achievable. 21 

Girling and co-workers have made monomolecular 

films which rely on control of inter- and intra layer 

forces and bonding to control symmetry.22 These Langmuir-

Blodgett films are composed of alternating layers of w-

tricosenoic acid and a merocyanine dye. They exhibited 

10 
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SHG, but synthesizing these types of films require 

extensive resources and expertise. 21 

Singer and co-workers made polymer glasses 

containing a dopant molecule in a 2% weight concentration. 

The polymer glass is poly(methyl methacrylate) and the 

dopant molecule is 4-[N-ethyl-N-(2-hydroxyethyl)]amino-4'

nitroazobenzene. The polymeric mixture was heated above 

its glass transition temperature, Tg , poled in an electric 

field to align the dopant molecules, then cooled below the 

Tg with the electric field still on. The resulting poled 

polymer glasses exhibited SHG, but there are drawbacks to 

this approach. The chromophore concentration is diluted by 

the polymer glass, there are practical problems associated 

with the high poling fields necessary to align the dopant 

molecules, and the dopant molecules' aligned orientation 

tends to randomize over extended periods of time. 21 ,24 

Meredith and co-workers have utilized poled 

polymeric liquid crystals to achieve enhanced alignment of 

guest SHG molecules. 21 

structure shown below. 

They used copolymers with the 
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The guest SHG molecule was 4-dimethylamino-4'

nitrostilbene (DANS). They reported that a greater degree 

of alignment could be obtained with DANS in a polymeric 

liquid crystalline media than by itself, due to the nature 

of the polymer-DANS cooperative interaction. 

A final approach is actual incorporation of dipolar 

moieties into the main chain of a polymer. This method 

might lead to an additional alignment enhancement mechanism 

in the polymer due to cooperation of individual molecular 

dipole contributions in the polar polymer chains. 21 

The synthesis of these kinds of polymers was first 

reported by Green and co-workers. 43 They synthesized 

quinodimethane monomers containing acceptor and donating 

substituents. 
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IR and 1H NMR spectra of the monomers indicated a 

high degree of electron delocalization from the donor 

moiety to the acceptor moiety. 

Homopolymerizations of the monomers gave insoluble 

and intractable homopolymers. Benzophenone solution 

copolymerizations with the comonomer methyl 12-

hydroxydodecanoate (1:1) and dibutyltin diacetate catalyst 

were accomplished using the standard two-stage high-

temperature polyesterification procedure. This is 

illustrated below in the polymerization reaction between 

7,7-(alkanediyldiamino)-8-carbomethoxy-8-

cyanoquinodimethane (DEQ) and the comonomer. 

- - ------ -- ------------ -------------
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OH 

At room temperature these copolyesters were soluble 

only in highly polar solvents like phenol/chlorobenzene and 

hexafluoro-2-propanol, hence, these polymers were not 

easily processable. Their lack of solubility makes SHG 

measurements difficult and predictably, SHG from these 

polymers has not yet been reported. 

Synthetic Objective 

Using the idea of Green and co-workers of a main 

chain dipolar monomer, we set out to synthesize a main 
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chain dipolar monomer. The structure was to be of the AB-

type, so that polymerization of the monomer would give a 

polymer chain with all the monomers incorporated in the 

same orientation along the chain, and hence, the monomer 

dipoles would all point in the same direction along the· 

chain. Additionally, the polymer was to be readily soluble 

in organic solvents like dichloromethane, thereby enabling 

easy processing of the polymer. 

Synthetic Approach 

The synthetic structure considered appropriate to 

meet our objective grew out of some compounds made by 

Schuster and co-workers in 1956. 44 They were making 

cinnamate-type compounds by doing Knoevenagel condensations 

between Meldrum's acid and variously substituted 

benzaldehydes. An example, shown below, is the reaction 

between 4-hydroxy-3-methoxybenzaldehyde and Meldrum's acid 

in the presence of a piperidine/acetic acid catalyst 

system. 

benzene 
piperidine 

acetic acid 
) 
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The yields in these reactions varied from 32% to 

96%, but most exceeded 65%. The colors of these compounds 

varied from yellow to red, indicating they were highly 

delocalized. Based on their structure, donating groups on 

the phenyl ring and the accepting carboxy groups on the 

vinyl double bond, these compounds should possess a 

molecular dipole. 

We believed that replacement of Meldrum's acid with 

methyl cyanoacetate and use of a hydoxy-substituted 

benzaldehyde would give a compound that might be 

polymerizable. An example of such a compound is 

o 
II 

~COCH' 

HO~ CN 

OCH] 

This compound would clearly have a molecular dipole 

due to the donating groups on the phenyl ring and the 

accepting groups on the double bond, which is in 

conjugation with the phenyl ring. Incorporating the above 

compound into a polymer would give a polymer with a 

backbone repeat unit of 
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{-a 

Results and Discussion on Synthesis 

Model Compound Synthesis and Discussion 

A series of model compounds were synthesized to 

ensure the viability of the Knoevenagel condensation 

between substituted benzaldehydes and methyl cyanoacetate. 

The experimental procedure followed that established by 

Schuster and co-workers in their work on Knoevenagel 

condensations between substituted benzaldehydes and 

Meldrum's acid. 44 

0 
0 

benzene II 

R~CHO 
II piperidine R~COCH' o + 

<COCH l acetic acid 
~ o " 

RiO CN 
RiO CN 

OR2 OR2 

la, R, Rl = H; R2 = CH3 2a, R, RI = H; R2 CH3 

lb, R, R2 = Hi Rl CH3 2b, R, R2 = Hi Rl = CH3 

lc, R = Hi Rl, R2 == CH3 2c, R = Hi RI, R2 = CH3 

ld, R = OCH3i RI, R2 = CH3 2d, R = OCH3; RI, R2 = CH3 
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benzene J6rr.CH10 ~ 
_---=:..::p:.;::i.:::.;pe:::..:r:::...i..:::d~i:::..:ne~4' 0" COCH) acetic acid 7 

CHO CN 
1 

OCH1 

3 4 

The substituted benzaldehydes were dissolved in 

benzene and then methyl cyanoacetate and the catalyst, 

piperidine/acetic acid were added. The reaction was heated 

to reflux in a Dean-Stark apparatus. This enabled the 

water generated by the reaction to be collected, due to the 

benzene-water azeotrope. The amount of water collected was 

compared to the theoretical amount of water that was 

supposed to be generated. In all cases, the amount of 

water collected was nearly quantitative. 

As shown in Table I on page 19, the model 

condensation reaction proceeded smoothly with a wide 

variety of substituted benzaldehydes. All compounds (2a-d, 

4) were yellow needle crystals. Confirmation of structure 

was provided by 1H and 13c NMR spectra, and elemental 

analysis. 

While the possibility exists that both the E and Z 

isomers formed in the reaction, both the 200-MHz 1H and 

50-MHz 13c NMR spectra indicated the presence of a single 

isomer of these cyanocinnamate derivatives. 

- - --~-------- ------------- -~---------~---~-~-~-----
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TABLE I 

Physical and Spectral Data of Model Compounds (2a-d, 4, 5) 

aldehyde product mp yield % abs max, mol abs 
run € 

Ia 2a 158-160 88 358 22,100 

Ib 2b 157-158 76 355 19,100 

Ic 2c 124-125 89 362 23,500 

Id 2d 112-114 85 363 13,600 

3 4 145-146 88 354 19,000 

5 140-142 22 306 15,000 

The decision on whether the geometric isomer was E 

or Z was made based on previous work by Hall and Daly on 

trisubstituted olefins. 48 In their work on the synthesis 

of dimethyl 1-cyano-l,2-ethylenedicarboxylate, they found 

that only the E geometric isomer formed. 

H3C-02C H \ /. 
C=C 

/ \ 
NC C02-CH3 

This is logical since this isomer minimizes any 

steric crowding between the two carbomethoxy groups 

present. By analogy, the E geometric isomer of the model 
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compounds (2a-d, 4) minimizes the steric crowding between 

the carbomethoxy and phenyl groups. Since the phenyl group 

is much larger than the second carbomethoxy group in the 

above trisubstituted olefin, the comparison between the two 

compounds should· be valid. 

Additional proof supporting the structure as being 

the E geometric isomer comes from the work by Pascual, 

Meier, and Simon on calculating the chemical shift of 

protons on substituted ethylenes. 49 Using their tabulated 

data, the hydrogen chemical shift for both the E and Z 

geometric isomers of 2a is calculated below, using the 

formula 

0H = 5.28 + Zgem + Zcis + Ztrans· 

E-2a 

J9r)
CN 

HO 0 COCH 3 

" OCH J 0 

Z-2a 
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E-2a Z-2a 

Base Value 5.28 5.28 

Zgem 1.35 1.35 

Zcis 1.15 0.56 

Ztrans 0.58 0.78 

Calcd Chern Shift 8.36 7.97 

The actual 5 value for 2a is 8.16. While this is 

midway between the calculated values for the two isomers, 

the phenyl ring reference value (1.35) used above is only 

for a nonsubstituted phenyl ring. The actual model 

compounds contain substituents on the phenyl ring which are 

electron donors. The increase in electron density provided 

by the donor substituents would increase the shielding of 

the ethylene proton. This would explain the lower than 

calculated 5 value for the ethylene proton of E-2a. 

The UV data for the model compounds (Table I) 

indicate that they are highly delocalized (as expected by 

their yellow color), but the dramatic shifts observed in 

the infrared spectra of the donor-acceptor quinodimethane 

monomers 43 are not present here. This indicates that the 

p-oxy-a-cyanocinnamate derivatives are not as highly 

polarized as the donor-acceptor quinodimethane monomers. 

A model for a polyester containing only a-

cyanocinnamate units was synthesized from 2a. Methyl p-
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hydroxy-m-methoxy-a-cyanocinnamate (2a) was dissolved in 

THF and then acetic anhydride and sulfuric acid catalyst 

added. After four hours at reflux, the solution was worked 

up, and white needle crystals isolated (Table I). The 

product's structure (5) was confirmed by 13C and IH NMR 

spectra, and elemental analysis. 

o 
II 

~COCH3 

HO~ CN 

OCH] 

2a 

Unfortunately, 

THF 

introduction 

5 

of the acetate 

functionality results in a considerable hypsochromic shift 

of 5 relative to the hydroxy derivatives (2a-d, 4). This 

is due to the fact that the acetoxy substituent is mildly 

electron-withdrawing and would therefore decrease the 

degree of polarization of the ring n-electrons toward the 

cyano ester end of the molecule. These results mean that a 

polymer with the structure 
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would be made up of very weak dipolar repeat units, at odds 

with our desire to synthesize a polymer with a strongly 

dipolar repeat unit. 

Synthesis and Properties of Monomers 

In order to incorporate the dipolar moieties (2a

d, 4) into a polymer chain in a nonrandom fashion, an 

AB-type structure is required. An w-hydroxy-a-ester 

possesses this type of structure. Model compounds 2a-c are 

specific examples of this type of structure. However, as 

was shown by the acylation of 2a to 5, an ester substituent 

on the phenyl ring greatly decreased the dipolar character 

of the monomer. The way around this problem is to separate 

the phenyl ring from the hydroxy group which takes part in 

the polymerization reaction. This can be done by 

introducing an alkyl spacer between the w-hydroxy group and 

the phenyl group. Also, the introduction of an alkyl chain 

would improve the processability of the polymer. With 

these ideas in mind, both 4-hydroxy-3-methoxybenzaldehyde 

and 3-hydroxy-4-methoxybenzaldehyde were converted to (w

hydroxyalkoxy)benzaldehyde derivatives (Table II). 
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1. NaOH o + ) 0 
RO J¥,

CHO 
2. Nal trace 

ETHANOL 
RO J¥,

CHO 

6a, 

6a, 

6b, 

aldehyde 

6a 

6a 

6b 

OR
1 

OR
1 

R=H, R1=CH 3 n=3, X=Br 7a, R=(CH2)30Hi Rl=CH3 

R=H, R1=CH3 n=6, X=Cl 7b, R=(CH2)60Hi Rl=CH3 

R=CH3, Rl=H n=3, X=Br 7c, R=CH3i R1=( CH2) 30H 

TABLE II 

Physical and Spectral Data on 
Synthetic Intermediates (7a-c) 

product mp yield % abs max, 
run 

7a 73-75 60 274, 306 

7b 51-54 89 274, 306 

7c 75-78 28 274, 306 

mol abs 
E 

13,000, 
10,000 

12,800, 
10,000 

10,500, 
8,200 

The procedure used was similar to those reported 

elsewhwere. 33 ,50 The aldehyde was dissolved in ethanol. 

