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Reaction of [Au(CGFs)z(Osochg)z] with RaalR in dichloromethane medlum followed ligand addltlon
leads to [Au(CeFs).(RaaiR)](OTf) [RaaiR = p-R-CgH;-N=N- Cst NN-1-R/, (1 - 3), abbreviated as N,N-

chelator, where N(imidazole) and N(azo) represent N and N, respectlvely, R = H (a), Me (b), Cl (c) and R

/

= Me (1), CH,CHj; (2), CH,Ph (3), OSO,CF; is the triflate anion, C¢Fs is the pentafluorophenyl ring]. Ir
spectra of the complexes show --C=N-- and --N=N-- stretching near at 1590 and 1370 cm™ and near at
1510, 955, 800 cm™ due to the presence of pentafluoropheny ring. The '"H NMR spectral measurements
suggest methylene, —CH2—, in RaaiEt gives a complex AB type multiplet while in RaaiCH,Ph it shows AB
type quartets. In the 'H-'H COSY spectrum of the present complexes and contour peaks in the 'H-"*C
HMQC spectrum, assign the solution structure and stereoretentive transformation in each step.

Key words: Gold (lll), arylazoimidazole, H, C, COSY, HMQC, electrochemistry, ESI mass.

INTRODUCTION

Transition metal complexes of diimine and related ligands
have attracted much attention (Wilkinson et al., 1987;
Schmidbaur, 1999; Dryden et al., 1992; Pramanik et al.,
1997; Byabartta, 2005; Jemmis et al., 2000; Chatto-
padhyay et al., 2001). Running years have witnessed a
great deal of interest in the synthesis of the complexes of
gold with a-diimine type of ligands because of their pho-
tochemical, catalytic properties (Schmidbaur, 1999; Bya-
bartta, 2005; Uson et al., 1989), energy conversion and
ability to serve as building blocks in supramolecular ar-
rays (Greenwood and Earnshaw, 1989; Chakravarty and
Chakravorty, 1983; Murray et al., 1995; Cerrada et al.,
1995; Uson et al., 1989). Researchers have engaged in
modifying the properties of Au-pyridine complexes by
replacing the ligands of other donor centres, altering the
steric and electronic properties of the ligands, differently
substituted polypyridine mixed donor heterocycles. Gold
(I) complexes, often containing phosphine and/or thiolato
ligands, exhibit interesting photophysical and photoche-
mical properties. Luminescence properties of gold (I) com-
plexes, in particular, have been observed and experimentally
studied for some years, owing, among others, to the wide
range of wavelengths covered. Several publications,

including reviews, have addressed them. The nature of
luminescence has been elusive to grasp. It is thought that
the aurophilic interaction, the special closed shell attract-
tion between two filled d'° Au (I) centers, plays a role.
Indeed, a large number of Au(l) luminescent complexes
contain the Au(l) structural motif, and monomeric species
may aggregate in solution or in the solid state, so that the
origin of emission is assigned to a ligand to metal-metal
bond charge transfer (LMMCT) transition and. On the
other hand, not only transitions involving the Au—Au
bonding orbital, but also metal to ligand charge transfer
(MLCT) and ligand to metal charge transfer (LMCT) have
been invoked as responsible for the luminescent beha-
viour of the complexes. The search for a suitable pre-
cursor to synthesize azoimine- complexes is a challeng-
ing domain and the compounds are found to be useful in
this context [6]. A small number of scattered observations
in the early structural chemistry of gold (I) complexes
(Wilkinson et al., 1987; Schmidbaur, 1999; Dryden et al.,
1992; Pramanik et al., 1997; Byabartta, 2005) has grown
into a wealth of reports on related phenomena in the last
two decades, which finally provided a clear pattern of the
conditions under which direct interactions between
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closed-shell gold () centers can contribute significantly to
the stability of molecular and multidimensional structures
(Jemmis et al., 2000). In the present report new and note-
worthy examples taken from the important class of gold
pentafluorophenyl-azoimine. These compounds have in-
teresting photophysical properties (Schmidbaur, 1999)
and are relevant to homogeneous gold catalysis (Wilkin-
son et al., 1987) and to gold/silver thin film technology
(Dryden et al., 1992). Prof. A Chakravorty has unfolded
this ligands rhenium chemistry. But the gold chemistry
and their organometallic chemistry with multinuclear NMR
spectroscopy of this ligand system is totally unexplored
In this paper, we examine the reaction of RaaiR’ on gold
(1) pentafluorophenyl derivatives and the products are
isolated. The complexes are well charecterised by ir, H
nmr, C nmr, H-H COSY nmr, H-C HMQC and mass
spectrometry.

