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The Synthesis of Oxetane Monomers and their 
Polymerisation to give Side-Chain 

Liquid-Crystalline Polymers with Broad Smectic 
C Phases 

STEPHEN J. COWLING, KENNETH J. TOYNE and 
JOHN W. GOODBY 

Department of Chemistry, Faculty of Science and the Environment, University of 
Hull, Hull, HU6 7RX, U.K. 

A series of side-chain liquid-crystalline polymers has been synthesised from monomeric oxe- 
tanes. The synthesis and liquid crystal properties of the monomers and the polymers are dis- 
cussed and it is shown that a short spacer unit can be used to obtain polymers with a flexible 
backbone which give broad liquid crystalline phases and low glass transition temperatures. 
Various initiators were used for the polymerisation but the photoinitiator “SARCAT KI 
85TM”, a disulfonium salt, yielded the best results. 

Keywords: side-chain liquid crystal polymers; oxetanes; cationic ring-opening polyrnerisa- 
tion 

INTRODUCTION 

The synthesis and properties of side-chain liquid-crystalline polymers 

(SCLCP’s) has been M area of active research for 20 years. One of the aims of 

research in SCLCP’s is the desire to synthesise polymers with either low or high 

glass transition temperatures (Tg) and broad ferroelectric or antiferroelectric 

phase ranges which are of interest as piezoelectric, pyroelectric and display 

device materials. Most of the SCLCP’s which have been synthesized are based 

on polyacryhtes, polymethacrylates and po~ysiloxanes[~l. 
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Previous work on polyacrylates[2-5] has shown that they have high Tg 

values which arise because the backbone is rather rigid and has a dense 

population of the pendant groups along the backbone, i e . ,  the side-chains are 

attached at every second atom along the backbone. On the other hand it is well 

established that in order to generate liquid-crystalhe mesophases in side-chain 

potymers, a flexible spacer gr0up[6>~1 is needed which is long enough to 

separate the rigid mesogenic cores from the polymer backbone and so allow for 

the core units to interact with little or no constraint. The typical length of the 
spacer group to achieve this is 7- 12 methylene units[71. 

In order to obtain polymers with low Tg values, a flexible polymer 

backbone is required, and it has been shown that polysiloxanes[*] give the most 

flexible backbones. In this respect they are superior to polyoxyethylene, 

polyacrylate and polymetbacrylate backbones. Polymers derived h m  oxetanes 

are a less widely studied class of polymer although such polymers which 

incorporate two rings in the mesogenic group have been reporte&"lOI. These 

polymers gave liquid-crystalline phases f?om room temperature up to 100 "C. 

In this article we report the synthesis of oxetanes of type I in order to 

generate a flexible backbone in the derived polymers. The pendant groups in 

these polymers are spaced out more thinly along the backbone and are attached 

at every fourth atom. As the side chains are well separated fiom one another 

along the polymer backbone, it is possible that shorter length spacer groups 

(e.g., only 6 methylene units long) can be used to give liquid crystalline 

mesophases. 
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THE SYNTHESIS OF OXETANE MONOMERS AND POLYMERS [2983]/473 

Some of the monomers prepared are also of interest as low molecular weight 

materials for ferroelectric applications, and our study of those properties will be 

reported in a further paper. 

RESULTS AND DISCUSSION 

Synthesis 

Scheme 1 shows the route to the -14-hydroxybenzoates (6-8) utiliziug 

methyl chloroformate as a protecting group for 4-hydroxybenzoic acid. 

7 , R = y  
8, R = z  

Where: x = (R>l-mcthyIheptyl 
y = (R)-2-mcthylbutyl 
z -I-propyibutyl 

Reagmts: la...;) 1M NaOH, H20, CICaCH3; ii) HCI; lb  ... DEAD, PPh3, ROH, THF, 
lc  ... ethanol, NH3. 

