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Abstract

In this review we show the synthetic utility of acetylacetonatogold complexes as reagents
for preparing gold(IIT) complexes with C, N and O donor ligands and gold(I) complexes with
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phosphorus ylide, methanide, methanediide, sulfur ylide, amino, amido, nitrido alkyl,
phosphido, thiolato, hydrosulfido, trithiocarbonato, dithiocarbamato, 1,1 dithiolato and
alkynyl (including ethynyl) ligands. © 1999 Elsevier Science S.A. All rights reserved.

Keywords: Gold complexes; Acetylacetonato; Ylide; Thiolato; Hydrosulfido; Trithiocarbonato; Dithio-
carbamato; Dithiolato; Alkynyl; Ethynyl

Nomenclature

acac acetylacetonato
BiBzImH, 2,2'-bibenzimidazole

bipy 2,2'-bipyridine

COD cycloocta-1,5-diene

Cy cyclohexyl

dppm bis(diphenylphosphino)methane
nbd norborna-2,5-diene

phen 1,10-phenanthroline

ppn Ph;P=N=PPh,

py-2 2-pyridyl

tfb tetrafluorobenzobarrelene
tht tetrahydrothiophene

pmp para-methoxyphenyl

To para-Tolyl

1. Introduction

Acetylacetonato (acac) is a classical ligand in coordination chemistry [1,2]. The
chemistry of acac complexes has mainly been focused on their reactions with Lewis
bases showing the conversion of the chelating O,0’-acac form into other coordina-
tion modes of this ligand [3,4] and on electrophilic substitution reactions giving
3-carbon substituted acac complexes [1].

In this review we report the results we have obtained in the study of the reactivity
of acac gold(I) and gold(I11) complexes with protic acids. These acid—base reactions
have allowed us to prepare many different types of coordination (including
organometallic) gold complexes. Previous studies on this subject were limited to
reactions of acac complexes with hydrogen halides, alcohols or carboxylic acids [1].

Since 1979, we prepared a family of neutral and cationic heterocyclic gold(III)
complexes using an acac complex as a starting material, and showed the versatility
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of acac gold complexes for the synthesis of many gold(I) and gold(IIT) complexes.
We find it appropriate to report this synthetic method in this issue of Coordination
Chemistry Reviews devoted to the research of Spanish chemists as this approach
has mainly been developed by Spanish chemists from the school of Professor Uson
in Zaragoza University. We will also refer briefly to the work of these colleagues in
order to show the synthetic interest of acac complexes of different elements.

2. The ‘acac method’

It is well-known that the acac ligand usually occupies one or two coordination
sites [1,2]. Three-coordination is known but rare [1,2,5,6]. From a synthetic point of
view, the reaction of an acac complex with a protic acid AH or BH "X~ enables
the coordination of its conjugate base, A, or B, or in the latter case, even both B
and X, in the coordination position(s) previously occupied by the acac ligand.

[{M}(acac)]+ AH - [{M}A] + Hacac
[{M}(acac)]+ (BH) "X~ —»[{M}B]X + Hacac
[{M}(acac)] + (BH) "X~ -»[{M}(B)(X)] + Hacac

The by-product, acetylacetone, can be easily separated from the reaction product.
However, sometimes the presence of acetylacetone in the reaction mixture induces
the formation of oily products when the solvent is removed. In those cases,
prolonged stirring of the oil with diethyl ether or with a mixture of diethyl ether
and a small amount of acetone usually helps to convert the oil into a solid.

Protonation of the ligand acac and replacement of the weak ligand acetylacetone
by the stronger nucleophile A, or B, or B and X~ are, reasonably, the key steps
in these reactions.

