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Vinyl Isocyanates in Synthesis. [4 + 2] Cycloaddition Reactions with Benzyne Addends
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Summary: The net [4 + 2] cycloaddition of benzyne with
various vinyl isocyanates to construct phenanthridinone
and benzophenanthridinone products is disclosed. Gen-
eration of the benzyne is best accomplished by Pb(OAc),
oxidative decomposition of 1-aminobenzotriazole.

Sir: The hetero-Diels—Alder reaction in its various forms
continues to play an important role in the synthesis of
heterocyclic systems.! We have been interested recently
in exploiting the unique reactivities afforded by the vinyl
isocyanate function in developing efficient strategies for
the total synthesis of alkaloids. In previous work, the
utility of these readily available and reasonably stable
functionalities has provided methods for the rapid assem-
bly of extended polycyclic a-pyridone systems and 4-
hydroxy-2-pyridone species.?2 The most notable feature
of this chemistry has been the high level of convergency
and experimental simplicity that normally characterizes
the cyclization process.> We have been particularly in-
trigued with the notion of extending the vinyl isocyanate
cyclization technology to the problem of direct construction
of phenanthridinone and benzophenanthridinone ring
systems by employing a “dienophilic” synthon for the
benzo moiety.* The obvious choice for this synthetic
equivalent would be a suitably generated benzyne.>? The
prospects for success of this conceptually novel approach
into these important polycyclic heterocycles depends
critically on the compatibility of the methodology em-
ployed for benzyne production with the relatively fragile
isocyanate addend. We now report that a variety of vinyl
isocyanate partners participate in a smooth cycloaddition
reaction with benzyne that has been generated in situ by
a Pb(OAc),-mediated oxidative decomposition of 1-
aminobenzotriazole (2).6 This experimentally convenient
sequence provides direct access to phenanthridinone- and
benzophenanthridinone-derived products in a convergent,
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Table 1. [4 + 2] Cycloadditions of Benzyne with Vinyl
Isocyanates
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¢ All compounds exhibit spectral (:H NMR, ¥C NMR, IR) and
analytical or HRMS data in agreement with the assigned structure.
bReported yields are not optimized. °Acid is prepared as in ref 10.
4 Acid prepared as in ref 11. ¢Acid prepared as in ref 12. fAcid
prepared from Hagemann's ester.

one-step process. Equation 1 depicts the fundamentals
of this methodology.

N PH(OAC) ~
N W
* N CH,Cl, RT NH
NCO NH; 0
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In a typical procedure, a solution of 1.1 equiv of 1-
aminobenzotriazole in CH,Cl, was slowly added to a
mixture of 1 equiv of isocyanate and a slight excess of
Pb(0Ac), in CH,C], at room temperature. Removal of
insoluble inorganic byproducts by filtration of the reaction
mixture after approximately 15 min and chromatographic
purification of the resultant cycloadducts completed the
process. All cycloadducts prepared in this fashion dis-
played a characteristic doublet (6 8.40-8.45, J = 7-8 Hz)
in the 300-MHz 'H NMR spectra that was assigned to the
aromatic peri proton H,, which resonated nearly 1 ppm
further downfield than the other aromatic signals. This
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proton is positioned within the deshielding cone of the
adjacent pyridone carbonyl group and is diagnostic for the
formation of the phenanthridinone system.

Table I presents some of the phenanthridinone products
rendered readily available via this methodology. Entries
4 and 5 are particularly significant in terms of their ap-
plication to alkaloid synthesis. Appropriate modifications
of these examples could be envisioned to lead to rapid
construction of target natural products such as lycorine*?
and chelidonine,*® respectively. In general these cyclo-
addition reactions proceeded without complications on a
range of substrates; however, steric hindrance appears to
suppress bond formation as evidenced by the failure of the
isocyanate derived from the a,8-unsaturated acid depicted
in entry 7 to undergo cycloaddition with benzyne under
these conditions. This particular substrate is of interest
since it could represent a potentially attractive model for
entry into the crinine-type amaryllidaceae alkaloids.

It is noteworthy that during the course of this investi-
gation a number of other conditions for mild benzyne
generation were examined in detail and found to be, in
general, inferior to the 1-aminobenzotriazole oxidation
method for the application at hand.® A detailed mecha-
nistic scenario for the process reported herein is obscure
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at this point. Benzynes are well known to participate in
{4 + 2] cycloaddition processes with a wide range of diene
addends®® and our experience to date indicates that vinyl
isocyanates tend to react in a polar, step-wise fashion with
most reaction partners to yield net [4 + 2] products.? In
this regard it is interesting to note that in some reactions
studied to date, trace quantities of a possible 3-lactam
species (vp,, 1790 cm™) have been observed in crude re-
action mixtures and pathways involving sequential [2 +
2] cycloaddition—rearrangement steps, although unlikely,
cannot be rigorously excluded at this juncture.’®¢ Efforts
to shed light on the mechanistic subtleties of these reac-
tions are currently underway in our laboratory as is the
application of the methodology to alkaloid total synthesis.
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Summary: The oxidation of enones using manganese(III)
reagents prepared from manganese(III) acetate in the
presence of various carboxylic acids or manganese(II) salts
of these carboxylic acids provided a convenient synthesis
of o’-acyloxy enones.

Sir: In the course of devising an enantioselective route to
the quassinoids,! we required an effective procedure for
the o’-oxidation of enones 1 to a’-acyloxy enones 2 as
shown in Scheme I. Previously, we experienced difficulty
with the simultaneous C-2 and C-11 oxidation? of a bis-
(enolate) derived from the tetracyclic diketones 3 and 4
in Scheme II to either a bis(a-ketol) or a bis(diosphenol)
as well as difficulty with other multistep procedures® that
would effect these oxidations. We next considered the
sequential oxidation of the C-2 and C-11 positions in which
application of manganese(III) acetate*® would effect the
C-11 oxidation of the tricyclic enone 5 in Scheme II. After
finding that this C-11 oxidation process was compatible
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Scheme I

with a limited range of C-1 protecting groups? such as the
C-18 acetate in 5, we questioned whether we could dif-
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