Then excess sodium hydroxide was added, followed by the 

catalyst, sodium iodide. Lastly, the w-haloalcohol was 

slowly drop added to the solution and refluxing begun. 
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Chemically, the reason for the base addition was to 

pull off the phenoxy proton. The catalyst causes the w

haloalcohol to undergo a slight degree of halogen 

interchange, thereby making the a-carbon bonded to the 

iodine more likely to undergo an SN2 reaction. This can be 

explained by the better leaving group ability of I- over 

Cl-. 

After work-up the final products (7a-c) were white 

solids whose structures were confirmed by 13C and IH NMR 

spectra, and elemental analysis. 

Following 

compounds, the 

the procedure 

chain-extended 

worked out for the model 

products (7a-c} were 

condensed with methyl cyanoacetate to form the desired 

polymerizable compounds (8a-c), Table III. After 

recrystallization the monomers were yellow, needle crystals 

whose structures were confirmed by 13C and IH NMR spectra, 

and elemental analysis. The UV/Vis spectra showed the 

degree of electron de localization was similar to that in 

the model compounds (2a-d, 4). 



26 

o 

rf)yCHO 

RO~. + 
OR' 

benzene 
piperidine 

acetic acid ~ 

II 
~COCH3 

RO~ CN 

OR' 

7a, R = ( CH2)30H ; 

7b, R :: ( CH 2)60H ; 

7c, R :: CH3; Rl :: 

Rl = CH3 8a, R = ( CH2)30H ; 

Rl :: CH3 8b, R = ( CH2)60H ; 

( CH2) 30H 8c, R :: CH3; Rl :: 

TABLE III 

Physical and Spectral Data on 
Monomers (Sa-c) 

Rl :: CH3 

Rl :: CH3 

( CH2)30H 

aldehyde product mp yield % abs max, 
run 

mol abs 
e: 

7a 8a 

7b 8b 

7c 8e 

150-151 93 

91-93 93 

151-154 77 

363 

365 

363 

23,300 

23,700 

22,000 

Polymer Synthesis and Characterization 

General Method. Formation of polymers (structures 

on page 27) was accomplished ~-1ith the standard two-stage, 

high temperature polyesterification procedure in the 

presence of a catalyst, dibutyltin diacetate (Table V). 



TABLE IV 

POLYMER STRUCTURES 

o 
II 

~C+ 

-t-O~O~ CN 

CHaO 
9 

o 
II 
C+ 

10 

13 

27 
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The monomer or comonomers were melted under a 

nitrogen atmosphere in a mechanically stirred apparatus. 

The catalyst was injected under the surface of the 

monomer(s) melt. Immediate bubbling indicated the 

formation of methanol, a by-product formed in the 

transesterification reaction between monomers. After a 

specified amount of time, typically one hour, the nitrogen 

sweep was discontinued and high vacuum (0.01 Torr) applied. 

Again an initial high degree of bubbling occurred. This 

was caused by the dissolved methanol within the polymer 

melt, which boils out upon the decrease in ambient 

pressure. Additionally, the transesterification polymer

forming-reaction is reversible. By removing the methanol, 

the reaction is driven toward completion: total reaction 

between all hydroxy and carbomethoxy groups present. 

After a specified amount of time, heating and 

vacuum were stopped, and then solubility tests were run on 

the yellow polymers formed. The solvents used included 

dichloromethane, chloroform, acetone, THF, acetonitrile, 

DMSO, DMF, and m-cresol. All polymers that were chloroform 

soluble were precipitated into methanol and the 

precipitated polymers characterized by size exclusion 

chromatography (SEC). Elemental analyses were run all 

polymers. 
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Homopolymerization of Sa. Using the two-stage 

polymerization procedure, Sa was homopolymerized (run no. 

4, Table V on page 30) to yield 9, a hard, yellow, brittle 

compound that showed only slight solubility in standard 

organic solvents like dichloromethane and acetone. But, 9 

did dissolve in m-cresol over a period of 24 hours. Since 

9 was insoluble in chloroform, it could not be 

characterized by SEC. Elemental analysis on 9 matched that 

calcula'ted. The IR spectra indicated that both cyano and 

carbonyl functionalities were present. 

1. 160°, N2' 1h 
2. 160°, vac., 2h ) 

n-Bu2sn (OAC)2 

o II+-
~

c 

o CN 
-to(CHz)p 

OCH, 

9 

The lack of solubility of 9 can be explained by its 

highly crystalline nature, a result of the highly dipolar 

character and linearity of the repeat unit. 

Homopolymerization of Be. Since our objective was 

to synthesize a readily soluble polymer, we needed to 

decrease the polymer crystallinity. We decided this could 

be done by using the less linear m-substituted, n-propyl 



TABLE V 

Preparation and Physical Properties of Polyesters 

calcd no. 
stage 1, stage 2, monomer polymer yield, di~olar 

run no. h h ratioa structureb % M:c un~ts solubilitye n 

1 1 1 1:1 11 82 17,000 37 dichloromethane 

2 1 2 1:1 11 85 22,000 48 dichloromethane 

3 1 4 1:1 11 91 64,000 140 dichloromethane 

4 1 0.67 f 9 100 na na m-cresol 

5 1 2 2:1 11 91 17,000 47 dichloromethane 

6 1 1. 75 g 12 100 na na m-cresol 

7 1 2 3:1h 13 80 na na m-cresol 

8 2 0.75 l:l i 11 87 70,000 74 dichloromethane 

9 2 2 3.67:1 11 93 na na m-cresol 

10 1 0.33 j 10 85 na na m-cresol 

a Unless otherwise stated, monomers are 8a and methyl 12-hydroxydodecanoate, respectively. 
b See the polymer structures on page 27 for the general structures of the polymers. 
c Number average molecular weight relative to polystyrene standard as determined by GPC. 
d Number of cinnamate moieties per polymer chain. 
e All solubilities refer to 10% solutions by weight. 
f Homopolymer of·8a. 
g Homopolymer of 8b. 
h Monomers are 8b and methyl 12-hydroxydodecanoate, respectively. 
i Polymerization scale was 5 times the standard amounts used. 
j Homopolymer of 8e. 

w 
o 
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chain-extended monomer (8e) in the polymerization reaction. 

Following the two-stage procedure, 8e was polymerized (run 

no. 10) to yield 10. 

1. 160°, N2, 1h 
2. 160°, vac., 0.33h ) 

n-Bu2sn (OAC)2 

10 

Unfortunately, polymer 10 was just like 9, hard, 

brittle, yellow, only slightly soluble in dichloromethane, 

and completely soluble in m-cresol. The elemental analysis 

results matched those calculated. 

Copolymerizations of 8a. The lack of solubility of 

10 indicated that even by decreasing the linearity of the 

monomer, the crystallinity of the polymer was still too 

great. 

In order to decrease the polymer crystallinity we 

decided to add a comonomer, methyl 12-hydroxydodecanoate. 

We believed the dilution of the polymer matrix by the long 

alkyl chains in the comonomer would sufficiently decrease 

the crystallinity of the polymer so that it would be more 

soluble in common organic solvents. This was also the same 

action taken by Green and co-workers in their synthesis of 

donor-acceptor quinodimethane polymers. 43 As stated 
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previously, their homopolymers were completely insoluble, 

but their 1:1 compolymers (comonomer methyl 12-

hydroxydodecanoate) were soluble in phenol/chlorobenzene. 

Following the same two-stage procedure, a 1:1 

equimolar mixture of 8a and methyl 12-hydroxydodecanoate 

was reacted (run no. 1) to give polymer 11 in 82% yield. 

The stage 1 and stage 2 reaction times were both one hour. 

The copolymer dissolved overnight in dichloromethane 

forming a 10%, by weight, yellow solution. The solution 

was slowly drop added to methanol to precipitate the 

polymer. After filtering and drying under high vacuum 

(0.05 Torr) overnight, the polumer was a yellow, spongy 

material. Elemental analysis on the polymer matched that 

calculated. The IR spectrum indicated the presence of two 

different carbonyl groups and a cyano group. These results 

match the structure of the copolymer 11, which has two 

different carbonyl groups and one cyano group. The 1H NMR 

spectrum contained all the peaks expected for a compound 

with the structure of 11. Size exclusion chromatography on 

the copolymer gave a Mn of 17,000. A transparent thin film 

of the polymer was cast from a dichloromethane solution of 

the polymer. Under the polarizing microscope it showed no 

birefrigance indicating that it was amorphous. Heating a 

strip of the film while pulling caused the strip to 

elongate to over three times its original length and to 

become opaque. Under the polarizing microscope the film 

----------- ---------- .. _----
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displayed birefrigance, indicating the polymer chains were 

oriented into crystalline domains by the stretching. 

HO(CH,),O 

o 
1\ 

o CN + ~
COCH' 

OCH, 

o 
1\ 

HO(C H,).,COCH, 

1. 160°, N2, 1h 
2. 160°, vac., 1h) 

n- Bu 2sn (OAc)2 

11 

Two more 1:1 copolymerizations were done, but the 

stage two reaction times were varied to see what effect, if 

any, reaction time had on polyumer molecular weight. 

HO(CH,),O 

o 
1\ 

o CN + ~
COCHl 

OCH, 

1. 160°, N2' 
time varied 

2. 160°, vac., 
time varied 

n-Bu2sn (OAC)2 ) 

o 0 
Ill! II 

~C7X'O(CHI)IIC 1;-
-+O(CH,),O~ CN 

OCH, 

11 
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In run no. 1 (Table V ) the stage two reaction time 

had been one hour. In run no. 2 and no. 3 it was two hours 

and four hours, respectively. Both polymers from these 

runs were like that from run no. 1: yellow, spongy, and 

dichloromethane soluble. In contrast to a SEC determined 

molecular weight of 17,000 for the polymer from run no. 1, 

the polymer molecular weights from runs no. 2 and no. 3 

were 22,000 and 64,000, respectively. This data nicely 

matches the step-growth nature of these polymerizations. 

The longer the reaction time, the more reactions between 

chain ends to form longer polymer chains. Hence, there 

should be a steady increase in molecular weight as the 

polymerization time increases. 

Another 1:1 copolymerization run was done to 

determine if it was possible to scale-up the polymerization 

procedure. 

was five 

In run no. 8 the molar amount of monomer used 

times that used 

runs. The results from this 

in the other copolymerization 

run were no different than 

from the other runs. A yellow, spongy, dichloromethane 

soluble polymer was isolated. Its elemental analysis 

results matched those calculated, and its 1H NMR spectrum 

matched the expected copolymer structure, 11. 

To maximize the average number of dipolar moieties per 

polymer chain, various monomer ratios were tried. The 2:1 

copolymer (8a to methyl 12-hydroxydodecanoate), run no. 5, 

was easily soluble in dichloromethane and therefore, easily 
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characterizable. However, the 3.67:1 copolymer, run no. 9, 

was a yellow, brittle solid that was dichloromethane 

insoluble, but m-cresol soluble. 

These results showed that a significant amount of 

alkyl chains was necessary to break up the crystallinity of 

the polymer matrix and hence, give a readily soluble 

polymer. 

