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The synthesis of transition-metal complexes containing six- 
different monodentate ligands has been one of the aims of the 
transition-metal chemist. An early report of such a complex is 
[PtC1(Br)I(N02)(NH3)(py)];l however, hitherto no structurally 
characterized complexes have been published. In this commu- 
nication we describe the synthesis of the anionic six-different 
ligand complexes [ NBun4] [ MoCl( GeC13)X( CO) ( PPh3) ( q2-Me- 
C2Me)] (X = Br, I, Is, SCN) (1-4) and the rearrangement of 
the thiocyanate complex 4 to the structurally characterized six- 
different coordination dimeric complex [C1(CO)(PPh3)($-MeC2- 
Me) Mo(r-SCN) (r-NCS) MOCK CO) (PPh3) ( q2-MeC2Me)] (5). 

Equimolar quantities of [ MoCl( GeCl3) (CO) (NCMe)( PPh3) (q2- 
MeC2Me)lZ and [NBun4]X (X = Br, I, 13, SCN) react in CH2C12 
at room temperature to give the acetonitrile-displaced products 
[NBun4] [MoC1(GeC13)X(CO)(PPh3)(q2-MeC2Me)] (1-4) in 
good yielda3 Complexes 1-4 were characterized by elemental 
analysis (C, H, N) and IR and lH NMR ~pectroscopy.~ The 
complexes are reasonably stable in the solid state when stored 
under nitrogen; however, in solution they are much less stable. 
There are very few anionic alkyne complexes known; an early 
example is [ Mo2(p-Cl)3(q7-C7H,)2] [ MoCl(q2-CF3C2CF3)3] and 
a very recent example is [NEt*] [W(SnMe3)(q2-PhC2Ph)3].6 

Dissolving the thiocyanate complex 4 in acetone for 3 h allowed 
the complex to rearrange to the new complex 5 with a single 
carbonyl band at 2065 cm-l in its infrared (in CHCl3) spectrum. 
The carbonyl band is at considerably higher wavenumber 
compared to its anionic counterpart 4. Suitable single crystals 
of 5 were grown for X-ray analysis, and the structural deter- Figure 1. Molecular structure of [Cl(CO)(PPh~)(q2-MeCzMe)Mo(fic- 
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bridged dimer [Cl(CO)(PPh3)(~2-MeC2Me)Mo(~-sCN)(r- Essen, - . _ _ .  L. N.; Zakharova, F. A.; Gel'man, A. D. Zh. Neorg. Khim. 1958, 

filtered and the solvent was removed in vacuo to give the green compound 
[NBIP,] [MoCI(GcCI~)Br(CO)(PPh3)(qz-MeCzMe)] (1) (yield = 0.39 
g, 56%), which was recrystallized from CHzC12. Similar reactions of 
[MoCl(GeCI,)(CO)(NCMe)(PPh3)(qz-MeC2Me)] with [NBun,]X (X 
= I, 13, SCN) gave the complexes [NBun,][MoCI(GeCI,)X(CO)- 
(PPh3)(+MeCzMe)] [X = I(2) ,  13 (3). SCN (4)]. 

