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Summary: The carbene anions [Cp′(CO)2MndC(OEt)-
CHR]- ([1]-, Cp′ ) η5-MeC5H4; R ) H, Me) react at -78
°C with the R,â-unsaturated ketones R1(H)CdC(H)C{O}-
Me (2, R1 ) H, Me, Ph) to give the Michael adducts
Cp′(CO)2MndC(OEt)CH(R)CH(R1)CH2C{O}Me (3) upon
acidic hydrolysis at low temperature. By contrast,
quenching the reaction after warming up to room tem-
perature allows isolation of the cyclohexenone complexes

Cp′(CO)2Mn(η2-CH)CHCH(R)CH(R1)CH2C{O}) (5), from
which the corresponding substituted 2-cyclohexenones (9)
can be readily released by reaction with triphenylphos-
phine or carbon monoxide.

Carbene anions formed upon deprotonation of Fis-
cher-type carbenes at the â-carbon atom are known to
react with a variety of electrophilic substrates,1 includ-
ing carbonyl compounds, to give aldol2 or Michael3
adducts. Until recently,4 such reactions were almost
exclusively developed with group 6 carbene anions. Our
own interest in manganese derivatives [Cp′(CO)2Mnd
C(OR′)CHR]- ([1]-) stems in part on experimental
evidences of their enhanced reactivity toward electro-
philes as compared with the chromium and tungsten
analogs [(CO)5M)C(OR’)CHR]-.5 This can be rational-
ized in terms of the relative acceptor abilities of the
fragments Cp′(CO)2Mn (Cp′ ) η5-MeC5H4) and (CO)5M
(M ) Cr, W). Keeping in mind the pioneering work of
Casey et al. on the chromium alkylalkoxy carbene
anion,3a we were curious to examine the reactivity of
[1]- (R′ ) OEt; R ) H, Me) toward R,â-unsaturated
ketones. This led us to observe the formation of
cyclohexenone complexes, thus revealing an unprec-
edented reactivity pattern for these carbene anions.
The carbene anions [Cp′(CO)MndC(OEt)CHR]- ([1a]-,

R ) H; [1b]-, R ) Me), generated in situ by treatment
of Cp′(CO)2MndC(OEt)CH2R (1) with nBuLi in THF at

-78 °C,5a effectively readily react with the R,â-unsatur-
ated ketones R1(H)CdC(H)C{O}R2 (2, see Table 1).
After acidic hydrolysis at low temperature, the Michael-
addition complexes Cp′(CO)2MndC(OEt)CH(R)CH(R1)-
CH2C(O)R2 (3, Scheme 1; Table 1, conditions A, entries
1-8) are obtained in moderate to excellent yields.6 Only
from the reaction between [1a]- and 2d (Table 1, entry
4) is the aldol adduct Cp′(CO)2MndC(OEt)CH2C(Me)-
(OH)CHdCH(Ph) (4d) detected in trace amounts. In
contrast to the previously reported Michael additions

of [(CO)5CrdCOCH2CH2CH]- to 2c or 2d that were not
found to be diastereoselective,3a we find that 3e, 3g, and
3h are, respectively, formed with diastereomeric ex-
cesses of 33%, 50%, and 70% (Table 1, entries 5, 7-8).
Combinations of NMR and X-ray diffraction studies
allowed us to establish an anti configuration for each
of the major diastereomers.7,8

In attempts to optimize the reaction conditions of the
above Michael addition, we to discovered that the nature
of the resulting complexes is dramatically affected by
the maximum temperature reached before the acidic
workup. Indeed, once the carbene anions [1]- were
allowed to react with the R,â-unsaturated ketones R1-
(H)CdC(H)C{O}Me (2b-d) at -78 °C, acidic hydrolysis
carried out at room temperature afforded the 2-cyclo-

hexenone complexes Cp′(CO)2Mn(η2-CHdCHCH(R)CH-

(R1)CH2C{O}) (5, Scheme 1; Table 1, conditions B,
entries 2-4, 6-8).6,9 These complexes were character-
ized by the usual spectroscopic techniques and for some
of them by X-ray diffraction. Complexes 5c, 5d, and 5f
were isolated as single diastereomers, each of them
exhibiting an exo configuration.10 Since partial decom-
position to give paramagnetic species precluded NMR
analysis of the crude reaction mixtures, the formation
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of the endo isomers cannot be excluded.11 The disub-
stituted 2-cyclohexenone complexes 5g and 5h were
isolated as two of four potential diastereomers cis-5g
and trans-5g and cis-5h and trans-5h in 78:22 and 80:

