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In this work reactions between [AuCl(PPhj)] and HC=CAr
(Ar = phenyl, pyridinyl, biphenyl or p-acetylphenyl) in the
presence of the nitrogen base and organic electron donor
1,2,4,5-tetrakis(N,N’'-dimethyl-N,N'-ethyleneguanidino)benz-
ene (1) were studied. Two different product types were iso-
lated and characterised: the neutral Au' acetylides
[Au(C=CAr)PPh;] and the salts (1)[Au(C=CAr),],. They can
be easily separated from each other by crystallisation under
different conditions. The yields strongly depend on the ap-

plied acetylene. While the first product type underlines the
basic properties of 1, the second product type highlights its
electron-donor capacity. The experimental results indicate
reduction of the C—H protons to H, and two-electron oxi-
dation of 1. Thermal decomposition of (1)[Au(C=CAr),], (Ar
= Ph) leads back to the neutral guanidine and Au nano-
particles (accompanied by oxidative coupling of the two acet-
ylide ligands).

Introduction

Because of their simple structure, [AuX,] anions are ap-
plied as building blocks in supramolecular structures. In
particular, bis(acetylido)Au' complexes, which often feature
Au-Au contacts, have been studied intensively, and they
generally exhibit interesting optical properties.'-?! A versa-
tile access route to these species is provided by the “acac
method” B! It starts with [Au(acac),]” (acac = acetylace-
tonato), which is brought to reaction, e.g. with HCCAr (Ar
= aryl group), according to Scheme 1. Although a variety
of bis(acetylido)Au complexes were synthesised according
to this route,™ it has some limitations. As mentioned by
Vicente and Chicote,[ the presence of acetylacetone in the
reaction mixture could lead to the formation of oily prod-
ucts when the solvent is removed. However, this problem
only occurs in a very limited number of cases and could be
relatively easily solved. A more severe problem arises if the
acidic acetylacetone induces successive reactions.

[Au(acac),]” + 2HCCAr ——=  [Au(CCAr)” + 2 acacH

Scheme 1.

Recently, we reported on the reaction between CH;CN
and the Au' complex [AuCI(PPh;)] in the presence of the
guanidine base 1 [1,2,4,5-tetrakis(N,N'-dimethyl-N,N’-eth-
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yleneguanidino)benzene, see Scheme 2], yielding the first
structurally characterised cyanomethyl complex of gold,
[Au(CH,CN)PPh;].5 This reaction can hardly be explained
simply by an acid-base reaction between the C—H-acidic
CH;CN and the N-base 1, since the basicity of 1 (pK, =
23.8 in CH5CN) appears to be too low to generate signifi-
cant amounts of CH,CN™. Acetonitrile solutions of 1 in-
deed showed no sign of solvent deprotonation. More intri-
guing, the reaction does not work if 1 is replaced by the
stronger base 2 [1,2,4,5-tetrakis(tetramethylguanidino)benz-
ene, see Scheme 2, pK, = 25.3 for 2 in CH;CN].[
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Scheme 2.

Based on the experimental results, we therefore proposed
that the reaction can be regarded as a combination between
deprotonation by the N-base 1 and C—H activation by
AUl Bright-yellow crystals formed containing the
[Au(CH,CN)PPh;] units together with 0.5 equiv. of neutral
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1. The crystals melt at 170 °C and decompose at 207 °C
with elimination of the PPhs units. Surprisingly, an oxi-
dation of 1, which represents a strong organic two-electron
donor (see Scheme 3) does not occur, even at high tempera-
tures. Motivated by these results and considerations, we are
currently studying in more detail the reactions of
[AuCI(PPhs)] with C—H acids mediated by 1 and related
guanidino-functionalised aromatic compounds. In this
work we report on the reaction between [AuCl(PPh;)] and
acetylenes HC=CAr (Ar = aryl group) in the presence of
1. We will see that the electron donor and the Bronsted base
properties of 1 compete with each other. The products of
the redox reactions are salts containing 12" and [AuX,] (X
= acetylide) units.

NMe MeN NHMe MeN
gl T
N N N N
Me Ny NZ  Me Me r{ NZ  Me
-2
——
Me N N Me Me N N Me
Ne_ XN N/ N
N@
NMe MeN NMe MeH!
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Scheme 3.

Results and Discussion

Scheme 4 shows the Lewis structures of the acetylenes
used in this work together with their notation. The dis-
cussion is divided into two sections. In the first, the reac-
tions and the structural characterisation of the products are
presented. In the second part we report on the thermal sta-
bility and optical properties of one of the bis(acetylido)Au
products.

HC=C HCc=C /
\ N
R'H R?H
R%H R%H,
Scheme 4.
2 PhyPAUCI + 4 HCCAr + 1 ——=
Scheme 5.

