
J. CHEM. SOC., CHEM. COMMUN., 1982 41 

Synthesis and X-Ray Crystal Structure of 
[Fe2(p-CH,)(p-CO)(p-Ph2PCH2PPh,)(q-C5H5)2][PF6] : a Salt with a 
Bridging Methyl Group having a C- - -H- - -Fe Interaction 
Gordon M. Dawkins, Michael Green, A. Guy Orpen, and F. Gordon A. Stone 
Department of Inorganic Chemistry, The University of Bristol, Bristol BS8 I TS, U.K. 

Reaction of [Fe2(p-CH,) (p-CO) (C0)2(q-C5H5)2] with dppm (dppm = Ph2PCH2PPh2) affords 
[ Fe2( p-CH2) (p- CO) (p-dppm) (7-C5H5) 
[PF,], a salt in which the CH3 group is attached to one iron atom via a C-Fe u bond with an q2 C-H 
interaction with the other, as revealed by n.m.r. and single-crystal X-ray diffraction studies. 

which with H PF6 yields [ Fe2( p- CH,) (p-CO) (p-dppm) (7- C5Hd 21 - 

Symmetrically bridging methyl groups between two metal 
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H H atoms, involving three-centre two-electron bonds, as in (I), H H H  H 
are structurally well established, e.g. for A12Mefi1 and for \ I /  \I ---y 
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[Y2Me2(q-C5H,)4].2 Of considerable interest, however, for 
homo- and hetero-geneous catalysis by transition metal com- 
pounds, is the bridged-methyl bonding mode (11), because it 
represents a possible pathway for hydrogen elimination from 
CH, groups at dimetal centres3 or the reverse process, the 
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Figure 1. Molecular structure of fFe,(~-CH,)(p-CO)(CL-dppm)- 
(.l-C,H,),]+ (first molecule shown) with cyclopentadienyl and 
phenyl hydrogen atoms omitted for clarity. Important geometrical 
parameters for first molecule [second molecule] are : Fe( l)-C(Ol) 
2.008(4) [2-043(3)], Fe(2)-C(Ol) 2.108(3) [2-118(3)], Fe(2)-H(O1) 
1.64(4) [I .78(3)], Fe(l)-Fe(2) 2.544(1) [2-538(1)], C(Ol)-H(Ol) 
1-06(4) [0.83(4)], Fe(1)-P(1) 2*210(ave,), Fe(2)-P(2) 2.23 l(ave.), 
Fe(1)-C(l) 1482(ave.), Fe(2)-C(l) 1.963 A (ave.); LFe(1)-C(O1)- 
Fe(2) 76-3(1) [75.1(1)], Fe(2)--H(Ol)-C(Ol j iOl(3) [103(3)]". 

(4) 

Scheme 1. i, dppm in PhMe, ii, HPF, in (EtCO),O. 

formation of such groups from methylene and hydrido-ligands 
(III).4 Evidence for the existence of a methyl group bridging 
as in (11) has been obtained5 from lH n.m.r. studies on the 
cluster compound [Os,(p-CH,)(p-H)(CO)l,,] although in the 
crystalline state it exists6 exclusively as its methylene bridged 
tautomer [Os,(p-CH,)(p-H)z(CO),,l. 

Reaction of [Fe,(p-CH,)(p-CO)(CO),(rl-C,H,),] (1)' with 
dppm in toluene under U.V. irradiation (45 h), followed by 
refluxing (90 min) gave complex (2)t (36%) and the known8 
compound (3) (5%) (Scheme I ) .  Prctonation of (2) with an 
excess of HPF, in propionic anhydride gave a black crystalline 
salt (4) [m.p. 195 "C (decomp.), vcO (CH,CI,) 1 764s br cm-I]. 
The n.m.r. data'; for this compound, including the observation 
that a 13C n.m.r. spectrum (non-IH decoupled) gave a quartet 
signal [J(CH) 114 Hz] for the p-CH, group, are in accord 
with either a symmetrical CH, bridge as in (I) or a structure 
of type (TI) undergoing dynamic behaviour. The spectra were 
unchanged from 25 to --80 "C. A single crystal X-ray dif- 

j- vco (tetrahydrofuran) 1 688s cm-'; n.m.r. : lJ-I 6([2HR]toluene), 

1 H, p-CH,, J (HHj  3.3, J(PH) 17.6 Hz], 413 ($. 10 H, C,H,), and 
1-5  (m, 2 H, CH, of dppm); 31P {'H 1, 6 (in [2EI.I,]chloroform, to 
high frequency of extn. H3POx), 88.7 p.p.m.; 13C{lH} (in r3H,]- 
chloroform), 6 304 (p-CO), 142--128 (Ph), 34.2 (C5H5), and 
26.6 p.p.m. [CH, of dppm, JWC) 18 Hz]. 

1 N.m.r.: IH, 6 ([2H,]dichloromethane), 7.5-7.3 (m, 20 H, Ph), 
4.8 (s, 10 H, C,H,), 2-0 (m, 2 H, CH3 of dppm), and - 2.9 (s, 3H, 
Me); 31P {lH } (- 80 -C, in [LH,1dichloromethane-CH,C12, to high 
frequency of extn. H3P04), 6 72.8 (dppm) and - 144.8 [sept, 
PFs-, J(PF) 710 Hz]; 13C {'FIT}, 6 (in [SH,ldichloromethane- 

of dppm, J(PC) 21 Hz]. and 17.8 p.p.m. (br, Me). 

10.3 [d, 1 H, p-CH,, J(HH) 3.3 Hz) ,  7.2 (m, 20 H, Ph). 6.1 [t of d. 

