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ABSTRACT: The clean, room temperature, synthesis of 2,2"-
dilithio-1,1"-dibromoferrocene from 1,1 -dibromoferrocene is
reported. On quenching this dilithium compound with electro-
philes the synthesis of 2,2°-disubstituted-1,1’-dibromoferro-
cenes are facilitated. For example, quenching with 1,2-dibro-
mohexafluoropropane as an electrophile precursor yields
1,1°,2,2’-tetrabromoferrocene in high yield. The similar dilithi-
ation reaction of the 1,1°,2,2"-tetrabromoferrocene produces
3,3 -dilithio-1,1",2,2 -tetrabromoferrocene, which in turn fur-
nishes 1,17,2,2",3,3"-hexabromoferrocene again in high yield.
Essentially the bromines are added in pairs beginning with the
readily available 1,1’-dibromoferrocene. All 2,2’-dihalogeno-
1,1’-dibromoferrocenes have been obtained and characterised.
The reaction sequence when continued in an iterative fashion
should ultimately afford decabromoferrocene, however the
highly brominated products such as octabromoferrocenes,
nonabromoferrocene and decabromoferrocene are not iso-
lated cleanly because of their poorer solubility as the synthetic
method is optimised in non-polar solvents. Just as 1,1"-dibro-
moferrocene has played an important role in the broader syn-
thesis of other ferrocenes it fully expected that 1,1°,2,2"-tetra-
bromoferrocene and 1,1°,2,2",3,3"-hexabromoferrrocene will
play similar roles.

principal products from ferrocyne intermediates. Other au-
thors have since noted similar results.5 In addition to the for-
mation of ortho-lithiated bromoferrocene the dilithiation of
1,1"-dibromoferrocene was also examined and again no dis-
cernible ferrocyne derived products were observed. As part of
this exercise, it was decided to prepare a larger quantity of the
decomposition products without the addition of any ferrocyne
trapping compound to see if we could identify any solely ferro-
cene derived products that may have arisen from a ferrocyne
intermediate. This led to the discovery of a new synthetic route
towards the broader objective of producing a simple general
route to bromoferrocenes, which is outlined now. We recently
reported the low yielding preparation and crystal structures of
the 1,17,2,2"-tetrabromo-ferrocene and -ruthenocene¢ Earlier
we also reported the stepwise synthesis of 1,2,3,4,5-pentabro-
moferrocene using the ortho-lithiation methodology, a syn-
thetic strategy which has been used by many others since, fig-
ure 1.7 However it was clear that a better general synthesis of
bromoferrocenes where both cp-rings are substituted, because
of the problems of isomerisation in the existing synthetic
routes, was required.

This paper represents the culmination of an idea that started
30 years ago. This idea encompasses two areas of research but
principally it is about the ability to obtain any substitution pat-
tern on ferrocene. The synthesis of ortho-lithiated haloben-
zenes and haloferrocenes is central to their substitution chem-
istry. Interwoven with this is the history of benzyne chemistry
with the original halobenzene lithiation work of Roberts! and
Wittig?, which of course is legendary. We have been interested
in ortho-dehydrobenzene, i.e. benzyne chemistry for a consid-
erable time, and the link to the possible existence of ferrocyne,
its ferrocene analogue either as a transitory species or as a
metal complexed species since the early investigations on or-
ganometallic benzyne chemistry.3 By analogy to benzyne
chemistry, the simplest precursor compound is clearly the 1,2-
dibromoferrocene which was first prepared in 1994.4 At that
time the first reaction attempted was the reaction of the ortho-
lithiated bromoferrocene with a range of known benzyne-trap-
ping compounds - unfortunately we were unable to obtain any
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Figure 1.: stepwise synthesis of bromoferrocenes.”

