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Five Cu(l) complexes [Cua(ttab)(CH3CN),][BF4]2 (1), [Cus(ttab)(PPhs)2][BF4], (2), [Cus(ttab)l] (3), [Cua(ttab)(ls).] (4),
and [Cuy(ttab)()BF4], (5) with 1,2,4,5-tetra(7-azaindolyl)benzene (ttab) have been synthesized and characterized.
The structures of compound 1, 2, 4, and 5 have been determined by single-crystal X-ray diffraction analyses,
which established that 1, 2, and 4 are discrete dinuclear Cu, compounds while compound 5 is a 1D coordination
polymer with the I~ ligand bridging two dinuclear Cu, units. The ttab ligand in all four complexes adopts a 1,3-
chelation mode. The Cu(l) center in all complexes is three-coordinate. Close contact between the Cu(l) center and
the benzene ring in the ttab ligand was observed in all four structures, which is believed to play a role in stabilizing
the three-coordinate geometry of the Cu(l) center. The crystals of 1, 2, and 5 contain channels in the lattice that
host solvent molecules such as CH,Cl, and toluene. Fluorescent measurements established that, in solution,
compounds 1-3 display weak blue luminescence which originates from the ttab but is significantly red-shifted and
has a much lower emission intensity, compared to the free ttab ligand. The application of compound 1 in C-N
cross-coupling reactions was examined by using the reaction of phenyl halides with imidazole as a model system.
For the reaction with phenyl iodide, 1 was found to be as effective a catalyst as the Cul/1,10-phenanthroline
system. For the reaction with phenyl bromide, 1 is less effective than the Cul/1,10-phenanthroline system. Compound
1 reacts with O, gas, as established by UV-vis spectra, but the oxidized products have not been characterized.

Introduction number of Cu(l) complexes containing either 1,10-phenan-
. . throline (1,10-phen) cheldter 2-(2-pyridyl)benzimidazolyl

Cu(l) complexes with N,N-chelate ligands are a class of .,q|at6 and phosphine ancillary ligands have been found to

molecules th"’?t have .been mvestlgated extensively for their be potentially useful phosphorescent emitters in organic light

redox properties, their possible use as models for d'oxygenemitting diodes. These application prospects of Cu(l) com-

activation by biological copper systerhand their catalytic plexes have motivated us to explore the chemistry of Cu(l)
activity in C—N cross-coupling reactiorfs. Recently, a compounds with new N, Xchelate ligands. One of the NN

*To whom correspondence should be addressed. E-mail: (3) (a) Kiyomori, A.; Marcoux, J. F.; Buchwald, S. Tetrahedron Lett.

wangs@chem.queensu.ca. 1999 40, 2657. (b) Klapars, A.; Antilla, J. C.; Huang, X. H,;
(1) (a) Reynolds, A. M.; Gherman, B. F.; Cramer, C. J.; Tolman, W. B. Buchwald, S. LJ. Am. Chem. So@001, 123 7727. (c) Klapars, A.;
Inorg. Chem2005 44, 6989. (b) Spencer, D. J. E.; Aboelella, N. W.; Huang, X.; Buchwald, S. LJ. Am. Chem. So2002 124, 7421. (d)
Reynolds, A. M.; Holland, P. L.; Tolman, W. B. Am. Chem. Soc. Antilla, J. C.; Klapars, A.; Buchwald, S. LJ. Am. Chem. So2002
2002 124, 2108. (c) Spencer, D. J. E.; Reynolds, A. M.; Holland, P. 124, 11684. (e) Job, G. E.; Buchwald, S.Qrg. Lett.2002 4, 3703.
L.; Jazdzewski, B. A.; Duboc-Toia, C.; Pape, L. L.; Yokota, S.; Tachi, (f) Kwong, F. Y.; Klapars, A.; Buchwald, S. LOrg. Lett.2002 4,
Y.; Itoh, S.; Tolman, W. Blnorg. Chem2002 41, 6307. (d) Osako, 581. (g) Kwong, F. Y.; Buchwald, S. lOrg. Lett.2003 5, 793. (h)
T.; Terada, S.; Tosha, T.; Nagatomo, S.; Furutachi, H.; Fujinami, S.; Antilla, J. C.; Baskin, J. M.; Barder, T. E.; Buchwald, S.J1..0rg.
Kitagawa, T.; Suzuki, M.; Itoh, alton Trans2005 3514. (e) Lewis, Chem.2004 69, 5578. (i) Liu, L.; Frohn, M.; Xi, N.; Dominguez, C.;
E. A.; Tolman, W. B.Chem. Re. 2004 104, 1047, and references Hungate, R.; Reider, P. J. Org. Chem2005 70, 10135. (j) Ma, D;
therein. Xia, C. Org. Lett.2001, 3, 2583.
(2) (a) Bunnett, J. F.; Zahler, R. EEhem. Re. 1951, 49, 273. (b) (4) Zhang, Q.; Zhou, Q.; Cheng, Y.; Wang, L.; Ma, D.; Jing, X.; Wang,
Weingarten, HJ. Org. Chem1964 29, 3624. (c) Paine, A. 1. Am. F. Adv. Mater.2004 16, 432.
Chem. Soc1987, 109, 1496. (d) Ma, D.; Zhang, Y.; Yao, J.; Wu, S.; (5) (a) Jia, W. L.; McCormick, T.; Tao, Y.; Lu, J. P.; Wang, S.INorg.
Tao, F.J. Am. Chem. Socl1998 120 12459. (e) Lindley, J. Chem.2005 44, 5706. (b) McCormick, T.; Jia, W. L.; Wang, S. N.
Tetrahedronl984 40, 1433. (f) Goodbrand, H. R.; Hu, N. X. Org. Inorg. Chem.2006 45, 147. (c) McCormick, T.; Wang, S. N,
Chem.1999 64, 670. unpublished results.
5830 Inorganic Chemistry, Vol. 45, No. 15, 2006 10.1021/ic060237h CCC: $33.50  © 2006 American Chemical Society