2976

WWW.eurjic.org

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

Synthesis and Structural Characterisation

In all experiments, the Au' complex [AuCI(PPhs)] was
treated with an excess of acetylene and 0.5 equiv. of 1 in
CH;CN. Although CH3;CN was shown to be reactive in our
previous work,[ the experiments indicate that CH;CN de-
protonation does not occur in the presence of acetylenes in
the solution. Two types of products were isolated. The first
type (denoted type I in the following) consists of neutral
(acetylido)gold complexes [Au(C=CAr)PPhs;], arising from
deprotonation of the acetylene by 1 (or, as in the case of
CH;CN, a combination of deprotonation by 1 and C—H
activation by Au'). The second isolated product type (de-
noted type II in the following) consists of salts of the gene-
ral formula (1)[Au(C=CAr),),, featuring oxidised guanid-
ines 1 and bis(acetylido)Au' anions. Intriguingly, guanidine
oxidation is observed in the case of the relatively strong
C—H acidic acetylenes but not at all (even at elevated tem-
peratures) in the case of the weaker C—H acid CH;CN.I
Oxidation of 1 is accompanied by hydrogen reduction to
give H,. This was shown by passing the gas evolved during
the reaction through a CH3;OH solution of PdCl, leading to
a black Pd precipitate.l’”! In addition, the 3'P NMR spectra
showed a signal at 6 = 23.17 ppm characteristic of the
cation [PhsPH]". Elemental gold was not formed. Thus, the
reaction leading to product type I can be expressed by the
equation given in Scheme 5.

The relative yields of the product types I and II vary with
the applied acetylene. In the case of R'H, we found 47% of
product type I and 41% of type II. The yields decrease to
37% of type I and 33% of type II in the case of R?H. Fi-
nally, for R3H we obtained 13% of product type I and only
2% of type Il. In the case of reaction with R*H, not more
than a few crystals of product type Il were isolated. The
two product types can easily be separated from each other
by crystallisation under different conditions (see Experi-
mental Section). Although the reactions were carried out
in CH;CN as solvent, we did not find any sign of solvent
deprotonation (the only exception being the reaction with
R'H, for which mass spectra showed an extremely weak
signal due to [Au(CH,CN)PPhjs]). In the reactions with low
yield (especially reaction of R*H), the reaction mixture con-
tained large amounts of unreacted starting compounds.

[Au(C=CAr)(PPh;)] (Type I)

The structures determined for the (acetylido)Au' com-
plexes [Au(R")PPhs] and [Au(R?)PPhs] are illustrated in
Figure 1. Of these, the crystal structure of [Au(R!)PPh;] has
already been reported.®] However, our analysis of new X-
ray diffraction data resulted in significantly different struc-
tural parameters. Whereas the space group P2;/c was re-
ported in the previous study, our analysis found the space

12* + 2 [Au(CCAr),” + H, + 2 PhyPHCI
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group C2/c. Most importantly, the Au-+Au separation
measures 295.06(6) pm according to our analysis. The pre-
vious study found a much larger separation of 337.9(1) pm.
The Au-P and Au-C distances [228.52(11) and 199.5(3) pm]
are similar to those reported previously. Dimeric units are
also formed in the Au' complex [Au(R?)(PPhs)]. The
Au-+Au contacts measure 327.74(14) pm. The structure of
[Au(R*)PPh;] was previously determined,” and our struc-
tural data (see Supporting Information) are in agreement
with the literature data. The shortest Au---Au separation is
already 586.8(3) pm long. Thus, [Au(R*PPh;] does not
form dimeric assemblies in the solid state, in contrast to
[Au(R!)PPh;] and [Au(R2)PPh;].

Figure 1. Molecular structures of the neutral Au' complexes
[Au(R?)PPhs] (top) and [Au(R')PPhs] (bottom). Hydrogen atoms
omitted for clarity. Vibrational ellipsoids drawn at the 50% prob-
ability level. Selected bond lengths [pm] and angles [°] for [Au(R?)-
PPh;]: Aul-P1 228.04(9), Aul-C1 199.5(3), C1-C2 121.0(4), C2—
C3 143.5(4), Aul-Aul’ 327.74(14); P1-Aul-Cl1 167.55(10), Aul—
C1-C2 170.3(3), C1-C2-C3 177.7(3). Selected bond lengths [pm]
and angles [°] for [Au(R")PPhs]: Aul-P1 228.52(11), Aul-Cl
200.7(4), C1-C2 120.6(5), C2-C3 143.9(5), Aul--Aul’ 295.06(6);
P1-Aul-C1 174.42(11), Aul-C1-C2 176.4(4), C1-C2-C3 175.5(4).

