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Abstract: A novel class of luminescent
dialkynylgold(IIT) complexes contain-
ing various phenylpyridine and phenyl-
isoquinoline-type bidentate ligands has
been successfully synthesized and char-
acterized. The structures of some of
them have also been determined by X-
ray crystallography. Electrochemical
studies demonstrate the presence of a
ligand-centered reduction originating
from the cyclometalating C*N ligand,
whereas the first oxidation wave is as-
sociated with an alkynyl ligand-cen-
tered oxidation. The electronic absorp-

of the complexes have also been inves-
tigated. In dichloromethane solution at
room temperature, the low-energy ab-
sorption bands are assigned as the
metal-perturbed m—m* intraligand (IL)
transition of the cyclometalating C*"N
ligand, with mixing of charge-transfer
character from the aryl ring to the pyri-
dine or isoquinoline moieties of the cy-
clometalating C”N ligand. The low-
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energy emission bands of the com-
plexes in fluid solution at room temper-
ature are ascribed to originate from the
metal-perturbed m—m* IL transition of
the cyclometalatng CAN ligand. For
complex 4 that contains an electron-
rich amino substituent on the alkynyl
ligand, a structureless emission band,
instead of one with vibronic structures
as in the other complexes, was ob-
served, which was assigned as being de-
rived from an excited state of a
[*(C=CC(H,NH,)—x*(C"N)] ligand-
to-ligand charge-transfer (LLCT) tran-

tion and photoluminescence properties

Introduction

Over the past decade, there has been an enormous growth
in the research and development of new luminophores for
applications in efficient organic light-emitting devices
(OLED:s). In particular, much attention has been drawn to-
wards the use of heavy-metal complexes, in which strong
spin-orbit coupling occurs to allow intersystem crossing
(ISC) between singlet and triplet states, resulting in much
higher quantum yield of emission from the triplet state,
thereby improving the internal quantum efficiency of
OLED:s to 100%.!" Baldo et al. reported the first use of the
[Ir(ppy)s] (ppy=2-phenylpyridine) phosphorescent emitting
material as a dopant in a 4,4-N,N'-dicarbazolebiphenyl
(CBP) host to give high quantum efficiency OLEDs.['!! In
light of the rich photoluminescence properties of [Ir(ppy)s],
there has also been a growing interest in the incorporation
of 2-phenylpyridine derivatives and other cyclometalating
CAN ligands into iridium(II) centers to prepare triplet
emitters for OLED applications.”) An important advantage
of the use of cyclometalating ligands is that by varying the
substituents, the emission color of the resulting metal com-
plexes can be readily tuned over the visible region. Despite
this, the use of ppy-type phosphors containing alternative
metal centers remains relatively less extensively explored
and rather underdeveloped, with only some reports on ppy
derivatives of platinum(IT)* and ruthenium(II).[*

In contrast to the isoelectronic platinum(II) compounds
that are known to show rich luminescence properties,” very
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sition.

few examples of luminescent gold(IIT) complexes have been
reported,’ which probably stems from the presence of low-
energy d-d ligand field (LF) states and the electrophilicity
observed for the gold(IIT) metal center.!! One way to en-
hance the luminescence of gold(III) complexes is by intro-
duction of strong o-donating ligands, which was first demon-
strated by our group on stable gold(III) aryl compounds
that were found to display interesting photoluminescence
properties even at room temperature.’l This concept has
been further extended and demonstrated in gold(III) com-
plexes containing the tridentate bis-cyclometalating diaryl-
pyridine (CAN”C)-type ligands with alkynyls and N-hetero-
cyclic cyclic carbenes as the o-donating ancillary ligands, all
of which exhibit rich luminescence behaviors at both room
and low temperatures in various media.*® Although gold-
(IIT) complexes containing various bidentate cyclometalat-
ing CAN ligands have been reported, their photophysical
studies have rarely been investigated.'®!') It is envisaged
that the use of cyclometalating C*N-type ligands in combi-
nation with alkynyl ligands would result in interesting
organogold(III) complexes with rich luminescence behav-
iors. In addition, by the judicious selection of the bidentate
cyclometalating ligand, the emission color of the gold(III)
complexes can be readily tuned. Herein we report the syn-
thesis, characterization, electrochemical, and photophysical
studies of a versatile class of luminescent dialkynylgold(IIT)
complexes with various cyclometalating and alkynyl ligands,
[Au(C~N)(C=CR),]. To the best of our knowledge, this is
the first report on luminescent gold(III) complexes contain-
ing bidentate C/~N ligands that exhibit luminescence at
room temperature.

Results and Discussion
Synthesis and characterization: All dichlorogold(III) precur-

sor complexes, [Au(C*N)Cl,],"”! were prepared according to
a literature procedure by using various cyclometalating C*N
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ligands that are either commercially available or synthesized
through Suzuki coupling reactions.™ The dialkynylgold(ITT)
complexes 1-15 were prepared according to the reaction of

R2 — R R2 R®
s R M H H  CgHsOCHzp
<\ / 2 H H CgHy-CoH5-p
N ) H H  CgHsCFsp
AN 4 H H  CeHyNHyp
Al (5) H H  Si(CHy)
6) CH, H  GCgHsOCHsp
/ \ (7) CH, H  CeHsCiHgp
3 3 (8) CH3 H SI(CHS)B
R R 9 ®Bu H  CeHrOCHyp
(10) OCH, H  CgHs#OCHsp

3
{(11) OCH, 5-CH; CgH,-OCHg-p
(12) OCH; 4-CHs CgHs-OCHgp
(13) OCH3 5-CF3 C5H4-OCH3-p

R* RS
(14) H CgH4-OCH3-p
(15) OCH;  CgH,-OCHy-p

the respective dichlorogold(III) precursor compounds with
the various alkynyllithium reagents, which were prepared in
situ from n-butyllithium and the respective alkynes in tetra-
hydrofuran under a nitrogen atmosphere at —78°C. All the

Table 1. Crystal and structure determination data of 1, 6, 11, 12, and 15.

complexes were found to be air stable, thermally stable, and
could be stored over extended periods of up to several
months in the dark. Compared with the dichlorogold(III)
precursor complexes, the dialkynylgold(III) complexes were
found to be much more soluble in common organic solvents
like dichloromethane. The identities of all the complexes,
namely 1-15, have been confirmed by "H NMR spectrosco-
py, FAB mass spectrometry, and satisfactory elemental anal-
yses. The crystal structures of 1, 6, 11, 12, and 15 have also
been determined by X-ray crystallography. In general, their
IR spectra exhibited two #(C=C) absorptions at 2075-
2191 cm™!, which is in accordance with the configuration of
two alkynyl ligands in the trans position to N and C atoms
on the cyclometalating ligands. Similarly, the NMR signals
of the phenyl protons on the two alkynyl ligands in their
"H NMR spectra were at different chemical shifts because
these two alkynyl ligands are not chemically equivalent.

X-ray crystal structures: Single crystals of 1, 6, 11, 12, and
15 were obtained by layering of n-hexane onto a concentrat-
ed dichloromethane solution of the complexes, and their
structures were solved by X-ray crystallography. Crystal-
structure determination data are summarized in Table 1.
The selected bond distances and bond angles as well as se-
lected intermolecular parameters are tabulated in Table 2.
The perspective views of the crystal structures of 1, 6, 11,
12, and 15 are depicted in Figure 1. In each case, the gold-
(IIT) metal center coordinates to the bidentate cyclometalat-
ing CAN ligand with the remaining two sites each occupied

Complex 1 6 11-CH,Cl, 12-CH,Cl, 15-CH,Cl,

formula CyyH,,AuNO, C;H,,AuNO, C3,Hy3AuCLNO; C3,H3AuCLNO; C3sHysAuCLNO;

M, 613.46 627.47 742.42 742.42 778.45

T[K] 301(2) 301(2) 301(2) 301(2) 301(2)

