O C‘The Journal of Organic Chemistry pubs.acs.org/joc

Aza-Wacker-Type Reaction between Electron-Deficient Olefins and
N-Alkylsulfonamides

Huayou Huy,* Jiaxin Tian,’ Yun Liu,® Yong Liu,” Fei Shi, Xiang Wang,T Yuhe Kan,” and Chao Wang*’i

T_]iangsu Key Laboratory for Chemistry of Low-Dimensional Materials, School of Chemistry and Chemical Engineering, Huaiyin
Normal University, Huaian 223300, P. R. China

*School of Material Science and Engineering, Southwest University of Science and Technology, Mianyang 621010, P. R. China
§_]iangsu Key Laboratory of Green Synthetic Chemistry for Functional Materials, School of Chemistry and Chemical Engineering,
Jiangsu Normal University, Xuzhou 221116, P. R. China

© Supporting Information

ABSTRACT: A palladium-catalyzed oxidative amination Pd(OAC), cat NP
protocol of electron-deficient olefins by aza-Wacker-type O P . 2m= R ONTOR,
] . ; S~ +HQ 1.5 equiv. selectfluor |

reaction with N-alkylsulfonamides was developed. The Ri N Ro 2 equiv. MeSOaH
presence of the stoichiometric amount of methanesulfonic H EtOAc. 50 °C
acid was crucial for the success of this transformation. The E only

reactions were conducted in green solvent under mild
conditions and scalable with excellent E-type stereoselectivity. In addition, a Pd(II)/Pd(0) catalytic cycle with the existence
of a very strong oxidant (Selectfluor) was proposed.

D 1 any therapeutically important agents contain the Scheme 1. Different Reaction Modes between Olefins and

structure of sulfonamides, for example, antibacterial Sulfonamides
sulfonamides and anticonvulsant sultiame." Moreover, they are o
also important protected intermediates of primary2 and $S.’ & k. Pd(OA0), L cat R/§\N'R2
secondary amines with interesting biological activities.” On RY \”’ 24 N a1 O v\
the other hand, Pd(1I)-catalyzed oxidative amination of olefins, White, Liu and Stah's work Rs
also called aza-Wacker reaction, has been the topic of intensive o
investigations.3 Currently, the Pd(Il)-catalyzed intermolecular o} 8o~
. . . . n RIINTR,

aza-Wacker-type reactions are utilized to amines, amides, and RSN R A Pd(OAc), cat. l¢) §
nitrogen-containing heterocycles such as pyrroles, quinolines, "oH ? selectfluor
and carbazoles.* In addition, the allylic amination of olefins with ' MeSOH EWG
sulfonamides was reported by several groups.’ Although this paper
significant progress of intramolecular aza-Wacker reaction has
been achieved recently,® however, the same reaction with catalyst, methyl acetate and palladium acetate were found to be
sulfonamides in an intermolecular way is less explored.” the most efficient for this transformation (entries 6—9).
Therefore, the investigation of an efficient catalytic system for Noteworthy, when a lesser amount of methanesulfonic acid
this reaction is highly desirable. As a follow-up of our reported was added, the reaction time would be longer (entry 10, lower
methods,® we herein report a novel catalytic system for yield due to low conversion rate of la). The optimal yield
intermolecular aza-Wacker reaction between sulfonamides and (89%) was achieved by using 5% palladium acetate as catalyst,
electron-deficient olefins (Scheme 1). 1.0 mL of methyl acetate as solvent, and heating under 50 °C

In the preliminary study, N-benzyl-4-methylbenzene- for 10 h (Table 1, entry 14). Meanwhile, a little amount of 3ab
sulfonamide 1a (0.20 mmol) and methyl acrylate 2a (2.0 was formed through acid-catalyzed transesterification by using
equiv) with palladium acetate (10%) as catalyst and 1,2- ethyl acetate as a solvent. Furthermore, under Elliott’s reaction
dichloroethane as solvent were chosen as our model system. As conditions,” the yield of 3aa was only 42% (entry 15).
shown in Table 1, the yield of the proposed product 3aa To explore the effect of different sulfonyl groups, an array of
reached 29% using Selectfluor {1-chloromethyl-4-fluoro-1,4- sulfonyl derivatives of benzylamine were reacted with 2b (or
diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate), 1.5 equiv} 2a) under standard conditions. As shown in Scheme 2, the
as oxidant, which was superior than other oxidants (Table 1, electronic effect (electron-donating or electron-withdrawing) of

