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Abstract—A novel method for the stereoselective preparation of 1-azaspiranes is described. Treatment of o- and B-substituted
3-(methoxyphenyl)-N-methoxypropionamides 1 with phenyliodine(III) bis(trifluoroacetate) initiates efficient azaspirocyclization,
via a putative N-acylnitrenium ion intermediate, to provide cyclohexa-2,5 and 2,4-dienone spirolactams 8 and 11 with good
n-facial selectivity. Furthermore, a preliminary study indicates that this strategy is also amenable to the preparation of

1-azaspiro[5.5Jundeca-2,5-dienones. © 2003 Elsevier Science Ltd. All rights reserved.

Spirocyclic cyclohexadienones are useful synthetic inter-
mediates, which have been employed in the preparation
of an extensive range of biologically active molecules.
These molecules are most often prepared via the oxida-
tive spirocyclization of phenols,! a process which for-
mally involves generation of an aryloxenium ion and
intramolecular capture of this intermediate by O-, C-
and, less commonly, N-nucleophiles.?
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Scheme 1. N-Acylnitrenium ion-promoted spirocyclization.

In contrast to the numerous applications of phenolic
oxidation, dearomatizing spirocyclizations, which are
triggered by an electrophilic center pendant to the
aromatic ring, are not as routinely utilized in synthesis.
Examples of this type of reaction include the Brensted
acid-catalyzed cyclization of a-diazo ketones,® the
Lewis acid-catalyzed spirocyclization of phenethyl
oximes* and allenyl ketones,® and the spiroannelation
of phenolic tosylates.® Unfortunately, low yields,
restrictive structural requirements and harsh reaction
conditions are serious obstacles to these transforma-
tions, which, at times, have impeded their application.”

* Corresponding author. Tel.: +1-312-355-1035; fax: +1-312-996-0431;
e-mail: wardropd@uic.edu

In this context, the azaspirocyclization of N-acyl-N-
alkoxynitrenium ions 3 (Scheme 1), which can be gener-
ated under mild conditions by the treatment of
N-methoxyamides 2 with iodine(III) reagents, is attrac-
tive since it is both efficient and compatible with a
range of substrates and functional groups.®

Furthermore, the potential of this underutilized chem-
istry is enhanced by the fact that the accessible 1-aza-
spiro[4.5]decane and -[5.5]undecane systems 4 form the
substructure of a diverse range of natural products’ and
other bioactive molecules.'® Significantly, the spirocen-
ters of many of these targets, including FR901483 (5)
and Fasicularin (6) are asymmetric (Fig. 1). As part of
an ongoing program to realize the potential of N-acyl-
N-alkoxynitrenium ions, we recently reported the syn-
thesis of the  l-azaspiro[4.5]decane  alkaloids
TAN1251A'""* and desmethylamino FR901483.!!°
Herein, we now disclose a strategy to effectively control
the m-facial selectivity of this reaction which represents
a novel approach to the stereocontrolled preparation of

1-azaspiranes.
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Figure 1. Azaspirocyclic natural products.
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Table 1. Diastereoselective spirocyclization of a- and B-substituted 3-(4-methoxyphenyl)-N-methoxypropionamides 7'8

Rz R R, R R, R
R, R,
PIFA o S o S
0”7 "NH OMe D N S—~¢
MeO MeO MeO ™
7 anti-8 syn-8
Entry 7 R, R, R, Yield of 8 (%)* dr (anti:syn)®
1 7a H Me Me 75¢ >98:2
2 7b Me H Me 75 5.6:1
3 Tc H n-Bu Me 79¢ >98:2
4 7d n-Bu H Me 87¢ 5.3:1
5 Te H Me i-Pr 81 >98:2
6 7t Me H i-Pr 72 6:1
7 7g H Me OMe 90 4:1
8 7h Me H OMe 854 12:1
9 7i H n-Bu OMe 97 1.6:1
10 7§ n-Bu H OMe 684 11:1
11 7k CH,Ph H OMe 98¢ 11:1
12 7 OTIPS H OMe 88¢ 12:1

@ Unless otherwise noted, yields reported for combined diastereomers, isolated after purification by chromatography and/or recrystallization.
b Ratio of anti-8 and syn-8 determined by NMR analysis of appropriate, characteristic proton signals in the unpurified product mixture.

