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Abstract 

The bicapped cluster [{Pt4(p,-CO)4(PMe2Ph)4}{P,3-HgI}2] (1) was obtained by reacting the cluster compound [Pt4(/~- 
CO)s(PMe2Ph) 4] with one equivalent of [HgzI2]. The IR and multinuclear NMR data as well as the X-ray crystal structure of 
the compound are reported. This compound crystallizes in the monoclinic space group P2Jrn with Z = 4, a = 10.086(2), 
b = 18.739(4), c = 24.764(5) ,&, and /3 = 90.94(3) °. The structure was refined to R = 0.0787 for 3303 observed reflections 
( I  > 3.0¢r(I)). 
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I.  Introduct ion 

Trimetallic compounds such as [Pt3(p,-CO)3(PR3)3] , 
(333); [Pt3(/z-CO)3(PR3)4], (334); Pt3(/z-CNXyl)2(p,- 
COXCNXyl)(PCY3)2 ], [Pt 3(/z-CNXyl)3(CNXyl)2(PCY3)], 
[Pt3(p,-SO2)3_x(/z-L)x(PfY3)3] , L =  CNXyl, C1, $02, 
CO, and [Pt3(/x3-CO)(dppm)3] 2+, dppm = Ph2PCH2P- 
Ph 2 can be used as building blocks for a wide variety of 
heterometall ic clusters [1-17]. These are in general, 
addition products of one or more building blocks and a 
coordinatively unsaturated metal  species. The struc- 
tures of these heteronuclear  clusters are of sandwich, I, 
half-sandwich, II  or bicapped, I I I  types. Selected exam- 
ples are given in Table 1. 
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The observation that a large variety of main group 
or transition metals bind to mercury or mercury-con- 
taining fragments has stimulated the systematic synthe- 
sis of mixed metal  clusters containing this element. 
Many such compounds have been described in a recent 
review by Gade [18]. 

Although p la t inum-mercury  cluster compounds 
were reported (Table 1) only a few of them are ob- 
tained as addition products of plat inum clusters with 
mercury compound.  

A recent report  described the formation of a new 
heterometallic cluster of type III  by reacting [Pt3(/J,- 
CO)3(PR3) 3] with Hg2X 2 [17]. In this reaction the 
mercury-mercury  bond of the Hg2X 2 is broken and 
each HgX fragment  is at tached on opposite sides of 
the Pt3-unit, type III.  Although these compounds have 
the bicapped structure in solution, they are dimeric in 
the solid state, shown in Scheme 1. 

However, the clusters 4 : 5 : 4  of the type [Pt4(lZ- 
CO)5(PR3) 4] can also be used as building blocks for 
the synthesis of heterometall ic clusters without a rear- 
rangement  of the basic Pt-skeleton. Starting from the 
structure of the 4 : 5 : 4 cluster one can imagine that the 
carbonyl ligand bridging the two central Pt-atoms can 
be easily displaced. In the absence of any stabilizing 
ligands, or metal-containing molecules acting as two 
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electron donors, the 4 : 5 : 4  shows a tendency to rear- 
range to give a 3 : 3 : 3  type of cluster, as has been 
reported for the [Pt4(Ix-CO)5(PBz3) 4] [5]. 

Although the Pd-cluster chemistry is different from 
that of the Pt-cluster'[19], the reaction of the [Pd4(/x- 
CO)5(PEt3) 4] with [C9HsNCH(CH3)HgBr] to [{Pd4(/x- 
CO)4(PEt3)a}{/x3-HgBr} 2] [21] emphasizes this predic- 
tion. Furthermore, very recently, Furmanova et al. 
have synthesized the related Pt-cluster [{Pta(/x-CO) 4- 
(PPh 3)4}{/x 3-HgCF3} 2 ] by reacting [Pt 3(/x -CO)3(PPh 3)4 ] 
with [CF3HgBr] [20]. 

Therefore, it might be expected that clusters of the 
type [Pta(/x-CO)5(PR3)4] can react as building blocks 
and that in the presence of Hg2X2, which can provide 
two HgX units each of which can act as one electron 
donor, they could retain the butterfly structure. 

