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Alkynes act not as substrates but as co-catalysts in the presence
of a nickel catalyst, an organoboronate and an aldehyde to
promote the addition reaction between the substrates in
combination with H,O.

Alkynes have long been representative substrates of transition
metal-catalysed reactions, accepting addition of various bonds' or
undergoing diverse types of cyclization reactions.” In particular,
late transition metals such as palladium and nickel, having a strong
affinity for alkynes, readily catalyse the transformation of alkynes.
In this context, we have been developing the palladium- or nickel-
catalysed addition of organotin® or organoboron* compounds to
alkynes, where alkynes are good reaction partners of the
organometallic compounds. Furthermore, alkynes are known to
undergo three-component coupling with aldehydes and organo-
metallics including organoboron compounds in the presence of a
nickel catalyst to give allylic alcohols.>® Here we report the
unusual behavior of alkynes in the presence of a transition metal
catalyst and an organometallic compound, where alkynes act not
as substrates but as activators. Thus, a catalytic amount of alkynes
assists a nickel catalyst to promote the addition of organoboron
compounds to aldehydes.””

We first examined the nickel-catalysed addition of 2-
(p-tolyl)-1,3,2-dioxaborinane ~ (la) to benzaldehyde (2a).
Treatment of la and 2a with bis(l,5-cyclooctadiene)nickel
(5 mol%) in 1,4-dioxane at 80 °C for 2 h did not afford even a
trace amount of the desired phenyl(p-tolyl)methanol (3a) (eqn. (1)

Ni(cod), (5 mol %)

additive
; ,O> 0 H,O (1.0 equiv) OH
R'-B + .
P H™ "R2 1,4-dioxane R R2
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HO
p—tolyl>:2*Ph ptolyl  H
Pr Pr Pr Pr
4 5

and entry 1 of Table 1). Addition of H,O (1.0 equiv) as an
activator'® of 1a and/or triphenylphosphine (10 mol%) as a ligand
did not promote the reaction at all (entries 2—4). Other ligands such
as tributylphosphine, 1,3-bis(diphenylphosphino)propane and
2,2'-bipyridyl were equally ineffective. In sharp contrast, use of a
catalytic amount of 4-octyne in conjunction with H,O'! drastically

+ Electronic supplementary information (ESI) available: Experimental
details. See http://www.rsc.org/suppdata/cc/b4/b417353h/
*shirakawa@kuchem.kyoto-u.ac.jp

Table 1 Effect of additives in the nickel-catalysed addition of
2-(p-tolyl)-1,3,2-dioxaborinane to benzaldehyde

Entry Additive H,0 Yield of 3a (%)°
1 None - 0

2 None + 0

3 Ph;P (10 mol%) - 0

4 Ph;P (10 mol%) + 0

5 Pr—C=C-Pr (20 mol%) - 28

6 Pr—C=C-Pr (20 mol%) + 99

7 Pr-C=C-Pr (1.2 equiv) + 79

8 Ph-C=C-Me (20 mol%) + 52 (85)¢
9 Ph—-C=C-Ph (20 mol%) + 48 (72)7
10¢ Pr-C=C-Pr (20 mol%) + 0

“ The reaction was carried out in 1,4-dioxane (0.45 mL) at 80 °C for
2 h using 2-(p-tolyl)-1,3,2-dioxaborinane (la: 0.30 mmol),
benzaldehyde (2a: 0.36 mmol) and Ni(cod), (15 pmol) in the
presence or absence of H,O (0.30 mmol). ® Isolated yield based on
arylboronate 1a. © The isolated yield after 12 h. ¢ The isolated yield
after 24 h. ¢ Ni(acac), was used instead of Ni(cod),.

changed the result to give 3a in 99% yield (entries 5 and 6),'>"?
where three-component coupling product 4 between 1a, 2a and
4-octyne was not observed (entry 6). With an increased amount
(1.2 equiv) of 4-octyne, 4 (5% yield) and hydroarylation product 5
(4% vyield) of the alkyne* were generated'® but 3a still
predominated (entry 7). More electron-deficient alkynes also
mediated the addition but sluggishly (entries 8 and 9). A
nickel(11) complex did not catalyse the addition (entry 10).

The Ni(cod),—4-octyne catalyst was found to be applicable to
various combinations of organoboronates and aldehydes (Table 2).

Table 2 Nickel-catalysed addition of organoboronates to aldehydes”
Entry R! R? Yield of 3 (%)”

1 4-MeCgHy 4-MeOC¢Hy 80
2 4-MCC6H4 4-CF3C6H4 93
3 4-MeOCcH,4 Ph 88
4 4-CF5C¢Hy Ph 93
5 4-ACC6H4 Ph 90
6 3-HOCH,C¢H4 Ph 84
7¢ 4-MeCeHy pentyl 96
8 4-MeOC¢Hy pentyl 80
9 4-CF;C¢Hy pentyl 77
10 4-AcCeHy pentyl 82
11 3-HOCH,C¢Hy4 pentyl 74
12 styryl Ph 70
139 styryl Ph 85

“ The reaction was carried out in 1,4-dioxane (0.45 mL) at 80 °C for
12 h using an organoboronate (0.30 mmol), an aldehyde (0.36 mmol)
and Ni(cod), (15 pumol) in the presence of 4-octyne (60 pmol) and
H,O (0.30 mmol). °Isolated yield based on the arylboronate.
¢ Reaction time = 2 h. ¢ 1-Phenylpropyne was used instead of
4-octyne.
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Considering the significant number of examples of an alkyne and an
aldehyde undergoing oxidative cyclization with a nickel(0) complex to
give a 2-oxanickellacyclopent-4-ene, there might be some possibility that
the reaction proceeds through the nickellacycles, which react with
organoboronates with cleavage of the C(3)-C(4) bond to afford addition
product 3, the nickel(0) complex and 4-octyne. See ref. 5. Oxidative
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