
E L S E V I E R  Journal of Organometallic Chemistry 503 (1995) 225-233 

. J o u r n a l  
ofOrg-~i6. 

metalliC 
C h e m i s t r y  

Electrophilic additions of mono-, di- and tri-gold units 
to the isoelectronic [Mn3(CO) 12(/x-H) ]2- and [Fe3(CO) 11] 2- anions 

Oriol Rossell *, Miquel Seco, Glbria Segal~s 
Departament de QMmica lnorg&nica, Universitat de Barcelona, Diagonal 647, E-08028 Barcelona, Spain 

Received 25 January 1995 

Abstract 

The reaction of [PPh412[Mn3(CO)12(/x-H)] with [C1AuPR 3] or [(AuC1)2(/z-diphos)] in tetrahydrofuran gives the mixed manganese- 
gold clusters [PPh4][Mn3(CO)12(/*3-HX/x-AuPR3)] (R = Ph (1) or Me (2)) and [PPh4] 2 [{Mn3(CO)12(/z3-H)Au}2(/z-diphos)] (diphos = 
dppe (3) or dppm (4)). The reaction between the same manganese anion and [(AuC1)3(triphos)] produces [{Mn3(CO)12(/,3-H)Au}3(tfi- 
phos)] 3- (5), [{Mn3(CO)12(/~3-H)Au}2(triphos) (AuC1)] 2- (6) or [{Mn3(CO)12(/~3-H)Au}(triphos)(AuC1)2]- (7), depending on the molar 
ratio of the reagents. Isoelectronic iron-gold complexes [{Fe3(CO)nAu}3_x(triphosXAuC1)x]O-x)- (x = 0 (8), 1 (9) or 2 (10)) were 
obtained by the reaction of the trinuclear [Fe3(CO)I1] 2- anion with [(AuC1)3(triphos)] in the appropriate molar ratio. Attempts to obtain 
mixed manganese-iron-gold clusters resulted in a mixture of compounds, the nature of which has been explained in terms of 
metal-ligand redistribution processes. 
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1. Introduction 

The addition of mononuclear AuPR~- fragments to 
carbonylmetallate anions is a well established method 
for the synthesis of mixed gold-transition metal clus- 
ters. However, binuclear and trinuclear gold units such 
as [Auz(diphosphine)] 2+ and [Au3(triphosphine)] 3+ 
have been much less explored, despite the fact that they 
are particularly suitable for generating higher nuclearity 
cluster complexes [1]. In fact, no report involving the 
use of trigold cationic fragments as building blocks has 
been published to date. Consequently, it was of interest 
to study the eleetrophilic addition of mono-, di- and 
tri-gold cationic fragments to [Mn3(CO)12( IX-H)]/- in 
an attempt to determine both the stoichiometry and the 
structure of the resulting complexes and to compare 
their reactivity. 
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2. Results and discussion 

2.1. Electrophilic addition of  [AuPR3] + (R = Ph or 
CH 3) to [PPh 4 ]2 [Mn3 (C0),2 (Ix-H)] 

Addition of [CIAuPPh 3] to a solution of [PPh4] 2- 
[Mn3(CO)12( IX-H)] in THF produced good yields of the 
dark-green complex (PPh4)[Mn3(CO)I2(IX3-H)( IX- 
AuPPh3)] (1) (Eq. (1)). Although attempts to obtain 
single crystals of this compound for an X-ray crystal 
structure determination were unsuccessful, the experi- 
mental data suggest that 1 contains the same metal 
framework as that reported for [PPha][Mn3(CO)12( IX3- 
H){ IX-HgMo-(CO)3CP}] [2], consisting of a planar trian- 
gulated rhombohedral metal skeleton. This assumption 
is also based on the isolobal relationship between HgR ÷ 
and AuPR~ [3]. Thus, its v(CO) IR pattern is almost 
s u p e r i m p o s a b l e  on that  obse rved  for  the 
"[Mn3(CO)I2(IX3-H)]" fragment in the corresponding 
mercury compounds, and appears slightly shifted to 
h igher  f requenc ies  relat ive to the start ing 
[Mn3(CO)12(IX-H)] 2- anion, suggesting a decrease in 
electron density on the manganese atoms. The I H NMR 



226 O. Rossell et al . /  Journal of Organometallic Chemistry 503 (1995) 225-233 

[Mn3('CO)12(#-H)] 2" + AuPR3* 

Mn(CO) 4 

(1) 

spectrum of I shows the presence of the hydrido-ligand 
at - 2 2  ppm, indicating a bridging position [4]. The 
formulation of this cluster was also confirmed by the 
negative-ion FAB mass spectrum, which shows a parent 
molecular ion peak at m/z  960.7. 

