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Abstract 

Hydrosilylation of poly(ferrocenylmethylhydrosilaneJ [Fe(v-C,H,),SiMeH],, with I-hexene and ethyl acrylate was achieved using 
Karstedt’s catalyst with degrees of functionalization of ca 80%. Using a similar strategy, 4-pentoxy-4’-hydroxyhexanoxyazobenzene or 
4-pentoxy-4’-hydroxyundecyloxyazo-benzene acrylate side chains were successfully attached to the poly(metalloceneJ main chain. The 
resulting functionalized poly(ferrocenylsilanes1 represent the first examples of calamitic thermotropic side chain liquid crystal polymers 
with ferrocene groups in the backbone. 0 1997 Elsevier Science B.V. 

1. Introduction 

Metallomesogenic macromolecules are particularly 
attractive as they have the potential to combine the 
advantageous properties of polymers (e.g. excellent me- 
chanical properties, low thermal expansion, and excel- 
lent processability) with those of transition metal com- 
plexes (e.g. color, polarizability, magnetic character- 
istics) it -41. Krrocene units are of considerable interest L L . 
as components of liquid-crystalline (LC) materials ow- 
ing to their high thermal stability, novel redox charac- 
teristics and their structural variability which might lead 
to intriguing effects on mesophase morphology [5]. A 
range of low molecular weight calamitic (rod-like) sys- 
tems can be prepared by monosubstitution or by l,2-, 
I ,3-, or I ,I’-disubstitution of the ferrocene nucleus [6]. 
Several examples of calamitic side-chain metallomeso- 
genie polymers with ferrocene in the side group struc- 
ture are known [7]. Although main-chain, LC polymers 
with ferrocene in the backbone are more common [S], 
these are limited to materials in which the ferrocene 
units are a significant distance apart making the ex- 
ploitation of cooperative interactions between the iron 
atoms impossible. 

Poly(ferrocenylsilanes) 2 are an interesting class of 
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transition metal-based polymers which were recently 
prepared in high molecular weight form via a thermal 
ring-opening polymerization (ROP) route [9]. These and 
related ROP-derived materials have attracted recent at- 
tention with respect to their interesting physical proper- 
ties [IO- 131. A novel feature of these polymers is that 
the skeletal irons atoms interact with one another as has 
bten shown by cyclic voltammetric studies [IO]. 

1 2 

The ability to functionalize polymers permits the 
tailoring of physical properties and is particularly well- 
established for inorganic polymers such as polyphosp- 
hazenes [ 141, polysiloxanes [ 151, and more recently 
polycarbosilanes [ 161 but is virtually unknown for tran- 
sition metal-based polymeric materials. With this in 
mind, we recently reported the synthesis of poly(ferro- 
cenylsilanes) with chlorine substituents at silicon, 2 (R 
and/or R’ = Cl). These materials are tunable and permit 
the introduction of different functional substituents (e.g. 
acetylenic groups) via nucleophilic substitution reac- 
tions [ 171. In this paper, we explore an alternative 
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hydrosilylation strategy for the functionalization of a 
polytferrocenylsilane) with Si-H substituents. We de- 
scribe the use of this methodology to allow the synthe- 
sis of the first side chain metallomesogenic polymers 
with ferrocene units in the main chain. These materials 
represent the first well-characterized, liquid-crystalline 
poly(ferrocenylsilanes) [IS]. 

2. Results and discussion 

Hydrosilylation of polysiloxanes with Si-H groups 
provides a well-established method of function&zing 
these materials [ 151. The introduction of mesogenic 
groups to yield side chain LC materials has been studied 
in particular detail [ 15,193. In order to determine whether 
a similar strategy might permit access to LC poly(ferro- 
cenylsilanes) we initially explored two model reactions 
of the poly(ferrocenyhnethylhydrosilane) (4) with sim- 
ple vinyl-terminated species. Polymer 4 was prepared 
via the previously reported thermal ROP of the strained 
monomer 3 at 150°C [20]. Reaction of 4 with the 
a-olefins I-hexene and ethyl acrylate in the presence of 
Karstedt’s catalyst in retluxing THF was found to yield 
poly(ferrocenylsilanes) 5a and Sb, respectively Scheme 
I. 

