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Abstract. The use of cobalt as catalyst in direct C-H 
activation protocols as a replacement for more expensive 
second row transition metals is currently attracting 
significant attention. Herein we disclose a facile cobalt-
catalyzed C-H functionalization route towards sultam motifs 
through annulation of easily prepared aryl sulfonamides and 
alkynes using 8-aminoquinoine as a directing group. The 
reaction shows broad substrate scope with products obtained 
in a highly regioselective manner in good to excellent 
isolated yields.  

Mechanistic insights suggest the formation of a Co(III)-aryl 
key species via arene C-H activation during the annulation 
reaction. 

Keywords: Alkyne; Cobalt; C-H activation; Annulation; 
Regioselectivity, Sulfonamides, Sultams 

 

Introduction 

Direct C-H bond functionalization has revolutionized 
synthetic methodology providing new facile synthetic 
routes to access molecules which would otherwise 
require preparation through complex, time-
consuming synthetic procedures.

[1] 
Sulfonamides 

have become an important motif in pharmaceutical 
drugs.

[2] 
In particular, cyclic sulfonamide motifs 

(sultams) have found use as anti-inflammatory drugs 
(piroxicam), carbonic anhydrase inhibitors used to 
lower intraocular pressure in patients with open-angle 
glaucoma or ocular hypertension (brinzolamide) and 
Calpain I inhibitors in cell signalling dysfunctions 
(Scheme 1).

[3] 
A number of synthetic protocols 

towards sultams have been reported, although to date 
the majority of these methodologies start from 
elaborated precursors.

[4]
 The development of a simple 

metal-mediated C-H bond functionalization protocol 
starting from easily synthesized starting materials 
would provide a very appealing route towards the 
realization of sultam motifs. 
 

 

Scheme 1. Examples of pharmaceutical drugs containing 

cyclic sulfonamide (sultam) motifs. 

Historically, most C-H coupling protocols have been 
based on relatively expensive precious transition-
metals, for example Ru, Rh, Pd and Ir. More recently, 
attention has turned to the use of more abundant, 
cheaper first row transition metals, such as Fe,

[5] 
Co,

[6] 

Cu
[7]

 and Ni.
[8]  

The use of alkynes in annulation reactions has 
become a very powerful tool for the construction of 
cyclic compounds. In particular, protocols using 
Rh,

[9] 
Ru,

[10] 
Cu,

[11] 
Pd

[12]
 and Ni

[13]
 have been reported 

for the preparation of a variety of heterocyclic 
compounds. In terms of the use of these annulation 
reactions for the realization of sultams, in 2012 
Cramer and co-workers reported on a Rh-catalyzed 
protocol starting from aryl sulfonamides 
incorporating an acyl directing group (Scheme 
2.1).

[14] 
The catalyst system displayed a broad 

substrate scope, furnishing a range of sultam products 
in good to excellent yields. The limitation of this 
protocol was that when unsymmetrical alkynes were 
employed as coupling partners, both possible 
regioisomers were formed, with only moderate 
regioselectivities in some cases. 

More recently, Daugulis and co-workers have 
shown that using Co-catalysis, alkynes can be 
annulated with aryl carboxyamides containing an 8-
aminoquinoline directing group (Scheme 2.2).

[6t] 
The 

8-aminoquinoline moiety has been shown to be a 
privileged directing group for a number of metal-
catalyzed conversions.

[15] 
In this example the 

regioselectivities obtained using comparable 

mailto:xavi.ribas@udg.edu
mailto:christopher.whiteoak@udg.edu
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unsymmetrical alkynes were considerably higher than 
for the Rh-catalyzed formation of sultams. For 
example, when 1-propynylbenzene was employed as 
coupling partner using the Rh-catalyzed protocol, 
both possible regioisomers were obtained in a 2:1 
ratio, whereas in the Co-catalyzed example the 
regioselectivity is significantly enhanced at 14:1. 
With these precedents in mind we decided to 
investigate the possibility of realizing a Co-catalyzed 
aryl sulfonamide annulation with alkynes (Scheme 
2.3), seeking improved regioselective control 
compared with the previously described Rh-catalyzed 
protocol and to showcase the potential of using Co in 
annulation reactions. 