It is also worth noting at this point that many chiral ferro-
cenes may be obtained by haloferrocene metalation simply us-
ing a chiral ferrocene starting material instead of ferrocene it-
self.8 This also applies to the current work. The area and scope
of halo-ferrocene synthesis has been reviewed recently,® and
there have been several papers on the so-called halogen dance
(isomerisation in lithiohaloferrocenes) in ferrocenes.10 This



halide dance can be a nuisance in synthesis if isomeric mixtures
are formed. Poly-bromoferrocene synthesis!! was pioneered
by Winter and co-workers using organomercury intermedi-
ates, however the methodology is environmentally unsound,
and the separation of products is difficult. While the lithiation
of fluoro- and chloro-ferrocenes can be achieved easily they are
not suitable precursors for developing synthetic routes be-
cause of their inherent stability hence the interest in substitu-
ent replaceable bromo- and iodo-ferrocenes.

Results and Discussion

The original plan was to investigate why “ferrocyne” was not
trapped in the decomposition reactions of 2-lithio=1-bromo-
ferrocene and 2,2’-dilithio-1,1’-dibromoferrocene with 1,3-di-
phenylbenzoisofuran. As part of the process, the dilithiation of
1,1’-dibromoferrocene was carried out using the ortho-lithia-
tion method.12 Because we could find no evidence for the for-
mation of ferrocyne, (only for traces of red ferrocene substi-
tuted benzoisofurans were observed), it was decided to exam-
ine the composition of the ferrocene containing by-products.
As one part of the study it was decided to add TMEDA to possi-
bly trap any lithiated species before quenching with DMF. The
dilithiation reaction of 1,1"-dibromoferrocene was carried out
at -70°C and the reaction mixture was warmed to room tem-
perature before being reacted with dry DMF to trap out any re-
active lithiated compounds left in the reaction mixture. It was
anticipated that a complex mixture of products would be
formed. In fact, the only products observed were the air sensi-
tive dialdehydes 3,13 fig. 2, which could be isolated in greater
than 90% yield. This was a revelation because it meant that dili-
thio- compounds 2 as a TMEDA complex were stable at room
temperature.
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Figure 2.: Preparation of bromoferrocenylcarbaldehydes from 1,1°-di-
bromoferrocene.

This turns out to be a general observation for all the dilithium polybro-
moferrocenes involved in the broader synthesis of deca-bromoferro-
cene and is crucial to this work. Since hexane was used as reaction
solvent in the test reactions, (a key point) we sought to find a different,
more effective, bromine quench reagent as an alternative to the com-
monly used 1,1,2,2-tetrabromoethane, because we have known since
the early 1980°s that 1,1,2,2-tetrabromoethane is ineffective as a
quench reagent in hexane in the presence of TMEDA with which it re-
acts. The other commonly used quench reagent 1,2-dibromotetrachlo-
roethane was also ruled out simply because of poor its solubility in hex-
ane. The reagent chosen was dibromohexafluoropropane (DBHFP),
which is readily commercially available and is also reasonably inexpen-
sive. Because we had no access to Schlenkware or specialised filtration
equipment available to us a synthetic method had to be devised so un-
dergraduate students could routinely use with normal lab apparatus.
The result can be seen in the video-file (supplementary section). Essen-
tially LITMP is prepared in hexane at room temperature in the presence
of TMEDA and this mixture is observed as a “semi-fluorescent” solu-
tion. The 1,1’-dibromoferrocene is added in the minimum volume of
hexane for dissolution (generally 25mL per 1mmol)-the solution re-
tains the apparent fluorescent appearance and takes on the orange fer-
rocene hue. After stirring for 20 minutes the reaction mixture is cooled
to -70°C and the quenching reagent is added slowly. When the dilithia-
tion is carried out using these new reaction conditions followed by
quenching with DBHFP high yields of the 1,1°,2,2"-tetrabromoferro-
cene are routinely obtained: the reaction has been carried out on scales
ranging from 10-100mmol with yields ranging from 80 to 94% and has
been repeated more than 40 times without problem -the only im-
portant consideration is that if the solvent/substrate volume ratios are