The polymeric products were characterized by NMR 
spectroscopy and gel permeation chromatography to 
provide an estimate of the molecular weight (Table 1) 
‘The ’ H-, ” C-, and %I-NMR spectra were consistent 
with the assigned structures. Significantly. the ’ H- and 
2”Si-NMR spectra of Sa and Sb indicated incomplete 
substitution of the Si-H groups. For example, the -“Si- 
NMR spectra showed the presence of fcSiR,fc and 
fcSiMeHfc environments at - 5 and - 20 ppm, respec- 
tively (see, for example, Fig. 1). The integrable ’ H-NMR 
spectra gave the degree of substitution as ca. 80%. 
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Karstedt’s 
Catalyst 

THF 

p 
Si 
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Sa R = n-Bu, x = 0.80 

51, R = C02Et, x = 0.80 

Scheme I. 

Interestingly, even when longer reaction times were 
used the degree of substitution was comparable and was 
generally in the range of 80-86%. When different 
solvents (e.g. toluene) were used as an alternative sol. 
vent to THF, the degree of hydrosilylation over compa- 
rable reaction times was less (cu. 50%). GPC showed 
that the polymers 5a and 5b were of comparable molec- 
ular weight and polydispersity as the starting material 4 
which indicated that hydrosilylation proceeds with mini- 
mal chain cleavage. Studies of the poly(ferrocenylsi- 
lanes) 5a and 5b by DSC showed the presence of glass 
transitions (T,s) at 9°C and 20°C, respectively. 

0 -5 -10 -15 -20 -25 

Fig. 1. ” Si-NMR (79.8 MHz. CDCI I 1 spectrum of poly(ferrocenylsilane) (Sal. 
-30 ppm 



Although no clear reason for the i!pparent maximum 
degree of hydrosilylation is apparent at this time, simi- 
lar degrees of hydrcjsilylation have recently been 
achieved using poly(cark:silanes? with Si-H bonds 
[ 161~. 

Attempts to derivatize the [I] ferrocenophane 3 via 
hydrosilylation with the aim of subsequently performing 
a ROP process to yield a completely derivatized poly- 
mer have, to date, been unsuccessful. Thus, reaction of 
3 with cu-olefins in the presence of Karstedt’s catalyst in 
refluxing THF yielded the targeted hydrosilylated 
derivatives of 3. However, also formed were polymer 4, 
via transition metal catalyzed ROP of 3 [21,22], and the 
derivatized polymer 5a with a similar degree of substi- 
tution via hydrosilylation as found above. 

2.2. Sytttltesis rtttcl (.liNI’CIL’t(‘t*i,?CttiOtt 
wtt~lsilmtus) 1ln ctttd 116 

The azo-benzene based mesogens 1Oa and 10b were 
prepared by the reaction sequence in Scheme 2. To 
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Scheme 2. 

Table I 
Moleculx weight. ‘VSi-NMR. thermal trunsition tetnperatures and 
assignments for 4. Sa. 5b. 1Oa. lob. and the metallomesqenic 
polymers 1 la Ltnd I1 b 
Corn- M;: M,: PDI” ii(“Si)” Transition’ T (‘Cl 
pound (ppnd 

4 2.1 x IO5 9.6X IO4 2.2 - 20.3 Tp 9 
5a 3.7x loJ 1.8X IO” 2.1 -X3 T P 9 

- 5.6 
5b 8.7X IO4 4.1 x IO4 2.1 -20.3 T g 20 

-4.5 
10a C-I x9 
10b C-I 

I-N 6 
N-SmA (82) 

Ila 3.x x IO4 I .4 x IO4 2.7 - 20.3 r, - 30” 
-3.5 6-N - 36” 

N-D > 350’ 
llb 4.2x I& 1.7x IO4 2.5 -20.3 T F - 35 

-4.5 C-N 53 
N-D > 250’ 

” Estimated by gel perme:ition chromatography (GPC) in THF using 
Ji$ystyrene standards. 

