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Abstract: The palladium-catalysed dehydrogenation
of sp* carbon-hydrogen bonds of N-alkylbenzene-
sulfonamides allows a simple access to N-alkenyl-
benzenesulfonamides. The reaction proceeds with
easily accessible catalysts, with pivalate as a base,
and allows a variety of substituents both on nitro-
gen and on the arene moiety.
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In recent years, the metal-catalysed functionalisation
of C—H bonds has emerged as a powerful method for
the simple access to useful molecules for materials or
biological applications. Most of the examples of C—H
bond functionalisation concern the formation of C—C
bonds via arylations, alkenylations or alkylations.?!
On the other hand, the dehydrogenation process of
alkanes to produce reactive alkenes via sp* C—H bond
activation has attracted less attention despite its po-
tential.

In 2003, Baudoin and co-workers described the pal-
ladium-catalysed C—H functionalisation of alkyl
groups linked at a benzylic carbon to give alkenes
(Scheme 1, top).’*¥ The formation of enamines from
alkylamines,! by iridium or cobalt hydrogen transfer
catalysts, has initially been described by Goldman!*!
and Brookhart™! and co-workers. The palladium-cata-
lysed dehydrogenation of alkyl groups linked to a car-
bonyl in the presence of benzoquinone has been re-
cently reported by Yu and co-workers, from a cyclo-
pentylcarboxylic amide derivative, but containing an
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N,N-chelating group.”! The dehydrogenation of cyclo-
hexanones and also the coupling of propiophenones
with benzoic acids combining dehydrogenation and
decarboxylation has also been reported.l*”) Rutheni-
um- and iridium-catalysed alkylations at the [-posi-
tion of alkylamines have been performed and shown
to proceed via dehydrogenation into enamines.*!
Fagnou has reported the intramolecular alkane ary-
lation of N-methylsulfonamides using Pd(OAc),/PCy;
catalyst with Cs,COj as base in the presence of piva-
late as Pd-ligand (Scheme 1, middle).*! By contrast,
to the best of our knowledge, the synthesis of N-alk-
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enylbenzenesulfonamides easily obtained via dehy-
drogenation of N-alkylbenzenesulfonamides has not
been reported yet (Scheme 1, bottom).

However, benzenesulfonamides are a very impor-
tant class of pharmaceutical compounds. For example,
Amprenavir is a protease inhibitor used to treat HIV
infection, Piroxicam is a non-steroidal anti-inflamma-
tory drug and Sildenafil is used to treat erectile dys-
function (Scheme 2).
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Amprenavir R OH Piroxicam Sildenafil (Viagra)

Scheme 2. Examples of bioactive benzenesulfonamides.

Among the benzenesulfonamides, reactive N-alken-
ylbenzenesulfonamides are an important family of
substrates allowing the access to a very wide variety
of functional benzenesulfonamides."”! For example, in
tetrahydropyridines, their carbon-carbon double
bonds have been transformed into B-cyanohydrins,1”
or allylated with allylsilane.l'” They are also simply
transformed into cyclobutanes,'™ cyclopropanes,!'™
diols," epoxides!'®®! and to pyrido-fused tetrahydro-
quinolines.!"™

Only a few methods lead to the synthesis of N-alke-
nylbenzenesulfonamides, including the Ru-catalysed
ring closing methathesis,''*"! the Ru or Rh isomerisa-
tion of N-allyl derivatives,"'*! the Au or Rh cycloiso-
merisation,"' or the elimination of HBr!'"®l or
H,O0."™ To the best of our knowledge, no direct de-
hydrogenative synthesis of N-alkenylbenzenesulfon-
amides, from easily accessible N-alkylbenzenesulfon-
amides, has been reported.

Herein, we describe a novel dehydrogenation pro-
cess based on an intramolecular reaction with palla-
dium(II) species and a direct access to a variety of N-
alkenylbenzenesulfonamide derivatives using simple
palladium(IT)-catalysed sp® C—H functionalisation/de-
hydrogenation of N-alkyl-2-bromobenzenesulfon-
amides under economically viable conditions using
a moderate catalyst loading associated to pivalate
base.

