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COMPOUNDS

11*. THE CRYSTAL AND MOLECULAR STRUCTURES OF TRICYCLO-
[6.2.0.0>"]DECA-3,5-DIENETRICARBONYLIRON, (C;oH,,)Fe(CO);

F.A. COTTON** and J.M. TROUP
Department of Chemistry, Texas A & M University, College Station, Texas 77843 {(U.S.A.)
(Received March 8th, 1974)

Summary

The structure of tricyclo[6.2.0.0*:7]deca-3,5-dienetricarbonyliron,
(C10H;,)Fe(CO)s, has been determined from X-ray counter data. The space group
is P2,2,2, with cell dimensions a 11.758(3), & 16.987(7), ¢ 6.032(2) A and with
four molecules in the cell. The 1359 reflections, in the range 0° < 26(Mo-Ka)
< 45°, with intensities significantly above background were included in the re-
finement which converged to R, = 0.033 and R, = 0.029. The molecular strue-
ture consists of an Fe(CO); moiety bonded to the diene portion of a cyclohexa-
diene ring. This six-membered ring is fused to a second four-membered ring.
Both four-membered rings are essentially pianar.

Introduction

A series of iron and molybdenum carbonyl derivatives (compounds I—VII,
X1I), of polycyclic olefins have recently been prepared and investigated by IR
and NMR spectroscopy [1] and by X-ray diffraction {2—8]. Some of these
structures are of particular interest because of the information they provide
about the conformations of the cyclobutane ring when it is fused to other rings
[9]. Compound IV, whose structure is described in this paper is a case in point.
While the general structure (IV), has been deduced, correctly, from chemical
and spectroscopic evidence [1], the conformational details required for a com-
prehensive conformational analysis of cyclobutane compounds [9] had to be
obtained by X-ray crystallography. The necessary investigation of IV is des-
cribed here.

* For Part 11, see ref. 7.
** Address correspondence to this author.
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Experimental section

Collection and reduction of X-ray data

A microcrystalline sample of the title compound was prepared by Dr. G.
Deganello as previously described [1]. A single crystal suitable for data coliec-
tion, measuring 0.13 X 0.20 X 0.27 mm, was obtained by recrystallization from
carbon disulfide. The crystal was mounted on a thin glass fiber and from preli-
minary diffractometer examination shown to be orthorhombic. Systematic ab-
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sences of R00, h # 2n; OkO0, k # 2n; and 001, [ # 2n, uniquely determined the
space group as P2,2,2,.

The unit cell dimensions at 22° and the orientation matrix for data collec-
tion were determined by least squares refinement of the setting angles for fif-
teen carefully centered reflections. The cell dimensions and other data are:

a 11.758(3), b 16.987(7), ¢ 6.032(2)A, V1204.7(7)A%, Z=4,d_,.=1.50¢g
cm™3. w scans of several intense reflections showed a width at half height of
0.25°.

The data were collected using a Syntex P1 diffractometer with an inci-
dent-beam graphite-crystal monochromator and Mo-Ka radiation. The opera--
tion of the diffractometer has been described previously [5]. Intensity mea-
surements were taken at 22° using the 8—280 scan technique and a variable scan
rate ranging from 2.0 to 24.0°/min depending on the intensity of the reflection.
All data of the type hk!l and hkl with 28 (Mo-Ka) values up to 45.0° were collec-
ted using a scan range from 26 (Mo-Ka,;) — 0.8° to 20(Mo-Ka;) + 0.8°.

Three standard reflections, measured every 100 reflections, showed no
significant change in intensity throughout the data collection. No absorption
correction was made in view of the small variation in fransmission factors

of 81.1 + 3.6% through the thin and thick directions of the crystal

(n =12.8 em™ for Mo-Ka). Lorentz and polarization corrections were made™;
no extinction correction was deemed necessary. A total of 1994 reflections
were collected and only the 1359 reflections having F2 > 8¢(F2) were used for
the refinement of the structure.

Solution and refinement of the structure

The iron atom was located using the Patterson method and its position
was refined by least-squares, giving the following agreement factors:

R, =ZIF | — FI/ZIF,l = 0.308 and R, = (Zw(IF | — IF ) ZwF2)"? = 0.352.
Here |F_| and IF 9 are the observed and calculated structure factor amplitudes
and w is the welghtmg factor, given by 4F2 /0, where o is the e.s.d. of F7. Scat-
tering factors were taken from the Internatlonal Tables [10]. Anomalous dis-
persion effects were included for the iron using Af' and Af” values of Cromer
and Liberman {11].