This paper reports the reaction of the building block 
[Pt4(/x-CO)5(PMe2Ph) 4] with Hg2I 2 which gives the 
PtaHg2-heterometallic cluster [{Ptn(/x-CO)a(PMe 2- 
Ph)a}{/x3-HgI}2]. [1] The reaction is shown in Scheme 2. 

Compound 1 was characterized by X-ray crystal struc- 
ture determination and by NMR and IR spectroscopy. 

2. Results and discussion 

The addition of Hg2I 2 to [Pt4(tx-CO)5(PMe2Ph)4] in 
benzene gives a green solution, from which orange 
crystals can be obtained by addition of hexane, in a 
yield of 55% (see Scheme 2). 

The ORTEP view of the cluster core of 1 (Fig. 1) 
shows that this is indeed the case. It is noteworthy that 
the reactions of both 3 : 3 : 3 and the 4 : 5 : 4 cluster with 
Hg2X 2 lead formally to an insertion reaction of the 
cluster into an Hg-Hg bond. 

In order to compare the distances of [{Pt4(/z- 
CO)4(PMezPh)4}{/x3-HgI} 2] (1) with those of the basic 
cluster [Pt4(~-CO)5(PMe2Ph)4], two different modifi- 
cations of the latter compound having slightly different 
structural parameters have to be considered [22]. Se- 

Table 1 
Types of heterometallic clusters obtained by the reaction of Pt3-building block {B} with Lewis acids or Lewis bases 

Building Block Lewis Product Type Ref. 
{B} Acid /base  

[Pt 3(/x-CO)3(PR3)3] MPR.~ a [{B}{MPR3}]+ II [1,51 
[pt 3(/x_CO)3(PR 3)3 ] M + a [{B}2 M]+ I [3-5] 
[Pt3(/x_CO)3(PR3)3 ] MX n b [{B}{MX,,}] + II [5,11] 
[Pt3(/x-CO)3(PR3) 4] MPR~ a [{B}{MPR3}]+ II [12-14] 
[Pt 3(/x -CO)3(PR 3 )2(dpPp )] AgPR ~ [{B}{AgPR 3}] + II [27] 
[Pt 3(P.-CIXSO2)2(PR 3)3 ] AuPR ~ [{B}{AuPR 3}2 ] + III [7] 
[Pt 3(Iz-CNXylXSO2)2( PR 3)3] AuPR ~ [{B}{AuPR 3}] + II [6] 
[Pt3(lx_CNR)x(ix_CO)3_x(CNR)r(PR3)3_y ] c MPR~ ~ [{B}{MPR3}] + II [10] 
[Pt3(/x-CO)3(PR3)3] Hg ° [{B}2Hg], [{B}Hg] I, II [15] 
[Pt3(/x3-COXdppm)3l 2+ Hg ° [{B}Hg] 2+ I [2] 
[Pt3(~3-CO)(dppm)3] 2+ Hg ° [{B}Hg2] 2+ III [2] 
[pt 3(/x-CO)3(PR 3)3] TI I [{B}TI] + II [16] 
[Pt 3(/z-CO)3(PR 3)3] Hg2 X 2 [{B}{HgX} 2] III [17] 

a M = Cu I, Ag I, Au I. 
b MX n = ZnX2 ' CdX2 ' inX3" 
c x = 2, y = 1 or x = 3, y = 2, dppp = Ph2P(CH2)2PPh2; dppm = Ph2PCH2PPh 2. 
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Fig. I. A view of the structure of [{Pt4(/xiCO)4(PMe2Ph)4}{/xs-Hgl}2] 
(1). 

lected bond lengths of these compounds are given in 
Table 2. 

Cluster 1 retains the original butterfly structure of 
4 : 5 : 4, but the central bridging CO molecule has been 
replaced by an X - H g - H g - X  fragment. Each of the 
mercury atoms is bonded to the two bridging platinum 
atoms and to only one of the external platinum atoms. 

Given the skeletal arrangement, the structure of this 
cluster should have had a mirror plane symmetry. 

