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ABSTRACT
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PL max = 475 - 614 nm

R=H,CN

A series of oligo(phenylenevinylene) (OPV) derivatives with finite conjug

ation units were prepared in short steps from few building blocks.

The central and terminal aryl groups of these OPV dyes contain cyano and Ph,N substituents, respectively, which affect color of fluorescence.

The wavelength ranges from 472 nm (blue) to 614 nm (red) depending o

n the position of the cyano group.

The synthesis of new oligo(phenylenevinylene) OPV deriva-
tives has attracted considerable atteritibacause of their
widespread application in light-emitting diodeshemical
sensors$,nonlinear opticg,and organic magnetic materials.
The energy gaps between the HOMO and LUMO orbitals
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of OPV are crucial for the application of these materiafs.
Although an increase in the number of repeating segments
of phenylenevinylene oligomers may decrease the energy
gap, this approach becomes less effective after a finite length
of oligomers is achieved. A systematic study by®$thows
that no further red shift is observed for the oligomer (eq 2,
Scheme 1) after it reaches 10 aryl groups and nine double
bonds, at which point it shows fluorescent emission at 536
nm. The saturation in the emission wavelength arises from
the limited electron delocalization of a longer oligomer.
The use of OPV dyes for organic light emitting-diodes
(OLED) should enable blue, green, and red fluorescent
emission to achieve a full-color displdyCommon OPV
molecules show fluorescent emission at less than 550 nm
even with extensive conjugation. In this study, we report the
synthesis of functionalized OPV dyes (eq 3) with finite
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skeletons that can emit full range of visible light. Each
terminal phenyl group of these molecules is linked to a
diphenylamine group that can enhance fluorescence decay o
The central phenyl group is attached with a cyano group toj BRz = Bo:©

strengthen the efficiency of the electron delocalization within a Conditions: (1) Pd(OAG) (3 mol %), PhPBr (20 mol %),

conjugation skeleton¥This design was aimed at producing NaOAc (5.0 equiv), DMF, 100C, 16 h; (2) Ni(COD) (1.1 equiv),

an efficient red OPV dye. Molecules with these finite pmF, 40°C, 12 h: (3) Pd(OAG)(10 mol %), Ba(OH) (1.8 equiv),
conjugation skeletons are suitable for sublimation to prepare THF, H,0.

OLED thin film.

Schemes 2 and 3 show the synthetic protocols for the seven
target moleculed2a—c and 13a—d. This approach mini-  apparently relies on the availability of compouBiol which
mizes the synthetic procedures. Our first goal was to was obtained in four steps from 2-cyanotolueingsee the
synthesize central aryl coréa—c and 10 via the Horner- Supporting Information). Another central aryl codewas
Wadsworth-Emmons reaction, which gave trans double e€asily prepared in two steps from the dibromitle
bonds exclusively¥ 96%) according t8H NMR analysist® Scheme 3 shows the synthesis of target oligomers via

The synthesis of these fotransstilbene derivatives involves ~ metal-catalyzed coupling reaction. The synthesis of oligomer
the repeated use of phosphates and 5b. The benzyl 12a via a double Heck reaction between commercially
bromide 3b not only provided the key phosphatéb but availablellaand11bis not straightforward. Conventional
also the aldehyddb. Compounds$a and4a were obtained ~ conditions (5 mol % Pd(OAe) EtN, toluene, 10 mol %
from commercial sources. The whole synthetic sequencePPh, 100 °C) gave the desired produd®ain only 25%
yield after column chromatography. The uséRif;P(10 mol

