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ABSTRACT 

In this work, using the idea of an electrically conducting 

IIfunctional unit, II monomers and polymers with possible electronic and 

electro-optic applications were synthesized. The synthesis and 

polymerizations were in many cases, novel and non-trivial. 

8 

Dithiafulvene (l,3-dithiole) and variations of this functional 

unit were synthesized and incorporated into new condensation polymers. 

Polyesters, polyamides and polyhydrazones were all successfully 

synthesized and could be cast into films. These new polymers might be 

applicable as processable conducting materials if compatible dopants are 

employed or by themselves in the area of third order non-linear optics. 

Using a (meth)acrylate backbone, a spacer group of six methylene 

units, and a phenyl-C02 -phenyl mesogen, linked by an ester group to a 

strongly polar optically active center containing a methoxy group, three 

new novel monomers and polymers were designed to exhibit smectic c* 

liquid-crystal phases. The polymers exhibited liquid crystalline 

behavior as was shown in differential scanning calorimetry and optical 

microscopy. 

Further studies and investigations in the synthesis of pure 

(meth)acrylate esters and their homopolymers yielded surprising results 

with regard to the Schotten-Baumann reaction. Interestingly, the use of 

meth(acryloyl) chloride in this scheme leads to (meth)acrylic anhydride, 

which is not easily isolable from distillable products. This anhydride 



is responsible for gelation in the polymerization of glycolate esters, 

and cannot be removed by work-up with various nucleophiles without 

disrupting desired ester functions. An SH2 method is recommended in 

this work. 

1,.1 
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CHAPTER 1 

INTRODUCTION 

In the present day, a person whose career is synthetic organic 

polymer chemistry might be asked to develop and polymerize new monomers 

for a myriad of different purposes. With the growing awareness of the 

utility of the polymers and the scores of interesting applications, the 

number of new polymers is ever increasing. 

Of the many applications of organic polymers, included on the 

forefront of research are those with electric and electro-optic 

properties. Fortunately, with the skills that a polymer chemist obtains 

and avid utilization of the current literature, he or she can tailor

make monomers which, when polymerized, can ultimately (perhaps after 

some specific modifications) exhibit these desired properties. 

In the quickly growing field of electronic and electro-optic 

materials, conducting polymers, liquid-crystalline polymers and polymer.s 

which exhibit non-linear optical properties are important. In each of 

these polymer systems, it is vitally important to incorporate functional 

moieties of specific electronic nature. These "functional units" must 

possess specific properties with regard to degree of conjugation and/or 

aromaticity, donor or acceptor nature (as a whole and/or in different 

regions of the functional unit itself), and corresponding rigidity or 

flexibility. In short, these functional units must be synthesized to 

direct electrons or electronic interaction in a specific manner, and the 



rest of the polymer must accommodate and, perhaps, complement this 

behavior. 

11 

In more specific terms, the type of functional unit required for 

this class of materials was investigated for electrically conducting 

polymers and side chain smectic c* liquid crystalline polymers. With 

the smectic C* liquid crystal, permanent dipoles are often introduced 

into the side chain of a polyacrylate backbone. These dipoles, of 

course, consist of a partial positive location and a partially negative 

region. This important functional unit is termed a "mesogen," which 

serves to align the side chains of a liquid crystal polymer in a 

particular manner. With the electrically conducting polymer, the 

functional unit can be a conjugated donor or acceptor, which is 

incorporated into an accommodating polymer structure so that a charge

transfer or ion-radical state can be introduced by an appropriate 

dopant. 

The electronic movement in these classes of materials is also of 

interest. With conducting polymers, the mechanism is the movement of 

charge (usually as an ion radical) along the polymer chain or between 

aligned polymer chains. With the smectic c* liquid crystal, the charges 

or induced dipoles remain on the same atoms in the molecule, but parts 

of the whole polymer system move to adjust to an applied electric field 

or can align when induced by temperature. 

The functional units and accommodating polymer structure to 

achieve electronic and electro-optic properties were respectively 

dithiafulvene, for conducting condensation polymers, and a dipolar 
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phenylbenzoate system as a mesogen for a side chain polyacrylate. The 

study of polyacrylates and their synthesis in general was necessary in 

order to achieve the latter goal. 

In this work, specific previous studies in electric and electro-

optic polymers prompted the synthesis of new monomers. The overall 

purpose of this dissertation research was: to synthesize some tractable, 

pliable polymers containing dithiafulvene units which might have 

electronic applications, to synthesize some side-chain liquid crystal 

polymers with an acrylate backbone and dipolar mesogenic groups which 

might exhibit smectic c* phases, and to further investigate synthesis 

and polymerizations of pure acrylates and methacrylates. The detailed 

theory of these concepts will be discussed in the following chapters. 

Donor group 
-conJugation 

! ~ NLO 

conducting 
polymers 

Dipolar 
mesogen 

1 
liquid crystal 

polymers 



CHAPTER 2 

SYNTHESIS OF MONOMERS AND POLYMERS CONTAINING THE DTF UNIT 

Background Theory 

Conductivity in Organic Polymers 

13 

Electrical conductivity in polymers is a fairly recent and 

interesting phenomena being investigated by many. Polymer chemists have 

been able to synthesize polymers with properties typically possessed by 

metals. The study of conducting organic materials is now a highly 

interdisciplinary field involving chemists, material scientists and 

physicists. Their work has led to monomers and polymers which exhibit 

photoconductivity, semiconductivity and superconductivity, and which 

until now had been classified as insulators only. Most of the research 

in this area has been on three broad classes of materials: crystalline 

charge-transfer (CT) complexes or salts, polymers, and graphite and its 

related compounds. 

The classic example of an organic conducting polymers is doped 

polyacetylene. It, however, is intractable and not useful in terms of 

processability. Conjugation was found to be the heart of the conduction 

process. Polymers with polyconjugated structures in the main chain are 

insulators in the ground state. Doping helps these polymers to achieve 

conductivity by creating charge carriers. In polymers, the charge 

carriers are electrons or electron holes. 
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Electrical conductivity in a polymer is influenced by temperature 

and structural factors. A highly crystalline state increases the 

conductivity1. Many polymers are semicrystalline. The crystalline-

amorphous interface may act as a trapping region for charge carriers and 

slow down the conduction process2 . 

The electrical conductivity of most polymeric semiconductors 

increases exponentially with temperature. Conductivity also depends on 

pressure, especially in polymers, because packing affects the ease of 

charge migration. Normal conductivities range from 10-10 to 102 ohm-1 

cm-1 • Metallic conductivity is defined as that greater than 102 ohm-1 

The hopping mechanism is the most widely accepted among those 

proposed for the conductivity of polymers. According to the hopping 

mechanism, the current passes by means of activated jumps of the carrier 

from one region of good conductivity (region of polyconjugation) into 

another region of good conductivity (polyconjugation). Whether this 

occurs between chains or along a polymer chain is controversial. The 

carriers must overcome poorly conducting dielectric barriers of 

disordered or nonconjugated structure. There is a series of consecutive 

activated jumps of carriers between the macromolecules or conducting 
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polyconjugated regions along a chain. The energy barrier to be overcome 

is determined by the energy levels available to the carrier in its 

domain and the distance required for the hop to the next domain. Side 

groups could act as traps creating ion radical states. Consequently, in 

these cases, the hopping probability along the polymer chain is much 

reduced3 • In the language of semiconductor theory, a neutral acceptor 

state or an ionized donor state will trap electrons (and a neutral donor 

state or an ionized acceptor state will trap holes). 

Since polyconjugated polymers are normally insulators in the 

ground state, doping is often used to increase the conductivity of the 

polymer. For polyacetylene, small amounts of various dopants, both 

acceptors and donors, drastically change its electrical, optical, and 

magnetic behavior. In many polymers, conductivity is increased many 

orders of magnitude when exposed to dopants, such as halogen vapors. 

Doping may entail diffusion of dopants into fibers, a chemical reaction 

with internal or surface chains, or simple adsorption to the surface. 

Most doping experiments might be better characterized as oxidation

reduction reactions4 • Doping (as oxidation or reduction) creates the 

holes or electrons which become the charge carriers. 

It is of interest and controversial just how organic polymers 

conduct. Some researchers say that polymers conduct along chains, while 

others, such as Wegner, suggest a "between chain" mechanism. According 

to Wegner's theory, almost all complexes of donor and acceptor 

crystallize in the form of mixed stacks. Crystals which exhibit this 

type of packing are insulating. If after charge transfer, the donor and 
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acceptor molecules are found in segregated stacks, the complex is 

conducting. Wegner5 explains the bonding relationship within the stacks 

as the charge-transfer interaction between neutral and ionic molecules. 

+./" --- .A. D ~./"" ____ A-

D ~ ./""" --- A 
D~~ ___ A 
D+~ ____ A-

DD~ ---- A 

insulaTing conducting 

An organic metal is only formed if there is a partial transfer of 

charge and the stack of acceptor molecules consists of a mixture of 

neutral and negatively charged units while the donor stack consists of a 

mixture of neutral and positive units. The charge transport proceeds 

independently in two stacks, TCNQ (or another molecule of high 

electrophilicity), a current of electrons, TTF, a current of ho1es5 • It 

has not been proven experimentally which of these theories of 

conduction, along a chain or between chains, is true. 

Properties and Synthesis of Other Conducting Polymers 

Polyacetylene (PA) has been used as a model for organic polymeric 

semiconductors. As was mentioned before, polyacetylene increases its 

conductivity (from 10-9 ohm-! cm-! to 5 x 102 ohm-! cm-!) when treated with 

strong reducing or oxidizing agents such as I 2 , Br2 , AsF5 , or sodium 
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naphthalide. PA tends to undergo spontaneous crosslinking reactions 

such as Diels-Alder reactions during dopings. Poor processability and 

mechanical properties are typical consequences of the rather stiff 

backbones of materials such as PA. However, considerable progress has 

been made in the processing area using materials in the polyelectrolyte 

form. The weak interchain binding allows diffusion of dopant molecules 

into the structure between chains. while the strong intrachain bonds 

maintain the integrity of the polymer. 

Many conducting polymers have interesting properties and novel 

syntheses. Many of these, however, do not have the processability 

characteristics desired. Polyacetylene is usually made by the Shirakawa 

technique where one blows acetylene onto the surface of a concentrated 

solution of a Ziegler catalyst in an inert solvent. 6 Poly-p-phenylene, 

made via the Lewis acid-catalyzed oxidative coupling polymerization of 

benzene, is obtained in quantitative yield as an insoluble and infusible 

powder with conductivity of 10-11 ohm-1 cm-1 when benzene is polymerized 

over AlC13/CuClz (molar ratio 2:1).7 Poly (thio-l,4 phenylene), 

obtained industrially by reaction of dichlorobenzene with sodium sulfide 

in N-methyl pyrrolidone8 , reaches a maximum of 1 ohm-1 cm-1 when doped 

with AsFs . Polypyrrole is synthesized by electrolysis of pyrrole and 

exhibits conductivity of 100 ohm-1 cm-1 at 300 K.s Another interesting 

conductive polymer is shown below.3 This example illustrates that there 

is no need for uninterrupted conjugation in a polymer to achieve 

conductivity. 
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Most of the conducting C-T complexes to date involve electron 

donors of the tetrathiafulvalene (TTF) family and their selenium and 

tellurium analogs. Although the ability of TTF and its derivatives to 

form such compounds and/or act as reducing agents is well-documented, 

little has been reported qualitatively or quantitatively concerning 

dithiafulvenes in this regard. 

r.-S 
R (S tL?R --. I H 

S S R 

In this work, monomers and polymers of substituted dithiafulvenes were 

prepared and characterized with the hope that they might someday be 

useful as processable materials which could conduct when doped. The 

focus was on processability rather than high conducting ability. 

Previous Work on TTF and DTF Derivatives 

The developing interest in the synthesis and electron-transfer 

properties of novel organic materials led to the preparation of 

tetrathiafulvalene (TTF) I, a good electron donor capable of forming 

18 
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conducting cation radical complexes. When TTF is reacted with TCNQ 

(7,6,8,8-tetracyanoquinodimethane) 2, a planar molecule with valence 

electrons found above and below the planar framework, a highly 

conducting charge transfer complex, is formed. 1o The molecules formed 

close segregated stacks. 

:~:-IG>-<]][:~:J 
.... 

The complex not only behaves like a metal over a large temperature 

range, but exhibits high electrical conductivity (a - 1.470-1 cm-1 at 

66K, 6500-1 cm-1 at room temperature. It does, however, show a sharp 

decrease in conductivity belo\{ 58K whi.ch corresponds to a metal-

insulator transition. 11 This discovery sparked interest in the 

synthesis of a variety of new electron donors possessing 1,3-dithiole 

rings and other acceptors related to TCNQ. 

Among the first of the new electron donors to be studied were 

derivatives with extended a-bond frameworks such as 3 or 4 12,13 

s s 0:>=<:0 s 4- S 
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or extended ~-orbital systems14 as in compound 5. New synthetic methods 

were introduced to prepare existing and new 1,3 dithioles and their 

selenium analogs. 

Hartzler15 was the first to report a new synthesis of TTF analogs 

via the reaction of carbon disulfide and electron deficient acetylenes. 

R - R' = CF3 

... 

Based on experimental evidence, Hartzler proposed a mechanism involving 

1,3-dithiolium carbenes which represent a cyclic 6~ electron system 

which should possess aromatic stability and nucleophilicity 

9 

It was, in fact, found that 4,4' (S')-bis(carbomethoxY)-A-2,2-bi-l,3-

dithiole 10 can be obtained in modest yields by the reaction of carbon 

disulfide and tri-n-butyl phosphine followed by slow addition of methyl 

propiolate in THF .16 
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HcaC0 2 Me + 2CS
2 

n-B U 3: 

THF 

10 

Tetrathiafulvalenes have also been synthesized in good yields via 

electrochemical reduction of 1,3-dithiolium salts followed by pyrolysis 

of the dimers. Bis(ethylene dithiolylene)-tetrathiofulvalene 11 has 

also been synthesized. 

CS
2 

_A_I_k_Q_I_I_m_'_t_o_l_o_,_ •• sY')=J .. (CH 2 ) ZOo.' (sYS):s 
electrochem. r d ~ J ~s 

e • s_ s / 1: E t :5 0 + B F; 
/ 2) e lee t '0 c h em. ,. d '. 