Neither 1 nor the complex 2, containing the less 
steric congested AuPMe~-, reacted with an excess of 
[C1AuPR 3] (R = Me, Ph) to give the pentametallic clus- 
ter [Mn3-(CO)12(/z3-H)(/x-AuPR3) 2] incorporating an 
additional AuPR~- unit. This suggests that electronic 
effects should also be invoked to explain the lack of 
reactivity of either 1 or 2 with the gold fragments. In 
addition, a modification of the strategy for the synthesis 
of the digold adduct was carried out by adding a slight 
excess of HBF 4 to the medium of the reaction, given 
that the presence of H + can increase the reactivity of 

[Mn3(CO) 12(P,-H)] 2" 

the PPN ÷ or Et4 N÷ salts of carbonylmetallate anions, 
through cation-exchange processes [5]. In our case, 
however, the reaction of 1 with [C1AuPPh3] in the 
presence of the acid gave a mixture of products from 
which the main complex isolated was the trihydrido 
compound [Mn3(CO)lz(/z-H)3] , as judged by its IR 
spectrum [6]. The formation of the last compound can 
be understood as the result of the protonation of 
[PPh4][Mn3(CO)Iz(/x3-H)(/x-AuPPh3)], along with the 
substitution of H ÷ by the isolobal gold unit. 

2.2. Electrophilic addition of [Aue(diphos)212+ to the 
manganese anion 

The reaction of [PPh4]2[Mn3(CO)12(/z3-H)] with 
THF solutions of [(AuCI)2(/z-diphos)](diphos = dppe 

+ [(AuCl)2(diphos)] 

[ ]2_ 
_Mn(CO) 4 

Mn(CO) 4 Mn(CO) 4 

(2) 

n= 2 (3), 1 (4) 
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(PPh2CHzCH2PPh2) or dppm (PPh2CH2PPh2)) in a 
1 : 1 molar ratio at 238 K (Eq. 2) was monitored by 31p 
NMR spectroscopy and the data obtained are as follows: 
for dppe two singlets at 64 and 23 ppm [PPh~-] were 
seen along with two medium-intensity doublets centred 
at about 64 and 33 ppm (J(PP) = 63 Hz). The intensity 
of the latter peaks decreases as the reaction progresses 
and finally disappears. However, if the Mn 3 : Au  2 molar 
ratio is 2:1 the reaction proceeds more rapidly no 
doublet is then undetected. 

The spectrum of the solution for dppm (molar ratio 
1 : 1,238 K) consists of two peaks at 61 and 23 ppm, as 
above, accompanied by a weak signal at 34 ppm, which 
is not seen when the reaction is carried out in a 2:1 
molar ratio. The expected doublets were obscured by 
the other signals in this case. Based on these NMR data 
and the v(CO) IR pattern of their solutions, we assign 
the peaks at 64 and 61 ppm to the anionic complexes 
[{Mn3(CO)12( p.3-H)Au}2(/~-diphos)] 2- (diphos = dppe 
(3) or dppm (4)). Remarkably, the presence of the 
doublet for dppe indicates the formation of the asym- 
metric intermediate [{Mn3(CO)12(/x3-H)Au}(/x-dppe)- 
(AuC1)]-, which would result from the direct replace- 
ment of only one chloride from the starting digold 
derivative by the [Mn3(CO)lz(/z-H)] unit. It is worth 
emphasizing that this is the first time the intermediate 

involved in such a process has been detected spectro- 
scopically. Compound 4 probably follows the same 
two-step chloride substitution pathway, although no 
spectroscopic evidence of the formation of [{Mn 3- 
(CO)12(/x3-H)Au}(/x-dppm)(AuC1)]- is available. 

The weak peak at 34 ppm present in the solutions 
containing 4 may correspond to an unidentified sym- 
metric derivative but considering the tendency of the 
moiety [Auz(dppm)] 2+ to bind /x z to a preformed clus- 
ter [lc], some pentanuclear [Mn3(CO)12(/z3-H)Au 2- 
(dppm)] may be formed during the process. Unfortu- 
nately, the instability of this cluster precluded its isola- 
tion and characterization. 