Published on Web 06/29/2006



Cu(l) Complexes of 1,2,4,5-Tetra(7-azaindolyl)benzene

Chart 1 as white solid. Crystals of complek were obtained by slow
_ m (/fj diffusion of a CHCly/toluene (2:1) (2 mL) solution of ttab (0.016
—N N NSy ‘ g, 0.030 mmol) into a CECl, (3 mL) solution of [Cu(CHCN)4J-
\ N /N \ [BF4] (0.019 g, 0.060 mmol). NMR in CECl, at 25°C (6, ppm),
A N Z —~M M IH NMR: 8.81 (br, s, 4H, aza), 8.56 (s, 2H, phenyl), 8.353(c=
AN N~ 7 \ / 7.2 Hz, 4H, aza), 7.57 (br, s, 4H, aza), 6.73 (br, s, 4H, aza), 6.70
4 N Ny-N NN (d, 3 = 3.4 Hz, 4H, aza), 2.06 (br, s, 6H, GEN). 13C NMR:
/N w @ aza, 145.83, 145.11, 132.92, 127.94, 127.92, 119.59, 104.55; phenyl
— N of ttab, 132.96, 124.09; CH3CN, 118.82, 2.33 (az@-azaindolyl).
1,2-Chelation 1,3-Chelation Anal. Calcd for the vacuum-dried sample z48,:B,CuFgNg
(complex1 without the two CHCN ligands): C 48.43, H 2.63, N
chelate ligands selected for our investigation is 1,2,4,5-tetra-13.29. Found: C 48.19, H 2.49, N 13.37.
(7-azaindolyl)benzene (ttab). The ttab ligand is a blue Synthesis of [Cuy(ttab)(PPhs)2][BF 42 (2). Method 1.ttab (0.054
luminescent molecule and is capable of chelating to two g, 0.10 mmol) and [Cu(CECN)4][BF,] (0.063 g, 0.20 mmol) were
metal center§ Depending on the metal center, two bonding mixed in 5 mL of CHCl,, and the solution was stirredrf@ h at
modes, namely the 1,2-chelate mode and the 1,3-chelatg®om temperature. PEIf0.053 g, 0.20 mmol) was added to the
mode, as shown in Chart 1, are posshle.the 1,2-chelate solution. The mixture was stlrr_ec_i fqr another 1 h. Addition qf
mode, we have observed that the geometrical COnStrainthexanes (8 mL) resulted in precipitation of the product. Separation

imposed by the ttab ligand forces the two metal centers to of the solid followed by recrystallization with Gil,/hexanes

. L . . ; resulted in 0.115 g (84%) of compleX Crystals of complex
be in close proximity with the central benzene ring, which were obtained by slow evaporation of the solvents when it was

is responsible for the unusual reactivity of dinuclear Pt(Il) recrystallized with the CbCl./toluene (1:1) mixed solvents.
complexes BRy(ttab) (R= CHs, Ph) toward C-CI bond Method 2. A CH,Cl, (15 mL) solution of [Cu(CHCN),(PPh).]-
and C-H bond activatior. Because of its potential to  [BF,] (0.303 g, 0.40 mmol) was added into a € (15 mL)
produce new phosphorescent and possibly reactive Cu(l)solution of ttab (0.109 g, 0.20 mmol) over 20 min, and the mixture
compounds, we have synthesized a number of Cu(l) coor-was stirred fo 3 h atroom temperature. Then, the solution was
dination compounds with the ttab ligand and examined the concentrated inte-10 mL and hexanes (15 mL) were added. The
properties of the new complexes. The results are presentecpolid was isolated and recrystallized with &E,/hexanes to afford

AN
—M
N\
N

N/M

herein. 0.208 (76%) of white soli@. NMR in CD,Cl, at 25°C (0, ppm),
S1p{1H}: —0.16.H NMR: 8.94 (br, s, 4H, aza), 8.44 (&1 = 7.6
Experimental Section Hz, 4H, aza), 7.83 (br, s, 2H, phenyl of ttab), 7.71 (br, s, 4H, aza),

7.30 (br, m, 6H, phenyl of PRBj 7.11 (br, m, 12H, phenyl of PEh

All reactions were performed under an inert atmosphere of dry 6.92 (br, m, 12H, pheny! of PRh 6.77(d,3) = 3.4 Hz, 4H, aza),
N with Schlenk techniques or in a drybox unless otherwise noted. .31 (d,33 = 3.4 Hz, 4H, aza)!3C NMR: aza, 145.30, 144.97,
All starting materials were purchased from Aldrich Chemical Co. 131.43, 127.32, 120.84, 119.18, 105.57; phenyl of ttab, 133.70,
and used without further purification. GBI, was freshly distilled 124.49; phenyl of PRh133.03, 132.92, 129.69, 129.61. Anal. Calcd
over ROs. CH;CN was freshly distilled over CaHTHF, DMF, for CroHs2B.CuFgNgP,: C 61.47, H 3.83, N 8.19. Found: C 61.46,
and hexanes were purified using the solvent purification system H4 3.71, N 8.13.
(Innovation Technologies Co.). NMR spectra were recorded on  gynthesis of [Cu(ttab)(l) 5] (3). ttab (0.054 g, 0.10 mmol) and
Bruker Avance 300 or 500 MHz spectrometers. Elemental analysescy) (0.038 g, 0.20 mmol) were dissolved in the £C#\ (20 mL)/
were performed by Canadian Microanalytical Service, Ltd, Delta, cH,Cl, (10 mL) mixed solvents, and the solution was stirred for 1
BC. Thermogravimetric analysis fdrwas performed on a Perkin- at room temperature. Separation of the yellow solid from the
Elmer TGA7 analyzer. Cyclic voltammetry (CV) was performed  qptained suspension resulted in 0.085 g (92%) of comRIékMR
using a BAS CV-50W analyzer. The electrolytic cell used was a i, pMSO/CD,CN (3:1) at 25°C (9, ppm),*H NMR: 8.32 (s, 2H,
conventional three-compartment cell, in which a Pt working phenyl of ttab), 8.30 (s, 4H, aza), 8.01 (b33= 7.2 Hz, 4H, aza),
electrode, a Pt auxiliary electrode, and a Ag/AgCI reference 720 (pr, s, 8H, aza), 6.50 (br, s, 4H, az®C NMR: 147.81,
electrode were employed. The CV measurements were performedy43 91, 133.50, 130.10, 130.07, 121.36, 117.78. 102.79. Anal. Calcd

at room temperature using 0.10 M tetrabutylammonium hexafluo- tor C,,H,,Cul,Ng: C 44.22, H 2.40, N 12.13. Found: C 44.04, H
rophosphate (TBAP) as the supporting electrolyte and dry DMF 2 34 N 11.95.

as the solvent. The ferrocenium/ferrocene couple was used as the Syntheses of [Cu(ttab)(l 7] (4) and [Cux(ttab)(u-1)(BF 9)]n (5).
internal standardH, = 0.57 V vs Ag/AgCl). [Cu(CHCN)4][BF4] ttab (0.054 g, 0.10 mmol) and [Cu(GEN)][BF.] (0.063 g, 0.20
and [CUu(CHCN)(PPh),J[BF.] were synthesized according 0 mmg|) were mixed in 5 mL of CCl,, and the solution was stirred
literature procedure%. for 3 h atroom temperature. After a THF/toluene (4:1) (2.5 mL)
Synthesis of [Cu(ttab)(CH3CN),|[BF ]2 (1). ttab (0.109.9,0.20  gqjytion of b (0.051 g, 0.20 mmol) was added to the solution, the
mmol) and [Cu(CHCN)d][BF4] (0.126 g, 0.40 mmol) were mixed  mixture was stirred overnight. After addition of GEN (5 mL)
in 10 mL of CH,Cl,, and the solution was stirredrf@ h atroom and the slow evaporation of the solvent for several days, deep red
temperature. Addition of hexanes (10 mL) resulted in precipitation crystals of complext (~0.013 g,~9% yield, based on ttab) were
of the product. Separation of the solid and then washing with 5 gptained. After the separation of compléxfurther evaporation
mL of THF/hexanes (1:1) resulted in 0.178 g (96%) of comflex  f the mother liquor afforded yellow crystals Bfalong with trace
amount of small deep red crystals4fAfter being washed with 3
g% (Saf))rgdnz', g gvnsvr:)%(/sii,l\ls;ulga;r'{gl,n;?%vgr?ge,g}zg%%%nigiic 2002 mL of CH,Cl,, the red crystals were separated manually from the

