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Organometallic polycondensation is a promising and reliable
method for the synthesis afconjugated polymersHowever, the
molecular weight and polydispersity of the synthesized polymers
have rarely been well controlled, owing to the step-growth
polymerization nature of polycondensation. Recently, we have
reported that Ni-catalyzed polymerization via Tam&wumada
reaction of Grignard-type monomers proceeds in a chain-growth
polymerization manner to afford poly(3-alkylthiopher’€®)sand
poly(p-phenyleneywith controlled molecular weight and a narrow
molecular-weight distribution. The polymerization proceeds via a
catalyst-transfer polycondensation mechanism involving intramo-
lecular transfer of the nickel catalysThis is a new type of chain-
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The polymerization ofla and 4-bromo-2,5-dibutyloxybenzene-
boric acid (b) was carried out in the presence'Biiz;PPd(Ph)Br

growth condensation polymerization and is expected to have broad(2) as a catalyst. The expected polymerization mechanism is shown

generality for a variety of organometallic polycondensations.

However, catalyst-transfer polycondensation using a catalyst con-

taining a metal other than nickel has not yet been reported.

Another attractive feature of catalyst-transfer polycondensation
is the progress of the polymerization from an initiator. In the case
of the polymerization of above Grignard-type monomers, the
initiator is a bithiophene-Ni complex formed in situ by the reaction
of one nickel catalyst with two monometdf the polymerization
were started from a surface-bound initiator, it would provide
surface-graftedr-conjugated polymers.To develop such a po-
lymerization, we focused on arylpalladium(ll) halide complexes
containing a bulky phosphine ligand such #;PPd(Ph)Br,
because they are stable and are easy to hdrfitrganometallic
polycondensation catalyzed BusPPd(Ph)Br proceeds in a chain-
growth polymerization manner, the phenyl groupBuiPPd(Ph)-

Br would serve as an initiator unit.

With this idea in mind, we investigated the feasibility of catalyst-
transfer Suzuki-Miyaura coupling polymerization of 4-bromo-1,4-
dialkyloxybenzeneboric aciéind 7-bromo-9,9-dialkyl4d-fluoren-
2-ylboric acid estérusing'BusPPd(Ph)Br as an arylpalladium(ll)
halide catalyst for the synthesis of the well-defined polyarylylenes
bearing an initiator unit derived from the cataly&usPPd(Ph)Br
is a Pd(Il) complex formed by oxidative addition of bromobenzene
to Pd(0)? BusP was chosen as a bulky ligand because of its known
ability to promote the SuzukiMiyaura coupling reactiof There
are several reports of model reactions for chain-growth Suzuki
Miyaura coupling polymerizatiok, but the chain-growth polym-

in Scheme 1. In accordance with the proposed mechanism of the
Suzuki-Miyaura reactiori? the polymerization would be initiated

by the transmetallation reaction betweeand? to give the Pd com-
plex 3. If the Pd(0) species, formed through the reductive elimina-
tion process, is transferred intramolecularly to theBE bond at

the end of the same molecule, the polymerization would proceed in
a chain-growth polymerization manner frahto result in the for-
mation of polyarylylené with a phenyl group at the initiation end.

When 1b was polymerized with 5 mol % a2 in a mixture of
THF and 2 mol/L aqueous solution of pzO; at room temperature,
the polymerization proceeded almost to completion within 30 min.
Gel permeation chromatography (GPC) analysis of the crude
product showed a unimodal elution curve with = 11000 relative
to polystyrene standards amd,/M, = 1.53. On the other hand,
polymerization ofla under the same conditions also completed in
30 min to afford poly(9,9-dioctylfluorene) with narrower molecular
weight distributions ¥, = 17700 and\,,/M, = 1.33). These results
suggest that the polymerization system is suitable for catalyst-
transfer polymerization of fluorene mononddy. Furthermore, poly-
(9,9-dialkylfluorene) is one of the most attractiweconjugated
polymers owing to its blue electroluminescefrgdherefore, we
studied the polymerization behavior d& in more detail.