Work-up of THF solutions containing 3 and 4 gave 
good yields of dark-green complexes which were char- 
acterized analytically and spectroscopically. Although 
the molecular ion was not observed in the negative-ion 
FAB mass spectrum, the peaks of  [Mn3(CO)]2(/x3- 
H)Au]- and its progressive loss of carbonyl groups, 
from 2 to 11, confirm the presence of this moiety, 
which was also seen in the FAB mass spectrum of 1. 

The behaviour exhibited by the manganese anion in 
reacting with [Au2(diphos)] 2÷ to give complexes with 
two Mn3Au fragments linked by the diphosphine, rather 
than the neutral species  [ [ M n 3 ( C O ) 1 2 (  Ab[, 3- 
H)Auz(diphos)], can be understood by examining the 

[Mn3(CO) 12(g-H)] 2" + (AuCI)3(tdphos) 
P P P I I 
Au AuCI AuCI 

(7) 

72- P P 
, I 
Au Au AuCI 

2- 

I + ~ P  It 3- 
(3 )  

( 6 )  (5) 

X ~ 7  '=  [Mn3(COh2(P.n-H)] p ~  p= CH3C(CH2PPh2)3 
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topology of the highest occupied molecular orbitals of 
[Mn3(CO)12(/z-H)] 2-. This must be responsible for the 
donation of electron density from the manganese anion 
to the AuPR 3 fragment. Although the general aspects of 
the electronic structure and bonding of [Mn3(CO)12(/z- 
H)] 2- have been discussed in detail in a previous paper 
[2] and will not be analysed here, we can summarize the 
results by emphasizing that the manganese anion is 
particularly appropriate for generating metal clusters in 
which a gold fragment bridges an Mn-Mn edge of the 
triangular Mn 3 starting cluster. 

2.3. Electrophilic addition of [Au3(triphos)] 3+ to 
[Mn3(CO)12( /z_H) p - 

Despite the fact that the trigold derivative 
[(AuC1)3(triphos)] [7] (triphos = CH3C(CHzPPh2) 3) has 
been known for several years, no report describing its 
electrophilicity towards carbonylmetallate anions has 
been published. Interest in this species arises from its 
ability to form a wide range of mixed transition metal- 
gold clusters. Our first aim was to obtain Mn-Au 
clusters with the Mn3Au framework displayed in com- 
plexes 1-4 by making the trigold derivative react with 
1, 2 or 3 equiv, of [PPh412[Mn3(CO)12(/z-H)] (Eq. (3)). 
The processes were carded out in THF at 258 K and in 
all cases dark-green crystals were obtained in moderate 
to good yields. Although the v(CO) IR pattern is the 
same for the three products, [PPh4]3[{Mn3(CO)12(/z 3- 
H)Au} 3 (triphos)] (5), [PPh4]2[{Mn3(CO)I2(/z 3- 

H)Au}2(triphos)(AuC1)] (6) and [PPh4][{Mn3(CO)I2(/z 3- 
H)Au}(triphos)(AuC1) 2] (7), as expected, their (~31p 
spectra show unambiguous distinctions between them 
(see Experimental section). The hydrido ligand is also 
revealed by ~H NMR spectroscopy. We were not able to 
obtain single crystals for an X-ray crystal structure 
determination, but microanalyses and IR, NMR and 
FAB mass spectrometry strongly support the formula- 
tions. The negative-ion FAB mass spectrum of 5 -7  are 
nearly identical with that of 3. Although the molecular 
ion is not observed, the most intense set of peaks 
confirms the presence of the [Mn3(CO)]2(/z3-H)Au j- 
fragment in all of them. The fact that there are peaks of 
greater m / z  than this and that the dppe and triphos 
compounds exhibit similar phenomena suggest that fur- 
ther species are formed by ion-molecule reactions in 
the spectrometer [8]. 

We examined the reactivity of 5 with the iron anion 
[Fe3(CO)ll ]2- to determine whether the nucleophilicity 
of the latter anion in presence of mercury [9] or gold 
fragments [lc] could promote the replacement of the 
manganese units attached to the gold atoms. However, 5 
did not react with [Fe3(CO)ll] 2- even at room tempera- 

. 31 ture, as judged to P NMR spectroscopy, and 5 was 
recovered unaltered. In addition, we studied the reaction 
between 5 and 7 in an attempt to observe metal-ligand 
redistribution processes. The 31p NMR spectra of the 
THF solution at the mixture showed that an equilibrium 
was reached (Eq. (4)) between the species 5, 6 and 7. 
From the peak-area ratio it was deduced that the equi- 

~ 3 -  

(5) 

+ L@ AuCI A 

(~ 

(B) 

. 

