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Summary: An unprecedented class of cationic [(η6-RCO-
arene)Mn(CO)3] complexes bearing resonance electron
withdrawing groups have been synthesized by a high-
yield two-step methodology starting from the neutral
(η5-1-chlorocyclohexadienyl)Mn(CO)3 complex, employing
a facile and selective transition-metal-catalyzed car-
bonylation followed by rearomatization. Definitive spec-
troscopic details of the novel [(η6-RCO-arene)Mn(CO)3]+

products are discussed, and in one case (R ) PhO), the
structure has been confirmed by X-ray crystallography.

Complexation of arenes alters their chemical reactiv-
ity and provides a useful synthetic methodology to
prepare functionalized arenes and cyclohexadienes.1,2 In
particular, η6 coordination of aromatic molecules to the
cationic Mn(CO)3

+ moiety activates the arene ring
toward nucleophilic addition, affording neutral η5-
cyclohexadienyl complexes which can release the free
arenes upon oxidative removal of the metal.2

The main synthetic methods reported for the prepa-
ration of such cationic complexes involve the direct
coordination of arenes to the Mn(CO)3 residue by using
Mn(CO)5Br3a or Mn2(CO)10

3a or by transferring Mn-
(CO)3

+ from cationic (polyarene)Mn(CO)3
+ complexes.3b,c

Thus, arenes bearing electron donating substituents
such as alkyl, alkoxy, and hydroxy may be coordinated
in high yield. Even arenes with only moderately accept-
ing groups such as aryl, chloride, or nonconjugated
carbonyl groups can be coordinated as well,3a but, to the
best of our knowledge, there is no report of the prepara-

tion of Mn complexes of arenes substituted by strongly
electron withdrawing groups that accept electron den-
sity through resonance effects.

The failure of the complexation of such arenes has to
be attributed to electron deficiency of the ring. Further-
more, unlike the corresponding Cr complexes,4 even
when the resonance electron withdrawal of the keto
group is disrupted by the formation of a ketal, for
example, no coordination occurred.3a

Consequently, we have tried to develop a strategy for
the synthesis of such complexes. The approach adopted
takes advantage of the particular property of η5-cyclo-
hexadienyl complexes 15 that easily undergo exo hydride
abstraction at the sp3 carbon, thus forming the corre-
sponding cationic η6 complexes 2 (eq 1).6

Thus, our aim was, first, the preparation of η5 neutral
complexes substituted by electron-withdrawing groups
such as a keto, an ester, an amide, or a cyano group
and, second, their rearomatization. This communication
describes a successful two-step methodology that gives
access to unprecedented (η6-arene)Mn+(CO)3 complexes
substituted by resonance electron withdrawing groups
and characterization details of the products. Our ap-
proach is based on palladium-catalyzed carbonylation
reactions at C-Cl positions π-bound to manganese.

Recently the unique behavior of the Pd2(dba)3/AsPh3
catalytic system has been applied successfully in organo-
metallic compounds. Indeed, it allows new synthetic
transformations which failed or were much less effective
when phosphine-based ligands were used. Examples
include the preparation of new (η6-RCO-arene)Cr(CO)3
complexes under mild conditions7 and selective substi-
tution of halogens in (η5-chlorocyclohexadienyl)Mn(CO)3
complexes.8 Unfortunately, all our attempts to extend

* To whom correspondence should be addressed. E-mail:
rose@ccr.jussieu.fr.
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such catalytic transformations to cationic tricarbonyl-
(η6-chloroarene)manganese complexes have failed up to
now;9 therefore, we turned instead to investigate first
the transition-metal-catalyzed carbonylation of a series
of (η5-chlorocyclohexadienyl)Mn(CO)3 complexes 3 under
a CO atmosphere in the presence of Pd2(dba)3, AsPh3,10

and stannous derivatives as a source of the second
substituent (Nu, eq 2) on the electron withdrawing end
group (EWG) of the products.

In the case of 2-(tributylstannyl)thiophene (RX )
SC4H3SnBu3), after the reaction mixture was refluxed
for 2 h, the thienyl ketone 6a was obtained in 90% yield
(Table 1, entry 1). The reaction has to be undertaken
carefully under a CO atmosphere during the entire
process. Indeed, if CO is introduced only after the
addition of RX, a direct coupling compound may
be isolated as a byproduct in yields ranging from 5%
to 20%. The same reaction performed with the η5-1-
chloro-4-methoxycyclohexadienyl complex 3b afforded
the thienyl ketones 6b in 90% yield (Table 1, entry 2).11

This reaction has been extended to another stannous
derivative, SnBu4. Under the same conditions, com-
plexes 3a and 3b afforded alkyl ketones 6c and 6d in
56 and 45% yields, respectively (Table 1, entries 3 and
4). In the case of 3a and Bu3SnH, however, we never
observed the expected formation of the aldehyde 6e
(Table 1, entry 5) even by changing the experimental
conditions.

We propose that these ketones 6a-d are most prob-
ably formed via the postulated intermediate 4, which
can undergo CO insertion to give the acylpalladate
complex 5. This mechanistic postulate provides a pos-
sibility to extend the reaction to the preparation of
carboxylic acid derivatives. For this purpose, we tried
to trap the intermediate 5 with classical nucleophiles12

in order to have an access to esters and amides. PhONa
as well as morpholine reacted with complex 3b, giving
the corresponding ester 6f and amide 6g in 71% and
48% yields, respectively (Table 1, entries 6 and 7).

