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ABSTRACT

A novel, microwave-enhanced six-step synthesis was devised for the synthesis of N-shifted buflavine analogues. Microwave-enhanced Suzuki −
Miyaura cross-coupling and ring-closing metathesis reactions were used as the key steps. Microwave irradiation was found to enhance the
ring-closing metathesis reaction to generate the otherwise difficultly obtainable medium-sized ring system of the target molecules.

The apogalanthamine analogues represent an intriguing class
of natural products belonging to theAmaryllidaceae alkaloid
family.1 They feature a rare 5,6,7,8-tetrahydrobenzo[c,e]-
azocine skeleton composed of a biaryl-incorporated eight-
memberedN-heterocyclic ring. Buflavine (1) (Figure 1),
isolated fromBoophane flaVa,2 an endemicAmaryllidaceae
alkaloid species from South Africa, is a typical member of
this family, exhibiting interesting biological activities such
asR-adrenolytic and anti-serotonin activities.3 However, after
the pioneering work of Kobayashi,4 little work has been
published regarding the synthesis of apogalanthamine ana-

logues (Figure 1). Only three total syntheses of buflavine
have been reported,5 while minor efforts have been made to
generate structural analogues of these molecules for the
purpose of biological and pharmacological screening.6

We have recently demonstrated the usefulness of micro-
wave-irradiation in promoting Suzuki-Miyaura reactions7

of highly electron-rich substrates8 en route toward the
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Figure 1. 5,6,7,8-Tetrahydrobenzo[c,e]azocines.
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synthesis of apogalanthamine analogues. As a part of our
ongoing research on microwave-enhanced transition-metal-
catalyzed synthesis9 of difficultly obtainable medium-sized-
ring natural product analogues, we devised a novel strategy
for the synthesis of the hitherto unknown N-shifted buflavine
analogues (Figure 1), which we wish to delineate herein.

Our approach comprises a microwave-assisted Suzuki-
Miyaura cross-coupling reaction followed by a ring-closing
metathesis10 (RCM) reaction (Scheme 1). The required biaryl

skeleton can easily be generated from the corresponding
suitably functionalized styrene derivatives and anilines. After
Suzuki-Miyaura cross-coupling reaction, the obtained biaryl
system might be converted to the corresponding ring-closed
targets by an RCM reaction. However, there is scarce
literature precedent using the RCM for the generation of such
medium-sized rings.11 The increased ring strain of the target
molecule, moreover reinforced by the incorporated biaryl
unit, will impose severe challenges to perform this RCM.

Our initial goal was to synthesize theo-bromostyrenes
needed for the biaryl coupling protocol. We decided to

incorporate electron-rich methoxy substituents in the biaryl
unit in order to keep a maximum resemblance with bufalvine
(1). Furthermore, these electron-rich substituents will tend
to slow the oxidative addition of the palladium catalyst to
the C-Br bond,7,8 making it a challenge to our cross-coupling
strategy. Commercially available 3,4-dimethoxybenzaldehyde
(2a) and 3,4,5-trimethoxybenz aldehyde (2b) were bromi-
nated regioselectively using bromine in methanol (Scheme
2).

The reactions were completed in 1-3 h at rt, and the
products3a and3b were isolated in high yields of 89% and
86%, respectively. The aldehydes were then converted to
the corresponding styrenes4a and 4b via Wittig reaction
(Scheme 2) with methyl(triphenyl)phosphonium bromide in
THF at rt, usingn-BuLi as the base. The reactions were found
to proceed smoothly, and the corresponding styrenes4a,b
were isolated in excellent yields of 89% and 93%, respec-
tively.

To explore the Suzuki-Miyaura reaction, we chose
2-pivaloylaminophenylboronic acid5 as the coupling partner
(Scheme 3). The boronic acid was synthesized in two steps

from aniline following the literature procedure,12 via directed
ortho metalation.13 Following our previous experience with
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Scheme 1. Retrosynthetic Analysis
Scheme 2. Synthesis ofo-Bromostyrenes4a,b

Scheme 3. Suzuki-Miyaura Reaction in the Synthesis of
Biaryl Amines7a,b
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the Suzuki-Miyaura cross-coupling reaction between an
electron-rich aryl halide andortho-substituted boronic acids,8

we decided to carry out the reaction under microwave
irradiation. Thus, styrene4a and boronic acid5 (1.3 equiv)
were suspended in a 1:1 mixture of DMF and H2O (3 mL)
together with NaHCO3 as the base (3.0 equiv) and Pd(Ph3P)4
as the catalyst (5 mol %) in a 10 mL sealed glass vial. The
mixture was irradiated at 150°C for 15 min, using a
maximum power level of 150 W. The cross-coupling was
found to proceed smoothly, and the product6a was isolated
in an excellent yield of 93% (Scheme 3).

Following the same procedure, the cross-coupling between
styrene 4b and boronic acid5 was carried out under
microwave irradiation and the product6b was isolated in
an excellent yield of 91% (Scheme 3). To generate the
intermediate for the RCM, the remaining task was the
creation of theN-allyl handle by allylating the aniline
nitrogen (Scheme 3). Refluxing the intermediates6a,b with
NaH and allylbromide in dry THF for 6 h was found to drive
the allylation to completion, and the biaryl compounds7a,b
were isolated in excellent yields of 96% and 94%, respec-
tively.

