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The [Au(NCPh),]" cation has been isolated and synthesized in high yields by the oxidation of gold powder in the
presence of NOBF,. It represents a labile form of gold(r), which has been shown to be a valuable synthon for the
synthesis of a wide range of gold(r) complexes and especially of a variety of gold(1) amines which have opened
new synthetic routes for the isolation of organometallic gold(1) complexes.

Nitrile compounds of the transition metals have proved to
be very useful intermediates because of their substitutional
lability.> A typical example is trans-[PdCI,(NCPh),] which is a
convenient synthetic precursor for complexes such as trans-
[PACI,(tdp),] [tdp = tris(dimethylamino)phosphine, P(NMe,)],
which cannot be prepared via sodium tetrachloropalladate() in
methanol? or anhydrous palladium(i) chloride in benzene.?
There are a number of other related nitrile intermediates, which
have been widely used as synthetic precursors to other transi-
tion-metal compounds and shown to catalyse a variety of1
organic transformations. These include [Pd(NCMe),][BF,],
and [Mo(NO),(NCMe),][BF,],"™® which have been synthesized
by oxidising palladium metal and molybdenum hexacarbonyl,
respectively, with nitrosonium tetrafluoroborate in aceto-
nitrile.® The related nitrile compounds of gold(1) have, by com-
parison, received little attention. This can be attributed to the
absence of convenient routes to them and their sensitivity to
moisture. For example, the acetonitrile solvate of gold(1),
[Au(NCMe),]CIO,, has been obtained by the direct oxidation
of gold metal using NOCIO,, but the extreme moisture sensi-
tivity of the compound and the juxtaposition of a thermally
labile MeCN molecule and CIO,” makes it an unattractive
intermediate.® In 1993 Geier and co-workers® reported an
alternative electrochemical synthesis of [Au(NCMe),]*. This is
a smooth and safe process which eliminates the problems
associated with potentially explosive perchlorates and con-
tamination from tetraalkylammonium salts. However, the
electrolytic approach requires somewhat specialised equip-
ment and long synthesis times to build up appreciable quan-
tities of the solvated gold(i)) compound. These problems
could account for the reasons why [Au(NCMe),]* is not
commonly used as an intermediate for the syntheses of
gold(r) compounds.”

The research presented in this paper involves the develop-
ment of a solvated gold(r) complex, [Au(NCPh),]", as a syn-
thon for the preparation of a wide range of complexes of
gold(r). Some of the complexes described have been reported
previously, but were prepared in order to verify that the
[Au(NCPh),]" cation was a viable and flexible starting
material. The main objective for the development of the
[Au(NCPh),]" cation was to establish new classes of gold()
complexes co-ordinated to nitrogen-donor ligands, which have
been neglected previously due to the lack of suitable starting
materials. The possible uses of these complexes in the syn-
thesis and characterisation of new classes of organometallic
gold(r) compounds were also investigated and will be dis-
cussed briefly.

Results and Dicussion
Synthesis of the [Au(NCPh),]* cation

The problem associated with potentially explosive perchlorates
was eliminated by using NOBF, as the oxidising reagent.® Little
is known concerning the mechanism of the reaction of the
nitrosonium ion NO* when it acts as an oxidising agent and is
itself reduced to nitric oxide. Addison et al.® showed that di-
nitrogen tetraoxide behaves similarly to the nitrosonium ion by
oxidising copper, zinc and uranium in organic donor solvents,
with the evolution of nitric oxide and the formation of the
metal nitrate. The salt NOBF, was found to be capable of oxi-
dising gold metal in acetonitrile to give [Au(NCMe),|BF,. This
complex was not fully characterised due to its reactivity, but
was identified using infrared spectroscopy. The main problem
associated with the reactivity of [Au(NCMe),]" is the weakly
bound and volatile acetonitrile ligand. Consequently, it was
decided to use a less volatile ligand, benzonitrile (b.p. 188 °C).
Initially problems were encountered in optimising the reaction
conditions to give high yields of [Au(NCPh),]BF,, because
NOBF, is only sparingly soluble in benzonitrile.

The [Au(NCPh),]BF, salt was isolated in yields of greater
than 90% based on gold by heating a mixture of gold powder
and NOBF, in anhydrous acetonitrile-benzonitrile (1:2) for 4 h
at 80-90 °C. An excess of NOBF, is necessary because of its
relatively low solubility and its degradation in the MeCN and
PhCN solvents when heated. The compound is precipitated
upon addition of anhydrous toluene, as a colourless crystalline
solid (see Experimental section). It is moisture sensitive, but
may nonetheless be weighed out in the open laboratory and
is thermally stable (decomposition 167-169 °C). The [Au-
(NCPh),]SbF, salt was prepared in an analogous manner and
was recrystallised from Et,0. Although the SbF4™ salt is ther-
mally similar to the corresponding BF,” salt (decomposition
169-170 °C) it is more stable to moisture and hence gave more
reliable elemental analyses. Recently the related [Au(NCBUY),]*
cation has been isolated in high yields by slightly modifying the
preparation described above (see Experimental section). The
cation has been found to be as reactive as the gold(1) benzo-
nitrile intermediate but more amenable to crystallisation.

Initial investigations using NO,BF, or NO,SbF; as alter-
native oxidising agents have been encouraging. The reactions
proceeded in a similar fashion evolving nitrogen dioxide
and the yields of [Au(NCPh),]SbF, are comparable to those
obtained using NOBF,.

All the compounds are slightly light sensitive but may be
stored for several months under nitrogen at —25 °C in the dark.
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The photosensitivity leads to the development of a pinkish
colouration in the solid, presumably resulting from gold
particle formation. The compounds dissolve rapidly without
decomposition in acetonitrile and benzonitrile, but decompose
on dissolution in other organic solvents such as acetone and
ethanol. They are readily characterised by infrared spec-
troscopy as Nujol mulls between KBr discs. The spectra of
[Au(NCPh),]BF, and [Au(NCPh),]SbF, confirmed the presence
of the tetrafluoroborate and hexafluoroantimonate(v) anions,
respectively, through characteristic bands at 1047 and 657 cm™,
and revealed a weak band at 2295 and 2299 cm™, respectively,
which may be attributed to the v(C=N) stretching mode. These
values are higher than that for free benzonitrile (2231 cm™).
This is expected for nitrile complexes since weakly antibonding
electrons are removed from the o orbital upon co-ordination to
metal centres.’® Positive FAB mass spectral data for both the
BF,” and SbF;~ salts indicated the presence of the parent
cation [Au(NCPh),]* (m/z=403) and a single peak for
[Au(NCPh)]" (m/z=300). The sensitivity and instability of
[Au(NCPh),]BF, prevented accurate results from elemental
analysis, even when the immediate analysis of a freshly pre-
pared sample was undertaken. Although single crystals of
[Au(NCPh),]BF, were grown by dissolving the product in the
minimum volume of benzonitrile and storing the mixture at
—25°C for approximately 1 week, the crystal structure could
not be determined due to desolvation and decomposition of the
product. The molecular structure of a related compound
[Au(NCMe),]SbF which was isolated as a by-product from the
synthesis of [Au(CO),][Sb,F,,] has been determined.™*

Reactions of the [Au(NCPh),]* cation

The applications of the gold(1) benzonitrile intermediate as an
alternative synthon for the synthesis of gold(r) compounds are
illustrated in Scheme 1. All the reactions were performed in
anhydrous acetonitrile solutions. The benzonitrile ligands were
readily displaced and the products were all obtained in high
yields.

Synthesis of isocyanide and phosphine complexes. Gold(1) iso-
cyanide complexes are usually formed by the reaction between
[AUCI(Me,S)]** and the required isocyanide and then precipi-
tated with the relevant counter ion. Complexes [AU(CNR),]"
have been widely used in the syntheses of platinum-gold cluster
compounds.® The complex [Au(CNCH;Me,-2,6),]", was
obtained from [Au(NCPh),]* in a simpler method and in virtu-
ally quantitative yields by adding 2 molar equivalents of
CNCzH;Me,-2,6 to the benzonitrile solvate in anhydrous
acetonitrile. The infrared spectrum shows v(C=N) at 2224 cm™
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(lit.,®® 2231 cm™). This compound is slightly moisture and
photosensitive but can be stored for months at ca. —25 °C.