21,4978, (b) Song, D. T.; Jia, W. L.; Wang, Srganometallic2004 mixture, and the yellow crystals & were obtained0.041 g,
23, 1194. 46% yield, based on ttab).
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Complexes4 and5 were also obtained by the following direct packag@ (version 5.10) and were corrected for Lorentz and
syntheses. Fat, [Cuy(ttab)(CHCN),][BF 4] (0.038 g, 0.040 mmol), polarization effects. Crystals af 4, and5 belong to the monoclinic
BuyNI (0.030 g, 0.080 mmol), and (0.020 g, 0.080 mmol) were  space groupB2:/n, P2,/c, andC2/m, respectively, while the crystals
mixed in 5 mL of CHCl,, and the resulting brown solution was  of 2 belong to the triclinic space groupl. All four molecules
stirred overnight. After evaporation of the solvent and recrystal- possess a crystallographically imposed inversion center. Toluene
ization of the residue with C¥CN, deep red crystals of were solvent molecules are located in the lattice bfand refined
obtained {-40% yield). NMR in CDCYCD3CN (1:5) at 25°C (9, successfully. CECl, solvent molecules are located in the lattice
ppm), *H NMR: 8.21(s, 2H, phenyl of ttab), 8.12 (s, 4H, aza), of 2and refined successfully. The crystalmis small and diffracts
7.90 (br, s, 4H, aza), 7.19 (br, s, 4H, aza), 7.09 (br, s, 4H, aza), weakly. As a result, less than 20% of the independent reflections
6.50 (br, s, 4H, azaC NMR: 147.97, 143.81, 133.80, 129.69, collected have the intensity greater thar(I2. Disordered toluene
128.90 &«2), 121.38, 117.50, 102.56. Anal. Calcd fogs8.- and THF solvent molecules are found in the latticé&spénd they
CwlgNg: C 28.54, H 1.55, N 7.83. Found: C 28.38, H 1.46, N are partially located, modeled, and refined due to the limitation of

8.06. data. In addition, the BF is disordered, which along with the poor
For 5, [Cup(ttab)(CHCN)][BF 4 (1, 0.019 g, 0.020 mmol) and quality of data and the disordered solvent molecules and the missing
Bu,NI (0.007 g, 0.020 mmol) were mixed in 2 mL of GEl,, and solvent molecules contributes to the relatively poor structural

the resulting clear yellow solution was stirred. The solution turned Parameters ob. All non-hydrogen atoms except the disordered

cloudy after a while, followed by the precipitation of light yellow solvent molecules were refined anisotropically. All hydrogen atoms

solid. Separation and recrystallization of the solid with :CN except those of ‘the .dlsor(.jered solvent molecules werg calculated,

afforded 0.011 g (58%) of light yellow crystals 6f NMR data gnd their contributions in _structural fa_ctor _calculat|ons were

are not available due to its poor solubility. Anal. Calcd fagG:- included. The crystallographic data are given in Table_l. Se_lected

BCWFNgl-0.5CHCly: C 44.76, H 2.50, N 12.10. Found: C 44.47, bond lengths and angles for complexXe<, 4, and5 are listed in

H 1.98, N 11.44. Table 2.

General Procedure for Cu(l)-Catalyzed Coupling Reactions Results and Discussion

of Phenyl Halide with Imidazole. Cul/1,10-Phenanthroline as

the Catalyst. A 50 mL oven-dried Schlenk tube containing a stir ~ Synthesis of the ttab Ligand.Synthesis of the ttab ligand

bar was quickly charged with Cul (0.019 g, 0.10 mmol), 1,10- Wwas initially achieved in~30% yield as previously reported,

phenanthroline (1,10-phen) (0.036 g, 0.20 mmol), imidazole (0.068 by the reaction of excess 7-azaindole and 1,2,4,5-tetrabro-

g, 1.0 mmol), and the base £X0; (0.650 g, 2.0 mmol). The tube = mobenzene in the presence of Cu@d KOH as catalyst

was sealed and evacuated and refilled with Rredried phenyl  and HBr scavenger, respectively. However, because this

halide (1.0 mL), after being bubbled with,Nvas transferred into procedure requires a high temperature (26D and the use

the Schlenk tube via syringe. The mixture was heated in an oil of 5 |arge excessive amount of 7-azaindole, unreacted starting

batrl‘ gnder appropriate tempﬁrat“re for 19 or 48 h. Q,flter :e',”ﬁ material, multiple byproducts, and decomposed species are

e s " Al presen n th reacion mixure, makig e separatin
and purification of the product very difficult. To improve

the solvent was removed, the residue was purified by chromatog- h hesis of ttab d th dified h
raphy on a silica gel column with ethyl acetate/hexanes (4:1) ast e synthesis of ttab, we used the modified homogeneous

the eluent. The organic product was characterizedrb)NMR. C—N coupling method developed by the Buchwald grétup.
Complex 1 as the CatalystThe same procedure as above was In the new procedurg, 7-aza|ndplg was regcted with 1,2,4,5-
adopted, except that compl@x(0.047 g, 0.050 mmol) was used tetrabromobenzene in a 5:1 ratio in DMF in the presence of
as the catalyst instead of Cul/1,10-phen. No additional free ttap Cul, 1,10-phen, and G8O; at 155°C. This new procedure
ligand was added to the compléxatalyst system except for entry ~ increased the yield of ttab to70% without the use of a
6 in Table 3 where 1 equiv of ttab was used. large excessive amount of 7-azaindole, and only trace amount
Monitoring the Dioxygen Reaction with Compound 1.In a of di- and trisubstituted byproducts were observed.
drybox, compound was dissolved in dry THF to make a colorless Syntheses of Dinuclear Cu(l) Complexes of-15. The
solution of ~1.0 x 1075 M. Then, 2.5 mL of this solution was  air-sensitive colorless dinuclear Cu(l) complg&xvas ob-
transferred to a UVvis cell and the cell was sealed by a rubber tained nearly quantitatively by the reaction of [Cu(CHN),]-
stopper. A UV-vis spectrum of the solution was recorded at BF, with ttab in a 2:1 ratio. This new complex is moderately
ambient temperature. Eight portions of 2 mL of @as at 1 atm  staple toward air in acetonitrile but highly air-sensitive in
VTVI’?S introduced to the UZV'dS Ce"ﬂ‘l"a_&‘ syrlngela: ft mlr;]mtedrgg_ls. other common organic solvents, which may be attributed to
e spectra were recorded at-a min interval. After the addition o 1 o\wn  stabilization effect of acetonitrile to Cu(l)
of about 10 mL of @, no further spectral change was observed. o .
) . . complexes? On the other hand, thtd NMR of 1 in CHs-
No obvious color change of the solution was observed during and CN ch ith . | . h
after the Q addition. White precipitation was observed during the changes .W'_t Cc_mcentratlon (at low cqncentratlon, the
0, addition. spectrum ofl is identical to that of free ttab in GJEN) and
X-ray Diffraction Analysis. Single crystals of the complexes time, an indication that some degree of ttab dissociation from