A[A] 0.71073 0.71073 0.71073 0.71073 0.71073

crystal system monoclinic monoclinic monoclinic monoclinic monoclinic

space group P2/c P2,/n P2,/c P2,/c P2/c

a[A] 10.5506(12) 13.9463(6) 15.199(1) 11.853(1) 12.0236(7)

b[A] 19.151(2) 12.9040(6) 8.5757(8) 11.584(1) 11.5276(6)

c[A] 11.839(1) 14.0662(6) 23.146(2) 21.840(3) 22.288(1)

al’] 90 90 90 90 90

Al 102.384(2) 103.273(1) 104.89(1) 94.04(2) 94.77(1)

y[°] 90 90 90 90 90

V [em?] 2336.5(5) 2463.78(19) 2915.5(4) 2991.2(6) 3078.5(3)

Z[AY 4 4 4 4 4

Pealed 1.744 1.692 1.691 1.649 1.680

[gem]

crystal size [mm”] 0.24x0.23x0.19 0.3x0.25%x0.2 0.4x0.16x0.05 0.27x0.25%0.13 0.46%x0.42x0.3

index ranges —-14<h<12, -16<h <18, —-18<h <18, -10<h <14, —-12<h<14,
—25<k<25, -16<k<15, -10<k<10, —14<k<14, —14<k<14,
—-15<1<13 -17<1<18 —28<1<26 —26<1<25 —27<1<24

reflections 16230/5693 14241/5598 16398/5504 17090/5673 17295/5815

collected/

unique

GOF on F? 1.019 1.024 1.044 1.011 1.042

final R indices R,;=0.0417, R;=0.0224, R,;=0.0263, R,;=0.0267, R,;=0.0211,

[1>20(1)] wR,=0.1004 wR,=0.0520 wR,=0.0651 wR,=0.0589 wR,=0.0466

largest diff peak and hole 2.192 and 1.431 and 1.164 and 0.699 and 0.371 and

[eA~] —1.195 —0.780 —0.743 —0.336 —0.743
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Table 2. Selected bond lengths [A] and angles [°] for 1, 6, 11, 12, and 15 with estimated standard deviations (esds) given in parentheses.

1 6 11-CH,CI, 12-CH,CI, 15-CH,CI,

Aul-N1 2.12(3) Aul-N1 2.074(3) Aul-N1 2067(3)  Aul-NI1 2.0653)  Aul-Nl1 2.063(2)
Aul—C1 1.95(3) Aul—Cl1 2.031(3) Aul—C19 2041(4)  Aul-C7 2.038(4)  Aul-Cl 2.034(3)
Aul—C21 2028(7)  Aul-Cl3 2.037(4) Aul—C1 2052(5)  Aul-C23 2.028(5)  Aul-Cl17 2.034(3)
Aul—C12 1.973(8)  Aul-C22 1.958(4) Aul—C10 1.957(4)  Aul-Cl4 1.948(5)  Aul-C26 1.960(3)
21-C22 1.191(9)  Cl13-Cl4 1.194(5) c1-c2 1.184(6)  C23-C24 1201(6)  C17-Cl18 1.199(4)
C12-C13 1.193(10)  C22-C23 1.193(5) C10-Cl1 1.194(6)  Cl14-CI5 1208(6)  C26-C27 1.193(4)
N1-Aul-C1 82.1(11)  Nl1-Aul-Cl 81.17(13)  NI-Aul-C19  81.0(16)  Nl-Aul-C7 812(15)  Nl1-Aul-Cl 80.6(11)
N1-Aul-C21  96.1(8) N1-Aul-C13  94.68(14)  Nl-Aul-Cl 938(15)  NI-Aul-C23  96.1(16)  NI-Aul-C17  96.3(11)
N1-Aul-C12  1729(8)  NI-Aul-C22  173.55(13) NI-Aul-C10  173.1(15) NI1-Aul-Cl4  1742(15) NI-Aul-C26  173.9(11)
Cl-Aul-C12  90.8(9) Cl-Aul-C22  9258(14)  CI9-Aul-C10  92.6(17)  C7-Aul-Cl4 931 (15)  Cl-Aul-C26  93.2(12)
Cl-Aul-C21  1772(8)  Cl-Aul-C13  17584(14) C19-Aul-Cl  1748(14) C7-Aul-C23  1772(16) Cl-Aul-C17  96.3(11)
C21-Aul-C12  91.0(3) Cl3-Aul-C22  9157(15)  Cl-Aul-C10  926(17)  C23-Aul-Cl4  89.6(17)  ClI7-Aul-C26  89.8(2)
Aul-C21-C22  169.5(6)  Aul-CI3-Cl4  176.6(4) Aul-C1-C2 169.8(4)  Aul-C23-C24  1772(4)  Aul-C17-C18  178.0(3)
Aul-CI2-C13  1769(7)  Aul-C22-C23  177.0(3) Aul-C10-C11  1768(4)  Aul-Cl4-C15  1785(4)  Aul-C26-C27  175.8(3)
C21-C22-C23  1761(8)  CI3-Cl4-C15  1782(4) C1-C2-C3 1740(4)  C23-C24-C25  1778(5)  CI7-C18-C19  177.5(3)
C12-C13-Cl4  1780(8)  C22-C23-C24  177.4(4) C10-C11-C12  1767(5)  Cl4-CI5-Cl6  177.9(5)  C26-C27-C28  178.2(4)

by an alkynyl ligand to give a distorted square-planar geom-
etry, characteristic of d® metal complexes. The C-Au-N
angles of 80.6-82.1° about the gold(III) metal center are
found to deviate from the ideal 90° owing to the restricted
bite angle of the bidentate CAN ligands. This is accompa-
nied by a concomitant opening of the N-Au-C(alkynyl)
(93.8-96.3°) and C(alkynyl)-Au-C(alkynyl) (89.6-92.6°)
bond angles. The same constraints associated with the che-
lating ligand can also be observed in the dichlorogold(III)
precursor' and related organogold(IIT) complexes contain-
ing C N ligands."*'" The [Au(C~N)] motif is essentially co-
planar, and the Au—C (2.031-2.046 A) and Au—N (2.063—
2.074 A) bond lengths are similar to those found in other re-
lated complexes.'"*'”! The Au—C and Au—N bond lengths in
1 deviate from the above ranges of values owing to disorder-
ness in the C and N atoms of the ppy moiety. The Au-C=C
angles range from 169.5 to 178.5°, establishing a slightly dis-
torted linear arrangement, with the Au—C (1.948-2.052 A)
and C=C bond lengths (1.184-1.208 A) similar to those
found in the related bis-cyclometalated alkynylgold(III)
system.®!

Because the shortest Au-Au distances (5.037-7.521 A)
between adjacent molecules are found to be longer than the
sum of van der Waals radii for two gold(III) centers, no sig-
nificant Au--Au interactions occur in the crystal lattices of
the complexes. Moreover, as there is only slight overlap be-
tween adjacent [Au(C”N)] moieties in the complexes,
stacking interactions are very weak to negligible in the com-
plexes. The complex molecules are packed in a variety of
manners, as depicted in the crystal packing diagrams in
Figure 2.

Electrochemistry: The cyclic voltammograms of 1-15 in di-
chloromethane (nBu,NPF;, TBAH; 0.1 moldm™) generally
show one quasi-reversible reduction couple at —1.47 to
—1.64 V (vs. standard calomel electrode, SCE) and irreversi-
ble oxidation waves in the ranges of +0.87 to +1.68 V (vs.
SCE). The electrochemical data are summarized in Table 3.
Similar reduction potentials were observed in complexes 1-
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5 and in 6-8 consisting of the same C”N ligand. The reduc-
tion process is assigned as the ligand-centered reduction of
the CAN ligand. The occurrence of this reduction at a more
negative potential in 6-12 than 1-5 is also in line with this
assignment because the electron-donating methyl, tert-butyl,
and methoxy substituents on the C N ligand would destabi-
lize the m* orbital and reduce its ease of reduction to give
more negative potentials. Conversely, a less negative poten-
tial was observed for the reduction couple in 13 owing to
the presence of a strongly electron-withdrawing trifluoro-
methyl group, which would stabilize the m* orbital, render-
ing it easier to be reduced. Likewise, an increase in the
extent of m-conjugation upon a change from pyridine to the
isoquinoline moiety on the C"N ligand would result in a
lower-lying wt* orbital, with the ligand-centered reduction
potentials of 14 and 15 being less negative than the corre-
sponding ppy analogues 1 and 10, respectively. Consequent-
ly, 14 and 15 both exhibit the least negative reduction poten-
tials among all the complexes studied.

