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Abstract 

CpMoCl, has been generated by either oxidation of CpMoCl, with PhI.Cl,, reduction of CQMOC~, 
with TiCl,, or valence conproportionation of CpMoCl, and CpMoCl,. Low-energy IR spectroscopy and 

powder X-sey &KsneiOm e~&k.k chat <tie sna<esie< is di+kse~< from a I : I ~&&se Oc Cp&kC< z ati 
CpMoC1,. The ZB-ektcon adducts CQ MocI,(L- I.1 (L-L = Me,ECH,CH,PM~, Ph2PCH,CH,Wh,) 

and C~MOC~,[P(OCH,),CE~]~ have been obtained by interaction with the appropriate Free ligand, while 
the ret&&n w+th PMq k&s to &=cump&&n nith form.sfion of several hifferen~ pr&zc& The crystal 

structure of the cage phosphite complex shows a pseudo-octahedral configuration with a facial arrange- 
ment of the \hree cHoritk ions. 

Introduction 

We have recently investigated the chemistry of cyclopentadienylmolybdenum(III) 
com@rexes ‘[<I. Tne srarimg ma’teir& “ror ‘fne prq~k~~ 01 ‘Snese cumpounits was 
CpMoCl,, which was prepared by zinc reduction of CpMoCl, [2]. While investigat- 
ing the kinetics and mechanism of the halide exchange on the CpMoX,(PMe,), 
(X = Cl, I) class of compounds [3], we have discovered that these substitutions are 
catalyzed by oxidation which produces complexes with the metal in the oxidation 
state + IV [4]. We were therefore interested in synthesizing cyclopentadienylmo- 
lybdennmil\l) compkxes j, order 50 probe Sbejr effectiveness as cat&~B jn the 
substitution reaction and to verify their viability as intermediates in the catalytic 
cycle. An attractive starting material for complexes of this hind was CpMoCl,. 

A careful survey of the literature [5] showed that this material had not yet been 
reported. Green [6] and Haines et al. [7] independently reported that oxidation of 
CpMoCl(CO), with chlorine affords CpMoCl,(CO), and, according to the latter 
authors [7], this compound decomposes rapidly in solution with evolution of CO. 
They, however, did not investigate the product of this decomposition. We report 
here the preparation and characterization of CpMoCl, and the formation of a few 
adducts, including the crystal structure of the bis-adduct with the cage phosphite, 
P(Occ~,&CEL 
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Experimental 

All operations were conducted under an atmosphere of dinitrogen or argon by 
using standard Schlenk line and glove box techniques. Solvents were carefully dried 
by conventional methods and distilled under dinitrogen prior to use. 

Instruments used were as follows: IR, Perkin-Elmer 1800; NMR, Bruker AF200, 
WP200, and AM400; X-ray powder diffraction, Phillips XRD 2000, operated by the 
MD1 software. Elemental analyses were by M-H-W laboratories, Phoenix, Arizona. 
CpMoCl, [lb] and CpMoCl, [2a] were prepared as described previously. Dppe and 
dmpe were purchased from Strem Chemicals and used as received, TiCl, (1 M 
solution in 2 : 1 CH,Cl,/THF) was purchased from Aldrich and used as received, 
and P(OCH,),CEt was prepared as described in the literature [8]. 

Preparation of CpMoCI, 
(a) By oxidation of CpMoCI,. Phi . Cl, (0.297 g, 1.08 mmol) was added to a 

stirred slurry of CpMoCl, (0.50 g, 2.2 mmol) in CH,Cl,. The light brown precipi- 
tate darkened and dissolved to give an orange-brown solution and then a dark 
brown precipitate was deposited. After 10 min stirring at room temperature, the 
solution was filtered and the precipitate washed with CH,Cl, (2 X 5 mL) and dried 
in uacuo. Yield 0.52 g, 90%. 

(b) By reduction of CpMoCI,. TiCI, (0.4 mL of a 1.0 M solution in 
CH,Cl,/THF, 0.4 mmol) was added to a stirred slurry of CpMoCl, (0.12 g, 0.40 
mmol) in CH,C12 (5 mL). A dark orange-brown solution formed immediately which 
deposited a dark brown precipitate over l-2 min. The pale orange-brown solution 
was filtered off and the precipitate was washed with CH,Cl, (2 X 3 mL) and dried 
in uacuo. Yield 0.10 g, 95%. Anal. Found: C, 22.5; H, 1.7; Cl, 39.6. C,H,Cl,Mo 
calcd.: C, 22.5; H, 1.9; Cl, 40.0. The low-energy IR spectrum (Nujol mull, CsI 
optics, cm _ ’ ) is reported in Fig. 1 in comparison with those of CpMoCl, and 
CpMoCl,: CpMoCl,: 354.0s, 337.7s, 325.2s 314.7s; CpMoCl,: 386.1m, 339.4m, 
318.5s 299.3s, 293.0m, 266.0m; CpMoCl,; 385.3w, 366.1w, 359.8w, 331.8m, 316.4m, 
306.0s 300.6s, 280.5w, 261.3~. 

