
J. CHEM. SOC. DALTON TRANS. 1993 23 

Synthesis and Crystal Structure of 1 ,I ',2,2'-Bis(l,2,3-trithia- 
[3])ferrocenophane Z 
Nicholas J. L~ng, * .~ . t  Suzanne J. Sharkey,8 Michael B. Hursthouseb and Muhammed A. Mazidb 
a Department of Chemistry, The University, Exeter EX4 4QD, UK 

Cardiff, UK 
School of Chemistry and Applied Chemistry, University of Wales, College of Cardiff, PO Box 912, 

The first multiply chalcogen-bridged metallocene compound 1,1',2,2'-bis(1,2,3-trithia- [3])ferroceno- 
phane 1, a species featuring two S, linkages around the metallocene nucleus, has been prepared by the 
lithiation of ferrocene 1,l '-dithiol, followed by treatment with elemental sulfur. The sulfur linkages lie in 
adjacent positions on  the cyclopentadienyl rings and, in solution, the compound exists as a mixture of two 
diastereomers due to the orientation of the trisulfur bridges. Proton NMR spectra at ambient temperatures 
indicate the predominance of the chair-chair isomer 1 a (70%) over the less-favoured chair-boat species 
1 b (30%). The structure of 1 has been determined by X-ray diffraction and the crystals are monoclinic, 
space group P2,/n with a = 6.830( 1 ), b = 13.31 O( 1 ), c = 13.929(1) A, p = 99.70( 1 )" and Z = 4. 
Least-squares refinement give R = 0.030 for 1650 observed reflections whose intensities were measured 
on an area detector diffractometer with Mo-Ka radiation. The S-S bond lengths are 2.054(4), 2.065(4), 
2.044(4) and 2.054(4) A and the S(l)-S(2)-S(3) and S(4)-S(S)-S(6) bond angles are 105.1 (2) and 
103.5(2)" respectively. The S-C bond lengths are 1.752(6), 1.760(6), 1.752(6) and 1.755(6) 8, with 
S-S-C bond angles of 102.3(2), 102.2(2), 102.4(3) and 101.8(2)". The cyclopentadienyl rings are in an 
eclipsed conformation and are mutually parallel. The trisulfide linkages are in a chair-chair conformation 
with non-bonding separation of 3.25 and 3.23 A for S ( l )  S(3) and S(4)  9 S(6) respectively. 

Much of the work in the area of formation of metallocenophanes 
has concentrated upon the use of methylene units as the 
bridging species. Most commonly, the bridging reaction has 
been an electrophilic acylation at the C5H5 ligand under acidic 
conditions. The bridges are normally trimethylene linkages 
though chains of two to ten organic bridging units have been 
prepared.lP5 Known ferrocenophanes generally feature two or 
three methylene bridges around the same ferrocene unit 
although four, and perhaps, five bridges are thought to be 
possible.6-' 

More recently, use of inorganic bridging units, such as main- 
group I2-l6 and transition metals "-" and/or donor hetero- 
atoms 4.g. chalcogens 2-2 and nitrogen-group  element^,^ 8,29 

has yielded much interest. [3]Ferro-, C3)rutheno- and [3]osmo- 
ceno-phanes containing trichalcogen bridges are known and 
several have been structurally characterised by X-ray 

An overlap of both areas of research can now be demonstrated 
by reporting the synthesis and crystal structure of the first 
multiply chalcogen-bridged metallocenophane, namely 1,1',2,2'- 
bis( 1,2,3-trithia-C3]) ferrocenophane, a species involving two 
separate bridges of three sulfur atoms linking the two cyclo- 
pentadienyl rings. 

The crystal structure of the compound is described and 
compared to analogous trimethylene- and trichalcogen-bridged 
species. Comment is also made as to the adjacent nature 
of the sulfur bridges in the compound and to the existence of 
two solution diastereomers as shown by 'H NMR spectros- 
COPY. 

diffraction.25-27.30.3 1 

t Present address: Department of Chemistry, University of Cambridge, 
Lensfield Road, Cambridge CB3 lEW, UK. 
1 Supplementary data available: see Instructions for Authors, J. Chem. 
Soc., Dalton Trans., 1993, Issue 1, pp. xxiii-xxviii. 