The bromobenzenesulfonamides were first easily
prepared by the chlorosulfonation of some bromoben-
zene derivatives in the presence of chlorosulfonic
acid, which allows the one step access to a variety of
2-bromobenzenesulfonyl chlorides,'” and then by the
reaction of secondary amines with these benzenesul-
fonyl chlorides which provides a variety of the 2-bro-
mobenzenesulfonamides in high yields (Scheme 3).

We then examined the influence of the conditions
on the product formation (Table 1). The reaction of 4-
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Scheme 3. Synthesis of 2-bromobenzenesulfonamides.

(2-bromobenzenesulfonyl)-morpholine ~ 1la  using
Pd(OAc),/Xantphos catalyst and K,CO; as base led
to a mixture of dehydrogenated morpholine deriva-
tive 2a in 65% selectivity and debrominated side-
product 2”a in 23% selectivity with full conversion of
1a (Table 1, entry 1). The intramolecular alkane aryla-
tion product 2'a was detected in only 12% selectivity,
although formation of such 5- to 7-membered rings
via intramolecular palladium-catalysed direct sp*'*! or
sp™ C—H arylations seems to occur easily. As the
presence of benzoquinone as oxidant in some dehy-
drogenation reactions has been found to be profita-
ble,”) we employed 0.2 equiv. of this additive to
obtain a more selective reaction, and 2a was formed
in 86% selectivity (Table 1, entry?2). The use of
KOACc as base in the presence of benzoquinone led to
a slightly lower selectivity in 2a (70%) (Table 1,
entry 3). Dppf as ligand or PdCI(C;H;)(dppb) catalyst
did not increase the selectivity in the desired product
2a; whereas, ligand-free Pd(OAc), produces 2a in 87—
91% selectivity (Table 1, entries 4-7). The use of
Ag,CO; was completely ineffective; whereas a clean
reaction was observed in the presence of KOpiv as
base/ligand, (Table 1, entries 8 and 9). We then found
that a complete conversion of 1a with a high selectivi-
ty in 2a could also be obtained in the absence of ben-
zoquinone, but using 2.5mol% of ligand-free
Pd(OAc), and KOpiv as base/ligand to give 2a in
89% selectivity and in 75% isolated yield (Table 1,
entry 10). Then, the influence of several bases in the
absence of benzoquinone was examined using
2.5 mol% of ligand-free Pd(OAc),. Lower conversions
of 1a were obtained with KOAc or CsOAc than with
KOpiv (Table 1, entries 11 and 12). In the presence of
K,CO;, 2a was formed in 69% selectivity, and the in-
tramolecular cyclisation product 2’'a was also obtained
in 15% selectivity and in 11% isolated yield (Table 1,
entry 13). No formation of intramolecular cyclisation
product 2'a was detected using other carbonate bases,
Na,CO; or Li,COs;, but the selectivity in 2a was not
improved (Table 1, entries 14 and 15). The use of
stronger base t-BuOK led to an exclusive formation
of debrominated compound 2”a (Table 1, entry 16).
The reaction performed with ligand-free Pd(OAc),/
KOpiv at 130°C instead of 150°C produces 2a in 95%
selectivity and 69% yield (Table 1, entry 17). On the
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Table 1. Influence of the reaction conditions for the palladium-catalysed intramolecular functionalisation of 1a.

Br (\ [Pd]
(0]
(;[S/N\) base, additive
0”70
1a 2a

©\ ﬁo OS’\NJ @N(\)O

Entry Catalyst (mol%)

Base (equiv.) Benzoquinone (equiv.) Conv. of 1a [%] Ratio 2a:2’a:2"a

Yield [%]