1, 2, 4, and5 were obtained and characterized by X-ray diffraction the Cu(l) C_enter irl occurs in CRCN, presumably due to
analysis. Crystals were mounted on glass fibers for data collection. the formation of the [Cu(CECN)4][BF4]. In solvents such

Data were collected on a Siemens P4 single-crystal X-ray diffrac- 88 CHCl> compound1 remains intact, as confirmed by
tometer with a Smart CCD-1000 detector and graphite-monochro-

iati ; (8) (a) Kubas, G. Jnorg. Synth1979 19, 90. (b) Diez, J.; Falagan, S.;
mated Mo Ku radiation, operating at 50 kV and 35 mA at 180 K. Gamasa, P.. Gimeno, Bolyhedron1988 7, 37.

No significant decay was observed for all of the samples. Data (g) SHELXTL NT Crystal Structure Analysis Packageersion 5.10;
were processed on a PC using the Bruker SHELXTL software Bruker AXS, Analytical X-ray System: Madison, WI, 1999.
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Cu(l) Complexes of 1,2,4,5-Tetra(7-azaindolyl)benzene

Table 1. Crystal Data for Complexes, 2, 4, and5

1 2 4 5
formula CagHngloBngCUz‘C7Hg C70H52N382F8CU2'4CH2C|2 C34|'|22N8|6CU2 C34H22NSBF4|CU2'2C7H8'C4Hgo
fw 1017.54 1707.54 1431.08 1139.75
cryst syst monoclinic triclinic monoclinic monoclinic
space group P2:/n P1 P2i/c C2/m
alA 8.3948(19) 12.323(4) 8.997(1) 24.954(5)

b/A 14.034(3) 13.386(4) 23.441(4) 14.712(3)
c/A 18.518(4) 13.496(4) 9.4998(16) 14.377(3)
o/deg 90 93.117(6) 90 90

fSldeg 99.223(5) 102.741(5) 108.838(3) 112.475(3)
yldeg 90 116.504(5) 90 90

VIA3 2153.4(9) 1913.2(10) 1896.1(5) 4877.1(3)
z 2 1 2 4

Ddg cn3 1.563 1.482 2.507 1.552
ulmm™1 1.070 0.945 6.044 1.568
260mad/deg 56.76 56.70 56.64 56.74

no. of rfins measured 11772 13374 12 569 17 687
no. of rfins usedRint) 4925 (0.0443) 8589 (0.0242) 4473 (0.1048) 6077 (0.1993)
no. of params 331 469 230 286

final R[l > 20(1)]

R12 0.0621 0.0772 0.0610 0.1055
wR2 0.1340 0.2064 0.0974 0.2516

R (all data)

R12 0.1229 0.1129 0.1585 0.3546
wR2 0.1586 0.2303 0.1135 0.3296
GOF onF? 1.019 1.054 0.847 0.811

aR1 = S[|Fo| = IFcl/ZIFol. °WR2 = {T[W(Fo? — FAI YWFPA}2 w = 1/[6]Fs? + (0.07F)7, whereP = [max(Fs3,0) + 2FA)/3.

Table 2. Selected Bond Lengths (A) and Angels (deg)

1 2 4 5
Cu(1)-N(1) 2.005(3) Cu(1}N(1) 2.034(4) Cu(1¥N(2) 2.027(9) I(1}-Cu(1) 2.537(2)
Cu(1)-N(3) 2.001(4) Cu(1}N(3) 2.061(4) Cu(1yN(3) 1.994(9) Cu(1yN(1) 1.960(13)
Cu(1)-N(5) 1.971(4) Cu(1¥P(1) 2.2189(14)  Cu(B)I(1) 2.5123(17)  Cu(1¥N(3) 1.996(13)
NG)-Cu(1-N(3) 109.68(15) N(LFCu(1}-N(3) 113.90(17) I(131(2) 3.0605(12) Cu(E¥I(1)-Cu()  96.82(9)
N(G)-Cu(1)-N(1) 113.46(16) N(I}Cu(1)}-P(1)  129.76(13) 1(2)1(3) 2.8014(12) N(1}Cu(1)-N(3)  126.3(5)
N(3)—-Cu(1)-N(1) 133.72(13) N(@}Cu(l)}-P(1) 111.12(12) N@EYCu(1)-N(2)  118.9(4) N(1»-Cu(l)-1(1)  113.9(4)
N@)—Cu(l)-I(1)  129.3(3) N@E»-Cu(l)-I(1)  118.3(4)

N(2)—Cu(1)-1(1)  110.8(3)
Cu(l-I(M)-12)  106.95(5)
I(1)=1(2)—1(3) 179.41(4)

NMR. The coordinated C¥CN in 1 can be readily ex- lography analyses. The presence of #ieanion in4 or the
changed by phosphine ligands, as evidenced by the isolation~ anion in5 indicates the occurrence of a redox reaction
of the colorless comple® in 84% yield from the reaction  involving I,. We believe that a small amount of Cu(l) reacted
of 2 equiv of PPRwith 1. Complex2 is relatively stable  with I, to produce T which in turn reacted with,lto form

due to the coordination of the bulky PPigand to the Cu- the L~ anion. The syntheses of compléxand5 were also

() center, as evidenced by the fact thatisNMR spectrum achieved by direct preparative methods. The reactioh of
does not show any obvious change after being kept for with 2 equiv of NBul and 2 equiv of 4 produced4 in ~40%
several days under air. Complgxvas also obtained in good yield. The reaction of with 1 equiv of NBul afforded5 in
yield by the direct reaction of ttab with 2 equiv of [Cu(@H  58% yield. The synthetic procedures for compleke$ are
CN)(PPh).][BF4].. The loss of one PRHigand from the summarized in Scheme 1.

