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The pentafulvene system represents a very attractive structuralScheme 1

unit, not only as a model for theoretical studies but also as a valuable
b!JI|dIng block to access polycyclic _cyclopentfinmds. through a CO)5Cr=< MeCN
diverse array of cyclizationsFrom a different point of view, one “soc

can realize whether this framework might be a suitable synthetic
equivalent of the short-lived cyclopentadienone @#ditherefore,

we became interested on the cyclopropanation reaction of fulvenes
using Fischer carbene compleXésSurprisingly, only isolated

(E)-3 (2)-3

Table 1. Cyclopropanation of Fulvenes 2 with Complexes 1 and 4

examples concerning the cyclopropanation of fulvenes appear in 3 5
the literaturé despite the synthetic significance of the reaction itself. ~entry R! R? R % E/z¢ % exolendo
In this contribution, we report the selective cyclopropanation 4 Ph Me Me 65 — 65 31
reaction of pentafulvenes with alkyl and aryl(methoxy)carbene b Ph —(CHy)a— 72 - 68 8:1
complexes of group 6. The alkynylcarbene complexes also effect ¢ Ph Ph H 70 51 65 >301
the cyclopropanation or, under well-established reaction conditions, g E?} ip_'CDIrPh : 55 _4_1 zgp >3_0'1
the [4+ 3] cyclization. f  Ph t-Bu H 95 >3011 - _
First, chromium alkoxycarbenek and substituted fulvene® g Ph AcO H 63 21 — -
(molecular ratio 1:1.2¢ = 0.07-0.08 mol/L) were heated in MeCN h  pMeOPh Me Me 68 - - -
i n-Bu t-Bu H 65 10:1 - -

at 80°C for 12 h. The reaction mixture was taken in hexanes/
EtOAc, 5:1, demetalated (light-air-8 h) and filtered off through

aSolvent: hexane? Solvent: THF.C Isolated yieldsd E/Z andexdendo

Celite. This solution gave cleanly the homofulveBgwhich were ratio determined byH NMR (300 MHz) of the crude mixture.
further chromatographed (SiChexanes/EtOAc, 5:1) and isolated
in 63—95% vyield (Scheme 1; Table 1, entries@ e-i). The Scheme 2

cyclopropanation reaction takes place at the endocyek€®ond, OMe R2

giving rise preferentially to thé&-isomer in the case of unsym- (CONW
metrical fulvenes (R= H). Of particular interest was the finding + solvent
that a total control of diastereoselectivity was reached in all cases \ T60°C

in favor of theendocycloadducts8 (NMR analysis of the reaction
crude)’8

The single cyclopropanation reaction could be successfully scheme 3
extended for the first time to Fischer alkynyl carbene complexes

R2_H RA_H X
(Scheme 2Y.Thus, 6,6-dialkyl and 6-aryl fulvenesreacted with X X R2 M]™—Y
tungsten pentacarbonyl[phenylethynyl(methoxy)]carbene complex (CO)5M=< + — Y — |
4a(R! = Ph) at 60°C in hexane and THF, respectively, to produce Y -Co (M] N

the alkynyl homofulveness in 65—73% vyield after air-light
demetalation and column chromatography purification ¢SHex-

anes/EtOAc, 5:1) (Table 1, entries-d). In contrast to simple g y 3, endo-6 (X= OMe; Y=R")
—_—

exo-5 endo-5

carbene complexes, the alkynyl carbene comgkeled preferen-

tially (entries a,b) or exclusively (entries c,d) to teeodiastereo-

isomer of5. In turn, the homofulveneSc,d were formed as the [M]=M(CO),4
E-isomer exclusively.