(4) 
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' + [Fe3(C0) 1112 
r' P 

2/3 ~ ,p 13- 
/A,.,,./~,,~,.[ + 

1/3 ~ 3- 

(5) (s) 

3 -  II 

(5) 

~ 7 =  [Fe3(C~)11] 

librium position of Eq. (4) is shifted towards the left- 
hand side. 

Having determined the inertness of 5 to metal-ligand 
exchange processes, we assumed that 6 might be an 
intermediate in the formation of mixed Mn-Fe-Au 
clusters by direct substitution of the C1 atom (of the 
AuC1 unit) for the [Fe3(CO)ll] 2- anion. This reaction in 
THF at 258 K unexpectedly gave a mixture of 5 and the 
new compound [{Fe3(CO)l]Au}3(triphos)] 3- (8), which 
would result from the disproportionation of [{Mn 3- 
(CO)12(/z3-H)Au}2{Fe3(CO)ll Au}(triphos)] 3- (Eq. (5)). 

2.4. Electrophilic addition of [Au3(triphos)] 3+ to 
[Fe 3 (CO),  12 - 

The tendency of metal clusters to give the most 
symmetric species is well known in the chemistry of 
mercury, but there are fewer examples involving 
ligand-redistribution processes in gold chemistry [10]. 
To gain insight into the generality of the process, we 

attempted the syntheses of the analogous iron-gold 
complexes [PPha]3[{Fe3(CO)llAu}3(triphos) ] (8), 
[PPh4]2[{Fe3(CO)llAu}2(triphos)(AuC1)] (9) and 
[PPh4][{Fe3(CO)l~AU}(triphos) (AuC1)2] (10) by the re- 
action of [(AuCl)3(triphos)] with [PPh412[Fe3(CO)11] in 
the appropriate molar ratios (Scheme 1). Complexes 8, 
9 and 10 were characterized in the usual manner (see 
Experimental section). The cluster units are isostructural 
with [Fe3(CO)Ij{/x-AuPPh3}]-[lc]. As with compounds 
5-7 the parent molecular ion is not detected in the 
negative-ion FAB mass spectra of these compounds, but 
the most intense peaks correspond to the 
[Fe3(CO)llAu]- fragment and the stripping of 1-11 
carbonyl groups. Hence the formation of this metal 
cluster unit was confirmed. 

We found that 8 was also inert towards [Mn3(CO)j2 
(/~-H)] z- but it reacted with 10 to give a mixture of 8, 
9 and 10, in an equilibrium slightly shifted to the left 
(31p NMR spectroscopy). The attack of 1 equiv, of 
[Mn3(CO)I2(/x-H)] 2- on 9 resulted in the symmetric 
species 5 and 8 in a molar ratio of about 1:2, the 

, / ~ ~ p  ,p 13" 
, 

uC 1 AuCI Au 

(s) (9) (10) 
Scheme 1. 
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pattern also observed for the reaction between 
[Fe3(CO)]]] 2- and 6 (Eq. (5)). Therefore, we suggest 
that the final products are the result of a process involv- 
ing metal-ligand redistribution from [{Fe3(CO)llAu}2- 
{Mn3(CO)]2(/z3-H)Au}(triphos)] 3-. Finally, the major 
product obtained by allowing 10 to react with 
[Mn3(CO)~2(/z-H)] 2- or 7 to react with [Fe3(CO) ll]2- 
is complex [{Fe3(CO) l]Au}{Mn3(CO)]z(/z3-H)Au}(tri- 
phos)(AuC1)] z- (11), which, although not isolated, is 
detected in THF solution along with some 9 and 6 by 
31p NMR spectroscopy with resonances at 6 =  55.2 
(PAuMn3), 38.5 (PAuFe 3) and 18.9 (PAuC1) ppm (Eq. 
(6)). The latter compounds may be formed by the 
symmetrization of 11. 

