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A one-pot trisubstitution on a representative range of (h6-
arene)tricarbonylchromium(0) complexes is described and
evidence for the formation of a trianion is presented.

(h6-Arene)tricarbonylchromium(0) complexes have been stud-
ied extensively1 and have a wide range of applications from
their use in total synthesis2 through their growing importance as
chiral building blocks3 to their current involvement in ligand
design for asymmetric catalysis.4 The characteristic enhanced
kinetic acidity of the ring protons has been utilised regularly in
the introduction of a single substituent via a deprotonation/
electrophilic quench sequence and has been the subject of
numerous synthetic and mechanistic studies.1b In contrast,
reports regarding the introduction of two new substituents
employing a similar sequence are relatively few.5 Although
such double functionalisation has been mentioned in the
literature, this reactivity has never been the target of a
systematic study. Furthermore, to the best of our knowledge,
there exist only two examples of trisubstitution.† In the first,
chlorination of (h6-chlorobenzene)tricarbonylchromium(0) af-
forded a tetrasubstituted complex as a side product in poor
yield.5g In the second report, we observed a trisubstitution
reaction as part of a wide ranging study on the reactivity of an
electron-deficient sulfone complex.5e We wish to report here the
results of a recent study which indicate (a) this reaction involves
the formation of a rare trianionic species, and (b) this
extraordinary reactivity is not limited to a single, electron
deficient substrate and may be viewed as an inherent feature of
(h6-arene)tricarbonylchromium(0) complexes.

Initially, the sulfone complex 1a,5e was examined. Treatment
of 1a with 3.0 eq. of 2,2,6,6-tetramethylpiperidine (LiTMP) in
THF (278 °C for 2 h) was followed by a Me3SiCl quench. The
reaction mixture was allowed to warm up to rt and worked up.
Column chromatography yielded the trisilylated complex 2a in
50% yield (Table 1, entry 1). In order to gain insight into the
species involved in this trisubstitution, we subsequently
performed a reaction under identical conditions using deuter-
oacetic acid as the electrophilic quench. The mass spectrum of
the product mixture showed four molecular ion peaks corre-

sponding to unreacted 1a and its mono-, di- and trideuterated
analogues in the ratio 14+38+35+13.‡ It can thus be concluded
that a trianionic species is a significant component (13%) of the
reaction mixture prior to quenching.

We next decided to study the electron rich complex (h6-
anisole)tricarbonylchromium(0), 1b, in order to start to define
the scope of the trisubstitution reaction. Treatment of 1b with
3.0 eq. of LiTMP in THF (278 °C for 2 h) was followed by a
Me3SiCl quench. Column chromatography yielded the novel
trisilylated complex 2b6 in 42% yield along with a 9% yield of
3b (Table 1, entry 2).5f A deuteration experiment under identical
conditions was once again performed. Analysis of the mass
spectrum revealed the presence of unreacted 1b, and its mono-,
di- and trideuterated analogues in a 24+45+25+6 ratio.‡

Encouraged by the trisubstitution of electron rich 1b, we then
progressed to the electronically neutral complex 1c. In this case,
reaction with LiTMP followed by an electrophilic quench with
Me3SiCl afforded almost equal amounts of the tri-substituted
complexes 2c and 2,5-disubstituted complex 3c, both pre-
viously unknown compounds (Table 1, entry 3).

The prospect of C3v-symmetric arenes being accessible
through this route encouraged us to attempt the reaction on
unsubstituted (h6-benzene)tricarbonylchromium(0) which led to
novel 5a and 6a.7 Optimisation experiments demonstrated that
use of LDA at 240 °C afforded the desired C3v-symmetric
product 5a in the highest yield (Table 2, entry 1). A control
experiment was then performed on uncomplexed benzene under
identical conditions. This resulted in recovery of unreacted
starting material ( ≥ 95%), confirming beyond doubt that the
trisubstitution reaction requires the presence of the tricarbonyl-
chromium(0) moiety.

Having established that the one-pot trisubstitution is not
limited to electron deficient arene complexes, we decided to
further test the scope of this reaction by using other electro-
philes. Considering the utility of tin containing compounds in
coupling reactions we chose Me3SnCl as the electrophile:
pleasingly, trisubstitution afforded the novel complex 5b in
good yield with 6b8 as the minor product (Table 2, entry 2). The
possibility of gaining access to C3v-symmetric phosphine
ligands led us to use PPh2Cl as the next electrophile. The novel

Table 1 Reaction of complexes 1a–c
Table 2 Reaction of complex 4 with various electrophiles

This journal is © The Royal Society of Chemistry 2000

DOI: 10.1039/b006105k Chem. Commun., 2000, 2011–2012 2011



trisubstituted complex 5c was isolated by fractional crystallisa-
tion, fully characterised and its structure confirmed by X-ray
crystallography.9

In summary, we have presented evidence for the formation of
a trianionic species in an unusual one-pot trisubstitution
reaction. Furthermore, we have broadened the scope of this
reaction sufficiently to demonstrate for the first time that it is an
inherent feature of the reactivity of (h6-arene)tricarbonylchro-
mium complexes.
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