3. Synthesis of gold(III) complexes
3.1. Auracyclic complexes

The reaction between the auracyclopentadiene 1 and Tl(acac) gave the acetylace-
tonatogold(IIT) complex 2 (Scheme 1). On treating 2 with protic acids, neutral or
cationic, mono or dinuclear gold(IIT) complexes were obtained in high yields [7,8].
Thus, reactions of 2 with protonated ligands such as (BiBzImH,;)ClO, or (LH)X
(L =NH;, X=CIO,; L =py, X=BF,) in the presence of PPh;, gave mononuclear
cationic complexes while neutral dinuclear complexes with diprotic tetradentate
ligands, BiBzImH, or oxalic acid were formed. Neutral mononuclear complexes can
be prepared by reacting 2 with monoprotic bidentate ligands like 8-hydroxyquino-
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line, 8-aminoquinoline or 2-aminophenol, or with ammonium acetate or pyridinium
trifluoroacetate (Scheme 1). These reactions were the first applications of an acac
complex in the synthesis of gold complexes.

Similar reactions have been employed to prepare mono, homo and hetero di, tri
and tetranuclear Rh, Ir and Ru complexes by reacting [M(acac)L,] (M = Rh,
L =CO, COD, nbd, tfb; M =1Ir, L =cod, tfb) and [Ru(n’-p-cymene)(acac)L]**
(n=0, L=Cl; n=1, L =PPh,) with O-, N- and S-donor ligands containing acidic
hydrogen atoms [9-38]. Likewise, by reacting [Pd(C4Fs),(acac)]~ or [Pd(CXs)-
(acac)(PPh,)] (X =F, Cl) with LH, (LH, = BiBzImH,, 2,2"-biimidazol, tetramethyl-
biimidazol) dinuclear complexes containing the bridging ligands L?>~ were obtained
[39]. The hexanuclear [{(dppm)Au,(u-BiBzIm)Pd},(u-BiBzIm)[**+ was obtained by
reacting [(dppm)Au,(p-BiBzIm)Pd(acac)]™ with H,BiBzIm [40].

Complexes [Au(C¢F5),(acac)], [Pd(C¢F5)(acac)(PR;)] and [Pd(acac),] react with
(Ph,P);CH giving [Au(CeF5),{(Ph,P),C(PPh,)}] [41], [Pd(CeFs){(PPh,),C(PPh,)}-
(PR3)] [42] or [Pd{(PPh,),C(PPh,)},] [43], respectively, in which the deprotonated
phosphine is coordinated as a k>-P,P chelating ligand. Similarly, [M(acac),] and
dppm reacted to give [M{(PPh,),CH},] (M = Pd, Pt) [44].

+
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3.2. Ketonyl[2-(phenylazo)phenyl]gold(Ill) complexes

In the development of the chemistry of the orthometallated 2-(phenyl-
azo)phenylgold(I1I) complexes, we found, fortuitously, that when some substitution
reactions were attempted metallation of acetone occurred. Thus, when we tried to
prepare [Au(C,N'-CcH,N=NPh-2)(C-acac)Cl] (3) by reaction of [Au(C,N'-
C.H,N=NPh-2)Cl,] with Tl(acac) (1:1) in acetone at room temperature we isolated,
instead, [Au(C,N'—C¢H,N=NPh-2){CH,C(O)Me}Cl] (4) [45-49]. Scheme 2 shows
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the proposed reaction pathway for this metallation reaction. The intermediate
complex A with X =acac (complex 3), was isolated when the above reaction was
carried out in acetone at 0°C or in dichloromethane. As shown in Scheme 2, 3
reacted with acetone at room temperature to give 4. Similarly, complexes A with
X = C¢F5 or CgH,NO,-2 were obtained by reacting [Au(C,N'-C¢H,N=NPh-2)Cl,]
with HgX, and Cl— (2:1:2) in chloroform while the same reaction carried out in
acetone only yielded complex 4 [45-49]. These results suggest that the strong trans
effect and influence of the carbon donor ligands X = C-acac, C4F5 or C;H,NO,-2
allow the cleavage of the Au—N bond and coordination of acetone to give B. The
fact that [Au(C,N'-C4H,N=NPh-2)Cl,] did not react with acetone proves the
importance of the labilizing effect of the ligand trans to the N atom in the C—H
activation process (step A — B). Additionally, we have shown the Au—N bond to be
weaker in [Au(C,N'-C;H,N=NPh-2)Cl,] than in [Au(C,N-CH,CH,NMe,-2)Cl,].
In fact, the first complex reacted with neutral ligands to always give the adduct
resulting from the Au—N bond cleavage (e.g. with PPh; to give [Au(C¢H,N=NPh-
2)CL,(PPh,)]), while all attempts to cleave the Au—N bond in the second one failed
(e.g. with PPh; the complex [Au(C,N-C.H,CH,NMe,-2)CI(PPh,)]CI was obtained)
[50-57]. Therefore, the observation that complexes [Au(C,N-C.H,CH,NMe,-
2)(R)CI] (R =C-acac, CcFs or C(H,NO,-2) can be obtained from [Au(C,N-
C¢H,CH,NMe,-2)Cl,] and are stable in acetone solution [58,59], emphasized the
influence of the strength of the Au—N bond on the reactivity of these cyclometal-
lated complexes in acetone and supported the proposed step A — B in the suggested
pathway. The step B— C is similar to that proposed to rationalize the activation of
acetone by porphyrin complexes [Rh(L)CI] [60,61]. The process is completed when
the azonium cation D transfers a proton to the ligand X and chelation is
re-established. Reactions of other ketones and 2-(arylazo)arylgold(III) complexes
lead to other ketonyl[2-(arylazo)aryl]gold(I1T) complexes [49] that reacted with PPh,
to give benzyl-alkyl and -arylketones (Scheme 2) [62].

