
lowml of O?gtwwmeWlic C?~enrlsny. 60(1973)Cll-C13 
(B ~~paviar bp0i.a SA_ isllcanne i Rinted in The Netherlands 

Cl1 

Reliminary communication 

The structure of [{(n-C, H5 )P(C, H5 )JCr(CO), ] 2 ; a complex with a 
r-bonded bridging triphenylphosphine group 

CR ROBERTSON and P-0. WHIMP* 

Rcsemch Mtcwl of Wnmrby. Y%e Austmlirm National Utiemity. Box 4. P-0.. anberm. A. C T. 
2600 (Aumlia) 

(Received August 14t4 1973) 

SUMMARY 

The sfxucture of [ ~(lr-CaHS)P(C,H,),)Cr(CO~] z has been determined by X-ray 
methods; each &mer consists of two Cr atoms bridged by two triphenylphosphine groups 

while each triphenylphosphine group is P-bonded to one Cr-atom, and is involved in n-arene 
bonding to the second Cr atom. 

The reaction of Ct(C0) 6 with tiphenylphosphiue, tri=m-tolylphosphine, and tri- 
ptolylphosphine in refluxing decalin, produces two series of complexes of empirical 

formula [CI(CO)~L] and [Cr(CO)2L]a ‘. The tricarbonyl derivaties, which cannot be 
isolated in the pure state, are thought to be structurally analogous to simple [(lr-arene)Cr(CO)S] 
complexes; the phospbine is bonded to the Cr atom via Cr-lr-arene bonds alone, and there 
is no Cr-P interaction’2. In contrast, pure samples of the dimeric species axe readIIy isolated, 

and the st~~ture of [Cr(CO)1 ip(C,HS)3)j z has now been established by singlecrystal 
thrredimensional X-ray structural analysis. 

crystah of [I(~~sHs)p(C,H,h}C~COh] 2 are triclinic, space group Pi, with 
a= 16_58,b=956,c= 13.10&~109.92,~68.14,~ 121.15°.Z=2.Solutionandre~b 
ment of the structure is based on 4956 unique reflections, withI/M b 3.0, recorded on a 
Picker FACSI fully automatic four-circle diffractometer using graphite-crystal mane 
chromated Mo& radiation. Data have yet to be conzcted for absorption effects, and 
hydrogen atom contributions have not been included in the scattering model. Allow+ for 
anisotropic thermal motion for all non-hydrogen atoms, block-diagonal least-squares refine 
Ant has converged to the present conventional R-factor of 0.050. 
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.-. PrtELIbmARY COMMUNICATZON 

I %e -Go diineri~~molecules Aicb comprise tli+ u&t cell are cq5taUogrripbicaU~ 
:~@dependerit, but each has e&&t T (G)-symmetry: E&pt for s&U angulai~diffeiences 

‘. &r@y at +.~kosphorus .atc&s), the! &@sions of both klecules.are~in .&cellek agree!- 
gxe& TJM s.te!reoc+&d arrangement of one of the two sdkpegdent dkeric molecules 
is shown $I Fig I- k&h dimeric unit results fi-om bri&ng of two equivalent (inversion 
related) chrbn@m atoms by a pair of equivalent tiphenylphosplke groups_ The Cr-Cr 
d&tames averas 4.657& and preclude any signSCant contribution from met&-metal 
bonding 

The carbon atoms of the n-arene ring- [C(21 I)-C(216)] are planar within exper- 
imenti~error, and the ligand arrangement about the metal atoms bears a close resemblance 
to that .observed for the bis(diphenylarsino)metbane derivative 
[I(~-C,HSXC,H,)AsCH,AsCCsHj)~)CriCOh] 3_ The major difference is reflected by a 
ca 12” variation in the relative orientations of the Ir-arene and carbonyl ligancls. The 
present complex exhibits a near eclipsed con6guretion characteristic of I(h6-monosub- 
stituAirene)Cr(CO)~l complexes 4 ; the average torsion angle [defined as the angle 
between the two three atom planes {CO(or P), Cr, CofG) and (Cr, CofG, n-arene carbon 
atom)(where CofG is the centre of gravity of the Ir-arene rind] is 3;5O, compared‘with 
+ average q&e of 15190 for [I(lr-C,H,XC,~)AsCH,As(C,H,),)Cr(CO),] ‘. Despite 
this ~otigurational difference, bqtb [{(wC~HS)P(~~H~)Z )cl(COh]~ and 
[ICn-~~HsXcsHS?As~~~C(Hs)z)C~CO)l].wrhibit almost identical met&U&d 
: 
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disU&s_ For the’&ner, the~&&(wene) and Cr-C(&rbonyl) .distances average 2.19 
r&d ~_83~~respe&i&y, c$ 2i8 and 1.83A’for the corresponding dismnces’in the bis- 
(diphenylarsino)methanechromium dicarbonyl derivatme’ _ In contrast, the metal-arene 
distaiices in [(rr&H&r(CO),] averag e some O.O&O.OSll 1ongeI , while those in 
[(x-C6 H& Cr] average some O.O%% less than the present values6 : These data suggesf 

unequivocally, that the Ckarene bond strength is inversely related- to the %-acid strength 
of those ligmds fmns to the arene group. As expected, the decreased rr-acidity of the 
phospbine.(or araine) Jigand (compared with a carbonyl group), also results in some 
strengthening of the remaming chromium-carbonyl bonds. Thus, the Cr-C(carbony1) 
distances in both [I(lr-C,H,)P(C,H,X)C~CO)~] z and 
[C(n-CsHSXC,H,)ASCHIL~CsH5)2)C~COh] 3 average l-83& while the average 
Cr-C(carbony1) distance is 1.84111 5, for [(srC&&r(CO),). 

Inspection of the interbond angles suggests that there is very little accumulated 
steric strain in the dimeric units. Both the Cr-P-C angles (greater than the tetrahedral 
angle) and the C-F-C angles (less than tetrahedral) are entirely characteris& of the 
values observed for numerous coordinated tertiary phosphine derivatives. The Cr-C-O 
angles show small deviations from linearity (average 176.63. This effect has been 
attributed to m-bonding rather than crystal packing forces’ _ 
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