TETRAHEDRON
LETTERS

Pergamon Tetrahedron Letters 41 (2000) 437—-440

Novel and general cross-coupling reactions of alkynylzinc
reagents and organotellurium compounds

Miguel J. Dabdould, Vania B. DabdouB and Joseph P. Marirfo ¥

8L aborat6rio de Sintese de Compostos Organocalcogénios, Departamento de Quimica, FFCLRP, Universidade de Sao Paulo,
Av. Bandeirantes, 3900 Ribeirdo Preto-SP, Brazil
bDepartment of Chemistry, University of Michigan, Ann Arbor, Michigan 48109, USA

Received 30 September 1999; revised 3 November 1999; accepted 4 November 1999

Abstract

The efficient cross-coupling reactions of different alkynyl organozinc reagents with unsaturated organotellurium
species catalyzed by Pd(P®4Cul and using THF/DMF systems are described. These cross-coupling reactions
are general and permit the formation of nep~sp carbon—carbon bonds. New reactions to reach the necessary
alkynylzinc intermediates were also developed from terminal alkynes or using acetylenic tellurides as starting
materials. © 2000 Elsevier Science Ltd. All rights reserved.

The ability of organozinc reagents to promote carbon—carbon bond formation by reaction with
electrophiles is a well-recognized procédsowever, the limited availability of alkynylzinc reagents has
restricted their applications in organic synthésid:2Herein, we wish to report three new and convenient
routes to access a range of functionalized and nonfunctionalized alkynylzinc reagents d-8/pes
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The first method involved the formation of ethylalkynylzinc compouhdsader halide-free conditions
by the Te/Zn-exchange reaction employing diethylZiGt.5 equiv., solution 1.0 M, in hexanes) in
THF at room temperature. Treatment of lithium acetylides (generated in THF at 0°C) with diethylzinc
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(solution 1.0 M, in hexanes) or with 0.5 equiv. of zinc chloride at room temperature afforded the
desired alkynylzinc reagentsand 3, respectively. They were used immediately in situ in subsequent
reactions. All the alkynylzinc reagenis-3 obtained here are shown to promote the highly efficient
formation of sp—sp carbon—carbon bonds by the cross-coupling with unsaturated organotellurium (or
iodo) compounds such as vinyl tellurid®edEq. (4)), tellurobutenynégScheme 1) and aryl telluridés

or also with aryl iodide% (Eq. (5)). Pd(PP¥)4 proved to be an efficient catalyst (5% mol) and the
optimal conditions were achieved by the addition of Cul as a promotor. The reactions were conveniently
carried oul at room temperature exclusively affording the cross-coupling product in good yield. Different
alkynylzinc compounds (1.5 equiv.) by reaction wighor Z-vinylic tellurides4 were transformed into

the corresponding enynéswith total retention of configuration (Table.1)
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The same approach using the butyltellurobutengymé Z configuration as the electrophilic partners
was applied to the synthesis of th&<enediynes? in excellent yieldS. These enediyne substructures
are present in a broad series of the powerful antitumor and anticancer antibiotics isolated from natural
sources In combination with our previous methodology to obtain the unsymmetrical tellurobutefynes,
enediynes can be built from three different terminal acetylenes in a cross-coupling/hydrotelluration/cross-
coupling sequential protocol (Scheme 1).

The arylation of alkynylzinc reagents was also achieved in moderated yields by reaction with phe-
nylbutyl telluride as electrophife(entries 5 and 6, Table 1). The reaction described in entry 6 (Table 1)
was very slow, then the homocoupling reaction was observed as a side reaction, and the corresponding
diyne was isolated in a considerable amount (42%). However, a better yield was obtained when the cross-
coupling of the same alkynylzinc reagent was carried out with an aryl iodide (entry 7, Table 1). In the
last case, the homocoupling product was not observed. It should be pointed out that the reaction time was
shorter, accompanied by a higher yield than when phenylbutyl telluride was used.
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Table 1

Cross-coupling products obtained using alkynylzinc reagents
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Entry  Alkynylzinc reagent’l Electrophile Product Yield (%)b
1 CeHsC==C),Zn Corls CGHs\_ 89
CaHgT ;:C;:g Corts \\C H
R 4Hgle, 6115
2 CeHsC==C)ozn /" N\ cocHs 8
CiHy =
C5H5 TeC4Hg
3 C4HgC==CZnEt — N\ et 92
C4Hg —
4 C4HgC==CZnEt,Li CoMls,  TeCaHo N\ e 91
5 CHy),NCH,C==CZnEt CeHsTeCqHg CHa) NCH,C==CCeHs 65
6 CH3),C(OH)CC==C),Zn CeHsTeC4Hg CH3)2(OH)CC==CCq¢Hs 50¢
7 CH3),C(OH)CC==C),Zn CH30CgH,l CH3),(OHICC==CCgH4sOCH; 79
CsHs CHg)z(OH)C C6H5
8 CHa)C(OH)CC==C)pZn  CiHsTe. /) N\ 83
o  CeHs CHy)sSi —— CeHs 93
CH3)3SiC==C),Zn CsTe /] N\ 7

10 CsHqq CH3)3NCH CsHqq 84
CH3)2NCH,C==C),2n CiHeTe /) N\ 7
11 OTHP

CsHrn OTHP 88
CsH11C==C)Zn CHeTe  // N\ 7
12 THPO M o A 80
N\ CHeTe /] \ 7

ZnEt - C5H11 CeH5 —_— C5H11

13 CeHsC==CZnEt,Li CiHeTe /) N\ 86

*1.5 Equivalents of the alkynylzinc reagents were used. “Isolated yields. “The homocoupling product (CHs),(OH)CC=C-
=CC(OH)(CHj3), was isolated in 42% yield.

&

We had observed that the solvent affected the overall rate of the cross-coupling reaction; using THF as
solvent the conversion of the organo tellurides was incomplete. However, the use of DMF as a co-solvent
dramatically enhances the rate resulting in a complete conversion to the product.

As shown in Table 1, a range of functionalized alkynylzinc reagents can be used including those
bearing either an unprotected hydroxy group (entries 6-8) or an amino group (entries 5 and 10). The
organotellurium compounds employed could also incorporate different functionalities. It is noteworthy
to mention that the unsymmetrical (mixed) alkynyldialkylzince2es<hibited a considerable selectivity
for the transfer of only the alkynyl group.

In conclusion, by using our new cross-coupling reaction, a new carbon—carbon bond can be for-
med with a range of functionalized alkynylzinc reagents and unsaturated organotellurium (or iodo)
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compounds, leading to polyfunctional unsaturated compounds such as arylalkynes, enynes, enediynes,
alcohols, ethers, esters or amino compounds. The compatible functionalities present in these molecules
can be submitted to further useful conversions.
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