22 

The TTF derivative 11 has been a focus of attention in organic-metals 

research because low temperature conductivity has been observed in some 

sal ts of this donor. 17 

Interest has expanded to incorporate TTF analogs into polymer 

chains. Polytransesterification of 8 and diols such as bisphenol-A or 

ethylene glycol have produced low-molecular weight polyesters18.19 and 

polycondensation of diacid 12 with diamines, using an N-phosphonium salt 

and pyridine as a dehydrating agent, gave tetrathiafulvalene amide 

polymers. These polymers, however failed to form charge-transfer 

complexes with TCNQ.20 

o 

" ys S~':i:LO 
~ ~ ~g-~-A-~ 

S S R R 

HOOys S 

~~)COOH 
S S ---------+ 

12 HN-A-NH 
I I 
R R 

R-H. A- {!)-CH 2-©-
A--(CH 2 )12-
A--(CH 2)6-

n 

Vinyltetrathiafulvalene 13 was polymerized by UV light, azo 

initiators, or addition of TCNQ.21 (p-Vinyl-phenyl) tetrathiafulvalene 



14 was thermally polymerized 'in bulk yielding insoluble polymers that 

did not form CT complexes with TCNQ.22 Methacrylate 15 has also been 

synthesized and polymerized. 23 

lv 

13 

1 " 

=< ~-a-f6\-;-s~" 
o ~ ULs S~ 

1 5 

y 
S S 

X 
9 $ 
\:J 

~a , 
o 

Pittman and coworkers19 prepared and polymerized diphenol 16 with 

diisocyanates and disulfonyl chlorides. Inherent viscosities ranged 

23 
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from 0.10 to 0.34, and although no CT complexes were observed with TCNQ 

or DDQ, bromine complexes of 17 were obtained. 

HO -©lc:>=<:]@--OH 
16 

OCNRNcO 

s s 11 .... 11 t-<Qnr 
' 0 0

1 o I .>=<.3t-@-O-C-N-A-N-C • 

1 7 e",-
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Polymers containing TTF units have been prepared by the coupling 

of polymethylene-bis-4-(2-thioxo-l,3-dithioles) salts 18 by treatment 

wi th base: 24 Polymer 19 yielded TTF.: TCNQ complexes in a 6: 1 ratio. 

""CCOOOK, ~ .. s· 
• 

ICIH,h"' HI , H,C<iN I r t , . 

[lC:>=<::r leH, 1.-] 
1 9 

An important contribution to this area of research was the 

synthesis of TTF related donors with extended conjugation between the 

1,3-dithiole rings and to the dithiafulvene (2-methylene-l,3-dithiole) 

heterocyclic ring and its derivatives. Novel ~-donors in which two 1,3-

dithiole rings are connected with unsaturated carbons were synthesized. 

Bis-(1,3-benzodithiole-2-ylidene)ethane [Bi-(benzo-l,3-dithiafulven-6-

yl)] 20 was prepared via the reaction of o-benzene dithiol with the 

masked aldehyde 2,S-dimethoxytetrahydrofuran in toluene-4-sulfonic acid 

or hydrogen chloride followed by treatment of the intermediate with 

trityl hexachloroantimonate or tetrafluoroborate and subsequent 

deprh~~n with tririlamine. 25.26 ... + 

VSH MeOA..OrOMe . 

(r:~~EI'. 
20 

a 
b 

R=H 
R=H 
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Compound 20 was found to be a better donor than TTF as determined from 

cyclic voltarnrnetry experiments showing decreased repulsion of the 

dication 21 when compared to 22. 24 •25 

ICKJ 
21 22 

Several donors with extended conjugation between the l,3-dithiole 

rings have been prepared by Yoshida et.al. 27 following a Wittig approach 

with (l,3-dithiolidene) phosphoranes 23 and 2-formylmethylene-l,3 

dithioles 24. 

23 

- 1>= .... ,. EI,N [R'lS ~ 
R' 5 

250 

24 25 
.' S "'rf~ R' s 
• .)1.s· 'cMO .. )[ ~ "lR' 

= 

R' S' "'=< I 
S R' 

a R'.R'.Me 
bR'.R·.CO.Me 
e R'.Me; R'-R'. -(CH .CHI&.
dR'.R·.H 

r.S s ~ F'=<~il 
5 26 S..!J 
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Based on these results, a new donor, 1,4-butenediylidene-2,2'-bis 

(1,1,3-dithiole) (BDBDT) 27, was synthesized by two different methods: 

reductive coupling of aldehydes by TiC14-LAH, and desulfurization-

coupling of thioaldehydes and subsequent demethoxy carbonylation): 

--• 
T Ii F , reflux 

R S 

)[ ~ SyR 
R S ~ ~ 

$. R 

31 R-H, 31°1. 

32 R-Ph, .. 5'lg 

27 R=H, 55% 

28 R--(-CH-CH-)-, 69% 

The oxidation potentials obtained for 31 exhibited a larger 

decrease of Coulombic repulsion of the doubly ionized state than those 

obtained for TTF and 26. These materials are of interest because the 

radical cations derived from them incorporate the desirable features of 

more widely spaced sites of maximum spin density.13 
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Dithiafulvene 33 has been reported since the early 1960's.28 A 

striking feature of this heterocycle is the ease with which the 

dithiafulvenium (1,3-dithiolium)cation can be formed. 

A s s 
\ / 

HX 

33 

These dithiafulvenium cations have been extensively reviewed. 28,29 They 

are stable and isolable as crystalline salts. The stability is proposed 

to be due to delocalization and aromatic character in the 6rr-e1ectron 

system of the positively charged five-membered ring. 

s 

X) 
s 

XI 
+ 

Although the positive charge is often depicted as de localized equally 

over all the ring atoms, dithiafulvenium salts react exclusively at the 

2-position with nucleophilic reagents. This effect is substantiated by 

the salts 34 and 35 toward aromatic aldehydes. Whereas the methyl on C-

2 of 34 condenses easily with benzaldehyde, the methyl on C-4 of 35 does 

not react even in the presence of pyridine or triethy1amine. 29 On the 

other hand, 13C_NMR studies indicated some delocalization of charge to 

C-4 and C-S. 

34 35 
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Dithiafulvenium salts are important precursors to TTF. Among their most 

important reactions are those with nucleophilic reagents such as 

tertiary aliphatic amines. 

(>=<:J 
Gompper and Kutter26 reported the reaction of IOH-9-anthrone with 

2-methylthio-I.3-benzodithiolium perchlorate to obtain dithiafulvene 36. 

o 

Compound 36 is interesting in that further reaction at the carbonyl 

group would allow the introduction of an electron withdrawing moiety 

such as dicyanomalonate leading to a structure in which a "push-pull" 

electron effect might lead to conductivity. 
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Substituted 2-methylthio-l,3-ditholium salts 37 have been synthesized by 

Campaigne and Hamilton. 29 Their reaction with several active methylene 

compounds lead to dithiafulvenes 38 a-d. 

5CH;; 

5~S 
>=Z 

Ph H 

37 

R)(3 
----t ... ~ S S 

PhRH 
38 

a. R2-R3-CN 
b. R2-C02CH3 , R3-CN 
c. R2-R3-C02CH3 
d. R2-R3=C02CH3 

Dithiafulvenes have also been prepared by the reaction of triakyl or 

triaryl phosphines with l,3-dithiolium cations to give a phosphonium 

salt, which is deprotonated by butyl lithium to the Wittig reagent 39. 

This can then react with carbonyl compounds to yield dithiafulvenes 

40. 30 This can then react with carbonyl compounds to yield 

dithiafulvenes 40. 

39 40 

a. R1=R2=C02CH3 
R3-H 
R4-pH 

b. R1=H, R2-C02CH3 , 

R3-CH3 , R4--¢ 
c. R1-R2=-(-CH=CH2-)

R3-R4-alkyl 

Ditholes 41 are important intermediates in the synthesis of dithia-

fulvenes via their reaction with acetylenes. 31 

Ph{:S 5 
~ Sl 

Ph 
41 

s 
S II 

Et.zNC'V- Ph 

I rPh 
H:sC . 
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Dithiafulvenes substituted on the C-4 and C-S have been obtained32 by 

the photolysis of substituted 1,2,3-dithiazoles. 

Many dithiafulvenes bearing electron withdrawing groups on C-4 

and C-S have been synthesized by Hartzler15 • 16 and Cava33 by acetylene 

dicarboxylate or methyl propiolate on the purple complex of carbon 

disulfide and trion-butyl phosphine to produce the unstable phosphorane 

39, which reacts with aldehydes15 or ketones33 to give the corresponding 

dithiafulvenes. Similarly, Mulvaney and Chang34 have reported the 

synthesis of a number of monomers and polymers containing the 

dithafulvene ring with phenyl or ester substituents on C-4 and/or CoS: 

CHPh CHPh CHPh CHPh 

sAs S/"'-5 sAs sAs 
X ~ X ~ Ue0 2 C C0 2 Ue C0 2 Et Ph Ph Ph 

42 43 44 45 

Compounds 44 and 45 form 1:1 charge transfer complexes with TCNQ in 

ace toni trile and 42 formed a 2: 1 CT complex with TCNQ. 35 These resul ts 
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are of interest because the polymeric TTF derivative containing ester 

groups did not react with TCNQ.17 

The reaction of p-styrene carboxa1dehyde with 39 yielded vinyl 

compounds 46-48. Although the polymerization of 46 could not be 

initiated radically, concentrated sulfuric acid achieved the desired 

polymer of 46 of moderate molecular weight of -7000. 30 Doping with 20% 

p-ch1oroani134 gave a polymeric complex with resistivity 1 x 1050. 

Results and Discussion 

Synthesis of Polymeric Dithiafu1venes 

Monomers and polymers containing the dithiafu1vene hetercyc1ic 

ring in the chain backbone or as pendant units have been prepared by 

po1ycondensation36 and vinyl po1ymerization. 34 
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These polymers had low molecular weights (~inh - 0.10) and hence poor 

physical properties. 

In this work, several new dithiafulvenes were prepared and 

reacted with other bifunctional monomers in polycondensation reactions. 

Dimethyl-2-(benzylidene)-l,3-dithiole-4,S-dicarboxylate 50, and ethyl-2-

(benzylidene)-4-carboxylate SOb were readily synthesized using an 

adaptation to the procedure by Hartzler37 involving the reaction of th& 

adduct of tributyl phosphine and carbon disulfide, acetylenes, and 

benzaldehyde. 

~p + CSZ,'-----.'~'-{.'i' R~caC·R'.· • 

pbCNA .. 

[A~<JC-¥«] 

50 

~' .. 

'X' 

The remarkable feature of this reaction is that it is faster than 

other Wittig reactions,38 and the ease of reaction of the zwitterion 

with aldehydes is the type of behavior normally expected of the stable, 

less reactive, resonance-stabilized alkylidene phosphoranes. 38 The 

abnormal reactivity could be explFined by considering that in the 
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zwitterionic structure considerable stabilization of the negative charge 

by the two adjacent sulfur atoms might be expected. 39 However, any 

tendency for planarity in the dithiole ring would lead to a cyclic 8 ~ 

electron system which would be antiaromatic and destabilized. Hence, 

the negative charge is removed from the dithiole ring by rapid reaction 

with the aldehyde. Collapse of the subsequent adduct should also be 

rapid because of the quasiaromaticity of the dithiafulvene systems. 37 

Compound SOa and SOb are air stable and can be recrystallized 

from protic solvents such as ethanol, with yields of 52 and 35%, 

respectively. 

Other interesting related monomers were synthesized by the same 

method by varying the aldehyde species used. However, by extending the 

degree of conjugation and increasing the degree of crystallinity, 

solubility became a problem, and consequently purifi~ation by 

recrystallization became,in some instances, an impossibility. The 

increase in possible isomers from these newer methods also made 

isolation and recrystallization more difficult. 

Six different donor moieties with more extended conjugation were 

attempted. From difunctional benzaldehydes, a phenyl group could be 

sandwiched inside a TTF structure as is depicted in SOc-f. From 

terephtalaldehyde, using the same synthesis as SOa-b (with molar ratios 

adjusted), SOc and SOd were attempted. SOc was obtained crudely in 

48.4% and SOd in 42% crude yield as isomer mixtures. Both compounds 

were extremely insoluble in most useful solvents and 250 MHz NMRs could 
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SOc SOd 50. 50f 

only be obtained in deuterated, concentrated sulfuric acid. Attempts at 

purification included multiple recrystallizations in THF (with 

significant loss of product), soxhlet extractions with varied solvents 

and water, and recovery in cold ethyl acetate after dissolving in 

concentrated sulfuric acid. Two isomers from SOc of unknown 

configuration and one from SOd were obtained, all with sharp melting 

ranges. Elemental analyses proved SOc almost 2% low in carbon and SOd 

to be 1% low in carbon. Ester hydrolysis with NaOH and subsequent Hel 

to pure carboxylic acids proved unsuccessful and yielded only black 

solids of unkno~~ nature. 

Some similar complications arose with SOe-f. With SOe and f, it 

was thought that the slight irregularity in the crystal structure 

brought about by non-symmetric isophthaladehyde would increase the 

solubility and, therefore, increase the chance for successful 

purification. SOe was isolated in a crude yield of 58.6% and 

recrystallized to three uncharacterized isomers in yield of 35.3% in 
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ethanol. The crude yield of 50f was 37%, which was recrystallized to 

one isomer in 20% yield from ethanol. Elemental analysis for 50e was 

only 0.71% high in carbon, but for 50f, where more possible isomers 

could be formed, the analysis was far beyond reason. 

Experiments to extend the conjugation of the dithiafu1vene unit 

in slightly different ways were also performed. 50g was obtained only 

in 14.6% yield after recrystallization from THF. This ~Tas surprising 

because it seemed that steric hindrance and the pure trans starting 

aldehyde would definitely favor one isomer near the 2 position of the 

dithiafu1vene ring. This compound did not have an acceptable elemental 

analysis. As might be expected for a ketone in a Wittig reaction 

(especially a diketone) a very low yield (6.5%) of SOh was obtained 

after recrystallization from ethanol. Again, unfortunately, a good 

analysis could not be obtained. Solubility made chromatographic 

separations virtually impossible. 