At this point it was crucial to know if it was possible
to perform the aromatization of these η5 derivatives.13

This was achieved by reaction with CPh3BF4 in CH2-
Cl2, and the required cationic complexes 6a,b,f,g were
obtained in 95, 85, 70, and 85% yields, respectively
(Table 2).

Selected 1H NMR data of η5 and η6 complexes (Table
3) show that the differences of chemical shifts ∆δ )
δ(Η2) - δ(Η3) of these complexes are small in the case
of the η5 derivatives and positive and very large in the
case of the η6 complexes (up to 1.20 ppm; Table 3). This
suggests a synergistic effect of the electron withdrawing
group favoring an anti-eclipsed conformation of the
tripod Mn(CO)3, whereas the electron-donating MeO
group favors the eclipsed conformation, as is already
known for analogous Cr complexes.1

Cationic arene-Mn complexes are usually described
as amorphous powders14 which are difficult to crystal-
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(13) Reaction of complex 3b with KCN in DMF at 60 °C for 8 h
afforded the corresponding nitrile 6h (R′ ) 4-OMe, EWG ) CN), which
was very difficult to purify from the crude mixture. However, treating
directly the reaction mixture with CPh3BF4 in CH2Cl2, we succeeded
in isolating the pure complex 7h (R′ ) 4-OMe, EWG ) CN) in an
overall yield of 35% (from 3b).

Table 1. Substitution of Chloride Atom by an
Electron-Withdrawing Group

entry R′ 3 RX
yield
(%) 6 EWG

1 4-Me 3a thienyl-2-SnBu3 90a 6a COTh
2 4-MeO 3b thienyl-2-SnBu3 90b 6b COTh
3 4-Me 3a Bu4Sn 56a 6c COBu
4 4-MeO 3b Bu4Sn 45a 6d COBu
5 4-Me 3a Bu3SnH 6e CHO
6 4-MeO 3b PhONa 71a 6f CO2Ph
7 4-MeO 3b HN(CH2CH2)2O 48a 6g CON(CH2CH2)2O

a Reaction time 2 h. b Reaction time 6 h.

Table 2. Aromatization of η5-Cyclohexadienyl
Complexes

entry R′ 6 EWG yield (%) 7

1 4-Me 6a COTh 95a 7a
2 4-MeO 6b COTh 85b 7b
3 4-MeO 6f CO2Ph 70a 7f
4 4-MeO 6g CON(CH2CH2)2O 85a 7g

a Reaction time 3 h. b Reaction time 15 h.

Table 3. Selected 1H NMRa Data of Complexes
6 and 7

complex δ(H2) δ(H3) ∆δb complex δ(H2) δ(H3) ∆δb

6a 6.01c 6.01c 0.00 7a 7.52 6.83 0.69
6b 6.03 6.14 0.11 7b 7.66d 6.57e 1.09f

6f 6.03 6.12 0.08 7f 7.69 6.49 1.20
6g 5.43 5.81 0.38 7g 7.43 6.40 1.03
6h 5.08 6.07 0.99 7h 7.90 7.74 0.14

a CDCl3. b ∆δ ) δ(H2) - δ(H3). c Broad. d δ 7.89 for the free
arene. e δ 6.97 for the free arene. f In the case of the corresponding
chromium complex7 this difference was found to be 1.13.
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lize, but after many attempts, we finally succeeded in
obtaining well-formed, very stable yellow crystals of
complex 7f whose structure was determined by an X-ray
study.15

In this structure, the asymmetric unit consists of two
independent molecular cations (labeled a and b) and two
independent BF4 anions (Figures 1 and 2). The confor-
mations of the two Mn(CO)3 tripods are not identical.
In molecule a, the structure shows an eclipsed Mn(CO)3
conformation with respect to the methoxy group (Figure
1), whereas a slightly more deviated conformation is
observed in molecule b (Figure 2), the Mn-CO bond
being rotated by 5 and 17° from carbons C4 and C104,
respectively.16

It is interesting to note that the CdO double bond is
not parallel to the plane of the Mn-bound arene but

points out in the direction opposite to the Mn(CO)3

entity with dihedral angles of 28 and 15° in molecules
a and b, respectively.

In conclusion, we were able to prepare unprecedented
[(η6-arene)Mn(CO)3]+ complexes substituted by reso-
nance electron withdrawing groups using a two-step
methodology to overcome the impossibility of direct
complexation. These compounds should have excep-
tional reactivity, as they possess three highly electro-
philic sites: the Mn(CO)3 entity, the complexed arene
ring, and, finally, the acyl group. Our results open the
way to explore new perspectives in the reactivity of such
complexes, and their potential applications in organic
synthesis as well as in material science are being
actively studied.
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Figure 1. Molecular structure of 7f (molecule a). Selected
bond lengths (Å) and angles (deg): C1-C7 ) 1.494(7),
Mn1-C1 ) 2.154(4), Mn1-C4 2.273(5), C7-O7 ) 1.191(6);
C1-C7-O7 ) 123.7(4), O7-C7-O8 ) 125.2(4).

Figure 2. Molecular structure of 7f (molecule b). Selected
bond lengths (Å) and angles (deg): C101-C107 ) 1.486(7),
C107-O107 ) 1.180(6), Mn101-C101 ) 2.161(4), Mn101-
C104 ) 2.266(5); C101-C107-O107 ) 111.1(4), O107-
C107-O108 ) 124.5(5).
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