EXPERIMENTAL

Published methods were used to prepare RaaiR' [7-9], [Au
(CeFs)2(Br) 2] NBu4. Microanalytical data (C, H and N) were
collected using a Perkin Elmer 2400 CHN instrument. L.r. spectra
were obtained using a JASCO 420 spectrophotometer (using KBr
disks, 4000 - 200 cm™). The "H nmr spectra in CDCls were obtained
on a Bruker 500 MHz FT nmr spectrometer using SiMes4 as internal
reference, CFCl; (external '°F). Mass spectra were recorded on VG
Autospec ESI usuing 3-nitrobenzyl as matrix.

Preparation of the complexes [bis(pentafluoropheny){1-ethyl-2-
(p-tolylazo)imidazole}aurate(lll)] triflate,Au(CsFs)2 (MeaaiEt)](OTf),
2b.

To an dichloromethane slight yellow colour solution (15 ¢cm®) of
[Au(CeFs)2Brz] (0.945 g, 0.20 mmol) AgOTf was added (1:2) to
produce de-bromo product, that is, Au(CsFs)2(OSO.CF3). (0.20
mmol) into this, was added yellow dichloromethane solution of 1-
ethyl-2-(p-tolylazo)imidazole, 0.039 g (0.20 < mmol) slowly, drop-
wise, and the mixture was stirred at 343 - 353 K for 12 h. The red
solution that resulted was concentrated (4 cm®) and kept in a
refrigerator overnight (1 h). The addition of hexane to the above red
solution gives precipitate which was collected by filtration, washed
thoroughly with hexane to remove excess ligand and then dried in
vacuo over pump overnight. Analytically pure complexes were
obtained after chromatography over an alumina (neutral) column on
eluting the red band with toluene-acetonitrile (4:1, v/v) and evapo-
rating slowly in air. The yield was 0.088 g (80%). All other com-
plexes were prepared similarly as stated above. Analysis for
023H10N4F13AU0802, 18, Calc(found): C, 3234(3238), H,
1.16(1.14), N, 6.56(6.57); IR v(N=N) 1370, v(C=N), 1590, v(C¢Fs)
1510, 955, 800 cm™ ES| mass, , 854.3 [M*], 704.8 [M-OTf]; 'H
NMR, ppm, H(7,11), 8.07(d, J = 8Hz), H(8,10), 8.01(d, J=6.5Hz),
H(9), 7.99(s,), H(4), 7.26(d, J=6Hz), H(5), 7.34(d, J=5Hz), CHs of
Me, 1.5(t, J=6Hz); "F{H}NMR, ppm of (CsFs), -78.02(OTf), -
120.03(Fo), -158.03(Fp), -159.12(Fm). 'C{H}NMR, ppm, 134.2,
134.5,134.6, 134.7,134.9 (12C), 134.5(C2), 124(C4), 125(C5),
125.3(C7,11), 129.2(C8,10), 134(C6), 42,50(Me Gr.); Analysis for
Cz4H12N4 F13AUOSOz, 1b, Calc(found): C, 3318(338),

