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 Summary

Organogold complexes of the type [R(AuPPhj), J"BF; (I) containing a
univalent gold atom and an Au—Au fragment have been synthesised. They are
' formed by the interaction of RAuPPhy with tetrafluoroboric acid or organo-
mercury compounds with CHz; AuPPh; and HBF,. Their structures have been
identified through 'H NMR, 3P NMR, IR, UV (and X-ray for [CsHj -
FeCsH,; (AuPPhj3), 1" BF3). When acted upon by nucleophilic reagents, the
complexes liberate the cation AuPPhs*. Organometallic compounds promote
an exchange of organic ligands.

Introduction

Organogold compounds reported in the literature to date belong to one of
two types, LAuR (where L is a phosphine, amine or isocyanide ligand) or

: (olefin)- AuCl. These structures are typical of organometallic derivatives of

-transition metals.
The present paper reports a new type of organogold compound, in which

- there are two gold atoms per molecule, and these atoms bonded with one

3 g another directly”:

=
AAUPT

A A'u P<—-
. Complexes synthesised have the general formula [R(AuPR )15 BF7 (1)
where R is CsHs, D- CH3 CGH4, CH2 CH C5H5F€C§H4, 05H5 FeCEH3 Cl

: 7 ;‘C5 H5 F905 H3 OCH3 or Cs H5 Fe05 H3 CHz N(CH3 )2 .

* A similar st.zuctuxe has been xdentxhed recently [1] m an X-ray study of rather inaccessxble‘_
" osmium and copper cluster compounds. . :
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Preparatzon : : R ' ‘ : :
: Compounds contammg two gold atoms per molecule are formed when the
reactive, coordinatively unsaturated moiety + AuPR: is generatedina solution
containing the organogold compound ‘RAuPRj. The counterion was BF, in
almost all cases. In prineciple, any anions which form no covalent bond with the
univalent gold cation may be used*. The reactive entity AuPR3 was generated

" as follows:

AgBF, + CiAuPRg

RAUPR; + HBF,

[R;PAU"' BF;]
RAuPRy + z'BF,”

+
[z = (cang,ret : NOL 5 cHycO™ ]

The most convenient route of the synthesis of complexes (I) is by the
action of tetrafluoroboric acid on the respective organogold derivative:

RAuPRj; + HBF, > RH + [R(AuPR}), ]*BF; -
The yields are close to quantitative.

Structures

IR, UV and NMR spectroscopic evidence has been used. An X-ray

‘study of the very stable ferrocenyl complex [CsHsFeCgsH,y(AuPPhg ), ] BF,

. (II) has been made by Struchkov, Andrianov and Rosinskaya and the structure
and some of the parameters are shown in Fig, 1.
~ The existence of a gold—gold bond is verified by the fact that the Au—Au
distance in (II) is shorter (2.77 A) than that in metallic gold (2.88 A) while the
angle Au,; C; Au, is appreciably less than the tetrahedral angle. The aromatic
ferrocene system in the complex acts as a bridge between the two gold atoms.
The distances Au;—C; and Au,—C, are close to each other and to the sum of
covilent radii of the atoms, 2.2 A. The plane of the triangleC, —Au,;—Au, is
approximately perpendicular to that of the cyclopentadienyl ring **.

The X-ray and 3P NMR data obtained for (II) show that the AuPRj
groups are not eqmvalent being positioned unsymmeitrically with respect to
the ferrocenyl ring. The 3P NMR spectrum of (II) exhibits two signals of the

. same intensity due to the two non-equivalent phosphorus atoms (5 —36.4 ppm
: and 5 -38.2 ppm in acetone with H3PO4 as external standard) The non-equ-

' *Thus we ha\re synthesised [z] the sulphate [Csl-‘IsFeCsl-Iq (AuPPh3)zlzso4 T
% phe unexpectedly short'Au—Fe distance (2.82 A) should be noted. The Au—-Fe interaction may
- constitute a chemical bond although it does- not appreciably. distort the ferrocene system: the
- dihedral angle formed by the cyclopentadienyl planes being merely i3% while the Fe—C bond
lengths are clase to those in ferrocene, ie. 2.08 A. The Au—Fe interaction does not perturb the’
... -electronic properties of ‘the Fe atom significantly, the Mbsshauer parameters (isomer shift & 0.77
.m.mls. quadrupole sphttmg AQ 2.30 mmls at 80 K) bemg typu:a.\ of: fenocene and: 1ts denvahves.
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* Fig. 1. The structure of {CsHsFeCsH4(AuPPhy)s]  BF,.

