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SYNTHESIS COF LIQUID CRYSTALLINE POLYMERS WITH X- AND
T-LIKE MESOGENIC FRAGMENTS VIA DIELS-ALDER REACTION

VJACHESLAV V,ZUEV

Institute of Macromolecular Compounds of the Russian
Academy of Sciences,Bolshoi »r.3I,8t.Peterburg,
199004 ,Russian Federstion

Abstract Msin chain mnolymers with a mesogen which con-

tains the residue of muconic acid es the central unit
were gynthesized.Polymers with a T-like mesogen were
obtained by thermal addition of N-substituted maleimi-
des.As a result of reaction with fumaroyl chloride and
subsequent reaction with vhenols or amines,polymers
with X-like mesogen were obtained.

INTRODUCTICN

The Diels-Alder(D-A) reaction is very widely used in orga-
nic chemistryI,but has almost not been applied in the syn-
thesis of liquid crystalline(IC) compounds.This is probab-
ly due to the fact that classical requirements to the sha-
ne of the molecules of the LC compounds are relativly simp-
le.The molecule should be rod-like,and all deviations from
this shape,e.g.the broading of the mesogen weasken the meso-
morvhic pronertiesz.ln contrast,D-A reaction is inevitably
related to these changes in the shape of rod-like molecules
becsuse the conformation of six-membered reaction product
is non planar and also both diene and dienophile should ha-
ve substituentsI.However,recently new variations of the
traditional rod-like shavpe of LC compounds:discs,crosses,
snd other more complex molecular shanes have annearedﬁ.Ne—
vertheless,the synthesis of these comnounds is based on tra
ditional sporoaches,mainly on using consequtive esterifica-
tion reactions.Therefore,these synthesis are laborious and

the variety of resulting commounds is limited.This,in turn,
makes it difficult to search for general relationshios
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of the structure-proverties tyve in these posystems.In poly-
mers the situstion is even more complex because as a result
of multistage reactions polymers of very different molecular
weight(MW) and with different defects are formed.Therefore,
the compmarison of their properties is difficalt.The aim of
the present vaper is to synthesize LC volymers with T- and
X-like mesogenic fragments via the chemicsl modification of
one initial polymer.The D-A reaction was chosen as the mo-
dificationr reaction,thus,it became possible to obtain a
wide range of volymers with T- and X-like mesogens on the
basis of a single polymer,

EXPERIMENTAL PART

A11 reagents and solvents(fojuzreactiv,USSR),with the excev-
tion of I,I,2,2-tetrachloroethane(TCE),Merck,were purified
by distillation or by recrystallitation.Muconoyl chloridea,
azophenolsS,and 4-n—hentyloxy—&lhydroxybiphenyl6 were prepa-
red according to the literature.
4,42 (Maconoyldioxy)dibenzoic acid(I):To a solution of 20.92g
(0.I47mo0l) of 4-hydroxybenzoic acid in I66ml of IN NaOH at
0-4°C was added with stirring during 40Omin a solution of
12.6g(0.07m0l) muconoyl chloride in 200ml of carbon tetra-
chloride and 200ml of IN NaOH.Stirring wes continued for
another 2h,the residue was filtered off,washed with 200ml

of 0.6N HC1 and with water,and dried.Yield 16.3g(6i%).
CooH1y05(379.3) Cale. C 63.27 H 3.69

Found C 63.0I H 3.66

The elemental analysis of I was carried out with a sample
obtained by hydrolysis of II.
4,42 (Muconoyldioxy)dibenzoyl dichloride(II):6.0g(I7mmol) of
I was refluxed with IOOml of thionyl chloride with %-4 drovs
of dimethylformamide(DMF) for 4h.The hot solution was fil-
tered off and evavorated.The residue was vacuum-dried and

recrystallized from chloroform.Yield S5.Ig{(71%) Tm=232°C
020H12012O6(419.2) Caelc. C 57.25 H 2.86 €1116.91

