Inorg. Chem. 2005, 44, 1332-1343

Inorganic:Chemistry

* Article

Blue Luminescent 2-(2 '-Pyridyl)benzimidazole Derivative Ligands and
Their Orange Luminescent Mononuclear and Polynuclear
Organoplatinum(ll) Complexes

Qin-De Liu, Wen-Li Jia, and Suning Wang*

Department of Chemistry, Queen’s Waisity, Kingston, Ontario K7L 3N6, Canada

Received September 6, 2004

Five new 2-(2'-pyridyl)benzimidazole derivative ligands, 1,4-bis[2-(2'-pyridyl)benzimidazolyllbenzene (1,4-bmb), 4,4'-
bis[2-(2'-pyridyl)benzimidazolylbiphenyl (bmbp), 1-bromo-4-[2-(2'-pyridyl)benzimidazolyllbenzene (Brmb), 1,3-bis-
[2-(2'-pyridyl)benzimidazolyl]benzene (1,3-bmb), and 1,3,5-tris[2-(2'-pyridyl)benzimidazolylloenzene (tmb), have been
synthesized by Ullmann condensation methods. The corresponding mononuclear and polynuclear Pt' complexes,
Pty(1,4-bmb)Ph, (1), Pty(bmbp)Ph; (2), Pt(Brmb)Ph, (3), Pty(1,3-bmb)Ph, (4), and Pts(tmb)Phs (5), have been obtained
by the reaction of the appropriate ligand with [PtPhy(SMe,)],. The structures of the free ligands 1,4-bmb, bmbp,
and tmb, as well as the complexes 1-3, were determined by single-crystal X-ray diffraction. All ligands display
fluorescent emissions in the purple/blue region of the spectrum at ambient temperature and phosphorescent emissions
in the blue/green region at 77 K, which are attributable to ligand-centered = — s* transition. No ligand-based
emission was observed for the Pt' complexes 1-5. All Pt" complexes display orange/red emissions at 77 K in a
frozen solution or in the solid state, attributable to metal-to-ligand charge transfers (MLCT). Variable-temperature
'H NMR experiments establish that complexes 1, 4, and 5 exist in isomeric forms in solution at ambient temperature
due to the hindered rotation of the square PtC,N, planes in the complexes.
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f""”m"?”m: there has be?” much research effort on the tions on phosphorescent emitters for OLEDs have generated
investigation of new luminescent organic/organometallic 1 interest in emitter materials containing heavy-metal

compounds for use in the improvement of organic light- o vere pii and 1# are among the most widely investigated
emitting devices (OLEDS):® It has been demonstrated that
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Luminescent Organoplatinum(ll) Complexes

metal centers because heavy metal centers witbrdf pyridyl)benzimdazole derivative ligands and their corre-
electronic configurations can either enhance ligand-centeredsponding Pt complexes.

phosphorescent emissioor produce metal-to-ligand charge-

transfer (MLCT) emission. As part of our research efforts Experimental Section

to investigate the coordination chemistry of starburst organic All starting materials were purchased from Aldrich Chemical

compounds and develop new phpsphorgscent metal COMTy. and used without further purification. All solvents used in
plexes, we reported recently a series of linear and starbursigyntheses and spectroscopic measurements were distilled over
2,2 -dipyridylamine derivative ligand$and the luminescent appropriate drying reagentéd NMR and3C NMR were recorded
properties of their Ptcomplexes? Although the free ligands  on a Bruker Advance 500 MHz spectrometer operated at 500 MHz
based on 2,2dipyridylamine derivatives were demonstrated for 'H and 125 MHz for!3C. Excitation and emission spectra were
to be useful blue emitters in OLED®, their Pt complexes obtained with a Photon Technologies International QuantaMaster
were found to on|y d|sp|ay weak green phosphorescent model C-60 spectrometer. Emission lifetime was measured on a
emission at 77 K. The lack of phosphorescence by the Pt Photon Teghnologies Internationaln phosphprescent lifetime spec-
complexes at ambient temperature could be caused by thdrometer, Tlme_master C-631F equn_pped with axenon flash lamp,
low rigidity of the six-membered chelate ring of the 2,2 and digital emission photon multiplier tUb.e using a band pathway
L . . ’ of 5 nm for excitation and 2 nm for emission. WVis spectra
dlpyrldylamlo group, which leads to the IOSS_ c_)f_energy by were recorded on a Hewlett-Packard 8452A diode array spectro-
thermal vibrational decal?. To enhance the rigidity of the photometer. Cyclic voltammetry was performed using a BAS CV-
chelate, we synthesized a series of 2ggridyl)benzimida- 50W analyzer with scan rates of 100 msThe electrolytic cell
zole derivative ligands. Similar to 2;8ipyridylamine, 2-(2 used was a conventional three-compartment cell, in which a Pt
pyridyl)benzimidazole also possesses two neutral nitrogenworking electrode, a Pt auxiliary electrode, and Ag/AgCl reference
donors that can chelate to a metal center and an NH siteelectrode were employed. The CV measurements were performed
that can be coupled to a carbon atom of different aryl groups, at room temperature using 0.10 M tetrabutylammonium hexafluo-

forming various interesting ligands. In contrast to the'-2,2
dipyridylamino group, the 2-(2pyridyl)benzimidazolyl group

forms a five-membered chelate ring with a metal center, thus

resulting in a relatively rigid chelate complex. In addition,
the 2-(2-pyridyl)benzimidazolyl group is more conjugated
than 2,2-dipyridylamino, which may result in a relatively
low energy emission that is red-shifted, compared to that of
the corresponding 2:2lipyridylamino complexes. Herein we
report the results of our investigation on the new 2-(2
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IEEE Trans. Electron Déices1997, 44, 1218. (i) Ogawa, H.; Ohnishi,
K.; Shirota, Y.Synth. Met1997, 91, 243. (j) Elschner, A.; Bruder,
F.; Heuer, H. W.; Jonas, F.; Karbach, A.; Kirchmeyer, S.; Thurm, S.;
Wehrmann, RSynth. Met200Q 111—-112, 139.

(10) (a) Yang, W. Y.; Chen, L.; Wang, $horg. Chem2001, 40, 507. (b)
Pang, J.; Tao, Y.; Freiberg, S.; Yang, X. P.; D’lorio, M.; WangJS.
Mater. Chem?2002 12, 206.

(11) Liu Q. D.; Jia, W. L.; Wu, G.; Wang, SOrganometallics2003 22,
3781.

(12) (a) Lakowicz, J. RPrinciple of Fluorescence Spectroscogyd ed.;
Kluwer Academic: New York, 1999. (b) Ingle, J. D., Jr.; Crouch, S.
R. Spectrochemical Analysi®rentice Hall: Englewood Cliffs, NJ,
1988; Chapter 12.

rophosphate (TBAP) as the supporting electrolyte. The ferrocenium/
ferrocene couple was used as the internal standard. Elemental
analyses were performed by Canadian Microanalytical Service Ltd.,
Delta, British Columbia, Canada. The syntheses of the ligands 1,4-
bmb, bmbp, Brmb, 1,3-bmb, and tmb were achieved by a modified
Ullmann condensation method reported previoddlythe Pt
starting material [PtP{iSMe)], (n = 2 or 3) was prepared using

a procedure reported in the literatdfe.