“jvalence vanishes in the tolyl compounds, the spectrum of [CH3CgH,-

.. (AuPPhy), 1" BF, (VI) taken at —80 to +25° containing only one signal (8
.~ -—85.2 ppm at —80°, in acetone, —37.0 ppm at +25° in CH,Cl,, with H3 PO, as
" external standard in both cases) while the PMR data for [CH3CeH,-
© {(AuPPhyCsH,FeCgHg), ]*BFy (VII) show that the ferrocenylphosphine
: . groups are identical (see Table 1).
e The interaction of the carbon C; with the two gold atoms is, in our
”~"{Z:‘,'iop1mon, a three-centre two-electron bond formed at the expense of the elec-
“tron pair of the Au—C bond which was present in the initial organogold deriva-
- tive. The UV and IR spectra of (VI) and (VII) display no alterations usually
--associated with the benzenonium ion formation and assigned to the disturbance
‘" of aromaticity, which Justlfles our suggestion as to the nature of the bond
“‘between C; and the two gold atoms. This bond alone, however, could hardly :
make the complexes so stable for although Al,Phg, for example, is dimeric in"
the crystalline state it readily dissociates in solution [3]. We believe that the -
hlgh stablhty of (I) is due.to the formatlon ofa gold—-—gold bond Recently [1]

{contumed on p. 136)
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.»su"ch, ﬁ_u-ee-centre two-electron bonds involving metal-—metal bonds were found
in an X-ray study of multicomponent osmium and copper clusters. In terms of
~ canonical structures, the structure of (II) may be written as follows:

. . P + -
AuPZ- AuP- < cpZ
‘ I AuP\ AuP—
AupPZ AuPZ I f ~
: : N ~ Aup = up =
uP< AJP<
Fe . e Fe

——— Fe + - m— Fe

<SS O <>

In this way, compounds of the type (I) may be regarded as complexes of the
univalent gold cation containing two stabilising ligands, PR5 and RAuPRj.

When discussing PMR spectra of (I), a comparison with the initial com-
pounds RAuPR'; is useful. The most convenient quantities for comparison are
the methyl proton chemical shifts in the toly! derivatives (R =CH3C¢H,) and
the cyclopentadienyl proton chemical shifts in the ferrocenyl derivatives
[R = Cs H5 FeCE, H3X where X =H, Cl, OCH3;, CH, N(CH3 )2] . The 'H NMR
proton signals of the substituent R are markedly shifted downfield when
RAuPR}: is replaced by the complex cation (I) indicating that the acceptor
properties of the substituent are significantly increased (see Table 1). Also,
PMR spectra of the ferroceny! complexes are very similar to the spectra of
a-ferrocenylcarbonium ions since, (a) the proton signals of the unsubstituted
cyclopentadienyl are shifted unusually strongly downfield in contrast to many
other substituted ferrocenes and (b) the mutual arrangement of the proton
signals in the substituted cyclopentadienyl are similar. As with «a-ferrocenyl-
carbonium ions (and in contrast to other derivatives), the H; and H, signals in
(I) are situated at the lowest field values (Table 1, Fig, 2) while the H, and Hy
~ signals oczur at higher fields.

X
-AuPPhy

”~

PR

N,
N\,

5 Nl
AuPPhy
Fe

<z

This assignment is based on the fact that when a substituent is introduced
in a position adjacent to the gold atom the spectrum exhibits two proton
signals which are always located at lower fields. Thése correspond to H; (a
multiplet at iowest field) and H, (a triplet with two vicinal constants, J (3—4)
and J (4—5) 2.4 Hz). At the same time, just the Hg signal is observed in the
substituted complexes at higher fields. To explain the spectral similarities dis-
" played by the ferroceny! derivatives, the canomcal structures mentioned above
-may be employed : :

h .

= H; Cl; OCHy , CH,N(CH3),
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R . Fig. 2. PMR spectra of some organogold ferrocene derivatives and related complexes.




-~ 138

. The. stablhty series found for the organogold complexes (I) comc1des with
that for the carbonium ions RCH+ Thus, the ability to stabilise the adjacent
cation site, a charactenstlc feature of ferrocene, results in greater stability for
the ferrocenyl complexes in comparison with the aryl complexes.

