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A series of dimesitylboryl acceptor (mesityt 2,4,6-trimethylphenyl) and/or diphenylamino donor
(—N(Ph))-substituted truxene derivatives, classified as D-or-A substituted compounds and D-and-A
substituted charge-transfer compounds, have been synthesized. Two D-and-A substituted truxene
compounds, namely, 2-dimesitylboryl-7,12Mj{-diphenylamino)-5,510,10,15,15-hexaethyltruxene

(BN2) and 2,7-di(dimesitylboryl)-12N,N-diphenylamino)-5,510,10,15,13-hexaethyltruxene B2N),

exhibit extraordinarily large solvatochromism ranging from 420 nm (in hexane) to 580 nm (in acetonitrile)
in aprotic solvents, which can be used to probe the polarity of the solution environment. Due teproton
donor interactions, the solvatochromic red shifBd2 andB2N in protic solvents has been significantly
decreased, and this effect can be used to identify local protic and aprotic environment. Furthermore,
because of the interaction between &nd acceptorBN2 and B2N show sharp spectral response to
fluoride ion concentration. The simultaneous “turn-off” at 500 nm and “turn-on” at 380 nm of the
fluorescence signal have provided a good example of a fluorescent ratiometric method, which can greatly
enhance the sensitivity of the fluoride ion probe. Underlying these interesting spectral phenomena and
multifunctional probe properties is the charge-transfer strategy of grafting donor and acceptor moieties,
as Awt-D, or A,-m-D style, to the triangular truxene.

Introduction as polaritys—8 acidity (pH value)*® fluidity, 1° molecular mobil-
i ) _ity,Y* or electric potential? Highly sensitive and multifunctional
Organic fluorescent probes have been extensively used in
biological, medical, and supramolecular systems in recentyears (1) (@) Chemosensors of fon and Molecular Recogniidasvergne, J
since interactions of fluorescent probes with analytes can havep_, Czanik, A. W.. Eds.. Kluwer Academic Press: Dordrecht. The

a significant influence on emission peak wavelength, intensity, Netherlands, 1997. (bPptical SensorsWolfbeis, O. S., Ed.; Springer-
steady-state and transient profiles, or lifetime. Typical fluores- Verlag: Heidelberg, 2004. (c) Pu, Chem Rev. 2004 104, 1687. (d) Silva,

: : A. P. de; Gunaratne, H. Q. N.; Gunnlaugsson, T.; Huxley, A. J. M.; McCoy,
cent probes are characterized hy-aonjugated skeleton and a C. P.. Rademacher, J. T.. Rice, T. Ehem Rey. 1997 97, 1515. (¢)

functional group (such as donor or acceptor), and these can servgartinez-Manez, R.; Sancenon, Ghem Rev. 2003 103 4419. (f) Mohr,
as sensors for particular ions or small molectiier show G. J.(lz(hehm—Eur. J. 20h04 10, 1082. (g) Umezaw% N.; Tanac|j<a, K.; Urano,
ifi iti i i Y.; Kikuchi, K,; Higuchi, T.; Nagano, TAngew Chem, Int. Ed. 1999 38,
specific recognition of a property of a microenvironment, such 2899, (h) Walkup. G. K.. Burdette.'S. C.. Lippard. S. J.- Tsien. R1Y.
Am Chem Soc.200Q 122, 5644. (i) Hirano, T.; Kikuchi, K.; Urano, Y.;
*To whom correspondence should be addressed. Fax: 86-531-88362782.Higuchi, T.; Nagano, TJ. Am Chem Soc 200Q 122, 12399. (j) Suzuki,
Tel: 86-531-88362782. E-mail: fangqgi@icm.sdu.edu.cn. I.; Ui, M.; Yamauchi, A.J. Am Chem Soc 2006 128 4498.
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fluorescence probes are currently in great demand for funda- (N,N-diphenylamino)-5,510,10,15,13-hexaethyltruxeneBN2)

mental study and practical applicatiot¥sThe general strategy

and 2,7-di(dimesitylboryl)-12N,N-diphenylamino)-5,510,10,-

in designing new fluorescence probes is no other than consider-15,18-hexaethyltruxeneB2N). BN2 andB2N show large and

ing two electronic aspects of the molecules: #heonjugation
and the charge-transfer (CT) characters.
Truxene (namely, 10,15-dihydrd#sdiindeno[1,2a;1',2'-c]-

anomalous solvatochromism, which is very sensitive to aprotic
or protic polarity. For comparison, six D-or-A substituted
truxene derivatives, namelig1, B2, B3, N1, N2, andN3 (see

fluorene) is a planar heptacyclic polyarene. Its various deriva- Scheme 1), have also been synthesized.

