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An efficient & and a sp* C—H bond oxidation of sulfon-
amides with PhI(OAg)l, under metal-free conditions has

Note

applicablity in this synthetic module. We herein present an
efficient 6 ando. sp® C—H bond oxidation of sulfonamides for
the synthesis of pyrrolidines arid-sulfonylimines with iodo-
benzene diacetate (Phl(OArand iodine (3) under metal-free
conditions.

Amination of saturated €H bonds provides a great potential
for the synthesis of amine derivativé$ntramolecular G-H
bond amination attracted more attention owing to its efficiency
and selectivity and to the synthetic significance of the hetero-
cycles? In most cases, a transition-metal catalyst is present to
promote the reaction. Phl(OAchas been used as an oxidizing
reagent in the Rh- or Ru-catalyzed—€& amination for the
synthesis of five- or six-membered ring heterocycles. In these
procedures, a primary amide is oxidized with Phl(OAg) an
iodimine, which is in turn decomposed by a metal complex to
generate the corresponding metallonitrene. The following cy-
clization occurs via €H insertion to give the heterocycle as
product. Despite the great advantages of these approaches, there
are still certain limitations: (1) the secondary amides, which
cannot be oxidized to the corresponding iodimines, cannot take
place under the same conditions; (2) a transition-metal complex
is essential as catalyst in the reaction although it may cause
other concerns.

As part of our program to develop the synthetic application
of sulfonamides, we found ad-C—H insertion amination of
secondary amidéy-hexyl-4-methylbenzenesulfonamitle, with

been reported. The reaction provides a useful route toPhI(OAc) and b under metal-free conditions (eq 1). The

pyrrolidines, N-sulfonylimines, and various sulfonamide
derivatives. The potential of this reaction system can be
evaluated by its mild condition and simple process.

Unactivated shC—H bond oxidation and subsequent func-

tionalizations have attracted considerable interest in past

decaded.The cleavage of an unactivated®*sp—H bond has
proven difficult because it is kinetically and thermodynamically

unfavorable. Various transition-metal complexes have been used

in the oxidation of shC—H bonds, and many excellent results
in this area have been reported in recent yédise oxidation

of s C—H bonds, especially under metal-free conditions,
however, remains challenging because of a lack of universal
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reaction gave rise to a five-membered ring product, 2-ethyl-1-
tosylpyrrolidine2a, in 12% yield. Control experiments indicated
that Ri(OAC), could not catalyze the reaction. No cyclization
product2a was formed in the absence of either Phl(OAa)

l2.

1.1 equiv Phl(OAc),

PN 1 equiv |,
NHT.
S CICH,CH,CI N M
40 °C Ts
1a 2a

Subsequent investigations revealed that the desirable product
2acould be isolated in 63% yield when 3 equiv of Phl(OAc)
was used (Table 1). A further increase of the amount of Phl-
(OAc), did not result in the improvement of yield. A 0.5 equiv
amount of ) was not enough to complete the reaction. The
reaction was sensitive to the reaction temperature. While a best
yield (82%) was obtained at room temperature, a drastic decrease
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TABLE 1. Condition Screening Experiments for Intramolecular many oxidation procedures have been develdpedytain
Amination of N-Hexyl-4-methylbenzenesulfonamide drawbacks of the approach, such as the requirement of an
o~~~ PhI(OAc),, I, O\/ additional metal catalyst or other additives, and low solubility
NHTs =™~ Ny of oxidizer in organic solvent, limit the synthetic application
Ts of such processed-Sulfonylimines are one of the few types
1a 2a of stable electron-deficient imines and are of increasing
entry oxidation (equiv) solvent  T(°C) yield (%) imp%rtar.lceAtl)ticaushettgley are versat_iI? intfrm?gie:jtesdin olrgan(ijc
synthesis. ough there are a variety of methods develope
; gmggﬁgi ggf:i EB g:gxgnig: 28 g% for the preparation oN-sulfonylimines? the direct oxidation
3 PhI(OAc) (4)/12 (1) CICH,CH,Cl 40 64 of sulfonamides toN-sulfonylimines remains an attractive
4 PhI(OAc) (3)/12(0.5)  CICHCH,CI 40 42 option.
g EE:Egﬁgi 8;;:2 8 g:gxgnzg: 2“;"”" 872 The oxidation ofN-benzyl-4-methylbenzenesulfonamida
7 PhI(OAc) (3)”2 ) CICHOHOl 0 4 gave rise td\-sulfonylimines4a 76% yield when ACOEt was
8  PhI(OAcy(3)12(1)  THF 25 nd used as solvent (eq 2). Guo have used Pd(@As)catalyst in
9 PhI(OAc) (3)/12 (1) DMF 25 nd the oxidation of3a to 4a with O,, but the yield was very low
ﬁ EE:(gﬁcl 332/'/7 (11) E'EI‘UOH 2255 ”% (16%)82Control experiments indicated that no reaction occurred
1 PhIEOAgi 8/@ 8 AeORL e 18 in the absence of either PhI(OAQT .
13 PhI(OAc) (3)/12 (1) CH.Cl, 25 42
2All reactions were conducted on a 0.5 mmol scélisolated yield. NHTs 3e?u;‘égcl|(20Ac)2 NTs o)
¢No product was detected. Ph) MO T PhJ &)
o 3a 4a
SCHEME 1. Intramolecular C—H Bond Amination of
Amides 3 equiv PhI(OAC), The aryIN-sulfonylimines _formed in the oxidatio_n_ reaction_s
RI o~y 1 QU I O\ were ready to unqlgrgq various subsequent addltlor} reactions
NHR W N~ R without further purification. As shown in Table 2, entries@,