H, 1.34(1.4), N, 6. 6(6.37); IR v(N=N) 1370 v(C=N) 1590 v(CesFs)
1518, 955, 800 c¢cm™ ES| mass, , 870.3 [M*], 720.8 [M-OTf]; 'H
NMR, ppm, H(7,11), 8.02 (d, J = 8Hz), H(8,10), 8.09(d, J=6.5Hz),
H(9-Me), 1.99, H(4), 7.21(d, J=6Hz), H(5), 7.34(d, J=5Hz), CH3 of
Me, 1.5(t, J=7Hz); ""F{HINMR, ppm of (CeFs), -78.02(OTf), -
121.63(Fo), -158.83(F,), -159.92(Frn). '*C{H}NMR, ppm, 134.2,

134.5, 134.6,134.7,134.9 (12C), 134.6(C2), 124(C4), 124(C5),
124.3(C7,11), 128.2(C8,10), 134(C86), 40,50(Me Gr.); Analysis for
C24H11N4s F13AuCIOSO,, 2¢, Calc(found): C, 31.65(31.84), H, 1.26
(1.24), N, 6.16(6.17); IR v(N=N) 1370 v(C=N) 1590, v(CsFs) 1510,
955, 800 cm™ ESI mass, 904.3 [M*], 754.8 [M-OTf]; 'H NMR, ppm,
H(7,11), 8.27(d, J = 8Hz), H(8,10), 8.21(d, J=6.5Hz), H(4), 7.26(d,
J=6Hz), H(5), 7.34(d, J=5Hz), CH, of Et, 4.57(quartet, J=5.9,6.1Hz),
CHjs of Et, 1.5(t, J=6Hz); "°F{H}NMR, ppm of (CsFs), -78.02(OT¥), -
121.03(F,), -158.03(Fp), -159.12(Fm). "*C{H}NMR, ppm , 134.2,
134.5,134.6,134.7,134.9 (12C), 134.5(C2), 124(C4), 125(C5), 125.3
(C7,11), 129.2(C8,10), 134(C6), 42,50(Et Gr.); Analysis for
CasHgN4F13AUCIOSO,, 1c, Calc(found): C, 31.04 (31.08), H, 1.06
(1.04), N, 6.396(6.39); IR v(N=N) 1374 v(C=N) 1599 v(C¢Fs)
1510, 955, 800 cm™ ESI mass, 888.5 [M'], 738.8[M-OTf]; '"H NMR,
ppm, H(7,11), 8.27(d, J = 8Hz), H(8,10), 8.01(d, J=7.5Hz), H(9-H),
7.99(dd, J=7.86Hz), H(4), 7.26(d, J=6Hz), H(5), 7.34(d, J=5Hz),
CHs of Me, 1.56(t, J=6Hz); "*F{H}NMR, ppm of (CsFs), -78.02(OTf),
-121.03(Forno), -158.03(Fpara), -159.12(Fmeta). "“C{H}NMR, ppm ,
134.2,134.5,134.6,134.7,134.9 (6C), 134.5(C2), 124(C4), 125(C5),
125.3(C7,11), 129.2(C8,10), 134(C6), 39,50(Me Gr.); Analysis for
Ca4H12N4 F13AUOSO, 2a, Calc(found): C, 33.18(33.8), H, 1.34(1.4),
N, 6. 6(6.37); IR v(N=N) 1370 v(C=N) 1590 v(CsFs) 1518, 955,
800 cm™ ESI mass, 870.3 [M'], 720.8 [M-OTf]; '"H NMR, ppm,
H(7,11), 8.02 (d, J = 8Hz), H(8,10), 8.09(d, J=6.5Hz), H(9-Me),
1.99, H(4), 7.21(d, J=6Hz), H(5), 7.34(d, J=5Hz), CHs of Me, 1.5(t
J=7Hz); "F{HINMR, ppm of (CsFs), -78.02(OTf), -121.63(F,), -
158.83(Fp), -159.92(Fn). '"*C{HINMR, ppm, 134.2,134.5,134.6,
134.7,134.9(12C), 134.6(C2), 124(C4), 124(C5), 124.3(C7,11),
128.2(C8,10), 134(C6), 40,50(Me Gr.); Analysis for Czs His Na
F13AUOSO,, 2b, Calc(found): C, 33.94(33.8), H, 1.71(1.64), N,
6.33(6.97); IR v(N=N) 1370 v(C=N) 1595 v(C¢Fs) 1510, 955, 800
cm™ ESI mass, 884.3 [M*], 734.8 [M-OTf]; 'H NMR, ppm, H(7,11),
8.27(d, J = 8Hz), H(8,10), 8.21(d, J=6.5Hz), H(4), 7.26(d, J=6Hz),
H(5), 7.34(d, J=5Hz), CH; of Et, 4.57(quartet, J=5.9,6.1Hz), CH3; of
Et, 1.5(t, J=6Hz); "F{HINMR, ppm of (CeFs), -78.02(QTf), -
118.93(Fo), -156.43(Fp), -159.10(Fm). 'C{H}NMR, ppm, 134.2,
134.5,134.6, 134.7,134.9 (12C), 129.1, 129.3-130.4, 134.5(C2),
124(C4), 125(C5), 125.3(C7,11), 129.2(C8,10), 134(C6), 42,50(Et
Gr.); Analysis for Cz Hiz N4 F13AuOSO,, 3a, Calc(found): C, 37.
4(37.8), H, 1.36(1.34), N, 6.06(6.07); IR v(N=N) 1376 v(C=N) 1590
v(CsFs) 1510, 955, 800 cm™ ESI mass, M, 930.3 [M*], 780.8 [M-
OTf]; 'H NMR, ppm, H(7,11), 8.27(d, J = 8Hz), H(8,10), 8.21(d,
J=7.5Hz), H(CHs), 1.99(s,), H(4), 7.26(d, J=6Hz), H(5), 7.34(d,
J=5Hz), CH; of Bz, 4.57(quartet, J=5.9,6.1Hz), Ph of Bz, 7.5-7.6;
"F{HINMR, ppm of (C¢Fs), -78.02(0Tf), -121.93(Fo), -158.93(F,), -