On the other hand, the potentials for the first oxidation
were found to be quite sensitive to the nature of the alkynyl
ligand. In view of the electron-deficient and redox-inactive
nature of the gold(IIT) metal center, the oxidation wave was
assigned as the alkynyl ligand-centered oxidation, as in the
related alkynylgold(III) complexes with tridentate bis-cyclo-
metalating ligands.®! In general, complexes containing the
same alkynyl groups are found to show similar potentials.
Complex 4, which contains the electron-rich aminophenyl
alkynyl ligands, exhibited the least positive potential of
+0.87 V (vs. SCE). No anodic waves could be observed in
complexes 5 and 8, probably due to the lack of the phenyl
ring in the ethynyltrimethylsilane ligands. No correlation
was been found for the second oxidation wave, and the oc-
currence of this wave is probably due to decompositions
that have occurred after the first oxidation process, based on
the fact that strong anodic signals that are typical of elec-
trode adsorption were observed upon the reduction scan im-
mediately after the first oxidation.
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Figure 1. Perspective drawings of complexes a) 1, b) 6, c) 11, d) 12, and ¢) 15 with an atomic numbering scheme. Hydrogen atoms and solvent molecules
are omitted for clarity. Thermal ellipsoids are drawn at the 30 % probability level.

UV/Vis absorption spectroscopy: The UV/Vis absorption
spectra of complexes 1-13 in dichloromethane at 298 K ex-
hibit intense absorption bands or shoulders in the 300-
370 nm region, whereas complexes 14 and 15, with the more
conjugated phenylisoquinoline-type ligand, show intense ab-
sorption bands at approximately 360-416 nm. All the ab-
sorption bands show extinction coefficients (¢) in the order

134 — www.chemeurj.org
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of 10*dm’mol'cm™, with the exception of complexes 5

and 8 that show slightly smaller & values of 7.1-9.0x
10° dm*mol'em™" due to the absence of the phenyl ring in
the ethynyltrimethylsilane ligands. These results were found
to resemble those of the dichlorogold(III) precursors and re-
lated complexes reported in the literature.'""' A detailed
study has previously been conducted by Eisenberg and co-

Chem. Eur. J. 2011, 17, 130—-142
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Figure 2. Crystal packing diagrams of complexes a )1, b) 6, ¢) 11, d) 12, and e) 15.

Table 3. Electrochemical data for 1-15.1%

Complex Oxidation E,,," Reduction Ei
vs. SCE [V] vs. SCE [V]
1 +1.19, +1.53 -151
2 +1.43 -1.51
3 +1.61 —1.47
4 +0.87, +1.10 -1.52
5 . -1.54
6 +1.26, +1.68 —-1.55
7 +1.32, +1.46 -1.52
8 . -1.57
9 +0.96, +1.50 —-1.53
10 +1.11, +1.32 —1.56
1 +1.24, +1.54 —-1.60
12 +1.14, +1.37 —1.64
13 +1.29, +1.49 —1.33
14 +1.09, +1.30 -1.26
15 +1.04, +1.24 -1.37

[a] In dichloromethane solution with TBAH (0.1Mm) as the supporting
electrolyte at room temperature; scan rate 100 mVs™". [b] E,, refers to
the anodic peak potential for the irreversible oxidation waves. [c] E:, =
(En+E,)2; E, and E,. are peak anodic and peak cathodic potentials,
respectively. [d] No observable oxidation waves.
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workers on the UV/Vis absorption behaviors of the
dichlorogold(III) precursor, [Au(ppy)Cl,], as well as the free
ppy ligand." The dichlorogold(TIT) complex showed moder-
ately intense absorption bands at 224, 292, and 334 nm,
whereas the free ligand peaked at 234 and 290 nm. Because
there was insignificant shift in the electronic absorption
bands upon complexation, the high-energy bands of the
dichlorogold(III) precursor were assigned as intraligand m—
m* transitions of the ppy ligand. The photophysical data of
1-15 are summarized in Table 4, and the corresponding elec-
tronic absorption spectra of 1, 2, 4, 10, and 13-15 are depict-
ed in Figure 3. Comparison of the UV/Vis absorption behav-
iors of complexes 1-5 and 6-8 reveals that the high-energy
absorption is rather insensitive to the nature of the alkynyl
ligand. On the other hand, variation of the cyclometalating
CAN ligands would cause a change in the absorption ener-
gies. With reference to such sensitivity to the nature of the
cyclometalating C*N ligands, together with previous reports
on the dichlorogold(IIT) precursors and the related gold(III)
ppy!""" and alkynylgold(IIT) complexes, the electronic ab-
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Table 4. Photophysical data for 1-15.

Absorption! Emission
Complex Amax [nM] Medium Amax [NM] @,
(€max [dm*mol ' cm™]) (T[K]) (7o [ps])

1 300 (16115), 326 (17365) CH,Cl, (298)!! 464, 492, 524 sh (< 0.05) 1.7x1072
glass (77)! 459, 491, 525, 568 sh (402)

2 302 (14370), 320 (16905) CH,Cl, (298)! 462, 493, 524 sh (3.4) 2.5x1072
glass (77t 457, 491, 524, 565 sh (310)

3 318 sh (14455), 330 sh (9685), 346 (5665) CH,Cl, (298)"! 464, 493, 522 sh (8.0) 1.6x1072
glass (77)led! 458, 492, 521 (381)

4 316 sh (24520), 332 sh (19260), 360 sh (9245) CH,Cl, (298) 441, 613 (<0.05) 22x1072
glass (77)! 455, 490, 518 (197)

5 320 (7800), 330 sh (7290), 340 sh (5750) CH,Cl, (298) 462, 493, 523 sh (9.6) 71x1072
glass (77)led 458, 483, 492, 519 (461)

6 300 (14180), 330 (16175) CH,CI, (298)!! 473, 503, 540 sh (< 0.05) 1.8x1072
glass (77)led! 465, 498, 530 (424)

7 324 (20575), 354 (7355) CH,Cl, (298) 472, 502, 534 sh (10.3) 1.3x1072
glass (77)lcd 464, 499, 526 (433)

8 320 sh (7065), 340 (8990), 352 (7485) CH,Cl, (298)"! 472, 503, 535 sh (12.4) 0.103
glass (77)led! 464, 499, 528 (615)

9 302 (17630), 330 (21650) CH,CI, (298)!! 470, 500, 532 sh (< 0.05) 2.9%1072
glass (77)lcd! 462, 498, 527, 563 sh (433)

10 330 (15820), 366 sh (9235), 374 sh (7105) CH,Cl, (298) 487, 514, 553 sh (14.6) 4.6x1072
glass (77)ld 475, 507, 540 (519)

1 330 sh (16265), 370 sh (8475) CH,Cl, (298)!! 491, 520, 556 sh (< 0.05) 45%x1072
glass (77)l 480, 503, 515, 540 sh (559)

12 326 sh (15530), 364 sh (7375) CH,Cl, (298)! 479, 507, 549 sh (10.2) 2.5%107?
glass (77)lcd! 490, 524, 469 sh (463)

13 318 (14960), 358 (18175) CH,Cl, (298)! 499, 523, 569 sh (6.4) 9.9%107?
glass (77)lc 487, 519, 555 sh (541)

14 362 (13565), 398 sh (6665) CH,Cl, (298) 582, 621 (19.4) 45%x1072
glass (77)l 573, 619, 673 sh (46.1)

15 322 sh (28495), 360 sh (23814), 400 (27910), 416 sh (22930) CH,Cl, (298) 592, 632, 697 sh (30.9) 6.0x1072

glass (77) 585, 630, 690 sh (167)

[a] In dichloromethane at 298 K. [b] The luminescence quantum yield, measured at room temperature by using quinine sulfate as a standard. [c] Vibron-

ic-structured emission band. [d] In EtOH/MeOH/CH,Cl, (40:10:1 v/v).

ex 10 /dm® mol" cm™

300 350 4

Wavelength / nm

Figure 3. Electronic absorption spectra of 1 (——), 10 (-----), 13 (e++e),
and 15 (---+) in CH,C], at room temperature.