Our results shed light on the role of the AuC1 group 
attached to triphos. The presence of AuCI groups in the 
clusters seems to inhibit the metal ligand redistribution 
processes, sometimes to a considerable extent. For ex- 
ample, Eqs. (4) and (6) are equilibrium reactions in 
which the species 7 and 11, respectively, are the major 
products. However, compounds [{Fe3(CO)l]Au} 2- 
{Mn3(CO)12(/x3-H)Au}(triphos)] 3- and [{Fe3(CO)ll- 
Au}{Mn3(CO)]2(/x3-H)Au}z(triphos)] 3- redistribute 
completely, giving mixtures of the most symmetric 
compounds, 5 and 8 (Eq. (5)). The difference in the 
behaviour of the AuCI and AuM 3 fragments also has a 
precedent in the chemistry of mercury. For instance, 
[Cp(CO)3MoHgC1] is inert towards disproportionation, 
whereas the related [Cp(CO)3MoHg{Fe2(CO)7(/x- 
PPh 2)}] spontaneously redistributes to [Hg{Fe2(CO)7(/z- 
PPh 2)}2 ] [ 11 ]. The nature of the bonding in the AuC1 or 
HgC1 groups, that is, two-centre, two-electron, as corn- 

pared with the corresponding AuM 3 or HgM 2 frag- 
ments, three-centre, two-electron, may be responsible 
for the difference in the behaviour of these two types of 
metal fragment. 

3. Experimental  sect ion 

All manipulations were performed under prepurified 
N 2 with standard Schlenk techniques, and all solvents 
were distilled from appropriate drying agents. C and H 
elemental analyses were carried out at the Institut de 
Bio-Orghnica de Barcelona. IR spectra were recorded in 
THF solutions on a Nicolet FT-IR 520 spectrophotome- 
ter. ]H and 3]p{1H} NMR spectra were obtained on a 
Bruker WP 80SY spectrometer (6 (85% H3PO 4) = 0.0 
ppm). Negative-ion FAB mass spectra were recorded in 
a Fisons VG Quattro spectrometer in an NBA matrix. 
The complexes [(AuC1)2(dppm)], [(AuC1)2(dppe)] and 
[(AuC1)3(triphos)] were synthesized and isolated as 
solids from [AuCl(tht)] solutions [12] by adding the 
appropriate amount of the corresponding phosphine. 
The compounds [PPh4]2[Mn3(CO)Iz(/z-H)] and 
[PPh4]2[Fe3(CO)ll] were prepared as described previ- 
ously for the PPN + salts [4,13]. 

3.1. Synthesis of [PPh4][Mns(CO)12(Ix3-H)AuPR s ] (R 
= Ph (1) or Me (2))  

Solid [AuC1PPh3] (0.29 g, 0.59 mmol) was added to 
a suspension of [PPh4]2[Mn3(CO)~2(/z-H)] (0.70g, 0.59 
mmol) in THF (40 ml) at 258 K. The mixture turned 

Auo Auo, j 

(11) 

~ 1/2 

-..,4---,., 
P P P 
= I I 

2- 

+ 1/2 

2- 

(6) 

(6) (9) 
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green immediately and was stirred for 5 h and then 
filtered through Celite. After removing the THF under 
vacuum, the residue was dissolved in cold acetone and 
concentrated, and methanol was added. Upon cooling, 
dark-green microcrystals were deposited, which were 
collected by filtration. Yield: 0.45 g, 59%. IR (THF, 
cm-1), v(CO)stretch 2049(w), 1991(m), 1981(m), 
1966(s), 1942(w), 1925(m), 1885(w); 3~P{~H} NMR 
(240 K, THF, 8 (ppm)) 63.9 (PAu), 23.3 (PPh~); ~H 
NMR (240 K, acetone-d 6, 6 (ppm)) - 2 2  (Mn3H). 
Anal. Calc. for CsaH36AuMn3OI2P2: C, 49.9; H, 2.77. 
Found: C, 50.0; H, 2.73% FABS ( - ) :  m/z Calc.: 
960.75; found: 960.70. 

This synthesis also applies to (PPh4)[Mn3(CO)12(/z 3- 
H)AuPMe 3] (2). IR (THF, cm-1), ~,(CO) stretch 
2050(w), 1995(w), 1980(m), 1970(s), 1955(s), 1935(sh), 
1918(m), 1870(w); 3~p{~H} NMR (240 K, THF, 8 
(ppm)) 20.3 (PAu), 23.2 (PPh~). Anal. Calc. for 
C39H30AuMn30)2P2: C, 42.0; H, 2.69. Found: C, 41.6; 
H, 2.64%. 