However, this was not found because of differing Pt-Pt  
and Pt-Hg distances. Whereas Pt(1)-Pt(2) and Pt(1)- 

o 

Pt(4) distances have the same value of 2.728(3) A, this 
is not the case for the Pt(3)-Pt(4) and Pt(3)-Pt(2) 
distances (2.734(3) and 2.714(3) A, respectively). For 
[Pt4(/x-CO)s(PMe2Ph) 4] all Pt-Pt  distances, except the 
CO bridged Pt-Pt  bond, are in the range of 2.706-2.754 

[22]. Therefore, the replacement of the bridging CO 
ligand between Pt(1)-Pt(3) by two Hg-atoms is accom- 
poanied by a lengthening of this distance from 2.731(3) 
A in [Pt4(/x-CO)5(P(Me2Ph)3)4] to 3.011(3) ,~ in 
[{Pt~(/z-CO)4(PMezPh)a}{/x3-HgI} z] (1). The triangular 
wings are capped asymmetrically by the Hg atoms as 
shown by the Hg-Pt  distances which differ signifi- 
cantly, varying between 2.716(3) and 3.163(3) ,~, the 
long Hg-Pt  distances being those to the platinum wing 
atoms. Comparable results have been reported for the 
platinum cluster [{Pt4(/x-CO)4(PPh3)4}{P3-HgCF3}2] 
[20] where the Hg-Pt  distances range from 2.719(1) to 
3.159(1) ,~ and for the palladium cluster [{Pd4(/x- 
CO)4(PEt)3)4}{/x3-HgzBrz}] ° [21] with Hg-Pd distances 
from 2.704(1) to 2.993(1) A. Furthermore, Pt=Hg dis- 
tances of 2.931(2)-3.084(1) ,~ were found for [{Pt3(/x- 
C O ) 3 ( P R  3)3){] X 3-Hg}]2 • 

The Hg-Hg distance of 3.395(4) A in [{Pt~(/x- 
CO)4(PMe2Ph)a}{/.t3-HgI}2] (1) is very long and, there- 
fore, there is probably no significant Hg-Hg interac- 
tion. Other reported Hg-Hg distances for Hg-contain- 

Table 2 
Selected Bond Lengths (,~) and Angles (deg) for [{Pt4(/z-CO) 4- 
(PMe2Ph)4}{/x3-HgI} 2] (1) (bridging CO's have been omitted for 
clarity 

1 1 pl 

2 p /  3~ p Pt p 4 

Hg(1)-Pt(1) 2.748(3) Pt(1)-Pt(2) 2.728(3) 
Hg(1)-Pt(2) 3.071(3) Pt(1)-Pt(3) 3.011(3) 
Hg(1)-Pt(3) 2.813(3) Pt(1)-Pt(4) 2.728(3) 
Hg(2)-Pt(1) 2.791(3) Pt(2)-Pt(3) 2.714(3) 
Hg(2)-Pt(3) 2.716(3) Pt(3)-Pt(4) 2.734(3) 
Hg(2)-Pt(4) 3.163(3) Hg(1)-I(1) 2.704(5) 
Hg(1)-Hg(2) 3.395(4) Hg(2)-l(2) 2.711(5) 

Pt(2)-Pt(1)-Pt(4) 75.9(1) Pt(2)-Pt(1)-Hg(1) 68.2(1) 
Pt(3)-Pt(1)-Pt(4) 56.6(1) Pt(4)-Pt(1)-Hg(1) 114.9(24) 
Hg(l)-Pt(1)-Hg(2) 75.6(1) Pt(3)-Pt(1)-Hg(2) 55.7(1) 
Pt(3)-Pt(1)-P(1) 148 .6 (4 )  Hg(1)-Pt(1)-P(1) 99.5(4) 
Pt(1)-Pt(2)-Hg(1) 56.2(1) Pt(1)-Pt(3)-Hg(2) 58.1(1) 

Hg~ Hg Hg~ Hg Hg~ i: Hg Hg~ Hg 
1\,z  / >;,Z/ I x ,7, 
! / ' ¢ ! ,  ¢ , , & > %  , 

