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Abstract: A 1,2-metal-ate rearrangement leads 1o stereodefined trisubstituted alkenes, as single
isomers, in an easy and straightforward one-pot procedure.

o-Haloalkenyl organometallic compounds are versatile reagents that possess ambiphilic reactivityl, and
the use of a variety of metals including Li2, B3, Mg?, Al5, Zn6, Zr5¢7, Cu8 has been extensively investigated.
Recently, an elegant stereoselective synthesis of functionalized alkenyl cyanocuprates by the Cu(I)-catalyzed
coupling of organolithium reagents with o-lithiated cyclic enol ethers was described by Kocienski?. However,
in acyclic systems, the Cu(I) catalyzed 1,2-alkyl migration reactions have been limited to the metallated (Z)-enol
carbamates, prepared by transmetallation of the corresponding stannanes®10,
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Although the o-lithiated cyclic and acyclic thioethers were described to fail in this process®8, we report our
successful preliminary results obtained, under specific experimental conditions, in the stereoselective synthesis
of polysubstituted alkenyl organocuprates, via a carbocupration reaction of phenylthioacetylene followed by a
1,2-metal-ate rearrangement (scheme 2).
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The carbocupration of 1-alkyny! sulfides, the first step of this strategy, is best performed in THF. Pure
regioisomers are always obtained!l, but in this solvent, the 1,2-intramolecular nucleophilic substitution (step II,
scheme 2) is totally thwarted. However, in Et20, the requisite solvent for the subsequent metal-ate
rearrangement, the regioisomer ratio is dependent on the nature of the organometallic derivatives!2 (scheme 3).
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Thus, in order to get a regioselective carbocupration step in ether, it will be necessary to use an organocuprate.
The second step, the intramolecular rearrangement, can be easily performed by adding to the resultant vinyl-
alkyl cuprate, an organolithium derivative, which yields, after the 1,2-metal-ate rearrangement the
organocuprate 2. The organometallic copper species is now trans to the alkyl group, the opposite
stereochemistry of the one obtained after the carbocupration step, and of the vinyl cyanocuprate obtained from
(Z)-enol carbamates (scheme 1). After recooling to -40°C, the indicated electrophiles are added to give the
corresportding polysubstituted alkenes (scheme 4).
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Reaction conditions : a). 2 eq Buli (-40°C) ; MeSMe (10 eq) 26-28°C, 30 min b). NH3/NH4C! c). ZnBr3 (1 eq) 40°C, 30 min to
0°C ; I2 (1 eq) -60°C, 2h. d).P(OEt)3, 1 eq.-40°C and freshly disiilled allyl bromide, I eq, -40°C, 2h ).
diethylaminomethylbutylether, 1 eq, -40°C to r.i. f). ethyl propiolate, 1 eq, 40°C, 3h.
Scheme 4

In every cases examined, the stereochemistry of the formed polysubstituted alkenes corresponds to > 99%
stereoselectivity!3. The kinetic of the intramolecular nucleophilic substitution is dependent on the reaction
mixture temperature. If the temperature is too low (e.g., -10°C) rearrangement does not take place; At 0°C, the
rearrangemnent occurs but a 60%-70% yield is obtained after a long period of time (48h). However, at 26°C-
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28°C, the cis vinyl alkyl cuprate is transformed into the zrans vinyl alkyl cuprate in 30 min. Thus, in order to
increase the stability of the vinyl organomerallic towards the temperature, MeSMe was introduced before the
rearrangement step. Using an ac'etylcnic group as a non-transferable or "dummy ligand” 14 in the organocopper
reagents, allows the selective transfer of two different alkyl groups according to the following scheme!5.The
transfer of a vinyllithium is also possible, but the dienyl organocuprate gencrated is isolated as a mixture of 2
1SOIMErS.
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Although the chemical yield is modest, this strategy leads to stereodefined trisubstituted alkenes!1:16 via
stereoselective creation of three C-C bonds, as single isomers (except for the dienyl cuprate), in an easy and
straightforward one-pot procedurel?, starting from a common starting material!8, We are currently exploring
the scope of this methodology and the extension to the synthesis of tetrasubstituted alkenes.

Acknowledgement : We thank Dr Alex Alexakis for fruitful discussions on organocopper chemistry. We are
grateful for financial support from Rhdne Poulenc-Rorer S.A. rescarch company.

