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Solid-phase synthesis of diaryl ketones through a
three-component Stille coupling reaction
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Abstract—A three-component Stille coupling reaction on solid phase is described. Diaryl ketones bearing a wide variety of
functional groups were prepared with polymer-bound organostannane and aryl halides in the presence of carbon monoxide.

© 2000 Elsevier Science Ltd. All rights reserved.

Diaryl ketones and their reductive products, diaryl
methanes, serve as important structural scaffolds in
biologically active compounds and are frequently used
as bioisosteres for diaryl ethers in medicinal chem-
istry.'® Although many synthetic methods are available
for the preparation of this structural component in
solution phase,! their extension to solid-phase synthesis
and chemical library production has been very limited.
In 1995, Ellman and his coworkers reported the first
diaryl ketone synthesis on solid support via palladium
catalyzed Stille coupling reactions of resin-bound aryl-
stannane with acid chlorides.? In our recent attempt for
a high-throughput synthesis of diaryl ketones, we have
extended this method to a three-component Stille cou-
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pling reaction on solid support in order to expand our
substrate pool to aryl halides bearing polar, acid chlo-
ride sensitive substituents. Herein we wish to report our
initial results on these newly developed three-compo-
nent Stille coupling conditions in which a polymer-
bound arylstannane was coupled with aryl halides in
presence of carbon monoxide.

To demonstrate the feasibility of this reaction on solid-
phase support, Rink resin (1% cross linked, 0.54 mmol/
g) bound aryl bromide 1 was first reacted with
tributylphenyltin in the presence of carbon monoxide
and Pd(Ph,P), in DMF (Scheme 1).2 It was found that
the coupling reaction took place selectively at the
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Scheme 1. Three-component Stille coupling reaction on solid-phase support.
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Scheme 2. (a) N-Hydroxysuccinimide; EDCI, DMF, 23°C, 16 h, 92% yield; (b) (Bu;Sn),, Pd(Ph;P),, toluene, reflux, 15 h;’ (c)

Rink amide resin, DMF, 23°C, 16 h.
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Scheme 3. (a) ArX, Pd(Ph;P),, CO, 40 psi, DMSO, 80°C, 18 h if X =1, 3 days if X =Br; (b) 1:1 TFA/CH,CL, 23°C, 0.5 h.

bromine position and finished within 6 h at 80°C under
40 psi of carbon monoxide. Upon cleavage from the
polymer with TFA, aryl ketone 2 was obtained in
quantitative yield with high purity (>95%).* Further
investigation of reaction conditions revealed that both
DMF and DMSO provided satisfactory results, and
Pd(Ph,P), appeared to be a better catalyst than
Pd,(dba);. Carbon monoxide pressure of 40-60 psi
appeared to be required for high conversion.

The success of this reaction prompted us to explore the
reversed three-component Stille coupling on solid sup-
port with arylstannane as an immobilized component
and the more readily available aryl halides as building
blocks.

Preparation of the polymer-bound stannane component
5 is shown in Scheme 2. 4-Bromo-2-chloro benzoic acid
was first converted to N-hydroxysuccinimide ester 3 via
carbodiimide promoted coupling. The bromine at the
para position of the activated ester was then reacted
with bis(tributyltin) in presence of a catalytic amount of
Pd(Ph;P), in anhydrous toluene at 140°C to afford the
arylstannyl ester 4.° Direct reaction of the resulting 4
with Rink amide resin at 23°C in DMF for 16 h
afforded 5, and the loading was determined to be
quantitative.

The three-component reversed Stille coupling reaction
on the polymer (Scheme 3) was carried out under
similar reaction conditions as described in Scheme 1.

Table 1. Structure of diaryl ketone prepared through a three-component Stille coupling reaction
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4 Entries 7a-1 were prepared from Arl, 7m and 7n from ArBr, 70 and 7p from ArOTf. ® Made from 3-iodo-L-tyrosine; the isolated product was
decarboxylated. ¢ Product contains 2-chlorobenzamide due to partial reduction of 5.
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The reactions were performed in pressure tubes ar-
ranged in a heating block on a shaker. In our case
sixteen reactions were run simultaneously. Upon cleav-
age from the resin, ketone 7 was obtained in good to
excellent yields and purity (Table 1).° As expected,
different halide classes exhibited different reactivities
toward the organotin reagent. While chlorine is totally
inert under these reaction conditions, aryl bromides and
aryl iodides showed acceptable to excellent reactivities
toward 5 despite the fact that the stannane component
is deactivated by the para amide group. The majority of
reactions with aryl iodides finished within 6 h, although
all reactions were heated at 80°C for 18 h to ensure
complete conversions. In the case of aryl bromides,
three to four days were required. Like the solution
phase reactions previously reported,®’ the presence of
LiCl showed no effect with aryl halides, while it indeed
enhanced the reaction rate for aryl triflates. In contrast,
unlike the reactions in solution phase, aryl triflates,
under these conditions, are less reactive than aryl bro-
mides. Although pure products were generated in the
presence of LiCl, none of the reactions could be com-
pleted in four days. In all cases, diaryl ketones were the
sole products, and no direct cross coupling products
were observed.

The great functional group tolerance of this three-com-
ponent Stille coupling reaction has substantially in-
creased our substrate building block pool. Not only can
the aryl halides containing methoxy (7b and 7n), nitro
(7e), trifluoromethyl (7f) and hetero cyclic substituents
(7j and 7k) react smoothly with resin bound 5 to give
the desired diaryl ketone products, those containing
carboxylic acid (7a, 7d, and 7h), aniline (7a and 7g),
aldehyde (7b), ketone (7i and 7p), phenol (7¢, 7h and 71)
and even amine (71) can also be directly coupled to
resin 5 without protection. The electronic effect of the
substituents in aryl halides to the coupling reaction was
not manifested under the aforementioned conditions
since both electron-donating groups (7¢, 7g and 7n) and
electron withdrawing groups (7d-f) containing aryl
halides afforded diaryl ketones in similar yield and
purity.

In conclusion, we have successfully implemented a
three-component Stille coupling reaction on solid sup-
port. Diaryl ketones with a wide range of functional
groups were synthesized directly without tedious pro-
tection and deprotection steps. This diaryl ketone syn-
thesis constitutes a complementary approach to the
synthesis via acid chlorides and may find broad applica-
tion in high throughput synthesis and lead optimization
process in medicinal chemistry. An application of this
synthesis to ketone library production along with SAR
results will be reported in due course.
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