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The transformation of enynes into 1-vinylcycloalkenes has been lenic benzene derivatives is catalyzed by Gd€These results
the subject of extensive study, because it provides a powerful prompted us to examine the possibility that Galght function
method for the construction of a useful ring system by means of a as the catalyst for the reaction of enynes. The reaction of 1,6-enyne
simple operatiod.The transformation can be classified into two 1 with a catalytic amount of Gagl1 M in a methylcyclohexane
types: enyne metathesid and skeletal reorganizatién® while solution) in toluene at ®C was complete within 1 h, giving
one has not strictly distinguished these two reactions (Scheme 1).1-vinylcyclopenten as the product in 77% yield (eq 1). It should
Enyne metathesis was first reported by Ra&nd later further be noted that is not a suitable substrate for the transformation of
developed by Morf.Enyne metathesis appears to proceed through enynes to 1-vinylcyclopentenes reported thus*far.
a carbene mechanism, and typgroducts are obtained selectively,

in which the original acetylenic carbons remain connected con- E — cat. GaCls E N ]
secutively (Scheme 1). NPT m M
E \ toluene, 0 °C, 1 h £
Scheme 1. Transformation of Enynes to 1-Vinylcycloalkenes 1 E = COOEt 2 7%
enyne metathesis XN
) — Substantial structural variations can be accommodated, as can

be seen from Table 1. Disubstituted enynes were found to serve as
good substrates (entries 1 and 2). The Ga@talytic system was
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A @/\ + @/\° applicable to the formation of 1-vinylcyclohexenes (entries 2, 5,
1 I

skeletal reorganization and 6). Sulfoneamide functionalities in the tether did not alter the
course of the reaction (entries-3). It should be noted that the
o . skeletal reorganization of enynes, which contain a monosubstituent
In contrast, skeletal reorganization of enynes provides tWO 4 yhe olefinic terminal carbon, proceeds in a stereospecific manner
possmle isomers, typasandll . PrOdUCt'On,Of the typd product (entries 3-6).52 This is in sharp contrast to previously reported
involves the double cleavage of the-C triple bond and double o, it on the Ru(Il)- and Pt(Il)-catalyzed reaction of enynes, where
bond. In many cases, either of the two products is obtained, andtrans isomers were obtained irrespective of the geometry of the
the selectivity is dependent on the structure of the substrates andStarting material§2bThe reaction of the 1,7-enyri@is important,
the catalysts used. The first report on the skeletal reorganizationin that it provides for a better understanding of the reaction
of enynes was published by TréélWhen enynes bearing an ester mechanism. Thus, the reaction of 1,7-enyi@at 40°C resulted
group on the acetylenic carbon were udedtas selectively formed. ;o intramolecular [2+ 2] cycloadditiod to give a tricyclic
In the case of a terminal alkyne entity, a mixture of typeg]dll compoundl4, which contains a cyclobutene ring. This indicates
was obtained. We also found th"f‘t [Ru(c]O_)3]2,63 PtCh and the possible participation of cyclobutene in the skeletal reorganiza-
[IrCI(CO)3]f¢ are even more practical and simple catalysts for the tion of enynes.
skeletal reorganization of enynes bearing a terminal alkyne to A proposed reaction mechanism is shown in Scheme 2. The
1-vmylcycloalkenes to the typbprqduct. On the other hand, the reaction mechanism involves the production of a cyclobutene
reaction of enynes bearing a substituent, such as a methyl, phenylintermediate, as i80, which subsequently undergoes ring opening
and ester, on the acetylenic carbon géiveas a main produc® in a conrotatory manner, which explains the retention of the
Furstner et al. also reported that the skeletal reorganization of enynesgeometry of the olefinic portion. The electrophilic addition of GaCl
is effectively catalyzed by Ptgf® Quite recently, Oi et al. reported to an acetylene gives the vinyl-gallium specie&? which is
t_hat platinum(ll) catio_n complexes catalyze_the skeletal_reorganiza— stabilized by the olefinic portion, as it7.14 The dotted triangle
tion of enynes. N_'OSt_ importantly, the reactlon_ mechanism of the and positive charge represent a three-center two-electron bond and
skeletal reorganl_zatlon of enynes is tota!ly different from that of consist of one bonding and one positive charge. After the formation
enyne metathesis. Cycloprqpyl carbgn0|d§ or related .complexesof the cyclopentane ring, the newly formed carbocation is stabilized
have been proposed as key intermediates in the formatibaiof by the Ga-substituted olefinic portion, asi8. The formation of
Il 5264510 Al catalysts applicable to skeletal reorganization reported the second €C bond results in the production of the cyclobutane
thus far involve late transition metal complexes. We wish to report fing, generatind.9, which is followed by the elimination of Gag!
here on the first use of typical element halides, such as $>a€l to afford the cyclobutene intermedia@. The ring opening 020
a catalyst for the skeletal reorganization of enynes. would give 1-vinylcyclopenten@1.15 The direct conversion of9
Recently, Yamaguchi et al. reported th?‘t Gﬁ‘a@_h gqod activator to 21, which bypasses the formation 86, is an alternative route.
of alkynes!! We also found that the cycloisomerizationwefacety- In summary, a typical metal halide, GaClso shows a high

