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A new rearrangement reaction of spirocyclic cyclobutane N-halo aminals is described. This process, promoted by treatment of the aminals with
N-halosuccinimides (NXS, X = Br or Cl), efficiently produces bicyclic amidines by a pathway involving initial N-halogenation of one of the aminal
nitrogens followed by cyclobutane ring expansion through 1,2-C-to-N migration with simultaneous N—X bond cleavage.

Reactions involving 1,2-carbon migration to a nitrogen
center comprise an important family of synthetically useful
transformations. Noteworthy examples include the Schmidt'
and Beckmann rearrangement” reactions, which are tradi-
tionally utilized as efficient methods to generate a wide array
of heterocyclic compounds. In these respective processes,
azide (N—N,) and hydroxylamine derivatives (N—OX,
X = H, Ts, etc.) are used as latent electrophilic nitrogen
centers at which new N—C bonds are formed by 1,2-carbon
migration processes. In contrast, N-halo amines have been
relatively less well explored as latent electrophilic nitrogens
in rearrangement reactions. Only a few reports exist describ-
ing rearrangement reactions that are activated by treatment
of N-chloroamines with silver salts.® Recently, the utility of
N-chloroamines as an electrophilic nitrogen source has
attracted attention in the context of useful intramolecular

aromatic amination reactions catalyzed by various metals,
such as Ni, Cu, and Ti.*

These recent observations have stimulated our interest in
exploring the potential utility of N-halo amines in rearrange-
ment reactions that can be applied to the preparation of
interesting heterocyclic compounds. In the study described
below, we uncovered a previously unreported oxidative re-
arrangement reaction of spirocyclic cyclobutane aminals,
promoted by treatment with N-halosuccinimides, that pro-
duces bicyclic amidines.

In a recent investigation,” we explored novel one-pot
reactions of aminals, formed from aldehydes and 1,2-
diamines and promoted by treatment with NBS, that lead
to the efficient formation of imidazolines (Scheme 1(1)).* In
this context, we envisaged that a new rearrangement process
might occur with haloaminals i that derive from spirocyclic
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cyclobutane aminals (Scheme 1(2)). Owing to the absence of
hydrogen on the spirocyclic aminal carbon of these inter-
mediates, elimination of HBr should not be possible and, in-
stead, a rearrangement reaction involving ring strain induced
cyclobutane ring expansion by C-to-N migration might
occur to yield bicyclic amidines.® ® A further driving force
for the 1,2-carbon migration would be provided by the neigh-
boring nitrogen, which stabilizes positive charge develop-
ment at carbon center from which 1,2-migration takes place
ina manner that is similar to the driving force for the Schmidt
reaction.

Scheme 1. Reactions of Aminals
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Bicyclic amidines are an important class of organic bases,
as is exemplified by the utilzation of 1,8-diazabicyclo-
[5.4.0lundec-7-ene (DBU) and 1,5-diazabicyclo[4.3.0]non-
S-ene (DBN) in promoting a variety of synthetically useful
organic transformations.” Existing methods for the prepara-
tion of bicyclic amidines, involving cyclization reactions of
lactam derivatives, most often require several steps and harsh
reaction conditions.'® Consequently, a new method for the
efficient preparation of these substances is an important goal.

Initial studies to explore this proposal were conducted
using the reaction of cyclobutanone (1a) with 1,2-diphenyl
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ethylenediamine (2a). Reaction of these substances in di-
chloromethane for 1 d followed by solvent removal leads
to the isolation of spirocyclic aminal 3 in nearly quanti-
tative yield. Treatment of the crude product mixture
containing 3 with NBS promotes formation of bicyclic
amidine 4a in a 93% yield (Scheme 2). When NCS is
employed in place of NBS as the halogen source, the
reaction proceeds to give a comparable yield of 4a, while
NIS promotes a lower yielding reaction. The rearrange-
ment reaction of 3 occurs spontaneously even at room
tempg:rature and in the absence of additives, such as silver
salts.