20 ratios, respectively. The structure of the major
stereoisomer of cis-5h has been determined by X-ray
crystallography: 12 the methyl and phenyl substituents
within the cyclohexenone ring are found in a relative
cis position, and the Cp′(CO)2Mn fragment is coordi-
nated onto the opposite face. The configuration of the
minor species trans-5g and trans-5h could not be fully
elucidated, although the observed 3JHH of 9.1 and 10.1
Hz, respectively, between the protons of the adjacent
CH(R) and CH(R1) groups within the cyclohexenone ring
indicate a relative trans position for the R and R1

substituents in each complex.
Scheme 2 illustrates a possible mechanism for 5h that

would account for the unexpected formation of cyclo-
hexenone complexes 5. Nucleophilic attack of the
carbene anion [1b]- on benzylideneacetone 2d would
give the anti enolate anion [anti-3h]- as the major
diastereomer. According to Casey et al., related types
of enolate anions generated from chromium carbene
complexes readily equilibrate in favor of the correspond-
ing carbene anions.3a Such a process would not pre-
dominate in the present case due to the destabilizing
effect of the Cp′(CO)2Mn fragment toward carbene
anions. Instead, a small portion of [anti-3h]- would
isomerize to give the terminal enolate, allowing an
intramolecular nucleophilic substitution for the ethoxy
group on the carbene carbon to take place upon warming
to room temperature, thus producing [6h]-,13 in which
the 4-Me and 5-Ph substituents are in a cis position, as
found in the major final product cis-5h. The acidic
hydrolysis of [6h]- would lead to the neutral carbene
complex 8h, from which a final 1,2-hydride shift14 would
produce the cyclohexenone complex cis-5h. (Similarly,
the minor cyclohexenone complex trans-5h would be
produced from the minor syn enolate anion [6h-syn]-,
not represented on Scheme 2.)
As it can now be expected, cyclohexenone complexes

5 can be alternatively obtained from the corresponding
(10) Crystal data for 5d: monoclinic C2h,5 P21/n, a ) 9.516(2) Å, b

) 14.691(3) Å, c ) 12.447(3) Å, â ) 105.26(2)°, V ) 1678.7(7) Å3, Z )
4, R ) 0.0262, Rw ) 0.0296 for 2088 observations and 217 variable
parameters. Crystal data for 5f: triclinic Ci,1 P1, a ) 6.826(3) Å, b )
9.506(1) Å, c ) 11.789(2) Å, R ) 69.23(1)°, â ) 86.65(3)°, γ ) 74.21-
(3)°, V ) 687.6(4) Å3, Z ) 2, R ) 0.0383, Rw ) 0.0443 for 1805
observations and 172 variable parameters.

(11) Column chromatography of freshly prepared 5 on alumina
shows a relatively fast moving band containing an extremely air-
sensitive unidentified purple complex, along with traces of the corre-
sponding free cyclohexenone. As this phenomenon disappears upon
repeated chromatographic workup, we suspect it might be due to a
selective decomposition of unstable stereoisomers. In few instances,
after a first purification, traces of another complex could be observed
along with 5d, the 13C NMR spectrum of which may correspond to the
endo stereoisomers.6

(12) Crystal data for cis-5h: monoclinic C2h,5 P21/n, a ) 10.022(1)
Å, b ) 7.067(2) Å, c ) 25.551(3) Å, â ) 90.65(1)°, V ) 1809.5(5) Å3, Z
) 4, R ) 0.0543, Rw ) 0.0623 for 1055 observations and 166 variable
parameters.

(13) At this stage, IR spectroscopy does indicate the formation of
an anionic carbene complex (IR νCO (THF): 1897, 1830 cm-1). Further
evidence for the nature of the elusive intermediate [6h]- was obtained
by a methylation reaction leading to the fully characterized cyclic
vinylcarbene 7h.6

(14) (a) Casey, C. P.; Brunsvold, W. R. Inorg. Chem. 1977, 16, 391.
(b) Roger, C.; Bodner, G. S.; Hatton, W. G.; Gladysz, J. A. Organome-
tallics 1991, 10, 3266 and references cited therein.

