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AbStlllCt 

The reactions of the iodoalkyl compounds [(q5-C,R,)Fe(CO),{(cH,),I)] with 
Na[ML,] yield the new heterodinucka.r akanediyl compounds [($-C,R,)- 
(CO),Fe(CH,)“ML,] (where R = H: ML,, = Mo(CO),Cp, W(CO),Cp, Re(CO)5, 
n = 3-6; R = CH,: ML, = Ru(CO),Cp, n = 3-5; Re(CO),, n = 4). The related 
mixed ligand complex [Cp(CO),Fe(CH,),Fe(CO),Cp*] has also been prepared 
(where Cp =q5-C5Hs and Cp* =$-C,(CH,),). The new compounds have been 
fully characterkd by analytical and spectroscopic methods. 

hlmduction 

Heterobimetallic catalysts have been found to be superior in activity, selectivity, 
and efficiency to catalysts derived from either of the respective monometallic 
components. This has resulted in much effort being directed towards the study of 
heterobimetallic complexes. These complexes could serve as models for catalytic 
intermediates, as catalyst precursors, or as catalysts themselves [l]. It is also of 
interest to investigate the effect that one metal has on another when the two metals 
are in close proximity within the same molecule. 

Several strategies have been employed to synthesize heterobimetallic complexes, 
one of which involves the preparation of compounds with direct metal-metal bonds 
[2]. Not all metals however will form stable metal-metal bonds, particularly 
early-late transition metal combinations. Another approach is to prepare com- 
pounds where phosphorus and/or arsenic bridging ligands hold the different metal 
atoms together [3-71. The presence of phosphorus or arsenic may however be 

* Dedicated to Professor F.G.A. Stone on the occasion of his 65th birthday. 
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undesirable if the complex is to be used as a catalyst precursor, since these elements 
may poison the catalytically active sites. 

Since the metal-carbon sigma bond is ubiquitous in organometallic chemistry, 
we have developed the strategy of building up heterobimetallic complexes in which 
the metal centres are bridged by an alkanediyl ligand. This method should be widely 
applicable to a range of heterobimetallic complexes. It has been previously shown 
that bridging methylene groups can hold two different metals together, for example 
Ti and Pt [8] or Ta and Pt [9]. Stone and coworkers, in an extensive and important 
series of papers [lo], have demonstrated the wide applicability of using carbene or 
carbyne bridging ligands for synthesizing many novel heterobimetallic complexes. 
Several ethylenebridged complexes of the type L,MCH,CH,M’L, have been 
prepared by the reactions of cationic ethylene complexes with metal carbonyl anions 
[11,12]. Some years ago the propanediyl complex [Cp(CO),Fe(CH,),Mo(CO),CpJ 
(Cp=$-C,H,) was prepared by the reaction of [CpFe(CO),{(CH,),Br}] with 
Na(CpMo(CO),], but the yield was only 18% [13]. Knox and co-workers then 
demonstrated that the heterobimetallic complex [Cp(CO),Fe(CH,),Ru(CO),Cp] 
could be obtained in 87% yield by the reaction of the iodoalkyl compound 
[CpFe(CO),{(CH,),I}] with Na[CpRu(CO),] [14]. This suggested that the use of 
iodoalkyl complexes might provide a more useful and potentially general high yield 
route to heterobimetallic alkanediyl complexes. We have examined this possibility 
and now present our results. 

Results and discussion 

An initial experiment showed that the iodoalkyl compound [CpFe(CO),{(CH,),- 
I}] [15] reacts with NdCpMo(CO),] to give good yields of the Fe-MO heterobi- 
metallic propanediyl compound (Scheme 1). This was subsequently shown to be one 

scheme i 
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example of a general route to heterobimetallic alkanediyl complexes, as shown in 
eqn. 1. 

[ ( v5-C,R5)Fe(C%{ @%),I}] + N~[ML,] + 
[ ( d-C5R5)(CO)~Fe(CH,).ML,] + Nd (1) 

where R= H, ML, = Mo(CO),Cp, W(CO),Cp or Re(CO),, n = 3-6; R = CH,, 
ML, = Ru(CO),Cp, n = 3-5 or Re(CO),, n = 4. 

The related mixed ligand complex [Cp(CO),Fe(CH,),Fe(CO),Cp*] (Cp” = $- 
C,(CH,),) was prepared by a similar route. We have also prepared the compounds 
]CPKO),F~(CH,),R~(CO),CPI (n = 4-6) by this route and described the structure 
of the Fe-Ru hexanediyl compound [16]. 

