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Abstract: A range of N,C-chelated, cyclometalated gold(lll)
complexes Au(ppy®)X, have been prepared and characterized
by spectroscopic, crystallographic, and computational means.
Here, ppy is 2-phenylpyridine dicarboxylic acid (series 1), ppytt
is diethyl 2-phenylpyridine dicarboxylate (series 2), and X is tri-
fluoroacetate OACF (a), Cl (b), Br (c), or I (d) anion. The dihalo
complexes 1b-d and 2b-d are obtained when Au(ppy®)(OAcF),
(1a and 2a) are treated with HNOs/HX mixtures (aqua regiaX).
Good to high yields are obtained with short reaction times
(< 30 min) and simple work-up. Notably, the strongly acidic
medium does not cause protolytic cleavage of the Au-C or
Au-N bonds in the chelate, nor is ester hydrolysis of complexes
\Zb-d seen. Ethylene inserts into an Au-O bond of 1a and 1b,

and the resulting trifluoroacetoxyethyl-Au complexes can be
further elaborated in aqua regia without cleavage of the two
Au-C bonds in the molecule. Facile, mutual halide exchange
reactions between complexes with different halides (1b and 1d,
1c and 1d) were observed and led to formation of mixed-halide
complexes Au(ppy™)(X)(Y). These exchange reactions occurred
with complete stereoselectivity. The stereoisomer produced
was the one expected based on the relative trans influence of
the halides (I > Br > Cl), i.e. the highest trans influence halide
was located trans to N which is the lowest trans influence end
of the chelate. These thermodynamic preferences were also in-
vestigated by DFT computations.

%

Introduction

In recent years, gold has paved its way in the field of catalysis
with its unique reactivity patterns and the high activity and
robustness of many developed Au(l) and Au(lll) catalysts.'-®! In
the field of homogeneous gold catalysis, the development and
use of Au(l) catalysts has dominated over Au(lll), in part due to
the superior availability and stability of Au(l) complexes com-
pared to Au(lll) ones. More recently, development of Au(lll) sys-
tems have gained momentum due to, in part, advances of ver-
satile and robust synthetic procedures.™

The most commonly used Au(lll) complexes are cyclometal-
ated square-planar complexes with chelating and pincer li-
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gands.”-1?! Chelated, square planar Au(N"C) complexes where
N"C is a cyclometalated phenylpyridine (ppy) ligand scaffold
have been extensively studied, and offer the possibility of deco-
rating the aromatic rings with a variety of desirable substitu-
ents. Such cyclometalated complexes have proven to be active
catalysts for a range of reactions, including aromatic addition to
vinyl ketones,!'3! AAA-coupling reactions,!'*'>! and heterocycle
syntheses.[16-18!

Despite the increasing interest in cyclometalated ppy-Au(lll)
complexes, their synthesis was for some time hampered by the
need to use stoichiometric transition metal reagents to effect
cyclometalation, such as Ag(l) salts for halide abstraction or
transmetalation via toxic Hg(l/ll) complexes.'®21 Constable
and co-workers reported the preparation of Au(ppy)Cl, by direct
auration in MeCN/water in 80 % yield.?? Their approach ap-
pears to work well in particular with electron-donating substitu-
ents at the pyridine moiety, whereas lower yields are reported
with electron donating groups.!?3! This substituent limitation is
not experienced with our microwave heating method, which
also obviates the need for transmetalation.?*! Recently, we re-
ported that the microwave protocol works well with carboxyl-
ate-functionalized ppy derivatives, which makes the Au(lll) com-
plexes amenable to incorporation into metal-organic frame-
works (MOFs).?>) The microwave approach has been demon-
strated thus far to be particularly useful for the preparation of
ligand-based substituted derivatives of Au(ppy)Cl, and
Au(ppy)(OACH), (Scheme 1; OACF = trifluoroacetate).

© 2020 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Far N e ' 7N
AcFO"  OAcF cl Cl
Au(ppy")(OACF)z Au(ppyRiCl,
R=H 1a R=H 1b
Et 2a Et 2b
Scheme 1.

The most abundant class of cyclometalated Au(lll) complexes
involves those with two chloro ligands bonded to the Au(lll)
center'® The reactivity of the chlorides has been studied in
details and their derivatization by substitution reactions have
been exploited.?"! Preparative methods for the substitution of
other X-type ligands for Cl in cyclometalated Au(lll) dichloride
complexes include the obvious reactions with anionic ligands,
including Br~ and I, in aqueous media or acetone.!?®! Occasion-
ally, the occurrence of side reactions together with low yields
present practical challenges in synthesis and isolation of the
substitution products.2" Furthermore, the presence of small
quantities of NMR-silent Au nanoparticles or colloids can repre-
sent an obstacle in purification of the complexes. We envi-
sioned, and have recently demonstrated,>27-281 that this chal-
lenge might be overcome by using aqua regia - that is of
course well known for its ability to dissolve metallic gold?! -
as a reaction medium.

The use of aqua regia as a solvent for preparative organome-
tallic chemistry is limited. The constituents HNO3 and HCl are
abundant and inexpensive, but toxicity, safety, and corrosion
issues render the medium less attractive. It is worth mentioning,
however, that highly acidic and corrosive media enabled Peri-
ana and co-worker's progress in the development of Pt-cata-
lyzed hydrocarbon activation and functionalization in fuming
sulfuric acid media.?%33 The reports for aqua regia usage in-
clude oxidation of Au(l) pyrazolato complexes to their Au(lll)
analogues*3% and our more recent account of the oxidation
of an electron poor, ferrocenyl-substituted Au(NHC)Cl com-
plex.1?”) Recently, we explored the use of aqua regia as reaction
medium and oxidation agent to oxidize various more conven-
tional Au(NHC)Cl complexes to Au(NHC)Cl; analogues.?®! Fi-
nally, and most relevant to this contribution, we described the
successful use of aqua regia in the synthesis of 1b and 2b from

the bis(trifluoroacetate) complexes 1a and 2a (Scheme 1b). It
was demonstrated that complexes 1b could be installed in a
UiO-67 MOF framework.?>! Here, we report further reactivity of
1a-b and 2a-b in strongly acidic media, including aqua regia.
Bromo and iodo analogues are prepared. Ethylene inserts into
an Au-0 bond of 1a and 1b, and the resulting trifluoroacetoxy-
ethyl-Au complexes can be further elaborated in aqua regia,
notably without cleavage of the two Au-C bonds in the mol-
ecule.

