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Amino-oxetanes as Amide Isosteres by an Alternative Defluoro-
sulfonylative Coupling of Sulfonyl Fluorides

Nat. Chem. 2022, 14, 160-169

Dr. James Bull’s group at Imperial College London (UK) has a
long-standing interest in the preparation of four-membered
rings, especially oxetanes, and has ambitions to position any
functional group at any position on the ring. “We have in-
stalled various functional groups at the 2- and 3-positions,
but 3-aryl-3-amino oxetanes, that can be considered as
benzamide replacements, were a particular challenge,” said
Dr. Bull.

Recently, the group has been working with scientists at
Pfizer (especially Dr. James Mousseau and Charlie Choi) on
the preparation of 3,3-disubstituted oxetanes that are of in-
terest as carbonyl replacement groups. “Work from Carreira
and co-workers at Roche had previously established several
favourable comparisons,” said Dr. Bull. He continued: “We had
developed synthetic routes to activate 3-aryl-oxetan-3-ols
that react with phenols in Friedel-Crafts reactions or in thiol
alkylations. However, amines were unsuccessful as nucleo-
philes in this way.”

As part of the Bull group’s broad work in this area, they
prepared oxetane sulfonyl fluorides. Sulfonyl fluorides are
broadly used as precursors to sulfonamides and sulfonates.
In comparison to sulfonyl chlorides, these are much more
hydrolytically stable and more likely to undergo sulfur fluor-
ine exchange (SuFEx) chemistry rather than reduction. As a
result, these are increasingly used in ‘click’ processes, includ-
ing in materials chemistry and as covalent probes in medicinal
chemistry.

“However, these aryl-oxetane sulfonyl fluoride species
(OSF) did not behave at all in the usual way!” remarked Dr.
Bull. “Instead, these underwent a loss of SO, and a fluoride ion
to generate an oxetane carbocation intermediate that could
react with nucleophiles, namely a defluorosulfonylative pro-
cess. Specifically, we reacted these reagents with a wide range
of amines to form amino oxetanes that provide an interesting
mimic to the amide bond. The comparison with amides as
bioisosteres is very interesting and, perhaps more important-
ly, the aminooxetane motif is attractive in its own right, as a
small, polar and non-planar functional group that we believe
provides interesting potential in medicinal chemistry. What
is really attractive about this reaction is that the bond that is
formed is analogous to that of a typical amide bond forma-
tion, and as a result can potentially make use of the enormous

collections of amines that are available to pharmaceutical
companies.”

Dr. Bull pointed out that this is a very unusual generation
of a carbocation under extremely mild conditions, indeed un-
der slightly basic conditions. As a result, very high functional
group tolerance was obtained, with polar functionality of
various types (Figure 1). “Hindered amines, amino acid de-
rivatives, primary and secondary amines and anilines are all
successful nucleophiles,” said Dr. Bull. He continued: “Phenols
can either undergo the defluorosulfonylative coupling pro-
cess or more typical SUFEX, depending on the conditions. We
used various oxetane sulfonyl fluorides to generate a collec-
tion of 10 oxetane analogues of benzamide-containing drug
compounds. We demonstrated the potential for the late-stage
diversification of complex amines by reactions with amine-
containing drug compounds, and also through an array with
a ‘diversity set’ of amines run at Pfizer (by Dr. Dan Schmitt).”

The oxetane sulfonyl fluoride reacted at the same rate,
with first order, independent of the nucleophile, consistent
with the proposed Sy1 mechanism (Figure 2). “The structure
and stability of the oxetane carbocation was itself very inter-
esting,” commented Dr. Bull. “Dr. Alistair Sterling and Prof.
Fernanda Duarte, computational physical organic chemists
at the University of Oxford, demonstrated that the oxetane
carbocation intermediate adopts a planar conformation. This
conformation places the electron-rich aromatic and the car-
bocation on the oxetane ring in conjugation, to enable maxi-
mum stabilisation and minimise the potential steric clashes
between the ortho C-H bonds and the methylene groups on
oxetane. Consequently, the oxygen lone pair is not involved
in stabilisation. The oxetane sulfonyl fluoride reagents have
good stability at and below room temperature, but readily re-
act at slightly elevated temperatures by S 1 ionisation through
lengthening of the C-S bond.”

Dr. Bull concluded: “I would like to thank all of the colla-
borators on this work, at Imperial College, Oxford and Pfizer,
and in particular co-first authors Juan Rojas and Rosie Croft
for their outstanding work in identifying, controlling and ex-
plaining this chemistry.”
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Figure 1 Reaction scope of the defluorosulfonylation of OSFs with amines and other nucleophiles; inset: thirty-compound array
with an exemplary OSF (Ar = 4-MeOC,H,) and a diversity set of amines
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d. Proposed Sy 1 mechanism based on kinetic and computational evidence

O\ rate-determining O, O\
S\ step S\
Ar SO,F b Ar Nu

Ar
SO, + F~

Nu—H

b. Increased delocalisation and reduced sterics favour planar carbocation

R

4
H?O

H

Vs

RjCO

AE = +59.4 kJ mol™"

AE@)_ = -302 kJ mol™"!
Ay =-0.537 A

Men=2822 A

c. Sy1 ionisation of OSF through elongation of C-S bond

1638 A

1.398 A

AG* (25°C)=111.1 kJ mol
AG* (60 °C) = 110.5 kJ mol™"

Figure 2 Kinetic and computational analysis of the defluorosulfonylative oxetane amination
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