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Development of environmental load-reducing synthesis of aldehydes and their
derivatives from aliphatic alkenes
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As a synthetic method of aldehydes from aliphatic terminal alkenes, the
anti-Markovnikov Wacker-type oxidation has been developed. Aldehydes and alpha, beta-unsaturated
aldehydes were selectively obtained using a Pd/Cu catalyst, p-benzoquinone, a small amount of water,

and a t-butyl alcohol solvent under mild conditions (1 atm of 02 and 40 deg C). Although
conventional Wacker-type oxidation only affords ketones (Markovnikov products), we were successful
to reverse the regioselectivity. Selective synthesis of terminal acetals from aliphatic terminal
alkenes has also been developed using diols such as pinacol instead of water as a nucleophile.
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Table 1. Substrate scope for anti-Markovnikov oxidative acetalization of aliphatic alkenes
PdCl,(MeCN), (10 mol%)

CuCl (20 mol%)
MeBQ (1 0 equw) /\r
OH >
R+ Ho J\
1 t-BuOH, 40 °C, 8 h

slow addition 2 0O, (1 atm)
over7h (3.0 equiv)
yield (%)? AM yield (%)? AM
entry main product —— selectivity entry main product —— selectivity
3 4 (%)?° 3 4 (%)*°
(o] Br. 0,
1 \/\/\/\r 53(37) 32 62 8 \/\/\/\r 7763) 21 79
[o} [o}

O, | 0
2 55(47) 18 75 gdf /\/\g 40(33) 4 91
o
o Bno/\/\/\ro
3¢ 75 73(46) 12 86 10%e o 60(49) 21 74

o
Ph 0. Bnoﬁg\(‘)
4 7461) 25 75 11° s 56(52) 27 67
o

0,
sde C|/\/\/\( 7760) 8 91 o
o 1209 HO 7% 66(60) 18 79
O,
1308 Bno)k/\/\% 68(51) 12 g5

Br. 0. (o}
7de \/\/\/7% 86(75) 7 92

Reaction conditions: 1 was added over 7 h with a syringe pump, and the reaction mixture was stirred for an additional 1 h (8 h in total).  Determined by H
NMR. The values in parentheses are isolated yields. ® AM selectivity = 3 / (3 + 4). ° For 12 h (slow addition 7 h + additional 5 h). ¢ No slow addition.  For 3 h.
fFor 1 h. 9 Maleic anhydride was used instead of MeBQ.
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Table 2. Substrate scope for anti-Markovnikov Wacker-type oxidation of aliphatic alkenes
PdCl,(MeCN), (10 mol%)
CuCl (20 mol%)
BQ (1.0 or 2.0 equiv)

R H,0 (1.0 or 1.5 equiv, slow addition over 5 h) o
~X > R_~0 + RO + R\)]\
1 t-BuOH, 40 °C,6 h
O, (1 atm) 5 6 4
slow addition
over5h
yield (%)? AM yield (%) AM
entry main product —— selectivity entry main product —— selectivity
5 6 4 (%)2° 5 6 4 (%)2P
o o]
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4 X/\&O 41(40)  10(8) 10(10) 84 10° Br 7167) 4 3 96
5¢ Mc 4 65(64) 14(7) 83 11¢ Bra~ P 59(54) 6 17 79
6 Phwo 44(45)° " 17(10) 76

Reaction conditions: 1 and H,O were added over 5 h via syringe pumps, and the reaction mixture was stirred for an additional 1 h (6 h in total). @ Determined
using "H NMR spectroscopy. The values in the parentheses are the isolated yields. ® AM selectivity = (5 + 6) / (5 + 6 + 4). ® Isolation of 5 was performed after
hydrogenation of the reaction mixture (6 was hydrogenated to 5). ¢ 48 h in total (1 and H,O were added over 5 h). © 3 h in total (1 was added without the use of a
syringe pump and H,O was added over 2 h).
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