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The preparation of 4H-indenediiron peniqcarbonyl complexes from lkn- 
denes and diiron erineakrbonyl in hexane solution is described. The structures. 
of the binuclear complexes are based upon spectr&co$c analyses, partk~arly 
upon ‘H and 13C NMR data. At room temperature the carbokyl groups of-&he 
Fe(CO), and Fe(CO), moieties exhibit-very different exchange rates without 
internuclear scrambling. 

.’ 
It is known that iqdene [2]-and its derivatives [gl for& diindenyldiir& t&a- 

carbonyl complexes of type I upon heating for apprdxirnately 20 h with Fe(CO)5 
at temperatures above 100°C. ,In order to investigate the-possibility 6f isolating 

n 

.(I) : . : 1.. 

* For p&t X see ref. 1. -: :’ _ 
** New address: Cibti-Geigy Photo&e&e, C&1723 Marly (Swi&riandj. 

. . :. ._ .- 
***-To whom correspotidence sb&ld be addressed : . . 
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intermediates or independent species formed:under milder c&id&i&-q inde'ne 
(II) and its 1,3dimethyl de&ativ_e~III were treated.with Fe&C j;:iil b&&g: ‘:f 

‘:.- 
,I’ 

hexane for 3-6 h. Deep redcrystahine complexes-IV (m&i 1.48~15.6.~~C$rom 
hexane) *. and V (m&i 134-136%: from hexane) were isolated. fiom.the-&tie- 
spondiug iudenes, together with minor-amounts of the &om@& of type Ii_ : 

R 
‘. R _. -. I~ 1;: 

Fe,KO) .9 

R 

(It) R = H 

(III, R = CH3 (IT) R = H 
_- 

(PI R = CH3 

The structure assignment of IV and V is based on their spectroscopic proper- 
ties. The mass spectrum (70 eV) of IV shows the parent peak at m/e 368 
[C9HsFe2(C0)s], together with its isotopic satellites of correct intensity ratio, 
and peaks corresponding to the successive loss of five carbonyl groups. An anal-: 
ogous fragmentation pattern is observed for complex V (parent peak at m/e 
396 corresponding to C!, 1H12Fe2(C0)5). The carbon-hydrogen skeleton in the- : 
two new complexes follows from a detailed analysis of their ‘H and 13C N&.iR 
spectra. 

The ‘H NMR spectrum of complex IV (in C6D6) ** can be analysed on a first 
order basis. All assignments were confirmed by double resonance experiments. 
The results are summarized in Table 1, The resonances of the hydrogens of the 
five-membered ring in compound IV are particularly indicative. There are three 
olefinic multiplets (3.06, 3.85 and 4.09 ppm).which exhibit mutual spin coupling 
below 3 Hz. Thus, H-C(2) (4.09 ppm) is a sharp triplet due to vicinal coupling 
(J* .* = J2,3 = 2.7 Hz). None of the three five-membered ring protons is Coupled _ 
to the methylene protons. Three further olefinic protons are found at 4.51 ppm 1 
(H-C(5)), 4.13 ppm (H--C(4)) and 2.37.ppm (H-C(6))_ H-C(5).shows vi&al .y 
coupling to H-C(4) (5.3 -Hz) and H-C(6) (7;O Hz) and an allylic 4J cou&g to. 
the axial proton at C(7):The methylene protons H,+?(7) and H,-C(7) are 
coupled to H-C(6) with 2.5 and 3.8 Hz, respectively, which proves the location i 
of the methylene group in the six-membered-ring. The odcurience of justone 
allylic 4J(HH) coupling, between H,-C(7) and H-C(5), indicates non-&n&ity 
of the six-membered ring. This result is supported by the different .vicinal 
conpling constants J6i,a and Je.7e on the one hand and J5,4 and Jss6:oq the other 
hand. The proton spe&rum of aznlenediiron pentaearbonyl (VI) [ 51, the strut- 

.ture of whicli is based on an X-ray &alysis [S], reveals essentially the same @in 

.* VeIy IecentiY COmPlex IV (m.P. la?+137°C; from hexane) was also &tained by treatment of 
cio-8.9-di3wdruindeneiron trickbony with an excess of Fe2<C0)9 in boiling ~+yl(?~~e [4]_ 

‘* The chemical Sii& in CDC13 solution correspond to those reported by Deganeuo and Todolo 5: 
C41; numbe+g s&tern akxlogous to [4] and [5]. 
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coupling pattern in the cyclopentadienyl and ally1 systems.-The data for’com- :- 
plex V are also consistent with the above analysis (see Table 1). 

The proton noise-decoupled *.‘C NMR spectrum as well as off-resonance de- ‘. 
coupling experiments on IV reveal the presence of one methylene.group, six ’ 
=CH carbons and two quaternary carbons in the lowfrequency region.(Table 2). 
The carbonyl region exhibits three resonance lines with an approximate intensity 
ratio of 1 : 3 : 1. ‘J(C,H) coupling constants were obtained from the non-de- 
coupled spectrum. The values for the five-membered ring carbons (180 -+ 1.5 Hz) 
are typical for, cyclopentadienyl systems x-bonded to transition metals [ 7.1 and 
they correspond closely with the data of the azulene complex VI (Table 2). 
Smaller ‘J(C,H) values.(=17G Hz) have to be expected for a transition metal . . 
n-complexed cyclopentadiene system (cf. [ 81). 

