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SUMMARY 

The ditertiary phosphine and arsine ligands L= (C6H5)aP(CH2)nP(C6H5)2 
(n= 1,2,3), c~~-(C~H&PC~H~P(C~H~)~, (C6H5)2PN(C2H5)P(C6H5)2 and (C,H&- 
As(CH)~,,AS(C~H& (II= 1, 2) h ave been shown to react with tetracarbonyldi-z- 
cyclopentadienyldiiron in benzene when the solution is refluxed or irradiated with 
ultraviolet light at room temperature to afford derivatives of the type [n-C,H5Fe- 
(CO)lzL. Analogous products are similarly obtained from the reactions of (C6H&- 
p(CH,),P(C,H,), (n= 19% c~~-(C~H,)~PC~H~P(C~H.& and (C6H&PN(C2HS)P- 
(C,H& with [n-CH3C5H4Fe(C0)2]2. On the basis of infrared spectroscopic evi- 
dence it is shown that the two terminal carbonyl groups in [7t-RC5H4Fe(CO),J2 
(R=H, CH,) h ave been replaced by these donor ligands and a structure for the new 
products is proposed. The infrared and nuclear magnetic resonance spectra are 
discussed. 

Although the substitution reactions of metal carbonyl derivatives have been 
extensively studied, interest has been directed towards those involving mononuclear 
carbonyls. Reactions of neutral dinuclear carbonyl compounds with in particular 
ditertiary phosphine and arsine Iigands have received much less attention’. Derivatives 
in which the “diphosphine” or “diarsine” ligand behaves as a monodentate have been 
isolated from these latter reactions. However, for the majority of products obtained 
from the dinuclear carbonyls the ligand acts as a bidentate and these products may 

* For Part 1 see ref. 13. 
H A preliminary communication of some of this work has been presented; Chem. Commun., (1968) 611. 
*f, Taken in part from the M.Sc. thesis ofA.L. du Preez presented to the University of Pretoria, Pretoria, 
November 1968. 
- To whom correspondence concerning this publication should be addressed. 
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in general be-classified into four types, uiz- : 
(i) neutral dinuclear 

(ii) neutral mononuclear 
(iii) ionic 
(iv) bridged polynuclear compounds. 

Replacement of carbonyl groups bonded to the same metal atom by the chelating 
ligand leads to products of type (i). These compounds are symmetric or asymmetric 
depending on the degree of substitution. Pertinent examples of this type include 
(CO),Fe(MR&Fe(CO)Diph OS* [M=P, R=CH3, x=2 (ref. 2); M=S, R=C7Hs, 
C,H,, X= 1 (ref. 3)], (CO),Mo[P(CH,)2],Mo(C0)2Diphos’*”, (CO),Mn(SeC,H&- 
Mn(CO),Diphos’ and [Re(CO),DiphoslZ6 obtained from the reaction of (C6HJ2- 
PC,H4P(C6H& with fFe(CO),MRX12, [Mo(CO),P(CH,)&, [Mn(CO),SeGI-& 
and Re,(CO),, respectively. The second type of product is formed as a result of 
symmetric cleavage of the metal-metal bond in the parent compound on substitution 
of the carbonyl groups by the l&and. The paramagnetic compounds Re(C0)3- 
Diphos, Re(C0)2Diphosz, Re(CO)DiphosZ6, Mn(CO),Diphos, Mn(CO)Diphos2’ 
and Mn(CO),Diars**ff, isolated from the reactions of Re,(CO),o and Mn2(CO),, 
with the appropriate ligand, fall into this category_ Several dinuclear carbonyl com- 
pounds have been shown to disproportionate on reaction with ditertiary phosphine 
ligands and to afford ionic derivatives consisting of a substituted cation and an 
unsubstituted anion [type (iii) product]. For instance it has been established that 
the reactions of [r-C5HSFe(C0)2]2 with (CH&PC2H4P(CH&’ and [z+H,- 
Mo(CO),], with R2PC2H,PR2 [R=CH,, n=4 (ref. 9); R=C,H,, tt=Z (ref. 9), 
4 (reK 9, IO)] yield [n-C5H5Fe(CO)(CH&PC,H,P(CH,),] [7-c-CSHSFe(CO)z] and 
[x-C,H~MO(CO)~R~PC~H,PR~] [-rr-C,HsM~(CO),] p t res ec ively. Productsin which 
the l&and bridges two molecules have also been isolated from the reactions of several 
dinucIear carbonyls with ditertiary phosphines. These type (iv) compounds are form- 
ed as a result ofthe substitution ofcarbonyl groups on different metal atoms in different 
molecules by the ligand. The compounds (Fez(C0)5[P(CH3jJZ)z(CsH5)zPCzH,- 
P(C&I&‘, ([Mo(CO),P(CH3)r],(C~HS)IPC,H,P(CsHs)z), (m >2)4 and (Cal- 
(CO)~C(C,H~)I?PC~H~P(C~H~)~~~) L-WCO)412’ obtained respectively from the 
reactions of [Fe(CO),P(CH,),12, [Mo(CO)~P(CH,),], and Co,(CO), with (C6H&- 
P(CH&P(&H& (n=2 or 4), may be classified as this type. 