*To whom correspondence should be addressed. E-mail: chatani@ Cat‘jilytlc activity for the Skeletal_ regrganlzatlon OT enyne_s to
chem.eng.osaka-u.ac.jp. 1-vinylcycloalkenes. The process is simple and provides a diverse
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Table 1. Skeletal Reorganization of Enynes Catalyzed by GaClz? Scheme 2. A Proposed Reaction Mechanism
- GaCly GaCly
entry enynes conditions products — +
GaCly “
E — E S N
oo XTI YT N \ R
1 E b E ¢
AN 30 min RS R R
4 81% 15 16 17 18
3
- SN GaCl
E N 30 min E TR - GaCl Oijk"uR( @/\ch
5 6 66% H R H Re
S o £ NPT 19 20 21 22
3¢ ¢ \ 30 min E><jN Acknowledgment. This work was supported, in part, by grants
Pr from the Ministry of Education, Culture, Sports, Science, and
7E (E1Z = 91/9) 8E 77% (E/Z =91/9) Technology, Japan. H.l. wishes to acknowledge the “Hattori-
Hokokai” Foundation for financial support.
E == 60 °C E R
4 g 30 min E Pr Supporting Information Available: Lists of spectral data and
N\ elemental analyses for all of the new compounds (PDF). This material
Pr 8Z 86% (E/Z = 11/89) is available free of charge via the Internet at http://pubs.acs.org.
7Z (E/Z = 10/90)
References

E\( _ 60 °C E ~-Pr . . o
5 | (1) Trost, B. M.; KrlscheA, M. JSynlett1998 1. Mori, M. In Topics in
TsN 2h TsN Organometalic ChemistryFirstner, A., Ed.; Springer-Verlag: Berlin,
\_‘\\_ Heidelberg, 1998; Vol. 1, p 133. Aubert, C.; Buisine, O.; Malacria, M.
Pr 10E 69% (E/Z = 93/7) Chem. Re. 2002 102, 813.
9E (E/Z = 88/12) (2) Katz, T. J.; Sivavec, T. MJ. Am. Chem. Sod 985 107, 737.
(3) Kinoshita, A.; Mori, M. Synlett1994 1020.