I 2 3 4 5 6 

1336 % 13,59 % 13.59 ck 13.80 % 3.45 % 3.45 e/c 

7 8 9 10 I I  12 

3.50 Q 3.50 % 0.89 % 5 4(I % 2 70 e4 2 7 0  ':~ 

13 14 15 16 17 18 

5 4 0  cd 2 8 0  ~ 2 8 0  ~ 140  O; I J0  ~ 1) 70 % 

19 20 21 22 23 24 
0.70 cA 140  % 0.36 % 0 5 0  ~ 0.50 % 0 5 0  % 

25 26 27 28 29 30 
0 5 0  ¢7~ 0.14 % 0 1 4  rTc 0 1 4  % 0.14 % 0.04 C/~ 

(Pt  d e n o t e s  a m a g n e t i c a l l y  ac t ive  P t -nuc leus .  w h i l e  O d e n o t e s  a l % p t - a t o m ;  s a m e  is 

va l id  for  H g ;  31 P-nuc le i  h a v e  no t  b e e n  d e n o t e d  as t he i r  n a t u r a l  a b u n d a n c e  is 100 ' .  ) 

Scheme 3. 
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Fig.  2. O b s e r v e d  ( u p p e r  t r ace )  a n d  c a l c u l a t e d  ( lower  t r ace  ) 31 p_{l H } - N M  R s p e c t r u m  of  [{Pt 4 ( ~ - C O ) 4 ( P M e  2 Ph)4}{P- 3-HgI}2 ] (1). 

ing clusters are: [{Pt4(/.z-CO)4(PPh3)4}{/z3-HgCF3} 2] 
[20], 3.640 A; [{Pda(/.~-CO)a(PEt)3)4}{/z3-Hg2Br2}] [21], 
3.251(1) ,~; [C(HgCN)4] [23], 3.280-3.398 ~,; 
[C(HgOAc) 4] [24], 3.251-3.436 .~ and 3.131-3.149 
for the heteronuclear cluster [RhaHg6(PMe3)12] [25]. 

The IR pattern of the carbonyl stretching frequen- 
cies of 1 are different from those of the [Pt4( ~- 
CO)s(PMe2Ph)4]. Compared to the latter, frequencies 
are all shifted to higher frequencies and show intense 
adsorption bands at 1865, 1830, 1802 and 1789 cm-I. 
This behaviour suggests a weakening of the 7r-back- 

bonding from the platinum to the carbonyl ligand which 
would cause a lengthening of the M-CO bond and a 
strengthening of the C-O bond. However due to the 
dynamics of these clusters such bond length changes 
can not be confirmed by the X-ray structure. In general 
correlation between the IR shift frequencies and the 
C-O bond length cannot be easily given [26,10]. 

While the butterfly cluster [Pt4(~-CO)s(P(Mez- 
Ph)3) 4] have simple NMR spectra, because all phos- 
phorus and platinum atoms appear chemically identical 
[22], due to the fast dynamic behaviour in the NMR 

T a b l e  3 
~IP{XH} a n d  tgSpt N M R  d a t a  fo r  [{Pt4(p . -CO)4(PMe2Ph)4}{p.3-HgI},  _] (1) ( b r i d g i n g  C O ' s  have  b e e n  o m i t t e d  for  c lar i ty)  

I B' I 

\ P  ,2/ g \ . 

x 
A 
p B p 

p p m  H g  1 H g  2 

A 
I 

P 
pt  x p t  x '  p t  v p t  v '  p A  pA'  pB pB'  

p A  -- 0.5 277 U. 5400 
pA,  - -0 .5  U. 277 161 
p B  13.0 384 384 253 

pB, 13.0 384 384 253 
Pt x - 4 7 6 2  u. u. - 
Pt  x '  - 4762  u. u. u. 

Pt  ¥ - 4370  4050 4050 1650 

P t v '  - 4370  4050 4050 1650 
H g  1 u. 0 u. 

H g  2 u. 0 - u. 