s %) gavel2ain 51% vyield. The best results were obtained

Scheme 2 with the phase-transfer reagent,PBr, which gavel2ain

81% vyield!* This coupling reaction gaveans-stilbene in
sesteps_ @ purities exceeding 96%. This condition worked well for a
o d 63% d RiTa series of oligomers including2b (79%), 13a (84%), 13b
92%(for3b) R=CN 3b . . ..
76%), andL3c(72%). Oligomerl2cwas obtained efficientl
R
P(OEt); aNi -promoted coupling reaction. The availabili
™o CHO o by a Ni(COD ted I tion. Th labilit
. _P(OEYs
DMSO reflux OP(OEt),
for4b  R=H4a R =H 5a (97%) (8) (@) Yang, J.-S.; Chiuo, S.-Y.; Liau, K.- juuisiismmmiin ©002
R:=CN, 4b (58%) R=CN, b (38%) 124, 2518-2528. (b) Lewis, F. D.; Kalgutkar, R. S.; Yang, J.;5.A0-
Ehalanec1999 121, 12045-12053. (c) Lewis, F. D.; Yang, J.-§.AD.
(1 ¢BuoNs. phosphate R4°H° 1P'°“"°’s(y'e"‘s’ Eagameoc1007 119 3834-3835. (d) Lewis, F. D.; Weigel, WLBhys.
m B 5a a R H (6a) 87% chﬁm PZ
| @@an) O \ O o5 A Risow,mio o0 ou ©) (@) Fg)(gi?]hla?'gtsl?’MAe_'sISlri:tgt L. L.; Clarson, S. J.; Dillard, A. G.; Bhatt
T“F reflux 6a-c S 4b RICN,RECN (6c) 87% J. C.; Kannan, R.; Yuan, L.; He, G. S.; Prasad erlé% ’
NHz oN 10, 1863-1874. (b) Albota, M.; Beljonne, D.; Bredas, J. L.; Enhrlich, J. E.;
NO; (1) ¢ (1)NaN02 Fu, J. Y.; Heikal, A. A.; Hess, S. E.; Kogej, T.; Levin, M. D.; Marder, S.
) O ( )D,:F B' o B’ R.; McCordMaughon, D.; Perry, J. W.; Rockel, H.; Rumi, M.; Subramaniam,
@ 28r Br (2 sn, Hel, (@) Gucw NC G.; Webb, W. W.; Wu, X. L.; Xu, CSgience1998 281, 1653-1656.
7 EtOH a (16%) 9 (58%) (10) (a) In a model reaction, the 1,1-regioisomer in the Heck reaction
was separated in less than 4% yield: Peng, Z. H.; Yu, L. Manuscript in
CN preparation. Also see: (b) Cabri, W.; Candiani, |.; Bedeschi, A.; Santi, R.
o8 _(1) tBuONa _ thNBr SmiiSeaimialn 1992 57, 3558. (c) Cabri, W.; Candiani, |.; Bedeschi, A;
. O i
@) PhoN< H-cHO 10 Santi, R.Sypleft1992 871.
op(oz0, @ Pran-C- (84%) (11) (a) Manfred, T. R.; Gunther, L.; Renate |
5b 1998 37, 481-483. (b) Rajender, S. V.; Kannan, P. N.; Per, J. L.
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Table 1. Physical Properties of Oligo(arylenevinylene)

., {a) - Derivatives
== 12a Auv ApL oxid Eq.° redn Ey9
1.0 NG Mer———q2p [0 compd (max)? (max) ®f (mV) (mVv)
[ ) [ =
= i ;’r y \1 O 12¢ = 12a 398 480 0.86 839,1039
a7 I A " 12b 386 472 0.96 938
‘g’ A\ | ,’ i 11 | 12c 428 541 0.37 965 —1677, —1743
g 067 I f*'a' ! *l \ F06 2 13a 386 510 0.84 830,1220
E ,I;r\'-\ / ;’ T [ 13b 433 560 0.61 862,1001 -1565, —1790
< 049 ;.-; vr! I'n " 0.4 13c 447 614 0.41 911,1018 -1399, —1611, —1799
u/a" ¥ | & 13d 429 577 0.32 875 -1502, —1643, —1823
21w it I
02 \ a2 a Measured in CKCly; fluorescence was recorded by irradiation at the
i B absorption maximun® Measured in ChLCl, with fluorescein in 0.1 M
0.0 . —= T : o NaOH @ = 0.95) as a standar@lin CH,Cl, (0.1 M "BuuNPF as a
300 400 500 600 700 supporting electrolyte! In THF (0.1 M "BusNCIO; as a supporting
Wavelength (i) electrolyte).
., {b)
X =13 A 10 emission wavelengths. The observed trendifgr(max) and
s "-.,‘"—122 = ApL (max) for this series of compounds is consistent with
- ;o — - .
B X 134[ *8 & our expectation:13c > 13b = 13d > 13a For 12b, the
= 1 . .
3 g dihedral angle between the two central phenyl groups is ca.
s 06 06 £ 56.2, whereas the corresponding anglelipais 39.7.14
2 2 For compoundL2b, the preference for a high nonplanarity
< ok 04 3 accounts for a poor electron delocalization across these two
= central groups. The data in Table 1 indicate that a wide range
0z 1 - 0.2 of emission wavelengths (4#%15 nm) can be achieved
from these finite OPV backbones with the introduction of a
0.0 0.0 cyano position at a suitable position.
500 Table 1 shows electrochemical data from cyclic voltam-
Wavelewsth (aw) metry with BuNPFR; (0.10 M in CHCl,) and BuNCIO,
Figure 1. Comparison ofl2a—c (a) and13a—d (b) UV and PL (0'_10 ,M in THF) a_s Suppqrtlng electrolytes inanodic
spectra in solution¢5 x 10°5 M in CH,C,). oxidation and cathodic reduction respectivelzompounds

