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New Fluorene Containing Monomers and Polymers 
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SUMMARY 
The s y n t h e s i s  o f  f i v e  n o v e l  e l e c t r o n o - d o n o r  monomers 
containing fluorene (2-fluorenyl acrylamide, 2-fluo- 
renyl methacrylamide, 2-(l-hydroxyethyl)fluorenyl a- 
crylate, 2-(1-hydroxyethyl)fluorenyl methacrylate and 
9-fluorenyl acrylate) and of the corresponding poly- 
mers is described. 

X~T~DI~=L0J 
The constantly increasing interest on aromatic group 
containing monomers and polymers started partlculary 
when the charge transfer complex: poly(N-vinylcarba- 
zole)-2,4,7-trlnitro-9-fluorenone was used as a photo- 
conductor in electrophotegraphy (SCHAPPERT 1971). Of 
aromatic compounds, the only one which permits the 
Synthesis of both electrono-donor and electrono-accep- 
tor monomers is fluorene (PEARSON 1977). This is one 
o f  t h e  r e a s o n s  why, r e c e n t l y ,  b e s i d e s  t h e  s t u d y  o f  
2 - v i n y l f l u o r e n e p o l y m e r i z a t i o n  and o o p o l y m e r i z a t i o n  
(GIPSTEIN et al. 1972, COHEN and MARECHAL 1975), at- 
t e n t i o n w a s  d i r e c t e d  t o  s y n t h e s i s  and p o l y m e r i z a t i o n  
Of new monomers containing fluorene: 2-vinyl-9-fluore- 
none (YANUS and PEARSON 1974), 2-vinyl fluorenylether 
and 2,7-divinyl fluorenyl ether (LEVCHENK0 et ai.1975) 
allyl-9-fluorenyl ether (AKPEROV and DZHAFAROVA 1975), 
N'(2-fluorenyl)maleimide (01SHI and KIMURA 1976), 
2,4,7-trinitro-9"fluorenyl methacrylate (TURNER and 
AUCLAIR 1976), 9-fluorenyl propiolate and 2,4,7-tri- 
nitro-9-fluorenyl propiolate (SIMIONESCU etal, 1979). 
This paper is dealing with the synthesis and polymeri- 
zation o f  f i v e  new f l u o r e n e  c o n t a i n i n g  monomers:  
2"fluorenyl acrylamide, 2-fluorenyl methacrylamide, 
9-fluorenyl acrylate, 2-(l-hydroxyethyl)fluorenyl a- 
crylate, 2-(l-hydroxyethyl)fluorenyl methaorylate, and 
w i t h  a new method f o r  t h e s y n t h e s i s  o f  9 - f l u o r e n y l  me- 
thacrylate (NISHIN0 e t a l .  1971). 

