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The solid-state structure of bis(2,3,4-trimethylpentadienyl)iron, Fe(2,3,4-C,H,,)z, 
has been determined by single crystal X-ray diffraction. The space group is Ct-Pl 
(No. 2) with unit cell parameters being a 9.442(3), b 11.212(3), c 7.743(3) A, (Y 
101.38(3), /3 116.29(3), y 89.77(2)“, and V 717.3(4) A3 for Z = 2. Final agreement 
indices of R = 0.046 and R, = 0.051 were obtained for the 1998 unique reflections 
judged to be above background. Even with substantially increased ligand-ligand 
repulsions relative to its isomorphous ruthenium analog, the complex has also been 
found to exist in aOdistorted gauche-eclipsed structure. The fverage Fe-C bond 
distance of 2.087(l) A compares well with the value of 2.089(3) A in Fe(2,4C,H,,),. 

Recently we have isolated a -series of bis(pentadieny1) complexes for iron [l], 
ruthenium [2], and osmium [3]. Somewhat surprisingly, each compound to date has 
adopted the unsymmetric gauche-eclipsed conformation, I, rather than the otherwise 
reasonable anti-eclipsed form, II. Structures similar to I have also been adopted by 
related cyclic species [4]. As it was not clear how great the favorability of the 

(I) (II) 

gauche-eclipsed conformation might be, an attempt was made for ruthenium to 
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destabilize the gauche-eclipsed conformation by the use of 2,3,4_trimethylpentadi- 
enyl ligand, 2,3,4C,H,,, which would bring about appreciable intramolecular 
CH,-CH, 

--c C . 
I 

RU 

5-c L 

(III) 

repulsions, as in III. Despite the presence of these interactions, Ru(2,3,4C,H,,), 
was also found to adopt the gauche-eclipsed conformation [2]. Since replacement of 
ruthenium by the smaller iron should further increase the CH,-CH, nonbonded 
contacts, Fe(2,3&C,H,,), has also been synthesized [5], and subjected to a single 
crystal X-ray structural investigation which is reported herein. 

X-Ray diffraction study of Fe(2,3,4-C,H,,), 
Single crystals of this compound were obtained by slowly cooling concentrated 

solutions in pentane. Unit cell data were obtained through a combination of 
oscillation photographs and Nicolet Pi software programs, and confirmed by cell 
reduction. Accurate cell constants and their standard deviations were derived from 
the least-squares refinement of 14 centered reflections for which 23” < 213 c 30°, 
using the MC+K, peak at 0.71073 A. The unit cell parameters were chosen to be 
analogous to those ofOthe isomorphous ruthenium compound [2] with a 9.442(3), b 
11.212(3), c 7.743(3) A, (Y 101.38(3), /3 116.29(3), y 89.77(2)O, and V 717.3(4) A3 for 
2 = 2. The space group is C/-Pi (No. 2). 

MO-K, radiation was monochromatized using the 002 face of mosaic graphite. 
8-28 scans were employed from l.O” below the Mo-K,~ peak to l.O” above the 
Mo-K,~ peak at a scan rate of 3.0” mm-‘. A 1.0 mm diameter collimator was used 
as the crystal edges varied from 0.16 to 0.37 mm. Data were collected out to 45O in 
28, with total background counting time equal to half the total scan time. The 
intensities of 5 standard reflections were monitored for every 95 reflections, and did 
not indicate any substantial changes. All calculations were carried out using the 
SHELX programs. A correction for absorption was made, for which the transmis- 
sion factors ranged from 0.728 to 0.861. A total of 2894 reflections were processed, 
leading to 1998 unique reflections judged to be above background (I > 2.5a(I)). 
These were used in subsequent calculations. The function minimized was 
Cw( 1 F0 I- 1 F, 1)2, with the value for w being chosen as l/(a*(F) + 0.006(F)*). 

Following the location of the iron atom from a Patterson map, all carbon atoms 
were located from a difference Fourier map, as were most of the hydrogen atoms. 
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TABLE 1 

POSITIONAL PARAMETERS FOR THE NON-HYDROGEN ATOMS OF Fe(2,3,4-(CH,)&H,), 

Atom x Y s 

Fe 0.33745(5) 0.29917(4) 0.09749(7) 

C(1) 0.5802(5) 0.2978(4) 0.2466(7) 

C(2) 0x61(4) 0.1887(3) 0.2469(6) 

C(3) 0.3871(4) 0.1118(3) 0.0769(6) 

C(4) 0.3156(5) 0.1443(3) - 0.1096(5) 

C(5) 0.3806(6) 0.2437(4) - 0.1473(6) 

C(6) 0.5461(6) 0.1603(5) 0.4467(7) 

C(7) 0.3207(6) - 0.0054(4) 0.0962(7) 

C(8) 0.1624(6) 0.0740(4) - 0.2699(7) 

C(9) 0.3402(6) 0.4812(4) 0.0894(8) 

C(l0) 0.1865(5) 0.4238(4) - 0.0394(6) 

C01) 0.0993(4) 0.3478(3) 0.0131(6) 

C(l2) 0.1665(4) 0.3123(4) 0.1958(6) 