SOg SOh 
Esters SOa and SOb, which were successfully obtained in 

analytically pure form, were reduced to the corresponding alcohols by 

treatment with lithium borohydride, prepared in situ by the reaction of 

lithium iodide and sodium borohydride in THF under nitrogen at room 
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temperature. Alcohols 51a and b were obtained in good yields (65% and 

53%).40 

R'f=( 

)( 
Ph 50 H 

50a R-R' -C02CH3 
50b R-H, R'-C02C2Hs 

Ph 51 H 

51a R" -CH20H 
51b R' '~H 

It was attempted to prepare 2-Benzylidene)-4,5-bis(aminomethyl)-

1,3-dithiole 53 by reacting compound 50a in aqueous ammonia to 2-

(benzylidene)-1,3-dithiole-4,5-dicarboxamide 52 which could then reduced 

to the diamine. 

KJ;¥y'0~H, _ 
__ ~N;.;.H;JI4Io;:O:;.:H~ .. 

75OC,10'u 

Ph H 

50a 52 

The diamide was prepared via the method of Kibler and Weissberger. 41 

Unsuccessful attempts to reduce the amide were LiAlH4 reduction which 

produced an orange oil from which no diamine could be separated. LiBH4 

yielded only starting material. Schultz et al. 42 adapted a procedure 

for reducing stubborn amides to primary amines by using 
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boranetetrahydrofuranate. Using this procedure, only polymer was 

formed. 

Dihydrazides have previously been synthesized in good yields by 

the reaction of diesters \olith hydrazine hydrate in methano143 and 

subsequently polymerized with diacid chlorides to yield oxadioles 54 

after cyclization. 44 ,45 

o 0 0 0 II II NH 2 NH 2 ' H2 0 II II 
ROC-Ar-C-OR--~~~~--.~ H2 NHNC-Ar-CNHNH

2 

o 0 0 0 
II II II II 

H2NHNC-Ar-CNHNH 2 + CIC-Ar-CCI 
.0 0 
il II 

----+~ -f-Ar-C-NH-NH-C-t-

o 0 
II II 

-f-Ar-C-NH-NH-C-+-

2-(Benzylidine)-l,3-dithiole-4,S-dihydrazide 55 was synthesized as 

follows: 

55 
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Attempts were made to incorporate the new donor unit SIb into a 

polymer. A copolymer of methyl acrylate and maleic anhydride was 

synthesized. 

==,>=0 + 

oc~ 
or l" • 

AIBN 

56 

The copolymer was soluble in CHC1 3 and had an inherent viscosity of 0.7 

dl/g when AIBN and UV light were used. 

Reaction of polymer 56 with SIb in chloroform in the presence of 

pyridine yielded a yellow polymer upon precipitation in hexane and 

turned yellow-green upon treatment with 10% HCl solution. The inherent 

viscosity was essentially the same as the parent copolymer. Films could 

be cast from chloroform. The IR and NMR shifts agreed with the polymer 

shown above. However, the NMR integration was off. The elemental 

analysis helped to confirm that only about 50% of the dithiafulvene 

units were incorporated into the polymer chain. 

5 t b + 56 
CH;CI • 
Pyrldlno 

:0 
I 

57 9. 
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Polycondensations were successful in incorporating the DTF unit 

into a polymer chain backbone. This polymer exhibited inherent 

viscosity of 0.12 dl/g and brittle films could be cast from chloroform. 

Condensation polymer 59 was obtained by reacting the dialcohol 

with phenylene isocyanate in DMSO at room temperature. This light 

yellow polymer was soluble in HMPA. The viscosity in HMPA was 0.09 

dl/g. 

RT 51a + OCN~O OMSO 

Using 2-(benzylidine)-1,3-dithiole-4,5-dihydrazide, polymeric 

hydrazides 60-62 containing the dithiafulvene ring were prepared in DMSO 

or HMPA. Diacid chlorides, terephthaldehyde, and phenylene diiso-

cyanates were used as comonomers for the following polycondensations: 4o 

Polymerization with terephthalaldehyde was attempted according to 

the method of Michel. 46 The poly(acylhydrazone) 61 precipitated from 

the reaction mixture after a few minutes, and hence only low molecular 

weight polymer (~iM 0.18) was obtained in 90% yield. This polymer 

decomposed at 287°C. Spectra and elemental analysis were consistent 
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63 
+HN~NHN~~ 

60 R ~ 

H~S(~N~ ___ r-____ ~~ __ • i ~ OHC HO 

pX 
o 0 H@-H 

I =r-=( '0 I ~ HN~ NHNDC C=N-+" 

61 

P. R~._ 0 +HNH~NHNHC'~NHC-+n 

:x: 62 

with the structure shown. Brittle films were cast from N-methyl 

pyrro lidone. 

Reactions with diacid chloride 63 yielded polymer 60 in HMPA in 

quantitative yield. Highest molecular weights were obtained at 30°C for 

72 hrs. The yellow polymer was precipitated in water, filtered and 

dried under vacuum. The polymer melted at 291-293°C, and brittle films 

could be cast from N,N-dimethyl acetamide or N-methyl pyrrolidone 

(~inh~0.23 dl/g). Structure was confirmed by spectra and analysis. 

The polymer 62 precipitated from the reaction mixture after 20 

min. and was recovered in 89.5% yield after precipitation in water and 

drying. The polymer was soluble in HMPA and N-methyl pyrrolidone (~inh= 

0.22 dl/g). Brittle films were cast. 
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In conclusion, dithiafulvene moieties were successfully 

synthesized in highly pure form as diesters, diols, and dihydrazides. 

These pure compounds were then incorporated into condensation polymers 

which had good mechanical properties in that they could be processed 

into films. Because of their conjugation, they might be some day useful 

in 3rd order non linear optics. Becuase of their donating DTF units, 

they might also be useful as lowly conducting processable polymers 

providing a compatible dopant could be found. 
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Table 2.1 Synthesis of Dithiafu1vene Monomers Obtained in Analytically 
Pure Form 

Reaction Reaction Yield 
Compound # temp. °C time (hr) (%) Color 

50a -23 0.5 52.3 red-orange 

50b -23 0.5 35.0 yellow 

51a 25 14 64.9 beige to light orange 

51b 25 14 55.6 light yellow 

52 75 10 68.0 orange 

53 25 6 95.5 yellow 
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Table 2.2 Physical and Spectral Properties of Dithiafu1venes 

Extinction 
Mp Coefficient 

Compound (OC) Ir(cm-1 ) IH NMR (ppm) >.max L mo1e-1C 

50a 95-97 1719 7.2(m,5H) 404 810 
6.6(s,lH) 325 7,751 
3.8(s,6H) 242 6,530 

SOb 105-107 1705 7.4(m,5H) 
7.3(s,lH) 383 3,520 
6.5(s,lH) 345 14,944 
4.3(g,2H) 243 9,854 
1. 2-1. 5(t, 3H) 

5la 134-135 3225 7.2(s,5H) 341 6,195 
6.55(s,lH) 327(sh) 6,051 
4.35(s,4H) 295(sh) 6,021 
2.95(b,2H) 242 4,420 

5lb 104-105 3414 7.15(s,5H) 
6.55(s,lH) 340 6,777 
6.40(s,lH) 233 3,137 
4.3(s,2H) 
2.8(b,lH) 

52 253-255 1664 8.6-7.7(b,4H) 405 2,104 
7.3(s,5H) 338 12,238 
6.65(s,lH 310(sh) 10,220 

3374,3264 246 10,587 

53 188-191(d) 1632 7.35(s,5H) 386 2,550 
6.75(s,lH) 337 16,161 
5.1-6.4(b,6H) 245 15,102 
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Table 2.3 Polymers from Dithiafulvenes 

5cftening 
Elemental poi.nt '11nh 

Polymer (OC) IR(cm-1) 1H NMR (ppm) (dL/g) Analysis (%) 

Polymer 76 1742 7.3-7.0(b) 0.3 to Calc. C,S6.16; 
( C19Ha06Sz)n 1728 6.6-6.4(b) 0.7 H,4.43; 5,lS.76 

ester 3.8(b) Found C,S3.1S; 
3.4-2.9(b) H,S.16; 5,8.92 
1.3-1(b) 

Polyester 77 174-178 1721 8.20-7.80(m,4H) Calc. C,6S.8; 
(Cz5H1S0SSZ)n (C-O , 7.30-6.70(m,9H) 0.12 H, 3.70; 5,13. S 

ester) 6.S0(s,lH) Found C, 6S.0; 
S.20(s,4H) H,3.90; 5,13.2 

Polyurethane 78 171-173(d) 3326(N-H) 0.10 Qlll£. C,S8.2; 
(CZOH16Nz045z) n 1686(urethane H,3.88; N,6.79 

C-O) 5,lS.S 
Found C,S6.7 
H,4.76; N,7.64; 
5,14.7 

Polyhydrazide 79 291-293 1644 8.00-8.20(m,4H) 0.23 Calc. C,S8.8; 
( CZfH1Sl:.04SZ)n (C-o 7.S0-7.40(m,4H) H,3.39; N,10.S; 

hydrazide) 7.30-7.10(m,9H) 5,12.1 
6.94(s,lH) Found C,S7.3; 

H,3.34; N,9.S6; 
5,11.2 

Polyacylhydra- 287(dec) l690(C-N-) 7.S0-7.30(m,6H) 0.18 Qlll£. C,S9.7; 
zone 80 16S0(C-O, 7.30-7.20(m,7H) H,2.S0; N,13.9; 
(CZOH14N.OZSz)n Hydrazide) 6.93(s,1H) 5,1S.9 

Found C,60.2; 
H,3.1S; N,13.0; 
5,15.2 

Polyhydra- 280-283(dec) 16S1 7.S0-7.20(m,lSH) 0.22 Calc. C,S1.3; 
zide 81 (C-O) 6.94(s,1H) H,3.4l; N,17.9; 
( CZOH16N60.Sz)n urea 5,13.7 

Found C,49.3; 
H,3.20; 5,13.4; 
N,16.6 

All the polymers are yellow 
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CHAPTER 3 

THE ACRYLATE BACKBONE: MONOMERS AND HOMOPOLYMERS 

Background Theory 

When designing a polymer which contains an electronic functional 

unit, there are basically two options. One option is to put the 

functiGnal unit directly into the backbone as was the case with the 

dithiafulvene systems discussed before. The other option is to 

introduce the moiety into the side chain. One of the easiest ways to 

introduce a moiety into the side chain of a polymer is with a 

(meth)acrylate backbone. This can be achieved either by the total 

synthesis of a complex acrylate monomer and subsequent polymerization 

(or copolymerization) or by the linking of a polyacrylate to some 

smalle~ molecule containing the electronic species. 

The system for smectic C* liquid crystal polymers i~ rhi£ case, 

was chosen to consist of an acrylate or methacrylate backbon~. It is 

well known that acrylate and methacrylate esters can be readily ~nd 

easily synthesized by a number of different methods. Before beginning a 

multistep synthesis to a liquid crystalline monomer, it was of interest 

to investigate some of these basic esterifications of (meth)acrylates. 

It has been observed that the introduction of heteroatoms into 

the methyl group of methyl acrylates increases the polar effects in the 

monomers and thus enhances reactivity in radical polymerization. 45 Many 

new methacrylate esters and their polymers are therefore under current 
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investigation. For many, the preferred synthesis of (meth)acrylate 

esters has been the Schotten-Baumann method of (meth)acryloyl chloride 

and desired alcohol in the presence of triethylamine or pyridine (method 

I). In Method II, (meth)acrylic acid is first neutralized with 

triethylamine and then reacted with the activated chloro compound. 

Monomers which have been synthesized by this second method (some with 

adaptations) include acetonyl methacrylate 7247, methoxycarbonyl 

(meth)acrylate 6448 ,49, esters 6648 ,49 and 66_7148 . An informative short 

review of general methods for the alkylation of acid salts was given by 

Jerry March. 50 He reports that in most cases, good yields of esters can 

only be obtained by one of the following four methods: carboxylate 

salts with 1° and 2° bromides and iodides in dipolar aprotic solvents,51 

phase transfer catalysis (1°, 2°, benzylic, allylic and phenacyl

halides)52 and quaternary ammonium salts with no solvent,53 and the DBU 

(1,8-diazabicyclo-[S.4.0]-7-undecene) method. 54 

Interestingly, it has been observed AIBN-initiated homopolymers 

of esters 64a, band 73 produced by Method I are gels. However, 

acetonyl methacrylate 72, synthesized by Method II, yields a soluble 

polymer under similar conditions. The purpose of this part of our work 

was to investigate the mechanism for this peculiar gelation, especially 

in the case of glycolate esters. This information was of particular 

interest to us because we did not want crosslinking or gelation in our 

lc polymers. 
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64 . R - CH3 a: R' ~ H, b: R' = CH3 
65. R - tBu 
66. R - CH2CH3 
67. R - Me2CH 
68. R - nBu 
69. R - vinyl 
70. R - allyl 
71. R - MeOCH2CH2 

~? 
COCHCCH 
223 

72 
73 

48 
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Results and Discussion55 

Investigations of the gelation mechanism for methoxycarbony1-

methyl methacrylate 64b were first attempted by monomer modification. 

Hydrogen abstraction is well-known as a common cause for cross1inking in 

radical polymerizations. Therefore, it was logical to eliminate any 

further possibility of hydrogen abstraction by subsequent elimination of 

all hydrogens from the original monomer 64a. After observing the 

polymerization behavior (gelation) of 64b and 73 produced by Method I, 

t-butoxycarbonylmethy1 (meth)acrylate 65 was the next logical target 

monomer. In this case, the hydrogens on the methyl group from methyl 

glycolate were purposely made absent. Since t-butyl chloroacetate is 

commercially available and since Methods I and II had comparable yields 

for 65 (60-80%), Method II was chosen for 65. t-Butoxycarbonylmethy1 

(meth)acry1ates 2 were synthesized in 60-73% yields by Method II. 

The polymerization behavior of these monomers was then studied 

(Table I). Polymerization of 65a and 65b (from Method II) led to 

soluble polymer (with reasonable) molecular weight distributions. Under 

the same conditions, polymerizations of 64a and b produced by Method I 

consistently yielded gels. Surprisingly, polymerizations of 64b 

synthesized by Method II yielded soluble polymers with molecular weight 

distributions near 2, indicating the expected polymerization behavior of 

such a system. Even when the Tromsdorff effect was observed in bulk, 

high molecular weight polymers from monomers produced from Method II 

were completely soluble. 
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Although the monomers had been fractionally distilled with care, 

and the 250 MHZ NMR showed no indication of impurity, it was suspected 

that trace amounts of a tetrafunctional impurity, such as methacrylic 

anhydride, could be produced by Method I and thereby cause gelation in 

radical polymerizations. Methacrylic acid, produced by trace amounts of 

water, could be neutralized with the triethylamine present and react 

with methacryloyl chloride to form the anhydride. This theory was 

supported when gels from 64a and b (from Method I) could be made soluble 

in concentrated NaOH. Capillary gas chromatography then unambiguously 

detected as much as 1.2 wt % methacrylic anhydride in distilled 64b 

(Method I). 