R2 cross-dehydrogenative-coupling (CDC) reactions between sul-
1a R'=Et R%2=pCHyCgH SO,  2a82 fonamide and malonate proceeded smoothly via the oxidations
1b R'=Bu, R2= p-CH3CgH,SO, 2b78 of sulfonamides and the subsequent additions with maldfate.
1c R'=H, R2%= p-CH3;CgHsSO, 2¢ 0 In these procedures, the oxidation reaction and the nucleophilic
1e R'=Et R®=CH;SOy 2e 53 addition reaction were conducted in one flask, and generated
1f R: =Et, Rz =p-NO,-CgH,8O,  2f 87 the corresponding CDC products in good yields. When allylzinc
:g 21 : EI 22 : g";‘_ioé'gﬁ""*co 225:150 bromide (Table 2, entries-8L1), allyltrimethylsilane (Table 2,

i R'=EL R2=Cg3é0 2 0 entry 12), diethyl phosphate (Table 2, entry 13), or dimethyl

o ) acetylenedicarboxylate (eq 3) was used as nucleophile in the
in yield occurred when the reaction was warmed to reflux or subsequent addition reaction, a workup procedure for the
cooled to 0°C. No product was detected when THF, DMF,  iqation reaction mixture was necessary owing to the sensitivity
t-BUOH, or toluene was used as solvent, while the reaction could ot nycleophilic reagent or catalyst to the oxidizer. The yields
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TABLE 2. Oxidation Reactions of Sulfonamides and Subsequent
Addition Reactions®

(1) 3 equiv PhI(OAc),

NHTs " "1 equiv I, ACOEt NHTs
Ar (2) Nucleophile Ar Nu
3 5
entry Ar nucleophile (equiv) and conditions 5° (%)
1°  Ph CH(COOEt) (2), t-BuOK (2), 5a(82)
t-BUOH, rt
2¢ p-CH3CgHa CHy(COOEt} (2), t-BuOK (2), 5b (78)
t-BuOH, rt
3 p-CHsOCeHs CHy(COOEt)(2), t-BUOK (2), 5¢(73)
t-BuOH, rt
4 0-CICgH4 CH,(COOEt) (2), t-BuOK (2), 5d (79)
t-BUOH, rt
5¢  p-FCgH4 CHy(COOEt} (2), t-BuOK (2), 5e(83)
t-BUOH, rt
6° 0-CRCeHs CHy(COOETt} (2), t-BuOK (2), 5f (81)
t-BuOH, rt
7 Ph CH=CHCH,ZnBr (3), THF, rt 5g(0)
8 Ph CH=CHCH,ZnBr (3), THF, rt 5g(84)
99  p-CHiCeHs  CHy=CHCH,ZnBr (3), THF, r.t. 5h (81)
108 p-CH3OCeHs CH;=CHCHZnBr (3), THF, rt 5i (80)
119  p-FCeHa CH,=CHCH,ZnBr (3), THF, r.t. 5j (82)
12 Ph CH=CHCH,SiMe; (3), BwuNF (0.1), 5j (78)
THF, rt
13  Ph HPO(OEH) (3), K2COs (1), 5k (82)

CICH,CH.CI, rt

aReactions were conducted @ 1 mmol scale? Isolated yield.c After
the oxidation reaction, nucleophilic reagent was added into diretiipe
oxidation reaction was quenched with p#e(3 equiv), and after a workup
with satd NaS,0s, the resulted concentrated crude product was treated with
nucleophilic reagents under the corresponding conditions.

of these two-step reactions were not affected by the additional
workup operation.

(1) 3 equiv PhI(OAc),

NHTs 1 equiv |, AcOEt MeOC _ OMe
Ph (2) 3 equiv MeO,CC=CCO,Me 3)
: Ph~ N~ ~0
3a 0.2 equiv Ph3P T
Benzene, reflux 57
76%

PhI(OAc), + I, =M+ 5 Acol

ﬁ AcOl ﬁ iyt p
HN._ - N.
R 1s TACOH oo N R7OH " Ts
1-5Hshiftl
N S ﬁ —e J/\
N + _N. . N
ts R™ H Ts R H Ts
AN\ -TS LO'- o~ Ts A~ ATS
AN “AcoH AT N AN
H [
1-2Hshiftl
X _Ts <L A~ TS -e A TS
AN Ar” N Ar” N
H H

FIGURE 1. Tentative mechanism for thé and a. sp> C—H bond
oxidation of sulfonamides with Phl(OAg),.