161 173 173 - 7 29 29 
5400 173 173 7 29 29 

253 5160 446  29 29 - 43 
253 446 5160 29 29 43 - 

u. 1650 1650 5400 161 253 253 
1650 1650 161 5400 253 253 

1650 - 1860 173 173 5160 446 

1650 1860 - 173 173 446 5160  

u. 4050  4050 . . . .  

u. 4050  4050 . . . .  
u. = u n i d e n t i f i a b l e  
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time scale, the 31p. and 195pt-NMR spectra of 1 are 
quite complex. It is found that, upon coordination of 
the two HgI moieties phosphorus and platinum atoms 
are no longer chemically equivalent and NMR spec- 
troscopy can therefore distinguish bridge atoms and 
wing atoms. The combinations of the NMR '95pt atoms 
(s = 1/2;  natural abundance, n .a .=33.7%),  31p ( s =  
1/2;  n.a. = 100%) a n d  199Hg atoms (s = 1/2; n.a. = 
16.8%) leads to the formation of 64 isotopomers. After 
subtraction of equal and enantiomeric structures, one 
is left with 30 isotopomers (sketched in Scheme 3) 
which are responsible for the NMR spectra. 

The spectroscopic simplest isotopomer (1), i.e., that 
without NMR active platinum and mercury atoms gives 
rise to an A 2 M  2 spin system, the difference in chemi- 
cal shifts of the two types of phosphorus being suffi- 
ciently large to avoid the formation of an A2B 2 spin 
system. Therefore,  the 31p_NMR spectrum (see Fig. 2) 
shows two triplets one centred at 13 ppm (31p on the 
bridge atoms) and the other at -0 .45  ppm (31p on the 
wing atoms). The presence of one '95pt results in the 
formation of two isotopomers one with 195pt on the 
wing atom isotopomer (2) or on the bridge atom iso- 
topomer (3). As the resonances are well separated and 
the two different ~J(Pt-P) constants are in the range of 
5160 Hz, the 31p-NMR spectrum of this species can be 
analyzed by a (pseudo) first order approach. Therefore,  
the actual spin systems, APCM2X and A2MM'Y,  re- 

: k 

s i m u l a t e d  

8 = -4370 p p m  

I 

o b s e r v e d  1000 H z  

s i m u l a t e d  

8 = -4762 p p m  ] 

o b s e r v e d  1000 H z  

Fig. 3. Observed (upper  trace) and calculated (lower trace) 195pt- 
N M R  spectrum of [{Pt4(p,-CO)4(PMe2Ph)4}{/x3-HgI} 2] (1). 

Table 4 
Structural determination summary  for [{Pt4(/z-CO)4(PMe2Ph)4}{/z3- 
Hgl}z](1) 

Crystal data 
Empirical formula C36H44Hg21204P4Pt4 
Colour; habit red; cube 
Crystal size (ram 3) 0.2 × 0.2 × 0.2 
Crystal system Monoclinic 
Space group P 2 1 / n  
Unit  cell dimensions a = 10.086(2), b = 18.739(4), 

c = 24.764(5) A,/3 = 90.94(3) ° 

Volume 4679.8(17) ~3 
Z 4 
Formula weight 2099.9 g 
Density(calc.) 2.980 g m 3 
Absorption coefficient 19.939 m m -  1 

F(000) 3720 

Data collection / diffractometer used 
Siemens 

Radiation 
Tempera ture  (K) 
Monochromator  
20 Range 
Scan type 
Scan speed 
Scan range (oJ) 
Background 

measuremen t  

Standard reflections 
Index ranges 
Reflections collected 
Independent  reflections 
Observed reflections 
Absorption correction 

Solution and Refinement 
System used 
Solution 
Ref inement  method 
Quanti ty minimized 
Absolute structure 
Extinction correction 
Hydrogen atoms 
Weighting scheme 
Number  of parameters  

refined 
Final R indices 

(obs. data) 
R indices (all data) 
Goodness-of-fit  
Largest and mean A / o -  
Data- to-parameter  ratio 

