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Lennoxamine 1 and chilenine 2 which have an isoindolo-

benzazepine framework were isolated from Berberis em-

pertrifolia Lam1 and Berberis darwinii Hook.2 Although

these alkaloids have been known to show weak biological

activities, their unique tetracyclic ring system has garnered

much attention from synthetic chemists. In the numerous

synthetic approaches,3 the formation of core 7- and 5-

membered rings, actually synthesis of dehydrolennoxamine

3, has been the key target (Figure 1). In this communication

we want to suggest an efficient method to the molecule,

achieving the formal synthesis. Conversion of 3 to lennox-

amine and chilenine has been already achieved.4 

As most of the cyclization methods published until recent-

ly have been stepwise approaches, we wished to suggest a

sequential bicyclization process from intermediate 4 in one

pot. The bicyclization approach has been rare for the syn-

thesis of 3 except radical cascade reaction to lennoxamine

1.3i The molecule equipped with iodine on aromatic ring,

amide, alkyne functional groups was expected to undergo

the desired transformation upon treating with Pd. The pre-

cursor 4 would be prepared concisely from the known

compounds 5 and 6 (Scheme 1).5,6

Synthesis of 4 was carried out first by preparation of 7,

reaction of 6 with NaOH/MeOH to form a benzoic acid

intermediate and the following treatment with SOCl2/CH2Cl2
(48% in two steps). Coupling of 5 and 7 in the presence of

TEA in CH2Cl2 afforded the requisite precursor 4 in 66%

yield (Scheme 2).7

Bicyclization of 4 was attempted under the various condi-

tions using palladium catalyst. In the use of K2CO3 as a base,

neither Pd(OAc)2 nor other palladium catalysts such as

Pd(PPh3)4, Pd(dba)2, Pd(PPh3)2Cl2 with or without ligands

provided the desired compounds at all. Decomposition was

detected mainly (entry 1). However, the presence of stronger

base LiHMDS was found to make the reaction get started

(entry 2), and among several palladium reagents, Pd(OAc)2

was the most practical and efficient. Though not much, the

addition of LiCl increased the yields moderately (entries 3-

7). The role of LiCl for the increasing the reaction yields

cannot be still clearly explained. The best combination,

Pd(OAc)2/LiHMDS/LiCl/DMF, was selected to afford 55%

yield (entry 4).

The mechanism of the transformation is suggested as

follow; Oxidative addition and deprotonation to 8, which

should induce the proposed bicyclization to 9, was then

followed by reductive elimination to afford the desired

product 3 (Figure 2).

When we applied the same conditions (Table 1, entries 3Figure 1

Scheme 1
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to 7) to the compound 10 prepared by cyclization of 4 under

base, none of the conditions provided 3 at all, instead de-

composition was detected mostly. Although the intermediate

10 is excluded in this transformation process,3d it is not still

certain whether the proposed intermediate 8 would perform

the desired bicyclization in stepwise or concurrent manner

(Scheme 3).

In summary, we developed a bicyclization pathway to the

skeleton of isoindolobenzazepine alkaloids in one pot from

the amide 4. The proper arrangement of the required func-

tional groups is proposed to allow the sequential cyclization

after palladium insertion.

Acknowledgments. This work was supported by the Korea

Research Foundation Grant funded by Korean Government

(KRF-2011-0015865).

References and Notes

  1. Fajardo, V.; Elango, V.; Cassels, B. K.; Shamma, M. Tetrahedron
Lett. 1982, 23, 39. 

  2. Valencia, E.; Freyer, A. J.; Shamma, M.; Fajardo, V. Tetrahedron

Lett. 1984, 25, 599. 
  3. (a) Couture, A.; Deniau, E.; Grandclaudon, P.; Hoarau, C. Tetra-

hedron 2000, 56, 1491. (b) Padwa, A.; Beall, L. S.; Eidel, Worsencroft,

K. J. J. Org. Chem. 2001, 66, 2414. (c) Yoda, H.; Nakahama, A.;
Koketsu, T.; Takabe, K. Tetrahedron Lett. 2002, 43, 4667. (d)

