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Abstract

The cyclomanganation of (h6-arene)tricarbonylchromium complexes by reaction with benzylpentacarbonylmanganese affords
new bimetallic compounds. The mechanism of the manganation as well as other underlying aspects of the reactivity of
cyclomanganated complexes are addressed in this report. © 1998 Elsevier Science S.A. All rights reserved.
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1. Introduction

Organometallic materials bearing more than one metal
center increasingly draw the interest of synthetical
organometallic chemists [1]. We began recently to study
the orthometallation reactions of (h6-arene)tricarbonyl-
chromium complexes by softer ways than the well known
lithiation method [2]. Indeed it is well established that in
such chromium(0) complexes the arene ligand bears a
decreased electron density due to a charge transfer
towards the Cr(CO)3 moiety [3]. The latter bulky frag-
ment behaves somewhat like an electron withdrawing
substituent; it enables mainly reactions such as aromatic
nucleophilic substitutions [4], metallation at the arene
ring [5] and at the benzylic positions [6], and provides an
outstanding stereochemical control due to the fact that
one side of the arene is occupied by the carbonyl–metal
tripod. The lithiation of (h6-arene)tricarbonylchromium
complexes by abstraction of an aromatic proton is easier
than for aromatics. It is generally carried out at temper-
atures between −78 and −30°C. The corresponding
lithio complexes readily react with electrophiles but
cannot be isolated in a pure state due to their temperature
sensitivity [7]. Other metallated arenetricarbonyl-
chromium complexes have been prepared by transme-

tallation and replacement of lithium by manganese(I)
[8], titanium(IV) [9], gold(I), copper(I) [10] centers,
by ligand exchange reactions for the synthesis of
a mercurated arenetricarbonylchromium complex [11] or
by an oxidative-addition of Pd(0) complexes to chloro-
arenetricarbonylchromium complexes [12]. When we
started our study no recent examples of metallation of
(h6-arene)tricarbonylchromium complexes via C–H acti-
vation were reported. Therefore, we decided to probe the
feasibility of such metallation with (h6-arene)tricar-
bonylchromium substrates and to take as a model the
orthomanganation reaction promoted by compounds,
such as R–Mn(CO)5, when they are opposed to aromat-
ics bearing endogenous ligands [13]. Herein we present
a survey of our research encompassing both published
[14] and recent results.

2. Results and discussion

2.1. Cyclomanganation of
(h6-arene)tricarbonylchromium complexes

The orthomanganation of aromatic compounds is a
known reaction that has been intensively studied [15].
The thermolysis of alkylpentacarbonylmanganese com-
pounds in the presence of various types of aromatic* Corresponding author. Tel.:+33 88 416073; fax:+33 88 607550.
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substrates yields selectively the corresponding or-
thometallated cyclomanganated product. Those deriv-
ing from aromatic ketones or aldehydes found some
interesting applications in organic synthesis [16]. Indeed
photochemical or chemical activation of the cycloman-
ganated complexes in presence of either an alkene, an
alkyne or sulfurdioxide may yield either indanol deriva-
tives or aromatic sulfonates [17]. Similar reactions have
been reported recently also with cyclomanganated (h6-
acetophenone)tricarbonylchromium derivatives [18].
This abundance of applications reported for the man-
ganese complexes of aromatic ketones and aldehydes
contrasts dramatically with the absolute absence of

similar reports in the cases of the complexes of benzy-
lamine and phenylpyridine derivatives for instance. We
thus decided to focus our study of the cyclomangana-
tion reaction on benzylamine [14] and phenylpyridine
Cr(CO)3 derivatives with the wish that these derivatives
will display a peculiar reactivity.
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Table 1
Cyclomanganation of (h6-arene)Cr(CO)3 complexes (yields in
bimetallic products)

Product Time (h) Yield (%)

8051b
2b 4 100

63b 15
8(3) 47 (51)4b (d)
4 5811b

12b 8 83
5 8613b

Scheme 1.