(c) By conproportionation of CpMoCI, and CpMoCI,. CpMoCl, (0.30 g, 1.0 
mmol) and CpMoCl, (0.23 g, 1.0 mmol) were stirred in CH,Cl, (10 mL). Im- 
mediately an orange-brown solution formed which deposited a dark-brown precipi- 
tate over a few minutes. The solution was filtered off and the precipitate was 
washed with CH,Cl, (2 X 5 mL) and dried in uacuo. Yield 0.48 g, 91%. 

The materials from the free above preparations have identical spectroscopic 
properties. 

Reactions of CpMoCI, 

(a) With dppe: formation of CpMoCl,(dppe). Dppe (0.72 g, 1.81 mmol) was 
added to a stirred slurry of CpMoCl, (0.48 g, 1.8 mmol) in CH,Cl, (10 mL). A 
green-brown solution formed which turned orange-brown within 5 min. The solu- 
tion was reduced in volume to 3-4 mL and layered with 10 mL of n-heptane. After 
three days the brown-orange crystals were filtered off, washed with n-heptane, and 
dried in oacuo. Yield of CpMoCl,(dppe) - CH,CI,, 1.09 g, 81%. ‘H-NMR (CD&l,, 
S): 8.2-7.3 (20H, C,H,); 5.35 (s, 2H, CH&); 5.09 (d, 5H, Cp, J(HP) = 3 Hz); 
3.37 (m, 2H, CH,); 2.98 (m, 2H, CH,). P{ H}-NMR (CD,Cl,, S): 59.8 (d, lP, 
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cm:’ 

LOO 300 

Fig. 1. Low-energy IR spectra of (a) CpMoCl,; (b) CpMoCl,; (c) CpMoCl,. 

(b) With dmpe: formation of CpMoCl,(dmpe). CpMoCl, (99 mg, 0.37 mmol) was 
suspended in 5 mL of THF and treated with dmpe (60 PLY 0.40 rnmol). The 
immediate formation of a flocculent grey precipitate was observed. The solvent was 
completely removed under vacuum and the residue was dissolved in 5 mL of 
CH&X,. After removal of smah amounts of insoluble material by filtration, the 
vdmme 65 tie S&~~DSI was s~tmcth~~ ca.lrnLkp w-zpwdmn an~%~pdsws-wax 
crrySxz.Gize& ‘qv tiffmiron 015 r&3_ & n%iq&anz. ‘f&& ‘3~ Rg.. Xl%. Tne “fi au& 
3’P-NMR properties of this material are identical to those reported for 
CpMoCl,(dmpe) [lo]. 

(c) With P(OCH,),CEt: formation of CpMoCl,[P(OCH,),CEt] t. CpMoCl, (137 
mg, 0.51 mmol) was suspended in 10 mL of CH,CI, and treated with P(OCH,),CEt 
(175 mg, 1.08 mmol), Within 5 min stirring at room temperature, the brown 
molybdenum complex reacted to give a clear orange solution. The product was 
crystallized by cooling to - 80 o C, filtered, and dried in uacuo. Yield 114 mg, 38%. 
Anal. Found: C, 33.9; H, 5.0. C,,H,,Cl,MoO,P, calcd.: C, 34.5; H, 4.6%. ‘H-NMR 
(CD&l,, S): 5.69 (t, 5H, Cp, J(HP) = 4.2 Hz); 4.34 (t, 12H, CH3; J(HP) = 2.4 
Hz); 1.26 (q, 4H, CH,, J = 7.6 Hz); 0.83 (t, 6H, CH,, J = 7.6 Hz). P{‘H}-NMR 
((cDzSJz+, B>: 12XP. T%ern&er scbtio~ washyma tit), Aqmne)~Dm2) ID&YE 
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58 additional mg of product in the form of large crystals. The ‘H-NMR of this 
material is identical with that of the product crystallized at low temperature, with 
the additional presence of a peak at 5.33 S due to CH,Cl, of crystallization (3 moles 
per mole). 