(4) Selected data for complexes 1-4: (1) Anal. Calcd for C39- 
HJ,NOCLB~GCPMO: C, 47.9; H, 5.9; N, 1.4. Found: C, 48.6; H, 5.8; 
N, 1.3. IR (CHCI3): u(C0) = 1955 cm-I. 1H NMR (25 OC, CD3- 
COCD,) (ppm): 7.45 (m, lSH, Ph), 3.3 (m, 8H, NCH2), 2.2 (br s, 6H, 
-Me), 1.85 (m, 8H,NCHzCH2), 1.5 (m, 8H,CHzCH3), 1.0 (m, 12H, 
Me). (2) Anal. Calcd for C39HnNOClJGePMo: C, 45.7; H, 5.6; N, 
1.4. Found: C, 45.0;H, 5.5;N, 1.1. IR (CHC13): u(C0) = 1962cm-1. 
IH NMR (25 OC, CDJCOCD~) (ppm): 7.4 (m, 15H, Ph), 3.45 (m, 8H, 
NCH2),2.45 (brs, 6H,=CMe), 1.85 (m,8H,NCH2CH2), 1.45 (m, 8H, 
CHZCH~), 1.0 (t, 12H, Me). (3) Anal. Calcd for C39Hs,NOCI,I3- 
GePMo: C, 36.7; H, 4.5; N, 1.1. Found: C, 35.6; H, 5.2; N, 1.2. IR 
(CHCIa): u(C0) = 1963 cm-I. IH NMR (25 OC, CD~COCDI) (ppm): 
7.6 (m, lSH, Ph), 3.45 (m, 8H, NCHz), 2.2 (br s, 6H, =CMe), 1.85 
(m, 8H, NCH~CHZ), 1.45 (m, 8H, CHZCH~), 1.0 (t, 12H, Me). (4) 
Anal. Calcd for CU,HI,N~OSC~GCPMO: C, 50.3; H, 6.0; N, 2.9. 
Found C, 50.6; H, 6.2; N, 2.9. IR (CHCl,): u(C0) = 1964 cm-I. IH 
NMR (25 OC, CD3COCD3) (ppm): 7.45 (m, 15H, Ph), 3.5 (m, 8H, 
NCHZ), 2.45 (brs,6H,ilCMe), 1.85 (m, 8H,NCHzCHz), 1.5 (m, 8H, 
CHZCH~), 1.0 (m, 12H. Me). 
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equatorial sites are occupied by two thiocyanate ligands, one 
bonded to each metal through the nitrogen atom and the other 
through the sulfur atom. The remaining two equatorial sites are 
occupied by the PPh3 and carbonyl ligands, with the chloride and 
but-2-yne ligands mutually trans in the axial positions. The 
carbonyl ligand is trans to the nitrogen atom of the SCN moiety 
with the PPh3 ligand trans to the sulfur atom. The structure is 
highly unusual in two respects, which are that each molybdenum 
atom in the structure is surrounded by six-different ligands and 
also the ring formed upon dimerization contains eight atoms. 
There is no precedence for a six-different monodentate ligand 
complex in structural transition-metal chemistry. The metal- 

(7) Crystal data for CaH.2N202P2S2ClZMol'solv (a molecule of solvent, 
probably acetone, was disordered and was represented by a cluster of 
fourcarbonatoms withsuitablyreducedoccupanciesof0.25) (5): orange 
crystals; monoclinic; PZ1/A, a = 11.633(3), b = 15.892(2), c = 14.079- 
(2)A;,9=91.51(1)0; Y =  2612.4&;Z= 2. Thestructurewasrefined 
to R = 0.062 (Ro = 0.081) for 3463 reflections with F. > 3aF0. The 
structure was solved by the heavy-atom method and refined by full- 
matrix least squares. Only the Mo, S, P, N, and 0 atom were refined 
anisotropically, the remaining non-hydrogens isotropically; hydrogens 
were not located or included. Phenyl rings were treated as ideal hexanons 
with C-C = 1.395 A. 
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alkyne distance of 2.06 A for 5 compares with those previously 
reported8 for alkyne complexes of molybde!um and tungsten 
where the alkyne is donating four electrons to the metal center. 
The C=C-Mo angle is 144.5' ( f 0 . 2 O )  for 5, which again lies 
in the expected range for four-electron alkyne complexes. In 
order for 5 to obey the effective atomic number rule each but- 
2-yne ligand must donate four electrons to the molybdenum atoms. 

The elimination, followed by dimerization of [NBu"] [Mo- 
Cl(GeCl3) (SCN)( CO) (PPh3) ($-MeCzMe)] (4) to [C1( C0)-  
(PPh3) ( q2-MeCzMe) Mo(p-SCN) (p-NCS)MoCl( CO) (PPh3) ( q2- 
MeCzMe)] (5) (fully characterizedg) in acetone solution, may 
occur from the presence of trace amounts of water in the acetone 
solution. This could result in the protonation of GeC13- to give 

(8) Templeton, J. L. Adu. Orgunomel. Chem. 1989, 29, 1. 
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GeC13H and [NBund]OH, which would allow creation of a vacant 
coordination site for the thiocyanate to bridge the two metal 
centers. Further work is currently in progress in order to study 
the mechanism of this rearrangement and prepare and characterize 
the related dimers [ {Mo( pX3) Cl( CO) (PPh3)( q2-MeCzMe)j2] (X 
= I, Br, etc.). 
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(9) Selected data for complex 5 are as follows. Anal. Calcd for CuHd2- 
N ~ O ~ P Z S ~ C I ~ M O ~ :  C, 53.9; H, 4.0; N, 2.6. Found: C, 52.6; H, 3.5; N, 
2.2. IR (CHC13): u(C0) = 2065 cm-I. 'H NMR (25 O C ,  CD,COCD3) 
(ppm): 7.4, 7.2 (m, 30H, Ph), 2.3 (br s, 12H, *Me). 


