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Yelow Emitting Materials. Truxene-Based Conjugated Hyperbranched

Polymer Containing Difluoroboron-Diketonate Complexes®

Xin Wen, Dongxin Zhang, Tianci Ren, Jinchong Xiao, Yonggang WU, Libin Bai*, Xinwu Ba*

College of Chemistry and Environmental Science,dilémiversity, Baoding 071002, China

Abstract

A series of novel hyperbranched polymd&,-HP(1-4) containing difluoroboron-diketonate
complexes and truxene units have been syntheslzedchieve the target polymers, the precursors
Boc-HP(1-4) were obtained through the Pd(0)-catalyzed Supakimerization with an “A+ Bg” or
“A, + B, + B3” approach in different molar ratios. After the defection of Boc-groups, the reaction
with BF; gave the polymerBF,-HP(1-4). The new BE containing polymers exhibited red-shifts in
their UV-vis absorption and emission compared wiitkir uncomplexed counterparts. The tunable
hyperbranched architecturesi&f,-HP(1-4) resulted in diverse optical properties. With tleerease
of linear units inBF,-HP(1-4), the emission peaks in chloroform solution présgra significant
blue-shift, whereas a red-shift was noted in fillNetably, the hyperbranched architectures could
suppress the aggregation more effectively tharirlear architectures not only in poor solvents such
as DMF but also in the film states. In additioredé polymers showed high thermal stability, and
good solubility in common organic solvents.

Keywords: Hyperbranched polymers; Difluoroboron-diketonamomplexes; Optoelectronic
property; Truxene units; Suzuki polycondensation.
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1. Introduction

Organoborom-conjugated polymers have attracted much interetite last few decades because
of their unique electronic and optical properties-7]. Difluoroboron (BE) p-diketonate
n-conjugated systems are fascinating subunits faidating emissive and electronic polymers, due
to their large molar absorption coefficient, higiminescence quantum yield and room-temperature
phosphorescence [8,9]. Several efforts have beeotel® to the design and synthesis of polymers
containing difluoroboronp-diketonate units [10-14]. For instance, Fraser akt found that
polycaprolactones containing difluorobor@rdiketonate units exhibited intense blue fluoreseen
upon UV excitation and blue-shifted emission [18Jre recently, Chujo et al. have reported the
optical properties of conjugated polymers which dam effectively tuned by the ratios of
difluoroboron p-diketonate units in the main chain of polymers][li8owever, forr-conjugated
polymers, their optical properties strongly depehdm the molecular structure and inter- or
intra-molecular interactions [17-20]. In particylaoncentration-quenching often occurred because
of the non-specific aggregation sfconjugated polymers. Therefore, the suppressiomtcd- and
inter- moleculatt-r stacking in the solid state seemed to be impottaavercome this problem.

Hyperbranched polymers have been widely used inyrfialds due to their three-dimensional
dentritic architectures, a high number of the teahigroups, as well as little chain entanglement
[21-25]. Using the unique feature of hyperbranclpedymers, the aggregation afconjugated
polymers may be effectively suppressed, which isebeial for a higher light emitting efficiency.
On the base of this view, various kindsm€onjugated hyperbranched polymers were synthesized
and used as active layers in optical materials siscpolymer-based organic light emitting diodes
(OLEDS), field effect transistors, solar cells dndsensors [26-30]. The concept in our work is to
construct novel difluoroboroii-diketonate-containing hyperbranched conjugated/mpets with
diverse optoelectronic properties, which might ioy& the performance of organic materials in the

application for OLED devices.