sorption band of these dialkynylgold(IIT) complexes is sug-
gested to be assigned as a metal-perturbed m—n* intraligand
(IL) transition of the C~N ligand, with charge-transfer char-
acter from the aryl ring to the pyridyl or isoquinoline
moiety, probably mixed with some alkynyl-to-cyclometalat-
ing ligand LLCT character, given the non-reducing nature
of the gold(IIT) metal center, which eliminates the possibili-
ty of a metal-to-ligand charge-transfer (MLCT) transition.
Attachment of electron-donating methyl, fert-butyl, and the
strongly electron-donating methoxy groups on the phenyl
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ring in complexes 6-13 has generally resulted in red shifts in
the electronic absorption compared with complexes 1-5 that
contain the unsubstituted ppy ligand. This is in accordance
with the assignment of a metal-perturbed m—mt*(C~N) intra-
ligand (IL) transition because the electron-donating groups
on the phenyl rings would narrow the HOMO-LUMO
energy gap in view of the fact that the energy level of the
HOMO = orbital is raised to a larger extent than that of the
LUMO =t* orbital. In addition, a pronounced shift to lower
absorption energy can be observed when the pyridyl moiety
is replaced by the more conjugated isoquinoline group in
complexes 14 and 15. This is ascribed to the stabilization of
the m* orbital by the better delocalization over the CAN
ligand upon introduction of the isoquinoline moiety, which
results in a narrowing of the n—n* energy gap.

Luminescence spectroscopy: This class of gold(III) com-
pounds was found to exhibit rich luminescence. Their photo-
luminescence properties in dichloromethane solution at
room temperature and in ethanol/methanol/dichlorome-
thane (40:10:1 v/v) glass at 77 K have been studied. In di-
chloromethane solutions at 298 K, the gold(IIT) complexes
exhibit intense luminescence over a broad range of wave-
lengths covering 462-697 nm at room temperature. The pho-
tophysical data of 1-15 are tabulated in Table 4. In contrast
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to the dichlorogold(III) precursor complexes, [Au(C*N)Cl,],
which is reported to be non-emissive at room temperature
and is only emissive at low-temperature glass,'” incorpora-
tion of the strong electron-donating alkynyl ligands into
gold(III) has led to the enhancement of the photolumines-
cence properties of these cyclometalated gold(III) com-
plexes through the enlargement of the d—d ligand-field split-
ting. This concept has also been demonstrated in other relat-
ed organogold(IIT) complexes, [Au(RCANACR)(C=C—R)]®
and [Au,(RCAN~ACR),(NHO)]"* (n=1-2)."! Figure 4a de-
picts the emission spectra of 1, 11, 14, and 15 in dichlorome-
thane solution at room temperature. The emission lifetimes
in the sub-microsecond to microsecond range, together with
the observed large Stokes shifts, suggest that the emission is
of triplet parentage.

[
~

Normalized Emission Intensity
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~
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(—) of 4 in degassed CH,Cl, at room temperature.

Upon excitation at A>320 nm, complexes 1-3 and 85,
which contain the same unsubstituted ppy ligand, exhibit
nearly identical emission spectra, in which a vibronic-struc-
tured emission band with a band maximum at approximately
464 nm was observed. The same behavior was also observed
for complexes 6-8 that contain the same 2-(p-tolyl)pyridine
(ptpy) ligand, with band maximum at approximately
473 nm. This suggests that the emission energies of the com-
plexes are rather insensitive to the nature of the alkynyl li-
gands. The vibrational progressional spacings of about 1200-
1300 cm™! are characteristic of the C=C and C=N stretching
modes of the cyclometalating C*N ligand, indicative of the
involvement of the C”N ligand in the excited-state origin.
The luminescence is assigned as originating from a metal-
perturbed *[-wt* (C”N)] IL state, with some charge-transfer

Chem. Eur. J. 2011, 17, 130—-142

© 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

FULL PAPER

character from the aryl ring to the pyridyl moiety. Similar
assignment has also been made in the related bis-cyclometa-
lated alkynylgold(IIT) complexes.®! Similar to the electronic
absorption study, attachment of the electron-donating
methyl, tert-butyl and methoxy groups on the phenyl rings
of the ppy ligand has resulted in lower-energy emission
bands in complexes 6-13 when compared with complexes 1-
3 and 5 with the unsubstituted ppy ligand, due to the reduc-
tion in m—m* energy separation of the C N ligand. Variation
of the substituents on the aryl and the pyridyl rings on the
C”N ligands can lead to the tuning of the emission energies
of the dialkynylgold(III) complexes, as demonstrated by
complexes 10-13, which all contain the same methoxy sub-
stituent at the 4’-position of the aryl ring but different sub-
stituents on the pyridyl ring. Compared with complex 10,
complex 13 shows an obvious red shift in emission energy
because of the presence of a strongly electron-withdrawing
trifluoromethyl substituent at the 5-position of the pyridyl
ring, which lowers the pyridyl-based LUMO n* orbital to a
larger extent than the aryl-based HOMO m orbital, giving
rise to a narrower —* energy gap. On the other hand, at-
tachment of an electron-donating methyl substituent at the
4-position of the pyridyl ring in complex 12 resulted in an
increase in the energy level of the LUMO nt* orbital, lead-
ing to a wider n—mt* energy gap and therefore a blue shift in
emission relative to complex 10. The presence of the less
strongly electron-donating methyl group at the 5-position of
the pyridyl ring, on the contrary, will cause a slight red shift
in the emission energy. The same observation has also been
observed in a series of diketonatoplatinum(II) complexes
containing ppy ligands with substituents at different posi-
tions of the aryl and pyridyl rings reported by Thompson
and co-workers, with results supported by density functional
theory (DFT) calculations.” According to the DFT study
on the related [Pt(acac)(R—ppy)] system,'® the HOMO and
LUMO of all the complexes are of similar nature. The
HOMO is aryl based, and a large amount of electron densi-
ty is centered at the 5'-position of the phenyl ring with
nodes at the 4'- and 6'- positions; whereas the pyridyl ring
of the LUMO contains the majority of its electron density,
with large amounts of electron density centered at the 4-po-
sition and nodes at the 5- and 6-positions."¥ Therefore, the
red shift in complex 12 relative to complex 10 is attributed
to the attachment of the less strongly electron-donating
methyl substituent at the node of the pyridyl-based LUMO.

To reduce the m—m* energy gap to lower the emission
energy further, the more conjugated phenylisoquinoline-
type ligands were employed in complexes 14 and 15. This re-
sulted in a dramatic shift of emission maximum from
464 nm in complex 1 to 582 nm in complex 14 and 592 nm in
complex 15. This can be explained by the fact that the iso-
quinoline-based LUMO (rt* orbital) is stabilized to a much
larger extent than the phenyl-based HOMO (m orbital) due
to the increase in conjugation. As a consequence, the m—m*
energy gap is narrower than the case in the complexes with
ppy-type ligands, contributing to lower emission energies for
complex 14. The further reduction in emission energy in 15
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was attributed to the attachment of the strongly electron-do-
nating methoxy group on the aryl ring of the C*N ligand.