A difference Fourier map based on the phases derived from the iron atom
position revealed the coordinates of all the remaining non-hydrogen atoms. Two
cycles of isotropic least-squares refinement of all non-hydrogen atoms lead to
the agreement indices of R, = 0.059 and R, = 0.066. A second difference Fourier
map based on the above refinement showed clearly the positions of all the hy-
drogen atoms. Three full-matrix least-squares cycles refining non-hydrogen atoms
anisotropically and hydrogen atoms isotropically converged to the final agree-

* Computer programs used in reduction of the data and in the solution and refinement of the struc-
ture are the following: DATARED by Frenz for data reduction; JIMDAP, a Fourier program by
Ibers, based on FORDAP by Zalkin; the least-squares program NUCLS by Doedens and Ibers based
on Busing and Levy’s ORFLS program; a local modification of Baur’s SADIAN program for cal-
culating atomic distances and angles; RSCAN by Doedens for analysing structure factors: ORTEP
by Johnson for illustrations; the function and error program ORFFE by Busing, Martin, and Levy
as modified by Brown, Johnson and Thiessen; and LIST by Snyder for listing the data.
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ment indices of B; = 0.033 and R, = 0.029. In the final cycle no parameter .
shift exceeded 0.7 times the standard deviation of the parameter. The e.s.d. in an
observation of unit weight was 1.01.

To check for the correct enantiomorph the sign of the secondary anoma-
lous dispersion factor for the iron atom was reversed in one cycle of least-
squares refinement. The agreement factors Qf B; = 0.041 and R, = 0.048 cle-
arly show that the original choice of enantiomorph was correct.

No systematic trends were found in the data as a function of A7 'sin 0,

IF |, indices or reflection number. A final difference Fourier map contained no
peaks greater than 0.44 e A3, where hydrogen atoms were located on a previous
map at 0.54 e A3, A list of observed and calculated structure factor amplitudes
is available¥*. The atomic coordinates and their estimated standard deviations
are given in Table 1. The thermal parameters are given in Table 2.

TABLE1
ATOMIC POSITIONAL PARAMETERS®

Atom x ¥y z
Fe 0.2165(1) 0.2058(1) 0.1614(1)
0() 0.0164(3) .0.1978(3) 0.4441(6)
0(2) 0.3889(4) 0.1294(2) 0.4375(8)
0(3) 0.1854(4) 0.0662(3) —0.1174(8)
C(1) 0.096646) 0.4309(4) —0.0383(12)
C(2) 0.0793(5) 0.3478(3) 0.0637(10)
C(3) 0.1323(6) 0.2819(4) —~0.0625(10)
C(4) 0.2497(b) 0.2783(4) —~0.1001(11)
C(5) 0.3165(5) 0.3994(4) 0.0787(12) <
C(6) 0.2578(4) 0.3201(3) 0.2736(10)
c(7) - 0.1528(5 0.3706(3) 0.2632(9)
C(8) 0.1723(5) 0.4537(3) 0.1611(12)
C(9) 0.0844(8) 0.5171(5) 0.2282(15)
C(10; 0.0102(8) 0.4913(5) 0.0350(18)
C(11) 0.0961(4) 0.1992(3) 0.3364(11)
C(12) - 0.3211(5) 0.1582(3) 0.3285(12)
c@13) 0.1876(6) 0.1210(3) ~0.0085(190)
H@1) 0.123(4) 0.432(3) 0.173(8)
H(2) 0.001(4) 0.339(2) 0.087(7)
H(3) 0.095(4) 0.260(2) —0.167(8)
H(4) 0.284(5) 0.259(3) —0.233(8)
H(5) 0.320(4) 0.291(3) 0.087(7)
H(6) 0.303(4) 0.326(2) 0.415(8)
H(7) 0.111(4) 0.379(3) 0.388(8)
H(8) 0.246(3) 0.471(2) 0.146(7)
H(3,1) 9.059(5) 0.506(3) 0.363(9)
H(9,2) 0.122(4) 0.573(2) 0.213(9)
H10,1) 0.012(4) 0.529(2) 0.074(8)
H(10,2) —0.053(5) 0.474(4) 0.064(12)

@ Numbers in parentheses are estimated standard deviations in the least significant digit in this and ail
other tables,