The compound is soluble in CH,Cl, and insoluble in CHCl, and toluene. The 
crystal used for the X-ray analysis was obtained from a CH,Cl,/n-heptane recrys- 
tallization of the residue from the interaction of CpMoCl, and the phospbite ligand, 
which was carried out in an attempt to prepare the 17-electron CpMoCl, 
[P(OCH2),CEt], complex. The first crystals obtained from the n-heptane diffusion 
were orange and displayed identical NMR properties to those listed above for the 
trichloride bis-phosphite complex. Relayering the resulting solution with additional 
n-heptane produced an inseparable mixture of orange crystals and a green waxy 
material, which was not further characterized. 

NMR investigation of the reaction between CpMoCl, and PiUe, (I : 2 molar ratio) 
53 mg of CpMoCl, (0.20 mmol) were introduced in a Schlenk tube and 

suspended in 1 mL of CD&l,. The tube and its contents were cooled to - 78” C 
and PMe, (40 pL, 0.40 mmol) was introduced through a microsyringe. The tempera- 
ture was raised gently resulting in the formation of a dark violet solution, which was 
then transferred at low temperature into an NMR tube. The NMR tube was cooled 
further to the liquid nitrogen temperature, flame sealed under vacuum, and thawed 
back to - 78 o C until it was introduced in the precooled NMR probe (see Results). 

X-Ray crystallography for CpMoCl,[P(OCH,),CEt] 2 * 3CH,CI, 
As the crystals of this compound become opaque upon applying reduced pres- 

sure, the crystal chosen for the X-ray analysis was mounted in a capillary under 
mother liquor and sealed with wax. Orientation, crystal system determination, and 
data collection and reduction were carried out in a routine manner. No decay of 
intensity was observed for three periodically monitored standard reflections. A 
semi-empirical absorption correction [ll] was applied to the data. 

The position of the MO atom was obtained from the Patterson map. All 
computations were carried out by using the TEXSAN package [12]. After the MO 
position was refined, the structure was expanded with DIRJDIF, which revealed most 
of the atoms of the molybdenum complex. Subsequent alternate cycles of full-matrix 
least-squares refinement and difference Fourier maps revealed the rest of the 
molecule and the three interstitial dichloromethane molecules. Of these, two were 
partially disordered. Isotropic refinement converged to R = 0.13. The MO, P, 0, and 
Cl atoms (including some Cl atoms of the dichloromethane molecules) were then 
refined with anisotropic thermal parameters. Hydrogen atoms for the MO complex 
only were included at calculated positions and used for structure factor calculations 
but not refined. Final convergence was .achieved at R = 0.099. The relatively high 
final agreement figures may be ascribed to several factors, among which a non-com- 
pletely satisfactory absorption correction (transmission factors vary between 1.0 and 
0.29) and the high thermal activity and partial disorder of the interstitial dichloro- 
methane molecules. Although the disorder was apparently modelled satisfactorily, 
several peaks around 1 e/A3 remained in the final difference Fourier map in close 
proximity to the three dichloromethane molecules. They could be due to other 
minor and unresolved disorder. 



131 

Table 1 

Selected crystal data for CpMoCI,[P(OCH,)CEt],.3CH,C1, 

Formula C,H,,Cl,MoO,P, 

F.W. 846.44 

space group 

a, A 

b, A 

c, A 

a, deg 

B, deg 

Y, deg 

v, A’ 

p(Cu-K,). cm-’ 
radiation (monochromated in incident beam) 

Temp., o C 
transmission factors: max, min 
R” 

RWh 

Pi 
11.096(6) 

11.917(3) 

15.415(4) 

68.90(2) 
89.23(3) 

64.78(3) 

1697(2) 
2 

1.66 

109.96 

Cu-K, (A = 1.54178 A) 

23 

1.000,0.289 
0.099 
0.120 

Selected crystal data are listed in Table 1, fractional atomic coordinates for the 
CpMoCl ,[P(OCH,),CEt], molecule are reported in Table 2, and selected bond 
distances and angles are in Table 3. 

