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In the presence of 2-10 mol% of Tf,NH, a range of N-benzylic
sulfonamides smoothly react with allylic, propargylic, benzylic,
or hydrido silanes at room temperature via sp> carbon—nitrogen
bond cleavage to afford structurally diverse products in moderate
to excellent yields and with high chemo- and regioselectivity.

Benzylic halides are traditionally employed for the benzylic
alkylation of nucleophiles under acidic conditions to construct
carbon—carbon and carbon-heteroatom bonds through the
cleavage of sp> carbon—halogen bonds to generate benzyl
cation intermediates (e.g. the Friedel-Crafts reaction).’
Nevertheless, strongly acidic hydrogen halides are inevitably
generated as byproducts in the reaction and are able to
promote undesired side reactions such as elimination and
overalkylation. In this regard, N-benzylic sulfonamides have
recently emerged as useful benzylic alkylating agents to avoid
such problems by yielding primary sulfonamides as byproducts,
and consequently, to enhance reaction selectivity and efficiency.
Certain Bronsted” and Lewis acids® have been demonstrated
to be able to catalyze the coupling of N-benzylic sulfonamides
with protic nucleophiles, such as aromatics, active methylene
compounds, thiols, thiocarboxylic acids, and sulfinic acids,
which involves the catalytic cleavage of the sp® carbon—nitrogen
bonds to generate benzyl cation intermediates (Scheme 1).
Herein, we wish to report an unprecedented coupling reaction
of N-benzylic sulfonamides with silylated nucleophiles
through acid-catalyzed sp’ carbon—nitrogen bond cleavage at
room temperature.

We discovered recently a highly efficient alkylation reaction
of protic carbon and sulfur nucleophiles with N-benzylic
sulfonamides in the presence of a catalytic amount of
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Scheme 1 Reactions of N-benzylic sulfonamides with various
nucleophiles.
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ZnClz/TMSCI.Sd However, such a combination of double
Lewis acids proved to be ineffective in catalyzing the coupling
of N-benzylic sulfonamides with silylated nucleophiles. To find
an effective catalyst, we evaluated a number of Breonsted and
Lewis acids in the model reaction of N-toluenesulfonyl benz-
hydrylamine (1a) with allyltrimethylsilane (2a) in dichloro-
methane at room temperature (Table 1, entries 1-7). While the
coupling reaction proceeded very sluggishly with many other
acidic catalysts, the use of bis(trifluoromethanesulfonyl)imide
(Tf,NH) resulted in the formation of product 3a in 57% yield
(Table 1, entry 3). It is noteworthy that Tf,NH has been
reported to react with allylic silane 2a to generate TH,N(TMS)
that serves as the actual acidic catalyst.*> The efforts to
enhance yield proved fruitless by replacing dichloromethane
with chloroform, 1,2-dichloroethane, ethyl acetate, acetonitrile,
or tetrahydrofuran (Table 1, entries 8—12) and by replacing the
toluenesulfonyl group of sulfonamide 1a with another sulfonyl
group, an acyl group, or an alkoxycarbonyl group (Table 1,
entries 13-18). Finally, the yield was increased to 79% by
employing 2.0 equiv. of allylic silane 2a in the reaction to
suppress the unwanted alkylation of product 3a with sulfonamide
1a (Table 1, entry 19).

A range of N-bisbenzylic and N-monobenzylic sulfonamides
coupled with allylic silane 2a in the presence of 2—-10 mol% of
Tf,NH at room temperature to give the corresponding alkene
products in moderate to excellent yields (Table 2, entries 1-8).
Substituted allyltrimethylsilanes 2b and 2c¢ also served as
suitable substrates to couple with N-benzylic sulfonamides
under similar reaction conditions (Table 2, entries 9-11).
It is noteworthy that electron-rich aromatic rings and
carbon—carbon triple bonds were well tolerated, and no
rearrangement was observed for the carbon—carbon double
bonds in the alkene products under the acidic reaction
conditions.” Moreover, excellent chemoselectivity —was
observed for the cleavage of the sp® carbon—nitrogen bonds
in N-benzylic N-alkyl sulfonamides. For example, secondary
amine derivative 1i’ exclusively donated its 4-methoxybenzyl
group in the coupling reaction with allylic silane 2¢ in
the presence of 10 mol% of Tf,NH at room temperature
(Table 2, entry 12).

The reaction of optically active N-benzylic sulfonamide 1f
(95% ee) with allylic silane 2a under similar conditions
afforded alkene 3f in nearly racemic form (Table 2, entry 6).
This result suggests that a benzyl cation is generated from the
corresponding N-benzylic sulfonamide through catalytic sp*
carbon—nitrogen bond cleavage and consequently, the coupling
reaction is confirmed to proceed via an Sny1 mechanism as
shown in Scheme 1.2

Next, a few other types of silylated carbon nucleophiles were
examined with regard to their reactivity toward N-benzylic
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Table 1 Optimization of reaction conditions”

Table 2 Catalytic coupling of N-benzylic sulfonamides with allylic
silanes”