tives have been designed for liquid crystals and fullerene

precursors? It can be formally regarded as a derivative of 1,3,5-
triphenylbenzene with three CH,— “clips” added and accord-

Organoboron compounds as fluorescent fluoride ion probes
have been investigated by several groups, and the~FB
coordination has been verified BB, 1F NMR, and by X-ray

ingly three five-membered rings formed to keep the four phenyls structure determinatiol.22 Many fluorescent probes belong

in a planar rigid structure. Recently, a variety of dendritic

to the turn-off or turn-on types, that is, fluorescence is thus

truxene derivatives have been synthesized to extend thequenched or enhanced in the presence of fluoride ions. In fact,

m-conjugationt® However, both donor (D) and acceptor (A)

our compound81, B2, andB3 are just the turn-off type, while

substituted polar truxene compounds, which may be promising BN2 and B2N simultaneously exhibit turn-off and turn-on
for fluorescent probes, have not been reported hitherto. Owing effects, which make them much more sensitive as fluoride ion
to the electron-deficient nature of the boron atom, the dimesi- probes. The syntheses and the novel multifunctional fluorescent

tylboryl group—B(Mes), (Mes = mesityl= 2,4,6-trimethylphe-

probe properties of thBN2 and B2N, together with those of

nyl) behaves as an electronic “trap” and some of its compounds other related compounds, will be reported herein.

exhibit interesting optoelectronic properti€sSimilarly, the
diphenylamino donor group-N(Ph),, with its lone pair of

Results and Discussion

electrons, has been used in designing hole transport materials

and organic light-emitting diodes.
In this work, we connect both diphenylamino donor and

dimesitylboryl acceptor to the three para-positions (2-, 7-, 12-

Synthesis.As shown in Scheme 1, the acceptor substituted
compounds1, B2, andB3 or their donor substituted counter-
parts N1, N2, and N3 can be obtained synchronously by

positions) of truxene, that is, to three terminals of the equilateral boronation or amination to 2,7,12-triboromohexaethyltruxée (

triangle truxene skeleton, forming polarAD; or Ax--D kinds
of D-and-A substituted molecules: 2-dimesitylboryl-7,12-di-

(2) Bosch, P.; Catalina, F.; Corrales, T.; PeinaddCem—Eur. J. 2005
11, 4314.

(3) Kalyanasundaram, K.; Thomas, J.XPhys Chem 1977 81, 2176.

(4) Ros-Lis, J. V.; Mafnez-Mdiez, R.; Soto, JChem Commun 2005
5260.

(5) Goes, M.; Lauteslager, X. Y.; Verhoeven, J. W.; Hofstraat, J. W.
Eur. J. Org. Chem 1998 2373.

(6) Vazquez, M. E.; Blanco, J. B.; Imperiali. B. Am. Chem. So2005
127, 1300.

(7) (a) Bohne, C.; Ihmels, H.; Waidelich, M.; Yihwa, @. Am. Chem.
So0c.2005 127, 17158. (b) Ihmels, H.; Meiswinkel, A.; Mohrschladt, C. J.
Org. Lett 200Q 2, 2865. (c) Ihmels, H.; Meiswinkel, A.; Mohrschladt, C.
J.; Otto, D.; Waidelich, M.; Towler, M.; White, R.; Albrecht, M.;
Schnurpfeil, A.J. Org. Chem 2005 70, 3929.

(8) (a) Weber, G.; Farris, F. Biochemistryl979 18, 3075. (b) Cohen,
B. E.; McAnaney, T. B.; Park, E. S.; Jan, Y. N.; Boxer, S. G.; Jan, L. Y.
Science2002 296, 1700. (c) Parusel, A. B. J.; Nowak, W.; Grimme, S.;
Kéhler, G.J. Phys Chem A 1998 102, 7149. (d) Lu, Z.; Lord, S. J.; Wang,
H.; Moerner, W. E.; Twieg, R. 1. Org. Chem 2006 71, 9651.

(9) (@) Qin, W.; Baruah, M.; Stefan, A.; Van der Auweraer, M.;
ChemPhysChe2005 6, 2343. (b) Baruah, M.; Qin, W.; Flors, C.; Hofkens,
J.; Vallee, R. A. L.; Beljonne, D.; Van der Auweraer, M.; De Borggraeve,
W. M.; Boens, N.J. Phys. Chem. R006 110, 5998.

(10) Westmark, P. R.; Gardiner, S. J.; Smith, B.JDAm. Chem. Soc.
1996 118 11093.

(11) Huang, M. H.; Soyez, H. M.; Dunn, B. S.; Zink, JOhem Mater.
200Q 12, 231.

(12) Klymchenko, A. S.; Stoeckel, H.; Takeda, K.;"MeY. J. Phys
Chem B 2006 110, 13624.