SCHEME 2. Oxidation of 4-Methylbenzenesulfinamides 1d
and 7

3 equiv PhI(OAc),
1 equiv |

CICH,CH,CI, rt

(0]

v
/\/\/\
N
)

H
1d

’S\Tolyl-p N

Ts
2a
61%
NHTs II\lTs
Ph *
3 equiv Phl(OAc), 3a
1 equiv I, 23%

AcOEt, rt

Ph

4a
35%

O
1

HN/S\Tolyl-p

[, 2]}

Ph lN” “Tolyl-p
PR g
not detected
of W — hy or ultrasonic irradiation resulted in the decomposition
of the formedN-sulfonylimines.
A tentative mechanism for the products formation is proposed

Further experiments showed that the oxidation and a tandemin Figure 1. The reaction of Phl(OAchnd iodine generated

KnoevenagetMichael addition of resultedN-sulfonylimine
with diethyl malonatecould be conducted in one flask (eq 4).

(1) 3 equiv Phl(OAc),

NHTs 1 equiv |, AcOEt CH(COOMe),
Ph (2) 3 equiv CHy(COOMe);  pp~” SCH(COOMe), @)
3a 3 equiv t-BuOK 6
t-BuOH, rt
71%

When ©)-N-hexyl-4-methylbenzenesulfinamide was used
as the starting material, sulfinamide was oxidized to sulfon-
amide, and 2-ethyl-1-tosylpyrrolidirgawas formed as the final
product. The oxidation of3)-N-benzyl-4-methylbenzenesul-
finamide7 under the same conditions gave sulfonan8dand
N-sulfonylimines4a as the products, and no sulfinimiBavas
detected from the reaction (Scheme 2).

The PhI(OAc)/I, system has been used as a radical precursor
to form sulfonamidyl radical$! In these processes, however,
photochemical treatments or ultrasonic irradiations were es-
sential to promote the reactions. In our reaction conditions, extra
hy or ultrasonic irradiation were not necessary. On the contrary,
in the cases of formation dfl-sulfonylimines, the utilization
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iodobenzene and acetyl hypoiodite. Sulfonamides then reacted
with acetyl hypoiodite to form sulfonamidyl radicai! In the
cases oN-hexylsulfonamides, sulfonamidyl radicals underwent
a 1, 5-H shift to formd carbon radicals, which was a very easily
oxidizable species. After an oxidation to carbocation and the
subsequent cyclization, five-membered ring products were
generated? Sulfonamidyl radicals with benzyl groups were
converted intoo. carbon radicals via a 1,2-H shift. Aryl
sulfonimines were obtained as the result of the following
oxidation and deprotonatidH.
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Org. Chem2007, 72, 2564. (b) Togo, H.; Kotohgi, MSynlett2001, 565.
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Viuf, C.; Bols, M. Chem. Eur. J200Q 6, 1140. (e) Togo, H.; Harada, Y.;
Yokoyama, M.J. Org. Chem200Q 65, 926. (f) Boto, A.; Hernandez, R.;
Suarez, EJ. Org. Chem.200Q 65, 4930. (g) Katohgi, M.; Togo, H.;
Yamaguchi, K.; Yokoyama, MTetrahedron1999 55, 14885. (h) Togo,
H.; Hoshina, Y.; Muraki, T.; Nakayama, H.; Yokoyama, 8.0rg. Chem.
1998 63, 5193. (i) Francisco, C. G.; Gonzalez, M. C.; Suarez]).EOrg.
Chem.1998 63, 8092.

(12) (a) Tanner, D. D.; Arhart, R.; Meintzer, C. Petrahedron1985
41, 4261. (b) Nikishin, G. I.; Troyansky, E. Z.; Lazareva, M.T&trahedron
1985 41, 4279. (c) Corey, E. J.; Hertler, W. R. Am. Chem. Sod.96Q
82, 1657.
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In summary, we report here an efficiefitand o. sp® C—H dried over NaSO, and concentrated in vacuo. The residue was
bond oxidation of sulfonamides with PhI(OAf)} under a purified by column chromatography on silica gel to provide the
metal-free condition. The reaction provides a useful route to desired product. 2-Ethyl-1-tosylpyrrolidia: *H NMR (400 MHz,

pyrrolidines,N-sulfonylimines and various sulfonamide deriva- dggg_'% 257(-;0 1(2")‘] 3:325 3|:|7Zl(r§H])_i—|)7l2391(6(31é]2:0 (SmZ 1H|—Z|) 22"'2'1
tives. The potential of this reaction system can be demonstra’;]e_ (o, 3H). 1.81—,1.88,(m, vy e Ay o, 180, o

by_its mild condition and simple Process. The rea(_:tion mech 4H), 0.90 (t,J = 7.2 Hz, 3H). The spectral data are consistent with
anism, scope, and synthetic application are ongoing and will e repor’ted in the literatufe.
be reported in due course.
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Sulfonamides.A Schlenk tube was charged with Phl(OA¢#83
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