
General Preparation of Cyclopentadienyl Molybdenum
Dicarbonyl η3-2-Alkylidene Cyclobutanonyl Complexes

N. Ariane Vinson, Cynthia S. Day, and Mark E. Welker*,†

Department of Chemistry, Wake Forest University, P.O. Box 7486,
Winston-Salem, North Carolina 27109

Ilia Guzei and Arnold L. Rheingold

Department of Chemistry, University of Delaware, Newark, Delaware 19716

Received February 3, 1999

Summary: Cyclopentadienylmolybdenumdicarbonyl an-
ion reacts with a variety of allenic electrophiles to
produce η3-2-alkylidene cyclobutanoyl complexes. Three
of these complexes have been characterized by X-ray
crystallography, and the 2-alkylidene cyclobutanone has
been removed and recovered from one complex via
oxidative demetalation.

While cyclobutanones (1) have been widely utilized
in synthesis for a number of years, cyclobutenones (2)
and 2-alkylidene cyclobutanones (3) have only more
recently begun to be utilized as synthetic intermedi-
ates.1 Cyclobutenones and 2-alkylidene cyclobutanones
are receiving increasing attention in part because of
their unique physical properties (high ring strain,
carbonyl electrophilicity, as well as photochemical and
thermal reactivities)1 and also because of their inclusion
in molecules with biomedical science applications.2
Synthetic utilization of cyclobutanones stems from their
ready availability via cycloadditions of ketenes with
alkenes, but the analogous cycloadditions of ketenes
with allenes and alkynes to yield alkylidene cyclo-
butanones and cyclobutenones have proven more prob-
lematic.3

No general transition-metal-mediated routes to cy-
clobutenones, alkylidene cyclobutanones, and their tran-
sition-metal complexes have been reported previously.
Brisdon et al. reported the reaction of triphenylbro-

moallene with a molybdenum complex to produce a
complexed cyclobutenone in 1981,4a and Hughes et al.
have reported that reaction of Me5CpM(CO)3 anions (M
) Cr, Mo, W) with triphenylcyclopropenyl cation and a
few other alkyldiphenylcyclopropenyl cations yielded
complexed cyclobutenones.4b,c While mainly a route to
five- and six-membered-ring carbacycles, there are a few
reports of carbene complexes reacting with alkynes in
a [2 + 1 + 1] cycloaddition to produce cyclobutenones.5
Here, we report the synthesis, characterization, and
subsequent modification/demetalation of a number of
alkylidene cyclobutanonyl complexes.

We have previously described many examples of SN2′
reactions of cobaloxime and cosalen anions with allenic
electrophiles (5) to yield transition-metal-substituted 1,3
dienes (7),6 but in our experience, SN2 reactions of
transition-metal anions with allenic electrophiles have
been rare.7 Reaction of the CpMo(CO)3 anion (10)8 with
tosylate (11) initially produced 12, which can be ob-
served by 1H NMR (C6D6): 5.60 (m, 1H); 4.83 (dt, J )
6.7, 2.6 Hz, 2H), 4.52 (s, 5H), 2.22 (dt, J ) 7.4, 2.6 Hz,
2H). However, 12 rapidly undergoes further reaction at
25 °C to produce another air-stable yellow complex.

* Corresponding author. E-mail: welker@wfu.edu.
† Henry Dreyfus Teacher-Scholar Awardee (1994-99).
(1) For reviews of the synthesis and uses of these compounds see:

(a) Nemoto, H.; Fukumoto, K. Synlett 1997, 863. (b) Bellus, D.; Ernst,
B. Angew. Chem., Int. Ed. Engl. 1988, 27, 797.

(2) (a) Prasit, P.; Riendeau, D. Annu. Reports Med. Chem. 1997, 32,
211. (b) Friesen, R. W.; Dube, D.; Fortin, R.; Frenette, R.; Prescott, S.;
Cromlish, W.; Greig, G. M.; Kargman, S.; Wong, E.; Chan, C. C.;
Gordon, R.; Xu, L. J.; Riendeau. Bioorg. Med. Chem. Lett. 1996, 6, 2677.