As an extension to our studies on the chemical reactivity of [7c-C,H,Fe(C0),]2 
we have studied its reactions, together with those of [rr-CH,C,H,Fe(CO)z]z with 
various ditertiary phosphine and arsine ligands and have obtained a new type product. 
RESULTS AND DISCUSSION 

A previous study has shown that under extreme conditions i.e. at temperatures 
greater than 160°, (C6H.J2PC2H,P(C,H,), reacts with [7c-C5H5Fe(CO)J2 to repIace 
the cyclopentadienyl group and to afford Fe(C0)&,H&PCZH4P(C6H& in low 
yield”. It is now established that under milder conditions carbonyl and not cyclo- 
pentadienyl substitution is effected by (C,H&PC2H4P(CsH& and related ligands. 
In particular it was noted that by refluxing benzene solutions of [7c-C5H,Fe(C0)J, 

l Diphos=(C,H,)2PCH2CHIP(C,H,),. 
* Diars=o-C,H,[As(CH&-JZm 
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and the ditertiary phosphines L= (C,H&P(CH&P(C6HJZ (n= 1, 2, 3), cis-(C,H& 
PCZH2P(CBHS)I and (CsHS)2PN(C2H5)P(C,H,)_ , or by irradiating solutions of 
these reagents with ultraviolet light at room temperature, products of the type 
[7r-C,H5Fe(C0)]1L are obtained. Analogous derivatives containing the ditertiary 
arsine ligands (C6H5)2As(CHz)nAs(C6H5)2 (n= 1, -) 3 were also isolated .but these 
could only be synthesised photochemically. Further it was observed that similar 
products could be obtained by reacting [~-CH3C5H4Fe(C0)2]Z with the ligands 
(CsH5)2p(CH2)np(C,H,), (II= 1,2), c~s-(C~H&PC~H~P(C~H~)~ and (C6H&PN- 
GHs)W,HS), - in refluxing benzene. These latter reactions are considerably slower 
than those involving [n-C,H,Fe(C0)2]2 however. 

These substituted derivatives of Ix-RC5H,Fe(CO),], (R=H, CH3) aresoluble 
in benzene and dichloromethane but insoluble or very slightly soluble in acetone, 
ethanol, cyclohexane and petroleum ether. Apart from [n-C5H5Fe(CO)],(C,H,),- 
As(CH,),As(C,H,), (II= 1,2) they are stable in solution under an atmosphere of 
nitrogen but not air. The two “diarsine” derivatives are particularly unstable in solu- 
tion at higher temperatures and this would explain the inability to obtain products 
from the reactions of [7c-C5H,Fe(CO)_]_ , , with the two “diarsine” ligands in benzene 
under reflux conditions or to isolate [7c-C,H,Fe(CO)]I(C,H,)~AsC,H,As(C,H,), 
in pure form-All of the derivatives which were isolated pure were found to be air stable 
in the crystalline state. 

The chemical composition of the new compounds was established by elemental 
analysis and from a comparison of the integrated intensities of the cyclopentadienyl 
and ligand proton peaks in the NMR spectra. The compounds are diamagnetic as 
demonstrated by the sharpness ofthe NMR spectral peaks while conductance measure- 
ments show them to be neutral. Powder X-ray diffraction studies on [n-C,H,Fe- 
(CO)]&H5)2P(CHZ)nP(C6H5)2 (it= 1,2,3) indicate them to be isomorphous. 