Related with these C—H activation processes is the orthometallation of benzyl-
amine by [Pd(acac),] to give [Pd(acac)(C¢H,CH,NH,-2)] [63].

4. Synthesis of gold(I) complexes from [Au(acac)L].

4.1. Complexes with phosphorus ylide ligands

Carbonyl-stabilized phosphorus ylides are weak bases unable to displace ligands
readily substituted by non-stabilized ylides. The electronic distribution in phospho-
rus ylides is described by the two resonance forms (a) and (b) (Scheme 3). The
contribution of a third resonance form (c) in B-carbonyl ylides, explains the lower
ability to coordinate through the C atom compared with non-stabilized ylides.
Accordingly, the corresponding phosphonium salts are more acidic than those
derived from non-stabilized ylides. We have taken advantage of the enhanced acidic
character of these phosphonium salts to design a new method of synthesis for the
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ylide complexes. Thus, by reacting [Au(acac)L] with [R;PCH,C(O)R’]CIO, (1:1),
complexes [Au{CH(PR;)C(O)R'}L]CIO, (R =Ph, L =PPh;, R"=0Me, OEt [64],
Me, Ph [65], NMe, [66]; R = OEt, L = AsPh; [64]) could be isolated (Scheme 3).
Although substitution of one H atom by the less electron-withdrawing AuL group
decreases the acidity of the remaining H atom [65], it was acidic enough to react
with [Au(acac)L] to give dinuclear complexes [(AuL),{u-C(PR;)C(O)R'}]CIO, [R =
Ph, L = PPh;, R"=0OMe, OEt [64], Me, Ph [65], C.H,X-4 (X =OMe, NO,) [67],
NMe, [66], CN [67]; R"=OEt, L = AsPh, [64]). These complexes were also ob-
tained by reacting the phosphonium salt with [Au(acac)L] in molar ratio 1:2
(Scheme 3). A similar reaction between [Ag{CH(PPh,;)CO,R},]JCIO, and [Au(a-
cac)L] (1:2) lead to the trinuclear complex [Ag{C(PPh;)(CO,R)(AuL)},]CIO, [68].

We have extended this method to prepare tri and tetranuclear gold(I) ylide
complexes from phosphonium salts containing two o methylene groups. Thus,
reactions between [RyPCH,C(O)CH,PR;](ClO,), and [Au(acac)L] (1:4 molar ratio)
gave the trinuclear [(AuLl),{p-C(PR;)C(O)CH(PR;)(AuL)}](ClO,), (R =Ph, L=
PPh;) or the tetranuclear [(AuLl),{p,-{C(PR;)},C(O)](ClO,), (R = Ph, L = PPhMe,)
(Scheme 3) [69]. It is probable that steric hindrance prevents the tetrasubstitution

. - R R . R
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RgP=CH-C <——= RgP=CH-C =—= RsP-CH=C_ _
o) o
(a) (b) (c)