In continuation of our previous work [31,32], wenflyesized Bf~complexed hyperbranched
polymersBF,-HP(1-4) with different molar ratios of Bidiketonate complexes and truxene units
(Scheme 1). The tunable hyperbranched architecfr&,-HP(1-4) resulted in diverse optical
properties. As expected, the results showed tleahyiperbranched architecture effectively suppress
the aggregation and hyperbranched polynifs-HP(1-4) emitted strong yellow light not only in
organic solvents, but also in poor solvent or im fiAdditionally, thermal gravimetric analysis (TGA

displays that they all exhibit good thermal staili

2. Resultsand Discussion

The synthetic routes to the monomers and polynrersatlined in Scheme 211 was obtained
by the condensation reaction of the commerciallgilable 4-bromoacetophenone and methyl
4-bromobenzoate in the presence of NaH. Introdnctibditert-butyl dicarbonate intaM1 by
using 4N,N-dimethylaminopyridine (DMAP) as the catalyst canquceM 2. MonomersM 3 and
M4 were synthesized in our lab according to a pubtistrocedure [33,34].

The hyperbranched polymeBoc-HP1-4 were prepared through Suzuki cross-coupling reacti
by usingM2 as A, M3 as B andM4 as B, respectively, and 1-bromobenzene was employed to
cap the boron containing end groups (Scheme Zhdrsynthesis process, the feed ratio between
boronic acid pinacol ester (-B) and -Br was alwaygb (Table S1). In order to increase the linear
length in hyperbranched polymers, the amoun¥@fkept constant while feed ratios betwééi
and M4 increased (Table S1), affording hyperbranched melg fromBoc-HP1 to Boc-HP4,
correspondingly. In the absent of truxene monoMédy linear polymerBoc-L P5 was obtained.
The vyields of those polymers were 44%, 63%, 62%p Gihd 53%, respectively. The relative
lower yields of Boc-HP1 and Boc-LP5 might be ascribed to the gelation formation and th

incomplete reaction d¥14, respectively.



The number-average molecular weight4,)( of polymers were determined by gel permeation
chromatography (GPC) using THF as the eluent apdlystyrene standard (Fig. 1) and the results
were listed in Table 1. As shown in Fig. 1a, Mgof Boc-HP1-4 andBoc-L P5 decreased with the
increase of linear length fro®oc-HP1 to Boc-L P5. WhenM 1 was used instead &2, the M,, of
polymers were much lower, less than 4 % @@nol*, which might be ascribed to the interconversion
between the keto and enol [3§]H-HP1-4 andOH-L P5 were obtained in high yields by removing
the O-Boc groups with piperidine in methylene chloridgclieme 2). Complex ddH-HP1-4 and
OH-LP5 with BF;-ELO gave polymer8F,-HP1-4 and BF,-LP5 [16], respectively, and the total
yields were in the range of 41% to 59%. After bocmmplexation, théM,, decreased (Fig. 1b).
Furthermore, thél, and molecular weight distributions1{/M,) of BF,-HP1-4 andBF,-L P5 were
2.17-1.21x16 g mol* and 8.01-1.69, respectively (Table 1). (Tablelti3hould be noted that these
polymersBF,-HP1-4 andBF,-L P5 displayed better solubility in common organic swits such as
tetrahydrofuran, methylene chloride, chloroformrttibat of linear counterparts [16], which might
result from the hyperbranched architectures.

The optical properties of the hyperbranched polgmeere investigated by UV-Vis absorption
(Fig. 2a, c, e) and photoluminescence (PL) spgéirg. 2b, d, f) in dilute chloroform solution.
Boc-HP1 presented the absorption peaks at 318 nm and 87 {Fig. 2a). Upon the increase of
fluorene units in the polymer8oc-HP2-4 and Boc-L P5 displayed the broad absorption bands at
376 nm, 378 nm, 378 nm, 383 nm, while the peakL8tr8n decreased gradually. In comparison, the
absorption spectra @H-HP1-4 andOH-L P5 displayed a negligible change relative to tl&iBoc
protected counterparts (Boc-HP 1-4) (Fig. 2c). Afteomplexed with BE however, the
BF,-complex polymer8F,-HP1-4 andBF,-LP5 showed an obvious red-shift to 460 nm, and the
absorption peaks became broad (Fig. 2e). It mighadzribed to the formation strong push (truxene
parts)-pull (BR-complex moiety) systems that could lead to intreamalar charge transfer (ICT)

state [36,37].