12a—c and 13a—d show quasi-reversible or two quasi-
reversible anodic redox couples which are closely overlapped.

of 1,2-vinyl diboratel 412 effected a double-Suzuki coupling  This process corresponds to removal of electrons from

of aryl bromide10, giving 13d in 72% yield. These seven  diphenylamino group. The occurrence of a cathodic redox

oligomers were characterized by NMR, Mass and elemental Process depends on the presence of a cyano group which
analysis. HLPC analysis of these samples showed that thecan decrease the LUMO energy level. No reduction behavior

purity exceeded 95%. was observed for unfunctionalized OPV spedigaand13a,

Parts a and b of Figure 1 show UV and PL spectra of consistent with our expectations. Two or three reversible
OPV dyes12a-c and 13a—d with their spectral data and ~ cathodic redox couples were observed @c 13b—13¢
quantum efficienc given in Table 1. The cyano groups of which corresponds to sequential reductions at the cyanophe-
12b, 13b, and13clie in conjugation with the remote R nyl groups. Figure 2 shows the CV curves for compounds
group whereas those @2cand13d will conjugate with the ~ 12aand13c One exception case is the dicyano OR2b
proximate PN group. Accordingly, the former is expected which does not show a cathodic redox couple. This may be
to show a greater bathochromic effect than the latter relative attributed to the nonplanarity of the two central phenyl groups
to their parent OPV42aand13a Notably, the UV and PL  (vide infra), which results in a high energy level for LUMO
spectra ofL.2b are changed very little where the correspond- Orbital.
ing spectra of.2cshow a significant red-shift. An additional ~ The OLED device was prepared from ORXb because
double bond in compountBaresulted in a red-shift of PL-  of its high quantum yields. The device structure is ITO/CuPc-
emission by 30 nm compared to that of OF\2a The (15 nm)/NPB(40 nm2b(2%) in DNA (30 nm)/Alg(30 nm)
introduction of a cyano group to the central phenylliBa

produced a more pronounced change in the absorption and (14) Calculation of dihedral angles between two phenyl planes is
performed on the ground-state structure using MOPAC-AM1 computations.

(15) Carbon electrode was used as a working electrode and a platinum

(12) Gu, Y.; Pritzkow, H.; Siebert, \\ 2001, 373~ wire as a counter electrode, all potentials were recorded versus Ag/AgCl
380. (sat'd) as a reference electrode. Ferrocenium/ferrocene redox couple-in CH
(13) Brannon, J. H.; Magde, D. Absolute quantum yield determination Cl/"BusNPFs occurs atEy'= + 0.57 V vs Ag/AgCl (satd), in THFBus-
by thermal blooming. Fluoresceijaisilifaisliigin1 978 82, 705-709. NCIO; occurs atEy’= + 0.55 V vs Ag/AgCI (satd).
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s of 12b (472 nm). The turn on voltage at 3.5 V and low

working voltages (540 cd/fat 6.0 V and 3120 cd/fat
7.4 V with CIE coordinates ok = 0.15;y = 0.18) and the
maximum brightness 11190 cdfrat 10.5 V indicated the
suitability of these functionalized OPV for OLED devices.

In summary, we prepared a series offzontaining OPV
dyes based on a concise synthetic approach involving few
building blocks. These OPV molecules were functionalized
with cyano groups to show a wide range of PL emission
wavelengths (472615 nm). The relation of the cyano
positions to the photochemical properties of these OPV has
been studied by UV, PL and electrochemistry. The suitability

::ga of these oligomers for OLED device is reflected by a EL
. . . . . i . : = . device of OPV12bwhich shows a blue emission with good
15000 10000 5000 0.0  -500.0 -1000.0 -1500.0 -2000.0 -2500.0 EL efficiency.

E (mV vs Ag/Agcl )
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Figure 2. Cyclic voltammogram of oligo(arylenevinyleng2aand
13c

/Mg—Ag (10:1)(50 nm)/Ag(100 nm) which CuPc (copper

phthalocyanine) and NPB (4-#is(N-naphthyl)N-phenyl- Supporting Information Available: Synthetic proce-

amino)biphenyl) were used as hole injector and hole trans ortdures, spectral data, and electrochemical data of oligomers;
pheny ) P EL-devices of oligomef.2b. This material is available free

layers, respectively, and DNA (9,10-di(2-naphthyl)anthra- . )
cene) functioned as a host material layer. Such a device gaveOf charge via the Internet at http://pubs.acs.org.

a blue EL emission at 460 nm very close to the PL spectra OL034246V
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