Results and Discussion

Synthesis of Au(ppy")X, (1b-1d for X = Cl, Br, I) and
Au(ppy=)X, (2b-2d for X = Cl, Br, 1)

With AuCl; (and analogs HAuCl,, NaAuCl,, etc.) readily available,
it is not surprising that chloro derivatives dominate much of
the Au(lll) chemistry. We recently reported the synthesis of the
dichloro complexes Au(ppy")Cl, (1b) and Au(ppy)Cl, (2b) by a
simple synthesis protocol that involved aqua regia as the reac-
tion medium.?*! It might be beneficial also to have access to
other Au(lll) halide congeners. Thus, we first prepared Br and |
counterparts of aqua regia by mixing 3 volumes of aqueous HBr
or HI with 1 volume of HNOs to furnish aqua regia® and aqua
regia', respectively. Then, it was found that these aqua regia®”
solutions could facilitate substitution of both OAcF ligands in
1a and 2a with Br or |, giving Au(ppy™Br, (1¢), Au(ppy9)Br, (2c),
Au(ppy™)l, (1d), and Au(ppy®)l, (2d). These reactions proceeded
with high product yields and purity, with no further purification
required after filtration, washing with water on the filter pad,
and drying under air (Scheme 2). Moreover, the reactions did
not require prior isolation or purification of the bis(trifluoroace-
tate) complexes 1a and 2a, as the aqua regia® treatment could
be performed on crude 1a or 2a as obtained from the micro-
wave synthesis.?*! The aqua regia protocol appears to dissolve
metallic or inorganic Au species and impurities, leaving the in-
soluble 1a-b and 2a-b complexes ready to be harvested by
filtration. This method circumvents the issues often encoun-
tered with other halide exchange methods, such as the pres-
ence of side products due to the reduction of Au(lll) and tedi-
ous purification protocols. We also find that when
Au(ppy®)(OACH), is treated with HX (X = Cl, Br, 1), halide ex-
change does occur but leads to visually impure materials that
are not amenable to efficient purification. The utilization of
aqua regia® for these transformations is clearly beneficial as it

Aqua Regia” = 3 HX : THNO4
X =Cl, Br, |

— Au(OAC); ROOC N\ 4 COOR Aqua Regia” ROOCWCOOR
ROOC—O—@—GOOR — N —_— Ny
N HOAGF, AU < 30 min, r.t. A
F
130 °C, uW, 1h Ac"O OAc™ X X
R=H ppy R=H 1a R=H 1b,1c,1d (X =Cl, Br, )
Bt ppyf! Et 2a Et 2b,2¢,2d (X=Cl,Br, 1)
isolated but not purified

Scheme 2. Cyclometalation of ppy™ and ppy* followed by ligand exchange reactions with aqua regia®®”' solutions (prepared with HC, HBr, or HI) leading to
formation of 1b-1d (87, 80, and 79 % vyields) and 2b-2d (80, 76, and 63 % vyields).
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leads to improved yields and purities of products with a simpli-
fied work-up procedure.

The products were characterized spectroscopically, by MS,
and in some cases by single-crystal X-ray diffraction analysis
(vide infra). Some data for 1b and 2b, described elsewhere, 2!
are included for comparison. By '°F NMR, the absence of signals
at & ca. -76 and -77 in the 'F NMR spectra of the complexes
1a and 2a indicated the successful exchange of both trifluoro-
acetate groups with halides. In the "H NMR spectra ([Dg]DMSO),
strong deshielding for the ligand proton o to N of 1b (5 10.02),
1c (5 10.28), and 1d (8 10.49) was seen compared with that in
the free ppy" diacid ligand (8 9.17). Furthermore, cyclometala-
tion was also evidenced by the desymmetrization of the 'H
NMR pattern (and loss of overall signal intensity corresponding
to one H) of the phenyl-ring signals: two signals each of 2H
intensity were replaced by three signals of 1H intensity each.
Similar features were seen in the "H NMR spectra of 2b, 2¢, and
2d (see ESI for further details).

Electrospray MS in general displayed well-defined molecular
ion signals. In particular, the expected isotope distribution pat-
terns were observed in the HRMS spectra of 1c and 2¢ - molec-
ular ions with two 7°Br, mixed 7*8'Br, and two 'Br, confirming
the presence of two bromide ligands in the complexes. In the
HRMS spectra of 1d and 2d, only one molecular ion peak was
observed.

Aqua Regia Reactions with Au(lll) Alkyl Derivatives

We have recently reported how aqua regia is beneficial for the
high-yield oxidation of various Au(NHC)Cl complexes to
Au(NHC)Cl; congeners, remarkably without cleavage of the Au-
Cnuc bond under these drastic conditions.?”28! The new results
described above demonstrate how Au(lll)-C(sp?) bonds to (N"C)
cyclometalated complexes may also be robust towards proto-
lytic cleavage in aqua regia. In the following, we will demon-
strate that even Au(lll)-C(sp®) bonds may be similarly robust in
aqua regia. Interestingly, Roth and Blum have reported that that
kinetic basicities of Au(l)-C bonds increase somewhat in the
order sp3 < sp < sp2.137!

We have reported that ethylenel®® and other alkenes!®!
undergo formal insertion into one Au-OAcf bond in
Au(tpy)(OACh), (tpy = p-tolylpyridine, an N"C chelating ligand;
see Scheme 1a) in trifluoroacetic acid. These reactions proceed
via an alkene coordination-nucleophilic attack mechanism and
occurs selectively at the coordination site trans to pyridine-N of

1. Au(OAc)3, HOACT

the tpy ligand. We find that complexes 1a and 2a react analo-
gously. When ethylene was bubbled through a warm reaction
mixture containing crude 1a or 2a in HOAC" immediately after
cyclometalation in the microwave oven, the ethylene
insertion products Au(ppy")(OAc")(CH,CH,0ACP) (1e) and
Au(ppyt)(OACT)(CH,CH,0AC) (2e) were immediately formed
(Scheme 3). These insertions also occurred exclusively trans to
N. As for the tpy system, the insertions were complete in less
than 5 min for both the ppy" and ppy® complexes. The crude
products were obtained by solvent removal under vacuum, and
their '"H NMR spectra displayed two characteristic triplets at &
2.33 and 3.68 (1e) and § 2.32 and 3.66 (2e) caused by the two
methylene groups derived from inserted ethylene (see ESI for
further details). When the crude products 1e and 2e were
stirred in aqua regia for 15 min, substitution of Cl for OAc"
occurred trans to C, leading to 1f and 2f (Scheme 3), with over-
all yields of isolated, purified products of 63 % and 71 %, re-
spectively. In the TH NMR spectra, the triplets of the methylene
protons moved significantly to higher ppm values (from 3.68 to
4.73, Ad = 1.05) and from 2.32 to 2.47, Ao = 0.15) when 1e and
2e converted to 1f and 2f. Interestingly, the aqua regia treat-
ment caused neither protolytic cleavage of the Au-C(alkyl)
bond nor substitution of Cl for OAcF at the inserted ethylene
unit. The presence of trifluoroacetate was confirmed by the
presence of sharp singlets at § = -76.7 and -77.8 (relatively to
CoFe) in the "°F NMR spectra of 1f and 2f, respectively.

If, however, aqua regia® was used instead of regular aqua
regia, the Br-substituted species 1g and 2g (see Scheme 3) were
formed. The diester 2g was readily isolated in 83 % yield,
whereas by contrast the diacid 1g underwent partial decompo-
sition immediately after the standard workup by filtration and
washing with water on a filter. The "H NMR spectrum of 2g
displays essentially the same features as that of 2f, the most
notable differences being the different downfield change of the
resonances arising from the H located a to chelating N and
from the Au-bonded methylene group (see ESI for spectro-
scopic details).

Attempted iodide for OAcF ligand exchange reacting 1e and
2e with aqua regia' only resulted in intractable product mix-
tures.

