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Abstract: Reaction of N-butyl-N-(2-bromo-2-methylpropionyl)-
arylsulfonamides with CuBr/tripyridylamine leads to amidyl radi-
cals via 1,4-aryl migration with concomitant loss of SO,, which can
further undergo cyclisation to oxindoles or reduction to amides with
the ratio dependent upon the temperature and solvent utilised.

Key words: copper, radical reactions, rearrangement, tandem reac-
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We recently reported that trichloroacetamide! 1a and 2-
bromo-2-methyl-propionamide? 1b undergo reaction with
copper(I) halides and pentamethyldiethylenetriamine 4 to
furnish 2-aryl amides 3a,b via 1,4-aryl migration. At re-
flux, minor amounts of competing halide reduction to give
2a.b were also observed but levels only became signficant
at room temperature (2a/3a=61:39, 2b/3b=53:47,
Scheme 1).'? Aryl transfer from sulfonamides with loss
of SO, during radical reactions is well established and a
range of migration types including 1,4- and 1,5-aryl mi-
grations have been described.’ The majority of these pub-
lished procedures involve reactions mediated by toxic
organostannane reagents under high-dilution conditions.
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Scheme 1 Reaction of amides 1a,b with CuX—4

Conventional copper(I)-mediated atom-transfer radical
cyclisations of haloacetamides have been thoroughly in-
vestigated and a range of ligands (e.g., 4-7) have been re-
ported to facilitate these types of transformations
(Figure 1).*8 We previously screened ligands 4 and 7 in
the 1,4-aryl transfer of trichloroacetamide 1a and discov-
ered that ligand 4 was optimal for production of 3a.! In
this paper we report the affect of ligand 7 in the 1,4-aryl
transfer reaction of the related 2-bromo-2-methyl-propi-
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onamide 1b at various temperatures and in various sol-
vents (Table 1). We initially reacted compound 1b with
1.1 equivalents of CuBr and 1.1 equivalents of ligand 7 at
room temperature. The reaction was extremely slow due
to the insolubility of the CuBr—7 complex in both toluene
(entry 3) and CH,Cl, (entry 1), but when heated to solubi-
lise the complex, two products were isolated, namely the
1,4-aryl rearrangement product 3b and the oxindole 8b
(entries 2 and 4). The oxindole 8b was unexpected, but its
structure was unambiguously confirmed via the synthesis
of an authentic sample and the lack of any sulfur content
as determined by elemental analysis.’
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Figure 1 Common ligands used in copper-mediated ATRC reac-
tions

Contrary to the reaction of 1a with CuBr—7? no reduction
to 2b was detected in the NMR spectrum of the crude ma-
terial (entry 1). Mechanistically 3b and 8b (Scheme 2) are
likely to be formed via a 5-exo-ipso substitution of radical
9 (X =H) to give spirocyclohexadienyl radical 10 which
upon re-aromatisation and loss of SO, furnishes the
amidyl radical 11 (X = H).!%3" Radical 11 is partioned be-
tween two competing reaction pathways (a bimolecular
reduction to give 3b or an intramolecular cyclisation to
give 12). Reduction of 11 furnishes the observed 1,4-aryl
transfer product 3b, while the oxindole 8b may originate
via radical cyclisation of the amidyl radical 11 (X = H) to
give the cyclohexadienyl radical 12. Oxidation of this rad-
ical 12, mediated by the CuBr, formed in situ from the ini-
tial step 1b — 9, followed by elimination of a proton
provides the observed oxindole product 8b.!'!? No six-
membered cyclic sulfonamide 15 was isolated. This is in
contrast to Bu;SnH-mediated reactions of related sulfon-
amides where cyclic sulfonamide intermediates were de-
tected.? Interestingly, the ratio of products seems to be
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Scheme 2 Possible mechanism for the formation of oxindole 8b