Cu(l) center is likely caused by the steric interaction between  Attempts to synthesize the mononuclear complexes [Cu-
PPh and the 7-azaindolyl groups of ttab ) as revealed  (ttab)(CHCN)][BF4] and [Cu(ttab)(PPY][BF4] were also

by the crystal structure oR. The air-stable light yellow  carried out with the intention to use these complexes as
complex 3, which has poor solubility in most organic starting materials for heterobimetallic compounds. However,
solvents, was synthesized by the direct reaction of Cul with all our attempts for the mononuclear complexes by adjusting
ttab. The reaction of LiCkwith complex3 was carried out  the ratio of ttab versus Cu(l) led to the isolation of the
in an attempt to synthesize [gttab)(CH),]. The treatment dinuclear complexes. These results demonstrate the high
of the suspension & in dry EtLO by LiCHz at 0°C yielded preference of ttab to the formation of dinuclear complexes.
a colorless solution. However, attempts to isolate the productThis may be caused by the relative orientation of the
were unsuccessful due to its rapid decomposition at ambient7-azaindolyl groups in the coordinated ttab ligand, which

temperature. upon the coordination of the first Cu(l) ion can cause the
The dark red comple® and the yellow comple® were reorientation of the remaining two 7-azaindolyl groups such
initially isolated from the reaction mixture of compléxvith that it leads to a faster nucleophilic attack toward the next

I,, and their structures were determined by X-ray crystal- Cu(l) ion, resulting in the isolation of its dinuclear complex.
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The preference by the ttab ligand to coordinate to two metal lengths in the four complexes are nearly identical, as shown
centers is consistent with our previous findings in ttab in Table 2, and are close to those in [Cu(PZ,)(CH3;CN)]-
complexe’ of Pd(ll), Pt(ll), and Zn(ll). ClO4 (1.997 A)10 [Cu(dmp)(CHCN)]PFs (2.027 A)! and

Complexesl—5 were fully characterized by NMR spec-  [Cu(Phen)(CHCN)|BF, (2.014 A)12
troscopy and elemental analyses. The vacuum-dried complex For metal ions that have a square planar geometry, the
1 shows no peaks between 2250 and 2350%im the IR 1,2-chelation mode of ttab has been observed exclusively.
spectrum, indicating the loss of the coordinated;CN, as For d'° metal ions that prefer a tetrahedral geometry, the
further confirmed by elemental analyses. Thermogravimetric preferred bonding mode is 1,3-chelation because it minimizes
analysis indicated that the loss of @EN in 1 occurs at~40 the interactions between the ligands on the metal center and
°C and is complete at105°C (see Supporting Information).  the ttab ligand. The 1,3-bonding mode has been observed
The chemical shift of'P{*H} of 2 in CD,Cl, is —0.16 ppm for a dinuclear Ag(l) complex where two Ag(NIWDMSO)
at room temperature, comparable with previously reported groups are chelated to the ttab ligghéln exception to the
Cu(l) PPh complexeg. To establish the bonding mode of 1,3-chelation mode by al¥imetal ion was observed in the
the ttab ligand in the complexes, the structured 02, 4, dinuclear complex zZiCly(ttab) where the two ZnGlunits
and 5 were determined by single-crystal X-ray diffraction are chelated to the ttab ligand in a 1,2-chelation mode with
analyses. The structure of compl8xwvas not analyzed by  a highly distorted tetrahedral geomefrythe preferential
X-ray diffraction analysis due to the lack of suitable crystals. formation of the 1,3-chelation mode by the comple%gg,

Structures of Complexes 1, 2, 4, and 5The structures 4, and 5 can be attributed to the geometrical constraint
of the cations in compounds 2, and5, and the molecular  imposed by the three-coordinate Cu(l) center which requires
structure of4 are shown in Figures-14, respectively. The  the N-Cu—N chelate ligand to be near 120which is
BF,~ anion is omitted for clarity fol, 2, and5. The dinuclear  difficult to achieve with the 1,2-chelating mode (the largest
units of all four structures possess a crystallographically N—M—N bond angle we have observed in the 1,2-chelation
imposed inversion center. The common feature among themode is 97 in the dinuclear Zn(ll) complex). The N%)
four compounds is that the Cu(l) center is three-coordinate Cu(1)-N(3) chelate angle i was in fact determined to be
with an approximate trigonal planar geometry and the ttab
ligand is chelated to the Cu(l) center in the 1,3-chelation 82; ,\CAE?]ZK gt-aC'v:I -Sl\ljl'agkacv'v;a Yl\?lh-' z?:rgwghgma%?i‘lgh 6a1252-_ Masudat
mode in all four structures with GJEN, PhP, I, or I- H. Inorg. Chem 1080 28, 4300, o = s ame, =, ’
occupying the third coordination site. The four-€\,,,bond (12) Lopez, S.; Keller, S. WInorg. Chem.1999 38, 1883.
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Figure 1. Top: Diagram showing the structure of the dinuclear unt.in
Bottom: Unit cell packing diagram projected down thexis, showing
the solvent channels in the lattice. TheBKred) and toluene (yellow) are
shown in space-filling style.

133.72(13). In contrast, the same angledris much smaller,
113.90(179, which is clearly caused by the bulky PPh
group. For4 and5, the N-Cu—N chelate angle is close to
an ideal trigonal planar geometry (118.9(énd 126.3(5),
respectively).

An important feature revealed by the structurd of that,
despite the relative small size of the ¢ZN ligand and its
abundance in solution whehis produced, the Cu(l) center
in 1 is only coordinated to one GEN ligand. Cu(l) ions

Figure 2. Top: Diagram showing the structure of the dinuclear unR.in
Bottom: Unit cell packing diagram projected down thexis, showing
the solvent channels in the lattice. TheBRred) and CHCI; (yellow) are

shown in space-filling style.

angles of C(16}-Cu(1)-N range from 87.99(14)o 114.63-
(16)°). Hence, the three-coordinate geometry of the Cu(l)
center inl1 may be attributed to the interaction between the
Cu center and the central ring which effectively blocks the
fourth coordination site. In other words, the geometry
constraint imposed by the ttab ligand appears to stabilize or
favor the formation of three-coordinate Cu(l) centers. In the
structure of2, a similar interaction between the Cu center
and the central phenyl ring is also evident, as shown in Figure
2, although the separation distance between the Cu atom and
the carbon atom (C(2)) is considerably longer (2.454(4) A)

are known to have the tendency to form four-coordinate than thatinl, clearly due to the presence of the bulky BPh
compounds. Three-coordinate Cu(l) compounds, albeit be-ligand. For4 and5, short separation distances between the
coming increasingly abundant, are still less common than Cu center and the central benzene ring (C(16)) are also

four-coordinate onesA close examination of the structure

present (Cu(t)-C(16) = 2.361(12) A in4, Cu(1)--C(16)

of 1 revealed the presence of a short separation distance= 2.377(12) in5 ), which are much shorter than that n
between the Cu(l) center and one of the carbon atoms (C(16))but similar to that in1. The persistent three-coordinate

in the central benzene ring, as evidenced by the Cu(1)

