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PALLADIUM(I)-CATALYZED OXIDATIVE REARRANGEMENT OF PROPARGYL ESTERS

Hideaki Kataoka, Kiyoshi Watanabe, and Kuniaki Goto*
Nippon Zeon Co.,Research & Development Center, 1-2-1 Yako, Kawasaki 210, Japan

Abstract: Propargyl esters were converted to a-acyloxy-a,B-unsaturated aldehydes by palladium (IT)
catalysts under oxygen atmosphere in good to excellent yields.

Since the discovery of the Wacker process, many oxidation reactions of olefins with homogeneous transition
metal catalysts under oxygen atmosphere have been reported.1) However, similar oxidation of acetylenic
compounds has scarcely been studied. In the course of our studies to develop the practical palladium-catalyzed
reactions,2) we found that a propargy] ester was converted to an a-acyloxy-a B-unsaturated aldehyde by using a
palladium (II) catalyst under oxygen atmosphere (Scheme 1).3) In this paper, we wish to report the novel
palladium (IT)-catalyzed oxidative rearrangement of propargyl esters in the presence of molecular oxygen.
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As shown in Table 1, the 1-ethynyl-1-cyclohexanol esters 1 were converted to the a-acyloxy-a,pB-
unsaturated aldehydes 2 under various conditions. Several palladium (II) compounds were effective to the
reaction (Runs 1-10), and PdBr; was the best catalyst to give the aldehyde 2 selectively. Selection of solvents
was also crucial to give the aldehydes 2 in good yields, and in THF the aldehydes 2 were afforded in >80% yields
by using PdBr; as the catalyst. The structure of the ester moiety also influenced the yield of the aldehydes 2, and
the isobutyrate 1b and the benzoate 1¢ gave better results (92% and 89% respectively) compared to the acetate 1a
(Runs 11,12).

A typical experimental procedure for the preparation of the aldehyde 2b is as follows: To a solution of the
isobutyrate 1b (99.0mg, 0.568mmol) in THF (2 ml) was added a catalytic amount of PdBr3 (8mg, 0.028mmol),
The reaction mixture was stirred at 65 °C under O2 (1 atm) for 1 h. After the completion of the reaction, the
solvent was removed in vacuo. The residue was chromatographed on silica gel (hexane : ether = 10:1) to give the
aldehyde 2b (98.2mg, 91% yield).4) ‘

The reaction was completed even with 2.5 mol% of the catalyst; however it stopped after 39% conversion
with 1 mol% of the catalyst (Runs 13,14). The reaction proceeded even at 25°C under air atmosphere (Runs
15,16).
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Table 1. Oxidative rearrangement of the 1-ethynyl-1-cyclohexanol esters 1 ®
o 2 o
RC // 0y, Pd cat. R ceHo RC o
Solvent
1 a, R=CHj3

b, R=iPr

¢, R=Ph
Run R Catalyst (mol%) Time(h) Additive(eq.) Solvent Product yield(%)bX)
1 CH3 NagPdCly (10) 6 none THF 48
2 » » 1 H0(5) » 26 (30))
3 » » 5 none CHiCN 18
4 » » 2 H20(5) » 33(10)
5 » » 4 none DMF 15
6 » PdCl; (10) 6 » THF 50
7 » PdSO;4 (10) 7 » » 42
8 » PdBr; (10) 1 » » 81
9 » ” 1 H0(5) CH3CN 65 (0)
10 » K;PdBry (10) 1 none THF 7
11 iPr PdBr; (10) 1 » d 92
12 Ph » 1.5 ” ” 89¢)
13 iPr PdBry (2.5) 8 » » 87
14 » PdBr; (1) g » » 30
150 » PdBry (7) 9 i » 97
16 » PdBry (7) 11 » » 95
17 » PdBry (5) 89 2,6-Lutidine(0.1) ” 21
18 » PdBr; (1) 3 35%HBr(0.5) ” 56
19 » » 3 36%HCI(0.5) ” 57
209 » PdBry (5) 1 tBuOOH(10) ~ 62

a). All reactions were carried out at 65 °C under oxygen atmosphere using 0.5mmol of the propargyl ester ] and
2ml of the solvents unless otherwise noted. b). Determined by G.C. using n-hexadecane as an internal standard.
c). All the products gave satisfactory NMR, IR, and mass spectra. d). Yield of the methyl ketone 3 is indicated
in parenthesis. ¢). Isolated yield. f). Conversion 39%. g). The reaction was carried out at 25 °C. h). The
reaction was carried out at 25 °C under air. i). Conversion 64%. j). The reaction was carried out under N2,

Addition of water resulted in the increase of the rate of the reaction; however the methyl ketones 3 were also
produced with NagPdCly catalyst (Runs 2,4). In the presence of HCI or HB, the reaction was completed for 1 h
even with 1 mol % of the catalyst (Runs 18,19). On the other hand, addition of base deactivated the catalyst (Run
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17). The reaction also proceeded with t-BuOOH under nitrogen atmosphere (Run 20). When the absorption of
0, during the reaction was measured, one molecular of O3 was found to be consumed for the production of two
moleculars of the aldehyde (Run 15).

Several examples of the oxidative rearrangement are demonstrated in Table 2. All reactions proceeded
smoothly to afford the corresponding a-isobutyryloxy-o,8-unsaturated aldehydes in good to excellent yields.

Table 2. Oxidative rearrangement of propargyl esters catalyzed by PdBr; in THF under oxygen atmosphere )

Run Propargyl ester Time (h) Product ¥ Yield (%)°
Q
o OHC.  OCCHMe 2
Me CHCQ
1 1.5 65
o]
n
9 OH OCCHM.z
MeCHCQ #
2 1 80
2 OH ogcuu
3 et 1 /\/\/X/ N 309

0

o}
"
N OCCHMe
4 Me :CHCQ #Z 1 M":ﬁ[ 2520
it
OCCHMe2 439
5 @—\\ 2 @‘\_ cHO

OﬁCHM.z
o

a) All reactions were carried out at 65 °C in THF under oxygen atmosphere using 0.5mmol of the starting
material and 5mol% of PdBra. b). All the products gave satisfactory NMR, IR, and mass spectra. c). Isolated
yield. d). These products were about 1:1 mixture of the olefinic isomers. ¢). Only Z isomer was detected.

A possible mechanism for the oxidative rearrangement is proposed in Scheme 2. An active catalytic species is
considered to be a hydroperoxopalladium (II) 6 1) %¢.4.8 which coordinates to the acetylenic bond to lead the
migration of the acyloxy group, followed by the internal addition of hydroperoxy moiety to give the intermediate
9. Then 9 decomposes to the aldehyde 5 and a hydroxy palladium 10, which also works as an active catalyst and
catalyze the reaction to produce the second aldehyde 5 and a palladium hydride 13 via the intermediate 2. Finally
a hydroperoxopalladium § is regenerated by the oxidation of 13 with Q2. At the initial stage of the reaction, the
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catalytic species ] 3 would be produced from PdBr3; however the mechanism for the production of 13 from PdBry
is unclear.

PdBry [o]

OH 10
Scheme 2.

Further mechanistic studies and application of the present oxidative rearrangement for organic synthesis are
now in progress.
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