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Summary 

The crystal and molecular structure of (C,H,,)Fe2(CO), has been determined 
from a three-dimensional, X-ray crystal-structure analysis. The structure was 
solved by Patterson and Fourier methods and refined by full-matrix least-squares. 
With all atoms located and refined the conventional R factor is 0.034, based on 
2651 reflections measured with an automated General Electric XRD-6 diffracto- 
meter utilizing MO-K, radiation. Crystallographic data are: space group PT with 
a = 7.229(4), b = 14.699(4) and c = 7.696(2) A, (Y = 87.53(2)“, p = 113.48(3)” 
and y = 102.08(2)“, Z = 2 and &&d = 1.80 g/cm3, &,bti = 1.78 g/cm3. Contrary 
to previous claims the structure of the molecule is of the asymmetric type al- 
ready established for (C8HIO)Fe2(C0)6 and (C,,H,,)Fe,(CO),. The almost identi- 
cal bond parameters amongst the three structures are noted. The lengthening 
of the Fe-C(carbonyl) ~rans to Fe-C u bond is attributed to the Irans-influence 
of the o-carbon atom. The fluxional nature of the molecule is also demonstrated 
by extending the variable temperature ‘H NMR study down to -127”. 

introduction 

The structural features of several complexes containing an Fe2(C0)6 
moiety bonded to a cyclic 1,3,5-triene have been previously established by 
single-crystal X-ray crystallography [ 1-33. Although a priori one can consider 
three possible structures for these compounds, represented schematically by Ia, 
ib and Ic, from the above studies the following consistent picture seems to be 
emerging. For complexes containing eight membered rings attached to the two 
iron atoms the skew structure Ic is found invariably [ 1, 31, and only in the case 
of (cycloheptatriene)hexacarbonyldiiron [ 21 is the symmetrical structure Ib 
observed. It is interesting to note that, the possible structure Ia, albeit originally 
proposed [4] for this type of complexes, has yet to be observed. 
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A further interesting property of the complexes containing eight membered 
rings is heir fluxional behaviour [3,5]. At low temperatures the ‘H NMR 
spectrum can he explained in terms of the structure found in the solid state, 
whereas at room temperature rapid interconverion between the two enantio- 
mers of Ic results in a time-averaged mirror plane for the molecule and concur- 
rent simplification of the NMR spectrum. 

It was therefore of some interest that ‘H [6] and “C [7] NMR results on 
(bicyclo[ 6.1.01 nonatriene)hexacarbonyldii.ron were seemingly only consistent 
with a non-fluxional and symmetric structure in solution, i.e. with structures Ia 
and Ib. Since this would represent the first case where an eight membered ring 
would have changed its bondmg pattern to an FeJCO), moiety a structure 
determination of the above complex was definitely in order. In view of the 
crystallographic results, which are reported here, the variable temperature ‘H 
NMR study of the complex was extended down to -127” and is also comment- 
ed upon. 

EsperimentaI 

Collection of X-ray data 
The compound (bicyclo[ 6.1 .O]nona-1,3,5-triene)hexacarbonyldiiron was 

prepared as described elsewhere [6]. Crystals suitable for X-ray study were ob- 
tained by slow cryst.aUization from pentane under nitrogen. Preliminary erami- 
nation of the compound using Weissenberg and precession techniques indicated 
only 7 symmetry. The crystal therefore belongs to the triclinic system with 
probable space group Pi. This choice is fully substantiated by the subsequent 
successfuI refinement of the data. For data coUection a parallelipiped shaped 
crystal of dimensions 0.24 X 0.26 X 0.32 mm was chosen and mounted on a 
glass fiber; no evidence for crystal decomposition was found during the data 
collection process. 

Least-squares refinement of 38 reflections with 20 > 30” gave the follow- 
ing ceU dimensions and errors: a = 7.229(4), b = 14.699(4), c = 7.696(2) 9r; 
Q = 87.53(Z)“, p = 113.48(3)” and 7 = 102.08(2)“. With two molecules per unit 
ceII the calculated and experimental densities are 1.80 and 1.78 g cmS3 respec- 
tiveIy. 