Fig. 2b showed the emission spectr&8ot-HP1 with the maximum peak at 467 nm. In the case of
Boc-HP2-4 andBoc-L P5, the emission peaks blue-shifted to 465 nm, to64to 461 nm and 457
nm. OH-HP1-4 andOH-L P5 also displayed the same trend, but they emitiehgtblue light (Fig.
2d). This might be attributed to the removal ofcien-withdrawing units (Boc). The Bfeomplex
polymersBF,-HP1-4 andBF,-LP5 exhibited significant red-shift spectra as showifig. 2f, and
these polymers emitted strong yellow light. Clearlyith the increase of linear length in
hyperbranched architectures, polymers featured -ghife emission profile fromBF>-HP1 to
BF,-LP5, which was consistent with the absorption resuttss apparent that the delocalization
effect of fluorine units was smaller than thatraxene units, thus the band gap of conjugate system
became larger, resulting in a blue-shift fr&h,-HP1 to BF,-L P5. Furthermore, the quantum yields
of BF,-HP1-4 and BF,-LP5 were measured usiniy,N’-bis(1-ethylpropyl)-3,4,9,10-perylene-bis
(dicarboximide) as a reference standard at roonpéeature (Table 2). Thép, increased from
BF,-HP1 to BF,-L P5 (Table 2). These result indicated that the comaéion of light-emitting units
in the internal structure of hyperbranched polynmeas higher than the linear one, thus resulting in
the fluorescence quenching to some extent [38].

To further confirm the ICT processes of these p@snthe PL spectra in different solvents
(CH.Cl,, THF and DMF) with different polarity were perfoech (Table 2). The emission spectra
were collected with the excitation light at the keaetermined from the absorption spectra. From
CHCI;, to CHCI,, to DMF, except for THF, all polymemF,-HP1-4 and BF,-LP5 showed a
marked red-shift by increasing the solvent polarity addition, these solvent dependencies were
confirmed by the Lippert-Mataga plot [39-41], whishowed a linear correlation of the Stokes shift
with solvent polarity (Fig. 3). These results wetengly indicative of ICT. We note that, in thesea
of THF as the solvent, irregular Stokes shifts webserved which were lower than estimated.

Exactly why this should be so is not absolutelach® us but we suggest that this was either ilate



to the good dissolution of the polymers in THF lweit hyperbranched structure. The same tendency
has also been observed in the data reported by gtbeps [16,42].

The spectra oBF,-HP1-4 andBF,-L P5 thin films prepared on quartz plates were meas(Fax
4) and these results and their quantum vyields wkosvn in Table 3. The absorption and emission
peaks featured a red-shift emission profile frBf,-HP1 to BF,-L P5, providing an opposite trend
compared with those of polymers in chloroform. éngral, the three-dimensional architecture could
suppressi-nt stacking in hyperbranched polymers compared tw limear counterpart, and thus the
intermolecular stacking increased along with therei@se of the degree of branching from
BF,-HP1-4 to BF,-L P5, accounting for the red-shift for polymers in filtrates. As can be seen from
Table 3, a 19 nm red-shift was observed fief-HP1 to BF,-L P5. Notably, the emission peak of
BF,-HP1 in chloroform was almost the same as that of im;fiwvhereas the emission peak of
BF,-L P5 displayed a 45 nm red-shift from chloroform saduatito film state. Taking the absorption
and emission spectra into consideration, one deksvie that the hyperbranched architectures could
suppress the aggregation more effectively tharitiear ones in the film state, consistent with the
trend in a poor solvent such as DMF.

