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summary 

The structure of tricyclo~6.2.0.O2~‘]deca-3,5-dienetricarbonyliron, 
(CloH12)Fe(C0)3, has been determined from X-ray counter data. The space group 
is P21212r with cell dimensions a l-1.758(3), b 16.987(7), c 6.032(2)A and with 
four molecules in the cell. The 1359 reflections, in the range 0” < 20(Mo-Kcu) 
< 45”, with intensities significantly above background were included in the re- 
finement which converged to R1 = 0.033 and R2 = 0.029. The molecular struc- 
ture consists of an Fe(C0)3 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 planar. 

Introduction 

A series of iron and molybdenum carbonyl derivatives (compounds I-VII, 
XII), of polycyclic olefins have recently been prepared and investigated by IR 
and NMR spectroscopy [1] and by X-ray diffraction [2-81. 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 
191. 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 f l] , 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- 
crib&d here. 

* For Part II. see ref. 7. 
** Address correspondence to this author. 
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ColLection and reduction of X-ray data 
A microcrystalline sample of the title compound was prepared by Dr. G. 

Deganello as previously described [l]_ 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- 
m&&y diffractometer examination shown to be orthorhombic. Systematic ab- 



371 

sences of hO0, h # 2n; OkO, k + 2n; and 001, 2 # 2n, uniquely determined the 
space group as P212121. 

The unit cell dimensions at 22” and the orientation matrix for data co&c- 
tion were determined by least squares refinement of the setting angles for fif- 
teen carefully centered reflections. The cell dimensions and other data are: 
ca 11.758(3), b 16.987(7), c 6.032(Z)& V 1204.7(7)A3, 2 = 4, dcalc= 1.50 g 

-3. 
Z5Y 

w scans of several intense reflections showed a width at half height of 

The data were collected using a Syntex Pz diffractometer with an inci- 
dent-beam graphite-crystal monochromator and MO-& radiation. The opera- 
tion of the diffractometer has been described previously [5]_ Intensity mea- 
surements were taken at22” using the 8-26 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 hkl and &z? with 26 (MO-Ror j values up to 45.0” were collec- 
ted usGag a scan range from 28(Mo-Km,) - 0.8” to 28(MoXcr,) + 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 transmission factors 
of 81.1 t 3.6% through the thin and thick directions of the crystal 
(p = 12.8 cm-’ for MO&X). 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 Fz > 3a(F,2) 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: 
Rl = Z IIF,1 - lF,ll/Z IF01 = 0.308 and R2 = (&J( &‘,,I - LFcl)2/CwF~)“2 = 0.352. 
Here IF,1 and @‘,I are the observed and calculated structure factor amplitudes 
and UJ is the weighting factor, given by @E/a*, where (T is the e.s.d. of F2,. Scat- 
tering factors were taken from the International Tables IlO]. Anomalous dis- 
persion effects were included for the iron using Af’ and Af” values of Cromer 
and Liberman [ll]_ 

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 R2 = 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- 

* Ckmmuter ~rozrams used in reduction of the data and in the sohxtion and refinement of the struc- 
ture are the following: DATARED by hens for data reduction; JIMDAP. a Fourier program by 

mers, 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, win. ad Levy 
as modG%ied by Brow&. Johnson and Thiessen; and LIST by Snyder for listing the data. 
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ment indices of R L = 0.033 and Rz = 0.029. In the final cycle no parameter 
shiftexceeded 0.7timesthestandard deviationoftheparameter.The e,s.d.kan 

observation’ of unit weight-was 1 .Ol. 
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 refmement. The agreement factors Q$ R I 7 0.041 and RZ. = 0.048 cie- 
arly show that the original choice of.enantiomorph was correct. 