Intensity data were collected, on a General Electric quarter-circle automat- 
ed XRD-6 diffractometer equipped with a Datex control unit, using Zr-filtered 
MO-K, radiation. The intensities were measured with a scintillation counter 
with the pulse height discriminator set to receive 95% of the MO-K, radiation 
with the window centered on the MO-& peak. The data were collected using a 
coupled 28--w scan technique with a scan rate of 2”/min and a range of 
20,, -0.67” to 2t?,, +0.66”. Stationary background (BI and B,) counts of 
20 set were taken at each of the limits of the scan. A total of 3364 independent 
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reflections were measured with 28 < 55”. A set of three standard reflections 
were monitored after every 75 relfections as a check on crystal and electronic 
stability. The standard deiriations of these reflections, computed on the basis of 
the agreement among the 53 observations made for each standard, were less than 
the deviations based on counting statistics and a 1% machine error. No systemat- 
ic trend in the variations could be detected. 

The intensities (I = total count (P)-I?, -B2, o(J) = [P + B, + Bz + cpI)?]‘*) 
were reduced to relative amplitudes, IF,,1 by application of Lorentz and polariza- 
tion corrections. Of the 3364 unique reflections 2651 were accepted using the 
criterion F; > l.Oo(F~) and used in the solution and refinement of the structure. 
A “p factor” [S] of 0.03 was used in the calculation of a(F6). The maC.rnum 
variation in intensity due to crystal absorption, as verified by a Cp scan, was less 
t.han 3% and as a result no absorption corrections were applied to the data (r_l = 
20.6 cm-’ for MO-K,). 

TABLE1 

FINAL ATOMIC POSITIONAL AND ISOTROPIC THERhlAL PARAMETERS 

Atom x Y 2 i3 (A?-)= 

Fe(l) 0.40606(6) 0.30771(3) 0.72611(5) 2.73 
Fe(2) O-23370(6) 0.13090(3) 0.79822(5) 2.87 

all) 0.5336<5) 0.4256(2) 0.729-l(4) 3.53 

C(12) O&211(5) 0.2818(2) 0.9205(4) 3.46 

C(13) 0.4842(5) 0.2776(2) 0.5425(4) 3.70 

C(21) 0.-1357(5) O-1166(2) 1.0202(4) 3.83 
C(22) O-3306(5) 0.0918(2) 0.6397(5) 4.1-! 
C(23) 0.0920(5) 0.0176(2) 0.8080(4) 401 

C(1) 0.2860(4) 0.3262(2) 0.9271(-l) 2.71 

C(2) 0.1332(5) 0.2921(2) 0.8616(4) 3.30 

C(3i 0.0458(S) 0.4027(2) 0.6518(4) 3.63 

C(4) 0.1265(4) 0.3533(2) 0.5414(5) 3.35 

C(5) 0.0854(a) 0.2573(2) 0.5156(a) 3.19 

C(6) -0.0163(4) 0.1860(2) 0.6023(a) 3.27 

C(7) -0.0082(4) 0.1860(2) 0.7873(1) 3.16 

C(8) 0.1645(4) 0.2337(2) 0.9410(4) 2.93 

C(9) 0.1810(6) OA851(2) 0.7843(5) 4.11 

O(11) 0.6316(4) 0.4972(2) O-7275(3) 5.25 

O(12) 0.7681(3) 0.2746(2) 1.0481(3) 5.05 

O(13) 0.5351(4) 0.2638(2) 0.4251(3) 5.57 

Of211 0.6537(4) O.lOOl(2) 1.1621(3) 5.97 

O(22) 0.3907(5) 0.0642(2) 0.5-ll-I<4) 6.78 

O(23) 0.0084(4) -0.0563!2) 0.8161(4) 6.13 

H(l) 0.397(4) 0.346(2) 1.046t-Z) 3.0(6) 

H(2) 0.0511(4) 0.38-l(2) 0.927(4) 2.7(6) 

H(3) -0.099(S) 0.409(2) 0.596(4) 4.4(7) 

H(4) 0.160(4) 0.389(2) 0.448(4) 3.6(7) 

H(5) 0.103(4) 0.233(2) 0.409(4) 2.9(6) 

H(6) -0.120(5) 0.148(2) 0.522(d) 4.0(7) 

H(7) +X096(4) 0.142(2) 0.818(4) 3.7(7) 

