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showing just the cluster framework is shown in Figure 2. 
Basically, the molecule consists of two trigonal-prismatic 
PtOssS2 clusters that are joined on an edge by the quad- 
ruply bridging sulfido ligands S(1) and S(2). The four- 
membered Pt(l)-S(l)-Pt(2)-S(2) ring is slightly puckered 
with the dihedral angle between the two PtS planes being 
42'. The Pt(l).-Pt(2) distance at 3.313 (1) 1 is indicative 
of a nonbonding intera~ti0n.l~ Within the trigonal prisms 
there are three metal-metal bonds (e.g., Pt(1)-Os(1) = 
2.680 (1) A, Pt(l)-Os(2) = 2.744 (1) A, and Os(2)-Os(3) 
= 2.956 (1) A). Each cluster contains one hydride ligand 
that is believed to bridge the elongated osmium-osmium 
bond. A phosphine ligand is coordinated to each platinum 
atom, and each has one phenyl ring ortho-metalated to an 
adjacent osmium atom. Each cluster contains eight linear 
terminal carbonyl ligands. Two osmium atoms contain 
three CO ligands while the one with the ortho-metalated 
ring (Os@) and 045) )  has only two. 

There are a variety of resonance structures that one can 
devise to distribute the bonding electrons. One of these 
is shown in Figure 3. If the triply bridging sulfdo ligands 
are assumed to serve as four-electron donors and the 
quadruply bridging sulfido ligands serve as six-electron 
donors, then the osmium atoms can achieve 18-electron 
configurations, but the platinum atoms will have only 16 
electrons. However, 16-electron platinum atoms are com- 
mon in mononuclear metal complexes and have been ob- 
served in cluster complexes as we11.16 I t  seems that the 
alternative in which the quadruply bridging sulfido ligands 
serve only as four-electron donors is highly unlikely be- 
cause the still greater electron deficiency at the metal 
atoms would be intolerable. 

The formation of the four-membered Pt2S2 ring pro- 
duces considerable distortions on the geometry of the 
bridging sulfido ligands. For example, the Pt(2)-S(l)- 
Os(3) angle is 145.3 (3)' while the Pt(l)-S(l)-Pt(B) and 
Pt(l)-S(2)-Pt(2) bond angles are 85.02 (16)' and 83.81 
(17)', respectively. The Pt(1)-S(l)-Os(l) and Pt(2)-S- 
(2)-0s(4) angles are only 68.31 (16)' and 67.28 (15)O.l' 
One consequence of these distortions is that all the metal 
atoms lie on the same side of a plane that passes through 
the sulfido ligand. In tetravalent species this geometry is 
known as "inverted" tetrahedral.lOJ1 Since all six valence 
electrons of the quadruply bridging sulfido ligands are 
involved in bonding to the metal atoms, these ligands must 
be regarded as tetravalent.ls An alternative way of vis- 
ualizing this situation is to determine the position of the 

(15) Selected interatomic distances (A) for 2 Pt(l)-Os(l) = 2.680 (I), 
Pt(l)-08(2) = 2.744 (l), OS(2)+(3) = 2.956 (l), Pt(2)-0s(4) = 2.652 (l), 
Pt(2)-oS(5) 2.723 (l), 0~(5)-oS(6) = 2.930 (l), Pt(l)-.Pt(2) = 3.313 (l), 
Pt(l)-S(l) 2.365 (5), Pt(l)-S(2) = 2.583 (6), Pt(1)-P(l) 2.235 (6), 
Os(lkS(1) = 2.409 (6), Os(l)-S(3) = 2.423 (6), 0~(2)-S(3) 2.394 (61, 
0~(3)-S(1) 2.484 (5), 0~(3)-S(3) 2.447 (71, Pt(2)-S(1) = 2.536 (5), 
Pt(2)-S(2) = 2.372 (5), Pt(2)-P(2) = 2.243 (6), 0~(4)-S(2) = 2.415 (5), 
0~(4)-S(4) = 2.473 (7), 0~(5)-S(4) = 2.384 (5), 0~(6)-S(2) = 2.481 (7), 
0~(6)-S(4) = 2.458 (6). 

(16) Farrugia, L. J.; Howard, J. A. K.; Mitrprachachon, P.; Stone, F. 