The corresponding (h6-arene)tricarbonylchromium
substrates (Chart I) were prepared using the general
method of Pauson and Mahaffy [19] and were treated
with PhCH2Mn(CO)5 in gently refluxing heptane for a
period of time ranging from 3 to 8 h (Eq. 1) [14]. The
duration of the reaction was mainly determined by the
decomposition of both the alkylpentacarbonylman-
ganese and the cyclomanganated product. If careful
heating was applied to the medium, the reaction mix-
ture could withstand an overnight reflux with minor
decomposition of the alkylmanganese starting com-
pound. It is important to note that the reaction does
not take place at lower temperatures in heptane. The
manganation reaction is generally clean and the
workup easy since the bimetallic products often precip-
itate out of the solution as yellow or orange amorphous
powders. The compounds described in the present pa-
per are displayed in Chart I. Table 1 presents the yields
of formation of benzylamine and aryl-2-pyridine based
bi-nuclear complexes that range between 15 (3b) and
100% (2b).

Far from being mainly dependent on the nature of
the aromatic substrate (except for substrates in which
the metallation site is hindered such as for 3a) the
manganation reaction seems to be also influenced by
the solutility of the bimetallic product in the solvent
used for this reaction. In an attempt to establish the
effect of various substituents of the coordinated arene
on the relative rate of cyclomanganation we undertook
a systematic study reacting equimolar mixtures of
PhCH2Mn(CO)5, 1a and alternatively 5a, 6a and 7a
[14]. Unfortunately, no consistent correlation could be
established neither with the Hammett s constants [20]
or with the DdCO parameter introduced by Fedorov and
co-workers [21] or with the DiX (DiX=iX−iH) parame-
ter defined by Inamoto and co-workers and which is
related to the inductive substituent effect parameter i

[22].
The double metallation of ligand 8a can be achieved

also giving rise to mixtures of 8b and 8c [14]. A
thioether such as 9a also affords a cyclomanganated
product 9b that can be further modified by substitution
of a CO ligand by triphenylphosphine to give 9c
(Scheme 1) [14].

2.2. Infrared spectroscopy of the new bimetallic
compounds

IR spectroscopy has proved to be a useful tool for
the interpretation of the electronic effects of organic
substituents located on the complexed aromatic ligands
of (h6-arene)Cr(CO)3 complexes. Indeed bathochromic
shifts of the carbonyl ligand absorption bands are
observable when the substitution pattern is modified on
the complexed arene. To estimate the relative electronic
effect of a given organic substituent, van Meurs and
co-workers [23] calculated a DnR parameter that corre-
sponds to the shift underwent by either the A1 or
E-mode band upon change on the substitution pattern
[24]. In short terms, the value and the sign of this
parameter would inform on the electron-donating (neg-
ative value) or electron-accepting (positive value) na-
ture of the substituent R. We therefore decided to apply
this treatment to our compounds in order to establish
the role of the Mn(CO)4 moiety.

IR spectroscopy of cyclomanganated (h6-arene)
Cr(CO)3 complexes leads to the observation of com-
posite spectra resulting from the overlap of intense CO
bands of both the Mn(CO)4 and the Cr(CO)3 moieties.
It is generally difficult to assign precisely the peaks
observed in the region ranging from 1900 to 2000
cm−1. However, the typical carbonyl stretching E (or
2A%) band(s) related to the Cr(CO)3 fragment [25,26]
appears in the region ranging from 1850 to 1890 cm−1.
From the IR data gathered in Table 2 (entries 1–12),
we can assume that the Mn(CO)4 moiety acts over the
arene ring as an electron-donating substituent. Com-
parison of the carbonyl stretching E (or 2A%) absorption
wavenumbers values of the substrates and the corre-
sponding manganated products suggests indeed a
greater flow of electron density from the metal substi-
tuted arene to the chromium fragment as was first
proposed by Lotz and co-workers for analogous non-
cyclometallated complexes [8]. This is highlighted by
the negative values of the parameter DnM calculated for
the E-mode carbonyl absorption bands (Table 2).

Data extracted from other reports [8,9,12,18,27] (en-
tries 13–21) and related to other metallated (h6-
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Table 2
IR data for metallated (h6-arene)tricarbonylchromium complexes and their non-metallated analogues (values measured in CH2Cl2 solutions (cm-1)
unless otherwise stated)

A1E (or 2A%) (DnM)EEntry Metallated complex E or 2A% Non-metallated com-
plex a

1969, 1889 −161 1b 2080, 1990, 1953 1873 1a
2b 1958, 18772 2b 2079, 1988, 1945 1863 −14

1956, 18743a −133 18613b 1985, 1946
1965, 1897,1875 b −174 4b (d) 2080, 1990, 1950 1869 4a (c)

−151962, 18805a5 18655b 2082, 1990, 1949
1861, 1845 b 8a 1966, 1897 −446 8b 2082, 2074, 1993, 1942

