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Abstract—The Amaryllidaceae alkaloid buflavine 1 has been synthesized in three steps by Suzuki-Miyaura cross coupling,
reduction and the cascade reactions of Pictet-Spengler type and Eschweiler-Clarke N-methylation. © 2003 Elsevier Science Ltd.

All rights reserved.

Buflavine 1 belongs to a group of natural Amaryllidaceae
alkaloids isolated from Boophane flava bulbs.! 1t pos-
sesses a very rare 5,6,7,8-tetrahydrodibenz[c,e]azocine
skeleton composed of a biaryl ring system linked via an
eight-membered N-heterocyclic ring. Such compounds
have been shown to exhibit potential a-adrenolytic and
anti-serotonin activities.> The unique structure of
buflavine and its interesting biological activities have
prompted our efforts to synthesize this alkaloid. All
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Scheme 1. Retrosynthetic analysis of buflavine 1.

previous synthetic routes** including the most recent
publication® firstly involve formation of the biaryl ring
by three different standard procedures (Ullmann,
Suzuki-Miyaura and Meyer’s biaryl coupling) followed
by construction of the eight-membered N-heterocyclic
ring via condensation of a C,; side-chain with the remain-
ing side-chain. Herein, we are pleased to report an
efficient three-step total synthesis of buflavine 1 based on
the retrosynthetic analysis outlined in Scheme 1.
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Scheme 2. Synthetic route of buflavine 1.

The eight-membered N-heterocyclic ring could be sim-
ply formed by a cascade of Pictet-Spengler type reac-
tion then N-methylation under the reaction conditions
employed. The biarylethylamine precursor 5 is derived
from biarylacetonitrile 4 which is easily prepared via
Suzuki-Miyaura cross coupling of the commercially
available 3.4-dimethoxyphenylboronic acid 2 and o-
bromophenyl acetonitrile 3 (Scheme 2).

Suzuki-Miyaura cross coupling® of 2 and 3 using 3
mol% Pd(PPh;), and K,CO; in a mixture of toluene,
ethanol and H,O (3:3:2) gave the expected biarylace-
tonitrile 4 in 96% yield. Conversion of biarylacetonitrile
4 to the key intermediate, biarylethylamine 5, was
accomplished by reduction with NaBH, in the presence
of cobalt chloride hexahydrate’” in 80% yield. We have
previously exploited the tandem reaction of the Pictet—
Spengler reaction® ¢ and Eschweiler—Clarke reaction’
in the synthesis of various alkaloids by performing the
reaction in formic acid.'®** It was gratifying to find
that the formation of the eight-membered N-hetero-
cyclic ring and N-methylation could indeed be carried
out by reacting the biarylethylamine  with
paraformaldehyde in formic acid. To complete the ring
formation and suppress the non-cyclized N,N-dimethyl-
biarylethylamine product, the mixture of biarylethyl-
amine 5 and 5 equiv. of paraformaldehyde in formic
acid was first stirred at room temperature for 24 h and
subsequently an additional 5 equiv. of paraformalde-
hyde was added and the mixture was then heated at
reflux for another 24 h to give buflavine 1 as a viscous
oil in 54% yield accompanied by biarylalcohol-amine
6'! in 5% yield after preparative thin layer chromato-
graphy (10% MeOH-CH,Cl,). The biarylalcohol-amine
6 was presumably derived from electrophilic substitu-
tion of the aryl ring with paraformaldehyde in parallel
with N,N-dimethylation. The spectroscopic data of our
synthetic compound corresponded well with those
reported for the natural product.! As far as we are
aware, this is the first report on the successful applica-
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tion of the Pictet—Spengler type reaction in the forma-
tion of an eight-membered heterocyclic ring.

In conclusion, we have developed a concise and highly
efficient route for the synthesis of buflavine 1 in three
steps in 44% overall yield from commercially available
starting materials using a Suzuki-Miyaura cross cou-
pling to form a biaryl ring in conjunction with a
cascade of Pictet-Spengler then N-methylation of the
biarylethylamine in a one-pot reaction to construct the
eight-membered heterocyclic ring.

Acknowledgements

We are grateful to the Thailand Research Fund (TRF)
for the generous support of our research program and
the award of Senior Research Scholar to S.R. We also
acknowledge the facilities in the Department of Chem-
istry, Mahidol University, provided by the Postgradu-
ate Education and Research Program in Chemistry
(PERCH).

References

1. Viladomat, F.; Bastida, J.; Codina, C.; Campbell, W. E.;
Mathee, S. Phytochemistry 1995, 40, 307-311.

2. (a) Ishida, Y.; Sasaki, Y.; Kimura, Y.; Watanabe, K. J.
Pharmacobiodyn. 1985, 8, 917-923; Chem. Abstr. 1986,
104, 45660; (b) Ishida, Y.; Watanabe, K.; Kobayashi, S.;
Kihara, M. Chem. Pharm. Bull. Jpn. 1977, 25, 1851-1855.

3. Kobayashi, S.; Kihara, M.; Shizu, S; Katayama, S.;
Ikeda, H.; Kazuo, K.; Matsumoto, H. Chem. Pharm.
Bull. Jpn. 1977, 25, 3312-3323.

4. Patil, P. A.; Snieckus, V. Tetrahedron Lett. 1998, 39,
1325-1326.

5. Hoarau, C.; Couture, A.; Deniau, E.; Grandclaudon, P.
J. Org. Chem. 2002, 67, 5846-5849.



6

% =

11.