-In ‘addition to PMR, UV spectra have been used to characterise the ac-
ceptor properties of a substituent in the group R. At 350 - 550 nm, the d—d
iron transitions are shifted markedly towards longer wavelengths when the
initial organogold compounds are replaced by the complex cations (II) - (V).
The spectra of complexes (II) - (V) resemble the spectra of ferrocene deriva-
tives containing strong electron-withdrawing substituents (nitro, benzoyl).

NMR has also been used for solving structural problems when the reactive
+ AuPRj3 moiety could be coordinated to a heteroatom rather than to the gold
atom in RAuPRj,, the heteroatom supplying its electron pair for binding
the univalent gold cation. Thus it was found, for example, that the dimethyl-

- aminoferrocenyl complex (XIII) has a similar structure to (I) since the cyclo-
pentadienyl proton chemical shifts are close to those of the complex (II) while
the (CHj3), N methyl chemical shifts remain practically unaffected.

Reactions

The novel organogold derivatives described in this paper undergo reactions
involving either one, or both, of the AuPR; groups. Thus complexes (I) very
readily undergo *AuPR5 transfer reactions. These include regeneration of the
initial RAuPRj, a reaction which may be regarded as the reverse of the synthe-
sis of (I). This occurs readily in the presence of nucleophiles such as phos-

phines, amines and halides:
+
[PrapauPPns]” + CH3@—AUPPh3
+
~—————= XAuPPh3 + CH3AuPPh3
- )

2
QQ

_AuPPhy
. I, :
CHy T
\\ 1

AuPPR3

o

+
CH;—CH,, , :
/ \
o] NHAUPPhy | + CHg AuPPh3
. /
. CHz—"CHz

The *AuPR3 m01ety may also be transferred to other organogold com-
pounds. .
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©CHANCHg), ]
- ,AuPPhy

s
1

~, I _
“auPPhy
Fe + CH3y AuPPhy

I‘ ,A;.xPPna +
)
“AUPPh
3 + CH3—©—AUPPh3

an

More than half of the new organogold compounds described here were
synthesised through AuPPh;* transfer reactions. A number of other exchanges
have also been carried out involving exchange of a gold-containing ligand for
one more strongly bonded. :

[Z-> Au<« PPh ]+ +Z' > Z + [Z'~> Au <« PPh, ]+

In this way, a donor strength series has been determined for ligands relatlve to
. AuPPh,*, ‘

c
CHa—~CH, dmppha
_ CetepAuPPhy < CH,CH AuPPh, < O nH < Fe <
CHy—CHy :
OCH3 CH,NICH,),
Q‘Auppha QAUFPh3 Q\Aupph3 Q‘S'A“F’Pha
< Fe < Fe :

LU Am PPHy< CT < IT

In this series, the Z—Au bond sf.rength in the complex [Z - AU« PPha] BF~
mcreases from left to nght the stability of the complexes in the sohd state or
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in solution increasing in the same sequence. Mild reaction conditions and high
product yields allow the use of these reactions for the synthesis of new organo-
gold complexes containing various: organoelement hgands (including further
organogold ligands).

"~ Another type of transformation is represented by the reactions of com-
plex (I) with organometallic compounds, in which both the AuPPh, groups are
affected. Thus, the tolyl complex (VI) reacts with diferrocenylmercury to give
a high yield of ditolylmercury and the ferrocenyl complex (II):

7 ' AuPPhy F
AuPPh; + Q-HQ—Q Q‘:. i
td ~, s
. s “AUPPhy
) CHs_@\ + Fe Fe 2 Fe

AuPPhs3

- < S <

-

(CH3CgH,Y o HG

The reaction consists in an interchange of organic radicals between the organo-
metallic compounds. The tolyl complex (VI) also reacts with ferrocenyl-
mercury chloride in a similar manner, although in this case the process is
somewhat obscured by the chloride-induced partial decomposition of the com-
plex. Complexes of type (I) are also formed when a mixture of methylgold and
an organomercury compound is used in the reaction with HBF, "~

IR

(I

- LAuPPhy 1T
4 1

AN
——

~ 4 —
CH3AuUPPhy AuPPhy BF,

The latter reaction has been also carried out with organobismuth compounds.

