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Pd-C can catalyze the carbonylation of terminal ole-
fins with normal pressure of carbon monoxide at room tem-
perature. The corresponding mono- and diesters (succin-
ates) were selectively formed in excellent yields using

Cu(II) and Cu(I) chloride, respectively, in alcohol.

It is well known that palladium chloride can catalyze the hydroesteri-

1) 2) of olefins in acidic alcohol under mild

fication and hydrocarboxylation
conditions. 1In the course of our attempts to improve such hydroesterifica-
tion reaction using various kinds of palladium catalysts (see Table 1) in
the absence of hydrochloric acid under mild conditions (1 atom of CO, room
temperature in methanol), we realized that palladium(0) black precipitates
prior to the beginning or the completion of the reaction whenever the
expected monoesters could be obtained in good yields from terminal olefins
as shown in Table 1.

James and Stille found that the reaction of linear terminal olefins
with 2-3 atm of carbon monoxide in methanol in the presence of
palladium(II) chloride and copper(II) chloride as reoxidant afforded
predominantly B-methoxy esters under neutral conditions on the contrary to
our present result, and diesters (succinates) in the presence of base.3)
They also described a similar precipitation of palladium(0) black in the
same report,3) but only upon completion of the reaction, and it was
regarded as an obstacle to decrease the catalytic efficiency. However, we
eventually found that Pd-C is a favorable catalyst for the carbonylation of
olefins (Entry 8 in Table 1), and further mono- and diesters can be
selectively obtained in excellent yields in the presence of CuCl2 or CuCl,
respectively, with normal pressure of carbon monoxide at room temperature.
We now describe the results of these investigations.

To a mixed dispersion of 5% Pd-C (58 mg, 0.11 equiv.) and anhydrous

CuCl2 (95% purity, 106 mg, 3.0 equiv.) in absolute methanol (4 ml) was
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Table 1. Relationship between the Carbonylation of Terminal Olefins and
the Precipitation of Palladium(0) Black

catalyst (0.11 equiv.) CH
CuCl2 (3 equiv.), CO (1 atm) 73
CH.,(CH,) ,CH=CH » CH,(CH,),CHCO,CH, + CH,(CH,),,CO,CH
3 2’8 2 in CHOH, 25 °c, 8 4 3 2’8 273 3 2710772773
la 2a 2a’
Total yield of Ratio of Palladium (0)
Entry Catalyst 2a and 2a'/% gg/Za'a) Black
1 P4Cl 75 72/28 +
2 b) c)
2 LideCl4 80 71/29 +
3 - no reaction - -
4 PACl, (PPhy) , 64 21/79 +
5 PdClz(dppe) no reaction - -
6 PACl, (dppp) trace - -
7 PAd(PPh.) 9 23/77 -
374 a)
8 Pd-C guant. 81/19 +

‘Determined by 400 MHz 1H—NMR spectra and GLPC.

Complicated when the reaction mixture was refluxed for 1 h.

[oJ

The use of CuCl2 was essential (no reaction in the absence
of CuClz, 34% yield with 0.11 equiv. of CuClz).

c) 60% yield after 4 d.

d) No reaction in the absence of CuCl2 or with 3 equiv. of

Cu(OAc)2 in place of CuClZ.

added 1-undecene (la, 0.051 ml, 0.25 mmol) at 25 °C under carbon monoxide
(1 atm). After stirring for 8 days at 25 °C, the reaction mixture was
added dropwise to aqueous 10% NaHCO3 solution. The filtrate through Celite
was diluted with ethyl acetate and successively washed with water and
brine, and dried over sodium sulfate. The residue obtained by evaporation
of the solvent was subjected to preparative TLC (Si02, hexane : ethyl
acetate = 10 : 1, v/v) to afford 54 mg of monoesters (2a and 2a', 81/19,
gquantitative yield) as a colorless oil. It is noteworthy that the ratio of

2a/2a' varies depending upon the catalysts used.

In a similar manner, other monoesters (2b-e and 2b-e') were prepared
from the corresponding terminal olefins (1b-e) in excellent yields (Table
2).%)

On the other hand, it was found that the use of CuCl in place of CuCl2
in the above reaction gave exclusively a-monosubstituted succinates (3a-e)
in high yields as shown in Table 3. Addition of THF to dissolve olefins
was effective for higher olefins (l1c,d, Entries 4 and 6).