P. Sahakitpichan, S. Ruchirawat / Tetrahedron Letters 44 (2003) 5239-5241 5241

. Andersen, N. G.; Maddaford, S. P.; Keay, B. A. J. Org.
Chem. 1996, 61, 9556-9559.
Kukla, M. J. J. Heterocyclic Chem. 1977, 14, 933-935.
. (@) Cox, E. D.; Cook, J. M. Chem. Rev. 1995, 95,
1797-1892; (b) Whaley, W. M.; Govindachari, T. R. Org.
React. 1951, 6, 151-190; (c) Rozwadowska, M. D. Hete-
rocycles 1994, 39, 903-931; (d) Lorsbach, B. A.; Kurth,
M. J. Chem. Rev. 1999, 99, 1549-1581.
. Maurice, L.; Moore, M. L. Org. React. 1949, 5, 301-330.
(a) Ruchirawat, S.; Chaisupakitsin, M.; Patranuwatana,
N.; Cashaw, J. L.; Davis, D. E. Synth. Commun. 1984, 14,
1221-1222; (b) Ruchirawat, S.; Tontoolarug, S.; Sahakit-
pichan, P. Heterocycles 2001, 55, 635-640; (c¢) Ruchi-
rawat, S.; Bhavakul, V.; Chaisupakitsin, M. Synth.
Commun. 2003, 33, 621-625.
All compounds were fully characterized. Biarylacetoni-
trile (4) pale yellow crystals, mp (EtOAc) 87.0-87.5°C. IR
(KBr) 2250 cm™'. 'H NMR (200 MHz, CDCls) J 3.64 (s,
2H), 3.90, 3.94 (2s, 2x3H), 6.85 (broad s, 2H), 6.95 (d,
1H, J=8.8 Hz), 7.26-7.44 (m, 3H), 7.46-7.56 (m, 1H).
13C NMR (50 MHz, CDCl;) § 22.02, 55.92, 111.31,
112.30, 118.34, 121.11, 127.94, 128.11, 128.98, 130.45,
132.51, 141.75, 148.66, 148.93. EIMS (m/z, % relative
intensity) 254 (M*+1, 25), 253 (M*, 100), 210 (54), 192
(16), 182 (15), 180 (11), 166 (11), 165 (17). HRMS
(FAB+) calcd for C,(H(NO,, 254.1181. Found 254.1179.
Anal. caled for C,(H,sNO,: C, 75.87; H, 5.97; N, 5.53.
Found: C, 75.51; H, 5.74; N, 5.26%. Biarylethylamine (5)
viscous oil, mp (HCI salt) 209-210°C, mp (oxalate salt)
148-149°C. IR (neat) 3345, 2934, 1605, 1585, 1520, 1485,
1246, 1027 cm™'. '"H NMR (200 MHz, CDCl,) 6 1.43 (s,
2H), 2.78 (s, 4H), 3.88, 3.93 (2s, 2x3H), 6.80-6.95 (m,

3H), 7.2-7.4 (m, 4H). '3C NMR (50 MHz, CDCl;) ¢
55.43, 110.62, 112.33, 120.88, 125.59, 126.79, 129.09,
129.81, 134.0, 136.59, 141.60, 147.62, 148.09. EIMS (m/z,
% relative intensity) 258 (M*+1, 6), 257 (M*, 24), 240
(45), 228 (100), 213 (17), 209 (12). HRMS (FAB+) calcd
for C;H,,NO,, 258.1494. Found 258.1496. Buflavine 1
viscous oil, mp (oxalate salt) 194.0-194.5°C. IR (neat)
2931, 1606, 1520, 1452, 1357 cm~'. '"H NMR (200 MHz,
CDCl,) 6 2.49 (s, 3H), 2.49-2.80 (m, 3H), 3.07 (d, 1H,
J=13.5Hz), 3.26 (t, 1H, J=9.5 Hz), 3.54 (d, 1H, J=13.5
Hz), 3.90, 3.96 (2s, 2x3H), 6.80 (s, 1H), 6.91 (s, 1H), 7.31
(m, 4H). 3C NMR (50 MHz, CDCl;) 6 32.45, 45.82,
55.89, 58.24, 58.62, 112.06, 113.51, 126.08, 127.88, 129.01,
129.43, 129.58, 132.92, 139.96, 141.19, 147.84, 148.34.
EIMS (m/z, % relative intensity) 284 (M*+1, 37), 283
M, 99.8), 268 (100), 240 (67), 225 (71), 197 (76), 179
(47), 178 (28), 165 (38), 153 (22), 152 (27). HRMS
(FAB+) calcd for C,gH,,NO,, 284.1651. Found 284.1649.
Biarylalcohol-amine 6 viscous oil, IR (neat) 3364, 2936,
1607, 1515, 1465 cm™'. '"H NMR (200 MHz, CDCl,) §
2.00 (s, 6H), 2.40-2.9 (m, 4H), 3.20 (broad s, 1H), 3.85,
3.95 (2s, 2x3H), 4.24 (d, 1H, J=12 Hz),), 4.48 (d, 1H,
J=12 Hz), 6.67 (s, 1H), 7.08 (s, 1H), 7.20-7.38 (m, 4H).
13C NMR (50 MHz, CDCly) § 30.15, 44.74, 55.95, 56.01,
60.81, 62.49, 112.37, 112.94, 12594, 127.73, 129.57,
130.29, 131.92, 132.54, 138.52, 140.01, 147.76, 148.35.
EIMS (m/z, % relative intensity) 316 (M*+1, 26), 315
(M, 14), 270 (56), 239 (100), 240 (28), 238 (23), 211 (23),
196 (27), 195 (24), 181 (33), 165 (48), 153 (33), 152 (44),
58 (88). HRMS (FAB+) calcd for C,,H,,NO;, 316.1913.
Found 316.1909.
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