Crystallographic Structure Determinations of 1c and 1d

X-ray-quality crystals were grown by slow evaporation of solu-
tions of 1c or 1d in a dichloromethane/DMSO mixture. Com-

Aqua Regia”* = 3 HX : THNO3
X =Cl, Br

uW, 130 °C, 1h — —
) ROOC COOR
= 2. CoHs 10 min, HOAGE " OOC TN/ COOR  Aqua Regia” \_,/
ROOC— COOR ~ EE—— N
N /Au\/\ <15 min, r.t. /Au\/\
i X
Ac'O oA oA
R=H ppy" R=H 1e R/X =H/CI 1f
Et  ppoy™ Et 2e HBr 1g
EVCI 2f
EtBr 29

Scheme 3. Cyclometalation followed by reaction with ethylene and ligand exchange reactions.
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1c

1d

Figure 1. ORTEP plots of the complexes 1¢, 1d, 3, and 4. Thermal ellipsoids are shown at 50 % probability.

plexes 1c and 1d form triclinic crystals in the PT space group
and were found to crystallize with DMSO molecules in the unit
cell, associated via hydrogen bonds. ORTEP views of the molec-
ular structures are represented in Figure 1 and selected bond
lengths and angles are summarized in Table 1. Data for the
previously described structure of the dichloro analogue 1b are
included for the ease of comparison.

Table 1. Selected bond lengths (A) and angles (°) with estimated standard
deviations in parentheses for complexes 1¢, 1d, 3, and 4.

1c 1d 30 4 1b®!

Au-N 2.066(3) 2.069(7) 2.08(2) 2.084(3) 2.041(2)
Au-C(1) 2.045(3)  2.05(1) 2.04(2) 2.028(4) 2.025(2)
Au-X(transN) 2.4128(5) 2.5664(8) 2.550(2) 2.5397(4)  2.2713(6)
Au-X(transC) 2.4745(5) 2.6487(9) 2.359(5) 2.5173(5)  2.3613(6)
N-Au-C(1) 81.6(1) 80.0(4) 82.8(6) 80.9(1) 81.63(7)
N-Au-X(transC) 94.31(8)  96.9(2) 93.3(4) 95.09(8) 94.29(5)
C(1)-Au- 93.88(9) 94.8(3) 92.5(4) 94.8(1) 93.67(6)
X(transN)

X(transC)-Au-  90.20(1)  88.34(3)  91.5(1) 89.24(1) 90.43(2)
X(transN)

[a] See comment in ref.*>! [b] Previously reported and included for compari-
son, see ref.12%]

The Au(lll) complexes 1c and 1d display a square-planar co-
ordination geometry as expected for the d® electronic configu-
ration. Their carboxylate groups are essentially coplanar with
respect to the aromatic rings. Both carboxylic groups in each
complex were coordinated via hydrogen bonds with DMSO
molecules that were incorporated during the crystallization as
solvate molecules. The Au-halogen bond trans to C is elon-
gated compared to the one trans to N, presumably due to the
strong o-donor and high trans influence properties of the
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phenyl ring. The Au-C distance increases from 2.025(2) A in the
previously reported?” dichloro complex 1b, via 2.045(3) A in
the dibromo congener 1¢, to the longest 2.05(1) A in the diiodo
complex 1d. This trend is in accord with the stronger trans influ-
ence of iodide and bromide compared to chloride,“%-44 3|-
though the steric influences in particular of the two large iodo
ligands in 1d might also contribute. The same trend was ob-
served for the Au-N bond lengths of 2.041(2) A in 1b,2%
2.066(3) A in 1¢, and 2.069(7) in 1d. The halide-Au-halide bond
angles deviate slightly from the ideal 90°, with values of
90.43(2)° for 1b, 90.20(1)° for 1¢, and 88.34(3)° for 1d, respec-
tively.

Halide Metathesis Reactions

The lability of the halide ligands bonded to Au(lll) was demon-
strated with the formation of the mixed chloro/iodo complex
Au(ppy™)(CN(D) (3) from a solution of a 1:1 mixture of the di-
chloro and diiodo complexes 1b and 1d in warm (120 °C)
[DIDMSO. After less than 5 min, the room temperature "H NMR
spectra showed the complete disappearance of the singlet reso-
nances (protons a to N and o to chelate-C) of the reactants 1b
(6 10.02, 8.32) and 1d (& 10.49, and 9.21). The formation of a
new complex, identified as the mixed chloro/iodo complex 3
(Scheme 4), was evidenced by the appearance of new resonan-
ces at 0 9.97 and 9.61. The 'H NMR spectrum indicated the
presence of only one isomer. It was suspected that this might
be the one depicted, in which the stronger trans influence
halide (I) is located trans to the weaker trans influence donor
(pyr-N) of the chelate. This assumption was corroborated by

© 2020 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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HOOC \ 4 COOH HOOC \ 4 COOH DMSO HOOC \ 4 COOQOH
N . N < 5min, 120 °C N
N N >~ N
/Au\ /Au\ /Au\
X X | | X |
X=Cl 1b 1d X=Cl 3 79% isolated
Br 1c Br 4 56% isolated
- - DMSO -
HOOC N/ COOH HOOC N/ COOH 5 min. 120 °c HOOC \ COQH
N\ + N\ - N\
Au\ Au\ Au\
ca” ol B” CBr c” Cr
1b 1c 5

observed in solution
but not isolated

Scheme 4. Halide metathesis reactions between 1b, 1¢, and 1d in pairwise combinations.

a molecular structure determination as well as computational
studies (vide infra). A preparative-scale reaction led to the isola-
tion of 3 in 79 % yield.

The halide metathesis reaction was not limited to Cl/I ex-
change but could also applied to Br/l. Thus, the dissolution of
1c and 1d in DMSO afforded the mixed bromo/iodo complex
4, which crystallized in 56 % yield from the reaction mixture
during cooling. The aromatic doublets arising from the CH pro-
tons at the distal (as seen from Au) side of the chelate appear
at essentially the same chemical shifts as in 1c and 1d, but the
singlets of the protons o to the chelating N or C atoms ap-
peared at altered chemical shifts, from 6 10.49 and 10.28 in 1d
and 1c to 10.31 in 4 (a-H to chelating N), and from 6 9.21 and
8.69 in 1d and 1c to 9.48 in 4 (a to chelating C). Both com-
plexes 3 and 4 were subjected to by single-crystal X-ray diffrac-
tion analysis (vide infra).

Finally, completing the combinations of halide metathesis
partners, the mixed chloro/bromo complex 5 was observed, al-
beit only in solution, as suggested through the disappearance
of the "TH NMR signals of the reacting dichloro (1b) and dibromo
(1c) partners and concomitant emergence of new signals of 5
in the "H NMR spectrum (see ESI for details). However, attempts
at isolating 5 only resulted in a mixture of the starting materials,
1b and 1c¢, indicating a rapid reversal of the reaction
(Scheme 4).

The mixed-halide nature of 3 was verified by high resolution
mass-spectroscopy (m/z 623.8745 for 3°Cl and 625.8718 for 37Cl)
with the evidence of one Cl and one | being present together
in the molecule. Similarly, m/z 643.827 and 645.827 for 7°Br and
81Br revealed the presence of one Br and one | in 4.