 

Scheme 2. (1) Previously reported Rh-catalyzed annulation 

of alkynes to aryl sulfonamides forming functionalized 

sultam motifs and (2) Co-catalyzed annulation of alkynes 

to aryl carboxamides. (3) Co-catalyzed annulation of aryl 

sulfonamides and alkynes forming functionalized sultam 

motifs reported herein. 

Results and Discussion 

Initially, we attempted the annulation of the aryl 
sulfonamide derived from p-toluenesulfonyl chloride 
and 8-aminoquinoline, 1a, with phenylacetylene, a, in 
a variety of solvents using a catalytic system 
comprising of Co(OAc)2 (20 mol%), KOAc (2 
equiv.) and Mn(OAc)2 (1 equiv.) at 100 

o
C for 24 

hours under an atmosphere of air. The observation of 
22% of the desired aryl sultam product, 1aa, using 
trifluoroethanol (TFE; found to be the optimal solvent, 
see Supporting Information for solvent optimization) 
(Table 1, entry 1) prompted us to further optimize the 
synthetic protocol in terms of Co source, oxidant and 
base using this solvent.

[16]
 

A number of commonly used oxidants for cross-
coupling protocols were investigated using Co(OAc)2  

 

Table 1. Optimization of reaction conditions.
[a] 

 

Entry Catalyst Oxidant Base 1aa 

[%][b] 

1 Co(OAc)2 Mn(OAc)2 KOAc 22 

2 Co(OAc)2 Benzoquinone KOAc <1 

3 Co(OAc)2 Ag2O KOAc 6 

4 Co(OAc)2 AgNO3 KOAc 50 

5 Co(OAc)2 PhI(OAc)2 KOAc 12 

6 Co(OAc)2 Mn(OAc)3.2H2O KOAc 62 

7 Co(OAc)2 O2 KOAc 3 

8[c] Co(OAc)2 - KOAc <1 

9 Co(OAc)2 Mn(OAc)3.2H2O Na2CO3 22 

10 Co(OAc)2 Mn(OAc)3.2H2O K2CO3 7 

11 Co(OAc)2 Mn(OAc)3.2H2O Cs2CO3 4 

12 Co(OAc)2 Mn(OAc)3.2H2O NaOPiv.H2O 91(90[d]) 

13 Co(OAc)2 Mn(OAc)3.2H2O CsOPiv 78 

14 Co(OAc)2 Mn(OAc)3.2H2O NaOAc.H2O 67 

15 Co(OAc)2 Mn(OAc)3.2H2O CsOAc 69 

16 - Mn(OAc)3.2H2O NaOPiv.H2O 0 

17 CoCl2 Mn(OAc)3.2H2O NaOPiv.H2O 90 

18 CoBr2 Mn(OAc)3.2H2O NaOPiv.H2O 88 

19 Co(NO3)2.6H2O Mn(OAc)3.2H2O NaOPiv.H2O 81 

20 Co(Cp)2 Mn(OAc)3.2H2O NaOPiv.H2O <1 

21 Co(acac)2 Mn(OAc)3.2H2O NaOPiv.H2O 28 

22 Co(acac)3 Mn(OAc)3.2H2O NaOPiv.H2O 17 

23 Co(OTf)2(MeCN)2 Mn(OAc)3.2H2O NaOPiv.H2O 31 

24 Co(OAc)2.4H2O Mn(OAc)3.2H2O NaOPiv.H2O 90 

25 CoCl2.6H2O Mn(OAc)3.2H2O NaOPiv.H2O 87 
[a]

 Reaction conditions: aryl sulfonamide (1a) (0.17 mmol), 

ethynylbenzene (a) (2.0 equiv.), Co source (20 mol%), 

oxidant (1.0 equiv.), base (2.0 equiv.), 2.0 mL TFE 

(trifluoroethanol) at 100 
o
C, under air for 24 h.  

