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The intramolecular carbometalation reaction of alkynes is an

attractive strategy not only for ring construction but also for
formation of new organometallic compounts has been known
for many years that polar organometallics{®; M = Li, Mg,

Zn, ...) undergo intramolecular carbometalation to alkyhés.
However, the carbometalation of alkynes with organosilicon

compounds is not easy due to the lack of a method for activation

of stable carbonsilicon bonds. Concerning polar organometal-
lics, the carbometalation with allyl and alkyl reagents is more
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Table 1. Lewis Acid-Catalyzed Carbocyclization af

substratel

entry Lewis acid temp yield of
no. n Rt R (equiv) (°C) 2 (%)°
1 1 Me H la EtAICI;(0.5) —78 2a 69
2 1 Me H la AICI;(0.5) —78 2a 67
3 1 Me H la AIBr3(0.5) —78 2a 56
4 1 Me H la EtAICI»(1.1) —78 2a 61
5 1 Me H la EtAICI,(0.2) —78 2a 92
6 1 Me H la EtAICI,(0.1) —78t00 2a 4%
7 1 Me H la AICI3(0.1) —78t0—30 2a 84
8 1 Me H la EtAICI»(0.2) —78 2a 91
9 1 Et H 1b EtAICI,(0.2) —78t0—20 2b 85
106 1 Me GHiz 1c EtAICI;(0.5) rt 2c 31
11° 1 Me SiMe 1d EtAICI,(0.5) rt 2d 85

2 Me H le AICI3(0.2) —78to—5 2e 89

a2 Reactions were conducted in @El, at the indicated temperature
within 1 h, except for where otherwise mentioned. The reactions were
quenched by adding excess amounts @NEt and saturated aqueous

popular than that with vinyl and aryl reagents. To the best of our NaHCQ; solution at the reaction temperatupdsolated yieldc The

knowledge, there is no report on carbometalation of unactivated

alkynes with vinylsilaneg&? although there are very few reports
on the intramolecular carbometalation with vinyllithiuAfs/wve
now report the first example for the vinylsilylation of unactivated

starting materialla was recovered in 23% yield.Hexane was used
as a solvent® Reaction was conducted for 1 d.

We could not detect the formation of the sterecisfaddition

alkynes; the Lewis acid-catalyzed reaction of the carbon tetheredProduct) and regioisomeefidocyclization product) oa'? Other

alkynyl vinylsilanesl gave E)-cyclic dienylsilane< in good to
high yields (eq 1}!
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The results are summarized in Table 1. The reactiodapf
having a tether chain of three methylene groups=(1), in the
presence of 0.5 equiv of EtAlgbave thetrans-carbosilylation
product2a regio- and stereoselectively in 69% yield (entry 1).

(1) For reviews, see: (a) Normant, J. F.; Alexakis S&nthesid981, 841—
870. (b) Oppolzer, WAngew. Chem., Int. Ed. Engl989 28, 38-52. (c)
Negishi, E.Pure Appl. Chem1981, 53, 2333-2356. (d) Knochel, P. In
Comprehensie Organic Synthesjgrost, B. M., Fleming, I., Eds.; Pergamon
Press: Oxford, 1991; Vol. 4, pp 86911.

(2) For Li, see: (a) Bailey, W. F.; Ovaska, T. ¥. Am. Chem. S0d993
115 3080-3090. (b) Bailey, W. F.; Wachter-Jurcsak, N. M.; Pineau, M. R;
Ovaska, T. V.; Warren, R. R.; Lewis, C. BE. Org. Chem1996 61, 8216—
8228. (c) Wei, X.; Taylor, R. J. KTetrahedron Lett1997, 36, 6467-6470.
(d) Oestreich, M.; Fiblich, R.; Hoppe, DTetrahedron Lett1998 39, 1745~
1748 and references therein.

(3) For Mg, see: (a) Richey, H. G., Jr.; Rothman, A. Mtrahedron Lett.
1968 1457-1460. (b) Kossa, W. C., Jr.; Rees, T. C.; Richey, H. G., Jr.
Tetrahedron Lett1971 3455-3458. (c) Fujikura, S.; Inoue, M.; Utimoto,
K.; Nozaki, H. Tetrahedron Lett1984 25, 1999-2002.

(4) For Zn, see: (a) Courtois, G.; Masson, A.; Miginiac, &.R. Acad.
Sci. Paris, Ser. @978 286, 265. (b) Yeh, M. C. P.; Knochel, Fetrahedron
Lett 1989 30, 4799-4802. (c) Stdemann, T.; Knochel, FAngew. Chem.,
Int. Ed. Engl.1997, 36, 93—95.