No systematic trends were found in the date as a function of 71%n 8, 
@‘,,I, indices or reflection number. A final difference Fourier map contained no 
peaks greater than 0.44 e WW3, where hydrogen atoms were located on a previous 
map at 0.54 e A -3. 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 f 

Fe 

00) 
O(2) 
O(3) 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 

C(8) 
C(9) 
C(10) 

C(1'1) 
C(12) 

(x13) 
H(l) 

H(2) 
H(3) 

H(4) 
H(S) 
H(6) 
H(7) 
H(8) 
W9.1) 
H(9.2) 
H(10.1) 
H(10.2) 

0.2166<1) 

0.0164(3) 
0.3889(4) 
0.1854(4) 
0.0966(6) 
0.0793(5) 
0.1323(6) 
0.2497(S) 
0.3165(51 
O-2578(4) 
O-1528(5> 
0.1723(S) 
0.0844(8) 

0.0102(8) 
0.0961(4) 
0.3211(S) 

0.1976(6) 

0.123(4) 
0.001(4) 
0.095(4) 

0.284(S) 
0.390(4) 
0.303(4) 
0.111(4) 

0.246(3) 
0.059(5) 
0.122(4) 
0.012(4) 

-0.053(5) 

0.2058(l) 

.0.1978(3) 
0.1294(2) 
0.0662(3) 
0.4309(4) 
0.3478(3) 
0.2819(4) 
0.2783<4) 
0.3994(4) 
0.3201<3) 
0.3706<3) 

0.4537(3) 
0.5171(S) 

0.4913(S) 
0.1992<3) 

0.1582(3) 
0.1210(3) 

O-432(3) 

0.339(Z) 
0.260(Z) 

0.259(3) 
0.291(3) 
0.326(2) 
0.379(3) 
O-471(2) 
O-506(3) 
0.573(2) 
O-529(2) 

0.474(4) 

0.1614(f) 

O-4441(6) 
0.4375(8) 

-0.1174zi8) 
-0.0383<12) 
0.0637(10) 

--0.0625(10) 
-0.1001(11) 
0.0787(12) 
0.2736(10) 
0.2632(S) 
0.1611(12) 
0.2282(15) 

0.0350(18) 
0.3364(11) 
0.3285(12> 

--0.0085(10) 

0.173(8) 
0.087(7) 

-0.167(8) 

-0.233(8) 
0.087(7) 
0.415(8) 
0.388(6) 

0.146(7) 
0.363(S) 
0.213(9) 
0.074(S) 

0.06402) 

a Numbers in parentheses are estimated standard deviations in the least significant digit ia this and ell 

other tables. 

* Suppkment&iry &&al. which includes a list of PO and F, vaiues has been depo&ed_a.g NAPS 

L%xurnekt No.O2387,withASlS/NAF'S,cfo MicrofichePublications. E.46thStreet,NewYork, 
N~yYork10017.A copymay besecuredbycitingth~documentandremitting~1_50formi- 

c~ofiche or $5.00 for photocopies. Advance payment is reauired. Make checks payable to Micro- 
fiche Pablications. 
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TAELE 2 

ATOMIC TRESU’dAL PARAMETERS= 

Atom %,c,o~ 1311 822 833 B12 813 .. 823 

Ft 
om 
oca 
O(3) 
C(l) 
C(2) 
C(3) 
C(4) 
C(S) 
C(6) 
C(7) 
C(8) 
c<S) 
C(lOJ 
Cal> 

WI21 
C<131 
mu 
=w 
HI(3) . 
H(4) 
H(6) 
H(6) 
H(7) 
a(3) 
=<B.;? 
I.KB.2) 
H(10.1) 
Ef00.2) 

0.0063(l) 
O.OlO(1) 
0.012(l) 
0.018(l) 
0.012(l) 
0.006(l) 
0.010(l) 
0.008(l) 
0.006~1) 
0.006<1) 
0.007(l) 
0.008(l) 
0.012(l) 
0.053(l) 
0.008(l) 
0.008(l) 
O.OOSP) 
4.0(16) 
2.7(12) 
3.2(13) 
cLQ(l5, 
3.X12) 
3.6(12> 
4.6(M) 
2.2<10) 
4.8(19) 
6.9[17) 
4.8(16) 
7.6<25) 

