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Abstract: A f1~'" conv~f1i~nt rouU to th~ bis (Irim~thylsla""ylvinyl ) cupral~ ,~ag~f11 6 is d~scrib~d. lIs addition to a.fJ•
UflSaturat~d 1c~lo"~S has b~tf1 compar~d ",ith oth~r mixed cuprates.

The use of organostannanes in organic synthesis has seen an explosive growth in the last few yeats, especially as new, mild

and efficient methods for their prepatation have been developed. I In particular the deployment of vinylstannanes, as geomerricalIy

defined, latent vinyl anions has been reported in several recent synthesis of natural products mcluding rapamycin2a, taxol2b•

avermectins2c, and vanous enediynes2d. In this connection, stannylvinyl cuprate reagents have been found to be useful as precursors

to vinylstannanes because of their ease of reaction with elecrrophlles including conjugate addition to a, ~- unsaturated ketones.

Recently Marino3 and PulidolFleming4 have independently described the addition of tri-n-butyl-stannyl cuprates to acetylene as a way

to afford the cis tri-n-butyl-stannylvinyl cuprate reagents.

We became interested in the use of various cis rrimethylstannylvinyl cuprate reagents (2- 6) because of the greater case of

manipulation and spectral simplicity of the trimethyltin moiety relative to the tri-n-butyltin reagents. We report here a convenient,

novel route to the cuprate 6 and a new stannyl cuprate 7.

The conventional methodsS of generating mixed stannyl cuprate via the addition to acetylene of the corresponding

trirnethylstannyllithio species, invatiably gave low yields (ca < 10%) of the desired vinyl reagents. We thus adopted the Lipshutz

protocol6 to generate the mixed stannyl cuprates 2-5 by using different organohthium reagents (Scheme I).

2equiv RLi- (R>2CuCNLi2 - (Me3Sn)(R)CuCNLi2
I) CuCN 2equiv Me)SnH
2) LiCI

9

5'
Bu

10

( Me3Sn\-")(R)CUCNLi2

2 R=Me ; 3 R= Ph ;
4 R= t-Bu ; 5 R= n-Bu

11
Scheme I

The mixed stannyl cuprates were then reacted with cyclohexenone in the presence of Et3SiCI. It is clear from results

summanzed in Table I that in the case of2 (entry 1),3 (entry 2) and 4 (entry 3), incomplete addition to acetylene occurred, leading
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Table

Entry Cuprate Enone/Cond Product RatlolYield

6 El3a
( Me3Sn )\- (Me)CuCNLi2 8: 9:

-78 Me I: I: 1

(2)

6-78

El3a

2 ( Me]Sn ) 8: 9: 4: 1 : 5· '-= (Ph)CuCNLi2 Ph

(3) 6 El30
( Me3Sn )

3 '-= (IBu)CuCNLi2 -78 8: 9: 2: 1 : 0.5

0'00
lBu

(4)

(Me]Sn ) 9:104 · \- (nBu)CuCNLi2 79%:9%

(5 ) oBF,.OO"-78
CL.'M"'c)5 (5) nBu 12%:61%

\ &'~ ~'\nMe3 I: I

6
Bu

(5)
ca I: I inseparable mixlure

9_
78

."9J &~9
nMe3 52 %: 15 %Bu

7 (5)

0_
78

8:9 0%: 89 %
( Me3Sn )8 · \- 2CuCNLi2 ·"0(6)

9-78

nMe) 65 %

9 (6) &'C;V
6 nMe] 78%

to (6) El02C C02El

Et02C C~EI
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to addition products 8 (derived from I. R=Me or Ph or t-Bu) and 9 (derived from 2. or 3 or 4). In the case of 5, lillie addition

product 8 was obtained. indicating that the addition of 1 (R=n-Bu) to acetylene was complete. However. for most of the enones

examined. transfer of the n-butyl group competed WIth the transfer of the trimethylstannylvinyl moiety to the enone. With

cyclohexenone. under careful control of reaction conditions (-IOOOC. entry 4), adduct 9 was obtained in 79% yield. versus the butyl

transfer adduct 10 obtained in 9% yield. Changing Et3SiCl to BF3.0Et2 as the promoting reagent7 served only to promote transfer

of the butyl group (entry 5). Similar transfer of the butyl group from 5 to the enone was observed for the a.~-unsaturated ketones

such as 4-methylpent-3-en-2-one (entry 6). and 4,4-dimethylcyclohex-2-enone (entry 7).

In his work on hindered enones, Marino reponed3 besl results with homo bis(tri-n-butylstannyl) cuprate II and attributed

this outcome to its supenor reactIvity. Given the results from the mixed trimethylstannyl cuprales 2·5, we decided to explore the

reactivity of the trimethylstannyl analog 6. After considerable experimentation. we found8 the protocol delineated in Scheme 2 to

give synthetically useful yields of the reagent 6. LOA was added to CuCN and LiCI in THF at _780 to generate a deep royal blue

solution of 12.

(Me3Sn\>-)rCUCNLi2 ~. (Me3sn\-X>-)rCUCNLi2

17 t lcquiv Me3SnH 7

2cq(>-)2 NH- (>-)fL' - [(>-)2 N] 2CUCNLi2 (Deep Royal Blue)

12

(Intense Yellow)
Scheme 2

13

Trimethyltin hydride was then added to gIve an mtense yellow solution of 13. The formation of 13 was confirmed by its

reaction with an activated alkyne, methyl bUlynoate (14), at _780 to give the addition product IS in 94% yield. Addition of 13 to

acetylene did not occur al _780 but, at -500 , fonnation of the reagent 6 as a bright yellow solution took place. Addition of 6 to

cyclohexenone (entries 8 and 9), 4,4-dimethylcyclohex-2-enone (entry 10) and 4.4-diethoxycarbonylcyclohex-2-enone (entry II) all

gave transfer of the trimethylstannylvinyl moiety in good yields.

Formation of the amidocuprate 12 has not been reported in the literature. Its existence in the present case is strongly

implicated by the observation that when cyclohexenone and Et3SiCI were added to the deep royal blue solution of 12, the 1,3-diene

16 could be obtained, in 60% unoptimised yield. Jung9 has demonstrated that 1.3-dienes of type 16 are not available through simple

base mediated deprotonation at the y position of 2-cyclohexenones under either kinetic or thermodynamic conditions. In all

probability, 16 arises through silica catalysed Hoffman elimination of the initially formed amido adduct 18, although direct y•

deprotonation by cuprate 12 cannot be excluded. This also led us to prepare the mixed trimethylstannylvinylamido cuprate 7 via the

mixed reagent 17 formed by the addition of only one equivalent of trimethyltin hydride to 12. Indeed, the mixed cuprate 7 reacled

with cyclohexenone with complete selective transfer of the trimethyslannylvinyl residue but, as expected. with somewhat poorer

reactivity than the homo reagent 6.

Although the structures of these cuprate reagents arc not known with certainty at this time, their availability through the

convenient route outlined in Scheme 2 will render them synthetically useful reagents.
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