Syntheses of 1,4-Bis[2-(2oyridyl)benzimidazolyllbezene (1,4-
bmb) and 1-Bromo-4-[2-(2-pyridyl)benzimidazolyllbenzene
(Brmb). A mixture of 1,4-dibromobenzene (0.50 g, 2.12 mmaol),
2-(2-pyridyl)benzimidazole (0.99 g, 5.0 mmol), Cul (0.081 g, 0.43
mmol), 1,10-phenanthroline (0.16 g, 0.88 mmol), andd% (2.9
g, 8.9 mmol) was suspended in 3.0 mL of DMF. The mixture was
refluxed for 24 h and then cooled to room temperature. The resulting
brown sticky residue was extracted with @, (50 mL x 4), and
the organic extracts were combined, dried over Mg@d purified
by column chromatography (1:1 THF/hexane) to obtain the crude
product of 1,4-bmb as light yellow powder. Recrystallization of
the crude product in CHg@hexanes afforded 1,4-bmb as colorless
crystals (0.40 g, 35%). Mp: 229230 °C. 'H NMR (CDCl,, o,
ppm): 8.46 (d, 2H,) = 4.7 Hz, py), 8.31 (d, 2H) = 7.9 Hz, py),
7.91 (dd, 2HJ = 6.5, 1.8 Hz, benzimidazolyl), 7.88 (td, 28 =
7.8, 1.7 Hz, py), 7.48 (s, 4H, Ph), 7.37.44 (m, 6H, benzimida-
zolyl), 7.35 (ddd, 2HJ = 7.5, 4.8, 1.0 Hz, py):3C NMR (CD.Cl,,

o, ppm): 151.0, 149.9, 149.0, 143.3, 138.2, 138.0, 137.0, 128.6,
125.0, 124.3, 124.2, 123.5, 120.5, 111.2. Anal. Calcd for
CaoH2oNe: C, 77.57; H, 4.31; N, 18.10. Found: C, 77.83; H, 4.14;
N, 18.20. Column chromatography also gave rise to the monosub-
stituted product, Brmb, which was further purified by recrystalli-
zation in CHCY/hexanes (0.24 g, 32%). Mp: 16870°C.H NMR
(CD.Cly, 6, ppm): 8.37 (d, 1HJ = 4.6 Hz, py), 8.28 (d, 1H) =

7.9 Hz, py), 7.87 (d, 1HJ = 8.0 Hz, benzimidazolyl), 7.84 (td,
1H,J = 7.8, 1.8 Hz, py), 7.66 (d, 2H] = 8.7 Hz, Ph), 7.38 (td,

(13) Klapars, A.; Antilla, J. C.; Huang, X. H.; Buchwald, S. .. Am.
Chem. Soc2001, 123 7727.

(14) (a) Hill, G. S,; Irwin, M. J.; Levy, C. J.; Rendina, L. M.; Puddephatt,
R. J.Inorg. Synth1998 32, 149. (b) Song, D.; Wang, 3. Organomet.
Chem.2002 648 302.

Inorganic Chemistry, Vol. 44, No. 5, 2005 1333



1H,J = 7.5, 1.2 Hz, benzimidazolyl), 7.34 (td, 14,= 8.0, 1.2
Hz, benzimidazolyl), 7.29 (ddd, 1H,= 7.5, 4.8, 1.0 Hz, py), 7.24
7.27 (m, 3H, Ph and benzimidazolyl}3C NMR (CD.Cl,, o,

Liu et al.

1H, J = 6.7 Hz, benzimidazolyl), 7.10 (t, 1H) = 7.1 Hz,
benzimidazolyl), 6.93 (t, 4H] = 7.2 Hz, Ph), 6.91 (t, 4H] = 6.8
Hz, Ph), 6.83 (t, 2H) = 7.2 Hz, Ph), 6.78 (t, 2H] = 7.1 Hz, Ph),

ppm): 150.8, 149.8, 149.0, 143.3, 138.1, 137.6, 137.0, 132.7, 129.6,6.50 (d, 1HJ = 8.0 Hz, benzimidazolyl), 6.48 (d, 1H,= 8.0 Hz,
124.9,124.3, 124.2, 123.5, 120.4, 111.1, 110.2. HRMS: calcd for benzimidazolyl). The'*C NMR spectrum could not be obtained

M+ (C1gH11N3Br), m'z 348.0136; foundm/z 348.0131.
Synthesis of 4,4Bis[2-(2-pyridyl)benzimidazolyllbiphenyl

due to poor solubility. Anal. Calcd for£HsNePt: C, 55.77; H,
3.47; N, 7.23. Found: C, 55.89; H, 3.48; N, 7.12.

(bmbp). Bmbp was synthesized in the same manner as described Synthesis of Pi(bmbp)Phs (2). In the same manner as described

for 1,4-bmb. In the presence of Cul (0.049 g, 0.26 mmol), 1,10-

phenanthroline (0.095 g, 0.63 mmol), and,C&; (1.75 g, 5.4
mmol), the reaction of 4;4iiodobiphenyl (0.52 g, 1.29 mmol) with
2-(2-pyridyl)benzimidazole (0.60 g, 3.0 mmol) afforded bmbp as
colorless crystals (0.47 g, 68%). Mpz300°C. *H NMR (CD,Cl,,

o, ppm): 8.45 (d, 2H,) = 5.0 Hz, py), 8.22 (d, 2HJ = 7.8 Hz,
py), 7.97 (d, 2HJ = 8.0 Hz, benzimidazolyl), 7.867.83 (m, 6H,
Ph and py), 7.47 (d, 4H] = 8.3 Hz, ph), 7.41 (ddd] = 8.1, 5.7,
2.5 Hz, benzimidazolyl), 7.337.37 (m, 4H, benzimidazolyl), 7.27
(dd, 2H,J = 7.5, 5.5 Hz, py)13C NMR (CD.Cly, 6, ppm): 150.9,

for 1 except layering toluene instead of hexane upon the solution,
the reaction of bmbp (50 mg, 0.093 mmol) and [R{BMe)], (76

mg, 0.185 mmol Pt) afforded compléxas orange crystals (103
mg, 89% vyield).!H NMR (DMSO-ds, 6, ppm): 8.33 (m, 6H, py
and central Ph), 8.09 (t, 2H,= 7.7 Hz, py), 8.02 (d, 2H) = 8.1

Hz, central Ph), 7.61 (t, 2H, = 7.5 Hz, py), 7.58 (d, 4H) = 7.3

Hz, Ph), 7.47 (d, 4H) = 7.0 Hz, Ph), 7.36 (t, 2HJ = 8.0 Hz,
benzimidazolyl), 7.18 (d, 2H) = 8.2 Hz, benzimidazolyl), 7.13
(d, 2H,J = 8.0 Hz, py), 7.09 (t, 2HJ = 7.5 Hz, benzimidazolyl),
6.93 (t, 4H,J = 7.5 Hz, Ph), 6.91 (t, 4H]) = 7.5 Hz, Ph), 6.83 (t,

149.8, 149.4, 143.1, 140.2, 138.0, 137.7, 136.9, 128.3, 128.2, 125.12H, J = 7.4 Hz, Ph), 6.77 (t, 2H) = 7.2 Hz, Ph), 6.48 (d, 2H]

1245, 124.2, 123.7, 120.7, 111.3. Anal. Calcd fogHz4Ne:
0.1CHCE: C, 78.47; H, 4.40; N, 15.21. Found: C, 78.64; H, 4.46;
N, 15.11.

Syntheses of 1,3,5-Tris[2-(2pyridyl)benzimidazolyllbenzene
(tmb) and 1,3-Bis[2-(2-pyridyl)benzimidazolyllbenzene (1,3-

= 8.2 Hz, benzimidazolyl). Th&*C NMR spectrum could not be
obtained due to poor solubility. Anal. Calcd foredEl4NePt
CH.Cl,: C,55.33; H, 3.47; N, 7.23. Found: C, 54.85; H, 3.48; N,
7.12.