[b]
 Yield calculated by 

1
H NMR analysis of crude reaction 

mixture using mesitylene as internal standard.  
[c]

 Reaction prepared and performed under a N2 atmosphere.  
[d]

 At 100 
o
C for 16 h. 

and KOAc (Table 1, entries 1-7). It was found that 
the optimal oxidant of those tested was 
Mn(OAc)3.2H2O, which furnished a 62% yield of 1aa 
(Table 1, entry 6). Importantly it was found that the 
addition of an oxidant is of significant importance as 
in its absence and under a nitrogen atmosphere, no 
product formation was observed (Table 1, entry 8). 
Thereafter, optimization of the base was studied 
(Table 1, entries 9-15), whereby it was found that a 
yield of 91% of product 1aa could be obtained when 
using NaOPiv.H2O (Table 1, entry 12). Finally the Co 
source was optimized (Table 1, entries 17-22), where 
it was found that Co(OAc)2 was the optimal Co 
source (Table 1, entry 12). It was also observed that 
there is little difference between the use of anhydrous 
and hydrated Co sources (see for example table 1, 
entries 17 and 25; CoCl2 and CoCl2.4H2O or table 1, 
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entries 12 and 24; Co(OAc)2 and Co(OAc)2.6H2O), 
indicating tollerance of the catalyst system to the 
presence of water. In the absence of Co the reaction 
did not proceed at all and the starting aryl 
sulfonamide, 1a, could be fully recovered (Table 1, 
entry 16). Final optimization of the reaction time and 
temperature set the preferred experimental conditions 
at 100 

o
C and 16 hours for further substrate scoping 

(See Supporting Information). These reaction 
conditions are similar to those identified by Daugulis  

 

Figure 1. X-ray structure obtained for compound 1aa, 

hydrogen atoms omitted for clarity. For full details see 

Supporting Information. 

Table 2. Screening of aryl sulfonamides (1a-5a) 
with/without different directing groups (X) using 
optimized reaction conditions.

[a,b] 

 

 

 

 

1aa (90%) 

 

 

 

 

 

2aa (0%) 

 

 

 

 

 

3aa (0%) 

 

 

 

 

4aa (0%) 

 

 

 

5aa (32%) 

[a]
 Reaction conditions: aryl sulfonamide (1a-5a) (0.17 

mmol), alkyne (a) (2.0 equiv.), Co(OAc)2 (20 mol%), 

Mn(OAc)3.2H2O (1.0 equiv.), NaOPiv.H2O (2.0 equiv.), 

2.0 mL TFE (trifluoroethanol) at 100 
o
C, under air for 16 h.

 

[b]
 Yield calculated by 

1
H NMR analysis of crude reaction 

mixture using mesitylene as internal standard.  

 

and co-workers for the Co-catalyzed conversion of 
aryl carboxyamide substrates,

[6t]
 except for the clear 

beneficial use of Mn(OAc)3 instead of Mn(OAc)2 
with our sulfonamide substrates. Detailed inspection 
of the 

1
H NMR of the final product confirmed the 

presence of a single regioisomer. The absolute 
configuration of 1aa was established from the 
structure obtained from X-ray crystallography studies 
(Figure 1). 

With these optimal reaction conditions in hand, we 
investigated the importance of the 8-aminoquinoline 
directing group. The results obtained (Table 2) show 
that the 8-aminoquinoline directing group gives 
superior yields compared to when no directing group 
is used (0%) or when acetyl (0%) and pyridyl (32%; 
single regioisomer) directing groups are present 
under these conditions. The absence of activity when 
using the acetyl directing group is in sharp contrast to 
the Rh-catalyzed protocol reported by Cramer and co-
workers.