C(13) 0.3107(5) 0.3699(4) 0.3507(6) 

C(14) 0.1183(8) 0.4353(5) -0.2542(9) 

C(15) - 0.0635(5) 0.2922(5) -0.1371(8) 

Ctl6) 0.0851(6) 0.2075(5) 0.2260(8) 

The hydrogen atoms were subjected to limited isotropic least-squares refinement in 
which the C-H bond distances were constrained to be equivalent for a given carbon 
atom, while all non-hydrogen atoms were refined anisotropically. Final refinement 
led to agreement indices of R = 0.046 and R, = 0.051. A final difference Fourier 
map revealed no peaks greater than 0.62 e/A3. The final positional parameters for 
the non-hydrogen atoms are presented in Table 1, with the bond distances and 
angles contained in Table 2. The anisotropic thermal parameters for the non-hydro- 
gen atoms, the parameters for the hydrogen atoms, and some least-squares plane 
information can be found in Tables 3-5 (supplementary material). No unusual 
intermolecular contacts were observed. 

TABLE 2 

SELECTED BOND DISTANCES (A) AND ANGLES (“) FOR Fe(2,3,4-(CH,)&H& 

Fe-C(l) 2.062(4) Fe-C(9) 2.055(5) C(l)-C(2) 1.412(6) C(9)-C(10) 
Fe-C(2) 2.08q4) Fe-C(lO) 2.083(4) C(2)-C(3) 1.410(4) C(lO)-C(11) 
Fe-C(3) 2.141(3) Fe-C(ll) 2.147(4) C(3)-C(4) 1.42q6) C(ll)-C(12) 
Fe-C(4) 2.059(4) Fe-C(12) 2&l(5) C(4)-C(5) 1.413(7) C(12)-C(13) 
Fe-C(5) 2.089(6) Fe-C(13) 2.088(5) C(2)-C(6) 1.521(7) C(lO)-C(14) 

C(3)-C(7) 1.52q6) C(ll)-C(15) 

C(4)-C(8) 1.513(5) C(12)-C(16) 

C(l)-C(2)-C(3) 124.3(4) C(3)-C(4)-C(8) 119.3(4) c(1o)-c(11)-c(15) 
C(l)-C(2)-C(6) 117.2(3) C(4)-C(3)-C(7) 117.9(3) c(11)-c(1o)-c(14) 
C(2)-C(3)-C(4) 122.7(4) C(5)-C(4)-C(8) 118.9(4) C(ll)-C(12)-C(13) 
C(2)-C(3)-C(7) 119.1(4) c(9)-c(1o)-c(11) 124.3(4) C(ll)-C(12)-C(16) 
C(3)-C(2)-C(6) 118.2(4) C(9)-C(lO)-C(14) 116.9(5) C(12)-C(ll)-C(15) 
C(3)-C(4)-C(5) 121.7(3) c(1o)-c(11)-c(12) 122.2(3) C(13)-C(12)-C(16) 

1.41q6) 
1.418(7) 
1.41q6) 
1.402(5) 
1.527(8) 
1.497(5) 
1.517(8) 

119.3(4) 
118.5(4) 
121.3(4) 
120.1(3) 
118.2(4) 
118.6(4) 
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Results and discussion 

A perspective view and numbering scheme for Fe(2,3,4XsH,,), can be seen in 
Fig. 1, and pertinent atomic and bonding parameters are contained in Tables 1 and 
2. The atoms labelled C(n) (n = l-8) on one ligand are related to the C(n + 8) 
atoms by a noncrystallographic C, rotational axis. It is clear from the figure that the 
complex has adopted the same gauche-eclipsed conformation as found in the 
isomorphous Ru(2,3,4C,H,,), (I) as well as in Fe(2,4-C,H,,)2 (II). One can define 
the conformation more precisely by the angle formed between two planes, one for 
each ligand, each plane containing the metal atom as well as the central carbon 
atom and the midpoint between the two terminal carbon atoms of the pentadienyl 
ligand, as in IV. The syn-eclipsed, V, and an&eclipsed, II, structures will be defined 
to have conformation angles of 0 and 180”, respectively, so that the 

(IV) 
(VI 

ideal value for the gauche-eclipsed conformation will be 60°. In fact, the value of 
59.7O found for Fe(2,4-C,H,& is very close to this. The value for Ru(2,3,4C,H,,),, 
however, was found to be a little different at 52.5O, which was attributed to the 

Fig. 1. Perspective view and numbering scheme for Fe(2,3,4-C,H,,),. 
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presence of two eclipsing CH,-CH, interactions (cf. III). Because iron is substan- 
tially smaller than ruthenium, the CH,-CH, interactions should be even more 
significant in Fe(2,3,4C,H,,),, conceivably even enough to bring about adoption of 
the anti-eclipsed conformation [6]. While that has not happened here, it was 
nonetheless expected that the conformation would be at least twisted even more 
from 60” than was observed for Ru(2,3,4C,H,,), [2,7]. Unexpectedly, in the 
present case the conformation angle is 55.1°, actually closer to the ideal value than 
was the ruthenium compound [8]. However, there are other distortions which may 
also serve to relieve the CH,-CH, interactions. In particular, the two pentadienyl 
ligand planes may bend away from a parallel orientation, which does in fact occur 
to a greater extent for Fe(2,3,4X,H,,), than for Ru(2,3,4C,H,,), [9]. Thus, for 
Ru(2,3,4C,H,,),, the angle between the ligand planes is 18.2O, while it is 20.4” for 
Fe(2,3,4-CsH,,),, and only 15.0° for Fe(2,4-C,H,,)2 [l]. Possibly this distortion is 
more effective in relieving the CH,-CH, interactions than is the conformation 
twist, although there does seem to be an electronic contribution [8]. 