159.92(Fp). "*C{H}NMR, ppm, 134.2,134.5, 134.6,134.7,134.9 (6C),
129.1,129.3-130.4, 134.5(C2), 124(C4), 125(C5), 125.3(C7,11),
129.2(C8,10), 134(C6), 129-130, 42,50(Bz Gr.); Analysis for Czo His
Ns Fi3AuOSO;, 3b, Calc(found): C, 38.14(38.18), H, 1.6(1.4), N,
5.96(5.87); IR v(N=N) 1370 v(C=N) 1590 v(CsFs) 1510, 955, 800
cm™ ESI mass, 944.3 [M*], 794 [M-OTif]; '"H NMR, ppm, H(7,11),
8.27(d, J = 8Hz), H(8,10), 8.21(d, J=6.5Hz), H(9-CHs), 1.99(s,),
H(4), 7.26(d, J=6Hz), H(5), 7.34(d, J=5Hz), CH. of Bz, 4.96(quartet,
J=5.9,6.1Hz), Ph of Bz, 7.5-7.9; "®F{H} NMR, ppm of (C¢Fs), -
78.02(0Tf), -121.03(F,), -158.03(Fp), -159.12(Fm). *C{H} NMR,
ppm, 134.2,134.5,134.6,134.7,134.9 (12C), 134.5(C2), 124(C4),
125(C5), 125.3(C7,11), 129.2(C8,10), 134(C6), 129-130, 42,50(Bz
Gr.); Analysis for Co9 Hi2 N4 F13AuCIOSO,, 3c, Calc(found): C,
36.04(36.8), H, 1.26(1.24), N, 5.6(4.7); IR v(N=N) 1377 v(C=N)
1590 v(CeFs) 1510, 955, 800 cm™ ESI mass, 964.3 [M*], 814.8 [M-
OTf]; 'H NMR, ppm, H(7,11), 8.27(d, J = 8Hz), H(8,10), 8.21(d,
J=6.5Hz), H(CHs), 1.99(s,), H(4), 7.26(d, J=6Hz), H(5), 7.34(d,
J=5Hz), CH, of Bz, 5.057(quartet, J=5.9,6.1Hz), Ph of Bz, 7.5-7.9;
F{H} NMR, LPpm of (CsFs), -78.02(OTf), -121.93(F,), -158.93(F,), -