The ion [O(AUPPh,),]*,** which has proved to be a useful
precursor for the synthesis of homo- and hetero-metallic gold
cluster compounds and Schmidbaur’s interstitial compounds,™
may be formed directly from the solvated benzonitrile com-
pound by adding 1 molar equivalent of PPh; in MeCN followed
by dropwise addition of KOH in methanol. Although ‘[Au-
(PPh;)(NCMe)]*”" was not isolated as a solid compound,
3p-{*H}. NMR studies carried out in CD,CN provide strong
evidence for the formation of ‘[Au(PPh,)(NCCD;)]BF,’ in situ
[6 29.2 (s)].** The salt [Au(PPh,),]BF,* was prepared in an
analogous manner, when 2 molar equivalents of triphenylphos-
phine were added to the benzonitrile complex [**P-{*H} NMR
(CD,CL,) 4 45.0 (s)]- The ‘[Au(PPh,)]*" cation has been widely
used in capping reactions in cluster chemistry and is more usu-
ally formed by the addition of silver or thallium salts to [Au-
(PPh,)CI1.Y The synthesis from [Au(NCPh),]* could be
extended to other gold(r) phosphine cations, and eliminates the
use of halide extractors which can sometimes interfere with
subsequent steps of the reaction.*®

The benzonitrile ligands in [Au(NCPh),]BF, can be readily
displaced by neutral bidentate ligands to give either the mono-
nuclear cationic phosphine complexes [Au(dppe),]* and [Au-
(dppp),]*,*® or the binuclear complexes [Au,(dppm),]**,
[Au,(dppe),]** and [Au,(dppb),]** (ref. 20) when the mole ratio
of phosphine to [Au(NCPh),]BF, was reduced to 1:1 (dppm,
dppe, dppp and dppb are abbreviations for bis(diphenyl-
phosphino)-methane, -ethane, -propane and -butane respec-
tively).

Synthesis of anionic gold(1) complexes. One of the most wide-
ly used and documented methods for preparing K[Au(CN),]*
is by reducing an aqua regia solution of HAuClI,-3H,0 with
concentrated ammonia solution, to afford a yellow-brown pre-
cipitate of “fulminating gold’ which has been known to detonate
when dry.?> The explosion is accompanied by the liberation of
gold, nitrogen, ammonia and water. The ‘fulminating gold’ is
subsequently dissolved in a solution containing slightly more
than the stoichiometrically required 2 equivalents of potassium
cyanide to give colourless crystals of K[Au(CN),] on standing.
In [Au(NCPh),]* the weakly bound benzonitrile ligands may
be displaced with 2 equivalents of the cyanide anions from
potassium cyanide and K[Au(CN),] is obtained in virtually
quantitative yields. The infrared spectrum of the complex
shows a sharp band at 2142 cm™ (lit.,® 2141 cm™*) which can
be assigned to the antisymmetric v(C=N) stretching mode. An
initial pale yellow precipitate is observed when potassium cyan-
ide is added to the gold(1) solution; this presumably results from
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the initial formation of an insoluble polymer [Au(CN)],” which Salts of [Au(NH,),]" are formed very rapidly and easily when

redissolves in an excess of CN™ ions to form K[Au(CN),]. ammonia gas is bubbled through a solution of [Au(NCPh),]**
The conventional route to anionic halide complexes is quite in acetonitrile at room temperature. The product is also
tedious, and involves the initial formation of gold(ir) com- obtained when a concentrated aqueous ammonia solution is

pounds followed by their reduction.?* As part of this study it added to the benzonitrile complex. The resulting colourless
was shown that colourless crystalline anionic gold(r) complexes solution yields a crystalline material when the solvent is par-
[AuX,]~ (X=CI, Br or 1) can also be synthesized from tially removed under reduced pressure. The BF,” and SbF,~
[Au(NCPh),]" in high yields, when 2 molar equivalents of salts can be obtained in approximately 90% yield based on gold.
NBu",X are added to the benzonitrile solvate in anhydrous In contrast [Au(NH,),]SbF4 could not be recrystallised from a
acetonitrile. MeCN-Et,0 mixture, but could be purified by washing with
organic solvents such as chloroform or dichloromethane to
remove the benzonitrile liberated during the reaction. Oxi-
dation of [Au(NH,),]X in acetonitrile using bromine or
In contrast to the chemistry of gold(1) phosphines, that of chlorine gave a brown uncharacterisable material. Oxidative-
gold(r) with nitrogen-donor ligands has been relatively neg- addition reactions carried out using methyl iodide resulted in
lected, presumably due to the lack of suitable starting materials. the recovery of [Au(NHj;),]X even when an excess of Mel was
The first structurally characterised gold(l) complex co- used. The positive FAB mass spectrum of [Au(NH,),]BF,
ordinated to two nitrogen-donor ligands, sodium bis(1- shows a single parent-ion peak for [Au(NH,),]* (m/z = 231), but
methylimidazolidine-2,4-dionato)aurate(i) tetrahydrate, was a peak corresponding to [Au(NH,)]" was not observed. The
reported by Sadler and co-workers® in 1978. The complex was related amine complexes [Au(NH,R),|BF, (R = Mg, Et or Bu")
found to exhibit therapeutic properties as an antiinflammatory have been synthesized by displacement of the weakly bound
drug similar to that of the gold(1) thiolates. However, sodium benzonitrile ligand from [Au(NCPh),]* with 2 molar
bis(1-methylimidazolidine-2,4-dionato)aurate(r) tetrahydrate, equivalents of the appropriate amine. The complex [Au-
which was isolated in yields of 45-60%, is photosensitive and (NH,BUY),]BF, is obtained in high yield as a colourless crystal-
could only be stored in solution for a few days. The isolation line material when recrystallised from a EtOH-Et,0 mixture
and crystal structure of a gold(r) complex containing one and can be stored in the dark at ca. —25 °C without decom-
nitrogen-donor ligand, chloro(piperidine)gold(r), was also position. The positive FAB mass spectrum shows a single
reported at the same time and revealed an interesting tetrameric parent ion peak for [Au(NH,Bu"Y),]* (m/z = 343), but no peak is

Synthesis of gold(1) nitrogen-containing complexes

arrangement of gold atoms in the solid state.’*® Some gold— observed for the [Au(NH,BuU"]* ion. Single crystals suitable for
ammonia complexes have been reported for example [AuX- X-ray crystallographic analysis were grown from EtOH-Et,0,
(NHy),] X=CI, Bror 1, n=1-3; X=CN, n=1) which can be but the process was slowed down by lowering the temperature
prepared when ammonia reacts with gold(r) halides’ or cyan- to —25 °C. The crystallographic data which were collected from

ide.”” The [Au(NH,),]* cation has been identified in solution several independent crystals could not be solved, presumably
and its equilibrium constants measured,”® but, surprisingly, due to the highly symmetrical nature of the product. The
salts of the cation have not been isolated and structurally char- NH,Me and NH.,Et derivatives are stable in acetonitrile
acterised. This is particularly remarkable given the stability of solution, but extremely moisture sensitive when isolated as
[Ag(NHS,),]*,*® which is quoted in elementary textbooks as the solids from MeCN-Et,0. The relative stabilities of the com-
paradigm for linear co-ordination and the structure of which pounds are Bu's> Et> Me, presumably due to loss of the
was first investigated in 1934.%% weakly co-ordinated and volatile amines, though they have

been characterised by infrared and positive-ion FAB mass

[Au(RNH,),]* salts. The utilisation of [Au(NCPh),]" in the spectroscopy.