Largest  difference peak 

Largest  difference hole 

R3m 

Mo K a  (a = 0.71073 ~,) 
298 
Highly oriented graphite crystal 
3.0 to 40.0 ° 
20-w 
Variable; 2.00 to 10.00 ° min i in 6o 
1.20 ° plus K s  separation 
Stationary crystal and stationary 
counter  at beginning and end 
of scan, each for 25.0% of total 
scan time 
1 measured  every 100 reflections 
-9_<  h_< 9, 0_< k_< 18, 0_< h < 23 
4373 
4373(Rim = 0.00%) 
3303 (F  _> 3,0 o-(F)) 
n / a  

Siemens SHELXTL PLUS (VMS) 
Direct Methods  
Full-Matrix Least-Squares 
Xw(F ° - Fc )2 
n / a  
n / a  
Riding model, fixed isotropic U 
w -  i = v / x  20(F) + 0.0000F/ ' ,  20H 
267 

R = 7.87%, wR = 7.64% 

R = 9.97%, wR = 7.68% 
4.40 
0.334, 0.009 
12.4:1 

3.67 e,~ 3 

- 3 . 3 9  e,~ -3  

spectively, can be treated as MzPQX and MNP2Y, 
respectively where P, Q and N, M are isochronous. The 
X and Y part of these isotopomers, 2 and 3, cause the 
formation of two doublets of triplets, which are dou- 
bled again. This pattern allows the calculation of the 
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coupling constants 1j(ptX ' pA), 2j(ptx ' pA') and 
2j(pt x, p M). 

The introduction of a further ~95pt-isotope leads to 
the formation of three new isotopomers. Only iso- 
topomer 4, with n.a. = 13.8%, makes a significant con- 
tribution to the NMR  spectrum. This pattern may be 
simply explained by a further splitting of the reso- 
nances of isotopomer (2) by the additional NMR-active 
atom. 

The main pattern of the ~9Spt-NMR spectrum which 
arises mainly from isotopomers (2) and (3) leading to 
two doublets of triplets are doubled again. The chemi- 
cal shifts are for the bridging atoms and for the wing 
atoms are - 4 3 7 0  and - 4 7 6 2  ppm, respectively. While 
in the 31p spectrum 199Hg s a t e l l i t e s  cannot be detected 
due to the low natural abundance of the isotopomers, 
only the resonances of the bridge atoms to  199Hg are 
detectable in the 195pt spectrum (see Fig. 3). This may 
be explained by the fact that the /x3-Hg moieties is 
attached to two bridging platinum atoms (isotopomer 
13; n.a. 5.4%), but only one of the wing platinum atoms 
(isotopomer 11; n.a. 2.7%). The NMR specmi of 1 can 
be simulated for both 3~p_ and Z95pt-NMR satisfacto- 
rily and the values obtained are given in Table 3. 

The compound reported by Furmanova et al. [20], 
[{Pt4(/x-CO)4(PPh3)4}{/x3-HgCF3}2], is related to 1 and 
is particularly interesting in this context. This reaction 
shows that a 3 : 3 : 4 cluster undergoes a rearrangement. 
Similar rearrangements have been extensively studied 
in this laboratory [26]. 

In order to use a cluster of 3 : 3 : 4 type as a building 
block, without loss of the basic unit structure, one 
should abstract a halide from the RHgX. The resulting 
R - H g  + fragment is isolobal to the AuPR~ or CuPR~- 
fragment and might therefore react with a 3 : 3 : 4  unit 
as was shown by the formation of [{3:3:4}{CuPR3}] + 
[12]. However, preliminary experiments in our labora- 
tory showed that, in presence of light, the 3 : 3 : 3 clus- 
ters react rapidly with compounds such as PhHgX, 
BzHgX by a radical mechanism with organo-mercury 
bond disruption and formation of clusters of the type 
[{333}{/x3-HgX} 2 ] [17]. 

3. Experimental section 

The chemical operations routinely used standard 
Schlenk line procedures under an atmosphere of pure 
argon and dry O2-free solvents. 

