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Abstract-The t&e com~unds have been prepared from reactions of Co~CO~(~-HOR~CC*R’) or C~CO~(~- 
HOR~CC~CR*OH~ complexes with Fe(CO)s in acetone. In the latter set of reactions the homobime~~iic butatriene 
compounds, Fe2(C0)*-(P-R2C~~~R2), are also obtained. The striking feature of these reactions is the ability of 
Fe(CO)r to dehydroxylate the organic moiety and to replace a Co(CO)s unit forming mixed iron-cobalt derivatives. 
A direct interaction between the iron and the carbon atom, originally bearing the lost -OH group, is evident from 
the bulk of the spectroscopic data; thus the organic chain acts as an overall 5 electron donor, according to the 
E.A.N. formalism. The heterobimetalhc compounds have been characterized by elemental analysis, mass spec- 
trometrv. IR soectrosco~~ and NMR studies. For the ohosphine derivative F~~CO)~~Ph~*CC~CH~OH) a 
c~dely-~efi~*X-ray a&&is has been performed. * 

INTRODUCTION 
Mixed metal compounds containing metal-metal bonds 
are receiving increasing attention since it has been sug- 
gested that the presence of different metallic centres on 
the same molecule can be irn~~~t in the activation of 
organic substrates in stoichiomet~c and catalytic reac- 
tions.’ Furthermore, they might represent a source for 
the preparation of highly dispersed metals on inorganic 
supports? The development of new syntheses designed 
to produce stable heterometallic compounds is therefore 
worthwhile. 

homobimetallic compounds: Fez(CO)&-&Buz’) (which 
formally has an Fe-Fe double bond)‘, Co&O)&- 
C83* and Ni~(rl-C~H&($&)~ 

Actually, in the case of the synthesis of heterobi- 
metallic complexes, all the possible combinations of 
metallic fragments bearing carbonyl and/or cyclopen- 
tadienyl ligands have been explored. Consequentely, a 
plethora of 34 electron heterobimetallic compounds has 
been obtained, mainly by Vahrenkamp3 in the case of 
neutral complexes and by Rut? in the case of ionic ones. 
Considers only first row Group VIII metals the follow- 
ing heterobimetallic complexes have been characterized: 
FeCo(C0)6(n-C,Hs).5 FeNi(CO)3(n-CsH5)zP CoNi(C 
(n-CsH5)’ and [FeCo(CO)s-]. 

The hetero~~e~c acetylenic complex [(CO~C~Ni~~- 
CsHs)](&ZzRz) has been recently isoiated from both the 
reaction of Ni(+Z!SH5)&-CzRz) with CO,(CO)~ and the 
reaction of Co,(CO)&-C&R*) with [Ni(CO)(n- 
C5H&‘08” Its solid state structure confirmed the 
expected pseudo-tetrahedral M,C2 framework.” On the 
contrary in I%3 Bassett,‘* in an attempt to prepare an 
acetyIenic iron-nickel complex, observed only dis- 
propo~ionation: 

So far, however, there have been few reports which have 
dealt with their reactivity toward unsaturated hydrocar- 
bons. In principle an acetylenic moiety should be able to re- 
place two CO groups in each of these complexes leading to 
the tetrahedral Ma& structural framework, schematically 
represented below, already found in the corresponding 

2 FeNi(CO),(n-C,H& + RC=CR+[Fe(C0)2(n-C5H5)]2 
W(n-C~H&&R2). 

A quite different synthetic route was employed by 
Yasufuku d ~1.‘~ who carried out the reaction of an 
eth~yI~phenyiphospho~um salt with fn-CsH,)zNi and 
Fe2(CO)9 obtaining the complex [(CO)3Fe-Ni(n-CJH5)}- 
(r-Ph,P&H), formulated as an internal salt, in which the 
functionalized alkyne formally acts as a Se-donor. 

*Author to whom correspondence should be addressed. During onr previous studies of the reactions of alkynes 
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with cobalt and iron carbonyls,‘4 we found that the 
homobimetallic complex, Coz(CO)a(EtCzCHOHMe) (Ia) 
(formed in situ by oxygen incorporation from water 
present in the solvent) reacted further with excess 
Fe(CO)J to give the heterobimetallic compound 
FeCo(CO),(MeHCCzEt) @a). This reaction offers fur- 
ther evidence of the dehydroxylation ability of iron 
carbonyls toward unsaturated alcohols. With the aim of 
testing the validity of this method in synthesizing novel 
mixed iron-cobalt derivatives, we have carried out the 
reactions of Fe(CO), with Coz(CO)&-acetylene) com- 
plexes, bearing one or two hydroxyl group a to the triple 
bond. In this way several FeCo(CO)&-alkynyl) com- 
plexes have been obtained and spectroscopic analysis 
has unambiguously established their structure. 