The electrochemical properties of the hyperbranchelymersBF,-HP1-4 and BF,-LP5 was
recorded using cyclic voltammetry (CV), which wasnducted in anhydrous methylene chloride
using tetrabutylammonium hexafluorophosphate (TBHP&s a supporting electrolyte with a
standard three-electrode electrochemical cell @oing a Pt counter electrode, Ag/Ads the
reference electrode, and a glass carbon workirggretie. Fig. 5 shows the cyclic voltammograms of
BF,-HP1-4 andBF,-LP5 at a scan rate of 30 mV*sn the range of 0-1.7 V. The HOMO energy
levels were calculated according to the followiggi&ion: HOMO = —([Bnse] ™ + 4.4) eV. The band
gap (AE) of polymersBF,-HP1-4 andBF,-L P5 were calculated from the UV-vis absorption onset of

the polymers. The LUMO levels were obtained onlihsis of the equatioft, ymo = Exomo + Egap



The results are summarized in Table 4. With theease in the linear length of hyperbranched
polymer, HOMO energy levels were more negative,thedand gap became larger.

The thermal properties of the polymeéB&,-HP1-4 and BF,-LP5 were further investigated by
thermogravimetric analysis (TGA) in a nitrogen asiploere. As shown in Fig. 6, the onset
temperatures of 5% weight loss of these polymerg ®21 °C, 223 °C, 201 °C, 226 °C, and 210 °C,

respectively, indicating that the polym&6,-HP1-4 andBF,-L P5 have good thermal stability.

3. Experimental Section
3.1 General

Chemical reactants were purchased from Soochirai@al Science & Technology Co., Ltd. and
J&K Scientific Ltd. and used without further purificati. Organic solvents were rigorously purified
and dried by standard methods.

The reactions were monitored by TLC with silica @€ F254 (Merck, 0.2 mm). Column
chromatography was carried out on silica gel (200-Biesh). ThéH NMR and**C NMR spectra
were measured with a 600 MHz Bruker spectrometegugtramethylsilane as reference at 298 K.
High-resolution mass spectra (HRMS) were recorded 8ruker solariX FTICR mass spectrometer
operating in a MALDI mode. Fourier transform infdr spectroscopy (FTIR) was tested on a
Varian-640 spectrophotometer (KBr pellet techniqdé)e M, and weight-average molecular weight
(M) were assessed using a Waters 2414 GPC equippetMaters HT4 and HT3 column-assembly
and a Waters 2414 refractive index detector (e|uEhIF; flow rate, 1.00 mL mir), which is
calibrated by the polystyrene standard (Mg of polystyrene standard are 3790, 13000, 30300,
52000, 219000 g md). UV-vis and fluorescence spectra were carriedasuShimadzu UV-2550
and RF5300PC spectrophotometer, respectively. Absdluorescence quantum yields of polymers
in film (®p_ fm) were measured on Edinburgh FLS920 steady fludgemeith a calibrated

integrating sphere (excited at 365 nm). The cyatitammetry measurement was performed on CHI



630A electrochemical analyzer at room temperatuegraospheric pressure in anhydrous methylene
chloride with a scanning rate of 30 mV#,shaving tetrabutylammonium hexafluorophosphate
(TBAPFs) as a supporting electrolyte using a standard etbtectrode electrochemical cell
containing a Pt counter electrode, acetonitrileAd/(0.01 M in CHCN) as the reference electrode,
and a glassy carbon working electrode. The systeas walibrated with the standard
ferrocene/ferrocenium (Fc) redox system and assomfitat the energy level of Fc is 4.8 eV below
vacuum. TGA measurements were carried out PyrisGA Tnder a nitrogen atmosphere (20 mL
min™) at a heating rate of 20 °C rifin
3.2 Synthesis of Monomer s and Polymers