(13) (&) Miura, T.; Urano, Y.; Tanaka, K.; Nagano, T.; Ohkubo, K.;
Fukuzumi, SJ. Am. Chem. So2003 125, 8666. (b) Gabe, Y.; Urano, Y.;
Kikuchi, K.; Kojima, H.; Nagano, TJ. Am. Chem. So@004 126, 3357.

(14) (a) de Frutos, Q@ Gomez-Lor, B.; Granier, T.; Monge, M. A
Gutierrez-Puebla, E.; Echavarren, A. Mngew Chem, Int. Ed. 1999 38,
204. (b) de Frutos, Q Granier, T.; Geez-Lor, B.; Jimeez-Barbero, J.;
Monge, A; Gutiarez-Puebla, E.; Echavarren, A. l@hem—Eur. J. 2002
8, 2879. (c) Kimura, M.; Kuwano, S.; Sawaki, Y.; Fujikawa, H.; Noda, K.;
Taga, Y.; Takagi, KJ. Mater. Chem 2005 15, 2393. (d) Lambert, C.;
Ndll, G.; Schnidzlin, E.; Meerholz, K.; Bfachle, C.Chem—Eur. J. 1998
4, 2129. (e) Jacob, K.; Becher, J. Y.; Ellern, A.; Khodorkovsky, V.
Tetrahedron Lett1999 40, 8625. (f) Jacob, K.; Sigalov, M.; Becher, J.
Y.; Ellern, A.; Khodorkovsky, V.Eur. J. Org. Chem 200Q 11, 2047. (g)
Plater, M. J.; Praveen, M.; Howie, A. R. Chem Res. (S)1997, 46. (h)
Sbrogiq F.; Fabris, F.; de Lucchi, GGazz Chim Ital. 1995 125 623.
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(16) (a) Entwistle, C. D.; Marder, T. BZChem Mater. 2004 16, 4574.
(b) Charlot, M.; Ports, L.; Entwistle, C. D.; Beeby, A.; Marder, T. B.;
Blanchard-Desce, MPhys Chem Chem Phys 2005 7, 600. (c) Noda, T.;
Ogawa, H.; Shirota, YAdv. Mater. 1999 11, 283. (d) Noda, T.; Shirota,
Y. J. Am Chem Soc 1998 120, 9714. (e) Jia, W. L.; Song, D.; Wang, S.
J. Org. Chem 2003 68, 701. (f) Yamaguchi, S.; Shirasaka, T.; Tamao, K.
Org. Lett 2000 2, 4129. (g) Yamaguchi, S.; Shirasaka, T.; Akiyama, S.;
Tamao, K.J. Am Chem Soc 2002 124, 8816. (h) Stahl, R.; Lambert, C.;
Kaiser, C.; Wortmann, R.; Jakober, Rhem—Eur. J. 2006 12, 2358. (i)
Mazzeo, M.; Vitale, V.; Sala, F. D.; Anni, M.; Barbarella, G.; Favaretto,
L.; Sotgiu, G.; Cingolani, R.; Gigli, GAdv. Mater. 2005 17, 34. (j) Liu,
Z.-Q.; Fang, Q.; Wang, D.; Cao, D.-X.; Xue, G.; Yu, W.-T.; Lei,EChem—
Eur. J. 2003 9, 5074. (k) Liu, Z.-Q.; Fang, Q.; Cao, D.-X.; Wang, D.; Xu,
G.-B. Org. Lett 2004 6, 2933. (I) Yuan, M.-S.; Fang, Q.; Liu, Z.-Q.; Guo,
J.-P.; Chen, H.-Y.; Yu, W.-T.; Xue, G.; Liu, D.-S. Org. Chem 2006 71,
7858. (m) Schulz, A.; Kaim, WChem Ber. 1989 122 1863. (n) Yuan,
Z.; Taylor, N, J.; Ramachandran, R.; Marder, T Appl. OrganometChem
1996 10, 305. (0) Yuan, Z.; Collings, J. C.; Taylor, N, J.; Marder, T. B.;
Jardin, C.; Halet, J.-RJ. Solid State Chem200Q 154, 5. (p) Fiedler, J.;
Zali§, S. Inorg. Chem 1996 35, 3039. (q) Jia, W.-L.; Bai, D.-R,;
McCormick, T.; Liu, Q.-D.; Motala, M.; Wang, R.-Y.; Seward, C.; Tao,
Y.; Wang, S.Chem—Eur. J. 2004 10, 994.

(17) Yamaguchi, S.; Akiyama, S.; Tamao, K.Am Chem Soc 2001,
123 11372.

(18) Kubo, Y.; Yamamoto, M.; lkeda, M.; Takeuchi, M.; Shinkai, S.;
Yamaguchi, S.; Tamao, KAngew Chem, Int. Ed. 2003 42, 2036.

