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Despite many attempts to generate 2-furfurylidedegrom
diazoalkane® by thermolysis and photolysis (Scheme 1, step a),
they are formidably difficult to trap due to their high reactivity,
which causes rapid rearrangement (coarctate reaction) to ring-
opened producB (Scheme 1, step BY Recently, it has been
reported that unique photocyclization 8fhaving 1,2-diketone
moiety (R = Ac, R? = H or Ar) affords 2-furfurylidenel (Scheme
1, path c), which could be intermolecularly trapped with water or
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alcohols and intramolecularly trapped by aromatic inseiiBho-

tolytic conditions as well as the inherent naturelgfrone to rear-
rangement, however, have prohibited the trappingjwith alkenes
except for a limited species {R= Cl).* We have now found the
generation of metal complexes of 2-furfurylidefhthrough 5-exo-
dig cyclization of an ene-yne-ketoi3a (R! = Ph, R = H) (Scheme

2). In this paper we report novel catalytic cyclopropanation of
alkenes on the basis of generatiomdfom 3 and transition metals.
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We recently reported that group 6 transition metals undergo
pericyclic reactions of ene-yne-esters and -ami@i¢R! = OR,
NR;; R? = H) leading to 2-pyranylidene complexeand [3,3]-
sigmatropy of 1-acyl-2-ethynylcyclopropafiesa vinylidene-metal
intermediates, respectively. We also found that ene-yne-ket®nes
(Rt = Ar, RZ = H) react with group 6 metals to give stable (2-
furyl)carbene complexes” Complexesgt are somewhat more stable
than nonheteroatom-stabilized phenylcarbene compfexdsch
could be stoichiometrically generated and used for cyclopropana-
tion? Then, we focused on the catalytic activitydfoward alkenes.

At first, the reaction oBawith tert-butyl vinyl ether ) (2 equiv)
was carried out in the presence of 5 mol % of Cr(gfOHF) at
room temperature (eq 1). The color of the reaction mixture gradually
changed from deep blue to yellowish brown as the reaction
proceeded? After 2 h, 1tert-butoxy-2-[(5-phenyl)fur-2-yljcyclo-
propane §a) was isolated in 63% yield as a mixture of cis and
trans isomers (cis:trans 76:24). Next, we examined cyclopropa-
nations of several alkenes with ene-yne-ketoB&and3b in the
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presence of Cr catalyst. Typical results are given in TaBfeThe
reaction of3b with 5 also gave the cyclopropanated prodabt
(90%, cis:trans= 60:40) (entry 1). Reactions &ab with ketene
diethyl acetal 7) proceeded quite smoothly to give cyclopropanes
8a (82%) and8b (99%), respectively (entries 2 and 3). Ene-yne-
ketone3b reacted with enol silyl ethed to give 10b (83%) with a
66:34 diastereomeric ratio (entry 4). The reactioBlfvith cyclic
vinyl ether11 exclusively gave endo cyclopropanated prodiih
(90%) (entry 5)L2 Styrene 13) reacted slowly witl8b to give 14b
(85%, cis:trans= 74:26), although the reaction required 20 equiv
of 13 (entry 6). On the other hand, cyclopropanation of vinyl acetate
or 1l-octene with3b resulted in lower yields, 22% (6 days) and
19% (10 days), respectively, even by use of 20 equiv of the alkene.
The cyclopropanation of 2-ethylbut-1-enE5) with 3b gave16b
(52%), although prolonged reaction time (96 h) was required (entry
7). In the reactions of isoprenelq) with 3a and 3b, a more
substituted double bond was selectively cyclopropanated to give
18a (40%) and18b (88%) with nondiastereoselective manner,
respectively (entries 8 and 9). A higher reactivity of electron-rich
alkenes and a slightly preferential formationaié-cyclopropanes
indicate that the cyclopropanation proceeds through the formation
of an electrophilic (2-furyl)carbene-chromium complex like phen-
ylcarbene-tungsten and -iron compleXes.