Scheme 1 

Scheme 2 gives the route to (9-(-)-1-(trifluoromethy1)heptyl 4- 

hydroxyknzoate (13). The synthesis of (S)-(-)-l,l,l-trifluorooctan-2-ol (12) 

was carried out according to R. Lindermann et al.[lll and P. Ramacbandran et 

d 1 2 ]  The final step in the synthesis is an acid-catalysed estefication, with the 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

28
 1

7 
A

ug
us

t 2
01

2 



474/[29841 STEPHEN J .  COWLING et al. 

retention of configuration of the chiral group, as described by T. Kitazume et 

nf."31 

I 2c 

2d 

Reagents: 2a.A) 2.5M B d i ,  THF; ii) CF,C@CH2CH3; 2b ...(-> DIP-&lotide, diethanolamine, 
ether; 2c ... IO?? Pd-C. HI, THF; 2d ... toluenapsulfonic acid,pxylene. 

Scheme 2 

Scheme 3 shows the synthesis of the simple biphenyl ester containing monomers 

(Ml-M3). Reaction step 3c is a phase-transfer reaction described by M. Matoi 

et U I . [ ~ ~ ]  which gives 21 in 70% yield. The final step in the sylahesis of 

monomers M1-M3 gave good yields (80-90 %). 

Where: x = (R)-l-mcthylheptyl 
y = (R)-2-methylbulyl 
2 = 1-propylbutyl 

Reagents: 38 ... CH3COlH, 11M H2S0,; 3b ... DEAD, PPh,, ROY THF; 3c ... SO?? NaOH, 

Scheme 3 
h w e ,  TBAB, 3d ... K2CO3, butanone. 
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THE SYNTHESIS OF OXETANE MONOMERS AND POLYMERS [2985]/475 

In order to spthesise polymers with broad smectic phase temperature ranges, it 

was clear, &om the resuits for the polymers P1-P3, that monomers with three 
rings in the mesogenic group would be required, and scheme 4 shows the 

synthesis of such monomers. The etheritlation step 4b gives excellent yields 

>85%. The key step in this synthesis is the hydrolysis of the methyl ester (23) to 

give the carboxylk acid (24). Oxetanes are prone to ring ope- in the 
presence of strong acids and this can lead to problem on acidscation of the 
sodium salt to yield the carboxylic acid. Acidification was achieved by carell 

addition of hydrochloric acid to a stirred suspension of the sodium salt in 

ethanol at pH 5.  The mixture was left to stir for several hours and the acid was 

filtered off and washed with copious amounts of cold water. Esterification with 

N,N-dicyclohexylcarboexylcarbodiimide (DCC) and 4-(dimethybh3)p*& (DMAP) 
gave the monomers (M4M7) in good yields (70-80%). 

where: x = (R)I-mcthylheptyl 
y = (R)-2-mdhylbutyl 
z = I-propylbutyl 
TFMH' = (s)-1-(tritluoromc3hyl)heptyl 

&agents: 4a ... CH30H, 1 IM HzS04; 4b ... K2CQ, butanme; &... i) 11M NaOH, ethenol, ii) 1M 
HCI; 4d... DCC, DMAP, CH2CIz. 

Scheme 4 
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Initially, the standard boron trifluoride-ether initiator in various organic solvents 

was used to attempt the polymerisations. Unfortunately even after one week this 
method only yielded a mixture of dimer, trimer and tetramer. However, 

photoinitiator, SARCAT KI 8 F ,  (11) at 2 mol% gave polymerisation in good 

yield with 70-80% conversion The polymerkation process was then optimised 

for M6 using various reaction times and different pre- and post-irradiation 

conditions, the results are displayed in Table 11. 