EXPERIMENTAL 
Reactants and physical measurements 

All reactions were carried out under nitrogen. Co2(CO)s and 
Fe(CO)S were purchased from Fluorochem Ltd., 2-butyn-l-01, 
2-butyn-1, Cdiol and 2, S-dimethyl-3-hexyn-2, 5diol were from 
Farchan Division. Co&!OL(MeCCH,OH~ 
CO~(CO)~(HOCH+$CH~OH) -’ (Iej”‘ 

IIbk 
grid*- ’ ‘-’ co2cok 

(HOMe&CMe20H) (Id) complexes were synthesized 
using Co2(CO)s and the corresponding alkyne according to pre- 
viously reported procedures. I6 The purity of these compounds 
was checked by IR and MS spectroscopy, “CO (94.3%) was 
obtained from Monsanto Res. Corp. The heterobimetallic com- 
plexes were analyzed by use of a F & M 185 C, H, N analyzer 
and a Perkin-Elmer 303 Atomic Absorption Spectrophotometer. 
The IR spectra were recorded on a Perkin-Elmer 580 B instru- 
ment using 0.5 mm NaCl cells. The mass spectra were measured 
on a Hitachi Perkin-Elmer RMUdH spectrometer. ‘H and “C 
NMR spectra were recorded on a Jeol C60-HL and a Jeol-PS- 
100-FT instruments respectively. Chemical shifts were reported 
downfield positive with respect to SiMe4. Cr(acac),( = IO-’ M) 
was added as a shiftless relaxation agent for the 13C NMR 
measurements. The temperature was monitored by a Jeol-JNM- 
BT-P-5-H-1OOE temperature control unit. The physical proper- 
ties, analytical data, IR spectra for the complexes are listed in 
Table 1; ‘H and 13C NMR data in Table 2. 

Preparation of FeCo(C0)6(H2CC2CH,) (I0) 
In a typical run 1.0 g (2.7 mmol) of CO~(CO)~(HOH~CC~CH~ 

(Ib) and 2.0 ml (14.4 mmol) of Fe(CO)S were refluxed in 200 cm’ of 
acetone for IOhr. After cooling and filtration the excess of 
Fe(CO)S and the solvent were removed in uacuo and the residue 
dissolved in dicbloromethane and chromatographed on tic pre- 
parative plates (Kieselgel P. F. Merck, eluant light petroleum and 
10% diethyl ether). Besides unreacted Ia (= 20%) and a small 
amount of Fe,(C0),2, FeCo(CO)&H2CC2CHj) @lb), ( = 40%) was 
eluted. Mass spectrum m/e 336 [M+], followed by loss of six 
carbonyl groups. 

Co~(CO),(HOR,C~C=C-R’) 

t Fe(CO)5 
1 

-OH 

FeCo(CO)a(R2C-C=C-R’) 

[Ia, bl 

PIa, ITbl 

Preparation of FeCo(C0)6(H+X2CH20H) (He) 

CO~(CO)~(HOR$J-C=C-CRzOH) 

t Fe(CO)s 
1 

-OH 

FeCo(CO)ARX-CGC-CR,OH) 

t Fe(CO)s -OH 

[Ic, Id1 

Be, ndl 

Ic and Fe(COh in the above ratio were retluxed in acetone for 
1Ohr. The same separation procedure afforded unreacted lc 
( = 25%), small amount of Fes(CO)12, Fe2(C0)6(H2CC2CH2) (I&) 
( = 5%) and FeCo(CO)&H2CC2CH20H) @c), (= 25%). Mass 
spectrum m/e 352 [M+] followed by loss of six carbonyl groups 
and concomitant loss of HzO. 

[mc, IW 

Preparation of FeCo(C0)&HMeCC2CMe20H) @Id) 
Id and Fe(CO)s reacted in the same conditions to afford 

unreacted Id (= 15%), small amount of Fej(C0)12, 
Fe2(C0)6(Me2CC2CMe2) @fd) ( = 35%) and 
FeCo(C0)6(MezCC2CMe20H) (IId) ( = 25%). Mass spectkm m/e 
408 [M+] followed by loss of six carbonyl groups and con- 
comitant loss of H20. 

The heterobimetallic compounds are quite stable in the 
solid state under Nz atmosphere, but they smoothly 
decompose in solution. They all have similar IR spectra 
(see Table l), the slight shifts observed for the CO 
stretching frequencies can be related to the different 
electronic properties of the sustituents (H, Me, Et, OH). 
In the complexes IIc and IId the presence of the -OH 
group is confirmed by weak absorptions near 3600 cm-‘, 
which can be observed in concentrated CCL, solution. 