Unlike other members of this series of dialkynylgold(IIT)
complexes, which generally show a vibronic-structured emis-
sion band in dichloromethane solution under ambient condi-
tions, complex 4 with an electron-rich aminophenyl alkynyl
group showed a low-energy structureless emission band cen-
tered at approximately 613 nm as well as an intraligand
emission band centered at 441 nm. The excitation and emis-
sion spectra of complex 4 are shown in Figure 4b. The low-
energy structureless emission band is tentatively assigned as
being derived from an excited state of ‘LLCT
[(C=CC(H,NH,)—m*(C*N)] origin mixed with some °IL
[t—rt*(CAN)] states, because the presence of the strong elec-
tron-donating amino substituent will render the n(C=
CC¢H,NH,) orbital more high lying in energy. Such an as-
signment is in accordance with related bis-cyclometalated
alkynylgold(IIT) complexes containing amino-, dimethylami-
no-, and diphenylaminoalkynyl ligands.™! In addition to the
LLCT emission at approximately 613 nm, a metal-perturbed
intraligand emission band could also be observed at approxi-
mately 441 nm for complex 4. The excitation spectra moni-
tored at both wavelengths were found to give the same exci-
tation spectra. Hence it is expected that the intraligand state
and the LLCT state of complex 4 lie very close in energy,
such that when the complex was excited at higher energy,
dual luminescence from both IL and LLCT origins could be
observed. However, when the complex was excited at lower
energy at 430 nm or longer wavelengths, only the LLCT
band could be observed. Furthermore, note that the photo-
luminescence quantum yields of this class of complexes,
which are in the range 1.3-10.3x107% are comparatively
higher than those of the related bis-cyclometalated
alkynylgold(IIT) complexes (with @, in the order of
x1073).18

For emission studies in low-temperature glasses, all of the
complexes showed vibronic-structured emission bands with
emission energies similar to those observed in dichlorome-
thane solution. The emission spectra of 4, 13, and 15 in low-
temperature EtOH/MeOH/CH,Cl, (40:10:1 v/v) glass at
77 K are shown in Figure 5. These emission bands were simi-
larly assigned as derived from intraligand states of the cyclo-
metalating C N ligand. As in dichloromethane solution, the

Normalized Emission Intensity

500 600 700 800
Wavelength / nm

Figure 5. Emission spectra of 4 (—), 13 (-----), and 15 (+++++) in a low-
temperature EtOH/MeOH/CH,Cl, (40:10:1 v/v) glass at 77 K.
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ethanol/methanol/dichloromethane glass emission also ex-
hibited vibrational progressional spacings of 1200-
1400 cm™', which agree well with the C=C and C=N stretch-
ing modes of the CAN ligands. This is also in agreement
with the low-temperature emission of the dichlorogold(I1T)
complex, [Au(ppy)Cl,], previously reported in the litera-
ture.'>"! Note that the emission spectrum of complex 4 in
the 77 K glass also exhibited a similar vibronic-structured
emission band, in contrast to that recorded in dichlorome-
thane solution, in which a structureless emission band was
observed. The change of emission origin in 4 from the
LLCT [m(C=CC¢H,NH,)—m*(CN)] excited state to the
metal-perturbed ’IL [r—n* (C~N)] excited state by a low-
ering of the medium temperature indicates that these two
excited states lie relatively close in energy.

Nanosecond UV/Vis transient absorption (TA) spectrosco-
py: To obtain more information on the nature of the excited
states, nanosecond TA measurements were performed on
complexes 1 and 4 in degassed dichloromethane solution.
The measurements were conducted at 288 K to minimize
any side reactions and/or decompositions that might occur
upon laser excitation. The TA difference spectra of 1 and 4
determined at different delay times after a 355 nm laser
pulse are shown, respectively, in Figure 6 and Figure 7. For
complex 1, the TA spectrum features two bands, an intense
broad band in the 355-455 nm region and a weaker absorp-
tion band at approximately 488 nm. These transient signals
were found to decay monoexponentially with a lifetime of

300 400 500 600 700 800
Wavelength / nm
Figure 6. Transient absorption spectra of 1 in CH,Cl, at 288 K at decay
times of 0-0.8 us (at intervals of 0.1 ps). Inset shows the decay trace of
the absorptions at 378 nm.
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Figure 7. Transient absorption spectra of 4 in CH,Cl, at 288 K at decay
times of 01 us (at intervals of 0.1 ps). Inset shows the decay trace of the
absorption at 432 nm.
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0.38 ps. Given the longer decay time of the transient signals
than the emission decay, the intense TA band in the 355-
455 nm region could not be assigned as the triplet excited
state absorption of the complex. Instead, the band at 355-
455 nm was assigned to the absorption of the anion radical
of the ppy ligand because similar assignment has been made
for Ir'™ complexes containing ppy and the related 2,2'-bipyr-
idyl (bpy) ligand.'’ The lower-energy band at approximate-
ly 488 nm was tentatively assigned as the absorption of the
radical cation of the 4-methoxyphenyl alkynyl ligand, given
its close resemblance to that observed for the radical cations
of the related anisole as well as various dimethoxy- and tri-
methoxy-substituted benzenes and phenols (>400 nm).?*?!
Thus, it is believed that upon excitation of the ground state,
an intraligand triplet state was initially formed, which readi-
ly underwent facile charge separation to give the
[(ppy AU (C=CC,H,OMe*")] charge-separated state.
Similarly, the TA difference spectrum of complex 4 was
characterized by an intense positive absorption band cen-
tered at approximately 432 nm and a weaker positive ab-
sorption band centered at approximately 525 nm that de-
cayed monoexponentially with a lifetime of 0.45 ps. Similar
to the case for complex 1, the absorption at approximately
432 nm is characteristic of the absorption of the ppy radical
anion, whereas the weaker, broad TA band centered at ap-
proximately 525 nm is tentatively assigned as the 4-amino-
phenylalkynyl radical cation absorption. A similar TA band
has also been observed for the radical cation of free 4-ami-
nophenylacetylene® and the related aniline and chloroani-
line molecules.””! The transient absorptions are tentatively
assigned as the absorption of the [(ppy ")Au™(C=C-
C,H,NH,*")] charge-separated state, which is formed after
the population of the initial triplet excited state and has a
charge-recombination rate constant of 2.23 x10%s™".

Conclusion

A novel class of luminescent dialkynylgold(IIT) complexes
has been synthesized and characterized. The X-ray crystal
structures of 1, 6, 11, 12, and 15 have been determined.
Electrochemical studies reveal the presence of a ligand-cen-
tered reduction originating from the cyclometalating C"N
ligand, whereas the first oxidation wave is associated with
an alkynyl ligand-centered oxidation. The electronic absorp-
tion and emission properties of the complexes have also
been studied. In dichloromethane solution at room tempera-
ture, the low-energy absorption bands are ascribed to the
intraligand m—* transition, with mixing of a charge-transfer
character from the aryl ring to the pyridine or isoquinoline
moiety of the cyclometalating C*N ligand. For the emission
studies in dichloromethane solution at room temperature
and in low-temperature glass, vibronic-structured emission
bands were observed, with the exception of complex 4,
which are tentatively assigned as originating from intrali-
gand m—m* states with aryl-to-pyridine or isoquinoline
charge-transfer character of the cyclometalating C"N
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ligand. Complex 4, on the other hand, showed a structure-
less emission band originating from the ‘LLCT
[r(C=CCH,NH,)—n*(C"N)] excited state. The excited-
state properties of complexes 1 and 4 have also been studied
by TA spectroscopy. The photophysical properties of this
class of complexes can be readily tuned by the variation of
the cyclometalating CAN ligand, and the alkynyl ligands are
thought to play an important role in the enhancement of lu-
minescence properties of the gold(III) complexes.

Experimental Section

Materials and reagents: Potassium tetrachloroaurate(III) was purchased
from ChemPur. Tetra-n-butylammonium hexafluorophosphare was ob-
tained from Strem Inc. The dichlorogold(Ill) precursor complex, [Au-
(ppy)Cl,], was prepared according to a reported procedure.'?! All other
dichlorogold(III) precursors, [Au(C”N)CL], were prepared by using the
same methodology, with different cyclometalating C N ligands used in
place of ppy. 2-Phenylpyridine and 2-(p-tolyl)pyridine were purchased
from Sigma—Aldrich, whereas other C*N ligands were prepared from 2-
bromopyridne or 1-chloroisoquinoline by using the respective boronic
acids by the standard Suzuki coupling procedure.'® n-Butyllithium (1.6m
in hexanes) was purchased from Acros, whereas 4-methoxyphenylacety-
lene, 4-n-butylphenylacetylene, 4-ethylphenylacetylene, and 4-(trifluoro-
methyl)phenylacetylene were from Sigma—Aldrich. 4-Aminophenylacety-
lene was prepared according to a reported procedure.”! All solvents
were purified and distilled by using standard procedures before use. All
other reagents were of analytical grade and were used as received. Tetra-
n-butylammonium hexafluorophosphate (Aldrich) was recrystallized
twice from absolute ethanol before use.