The infrared spectra of the compounds of the type [x-RC,H,Fe(CO)],L* 
(R = H, CH3) contain bands in the C-O stretching region corresponding to bridging 
carbonyls only ; there are no peaks that can be associated with terminal carbonyls. 
Further a single cyclopentadienyl proton resonance is observed in the NMR spectra 
of the substituted derivatives of C7r-C,H,Fe(CO),],. Based on the spectroscopic 
evidence and the physical data presented above it is evident that the ditertiary phos- 
phine and arsine ligands replace the two terminal carbonyl groups in [n-C,H,Fe- 
(CO)J2 and afford a novel type of product in which the ligand is bonded to two differ- 
ent metal atoms of the parent molecule. The structure proposed for these type of com- 
pounds is represented in the figure; the cyclopentadienyl groups must necessarily 
assume “cis” positions because of the stereochemistry of the ligand. A similar type 
Structure is ako proposed for the bis-substituted derivatives of [x-CH3C5H,Fe- 
(CO)J2- The NMR spectra of these compounds [n-CH,C5H4Fe(C0)]2L are anoma- 
IOUS but are neverthe!ess consistent with the major isomers in solution existing in this 
form. These spectra will be discussed later in the text. An alternative structure in- 
volving the tetranuclear species [~-RC,H,Fe(CO)]4L, in which the two ligands 
bridge the two [n-RC5H4Fe(C0)]_ , moikties was eliminated from consideration of 
the molecular weight measurements. Interestingly this type of structure has been 
observed for [Mo(C~)~P(CH~)~]~[(C,H~)~PC~H~P(C~E!~)~]~~. 

* L=ditertiary phosphine or arsine ligand. 
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Crystallographic studies have shown that the two iron atoms and the two 
bridging carbony groups in [n-CSH,Fe(CO)& are coplanar’2. Assuming that a 
similar coplanarity exists for these groups in [rr-RC,H4Fe(CO)12L (R=H, CHJ 
and further that the ditertiary phosphine and arsine ligands as well as the cyclopenta- 
dienyl rings may be treated as point groups, compounds of the type [n-R&H&e- 
(CO)lZL with structure as shown in the figure will belong to the point group C,,. 

Specimen copy 

w5 =d% 

Fig. 1. Proposed structure for the compounds of the type [~-RC5H,Fe(C0)]2(C,H,),MR’M(C,H,)L 
(R=H, CH,: M = P, As) showing the stereochemistry of the iron atoms only. 

Two infrared-active bridging carbonyl stretching modes (A, +B,) are predicted for 
this point group. The A 1 mode will be expected to be of zero intensity for a structure 
containing planar carbonyl groups, however. The infrared spectra of the derivatives 
cn-RCsH4Fe(C0)]2L in solution exhibit two peaks in the bridging carbonyl region 
but the peak at higher frequency is extremely weak compared with the low energy 
band. It is thus apparent that in solution these bis-substituted compounds contain 
the group 

.e/2\ 
\,/” 

0 

in a planar or very near planar configuration. The intensity of the A i mode is consider- 
ably enhanced in the solid state spectra ofthese derivatives, however. This is particular- 
ly true of the products [x-C,H5Fe(C0)]2L where L= (C6H5)1PCHZP(C6H5)2, 
(C6H5)2PC,H2P(C6H5)2 and (C6H5)2A~CH,A~(C6H,)2. The relative intensities of 
the Al and B1 modes vary considerably with change in ligand and it is thus suggested 
that the activation of the A, mode results from a deviation of the carbonyl groups 
from planarity. 

The formation of the b&substituted derivatives is expected to occur through 
intermediates in which only one carbonyl group in [rc-RC,H,Fe(CO)2]1 (R=H, 
CH,) has been replaced by the ditertiary phosphine or arsine ligands. By monitoring 
the reactions of [rc-RC,H,Fe(CO)& with the various chelating ligands by means 
of infrared spectroscopy it was observed that intermediate products were formed 

J. Organometal. Chenl., 21 (1970) 181-193 
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whose C-O stretching peaks decreased in intensity with the formation of [rr-RC,H,- 
Fe(CO)]?L. As shown in Table 3 the frequencies of these bands correspond with those 
of compounds of the type (7r-C5H,),Fe,(C0)3L (L = tertiary phosphine) containing 
one terminal and two bridging carbonyl groups. This suggests that the formation of 
[rr-RC5H,Fe(CO)],L occurs by stepwise loss of the terminal carbonyl groups in 
[x-RC,HSFe(CO)2]2. Attempts to isolate the “mono-substituted” intermediates 
proved unsuccessful, however. Irrespective of the ligand to parent carbonyl ratio and 
the reaction time an appreciable quantity of the bis-substituted compound was always 
formed and attempts to separate the two derivatives chromatographically resulted 
in decomposition of the “mono-substituted” compound on the column. 