Homopolymerization of 8b. A soluble homopolymer 

was still deemed desirable, since it would have a greater 

number of dipolar units per polymer chain than any 

copolymer. Therefore, 8b, the monomer with a 6-carbon 

alkyl chain spacer, was homopolymerized. It was hoped that 

the increase in alkyl chain length from three carbons to 

six carbons would result in a less crystalline polymer, 

which would then be more soluble. Unfortunately, 

homopolymer 12, run no. 6, of 8b was insoluble in 

dichloromethane. It was a brittle, yellow solid soluble 

only in m-cresol. Its elemental analysis matched the 

calculated values, and its IR spectrum showed only one type 

of cyano group and one type of carbonyl group present. 

1. 160°, N2, 1h 
2. 160°, vac., 1.7Sh, 

n-Bu2sn(OAcI2 7' 

12 
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Copolymerization of 8b. In the continued attempt 

to obtain the greatest number of dipolar moieties possible 

in a dichloromethane soluble polymer, a 3:1 copolymer (13), 

run no. 7, of 8b and methyl 12-hydroxydodecanoate was 

synthesized. 

13 

In this copolymerization a high ratio of dipolar 

monomer to comonomer was used, since the dipolar monomer 

already contained a six carbon spacer unit. We believed 

that less comonomer would be needed to dilute the dipolar 

unit concentration and thereby lead to dichlorometha~e 

soluble polymer. Dissappointingly, the copolymer 13 was 

dichloromethane insoluble. The yellow, brittle solid was 

only soluble in m-cresol. Its elemental analysis 

results matched the calculated values. Its infrared 
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spectrum showed that both carbonyl and cyano 

functionalities were present. 

Tests for Second Harmonic Generation. Willand and co-

workers at the Eastman Kodak Company studied the soluble 

copolyesters to see if they exhibited SHG. Table VI shows 

the results of their work on two of the model compounds 

(2c, 4), one monomer (Sa), and two different molecular 

weight 1:1 copolymers of Sa and methyl 12-

hydroxydodecanoate. They made chloroform solutions of all 

the samples. They then placed a solution between two 

oppositely charged plates. Due to the molecular dipoles in 

the sample, the molecules or polymer dipolar units line up 

in the field. This gives an overall bulk alignment in the 

solution, a requirement for the measurement of X(2) values. 

In chloroform solution the polymers showed enhancements of 

X(2) as large as 20, relative to the monomer. 

They also studied spun coat solutions of the Mn=70,000 

copolymer. A polymeric solution was spun coat onto plates 

and the solvent evaporated. The polymer films were heated 

above their glass transition temperature (Tg ), 290K, poled 

in an electric field, and cooled with the field still on. 

The idea was to align the dipoles along the polymer chain 

while the chains had mobility, which occurs above Tg . By 

cooling below the Tg with the field still on, the chain 

motions would cease and the dipole units would be locked 

into a bulk alignment. The X(2) value of the polymer would 
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TABLE VI 

Nonlinear Optic Behavior 

MOLECULE -48 (10 esu) 

CH,O ~ 
~COCHI· 

CH,O~ c':N 
OCH. 

113 

o 

~~OCH. 
CH,O~ CN 

48 

OCH, 

o 
~~OCH. 

HO(CHJ,O~ CN 

OCH. 

o 0 
II_Lf II~ 

~C ""fx\0(CH')IIC""J""Y 

-f-O(CHJ,O~ CN 

OCH, MW 1 7 , 000 

830 (15) 

o 0 
II if II 

~
-";::CN C ""fx\0(CH')IIC 1y 

-+O(CH'O 
~ 'J' MW 7 0 0 0 0 

OCH, ' 

1140 (20) 

aRelative value for comparison to polymers. 
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then be determined. While these films did exhibit SHG, 

proving that the polymer chain orientation could be locked 

in, their X(2) values were slightly less than half that of 

the monomer. When the polymer films were heated above 

their Tg , they no longer exhibited SHG. This is readily 

explained by the fact that the polymer chains have mobility 

above the Tg , so the dipole unit orientations randomize. 

Without a bulk alignment, SHG will not occur. 

The low X(2) values on the poled polymer films were 

probably a result of the viscosity of the polymer. It 

appears that the polymer has some mobility above its Tg , as 

evidenced by the X(2) value obtained, but the polymer 

viscosity is still too great to allow complete chain 

mobility. If the chains had greater mobility, the dipolar 

units could better align in the applied electric field and 

hence, larger X(2) values could be obtained. 

Overall, Willand and co-workers found that the 

copolyesters in solution showed considerable enhancements 

in SHG over their corresponding monomer. They stated that 

this effect is the manifestation of overall increases in 

the field-induced molecular alignment through cooperative 

effects of the separate molecular dipoles. Additionally, 

their investigations on thin films of the same copolymers 

showed that the poled molecular orientation could be frozen 

and maintained in the absence of the field, but the degree 

of orientation in the thin films was much less than that in 
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However, they noted that the degree of 

orientation was considerably more than in an uncorrelated 

assembly. 

Summary 

The results from this work are three-fold. 

Firstly, it was found possible to synthesize readily 

soluble polymers containing a dipolar moiety aligned in the 

same direction along the polymer chain. This type of 

polymer has not been previously reported in the literature. 

Secondly, these polymers displayed much higher X(2) values 

than their corresponding monomers. This showed that X(2) 

for poled materials can be significantly enhanced by 

incorporating the nonlinear moieties into polymers. 

Thirdly, these polymers could be poled and the molecular 

orientation fixed without the need for any type of host 

matrix. 

Future Research Directions 

It would still be highly desirable to synthesize a 

readily soluble homopolymer containing the p-oxy-a-

cyanocinnamate unit. This would increase the concentration 

of dipolar moieties relative to that in the copolymer. 

This should lead to higher X(2) values which are desirable 

if any kinds of devices are made that utilize the SHG 

phenomenon. 
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The obvious way to increase the solubility of the 

homopolymer would be to lengthen the alkyl chain in the 

monomer. Using a longer alkyl chain w-haloalcohol in the 

chain extension reaction would accomplish this goal. Since 

6-chlorohexanol did not lead to a readily soluble 

homopolymer, an w-haloalcohol with more than a six carbon 

chain would be needed. 

The suggested approach to this problem would be a 

gradual increase in the alkyl chain by two methylene units 

at a time until readily soluble homopolymer was obtained. 

Therefore, the first alcohol to be used in the chain 

extension reaction would be 8-haloalcohol. If this did not 

lead to readily soluble homopolymer, then the 10-

haloalcohol would be tried, and so on, until readily 

soluble homopolymer was obtained. 

Once the desired polymer was obtained, its 

nonlinear optic behavior could be studied and the results 

compared with those already made on the soluble copolymers. 

Another way to increase solubility would be to 

switch from methoxy groups on the phenyl ring to longer 

alkoxy groups. This would be another way of increasing the 
I 

alkyl content in the polymer matrix and thereby help break 

up the crystalline polymer matrix. 

It would also be instructive to vary the 

substituents and their positions on the phenyl ring, and 

see what effect this has on the X(2) values of these 
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compounds. Other donor substituents could include -NH2'

NHR, -NR2' -SR, and -ORO-. Using the correct substituents 

substituted at the right politions might give a very large 

molecular dipole in the compound. Since X(2) is increased 

by a greater charge asymmetry, compounds with substantially 

higher X(2) values might result. 

The overall thrust of these suggestions is to 

synthesize a monomer that exhibits a high X(2) value, and 

whose corresponding homopolymer is readily soluble in 

common organic solvents, so that it is easily processable. 



CHAPTER 3 

SYNTHESIS OF SIDE CHAIN LIQUID CRYSTALLINE POLYMERS 
CONTAINING SUBSTITUTED PHENYL ESTERS OF BENZOIC ACID 

AS MESOGENIC GROUPS 

Background Leading to Synthetic Approach 

The first systematic study on side chain liquid 

crystalline polymers began in the mid-1970's. Ringsdorf 

and co-workers used acrylates and methacrylates for the 

polymer backbones. They synthesized vinyl-type monomers 

with mesogenic groups whose molecular structures were based 

on those found in molecules that exhibited liquid 

crystalline phases. 33 - 34 Typical examples of the monomers 

they synthesized are shown below. 

Rl = H Me , R2 = Me, Et, n-Bu, OMe, ~Et, O-n-Bu 

In later work they established the need to separate 

the backbone from the mesogens by use of flexible spacer 

groups. 37 

43 
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\ 
mesogenic group 

In the mesophase state these spacer groups decouple 

the polymer main chain motions from those of the 

anisotropically oriented mesogenic side chains. 37 

Using the idea of a flexible spacer group, 

Ringsdorf and co-workers synthesized a number of monomers 

with structures like those shown below. 37 - 38 

Rl = H Me , 

n = 2, 6 

R2 = OMe, O-n-Pr, OC6H13, CN, Ph, 
Ph-OMe, Ph-OEt, N=CH-Ph-CN 

The polymers and copolymers of these monomers 

exhibi ted sharp reversible phase -transitions in accordance 

with the behavior of conventional liquid crystals. 

-----------
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Additionally, in an electric field these polymers showed 

the same orientation effects as low molecular weight liquid 

crystals. 46 - 47 This is a result of the mesogens' 

structures. They are dipolar, since they have a donor and 

an acceptor ends. When placed between charged plates, the 

mesogens line up just like their low molecular weight 

counterparts. 

Recently, the emphasis has been placed on trying to 

synthesize side chain liquid crystalline polymers that 

exhibit a smectic c* liquid crystalline phase because of 

their potential applications in electro-optical switching 

devices. 39 ,41 

Smectic C* liquid crystals are those which have 

structures where the long axes of their constituent 

molecules are tilted with respect to their layer planes. 

Smectic C* liquid crystals exhibit the same liquid crystal 

structure as smectic C liquid crystals, but the constituent 

molecules contain a chiral center also. Because of the 

reduced symmetry in the molecule (and in the liquid 

crystalline phase) due to the presence of the chiral 

center, these materials possess a spontaneous ferroelectric 

polarization, or macroscopic dipole moment. Materials of 

this type are called ferroelectrics, and have many 

potential applications such as the light valve mentioned 

above. 39 ,41 
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In 1980, Clark and Lagerwall developed a bistable, 

fast-switching, electro-optic light valve based on the 

properties of ferroelectric smectic C* liquid crystals. 39 

In their device, the ferroelectric liquid crystals were all 

oriented in one of two possible tilt angles by use of an 

applied electric field. When the field direction was 

reversed, the phase would tilt (switch) to its other 

orientation and remain oriented after the field was turned 

off. This property is termed orientational bistability. 

They estimated the theoretical limit for the switching time 

for their device as 10 - 50 nanoseconds. When their device 

was fitted with crossed polarizers, switching between black 

and clear was possible, thereby affording a light valve. 

Goodby and Leslie, in a 1984 paper, stated the 

necessary molecular features for a material 

exhibit ferroelectric smectic phases. 40 

to potentially 

After studying 

the liquid crystalline behavior of many compounds, the 

requirements they stated for a given material are 

(a) an alkyl-aryl-alkyl system 

(b) a strong terminal lateral dipole 

(c) at least two aromatic rings 

(d) a chiral center which reduces the symmetry of 

the phase, and produces the ferroelectric 

properties. 
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In 1986, Walba and co-workers synthesized a new 

class of nonracemic liquid crystals with a phenyl benzoate 

core and chiral nonracemic 2-alkoxy-1-propoxy tail unit. 41 

R2 - Me, Et, 
n-Pr 

Several of the new materials possessed monotropic 

ferroelectric liquid crystalline (FLC) phases at or near 

room temperature. These materials exhibited the fastest 

room temperature electro-optic switching characteristics of 

any known FLC's. 

Also in 1986, Decobert and co-workers reported the 

synthesis of a new class of liquid crystalline monomers, 

some of which exhibited tilted smectic phases. 42 
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x = CH3, Cl n = 2, 6, 11 

For the corresponding polymers of some of the 

monomers (n = 2, 6; x = CH3) they only described the 

formation of liquid crystal phases. For the polymer n = 
11, x = CH3, they described the appearance of both a 

smectic A phase and a tilted smectic phase. 