SI-NMR spectm were recorded in CDCI,. 
L The transition temperatures were measured by DSC at IO”C/min. 
Notation: glass transition (5). smectic A (SmA). nematic (NJ. and 
isotropic (I) phrases. and decomposition temperature (D). 
‘One brortd peak was observed at ‘c 36°C during the first heating 
scan by DSC. and during the second heating scan only ;L TJ W;IS 
observed at ‘c 30°C. This suggests the Tp and melting point xe 
almost coinciden!. 
’ DSC suggests that decomposition begins around 1 WC for 1 la and 
xound 170°C for 1 lb, although 250°C represents ;I tempemture at 
Hhich it becomes rapid. 

prepare LC poly( ferrocenylsilanes) platinum-catillyzed 
hydrosilylation of 4 with 10a and lob was explored 
(Scheme 3). Analysis of the orange polymers lla and 
lib by ’ H-NMR again gave a hydrosilylation yield of 
around 80% for both polymers. The unreacted Si-H 
bonds were present in the resulting polymers, as indi- 
cated by infrared spectroscopy and by ‘I’si and ’ H-NMR 
spectroscopy. The ’ H-NMR spectrum of lib is shown 
in Fig. 2: the small resonance at ca. 5 ppm is assigned 
to unreacted Si-H groups. 

The mesomorphic behavior of the azobenzene deriva- 
tives and the polymers was investigated by a combina- 
tion of differential scanning calorimetry and polarked 
optical microscopy. Thus, on heating, polymer 1 lb 
underwent a glass transition at 35°C followed by melt- 
ing at 53°C; polymer Ila underwent a coincident glass 
transition and melting event at 36°C (Fig. 3). Following 
melting, a birefringent phase was found (Fig. 4) which 
was readily identified as a nematic phase on account of 
the characteristic flashing seen when the sample was 
subject to mechanical stress. Thus, the polymers melted 
ar much lower temperatures than the free azobenzene 
groups and by comparing the transition temperature of 
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Scheme 3. 

the two LC polymers 1 la and lib, it is apparent that as 
the number of carbon atoms irr the tlexible spacer is 
increased, the melting point increases. Qn further heat- 
ing, the nematic phase was found to persist above 
250°C, by which time decomposition of the sample was 
becoming rapid. By DSC, Ila and Ilb showed broad 
exothermic transitions at I85 and 153OC, which did not 
correspond to any event observable by microscopy, and 
which we therefore suppose represented the onset of 
decomposition. The nature of the decomposition is, 

however, unclear at present, as neither the parent, un- 
functionalizcd polymer, nor the free azobenzene frag- 
ments, decomposed below 300°C. Table I shows the 
transition types, temperatures, and molecular weight and 
“‘Si-NMR data. 

2.3. Slrl?lt?zary 

We have reported the synthesis and mesogenic prop- 
erties of two novel calamitic thermotropic side chain LC 

CDCI, 

Fig. 2. ‘I+MAR spectrum (200 MHz. CDCI,) of poly(ferrocenylsiIane) (lib). 
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Fig. 3. Differential scanning calorimetry thermograms of polymers Ila and Ilb (IO”C/min): (a) the first heating of lib. (b) the first heating of 
Ila. (cl the first cooling of lla. (d) the first cooling of 1 lb. 

polymers containing ferrocene in the backbone. The 
optical microscopy showed well-defined texture for the 
nematic phase. These functionalized poly(ferrocenyl- 
methylsilanes) represent the first examples of calamitic 
thermotropic side chain LC polymers with ferrocene 
unit in the backbone. This synthetic route offers ample 
opportunities for structural variations and we are explor- 
ing these and the properties of the materials in detail. Of 
particular interest [23] is the detailed study of the LC 
properties in the three oxidation states accessible for 

these materials (neutral, oxidized at alternate iron sites, 
and fully oxidized) [ 101. 

3. Experimental details 

3. I. Moterids 

I .6 M butylithium in hexanes, I-hexene, ethyl acryl- 
ate, /I-acetamidophenol, 1 -bromopentane 6-chloro- 
hexanol, I 1 -bromo- I -undecanol and acryloyl chloride 

Fig. 4. Polarizing optical micrograph of poly(ferrocenylsilane) (1 ib) at 155°C. 



were purchased from Aldrich. Dichloromethylsilane and 
platinum-divinyltetramethyldisiloxane complex 3% ir 
xylene, bKarstedt’s catalyst’. were obtained from United 
Chemical Technologies. Poly(ferrocenylmethyIhydrosi- 
lane) was prepared as described previously [XI. 