(17) Selected bond angles (deg) for 2: Pt(l)-S(l)-oS(l) = 68.31 (16), 
G. A.; Woodward, P. J .  Chem. SOC., Dalton Trans. 1981, 162. 

Pt(l)-S(1)-0~(3) 102.86 (21), OS(l)-S(l)-Oe(3) 97.83 (20), Pt(1)-S- 
(1)-Pt(2) 85.02 (16), Pt(l)S(2)-0~(4) 135.0 (3), Pt(l)-S(2)-0~(6) = 
122.2 (2), S(l)-Pt(l)-S(P) = 87.47 (19), Os(l)-Pt(l)-0s(2) 78.87 (4), 
Pt(l)-08(2)-0~(3) 83.31"(4), Pt(2)-S(2)-(4) 67.28 (15), Pt(2)-S- 
(2)-oS(6) = 101.21 (22), &(4)-S(2)-oS(6) 97.59 (21), Pt(l)-S(2)-Pt(2) 
= 83.81 (17), Pt(a)-S(l)-Os(l) = 116.22 (23), R(2)-S(l)+(3) = 145.3 
(3), S(l)-Pt(2)-5(2) = 88.43 (18), 0~(4)-Pt(2)-0~(5) 86.05 (4), Pt(2)- 
Os(5)*(6) = 83.06 (4). 

(18) Sulfuranes'@ and the quadruply bridging slllfdo ligands that act 
aa a four-electron donors (e.g., type B) contain a lone pair of electrons 
on the sulfur atom. For these cases the geometry of the sulfur atom 
should be based on five vertices and should not be considered as inverted 
tetrahedra. 

(19) Chen, M. M. L.; Hoffmann, R. J. Am. Chem. SOC. 1976,98,1647. 
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central atom and one of the substituents with respect to 
a plane defined by the three other substituents. For ex- 
ample, atoms S(2) lies 0.32 8, from the plane defined by 
Pt(l), Os(4), and Os(6). Atom Pt(2) lies 1.87 8, from the 
plane on the opposite side.20 If one ignores the presence 
of the phosphine and triply bridging sulfido ligands, the 
cluster has the form of two [2.2.l]propellanes that have 
one four-membered ring in common. Indeed, it has been 
the propellane class of molecules that has been the source 
of the greatest number of examples of inverted tetrahedral 
carbon structures.lOJ1 

The importance of bridging sulfido ligands in the syn- 
thesis and stabilization of polynuclear metal complexes is 
becoming increasingly apparent as sulfidometal complexes 
with greater complexities are being prepared. It is clear 
that the ability of the sulfdo ligand to adopt a wide variety 
of structural geometries will be a valuable feature of its 
ligand behavior. 
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(20) Atom S(1) ties 0.11 A from the plane defined by Pt(2), Os(l), and 
Os(3). Atom Pt(1) lies 2.07 A on the opposite side of that plane. 
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Summery: The reaction of CH,(PPh,)* with Hg(0Ac) and 
[Hg(Me,SO),] (03SCF3), leads to {(AcOHg), CH,-, [PPh2- 
(HgOAc)],)(O,SCF,), (n = 1, 2), which were character- 
ized with lQQHg and 31P NMR spectroscopy. 

Most metal complexes of deprotonated bis(dipheny1- 
phosphin0)methane (dppm) are coordinated via the 
phosphorus atoms of the ligand either in a chelating (i) 
or in a bridging mode (ii).l This is true for transition 

Ph, Ph, 

I i i  

metals including Au, Nil Pd, and Pt2+ as well as for lith- 
iated dppm that adopts structure i according to 31P and 
6Li NMR measurements.' Coordination through the 

(1) Puddephatt, R. J. Chem. SOC. Reu. 1983,99. 
(2) Schmidbaur, H.; Mandl, J. R. Angew. Chem. 1977, 89, 679. 

Schmidbaur, H.; Mandl, J. R.; Bassett, J. M.; Blaschke, G.; Zimmer- 
Gasser, B. Chem. Ber. 1981,114, 433. 

(3) Baaaett, J. M.; Mandl, J. R.; Schmidbaur, H. Chem. Ber. 1980,113, 
1145. 

(4) Browning, J.; Bushnell, G. W.; Dixon, K. R. J.  Organomet. Chem. 
1980,198, C11. 