Synthetic Objective 

Using the design rules of Goodby and Leslie,40 and 

the synthetic ideas of Ringsdorf and co-workers 37- 38 for 

the synthesis of side chain liquid crystalline polymers, we 

set out to synthesize a side chain liquid crystalline 

polymer that could potentially exhibit a smectic C* liquid 

crystal phase. The polymer backbone would be based on an 

acrylate monomer and the mesogen would have an alkyl-aryl-

alkyl structure with an optically active site located in 

the terminal alkyl group of the mesogen. Due to its 

polymeric nature, the polymer would not only possess useful 
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physical properties, but its side chain construction would 

cause prealingment of the liquid crystalline mesogens. 

Synthetic Approach 

Based on the stated objective, a polymer made from 

a monomer with the structure of 14 was considered a good 

candidate for exhibiting smectic C* liquid crystalline 

behavior. In 14 a six carbon alkyl chain separates the 

mesogen from the polymerizable carbon-carbon double bond. 

The mesogen contains the necessary alkyl-aryl-alkyl 

structure, two aromatic rings, and a chiral center. 

14 

Before attempting the synthesis of 14, the 

synthesis of a non-optically active model monomer was 

decided upon to ensure the viability of the chosen 

synthetic route. 

KOH/H20 O~ 
---~) HO-(CH2)6-0 _ \ c02H 

EtOH 
( 3 ) 

15 

---- ---------~~- ._------.~---



CH2=CH 
I + 15 
c02H 

HO~C02-o + 

16 
SOC12 

) 

p-TSA'H20 

CHC13 .. 
(HO~\ • - , . 

17 

18 

) 

) 

CH2=CH 

b02-(CH2)6-0~C02H 
16 

n-Bu2sn (OAc)2 
) 

160 0 

18 

DMF Et3N, THF, Et20 .... 
~ .. .... 

19 

Once the synthetic route was proven, 
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( 4 ) 

( 5) 

( 6 ) 

2-

methylpropanol, 17, would then be replaced by (S)-2-

methylbutanol, 20, to yield the optically active monomer 

14. 

Results and Discussion on Syntheses 

Model Monomer Synthesis 

The first two reactions, (3) and (4), involved 

reproducing the same chemistry previously published by 

Ringsdorf and co-workers. 38 
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In reaction (3), a large excess of sodium hydroxide 

in water was added to ethanol, potassium iodide catalyst 

was then added, followed by 4-hydroxybenzoic acid which 

dissolved quickly. The excess base pulls of both the 

phenoxy and benzoic acid protons. The alcohol, 6-

chlorohexanol, was slowly drop added (30 - 60 minutes), and 

the reaction solution heated to reflux. The catalyst 

causes the 6-chorohexanol to undergo a small degree of 

halogen exchange. The phenoxide oxygen then attacks the a

carbon bonded to the iodine through an SN2 - type reaction. 

After two days at reflux, the solution was 

reacidified to reprotonate the carboxylic acid, and then 

the crude product recrystallized. The white solid product 

(15) was obtained in 60% yield, exactly that reported. The 

lH and 13C NMR spectra, and the elemental analysis matched 

the structure for 15. 

In reaction ( 4) 

essentially that reported by 

the procedure 

Ringsdorf, et 

followed was 

al,38 but the 

reaction solvent was changed from chloroform to benzene. 

This meant the amount of water generated by the reaction 

could be measured in the Dean-Stark apparatus, and the 

amount compared with the theoretically calculated value. 

The water was removed from the reaction solution by the 

azeotrope it formed with benzene. In the Ringsdorf 

procedure, the water azeotropes out with the chloroform, 

but floats on top of the more dense chloroform that is 

---~- ------~-.------- ----------
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collecting in the Dean-Stark trap. Consequently, The 

amount of water generated can not be measured. By using 

benzene, which is less dense than water, the water collects 

in the bottom of the Dean-Stark trap and its volume can be 

measured. 

In the procedure used, 15, p-toluenesulfonic acid 

monohydrate (acid catalyst) , 

(free radical 

3-t-butyl-4-hydroxy-5-

inhibitor), and a ten methylphenylsulfide 

molar excess of acrylic acid were added to the reaction 

solvent, benzene. The reaction was heated to reflux in a 

Dean-Stark trap until the calculated amount of water was 

collected. The amount collected was never less than 5% of 

the theoretical amount calculated. After work-up, a white 

powder (mp 64 - 74°) was obtained in ~60 % yield. 

The lH and 13c NMR spectra, and the elemental 

analysis results did not match the expected structure for 

16. The 13 C NMR spectrum showed that three more carbons 

were present. The lH NMR contained two extra triplets, one 

at 0 4.4 and the other at 0 2.7. A lH NMR spectrum of the 

acrylic acid used revealed that it was actually a mixture 

containing 75% acrylic acid and 25% 

addition dimer, 21. 

of its Michael 
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21 

This information indicated that the product 

isolated from reaction (4) actually had the structure of 

22. 

CH2=CH 

!02-CH2CH2-C02-(CH2)6-0~ ;tC02H 

22 

Both the lH and 13 NMR spectra contained the 

correct number of peaks for a compound having the structure 

of 22. Additionally, the chemical shift values of the 

peaks were appropriate for a compound with the structure of 

22. Thin layer chromatography (TLC) on 22 revealed that a 

second compound was also present. Examination of the peaks 

in the lH NMR spectrum showed that the integration areas of 

the triplet peaks of the ethylcarboxy group were slightly 

less than the integration areas of the other peaks. This 
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and the chromatography results mean the impurity is a 

small amount of 16, the originally expected product. The 

amount of 16 present was quite small. Both the TLC and 1H 

NMR results prove this. On the TLC plate the spot 

representing 16 was much fainter than that of 22. In the 

1H NMR spectrum, the ethylcarboxy triplet peaks were only a 

few percent less in integration area compared to the other 

peaks in the spectrum. The other peaks are slightly larger 

in area because the signals generated by 16 overlap them. 

If a large amount of 16 was present, these peaks would be 

much larger in area than the ethylcarboxy triplet peaks. 

The formation of 22 was not detrimental. It only 

meant that the final monomer would have a longer spacer 

group than orininally planned. However, the question arose 

as to why 22 formed almost exclusively relative to 16, even 

though the acrylic acid solution was 3:1 acrylic acid: 

acrylic acid dimer. The explanation involves a simple 

resonance argument showing that the dimer (21) aliphatic 

carbonyl carbon is more electrophilic than the vinyl 

carbonyl carbon of the acrylic acid. The B resonance 

structure for acrylic acid has a carbonyl carbon that would 

have very little partial positive charge. B's contribution 

to the overall structure of the acrylic acid molecule means 

the vinyl carbonyl carbon of acrylic acid would be less 

electrophilic than the aliphatic carbonyl carbon of 21, 
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which has no resonance structure that would decrease its 

carbonyl carbon partial positive charge. 

H2C=\H 

5+ c=o 5- .. or 

I 
HO 

A B 

In addition to 21 being more reactive, there was 

also excess 21 present during the reaction. This makes 

sense since an approximate ten-fold molar excess of the 3:1 

acrylic acid acrylic acid dimer solution was used. By 

taking both factors, excess 21 and its greater 

electrophilicity into account, the formation in reaction 

(4) of predominantly 22 relative to 16 is readily 

explained. 
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Finally, a test reaction using pure (99 %) acrylic 

acid was run. The product after work-up was 16 with slight 

contamination by 22. This was expected because there was 

very little acrylic acid dimer available in the reaction. 

At this point it was decided to proceed using 22 

instead of 16 in the synthesis of the model monomer. The 

extra -CH2cH2C02- unit that would be in the flexible 

spacer part of the final monomer was considered to be a 

possible benefit, since it would increase the distance 

between the main chain and the mesogens in the final 

polymer. 

Also, it was decided to use the slightly impure 22 

in reaction (6), since it proved quite time consuming using 

preparative chromatography to remove the small amount (less 

than 5 %) of impurity (16) from 22. We later discovered 

that it was much easier to remove impurities from the final 

product (23) than to completely purify 22 before use. 

The decision to use 22 instead of 16 meant a slight 

change in the synthetic route to .the model monomer. The 

new synthetic route is shown below. 

( 3 ) 
EtOH 

15 

~----~---~----------.---~~ --- - ----~-~-------.---------
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CH2=CH 
I 
C02-CH2CH2-C02H· + 15 

p-TSA'H20 
) 

21 

CH2=CH 

~02-CH2CH2-C02- ( CH2) 6-00C02H (7) 

22 

HOQC02Q 
/ CH3 n-Bu2Sn (OAc)2 

+ HOCH2CH, ) 
CH3 160 0 

17 HOOC02CH2CH~CH3 ( 8) 
- CH3 

18 

SOC12 18 
22 ) ) 

DMF Et3N, THF, Et20 .... 
MOO" .... 

CH2=CH 

b02-CH2CH2-C02-(CH2)6-00,\ C020'\ C02CH2CH~CH3 (9) 
- - CH3 

23 

Reaction (8) gave 90 % yields when a two molar 

excess of the alcohol, 2-methyl-l-propanol (17), was used. 

Previously, a stoichiometric amount of 17 was used with the 

result that product yields never exceeded 40%. One or both 

of the following reasons could explain the low yield 

behavior observed. 
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First, is the possible reversible nature of the 

reaction. The reaction equilibrium may have occurred 

after 40% product formed. By adding more alcohol we were 

forcing the reaction equilibrium towards producing more 

product. This would be a textbook example of LeChatlier's 

principle: if an external stress is applied to a system at 

chemical equilibrium, then the equilibriun point will 

change in such a way as to counteract the effects of the 

stress. 

Second, is the volatility of the alcohol. The 2-

methylpropanol had a boiling point of 82.5° C. Some of it 

ended up in the atmosphere of the reaction apparatus, since 

the reaction was done by refluxing the alcohol. The 

atmospheric alcohol would reduce that which was available 

to react with the phenyl 4-hydroxybenzoate. The result 

would be a less than quantitative yield. 

Both of the above factors are reasonable 

explanations for the low reaction yields when reaction (8) 

was done with equimolar amounts of phenyl 4-hydroxybenzoate 

and 2-methylpropanol (17). 

In the actual reaction performed, phenyl 4-

hydroxybenzoate was melted, and then the alcohol (17) 

containing the 

catalyst was 

inunediately. 

appropriate amount of dibutyltin diacetate 

injected into the melt. Refluxing began 

The reaction was followed by periodically 

removing samples with a microsyringe and then running thin 
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layer chromatography on them. When no more starting 

compound was present in the removed samples, the reaction 

was worked up. The reaction solution was diluted with 

ethyl acetate/pentane and then run through a short silica 

gel column to remove highly polar impurities. After 

concentrating the solution by evaporation, the remaining 

liquid was Kugelrohr distilled. The white, crystalline 

solid isolated was examined by IH and 13C NMR spectroscopy, 

and elemental analysis. The spectra and elemental analysis 

results all matched the structure of 18. 

The chemistry for reaction (9) followed the 

previously reported by Ringsdorf and co-procedure 

workers. 38 The substituted benzoic acid (22) was added to 

a solution of thionyl chloride containing DMF, the 

catalyst, and 2,6-di-t-butyl-4-methylphenol, a free radical 

inhibitor that prevents polymerization. The reaction was 

run at room temperature for 30 minutes and then the thionyl 

chloride removed by vacuum. The crude product was 

dissolved in ether, added to a solution containing 2-

methylpropyl 4-hydroxybenzoate (18) in triethylamine and 

THF, and stirred for two-four hours at room temperature. 