E = 40°C E N (4) For recent papers on enyne metathesis, see: Micalizio, G. C.; Schreiber,
| S. L. Angew. Chem., Int. EQ002 41, 152. Schramm, M. P.; Reddy, D.
6 TsN 2h TsN Pr S.; Kozmin, S. A Angew. Chem., Int. EQ001, 40, 4274. Ackermann,
L.; Bruneau, C.; Dixneuf, PSynlett2001, 397.
\ 10Z 87% (E/Z = 5/95) (5) (a) Trost, B. M.; Tanoury, G. J. Am. Chem. Sod 988 110, 1636. (b)
Pr Trost, B. M.; Trost, M. K.Tetrahedron Lett1991 32, 3647. (c) Trost,
9Z (E/Z = 11/89) B. M.; Trost, M. K.J. Am. Chem. So0d991, 113 1850. (d) Trost, B. M.;
Doherty, G. A.J. Am. Chem. So200Q 122 3801.
Vo (6) (a) Chatani, N.; Morimoto, T.; Muto, T.; Murai, S. Am. Chem. Soc
N 60 °C TsN | 1994 116, 6049. (b) Chatani, N.; Furukawa, N.; Sakurai, H.; Murai, S.
Organometallics1996 15, 901. (c) Chatani, N.; Inoue, H.; Morimoto,
3h T.: Muto, T.; Murai, S.J. Org. Chem2001, 66, 4433. (d) Chatani, N.;
Kataoka, K.; Murai, S.; Furukawa, N.; Seki, ¥. Am. Chem. S0d998
120, 9104.
12 72% (7) (a) Fustner, A.; Szillat, H.; Gabor, B.; Mynott, Rl. Am. Chem. Soc
" 1998 120, 8305. (b) Fustner, A.; Stelzer, F.; Szillat, HI. Am. Chem.
Soc 2001, 123 11863.

40 °C E (8) ?C))7|0§ Tsukamoto, I.; Miyano, S.; Inoue, ©rganometallics2001, 20,

m

(9) Méndez, M.; Moz, M. P.; Nevado, C.; Gdenas, D. J.; Echavarren, A.
M. J. Am. Chem. So@001, 123 10511.

(10) Trost, B. M.; Hashimi, A. S. KAngew. Chem., Int. Ed. Engl993 32,
1085. Trost, B. M.; Hashimi, A. S. KI. Am. Chem. S04994 116, 2183.
Mainetti, E.; Mouries, V.; Fensterbank, L.; Malacria, M.; Marco-Contelles,
J. Angew. Chem., Int. EQR002 41, 2132.

2 Reaction conditions: enyne (0.5 mmol), Ga(.05 mmol, 1.0 M in (11) Kido, Y.; Yoshimura, S.; Yamaguchi, M.; Uchimaru, Bull. Chem. Soc.
methylcyclohexane), and toiuene (2.5 mL) under NSolvent: methyl- Jpn.1999 72, 1445 and references therein. Arisawa, M.; Miyagawa, C.;

c 04 Vi vl Yoshimura, S.; Kido, Y.; Yamaguchi, MChem. Lett2001, 1080. See
Svygsloglgéafg?médsma” amount (4% yield) of a six-membered byproduct also: Asao, N.; Asano, T.; Ohishi, T.; Yamamoto,J Am. Chem. Soc

2000 122 4817. Kobayashi, K.; Arisawa, M.; Yamaguchi, M. Am.
Qhem. So0c2002 124, 8528. See also: Viswanathan, G. S.; Wang, M.;
range of enynes in good to high yields. The Gagltalyzed system Li, C.-J. Angew. Chem., Int. E®002 41, 2138.

f# 9 y | ad 9 t . gl y b ! i y b){['t t t(12) Inoue, H.; Chatani, N.; Murai, S. Org. Chem?2002 67, 1414.
ofiers S_e\{era a _Van ages: (1) enynes ea_rlrlg WO substituents a (13) Trost, B. M.; Yanai, M.; Hoogsteen, K. Am. Chem. Sod 993 115
the olefinic terminal carbon undergo an efficient skeletal reorga- 5294. Trost, B. M.; Chang, V. KSynthesis1993 824. See also ref 7b.

nization, and (2) enynes that are monosubstituted at the terminal (14) Echavarren proposed the olefin-stabilized vinyl cation simila7tahich
is formed by the reaction of 1,6-enyne with Pt(ll) complex as transition

13 14 79%

olefinic carbon undergo a stereospecific skeletal reorganization with structure. See ref 9.

respect to the geometry of the olefin moiety. The mechanistic (15) A delocalized catior22 can represent the forms7 and 18. Firstner
difference between Gagand late transition metal complexes will proposed a similar intermediate. See ref 7b.

be described later in a full article. JA0274554

J. AM. CHEM. SOC. = VOL. 124, NO. 35, 2002 10295