1966, 1897 −418a7 18568c 2075, 1990, 1944
1866 9a 1968, 1890 −248 9b 2084, 1997, 1956

−281968, 18999a9 1872, 1851 b9c 2009, 1944, 1911
1877 11a 1964, 1889 −1110 11b 2086, 2005, 1989,1949

1970, 1895 −1412a11 188112b 2086, 2006, 1988, 1954
1969, 1894 −1512 13b 2085, 2005, 1986, 1952 1878 13a

14ac 1971, 1874, 1860b13 14bc 1947 1867 0d

14ac 4d14 1882, 1860b15c 1953
14ac15 16c 1947 1867 0d

−17d14ac16 1860, 1840b17c 1940
1872 14a 1970, 1891 −19e17 18 1952

−13e14a18 187819 1951
1965, 1903 −23f19 20b 2093, 2010, 1965, 1937 1894, 1866b 20a

−14g14a20 187721 2090, 2075, 2027, 2006, 1983, 1953
1868 14a21 −23g22 2098, 2084, 2014, 1989, 1973, 1951

a (DnM)E= (nM−nH)E or A%=nE or A% of metallated complex−nE or A% of corresponding non-metallated complex.
b Determination of Dn was done with average values of n.
c KBr pellet; see ref [27]. See refs.: d [12], e [9], f [18] and g [8].

arene)tricarbonylchromium complexes (Chart II) sug-
gest that even when the metal-substituent is a Ti(IV) or
a Pd(II) center (entries 17 and 16, respectively, Table 2)
the electron flow is more likely to be directed from the
metal-substituent towards the chromiumtricarbonyl
tripod (DnEB0 cm−1). Only data of compounds 15, 14b
and 16 suggest either slight electron density transfer
from the Cr(0) to the Pd(II) center (DnE\0 cm−1, Table
2, entry 14) or no transfer at all (DnE=0 cm−1, Table
2, entries 13 and 15) what would be consistent at a first
approximation given the generally accepted electrophilic
character of Pd(II) complexes. Although the Dn parame-
ter gives consistent values for organic arene substituents
caution must be taken for the interpretation of DnM

values. Additional information on the actual electronic
effect of the metal substituents treated here can be
obtained from the evaluation of the force constant, k (in
mdyne Å−1), of the carbonyl C–O bonds related to the
Cr(CO)3 fragment. For this to be carried out one must
have the exact frequencies of the A1 and E-mode absorp-
tion bands. Because of the overlap of Mn(CO)4 absorp-
tion bands with those produced by Cr(CO)3 it was not
possible to assign clearly the absorption band corre-
sponding to the A1-mode of the Cr(CO)3 tripod of our
compounds. Consequently, this problem precluded an
exact calculation of k. However, on the basis of data
published by other authors we calculated the values of
kM and DkCO by following the Cotton-Kraihanzel ap-
proximation [28] (Table 3) for palladium(II) compounds

14b, 15, 16, 17, for a titanium(IV) compound 18, for a
gold(I) compound 19 and for manganese(I) compounds
21 and 22 (Chart II). The data listed in Table 3 indicate
clearly that in all cases the force constant is decreased
upon metallation of the reference arene ligand (14a).
The negative values obtained for DkCO compare well
with those correlated to electron-donating effects of
classical organic substituents.
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2.3. Clues for the mechanism of the cyclomanganation
reaction

The cyclomanganation reaction proceeds via activa-
tion of an aromatic carbon to hydrogen bond. The
actual process of this reaction has not yet been com-
pletely elucidated. However, we brought recently the
evidence that to some extent the manganation of an
aromatic compound upon thermal treatment with an
alkylpentacarbonylmanganese complex is a reversible
process [29].

2.3.1. Stereoselecti6e cyclomanganation of 4a [14]
The separate cyclomanganation of compounds (R)-

4a and (S)-4c, both respective enantiomers, is a
stereoselective reaction that affords optically active
bimetallic products with an apparent 100%
diastereomeric yield according to 1H-NMR analyses.
Comparative optical circular dichroism measurements
(CD) carried out on 4b and 4d provided additional
evidences that the reaction was stereoselective and fur-
thermore that no racemization took place (Fig. 1). This
stereoselectivity reflects the importance of the stereo-
chemical control initiated by the Cr(CO)3 tripod. Al-
though we have not yet been able to confirm the exact
structures of 4b and 4d, it is very likely in both cases
that the methyl group attached to the benzylic carbon is
anti with respect to the Cr(CO)3 tripod. This suggested
to us that the manganation reaction could be reversible
and that steric interactions within the reaction interme-
diates could lead to the less hindered and more thermo-
dynamically stable isomer, e.g. 4b or 4d (Scheme 2). In
this case a reversible metallation entails the lability of
the Mn(CO)4 moiety.