As shown in Scheme 3, 5-exdig cyclization of ene-yne-ketone
37 via nucleophilic attack of a carbonyl oxygen to an internal carbon
of an alkyne iny?-alkyne complexA might be the most plausible
pathway for generation of (2-furyl)carbene-chromium complex
(M = Cr(CQO)). It should be noted that a transition metal can
promote the cyclization similar to photocyclization 8f (vide
supra)? A slipped, polarizedj*-complexB would be an alternatively
possible intermediate. It is well-known thatis prone to isomerize
to B, which has been widely accepted for cyclization and skeletal
reorganization of 1,6-enynes with a diversity of metal complé&es.
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Table 1. Cr-Catalyzed Cyclopropanation of Alkenes with 32

entry 3 alkene  time (h) product isolated yield cisitrans

Fu Ot-Bu
1 b 5 3 90% 60:40
6b

=Fu') 82% NA®
=Fu?) 99% NA.b

b
Fu OTMS
4 b 9 4 Ph 83% 66:34°

5 b 11 22 Fuz@ %0% endo only
120
Fu h
6 b 139 14 85% 74:26

14b
Fu2 t
7 b 15 96 52% NAS
£t
16b
F\v</
8 a 17! 5 18a (R =Fu') 40% 50:50
9 b 17 27 18b (R = Fu?) 88% 50:50

aReactions were carried out at room temperature ®i{d.50 mmol),
alkene (1.0 mmol), and Cr(Ce{JHF) prepared by irradiating a solution
of Cr(CO) (0.025 mmol) in THF (2 mL) unless otherwise not8d.A. =
not applicable¢ Configuration is not yet knowrf! Styrene (10 mmol)e 2-
Ethylbut-1-ene (7.5 mmol).Isoprene (5.0 mmol).

Ph Pn
- . =
Fu' = Ezo Fu?= O;io

Table 2. Catalytic Cyclopropanation of Styrene (13) Using 3b?

entry catalyst time (h) yield (%)° cis:trans®
1 Mo(CO)(THF) 2 23 54:46
2 W(CO}(THF)d 2 54 70:30
3 [RUCKL(CO)]2® 24 42 12:88
4 [RhCl(cod)}® 2 69 56:44
5 PdCh 2 79 21:79
6 PtCh 5 81 23:77

a Reactions were carried out at room temperature @iitt0.20 mmol),
13 (4.0 mmol), and a catalyst (0.010 mmol) in THF (2 mL) unless otherwise
noted. P Isolated yield.¢ Determined by'H NMR. ¢ Prepared by irradiating
a solution of M(CQy in THF. ©0.005 mmol.

Considering the possibility of the intervention Bf we examined
cyclopropanation of styrene witBb in the presence of other

In conclusion, we have demonstrated new catalytic cyclopropa-
nation of alkenes on the basis of the generation of (2-furyl)carbene
complexes from conjugated ene-yne-ketones. This system has wide
applicability to a diversity of transition metal complexes as well
as a variety of ene-yne-ketones, and may find some applications
in other catalytic 2-furfurylidene transfer reactions. These studies
are now in progress in our laboratory.
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complexes, such as Mo(C&)HF) and W(COJ(THF), were also
found to catalyze the cyclopropanation to gitéb in 23% and

54% yields with 54:46 and 70:30 cis and trans ratios, respectively.

Of group 8 triad metals, [RugICQO)], was moderately effective
to yield 14b (42%, cis:trans= 12:88). Of group 9 triad metals,
[RhCl(cod)} also gaveldb (69%, cis:trans= 56:44). PdCJ and
PtCh, of group 10 triad effectively catalyzed the cyclopropanation
to give rise tol4b in 79% (21:79 ratio) and 81% yields (23:77
ratio), respectively. Among catalysts examined; Tfisobutylene),
Mn(acac), NiCl,, CuOTf(,CsHg), Cu(OTf), and AuCk were not

effective as catalysts for the present cyclopropanation. Variable
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