Results and Discussion 
Synthesk-Compound 1 was obtained in a 34% yield from 

the lithiation of ferrocene 1,l'-dithiol followed by addition of 
elemental sulfur and heating of the reaction mixture. 

The orange-yellow crystals formed were air- and moisture- 
stable and withstood column chromatography on neutral 
grade I1 alumina. For characterisation, analytical, mass and 
NMR spectroscopy data were obtained in addition to an X-ray 
crystal determination (see later). 

Attempts to form 1 via routes of (a) multiple lithiation of 
ferrocene using a large excess of butyllithium and N , N , N , N -  
tetramethylethylenediamine or (b) using [Fe(C,H,SLi),]. 
2thf32 (thf = tetrahydrofuran) as the starting material in- 
stead of ferrocene 1,l'-dithiol failed to give the desired 
product. Instead, the well known singly bridged species, 1,2,3- 
trithia-[3]ferrocenophane was the predominant product 
formed. 

In the successful reaction, using ferrocene 1,l-dithiol and 
excess of butyllithium, it would be reasonable to expect to 
obtain mixtures of other bridged isomers resulting from di-, tri- 
and even penta-lithiated  derivative^.^^ Traces of these presumed 
types of species were obtained but in insufficient amounts to 
warrant further study. 

Substitution of the rings at the 1,l' and 2,2' positions caused 
these atoms to be the sites of the S3 linkages between the rings. 
Initially, this was unexpected, since molecular models of the 
compound suggested that steric constraints would lead to 1,f' 
and 3,3' substitution. Therefore, there does seem to be some 
'directive mechanism' driving the second substitution to the 2- or 
ortho-position on the rings. Evidence for such a mechanism can 
be found; in the metallation of alkyl-substituted ferrocenes, it 
has been shown that substitution in the 3 position is favoured 
over the 2 position by factors of 8 (for alkyl group, R = Me), 13 
(R = Et), 32 (R = Pr') and 98 (R = Bu').34*35 Obviously, this 
ratio increases significantly as the size of the alkyl group is 
increased, reflecting additional steric hindrance. The electronic 
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Fig. 2 Proton NMR spectrum of [Fe([(C,H,)S,],)] at 30°C in 
CDCl,CDCl, 

or inductive influence of the various groups is also thought to 
have some effect.36 

However, it was found that when the initial substituent was a 
-PPh, group, a lower than expected 3-position : 2-position ratio 
resulted, indicating that the substituent had some directing 
effect to the 2 position.33 

Further evidence has been found from studies on the 
regioselective lithiation in .n-arene systems. Apart from when 
steric hindrance is the overriding con~ern ,~ ’  many nitrogen- 
and/or oxygen-containing substituents are lithiated in the 2- 
(or ortho-) position of the aromatic r i t ~ g . ~ * - ~ ’  This has been 
attributed to an intramolecular co-ordination between the 
lithium atom and the lone pair of electrons in the substituent. 
Therefore, it seems that a similar type of interaction between 
lone pairs on the sulfur atom already on the ring and the 

Table 1 Fractional atomic coordinates ( x lo4) for C,,H,FeS, I * 

X 

1250.8(8) 

105(2) 
3028(2) 
471 l(2) 
299 l(2) 

195(2) 
3 3 18(6) 
2940(6) 
3389(6) 
4059(6) 
40 19(6) 

- 1495(2) 

- 539(6) 
- 540(6) 
- 1232(6) 
- 1670(6) 
- 1247(6) 

Y 

3632(1) 
4698( 1) 
4323( 1) 
2030( 1 ) 
784( 1) 

1371(1) 
3263(3) 
3175(3) 
2 180(4) 
1645(4) 
2299(3) 
1615(3) 
952(3) 

1507(4) 
2486(4) 
2581(3) 

21 77.4(4) 
Z 

2980.0(4) 
4222( 1) 
3634(1) 
4101(1) 
5015(1) 
5 171( 1) 
5119(1) 
3 384( 3) 
2346(3) 
2102(3) 
2972(3) 
3770(3) 
3875(3) 
3070(3) 
2210(3) 
246 l(3) 
3495(3) 

* Estimated standard deviations (e.s.d.s) given in parentheses, are 
applicable to the least significant digits. 