H(8) O.l?l<i) 0.217(2) 1.061(4) 2.9(6) 

H(91) 0.318(5) 0.510(2) 0.781(4) 4.1(7) 

H(S2) 0.110(5) 0.530(2) 0.803(4) 4.6(7) 

a For non-hydrogen atoms these are “equivalent” isotropic thermal parameters as calculated from the 
enisotropic thermsI parameters by SFLSS. 
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TABLE 2 

AHlSOTROPICTHER_~_4LPAR~~ETERS(.~Z)a 

Atom lOJU,, 103fJ22 103U33 lo%,? 103u,3 lO%l_rJ 

Fe(l) 33.3(Z) 

Fe(Z) 40.9(3) 

all) 47(2) 
C<12) 41(2) 
C(L3) -u(2) 
C(21) 56(Z) 

C(22) 64(2) 
C(23) 66(2) 
C(1) 38(l) 
C(2) 44(2) 
C(3) 38(2) 

C(4) 42(2) 
C(5) 39(2) 
C(6) 31(2) 
C(7) 35(2) 
c(8) 44(2) 

C(9) 57(2) 

O(l1) 75(2) 
O(l2) -tO(l) 

O(13) 72(2) 
O(21) 85f2) 
O(22) 125(3) 

Of231 105(2) 

37X(2) 
30.8(2) 
49(2) 
49(2) 
53(Z) 
37(2) 
4X2) 
36(2) 
34(l) 
38(2) 
32(2) 
45(2) 
45(2) 
37(2) 
35(2) 
37(2) 
31(2) 

51(2) 
84(2) 
97(2) 
70(2) 
77(2) 
39(l) 

29.6(2) 

34.6(Z) 
36(2) 
42(2) 
41(Z) 
47(2) 
55(2) 
48(2) 
29(l) 
47(2) 
52(2) 
34:(2) 
29(l) 
42(2) 
52(2) 
35(l) 
65(2) 
63(2) 
56(l) 
53(l) 
52(l) 
92(2) 
88(C) 

7.3(2) 
10.9(2) 
6(l) 
11(l) 
9(l) 
19(l) 
21(2) 
ll(2) 
9(l) 
12(l) 
15(l) 
12(l) 

11(l) 
4(l) 

7(l) 
15(l) 
17(l) 

-l-?(l) 
19(l) 
19(l) 
36(l) 
47(2) 
-3(l) 

9.9(2) 
10.8(2) 
17(l) 
17(l) 
15(l) 
12(Z) 
26(Z) 
21(Z) 
10(l) 
20(l) 
B(l) 
S(l) 

3(l) 
l(l) 

19(l) 
18(l) 
21(l) 
31(l) 
5(l) 

35(l) 
-2(l) 
9(Z) 
46(a) 

2.8(2) 
1.5(2) 
3(l) 
5(l) 
l(1) 
2(l) 
4(2) 
3(l) 
l(1) 
2(l) 
80) 

13(l) 
o(1) 

-3(l) 
5!1) 
5(l) 
5(l) 
2(2) 
14(l) 
-5(l) 
11(l) 
-l(2) 
d(l) 

a me U’s are the mean wuare amplitudes of nbratioos in A” &om tbhe gcoerd temperaiture factor eapresson- 
exp[--ln(Ul ,h%+ + f_&k%~ + U,#C*~ + 2U,2hko*b* + 2Ut3hla+c* + 2Ujlklb*c+)l 

Solution and refinement of the structure 
The positionsofthetwo iron atoms werelocated from athree-dimensional 

Pattersonmap *.Twocyclesofleast-squaresrefinementofthescale factor and 
the positional and thermal parameters for the two iron atomswere followed by 

adifference_Fouriersynthesis which revealedthepositionsofallthe remaining 

non-hydrogen atoms.Threecycles of least-squares reflhementofthe scale factor 

plus all 23 non-hydrogen atoms with isotropic temperature factors gave agree- 

ment factors RI = ~~F,-,I - IF,lI/CIF,-,l = 0.083 and R2 = {Cur(lF,I - IF,i)2/ 

CrulFo12}"2 = 0.088.Adifference-Fouriermapatthispointrevealedthe 

locations of all 10 hydrogen atoms. Four cycles of least-squares where the 23 
atoms were refined anisotropically and the 10 hydrogen atoms isotropically gave 
the final values of I?, = 0.034 and R2 = 0.033. The final cycle of refinement 