Physical measurements and instrumentation: UV/Vis spectra were ob-
tained on a Hewlett-Packard 8452 A diode array spectrophotometer.
"H NMR spectra were recorded on a Bruker DPX-300 (300 MHz) or
Bruker DPX-400 (400 MHz) Fourier transform NMR spectrometer with
chemical shifts recorded relative to tetramethylsilane (Me,Si). Positive
FAB mass spectra were recorded on a Finnigan MAT95 mass spectrome-
ter. Elemental analyses for the metal complexes were performed on the
Carlo Erba 1106 elemental analyzer at the Institute of Chemistry, Chi-
nese Academy of Sciences (Beijing, China). Steady-state excitation and
emission spectra were recorded on a Spex Fluorolog-2 model F111 fluo-
rescence spectrofluorometer equipped with a Hamamatsu R-928 photo-
multiplier tube. Photophysical measurements in low-temperature glasses
were carried out with the sample solution loaded in a quartz tube inside
a quartz-walled Dewar flask. Liquid nitrogen was placed into the Dewar
flask for low-temperature (77 K) photophysical measurements. Excited-
state lifetimes of solution samples were measured by using a convention-
al laser system. The excitation source used was the 355 nm output (third
harmonic, 8 ns) of a Spectra-Physics Quanta-Ray Q-switched GCR-150
pulsed Nd:YAG laser (10 Hz). Luminescence quantum yields were mea-
sured by the optical dilute method reported by Demas and Crosby.* A
degassed aqueous solution of quinine sulfate in sulfuric acid (1.0 N) (&=
0.546, excitation wavelength at 365 nm) was used as the reference and
corrected for the refractive index of the solution.”® TA measurements
were performed on a LP920-KS Laser Flash Photolysis Spectrometer
(Edinburgh Instruments Ltd, Livingston, UK) at ambient temperature.
The excitation source was the 355 nm output (third harmonic) of a
Nd:YAG laser and the probe light source was a Xe900 450W xenon arc
lamp. The TA spectra were detected by an image-intensified CCD
camera (Andor) with a PC plug-in controller, fully operated by L900
spectrometer software. The absorption kinetics were detected by a Ha-
mamatsu R928 photomultiplier tube and recorded on a Tektronix Model
TDS3012B (100 MHz, 1.25 GSs™") digital oscilloscope and were analyzed
by using the same software for exponential-fit analysis (tail-fit data analy-
sis). All solution samples for photophysical studies were freshly prepared
under a high vacuum in a 10 cm® round-bottomed flask equipped with a
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sidearm 1 cm fluorescence cuvette and were sealed from the atmosphere
by a Rotaflo HP6/6 quick-release Teflon stopper. Solutions were rigor-
ously degassed on a high-vacuum line in a two-compartment cell with no
less than four successive freeze-pump-thaw cycles. Cyclic voltammetric
measurements were performed by using a CH Instruments model CHI
600 A electrochemical analyzer. The electrolytic cell used was a conven-
tional two-compartment cell. Electrochemical measurements were per-
formed in dichloromethane solutions with TBAH (0.1m) as the support-
ing electrolyte at room temperature. The reference electrode was a Ag/
AgNO; (0.1M in acetonitrile) electrode, and the working electrode was a
glassy carbon electrode (CH Instruments) with a platinum wire as the
counter electrode. The working electrode surface was first polished with
a 1 um alumina slurry (Linde), followed by a 0.3 um alumina slurry, on a
microcloth (Buehler). Treatment of the electrode surfaces was as report-
ed previously.?® The ferrocenium/ferrocene couple (FeCp,*") was used
as the internal reference.”® All solutions for electrochemical studies
were deaerated with prepurified argon gas just before measurements.

Crystal-structure determination: Single crystals of 1, 6, 11, 12, and 15
suitable for X-ray diffraction studies were grown by layering of n-hexane
onto a concentrated dichloromethane solution of the respective com-
plexes. The X-ray diffraction data were collected on a Bruker Smart
CCD 1000 using graphite-monochromatized Moy, radiation (A=
0.71073 A). The images were interpreted and intensities were integrated
by using the DENZO program.””) The structure was solved by direct
methods employing the SHELXS-97 program.”! Full-matrix least-
squares refinement on F* was used in the structure refinement. The posi-
tions of H atoms were calculated based on the riding mode with thermal
parameters equal to 1.2 times those of the associated C atoms and par-
ticipated in the calculation of final R-indices. In the final stage of the
least-squares refinement, all non-hydrogen atoms were refined anisotrop-
ically. CCDC-783733 (1), CCDC-783734 (6), CCDC-783735 (11), CCDC-
783736 (12), and CCDC-783737 (15) contain the supplementary crystallo-
graphic data for this paper. These data can be obtained free of charge
from The Cambridge Crystallographic Data Centre via www.ccdc.cam.a-
c.uk/data_request/cif.

Synthesis

General procedure for syntheses of dialkynylgold(III) complexes: n-Bu-
tyllithium (1.44 mmol, 1.6M in hexanes) was added to a solution of
alkyne (1.20 mmol) in tetrahydrofuran (20 mL) under a nitrogen atmos-
phere in a dropwise manner at —78°C. The resulting mixture was stirred
for 5min and transferred to a suspension of [Au(C*N)Cl,] (0.30 mmol)
in tetrahydrofuran (30 mL). The reaction mixture was stirred for 3 h at
room temperature. The crude product, which was obtained upon removal
of solvent from the reaction mixture, was subjected to purification by
column chromatography on silica gel by using dichloromethane as the
eluent. Subsequent recrystallization by slow diffusion of diethyl ether
vapor into the concentrated dichloromethane solution of the compound
gave the resulting complex as yellow to orange crystals.

[Au(ppy)(C=C—C,H,~OCHj;p),] 1: Complex 1 was prepared from [Au-
(ppy)CL] (127 mg) and 4-methoxyphenylacetylene (159 mg) according to
the general procedure and was obtained as yellow crystals (yield: 61 mg,
33%). '"H NMR (400 MHz, CDCl;, 298 K): 6=3.82 (s, 6H; -OCHj), 6.85
(m, 4H; -CH,-), 7.39 (m, 1H; ppy), 7.41 (m, 2H), 7.50-7.56 (m, 4H;
-C¢Hy-), 7.67 (d, J=5.7 Hz, 1H; ppy), 7.90 (d, J=6.0 Hz, 1H; ppy), 8.06
(t, J=6.5Hz, 1H; ppy), 8.30 (d, J=7.5Hz, 1H; ppy), 9.71 ppm (d, J=
48 Hz, 1H; ppy); IR (KBr): #=2120, 2167 cm™' (#(C=C)); positive
FABMS: m/z: 614 [M]7; elemental analysis calcd (%) for C,xH,,NO,Au:
C56.78, H 3.61, N 2.28; found: C 56.94, H 3.87, N 2.32.
[Au(ppy)(C=C—C,H;~C,Hs-p),] 2: Complex 2 was prepared from [Au-
(ppy)CL] (127 mg) and 4-ethylphenylacetylene (156 mg) according to the
general procedure and was obtained as yellow crystals (yield: 51 mg,
28%). 'HNMR (400 MHz, CDCl,, 298 K): 0=1.24 (s, 6H; -CH,), 2.65
(m, 4H; -CH,-), 7.14 (m, 4H; -C¢H,-), 7.38 (m, 3H; ppy), 7.51 (m, 4H;
-C¢H,-), 7.66 (d, J=7.0Hz, 1H; ppy), 7.89 (m, 1H; ppy), 8.04 (s, 1H;
ppy), 827 (d, /=7.0 Hz, 1H; ppy), 9.67 ppm (s, 1 H; ppy); IR (KBr): 7=
2136, 2163 cm™" (#(C=C)); positive FABMS: m/z: 609 [M]"; elemental
analysis caled (%) for CyH,NAu.',CsHy,: C 6232, H 5.00, N 2.17;
found: C 62.31, H 4.60, N 2.52.
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[Au(ppy)(C=C—C,H;~CF;p),] 3: Complex 3 was prepared from [Au-
(ppy)CL] (127 mg) and 4-trifluoromethylphenylacetylene (204 mg) ac-
cording to the general procedure and was obtained as orange crystals
(yield: 58 mg, 28%). '"H NMR (400 MHz, CD,Cl,, 298 K): 6=7.40 (m,
2H; ppy), 7.48 (m, 1H; ppy), 7.57 (m, 4H; -C{H,-), 7.65 (m, 4H; -C{H,-),
7.66 (m, 1H; ppy), 7.94 (d, 8.1 Hz, 1H; ppy), 8.09 (dt, /=1.3 and 7.3 Hz,
1H; ppy), 8.17 ppm (dd, J=1.3 and 7.3 Hz; ppy); IR (KBr): 7=2136,
2166 cm™! (#(C=C)); positive FABMS: m/z: 689 [M]*; elemental analysis
caled (%) for C,yH {NFsAu: C 50.52, H 2.34, N 2.03; found: C 50.35, H
2.36, N 2.08.

