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Abstract. 2-Bromo- and 2-chloro-1,3,2-diazaphospholenes react with
(tht)AuCl to afford isolable N-heterocyclic phosphenium (NHP) dihal-
ido-aurates, which were characterized by analytical and spectroscopic
data and in one case by a single-crystal X-ray diffraction study. The
T-shaped metal coordination sphere found in the crystal consists of a
pseudo-linear AuX2 unit that is perturbed by a weakly bound NHP
unit. DFT studies indicate that the subunits interact mainly through
electrostatic and dispersion forces, with negligible covalent contri-
butions, and that the phosphenium dibromido-aurate is slightly more

Introduction

2-Halogeno-1,3,2-diazaphospholenes I (Figure 1) were first
reported in the 1980s.[1] Their molecular structure resembles
closely that of the 1,3,2-diazaphospholidines II, but an in-
creased electronic interaction between the exocyclic P–X σ-
bonding electron pair and delocalized π-type orbitals in the
heterocycle yields enhanced ionic P–X bond polarization[2] and
facilitates halide cleavage [3] to yield the exceedingly stable
diazaphospholenium cations III.[4]

Figure 1. Molecular structures of 2-halogeno-1,3,2-diazaphospholenes
I, 2-halogeno-1,3,2-diazaphospholidines II, and 1,3,2-diazaphospho-
lenium cations III (R = alkyl, aryl; X = halogen).

The N-heterocyclic phosphenium (NHP) cations III are con-
sidered [5] isoelectronic analogues of N-heterocyclic carbenes
(NHCs) and have as these found broad application as ligands
in coordination chemistry.[6] Despite the isoelectronic relation-
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stable than an isomeric complex with an intact bromophosphane li-
gand. NMR studies reveal that the NHP-AuX2 pairs persist in solution
but are kinetically labile and readily undergo halide scrambling. The
hydride/fluoride exchange reaction between a secondary phosphane-
AuCl complex and [Ph3C][BF4] implies that a gold complex with an
intact 2-halogeno-1,3,2-diazaphospholene ligand may be more stable
than its phosphenium dihalido-aurate isomer when covalent P–X bond-
ing contributions are strengthened.

ship, the bonding properties of NHCs and NHPs are comple-
mentary rather than similar: while NHCs are strong σ-donors
and weak π-acceptors, the cationic NHPs exhibit strong π-ac-
ceptor but only weak σ-donor character [6] and are thus ideally
suited to support electron rich metal fragments.

Quite remarkably, the stabilizing effect of the cationic li-
gands can be exerted through two structurally very different
bonding modes which are characterized by a combination of
planar coordination arrangement at the phosphorus atom and a
short P–M distance (type A), or pyramidal coordination at the
phosphorus atom and an elongated P–M distance (type B),
respectively. The metal–ligand interaction in type A complexes
is commonly portrayed as a formal double bond arising from
superposition of a weak dative M�P σ bond and a stronger
retro-dative M�P π bond (Figure 2, A), and these species
were considered [7] analogues of Fischer-type carbene com-
plexes. The bonding in type B complexes was pictured in two
alternative ways by invoking either the interaction of an elec-
trophilic phosphenium ion (“Z-type ligand”[8]) with a nucleo-
philic metal fragment via an “inverse” dative M�P σ bond
(Figure 2, B1),[9] or the binding of an anionic (“X-type”) phos-
phido ligand to a formally oxidized central metal atom

Figure 2. Bonding descriptions in phosphenium complexes featuring
either planar (type A) or pyramidal (type B) coordination arrangement
at phosphorus.
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(Figure 2, B2).[10] It has been noted that the dualism between
the A and B2 notations allows one to draw parallels to the
“non-innocent” behavior of metal nitrosyls.[10] A similar di-
chotomy between planar and pyramidal phosphorus coordina-
tion was also discussed for phosphenium carbene[11] and silyl-
ene[12] adducts, respectively.