[14]
 

Next, the scope of the newly optimized protocol 
was proved using different aryl sulfonamide 
derivatives, which were easily prepared from 8-
aminoquinoline and the requisite sulfonyl chloride. 
These studies furnished functionalized sultam motifs 
in good to excellent yields (Table 3). In all cases the 
crude reaction mixtures displayed three well defined 
species when analyzed by TLC, corresponding to 
starting aryl sulfonamide, residual alkyne and sultam 
product. The product isolated after column 
chromatography was found to contain only a single 
regioisomer. Trace amounts of other regioisomers 
where only observed in the formation of 1da and 1ga 
(see Supporting Information). The highest yields 
were obtained with derivatives containing electron-
donating groups (up to 85% isolated yield), whilst 
those containing electron-withdrawing substituents 
furnished lower yields (eg. 1fa was obtained in only 
64% yield and 1ka, 1la, 1na were obtained in only 
trace amounts). We were also able to obtain the 
sultam containing a thiophene moiety (1ia), although 
only traces of sultam product were obtained when the 
pyridine derivative was employed (1ja), 
demonstrating some limitations to the substrate scope. 
When the substituents are present in the ortho-
position to the sulfonamide reduced yields are 
obtained, likely as a result of the blocking of one of 
the C-H bonds to activation (for example see 1aa and 
1ma whereby changing the position of the methyl 
group decreases the isolated yield from 85% to 54% 
respectively).  

Substrates that failed to give satisfactory product 
yields were then included in poisoning experiments in 
order to see if the substrate was inhibiting the 
reaction or if the reaction rate was comparatively 
slower with these substrates. One equivalent of 1j, 1k, 
1l and 1n where included in reactions for the 
conversion of 1a to 1aa (see Supporting Information 
for details). It was found that indeed in all cases these 
substrates are poisoning the catalyst system, resulting 
in decreased yields of 1aa. This type of poisoning has  
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Table 3. Scope of Co-catalyzed coupling of 
phenylacetylene (a) to aryl sulfonamide derivatives (1a-
1m) forming functionalized sultam motifs.

[a,b] 

 

 

  
 

 

1aa (85%) 

 

1ba (83%) 

 

1ca (75%) 

 

 

 
 

 

 

 

1da (79%) 

 

1ea (81%) 

 

1fa (64%) 

 

  

 

 

1ga (63%) 

 

1ha (81%) 

 

1ia (74%) 

 

 

  

 

 

1ja (trace) 

 

1ka (trace) 

 

1la (trace) 

 

 

 

 

 
 

 

1ma (54%) 

 

1na (trace) 

 

1oa (84%) 

 
[a]

 Reaction conditions: aryl sulfonamide (1a-1k) (0.35 

mmol), alkyne (a) (2.0 equiv.), Co(OAc)2 (20 mol%), 

Mn(OAc)3.2H2O (1.0 equiv.), NaOPiv.H2O (2.0 equiv.), 

2.0 mL TFE (trifluoroethanol) at 100 
o
C, under air for 16 h.  

[b]
 Isolated yields obtained after purification by column 

chromatography. 

recently been described by Glorius and co-workers.
[17]

 We 
propose that the poisoning observed in our studies arises 
from poorly reversible coordination of the Co to the 
substrate. 

Following scoping with substituted aryl sulfonamides, 
we turned our attention to the use of differently substituted 
alkynes (Table 4). Again the catalyst system displayed 
broad substrate tolerance for a variety of functional groups 
and again high regioselectivities were observed as 
confirmed by the presence of only one species in the 

1
H 

NMR in most cases. When an ester substituent was present 
in the alkyne (1ar) both possible regioisomers were  

Table 4. Scope of Co-catalyzed coupling of substituted 
alkynes (b-t) to aryl sulfonamide (1a) forming 
functionalized sultam motifs.

[a,b] 

 

 

1ab 61% 

 

1ac 82% 

 

R = Me 1ad 92% 

R = Et 1ae 89% 

R = Pr 1af 84% 

R = Ph 1ag 79% 

 

1ah‘ 78%[c] 

 

1ah‘ 

 

 

 

R1 = NMe2 1ai trace 

R1 = OMe 1aj 30% 

(35%)[d] 

R1 = Me 1ak 64% 

R1 = Cl 1al 88% 

R1 = CF3 1am 90% 

R1 = NO2 1an 97% 

R1 = R2 = Cl, 1ao, 85%  

1ap 87% 

 

 

1aq 69% 

 

1ar 87%[e] 

 

 

1as 61% 

 

 

1at 84% 

 

[a]
 Reaction conditions: aryl sulfonamide 1a (0.35 mmol), 

acetylene derivatives (b-s) (2.0 equiv.), Co(OAc)2 (20 

mol%), Mn(OAc)3.2H2O (1.0 equiv.), NaOPiv.H2O (2.0 

equiv.), 2.0 mL TFE (trifluoroethanol) at 100 
o
C, under air 

for 16 h. 
[b]

 Isolated yields obtained after purification by column 

chromatography. 
[c]

 Product derived from 3-chloro-3-methylbut-1-yne. 
[d]

 Reaction at 100 
o
C for 40 h. 

