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Abstract—Two new p-alkoxycarbonylated palladium bis(phosphinite) PCP pincer complexes are easily prepared and for the first
time evaluated as homogeneous catalysts in a-arylation of ketone enolates. Apart from the total absence of phenyl-aryl exchange
by-products and significantly low catalyst loadings, the general a-arylation protocols described in this letter feature not only a broad
applicability to a range of ketones and aryl bromides with marked electronic and steric differences but also the possibility to generate

mono-diarylated products.
© 2006 Elsevier Ltd. All rights reserved.

Metal complexes based on pincer framework are an
appealing target because of their unique balance of sta-
bility versus reactivity, which can provide enhanced
reactivity and catalytic performances.! In particular
there has been an increased interest in the use of PCP
pincer complexes in homogeneous catalysis due to their
excellent moisture-, air- and temperature-stability.? In
the last years, the demand for a cleaner, environmentally
friendlier chemistry has led to the development of new
heterogeneous catalytic systems® and, in our opinion,
PCP pincer-type complexes would constitute excellent
candidates for such task.

Consequently, and as part of our ongoing research on
the development of pincer-type heterogeneous cata-
lysts,* we planned to transform homogeneous bis(phos-
phinite) PCP-pincer palladacycles® into heterogeneous
catalysts by anchoring conveniently modified complexes
to an insoluble support.® For that purpose, we devised
the preparation of suitable functionalized para-ethoxy-
carbonylated palladacycles 1, which would be subse-
quently submitted to several coupling reactions in
order to ensure their catalytic activity before the hetero-
genization step. Phosphinite PCP pincer complexes,
which appear to combine in one molecule the advanta-
ges of palladacycles and a modulation of catalyst prop-
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erties by phosphinite ligands, have been proved to be
highly active in a number of C-C bond-forming reac-
tions.>” No ketone o-arylation has been described
employing the latter phosphinite complexes, and, to
the best of our knowledge, the use of pincer-type pallada-
cycles in a-arylation of ketone enolates has not been
investigated so far.® In this context, considering our
experience in palladium-catalyzed arylations of ketones’
it seemed likely to us that phosphinite pincer complexes
could act as homogeneous catalysts for such an impor-
tant transformation.!”

The successful application of bis(phosphinite) PCP-pin-
cer palladacycles 1 in the firstly reported a-arylation of
ketones performed by pincer-type catalysts is disclosed
in this letter.

New alkoxycarbonylated complexes la and 1b were
easily prepared from commercially available ethyl 3,5-
dihydroxybenzoate 2 by a one-pot phosphorylation/
palladation sequence, according to procedures similar
to those described in the literature (Scheme 1).° Thus,
reaction of the resorcinol derivative 2 with the appropri-
ate chlorophosphine afforded the corresponding air- and
moisture-sensitive diphosphinite ligands,!' which were
subsequently treated with the suitable palladium source
[PdCl,(COD) or Pd(OCOCF3;),] to yield target palla-
dium complexes 1a and 1b.!2

As mentioned above, the catalytic activity of 1la-b in
several C—C bond-forming reactions was initially tested
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Scheme 1.

by a series of preliminary studies,'*> showing excellent

catalytic properties in Heck, Suzuki and Sonogashira
cross-coupling reactions, as shown in Scheme 2.

Encouraged by these results, we then focussed our
attention to the application of so promising catalysts
to the a-arylation of ketone enolates, the main issue of
the present research.

On the basis of our experience in ketone a-arylation
reactions, we considered that deoxybenzoins could be
challenging substrates to accomplish initial arylation
assays due to their steric hindrance at the a-position of
the carbonyl group. Our reported conditions for the ary-
lation of deoxybenzoins with Pd(OAc), (Cs,COj; as base
in DMF)?? were initially applied to the a-phenylation of
phenyl benzyl ketone replacing Pd(OAc), with catalysts
la-b. The corresponding triarylethanone 3a was
obtained in good yields employing relatively low load-
ings (0.1 mol %) of both catalysts 1a and 1b (Table 1,
entry 1). Moreover, the latter procedure was extended
to a series of deoxybenzoins and bromoarenes affording
target triarylethanones 3a—f in high yields (entries 1-6).
It is noteworthy that not only the coupling of electron-
poor or neutral but also of electron-rich ketones and
bromoarenes was effectively achieved.!> In addition to
the generality of the latest procedure regardless the elec-
tronic nature of the coupling partners, the excellent
yields obtained with substituted aryl bromides relied
on the total absence of by-products derived from
phenyl-aryl exchange side reaction.!®

In a similar fashion the selective monoarylation of sym-
metrical dialkyl ketone, cyclohexanone, with several aryl
bromides was performed as shown in Table 1 (entries 7—

PhB(OH),, 1 Ph-Ph >99%
K,CO3 H,0
cl
100 °C
H—==—Pn, 1 >99%
Ar-Br/|
pyrrolidine, 100 °C ‘ ‘
Ph
\\»002Me, 1 Phx
Na,COs, DMF N\—co,Me
0,
140°C >99%

Scheme 2.