synthesis of gold(r) amine complexes is summarised in Scheme Small cubic shaped crystals of [Au(NH,),]Br were obtained
2. All the reactions were performed in anhydrous acetonitrile. by layering a solution of [NBu,]J[AuBr,]* in acetonitrile under
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Fig. 1 Molecular structure of the dimer [Au,(cyclam),]**

an atmosphere of NH; gas. The molecular structure and crystal
packing of [Au(NHs,),]Br have been described in some detail.®

Relatively few gold(1) compounds of pyridine (py) have been
reported. The first examples, [Au(py),][AuX,] (X =Br or 1),
were reported by Strahle and co-workers® in 1982 and revealed
interesting stacked chains in a one-dimensional lattice. The
complex [Au(py),|BF, is obtained in high yields from [Au-
(NCPh),]* as a colourless crystalline material and recrystallised
from a MeCN-Et,0 mixture. The FAB mass spectrum shows
single parent-ion peaks for [Au(py),]" and [Au(py)]* at m/z = 355
and 276, respectively. Single crystals suitable for X-ray crystal-
lographic analysis were grown by slow diffusion of Et,O into an
acetonitrile solution containing the compound or by simply
dissolving in the minimum volume of EtOH and leaving at ca.
—25°C for 1 week. The complex crystallises in the tetragonal
crystal system, where a=13.2607 and c = 140.594 A, but the
structure could not be solved. The ion [Au(pip),]” (pip=
piperidine) was also prepared conveniently in a one-step syn-
thesis using [AU(NCPh),]*. The BF,™ salt is isolated in high
yield as colourless needles when crystallised at —25 °C from a
CH,CI,—Et,O mixture.

[Au,(dien),][BF,], and [Au,(cyclam),][BF,],. Elder and co-
workers® have examined and studied the structures of a
number of gold-containing arthritis drugs and related gold-
containing compounds, using both extended X-ray absorption
spectroscopy (EXAFS) and single-crystal X-ray diffraction
techniques. One of the complexes reported was [Au''(dien)-
CLJ** (dien = diethylenetriamine), which is somewhat surpris-
ing given that Au'' has been well documented to be toxic to
living tissue. As part of an ongoing study it was decided to
employ dien in the synthesis of a gold() analogue. Similarly,
the study of the binding of cyclam (1,4,8,11-tetraazacyclo-
tetradecane) to Au' was undertaken because there have been
relatively few examples of Au' encapsulated by a cavity of
donor ligands such as nitrogen. Schroder and co-workers®
reported one of the few examples where Au' is encapsulated by
a cavity generated by [18]aneS; (1,4,7,10,13,16-hexathiacyclo-
octadecane),®® and demonstrated that the co-ordination geo-
metry depends on the size of the macrocyclic ring.** The gold(1)
benzonitrile intermediate has been employed effectively in the
synthesis of [Au,(cyclam),]*"* and [Au,(dien),]**.*” Both com-
plexes have been characterised by IR, NMR and FAB mass
spectroscopy. The FAB mass spectrum of [Au,(dien),][BF,],
shows a parent-ion peak which can be attributed to
[Au,(dien),]** (m/z = 300, 45%), and a peak corresponding to
[Au(dien),]" (m/z = 403, 10%). Reactions carried out with other
similar ligands such as H,N(CH,);NH(CH,);NH, and N(CH.-
CH,NH,); resulted in the formation of oils which could not be
characterised. The expected isotope distribution for the parent
cation [Au,(cyclam),]** (m/z =397, 45%) was observed. An
interesting array of [Au(cyclam)]" aggregates of up to five gold
atoms with different cyclam ratios was also observed in the
FAB mass spectrum, which may suggest the existence of low-
nuclearity homonuclear clusters stabilised by the cyclam
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ligands. This observation has prompted attempts to utilise the
remaining pair of nitrogen atoms of the cyclam, by treating
them with another equivalent of [Au(NCPh),]". However,
many attempts to isolate and characterise the higher-
nuclearity product(s) have been unsuccessful. Similarly oxi-
dative addition reactions using bromine gave an uncharacter-
isable amorphous brown material. Reactions with similar
nitrogen-donor ligands, such as cyclen (1,4,7,10-tetraazacyclo-
dodecane) and 1,4,7-triazacyclononane, have resulted in
[Au(NCPh),]" undergoing reduction to yield gold mirrors.

The single-crystal structures of the dien and cyclam com-
plexes (Figs. 1 and 2) have been reported elsewhere and will not
be discussed in detail here.®**

All the gold(r)-nitrogen compounds mentioned above are
soluble in polar organic solvents such as acetone or acetonitrile,
but only sparingly soluble in ethanol. They are slightly photo-
sensitive, but may be stored for prolonged periods under nitro-
gen in the dark at ca. —25 °C, without deterioration. All these
gold(r) complexes have been fully characterised by elemental
analyses, FAB mass and infrared spectroscopy.

Uses of the [Au(NH,R),]" salts

The thermally labile and basic nitrogen-donor ligands of
[Au(NH,R),]* have also been exploited in the synthesis of a
range of alkynylgold() complexes, [Au(C=CR’)(NH,R)]
(R=H or Bu', R’ =Ph or Bu"). These are colourless and their
detailed spectroscopic properties and physical properties are
described in the Experimental section. When the reaction was
repeated with [Au(NH,),]* and Bu'C=CH, yellow material pre-
cipitated and the absence of nitrogen in the elemental analysis
suggested that ammonia was no longer co-ordinated to the
gold(r) centre and that the product was best formulated as
[{Au(C=CBuUY},]. In the early 1960s Coates and Parkin
reported a similar compound, which was prepared by reducing
gold(m) with sulfur dioxide in the presence of Bu'C=CH. The
above route surprisingly led to the isolation and crystal struc-
ture of the first gold(r) self-assembled [2]catenane complex
[{Au(C=CBU")}].*

In contrast to the vast number of stacked and mixed-valence
palladium and platinum complexes, there are relatively few
examples of the corresponding gold complexes. Complexes
such as Cs,[Au'CLJ[Au"'CI,]*® and [Au"'(Hdmg),]*[Au'Cl,]~“
(Hdmg = dimethylglyoximate) were initially considered to be
gold(m) species, but the X-ray crystallographic analysis
revealed the molecular structures to consist of independent
ions, square-planar Au"' and linear Au', with each unit
stacked to form a chain of gold atoms. The majority of
mixed-valence gold complexes mentioned form black crystals.
Unlike the mixed-valence platinum-group metal complexes,
the gold complexes are electrical insulators at room tem-
perature and atmospheric pressure, due to the firmly localised
valencies. Other related stacked gold(1) complexes include
[Au(pdma),] TAU(CsFs),] ** [pdma= C¢H,(AsMe,),-1,2] and
[Au(S,CNR,),]*'[AuBr,]",*® consisting of independent cations
and anions. As an ongoing study in the uses of linear gold(r)
amine complexes, the related gold(r) complex [Au(NH,),]"-
[AuCl,]~ was synthesized and isolated. The metallic looking
material was isolated in good yield by slow addition of the
constituent cations and anions in an acetonitrile solution. The
complex is insoluble in both polar and non-polar solvents and
can be stored under nitrogen without deterioration. It has been
characterised by infrared spectroscopy which revealed bands
consisting of the superposition of the spectra of the two con-
stituent ions.

Conclusion

Replacing the volatile ligand in the [AuU(NCMe),]* cation with
the less volatile benzonitrile has led to samples of [Au-
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Fig. 2 A pair of weakly linked macrocyclic dimers in the structure of [{Au,(dien),(BF,),-EtOH},]

(NCPh),]|BF, with improved moisture and thermal stabilities. It
may be used as a reactive source of gold(r) in the syntheses of
chelated, bridged and anionic complexes and the relevant reac-
tions are summarised in Scheme 1.