Table 2 Bond distances (A) for C,,H,FeS, 1 * 

2.032(6) 
2.054(6) 
2.056(6) 
2.047(6) 
2.028(6) 
2.030( 6) 
2.056(6) 
2.052(6) 
2.045(6) 
2.03 l(6) 
2.044( 4) 
2.054(4) 
2.065(4) 
2.054(4) 

1.760(6) 
1.755(6) 
1.752(6) 
1.752(6) 
1.431(7) 
1.4 14(7) 
1.41 3(7) 
1.4 16(7) 
1.44 l(7) 
1.427(7) 
1.41 9(7) 
1.394(8) 
1.425(7) 
1.442(7) 

* E.s.d.s given in parentheses are applicable to the least significant 
digits. 

incoming lithium is directing the metallation into the 2 posi- 
tion. 

N M R  Studies.-As 1 contains disubstituted cyclopentadienyl 
rings, with two trisulfide bridges, there is, in solution, the 
possibility of the existence of diastereomers as defined by the 
conformation of the S 3  linkages. This is illustrated in Fig. 1, 
where the isomers l a  (featuring a chairshair conformation) 
and l b  (a chair-boat form) are shown (and additionally, lc, the 
undetected boat-boat form). 

The presence of l a  and l b  in a ratio of approximately 70: 30 is 
shown by examining the ‘H NMR spectrum of 1 taken at room 
temperature (Fig. 2). The signals 3a/5a (doublet) and 4a (triplet) 
relate to la, whilst 5b (doublet of doublets), 4b (triplet) and 3b 
(doublet of doublets) arise from lb. Previous has 
shown the barrier to chair-chair interconversion or bridge 
reversal in singly chalcogen-bridged ferrocenophanes to be 
high, thereby permitting the observation of the diastereomers in 
solution at ambient temperature. A detailed discussion of the 
barriers to bridge reversal of this dibridged ferrocenophane is 
given e l s e ~ h e r e . ~ ~  

X-Ray Structure.-Fractional atomic coordinates are given 
in Table 1 and a view of the molecule illustrating the numbering 
scheme is shown in Fig. 3. This displays the chair-chair 
conformation of the two trisulfide linkages (and is in accord 
with the NMR studies, where this conformer is the most 
populous species in solution). 
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I"'"' 
Fig. 3 
showing the chair-chair configuration of the sulfur linkages 

A view of the X-ray crystal structure of [Fe{[(C,H,)S,],)] 1 

Table 3 Selected bond angles (") for C,,H,FeS, * 

S( 1 )-S( 2)-S( 3) 
C( l)-S(3)-S(2) 
C( 5)-S(4)-S( 5 )  
C( 2)-C( 1 )-S( 3) 
C( 5)-C( 1)-S( 3) 
C(7)-C(6)-S(6) 
C(6)-C( 10)-S( 1 )  
S(3)-C( 1 )-Fe 
S(4)-C(5)-Fe 
C( 1 )-C( 2)-Fe 
C(2)-C(3)-Fe 
C(3)-C(4)-Fe 
C(2)-Fe-C( 1 ) 
C( 3)-Fe-C(2) 
C(5)-Fe-C(3) 
C(4)-Fe-C( 1 ) 
C(6)-Fe-C( 1 ) 
C(8)-Fe-C(2) 
C( 8)-Fe-C(4) 
C(6)-Fe-C(3) 
C( 10)-Fe-C( 3) 
C(6)-Fe-C( 2 1 
C(6)-Fe-C( 5)  
C( 10)-Fe-C( 1 ) 

105.1(2) 

101.8(2) 
1 28.4( 4) 
124.4(4) 
128.6(4) 
123.9(4) 
126.0( 3) 
126.2(3) 
68.7(3) 
69.8(3) 
70.2(3) 
41.0(2) 
40.2(2) 
68.4( 3) 
68.9(3) 

123.6(3) 
122.1(3) 
122.7(3) 
158.0(2) 
158.8(2) 
160.5(2) 
107.4( 3) 
107.5(3) 