[e]
 Combined yield of both regioisomers. Regioisomers 

obtained in a ratio of 3:1; major regioisomer depicted (See 

Supporting Information for X-ray crystal structure 

obtained). 

identified (the TLC displayed a single spot for a 
combination of the two regioisomers). The major 
regioisomer could be separated from the minor 
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regioisomer by recrystallization and was fully 
characterized (See Supporting Information). 
Unexpectedly, when using 3-chloro-3-methylbut-1-
yne as substrate (h), the product whereby hydrogen 
chloride had been eliminated was obtained (1ah’). 
When electron-donating substituents are present on 
the aryl group of phenylacetylene the reaction 
resulted in low or trace yields (trace amounts and 
30% for 1ai and 1aj respectively). In the case of 1aj, 
even after an extended reaction time the yield was not 
significantly improved. 

The effectiveness of this transformation was 
further checked by performing a gram-scale reaction 
to obtain 1aa and 1al, furnishing 64 % (0.87 g) and 
61% (0.89 g), respectively (see Supporting 
Information). 

In order to further compare the reactivities of the 
substrates under the optimized protocol, we 
performed intermolecular competition reactions 
(Scheme 3). When two equivalents of both a terminal 
(a) and internal (g) alkyne were included it was found 
that insertion of the terminal alkyne was significantly 
favored, resulting in a product ratio of 15:1 for 
terminal and internal alkyne insertion respectively 
(Scheme 3.1). Thereafter we also ran competition 
reactions using differently substituted aryl 
sulfonamide and phenylacetylene substrates (Scheme 
3.2 and 3.3 respectively). As expected, in agreement 
with the results obtained from the substrate scoping, 
reaction with electron-donating aryl sulfonamides 
(methoxy, 1b) was found to be slightly favored over 
electron-withdrawing (chloro, 1c) aryl sulfonamides. 
Likewise, insertion of the p-nitro phenylacetylene (n) 
was favored over p-methoxy phenylacetylene (j). The 
latter competition reaction only yielded 34% of the p-
nitro product (1an), whereas in the absence of the 
competing p-methoxy phenylacetylene during 
substrate scoping we obtained 97% isolated yield. 
This result suggests that the p-methoxy 
phenylacetylene is inhibiting the reaction to some 
extent. This inhibition is similar to the result obtained 
by Ackermann and co-workers during their 
intermolecular competition reactions.

[6r]
 

We also performed a range of deuterium exchange 
reactions (Scheme 4). We found that when the 
reaction was performed in D4-methanol the final 
sultam product was 78% deuterated on the sultam 
motif (Scheme 4.1). Likewise, when deuterated 
phenylacetylene was used as substrate we observed 
66% of 

1
H incorporation into the sultam product 

(Scheme 4.2). These results indicate that the 
proton/deuterium of the terminal alkyne likely 
exchanges with the solvent under the basic reaction 
conditions.  

Additionally, we performed a reaction in the 
absence of alkyne in D4-methanol (Scheme 4.3). At 
the end of the reaction we observed a low inclusion 
of deuterium in the starting sulfonamide, suggesting 
the deutero-demetalation of a putative aryl-Co 
intermediate species (see Supporting Information). 
This is further supported by the Kinetic Isotope  

 

Scheme 3. Intermolecular competition reactions under 

optimized reaction conditions; yields calculated by 
1
H 

NMR analysis of crude reaction mixture using mesitylene 

as internal standard. 
[a]

 Aryl sulfonamide 1a (0.35 mmol), 

phenylacetylene derivatives (2.0 equiv. of a and 2.0 equiv. 

of g), 2.0 mL TFE. 
[b]

 Yields based on 1a. 
[c]

 Aryl 

sulfonamide 1b and 1c (0.70 mmol of each), 

phenylacetylene derivatives (0.35 mmol, 0.25 equiv. of a 

with respect to combined aryl sulfonamide), 2.0 mL TFE. 
[d]

 Yields based on a. 
[e]

 Aryl sulfonamide 1a (0.35 mmol), 

phenylacetylene derivatives (2.0 equiv. of j and 2.0 equiv. 

of n), 2.0 mL TFE. 
[f]

 Yields based on 1a. 