We have recently described a platinum complex 1 (Fig-
ure 3), which exhibits a NHP unit with a pyramidal phosphorus
atom and was according to the results of computational and
reaction studies assigned as a B1 type species containing a
cationic phosphenium ligand and a zerovalent metal atom.[13]

Figure 3. Molecular structures of a complex phosphenium-
platinum(0)chloride 1 (R = Dipp), an isovalent phosphenium di-
haloaurate 2X and an isomeric halogenophosphane-gold halide 3X
(X = halide).

Having noticed that the metal bonding situation in the an-
ionic {(phosphane)PtCl}-fragment of 1 is similar to that in
[AuCl2]–, we anticipated that corresponding phosphenium di-
halido-aurates 2X might likewise accessible. Herein, we report
on synthesis and characterization of isolable derivatives of this
type (with R = tBu) and demonstrate that the metal-phosphen-
ium interaction represents an intermediate case between the
strong and kinetically inert bonding in complex 1 and the en-
tirely ionic constitution of previously known[14] NHP trichlor-
ido-germanates and -stannates, respectively. In addition, we
make some comments regarding the relative stability of the
isomeric structures 2X and 3X, respectively.

Results and Discussion

Reaction of 2-halogeno-1,3,2-diazaphospholenes 4Cl and
4Br with an equimolar amount of (tht)AuCl (tht = tetra-
hydrothiophene) in dichloromethane (DCM) gave after work-
up yellow colored, highly moisture sensitive solids. The 1H
NMR spectra displayed exclusively signals of NHP units, and
the 31P NMR spectra showed singlets at δ = 181.5 ppm and
186.8 ppm which appear at higher chemical shifts compared
to the starting materials, indicating that the expected complex
formation has occurred. Elemental analyses are in accord with
the presence of 1:1 complexes of composition 4Cl·AuCl or
4Br·AuCl, respectively.

Since the spectroscopic data do not allow to distinguish be-
tween the isomeric constitutions of 2X and 3X (Figure 3),
respectively, we attempted to deduce the molecular structures
from crystallographic data. While attempts to obtain crystalline
samples of the product of the reaction of AuCl with 4Cl re-
mained unsuccessful, recrystallization of the product obtained
with 4Br from THF produced, gratifyingly, a small crop of
crystals that were suitable for a single-crystal X-ray diffraction
study. The solid phase consists of molecular N-heterocyclic
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phosphenium dihalido-aurate units 2X (Scheme 1) in which
Cl- and Br-atoms are disordered over the two possible posi-
tions (Figure 4). Analysis of the occupancy factors indicates a
Br/Cl ratio of 1.33. The deviation from the original 1:1 compo-
sition is presumably attributable to different crystallization
properties of Cl- and Br-containing species.

Scheme 1. Reaction of 2-halogeno-diazaphospholenes 4Cl, 4Br with
(tht)AuCl (R = tBu, tht = tetrahydrothiophene).

Figure 4. Molecular structure of 2ClBr in the crystal. Thermal ellip-
soids are drawn at the 50% probability level. Selected distances /Å and
angles /°: Br(1)–Au(1) 2.371(2), Cl(1)–Au(1) 2.319(6), Br(2)–Au(1)
2.356(2), Cl(2)–Au(1) 2.317(7), Au(1)–P(1) 2.9093(5), P(1)–N(2)
1.664(2), P(1)–N(1) 1.664(2), Cl(2)–Au(1)–Cl(1) 172.2(3), Br(2)–
Au(1)–Br(1) 172.5(1), Cl(2)–Au(1)–P(1) 87.5(2), Cl(1)–Au(1)–P(1)
99.9(2), Br(2)–Au(1)–P(1) 87.3(1), Br(1)–Au(1)–P(1) 100.1(1), N(2)–
P(1)–N(1) 90.4(1), N(2)–P(1)–Au(1) 92.9(1), N(1)–P(1)–Au(1)
98.1(1).