Attempts were made to devise a new work-up to remove anhydride 

from monomers prepared by Method I. Methacrylic anhydride was 

remarkably resistant to N-methylpiperazine and subsequent reaction with 

dilute HCl. Running the monomer through columns of silica and basic 

A1203 before distillation did not remove the tetrafunctional moiety. 

Exposure to varied amounts of ethylenediamine and secondly dilute Hel 

was successful in removing the anhydride, but not without significant 

loss of monomer to salt formation and/or polymerization. A Method III 

was devised, using excess alcohol (2x the amount of methacryloyl 

chloride) in the same reaction as Method I. This was successful in 

removing the impurity via reaction to desired product. 

In conclusion, the recommended synthesis of pure (meth)acrylate 

esters is by the simple SN2 displacement reaction (Method II). This 

method produces good yields with a-chloroesters and a-chloroketones with 
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no possibility of anhydride formation. Activated bromo esters were 

unsuccessful in this reaction. Attempts to prepare acrylate esters 'from 

alkyl halides, such as propyl chloride, by this method resulted in 

insignificant yields (even with heating). However, one might note that 

under slightly different experimental conditions butyl acetate has been 

prepared in 98% yield from l-bromobutane and potassium acetate. 56 With 

non-activated alkyl halides, the method of Endo57 might be employed. 

Endo synthesized certain methacry1ates in 40-82% yields before 

distillation using the strong amine base DBU (1,8-diazabicyc1o-[5.4.0J-

7-undecene) at 65°C. Method III, using excess alcohol, should be used 

whenever the SN2 method is not a viable alternative. 
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Table 3.1 Yields and Properties of Soluble Polymers from 64 and 65 

method wt 1& monomer 
monomer synthesized in toluene rxn time stirring % yield Hn Hw m.'O 

64b II 20 24 hr no 57 61,000 100,000 1.6 

64b II bulk 24 yes 74 172,000 387,000 2.2 

65a II 33.3 72 yes 82 63,000 214,000 3.4 

65b II 20 24 yes 72 80,000 198,000 2.4 

65b II 20 24 no 71 56,000 112,000 2.0 

64b III 20 24 yes 71 53,300 125,000 2.3 



CHAPTER 4 

MESOGENS AS THE FUNCTIONAL UNIT 

Background Theory of Polymeric Side Chain Liquid Crystals 

As the result of much research, a general model for side chain 

liquid crystalline polymers has been deduced. The generally accepted 

requirements for a side chain liquid crystal monomer are a relatively 

flexible backbone, some sort of spacer group which serves to decouple 

the motions of the mesogens from the polymer backbone, and a dipolar 

mesogen group which can orient itself with respect to other mesogens 

when exposed to heat, electricity, or concentration in solution. 

_ polymer backbone 

c--- flexible spacer 

~ meso genic group 

53 

When exposed to external environmental changes, the liquid 

crystal polymer can undergo several types of phase transitions depending 

on the structural properties of the polymer itself and the degree of 

energy or change applied. When liquid crystal phase transitions can be 

induced by solvent concentration (usually aqueous), the liquid crystal 

is normally termed "lyotropic." When transitions can be induced 

thermally, the liquid crystal is then usually termed thermotropic. In 

this research, the focus was on thermotropic side chain polymers. 
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Side chain length can make a big difference in the behavior of 

the system. A thermotropic side chain pol~ner will normally exhibit a 

nematic phase if the spacer groups are of unequal length. This can be 

achieved, for instance, by the copolymerization of two slightly 

different acrylate monomers. NEMATIC: 

On the other hand, with side chains of equal length, a smectic phase may 

be, exhibited. There are several types of smectic phases. Those 

exhibited at the higher temperatures (near room temperature) are many 

times the smectic C, where there is the highest degree of rotational and 

vibrational motion, and only the mesogenic groups are locked into any 

conformational positions. Further restrictions on the alignment of the 

mesogens is exhibited in the smectic c* phase, which can only occur when 

the constituent molecules contain a chiral center. 

SMECTIC: * Sl-lECTIC C : 
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Smectic liquid crystals have structures where the long axes of 

their constituent molecules ar.e tilted with respect to their layer 

planes. In the smectic e* liquid crystal, this tilt is exactly 90 o e. 

Because of the reduced symmetry in the molecule (and in the liquid 

crystal phases 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 

potential applications such as electroptical switching devices and light 

valves. 56 ,59 In order to employ the electro-optic switching device, one 

exposes the liquid crystal to an electric field to induce alignment, or 

the liquid crystalline phase. Once the field is changed, the mesogens 

should switch at some fast rate and then remain in the new alignment 

after the field is removed. 

-
~t 

+ =+ ± ++*'£+:;=+1"4 

For ferroelectrics, many studies have concentrated on the smectic e* 

phase while there are at least six other ferroelectric smectic phases 

which have not yet been fully explored, and which may possibly be 

employed in different forms of application. 
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Seven smectic phases (C, I, F, J, G, K, and H) have been defined 

which have structures where the long axes of their constituent molecules 

are tilted with respect to their layer planes. This structuring 

possesses the following symmetry elements: a two-fold axis of rotation 

parallel to the layer planes, a center of inversion, and a mirror plane 

normal to the tilt direction. If the phase is constituted of optically 

active molecules due to the inclusion of a chiral center, then the 

symmetry elements of each phase are reduced to a single "polar" two-fold 

axis of rotation parallel to the layer planes and normal to the tilt 

axis. This reduced symmetry results in a spontaneous polarization 

parallel to the layer planes. Another outcome of the reduced symmetry 

is a tendency for the phase to form a helical distribution of the tilt 

direction about an axis perpendicular to the layer planes. 6o 

One can further characterize these phases by their behavior upon 

melting. When crystals melt into a K or H phase, the positional order 

remains long range, but the orientational ordering and the rotational 

freedom changes as they exhibit a rapid reorientational motion about 

their long axes. With a transition to a J or G phase, the positional 

order remains long range, but the molecules rotate fully in a 

coordinated fashion about their long axes. Further melting may provide 

a transition to the I or F phase which is accompanied by a breakdown in 

positional ordering and easier translational motion of the molecules. 

Finally at the transition to the C phase, the in-plane positional 

ordering is lost altogether and only the orientational order of the 

molecules remains in the form of a director tilted with respect to the 
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layer planes. Since C, I, and F exhibit short range rather than long 

range correlations of their molecular positions, these are termed 

smectic liquid crystal phases. J, G, H, and K, because of their rapid, 

diffuse molecular motion can be considered orientationally disordered 

solid phases or soft crystals. J and G are analogous to anisotropic 

plastic crystal phases in that they have rotational freedom along one 

axis, but not about three axes as in a typical plastic crystal. 5o Table 

4.1 lists some of the basic properties of these smectic phases. 

Historical Background Applicable to the Synthetic Objective 

The self-orienting ability of certain compounds above their 

respective melting points was first noted by the Austrian botanist 

Reinitzer in 1888. 51 Shortly after this, Lehmann described some of the 

properties of these compounds and suggested the name "liquid crystals" 

for compounds which are liquid in mobility and crystalline in optical 

properties. 52 In the 1950's, Brown and Shaw53 published a review which 

sparked numerous studies of the properties and exact structures of 

liquid crystals. 

During the last decade, increased interest in this area of liquid 

crystal polymers has been generated because of the useful physical 

properties associated with polymers. In the 70's, Kwolek and co-workers 

described the characteristics of lyotropic liquid crystals (orientation 

induced by solvent concentration) of para linked polyamides. 54 Jackson 

reported the synthesis of copolyesters from poly(ethylene terephthalate) 
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and p-acetoxybenzoic acid. 65 These were described as the first 

thermotropic, or temperature induced, liquid crystalline polymers. 

The synthesis of side chain liquid crystal polymers also began in 

the 70's.66-69 These were from vinyl monomers with mesogenic chains. 

The functional unit, or mesogen, was put into the side chain of the 

monomers. This monomer and homopolymer exhibited liquid crystal phase 

transitions. However, heating the polymer above the glass transition 

temperature caused irreversible loss of the liquid crystalline phases. 7o 

The first systematic study on side chain liquid crystalline 

polymers began in the mid 1970's when Ringsdorff and co-workers used 

acrylates and methacrylates as the polymer backbones. They synthesized 

vinyl monomers with mesogenic groups whose molecular structures were 

based on those found in known liquid crystal molecules. 67,66 Typical 

examples of the monomers they synthesized are the group of compound 74. 

'~l 
,..~ 

/ ' 

H2C~ 

\02-{_}CH=N-{ __ }OR2 
71,. 

R2 = Me, Bt, D-Bu, CHe, OEt, O-a-Bu 

In later work, they established the need for a spacer group which 

would serve to decouple the motions of the meso gens from the polymer 

backbone in the mesophase state. n ,72 The polymers and copolymers of 75 

exhibited sharp reversible phase transitions in accordance with the 

behavior of conventional liquid crystals. In an electric field, these 



polymers showed the same orientation behavior as low molecular weight 

liquid crystals as a result of the dipolar nature of the mesogens. 73,74 

75 

Rl = H, Me R2 = CHe, o-D-Pr, OC6H13' CH, Ph, 
Ph-aMe, Ph-OEt, N=CB-Ph-CN 

In 1980, Clark and Lagerwall developed a bistable, fast-

switching, electro-optic light valve based on the properties of 

ferroelectric smectic c* liquid crystals. 58 In their device, the 
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ferroelectric liquid crystals were 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. The estimated theor~tical limit for the 

switching time was 10-50 ns. When their device was fitted with crossed 

polarizers, switching between black and clear, a light valve, was 

created. 

After reviewing all of the previous work on liquid crystal 

systems, Goodby and Leslie60 came to the following conclusions about the 

structural requirements needed for a molecule to exhibit ferroelectric 

smectic c* phases: 
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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. 

For some applications of the c* phase, such as electro-optic 

switching devices, the materials must have more specific requirements 

also. For polymers, these additional requirements are high spontaneous 

polarization, wide temperature range, long helical pitch length, 

stability,'exhibition of a smectic A phase on cooling from the isotropic 

liquid for alignment purposes, and 10'" viscosities. 

In 1986, Walba and co-workers synthesized a new class of 

nonracemic liquid crystals with a phenyl benzoate core and chiral 2-

alkoxy-l-propoxy tail unit. 59 Many of these materials possessed 

monotropic ferroelectric liquid crystal phases at or near room 

temperature and exhibited the fastest electro-optic switching 

characteristics of any known l.c.'s at room temperature. 

76 

Rz ~ Me, Et, n-Pr 
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Decobert and co-workers also reported the synthesis of new liquid 

crystals (some exhibiting tilted smectic phases)73 smectic A and an 

n = 2, 6, 11 
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Weinschenk74 recently reported the synthesis of somewhat similar 

molecule to that of Walba and Decobert. Although the monomer did not 

exhibit smectic phases, the polymer was determined to exhibit two 

smectic phases by optical microscopy. 

78 

It was of interest to further investigate how slight or radical 

structural changes in the monomer and polymer of Weinschenk might effect 

the liquid crystalline behavior. 



Results and Discussion 

Using methods similar to those outlined earlier by 

Ringsdorf67 ,75,76,77 and also Weinshenk,74 the synthesis of side chain 

liquid smectic c* liquid crystal polymers was attempted. The monomers 

were to have acrylate or methacrylate backbones, approximately six 
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methylene spacer groups, and mesogens containing two phenyl groups. The 

mesogens were to be completed with very polar optically active ester 

groups. With Weinshenk's monomer 78, an ethyl and methyl group tailed 

the side chains. In this work, more polar groups, such as Cl, methoxy, 

and phenyl were investigated. In general form, some of the compounds of 

interest were 79, 80, 81, and 82. Because the fact that acrylic acid 

dimerizes at room temperature, 81 and 82 were possible targets. 

x 

==< F\ F\ *j( Y 
CO 2 (CH 2 ) 60-~C02-~C02CH2C "-..Z 

79 ~ 80 a,Y-CH 3 
79,81 X-H b.Y-OCH 3 

X 80,82 X-CH3 c,Y-OCH 3 

==< F\ F\ ~Y 
CO 2 (CH 2 ) 2 CO 2 (CH 2 ) 60-~C02-~C02CH2 CZ

Z 

81 ~ 82 
The synthetic scheme to these large molecules is not trivial. 

Following the method of Ringsdorf,76 the bifunctional precursor to the 

spacer group was obtained in 60% yield. 

EtOH 

83 
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Secondly, (meth)acrylic acid (and/or its-Michael Addition dimer) 

was reacted in an acid catalyzed esterification reaction. Large 

concentrations of the acrylic moiety are strategic to prevent 

polymerization. Yields calculated from the benzoic acid moiety were 
72 

approximately 60%. 

~ J=\ 
CO 2 (CH 2 ) 2 C0 2 (CH 2 ) 60~C02H 

85 

This compound is then available for reaction with a phenol of 

choice after being converted to its acid chloride. This phenol would 

contain the optically active center containing the optional polar 

moieties. Transesterification of 4-hydroxyphenylbenzoate with the 

desired alcohols was performed with a variety of different catalysts 

under many different conditions. The alcohols which were used to 

attempt this transesterification were 86, 87, and 88. 

86 87 

)It /C 6
HS 

HOCH CH 
2 'OCH

3 

88 

+ Hogco 2-© ---.. HOgC02CH2C*H<~ 
89 
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Due to the electron withdrawing ability of the chlorine atom, 

commercially available 86 was deactivated toward transesterification. 

Following Weinshenk's74 method, tin dibutyl diacetate catalyst and 160°C 

for three days yielded brown viscous oils containing many components. 

Other catalysts such as titanium isopropoxide, DMAP and DABCO at a 

variety of reaction times and temperatures also failed. Reaction of the 

alcohol with 4-hydroxybenzoic acid and PTSA catalyst indicated 

epoxidation, etherification, and some esterification product. Although 

efforts to clearly synthesize a chlorinated version of 89 stopped, it 

might be suggested that 90 could be synthesized from 4-benzyloxybenzoic 

acid and the benzyl group cleaved by catalytic hydrogenation without 

disrupting the ester bond. This method may, however, cleave the C-Cl 

bond. 