All reactions and manipulations were carried out 
under an atmosphere of prepurified nitrogen using either 
Schlenk techniques or an inert-atmosphere glove box 
(Vacuum Atmospheres) except for the purification of 
the polytners which w;js carried out in air. Solvents 
were dried by standard methods, distilled, and then 
stored under nitrogen over activated molecular sieves. 
The 200 or 400 MHz ‘H-NMR spectra and SO.3 or 
100.5 MHz ‘“C-NMR spectra were recorded on a Var- 
ian Gemini 200. NMR chemical shifts were referenced 
to residual protonated solvent peaks. Mass spectra were 
obtained with the use of a VG 70-250s mass spectrome- 
ter operating in an Electron Impact (El) mode. Elemen- 
tal analyses were performed by Quantitative Technolo- 
gies. Whitehouse. NJ. Molecular weights were esti- 
mated by gel permeation chromatography (GPC) using 
a Waters Associates liquid chromatograph equipped 
with a St0 HPLC pump, U6K injector. ultrtstyragel 
columns with a pore size between IO’- IO’ A. and a 
Waters 4 10 differential refractometer. A tlow rate of I .O 
tnl/min was used and samples were dissolved in a 
solution of 0. I c/c tetra-rl-butylammonium bromide in 
THF. Ten samples of monodisperse polystyrene in the 
rittlge M,{ z 10 ‘-IO“ were USC~ as standards for cali- 
bration purposes. A Pcrkin-Elmer DSC-7 Differential 
Scanning Calorimeter equipped with a TAC 7 instru- 
ment controller was used to study the thormal behavior, 
The thermograms were calibrated with the tnelting tran- 
sitions of decane and indium and were obtained at a 
heating rate of lO”C/min under dinitrogen. Polarizing 
microscopy was carried out with a polarizing micro- 
scope equipped with a Mettler FP82 hot stage and FP80 
central processor. 

Sample of poly(ferrocenylmethyIhydrosilane) 4 
(GPC: M, = 2.1 x los, M, = 9.6 x IO“. PDI = 2. I ). 

Sa: Dry THF (100 ml) was added to a two necked 
round bottom flask containing poly(fcrrocenyltnethyl- 
hydrosilane) (0.45 g. 2.0 mtnol) and I-hexene (0.22 g, 
2.6 mmol). Karstedt’s cata!yst (5 mg, 25 pl) was then 
added by syringe. The mixture was retluxed under 
nitrogen for 8 d. ’ H-NMR was used to follow the 
hydrosilylation reaction. After 3 d only a small amount 
of unreacted Si-H still existed. After a further 8 d no 
further decrease in the amount of unreacted Si-H bonds 
was ripparent. The polymer product 5a was purified by 

precipitation from THF into dry hexanes twice and was 
isolated as deep-orange colored material. Yield 0.4 g 
(6%). 

Polymer 5b was prepared analogously in 68% yield 
using ethyl acrylate. 

For 5a: ‘H-NMR (200 RIHz, CDCI;) 6: 0.45-0.6 
(hH, C/f,-Si-CH, and CH,-Si-H), 0.9 (SH, Si-CH, 
and CH,CH, ), I .3- 1 .S (8H, CH 2 A 4.0-4.4 ( 16H, Cp), 
4.9 (I H, Si-H) pptn. ‘“C-NMR (SO.3 MHz, CDCI,) S: 
- 3.8 (CH.,-Si-H). - 2.2 (C/I,-Si-CH r! 1. 14.9 
(C.H,CH2),16.9 (Si-CH,). 23.3 (CH,CH,), 24.9 
(CH,CH,CH,). 32.3 (SiCH ,CH 2 CH, 1, 34.1 
(SiCH,CH,CH,), 67.9 (C-Si-H), 68.2 (C-Si-CH,), 
7 t .8 (Cp), 7 1.96 (Cp), 7 I .99 (Cp). 72.2 (CpJ.72.4 (Cp), 
72.6 (Cp). 74.1 (Cp). 74.3 (Cph 74.9 (Cp) ppm. %i- 
NMR (79.8 MHz. CDCI,) 6: - 5.6 (Si-CH z 1. - 20.3 
(Si-H, ‘J = 5 I Hz) ppm. lR(filtn) Si-H (2 I I2 cm-.’ ). 