Synthesis of Pt(Brmb)Ph (3). In the same manner as described

bmb). Tmb and 1,3-bmb were obtained in the same manner as for 1 except layering toluene instead of hexane upon the solution,
described for 1,4-bmb except that reaction was kept refluxing for the reaction of Brmb (20 mg, 0.057 mmol) and [Pif&Me)], (25
72 hinstead of 24 h. In the presence of Cul (0.11 g, 0.58 mmol), mg, 0.060 mmol Pt) afforded complekXas orange crystals (35

1,10-phenantholine (0.21 g, 1.17 mmol), and@3; (4.13 g, 12.7

mg, 88% yield)!H NMR (DMSO-ds, 6, ppm): 8.31 (d, 1H) =

mmol), the reaction of 1,3,5-tribromobenzene (0.60 g, 1.9 mmol) 5.0 Hz, py), 8.09 (d, 1H) = 8.0 Hz, py), 8.01 (d, 2H) = 8.6 Hz,

with 2-(2-pyridyl)indolyl (1.3 g, 6.7 mmol) afforded tmb and 1,3-

Ph-Br), 7.81 (d, 2H,J = 8.6 Hz, Ph-Br), 7.59 (dd, 1HJ = 7.5,

bmb. These two compounds were separated by column chromato-5.4 Hz, py), 7.55 (d, 2H) = 7.5 Hz, Ph), 7.45 (d, 2H] = 7.8 Hz,
graph using THF/hexane/MeOH (1:1:0.05) as the eluent, and the Ph), 7.31 (t, 1HJ = 8.2 Hz, benzimidazolyl), 7.12 (d, 1H,= 8.4

crude products were recrystallized from &Hi/hexanes to afford

Hz, benzimidazolyl), 7.05 (t, 1H} = 8.2 Hz, benzimidazolyl), 7.02

tmb (0.50 g, 40%) and 1,3-bmb (0.28 g, 32%) as colorless crystals. (d, 1H,J = 8.1 Hz, py), 6.91 (t, 2HJ = 7.2 Hz, Ph), 6.90 (t, 2H,

Tmb: mp 277%279°C;*H NMR (CD,Cl,, 6, ppm) 8.49 (d, 3HJ
= 4.5 Hz, py), 8.30 (d, 3HJ = 7.9 Hz, py), 7.90 (d, 3HJ = 8.0
Hz, benzimidazolyl), 7.83 (t, 3H) = 7.7 Hz, py), 7.51 (s, 3H,
Ph), 7.37 (t, 3HJ = 8.1 Hz, benzimidazolyl), 7.33 (dd, 3H,=
8.0, 4.9 Hz, py), 7.29 (t, 3H] = 7.9 Hz, benzimidazolyl), 7.21 (d,
3H, J = 8.1, benzimidazolyl)}33C NMR (CD.Cl,, ¢, ppm) 150.6,

J=7.4Hz, Ph), 6.81 (t, 1H) = 7.2 Hz, Ph), 6.76 (t, 1H] = 7.3
Hz, Ph), 6.44 (d, 1H) = 8.4 Hz, benzimidazolyl). Th&C NMR
spectrum could not be obtained due to poor solubility. Anal. Calcd
for C3gH2oN3BrPt1.5GHg: C, 58.06; H, 4.06; N, 5.02. Found: C,
57.93; H, 4.13; N, 4.73.

Synthesis of P$(1,3-bmb)Ph, (4). In the same manner as

149.7,149.1, 143.1, 139.7, 138.0, 137.2, 127.1, 125.1, 124.6, 124.4described fotl except layering toluene instead of hexane upon the

123.9, 120.8, 110.9. Anal. Calcd forsfEl,7Ng°0.25CHCl,: C,

74.74; H, 4.08; N, 18.57. Found: C, 74.68; H, 4.55; N, 18.43. 1,3-

bmb: mp 196-192 °C; 'H NMR 8.43 (d, 2H,J = 5.8 Hz, py),
8.27 (d, 2H,J = 7.9 Hz, py), 7.87 (d, 2HJ = 8.1 Hz,
benzimidazolyl), 7.85 (t, 2H] = 7.8 Hz, py), 7.65 (t, 1H) = 7.9
Hz, Ph), 7.48 (d, 2HJ = 7.9 Hz, Ph), 7.367.39 (m, 7H, py,
benzimidazolyl, ph), 7.25 (d, 2H] = 7.9 Hz, benzimidazolyl);
13C NMR (CD.Cl,, 6, ppm) 150.8, 149.9, 149.0, 143.2, 139.2,

solution, the reaction of 1,3-bmb (30 mg, 0.064 mmol) and [RtPh
(SMe)]n (76 mg, 0.129 mmol Pt) afforded compldxas orange
crystals (66 mg, 89% yieldjH NMR (DMSO-ds, 6, ppm): 8.25-
8.35 (m, 6H, py and central Ph), 8.19 (t, 1H+= 8.0 Hz, py), 8.12
(t, 1H,J = 7.7 Hz, py), 7.62 (m, 2H, py), 7.53 (d, 48 = 7.0 Hz,
Ph), 7.39-7.44 (m, 5H, Ph and py), 7.36 (d, 2d,= 7.5 Hz,
benzimidazolyl), 7.33 (t, 2H] = 7.7 Hz, benzimidazolyl), 7.07 (t,
2H,J = 7.3 Hz, benzimidazolyl), 6.89 (m, 8H, Ph), 6.80 (t, 2H,

138.2,137.6,137.0, 130.9, 127.5, 125.0, 124.3, 124.2, 120.4, 111.1;= 7.2 Hz, Ph), 6.76 (t, 2H) = 7.3 Hz, Ph), 6.45 (d, 1H] = 8.0

HRMS calcd for (M— H)*™ (C3oH20Ng) M/z 464.174 9, foundw/z
464.172 9.

Synthesis of P$(1,4-bmb)Ph, (1). A mixture of 1,4-bmb ligand
(30 mg, 0.064 mmol) and [PtR{EMe,)], (53 mg, 0.129 mmol Pt)
was dissolved in 10 mL of C}€l,. Then 5 mL of hexane was

Hz, benzimidazolyl), 6.43 (d, 1H] = 8.0 Hz, benzimidazolyl).
Thel3C NMR spectrum could not be obtained due to poor solubility.
Anal. Calcd for G4H4oNgPt+0.25CHCI,-0.5GHg: C, 56.38; H,
3.62; N, 6.83. Found: C, 56.30; H, 3.56; N, 6.76.