Intermolecular contacts between the P1 and Cl2/Br2 atoms
of neighboring molecules [3.462(8)/3.489(2) Å] below the sum
of the van der Waals radii (3.55/3.65 Å) connect individual
units to linear arrays that extend parallel to the crystallographic
c axis (Figure 5). A qualitative similar arrangement of anionic
and cationic constituents had been observed for the 2-iodo-

Figure 5. Representation of the one-dimensional molecular stacks in
crystalline 2ClBr. For clarity, only the positions of Br atoms in
Au(Cl,Br)2-moieties are displayed.
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1,3,2-diazaphospholene tBuNHP-I (we use RNHP as a shortcut
for a NHP unit with R substituents in 1,3-position).[15]

The gold atom exhibits a roughly T-shaped coordination ar-
rangement that is characterized by a nearly linear X2Au unit
[Br(1)–Au(1)–Br(2) 172.5(1)°, Cl(1)–Au(1)–Cl(2) 172.2(3)°]
and an elongated Au–P distance [2.909(1) Å] compared to a
standard value of 2.262 Å[16] in AuI-phosphane complexes.
The Au–Br [2.356(1)–2.371(1) Å] and Au–Cl distances
[2.317(7)–2.319(6) Å] are reasonably close to typical Au–X
distances in [AuX2]– anions (median 2.377 for X = Br and
2.262 Å for X = Cl in reference[16]) but the disorder precludes
a detailed discussion of metrical parameters. Even so it is no-
table that the intermolecular Br(2)/Cl(2)···P contact to the
phosphorus atom of an adjacent molecule seems to incite no
significant lengthening of the Br(2)/Cl(2)–Au bonds [which
are similar or even slightly shorter than the Br(1)/Cl(1)–Au
bonds], suggesting that the interaction should not be associated
with a bridging coordination of the halide ion. In total, the
structural features of 2ClBr support a partitioning of the metal
coordination environment into a pseudo-linear primary unit
that is perturbed by a weakly bound secondary ligand. A quali-
tatively similar description had been given for the recently re-
ported platinum complex 1,[13] but the difference between the
primary and secondary ligands is in the present case even more
pronounced.

The phosphorus atom adopts a pyramidal coordination mode
(sum of bond angles at P1 281.4(2)°], and the heterocycle is
nearly planar. The P–N distances of 1.664(2) Å are similar as
in other 2-halogeno-1,3,2-diazaphospholenes (1.65–1.68 Å[17])
and 1,3,2-diazaphospholenium ions (1.66–1.69 Å[17]), respec-
tively.

In view of the composition of 2ClBr, it cannot be ruled out
that its solutions do not contain a single complex with two
different halide ligands but a (presumably statistic) mixture of
all possible dihalido complexes which undergo rapid dynamic
exchange on the NMR time scale. The feasibility of halide
exchange is proven by the observations that reaction of the
isolated complex with excess Me3SiBr yields a product with a
still larger 31P NMR chemical shift of 191.8 ppm which we
address as dibromido-aurate 2Br (see Scheme 1), and that the
31P NMR spectrum of a mixture of the homoleptic complexes
2Br, 2Cl contains again a single resonance rather than separate
signals for individual components. We have currently no indi-
cation for a signal decoalescence at low temperature. Similar
observations had been made in case of Lewis adducts between

Table 1. Calculated (B3LYP/def2-tzvp) relative free energies ΔG298
rel. /kcal·mol–1 and selected intramolecular distances /Å for 2Br and 3Br.

Model a) ΔG298
rel Au–Br b) P–Au P–N c) P–Br

2Br --- 0.0 2.452 2.798 1.688 –
3Br --- 2.9 2.419 2.266 1.681 2.428
2Br Disp 0.0 2.450 2.671 1.687 –
3Br Disp 3.4 2.416 2.249 1.676 2.403
2Br Solv 0.0 2.450 3.932 1.679 –
3Br Solv 11.9 2.450 2.269 1.671 2.555
2Br Disp+solv 0.0 2.461 2.827 1.682 –
3Br Disp+solv 6.4 2.447 2.252 1.667 2.495

a) --- = gas phase calculation, Disp = inclusion of dispersion effects using Grimme’s D3BJ formalism,[24] Solv = inclusion of solvation effects
using a PCM model (solvent = CH3CN). b) Average of both distances for 2Br. c) Average of both distances.
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NHP ions and the corresponding chloro-phosphanes[18] and
imply that the exchange is either very fast, or that 2ClBr is
indeed present as the dominant component.