[Au(ppy)(C=C—C,H,~NH,-p),] 4: Complex 4 was prepared from [Au-
(ppy)CL] (127 mg) and 4-aminophenylacetylene (141 mg) according to
the general procedure and was obtained as dark-orange crystals (yield:
96 mg, 55%). '"HNMR (400 MHz, [D,]DMSO, 298 K): 6=5.24 (s, 2H;
-NH,), 5.30 (s, 2H; -NH,), 6.56 (m, 4H; -C{H,-), 7.17 (dd, J=2.5 and
5.6 Hz, 4H; -C¢H,-), 7.41 (m, 2H; ppy), 7.75 (m, 1H; ppy), 8.01 (d, /=
7.6 Hz, 1H; ppy), 8.16 (d, /J=7.6 Hz, 1H;, ppy), 834 (m, 2H; ppy),
9.57 ppm (d, J=5.6 Hz, ppy); IR (KBr): #=2129, 2191 cm ' (#(C=C));
positive FABMS: m/z: 584 [M]*; elemental analysis calcd (%) for
CyHyN;Au,H,0: C 54.74, H 3.57, N 7.09; found: C 54.81, H 3.40, N
7.09.

[Au(ppy)(C=C—Si(CH;);),] 5: Complex 5 was prepared from [Au-
(ppy)CL,] (127 mg) and trimethylsilylacetylene (118 mg) according to the
general procedure and was obtained as pale-yellow crystals (yield: 20 mg,
12%). 'H NMR (400 MHz, CD,Cl,, 298 K): 6=0.23 (s, 9H; -Si(CH,),),
0.25 (s, 9H; -Si(CH;);), 7.31-7.43 (m, 3H; ppy), 7.69 (dd, J=1.4 and
7.5 Hz, 1H; ppy), 7.91 (d, /=8.1 Hz, 1H; ppy), 8.06 (m, 1H; ppy), 8.13
(dd, J=1.4 and 7.5 Hz, 1H; ppy), 9.58 ppm (d, J=5.7 Hz, 1H; ppy); IR
(KBr): #=2075, 2098 cm ™' (#(C=C)); positive FABMS: m/z: 546 [M]*;
elemental analyses caled (%) for CyH,NSi,Au-',H,0: C 45.48, H 4.71,
N 2.67; found: C 45.12, H 4.91, N 2.53.

[Au(ptpy)(C=C—C4H,~OCHjs-p),] 6: Complex 6 was prepared from [Au-
(ptpy)CL] (131 mg) and 4-methoxyphenylacetylene (159 mg) according
to the general procedure and was obtained as yellow crystals (yield:
96 mg, 60%). '"H NMR (300 MHz, CDCl;, 298 K): 6 =2.41 (s, 3H; -CH,),
3.82 (s, 6H; -OCHs), 6.85 (m, 4H; -CsH,-), 7.14 (d, J=7.9 Hz, 1H; ptpy),
7.36 (t, J=7.2 Hz, 1H; ptpy), 7.57-7.37 (m, 5H; ptpy and -C¢H,-), 7.83
(d, J=8.0 Hz, 1H; ptpy), 7.99 (t, 7.5 Hz, 1H; ptpy), 8.11 (s, 1H; ptpy),
9.66 ppm (d, J=5.7 Hz, 1H; ptpy); IR (KBr): #=2130, 2163 cm™" (#(C=
C)); positive FABMS: m/z: 532 [M]*; elemental analysis caled (%) for
C;3H,,NO,Au-',CH;OH: C 56.93, H 4.07, N 2.18; found: C 56.90, H
3.87,N 2.31.

[Au(ptpy)(C=C—C4H,~C,H,p),] 7: Complex 7 was prepared from [Au-
(ptpy)CL,] (131 mg) and 4-n-butylphenylacetylene (190 mg) according to
the general procedure and was obtained as yellow crystals (yield: 61 mg,
39%). '"H NMR (400 MHz, CD,Cl,, 298 K): 6=0.94 (m, 6H; -CH,), 1.38
(m, 4H; -CH,-), 1.59 (m, 4H; -CH,-), 2.38 (s, 3H; -CHj;), 2.61 (m, 4H;
-CH,-), 7.15 (m, SH; ptpy and -C4H,-), 7.36 (m, 1H; ptpy), 7.43 (dd, J=
8.1 and 4.7 Hz, 4H; -C¢H,-), 7.58 (d, J=8.1 Hz, 1H; ptpy), 7.85 (d, /=
8.1 Hz, 1H; ptpy), 7.99 (m, 2H; ptpy), 9.57 ppm (dd, J=1.1 and 4.7 Hz,
1H; ptpy); IR (KBr): #=2113, 2167 cm™' (#(C=C)); positive FABMS:
mlz: 522 [M—C=CCH,—C,H,|*; elemental analysis calcd (%) for
CyH3NAu: C 63.62, H 5.34, N 2.06; found: C 63.80, H 5.56, N 2.29.
[Au(ptpy)(C=C—Si(CH;);] 8: Complex 8 was prepared from [Au-
(ptpy)ClL,] (131 mg) and trimethylsilylacetylene (118 mg) according to the
general procedure and was obtained as pale-yellow crystals (yield: 25 mg,
15%). "H NMR (400 MHz, CD,Cl,, 298 K, relative to Me,Si): 6=0.23 (s,
9H; -Si(CHs;);), 0.27 (s, 9H; -Si(CH,)s), 2.37 (s, 3H; -CH;), 7.14 (d, J=
7.9 Hz, 1H; ppy), 7.35 (t, J=6.1 Hz, 1H; ppy), 7.57 (d, /=79 Hz, 1H;
ppy), 7.84 (d, J=7.9 Hz, 1H; ppy), 7.97 (s, 1H; ppy), 8.02 (m, 1H; ppy),
9.54 ppm (d, J=4.9 Hz, 1H; ppy); IR (KBr): #=2075, 2098 cm™' (#(C=
C)); positive FABMS: m/z: 560 [M]*; elemental analysis caled (%) for
C,,HyNSi,Au-'/,H,0: C 46.47, H 5.14, N 2.46; found: C 46.50, H 5.07, N
2.46.