2.3.2. Intrinsic lability of the Mn(CO)4 moiety
Bruce and co-workers pointed out that in some cases

the Mn(CO)4 moiety could be transferred efficiently
from a dimanganated azobenzene complex to a ‘free’
azobenzene molecule [30]. Other authors reported simi-

lar results with acetophenone derivatives [31]. We un-
dertook two control experiments in order to check
whether or not complexes 1b or 5b were able to interact
somehow with their corresponding substrates [14].

On the one hand, we reacted complex 1b with 5a in
heptane at 90 °C (Scheme 3). On the other hand, we
reacted complex 5b with 1a under the same conditions
(Scheme 3).

Both experiments were run for 3.5 h with an internal
reference. The reactions occurred with some decompo-
sition and the formation of a brownish residue (corre-
sponding to ca. 20–35% of the total manganese
amount). We observed in the proton NMR spectra of
the respective crude mixtures the unexpected formation
of complex 5b for the first experiment and the forma-
tion of complex 1b for the second experiment. This
suggests that the tetracarbonylmanganese fragment un-
derwent migration. For the first experiment the ratio of
complex 1b relatively to 5b was 2.2:1. For the second
experiment the ratio of complex 5b relatively to 1b was
1.6:1 (Scheme 3).

The lability of [(h6-aryl)tricarbonylchromium]- and
aryl-tetracarbonylmanganese(I) complexes was confi-
rmed by two additional sets of experiments.

Firstly, we reacted overnight an equimolar mixture of
the benzylamine derivative 10 with 1a in heptane at ca.
80°C. This experiment allowed us to observe the forma-
tion of complex 1b in 60% yield.

Secondly, two comparative experiments were under-
taken to compare the strength of chelation of a benzy-
lamine-type ligand with respect to a 2-phenylpyri-
dine-type one. For instance two experiments were done
following identical conditions by reacting 12b with 1a
(reaction B, Scheme 4) and 12a with 1b (reaction A,
Scheme 4) in presence of an internal reference (Scheme
4). For the first experiment, the 1H-NMR spectrum of
the crude mixture did not reveal any new product. In
contrast, the second experiment lead to the formation
of 12b in 62% yield and the generation of 1a in 97.5%
yield. This result implies that among all the manganese
borne by 1b and released during the reaction, roughly
two-thirds were actually transferred to form 12b and
about one-third were lost in a decomposition process
generating carbon monoxide and manganese-containing
solid residues.

2.3.3. A possible mechanism for the transfer of the
Mn(CO)4 moiety

Scheme 5 displays a possible mechanism for
Mn(CO)4 transfer reactions which accounts for the
observations described above. The first step is the ther-
mally promoted carbonyl ligand loss and the forma-
tion of an electron deficient species A which can coordi-
nate any ligand present in the medium. The resulting
transient species B may undergo an intramolecular

Table 3
List of carbonyl C–O bonds force constants related to the Cr(CO)3

moiety of selected (h6-arene)tricarbonyl complexes

Metallated com- kM
a Reference com- kH

a DkCO
a,b

plexplex

14.46 −0.1514.61c14b
14.56 c15 −0.05

16 14.48 c −0.13
17 14.28 c −0.33

14.5618 −0.29d 14.85
19 −0.23d14.62

14.78 d21 −0.07
14.63 d22 −0.22

a In (mdyne Å−1). b DkCO=kM−kH. c 14a in KBr. d 14a in CH2Cl2.
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Fig. 1. Optical circular dichroı̈sm spectra [DA vs. l (nm)] of compounds 4b and 4d measured in heptane (see ref. [14]).

transmetallation yielding the species C (Scheme 5).
These two species can reasonably be considered as
being in equilibrium. The species C may then coordi-
nate carbon monoxide generated by the partial decom-
position of aryltricarbonylmanganese species and
eventually yield the expected bimetallic product.