Found C 57.41 H 2.8 Cl Is.74
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I
Iy NMR(S',CDC15): 8.2I(4H,d4),7.36(4H,d),AA XX7.62(2H),6.49
(2H)
Polycondensation:A solution of 2.5mmol of I,I0-decanediol
or o, -bis-(4-hydrobenzoyl )decsne,2.5mmol IT,2ml(25mmol)
of pyridine in 40ml of TCE was stirred at 100°C in an argon
flow for 6h,then the reaction mixture was cooled to 20°¢

and the solution was poured into 300ml methanol,the vrecipi-
tated nolymer was filtered off,dried,and twice revorecinita-
ted from chloroform or trifluorcacetic acid(TFC) in metha-
nol.Yield 90-95%.
Thermal addition.A sealed tube was filled with 2mmol of vo-
lymer III or V,6mmol of dienophile and 20ml of TCE.The tube
was placed in a thermostat and heated to I60°C.Thermal addi-
tion was continued at this temperature for 48h,the reaction
nixture was cooled to 20°C and poured into 200ml of metha-
nol or petroleum ether(for fumaroyl chloride),the vprecipita-
ted volymer was filtered off and twice reprecipitated from
chloroform into methanol or petroleum ether.The yield was
quantitative,.

oy WO -bis-(4-hydroxybenzoyl )Jdecane IV:2g III(4mmol),0.45g
fumaric acid in IOml of DMF in argon flow was heated at
150°C for 5h and poured into 60ml of water.The resultant
crystals were fieltered off,recrystallized from ethanol-wa-
ter(I:I) and vacuum-dried.Yield I.oug(es%),mm=165°c7.
Chemical modification:
a)with phenols.2mmol volymers VII or XII,6mmol phenol,2ml
npyridine in IOml I,2-dichloroethsne was heated at 7000 for
ch and poured into IOOml of methanol,the precinitated poly-
mer was filtered off,and twice reprecivitated from chloro-
form into methanol.Yield was quantitative.
b)with anilines.2mmol vpolymers VII or XII,6mmol of substitu-
ented anilines,2ml of vyridine in IOml of chloroform were
stirred at room temperature for 2h and poured into IOOml of
methanol,the precipitated volymer was filtered off and twice
repricinitated from chloroform into methanol.The yield was
quantitative.
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Polymers viscosities were messured in a Ubbelohde viscome-
ter .NMR spectra were recorded on a Bruker AC 200 svectrome-
ter.Polarizing-optical examinations were carried out on a
Boethius stage(DDR),and DSC were verformed with a DEM-2M
instraiment (USSR).

RESULT AND DISCUSSION

In order to facilitate the establishment of the structure-
vproperties relationships of a series of main chain LC poly-
mers,maximally standartisized polymers should be chosen for
the investigation:

fosO-0g-M-go-D-so-(erpof T
o o 0 0 n

Polymers I with a decamehhylene spacer and a mesogenic tri-
ad as the rigid block may be used for this Durpose8.A great
number of synthesized LC polymers with this structure faci-
litate the elucidation of the effect of different structure
variations on the LC vproverties.In order to make these po-
lymers capable of taking part in the D-A reaction,it is
sufficient to introduce a cis-butadiene fragment,e.g. a
fragment of (E,E)-muconic acid,into the central subunit M.
aA relativly convenient method of synthesis of monomer di-
chloroanhydride containing the potential mesogenic fragment
was chosenq:

1) Ma OH ™\
Hoe-ou D408 HD(‘:Q‘O‘\‘-‘J cn-D-¢oH
) 2 ACCH g™ ] o 0 g
D Q
SOCL 4 =T

g
r
¢
H
?
(o)
@
£
1=

High nroducts yields in all stages of synthesis and its re-
lative sinvlicity make this path very convenient.Chloride

IT was used in vpolycondensation with I,IO-decanediol by usu-
al procedure,and volymer III was obtained:

Foc-Broe-M-co-D-co-(ery) o} T
3 o a9 a
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Polymer III does not exhibit LC provnerties because of the
E,E-configuration of the central unit.This polymer is solub-
le in chloroform,I,2-dichloroethane,TCE,and unon heating
8lso in o-dichlorobenzene,DMF,and diphenyl oxide which ma-
keg it vossible to use it as a substrate in thermal D-A res-
ction.