(19) (a) Sole S.; GabbaiF. P.Chem Commun 2004 1284. (b) Chiu,
C.-W.; GabbalF. P.J. Am Chem Soc 2006 128 14248. (c) Hudnall, T.
W.; Melaimi, M.; Gabbé& F. P.Org. Lett 2006 8, 2747. (d) Lee, M. H.;
Agou, T.; Kobayashi, J.; Kawashima, T.; Gahbéu P.Chem Commun
2007, 1133.

(20) (a) Liu, X. Y.; Bai, D. R.; Wang, SAngew. Chem., Int. E2006
45,5475, (b) Sun, Y.; Ross, N.; Zhao, S.-B.; Huszarik, K.; Jia, W.-L.; Wang,
R.-Y.; Macartney, D.; Wang, SI. Am Chem Soc 2007, 129, 7510.

(21) Parab, K.; Venkatasubbaiah, K:klig F.J. Am Chem Soc 2006
128 12879.

(22) Liu, Z.-Q.; Shi, M,; Li, F.-Y.; Fang, Q.; Chen, Z.-H.; Yi, T.; Huang,
C.-H. Org. Lett 2005 7, 5481.



Donor-and-Acceptor Substituted Truxenes ]OC Article

L

SCHEME 1. Synthesis of Title Compound3

aReaction conditions: (a) bromine, GEl,, 25°C, 12 h; (b) (g) and (j) HI@, I,, CH;COOH-H,SO:—H,0—CCls, 80°C, 4 h; (c) and (d) 1,2-propanediol
carbonate, NBS, 60C, 2 h; (f), (h), and (k) diphenylamine, KOs, Cu (powder), 18-crown-6-ether, 1,2-dichlorobenzene, reflux, 8 h; (e) (i) and (I)
dimesitylboron fluoriden-BuLi, THF, —78 °C, 2 days.
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FIGURE 1. (a) Absorption and fluorescence spectig & 360 nm) ofB1, B2, B3, andB2N in THF with c = 1.0 x 107 mol/L; (b) of N1, N2,
N3, andBN2.

The key procedure of synthesiziBiN2 andB2N is quantita- other polar compound®3@, B2, N1, N2, BN2, B2N as well as
tive bromination and iodination of compoutidWe can change  precursor®, 3, 4, 5, 6, 7) are reported herein for the first time.
the ratio of NBS andl to make the main product mono- or Bathochromic Emission and CT Properties.As shown in
disubstituted. The resultant mixture&nd5 was very difficult Figure 1 and Table 1, with increasing substitueBt((N1) —
to separate by column chromatography, and they were separate®2(N2) — B3(N3)), the intensity of the absorption band at 360
by repetitive recrystallizations in 1,2-propanediol carbonate. nm increased. The molar extinction coefficiepty of this band
Compound4 or 7 was obtained via Cu-mediated Ullmann of all eight compoundsR1, B2, B3, N1, N2, N3, B2N, and
condensation o8 or 6. Schlenk techniques were used to obtain BN2) is approximately proportional to the number of branches,
BN2 or B2N by reacting4 or 7 with dimesitylboron fluoride in but the absorption maximurysis basically invariant, despite
the presence af-BuLi. The Cz symmetric compoundB3 and the number and the nature of the substituent group. The
N3 have been reported in our previous wéfkand all of the absorption maximumg,sof N3 has a~20 nm red shift relative

J. Org. ChemVol. 72, No. 21, 2007 7917
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TABLE 1. Photophysical Data (in THF) of the Subject Compounds

Aapd €max 2 AP ATIAfe Depmad Tf 79 uh

(nm) (10*M~tcm) (nm) (1 cm™?) (1 cm™?) ®d (10*M~tcmY) (ns) (ns) (Debye)
B1 358 (358) 3.0 385 1.96 6.7 0.56 1.7 3.2 5.7 0.55
B2 362 (361) 7.6 387 1.78 5.2 0.40 3.0 4.2 10.5 0.48
B3 362 (360) 12.1 386 1.72 4.3 0.34 4.1 4.4 12.9 0.046
N1 356 (356) 2.9 392 2.58 59 0.49 1.4 1.6 3.3 0.22
N2 360 (360) 5.6 390 2.14 5.0 0.36 2.0 1.9 5.3 0.20
N3 364 (363) 9.8 390 1.83 4.7 0.27 2.6 21 7.8 0.021
BN2 362 (361, 450) 8.6 496 7.46 19.9 0.21 1.8 14.4 68.6 0.89
B2N 362 (362, 448) 10.1 500 7.62 19.7 0.20 2.0 18.1 90.5 0.87

a Absorption and fluorescence maxima with= 1.0 x 10°° mol/L; the values in parentheses are calculated by TD-DFT method (for simplicity, ethyl
groups in truxene and methyl groups in mesityl have been replacaddatom).? Stokes shift® The slope of plot oA7 versusAf in aprotic solvents based
on the Lippert-Mataga equation, wher&f = [(e — 1)/(2¢ + 1)] — [(n? — 1)/(2n? + 1)]. 9 Fluorescence quantum yield determined using coumarin 307 as
standard® Scaled for fluorescence intensifyFluorescence lifetime! Radiative lifetime defined by, = 7/®. " The calculated ground state dipole moment
by DFT method (see SI).