Effect (KIE) calculated when including both 1e and 
D5-1e in the reaction (Scheme 4.4). The value 
obtained is consistent with C-H activation being the 
rate determining step in the reaction. 

The exact mechanisms of Co-catalyzed C-H 
activation protocols are still not fully understood. 
Recently, Niu, Song and co-workers identified the 
presence of radicals using EPR spectroscopy in their 
Co-catalyzed alcohol coupling protocol.

[6m] 
This was 

further evidenced by the lack of activity when the  
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Scheme 4. Deuterium labelling experiments: Reaction 

conditions: aryl sulfonamide 1a (0.35 mmol), 

phenylacetylene (a) (2.0 equiv.), Co(OAc)2 (20 mol%), 

Mn(OAc)3.2H2O (1.0 equiv.), NaOPiv.H2O (2.0 equiv.), 

2.0 mL solvent at 100 
o
C, under air for 16 h. KIE 

experiment: 0.17 mmol of both 1e and D5-1e, 

phenylacetylene (a) (2.0 equiv.), Co(OAc)2 (20 mol%), 

Mn(OAc)3.2H2O (1.0 equiv.), NaOPiv.H2O (2.0 equiv.), 

2.0 mL solvent at 100 
o
C, under air for 16 h. Yields 

reported are percentage of isolated compounds obtained 

after purification by column chromatography. 
[a] 

See 

supporting information for full details.  

radical scavenger 2,2,6,6-tetramethylpiperidine 1- 
oxyl (TEMPO) was included (see Supporting 
Information). We therefore included several different 
radical scavengers (TEMPO, BHT, AIBN and 
P(OEt)3) in our reactions and found that activity was 
almost completely inhibited in agreement with this 
previous work, suggesting that our reaction likely 

proceeds through radical intermediates in some steps 
of the mechanism. 

We propose a mechanism (Scheme 5) in which 
initially the Co(OAc)2 chelates to the quinoline 
directing group and to the sulfonamide of the 
substrate, 1a, (Intermediate 1) releasing one 
equivalent of acetic acid. The aminoquinoline 
coordination environment favours the stabilization of 
high-valent Co species; we therefore propose that 
once coordinated to the aryl sulfonamide substrate the 
Co(II) undergoes oxidation to Co(III) using oxygen 
as the terminal oxidant. Indeed our studies show that 
the presence of oxygen is highly beneficial for the 
process to proceed (see Supporting Information). 
Subsequently, this high-valent Co(III) intermediate 
can then activate the aryl C-H bond through a 
Concerted Metallation Deprotonation (CMD) type 
process as a result of its higher electrophilicity of 
Co(III) compared with Co(II), giving rise to 
Intermediate 2, although at this point other activation 
processes cannot be completely discarded.

[18] 
An 

analogous Co(III) species was isolated and 
characterized by Daugulis and co-workers using 
Co(II) precursors for their analogous aryl 
carboxyamide substrates.

[6t] 
KIE experiments indicate 

that this challenging C-H activation event is the rate 
determining step of the reaction (Scheme 4.4). 
Subsequently, insertion of the alkyne, a, into the 
Co(III)-aryl bond results in the transient Intermediate 
3. Finally, elimination of Co(I), which is then 
reoxidized to Co(OAc)2, provides the desired sultam 
product, 1aa. As suggested by the radical scavenger 
experiments described above, some steps of the 
catalytic cycle may involve radical intermediates. We 
propose that the improved regioselectivity when 
using Co catalysts compared with the Rh catalyst 
reported by Cramer for sultam formation arises from 
the steric effect of the Cp* ligand affecting the 
direction of the alkyne insertion into the Rh(III)-aryl 
bond.  