(3) (a) Bertrand, M.; Maurin, R.; Gras, J. L.; Gil, G. Tetrahedron
1975, 31, 849. (b) Bertrand, M.; Gras, J. L.; Gore, J. Tetrahedron 1975,
31, 857. (c) Bertrand, M.; Gil, G.; Junino, A.; Maurin, R. Tetrahedron
1985, 41, 2759. (d) Vidal, J.; Huet, F. J. Org. Chem. 1988, 53, 611. (e)
Nemoto, H.; Ishibashi, H.; Nagamochi, M.; Fukumoto, K. J. Org. Chem.
1992, 57, 1707. (f) Sugita, H.; Mizuno, K.; Saito, T.; Isagawa, K.; Otsuji,
Y. Tetrahedron Lett. 1992, 33, 2539. (g) Durst, T.; Breau, L. In
Comprehensive Organic Synthesis; Trost, B. M., Ed. 1991; Vol. 6, p
675.

(4) (a) Drew, M. G. B.; Brisdon, B. J.; Day, A. J. Chem. Soc., Dalton
Trans. 1981, 1310. (b) Hughes, R. P.; Reisch, J. W.; Rheingold, A. L.
Organometallics 1984, 3, 1761. (c) Hughes, R. P.; Klaui, W.; Reisch, J.
W.; Muller, A. Organometallics 1985, 4, 1761.

(5) (a) Dotz, K. H.; Dietz, R. E.; Appenstein, C. K.; Neugebauer, D.;
Schubert, U. Chem. Ber. 1979, 112, 3682. (b) Yamashita, A.; Toy, A.
Tetrahedron Lett. 1986, 27, 3471. (c) McCallum, J. S.; Kunng, F. A.;
Gilbertson, S. R.; Wulff, W. D. Organometallics 1988, 7, 2346.

(6) For a review of our work in this area see: Welker, M. E.; Wright,
M. W.; Stokes, H. L.; Richardson, B. M.; Adams, T. A.; Smalley, T. L.;
Vaughn, S. P.; Lohr, G. J.; Liable-Sands, L.; Rheingold, A. L. Adv.
Cycloaddit. 1997, 4, 149. For some other recent references to the
primary literature see: (a) Adams, T. A.; Welker, M. E.; Day, C. S. J.
Org. Chem. 1998, 63, 3683. (b) Chapman, J. J.; Welker, M. E.
Organometallics 1997, 16, 747.

(7) (a) Stokes, H. L.; Richardson, B. M.; Wright, M. W.; Vaughn, S.
M.; Welker, M. E.; Liable-Sands, L.; Rheingold, A. L. Organometallics
1995, 14, 4, 5520. (b) Stokes, H. L.; Smalley, T. L.; Hunter, M. L.;
Welker, M. L.; Rheingold, A. L. Inorg. Chim. Acta 1994, 220, 305.

(8) Cousins, M.; Green, M. L. H. J. Chem. Soc. 1963, 889.

1824 Organometallics 1999, 18, 1824-1826

10.1021/om990070i CCC: $18.00 © 1999 American Chemical Society
Publication on Web 04/22/1999

D
ow

nl
oa

de
d 

by
 C

A
R

L
I 

C
O

N
SO

R
T

IU
M

 o
n 

Ju
ne

 3
0,

 2
00

9
Pu

bl
is

he
d 

on
 A

pr
il 

22
, 1

99
9 

on
 h

ttp
://

pu
bs

.a
cs

.o
rg

 | 
do

i: 
10

.1
02

1/
om

99
00

70
i



Initially we thought CO loss from 12 to produce a η3-
butadienyl complex (13) might be a facile process, but
the isolated complex did not have spectroscopic data
consistent with that reported for other η3-butadienyl
complexes.9

We postulated, based on mass spectral, 1H and 13C
NMR, and IR data,8,10,11 that the product of this reaction
was a complexed cyclobutenone (15). We could account
for the formation of 15 via a CO insertion (alkyl
migration) to form 14 followed by an alkene insertion.
There is ample precedent for a σ-acyl π-alkene complex
like 14 in cyclopentadienyl molybdenum, tungsten, and
iron chemistry involving other alkenyl or allenyl
ligands.12,13 The proposed cyclobutenone complex 15 has
now been characterized by X-ray crystallography.14 The
ORTEP of complex 15 is shown in Figure 1. The
molybdenum-C(8) (2.351(8) Å) and molybdenum-C(10)
(2.336(6) Å) bond distances are within experimental
error of one another, so this complex contains a very
symmetrical, with respect to metal-carbon bond dis-
tances, complexed π-allyl. The C(8) to C(9) bond (1.390-
(10) Å) is significantly shorter than the C(9)-C(10) bond
(1.440(10) Å), indicating that the σ-bond representation
(15b) which contains a methylidene cyclobutanone is a
better model of this complex than 15a. The solid-state
structure of this complex shows that the π-allyl portion
of the molecule is exo (19) with respect to the CpMo-
(CO)2 fragment.15 Faller observed that substituents in
the 1 and/or 3 positions of the allyl favor the formation