lowered a thick oil can be sometimes be formed rather than a precipi-
tate (depends on scale) and when this happens the product purity is
lowered. The 1,1°,2,2 -tetrabromoferrocene is readily crystallised and
is obtained as large yellow brown blocks or needles from either petrol
or methanol. The extent of room temperature dilithiation is lessened in
absence of TMEDA because some unreacted 1,1’-dibromoferrocene re-
mains after 4hrs when DMF is used as the quench with the additional
production of mono-aldehydes 4a and b.13 A representation shown in
figure 3 is a simplification of the complex structure of the dilithioferro-
cene.TMEDA complex.* The stereochemistry of the product dialde-
hydes may be assigned as the NMR data for 3b had been published pre-
viously.13

CH,
Br Br I EHs &3,
LITMPITMEDA Lot . CH,
e 3 ScH, e NZ

TR ; '=cH,
Li- -N-CHz AN
100M temperature \
H g sC
v r Br

RR,SS meso

Figure 3: The influence of TMEDA on diastereomer formation. (simpli-
fied). The product isomer ratios obtained depend on the quench rea-
gent effectiveness, the crystallisation process as well as the ratio of the
lithium reagents themselves.

By application of the general synthetic method, it is possible to prepare
the other 2,2’-disubstituted dibromoferrocenes such as those shown in
figure 4. All reactions furnish high product yields except in the case of
the dibromodifluoroferrocene 5, where the yields are lower (ca 60%),
which is a reflection on the efficiency of the quenching reagent (poorly
soluble) rather than a problem with the initial lithiation reaction.
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Figure 4: Related halogenoferrocenes prepared using the room tem-
perature lithiation.

There are now three synthetic routes A, B. C, figure 5, by lithiation to
the set of 2,2°-dihalogeno-1,1"-dibomoferrocenes, an example of which
is shown for compounds 6.
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Figure 5: Alterative synthetic methods to mixed 2,2’-dichloro-1,1"-bro-
moferrocene, 6.

Compounds 5-8 have been characterised by single crystal diffraction
which will be the subject of a forthcoming paper. Compound 9 has only
been obtained as an oil and its characterisation is based on NMR only,
but it is also used in the preparation of compound 8 which provides
unequivocal evidence for its structural formulation. The ferrocene ring



proton chemical shifts of the 2,2°-disubstituted-1,1"-dibromoferro-
cenes are summarised in Table 1.

Com- H-2(ppm) H-3 (ppm) H-4(ppm)
pound

5 4.41,4.39 3.92,3.95 4.23,4.20
6 4.44* 417 4.44

7 4.46* 417 4.46

8 4.48* 417 4.42

9 4.40,4.56 4.18,4.11 3.92,3.94

Table 1: Chemical shifts for the ferrocene protons in compounds 5-9.
(Numbering: H-2 in compound 5 are positions alpha to bromines, H-5
alpha to fluorines). *Both isomers have identical (overlapping at
400Mz) 'H NMR spectra.

Continuing, the synthesis of 1,1°,2,2",3,3"-hexabromoferrocene 10, was
achieved using the general synthetic method. Several reactions using a
range of solvent combinations and addition methods were attempted
before a synthesis was optimised. The optimised synthesis uses a re-
verse addition method where the active lithiating mixture is added to
the 1,1°,2,2-tetrabromoferrocene, 7, to counter its poorer solubility in
hexane. Compound 10 is obtained as a bright pale yellow microcrystal-
line solid, again in yields greater than 90%. This compound is difficult
to crystallise and hence completely purify as it tends to form micro-
crystalline powders from a range of solvents. Its proton NMR spectrum
however is characteristic: a singlet at 4.46 ppm.¢ It is also difficult to re-
dissolve in the same solvent from which it powdered out although it is
reasonably soluble in THF. Persistent trace by-products are
1,1°,2,2",3,3",4-heptabromoferrocene, 15 and more highly brominated
ferrocenes. Structural confirmation for 15 was obtained from an im-
pure sample. A synthetic grid can be constructed to show all possible
routes to the higher bromoferrocenes, figure 6.
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Figure 6.: General synthetic route “plan” for bromoferrocenes. A: alpha-
lithiation and quench; B: debromination by lithium-bromine exchange;
C: debromination by lithium-bromine exchange with several possible
isomeric products, D: single alpha-lithiation. (Compounds shown in red
will require the use of different solvents for yield optimization)