Another reflection of the presence of substantial CH,-CH, interactions may be 
seen in the extent of bending out of the ligand planes by the mutually eclipsing 
methyl substituents. In Ru(2,3,4C,H,,),, the methyl groups in the 2 and 4 
positions were tilted out of the ligand plane in a direction toward the metal atom by 
ca. 9.5”, similar to what has been observed in other metal complexes [lO,ll]. This 
bending has been ascribed to an attempt by the large ligand to improve overlap with 
the metal orbitals [10,12]. The methyl groups in the 3 positions, however, were 
slightly tilted (2.0”) away from the metal, perhaps in response to the greater tilting 
by the eclipsing C(8) and C(16) atoms [13,14]. In Fe(2,3,4C,H,,),, the methyl 
groups in the 2 and 4 positions are again significantly tilted toward the metal atom 
(7.2 and 13.7O, respectively), and the methyl groups in the 3 positions are again 
tilted significantly away from the metal atom (3.2”). In no other structures have we 
observed such tilting, which is clear evidence of the fact that the CH,-CH, 
interactions must be repulsive. The endo and exe hydrogen atoms (see VI) on the 
terminal carbon atoms are bent out of the ligand plane by respective averages of 42O 
(range 35-51°) away from, and 19” (range 14-22O) toward, the iron atom. The 
average values observed for R~(2,3,4X,H,s)~ were quite similar at 42O and 17O, 
respectively. 

H, 

(VI) 

The average Fe-C bond distances to the C(n) and C(n + 8) atoms are 2.059(3), 
2.081(3), 2.144(3), 2.060(3) and 2.088(4) A, respectively for n = l-5. The ave$age 
Fe-C bond distance is 2.087(l) A, essentially identical to the value of 2.089(3) A in 
Fe(2,4-C,H,,)z, even with the apparently greater inter-ligand repulsions. It is 
interesting that in Fe(2,4C,H,,), the longest metal-carbon bonds clearly involved 
the terminal carbon atoms, while for Fe(2,3,4C,H,,), it is clear that the longest 
metal-carbon bonds involve the central carbon atoms. The primary reason for this 



394 

difference is related to the presence of the extra methyl groups attached to the C(3) 
and C(ll) atoms. In Fe(2,4C,H,,),, the C(2)-C(3)-C(4) angles averaged 125.5(3)O, 
significantly larger than the 122.4O value for the C(l)-C(2)-C(3) and 
C(3)-C(4)-C(5) types of angles, while in the present case a smaller central angle of 
122.4(3)O is found, which is more similar to the values found for the C(l)-C(2)-C(3) 
and C(3)-C(4)-C(5) (and their equivalent) angles [15], which average 122.9(2)O. The 
contraction of the C(2)-C(3)-C(4) angles in Fe(2,3,4-C,H,,), relative to Fe(2,4- 
C,H,,), will bring the C(l), C(2), C(4), and C(5) atoms into closer proximity to the 
metal atom, and move the ligand center of mass away from the C(3) atom. In fact, 
the relative pattern of the metal-carbon bond distances in Fe(2,3,4C,H,,), is more 
similar to that in Ru(2,3,4X,H,,),, for which the average metal-carbon bond 
distances were 2.152(7), 2.195(7), 2.258(7), 2.166(g), and 2.172(9) A for C(l)-C(5) 
and their respective counterparts. Thus, the relative values of the various 
metal-carbon bond distances in a given transition metal-pentadienyl complex seem 
to be at least as dependent on the geometry of the flexible pentadienyl ligand as on 
anything else (such as electronic influences). An additional effect of this contraction 
is that the bonded portion of the pentadienyl ligand becomes smaller. This can be 
seen by comparing the C(l)-C(5) types of nonbonded contacts. Thus, the value of 
2.706(9) A for Fe(2,3,4C,H,,), is clearly shorter than the value of 2.785(5) A for 
Fe(2&C,H,,), but comparable to that for Ru(2,3,4-CsH,,),, 2.715(9) A. 

The delocalized carbon-carbon bond distances for the pentadienyl ligands aver- 
age 1.412(2) A. No significant distinction could be made between the “internal” and 
“external” distances, which averaged 1.414(3) and 1409(3) A, respectively. In most 
other pentadienyl structures, the “external” bond distances tended to be shorter 
than the “internal” ones due to a contribution by resonance hybrid VII. The 
C-CH, bond distances averaged 1.516(3) A. 
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