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Abstract 

[(CH3)2C(CsH.~)2]Fe2(p.-CO)2(CO)., (1) has been synthesized from 2,2-dicyclopenmdienyl propane and pentacarbonyliron in 26% 
yield. The crystal and molecular structure of I has been determined by X-ray diffraction. The molecule has the expected carbonyl-bridged 
structure with a cis configuration of the cyclopenmdienyl rings. The Fe-Fe distance of 2.484 .~ is the shortest one reported to date for 
ring-bridged dicyclopenmdienyl all-iron tetracarbonyl complexes. 
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Several ring-bridged di-iron tetracarbonyl complexes 
(Cp'-X-Cp')Fe,(CO)4 (Cp'~C~I°14)have been re- 
ported, e.g. X ~ -S iMe  2- [i,2], -[SiMe2] 2- [3], 2,4- 
BsHsC~[SiMe~] ~ [I], -CHa~ [4], =[CMe2]~= [5], 
o~[CH(NMe2)]2= [6,7], -Me2SiCH2CH2SiMe~- [81, 
ooMe~SiOSi(CoHs),OSiMe~= [9], ~Me2SiOSio 
Me2(Cc, H4)2SiMe2OSiMe2= [9]. All of these ring- 
bridged complexes have a cis arrangement of the Cp 
rings, whereas in the case of the non-bridged complex 
Cp2Fe2(CO) 4 (Cp~CsHs)  the cis and trans isomer 
are in equilibrium [10]. The structures of some of these 
complexes have been reported [1-3,7] by others, to- 
gether with those of cis. and trans-CpzFe2(CO) 4 
[10,1 I]. 

In order to expand our investigations of ring-bridged 
cyclopentadienyl iron-sulfur clusters [12], we synthe- 
sized a CMez-bridged dicyclopentadienyl di-iron te- 
tracarbonyl complex [(CH3):,C(CsH4)2]Fe2(p.-CO)2- 
(CO):, (1). The aim is to obtain a deeper insight into the 
structural constraints on going from SiMe2-bridged to 
CMe2-bridged species. Therefore, an X-ray structure 
analysis of 1 has been performed. 

2,2-Dicyclopentadienyl propane, prepared by the 
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method of Nifant'ev et al. [I 3] without further purifica° 
tion, was reacted with Fe(CO)s in refluxing toluene 
(Scheme I ). After work-up [ 14], pure It was obtained in 
26% yield. In the IR spectrum of I, two strong absorp- 
tion bands ate observed at 1995 and 1786 cm =t, and 
one weak absorption band at 1958 cm o). This is consiso 
tent with a cis-Fe2(~-CO)2(CO)2 fi'agment. In the t H 
NMR spectrum one singlet at 1.35 ppm (6H) and an AB 
pattern at 5.03o-5.12 ppm (SH) ai'e obset~,ed, cone° 
sponding to the two isopropylidene methyl groups and 
the proximal and distal CsH 4 protons respectively. The 
number of NMR signals reveals that 1 has at least C2, , 
symmetry in solution at room temperature [15]. 

Slow crystallization of I from toluene-hexane mix- 
tures ultimately yielded red, shiny, needle-like single 
crystals suitable for X-ray diffraction [16]. The unit cell 
of I contains two crystaliographically independent 
molecules, la and lb, with slightly different geometry. 
Selected interatomic distances and angles for both 
molecules are given in Tables ! and 2 respectively. The 
molecular structure is depicted in Fig. i. The molecules 
of la and lh have approximately C, symmetry in the 
solid state, the mirror plane containing the bridging 
carbonyl ligands and the bridging carbon atom C(51). A 
comparable small deviation from C, symmetry has been 
observed for cis.Cp2Fe2(CO)4 [11] and (CH3)2- 
Si(CsH4)2 Fe2(CO)4 [1,2]. 
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Table I 
Selected interatomic distances (/~) for 1 