entry 1 vs 2). The structure of 3aa was confirmed by CCDC sulfogyl groups had a significant effect on the yield of cross-
(see the Supporting Information).” When methanesulfonic acid coupling product. The p-toluenesulfonyl group was found most

(2.0 equiv) was added as an additive, the yield was increased to

66%. Other additives, however, were less efficient than Received: December 14, 2014
methanesulfonic acid (entries 3—S5). Regarding solvent and Published: February 13, 2015
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Table 1. Optimization of Reaction Conditions

CO,Me CO,Et
Ts/HvPh . /\Conem% Pd(OAc) X N
Selectfluor N_ _Ph N. _Ph
1a, 0.20 mmol 2a, 0.40 mmol Ts™ T T Y
3aa 3ab

entry additive, mmol temp (°C) time (h) solvent yield (%)

1 TFA?, 0.60 rtf 24 DCE? 29

2¢ TFA, 0.60 r.t.—80 24 DCE <10

3 NaHCO,, 0.60 rt. 24 DCE 0

4 MeSO;H, 0.40 rt. 24 DCE 66

5 other acids/, 0.40 rt. 24 DCE 0—41

6 MeSO,H, 0.40 rt. 10 DCE 41

7 MeSO,H, 0.40 rt. 10 EtOAc 70

8 MeSO;H, 0.40 r.t. 10 other solvent® 21-55

9" MeSO;H, 0.40 rt. 10 EtOAc 13-42
10 MeSO,H, 0.04 rt. 10 EtOAc 29
11 MeSO;H, 0.20 rt. 10 EtOAc 50
12 MeSO,H, 1.0 rt. 10 EtOAc 43
13 MeSO,H, 0.40 50 10 EtOAc 86
14 MeSO;H, 0.40 50 10 MeOAc 89
19 no addition 40 24 DME* 42

“solated yield. ?2,2,2-Trifluoroacetic acid. “Room temperature. “1,2-Dichloroethane. “Other oxidants examined included copper oxide, silver oxide,
sodium persulfate, and N-fluoro-N- (phenylsulfonyl)benzenesulfonamlde FOther acids examined included acetic acid, pivalic acid, trifluoromethane-
sulfonic acid, 4-methylbenzenesulfonic acid, 2,6- dlﬂuorobenzmc acid. #Other solvents include 1,2-dimethoxyethane, acetonitrile, dichloromethane,
1,4-dioxane, toluene, and dimethyl carbonate. "Other catalysts were applied, include palladium oxtde, palladium chloride, and bis(2,2,2-
trifluoroacetoxy)palladium. ‘5% palladium acetate was used. ’Standard reaction condition of Elliott’s work. ©1,2-Dimethoxyethane.

Scheme 2. Effect of Sulfonyl Group Scheme 3. Scope of Olefins
2 oM CO,R H 5% Pd(OAc), T R
2lVie o s,
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T \ Ts CONMe
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N. D. = not detected. 4 / /
3im,N.D.2 3in,N.D.2 3io,N.D. 2

efficient for this transformation. Meanwhile, nitrobenzene-
sulfonyl and p-acetamino-benzenesulfonyl groups were in-
effective (Scheme 2).

“N. D. = not detected.

As regarding the substrate scope of electron-deficient olefins, corresponding product or just gave a poor yield. Moreover,
a series of olefins coupled with 1i were studied under standard (vinylsulfonyl)benzene (2g) and dimethyl vinylphosphonate
conditions (Scheme 3). Acrylates gave good yields; however, its (2h) were able to form the corresponding product in moderate
derivatives, such as acrylonitrile, etc, did not give the yields. Surprisingly, pent-l-en-3-one (2i) gave the Michael
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addition product 4ii instead of the proposed cross-coupling
product 3ii. Furthermore, styrene failed to give any
corresponding product under standard conditions.