Results and discussion 

The CpMoCl, material has been prepared by three different methods, which are 
outlkne& in eg. ‘r-3. Tne oxZta~ton 01 Q?_&o~~~ musk be car+& ou’t w8n the 
stoickk%rk =6x& Gf &k&k, bix%v6e an ex<x,ss res&s in Ck flaxrs& <G 
CpMoCl,. For this reason the stoichiometric reagent Phi - Cl, has been used rather 
than chlorine itself. The reduction of CpMoCl, had already been investigated. 
Reduction with the equimolar amount of zinc or with two equivalents of amalga- 
mated sodium affords Mom materials, CpMoCl, and [Cp,Mo$l,]-, respectively 
[2]. We have now found that the trichloride MO” material can be produced 
selecci&iy by u6nB %ne er_krnc+nxr amount 05 tie one-duction rebuc@z a~ernT\U,. 
Finally, conproportionation of equimolar amounts of CpMoCl, and CpMoCl, also 
pro&ices ~DMDXJ~. Trhs la% metit& shows tial Vie McY malerk& ‘IS tiermo@ 
namically stable with respect to valence disproportionation. 

CpMoCl, + +PhI - Cl, + CpMoCl, + ;PhI 0) 

CpMoCl 4 + TiCl s + CpMoCl, + TiC14 (2) 

CpMoCl, + CpMoCl, + 2CpMoC1, (3) 

CpMoCl, is a brown solid, whereas the tetrachloride is red/purple and the 
dichloride is golden yellow. When powdery CpMoCl, and CpMoCl, are mixed in 
the solid state in a 1: 1 molar ratio, the resulting material has the same appearance 
as CpMoCl,. It is therefore imperative to verify that the trichloride product that we 
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Table 2 

Positional parameters and &, for C~MOCI,[P(OCH,),CE~]~.~CH~CI, 

Atom x Y I 

MO 0.0613(3) 

Cl(l) -0.128(l) 

Cl(2) -0.041(l) 

CN3) -0.122(l) 

P(1) 0.081(l) 

P(2) 0.153(l) 

o(1) 0.009(3) 

O(2) 0.234(3) 

O(3) 0.025(3) 

W4) 0.156(3) 

o(5) 0.302(3) 

o(6) 0.082(3) 

C(1) 0.262(4) 

C(2) 0.282(3) 

C(3) 0.219(4) 

C(4) 0.154(4) 

C(5) 0.177(4) 

C(6) 0.027(4) 

C(7) 0.249(4) 

C(8) 0.035(5) 

C(9) 0.107(4) 

C(l0) 0.121(4) 

C(l1) 0.195(4) 

C(12) 0.212(4) 

C(13) 0.359(4) 

C(14) 0.133(5) 

C(15) 0.253(4) 

C(16) 0.308(5) 

C(17) 0.432(6) 

0.2275(3) 
0.2996(9) 
0.0924(8) 
0.3995(9) 
0.433(l) 
0.233(l) 
0.567(2) 
0.415(2) 
0.497(2) 
0.367(2) 
0.121(3) 
0.200(2) 
0.026(3) 
0.1343) 
0.181(4) 
0.103(4) 
0.006(3) 
0.677(4) 
0.525(4) 
0.6144) 
0.6543) 
0.7843) 
0.826(4) 
0.375(4) 
0.119(4) 
0.217(4) 
0.237(4) 
0.241(4) 
0.270(5) 

-0.1597(2) 3.2(3) 
-0.0716(6) 5(l) 
- 0.1878(6) 4(l) 
- 0.2888(6) 5(l) 
-0.1802(7) 4(l) 
- 0.3070(7) 4(l) 
- 0.279(2) 6(3) 
-0.176(2) 6(3) 
- 0.103(2) S(4) 
- 0.370(2) 6(3) 
- 0.293(2) 8(3) 
- 0.377(2) 5(3) 
-0.111(2) 4.2(8) 
-0.105(2) 3.2(7) 
- 0.036(3) 5(l) 

0.004(3) 5(l) 
- 0.039(3) 5.0(9) 
- 0.282(3) 6(l) 
- 0.176(3) 7(l) 
-0.115(3) 7(l) 
- 0.193(2) 4.1(8) 
- 0.205(2) 4.q8) 
-0.278(3) 7(l) 
- 0.454(3) 6(l) 
-0.377(3) 7(l) 
- 0.465(3) 7(l) 
- 0.464(3) 5(l) 
-0.561(3) 8(l) 
- 0.569(4) 12(2) 