0.0036(l) 
0.006(l) 
0.007~11) 
0.006(l) 
O_OONl) 
0.003(l) 
0.0040) 
O.Qob(l) 
0.005w 
0.004(l) 
0.003(l) 
0.004(l) 
0.004(l) 
o.ooql) 
0.003(l) 
0.004[1) 
0.004K1) 

0.0249(2) 

0.043(Z) 
0.067<2) 
0.067(2) 
0.030(33) 
0.029(2) 
0.021<2) 
0.028(2) 
0.043(S) 
0.026(2) 
0.019<2) 
0.0342) 
0.045(41 
0.070(4) 
0.0270) 
0.037(2) 
O-043(2) 

-0.0002(l) 
-0.002(l) 
0.00!2(1l) 

-O.OOl(l> 
-O.OOl<l) 
--0.001<1) 
-0.001~1~ 
0.000(1) 

dmOO(l) 
-O.OOl<l) 
-G.oOO(l) 
--0.001<1) 
0.001(l) 
O.OoO(l~ 

6.001(1) 
--0.000(1~ 

-O.OOO(l) 

0.0004Q) 
0.009(l) 

-0.008Q) 
-0.002(1> 
-0.006(l) 
-0.002(l) 
-%003(l) 
0.006(l) 
0.001(l) 

-0.004(l) 
--0.001<1) 
-0.003(l) 
-0.OOy2) 
--o.olu2~ 
--Q.O02m 
o-OOUl) 

-0.000~1~ 

-0.00080) 
-u.OOl(l) 
0.001(l) 

-0.009(1> 
0.002~1) 

-0.000~1) 
-0.002(l) 
-O.OOO<l) 
0.001~~) 
0.001(l) 

--0.001~1> 
4LOo0cl~ 
--0.000~1) 
0.002(1.) 
O.OuO(l, 

d.OOZ(l> 
--o.OoOtl) 
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TABLE3 

BONDDISTANCES(~~FOR(Q~~H~)Fe(CO)~ 

Atoms Distance Atom8 Distance 

-4X2) 2.963(6) 
Fe--C<3) 2.116(6) 
Fe-G(4) 2.039(6) 

F&(5> 2.052(7) 

Fe-a61 2.114(S) 

FP-C(7> 2.963(6) 

X552(8) 
1.547(9) 
1.511(11) 
1.490(S) 
1.532(7) 
1.401(S) 
X3&36(7) 
1.404<7) 
1.505(7) 
1.567(8) 
1.547(S) 
1.521(10) 

Fe--C<ll) 
Fe--C<12) 

Fe-C(l3) 

Ctll)--om 
C(l2)--0(2) 
C(l3)--0(3> 

Cm--tI<l) 
CW--H(2) 
C(3)_=(3) 
C<4)_H(4) 

C(5)-H(5) 
C(6PH<6) 

(X7)-H(7) 
C03)-H(8) 
WV-H(S.1) 
C(S)_H(9.2) 
C(lO-H(10.1) 
C(lO)_H(10.2) 

1.770(6) 
1.781<6) 
1.784_(7) 

1.140(6) 
1.148(6) 
1.14417) 

0.87<5) 
0.94(9 
0.86<6) 

0.96(6) 
0.88(4) 
1.01(4) 
0.91(5) 
0.92<4) 
O.S8<5j 
l.OS(4) 
0.92<4) 
O-82(6) 

Results 

The molecular structure of (C10H12)Fe(C0)3 is consistent with that pre- 
dicted from IR and PMR spectroscopy [l] . As shown in Fig. 1, the tricarbonyl- 
iron moiety is n-bonded to a hexadiene ring in tetrahapto fashion. The satura- 
ted portion of the cyclohexadiene is &-fused to a cyclobutane ring, which in 
turn, is &-fused to a second four-membered ring. Although not required crys- 
tallographkally the molecule possesses approximate mirror symmetry. 