(DIAu(C=CAr),], (Type II)

The crystal structures of (1)[Au(R'),], and (1)[Au(R?),],
are similar. We shall first discuss the structure of (1)[Au-
(R?),], in some detail, based on the illustrations in Figures 2
and 3. From Figure 2 one can see that the Au atoms are
arranged in the form of condensed, curled six-membered
rings, remotely resembling the packing of P atoms in black
phosphorus. The Au--+Au separations in these hexagons are
large (682.9-726.5 pm) and, thus, there clearly is no direct
bonding between the Au atoms. The dashed lines drawn in
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the figures do not symbolise bonding interactions, but in-
stead highlight the packing motif. The Au atoms of two
adjacent layers are in-phase (directly on top of each other).
The acetylido ligands are oriented perpendicularly to the
layer plane. Four slightly different anionic Au complex units
were found within the unit cell, featuring Au-C bond
lengths in the range 197.9(6)-200.2(6) pm. The C-Au-C
bond angles cover the range 172.2(2)-177.3(2)°. The 1?*
units are located in the centre of each hypothetical Aug
hexagon. The unit cell contains three slightly different units
of 1%*. The variations in the C—C bond lengths within the
central Cgq rings [137.9-149.5, 138.6(6)-151.1(7) and 139.1-
150.9(7) pm for the three different units of 1] clearly indi-
cate loss of aromaticity (see the Lewis structure for 12* in
Scheme 3). As already mentioned, the crystal structure of
(D[Au(R'),], (see Figure 4) is similar to that of (1)[Au-
(R?),],. However, the hexagons with Au atoms in the cor-
ners are considerably elongated in (1)[Au(R')],, and the
Au--+Au separation varies from 686.8(3) and 846.0(6) pm.

Figure 2. (top) Section of the crystal structure of (1)[Au(R?),],
showing one of the layers; hydrogen atoms omitted for clarity; the
dashed lines connecting the Au atoms have no chemical meaning
but should assist the description of the structure. (bottom) Ar-
rangement of the Au atoms in two adjacent layers; all other atoms
are omitted.
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Figure 3. View (in two directions) of two adjacent layers in crystal-
line (1)[Au(R?),],. The acetylido ligands and all hydrogen atoms
are omitted for clarity.

Figure 4. (top) Section of the crystal structure of (1)[Au(R'"),],
showing one of the layers; hydrogen atoms omitted for clarity; the
dashed lines connecting the Au atoms have no chemical meaning
but should assist the description of the structure. (bottom) Ar-
rangement of the Au atoms in one layer; all other atoms are omit-
ted.

The salt (1)[Au(R%),], adopts a completely different
structure, which is illustrated in Figure 5. The crystal is
clearly built of units each consisting of the dication (1)>*
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and two [Au(R?),]” anions. These units are then packed in
a way such that rows of the dications and rows of the anions
result (each row of 1?* is followed by two rows of
[Au(R3),]"). Finally, we isolated a small quantity of crystals
of the salt (1);[Au(R*H),],Cl, (see Figure 6) from the reac-
tion between [AuCIl(PPhs)], R*H, and 1. The chlorido li-
gands establish hydrogen bonds to the acetylido units. Un-
fortunately, it was not possible (despite several attempts) to
improve the yield of this interesting product.

Figure 5. Section of the crystal structure of (1)[Au(R?),],. Hydro-
gen atoms omitted for clarity. (top) One of the layers; the dashed
lines connecting the Au atoms have no chemical meaning but
should assist the description of the structure. (bottom) Arrange-
ment of the Au atoms; all other atoms are omitted.

Thermal Conversions and Properties of (1)[Au(R"),],

The crystals of (1)[Au(R"),], are of a dark blue-black,
shiny appearance (see the photo provided in the Supporting
Information), while the powder material is yellow-green. In
Figure 7, the absorption spectrum of a CH3CN solution of
(D[Au(R"),], is compared with the solid-state spectrum.
The spectrum of the solution displays relatively intense
bands at 240, 292 (with signs of vibrational progression)
and 419 nm. The region between 450 and 750 nm in the
solution spectrum is enlarged to show the presence of an-
other broad band around 614 nm. The spectrum of the so-
lid material contains absorptions with maxima at A = 460
and 630 nm. We also assessed the electrical conductivity of
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Figure 6. Molecular structure of (1);]Au(R*H),],Cl,. All hydrogen atoms except for the acetylene ones are omitted for clarity. The chlorido
ligands are engaged in hydrogen bonding with the acetylene hydrogen atoms as well as water molecules (not visualised).