3. Conclusion

Investigation on the mechanism of the cyclomanga-
nation reaction still focuses the interest of chemists. In
a recent report, it has been demonstrated that in the
overall process encompassing coordination of the lig-
and to the manganese(I) center and the C–H activation
step, kinetic data provide evidence for a reaction mech-
anism with no defined rate limiting step [32]. Our
results on the lability of the Mn(CO)4 moiety bring
additional elements for the understanding of this com-
plex reaction. It is now clear that the exchange of
coordinated Mn(CO)4 fragments from ligand to ligand
is a process that may take place in the reaction between
alkylpentacarbonylmanganese and aromatic substrates.
We demonstrated that the cyclomanganation of (h6-

arene)tricarbonylchromium complexes can be achieved
readily providing thus new bimetallic substrates for
further investigations. Hence, we will concentrate our
future efforts in the study of new applications of cyclo-
manganated aromatics in organometallic synthesis that
do not imply the irreversible loss of the Mn(I) center
[33].

4. Experimental section

All reactions were performed under a dry nitrogen
atmosphere. Products were separated by flash chro-
matography on silica gel (Aldrich, 60 mm) under a dry
nitrogen atmosphere. Before NMR experiments were
performed, NMR solvents and tubes were purged with
dry nitrogen to remove oxygen. All 1H- and 13C-NMR
spectra were recorded at ambient temperature on
Bruker AC 300 and DRX 500 spectrometers (resonance
frequencies 300 and 500 MHz for 1H and 75 and 125
MHz for 13C). Chemical shifts are reported in ppm
downfield of Me4Si. Coupling constants are reported in
Hz. IR spectra (reported in cm−1) were measured on a
Perkin-Elmer 1600 Fourier transform spectrometer
(Table 2). Elemental analyses (reported in percent
mass) were performed at the ‘Service Central d’Analy-
ses du CNRS’ at Vernaison, France and at the ‘Service
de Microanalyse de l’Université Louis Pasteur’ at Stras-
bourg, France. Melting points were measured on a
Büchi apparatus. Optical circular dichroism measure-
ments were carried out in heptane with a ISA Jobin-Scheme 2.
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Scheme 3.

Yvon CD6 instrument. Benzylpentacarbonylman-
ganese was prepared by following the literature proce-
dure [34]. (h6-Arene)tricarbonylchromium complexes
were prepared using the procedure of Pauson and Ma-
haffy which consists of the thermal treatment of the
corresponding organic substrate by Cr(CO)6 in a mix-
ture of 10% THF in n-dibutylether. All experiments
involving (h6-arene)tricarbonylchromium complexes
were always protected from exposure to light. Com-
plexes 11a [35] and 11b have already been reported in
literature. Herein we present an improved synthesis of
11b [36].

4.1. General procedure for the preparation of
(h6-arene)tricarbonylchromium complexes

In a 1:10 mixture of THF and DBE were dissolved
an amount of arene and a slight excess of hexacar-
bonylchromium. The resulting solution was brought to
reflux for several hours under a dry nitrogen atmo-
sphere until traces of chromium oxide appeared. After
being cooled to room temperature, the solution was
filtered over Celite and both solvents and hexacar-
bonylchromium were removed under vacuum. The
crude oil was redissolved in dichloromethane and silica
was added. The solvent was removed and the resulting
coated silica gel was loaded on the top of a silica gel
column packed in dry and degassed hexane. The unre-
acted arene was eluted first, followed by the (h6-
arene)tricarbonylchromium complex. The solvent was
then evaporated under reduced pressure and the com-
plex recrystallized from dry hexane.

4.1.1. Preparation of 11a
The reactants, conditions, and results follow:

Cr(CO)6 (3.0 g, 13.5 mmol), benzo[h]quinoline (2.0 g,
11.2 mmol), THF (7 ml), DBE (70 ml); reflux for 38 h;
chromatography on SiO2, hexane/CH2Cl2(3:7); 36%
yield (1.25 g) of air stable, orange complex 11a. 1H-
NMR (C6D6): d 8.61 (dd, 1H, 3J=4.4, 1J=1.83),
7.37–7.33 (m, 1H), 6.82–6.72 (m, 4H), 5.13–5.10 (m,
1H), 4.72–4.69 (m, 2H).

