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Abstract. A convenient short-step synthesis of lennoxamine 1 and chilenine 2 is
described. The key steps are the preparation of an acyliminium ion precursor and a novel
expansion of the six-membered ring to a seven-membered ring. © 1999 Elsevier Science Ltd.
All rights reserved.
Lennoxamine 1 and chilenine 2, isolated from the Chilean barberries species, are grouped into
isoindolobenzazepine alkaloids.” Syntheses of 1 or 2 have been reported by several groups.z’
In this paper, the synthesis of 1 and 2 is focused on a facile approach to isoindoloisoquinoline 4 using an
N-acyliminium ion precursor obtained by the oxidation of methylideneisoindolone 5 followed by a

ring-expansion reaction of 4 to isoindolobenzazepine skeletons 3 (Fig 1).
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Various methods for the preparation of alkoxycarbamates and alkoxylactams as precursors of the
N-acyliminium ion"are reported. A partial reduction of the corresponding carbonyl groups of imides, an anodic
methoxylation of amides, a Grignard addition to the cyclic imides and a condensation of ketones or aldehydes
with amides or amines are most frequently used for this purpose. Recently, an oxidation of the endocyclic
enamides, which provides alkoxycarbamates, the alkoxylactams or enamide epoxides, has been reported,‘”
while there are only a few reports involving exocyclic enamides.” Since the intramolecular cyclization of the
alkynylamides to the exocyclic enamides under the basic conditions was previously established by us,” the
oxidation of these exocyclic enamides was applied to a strategy for the synthesis of 1 and 2 as shown in

Scheme 1.
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? Reagents and Conditions : a) cat. LHMDS, THF, r.t. 93%; b) excess DMD, MeOH / acetone (= 2 : 1), -78°C ~ -30°C,
then, 10% Na;S,03; c) 2 eq. BF3*OEt;, CH,Cl,, -45°C ~ 0°C, 88% (from 7); d) cat. 5% Pd-C, H; (1 atm), THF-
MeOH (= 1 : 1). 96%; e) excess DMD, acetone, -78°C ~r.t., 42%.

The starting o-ethynylbenzamide 6 was easily prepared according to our previously reported procedure.®”
Although the cyclization of the o-ethynylbenzamide derivatives to the methylideneisoindolones under
stoichiometric basic conditions (leq. LHMDS) was previously shown,” treatment of 6 with a catalytic
amount of LHMDS (0.1 eq) was found to be equally effective. However, the use of a catalytic amount of
n-BuLi resulted in low yield (10%). Oxidation of 7 with mCPBA in CH,CI, afforded the unexpected
N-phenethylphthalimide.” Use of dimethyldioxirane (DMD) in acetone afforded not the expected epoxide as
reported by Burgess,” but the diol 8a in quantitative yield, which was, however, unstable and insoluble in
organic or aqueous solvents. On carrying out the reaction in the presence of methanol (MeOH / acetone = 2 :
1), the relatively stable methoxylactam 8b could be obtained.”” When this crude material 8b was treated with
BF,- OEt, in CH,Cl,, cyclization of 8b via an acyliminium ion intermediate” proceeded smoothly to give
12b-(hydroxymethyl)isoindoloisoquinoline 9 in excellent yield (88%, from 7). For the rearrangement of 9 to
10, a number of acidic conditions were attempted, e.g., HBr-AcOH, conc. H,SO,, polyphosphoric acid,
CF,SO,H at room and higher temperature conditions, but these conditions afforded no product having a

seven-membered ring system. As Yamauchi er a.'”

reported a 1,2-aryl migration of 2-hydroxypropiophenone
dimethy] acetals with SO,Cl,, the ring-expansion reaction of 9 with SO,Cl, was then examined and the results
are summarized in Table 1. The reaction was due to the additive effect of the basic solvents, namely, addition
of Et,N suppressed the contamination of impurities (Entry 3 to Entry 1) and pyridine facilitated this reaction
(Entry 4 to Entries 2 and 3). The best result was obtained using CHCI, / pyridine (= 4 : 1) containing 5 eq of
E;,N, in which 10a was formed in 75% yield. Catalytic hydrogenation (10%Pd-C, H,, 3 atms, AcOH, 2

1

days) of 10a afforded desired lennoxamine 1, " though the yield was not completely satisfactory (38~51%).
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Table 1. Convertion of 9 into 10

Product (%)

Entry  S0O,Cly(eq) Conditions® ST
1 1.5 CHCI; / Pyridine (1 : 1) 0 trace ¥
9 1.5 DME / EzN a:n NR
3 3.0 CHCl/EN  (4:1) 45 0
4 3.0 CHCl;/ Pyridine (4: 1), EN (Seq) 75 0
5 3.0,then 1.3 CHCl;/Pyridine (4: 1), EN (Seq) 0 769

a) To the solution of 9 in mixed solvents was added dropwise SO,Cl, at -78°C and then the solution was
warmed to r.t. followed by standing overnight at ambient temperature. b) A mixture of uncharacterizable
products was formed and no starting material was detected. ¢) A varied amount of starting material was
always recovered. d) After the complete reaction of 9 with SO,CI,, further 1.3 eq of SO,Cl; and then 2 eq
of Et;N were added dropwise.

And then, after the complete reaction of 9 with SO,Cl,, further addition of SO,Cl, (1.3 eq) and E;;N (2
eq) to the reaction mixture afforded chlorinated enamide 10b in 76% yield (Entry 5). Catalytic hydrogenation
of 10b progressed easily to afford lennoxamine 1 in 96% yield.

A plausible mechanism for this ring-expansion reaction is shown in Scheme 2. At the first step,
chlorosulfonylation of a hydroxy group with SO,Cl, afforded 11, which underwent the migration of the more
electron-rich 2,3-methylenedioxyphenyl group to give 10a via the most stable acyliminium ion 12. However,

the role of pyridine in this reaction is not clearly elucidated.

Scheme 2
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Compound 10a has already been converted into 2 in a one-pot procedure (DMD and then aq. NaHCO,
38% yield) by Fang and Danishefsky.” Oxidation of 10b with DMD also afforded 2'" in 42% yield.

In conclusion, the methylideneisoindolone 7 (exocyclic enamide) is oxidized by DMD to the
alkoxylactam 8, an N-acyliminium ion precursor, which is useful for the synthesis of isoindoloisoquinoline 9.
Further, a new, facile route to lennoxamine 1 and chilenine 2 via the ring-expansion reaction of
isoindoloisoquinoline skeleton 9 to isoindolobenzazepine 10 is presented.
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