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Introduction

Organometallic compounds have played a decisive role in
the enormous development that organic synthesis has expe-
rienced in the last century. To illustrate this affirmation we
should remember the assertion of Professor Ei-Ichi Negishi
in the preface of his classical book Organometallics in Or-
ganic Synthesis : “Today it is not only unwise but rather diffi-
cult to accomplish an efficient and selective multistep syn-
thesis without using organometallics”.[1]

However, the development of synthetic applications of or-
ganometallic reagents derived from the different metals has
not been in step. While the first transformations carried out
with organometallic derivatives were published at the begin-
ning of the 20th century, involving the use of organomagne-
sium compounds (Grignard reagents) in organic synthesis,
the use of the organomanganese compounds began in 1976.

In addition, the development of the chemistry of organo-
manganese reagents has been erratic, depending on the
methods used for their preparation. Three methods have
been used to prepare these reagents: 1) transmetalation re-
actions between organolithium or Grignard reagents and a
salt of manganese; 2) deprotonation using a manganese
amide, and 3) reaction of manganese with organic halides.
Normant and Cahiez reported, in 1976, the first preparation
of organomanganese reagents by treatment of organolithium
or Grignard reagents with a manganese salt (generally
MnCl2).[2] Since then, the chemistry of organomanganese
compounds prepared by a transmetalation reaction from or-

ganolithium or organomagnesium reagents has been the
most reported and reviewed by Cahiez in 1995,[3] and
Oshima in 1999.[4] Conversely, the synthetic applications
from organomanganese compounds obtained by the second
(deprotonation) and third methods (metalation of organic
halides) were published later, in 1993 and 1996, respectively,
and they have not been reviewed to date.

Taking into account these precedents, this Concept article
covers the advances in the chemistry of organomanganese
compounds obtained by using the corresponding manganese
amides or manganese metal. Synthetic applications of the
organomanganese reagents obtained from RLi or RMgX
(from transmetalation) are not summarized herein, since the
most important contributions on this area were previously
reviewed. The papers published after these reviews reported
generalizations of the transformations previously described.

The bibliographic information in this account has been or-
ganized in three sections. In the first, the general features in
the synthesis and synthetic application of organomanganese
reagents are shown. In the second part, the generation and
synthetic applications of manganese enolates, prepared by
treatment of carbonyl compounds with manganese amides,
is described. The third section reports the most important
novel work on manganese chemistry published in the last
few years; initially the procedures reported for the prepara-
tion of active manganese[5] are described, followed by the
synthetic applications of the organomanganese compounds
obtained by direct metalation. This section finishes with
some examples of sequential reactions promoted byACHTUNGTRENNUNGmanganese.

General Features in the Synthesis and Synthetic
Applications of Organomanganese Reagents

An ideal organometallic reagent should carry out highly se-
lective transformations, and should be obtained from a non-
toxic and cheap metal with a reduction potential adequate
to produce the metalation of C�halogen bonds and to
reduce another organic function. Manganese and its organo-
metallic derivatives seem to meet these requirements. The
reported reactions with organomanganese reagents take
place with good selectivity,[6] Mn0 is a cheap[7] and nontoxic
metal[8] with a reduction potential of the Mn+ 2/Mn0 system
of �1.03 V[9] (between the reduction potential of Zn+2/Zn0

and Mg+2/Mg0), which is adequate to reduce an important
number of organic functions. However, in contrast to other
metals such as Li, Mg, Sm, or Cu the applications of manga-
nese in organic synthesis have been hardly developed. This
apparent contradiction can be easily justified by taking into
account the inherent passivity exhibited by commercial Mn
powder, which is coated by an outer shell of oxide.[10] This
fact explains that the first preparations of organomanganese
reagents were performed by transmetalation of RLi or
RMgX and manganese salts, due to the inability of the man-
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ganese metal to react directly with organic compounds.
Direct metalation could only be used, when the preparation
of more highly reactive manganese was reported. Initially,
to overcome the lack of reactivity of manganese metal, dif-
ferent activation procedures were described. This active
manganese allowed some transformations to be carried out
that could not be performed by using commercialACHTUNGTRENNUNGmanganese.