Table 1. Reactions of Carbene Complexes Cp′(CO)2MndC(OEt)CH2R (1) with r,â-Unsaturated Ketones
R1(H)CdC(H)C{O}R2 (2)

carbene R,â-unsaturated ketone conditions Aa conditions Bb

entry R R1 R2 product(s) yieldc anti/synd product(s) yieldc cis/transe,f

1 1a H 2a Ph Ph 3a 98
2 H 2b H Me 3b 66 5b 66
3 H 2c Me Me 3c 88 5c 65
4 H 2d Ph Me 3dg 85 5d 49
5 1b Me 2a Ph Ph 3e 85 66:34
6 Me 2b H Me 3f 61 5f 59
7 Me 2c Me Me 3g 82 75:25 5g 69 80:20
8 Me 2d Ph Me 3h 94 85:15 5h 90 91:9

a Conditions A: the carbene anion [1]- was generated in situ by reaction of 1 with 1.1 equiv of nBuLi at -78 °C in THF, and after 20
min, 1.1 equiv of R,â-unsaturated ketone was added. After 15 min, the reaction was quenched by the addition of a saturated solution of
NH4Cl. b Conditions B: as in conditions A, except after the addition of the R,â-unsaturated ketone the reaction medium was allowed to
reach room temperature, stirred for 2 h, and then the reaction was quenched by the addition of a saturated solution of NH4Cl. c Isolated
overall yield. d Estimated by 1H NMR on crude reaction mixtures after a short filtration on alumina. e cis/trans refers to the relative
position of the R and R1 substituents within the cyclohexenone ring. f Ratio of isolated complexes after chromatographic workup. g 1,2-
Addition product formed in trace amounts (<5%).

Scheme 1
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Michael adducts 3 upon treatment with LDA at -78 °C
and subsequent acidic hydrolysis at room temperature
(Scheme 1; Table 2).6 Complexes cis-5g or trans-5g and
cis-5h or trans-5h can, thus, be selectively obtained from,
respectively, the separated anti or syn diastereomers of
3g and 3h (Table 2, entries 5-8).
Finally, the overall reaction sequence represented on

Scheme 1 could be of synthetic use since 2-cyclohex-
enones 9 can easily be released upon treatment of the
type 5 complexes either with triphenylphosphine in
refluxing THF15 or under a moderate pressure (4 atm)
of carbon monoxide (Table 2).16 It is noteworthy that
this is the first diastereoselective synthesis of the 4,5-
disubstituted 2-cyclohexenones 9g17 and 9h18 reported
so far.19,20

We are now currently attempting to elucidate the
factors which govern the diastereoselectivity of the
initial nucleophilic attack of prochiral manganese car-
bene anions on Michael acceptors, as well as to explore
further possibilities to functionalize the cyclohexenone
ring within diastereomerically pure substituted cyclo-
hexenone complexes.
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Scheme 2

Table 2. Formation of Cyclohexenone Complexes
5 from Michael Adducts 3a and Demetalation

Reactionsb

complex 3 complex 5 cyclohexenone 9

entry R R1 R2 yield yieldc

1 3b H H Me 5b 90 9b 77
2 3c H Me Me 5c 59 9c 82
3 3d H Ph Me 5d 49 9d 92
4 3f Me H Me 5f 95 9f 80
5 anti-3g Me Me Me cis-5g 72 cis-9g 75
6 syn-3g Me Me Me trans-5g 77 trans-9g 78
7 anti-3h Me Ph Me cis-5h 87 cis-9h 86
8 syn-3h Me Ph Me trans-5h 70 trans-9h 88
a LDA (1.1 equiv) was added at -78 °C to a solution of complex

3 in THF. The reaction medium was allowed to reach room
temperature. After 2 h, the reaction was quenched by the addition
of a saturated solution of NH4Cl. b Triphenylphosphine (1.5 equiv)
was added to a solution of cyclohexenone complex 5, and the
mixture was heated under reflux until total disapperance (by IR)
of 5 (2 h). c Isolated yieds after chromatographic workup on
alumina.
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