Usnally the procedure for imvarting LC nroperties to
the polymer consists of the lengthening of the votential me-
sogenic fragmentB.In this work polymer V was sythesized by
reaction II with o ,W -bis-(4-hydroxybenzoyl)decane IV:

I\ - -(ew ?Y
{ug‘-@-ng@ ag M V=D %0'@%0 (eWadio
Q n) Q Q o]

I<|

The well-known method of synthesis IV by using protecting
groups is multistege and 1aborious7.In this work e new me-
thod of itssynthesis has been develoved by using a polymer
derivative as the intermediste.It has previously been obser-
ved that under certain conditions of thermal D-A reaction
between diethyl muconate and maleic or fumaric acids the
oroducts is unstable snd decomposes with the formation of
carbon oxide and dioxide.By heating volymer III with a two-
fold excess of fumaric acid in DMF in an argon flow dpdl IV
was obtained in 60-70% yield.This method greatly simplified
the synthesis enabling us to use a very narrow reagents ran-
ge and only few stages,

Polyester V([pl=0.7-1.0d1/g,TFA,25°C) is the thermot-
ropic,its T =150-160°C and T,»300°C.The precise determinati-
on of isotropization temperature is prevented by polymer V
degradation at temperatures exceeding 250°C.Polymer V is so-
luble in TFA snd,on heating,in TCE.

The cis-configuration of double bonds in (E,E)-muconic
acid favours the cycloaddition but the presence of the car-
bonyl groups greatly deactivate this enophilic componentI.
Hence,only active dienophiles,e.g.those with accepting sub-
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stituents,should be used for thermsl addition.Fortunatlly,
COC1 is the most activating groupI.Therefore,it is possible
to use the polymers obtsined by D-A reaction for furthern
chemical modification.

Diethyl fumarate,fumaroyl chloride and N-phnylmaleimi-~
dewere used as dienophiles.The optimal conditions of D-A
resctions in these systems are as follows:48h at 160°C in
a sealed tube at a three-fold excess of dienophile compo-
nent in TCE solution.Under these conditions quantitative
addition takes place.The introduction of copper powder
excluded the reactions of free-radical crosslinking.No ther-
mal degradation of polymers and no decresse in MW take pla-
ce in these conditions.This has been determined from end
groups content by IH NMR spectroscopy.

Polymers VI-VIII containing fragment of substituted
cyclohexene sz the central unit were obtained:in

Vi = 413°¢
Eos‘é-@-o%-q%o@—cgo (cngw}n Vi T, ii

a
3;8 CO%Q.
- o
fogD-0e <> co-Dsotemdey TR Ta 947C
o Dat cel o
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Q Qoz')s0 O 0
‘eh

Initial polyester III used in modification has{gl =0.35~
0.40d1/g in chloroform at 25°C,e.g. ﬁw” I5000,which exceeds
the limit necessary for the absence of MW dependence of pha-~
se transition temperntureIo.

We exvected to reveal the ILC behaviour of these poly-
mers,because volyesters containing the trsns-I,4-cyclohexa-

ne fragment as central unit have a highly stable mesophaseI¥

The most stable conformation of cyclohexene is half-chairI?
which ensures the trans configuratin of carbonyl groups of
the muconic acid residue in the resulting cyclohexene.This

also formally favours the LC behaviour.
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Since D-A reesction is stereospecific}the initiel configura-
tion of diene and diedophile is retained in the addition
product.However,these polymers do not exhibit the LC beha-
viour.This may be attributed to the presence of bulky subs-
tituentes which decrease the anisometric rastio of mesogene.
Hence,this result is on thewhole expected.The presence of
reacting chloroanhydride groups in polymers VII easily ma-
kes it possible to obtain polymers with an X-like mesogen by
by reactios with the corresponding p-substituented anilines
or phenols,becsuse during D-A reaction trans-configuration
of chloroanhydride groups is retained.This synthesis was
carried out.

%0%4}-0%—{ ?—c‘:‘n-@-t‘:‘u-(cuz\m}“ %
o O R C-Rn 0]

A1l volymers IX are not LC(Table I).This result is unexpec-
ted to a considerable extent because,for examnle volymers

X synthesized by Ringsdorf at al.13
re,have a highly stable mesophase(for example for m=6,Tg=
60°C, T, =217°C,m=9, Tg=54°C , Ti=214‘lc ).

with a similar structu-

o o o-3-0cny —
FoD— oL oy Do tenany X
o ° "

Hgo g

The absence of the LC behaviour for polymers IX may be due
to the high conformational lability of the cyclohexene
fragment,which is much higher than that for cyclohexane12.
As already mentioned,the conformation lability of the cent-
rel unit of polymer I has a negative effect on the possibili
ty of the mesomorphismIB.