159.12(Fm). } NMR, ppm, 134.2, 134.5, 134.6, 134.7, 134.9
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+2 AgOTf ——» [Au(C(F5),(OTf),]NBu, + 2 AgBr

¢ RaaiR

[Au(C4Fs),(RaaiR)](OTf) + NBu,OTf

OTH

R = H(a), Me(b), Cl(c)
R = Me(l), Et(2), B=(3)

Scheme 1.
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(6C), 134.5(C2), 124(C4), 125(C5), 125.3(C7, 11), 129.2(C8, 10),
134(C6), 129 -130, 42, 50(Bz Gr.).

RESULTS AND DISCUSSION

The complexes [Au (Cer)g(RaaiR’)] (OTf), were prepared
by removing weakly coordinating triflate ion, OSO,CF3,
from [Au (CgF5)2(OSO,CF3),], with RaaiR under stirring at
343 - 353 K in dichloromethane solution in good yield (75
- 80%). The synthetic routes are shown in Scheme 1. The
composition of the complexes is supported by microa-

nalytical results. The red orange complexes are soluble in
common organic solvents viz. acetone, acetonitrile, chlo-
roform, dichloromethane but insoluble in H,O, methanol,
ethanol. In MeCN, the complexes, (1 - 3) behave as 1:1
electrolytes (Ay = 40 - 60 Q'cm'mol™"). Ammonium tetra-
butyl triflate is very much interfering although the com-
plexes are well washed with hexane and ether to remove
this, but it stays in a slight amount, so the NMR signals
become complicated with the butyl peaks that are not
expected. The ESI mass spectrum of a MeCN solution in
the positive ion mode is structurally enlightening, since it
displays a series of characteristic singly. The maximum
molecular peak of (3c) is observed at m/z 964.5 (12%),
which corresponds to the molecular ion, where calculated
molecular weight is 964.03. A very careful examination of
the fragmentation pattern of the ESI mass spectrum
reveals the stepwise elimination of triflate ion (m/z at
814.51, 40%). Ir spectra of the complexes, [Au(CsFs)2(Ra
aiR’)] show a 1:1 correspondence to the spectra of the
tetrahydrothiophene analogue, except the appearance of
intense stretching at 1365-1370 and 1570 - 1580 c¢m™
with concomitant loss of v(Au-Br) at 320 - 340 cm’. They
are assigned to v(N=N) and v(C = N) appear at 1365 -
1380 and 1570 - 1600 cm™, respectively. Other important
frequencies are v(CgFs) at 1510 - 1520, 950 - 960 and
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Figure 1. Carbon NMR of complex 1b and 2¢, Fluorine NMR of complex 1c.



790 810 cm ! along with weak bands at 1070 and 1072
cm™. The "H nmr spectra of [Au (CgFs)2 (RaalR)] (OTH) (1-

3) complexes were unambiguously assigned (measured
in CDCIs) on comparmg with [Au (CgFs)2(Br) o] NBu4 and
the free ligand (RaaiR’) (Byabartta, 2005; Jemmis et al.,