Crystallographic Structure Determinations of 3 and 4

Crystals that were suitable for single-crystal X-ray crystallogra-
phy were obtained by slow cooling to room temperature of a
hot solution of 3 in a mixture of CH,Cl, and DMSO. Crystals of
4 were obtained by vapor diffusion of diethyl ether into the
reaction mixture of 1c and 1d in DMSO. ORTEP views of the
molecular structures are shown in Figure 1. Selected bond
lengths and angles for the molecular structures of 3 and 4 are
listed in Table 1.
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The mixed-halide complexes also possess square-planar ge-
ometry around the Au(lll) center, again with carboxylic groups
coplanar with the aromatic rings. The structural studies of 3
and 4 confirm that each complex contains two different halides
bonded to the Au center - Cl and | in 3, and Br and | in 4. The
structure determination also confirms our suspicion that the
strongest trans influence halide (I > Br > Cl) occupies the coordi-
nation site that is trans to the weakest trans influence end of
the chelate (C > N). As expected, this results in significant differ-
ences in bond lengths for Au-X(trans to N) and Au-X(trans to
C) for any halide X. Thus, the Au-X(trans to C) bond lengths in
3 and 4 (2.359(5) A and 2.5173(5) A) are comparable to Au-
X(trans to C) in 1b and 1¢ (2.3613(6) A and 2.4745(5) A) due to
the consistent presence of a trans phenyl group. Conversely, the
Au-lI bond lengths in 3 and 4 are slightly shorter than
Au-I(trans to N) in 1d, with values of 2.550(2) and 2.5397(4) vs.
2.5664(8) A, respectively. The chelate angles N-Au-C and
X-Au-Y for 3 and 4 fall in the range of those for dihalide com-
plexes 1b-d.

DFT Calculations on the Relative Thermodynamic
Stabilities of Halide Complexes Au(ppy")(X)(Y) (1b, 1¢, 1d,
3,4)

In order to shed further light on the experimental findings, in
particular on the halide metathesis reactions, a computational
study of the halide metathesis reactions was performed using
DFT. Scheme 5 depicts the possible set of isodesmic*®~48! reac-
tions in which two different dihalide complexes undergo me-
tathesis to give two identical mixed halide species (in two dif-
ferent coordination geometries). The corresponding Gibbs free
energy differences as determined by DFT calculations are also
depicted in Scheme 5. As will follow from the discussion below,
the outcomes of these reactions are readily rationalized in term
of relative trans influences of the halides,“°-*4 which dictates
their propensities for being located trans to C vs. trans to N of
the chelate.

The reaction between Au(ppy™Cl, (1b) and Au(ppy™)l, (1d)
led to exclusive formation of Au(ppy™)(Cl)(Il) (3), stereoselective
with | trans to N, a reaction which is substantially more exer-
gonic than formation of its isomer 3’, where | is positioned trans

© 2020 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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HOOC \ COOH HOOC N\ COOH DMSO
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HOOCWCOOH
2 NS

/Au\ /Au\ /AU\
x" x b (X or Y = Cl) Yoy x
1c (XorY =Br) =
felxory -8 XandY =Cl, Br,orl
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Scheme 5. Energetics of isodesmic, pairwise halide metathesis reactions of 1b, 1¢, and 1d determined by DFT calculations. The numbers indicated are the
free energy changes in kcal/mol in DMSO between two of the mixed-halides and the two pertinent starting complexes.

to C (-4.2 vs. +5.4 kcal/mol). Thus, the calculations reveal that
positioning | trans to N results in a 4.8 kcal/mol more stable
complex!*¥! 3 than its isomer 3’ with | trans to C.

Next, the halide metathesis reaction between Au(ppy™Br,
(1¢) and Au(ppy)l, (1d) will result in the more favorable com-
plex 4, with | trans to N, rather than its isomer 4. The former is
preferred by 1.4 kcal/mol, so the energy differences between
the Br/I mixed-halide isomers 4 and 4 are less pronounced than
for the CI/I pair in 5 and 5'.

The significant differences in energies between the isomers
Au(ppy™(X)(Y) and Au(ppy")(Y)(X) are attributed to the combi-
nation of trans influence of halides, and of C and N atoms of
the chelate ligand - the atom with the highest trans influence
prefers the atom with lowest trans influence located trans to
itself. This suggests that the observed halide exchange reac-
tions are thermodynamically controlled.

Last, the halide metathesis reaction between dichloro com-
plex 1b and the dibromo congener 1c was found to be the
least exergonic of the metathesis reactions, with the preferred
mixed-halide complex Au(ppy")(Cl)(Br) (5) being 0.2 kcal/
mol Lower in energy than starting 1b and 1c. Formation of its
isomer, 5, with Br trans to C, was found to be 4.2 kcal/mol Less
favorable than 5. The rather small energy difference between
the reactants and the preferred product indicates an equilib-
rium constant close to one; almost 30 % of the population will
be for 5 at equilibrium. These findings are qualitatively in ac-
cordance with experiments. Although the exclusive formation
of complex 5 was probably observed in solution by 'H NMR,
the attempted isolation of 5 led to reversal to a mixture of the
reactants.

Concluding Remarks

A convenient, two-step synthesis of cyclometalated gold(lll)
phenylpyridine dicarboxylic acids Au(ppy™)X, (1c-d; X = Br, |)
and their diethyl esters Au(ppyt9)X, (2¢-d) have been described.
The former should be suitable for installation into UiO-67 type
MOFs, as was recently reported for the chloro analogue 1b. The
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complexes were prepared reacting bis(trifluoroacetate) com-
plexes 1 and 2 with aqua regia solutions containing HBr or HI
acids as alternatives to HCl, respectively. The Complexes 1a-b
and 2a-b exhibit a surprising stability under aqua regia condi-
tions, with no protolytic cleavage of Au-C or Au-N bonds to
the chelating ligand. The aqua regia protocol was extended to
the preparation of the cyclometalated gold(lll) alkyl-substituted
complexes, 1f-g and 2f-g, demonstrating that even Au-C(sp®)
bonds are robust under these harsh reaction conditions. These
findings may facilitate further exploration of organometallic
species in strongly acidic and oxidizing media for synthetic and
catalytic applications.

Experimental Section

Computational details

All calculations were carried out at the DFT level with the Gaus-
sian09 program. The hybrid PBEO+D3 GGA functional including
Grimme's model for dispersion forces has been used in conjunction
with the Stuttgart-Koln basis set including a small-core quasi-rela-
tivistic pseudopotential (Au), the LANLO8d basis set for the halides
(Cl, Br, 1) and the all-electron triple-C 6-311+G** basis set for the
rest of the elements. The ultrafine (99,590) grid was used in the
calculation of the integrals for higher numerical accuracy. Geome-
tries were fully optimized without any geometry or symmetry con-
straint. The solvent effects of DMSO were modeled with the
continuum SMD method. Vibrational frequencies were calculated to
ascertain that all the optimized structures are true minima on the
potential surface. The free energies of the optimized complexes
were used to compute the thermochemistry.

