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An unprecedented catalyst-free alkylation of sulfinic acids with sulfonamides has been developed via sp* C—N bond cleavage at room temperature.
In the absence of external catalysts and additives, a wide variety of N-benzylic and N-allylic sulfonamides couple with sulfinic acids to give
structurally diversified sulfones in moderate to excellent yields. Furthermore, the reaction of N-(2-acyl)allylic sulfonamides with sulfinic acids
provides a convenient access to trisubstituted allyl sulfones with exclusive Z selectivity.

Although sp® C—N bond cleavage can be realized by metals
such as Pd, Rh, Ru, and Na, strong bases such as t-BuLi
and t-BuOK, and some other reagents such as
CCI;CH,0COCI, DDQ, and PhSeH under various reaction
conditions, amines and amine derivatives have rarely been
applied to the alkylation of protic nucleophiles.* In 1983,
Kunakova and co-workers disclosed a palladium-catalyzed
coupling reaction of sulfinic acids with alylic amines via
sp° C—N bond cleavage at 100 °C.? This reaction can provide
adirect accessto sulfones that can serve as versatile building
blocks for organic synthesis owing to the useful reactivity
of a-sulfonyl carbanions.® More than 10 years later, Na-
gakura and co-workers found that palladium could catalyze
the removal of the allyl group from N-allyl-N-pentylaniline
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with p-toluenesulfinic acid at room temperature.* This
method, however, has not been extended to the alkylation
of sulfinic acids with nonallylic amines and amine deriva
tives.

When the nitrogen atoms of benzylic (or alylic) primary
amines are attached to appropriate e ectron-withdrawing groups
(EWGs), either Bransted® or Lewis acids®” are able to facilitate
the amino groups to serve as leaving groups toward a range
of nucleophiles. In the course of exploring new reactions
with a combination of acids,”® we found, however, that the
sulfonyl-activated amines (sulfonamides) could couple with
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sulfinic acids via sp® C—N bond cleavage in the absence of
external catalysts and additives at room temperature. This
finding is totally out of our expectation because the acidity
of asulfinic acid is much wesker relative to that of a sulfonic
acid,® which nevertheless failed to catalyze the sp® C—N
bond cleavage for the akylation of acetyl acetone with
N-tosyl benzhydrylamine.” In addition, sulfinic acids and their
salts are not powerful nucleophiles, and a simple alkylation
reaction of sulfinate anions is not trivial and often requires
readjusting the reaction conditions.*® Herein, we describe
this unprecedented catalyst-free akylation of sulfinic acids
with sulfonamides, which adds a new and direct entry to
the synthesis of structurally diversified sulfones.

As demongtrated by the akylation of benzenesulfinic acid
with 4-methoxybenzylamine derivativesin chloroform at room
temperature, the activating group (EWG) attached to the
nitrogen atom played avita role for the benzylic s0* C—N bond
cleavage to take place in the absence of externd catalysts and
additives (Table 1, entries 1—-5). To our ddlight, sulfone 2a was

Table 1. Survey of EWGs and Solvents®

o}
S T
H OH PMF §
1a-1ae 2a
entry 1, EWG solvent time/h yield/%®

1 1a, Ts CHCl3 14 67
2 lab, p-Ns CHCl3 24 55
3 lac, PO(OPh), CHCl; 24 13
4 lad, COPh CHCl3 24 30
5 lae, Cbz CHCIl; 24 0
6 1la, Ts CH,Cl, 16 58
7 la, Ts (CICHy), 24 36
8 la, Ts toluene 24 13
9 1a, Ts MeCN 24 54
10 la, Ts THF 24 0
11 1la, Ts EtOAc 24 0
12 1la, Ts MeNO, 24 7

2 Reaction conditions: amine derivative (0.50 mmoal), benzenesulfinic acid
(0.60 mmol), solvent (0.50 mL), rt. ® Isolated yield. PMP = p-methoxyphenyl.
p-Ns = p-nitrobenzenesulfonyl.

obtained in 67% yield when using the tosyl group, a strong
electron-withdrawing group that can be introduced conveniently
from inexpensive p-toluenesulfonyl chloride (Table 1, entry 1).
Nevertheless, the use of another common organic solvent insteed
of chloroform just led to alower yield or even no desired sulfone
product at al (Table 1, entries 6—12).

A broad range of tosyl-activated benzylic and alylic primary
amines coupled with aromatic and diphatic sulfinic acids at
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room temperature to give the corresponding sulfones in good
to excdlent yields (Table 2, entries 1—15). Notably, no

Table 2. Catalyst-Free Alkylation of Sulfinic Acids with
Sulfonamides®

R! 0 cHc, RU Q
YNHTs + Ri-§ ———> )—S-R®
R? o T RO
1 2
time yield
1 2 3

entry 1,R" R R product h J%b
1 1a, PMP, H Ph 2a 14 67
2 1b, PMP, Me Ph 2b 10 98
3 1¢, 2-HOCgH,, Me Ph 2¢ 15 80
4 1d, 2-naphthyl, Me Ph 2d 3 81
5 1e, ©O Ph 2e 8 84
6 1f, Ph, Ph Ph 2f 24 56
7 1g, PMP, Ph Ph 29 10 87
8 1h, 4-CICgH,, Ph Ph 2h 4 96
9 1i, Ph, 1-hexynyl Ph 2i 24 9
10 1j, (E)}-PhCH=CH, Ph  Ph 2j 2 88
11 1k, (E)-PhCH=CH, Me  Ph 2k 25 85
12 1, - Ph 21 10 80
13 1b, PMP, Me PMP 2m 3 99
14 1b, PMP, Me 4-CICeHs  2n 6 99
15 1b, PMP, Me Me 20 6 72
16 1m, Ph, H Ph 24 0
17 1n, vinyl, H Ph 24 0