The infrared spectrum was recorded on a Perkin- 
Elmer 1420 spectrometer as an RbI pellet. The 31p_ 
{1H} and t95pt-{iH} spectra were run on a Bruker 
WM250 spectrometer. The 31p and ~95Pt operating 
frequencies were 101.3 and 53.5 MHz, respectively, 
and reported relative to H3PO 4 (85%) and Na2PtCI~,, 

respectively as an internal standard. 31P-{1H}-NMR 
and 195pt-{IH} simulations were carried out using the 
program PANtC developed by Bruker. 

Table 5 
Atom coordinates (x  104) and equivalent isotropic displacement 
coefficients (~z × 103) 

Atom x y z Ueu* 

Pt(l) 2267(2) 1429(1) 1309(1) 26(1) 
Pt(2) 1999(2) 2877(1) 1281(1) 28(1) 
Pt(3) - 106(2) 2185(1) 828(1) 24(1) 
Pt(4) 1(2) 1682(1) 1864(1) 28(1) 
C(12) 3 9 2 7 ( 7 0 )  2 1 6 5 ( 4 1 )  1 0 9 4 ( 3 6 )  120(17) 
C(23) -65(71) 3 1 7 5 ( 4 3 )  1 1 5 8 ( 3 6 )  120(17) 
C(34) - 1691(73) 2 0 6 4 ( 5 2 )  1 4 7 6 ( 3 0 )  120(17) 
C(14) 1831(72) 1 2 5 8 ( 4 9 )  2 0 4 7 ( 3 1 )  120(17) 
O(14) 2305(45) 986(25) 2 4 5 5 ( 1 9 )  69(15) 
0(23) -411(47) 3765(27) 933(19) 79(16) 
0(34) -2634(47) 2 4 3 2 ( 2 6 )  1559(19) 77(16) 
O(12) 4 6 7 0 ( 5 9 )  2 3 3 2 ( 3 3 )  1 7 4 6 ( 2 5 )  129(23) 
Hg(1) 2257(2) 1942(1) 269(1) 35(1) 
Hg(2) 126(3) 742(1) 805(1) 37(1) 
I(1) 3758(5) 2140(3) -613(2) 57(2) 
I(2) - 1231(5) -491(2) 647(2) 57(2) 
P(1) 3832(16) 568(10) 1235(6) 38(6) 
P(2) 2906(18) 3967(9) 1335(8) 45(7) 
P(3) - 1637(16) 2299(8) 128(7) 39(6) 
P(4) - 1061(16) 1440(9) 2632(7) 39(7) 
C(101) 3 5 3 3 ( 7 9 )  -316(43) 1 5 2 5 ( 3 1 )  82(26) 
C(102) 4 5 2 4 ( 8 2 )  -692(43) 1 7 0 6 ( 3 0 )  85(26) 
C(103) 4089(83) - 1360(45) 1991(31) 98(29) 
C(104) 2862(59) - 1577(33) 2 0 4 6 ( 2 2 )  41(17) 
C(105) 1725(82) - 1259(42) 1 8 7 2 ( 2 9 )  89(27) 
C(106) 2 0 9 9 ( 5 7 )  -502(31) 1 6 5 5 ( 2 2 )  37(17) 
C(107) 5561(62) 815(39) 1449(27) 81(25) 
C(108) 4260(72) 226(42) 579(27) 96(29) 
C(201) 3035(58) 4389(33) 644(24) 41(17) 
C(202) 2 2 3 4 ( 6 1 )  4976(34) 520(25) 52(20) 
C(203) 2 4 5 5 ( 6 7 )  5 1 5 1 ( 3 8 )  -26(28) 65(22) 
C(204) 3 2 5 2 ( 6 8 )  4 8 2 3 ( 3 9 )  -368(30) 68(23) 
C(205) 3 8 8 1 ( 7 1 )  4311(41) - 198(30) 76(24) 
C(206) 3 8 1 9 ( 5 4 )  4034(30) 308(22) 32(16) 
C(207) 4 9 4 4 ( 8 0 )  3 9 7 3 ( 5 0 )  1 4 4 0 ( 3 6 )  148(42) 
C(208) 1 8 3 9 ( 5 3 )  4 6 5 2 ( 2 9 )  1777(22) 38(17) 
C(301) - 1153(48) 2 7 9 6 ( 2 7 )  -432(20) 20(14) 
C(302) - 1951(63) 2 8 1 3 ( 3 5 )  -892(25) 57(20) 
C(303) - 1263(68) 3185(37) - 1427(28) 68(23) 
C(304) -262(63) 3576(36) - 1392(27) 54(20) 
C(305) 546(82) 3 5 9 9 ( 4 5 )  -972(32) 97(29) 
C(306) 42(55)  3 2 4 6 ( 3 0 )  -476(23) 39(17) 
C(307) -2091(67) 1 4 8 9 ( 3 6 )  -267(28) 80(25) 
C(308) -3079(48) 2736(28) 335(21) 33(16) 
C(401) - 1777(53) 565(30) 2 6 4 0 ( 2 3 )  33(16) 
C(402) - 1541(59) 78(331) 2 2 2 4 ( 2 5 )  47(18) 
C(403) - 2008(64) - 647(39) 2301(30) 67(22) 
C(404) - 2632(60) - 872(35) 2 7 1 3 ( 2 5 )  49(19) 
C(405) -2905(58) -313(33) 3 1 3 9 ( 2 5 )  47(19) 
C(406) - 2379(50) 354(29) 3104(21) 27(15) 
C(407) - 56 (55)  1 5 0 4 ( 3 2 )  3 2 6 9 ( 2 2 )  47(19) 
C(408) -2507(52) 2 0 6 0 ( 3 0 )  2 7 9 3 ( 2 2 )  42(17) 