to that of 1,3,5-(NPh-CgHy4)3(CsH3) in the same solver

indicating that the planarity and-conjugation of truxene are %7-&

better than those of 1,3,5-triphenylbenzene. ? -r,:‘.',;?
When considering the emission and solvatochromic proper- ) LUMO s

ties, the title compounds can be divided into two groups. The ,o.',.’j., ve "o

first group consists of D-or-A substituted compounB4,(B2, ‘I:I“:.“" Rt ‘:;'b:

B3, N1, N2, N3), which emit blue fluorescence at about 390 &) Ba 3 %

nm in THF with a short lifetime# < 5 ns) and show moderate AN

Stokes shift (ca. 2000 cr; see Table 1). The second group 2’3

consists of D-and-A substitut&®PN andBN2, which emit green "':'.-

light around 500 nm in THF with much longer lifetime & \ )4 (4 iy,

10 ns) and show extremely large Stokes sHif & 7000 cnt?). ‘€ HOMO 3 :',1?':"‘. E

ComparingN3 with BN2, or B3 with B2N, we can see that the B ¢,8B

substitution of an N (B) foa B (N) atom results in more than ’

a 100 nm red shift of the fluorescence, whereas a large chemical BN2 LL%\ B2N

diversity among the D-or-A substituted compounds did not result

in a significant spectral difference. FIGURE 2. Schematic of the frontier molecular orbitals, energy levels,
In order to understand the spectral behaviors, we carried outand transitions 0BN2 andB2N based on TD-DFT calculation. Due

a TD-DFT (time-dependent density functional theory) calcula- to the large molecular size, the ethyl and methyl groups have been

tion at the B3LYP/6-31G* level (see Supporting Information rep_laqed B a H atom, and the reduced structures have been further

. . optimized by DFT methods.

(Sl hereatfter) for details). For the D-or-A substituted compounds,

the lowest-lying allowed transition is located at 360 nm, and substituted compounds and extraordinarily large for the D-and-A

there are no (allowed or forbidden) transitions longer than this substituted ones. The emission maxim&b2 andB2N extend

wavelength. For D-and-A substitut&N2 and B2N, the most from about 420 nm (blue-violet in hexane) to about 580 nm

allowed transition is also at 360 nm, but another weak transition (salmon pink in acetonitrile), spanning 160 nm of the spectral

(with the oscillator strength beirfg= 0.02) appears at 450 nm.  region. This broad region offers real possibility to enhance their

Figure 1 indeed shows relatively strong absorptioBNR and sensitivity as polarity probes. They show distinct color changes

B2N in the right-hand tails of the absorption profiles. in different aprotic solvents under UV light excitation (Figure
Our subject molecules are all rigid, and we can assume that3).

the molecular conformations do not undergo large changes in It is known that solvatochromic effect is associated with the

the course of relaxation from the Franondon state to the  CT of a molecule and that the degree of CT can be estimated

fluorescent state. Therefore the LUMO dBN2 and B2N) by the Lippert equatiof?

shown in Figure 2 may be close to their fluorescent state. The

calculated weak transitiorf € 0.02) between the LUMO and AT = 2Aug“Afihca’ + const

HOMO is consistent with the much longer radiative lifetime

(shown in Table 1), and the corresponding transition wavelength where A is the Stokes shiftAueq is the dipole moment

(450 nm) is in agreement with the dramatically red-shifted difference between the excited state and the ground stéte,

emission. One can notice that LUMOsBR2 andB2N are of the orientation polarizability expressedas= [(e — 1)/(2 +

the CT state (Figure 2). 1] — [(n? = 1)/(2n? + 1)], € andn are the dielectric constant
Solvatochromism and Polarity Sensing.The absorption and refractive index of the solvent, aads the cavity radius of

spectral properties of all these compounds are basically inde-the molecule. By the Lippert equation, the slope of Aig; —

pendent of the solvent. However, their emission spectra exhibit Af plot, symbolized as\v/Af, can be a measure dueg

positive solvatochromism. As shown in Figures 3, 4, and Table ~AS shown in Figure 4 and Table 1, tA&/Af values of the
3 (in Sl), the solvatochromism is moderate for the D-or-A Six D-or-A compounds are almost the same. TéAf values

of the D-and-A compound8N2 or B2N are also virtually
(23) Plater, M. J.; McKay, M.; Jackson, . Chem. Soc., Perkin Trans.  identical and 4 times that of the D-or-A compounds. On the
1200Q 2695. basis of the similar molecular dimensions am@&=8g) N3, BN2,