(D[Au(R');], in the temperature range 30—180 °C (the melt-
ing point is reached above 200 °C), but it turned out to
be too small to be measurable. In further experiments, the
thermal stability of (1)[Au(R!),], was studied with thermo-
gravimetric (TG) and differential scanning calorimetric
(DSC) measurements. In Figure 8 the DSC and TG curves
recorded for (1)[Au(R")], are displayed. The large and rela-
tively sharp exothermic peak in the DSC curve at 227 °C,
which immediately follows the endothermic melting peak,
arises from a reaction associated with a reaction energy of
approximately —280 kJmol!. To obtain more information
about the product of this conversion, the solid material was
dissolved after heat treatment to 250 °C in CD,Cl, (yielding
a red solution with a black residue) and analysed by using
NMR spectroscopy (see spectra in the Supporting Infor-
mation). The spectra show the reformation of neutral 1
upon heating of (1)[Au(R'),], [signals at 6 = 2.63 (s, 24 H,
CHs), 3.15 (s, 16 H, CH,) and 6.06 (s, 2 H, H,,) ppm in the
'"H NMR spectrum of a CD,Cl, solution]. The TG curve
indicates a small mass loss associated with this process. To
obtain additional information, the volatile decomposition
products released from (1)[Au(R'),], upon heating were col-
lected on a cold finger (kept at ca. 10 °C). A white solid
was obtained, which can be completely dissolved in
CD,Cl,. According to NMR spectroscopy, it consists of a
mixture of neutral 1 and the 1,3-diacetylene (PhC=C),.[']
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The (PhC=C), was also clearly visible in the high-resolu-
tion mass spectra recorded for the white solid [m/z (%) =
202.079 (100), 203.080 (20.3), 204.084 (1.8)]. The thermally
induced coupling of the acetylido ligands of each (1)[Au-
(C=CAr),], releases four electrons, which are spent for re-
duction of the two Au' ions and the dication 1?*. The ther-
mal decomposition can thus be described by the equation
given in Scheme 6.

1 |
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Figure 7. Comparison between the UV/Vis/NIR spectra recorded
for (1)[Au(R'),] in a CH3CN solution and in the solid state. The
region between A = 450 and 750 nm in the solution spectrum is
enlarged to show the weak and broad band centred at 614 nm.
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Figure 8. DSC (top) and TG (bottom) curves (N,, heating rate
5 Kmin ') measured for solid (1)[Au(R"),].

(N[AU(CCAr)l; —  2/x (Au)y + (ArCC), + 1

Scheme 6.

Conclusions

The reaction between [AuCl(PPhs)] and several acetyl-
enes ArC=CH (Ar = phenyl, pyridinyl, biphenyl or p-acet-
ylphenyl) in the presence of the guanidine base and organic
electron donor 1 yielded two different product types,
namely the neutral gold complexes [Au(C=CAr)PPh;] and
the salts (1)[Au(C=CAr),],. The presence of both product
types shows a competition between the deprotonation
{[Au(C=CAr)PPh;]} and the redox channels {(1)[Au-
(C=CAr),],} of the reaction. As anticipated from the large
differences in the polarity between both product types, they
can be easily separated from each other by crystallisation
under different conditions. The yields largely depend on the
acetylene used.

Furthermore, the optical properties and thermal decom-
position of the salt (1)[Au(C=CPh),], were analysed in de-
tail. The absorption spectrum of the solid material features
several low-lying electronic excitations. Measurements on
the electrical conductivity indicate a large resistivity. The
salt decomposes at 227 °C in an exothermic reaction (ca.
—280 kJmol™"). This decomposition results in oxidative cou-
pling of the two acetylido ligands. The electrons released in
this coupling are consumed on reformation of the neutral
guanidine 1 and formation of the gold clusters.

In Scheme 7 the reactions of [AuCI(PPh;)] with acetyl-
enes and acetonitrile in the presence of the strong base and
electron donor 1 are summarised. Interestingly, the redox
channel may not be observed at all in the reaction with
acetonitrile but was found to be of considerable importance
in the reaction with the stronger C—H-acidic acetylenes. In
future work we will study further reactions of [AuCI(PPhs)]
with weak proton acids mediated by 1 or other guanidine-
functionalised compounds, which are at the same time
strong Brensted bases and redox-active.
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H-C=C-Ar/1
[PhsPAUCCAr]  + (1)[Au(CCAr)lz
deprot. channel redox channel
[AuCI(PPh3)] ———
H-CHZCN/M
L = [Ph3sPAUCH,CN]
deprot. channel
Scheme 7.

Experimental Section

General: The reactions were carried out under argon by applying
standard Schlenk techniques. All solvents were rigorously dried
prior to use. The preparation of 1 was carried out as described in
the literature.l) IR and UV/Vis/NIR measurements were carried
out with a BioRad Merlin Excalibur FTS 3000 and a Varian Cary
5000 machine, respectively. NMR spectra were recorded with a
Bruker Avance II 400 or an Avance DPX AC200 spectrometer. Ele-
mental analyses were carried out at the Microanalytical Laboratory
of the University of Heidelberg. EI mass spectra were measured
with a Finnigan MAT 8230 or with a JEOL JMS-700 instrument.

