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Copper Catalysed Oxidative a-Sulfonylation of Branched 
Aldehydes Using the Acid Enhanced Reactivity of Manganese(IV) 
Oxide 
Joe I. Highama

 and James A. Bull*a

The oxidative coupling of secondary aldehydes and sulfinate salts is 
achieved using copper catalysis to form a-sulfonyl aldehydes. The 
use of an acidic co-solvent is important to adjust the oxidation 
potential of MnO2 as oxidant. A broad range of sulfonylated 
aldehydes is prepared, and their further functionalisation is 
demonstrated. A dual ionic/radical pathway mechanism is 
proposed. 

Oxidative cross-coupling reactions are formally a coupling between 
two nucleophiles (Figure 1a), with the Chan–Lam coupling as a 
notable copper-mediated example.1 The choice of oxidant is crucial to 
effectively remove excess electrons from the system. In the case 
where either, or both, coupling partners and the product could be 
oxidised in a non-productive manner, requirements are narrow to 
avoid side reactions. Sulfinate salts are attractive nucleophiles to use 
in oxidative couplings as readily available, easily handled solids, for 
the direct preparation of medicinally important sulfones,2 but can 
themselves be oxidised in an unproductive manner. a–Quaternary 
sulfones feature in several medicinally relevant compounds (Figure 
1b).3–6 Examples include CB2 agonists,3 5-lipoxygenase-activating 
protein (FLAP) modulators,4 RIP2 kinase inhibitors,5 and matrix 
metalloprotein inhibitors which have shown efficacy in the treatment 
of cancer, arthritis and cardiovascular disease.6 There are few direct 
methods used for their synthesis and current routes require multiple 
steps: thioalkylation then oxidation, double alkylation of a sulfonyl 
ester/nitrile, reaction of a pre-formed enolate with a sulfonyl fluoride 
under cryogenic conditions,3-6 rearrangement of vinyl tosylates,7 or 
rearrangement of an epoxysulfone.8 The oxidative coupling of 
sulfinate salts to form a- and b-sulfonylketones has been 
demonstrated using aryl-ethyl-ketones,9 and tertiary cyclopropanols 
respectively.10,11 The oxidative cross-coupling of aldehydes and 
sulfinate salts forming a–sulfonyl aldehydes directly is not known.  
The coupling of branched aldehydes with sulfinate salts would allow  

 
Figure 1: a) Schematic oxidative coupling. b) Medicinally relevant quaternary sulfones.  
c) This work detailing a method to access quaternary sulfonyl–aldehydes via a key 
oxidative coupling. 

rapid access to a-sulfonyl aldehydes in a single step and provide a 
valuable handle to install directly the type of adjacent functionality 
displayed in the compounds in Figure 1. 
 Notably the targeted coupling involves three potentially 
oxidatively sensitive species, presenting an interesting challenge to 
identify an oxidant of high selectivity to achieve product formation 
without degradation. Here we report a realisation of this approach 
using MnO2 in the presence of acetic acid to enhance the redox 
potential. 
 Initially, we examined copper catalysed processes along with a 
range of oxidants, intending to form Cu enolates to intercept with 
sulfonyl radicals. An initial hit was achieved using silver acetate as an 
oxidant, and the reaction conditions were optimised examining all 
parameters (See S.I. for full discussion). Effective conditions for the 
coupling of cyclohexane carboxaldehyde 1 with p-tolylSO2Na 2a 
were achieved using the combination of copper triflate with 
bathophenanthroline ligand, and silver acetate (Scheme 1a). A solvent 

c) This work - oxidative coupling to α-sulfonylaldehydes

O

H

R R’

O

S

R R’
R’’

OO

S
R’’NaO

O

[O]

Cu

+ H+  +  [M]+  +  2 e-Nu H + Nu' [M] Nu Nu'metal cat.

a) Schematic oxidative coupling

S

R R’
R’’

OO

N

S
N
H

O

HO
OO

O

CF3

matrix metalloproteinase inhibitor
anti-cancer, anti-arthritis

OH

S
OO

N

HN

NHN

S

NN

NH2

MeO

FLAP modulator
anti-inflammatory

Cl

S
OON

N
H

N NH

tBu OO

H2N

CB2 receptor modulator
anti-inflammatory

b) Medicinaly relevant α-quaternary sulfones

MeO

kinase inhibitor
anti-arthritis

access to diverse quaternary sulfones

F

a. Department of Chemistry, Imperial College London, Molecular Sciences Research 
Hub, White City Campus, Wood Lane, London W12 0BZ (UK). 

Electronic Supplementary Information (ESI) available: [Additional optimisation and 
control reactions, DOE results, experimental procedures and characterisation data]. 
See DOI: 10.1039/x0xx00000x. All raw and processed data for this manuscript can 
be found at the Imperial College London Research Data Repository (doi:  
https://doi.org/10.14469/hpc/6794).  
 