obtain is not in fact simply a dichloride and tetrachloride mixture. That this in not 
the case is already indicated by the behavior of the conproportionation reaction (the 
two insoluble dichloride and tetrachloride solids generate an orange-brown solution 
before the dark brown product reprecipitates), but definite proof is provided by 
low-energy IR and powder X-ray diffraction analyses, the results of which are 
shown in Figs. 1 and 2. The materials obtained by the three different routes (eq. 
l-3) exhibit identical properties. The X-ray powder diffraction pattern of the 
CpMoCl, material (Fig. 2b) shows that this phase does not contain any CpMoCl,. 
The quality of the X-ray data does not make it possible to rule out the presence of a 
minor amount ( < 10%) of CpMoCl, in the trichloride compound, although the 
material used for the X-ray experiment ,analyzed correctly for CpMoCl,. The low 
energy IR spectra, on the other hand, indicate that minor amounts of CpMoCl, 
might contaminate the dichloride sample, whereas they do not give indication of the 
presence of CpMoCl, in the trichloride material (see Fig. 1). 

CpMoCl, reacts with selected donors to form l&electron adducts. The bidentate 
ligands dmpe and dppe generate the already known [9,10] monoadducts (eq. 4). The 
identity of these material is established by comparison of the NMR spectra with 
those already available in the literature. Starker and Curtis report that the dppe 
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Table 3 

Selected bond distances (A) and angles (deg.) for CpMoCl,[P(OCH,),CEt],.3CH,Cl, 

MO-Cl(l) 2.50(l) 

MO-Cl(2) 2.48(l) 

MO-Cl(3) 2.43( 1) 

MO-P(~) 2.46(l) 

MO-P(~) 2.47(l) 

MO-C(I) 2.34(3) 

MO-C(~) 2.24(3) 

MO-C(~) 2.35(4) 

UJ$?,-Mo-Q~> 
Ci(i,-lclo-Tip) 

Cl(l)-MO-P(~) 
Cl(l)-MO-P(~) 
C](2)-MO-Cl(3) 

Cl(2)-MO-P(I) 
Cl(2)-MO-P(~) 

C](3)-MO-P(~) 

C](3)-MO-P(~) 
P(l)-MO-F(Z) 
MO-P(I)-O(I) 
MO-P(I)-O(2) 

Mo-P(I)-O(3) 

IQ)?> 
‘W3) 
88.0(4) 

152.2(4) 

79.0(3) 
156.5(4) 

87.0(3) 

77.6(4) 
73.3(3) 

88.6(4) 

I2WJ 

1141) 
116(l) 

MO-C(~) 

MO-C(S) 

P(l)-o(1) 

P(l)-o(2) 
P(l)-o(3) 

P(2)-o(4) 
P(2)-o(5) 

Mo-?Q-Ql4> 
wro-Y~~)-%~~) 

Mo-P(2)-O(6) 

C(2)-c(l)-C(5) 
C(l)-C(2)-C(3) 

C(2)-C(3)-C(4) 

c(3)-c(4)-C(5) 

C(l)-C(5)-C(4) 
Cp “-MO-Cl(l) 
Cp “-MO-CI(2) 
Cp “-MO-Ct(3) 

Cp “-MO-P(I) 

Cp”-MO-P(Z) 

2.39(4) 

2.39(3) 

1.64(2) 
1.61(3) 

1.62(2) 
1.55(2) 
1.57(3) 

P(2)-cY6) 

C(l)-C(2) 

c(l)-C(5) 

c(2)-c(3) 
C(3)-C(4) 

C(4)-C(5) 
MO-Cp a 

1.59(2) 

1.43(4) 

1.47(4) 
1.42(4) 

1.38(5) 
1.46(4) 
2.00 

-n@ro 
‘?fj;ry?) 
116(l) 

102(3) 
115(3) 

105(3) 
108(3) 

108(3) 
103.4 

LU3.2 
176.8 
100.3 

104.3 

u Cp = center of gravity of the cyclopentadienyl ring. 

complex is present in solution as a mixture of isomers, one corresponding to the 
crystallographically characterized molecule having one axial (trans to Cp) and one 
equatorial (cis to Cp) phosphorus donor, and the other one having two equivalent 
phosphorus donors [9b]. We observe that the only species present in solution 
initially is the structurally characterized isomer, and the isomerization reaction takes 
place over several days at room temperature. 