The end groups of the obtained polyfluorene were analyzed by
means of matrix-assisted laser desorption ionization time-of-flight
(MALDI-TOF) mass spectrometrd. As shown in Figure 1, the
major peaks of the mass spectrum correspond to the polymer with
a phenyl group at one end and a bromine atom at the other end

erization has not been demonstrated yet. Herein we show that(designated as Ph/Br), and Ph/H ended polymers were also observed

palladium-catalyzed polycondensation of 2-(7-bromo-9,9-dioctyl-
9H-fluoren-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolate) (pro-

ceeds in a chain-growth polymerization manner from an initiator
unit derived from the catalyst, and affords well-defined polyfluo-
renes with narrow polydispersity and controlled molecular weight.
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as minor peaks. The fact that all the polymers bore the phenyl group
at one end strongly supports the proposed initiation mechanism,
that is, the polymerization was started by the reaction bet@een
and2 with introduction of the phenyl group &into lato form4.

If the polymerization proceeded via a catalyst-transfer mechanism,
the propagating end of the polymer would be Ar(polymd®i
(PBug)—Br, as in the case of the Ni-catalyzed polymerization of
2-bromo-5-chloromagnesio-3-hexylthiophérieaking into account

10.1021/ja070313v CCC: $37.00 © 2007 American Chemical Society
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Figure 1. MALDI-TOF mass spectrum of poly(9,9-dioctylfluorene) ~ GPC relative to polystyrene standards.

obtained by the polymerization dfa with 5 mol % of 2 in a mixture of

THF and 2 mol/L aqueous solution of B20O; at room temperature for 30 . .

min. The peaks indicated by the open and closed circles correspond to Ph/  Acknowledgment. This work was supported in part by a Grant-
Br and Ph/H ended polymers, respectively, and the numbers above the circlesn-Aid (Grant 17550120) for Scientific Research and a Scientific
represent the degree of polymerization ¢f the polymer. Frontier Research Project from the Ministry of Education, Culture,

Sports, Science and Technology, Japan.
Roy and Hartwig’s report that the addition dBR; to PBus-ligated

arylpalladium halide complex induced the reductive elimination of ~ Supporting Information Available: The experimental details of
the aryl halide accompanied with formation of the arene and the the polymerization oflaand1b, *H and**C NMR spectra of polga
biaryl as side producthe Br and H ends of the isolated polymers ~and Pohib, and MALDI-TOF mass spectra of the polyfluorene. This
are considered to originate from Ar(polymeBd(PBus)—Br polymer material is available free of charge via the Internet at http:/pubs.acs.org.
propagating groups, which might be converted to Ar(polymer)

Br and Ar(polymer)-H during the quenching of the polymerization ~ References

reaction. (1) For a review, see: Yamamoto, Mlacromol. Rapid Commur2002 23,

. .I.:OI’ clarifying tf;e reaction mgchanlsrﬂ, polymerization laf (2) (a) Yokoyama, A.; Miyakoshi, R.; Yokozawa, Macromolecule2004
initiated by 5 mol % of2 was carried out in the presence of 5 mol 37, 1169. (b) Miyakoshi, R.; Yokoyama, A.; Yokozawa, Macromol.
% of 2-bromo-7-(4tert-butylphenyl)-9,9-dioctylfluorene6j used Rapid Commur2004 25, 1663. (c) Adachi, I.; Miyakoshi, R.; Yokoyama,

A.; Yokozawa, T.Macromolecule2006 39, 7793.

14
as a model compound of external Ar(polymeBr end:* The (3) McCullough and co-workers have also reported the chain-growth polym-

polymerization proceeded without consumption6oto yield the S:rizlation |\5|)f griglj_naréi-%/psv thi’\c/)lpge“e mﬁn%mg/ls: (a) STem?'QEdoi'; Liu,

. .; lovu, M. C; Laird, D. W.; McCullough, R. acromolecule
polyfluorene with almost the sanié, (19200) andviy/M, (1.34) 37, 3526. (b) lovu, M. C. Sheina, E. E.; Gil, R. R.; McCullough, R. D.
values as in the case of the polymerization withéuiescribed Macromolecule2005 38, 8649.

i i (4) Miyakoshi, R.; Shimono, K.; Yokoyama, A.; Yokozawa,Jl Am. Chem.
above. This data supports the intramolecular transfer of the Pd(0) SOn2006 128 16012,

species fronB to 4. o o _ (5) Miyakoshi, R.; Yokoyama, A.; Yokozawa, T. Am. Chem. So@005
To study the polymerization behavior in more detail, the 127, 17542.

