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Abstract:

A three-component synthesis of a-substituted sulfonamides from aryl aldehydes, primary
sulfonamides and (hetero)arenes is described. This transformation enables a straightforward
and modular synthesis of pharmaceutically relevant scaffolds in good yields. The direct
functionalization of C(sp?)-H bonds via cobalt-catalyzed C-H-activation offers an appealing and
atom-economical alternative to classical methods for the synthesis of a-arylated amines such
as the Petasis or Mannich-type reactions.

Introduction:

The Mannich reaction, a three-component reaction between an amine, an aldehyde and an
enolizable ketone, is a powerful method for the synthesis of densely substituted amines. It
involves the aminoalkylation of an enol or enolate with an in situ formed electrophilic imine
species. Over the years various improvements and extensions of the classical Mannich
reaction to other nucleophiles have been reported. These “Mannich-type” reactions utilize
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electron-rich (hetero)arenes? or organometallic species as nucleophilic species (Scheme 1a).?
The amino- or amidoalkylation of (hetero)arenes proceeds via an electrophilic aromatic
substitution pathway. It is therefore limited to electron-rich (hetero)aromatics and delivers
specific regioisomers (or mixtures) guided by the inherent reactivity of the arene.* Mannich-
like reactions with organometallic species, including the Petasis borono-Mannich reaction® or
A3-couplings,® offer a highly modular approach for the preparation of a-substituted amines and
a-amino acids in a high structural diversity, even in an enantioselective fashion.” However, the
utilization of preformed organometallic reagents is associated with several disadvantages.
Many organometallic species are very reactive and difficult to handle. More importantly, both
the synthesis and the use of organometallic reagents generate large amounts of waste
products. The direct functionalization of C-H-bonds using transition metal catalysts has
emerged as a greener, more sustainable alternative to classical organometallic chemistry.®
Therefore, the addition of organometallic complexes, generated via a transition-metal
catalyzed C-H-bond activation, to electrophilic imines provides an attractive alternative to
preformed organometallic reagents.

Indeed, the regioselective functionalization of C(sp?)-H bonds with preformed imines has been
described both with Rh(ll)- and Co(lll)-catalysts.®'° Yet, merging advances in transition-metal
catalyzed C-H-bond functionalization with classical multicomponent reactions is still a sparsely
covered research area." There are only a few examples for the functionalization of C-H-bonds
with in situ generated imines.' The Rh(lll)-catalyzed Mannich-type reaction of LeGall and
Presset represents an important breakthrough in this field (Scheme 1b)."?® In this report
dimethyl acetals had to be used instead of the parent aldehyde since the Rh-catalyst system
is sensitive to water. In addition, the use of expensive and rare Rh(lll)-salts is economically
and environmentally unfavorable. More recently, earth-abundant metals have emerged as
attractive alternative in metal-catalyzed C-H-functionalization reaction.’”® Considering the
already described Co(lll)-catalyzed addition of (hetero)arenes to preformed imines via C-H-
activation,'® we aimed to explore the utilization of earth-abundant cobalt catalysts in Mannich-
type reactions for the synthesis of a-substituted amines via direct C-H functionalization of
(hetero)arenes.
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Scheme 1. Mannich-Type Reactions
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Results and Discussion

We initiated our studies by selecting the three-component reaction between phenylpyridine
(1a), benzaldehyde (2a) and 2-thiophenesulfonamide (3a) as model transformation (Table 1).
No product formation was observed in the presence of Cp*Co(CO)l; (Cp* = 1,2,3,4,5-
pentamethylcyclopentadienyl), the most common cobalt-based catalyst for C-H-activation
reactions (entry 1)."* Addition of a silver salt (AgSbFs) to generate a cationic Co(lll) species
resulted in the formation of the desired product 4a in 28% vyield (entry 2). The direct use of the
cationic complex Cp*Co(CH3CN)s][SbFg]2 led to a significant improvement, furnishing the o-
arylated sulfonamide 4a in 91% yield after 40 h at 100 °C in DCE (entry 3). Interestingly, water
formed during the reaction did not interfere with the catalyst system and no additional drying
agents were necessary. Lower reaction temperatures, shorter reaction times or decreased
catalyst loadings resulted in lower yields of product 4a (entries 4-6). DCE proved to be the
optimal solvent for this transformation. The use of other solvents, such as acetonitrile, 1,4-
dioxane, THF or MeOH did afford sulfonamide 4a in significantly decreased yields (entry 7).

Table 1. Reaction Optimization

< %

| _N 0 o Co(lll)-catalyst N oy 00
bt PhJ\H + Qfé\//o (10Dg:|%) p N/‘\S/'\@
No joorciaon k) M s/
1a 2a 3a 4a
Entry Conditions Yield®
1 Cp*Co(CO)l -
2 Cp*Co(CO)lz + AgSbFs (20 28%
mol%)
3 [Cp*Co(CH3CN)s][SbFs]2 91%
4 [Cp*Co(CHsCN)3][SbFe]2 79%0)
5 [Cp*Co(CH3CN)3][SbF]2 58%]
6 [Cp*Co(CH3CN)3][SbF]z 46%0
7 [Cp*Co(CH3CN)s][SbFs]o 0 - 38%F

@l Yield of isolated product after purification. ®! reaction time 24 h. [l reaction temperature 80 °C. [
with 5 mol% catalyst. ! with MeCN, 1,4-dioxane, THF or MeOH as solvent.