+
' ‘ ,AuPPh3
CH-AuPPh s~ -
(CHyCeH )3Bi — 2 —=—2==— [CH3 4 BF,
H BF4 . No
) AUPPhg

avay)

- Reactions of this type are a promising tool for the synthesis of new
organogold complexes containing two gold atoms in a molecule.

_ * Methylgold does not react with HBF4 in the absence of organometallics.
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Analytical data for the new compounds are collected in Table 2.

.Synthesis of [R(AuPPhg),]*BF, (I) ,

‘ A solution of HBF, in ether was added to tolyl(triphenylphosphine)gold
[4] (0.40 g, 0.73 mmol) until the white crystalline solid precipitated com-
pletely. The precipitate was filtered and carefully washed with ether to give
0.38 g (95%) of (VI) which was slowly reprecipitated from acetone with
hexane/ether {(1/2).

‘ A similar technique allowed us to convert the respective organogold com-
pounds {5 - 7] into the complexes (II) - (IV), (VH), (XVI) and (XVII). Their

“melting points and elemental analyses are listed in Table 2. As a rule, the
complexes are moderately soluble in acetone, chloroform, methylene chloride

~and acetonitrile, and practically insoluble in ether, benzene and tetrahydro-

" furan. The complexes (XVI) and (XVII) are extremely unstable in solution.

Synthesis of [CsHsFeCs Hy(AuPPhs ), ] 2SO, (Ila)
Compound (IIa) was synthesised using the same conditions as those
- employed for the synthesis of (II) through the action of an ether solution of
H, S04 upon ferrocenyl(triphenylphosphine)gold. The yield obtained was 93%,
- see Table 2. The UV as well as PMR spectra of (I1a) and (II) are identical.

- The action of sodium chloride upon complexes (I)
A solution of (II) (0.20 g, 0.17 mmol) in CH,;Cl, was shaken for 5 min
. with a solution of NaCl in water when the red organic layer turned yellow. The
organic layer was separated, dried over potassium carbonate and diluted with
fourfold excess of hot hexane to give Cl1AuPPh;, 0.078 g (94%), m.p. 242 -
244° (lit. [8] m.p. 243 - 244°). The filtrate was cooled down intensely to give
" ferrocenyl(triphenylphosphine)gold, 0.124 g (95%) which decomposes above
150° (lit. [5] : dec. > 150°).
: The complexes (VI) and (XVII) react with sodium chloride in a similar
-manner giving yields of the respective organogold derivatives RAuPPh; and
ClAuPPh; which were close to quantitative. The products could be separated
via chromatography on alumina.

, ifActzon of triphenylphosphine or dzphenylferrocenylphosphme on
-complexes (I)

' A solution of (VI) (0.10 g, 0.09 mmol) in acetone was added to a solutxon
~ of PPhy (0.024 g, 0.09 mmol) in ether. The solvent was removed in vacuo and

~:-the residue extracted with cold benzene to give tolyl(tnphenylphosyhme)gold

“70.05 g (quantitative yield), m.p. 160 - 161°, (lit. [4] m.p. 160 - 161°). The

..~residue after the benzene extraction was [(Ph, P), Aul*BF;, 0.08 g (quantita-

Citive yleld) This was crystallised from a hexane/ether/methanol mixture. M.p.
£ 7224 -226° (lit. [9] 284 -236°). Analysis- found: C, 53.33; H, 3.83; Au,
2 28.11%. Ca ¢ Hp o P2 AuBF, caled.: C, 53.48; H, 3.75; Au, 24.36%. :

The reactions of (II) and (XVII) with PPh; and (VII) w1th dlphenylfer-‘r
rocenylphosphme were carried out in a similar manner.
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" Action of morpholine on (VI) -

. A few drops of morphohne were added to a solution  of (VI) (0 100:g,
. 0.69 mmol) in acetone. The mixture was diluted by an equal amount of an
- ether/hexane mixture (3/1) and the morpholine(triphenylphosphine)gold
- (XVIII) which precipitated was separated, yield 0.06 g (quantitative). The
' crystals of this compound contained solvated acetone and the structure is
- [O(CH;CH, ), NHAuP(CgHj )31+ BF, - 1(CH;),CO (Table 2) as verified by

IR and PMR spectroscopy. : :

“Reactions of (HI), (VI), (XVII) and (XVIII) with ferrocenyl(triphenyl-

phosphine)gold (VIII)

, The compound (VIII) (0.060 g, 0.09 mmol) was added to a solution of
(VI) (0.100 g, 0.09 mmol) in acetone, and the yellow solution turned red. The
mixture was diluted with an equal amount of an ether/hexane (2/1) mixture
‘and the red crystals of (II) formed were separated. The yield was 0.11 g {quan-
titative). After removing the solvent from the mother liquor, tolyl(triphenyl-

- phosphine)gold was isolated, 0.050 g (quantitative yield), m.p. 160 - 161°.