3.2. Synthesis of [PPh 4 ]2[{Mn3(CO)12(/x3-H)Au}2(di- 
phos)] (3 and 4) 

Solid [(AuCl)2dppm] (0.20 g, 0.24 mmol) was added 
to a suspension of [PPh4]2[Mn3(CO)12(/x-H)] (0.55 g, 
0.47 mmol) in THF (25 ml) at 258 K. The mixture 
turned green immediately and was stirred for 1-2 h and 
then filtered through Celite. After removing the THF 
under vacuum, cold methanol was added and the solu- 
tion was filtered immediately. A green solid that de- 
composed in few days under N 2 was obtained. Yield: 
0.40 g, 70%. IR (THF, cm-l) ,  v(CO) stretch 2051(w), 
1992(m), 1983(m), 1967(s), 1943(w), 1928(m), 
1880(w); 31p{lH} NMR (240 K, THF, 6 (ppm)) 60.7 
(PAuMn3), 22.7 (PPh~-). Anal. Calc.: C, 47.3; H, 2.60. 
Found: C, 46.7; H, 2.73%. 

This method was also applied to [PPh4]2[{Mn 3- 
(CO)12(/x3-H)Au}2dppe] (3). IR (THF, cm-~), v(CO) 
stretch 2051(w), 1990(m), 1983(m), 1965(s), 1994(w), 
1928(m), 1885(w); 3~p{~H} NMR (240 K, THF, 8 
(ppm)) 63.6 (PAu), 22.8 (PPh~-); ~H NMR (240 K, 
acetone-d 6, 8 (ppm)) - 17 (Mn3H, br.). Anal. Calc. for 
C98H66Au2Mn6024P4: C, 47.5; H, 2.67. Found: C, 
47.5; H, 2.69%. 

3.3. Synthesis of [PPh 4 ]3[[Mnz(CO)le( /xz-H)Au}3(tri- 
phos)] (S) 

from the filtrate. A dark-green solid was obtained by 
adding methanol and filtering immediately. Yield: 0.59 
g, 65%. IR (THF, cm-~), v(CO) stretch 2050(w), 
1992(sh), 1983(m), 1966(s), 1942(w), 1926(m), 
1880(w); 31p{IH} NMR (240 K, THF, 8 (ppm)) 56.5 
(PAuMn3), 23.1, (PPh~-). IH NMR (240 K, acetone-d 6, 
6 (ppm)) - 1 7  (Mn3H, br.). Anal. Calc. for 
C149H102Au3Mn9036P6: C, 47.8; H, 2.73. Found: C, 
47.5; H, 2.77%. 

3.4. Synthesis of [PPh 4 ]2 [[Mn3(CO)t2( tz3 "H)Au}2(tri- 
phos)(AuCl)] (6) 

Solid [(AuC1)3(triphos)] (0.34 g, 0.26 mmol) was 
added to a suspension of [PPha]2[Mn3(CO)I2(/X-H)] 
(0.70 g, 0.59 mmol) in THF (50 ml) at 258 K. The 
green solution was stirred for 4 h, then filtered, and the 
filtrate was reduced to 5-10 ml. Hexane (4 ml) was 
added and the resulting solution was left in a freezer 
overnight. The dark-green crystals obtained were col- 
lected by filtration and dried in vacuo. Yield: 0.42 g, 
55%. IR (THF, cm- 1), v(CO) stretch 205 l(w), 1993(m), 
1982(m), 1967(s), 1941(w), 1927(m), 1881(w); 31P{~H} 
NMR (240 K, THF, 6 (ppm)) 53.9 (PAuMn3), 19.1 
(PAuCI), 23.2 (PPh~-). IH NMR (240 K, acetone-d 6, 
(ppm)) - 17 (Mn3H, br.). Anal. Calc. for Cl13H81Au3- 
C1Mn6024Ps: C, 46.2; H, 2.76. Found: C, 46.9; H, 
2.70%. 

3.5. Synthesis of [PPh4][{MnflCO)lz(/x3-H)Au}(tri- 
phos)(AuCl) 2 ] (7) 

Solid [(AuC1)3(triphos)] (0.31 g, 0.23 mmol) was 
added to a suspension of [PPh4]2[Mn3(CO)I2(/x-H)] 
(0.25 g, 0.21 mmol) in THF (40 ml) at 258 K. The 
mixture turned green immediately and was stirred for 2 
h. The solution was filtered and the solvent was evapo- 
rated from the filtrate. Cold methanol was added and 
the resulting solution was filtered immediately. Yield: 
0.27 g, 60%. IR (THF, cm-~), v(CO) stretch 2051(w), 
1992(m), 1984(m), 1968(s), 1945(w), 1928(m), 
1880(w); 31p{1H} NMR (240 K, THF, 8 (ppm)) 51.7 
(PAuMn3), 17.1 (PAuCI), 23.2 (PPh~-). ~H NMR (240 
K, acetone-d 6, 8 (ppm)) - 17 (Mn3H, br.). Anal. Calc. 
for C77H60Au3C12Mn3012P4: C, 43.4; H, 2.82. Found: 
C, 43.9; H, 2.90%. 