of exo complexes (17), whereas π-allyls with substituents
only in the 2 position favor endo complexes (16).10a

Acyclic π-allyls substituted on both the 1 and 2 positions
also have high exo:endo ratios,10a and our observations
here are consistent with those previous reports.

This initial isolation of complex 15 has now proven
general for mono- (20a) and dimethylated allenic elec-
trophiles (20b). Using Gladysz’s LiBH(Et)3 reduction16

of [CpMo(CO)3]2 to generate anion 10, we find that
complexes 21a,b are more easily obtained in pure form
since they do not have to be separated from Hg{Mo-
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Figure 1. Molecular structure of complex 15 with selected
bond distances and angles. Selected bond lengths [Å]: Mo-
C7 1.955(7), Mo-C6 1.985(8), Mo-C9 2.221(7), Mo-C10
2.336(6), Mo-C8 2.351(8), O12-C12 1.243(9), C8-C9
1.390(10), C9-C10 1.440(10), C9-C12 1.462(10), C10-C11
1.490(10), C11-C12 1.544(11). Selected bond angles [deg]:

C7-Mo-C6 78.8(3), C7-Mo-C9 102.8(3), C6-Mo-C9
104.3(3), C7-Mo-C10 108.7(3), C6-Mo-C10 70.3(3), C9-
Mo-C10 36.7(2), C7-Mo-C8 73.5(3), C6-Mo-C8
116.3(3), C10-Mo-C8 66.6(2), C8-C9-C10 130.9(7), C8-
C9-C12 138.0(7), C10-C9-C12 90.3(6), C10-C11-C12
85.4(6), O12-C12-C9 135.0(8), O12-C12-C11 133.3(7),
C9-C12-C11 90.6(6).
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(Hg) is used as reductant. Molybdenum π-allyl com-
plexes 21a,b are also exo, and complex 21a is formed
as a 6:1 mixture of E:Z isomers. We know the minor
isomer observed here is the Z isomer rather than the
endo isomer because the cyclobutanone 1H NMR chemi-
cal shifts are almost identical in both isomers, whereas
the methyl and adjacent π-allyl proton resonances are
dramatically different in the two isomers.10,15 Alkene
insertion via the least hindered intermediate (25) leads
to the observed major E isomer (21a). In both of these
cases where we have used LiBH(Et)3 as reductant, we
also observe small amounts of the π-allyl complexes (22
and 23), which we did not see for the unsubstituted
electrophile (11). This observation indicates that as
allene substitution increases, ligand substitution (CO
loss) becomes competitive with alkyl migration (CO
insertion). Complexes 21a,b have also been character-
ized by single-crystal X-ray diffraction, confirming their
formulation as exo π-allyl complexes.18

We have successfully oxidatively demetalated 21b to
yield functionalized alkylidene cyclobutanone 26. Com-

pound 26 presumably arises via Ce(IV) oxidation of the
molybdenum in 21b, thereby activating the π-allyl for
CO insertion followed by nucleophilic attack of ethanol.
Additionally, we have found that nucleophilic addition
to the cyclobutanone carbonyl is also possible, indicating
we will be able to stereoselectively manipulate these
new complexes. Complex 21b was treated with NaBH4
using Liu’s protocol,19 and a single new complex (27)
was isolated in high yield.

In conclusion, we have discovered a new, general
transition-metal-mediated route to alkylidene cyclo-
butanones. Metal complexation of the alkylidene cy-
clobutanones can be used to direct stereoselective ad-
dition reactions, and the alkylidene cyclobutane frame-
work can be recovered via demetalation. Efforts to
extend this new transition-metal complex forming reac-
tion into a method for 2-alkylidene cyclobutanone
synthesis will be reported in due course.
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