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Abstract 

“Ab i&o” calculations have been performed on the model systems 
Fe(CO),(PH,),(r12-COz), Fe(CO),(PH,),(r12-COS), Fe(CO),(PH,),(n2-CM in 
order to investigate the nature and energetics of the interaction between iron and 
C02, COS, (2%. The results suggest that the main bonding interaction between the 
fragment Fe(CO),(PH,), and the unsaturated molecule is the a-back-donation 
from the transition metal to the r-acceptor ligand and that the strength of the 
coordination bond increases in the order CO2 < COS < C&. Partial geometry 
optimizations obtained by gradient calculations show that carbonyl sulphide prefers 
the n2-C,S rather than the q2-C,O coordination mode because of the increased 
Ir-back-donation. 

The study of the system Fe(PH,),(n2-CO,) reveals that the presence of donor 
ligands, such as phosphine, by increasing the electronic population at the metal 
centre, enhances the s-back-donation and thus the strength of the interaction. 

Introduction 

Activation of carbon dioxide, which is potentially the most abundant source of 
C, compounds may be reasonably expected to be brought about by transition metal 
catalysis. Despite considerable research, however, formation of carbon dioxide 
complexes is quite rare, and their chemistry is limited to a small number of 
compounds [l-8]. Although CS, is structurally very similar to CO2 its behaviour 
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towards metal centres is so different that it would be interesting to study the 
interaction of the two compounds with the same metallic fragment in order to 
elucidate the origins of this difference, and this was the objective of the present 
work. The species COS, which is expected to have mixed properties, is also 
examined. Recently two theoretical studies on the interaction of carbon dioxide and 
carbon disulphide with a nickel fragment have appeared [lO,ll] and both imply that 
the side-on bonding interaction is the most favorable. Moreover, an accurate 
analysis of such a bonding mode led to the conclusion that, contrary to what is 
expected for the classic Chatt-Dewar-Duncanson model [12], the predominant role 
is played by Ir-back-donation, and o-donative interaction may be irrelevant or 
absent. 

To our knowledge, no “ab initio” MO investigations have been reported on 
transition metal complexes with carbon disulphide and carbonyl sulphide. In this 
paper we investigate the relative stabilities of the three model systems 

Fe(CO),(PH3)2(n2-C02), Fe(CO)2(PH,)2(~2-COS), and Fe(CO),(PH,),(n*-CS2) 
by “ab initio” MO calculations. Such a comparison should allow evaluation of the 
role of the heteroatom (0 or S) in forming stable complexes. The most closely 
related known complexes that can be found in the literature are Fe(CO),- 
(PMe,)(PPh,)(q*-CS,) [13] and Fe(PMe,),(CO,) [3]. The existence of the latter is 
taken as justification for our use of Fe(PH,),(n*-CO,), as a model for investigating 
the effects of ligand substitution in the case of coordination of CO,. 

Computational details 

Basis sets 
Two Gaussian basis sets, hereafter denoted as I and II, were employed throughout 

this work. In basis I, the functions for iron were derived from Huzinaga’s MINI-4 
basis [14], by splitting the outermost s and d functions. The MINI-l basis [15,16] 
was used for the phosphorus atoms and the carbonyl groups, and a (2s) contraction 
[15] of Van Duijneveldt’s (4s) primitive set [17] was used for the phosphine 
hydrogens. For the component atoms of carbon dioxide, carbonyl sulphide, and 
carbon disulphide, Dunning’s basis set [18,19] of double zeta quality was employed. 
All geometry optimizations described in this work were conducted using this basis. 
Subsequent single point SCF calculations at the optimized geometries were per- 
formed with the more extended basis II. Here the s,p basis for iron was taken from 
the (12s6p4d) set of ref. 20, with the addition of two basis functions to describe the 
4p orbital [21], while the Fe d basis was the reoptimized (5d) set of ref. 22, 
contracted (4/l). This leads to an (llsSp5d) primitive basis for iron, contracted 
(8s6p2d). A double zeta expansion was used for all ligand atoms, with a (4s/2s) 
basis for H [18], a (9s5p/4s2p) contraction for carbon and oxygen [18], and an 
(lls7p/6s4p) contraction for phosphorus and sulfur [19]. 

The reliability of such basis sets was confirmed in an earlier study of the 
interaction between iron and formaldehyde [23]. In particular, the basis set super- 
position error was evaluated as described by Boys and Bernardi [24] and found to be 
acceptably small (3.9 kcal mol-’ with basis I, 4.6 kcal mol-’ with basis II). 