The new alkanediyl complexes were obtained in good yield, except for the Fe-Re 
complexes with n = 5 and 6, which were obtained in only 12-14% yield. Highest 
yields of the Fe-Re compounds were obtained after short reaction times, presuma- 
bly due to the instability of these compounds in the reaction solution. The 
alkanediyl complexes were all obtained as yellow crystalline solids, which are stable 
in air for several days but mildly light sensitive. The complexes are generally stable 
in solution under nitrogen but decompose when the solutions are exposed to air. 
The Fe-Re and Fe-Ru complexes are very much more soluble in hexane than the 
Fe-MO or Fe-W complexes. The hexane solubility of all the complexes increases 
with increasing length of the alkyl chain. Yields, microanalyses, IR and other 
physical data for the new compounds are given in Tables 1 and 2. The IR spectra in 
the v(C0) region show the expected nmber of peaks in the positions expected by 
comparison with data for the related mononuclear alkyl compounds. 

Assignments of the ‘H and “C NMR data were made by using COSY and 
HETCOR experiments, as well as by comparison of the data with that for some of 
their homodinuclear analogues [16-181. 

From the ‘H NMR data (Tables 3 and 4) it can be seen that the methylene 
protons on the carbon a to a metal have a chemical shift that depends on that 
metal. For example, the protons a to Fe all resonate between 1.40, and 1.50 ppm. 
Similarly for the compounds with n = 4-6, the /3 protons have chemical shifts that 
depend on the associated metal. The @ proton peaks of the complexes where n = 3 
show a significant effect due to both metals on each end of the carbon chain. Thus 
for the Fe-W complex the chemical shift for the j3 methylene protons is 1.45 ppm, 
whilst for the Fe-MO complex it is 1.71 ppm, and for the Fe-Re complex 1.82 ppm. 
The 6 value of the proton peaks in positions y to a metal and beyond no longer 
appear to be affected by the metal. It therefore seems clear that a metal influences 
the protons in the a and /3 positions to it and that the effect is no longer apparent 
for the protons y to the metal. Also apparent is the approximately 0.5 ppm upfield 
shift of the peaks due to the protons a to Fe for the Cp* complexes relative to those 
for the analogous Cp complexes. Neither the Cp protons nor the methyl protons of 
the Cp* ligand show any significant shift with change in either the length of the 
hydrocarbon chain or the metal on the other end of the chain. 

From the 13C NMR data (Tables 5 and 6) it can be seen that for the methylene 
chain of the complexes where n > 3, the peaks due to the carbon atom a to a metal 
appear at positions that depend on that metal. For example, carbon atoms a to Fe 
resonate at between 3 and 4 ppm, while carbon atoms a to Re resonate at ca. - 9 
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Table 4 

‘H NMR data for [Cp*(CO),Fe(CH,),ML,] B 

n ML, C&H,), CpM MC& Cp*FeCH, FeCH,CH, MCH,CH, FcCH,CH,CH, 

3 CpRu(CO), 1.72s 5.185 1.64s 0.91m 1.64s 
4 CpRu(CO), 1.72s 5.22s 1.67s O.%m ‘1.5% 1.55m 
5 CpRu(CO), 1.72s 5.21s 1.64m 0.9Om 1.38m 1.5lm 1.3Om 

4 Reos 1.72s O.%m 0.88m l&m l&m 

3 CpFe(CO), 1.70s 4.68s 1.46m 0.93m 1.46m 

’ In CDCl, relative to TMS (0.00 ppm). 

ppm. The (r carbon atom peaks are shifted ca. 4-5 ppm downfield for the 
complexes with n = 3. This is presumably due to the influence of the metal on the 
other end of the chain. The influence of a metal on the chemical shifts of carbon 
atoms in the methylene chain diminishes along the chain and is thus only really 
apparent in the a, /3 and y positions relative to that metal. As the influence of the 
second metal decreases and the carbon becomes increasingly influenced by one 
metal only, the chemical shifts of the carbon atoms move upfield. As has been 
observed before [El, the peaks of the carbon atoms a to Fe for the Cp* complexes 
are shifted by ca 10 ppm downfield relative to those for the Cp complexes. This 
deshielding effect is no longer apparent for the &carbon atoms. Neither alkyl chain 
length nor the nature of the metal on the opposite end of the chain affects the 
position of the CO, Cp or Cp* peaks, 

Mass spectrometry provides the simplest readily available method of unambigu- 
ously confirming the composition of these heterodinuclear complexes, since all other 
data obtained do not completely exclude the possibility of equimolar mixtures of the 
monodinuclear alkanediyl complexes of the respective transition metals. Thus the 
heterobimetallic nature of these complexes is confirmed either by the observation of 
a molecular ion for the proposed structure or fragment ions which are only possible 
from the heterodinuclear complex. Molecular ions were observed for many of the 
complexes studied under electron impact conditions, and in all cases where chemical 
ionization was used. 