It may also be noted that the carbonate derivative of 4-hydroxybenzoic 

acid was synthesized in 90% yield and attempts to esterify it with the 

alcohol by the acid chloride route failed. 

Efforts were concentrated on making the phenolic esters 89 from 

alcohols 87 and S8. The donating nature of the methoxy groups would not 
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deactivate these alcohols toward esterification. Alcohol 87 was not 

commercially available, but was synthesized in a two step synthesis from 

"ethyl L-1actate. 

Ethyl L-1actate was methylated using the method of Purdie and 

78 
Irvine with comparable yields of 65%. The ester was then reduced with 

lithium borohydride, subjected to continuous liquid-liquid extraction 

for three days and distilled under high vacuum at room temperature to 

remove any lithium or boron metal residues. The alcohol was obtained in 

48% yield after fractional distillation under slightly reduced pressure. 

Alcohol 87 (2-methoxypropano1) was then available for 

transesterification. Since much time was spent preparing this alcohol, 

it was decided to try model transesterifications using a commercially 

available alcohol. Using 2-methoxy-2-propano1 92 (racemic), 46.9% yield 

of transesterification product was Kuge1rohr-disti11ed aft~r reaction 

with 15 mol % DMAP at 130-140°C for seven days. The reaction was 

monitored by TLC until it appeared complete at that time. 

HO@-CO@ 
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Alcohol 87 was then reacted at 90°C for seven days with 25 mol % 

DMAP and Kugelrohr-distilled at 0.1 torr, 120-145°C, to 83.5% yield. 

'IR, NMR and analysis were consistent with the structure for 89a. 

(R)-(-)-2-methoxy-2-pheny1ethano1, alcohol 88, was commercially 

available. Transesterification under the same conditions as above 

yielded 89b in 80-90% yields when 0.3 moles excess alcohol were used. 

Tl1is compound was recrystallized in ethyl acetate and petroleum ether to 

yield 70-80% pure compound. Spectral and elemental analyses were 

consistent with this structure. 

With these two phenols, esterification with compound 84, 85 (or 

the corresponding methacrylate acids) was the next logical course of 

action. The best way to prepare the acid chloride in these acids was 

found to be warming for three hours with oxalyl chloride in the presence 

of inhibitor. The acid chloride was then reacted with phenol in dry THF 

for 24 hours to obtain the desired monomers from phenols 89a and 89b. 

Compound 79c was obtained in 44% yield from the Schotten-Baumann 

reaction scheme. Compound 79c was found to contain 14% Michael Addition 

dimer from acrylic acid. It was discovered that even though pure 

acrylic acid was used in the acid cata1ysed esterification with the long 

chain hydroxy benzoic acid, the heat required for reaction induced 
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Michael Addition dimerization. NMR, IR and elemental analysis confirmed 

the structure of this mixture. 

x 

=<J=\ i=\ */ Y 
CO 2 ( CH2)60~C02-~C02CH2C ~ Z 

79 ct 80 

79 
80 

a,Y-CH 3 
b, Y"OCH 3 
c,Y-OCH 3 

Z-CI 
Z-CH! 
Z-Ph 

Compound 79c was then examined with respect to its liquid 

crystal properties. DSC showed two sharp reversible phase transitions 

at - 14 and S2°C (see Table 4.2). Initial observations by optical 

microscopy through crossed polarizers indicated a colorful fan-shaped 

smectic A phase from room temperature to 53·C. It is well-known, 

however, that with low molecular weight cholesterics (chiral nematics) 

with high twist, the defects and textures closely resemble that of 

smectic A. 79 Further investigations were necessary to identify the 

phases of compound 79c. 

Tom Leslie at Hoechst-Celanese observed all new monomers under 

more sophisticated equipment having high power magnification and a 

programmable hot stage with wide temperature range. He observed what 

appeared to be a cholesteric phase at 5°C only after shearing. After 

relaxation for S minutes, however, the cholesteric grey color appeared 

to darken (dark black is isotropic). This behavior is not common with 

many liquid crystals and might possibly depict a plastic crystal phase, 

similar to the smectic J or G phase discussed earlier in this chapter. 

Furthermore, the phase observed from room temperature to 53·C proved to 
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be simple crystal spherulite formation by an l.c. material but not a 

liquid crystal phase. Table 4.2 summarizes the various l.c. properties 

'of the new materials. 

The thermal AIBN-initiated polymerization of 79c led to a 

polymer in 61.5% yield which had inherent viscosity of 2.46 dL/g 

(CHC13 ). The polymer exhibited l.c. behavior as shown by DSC sharp 

reversible phase transitions. Crude optical microscopy also indicated a 

liquid crystalline phase present, but much greater magnification of 

detail is required to determine the nature of the phase. All polymers 

are currently under investigation at Hoescht-Celanese. The gradient of 

temperature used to identify l.c. phases of polymers must be extremely 

slow. This is purely a viscosity effect which slows down the 

orientation of the crystals. It may take as long as a year or more 

before the polymeric materials are completely characterized in terms of 

l.c. behavior. 

At this point it may be appropriate to discuss the possible l.c. 

phases that this (and all of the polymers) may be exhibiting. It is 

common for a homopolymer to exhibit more types and/or different types of 

l.c. phases than the monomer. 71 •77 Finkelmann71 has reported monomers 

which exhibit nematic phases while their corresponding homopolymers 

exhibit smectic phases. Furthermore, many l.c. materials exhibit a 

smectic phase at lower temperature and a nematic phase at higher 

temperature. 

New monomer SOc, was formed in 38% yield by the Schotten-Baumann 

reaction after 24 hours. Elemental analysis and spectra were consistent 



for the structure depicted. Reversible phases were observed near l4°C 

and between 39.8 and 23.8°C by DSC. As long as the difference between 
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'heating and cooling is less than 20°C, the compound is considered a 

liquid crystal. As with compound 79c, crude optical microscopy 

indicated a smectic phase (from room temperature to 38°C). The compound 

was further investigated at Hoechst-Celanese. 

Compound SOc was investigated under more sophisticated 

equipment, and a cholesteric or chiral nematic phase was observed from 

O-soC with or without shearing. Most cholesteric liquids exhibit 

typical planar textures with oily streaks, moire fringes and/or 

Grandjean lines. 79 Monomer SOc exhibited a typical cholesteric pattern. 

The fan-shaped colorful patterns which were first observed to be smectic 

were again found to be simple crystal formation. 

Two homopolymers of SOc were obtained by radical polymerization. 

A soluble homopolymer was obtained in trace yields from solution 

polymerization. The inherent viscosity was lower (0.5 dL/g) than that 

of 79c homopolymer. For optical switching devices, however, compounds 

of lower viscosity yield better performance. Homopolymer was also 

obtained in 40% yield after 3 days in bulk at 60°C as a gel. The 

polymer swelled in warm and room temperature DMF, m-cresol, and DMSO and 

turned white when exposed to methanol or petroleum ether. It is perhaps 

a viable explanation that some chain transfer may occur to produce a 

benzyl radical in the side chain which may be able to only successfully 

reinitiate in bulk. 



The soluble homopolymer of SOc exhibited reversible phase 

transitions on the DSC. Optical microscopy revealed colorful 

-birefringence patterns through crossed polarizers. Although it can be 

deduced that this polymer is a liquid crystal, it is still under 

detailed investigation at Hoechst-Celanese, where the gel will also be 

investigated. Crosslinked smectic c* polyacrylates have been recently 

synthesized and reversibly oriented in the liquid crystal phase of 

mechanical strains. 80 
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New monomer BOb containing a side chain with a methoxy and 

methyl group was obtained in 52% yield. Again, reversible phase 

transitions were observed by DSC (Table 4.2) A crystal phase, which was 

at first thought to be a smectic phase, was observed by crude optical 

microscopy from room temperature to 41°C. Sophisticated optical 

microscopy showed a very typical cholesteric phase from -4°C to O°C. 

The homopolymer of SOb was obtained in 20% yield from solution 

(toluene). The inherent viscosity of the polymer was 0.4 dL/g (CHC13). 

Two phase transitions were shown by DSC which were both reversible. 

Optical microscopy showed birefringence patterns through crossed 

polarizers at room temperature. This polymer is currently under further 

investigation with the proper equipment. 

In conclusion, all new materials synthesized were found to be 

liquid crystals. At our facilities here, we were able to see reversible 

phase transitions by DSC and further confirm all of the materials as 

liquid crystals by crude optical microscopy. The monomers exhibited 

cholesteric l.c. phases (or perhaps a plastic crystal phase for 79c). 
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We have completed our investigations of the monomers. The polymers are 

under investigation using high magnification and sophisticated 

temperture control not available at the University of Arizona. We are 

hopeful that the polymers will exhibit smectic c* phases and be useful 

as electro-optical switching devices. 
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Table 4.1 Phase Characteristics of Smectic Phases 

C 

I,F 

J,G 

K,H 

orientational ordering 

tilted director 

tilted director 
bond orientational ordering 

tilted director 
bond orientational ordering 
rotational disorder 

tilted director 
bond orientational ordering 
reorientational motion 

degrees of freedom 

relatively free translation 
free rotation 

relatively free translation 
coordinated rotation 

coordinated rotation 

oscillation 
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Table 4.2 Properties of New Liquid Crystalline Materials 

inherent optical microscopy 
cmpd # yield viscosity optical rotation DSC temp phases 

lc 
monomer 44% [ah4-- 10 . S3 h 13.1 S3.S·C S-S3'C crystal" 

phases 
c 15.2 SO.O·C S-S'C cholestericb 

lc 
polymer 61.5% 2.46dL/g h 18.5 32"C 

c 18.5 34"C 

2c 
monomer 38% [ah4--l0.S3 h 14.9 39.SoC 0-S3"C crystal 

c 14.3 23.8"C 0-6'C cholesteric 

2c 
polymer tr(soln) O.SdL/g h 15.8 30·C 

c 19.7 n"C 
40% gel 
bulk 

2b 
monomer 52% [ah4--1.49 h 20.0 40.0·C 23.5-41 crystal 

c 15.5 37.4·C -4-0'C cholesteric 

2b 
polymer 20% 0.4dL/g h 13.0 36·C 

c 13.0 32.S·C 

"The exact # of ceystal phases for all three monomers in the temperature regions 
listed has not been determined. For monomer 2b, no data is available as to whether 
spherulites are visible between 0 and 23.S·C. 

bFor monomer lc, this phase might be a plastic crystal phase because shearing is 
necessary to produce the cholesteric anisotropy. 
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CHAPTER 5 

SUMMARY 

Novel synthetic steps have led to monomeric and polymeric 

materials which may have interesting applications in the field of 

electronics and electro-optics. Each class of materials synthesized may 

have many more specific applications, depending on the nature of its 

electron conducting "functional unit." 

With the dithiafulvene (1,3-dithiole) polymers, the important 

aspect of this research has been the synthesis of processable polymers. 

Although most conducting polymers are not processable, the polymers made 

in this research could be cast to films via solvents such as N-methyl 

pyrrolidone. Since little attention in the past has been given to the 

dithiafulvene unit, the success of the synthetic approach and 

incorporation into condensation polymers has proven very interesting in 

itself. A myriad of applications of these polymers may be possible 

given the right kinds of dopants or on their own with respect to third 

order non-linear optics. 

With the acrylate backbone studies, perhaps an important 

discovery with respect to a common synthetic method has been made. 

Although it seems that scores of references have sited the Schotten

Baumann method as the preferred synthesis for (meth)acrylate esters, 

none have mentioned the bothersome formation of (meth)acrylic anhydride, 

which seems to defy degradation (unless the nucleophile is strong enough 



to also attack the ester synthesized). From the results of this 

research, it is then recommended when synthesizing distillable 

methacrylates to follow the SN2 route detailed in this text or to use 

excess alcohol with acid chloride whenever crosslinking and possible 

gelation in polymers is undesirable. 
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With the (meth)acrylate monomers considered suitable for smectic 

e* liquid crystals, a non-trivial synthetic route was followed using 

many adaptations to previous methods. The three monomers exhibited 

liquid crystal phases near ooe (cholesteric). They were all again 

proven liquid crystals by their reversible phase transitions on the DSC. 

We have completed our investigations on the monomers. The polymers were 

also proven to be liquid crystals by DSC measurements and crude optical 

microscopy. Although no phases can be identified at this time, colorful 

birefringence patterns were visible by optical microscopy at room 

temperatures. The polymers are currently under detailed, lengthy 

investigation at Hoechst-Celanese. We are optimistic that these 

polymers will exhibit smectic c* phases and perhaps be applicable as 

electro-optic switching devices. 
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CHAPTER 6 

EXPERIMENTAL 

Instrumentation 

Melting points were determined on a Thomas Hoover Capillary 

Melting Point Apparatus and are uncorrected. Infrared spectra were 

determined on a Perkin-Elmer 983 infrared spectrometer. A Bruker WM-250 

Nuclear Magnetic Resonance Spectrometer at 250 MHz was used to determine 

NMR spectra, with tetramethy1si1ane as an internal standard. Fenske and 

Ubbe10hde viscometers were used to determine the inherent viscosities of 

the polymers. Ultraviolet spectra were determined on a Perkin-Elmer 552 

dout1e beam spectrophotometer. Gas chromatograms were obtained on a 

Hewlett Packard 5890A capillary G.C., equipped with a 7673 A autosamp1er 

with a JWDB-5 widebore column (film thickness 0.25 ~). Injector and 

flame ionization detectors were 150°C and 300°C, respectively. The oven 

temperature was programmed from 40°C (3 min hold) to 150°C (no hold) at 

10°C/min. Size exclusion chromatography was carried out to determine 

number and weight-average molecular weights using ~-styrage1 columns of 

106 , 105 , 104 , and 103 A porosities with THF as eluent. Porosities were 

calibrated with monodisperse polystyrene standards. A Waters refractive 

index detector was used. Optical microscopy was done using an MTF-l 

Mettler Hotstage Optical microscope. Differential Scanning Calorimetry 

was carried out using a Perkin-Elmer DSC-4. Preparative chromatography 



was done using the Chromatotron Model 7924T. Elemental analyses ware 

performed by Desert Analytics, Tucson, AZ. 