Upon addition of the clear ether solution to the clear THF 

solution, a precipitate formed. This was the hydrochloride 

salt of triethylamine. It forms because hydrogen chloride 

is generated in the reaction. The triethylamine is present 

to complex the hydrogen chloride and prevent the chloride 
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from causing the back reaction to acid chloride from 

occurring. 

After work-up of the reaction solution, the final 

product, 23, was isolated by using a chromatographic 

instrument called the Chromatotron. The Chromatotron is a 

preparative, centrifugally accelerated, radial, thin-layer 

chromatograph. 51 It consists of a glass plate coated with 

a four millimeter layer of silica gel. The plate is spun 

at high speed. During this time a concentrated solution of 

the sample mixture is introduced at the center of the 

plate. This is followed by a continuous flow of the 

developing solvent. As the sample moves towards the outer 

edge of the plate, the different components separate due to 

their varying interactions with the adsorbent. The process 

is identical with what occurs when simple TLC is run on a 

sample mixture. The difference is the rotation caused by 

the Chromatotron, which centrifugally accelerates the 

movement of the various components towards the outer edge 

of the plate. Also, the components move across the plate 

as circular bands, not like spots on conventional TLC 

plates. The movement of the bands can be observed using a 

UV lamp if the compounds are UV sensitive. The resolution 

provided by the Chromatotron is equivalent or better than 

that of standard column chromatography. Additionally, 

typical Chromatotron runs take no more than 30 minutes, 
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while typical column chromatography runs take several 

hours. 

In the purification 

required about 30 minutes. 

took about 8 - 12 hours. 

of 23, a chromatotron run 

A column chromatography run 

The structure of 23 was confirmed by 1H and 13c NMR 

spectra, and elemental analysis. The peak positions in 

both spectra matched those expected for a compound with the 

structure of 23. The elemental analysis results matched 

the calculated values. Differential scanning calorimetry 

on 23 showed a phase transition at 50° C upon heating, and 

one at 24° C upon cooling. Optical microscopy work by Dr. 

Frank Saeva at Eastman Kodak showed that 23 melted at 51° C 

and did not exhibit liquid crystalline behavior. The DSC 

results are consistent with this. In liquid crystalline 

compounds, the heating and cooling phase transitions are at 

the same approximate temperatures. For 23 these values are 

over 20° C apart. Dr. Saeva attributed the cooling 

behavior as being a return to the solid phase from a 

supercooled melt. We felt the lack of a liquid crystalline 

phase in the monomer might be caused by the alkyl end 

group. Most end groups in low molecular weight liquid 

crystal compounds are linear. The isopropyl group present 

in 23 is composed of a three carbon chain plus a methyl 

substituent on the mumber two carbon. This methyl group 

destroys the linearity of the alkyl end group, which might 
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prevent aggregation of monomer (23) molecules to form a 

liquid crystalline phase. This result was not dismaying 

because the results of Ringsdorf show that the monomers of 

many side chain liquid crystalline polymers do not form 

liquid crystalline phases. 38 

Model Monomer Polymerization, Run No. 1 

Polymerization was achieved by dissolving 0.500g of 

monomer (23) and AIBN initiator (0.72 mol %) in 5 mlof 

toluene in a polymerization tube, degassing, and then 

heating to 55°C for 24 hours (see Table VII, page 67). The 

polymer was precipitated in methanol, giving a 20% yield of 

a tacky white material. centrifuging the filtrate and then 

filtering gave more polymer for a total yield of 50%. 

Partial evaporation of the remaining filtrate and chilling 

at 0° C resulted in the precipitation of a white solid. 

The solid (0.120 g) had a melting point of 50-52° C, 

indicating it was pure unreacted monomer. The polymer was 

dissolved in 5ml chloroform and reprecipitated in methanol. 

Filtering and then drying at high vacuum (0.01 Torr) for 20 

hours gave 0.190 g (38 % yield) of a tacky white material 

whose elemental analysis matched that calculated for the 

polymer. Size exclusion chromatography on the polymer gave 

a molecular weight, Mn, of 27,000. This means the average 

degree of polymerization is 50, i.e., the average polymer 

chain is made of 50 monomer units, which is quite short. 

- ------~--- ----
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the fact that unreacted monomer This result combined with 

was isolated indicated that the polymerization was 

undergoing termination quickly. 

Termination occurs by two standard pathways, 

disproportionation and combination. In disproportionation 

a hydrogen radical that is beta to one radical center is 

transfered to another radical center. This results in the 

formation of two polymer molecules - one saturated and one 

unsaturated. In combination a bimolecular reaction occurs 

between two radicals. The result is a polymer chain with 

no radical center to be involved in chain growth. 

Differential scanning calorimetry (DSC) on the 

polymer showed a phase transition at 97° C during heating 

and one at 96° C during cooling. Optical microscopy tests 

by Dr. Frank Saeva showed the polymer had a smectic liquid 

crystalline phase from 45° C to 107° C. 

Model Monomer Polymerization, Run No.2. 

A second polymerization was done using 0.495g 

monomer (23), 0.58 mol % AIBN initiator, and 5 mL freshly 

dried toluene (distilled from Na metal). After degassing, 

the solution was heated to 60°C for 24 hours (Table VII). 

The polymer was precipitated in methanol and filtered. It 

was an off-white, very tacky material. The filtrate was 

evaporated down with a rotary evaporator and chilled to 

O°C. A white solid (0.200 g) was filtered out whose 
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melting point indicated it was pure unreacted monomer, 23. 

The polymer was dissolved in 5 ml chloroform and then 

reprecipitated in methanol. A white tacky material, 0.173 

g (35 %), was filtered out, whose elemental analysis 

matched that calculated. The molecular weight, Mn, was 

30,000 as determined by size exclusion chromatography. The 

average degree of polymerization was 55. DSC on the 

polymer showed phase transitions at 95 0 C during heating 

and 96 0 C on cooling. Dr Saeva's optical microscopy 

results indicate that the polymer already exhibits a 

smectic liquid crystalline phase at room temperature (~25° 

C) and it persists up to 103 0 C. 

Optically Active Monomer Synthesis. 

The synthetic scheme for the synthesis of optically 

active monomer is shown below. 

( 3 ) 
EtOH 

15 

CHC13 

21 

CH2=CH . 

~02-CH2CH2-C02-(CH2)6-00C02H (7) 

22 
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HOQC020 160 0 

20 
(10) 

SOC12 
) 

24 
) 22 

DMF Et3N, THF, Et20 

;p-. 
..... 

25 

The first two reactions, (3) and (7), in the 

synthesis of the optically active monomer are the same two 

used to make the model monomer. Reaction (10) was 

analogous to reaction (8), which was used in the synthesis 

of model monomer. In this case (S)-2-methylbutanol was 

used in place of 2-methylpropanol. The product here, 24, 

was obtained in 94 % yield. The 1H and 13c NMR gave 

structural information consistent with that of 24. The 

elemental analysis results correctly matched the values 

calculated. 

Reaction (11) was analogous to reaction (9) in the 

synthesis of model monomer. optically active monomer was 

obtained in 40 % yield. The 1H and 13C NMR spectral 



results matched the structure of 25. 
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The elemental 

analysis values were identical to the calculated values. 

DSC on 25 showed a phase transition at 40° C on heating and 

one at 24° C on cooling. As with the model monomer, Dr. 

Saeva reported that 25 did not exhibit liquid crystalline 

behavior either. The DSC results are consistent with this 

observation. The same reason for the lack of a liquid 

crystalline phase(s) in the model monomer can be used here. 

The 2-methyl substituent on the terminal butyl group 

destroys the linear nature of the terminal alkyl group, 

thereby preventing molecular aggregation to form the liquid 

crystalline phase(s). 

Optical~y Active Monomer Polymerization 

The same procedure used in the model monomer 

polymerization, run number 2, was used here. In this 

polymerization reaction, 0.500g monomer and 0.74 mol % AIBN 

initiator were used, and the reaction run for 88 hours 

(Table VII). After two precipitations into methanol, the 

yield of polymer was 0.253 g (51 % yield). Also, 0.163 g 

of monomer (mp 39° - 41° C) was recovered from the filtrate 

of the first precipitation. Elemental analysis on the 

polymer ma·tched that calculated. Size exclusion 

chromatography gave a molecular weight, ~, of 24,000. The 

average degree of pol~nerization was 43. DSC on the 

polymer showed a phase transition at 66° C during heating, 



run no. 

1d 

2d 

3e 

TABLE VII 

DATA ON MODEL AND OPTICALLY ACTIVE POLYMER 
SYNTHESES AND POLYMER PROPERTIES 

mol % 
AIBN 

0.72 

0.58 

0.74 

temp time 
(OC) h 

55 25 

60 24 

60 88 

yield 
~ 

° 

50 

35 

51 

Ma 
n 

27,000 

30,000 

24,000 

DSCb 
( °C) 

h 97 
c 96 

h 95 
c 96 

h 66 
c 66, 63 

liquid 
crystalline 

phasesc 

smectic 
45-107° C 

smectic 
r.t.-103° C 

smectic 
r.t.-73° C 

a Determined by size exclusion chromatography relative to 
polystyrene standards. 

b Determined visually using a hot stage, polarizing microscope. 
The "h" is for the heating cycle, and the "c" for the 
cooling cycle. 

c Determined by Dr. Frank Saeva at Eastman Kodak. The 
designation "r.t." means the phase was already present at 
room temperature. 

d Model monomer polymerization. 
e Optically active monomer polymerization. 0'1 

-I 
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and one at 66° and another at 63° C on coe-ling. This 

seemed to indicate that the polymer was in one type of 

phase below 63° C and a different one between 63 and 66° C. 

However, under the optical microscope Dr. Saeva noted that 

this polymer was already in a smectic liquid crystalline 

phase at room temperature (~25° C) and this phase was 

present up to 72.6° C. An interpretation of the DSC 

results is that the smectic phase below 63° C was the 

smectic C* phase, and the smectic phase above 63° C was the 

smectic A phase. The smectic A phase is less ordered than 

the smectic C* phase, so it occurs at a higher temperature 

than the smectic C* phase. 

Summary 

The experimental results indicate that the desired 

monomers and consequent polymers were synthesized. While 

the monomers did not display liquid crystalline behavior, 

their corresponding polymers did. The optical microscopy 

work by Dr. Frank Saeva at Eastman Kodak indicates that the 

model polymer exhibits a smectic liquid crystal phase up to 

a temperature of 103° C, and the optically active polymer 

exhibits the same phase up to a temperature of 72.6° C. 

While Dr. Saeva cannot determine which smectic phase is 

present in either polymer, presumably the addition of the 

optically active site in the monomer should give a tilted 

smectic phase in the corresponding polymer; thereby 
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fulfilling the objective of synthesizing a polymer 

exhibiting a smectic C* liquid crystalline phase. 

Future Research Directions 

The first work that needs to be done is the 

determination of the exact smectic phase present in each 

polymer. Dr. Saeva has indicated that this can be done by 

X-ray scattering. A logical procedure would be to contact 

a research group that has been working on the synthesis of 

smectic C* liquid crystals. They would likely have the 

necessary equipment and expertise to study our new 

polymers, and be able to determine the exact smectic phases 

the polymers are in. 

The next work would be the synthesis of a monomer 

that did not have the extra -CH2CH2C02- group in the spacer 

unit. It would be interesting to see if there are 

differences in the liquid crystalline behavior between this 

monomer and its corresponding polymer, and their 

counterparts with the extra ethoxycarboxy group. 

After this, much work could be done varying the 

spacer length, aromatic core, and the terminal alkyl group. 

This would be done in a systematic way and would hopefully 

yield smectic C* liquid crystalline polymers that might be 

useful in electro-optic devices. 