MO method 
“Ab initio” spin restricted Hartree-Fock SCF gradient calculations were used in 

partial geometry optimizations of the four complexes Fe(C0) 2 (PH, ) 2 ( n*-CO2 ), 
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Fe(CO),(PH,),(v’-COS), (n2-C,O bonded and q2-C,S bonded) and Fe(PH3)4(q2- 
C02) and in deriving estimates of the binding energies of all the complexes with 
respect to free CXY (with X, Y = 0 and/or S) and fragment species. 

All computations were performed using the GAMESS program package [25], 
implemented on the cluster of FPS-164 processors at the IBM European Center for 
Scientific and Engineering Computing (ECSEC, Rome). 

Geometries and geometry optimization 
In all the calculations described here we confined our attention to geometries 

involving side-on coordination of the CXY molecule. The study of Morokuma et al. 
[lo] together with experimental results [26] has shown that the end-on coordination 
mode is preferred only when the metal atom has a considerable positive charge. On 
the other hand, C-coordination has been observed only in the compounds Co(n-Pr- 
salen)K(CO,)(THF) [2], Rh(diars),Cl(CO,) [8], and it is probably present in 
Ir(dmpe),Cl(CO,) [27]. Hoffmann et al. [ll] suggest that this coordination mode 
occurs when “the metal atom is electronically saturated by its coligands and the 
fragment has a free coordination site”. For the iron(O) unsaturated fragments 
Fe(CO),(PH,), and Fe(PH,),, with two potentially coordination sites free, only 
the side-on coordination mode has been considered. 

Partially optimized structures of the complexes under investigation are shown in 
Table 1. All the compounds can be viewed as either a distorted trigonal bipyramid 
with a 5-coordinate iron atom, or a distorted octahedron with a 6-coordinate iron 
atom, depending on whether the unsaturated ligand CXY is considered to be 
monodentate or bidentate. The iron atom is bonded to two mutually trans phos- 
phines in axial sites and to two carbonyls (or two phosphines) and CXY in 
equatorial sites. The geometries of the Fe(CO),(PH,), and Fe(PH,), fragments 
were taken from ref. 23 and kept frozen during the optimizations. 

All the geometrical parameters involved in the interaction Fe-CO2 in the 
compounds Fe(CO)2(PH,)2(~2-C02) and Fe(PH3)4(u2-C02) as well as those rela- 

Table 1 

Optimized geometries of the systems under investigation. Bond lengths in A, angles in O. 
Fe(CO)2(PH3)2(q2-CS2) geometry has been deduced from the experimental structure of 
Fe(C0)2(PMe,)(PPh,)(q2-CS,) (See text) 

P”3 
co I c/o2 

'F/I 
co'1 '0, 

PH3 

Fe-C I.842 

Fe-O, 2.124 

c-o, 1.247 

C-O2 I.217 

‘o,-c-02 140.5 

,C-Fe-CO 96.0 

P”3 
co I c 

'F/l 
co'1 '0 

P"3 

Fe-C 1.652 

Fe-0 2.101 

c-o 1.230 

C-S 1.669 

‘O-C-S 139.0 

‘C-Fe-CO 96.9 

.S 
P"3 co,l ,CMO 

/Fe,' 
co 1 5 

P"3 

Fe-C ,.857 

Fe-S 2.157 

C-S 1.767 

c-o 1.202 

‘s-c-o 136.0 

,C-Fe-CO 94.3 

P"3 
co I c---S2 

'F/I 
co'1 '5, 

PH3 

PH3 
P"3,)e,y'"' 