7918 J. Org. Chem.Vol. 72, No. 21, 2007
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FIGURE 3. Normalized emission spectra 8N2 (a) andB2N (b) in different solventsq = 1.0 x 107 mol/L, Aex = 360 nm; A, hexane; B,
toluene; C, CHG} D, THF; E, acetone; F, CK¥N; G, n-PrOH; H, EtOH; |, MeOH; J, KO). (c) Fluorescence d@2N in various aprotic solvents
under UV light.
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* B2
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.00 0.05 0.10 0.15 0.20 0.25 030 0.35
Af Af

FIGURE 4. Stokes shiftA¥ versus orientation polarizabilitf of the aprotic solvents (the detailed solvents can be found in Figure 5b): (a) for
BN2, N1, N2, andN3; (b) for B2N, B1, B2, andB3.

and B2N and on the calculated ground dipole momegtin opposite. Their emission maxima are located at a relatively
Table 1, we conservatively estimate that the excited dipole shorter wavelength in the protic solvents, which means, in protic
momentu. of BN2 or B2N is at least twice thag. of N3 or B3: solvents, the points lie under ti& — Af line of aprotic solvents
(see Figure 5b).
#e (BNZ or B2N) > 2u, (N3 or B3) As shown in Figure 5, by combining the normal probes and
L . ) the anomalou88N2 or B2N, we can acquire the aprotic-or-
This indicates that the polarity of thBN2 and B2N in the protic information of a polar environment, and this selectivity
excited state has been greatly enhanced. may be useful in biological and environmental research. For
Protic versus Aprotic ResponseCompound®8N2 andB2N example, the emission maxima@DMN-GlyOMe are/. = 549

show anomalous solvatochromism compared with other reported,,y, in CHCN and 589 nm in MeOH those ofB2N are/ =

solvatochromic fluorescent probes. As shown in Figure 5a, 582 nm in CHCN and 528 nm in MeOH. In an unknown
common solvatochromic probes such as methyl 2-[6-(dimethy- oy ironment, if the emission maximum BEN is at about 580

lamino)-2,3-naphthalimido] acetatéMN-GlyOMe) usually nm, this may be a highly polar aprotic environment; if the
produce relatively smaller Stokes shifts in aprotic solvents than g mission maximum oB2N is at about 530 nm and that of
in protic solvent$:35-8 The points in protic solvents in th&v 6DMN-GlyOMe is at about 580 nm, we know this is a protic

— Af graph are generally above the line describing the aprotic onvironment.

solvents. However, for the case BN2 and B2N, it is the The unique solvatochromism of (hydroxyl-based) protic

(24) (2) Von Lippert, EZ. Naturforsch A: Phys. Sc1955 10, 541. (b) versus aprotic solvents may be partly attrlbutgd_ to the interac-
Mataga, N.: Kaifu, Y.: Koizumi, MBull. Chem. Soc. JprL955 28, 690. tions between the nitrogen donor and the acidic hydrogen of
(c) Von Lippert, E.Z. Electrochem1957, 61, 962. the hydroxyl group (N*H—OR hydrogen bonding), which
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FIGURE 5. Stokes shiftA¥ versus orientation polarizabilitf of the solvents: (a) foBDMN-GlyOMe (O, aprotic solvents®, protic solvents)
and (b) forB2N (O, aprotic solventsH, protic solvents).
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FIGURE 6. Absorption spectra for the titration &3, B2N, andBN2 (¢ = 1.0 x 10°° mol/L in THF) with n-BusNF solution of THF: (a), (b),
and (c) ofB3; (d) and (e) ofB2N; (f) of BN2.

reduce the donor capability and truncate thdelocalization. TABLE 2. The Binding Constants of F~ to B1, B2, B3, BN2, and
The much blue-located emission in water shows the extreme B2N
case, where the donating function-eNPh, in BN2 andB2N Ki (MY K2 (MY Kz (M)
has been greatly extinguished by N H™ or N--*H—O—H B1 31 x 10
interactions. B2 29x 10 2.8x 10¢

Fluoride lon Sensing and F — B Coordination. Com- B3 3.9x 10° 2.5x 10 16x 10
poundsB1, B2, B3, BN2, andB2N are sensitive to the fluoride BN2 2.5x 1P