As examples, compound 13 may be obtained by removal of one bro-
mine by lithium exchange followed by reaction with water or methanol
and compounds 14 and 15 are accessible using routes C and D, from
compounds 7 or 10 and 10 or 11 respectively, figure 7. Many attempts
were made to synthesis 1,1°,2,2",3,3",4,4"-octabromoferrocene 11, us-
ing the general reaction conditions however the poor solubility of the
compound 10 in non-polar solvents makes this difficult. This is also
true for the remaining two brominated ferrocenes 12 and 16. Thus

unambiguous characterisation of octa- and nona-bromoferrocenes, 11
and 16 has not been achieved although these are present in the reac-
tion products as observed by mass spectrometry, (see Supporting In-
formation). Decabromoferrocene, 12, was originally prepared by Win-
ter and co-workers using organomercury chemistry!! and is postulated
that this should be best prepared directly from hexabromoferrocene by
double ortho-lithiation in THF. Additional NMR trial reactions have
been carried out to show that 1,1,2,2’-tetrabromoferrocene is a useful
general reaction precursor for alpha-dilithiation: for example 2,2°,3,3"-
tetrabromo-1,1’-di-iodoferrocene, 17, 2,2°,3,3’-tetrabromo-1,1"-bis-
(tri-n-butylstannyl)ferrocene, 18, 3,3"-dichloro-1,1",2,2 -tetrabromo-
ferrocene, 19, and 3,3"-bis-carboxaldehydo-1,1",2,2"-tetrabromoferro-
cene, 20, figure 7, may be prepared.
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Figure 7: products observed from trial alpha dilithiation reactions of
1,1°,2,2’-tetrabromoferocene.

In these reactions multiple lithiation may occur with the formation of
more highly substituted products therefore controlling stoichiometry
is more important. The general synthetic method is also suitable for
the synthesis of 1,1°,2,2"-tetrabromoruthenocene® and 1,1%2,2°,3,3"-
hexabromoruthenocene both of which have been obtained in excellent
yields. This work makes the synthesis of literally hundreds of ferro-
cenes possible using bromoferrocenes as starting materials and cir-
cumvents the problems associated with the isomerisation of lithiobro-
moferrocenes (halogen dance!?).

CONCLUSIONS and COMMENTS

A general synthetic regime has been developed for the con-
trolled high yielding synthesis of multiply substituted bromo-
ferrocenes and bromoruthenocenes. The bromine substituents
allow the further synthesis of a range of substituted ferrocenes
and ruthenocenes by bromide exchange. Other brominated
quenching reagents may be used and indeed we have tried oth-
ers which work reasonably well but with lower yields. The syn-
thesis of mixed halogenoferrocenes is also possible. Prelimi-
nary experiments with ortho-lithiation of 1,1’-di-iodoferrocene
have shown that lower temperatures and or shorter reaction
times must be used- these results will be the subject of a forth-
coming paper. Further work to determine isomer ratios of
mixed halide ferrocenes products under specific reaction con-
ditions is required and the methodology to separate these. The
synthetic tools are now available to prepare all the possible
bromoferrocenes isomers and we extend an invitation to other
research groups to collaborate with us on this. Extension of the
synthetic method to include other metallocene compounds and
some arenes is also possible.

Supporting Information, this contains experimental details
and NMR spectra of compounds reported here including



spectra of crude materials as obtained using the reported syn-
thetic technique. Spectral details of several other compounds
such as ferrocenophanes are also included. A video showing the
preparation of 2,2’-dilithio-1,1’dibromoferrocene in progress
is also available. This is available free of charge on the ACS Pub-
lications website.
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