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Summary: In the presence of a nickel catalyst prepared 
from Ni(acac)z and DIBALH (111) in situ, three-compo- 
nent coupling reaction of allyl chlorides, 1-alkynes, and 
alkynyltins yielded regio- and stereoselective 3,6-dien- 
1-ynes in THF. 

We recently reported a new nickel-catalyzed coupling 
reaction of a$-conjugated enones with alkynes and 
alkynyltins to give highly stereodefined enynes (eq 1).l 

0 4 + R-H + R'-SnBu3 

Me3SiCI R H  

R' Me3Si0 
1 

In this reaction, [[(trimethylsilyl)oxylallyllnickel complex 
1 generated from the reaction of nickel complex with 
enone and Me3SiCl2 would be present as a key intermedi- 
ate. This result suggested that simpler v3-allylnickel 
complexes (e.g., 2 in Scheme 1) may also act as catalytic 
intermediates. It is well known that 2 is easily prepared 
from allyl halide and nickel(0) ~omplex .~  Thus, we 
examined the three-component coupling reaction of allyl 
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chlorides 3 with 1-alkynes 4 and alkynyltins 5 in the 
presence of nickel catalyst prepared from Ni(acac)z and 
DIBALH (111) in situ (eq 2). 

R' 

3 4 5 
+ R2-H + R3+snBu3 

3a: R' = H 

3b: R' = Me 

4a: R~ = BU 

4b: R2 = Ph 
4c: R2 = eBrCeH4CH2CH2 

Sa: R3 = Ph 

5b: R3 = Me3Si 

Me2'BuSiO 
4d: R2 = 

4e: R2 = 0''' 
4f: R2 = MeoSi 

, I  

)=q' (2) 
10 mol% 
Ni(acac)2 I DIBALH (1 / 1) 

D // 
\\ THF, reflux, 1 h 7' 

R3 6 

Actually, the reaction of 3-chloro-1-propene (3a) (1 
equiv) with 1-hexyne (4a) (1.2 equiv) and (phenylethy- 
ny1)tributyltin (Sa) (1.1 equiv) in the presence of 10 mol 
% nickel catalyst in THF at  room temperature for 4 h 
gave an expected coupling product 6a in 50% isolated 
yield. Investigation of some reaction conditions resulted 
in the yield of 6a increasing to 70% when the reaction 
was carried out at reflux for 1 h.4 The structure of 6a 

(4) The nickel-catalyzed reaction of 3a (1 equiv) with Sa (1.1 equiv) 
in the absence of 4a at  reflux for 4 h gave 1-phenyl-4-penten-1-yne (7)  
in 26% GC yield. 
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Table 1. Nickel-Catalyzed Reaction of 3 with 4 and 5' 
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allyl 
entry chloride alkyne alkynyltin product yieldb % 

1 3a 4a  Sa 6a 70(>98)  
2 3b 4a Sa 6b 67 (97) 
3 3a 4b Sa 6c 80(>98)  
4 3a 4a  5b 6d 72 (>98) 
5 3a 4c 5b  6e 83(>98)  
6 3a 4d 5b 6f 76 (98) 
7 3a 4e 5a  6g 79 (98) 
8 3a 4f Sa 6h 36c(95) 

(I Reaction conditions: allyl chloride (1 mmol), alkyne (1.2 
mmol), alkynyltin (1.1 mmol), Ni(acac)z (0.1 mmol), DIBALH (1 
M toluene solution, 0.1 mL), THF (5 mL) at  reflux for 1 h under 
Nz. Isolated yield. Isomeric punty is in parentheses. 1-Phenyl- 
1-penten-1-yne (7) was also detected by G€ analysis of the reaction 
mixture (21% yield). 
was assigned to  (2)-3-butyl-l-phenyl-3,6-heptadien-l-yne 
by 'H NMR spectra and NOE experiment, and regio- or 
s te reo isomers  of 6a were not detected (isomeric purity 
of 6a: >98%). 

The three-component coupling of a variety of substrates 
3-5 proceeds regio- and stereoselectively to  yield the 
corresponding products 6a-h. The product yields and 
isomeric purities of 6 are summarized in Table l.5 A 
bromine a t o m  in 4c ( en t ry  5), a (tert-butyldimethylsily1)- 
oxy1 group in 4d ( en t ry  6), and a free hydroxyl group in 
4e (en t ry  7) remained intact in the reaction. The reaction 
with 4f containing a trimethylsilyl group obtained 6h in 
only 36% yield along with 1-phenyl-4-penten-1-yne (7) 
(21% GC yield) ( en t ry  8). Interestingly, 3-bromo-l- 
propene as a substrate under the same reaction condi- 
tions gave only 7% of 6a. The use of allyl- and vinyltins 
in place of 5 did not react even at prolonged reaction 
times (20 h). 

The proposed reaction mechanism is shown in Scheme 
1. The complex 2 was initially generated from the 
reaction of nickel complex with 3.3 Insertion of 4 into 2, 
which would be the regio- and stereodetermining step, 
gives a vinylnickel complex Transmetallation of 5 
with 8 followed by reductive elimination yields the 
coupling product 6, regenerating the nickel ~omplex .~  

In summary, we have described here the three- 
component coupling of allyl chlorides, 1-alkynes, and 
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alkynyltins in the presence of nickel c a t a l y ~ t . ~ , ~  The 
present regio- and stereoselective coupling reaction pro- 
vides a new synthetic method for the conjugated enynes.'JO 
More detailed studies on the scope of the reaction are in 
progress. 
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