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

TABLE4 

BON-DANGLES (deg)IN(CloHl2)Fe(CO)s 

Fecoordinntion sphere 

C<3)_-Fe-C<4) 
C(3)_Fe4X5) 
C(3)_-Fe-C(6> 
C(3)_Fe--c(ll) 
C(3)_Fe-C(12) 

C(3)_Fe-C(13) 

C~4)_-Fe--c(5) 

C(4)_-Fe--c(6) 
C(4)--Fe-C(ll) 
C(4)-FeC(12) 
C(4)-Fe--c(l3) 

39.4t2) 
68.6<2) 
76.5<2) 
92.6(2) 

93.9<3) 

163.8(2) 
39.6<2) 

69.32) 
130.8<3) 

93.8(3> 
125.q3) 

c(s)-n-cx6) 
C(5)-_Fe+Xll) 
C(5)-Fe-C(l2) 
C(5)-_Fe--c<13) 
C(6)-FH(ll> 
C(6)-F-(12) 

C<6)-_FM(13) 
C(ll)_Fe-C<12) 
C~11)-_Fe-C<19 
C(12)_Fe-CU3) 

39.4<2) 
130.8<3) 
X24&3) 
95.6(3) 
92.912) 

162.9(2) 

94.4(2) 
101.1<3) 
100.7(2) 
92.6(2) 

176.8(6) 
179.8(5) 

178.&_5) 
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Angles atatomspecified: 

6-membered ring: 

C(2) 110.8(5) 
C(3) 121.9<6) 

C(4) 114.8<6) 

CentraI4-memberedring: 

C(l) 89.8<5) 

C(2) '90.4x4) 

Tecninal 4-membered ring: 

ccl; 
C(8) . 

89.4<6) 

89.6<5) 

Angles between rings: 

C(1)--c(2)--c(3) X5.2(5) 

c(1O)-c(1)+x2) _ 114.4(7) 

Angles inuolving hydrogen atoms: 

~<1)--Cw-cw 116<4) 
H<l)%<l)--C<8) 121<4) 
HW-CW-C<10) 120(4) - 
H<2)--CW-C<1) llO(3) 

H<2)--c<2)--c<3) 111<3) 

H<2)--C<2FC(7) 118(3) 

H<3)--C(3)--C(2) 121<3) 

H(3)+X3)--C(4) llO(3) 

U<U-c~4)-c<3) 125<4) 

H(4)+X4)--C(5) 120(4) 

H<5)-C<5)-C<4) 124<3) 

W5)--cW-C<6) 119<3) 

H<6)+xC)--C<5) 118<2) 

H(6)-C<6)*(7) 114x2) 
~(7)--~<7)--~<2) 112(3) 

C(S) 
C(6) 
C(7) 

C(7) 
‘X8) 

C(9) 

alo) 

116.0(5) 

120.3<5) 
110.6<5) 

9O.i<4) 

89.7<4) 

89.1(6) 
91.9<6) 

114.3(5) 

115.4(6) 

120(3) 

X05(3) 
123(3) 
118(2) 
116(2) 
108<4) 
117<4) 
115<5) . 
108(3) 
115(3) 
104(4) 
109(3) 
115(7) 
116(5) 
118(6) 

Discussion 

The cyclohexadieneiron tricarbonyc’ 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(Z), 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 [ 3,4,7,8,12-151. 