la  lb  

F¢( I I )-Fe( 125 2.4836(6) 2.4838(6) 
Fe( 12)-C( 105 2.132(3) 2.125(3) 
Fd 12)-C(I 15 2.124(3) 2.117(35 
Ft,( 12)-C( 125 2.108(3) 2.097(3) 
Fe( 12)-C( 137 2.085(3) 2.090(3) 
Fe{ 12)-Cf 14) 2.119(3) 2.126(3) 
Fe( I I )-C(30) 2.135(3) 2.126(3) 
Fe(l I)-C(31) 2.123(3) 2.122(37 
Fe( 115- C(32) 2.092(3) 2.092(3) 
F¢( I I )-C(33) 2.112(3) 2. I 14(3) 
F~ I I)-Cl'~4) 2.130(37 2.129(3) 
F¢(I I)~Cp 1.740(2) ~ !.740(2) ~ 
Fd 12)=Cp 1.734(2) .a 1.732(2) a 
F¢~ I I )= C(54) 1.941(3) 1.919{35 
F~ I I )=C(55) i .925(3) 1.930{35 
Fd ! 15-C(56) 1.750(3) 1.753( 35 
F¢(12)=C(54) 1.918(3) !.918( 35 
F¢(12)=C(55) 1.920(3) i.905(3) 
Fd 12)~C(57) i.756(35 1.752(3) 
(3(I 1 )~C(54) 1.170(3) 1.181(3) 
O(12):-C(55) 1,179(3) 1,179(3) 
O(13)=C(56) 1.152(35 !.148(35 
0(145=('(57) 1.149(3) 1.154(4) 
C(515= C(52) 1.530(4) 1.533(5) 
C(51 )~C(53) 1.541(4) I, 53 I(5) 
Co=CP ~ 4.434~ 35 4,449(35 

Di~iance to plane, t~ Di.~tance between centroids, 

The C~,, symmetry of I in solution, as deduced flora 
NMR data (vide supra), is apparently not maintained in 

' the solid state. 
The distortion fl'om C~,, symmetry can best be seen 

in the projection view along the Fc-Fe t~nd (Fig, 2). 
The bridging group is turned away fi~om the Fe,(lermio 
naloCO)~ plane by 13,14(6) ° for la  and !!.59(8) ° for 
lh, The, same effect is found in (CH~)~Si(C~H,~)~o 
Fe:(CO),~ (13,6 ~) and othe,r compounds containing 
(CH~)~Si(C~H,t)~M~ fragments LI5], As a cons¢° 
quence, C(51) has moved by 0,68/~ for la  and 0,60 A 
for lb  out of the Fe~(terminaI-CO)~ plane, and there- 
fore one of the methyl groups (C(52)) lies almost in the 
Fc~(te,rminaI-CO), plane, 'Poe, bridging group turning 
away from the Fe,,(te,rminaI-CO)~ plane forces the, Cp 
ligands closer together, The distance between the, cen- 
troids of the Cp ligands in I (4,44/~) is shorter than in 
cisoCp, Fe,(CO),~ (5,02 A), It is also shorter than in 

Table 2 
Seleck~ angles C') for I 

la lh 

~ l ) ° f ( 5 1 5 o ~ 5 3 )  108,7(2) I0~,0(3) 
C(545.-F¢( I I )=("(55) 94,28( I 2) 94,37( I 2) 
Fe( I I ) -~54)=Fe(!  2) 80,12(I !) 80,69(I I) 
Cp-Cp ~ 109,6(I) 109,3(1 ) 

Angle ~iw~n I~st-squatcs planes. 

c52 

C53 <-~ 

,., ,-, ~ ~  !~: "-~~ 

I ' l  4 <11 i !1] ?. 

Fig, I. OalmP drawing [221 of one of the two independent molecules 
of MezCCp'~Fe2(CO) ~ (I) with atom labeling. Hydiogen atoms have 
been omitted for clarity. Thennal ellipsoids are at 50% probability. 

