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FYNTHESIS OF L I Q U I D  CRYSTALLINE POLYMERS WITH X- AND 
T-LIKE MEEOGENIC FRAGMENTS VIA DIELS-ALDER REACTION 

VJACHEFLAV V .  ZUEV 
I n s t i t u t e  of Macromolecular Comnounds of t h e  Russ i an  
Academy of Sc iences ,Bo l sho i  nr .31 ,S t .Pe terburg ,  
I 9 9004 , R u  s 8 i an  Pe d e r B t i  on 

A b s t r a c t  Main chn in  nolymers w i t h  R lnesogen which con- 
t a i n s  t h e  r e s i d u e  of muconic a c i d  A S  t h e  c e n t r a l  u n i t  
were egnthesized.Polymers  w i t h  a T-l ike mesogen were 
ob ta ined  by thermal  Addi t ion  of N-subs t i t u t ed  m a l e i a i -  
des.As a r e s u l t  o f  r e a c t i o n  w i t h  fumaroyl  c h l o r i d e  and 
subseqiient rernction w i t h  nheno l s  o r  aa ines ,no lymers  
w i t h  X-l ike rllesogen were ob ta ined .  

INTRODUCT? CX ---- 
The Diels-Alder(D-A) r e a c t i o n  i s  v e r y  wide ly  used i n  orga- 
n i c  chen i . s t ry I ,bu t  h a s  a lmost  no t  been a p p l i e d  i n  t h e  sgn- 
t h e s i s  of l i q u i d  c r y s t n l l i n e ( L C )  comnounds.This i s  Drobab- 
l y  due t o  t h e  f a c t  t h a t  c l a s s i c a l  r equ i r emen t s  t o  t h e  sha- 
?e of t h e  molecules  of t h e  LC comvounds are  r e l a t i v l y  simo- 
le.The molecule  should be rod - l ike , and  all d e v i a t i o n s  from 
t h i s  shape,e .g . the b road ing  of t h e  mesogen weaken t h e  meso- 
rnornhic p r o n e r t i c s * . I n  contrast ,D-A r e a c t i o n  i s  i n e v i t a b l y  
r e l a t e d  t o  t h e s e  changes i n  t h e  shape of r o d - l i k e  molecules  
because  t h e  conformat ion  of six-membered r e a c t i o n  p roduc t  
i s  non p l a n e r  and a l s o  b o t h  d i e n e  and d i e n o n h i l e  should  ha- 
ve subst i t : lentsI .However ,  r e c e n t l y  new v a r i a t i o n s  of t h e  
t r e d i t i o n s l  rod - l ike  shape of LC conDounds:discs,crosses, 
and o t h e r  more cornvlex molecu la r  s h a a e s  have ameared3  .Ne- 
v e r t h e l e s s , t h e  s y n t h e s i s  of these comnounds i s  based on t r a  
d i t ionsa l  a p n r o a c h e s , a a i n l y  on using consequ t ive  es ter i f icf t -  
t i o n  renc t ions .Therefore , the~e  s y n t h e s i s  a r e  laborious nnd 
t h e  v a r i e t y  of r e s u l t i n g  comnounds is l i n i t e d . T h i s , i n  t l i rn ,  
makes i t  d i f f i c u l t  t o  s e a r c h  f o p  g e n e r a l  r e l a t i o n s h i n s  
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112/[26781 V.V. ZUEV 

of the structure-nroDerties tyne in these nosystems.In poly- 
mers the situation is even more comDlex because as a result 
of multistage reactions nolymers of very different molecular 
weight(MW) and with different defects are formed.Therefore, 
the comoarison of their Dronerties is difficalt.The a i m  of 
the present Daper is to synthesize LC Dolymers with T- and 
X-like mesogenic fragments via the chemical modification of 
one initial nolgmer.The D-A reaction was chosen as the mo- 
dificationr reaction,thus,it became Dossible to obtain a 

wide range of Dolyaers with T- and X-like mesogens on the 
b a s i F  of a single polymer. 