C(16) distance of 2.383(4) A Although this distance is much (13) (a) Sundararaman, A.; Lalancette, R. A.; Zakharov, L. N.; Rheingold,

longer than a typical CuC bond length, it is close to the
previously reported weak-¢ir interaction distances between
a Cu(l) center and an aryl rid>* and much shorter
compared to the sum of van der Waals radii 3.10 A of Cu

and carbon atoms; a weak interaction between the central
benzene ring and the Cu center is therefore likely present in
1. If we consider C(16) as a weakly bound donor atom, the (14)
Cu(l) center has an approximate tetrahedral geometry (the

A. L.; J&le, F.Organometallic2003 22, 3526. (b) Kronenburg, C.
M. P.; Amijs, C. H. M.; Jastrzebski, J. T. B. H.; Lutz, M.; Spek, A.
L.; Koten, G.Organometallics2002 21, 4662. (c) Niemeyer, M.
Organometallics1998 17, 4649. (d) Kronenburg, C. M. P.; Jastrzebski,
J. T. B. H.; Boersma, J.; Lutz, M.; Spek, A. L.; Koten, G. Am.
Chem. Soc2002 124, 11675. (e) He, X.; Ruhlandt-Senge, K.; Power,
P. P.J. Am. Chem. S0d994 116, 6963. (f) Olmstead, M. M.; Power,
P. P.J. Am. Chem. S0d.989 111, 4135.

(a) Osako, T.; Tachi, Y.; Taki, M.; Fukuzumi, S.; Itoh,|8rg. Chem.
2001 40, 6604. (b) Turner, R. W.; Amma, E. lJ. Am. Chem. Soc.
1966 88, 8, 1877.
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Figure 3. Top: Diagram showing the structure of the dinuclear unid.ilBottom: Unit cell packing diagram projected down thexis (left) andb axis
(right), showing the intermolecular interactions between thdigands.

Figure 4. Top: Diagram showing the structure of the dinuclear un.iBottom, left: Unit cell packing diagram projected down thaxis, showing the
iodide-bridged 1D polymer chains without the BFand solvent molecules removed. Bottom, right: The same unit cell packing diagram with zhér&d)
and the disordered solvent molecules (yellow) being shown in space-filling style.

geometry of Cu(l) in all four complexes is therefore central benzene ring and the copper center, imposed by the
consistent with the presence of weak interaction between thegeometry of the ttab ligand. The €uCu separation distance
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within the dinuclear unit is 6.133, 6.313, 6.064, and 6.045
A for 1, 2, 4, and5, respectively.

The Cu-N (CH:CN) bond distance i1,1.971(4) A, is
comparable to those reported in the four-coordinate Cu(l)
complexes containing the GBN ligand® but significantly
longer than the C4NCCH; bond lengths in the three-
coordinate Cu(l) complexes containing 1,10-phen ch&late
(1.852(7) A), bis(3,5-dimethylpyrazol-1-yl)methane chefate
(1.879(4) A), and Tolman'sB-diketiminate chelafé 1
(1.859(4)-1.862(4) A) and the two-coordinate compléx
[CU/(CH3CN),][B(C6Fs)a] (1.844(2) A). The relatively long
Cu—N (CH3CN) bond distance irl may account for the
facile dissociation of the coordinated @EN ligand in 1.
The Cu-P bond distance ir2 (2.219(2) A) is similar to
previously known CuP distances.

Each Cu(l) center id is bound by onesl” anion. Although
Cu(l) complexes that contain gl ligand were reported
previously!” to the best of our knowledge, complésis the
first reported example of three-coordinate Cu(l) complexes
with a I3~ ligand. The Cu-| bond length ind is 2.5123(17)

A, the I(1)—1(2) bond length, 3.0605(12) A, is considerably
longer than that of 1(2)1(3), 2.8014(12) A, but similar to
those reported in the literatut€The k™ anion has a nearly
perfect linear geometry with the 1(£)(2)—I1(3) bond angle
being 179.41(4) In the crystal lattice, the molecules 4f
have wavelike layered structures with the dinuclear @hits
being sandwiched by the™ anions. The 4~ form layered
structures with weak intermolecular-l interactions. Within
each layer, the neighboring anions have a T-shaped
arrangement with the-4| contact distance being 3.743(1)
A, as shown by the unit cell packing diagram projected down
thea axis in Figure 3. Between two neighboring layers, the
I3~ anions interact in a zigzag manner with thellcontact
distance being 4.185(1) A, as shown by the unit cell packing
diagram shown projected down theaxis in Figure 3. Both
T-shaped and zigzag-style-dl interactions betweenst
anions have been observed previou8ly.

In the dinuclear unit ob, each Cu center is bound by a
I~ ligand with a Cu-1 bond length of 2.537(2) A, similar to
that observed id. The iodide ligand irb acts as a bridging
ligand by coordinating to two Cu(l) centers with a €
Cu bond angle of 96.82(9)thus linking two neighboring
Cuw, units together to form a 1D zigzag coordination polymer,
as shown in Figure 5. The CiCu separation distance
bridged by the 1 ligand is 3.795(2) A, much shorter than
that within the dinuclear unit, but longer than the sum (3.40
A) of van der Waals radii of two Cu atoms, indicating no

(15) (a) Csoregh, |.; Kierkegaard, P.; NorrestamABRa Crystallogr.1975
B31, 314. (b) Chou, C. C.; Su, C. C.; Tsai, H. L.; Lii, K. Khorg.
Chem. 2005 44, 628. (c) Tyekla, Z.; Jacobson, R. R.; Wei, N.;
Murthy, N. N.; Zubieta, J.; Karlin, KJ. Am. Chem. S0d.993 115
2677.

(16) Liang, H. C.; Kim, E.; Incarvito, C. D.; Rhengold, A. L.; Karlin, K.
D. Inorg. Chem.2002 41, 2209.

(17) (a) Alyea, E. C.; Ferguson, G.; Jennings, M. C.; Xu, Atta
Crystallogr. 1999 C46, 2347. (b) Yamamoto, Y.; Kumamaru, T;
Hayashi, Y.; Yamamoto, MAnal. Chim. Actal974 69, 321. (c)
Mandal, S. K.; Thompson, L. K.; Gabe, E. J.; Lee, F. L.; Charland, J.
P.Inorg. Chem.1987, 26, 2384.

(18) For review of the structures and bonding of polyiodide: Svensson, P.
H.; Kloo, L. Chem. Re. 2003 103 1649.
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Figure 5. UV —vis absorption spectra d~3 and ttab in CHCI, (~10°
M).
Cu—Cu interaction. Cu(l) coordination polymers that contain
an iodide bridge are known previousR.However, all
previous reported examples involving iodide bridging ligands
are all four-coordinate Cu(l) compountfs.