4.1.2. Preparation of 12a
The reactants, conditions, and results follow:

Cr(CO)6 (10.6 g, 48.3 mmol), 2-phenylpyridine (5.0 g,
32.2 mmol), THF (13 ml), DBE (130 ml); reflux for 71
h; chromatography on SiO2, hexane/dichloromethane
(3:7); 84% yield (7.9 g) of air stable, crystalline, or-
ange–yellow complex 12a. F.p.: 121–122°C. 1H-NMR
(C6D6): 8.31 (d, 1H, J=4.4), 7.00 (t, 1H, J=7.6), 6.91
(d, 1H, J=8.0), 6.55 (t, 1H, J=5.9), 5.75 (d, 2H,
J=6.3), 4.60 (t, 2H, J=5.5), 4.49 (m, 1H); 1H-NMR
(CDCl3): 8.61 (d, 1H, J=4.0), 7.76 (t, 1H, J=7.6),
7.56 (d, 1H, J=8.2), 7.26 (m, 1H), 6.18 (d, 2H, J=
6.1), 5.53–5.41 (m, 3H). 13C-NMR(CDCl3): 232.5,
153.6, 149.5, 136.8, 123.4, 119.9, 105.5, 92.3, 92.1, 91.8.
Anal. Found: C, 57.76; H, 3.18; N, 4.66. C14H9NO3Cr
Calc.: C, 57.73; H, 3.09; N, 4.81%.

4.1.3. Preparation of 13a
The reactants, conditions, and results follow:

Cr(CO)6 (2.1 g, 9.4 mmol), 3-methyl, 2-phenylpyridine
(1.1 g, 6.3 mmol), THF (7 ml), DBE (70 ml); reflux for
43 h; chromatography on SiO2, hexane/
dichloromethane (2:8); 80% yield (1.5 g) of air stable,
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Scheme 4.

crystalline, orange–yellow complex 13a. F.p.: 106–
108°C. 1H-NMR (C6D6): d 8.31 (d, 1H, J=3.8), 6.82
(d, 1H, J=7.7), 6.54 (m, 1H), 5.41 (d, 2H, J=6.3),
4.55 (t, 2H, J=5.8), 4.47 (m, 1H), 2.03 (s, 3H); 1H-
NMR (CDCl3): 8.51 (d, 1H, J=4.3), 7.55 (d, 1H,
J=7.6), 7.23–7.19 (m, 1H), 5.85 (d, 2H, J=7.0), 5.48–
5.40 (m, 3H), 2.57 (s, 3H). 13C-NMR(CDCl3): 232.7,
152.2, 147.0, 139.5, 131.0, 123.1, 109.6, 94.8, 91.8, 20.3.
Anal. Found: C, 59.27; H, 3.63; N, 4.52. C15H11NO3Cr
Calc.: C, 59.02; H, 3.61; N, 4.59%.

4.2. General procedure for the cyclomanganation of (h6-
arene)tricarbonylchromium complexes

A mixture of (h6-arene)Cr(CO)3 complex and
PhCH2–Mn(CO)5 was dissolved in a minimum volume
(10 ml) of dry heptane and gently stirred at the boiling
temperature of the solvent. The mixture was redissolved
in dichloromethane and silica was added. The solvent
was removed and the resulting coated silica gel was
loaded on the top of a silica gel column packed in dry
and degassed hexane.

4.2.1. Complex 11b
The reactants, conditions, and results follow: 11b

(0.13 g, 0.4 mmol), PhCH2–Mn(CO)5 (0.12 g, 0.4
mmol), heptane (10 ml); reflux 4 h; chromatography on
SiO2, hexane/diethylether (5:5) 58% yield (0.12 g) of air
stable, crystalline, red complex 11b. 1H-NMR (C6D6): d

8.07 (t, 1H), 6.96 (m, 1H), 6.65 (d, 1H), 6.40 (d, 1H),
6.30 (m, 1H), 6.07 (d, 1H), 5.33 (d, 1H), 4.64 (t, 1H).

4.2.2. Complex 12b
The reactants, conditions, and results follow: 12a

(1.23 g, 4.2 mmol), PhCH2–Mn(CO)5 (1.21 g, 4.2
mmol), heptane (10 ml); reflux 8 h; chromatography on
SiO2, dichloromethane; 83% yield (1.59 g) of air stable,
amorphous, red–orange complex 12b. F.p.: 150–155°C
(decomp.). 1H-NMR (C6D6): d 7.89 (d,1H, J=5.52),
6.72 (t, 1H, J=7.89), 6.58 (d, 1H, 8.07), 6.02 (t, 1H,

J=6.61), 5.90 (d, 1H, J=6.27), 4.86–4.77 (m, 2H),
4.58 (t, 1H, J=6.06). 13C-NMR (CD2Cl2): 235.7 (Cr–
CO), 219.4 (Mn–CO), 212.5 (Mn–CO), 211.6 (Mn–
CO), 210.8 (Mn–CO), 165.1, 154.8, 139.1, 137.9, 124.7,
120.8, 114.1, 107.0, 94.8, 92.5, 88.5. Anal. Found: C,
47.39; H, 1.77; N, 3.08. C18H8NO7CrMn Calc.: C,
47.26; H, 1.75; N, 3.06%.