EXPERIMENTAL PART 

All rcftgents 8nd so lvents (Fojuzreac t iv ,UFFR) ,wi th  the excen- 
t ion of I, I, 2,2-tetrachloroethane (TCE ) , Merck, were Durif ied 

4 by distillation o r  by recrystal l i ta t ion.Muconoy1 chloride , 
azophenols5, and 4-n-hentyloxy-41hydroxgbi~heny16 were prepa- 
red according to the literatiire. 
4,4~(M~~conoyldioxy)dibenzoic rscid(1):To a solution of  20.92g 
(0.147,ol) of 4-hydroxybenzoic acid in I60ml of IN NaOH at 
0-4OC was added with stirring during 40min 
12.6g(0,07mol) muconoyl chloride in 200.41 of carbon tetra- 
chloride and 200ml of IN NaOH.Stirring was continued for 
mother 2h,the residue was filtered off,washed with 20Oml 
of 0.6N HC1 and with wattr,and dried.Yield I6.3g(6T%). 

a solution of 

C20HI4O8(379.3) Cnlc. C 63.27 H 3.69 
Found C 63.01 H 3.66 

The elemental analysis of I was carried out with a sample 
obtained by hydrolysis of 11. 
4,4~(M~iconogldioxy)dibenzogl dichloride(II):6.0g(I~mmol) of 
I was refluxed with IOOml of thionyl chloride with 3-4 droDs 
of dimethylformamide(DMF) for 4h.The hot solution was fil- 
tered off and evaporated,The residire was vacuum-dried and 
recrystallized from chloroform.Yield 5.Ig(?I%) Tm=232'C 
c20H-~c1206(419.2) Calc. C 57.2" H 2.86 C1116.91 

Found C 57.41 H 2.81 C1 16.74 
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LC POLYMERF WITH T- AhTD X-LIKE MEFOGENF [2679]/113 

I 
‘H NMR( ,CDC13): 8.21(4H,d),7.36(4H,d),AA’XX?.62(2H),6.49 
(2H) 
Po1ycondensation:A s o l u t i o n  of 2.5amol of 1 , IO-decanedio l  
o r  & , W  -bie-(4-hydrobenzoyl)decane,2.’jrnmol 11,2m1(24lnmol) 
of n y r i d i n e  i n  4Oml of TCE was s t i r r e d  a t  IOO°C i n  a n  a rgon  
f l o w  f o r  6 h , t h c n  t h e  r e a c t i o n  mix tu re  was cooled  t o  2OoC 
and t h e  s o l u t i o n  was noured i n t o  300ml me thmo1 , the  n r e c i a i -  
t a t e d  nolymer was f i l t e r e d  o f f , d r i e d , a n d  tw ice  r e n r e c i n i t a -  
t c d  from chloroform o r  t r i f l u o r o a c e t i c  tacid(TFC) i n  metha- 
n o l  . Y i e l d  90-95%. 
Thermal 8ddi t ion.A s e a l e d  t u b e  was f i l l e d  w i t h  2mmol of DO- 

lymer I11 o r  V,6mmol of d i e n o n h i l e  and 20ml of TCE.The t u b e  
was n l a c e d  i n  8 t h e r m o s t a t  and h e a t e d  t o  160°C,Thermal addi- 

t i o n  was cont inued  a t  t h i s  t emnera tu re  f o r  48h , the  r e a c t i o n  
mix tu re  was cooled  t o  2OoC and noured i n t o  206111 of  .netha- 
no1 o r  aetrolel im e t h e r ( f o r  fumaroyl  c h l o r i d e ) , t h e  D r e c i n i t a -  
t e d  nolymer was f i l t e r e d  o f f  and twice r e a r e c i p i t a t e d  from 
chloroform i n t o  methanol o r  pe t ro leum ether.The y i e l d  was 
q u a n t i t a t i v e .  

flimaric a c i d  i n  I O m l  of DME’ i n  a rgon  f low was heated a t  
I 5 O 0 C  f o r  
c r y s t a l s  were f i e l t e r k d  o f f , r e c r g s t a l l i z e d  from ethanol-wa- 