The reactions of [rc-RC5H4Fe(C0)2]2 (R = H, CHs) with the various ditertiary 
phosphine and amine ligands were observed to afford further products which were 
readily separated from those discussed above by methanol extraction. The yield of 
these yellow derivatives was found to depend on the ligand involved and the mode 
of reaction. Thus while a benzene sohrtion of [x-CH,C5H,Fe(C0)J1 and (C6H.J2- 
wC,J%)w5H5) 2 exposed to ultraviolet Iight for 17 h yielded these compounds 
as the sole products, there was no evidence for their formation in the reaction of 
[rc-CH3C5H,Fe(C0)2]r with (C6H&PCH2P(C6H5), in refluxing benzene. The infra- 
red spectra of the mixtures obtained from the methanol extraction contain two peaks 
in the terminal carbonyl stretching region of variable relative intensity at approximate- 
ly 1950 and 1910 cm- ‘. These do not correspond with any of those for the known 
(C&&PC~HSP(C,J&), d erivatives of iron carbonyl. The difficulty in obtaining 
these compounds in pure form has thus far prevented their characterisation. 

In a previous study I3 it was shown that replacement of a single terminal 
carbonyl group in [rr-C,HSFe(CO),]l by tertiary phosphine or phosphite ligands 
resulted in a lowering of the frequency of the bridging carbonyl stretching band of 
the order 50 cm- I. It is now observed as shown in Table 2 that substitution of both 
terminal carbonyl groups in the above parent compound by ditertiary phosphine 
or arsine ligands effects a considerably larger decrease in this frequency. The decrease 
in the frequency of terminal and ketonic carbonyl stretching modes in metal carbony 
derivatives as a result of carbonyl replacement by phosphorus and arsenic donor 
ligands has been explained in terms of an increase in rc-bonding between the metal 
atom and the remaining carbonyl groups. These ligands with overall stronger (U-X) 
donor ability than carbon monoxide effect an increase in the electron density on the 
metal atom. This is redistributed into the anti-bonding orbitals of the carbonyl 
groups thereby decreasing the C-O bond order’“. Based on the resuhs presented 
above, it is now suggested that a similar n-bonding mechanism operates between 
metal atoms and bridging carbonyl groups in metal carbonyl derivatives i.e. there is 
an effective rc-overlap between metal d, orbitals and C-O n-antibonding orbitals. 

As shown in Table 4, the NMR spectra of the bis-substituted compounds 
[rr-C5H5Fe(C0)]2(C,H,),PR’P(C,H,), [R’=CH2, CzH4, C3H6, &Hz and N- 
(C,H,)] contain a single cyclopentadienyl proton resonance which is between r 0.46 
and 0.71 ppm to high field of the corresponding peak in the spectrum of the parent 
dimer [~-C,H,Fe(CO),]l. This high field shift is readily explained in terms of an 
increase in the electron density on the iron atom as a result of the replacement of a 
carbonyl group by an overah stronger (D-rc) donor. There was no evidence for coupling 
between the phosphorus and cyclopentadienyl hydrogen nuclei in these bis-substituted 

J. Orgunometal. Chem., 21 (1970) 181-193 



SOME UNUSUAL DINUCLEAR COMPLEXES OF IRON 189 

TABLE 3 

c-0 STREI-CHING FREQUENCIES OF 

(a). The inrermediates in theformation of [x-RC5HJFe(C0)]2La km-‘) 
R=H, L=(C6H&PCH2P(C,H& 1927 (s), I725 (s) 

(C,H,),PGHJ’(GH~)~ 1922 (s), 1725 (s) 
(GH4zPC,H,P(C,H& Not measured 

K&&PGH~PGHs)L Not observed 
(CgH5)1?PN(C2H~)P(CsHs)r h 1925 (s), 1721 (s) 
(C6H5)1A~CH2As(C6H& - 192s (s), 1722 (s) 
(C~HS),ASC~H~AS(C~H~)L - 1925 (s), 1719 (s) 