Formation and Synthetic Applications of
Manganese Enolates

Manganese enolates can be prepared by three different
methods: 1) deprotonation employing manganese amides,
2) transmetalation from other metallic enolates, and 3) by
using trialkylmanganates.

Most of the examples reported in the literature for the
generation of manganese enolates require the use of differ-
ent manganese amides. These bases can be prepared in
THF, by reaction of an organolithium compound with a mix-
ture of the ate complex MnCl2·2 LiCl and a secondary amine
at room temperature. In a seminal paper, Cahiez et al. es-
tablished the conditions to prepare chloromanganese
amides, organomanganese amides, or manganese diamides
depending on the ratio of the organolithium compounds
and/or amine (Scheme 1). It is worth noting that the best

candidates for enolization processes are the manganese
amides derived from aromatic amines, and in contrast to
their lithium analogues these amides can be stored in THF,
at room temperature, and under an inert atmosphere for
several months.[11]

Later on, the same authors described the generation of
manganese enolates, in high yields, by deprotonation of ke-
tones with PhMnCl in the presence of a catalytic amount
(between 7–20 %) of N-methylaniline. In this case, a THF/
sulfolane mixture is required as a cosolvent.[12]

The reactivity of manganese enolates generated from dif-
ferent manganese amides have been studied against electro-
philes such as alkyl halides,[11] trimethylsilyl chloride,[13] azo-
dicarboxylates,[14] and nitroolefins[15] (Scheme 2).

Ketone-based manganese enolates readily react with
carbon electrophiles, leading to differently a-substituted ke-
tones. The a-alkylation of ketones is a challenging and im-
portant reaction in organic synthesis, and to this end, differ-

ent metal enolates have been attempted. The main problems
found during the a-alkylation of ketones are, on the one
hand, the formation of polyalkylated products and, on the
other hand, the poor regioselectivity observed when unsym-
metrical ketones are employed. In this sense, a comparative
study of the benzylation of 2-methylcylohexanone was car-
ried out by using lithium and manganese enolates. The cor-
responding monoalkylated ketone was obtained with better
regioselectivity and yield with the manganese enolate.[11]

Thus, the reaction of manganese enolates with alkyl halides
affords regioselectively monoalkylated products in high
yields and at room temperature (Scheme 2). Different alky-
lating reagents, such as MeI, BnBr, BuI, allyl bromide, and
bromoacetates, have been employed and no significant dif-
ferences were observed. The best results were obtained
when a mixture of THF and dimethyl sulfoxide (DMSO) or
N-methylpyrrolidone (NMP) were used as solvent.[11] In con-
trast, the reaction occurs slowly and only gives moderate
yields in neat THF.

Taking into account that silyl enol ethers are very versa-
tile intermediates in organic chemistry, (Z)-silyl enol ethers
were prepared from ketones under mild conditions by trap-
ping the corresponding Mn enolate with TMSCl. This pro-
cess took place in high yields with good stereoselectivities
(Z/E 93:7!100:0) and with a good control of the regioselec-
tivity during the enolization step in the case of unsymmetri-
cal ketones.

The synthesis of a-hydrazino ketones (as a precursor of a-
aminoketones)[16] through the electrophilic amination of Mn
enolates with azodicarboxylates have also been performed
in excellent yields and with very high or total stereo- and re-
gioselectivity.[14] The employment of enantiopure N-sulfinyl
manganese enamines afforded, after hydrolysis, a-hydrazino

Scheme 1. Preparation of the three different type of Mn-amides.[11]

Scheme 2. Alkylation and trapping of a Mn enolate.
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ketones with an enantiomeric excess (ee) ranging between
40–68 %.

Since the conjugate addition of different nucleophiles to
Michael acceptors is one of the most frequently used C�C
bond-forming reactions, Mn enolates have also been em-
ployed in the Michael addition to nitroolefins. This study re-
vealed that the 1,4-adducts were obtained in high yields and
stereoselectivities. In the case of enolates derived from un-
symmetrical ketones, this process also took place to obtain,
in a regioselective manner, the kinetic adduct as the sole
product.

