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The CANAC
dimercury and orthopalladated complexes, both of which may be

ligand 2,6-bis(2,3-dialkoxyphenyl)pyridine forms

transmetallated to gold(n) complexes; the gold complexes may
also be formed directly in a Rh(in)-catalysed process, hence it is
possible to circumvent the use of organomercury intermediates in
the synthesis of this important class of compound.

Since the demonstration in 2005 by Yam and co-workers of
room-temperature phosphorescent emission in C*"N"*C pincer
complexes of gold(m)," there has been significant interest in
materials of this type.>” As in related complexes of platinum(u),*
the key to unlocking phosphorescence was to employ sufficiently
strong field ligands that would raise the energy of the d—d states,
which otherwise quench the luminescence excited state by
thermal equilibration or energy transfer. In the complexes
reported by Yam et al., this was achieved using a phenylacetylide
co-ligand (Fig. 1, 2). From these initial reports with quantum
yields of <1%, the field has moved on, much higher quantum
yields have been realised and the emissive properties have been
employed in solvent sensing,” luminescent gels® and, of course,
as emitters in organic light-emitting diodes.>’

Our own contribution to this field has looked to functiona-
lise both the pincer ‘backbone’ ligand as well as the phenylace-
tylide to generate materials that are both triplet emitters and
liquid crystals. To that end, we have reported on two series of
complexes, one containing simple hydrocarbon chains bound
to the phenylacetylide,® the other employing semiperfluorocar-
bon chains instead (Fig. 2).>"° Briefly, the vast majority of the
complexes are liquid crystalline, showing almost exclusively
columnar phases with the complexes having four chains on
the pincer ligand having photoluminescent quantum yields
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(PLQY) of up to 36%, while those with only two chains had
PLQY values of <4%. Encouragingly, OLED devices fabricated
from the all-hydrocarbon complexes showed external quantum
efficiencies of >7%.

However, one of the great drawbacks in the preparation of
all complexes of this type, is that direct auration using, for
example, tetrachloroaurate(mr) and free ligand does not
proceed, and the synthesis (Fig. 1) inevitably goes through an
intermediate chloromercury(n) complex (1)."* This is in con-
trast to the direct auration possible with bidentate 2-phenylpyr-
idine ligands. This was demonstrated initially by Constable
and Leese'? who first formed the neutral, N-bound AuCl,
complex of 2-phenylpyridine, which can then convert ther-
mally to the orthometalated product. This general approach
persists, for example in preparing gold N*C"C complexes
where the final orthometalation is promoted by microwave
irradiation."® Direct reaction using microwaves is also a pro-
ductive approach, and, for example, Hylland et al have
recently published a very extensive study of such preparations
starting from Au(OAc); and driven by microwave conditions."
Indeed, these studies were also able to demonstrate direct
auration of NAC~C ligands."® Separate studies have shown that
direct auration is also possible if the ligand is pre-functiona-
lised, for example with a diazonium function,'” but this can
lead to additional synthetic complexity depending on other
substituent requirements on the ligands and also the prepa-
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Fig. 1 Synthesis of luminescent gold(i) complexes (2) described by
Yam et al., showing the mercury(i) intermediate (1). Typically, R' = H and
R = 4-substituted phenyl ring.

This journal is © The Royal Society of Chemistry 2023


http://rsc.li/dalton
http://orcid.org/0000-0003-0459-5470
http://orcid.org/0000-0002-5834-8371
http://orcid.org/0000-0002-5132-5468
http://orcid.org/0000-0003-0103-9479
http://orcid.org/0000-0002-1365-2222
https://doi.org/10.1039/d2dt04114f
https://doi.org/10.1039/d2dt04114f
http://crossmark.crossref.org/dialog/?doi=10.1039/d2dt04114f&domain=pdf&date_stamp=2023-01-20
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d2dt04114f
https://pubs.rsc.org/en/journals/journal/DT
https://pubs.rsc.org/en/journals/journal/DT?issueid=DT052004

Open Access Article. Published on 04 January 2023. Downloaded on 12/4/2025 4:35:00 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Dalton Transactions

(C12H250) (OCy2Hzs)

C12H250 OC12H25

R® R?
R?
R = OC,Han1 0r OCH,CHoC pFames; R, R3 = H

R', R? = OC,Hapy1 0 OCHCHoC ooy RS = H
R', R2, R® = OC Hpns1 0r OCHoCHoC P omet

Fig. 2 Emissive gold(m) pincer complexes showing liquid-crystalline
properties.

ration of bespoke gold precursor complexes.'® Impressively,
Martin et al. have recently shown that direct auration of biden-
tate 2-phenylpyridines can be mediated catalytically by
[CP*RhCl,],.>