100 65:12:23

95 86:0:14

80 70:14:16

100 58:0:42

100 85:0:15 60 (2a)
100 87:0:13 55 (2a)
100 91:0:9 57 (2a)
0 _

81 82:0:18

100 89:0:11 75 (2a)
86 81:0:19

59 85:0:15

100 69:15:16 11 (2'a)
100 85:0:15 64 (2a)
40 62:0:38

100 0:0:100

100 95:0:5 69 (2a)
33 70:0:30

1 Pd(OAc), (2.5)/Xantphos (10) K,CO; (2) -

2 Pd(OAc), (2.5)/Xantphos (10) K,CO; (2) (0.2)
3 Pd(OAc), (5)/Xantphos (10) KOAc (2) (0.2)
4 Pd(OAc), (5)/dppf (10) KOAc (2) 0.5)
5 Pd(C;H;)Cl(dppb) (5) KOAc (2) @
6 Pd(OAc), (2.5) K,CO; (2)  (0.2)
7 Pd(OAc), (2.5) K,CO; (2)  (0.5)
8 Pd(OAc), (2.5) Ag,CO;(2) (0.5)
9 Pd(OAc), (5) KOpiv (3)  (0.2)
10 Pd(OAc), (2.5) KOpiv (3) -

11 Pd(OAc), (2.5) KOAc (3) -

12 Pd(OAc), (2.5) CsAcO (3) -

13 Pd(OAc), (2.5) K,CO;(3) -

14 Pd(OAc), (2.5) Na,CO; (3) -

15 Pd(OAc), (2.5) Li,CO;(3) -

16 Pd(OAc), (2.5) +-BuOK (3) -
171 Pd(OAc), (2.5) KOpiv (3) -
18 Pd(OAc), (2.5) KOpiv (3) -

[l Base (2 equiv.), DMAc, 150°C, 16 h.

bl 8 h, 130°C.

I 100°C.

other hand, at 100°C, a low conversion of 1la and
a poor selectivity in favour of the formation of 2a was
observed (Table 1, entry 18). It is noteworthy that
these conditions of Pd(OAc), in DMAc at 130-150°C
are relevant for the formation of nanoparticules.!"!

Br Pd(OAc),

@[ ﬁ R’ 2.5 mol% ©\ 7R
/N\

253 DMAc, KOpiv, 2S5, Re
om0 150 °C, 16 h o7 "o
1b-g 2b—g
O/ \O

2b 61% 2c 48% 2d 71%

2f 30%

H\zg 54%
o)

2h 40% 2i 0%

Scheme 4. Scope of the substituents on the NR, moiety.
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Then, the scope of the substituents on the NR,
moiety for this reaction was examined using 2.5 mol%
Pd(OAc), catalyst in the presence of KOpiv base/
ligand (Scheme 4). The piperidine-substituted ben-
zenesulfonamide 1b led to 2b in 61% yield. From the
S5-membered ring pyrrolidine-sulfonamide 1¢, 2¢ was
produced in a yield of 48%; whereas, the 7-membered
ring produces 2d in 71% yield. A moderate yield of
2e was obtained from 2-bromo-N,N-diethylbenzene-
sulfonamide le. From the two methyl-substituted pi-
peridine derivatives 1f and 1g, a completely regiose-
lective dehydrogenation at the C-5/C-6 positions was
observed to produce 2- or 3-methyl-1,2,3,4-tetrahy-
dropyridines 2f and 2g. A selective dehydrogenation
of 2-bromo-N,N-dipropylbenzenesulfonamide 1h gave
the desired (E)-N-propenyl-N-propylbenzenesulfon-
amide 2h in moderate yield. It should be noted that
no formation of the Z-isomer or of the allyl derivative
was observed. On the other hand, no dehydrogena-
tion of 2-bromo-N,N-diisobutylbenzenesulfonamide 1i
to produce 2i was detected by GC/MS analysis. With
this reactant, only the debrominated side-product was
formed.

The influence of the substituents on the aryl moiety
was also examined (Scheme 5). From 2-bromo-4-fluo-
robenzenesulfonamides 3a-3g, the dehydrogenated
products 4a-4g were obtained in 35-61% yields. An
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Scheme S. Dehydrogenation of 2-bromobenzenesulfonam-
ides.