I1 

Mi, n 0, R = x  M4, n 1 ,R=x  
M2, n = 0, R =  y MI, n = 1, R = Y  M7, n =  1, R =  TFMH' 
M3, n = 0, R =  z M6, n = 1, R = z  

Pi,  n - 0, R =  x P4, n = 1, R =  x 
P2, n = 0, R =  y PS, n 8 1, R =  y P7, n = 1, R =  TFMH' 
P3, n = 0, R =  z P6, n = 1, R = z 

Where: x = (R)-I-methylhcptyl 
y = (R)-2-methylbutyl 

TFMH' = (S)-l-(hifluaromethyl)heptyl 
2 = I-propylbutyl 

Reagents: Pla ... 2 mol% SARCAT KI 8 P ,  UV irradiation. 
Scheme 5 
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THE SYNTHESIS OF OXETANE MONOMERS AND POLYMERS [2987]/477 

Monomers - Transition Temperatures and Phase Morpbologiea 

The phase morphologies and the transition temperatures of the monomers (Ml-  

M7) were determined by a combination of microscopy and DSC, the results of 

these studies are given in table I. Monomers MbM3 for the two-ring systems 

were not mesogenic; monomer M2 melted at 25.0 OC but M1 and M3 were 

liquids at room temperature and did not freeze on cooling to -70 "C. All the 

monomers with thm aromatic rings in the core of the mesogenic unit displayed 

liquid-crystalline phases; monomers M4M6 all melted close to 35 O C  but did 

not recrystallize on DSC analysis until the samples had been maintained at -70 

"C for 30 minutes. The melting points of the monomers can be compared with 

several examples tkom the MHPOBC series[15]. For example, monomer M4 is 
similar to 111, but more closely related to IV[l6] on the basis of the length of the 

terminal chain. Compared to these compounds, M4 shows a reduced melting 

point (39.0,32.5 "C; leading to a room tempertam smectic C phase), clearing 

point (45.6, 35.9 "C) and smectic C stabiity (64.3, 63.7 "C) because of tbe 

bulky end group on the terminal chain. In addition, a variety of smectic C 

subphases has been suppressed by the presence of the bulky unit which probably 

causes a disruption in the interaction of the head I tail groups in the packing of 

the mesophases. The comparison of compound V [ l l  and M7 (trifluoromethyl 

compounds) is equivalent to the comparison of 111 and M4 for the methyl 

analogues. The pair of trinuoromethyi compounds shows that the bulky oxetane 

unit causes an extremely large depression of melting point (>150 "C) but the 

clearing point and smectic C depressions (61.7 and 65.5 "C) are similar to those 

seen for M4 and III. 
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"O+cJ+&!! ' ' *<x 
C8H13 

IU, R = CaH17. X = CH3 C 73.5 (Sml'~62.2) SmC; 118.8 SmC'm 

llS.8 SmC' 121.6 SmC*dph, 122.6 SmA' 147.7 I 

C 84.5 SmC; 108.0 SmC' 109.0 SmA' 121.0 I 
IV. R=CqoHzq,X=CH3 C67.0SmC'~115.0SmC'122.0SmA'138.01 

V, R = Calil7, X = CF3 

Polymers - Transition Temperatures and Phase Morphologies 

The polymerisations were carried out using a thin 6lm of a mixture of the 
monomer and photoinitiator. The two-ring monomers (Ml-M3) polymerised 

readily to give polymers with high DP values in the range of RI 60-80 (see Table 

111) but with a Wly hq& polydispersity (up to 3.4). Only P2 showed liquid 

crystalline behaviour, having a smectic A phase tiom 80 "C until the Tg at -2.6 

O C .  The Tg of P2 can be compared to the values for its polysiloxane 

 analogue[^*] which occur at 30-50 O C  for a range of molecular weights. The 

percentage conversion of the two-ring monomers into the polymers was lugh, 

being 80% or higher. Polymerisation of the three-ring monomers was more 

sluggish and M4-M7 gave polymers with a much lower DP than the two-ring 
monomers but the products have liquid-crystalline properties that occur over a 

broad temperature range. Polyrners P4-P6 gave consistent DP values of 19-23 

repeat units but P7 has a much lower DP of 11. All the three-ring polymers 

show smectic A and smectic C mesophases and have Tg values below 20 "C. 