M1. In a 250-mL three-necked flask with a droppingrfein a mixture of 4-bromoacetophenone
(2.40 g, 12 mmol) and NaH (0.96 g, 28 mmol) in difF (40 mL) was placed under an argon
atmosphere. The dry THF solution (20 mL) contaimmegthyl 4-bromobenzoate (2.84 g, 13.2 mmol)
was added dropwise at 5 °C in an ice bath withimirs, and the mixture was further stirred for 8 h
at 50 °C. The reaction mixture was allowed to admlvn to room temperature, and 10% HCI was
then gently added until the solution color gradupalirned from orange to light yellow. Water (50
mL) and ethyl acetate (200 mL) were added, andotiganic layer was separated and dried over
anhydrous Nz50,. After removing a large portion of the ethyl at¢etainder reduced pressure,
crystallisation form the hot ethyl acetate gave alateplike crystal of
1,3-bis(4-bromophenyl)-propane-1,3-dione (2.84 2965k 'H NMR (600MHz, DMSOd, 6): 16.98
(s, 1H), 7.34 (s, 1H), 8.11 (d, = 7.2 Hz, 4H), 7.85 (dJ) = 7.8 Hz, 4H).**C NMR (150MHz,
ds-DMSO, §): 184.8, 134.1, 132.4, 131.0, 129.9, 127.6, 98TR (KBr, cni); 3468, 1920, 1579,
1511, 1477, 1294, 1068, 1000, 775. HRMS (MALDI-TOE€glcd. for GsH11Br,0,: m/z 382.9105,
found: [M+H]" 382.9101.

M2. A mixture ofM1 (2.0 g, 5.2 mmol), diert-butyl dicarbonate (5.71 g, 26.2 mmol) and DMAP

(63.4 mg, 0.52mmol ) in dry THF (80 mL) was stir@d45 °C for 10 h under an argon atmosphere.



After cooling to room temperature, the solvent wasnoved under reduced pressure, and
recrystallization from ChCl, and hexane affordeil2 as a yellowish crystal (1.35 g, 54%NH
NMR (600MHz, DMSO€g, 6): 7.83 (d,J = 8.4 Hz, 2H), 7.62 (d] = 8.4 Hz, 2H), 7.58 (s, 1H), 7.09
(s, 1H), 1.55 (s, 9H)**C NMR (150MHz, DMSOds, J): 182.4, 151.5, 144.9, 132.5, 128.1, 127.5,
127.2, 125.0, 123.4, 122.9, 121.1, 104.7, 79.89.22TIR (KB, le): 3072, 2981, 1907, 1745,
1664, 1600, 1481, 1301, 1238, 1145, 1079, 1002, $31RMS (MALDI-TOF): Calcd. for
CaoH18Br0OsNa: m/z 504.9449, found: [M+Nap04.9445.

Boc-HP1-4 andBoc-L P5. A mixture of the corresponding monomers and Nakl@&s added to a
solution of THF (20 mL) and ¥ (4 mL). Reaction system was carefully degassetl then
Pd(PPh)4 (3 mg) was added. The reaction mixture was heat&@ °C with vigorous stirring for 48
h under an argon atmosphere. Bromobenzene (100.64mmol) was added to end-cap the boron
containing end groups. After refluxing for anotli@rh, the mixture was cooled to room temperature.
Then water (50 mL) and GBI, (200 mL) were added, the organic layer was separand dried
over anhydrous N&OQO,. After removal of most of the solvent, the resgtimixtures were
precipitated in methanol. The crude products wepairified by precipitation from THF into a large
excess of hexane again and dried under vacuunvéoygilow polymers.

Boc-HP1: *H NMR (600MHz, DMSO€, 5): 8.75-8.31 (br, 3H), 8.3-8.05 (br, 4H), 8.05-7(B8,
19H), 3.01-2.88 (br, 6H), 2.31-1.98 (br, 9H), 1(489H), 1.02-0.67 (br, 58H). GP®1, = 56300;

M, = 28300; polydispersity = 1.99.