102.2(2) 
S(4)-S(5FS(6) 
C( lO)-S( 1)-S(2) 
C(@-S(6>-S(5) 
S(4)-C(S)-C( 1 )  
S(4)-C(5)-C(4) 

C(9)-C( 10)-S( 1) 
S(6)-C(6)-Fe 
S(1)-C(lO)-Fe 
C(4)-C( 5)-Fe 
C(S)-C(l)-Fe 
C(4)-Fe-C( 3) 
C(5)-Fe-C(4) 
C(4)-Fe-C( 2) 
C(3)-Fe-C( I ) 
C( 5)-Fe-C(2) 
C( 1 0)-Fe-C( 5 )  
C( 6 j Fe-C( 4) 
C( 10)-Fe-C(2) 
C(8)-Fe-C( 1 )  
C(8)-Fe-C(5) 
C( 10)-Fe-C(4) 
C(8)-Fe-C(3) 

C( 10)-C(6 jS(6)  

10332) 
102.3( 2) 
102.4( 3) 
124.5(4) 
127.8(4) 
123.4(4) 
129.2(4) 
125.1(3) 
125.7(3) 
70.4( 3) 
69.0( 3) 
40.3(2) 
40.7(2) 
68.1(3) 
68.5(3) 
69.0(3) 

123.3(3) 
122.5(3) 
123.1(3) 
158.2(2) 
158.7(2) 
159.6(2) 
107.3(3) 

* E.s.d.s given in parentheses, are applicable to the least significant 
digits. 

Bond distances and selected bond angles are listed in Tables 2 
and 3 respectively. The carbon-carbon distances in the cyclo- 
pentadienyl rings vary from 1.394(8) to 1.442(7) A whilst the 
C-C-C angles range between 106.8(5) and 109.3(5)". Both 
parameters compare favourably with analogous ferrocenyl 
c o m p o ~ n d s , ~ ~ . ~ ~ * ~ ~  as do the iron-carbon distances [2.028(6>- 
2.056(6) A]. 

The S-S bond lengths show a slight asymmetry [2.044(4), 
2.054(4), 2.054(4) and 2.065(4) A] but are similar to those 
found in the singly trisulfur-bridged ferrocenophane 30 and 
osm~cenophane.~ The S-C bond lengths, ranging from 
1.752(6) to 1.760(6) A, are not unexpected whilst the virtually 
identical S-S-C angles [ 102.3(2), 102.2(2), 102.4(3) and 
101.8(2)"] indicate an absence of bond angle strain within the 
molecule.26 Differences in the ferrocenyl exocyclic C-C-S bond 
angles, C(6)-C( 10)-S( 1) and C(5)-C( 1)-S(3) (mean 124.1 ") and 
C(2)-C( 1)-S(3) and C(7)-C(6)-S(6) (mean 128.5"), are 
observed and this asymmetry is a structural feature common to 
[3)metallocenophanes of this type. 

The cyclopentadienyl rings adopt an eclipsed configuration 

and are virtually parallel. The two pairs of sulfur atoms are 
slightly displaced from the respective ring planes. The two 
S atoms, S(4) and S(6) are deviate more from the respective 
ring planes (0.014 and 0.022 A) than S(1) and S(3) (0.005 and 
0.003 A), giving rise to a non-bonded separation of 3.234 8, 
for S(4) . - .  S(6) shorter than 3.254 A for the other pair 
S ( l ) . - .  S(3), and consequently a more acute angle at 
S(4)-S(5)-S(6) [103.5(2)"] than at S(l)-S(2)-S(3) [105.1(2)"]. 
The non-bonding distances between the sulfide linkages are 
similar, being 3.386 8, for S(1) S(6) and 3.430 A for S(3) - 

Further work is in progress on formation of similar mixed 
chalcogen-bridged metallocenophanes and investigating the co- 
ordinating properties of this potentially multidentate ligand 
system. 

S(4). 

Experimental 
General.-All preparations were carried out using standard 

Schlenk-tube  technique^.^, All solvents were freshly distilled, 
dried and degassed before use and all reactions were performed 
under purified nitrogen. 