The [Au(NCPh),]* cation has also been employed success-
fully in the syntheses of a series of gold(1) amine complexes
and especially in the formation and isolation of [Au(NH,),]"
the structure of which has eluded chemists over the last cen-
tury. In many cases the gold(r) amines are extremely crystal-
line, and although the majority of the crystallographic data
were collected at low temperature (ca. 150 K) many attempts
at solving the molecular structures were hindered due to the
highly symmetrical ligands which result in crystallographic
disorder. Attempts to lower the symmetry by using substituted
ligands for example 3-bromopyridine have also given
extremely crystalline materials, but unfortunately the crystals
were not suitable for single-crystal analysis. The longer gold-
gold contacts exhibited in [Au(NH,;),]Br when compared with
the silver-silver contacts in [Ag(NH,)]BF, and other simple
gold(r) compounds {for example [Au(C=CPh)(NH,Pr)] shows
short Au---Au contacts equal to 3.27 A}* are particularly
surprising in view of the ‘aurophilicity’ effect which has been
discussed extensively by Schmidbaur.*® The pronounced ten-
dency of gold(1) linear fragments to approach each other in
such a manner that the gold—gold contacts begin to approxi-
mate to those distances found in the bulk metal (2.88 A) is
widespread and has been attributed to relativistic effects and
d-s hybridisation phenomena.*® Therefore, it is rather surpris-
ing that the Au---Au contacts in the present structure are
longer than the corresponding ones for the related silver
compounds.*

The [Au(NCPh),]"* cation which has been discussed above in
the syntheses of a variety of gold(1) amines has overcome
many of the traditional difficulties and has opened new syn-
thetic doorways for the synthesis of organometallic gold(r)
complexes. It has been demonstrated that the gold(1) amines,
[Au(NH,R),]" (R =H or Bu') can be exploited successfully in
the syntheses of a range of gold(r) organometallic complexes,
[Au(C=CR)(NH,)] (R =Ph or BuY), in a convenient one-step
reaction by simply replacing the thermally labile and basic
amine groups with RC=C~ anions (R =Ph or Bu"), as sum-
marised in Scheme 2.

Experimental

All chemicals were obtained from Aldrich, ammonia gas from
BOC Limited and used as received. Organic solvents were of
reagent grade, dried by published procedures,*” distilled under
N, and vacuum-degassed before use, except for benzonitrile
which was obtained from Aldrich as an anhydrous solvent. All
reactions were routinely carried out under N, using standard
Schlenk-line techniques.

Infrared spectra in the 4000-220 cm™* region were recorded
on a Perkin-Elmer 1720 Fourier-transform spectrometer as
KBr pellets or as Nujol mulls between KBr plates, NMR
spectra on a JEOL JNM-EX270 FT-NMR spectrometer at
25°C; H and *P-{*H} chemical shifts were referenced to
tetramethylsilane and 85% phosphoric acid (H;PO,) in water,
respectively. Fast atom bombardment (FAB) mass spectra were
recorded on a VG AutoSpec-Q instrument using 3-nitro-
benzyl alcohol as matrix.

Syntheses

[Au(NCPh),]X (X = BF, or ShF). By NOBF, oxidation. Gold
powder (1.503 g, 7.63 mol) was added to a Schlenk vessel contain-
ing NOBF, (0.407 g, 4.0 mol), followed by anhydrous benzoni-
trile (30 cm®) under N, to give a colourless suspension. The min-
imum volume of acetonitrile (ca. 15 cm®) was added to dissolve
the NOBF,, giving a pale yellow solution. The resulting mixture
was heated between 80 and 90 °C; after ca. 30 min a pale yellow
vapour was observed, presumably resulting from the formation
of nitric oxide and its subsequent reaction with traces of oxygen
to form nitrogen dioxide. After heating for 4 h the acetonitrile
was removed under reduced pressure and the solution filtered
using a Teflon cannula. The pale yellow solution was layered with
toluene (10 cm®) and agitated to give a homogeneous solution.
The process was repeated until a permanent colourless micro-
crystalline material was observed. A large excess of toluene (ca.
50 cm®) was then added to ensure all the [Au(NCPh),]BF, had
precipitated. The solution was then rapidly filtered using a Teflon
cannula under N, and the product dried under reduced pressure.
Yield: 1.508 g (90% based on gold). ¥, /cm™* (Nujol) 2295s
[v(C=N)], and 1047s (br) [v(BF)]. Positive-ion FAB mass spec-
trum: m/z = 403 {100%, [Au(NCPh),]*}.

By NO,BF, oxidation. The procedure was very similar to
that described above, except that NO,BF, was used. Yield of
[Au(NCPh),|BF, 87%. The IR spectrum of the product was
identical to that given above.

By NO,SbF, oxidation. Gold powder (1.48 g, 7.51 mol)
was added to a Schlenk vessel containing NO,SbF, (0.49 ¢, 1.73
mol), followed by anhydrous benzonitrile (30 cm®) under N, to
give a pale yellow solution. The mixture was heated between 75
and 80 °C; after ca. 30 min a pale yellow vapour was observed
presumably resulting from the formation of nitrogen dioxide.
After heating for 3 h the solution was filtered using a Teflon
cannula. A large excess of Et,0 (ca. 50 cm®) was added to the
pale yellow solution to precipitate colourless microcrystals of
[Au(NCPh),]SbF,. The solution was then filtered quickly using
a Teflon cannula under N, and the product dried under reduced
pressure. Yield: 0.74 g (72% based on gold) (Found: C, 25.3; H,
1.5; N, 4.2. C;,H;,AuF¢N,Sb requires C, 26.3; H, 1.6; N, 4.4%).
Vmax/cM ™ (Nujol) 2299s [v(C=N)] and 657s [v(SbF)]. m/z = 403
{100%, [Au(NCPh),]*}.
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[Au(NCBU"),]BF,. Gold powder (1.51 g, 7.68 mol) was added
to a Schlenk containing NOBF, (0.31 g, 2.66 mol), followed by
anhydrous acetonitrile (30 cm®). The resulting mixture was
heated between 80 and 90 °C for 4 h, to give a pale yellow
suspension which was concentrated to ca. 10 cm® under reduced
pressure and filtered using a Teflon cannula. The compound
NCBu* (0.44 g, 5.32 mol) was subsequently added and stirred
for 10 min. A large volume of Et,0 (ca. 50 cm®) was added to
precipitate colourless microcrystals of [Au(NCBuU"),]BF,, which
were filtered off and dried under reduced pressure. Yield: 0.87 g
(81% based on gold). V,./cm™* (Nujol) 2258w [v(C=N)] and
1069s (br) [v(BF)].

[AuL,]BF, (L =PPh; or CNCsH;Me,-2,6). L =PPh,. Two
equivalents of PPh; (0.11 g, 0.408 mmol) were added with stir-
ring to a solution of [Au(NCPh),]BF, (0.10 g, 0.204 mmol) in
MeCN (10 cm®) at room temperature, to give a colourless solu-
tion. After allowing to stir for ca. 30 min the minimum volume
of Et,0 (30 cm®) was added, yielding colourless microcrystals,
which were filtered off, washed with cold EtOH (10 cm?®)
and dried under reduced pressure. Yield: 0.15 g (93%) (Found:
C, 54.0; H, 3.4. CyH3,AuBF,P, requires C, 53.5; H, 3.7%).
#p-{'H} NMR (CD,CL,): § 45.0 (s).

L =CNC¢H;Me,-2,6. The same procedure as above was
employed using CNC4H;Me,-2,6 (0.054 g, 0.408 mmol) except
after allowing to stir for ca. 30 min Et,O (40 cm®) was added
and left at —25°C for 24 h, to give colourless crystals. The
solution was filtered under N, and the crystals dried under
reduced pressure. The complex [Au(CNCH;Me,-2,6),]BF, can
also be crystallised by removing acetonitrile slowly from an
acetonitrile-toluene mixture. Yield: 0.094 g (84% based on
gold) (Found: C, 39.5; H, 3.1; N, 5.8. C;zsH;;AuBF,N, requires
C, 39.6; H, 3.3; N, 5.1%). Vp/cm™ (KBr) 2224vs [v(C=N)]
(lit.,® 2231) and 1054vs (br) [v(BF)]. *H NMR (CDCl,): 5 2.5
(s,6 H,2Me), 7.2 (d, 2 H, Ph) and 7.4 (t, 1 H, Ph).