Table 1 Effect of Solvent and Temperature on the Reaction of 1a

Bu
H N
e PPH(N\/\/ + 0=
O
3b 8b
Entry Solvent Temp Conv Mass balance Ratio
°C) (%) (%) 3b/8b*
1 CH,Cl, r.t. 33 65 1.0:0.0°
2 CH,Cl, 40 100 78 1.4:1.0
3 toluene r.t. 0 100 —cd
4 toluene 50 12 83 1.0:1.0
5 toluene 110 100 72 0.3:1.0
6 toluene 110 100 66 0.2:1.0°¢
7 THF 50 88 54 2.0:1.0
8 H,0 50 100 51 2.0:1.0°
9 MeCN 50 100 74 1.0:0.0¢

a Ratio determined by 'H NMR (300 MHz) of the crude mixture.
Reaction time 18 h.

b Reaction time = 168 h.

¢ Not measured due to low conversion.

4 Reaction time = 96 h.

¢ Reaction time = 48 h.

5% of mass balance contained reduced product 2b.

£ Only 10% of 3b was isolated. The rest of the mass balance (64%)
was uncharacterised material.

solvent and temperature dependent (changing the solvent
from CH,CIl, to toluene and increasing the temperature
leads to relatively more oxindole 8b, compare entries 1
and 2 and entries 4 and 5). The use of THF marginally
favoured the 1,4-aryl-transfer product 3b but conversion
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was poorer than for the other solvents, while both H,O and
MeCN led to byproducts and consequently more complex
reaction mixtures. Increasing the reaction time from 18
hours to 48 hours (compare entries 5 and 6) had little in-
fluence on the product ratio. Although we postulated that
oxindole 8b was likely formed via cyclisation of 11 (11 —
12 — 13 — 8b) we could not rule out its formation from
extrusion of SO, from the undetected cyclic sulfonamide
15 (i.e., 15 — 16b where 16b = 8b)."* In order to probe
this further we prepared the 4-tolyl derivative 1¢? and in-
vestigated its reaction with CuBr—7 under two sets of con-
ditions (CH,Cl,, 40 °C, 18 h and toluene, 110 °C, 24 h).
By analogy to 1b the expected products would be the 2-
aryl amide 3¢ and the 6-methyl oxindole 8¢ (assuming
pathway 11 — 12 — 13 — 8c) or 5-methyl oxindole 16¢
(assuming pathway 9 — 14 — 15 — 16¢). We also pre-
pared authentic samples of both of these oxindoles 8¢ and
16¢ via an intramolecular Friedel-Crafts acylation of the
corresponding amides 17 and 18 (Scheme 3) and key 'H
NMR and *C NMR data are presented.'* As observed for
compound 1b the nature of the solvent and the tempera-
ture at which the reaction was carried out affected the ratio
of products.'® Thus, the amide 3¢ was the major product
when 1c was heated at 40 °C in CH,Cl, over 18 hours (1¢/
8¢ =1.2:1.0, 55%) while the oxindole 8¢ was the major
product at 110°C in toluene for 24 hours, (1c/
8¢ =0.6:1.0, 94%), this parallels the reactivity of 1b (see
entries 2 and 5, Table 1). Comparison of the spectral de-
tails of the oxindole produced with authentic samples of
8c and 16¢ unambiguously indicated that the product was
6-methyl oxindole 8¢ providing further evidence for the
proposed mechanistic pathway 10 — 8c.

The generation of amidyl radicals by the loss of SO, from
sulfonamides has recently been reported by Zard'® and
amidyl radical cyclisations are well known in the
literature!” with the majority of procedures involve 4-
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Scheme 3  Synthesis of regioisomeric oxindoles 8¢ and 16¢ and re-
presentative 'H NMR data (ppm)

exo"® or 5-exo'"?* cyclisations onto alkenes. Cyclisation

of amidyl radicals directly into aromatic groups is not so
well established and only reduction was reported for the
structurally related amidyl radical 20.%
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Figure 2 Structures of amidyl radical 20 and sulfonamides 1d-h