Proton NMR spectra were recorded on a Bruker AM250 FT 
spectrometer, operating at 250.13 MHz. The spectra were 
recorded as CDCI,CDCl, solutions with the 'H chemical 
shifts being quoted relative to SiMe, as internal standard. 
Mass spectra were recorded on a Kratos Profile spectrometer 
using the electron impact ionisation mode. Elemental analysis 
was performed by Butterworth Laboratories Ltd., Teddington, 
Middlesex. 

Ferrocene 1,l '-dithiol was prepared by following a literature 
method.,, 

Preparation of Compound 1.-Ferrocene 1,l'-dithiol (1.76 g, 
7.0 mmol) was dissolved in diethyl ether (100 cm3) and the 
stirred solution was treated with N,N,N',N'-tetramethyl- 
ethylenediamine (6.4 cm3, 41.9 mmol), followed by butyllithium 
(26.2 cm', 1.6 mol dm-3, 41.9 mmol) and the stirring was 
continued for 18 h. Sulfur flowers (2.15 g, 67.2 mmol) were 
added to the bright orange mixture and the suspension was 
refluxed for 6 h. Water (20 cm') was added to the cooled mixture 
which was then stirred for 30 min. The orange supernatant 
liquor was decanted and the solid residue extracted with hot 
hexane (3 x 30 cm') until the extracts were colourless. The 
combined liquor and extracts were dried over magnesium 
sulfate and filtered. Removal of solvent in uacuo gave a crude 
orange solid which was then subjected to dry column 
chromatography using neutral grade I1 alumina. Using hexane 
as eluent, an orange band was collected and shown to be 1,2,3- 
trithia-[3]ferrocenophane (0.39 g, 20%), m.p. 147-148 "C (lit.,,, 
149 "C). A second orange band was collected on elution with 
hexane4ichloromethane (1 : 1) and slow removal of solvent in 
uacuo gave orange microcrystals of [Fe([C,H,(S,)],}] 1 (0.90 
g, 3473, m.p. 220-225 "C (decomp.) (Found: C, 32.6; H, 1.8%; 
Mf 374. C,,H,FeS, requires C, 32.1; H, 1.6%; M 374); 
G,(CDCl,CDCl,) (chair-chair isomer, la) 4.16 [2 H, d, 
3J(H3a*5aH4a) 2.8, H3a, HSa] and 4.70 [ 1 H, t, 3J(H4aH3a,5a ) 2.8 
Hz, H4a]; (chair-boat isomer, lb)  4.10 [l H, dd, 3J(H5bH4b) 2.8, 
4J(H5bH3b) 1.6, HSb], 4.64 [l H, t, 3J(H4bH5b33b) 3.0, H4b] and 
4.71 [l H, dd, 3J(H3bH4b) 3.0, 4J(H3bH5b) 1.6 Hz, Hjb]; m/z 

4S, 21) and 182 ( M  - 6S, 18). [Crystals for X-ray diffraction 
were grown from slow evaporation of a solution of 1 in 
hexane4chloromethane (1 : l).] On further elution with 
hexane-dichloromethane (1 : 1) and then dichloromethane, 
other products were obtained but in insufficient amounts to 
be studied. 

374 (Mf, loo%), 310 ( M  - 2S, 39,278 (A4 - 3S, 9), 246 ( M  - 

X -  Ray Structure Determination-Crystal data. C ,H,FeS,: 
M = 374.40, monoclinic, space group P2,/n, a = 6.830(1), 
b = 13.310(1), c = 13.929(1) A, a = 90, p = 99.70(1), y = 

http://dx.doi.org/10.1039/DT9930000023


26 J. CHEM. SOC. DALTON TRANS. 1993 

90", U = 1248.14 A3, 2 =.4,  D, = 1.992 g ~ m - ~ ,  F(0oO) = 752, 
h = 0.710 69, p(Mo-Ka) = 21.425 cm-'. 

Data collection. Unit-cell parameters and intensity data were 
obtained by previously detailed  procedure^.^^ One hemisphere 
of data was collected with a detector swing angle of 17.95" and a 
crystal-to-detector distance of 40.45 mm. This corresponds to a 
full data set to a minimum Om,, value of 24". 

