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(Received August 3rd, 1979) 

Complexes of the general formula [C12Fc]nML, (C12Fc = C1C5H4FeC5H3Cl; 

ML = Fe(C0) C H 
2 5 5’ 

AuP(C6H5)3, Mn(CO)j or Ir(CO)[P(Cs5)3]2 when n = 1; 

ML = Ti(C5H5)2 when n = 2) have been prepared from a salt elimination 

reaction between l,l'-dichloro-2-lithioferrocene and transition metal 

halide complexes. Spectroscopic properties of the compounds are re_ported. 

The titanium complex exists in meso and dZ forms. 

Studies on the chemistry of metal to carbon o-bonds have occupied 

an important place in transition metal chetistry because of the role such 

linkages play in many catalytic processes. In recent years particular 

success has been achieved in obtaining stable metal alkyl complexes by the 

use of ligands such as the trimethylsilylmetbyl group. Ligands of this type 

impart gaod thermal stability to the complexes by hindering or even precluding 

several common decomposition pathways. !Fwo of the factors contributing to 

the increased stability of complexes involving the trimethylsilylmethyl 

ligands are the steric size of the group and the inability of the group to 

undergo S-elimination reactions. Metallocene ligands possess both these 

features and 

using one or 

they also offer the possibilities of.forming o-bonds to elements 

both of the C5 rings, in a monodentate or chelating linkage. 
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In the case of some gold complexes of ferrocene it has been shown that 

when the ring attached to the gold atom carries a substituent in the 

2-position, an enhanced stability over the unsubstituted complex results. 
2 

As part of a general study of metallocene chemistry 
3-6 

we have prepared 

some transition metal derivatives of l,l'-dichloroferrocene. 

RFEXJLTS AND DISCUSSION 

In contrast to bromo- and iodoferrocene derivatives, chloroferrocene 

compounds react with n-butyl lithium to undergo metal hydrogen exchange 

rather than metal halogen exchange. It has been shoti that an n-butYl 

lithium and N,N,N',N'-tetramethylethylenediamine mixture in hexane 

dilithiates l,l'-dichloroferrocene at the 2- and 2'-positions.' We have 

studied the lithiation of l,l'-dichloroferrocene in tetrahydrofuran and 

find that this is a convenient way of producing a monolithiated product in 

good yield. Deuteration of the lithiation mixture and examination of the 

%I n-m-r. spectrum of the product showed that metallation had occurred at 

the P--position. A ty_oical product composition of a deuteration experiment, 

determined by mass spectroscopy, was l,l'-dichloromonodeuteroferrocene 

fSS%),l,l'-dichloroferrocene (6X), and approximately equal amounts (2%) 

of di-, tri- and tetradeuterated l,l'-dichloroferrocene. 

PJ_l the compounds were prepared by the same general method, namely 

addition of the transition metal halide complex to a tetrahydrofuran solution 

of 1,1'-dichloro-2-lithioferrocene. Tney were all sufficiently stable to be 

purified by dry-column chromatography8 on alumina and were isolated as 

crystalline solids. 

stable in air whereas 

air-sensitive. This 

complexes of gold and 

The gold, manganese and titanium complexes were . 

the iron and iri&um complexes were found to be mildly 

contrasts with the unstable nature of ferrocene 

titanium.2'g Reaction yields, melting temperatures, . 

colours and analytical data are listed in Table 1. 

With the exception of the iridium complex, which undergoes 

decoqosition before volatilisation, the compounds all show a molecular 

ion in the mass qectrometer; the obse_ved isotopic patterns being in 
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Fig. 1. Eumbering scheme for the l,l'-dichloroferrocene 

5erivatives. 

good agreement with theqry. The structures of the com_pounds are straight- 

forward, uith the metal &too bonded .to the 2-position of the 1,;dichloro- 

ferrocene group (Fig. 1) _ however, the introduction of a substituent at 

the 2-position makes the resulting molecule asymmetric and thus the gold, 

m2ngznese, iron end iridium complexes should be rzcemic tixtures, and there 

are two possible isomers 

(Fig_ 2). 

