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s Chiral amines are formed by the highly diastereoselective
intramolecular addition of alkyl and aryl radicals onto chiral
mesityl sulfinimines.

Chiral amines are an important class of compounds, and
find uses in the fields of drug discovery, materials synthesis
10 and natural product synthesis. Of the many methods for the
synthesis of chiral amines,' the addition of nucleophiles to
chiral sulfinimines is often the most reliable, simple and
general method.> Whilst there have been a large number of
reports on the addition of anionic nucleophiles to both the
15 Ellman tert-butanesulfinimines and Davis p-
toluenesulfinimines,” relatively little work has been disclosed
on the use of radical addition to these motifs. Following on
from a few reports throughout the past decade on their Sml,-
mediated radical dimerisation or coupling with carbonyls® and
0 addition of cyclic ether-stabilised radicals to sulfinimines,*
recently Garcia Ruano reported the first general study on
intermolecular radical addition to Ellman-type sulfiminines.’
Their study looked at addition of alkyl radicals to (mainly)
aryl tert-butanesulfinyl aldimines activated by complexation
»s with the strong Lewis-acid boron trifluoride. They showed
that radical addition gave the same type of 1,2 addition
products as Grignard addition, with yields in the range of 32-
98% and notably high diastereoselectivity (90->96% de),
although a large excess (typically 10 eq) of alkyl iodide
30 radical precursor was used. Prompted by this disclosure, we
herein detail our preliminary investigations into the
intramolecular radical reactions of chiral mesitylsulfinimines.
Our work in this area was prompted by our on-going
interest in the chemistry of sulfinimines,® and by pioneering
3 reports by Malacria’ and Clive® on radical additions to imine
derivatives. Clive found O-trityl oximes to be good substrates
for radical cyclisation, whilst Malacria described a single
example of radical addition to Davis-type p-
toluenesulfinimines, which gave moderate diastereoselectivity
40 in the presence of the Lewis Acid MAD (Scheme 1).

N BugSnH, AIBN L NH

MAD, PhH, it
60% yield, 66% de

Scheme 1. Malacria’s report of radical cyclisation. Absolute
configuration of diastereomers was not reported.

We initially decided to investigate the intramolecular

ss radical addition of an Ellman-type fert-butylsulfinimine, as

our previous work on aziridine synthesis with carbenoid-type

reagents’ had shown that these larger rert-butanesulfiminines
gave higher stereoselectivity than the tolyl variants (Table 1).
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Table 1 Initial studies into radical cyclisation of sulfinimines

entry Substrate Initiator ~Propagator Temp ;ield dr

1 la AIBN Bu;SnH 80 °C, - -

2 la AIBN (Me;Si);SiH - 80 °C, - -

3 1b AIBN BusSnH 80 °C, - -

4 1c AIBN BusSnH 80 °C, 50% >98:2
5 1c AIBN (MesSi);SiH - 80 °C, - -

6 1c Et;B/ 0, BusSnH 40 °C, 61% >98:2
7 1c AIBN 3 80 °C, 22% >98:2
8 1c EtB/0, 3 40 °C, 33% >98:2

All reactions carried out in benzene for 2 hours.

Thus we initially investigated the intramolecular cyclisation

so of compound 1a, which contained a bromide radical
precursor, tethered to a fert-butanesulfinimine. After initial
failure using AIBN with tributyltin  hydride'® or
tris(trimethylsilyl)silane, we then looked at using the aryl
iodide radical precursor 1b. However, again we were not able

ss to promote the radical cyclisation, although deiodination of
the aryl iodide was observed. We thus surmised that a more
electron rich sulfinimine might be more reactive towards
radical addition: both Malacria and Clive’s precedents used
such electron rich imine derivatives. We therefore turned to
s mesitylsilfinimines. Initially introduced by Davis,'"' we have
found that they offer selectivity near that of the hindered tert-
butanesulfinimines, but offer complementary reactivity in
Grignard additions, giving high diastereoselectivities in an
open-transitions state addition.'”> Furthermore, the mesityl
s group can be more easily removed, which can be useful for
particularly  sensitive  substrates such as  N-sulfinyl
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aziridines.'™'" We recently reported a convenent one-pot

procedure for the synthesis of mesitylsulfinimines in >99% ee
using a phenyl alanine-based template,'* and thus they are also
readily available substrates. It is interesting to note that this is
different to the course taken by Garcia and co-workers, who
also faced the issue of low reactivity.” Working independently
to us, they instead utilised activation of the ters-
butanesulfinimines with boron trifluoride in order to increase
their reactivity towards radical addition, as well as using an
10 excess of radical precursor, in their intermolecular radical
addition protocol. The stereoselctivity of our radical
cyclisation follows the same sense of induction as Garcia
noted, as confirmed by the X-ray crystal structure of adduct
2¢ (Figure 1).

w

20

Figure 1. X-ray crystal structure'® of 2c.