The dependence of the 31P NMR chemical shifts of the pho-
sphenium dihalido-aurates 2X on the Cl/Br-ratio confirms
that – even if the complexes are kinetically labile – the metal-
phosphenium interaction persists in solution. In order to cast
light on the nature of the bonding and assess the stability of
the phosphenium dihalido-aurate relative to the isomeric halo-
geno-phosphane complex form, we carried out a DFT study
on the bromido complexes 2Br and 3Br. The calculations were
done at the B3LYP/def2-tzvp level both with and without the
inclusion of dispersion effects and a solvation model using a
PCM-approach, respectively (see Experimental Section for
more details). Energy optimized molecular structures of 2Br
and 3Br at the PCM-B3LYP-D3BJ/def2-tzvp level are dis-
played in Figure 6, and relative free energies ΔG298

rel as well
as selected metrical parameters obtained at all computational
levels studied are listed in Table 1.

Figure 6. Wireframe representation of the energy optimized molecular
structures of 2Br (right) and 3Br (left) calculated at the PCM-B3LYP-
D3BJ/def2-tzvp level.

The computed gas phase molecular structure of 2Br is, apart
from an underestimation of the Au–P distance by 11 pm and a
slight but not significant overestimation of all other bond
lengths, in close agreement with the observed constitution of
a single phosphenium dibromido-aurate unit in the crystal.
Consideration of dispersion effects and a solvation model has
no significant effect on the bond lengths in the phosphenium
and the AuBr2 subunits but exerts a tremendous effect on the
P···Au distance: inclusion of an empirical dispersion correction
shortens this distance by some 11 pm while simulation of the
effect of a polar dielectric solvent increases the distance to a
value beyond the sum of the van der Waals radii, resulting in
effective dissociation into an ion pair. When both the disper-
sion correction and the solvation model are included, the oppo-
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site effects cancel out to produce a minor elongation of the
P···Au distance by 3 pm.

The observed trends are qualitatively reproduced by calcula-
tions performed with the BP86 instead of the B3LYP func-
tional, although the absolute distances differ substantially and
variations induced by the neglect or inclusion of solvation and
dispersion effects are in this case less pronounced (see Sup-
porting Information for details). A very similar bond length
variation depending on intermolecular interactions like sol-
vation or dipolar polarization by neighboring molecules in a
crystal was established experimentally and computationally for
the P–Cl bonds in 2-chloro-1,3,2-diazaphospholenes and re-
lated to an exceptionally low degree of covalent character of
the bond.[3b,15,18] This is in case of 2Br confirmed by an NBO
analysis[19] of the PCM-B3LYP-D3BJ/def2-tzvp density which
discloses that the leading resonance structure features no cova-
lent Au–P bond and the Au–P Wiberg Bond Index (WBI)
adopts a very low value of 0.24. A partial charge on the NHP
moiety of +0.94 indicates that – regardless of some net charge
transfer from the metal fragment – the ligand retains more or
less unperturbed phosphenium character. Calculated interac-
tion energies between AuBr2 and NHP fragments (in the same
arrangement as in the gas phase structure of 2Br) of –72.1 and
–86.6 kcal·mol–1 at the B3LYP/ def2-tzvp and B3LYP-GD3BJ/
def2-tzvp level, respectively, reflect that dispersion forces have
also a sizeable effect on the Au–P bond energy. However, con-
sidering that the structural implications of dispersion effects
vary greatly with the functional used, the size of the computed
energy correction of –14.5 kcal·mol–1 (or 20% of the total in-
teraction) can provide at best a qualitative estimate of this in-
fluence.