Synthesis of P§(tmb)Phs (5). In the same manner as described

successfully layered upon the solution. Slow evaporation of the for 1 except layering toluene instead of hexane upon the solution,

solvent and diffusion of hexane into the gH, layer afforded
complex1 as orange crystals after 2 days (68 mg, 91% yiéld).
NMR (DMSO-ds, 6, ppm): 8.38 (d, 1H,J = 4.7 Hz, py), 8.36 (d,

the reaction of tbp (50 mg, 0.076 mmol) and [Pi{fSMe)], (95
mg, 0.23 mmol Pt) afforded complex as orange crystals (110
mg, 85% yield).'H NMR (DMSO-ds, 6, ppm, 298 K): 8.96 (s,

1H, J = 4.5 Hz, py), 8.28 (s, 2H, central Ph), 8.27 (s, 2H, central 2H), 8.85 (s, 1H), 8.368.37 (m, 4H), 8.14 (t, 2HJ = 8.0 Hz),

Ph), 8.26 (t, 1H,J = 8.1 Hz, py), 8.20 (t, 1HJ = 8.2 Hz, py),
7.67 (M, 2H, py), 7.58 (d, 4Hl = 6.7 Hz, Ph), 7.39.7.48 (m, 9H,
Ph, benzimidazolyl, and Py), 7.20 (d, 18= 8.3 Hz, py), 7.13 (t,
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7.35-7.82 (m, 24 H), 7.077.13 (m, 3H), 6.886.91 (m, 12H),
6.74-6.82 (m, 6H), 6.47 (d, 1H) = 8.2 Hz), 6.43 (d, 2HJ = 8.2
Hz). The3C NMR spectrum could not be obtained due to poor
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Table 1. Crystal Data for 1,4-bmb, bmbp, tmb, and Completes3

1,4-bmb

bmbp

tmb

1

2

3

formula

fw

cryst system
space group
alA

b/A

c/A

o/deg

pldeg

yldeg

VIA3

z

DJg cm 3

ulmm-1

20maddeg

no. of rflcns measd

no. of rflcns used

Rint

no. of params

final R [I > 20(1)]
R12

WR2®

R (all data)
R12
WR2®

GoH20Ng 2CHCL  CggH24Ng'2CHCE  CgoH27Ng* 1.5CHCl,  CssHaoNgPE2CH,Clye

703.26
monoclinic

P21/C

9.4513(18)

20.766(4)

8.6353(16)
90
110.685(3)
90

1585.5(5)
2

1.473
0.576
56.60
11 445
3810
0.0345
230

0.0394
0.0756

0.1281
0.0900

goodness of fit ofr2 0.757
aR1 = S[|Fol — |Fl/SIFol. PWR2 = { T[W(Fe2 — FANSWFA}Y2 w = 1/[0¥F) + (0.07F)?3, whereP = [max(Fo2,0) + 2F2)/3.

779.35

monoclinic

P21/C
6.158(3)
32.742(18)
9.152(5)
90

96.325(12)
90

1834.0(17)
2

1.411
0.506
56.66
12318
4190
0.0664
226

0.0719
0.1544

0.2415
0.2097
0.793

785.11

monoclinic
12/a

22.002(5)
13.385(3)
27.273(7)

90

90.178(6)

90

8032(3)
8

1.299
0.272
56.60
27981
9254
0.0375
545

0.0686
0.1878

0.1442
0.2225
0.923

solubility. Anal. Calcd for GgHs/NgPt+1.5CHCl2CHg: C, 55.67;

2hexane
1505.30
monoclinic
P21/n
12.571(3)
18.355(4)
13.389(3)
90
91.310(4)
90

3088.6(13)
2

1.619
4.744
56.62
19713
7275
0.0663
358

0.0572
0.1167

0.1788
0.1436
0.810

1409.04
_ triclinic
P1
9.6917(15)
11.5099(18)
13.659(2)
91.300(2)
106.758(2)
108.803(2)
1369.9(4)

1.708
5.342
56.58
9900
6271
0.0138
352

0.0761
0.2053

0.0912
0.2184
1.053

CooHaaN6P2CH,Cl,  CzoH22N3BrPt2C;Hg

833.77

monoclinic

P21/C
10.348(3)
19.768(6)
18.316(5)

90

93.892(5)
20

3738.0(18)

1.570
4.857
56.68
26434
8753
0.1997
394

0.0822
0.1611

0.2913
0.2019
0.748

Table 2. Selected Bond Lengths (A) and Angles (deg) for Complexes

1-3

H, 3.67; N, 6.25. Found: C, 55.44; H, 3.70; N, 6.11. Complext

X-ray Crystallographic Analysis. Single crystals of 1,4-bmb, Pt(1-C(1) 2.019(13) Pt(BC(7) 1.974(13)
bmbp, and tmp ligands and the compleses3 were obtained and Pt(1)-N(1) 2.156(8) Pt(1)yN(2) 2.129(8)
characterized by X-ray diffraction analysis. Crystals were mounted gggigg);ﬁgg f;';‘(:&) ggggtg);mgg ??71((;21)
on glass fibers for data collection. Data were collected on a Siemens ¢ (7)—Pt(1)-N(2) 100.0(4) N(L-Pt(1)-N(2) 77.4(3)
P4 single-crystal X-ray diffractometer with a Smart CCD-1000
detector and graphite-monochromated Ma tadiation, operating P(1)-C(1) 1.974(§:§)mple§(1_)c(7) 1.997(11)
at 50 kV and 35 mA at 28C. The data collection ranges of 2re Pt(1)-N(1) 2.130(10) PH(1YN(2) 2.109(9)
3.92-56.60 for 1,4-bmb, 4.64-56.66 for bmbp, 5.02-56.60 for C(1)-Pt(1-C(7)  88.0(4) C(1rPt(1)-N(1) 97.6(4)
tmb, 4.406-56.62 for complexl, 3.04-56.86 for complex2, and gggi E:g;:“% 3;23;%1) ﬁg))_— pli&%’\(g) %48.???)
3.14-56.58 for complex3. No significant decay was observed ’ '
for all of the samples. Data were processed on a PC using the Bruker Complex3
SHELXTL software packadé (version 5.10) and were corrected Eig)):ﬁgg %_‘i’?l’ggg)) g:((gﬁg; %:ggg((f%)
for Lorentz and polarization effects. Ligands 1,4-bmb and bmbp  ¢(1)-pt(1)-c(7) 87.2(6) C(1yPt(1)-N(1) 96.8(6)
and complex3 crystallize in the monoclinic space grodj2,/c, C(1)-Pt(1)-N(2) 171.5(7) C(7¥Pt(1-N(1) 175.9(5)
and the molecules of 1,4-bmb and bmbp possess an inversion center. ©(7)~Pt(1)-N(2)  99.6(6) N(Iy-PU1-N@2)  76.3(7)

The crystals of tmp belong to the body-centered monoclinic space
groupl2/a. Complexed and?2 crystallize in monoclinic space group
P2,/n and triclinic space groupl, respectively, and their molecules
possess an inversion center. All non-hydrogen atoms except the

solvent molecules and a few carbon atoms (C7 and C12) in complex . . .
i . . . . Ullmann condensation procedures depicted in Scheme 1,
3 were refined anisotropically. Compl@crystallized as very thin

needle crystals, which diffract poorly, greatly reducing the quality Wher_e an appro_prlate aryl halide reacts with 2{gridyl)-

of its crystallographic data. As a result, one of the coordinated benz|m|dazole in the preser_lce of Cul CaFaIySt’ 1,10-phen-
phenyl groups (CZC12) in3 had to be refined as a rigid body to ~ &throline, and G&£0s. The size of the cation of the base
obtain meaningful PtC bond distances. All hydrogen atoms except d0€S have an effect on the yield of the coupling reaction of
those of the disordered solvent molecules were calculated, and theith€ aryl halide and 2-(yridyl)benzimidazolé? as indicated
contributions in structural factor calculations were included. The DYy the much higher yield of the reaction using.C6; than
crystallographic data are given in Table 1. Selected bond lengths K2COs (the latter only afforded trace product). The high
and angles for complexeis-3 are listed in Table 2. reactivity of aryl iodide resulted in the isolation of the
bisubstituted product bmbp from the reaction of '4,4
diiodobiphenyl with benzimidazole in good yield (Scheme
1, top). In contrast, due to the relatively low reactivity of

Results and Discussion

SynthesesAll new 2-(2-pyridyl)benzimidazole derivative
ligands were synthesized in good yield using the modified

(15) SHELXTL NT Crystal Structure Analysis Packaggrsion 5.10; Bruker
Axs Analytical X-ray System: Madison, WI, 1999.