Isotopic enrichment of Ilc and IId Also their MS characteristics are very similar and 
0.2g of complex (He or Ild) were dissolved in 100cm3 of strongly resemble those of the Co&O)&-alkyne) 

cyclohexane and stirred for 4 days at t 40°C in the presence of 
< 1 Atmosphere of 13C0. Further purification on a SiOz column 
using lit petroleum with 20% CHCI? as eluant was carried out 
before running the spectra. 

Preparation of FeCo(CO),(PPh,)(H,CC,CH20H) (WC) 
1.0 g (2.8 mmol) of He was dissolved in 100 cm3 of acetone and 

added with 0.73 g (2.8 mmol) of PPh> The mixture was refluxed 
for 20hr. After cooling and filtration, the solvent was removed 
under vacuum and the residue dissolved in CH& and chroma- 
tographed on tic (eluant light petroleum and 20% CHC13. Un- 
reacted IIc ( = 25%) and FeCo(CO)J(PPhJ(H2CC2CH20H) (I&) 
( = 40%) have been eluted. 

Crystallographic dafa collection of IVc 
Red-orange crystals of IVc were grown by slow cooling of a 

saturated solution of IVc in n-heptane, chloroform 2 : I mixture 
under Nz atmosphere. A very thin crystal was used for the X-ray 
analysis. Crystal data are as follows: C2,H2,,FeCo0 P, M = 
586.21, a = 10.505(8), 6 = 12.787(12), c = 10.477(9)k, (I = 
111.13(6), 8=105.25(6), y=84.60(7)“, U=1266A’, Z=2, D,= 
1.54 g/cm’, space group PI. 

The intensities of 1949 reflections with 0 in the range 3-22” 
were measured on a Siemens AED diffractometer (using the 
Nb-filtered MO-K a radiation). but onlv 519. havine 12 2 atfl 
were considered observed and’used in & an$ysis. Tithe struct& 
was solved by Patterson and Fourier methods, but the limited 
number of the observed reflections and the poor quality of them 
prevented a satisfactory refinement of the structure. 

RESULTS AND DISCUSSION 
Although all the reactions were performed in identical 

conditions, higher yields of the heterobimetallic com- 
plexes (II) were obtained from the alkyneol reactants (Ia, 
Ih) than from the alkynediols (Ic, Id). This is due to 
successive dehydroxylation and ligand transfer to Fe, 
which lead to the well known butatriene derivatives (I&, 
IlId) as shown in the following scheme: 
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Fii. 1. Structures of the homometailic complexes (I) and (III) 
and proposed structure of the heterobimetallic complex (II). 

compounds.” It is interesting to note the relatively high 
abundance of the fragment corresponding to the 
[FeCoC3H,]’ ion. Analogous [CO~C~H,]’ fragments have 
not been observed in the MS spectra of the Co2(CO)&- 
C2Rt) complexes. This supports the view that the 
heterobimetallic moiety is bonded to three carbon atoms 
of the organic chain. The high stability of the Fe-Co 
bond is suggested from the presence of 50-80% [FeCo]’ 
ions in all the spectra. For IIc and IId the presence of the 
-OH group is further corroborated by the observation of 
a fragment ion which constitutes loss of Hz0 from [M’]. 

The assignment of the ‘H NMR signals of 
FeCo(C0)6(H2CC2CHs) (IIb) is straightforward: the 
methylene group appears as two broad singlets of relative 
intensity 1 at 6 3.98 and 3.93 respectively, the methyl 
group as a singlet of intensity 3 at 6 2.69. This pattern 
remains unchanged as the temperature is increased up to 
+ 80°C; above this temperature decomposition of sample 
is observed. The room temperature ‘H NMR spectrum of 

FeCo(CO)&feCC2CMe20H) (IId) shows four methyl 
resonances (see Table 2); as the temperature is increased 
the two lowfield signals broaden and merge into a new 
resonance at + 45°C (AG’ = 74.4 kJ/mol) and on this basis 
we assign the two lowfield peaks to the -CMe*OH group. 
This dynamic process has to be related to a partially 
hindered rotation around the =C-CMe,OH bond. 
Similar arguments were used to assign the resonances in 
the other compounds prepared here. The 13C NMR 
spectra of the title compounds are quite similar: of the 
two quatemary acetylenic carbon resonances one is 
found in the spectral region typical of the Co&JO)& 
alkyne) complexes’8 and one in a lower field region 
(117.6-123.7 ppm) of the spectrum, which is assigned to 
the acetylenic carbon bonded to the carbon u interacting 
with the iron atom. This low field shift is indicative of a 
change from sp to sp’ hybridisation and suggests a 
delocalized bonding framework for the p2- n3 system. 
In Fig. 1 are shown the structures of Coz(CO)&- 
alkyne)’ (I) and Fe,(C0).&-butatriene)‘9 (III) co- 
plexes together with the proposed structure of the title 
compounds (II). Complexes I, II and III are isoelectronic: 
two, three and four carbon atoms are engaged in the 
bonding scheme with the bimetallic fragment and the 
organic chain acts as a four-, five- and six-electron 
donor. 