2000; Greenwood and Earnshaw, 1989). Imidazole 4—
and 5-H appears as doublet at the Iower frequency side
of the spectra. The aryl protons 7-(7 —) and 11-(11 ) H
resonate asymmetrically indicative of a magnetically ani-
sotropic environment (Byabartta, 2005) even in the solu-
tion phase. The aryl protons (7-H - 11-H) of are downfield
shifted by 0.1-0.7 ppm as compared to those of the pa-
rent derivatives (Byabartta, 2005; Jemmis et al., 2000).
They are affected by substitution; 8- and 10-H are
severely perturbed due to changes in the electronic
propert|es of the substituents in the C (9)-position. The 1-
R [R Me, CH,CHs, CH, (Ph)] exhibit usual spin-spin
interaction. 1-Me appears as a singlet at 4.2 ppm for
Au(C¢Fs)2(RaaiMe); the methylene protons, 1-CH,-(CHjg)
show AB type sextet and (1-CH,)CH; gives a triplet at 1.5
ppm for [Au(CeFs)2(RaaiCH,CH3)]. 1-CH, (Ph) protons
appear at AB type quartets in [Au (CgFs)2(RaaiCH,Ph)].
The aryl-Me (R = Me) in [Au (Cer)g(MeaaiR’)] appears as
a single signal at 2.30 ppm. Fluorine n.m.r., "°F {H}, is
very much important of the present series of complexes
(measured in CDCI3). Among five fluorine atoms in each
complexes, they show three sharp signals which are
corresponds to two ortho, two meta and one para fluorine
atom, respectively, of the pentafluorophenyl ring of the
complexes W|th the addition of a peak for the triflate ion
(Figure 1). The "*C nmr spectrum provides direct informa-
tion about the carbon skeleton of the molecule (Figure 1).
Carbon atoms neighbouring the nitrogen atom shifted to
downfield due to an increased electron density resulting
from the presence of electronegative nitrigen atom and pi
electron delocalisation in the magnetic environment. The
carbon atom adjacent to the pentafluorophenyl ring in the
complex resonance at a lower field resulting of the conju-
gative effect of the phenyl ring with more electronegative
pi-conjugate system. The methyl carbon atom of the imi-
dazole ring resonate at 40 ppm, resonably compare to
the other carbon atoms resonance. The COSY spectrum
reveals the 'H-'H coupling interections in the molecule.
The comperatively weaker coupling interections of C(8)H

and C(10)H with the far apart positioned C(4)H and
C(5)H protons of the imidazole moity are shown by the
poorly resolved cross peaks at & = 7.32 ppm and 7.33
ppm. The 'H-"3C heteronuclear multiple-quantum cohe-
rence (HMQC) spectrum provides information regarding
the interaction between the protons and the carbon
atoms to which they are directly attached. The electro-
chemical properties of the com-plexes were examined
cyclic voltammetrically at a glassy carbon working elec-
trode in MeCN and the potentials are referred to SCE.
The voltammogram not display gold oxidation couple at
positive side but show the ligand reductions at the
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negative to SCE. One electron nature of the redox
process is supported by the i/iy ratio (i,a = anodic peak
current and i, = cathodic peak current) which varies -
0.90 to -1.04. In the potentlal range +2.0 to -2.0 V at the
scan rate 50 mV s two redox couples are observed
prominent and all are at the negative side of the
voltammogram. First one is quasireversible as is evident
from peak-to-peak separation value, AE;>110 mV. Two
redox couples at negative to SCE are due to reductions
of ligand (second one at -1.0 to -1.2). Arylazoimidazoles
can accommodate two electrons at LUMO mostly
characterised by azo group. These two couples may be
due to azo/azo redox reaction of coordinated RaaiR’
ligand.

In conclusion, this work describes the isolation of a
novel series of Gold (lll) azo-imine complexes with an
organometalllc link with pentafluorophenyl ring, [Au
(CeFs)2 (RaalR)] (OTf) and their spectral and elemental
characterisation. 'H NMR study suggests quartet splitting
of ethyl substitution. '°F {H} NMR show three sharp
signals which is lower than the parent complex. "H-H
COSY spectrum and 'H-'>C HMQC spectrum assign
them to the carbon hydrogen atoms interection and con-
tour respectively. EIectrochem|stry gives further informa-
tion on ligand reduction. '°C (1H) NMR tells the molecular
skeleton.

The Ministerio De Education Y Ciencia (Grant no.
SB2004-0060) is acknowledgement for financial support.
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