3.6. Synthesis of [PPh 4 ]3[{Fe3(CO)tj Au}fltriphos)l (8) 

Solid [(AuC1)3(triphos)] (0.32 g, 0.24 mmol) was 
added to a suspension of [PPh412[Mn3(CO)12(/X-H)] 
(0.87 g, 0.74 mmol) in THF (35 ml) at 258 K. The 
mixture turned green immediately and was stirred for 6 
h; then more [PPh4]z[Mn3(CO)12(/x-H)] (0.29 g, 0.24 
mmol) was added and the solution was stirred overnight. 
The mixture was filtered and the solvent was evaporated 

Solid [(AuC1)3(triphos)] (0.34 g, 0.26 mmol) was 
added to a suspension of [PPha]2[Fe3(CO)ll] (1.20 g, 
1.04 mmol) in THF (40 mi) at 258 K. The mixture was 
stirred for 7-8 h, then filtered through Celite and the 
filtrate was evaporated to 15-20 ml and hexane was 
then added. A dark-violet solid was obtained overnight. 
Yield: 0.51 g, 54%. IR (KBr, cm-l) ,  v(CO) stretch 
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2038(m), 1965(s), 1934(m), 1910(m), 1715(w); 3~p{~H} 
NMR (240 K, THF, 8 (ppm)) 41.3 (PAuFe3) , 23.2 
(PPh~).  Anal. Calc. for CI46H99Au3Fe9033P6: C, 47.9; 
H, 2.71. Found: C, 47.6; H, 2.75%. 

3. 7. Synthesis of [PPh 4 ]2[{Fe3(CO) H Au}2(triphos)- 
(AuCl)I (9) 

To a suspension of [PPh4]2[Fe3(CO)ll ] (0.42 g, 0.36 
mmol) in 30 ml of THF at 258 K solid [(AuC1)3(triphos) ] 
(0.20 g, 0.15 mmol) was added. After 4 h of stirring the 
compound [{Fe3(CO)llAu}2(triphos)(AuCl)] 2- was 
formed as shown by NMR spectroscopy, but weak 
signals from compounds 8 and 10 were also seen. 
Spectroscopic data for [{Fe3(CO)llAu}2(triphos)- 
(AuC1)]2-: IR (THF, cm-l ) ,  v(CO) stretch 2038(m), 
1966(s), 1935(sh), 1915(sh), 1716(w); 3~p{~H} NMR 
(240 K, THF, 6 (ppm)) 40.0 (PAuFe3), 17.8 (PAuCI). 

3.8. Synthesis of [PPh4][{Fe3(CO)llAu}(triphos)- 
(AuCI) 2 ] (10) 

Solid [(AuC1)3(triphos)] (0.22 g, 0.17 mmol) was 
added to a suspension of [PPh412[Fe3(CO)11 ] (0.19 g, 
0.16 mmol) in THF (25 ml) at 258 K. The mixture was 
stirred for 7 h, then filtered and the solvent was partially 
removed from the filtrate. After hexane addition a 
dark-violet precipitate was obtained, which was filtered 
off and dried in vacuo. Yield: 0.34 g, 50%. IR (KBr, 
cm-l ) ,  t,(CO) stretch 2040(m), 1966(s), 1935(sh), 
1915(sh), 1716(w); 31p{IH} NMR (240 K, THF, 6 
(ppm)) 37.1 (PAuFe3), 17.6 (PAuC1), 23.2 (PPh~-). 
Anal. Calc. for C76H59Au3C12Fe3OIIP4: C, 43.4; H, 
2.81. Found: C, 42.8; H, 2.87%. 