(5) Briant, C. E.; Hall, K. P.; Mingos, D. M. P. J .  Organomet. Chem. 
1982, 229, C5. 
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Table I. {'H} NMR Parameters  of {(AcOHg),CH,-,[PPh,(HgOAc)], ),+ a 

n 6 (3'P) 6 (19gHgp) 6 ( " ' H g ~ )  'J(lg9Hg, "P) 2J('99Hg, 31P) 'J(lg9Hg, "P) T, K 
1 34.1 916 d b  854 t b  8173 265 30 253 
2 43.3 889 d C  941 tC 8648 234 212 27 3 

Chemical shif ts  are  i n  parts per  million the l o w  field of  85% H,PO, or aqueous  Hg(ClO,), ( 2  m m o l  o f  HgO/cm3 of  60% 
HClO,); coupling constants are i n  Hz;  solvent, MeOH. 
determined f r o m  a 'H-coupled lg9Hg NMR spec t rum.  

PJ('99Hg, 'H)  = 260, 3J('99Hg, 'H)  = 300; coupling constants  
The t / d  intensi ty  ratio of 2 is nearly ( d u e  to different  NOE) 

doubled compared  with that of 1. 

methylene carbon is known only in a few The 
complexes were generated from the deprotonated ligand 
and appropriate metal compounds or by deprotonation of 
the coordinated ligand. We report here further examples 
of C-substitution in various mercury complexes of dppm. 

The reaction of dppm with Hg(OAc)z and [Hg- 
(MezS0)6](03SCF3)213 according to eq 1 in methanol a t  
Ph,PCH,PPh, + ~ H ~ ( O A C ) ~  + [ H P ( M ~ ~ S O ) ~ I ( O ~ S C F ~ ) ~  - 

1 

ambient temperature affords the C-metalated product 1 
almost quantitatively within a few minutes.14 The com- 
pound was isolated and crystallized as an Me2S0 solvate.16 
The structure is evidenced by IWHg and 31P NMR spec- 
troscopy.'6 The '"Hg{'H) NMR spectrum ('%Hg, I = 1/2, 
abundance 16.8%) of 1 shows two different mercury sites: 
one doublet attributable to the mercury bound to phos- 
phorus and a 1:2:1 triplet for the carbon-bound mercury 
being coupled to two equivalent phosphorus atoms via two 
bonds. This is conf i ied  by the 31P NMR spectrum. The 
NMR data are summarized in Table I. 

The reaction of one further equivalent of H ~ ( O A C ) ~  
according to eq 2 leads under the same conditions almost 
Ph2PCH2PPh2 + 3Hg(OAc12 +-[~p(Mc2S0)6](0aSCF3)2 - 

A C O H ~ '  1 \ 

2 
quantitatively to the dimercurated product 2, which was 
characterized similarly to 1 (Table I).14J7 Particulary 

(6) AlJibori, S.; Shaw, B. L. J. Chem. Soc., Chem. Commun. 1982,286. 
(7) Colquhoun, I. J.; McFarlane, H. C. E.; McFarlane, W. J. Chem. 

SOC.. Chem. Commun.. 1982. 220. 
(8) Camus, A.; Marsich, N.; Nardin, G.; Randaccio, L. J. Organomet. 

Chem. 1973.60. C39. 
- - - - , - - I  - - -  - .. 

(9) van der Velden, J. W. A; Bow, J. J.; Vollenbroek, F. A; Beurskens, 
P. T.; Smite, J. M. M. J. Chem. SOC., Chem. Commun. 1979,1162. van 
der Velden, J. W. A.; Vollenbroek, F. A.; Bow, J. J.; Beurekens, P. T.; 
Smite, J. M. M.; Bosman, W. P. Reel. Trau. Chim. Pays-Bas 1981,100, 
148. 

(10) Dawkins, G. M.; Green, M.; Jefferey, J. C.; Stone, F. G. A. J. 
Chem. SOC., Chem. Commun. 1980,1120. 