l The following crystallographic programs were used io this structural analysis: C.T.P. Prewitt’s SFLSS. 
structure factor ca.fcuIation and least scwares refinement of parameters. m&fied by B.M. Forman 
and B2.J. Bennett. for rigid body routme and by W.L. Hut&eon and M.J. Bennett for bmdered rotor; 
A. Zalkh’s FORDAP. Fourier summation for Patterson or Fourier maps; M.E. Poppy and F.R. Ahned’s 
NRC-22. calculates Ieast-squares planes; W. Bruin6 and H.A. La-y’s ORFFE. calculates bond lengths. 
zmgles. and snociaLed standard deviations, moddied by B. Penfold for IBM 360; M. Cowie’s PUB& 
sorts data accordin.s to any desired sewence of h. k or 1; R.C. Elder’s PUBTAB. prints structure kcfm 
amplitude takles, modified by M. Cowie to work io conjunction with PUBE; C. ~ohnson’s ORTEP. 
Fortran fhermal ellipsoid plot program for cry.stzUograp~~~ illustrahonr 
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showed no parameter shift greater than one-fifth of one esd. The error in an ob- 
servation of unit weight was 0.66, an indication of slight overestimation of 
o(F,). A difference-Fourier map computed at this point did not have any 
feature greater than 0.35 eA_‘. Comparatively, in a previous map, the hydrogen 
atoms were located at 0.66 eA_‘. 

Atomic scattering factors for neutral Fe, 0 and C were those of Cromer 
and Mann [9], while for H the tabulation of Stewart, Davidson and Simpson 
[IO] was used. The atomic scattering factors for iron were corrected for the real 
(Af’ = 0.35 e j and imaginary (Af” = 0.845 e) part of the anomalous dispersion [ 111. 
The function minimized in the leastsquares refinement was Cw(lFOI - IFJ)‘, 
where w = l/o’ (F,). 

The final positional and thermal parameters with their associated standard 
deviations, estimated from the inveee matnx, are $ven in Tables 1 and 2. A 
listing of the observed and calcdated structure factors is available*. 

Results 

Figures 1 and 2 show two stereoscopic views of the molecule containing 
the numbering scheme used in the present study. Intramolecular distances and 
bond angles are collected in Tables 3 and 4, with their estimated standard devia- 
tions. Table 5 gives the equations of the planes which define the organic ligand, 
the deviabons of individual atoms from these planes and the dihedral angles be- 
tween pairs of planes. Figure 3 summarizes the corresponding bond distances in 
the three similar Fe2(C0)6 containing molecules: (C&l,O)Fe,(CO)h, (C,&lIz)Fe,- 
(CO)b and (CSH10)Fe2(C0)6. Finally Fig. 4 shows the variable temperature ‘E-I 
NMR of (C9H,,,)Fe2(CO), extended to -127”. 

Fig 1. Stereoview of the (C9HIO)FeZ(C0)6 molecuie. emPha~2u.X the asYmmetnc arrangement or tie 
Fec(C0)6 Umt with reSPeCL LO Lhe OQXUIiC l&and. 

l See NAPS document No. 02510 for 13 Pages of SUPPlemenl~ maLenA Order from ASIS/NAPS 
C,O hllcroficbe Pubbcahons. 440 Park Avenue South. New York. N.Y. 10016. Remlt !n advance for 
each NAPS BCC-O~ number. Make checks payable to hltcrofwhe Pubhcauons. Pbolocop~es axe 

s 5.00. Microtiches are $1.50. Outside of the Umted States and Canada, postage is $2.00 for a photo- 
copy or SO.50 for a fiche. 
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Fig_ 2 Stereoview of (C~HIO)F~Z(CO),~ molecule. sbomg tie locations of the hydrogen atoms and the 
geometry of the orgw.uc ligznd. 