Solution and rejnement of structure. The structure was solved 
by the application of routine heavy-atom methods (SHELX 
84):* and refined by full-matrix least squares (SHELX 80).49 
All non-hydrogen atoms were refined anisotropically and 
hydrogen atoms were included in calculated positions in the 
final model. The F data were corrected for absorption using the 
DIFABS procedure. 

The final residuals R and R, were 0.030 and 0.031 
respectively for the 156 variables and 1650 reflections for 
which F, > 30(F0). Atomic scattering factors and anomalous 
scattering parameters were taken from refs. 51 and 52 
respectively. All computations were made on a T800 transputer 
hosted by an IBM compatible PC. 

Additional material available from the Cambridge Crystallo- 
graphic Data Centre comprises H-atom coordinates, thermal 
parameters and remaining bond lengths and angles. 

Acknowledgements 
We wish to thank Professor E. W. Abel, Drs. A. G. Osborne and 
P. K. Byers for helpful discussions and Drs. V. Sik and 
K. G. Orrell for NMR acquisition and interpretation 
respectively. 

References 
1 M. Rosenblum, A. K. Banerjee, N. Danieli, R. W. Fish and 

2 T. H. Barr and W. E. Watts, Tetrahedron, 1968,24,6111. 
3 M. Hisatome, R. Yamashita, J. Watanabe and K. Yamakawa, Bull. 

4 M. Hisatome and M. Hillman, J. Organomet. Chem., 1981,212,217. 
5 T. H. Barr and W. E. Watts, Tetrahedron, 1968,24,3219. 
6 K. L. Rinehart, jun., D. E. Bublitz and D. H. Gustafson, J. Am. Chem. 

SOC., 1963,85,970. 
7 M. Hisatome, Y. Kawajiri and K. Yamakawa, J. Organomet. Chem., 

1982,226, 71 and refs. therein. 
8 M. Hillman, B. Gordon, A. J. Weiss and A. P. Guzikowski, 

J. Organomet. Chem., 1978,155,77. 
9 M. Hillman and E. Fujita, J. Organomet. Chem., 1978, 155, 87, 99; 

L. D. Spaulding, M. Hillman and G. J. B. Williams, J .  Organomet. 
Chem., 1978,155,109. 

V. Schlatter, J. Am. Chem. SOC., 1963,85, 316. 

Chem. SOC. Jpn., 1988,61,1391. 

10 M. Hillman and J. D. Austin, Organometallics, 1987,6, 1737. 
11 G. Wilkinson, F. G. A. Stone and E. W. Abel (Editors), 

Comprehensive Organometallic Chemistry, Pergamon, Oxford, 1982, 
vol. 4, p. 488. 

12 M. Kumada, H. Tsunemi and S. Iwasaki, J. Organomet. Chem., 1967, 
10, 111. 

13 M. Kumada, T. Kondo, K. Mimura, M. Ishikawa, K. Yamamoto, 
S. Ikeda and M. Kondo, J. Organomet. Chem., 1972,43,293. 

14 S .  Akabori, T. Kumagai and M. Sato, J. Organomet. Chem., 1985, 
2&5,69. 

15 A. Davison and J. C. Smart, J. Organomet. Chem., 1979,174,321. 
16 A. G. Osborne, R. H. Whiteley and R. E. Meads, J. Organomet. 

Chem., 1980,193,345. 

17 S. Akabori, T. Kumagai, T. Shirahige, S. Sato, K. Kawazoe, 
C. Tamura and M. Sato, Organometallics, 1987,6,526. 

18 D. Seyferth, B. Hames, T. Rucker, M. Cowie and R. Dickson, 
Organometallics, 1983,2,472. 

19 B. McCulloch, D. L. Ward, J. D. Woollins and C. H. Brubaker, jun., 
Organometallics, 1985,4, 1425. 

20 E. W. Abel, N. J. Long, K. G. Orrell, A. G. Osborne, V. Sik, 
P. A. Bates and M. B. Hursthouse, J. Organomet. Chem., 1989,367, 
275; 1990,383,253; 394,455. 