It is therefore evident that to capitalise on the highly prom-
ising photophysical properties of the Au complexes, a simple,
mercury-free protocol would enable a wider range of modified
C”N”C ligands to be employed in this chemistry. This would,
in turn, allow for greater flexibility in the informed introduc-
tion of new properties into the complexes through modified
C~N”C ligands. In order to develop such a route, we have pre-
pared the related ligands 3-n (Fig. 3a), in which there is an
alkoxy chain on the phenyl carbon ortho- and meta-to the
phenyl-pyridine bond. The compounds are prepared by reac-
tion of 2,6-dibromopyridine with 2,3-dimethoxyphenylboronic
acid using a Suzuki-Miyaura protocol (89% yield), with the

8 795 79 78 78 775 77 765 76 86 a4 a2 3 78
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Fig. 3 (a) Structure of the 2,6-bis(2,2',3,3'-tetraalkoxy)pyridine ligands;
(b) *H NMR spectrum of the pyridyl hydrogens of 2,6-bis(2,2',3,3'-tetra-
methoxy)pyridine (3-1) showing the two AB spin systems; (c) *H NMR
spectrum of the pyridyl hydrogens of the chlorogold(i) complex of 2,6-
bis(2,2',3,3'-tetra-dodecyloxy)pyridine (6-12) showing the AX, spin
system.
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2,2',3,3"-tetraalkyloxy-substituted ligands (butyl and dodecyl)
resulting from subsequent demethylation using pyridinium
chloride (90% yield) followed by re-alkylation under
Williamson ether conditions using 1-bromoalkane (53% yield
C4, 65% yield C12). Thus, the dodecyloxy-substituted ligands
have been those of greatest interest in relation to generating
liquid-crystalline materials,®'® however these prove challen-
ging to crystallise (as do methoxy derivatives on account of low
solubility) and so we have typically deployed butyloxy-substi-
tuted ligands to obtain single crystals for study by diffraction.
The steric demands of these materials mean that in the free
ligand, the phenyl and pyridyl rings cannot be co-planar
(Fig. 4b), one consequence of which is that in the preferred
anti atropoisomer,§ the meta-pyridyl hydrogens are diastereoto-
pic so that, in the '"H NMR spectrum, the pyridine hydrogens
present as two AB spin systems (Fig. 3b). However, when com-
plexed to gold (Fig. 4c and d), the rings are forced to be co-
planar and the two hydrogens become equivalent (Fig. 3c).
Interestingly, the steric congestion does not affect the stability
of the complex adversely and 6-12 melts without decompo-
sition at 129 °C.

As a control reaction, it was possible to demonstrate that
the synthesis of these gold complexes again proceeded
through reaction of the ligand with mercury(u) acetate and an
aqueous LiCl work up to form intermediate chloromercury(xu)
complexes. Unexpectedly, however, rather than the low
yield (ca. 17%) of analytically impure material obtained in our
previous work with related four-chain ligands (which interest-
ingly then leads to a pure gold complex after transmetalation
and work up with estimated overall conversion of ca. 8%), we
were able to isolate the pure di-mercurated complex 4-12 in
75% yield. The Xray single crystal structure of the
butyloxy derivative, 4-4 (obtained in 55% yield) is shown as
Fig. 5.

The complex crystallised in the monoclinic space group
P2/c (with two complexes present in the asymmetric unit, one
of which (shown in Fig. 5) has a short Hg---N contact (2.675(9)
A - other Hg---N distances are >2.75 A). Each mercury is co-
ordinated in a linear fashion to carbon and a chloride ligand,
with the angles at mercury being close to perfectly linear

S (d)

Fig. 4 Molecular structure of 2,2',3,3'-tetramethoxy-substituted 2,6-
diphenylpyridine (3-1) (a) viewed from above and (b) viewed from the
side; molecular structure of a gold() complex (6-4) (c) viewed from
above and (d) viewed from the side.q
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Fig. 5 Molecular structure of the dimercurated complex 4-4 showing
(a) the complex in the asymmetric unit with a short Hg---N contact and
(b) in a view, butyloxy chains removed, to show the relative disposition
of the chloromercury units.

(179.0(3)°, 179.2(4)°, 177.4(4)° and 175.7(3)°). Hg-C bond
lengths are found to be 2.016(12) A, 2.027(14) A, 2.065(17) A
and 2.062(12) A, all of which are statistically equivalent
and are of a magnitude very similar to those in the
literature. However, for the Hg-Cl distances there is a
more complex story, which is described in greater detail in
the ESL.{

This dimercury complex can then be transmetalated to give
the related gold(ur) complex (6-12) in an isolated yield of 24%,
which gives an 18% overall yield from the ligand (Scheme 1) In
comparison, formation of 6-4 from 5-4 proceeds in 47% yield,
which gives an overall conversion of ca. 26%. These represent
improvements over yields from the impure mercury intermedi-
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ates described above,® but still requires the intermediacy of
mercury.