The major ions observed in the electron impact mass spectra of the compounds, 
OG0)&P,).ML,l, n = 3-6, ML,, = Mo(CO),Cp, W(CO),Cp, Re(CO),, are 
listed in Table 7. Possible fragmentation sequences giving rise to these ions are 
shown in Scheme 2. 

Because CO and Fe both have masses which are multiples of 14 (the mass of one 
CH, unit) many mass spectral assignments are ambiguous and the exact fragmenta- 
tion sequence is not certain from the low resolution data obtained. However, often 
the exact order of fragment loss is not siguificant and in many cases other data 
available indicates which of two possible assignments is the more likely. 

Ions corresponding to [C&Fe]+ and [Cp+IJ+ are observed in all the spectra. 
The formation of ferrocene in complexes containing the [Cp(CO),Fe] unit has been 
observed previously [l&19] and it is noteworthy that other metals with Cp ligands in 
these type of complexes behave similarly. High resolution accurate mass data 
obtained for the complex [Cp(CO),Fe(CH,),Mo(CO),Cp] confirm the formation of 
[Cp,Mo]’ with a relative abundance of 20%. The ions [CpM(CO),]+ (M = MO, W, 
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x = O-3) are relatively abundant as are the ions [CpFe(CO),] (x = O-2). [CpFe]+ 
(m/z 121) is the base peak in all these spectra except for the Fe-W complexes 
where n = 5 or 6 where it is [CpFe(CO),(CH,), - C,H,]+. The ion due to the free 
metal species is always observed for Fe (25-70%), MO (4 and 15%), Re (less than 
5%), and is never seen for W. 

Ions involving metal-metal bonding after loss of the polymethylene bridge are 
relatively abundant, even though the expected precursor, [Cp(CO),FeML,]+ (M = 
Mo, W, LY = Cp(CO),; M = Re, L, = (CO),) is only observed unambiguously in 
the cases when n = 3 and M = MO, Re. This indicates a stronger interaction 
between Fe and the metal atom at the other end of the carbon chain for shorter 
chain complexes, as was observed in the mass and NMR spectra of the complexes 
[Cp(CO),Fe(CH,),X], with n = 3-10, X = I, Br [15]. 

The relative abundance of the ion [CpFeMCp]+ (M = MO and W) or [CpFeRe]+ 
highest for n = 3, and decreases as n is increased to 6. The presence of both 
ECpFeMl+ and FWUW21+, which have the same nominal mass, is indicated by 
the accurate mass data obtained for m/z 219 in the complex [Cp(CO),Fe(CH,),- 
Mo(CO),Cp]. These data show that both the species [CpFeMo]+ and [CpMo(CO),]+ 
are present, with relative abundances 0.2% and 9% respectively. In the case of Re, 
the ions observed at m/z 308 must be due to [CpFeRe]+, as [CpRe(CO),]+ would 
unlikely to be present. In none of the spectra is the ion corresponding to [FeM]+ 
observed, except possibly in the case of Re, where that peak may also be assigned to 
]Re(CO),l+. 

The loss of C,H, (65 dalton) is not usually observed in the mass spectral 
fragmentation of the compounds. In contrast, the loss of C,H, (66 d&on) does 
seem to occur, not from the molecular ion itself, but after the initial loss of, e.g., 2 or 
more carbonyls from the molecular ion. 

We have shown that good yields of heterobimetallic alkanediyl compounds can 
be obtained by reactions of the iodoalkyl iron compounds [CpFe(CO),{(CH,),I}] 
with several metal carbonyl anions. In complexes with a shorter akanediyl chain 
length the data obtained imply a degree of intermetallic interaction. We are at 
present investigating the reactivity of these compounds. These studies will give 
further information about the effect that one metal has on another when the two are 
in close proximity in the same molecule. Initial results show, for example, that some 
reactions are totally metalloselective. 

