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The palladium-catalyzed hydrophenoxycarbonylation of internal alkynes by phenol and carbon monox-
ide was successfully realized by Pd(OAc),/dppp catalyst system in the co-presence of Zn dust.

© 2010 Elsevier Ltd. All rights reserved.

The transition metal-catalyzed addition reactions of nucleo-
philes and carbon monoxide to alkynes, widely known as Reppe
carbonylation (Scheme 1), have been well-studied for a long
period.’

For the syntheses of o,B-unsaturated esters according to this
protocol, alcohols have been employed in most cases. However,
the reactions with phenols, which can serve as very powerful strat-
egy for the syntheses of o,b-unsaturated arylesters have been
hardly developed. For instance, Miura and co-workers have re-
ported Pd-catalyzed addition of phenols and CO to terminal al-
kynes, which is the only example of Reppe carbonylation using
phenols.* Furthermore, to the best of our knowledge, no example
of Reppe carbonylation of internal alkynes by phenol is docu-
mented. Herein we wish to report the first example of carbonyla-
tive addition of phenol and carbon monoxide to internal alkynes.

First, the effects of ligand (0.05 mmol) under the reaction of 4-
octyne (1a, 1.0 mmol) with PhOH (2, 0.5 mmol) and CO (1 atm) in
the presence of Pd(dba), (0.05 mmol) were examined in toluene
(0.5 mL) at 100 °C for 24 h (Table 1). No reaction took place when
monodentate ligands such as PPhs, PCys, and P(t-Bu); were em-
ployed (entries 1-3). Treatment with bidentate phosphine exhib-
ited catalytic activity to afford the desired o,B-unsaturated
phenyl ester 3a, albeit quite in low yields (entries 4-9). Among
examined, the use of dppp resulted in the best yield (5% of 3a, en-
try 6). In the case of Reppe carbonylation with alcohols, it was
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Scheme 1. Reppe carbonylation.

reported that the addition of acid is quite effective to promote
the reaction. Thus, the effect of acids such as AcOH (10 mol %)3¢
and TsOH>3¢ (5 mol %) was next tested; however, the yields of
3a were not improved in the reactions with 2 (entries 10 and
11). To anticipate the increase of yield of 3a, some reactions were
next tested with Pd(Il)/dppp as catalysts. As a result, Pd(OAc),/
dppp showed higher activity to form 3a in 18% yield (entry 16),
while no reaction took place with PdCl,, PdCl,(MeCN),,
[PACI(C3Hs);3]5, and Pd(acac), (entries 12-15). It was found that
the production of 3a was significantly promoted by the addition
of Zn as a reducing reagent: 3a was produced in 44% yield in the
co-presence of 10 mol % of Zn (entry 17). The increase of the
amount of Zn improved the yield of 3a (entries 18-21). Gratify-
ingly, 3a was produced quantitatively with 1.5 equiv of Zn (entry
21), while decreasing the amount of dppe resulted in the low yield
of 3a. Two equivalent of 1a was required due to the formation of
undetermined by-products. Although the additions of Mg and Mn
were somewhat effective for the formation of 3a, SnCl,>*3" and
Fe rather suppressed the reaction (entries 22-25). Only 11% of 3a
was produced when DBA (10 mol %) was added to Pd(OAc),/
dppp/Zn reaction system, demonstrating that the coordination of
DBA to palladium complex significantly suppressed the reaction
(compare entry 26 with entry 21).
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Table 1 The results of reactions of some alkynes 1 with 2 and CO under
Palladium-catalyzed hydrophenoxycarbonylation of 4-ocyne (1a)* the optimized conditions are summarized in Table 2. Unlike the
cat. Pd (5mol%) Pr case of reaction by Pd(PPhs)s-catalyzed carbonylation of terminal

Pr—=——Pr + PhOH + CO » Pr - OPh alkyne by phenols, the reaction using aliphatic terminal alkyne
PRy/additive o 1b produced only 22% of 3b and 4% of 3b’ along with complicated

by-products (entry 1). On the other hand, the treatment with

25 PA(OA), dppp (5) Fe (150) 0 A proposed reagtion rr}echanism for the Pd-catalyzed hydro-
26¢ PA(OAC) dppp (5) Zn (150) 11 phenoxycarbonylation of internal alkynes (1) by phenol (2) and
CO is shown in Scheme 2. The reduction of Pd(OAc), by Zn in the
presence of DPPP would trigger the reaction to give highly active
Pd(0)-complex.®® The following oxidative addition of H-O bond

1a 2 3a
. o — Additve® P diphenyl acetylene (1c) produced the corresponding adduct 3c in
nery 3 itive %) 91% yield (entry 2). The X-ray crystallographic analyses of 3¢ and

1 Pg(gl;a)z PPhs (10) - 0 3d demonstrated that the PhOC(O) group and H attached in a cis-

2 ) dE db:;z E(Cr)-,}Bnglo) - 0 fashion and, in the case of 3d, PhOC(O) group was bound at the

4 pd(dba), dppm (5) _ 1 a-carbon of Ph group, showing that Pd-catalyzed regio- and stere-

