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A short synthesis of 3,3-di(hetero)arylpropylamines obtained
from bis-(hetero)aryl ketones via palladium catalysis
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Abstract—A palladium-catalyzed parallel synthesis of bis-hetero(aryl) ketones is described with two further synthetic steps allowing
easy entry to 3,3-di(hetero)arylpropylamines.
� 2006 Elsevier Ltd. All rights reserved.
Table 1. Palladium-catalyzed ketone synthesis
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3,3-Diarylpropylamines are useful intermediates in the
synthesis of biologically active compounds,1 and display
important biological properties in their own right.2

We were interested in synthesizing a number of 3,3-
diarylpropylamines in which the aromatic rings either
contained fluorine substituents, were heterocyclic, or
possessed a combination of both.

We envisaged such amines to be derived from diaryl
ketones (Scheme 1), and sought a reliable method for
synthesizing such ketones from readily available starting
materials, which could be performed in parallel.

The efficient synthesis of ketones in general has been a
target of research for many years. Since the reactivity
of ketones is generally greater than that of their carbox-
ylic acid precursors, this reactivity, or that of the react-
ing nucleophile must be suppressed in order to minimize
multiple addition. Popular methods to achieve this
include the use of Weinreb amides with Grignard
reagents,3 or the use of acid chlorides with organometallic
reagents, notably zinc or cadmium compounds.4
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Scheme 1.
Recently, palladium-catalyzed cross-coupling reactions
have been described, which utilize thioesters or acid
chlorides with boronic acids. These methods have
proved very useful but in the case of thioesters, involve
an extra synthetic step and stoichiometric amounts of
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a Aryl groups originating from boronic acids are drawn to the left of
the carbonyl group.
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expensive reagents.5 More recently, a palladium-catal-
yzed synthesis of aryl ketones has been described inde-
pendently by Gooßen and Yamamoto, utilizing
carboxylic and boronic acids as starting materials.6

Requiring Palladium acetate as the source of Pd(0)
and dimethylcarbonate to generate in situ the mixed
anhydride for oxidative addition, we chose to carry
out this method in a parallel synthesis array.7 The
results are summarized in Table 1.

As can be seen in the table, yields are moderate to good,
and we found the reaction to be very amenable to paral-
lel synthesis. The conversion of ketones to 3,3-di(hetero)-
arylpropylamines was achieved using a two-step
procedure8 involving Horner–Wadsworth–Emmons
(HWE) olefination employing a cyanomethylphosph-
onate followed by hydrogenation (Scheme 2).

The HWE olefination proceeded smoothly to provide
acrylonitriles in good yields. Hydrogenation was more
problematic, however, and was found to be successful
with substrates not containing a thiophene moiety
(Table 2).9
O

Ar1 Ar2

N

Ar1 Ar2

NH2

Ar1 Ar2

i. ii.

Scheme 2. Conditions: (i) cyanomethylphosphonic acid ethyl ester,
NaH, THF, 15 h, 0 �C to rt; (ii) H2, Pd on carbon, methanol, rt.

Table 2. Synthesis and hydrogenation of acrylonitriles

No. Acrylonitrile Yield (%)a Yield (%)b

7
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a Yield of HWE olefination.
b Yield of hydrogenation.
In conclusion, we have shown that the synthesis of 3,3-
di(hetero)arylpropylamines can be achieved by conden-
sation of bis-(hetero)aryl ketones with an acetonitrile
equivalent and that such ketones can be conveniently
prepared in parallel via palladium catalysis. A limitation
of this three-step method is the incompatibility of
thiophenes in the transfer hydrogenation reaction, and
current efforts are directed at overcoming this.
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7. Typical procedure (as used for entry 4 in Table 1):
The reaction was carried out in parallel on a Mettler-
Toldeo Miniblock-XT� parallel synthesizer. To a reaction
vial was added 4-fluorobenzoic acid (2 g, 14 mmol), 2-
furylboronic acid (1.9 g, 17 mmol), Pd(OAc)2 (100 mg,
0.4 mmol) and tris(4-methoxyphenyl)phosphine (350 mg).
A suspension containing dimethylcarbonate (3.8 g,
29 mmol), water (0.6 mL) and THF (25 mL) was added
to this mixture, and the reaction vial flushed with Argon.
The reaction mixture was stirred at 40 �C for 1 day. After
this time, the contents were filtered through a plug of silica
followed by flash chromatography (4:1 cyclohexane/ethyl
acetate) to give the product of entry 4, Table 1 (2.2 g, 80%)
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as a pale yellow solid. 1H NMR (400 MHz, DMSO-d6):
d = 6.79–6.82 (1H, m), 7.38–7.44 (3H, m), 7.99–8.07 (2H,
m), 8.12 (1H, s). LRMS: m/z = 241 [MH+].

8. Typical procedure (as used for entry 10 in Table 2):
Step 1: To a stirred suspension of sodium hydride (930 mg,
60%, 23.3 mmol) in THF (10 mL) at 0 �C was added a
solution of cyanomethylphosphonic acid ethyl ester
(3.7 mL, 23.5 mmol) dropwise. The reaction was allowed
to warm to rt and then a solution of ketone 10, Table 2
(2.2 g, 11.4 mmol) was added to this dropwise. After 15 h,
the reaction mixture was diluted with ethyl acetate (20 mL)
and washed with NH4Cl (aq) solution (10 mL) and water
(10 mL). The organic phase was separated, dried over
MgSO4 and concentrated in vacuo. Flash chromatography
(9:1 cyclohexane/ethyl acetate) provided the acrylonitrile
as a yellow solid (mixture of cis and trans isomers). 1H
NMR (400 MHz, DMSO-d6): d = 5.81 (1H, s, isomer a),
6.20 (1H, s, isomer b), 6.51 (1H, d, isomer b), 6.68 (1H, d,
isomer b), 6.72 (1H, d, isomer a), 6.82 (1H, d, isomer a),
7.28–7.41 (4H, m, isomers a and b), 7.49–7.59 (4H, m,
isomers a and b), 7.96 (1H, s, isomer b), 8.01 (1H, s,
isomer a). LRMS: m/z = 214 [MH+]. Step 2: The product
from step 1 (1.2 g, 5.6 mmol) was dissolved in methanol
(50 mL) and hydrogenated at rt under 3–4 bar pressure
with Pd on carbon catalyst (0.5 g, 10%) and concd HCl
(aq) (3 mL). After 15 h, the reaction was neutralized with
NaOH (aq) and the organic layer separated and dried over
MgSO4. The solution was concentrated in vacuo and the
crude solid purified by flash chromatography (9:1 DCM/
MeOH) to give the amine (0.5 g, 36%) as a pale yellow
solid. LRMS: m/z = 220 [MH+].

9. Transfer hydrogenation utilizing Wilkinson’s catalyst
reported to be compatible with sulfur functional groups10

was also unsuccessful.
10. For example: Donohoe, T. J. Oxidation and Reductions in

Organic Synthesis; 2000, Oxford Science Publications.
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