! . . . B2N Ax1 22x 1
ion. As shown in Figure 6 and in SlI, on additioneBusNF to 31x10° x 10

a THF solution oB3, a gradual decease in intensity of the 360

nm absorption band was observed, and the-2&D nm band with the decreasing of the green emission peak at 500 nm, a
emerges and grows. The evolution of the absorption curves of new blue peak at 380 nm progressively develops in the course
BN2 or B2N with the titration of the F are similar, but not as of F~ titration. This means that the evolution of the emission
sharp as that d3. The binding constants of the five compounds spectra oBN2 and B2N shows both the turn-off and turn-on
with fluoride ion have been determined based on the absorptioncharacters. Similar spectral behaviors have been observed with

titrations (Table 2). other molecular or polymeric systef0-22 whereas the “off-
As shown in Figure 7a, the blue emission bandB&f has and-on” character of the emission spectraBdf2 andB2N is
been gradually quenched in the course otiFation. This turn- more significant because their two strong peaks are well-

off type of spectral signal change is not very sensitive, for the separated by a spacing of 120 nm.

quenching may be caused by other external factors. Recently, This characteristic color change makes the detectionof F
Wang and co-workers have reported the turn-on type of more convenient and less subject to external factors. Further-
fluorescence sensor which made progress compared with themore, the off-and-on property &N2 or B2N means they can
turn-off type of fluoride ion prob&% As shown in Figure 7b, act as highly sensitive and selective (see Sl) sensors in the
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FIGURE 7. Emission spectra for the titrations 8f3 (a), BN2 (b), andB2N (c) (c = 1.0 x 1075 mol/L in THF, Aex = 360 nm,N1 andN2 in
toluene) withn-Bus;NF solution of THF.

fluorescent ratiometric methd82® The sensitivity can be  quite different in chemical composition but show similar spectral
enhanced by measuring the ratio of the fluorescence intensitiesbehaviors. On the other hand, larger spectral changes are
at two different wavelengths. observed foBN2 andB2N, where effective charge transfer (CT)
As shown in Figure 7b and c, the emission spectra approachexists.
an asymptotic profile in the off-and-on evolution with a total The 110 nm red shift of the emission peak of D-and-A
addition of 3 or 4 equiv of the Fto theBN2 or B2N solution, compounds BN2 and B2N) relative to all the D-or-A com-
respectively. It is noteworthy that the asymptotic emission pounds can be interpreted as the result of nesting a CT state
spectra of the F coordinate-saturated solution BN2 or B2N (HOMO or LUMO) between the 360 nm of energy gap of the

are close to the emission spectra of compouN@sor N1, D-or-A compounds (see Figure 2).
respectively, as if the-B(Mes), acceptor had been removed or The 160 nm red shift (420 nm in hexane to 580 nm in
shielded. acetonitrile) and the proton-dependent solvatochromism of the

This suggests that the”F— B coordination changes the emission ofBN2 and B2N are evidence of their highly polar
trivalent boron to tetravalent one, saturating the acceptor. The CT fluorescent state and can be used to probe the polarity of
loss of the acceptor greatly reduces the CT, quenches the CTsolutions and further to identify protic and aprotic environments.
emission band, and the fluorescence spectra appear to be those In the presence of fluoride ion, the fluorescence peak position
of no-acceptor compounds. Fortunately, the turn-off of the CT of BN2 or B2N can be blue shifted to that observed 2 or
emission band (500 nm) iBN2 or B2N is accompanied by the ~ N1. ThusBN2 and B2N prove to be promising fluoride ion

turn-on of the emission band (380 nm) b2 or N1. This probes based on their highly sensitive off-and-on spectral

interesting property oBN2 andB2N enables them to be highly  response of the fluorescence.

sensitive fluoride ion probes. We have shown that the multifunctional probe abilities of
BN2 and B2N can be related to their novel CT properties, as

Conclusion well as to their versatile N-H—O hydrogen bonding andF

) — B coordination.
Two functional groups tN(Ph) donor and —B(Mes)

acceptor) have been substituted into the three “corners” of the
triangular truxene molecule, resulting in eight compounds: the
D-or-A substitutedB1, B2, B3, N1, N2, N3 and the D-and-A Synthesis of 2-Dimesitylboryl-7,12-dill,N-diphenylamino)-
substitutedBN2 andB2N. All D-or-A substituted members are  5,5,10,10,15,13-hexaethyltruxene (BN2).n-BuLi (2.8 M solution
in n-hexane, 0.50 mL, 1.40 mmol) was added to a stirred solution
(25) (a) Yang, R. H.; Li, K. A.; Wang, K. M.: Zhao, F. L.; Li, N.; Liu, of compound? (0.45 g, 0.49 mmol) in THF (15 mL) under nitrogen

F. Anal. Chem2003 75, 612. (b) Xu, Z. C.; Xiao, Y.; Qian, X. H.; Cui, @t =78 °C over 20 min, and followed by warming to room
J. N.; Cui, D. W.Org. Lett.2005 7, 889. temperature naturally. After reacting for further 4 h, the reactants