Chemical m o d i f i c a t i o n :  
a ) w i t h  Dhenols,2maol nolyrners V I I  o r  XI1,Gmmol -nhenol,2ml 
ny r id in t .  i n  I O m l  1 , 2 - d i c h l o r o r t h a n e  was hea ted  a t  7OoC f o r  
= h  and noured i n t o  I O O m l  of mcthano1, the n r e c i n i t a t t d  poly- 
mer was f i l t e r e d  o f f  ,and twice r e v r e c i n i t a t e d  from ch lo ro -  
form i n t o  w t h a n o 1 , Y i e l d  was q u a n t i t a t i v e .  
b ) w i t h  an i l ines .2mnol  nolgmcrs  V I I  o r  XI1,Gmmol of s u b s t i t u -  
e n t c d  a n i l i n e s , 2 m l  of n y r i d i n e  i n  I O m l  of ch loroform were 
s t i r r e d  a t  rooln t empera tu re  f o r  2h and noured i n t o  I O o l n l  of 
methano1, the p r e c i n i t a t e d  Dolymer was f i l t e r e d  o f f  and t w i c e  
r e n r i c i n i t n t e d  from chloroform i n t o  methanol.Thc y i e l d  w a s  
q u a n t i t a t i v e  . 

OC ,u -bis-(4-hydroxybenzoyl)decane IV:2g III(4mmol),0.4’jg 

5h and poured i n t o  60ml of water.The r e s u l t a n t  

t e r (1  : I )  and vacuum-dried,Yield I.O4g(65%),Tm=I65 0 7  C . 
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114/[2680] V.V. ZUEV 

Polymers viscosities were measured in a Ubbelohdt viscome- 
ter.NMR saectra were recorded on a Bruker AC 200 snectrome- 
t er .  Pol arizing-oat ical examinst ions were carried out on a 

Boethilis stage (DDR), and DPC were nerf ormed with a DFM-2M 
instrment (USCR).  

RETULT AND D I S C U F C I O N  

In order to facilitate the establishment of the structure- 
Drowrties relationshias of a series of main chain LC ~ o l g -  
mers,maximally standartisized polymers should be chosen f o r  
the investigation: 

Polymers I with 8 decamehhylene spacer and a mesogenic tri- 
ad a s  the rigid block may be used f o r  this aurpose8.A great 
nxmber of synthesized LC polymers with this structure faci- 
litate the elucidation of the cffect of different structure 
variations on the LC ar0nerties.h 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 relativlg convenient aethod of synthesis of monomer di- 
chloroanhgdride containing the Dotential mesogenic fragment 
wap chosen9: 

High nrod'icts yields in a l l  stages of synthesis rand its re- 
lative si.oPlicity mrrkc this path very convenient.Chloride 
I1 was used in Dolycondensation with 1,IO-decanediol by usu- 
a l  arocedlire,md Dolymer I11 was obtained: 
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LC POLYMERF WITH T- AND X-LIKE MEFOGENP [2681]/115 

Polymer 111 does not exhibit LC Dronerties becmse of the 
E,E-configuration of the central unit.This polymer is solub- 
le in chloroform,I,2-dichloroethane,TCE,and unon heating 
also in o-dichlorobenzene,DM,and dinhenyl oxide which mA- 
kes it nossible to use it as a substrate in thermal D-A r ea -  
ction. 

the Dolymer consists of the lengthening of the Dotentiel me- 
sogenic frrgment8.1n this work nolymer V was sythesized by 
reaction I1 with d ,(A -bis-(4-hydroxybenzoyl)decane IV: 

U s u a l l y  the procedure for imnarting LC moperties to 

c 

V 
c 

The well-known method of synthesis IV by using nrotecting 
groups is multistage and laborious7.1n this work ca new me- 
thod of itssynthesis has been develomd by using a nolymer 
derivative as the intermcdiste.It has Dreviolrsly been obser- 
ved that under certain conditions of thermal D-A reaction 
between diethyl mirconate m d  maleic or fumaric acids the 
Droducts is unstable and drcomposes with the formation of 
carbon oxide and dioxide.By heating nolgmer I11 with a two- 
fold excess of fumnric acid in DMF in an argon f l o w  dhhl IV 
was obtained in 60-7077 yield.This method greatly simalified 
the synthesis enabling us t o  use IP. very narrow reagents rcsn- 
ge and only few stages. 