For Sb: ‘H-NMR (200 MHz, CDCI,) S: 0.46 (3H. 
CH,-Si-CH, ), 0.55 (3H, C/-f,-Si-H). I .2S (SH, Si- 
CH, and CH,CH z ). 2.34 (2H. CH,CO, h 4.0-4.2 (18H, 
Cp and CO,CHJ, 4.9 (IH, Si-H) ppm. “C-NMR 
(SO.3 MHz. CDCI,) S: -3.9 (CH,-Si-H), -2.7 
( CU.,-Si-CH z 1, 12.0 (CH,CH z ), 14.9 (Si-CH, ), 29.8 
(CH,CO, 1, 60.9 (COJH,). 68.0 (C-Si-HI. 70.3 (C- 
Si-CH,). 72.2 (Cp), 72.3 (Cp), 72.4 (Cp), 73.9 (Cp), 
74.1 (Cp). 74.2 (Cp). 74.6 (Cp). 74.8 (Cp), 74.9 (Cp), 
175.3 (CO,) ppm. “‘Si-NMR (79.8 MHz, CDCI,) S: 
-4.S (Si-CH?), - 20.3 (Si-H, ‘.I = 5 I Hz) ppm. IR 
(film) Si-H (21 I3 cm - ’ ), C=O (1734 cm- ’ ). 

I)-Acetatnidophenol (35 g. 0.23 mol) and potassium 
hydroxide (25.76 g, 0.46 mol) were dissolved in a 
solution of water (233 ml) and absolute alcohol (467 
tnl) and stirred. I-bromopentane (32 tnl) was added to 
the solution and the resulting mixture was refluxed for 6 
h. After cooling to room temperature, the alcohol and 
water were removed under vacuum and the residue was 
extracted with diethyl ether and washed with water, and 
then dried over solid MgSO,. Diethyl ether was re- 
moved under vacuum. The crude product was recrystal- 
lized in absolute alcohol. A white crystalline product 
was obtained. Yield 23.4 2 (64%). tn.p. 87-89°C. 

3.42. l’-Antirlc’l?llcJrlr’l pwtd ether 7: C, H, , OC, Hj NH, 
To a solution of p-acetamidophenyl pentyl ether 

(3.02 g, 13.7 mtnol) in ethanol was added 20% (dilute) 
sulphuric acid (60 ml) very slowly. The mixture was 
retluxed for overnight. The cold mixture was brought to 
pH = IO- I I by addition of dilute of sodium hydroxide 
solution (0.1 M). The mixture was extracted with di- 
ethyl ether and washed three times with water and dried 
with CaCl.. The desired product was obtained as a 



light-yellow oil by distillation at 130- 132°C (0.05 
mmHg). Yield I .66 g (68%). 

3.4.3. 4-H?,dt~ox~-4’-p~~t~t~lo.u~ct~oket~,7ette 8: 
Cs H,,OC, H,N,C, H;OH 

p-Aminophenyl pentyl ether ( 12 g, 67 mmol) was 
dissolved in a solution of dilute hydrochloric acid. The 
solution was stirred and cooled to 0°C. Sodium nitrite 
(6.1 g, 3.4 M) water solution was added dropwise over 
period of 30 min to form the diazonium salt. A solution 
of phenol (9.3 g, 67.0 mmol) in sodium hydroxide (0.1 
M) was prepared and cooled to 5°C in ice bath. The 
diazonium salt was added very slowly to the phenol 
solution. A red-brown colored solid precipitated out. 
The precipatate was filtered and recrystallized from 
glacial acetic acid to give deep red-brown crystals, m.p. 
92-94°C. Yield 1 I .6 g (6 I %). 

4-Hydroxy-4’-pentyloxyazobenzene (3.0 g, 11 .O 
mmol), 6-chlorohexanol ( 1.5 ml, 13.0 mmol) and potas- 
sium carbonate (3.1 g, 22.0 mmol) were dissol;led in 
n-butanol (100 ml). The mixture was refluxed with 
vigorous stirring for 3 days. After cooling to room 
temperature the precipitate was filtered; the crude prod- 
uct was recrystallized from chloroform to give a 
orange-yellow needles, m.p. 1 l4- 116°C. Yield 3.04 g 
(75%). ’ H-NMR (200 MHz, CDCl,): 6 0.95 (t, 3H, 
-CH$‘H.,), 1.2-1.9 (m, 14H. alkyl), 3.6 (t, 2H, 
HOCH,), 4.0 (m, 4H. PhOCH,). 6.9 (d, 4H, p1-I) and 
7.8 (d, 4H, pH) ppm. Anal. Calcd for C,, H I, N,O,: C 
71.9, H 8.3, N 7.3; Found: C 71.7, H 8.1, N 7.4. 