PHf ( '0, 

PN3 

Fe-C 1.963 Fe-C 1.792 

Fe-S, 2.335 Fe-O, 2.,86 

c-s, 1.676 c-o, I.256 

c-s2 I.615 c-o2 t.234 

‘S,-C-S2 138.9 ‘O,-C-Oz 137.3 

LC-Fe-CO 92.3 &-Fe-Pm3 95.0 
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tive to the interaction Fe-COS (with the carbonyl sulphide n*-C,O and n*-C,S iron 
bonded) were optimized. The reliability of such calculations was checked in an 
earlier study on the compound Fe(CO),(PH,),(n*-CH20) [23] by comparing the 
experimental and optimized structures. In the compounds Fe(CO),(PH,),(n*-CO,) 
and Fe(PH3)4(n2-C02), the calculated Fe-C bond lengths (1.842 A and 1.792 A, 
respectively) are shorter than the corresponding Fe-O bond lengths (2.124 A and 
2.188 A, respectively) and this feature is in agreement with the experimental 
structure of the known carbon dioxide-transition metal complexes, where CO2 is 
n*-C,O bonded to the metal. Thus the M-C and M-O bond lengths are 1.84 and 
1.99 A in [Ni(PCy,),(n*-CO,), 0.75 (C$Hs)] [4]; 2.112 and 2.160 A in 
[(C,H,),Mo(n*-CO*)] [5]; 2.144 and 2.173 A in [Nb(n-C5H,Me),(CH2SiMe,)(n2- 
CO,)] [7]; 2.105 and 2.147 A in [MqPMe,),(CNPr’)(q*-C02),] [6]. The C-O bond 
lengths are calculated to be 1.247 A in Fe(CO),(PH,),(q*-CO*) and 1.258 A in 
Fe(PH,),(n*-CO*), and these values are comparable with those observed in the 
complexes with CO*, which lie between 1.22 and 1.29 A [4-71. The angles OCO are 
calculated to be 140.5O in the dicarbonyldiphosphine compound and 137.3O in the 
tetrakis(phosphine) compound, and these values are slightly greater than the experi- 
mental ones, which are around 133” [4-71, but they are very close to the optimized 
value for the model system Ni(PH,),(n*-CO,), which is 139O [lo]. The bond angles 
and distances relative to the interaction Fe-CS, in the complex Fe(C0)2(PH,)2(n2- 
CS,) were taken directly from the experimental structure of Fe(CO),(PMe,)- 
(PPh,)(q*-CS,) [13]. The experimental geometries of CO,, COS, and CS2 were used 
for the the free molecules [28]. 

In considering the electronic structures of the isolated fragments Fe(CO),(PH,), 
and Fe(PH,),, we took the geometries to be equal to those in the complexes. 
Dissociation to these fragments may lead to either singlet or triplet products. In a 
previous study [23], configuration interaction calculations on the complex 
Fe(CO),(n*-CH,O) led us to suggest that fragmentation of that complex leads to 
singlet products, given the S,, --, Ti value of 71.9 kcal mol-’ for free formaldehyde 
[28]. The S,, + Tt value for free carbon disulphide is 74.7 kcal mol-’ [28], and that 
for free carbon dioxide is 113 kcal mol-’ [29]. We can thus assume with some 
confidence that fragmentation of the complexes under examination will lead 
to singlet products, though the structure of the coordinated CS, in Fe- 
(CO),(PMe,)(PPh,)(q*-CS,) has been related to the 3A2 excited state geometry of 
cs, [13]. 

Results and discussion 

Study of the interaction between Fe(CO),(PH,), and CO,, COS, CS, 
The total SCF energies of the complexes and fragments under investigation, 

together with estimates of the interaction energies, are listed in Table 2. We start our 
analysis with the complexes Fe(CO),(PH,),(n*-CO*), Fe(CO),(PH,),(n*-COS) 
(n*-C,S bonded), and Fe(CO),(PH,),(n*-Cq). Bond formation between iron and 
heterocumulene can result either from a substitution reaction (eq. l), or from an 

Fe(CO),(PH,),L + CXY + Fe(CO),(PH,),( n*-CXY) + L (1) 
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addition to a “hot” metallic fragment (eq. 3) thermally or phot~he~~y gener- 
ated in a previous stage (eq. 2). 

FefCO)dPI% j2J- hv “Fe(C0)2(PH,),” + L (2) 
“Fe(CO)~~PH~)*“+ CXY + Fe(CO)~(PH~)~( $-GE) (3) 

The binding (or interaction) energy between the metal and the heterocumuleue is 
that related to reaction 3. Since we use frozen-geometry fragments and partially 
optimized complex geometries, we expect our calculated interaction energies to 
overestimate the true fra~entation energies of the complexes, but this should not 
unduly affect our comparative analysis. 