Experimental details

General method for preparation of Au(ppy")X, (X = Cl, Br, | for
1b-1d, respectively)

The following procedure is similar to the one recently described by
us.1251 A tube for microwave oven synthesis was filled with 6-(4-
carboxyphenyl)nicotinic acid (60 mg, 0.248 mmol, 1.0 equiv.),
Au(OAc); (102 mg, 0.273 mmol, 1.1 equiv.), and trifluoroacetic acid

© 2020 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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(15 mL). The mixture was heated in the microwave oven at 130 °C
for 1 h. After cooling to room temperature, the solvent was re-
moved under reduced pressure until dryness. Without purification,
the solid (i.e., crude Au(ppy™)(OACF),) was stirred in aqua regia* solu-
tions (12 mL) for 30 min. The precipitate was collected on a fine frit
filter, washed with water, and dried in air.

Synthesis of Au(ppy")Cl, (1b)

The synthesis was carried out according to the general procedure
for Au(ppy™X, given above. The product was obtained as a pale
yellow solid (110 mg, 87 % yield). "H NMR (600 MHz, [Dg]DMSO):
0 =10.02 (d, J = 1.9 Hz, 1H; H5), 8.78 (dd, J = 8.4,1.9 Hz, TH; H3),
8.57 (d, J = 8.5 Hz, 1H; H4), 8.32 (d, J = 1.5 Hz, 1H; H5"), 8.15 (d, J =
8.1 Hz, 1H; H4’), 7.98 (dd, J = 8.0, 1.6 Hz, 1H; H3’). 3C{'"H} NMR
(151 MHz, [Dg]DMSO): 6 = 165.9 (C1), 165.5 (C8), 163.8 (C1), 151.1
(C2%), 149.1 (CH-5), 145.9 (C8’), 143.9 (CH-3), 133.3 (C9), 130.3 (CH-5"
), 129.9 (CH-3"), 128.1 (C2), 127.6 (CH-4’), 122.9 (CH-4). MS (ESI*,
CH3OH) m/z (%): 531.939 (100) [3> M+Na]*, 533.936 (64)
[3337 M+Na]*, 535.933 (11) [37 M+Na]*. HRMS (ESI*, CH;OH) m/z:
caled. for Cy3HgAu3>CI,NNaO,: 5319388, found  531.9386
(+0.5 ppm); also found 533.9357 for C;3HgAu3>CI*’CINNaQ,, and
535.9332 for C;3HgAu3’CI,NNaO,. Anal. calcd. for C;3HgAuCI,NO,: C,
30.61; H, 1.58; N, 2.75; found C, 30.12; H, 1.63; N, 2.71 %.

Synthesis of Au(ppy")Br, (1c)

The synthesis was carried out according to the general procedure
for Au(ppy™)X, given above. The product was obtained as pale or-
ange solid (118 mg, 80 %). "H NMR (600 MHz, [Dg]DMSO): 6 = 14.28
(s, 1H; -COOH(pyridine)), 13.50 (s, 1H; -COOH(Ph)), 10.28 (d, J =
1.8 Hz, TH; H5), 8.78 (dd, J = 8.4, 1.9 Hz, 1H; H3), 8.69 (d, J = 1.5 Hz,
1H; H5’), 8.58 (d, J = 8.5 Hz, 1H; H4), 8.18 (d, J = 8.2 Hz, 1H; H4),
8.00 (dd, J = 8.0, 1.5 Hz, TH; H3’). "*C{'"H} NMR (151 MHz, [Dc]DMSO):
0 = 1659 (C1"), 165.6 (C8), 163.8 (C1), 151.9, 150.1 (CH-5), 146.6,
143.6 (CH-3), 133.5, 1323 (CH-5), 129.6 (CH-3'), 128.1, 127.8
(CH-4), 123.0 (CH-4). MS (ESI*, CH3;OH) m/z (%): 619.838 (51)
[7°M+Nal*, 621.836 (51) [’”®1 M+Nal*, 623.834 (50) [¥' M+Nal*,
577.88 [M - COOH+Na]*, 321.971 [H,L+7°Br+H]*, 323.969
[HoL+8"Br+H]*.  HRMS  (ESI*, CH;OH) m/z «caled. for
C,5HgAu”°BrNNa0,8'Br: 621.8357, found 621.8356 (+0.3 ppm). Anal.
calcd. for Cy3HgAuBr,NO,: C, 26.07; H, 1.35; N, 2.34; found C, 26.01;
H, 1.37; N, 2.31 %.

Synthesis of Au(ppy™)l, (1d)

The synthesis was carried out according to the general procedure
for Au(ppy™)X, given above. The precipitate was collected on a fine
frit and washed with water and diethyl ether. The product was ob-
tained as dark red solid (137 mg, 79 % yield). '"H NMR (600 MHz,
[Dg]DMSO): 6 = 14.23 (s, 1H; -COOH(Py)), 13.45 (s, 1H; -COOH(Ph)),
10.49 (d, J = 1.8 Hz, 1H; H5), 9.21 (d, J = 1.5 Hz, 1H; H5"), 8.75 (dd,
J =84, 1.9 Hz, 1H; H3), 855 (d, J = 8.5 Hz, 1H; H4), 8.20 (d, J =
8.1 Hz, 1H; H4’), 8.01 (dd, J = 8.0, 1.5 Hz, 1H; H3'). 3C{'"H} NMR
(151 MHz, [Dg]DMSO): 6 = 166.0 (C8), 164.0 (C1), 153.1, 151.5 (CH-
5), 148.3, 143.0 (CH-3), 136.0 (CH-5"), 133.7 (C9), 128.8 (CH-3’), 128.03
(CH-4"), 127.97, 1229 (CH-4). MS (ESI-, CHsCN): m/z 450.776
([Aul,71, 100 %), 691.813 ([M - H*1", 3 %). MS (ESI-, CH50H) m/z (%):
691.813 (18) [M - H']", 647.824 (<5) [M - H* - CO,]", 595.927 (31)
[M - 2H* — I"+CH5OH]~. HRMS (ESI5, CH3OH) m/z: calcd. for
Cy3H,AulNO,: 691.8136, found 691.8132 (+0.5 ppm). Anal. calcd.
for C;3HgAul,NO,: C, 22.53; H, 1.16; N, 2.02; found C, 21.99; H, 1.19;
N, 1.97 %.

General method for synthesis of Au(ppy®)X, (X = Cl, Br, | for
2b-d, respectively)

The procedure is analogous to the one recently developed by us.!?!
The Teflon liner for microwave oven synthesis was filled with
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Au(OAc); (90 mg, 0.24 mmol, 1.2 equiv.), ethyl 6-(4-(ethoxycarb-
onyl)phenyl)nicotinate (60 mg, 0.20 mmol, 1.0 equiv.) and trifluoro-
acetic acid (15 mL). The reaction mixture was heated in the micro-
wave oven at 130 °C for 1 h. After cooling to room temperature, the
solvent was removed under reduced pressure until dryness. Without
purification, the solid (i.e, crude Au(ppy)(OAc"),) was stirred in
aqua regia® solutions (12 mL) for 30 min. The precipitate was col-
lected on a fine frit filter, washed with water, and dried in air.