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, XI, 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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TABLE5 

LEAST-SQUARESPS+NES AND RELAT~PARAMETERSFOR(CloHr2)Fe(C0)3 

Ptit ACWKLS 

I C<3?.C<41.C<5I.C<6) 
I3 ‘X2).‘X3),C(6).C(7) 
III C<l).G2).C(7).C(8> 
xv c(l).C(8).C(9).C(lO> 

Egwtione of planesa 
I 0.216x -16.212~ + 1.797z s-4.648 
II -5=167x- 11.231~ + 3.4262 r-4.144 
III -9.516x + 6.689y +2.911t rl.416 
xv 4.373x- 11.488y+3.485~=4.689 

Devbfions (li, fi-om planes 

Plane1 PlaneII PlaneIn PIaneW 

C(3) -0.00s C(2) -0.002 au 0.006 C(l) -0.013 
C(4) 0.011 C(3) 0.001 C(2) -0.006 C<8) 0.013 
a51 -0.011 C(6) -O.OOl C(7) 0.006 C!9? -0.013 
C(6) 0.006 U7) 0.002 C(3) -O.O05 CGO) 0.013 
C(2) -0.860 C(4) -0.765 C(3) -1.262 C(2) 1.389 
C<7> -0.864 C(5) -0.786 C<6) -1.251 C(7) 1.428 

C<l> -1.394 a9> 1.366 

C<8J -1.383 alO> 1.386 

Dfhedmt Angles (Deg.) 

P3anes Angle Planes 

I.n 37.7 &III 
I, III 101.0 II, Iv 
I. IV 36.0 nr. IV 

a x, y,endz arefractionalorthorhombic coordimttes. 

A&e 

63.3 
2.2 

66.0 

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 r&g. 

The conformation of the fused ring system 
Figure 2 ii3usfxates the conformation of the organic ring system and iden- 

tifies the four approximately planar sections (see Table 5). The dihedral angle 

Fti. 2. An ithutration of the tonformation of tht o&&c an0 system with the ltast tquartt @ants 
&lbt&?d_ : 
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TABLE6 : 
. 

STRUCTVRALPARAMETERSFOR TI%E (CYC~O~xADIE~~)M(CO)~MOIETY.' - I. 

Compound D b. E d ‘e f B 

III 
IV 

V 

VI’ 

VII 

VIII 

X 

XI 
XII 

1.419(7) 

1.387(3) 

1.411(4) 

1.413(4) 
1.417<4) 

1.39(2) 

1.41(Z) 

1,38(4) 

1.37cu 
1.37(Z) 

1.41(l) 

x.438(8) 
1.404<7) 
1.400(8> 
1.4,17<3) 

1.412(3) 

x.422(4) 
1.410(4) 
1.396(4) 

1.390<4) 

1.42(l) 

L44ca 
1.42(2) 
1.46<2) 
1.38<4) 
1.46<4) 

1.46(l) 
1.4012) 
l-52(2) 

1.520<8) 
1.505(7) 
1.492(S) 
l&00(3) 
l.M14(3) 
1.507<4) 
1.611(4) 
1.301(4) 
1.504<41 
1.50(l) 
1.51<2) 
1.47<2) 
1_53<2) 
l&o(3) 
1.50<3) 

l.so(1) 
l-50(2) 

1.641(8) 

l&32(7) 

1.34513) 

1.33614) 
l&33(4> 

1.63(l) 

i.sat2) 

1.55<3) 

1.56(l) 
l-52(2) 

2.069(5> 2.128<5) '1.787<6) 

2.039(6) ' 2.114<5) 1.770(6) 

2.053(7) 2.116<6) l-784(7) 

2.053(2) 2.132t2) 1.'788(3) 

2.063(2) 2_139<2) 1.783(2) 

2.2e4<S) 2.336<3) 1.991(3) 

2.236(3) 2.325(3) 

2.266(3> 2.380<3) 

2.264<3) 2.396<3) 

2.03(l) 2.16(l) l-770(9) 

2.07<1> 2.16(l) l-791(7) 

2.07(l) 2.12(l) 1*75(l) 

2.10(l) 2.14(l) 1.80<1) 

2.01(2) 2.10(2) 1.70<3) 

2.02<2) 2.10(2> 1.70(3) 