References and Notes,

1. a). Regitz, M. Carbene (carbenoid). In Houben-Weyl, Methoden der Organische Chemie ; Georg
Thieme : Verlag, 1989. Parts 12a,b b) ; Kirmse, W., Carbene Chemistry, 2nd ed. ; Academic Press :
New York, 1971. c). Siegel, H., Topp. Curr. Chem., 1982, 106, 55

2. a). Nelson, D.J. ; Nagaragan, A., J. Organomet. Chem., 1993, 463, 1-5. b). Normant, J.F. ; Foulon,
J.P. ; Masure, D. ; Sauvétre, R. ; Villieras, J., Synthesis, 1975, 122-125. ¢). Topoleski, M. ;
Duraisamy, M. ; Gawronski, J. ; Gawronska, K. ; Goedken, V. ; Walborsky, H.M., J. Org. Chem.,
1993, 58, 546-555 and references cited therein. d). N'Guyen, T. ; Negishi, E.1., Tetrahedron Lett.,
1991, 32, 5903-5906 ¢). Grandjean, D. ; Pale, P., Tetrahedron Lett., 1993, 34, 1155-1158 f).
Bonnet, B.; Le Gallic, Y.; Pl¢, G.; Duhamel, L. Syathesis, 1993,1071-1073

3. a). Negishi, E.I. ; Yoshida, T. ; Abramovitch, A_ ; Lew, G. ; Williams, R.H., Tetrahedron , 1991, 47,
343-356. b). Zweifel, G. ; Arzoumanian, H., J. Am. Chem. Soc., 1967, 89, 5086-5088. c). Brown,
H.C. ; Basavaiah, D. ; Kulkarni, S.U. ; Lee, H.D. ; Negishi, E.I. ; Katz, 1.J., J. Org. Chem., 1986,
51, 5270-5276. d). Brown, H.C. ; Imai, T. ; Bhat, N.G., J. Org. Chem., 1986, 51, 5277-5282. ¢).
Brown, H.C. ; Lee, H.D. ; Kulkarni, S.U., J. Org. Chem., 1986, 51, 5282-5286. f). Birkinshaw, S.
; Kocienski, P., Tetrahedron Lett., 1991, 32, 6961. g). Brown, H.C. ; Bhat, N. ; Iyer, RR.,
Tetrahedron Lert., 1991, 32, 3655-3658. h). Deng, M.Z. ; Li, N.S. ; Huang, Y.Z., Tetrahedron Lett.,
1993, 34, 7845-7849. j). Deng, M.Z. ; Li, N.S. ; Huang, Y.Z., J. Org. Chem., 1993, 58, 1949-



6876

10.

11.

12.

13.

14,
15.

16.

17.
18.