Manganese amides mainly afford the kinetic manganese
enolate (Scheme 2). Nevertheless, thermodynamic Mn eno-
lates can also be readily achieved from the corresponding
thermodynamic lithium enolate by an Li–Mn exchange reac-
tion (using MnCl2 or MnBr2).[17]

Although kinetic Mn enolates can be obtained by depro-
tonation with Mn amides, Li–Mn exchange would be an
easier way to access to the kinetic enolates, since lithium dii-
sopropylamide (LDA) is typically utilized to this end. LDA
is more usual and cheaper than Mn amides.

The Li–Mn transmetalation reaction has been applied by
Kazmaier and Maier to carry out a chelate Claisen rear-
rangement directed toward the modification of peptides
(Scheme 3).[18] These authors, after testing several metallic

enolates, concluded that by far the best results were ob-
tained with manganese as the enolate counterpart.

Finally, a third way for the generation of manganese eno-
lates is employing organomanganate compounds as reducing
agents. In this sense, it was found that organomanganates
react with ketones, esters, and amides bearing a leaving
group such acetoxy, silyloxy, or halogen[4] at the a-position,
to generate enolates of the corresponding carbonyl com-
pound. This application of the organomanganate compounds
as a reductant reagent allows the regioselective generation
of the corresponding enolates. Thus, enolates derived from
unsymmetrical and branched ketones are available with
complete regioselectivity (Scheme 4).[19]

A similar process has been described by Oshima.[20] In
this case, the result of the reaction between tert-butyl dibro-
moacetate or N,N-diethyldibromoacetamide with the trial-
kylmanganate provided the corresponding monoalkylated
manganese enolate.

Preparation and Synthetic Applications of Active
Manganese

As proof of the low reactivity of the commercial Mn, the
first, and sole paper reporting the use of commercial Mn in
a direct metalation reaction was published on 1989 by
Cahiez.[21] In this pioneering paper, Barbier-type additions
of allyl bromide to various ketones were performed by using
ethyl acetate as the solvent (no reaction took place in THF)
at 60 8C and in high yields. Commercial Mn showed its pas-
sivity towards aldehydes, methylketones, or methallyl bro-
mide and the corresponding alcohols were obtained only in
very low yields. The yields of these reactions were increased
by performing the same reactions in the presence of
0.1 equiv of ZnCl2 at 60 8C. In addition, the use of ZnCl2

also permitted the reaction to be carried out using allyl
chlorides or bromoacetates as starting materials, and THF as
solvent. Finally, high chemoselectivity was shown in the
Barbier reactions of manganese reagents with ketoesters, ke-
toacetals, or w-chloroketones.

Other additives to enhance the reactivity of commercial
manganese have been published. The Barbier allylation of
carbonyl compounds and Reformatsky-type reactions were
performed with commercial powdered manganese in the
presence of catalytic amounts of Me3SiCl and PbCl2.

[10] We
developed the first reported b-elimination reaction promot-
ed by commercial manganese in the presence of stoichio-
metric amounts of Me3SiCl as the sole additive to synthesize
(E)-a,b-unsaturated esters with complete stereoselectivity
from 2-bromo-3-hydroxyesters.[22]

Iodine has also been used for Mn activation in the Barbi-
er reaction of allyl bromide with aldehydes and ketones in
THF at reflux.[23] The manganese obtained from the reduc-
tion of MnCl2 with LiAlH4 could be used to metalate allyl
bromides. The addition of the organomanganese reagents so
obtained to aldehydes afforded the expected alcohols in
good yields.[24] Sonication, which has been extensively used
to accelerate heterogeneous reactions, was ineffective to ac-
tivate manganese. When Barbier reactions were performed
with Mn under sonication, Wurtz coupling products were ex-
clusively obtained instead of the corresponding Barbier
products.[25]

Thus, it can be concluded that only a partial and insuffi-
cient increase of the reactivity of the commercial Mn0 was
achieved by means of additives, since by using commercial
Mn/additive systems only the metalation of the most reac-

Scheme 3. Li–Mn transmetalation reaction in Claisen rearrangement.[18]

Scheme 4. Mn enolate from organomanganate compounds.
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tive C–halogen bonds (allyl or carbonyl a-halogenated com-
pounds) could be achieved. In this sense one of the most im-
portant contributions for the development of the synthetic
applications of manganese was the development of four dif-
ferent procedures to obtain active manganese, allowing the
metalation of a broad range of C–halogen bonds and other
organic functions (Scheme 5). Accordingly, Rieke reported

the preparation of active manganese on 1996, utilizing the
reaction of anhydrous MnCl2 with lithium in a solution of a
catalytic amount of naphthalene in THF at room tempera-
ture.[26] MnBr2 and MnI2 can be also used to prepare Rieke
Manganese (Mn*), the Mn* obtained from MnI2 being less
reactive.