5 Pd(dba), dppe (5) - 3 oselective hydrophenoxycarbonylation took place successfully (

6 Pd(dba), dppp (5) - 5 Figs. 1 and 2).>77

7 Pd(dba), dppb (5) - 2 The additions to 1e and 1f also were accomplished regio- and

8 Pd(dba), dppf (5) - 4 . . .

9 Pd(dba), Xantphos (5) _ 1 stereoselectively to furnish the corresponding adducts 3e and 3f
10 Pd(dba), dppp (5) AcOH (10) 3 in 84% and 59% yields, respectively (entries 4 and 5). The reactions
11 Pd(dba), dppp (5) TsOH (5) 5 with trimethylsilyl substituted internal alkyne 1g and 1h afforded
12 PdCl, dppp (5) - 0 3g and 3h with PhOC(O) group substituted at p-carbon of TMS
13 PdCly(MeCN), dppp (5) — 0 . . .

group (entries 6 and 7). The reaction with 1-phenyl-1-propyne

14 [PACI(C3Hs), ]2 dppp (5) - 0 . . .. . .
15 Pd(acac), dppp (5) _ 0 (1i) produced a mixture of regioisomer 3i (63%) and 3i' (35%)
16 Pd(OAc), dppp (5) - 18 (entry 8). In stark contrast to these internal alkynes, no reactions
17 Pd(OAc), dppp (5) Zn (10) 44 occurred with TMSCCC(O)OEt (1j), TMSCCTMS (1K), and PhCCCH,
18 Pd(OAc), dppp (5) Zn (20) 82 OMe (11) (not shown).
;g ggggﬁgz gggg Eg; ;2 E?gé) g; Although a number of hydroalkoxycarbonylation have been re-
21 Pd(OAC), dppp (5) Zn (150) 99 (94)¢ ported,z'3 attempted reactions using primary, secondary, and ter-
22 Pd(OAc), dppp (5) Mg (150) 65 tiary alcohols instead of phenol were all ineffective under the
23 Pd(OAc), dppp (5) Mn (100) 29 present reaction conditions.
24 Pd(OAc), dppp (5) SnCl, 0

(

(

2 Unless otherwise noted, 1a (1.0 mmol), 2 (0.5 mmol), and CO (1 atm) was
treated in toluene (0.5 mL) at 100 °C for 24 h.
 mol % is shown in parentheses.

¢ GLC yield. of 2 to the Pd(0)-complex would yield phenoxy palladium 5.'°

¢ Isolated yield. Then the insertion of CO into O-Pd bond of 5 would form phenoxy-

© DBA (10 mol %) was added. carbonyl complex 6.'" The insertion of 1 either into the resultant
Table 2

Palladium-catalyzed hydrophenoxycarbonylation of 1 with 2a®

cat. Pd(OAc
R—=R?+ 2 + CO —()i R1\%\"/0Ph
1 dppp/Zn 0
3
Entry 1 Product 3 Yield®
nCeHyy—= n-CgHya n-CgHs OPh
=
/"\”/OPh \/\[g
1 26%° (22/4
1b 0 ' (22/4)
3b
3b
Ph———-~PFPh Ph
Ph\/\ﬂ/oph
2 91%
1c o
3c
_ > = OPh
3 N N 54%
1d 0
3d
O (0] Ph
}—: Ph Pz OPh
4 EtO EtOJ\/Kr( 84%
(0]
le 3e

(continued on next page)
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Table 2 (continued)

Entry 1 Product 3 Yield®
o) o)
>—: = OPh
5 EtO Eto/u\/l\ﬂ/ 59%
o]
1t 3f
Me;Si—=—=—FPh Ph
Me3Si\/\n/0Ph
6 1g 53%
o)
3g
MesSi———
Me;Si~_~ OPh
7 1h 3 44%
3h
—=——Ph Ph
\/\”/oph Ph._~~__OPh
s 1i o) 98% (64/36)
o)
3i 3i'

2 Conditions: 1 (1.0 mmol), 2 (0.5 mmol), CO (1 atm), Pd(OAc), (0.05 mmol) DPPE (0.05 mmol), Zn (0.75 mmol), and toluene (0.5 mL) at 100 °C for 24 h.
b Isolated yield.
€ GLC yield. A complicated mixture was also produced.

Figure 1. ORTEP diagram of 3c. Figure 2. ORTEP diagram of 3d.
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Scheme 2. A possible reaction mechanism.
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H-Pd bond of 6 or into the C-Pd bond of 6 would follow to form
either 7 or 8. Finally, C-C or C-H bond-forming reductive elimina-
tion of 3 would occur to regenerate Pd(0) complex.

The present phenoxycarbonylation prototype was also applied
to the intermolecular cyclization reaction (Eq. 1). When the solu-
tion of 2-phenylethynyl-1-phenol (9) in the presence of
Pd(OAc),/dppp/Zn was carried out under 5 atm of CO, the antici-
pated benzofuranone derivative 10 was produced in 72% yield
(Eq ])‘12,13

Ph Pd(OAc), (5 mol%) Ph
// dppp (5 mol%) /
Zn (0.75 mmol)
"o tol (2.5mL) ~ © S
OH oluene (Z.om (o]
Sam  4g0°C 24 h

0.5 mmol 10

9 72%

In summary, this study substantiated that some internal al-
kynes exhibited high catalytic activity as substrates of Reppe car-
bonylation by phenol and CO to provide o,B-unsaturated
arylesters, which are of great importance as synthetic intermedi-
ates. The reaction can be achieved by using Pd(OAc),/dppp and ex-
cess amount of Zn. The scope and limitations as well as
mechanistic details of the present transformation are under
investigation.
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