The binding energies are calculated to be - 26.2, - 35.8, - 39.1 kcal mol-’ with 
basis I, and -19.5, - 44.7, - 50.9 kcal mol-’ with basis II, for the three complexes 
Fe(CO),(PH,),($-COZ), Fe(CO),(PH,),(n*-COS) (q*-C,S bonded), Fe(CO),- 
(PH3)2(q2-C&), respectively (Table 2). To attempt an interpretation of these data 
we must first analyse the bond structure of the complexes as revealed by our 
c~culations. A useful way of ~derst~~g the nature of the metal-CXY bond is 
provided by the correlation of the molecular orbitals of the complex with those of 
the fragments. Figure 1 shows such a correlation diagram of the orbitals of 
Fe(CO),(PH,),(q2-COz) with those of the singlet fragments, only the main correla- 
tions being shown. To show the effects of CO, distortion upon complex formation, 
the orbital energy levels of free CO2 at both the ~~b~~ geometry and for a C, 
geometry of the complex are shown in the Fig. 1. It can be seen that the orbitals 
mainly involved in the iron-carbon dioxide bonding are the 37u’, 38a’, and 39~’ 
orbitals, while 17~” is a non-bonding orbital localized on the CO*. The 37~’ and 
38~’ molecular orbitals originate from the interaction of the filled orbitals 
Fe(C0)2(PH,)2-19a, and C02-%r’(llr,). This is a four electron destabilizing interac- 
tion. Effective bonding, therefore, is concentrated in the 39a’ orbital, which is the 
bonding combination of ~~CO)2(PH~)2-ll~2 (hereafter denoted by d,), and the 
virtual orbital of CO,, lOa’(2q) (hereafter denoted by Q*). The former orbital is 
predominantly Fe-d,, in character (the Fe-CO, moiety lies in the xy plane). Thus 
the main bonding interaction is the a-back-donation from the metal atom to the 
unsaturated ligand. Such a result seems to support further the conclusion that the 
coordination of a >C=X functionality to a metal site has to be regarded as the 
consequence of an efficient n-back-donation, rather than as in a Chatt-Dewar- 
Duncanson model, in which the L --) M u-donation also makes a significant contri- 
bution. Figure 1 shows also that the CO, distortion upon coordination lowers the 
V* orbital energy and reduces the gap between this orbital and the fragment d, 
orbital. The distortion of CO, therefore implies an increased n-back-donation. 

The other complexes show the same bonding picture: the main bonding orbital is 
always the overlap between the Fe(C0)2(PH,),-d, and the ligand-?r* orbitals. 
Thus, the main bonding interaction is the ~-back~onation from the metal atom to 
the unsaturated ligand. 

The interaction energy increases in the order CO2 < COS < CS,, suggesting an 
increase in the Ir-back-donation. This is confiied by Mull&en ~p~ation analysis, 
shown in Table 3 for basis II calculations, which assigns a negative charge of 0.52, 
0.56, and 0.64 to CO,, COS, and C&, respectively. This trend in the ?r-back-dona- 
tion is in agreement with the n* orbital energies of the distorted ligand, shown in 
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Table 2 

Total SCF energies (hartree) and binding energies (kcal/mol) of the analysed systems 

COMPLEX BASIS I BASIS II 

/C--O 
Fe(CO)2(PH3)2,; 

,c--s 
Fe(CO),(PH3~,,~ 

C/O 
Fe(CO),(FH,)./~ 

/C--S 
FeK0)2(PH3)2,; 

/C/O 
Fe(PH3)4, 1, 

FRAGMENT 

cO2 

cos 

cs2 

BINDING ENERGIES 

/C/O 
Fe(C0)2(PH3)2,; 

,CRS 
Fe(C0)2(PH3)2A~ 

-2350.4204 -2359.6477 

-2673.0489 -2682.2803 

-2673.0567 -2682.3087 

-2995.6767 -3004.9334 

-2808.0440 -2819.0490 

-2162.8254 

-2620.3905 

-107.5533 

-510.1742 

-832.7890 

-26.2 

-30.9 

-35.8 

-39.1 

-63.4 

-2172.0633 

-2631.3902 

-187.5533 

-510.1742 

-832.7890 

-19.5 

-26.9 

-44.7 

-50.9 

-61.2 
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Fig. 1. Molecular orbital correlation diagram of Fe(CO),(PH&(&CO& 

Table 3, which are 0.0055, -0.0137, and -0.0187 au, and with the experimental 
electron affinities of the CXY ligand, which are -0.6, 0.46, and 1.0 eV, for CO,, 
COS, and C$, respectively [la]. 