ropic,its Tm=I5O-I6O0C and TiS3000C.The Precise determinati- 
on of isotropization temperature is nrevented by polymer V 
degradation at temerstures exceeding 25OoC. Polymer V is so- 

luble in TFA and,on heating,in TCE. 
The cis-configuration of double bonds in (E,E)-muconic 

acid favours the cycloaddition but the presence of the car- 
bony1 groups greatly deactivate this enophilic comDonent (. 

Hence,only active dienophiles,e.g.those with accepting sub- 

Polyester V(r23 =0.7-I.0dl/g,TFA,25°C) is the thrrmot- 

I 
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11 6/[2682] V.V. Zuev 

stituents,should be used for thermal addition.Fortunatlly, 
COG1 is the most activating groupI.Therefore,it is Dossible 
to use the polymers obtained by D-A reaction for furthern 
chemicial modification. 

Diethyl fumarate,fumaroyl chloride and N-phnylmaleimi- 
dewere used as dienophiles.The optimal conditions of D-A 

reactions in these systems are as follows:48h at I6OoC 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 rand no decrease in MW take p l a -  
ce in these conditi0ns.Thi.s has Seen determined from end 
groups content by 'H NMR spectroscopy. 

Polymers VI-VIII containing fragment of substituted 
cyclohexene as the central unit were 0btained:in 

'6% 
Initial polyester I11 used in modification hrrstu =0.36- 
0.40dl/g in chloroform at 2S0C,e.g. q' 15000,which exceeds 
the limit necessary f o r  the absence of Bdw deaendence of pha- 
se transition temperature . 
mers,because polyesters containing the trans-I,4-cyclohexa- 

I0 

We exwcted to reveal the LC behaviour of these poly- 

ne fragment as  central unit have a highly stable megophase I1 . 
The most stable conformation of cgclohexene is half-chair I2 , 
which ensares 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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LC POLYMER? WITH T- AND X-LIKE MEFOGENC [2683]/117 

qL+; Q 

*I Since D-A reaction is stcreospecific,the initial configure- 
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- 

2 tituentes which decrease the anisometric ratio of rnesogen . 
Hence,this result is on thewhole expected.The presence of 
reacting ch1oroanhydri.de groups in polymers VII easily ma- 
k e s  it possible to obtain polymers with an X-like mesogen by 
by reictios with the corresponding p-substituented anilincs 
or phenols,becausc during D-A reaction trans-configuration 
of chloroanhydride groups is retained.Th5.s synthesis WRS 

All nolymtrs IX are not LC(Tab1e I).This result is unexpcc- 
ted to a considerable extent because,for exalnble Dolymers 
X synthesized by Ringsdorf at d3 with a similar structu- 
re,have a highly stable mesophase(for example f o r  m=6,T = 60°C,Ti=2170C,m=9,T +4'C,Ti=2140C). g 

g 0 

The absence of the LC behaviour for polymers IX mag be dile 
to the high conformntionwl lability of the cyclohexene 
fragment,which is much higher than that f o r  cgclohexane . 
As already mentioned,the conformation lability of the ccnt- 
ral unit of polymer I has a negative effect on the possibili 
ty of the mesomorphism . 
polymers in which the length of the arm of cross-like meso- 

I2 

I 3  

An atternt to render uolymcrs IX mesornomhic W ~ E  made: 
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118/[2684] v.v.zuEv 
g t n  i s  g r e a t l y  incre+sed.were synthesized by r eac t ing  Doly- 
mer V I I  with p-aminoazobenzene and p-Rminoazotoluene(Tab.1). 
However,neither these  Dolymers were LC Dolymers. 