Discussiou 

it is clear from Figs. 1 and 2 that, at least in the solid state, the structure 
found for this complex is not the symmetrical type, Ia or Ib as previously 
postulated, but is analogous to the structures of (CJ-Ilo)Fel(CO)6 and 
(C10H12)Fe(C0)6r depicted schematically by Ic. Each, weil separated, monomeric 

(con hnued on p. 319) 

TABLE 3 

INTRAhfOLECULAR DISTANCES (.A) 1N (CgHIo)Fe+O)6 

Fe(l)_Fe(Z) 2.773( 1) 

Ftil+C(ll) l-780(3) 

Fe(ll-C(12) 1.773(3) 
Fe(l)--c(13) 1.819(3) 

C(llPo(ll) 1.1-13(3) 

C(12)--0(12) l-145(3) 
C(13)-a13) 1.142(3) 

Fe(l)-C(l) 2.108(3) 

Ftil)--c(I) 2.179(3) 
Fdl )-c(3) 2.223(3) 

c(1bc(2! l-511(4) 

(X2)-C(3) l-497(4) 

CZ3ka4) l-488(4) 

C(a-c(5) 1.387(4) 

C!SK(6) 1.446(4) 

C(1)--fl(l) 0.96(3) 

C(2)-3(2) 0.9-t(3) 

C(3)--t1(3) 0.98(3) 

C(4_(4) 0.95(3) 

@X5)-H(5) O-96(3) 

Fe(2)-C(21) 

Fe(2)<(22) 
Fe(2)-_C(23) 

C(21+0(21) 
C(22)-0(22) 
C(=)-O(23) 

Fe(2W(7) 

Fe(2+CUS 
Fe(2hW8) 

C(6M(7) 

(X7)--c(8) 
C(8PCXl) 
C(9)-c(2) 

(x9)--c(3) 

C(6PB(6) 
C(7+B(7) 
C(8)-w8). 
C(9)--R(91) 
C(w-w92) 

1.780(3) 
1.794(3) 
1.779(3) 

1.137(3) 
1.135(-i) 
l-140(4) 

2.047(3) 

2.129(3) 
2.154(3) 

1.402(4) 
1.407(d) 
l-478(4) 
l-490(4) 
1.509(4) 

0.86(3) 
0.90(3) 
0.93(3) 
0.99(3) 
0.97(3) 
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TABLE -1. INTRAMOLECULAR BOND ANGLES (=) iN (CqH,0)t+(C0)6 

Fe(l)--C(llWXl1) 
Fetl)-C(12)--0(12) 
Fe(l)--C(13bO(13) 

C(ll)-Fe(lH(12) 
C<11~Fe(l)--C(13) 

C(ll)_-Fe(lM(I) 
C( 11 )-Fe( 1 W(4) 

C(ll)-Fe(lH(5! 
C(ll)-Fe(l)_Fe(2) 

C(12I-Fe(lPC(13) 

C(12)--Fe(lW(I) 
C(12)-Fe(lH(4) 
C(lW-Fetl)--C(5) 
C(12)_Fe(iPFe(Z) 

C(L)_Fe(l)X(4) 
C(l)-Wl)--C(5) 
C(l)-Fe(l)-Fe(Z) 

C(4)-Fe(l )-C(5) 
C(4)-Fe(l)-Fe(2) 

C(S)_Fe( l)-Fe(2) 

Fe(l )--c(l)-C(2) 
Fe(l)-C(l)--C(S) 
Fe(l)--C(4)--C(3) 
Fe(lk-C(4)-C(5) 

Fetl ~-fX5)4(-!) 
Fe(lbC(5)4(6) 

C(S)-c( 1 )--c(2) 
C(lbC(2f--c(3) 
C(2)--c(3)-a-o 
c(3)-C(4)+(5) 
C(4)--c(5)-CX6) 

C(5)--c(6)-C(7) 
C(6)-C(7)--c(8) 

H(lI-C(lI-CX2) 

H(l)-al)--C(8) 

H(2)-C(2-(1) 
H(2)-C(2)-CX3) 
H(2W(2bC(9) 

H(5)--C(5I--C(4) 
H(5W(5)-C(6) 

172.2(2) 
173-O(3) 
176.2(3) 

92.4(l) 
89.9(l) 
97.3(l) 
85.5(l) 

120.1(l) 
168.5(l) 

96.1(l) 
86.2(l) 