4.2.3. Complex 13b
The reactants, conditions, and results follow: 13a

(0.82 g, 2.6 mmol), PhCH2–Mn(CO)5 (0.76 g, 2.65
mmol), heptane (17 ml); reflux 5 h; chromatography on
SiO2, hexane/dichloromethane (2:8); 86% yield (1.07 g)
of air stable, crystalline, red–orange complex 13b. Fp.:
140–145°C (decomp.). 1H-NMR (CDCl3): d 8.69 (d,
1H, J=5.22), 7.66 (d, 1H, J=7.68), 7.15 (t, 1H, J=
6.45), 6.14 (d, 1H, J=6.03), 6.00 (d, 1H, J=6.87), 5.54
(t, 1H, J=6.18), 5.35 (t, 1H, J=5.91), 2.72 (s, 3H).
13C-NMR (CD2Cl2): 235.7 (Cr–CO), 219.3 (Mn–CO),
212.1 (Mn–CO), 211.8 (Mn–CO), 210.9 (Mn–CO),
163.2, 152.9, 143.3, 141.0, 134.4, 123.8, 115.3, 107.6,
94.6, 93.1, 92.2, 22.8. Anal. Found: C, 48.62; H, 2.13;
N, 2.99. C19H10NO7MnCr Calc.: 48.41; H, 2.12; N,
2.97%.

4.3. General procedure for Mn(CO)4 transfer reactions

The two complexes were dissolved in dry heptane
under an N2 atmosphere with 1,3,5-tris-tert-butylben-
zene as a reference. The mixture was heated to 100°C
for 3 h. The solvent was then removed under vacuum
and the crude residue analyzed by proton NMR.

4.3.1. Reaction of 1a with 12b
A total of 150.2 mg (0.33 mmol) of 12b, 89.1 mg

(0.33 mmol) of 1a, 22.2 mg (0.09 mmol) of 1,3,5-tris-
tert-butylbenzene and 10 ml of heptane were reacted
together. 1H-NMR of the crude mixture showed no
evidence for the Mn(CO)4 moiety transfer: no doublets
consistent with the benzylic –CH2– protons of 1a
appeared.
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Scheme 5.

4.3.2. Reaction of 1b with 12a
A total of 155.5 mg (0.36 mmol) of 1b, 103.5 mg,

(0.36 mmol) of 12a, 27.3 mg (0.111 mmol) of 1,3,5-tris-
tert-butylbenzene and 10 ml of heptane were used.
Yields for 1a and 12b were calculated by analysis of the
1H-NMR peak integrations of the signals of 1a, 12b
and 1,3,5-tris-tert-butylbenzene of the crude mixture.
1a, 97.4% yield; 12b, 62.0% yield.
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Gentric, B. Caro, Bull. Soc. Chim. Fr. 129 (1992) 121. (b) G.
Jaouen, Ann. NY Acad. Sci. 295 (1977) 59.

[7] (a) M. Ghavshou, D.A. Widdowson, J. Chem. Soc. Perkin
Trans. I (1983) 3065. (b) E.P. Kündig, C. Grivet, S. Spichiger, J.
Organomet. Chem. 332 (1987) C13.

[8] S. Lotz, M. Schindehutte, P.H. van Rooyen, Organometallics 11
(1992) 629.

[9] P.H. van Rooyen, M. Schindehutte, S. Lotz, Organometallics 11
(1992) 1104.

[10] P.J. Beswick, S.J. Leach, N.F. Masters, D.A. Widdowson, J.
Chem. Soc. Chem. Commun. (1984) 46.

[11] M.D. Raush, R.E. Gloth, J. Organomet. Chem. 153 (1978) 59.
[12] V. Dufaud, J. Thivolle-Cazat, J.-M. Basset, R. Mathieu, J. Jaud,

J. Vaisserman, Organometallics 10 (1991) 4005.
[13] T.C. Flood, in: E.W. Abel, F.G.A. Stone, G. Wilkinson (Eds.),

Comprehensive Organometallic Chemistry II, vol. 6, Pergamon,
Oxford, UK, 1995, pp. 21–82.