electron-withdrawing substituent on the benzene ring
was also tolerated for this coupling; and from 2-
bromo-4-trifluoromethylbenzenesulfonamides S5a, 5b
and 5g, the new dehydrogenated compounds 6a, 6b
and 6g were isolated in 33-45% yields. On the other
hand, with substrates containing electron-donating
substituents, ligand-free Pd(OAc), catalyst led to very
low yields due to poor conversions, and 5 mol%
PdCI(C;H;)(dppb) catalyst had to be employed to
obtain complete conversions of 7 or 9, as the dppb
ligand certainly favours the oxidative addition of the
aryl bromides to palladium. A tert-butyl substituent at
C-5 of benzene gave products 8a, 8d and 8g in 63—
76% yield from the morpholine, azepane or 3-methyl-
piperidine sulfonamides 7a, 7d and 7g. Even the pres-
ence of two methoxy substituents at the C-4 and C-5
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a catalytic cycle as shown in Scheme 6 can be pro-
posed. The first step of the catalytic cycle is certainly
the oxidative addition of the aryl bromide to Pd(0)
species to afford the Pd(II) intermediate A as for
Heck-type and Baudoin reactions.”! Then, the A spe-
cies undergoes an exchange of the bromide by a piva-
late to give B. A concerted metallation—deprotonation
(CMD) process™!“ is expected to produce C, giving
D after B-elimination. Finally, a reductive elimination
from D affords the N-alkenylbenzenesulfonamide and
regenerates the Pd(0) catalytic species. The SO,N
functional group is likely favouring the (-elimination
process rather than the reductive elimination as for
an alkyl group linked to a benzylic position.!

In summary, we show here the first palladium-cata-
lysed dehydrogenative sp® C—H functionalisation of
N-alkylbenzenesulfonamides to produce N-alkenyl-
benzenesulfonamides. The reaction proceeds with
easily accessible ligand-free Pd(OAc), for aryl bro-
mides bearing electron-withdrawing groups or
PdCI(C;H;)(dppb) catalyst for aryl bromides with
electron-donating substituents, and KOpiv as non-ex-
pensive base/ligand. The reaction can be successful
for a variety of substituents both on nitrogen and on
the arene moiety. Due to the described usefulness of
alkenylsulfonamides, such simple reaction conditions
and functional group tolerance is offering a new at-
tractive method for access to such structures. This
work also shows that simple palladium(II) precursors
have potential to dehydrogenate the frequent alkyl
moieties of functional molecules and molecular mate-
rials.
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Experimental Section

General

All reactions were performed in Schlenck tubes under
argon. DMA analytical grade was not distilled before use.
Commercial aryl bromide derivatives and amines were used
without purification. 'H (300 or 400 MHz), “C (75 or
100 MHz) spectra were recorded in CDCl; solutions. Chemi-
cal shifts are reported in ppm relative to CDCl; ("H: 7.26
and “C: 77.0). Flash chromatography was performed on
silica gel (230-400 mesh).

Synthesis of 1a-1g, 3a-3g, Sa-5g, 7a-7¢g and 9a, 9b

A mixture of the 2-bromobenzenesulfonyl chloride deriva-
tive (2mmol) and triethylamine (6 mmol) in CH,Cl,
(10 mL) was treated with the appropriate secondary amine
(2.2 mmol) in a dropwise fashion at 0°C. Stirring was contin-
ued for 12 h and the reaction mixture was gradually warmed
to room temperature. The solvent was removed under re-
duced pressure and CH,Cl, (20 mL) and H,O (20 mL) were
added. The resultant aqueous layer was further extracted
with CH,Cl, (2x20 mL) and the combined CH,Cl, extracts
were dried over MgSO,. Filtration followed by solvent re-
moval under vacuum afforded the crude product, which was
purified by flash column chromatography (pentane:diethyl
ether; 4:1) affording the product.

General Procedure for the Synthesis of 2a-2g, 4a—4g,
6a—6g, 8a—8¢g, and 10a, 10b

A dry Schlenk tube was charged with 2-bromoarylsulfon-
amide derivative (0.5 mmol) and potassium pivalate
(0210 g, 1.5mmol). The catalyst Pd(OAc), (2.8 mg,
0.0125 mmol) or [PdCl(allyl)(dppb)] (15.4 mg, 0.025 mmol)
dissolved in DMA (0.5mL) was quickly added to the
Schlenk tube with a flow of argon, then DMA (1.5 mL) was
added. The Schlenk tube was closed and the reaction mix-
ture stirred at room temperature for 15 min. After heating
at 150°C for 16 h, and cooling, the solvent was removed
under vacuum, and the residue purified by flash chromatog-
raphy (diethyl ether:pentane).
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