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Since their discovery by E. O. Fischethe heteroatom-

stabilized carbene complexes have been widely utilized in

synthesis of acyclic and cyclic molecue$he particular nature
of the metal-carbon double bond has allowed the efficient

accomplishment, among others, of various carbocyclization model
processes wherein the carbene ligand acts as, (i) a one-

carbon synthon, as for simple carbene complexes+[2],%
[L+2+1]4[1+ 2+ 2], and [1+ 4]° cyclizations), (ii)

a three-carbon synthon, as for alkenyl carbene complexes

(I3 +2]8[3 + 3],7[3 + 2+ 1],2[3 + 4]*accyclizations), and

(iii) a five-carbon synthon, as for enyne carbene complexes

([5 + 2 + 1]*° cyclization). We have focused our studies on

alkenyl carbene complexes, and we found that their cyclization
toward nucleophilic alkenes and dienes gives rise to five- and
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seven-membered carbocycles, whose formation involves nucleo-

philic 1,2-addition followed by cyclization promoted by a [1,2]-
M(CO)s shift.62
Continuing our interest to develop new reactivity models for

a(i) MeCN, 80°C (X = OR) or toluene, 100-208C (X = NRYy); (ii)
SiO,, CH.Cly.

Table 1. Indenes3 Prepared from Carbene Complexis-e and

carbene complexes we fixed our attention on pentafulvenes, ag-Acetoxyfulvene2

particular type of polar system that features an unconventional

structure with a unique €C bond conjugation pattern. Actually,
different types of cycloaddition reactions of fulvenes that illustrate
their versatility have been uncovered, for example,#21],
[2+2],[2+4],[4+ 2], [4+ 3], and even [6+ 4] processe’!

On the contrary, examples involving the{63] carbocyclization

are almost unknown. A recent report shows that 2-oxyallyl cations

(1) Fischer, E. O.; MaashA. Angew. Chem., Int. Ed. Endl964 3, 580.
(2) Recent reviews: (a) Wulff, W. D. I€Gomprehensie Organometallic
Chemistry 1] Abel, E. W., Stone, F. G. A., Wilkinson, G., Eds.; Pergamon:

New York, 1995; Vol. 12, p 469. (b) Herndon, J. Wetrahedron200Q 56,
1257. (c) Harvey, D. F.; Sigano, D. MChem. Re. 1996 96, 271. (d)
Barluenga, J.; Fams, F. J.Tetrahedron200Q 56, 4597. (e) Sierra, M. A.
Chem. Re. 200Q 100, 3591. (f) de Meijere, A.; Schirmer, H.; Duetsch, M.
Angew. Chem., Int. Ed. Eng200Q 39, 3964.

(3) Brookhart, M.; Studebaker, W. EEhem. Re. 1987, 87, 411.

(4) Hegedus, L. S. I€omprehensie Organometallic Chemistry;lAbel,

E. W., Stone, F. G. A., Wilkinson, G., Eds.; Pergamon: New York, 1995;
Vol. 12, pp 549-576.

(5) Sierra, M. A.; Soderberg, B.; Lander, P. A.; Hegedus, LO&ano-
metallics1993 12, 3769.

(6) (@) Barluenga, J.; Alonso, J.; Régloez, F.; Faans, F. J.Angew.
Chem., Int. Ed. EngR00Q 39, 2460. (b) Barluenga, J.; Toma\.; Ballesteros,
A.; Santamda, J.; Brillet, C.; Gar@-Granda, S.; Pera-Nicols, A.; Vazquez,

J. T.J. Am. Chem. Sod999 121, 4516. (c) Hoffmann, M.; Buchert, M.;
Reissig, H.-U.Chem. Eur. J1999 5, 876. (d) Aumann, R.; Meyer, A. G.;
Frdlich, R. Organometallics1996 15, 5018.

(7) Barluenga, J.; Ballesteros, A.; Santafaad.; Bernardo de la RuR.;
Rubio, E.; Toma, M. J. Am. Chem. So200Q 122 12874.

(8) (a) Ddz, K. H. Angew. Chem., Int. Ed. Endl984 23, 587. (b) Waters,
M. L.; Bos, M. E.; Wulff, W. D.J. Am. Chem. Sod.999 121, 6403.