In total, these results indicate that the gold-phosphenium in-
teraction in 2Br arises mainly from electrostatic and dispersive
interactions. “Inverse dative” M�L charge transfer contri-
butions play at best a minor role, and covalent bonding contri-
butions remain insignificant. Complex 2Br should thus not be
considered a classical coordination compound but rather a con-
tact ion pair that is mainly held together by non-covalent inter-
actions. This situation is in stark contrast to the situation in 1
where the analysis of fragment charges and orbital interactions
provided evidence for significant covalent bonding contri-
butions.[13] In this sense, 2Br may be considered an intermedi-
ate case between a classical coordination compound like 1 and
phosphenium salts like [tBuNHP][ECl3] (E = Ge, Sn),[14] which
lack any specific anion–cation interactions and exist both in
the crystalline state and in solution as separated ion pairs. It
should be noted that the calculated charge distribution also
rules out a description of 2Br as a phosphide complex.

The molecular structure calculated for a phosphane complex
3Br displays the expected linear and tetrahedral coordination
arrangement at the gold and phosphorus atoms, respectively.
The Au–P distance is shorter than in 2Br and close to the
standard distance of 2.262 Å[16] for AuI-phosphane complexes.
The Au–Br and P–Br distances show some compliance to sol-
vent effects, which parallels the behavior of P–X bonds in free
2-halogenodiazaphospholenes[2] and is also attributable to hy-
perconjugation induced bond polarization. Energetically, phos-
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phane complex 3Br is slightly less stable than 2Br, but the
difference in free energies ΔG298

rel increases from some
3 kcal·mol–1 in the gas phase to 6–12 kcal·mol–1 (depending
on whether dispersion effects are also included or not) when a
solvation model is applied. The obvious increase in the relative
stability of 3Br with growing separation of the phosphenium
and dibromide-aurate units (cf. Table 1) implies that the de-
cline in interaction energy between the fragments is offset by
the gain in solvation energy accompanying increasing charge
separation.

It is tempting to interpret the lengthening of the P–Br bond
of 3Br upon immersion in a polar solvent as the first step
towards bond dissociation, which facilitates eventual re-
arrangement of 3Br to 2Br. If this is true, it might be possible
to stabilize a phosphane complex structure 3X by reacting a
gold(I) precursor with a diazaphospholene featuring a less po-
larizable exocyclic P–X bond. In accord with this hypothesis,
we found that reaction of secondary diazaphospholene 5[14]

with (tht)AuCl yields a phosphane complex 6 (Scheme 2),
which was unambiguously identified by spectroscopic data.
Diagnostically significant are the observation of the signals of
a P–H spin pair with a large mutual spin coupling (1JPH =
395 Hz) that is a characteristic for diazaphospholene com-
plexes,[13] and the detection of a pseudo molecular ion with an
appropriate nominal mass [m/z = 663.19, (6 + Na)+] and iso-
tope pattern in the (+)-ESI-MS.

Scheme 2. Reaction of the secondary diazaphospholene 5 with
(tht)AuCl and [Ph3C][BF4] (R = Dipp).

In contrast to platinum complexes with secondary diazapho-
spholenes,[13] 6 undergoes no reactions involving oxidative
metal atom insertion into the P–H bond or proton abstraction.
However, treatment with one equivalent of [Ph3C][BF4] pro-
ceeds readily to yield triphenylmethane and a species identified
as fluorophosphane complex 7 besides minor amounts of un-
identified side products. Even if 7 could neither be isolated
in analytically pure or crystalline form, its constitution was
unequivocally established from spectroscopic data. The pres-
ence of a gold complex follows from the appearance of the
appropriate pseudo molecular ion in the (+)-ESI-MS [m/z =
681.19, (7 + Na)+], and the attachment of the fluorine atom to
phosphorus rather than gold is evidenced by the characteristic
large doublet splitting (1JPF = 1267 Hz) of both the 31P and
19F NMR signals.

The formation of 7 can be envisaged to proceed via hydride
abstraction from the starting complex 6 by the trityl
cation to give an elusive cationic phosphenium complex
[(DippNHP)AuCl]+ which then abstracts a fluoride from the
[BF4]– counterion. The preference to form a fluoro-phosphane-
AuCl complex rather than a phosphenium dihalido-aurate in
the last step is attributable to the high P–F bond strength –
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which had also been identified [3b] as decisive for the decrease
of hyperconjugation induced polarization in 2-fluoro- com-
pared to 2-chloro-diazaphospholenes – and the low fluorophil-
icity of AuI.