(CH.~)2Si(C~H4)2Fe2(CO)4 (4.77 ~,), which is obvi- 
ously the result of the smaller atomic radius of the 
bridging carbon atom compared with silicon, since their 
position out of the Fe2(terminal-CO) 2 plane is similar. 

Three factors govern the spatial position of the Cp 
ligands: (i) orientation of the substituents around the 
bridging atom; (it) bending of the bridging atom out of 
the Cp plane: and (iii) rotation of the Cp rings around 
the Cp=X bond (X ~ bridging atom), To obtain mini° 
real energy these tlwee factors are carefully balanced. 

%;< 

(' 

- r - /  

Fig. 2. Side view of  I. 
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Scheme !. 

(1) 

Since deviation from tetrahedral geometry around Si 
requires less energy than for C, the C - S i - C  angles in 
the stnicture of (CH3)2Si(CsH4),Fe,(CO)4 vary be- 
tween 106 ° (Cc, -Si -Ccp)  and 114 ° (C M,-Si-C M,, ), 
whereas in I there is no significant variation in the 
C-C(5 I ) -C angles ( 109.5 +__ 0.8°). Furthermore, in 1 
the bridging atom C(51) lies almost perfectly in the 
plane of each Cp ring. This is in sharp contrast to 
(CH3),Si(CsH ~)2Fe2(CO) 4, where the bridging silicon 
atom has moved out of the Cp planes towards the le  a 
axis, thus causing the Cp-Cp angle to be smaller than 
the C(Cp)-Si-C(Cp) angle. The Cp-Cp angle of 109 ° 
in I is rather hwge compared with the corresponding 
angles in complexes without a bridging group (cis- 

. Cp,Fe2(CO).s), or with a flexible bridging group (as in 
[Ctl(NMe,)],Cp~Fc,(CO)4), which are about 90 °. In 
(CIt~)~Si(C~I/,t),I:e~((?O). s this angle is 97 °. which is 
intermediate between the optinmm 90 ° for unrestricted 
Cp rings 121 and the 109 ° for ideal letrahedral geometry 
arotmd the Si atom. The bond angle constraint around 
Si i,,i relieved partly by Si moving out of the Cp planes 
towards the I ~  axis [2]. The bridging carbon art m in il 
however, does not move out of the Cp I)ianes, and 
therefore the Cp~Cp angle has a value close to the 
Ferfect tetrahedral geometry of the bridging carl'~m 
atom. 

The Fe-Fe distance of 2.48 ,/k in compound I is 
shorter than the Fe-Fe distances found in (CH.a)2- 
Si(CsH4)2Fe2(CO)4 (2.51 .~,). R,R/S,S-[CH(NMe2)]2- 
C p ~ F e 2 ( C O )  4 ( 2 . 5 0  A)  [7] and R , S -  
[CtI(NMe:)I2Cp~Fe,(CO) 4 (2.51 ,-~)[23], and is clearly 
shorter than the Fe-Fe distance in the non-bridged 
cis.Cp2Fe2(CO)4 (2.53 /~). All Fe-C(carbonyl) and 
C - O  distances in I are close to the values found for the 
other (Cp'-X-Cp')F%(CO)4 molecules. 

As can be seen in Table I, the distances between Fe 
and the Cp carbon atoms in compound I vary some- 
what. The average distance between the iron atoms and 
the distal Cp carbon atoms (C( 12, 13, 32, 33)) is shorter 
than the average distance between the iron atoms and 
the proximal and ipso Cp carbon atoms (C(IO, !1, 14, 
30, 31, 34)). Five out of eight Fe-C(distal) distances are 

significantly shorter than the Fe-C(proximal) ;rod Fe- 
C(ipso) distances. 

Compound i shows some interesting structural dif- 
ferences compared with the corresponding SiMe,- 
bridged and non-bridged derivatives, which could be 
important for the degree of strain in ,qS cyciopentadi- 
enyl-stabilized Fe-S clusters. These effects are cur- 
rently being investigated. 
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