Compound 9b was prepared by the same method of 
9a using I I-bromo- I-undecanol. Yield 5.79 g (58%), 
m.p. 114-I 16°C. ‘H-NMR (200 MHz, CDCl,): S 0.9- 
1.84 (m, 27H. alkyl), 3.65 (t, 2H, HOCH,), 4.05 (m, 
4H, OCH,), 7.0 (d, 4H, pH) and 7.86 (d, 4H, pH) ppm. 
Anal. Calcd for CZ8 H,, N?O,: C 74.0, H 9.3, N 7.3: 
Found: C 73.7, H 8.8, N 7.7. 

I’o a well stirred solution of 9a (3.0 g. 7.8 mmol) and 
triethylamine (0.79 g, 7.8 mmol) in THF under nitrogen 
cooled in a water-ice bath, was added acryloyl chloride 
(0.71 g, 24.8 mmol) was added very slowly. The mix- 
ture was reflclxed for 6 h. After this time the solution 
was cooled to room temperature, THF was evaporated 
under vacuum, the residue was dissolved in 
dichloromethane, washed with water and with satwaled 
NaCl solution and then dried with MgSO,. After recrys- 
tallization in dichloromethane, a yellow-orange powder 
was obtained. Yield 0.82 g (720/o), m.p. 88.4-9OS”C. 

For 10a: IR: q,,i,x 1720 cm-’ (C=O) and 1604 cm-’ 
(CH, =CH). ‘H-NMR (200 MHz, CDCI,): s = 0.95 (t, 
3-L J = 7.0, CH,), 1.3- 1.56 (m, 8H, (CH,),), I .67- 
1.83 h. M-L (CH&), 4.0 (t, 4H, J = 6.6 HZ, PhOCH,). 
4.16 (t,2H, J = 6.6 Hz, CO,CH,), 5.8 (dd, lH, J = 13, 
10.3, CH,=CH). 6.1 (dd. lH, ./ = 10.3, 17.3 Hz, 
CH, =CH), 6.4 (dd, lH, J = 1.7, 17.3 Hz, CH,=CH), 
7.0 (m, 4H, Ph), 7.87 (m, 4H, Pit). “C-NMk (50.3 
MHz, CM,) 6: 14.0, 22.5, 25.8, 28.2, 28.6, 29.0, 
29.2, 64.5, 68.2, 68.4, 114.8, 124.4, 128.7, 130.5, 147.0, 
161.2, 166.3 ppm. MS (EI): m/e: 438 (M+, 100%). 
Anal. Calcd for CZhHH,,N,O,: C 71.2, H 7.8, N 6.4. 
Found: C 70.9, H 7.8, N 6.2. 

3.4.7. 4-Petztmy4’-( I I-~rrt~l~t~l~~.~~tttt~~ee~l~~~i~~t~~l~ett- 
I 0 b : 

c,H~OC,I;I,N~~~H,o,CHz),,o,CCH=CH, 
Compound 1Ob was prepared by using -the same 

method of 1Oa. Yield 0.84 g (75%), m.p. 94%96.l”C. 
IR: vm\ 1721 cm-’ (C=O) and 1615 cm-’ (C=C). 
’ H-NMR (200 MHz, CDCI,): S = 0.95 (t, 3H, J = 7.0 
Hz, CH.<), 1.42 (m, l8H, (CH,h,), 1.68 (m, 2H. CH,), 
1.82 (m. 4H, (CH&), 4.03 (t, 4H, J = 6.6 Hz, 
PhOCH,). 4.16 (t, 2H, J = 6.7 Hz, CO,CH,), 5.81 (dd, 
IH, J = 1.8, 10.3, CH,=CH), 6.13 (dd, IH, J= 10.3, 
17.3 Hz, CH, =CH). 6.43 (dd, lH, J = 1.7. 17.3 Hz, 
CH, =CH), 7.0 (m, 4H, Ph), 7.87 (m, 4H, P/t) ppm. 
‘.‘C:NMR (50.3 MHz, CDCI,) S= 14.0, 22.5, 25.9. 
26.1, 28.2, 28.7. 29.0, 29.2, 29.3. 29.4, 29.5, 64.7, 68.3, 
114.6. 124.2, 128.6, 130.2. 146.9, 161.1, 166.2 ppm. 
MS (El): tu / c: SO8 (M+, 100%). Anal. Calcd for 
C,,H,,N,O,: C 73.2, H 8.7. N 5.5; Found: C 72.9, H 
8.7. N 5.4. 

