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Efficient oxidative spirocyclization of phenolic sulfonamides
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Abstract—Treatment of various homotyramine sulfonamides with iodobenzene diacetate in hexafluoroisopropanol induces
oxidative spirocyclization in high yield. © 2002 Elsevier Science Ltd. All rights reserved.

Ongoing investigations on the synthesis of cylindricines
and related alkaloids' mandated the development of an
effective method for the oxidative cyclization of free
primary amines such as 2, or appropriately protected
variants thereof, to intermediates of general structure 1
(Scheme 1). Recent work from this laboratory has
established an avenue to spirolactams 4 via oxidative
cyclization of phenolic oxazolines 3 (Scheme 2) with
iodobenzene diacetate (‘DIB’).? The analogous oxidative
cyclization of phenolic secondary amines (cf. 556, X=
N-alkyl) is possible,® but it remains problematic. Yields
are often unsatisfactory, and the spirocyclic goals 6 are
accompanied by a host of byproducts. Such shortcom-
ings are magnified when the amino group in the substrate
is primary (5, X=NH),* rendering the transformation
entirely unsuitable for multistep synthetic operations.
This has represented a major limitation of a valuable new
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technology. Efforts to resolve this problem led us to
explore sulfonamides (cf. 5, X =R-SO,N) as equivalents
of primary amines. This choice was motivated by a
perceived analogy between the chemical behavior of
sulfonamides and that of alcohols. For instance, sulfon-
amides undergo N-acylation at a rate comparable to that
of primary alcohols.> Oxidative treatment of furyl-
carbinols® and N-sulfonyl furfurylamines’ efficiently pro-
duces dihydro-B-pyranones and dihydro-B-pyridones,
respectively, whereas N-acyl furfurylamines are not sub-
strates for this reaction.® Because alcohols of the type 5
(X=0) cyclize efficiently to ethers 6 (X=O0O) upon
exposure to DIB,’ it seemed plausible that analogous
sulfonamides may behave in a like manner. We now
report that sulfonamide substrates indeed react with
unprecedented efficiency in these heretofore problematic
oxidative transformations.
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Substrates 7 were prepared by conventional methods,'°
and their DIB oxidation was studied in both tri-
fluoroethanol (TFE) and hexafluoroisopropanol
(HFIP). As observed by Kita,!! the use of such fluori-
nated alcohols as solvents is essential for the success of
many DIB-mediated processes. A proclivity to form
byproducts of the type 9 (Scheme 3) was observed when
the reaction was carried out in TFE, signaling that this
alcohol is an inappropriate solvent for the present
transformation. An analogous problem was detected
during our prior work with oxazoline substrates.” On
the other hand, clean, rapid, and efficient conversion to
spirocycles 8 (Table 1) ensued upon reaction of 7 with
DIB in HFIP. This is in strident contrast to the behav-
ior of oxazolines, which normally afford moderate
yields (45-50%) of spirocyclic products under similar
conditions, let alone that of free secondary amines, for
which yields are generally in the neighborhood of
30%.12

The reaction appears to be largely insensitive to the
steric demand of the sulfonamide unit. Thus, N-mesyl
and N-tosyl substrates 5a and 5b cyclized with equal
efficiency. Especially significant is the cyclization of
Fukuyama-type'® 4-nitrobenzenesulfonamide Sc, which
may be elaborated to intermediates that are deblocked
under mild conditions. The methyl ester of N-tosyl
homotyrosine, 7d, reacted normally and in high yield;
however, the reaction of bis-sulfonamide 7e proceeded
less efficiently. The reasons for this remain unclear.

Table 1. Oxidative spirocyclizations of phenolic sulfon-
amide substrates
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a 4-Me-C¢H, H H 97
b Me H H 97
c 4-O,N-C¢qH, CH,Br H 84
d 4-Me-C¢H, COOMe H 92
e Me H NHSO,-4-Tol 60
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The oxidative cyclization of sulfonamide 10, leading to
spiropiperidine 11 (Scheme 4) occurred in a modest
20-30% yield (estimated by NMR and unoptimized),
and induced formation of much polymeric material.
Analogous difficulties with six-membered ring forma-
tion had also been observed with oxazolines sub-
strates.’® Spiropiperidine  synthesis thus remains
problematic even via sulfonamide technology.

A typical experimental procedure to effect spirocycliza-
tion of phenolic sulfonamides is as follows. A 1 M
solution of DIB in HFIP (1.05 equiv. of DIB) is added
dropwise at room temperature to a 10% (w/w) solution
of the substrate (1 equiv.) in HFIP, with good stirring.
No inert atmosphere is necessary. The initially colorless
solution changes to yellow and then to blue-green as
the reaction progresses. After 30 min at rt, the solution
is concentrated in vacuo and the crude residue is
purified by chromatography.'

In summary, a practical and efficient new method for
the creation of nitrogen spirocycles is now available.
Synthetic applications of the methodology will be
described in due course.
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