¢ Single diastereomer observed in the '"H NMR spectrum of the unpurified product.

4 Chromatographically inseparable mixture of diastereomers; recrystallization from EtOAc and hexanes provided pure anti-8.

¢ Inseparable mixture of diastereomers.

Despite the current interest in asymmetric dearomatiza-
tion,!? the issue of m-facial selectivity in the context of
oxidative spirocyclizations has received surprisingly lit-
tle attention. A review of the literature reveals that in
many of the substrates from which spirocyclic cyclo-
hexa-2,5-dienones are generated, the arene has a longi-
tudinal plane of symmetry and, as a result,
dearomatization leads to the formation of a chirotopic
nonstereogenic quaternary center,'® e.g. 2—4 (R=H).
However, if the aromatic ring is substituted in a way
that breaks this symmetry, i.e. 2 (R#H), then the
n-faces become heterotopic and a new quaternary
stereogenic center is formed upon spirocyclization.
While a few reports indicate that induction at the ipso
position during the oxidative spirocyclization of phe-
nols is feasible,'* examples involving pendant elec-
trophile-triggered spirocyclizations have rarely been
documented.'®

Our first undertaking has been to examine the influence
that stereogenic centers, present in the N-acyl side-
chain of 2, have upon n-facial selectivity. To this end, a
series of  3-(4-methoxyphenyl)-N-methoxypropion-
amides 7a-1 (Table 1) bearing a variety of o-aryl and
side-chain substituents were prepared from the corre-
sponding carboxylic acids, through coupling with
methoxyamine. These acids, in turn, were accessed from
either the parent aryl bromides, cinnamic acid esters or
dihydrocinnamic acids by well established synthetic
methods.!®

In our previous investigations the cyclization of N-
methoxyamides was carried out at 0°C;!'! however, dur-
ing the course of this study, we found that the efficiency
of this process could be improved by carrying out the

reactions at low temperature. Thus, treatment of 7 with
phenyliodine(III) bis(trifluoroacetate) (PIFA) at —78°C
followed by addition of water at —20°C (to ensure
hydrolysis of the intermediate acetal)!'® cleanly gave
spirolactam 8 in good to excellent yield. After separa-
tion by chromatography and/or crystallization, the rela-
tive stereochemistry of the individual diastereomers was
readily assigned on the basis of correlations observed in
the 2D-NOESY spectra.

In the case of products 8d, 8k and 8l, the diastereomers
proved to be inseparable and, as a result, characteriza-
tion was carried out on the purified mixtures. As indi-
cated in Figure 2, the relative configuration of anti-8e
was further confirmed by X-ray crystallographic
analysis."”

Figure 2. X-Ray crystal structure of compound anti-8e.

A priori, we anticipated that spirocyclization of the
nitrenium ion generated from 7 would preferentially
proceed via a transition state resembling A* to form
anti-8. Conformer BY, on the other hand, would be
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destabilized due to nonbonding interactions (benzylic
strain)!® between the substituents on the side-chain and
the ortho position of the aromatic ring (Fig. 3).%°
Indeed, consistent with this model, in all cases studied,
the anti isomers were found to be the predominant
products with selectivities ranging from modest (entry
9) to excellent (entries 1, 3 and 9).

However, an examination of Table 1 does reveal some
rather surprising trends. First, for substrates with o-
methoxyl substituents, the level of 1,3-induction is sig-
nificantly higher than 1,2-induction (7g versus 7h).
These results are contrary to our original expectation
that benzylic 1,3-strain between R, and R; would be
the predominant control element irrespective of the
ortho-substituent. Conversely, in the case of 7a and 7b
(entries 1 and 2), which have o-methyl groups, this
trend is reversed and the level of 1,2-induction is sub-
stantially higher. Second, for substrates with o-
methoxyl substituents, an increase in the size of the
B-substituent (R,) results in a decrease in stereoselectiv-
ity (7g versus 7i), again contrary to expectation. Inter-
estingly, this behavior is not replicated in the o-alkyl
series, where the substitution of methyl (7a) for n-butyl
(7c) at the B-position does not have a deleterious effect
upon stereoselectivity.