The monomers were  s y n t h e s i z e d  a c c o r d i n g  t o  t h e  r e a o -  
tions presented in Scheme i. The intermediary deriva- 
tives (2-sminofluorene, 9-diazofluorene, 2-(l-hydroxy- 
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ethyl)fluorene) were synthesized according to litera- 
ture data (in parenthesis) in Scheme i. 9-Hydroxyfluo- 
rene was obtained by the reduction of 9-fluorenone 
with NaBH A. 
9-H~drox[~luorene (IX). A solution of 5 g NaBHA in 50 
ml of O.4 N NaOH was added dropwise to a stirred mix- 
ture of 36 g (0.2 moles) of VI in 800 ml of methanol. 
The mixture turned into a clear colourless solution, 
which was stirred below its boiling point for I hr. 
On cooling, the solution afforded white crystals. The 
product was filtered, washed with water, dried and re- 
crystallized from methanRl to provide 35.0 g (9~%) of 
white crystals, m.p. 197vC (KERP 1896, m.p. 196 C). 
Its structure was proved by elemental analysis, IR and 
NMR, to correspond with that of 9-hydroxyfluorene. 
2-Fluoren~l acr~lamide (IV). A mixture of 2.09 g 
(0.023 moles) acryloyl chloride and iO ml benzene was 
added dropwise (during 20 minutes) Bnder vigorous 
stirring to a solution (cooled to 8 C) of 3.62 g (0.02 
moles) of 2-aminofluorene, 150 ml benzene and 2.02 g 
(0.023 moles) triethylami~e (TEA). The mixture was 
stirred for one hr. at lOVC and 2 hrs. at room tempe- 
rature. The obtained suspension was succesively wa- 
shed with water (to remove Et~N.HCI), ~aOH (5% water 
solution), water, and then drfed over anhydrous CaOl^ 
After removing benzene in vacuo below 30~C, the pro -~" 
duct was recrystallized from methanol to ~rovide 3.1 
g (61.6%) of white crystals, m.p. 170-171 C. 
ANAL.Calcd.for C~KNO2HI~(251.272): C, 76.47%; N, 5.57% 
O, 12.74%; H, 5.~%. F$~nd: C, 76.30%; N, 5.65%; H, 
5.15%. 
IR(KBr)z 3270 (gNH); 1660 (secondary amide group I); 
1540 (secondary amide group II); 1600 (9C=C); 1410 
(~=CH in plane); 985 (V~0H out oflPlane I); 965 (~=CH 
out of plane II); 768 and 732 cm- (fluorenyl group). 
NMR(CDCl~): S= 3.68(s, 2H, methylenic fluorenyl group) 
~= 5.45-~6.40(m, 3H, vinyl group) and 8= 7.0-7.9~m, 7H 
fluorenyl group). 
2-Fluoren21 methacr~lamide (V). 3.~ g (76.31%) of 
light-brown crystals, m.p. ~-158 C, were obtained in 
the same way as compound IV, except that acryloyl chlo- 
ride was changed with methacryloyl chloride. 
ANAL.Calcd.for C~.NOoH~=(265.298): C, 76.96%; N, 5.28% 
O, 12.06%; H, 5.~%.~F~dnd: C, 77.40%; N, 5.33%; H, 
5.65%. 
IR(KBr): 3300(9NH); 1655(secondary amide group I); 
1525(secondary amide group II~ 1620(9C~C); 925(#~CH 
out of plane); 770 and 739 cm (fluorenyl group). 
NMR(CDC13):~= 1.95(s, 3H, -CH~); #= 3.68(s, 2H, me- t ylenio fluore yl gro# ); s.  .26(s, 1H, .CHa); 
f 5.61(s, IH, CHb); 7.0-7.8(m, 7H, fluorenyl). 
~-Fluoren~l acrylate (X) from (VIII~. About 4.2 ml of 
freshly distilled acrylic acid was added dropwise to 
a stirred mixture of 2.49 g (0.013 moles) of 9-diazo- 
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fluorene and 25 ml of nitromsthane. Gas evolution 
(nitrogen) was noted during the reaction. After about 
20 minutes, a clear red solutio~ was obtained. The 
solvent was evaporated below 5OvC, and the obtained 
oil phase was succesively washed with water and stir- 
red until solidification. The dried product was chro- 
matographed on AI90~ (eluent: n-pentane), and the o 
solvent was then Pe~oved at a temperature below 30 C. 
On staying in the refrigerator, the oil phase crys- 
tallized. The product was recrystallized from metha- 
nol/water = I/i mixture to provide 0.8 g (26%) of 
light-yellow crystals, m.p. 60 C. 
ANAL.Calcd.for C~c0oH~2(236.256): C, 81.34%; O, 13.54 
%: H, 5.12%. ~ou~:~C~ 81.95%; H, 4.97%. 
IR(KBr): 1705(70=O); 1620(~C=C); 1394(Q=CH in plane); 
968(Q=CH out of plane I)s out of plane II); 
755, 750, 733 and 720 cm (fluorenyl). 
NMR(CDCI~). I= 5.67-6.90(m, 3H, vinyl); I= 6.83(s, 1H, 
methynic~fluorenyl); I= 7.0-7.7(m, 8H, fluorenyl). 
9-Pluorenyl methacr~late (XI) from (VIII), was syn- 
thesized in %he Same way as c0mpound x (~o%), m.p. 
62 C. 
ANAL,Calcd.for C~02HIA(250.282): C, 81.58%; O, 12.78 
%; H, 5.64%. Pou~d:.C,~82.07%; H, 5.50%. 
IR(KBr): 1704(9C=O), 1620(QC.C~; 842(Q=CH out of pla- 
ne); 755, 735, 728 and 719 cm- (fluorenyl). 
NMR(CDC13): I= 2.0(s, 3H, -CH~); I= 5.5(s, 1H, =CHa), 
[- 6.07( s, 1H, =CHb); I- 6.78(s, 1H, methynic fluore- 
nyl); ~= 7.0-7.65(m, 8H, fluorenyl). 
9-Fluorenyl acrylate (X) from (IX), was synthesized 
by"the same method as the product (IV), from lO g 
(0.055 moles) of 9-hydroxyfluorene, 300 ml of benzene, 
ll.13 g (O.11 moles) of TEA and lO g (O.11 moles) of 
acryloyl chloride. The reaction was carried out for 
lO hrs. at room temperature. After the solvent was e- 
vaporated, only two recrystallizatlons from methanol/ 
water = 1/1 mixture were enough to obtain 5.5 g 
(41.82%) of a high purity compound X. 
9-Fluoren21 methacr21ate (X~)from (IX), was synthesi- 
zed With ~ 95% yield by the ab0ve described procedure. 
2-(1-H2droxyethyl)fluorenyl acrylate (XIV). It was 
prepared by the same procedure as compound IV, from 
17 g (0.081 moles) of 2-(1-hydroxyethyl)fluorene, 
1500 ml of benzene, 14.51 g (0.143 moles) of TEA and 
13 g (0.143 moles) of acryloyl chloride. The reaction 
was carried out for lO hrs. at room temperature and 
then left overnight. The methanol recrystallization 
of the remained product after benzene evaporatio8 af- 
forded 7.5 g (35%) of white crystals, m.p. 64-65 C. 
When the reaction was carried out with a low excess of 
acryloyl chloride (vs. XIII) and a low reaction time, 
t~e yield was very low, and the reaction products 
could be separated by column chromatography only 
(A1203, ethylic ether/petroleum ether = 3/1, eluent). 
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M o n o -  C o n v e r -  ~ ]  
mar sion[%] [dl/~] 