During the same year, F�rstner reported another elegant
preparation of active manganese, called Mn-graphite, by re-
duction of the soluble ate complex MnBr2·nLiBr (n=1,2)
with the potassium graphite intercalation compound C8K in
THF.[27]

Later on, in 1998, Oshima published another alternative
method to prepare active manganese by reduction of
MnCl2·2 LiCl with magnesium turnings (previously activated
with 1,2-dibromoethane) for 24 h at room temperature.[28]

Finally, Cahiez reported in 1999 an improvement of the
method reported by Rieke. Thus, MnCl2·2 LiCl was reduced
with lithium, by using 2-phenylpyridine (instead of naphtha-
lene) as the electron carrier. Two advantages were evident
from this method: elimination of the excess of active Mn
with 1,2-dibromoethane before the reaction with electro-
philes is not necessary and the 2-phenylpyridine is more
easily removed, in comparison to naphthalene, during an
acidic workup.[29]

After the appearance in the literature of the aforemen-
tioned procedures for preparation of active manganese
(Scheme 5), the number of contributions reporting new syn-
thetic applications of this metal have increased. Now, we
summarize the synthetic applications of organomanganese
obtained by direct metalation. This information has been or-
ganized as follows: firstly, transformations involving anionic
intermediates, arranged by the type of active manganese,
are shown, followed by the radical transformations promot-
ed by manganese. This section finishes reviewing the se-
quential reactions promoted by manganese.

In the seminal paper in which Rieke described for the
first time the preparation of its active manganese (Mn*), a
synthesis of ketones in good yields by reaction of primary,
secondary, and tertiary alkyl bromides with Mn* and further
addition of benzoyl chloride was reported. The synthesis of
ketones demonstrated the usefulness of the Rieke manga-
nese to metalate the former halides.[26]

Later on, the same authors generalized this synthesis of
ketones using aryl bromides[30] and bromothiophenes.[31] The
formation of the corresponding organomanganese reagents
and the subsequent cross-coupling reactions with acid chlor-
ides under mild reaction conditions afforded the corre-
sponding ketones. The organomanganese obtained from bro-
mothiophenes also underwent cross-coupling reactions with
aryl iodides. In addition, it is worth noting that the selective
monometalation of 3,4-dibromothiophene followed by its re-
action with an electrophile, afforded a monosubstituted bro-
mothiophene. A second treatment of this bromothiophene
with Mn*, followed by the reaction with a different electro-
phile provided unsymmetrically 3,4-disubstituted thiophenes.

Aromatic amides were also prepared by reaction of aryl
bromides with Mn* followed by treatment with phenyl iso-
cyanates.[30] While the use of a transition-metal catalyst was
necessary in both reactions of arylmanganeses with benzoyl
chloride and thienylmanganese with aryl iodides; the reac-
tion of arylmanganeses with phenyl isocyanates and thienyl-
manganese with benzoyl chloride did not require catalysis.

Benzylic manganese reagents were also accessed by treat-
ment of functionalized benzyl halides (bromide or chloride)
with Rieke manganese (prepared from MnCl2 or MnI2) at
room temperature. The subsequent reactions proceeded in
yields ranging from good to excellent with several electro-
philes (acid chlorides, esters, aldehydes, ketones, benzyl hal-
ides or di-tert-butyl azodicarboxylate).[32]

Interestingly, the access to organomanganese reagents was
extended to the metalation of organic functions other than
organic halides, such as primary and benzyl tosylates, mesy-
lates, or phosphates. These metalations took place readily at
room temperature and the obtained manganese derivatives
were allowed to react with different electrophiles, such as
acid chlorides, aldehydes or ketones, affording the expected
products in good to high yields.[33] Taking into account that
tosylates, mesylates, or phosphates are readily prepared
from alcohols, this new route to organomanganese reagents
increases the synthetic applications of manganese and to
prove the synthetic usefulness of this method; resorcinolic
lipids have already been readily prepared.[33]

