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Radical and Anionic Polymerizations of 9-Fluorenyl 
and 9-Phenyl-9-fluorenyl Methacrylc!es 
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2557 Tokiwadai, Ube, Yamaguchi 755, Japan 

A B S T R A C T  

9-Fluorenyl ( FMA) and 9-phenyl-9-fluorenyl methacrylates ( PFMA) 
were prepared from methacryloyl chloride with 9-fluorenol and 
from si lver  methacrylate with 9-phenyl-9-fluorenyl chloride, re- 
spectively. The polymerizations of FMA and PFMA were studied 
by using a,@' -azobisisobutyronitrile (AIBN), n-butyllithium (n- 
BuLi), and n-BuLi- (-)-sparteine (Sp) complex in toluene and tetra- 
hydrofuran (THF). Only PFMA polymers obtained with the n-BuLi- 
Sp complex showed a specific rotation 

The number-average molecular weights of the FMA and PFMA poly- 
m e r s  were 7 700-16 900 and 1 400-4 700, respectively. 

-3  to -16" in THF). 

687 
Copyright 0 1986 by Marcel Dekker, Inc. 0022-233X/86/2306-0687 $3 .SO/O 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
0
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



688 OISHI ET AL. 

I N T R O D U C T I O N  

The polymerizations of alkyl and aryl  methacrylates with radical 
and anionic initiators have been extensively studied [ 11. Yuki and co- 
workers reported that triphenylmethyl methacrylate ( TrMA) was 
polymerized with anionic and radical initiators to obtain a highly iso- 
tactic polymer regardless of the polymerization medium, the tempera- 
ture, and the type of initiator [2] .  Recently Yuki and co-workers 
found that an optically active vinyl polymer was formed directly from 
a vinyl monomer, TrMA, with a chiral anionic catalyst, n-BuLi-( -)-Sp 
complex, and that the specific rotation [a]  
with n-BuLi-( -)-Sp (sparteine) in toluene was positive and increased 
with polymer yield, reaching above 300" [3]. They also reported the 
resolution of racemic compounds by optically active poly( TrMA) 

of the polymer obtained 

[4, 51. 
As part  of a program on the synthesis of fluorene-containing poly- 

mers ,  we reported the preparation and thermostabilities of polyamide- 
imides from 2,7-fluorenediamine [6] and 2,7-diamino-9-fluorenone [7], 
and of polyester-imides, epoxy resins, polyesters, and polycarbonates 
from 2,7-fluorenediol [8, 91. In addition, we recently reported on the 
polymerization of acrylamide and methacrylamide including fluorene 
derivatives in the side chain [lo]. 

In this art icle we deal with the synthesis and polymerization of two 
novel methacrylates, 9-phenyl- 9-fluorenyl methacrylate ( PFMA) and 
9-fluorenyl methacrylate ( FMA), with free-radical and anionic initia- 
tors. Furthermore, we also report on polymerizations of PFMA and 
FMA with the n-BuLi- (-)-Sp complex. 

E X P E R I M E N T A L  

M a t e r i a l s  

FMA was synthesized from methacryloyl chloride and 9-fluorenol 
(mp 154-156"C, colorless needles) [ll] as shown in Scheme 1. A 
solution of methacryloyl chloride (3.0 g, 0.029 mol) in dry benzene 
(25 mL) was added dropwise to a solution of a mixture of 9-fluorenol 
(5.0 g, 0.02 mol) and triethylamine (3 .0  g, 0.03 mol) in dry benzene 
(150 mL) a t  room temperature. After the solution was refluxed for 
3 h and cooled to room temperature, triethylamine hydrochloride that 
had precipitated was filtered off. The filtrate was evaporated almost 
to dryness under reduced pressure,  and the concentrate was allowed 
to stand overnight in a refrigerator. The solids were filtered, washed 
with petroleum ether, and dried. The crude FMA was recrystallized 
from petroleum ether to yield colorless needles, 4.7 g (yield 6f%) mp 
59-61°C. IR (cm-I):  1710 (C=O), 1620 (C=O), 1115 (COO). H-NMR 
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CH2=C-CH3 

c = o  
I 
OH 

I 

Q-p- 
0 

A 
benzene 

CH2=C-CH3 
I c=o 
6H 

Zn ,NH40H 
EtOH, e FMA 

F H  [TP. 59-61OC 
Y i e l d  68% OH 

V I  CH2=C-CH3 

bK OAg m p .  150-1 51 O C  

Yield 74% 

SCHEME 1. 