ANAL,Calcd.for C1802H16(264.308): C, 81.79; O, 12.11%; 
H, 6.10%; Found: C, 82.30%; H, 5.92%. 
IR(KBr): 1710(@C=O); 1620(~C=C); 1392(P=CH in plane); 
980(9=CH out oflPlane I); 828(0=CH out of plane II); 
766 and 732 cm- (fluorenyl). 
NMR(CDC13): ~= 1.56(d, 3H, -CHad); J- = 6 Hz; 
g= 3.78( s, 2H, methylenic fludrene)~e~= 5.55-6.50(m, 
4H, -He and vinyl); [= 7.1-7.8(m, 7H, fluorenyl). 
2-(1-Hydroxyethyl)fluorenyl methacrylate (XV~, was 
synthesized by the~same procedure as compound XIV, 
(44.5%) m.p. 68-69~C. 
ANAL,Calcd.for C~aOoH~(278.334): C, 81.98%; O, 11.50% 
H, 6.52%. Found: ~v " ~C, 82.20%; H, 6.45%. 
IR(KBr): 1700(9C=O)i~1624(9C=C); 840(0=CH out of pla- 
ne); 766 and 732 cm ~(fluorenyl). 
NMR(CDClu): ~= 1.62(d, 3H, -CHad); = 6 Hz; 

-CHic); ~= 3.~5(s, ~= 1.975~(s, ~H, J~, methylenic 
fluorenyl); # 5.51(~s, 1H, -Ha); #= 6.11(s, 1H, -Hb); 
~= 5.95(q, IH, -He); ~= 7.1-7.8(m, 7H, fluorenyl). 
Pol~merization of monomers. All monomers synthesized 
were subJscted to a free-radical solution (20% in di- 
oxane, 60 C) polymerization procedure, which consists 
in the use of 1% of ~,@'-azobisisobutyronitrile, ba- 
sed on the weight of monomer, as initiator, in a sea- 
led ampoule and air-free conditions. Polymers were se- 
parated by precipitation with methanol. Intrinsic vis- 
cosities were measured in tetrahydrofuran at 25 C. 

DISCUSSION 
The synthesized monomers polymerize easily by radical 
mechanism (Table 1). All polymers thus prepared show 
the same characteristic IR absorption bands as the 
respective monomer, except that the vinyl absorptions 
are absent. The ~H-NMR chemical shifts of these poly- 
mers are presented in Table 1. 

TABLE 1 
Results of radical polymerization of monomers (reac- 
tion time 27 hrs.) and chemical shSfts (solvent CDCI~, 
for poly(IV) - (CD3)~SO, 60 C) of ~H-NMR polymer �9 

, ~ spectra 

Chemical shifts of 1H-NMR poly- 

IV 63.06 0.09 

V 26.42 0.ii 

X 51.76 0.15 

XI 60.60 0.12 

mer spectra 

7.08(7H aromatic); 3.35(2H, me- 
tylenic fluorenyl); 2.0(2H,-CH~$ 
7.0(7H aromatic); 3.3(2H, methy- 
ionic fluorenyl); 2.45(2H,-CH2-) 
1.4(3H, -CH~) 
7.1(8H aromatic); 6.46(2H, me- 
thylenic fluorenyl); 2.6(1H,-CH~ 
1.7(2H,-CH~) 
7.28(8H, a~omatic); 6.38(IH, me- 
thynic fluorenyl); 2.18(2H,-CH2@ 
1.27(3H,-CH 3) 
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XIV 23.44 

XV 66.20 

Table 1 - continued 

0.18 7,15(7H aromatic); 5.7(1H,-He); 
3.6(2H, methylenic fluorenyl); 
2,3(IH,-CH-); 2.0(2H,-CH2-); 
1.4(3H,-CH~d) 

O.lO 7.2(7H aromatic); 5.4(1H,-He); 
3.65(2H, methylenic fluorenyl); 
1,86(2H,-CHo-); 1.25(3H,-CH~d); 
0.7(3H,-CH3~ ) 

The polymers are soluble in aromatic solvents, haloge- 
nated solvents, dioxane, tetrahydrofuran, dimethyl- 
formsmide, dimethylsulfoxid, except poly(IV), which 
is not soluble in aromatic and halogenated solvents. 
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