R R R
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2
RsP+ RgP+ AuL RPS AL
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CHy CHo — X :H
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0=C_ PRoRY e PRRY
CH, CH,
/ ’ /" SAuL
RsP+ RO,C RO,C
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when L = PPh, because it is attained with the less bulky phosphine PPhMe,. Such
hindrance is greater in the phosphonium salts [Ph,P(CH,CO,R)]CIO, because
when they reacted with [Au(acac)L] only trinuclear complexes [(AuL),{p-
C(CO,R)PPh,CH(AuL)(CO,R)}]CIO, (L =PPh,;, R =Me, Et; L =PPhMe,, R =
Me; L =P(pmp);, R=Et) were obtained (even when four equivalents of
[Au(acac)L] and the smaller PPhMe, were used). This could be attributed to the
different hybridization of the central atom in these phosphonium salts (C(sp?) and
P(sp?), respectively). Additionally, the double charge of the trinuclear complexes
[(AuL),{pu-C(PPh;)C(O)CH(PPh;)(AuL)}]** could account for the enhanced acid-
ity of the last proton while the single charge of the trinuclear [(AuL),{p-
C(CO,R)PPh,CH(AuUL)(CO,R)}] " may not be enough.

Complexes [(AuL),{p-C(PR5)(py-2)}]Cl10, (R =Ph, L =PPh; (5); R=To, L=
PPh;, P(pmp); (5), P(Cy);, PMe;) were obtained (Scheme 4) [67,70,71] when
phosphonium salts [R;PCH,(py-2)]Cl1O, reacted with [Au(acac)L] in a 1:3 molar
ratio. If a 1:1 or 1:2 molar ratio is used, mixtures containing 5 (by NMR), the
starting materials and a product that could be the mononuclear complex
[Au{CH(PPh,)(py-2)}(PPh;)]CIO, (6) were obtained. In an attempt to prepare this
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complex, we reacted [AuClI{CH(PR;)(py-2)}] first with AgClO, and, after removing
AgCl, with PPh;. The isolation of the dinuclear complex 5 and the corresponding
phosphonium salt proved that the mononuclear complex disproportionated to these
compounds preventing its isolation (Scheme 4). Complex S or 5’ reacted with CuCl
or AgNO; to give [(AuL),{u-C(PR;)(py-2)(CuCl)]CIO, (L =PPh;, R=Ph; L=
P(pmp);, R=To] or [(AuL),{u-C(PR;)(py-2)} {Ag(O,NO)OCIO,)}] (L = PPhy,
R = Ph (7)), respectively. Complex 7 reacted with [AuCIl(PPh;)] to form [(AuL),{p-
C(PPh;)(py-2)} (AuPPh;)] (8) (Scheme 4).

A variable-temperature 'H-NMR study on complexes [(AuL),{pu-C(PTo;)R}]-
ClO, (R =C(O)R’ (R"= NMe,, C(H,X-4 (X =H, OMe, NO,), L = PPh,; R = py-2,
L =PR} (R’ =Ph, pmp, P(Cy);, PMe;)), 7" and 8, showed that, at room or lower
temperatures, the rotation of PTo; around the C—P bond is restricted. Although
this behaviour can be mainly attributed to steric effects, the concurrence of minor
electronic effects cannot be neglected [67].

4.2. Methanide and methanediide complexes

Laguna et al. have studied reactions of [Au(acac)(PPh;)] with gold(I) and (I1I)
complexes containing (PPh,),CH, or SPPh,CH,PPh, or (SPPh,),CH, or related
ligands leading to complexes that result from the substitution of one or both
methylenic hydrogen atoms of the phosphine by one or two AuPPh; groups
(Scheme 5) [72-75]. By reacting the tetranuclear [Au,{pn — (PPh,),CH-
(AuPPh,)},]** or the trinuclear [{Au(C¢Fs);(n — PPh,CH,PPh,)},Au]™ with