Synthesis of Au(ppyE")Cl, (2b)

The synthesis was carried out according to the general procedure
for Au(ppy9)X, given above. The product was obtained as a pale
yellow solid (90 mg, 80 % yield). "TH NMR (600 MHz, [Dg]DMSO): 6 =
10.06 (d, J = 1.9 Hz, 1H; H5), 8.84 (dd, J = 8.4, 2.0 Hz, 1H; H3), 8.63
(d, J = 8.4 Hz, 1H; H4), 8.39 (d, J = 1.6 Hz, 1H; H5), 823 (d, J =
8.1 Hz, 1H; H4’), 8.04 (dd, J = 8.0, 1.6 Hz, 1H; H3'), 444 (q, J = 7.1 Hz,
2H; H6), 437 (q, J = 7.1 Hz, 2H; H6"), 1.36 (dt, J = 14.3, 7.1 Hz, 6H;
H7 and 7’). "H NMR (600 MHz, CDCl5): 6 = 10.41 (d, J = 1.8 Hz, 1H;
H5), 8.78 (dd, J = 8.4, 1.8 Hz, 1H; H3), 8.67 (d, J = 1.4 Hz, 1H; H5"),
8.12 (dd, J = 8.1, 1.5 Hz, 1H; H3’), 8.07 (d, J = 8.4 Hz, 1H; H4), 7.72
(d, J = 8.1 Hz, 1H; H4), 452 (g, J = 7.1 Hz, 2H; CH,(6)), 444 (q, J =
7.1 Hz, 2H; CH,(6")), 1.45 (dt, J = 19.8, 7.1 Hz, 6H; CH;3(7 and 7).
3C{"H} NMR (151 MHz, [Dg]DMSO0): 6 = 165.7 (C1), 164.4 (C1’), 162.3
(C8), 151.0 (C9), 148.8 (CH5), 146.2 (C8"), 143.8 (CH3), 132.3 (C2),
129.9 (CH5), 129.8 (CH3’), 127.9 (CH4'), 127.1 (C2), 123.1 (CH4), 62.4
(CH,(6)), 61.6 (CH,(6), 14.14 (CH5(7)), 14.06 (CH5(7"). MS (ESI¥,
CH30H) m/z (%): 588.002 (7) [M+Na*], 584.051 (100), 586.048 (33),
588.002 (19) (M+H50* for M with 3°Cl,, 3>CI3”Cl, and 37Cl,, respec-
tively). HRMS (ESI*, CH;OH) m/z: calcd. for C,;,04H,6AuN3>Cl,Na:
588.0014, found 588.0016 (0.2 ppm); also found 589.9987 for
C;704H16AUN3>CI3CINa and 591.9963 for C;,0,H;cAuN3’Cl;Na.
Anal. calcd. for C;;H;6AUCI,NO,: C, 36.06; H, 2.85; N, 2.47; found C,
35.78; H, 2.90; N, 2.43 %.

Synthesis of Au(ppyt9)Br, (2c)

The synthesis was carried out according to the general procedure
for Au(ppyF)X, given above. The product was washed with water
and Et,0 and obtained as pale orange solid (92 mg, 76 %). '"H NMR
(600 MHz, [Dg]DMSO0): 6 = 10.30 (d, J = 1.9 Hz, 1H; H5), 8.82 (dd, J =
8.4, 1.9 Hz, 1H; H3), 8.71 (d, J = 1.5 Hz, 1H; H5), 8.62 (d, J = 8.5 Hz,
1H; H4), 8.23 (d, J = 8.1 Hz, 1H; H4’), 8.04 (dd, J = 8.1, 1.6 Hz, 1H;
H3'), 444 (q, J = 7.1 Hz, 2H; CH,(6)), 437 (q, J = 7.1 Hz, 2H;
CH,(6"), 1.37 (dt, J = 15.9, 7.1 Hz, 6H; H7 and 7). "H NMR (600 MHz,
CD,Cl,): 6 = 10.55 (d, J = 1.8 Hz, 1H; H5), 8.88 (d, J = 1.5 Hz, 1H;
H5"), 8.75 (dd, J = 8.4, 1.9 Hz, 1H; H3), 8.13-8.06 (m, 2H; H3" and H4),
7.76 (d, J = 8.1 Hz, TH; H4’), 4.50 (q, J = 7.1 Hz, 2H; CH,(6)), 4.41 (q,
J = 7.1 Hz, 2H; CH,(6"), 1.44 (dt, J = 23.7, 7.1 Hz, 6H; CH;(7 and
7’). 3C{"H} NMR (151 MHz, [Dg]DMSO): 6 = 165.7 (C8), 164.4 (C1'=
0), 162.3 (C1), 151.8 (C9), 149.9 (CH5), 146.9 (C8’), 143.5 (CH3), 1324
(C2),132.0 (CH5"), 129.5 (CH3"), 128.0 (CH4"), 127.2 (C2), 123.2 (CH4),
62.3 (CH,(6)), 61.5 (CH,(6"), 14.1 (CH3(7)), 14.0 (CHx(7)). MS (ESI*,
CH3CN) m/z (%): 675.900 (8) [7° M+Nal*, 677.899 (17) [7*8" M+Na]*,
679.897 (8) [' M+Na]*. HRMS (ESI*, CH;CN) m/z: calcd. for
C17,04H;6AuNY?/81 BroNa: 677.8984, found 677.8985 (-0.2 ppm);
also found 675.9004 for C;,0,H,sAuN’°Br,Na and 679.8966 for
C;70,4H,6AuN®"Br,Na. Anal. calcd. for C;7H,6AuBroNO,: C, 31.17; H,
2.46; N, 2.14; found C, 31.09; H, 2.41; N, 2.12 %.

Synthesis of Au(ppy)l, (2d)

The synthesis was carried out according to the general procedure
for Au(ppyF)X, given above. The product was washed with water
and acetone to remove iodine. The product was obtained as red
solid (95 mg, 63 %). "H NMR (600 MHz, [Dg]DMSO): 6 = 10.51 (s, 1H;
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H5), 9.23 (s, 1H; H5"), 8.80 (d, J = 8.5 Hz, 1H; H3), 8.58 (d, J = 8.4 Hz,
1H; H4), 8.25 (d, J = 8.1 Hz, 1H; H3’), 8.04 (d, J = 8.0 Hz, 1H; H4),
4.41 (dq, J = 43.2, 7.2 Hz, 4H; -CH,-(6 and 6")), 1.37 (dt, J = 18.8,
7.2 Hz, 6H; -CH53(7 and 7%). "H NMR (600 MHz, CD,Cl,): 6 = 10.74 (s,
1H; H5), 9.35 (s, 1H; H5), 8.72 (dd, J = 8.3, 1.9 Hz, 1H; H3), 8.11-8.03
(m, 2H; H3’ and H4), 7.79 (d, J = 8.1 Hz, TH; H4), 449 (q, J = 7.1 Hz,
2H; -CH,-(6)), 4.40 (g, J = 7.1 Hz, 2H; -CH,-(6), 1.46 (t, J = 7.1 Hz,
3H; -CH5(7)), 142 (t, J = 7.1 Hz, 3H; -CH5(7’). "*C{'"H} NMR (151 MHz,
CD,Cly): 6 = 167.5 (C8), 165.4 (C1"), 163.0 (C1), 154.2, 153.1 (CH-5),
148.1, 142.9 (CH-3), 137.5 (CH-5'), 134.6, 129.4 (CH-3"), 128.2, 127.1
(CH-4), 122.1 (CH-4), 63.3 (-CH,-(6)), 62.3 (-CH,-(6")), 14.6 (-CH3(7)),
14.5 (-CH5(7)). MS (ESI*, CH3OH) m/z (%): 771.873 (12) [M + Nal*,
675.986 (100) [M+NaOCHs]*. HRMS (ESI*, CH3OH) m/z: calcd. for
Cy7H;6Aul,NO,4Na: 771.8727, found 771.8727 (-0.0 ppm).