[14] J.P. Djukic, A. Maisse, M. Pfeffer, A. De Cian, J. Fischer,
Organometallics 16 (1997) 657.

[15] (a) H. Takahashi, J. Tsuji, J. Organomet. Chem. 10 (1967) 511.
(b) G.W. Parshall, Acc. Chem. Res. 3 (1970) 139. (c) R.J.
McKinney, G. Firestein, H.D. Kaesz, Inorg. Chem. 14 (1975)
2057. (d) J.M. Cooney, L.H.P. Gommans, L. Main, B.K.
Nicholson, J. Organomet. Chem. 349 (1988) 197.

[16] (a) R.C. Cambie, M.R. Metzler, P.S. Rutledge, P.D. Woodgate,
J. Organomet. Chem. 381 (1990) C26. (b) R.C. Cambie, M.R.
Metzler, C.E.F. Rickard, P.S. Rutledge, P.D. Woodgate, J.
Organomet. Chem. 425 (1992) 59. (c) L.S. Liebeskind, J.R.
Gasdaska, J.S. McCallum, S.J. Tremont, J. Org. Chem. 54
(1989) 669.

[17] J.M. Cooney, C.V. Depree, L. Main, B.K. Nicholson, J.
Organomet. Chem. 515 (1996) 109.

[18] G.R. Clark, M.R. Metzler, G. Whitaker, P.D. Woodgate, J.
Organomet. Chem. 513 (1996) 109.

[19] C.A.L. Mahaffy, P.L. Pauson, Inorg. Synth. 19 (1978) 154.
[20] L.P. Hammett, Physical Organic Chemistry, McGraw Hill,

Tokyo, 1970.
[21] L.A. Fedorov, P.V. Petrovkii, E.I. Fedin, G.A. Panosyan, A.A.

Tsoi, N.K. Baranetskaya, V.N. Setkina, J. Organomet. Chem.
182 (1979) 499.

[22] N. Inamoto, S. Masuda, Chem. Lett. (1982) 1007.
[23] F. van Meurs, J.M.A. Baas, H. van Bekkum, J. Organomet.

Chem. 113 (1976) 353.



J.-P. Djukic et al. / Journal of Organometallic Chemistry 567 (1998) 65–7474

[24] DnR=nR−nH=nsubstituted complex−nunsubstituted complex.
[25] (a) P.S. Braterman, in: Metal Carbonyl Spectra, Academic Press,

London, 1975. (b) T.E. Bitterwolf, Polyhedron 7 (1989) 1377.
[26] A.D. Hunter, V. Mozol, S.D. Tsai, Organometallics 11 (1992)

2251.
[27] The reference IR spectrum of 14a in KBr pellet form is taken

from: R.D. Fischer, Chem. Ber. (1960) 165.
[28] F.A. Cotton, C.S. Kraihantzel, J. Am. Chem. Soc. 84 (1962)

4432.
[29] M. Pfeffer, E. Urriolabeitia, J. Fischer, Inorg. Chem. 34 (1995)

643.
[30] M.I. Bruce, M.J. Lidell, M.J. Snow, E.R.T. Tiekink, Aust. J.

Chem. 41 (1988) 1407.
[31] N.P. Robinson, L. Main, B.K. Nicholson, J. Organomet. Chem.

430 (1992) 79.
[32] C. Morton, D.J. Duncalf, J.P. Rourke, J. Organomet. Chem. 530

(1997) 19.
[33] In our opinion, the present expensive price of the starting

material (Mn2(CO)10) used for the synthesis of the manganating
agent PhCH2Mn(CO)5 undermines the wide development of the
methodologies of metal-mediated organic synthesis that imply
the loss of the Mn(I) center by irreversible oxidation.

[34] M.I. Bruce, M.J. Liddell, G.N. Pain, Inorg. Synth. 26 (1989)
172.

[35] E.O. Fischer, H.A. Goodwin, C.G. Kreiter, H.D. Simmons Jr.,
K. Sonogashira, S.B. Wild, J. Organomet. Chem. 14 (1968) 359.

[36] M.I. Bruce, B.L. Goodall, F.G.A. Stone, J. Organomet. Chem.
60 (1973) 343.

.
.