[Au(R")(PPh3)] and (1)[Au(R"),],: 1 (100 mg, 0.19 mmol) was dis-
solved in CH;CN (10mL). Then [AuCl(PPh3)] (189 mg,
0.38 mmol) and R'H (0.2 mL, 1.82 mmol) were added. The solu-
tion was stirred at 90 °C for 22 h. Subsequently, the reaction mix-
ture was allowed to cool to room temp. and filtered. The filtrate
was kept at 4 °C for 12 h, during which time dark blue-black crys-
tals of (1)[Au(R'),], precipitated. Yield: 81 mg (0.08 mmol, 41%).
The solution was filtered and the filtrate stored at 4 °C. After a
few days, pale-yellow crystals of [Au(R")(PPhs)] appeared. Yield:
102 mg (0.18 mmol, 47%).

[Au(R")(PPh;)]

C56H»0AuP (560.38): caled. C 55.73, H 3.60, P 5.53; found C 55.92,
H 3.58, P 5.56. '"H NMR (600 MHz, CD,Cl,): 6 = 7.27 (m, 3 H,
Ha,), 7.56 (m, 17 H, Hyu,) ppm. '3C NMR (150 MHz, CD,Cl,): 6
=103.63 (s), 121.74 (s), 125.93 (s), 127.12 (s), 128.59 (s), 129.67 (d,
Jep = 11.27Hz, C9), 130.38 (d, Jcp = 55.77 Hz, C7), 132.13 (d,
Jcp = 2.33 Hz, C10), 132.50 (s), 134.74 (d, Jcp = 13.83 Hz, C8)
ppm. 3P NMR (242 MHz, CD,Cl,): 6 = 42.17 ppm. IR (Csl): ¥ =
3061 (m), 2118 [m, v(C=C)], 1596 (w), 1483 (m), 1435 (m), 1310
(w), 1214 (w), 1018 (w), 1161 (w), 1101 (m), 1065 (w), 1025 (m),
996 (m), 912 (w), 755 (s), 691 (s), 618 (W), 534 (s), 510 (s), 438 (m)
cm!. MS (FAB): m/z (%) = 560.9 (60) [M]*, 458 (84) [Au(PPhs)]*,
139 (100). Crystal data: CspHyoAu,Pr, M, = 1120.72,
0.45%0.45X0.40 mm, monoclinic, space group C2/¢, a =
22.040(4), b = 17.205(3), ¢ = 14.703(3) A, p = 125.99(3)°, V =
4511(2) A3, Z = 4, d_peq. = 1.650 Mgm 3, Mo-K, radiation (graph-
ite-monochromated, 4 = 0.71073 A), T = 100K, Orypee = 1.64-
33.10°. Reflections measured 16232, independent reflections 8543,
R, = 0.0488. Final R indices [/ > 2o()]: R; = 0.0359, wR, =
0.0679.
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CsgHgrAu,Ny; (1321.13): caled. C 52.73, H 4.73, N 12.72; found C
52.67, H 4.62, N 12.78. '"H NMR (600 MHz, CD,Cl,): § = 2.84 (s,
24 H, CH3), 3.75 (s, 8 H, CH,), 4.15 (s, 8 H, CH,), 5.59 (2 H, Hy,),
7.17 (m, 20 H, H,,) ppm. '3*C NMR (150 MHz, CD,Cl,): § = 33.26
(s, CH3), 48.65 (s, CH,), 74.40 (s, AuCC), 95.56 (s, AuCC), 120.34
(s), 122.00 (s), 123.72 (s), 123.72 (s), 125.92 (s), 128.48 (s), 132.06
(s) ppm. IR (Csl): ¥ = 2872 (w), 2375 (w), 2101 [m, v(C=C)], 1566
(w), 1507 (m), 1462 (m), 1410 (m), 1347 (vs), 1284 (s), 1024 (s), 972
(m), 909 (w), 843 (w), 757 (s), 694 (m) cm~'. UV/Vis (CH;CN,
3.78X10°molL™Y): 4 (¢) = 292 (117350), 240 (70888), 419
(40377 Lmol 'cm™') nm. MS (FAB): m/z (%) = 522.2 (100) [1]*,
6223 [1 + R! + HJ*, 921.3 [1 + AuR!]*, 1220.0 [1 + 2 Au +
3 R!' + HJ*. Crystal data: CssHepAu,Np,, M, = 1321.14,
0.40X0.36 X0.36 mm, monoclinic, space group P2(1), a =
15.1103), b = 19.702(4), ¢ = 17.894(4) A, p = 94.43(3)°, V =
5311.1(19) A3, Z = 4, deq. = 1.652 Mgm™, Mo-K, radiation
(graphite-monochromated, 4 = 0.71073 A), 7 = 100 K, Orange =
1.14-30.05°. Reflections measured 30681, independent reflections
30644, R;,; = 0.0384. Final R indices [/ > 20(])]: R; = 0.0406, wR,
= 0.0769.