1E 2nd 13C n.zn.2. 

of the titanium complex, a mesa and a dZ form 

data for the complexes and for l,l'-dichloro- 

ferrocene are listed in Tables II znd III respectively using the numbering 

scheme shown in Fig. 1. The assigrucents have been mzde by 2 combination of 

intensity measurements, analogies to 1.1'~dichloroferrocene, and selective 

5? decoupling measurements. In the 13C n.m.r. spectra 

the influence of the metal atom causes doWnfield shifts 

the carbon atoms of the ring bonded to the metal. The 

eaeriences the largest shift but there is considerable 

of all the compounds 

of the signals of 

C2 signal generally 

variation in the 

magnitude of this shift amongst the complexes, ranging from 9 pm for the 

manganese compound to 55 ppm for the titanium isomers. There is much less 

variation in the shifts experienced by the C 1andC 
3 

signals. In any 

given complex both signals experience a similar shift which ranges from an 
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Fig. 3_ Cyclopentadienyl signals in the %i n.m.r. spectrum 

of C12FcAuPPh 
3 
- 

CP 

x. 
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Y OC co 
R 

co 
x J- /x 

OC I* CP 

(01 
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Cl Cl 

Cl Cl 

co oc 

Fig. k. ConfornationaZ isomers of 

a) Cp(CO)2FeAX2R and b) Cp(CO)2FeC12Fc 
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G FcFe(CO)@ 

The infrared spectrum of this compound (hexane solution) showed 

two strong carbonyl bands (2029 and 1979 -1) cm which is a cornson property 

of compounds of this tfle. 12 However, four carbonyl bands have been 

observed in the infrared spectra of compounds such as Cp(CO)2FeAX2R 

(A = C, X = H, R = C6H5, CH2C6i15 or Si14e3; A = Si or Ge, X = CL, R = Ke) 

and it is considered that such compounds exist in solutior as a tixture of 

rapidly interconverting conformati0na.l isomers l3 (Fig. 4,). Similar 

isomerism is possible for CoiC0)2FeC12Fc (Fig. 4b) but the infrared spectr-um 

does not provide any evidence for its occurrence. 13C n m r . . . data have 

been published for a number of complexes of type Cp(CO)2FeX, but in all 

cases only a single carbonyl. chemical shift was observed. 
14 However, for 

C_n(CO)2FeCl,Fc carbonyl signals wer? seen at 215.8 and 216.0 opm, arising 

from the lack of a plane of symmetry relat;ting the t%-o carbonyl grOu~.S. 

In a study of eighteen com~unas of the general formula C_D(CO)~F~X, 

tne carbowl 13C n m . .r. chemical shift was found to be linearly c?ependent 

on both the carbonyl iofrared stretching frea_uez?cies and on the 'Taft Ui 

inductive reactitity value of the group X. 1.5 Extending this study to 

include Cp(C0)2FeC12Fc the correlzt.tions bet:?een 6( -13C)C0 and the carbony?. 

1.1. stretching frequencies ?.-ere found to hold, and the values of the 

relevant parameters indicated that the inductive nature of C12Rc Was close 

to that of p-ClC6Rb, with C 
1 

= 0 -15. 

(Cl_&*TiC_D, 

Because of the chiral nature of the 2-substituted l,l'-dich1oro- 

ferrocenyl grou_o, the tit anium_ compound can exist in d2 an& meso forms 

(Fig. 21, which are easily distinguished by differences in the II? n.m.r. 

spectra of tie n-C5R5 groups; in the meso case the two n-C E -groups are 
5 5 

not equivalent and so ts-0 signals are observed. Under the preparative 

conditions used the product was a mixture of approximately equal amounts of 

the two forms, but by extraction of the mixture with hexane-dichloromethane 

(9:l v/v) it was possible to leach out most of the more soluble dZ Isomer. 



434 

EXPE_BIMENTAL 

53 n.m.r. spectra were recorded at 100 MUz using a Jeol MH 100 

spectrometer. 13C n m r. . . . Spectra were recorded at 25 MIiz using a Jeol 

PS/PFT 100 spectrometer. Mass spectra were recorded on a Hitachi-Perkin 

Elmer R! 6 instrument. Solution infrared spectra were recorded on a 

Perkin Elmer 357 spectrophotometer. Analyses were obtained from the Exeter 

University departmental service or from Butterworth Laboratories, 

Teddington, Middlesex- All solvents were dried and degassed before use 

and all reactions were carried out under purified nitrogen. 

l,l'-dichloroferrocene was prepared by a literature method. 
16 

Lithiation of l,l'-dichloroferrocene and subsequent deuteration 

l,l'-dichloroferrocene (255 mg, 1.0 mmol) was dissolved in 

tetrahydroltian (15 cm3> in a Schlenk tube (50 cm3). n-Butyl lithium 

(1.22 mmo1) was syringeed into the stirred solution and an immediate colour 

change from yellow to orange was observed. After 80 minutes, deuterium 

oxide (0.2 cm3, 11 mmol) was added and the solution stirred for 10 minutes. 