21 E. W. Abel, N. J. Long, K. G. Orrell, A. G. Osborne and V. Sik, 
J.  Organomet. Chem., 1989,378,473; 1991,405,375. 

22 J. J. Bishop, A. Davison, M. L. Katcher, D. W. Lichtenberg, 
R. E. Merrill and J. C. Smart, J. Organomet. Chem., 1971,27,241. 

23 S .  Akabori, Y. Habata, H. Munegumi and M. Sato, Tetrahedron 
Lett., 1984, 1991. 

24 S. Akabori, T. Kumagai and M. Sato, Bull. Chem. Soc. Jpn., 1986,59, 
2026. 

25 A. G. Osborne, R. E. Hollands, R. F. Bryan and J. A. K. Howard, 
J.  Organomet. Chem., 1981,205,395. 

26 A. J. Blake, R. 0. Gould and A. G. Osborne, J.  Organomet. Chem., 
1986,308,297. 

27 E. W. Abel, N. J. Long, A. G. Osborne, M. B. Hursthouse and M. A. 
Mazid, J. Organornet. Chem., 1992,430, 1 17. 

28 T. Hayashi, M. Konishi and M. Kumada, Tetrahedron Lett., 1979, 
1871. 

29 C. G. Pierpont and R. Eisenberg, Inorg. Chem., 1972,11,828. 
30 B. R. Davis and I. Bernal, J.  Cryst. Mol. Struct., 1972,2, 107. 
31 S. Lockhart, M.Sc. Thesis, University of Virginia, 1984, personal 

32 R. Broussier, A. Abdulla and B. Gautheron, J.  Organomet. Chem., 

33 I. R. Butler and W. R. Cullen, Organometallics, 1986,5,2537. 
34 R. A. Benkeser and J. L. Bach, J. Am. Chem. SOC., 1964,24,769. 
35 D. W. Slocum, T. R. Engelmann, C. Ernst, C. A. Jennings, W. Jones, 

B. Koonsvitsky, J. Lewis and P. Shenkin, J. Chem. Educ., 1969,46, 
145. 

36 M. Rosenblum, Chemistry of the Iron Group Metallocenes, Wiley, 
New York, 1965. 

37 M. Uemura, N. Nishikawa and Y. Hayashi, Tetrahedron Lett., 1980, 
21, 2069. 

38 H. P. Plaumann, B. A. Keay and R. Rodrigo, Tetrahedron Lett., 1979, 
51,4921. 

39 P. Beak and R. A. Brown, J. Org. Chem., 1977,42,1823. 
40 F. E. Ziegler and K. W. Fowler, J.  Org. Chem., 1976,41, 1565. 
41 A. 1. Meyers and E. D. Mihelich, J. Org. Chem., 1975,40, 3159. 
42 E. W. Abel, M. Booth and K. G.  Orrell, J .  Organornet. Chem., 1981, 

43 A. Davison and J. C. Smart, J. Organomet. Chem., 1969,5,83. 
44 E. W. Abel, N. J. Long, K. G. Orrell, A. G. Osborne and V. Sik, 

45 N. J. Long, K. G. Orrell, V. Sik and G. Ward, unpublished work. 
46 D. F. Shriver, Manipulation of Air-Sensitive Compounds, McGraw- 

Hill, New York, 1969. 
47 A. A. Danopoulos, G. Wilkinson, B. Hussain-Bates and M. B. 

Hursthouse, J. Chem. SOC., Dalton Trans., 1991, 1855. 
48 G. M. Sheldrick, SHELX 84, Program for Crystal Structure 

Solution, personal communication. 
49 G. M. Sheldrick, SHELX 80, large matrix version of SHELX 76, 

Program for Crystal Structure Determination and Refinement, 
University of Cambridge, 1976. 

50 N. P. C. Walker and D. Stuart, Acta Crystallogr., Sect. A, 1983,39, 
158. 

51 D. T. Cromerand J. B. Mann, Acta Crystallogr., Sect. A, 1968,24,321. 
52 D. T. Cromer and D. Libermann, J .  Chem. Phys., 1970,53,1891. 

communication. 

1987,332,165. 

208,2 13. 

J. Organornet. Chem., 1991,419,375. 

Received 4th June 1992; Paper 2/02950B 

http://dx.doi.org/10.1039/DT9930000023