[Au(R?)(PPh3)] and (1)[Au(R?),],: Guanidine 1 (52 mg, 0.10 mmol)
was dissolved in CH;CN (10 mL), and [AuCl(PPh;)] (100 mg,
0.20 mmol) and R?H (41 mg, 0.40 mmol) were added. The reaction
mixture was stirred at 90 °C for 22 h. Subsequently, it was allowed
to cool to room temp. and filtered. The filtrate was kept at room
temp. for 1-2d, during which time pale-yellow crystals of
[Au(R?)(PPh;)] precipitated. Yield: 41.5 mg (0.07 mmol, 37%). The
solution was filtered and the filtrate stored at 4 °C. After a few
days, dark blue-black crystals of (1)[Au(R?),], formed. Yield: 42 mg
(0.03 mmol, 33%).

[Au(R?)(PPh;)]

C,sH gAuNP (561.09): caled. C 53.49, H 3.41, N 2.50, P 5.52;
found C 53.53, H 3.39, N 2.55, P 5.55. '"H NMR (600 MHz,
CD,Cl,): 0 = 7.17 (dd, 1 H, pyridine H5), 7.53 (m, 15 H, PPh;—H),
7.68 (dt, 1 H, pyridine H4), 8.38 (dd, 1 H, pyridine H6), 8.61 (d,
1 H, pyridine H7) ppm. *C NMR (150 MHz, CD,Cl,): § = 100.22
(s), 122.86 (s), 123.30 (s) 129.74 (d, Jcp = 11.35 Hz, C10), 130.27
(d, Jep = 56.14 Hz, C8), 132.20 (d, Jcp = 2.43 Hz, C11), 134.83
(d, Jep = 13.83 Hz, C9), 139.13 (s), 147.47 (s), 153.38 (s) ppm. >'P
NMR (242 MHz, CD,Cl,): 6 = 41.96 ppm. IR (CsI): v = 2960 (w),
2114 (m), 1579 (w), 1559 (w), 1479 (s), 1435 (s), 1403 (s), 1317 (w),
1262 (m), 1226 (m), 1185 (m), 1161 (w), 1101 (s), 1025 (m), 996
(m), 916 (w), 848 (w), 803 (s), 751 (vs), 700 (vs), 625 (w), 578 (m),
534 (vs), 510 (vs), 438 (m) cm™'. MS (FAB): m/z (%) = 300.0 (20)
[Au(R?) + HJ*, 459.0 (90) [Au(PPh3)]*, 562.0 (100) [Au(R?)PPh; +
H]*. UV/Vis (CH3CN, ¢ = 1.02X 10* mol L™"): 1 (¢) = 236 (35290),
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269 (26103), 280 (21976 Lmol'cm™') nm. Crystal data:
C,sH19AuNP, M, = 561.35, 0.45 X 0.40 X 0.40 mm, triclinic, space
group PI, a = 8.8570(18), b = 9.5340(19), ¢ = 13.444(3) A, a =
69.54(3)°, f = 72.39(3)°, y = 78.67(3)°, V = 1008.6(4) A3, Z = 2,
dearea. = 1.848 Mgm3, Mo-K, radiation (graphite-monochromated,
2 = 071073 A), T = 100K, Orange = 3.16-30.06°. Reflections
measured 10689, independent reflections 5858, R;, = 0.0195. Final
R indices [1 > 26()]: R, = 0.0252, wR, = 0.0664.