Experimental Section
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were cooled to-78 °C again, and dimesitylboron fluoride (0.38 g, diluted with ethyl acetate, washed with water, and dried over
1.42 mmol) in THF (5 mL) was injected over 20 min. The magnesium sulfate. After removing solvents, the crude product was
temperature was allowed to naturally rise to room temperature andobtained. After purified by column chromatography on silica gel,
the mixture continuously stirred for 2 days. Then the reactants were eluting with dichloromethane/petroleum ether (1:8), compdsaN
diluted with ethyl acetate, washed with water, and dried over was obtained (0.65 g, 4298 = 0.49) as a white powder: mp
magnesium sulfate. After removing solvents, the crude product was >400°C; 'H NMR (CDCls, 400 MHz, ppm)) 0.16-0.28 (m, 18H),
obtained. After purified by column chromatography on silica gel, 1.52-2.06 (m, 30H), 2.34 (s, 12H), 2.8®.92 (m, 6H), 6.85 (s,
eluting with dichloromethane/petroleum ether (1:8), compdsiN@ 8H), 7.02-7.60 (m, 16H), 8.128.27 (m, 3H);13C NMR (CDCk,

was obtained (0.23 g, 449%%: = 0.37) as a white powder: mp 100 MHz, ppm)d 153.8, 151.5, 151.3, 147.4, 146.1, 145.1, 144.7,
331-333°C; 'H NMR (CDCl3, 400 MHz, ppm)d 0.17-0.29 (m, 1441, 143.9, 141.6, 140.5, 138.3, 138.2, 138.1, 138.0, 134.7, 129.4,
18H), 1.96-2.06 (m, 18H), 2.33 (s, 6H), 2.82.90 (m, 6H), 6.85 128.8, 127.7, 123.8, 123.7, 123.6, 122.3, 117.1, 56.4, 56.3, 56.2,
(s, 4H), 7.06-7.58 (m, 26H), 8.088.21 (m, 3H);3C NMR 29.2, 28.8, 28.6, 23.1, 20.8, 8.2, 8.0; YVis (THF, 1.0x 1075
(CDCl;, 100 MHz, ppm) 153.8, 153.7, 151.4, 147.5, 145.9, 144.2, mol/L) A/nm (¢/dm?-mol~1-cm1) 362 (101000); MALDI-TORMWz
143.4,140.5, 138.1, 137.9, 135.0, 134.8, 134.6, 129.4, 128.7, 127.7,1174.8 M*], 1145.8 M — 29]*. Anal. Calcd for G;HgsB2N: C,
124.9, 123.7, 123.6, 122.2, 121.5, 117.2, 56.2, 56.1, 29.2, 28.8,88.98; H, 7.98; N, 1.19. Found: C, 88.71; H, 8.12; N, 1.11.
28.7,23.1, 20.8, 8.2, 8.0; UWis (THF, 1.0x 1075 mol/L) A/nm

(e/dmPmol~1-cm™1) 362 (86 000); MALDI-TOFmWZz1093.7 M*], Acknowledgment. We thank the National Natural Science

1064.7 M — 29]*. Anal. Calcd for GiHgiBN2: C, 88.98; H, 7.47;  Foundation of China (Nos. 20472044 and 50673054), the Ph.D.

N, 2.56. Found: C, 88.81; H, 7.63; N, 2.34. _ Foundation of Ministry of Education of China, and the Founda-
Synthesis of 2,7-Di(dimesitylboryl)-124,N-diphenylamino)- tion of Key Laboratory of Organofluorine Chemistry of Chinese

5,8,10,10,15,18-hexaethyltruxene (B2N).n-BuLi (2.8 M solution — aAcademy of Science for financial support of this work.
in n-hexane, 2.00 mL, 5.60 mmol) was added to a stirred solution

of compound3 (1.10 g, 1.32 mmol) in THF (30 mL) under nitrogen
at —78 °C over 20 min, and followed by warming to room
temperature naturally. After reacting for further 4 h, the reactants
were cooled to-78 °C again, and dimesitylboron fluoride (1.34 g,
5.00 mmol) in THF (10 mL) was injected over 30 min. The
temperature was allowed to naturally rise to room temperature and
the mixture continuously stirred for 2 days. Then the reactants were JO071064W

Supporting Information Available: Syntheses, relevant spectral
graphs, and data of compounB4, B2, B3, N1, N2, andN3; the
calculation of binding constants; the computational work and results
of B3, N3, BN2, andB2N. This material is available free of charge
via the Internet at http:/pubs.acs.org.

7922 J. Org. Chem.Vol. 72, No. 21, 2007