(6 ppm in CDC13): 1.98 (s, 3H, CH3), 5.52 (m,  lH, H-C=C-CH3), 

6.08 (s, lH, - H-F=&-CH3), 6.77 (s ,  lH, 9-H in fluorene), 7.02-8.04 
( m ,  8H, aromatic protons). Elemental analysis (%): Found: C, 82.02; 
H, 5.72. Calculated for  C17H1402: C, 81.58; H, 5.64. 

PFMA was prepared f rom s i lver  methacrylate [12] and o-phenyl- 
9-chlorofluorene (mp 73-75°C; Ref. 13, 78-79°C) in d r y  diethyl e ther  
[14]. Silver methacrylate (20.8 g, 0.11 mol) was added to a solution 
of 9-phenyl-9-chlorofluorene (29.8 g, 0.11 mol) in 40 mL of d r y  ether ,  
and the solution was s t i r red  for 10 h at room temperature. The pre- 
cipitate was filtered off, and the filtrate was evaporated to dryness  to 
obtain crude PFMA. A cyclohexane extract  of the filtered precipitate 
a lso yielded some additional PFMA. PFMA was recrystall ized from 
cyclohexane/ether to give colorless plate crystals ;  25.9 g (yield 74%), 
mp 150-151°C. IR (cm"): 1720 (C=O), 1625 (c=c), 1135 (COO). 
'H-NMR ( 6  ppm in CDCl ): 1.97 (s, 3H, CH3), 5.64 ( m ,  lH, - H-Y=Y- 

Elemental analysis (%); Found: C, 85.60; H, 5.78. Calculated for 
CZ3Hl8O2: C, 84.64; H, 5.56. 

- I  I 

CH3), 6.29 (s, lH, - H-?= 8 -CH3), 7.02-8.09 ( m ,  13H, aromatic protons). 
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690 OISHI ET AL. 

Toluene and tetrahydrofuran (THF) were purified in the usual way. 
Commercial (-)-sparteine ( (-)-Sp) (Sigma Chemical Co. ) was dried 
over CaH, and distilled under reduced pressure;  bp 160°C/5 tor r ,  

,5 

n = 1.5280, [alDZ0 -14.0" (C = 1.0 g/dL, ethanol), (-)-Sp and 
D 

n-BuLi were mixed in toluene a t  room temperature just before use. 

P o l y m e r i z a t i o n  

Polymerizations were carr ied out in dry glass tubes under dry 
nitrogen. PFMA o r  F M A  . &onomer and solvent were placed in the 
tube, which was then evacuated on a vacuum line and flushed with dry  
nitrogen. After this procedure had been repeated three times, catalyst 
solution was  added with a syringe to the monomer solution cooled to 
the polymerization temperature. The reaction was terminated by the 
addition of a few drops of methanol. The polymer was precipitated in 
a large amount of methanol and separated by filtration o r  centrifuga- 
tion. The product was extracted with THF and separated into a soluble 
and insoluble fraction. The polymer, which w a s  soluble in THF, was 
purified by reprecipitating twice from THF/methanol. 

M e a s u r e m e n t s  

D-line specific rotations were measured with a Jasco DIP- 140 
(Japan Spectroscopic Co., Ltd. ). Optical rotatory dispersion (ORD) 
and circular dichroism (CD) data were obtained with a Jasco J-20C 
(Japan Spectroscopic Co., Ltd. ) equipped with a xenon source and a 
computing data processor. The gel permeation chromatographic 
(GPC) analysis was accomplished by the same technique as described 
in an ear l ier  art icle [ 151. IR, 'H-NMR spectral, and elemental analy- 
sis data were obtained by use of the same instruments as reported 
previously [ 161. 