3.9. Reaction of [PPh 4 ][[Fes(CO)ll Au}(triphos)- 
(AuCl) 2 ] (10) with [eeh 4 ]2[Mns( C O ) J  tz-H)] 

A solution of 10 was prepared by treating 
[PPh4]2[Fe3(CO)11] (0.19 g, 0.16 mmol) with solid 
[(AuC1)3(triphos)] (0.22 g, 0.17 mmol) in THF (25 ml) 
at 258 K, as described above. After stirring for 7 h, 
[PPha]2[Mna(CO)lz(/x-H)] (0.20 g, 0.17 mmol) was 
added. The new compound [{Fea(CO)liAu}{Mn3(CO)l 2- 
(/x3-H)Au}(triphos)(AuCl)] 2- (11), showing 31p{iH} 
NMR signals at 55.2 (PAuMn3), 38.5 (PAuFe 3) and 
18.9 (PAuC1) was observed. However, weak signals of 
the complexes [PPh4]z[{Mn3(CO)12(/~3-H)Au}2(tri_ 
phos)(AuC1)] (6), [PPhg]2[{Fea(CO)llAu}2(triphos )- 
(AuC1)] (9), [PPh4][{Mn3(CO)~E(P~3-n)Au}(triphos)- 
(AuCl) 2] (7) and [PPh4][{Fe3(CO)llAU}(triphos )- 
(AuC1) 2 ] (10) were also present. A solid was obtained 
by working up as for 10, but all attempts at recrystal- 
lization increased the intensity of the signals of the 
other compounds in the 31 p{1H} NMR spectrum. 

This procedure was also applied to the reaction be- 

tween 7 and [PPh4]2[Fe3(CO)jl] and similar results 
were obtained. 

3.10. Reaction of [PPh 4 ]21[Mn3(CO)12(ix3-H)Au}2(tr i_ 
phos) (AuCl)] (6) with [PPh 4 ]2[Fes(CO)11 ] 

A solution of 6 was obtained by stirring 0.70 g of 
[PPh4]2[Mn3(CO)lz(/z-H)] and 0.35 g of [(AuC13(tri- 
phos)) in 50 ml of THF at 258 K for 4h. Then 
[PPh4]2[Fe3(CO)ll] (0.31 g, 0.27 mmol) was added. 
After 2 h a large quantity of [PPh412[{Mn3(CO)12 (/~3- 
H)Au}2(triphos)(AuC1)] (6) remained, but other signals 
in the sl P{~H} NMR spectrum indicated the presence of 
[PPh4]3[{Mn3(CO)12(/z3-H)Au}3(triphos)] (5) (6 = 56.5) 
and [PPh413[{Fe3(CO)llAu}3(triphos)] (8) (6=41.3) ,  
which were the only ultimate products. 

3.11. Reaction of [PPh 413[{Mn3(CO)12( Ix3-H)Au}3(tri- 
phos)] (5) with [PPh4][[Mn3(CO)12(ix3-H)Au}(tri_ 
phos)(AuCl) 21 (7) 

A solution of [PPh 4 ]{Mn3(CO)12(/x3-H)Au}(triphos ) 
(AuC1) 2] (0.05 g, 0.02 mmol) in 5 ml of THF was 
added to a solution of [PPh4]3[{Mn3(CO)I2(/x 3- 
H)Au}3(triphos)] (0.09 g, 0.02 mmol) in 5 ml of THF at 
258 K. After stirring for 3 h, signals of [PPhn]3[{Mn 3- 
(CO)12 (/x3-H)Au}3(triphos) ] (5), [PPh4]2[{ Mn3(CO)I2 - 
(/x3-H)Au}2(triphos)(AuC1)] (6) and [PPh4][{Mn 3- 
(CO)12(/x3-H)Au}(triphos)(AuCl)2] (7) were seen in the 
31p{iH} NMR spectrum. The spectrum had not changed 
20 h later. 

However, when solutions of [PPha]3[{Fe3(CO)I l- 
Au}3(triphos)] (8) and [PPh4] [{Fe3(CO)mlAu}(triphos ) 
(AuCI) 2] (10) were mixed, signals of the three com- 
pounds [PPh 4 ]3[{Fe3(CO)tlAU}3(triphos)] (8) ( t~ = 41.3), 
[PPha]2[{Fe3(CO)llAU}2(triphos)(AuC1)] (9) (6 = 40.0 
and 17.8) and [PPh4][{Fe3(CO)llAU}(triphos) (AuCl) 2] 
(10) (6 = 37.1 and 17.6) were observed in the 31p{JH} 
NMR spectrum, indicating an equilibrium similar to that 
observed for 5, 6 and 7. 
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