R PPh, H R m+
N\ N2 . PPhy  AuL
Au/ LCL a [Au(acac)L]" \Au/ Ne”
/N N 70N
R PPh; R PPh, ML
R _ X m=1,M=AuAg L=L=PPhs
C¢Fs H \
MPPh3 (M = Au, Ag) m= 1, M= AU, L= F'Pha, L'= CHgPPh3
AuCH,PPh3 m=0,M=Au, L=Cl, L'=PPhg
2+
—PPh, N —ppPh 2+
N C/ 2 [Au(acac)L] N AuL|
VN B —— C
— Au— AuL| L = PPhy S
Au=PPh; 2 —Au—PPh, ALl
+ +
RsAu—PPh RzAu—PPh
s \(2:/'-| 4 [Au(acac)L] 8 \é/ AuL
7N T AN
—Au«{Pth H|, b=FPh ——Au%PPhg AuLl

R = CgFs

Scheme 5.
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[Au(acac)(PPh,)] the hexanuclear complex [Au,{u — (PPh,),C(AuPPh,),},]* " [74]
or the heptanuclear complex [{Au(C¢Fs);{n — PPh,C(AuPPh,),PPh,},Au]* was
obtained [76]. Similarly, complexes [M(acac)(PPh;)] (Ag or Au) reacted with
phosphorus compounds like [Ph,P(E)CH,(PPh,R)]CIO, (E =electron pair, R =
CH,CO,Me; E =S or O, R =Me, CH,Ph or CH,CO,Me), CH{PPh,(E)}, (E =0,
S), (EPPh,),X (X = CH,, NH, E =electron pair, S) (Scheme 6) to give complexes
that result from substitution of one or two of the methylenic protons of CH,P, or
CH,CO,Me (or of both groups) or the proton in the CHP; or NH groups by 12
M(PPh;) [77-80]. The complex [Au,{pn — (PPh,),CH{Au(acac)}},] reacted with
[Au(C¢F;5),{(PPh,),CH,})] (1:2) as expected for an acac complex to give a hexanu-
clear gold(I)/gold(IIT) complex [81]. However, [Mo(CO),{(Ph,PCH,),C(Me)-
CH,P{Au(acac)}Ph,}] deprotonates complexes [Au(C¢Fs);(PPh,CH,PPh,)] or
[Mo(CO),{(Ph,P),CHPPh,}] but the gold atom bonded to the uncoordinated P
atom [82]. Similar reactions have been studied using palladium and platinum acac
complexes. Thus, the reactions between [M(C¢Xs)(acac)(L)] and dppm gave
[M(C¢X5){(PPh,),CH}(L)] M =Pd, X=F, L=PR;; M=Pd, X=Cl, L =dppm;
M =Pt, X=F, L =dppm) [83].

4.3. Synthesis of gold(I) complexes with sulfur ylide ligands

The scarcity of gold complexes with sulfur ylide ligands [84—86] contrasts with
the abundancy of those with their phosphorus homologues [67,71,87-94]. We have
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prepared mononuclear [Au{CH,S(=0)Me,}(PPh;)]CIO, and trinuclear [(AuPPhj);-
{15-CS(=0)Me,}]CIO, (11) complexes with sulfur ylide ligands by reacting [Au-
(acac)(PPh;)] with [Me;S=0]CIO, in 1:1 and 1:4 molar ratios respectively (Scheme
7) [95]. The 2:1 reaction, intended to produce the dinuclear complex [(AuPPh;),{u-
CHS(=0)Me,}]CIO, gave, the 1:1 and 1:3 products also and the mixture could not
be resolved. The reaction of 11 with AgClO, and [AuCI(PPh;)] produced the
hypercoordinate complex [(AuPPh,),{u,-CS(= O)Me,}](ClO,),, the crystal struc-
ture of which shows the ylide carbon atom in a square pyramidal environment with
an apical S(=0)Me, group and four basal AuPPh; groups (Scheme 7) [95]. It did
not react further with [Au(OCMe,)(PPh,)]CIO,

4.4. Gold(I) complexes with N-donor ligands

Gold(I) complexes with neutral N-donor ligands are much less common than
those with P-donor ligands due to the soft acid nature of the metal centre. We have
extended the use of acac gold(I) complexes to the synthesis of a family of cationic
complexes [Au(L)(PR;)]X (X =CF;S0;, L =MeNH,, 2- and 4-nitroaniline, 4-
methoxyaniline, NHPh,, NHEt,; X =ClO,, L =NMe;] or [(AuPPh;),{u-H,N-
(CH,),NH,}) by reacting [Au(acac)(PR;)] with primary, secondary or tertiary
ammonium salts [HL]X (1:1) (Scheme 8). The result of these reactions depend on
the nature of the solvent. Acetone could only be used in the synthesis of the tertiary
amine complex [96,97]. In all other cases, acetone had to be excluded to prevent the
formation of iminogold(I) complexes [98].