With the optimized conditions at hand, we investigated the substate scope of this novel 3-
component reaction (Scheme 2). A wide range of different sulfonamides were tolerated under
the standard reaction conditions, furnishing the a-substituted amides 4a — 4q in 20-91% yield.
In general, good to high yields were obtained with various para-substituted aromatic
sulfonamides bearing electron-donating, electron-withdrawing or halogen residues (4b — 4i).
Only in the case of 4-nitrobenzenesulfonamide a lower yield was observed (4h). Sterically
more demanding sulfonamides, such as 2,4,6-triisopropylbenzenesulfonamide did not
afforded any desired product. Reactions with simple alkyl sulfonamides proceeded less
efficiently, affording the products 4j and 4k in only 29% and 35% yield. On the other hand, the
cyclopropyl-containing sulfonamide 41 could be prepared in 60% isolated yield. Using 2-
(trimethylsilyl)ethansulfonamide as the amine component furnished the SES-protected'
amine 4m in 30% yield.
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Scheme 2. Substrate Scopel®

el Reactions conditions: (Hetero)arene 1 (0.4 mmol), aldehyde 2 (0.8 mmol), sulfonamide 3 (0.8 mmol)
and [Cp*Co(CH3CN)3][SbFe]2 (0.04 mmol, 10 mol%) in DCE (2 mL, 0.2 M), 100 °C for 40 h; Yields refer
to isolated yields of the product after purification; Ar = 2-thiophene.

Heterocyclic sulfonamides could be incorporated into the final a-arylated products 40 and 4p
in 20% and 51% vyield respectively. The low yield obtained for indole sulfonamide 40 is most
probably associated with the lability of this group towards acidic reaction conditions.®
Interestingly, sulfonamides bearing basic residues, such as a quinoline or aniline moiety, did
not interfere in the reaction and the desired sulfonamides 4p or 4q could be obtained in
moderate yields. Replacing benzaldehyde with other aromatic aldehydes afforded the o-
arylated sulfonamides of type 5 in 14-97% yield (Scheme 2). In general, good to excellent
yields were obtained with para-substituted benzaldehyde derivatives. Electron-donating and
electron-withdrawing groups, as halogen substituents (5a — 5i) or even a sensitive ester
functionality (5p) were well tolerated. Only for para-nitrobenzaldehyde the desired product 5g
was isolated in a low yield of 14%. On the other hand, reactions with meta-substituted
benzaldehydes proceeded not as efficiently, affording the sulfonamide products 5j — 5m in
lower yields of 29-87%. Unfortunately, no desired products could be obtained in reactions with
ortho-substituted benzaldehydes. Reactions with heterocyclic aldehydes furnished the
sulfonamides 50 — 5r in 33-82% vyield. So far, this 3-component reaction is limited to
(hetero)aromatic aldehydes. No product formation was observed with simple aliphatic
aldehydes, such as formaldehyde or isobutyraldehyde. Finally, we performed reactions with
substituted 2-phenylpyridine derivatives as arene component. Again electron-donating,
electron-withdrawing groups (6a — 6e) or a sensitive ester functionality (6j) in para-position
were well tolerated, furnishing the functionalized arenes in 47-91% yield. Reactions with meta-
substituted 2-phenylpyridines delivered the expected products 6f and 6g with complete
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regioselectivity, albeit in lower yields of 30% and 37%. As for the other components, ortho-
substitution on the arene was not tolerated. Overall, steric bulk next to the reactive site on each
component seems to shut down the 3-compoenet reaction completely. Replacing the pyridine
group with a pyrimidyl- or pyrazolyl-moiety, two other common directing groups for cobalt-
catalyzed C-H-functionalization, afforded the sulfonamide products 6h and 6i in 51% and 6%
yield respectively. By using the 2-pyrimidyl directing group extension of our 3-component
process to the functionalization of different heterocyclic scaffolds, such as indoles (6k) is
possible.

Conclusions:

In conclusion we have developed a novel cobalt-catalyzed three-component synthesis of a-
substituted sulfonamides from aryl aldehydes, primary sulfonamides and (hetero)arenes. This
reaction enables a modular and efficient construction of pharmaceutically relevant scaffolds
from three readily available building blocks via a direct C(sp?)-H-functionalization. Overall, this
method offers an offers an appealing and atom-economical alternative to classical methods for
the synthesis of a-aryl amines, such as the Petasis reaction or other organometallic Mannich-
type reactions. Further studies towards the extension of the scope of this transformation as
well as for the development of an asymmetric version are currently underway in our
laboratories.
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