166.0(l) 
147.1(l) 

80.0( 1) 

172.4(l) 
97.7(l) 
85.5(l) 
99.4( 1) 

80.4(l) 
88.6(l) 
73.8( 1) 

36.1(7) 
99.7(l) 

67.7( 1) 

111.9(2) 
105.7(2) 
111.4(2) 

73.3(2) 

69.912) 
107.6(2) 

107.-t(2) 
115.0(3) 
115-O(2) 
123.9(3) 
129.3(3) 

128.-I(3) 
122.3(3) 

113(2) 
ill(2) 

1 ll(2) 
1 l@(2) 
llS(2) 

120(2) 

116(2) 
ill(2) 

llW2) 

117(2) 

117(2) 
113(2) 

C(21)-Fe(2)-_C(22) 
C(21)-Fe(2M(23) 
C(Zl)-Fe(2W(6) 
C(21 )-Fe(2)-C(7) 
C(21)-Fe(“,M(S) 
C(21)--Fe(a)-Fe(l) 

C(22)-Fe(2)-_C(23) 

C(22)_Fe(ZM(6) 
C(22)_Fe(2M(7) 
C(22FFe(2+C(S) 

C(22)-Fe(Z)_Fe(l) 

C(23)-Fe(2W(6) 
C(23kFef2WUb 
C(23)--Fe(2)<(8) 
C(23)-Fe(2)-Fe(l) 

C(6)-Fe(2W(7) 

C(6)-Fe(2)--C(S) 
C(G)--Fe(g)-Fe( 1) 

C(7)-Fe(2W(8) 
C(7)-Fe(2)-Fe(l) 

C(S)-Fe(2)-Fe(l) 

C(7)--c(8)-C( 1) 
C(3)-a2)+x9) 
C(2)--c(3)--c(9) 
C(2b4x9)--c(3) 
C(l )--c(a-C(9) 

C(4)--c(3)--c(9) 

173.8(3) 
177.8(3) 
177.2(3) 

99.6(l) 
90.1(l) 

157.9(l) 
121.1(l) 
87.8(l) 
98.6(l) 

92.2(l) 

100.4(l) 
139.3(l) 
154.8(l) 

84.7(l) 

97.9(l) 
89.6( 1) 

111.2(l) 
170.9( 1) 

39.2( 1) 
70.1(l) 

74.0(l) 

39.0( 1) 
86.6(l) 

70.4(l) 

102.5(2) 
67.3(Z) 
73.6(2) 
71.6(2) 

10&7(Z) 
66.4(2) 

123.3(3) 
60.7(2) 
59.4(Z) 
59.9(2) 

125.1(3) 
121.0(3) 

1 l-l(2) 

115(2) 

120(2) 

116(2) 

116(2) 

117(2) 

120(2) 

117(2) 

117(2) 

116(2) 

116(2) 
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TABLE 5 

LEAST-SQUARES PLANES IN (BiCYCLO[6.1.01NONATRIEN)tIEXACARBONYLDUROt@ 

Equations of planes 

L PI N D 

me ! (c&7cB) -0.5381 0.8251 -0.1722 2.6819 
Plane II (cIcgc&s) -0.8721 0.4745 -0.1196 2.8199 
Plane 111 <CIC&g 0.9983 0.0574 -0.0063 -1.5727 
Plane IV (CIC&CJ) -0.6 167 -0.7762 -0.1270 -3.1480 
Pkane v <C2C,Cq) 0.9743 -0.2112 -0.0692 -4.3460 

DISTAKCES AND DEVIATIONS FROM LEASTSQUARES PLANES t.9) 

Ptane II Plane I-V 

Plane I-Fe(2) 1.683 Cl 0.041 Cl 0.011 

C8 -0.055 C2 -0.025 

Cb 0.063 C3 0.027 
CS -0.047 C-I -0.013 

ANGLES BETWEEN LEAST-SQUARES PLAlVES to) 

Plane I-Plane II 151.8 Plane II-Plane v 160.9 
Plane II-Plane I II 116.1 Plane III-Plane IV 130.3 
Plane ll-P!a~~e iV 100.7 Plane IV-Plane V 65.7 

o The equations of the planes are Lr + MY + Nr = D. where L. hf and N are direchon cosmes referred to 
Lhe orthogonal coordinate system where x = (1. y IS m Lhe ab plane and z IS c*. 