[O(AuPPh,),]BF,. Triphenylphosphine (0.161 g, 0.61 mmol)
was added with continuous stirring to a solution of
[Au(NCPh),]BF, (0.30 g, 0.61 mmol) in MeCN (20 cm?®) at
21 °C, to give a colourless solution. After allowing to stir for
ca. 30 min the solution was diluted with propan-1-ol (30 cm?)
and the MeCN removed under reduced pressure. Potassium
hydroxide (0.0114 g, 0.203 mmol) dissolved in MeOH (5 cm?)
was added dropwise to the colourless solution containing
‘[Au(PPh,;)(NCMe)]|BF,’ to give a colourless precipitate. After
stirring for 30 min, the mixture was reduced to dryness and
the product extracted with CH,CI, (3 x5 cm®). The extract
was then diluted with propan-1-ol (20 cm®) and recrystallised
by removing CH,CI, slowly under reduced pressure. Yield:
0.202 g (67%) (Found: C, 44.2; H, 2.7. CgH,sAuBF,0OP,
requires C, 43.8; H, 3.0%). *P-{*H} NMR (CDCl,): 5 24.7
(s).

[Au,L,][BF,J, (L =dppm, dppe, dppp or dppb). L =dppm.
One molar equivalent of dppm (0.078 g, 0.204 mmol) was
added as a solid with continuous stirring to a solution of
[Au(NCPh),]BF, (0.10 g, 0.204 mmol) in acetonitrile (10 cm?) at
room temperature, to give a colourless solution. After allowing
to stir for ca. 30 min the solution was reduced to dryness under
reduced pressure, and subsequently the product was washed
with EtOH (10 cm® and recrystallised from MeCN-Et,0.
Yield: 0.174 g (64%) (Found: C, 44.5; H, 3.2. C5,H,,Au,B,F¢P,
requires C, 45.0; H, 3.3%). *P-{"H} NMR (CD,CN): § 36.2 (s)
[lit., 35.1 (s) for the CIO,” salt].

L =dppe. The method described above was employed for
dppe (0.081 g, 0.204 mmol), and the product was recrystallised
from CH,CIl,-Et,0 or CH,Cl,~hexane. Yield: 0.20 g (72%)
(Found: C, 44.9; H, 3.4. C;,H,;Au,B,F;P, requires C, 45.8; H,
3.5%). 3'P-{*H} NMR (CD,CN): 5 38.4 (5).

L =dppp. The method described above was employed for
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dppp (0.084 g, 0.204 mmol), and the product was recrystallised
from CH,CI,—Et,0 or CH,Cl,—hexane. Yield: 0.187 g (66%)
(Found: C, 46.3; H, 3.4. C;,Hs,Au,B,F4P, requires C, 46.6; H,
3.7%). *P-{*H} NMR (CD,CN): § 41.5 (s).

L =dppb. A colourless precipitate was obtained when dppb
(0.078 g, 0.204 mmol) was added with stirring to a solution of
[Au(NCPh),]BF, (0.10 g, 0.204 mmol) in acetonitrile (10 cm?®) at
room temperature. The precipitate was subsequently filtered
off, dried under reduced pressure and washed with EtOH (3 x 5
cm?). Yield: 0.235 g (81%) (Found: C, 47.8; H, 4.0. CyHg-
Au,B,F;P, requires C, 47.4; H, 3.9%). *P-{"H} NMR
(CD4CN): 6 41.9 ().

[Au,(dppe),][CIO,],. One equivalent of dppe (0.035 g, 0.204
mmol) was added to a colourless solution of [Au(NCPh),]-
BF, (0.10 g, 0.204 mmol) in acetonitrile (10 cm® at room
temperature. After stirring for 30 min the colourless solution
was reduced to dryness, redissolved in methanol (20 cm?®) and
filtered via a Teflon cannula. Lithium perchlorate (0.022 g,
0.204 mmol) dissolved in methanol (5 cm®) was added to give
a pale yellow solution. This was concentrated to ca. 5 cm® to
give a colourless precipitate. The product was filtered off,
washed several times with Et,0 (3 x 10 cm®) and purified by
recrystallisation from a MeCN-Et,0 mixture. Yield: 0.10 g
(72%) (Found: C, 44.7; H, 3.3. C.,H,,Au,Cl,O4P, requires C,
45.0; H, 3.5%). *P-{"H} NMR (CDCL,): & 39.0 (s) [lit.,*
44.6 (s) at —90 °C]. It is not clear why there is a discrepancy
in observed and literature chemical shifts for this specific
compound. For the other compounds previously reported the
chemical shifts agree to within 1.0 ppm although different
anions are present. This CIO,” salt has a *P-{*H} chemical
shift only 0.6 ppm different from the corresponding BF,” salt
described above.

[AuL,]BF, (L =dppe or dppp). L =dppe. Two equivalents
of dppe (0.16 g, 0.408 mmol) were added to a colourless solu-
tion of [Au(NCPh),]BF, (0.10 g, 0.204 mmol) in acetonitrile (10
cm?®) at room temperature. After stirring for 30 min the colour-
less solution was filtered, reduced to dryness and the product
recrystallised from a EtOH-hexane or CH,Cl,—hexane mixture.
Yield: 0.159 g (76%) (Found: C, 57.5; H, 4.5. Cs,H,;AuUBF,P,
requires C, 57.8; H, 4.4%). *'P-{*H} NMR (CD,CN): & 21.4 (s)
[lit.,*** 20.8 (s) for CI~ salt].

L =dppp. A colourless solution was obtained when dppp
(0.17 g, 0.408 mmol) was added with stirring to a solution of
[Au(NCPh),]BF, (0.10 g, 0.204 mmol) in acetonitrile (10 cm?) at
room temperature. The solution was filtered, reduced to dryness
and the residue subsequently washed with EtOH (3 x 5 cm®).
Yield: 0.121 g (54%) (Found: C, 58.4; H, 4.6. C5,Hs,Au,B,FsP,
requires C, 58.5; H, 4.7%). **P-{"H} NMR (CD,CN): § —1.7 (s)
[lit.,*® —2.7 (s) for CI~ salt].

[NBu" JJAUX,] (X=CI, Br or 1). X=Cl or Br. Two
equivalents of NBu",X (0.408 mmol) were added with stirring
to a solution of [Au(NCPh),]BF, (0.10 g, 0.204 mmol) in
MeCN (10 cm®) at room temperature, to give a colourless solu-
tion. After allowing to stir for ca. 30 min the solution was
reduced to dryness under vacuum to give an oil. This was redis-
solved in the minimum volume of EtOH (5 cm®) and diluted
with a five-fold excess of Et,O (25 cm®). The resultant mixture
was left at ca. —25 °C for 24 h, to give colourless needles. V,,,./
cm~* (polyethene) 351w [v(Au—Cl)] (lit., 350) and 255m [v(Au-
Br)] (lit., > 254).

X =1. The same method as that described above was used
(using 0.150 g, 0.408 mmol of NBu",l). A pale yellow solution
was observed, and the product crystallised by diluting the
acetonitrile solution with a ten-fold excess of Et,O, to afford
pale yellow crystals. Yield: 0.141 g (85%) (Found: C, 27.8; H,
5.1; N, 2.0. CgHzAul,N requires C, 27.7; H, 5.2; N, 2.0%).
Lit.,%*2 210 cm™™.