In then considering alternative approaches, one of the best-
known metals for both C-H activation and also ortho-metala-
tion is palladium. This thinking arose in part following the
detailed study by Gorunova et al. of a series of palladium-to-
mercury transmetalation reactions,"® prompted by the possi-
bility that the simple mercury drop test used to establish the
presence of colloidal palladium in catalytic systems could be
corrupted by such a reaction. Thus, reaction of ligand 3-12
with K,[PdCl,] in EtOH under reflux leads to isolation of the
corresponding di-p-chloro dimer 5-12, in a yield of 31%, the
dimeric nature being confirmed by ESI mass spectrometry
(Scheme 1). Dimer 5-12 was then reacted with K[AuCl,] in a
mixture of CHClz/MeCN to give the target gold complex 6-12 in
48% isolated yield as a pure yellow powder, with an overall
yield for the two steps of ca. 15% (Scheme 1). This is compar-
able with that reported using mercury (18%) with the advan-
tage that a toxic metal is not used and thus, while palladium is
not cheap, this represents a viable alternative to the use of
mercury in the preparation of gold C*"N~C pincer complexes of
this type. This transmetallation step is accompanied by the
appearance of a pale purple colour and the formation of very
small amounts of elemental gold (the latter also being
observed, again in tiny quantities, in the direct auration

Scheme 1 Summary of the reactions and interconversions described in this account. Conditions and reagents: (i) Hg(OAc),/EtOH/A/LiCl(,q); (i)
CHCl3/MeCN/Na[AuCl,l/A; (iii) Ko[PACLI/EtOH/A; (iv) CHCls/MeCN/NalAuClyl/A; (v) Na[AuClLl/EtOAc/[Cp*RhCl,]; (cat.)/A.
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reported below). Previously, we have observed that reaction of
[PtCl,]*~ with [AuCl,]” leads to almost quantitative formation
of [PtCls]*~ and either [AuCl,]” or Au’ depending on the stoi-
chiometry,”® while Au' is formed exclusively starting from
[PAC1,]*".*" That very small quantities of gold are recovered
from two transformations suggests that an analogous redox
reaction is not a major side reaction in these transformations.

However, having established this alternative reaction route,
we then turned our attention to the recent report by Martin
et al. of the direct synthesis of bidentate gold C*"N complexes
via the use of catalytic quantities of [Cp*RhCl,],.>> First
reported by Kang et al. in 1969,>> [Cp*RhCl,], is well known
for its ability to form C*N chelates and to activate sp> C-H
bonds, and it has also been shown to be capable of transmeta-
lation with gold.>* Thus, Martin et al. showed*” that a series of
substituted 2-phenylpyridines and related substrates could be
aurated directly in ethyl acetate under reflux using [Cp*RhCl,],
as the catalyst. They were able to demonstrate that the reaction
proceeds via a base-mediated ortho-rhodation to give an inter-
mediate Rh™" complex [Cp*Rh{k*-C,N-(2-phenyl)pyridine}(Cl)],
which then transmetalates with Na[AuCl,] to give [Au{k*-C,N-
(2-phenyl)pyridine}Cl,]. Isolated yields ranged from 16% to an
optimised value of 69% with 2.5 mol% of catalyst in EtOAc
using sodium benzoate as base.

Inspired by this report, we therefore reacted ligand 3-12
with Na[AuCl,] in EtOAc with NaO,CPh using 2.5 mol%
[Cp*RhCl,], and obtained 6-12 in a yield of 11% (Scheme 1).
This is lower than the typical yields reported by Martin et al.**
but is nonetheless remarkable as while the recent reports that
use an Au(OAc); starting material demonstrate direct metala-
tion in CAC~N chelates,'® this is not reported for the photo-
physically interesting C*N~C chelate.

These data demonstrate that the successful synthesis of
gold complexes containing C*N"C chelates requires an
initially well-controlled C-H bond activation step. This may be
through both stoichiometric (Pd and Hg) or catalytic (Rh) con-
ditions. Although each of reagents explored probably operates
in a mechanistically distinct fashion to achieve selective C-H
bond activation,”>?® it is clear that for this ligand-class simple
gold salts are not able to perform this transformation.
Furthermore, the nature of the ligand has some bearing for, as
noted above, 4-12 can be obtained clean in 75% isolated yield
whereas using the 3,3',4,4"-tetrasubstituted ligands (as illus-
trated complexed to gold in Fig. 2) gives low yields (<25%) of
impure, inseparable material on mercuration. Further, we have
on one occasion attempted direct auration with the same
ligand without success. Therefore, and as is expected, there is
a good deal of work to follow relating both to optimisation and
to understanding mechanism, for example delineating the
possible influences of steric and electronic factors. It is
evident, therefore, that there is considerable potential in
exploiting the advances in transition metal-catalysed C-H
bond functionalisation chemistry that have been applied to
the synthesis of complex organic molecules®” to the prepa-
ration of metal complexes with novel and important materials
properties.

This journal is © The Royal Society of Chemistry 2023
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