R=CH,. L=(ChH&PCHZP(C6HS)Z - 1925 (s), 1720 (s) 
(C.SHJ~PC~HJP(GH& -.. 1925 (s), 1720 (s) 
(C.SHS)ZPGH,W,H& - 1973 (s), 1721 (s) 
(CBH,),PN(C~H,)P(C,H,)I 5 1925 (s), 1719 (s) 

(6). The monosubstituted dericatices (n-C,H,)2Fe2(CO)3L’o (cm- ‘) 
L’= P{CZH5)3 1927 (s), 1725 (s) 

P(C,HW,Hs 1932 (s), 1726 (s) 

a Measured in dichloromethane. 

derivatives although such coupling has previously been observed for the mono- 
substituted compounds (z-C~H&F~-,(CO)~L (L=tertiary phosphine ligand)13. 

The NMR spectra of the ditertiary phosphine derivatives of [z-CH3C,H4Fe- 
(CO),12 contain two peaks which can be assigned to cyclopentadienyl protons. To 
a fu-st approximation the intensities of these resonances are equal but are observed 
to vary slightly from compound to compound ; the low field peak is always the stronger. 
Further for the compounds [rr-CH3C,H4Fe(CO)]1(C6H,)zPR’P(C,H,), [R’=CH2, 
N(C,H,)] the peaks are broad and asymmetric with that at lower T containing two 
maxima_ There is only one strong resonance in the spectra of [n-CH,C,H,Fe(CO)],- 
(C,H5),PR’P(C,H,), [R’=CH2, CzH4, N(C,H,)] which can be assigned to methyl 
protons although very weak peaks to higher field may be associated with these protons. 
Interestingly the chemical shifts of the cyclopentadienyl and methyl resonances are 
observed to vary with temperature. It is thus apparent that the chemical shifts of the 
a and /3 cyclopentadienyl protons of [7r-CH3C5H,Fe(C0))2(C6H5)2PR’P(C6H5)2 
[R’=CH2, C2H,, N(C2H,)] are different in contrast to those of Ix-CH3C5H4Fe- 
(CO)z]2 which are found to be the same. A chemical shift difference between the a 
and /3 protons has recently been established for compounds of the type n-CH,C,H,- 
Mo(CO)sS (X= halogen) I5 The temperature dependence of the NMR spectra of the . 
bis-subjlituted derivatives of [CH,C5HLtFe(CO) ] 2 2 suggests that several isomers or 
conformers exist in solution in equilibrium. A full NMR study is required to clarify 
the spectral data, however. 

The ligand proton peaks associated with the group R’ in the spectra of the 
compounds [=RC,H,Fe(CO)],(C,H5)2PR’P(C6H5)2 [R=H, R’=CH2, C2H4, 
CzH2, N(C,H,); R=CH,, R’=CH,, C2H4, N(&H,)] are at considerably higher 
field than the corresponding peaksin the spectra of the free ligand. As a result ofmetal- 
ligand bonding the negative inductive effect of the phosphorus in the above ligands 

would be expected to be increased and thereby in terms of a diamagnetic shielding 
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TABLE 4 
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PROTON MAGNETIC RESONANCE DATA -. 

Compound Resonances”-* 

CH3 MC,,H,M 
(M=P or As) 

2.74 b 
2.35 b 
2.57 d, b 
2.33 b 
2.62 
2.53 b 
2.64 d, b 
2.52 b 

2.67 b 5.67 

2.66 b 
2.78 b 

2.33 b 
2.57 d, b 
2.42 p 
2.53 b 

2.70 m 
2.71 m 
2.73 m 

2.50 In 

5.21 
5.73 
5.82 

5.92 

5.78 

5.91 

5.45 
5.78 
5.85 b 
6.09 b 
5.85 
6.47 
5.87 
5.96 b 
6.28 b 

7.95 
7.58 
7.92d 

7.94 
8.50d 
8.12 
8.23d 
8.33d 

8.27 b 
8.39 b 
8.65 b 
8.63 b 
9.12 b 
3.51 St 

7.47 m (CHI) 
10.05 t (CH,) 
8.73 b 

8.71 b 

8.71 b 

7.51 m, b (CH,) 
lo.21 t (CH,) 