2.060(7) 1,993(8) 1.803<8) 
2.0&l) 2.10(l) 1.77(l) 

2.04(l) 2.12cu 1.76<21 

h a P Y 3 E Dihedral Ref. 
AngL 

III 1.780(6) 
IV 1.770(6) 

V 1.78362) 

VI 1.931<3) 

VII 1.793(S) 

VIII 1.80(l) 
1.80<13 

X 1.74(4> 

XI 1.799<3) 

MI l.78<2) 

115.2(4) 119.8(4) i111.3(4) 

114.9(6) 121.8<6) 110.8<5) 

116.9CS) 120.3<5) 110.6(5j 
116.2(2) 1200.3<2) 111.3(2) 

116.9<2) 120.5(2) . 110.0(2) 
114.3(2) 1X9.7(2) 117.6(2) 
l14.6(2) 120-O(2) 116.7c2) 
117.5<2) 120.1<2) 116.2(2) 
116.7<2) 119.5(2) 114.7<2) 
113-Q(7) X19.7(6) 111.7(6) 
119.2(10) 119.7(11) 112.5C6) 
116(l) '120(l) 110(l) 
116(l) 122(l) 111(l) 
115(3) llS(2) 109(Z) 
116(Z) 121<2) 111<2) 
ll4.4(7) 116.7(7) 108.9<7) 
117(l) 119(l) 1=x1? 
l1441) 122(X) -. Ill(l) 

92.6(2) 100.3<2) 
92.6(2) 101.1(3) 

100.7<2) 
90.5<1) 102&l) 

102.8(l) 
95.5<11) 

93.4(4) 99.1<4) 

101.0(4) 

90.6(S) 98.9<5) 

100.6(S) 

92<1> 101(l) 
102(l) 

S&6(4) 97.8<4) 
92.9(61 101_7<6) 

100.816) 

38 8 
37.7 Thiswork 

38.0 3 

38.0 7 
39.0 7 

36.3 4 

39 12 

39.9 . 14 

47.3 15 
38.6 6 

of 63” betweentheleast-squarespknasII andII1 comparedwith 60” inII1 is], 
59” in V [3] ‘62” in VI [?I, 60” in VfI f?], 64” in-VIII [1’2] zind 63” in X f14]. 

ThedihedralanglebetPveenthefour_memb.eredrings(least-slqiiares planes 
III z&d IV) is’ 65”. Thiqis close to the dihedral angles of 67” [16] 68” [f,7], and 



r __.-. _ 

6S” [lS] fetid for the fused four-membered rings in Dewarbenzene complex 
and Mdent* to that four& in VII f4-j. 

The four-membered rings 
Of primary interest in this compound is the geometry of the four-mem- 

bered rings. The C-C bond Iengths in these rings range from 1.511(11) to 
l&57(8) A with a mean value of l-538(17) A. This (as shown elsewhere 191) 
compared favorably with the following mean* values: 1.549 A for cyclobutant 
1.545(3) A for substituted cyclobutanes, l-551(3) a for organic fused cyclo- 
butanes, and l-552(4) A for organometalhc fused cyclobutanes. For organic 
fused cyclobutanes the C-C bond that is common to two rings is typically ca. 
O-024(8) A shorter than the C-C bond that is part of only one four-membered 
ring 191. The average C-C bond length [9] for the 109 individual determina- 
tions by X&ray diffraction methods is l-547(2) a. This represents a lengthening 
of ca. 0.01 A over non-cyclic C(sp3)-C(spS) bonds [IS]. 

The two four-membered rings in (C10H12)Fe(C0)3 are essentially planar 
(Table 5) with dihedral angles of 1.1(S) and 2.7(g)” for the central and termim 
rings, respectively. (The corresponding torsional angles are 0.8(5) and l-9(7)“.) 
Dihedral angles in other organometallic fused cyclobutane structures range [9] 
from 0.2(3) to 16.4(12)“. 
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