Reactions of [Au(acac)(PR;)] (R =Ph, pmp) with (NH,)CIO, allowed us to
synthesize mono-, di- and tetraaurated ammonium salts (Scheme 8). Depending on
the reaction conditions the first amminogold(I) complexes [Au(NH;)(PR;)]CIO,, or
the first imidogold(I) complexes [(AuPR;),(u-NH,)]CIO,, or nitrido complexes
[(AuPR;),(1s-N)]CIO, were prepared. Our method for preparing nitridogold(I)
complexes is simpler and gives higher yields than those reported previously [99,100].

3[A L
[Au(acac)(L)] [Me,S=0]" [Au(acac)(L)]
Me * § Me_: 1t
Mea 2/
Me\ééO \S/
|S B Me 12+ cl;
Y (o] Y,
H/C,% Me\%s// AU:'/'I"',"AUII/,
Ay, I L AU
H L C d
K L
Ay - B
Au 4 %..Au Ag*
L/ AuTL \
L4 L [AuCI(L)]

Scheme 7.
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HL*

[Au(acac)(PR3)] ———— [Au(L)(PPh )]+
) ’ L= .N'é
1NH4+ AN
[Au(NHy)(PR)T* R
I AuPRg A
[Au(acac)(PR3)] H N/ 2 [Au(acac)(PR3)] _N M
2 +\ /Au:'l":fAu,,‘
AuPR; RsP }u" PR3
RsP

Scheme 8.

5. Synthesis of gold complexes from anionic acac gold(I) complexes

The complex ppn[Au(acac),] (9) was prepared by reacting ppn[AuCl,] with
Tl(acac) in 1:2 molar ratio (Scheme 9) [101,102]. An alternative route was reported
by Laguna et al. [72]. The first step of this process involved the reaction of
[AuCl(tht)] with ppn(acac) [prepared from Tl(acac) and ppnCl] to give ppn[Au-
(acac)Cl]. The reaction of this complex with Tl(acac) in 1:1 molar ratio leads to 9.
The synthesis of Bu,N[Au(acac),] was also reported using the same two-steps
procedure [76].

A preliminary communication showed the synthetic utility of 9 by reacting it with
compounds containing acidic CH, SH or PH groups. Thus, the reaction of 9 with
XH or YH™*, in a 1:2 molar ratio, gave anionic ppn[AuX,] (X=RR'CH (R=R'=
CN, CO,Me; R =CN, R’ = CO,Me), Me;SiC=C or (py-2)S) or cationic [AuY,] "
(Y = CH(PTo;)(py-2)) complexes, respectively [101].

5.1. Synthesis of gold(I) complexes with P-donor ligands

The reaction of 9 with HPPh,, in a 1:1 molar ratio, led to the neutral polymeric
compound [Au(PPh,)], (Scheme 9) which was also obtained by reacting [Au-
(acac)(PPh,)] with Ph,PH in a 1:1 molar ratio [101]. The reaction of 9 with Ph,PH,
in the molar ratio 1:2, gave the complex, ppn[Au{P(O)Ph,} ,], as a result of the
aerial oxidation of the expected complex ppn[Au(PPh,),] (Scheme 9) [103].