* Supplementary matexial, which includes a list of Fo and Fc values has been deposited as NAPS
Document No. 02387, with ASIS/NAPS, cfo Microfiche Publications, 305 E. 46th Street, New York,
Neéw York 10017. A copy may be secured by citing the document and remitting $1.50 for mi-
crofiche or $5.00 for photocopies. Advance payment is required. Make checks payable to Micro-
fiche Publications.
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TABLE 2
ATOMIC THERMAL PARAMETERS®

Atom By orfyy B2z B33 812 B1a t B3

Fe 0.0063(1) 0.0036(1) 0.0249(2) ~0.0002Q1) 0.0004(1) ~0.0008(1)
o) 0.010¢1) 0.006(1) 0.043(2) ~—0.002(1) 0.009(1) ~D.001(1)
0(2) 0.012(1) 0.007(1) 0.057(2) 0.002(1) —0.008(1) 0.001(1)
o(3) 0.018¢1) 0.006(1) 0.067(2) —0.001(1) -0.002(1) ~0.009(1)
cQ) 0.012{1) 0.004(1) £.030(3) —0.001{1) —0.006(1) 0.002(1)
c(2) 0.006(1) 0.003(1) 0.029(2) —0.001(1) —0.002(1) —0.000¢1)
C(3) 0.010(1) 0.004(1) 0.021(2) —0.001(1) —~0.003(1) —0.,002(1)
C(d) 0.008(1) 0.0056(1) 0.028(2) 0.000(1) 0.005(1) —0.000(1)
c(5) 0.005(1) 0.005(1) 0.043(3) —0.000Q1) 0.001(1) 0.001(1)
C(6) 0.0056(1) 0.004(1) 0.026(2) —0.001(1) ~0.004(1) 0.001(1)
c(?) 0.007Q1) 0.003(1) 0.019¢2) —~0.00001) ~0.001Q1) —0.001€1)
C(8) 0.008(1) 0.004(1) 0.034(2) —0.001(1) —0.003(1) —0.000(1)
c(9) 0.012(1) 0.004(1) 0.045(4) 0.001(1) —~0.004(2) ~0.000(1)
C(10) 0.013(1) 0.004(1) 0.070(4) 0.000(1) —0.014(2) 0.002(1)
cal) 0.008(1) 0.003{1) 0.027(2) ~0.001(1) —0,002(1) 0.0003)
C(12)  0.008(1) 0.004(1) 0.037(2) ~—0.000(1) 0.004(1) ~0.002¢1)
€Q13)  0.008(1) 0.004(1) 0.043(2) —0.000(1) —0.000(1) —0.000(1)

H(1) 4.0(15)
H(2) 2712
H(3) - 3.213)
H4) 5.9(16)
H(5) 3.712)
H(6) 3.5(12)
=) 4.6(15)
H(8) 2.2(10)
H(9.1) 4.8(19)
H(9.2) 6.901D
H(10.1) 4.8(15)
HQA0.2) 7.6(25)

8 The anisotropic thermal parameters are of the form exp [—(8;1h? + 82282 + §331% + 28328k + 28,301
+ 2823kD1. .

o

Fig. 1. A view of the structure of (CypH;3)Fe(CO)3 showing the 50% probability sllipsoids and the atomic
numbeting scheme.
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TABLE 3
BOND DISTANCES (A) FOR (C19H2)Fe(CO)3

Atoms - Distance Atoms Distance
Fe—C(2) 2.8963(6) Fe—C(11} 1.770(6)
Fe—~C(3) - 2.118(6) Fe—C(12) 1.781(6)
Fe~—C(4) - 2.039(6) Fe—C(13) 1.784(7)
Fe—C(5) 2.052(7) C(11)—0(1) 1.140(6)
Fe—C(6) 2.1145) C(12)—0(2) 1.148(6)
Fe—C(7) 2.963(6) C(13)0(3) 1.144(7)
c)—C(2) | 1.552(8) C(1)—H(1) 0.87(5)
C(1)C(8) 1.547(9) C(2)—H(2) 0.94(4)
Cc(1)—C(0) 1.611(11) C(3)—H(3) 0.85(5)
C(2)—C(3) 1.490(8) C(4)—H(41) 0.96(5)
c2)—<(1 1.632(7) C(5)—H(5) 0.88(4)
C(3)—C«) 1.401(8) C(6)—H(6) 1.01(4)
C(4)—C(5) 1.386(7) C(7)y—H(T) 0.91(5)
C(6)—C(6) 1.404(7) C(8)—H(8) 0.92(4)
C(8)—C(7) 1.505(7) " C(9)—H(9,1) 0.88(5)
C(7—C(8) 1.567(8) C(9)—H(9,2) 1.08(4)
C(8)—C(9) 1.547(9) C(10-H(10.1) 0.92(4)
C(8)—C(10) 1.521{(10) C(10)—H(10,2) 0.82(6)
Results