(D[Au(R),],
4 5
1 2 3 e e
Au%s
Y
ot

Cs4HsgAu,Nyg (1324.4): caled. C 48.95, H 4.41, N 16.91; found C
48.83, H 4.45, N 16.71. "H NMR (600 MHz, CD,Cl,): 6 = 2.84 (s,
24 H, CHs), 3.76 (s, 8 H, CH,), 4.08 (s, 8 H, CH,), 5.54 (s, 2 H,
Hpy,), 7.11 (dd, 4 H, pyridine H5), 7.58 (dt, 4 H, pyridine H4), 8.29
(dd, 4 H, pyridine H6), 8.45 (d, 4 H, pyridine H7) ppm. *C NMR
(150 MHz, CD,Cly): 6 = 33.34 (s, CH3), 48.66 (s,CH,), 99.02
(s,Ca,—H), 107.16 (s), 123.30 (s), 124.56 (s), 124.92 (s), 138.68 (s),
146.40 (s), 153.03 (s), 158.73 (s), 164.65 (s) ppm. IR (Csl): ¥ = 2935
(w), 2106 [m, v(C=C)], 1624 (s), 1571 (s), 1507 (vs), 1467 (s), 1407
(m), 1350 (s), 1278 (m), 1222 (m), 1181 (w), 1157 (w), 1093 (w),
1025 (s), 972 (m), 803 (m), 735 (w), 707 (w), 582 (w), 506 (m) cm 1.
UV/Vis (CH;CN, ¢ = 2.08 X 10> mol L™1): 4 (¢) = 219 (96416), 239
(62769), 297 (83822), 420 (36671 Lmol 'cm™") nm. MS (FAB): m/z
(%) = 403.3 (12) [Au(R?), + 2 H]*, 522.6 (100) [1]*, 924.0 (26)
[1 + Au(R?), + HJ*, 1222.1 (6) [1 + Au(R?), + Au(R?) + 2 H]*.
MS (ESI, MeOH): m/z (%) = 401.9 (100) [Au(R?),]. MS
(ESI*, MeOH): m/z (%) = 260.8 (100) [1 — 2 H]**, 922.3 (86) [1 +
Au(R?), — H]*. Crystal data: Cs;HsgAu,Njs, M, = 1325.10,
0.35%0.33 X 0.30 mm, triclinic, space group P1, a = 14.049(3), b =
14.288(3), ¢ = 26.919(5) A, a = 88.05(3)°, f = 89.27(3)°, y =
76.25(3)°, V = 5246(2) A3, Z = 4, d_yeq. = 1.678 Mgm 3, Mo-K,,
radiation (graphite-monochromated, 4 = 0.71073 A), T = 100 K,
Orange = 0.76-30.06°. Reflections measured 53025, independent re-
flections 30460, R;,; = 0.0529. Final R indices [/ > 2c(])]: R, =
0.0494, wR, = 0.0993.

[Au(R3)(PPh3)] and (1)[Au(R3),],: AuCIPPh; (100 mg, 0.20 mmol)
and R3H (74.5mg, 0.40 mmol) were added to a solution of 1
(52 mg, 0.10 mmol) in CH3CN (10 mL). The solution was stirred
at 90 °C for 22 h. Subsequently, the solution was cooled to room
temp. and filtered. The filtrate was kept at room temp. for 1-2d,
during which time pale-yellow crystals of [Au(R*)(PPh;)] formed.
Yield 16 mg (0.026 mmol, 13%). The solution was filtered and the
filtrate stored at 4°C for several days. Dark-blue crystals of
(D[Au(R?),], formed. Yield: 3 mg (2%).

[Au(R*)(PPh;)]

124-

C3,H,,AuP (636.45): caled. C 60.39, H 3.80; found C 60.10, H 3.82.
'H NMR (600 MHz, CDCly): 8 = 7.27 (t, 1 H, Ha,10), 7.49 (m,

2981
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23 H, Hu,) ppm. *C NMR (150 MHz, CD,Cl,): 6 = 103.37 (s),
121.15 (s), 124.99 (s), 127.22 (s), 127.36 (s), 127.84 (s), 129.33 (s),
129.74 (d, Jcp = 11.28 Hz, C13), 130.42 (d, Jcp = 55.84 Hz, C11),
132.16 (d, Jcp = 2.13Hz, Cl4), 132.97 (s), 134.86 (d, Jcp =
13.84 Hz, C12), 139.71 (s), 141.11 (s) ppm. 3'P NMR (242 MHz,
CD,Cl,): 0 = 42.32 ppm. IR (CsI): ¥ = 3062 (w), 2110 (w), 1600
(w), 1485 (m), 1435 (m), 1218 (w), 1101 (m), 1025 (w), 844 (m),
751 (m), 691 (s), 578 (m), 538 (vs), 498 (s) cm '. MS (FAB): m/z
(%) = 77.1 (24) [Ph]*, 262.3 (100) [PPhs]*, 459.4 (5) [AuPPhs]".
Crystal data: C3,H3AuP, M, = 636.45, 0.15X0.10 X 0.10 mm, tri-
clinic, space group PI, a = 10.021(2), b = 12.404(3), ¢ =
12.560(3) A, a = 100.58(3)°, p = 111.13(3)°, y = 113.21(3)°, V =
1238.04) A3, Z = 2, deea. = 1.707 Mgm 3, Mo-K, radiation
(graphite-monochromated, 2 = 0.71073 A), T = 100 K, Orynge =
1.88-30.02°. Reflections measured 13323, independent reflections
7158, Ry = 0.0362. Final R indices [I > 2o(])]: R; = 0.0336, wR,
= 0.0633.