(11) Issleib, K.; Abicht, H. P. J. Prakt. Chem. 1970, 312, 456. 
(12).Uson, R.; Laguna, A.; Laguna, M.; Manzano, B. R.; Jones, P. G.; 

Sheldnck, G. M. J. Chem. SOC., Dalton Trans. 1984, 839. 
(13) Peringer, P. J. Znorg. Nucl. Chem. 1980, 42, 1501. 
(14) The use of [Hg(MezSO)B!(03SCF3)2 alone in the reactions 1 and 

2 leads to compounda correapondmg to 1 and 2 beaides other unidentified 
products; the use of Hg(0Ac)p alone in the reactions 1 and 2 leads to 
products corresponding to 1 and 2 that exhibit an increased kinetic 
lability of the Hg-P bonds and decompose even faster. 

(15) ((ACOH~)CH[PP~~(H~OA~)]~J(~~SCF~)~~~M~~SO mp 127-133 
OC. Anal. Calcd for C&&~Hg301&'zS~: C, 27.6; H, 2.9; Hg, 35.5. 
Found C, 27.4; H, 2.9; Hg, 34.6. The M e a 0  content was also conf i ied  
by integration of the 'H NMR spectrum. 

(16) NMR spectra were recorded on a multinuclear Bruker WP-80 
spectrometer. 
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conclusive is the nearly doubled intensity of the lWHg 
satellite pattern due to 2J('WHg, 31P) in the 31P NMR 
spectrum according to a statistical abundance of 19.37% 
for the isotopomer 2a compared with that of la (11.56%). 

2+ 

l a  2a 

The mercury-199 resonance of the C-bound mercury is a t  
high frequency relative to that of 1 in keeping with the 
results for the series CHkn(HgX),.'* 

The occurrence of reactions 1 and 2 under mild condi- 
tions is quite interesting since the replacement of hydrogen 
by mercury (mercuration) in aliphatic compounds is lim- 
ited to acidic hydrocarbons, i.e., hydrogens a to electron- 
withdrawing groupslg such as cyano, diazo, carbonyl, or 
phosphorylz0 groups (e.g., eq 3). dppm is not acidic ac- 
CHz[P(O)(OEt)J, + 2Hg(OAc)z - 4 

( A c O H ~ ) ~ C [ P ( O ) ( O E ~ ) ~ ] ~  + 2HOAc (3) 
cording to a pK, of 29.9,2l and deprotonation only succeeds 
by using very strong bases. We propose that the methylene 
group of dppm is activated as a result of the coordination 
of mercury to the diphenylphosphino groups, Le., that 
[PPh2HgOAc]+ acts as an electron-withdrawing group. 

Acknowledgment. Thanks are due to the Fonds zur 
Forderung der Wissenschaft, Vienna, for making available 
the NMR spectrometer. 

(17) 2 could not be isolated and readily decomposes in solution with 
formation of crystalline (HgOA& and 1. 

(18) Breitinger D. K.; Kress, W.; Sendelsbeck, R.; Ishiwada, K. J. 
Organomet. Chem. 1983,243,245. 

(19) Wardell, J. L. 'Comprehensive Organometallic Chemistry"; Wil- 
kinson, G., Stone, F. G. A., Abel, E. W., Eds., Pergamon Press: Oxford, 
1982. Bloodworth, A. J. "The Chemistry of Mercury"; McAuliffe, C. A., 
Ed.; McMillan: London, 1977. 

(20) Seyferth, D.; Marmor, R. S. J. Organomet. Chem. 1973,59,231. 
(21) Bordwell, F. G.; Mattews, W. S.; Vanier, N. R. J. Am. Chem. SOC. 

1975, 97, 442. 

New Tin Heterocycles: Adducts between Acetylenes 
or Allenes and "Dlstannacyclopropanes" 
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Summary: 1,2,4,5-Tetrastannacyclohexanes react with 
l-alkynes and 1, ldimethylallene in the presence of tet- 
rakls(triphenylphosphine)palladium(O) to give 4substituted 
1,3distannacyclopentenes and 4-methylene-l,3distan- 
nacyclopentanes, respectively. These compounds are 
formally adducts between the acetylene or allene and 
distannacyclopropanes. 

0 1984 American Chemical  Society 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

Ju
ly

 1
0,

 2
00

9
Pu

bl
is

he
d 

on
 M

ay
 1

, 2
00

2 
on

 h
ttp

://
pu

bs
.a

cs
.o

rg
 | 

do
i: 

10
.1

02
1/

om
00

09
0a

02
4