Conclusions

2-Halogeno-1,3,2-diazaphospholenes react with (tht)AuCl
under activation of the P–X bond (X = Cl, Br) to yield isolable
phosphenium dihalido-aurates [(NHP)Au(X)2]. The T-shaped
metal coordination arrangement established by a crystallo-
graphic study on one such complex can be described in terms
of a pseudo-linear primary [AX2]– unit, which is perturbed by
a weakly interacting cationic phosphenium unit. DFT studies
indicate that the phosphorus-metal bonding arises mainly from
electrostatic and dispersion interactions and suggest that the
product should not be regarded as a classical coordination
compound but rather as a strongly interacting contact ion pair.
A reduced covalent M–P bonding contribution compared to
the structurally similar platinum phosphenium complex 1 owes
presumably to the lower back-donation capability of AuI com-
pared to Pt0 and definitely rules out a description of the prod-
uct as a phosphido complex with a redox-“non-innocent” R2P
moiety. The formation of a complex with an intact 2-fluoro-
1,3,2-diazaphospholene ligand instead of a phosphenium dihal-
ido-aurate upon hydride / fluoride exchange between a second-
ary diazaphospholene-AuCl complex and [Ph3C][BF4] sug-
gests that the relative stabilities of both isomeric forms may
be switched when covalent P–X bonding contributions are
strengthened.

Experimental Section
All reactions were performed in an atmosphere of dry argon, using
standard vacuum line or glove box techniques. All solvents used were
dried by established procedures. NMR spectra were recorded with a
Bruker Avance 250 NMR spectrometer (1H: 250.1 MHz, 13C:
62.9 MHz, 19F: 235.3 MHz, 31P: 101.2 MHz) at ambient temperature.
Chemical shifts were referenced to external TMS (1H, Ξ =
100.000000 MHz) using H3PO4 (31P, Ξ = 40.480742 MHz) and CFCl3
(19F, Ξ = 94.094011 MHz) as secondary references. Coupling constants
are given as absolute values. (+)-ESI-mass spectra were obtained from
methanolic solutions with a Bruker Daltronics Micro TOF Q instru-
ment. Elemental analyses were determined with a Thermo Micro Cube
CHN/S analyzer. Analytical and spectroscopic characterization of the
phosphenium complexes was severely obstructed by their extreme sen-
sitivity towards hydrolysis.

Synthesis of 2ClBr: Solid (tht)AuCl (0.11 g, 0.36 mmol) was added
to a solution of 4Br (0.10 g, 0.36 mmol) in CH2Cl2 (2 mL). The mix-
ture was stirred for 1 h at room temperature before the solvent was
removed under reduced pressure and the remaining solid washed 4
times with Et2O (2 mL each). The product was obtained as brownish,
highly moisture sensitive solid (yield 0.11 g, 62%). Further purifica-
tion of the bulk sample was not successful, but recrystallization from
THF afforded a small crop of crystals one of which was selected for
a single-crystal XRD study. 1H NMR (CDCl3): δ = 7.44 (s, 2 H, NCH),
1.70 (d, 18 H, 4JPH = 1.7 Hz, CH3). 31P{1H} NMR (CDCl3): δ = 186.8
(broad). C10H20AuBrClN2P (511.6 g·mol–1): calcd. C 23.48 H 3.94, N
5.48%; found C 25.25 H 5.08 N 5.66%.

Z. Anorg. Allg. Chem. 0000, 0–0 www.zaac.wiley-vch.de © 0000 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim5

Synthesis of 2Cl: The synthesis of 2Cl was performed by analogy to
the synthesis of 2ClBr from 4Cl (0.10 g, 0.43 mmol) and (tht)AuCl
(0.14 g, 0.36 mmol) in CH2Cl2 (2 mL) at room temperature of the cor-
responding chloro-diazaphospholene. The product was obtained as yel-
low solid (yield 0.10 g, 51%). 1H NMR (CDCl3): δ = 7.39 (s, 2 H,
NCH), 1.66 (d, 18 H, 4JPH = 1.6 Hz, CH3). 31P{1H} NMR (CDCl3): δ
= 181.5. C10H20AuCl2N2P: calcd. C 25.71, H 4.32, N 6.00%; found:
C 25.29 H 4.64, N 5.97%.