James and Stille pointed out that the reduction of copper(II) to
copper(I) in the presence of trialkylamines may decrease the catalytic

activity of their carbonylation system cited above.3) It is not likely
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Table 2. Preparation of Monoesters from Terminal Olefins
. . CH
Pd-C (0.11 equiv.), CuCl2 (3 equiv.) 73
RCH:CH2 - RCHCOZR' + RCHZCH2C02R'
CO (1 atm), in R'OH, 25 °C, 8 d
la-e 2a-e 2a-e’

Total yield of Ratio

,
Entry la-e, R R'OH 2 and ;‘—/%a) o g/gb’
1 l1a, CH3(CH2)8 CH3OH quant. 81/19
2 1b, CH4(CH,)g4 CH,O0H quant. 78/22
3 1c, CH3(CH2)11 CZHSOH quant. 72/28
4 1d, CH5(CH,), ¢ C,HOH 82 77/23
5 le, Ph(CH,), CH,OH guant. 96/4

a) All the products gave the satisfactory spectral data.
1

b) Determined by 400 MHz H-NMR spectra.

that copper(I) chloride directly reacts with palladium(0) as an oxidant in
the absence of oxygen. Taking into account the facts that (1) no reaction
took place in the absence of copper salt [see foot note d) of Table 11, (2)
2% of 3a was obtained with CuCl in the absence of Pd-C [see foot note b) of
Table 3], and (3) treatment of the dispersion of CuCl in methanol under

carbon monoxide with stirring for 5 d prior to addition of olefin (la) and
Pd-C was effective to shorten the reaction time (3a was obtained in 97%

yield for 5 d after addition of la and Pd-C, while 21 and 64% yields for 4
and 6.5 d, respectively, without the prior treatment with carbon monoxide),

an active copper species, for example 4, seems to be formed.

H+[O=(|3-CuCl]_ R—(IZH—CHZ—PdX R—<'3H—CH2—C02R'
OR' CO,R' PAX (X = Cl, H, etc.)
4 5 6

When CuC12 was used instead of CuCl, the predominant formation of
branched monoesters (2) by formal Markovnikov addition to olefins (1) can

be rationalized on the basis of the formation of carbonium ion inter-

5) or acidic decomposition of the intermediate (5) formed in prefer-

3)

mediate
ence to 6 by HCl evolved in the solution. This speculation was partially
supported by the facts that the reaction mixture with CuCl2 was strongly
acidic, while weekly acidic with CuCl. Further, addition of methanolic
hydrogen chloride (3 equiv.) to Pd-C/CuCl system shown in Table 3 afforded
46% of the monoester (2a/2a'=75/25) without formation of 3a accompanied by
recovery of 20% of la.

As described above, it was found that Pd-C can catalyze the selective
mono- and dicarbonylation of terminal olefins with normal pressure of

carbon monoxide at room temperature, and they can be cleanly controlled by
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Table 3. Preparation of a-Monosubstituted Succinates from Terminal Olefins
PA-C (0.11 equiv.), CuCl (3 equiv.) CH,CO,R'
RCH=CH, ='Réﬂgo é'
CO (1 atm), in R'OH, 25 °C, in the dark 2
la-e 3a-e
Entry la-e, R R'OH Time/d Yield/%a)
b
1 la, CH (CHy)g CH,OH 3a, guant. )
2 1b, CH5(CH,)q CH,O0H 8 3b, 89
3 lc, CH4(CH,),, C,H.OH 8.5 3¢, 56
4 " CH3OH/THF (1/1) 8 3c¢', 84
5 14, CH4(CH,) g C,H-OH 9 34, 67
6 " CH3OH/THF (1/1) 9 3d', 92
7 le, Ph(CH,), CH4O0H 8 e, 97

a) All the products gave the satisfactory spectral data.
b) 2% of 3a was obtained in the absence of Pd-C accompanied by
recovery of 82% of la.

use of CuCl2 or CuCl, even though the reactions are sluggish.
Related works including the detailed reaction mechanism and the

attempts to speed up the reaction are in progress in our laboratory.
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