Polymer V was allowed r e a c t  with a s e r i e s  of N-phenyl 
maleimidcs subs t i tuented  on t h e  nucleus:  

& 

TABLE I P rope r t i e s  of polymers IX 
R ~ Q O C H ,  - A N Q O C H ~  -oQac - w Q M = ~ #  -MI@M:MQCH~ 

TmoC 85 I20 80 I00 I12 I05 

TABLE 2 b o p e r t i e a  of Dolgmers XI 

Br N02 

Ti I26 I22 I20 119 I23 122 121 

OCH3 0-n-C H c1 3 7  CH3 Z H 

T m F  95 34 91 90 95 93 I00 

~~~ 

The n rone r t i e s  of nolgmers XI a r e  given i n  Table 2.All of 
them have l o w  t emmra tu res  of mel t ing and i s o t r o p i z a t i o n  
and these  temneratures a re  s i m i l a r  r ega rd le s s  of t h e  subs- 
t i t u e n t  Z.On t h e  whole t h e  e f f e c t  of t he  subs t i t uen t  on t h e  
Dhase behaviour of Dolgmers XI i s  c lose  t o  t h a t  observed by 
Lenz f o r  po lyes t e r  115 and shows t h a t  f o r  Dolymers with a 

bulky s ide  subs t i t uen t  i n  t h e  mesogenic fragment t h e  s t e r i c  
i n t e r a c t i o n  play t h e  main r o l e i n  t h e  determinat ion of  meso- 
nhase s t ab i l i t y ,whereas  a l l  o t h e r  con t r ibu t ion  are minor. 
The mesophase type f o r  polymers X I  was not  determined. 

Dolgmer XI1 (T,=70°C, Ti =I15 C ) . 
The r eac t ion  of polymer V with fumarogl ch lor ide  y i e l d s  

0 

- 
f 0 $0- 0 c -Q 0: Q- F; Q a- F; 0-8- t o -  w 3 X I I  

Q a Q 

A wide range of polymers XI11 WRS obtained by the  vc- 

I t  

0 
mi a 

ac t ion  of t h i s  nolgmer with var ious  Dhenols and amines.It 
can be esealg seen t h a t  all polymers XIII(Tab1e 3 )  obtained 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

1:
43

 1
8 

Fe
br

ua
ry

 2
01

3 



LC POLYMERS WITH It- ANR X-LIKE MEFOGENS [2685]/119 

during the reaction of mononucleus compounds are not LC. 
This is probably due to the fact that in usual main chain 

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 
Dolgmers usually do not exhibit LC behaviour,even in the 
case of nolgarylates . 
o r  smines are used in the reaction.POlymers XI11 obtained 
in this wag are LC.It is interest that the azophenol substi- 
tuents exhibit the stabilazing effect of lateral substituet 
on the mesoDhase which is characteristic of low molecular 

2 wheight nematics . 
OCH3 7 CH3 7 OC H > C1 cs Br 

According to the textures detected under the polarizing mic- 
roscone all Dolymers XI11 have the nematic phase. 

I6 

The situation changes drastically if dinuclear Dhenols 

2 5  

TABLE 3 Properties of polymers XI11 
R - 0 6 .  -NHQ -oQocy, -Ml*ow, -0Qw r v H Q w  

T ~ O C  not LC not LC Not LC not LC not LC not LC 
Tmoc 95 125 I00 I12 95 115 

T OC I20 I05 95 88 90 
Ti C I63 132 I60 I73 157 
mO 

T OC 110 I20 I40 I10 
I44 not LC I61 mO Ti C I43 

These se r i e s  of polymers allow the formulation of the main 
requirements f o r  the appearance of the thermotroDic mesomor- 
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120426861 v.v.zuEv 
Dhism of nolymers with an X-like mesogen:each arm of the 
cross should be able to play the r o l e  of mesogenic fragment 
in low molecular wheight compounds.In our case in the main 
chain this is R O t Q - O C Q - 0 -  and side substituents are 
typical aesogen & , f o r  example -o-Q-Q-cv. 

polymer XI11 with 1~ X-like mesogen conside completely with 
the theoretical predicti0ns:each arm of the cross should 
consist of molecules canable of being mesogens in low mo- 

6 

The conditions of LC appearance formulated by us for 

lecular wheight compounds I7 . 
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