The crystals ofL, 2, and5 all host solvent guest molecules
inside the lattice. Foil, the cationic dinuclear units are
arranged in such a manner that 1D channels along &hés
are formed which host the BF and the toluene solvent
molecules, as shown in Figure 1. Ryrsimilar 1D channels
are present in the lattice which host &b solvent molecules
and BR~ (Figure 2). Forb, 1D coordination polymer chains
stack on top of each other in a parallel fashion that results
in the formation of highly porous crystal lattice-85% of
the volume of the unit cell is occupied by solvent molecules)
with rectangular channels, as shown by the lattice packing
diagram projected down the axis (Figure 4). The larger
channels appear to host disordered toluene and THF solvent
molecules (not all solvent molecules were located due to the
quality of the crystal), and the smaller channels hosi BF
and toluene solvent molecules. The trapped solvent molecules
escape from the crystal lattice readily at ambient temperature,
as supported by the elemental analysis results of these
compounds (crystalline samples were used). The tendency
of the ttab copper(l) complexes to form porous crystal lattices
that can host solvent molecules is consistent with our
previous observation for the crystals of ttab Zn(ll), Pd(ll),
and Pt(Il) complexe$.

Electronic and Luminescent Properties.Compoundl
displays a broad irreversible oxidation peak~at.1 V in
the CV diagram in DMF (the FeGmxidation peak appears
at 0.57 V under the same condition) which can be assigned
to the oxidation of Cu(l) to Cu(ll). Compound displays
two irreversible oxidation peaks at 0.80 and 1.10 V,
respectively, which may be assigned to the oxidation of the
two Cu(l) centers ir2, indicative of the possible presence
of electronic communication between the two Cu(l) centers
in 2. For compounds3—5, CV diagrams could not be
obtained due to their poor solubility.

(19) (a) Li, G. H.; Shi, Z.; Liu, X. M.; Dai, Z. M.; Feng, S. Hnorg.
Chem.2004 43, 6884. (b) Cariati, E.; Roberto, D.; Ugo, R.; Ford, P.
C.; Galli, S.; Sironi, A.Inorg. Chem2005 44, 4077. (c) Lobana, T.
S.; Shama, R.; Shama, R.; Mehra, S.; Castineiras, A.; Turnerof).
Chem.2005 44, 1914. (d) Cheng, J. K.; Yao, Y. G.; Zheng, J.; Li, Z.
J.; Cai, Z. W.; Zheng, X. Y.; Chen, Z. N.; Chen, Y. B.; Kang, Y.;
Qin, Y. Y.; Wen, Y. H.J. Am. Chem. So@Q004 126, 7796.
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Figure 6. Normalized excitation and emission spectrd.ef3 and ttab in
CH.Cl, (~10°° M) at ambient temperature.
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Figure 7. Emission spectral change of ttab in @k (1.0 x 1075 M)
with the addition of [Cu(PP#)2(CH3sCN),][BF4] at ambient temperature.

The absorption spectra of complexiés3 have several
intense absorption bands in the region of 2B60 nm which

resemble those of the free ttab ligand as shown in Figure 5.

For compounds3, a very weak and broad metal-to-ligand
charge-transfer (MLCT) band in the 32820 nm region was
observed which accounts for its pale yellow color in solution
(inset, Figure 5). The absorption spectradond5 were
not recorded due to their poor solubility. At ambient
temperature, the solids of compountis5 do not display
any detectable emission when excited by UV light. In
contrast, the free ttab ligand is a fairly bright blue emitter in
the solid staté.In CH,ClI, solution, complexeg—3 emit a
blue color with the emission wavelength being red-shifted
significantly, compared to that of ttab (Figure 6). However,
the emission intensity of the complexes is much weaker,

Zhao et al.

emission spectrum of the ttab solution with 2.4 equiv of [Cu-
(PPR)2(CH3CN),][BF 4] matches very well with that a2 in
CH.CI, (Figure 6), an indication that the emission spectrum
is indeed from the ttab complex ([Cu(PPACHCN),][BF 4]
has a very weak emission in the same region, but its intensity
is less than 5% of that & when recorded using the same
concentration). The titration experiments using [Cu§CN),]-
[BF4] or Cul were not performed due to the poor stability
of the former and the poor solubility of the latter. Nonethe-
less, the intensity of the fluorescent spectraladnd 3 is
<5% of that of ttab recorded using the same concentration.
The emission spectra df~3 and the results of the titration
experiments of ttab with [Cu(PBa(CH3CN),][BF,4] estab-
lished unequivocally that the coordination of the Cu(l) center
to the ttab ligand causes drastic quenching of the emission
intensity of the ttab ligand and shifts its emission energy to
a longer wavelength. Similar fluorescent quenching of ttab
by other d° metal ions such as Ag(l) and Zn(ll) has been
observed previousl§. At 77 K, using a time-resolved
phosphorescent spectrometer, no MLCT emission band was
observed for all three complexes but only the short-lived
ligand-based emission was detected, a behavior that is in
sharp contrast to the Cu(l) complexes of 24gridyl)-
benzimidazolyla%° and 2-phenylbenzimidazofylderivative
ligands where the ligand is either chelated to the Cu(l)
centef%or bound to the Cu(l) center as a terminal lig&nd
and the complexes display exclusively MLCT emission with
a long decay lifetime. On the basis of the fluorescent titration
data and the time-resolved spectral data, we conclude that
the emission of the Cu(l) complexes is ligand-based.
Reactivity of Complex 1.0One of the important applica-
tions involving Cu(l) compounds is their use as catalysts in
Ullimann condensation reactions for the formation ofIC
bonds?? Although different forms of copper, including the
metal itself, the Cu(l) or Cu(ll) salts, and the oxides have
been found to be able to catalyze the-I€ coupling
reactions, earlier mechanistic study revealed that the active
species is the Cu(l) ioATraditional Ullmann condensation
reactions require the use of high temperature and highly polar
solvents, which greatly limits its scope of applicatiérs.
1999, Buchwald reported that the efficient Ullmann-type
N-arylation of imidazoles can be achieved by using (Cu@Tf)
benzene/1,10-phen as the catalyst and xylenes as the solvent
at relatively low temperatur&.Since then, a variety of new

compared to the free ligand in the same concentration. Toligand systems, along with different bases and solvents, have

demonstrate the impact of the Cu(l) coordination on the
fluorescence of the ttab ligand, a titration experiment was
carried out where an incremental amount of [Cu(GHs-