7.20 t (J 1.6 Hz) 
7.87 t (J 3.9 Hz) 

i.59 m (CH2) 
9.23 t (CH,) 

(J27 Hz) 

p T scale measured in CDCI, at 3g5 (TMS reference). ‘Abbreviations: b, broad; d, doublet; t, triplet.; st, sextet; m, multiplet. 
c Values refer to centres of asymmetric peaks. d Assignmeht is tentative. e Peaks lie under C6HS resonance. 

mechanism the peaks associated with R would be expected to be shifted to lower field. 
This has indeed been observed for M(C0)3(C,H,)2PC,H,P(CsH5), (M=Cr, MO, 
W)16 and ~-C,H,MO(CO)(C,H&PC~H_&C~H~)~X (X=Cl, I)“. The high field . 
shift in the compounds discussed above must be attributed to other shielding effects. 
Based on infrared evidence it was suggested above that n-bonding occurs between the 
iron atoms and the bridging carbonyl groups in the b&-substituted derivatives [K- 
RC,H,Fe(CO)],L (R=H, CH,). A mechanism thus exists for the delocalisation of 
z-electrons in the planar 

.(‘\ 
\,/” 

0 

moiety. A ring current in this system would readily account for the high field shift of 
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the resonances associated with the hydrogen atoms situated below the plane of the 
ring. 

EXPERIMENTAL 

The ligands cis-(C,H,),PCzH,P(C,H&t8, (C6H5)2P(CH2),P(C6H5)2 (it= 1, 
2,3)” and (C,H,),PN(C,H,)P(C6H&“* were synthesised according to literature 
methods and slight modifications ofthem while (CsH,)1As(CHz),,As(CsH5)2 (u = 1,2) 
as well as [rc-C,H,Fe(CO),] 2 and [rc-CH,C,H,Fe(CO)& were obtained commer- 
cially (Strem Chemicals). All experiments were performed under a nitrogen atmos- 
phere. Petroleum ether refers to that with b-p. 40-60”. The photochemical reactions 
employed a Hanovia medium pressure mercury arc photochemical reactor. The 
chromatographic separations were effected on an alumina column (50 x 1.5 cm ; 
Woelm acid washed alumina, activity III). The infrared and NMR spectra were 
recorded on a Perkin-Elmer model 621 grating spectrophotometer and a Varian 
A60 instrument respectively. Conductivities were determined by estabhshed methods. 
The molecular weights were measured using a Mechrolab vapour pressure osmome- 
ter. The elemental analyses (C, H, P) were performed by the Bemhardt Microanalytical 
Laboratory, Elbach iiber Engelskirchen, West Germany. The iron anaIyses were 
determined by an Atomic Absorption Spectroscopic method using a Techtron AA4 
instrument. 

General methods of synthesis of the bis-substituted deriuatives 
(i)_ A mixture of [rc-C,H,Fe(CO)I], or [n-CH,C,H,Fe(CO),], and the 

appropriate ligand in benzene (ca. 80 ml) was refluxed until the reaction was complete 
as indicated by infrared spectroscopy. The solution was filtered and the solvent 
removed under reduced pressure. The residue was crystallised and the pure compound 
dried in vacua at room temperature or at 80”. 

(ii). [rr-C,H,Fe(CO) ] z z and the appropriate ligand in benzene (ca. 120 ml) 
were irradiated with ultraviolet light until the reaction was complete as indicated by 
infrared spectroscopy. The solution was filtered and the solvent removed under 
reduced pressure. Purification was achieved as described in (i)_ 

The product obtained by reacting [rc-C,H,Fe(CO)& (2.0 g, 5.6 mmole) and 
(CgHJ2PCHZP(C6H& (3.4g, 8.9 mmole) for 36 h as described in (i) was washed with 
acetone to remove excess ligand. The residue was crystallised from benzene/petroleum 
ether and recrystallised from dichloromethane/petroleum ether. 

The product obtained by reacting [rr-C,H,Fe(C0)2]2 (2.0 g, 5.6 mmole) and 
(CsH,),PC,H,P(C,H& (3.4g, 8.5 mmole) for 10 has described in(i) was washed with 
acetone to remove excess ligand. The residue was crystallised from benzene/petroleum 
ether and recrystallised from dichloromethane/petroleum ether. 