Inorganic Chemistry, Vol. 44, No. 5, 2005 1335
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Scheme 1
oo O

Cul, 1,10-phenanthroline, A
Cs,CO;, DMF reflux 24 h N™T

ages

=N N

o oo —— B NN NN
Cul, 1,10-phenanthroline, 2
Cs,CO,, DMF reflux 48 h C N

N
Br Q_(ED ~ Q:'k@ W O
- W 0,0 D
=N

Br Br Cul, 1,10-phenanthroline,

N =N
Cs,CO;, DMF reflux 72 h =
= \ , N

Scheme 2
aryl bromide, the reaction of 1,4-dibromobenzene or 1,3,5- cheme

tribromobenzene with 2-(yridyl)benzimidazole gave rise Q

to a mixture of two products (Scheme 1, middle and bottom), N N@ N _(PtPhaSMes) P F.,N\ N@N N ph
n
4 N/é
x

AN
which can be separated by column chromatograph. For 1,4- | / N PH \ > N/Pt\Ph
dibromobenzene, the bisubstituted product bmb and the \ ' ) g
monosubstituted product BrmB were obtained. For 1,3,5- 2:28;
tribromobenzene, the trisubstituted product tmb and the
bisubstituted product 1,3-bmb where a bromine atom was Q
replaced by a hydrogen were isolated. Due to the steric effect, Br—@—n _N _(PPhaSWeD_ Br@n /N\Pt Ph
the reaction of 1,3,5-tribromobenzene with 243ridyl)- P AN en
benzimidazole requires a long reaction time (reflux for 72 U .
h) to produce the trisubstituted product. The bromine atom ®

was probably lost due to thermal cleavage of theBE bond \—/ =
under the reaction conditions. All ligands are fully character- Q €2 N
g y WoWe L AW O

ized by 'H and 3C NMR, elemental analyses, or high- N - '/" -
resolution mass spectroscopy. Single-crystal X-ray diffraction @ N Ph ( /N_},t_Ph
analyses were performed for the 1,4-bmb, bmbp, and tmb ® bh
ligands. o

The Pt complexes—5 were synthesized by using [P#h b PN
(SMe)]n as the starting materiét. The reactions of NN QA‘( \"~
[PtPh(SMe)], with the corresponding ligand in a stoichio- = N/ eephysMey), — N)\<\\>
metric amount afforded the corresponding complexes in good < Q @ - Q
yield. The relatively labile bridging ligand SMén [PtPh- NN N‘N Ph—pi_ N N\N
(SMe)]n was replaced by the chelating 2-(&ridyl)- @ d pH \\N\'\:t_Ph

benzimidazolyl moiety in the resulting complexes. The
synthetic routes for complexes—5 are summarized in ®)

i 1
Scheme 2. All complexes were characterized'ByNMR single-crystals of complexesand5 for X-ray diffraction.

spectroscopy and elemental analyses. Due to their pooryqyever, no suitable crystals for these two compounds were
solubility in common organic solvent$C NMR spectra for obtained.

the complexes could not be obtained. THeNMR spectra Crystal Structures. Ligands. The crystal structure of 1,4-

of ComplexeSl, 4, and5 at ambient temperature are very pmb is shown in Figure 1. The molecule of 1,4-bmb
complex, indicating either the presence of structural isomers possesses an inversion center. The central phenyl ring is not
or a slow exchange process. To establish the structures ofcoplanar with the benzimidazole ring, as indicated by the
the complexes, single-crystal X-ray analyses for complexes dihedral angle of 54 Obetween the two planes. The pyridyl
1-3 were carried out. Many attempts were made to obtain ring is also not coplanar with the benzimidazole ring, and

Ph
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C(6)

c13)

Figure 1. Molecular structure of bmb with 50% thermal ellipsoids and
labeling schemes. All hydrogen atoms are omitted for clarity.

Figure 2. (a) Molecular structure of bmbp with 50% thermal ellipsoids
and labeling schemes. All hydrogen atoms are omitted for clarity. (b)
Ladderlike double chain structure formed fy-7r stacking in bmbp.

the dihedral angle between the two planes is 34Exch
benzimidazolyl group of 1,4-bmb has—x stacking with

ci8) C(29)

C(39) C(27)

C(40) C(28)

Figure 3. Molecular structure of tmb with 50% thermal ellipsoids and
labeling schemes showing the cuplike structure of the molecule. All
hydrogen atoms are omitted for clarity.

ladderlike structure as shown in Figure 2b. The distance
between the stacked plane is about 3.57 A.

The crystal structure of tmb is shown in Figure 3. The
three pyridylbenzimidazolyl groups in tmb are almost
perpendicular to the central phenyl ring, as indicated by the
dihedral angles of 58.8, 73.1, and 8%.fespectively. As a
result, the molecule of tmb has a cuplike shape. As shown
in Figure 3, two of the 2-(2pyridyl)benzimidazolyl groups
are oriented to the same side of the central benzene ring while
the third one is oriented to the opposite side of the benzene
ring, perhaps to minimize steric interactions. If tmb retains
the same structure in solution, thé NMR spectrum of tmb
should show two sets of chemical shifts of the 2ggridyl)-
benzimidazolyl. However, at ambient temperature, only one
set of chemical shifts due to 2:¢@yridyl)benzimidazolyl
was observed in the NMR spectrum of tmb, indicating that
the three 2-(2pyridyl)benzimidazolyl groups have a sym-
metric arrangement in solution at ambient temperature. The
molecules of tmb in the crystal lattice are paired up through
m—m stacking involving one of the 2-(zbyridyl)benzimi-
dazolyl groups (see Supporting Information). The distance
between the stacked planes is about 3.66 A.

Complexes 1-3. The crystal structure of complexPt,4-
bmb)Ph (1) is shown in Figure 4a. The molecule of complex
1 possesses an inversion center. Each denter inl is

another benzimidazolyl group of an adjacent molecule, hencebidentately chelated by a 1,4-bmb ligand via the 2-(2

forming a 1Dsz— stacking chain structure (see Supporting

pyridyl)benzimidazolyl unit and further coordinated by two

Information). The distance between the stacked planes is 3.61phenyl ligands, forming a typical square-planar geometry.

A.

The crystal structure of bmbp is similar as that of 1,4-

The square plane of the Pt center is somewhat distorted, as
indicated by the bond angle of N(IPt(1)-N(2) (77.4(3}).

bmb as shown in Figure 2a. The molecule of bmbp also The P+C and PN bond lengths are typical for 'Pt
possesses an inversion center. The central biphenyl rings areomplexes. The Pt center is coplanar with the 2pf&idyl)-

coplanar. The benzimidazolyl ring is not coplanar with the
biphenyl rings, as indicated by the dihedral angle of 69.2
The pyridyl ring is almost coplanar with the benzimidazolyl
ring, as shown by the dihedral angle of 15.Ih the crystal
lattice, each molecule of bmbp forms-x stacking with
two neighboring molecules via the pyridyl and the benzimi-
dazolyl rings, resulting in the formation of an interesting 1D

benzimidazolyl plane. The structure dfsupports that the
environment around the Pt center Inhas a much higher
rigidity than that of the Pt complexes with the 22
dipyridylamino derivative ligands, where the six-membered
chelate ring is often not coplanrThe PtGN, plane is
almost perpendicular to the central benzene ring as indicated
by the dihedral angle cf£86.9°. The intramolecular Pt(%)

Inorganic Chemistry, Vol. 44, No. 5, 2005 1337
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Figure 5. (a) Molecular structure of comple&with 50% thermal ellipsoids
and labeling schemes. All hydrogen atoms are omitted for clarity. (b) Parallel
1D chain structure formed by intermolecular- stacking in complex.