(9) (a) Barluenga, J.; Aznar, F.; MartiA.; Vazquez, J. TJ. Am. Chem.
Soc.1995 117, 9419. (b) Harvey, D. F.; Grenzer, E. M.; Gantzel, P.X.
Am. Chem. S0d.994 116, 6719. (c) Wulff, W. D.; Yang, D. C.; Murray, C.
K. J. Am. Chem. S0d.988 110, 2653.

(10) Barluenga, J.; Aznar, F.; Palomero, M. Angew. Chem., Int. Ed.
200Q 39, 4346.

(11) Neuenschwander, M. Fhe Chemistry of Double-Bonded Functional
Groups (Suppl. A)Patai, S., Ed.; J. Wiley & Sons Ltd: Chichester, 1989;
Vol. 2, pp 1131-1268.

carbene T yield

complex R X product  (°C) (%)
la 2-Furyl OMe 3a 80 75
1b Ph OMe 3b 80 72
1c Ph OCHCH;l 3c 80 69
1d CO,Et N(CH)4 3d 100 69
le Ph NMe 3e 120 65

aMixture of isomers (1:1 for3a,c,d and 2:1 for3b,e). ° Isolated
yields after column chromatography (silica gel, hexanes/ethyl acetate
5:1).

undergo this process only with a particular type of activated
fulvene, specifically fulvene ketene acetals, while in all other cases
the fulvene system prefers to cycloadd in ai{43] fashion!?13

We have initiated the study of the reaction between alkenyl
Fischer carbene complexes with fulvenes, and herein are reported
the preliminary results which can be regarded as the first i
cycloaddition of metal carbene complexes. It is shown that alkenyl
carbene complexesact as the synthoA which produces a single
annulation or even a double annulation (Figure 1).

We have checked the reactivity of chromium alkenyl carbene
complexesl toward 6-acetoxyfulven@ (Scheme 1, Table 1).
First, the reaction of the alkoxycarbene completasc (X =
OMe, OCHCH,l) with 6-acetoxyfulvene? (1.5 equiv) went to
completion after heating in acetonitrile at 80 for 8 h. Removal
of the solvent followed by column chromatography purification
afforded the substituted inden8a—c (69—75%) as mixtures of
isomerst* Interestingly, despite the well-known reluctance of

(12) Hong, B.-C.; Sun, S.-S.; Tsai, Y.-Q. Org. Chem1997, 62, 7717.

(13) The electron-rich 6-dimethylaminofulvene and tetramethyloxyallyl
cation produces the [& 3] cycloadduct in a yield as low as 17%. See: Ishizu,
T.; Mori, M.; Kanematsu, KJ. Org. Chem1981, 46, 526.
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Table 2. Indanones’ Prepared from Carbene Complexesb and
Fulvenesb
entry R R? R®  product yield (%)
1 2-furyl  Me Me 7a 80
2 Ph Me Me 7b 74
3 2-furyl  i-Pr H 7 70
4 2-furyl CH=CH-Ph-E) H 7dP 71
5 2-furyl  CH,CH,COMe Me 7€ 75

2 |solated yields after column chromatography (silica gel, hexanes/
ethyl acetate 5:1) Mixture of diastereoisomers (nearly 1:1).

Scheme 4
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ai , , , 30 min; (i) Me , ; (iii) 1a, MeCN,
i) KH, DME, 0 °C, 30 min; (ii) MeCOCI, 625 °C; (iii) 1a, MeCN

aminocarbene complexes toward 1,2-addition of nucleophiles (see100°C.

below for the proposed mechanisth)ye were delighted to find
that the 6-acetoxyfulven® successfully cycloadded to the
aminocarbene complexdsl,e [X = N(CH,)4, NMe;] in toluene
(100-120°C) to furnish3d,e in 65—69% yield*

According to the structure of the reaction product and the
HOMO coefficients of the fulvene, and to previous work from
our groupt® very likely the reaction course would involve a 1,2-
addition of the nucleophilic fulvene to generate the spdoisich
would undergo cyclization tdl promoted by the [1,2]-shift of
chromium pentacarbonyl. Then, the formatior8amplies carbon-
to-metal hydrogen transfer/reductive metal elimination to form
Il followed by loss of AcOH and aromatization.