The first area of study would be the terminal alkyl 

group containing the optically active site. Goodby and 
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Leslie, as well as other researchers have noted that the 

dipole at the chiral carbon is quite important in causing a 

net overall spontaneous polarization to occur in the liquid 

crystalline medium. 40 ,52-54 

Towards this end, monomers and their corresponding 

polymers could be synthesized in which a chlorine atom is 

bonded at the chiral carbon. The quick synthesis of a 

monomer with the structure 

n = 0, 1 

26 

could be accomplished using the synthetic route established 

in this work. In place of the optically active alcohols 

already used, (S)-2-chloro-1-propanol would be used. It is 

commercially available, so time would not be required to 

synthesize it. The polymer of 26 would then be examined 

for liquid crystalline behavior. 

Another possible monomer would have an -OR group 

bonded at the optically active site. Walba and co-workers 

have already synthesized low molecular weight liquid 

crystals with this structural feature. 41 Four of the 

twelve compounds synthesized exhibited smectic c* 
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liquid crystalline phases. The general structure of 

Walbas' compounds is 

For polymerizable compounds it would be necessary 

to make the appropriate alkoxy alcohols. These would then 

be reacted with phenyl 4-hydroxybenzoate, and the same 

synthetic route used previously would lead to the desired 

monomers. 

n = 0, 1 

Varying the lengths of the alkyl groups on each 

side of the aromatic core would also be instructive. It 

has been noted in low molecular weight liquid crystals that 

the two alkyl chains must be of a certain length if liquid 

crystalline phases are to be observed. 40 - 41 ,55-56 Various 

combinations of alkyl groups could be used in the monomer 

syntheses and then the effect on the liquid crystalline 

behavior studied in the corresponding polymers. 
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In order to vary the transition temperatures to 

liquid crystalline phases, the aromatic core could be 

altered. This has been done previously by adding another 

phenyl ring to the aromatic core. 40 Using the synthetic 

route established in this work would re~uire the purchase 

or synthesis of the following two compounds to replace 4-

hydroxybenzoic 

respectively. 

acid and phenyl 4-hydroxybenzoate, 

HO-{ X }C02-{ ) 

Here again the resulting polymers would be studied 

for the liquid crystalline phases that resulted due to the 

change in mesogen structure. 

Lastly, would be the synthesis of co- or 

terpolymers from different side chain monomers. Goodby and 

Leslie have reported that mixtures of two and three benzene 

ring compounds give wide temperature range, low melting, 

ferroelectric mixtures. 40 The idea would be to make 

eutectic mixtures of side chain monomers, and then free 

radically polymerize them. Their liquid crystalline 

--- ----- -- - -------- ----- ------
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behavior could then be compared to their homopolymer 

analogs. 



CHAPTER 4 

OVERALL SUMMARY 

This work has involved the synthesis of two types 

of novel electro-optic polymers whose structures were 

chosen based on previously established molecular design 

principles. 

The first type of polymer was designed to contain 

dipolar repeat units along the main chain, and to be 

soluble in common organic solvents like dichloromethane. 

The actual polymer was a copolymer of dipolar 

cyanocinnamate units and methyl 12-hydroxydodecanoate. Not 

only did the dipolar repeat units point in the same 

direction along the polymer chain, the polymer was readily 

soluble in dichloromethane. 

exhibited a nonlinear optic 

In solution the polymer 

effect (second harmonic 

generation) up to 20 times greater than its corresponding 

monomer. As a thin film, the polymer could be oriented 

above its Tg and the orientation frozen in by cooling below 

its Tg . This is the first known polymer displaying these 

characteristics. 

The second type of polymer was designed to contain 

side chain liquid crystalline mesogens, and possibly 

74 
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exhibit a smectic C* liquid crystalline phase. The actual 

polymer contained an acrylate backbone and side chain 

mesogens with the structure ethylcarboxy-hexyloxy

phenylcarboxy-phenylcarboxy-(S)-2-methylbutyl. By optical 

microscopy this polymer was shown to exhibit a smectic 

liquid crystalline phase up to 72.6° C. Si.nce the polymer 

contained appropriately designed optically active mesogens, 

based on previously reported structural design requirements 

for smectic C* liquid crystalline behavior, its probable 

that the specific smectic liquid crystalline phase present 

was the smectic C* phase. 



CHAPTER 5 

EXPERIMENTAL 

Instrumentation 

IH and 13C NMR spectra were recorded on a JEOL JNM 

FX-200 spectrometer operating at 200 (lH) and 50 MHz (13C), 

respectively, on solutions in deuteriochloroform. 

Tetramethylsilane was used as the internal reference. IR 

spectra were measured on a Perkin-Elmer 983 infrared 

spectrophotometer. uv-vis spectra were recorded on a 

Perkin-Elmer 552 spectrophotometer. Optical microscopy was 

done using an MTF-l Mettler Hotstage Optical Microscope. 

Differential scanning calorimetry results were obtained 

using a Perkin-Elmer DSC-4 Differential Scanning 

Calorimeter. Molecular weights of polymers were estimated 

by gel permeation chromatography (columns, DuPont Zorbax 

PSM-300S, DuPont Zorbax PSM-60S, IBM 10 um pore; detector, 

Spectra-Physics 8200 UV (254 nm) detector; eluant 

chloroform). Preparative chromatography was done using the 

Chromatotron Model 7924T. Elemental analyses were 

performed by MicAnal, Tucson, AZ. Melting points were 

recorded with a Mel-Temp melting point apparatus and are 

uncorrected. 
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Chain Extension Reaction Between 
Substituted Aldehyde and w-Haloalcohols (7a-c) 

77 

With mild heating 0.030 mol of aldehyde was 

dissolved in 75 mL of absolute ethanol in a round-bottom 

flask fitted with a condenser. NaOH (1.2g, 0.030 mol) was 

added, followed 15 minutes later by NaI (2.3 g,0.015 

mol). After an additional fifteen minutes, 0.036 mol of 

the w-haloalcohol was added and the mixture was heated 

under reflux. The reaction was followed by TLC, and upon 

completion (1-3 days) the solvent was removed with a rotary 

evaporator. The crude product was taken up in 

dichloromethane (100 mL) and washed with water (100 mL) and 

5% aq NaOH (100 mL), and the organic layer was dried with 

magnesium sulfate. The solvent was removed under vacuum 

and the product was recrystallized from ethyl acetate / 

hexanes. 

4-(3-Hydroxypropoxy)-3-methoxybenzaldehyde (7a) 

Yield 60%; mp 73-75°C; Amax 274, 306 nm, € 13,000, 

10,000; IR (KBr) 3281, 1679 cm- 1 ; 1H NMR (CDCI3) 9.82 (d, 1 

H), 7.42 (dd, 1 H), 7.38 (d, 1 H), 6.98 (d, 1 H), 4.27 (t, 

2 H), 3.90 (s, 3 H), 3.88 (t, 2 H), 3.02 (br, 1 H), 2.13 

(quin, 2 H); 13c NMR (CDCI3) 5 191.1, 153.8, 149.7, 130.1, 

126.8, 111.4, 109.1, 67.4, 60.3, 55.9, 31.6. Anal. Calcd 

for C11H1404: 

6.21. 

C, 62.85; H, 6.71. Found: C, 62.56; H, 
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4-(6-Hydroxyhexoxy)-3-methoxybenzaldehyde (7b) 

Yield 89%; mp 51- 54 0 C; "- max 274, 306 nm, e: 12,800, 

10,000; IR (KBr) 3270, 1678 cm-1 ; 1H NMR ( CDC13) 0 9.83 (d, 

1 H) , 7.44 ( d, 1 H) , 7.41 (s, 1 H) , 6.96 ( d, 1 H) , 4.10 (t, 

2 H) , 3.92 (s, 3 H) , 3.66 (t, 2 H) , 1. 90 ( q, 2 H) , 1.61 ( q, 

2 H) , 1. 50 (m, 4 H) ; 13c NMR (CDC13) o 190.9, 154.0, 149.6, 

129.7, 126.8, 111.2, 109.1, 68.9, 62.5, 55.9, 32.4, 28.7, 

25.6, 25.4. Anal. Calcd. for C14H2004: C, 66.65; H,7.99. 

Found: C, 64.95; H, 7.80. 

3-(3-Hydroxypropoxy)-4-methoxybenzaldehyde (7c) 

Yield 28%; mp 75-78°C; "-max 274, 306 nm, e: 10,500, 

8200; IR (KBr) 3271, 1678 cm-1 ; 1H NMR (CDC13) 0 9.83 (d, 1 

H), 7. 43 ( dd , 1 H), 7. 3 9 (s, 1 H), 6. 99 ( d , 1 H), 4. 28 (t , 

2 H), 3. 91 (s, 3 H), 3. 88 (t, 2 H), 2. 75 (broad, 1 H), 2. 13 

(quin, 2 H); 13C NMR (CDC13) 0 191.0, 153.7, 149.7, 130.1, 

126.8, 111.4, 109.1, 67.5, 60.4, 55.9, 31.6. Anal. 

Calcd. for C11H1404: C, 62.85; H, 6.71. Found: C, 62.45; 

H, 6.75. 

Condensation Reaction Between Substituted Aldehyde and 
Methyl Cyanoacetate (2a-d, 4, 8a-c) 

In a round-bottom flask fitted with a Dean-Stark trap 

was placed the chain - extended aldehyde (0.030 mol) 

dissolved in benzene (75 mL). Methyl cyanoacetate (3.0 g, 

0.030 mol) was then added followed by the addition of a 

mixture of piperidine (1.2 mmol) and glacial acetic acid 
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(6.3 mmol) in benzene (5 mL). The solution was heated 

under reflux until the theoretical amount of water had been 

collected. The solvent was then removed under vacuum with 

a rotary evaporator, and the crude product was 

recrystallized from ethyl acetate / hexanes. 

Methyl 4-Hydroxy-3-methoxy-a-cyanocinnamate (2a) 

Yield 88%; mp 158-160°C; Amax 358 nm, e; 22,100; IR 

(KBr) 3389, 2223, 1731 cm-1 ; 1H NMR ( CDC13) 5 8.16 (s, 1 

H) , 7.87 ( d, 1H) , 7.42 (dd, 1 H), 7.01 ( d, 1 H), 3.99 (s, 3 

H) , 3.92 (s, 3 H), 1.63 (s, 1 H); 13C NMR ( CDC1 3) 5 163.7, 

155.2, 151.0, 146.8, 129.0, 124.2, 116.4, 114.9, 111.1, 

98.5, 56.1, 53.2. Anal. Calcd for 

H, 4.75; N, 6.01. Found: C, 61.85; H, 4.67, N, 5.96. 

Methyl 3-Hydroxy-4-methoxy-a-cyanocinnamate (2b) 

Yield 76%; mp 157-158°C; Amax 355 nm, e; 19,100; IR 

(KBr) 3381, 2229, 1730 cm- 1 ; 1H NMR (CDC13) 5 8.12 (s, 1 

H), 7. 67 ( d , 1 H), 7. 48 ( dd , 1 H), 7. 0 2 ( d , 1 H), 3. 94 (s, 

3 H), 3.86 (s, 3 H); 13C NMR (CDC13) (3 162.4, 153.7, 151.2, 

145.4, 125.6, 123.8, 116.2, 114.7, 110.5, 98.0, 55.0, 

51. 9. c, 61.80; H, 4.75; N, 

6.01. Found: C, 61.65; H, 4.65, N,6.03. 

Methyl 3,4-Dimethoxy-a-cyanocinnamate (2c) 

Yield 89%; mp 124-125°C; Amax 362 nm, e; 23,500; IR 

(KBr) 2218, 1730 cm- 1 ; 1H NMR (CDC13) (3 8.10 (s, 1 H), 7.75 
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(s, 1 H), 7.44 (dd, 1 H), 6.94 (d, 1 H), 3.96 (d, 3 H), 

3.93 (d, 3 H), 3.91 (d 3 H); 13C NMR (CDC13) 6 163.1, 

154.4, 153.4, 148.8, 127.7, 124.1, 116.0, 111.1, 110.6, 

98.3, 55.8, 55.6, 52.8. 

