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We have investigated the use of microwaves in a direct biaryl coupling reaction for the synthesis of ana-
logs of the aporphine alkaloid nantenine. Our study shows that the aporphine core may be rapidly
accessed from benzyl-tetrahydroisoquinoline substrates with this method. This is the first report of a
microwave-assisted direct biaryl coupling reaction in the synthesis of aporphine molecules.

� 2009 Elsevier Ltd. All rights reserved.
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Figure 1. Structure of nantenine and target analogs.

NBoc

O

O

O

O Br

NR

O

O

O4 2

PPh2

Me2N P
HBF4

P

Ligand A Ligand B Ligand C

Pd(OAc)2, solvent,
ligand, base, heat
Microwave irradiation is being increasingly utilized in organic
synthesis due often to superior reaction rates, selectivity, and
product yields as compared to standard thermal conditions.1–3

Microwave-assisted versions of biaryl coupling methodologies
such as the Suzuki, Heck, and Negishi reactions have been reported
extensively in the literature.4–9 However, there have been rela-
tively few reports on the use of microwave irradiation in direct
biaryl coupling procedures.

Direct biaryl coupling is similar to the Heck reaction in terms of
substrates used. However, whereas the Heck reaction couples an
activated arene (such as an aryl halide or aryl triflate) and an al-
kene, direct biaryl coupling uses an activated arene and an aro-
matic ring as substrates.10 There is evidence that the Heck and
direct biaryl coupling reactions are mechanistically dissimilar,
with direct biaryl coupling likely proceeding via a concerted meta-
lation–deprotonation pathway.11–13

The direct biaryl coupling procedure is very useful for construc-
tion of biaryl bonds, in both inter- and intra-molecular reactions,
and has been used in the synthesis of a number of bioactive mole-
cules including aporphines.14,15 Recently, this methodology has
also been applied to synthesis of heterocyclic biaryl motifs.16–18

Aporphines are a diverse group of alkaloids found in several
plant species and have been found to show a range of interesting
biological activities such as antiserotonergic, dopaminergic, anti-
plasmoidal, antihelminthic, and anticancer activities.19–23 This
has led to several syntheses of this class of compounds.24,14,25

One of our current interests is in the synthesis of aporphine alka-
loids related to the serotonergic 5-HT2A and a1 adrenergic receptor
antagonist nantenine (1, Fig. 1).26,21,27,28 We were particularly
interested in preparing N6 and C1 nantenine analogs (general
structures 2 and 3, respectively) for our structure–activity relation-
ship (SAR) studies and envisaged that the direct biaryl coupling
route would be a facile strategy for accessing the required analogs.
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arding).
For the synthesis of N6 analogs we required compound 2b
(Fig. 2). We anticipated that 2b could be readily obtained from ben-
zyl-tetrahydroisoquinoline 4 via 2a. Synthesis of 2a via direct biar-
yl coupling under thermal conditions has been reported to occur in
high yield (Pd(OAc)2, ligand A, K2CO3, DMA, 130 �C, 99%).14,15 How-
ever, in our hands only a 48% yield of cyclized product was ob-
O 2a R = Boc
2b R = H

Figure 2. Approach to synthesis of N6 nantenine analogs.
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Table 1
Thermal cyclizationa of 4 and 5

Entry Substrate Product Solvent Ligand Yield (%)

1 4 2b DMA A 48
2b 4 2b DMA A 47
3 5 7 DMA A 47

a Conditions: Pd(OAc)2, K2CO3, DMA, ligand A, 130 �C, 24 h.
b Pivalic acid added to the reaction.

Table 2
Microwave-assisted biaryl couplinga of 5 and 630

Entry Substrate Product Solvent Ligand Yield (%)

1 5 7 DMA A 15
2 5 7 DMA B 72
3 5 7 DMF B 82
4 5 7 DMSO B 88
5 6 8 DMA B 87
6 6 8 DMA A 82
7 6 8 DMA C 78

a Conditions: Pd(OAc)2, K2CO3, solvent, pivalic acid, ligand, microwaves, 5 min.