To study the substrate scope of amines, p-toluenesulfonyl
derivatives of different amines were coupled with 2a under
standard conditions (Scheme 4). As shown in Scheme 4,

Scheme 4. Scope of Amines

H ~com 5% Pd(OAc), ¢OMe
S + g —MM888M8
s R Z Selectfluor 1.5 equiv. \\
1a 2a MeSO3H, 2.0 equiv. Ts/N\R
MeOAc, 50 °C 3
CO,Me CO,Me CO,Me CO,Me
\\ \\ A X OMe
/N Vd ~
TS/N Ts™ Ts N Bu Ts/N 0

10h, 3aa, 89% 10h, 3ia, 89% 18h, 3ja, 68% 20h, 3ka, 62%

COzMe COgMe COgEt

CO,Me
X OH + \\’70 X Br % Cl

Ts/N\) Ts/N\) Ts/N\) Ts’N

Sla Sla  10h, 3mb, 20%  10h, 3na, 38%

24h, 3la/5la = 1/2, 66%  in EtOAC
CO,Me
COzMe COgMe Hz
F X

S S e
; N 'y
Ts Ts”
24h, 30a, 66% 4h, 3pa, 56% 3qa, N. D, @
CO,Me
§ quMe CO,Me CO,Me
TS/NYPh \N A \J x

ph T8 CtBu e s \H

3ra,N.D.2 3sa, N.D.?2 3ta, N.D.2 3ua, N.D.?

“N. D. = not detected.

toluenesulfonyl derivatives of amines were reacted with 2a and
generated the corresponding cross-coupling product smoothly.
Unfortunately, toluenesulfonamide (1u) and N-allyl-4-methyl-
benzenesulfonamide (1t) were unstable and easy to undergo
decomposition under optimal reaction conditions. Moreover,
highly hindered substrates (1q—1s) were unreactive and did
not give any designed products. Furthermore, N-(2-hydroxy-
ethyl)-4-methylbenzenesulfonamide (11) gave the mixture of
linear and cyclic isomers with the ratio of 1/2 based on the
analysis of 'H NMR. In addition, N-(2-(cyclohex-1-en-1-
yl)ethyl)-4-methylbenzenesulfonamide (1v) only gave intra-
molecular allylic amination product (7v) with or without ethyl
acrylate 2b (Scheme S). The structure of 7v was confirmed by
ccoe?

To reveal the reaction mechanism, some control experiments
were conducted (Scheme 6). No 3ia was detected under
standard reaction conditions in the absence of palladium
acetate, indicating that the palladium catalyst is crucial for the

Scheme S. Intramolecular Allylic Amination of 1v

NHTs
standard conditions
v
with 2.0 equiv. 2b, 23% N

1v without 2b, 26% Ts

Scheme 6. Control Experiments

CO,Me
H no Pd(OAc), X
1N+ ZcoMe ————x—r |
1i 2a Ts™ >
COEt CoEt 1
e el
N standard conditions N
Ts™ > Ts™ >
4ib 98% 4ib recovered 3ib

transformation. Meanwhile, the Michael addition product 4ib
was nearly fully recovered (98%) under standard reaction
conditions, and no 3ib was detected. These results ruled out
the reaction pathway of Michael addition, followed by oxidative
dehydrogenation.

To reveal the nature of the catalyst, experiments with
stoichiometric palladium in the absence of oxidant were
conducted (Scheme 7). Only 2% of 3ib was detected by 'H

Scheme 7. Equivalent Experiments

CO,Et
1.0 equiv. Pd(OAc),

H

1NN+ ZCOEt ———— > % 3ib
_ EtOAc, 50 °C, 1 h N
1i 2b Ts™ '~

without MeSOzH, 2% 3ib, 92% 1i base on 'H NMR
with 2.0 equiv. MeSOzH, 59% 3ib, 33% 1i base on H NMR

NMR, when the mixture of 1i, 2b, and palladium acetate (1.0
equiv) was heated at S0 °C for 1 h. However, under the same
conditions, except adding 2.0 equiv of methanesulfonic acid as
additive, 59% of 3ib was detected after 1 h. These results
suggested a Pd(II)/Pd(0) catalytic cycle mechanism and
indicated that palladium methanesulfonate may be the real
catalyst.