[Au(tbppy)(C=C—C,H,~OCHjp),] (tbppy=2-(p-(tert-butyl)phenyl)pyri-
dine) 9: Complex 9 was prepared from [Au(tbppy)Cl,] (143 mg) and 4-
methoxyphenylacetylene (159 mg) according to the general procedure
and was obtained as orange crystals (yield: 42mg, 21%). 'HNMR
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(300 MHz, CD,Cl,, 298 K): 6=1.36 (s, 9H; rBu), 3.80 (s, 6H; -OCH,),
6.86 (m, 4H; -C,H,-), 7.40 (m, 2H; tbppy), 7.48 (m, 4H; -C.H,-), 7.65 (d,
J=8.2 Hz, 1H; tbppy), 7.89 (d, J=7.9 Hz, 1H; tbppy), 8.02 (t, /=7.9 Hz,
1H; tbppy), 8.38 (d, /=19 Hz, 1H; tbppy), 9.64 ppm (d, J=5.0 Hz;
tbppy); IR (KBr): #=2098, 2143 cm™' (#(C=C)); positive FABMS: m/z:
669 [M]*; elemental analysis calcd (%) for CyH3;NO,Au-',H,0: C
58.41, H 4.60, N 2.06; found: C 58.36, H 4.60, N 1.99.
[Au(mppy)(C=C—CH,~OCHyp),]  (mppy=2-(p-methoxyphenyl)pyri-
dine) 10: Complex 10 was prepared from [Au(mppy)Cl,] (136 mg) and 4-
methoxyphenylacetylene (159 mg) according to the general procedure
and was obtained as orange crystals (yield: 27 mg, 14%). 'H NMR
(300 MHz, CD,Cl,, 298 K): 6=3.80 (s, 6H; -OCH,), 3.87 (s, 3H; -CH,),
6.85 (m, SH; -C¢H,- and mppy), 7.33 (t, J=7.8 Hz, 1H; mppy), 7.47 (m,
4H; -C¢H,-), 7.68 (d, J=7.8Hz, 1H; mppy), 7.78 (d, /=7.8 Hz, 1H;
mppy), 7.85 (d, /J=2.6 Hz, 1H; mppy), 8.00 (t, /=7.8 Hz, 1H; mppy),
9.56 ppm (m, 1 H; mppy); IR (KBr): #=2131, 2162 cm™" (#(C=C)); posi-
tive FABMS: mi/z: 643 [M]*; elemental analysis caled (%) for
C3H,AuNO;+',H,0: C 55.22, H 3.86, N 2.15; found: C 55.42, H 3.82, N
2.19.

[Au(mpmepy)(C=C—CsH,~OCH;-p),] (mpmepy =5-methyl-2-(p-methoxy-
phenyl)pyridine) 11: Complex 11 was prepared from [Au(mpmepy)Cl,]
(140 mg) and 4-methoxyphenylacetylene (159 mg) according to the gener-
al procedure and was obtained as orange crystals (yield: 59 mg, 30%).
"H NMR (300 MHz, CD,Cl,, 298 K): 6=2.40 (s, 3H; -CH,), 3.80 (s, 6H;
-OCH,), 3.85 (s, 3H; -OCH,), 6.85 (m, 5H; mpmepy and -CiH,-), 7.49
(m, 4H; -CH,-), 7.64 (q, /=83 Hz, 2H; mpmepy), 7.81 (m, 2H;
mpmepy), 9.40 ppm (s, 1 H; mpmepy); IR (KBr): 7=2132, 2161 cm ™' (#-
(C=Q)); positive FABMS: m/z: 657 [M]*; elemental analysis caled (%)
for C3;H,sNO;Au-'/,H,0: C 55.86, H 4.08, N 2.10; found: C 55.85, H
3.94, N 2.21.

[Au(4-mpmepy)(C=C—C,H,~OCHj-p),] (4-mpmepy=4-methyl-2-(p-me-
thoxyphenyl)pyridine) 12: Complex 12 was prepared from [Au(4-mpme-
py)ClL,] (140 mg) and 4-methoxyphenylacetylene (159 mg) according to
the general procedure and was obtained as orange crystals (yield: 51 mg,
26%). '"H NMR (300 MHz, CD,Cl,, 298 K): 6=2.50 (s, 3H; -CH;), 3.80
(s, 6H; -OCHj;), 3.86 (s, 3H; -OCHj;), 6.85 (m, 5H; -CH,- and 4-
mpmepy), 7.12 (d, J=6.1 Hz, 1 H; 4-mpmepy), 7.46 (m, 4H; -C¢H,-), 7.56
(s, 1H; 4-mpmepy), 7.64 (d, /=8.7Hz, 1H; 4-mpmepy), 7.82 (d, J=
2.7Hz, 1H; 4-mpmepy), 9.35ppm (d, /J=6.1 Hz, 1H; 4-mpmepy); IR
(KBr): #=2129, 2160 cm™' (#(C=C)); positive FABMS: m/z: 657 [M]*;
elemental analysis caled (%) for CyH,NO,Au.',H,0: C 56.61, H 3.96,
N 2.20; found: C 56.26, H 4.09, N 2.22.
[Au(mptfpy)(C=C—CsH,—~OCHj;-p),] (mptfpy =5-trifluoromethyl-2(p-me-
thoxyphenyl)pyridine) 13: Complex 13 was prepared from [Au-
(mptfpy)Cl,] (156 mg) and 4-methoxyphenylacetylene (159 mg) according
to the general procedure and was obtained as orange crystals (yield:
47 mg, 22%). 'HNMR (300 MHz, CD,Cl,, 298 K): 6=3.80 (s, 6H;
-OCHs;), 3.88 (s, 3H; -OCHj;), 6.84-6.91 (m, 5H; -C,H,- and mptfpy),
7.43-7.50 (m, 4H; -C¢H,-), 7.75 (d, J=8.5 Hz, 1H; mptfpy), 7.82 (d, /=
2.6 Hz, 1H; mptfpy), 7.90 (d, J=7.9 Hz, 1 H; mptfpy), 8.17 (d, J=8.5 Hz,
1H; mptfpy), 9.96 ppm (s, 1H; mptfpy); IR (KBr): #=2138, 2161 cm™!
(#(C=Q)); positive FABMS: m/z: 712 [M]*; elemental analysis caled (%)
for Cy;H,;NO;F;Au.!,CH,Cl,: C 50.18, H 3.21, N 1.86; found: C 50.35, H
3.14,N 1.97.

[Au(piq)(C=C—C¢H,~OCHj;-p),] (piq=1-phenylisoquinoline) 14: Com-
plex 14 was prepared from [Au(piq)CL,] (142 mg) and 4-methoxyphenyla-
cetylene (159 mg) according to the general procedure and was obtained
as orange crystals (yield: 72mg, 36%). 'HNMR (300 MHz, CD,Cl,,
298 K): 6=3.80 (s, 6H; -OCH,), 6.85 (m, 4H; -CiH,-), 7.45 (m, 6H;
-C¢H,- and piq), 7.77 (d, J=6.4 Hz, 1H; piq), 7.84 (d, /=8.5Hz, 1H;
piq), 7.91 (t, J=6.5 Hz, 1H; piq), 8.00 (d, /J=8.5Hz, 1H; piq), 8.24 (d,
J=7.2Hz, 1H; piq), 8.39 (dd, J=2.1 and 7.2 Hz, 1H; piq), 8.90 (d, /=
8.5 Hz, 1H; piq), 9.59 ppm (d, J=6.4 Hz, 1H; piq); IR (KBr): #=2129,
2160 cm ™' (#(C=C)); positive FABMS: m/z: 664 [M]*; elemental analysis
caled (%) for C3;3H,,NO,Au-CH,Cl,: C 54.56, H 3.50, N 1.87; found: C
54.99, H 3.54, N 2.27.

[Au(mpiq)(C=C—CsH,~OCH;-p),] (mpiq = 1-(p-methoxyphenyl)isoquino-
line) 15: Complexes 15 was prepared from [Au(mpiq)Cl,] (151 mg) and
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4-methoxyphenylacetylene (159 mg) according to the general procedure
and was obtained as orange crystals (yield: 117 mg, 56%). 'H NMR
(400 MHz, CD,Cl,, 298 K): 0=3.81 (s, 6H; -OCH;), 3.92 (s, 3H; -OCH,),
6.85 (m, 4H; -C¢H,-), 6.92 (dd, J=2.8 and 8.8 Hz, 1H; mpiq), 7.48 (m,
4H; -CH,-), 7.64 (d, /=68 Hz, 1H; mpiq), 7.78 (t, J=6.8 Hz, 1H;
mpiq), 7.88 (t, J=6.8 Hz, 1H; mpiq), 7.94 (d, /=7.8 Hz, 1 H; mpiq), 8.01
(d, /=2.8Hz, 1H; mpiq), 8.20 (d, /=9.0 Hz, 1H; mpiq), 8.82 (d, J=
8.8 Hz, 1H; mpiq), 9.48 ppm (d, /=6.8 Hz, 1H; mpiq); IR (KBr): 7=
2129, 2162 cm ™! (#(C=C)); positive FABMS: m/z: 694 [M]*; elemental
analysis caled (%) for CyH,,AuNO;.!/,H,0: C 58.13, H 3.87, N 1.99;
found: C 58.17, H 3.80, N 1.98.
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