D[Au(RY),],
4 5 8 9
1 2 5 =
12 Au 10 ]
2
2

CgrH73Au,N " H3;CCN (1666.55): caled. C 60.54, H 4.90, Au 23.64,
N 10.93; found C 60.30, H 4.75, N 10.13. '"H NMR (600 MHz,
CD,Cl,): 6 = 2.87 (s, 24 H, CH3), 3.59 (s, 8 H, CH,), 4.43 (s, 8 H,
CH,), 5.58 (s, 2 H, Hyu,), 7.38 (m, 4 H, H,10), 7.46 (m, 8 H, Hu,9),
7.64 (m, 24 H, H,4.,5.8) ppm. Yield too low for 3C NMR spec-
troscopy. IR (Csl): v = 3027 (w), 2959 (w), 2873 (w), 2102 (m),
1616 (s), 1570 (s), 1509 (vs), 1408 (m), 1350 (s), 1282 (s), 1099 (m),
1026 (m), 973 (m), 803 (m), 705 (m), 694 (m), 557 (w), 502 (w)
cm~!'. UV/Vis (CH5CN, ¢ = 5.29 X 10> mol L '): / (&) = 20 (15649),
321 (19581), 419 (5093 Lmol'cm™!) nm. MS (ESI-, MeOH): m/z
(%) = 551.3 (100) [Au — (R3),]". MS (ESI*, MeOH): m/z (%) =
2614 (27) [1 + HJP**, 522.3 (100) [1]*. Crystal data for:
Cg4HgiAu,Ny3, M, = 1666.55, 0.20X0.15X0.15 mm, triclinic,
space group P1, a = 14.165(3), b = 16.138(3), ¢ = 16.774(3) A, a =
103.15(3)°, = 93.31(3)°, y = 108.50(3)°, ¥ = 3505.6(12) A3, Z =
2, degiea. = 1.579 Mgm™3, Mo-K,, radiation (graphite-monochro-
mated, 2 = 0.71073 A), T= 100 K, Orange = 2.01-27.40°. Reflections
measured 29171, independent reflections 15749, R;,; = 0.0666. Fi-
nal R indices [/ > 2c(/)]: R; = 0.0516, wR, = 0.0866.

(DIAuRY,],

[AuCl(PPh;)] (100 mg, 0.20 mmol) and R*H, (50.5 mg, 0.40 mmol)
were added to a solution of 1 (52 mg, 0.10 mmol) in CH;CN
(10 mL). The reaction mixture was then stirred at 90 °C for 22 h.
Subsequently, the solution was cooled down to room temp. and
filtered. Storage of the green filtrate at 4 °C led to a colourless
precipitate of polymeric [Au,R*],, which newly formed even after
several cycles of filtration. The polymer was identified from the
mass spectrum of the precipitate (ESI” (MeOH): m/z (%) = 447.2
(100) [Au(R*,], 904.9 (31) [Aus(R*),].) Upon layering of a
CH;CN solution with (not rigorously dried) Et,O, a small quantity
of green crystals of (1);/Au(R*H),],Cl; (containing Et,O as well
as H>O molecules) was obtained, in addition to further polymeric
[Au,R%],. Crystal data: Cia36H 60Au>Cl4N340g7, M, = 2825.02,
0.20X0.15X0.15 mm, monoclinic, space group P2,/c, a =
29.545(6), b = 13.291(3), ¢ = 17.943(4) A, f = 94.93(3)°, V =
7020(3) A3, Z = 2, dopieq. = 1.337 Mgm 3, Mo-K,, radiation (graph-
ite-monochromated, /. = 0.71073 A), T = 100 K, Orange = 2.28—
27.50°. Reflections measured 31351, independent reflections 16010,
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R;,e = 0.0731. Final R indices [/ > 20(])]: R; = 0.0664, wR, =
0.1518.

X-ray Crystallographic Study: Suitable crystals were taken directly
out of the mother liquor, immersed in perfluorinated polyether oil,
and fixed on top of a glass capillary. Measurements were carried
out with a Nonius-Kappa CCD diffractometer with a low-tempera-
ture unit by using graphite-monochromated Mo-K,, radiation. The
temperature was set to 200 K. The data collected were processed
by using the standard Nonius software.l''l All calculations were
performed by using the SHELXT-PLUS software package. Struc-
tures were solved by direct methods with the SHELXS-97 program
and refined with the SHELXL-97 program.['>!3 Graphical hand-
ling of the structural data during solution and refinement was per-
formed with XPMA.['4 Structural representations were generated
by using Winray 32.I'3] Atom coordinates and anisotropic thermal
parameters of non-hydrogen atoms were refined by full-matrix le-
ast-squares calculations. CCDC-812254 [Au(R!)PPh;], -812255
(D[Au(R?),],, -812256  (1)[Au(R?),],, -812257 [Au(R?)PPh;],
-812258  (D[Au(R'),],, -812259 [Au(R*)PPh;], and -812260
(1)[Au(R?),], contain the supplementary crystallographic data for
this paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.

Supporting Information (see footnote on the first page of this arti-
cle): Photo of crystals of (1)[Au(R'),],, molecular structure of
[Au(R3)PPh;], NMR spectra recorded before and after thermal de-
composition of (1)[Au(R'"),],.
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