Page 1 of 4 ChemComm

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 1
7 

M
ar

ch
 2

02
0.

 D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

R
ea

di
ng

 o
n 

3/
17

/2
02

0 
12

:2
3:

00
 P

M
. 

View Article Online
DOI: 10.1039/D0CC01576H

https://doi.org/10.1039/d0cc01576h


COMMUNICATION Journal Name 

2  |  J. Name. , 2012, 00,  1-3  This journal is © The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

mixture of water and ethanol was most productive, ensuring 
homogeneity of the reaction mixture. This reaction was optimised to 
provide 69% of the coupled product, however, other aryl sulfinate 
salts were significantly less reactive (Scheme 1b), and the yields were 
not improved by modifying reaction conditions or increasing time. 
There was an apparent correlation between yield and the electrode 
potential of the sulfinate salt (Scheme 1c).12 In order to improve the 
scope of the reaction, a stronger oxidant was needed, preferably one 
which could be fine-tuned to maximise the efficiency of the coupling.  

 
Scheme 1: a) Silver mediated oxidative sulfonylation of cyclohexane carboxaldehyde 1. 
b) Yield of sulfone and electrode potential of sulfinate salt.12 c) Correlation of yield and 
electrode potential with silver mediated conditions. Reactions performed on 0.4 mmol 
scale. All yields are isolated yields.  

 Strong oxidants, such as potassium persulfate, led to over-
oxidation. Instead, we chose to examine MnO2, which gave low yields 
initially but was compatible with the reaction conditions. The 
oxidative ability of MnO2 is known to change with pH, which can be 
understood by its redox couple (Eq 1). 
 

  [MnO2 + 4H+ + 2e- → Mn2+ + 2H2O]    Eq 1 
 

A broad range of electrode potentials can be accessed by tuning the 
pH of the system [pH 4–0, 0.8–1.2 V].13 This property has been little 
explored in synthetic studies, therefore MnO2 was selected for further 
investigation.  
 Several acidic additives were screened with a range of sulfinates, 
and acetic acid was identified as an effective additive. Using acetic 
acid as a co-solvent gave 71% of the sulfonylated adduct 3a using 
cyclohexylcarboxaldehyde 1 and p-tolylSO2Na 2a (Table 1, entry 1). 
In the absence of acetic acid, a low yield was observed (Entry 2). In 
the absence of MnO2 the reaction proceeds in low yield, indicating 
oxygen from air can facilitate the reaction and some turnover of the 
Cu catalyst (Entry 3). A lower loading of AcOH led to a small 
decrease in yield (Entry 4). When using trichloroacetic acid, no 
product formation was observed, potentially due to the lower pH 
leading to the MnO2 being rendered too oxidising leading to product 
and substrate degradation (Entry 5). Under ligandless conditions, a 
significant reduction in yield was observed emphasising its 
importance in the reaction (Entry 6). The reaction was still observed 
in the absence of copper, indicating that under MnO2 conditions there 
is a copper-independent mechanism for product formation (Entry 7).14 
A slight decrease in reaction yield was observed when the reaction 
was run under argon indicating that while air is beneficial it has only 
a minor role in reactivity (Entry 8). Unexpectedly, the reaction 

proceeded in the presence of radical traps (TEMPO and 
dihydroanthracene) without significant loss in yield (Entry 9 and 10). 
This suggests that the reaction could be proceeding by multiple 
reaction pathways. When increasing the scale of the reaction, a further 
increase in yield was observed, potentially due to reduced losses from 
evaporation, affording 85% of sulfonyl-aldehyde 3a on 6 mmol scale 
(Scheme 2). 

Table 1: Change to standard conditions. 

 

Reactions performed on 0.2 mmol scale. a Yield determined by 1H NMR using 1,3,5-
trimethoxybenzene as an internal standard. 

 With these conditions, we next investigated the tolerance of the 
reaction to substrate changes (Scheme 2). Improved yields were 
observed for all aryl sulfinate salts compared to the silver mediated 
conditions. Electron-neutral (phenyl) and aryl groups with electron-
rich substituents (p-OMe and p-tBu) gave 3b–3d in excellent yields. 
Aryl sulfinates with p-F, p-Cl and p-Br substituents reacted effectively 
under these conditions (3e–3g), with a significant increase in the yield 
of 3g (60% vs 32%, Mn vs Ag oxidants).  