C(21 C(22)
Figure 4. (a) Molecular structure of compleixwith 50% thermal ellipsoids clo)
and labeling schemes. All hydrogen atoms are omitted for clarity. (b) Viewed
along a axis, the packing diagram showing the honeycomb structure in
complex1. Crystal solvent molecules are omitted for clarity. C27)  c28)

Pt(1A) separation distance is 13.391(4) A. The shortest {9
intermolecular P+Pt distance is 9.093(4) A. There is no g c129)
significantzz—or stacking interaction. When viewed aloag
axis, an interesting honeycomb structure was observed for
1 (Figure 4b), which traps Cil, and hexane solvent
molecules in the cavities.
The crystal structure of Rbmbp)Ph (2) resembles that
of 1 as shown in Figure 5a. The moleculexélso possesses cid)
an inversion center. The Pt centerdarhas a coordination Figure 6. Molecular structure of compleZ with 50% thermal ellipsoids
environment similar to that id. The central biphenyl unit and labeling schemes. All hydrogen atoms are omitted for clarity.
is coplanar but is nearly perpendicular to the fEplane perpendicular to the bromobenzene plane. The shortest
(dihedral angle 84%. Due to the presence of the biphenyl intermolecular PtPt separation distance 8is 4.873(6) A.
group in2, the intramolecular PtPt distance is very long  The molecules 08 form az—x stacked dimer structure via
(17.421(4) A). The shortest PPt distance ir is intermo- their 2-(2-pyridyl)benzimidazolyl units (see Supporting
lecular separation between Pt(1) and Pt(5.738(4) A). Information) with the distance between the stacked planes
Despite the similarity of the molecular structuresloéand being 3.50 A.
2, their extended structures are quite different. There is no The common and important feature observed for the
m—a stacking interaction il. However, ar— stacked 1D structures ofl—3 is that the coordination plane of the Pt
chain structure was observed in crystal lattic@.0hs shown center (or the plane of the 2:Ryridyl)benzimidazolyl
in Figure 5b, the two 2-(2pyridyl)benzimidazolyl units of ~ group) is nearly perpendicular to the benzene ring that is
2 form 71— stacking with other two 2-(2pyridyl)benzimi- attached to the 2-(pyridyl)benzimidazolyl group. We
dazolyl units from two neighboring molecules, leading to believe that this is caused by the steric interaction between
the formation of a 1D chain structure. All the 1D chains are theortho hydrogen atom (i.e. H(16) ih and2) of the pyridyl
parallel with each other with the distance between the stackedring and the hydrogen atoms of the central benzene ring (for
plane being 3.69 A. 1) or biphenyl rings (for2). For the free ligands, this
The crystal structure of complex Pt(Brmb}XB) is shown interaction can be readily avoided by the free rotation of the
in Figure 6. The environment around the Pt centel3in  pyridyl ring to bring theortho hydrogen away from the
resembles those df and2. Complex3 could be regarded central benzene or biphenyl rings. For the complexes,
as half of the molecule df. Again the PtGN; plane is almost ~ however, the pyridyl can no longer rotate freely due to its
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Chart 1

Q (E\ <
W N—@—N N \NON N
Pt\g) A 5 (E
S | anti

benzimidazolyl groups of at ambient temperature can be
attributed to the coexistence of the anti and syn isomers in
solution. We believe that both isomers are also likely present
in the solid state. The anti isomer is likely to form single
crystals more readily than the syn isomer, hence making it

670 665 660 655 650 645 640 635  PPM possible to identify the anti structure by X-ray diffraction.
The fact that both isomers are observed in solution at ambient
SN 80°C temperature indicates that the energy barrier for the inter-
AN 70°C conversion of the two isomers must be fairly large. Indeed,
with the variable-temperatutel NMR spectral data, we have
N AN 80°C estimated that the activation energy for the exchange process

ANV 50°C of anti and syn structures to be69 kJ/mol by using a

previous established meth&dThis large energy barrier is
clearly attributable to the hindered rotation of the 2-(2
pyridyl)benzimidazolyl group with respect to the central
benzene ring, due to thertho hydrogen steric interaction
and the chelation of the 2-(@yridyl)benzimidazolyl to the
Pt atom.

25°C Although the crystal structure &is similar to that ofl,

no dynamic exchange phenomenon was observe@ for

solution. This is not surprising since the presence of the
Figure 7. Variable-temperaturéH NMR spectra of complexe$ (top)

and5 (bottom) in DMSO#s showing the change of one of the proton signals central blphenyl unit '_n2 allows the free. ro_tat'on aroun_d
on the 2-(2-pyridyl)benzimidazolyl group. the C-C bond of the biphenyl, thus a facile interconversion

of the syn and anti isomers.

binding to the Pt center, which is believed to be responsible Complex4 where the two 2-(2pyridyl)benzimidazolyl
for the distinct solution behavior of the complexes. groups at 1,3 positions are chelated by twd Bénters

Structures and Fluxionality of Pt" Complexes in displays a dynamic exchange phenomenon in solution,
Solution. The crystal structure df has an inversion center. ~ similar to that ofl. Again, on the basis of NMR data, both
Therefore, if1 retains the same structure in solution, one syn and anti isomers o4 coexist in solution at ambient
would expect to see only one set of chemical shifts due to temperature, which undergo a slow interconversion. The
the 2-(2-pyridyl)benzimidazolyl group. However, surpris- activation energy for the interconversion process was esti-
ingly, as shown in Figure 7, top, two distinct sets of well- mated to be~65 kJ/mol.
resolved peaks ir-1:1 ratio, corresponding to two different Complex5 is a very crowded molecule with three 22
groups of 2-(2pyridyl)benzimidazolyl, were observed in the pyridyl)benzimidazolyl groups at 1,3,5 positions chelated to
IH NMR spectrum ofl in DMSO-ds at 25 °C. As the three Pt centers. Free rotation of the 24@yridyl)benzimi-
temperature is increased, the peaks become broad. &40 dazolyl groups with respect to the central benzene ring is
the two sets of chemical shifts merge into one set. This therefore unlikely, on the basis of the same arguments for
temperature-dependent spectral change is clearly caused bjnd4. On the basis of the arrangement of three2{&idyl)-
some dynamic exchange processlan solution. Although benzimidazolyl groups, there are two possible structures of
the crystal structure of is centrosymmetric (i.e. with the 5 in solution,A andB as depicted in Chart 2. In structure
two 2-(2-pyridyl)benzimidazolyl units on the opposite side A, all of the PtGN; planes are oriented to the same side of
of the central benzene ring, shown as the anti structure inthe central phenyl ring with an approximafa symmetry,
Chart 1), a second structural isomer withCa symmetry hence resulting in only one set of chemical shifts of the'2-(2
where both 2-(2pyridyl)benzimidazolyl groups are on the pyridyl)benzimidazolyl groups in the NMR spectra. In
same side of the benzene ring (shown as the syn structurestructureB, one of the 2-(2pyridyl)benzimidazolyl groups
in Chart 1) is also possible foll. The 2-(2-pyridyl)- (or the PtGN, planes) is oriented in the opposite direction
benzimidazolyl units in either the anti or the syn structure from the other two, forming an “two-dowsone-up” struc-
are chemically equivalent. Therefore, one distinct set of — _ : : . _
chemical shift is expected for each of the isomers. The (6 évﬁg'g’izfr’yDz'm'j"e';!?m,{,'l‘gérga?ﬁﬁfroé%?p'Etd'\ﬂEthlf’(?nsd(')';]’Orl%asry;c
observed two sets of chemical shifts of the 24§gridyl)- Chapter 3.