The synthesis of heteroaryl manganese reagents was also
reported by the direct metalation of pyridine, thiophene, or
furan derived bromides with Rieke manganese. Their reac-
tion with benzoyl chloride, aryl iodides, or vinyl bromides
gave the expected cross-coupling products in good yields
under mild reaction conditions. It is worth noting that ester
and cyano groups were tolerated by the active manganese,
and in addition, some transformations could not be per-
formed using other methods; for example, Friedel–Crafts
acylations cannot be carried out on the pyridine ring.[34]

Scheme 5. Synthetic procedures to obtain active manganese.
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Hydroxy esters were readily prepared in good to high
yields by the Reformatsky reaction of a-haloesters, a-halo-
lactones, and alkyl halides with a remote ester group and
subsequent reaction with aldehydes and ketones.[35] The for-
mation of organomanganese reagents from alkyl w-haloest-
ers illustrates that the presence of the C�Mn bond is tolerat-
ed by an important number of organic functions, such as
ester, ether, nitro, nitrile, F, Cl or Br, in contrast to other C�
metal bonds.

Representative examples of the anionic transformations
promoted by Rieke manganese[26,30–35] have been included in
Scheme 6.

The manganese obtained according to the other methods
(Oshima, F�rstner, or Cahiez) have also been used to pro-
mote different transformations. Selected examples of them
are shown in Scheme 7. The Oshima manganese[28] was used
to promote the addition of allyl bromides, aryl halides, a-
halo esters, lactones, ketones, or amides to various alde-
hydes, ketones, or aryl iodides or bromides affording the ex-
pected adducts. The reaction of a ketone bearing an iodoar-
yl moiety provided the corresponding dihydroindene deriva-
tive (Scheme 7). All these transformations were performed
by treating the mixture of the organic halide and the elec-
trophile with manganese (Barbier methodology), except the
reactions with aryl halides, in which the arylmanganese re-
agent was previously prepared and later treated with the
electrophile.[36]

Manganese-graphite[27] was employed for the efficient
metalation of primary, secondary, allyl, aryl, alkenyl, and
heteroaryl (pyridinyl, thiophenyl) halides. The functional-
ized organomanganese compounds obtained were efficiently
trapped with aldehydes, anhydrides, acid chlorides, or aryl
halides. A range of functional groups remained unaltered in
the starting materials.[27]

Interestingly, Cahiez manganese[29] demonstrated its che-
moselectivity in the synthesis of functionalized organo-
manganese reagents, such as those derived from w-bromo
esters.

Anionic mechanisms have been proposed to explain the
aforementioned Mn*-mediated transformations. Neverthe-
less, the Mn* can also promote other transformations that
take place through radical intermediates. Selected examples
of these transformations are shown in Scheme 8. Thus,
Oshima reported the radical cyclization of 2-iodo or bro-
moethanal, allylic, propargylic, or allenylic acetals. A mech-
anism was proposed to justify the observed results.[28,37]

Rieke manganese (from MnI2) could be also used as a
single-electron donor in organic synthesis. Thus, reductive
dimerization of aryl aldehydes, aryl ketones, and aldimines
afforded the corresponding 1,2-diols and vicinal diamines at
room temperature and in good yields. The diastereoselectiv-
ity was poor except for aryl ketones. The coupling reaction
displayed tolerance to the presence of several functional
groups on the aromatic ring, including the bromine, chlor-
ine, cyano, and methoxy groups.[38]

Sequential reactions are those in which multiple carbon–
carbon or carbon–heteroatom bonds are formed, in a se-
quence of events without the isolation of any intermediate.
These synthetic methods held enormous potential in organic
synthesis, due to their enormous simplicity and because con-
siderably less time, effort, and material are required to
obtain organic compounds when compared with more tradi-
tional multistep procedures. An important requirement is
that the yield and selectivity for each individual reaction in
a multistep sequence must be exceedingly high to avoid the
generation of complex product mixtures. Consequently, only
a select group of reagents (for example, SmI2)

[39] may be
suitable for sequential processes.