Diphenylphosphido bridged [L,,Mn, (u-PPh,),Au X ' complexes (L,, = (CO)s,
bipy(CO);, X=PR;, n=p=x=y=z=1;L,=(CO),, n=1, p=x=y=2, X=
PR;, z=1, X=C4Fs, z= — 1; L, = (CO)s, bipy(CO);, n=p=2, x=z=1, y=0;
L,=(CO), n=x=2, p=4, y=z=0) have been prepared by reacting complexes
[L, Mn,(PHPh,),JA (p=1, 2, A=ClO,, PF) with [AuCI(L)] (L =PR;, tht) or
[Au(C¢F;5)(tht)] in the presence of appropiate proportions of K(acac), Tl(acac) or
ppn(acac) [104]. Similarly, HPPh, and HP(S)Ph, reacted with [M(C4Fs)(acac)L] to
give [Pd(CF;5)(u-PPh,)(PPh,H)], and [Pd(C4Fs){P(S)Ph,}L,] (L, = phen, bipy) or
[M(CcF5){u-P(S)Ph,}L], (M =Pd, Pt; L = PR;), respectively [105,106]. Complexes
[M{P(S)Ph,}(PPh;),]™ were obtained by reacting [M(acac)(PPh;),]™ with
HP(S)Ph, (M = Pd, Pt) [106].
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5.2. Synthesis of gold(I) complexes with sulfur donor ligands

Interest in complexes containing Au—S bonds stems mainly from their potential
applications in medicine (chrysotherapy). The reported yields of the few previously
described anionic thiolatogold(I) complexes [Au(SR),]~ were low (35-38%) [107—
109]. The reaction of 9 with thiols RSH in a 1:2 molar ratio resulted in preparation
of a family of anionic thiolato gold(I) complexes ppn[Au(SR),] (RSH = benzoxa-
zole-2(1 H)-thione, pyrimidine-2(1H)-thione, pyridine-2(1H)-thione, 2,3,4,6-tetra-O-
acetyl-1-thio-B-D-glucopyranose, 2-thiouracyl(2,3-dihydro-2-sulfanylethanol, 2,3-
dihydro-1H-benzimidazole-2-thione, 2-thiomalic acid, 2-sulfanylethanol, D-penicil-
lamine) in high yields (Scheme 9) [110].

Although it has been suggested that considerable quantities of gold may be
transported in hydrothermal ore solutions as [Au(SH),] —, it had never been

B Me Me j 2 Tl(acac) ppN[AUC]
o 0 Tl(acac)
ppn|  HC—Au—CH (ppn)ml (pP)CI
TI n(acac
0 0| Tacac) o rau(acac)cl) <PPUE%9) a Gictnt]
B Me Me N
R'\ /F(
| 2CHRR  _ on| Ho—Au—cH
/ \
R R
2 MeqG=CH ppn [ Me,Si-C=C—Au-C=C—SiMey|
 2RSH . ppn[Rs—Au-sA| R=H

2 HPPh2 + 02
22> ppn[Ph,P(0)-Au-P(O)Phy|

HPPh,
—Au—PPh,
N
5 PCH - ToaP\ /PToS
[TosPCHy(py-2)] Do Au-CH
N N
\ 7 \_/
CHy(PPhy),

[AU{CH(PPhy2)o}l,

Scheme 9.
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isolated. The ppn salt of this anion, 10, was obtained (91% yield) by slow addition
of a solution of 9 to a saturated solution of H,S, both in CH,Cl, (Scheme 9).
Complex 10 is the first isolated homoleptic hydrogensulfide metal complex [111]. A
family of trithiocarbonatogold complexes has its origin in the reaction between 10
and CS, which gave the first trithiocarbonatogold complex: ppn,[Au,(p-x>CS;),]
(Scheme 10) [112]. Todine oxidation of this complex and subsequent addition of PR,
allowed the isolation of the trithiocarbonatogold(I11) complex ppn[Au(CS;),] which
reacted with PhICI, or I, to give ppn[Au(CS;)X,] (X =Cl, I). Finally, the latter
complex (X =Cl) reacted with L, (phen, bipy) and TIO;SCF; to give cationic
complexes [Au(CS;)L,](O;SCF;) (Scheme 10) [113].

The reaction of 10 with isothiocyanates RNCS containing strong electron with-
drawing R groups (C,H,NO,-4, C,F5) gave monosubstituted dithiocarbamato
complexes ppn[Au{SC(=S)NHR},] that reacted with 9 to give the first dinuclear
dithiocarbimato complexes of the type ppn,[Au,(u-k>-S,C=NR),] in almost quanti-
tative yields (Scheme 10) [114].