665 660 65 650 645 640 635 630 FPM
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Chart 2 100000 -
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Table 3. Electrochemical DataH,, Values for Reductions and 10000 7 .
Irreversible Oxidation Waves) for Complex&s5 0
compd Eox (V) Ered (V) compd Eox (V) Ereda (V) 200 250 300 350 400 450
15 1.16,1.30 —1.33 4 1.18 ~1.34 Wavelength (nm}
2 111 —1.36 5b 115 —1.30 Figure 8. UV-—vis absorption spectra of bmbp, Brmb, and tmb in,CH.
3 0.98 —1.46 The absorption spectra of 1,4-bmb and 1,3-bmb are similar to that of bmbp.

aIn CHsCN solution containing 0.10 M (TBA)RFat 293 K, Ey/, for

Table 4. UV—Vis A ion Data for the Li h |
FeCp*/FeCp (versus AgCI/Ag)= 0.45 V.? In DMF solution containing able v is Absorption Data for the Ligands and the Complexes

0.10 M (TBA)PF; at 293 K, Ey, for FeCpt/FeCp (versus AgCl/Ag)= compd abs (nm)e( M~1cm™1) in CH.Cl,, 298 K2
0.45 V. 1,4-bmb 230 (63 000), 300 (73 000)
o _ bmbp 230 (51 000), 296 (70 000)
ture, similar to the crystal structure of the free ligand tmb. Brmb 232 (29 000), 302 (28 000)
i i 1,3-bmb 232 (65 000), 306 (79 000)
Because qf the presence of an ?pproxmate mirror plane v 530 (78 000}, 300 (91 000)
symmetry inB, relating unitsa anda’, two sets of chemical 1 234 (66 000), 324 (37 000), 456 (6400)
shifts of the 2-(2pyridyl)benzimidazolyl groups with a 2:1 2 240 (73 000), 322 (42 000), 444 (6300)
i i 1 3 234 (38 000), 322 (18 000), 440 (2900)
ratio should be observed in thel NMR spectralH NMR 234 (73 000), 322 (42 000), 458 (6600)
experiments revealed that the molecule of complexiopts 5 234 (94 000), 324 (50 000), 478 (9100)

mainly the structureB in solution at ambient temperature.

As shown in Figure 7, bottom, at ambient temperature, well-
resolved peaks corresponding to two sets of '2p2idyl)- _ . . :
benzimidazolyl groups in 2:1 ratio are observed. The weak 1 and4 with the 1,4- and 1,3-disubstituted ligands, 1,4-bmb

peaks could be attributed to the presence of a small amountand 1,3-bmb, respectivgly, display similar redgction potential
of structureA. As the temperature increases, the spectrum (~1.33 and—1.34 V) while complex2 with the disubstituted

gradually becomes broad. At 8C, all peaks start to merge biphenyl ligand bmbp hgs amore neggtive re_duction potential
into one set, which can be attributed to the interconversion (7136 V). Complex5 with the trisubstituted ligand tmb has
of the 2-(2-pyridyl)benzimidazolyl groups cd anda’ types the most positive reduction potentiat-1.30 V). For the
with that of b and the interconversion of the major isomer Penzene derivative ligands, the data indicate that as the
B with the minor isomeA. The activation energy for the ~nhumber of 2-pyridylbenzimidazolyl units increase in the
exchange process &fwas estimated to be 70 kJ/mol. ligand, it becomes easier to reduce the complex.
Electrochemistry. Cyclic voltammograms recorded for the All complexes display an irreversible oxidation wave. For
complexesl—5 in either DMF or CHCN all display one complexes that contain the benzene derivative ligabds, (
reversible reduction wave betweenl.20 and—1.50 V 5), the variation of this oxidation potential is very small. On
(Table 3). On the basis of the previous studies by Kaim and the basis of the previous reports on related diimine Pt(ll)
others’ on Pt(diimine)R and by Eisenbef§on Pt(diimine)-  complexes’ we assigned this oxidation wave to the oxida-
(C=CR), where similar reversible reduction waves were tjon of the Pt(ll) center.
observed and attributed to one electron reduction of the
diimine ligand, we assigned the reversible reduction wave
to one-electron reduction of the benzimidazolyl chelate ligand
in the complexes. The reduction potential shows considerable
variation for the five complexes. Since the PiPlrtion is
the same for all complexes, this variation can be only
attributed to the variation of the chelate ligand. Complexes

a[M] = 4.8 x 10°5-2.9 x 1075 M in CHCl..

Absorption Spectra. The absorption spectra of the free
ligands 1,4-bmb, bmbp, Brmb, 1,3-bmb, and tmb are similar
(Figure 8). Two absorption bands with.x ~ 230 and 300
nm were observed for all free ligands, which are attributed
to the x — x* transition centered on the 2:(pyridyl)-
benzimidazolyl units. This is supported by the extinction
coefficients of the absorption bands. As shown in Table 4
(17) Klein, A.; Kaim, W.Organometallicsl995 14, 1176 and references ~ and Figure 8, the values of 1,4-bmb, bmbp, and 1,3-bmb

therei_n-l ML Connick W. B Geier. D. K.- McGarrah. 3. E. Lina are approximately twice of that of Brmb and tmb has a
8 e e R Eisenberg. Riorg. Chem2000 39, 447, (b) . value about three times of that of Brmb. Clearly thealue

Paw, W.; Cummings, S. D.; Mansour, M. A.; Connick, W. B.; Gieger, is linearly dependent on the number of 2-(Fridyl)-

D. K.; Eisenberg, RCoord. Chem. Re 199§ 171, 125. () McGarrah, - pon7imigazolyl units present in the molecule. For the benzene

J. E.; Kim, Y. J.; Hissler, M.; Eisenberg,. Rnorg. Chem 2001, 40, - .
4510. derivative ligands 1,4-bmb, 1,3-bmb, Br-bmb, and tmb, the
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200250 300 350 400 450 500 550 600 650 Figure 11. Emission spectra of tmp. (The phosphorescent emission
Wavelength (nm) spectrum was obtained using a time-resolved phosphorescence spectrometer.)
Figure 9. UV —vis absorption spectra of complex&s3, and5 in CH.Cla. o
The absorption spectra of complexesnd4 are similar to that of. presence of some degree of communication among the 2-(2
02 - pyridyl)benzimidazolyl units. On the basis of the electro-
| chemical data, this low energy shift can be attributed mostly
048 ¢ to the decrease of the LUMO energy level associated with
0.16 + DMF CH,Cly thg increase of the number of 2-@yridyl)benzimidazolyl
014 A units.
0.12 1 Luminescent Properties.At ambient temperature, all free
§ ’ ligands have purple/blue emission withax ~ 365-415 nm
£ 01 I\ in CH.Cl, solution, which are assigned to fluorescent
é 0.08 4 emissions originating from a ligand-centered — x*
0.06 transition. In the solid state, the fluorescent emissions of the
free ligands are red-shifted to 38831 nm, which is
0.04 1 attributable to intermolecular interactionmost likely z—
0.02 ~ stacking interactions, as seen in the crystal structures. No
0 ; ; _ phosphorescent emission bands were observed for the free
375 425 475 525 575 ligands at ambient temperature. However, at 77 K, in addition
Wavelength (nm) to the intense fluorescent bands, new low-energy emission
Figure 10. Low-energy region of the UVvis absorption spectra of bands fmax = ~500 nm) with well-resolved vibrational
complex2 in various solvents. intervals (~1300-1400 cn1?) were observed for all ligands.