R E S U L T S  AND D I S C U S S I O N  

Results of the anionic polymerization of PFMA with n-BuLi a r e  
summarized in Table 1. The polymer yield w a s  generally low. Ap- 
proximately 5-10% of each polymer obtained was soluble in THF. The 
M and weight-average molecular weight mW were 1 700-3 300 and 

3 300-6 300, respectively. The remainder of each polymer was in- 
soluble both in THF and in common organic solvents. This might be 
a high-molecular-weight of crosslinked polymer. 

complex are summarized in Table 2. The polymers are soluble in 
THF, in contrast to the polymers obtained with only n-BuLi catalyst. 

- 
n 

Results of the anionic polymerization of PFMA with n-BuLi-( -)-Sp 
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It was confirmed by elemental analysis that (-)-Sp was absent in the 
polymer. A s  can be seen from Table 2, the degrees of polymeriza- 
tion (Dp) of the polymers were low and between 4 and 14. In the 
polymerizations at 0°C (Run B- 1) and in THF (Run B- lo), the specific 
rotations of the polymers obtained were zero. Polymerizations carr ied 
out with different [monomer] /[initiator] ratios (Runs B-3, B-4, B-8, 
B-9) exhibited DP which increased with increasing monomer concentra- 
tion and decreasing yields. 

The ORD curves were found to fit the simple Drude equation (600- 
300 nm). The hc values for the polymers were between 279 and 352 nm, 

as shown in Table 2. The specific rotations of the polymers obtained 
with n-BuLi-(-)-Sp complex in toluene were -3 to -16". By analogy 
with the TrMA results reported by Yuki et al. [3], the optical activity 
of the PFMA polymers might be attributed to a helical conformation. 
The bulky 9-phenylfluorenyl groups may play an important role in 
stabilizing the helix. The absolute value of the optical rotation of the 
PFMA polymer was much smaller than that of the TrMA polymer [3] 
because the degree of polymerization was so low. The s ter ic  hindrance 
caused in the polymerization by the 9-phenyl-9-fluorenyl group may be 
much greater than that of the triphenylmethyl group. 

Results of the anionic polymerizations of FMA a r e  summarized in 
Table 3. Specific rotations of the polymers obtained in toluene and 
THF were zero, which suggests that F'MA polymers do not have helical 
conformations. 

Results of the radical polymerizations of PFMA and FMA are sum- 
marized in Table 4. The yields at 60°C were higher than those of the 
other polymerizations, and the degrees of polymerization were slightly 
higher. These polymers showed no optical activity, in spite of the addi- 
tion of (-)-Sp (Run D-2). 

Yuki, Okamoto, and coworkers reported on the resolution of racemic 
compounds by optically active TrMA polymer [4]. They showed that 
TrMA polymer having a degree of polymerization higher than 5 and an 
absolute value of specific rotation [a] D20 la rger  than 3 gave much bet- 
ter activity [ l?]  , Since our  PFMA satisfied these conditions, attempts 
to resolve racemic compounds were made. The silanized gel (2.5 g), 
which was prepared from macroporous spherical silica gel particles, 
Lichrospher SI 1000 (Merck), and a large excess of dichlorodiphenyl- 
silane, was coated with PFMA polymer (0.8 g) by using THF ( 12 mL) 
as solvent, according to the method reported by Okamoto e t  al. [5]. The 
PFMA polymer-coated silica gel (about 2.5 g) was s lurry packed in a 
stainless tube [25 X 0.46 cm (Ld.)]. Attempts were made to resolve 
various racemic compounds, DL-menthol, DL-a-phenylethyl alcohol, 
DL-mandelic acid, DL-phenylalanine, and DL-a-methylbenzylamine, 
and 1,l' -bi-2-naphthol with this column (theoretical plate numbers 
for benzene of 1 800, flow rate of 1.0 mL/min) by using methanol as 
eluant at 20°C. Resolution was unsuccessful under these conditions. 
It is possible that the degree of polymerization of the PFMA polymer 
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is too low, o r  that the absolute value of the specific ratation of the 
PFMA polymer is too small. 
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