To understand the interaction between palladium and
substrates, some reactions were conducted in NMR tubes
using CDCl; as solvent. Even after mixed with palladium
acetate at room temperature for 22 h, the 'H NMR peaks of 1i
did not change much. However, these peaks changed
immediately after 0.20 mmol of methanesulfonic acid was
added (details in the Supporting Information). The '"H NMR
spectra of palladium acetate with methanesulfonic acid and
palladium acetate with methyl acrylate are presented in the
Supporting Information. Palladium acetate reacted with
methanesulfonic acid to give a yellow precipitate (should be
palladium methanesulfonate) and acetic acid, which is
confirmed by 'H NMR. In addition, no interaction between
palladium acetate and methyl acrylate is observed by '"H NMR.
These results confirmed the interaction between the palladium
salt and sulfonamide 1i in the presence of methanesulfonic acid.

On the basis of results above, we proposed the reaction
mechanism as shown in Scheme 8. First, palladium
methanesulfonate (8) was formed by anion exchange (details
in the Supporting Information), and then 8 reacted with 1 to
form intermediate 9 through metallization. Then, 9 coordinated
with 2 and further transformed to product (3) through
insertion and p-hydrogen elimination and released [(methyl-
sulfonyl)oxy]palladium(1I) hydride (11). At last, the 11 or
Pd(0) was oxidized to 8 by Selectfluor in the presence of
methanesulfonic acid to finish the catalytic cycle.

DOI: 10.1021/j0502823m
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Scheme 8. Proposed Reaction Mechanism
HPdSO3Me "

/ Pd(0) \o

R\N/Ts
\ ~—pgrN Pd(MeSO3 Pd(OAc)2
COzEt EtOZC

3
Ts,
NH
EtOQC 1R

To demonstrate the synthetic utility of this method, the
reaction was performed on a 4 mmol scale, producing 3ib in
60% yield (S0 °C, 24 h, 0.680 g) and 75% yield (80 °C, 6 h,
0.855 g; Scheme 9).

Scheme 9. Gram-Scale Experiments

H CO,Et
Ts/N\ . /\COZEt standard conditions A
. 50°C, 24 h, 0.680 g, 60% _ _N_
1i,4.0mmol  2b 80°C,6h, 08559, 75% 3ib

In summary, a palladium-catalyzed aza-Wacker reaction
between N-alkylsulfonamides and electron-deficient olefins
using green solvent was developed. The presence of the
stoichiometric amount of methanesulfonic acid was crucial for
the success of this transformation. Only the E isomer was
formed, and a wide range of functional groups were tolerated in
this reaction. In addition, a Pd(II)/Pd(0) catalytic cycle with
the existence of a very strong oxidant (Selectfluor) was
proposed. To conclude, the versatility of the sulfonamide
moiety should render this protocol highly attractive for both
synthetic and medicinal chemistry.

B EXPERIMENTAL SECTION

General Methods. Unless otherwise noted, all commercial
reagents and solvents were obtained from the commercial provider
and used without further purification. '"H NMR, "’F NMR, 3'P NMR,
and ®C NMR spectra were recorded on 400 MHz spectrometers.
Chemical shifts were reported relative to internal tetramethylsilane (&
0.00 ppm) or CDCl; (6 7.26 ppm) for '"H NMR and CDCl; (5 77.0
ppm) for *C NMR. Flash column chromatography was performed on
300—400 mesh silica gels. Analytical thin layer chromatography was
performed with precoated glass baked plates (250 y) and visualized by
fluorescence. HRMS were recorded on a TOF-Q spectrometer.
Substrates were szrnthesued according to the literature (la—1h, 1j,
lo—1t, 1v;'! 1k 15" 1m, 1n').