absorption band at300 nm shows a small shift toward the Using a time-resolved phosphorescence spectrometer, we
longer wavelength as the number of substituent groupswere able to completely remove the fluorescent emission
increases. bands and determine the decay lifetimes of these low energy
The absorption spectra of complexgés5 have similar emission bands to be in the range of 7.6{13.2(6) us,
features (Figure 9). Besides the intense absorption bands irindicating phosphorescent emission. The phosphorescent
UV region @max ~ 232 and 322 nm), which are assigned to emission spectrum and the full emission spectrum of tmb
the ligand-centered — z* transition, all of the complexes  are shown in Figure 11 as a representative example. The
have a broad and weak absorption band that covers the regiortomplete luminescent data are given in Table 5. The full
of 410-550 nm @max = 445-480 nm), resulting in the  emission and phosphorescent spectra of 1,4-bmb, bmbp,
orange-red appearance of compleke$. These absorption  Brmb, and 1,3-bmb are provided in the Supporting Informa-
bands display the typical negative solvatochromism, i.e., ation.
high-energy shift in a more polar solvent, as demonstrated The Pt complexesl—5 do not display any detectable
by the absorption spectra of compl2xn various solvents  emission in solution at ambient temperature. At 77 K, the
(Figure 10), which is consistent with the assignment of frozen solution (CHCl,, THF, or CHCN) of complexed—5
MLCT transitions (¢ — z*) involving the Pt center and  exhibit an intense emission band with..x at ~537—601
the 2-(2-pyridyl)benzimidazolyl unit’-18 Again, thee values nm (Table 5). The emission spectra of compbeadong with
of the absorption bands for complexgs5 show a linear the free ligand’'s phosphorescent emission spectrum are
dependence on the number of 2-(ridyl)benzimidazolyl shown in Figure 12 to illustrate the impact of the Pt(ll)
units present in the molecule. For example, ¢healues of coordination. The emission spectra of completes! are
the MLCT bands for complexels 2, and4 are approximately  provided in the Supporting Information. No significant shift
twice of that of3 and5 has ae value about three times of of the emission maxima was observed when different
that of 3. The absorption maxima of the MLCT bands shift solvents were used. The lack of emission of the Pt(ll)
to lower energy as the number of 2-{&ridyl)benzimida- complexes in solution at ambient temperature is most likely
zolyl units increases in the complex, an indication of the caused by the thermal quenching of the solvent molecules.
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Table 5. Luminescence Data for the Ligands and the Complexes

compd excitatn wavelength, nm emission bahgds, nm? decay lifetimer, us conditns
1,4-bmb 331 365 ChCl»/298 K
336 386 solid/298 K
335 379, 470, 505, 542 (sh) CH.CI/77 K
335 469, 502, 534 (sh) 9.2(5), 8.4(3) eEL/77 K©
bmbp 343 415 ChCl/298 K
373 426 solid/298 K
335 388, 471, 503, 543 (sh) GElL/77 K
335 467, 499, 534 (sh) 13.2(6), 10.0(3) /77 K©
Brmb 332 373 CHCI,/298 K
344 400 solid/298 K
334 370, 471, 505, 543 (sh) GEl,/77 K
334 469, 501, 535 (sh) 8.9(5), 8.7(3) /77 K©
1,3-bmb 334 365 ChCl,/298 K
340 431 solid/298 K
335 370, 470, 500, 540 (sh) GEIL/77 K
335 466, 498, 534 (sh) 7.2(1), 7.0(1) GBL/77 K°
tmb 338 390 CHCI,/298 K
330 397 solid/298 K
335 371, 472,509, 543 (sh) GEIL/77 K
335 470, 503, 539 8.2(3), 7.5(2) GEl,/77 K¢
1 466 582 7.9(4) s0lid/298 K
424 537, 575 (sh) 7.5(2), 6.8(3) GEI/77 K
2 466 587 8.0(3) solid/298 K
420 552, 583 (sh) 7.8(3), 7.0(2) GEI,/77 K
3 466 592 7.5(2) solid/298 K
420 550, 584 (sh) 7.1(2), 6.5(1) GEI/77 K
4 465 611 8.1(4) solid/298 K
432 560, 600 (sh) 7.9(4), 7.2(2) GEI,/77 K
5 466 621 8.2(2) s0lid/298 K
409 601, 631 (sh) 8.4(2), 7.6(3) GEI/77 K

a[M] = 5.9 x 10°5-3.4 x 10°° M. b sh = shoulder* Obtained using a time-resolved phosphorescence spectrometer.

——5/s0lid/77K emissions is independent of excitation wavelength and is
1.2 4 A 5/CH2CI2/77K somewhat red-shifted from the corresponding emission band
o tmb/CH2CI2/77K of the frozen solutions, likely a consequence of intermo-

lecular interactions in the solid state. The decay lifetime of
the emission bands of complexgs5 were determined to
range from 6.5(1) to 8.4(2)s (Table 5).

Conclusions. The syntheses of five new luminescent
organic molecules based on the 24(ridyl)benzimidazolyl
chromophore have been achieved. These new ligands have
been found to bind to the Pcenter readily via N,N-chelation
to form the corresponding mononuclear, dinuclear, and
trinuclear Pt complexes. X-ray crystal structural data
indicate that the 2-(2pyridyl)benzimidazolyl unit has little
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oS aEa
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o [N}
) . A
1 L’“ﬂnunnuunn

Intensity (normalized
=)
o

350 450 550 650 750 conjugation with the benzene or the biphenyl groups to which

Wavelength (nm) it is directly attached to. Instead, this unit is usually

Figure 12. Emission spectra of comple% and the phosphorescent ~Perpendicular to the benzene or the biphenyl group to
spectrum of the tmb ligand at 77 K. minimize steric interaction betweantho hydrogen atoms.

As shown by the data in Table 5 and Figure 12, the As a consequence of the different orientation of the '2-(2
phosphorescent emission band of the free ligand is at a muchpyridyl)benzimidazolyl units with the respect to the central
higher energy than that of the correspondint) &mplex, benzene ring and the restricted rotation, structural isomers
an indication that the emission of the complex is likely not for complexesl, 4, and5 were observed in solution. For

a ligand-based transition. Furthermore, the emission energythe free ligands, because tbeho hydrogen interactions can

of the complexes]( 2, 4, and5) changes in the same manner be minimized by the free rotation of the pyridyl group, no
as the MLCT absorption band does, i.e., shifting to lower structural isomers were observed in solution. The emission
energy as the number of 2*{@yridyl)benzimidazolyl units of the free ligands at ambient temperature and at 77 K is
increases in the complex. By taking into consideration of dominated by fluorescence while the emission of the Pt
the absorption data and the electrochemical data, we suggestomplexes involves phosphorescence only. The orange-red
that the emission of the complexes at 77 K originates most phosphorescent emission of the! Romplexes has been
likely from a MLCT excited state. The solids of all the'Pt  found to be most likely MLCT transitions involving the'Pt
complexes display orange-red emission withyx ~ 582— center and the 2-(zbyridyl)benzimidazolyl chelate. Although
621 nm at ambient temperature. The energy of thesethe Pt(ll) complexes do not emit in solution at ambient

1342 Inorganic Chemistry, Vol. 44, No. 5, 2005



Luminescent Organoplatinum(ll) Complexes

temperature, they do emit in the solids at ambient temper- packing diagrams, crystallographic data in CIF format, complete
ature, which renders them potentially useful as phosphores-excitation and emission spectra, variable-temperattreNMR

cent emitters for OLEDs. spectra forl and 4, and tables of atomic coordinates, thermal
parameters, bond lengths and angles, and hydrogen parameters. This
material is available free of charge via the Internet at
http://pubs.acs.org.
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