Boc-HP2; 'H NMR (600MHz, DMSO#s, 6): 8.74-8.32 (br, 3H), 8.32-8.05 (br, 4H), 8.0477(br,
17H), 3.31-2.76 (br, 6H), 2.40-1.97 (br, 9H), 1(4810H), 1.05-0.68 (br, 55H). GP®, = 69400;

M, = 28100; polydispersity = 2.47.

Boc-HP3: 'H NMR (600MHz, DMSOds, 6): 8.63-8.32 (br, 3H), 8.32-8.06 (br, 5H), 8.0577(br,
30H), 3.30-2.75 (br, 6H), 2.31-1.94 (br, 12H), 1(489H), 1.02-0.69 (br, 54H). GPG, = 60800;

M, = 26700; polydispersity = 2.28.



Boc-HP4: 'H NMR (600MHz, DMSO#g, J): 8.63-8.34 (br, 3H), 8.29-8.04 (br, 14H), 8.0a7.
(br, 81H), 3.33-2.76 (br, 6H), 2.46-1.83 (br, 6H)48 (s, 9H), 1.02-0.69 (br, 60H). GP&, =
44100;M, = 21200; polydispersity = 2.08.

Boc-L P5: *H NMR (600MHz, DMSO#s, 6): 8.20-8.11 (br, 4H), 7.95-7.47 (br, 10H), 7.01 (b),
2.17-1.98 (br, 10H), 1.43 (br, 9H), 1.35-1.16 (®H), 0.94-0.54 (br, 18H). GP®,, = 30200;M, =
15100; polydispersity = 2.00.

OH-HP1-4 and OH-L P5. Piperidine (3.0QuL, 0.3 mmol) was added to a solutionBxdc-HP1-4
or Boc-LP5 (100 mg) in CHCI, (20 mL). After stirring for 24 h at room tempenaywater and
CH.CI, (100 mL) were added. The organic layer was sepaiatd washed with water three times,
dried over NaSQ,, and concentrated to dryness. The crude polymerpuaified by precipitation
from THF into hexane and dried under vacuum to geléow polymers.

OH-HP1: 'H NMR (600MHz, DMSOd, d): 17.25 (br, 1H), 8.60-8.30 (br, 3H), 8.29-8.16, @H),
8.03-7.59 (br, 12H), 7.06 (br, 1H), 3.11-2.93 (@), 2.30-2.00 (br, 12H), 1.03-0.75(br, 63H). GPC:
My, = 105200M, = 20000; polydispersity = 5.26.

OH-HP2: *H NMR (600MHz, DMSO#s, 5): 17.25 (br, 1H), 8.61-8.30 (br, 3H), 8.28-8.18 @&H),
8.01-7.48 (br, 13H), 7.03 (br, 1H), 3.10-2.86 @), 2.38-2.01 (br, 18H), 1.03-0.71(br, 63, 114H).
GPC:M,, = 63900;M,, = 23000; polydispersity = 2.78.

OH-HP3: 'H NMR (600MHz, DMSOd, d): 17.25 (br, 1H), 8.64-8.29 (br, 3H), 8.27-8.06, @H),
8.00-7.44 (br, 17H), 7.00 (br, 1H), 3.11-2.80 @), 2.34-1.99 (br, 8H), 1.01-0.74(br, 63, 38H).
GPC:M,, = 39700;M,, = 18900; polydispersity = 2.10.

OH-HP4: *H NMR (600MHz, DMSO#s, 5): 17.25 (br, 1H), 8.63-8.29 (br, 3H), 8.27-8.04, &H),
8.01-7.47 (br, 26H), 7.00 (br, 1H), 3.11-2.79 @), 2.32-1.99 (br, 10H), 0.99-0.69 (br, 42H). GPC:

M,y = 53100;M,, = 18700; polydispersity = 2.84.