Reaction of 2BrCl with Me3SiBr: Me3SiBr (0.17 g, 1.1 mmol) was
added to a solution of 2Cl (0.12 g, 0.26 mmol) in CH2Cl2 (2 mL) at
room temperature. The resulting mixture was stirred for 1 h. The sol-
vent was evaporated under reduced pressure, the remaining solid
washed with Et2O (3� 3 mL), and dried under vacuum. Attempts to
further purification of the crude, spectroscopically impure product re-
mained unsuccessful (yield: 0.12 g, 84%). 1H NMR (CDCl3): δ = 7.76
(s, 2 H, NCH), 1.76 (d, 18 H, 3JPH = 2.0 Hz, CH3). 31P{1H} NMR
(CDCl3): δ = 191.8 (broad).

Synthesis of 6: (Tht)AuCl (0.12 g, 0.37 mmol, 1 equiv.) was added in
two portions to a stirred solution of 5 (0.15 g, 0.37 mmol) in THF
(3 mL) at 0 °C. The reaction was stirred for 2 h while being allowed
to warm to room temperature. The solvent was removed under reduced
pressure and the solid residue washed with n-hexane (5�3 mL) to
afford 0.20 g of 6 (0.32 mmol, 88% yield) in the form of a yellow,
microcrystalline solid. 1H NMR (CDCl3): δ = 8.70 (d, 1 H, 1JPH =
396 Hz, PH), 7.31 (t, 2 H, 3JHH = 7.8 Hz, para-H), 7.19 (m, 4 H, meta-
H); 6.00 (d, 2 H, 3JPH = 13.0 Hz, NCH), 3.36 (sept, 2 H, 3JHH = 6.9 Hz,
CHCH3), 3.07 (sept, 2 H, 3JHH = 7.0 Hz, CHCH3), 1.37 (d, 6 H, 3JHH

= 7.0 Hz, CH3), 1.23 (d, 6 H, 3JHH = 6.9 Hz, CH3), 1.19 (d, 6 H, 3JHH

= 7.0 Hz, CH3), 1.14 (d, 6 H, 3JHH = 6.9 Hz, CH3). 31P{1H} NMR
(CDCl3): δ = 74.3 (s). 31P NMR (CDCl3): δ = 74.3 (d, 1JPH = 396 Hz).
13C NMR (CDCl3): δ = 149.1 (d, 2 C, 3JPC = 2.3 Hz, ortho-C); 148.5
(d, 2 C, 3JPC = 3.0 Hz, ortho-C), 133.2 (d, 2 C, 2JPC = 6.1 Hz, ipso-
C), 129.5 (d, 2 C, 5JPC = 2.1 Hz, para-C), 125.1 (d, 2 C, 4JPC = 1.1 Hz,
meta-C), 124.2 (d, 2 C, 4JPC = 1.4 Hz, meta-C), 121.3 (d, 2 C, 2JPC =
4.6 Hz, NCH), 29.5 (s, 2 C, CHCH3), 29.3 (s, 2 C, CHCH3), 25.5 (s,
2 C, CH3), 24.9 (s, 2 C, CH3), 24.0 (s, 2 C, CH3), 23.8 (s, 2 C, CH3).
(+)-ESI-MS: m/z: 663.19 ([M + Na]+). C26H37AuClN2P
(640.99 g·mol–1): calcd. C 48.72 H 5.82 N 4.37%; found C 46.79 H
5.78 N 4.11% (the low carbon value is presumably due to carbide
formation).