We notice that the calculated interaction energy is greater for basis II than for 
basis I, for Fe(CO),(PH,),(q*-COS) (q2-C,S bonded) and Fe(CO),(PH,),(q2-Cq), 
but the order is reversed for Fe(CO),(PH,),(q2-C02). The greater strength of the 
Fe-CXY bond in the carbonyl sulphide and carbon disulphide compounds can be 
explained by the better description of the iron atom achieved with basis II. The 
resulting increased electron density at the metal centre must imply a more pro- 
nounced back-donation towards the unsaturated ligands. On the other hand, since 
basis II also provides a better description of the carbonyl groups, the weaker 
Fe-CO, bond could be due to a competition towards a-back-donation between CO2 
and CO, almost absent in basis I calculations because of the different description of 
the orbitals of these ligands. 

A common feature of the analysed compounds is the strongly distorted geometry 
of the coordinated CXY ligand. As previously mentioned, this can be seen from the 
B* orbital energies of the ligands, which are 0.1723,0.1084, and 0.0557 au for C02, 
COS, and CS, in the equilibrium geometries and become 0.0055, -0.0137, and 
-0.0187 au for the ligands in the distorted geometries. The deformation of the 
ligands, therefore, lowers the 8* orbital energy and reduces the gap between this 
orbital and the d, fragment orbital. The better overlap between the two interacting 
orbitals increases the a-back-donation and the strength of the Fe-CXY interaction. 
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The energy required by the ligand deformation is more than compensated by the 
increased interaction energy. 

In all the compounds studied the carbon atom exerts a type of truns-influence 
stronger than that exerted by the oxygen or sulfur atom, as is indicated by the 
overlap populations reported in Table 3. Indeed, the Fe-C overlap population trans 
to the carbon atom is 0.05, 0.06, 0.09; the Fe-C overlap population frans to the 
oxygen (sulfur) atom is 0.17, 0.15, 0.13 in the complexes with CO,, COS, C$, 
respectively. Finally it should be noticed the slightly negative charge (- 0.04) on the 
uncoordinated sulfur atom in the CS, compound, which shows its nucleophilic 
character, as is confirmed by the fact that it undergoes alkylation with a variety of 
electrophiles [13]. 

Coo<dination bonding mode of the carbonyl sulphide 
The two possible side-on coordination modes of COS, $-C,O and n2-C,S, were 

analysed and the binding energies, reported in Table 2, are calculated to be -30.9 
and - 35.8 kcal mol-’ with basis I and - 26.9 and - 44.7 kcal mol-’ with basis II, 
for q2-C,O and q2-C,S coordination, respectively. Our analysis thus suggests that 
COS prefers the n2-C,S coordination, in agreement with the experimental evidence 
that no T)~-C,O coordinated carbonyl sulphide complexes have so far been isolated. 
The main bonding interaction, as deduced from the orbital analysis, is the IT- 
back-donation from the metal to the unsaturated ligand and the strength of this 
interaction increases as the overlap between the Fe-d,, and the COS-a* orbitals 
increases. Indeed, the ?T* orbital energies of carbonyl sulphide calculated at the 
distorted geometries of the complexes are -0.0099 au for n2-C,O coordination and 
-0.0137 au for n2-C,S coordination (see Table 3), indicating a stronger a- 
back-donation in the latter coordination mode. On the other hand, Table 3 shows 
that in the basis II calculation the Mulliken population on COS is calculated to be 
slightly smaller for q2-C,S coordination (30.56) than for v2-C,0 coordination 
(30.70), while the opposite is true for the basis I calculation (30.85 for n2-C,S and 
30.81 for n2-C,O). This could be attributed to the fact that some contribution to the 
interaction between the iron fragment and the unsaturated ligand also arises from 
the ligand-to-metal u-donation and this tends to decrease the total population on 
the ligand, while the a-back-donation tends to increase it, Since the u-donation 
must mainly involve the iron 4s,4p shell [ll], which is poorly described by basis I, 
the results obtained with this basis set are expected to underestimate the u-donation. 
The results of the basis II calculation thus seem to suggest that the a-donative 
interaction, as well as the Ir-back-donation, is also stronger in q2-C,S coordination 
mode. 