Table 3
Thermal and microwave-assisteda cyclization of 9

Entry Substrate Product Solvent Ligand Yield (%)

1 9a 10a DMA A 40
2b 9a 10a DMA A 58
3a 9a 10a DMA A 51
4a,b 9a 10a DMA A 81
5a,b 9a 10a DMA B 90
6a,b 9b 10b DMA B 82

a Conditions: Pd(OAc)2, K2CO3, solvent, ligand microwaves, 5 min.
b Pivalic acid added to the reaction.
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Scheme 2. Direct biaryl cyclization of 9.
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tained using the previously reported thermal conditions (Table 1,
entry 1). Addition of pivalic acid which has been reported to en-
hance some biaryl coupling reactions and overall yields, did not re-
sult in any improvement in the yield of 2a (Table 1, entry 2).29

Furthermore, attempts to remove the boc group of 2a under typical
acidic conditions (TFA/DCM) gave only a moderate yield (52%) of
2b. Given the apparent sensitivity of the aporphine nucleus to
acidic conditions, we decided to prepare the ethyl carbamate
derivative 7 (Scheme 1) since we envisaged that cleavage of the
ethyl carbamate group to give 2b could be readily effected under
basic conditions.

Following this approach, we prepared compound 5 (Scheme 1).
However, when the direct biaryl coupling procedure was at-
tempted under standard thermal conditions (Table 1, entry 3) we
only obtained a 47% yield of the aporphine 7. We observed that a
significant amount of starting material remained after reacting
for 24 h. Even after reacting for 48 h, the reaction did not proceed
to completion. At this juncture, we decided to attempt to improve
the yield of this biaryl cyclization and increase the overall effi-
ciency of our synthesis through the use of microwaves.

In our first attempt at microwave-assisted direct biaryl cycliza-
tion of 5, we employed ligand A with DMA as solvent (Table 2, en-
try 1). Disappointingly, we found that the yield was significantly
reduced as compared to the analogous thermal conditions, there
being formed a significant amount of an unidentified by-product.
Nevertheless, to examine the effect of different ligands, we con-
ducted the microwave-assisted reaction with ligand B using DMA
as solvent (Table 2, entry 2) and were elated to find that there
was considerable improvement in the yield. With ligand B, other
polar, high boiling solvents (DMF and DMSO) also gave excellent
yields (Table 2, entries 3 and 4). We next decided to apply our
microwave conditions to the synthesis of 8 (Scheme 1). Compound
8 is a versatile intermediate for the synthesis of N6 as well as C1
nantenine analogs. With substrate 6 we obtained a high yield of cy-
clized product 8 with the ligand B/DMA combination (Table 2, en-
try 5). Ligands A and C were also effective in achieving biaryl
cyclization with DMA as solvent (Table 2, entries 6 and 7) in very
good yields. From compound 8 we were able to synthesize several
C1 and N6 nantenine analogs using standard synthetic
transformations.

To further explore the substrate scope of the newly developed
microwave-assisted conditions, we decided to investigate cycliza-
tion of the less reactive arene substrate 9a which is devoid of elec-
tron-releasing groups in the haloarene component. Previous
attempts at cyclization of this compound with a ligand A/DMA
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Scheme 1. Microwave-assisted direct biaryl coupling.
combination gave only a moderate yield of 10a under thermal con-
ditions.14 We also found this to be the case, although addition of
pivalic acid gave a slight improvement in yield (Table 3, entries 1
and 2) (see Scheme 2).

Using ligand A, in the absence of pivalic acid under microwave
conditions, gave a moderate yield (Table 3, entry 3); addition of
pivalic acid substantially improved the yield of the microwave-as-
sisted reaction to 81% (Table 3, entry 4). Ligand B gave a slightly
improved yield as compared to ligand A using otherwise identical
conditions (Table 3, entry 5). With the ethyl carbamate congener
9b, cyclization was effected in 82% yield with ligand B (Table 3, en-
try 6).
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Scheme 3. Microwave-assisted direct biaryl cyclization of 11–15.



Table 4
Microwave-assisted cyclization of 11–15

Entry Substrate Product Solvent Ligand Yield (%)

1 11 11a DMA B 82
2 12 12a DMA B 79
3 13 13a DMA B 90
4 14 14a DMA B 84
5 15 15a DMA B 79
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To further explore the substrate diversity of the microwave
reaction, we then applied our optimized conditions for the synthe-
sis of aporphines 11a–15a (Scheme 3). These results which demon-
strate broader substrate applicability of the reaction conditions are
presented in Table 4.

In conclusion, our study demonstrates the utility of microwaves
for rapid direct biaryl coupling in the synthesis of aporphines.
Additionally, we found that the microwave method is operationally
simpler because no special precautions need to be taken to avoid
exposure of the reaction to air. This is the first report on micro-
wave-assisted direct biaryl coupling in the synthesis of aporphines.
We are continuing to examine substrate tolerance in this micro-
wave-enhanced reaction and will report our findings in due course.
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