The molecular structure of (C;oH;,)Fe(CO); is consistent with that pre-
dicted from IR and PMR spectroscopy [1]. As shown in Fig. 1, the tricarbonyl-
iron moiety is m-bonded to a hexadiene ring in fetrehaepto fashion. The satura-
ted portion of the cyclohexadiene is cis-fused to a cyclobutane ring, which in
turn, is cis-fused to a second four-membered ring. Although not required crys-
tallographically the molecule possesses approximate mirror syminetry.

The conformation of the three fused rings is exo as depicted in the figure.
Tables 3 and 4 give bond distances and bond angles, respectively; Table 5 pres-
ents least-squares planes data.

TABLE 4
BOND ANGLES (deg) IN (C;oH12)Fe(CO)a

Fe coordination sphere

C(3)—Fe—C(4) 39.4(2) C(5)—Fe—C(6) 39.4(2)
C(3)—Fe—C(5) 68.6(2) C(5)—Fe—C(11) 130.8¢3)
C(3)—Fe—C(6) 75.5(2) C(5)—Fe—C(12) 124.4(3)
C(3)—Fe—C(11) 92.6(2) C(5)—Fe—C(13) 95.6(3)
C(3)—Fe—~C(12) 93.9(3) c(6)—Fe—C(11) 92.9(2)
C(3)—Fe—C(13) 163.8(2) C(6)—Fe—C(12) 162.9(2)
C{4)—Fe—~C(5) 39.6(2) C(6)—Fe—C(13) 94.4(2)
C(4)—Fe—C(6) 69.4(2) C(11)—Fe~C(12) 101.1(3)
C(H)—Fe—C(A1) 130.8(3) C(11)—Fe—C(13) 100.7(2)
C(4)—~Fe—~C(12) 93.8(3) C(12)—Fe—C(13) 92.6(2)
C(4)—Fe—C(13) 125.4(3)

Fe—C(11)-0(1) 176.8(6)

Fe—C(12)—0(2) 179.8(5)

Fe—C(13)-0(3) 178.4(5)
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TABLE 4 (continued)

Angles at atom specified:

6-membered ring:

c(2) 110.8(5) cE 116.0(5)
C(3) 121.9(6) C(6) 120.3(5)
C(4) 114.8(6) C(D 110.6(5)
Central 4-membered ring:
C(1) 89.8(5) o7y 90.i(4)
C(2) ‘90.4(4) C(8) 89.7(4)
'jl'erminol 4-membered ring:
C(1) . 89.4(6) C(9) 89.1(6)
C(8) 89.6(5) C(10) 91.9(6)
Angles between rings:
C(1)—C(2)—C(3) 115.2(5) C(8)—C(7)—C(6) 114.3(5)
C(10)—C(1)—C(2) . 134,400 C(9)—C(8)—C(T) 115.4(6)
Angles involving hydrogen atoms: :
H(1)—CA)—C(2) 116(4) H(7)—C(7)—C(6) 120(3)
H(1)>C(1)—C(8) 121(4) H(7)—C(7)—C(8) 105(3)
H(1)—C1)—-C(10) 120(4) - H(8)—C(8)—C(1) 123(3)
H(2)—C(2)—C(1) 110(3) H(8)—C(8)—C(7) .118(2)
H(2)—C(2)—C(3) 111({3) H({8)—C({B)—C(9) 116(2)
H(2)—C(2)>—C(7) 118(3) H(9,1)—C(9)—C®) 108(4)
H(3)—C(3)—C(2) 121(3) H(9,1)—C(9)—C(10) 117(4)
H(3)—C(3)—C(4) 110(3) H(9.1)—C(9)—H(9.2) 115¢(5) «
H(4)—C(4)—C(3) 125¢9) H(9,2)—C(9)—C(8) 108(3)
H(4)—C(4)—C(b) 120¢4) H(9,2)—C(9)—C(10) 115(3)
H(5)—C(5)—C4) 124(3) H(10,1)—C(10)—C() 104(4)
H({5)—C(5)—C(6) 119(3) H(10,1)—C(10)—C(9) 109(¢3)
H(6)—C(6)—C(5) 118(2) H(10,1)—C(10)—H{10,2) 115(7)
H(6)—C(6)—C(7) 114(2) H(10,2)—C(10)—C(1) 116(5)
H(7)—C(7)—C(2) 112(3) H(10,2)—-C(10)—C(9) 118(6)
Discussion

The cyclohexadieneiron tricarbonyi moiety

The coordination about the iron atom is tetragonal pyramidal if one con-
siders the diene as a bidentate ligand attached to the iron atom at the midpoints
of the formal double bonds. The four diene carbon atoms, C(3)—C(6), are co-
planar to within 0.01 A (Table 5). Similarly C(2), C(3), C(6), and C(7) are co-
planar to within 0.002 A . The dihedral angle between these two least-squares
planes is 37.7°.