Fit. .i. Schematic draarins Of the Cs ring bonded to an F-Fe moiety far (f&H Io)Fq(CO)6. 

(Cfflf2)Fe#o)6 and (CgHf0)Fez(C0)6. Bond d-es for tie compounds are listed III the above 
order frum top to bottom. The standard dew&zoos on the bond lengths are ca 0.02 .t for t.be first and EEL 
0.005 A for tte last two compounds. 
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Fk 4. 1H NMR spectra (100 MHz) of (C9HlO)Fe2(CO)6 at VLVIOUS tm~emh~m~ in CD$l2/CHFzCl 
(20180 VO~./VO~.). Note the different assignments of the protons 2.7 and 1.8 hum that prevlousl~ mlgrst- 

ed. 

unit consists of two Fe(CO)S groups lying on the same side of the organic ligand 
and joined together by an Fe-Fe bond. The bonding is completed by a 
q3-ally1 linkage, C6C,Cs, to Fez and by a combination of q*-olefin, C&, and 
C,-to-metal single bonds to Fe,. Thus each iron atom achieves the favoured 18 
electron configuration. 

The similarities in the three structures can be even more appreciated when 
the corresponding bond lengths are compared. Not unexpectedly, the average 
Fe-C(carbonyl) and C-O distances are similar, l-789(8) and l-140(5) as 
compared to l-78(2) and l.l3(2)A in (CsHlo)Fe2(C0)6 [ 11 and 1.783( 12) and 
l.l43(5)A in (C10H12)Fe2(CO)6 [3]. More significant is the ameng similarity 



of the remaining Fe-Fe, Fe-C and C-C bond lengths. Indeed inspection of Frg. 
3, which summarizes these distances in the above three compounds, clearly 
demonstrates the qu&rt.i’&tive similarity in the structures. Since, as has been 
discussed previously [ 31, the observed bond lengths and angles are entire!y 
consistent with the observed structure, discussion of the distances and bonding 
in the molecule is deemed redundant and unnecessary. It is nevertheless interest- 
ing to note that the length of the Fe-C(carbonyl) bond tram to the metal- 
carbon (i bond is significantly longer than the other Fe-C(carbonyl) bond 
distances (Fe,-C, ,) = 1.819(3) vs. l-783(4) A (the average distance for the 
others). Similar behaviour of these distances can also be seen in (CloHlz)Fez- 
(CO), [1.803(4) and l-779(4) 4] the other accurately determined structure for 
these complexes of this type. The significance of the observations lies in the 
Eact that the len,othening is in the direction expected from the known greater 
structural trans-influence of a a-carbon atom [ 12.1 as compared to the other 
bonding units in the above two molecules. 

The geometry of the C,H,, group can be seen in Figs. 1 and 2. Not unex- 
pectedly, upon coordination to the metal, the ligand adopts a highly distorted 
geometry. Table 5 lists the five individual planes that can be identified within 
the organic group together with the dihedral angles made by these planes. The 
geometry and the joining of the cyclopropane ring to the eight membered 
ring in an exo fashion parallels in the structure of (C,0H,2)Fe,(C0)6. The dis- 
tances and angles within the cyclopropane ring are as expected [13]. 

in view of the almost identical structure found in the solid state between 
this complex and others [l, 3] which are known to be fluxional [3, 51, the 
solution behaviour reported for the present compound was rather puzzling. To 
see whether the e-tit&g discrepancies between solid state and solution behaviours 
were only artifacts of the limited variable temperatue ‘H NMR investigation 
it was decided to extend such a study down to the lowest accessible temperature. 
Figure 4 clearly shows that the molecule (CgH,,,)Fe2(C0)6 is flusional and 
therefore it is, in all respects, similar to the previouslt reported (CsH,0)Fe2(C0)6 
and (C,&I,,)Fe,(CO), comple?res. 

No more will be said about the variable temperature behaviour of the 
complex since further NMR studies, both ‘H and ’ 3C, are in progress in order to 
elucida’te the r earrangement processes involved and to evaluate the associated 
rate param eters. These results will form the body of a future publication [ 14). 
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