With mesitylsulfinimine 1¢ in hand, we then explored a
range of radical initiators and propagators (Table 1). We were
very happy to find that the mesitylsulfinimines were able to
undergo radical cyclisation under a range of conditions, in
each case giving the product 2¢ with complete
diastereoselectivity, despite the elevated temperatures of these
reactions. We were also pleased to find that tin-free
conditions could be used, using the Malacria / Curran®® N-
heterocyclic carbene borane complex 3 as a hydrogen atom
donor with either triethyl borane / oxygen or AIBN as
initiator, although attempts to use the more common and
3s commercially available tris(trimethylsilyl)silane propagator

were not fruitful.
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Scheme 2. Investigation of tether length and heteroatom inclusion.

40 Having found success with the mesitylsulfinyl group, we
then turned our attention to investigating chain length,
inclusion of heteroatoms in the chain, and the use of more
substituted aryl groups, heteroaryl groups, and all-alkyl

systems.
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Figure 2. X-ray crystal structure'® of 5b.

Initially, we looked at inclusion of an oxygen in the tether,
and the length of the tether (Scheme 2). It was found that
o phenol-derivative 4a cyclised in similar yield to the all-
carbon analogue explored previously. Increasing the chain
length to form a six-membered ring (5b) also worked, albeit in
slightly reduced yield. The six-ring 5b was found to be
crystalline, and thus we were able to confirm the sense of
induction in the cyclisation is consistant in the formation of
the five-membered ring 2¢ and the six-membered ring Sb
system (Figure 3). We found the mesityl sulfinimine group of
5a was easily removed in near-quantitative yield by treatment
with 4M HCI (Scheme 3).

o) 4 M HCI o)
EE—
_ 98%
Ne

6:

o

70

HN-g NH, .HCI
5a Mes 6
75 Scheme 3. Removal of mesitylsulfinyl group.

We then looked at aliphatic precursors. The simple N-tosyl
tethered system 7a was prepared, but upon reaction it was not
found to undergo radical cyclisation (Scheme 4). Rather,
elimination of the terminal iodide to form alkene 8a was
observed. Cyclohexane derivative 7b, which is not able to
undergo an elimination, was successful in the cyclisation
reaction, giving spirocycle 8b in a good 73% yield as a single
diasteromer (X-ray structure, Figure 3).
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100 Scheme 4. Investigation of aliphatic radical presursors
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Figure 3. X-ray crystal structure'* of 8b. Structure shown is one of
three independent molecules of compound 8b in the asymmetric unit.

Finally we investigated two electron-rich aryl bromides as
radical cyclisation precursors (9a and 9b, Scheme 4). In each
case, we found that the reaction was able to proceed, albeit
with modest yield. No other side-products or starting material
was isolated from these reactions. Both products were formed
as single diastereoisomers. In the case of thiophene adduct
10b, the absolute configuration was confirmed by X-ray
crystallography (Figure 4), and we assumed the absolute
stereochemistry of 10a would be that shown by analogy with

10b.
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Scheme 4. Cyclisation of electron-rich aryl bromides

In conclusion, we have found that S-mesitylsulfinimines are
able radical acceptors, and undergo radical cyclisations with
exquisite control of diastereoselectivity. The product chiral
sulfinamines are easily deprotected to give chiral amines
which have fused aryl/aliphatic and spiro aliphatic ring
systems, making them interesting as chiral building blocks for
screening collection enhancement.'® Further studies are
underway in our laboratories to fully explore the scope and
limitations of this wunusually diastereoselective radical
cyclisation methodology, which will be reported in due
course.
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Figure 4. X-ray crystal structure'* of 10b.
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Cyclisation of aryl and alkyl radicals with tethered chiral mesitylsulfinimines is

found to proceed with exquisite diastereoselectivity.
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