[N(PPh,),][AUCL,]. This complex can be obtained in high
yields by the same method used to prepare [NBu",J[Aul,] but
using [N(PPh,),]CI (0.23 g, 0.408 mmol) and recrystallising from
a MeCN-Et,0 or a CH,CI,~Et,0 mixture. Yield: 0.139 g (85%)
(Found: C,53.4;H,3.8; N, 1.7. C3sH,,AuCI,NP, requires C, 53.6;
H, 3.7; N, 1.7%). V,../cm~* (KBr) 350w [v(Au—Cl)] (lit.,%* 350).

K[Au(CN),]. Potassium cyanide (0.030 g, 0.461 mmol) dis-
solved in water (ca. 10 cm®) was added dropwise to a solution of
[Au(NCPh),]BF, (0.10 g, 0.204 mmol) in MeCN (5 cm?®) at
room temperature, immediately forming a pale yellow precipi-
tate. After stirring for 1 min the precipitate dissolved to give a
colourless solution. The volume was concentrated by gentle
heating under atmospheric pressure to give colourless micro-
crystals of K[Au(CN),], which were filtered off and air dried.
Yield: 0.043 g (73%). V,..,/cm™* (KBr) 2142vs [v(C=N)] (lit.,®
2141).

[Au(NH,),]BF,. A steady stream of NH; gas was bubbled
through a solution of [Au(NCPh),]BF, (0.1 g, 0.204 mmol) in
MeCN (ca. 20 cm?®) for 30 min at ambient temperature. The
resultant colourless solution was concentrated to ca. 5 cm?, fil-
tered via a Teflon cannula and precipitated with Et,O (30 cm®)
to give a colourless amorphous solid. After filtering the product
was washed several times with Et,O (3 x 10 cm®) and dried
under reduced pressure. The complex [Au(NH,),]BF, can also
be recrystallised from a MeCN-Et,O mixture. Yield: 0.059 ¢
(91% based on gold) (Found: H, 1.4; N, 8.6. H/AuBF,N,
requires H, 1.9; N, 8.8%). V,,.,/cm™* (KBr) 3303s, 3240s, 3178s
[v(N-H)], 1320vs, 1283vs [6(N-H)], 1055vs (br) [v(B-F)] and
523s [v(Au-N)]. m/z = 231 {100%, [Au(NH,),]*}.

[Au(NH,),]SbFs. Ammonia gas was bubbled through a solu-
tion of [Au(NCPh),]SbF, (0.1 g, 0.156 mmol) in MeCN (ca. 20
cm?®) for 30 min at ambient temperature. The resultant colour-
less solution was filtered using a Teflon cannula and reduced to
dryness to give colourless crystals, which were then washed with
CH,CI, (3 x 5 cm?®), filtered and dried under reduced pressure.
Yield: 0.063 g (87% based on gold) (Found: H, 1.0; N, 6.0.
H.AUFsN,Sb requires H, 1.3; N, 6.0%). V,.J/cm™ (KBr)
3298s, 3138 (br) [v(N-H)], 1273s, 1257w [6(N-H)] and 665 (br)
[v(SB-F)]. m/z = 231 {100%, [Au(NH;),]*}.

[Au(NH,Bu"),]BF,. Two molar equivalents of NH,Bu* (0.042
cm®, 0.408 mmol) were added dropwise to a stirred solution of
[Au(NCPh),]BF, (0.1 g, 0.204 mmol) in MeCN (ca. 20 cm®) at
room temperature. After stirring for 30 min the resultant
colourless solution was reduced to dryness to give colourless
crystals. These were redissolved in the minimum volume of
EtOH, filtered via a Teflon cannula and precipitated using an
excess volume of Et,0. Single crystals of [Au(NH,Bu"),]BF,
can be obtained by diluting an ethanol solution of [Au(NH,-
BuY),]BF, with a large excess of Et,O (five fold) and cooling to
ca. —25 °C. Yield: 0.057 g (65%) (Found: C, 22.4; H, 5.0; N,
6.5. C;oH,,AuBF,N, requires C, 22.4; H, 5.1; N, 6.5%). V.,/
cm™ (KBr) 3289vs, 3252vs, 3228vs [v(N—-H)], 2965vs, 2934s,
2902s [v(C-H)], 1371vs, 1211s [6(N-H)], 1055vs (br) [v(B-F)],
533w and 522w [v(Au-N)]. m/z = 343 {100%, [Au(NH,Bu"),]*}.

[Au(NH,R),]BF, (R =Me or Et). These derivatives can be
prepared and recrystallised in an analogous manner to that for
[Au(NH,BuUY),]BF,. Although the complexes are extremely
moisture sensitive and could not be characterised by elemental
analyses, they have been fully characterised by infrared and
FAB mass spectroscopy.

[AU(NH,Me),|BF,: Via/cm™ (KBr) 3321s, 3220vs, 3189vs,
3106vs [v(N-H)], 2943s, 2894vs [v(C-H)], 1298m, 1262m
[6(N-H)], 1084vs (br) [v(B-F)], 533m and 521m [v(Au-N)];
m/z = 259 {100%, [Au(NH,Me),]*}.

[AU(NH,EL),]BF,: Via/cm™ (KBr) 3306s, 3258s, 3216s,

3175s [v(N-H)], 2971s [v(C-H)], 1241s [3(N-H)], 1084vs (br)
[V(B—F)], 534s, 5225 [v(Au-N)]; m/z = 287 {100, [Au(NH,Et),]'}
and 242 {10%, [Au(NH,E?)]*}.

[Au(py),]BF,. Pyridine (0.04 cm? 0.506 mmol) was added
with continuous stirring to a solution of [Au(NCPh),]BF, (0.1
g, 0.204 mmol) in acetonitrile (10 cm®) at room temperature, to
give a colourless solution. After stirring for 30 min the solution
was filtered under N, via a Teflon cannula and the volume
concentrated to ca. 5 cm?. Diethyl ether (ca. 20 cm®) was added
to precipitate colourless microcrystalline [Au(py),lBF,. The
complex can also be recrystallised from EtOH. Yield: 0.80 g
(89%) (Found: C, 27.3; H, 2.1; N, 6.3. C,,H,;,AuBF,N, requires
C, 27.2; H, 2.3; N, 6.3%). V,,./cm ™ (KBr) 3306s, 3258s, 3216s,
3175s [v(N-H)], 2971s [v(C-H)], 1241s [6(N-H)], 1084vs (br)
[v(B-F)], 534s and 522s [v(Au-N)]. m/z = 355 {95, [Au(py),]'}
and 276 {10%, [Au(py)]*}.

[Au(pip),]BF,. To a colourless solution of [Au(NCPh),]BF,
(0.1 g, 0.204 mmol) in MeCN (10 cm®) at room temperature,
was added dropwise piperidine (0.04 cm?®, 0.408 mmol) with
continuous stirring. After 30 min the volume was reduced to
dryness under reduced pressure, to give a colourless oil. This
was subsequently redissolved in the minimum volume of
CH,CI, (10 cm®) and diluted with a large excess of Et,O (ca. 50
cmd), to give crystalline [Au(pip),]BF, when stored at —25 °C
for ca. 10 d. This salt can also be recrystallised from a PhCN-
Et,0 mixture. Yield: 0.078 g (85%) (Found: C, 26.5; H, 4.6; N,
6.1. C,oH,,AuBF,N, requires C, 26.5; H, 4.8; N, 6.2%). V,.../
cm~! (KBr) 3192s, 3104w, 3070w [v(N-H)], 2937s, 2863s [v(C~
H)], 1059vs (br) [v(B-F)], 533m and 521m [v(Au-N)]. m/z = 387
{100%, [Au(py).]'}-

[Au,(dien),][BF,],. Diethylenetriamine (0.022 cm?® 0.204
mmol) was added dropwise to a solution of [Au(NCPh),]BF,
(0.10 g, 0.204 mmol) in acetonitrile (10 cm®) at room tem-
perature. After stirring for 45 min the colourless solution was
reduced to dryness under reduced pressure to give a colourless
oil, which was subsequently washed with CH,CI, (3 x 5 cm®) to
remove displaced benzonitrile and any excess of dien. The pre-
cipitate was redissolved in the minimum volume of acetonitrile
(ca. 10 cm?), filtered via a Teflon cannula and crystallised by the
addition of Et,0O (40 cm®) affording colourless microcrystalline
[Au,(dien),][BF,],. Yield: 0.127 g (81% based on gold) (Found:
C, 13.0; H, 2.6; N, 10.8. C,H,;;AuBF,N; requires C, 12.5; H,
3.4; N, 10.9%).