The interaction energy of the compound Fe(CO),(PH,),(n2-COS) (n2-C,O 
bonded) is lower when basis II is used because of the competition towards 
s-back-donation between q2-C,O bonded COS and CO, while that of the q2-C,S 
compound is increased because of the better description of the transition metal 
orbitals, as noted in the previous section. Finally the high, albeit overestimated, 
interaction energy of Fe(CO),(PH,),(n2-COS) (n2-C,S bonded) suggests that the 
non-existence of the carbonyl sulphide analogue of Fe(C0) ,(PMe, )(PPh, )( s2-CS, ) 
must be ascribed not to a relative instability of the Fe-COS coordination bond but 
to the presence of competitive reactions, such as carbonylation processes or abstrac- 
tion of sulfur [la]. 
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Ligand infruence on the Fe-CO, moiety 
The binding energies of the compound Fe(PH3)4(n2-C02) are calculated to be 

-63.6 and -61.2 kcal mol-’ with basis I and basis II, respectively, as shown in 
Table 2. Analysis of the molecular orbitals shows that the main bonding interaction 
is the s-back-donation from the transition metal to the unsaturated ligand, as 
confirmed by the Mull&en analysis data shown in Table 3, which show a population 
of 22.73 on the carbon dioxide molecule. It is of interest that the Fe-CO2 
interaction causes a decrease of the iron-3d population, mainly due to the IT- 
back-donative process. 

A comparison between the fragmentation energies of Fe(CO),(PH,),(n*-COz) 
and Fe(PH3)4(~2-C02) shows that the replacement of carbonyls by phosphines 
involves a strong increase in the binding energy, which can be accounted for in 
terms of increased a-back-donation in the tetrakis(phosphine) compound. The 
fragment orbital Fe-d, lies at - 0.2657 au in Fe(CO),(PH,), and at - 0.1647 au in 
Fe(PH,),, while the CO*-lr* orbital energy is 0.0055 au in free CO, at the distorted 
geometry of the complex Fe(CO),(PH,),(n*-CO,) and -0.0089 au for CO, with 
the same geometry as in the complex Fe(PH3)4(r12-C02). Thus the replacement of 
carbonyls by phosphines involves an increase in the overlap between the two 
interacting orbitals, and the deformation of the CO, geometry enhances this effect. 
The Mull&en analysis results are in agreement with the increased a-back-donation 
in the tetrakis(phosphine) compound, showing a population of 22.52 for CO, in 
Fe(CO),(PH,),(q2-CO,) and 22.73 for CO, in Fe(PH3)4(n2-C02). 

It is interesting to compare the distorted geometry of the carbon dioxide in the 
two complexes under analysis. In the tetrakis(phosphine) compound the geometryof 
the CO2 is much more distorted, as is shown from the values in Table 1; the 
deformation energy required for this distortion, however, is more than compensated 
by the increased interaction energy. Finally the values of the Fe-C and Fe-O bond 
lengths in the two complexes suggest that the Fe-C bond is stronger than that 
between iron and oxygen, and this is confirmed by the overlap populations, which 
are 0.18 and 0.03 for Fe-C and Fe-O in Fe(CO),(PH,),(n*-CO*) and 0.25 and 
0.02 for Fe-C and Fe-O in Fe(PH,),(n*-CO,). 

Conclusions 

A study at “ab initio” LCAO-MO-SCF level of the systems Fe(C0)2(PH,)2(n2- 
CO,), Fe(CO),(PH,),(q*-COS), and Fe(CO)2(PH,)2(n2-CS2) has shown that the 
main bonding interaction between the fragment Fe(CO),(PH,), and the un- 
saturated molecule CXY is the a-back-donation from the transition metal to the 
s-acceptor ligand and that the strength of this coordination bond increases in the 
order CO, < COS < CS2, in agreement with the r* orbital energies of the distorted 
ligands. Moreover, the Ir-back-donation is the driving force for the ligand deforma- 
tion, which allows a better overlap between the Q* ligand and the d, iron orbitals 
and so leads to an increased interaction energy. 

The n*-C,S coordination mode of the carbonyl sulphide is preferred over the 
TI*-C,O mode because of the increased r-back-donation, in keeping with the fact 
that no q*-C,O carbonyl sulphide-transition metal complexes have been so far 
isolated. 
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The study of the complex Fe(PH,),(n’-CO,), a model system for the known 
compound Fe(PMe,),(CO,) [3], has shown that the presence of donor ligands such 
as phosphine, by increasing the electron population at the metal centre, enhances 
the n-back-donation and hence the strength of the interaction. 
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