; ; ; (6) For an example of a surface grafting polyfluorene synthesized by step-
relatlons_hlp between the C_O”"er_s'on of the mon_omndM” of growth polymerization, see: Beinhoff, M.; Appapillai, A. T.; Underwood,
the obtained polymer was investigated. Converdigrand conver- L. D.; Frommer, J. E.; Carter, K. Rangmuir2006 22, 2411.
sion-M,/M, plots, obtained by the polymerization b with 5 mol (7) Stambuli, J. P.; Incarvito, C. D.;"Bl M.; Hartwig, J. F.J. Am. Chem.
% of 2 in a mixture of THF and 2 mol/L aqueous solution of Na S0c.2004 126 1184.

0 q_ h ) (8) Vahlenkamp, T.; Wegner, @dacromol. Chem. Phyd4.994 195 1933.
CO; at room temperature, revealed th\df increased linearly in (9) (a) Marsitzky, D.; Klapper, M.; Milen, K. Macromolecules1999 32,

1 ; i i i 8685. (b) Johansson, D. M.; Theander, M.; Granlund, T.; Ifigafg;
proportion to the conyerglon (,)ﬂ'a with low polydlsper3|ty Andersson, M. RMacromolecules2001, 34, 1981. (c) Sandee, A. J,;
throughout the polymerization (Figure 2a). Furthermore, as shown Williams, C. K.; Evans, N. R.; Davies, J. E.; Boothby, C. E:ter, A
in Fiagure 2b. the molecular weight of th lymer incr: linearl Friend, R. H.; Holmes, A. BJ. Am. Chem. SoQ004 126, 7041. (d)
. gure .b’t € molecula .e ght of the polymer inc easeq early Wu, Y.; Li, J.; Fu, Y.; Bo, Z.Org. Lett.2004 6, 3485. (e) Li, B.; Xu, X,;
in proportion to the feed ratio dfato 2 up toM, = 17700 with a sun, M.; Fu, Y.; Yu, G.: Bo, ZMacromolecule2006 39, 456.
narrow molecular-weight distribution throughditThese linear (10) E«'_at%kLitt'I;e,FA. g.;_ Fg, ('3: Cén%%wACheCr?{, Int.S Egztggg gz 343527(.) (b)

. . . ittke, A. F.; Dai, C.; Fu, G. CJ. Am. Chem. So .
relationships indicate that the organomef[alll_c polycondgnsatlon (11) () Sinclair, D.: Sherburn, M. 9. Org. Chem2005 70, 3730, (b) Dong,
proceeds through a chain-growth polymerization mechanism. C.-G.; Hu, Q.-SJ. Am. Chem. So2005 127, 10006. (c) Weber, S. K_;

In conclusion, we have demonstrated that the polycondensation , _ Galbrecht, F.; Scherf, LOrg. Lett. 2006 8, 4039. _
f1 ith talvti t of via S Ki-Mi l (12) (a) Miyaura, N.; Suzuki, AChem. Re. 1995 95, 2457. (b) Suzuki, AJ.
ol 1a with a catalytic amount OE via Suzuki-iViyaura coupling Organomet. Chenl999 576, 147.

reaction afforded poly(9,9-dioctyl-2,7-fluorene) with a narrow  (13) For areview, see: Neher, Dlacromol. Rapid Commui2001, 22, 1365.
molecular-weight distribution. The complete introduction of the (14) See Supporting Information for details.

s . . . . (15) Roy, A. H.; Hartwig, J. FJ. Am. Chem. So2003 125, 13944.
initiator unit at the polymer end and the linear relationships of (15) when the polymerization was carried out with 2.5 mol %2 61 /[2]o

conversionM, and feed ratiavl, indicate that the polycondensation (T 40), éhfe morl]eculallr weight ofd %he ot;]tailned pol?/mMn(i 20700)

f [ At eviated from the value expected from the linear relation shown in Figure
pr_o_ceeded_ in a chain-growth polymerization manner from an 2b, and the molecular weight distributioM(/M, = 1.51) was broad.
initiator unit derived from the catalyst. These results open the door This appeared to be due to precipitation of the growing polymer at the
to the synthesis of well-defined conjugated polymers with designed late stage of the polymerization.
initiators. Experiments along this line are in progress. JA070313V

J. AM. CHEM. SOC. = VOL. 129, NO. 23, 2007 7237