Reaction of 6 with Trityl Tetrafluoroborate: Triphenylmethyl tetra-
fluoroborate (41 mg, 0.12 mmol) was added to a stirred solution of 6
(80 mg, 0.12 mmol) in CH2Cl2 (2 mL). Stirring was continued for 12
h at room temperature before the solvent was removed under reduced
pressure. The resulting crude product was washed with hexane
(5�3 mL) and dried under vacuum. NMR spectroscopic analysis al-
lowed identifying the light yellow solid as a mixture of complex 7
(no yield determined), triphenylmethane, and further unidentified side
products. Separation of 7 was unfeasible due to similar solubility of
the individual components. 1H NMR (CDCl3): δ = 7.38 (t, 2 H, 3JHH

= 7.8 Hz, para-H), 7.05 (m, 4 H, meta-H); 6.17 (d, 2 H, 3JPH =
12.4 Hz, NCH), 3.24 (sept, 2 H, 3JHH = 6.9 Hz, CHCH3), 3.03 (sept,
2 H, 3JHH = 6.9 Hz, CHCH3), 1.38 (d, 6 H, 3JHH = 6.9 Hz, CH3), 1.21
(d, 12 H, 3JHH = 6.9 Hz, CH3), 1.10 (d, 6 H, 3JHH = 6.9 Hz, CH3).
31P{1H} NMR (CDCl3): δ = 108.2 (d, 1JPF = 1267 Hz). 31P NMR
(CDCl3): δ = 108.2 (dd, 1JPF = 1267, 3JPH = 12.4 Hz). 19F NMR
(CDCl3): δ = –6.50 (d, 1JPF = 1267 Hz). (+)-ESI-MS: m/z: 681.19
([M + Na]+).

Crystallographic Studies: Single crystal X-ray diffraction data of
2ClBr were measured with a Bruker AXS Nanostar C diffractometer
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equipped with a Kappa APEX II Duo CCD-detector and a KRYO-
FLEX cooling device at 100(2) K using Mo-Kα radiation (λ =
0.71073 Å). A crystal was selected under Fomblin Y perfluoro-oil,
mounted on a nylon loop, and immediately placed in a cold stream of
nitrogen. The structure was solved by direct methods (SHELXS-
2014[20]) and refined with a full-matrix least-squares scheme on F2

(SHELXL-2014[20]). A semi-empirical absorption correction from
equivalents was applied. Non-hydrogen atoms were refined anisotropi-
cally and hydrogen atoms with a riding model. The occupancy factors
of the disordered halogen atoms were determined as 0.538(2)/0.462(2)
for Br(1)/Cl(1) and 0.604(2)/0.396(2) for Br(2)/Cl(2), respectively. Li-
stings of crystallographic data and details on the structure solution are
given in the Supporting Information.

Crystallographic data (excluding structure factors) for the structure in
this paper have been deposited with the Cambridge Crystallographic
Data Centre, CCDC, 12 Union Road, Cambridge CB21EZ, UK. Copies
of the data can be obtained free of charge on quoting the depository
number CCDC-1558044 for 2ClBr (Fax: +44-1223-336-033; E-Mail:
deposit@ccdc.cam.ac.uk, http://www.ccdc.cam.ac.uk).

Computational Studies: DFT calculations were carried out with the
Gaussian09 suite[21] using the B3LYP functional[22] and a def2-tzvp
basis set[23] by Weigend and Ahlrichs. Grimme’s D3BJ formalism[24]

was used to include dispersion effects. Numerical integrations were
performed on an ultrafine grid and solvent effects were modeled by
using a PCM model as implemented in the Gaussian package (SCRF
= acetonitrile; this choice was made in order to emphasize the effects
arising from the dielectric properties of the solvent). Molecular struc-
tures were energy optimized without symmetry constraints and iden-
tified as local minima on the energy hypersurface by harmonic vi-
brational frequency calculations. Natural bond analysis[19] was per-
formed with the NBO3.1 program as implemented in Gaussian09, and
MOLDEN[25] was used for visualization.

Supporting Information (see footnote on the first page of this article):
Crystallographic data for 2ClBr, details on the computational studies,
calculated atomic coordinates and relative energies for 2Br, 3Br at
different computational levels, reproductions of selected NMR spectra
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