 

 

Scheme 5. Proposed mechanistic cycle. 
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Finally, we attempted to upgrade the products 
obtained by removing the 8-aminoquinoline directing 
group (See Supporting Information for details), 
although to date we have not been successful. The 
removal of 8-aminoquinoline directing group has 
been reported to be possible using ammonia if the 
annulated product contains carbonyl functionalities at 
either side of the 8-aminoquinoline, in similarity to 
the final step of the Gabriel synthesis of amines.

[6n,19] 

If two adjacent carbonyl funtionalities are not present, 
the directing group can be removed using cerium(IV) 
ammonium nitrate (CAN) only if the 5-methoxy-8-
aminoquinoline is used.

[20] 
However, the CAN 

strategy does not always work using this elaborated 
directing group

[21]
 as well as in our compounds. We 

also attempted a H2:Pd(0)/C reduction, but only the 
pyridinic moiety of the 8-aminoquinoline was 
reduced to afford 1aaH4 (see Supporting Information). 
We also tried reduction with a stronger reducing 
agent such as SmI2, but a complex mixture products 
was obtained. Our next goal is to develop a facile 
methodology for the 8-aminoquinoline directing 
group removal or extrapolate the reported reactivity 
to be used with more easily removable directing 
groups. 

Conclusion 

In summary, we have reported on a new Co-catalyzed 
protocol for the synthesis of sultam motifs starting 
from easily prepared aryl sulfonamides and alkynes. 
The protocol permits the use of a broad range of 
substituted aryl sulfonamides and alkynes, as well as 
displaying excellent regioselectivities compared with 
the previously reported Rh-catalyzed protocol, where 
moderate regioselectivity was found.

[14]
 This protocol 

demonstrates the increasing potential of Co to replace 
more expensive second row transition metals as a 
result of favorable reactivities and selectivities.

[22]
 

Experimental Section 

General considerations 

All reagents and solvents were purchased from Sigma 
Aldrich, Fisher Scientific or Fluorochem and used without 
further purification. Aryl sulfonamide (2a) was purchased 
from Sigma Aldrich, all other substrates were synthesized 
as described in the Supporting Information. 

1
H and 

13
C 

{
1
H} NMR spectra were recorded on Bruker AV-300 or 

Bruker DPX 400 MHz spectrometers and referenced to the 
residual deuterated solvent signals. High Resolution Mass 
Spectra (HRMS) were recorded by the Serveis Tècnics of 
the University of Girona on a Bruker MicroTOF-Q IITM 
instrument using an ESI ionization source.IR Spectra 
(FTIR) were recorded on a FT-IR Alpha spectrometer from 
Bruker with a PLATINUM-ATR attachment using OPUS 
software to process the data 

Typical optimized procedure for synthesis of sultam 
compounds: 

Aryl sulfonamide (0.35 mmol), Co(OAc)2 (12.4 mg, 20 
mol%, 0.07 mmol), NaOPiv.H2O (86.8 mg, 2.0 equiv., 
0.70 mmol), Mn(OAc)3·2H2O (94.0 mg, 1.0 equiv., 0.7 

mmol), alkyne substrate (2.0 equiv., 0.70 mmol) and 2 mL 
of trifluoroethanol were added to a glass vial under air and 
the vial was subsequently sealed. The resulting mixture 
was stirred at 100 

o
C for 16 h and thereafter cooled to 

room temperature. The solvent was removed and the 
product purified using column chromatography (Silica gel: 
dichloromethane). After purification the product was dried 
under reduced pressure. 

Full characterization data obtained (including original 
1
H, 

13
C {

1
H} and COSY NMR spectra for all sultam products) 

can be found in the Supporting Information. 
Crystallographic data for compounds 1aa (CCDC-
1407285), 1ah’ (CCDC-1407286), 1ar (CCDC-1411541) 
and 1aaH4 (CCDC-1407287) can be obtained free of 
charge from the Cambridge Crystallographic Data Centre 
via www.ccdc.cam.ac.uk/data_request/cif. 
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