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CARBOMETALLATION OF 1,4-BIS(TRIMETHYLSILYL)-1,3-BUTADIYNE
WITH TRIMETHYLALUMINIUM

Tetsuo KUSUMOTO, Kiyoharu NISHIDE, and Tamejiro HIYAMA*

Sagami Chemical Research Center, 4-4-1 Nishiohnuma, Sagamihara, Kanagawa 229

Carbometallation of 1,4-bis(trimethylsilyl)-1,3-butadiyne with
Me3Al in the presence of Cp2ZrC12 catalyst produced selectively an
alkenylaluminium intermediate which, upon treatment with water and
various electrophiles, afforded 2-methyl-1,4-bis(trimethylsilyl)-
l-buten-3-yne and its l-substituted derivatives.

We report that zirconium-catalyzed carbometallationl) of 1,4-bis(trimethyl-~
silyl)-1,3-butadiyne (1) with trimethylaluminium allows us to add one methyl group
at C(2) and various electrophiles as well as methyl group at C(l) stereoselectively.
2) were slightly modified
and employed for the reaction: A hexane solution of Me3Al (2.0 mol/dm3, 1.6 ml, 3.2
mmol) was added to a solution of CPZZrCl2 (0.013 mmol) in 1,2-dichloroethane (DCE,

3 ml) at room temperature, and the mixture was stirred for 30 min. Then, a DCE

The reaction conditions originally found by Negishi

(1 ml) solution of 1(194 mg, 1.0 mmol) was added, and the resulting mixture was
heated to reflux for 10 h. Quenching with 1 mol/dm3 NaOH followed by workup and
purification by preparative TLC gave (E)-2-methyl-1,4-bis(trimethylsilyl)-1-buten-

3-yne (2a) (145 mg, 69% yield)>)
13

as the isolable product. The stereochemistry of
cmr (g, = 12.2 Hz?7?) ana 'm mMR (5 (mC=cCH,) =
1.1 Hz).6) Contamination of the (Z)-product was not detected. The regiochemistry
of the carbometallation was clearly established by treatment of 2a with 57% HI7)

in CGDG and observation of the olefinic signals at 8§ 5.00 and 5.35 typical to

the product was assigned by
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terminal methylene. Of various solvents DCE was found best. In ether or hexane
solvent or with Me3Ga instead of Me3A1, the reaction did not proceed at all.
Double carbometallation was not observed even under forcing conditions: large
excess Me3Al and 1 equiv Zr catalyst gave 2a only (66% yield). Best yield 75% was
achieved with the Zr-catalyst (19 mol%) at 40-45 °C, 10 h. szTicl2 catalyst3?ave
a complex mixture of products, whereas Cp2VCl2 catalyst (5.7 molg%) gave (Z)-3
(27% yield) in one step.

The stereochemistry of the carbometallation is worthy of note. The trans-
fashion may be ascribed to a facile cis—>trans isomerization of an initially
produced (z)-alkenylaluminium speciesz'8) to (E)-isomer (A) thanks to the intra-
molecular coordination effect of the nearby acetylenic bond to aluminium.g) Under
vanadium catalysis, the reductive elimination seems to be faster than the configu-
rational isomerization.

The reaction of A with other electrophiles such as D,0, N-bromosuccinimide
(NBS), N-chlorosuccinimide (NCS), and AcCl, afforded the corresponding substituted
products 2b-e3) in 60, 47, 47, and 44% yields respectively. Addition of excess
CuCl to the intermediate A at room temperature promoted reductive elimination to

3) in 67% yield. Oxidation of A with CuCl
3)

give (E)-3 induced dimerization of the
2

(48% yield) along with (E)-3 (12%). The products
2, 3, and 4 are expectedly useful synthetic building blocks.

alkenyl group and gave (E,E)-4

References

1) carbometallation of acetylenes with Cu reagents: J. F. Normant, Pure & Appl.
Chem., 50, 709 (1978); J. F. Normant and M. Bourgain, Tetrahedron Lett., 1971,
2583.

2) D. E. Van Horn and E. Negishi, J. Am. Chem. Soc., 100, 2252 (1978); N. Okukado
and E. Negishi, Tetrahedron Lett., 1978, 2357. They usually used stoichiometric
amount of zirconium catalyst. The catalytic amount was reduced as low as 20
mol%: E. Negishi and H. Matsushita, Org. Synth., 62, 31 (1984); J. Am. Chem.
Soc., 103, 2882 (1981).

13

3) The new compound was fully characterized by IR, lH and C NMR, MS spectrome-
tries and elemental analysis.

4) J. E. Anderson, Tetrahedron Lett., 1975, 4079.
5) 3JC—H = 10.7 Hz for trans and 6.3 Hz for cis relationship of CH,C(CH,)C=CH.
E. Vogeli and W. von Philipsborn, Org. Magn. Reson., 7, 617 (1975).

6) Usually, J(HC=CCH,) = 2.0 Hz for cis and 1.5 Hz for trans: R. M. Silverstein,
G. C. Bassler, T. C. Morrill, "Spectrometric Identification of Organic
Compounds," 3rd ed, John Wiley & Sons, New York (1974), p. 226.

7) K. Utimoto, M. Kitai, and H. Nozaki, Tetrahedron Lett., 1975, 2825.

8) The stereochemistry of the carbometallation is cis in general, but the regio-
selectivity is at best 9 : 1. E. Van Horn, L. F. Valente, M. J. Idacavage, and
E. Negishi, J. Organomet. Chem., 156, C20 (1978); J. J. Eisch, R. J. Manfre,
and D. A. Komar, ibid., 159, C13 (1978); B. B. Snider and M. Karras, ibid., 179,
C37 (1979); B. B. Snider, M. Karras, and R. S. E. Conn, J. Am. Chem. Soc., 100,
4624 (1978).

9) Similar trans-stereochemistry is observed often in en-ynes: H. Hayami, K.
Oshima, and H. Nozaki, Tetrahedron Lett., 25, 4433 (1984).

(Received July 20, 1985)