@ Reaction conditions: sulfonamide (0.50 mmoal), sulfinic acid (0.60 mmol),
CHCl; (0.50 mL), rt. P Isolated yield.  MeCN was used as the solvent to
dissolve methanesulfinic acid.

isomerization was observed in the reaction of benzylic prop-
argylic amine derivative 1i with benzenesulfinic acid, which
proceeded cleanly to give sulfone 2i asa single product in 96%
yield (Table 2, entry 9). Furthermore, the displacement of the
sulfonamido group of dlylic amine derivative 1k by benzene-
aulfinic acid took place only at the origina alylic position,
presumably to maintain a maximum degree of conjugation
(Table 2, entry 11).** Nevertheless, no reaction took place with
simple sulfonamides such as N-tosyl benzylamine (1m) and
N-tosyl allylamine (1n) (Table 2, entries 16 and 17).

The cross-coupling reaction of opticaly active sulfonamide
(R)-1b (95% ee) with 0.50 equiv of benzenesulfinic acid
proceeded at room temperature for 10 h to give sulfone 2b
(Table 2, entry 2) in nearly racemic form (3% ee), and at the
same time the optica purity of recovered sulfonamide (R)-1b
decreased from 95% to 66%. Furthermore, the formation of
sulfone 2b was found to be irreversible based on the fact that
no reaction took place between sulfone 2b and p-toluenesulfinic
acid a room temperature for 24 h.*? These results suggest that
carbocation 3 is generated from sulfonamide 1 via a sulfinic
acid-promoted sp® C—N bond cleavage (Scheme 1). The
resulting sulfinate anion acts as an S-nucleophile to couple with
carbocation 3 to give sulfone 2 (Scheme 1, path @).

However, a sulfinic acid can aso act as an O-nucleophile
toward a“harder” carbon eectrophile relative to N-benzylic and
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Scheme 1. Proposed Reaction Pathways
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N-allylic sulfonamides (Scheme 1, path b).*® While no reaction
took place between acyclic N-alkyl sulfonamides and sulfinic
acids, N-cyclohexyl sulfonamide 1o coupled smoothly with
benzenesulfinic acid a room temperature, and the resulting
product was identified as sulfinate 4a rather than expected
sulfone 2p (Scheme 2), which could aternatively be synthesized

Scheme 2. Synthesis of Sulfinate 4a and Sulfone 2p
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by catalytic hydrogenation of alylic sulfone 2I, previously
prepared from acohol 1l and benzenesulfinic acid (Table 2,
entry 12).

Furthermore, a third reaction pathway was observed in the
reaction of sulfinic acids with N-allylic sulfonamides bearing
activated terminal C=C double bonds.** As shown in Table 3,
arange of N-(2-acetyl)alylic sulfonamides coupled with ben-
zenesulfinic acid to give the corresponding trisubstituted alyl
sulfones with exclusive Z selectivity.®® Obviously, such an
S\2'-type process is allowed to take place by the activation
of aterminal C=C double bond with the acetyl group, and
tentatively, the Z selectivity originates from reactive con-
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47, 2981-2984. (c) Reddy, L. R.; Hu, B.; Prashad, M.; Prasad, K. Angew.
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Table 3. Catalyst-Free Alkylation of Benzenesulfinic Acid with
N-(2-Acetyl)alylic Sulfonamides®

(0]
NHT
Me R * Ph—S\ Ph.
OH n /,S\\
[O N0
1q-1y 2q-2y
entry 1q-1y, R product  time/h  yield/%®

1 1q, Ph 2q 6 73
2 1r, PMP 2r 6 61
3 ls, 4—MeCGH4 2s 6 80
4 1t, 4-C1CgH, 2t 24 51
5 111, 4-02NCGH4 2u 5 58
6 1v, 2-MeCgH, 2v 6 70
7 1w, 2-furyl 2w 24 51
8 1x, (E)-PhCH=CH 2x 6 58
9 1y, 1-hexyl 2y 24 49

@ Reaction conditions: sulfonamide (0.50 mmol), benzenesulfinic acid (0.60
mmol), CHCl; (0.50 mL), rt. ° Isolated yield.

formation A, which is energetically favored relative to
reactive conformation B by relieving the alylic 1,2-strain
(Figure 1).5¢1%

H R H R{l_
MeOC COMe
NHTs NHTs
A B
Favored Disfavored

Figure 1. Reactive Conformations A and B.

In summary, we have developed a catalyst-free akylation
reaction of sulfinic acids with sulfonamides viasp® C—N bond
cleavage a room temperature. In the absence of externa
catalysts and additives, a wide variety of N-benzylic and
N-allylic sulfonamides couple with sulfinic acids to give
structurally diversified sulfonesin moderate to excellent yields.
Furthermore, the reaction of N-(2-acyl)alylic sulfonamides with
sulfinic acids provides a convenient access to trisubstituted alyl
sulfones with exclusive Z sdlectivity.
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