This protocol also allowed to produce O-unprotectdd- 1
indenol systems (Scheme 2). For example, the in@enéerived
from the carbene complebc and2 (Table 1), was quantitatively
deprotected (3 equiv @gfBuLi, hexane/ether; 30 min) to provide
the indenol4 as a 2:1 mixture of isomefs.

Moreover, the alkenylcarbene complexéswere found to
smoothly react with alkyl and alkenyl fulvenB¢Scheme 3, Table
2). Thus, the treatment of chromium completed with fulvenes
5 in acetonitrile at 80°C for 8 h resulted in the formation of
dihydroindenessa—e. Since compound§ decomposed during
column chromatography, they were characterizedHhyNMR,
hydrolyzed with acid (1 N HCI, CkCl,) and purified by column
chromatography to afford indanonéa—ein good overall yields
(70—80%)1* Species of the typé and Il (see Scheme 1) are
again thought to participate in this annulation reaction.

(14) The structural characterization®#,7,9 was based on the NMR data
and NOESY experiments. In addition, the structurd o in full accordance
with related indanone structures reported by Hong et al. (ref 12). The

regioisomeric indenes and indanones were not detected in the crude mixtures.
(15) For the 1,2-addition of hydride to aminocarbene complexes, see:

Gomez-Gallego, M.; Manchen M. J.; Ranmez, P.; Piar, C.; Sierra, M. A.
Tetrahedron200Q 56, 4983.

(16) Barluenga, J.; Flez, J.; Faanas, F. J.J. Organomet. Chen2001,
624, 5

Unfortunately, the newly formed methoxyfulvends are
actually unreactive toward further cyclization. In fact, heatag
(R* = 2-furyl; R? = R® = Me) and the carbene compléa at
80—100°C resulted only in decomposition of the carbene complex
and recovery of the fulvene. However, indanoiegere evaluated
as precursors of new fulvene systems suitable for this purpose
(Scheme 4). To this enda was transformed into the acetoxy-
fulvene 8 (96%) by deprotonation with KH followed by acet-
ylation with acetyl chloride. Interestingly, the annulation of
carbene complekawith fulvene8 was successfully accomplished
by heating in acetonitrile (100C, 8 h) to furnish, after column
chromatography purification, the substituted tetrahydroacenaph-
thylene9 in 50% vyield*

In conclusion, this paper displays the results of the first study
of the reaction between Fischer carbene complexes and readily
available pentafulvenes. A number of substituted indanones and
indenes are accessible in a simple and regioselective way.
Moreover, it is shown that new reaction pathways of Fischer
carbene complexes can be discovered when exposed to uncon-
ventional substrates. Specifically, the 46 3] cycloaddition of
Fischer carbene complexes is first accomplished using fulvenes,
a type of substrate that is not prone to display this kind of
cyclization. As an important extension of the reaction, the
acenaphthylene skeleton is easily assembled by the polycyclization
reaction of dimethylfulvene with 2 equiv of carbene complex.
The nucleophilic 1,2-addition of the fulvene to the metal carbene
carbon followed by [1,2]-Cr(CQjpromoted cyclization accounts
well for the observed products. In this respect, the 1,2- addition
of a carbon nucleophile to a Fischer aminocarbene complex is
described for the first timé®

Acknowledgment. This research was supported by DGICYT (Grant
No. PB97-1271). Fellowship to S. M. (Plan Regional de Investigacio
del Principado de Asturias) is gratefully acknowledged.

Supporting Information Available: Experimental procedures and

(17) The 2-iodoethy! substituent has been found to be an excellent and characterization data for the new compounds (PDF). This material is

general O-protecting group (carbene complé® in the chemistry of
alkoxycarbene complexes: Barluenga, J.pép, S.; Trabanco, A. A.; Fiez,
J.Chem. Eur. J2001 In press.

available free of charge via the Internet at http://pubs.acs.org.
JA011600G