A mechanistic proposal that might account well for the observed C=C and X groups, thus dictating tlendoorientation of the X
selectivity of these cyclopropanation reactions is based on the group in the final cyclopropane ring. Therefore, the formation of
Harvey’'s model for the cyclopropanation of 1,3-dief#é&(Scheme endoe3 and ende5 implies a metaOMe coordination whereas
3). The process initiates by CO dissociation and formation of the the coordination of metal to the alkynyl function would be
n-metallacyclobutang which would be in rapid equilibrium with ~ responsible for the presence @fo5.
the corresponding®-specied! . The reductive elimination would Accordingly, the cyclopropanation reaction was inhibited in the
give rise to intermediatéll wherein the metal coordinates to the presence of CO, and the [ 3] cyclization of alkynylcarbene

*To whom correspondence should be addressed. E-mail: barluenga@ complexes4 could be brought ab?”t (Scheme 4). The heptannu-

sauron.quimica.uniovi.es. lation was best effected by heating at 80 a hexane or DMF

exo-5 (X= c=C-R’; Y= OMe)
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Scheme 4 @
R2. R3 RA_R?
OMe R2 R3
W] o R' R
i, i + 4
\\ + 7 / — 7
1 -
R MeO™ 1w 0
4 2 v 6
[WI=W(CO)s5
(i) Solvent, 60°C, CO (20 bar), 6h; (ii) SiO,.
6
Entry R! R’ R® Solvent %?* Ez"
a Ph Me Me DMF 88 -
b Ph pMeOPh H hexane 75 2:1
¢ Ph t-Bu H hexane 65 3:1
d Ph AcO H hexane 70 2:1
e l-cyclo Me Me DMF 50 -
hexenyl

alsolated yieldsPE,Z ratio determined byH NMR (300 MHz) of the
crude mixture.

Scheme 5 @
OMe . oMe . .. Q
i ii, iii
Ph (90%) ¢ Ph  (95%) ¢
EtO,C" EtO,C" Ph
3a 7 8 4
Ph H Ph H ©
iv,v OMe i jji
0, 0
(60%) o (95%) o
o H o H
10 11 Ph

a(j) N2CHCO:Et, Rhy(OAC)s (0.1 mol%), CHCly, 25 °C, 2 h; (ii) 1.
03, MeOH-CHCl,, —78 °C. 2. MesS; (iii) concentrated HCI (drops),
Me,CO, 25°C; (iv) (COECr—=C(OMe)(CH=CHPh)9, THF, 100°C, 12 h;

(v) 1. Aqueoss 2 N HCI, CHCIy, 25 °C. 2. Chromatographic separation.
solution of tungsten carbendsand fulvene under CO pressure
(20 bar)!! In this way, the W(CQ) could be quantitatively
recovered, and bicyclo[3.2.1]octadien-2-orfesere obtained in
satisfactory yields (5688%) after purification by column chro-
matography (Si@ hexanes/EtOAc, 5:1f The formation of very
likely involves two key steps, (i) 1,2-addition of fulvene to the
metal-carbene function to generate the intermedidteand (ii)
regioselective cyclization promoted by 1,2-[W(G[¥hift, accord-
ing to a well-established pathwa$.

Finally, in Scheme 5 are depicted two examples which are

intended to anticipate that the fulvenmetal carbene combination

might be useful to access more elaborated cyclopentane frameworks.

The homofulvene3a undergoes a second cyclopropanation with
ethyl diazoacetate/R{DAc), to produce in very high yield as a
4:1 mixture of epimers. Compourtdwas readily transformed into
the elaborated cyclopentanoBe(95% vyield) by ozonolysis and
acid hydrolysis. Moreover3a reacted with the alkenylcarber®e
(THF, sealed tube, 108C, 12 h) to furnish, after acid hydrolysis

In conclusion, the first cyclopropanation and cycloheptannulation
reactions of alkyl-, aryl-, and acetoxyfulvenes with transition-
metal-carbene complexes are reported. Unlike previous cyclopro-
panation reactions of dienes with simple Fischer carbene complexes,
the process shown here displays complete diastereoseletfivity.
strategy makes mono- and bis-annulated cyclopentanones readily
accessible. Further work directed to study the scope of this reaction,
particularly the usefulness of the fulvene system as a masked
cyclopentadienone, is in progrée’$s.
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