[Au,(cyclam),][BF,],- The compound cyclam (0.04 g, 0.204
mmol) dissolved in the minimum volume of CH,CI, (ca. 5 cm®)
was added dropwise via a Teflon cannula to a solution of
[Au(NCPh),]BF, (0.10 g, 0.204 mmol) in acetonitrile (20 cm?®) at
—40°C. After stirring for 1 h the colourless solution was
allowed to warm to room temperature and concentrated to ca. 5
cm?® to give a pink solution, presumably due to the formation of
gold particles. The solution was filtered and [Au,(cyclam),]-
[BF,], was precipitated as an off-white amorphous material by
the addition of Et,0 (40 cm?). It can also be recrystallised from
MeCN-Et,0. Yield: 0.094 g (65%) (Found: C, 25.0; H, 4.8; N,
11.3. C,H,,AuBF,N, requires C, 24.8; H, 5.0; N, 11.6%).

[Au(NH,),][AuCl,]. The salt [Au(NH,),]BF, (0.012 g, 0.0378
mmol) dissolved in acetonitrile (10 cm®) was added dropwise to
a solution of [NBu,J[AuCl,] (0.0193 g, 0.0378 mmol) in
acetonitrile (10 cm®). To give a colourless crystalline material.
After allowing to stir for ca. 30 min, the colourless precipitate
was filtered off under N, via a Teflon cannula, subsequently
washed with CH,CI, (3 x 5 cm®) and then dried under reduced
pressure. Yield: 0.0095 g (53% based on gold) (Found: H, 0.8;
N, 5.6. H,Au,CI,N, requires H, 1.2; N, 5.6%). V,,.,/cm ™ (KBr)
3307s [v(N-H)], 1282s [6(N-H)] and 328w [v(Au—CI)].
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[Au(C=CPh)(NH,]. Phenylethyne (0.0025 cm?, 0.228 mmol)
was added dropwise to [Au(NH,),]BF, (0.065 g, 0.204 mmol)
dissolved in acetonitrile (10 cm®). The colourless solution was
allowed to stir for 1 h. After ca. 10 min a white microcrystalline
solid separated, which was eventually filtered off, washed with
acetonitrile (3 x5 cm?®), and dried under reduced pressure.
Yield: 0.060 g (94%) (Found: C, 30.0; H, 2.4; N, 4.4. C;H;AuN
requires C, 30.5; H, 2.5; N, 4.5%). IR (KBr): v(N-H) at 3318
and 3239; v(C-H) at 3078, 3050 and 3030; v(C=C) at 2112 cm ™™,

[Au(C=CPh)(NH,BuY]. Phenylethyne (0.023 cm?® 0.204
mmol) was added dropwise to a solution of [Au(NH,Bu"),]BF,
(0.088 g, 0.204 mmol) dissolved in MeCN (10 cm™?) at room
temperature. After stirring for 30 min the colourless solution
was stored at —25 °C for ca. 24 h, to give colourless needles.
These were subsequently filtered off and dried under reduced
pressure. Yield: 0.054 g (72%) (Found: C, 39.2; H, 4.4; N, 4.5.
C,Hs,AuN requires C, 38.8; H, 4.3; N, 3.8%). IR(KBr):
v(N-H) at 3295, 3207 and 3135; v(C-H) at 2965, 2924 and
2868; v(C=C) at 2116 cm™™.

[Au(C=CBU")(NH,BuU")]. The method above was employed
using BUu'*C=CH (0.025 cm?, 0.204 mmol) and [Au(NH,Bu"),]BF,
(0.088 g, 0.204 mmol). Yield: 0.032 g (44%) (Found: C, 33.8; H,
5.6; N, 3.9. C;,H,,AuN requires C, 34.2; H, 5.7; N, 4.0%).
IR(KBr): v(N-H) at 3238, 3204 and 3133; v(C-H) at 29686,
2922, 2897 and 2866; v(C=C) at 2106 cm™*.

[{Au(C=CBW},]. From [Au(NH,),]BF,. tert-Butylethyne
(0.06 cm?®, 0.0487 mmol) was added dropwise to [Au(NH,),]BF,
(0.065 g, 0.204 mmol) dissolved in predried, degassed
acetonitrile (10 cm?®). After ca. 30 min a pale yellow solution was
observed, which was then allowed to stir for 30 min, after which
the volume was concentrated to ca. 5 cm® under reduced pres-
sure to give a dark yellow precipitate. The precipitate was fil-
tered off, dissolved in the minimum volume of hot ethanol and
left in a refrigerator at 4 °C, to give pale yellow cubes after ca. 2
d. Yield: 0.037 g (65% based on gold) (Found: C, 25.6; H, 2.4.
CsHyAu requires C, 25.9; H, 3.2%). IR(KBr): v(C-H) at 2966,
2945, 2922, 2895 and 2864; v(C=C) at 2002, 1983 and 1964
cm™ 'H NMR (C¢D): 6 1.2 (s, 36 H, 4Bu") and 0.5 (s, 18 H,
2Bu").

From [Au(NCPh),]BF,. To a solution of [Au(NCPh),]BF,
(0.10 g, 0.204 mmol) in acetonitrile (10 cm®) Bu'C=CH (0.06
cm®, 0.0487 mmol) was added dropwise. After stirring for 1 h a
pale yellow solution was observed. This was diluted with a large
excess of ethanol (ca. 50 cm®) and stored in a freezer at —25 °C
for 5 d to give small yellow cubes of [{Au(C=CBu")}s] which
were filtered off and dried under reduced pressure. Yield: 0.015
g (27% based on gold). IR(KBr) as above.

[Au(C=CBU")(NH,)]. The complex [{Au(C=CBu")}] (0.057 g,
0.204 mmol) was dissolved in acetonitrile (15 cm?®) to give a pale
yellow solution. Ammonia gas was bubbled through the solu-
tion for 15 min immediately giving a colourless solution. This
was stored at —25 °C for 24 h, to give colourless needles. These
were filtered off via a Teflon cannula and dried under reduced
pressure. Yield: 0.035 g (58% based on gold) (Found: C, 24.2; H,
3.2; N, 4.4. CH,,AuN requires C, 24.4; H, 4.1; N, 4.7%).
IR(KBr): v(N-H) at 3300, 3239 and 3173; v(C-H) at 2965, 2923
and 2864; v(C=C) at 1963 cm™*.

[Au(C=CC:H,Me-p)(NH,)]. Di-p-tolylethyne (0.025 g, 0.215
mmol) was added dropwise to a solution of [Au(NH,),|BF,
(0.065 g, 0.204 mmol) dissolved in acetonitrile (10 cm®) to give a
colourless solution. After stirring for ca. 15 min a colourless
crystalline material appeared. Stirring was continued for 45
min, the crystalline material was filtered off via a Teflon
cannula, washed with acetonitrile (3 x 5 cm®) and dried under
reduced pressure. Yield: 0.052 g (78% based on gold) (Found:
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C, 32.3; H, 2.8; N, 4.2. C4H,;,AuN requires C, 32.8; H, 3.0; N
4.3%). IR(KBr): v(N-R) at 3316 and 3237; v(C=H) at 3028;
v(C=H) at 2913 and 2858; v(C=C) at 2101 cm™™.

Acknowledgements

B.P. plc are thanked for endowing D. M. P. M.’s chair, and
EPSRC for financial support.

References

1 (a) J. M. Jenkins and J. G. Verkade, Inorg. Synth., 1968, 11, 108; (b)
R. R. Thomas and A. Sen, Inorg. Synth., 1989, 26, 128; (c) A. Sen,
Acc. Chem. Rev., 1988, 21, 421.