Our next goal was to carry out the RCM reaction to
generate the required biaryl-incorporated medium-sized rings
8a,b (Scheme 4). As expected, this conversion was rather

troublesome. In a first run,7a (0.1 mmol) was stirred with
Grubbs first-generation (G-1) catalyst (3 mol %) in dry and
degassed CH2Cl2 at rt. Unfortunately, no reaction was
observed even after 24 h, and the starting material was found
untouched (Table 1, entry 1). The use of Grubb’s second-
generation catalyst (G-2) as well as the Hoveyda second-
generation (H-2) catalyst also failed to provide any change
to the course of the reaction (Table 1, entries 2 and 3). On
the contrary, when the reaction was carried out at reflux
temperature in CH2Cl2 for 3 h with G-1 (3 mol %) as the
catalyst, the product8a was isolated in 17% yield, together
with unreacted starting material7a (Table 1, entry 4).
Increasing the reaction time to 6 or 12 h failed to improve
the outcome of the reaction (Table 1, entries 5 and 6).
Therefore, we decided to perform the reaction at elevated
temperature in CHCl3, resulting in a slightly higher yield of
22%, while in refluxing toluene a moderate 28% was
obtained (Table 1, entries 7-8).

However, the use of G-2 was found to increase the yields
substantially, and we could isolate8a in a moderate yield

of 32% when the reaction was carried out with G-2 in
refluxing CH2Cl2, 42% in refluxing CHCl3, and a good yield
of 58% in refluxing toluene each upon stirring for 3 h (Table
1, entries 9-11, respectively). Changing the catalytic system
to the Hoveyda catalyst, the product was isolated in slightly
lower yields of 29% in the case of using H-1 and 43% in
the case of H-2, in refluxing toluene (Table 1, entries 12
and 13). As it seemed to be advantageous to perform the
RCM at higher temperature, we decided to investigate the
reaction upon microwave irradiation. When a sample of7a
was irradiated in toluene, at 150°C and a maximum power
level of 150 W, the yield was found to increase to 69%,
while the reaction time could be decreased to a mere 5 min
(Table 1, entry 14). Applying the same conditions, the
trimethoxy analogue8b was synthesized in 5 min under
microwave irradiation in a good yield of 68% (Scheme 4,
Table 1, entry 18) and under conventional heating conditions
in a 55% yield (Table 1, entry 16). To complete the sequence,
the dihydrodibenzo[b,d]azocines8a,b were converted into
the corresponding tetrahydrodibenzo[b,d]azocines9a,b via
a simple palladium-catalyzed hydrogenation protocol apply-
ing a high-pressure Parr hydrogenation apparatus (Scheme
4). The reactions were run for 8 h in MeOH at 30 atm of H2
pressure. The products9a,b were isolated in excellent yields
of 94% and 91%, respectively.

In conclusion, we have developed a novel microwave-
enhanced, transition-metal-mediated protocol for the syn-
thesis of hitherto unknown N-shifted buflavine analogues.
The key biaryl generating step was performed via a pal-
ladium-catalyzed Suzuki-Miyaura reaction upon focused
microwave irradiation. RCM reactions were successfully
employed in generating the rigid, medium-sized ring system
of the target molecules. Again, microwave irradiation was
found to be highly beneficial in overcoming the high
activation barrier of the reaction. The synthesis of a small

Scheme 4. RCM of the Intermediates7a,b and Further
Conversion to the Target Molecules9a,b

Table 1. Ring-Closing Metathesis To Generate Targets8a,ba

entry
starting
material product catalyst

time
(h) solvent

T
(°C)

yield
(%)

1 7a 8a G-1 24 CH2Cl2 rt 0
2 7a 8a G-2 24 CH2Cl2 rt 0
3 7a 8a H-2 24 CH2Cl2 rt 0
4 7a 8a G-1 3 CH2Cl2 reflux 17
5 7a 8a G-1 6 CH2Cl2 reflux 17
6 7a 8a G-1 12 CH2Cl2 reflux 17
7 7a 8a G-1 3 CHCl3 reflux 22
8 7a 8a G-1 3 PhMe reflux 28
9 7a 8a G-2 3 CH2Cl2 reflux 32

10 7a 8a G-2 3 CHCl3 reflux 42
11 7a 8a G-2 3 PhMe reflux 58
12 7a 8a H-1 3 PhMe reflux 29
13 7a 8a H-2 3 PhMe reflux 43
14 7a 8a G-2 5 minb PhMe 150 69a

15 7b 8b G-1 3 PhMe reflux 41
16 7b 8b G-2 3 PhMe reflux 55
17 7b 8b H-2 3 PhMe reflux 43
18 7b 8b G-2 5 minb PhMe 150 68a

a All reactions were carried out in a 0.25 mmol scale with 3 mol % of
catalyst in 5 mL of solvent.b Reactions were carried out under microwave
irradiation in 3 mL of solvent at a maximum power level of 150 W. All
yields correspond to the isolated pure compounds, as determined by the
NMR experiments.
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library of the title molecules as well as attempts to vary the
ring size is under current investigation.
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