General Procedure for Oxidative Amination of Electron-
Deficient Olefins with N-Alkylsulfonamides. N-Alkylsulfonamide
(0.20 mmol), electron-deficient olefin (0.40 mmol), palladium acetate
(22 mg, 0.01 mmol), methanesulfonic acid (26 uL, 0.40 mmol),
Selectfluor (110 mg, 0.30 mmol), and 1.0 mL of ethyl acetate (or other
solvent indicate in paper) were added to a reaction tube under air.
Then, the mixture was stirred at S0 °C. The reaction was monitored by
TLC. When the reaction finished, the mixture was cooled down to
room temperature, poured into water, and extracted with CHCl; (10
mL X 3). The organic layers were combined and washed with
saturated sodium bicarbonate and brine and dried with Na,SO, and

2845

filtered. Then, the mixture was evaporated under vacuum and the
crude mixture was purified by flash chromatography (silica gel, eluted
by petroleum ether/ethyl acetate or petroleum ether/chloroform).

Procedure for the Equivalent Experiments. N,4-Dimethyl-
benzenesulfonamide (19 mg, 0.10 mmol), ethyl acrylate (21 L, 0.20
mmol), palladium acetate or palladium oxide (0.10 mmol), and 0.50
mL of ethyl acetate with or without methanesulfonic acid (13 yL, 0.20
mmol) were added to a reaction tube under air. Then, the mixture was
stirred at SO °C for 1 h. Then, the mixture was cooled down to room
temperature, poured into water, and extracted with CHCl; (10 mL X
3). The organic layers were combined and washed with saturated
sodium bicarbonate and brine and dried with Na,SO, and filtered.
Then, the mixture was evaporated under vacuum. Then, the crude
mixture was analyzed by "H NMR with N,N-dimethylacetamide (10.0
uL) as internal standard.

Procedure for the Gram-Scale Experiments. N,4-Dimethyl-
benzenesulfonamide (741 mg, 4.0 mmol), ethyl acrylate (0.87 mL, 8.0
mmol), palladium acetate (45 mg, 0.20 mmol), methanesulfonic acid
(0.53 mL, 8.0 mmol), Selectfluor (2.17 g, 6.0 mmol), and 20 mL of
ethyl acetate were added to a reaction tube under air. Then, the
mixture was stirred at 50 °C for 24 h or at 80 °C for 6 h. Then, the
mixture was cooled down to room temperature, poured into water,
and extracted with CHCl; (30 mL X 3). The organic layers were
combined and washed with saturated sodium bicarbonate and brine
and dried with Na,SO, and filtered. Then, the mixture was evaporated
under vacuum and the crude mixture was purified by flash
chromatography (silica gel, eluted by petroleum ether/ethyl acetate
=6/1).

Characteristic Data of New Compounds. (E)-Methyl 3-(N-
Benzylmethylsulfonamido)acrylate (3ba). This compound was
obtained as a white solid (32.3 mg, 60%) by following the general
procedure: mp 89—91 °C; 'H NMR (400 MHz, CDCl;) § 8.01 (d, ] =
14.0 Hz, 1H), 7.40—7.33 (m, 2H), 7.33—7.28 (m, 3H), 5.17 (d, ] =
14.0 Hz, 1H), 4.79 (s, 2H), 3.69 (s, 3H), 2.97 (s, 3H); *C NMR (100
MHz, CDCL,) § 167.1, 141.6, 134.0, 129.0, 128.2, 127.0, 9.4, 514,
49.8, 41.0; IR (NaCl): 3029, 2951, 2930, 1705, 1627, 1456, 1362;
HRMS (ESI): m/z caled for C;,H;{NO,S: 292.0614 [M + Nal,
found: 292.0613.