X
HN SiMe. _catalyst (10 mol %) J\/\ R?
ph)\ph t oA Ph”>Ph NHTs R TENH (10mol %) R
1a-1a 2a 3a T+ R sime, TNH 00 mol %)
9 AR CHyCl, t
1 2a,R'=H,R?=H ' Ar” TR
. 2b,R'=H, R?=Me
Yield 2¢,R"=Ph,RZ=H :
Entry 1la-lag X Catalyst Solvent (%)’ ' '
1 la Ts HzSO4 CH2C12 0 Tlme/ Yield
2 la Ts TfOH CHyCl,  Trace Entry Sulfonamide 2 Product h (%)’
3 la Ts Tf,NH CH,Cl, 57
4 1a Ts TMSOTf  CH,Cl,  Trace NHTs N
5 la Ts FCC13 CH2C12 Trace 1 1a 2a J\/\ 3a 24 79
6 la Ts InCly4H,0 CH,ClL, 0 Ph™ Ph Ph”"Ph
7 la Ts SHCI4SH20 CH2C12 14
8 1a Ts TLNH CHCl;, 19 NHTs \
9 la Ts THLNH (CICH), 45 ) Ph)\Q b 2a PN 3B 2 88
10 1a Ts TLNH EtOAc 10 OMe OMe
11 la Ts THLNH MeCN 14
12 1la Ts Tf,NH THF 0 NHTS N
13 lab 4-O,NC¢H4SO, Tf,NH CH,Cl, 22
14 lac  24,6-MesCoH,80, THLNH CH.CL, 26 3 Ph Ic 2a Ph 3¢ 30 52
15 lad 2-thienylsulfonyl TfHLNH CH,Cl, 19 Cl Cl
16 lae n-CgH17502 szNH CH2C12 Trace
17 1af PhCO THLNH CH,Cl, 0 NHTs A
18  lag  PhCH,OCO Tf,NH CH.CL 0 Ph
19 1a Ts TLNH CH,CL, 79 4 1d 2a Ph 3d 2470
“ Reaction conditions: amine derivative 1la—lag (0.20 mmol), allylic
silane 2a (0.24 mmol), catalyst (10 mol%), solvent (0.30 mL), rt, 24 h. NHTs ~
® Isolated yield. ¢ 0.40 mmol of allylic silane 2a was used. 5 le 2a O O 3e 3 91
O O
sulfonamides under acidic conditions. The desilylative coupling
of propargylic silane 4a with sulfonamide 1g proceeded NHTSs N
smoothly in the presence of 10 mol% Tf,NH at room p /‘\©\ it 2 3t 4 B
. . . a
temperature to give allene 5a in a moderate yield (eqn (1)). (95% )OMe » OMe
. . . . . ee
Notably, a highly regioselective Friedel-Crafts reaction rather ’ (3% ee)
than a desilylative coupling reaction took place between NHTs N
benzylic silane 6a and sulfonamide 1a under similar reaction 7 N P PhJi;\Ph 3g 1 97
conditions (eqn (2)), and significantly, the trimethylsilyl group
preserved in the resulting Friedel-Crafts product can serve as a NHTs o~
handle for further synthetic elaboration.®’ 8¢ Ph" 1h 2a Ph oy 3h 24 45
=
TE,NH (10 mol %) prd
, CH,Clp, 11, 9 h 1 9¢ lo 2 .
g 2b 3i 4 95
1g + ///\SIM83 e ™ (1) PR N ph
4a 5a
o
10 la 2¢ Ph” ~Ph 3j 12 83
SiMe,
SiMe NHTs Ph
SIMes . NH (10 mol %) ’ >
, CH,Cly, 1t, 24 h o 11 oM i 2¢ 3k 12 75
a+ _—
65% OMe
7a:7Tb=97:3 Ph”™ “Ph Ph N(Me)Ts
6a 7a 7b 12 i’ 2 3k 5 71
2 OMe

Finally, a range of N-bisbenzylic and N-monobenzylic
sulfonamides were reduced smoothly with triethylsilane
(1.2 equiv.) in the presence of 2—-10 mol% of Tf,NH at room
temperature to give the corresponding products in good to
excellent yields (Table 3). It is noteworthy that the sulfonamido
groups were removed cleanly without reduction of the
carbon—carbon multiple bonds present in N-benzylic
sulfonamides 1g and 1h (Table 3, entries 4 and 5).

“ Reaction conditions: sulfonamide 1 (0.20 mmol), allylic silane 2
(0.40 mmol), THNH (10 mol%), dichloromethane (0.30 mL), rt.
b Isolated yield. ¢ 2 mol% of Tf,NH was used.

In summary, we have developed an unprecedented coupling
reaction of N-benzylic sulfonamides with silylated nucleo-
philes through catalytic sp® carbon-nitrogen bond cleavage
under acidic conditions. In the presence of 2-10 mol% of
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Table 3 Catalytic reduction of N-benzylic sulfonamides with triethyl-
silane”

NHTs TE,NH (10 mol %)

+ EttSH —————— A~ R

AR CH,Cly, 1t
1 8
Time/  Yield
Entry  Sulfonamide Product h (%)?
AN
1 1a Ph™ "Ph 8a 5 93
Ph/\©
2 1b ove S 2 98
Ph/\©
3¢ 1c al 8 2 99
=
4 1g PATPh gg 98
5 1h Ph\)/ 8¢ 8 73
NHTs
NN
6 PN~  Ph 8f 48 71
1j

¢ Reaction conditions: sulfonamide 1 (0.20 mmol), Et;SiH (0.24 mmol),
TENH (10 mol%), dichloromethane (0.30 mL), rt.  Isolated yield.
¢ 2 mol% of Tf,NH was used.

TfoNH, a range of N-bisbenzylic and N-monobenzylic
sulfonamides smoothly react with allylic, propargylic,
benzylic, or hydrido silanes at room temperature to afford
structurally diverse products in moderate to excellent yields
and with high chemo- and regioselectivity. This study adds a
useful entry to the synthetic applications of sp* carbon-nitrogen
bond cleavage.
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