1b R=Ph, X=OCOCF3; (56%)

9). Once the effectiveness of phosphinite palladacycles
la-b to arylate sterically hindered aryl alkyl ketones
had been established (Table 1, entries 1-6), their ability
to catalyze selective mono- or/and diarylation reactions
of less hindered substrates was explored.!” Accordingly,
a careful search and development of experimental reac-
tion conditions was performed with acetophenone and
bromobenzene as substrates. The most remarkable
results are shown in Table 1. Regioselective quantitative
o-monoarylation of acetophenone was successfully
accomplished with 1a in the presence of either Cs,CO;
or K3POy in toluene at 130 °C (entries 10-11). Neverthe-
less, when using 1b, a slightly better outcome was
achieved with K;PO, as base. Considering the shorter
reaction times required by the latter procedure, it was
elected to expand its scope by application to different
substrates. A series of deoxybenzoins Sa—f were thus
prepared from the corresponding acetophenones and
aryl bromides in good yields (entries 12-16), thus
confirming the efficacy of pincer complexes 1 in such a
controlled a-monoarylation. Moreover, selective diaryl-
ation of acetophenone was also attained under the latter
reaction conditions after a reasonable increase of the
amount of aryl bromide, base and reaction temperature
(entry 17).'® The application of the so-optimized diaryl-
ation procedure to different acetophenones and to 1-
indanone afforded successfully target triarylethanones
3g-i and 6 (entries 18-21).

In view of the results summarized in Table 1, phosphi-
nite pincer-type complexes 1a—b have shown to be highly
effective catalysts for the a-arylation of aryl and alkyl
ketones. Despite the higher efficacy of the complex 1a
in o-monoarylation of acetophenones, in general there
is no clear trend regarding catalytic activity between
both phosphinite catalysts, providing target aryl ketones
in similar yields.

If these results are compared with our previous works
using the homogeneous Pd(OAc),/PPh; system or hetero-
geneous FibreCat™ catalysts,’*° the procedures now
introduced have led to higher overall yields for both
activated and deactivated aryl bromides even decreasing
the catalyst amounts from 2-5% to 0.1% (turnover num-
bers of 800-1000). It should be pointed out that,
although some authors have reported higher TON val-
ues, it has been only for particular cases of monoaryl-
ation reactions, where in addition considerably longer
reaction times were needed.!”-!° Therefore, we consider
that the protocol presented in this letter constitutes a
reliable methodology of general applicability for the
a-arylation of ketone enolates.



Table 1. Ketone a-arylation catalyzed by PCP palladium pincer

complexes 1la-b™'*
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Q 1a-b (0.1 mol%) AT
>—\ + ABr ——m8M8¥ >
R'" R2 R'" R2
Entry Product Method Yield
(%)°
la 1b
O
1 O A 78 84
)
O
2 O OMe A 95 96
.
3 A 88 96
4 A° 92 95
5 A¢ 93 92
6 A° 95 91
7 A° 88 834
8 A° 85 869
9 A° 80 784
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Table 1 (continued)
Entry Product Method Yield
(%)°
la 1b
10 Q o) B >99 94
5a
O
12 F B >99 94
5b
O~
13 OMe B >99 93
5c
o)
)
14 O B >99 90
5d
o)
e
15 O F B >99 91
5e
o)
)
16 O OMe B >99 90
5f
O~
17 O D 87 88
)
O
Ve
18 O D 84 85
39
F
O~
r-on
19 D 86 88

(continued on next page)
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Table 1 (continued)

Method Yield

(%)°
la 1b

Entry  Product

20

L)
21 O’ D 89 89

#Method A: ketone (0.5 mmol), aryl bromide (0.5 mmol), Cs,COs
(1.2 mmol), 1 (0.1 mol %), DMF (1 mL), 153 °C, 60 min. Method B:
ketone (0.5 mmol), aryl bromide (0.5 mmol), K3PO, (1.2 mmol), 1
(0.1 mol %), toluene (1 mL), 130°C, 75 min. Method C: ketone
(0.5 mmol), aryl bromide (0.5 mmol), Cs,CO; (1.2mmol), 1
(0.1 mol %), toluene (1mL), 130°C, 2h. Method D: ketone
(0.5 mmol), aryl bromide (1.05mmol), K3;PO, (1.35mmol), 1
(0.1 mol %), o-xylene (1 mL), 153 °C, 22 h.

® Determined by NMR on the basis of the amount of starting ketone.
Bis(ethylene glycol) dimethyl ether was used as the internal standard.

€75 min.

9 Phenyl benzyl ketone was used as the internal standard.

In conclusion, PCP-bis(phosphinite) pincer complexes
have proved to be not only highly active Heck, Suzuki
and Sonogashira catalysts but also effective catalytic sys-
tems in ketone a-arylation reactions. The different pro-
cedures developed have allowed both regioselective
monoarylation and diarylation of hindered and unhin-
dered ketone enolates with a wide range of aryl bro-
mides of dissimilar electronic activation. Future
research is directed towards the immobilization of such
powerful catalysts onto an insoluble support in order to
get an easy recovery and reuse.
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