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Abstract: We report a high yielding approach to N-aryl tetrahy-
droisoquinolines and tetrahydroquinolines in one step from readily
available starting materials. We have used this methodology to pre-
pare the full carbon skeleton of the ring system of ancistrocladinium
A in one step.
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Hartwig, tetrahydroquinoline, tetrahydroisoquinoline

Atropoisomerism is now a common structural motif in or-
ganic chemistry, particularly in catalysis and ligand de-
sign, for example, in the BINAP-derived systems. There
are even a few natural products which contain axial
chirality1–4 and these have been the subject of increasing
interest in recent years. For example, the naphthylisoquin-
oline alkaloids (Figure 1) are a rapidly expanding class of
important secondary metabolites from tropical lianas of
the Ancistrocladaceae and Dioncophyllaceae families.

These natural products are of interest for their significant
pharmacological activities,1,3 for example, against Plas-
modium falciparum,4 and their unprecedented biosynthet-
ic origin through the acetate-malonate pathway.5 Of
particular significance to us were the recently isolated iso-
quinoline-based natural products ancisheynine and ancis-
trocladinium A/B5,6 which are based on an isoquinolinium
backbone, the chemistry of which we have considerable
experience.7

These unique azabinaphthyl structures contain an atropoi-
someric unit by virtue of restricted rotation about the C–N
bond. We believed that this C–N bond could be construct-
ed using the Buchwald–Hartwig amination reaction.8,9

Buchwald–Hartwig amination of tetrahydroisoquinolines
has previously been reported, however, only a few sub-
strates were examined and product yields were unsatisfac-
tory (<50%).10

We have previously reported a Buchwald–Hartwig ap-
proach to N-heterocyclic carbene ligands; and we decided
to apply this methodology to the synthesis of the key C–N
bond in ancistrocladinium A.11 Initial amination studies
were directed towards the synthesis of ancisheynine by di-
rect amination of bromobenzene with isoquinoline using

Pd2(dba)3, BINAP, and sodium tert-butoxide in toluene.
Unfortunately, we only recovered unreacted starting ma-
terials. Hence we decided to attempt reactions using the

Figure 1 Secondary metabolites from tropical lianas of the
Ancistrocladaceae and Dioncophyllaceae families
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saturated tetrahydroisoquinoline system. Experiments
were conducted with bromobenzene, tetrahydroisoquino-
line, Pd2(dba)3, BINAP, and sodium tert-butoxide in tolu-
ene. This time an excellent yield of the corresponding
aminated product was observed (93%, Table 1, entry 1).12

Application of this methodology to a range of aryl bro-
mides afforded the desired N-arylated products in good to
excellent yields (Scheme 1, Table 1). The only exceptions
to this were the bulky triisopropyl derivative (Table 1, en-

try 4) and the bromo-aniline (presumably due to some de-
gree of polymerization, Table 1, entry 8).

Scheme 1 General scheme for the N-arylation of tetrahydroisoquin-
olines
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Pleasingly, amination of 1-bromonaphthalene with tet-
rahydroisoquinoline worked in excellent yield to afford
the full carbon skeleton of the ring system of ancistrocla-
dinium A in one step (compound 8). Installation of the
iminium bond can easily be achieved by treatment of the
N-arylated tetrahydroisoquinoline with NBS in dichlo-
romethane. For example, 8 was treated with NBS in re-
fluxing dichloromethane to afford the corresponding
dihydroisoquinolinium salt 10 in 81% yield which was
isolated as its tetraphenylborate derivative for ease of ma-
nipulation (Scheme 2).13

Following our success with the isoquionoline derivatives
we also examined the reactions using tetrahydroquinoline
(Scheme 3, Table 2). Again good to excellent yields of the
desired aminated products were observed and a similar
trend in product yield was obtained; for example, the
aniline derivative 17 was formed in low yield (entry 7,

Table 2). The structure of compound 18 was also con-
firmed by X-ray crystallography (Figure 2).14

Scheme 3 General scheme for the N-arylation of tetrahydroquinolines
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a Conditions: Pd2(dba)3, (±) BINAP, NaOt-Bu, toluene, reflux, 4–18 h.
b Isolated yield.

Table 1 Synthesis of Aryl Tetrahydrisoquinolines 1–9a (continued)
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a Conditions: Pd2(dba)3, (±) BINAP, NaOt-Bu, toluene, reflux, 4–18 h.
b Isolated yield.
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Figure 2 X-ray crystal structure of compound 18

In conclusion we have developed a high yielding ap-
proach to N-aryl tetrahydroisoquinolines and tetrahydro-
quinolines in one step from readily available starting
materials. We have used this methodology to prepare the
full carbon skeleton of the ring system of ancistrocladini-
um A in one step, and we are currently pursuing this meth-
odology for the total synthesis of several secondary
metabolites from the tropical lianas of the Ancistrocla-
daceae and Dioncophyllaceae families.
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