CH,Cl,), 275 (p-CO), 138-121 (Ph), 86.2 ( C S k 1 5 ) .  25.4 (t, CH, 

fraction study was carried out on (4) in order to establish 
the molecular structure in the solid state, 

Crystal data: C3,H,,F6Fe2OP,, A4 I- 814.3, triclinic, space 
group pi, il = 16*335(4), b = 12*053(4), c = 18-287(6)& 
a = 81.75(3), p = 75*63(3),y = 84.52(3)", U =  3 444.9(17) A,, 
2 = 4, F(000) = 1 664, Dc = 1.570 g cm-3, p(Mo-K,) = 
10.4 cm-l, Mo-K, X-radiation, X = 0.710 69 A.7 

The structure was solved by heavy atom (direct and Fourier) 
methods and refined usir,g blocked cascade full-matrix least- 
squares. For 8 795 unique, absorption corrected, observed 
data [I > 20(1)], measured at 200 K on a Nicolet P3m dif- 
fractometer in the range 4 d 20 d 50°, the current residual 
R is 0.030. All hydrogen atoms were located from difference 
Fourier syntheses ; methyl and rnethylene hydrogens were 
refined without positional constraints, and cyclopentadienyl 
and phenyl hydrogens constrained to idealised geometries. 

The structure of one of the two crystallographically in- 
dependent cations is shown in Figure 1 ; the second molecule 
is similar. The p-CH, group is markedly asymmetric, with an 
evidently strong interaction between Fe(2) and H(0I). The 
geometry of the three-centre C(O1 )-H(Ol)-F;e(2) linkage would 
appear to be intermediate between those observed in the 
neutron diffraction analyses of [Fe {P(OMe), ),(C8WL3)IT and 
[F~,(~;L-H)(~-CH)(CO)~,].~~ The cation of (4) is the first asym- 
metrically bridging p-CH:, ligand of this type to be structurally 
characterised. The orientation of the methyl ligand is clearly 
defined in both molecules. the bridging hydrogen atom lying 
close to the plane defined by Fe(l), Fe(2), and C(O1); such an 
orientation corresponds to effective protonation of one of the 
Fe-C(methy1ene) bonds in the parent complex (2), and, as 
occurs for complexes containing EL-hydrido-ligands, the 
bridged bond Fe(2)--C(Ol) js lenglhened by en. 0.08 A with 
respect to Fe( l)-C(Ol). The remaining geometrical features are 
as expected, with bond lengths to Fe(2) in general marginally 
longer than the corresponding ones to Fe(i), indicating some 
localisation of the positive charge on Fe(2). 

7-  The atomic co-ordinates for this work are available on request 
from the Director of the Cambridge Crystallographic Data Centre, 
University Chemical Laboratory, Lensfield Road, Cambridge 
CB2 IEW. Any request should be accompanied by the full 
literature citation for this communication. 
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Complex (2) was dissolved in CF3COz[2H], and thelH n.m.r. 
spectrum of the solution measured (25 "C, in [2Hz]dichloro- 
methane). Resonances observed at 6 -2-90 and -3.47 were 
assigned to CH, and CH,D groups, respectively, the former 
being of low intensity. Moreover, the signal for the CH2D 
group had a large temperature dependence changing by 0.25 
p.p.m. to 6 -3.72 at -70 "C, whereas the CH, resonance 
changed by only 6 0.02. The 2H n.m.r. spectrum (25 "C) 
of the deuteriated form of (4) revealed a corresponding shift 
to lower field for the CH2D group (8 -1-88). The large 
chemical shift difference (0.57 p.p.m.) between the lH reso- 
nances for the CH, and CH2D groups, and the temperature 
dependence of the signal for the latter follow a similar pattern 
to that observed5 for the 'OS~(CO)~~CH~D,' system, which was 
interpreted as evidence for a CH2- - -H- - -0s interaction (11). 
Hence with (4), the deuteriation and X-ray diffraction studies 
provide conclusive evidence for methyl-bridge bonding of 
type (11) in solution and in the solid state. 
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Received, 2nd September I981 : Corn. I061 

References 

1 J. C. Huffman and W. E. Streib, Chem Commun., 1971, 911. 
2 J. Holton, M. F. Lappert, D. G.  H. Ballard, R. Pearce, J. L. 

Atwood, and W. E. Hunter, J.  Chem. Soc., Dalton Trans., 
1979, 54. 

3 G. F. Schmidt, E. L. Muetterties, M. A. Beno, and J. M. 
Williams, Proc. Natl. Acad. Sci. USA, 1981, 78, 1318. 

4 C. E. Sumner, P. E. Riley, R. E. Davis, and R. Pettit, J.  Am. 
Chem. Soc., 1980, 102, 1752; R. C. Brady and R. Pettit 
ibid, p. 6181; ibid, 1981, 103, 1287. 

5 R. B. Calvert and J. R. Shapley, J. Am. Chem. Soc., 1978,100, 
7726. 

6 A. J. Schultz, J. M. Williams, R. B. Calvert, J. R. Shapley, and 
G. D. Stucky, Inorg. Chem., 1979,18, 319. 

7 R. Korswagen, R. Alt, D. Speth, and M. L. Ziegler, Angew. 
Chem., Int. Ed. Engl., in the press. 

8 R. J. Haines and A. L. du Preez, J. Organomet. Chem., 1970, 
21, 181. 

9 R. K. Brown, J. M. Williams, A. J. Schultz, G .  D. Stucky, 
S .  D. Ittel, and R. L. Harlow, J. Am. Chem. Soc., 1980, 102, 
981. 

10 M. A. Beno, J. M. Williams, M. Tachikawa, and E. L. 
Muetterties, J. Am. Chem. SOC., 1980, 102, 4542. 