An attemt to render polymers IX mesomorvhic was made:

polymers in which the length of the arm of cross-like meso-
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gen is greatly increased.were synthesized by reacting vpoly-
mer VII with p-aminoazobenzene and p-aminnazotoluene(Tab.I).
However,neither these volymers were LC polymers.

Polymer V was allowed react with a series of N-phenyl
maleimides substitu%?ted on the nucleus:

D-/M\-O /

Lot ocd-coD-¢o-ena), ], B
Q (] [n) Q

TABLE I Properties of polymers IX
R -0Docx, ~-mDock, -oBer -mDer -mDvzrD - mBrw Doy
TmOC 85 120 80 100 112 105

TABLE 2 Properties of polymers XI

2 CHy OCH;  O-n-CgH, Cl  Br NO,
Tn,C 95 9 91 90 9% 93 100
T:7°C 106 122 120 119 123 122 121

The proverties of nolymers XI are given in Table 2,A11 of
them have low temperatures of melting and isotropization
and these temperatures are similar regardless of the subs-
tituent Z.0n the whole the effect of the substituent on the
vphase behaviour of volymers XI is close to that observed by
Lenz for volyester IIs and shows that for polymers with a
bulky side substituent in the mesogenic fragment the steric
interaction play the main rolein the determination of meso-
phase stability,whereas all other contribution are minor.
The mesophase type for polymers XI was not determined.

The reaction of polymer V with fumsroyl chloride yields
volymer XII(Tm=70°C, Ti=115°C).

EosD-0cDog{- 4o B go-Brgo-ten g}, X
0 Q LA a a

é o
A wide range of polymers XIII was obtained by the re-
action of this polymer with various phenols and smines.It
can be esealy seen that all polymers XITII(Table 3) obtained
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during the reaction of mononucleus compounds are not ILC.
This is probably due to the fact that in usual main chain
o%-@“og@‘m“s %0'@'30'@‘30-(‘1*\;\,“}“ W
n} =} R Y o ]
1)

Y“

c Q

LC polymers the effect of two arene substituents is incompa-
rably higher than that of one arene substituent.If the meso-
genic fragment contains two arene substiutents,these linear
polymers usually do not exhibit LC behaviour,even in the
case of polyarylatesI6.

The situation changes drastically if dinuclear phenols
or smines are used in the reaction.POlymers XIII obtained
in this way are LC.It is interest that the azophenol substi-
tuents exhibit the stabilazing effect of lateral substituet
on the mesovhase which is characteristic of low molecular
wheight nematicsg.

OCH3 7 CH3 v 002H5 ? Cl~ Br

According to the textures detected under the polarizing mic-
roscove all polymers XIII have the nematic phase.

TABLE 3 Proverties of polymers XIII
R -0} -0 -oDoeHs, -~mDotn, -oDer mDer

™m°c 95 125 100 I12 95 I
TiOC not ILC not LC Not IC not LC not IC not IC

R -oDDov -ofBfoc,n,g -oDwvavBen, -oQuvBon, oBvvPoeps

T °c 120 105 95 88 90
7.% 163 132 160 173 157

R -o®wvwDoa -oOvvDer v Oy Qe

T _%c 110 120 140 110
1. %0 T43 144 not LC 161

These series of polymers allow the formulation of the main

requirements for the appearance of the thermotrovic mesomor-
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phism of volymers with an X-like mesogen:each srm of the
cross should be able to play the role of mesogenic fragment
in low molecular wheight compounds.In our case in the main
chain this is ROcQD 00{3 0- and side substituents are
tyvical mesogen as for example —0-@-@-0-)/

The conditions of LC appearance formulated by us for
polymer XITII with sn X-like mesogen conside completely with
the theoretical predictions:each arm of the cross should
consist of molecules capeble of being mesogens in low mo-
lecular wheight compoundsI7.
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