_ The reactions of (III), (XVII), and (XVII) with (VIII) proceed similarly
and the yields are close to guantitative.

. Interaction of (III) with 2-methoxyferrocenyl(triphenyiphosphine)gold (X).
Interaction of (II) with 2-N,N-dimethylaminoferrocenyl(triphenylphosphine)-
gold (XI) or with triphenylphosphinegold thioferrocenate (XIV)

The above method when applied to (III) (0.200 g, 0.162 mmol) and (X)
{(0.120 g, 0.178 mmol) gave (IV), 0.192 g (96%), and (XI), 0.120 g (quantita-
tive yield), m.p. 164 - 168°, (lit. [6] m.p. 164 - 168°).

Similarly, the reactions of (XI) or (XIV) with (II) gave (V) and (VHI)
_-quantitatively or the sulphonium salt (XV) and (VII), respectively (see
Tables 1 and 2). The sulphonium compound (XV) was obtained in quantitative
“yield from (XIV) and a solution of HBF, in ether. The procedure used was
- similar to that employed with (VI). The structure of (XV) was verified [10] by
" its PMR and 3! P NMR spectra.

.. Reactions of complexes (I) with organometallic compounds

(VI) and diferrocenylmercury. The compound (VI) (0.40 g, 0.35 mmol)
- was added to a solution of diferrocenylmercury (0.10 g, 0.17 mmol) in CHCI;
-and the solution became red in colour. The solvent was removed in vacuo,
. “and the residue was washed carefully with ether. The solvent-free mixture was
. extracted with a small amount of acetone to give 0.40 g (92%) of (II). The
" residual ditolylmercury was chromatographed on an alumina column using

-~ .CHCIl3 as eluant to give 0.06 g (98%) of di- p-tolylmercury m p 234 - 236°,

oo (lit. [11] m.p. 237 - 238°).

e (VI} and ferrocenylmercury chloride. The above technique when apphed
- .to ferrocenylmercury chloride (0.12 g, 0.27 mmol) and (VI) (0.32 g, 0.28

-~ “mmol) gave (IT) (0.18 g (40%)), ClAuP(CgHj; )3 (0.05 g (30%), m.p. 243 - 244°)
+"and p-tolylmercury chlonde (0.052 g (57%), m p. 230 - 232°, lit. [12] m.p.

.- 232.238%),



5Reactzons of methyl( trzphenylphosphme)gold wzth organo-mercury and
-blsmuth compounds in the presence of HBF, ...
.. - Diferrocenylmercury- and- CHs AuPPhgz. A solutlon of HBF4 in -ether
(0 68 ml- of the 2.5 N: ‘solution) was added to a solution of diferrocenyl-
“mercury. (0.24 g, 0.42. mmol) and CH3 AuPPh; (0. .80 g, 1:68 mmol) in 50 ml of
chloroform The yellow. reaction misture rapidly turned red. The solvent was
removed in vacuo and the residue was washed: W1th ether and: extracted with
acetone to give 0.55 g (78%) of (II).
- Tris(p- tolyl)bzsmuth and CH, 3AuPPh3 A solutlon of HBF, in ether
(0. 11 'ml of the 2.N solution) was added to a solution of tris(p-tolyl)bismuth
(0.10 g, 0.21 mmol) and CH; AuPPh; (0.10 g, 0.21 mmol) in ether. After 5 h
at 45° ; the reaction mixture was treated to give 0.09 g (85%) of (VI).

Interactzon of dzferrocenylmercury wzth CIAuPPha and AgBF,

A solution of ClAuPPh; (0.10 g, 0.20 mmol) and AgBF,; (0.04g) in
acetone was added to a solution of diferrocenylmercury (0.10 g, 0.17 mmol) in
benzene. The solvent was removed in vacuo and the residue extracted with
acetone to give 0.08 g (73%) of (II).
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