We next briefly investigated the effect of changing the
electronic nature of the para substituent (Figure 2). The
synthesis of these substrates has been described previous-
ly.? Treating each substrate with 1 equivalent of CuBr-7
in either CH,Cl, or toluene led to both the amides 3d-h
and the oxindoles 8d-h in varying ratios (Table 2). In all
cases, the rates of reaction were faster than for the parent
compound 1b. The relative order of the rate of reaction (in
CH,Cl,) was found to be 1b =ca. 1c < 1d =ca. le =ca. 1f
< 1g = ca. 1h indicating both electron-donating and -with-
drawing groups accelerated the transformation. The inter-
mediate cyclohexadienyl radical 10 will be stabilised by
both electron-donating and electron-withdrawing substit-
uents which should favour cyclisation and is reflected in
this rate. The reactions carried out in toluene took longer
to reach completion, and this may be reflected in the rela-
tive solubilities of CuBr—7 in both solvents. As before,
changing the conditions from CH,Cl, (40 °C) to toluene
(110 °C) increased the relative proportion of the oxindole
8 in the mixture (Table 2). In CH,Cl,, the main product is
always the amide 3b-h with the ratio of the two products
3b-h/8b-h increasing from 1.2:1.0 to 4.0:1.0. The order
of this increase being similar to that reflected in the rela-
tive rates of the reactions, 1¢ =ca. 1b=ca. 1d < 1le = ca.
1f < 1g = ca. 1h. We previously reported that when 1b—d
are reacted with a different copper complex (CuBr-4) no
oxindole 8b—d is detected and 3b—d is formed.? This indi-
cates that the relative ratio of amide 3b,c to oxindole 8b,c
is temperature, solvent, and ligand dependent. A differ-
ence in reactivity and selectivity has also been observed
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between between CuBr—4 and CuBr-7 in atom-transfer
radical cyclisation reactions. In particular, radical reac-
tions that use amine ligands (e.g. CuBr—4 or CuBr-6),
generally lead to greater reduction of intermediate radi-
cals than those derived from pyridine ligands (e.g. CuBr—
5 or CuBr-7).%® The reason for this observation is not
clear, but the source of the ‘H’ mediating the reduction
was proposed to originate from the ligand (e.g.. 4 or 6) it-
self.?® Thus, the rate of reduction of 11 is likely to be faster
with CuBr—4 than with CuBr-7 explaining why no oxin-
dole is formed with the former ligand. In addition, the re-
dox potential of CuBr—4 and CuBr-7 complexes are
sufficiently different® that the rate of the oxidation step
12 — 13 is also likely to be ligand dependent.

In conclusion, we have shown that reaction of N-butyl-
N-(2-bromo-2-methylpropionyl)arylsulfonamides 1b-h
with CuBr-7 leads to amidyl radicals via 1,4-aryl migra-
tion with concomitant loss of SO, which can further un-
dergo cyclisation to oxindoles 8b-h or reduction to
amides 3b-h with the ratio dependent upon the solvent
and temperature employed.

Table 2 Effect of Substituent X on the Reactions of 1d-h
Bu

1deh CuBr/7 H N X
—| _ N
Ar \/\/ + O
O
3d-h 8d-h
Compd Solvent Temp Time Yield Ratio of
(°C) (h)* (%)° 3d-h/8d-h°
1d CH,Cl, 40 7 59 1.4:1.0
1d toluene 110 18 45 0.5:1.0
le CH,Cl, 40 7 66 2.4:1.0
1f CH,Cl, 40 8 80 2.7:1.0
1g CH,Cl, 40 4 53 4.0:1.0
1g toluene 110 18 66 1.3:1.0
1h CH,Cl, 40 18¢ 73 4.0:1.0
1h toluene 80 18¢ 45 1.0:1.0

* Time taken to reach 100% conversion.

® Combined yield of 3d-h and 8d-h.

¢ Ratio determined by '"H NMR (300 MHz) of the crude mixture.
4 The reaction had proceeded to 100% conversion in 3 h.

¢ Under indentical conditions the reaction of 1c¢ proceeded to 56%
conversion.

f A minor uncharacterised product (5%) was also isolated.
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