Active Mn has also been successfully utilized to promote
sequential reactions. In the first report, the synthesis of a,b-
unsaturated esters with total E selectivity and in high yields
is reported. This process, promoted by active manganese
(Cahiez method),[29] took place from the reaction of dichlor-
oesters with a variety of aldehydes through an aldol-type re-Scheme 6. Synthetic applications of Rieke manganese.

Scheme 7. Synthetic applications of active manganese other than Rieke�s.
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action in the first step, followed by a b-elimination reaction
in the second. The total E selectivity was explained by a
cyclic transition state that is formed by the coordination of
manganese with two oxygen
atoms (Scheme 9).

This sequential reaction was
general and di- or trisubstituted
C�C double bonds could be
formed. A comparative study of
these results with those previ-
ously obtained by using SmI2 in
the same sequential reaction,
revealed that the best results
were obtained when active
manganese was used.[40] This se-
quential reaction was later gen-
eralized, and (E)-a,b-unsaturat-
ed amides were also prepared
with complete selectivity from
dichloroamides and a variety of
aldehydes. In addition, the un-
saturated amides obtained
could be readily and efficiently
transformed into ketones, alde-

hydes, or carboxylic acids with-
out loss of the diastereoisomer-
ic purity of the C�C double
bond (Scheme 10).[41]

(Z)-a-Halo-a,b-unsaturated
esters (fluoro, chloro, or
bromo) and chloro amides were
also available with complete Z
selectivity through a similar se-
quential reaction from triha-
loesters or amides and various
aldehydes. The unsaturated
amides or esters were readily
transformed into ketones, car-
boxylic acids, or haloallylic al-
cohols.[42] Representative exam-
ples of these sequential reac-
tions are included in
Scheme 10. Thus, taking into
account that the simplicity,
speed, and the use of readily

available and cheap starting materials are some of the fea-
tures required in an ideal synthesis, these sequential meth-
ods constitute an advantageous alternative to obtain (E)-
and (Z)-a-halo-a,b-unsaturated esters or amides, and is also
a method of choice for preparation ketones, carboxylic acids
or haloallylic alcohols.

Conclusion

In an effort to find highly efficient transformations, organic
chemists have developed organometallic reagents derived
from different metals. In particular, the development of the
chemistry of the organomanganese reagents has been rela-
tively scarce to date. This fact is surprising, taking into ac-

Scheme 9. Mechanistic proposal for the aldolic/elimination sequential re-
action promoted by active manganese.

Scheme 10. Sequential reactions promoted by active manganese.

Scheme 8. Radical reactions promoted by active manganese.
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count that manganese is a nontoxic, cheap metal and with a
reduction potential adequate to reduce many organic func-
tions. However, due to the passivity of commercial manga-
nese, the late publication of procedures to obtain active
manganese has delayed the development of the synthetic ap-
plications of this metal in organic synthesis. After the publi-
cation of the various methods to prepare active manganese,
the number the synthetic applications of this metal have in-
creased.

The synthetic transformations presented in the previous
sections clearly show the versatility and efficiency of manga-
nese and its organomanganese derivatives in organic synthe-
sis. The selectivities achieved with the employment of man-
ganese are comparable to, or—in many cases—higher than
those obtained with the more traditional metals. Thus the
transformations promoted by manganese are highly selec-
tive, and it is possible to prepare organomanganese deriva-
tives bearing different functional groups. Some reactions
mediated by manganese take place with high or total regio-
selectivity; for example, the alkylation of manganese eno-
lates. In the few reported transformations in which stereo-
chemical aspects are involved, the reactions take place with
high stereoselectivity; for example, in the b-elimination re-
actions or the synthesis of silyl enol ethers. The high selec-
tivity of the organomanganese reagents, which have been re-
ported recently, together with the previously known proper-
ties of manganese (nontoxicity, low price, and the adequate
reduction potential) allow the prediction of an important in-
crease of its employment in organic synthesis in the next
few years. Special growth should be present in the use of
manganese in the field of those transformations that are re-
quired to take place with high stereoselectivity. Thus, orga-
nomanganese compounds could become an important type
of organometallics in the future of the organic synthesis.
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