Reagents 
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Ethyl ether (anhydrous), carbon disulfide, glacial acetic acid, 

acetone (EM industries Inc.), p-xylylene chloride, piperidine, tri-n

butyl phosphine, n-butyl lithium (Aldrich Chemical Co.), dimethyl 

acetylene dicarboxylate, ethyl propiolate (Lancaster Synthesis Ltd.), 

hydrazine hydrate (Alpha Products), absolute ethanol (U.S. Industrial 

Chemical Co.), ethyl acetate (Fisher Scientific Co.), bromine (Alfa 

Products), hexafluoroisopropanol and trifluoro acetic acid (Aldrich 

Chemical Co.) were used without further purification. Chloroform, 

dichloromethane, 1,2-dichloro ethane, hexane and cyclohexane (Fisher 

Scientific Co.) were shaken with sulfuric acid, washed with water, dried 

with sodium sulfate and distilled from phosphorous pentachloride or 

sodium hydroxide (hexanes). Dioxane, tetrahydrofuran, and acetonitrile 

(Mallinckrodt, Inc.) were distilled from sodium before use. Sodium 

borohydride, phosphorous pentoxide, lithium iodide, boranetetrahydro

furanate, ~- and ill- diacetyl benzene (Aldrich Chemical Co.), were used 

without further purification. Benzaldehyde (Aldrich Chemical Co.) was 

washed with 10% sodium bicarbonate, dried over sodium carbonate filtered 

and distilled under reduced pressure. Dimethyl sulfoxide (Sigma 

Chemical Co.) and pyridine (Fisher Scientific Co.) were distilled from 

calcium hydride. Dimethyl formamide, N,N-dimethyl acetamide and N

methyl pyrrolidinone (Fisher Scientific Co.) were distilled from barium 
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oxide. TCNQ and 2,4,5,7-tetranitro fluorenone (Aldrich Chemical Co.) 

were used without further purification. Azobisisobutyronitrile nitrile 

(AIBN) (Matheson, Coleman, and Bell Co.) was recrystallized from 

methanol. Methyl acrylate (Matheson, Coleman and Bell Co.) was 

distilled before use. 4,4'diphenyl ether dicarboxylic acid was obtained 

from K and K (acid chloride was obtained in 90% yield from SOC12 ). 

Methacrylic acid, acrylic acid, methylchloroacetate, 3-t-butyl-4-

hydroxy-5-methylphenyl sulfide, and methyl glycolate (all obtained from 

Aldrich) were used without further purification. t-Butyl chloroacetate, 

Kodak Laboratory and Research Chemicals) was also used without 

purification. Methacryloyl chloride and acryloyl chloride (Aldrich) 

were distilled before use. Triethylamine was refluxed over KOH and 

distilled. For Schotten-Baumann reactions, dichloromethane was refluxed 

over anhydrous potassium carbonate and distilled. Toluene was refluxed 

over sodium metal and distilled. Phenyl-p-Hydroxy Benzoate (Pfaltz and 

Bauer) was Kugelrohred before use. Ethyl L-Iactate was obtained from 

Lancaster. All other commercial chemicals used as precursors were 

obtained from Aldrich and used "as is." 

Compounds Containing the DTF Unit 

Dimethyl-2-<benzylidene>-l.3-dithiole-4.5-dicarboxylate 50a 

Dimethyl acetylene dicarboxylate (7.0 g, 0.049 mole) was added 

dropwise to a solution of tri-n-butyl phosphine (3.7 g, 0.049 mole), 

carbon disulfide (3.7 g, 0.049 mole) and benzaldehyde (5.7 g, 0.054 

mole, equivalent to a 10% excess) in 20 mL of anhydrous diethyl ether at 
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-20°C and under nitrogen. The mixture was stirred for 45 min, and a 

red-orange solid precipitated from solution. After filtration, more 

product was obtained by adding ethanol to the filtrate and cooling to 

-20°C. The compound was recrystallized from ethanol giving 7.85 g (52%) 

of dithiafulvene 50a: mp 95-97 °C; IR (KBr) 1719 (ester C-O) , 1239, 

1094, 1015 (C-S) cm-1; NMR (CDC13) S 7.20 (5, 5H), 6.60 (s, IH), 3.80 

(5, 6H); UVm~ (CHC13) 404 nm (e 810), 325 (7,751), 242 (6,530). Anal. 

Calcd for C14H1204S2: C, 54.5; H, 3.89; S, 20.8. Found: C, 54.8; H, 

3.77; S, 20.6. 

Ethyl-2-(benzylidene)-1.3-dithiole-4-carboxylate 50b 

Benzaldehyde (4.25 g, 0.040 mole) was added to the purple complex 

of carbon disulfide (2.41 g, 0.040 mole) and tri-n-butyl phosphine (8.09 

g, 0.040 mole) in 15 mL of anhydrous diethyl ether under nitrogen at 

-20°C (CC14/dry ice). Ethyl propiolate (3.92 g, 0.040 mole) in 10 mL of 

diethyl ether was added dropwise for 20 min and the soluti~.l was stirred 

for 30 more min. The mixture was filtered and the yellow solid washed 

with cold ethanol. After recrystallization from ethanol, 3.67 g (35%) 

of dithiafulvene 50 were obtained: mp lOS-107°C; IR (KBr) 1705 (ester 

C-O) , 1200, 1069 (C-S) cm-1; NMR (CDC13 ) S 7.40 (s, 5H), 7.30 (s, IH), 

6.50 (s, lH), 4.30 (q, 2H), 1.50-1.20 (t, 3H); UVm= (CHC13 ) 383 nm (e 

3,520), 345 (14,944), 243 (9,854). Anal. Ca1cd for C13H1202S2: C, 59.1; 

H, 4.55; S, 24.2. Found: C, 59.2; H, 4.42; S, 24.4. 
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2-(benzylidenel-4,5-bis(hydroxymethyl)-1 3-dithiole 51a 

Dimethyl-2-(benzy1idene)-1,3-dithio1e-4,5-dicarboxy1ate (1.92 g, 

6.48 mmo1) was added in small portions to a solution of soditw 

borohydride (2.46 g, 0.0648 mol), and Lithium Iodide (7.94 g, 0.0648 

mol) in 50 mL of THF. The mixture was allowed to react for 14 hr under 

nitrogen at 24°C and 50 mL of 1:1 ether/water was added slowly until no 

more foaming occurred. The mixture was transferred to a separatory 

funnel and extracted several times with ether. The ether layer was 

separated, dried over magnesium sulfate, filtered and evaporated at r.t. 

A light yellow solid was obtained and recrystallized from ether-acetone 

or acetonitrile to give 1,10 g (65%) of dithiafu1vene 5la: mp 134-135°C; 

IR (KBr) 3225 (br, OH), 1178, 1058, 1008 (C-S); NMR (de-acetone) 0 7,20 

(s, 5H), 6.50 (s, lH), 4.35 (s, 4H), 2.95 (br, 2H); UVmu (CHCla) 342 nm 

(e 6,195), 327 (sh) (6,051), 295 (6,021), 242 (4,420), Anal. Ca1cd for 

C12H1202S2: C, 57.2; H, 4.76; S, 12.7. Found: C, 57.3; H, 5.04; S, 

12.6. 

2-(benzylidenel-4-hydroxymethy1-1.3-dithole 51b 

Ethyl-2-(benzylidene)-1,3-dithio1e-4-carboxylate (1.70 g, 6.48 

mmo1e) was added in small portions to a solution of sodium borohydride 

(1.23 g, 0,032 mole) and lithium iodide (3.97 g, 0.032 mole) in 50 mL of 

THF under dry nitrogen. The solution was stirred at room temperature 

for 14 hr and 50 mL of 1:1 diethy1 ether/water was added slowly. The 

mixture was then transferred to a separatory funnel and the organic 

compound was extracted four times with 25 mL portions of diethyl ether. 
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The organic ~olution was dried (MgS04), filtered, and the solvent 

evaporated to give a light-yellow, foul-smelling solid. The compound 

was recrystallized from acetonitrile, yielding 0.80 g (56%) of 

dithiafulvene 5lb: mp l04-105°C; IR (KBr) 3414 (br, OH), 1119, 1008 

(C-S); NMR (CDC13 ) 0 7.15 (s, 5H), 6.55 (s, lH), 6.40 (s, lH), 4.30 (s, 

2H), 2.80 (br, lH); UVmu (CH3CN) 340 nm (e 6,777), 233 (3,137), Anal. 

Ca1cd for CllHl00S2: C, 59.5; H, 4.67; S, 28.8. Found: C, 59.4; H, 

4.68, S, 28.7. 

2-(benzylidene)-1.3-dithiole-4.5-dicarho,tamide 52 

Into a round bottom flask fitted with reflux condenser and 

containing 200 mL of concentrated ammonium hydroxide was added 3.0 g 
/ 

(9.75 mmo1) of dimethyl 2-(henzy1idene)-1,3-dithiole-4,5-dicarboxylate. 

The mixture was heated to 75°C and stirred for 10 hr. The orange solid 

was filtered out and recrystallized from a 1:1 mixture of 

acetone/ethanol, and when dried showed a metallic luster. A yield of 

1.85 g (68%) of dithiafulvene 52 was obtained: mp 253-255°C; IR (KBr) 

3374 and 3264 (amide NH), 1664 (amide C~O), 1261, 1075 (C-S); NMR (d6 -

DMSO) 0 8.60-7.70 (hr, 4H), 7.30 (s, 5H), 6.65 (s, IH); UVmu (dioxane) 

405 nm (e 2,104), 338 (12,238), 310 (sh) (10,220), 246 (10,587). Anal. 

Calcd for C12Hl0N202S2: C, 51.8; H, 3.60; N, 10.0; S, 23.0. Found: C, 

51.6, H, 3.64, N, 10.1, S, 23.1. 
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Attempted synthesis of diamine 53 

The method by Schutz et. al. 42 was used to reduce diamide 52. 

Diamide 52 (0.30 g, 1.1 mmole) was dissolved in 5 mL of dry THF and 

added dropwise to a 1 M solution (15 mL, 0.015 mole) of 

boranetetrahydrofuranate. The solution was ref1uxed for 8 hr, cooled 

and treated with 10% HC1. At this point, a beige, film-forming polymer 

was obtained. The mixture was basified and filtered. The filtrate was 

extracted with chloroform, and the light-yellow organic layer was 

separated and dried. After evaporation of the solvent, a yellow oil was 

obtained. Spectra revealed no amine was formed. The polymer obtained 

contained no nitrogen. 

The same reaction, and reaction with other common reducing agents 

(LiBH4) in THF under different conditions failed to produce any amine. 

2-(benzylidene)-1-.3-dithiole-4.5-dihydrazide 55 

Dithiafu1vene 50a (4.00 g, 13 mmole) was dissolved in 180 mL of 

methanol and added slowly to a solution of hydrazine hydrate (4.54 g, 

0.091 mole) in 30 mL of methanol in a 500 mL erlenmeyer flask. The 

solution was stirred and after 2 hr, a yellow solid formed. The mixture 

was allowed to stand at room temperature for 14 hr, and the solid was 

filtered, washed and recrystallized from methanol and dried under vacuum 

for 72 hr at room temperature to give 3.82 g (95%) of dithiafulvene 55 

mp 188-191o C (d); IR (KBr) 1632 (hydrazide C-O) , 1153, 991 (C-S) cm-1 ; 

NMR (ds-DMSO) 0 7.35 (s, 5H), 6.75 (s, IH), 6.40-5.10 (br, 6H); UVrnnx 

(dioxane) 386 nm (e 2,550), 337 (16,161), 299 (14,525), 245 (15,102). 
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Anal. Ca1cd for C12H12N402S2: C, 46.7; H, 3.89; N, 18.2; S, 20.7. Found: 

C, 46.2; H, 3.85; N, 18.3; S, 20.3. 

Copolymer 56 (methyl acrylate and maleic anhydride) 

Methyl acrylate (2.87 g, 0.033 mole) and maleic anhydride (3.27 

g, 0.033 mol) were placed in a polymerization tube and 0.30 g of AIBN 

was added. The mixture was degassed by a freeze-thaw process under 

vacuum and, after warming to room temperature, it was heated to 80°C for 

4 hr with continuous stirring. The viscous material was dissolved in 

chloroform and precipitated in dry hexane. The white polymer was also 

obtained by UV irradiation. The copolymers obtained had inherent 

viscosities of 0.3 to 0.7 dL/g. IR (film) 1849 and 1781 (anhydride C=O) 

cm-1 ; NMR (CDC13 0 3.70 (s, 3H), 3.20-2.90 (br, 1H), 2.60-2·.00 (br, 2H), 

2.00-1.70 (br, 2H). 

Reaction of copolymer 56 with dithiafulvene 5Ib 

Dithiafu1vene 51b (0.40 g, 1.8 mmo1e) was dissolved in pyridine 

and added to a solution of copolymer 56 (0.30 g, 1.8 mmo1e) in 

chloroform. The solution turned light-green and was stirred and 

ref1uxed for 3 hr. The solution was treated with formic acid, and 

poured on heJcane to precipitate the yellow-green polymer 57. IR (film) 

1742 and 1728 (ester C=O); NMR (CDC13 0 7.30-7.00 (broad), 6.60-6.40 

(broad), 3.80-3.50 (broad), 3.40-290 (broad), 1.30-1.00 (broad). Anal. 

Ca1cd for ClsHlsOaS2: C, 56.1; H, 4.43; S, 15.76. Found: C, 53.15; H, 

5.16; S, 8.92. 
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Preparation of polymer 58 

Dithiafulvene 51b (0.60 g, 2.38 mmole) was dissolved in 10 mL of 

pyridine and added dropwise to a solution of teraphthyloyl chloride 

(0.70 g, 2.38 mmole) in 15 mL of HMPA. The solution was stirred for 72 

hr at 35°C and then precipitated into water. The beige polymer obtained 

was filtered, washed with cold methanol and dried under vacuum for 48 hr 

to give 1.02 g (91%) of polymer 58 mp l75-l78°C; inherent viscosities 

0.10 to 0.12 dL/g; IR (KBr) 1721 (ester C-O) , 1243, 1092, 1012 (C-S) 

cm-1 ; NMR (CDC13) S 8.20-7.80 (m, 4H), 7.30-6.70 (m, 9H), 6.50 (s, lH), 

5.20 (s, 4H); UVmu (CHC13 ) 332 nm (e 6,232), 262 (14,733), 247 (sh, 

12,596). Anal. Calcd for C2sH1SOSS2: C, 65.8; H, 3.79; S, 13.5. Found: 

C, 65.0; H, 3.90; S, 11.2. 