Dicarbo~zylC1,3-bis(diphenylphosphino)propatre]di-n-cyclopentadien~~ldiiron 
The product obtained bj; reacting [rc-C5HSFe(CO),12 (1.0 g, 2.8 mmole) and 
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(C6H&PC3H,P(C6H& (1.7 g, 4.1 mmole) for 10 h as described in (i) was washed 
with acetone to remove excess ligand. The residue was crystallised from benzene/ 
petroleum ether and recrystallised from dichloromethane/petroleum ether. 

Dicarbonyl[ 1.2-bis(diphe~z~~lphosphino)ethyle~ze]di-n-cycIopentadienyldiiro~z 
The product obtained by reacting [rr-C,H,Fe(CO),], (OS g, 1.4 mmole) and 

cis-(CSH&PCzHzP(C,HS)Z (1.1 g, 2.8 mmoie) for 2 h as described in (i) was washed 
with methanol and warm petroleum ether to remove excess ligand and side-products. 
The residue was crystallised from benzene/petroleum ether. 

The product obtained by reacting [Tt-C5H5Fe(CO),JZ (0.5 g, 1.4 mmole) and 
(C,H,),PN(CIH,)P(C,H& (0.9 g, 2.2 mmole) for 42 h as described in (i) was washed 
with methanol to remove excess ligand and side-products. The residue was crystal- 
lised from benzene/petroleum ether and recrystallised from dichloromethane/pe- 
troleum ether. 

The product obtained by reacting [rc-C,H,Fe(CO)JZ (OS g, 1.4 mmole) and 
(C,H&AsCH,As(C,H,), (1.0 g, 2.1 mmole) for 88 h as described in (ii) was washed 
with methanol to remove excess ligand and side-products. The residue was crystallised 
from benzene/petroleum ether. 

The product obtained by reacting [rr-CSHSFe(C0)2]2 (OS g, 1.4 mmole) and 
(C,H&AsC,H,As(C,H& (l.Og, 2.0 mmole) for 39 has described in (ii) was dissolved 
a minimum of benzene and transferred to an alumina column. The column was 
eluted in turn with petroleum ether (b-p. 60-800), cyclohexane and benzene to remove 
excess ligand and side-products (yellow band)_ Elution with dichloromethane afforded 
a green band which was collected. The solvent was removed to afford a green oil. 
Attempts to crystallise this oil were unsuccessful. 

The product obtained by reacting [rr-CHsCSH4Fe(CO),], (0.5 g, 1.3 mmole) 
and (C6H&PCH2P(C,H& (0.77 g, 2.0 mmole) for 136 h as described in (i) was washed 
with methanol to remove excess ligand. The residue was crystallised from benzene/pe- 
troleum ether and recrystallised from dichloromethane/petroleum ether. 

Dicarbonyl[l,2-bis(diphe?~ylphosphino)ethane] bis-n-(methylcyclopentadienyl)diiron 
The product obtained by reacting [r-c-CH,C,HJFe(C0)J2 (OS g, 1.3 mmole) 

and (C,H&PCZH,P(C,H& (0.78 g, 2.0 mmole) for 20 h as described in (i) was 
washed with methanol to remove excess ligand, The residue was crystallised from 
benzene/petroleum ether and recrystallised from dichloromethane/petroleum ether. 

Dicarbonyl[l,Zbis(diphenylphosphino)etltylene] bis-rc-(nzethylcyclopentadienyl)diiron 
The product obtained by reacting [rr-CH,CsH4Fe(CO)J2 (0.5 g, 1.3 mmole) 

and cis-(C,HJIPC,H,P(CsH& (0.78 g, 2.0 mmole) for 33 h as described in (i) was 
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washed with methanol to remove excess ligand and side-products. Attempts to crystal- 
lise the green oily residue were unsuccessful. 

Dicarbonyl[bis(diphenylphosphino)ethylamine] bis-n-(methylcycltipentadienyl)diiron 
The product obtained by reacting [rr-CH,C5H4Fe(C0),], (OS g, 1.3 mmole) 

and (CsH&PN(C,HS)P(C,H,), (0.8 g, 2.0 mmole) for 60 h as described in (i) was 
washed with methanol to remove excess Iigand and side-products. The residue was 
crystallised from benzene/petroleum ether and recrystallised from dichloromethane/ 
petroleum ether. 
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