CN),][BF,4] was added to the ttab solution (101075 M)

in CH,Cl, while the excitation and emission spectra of the
solution were monitored. As shown in Figure 7, in the low
concentration range, the addition of the Cu(l) compound

been examined to further improve the Ullmann condensation
reactions’®3 However, all previous studies focused on
mononuclear Cu(l) systems and no study on the use of
dinuclear Cu(l) compounds as catalysts in Ullmann conden-
sation reactions have been reported to date. We therefore
decided to investigate if our dinuclear Cu(l) compouhd
can be used as an effective catalyst ferKCbond formation

causes dramatic quenching of the ttab emission intensityreactions. In our investigation, the condensation reaction of

without significantly altering the emission wavelength. After

phenyl halides with imidazole was examined. The catalytic

the addition of 1 equiv of Cu(l), the intensity change becomes activity of complexl was compared with the Cul/1,10-phen

less dramatic but significant red-shift of the emission
wavelength occurs. After the addition 2.4 equiv of the

system, reported by Buchwald’s group in Ullmann condensa-
tion reactions. Complex2 was not investigated because the

Cu(l) compound, no further spectral change is observed. Thebulky PPh ligand blocks the Cu(l) coordination site, making
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Table 3. N-Arylation of Imidazole with Phenyl Halides

Catalyst Ve
X o+ HN/\N — NN
\—/  cs:co; \—/

entry Ph-X catalyst T (°C)/time yield (%}
1 Ph-I Cul 145/19 h <3
2 Ph-1 Cul/1,10-Phen (1:2) 145/19 h 95
3 Ph-1 [Cua(ttab)(CHCN),][BF 4] 2 145/19 h 97
4 Ph-Br Cul/1,10-Phen (1:2) 165/48 h 91
5 Ph-Br [Cua(ttab)(CHCN)2][BF 4] 165/48 h 62
6 Ph-Br [Cux(ttab)(CHCN),][BF 4]/ttab (1:1) 165 /48 h 73
7 Ph-CI Cul/1,10-Phen (1:2) 165/72 h tréce
8 Ph-CI [Cug(ttab)(CHCN),][BF 4] 2 165/72 h trace

a|solated yield £3%, average of two runsy.Based on TLC. All reactions were carried out with 1.0 mmol of imidazole, 2.0 mmol ¢€Gs 0.10
mmol of copper catalysts (based on copper) in 1.0 mL of phenyl halide, which was used both as the reagent and the solvent.
2 an unlikely candidate for Ullmann condensation reactions.
Compounds3—5 were also not examined for Ullmann
condensation reactions because of their poor solubility in
organic solvents. The results of our preliminary study are
summarized in Table 3. The experimental data showed that
the order of reactivity of the phenyl halides is PhIPhBr
> PhCI with the chlorobenzene being most inert toward
coupling reactions with imidazole under the condition used,
and that theN,N-chelate ligand is critical for the aryl-€N
bond formation reactions (entry 1). These observations are
in good agreement with the literatudé For the reaction of
phenyl iodide, the performance of compléis comparable
to that of Cul and 2 equiv of 1,10-phen. The advantage for
1 here is that the addition of free ttab ligand is not necessary. Figure 8. UV—vis spectra of compoundl in THF, recorded at ambient
For the reaction of phenyl bromide, the reaction has to be temperature, with the addition of,@as. (The concentration dfis ~1075

. . M. Eight portions of 2 mL of @ at 1 atm were introduced to the solution
carried out at a temperature higher than that for phenyl (2.5 mL) at an~3 min interval. The spectra were recorded atahmin

iodide, and the reaction catalyzed liyhas a lower yield interval, and not all the recorded spectra are shown.)

than that catalyzed by Cul/1,10-phen, indicating that the

simple Cul/1,10-phen system as a catalyst is better than theygf O, to a 2.5 mL solution ofl (~1.0 x 105 M), no further
dinuclear compound. To enhance the reactivity df, 1 gpectral change was observed. The colorless solutidh of
equiv of ttab ligand (relative td) was added (entry 6 in ig not show any obvious color change during and after the

Tt&_l”blle 3), tvr\]/hic?hle(cj: t(l)/la%lo;’f) incretase (_)rfhthe ?’if_ld'lblljt addition of Q. Colorless precipitation was observed. The
sull lower than the L.ul/ 2, 10-phen system. The refatively low spectral change was not caused by the dissociation of the

activity of complex1, compared to that of Cul/1,10-phen, ttab ligand, as shown by the free ttab YVis spectrum

could be caused by its instability (ligand dissociation) at high _. ) . . .
temperature. Compared to 1,10-phen, which is an effective(F'gur? 8 inset). Our attempts to characterize and identify
the oxidized products have not been successful.

chelate ligand due to the formation of five-membered chelate
ring, the ttab ligand forms a 10-membered chelate ring in  In summary, the ttab ligand has been shown to form
the 1,3-bonding mode ifi, which is clearly more prone to  dinuclear Cu(l) compounds readily, prefers the 1,3-chelation
dissociation than the five-membered chelate ring formed by mode when bound to a Cu(l) center and favors the 3-coor-
1,10-phen. dinate geometry by Cu(l). In all dinuclear complexes, close
Inspired by the work reported by Tolman and others on cqniact between the central benzene ring and the Cu(l) center
the reaction of @with three-coordinate Cu(l) compourids is present, which may play a role on the stability and
that have a coordination environment similar to that of reactivity of the complex. The ttab complexes have the
complexl, we examined the reaction of compléxvith O, ' . .
tendency to trap solvent molecules in the crystal lattice. The

by UV-—vis spectroscopy. We monitored the dioxygen o2 . )
reaction with complex. at ambient temperature (currently coordination of the Cu(l) center to the ttab ligand partially

we do not have the setup that allows accurate recording quuefnc'hes the emission of the ttab ligand and shifts the
UV —vis at low temperature.). As shown by the data in Figure €Mission energy to a longer wavelength. The :CN

8, compoundl in THF has two intense absorption bands complex1 displays a catalytic activity in the phenyl halide
with 2 = 262 and 292 nm, respectively. The introduction of Ccoupling reactions with imidazole, comparable to but not
0, to the solution ofl in THF led to the blue-shift of the ~ better than that of Cul/1,10-phen. In addition, preliminary
absorption band at 262 nm to 244 nm. In addition to the UV—vis data indicate that compountl reacts with Q
blue-shift, the intensity of this band also increased substan-readily, but further research is needed to establish the detail
tially with the addition of Q. After the addition of~16 mL of this oxidation reaction and the fate of the Cu(l) complex.

Inorganic Chemistry, Vol. 45, No. 15, 2006 5839



Zhao et al.

Acknowledgment. We thank the Natural Sciences and parameters, bond lengths and angles, and hydrogen parameters;
Engineering Research Council of Canada for financial TGA diagram forl and cyclic voltammetry diagrams for com-
support. poundsl and 2. This material is available free of charge via the

. . . . . Internet at http://pubs.acs.org.
Supporting Information Available: Complete X-ray diffraction rhet at hilp:iipubs.acs.org

data forl, 2, 4, and5 including tables of atomic coordinates, thermal 1C060237H

5840 Inorganic Chemistry, Vol. 45, No. 15, 2006





