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a b s t r a c t

We report an innovative, high yielding one-pot sequential catalytic imine arylation/SuzukieMiyaura
cross-coupling reaction, which converts suitably activated imine substrates to various biarylarylmethyl
amine products using several commercial Pd catalysts. Many biarylarylmethyl amine molecules are bi-
ologically active. Insightful computational studies detail the mechanism of the imine arylation process.
The sequence of reactions is likely to be dependent on the reaction conditions.

� 2015 Elsevier Ltd. All rights reserved.

1. Introduction

The formation of carbonecarbon single bonds, which lies at the
heart of organic chemistry, is today still an enormous challenge for
synthetic chemists in many contexts. Over the last number of years
great efforts have been made by synthetic chemists to develop
concise sequential or cascade catalytic processes for the construc-
tion of multiple bonds and the formation of complex structures.1

Such processes are attractive for reasons of: cost, time, energy
consumption and waste reduction. Transition metal catalysts are
generally involved.2 Success with such processes relies on the types
of catalysis involved and their compatibility. Two powerful syn-
thetic methodologies that are available to chemists are the Suzu-
kieMiyaura cross-coupling reaction and the catalytic arylation of
imines, both relying on arylboronic acids and derivatives
(Scheme 1).3,4

Our group is active in this field, having used transition metal
catalysts and arylboron reagents for the synthesis of chiral amine
units.4a,5 This methodology has been extended recently, to the
formation of a-hydroxyesters6 and a-amino acid derivatives.7

The synthesis of biarylarylmethyl amine (a-(biphenylyl)ben-
zylamine) units is important, considering their presence in some
biologically active compounds. Bifonazole (a-(4-biphenylyl)benzyl
imidazole, Fig. 1) is a strong antifungal agent, which has been used

in the treatment of skin infections.8a,b Another example is the po-
tent g-secretase modulator BIIB042 (Fig. 1), which, contains a 2-
phenylbenzylamine.8c,d (In fact, we have an active programme
running looking at new drugs for treating Alzheimer’s disease and
this target is of significance to us). Other similar compounds having
biological interest, and whose structures are close to the target unit
are Valsartan8e (Diovan�)dan important angiotensin receptor
blocker indicated for treatment of high blood pressure, congestive

Scheme 1. Formation of carbonecarbon single bonds using the SuzukieMiyaura cross-
coupling and the arylation of imines.
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heart failure or post-myocardial infarction, but also thewell-known
glycopeptide antibiotic, Vancomycin8f used for prophylaxis and
treatment of infections caused by Gram-positive bacteria. These
unitsdparticularly chiral onesdare also of interest for the con-
struction of certain electronic materials, e.g. liquid crystals.9

Biaryl scaffolds can currently be accessed by a variety of cross-
coupling methods, which includes one-pot processes.10 Some im-
portant developments have come from the laboratories of Lautens
who reported an elegant tandem Pd-catalysed SuzukieMiyaura/
direct arylation reaction,11a Gembus et al. who reported a Pd-cat-
alysed one-pot sequential SuzukieMiyaura/direct CeH functional-
ization of imidazo[1,2-a]pyrazines,11b and Bedford’s group who
reported a novel catalytic one-pot synthesis of carbazoles via
consecutive amination and CeH activation.11c Although CeH acti-
vation methods10c are the most effective current approach, as
a starting point, we decided to investigate the feasibility of a tan-
dem or sequential catalytic one-pot reaction for the creation of
interesting biarylarylmethylamine units (Scheme 2).

2. Results and discussion

Using the aldimine (1a) as substrate, we carried out a screen-
ing study of a variety of viable palladium catalysts, including,
solvents and additives. Our preliminary results, targeting 4-
arylbenzylamines, are shown in Table 1. Starting with Pd(OAc)2
and PPh3 in the presence of phenylboronic acid in toluene, the re-
action ran smoothly giving the a-biarylyl benzyl amine (2a) in 38%
yield (2 steps) (Table 1, entry 1). The use of NaOMe instead of NEt3
increased the yield to 58% (Table 1, entry 3).When Ph3Bwas used as
the organoboron source (Table 1, entry 4) a yield of 58% was ob-
tained. The commercial PEPPSI-IPr catalyst (Fig. 2), already used
successfully in the Negishi cross-coupling reaction,12 including in-
teresting applications in the KumadaeTamaoeCorriu reaction,13

was also investigated.
Upon screening a variety of solvents, it seemed that non-polar