General method for Au(ppy®)(X)(CH,CH,OACcF) (X = Cl, Br; R=H,
Et for 1f-g and 2f-g)

The Teflon liner for microwave oven synthesis was filled with
Au(OAc); (68 mg, 0.18 mmol, 1.1 equiv.), ppy™ or ppy® ligand
(0.16 mmol, 1.0 equiv.) and trifluoroacetic acid (15 mL). The reaction
mixture was heated in the microwave oven at 130 °C for 1 h. While
warm, ethylene gas was bubbled through the reaction mixture for
10 min. The solution was then left to rest for 1 hour. The volatiles
were removed under reduced pressure and afforded
Au(ppy®)(OACF)(CH,CH,0AC) (1a, 2a) as pale-yellow solids. Without
purification, the solid was stirred in aqua regia® solutions (12 mL)
for 15 min. The precipitate was collected on a fine frit filter, washed
with water, and dried in air.

Synthesis of Au(ppyt)(Cl)(CH,CH,OAC") (2f)

The synthesis was carried out according to the general procedure
for Au(ppy®)(X)(CH,CH,OAc) given above. The product was ob-
tained as a pale yellow solid (76 mg, 71 % yield). "H NMR (400 MHz,
[DgIDMSO): 6 = 9.56 (d, J = 2.0 Hz, 1H; H5), 8.64 (dd, J = 8.4, 2.1 Hz,
1H; H3), 8.50 (d, J = 8.5 Hz, 1H; H4), 8.21 (d, J = 8.2 Hz, 1H; H4),
7.97 (s, TH; H5’), 7.91 (dd, J = 8.1, 1.5 Hz, 1H; H3"), 4.69 (t, /= 7.8 Hz,
2H; Au-CH,-CHs-), 441 (q, J = 7.1 Hz, 2H; H6), 434 (q, J = 7.1 Hz,
2H; H6"), 2.47 (m, 2H; Au-CH»,-CH,-), 1.37 (dt, J = 10.3, 7.1 Hz, 6H;
H7 and H7’). "TH NMR (600 MHz, CD,Cl,): 6 = 9.94 (d, J = 1.7 Hz, 1H;
H5), 8.66 (dd, J = 8.4, 2.0 Hz, 1H; H3), 8.29 (d, J = 1.5 Hz, 1H; H5),
8.13 (d, J = 8.3 Hz, 1H; H4), 8.09 (dd, J = 8.1, 1.5 Hz, 1H; H3’), 7.95
(d, J = 8.2 Hz, TH; H4’), 4.83-4.77 (m, 2H; -CH,-OAc"), 4.48 (q, J =
7.1 Hz, 2H; CH,(6)), 441 (q, J = 7.1 Hz, 2H; CH,(6")), 2.78-2.71 (m,
2H; Au-CH,-), 1.43 (dt, J = 17.4, 7.1 Hz, 6H; H7 and H7’). '3C{'"H} NMR
(151 MHz, CD,Cl,): 6 = 165.8, 163.9, 163.6, 157.7 (q, CO, J = 40.8 Hz),
149.5, 147.1, 146.4, 142.6 (CH3), 134.2, 131.2 (CH5’), 129.6 (CH3"),
128.2, 126.7 (CH4’), 120.8 (CH4), 114.9 (q, CF3, J = 286.9 Hz), 68.89
(-CH,-OACF), 62.9 (-CH5(7)), 62.1 (-CH,(6)), 27.2 (Au-CH,-), 14.4 (-
CH5(7")), 14.3 (-CH,(6"). "°F NMR (400 MHz, CD,Cl,): 6 = -77.8 (s,
-OCOCF;), -164.9 (s, CgFg, internal standard). MS (ESI*, CH3CN) m/z
(%): 694.049 (100) [M + Na]*, 598.067 (70) [M - COOEt]*. HRMS (ESI*,
CH3CN) m/z: calcd. for Cy;1H,0AUuCIF3NOg: 694.0489, found 694.0491
(0.3 ppm). Anal. calcd. for Cy;H,0AUCIF3NOg: C, 37.55; H, 3.00; N,
2.08; found C, 36.15; H, 2.91; N, 1.99 %.

Synthesis of Au(ppy™)(Br)(CH,CH,0ACc) (2g)

The synthesis was carried out according to the general procedure
for Au(ppy®)(X)(CH,CH,OACF) with slight modifications. After bub-
bling of the ethylene gas, the solution was left at room temperature
for 2 hours before the solvent was removed under reduced pres-
sure. The crude solid was immediately stirred with a fresh mixture
of HBr (9 mL) and HNO;5 (3 mL) for 5 min. Dilution with water fol-
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lowed by filtration afforded product as a pale orange solid (97 mg,
83 %). "H NMR (600 MHz, [Dg]DMSO): 6 = 9.80 (s, 1H; H5), 8.63 (dq,
J=284,20,1.6 Hz, 1H; H3), 8.51 (dd, J = 8.6, 2.7 Hz, 1H; H4), 8.23—
8.18 (m, TH; H4’), 7.95 (s, 1H; H5"), 7.94-7.90 (m, 1H; H3'), 4.69 (t, J =
8.0 Hz, 2H; Au-CH,-CH,-), 441 (q, J = 7.1 Hz, 2H; H6), 434 (q, J =
7.1 Hz, 2H; H6"), 2.59 (t, J = 7.2 Hz, 2H; Au-CH,-CH,-), 1.37 (dt, J =
14.5, 7.1 Hz, 6H; H7 and H7’). "H NMR (400 MHz, CD5Cl,): 6 = 10.18
(d, J = 2.1 Hz, 1H; H5), 8.64 (dd, J = 8.4, 2.1 Hz, 1H; H3), 8.26 (d, J =
1.6 Hz, 1H; H5’), 8.16-8.07 (m, 2H; H4 and H3’), 7.94 (d, J = 8.1 Hz,
1H; H4’), 4.80 (t, J = 8.0 Hz, 2H; -CH,-OAC"), 4.47 (q, J = 7.2 Hz, 2H;
H6), 441 (q, J = 7.1 Hz, 2H; H6"), 2.91-2.80 (m, 2H; Au-CH,-), 1.51-
1.34 (m, 6H; H7 and H7’). "3C{'"H} NMR (151 MHz, [Dc]DMSO): 6 =
164.8, 162.9, 162.6, 156.2 (q, CO, J = 40.6 Hz), 149.3, 147.2, 146.9,
142.3, 132.5, 1289, 128.9, 127.6, 127.3, 122.1, 114.1 (q, CF3, J =
286.2 Hz), 68.6, 62.0, 61.3, 25.4, 14.0, 13.9. "F NMR (400 MHz,
CD,Cl,): 6 = -77.7 (s, -OCOCF;), -164.9 (s, C4Fg, internal standard).
MS (ESI*, CH3CN) m/z (%): 636.090 (100) [M - Br]*. HRMS (ESI*,
CH3CN) m/z: calcd. for Cy;1H,0AuFsNOg [M — Brl*: 636.0903, found
636.0902 (+0.2 ppm). Anal. calcd. for C,;H,0AuBrFsNOg: C, 35.22; H,
2.81; N, 1.96; found C, 35.24; H, 2.79; N, 1.96 %.