U~o* Equivalent isotropic U defined as one third of the trace of the 
orthogonalized ~ j  tensor 
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3. l. Synthesis o f  I{Pt4(a-CO)4(PMe:Ph)4} {as-Hgl}: l  
(1) 

[Pt4(/.t-CO)5(P(Me2 Ph)3) 4] 100 rag, (0.068 mmol )was  
dissolved under  argon in benzene (10 ml) and Hg2I  2 
(44 rag, 0.069 mmol)  was added. The colour changed 
from red to green after a few minutes. After addition 
of hexane a orange yellow solution was obtained from 
which, after a few days at 8°C, crystals could be ob- 
tained. Yield: 55%, 78 mg. 

3.2. Crystal structure determination of  compound 1 

A red cube was placed on a Picker-Stoe-Diff-4 
diffractometer which was used for the determination of 
lattice parameters ,  space group, and data collection. 
The cell parameters  were obtained by a least-squares 
fit of  the 20 values of 16 high-angle reflections (17.4 ° 
< 20 _< 20.8°). The crystallographic data are listed in 
Table 4. 

A total of 4373 reflections was measured in the 20 
range of 3-40  ° . During data collection one standard 
reflection (2, - 1, 10) was measured every 120 minutes. 
No significant variations of the intensities were ob- 
served. At 20 values higher than 40 ° the intensities of 
the reflections were very low because of the poor  
quality of  the crystal, therefore the measurement  was 
stopped at this angle. Data  were corrected for Lorentz 
and polarization factors, and no empirical or numerical 
absorption correction was applied. Reflections having 
I > 4~r(I) were considered as observed and thus 3151 
reflections were used for the solution and refinement 
of the structure. 

The structure was solved by direct and Fourier 
methods using the SHELXTc-Plus system. Ref inement  
was carried out by full-matrix least-squares; the func- 
tion minimized was Zw( [ F o I - 1 / k  117,. I) 2. The posi- 
tions of the hydrogen atoms were calculated but not 
refined. Anisotropic tempera ture  factors were used for 
the Pt, Hg, P and I atoms, all other atoms were refined 
isotropically. Scattering factors were taken from Inter- 
national Tables of X-ray Crystallography, Kynoch; 
Birmingham, 1974. The thermal displacement parame-  
ters of all four carbonyl groups were refined as a single 
pa ramete r  for the carbon and the oxygen atom. The 
final positions of the atoms are listed in Table 5. 
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