The three line 1 : 3 : 1 pattern. of the Fe-CO groups of complex IV remains. 
virtually unchanged in the temperature range between 430 and -50°C (acetone- 
&).- Based on the mass-spectrometric information that IV contains five carbonyl 
groups, which is supported by the relative intensities of the 13C signals, a~sti-aight- 
forward interpretation leads to an assignment of the strong line to the carbonyls 
of the Fe(CO), group and of the two weak lines to those of the Fe(CO)* group. 
This implies fast exchange of the carbonyl groups in the Fe(CQ)s part, indepen- 
dent of a corresponding process in the Fe(CO), group. In the acenaphthylenedi- 
iron pentacarbonyl complex VII [9] (X-ray analysis see [lo]) the two carbck$l 
groups of the Fe(CO), moiety are equivalent by symmetry of the organic ligaiid~ 
which prevents the observation of separate signals at slow exchange rates. Com- 
plex IV enables the demonstration that in this case the two CO groups do undergo a. 
slow exchange. This analysis of the 13C spectrum is in full agreement with. the. 
structure of IV. 

The close structural relationship between complexes IV, V and VI is further . . 

TABLE 3 . . 

II?. DATA FOR THE CARBONYL GROUPS IN IV, V AND VI = (HEkANE, cm-‘i 

Compoiod I& data 

TV..._ 2038 <2034) b 1971<1975) 
.. 

1983 (1988) _ .- 
v .2033 1981 1969 .- 

vr.. 2036 .1986 lglo .- . :- 

. . -._. . . . .' :- 

a Complex VII. ivhicb poSsesses ipk&of sy&eizy.-shows onirt~~o.c*:h~~~labsorptiqns~CHCi j).&l:...;__ ... 

-2036 and.1984 cm-* [lo]_? valyes ixibiicke&_frorq [a], & s$.'_,_- .:_;_ _ . . ~. . . .- :,,.. .;I .I: : -_: 
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demon&a&J by their IR spectra. All ttiee complexes exhibit three almost 
L!ce&@al absorption ban+ iri the metal-carbonyl .region (Table 3). 

It should be mentioned that in addition to complexes IV-VII, two further 
‘. cor@pieies VIII [ll] and IX [ 12 J are known with a cyclopentadienyl-ally1 moiety 

bonded to an Fe,(CO), group. The structure of both diiron pentacarbonyl 

KO)2F~-F&(CO)g 

G!llI) 
(lx) 

complexes were established by X-ray analysis. Complexes VI-IX may be con- 
sidered to result, at least formally, from a reorganization of the sr-system of the 
corresponding ligand in the presence of some iron carbonyl moiety. On the other 
hand, the formation of the 4.2%indene complexes IV and V from the lH-indenes 
requires an H-shift from the five-membered to the six-membered ring. At this 
stage, it is not possible to say how this shift occurs. Complexes of the styrene- 
iron tri- or tetra-carbonyl type (cf. 1133) may be involved during the rearrange- 
ment of the ligand. Deuterium labelling experiments which should reveal the 
nature of the H-shift are in progress. 

Experimental 

‘H NMR spectra were measured on an HA-100 spectrometer, 13C NMR spec- 
tra on an XLlOO-15-FT instrument. Benzene-d, with TMS as internal standard 
was used as solvent. The ‘H NMR spectrum of IV was also recorded in CDC13 to 
enable a comparison with the data reported in [4]_ IR spectra were recorded on 
a Perkin-Elmer 457 instrument. Mass spectra were measured on a Dupont-Zl- 
491 instrument_ The m-p. were measured using a Biichi SMP-15 apparatus. 

4H-Indenediiron pen tacarbonyi (IV) 
A solution of 5.0 g (0.043 mol) indene in 200 ml hexane was refluxed in the 

presence of 10.0 g (0.0275 mol) diiron enneacarbonyl under nitrogen for 3 h: 
The solution was cooled, filtered through celite and evaporated under reduced 
pressure to give a green-brown oil. On cooling the oil to 0°C most of the triiron 
dodecacarbonyl, formed during the reaction, crystallised out. The remaining oil 
was chromatogr&jhed over 400 jj neutral alumina (activity grade II) using 10% 
ethyl acetate in hexane. The first fraction consisted of 4.5 g non-comp!exed ma: 
tetial, which was not further investigated. A red band was then eluted, w&h 
on evaporation of the solvent yielded 0.54 g (3%) of- a dark-red solid. A third 
fraction consisted.of 0.12 g of a dark-brown solid (identified by m-p., mass 
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spectra and IR spectra to be compound 1. [2,14]). The red solid was recrystahis- 
‘ed from hexane at -4O”Cto give dark-red crystals, m.p_ 148~15O”C, IR (hexa- 
ne) see Table 3. IR (nujol):. 1230m; 1180m; 1035m; .lOOow; 955m; 365m; 840s; 
816m. NMR. see Tables 1 and 2. Mass spectra (70 eV): 368.(8, M’); 340 (2, 
M’- CO); 31‘2 (31, M’ - 2CO); 284 (16, M’ - 3CQ); 256 (6; M+ - 4CO); 228 
(100, M’ - X0); 172 (15, M’ - Fe - 5CO); 116 (15, CgHS+); 115 (20, C&H,+). 
(Analysis found: C, 46.22; H, 2.36. ClsHsFe205 (calcd.: C, 45.71; H, 2.19%). 

1.3-Dimethyl-4H-indenediiron pentacarbonyl (V) 
In the same way 5.0 g (0.035 mol) 1,3_dimethylindene afforded 0.82 g (6%) 

of V as dark red crystals, m-p. 134-136”C, after recrystallisatiori from hexane. 
IR (hexane) see Table 3. NMR see Tables 1 and 2. Mass spectra (70 eV): 396 
(8, M’); 368 (1, M’ - CO); 340 (10, M’ - 2CO); 312 (8, MC - 3CO); 284 (8, 
M’-- 4CO); 256 (100, M’ - 5CO). 
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