Kim, G.; Kim, J. H.; Kim, W.; Kim, Y. A. Tetrahedron Lett. 2003,

44, 8207. (e) Yoda, H.; Inoue, K.; Ujihara, Y.; Mase, N.; Takebe,
K. Tetrahedron Lett. 2003, 44, 9057. (f) Koseki, Y.; Katsura, S.;

Kusano, S.; Sakata, H.; Sato, H.; Monzene, Y.; Nagasaka, T.

Heterocycles 2003, 59, 527. (g) Sahakitpichan, P.; Ruchirawat, S.
Tetrahedron 2004, 60, 4169. (h) Honda, T.; Sakamaki, Y.

Tetrahedron Lett. 2005, 46, 6823. (i) Taniguchi, T.; Iwasaki, K.;

Uchiyama, M.; Tamura, O.; Ishibashi, H. Org. Lett. 2005, 7, 4389.
(j) Fuwa, H.; Sasaki, M. Org. Biomol. Chem. 2007, 5, 1849. (k)

Kim, G.; Lee, K. Y.; Yoo, C.-H. Synth. Commun. 2008, 38, 3251.

(l) Fuwa, H.; Sasaki, M. Heterocycles 2008, 76, 521. (m) Kim, G.;

Jung, P.; Tuan, L. A. Tetrahedron Lett. 2008, 49, 2391. (n)
Onozaki, Y.; Kurono, N.; Senboku, H.; Tokuda, M.; Orito, K. J.

Org. Chem. 2009, 74, 5486. (o) Piko, B. E.; Keegan, A. L.;

Leonard, M. S. Tetrahedron Lett. 2011, 52, 1981. (p) Kise, N.;
Isemoto, S.; Sakurai, T. J. Org. Chem. 2011, 76, 9856.

  4. (a) Fang, F. G.; Danishefsky, S. J. Tetrahedron Lett. 1989, 30,

2747. (b) Ruchirawat, S.; Sahakitpichan, P. Tetrahedron Lett. 2000,
41, 8007.

  5. Koseki, Y.; Nagasaka, T. Chem. Pharm. Bull. 1995, 43, 1604.

  6. Tietze, L. F.; Schirok, H. J. Am. Chem. Soc. 1999, 121, 10264.
  7. Compound 4: 1H NMR (400 MHz, CDCl3) δ 2.92 (s, 1H), 2.99 (t,

2H, J = 6.8 Hz), 3.06 (s, 1H), 3.66 (q, 2H, J = 6.8 Hz), 3.80 (s,

3H), 3.88 (s, 3H), 5.94 (s, 1H), 6.80 (s, 1H), 7.11 (d, 1H, J = 2.0
Hz), 7.24 (s, 1H), 7.86 (d, 1H, J = 2.0 Hz); 13C NMR (100 MHz,

CDCl3) δ 39.73, 39.81, 55.97, 61.21, 77.18, 82.52, 87.91, 101.47,

109.55, 117.94, 118.03, 118.50, 126.52, 126.79, 134.64, 146.99,
147.85, 148.34, 152.08, 164.21. EIMS 479 (M+).

Table 1. Conditions for bicyclization of 4

Entry Conditionsa Yieldb (%)

1 Pd(OAc)2, K2CO3, LiCl, DMF 0

2 Pd(OAc)2, CsCO3, LiCl, DMF 0

3 Pd(OAc)2, LiHMDS, DMF 26

4 Pd(OAc)2, LiHMDS, LiCl, DMF 55

5 Pd(PPh3)4, LiHMDS, LiCl, DMF 15

6 Pd(OAc)2, LiHMDS, LiCl, toluene 30

7 Pd(OAc)2, LiHMDS, LiCl, DMSO 45

aReaction temperature: 100 oC. bIsolated yields
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