Although the chemical and spectroscopic evidence 
strongly support the proposed structure (II), several 
attempts were made to confirm it by X-ray analyses. 
However all were unsuccessful. In order to overcome 
crystallization problems the FeCo(CO)5(PPh)- 
(R,CC2CR’) derivatives were synthesized. The best 
result was achieved for R=H, R’=CH20H (WC), though 
also in this case the quality of the crystals was poor and 
the crystals were twinned. An accurate structure deter- 
mination was thus impossible, but the most significant 
features of the molecular structure could be extrac- 
ted. The proposed structure, shown in Fig. 2, is in 
agreement with that proposed on the basis of the spec- 
troscopic data (II). The organic ligand is o-bonded to the 
Fe atom through the terminal C(6) carbon and $-inter- 
acts with both the metal atoms (Fe-Co distance: 2.55 A) 
via the C(7)-C(8) bond. The triphenylphosphine group 
has substituted one carbonyl in an apical position on the 
cobalt atom. Similar regiospecific substitution of the 
phosphine for CO group in Co2(CO),(PR&-alkyne) 

Fig. 2. Proposed molecular shape of the compound FeCo(COb(PPh,) (H2CC2CH20H) WC). 
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derivatives has been reported on the basis of IR20 and 
13C NMR” data. The poor accuracy of the structural 
parameters hampers a detailed discussion of the molecu- 
lar structure. The Jcx values in the r3C! NMR spectrum 
of FeCo(CO),(H,CC,CH,OH) (UC) also supports this 
picture. In the proton-coupled spectrum two triplets are 
observed at 6 62.8 and 69.2. The first shows JCH = 
142 Hz consistent with an sp’ carbon bearing an electron 
withdrawing substituent (HO-C&), while the second 
shows Jo”= 161 Hz, suggesting a partial rehybridation 
towards an sp’ character (Fe-C&). Similar features are 
observed for the corresponding monophosphine deriva- 
tive @Ve) (see Table 2). 

In conclusion, we feel that the structure of the title 
compo~ds (IQ can be envisaged as the result of building 
up two halves obtained by dividing along the organic 
chain and the metal-metal bond the two homome~lic 
~mpo~ds (Il and (III). 

AR the ‘3C NMR spectra of the title complexes show 
two sets of CO abso~tions at room ~rn~ra~e: the 
sharp Fe-CO resonances lie in the range 211.5-209.0 ppm, 
the very broad Co-CO resonances in the 207.6 
201,Oppm region. This ass~ment is consistent with 
previous ob~rvations of mixed iron-cobalt clusters, 
showing that the COs bonded to Fe resonate at lower 
field than the Co bonded ones?’ In the VT ‘% NMR 
studies of ‘3C0 enriched samples of IIc and IId, lowering 
of temperature to -80°C results in a progressive shar- 
pening of the Co-CO resonances. It then follows that the 
broadening observed in room temperature spectra is only 
due to the moderately rapid quadrupolar relaxation in- 
duced by the Co nuclei (I= 7/2). On the other hand, in 
the same temperature range the Fe-CO resonance splits 
into three peaks of relative intensity ratio 1 : 1 : 1, whose 
weighted average chemical shifts are in good accord with 
the room temperature value (IIc, -5O”C, FeCO: 212.4, 
210.3,205.6; Ild, - 6O”C, FeCO: 211.9,209.4,206.7). 

At room temperature the carbonyls are locally 
exchanging at each “M(C0)3” unit, but only the scram- 
bling at Fe(CCQJ can be frozen in the low temperature 
limiting spectrum. On the contrary the room temperature 
r3C NMR spectrum of IVe shows three CO absorptions, 
one sharp at S= 211.5 and two very broad at 6=207.6 
and 205.5 of relative intensity ratio 3 : 1 : 1. It follows 
that the presence of the bilky ~phenylphosphine group 

quenches, even at room temperature, the localized 
exchanged process at the Co(CO), unit. Owing to the 
broadening of these two resonances, no JcP could be 
extracted. 
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