2 R. B. King, Inorg. Chem., 1963, 2, 603.

3 J. M. Jenkins and J. G. Verkade, Inorg. Synth., 1967, 6, 2250.

4 A. Sen and T.-W. Lai, J. Am. Chem. Soc., 1981, 103, 4627.

5 G. Bergerhoff, Z. Anorg. Allg. Chem., 1964, 327, 139.

6 R. Kissner, P. Latal and G. Geier, J. Chem. Soc., Chem. Commun.,
1993, 136.

7 R. J. Puddephatt, The Chemistry of Gold, Elsevier, Oxford, 1978.

8 B. J. Hathaway, D. G. Holah and A. E. Underhill, J. Chem. Soc.,
1962, 2444.

9 C. C. Addison, J. C. Sheldon and N. Hodge, J. Chem. Soc., 1956,
3900.

10 K. Nakamoto, Infrared and Raman Spectra of Inorganic and
Coordination Compounds, Wiley-Interscience, New York, 3rd edn.,
1977.

11 H. Willner, J. Schaebs, G. Hwang, F. Mistry, R. Jones, J. Trotter and
F. Aubke, J. Am. Chem. Soc., 1992, 114, 8972.

12 F. Bonati and G. Minghetti, Gazz. Chim. Ital., 1973, 103, 373.

13 C. E. Briant, D. I. Gilmour and D. M. P. Mingos, J. Chem. Soc.,
Dalton Trans., 1986, 835.

14 A. N. Nesemyanov, E. G. Perevalova, Y. T. Struchkov, M. Y.
Antipin, K. I. Grandberg and V. P. Dyadchenko, J. Organomet.
Chem., 1980, 201, 343.

15 H. Schmibaur, A. Kolb and P. Bissinger, Inorg. Chem., 1992, 31,
4370 and refs. therein.

16 A. D. Westland, Can. J. Chem., 1969, 47, 4135.

17 C. E. Briant, R. W. M. Wardle and D. M. P. Mingos, J. Organomet.
Chem., 1984, 267, C49.

18 B. F. G. Johnson, D. A. Kaner, J. Lewis and P. R. Raithby, J. Orga-
nomet. Chem., 1981, 215, C33.

19 (a) S. J. Berners-Price, M. A. Mazid and P. J. Sadler, J. Chem. Soc.,
Dalton Trans., 1984, 969; (b) S. J. Berners-Price and P. J. Sadler,
Inorg. Chem., 1986, 25, 3822.

20 (a) C. M. Che, H. L. Kwong, C. K. Poon and Y. W. W. Yam, J. Chem.
Soc., Dalton Trans., 1990, 3215; (b) S. Al-Baker, W. E. Hill and
C. A. McAuliffe, J. Chem. Soc., Dalton Trans., 1985, 2655.

21 G. Brauer, Handbook of Preperative Inorganic Chemistry, Academic
Press, New York, 1985, vol. 2.

22 E. Weitz, Liebigs Ann. Chem., 1915, 410, 417; F. Rashig, Liebigs
Ann. Chem., 1886, 235, 349.

23 R. A. Penneman, E. Staritzky and L. H. Jones, J. Am. Chem. Soc.,
1956, 78, 62.

24 (a) P. Braunstein and R. J. H. Clark, J. Chem. Soc., Dalton Trans.,
1973, 1845; (b) P. Braunstein, A. Miller and H. Bogge, Inorg. Chem.,
1986, 25, 2104; (c) J. Vicente, M.-T. Chicote, P. Gonzalez-Herrero,
P. G. Jones and B. Ahrens, Angew. Chem., Int. Ed. Engl., 1994, 33,
1852.

25 N. A. Malik, P. J. Sadler, S. Neidle and G. L. Taylor, J. Chem. Soc.,
Chem. Commun., 1978, 711.

26 J.J. Guy, P. G. Jones, M. J. Mays and G. M. Sheldrick, J. Chem. Soc.,
Dalton Trans., 1977, 8.

27 P. Gans, J. B. Gill and L. H. Johnson, J. Chem. Soc., Dalton Trans.,
1987, 673.

28 L. H. Skibsted and J. Bjerrum, Acta Chem. Scand., Ser. A., 1974, 28,
764.

29 M. G. Miles, J. H. Patterson, C. W. Hobbs, M. J. Hopper, J. Overend
and R. S. Tobias, Inorg. Chem., 1968, 7, 1721.

30 (a) R. B. Corey and K. Z. Pestrecov, Kristallografiya, 1934, 89, 528;
(b) T. Yamaguchi and O. Lindqvist, Acta Chem. Scand., Ser. A,
1983, 37, 685.

31 D. M. P. Mingos and J. Yau, J. Organomet. Chem., 1994, 479, C16.

32 D. M. P. Mingos, J. Yau, S. M. Menzer and D. J. Williams, J. Chem.
Soc., Dalton Trans., 1995, 319.

33 V. H.-N. Adams, W. Hiller and J. Stréhle, Z. Anorg. Allg. Chem.,
1982, 485, 81.

34 (a) C. F. Shaw, N. A. Schaeffer, R. C. Elder, M. K. Eidsness,
J. M. Trooster and G. H. M. Calis, J. Am. Chem. Soc., 1984, 106,



3511; (b) R. C. Elder, E. H. K. Zeiher, M. Onady and R. R. Whittle,
J. Chem. Soc., Chem. Commun., 1981, 900; (c) R. C. Elder and
J. W. Watkins, Inorg. Chem., 1986, 25, 223.

35 A. J. Blake and M. Schrdder, Adv. Inorg. Chem., 1990, 35, 1;
A. J. Blake, R. O. Gould, C. Radek, A. Taylor and M. Schroder, The
Chemistry of the Copper and Zinc Triads, The Royal Society of
Chemistry, Cambridge, 1993; A. J. Blake, A. Taylor and M.
Schrdder, J. Chem. Soc., Chem. Commun., 1993, 1079 and refs.
therein; A. J. Blake, R. O. Gould, J. A. Greig, A. J. Holder, T. I.
Hyde and M. Schrdder, J. Chem. Soc., Chem. Commun., 1989, 867.

36 J. Yau, D. M. P. Mingos and H. R. Powell, Polyhedron, 1996, 15, 367.

37 J. Yau, D. M. P. Mingos, S. M. Menzer and D. J. Williams, J. Chem.
Soc., Dalton Trans., 1995, 2575.

38 G. E. Coates and C. Parkin, J. Chem. Soc., 1962, 3220.

39 D. M. P. Mingos, J. Yau, S. M. Menzer and D. J. Williams, Angew.
Chem., Int. Ed. Engl., 1995, 34, 1894.

40 F. H. Brain, C. S. Gibson, J. A. J. Jarvis, R. F. Phillips, H. M. Powell
and A. Tyabji, J. Chem. Soc., 1952, 3686.

41 R. E. Rundle, J. Am. Chem. Soc., 1954, 76, 3101.

42 R. Uson, A. Laguna, J. Vicente, J Garcia, P. G. Jones and
G. M. Sheldrick, J. Chem. Soc., Dalton Trans., 1981, 655.

43 P. T. Beurskens, H. J. A. Blaauw, J. A. Cras and J. J. Steggerda, Inorg.
Chem., 1968, 7, 805.

44 P. W. R. Corfield and H. M. M. Shearer, Acta Crystallogr., 1967, 23,
156.

45 H. Schmidbaur, Gold Bull., 1990, 32, 11.

46 P. Pyykkd, Chem. Rev., 1988, 88, 563.

47 A. J. Gordon and R. A. Ford, The Chemist’s Companion: A
Handbook of Practical Data, Techniques and References, Wiley-
Interscience, New York, 1972.

Received 9th September 1996; Paper 6/06207E

J. Chem. Soc., Dalton Trans., 1997, Pages 1103-1111 1111