10



OH-LP5: 'H NMR (600MHz, DMSOd, ¢): 17.10 (br, 1H), 8.20-8.10 (br, 2H), 7.94-7.4%, (b
12H), 7.01 (br,1H), 2.16-2.00 (br, 4H), 1.36-1.b7, (L2H), 0.94-0.56 (br, 18H). GPG, = 26900;

M, = 13200; polydispersity = 2.80.

BF,-HP1-4 andBF,-FL P5. To a solution oOH-HP1-4 or OH-LP5 (90 mg) in CHCI, (30 mL),
borontrifluoride-ether complex (0.1 g, 0.345 mmwBs added to the reaction mixture. The resulting
mixture was stirred at room temperature for 6 hteAfeaction, water and G8l, (100 mL) were
added, and the organic layer was separated anded/agth water three times, dried over,8@,
and concentrated to dryness. The crude polymers precipitated from THF into a large excess of
hexane. The product was isolated by centrifugadioeh dried under vacuum. The resulting polymers
were obtained as a red powder.

BF»-HP1: *H NMR (600MHz, DMSOds, J): 8.60-8.28 (br, 6H), 8.12-7.60 (br, 11H), 7.39 (br,
1H), 3.11-2.92 (br, 6H), 2.31-1.98 (br, 18H), 1®F, 18H), 1.03-0.68 (br, 70H}’F NMR (564
MHz, CDCk, 6): -150.65 {°BF.,), -150.71 ¥'BF,). GPC:M,, = 148000;M, = 18500; polydispersity
= 8.01.

BF,-HP2: 'H NMR (600MHz, DMSO#ds, 6): 8.81-8.28 (br, 6H), 8.03-7.75 (br, 14H), 7.39, (b
1H), 3.10-2.92 (br, 6H), 2.50-2.09 (br, 16H), 1(B¥, 13H), 1.04-0.73(br, 54H}°F NMR (564 MHz,
CDCl;, 6): -150.62 {°BF>,), -150.68 ¥'BF,). GPC:M,, = 160600M, = 21700; polydispersity = 7.40.

BF,-HP3: 'H NMR (600MHz, DMSO#ds, 6): 8.64-8.26 (br, 6H), 8.11-7.58 (br, 16H), 7.39, (b
1H), 3.16-2.81 (br, 5H), 2.34-1.98 (br, 12H), 1(B8 6H), 1.02-0.67 (br, 40H}’F NMR (564 MHz,
CDCl, 6): -150.60 {°BF>,), -150.65 ¥'BF,). GPC:M,, = 50200;M,, = 18600; polydispersity = 2.69.

BF»-HP4: 'H NMR (600MHz, DMSOds, 5): 8.63-8.23 (br, 6H), 8.11-7.57 (br, 22H), 7.39, (b
1H), 3.11-2.91 (br, 4H), 2.24-1.98 (br, 10H), 1(B8, 3H), 1.02-0.67 (br, 30H}’F NMR (564 MHz,

CDCl, 6): -150.63 {°BF>), -150.69 ¥'BF,). GPC:M,, = 31600;M, = 18700; polydispersity = 1.69.

11



BF,-L P5: *H NMR (600MHz, DMSO#, 6): 8.40-8.25 (br, 2H), 7.97-7.53 (br, 12H), 7.38, (tH),
2.18-2.01 (br, 4H), 1.32-1.17 (br, 12H), 0.94-088, 18H).°F NMR (564 MHz, CDG, J):

-150.66 {°BF,), -150.71 ¥'BF,). GPC:M,, = 21800:M,, = 12100; polydispersity = 1.80.