(5) For Al, see: Miller, J. A.; Negishi, Bsr. J. Chem 1984 24, 76-81.

(6) For Cu, see: (a) Crandall, J. K.; Battioni, P.; Wehlacz, J. T.; Bindra,
R.J. Am. Chem. Sod.975 97, 7171-7172. (b) Sternberg, E. D.; Vollhardt,
K. P. C.J. Org. Chem1984 49, 1574-1583. (c) Crandall, J. K.; Michaely,
W. J.J. Org. Chem1984 49, 4244-4248. _

(7) For example, the mean bond dissociation enerd¥M—R) of
representative organometallics MRBre as follows: StEt, 290 + 25 kJ/
mol; Li—Et, 209 kJ/mol; Zr-Et, 145 kJ/mol; AFEt, 242 kJ/mol. See:
Skinner, H. A.Adv. Organomet. Chem1964 2, 49-114. Aylett, B. J.
Organometallic Compoungddhe Main Group Elements, Part 2979; Vol.
|

' (8) Intramolecular carbomercuration of alkynes usaitylsilane in the

Lewis acids such as Algblnd AIBr; were also effective for the
present reaction (entries—3).13 Optimization experiments re-
vealed that the use of 0.2 equiv of EtAjQjave the best result
(entries 4-7). Besides ChLCl,, hexane was a solvent suitable to
the present vinylsilylation (entry 8). The cyclizationd§ having
the vinyltriethylsilyl moiety also proceeded smoothly to gRie
in 85% vyield (entry 9). The reaction ofc bearing hexyl-
substituted internal alkyne gave the corresponding product in low
yield (entry 10). On the other hand, the reactionldfhaving
trimethylsilyl-substituted internal alkyne gave the cyclization
product2d in high yield (entry 11). Analogously, the cyclization
of 1e having a tether chain of four methylene groups< 2),
gave the seven-membered prod@etin high yield (entry 12).
The preparation ofa is representative. To a solution &&
(0.5 mmol) in CHCI, (5 mL) was added EtAIGI(0.1 mmol, 1
M in hexane) at-78 °C. After the mixture was stirred for 5 min,
excess amounts of diethylamine (0.5 mL) and a saturated aqueous
solution of NaHCQ were added successively at the reaction
temperature. The mixture was extracted with pentane three times.
The combined extracts were dried ¢S$&,) and evaporated to
leave the crude product, which was purified by column chroma-
tography (silica gel, hexane eluent) to gi2a (0.46 mmol) in
92% vyield. Thetransvinylsilylation was unambiguously deter-
mined by the stereochemistry of the cyclization prodQef
irradiation of the alkenyl proton attached to the carloto the
trimethylsilyl group enhanced the signal of the alkenyl proton
attached to the-carbon (6.4% NOE), whereas no enhancement
of any signals of methylene protons on the carbocycle was
observed?

(11) It is well-known that the reactivity of vinylsilanes toward electrophiles
is much lower than that of allylsilanes. Accordingly, it was rather surprising
for us to discover that the vinylsilylation df proceeded so smoothly in the
presence of Lewis acids. See: (a) Colvin, E.Sllicon in Organic Synthesis
Butterworth: London, 1981. (b) Weber, W. 8ilicon Reagents for Organic
Chemistry Springer-Verlag: Berlin, 1983. (c) Fleming, |.; Dunoguel.;
Smithers, ROrg. React. (N.Y.1989 37, 57—575.

(12) 'H NMR signals due to very trace amounts of impurities were observed

presence of a stoichiometric amount of mercuric chloride was reported. Huang, in the NMR spectra oRa; see Supporting Information. It was impossible to

H.; Forsyth, C. F.J. Org. Chem1997 62, 8595-8599.

(9) Imamura, K.; Yoshikawa, E.; Gevorgyan, V. Yamamoto, JY.Am.
Chem. Soc1998 120, 5339-5340.

(10) (@) Wu, G.; Cederbaum, F. E.; Negishi, Eetrahedron Lett199Q
31, 493-496. (b) Ovaska, T. V.; Warren, R. R.; Lewis, C. E.; Wachter-Jurcsak,
N. M.; Bailey, W. F.J. Org. Chem1994 59, 5868-5870. (c) Reference 2b.