Scheme 2. Test Reaction
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Following this study, which demonstrates the feasibility
of the new bicyclic amidine forming rearrangement reac-
tion of N-halo intermediates generated from spirocyclic
aminals, we carried out experiments designed to explore the
substrate scope of the process. A one-pot procedure was
employed for these processes, involving initial condensation
of the cyclobutanone with the selected diamine followed by
oxidative rearrangement promoted by treatment with NBS.
As the results displayed in Table 1 demonstrate, reaction
takes place to produce a bicyclic amidine in excellent yield
when 1,2-diphenyl ethylenediamine (2a) and 2,2-dimethyl-
1,3-diaminopropane (2b) are used for spirocyclic aminal
formation. The presence of substituents at C-3 of the cyclo-
butane substrate was found to have no effect on the effi-
ciency of this process (Table 1, entries 2, 4, 6, and 7). In addi-
tion, reaction of the aminal derived from diamine 2a and
3-phenylcyclobutanone (1b) generates amidine 4b as a 3:1
mixture of diasteromers. Sterically bulky 3,3-disubstituted
cyclobutane derivatives also undergo this reaction to give the
corresponding bicyclic amidines in high yields (Table 1,
entries 3 and 5). Furthermore, substrates possessing BocN,
BnO, and TBDPSO groups also react under the NBS pro-
moted reaction conditions to produce products in equally
high yields (Table 1, entries 5—7). However, the aminal de-
rived from condensation of cyclopentanone with diamine 2a
does not undergo the rearrangement reaction under the con-
ditions. This finding suggests that ring strain present in the
cyclobutane ring serves as an important driving force for the
rearrangement process.

The reaction of aminal Sa, derived by condensation of
o-aminobenzylamine (2¢) was next investigated. The reaction
of the aminal 5a is of interest because two products can
possibly be produced by a difference in the reaction course.
Specifically, 1,2,3,9-tetrahydropyrrolo[2,1-b]quinazoline (6a)
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Table 1. Synthesis of Bicyclic Amidines”
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“1) Conditions: 1 (1.1 equiv), 2 (1 equiv), NBS (1.1 equiv), CH,Cl,
(0.1 M). 2) Substrates: 1b, 3-phenylcyclobutanone; 1e, 3,3-diphenylcyclo-
butanone; 1d, 7-tosyl-7-azaspiro[3.5]nonan-2-one; le, 3-(2-(benzyloxy)ethyl)
cyclobutanone; 1f, 3-(2-((ferz-butyldiphenylsilyl)oxy)ethyl)cyclobutanone;
2b, 2,2-dimethyl-1,3-diaminopropanes.

and 1,2,3,5-tetrahydropyrrolo[1,2-a]lquinazoline (6a’) can be
produced depending on which nitrogen is more rapidly halo-
genated (Scheme 3).

Aminal 5a is readily prepared by condensation of cyclo-
butanone with o-aminobenzylamine (2c¢) in refluxing CHCl3
and purified by using silica gel column chromatography.
Although NBS is an ideal promoter for reactions of aminals
generated from aliphatic diamines, this halogen donor is not
suitable for reaction of 5a owing to the fact that a complex
product mixture is produced as a result of competitive aro-
matic ring bromination processes. However, NCS was found
to be an excellent oxidant for promotion of the reaction of
5a, which selectively produces the 3,4-dihydroquinazoline
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Scheme 3. Possible Reactions of Aminal 5a Derived from
o-Aminobenzylamine and Cyclobutanone
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6a (deoxypeganine)'' in 90% yield (Scheme 4). Impor-
tantly, the amidine 6a’ was not detected in the product
mixture. This observation suggests that the rearrangement
reaction of 5a is initiated by selective chlorination of the
more nucleophilic aliphatic amine rather than the less
nucleophilic aniline nitrogen (Scheme 3, path a). When a
5:1 mixture of diastereomeric aminals Sb is used as sub-
strate, a rearrangement reaction occurs with the same
efficiency to yield 3,4-dihydroquinazoline 6b, formed by
initial aliphatic amine chlorination. Furthermore, the
structurally interesting ring-fused pentacyclic amidine 6¢
can be prepared in high yield by reaction of the aminal 5S¢,
arising by condensation of cyclobutanone derivative 1g
with o-aminobenzylamine. The reaction of 5c¢ showed a
selectivity trend of this transformation: the secondary alkyl
carbon migration was substantially preferred rather than
primary alkyl carbon migration from the possible intermedi-
ate i (Scheme 4, a vs b in intermediate i).

Scheme 4. Synthesis of 3,4-Dihydroquinazolines
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Interestingly, amidine 6a can be readily transformed to
quinazolinone alkaloid, deoxyvasicinone, by oxidation with
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Scheme 5. Oxidation of 3,4-Dihydroquinazoline 6a
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KMnO,"? (Scheme 5). Quinazolinone and related alkaloids
have attracted recent interest owing to their biological
activities, and a number of studies have been conducted
probing the synthesis of important members of this family.'?
Thus, the route utilizing oxidative rearrangement reactions
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of cyclobutane aminals represents a new strategy for the
preparation of these alkaloids.

In conclusion, the studies described above have led to the
development of an efficient method for the synthesis of
bicyclic amidines that relies on a previously unreported
rearrangement reaction of N-halo aminals. In addition, the
biologically important dihydroquinazolinone alkaloids
were prepared in this effort. Investigations exploring the
full scope of the new rearrangement reaction and its
applications are currently underway.
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