1951.k). Deng, M.Z. ; Li, N.S. ; Huang, Y.Z., J. Chem. Soc., Chem. Commun., 1993, 65-66. 1).
Matteson, D.S. ; Mah, R.W.H,, J. Am. Chem. Soc., 1963, 85, 2599-2603.
Erdelmeier, L. ; Gais, H.J., J. Am. Chem. Soc., 1989, 111, 1125-1126.
a). Miller J.A_, J. Org. Chem., 1989, 54, 998-1000 b). Alexakis, A. ; Hanaizi, J. ; Jachiet, D. ;
Normant, J.F. ; Toupet, L., Tetrahedron Lex., 1990, 31, 1271-1274. c). Negishi, E.IL. ; Akiyoshi, K.,
J. Am. Chem. Soc., 1988, 110, 646-647.
a). Harada, T. ; Hara, D. ; Hattori, K. ; Oku, A., Tetrahedron Lent., 1988. 29, 3821-3824. b). Harada
T. ; Katsuhira, T. ; Oku, A., J. Org. Chem., 1992, 57, 5805-5807. c). Harada, T. ; Katsuhira, T. ;
Hara, D. ; Kotani, Y. ; Maejima, K. ; Kaji, R.; Oku, A. J.Org.Chem. 1993, 58, 4897-4907. d).
g«zggken, P.A.; Bachand, P.C. ; Swenson, D.C. ; Burton, D.J., J. Am. Chem. Soc., 1993, 115, 5430-
a). Mintz, E.A. ; Ward, A.S., J. Qrganomer. Chem., 1986, 306, C52. b). Erker, G. ; Petrenz, R., J.
Chem. Soc., Chem. Commun, 1989, 345-346.
a). Fujisawa, T. ; Kurita, Y. ; Kawashima, M. ; Sato, T., Chem. Lett., 1982, 1641. b). Hill, CM. ;
Senter, G.W. ; Haynes, M.E. ; Hill, M.LE,, J. Am. Chem. Soc., 1954, 76, 4538. c). Sidduri, A.R. ;
Rozemo, M.J. ; Knochel, P., J. Org. Chem., 1993, 58, 2694-2713. d). Sidduri, A.R. ; Knochel, P.,
J. Am. Chem. Soc., 1992, 114, 7579-7581. ¢). Knochel, P. ; Sidduri, A.R., J. Am. Chem. Soc.,
1990, 112, 6146-6148. f). Knochel, P. ; Jeong, N. ; Rozema, M.J. ; Yeh, M.C.P., J. Am. Chem.
Soc., 1989, 111, 6474-6476
a). Kocienski, P., Organic Synthesis via Organometallics .; Enders, D. ; Gais, H.J. ; Klein, W.,
ed.Vieweg, 1993, 203-223. b). Barber, C. ; Bury, P. ; Kocienski, P. ; O'Shea, M., J. Chem. Soc.,
Chem. Commun., 1991, 1595-1597. c). Kocienski, P. ; Barber, C., Pure and Appl. Chem., 1990,
gg’ﬁ 1933-1940. d). Kocienski, P. ; Wodman, S. ; Cooper, K., J. Am. Chem. Soc., 1989, 111, 2363-
5.
(Z)-Enol carbamates are easily metallated at -80°C with n-BuLi in the presence of TMEDA.
Unfortunately, the lithio derivative undergoes a Fritsch-Buttenberg-Wiechell rearrangement to the
corresponding acetylene before the transmetallation into the organocopper derivative occurs.
a). Normant, J.F. ; Alexakis, A., Synthesis, 1981, 841-870. b). Normant, J.F. ; Alexakis, A. ;
Commergon, A. ; Cahiez, G. ; Villieras, J., C.R. Acad. Sci. Paris, Ser. C, 1974,279, 763-766. c).
Vermeer, P. ; Meijer, J., C. de Graaf. Recl. Trav. Chim., Pays-Bas, 1974, 93, 24-26. d). Meijer, 1. ;
Westmijze, H. ; Vermeer, P., Recl. Trav. Chim., Pays-Bas, 1976, 95, 102
The addition of organocopper compounds on ethylthioacetylene is solvent depedent : Alexakis, A. ;
Cahiez, G. ; Normant, J.F. ; Villieras, J., Bull. Soc. Chim. Fr., 1977, 693-698
The stereochemistry of (Z)-5-decene has been determined by comparaison with an authentic sample,
prepared by an independant way: see ref. 11a
Corey, E.J. ; Floyd, D.M. ; Lipshutz, B.H., J. Org. Chem., 1978, 43, 3418-3420
Typical procedure : to a cooled (-20°C) stirred solution of hex-1-yne (246 mg, 3 mmol) in EtyO, n-BuLi
(1.70 ml, 1.76M/Et20, 3 mmol) was introduced. The reaction mixture was allowed to warm to room
temperature. After 1h of further stirring, CuBr,Me;S (618 mg, 3 mmol) was added at -78°C followed
by the addition of n-BuLi (1.70 ml, 1.76M/Et70, 3 mmol). The reaction mixture was allowed to warm
to -40°C. After 30 mn of further stirring, a clear solution was obtained. To this solution was added
dropwise at -60°C a solution of phenylthioacetylene in Et20 (402 mg, 3 mmol, 5 ml Et20). The
resulting mixture was stirred at -50°C for 2h, then Me2S (2 mL, 30 .nmol) and s-BuLi (4.6 mL,
1.3M/cyclohexane, 6 mmol) were introduced at -78°C. The mixture was heated to 26-28°C for 1.5h,
then P(OEt)3 (1 mL, 6 mmol) and freshly distilled allylbromide (1 mL, excess) were introduced at -
40°C. After 2h of further stirring, a solution of aqueous NH3/NH4Cl (1/2) was added. The mixture was
then allowed to warm to room tem followed by the extraction of the aqueous layer with Eto0 (2
x 10 mL), drying over anhydrous MgSQ4, filtration, and concentration. The crude uct was purified
by flash chromatography (Pentane).
Wittig and related reactions: a)Bestmann, H.J.; Vostrowsky, O. Tapics Curr. Chem. 1983, 109, 85.
b). Maryanoff, B.E.; Reitz, A.B. Chem. Rev, 1989, 89, 863-927. Peterson olefination: Barret,
A.G.M.; Hill, J.M.; Wallace, EM. J. Org. Chem.1992, 57, 386-389.b). Ager, D.J. Org React 1990,
38, 1-223 Peterson rection a). Chamberlin, A.R.; Bloom, S.H. Org. React. 1990, 39, 1-83. b).
Shapiro, R.H. Org. React. 1976, 23, 405-507..Julia coupling: For a review: Kocienski, P.
Phosphorus Sulfur Relat. Elem. 1988, 24, 97. A variety of complementary methods: have been
devised: Martin, S.F., Daniel, D.; Cherney, R.J.; Liras, S. J. Org. Chem. 1992, 57, 2523-2525 and
genrpark, S.E.; Amburgey J. J. Am. Chem. Soc. 1993, 115, 10386-10387 and references cited
erein.
The carbocupration of acetylenic sulfoxides and sulfones leads to the corresponding vinyl
organometallic derivatives, but no 1,2-metal-ate t occurs in these conditions.
a) Brandsma, L."Preparative Acetylenic Chemistry” Elsevier, 1971.b) Magriotis, P.A.; Brown, J.T.
Org. Synth. 1993, 72, 252-264

(Received in France 1 July 1994; accepied 26 July 1994)