The percentage conversion of these monomers was lower than for the two-ring 

materials, but was typically higher than 60%. 

A polyac~ylate[~] closely related to polymers P4-P6 had a similar phase 

sequence but the Tg for the polyacxylate was 56 OC. Upon increasing the spacer 
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TABLE I: Transition temperatures ("C) for monomers Ml-M7. 

4 
J 
rn 

compound E v, NO. n R rnp"/OC Is0 BP smA/smA' smc/smc' recryst 
% M1 0 1-MH' - 0--- - 

M2 0 2-MB' 25.0 

102.1 - - 0 58.3 0 - <-70 z in 
M5 1 2-MB' 36.6 134.1 130.7 0 90.6 0 13.3' <-I0 3 

0 - - - <-70 

9 

0 0 8 

- - - <-70 

0 0 M6 1 1-PB 35.7 
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length from 6 to 1 1  the Tg for the polyacrylate was reduced to 40 'C which is 

still 21 -29 'C hgher than for the polyoxetanes reported here. 

Electrooptic studies are currently being canied out on all of the monomers 

and polymers reported here in order to assess their switching properties in the 

ferroelectric smectic C phase. Future work to be reported includes an 
investigation into the effect of introducing lateral fluoro substituents and of 

varying the length of the spacer groups. 

TABLE II: Results for the polymeristion of mwmer  M6 in various 
conditions. 

. $ c h q . h M q + o p n ,  0 

4 %Y 
Time(min) Mn Mw Mw/Mn DP 

30 8900 11400 1.3 14 
60 9300 13349 1.4 15 
90 7264 9885 1.4 12 
120 7700 10154 1.3 12-13 
180 7500 9954 1.3 12 
640 7700 7740 1.3 12-13 
60" 13200 18473 1.4 21 
60* 10400 12481 1.2 17 
60' I3700 20674 1.5 22 

P .. preheated at 80 "C for 30 minutes and cooled to RT under NZ in the dark. 
b .. past-heated at 80 OC for 1 hour. 
c .. preheated at 80 'C for 30 minutes and mled to RT under N2 in the dark 

aad post-heated at 80 'C for 1 hour. 

CONCLUSIONS 

Several polymers derived &om oxetanes have been produced which give broad 

smectic phase behaviou and have low Tg's, typically below room temperature. 

The polyrners are extremely fluid as shown by their ability to give excellent 
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TABLE 111: Transition temperatures ("C) and GPC data for polymers PI-W. 

I 

Compound Mwl 
No. nR Mn Mw Mn DP Is0 SdSmA' SmC/SmC' Tg 
PI 0 1-MH' 40617 82428 2.0 80 - - - - -5.7 0 

P2 0 2-MB' 27521 79227 2.8 59 a 80.0 0 - - -2.6 
P3 0 I-PB 51334 141607 3.4 83 - - - - -5.9 0 

P4 1 I-MH' 14575 30449 2.0 23 167.8 0 150.2 0 11.8 
P5 1 2-MB' 10998 71497 2.0 19 227.8 0 190.3 0 19.0 
P6 I I-PB 13700 20674 1.5 22 146.5 134.5 0 11.2 0 

P7 1 TFMH' 7413 9889 1.3 11 0 108.7 0 88.4 0 14.9 

1-MH' = (R)-l-me$hylheptyl 
2-MB' = (R)-Zmethylbutyl 
1 -PB = 1 -propyIbutyl 
TFMH' = (S)-l-(tritlUoromethyl)heptyl 
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textures for phase identification and ciassification by microscopy. The polymers 

anneal into smectic phases with well defined defect textures after only a few 

minutes (e .g  see Figure I ) ,  and they do not give the sandy textures which are 

characteristic of SCLCP's. 

Figure 1 : Photomicrograph of P4 in a smectic A phase at 158.0 "C after 
annealing for 4 minutes. 

(See Color Plate XI1 at the back of this issue) 
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