Synthesis of Au(ppy")(Cl)(CH,CH,0ACF) (1f)

The synthesis was carried out according to the general procedure
for Au(ppy®)(X)(CH,CH,OACF) given above. The product was ob-
tained as a pale yellow solid (62 mg, 63 % yield). "TH NMR (400 MHz,
[Dg]DMSO): 6 = 9.70 (s, TH; H5), 8.68 (d, J = 8.4 Hz, 1H; H3), 8.57 (d,
J =85 Hz, 1H; H4), 8.29 (d, J = 8.2 Hz, 1H; H4’), 8.09 (s, 1H; H5'),
7.99 (d, J = 7.9 Hz, 1H; H3'), 4.73 (t, J = 7.6 Hz, 2H; Au-CH,-CH,-),
257 (t, J = 7.6 Hz, 2H; Au-CH,-CH,-). *C{’"HINMR (151 MHz,
[Dg]DMSO): 6 = 166.5 (C1’), 164.5 (C8), 162.5 (C1), 156.2 (q, CO, J =
40.8 Hz), 148.1 (C2), 146.9 (C5), 145.1 (C8’), 142.7 (C3), 133.5 (C9),
129.9 (C5'), 129.1 (C3"), 128.0 (C2), 127.4 (C4), 121.74 (C4), 114.0 (q,
CF3, J = 286.9 Hz), 68.67 (-CH,-0ACcF), 26.29 (Au-CH,-CH,-). "°F NMR
(400 MHz, [Dg]DMSO): 6 = -76.6 (s, -OCOCF3), -164.9 (s, CgFs, inter-
nal standard). MS (ESI-, CH3CN) m/z (%): 613.990 (100) [M - HI,
570.000 (11) [M — COOH]~. HRMS (CH3CN) m/z: 613.9901 (calculated
for [Ci7H;7;AuCIF3NOg]™ 613.9898 (0.4 ppm)). Anal. calcd. for
Cy7H1,AuCIFsNOg: C, 33.16; H, 1.96; N, 2.27; found C, 32.81; H, 2.06;
N, 2.25 %.

General method for synthesis of Au(ppy")(X)(Y) - metathesis
reaction

A mixture of Au(ppy)X, (0.036 mmol) and Au(ppy™)Y, (0.036 mmol)
was dissolved under while heating to 120 °C and stirring in DMSO
(1.4 mL). The resulting clear solution was left to cool down to ambi-
ent temperature. The formed precipitate was filtered, washed with
CH,Cl, and dried under a flow of air to yield the complex
Au(ppy™)(X)(Y).

Au(ppy™(Ch() 3)

Intensive orange solid. Yield 79% (17 mg). '"H NMR (600 MHz,
[D,IDMF): 6 = 9.97 (s, TH; H5), 9.61 (s, TH; H5’), 8.93 (dd, J = 8.3,
1.9 Hz, 1H; H3), 8.69 (d, J = 8.3 Hz, 1H; H4), 8.35 (d, J = 8.0 Hz, 1H;
H4’),8.12 (dd, J = 8.0, 1.5 Hz, 1H; H3’). "H NMR (600 MHz, [D¢]DMSO):
0 =9.75 (s, 1H; H5), 9.42 (s, 1H; H5"), 8.79 (dd, J = 8.4, 1.9 Hz, 1H;
H3), 8.54 (d, J = 8.4 Hz, 1H; H4), 8.24 (d, J = 8.1 Hz, 1H; H4’), 8.01
(dd, J = 8.1, 1.5 Hz, 1H; H3’). "3C{"H} NMR (151 MHz, [D¢g]DMSO): 0 =
165.8 (C17), 165.4 (C8), 164.1 (C1), 148.2, 147.5, 146.1 (C5), 143.7 (C3),
139.4 (C5%), 134.4,128.9 (C3’), 127.9 (C4), 127.2, 122.6 (C4). MS (ESI*,
CH30H) m/z (%): 623.875 (26) [M + Na]*, 565.916 (6) [M - CI]*. HRMS
(ESI*, CH30H) m/z: calcd. for C;3HgAU>CIINO4Na: 623.8750, found
623.8744 (-0.1 ppm); found also m/z 6258718 for
C,3HgAU’CIINO4Na™.

© 2020 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Au(ppy™ Bn() (4)

Orange-red solid. Yield 56 % (13 mg). 'H NMR (400 MHz, [D,;1DMF):
0 =10.31 (s, 1H; H5), 9.48 (s, 1H; H5'), 8.92 (dd, J = 8.4, 1.9 Hz, 1H;
H3), 8.70 (d, J = 8.5 Hz, 1H; H4), 8.35 (d, J = 8.2 Hz, 1H; H4), 8.13
(dd, J = 8.0, 1.5 Hz, 1H; H3’). "TH NMR (600 MHz, [D¢g]DMSO): & =
14.24 (s, TH; -COOH(pyr)), 13.46 (s, TH; -COOH(Ph)), 10.07 (s, 1H; H5),
8.77 (dd, J = 8.3, 1.8 Hz, 1H; H3), 8.54 (d, J = 8.4 Hz, 1H; H4), 8.22
(d, J = 8.1 Hz, 1H; H4’), 8.00 (dd, J = 8.0, 1.5 Hz, TH; H3’). "3C{'H}
NMR (151 MHz, [Dg]DMSO): 6 = 165.8, 165.6, 164.0, 150.5, 148.1
(C5), 147.6, 143.4 (C3), 134.1, 129.0 (C3’), 128.0 (C4"), 127.6, 122.8
(C4). MS (ESI-, CH30H) m/z (%): 643.827 [’ M - H]~, 645.825
[ M - HI~. MS (ESI*, CH;OH) m/z (%): 623.834 (50) [®' M+Nal*,
57788 [M - COOH+Nal*, 321.971 [H,L+7°Br+H]*, 323.969
[H,L+8"Br+H]*. MS (ESI-, CH3CN) m/z (%): 643.827 (53) and 645.825
(49) [M - HI~, 599.837 (31) and 601.835 [M — COOH]~. HRMS (ESI-,
CH3CN) m/z: calcd. for C;3H,AU”°BrINO,: 643.8274, found 643.8271
(+0.5 ppm); found also m/z 645.8251 for C;3H,Au®'BrINO,. Anal.
calcd. for C;3HgAUCIINO,: C, 25.96; H, 1.34; N, 2.33; found C, 25.23;
H, 1.44; N, 2.24 %.

Deposition Numbers 1972234 (for 1c), 1972233 (for 1d), 1972232
(for 3), and 1972235 (for 4) contain the supplementary crystallo-
graphic data for this paper. These data are provided free of charge
by the joint Cambridge Crystallographic Data Centre and Fach-
informationszentrum  Karlsruhe  Access  Structures  service
www.ccdc.cam.ac.uk/structures.

Supporting information (see footnote on the first page of this
article): Experimental procedures, spectroscopic and crystallo-
graphic data.
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