 
Scheme 2: Reaction scope varying the sulfinate salts. Reactions performed on 0.4 mmol 
scale. All yields are of the isolated product.  
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7 No Cu 21 
8 Under Ar 61 
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10 + 2 equiv dihydroanthracene 42 
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 Importantly, the most challenging electron poor p-
trifluoromethylphenyl sulfinate salt reacted effectively under these 
conditions to yield 3h in 62% (a threefold increase). More sterically 
demanding sulfinate salts (1-napthyl and o-tolyl) are also reactive 
affording 3i and 3j, albeit in lower yields. Methyl and cyclopropane 
sulfinate salts could be used to access dialkyl sulfones 3k and 3l. 
 The scope of the aldehydes proved to be broad (Scheme 3). Ring 
sizes from 4 to 8 could be coupled to give the quaternary sulfonylated 
products 4a–7a, with higher yields observed for the less strained ring 
systems. 4-tert-Butylcyclohexane carboxaldehyde was sulfonylated  
in  a 1:1 mixture of cis- and trans-diastereoisomers to give 8a, which 
is consistent with the involvement of a planar intermediate derived 
from the aldehyde in the reaction mechanism. Aldehydes bearing 
phenyl, CH2OBn and ester substituents were also successful (9a–
11a). Heterocyclic THP and Cbz-protected piperidine 
carboxaldehydes were compatible to give 12a and 13a which are 
attractive building blocks for use in  medicinal chemistry.  
 Acyclic substrates were effective which included gem-dimethyl 
products 14a, 14e and 14h bearing p-Me, p-Cl and p-CF3 substituents, 
as the gem-dimethyl motif is a common substructure in bioactive 
compounds. Increasing the chain length of the aldehyde was tolerated 
giving 15a and 16a in 73% and 49% respectively. Benzodioxazole 
substituted aldehyde 17a could be accessed without any observed 
hydrolysis of the acetal or oxidation of the benzylic position. 

 
Scheme 3: Reaction scope varying the aldehyde. All reactions performed on 0.4 mmol 
scale. All yields are of the isolated product. a  1:1 dr determined by 1H NMR. b Reaction 
performed on 1 mmol scale. c Basic aqueous workup performed to avoid product 
instability.  

 Exploitation of the aldehyde functionality enabled divergent access 
to more complex sulfone derivatives in a single step. Addition of a 

Grignard reagent afforded benzylic alcohol 18 in 77% yield. 
Reduction with NaBH4 afforded alcohol 19 and oxidative cyclisation 
with o-phenylene diamine afforded benzimidazole 20 in excellent 
yield.15 A Pictet–Spengler reaction gave access to indole containing 
21.16 Hydroxamic acid 22 was synthesised by oxidative amination of 
the aldehyde.17 Aldehyde 3a was oxidised with a Pinnick oxidation to 
acid 23, itself providing a valuable building block.18 

 
Scheme 4: Derivatisation of sulfonated aldehyde. i) p-MeOC6H4MgBr, THF, 0 °C. 
ii) NaBH4, EtOH, 0 °C. iii) o-phenylenediamine, CAN (10 mol%), 30% H2O2 in H2O (4 equiv), 
MeCN, 50 °C. iv) tryptamine, TFA, CH2Cl2, r.t. v) N-hydroxysuccinimide and PhI(OAc)2, 
0 °C, MeCN; then NH2OH.HCl (2 equiv, 50 w/w% in H2O), rt vi) NaClO2 (4 equiv), NaH2PO4 
(2.2 equiv), H2O2 (1 equiv) in MeCN/H2O, rt. 

 Based on the above results and prior literature, we propose a 
plausible dual mechanistic pathway involving separate ionic and 
radical steps (Scheme 5).11c,19 Both pathways involve coordination of 
the aldehyde to CuII complex A to form cationic complex B. 
Coordination of the aldehyde acidifies the α-position, allowing 
deprotonation of B to form the copper enol/enolate C. At this point, 
the mechanisms diverge: in the ionic mechanism, the copper centre 
could be oxidised to CuIII intermediate D which could then be attacked 
by the sulfinate to give the product aldehyde and CuI intermediate E. 
Alternatively the product could be formed by direct attack of 
intermediate C by a sulfonyl radical formed by oxidation of the 
sulfinate salt. 
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Scheme 5: Proposed mechanism of α-sulfonylation  

 In summary, a new α-sulfonylation reaction of secondary 
aldehydes has been achieved using earth abundant copper catalysis. 
Manganese(IV) oxide was an effective oxidant when using AcOH to 
enhance the redox potential. These conditions were compatible with 
the potentially sensitive aldehyde products and a wide range of 
sulfinate salts. Control and radical trapping experiments indicate this 
process could proceed by concurrent polar and radical mechanisms. 
The utility of these aldehyde building blocks was shown by their 
derivatisation into functionally diverse fragments, suggesting this 
methodology may of value in medicinal chemistry programs. 
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