Po1ycondensation of dithiafulvene 55 with terephthalaldehyde 

Dithiafulvene 55 (0.50 g, 1.62 mmol) was added to a solution of 

terephthaladehyde (0.22 g, 1.62 mmo1) in 10 mL of DMSO with continuous 

stirring. After a few minutes, a yellow precipitate formed. The 

mixture was stirred for 48 hr at room temperature. The polymer was 

precipitated in methanol, filtered, washed, and dried under vacuum for 

24 hr to give 0.65 g (90%) of polymer 61: mp (d) 287°C; inherent 

viscosity 0.18 dL/g; IR (KBr) 1650 (hydrazide C-O) , 1690 (C-N) cm- 1 ; NMR 

(DMSO) S 7.50-7.30 (m, 6H), 7.30-7.20 (m, 7H), 6.93 (s, lH). Anal. 

Ca1cd for C2oH14N402S2: C, 59.7; H, 2.50; N, 13.9; S, 15.9. Found: C, 

60.2; H, 3.15; N, 13.0; S, 15.2. 
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Polycondensation of dithiafulvene 55 and 4,4'biscarbonyl chloride diacid 

chloride diphenylether, 63 

To a solution of diacid chloride 63 (0,48 g, 1,62 mmole) in 10 mL 

of dry HMPA, under nitrogen, was added slowly a solution of 

dithiafulvene 55 (0,50 g, 1,62 mmo1e) in 5 mL of HMPA, The solution was 

stirred for 72 hr at room temperature and then poured into water, The 

yellow polymer was filtered, washed several times with water and dried 

under vacuum to yield 0,94 g (98%) of polymer 60: mp 291-293 DC; inherent 

viscosity 0,23 dL/g; IR (KBr) 1644 (hydrazide C-O) , 1243, 1003 (C-S) 

cm-1; NMR (ds-DMSO) 6 8,20-8,00 (m, 4H), 7,50-7,40 (m, 4H), 7,30-7,10 

(m, 9H), 6,94 (s, 1H), Anal. Ca1cd for C2sH10N404S2: C, 58.8; H, 3.39; 

N, 10.56; S, 12.0. Found: C, 57.3; H, 3.34; N, 9.56; S, 11.2. 

Polycondensation of dithiafulvene 55 with phenylene diisocyanate 

Dithiafu1vene 55 (0.50 g, 1.62 rnmole) was dissolved in 10 mL of 

DMSO under nitrogen. To this solution was added pheny1ene diisocyanate 

(0.26 g, 1.62 rnmo1e). Although a precipitate appeared after 30 min, the 

reaction was allowed to proceed with continuous stirring for 18 hr at 

room temperature. The polymer was precipitated in water, filtered, 

washed three times with water and dried under vacuum for 48 hr to give 

0.68 g (89%) of yellow polymer 62: mp 280-283(d) DC; inherent ~iscosity 

0.22 dL/g; IR (KBr) 1651 (urea C-O); NMR (ds-DMSO) 6 7.50-7.20 (m, ISH), 

6.94 (s, lH). Anal. Calcd for C2oH1SNsS2: C, 51.2; H, 3.41; N, 17.9, S, 

13.6. Found: C, 49.3; H, 3.27; N, 16.6; S, 13.3. 
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Polycondensation of dithiafulvene 51a with phenylene diisocyanate 

Phenylene diisocyanate (0.16 g, 1.00 mmole) was dissolved in 5 mL 

. of DMSO and dithiafulvene 51a (0.25 g, 1.00 mmole) was added, followed 

by addition of 0.5 mL of pyridine. The solution was stirred for 48 hr 

under nitrogen, although a light brown precipitate was observed after a 

few minutes. The polymer was precipitated into water, washed, and dried 

under vacuum to yield 0.36 g (88%) of polymer 59: mp l7l-l73(d) °C; 

inherent viscosity 0.10 dL/g; IR (KBr) 3326 (N-H) , 1686 (urethane C=O) 

cm-1. Anal. Calcd for C2oH16N204S2: C, 58.2; H, 3.90; N, 6.79; S, 15.5. 

Found: C, 56.7; H, 4.76; N, 7.64; S, 14.7. 

Synthesis of Methacrylates and Their Homopolymers 

Method I 

64b: At O°C under N2 , 5.42 ml (5.55 x 10-2 mol) freshly distilled 

methacryloyl chloride in 10 ml dry CH2C12 were added dropwise to the 

solution of 5 g (5.55 X 10-2 mol methyl glycolate, 8.51 ml(6,ll x 10-2 

mol) dry triethylamine, and 10 ml dry CH2C12. The resulting solution 

was stirred for one hour at O°C and one hour at 25°C. Visible Et3N'HCl 

was filtered off and rinsed with 10 ml CH2Cl2 . Extractions were 

performed on the filtrate twice with 10 ml IN HC1, once with 10 ml H20, 

and twice with 10 ml saturated NaHC03 • The resulting organic layer was 

dried over MgS04 and filtered. The solution was concentrated, and O.Olg 

(2.79 x 10-5 mol) 3-tert-butyl-4-hydroxy-5-methyl phenyl sulfide as 

inhibitor were added. Fractional distillation with a Vigreux column 
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yields 60-80% product at 55-60°C (.1 mm Hg). The monomer was 

refrigerated until use. NMR (CDC13 ): 6 1.98, s (3H); 6 3.78, s (3H); 6 

4.72, s (2H); 6 5.67 s (lH); 6 6.22, s(lH). IR (NaCl): 3438 (w), 2955 

s, 2852 m, 1755 s, 1726 s, 1677 s, 1635 s, 1437 s, 1382 s, 1324 s, 1300 

s, 1226 s, 1152 s, 1112 s, 1061 s, 1008 m, 975 m, 949 s, 897 w, 849 m, 

814 s, 709 scm-I. 

64a: yields 50-70% 

NMR (CDC13 ): 63.78 s (3H), 64.73 s (2H), 65.91 d (lH), 66.20 q (lH), 

66.50 d (lH). IR (KBr): 3000 (w), 2960 (m), 1770 (s), 1740 (s), 1640 

(m), 1620 (m), 1440, 1430, 1410 (s), 1380 (s), 1300; 1220, 1170 (s), 

1100 (s), 1060 (m), 1010 (m), 930 (5), 830 (m), 810 (5), 720 (m) em-I. 

Method II 

This method was adapted from that of M. Yonezawa et a1. 48 

65b: To 0.01 g (2.79 x 10-5 mole) 3-tert-butyl-4-hydroxy-5-methyl 

phenyl sulfide were added 5.21 g (6.05 x 10-2 mole) methacrylie acid. 

Triethylamine (12.6 ml, .0908 mol) was added dropwise with stirring to 

insure the reaction mixture remained at room temperature. After 

complete addition of triethylamine, the mixture was stirred for 15 

minutes. t-Butyl chloroacetate (18.22 g, .12 mol) as added dropwise 

with stirring. The mixture was light green, and precipitation was 

visible after one hour. After stirring overnight, the salt was filtered 

and washed with ethyl acetate. The filtrate was extracted twice with 10 

m1 saturated NaHC03 and once with water. The brown liquid was then 
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concentrated and fractionally distilled at 60-65°C (0.5 mm Hg). Yield: 

73% The monomer was refrigerated until use . 

. NMR (CDC1 3 ) all singlets: 0 1.5 (9H), 0 1.95 (3H), 0 4.55 (2H), 0 5.61 

(lH), 0 6.19 (lH). IR (NaC1): 3438 w, 3105 w, 2980 s, 2932 s, 1886 w, 

1755 s, 1728 s, 1636 s, 1453 s, 1421 s, 1370 s, 1326 s, 1302 s, 1240 s, 

1147 s, 1058 s, 946 s, 913 s, 845 s, 812 s, 730 s, 649 s cm-1 • 

ca1cd. 

C 59.97 

H 8.07 

found 

59.78 

8.18 

6Sa: Yield 60% b.p 60-65°C at 0.5 mmHg. 

NMR (CDC13 ) 01.5, s (9H); 0 4.58 s (2H); 0 5.9, dd (lH): 0 6.2 dd (lH), 

o 6.5 dd (lH). IR (NaC1) 3452 w, 2979 s, 1755 s, 1728 s, 1634 m, 1618 

m, 1538 w, 1477 m, 1455 s, 1424 s, 1405 s, 1369 s, 1312 s, 1229 s, 1151 

s, 1092 s, 1056 m, 984 s, 948 m, 922 m, 847 s, 809 s, 779 w, 752 m cm-1 . 

£ili.g. 

C 58.04 

H 7.59 

found 

55.87 

7.65 

64a and 64b: 60-77% yield (also reported by previous papers 46 ,47). 

Method III 

64b was prepared in the same manner as Method I except twice the amount 

of alcohol was used. Yield: 70% (calculated from methacryloy1 

chloride). 
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Typical Polymerization: 

Monomer, 65b, 2g was placed into a polymerization tube and 5mg (0.24 mol 

'%) AIBN was added. Dry toluene was then added a total weight of 10 g. 

The polymerization tube was then degassed by the vacuum freeze-thaw 

method three times. Dry nitrogen was then added. Polymerizations were 

run at 65°C for 24 hours. Soluble polymers were precipit'ated in 

petroleum ether. Yields and molecular weights are summarized in Table 

3.1. 

Polymer from Method I monomers: 

64a and 64b were gels. 

Polymers from Method II monomers: 

65b: NMR (CDC13 ) 51.02 and 1.16 broad d (3H), 51.48 s (9H), 51.99 and 

2.06 broad d (2H), 54.44 d (2H). IR (NaCl): 3438 w, 2977 m, 1738 s, br, 

1642 m, 1452 m, 1421 m, 1384 m, 1368 m, 1308 m, 1233 m, 1130 s, 1043 w, 

963 w, 843 w, 752 w cm-1 • 

Analysis: ca1cd. 

C 59.97 

H 8.07 

found 

59.79 

8.25 

65a: NMR (CDC13): 5 1.79 and 5 2.1 broad d (2H) 5 2.65 m (lH), 5 4.48 s 

(2H). IR (NaCl) 3476 w, 2976 s, 1740 s, br, 1538 w, 1452 m, 1421 m, 

1368 s, 1306 m, 1233 s, 1145 s, 946, 845, 750 cm-1 • 



Analysis: calcd. 

C 58.04 

H 7.59 

Polymers from Method III monomers: 

found 

58.34 

7.71 

64b was soluble. Molecular weights are depicted in Table 3.1. 

Synthesis of Liquid Crystalline Materials 

4-<6-Hydroxyhexoxy)benzoic Acid 83a 

90 

In an adaptation to the method of Portugal,72 54 ml (0.480 mol) 

of 6-chlorohexanol were slowly added dropwise to a heated solution 

composed of 60.0 g 4-hydroxybenzoic acid, a trace of potassium iodide in 

190 ml absolute ethanol, and 64.8 g potassium hydroxide in 64.8 ml 

water. After refluxing for two days, the solvent was evaporated and the 

solid residue dissolved in water. The solution was made strongly acidic 

with HCl, filtered, and the precipitate was stirred in hot water and 

filtered again. The solid was recrystallized from methanol and 

chloroform. Yield 60%, mp: 135-138. lH_NMR (dsDMSO) 6 7.91 (d, 2H), 6 

7.01 (d, 2H), 6 4.00 (t, 2H) 6 3.43 (t, 2H) 6 1.74 (m, 2H), 51.39 (d, 

2H). l3C (ds-DMSO) 6 167.4, 162.6, 131.7, 123.0, 114.5, 68.0, 61.0, 

32.7, 28.9, 25.6, 25.5. Anal. calcd. for Cl3Hle04: C 65.53%, H 7.61%. 

Found: C 65.34%, H 7.64%. 
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4-(w-Propenolyloxyalkoxy)benzoic acid 84 

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

acid, 450 m1 toluene, 4.5 g p-to1uenesu1fonic acid monohydrate, 4.5 g 3-

t-butyl-4-hydroxy-5-methylphenyl sulfide and 2.33 moles (160 m1) of 

acrylic acid were ref1uxed in a Dean-Stark apparatus until the 

calculated amount of water was collected (- 1/2 hour). The solvent and 

excess acrylic acid were removed with high vacuum. The resulting white 

compound was dissolved in a minimal amount of THF at room temperature 

and precipi.tated in a large amount of pentane. The compound contained 

10% dimer 85. Yield: 76% (63% yield reported by Portugall,7Z 60% by 

Weinschenk.)74, m.p. 64-74'C. 

4(w-Propenoyloxymetha1koxy)benzoic acid 84 

In an adaptation to the methodology of Finkelmann,76 0.05 mol of 

4-(6-hydroxyhexoxybenzoic acid) was azeotropically esterified using a 5-

fold excess of methacrylic acid with 1.5 g p-toluene sulfonic acid and 

3.0g inhibitor under similar conditions as described above. 

Yield: 60% (contained small amount dimer), 47.8% after two successive 

recrystallizations with isopropanol. m.p. 86-89°C. NMR (CDCl3 ): 6 1.42-

1.52 m 4H, 5 1.72-1.84 m 4H, 5 2.05, 3H, 5 4.04 t 2H, 5 5.56 t 2H, 6.15 

2H, 5 6.92 dd 4H, 5 7.28 S 1H, 5 8.05 dd 2H. IR (NaCl): 2050-3400 b 

(max at 2931, 2354 s), 1678 s, 1604 m, 1511 m, 1466 m, 1428 m, 1321 m, 

1256 s, 1172 m, 1068 m, 1044 m, 1004 w, 983 m, 938 m, 870 w, 850 w, 816 

w, 770, 695 w, 647 m cm-1 • Analysis: calculated for C17HzzOs: C: 66.65, 

H: 7.25, found C: 66.84, H: 7.28. 
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Ethyl L-(-)-2-methoxy propanoate 

This is an adaptation to' the method of Purdie and Irvine. 76 

Methyl Iodide (0.863 moles, 122.5 g, 53.72 ml) was added dropwise to 

33.98 g (0.288 moles) ethyl-L-lactate, [0]27 = -10.27 (neat), in a 200 

ml round-bottomed flask equipped with a large magnetic stirring rod and 

a very large reflux condenser. The flask was jacketed with aluminum 

foil, and 10 g at a time of silver I oxide were added until a total of 

100 g (0.432 mol) were added. Bubbling was observed throughout the slow 

addition. The mixture was refluxed at 50·C for 8 hours with occasional 

shaking of the reaction vessel by hand. The product was diluted with 

dry ether, heated again to 50°C with stirring, and filtered. The silver 

salts were washed three times with 10 ml warm, dry ether. The product 

was then short-path distilled quickly under reduced pressure. 