Encouraged by these initial findings, we extended our
study of the Ar;-5 cyclization manifold to 3-(2-
methoxyphenyl)propionamides 9, which undergo spiro-
cyclization to form 2,4-dienones 11 (Scheme 2). While
there is much interest in the preparation and use of
orthoquinone monoketals and their orthoquinol vari-
ants,"!*d known methods for the preparation of aza-
spirocyclic  2,4-dienones are limited,®® despite the
potential value of these molecules as synthetic building

blocks.
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Scheme 2. Stereoselective preparation of cyclohexa-2,4-
dienone spirolactams 11: Reagents and conditions: (a) PIFA,
CH,Cl,, MeOH, -78—-20°C, 1.5 h; (b) 1 M HCI, THF,
H,O0, rt, 40 min.

Oxidation of 9a provided dienone 11a accompanied by
varying amounts of dimethyl acetal 10, which pre-
sumably arises from interception of the Wheland-type
intermediate generated upon azaspirocyclization.?!
Since 10 and 11a proved to be chromatographically
inseparable, this mixture was hydrolyzed with aqueous
HCI to provide 11a as a 4:1 mixture of anti and syn
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Figure 3. Stereochemical course for the spirocyclization 3-(4-
methoxyphenyl)-N-methoxypropionamides 7.

diastereomers that were separated by column chro-
matography. Cyclization of 9b and subsequent hydroly-
sis also proceeded smoothly to provide 11b as a 95:5
mixture of diastereomers (by 'H NMR), which upon
purification by column chromatography yielded anti-
11b.>>23 The increased level of m-facial selectivity
observed during the dearomatization of 9b, in compari-
son with its 2,4-dimethoxyphenyl congener 7h (Table 1,
entry 8), is unexpected given the similarity between
these substrates. Whether this observation is due to the
differing reactivity of the o-methoxy- and o.,p-
dimethoxyarenes, or some other factor such as selective
product decomposition, has yet to be established. That
n-facial selectivity was observed during the reaction of
9b is intriguing in itself given that the oxidative spiro-
lactonization of a related o-methyl substituted 3-(2-
hydroxyphenyl)propionic acid has recently been
reported to proceed with negligible stereoinduction.!4d

Methods for the expeditious synthesis of 1-aza-
spiro[5.5Jundecanes are of considerable importance as
this ring system is present in a number of bioactive
natural products,?* including the histrionicotoxins®* and
the cytotoxic marine alkaloid fasicularin (6).2° A pre-
liminary investigation of the Ar,-6 cyclization pathway
was therefore also undertaken in an effort to gauge the
generality of our methodology (Scheme 3). Gratify-
ingly, upon treatment with PIFA under the conditions
previously described for 7, 4-arylbutanoamide 12
underwent cyclization to provide l-azaspiro[5.5]-
undecadienone 13 in excellent yield and with complete
anti selectivity, as indicated by a 2D-NOESY experi-
ment.

Me Me Me
( ; PIFA Me
0” "NH OMe CH,Cl, O N™ Ng
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Scheme 3. Stereoselective preparation of 1-azaspiro[5.5]-
undeca-2,5-dienone 13.

In summary, we have developed a novel strategy for the
stereocontrolled preparation of 1-azaspiranes based on
the m-face selective spirocyclization of N-acylnitrenium
ions. The products of this reaction represent potentially
useful building blocks for the preparation of a range of
biologically active target molecules. Further work to
establish the scope and limitations of this methodology,
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through its application to the synthesis of azaspiro-
cyclic natural products, is underway. Our progress will
be reported in due course.
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