B-Diketonato complexes ppn[Au{CH(COR),} ,] (R =Me (9), Ph) reacted with
CS, to give complexes ppn,[Au,{u-k?-S,C=C(COR),},]. Although this is an inser-
tion reaction, an intermediate acid—base reaction giving acetylacetone must occur
(Scheme 11) [115]. These are the first fully characterized 2,2-diacylethylene-1,1-
dithiolato complexes of any element.

5.3. Synthesis of alkynyl gold(I) complexes
We have reported the synthesis of the first family of ethynylgold(I) complexes by

reacting 9 with acetylene to give ppn[Au(C=CH),] and reacting this complex with
ppn[AuX,] or [Au(PR,),]CIO, to give ppn[AuX(C=CH)] (X=Cl, Br, I) or
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RC(O) C(O)R RC(O) S—Au—S C(O)R
Scheme 11.

[Au(C=CH)(PR;)] (R =Ph, pmp), respectively (Scheme 12). Similarly, 9 reacted
with different alkynes to give ppn[Au(C=CR),] [R = Bu', SiMe,, CH,X (X = Cl, Br,
OH), C(H,NO,4, CH,C=CH-4, C(H,C;H,NO,-4,4, C,H,CH =CHC-H,NO,-
4,4'-E] [116—118]. By reacting [AuCI{C(NH‘Bu)(NEt,)}] with Tl(acac), a new acac
complex [Au(acac){C(NH'Bu)(NEt,)}] could be obtained. This complex or [Au-
(acac)L] reacted with terminal alkynes to form [Au(C=CR)(L)] [R = H, 'Bu, SiMe;,
L = C(NH'Bu)(NEt,), PPh;, P(pmp);; R =CH,X (X=Cl, Br, OH), L =PCyj;]
(Scheme 12) [116,118]. The first ethynyl(aryl)aurate(I) complexes, ppn-
[Au(C=CH)(Ar)] [Ar = C4F5, CgH,NO,-2, C,H,(NO,)5-2,4,6], have been obtained
by treating the corresponding ppn[AuCI(Ar)] complexes with Tl(acac), removing
TICI, and bubbling acetylene through the resulting solution. It is reasonable to
assume that, in a first step, ppn[Au(acac)(R)] complexes were formed, but we have
not been able to isolate them because of their low stability [118].

5.4. Methanide and methanediide gold(I) and gold(Ill) complexes

Complex 9 reacted with dppm to give the polymeric complex [Au{CH(PPh,),}],
(Scheme 9) [101]. Similarly, [Au(C¢Fs),{(PPh,),CH(ML)}]* reacted with ppn[Au-
(acac)CI] (1:1) or 9 (2:1) to give [Au(C4Fs),{(PPh,),C(AuCl)(ML)}]* (n=0, M =
Au, L=PPh;, CH,PPh;, M=Ag, L=PPh;; n=—1, M=Au, L=C(F,) or
[Au(C4Fs),{(PPh,),C(ML)},Au]' = (M = Au, L = C(F5) (Scheme 13), respectively
[72]. Related reactions of [Au(C4F5);(PPh,CH,PPh,)] or [M(CO),{(PPh,),CHPPh,}]
(M = Cr, Mo, W) with Bu,N[Au(acac),] afforded [{Au(C4F;);(n — PPh,CHPPh,)},-
Au]~ [76] (Scheme 13) or [M(CO),{u-(PPh,),CPPh,},Au]~ [119].

- 2HC=CR
[Au(acac),] —————[HC=C-Au-CzCHJ LD 2[HCzC-Au-X]’

&l l[AU(PH'a)zl
2 [HCEC-Au-PRY)]

[Au(acac)(L)] —IC=CR_, [RczC-Au-L]  [Au(acac)AnT—HC=CH  Hezc-Au-Arf

Scheme 12.
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6. Conclusion

In this review we have shown the synthetic utility of acac gold complexes in
synthesis. Similar reactions were proved successful in the chemistry of other elements.
Since acac complexes of most metallic elements are known, stable and easy to prepare,
we believe that the ‘acac method’ could be used to easily prepare coordination and
organometallic complexes of most elements.
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