Fractional distillation yielded at 760 mmHg 24.17 g (63.58%) product at 

l38-140°C. [0]27 - -81.72 NMR (CDC13 ): 5 1.30 t, 3H, 5 1.41 d, 3H,o 

3.4, s, 3H, 5 3.88, q, lH, 5 4.21 m, 2H. IR (NaCl): 3517 w, 2985 s, 

2937 s, 2827 m, 2364 w, 2360 w, 2355 w, 2346 w, 2317 w, 1746 s, 1447 s, 

1374 s, 1271 m, 1193 s, 1132 s, 1109 m, 1071 m, 1033 m, 904 w, 849 w, 

cm-1 • 

S-2-methoxy propanol 87 

Ethyl L-(-)-2-methoxy propanoate (0.196 mol, 25.9g) was added 

dropwise to a dry solution of 100 ml 2.0 M LiBH4 in THF at O-lO·C. The 

mixture was stirred at this temperature for one hour (bubbling observed) 

and allowed to slowly return to room temperature. After stirring for 
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one hour at room temperature, the solution was refluxed at 70°C for 12 

hours. The solution was again cooled to O-lO°C and 30 ml H20 were added 

dropwise over the course of four hours. Stirring was continued for 

eight more hours. The mixture was filtered and the salts were washed 

with both dichloromethane and water. It was then filtered again into a 

continuous liquid-liquid extraction apparatus. Extractions were carried 

out for three days. The collected product in dichloromethane was then 

dried over magnesium sulfate and again filtered. The solution was then 

short path distilled into a collection flask (-78 D C) with 0.1 mmHg 

pressure. Fractional distillation at 35-42 D C and 20 mmHg yielded 47.8% 

alcohol. Distillation at 130 D C (760 mmHg) normally resulted in loss of 

yield due to decomposition of alcohol (previous literature yield 

40%).81 NMR (CDC13 ): 6 1.11 d, 3H, 0 2.80 broad s lH, 0 3.39 s, 3H, 6 

3.42-3.49 m, 2H, 6 3.51-3.63 m, lH. IR (NaCl): 3437 s, b, 2973-2823 b, 

s, 1461 m, 1454 m, 1374 m, 1354 s, 1240 s, 1194 s, 1146 s, cm-1. 

2-Methoxypropyl. 4-hydroxybenzoate 89a 

2-Methoxypropanol (0.79 g, 8.76 romol) and 1.44 g (6.74 romol) 

phenyl-4-hydroxybenzoate and 0.20 g DMAP were placed in a 10 ml flask 

and heated to 90 DC for seven days with stirring. 

Yield 83.52% after Kugelrohr-distil1ation. The yellow oil which was 

obtained at l55-l57 D C could be induced to crystallize by flowing or 

scratching. After recrystallization from ethyl acetate and petroleum 

ether, 70.2% pure crystals were obtained. m.p. 57-61. NMR (CDC13 ): 6 

1.28 (d, 3H), 0 3.47 (s, 3H), 6 3.76 (m, lH), 0 4.32 (m, 2H), 0 6.87 (d, 
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2H), 6 7.91 (d, 2H), 6 8.1 (bs, lH). IR (NaCl) 2980-3330 B, s, 1692 s, 

1275 m, 1601 s, 1514 s, 1452 s, 1098 s, 1012 m, 851 m cm-1. 

Elemental Analysis: CllH1404 

%C: 62.98, %H: 6.85. 

Calculated: %C: 62.85, %H: 6.71. Found: 

2-Methoxy.2-phenylethyl-4~hydroxy benzoate 89b 

The following were placed into a 25 ml rb flask: 2.053 g (9.58 x 

10-3 mol) 4-hydroxyphenylbenzoate, 2 g (1.31 X 10-2 mol) R(-) 2-methoxy 

2-phenyl ethanol, 0.28 g (25 mol %) DMAP. The compounds were heated to 

90°C for seven days with stirring. The contents of the flask were then 

Kugelrohr-distilled at 0.1 mmHg with the product collected at l45-l85°C 

(crude yield 99.3%). The product was recrystallized from petroleum 

ether and ethyl acetate to yield 85-90% pure white crystals. mp: 128-

130°C. NMR (CDC1 3 ): 6 3.35 s, 3H, 6 4.2 q lH, 6 4.4 d 2H, 6 4.6 m lH, 6 

6.8 d 2H, 6 7.4 m 5H, 6 7.9 d 2H. IR (KBr): 3294 s sharp, 1705 s, 1611 

m, 1591 m, 1513 m, 1952 m, 1278 s, 1266 s, 1093 s, 1064 m, 850 m cm-1. 

Elemental Analysis: C16H1604 Calculated: C: 70.61% H: 5.92%. Found 

C: 70.69%, H: 5.83%. 

Acrylate Monomer 79c (14% Michael Addition Dimer) 

1.97 g (7.35 x 10-3 mol) 4-(w-propenoyl oxyalkoxy)benzoic acid 

84a and .Olg sulfide inhibitor were added to 8 m1 oxalylchloride. 

Bubbling was observed. After 20 minutes, the evolution of gas ceased 

and the mixture was heated to 50°C for two hours. Excess oxalyl 

chloride was then removed via high vacuum (pump was equipped with two 
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large traps). Then, 1.56 g (5.73 x 10-a mol) phenol, trace 3-t-butyl-4-

hydroxy-5-methylphenyl sulfide ~~as dissolved in 10 ml dry THF in a new 

50 ml dry r.b. flask, and 1.39 g dry EtaN were added. The acid chloride 

was then dissolved in 10 ml dry THF and added dropwise to the solution. 

The reaction was stirred at room temperature and monitored by TLC, which 

indicated the reaction to be over after 24 hours. The reaction mixture 

was then taken up into an extraction funnel and 20 ml ethyl acetate and 

20 ml H20 were added. Extractions were also executed with 20 ml 2.4N 

HCl twice and twice with 20 ml saturated sodium bicarbonate. Residual 

solvent was then removed via high vacuum to yield a brownish solid. 

This was then dissolved in a minimal amount of ethyl acetate and 

reprecipitated into cold pentane. The ivory-colored solid was then 

washed several times with methanol. Yield 44%. mp 52-57. IR (NaCl): 

2939 w, 1723 bs, 1602 s, 1509 m, 1452 w, 1407 w, 1256 s, 1202 s, 1161 s, 

1110 m, 1062 s, 1015 w, 883 w, 846 w, 810 w, 762 m, 701 m, 666 w cm- 1 . 

NMR (CDC13): 6 1.70-1.91 (m, 4H), 61.39-1.63 (m, 4H), 6 2.71 (t, dimer) 

6 3.34 (s, IH), 6 4.06 (t, 2H), 6 4.18 (t, 2H), 6 4.46 (d, 2H), 6 4.57 

(m, IH), 6 5.82 (dd, IH), 6 6.14 (m, IH) 6 6.41 (dd, IH), 6 6.98 (d, 

2H); 6 7.29 (d, 2H), S 8.13 (q, 4H). 

Optical rotation: [a]27 (CHCla) - -10.51. Analysis: Calculated 85.71% 

Ca20s H34 , 14.29% CasHasOlo C: 69.92%, H: 6.27. Found C: 69.43, H 6.25%. 

DSC: h 13.1, 53.5, c 15.2, 50.0. Optical microscopy data is listed in 

Table 4.2. 
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Methacrylate Monomer 80c 

The same reaction scheme was followed as for 79c. After 

extractions and evaporation of solvent, the compound was dissolved in a 

minimal amount of ethyl acetate, methanol was added to cloudiness, and 

was put in the freezer. Yield 31%, m.p. 37-42, NMR (CDC13 ): S 1.41-1.56 

b, m, 4H, S 1.75 m 2H, S 1.87 m 2H, S 1.96 s, 3H, S 3.35 s, 3H, S 4.06 

t, 2H, S 4.18 t, 2H, 0 4.45 d, 2H, 0 4.59 t, lH, S 5.56 m, lH, S 6.11 d, 

lH, S 6.8 d, 2H, S 7.29 m, 2H, 0 7.40 m, 5H, S 8.23 dd, 4H. IR (NaGl): 

3062 m, 2940 m, 2864 m, 2823 m, 2354 m, 2350 w, 2344 w, 1728 and 1710 s, 

broad, 1632 w, 1600 s, 1538 w, 1507 m, 1470 w, 1452 w, 1430 w, 1414 w, 

1390 w, 1355 w, 1317 w, 1294 w, 1254 s, 1206 m, 1163 s, 1123 w, 1096 m, 

1060 m, 1036 W, 1016 W, 940 w, 881 W, 851 w, 816 W, 763 W, 703 w, 694 w, 

669 wcm-1 • Elemental Analysis: calculated G: 70.73, H 6.42, found C: 

70.74, H: 6.46. Optical rotation [Q]24 (CHC13) - -10.53. DSC: h 14.9, 

39.8°C, c l4.3°G, 23.8°C. Optical microscopy showed a cholesteric phase 

at 0-6°G (Table 4.2). 

Methacrylate Monomer SOb 

Again, the same reaction scheme was followed as for 79c The 

solid recovered from the extractions was dissolved in a minimal amount 

of ethyl acetate and a 50:50 mixture of methanol/water was added until 

very cloudy. The solution was frozen to obtain maximum crystals. Yield 

52.11%, [Q]24 (CHC13) - -1.49. m.p. 45-47. NMR (GDC13): 0 1.26 d 3H, S 

1.41-1.55 b, m, 4H, S 1.71 m, 2H, 0 1.84 m, 2H, S 1.93 s, 3H, S 3.43 s, 

3H, S 3.7 m, lH, 0 4.06 t 2H, S 4.18 t 28, S 4.33 m, 2H, S 5.57 t, lH, S 



97 

6.1 t, 1H, 5 6.9.8 dd 2H, 5 7.29 dd 2H, 5 8.16 d 4H. IR (NaC1): 2936 w, 

2354 w, 1717 (s, b, 2 pks), 1634 w, 1602 m, 1577 w, 1509 m, 1452 w, 1412 

w, 1386 w, 1296 m, 1256 s, 1204 m, 1161 s, 1096 m, 1015 w, 940 w, 887 w, 

846 w, 814 w, 763 m, 692 w, 666 w cm-1 • Elemental Analysis: ca1cd. for 

C2aH340a, C:67.44, H: 6.88, found C: 67.47, H: 6.86. DSC: h 20°C, 40°C, 

c 15.5°C, 37.4°C. Optical microscopy showed a cholesteric phase from 

-4-0°C (Table 4.2). 

Polymers of 79c. SOc. SOb 

Typical polymerization: 

0.500 g monomer and 0.72 mo1% AIBN initiator are dissolved in 5 m1 

toluene in a polymerization tube. The solution was degassed by the 

freeze-thaw method three times and then exposed to dry N2 and heated to 

60°C for 24 hours. The polymer was precipitated into petroleum ether. 

The tacky polymer was washed with ether. 

79c Polymer 

Yield: 61.5%, ~inh-2.56 (CHC13). NMR (CDC13): 5 0.85 m, 3H, 5 1.28 m, 

2H, 5 1.52 m, 2H, 5 1.72 m, 2H, 5 1.86 m, 2H, 5 3.35 s, 3H, 5 3.75 t, 

0.5H (Michael addition dimer), 5 4.0-4.2 bs, 4H, 5 4.47 d 2H, 5 4.56 d 

1H, 5 6.95 bd 2H, 5 7.24 b,m, 2H, 5 7.39 s, 5H, 5 8.21 d, 4H. IR 

(NaC1): 2940 w, 1730 bs, 1602 s, 1509 w, 1452 w, 1258 s, 1204 s, 1161 s, 

1110 m, 1063 s, 1016 w, 846 w, 761 m, 702 w, 667 w. DSC: h 18.5, 32°C, 

c 18.5, 34°C. 
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SOc Polymer 

Trace yield - from toluene or benzene (even after 4 days at 60·C with 5 

. mol % AlBN added). ~inh-0.5 (CDC13) NMR (CDC13): all peaks broad 6 0.9-

1.0 m, 2H, 6 1.29-1.4 m, 3H, 6 1.4-1.68 m, 4H, 6 1.68-1.91 m, 4H, 6 

1.68-1.91 m 4H, 6 3.35 s, 3H, 6 4.06 t, 2H, 6 4.18 t, 2H, 6 4.45 d, 2H, 

o 4.59 t, 14, 6 6.8 d, 2H, 6 7.29 m, 2H, 6 7.40 m, 5H, 6 8.23 dd, 4H. 

IR: 2952 w, 2354 w, 1730 b s, 1602 s, 1509 w, 1428 s, 1255 s, 1202 w, 

1159 s, 1062 m, 1015 m, 846 w, 762 w, 701 w, 666 w cm-1 

DSC: h 15.8, 30·C, c 19.7, 32·C. 

Polymerization in bulk (0.72 mol% AlBN) at 60·C for 3 days yielded 40% 

polymer. The polymer was clear and swelled in warm and room 

temperature. THF, DMSO, DMF and m-cresol, and turned white when exposed 

to MeOH or petroleum ether. 

SOb Polymer 

Yield 20%, ~inh-0.4 (CHC13 , 24.0·C). NMR (CDC1 3 ): all pks broad, 0 1.26 

m, 5H, 6 1.4-1.76 m, 7H, 0 1.7-1.9 m, 4H, 6 3.43 s, 3H, 0 3.7 m, IH, 0 

3.85-4.1 m, 3H, 6 4.1-4.35 m, 3H, 6 6.9 dd 2H, 6 7.25 dd 2H, 6 8.11 dd 

4H. lR (NaCl): 2940 m, 1726 b,s, 1602 s, 1578 w, 1509 m, 1468 m, 1412 

w, 1387 w, 1307 m, 1262 s, 1205 s, 1161 s, 1118 s, 1097 s, 1064 s, 1016 

m, 888 w, 846 m, 763 m, 692 m, 668 w cm-1 • DSC: h 13, 36·C, c 13, 

32.5·C. 
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