C,63.15; H, 5.30; N, 5.66. Found: C, 62.92; H, 5.19, N, 

5.70. 

Methyl 3,4,5-Trimethoxy-a-eyanoeinnamate (2d) 

Yield 85%; mp 112-114°C; Amax 363 nm, € 13,600; IR 

(KBr) 2217, 1731 em-1 ; 1H NMR (CDC13) 6 8.15 (s, 1 H), 7.30 

(s, 2 H), 3.96 (s, 3 H), 3.93 (s, 3 H), 3.92 (s, 6 H); 13C 

NMR (CDC13) 6 163.0, 154.9, 153.1, 142.6, 126.3, 115.8, 

108.4, 100.5, 60.9, 56.1, 53.2; Anal. Caled for C14H15N05: 

C, 60.65; H, 5.45, N, 5.05. Found: C, 60.54; H, 5.40; N, 

4.97. 

Methyl 2,4,6-Trimethoxy-a-eyanoeinnamate (4) 

Yield 88%; mp 145-146°C; Amax 362 nm, € 19,000; IR 

(KBr) 2220, 1731 em- 1 ; 1H NMR (CDC13) 6 8.12 (s, 1 H), 7.29 

(s, 2 H), 3.96 (s, 3 H), 3.93 (s, 3 H), 3.92 (s, 6 H); 13 C 

NMR (CDC13) 6 162.8, 154.6, 152.9, 142.4, 126.1, 115.7, 

108.3, 100.3, 60.7, 55.9, 53.0. Anal. Caled. for 

C14H15N05: C, 60.65; H, 5.45, N, 5.05. Found: C, 60.85; 

H, 5.40; N, 5.02. 
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Methyl 4-(3-Hydroxypropoxy)-3-methoxy-a-eyanoeinnamate (8a) 

Yield 93%; mp 150-151°C; "max 363, € 23,300; IR 

(KBr) 3491, 2223, 1715 em- 1 ; 1H NMR (CDCl3) l5 8.16 (8, 1 

H) , 7.80 (d, 1H), 7.45 (dd, 1 H) , 6.96 (d, 1 H) , 4.29 (t, 2 

H) , 3.93 (8, 3 H), 3.92 (8, 3 H) , 3.89 (t, 2 H) , 2.13 

(quin, 2 H); 13C NMR (CDCl3) 5 163.6, 154.9, 153.0, 149.4, 

127.9, 124.6, 116.3, 111.9, 111.7, 98.9, 67.6, 60.6, 56.0, 

53.2, 31.5. Anal. Caled for C15H17N05: C, 61.85; H, 5.88; 

N, 4.81. Found: C, 61.84; H, 5.84; N, 4.78. 

Methyl 4-(6-Hydroxyhexoxy)-3-methoxy-a-eyanoeinnamate (8b) 

Yield 93%; mp 91-93°C; A max 365 nm, € 23,700; IR 

(KBr) 3441, 2221, 1726 em- 1 ; lH NMR (CDCl3) 5 8.14 (8, 1 

H) , 7.78 ( d, 1 H), 7.44 (dd, 1 H) , 6.92 ( d, 1 H) , 4.10 (t, 

2 H) , 3.93 (8 p 3 H), 3.91 ( 8 , 3 H) , 3.65 (t, 2 H) , 2.32 (8, 

1 H) , 1.89 (m, 2 H), 1. 61 (m, 2 H), 1.49 (m, 4 H); 13C NMR 

(CDCl3) l5 163.4, 154.8, 153.2, 149.2, 127.8, 124.0, 116.2, 

111.6, 98.1, 68.7, 62.3, 55.8, 52.9, 32.3, 28.6, 25.5, 

25.3. Anal. Caled for C18H23N05: C, 64.85; H, 6.95; N, 

4.20. Found: C, 64.67; H, 7.03; N, 4.17. 

Methyl 3-(3-Hydroxypropoxy)-4-methoxy-a-eyanoeinnamate (Be) 

Yield 77%; mp 151-154°C; Amax 363 nm, € 22,000; IR 

(KBr) 3496, 2224, 1716 em-1 ; lH NMR (CDCl3) l5 8.16 (8, 1 

H) , 7.79 ( d, 1H) , 7.45 (dd, 1 H) , 6.96 (d, 1 H) , 4.29 (t, 2 

H) , 3.93 (8, 6 H), 3.89 (t, 2 H) , 2.39 (broad, 1 H) , 2.13 

(quin, 2 H) ; 13C NMR (CDCl3) 5 163.5, 154.9, 153.0, 149.4, 
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127.9, 124.6, 116.3, 111.8, 111.7, 98.8, 67.5, 60.5, 55.9, 

53.2, 3105. Anal. Calcd for C15H17N05: C, 61.85; H, 5.88; 

N, 4.81. Found: C, 60.82; H, 6.01; N, 4.44. 

Acylation of 2a 

2a (2.00 g, 0.00858 mol) was dissolved in 25 mL of 

dry THF in a three-necked round-bottom flask fitted with a 

condenser, exited to an oil bubbler, and with an addition 

funnel, fitted to allow a N2 sweep. The addition funnel 

was charged with 0.90 mL (0.0096 mol) acetic anhydride and 

5 mL of dry THF, and a slow N2 sweep was initiated. The 

anhydride solution was added over a 10-min period while the 

reaction flask was cooled in an ice bath. After 1 h the 

flask solution was heated to reflux for 4 h. The reaction 

mixture was cooled to room temperature and the solid 

present was filtered out and dissolved in 25 mL of CHC13. 

The organic solution was washed 2 times with 15 mL of a 

saturated NaHC03 solution, dried with MgS04, and the 

solvent was removed under vacuum with a rotary evaporator. 

The crude product was recrystallized from ethyl ace-

tate/hexanes: yield 22%; mp 140-142°C; Amax 306 nm, e; 

15,000; IR (KBr) 2223, 1758, 1731 cm- 1 ; 1H NMR ( CDC1 3) 5 

8.20 (s, 1 H) , 7.81 ( d, 1 H), 7.46 (dd, 1 H), 7.16 (d,- 1 

H) , 3.94 (s, 3 H) , 3.90 (s, 3 H) , 2.34 (s, 3 H). 

Anal. Calcd for C14H13N05: C, 61. 09; H, 4.76; N, 5.09. 

Found: C, 60.99; H, 4.56; N, 5.03. 
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Methyl 12-Hydroxydodecanoate 

12-Hydroxydodecanoic acid (15.0 g, 0.0691 mol) was 

dissolved in 200 mL of methanol in a round-bottom flask 

fitted with a condenser. Sulfuric acid (2 mL) was added 

and refluxing initiated. After 24 h, refluxing was stopped 

and excess NaHC03 added to the reaction mixture. After the 

solid was filtered out, the methanol was stripped off with 

a rotary evaporator. Ether (75 mL) was added and the 

organic solution washed with 25 mL saturated NaHC03 

solution. The organic layer was removed and the remaining 

aqueous layer extracted with 25 mL ether. The combined 

ether layers were dried with MgS04 and then the ether 

removed under vacuum by wirh a rotary evaporator. The 

crude product was recrystallized from hexanes: yield 

100%; mp 29-31°C; 1H NMR (CDC13) 0 3.67 (s, 3 H), 3.62 (t, 

2 H), 2.31 (t, 2 H), 2.17 (s, 1 H), 1.59 (m, 4 H), 1.28 

(broad s, 14 H); 13C NMR (CDC13) 0 174.3, 62.7, 51.3, 33.9, 

32.6, 29.4, 29.3, 29.1, 29.0, 25.6, 24.8. Anal. Calcd for 

C13H2603: C, 67.79; H, 11.38. Found: C, 67.39; H, 11.52. 

Polymerization by the Two-Stage, 
High Temperature Polyesterification Procedure 

Into a polymerization flask flushed with nitrogen were 

placed the cinnamate derivative (2.6 mmol) and the 

comonomer (if used). A homogenous melt was achieved by 

heating the flask to 160°C and dibutyltin diacetate (2 

mol%) was added. The mixture was heated at 160°C with a 
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nitrogen purge and constant stirring for an appropriate 

period (Table IV). The second stage was begun by placing 

the solution under vacuum (0.2 Torr) with continued 

stirring. When the polymerization was complete, the yellow 

viscous mixture was cooled to room temperature and the 

product was dissolved in an appropriate solvent 

(dichloromethane or ~-cresol). The products were purified 

by reprecipitation into methanol. 

No. 1 

Yield 82%; mp z130-140°C; Mol. Wt. 17,000; IR (KBr) 

2218, 1731, 1715 cm- 1 ; 1H NMR (CDCl3) 5 8.14 (s), 7.79 

(broad t), 7.45 (broad s), 6.96 (q), 4.53 (t), 4.29 (t), 

4 • 19 (t), 4. 05 (t), 3. 92 ( d) , 2 • 29 ( broad m), 1. 75 ( broad 

t), 1. 61 ( broad t), 1. 28 ( broad s). Anal. Calcd for 

C26H35N06 (values for a hypothetical copolymer repeat 

unit): C, 68.25; H, 7.71; N, 3.06. Found: C, 68.00; H, 

7.72; N, 3.26. 

No. 2 

Yield 85%; mp z130-140°C; Mol. Wt. 22,000; IR (KBr) 

2217, 1731, 1716 cm-1 ; 1H NMR (CDCl3) 5 8.14 ( s ) , 7.80 

(broad q) , 7.44 (broad s), 6.96 (q) , 4.53 (broad s), 4.29 

(t) , 4.19 ( t) , 4.05 (t) , 3.92 (s) , 2.28 (broad m), 1. 75 

(broad t), 1.61 (broad t), 1.28 (broad s). Anal. Calcd for 

C26H35N06 (values for a hypothetical copolymer repeat 
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uni t) : C, 68 . 25; H, 7 . 71; N, 3. 06 . Found: C, 67. 92; H, 

7.77; N, 3.06. 

No. 3 
Yield 91%; mp =140-220°C; Mol. Wt. 64,000; IR (KBr) 

2219, 1730, 1714 cm-1 ; 1H NMR (CDC13) 6 8.14 (s), 7.80 

(broad d), 7.44 (broad s), 6.96 (q), 4.53 (broad t), 4.29 

(broad t), 4.19 (t), 4.05 (t), 

1.75 (broad t), 1.61 (broad 

3 . 92 (s), 2. 29 (broad m) , 

t), 1.28 (broad s). 

Anal. Calcd for (values for a hypothetical 

copolymer repeat unit): C, 68.25; H, 7.71; N, 3.06. 

Found: C, 68.11; H, 7.81; N, 3.07. 

No. 4 

Yield 100%; mp =190°C; IR (KBr) 2217, 1714 cm-1 . 

Anal. Calcd for C14H13N04 (values for the homopolymer 

repeat unit): C, 64.86; H, 5.05; N, 5.40. Found: C, 

64.98; H, 5.65; N, 4.93. 

No. 5 

1 

Yield 91%; mp (dec) 240°C; IR (KBr) 2218, 1731 cm

Anal. Calcd. for C40H48N2010 (values for a hypothetical 

copolymer repeat unit): C, 67.02; H, 6.75; N, 3.91. 

Found: C, 66.89; H, 6.96; N, 3.67. 

No. 6 

Yield 

1712 cm -1 

100%; mp (dec) =300-340°C; IR (KBr) 2217, 

Anal. Calcd for C17H19N04 (values for the 
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C, 67.76; H, 6.36; N, 4.65. 

Found: C, 66.57; H, 6.10; N, 3.93. 

No. 7 

Yield 80%; mp (dec) ~250 °C; IR (KBr) 2217, 1726 

Anal. Calcd. for (values for a 

hypothetical copolymer repeat unit): C, 68.64; H, 7.22; N, 

3.81. Found: C, 68.23; H, 6.88; N, 3.64. 

No. 8 

Yield 87%; mp ~140-160°C; Mol. Wt. 34,000; IR 

(KBr) 2217, 1731, 1715 crn- 1 . Anal. Calcd for C26H35N06 

(values for a hypothetical copolymer repeat unit): C, 

68.25; H, 7.71; N, 3.06. Found: 

3.04. 