10.1021/ja990385p CCC: $18.00

identify the structure of these impurities, although we attempted to separate
them from2a by using GC and HPLC.
(13) Other Lewis acids such as ZgHfCl,, and B(GFs)s did not catalyze
the cyclization ofla
(14) The stereostructures of producgs,(2e 7b, and7¢) other than2a
were determined similarly by NOE experiments. See Supporting Information.
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A plausible mechanism for the Lewis acid-catalyzegins
vinylsilylation is shown in Scheme 1. The coordination of a Lewis
acid to the triple bond ofl would form z-complex3.1516 The
a-carbon of the vinylsilane moiety would attack the electron-
deficient triple bond from the side opposite to the Lewis acid to
produce an aluminum ate complek stereoselectively. The
migration of the trimethylsilyl group to the aluminate center would
afford 2 and regenerate the Lewis acid. A zwitterionic intermediate
such as$ may intervene in the step froBito 4. Obviously, when

Vm
W‘ﬁ-‘ﬁmxs

5 SMe;

the vinylsilyl group approaches the electron-deficient carbon of
the alkenylaluminate, a sterically demanding R group would
hamper the approach of the vinylsilyl group ($8eThis is the
reason the reaction df, having hexyl-substituted internal alkyne
(R = CgH13), was sluggish and the cyclization product was
obtained in low yield (Table 1, entry 10). On the other hand, the
smooth cyclization old can be accounted for by the well-known
p-silyl effect: the carbocatior to the trimethylsilyl group is
stabilized significantly’ The Z-vinylsilane reacts with retention
of configuration, which is the normal stereochemistry for the
electrophilic substitution of a vinylsilane, whereas thésomer
has to undergo inversion, which it is reluctant to*itndeed, no
cyclization product was obtained when tHg§-{somer oflawas
treated with a catalytic amount of AlCIPreviously, we reported
that the coexistence of chlorotrialkylsilane was essential for
obtaining high chemical yields of the cyclization products in
HfCl,-catalyzed allylsilylation of alkyneslt is worth mentioning

that the present reaction proceeded very well in the absence of

chlorotrimethylsilane.

(15) (a) Asao, N.; Yoshikawa, E.; Yamamoto, ¥.Org. Chem1996 61,
4874-4875. (b) Yoshikawa, E.; Gevorgyan, V.; Asao, N.; YamamotoJ].Y.
Am. Chem. Sod 997 119 6781-6786.

(16) Asao, N.; Matsukawa, Y.; Yamamoto, ¥. Chem. Soc., Chem.
Commun.1996 1513-1514.

(17) For reviews, see: (a) Lambert, J. Betrahedron1988 46, 2677—
2689. (b) Apeloig, Y. InThe Chemistry of Organic Silicon CompounBstai,
S., Rappoport, Z., Eds.; Wiley-Interscience: New York, 1989; pp &25.
(c) Fleming, I.CHEMTRACTS Org. Chemi993 6, 113-116.

(18) Overman, L. E.; Burk, R. MTetrahedron Lett1984,25, 5739-5742.

Communications to the Editor

Since the intramolecular vinylsilylation of the unactivated
alkynesl proceeded unexpectedly easily, we next examined the
cyclization of differently substituted vinylsilan&s Although no
cyclization product was obtained in the reaction6af this is
normal for electrophilic attack on a vinylsilane of this type.
However, the cyclizations dfb and6ctook place in the presence
of a catalytic amount of EtAlGland thetransvinylsilylation
products7b and 7c were obtained, respectively (eq 2), because

iMeg
¢ = cat. EtAICl, 0
n_SiMeg CHaClp, 0°C @
\ \
R
6a: n=1, R=H 7a: n=1, R=H 0%

b: n=1, R=CsH;
c: n=2, R=C3H7

b: n=1, R=C3H; 90%
c: n=2, R=C3H; 3%

the carbocation ddais stabilized by the substituent B{—c, R

= C3Hy) (vide infra). Interestingly, these products were produced
via anendemode cyclization in contrast to the reactionslof
which proceeded in aexamode fashion. These results can be
accounted for by the following mechanistic rationale (Scheme
2). When thea-carbon of vinylsilane attacks the terminal

Scheme 2
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acetylenic carbon of complek(route g endemode), which was
formed from6 and Lewis acid, no significant steric repulsion
would be producedlaand113), although the terminal acet-
ylenic carbon should be electronically deficient. In contrast
mode cyclization foute b proceeds via a vinylcation on the
internal acetylenic carbon as showrilidb and11b. Serious steric
repulsion between the vinylic proton and vinylsilane moiety would
destabilize these intermediates. Accordingly, tedemode
cyclization would take place to giv@a, leading to7 and AlXs.
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In conclusion, we have developed the first intramolecuitars
vinylsilylation of unactivated alkynes. The present reaction
provides a new carbocyclization method for the preparation of
the six- and seven-membered cyclic dienylsilanes. Further studies
to elucidate the mechanism of this reaction and to extend the scope
of synthetic utility are in progress in our laboratory.

Supporting Information Available: Spectroscopic and analytical data
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