Ila: Dry THF ( lOOmi) was added to a two-neck 
flask containing polymer 4 (0.3 g, I .32 mmol) and 
compound 10a (0.58 g, 1.32 mmol). Karstedt’s catalyst 
(4 mg, 20 ~1) was added into the flask by syringe. The 
reaction mixture was refluxed under nitrogen for 3 days. 
’ H-NMR was used to follow the hydrosilylation reac- 
tion. After 3 days ’ H-NMR showed small amount unre- 
acted Si-H bonds still existed. The product was purified 
by precipitating into dry hexanes twice. An orange-col- 
ored polymer was obtained. Yield 0.55 g (71 c/r). GPC: 
4 = 3.8 x IO’, M, = 1.4 x IO’, PDI = 2.7, TL = 51 
300~. I H-NMR (200 MHZ, c~cl J ): S = 0.4-0.65 (br 
m, 6H, CH.,-Si-CH1 and CH,-Si-H). O.t&l.l (m. 
5H, CH,CH ,7 and Si-CH,), 1.25- 1.95 (br m, l4H, 
(Cf.&),), 2.34 (br S, 2H, C&CO,). 4.0-4.2 (br in, 22H, 
Cp, PhOCH, and CO,CH,), 3.9 (br s, 1 l-k s-H 1. 
6.95-7.1 (d, 4H, P/I). 7.85-8.0 (d, 4I-k Ph) PP”‘~ 
“C-NMR (50.3 MHz, CDCI,): S = - 3.9, - 2.7, l l-4, 
14.1, 22.5, 25.6, 26.0: 28.2, 28.7, 28.9, 29.1, 29.3, 29.4, 
29.5, 31.5, 64.6, 67.9, fi8.3, 71.5, 72.9, 73.0, 114.6, 



124.2, 146.9, 161.0. 174.8 ppm. ‘“Si-NMR (79.8 MHz. 
CDCI,) S = - 4.5 (Si-U-f, ). -20.3 (Si-H, ‘3 = 51 
HZ) ppm. IR: unlllr 2113 cm-’ (Si-i-0, 1734 cm-’ 
(C=O). The hydrosilylation yield was confirmed by 
’ H-NMR integration of the Si H resolaance vs. the 
CO& Hz resonance. 

Polymer lib was synthesized by using the same 
method as lla using mesogen lob. Yield = 0.47g (50%) 
GPC: M.= 4.2 x IO’, M, = 1.7 x IOJ, PDI = 2.5, c 
= 35°C. ’ H-NMR (200 MHz, CDCl,): 6 = 0.4-0.65 
(br m, 6H, CH,-Si-CH2 and CH,-Si-H), O.85- 1.1 
(m, 5H, CH,CH, and Si-CH,), 1.2% 1.9 (br tn. 24l-L 
(CH,),,), 2.34 (br s, 2H. CH,CO,), 4.0-4.2 b- rn 
22H, Cp, PhOCH? and C0,CH2), 4.9 (br s. 1 I-L Si-H ), 
6.95-7.1 (d, 4H, P/Z), 7k5-8.0 (d. 4H. P/z) ppm. 
‘.;C-NMR (50.3 MHz, CDCl,): ii = -3.9, -2.7, 11.9, 
14.0, 14.1, 22.4, 22.6, 25.6, 26.0, 28.2. 28.7. 28.9, 29.1, 
29.3, 29.4, 29.5, 29.6, 31.5, 64.5. 68.0. 67.9, 68.3. 71.5, 
71.6, 73.5. 114.6, 124.2, 146.9, 161.1, 174.7 ppm. 
‘I’si-NMR (79.8 MHz, CDCI ,I: S = - 4.5 (Si-CH Z 1, 
- 20.3 (Si-H, 'J = 5 1 Hz) ppm. IR: v,,,,~ 2113 cm-’ 
(Si-l-l), 1734 cm-’ (C=O). The hydrosilylation yield 
was confirmed by ‘H-NMR. 
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