4. Conclusions

In summary, we have successfully prepared a saiebyperbranched polymerBF,-HP)
containing difluoroboror3-diketonate and truxene units via the Pd(0)-catdy3uzuki coupling
reaction by an “A + B3” or “A, + B, + Bs” approach. These organoboron-containing polymers
exhibited red-shifted emission compared with theicomplexed counterparts. The optical properties
can be tuned by the hyperbranched architecturexhloroform solution, the emission spectra
exhibited significant blue-shift with the increasklinear length in the hyperbranched architecture,
whereas a red-shift resulted in the film statejcatihg that hyperbranched structure can effecgtivel
suppress the aggregation in the solid state. Funibre, these polymers exhibited high thermal

stability, and good solubility in common organidvemts.
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Scheme 1. Chemical structures of the hyperbranched polyrB&tsHP(1-4).
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Fig. 1. GPC elution traces of polymers @gc-HP1-4 andBoc-L P5, (b) BF,-HP1-4
andBF,-L P5.
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Table 1. The polymer weight of synthesized polymers.

polymers M, My Mw/Mp y(loeA)I ;j (;I’ é)
Boc-HP1 28300 56300 1.99 44 -
Boc-HP2 28100 69400 2.47 63 -
Boc-HP3 26700 60800 2.28 62 -
Boc-HP4 21200 44100 2.08 62 -
Boc-L P5 15100 30200 2.00 53 -
BF>-HP1 18500 148100 8.01 41 221
BF>-HP2 21700 160600 7.40 57 223
BF>-HP3 18600 50200 2.70 59 201
BF>-HP4 18700 31600 1.69 58 226
BF->-LP5 12100 21800 1.80 50 210
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Table 2. Photophysical properties 8fF,-HP1-4 andBF,-L P5 in various solvents.

CHCl, THF CHCl, DMF
. . . Stokes
Compd  Jp| max Stokes shift ApLmax Stokes shift ApLmax Stokes shift PLmax
' a ’ a ’ P hift ~ ®p?

(nm)  (cmY (nm)  (cm} (nm)  (cm} (nm) L

(cm”)
BF,-HP1 562 4040 0.27 535 3580 0.18 584 4903 0.10 585 4932036
BF,-HP2 560 4025 0.29 534 3446 0.19 581 4670 0.13 586 4671048
BF,-HP3 556 3944 0.33 532 3278 0.21 576 4521 0.15 591 4585053
BF,-HP4 547 3649 0.35 530 3234 0.30 570 4338 0.21 592 4476054
BF,-LP5 539 3377 0.35 528 3110 0.33 563 4168 0.23 593 4489069

& usingN,N"-bis(1-ethylpropyl)-3,4,9,10-perylene-bis(dicarbmide) as a reference standard [43].
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Table 3. Photophysical properties 8fF»,-HP1-4 andBF,-L P5 in chloroform and film.

/1abs, max, solution /1abs, max, film APL, max, solution APL, max, film

Polymers Dpy, fiim
(nm) (nm) (nm) (nm)

BF,-HP1 45¢ 44( 562 56¢ 0.01¢

BF>-HP2 457 441 56(C 567 0.03i

BF>-HP3 45¢€ 44¢ 55¢€ 57z 0.04(

BF>-HP4 45¢€ 48¢€ 547 57¢ 0.02¢

BF,-L P5 45¢€ 49C 53¢ 584 0.02(

®Absolute quantum yield.
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Table 4. HOMO and LUMO energies and band gap datBef-HP1-4 andBF,-L P5.

polymers BF,-HP1 BF>-HP2 BF,-HP3 BF,-HP4 BF,-LP5

HOMO (ev) -5.42 -5.49 -5.53 -5.61 -5.63
LOMO (ev) -3.02 -3.08 -3.11 -3.17 -3.19
band gap (ev) 2.40 2.41 2.43 2.45 2.46
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Highlights:

® Hyperbranched polymers containing difluoroboron-diketonate units were synthesized.
®  These polymers exhibited obvious red-shifts in UV-vis absorption and emission.

® Thetunable hyperbranched architectures resulted in diverse optical properties.

® The hyperbranched architectures could suppress the aggregation more effectively.

®  These polymers showed good thermal stability and solubility.



