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Abstract - The conjugate addition reaction of triethyl(1-methyl 

indol-2-y1)borate to 2-cycloalkenone could be effected with a 

catalytic amount of vinyloxyborane. 

Vinyloxyborane has been amply established as a versatile enolate species 

far regio- and diastereoselective aldol condensation so far.' In connec 

tion with our recent investigation on the potential synthetic application 

of trialkylindolylborates.2 the present study demonstrates that vinylouy- 

borane could catalyze the Michael type addition reaction of triethyl(1- 

methyllndol-2-yljborate (1) to 2-cycloalkenone ( 2 ) .  The sole example of 

such conjugate addition reported was the reaction of borate (1) with 
chalcone through the agency of TiC14 to afford the adduct in 50% yield. 

3 



The reaction of borate (derived from 1-methylindole and tert-BuLi, 

followed by treatment with triethylboranel with enone (2) (1.5 equiv.) in 

tetrahydrofuran ITHF] under an argon atmosphere provided a small amount of 

the expected adduct ( ? 1 4  together with a significant amount of 2-ethyl- 

indole (4). However, it was found that the addition of vinyloxyborane ( 

0.25 equiv.) to a reaction mixture of borate (1) and enone (21 (1.5 equiv.) 

provided the adduct (3) in satisfactory yield (Table 1). 

Table 1 Reaction of 1 with in the presence of vinyloxyboranea 

Yield (%) b 

Vinyloxyborane enone (21 - 3 4 - 

- 2 a - 20 (&I 5 5 

- 2 b - 1 9  5 3 

5 aC - 2a - 75 (*I 10 

2 b 77 ( 2 )  10 - 

5bC - 2b - 75 ( 2 )  10 

5c d - 2 b - 55 (S) 2 8 

5dc - 2 b 78 ( 2 1  9 - 

5eC - 2 b - 53 ( 2 )  2 0 

a )  The reaction was carried out with 1, 2 (1.5 equiv.) and vinylaxyborane (2) (0.25 
equiv.) in THF under an argon atmosphere at -20'C, then a t  room temperature for 2 h. 

b) Isolated yields based an 1-methylindole. c )  Generated from the corresponding 

carbonyl compound and lithium diisopropylamide, followed by treatment with 9-BBN tri 

f l a r e  in THF at -78.~ under an argon atmosphere.1 d) ~ e n e r a t e d  f rom 2-ortanone, di- 

isopropylethylamine and 9-BBN rriflate in THE at 7 8 . C  under an argon atmosphere.' 
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It turned out that treatment of borate (1) with enone ( 2 )  (1.5 equiv.) in 

the presence of trialkylborane (0.25 equiv.) under an argon atmosphere also 

gave the adduct (3)  in high yield, and tri(sec-buty1)borane gave the best 

result among trialkylboranes examined (Table 2). The latter procedure 

involves that a catalytic amount of vinyloxyborane arose from tri- 

alkylborane and enone ( 2 )  through the known p ~ t h ~ ' ~  and promoted likewise 

the addition reaction. In conclusion. a novel utilization of vinyloxy- 

borane could be shown for the first time as a catalyst for the Michael ad- 

dition of borate (& )  to enone (?) .  It seems to be possible in this case 

that vinyloxyborane initially activated enone ( 2 )  through the coordination 

to the carbonyl function and promoted the addition reaction. Additional 

experiments designated to probe these results in greater detail. including 

mechanistic investigation and further application of the present procedure 

to other conjugate addition reactions, are in order. 

Table 2 Reaction of 1 with - 2 in the presence of trialkylborane (BR3ja 

Yield ( % )  
b 

BR 3 enone ( 2 )  - 3 - 4 

BEt3 - 2 a 50 (3) 2 0 

2b - 48 (2) 2 0 

B(sec-BuIj - 2 a 75 [ % I  10 

2b - 78 10 

B-BU-~-BBN' - 2b 60 2 0 

B(CH2SiMe3J3 - 2 b 50 25 

a )  A mixture of 1, 2 ( 1 . 5  equiv.) and trialkylborane (0.25 equiv.) was treated in 

THP a t  -20aC under an argon atmosphere f o r  1 h ,  then a t  room temperature f o r  2 h. 

b) Isolated yields based on 1-methylindole. c )  9-BBN = 9-borabicycloi3.3.11nonaayl. 
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