The structure of the (cyclohexadiene)iron tricarbonyl fragment has been
determined in at least nine X-ray diffraction studies [3, 4, 7, 8,12—15].

Table 6 compares bond distances and angles derived from these studies.
The deviations from the mean are an average of 1.3 times the individual e.s.d.’s
for distances. The average dihedral angle is 38.3(3)°. As might be expected, the
perfluoro compound, X1, has structural parameters quite different from the
other compounds. This is especially obvious in the dihedral angle of 47.3°. The
structure is listed for comparison purposes and is not included in the average
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TABLE 5
. LEAST-SQUARES PLANES AND RELATED PARAMETERS FOR (C;pH)2)Fe(CO)3

Plane ] Atoms

 § C(3). C(4), C(5). C(6)
)5 C(2), C(3), C(B), C(T)
I C(1), C(2), C(7), C(8)
w €(1), C(8), C(9), C(10)
Equations of planes®

I 0.216x —16.212y + 1.797z = —4.648
3 8 T —5.T6Tx — 11.231y + 3.425z = —4.144
I —9.616x + b56.689y + 2.911z = 1.416

w —5.373x — 11.488y + 3.485z = —5.589

Deviations () from planes

Plane I Plane II Plane 1 Plane IV
€3 —0.006 c(©@ —0.002 c) 0.005 ca1y ~0.013
c(4) 0.011 c(3) 0.001 c(@2) —0.006 c(8) 0.0i3
c(s) ~0.011 C(e) —0.001 o) 0.006 ci9) -0.013
c(6) 0.006 c(7) 0.002 C(8) —0.005 c(0) 0.013
c(2 —0.860 c(4) —0.765 Cc(3) —1.262 c(2) 1.389
c(7) —0.854 ©(6) —0.785 c(6) —1.261 (N 1.428
c(1)y —1.394 c(9) 1.386
c(8) —1.883 c(10)  1.386

Dihedral Angles (Deg.)

Planes Angle Planes Angle
.11 37.7 u, 11 63.3
I, I 101.0 I, I1v 2.2
1,1Iv 36.0 ili, 1v 65.0

<, ¥, and z are fractional oxthorhombic coordinstes.

values listed in Table 6. The only other compound with a dihedral angle signi-
ficantly different from the others is 6. This difference may be related to the
puckering of the four-membered ring.

The conformation of the fused ring system
Figure 2 illustrates the conformation of the organic ring system and iden-
tifies the four approximately planar sections (see Table 5). The dihedral angle

F!é. 2. ;&n illustration of the conformation of the o:rganlc ring system with the least zquares planes
labeled. - . -
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' TABLE 6. .
| STRUCTURAL PARAMETERS FOR THE (CYCLOHEXADIENE)M(CO)3 MOIETY e