The solution was dried over &!!OL, filtered, and the solvent removed under 

vacuum. The solid residue was dissolved in hexane, subjected to 

dry-column chromatography, (A1203 Grade II), followed by crystallisation 

from hexane (95% recovery). 

Preparation of transition metal derivatives 

Cl FcAuPPh3 - 

l,l'-dichloroferrocene (255 mg, 1.0 mol) was dissolved in TBF (25 cm3) 

in a Schlenk tube (100 cm3) and n-butyl lithium (1.0 mmol) was added to the 

stirred solution. After one hour the solution was cooled to -78 OC and 

chloro(triphenylphosphine)gold(I) (0.40 g, 0.81 mmol) was added. The 

mixture was allowed to vans to room temperature and stirred for a further 

20 hours. The resulting dark orange-brown solution was poured into 

benzene (50 cm3), washed several times with water. dried over K2C03. 

filtered, and evaporated to leave an orange-brown oil. The oil was 

purified by dry-column chromatography, (A1203 Grade II) using hexane as 
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eluent. After l,l'-dichloroferrocene had been eluted, an orange band was 

scraped frcm the column and the product extracted into benzene. Eva_poration 

of the benzene and recrystallisation of the residue from hexane gave the 

product as orange needles. yield 4.~6 mg (74%). 

Cl FcMn(C0) - 

A solution of l,l'-dichloro-Z-lithioferrocene (2.0 mmol). prepared 

as described above, was stirred and cooled to -78 OC. Bromopentacarbonyl- 

manganese(I) (0.65 g, 2.4 mmol) was added to the solution which was stirred 

for 18 hours after it had warmed to room temperature. The reaction mixture 

was -worked-up as described above and the crude product was purified by 

dry-column chromatography (PL203 Grade IT). Bexane eluted a yellow band 

containing l,l'-dichloroferrocene and decacarbonyldimanganese(O), 

foilowed by an orange band containing the product which was crystallised 

from hexane. Yield 438 nzg (49%) . 

Cl,FcFe(CO)2Q 
c 

The iron complex was prepared from 1,l '-dichloro-2-lithioferrocene 

(1.0 mmol) and dicarbonyl-(n-cyclopentadienyl)iodoiron(II) (335 mg, 1.1 mmol) 

as described above. 'Phe crude product wzs p-aified by dry-column 

chromatography (Al203 Grade II). Hexane eluted l,l'-dichloroferrocene 

and a mixture of hexane:benzene (4x1, V/V) eluted an orange band containing 

the product (found 

crystallised under 

Cl FcIr(CO)(PPhg2 
L 

The iridium 

to be light-sensitive whilst on the column). which was 

a nitrogen atmosphere from hexane. Yield -138 ng (3.2%:). 

complex Was prepared from l,l'-dichloro-2-lithioferrocene 

(2-3 mmol) and tra72s-carbo~ylc211orobis(triphenylphosphine)iridi~(I) 

(1.56 g, 2.0 mmol) as described above for the preparation of the iron 

complex, with the exception that diethylether was used to elute the product 

from the column instead of benzene:hexane. Crystallisation~from 

diethylether under a nitrogen atmosphere gave 207 ag (102) of light 

orange-brown mildly air-sensitive crystals. 
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(cl2Fc)~2 

A mixture of the dt anci meso isomers was prepared from 

.l,l*-dichloro-2-lithioferrocene (4.0 mmol) and dichlorobis(n-cyclo- 

pentadienyl)titanium(IV) (450 mg. 1.8 mmol) as described above. The 

crude product was purified by dry-column chromatography (Al203 Grade II). 

Hexane e&ted l,l'-dichloroferrocone, then a mixture of hexane:benzene 

(7:3, v/v) was used to elute a diffuse dark blue band containing the 

product. Crystallisation from hexane gave a very dark blue-green 

(almost black) solid- Yield 731 mg (59%). 

R.B.W. tharks the S-R-C. for a maintenance grant. 
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