solvents like toluene or non-protic polar solvents like, THF (Table
1, entries 5 and 6, respectively) gave the best results. Phenyl-
boronic acid (Table 1, entries 5e7) and sodium tetraphenylborate
(NaPh4B) (Table 1, entry 8) gave the expected product. Gratifyingly,
NaPh4B gave the product (2a) in almost quantitative yield after only
18 h. (2a) was not obtained using other boron reagents, like PhBF3K,
(PhBO)3, C9H11BO2 and Ph3B with PEPPSI-IPr and NEt3 in toluene. In
fact, in all the test reactions (Table 1) small quantities of the

intermediate p-bromophenylphenylmethylamine (3a) (Scheme 3,
(3a)) were detected by HPLC, thus suggesting a sequential catalytic
event and not a tandem process.1a para-Bromophenyl alcohol (4)
(Scheme 3) was also detected by TLC and HPLC analysis. (4) arises
from hydrolysis of the aldimine to the aldehyde followed by sub-
sequent arylation of the aldehyde.

A final test reaction was made using NaPh4B (and PEPPSI-IPr
catalyst) instead of PhB(OH)2 (Table 1, compare entry 2 with en-
try 9) but no improvements in the yield were observed. In order to
test the scope of this method we applied our best conditions ob-
tained so far (3 mol % PEPPSI-IPr along with NaPh4B (4 equiv) and
NEt3 (4 equiv) in toluene at 100 �C) to a series of activated aldimine
substrates. To widen the scope further, we decided to extend our
study to the biphenyl isomers, a-2-biphenylyl-, and a-3-
biphenylylbenzyl amine (Table 2).

The best results were obtained with the 2-chloro substituted
tosyl imine (1f) (59% (for 2 steps) for (2b) and 33% for the pheny-
lated amine (3f), Table 2, entry 5). Both the 2-iodo (1b) and 3-iodo
imine (1c) also gave the corresponding biphenylphenylmethyl-
amines (2b) and (2c) in yields of 16 and 21% (2 steps), respectively,
with no intermediate products (Table 2, entries 1 and 2,
respectively).

We also employed the conditions developed by Fu and co-
workers14 (Pd(OAc)2/PCy3) with aldimine substrates. Un-
fortunately, only the aldimines (1g) and (1h) gave the corre-
sponding target compounds (2a) and (2h) in over 15% yields (see
Supplementary data).

We then decided to screen other catalytic systems, and grati-
fyingly we observed that the combination of Pd(dppf)Cl2/NEt315

with NaPh4B as the phenyl transfer reagent, gave better results
for the sequential phenylation of activated imines. (1e) was trans-
formed cleanly to (2b) (92%) (Table 2, entry 12). Likewise, in the
case of (1b) and (1j) these conditions gave selectively the diphe-
nylated target compounds (2b) and (2j) in 68% and 30% yields, re-
spectively (Table 2, entry 9 and 17).

Table 1
Optimization of the reaction conditions at 100 �C

Entrya Ph-B Catalyst Base Solvent Tr/h Yieldb/%

1 PhB(OH)2 Pd(OAc)2/PPh3 NEt3 Toluene 16 38
2 PhB(OH)2 Pd(OAc)2/PPh3 Cs2CO3 Toluene 40 13
3 PhB(OH)2 Pd(OAc)2/PPh3 NaOMe Toluene 40 58
4 Ph3B Pd(OAc)2/PPh3 NEt3 Toluene 21 58
5 PhB(OH)2 PEPPSI-IPr NEt3 Toluene 19 36
6 PhB(OH)2 PEPPSI-IPr NEt3 THF 18 49
7 PhB(OH)2 PEPPSI-IPr NEt3 DME 18 15
8 NaPh4B PEPPSI-IPr NEt3 Toluene 18 95
9 NaPh4B PEPPSI-IPr Cs2CO3 Toluene 18 9

a Reagents and conditions: catalyst (3 mol %), Ph-B (4 equiv), base (4 equiv),
solvent (2 mL), 100 �C, rt.

b Overall isolated yield from two steps, after liquid chromatography on silica gel.

Fig. 1. Some pharmacologically active compounds containing a biarylarylmethylamine
unit.

Scheme 2. Sequential one-pot CeC bond-forming catalytic reactions.

NN

PdCl Cl
N

C6H3(iPr)2-2,6 2,6-(iPr)2C6H3

Cl

Fig. 2. PEPPSI-IPr catalyst.
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