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The Preparation and Crystallographic Characterization of
trans-1,4-Bis(dicarbonyl-r-cyclopentadienyliron)buta-1,3-diene: a
Complex with an Anomalous Proton Magnetic Resonance Spectrumft
By M. R. CHURCHILL* and J. WoRMALD
{(Department of Chemistvy, Harvard University, Cambridge, Massachusetts 02138)

and W. P. GIERING and (the late) G. F. EMERsON
(Department of Chemistry, State University of New York at Stony Brook, New York 11790)

TaEmIldly exothermicreaction of7r-C;H;Fe(CO),Na
with c¢is-3,4-dichlorocyclobutene! in tetrahydro-
furan produces (in 60—709%, yield) the orange
crystalline complex [(7-C;H;)Fe(CO),],C,H, con-
firmed by analysis. The room temperature H
n.m.r. spectrum (in tetrahydrofuran) shows two
sharp singlets at  3:76 and 5-05 (relative intensity
2:5). This preliminary information led us to
believe that the material was some unusual type
of cyclobutadiene complex, and prompted an X-ray
crystallographic investigation of the material.

Crystal data: CgH,,Fe,O,, M = 405-70, mono-
clinic, a = 6:794(5), b = 11-471(10), c =
11-787(7) A, B = 113:14(2), U = 844-7 A3, Dy =
1-60(1), Z = 2, D, = 1-596; space group P2,/c
(No. 14), requiring the molecule to be centro-
symmetric. Complete three-dimensional diffrac-
tion data to sin § = 0-38 [Mo-K, radiation;
A = 07107 A] were collected with a 0-01°-incre-
menting Buerger automated diffractometer, and
the structure was solved by means of conventional
Patterson, Fourier, and least-squares refinement
procedures. All atoms (including hydrogen) have
been located, the final R being 5-489, for 989
independent non-zero reflections.

The complex is trans-1,4-bis(dicarbonyl-zr-cyclo-
pentadienyliron)buta-1,3-diene (Figure 1). The
molecule has exact C; symmetry and the Fe-C(1)-
C(2)-C(2")-C(1")-Fe’ system is closely planar, as

are the sr-cyclopentadienyl rings. The Fe-C(1)
bond length (1-987 4 0:005 A) is 0-12 A shorter
than the Fe-C single bond in (7-C;H;)Fe(CO),-
(0-CsH;),2 thus indicating partial double-bond
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FIGURE 1

character in this Fe—C linkage. (This is in keeping
with previous studies which have shown metal-
carbon bond contraction in perfluoroalkyls,?
acyls,® and aryls.’) Carbon—carbon bond lengths

+ An independent crystallographic study of this molecule has also been made by Professor R. E. Davis (following

Communication).
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within the butadiene fragment are: C(1)-C(2) =
C(11)-C(2’) = 1-340 + 0-007 and C(2)-C(2)
1450 + 0-011 A. All other dimensions are in the
usual ranges.
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FIGUReE 2

The i.r. spectrum in the solid (KBr pellet) and
in solution (tetrahydrofuran or sym-C,H,Cl,) are
essentially identical, special features being two
carbonyl stretches (~2000 and ~1950 cm.~?) and a
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band at ~1515cm."?, possibly due to a carbon-
carbon double bond. [A similar absorption is
observed for (7-C;H;)Fe(CO),(0-C,H,).¢]

The remaining problem with the compound is to
understand its 'H n.m.r. spectrum. The peak at
7 506 is evidently due to the protons of the
ar-cyclopentadienyl system, so that the sharp
singlet at 7 3-76 must include all four protons of the
1,4-disubstituted butadiene system.

Two explanations would appear possible:

(i) the protons on C(1) and C(2) are accidentally
equivalent. This seems unlikely due both to their
difference in chemical environment, and to a
comparison with (w-CsH;)Fe(CO),(0-C,H;) where
the analogous proton resonances are at T 3-07 and
4-68; (ii) the molecule is stereochemically non-
rigid and some process allows the interconversion
of C(1) and C(1’) with C(2) and C(2"). This seems
rather more likely, especially since the 7 3:76
resonance is found to be broadened at —65° in
tetrahydrofuran. Lack of solubility in appro-
priate solvents has so far precluded our obtaining
a limiting spectrum, but Figure 2 shows a possible
mechanism for interconversion of the C(1) and
C(2) protons.

This work has been generously supported by the
National Science Foundation and the Advanced
Research Projects Agency.

(Received, June 24th, 1968; Com. 824.)

1 M. Avram, 1. Dinulescu, M. Elian, M. Farcasio, E. Marica, G. Matesscu, and C. D. Ninetscu, Chem. Ber., 1964, 97,

372.

2 M. J. Bennett, F. A. Cotton, A. Davidson, J. W. Faller, S. J. Lippard, and S. M. Morehouse, J. Amer. Chem. Soc.,

1966, 88, 4371.

3 M. R. Churchill and J. P. Fennessey, Inorg. Chem., 1967, 6, 1213.

¢ M. R. Churchill and J. P. Fennessey, Inorg. Chem., 1968, 7, 953.

5 M. D. Rausch, A. K. Ignatowitz, M. R. Churchill, and T. A. O'Brien, J. Amer. Chem. Soc., 1968, 90, 3242.
¢ R. B. King and M. B. Bisnette, J. Organometallic Chem., 1964, 2, 15.