CpMoCl, + L-L + CpMoCl,(L-L) (4) 

(L-L = dmpe, dppe) 

Contrary to dppe and dmpe, PMe, fails to afford a stable adduct. Interaction of 
CpMoCl, with two equivalents of PMe, in CH,Cl, at low temperature rapidly 
affords a dark violet solution. Upon warming, however, the color changes to purple 
and eventually to orange while a flocculent solid precipitates. ‘H and 3’P-NMR 
monitoring of this reaction reveals that several diamagnetic and paramagnetic 
species are formed. Among the latter, MoCl,(PMe,), was identified by the typical 
‘H-NMR resonances at ca. - 15 and - 33 6 (1: 2 ratio) at room temperature [13]. 

Unlike PMe,, the cage phosphite P(OCH,),CEt reacted cleanly with CpMoCl, to 
form a bis adduct (eq. 5). 

CpMoCl, + 2P(OCH,),CEt + CpMoCl, [P(OCH,),CEt] Z (5) 

The ‘H-NMR spectrum of compound CpMoCl,[P(OCH,),CEt], shows a fairly 
large coupling (4.2 Hz) between the Cp protons and the two equivalent phosphorus 
nuclei. The oxygen-bound methylene protons exhibit a triplet at 4.34 6 which is due 
to long range coupling to the phosphorus atoms. Saturation of the phosphorus 
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Fig. 2. Powder X-ray diffraction pattern of (a) CpMoCl,; (b) CpMoCl,; (c) CpMoCl,. 

absorption transforms the triplet into a singlet. The triplet pattern, instead of the 
expected doublet of doublets, indicates virtual coupling. As shown below, the solid 
state structure of the complex exhibits a cis arrangement of the two equivalent 
phosphites (structure Ib, uide infru). Four different crystals were investigated and 
found to have the same unit cell parameters. It is possible, however, that the 
solution structure is tram (Ia). Virtual coupling is a phenomenon that is usually 
observed for the ‘H-NMR resonances of phosphine protons in compounds with 
phosphine ligands in a truns relative geometry, but no case is reported, to the best 
of our knowledge, of virtual coupling for phosphite protons when the relative 
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Fig. 3. An ORTEP view of the CpMoCl,(P(OCH,),CEt], molecule. 

la lb 

The structure of the bis-phosphite complex has been determined by X-ray 
diffraction methods. A drawing of the molecule is illustrated in Fig. 3. Given the 
poor quality of the structure, only the geometrical features of the molecule will be 
considered and the bond distances and angles, listed in Table 3, will not be 
discussed. The most interesting aspect of this structure is the disposition of the 
ligands in a pseudo-octahedral configuration (considering the Cp ligand as occupy- 
ing a single coordination position) with the three chloride ligands in a facial 
arrran~emen~. Ttits ‘1s a1 vatiance tin ‘oo?n Struz%ur@v dnara6rerk.e~ QWr&\&-~r 
analogues (L-L = dppe [9], dmpe [lo]), which exhibit a meridional arrangement of 
the ctiolriks anb one 05 ‘Ihe ‘rwo r>hos;DhDru~ akom 6onom tians ‘ro \Yne Cr, xin.. 

It is possible that the facial structure would be electronically preferred in all 
instances &SC. $ke dw and drnp @ml can& a&@ s& a umfigmatiw5 kause. 
of unfavorable interactions with the Cp ring. The cage phosphite ligand has very 
small steric requirements. Another possibility for the observed difference is that, due 
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to the bending of the four equatorial ligands away from the Cp ring (see Cp-Mo- 
cis-ligand angles in Table 3), the small bite of the chelating diphosphines is best 
adjusted in a cis-tram arrangement (cis and truns refer here to the position 
occupied by the Cp ligand) with respect to a cis-cis arrangement whereas the two 
monodentate phosphite ligands prefer to stay further away from each other and thus 
occupy two cis positions. In this case, the two ligands should prefer to be located 
tram relative to each other (structure Ia) rather than cis (structure Ib). It is relevant 
to observe, however, that structure Ib is adopted in solution by the analogous 
compounds CpMoX,(CO),(X = Cl, Br, I) [6,7]. 

In conclusion, we have reported the new material CpMoCl,, we have shown that 
it is distinct from CpMoCl, and CpMoCl,, and we have described the formation of 
a few adducts with neutral phosphine and phosphite ligands. 

Supplementary material available. Full tables of bond distances and angles, 
anisotropic thermal parameters, hydrogen atom and solvent molecule coordinates (6 
pages), a listing of calculated and observed structure factors (25 pages) for com- 
pound CpMoCl,[P(OCH,),CEt], * 3CH,Cl,, and listings of the X-ray powder 
diffraction data for compounds CpMoCl, (n = 2-4) (3 pages) are available from R. 
Poli. 
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