C, 68.02; H, 7.57; N, 

No. 9 

1 

Yield 93%; rnp ~180-185°C; IR (KBr) 2217, 1729 cm

Anal. Calcd. for C63.4H69.7N3.67016.7 (values for a 

hypothetical repeat unit): C, 66.21; H, 6.11; N, 4.47. 

Found: C, 65.41; H, 6.17; N, 4.29. 

No. 10 

Yield 85%; mp ~195-203°C; IR (KBr) not yet foun~; 

Anal. Calcd for C14H13N04 (values for the homopolymer 

repeat unit): C, 64.86; H, 5.05; N, 5.40. 

63.74; H, 5.18; N, 5.23. 

Found: C, 
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4-(6-Hydroxyhexoxy)benzoic Acid (15) 

Following the procedure of Ringsdorf,33 0.480 mol 

(54.0 mL) of 6-ch1orohexano1 was slowly drop added to a 

heated solution composed of 0.434 mol (60.0 g) 4-

hydroxybenzoic acid and a trace of potassium iodide in 190 

mL absolute ethanol and 64.8 g potassium hydroxide and 64.8 

mL water. After ref1uxing 2 days, the solvent was 

evaporated and the solid residue dissolve in water. The 

solution was made strongly acidic with'HC1, the precipitate 

filtered out, stirred in hot water and filtered again. The 

wet solid was air dried overnight and then recrystallized 

twice from ethanol: yield 60 % (lit, 60 %); mp 135-138 0 C 

(lit, 139 0 C); IH nrnr (d-DMSO) 5 7.91 (d, 2 H), 7.01 (d, 2 

H), 5. 74 ( imp), 4. 00 ( t , 2 H), 3. 43 (t , 2 H), 1. 74 ( m , 2 

H), 1.39 (m, 6 H); 13C NMR (d-DMSO) 5 167.4, 162.6, 131.7, 

123.0, 114.5, 68.0, 61.0, 32.7, 28.9, 25.6, 25.5. Anal. 

Ca1cd. for C13H1804: C, 65.53; H, 7.61. Found: C, 65.34; 

H, 7.64. 

2-Methy1propy1 4-Hydroxybenzoate (18) 

To a three-necked round bottom flask fitted with 

two condensors in series, a glass stopper, and a rubber 

septum was added 0.0140 mol (3.00 g) phenyl A-

hydroxybenzoate. The round bottom was put in a 160 0 Coil 

bath to melt the solid. Then a mixture of 0.028 mol (2.6 

mL) 2-methy1propano1 and 0.020 mL dibuty1tin diacetate 
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catalyst was slowly injected underneath the surface of the 

flask liquid and the solution refluxed until TLC indicated 

no starting compound remained. The reaction solution was 

then passed through a short silica gel column, the solvent 

removed with a rotary evaporator, and the product isolated 

by Kugelrohr distillation: yield 90 %, mp 71-72 0 C; 1H nmr 

(CDCl3) 0 7.96 (d, 2 H), 7.38 (s, 1 H), 6.92 (d, 2 H), 2.08 

(sep, 1 H), 1.01 (d, 6 H); 13C NMR (CDC13) 0 167.5, 160.7, 

131.9, 122.1, 115.3, 71.1, 27.9, 19.1. Anal. Calcd. for 

C11H1403: C, 68.02; H, 7.27. Found: C, 68.20; H, 7.34. 

4-(w-Propenoyloxyalkoxy)benzoic Acid (22) 

A mixture of 0.0675 mol (16.05 g) of 4-(6-

hydroxyhexoxy) benzoic acid, 450 mL benzene, 4.5 g p-

toluene sulfonic acid monohydrate, 4.5 g 3-t-butyl-4-

hydroxy-5-methylphenyl sulfide, and 160 mL of a 3:1 

solution of acrylic acid: acrylic acid dimer (21) were 

refluxed in a Dean-Stark apparatus until the calculated 

amount of water was collected. Most of the solvent was 

removed with a rotary evaporator, the remaining solution 

filtered, and then 100 mL ether added. The organic 

solution was washed four times with 60 mL warm water, dried 

with sodium sulfate, the solvent removed with a rotary 

evaporator, 50 mL ether added, and the solution put in a 

freezer (40 0 C). A white sticky solid was filtered out and 

dissolved in ether, the solution filtered, pentane added to 
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slight cloudiness, and the solution chilled to 0° C causing 

recrystallization. Filtering gave a white powder: yield 

=60 %, mp 64-74° C. 

Model Monomer (23) 

The substituted benzoic acid (22), 0.0106 mol (3.88 

g), was added to a solution of 8 mL thionyl chloride, 0.020 

mL dimethyl formamide, and a trace of 2,6-di-t-butyl-4-

methylphenol. The solution was stirred for 30 min at room 

temperature followed by removal of the thionyl chloride by 

water aspirator vacuum (1 h), then high vacuum (1 h). The 

product was dissolved in 20 mL of dry ether and added to a 

solution of 0.0120 mol (2.34 g) 2-methylpropyl 4-

hydroxybenzoate (18) and 2 mL triethylamine in 40 mL of dry 

THF for 15 min (0-5° C). After 2-4 h, the solvent was 

removed with a rotary evaporator followed by high vacuum. 

The solid residue remaining was dissolved in 30 mL 

chloroform, washed three 'i:imes with 15 mL water, dried over 

sodium sulfate, the solution concentrated, and then passed 

through a short silica gel column. The solution was 

concentrated again and then purified chromatographically 

using the Chromatotron: yield 30 9- • 0, 

Differential Scanning Calorimetry (DSC): 

mp 50-52° C; 

heating, 50° C; 

cooling, 24° C. 1H NMR (CDC13) 6 8.14 (d, 2 H), 8.13 (d, 2 

H), 7. 29 ( d , 2 H), 6. 98 ( d , 2 H), 6. 41 ( dd , 1 H), 6. 11 ( dd , 

1 H), 5. 8 4 (dd , 1 H), 4. 44 (t , 2 H), 4. 14 (t , 2 H), 4. 12 
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(d,2 H), 4.05 (t, 2 H), 2.70 (t, 2 H), 2.09 (sep, 1 H), 

1.84 (m, 2 H), 1.69 (m, 2 H), 1.44-1.52 (m, 4 H), 1.03 (d, 

6 H); 13C NMR (CDC13) 5 170.6, 165.8, 164.3, 163.6, 154.6, 

132.3, 131.1, 128.0, 127.9, 121.7, 121.1, 114.3, 71.0, 

68.0, 64.7, 59.9, 34.2, 33.9, 28.9, 28.4, 27.8, 25.6, 19.1. 

Anal. Calcd. for C30H3609: C, 66.65; H, 6.71. 

66.63; H, 6.78. 

(S)-2-Methylbutyl 4-Hydroxybenzoate (24) 

Found: C, 

The procedure followed exactly that used to make 

18, except that 0.0700 mol (15.0 g) phenyl 4-hydroxybenzoic 

acid and 0.138 mol (15.0 mL) (S)-2-methylbutanol were used: 

yield 94 %; mp 28.0-28.5° C; 1H NMR ( CDC13) 5 7.96 ( d, 2 

H) , 7.80 (s, 1 H) , 6.94 ( d, 2 H) , 4.15 (ro, 2 H) , 1.84 (m, 1 

H) , 1.52 (ro, 1 H) , 1.28 (m, 1 H) , 1.10 ( d, 3 H) , 0.94 (t, 3 

H) ; 13C NMR ( CDCL3) 5 167.7, 160.8, 131.9, 122.0, 115.4, 

69.7, 34.2, 26.1, 16.5, 11.2. 

C , 69. 21; H, 7. 74 . Found: C , 69. 29; H, 8. 04 . 

Optically Active Monomer (25) 

The procedure followed was exactly that used to 

make 23, but 0.0106 mol (2.21 g) (S)-2-methylbutyl 4-

hydroxybenzoate was used instead of 2-methylpropyl 4-

hydroxybenzoate: yield 40 %; mp 39-40° C; DSC transitions: 

heating, 40° C; cooling, 24° C. 1H NMR (CDC13) 5 8.14 (d, 

2 H), 8.12 (d, 2 H), 7.29 (d, 2 H), 6.98 (d, 2 H), 6.42 

( dd , 1 H), 6. 11 ( dd , 1 H), 5. 84 ( dd , 1 H), 4. 44 (t , 2 H), 
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4.18 (m, 2 H), 4.14 (t, 2 H), 4.05 (t, 2 H), 2.70 (t, 2 H), 

1.84 (m, 2 H), 1.66 (m, 2 H), 1.49 (m, 4 H), 1.29 (m, 1H), 

1.02 (d, 3 H), 0.97 (t, 3 H); 13c NMR (CDCl3) 5 170.6, 

166.0, 164.4, 163.6, 154.7, 132.4, 131.1, 131.1, 128.1, 

127.9, 125.6, 121.8, 121.1, 114.3, 69.6, 68.1, 64.7, 59.9, 

34.3, 33.9, 28.9, 28.5, 26.1, 25.6, 16.5, 11.3. Anal. 

Calcd. for C31H3809: C, 67.13; H, 6.91. Found: C, 67.00; 

H, 6.93. 

Model Monomer Polymerization, Run No.1 

Model monomer (23), 0.000925 mol (0.500 g) and 0.72 

mol % AIBN initiator were dissolved in 5 mL toluene in a 

polymerization tube. The solution was degassed, heated to 

55 0 C for 24 h, and then the polymer precipitated by drop 

adding the reaction solution into 75 mL methanol (0 0 C). 

An off-white tacky solid (0.100 g) was filtered out, the 

filtrate centrifuged and an off-white tacky solid (0.150 g) 

filtered out of it also. The filtrate was concentrated 

with a rotary evaporator and then chilled to 0° for several 

hours. Filtering gave a white, shiny solid (0.120 g, mp 

50-520 C) that was pure unreacted monomer. The combined 

tacky solids were dissolved in 5 mL chloroform and then 

reprecipitated into 75 mL methanol (0 0 C). The white, 

slightly tacky solid was put under high vacuum (0.01 Torr) 

for 20 h: yield 38 %; Mn = 27,000; DSC phase transitions: 
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(heating) 97° C; (cooling) 96° C; optical microscopy: 

smectic phase 45 - 107° C. 

(monomer repeat unit): 

66.41; H, 6.73. 

Anal. Calcd. for 

C, 66.65; H, 6.71. Found: C, 

Model Monomer Polymerization, Run No.2 

Model monomer (23), 0.000925 mol (0.500 g), and 

0.50 mol % AIBN initiator were dissolved in 5 mL freshly 

dried toluene in a polymerization tube. The solution was 

degassed, heated to 60° C for 24 h, and then the polymer 

precipitated in 75 mL methanol (0° C). The off-white tacky 

solid was dissolved in 5 mL chloroform, reprecipitated into 

75 mL methanol (0° C), and a white, slightly tacky solid 

filtered out: yield 35 %; Mn 30,000; DSC phase transitions 

(heating) 95° C, (cooling) 96° C; optical microscopy: 

smectic up to 103° C. 

The filtrate from the first precipitation was 

evaporated down (50 %) with a rotary evaporator and then 

chilled to 0° C. A white solid (0.173 g) was filtered out, 

mp 50-52° C, which was pure 23. 

Optically Active Monomer Polymerization 

The procedure followed was exactly that used in the 

model monomer polymerization, run no. 2, except that 

0.000902 mol (0.500 g) optically active monomer (25) and 

0.72 mol % AIBN were used, and the polymerization time was 

88 h: yield 50 %; Mn 24,000; DSC phase transitions: 



(heating) 66° C, (cooling) 

microscopy: smectic up to 72.6° c. 

93 

63° C; optical 
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