Exjwhnental 

All reactions were carried out under nitrogen by standard Schlenk tube tech- 
niques. Tetrahydrofuran (THF) was distilled from sodium. Alumina (BDH, active 
neutral, Brockman grade 1) was deactivated before use. Melting points were 
recorded on a Kofler hot-stage microscope (Reichert Thermovar) and are uncor- 
rected. The [CpFe(CO),{(CH,),I}] complexes were prepared by a published proce- 
dure [15]. Microanalyses were performed by the University of Cape Town Micro- 
analytical Laboratory. Infrared spectra were recorded on a Perk&Elmer 983 
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spectrophotometer. ‘H and 13C NMR spectra were recorded on a Varian XR 200 
spectrometer which was also used for the COSY and HETCOR experiments. Mass 
spectral data were obtained on one of four instruments: (A) a VG micromass 16F 
magnetic sector spectrometer, (B) a Rratos MS80 RFA doubl~f~~ spectrome- 
ter, (C} a Kratos MS50 doubl~f~~g sp~~ometer and (D) a Fin&an quadru- 
pole spectrometer. Accurate masses were obtained on the Rratos MS80 RFA 
spectrometer at resolution 10,000 (5% valley definition). Compounds that were 
examined on more than one system were always found to yield similar mass spectra 
on all mass spectrometers, and instrumental bias was negligible. All spectra were 
obtained with a source temperature of < 170 O C, and with a probe temperature of 
40 O C increased to ca. 150 O C by approximately 20 O C per minute. Electron impact 
spectra were obtained with a beam energy of 70 eV, ion acceleration voltages were 4 
kV for instruments (A) and (B) and 8 kV for instrument (C). Chemical ionization 
was with isobutane as reagent gas on instrument (B), and with methane on 
instrument (D). CIMS was applied only to compounds for which no molecular ion 
was seen under electron impact conditions. 

Preparation of [Cp(CU),Fe(CH2),J41, j; R = 3-6, ML, = Mu(CO),Cp, W(CO),Cp, 
RdCOh 

A solution of the sodium salt of the transition metal anion (1.60 mmol) in THF 
(9 ml) was added to one of [CpFe(CO),{(CH,),I)] (1.47 mmol) in THF (6 ml) 
during 5 minutes with stirring at - 78’ C. The solution was allowed to attain room 
temperature and stirred until the reaction was complete as judged by monitoring of 
the v(C0) re8ion in the IR spectrum. (For reaction times see Table 1.) The solvent 
was removed under reduced pressure. The crude product was then extracted with 
CH&l,, filtered and the solvent removed under reduced pressure. One of the 
follo~g work-up procedures was used: 

For ~Cp(CU)~Fe(CH*)~R~CO)~~, n = 3-6. The crude product was dissolved in 
a minimum of hexane and transferred to an alumina c&mn. Upon elution with 
hexane a broad yellow band was collected, and this was concentrated and then 
cooled to -78°C. The yellow product separated from this solution. The mother 
liquor was syringed off and the product dried under reduced pressure. 

For [CP(CU)~~;~(CH,),M(CO)~C~“I, M = MO, n = 3, 5, 6; M = W, n = 5, 6. The 
crude product was dissolved in a minimum of CH&l, and ~~f~~ to an 
alumina cohrmn made up in hexane. Elution with hexane first yielded a pale yellow 
band which was shown to contain only the [CpFe(CO),{(CH,),I}] starting material. 
Further elution with hexane or 5% CH,Cl, in hexane yielded a second, broad, 
intense yellow band. This band was collected, concentrated and cooled to - 78 O C. 
The yellow product separated from this solution. The mother liquor was syringed 
off and the product dried under reduced pressure. 

f;br ICP~CO)~F~CH~)~W~CO~~CPI d ICP~CQ~,~~~~~~),MO(CO~~CP~. The 
product was dissolved in hot hexane, filtered and cooled to -78OC. The product 
separated from the solution. The mother liquor was syringed off and the product 
dried under reduced pressure. 

For ICp(CO),~e(CH,),W(CO)~Cp~. The crude product was recrystallised from 
CH,ClJhexane. 
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Preparation of f Cp*(CO), Fe(CH,), ML,,], n = 3-5, ML, = Ru(CO),Cp; n = 4, ML, 
= RAZE; n = 3, ML, = Fe(CO),Cp 

A solution of the sodium salt of the appropriate transition metal anion (1.06 
mmol) in THF (4 ml) was added to a solution of [Cp*Fe(CO),{(CH,),I}] (0.77 
mmol) in THF (4 ml) at - 78” C with stirring over 5 minutes. The solution was 
allowed to attain room temperature and stirred until the reaction was judged to be 
complete by IR monitoring in the v(C0) region. The solvent was removed under 
reduced pressure. The product was extracted with hexane, filtered, concentrated and 
transferred to an alumina column. Elution with hexane gave a yellow band which 
was collected, concentrated, and cooled to - 78 o C. The product separated from the 
solution. The mother liquor was syringed off and the product dried under reduced 

pressure. 
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