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ABSTRACT
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A short synthesis of lennoxamine has been achieved by using a radical cascade involving aryl radical-induced 7- endo cyclization and homolytic
aromatic substitution.

Lennoxamine (1), an isoindolobenzazepine alkaloid, was of the carbonyl group.For example, treatment of enamide
isolated from Chileamerberis darwinii(Figure 1)* Owing 2awith BuzSnH in the presence of I;4zobis(cyclohexane-
to its unique tetracyclic ring system, the alkalaldhas carbonitrile) (V-40) in boiling toluene causes aryl radical
attracted much attention from synthetic chemists, and efforts cyclization to give 6exocyclization producBa along with
have culminated in the total synthesislof a small amount of &ndocyclization product4a, whereas
enamide2b undergoes 7-endaryl radical cyclization to
afford benzazepinetb exclusively (Scheme Pp. As an
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Figure 1. Structure of lennoxaminelj. Q/j toluene @ @5
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We recently reported that regioselectivity of aryl radical BugSnH
cyclization onto enamides can be shifted by positional change @A V4o @
Me  toluene Me
(1) Naturall was isolated as a racemate, see: Valencia, E.; Freyer, A. 2b feﬂgx
J.; Shamma, M.; Fajardo, Vetrahedron Lett1984,25, 599. (42%)

(2) Quite recently €)-1 was synthesized, see: (a) Comins, D. L.;
Schilling, S.; Zhang, YOrg. Lett.2005,7, 95. For the recent syntheses of
racemicl, see: (b) Sahakitpichan, P.; Ruchirawat,T8trahedron2004, o o )
eLso, 421853:3, (4c£)1 |§;i£n0,7(;&]I )K;gn Jl.(_H; K:En, W.-J.;S Ki?, Y. ATgtraSheI((jron 9y application of the latter process, we envisioned the synthesis

ett. ,44, . oseki, Y.; Katsura, S.; Kusano, S.; Sakata, H.; ; ; ; ; ;

Sato, H.; Monzene, Y.; Nagasaka,Heterocycle2003,59, 527. (e) Fuchs, of Iennoxamme.’() using a radical cascade mvolvmge?}do
J. R.; Funk, R. LOrg. Lett 2001, 3, 3923. (f) Ruchirawat, S.; Sahakitpichan,
P. Tetrahedron Lett.2000, 41, 8007. (g) Couture, A.; Deniau, E.; (3) (a) Ishibashi, H.; Kato, I.; Takeda, Y.; Kogure, M.; TamuraGbem.
Grandclaudon, P. Hoarau, Tetrahedron2000,56, 1491. (h) Koseki, Y.; Commun200Q 1527. (b) Taniguchi, T.; Ishita, A.; Uchiyama, M.; Tamura,
Kusano, S.; Sakata, H.; Nagasaka;T€trahedron Lett1999,40, 2169. (i) O.; Muraoka, O.; Tanabe, G.; Ishibasi, H.Org. Chem2005,70, 1922.
Ishibashi, H.; Kawanami, H.; Ikeda, M. Chem. Soc., Perkin Trans. 1  See also: (c) Kamimura, A.; Taguchi, Y.; Omata, Y.; HagiharaJMOrg.
1997, 817. Chem.2003,68, 4996.
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aryl radical cyclization and homolytic aromatic substitution ||| ||| kNG NN

(Scheme 35 We report herein a concise synthesislof  1,5e 1. Radical Reaction of Enamide
according to this strategy.

Our investigation began with preparation of enamide yield® (%)
(Scheme 2). Amin&® was treated with acetaldehyde in THF  entry conditions (equiv)® 1 9
1 BusSnH (1.5), V-40 (2.0), toluene 16 32
2 BueSns (2.0), hv, toluene 18 0
Scheme 2 3 BueSns (2.0), hv, chlorobenzene 25 0
4 BueSns (2.0), V-40 (2.0), hv, chlorobenzene 26 0
CH.CHO 0 5 BueSns (2.0), hv, 1,2-dichlorobenzene 40 0
3 .
< m < /N 6 MegSns (2.0), Av, 1,2-dichlorobenzene 41 0
THF, MS 4A 0 | — a All reactions were carried out in refluxing solvent (7 mM)solated
yield.
{ m The use of ditin instead of B8BnH might prevent the
(Me0);C4H;COC! . X i
formation of9, and several experiments were carried out to
EtsN improve the yield of productl by using ditin under
(54%) photochemical conditions.

Irradiation of a mixture o7 and BySn, (2.0 equiv) with
a sun lump in boiling toluene, as expected, gave no com-
in the presence of molecular sieves 4A at°llJ to give pound9, but only a 18% vyield of the requisite lennoxamine
imine 6, which was then treated with 2,3-dimethoxybenzoyl (]_) was obtained (entry 2) The deha|ogenated produ@‘t of
chloride in the presence of triethylamine to afford enamide was also obtained in entry 2. We assumed that an abstraction
7in 54% yield from5. of a benzylic hydrogen atom from toluene used as a solvent
When enamid@ was treated with B45nH (1.5 equiv) in might occur, and chlorobenzene was therefore used as a
the presence of V-40 (2.0 equiv) in boiling toluene using a solvent to give lennoxamine (1) in 25% vyield (entry 3).
slow addition technique, lennoxami() (mp 227-228°C, Recently, Beckwith et al. have suggested that the radical
lit.2> mp 226-227°C) and 7endocyclization producB were  species generated from a radical initiator such as V-40 plays
obtained in 16 and 32% yields, respectively (Scheme 3) an important role in the hydrogen atom abstraction for the
rearomatization of an intermediary cyclohexadienyl raditals.
Hence, 2 equiv of V-40 were added, but no improvement in
Scheme 3 the yield of the producl was observed (entry 4).
o Finally, a more satisfactory result was obtained by carrying
7-endo {]@N OMe out the reaction using high boiling 1,2-dichlorobenzene as a
- . @ — solvent. These conditions gave lennoxamibjarf 40% yield
(entry 5). Using MgSn, instead of BySn, gave a similar
o o result (41%) (entry 6).
+{ :@CN_( Ir_1 conclusion, three_—step §yntheS|s of Iennpxamlt)ér()m
0 Ar amine5 has been achieved in 22% overall yield. The present
OMe , synthesis ofl clearly demonstrates the usefulness of the
9: Ar = 2,3-dimethoxyphenyl . . . . .
radical cascade process involving a homolytic aromatic
substitution for the synthesis of nitrogen-containing poly-
cyclic compounds.

lennoxamine (1}

(Table 1, entry 1). Formation of may involve 7endo

cyclization of the aryl radical generated froffollowed by Acknowledgment. This work was supported by a Grant-
homolytic aromatic substitution of the resultiogamidoyl in-Aid for Scientific Research from the Ministry of Educa-
radical8 onto the dimethoxyphenyl grodg-ormation of9 tion, Culture, Sports, Science and Technology of Japan.
might be due to the reduction of-amidoyl radical8 with Supporting Information Available: Experimental pro-
BusSnH. cedures and spectroscopic data for compoufyds and9.
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