Q

¢
e c-—o
[
I4
o -
Compound a 5. : e ' ad- e - - F . g
i 1.419(7) 1.438(8) 1.520(8) 1.541(8) 2.069(5) 2.128(5) 1.787(6)
v 1.387(8) 1.404CT) 1.505(7) 1.632(7) 2.039(6) ° | 2.114¢(5) - 1.770(8)
‘ 1.400(8) 1.492(8) ) - 2.053(7N) 2.116(6) 1.784(7)
v 1.411(49 1.417(3) 1.500(3) 1.545(3) 2.053(2)  2.132(2)  1.788(3)
1.412(3) 1.504(3) © 2.063(2) 2.139(2) 1.783(2)
\2 8 1.413(43 1.422(4) 1.507(4) 1.536(4) 2.244(3) - 2.336(3) 1.991(3)
1.417¢4) 1.410¢4) 1.511(4) 1.633(4) 2.236(3) - 2.325(3) - .
1.396¢(4) 1.501(4) 2.266(3) 2.380(3)
1.390¢4) 1.504(4) 2.264(3) 2.396(3) _
VI 1.39(2) 1.42(1) - 1.50(1)  1.63(1) - 2.03(1) 2.16(1) - 1.770(9)
1.44(2) 1.51(2) 2.07(1) 2.16(1) 1.791(7T)
Vili 1.41(2) 1.42¢2) 1.47(2) 1.58(2) 2.07(1) 2.12(1) 1.75(1)
1.46(2) 1.53(2) 2.10(1) 2.14(1) 1.80(1)
b 4 1.38(4) 1.38(4) 1.50(3) 1.55(3) 2.0 O 230(2) - 1.70(3)
1.40(4) 1.50(3) 2.02(2) 2.10(2) 1.70¢3)
X1 1.37(1) 1.40(1) 1.50(1) 1.56(1) -2.06047) 1.993(B) 1.803(8)
X1 1.37(2) 1.40(2) 1.50(2) 1.52(2) = 2.04Q3) 2.10(1) 1.77(1)
1.41(1) 1.52(2) i 2.04(1) 2.12(1) 1.76(2)
h [+ 8 ¥ 8 € Dihedral Ref.
Angle
111 1.780(6) 115.2¢(4) 119.8(4) 111.3(4) 92.6(2) 100.3¢(2) 38 8
v 1.770(6) 114.9(6) 121.8(6) 110.8(5) 92.6(2) 101.1(3) 357.7 This work
115.9(5) 120.3(5) 110.6(5) . 100.7(2)
v 1.783(2) 115.2(2) 120.3(2) 111.3(2) 90.5(1) 102.4(1) 38.0 3
’ 116.9(2) 120.5¢2) . 110.(2) 102.8(1) :
Vi 1.991(3) 114.3(2) 119.7(2) 117.6(2) i 95.5(1) 88.0 7
114.6(2) 120.0(2) 115.7(2) 39.0 7
117.5(2) 120.1(2) 115.2(2) )
116.7(2) 119.5(2) 114.7(2) . ) .
VII  1.793(9) 113.9(¢7) 119.7(6) 111.7(6) 93.4(4) 99.1(4) 36.3 4
119.2(10) 119.7(11)  112.5(6) 101.0(4) -
VIII 1.80(1) 116¢1) - 120(1) 110{(1) . 90.6(5)  98.%(5) .39 - 12
1.80(1) 116(1) - 122(1) 111Q1) : 100.6(5)
X 1.74¢4) 115(3) 119¢2) 109(2) a92(1) 101(1) ~ 3§99 ° 14
116(2) 121(2) 111¢2) : 102¢1) -
X1 1.799(3) 114.4(7) 116.7(7) 108.9(7) 89.6(4) 97.8(4) 473 15
Xt - 1.78(2) 117(1) 113(3) 110(1) 92.9(68) " 101.7(6) 38.5 6
114(1) 1221 O 11u(a)y 0 - 100.8(8)

of 63° between the least-squares planas IT and III compared with 60° in III {8],

59° in V [3] 62° in VI [7], 60° in VII 4], 64° in VIII [12] and 63° in X [14].
. The dihedral angle between the four-membered rings (least-squates planes

m and IV) is 65°. This is close to the chhedral angles of 67° [16] 68 [17],and
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69° [181 found for the fused four-membered rings in Dewar benzene complex
and is identical to that found in VI [4}.

- The four-membered rings

. Of primary interest in this compound is the geometry of the four-mem-
bered rings. The C—C bond lengths in these rings range from 1.511(11) to
1.557(8) A with a mean value of 1.538(17) A. This (as shown elsewhere [9])
" compared favorably with the following mean* values: 1.549 A for cyclobutane
1.545(3) A for substituted cyclobutanes, 1.551(3) A for organic fused cyclo-
butanes, and 1.552(4) A for organometallic fused cyclobutanes. For organic
~ fused cyclobutanes the C—C bond that is common to two rings is typically ca.
0.024(8) A shorter than the C—C bond that is part of only one four-membered
ring [9]. The average C—C bond length [9] for the 109 individual determina-
tions by X-ray diffraction methods is 1.547(2) A. This represents a lengthening
of ca. 0.01 & over non-cyclic C(sp®)—C(sp?) bonds [19].

. The two four-membered rings in (C;H;,)Fe(CO); are essentially planar
(Table 5) with dihedral angles of 1.1{8) and 2.7(9)° for the central and termin:
rings, respectively. (The corresponding torsional angles are 0.8(5) and 1.9(7)°.)
Dihedral angles in other organometallic fused cyclobutane structures range [9]
from 0.2(3) to 16.4(12)°.
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