(E)-Ethyl 3-(N-Benzyl-4-methoxyphenylsulfonamido)acrylate
(3cb). This compound was obtained as a colorless sticky oil (34.5
mg, 46%) by following the general procedure; '"H NMR (400 MHz,
CDCly) 6 8.19 (d, ] = 14.0 Hz, 1H), 7.82—7.72 (m, 2H), 7.35-7.28
(m, 3H), 7.25—7.19 (m, 2H), 7.04—6.95 (m, 2H), 4.99 (d, J = 14.0
Hz, 1H), 4.63 (s, 2H), 4.14 (q, ] = 7.1 Hz, 2H), 3.90 (s, 3H), 1.25 (t, J
= 7.1 Hz, 3H); *C NMR (100 MHz, CDCl;) § 167.0, 163.8, 141.6,
134.1, 129.6, 129.4, 128.8, 127.8, 126.7, 114.8, 99.5, 60.1, 55.7, 49.7,
14.3; IR (NaCl): 3065, 2979, 1705, 1624, 1595, 1497, 1456, 1363;
HRMS (ESI): m/z caled for C;gH,NOS: 398.3933 [M + Nal,
found: 398.3938.

(E)-Methyl 3-(N-Benzyl-4-fluorophenylsulfonamido)acrylate
(3da). This compound was obtained as a white solid (23.3 mg,
32%) by following the general procedure: mp 91-92 °C; 'H NMR
(400 MHz, CDCl,) 6 8.17 (d, J = 14.0 Hz, 1H), 7.89—7.80 (m, 2H),
7.32—7.26 (m, 3H), 7.23—7.16 (m, 4H), 5.06 (d, ] = 14.0 Hz, 1H),
4.66 (s, 2H), 3.70 (s, 3H); '*C NMR (100 MHz, CDCl;) § 167.1,
165.7 (] = 255.7), 141.4, 1344 (J = 3.3), 133.6, 130.0 (J = 9.5), 128.9,
128.0, 1267, 116.9 (J = 22.7), 100.0, S1.5, 49.9; '°F NMR (376 MHz,
CDCLy) 6 —102.79; IR (KBr): 3101, 3067, 2954, 2921, 2850, 1719,
1634, 1590, 1493, 1456, 1366; HRMS (ESI): m/z caled for
C,4H,FNO,S: 386.0833 [M + Nal*, found: 386.0838.

(E)-Methyl 3-(N-Benzylphenylsulfonamido)acrylate (3ea). This
compound was obtained as a white solid (34.5 mg, 52%) by following
the general procedure: mp 121—123 °C; '"H NMR (400 MHz, CDCl;)
5 8.18 (d, J = 14.0 Hz, 1H), 7.87—7.79 (m, 2H), 7.68—7.60 (m, 1H),
7.54 (dd, ] = 8.5, 7.1 Hz, 2H), 7.32—7.27 (m, 2H), 7.24 (d, ] = 7.2 Hz,
1H), 7.22—7.15 (m, 2H), 5.00 (d, ] = 14.0 Hz, 1H), 4.63 (s, 2H), 3.66
(s, 3H); *C NMR (100 MHz, CDCl;) 6 167.2, 141.7, 138.4, 133.79,
133.76, 129.6, 128.8, 127.9, 127.2, 126.7, 99.7, 51.4, 49.9; IR (NaCl):
3065, 2950, 2922, 1715, 1627, 1447, 1367; HRMS (ESI): m/z caled
for C;;H;NO,S: 354.0771 [M + Na]*, found: 354.0779.

DOI: 10.1021/j0502823m
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(E)-Methyl 3-(N,4-Dimethylphenylsulfonamido)acrylate (3ia).
This compound was obtained as a white solid (48.0 mg, 89%) by
following the general procedure: mp 39—41 °C; "H NMR (400 MHz,
CDCly) 6 8.18 (d, J = 13.8 Hz, 1H), 7.70 (d, J = 8.0 Hz, 2H), 7.36 (d,
J = 8.0 Hz, 2H), 5.05 (d, J = 13.8 Hz, 1H), 3.75 (s, 3H), 2.97 (s, 3H),
246 (s, 3H); °C NMR (100 MHz, CDCl;) § 167.4, 144.9, 142.9,
134.5, 1302, 127.1, 982, 51.4, 322, 21.6; IR (NaCl): 3094, 2952,
1718, 1623, 1435, 1367; HRMS (ESI): m/z caled for C;,H;sNO,S:
292.0614 [M + Na]*, found: 292.0620.

(E)-Ethyl 3-(N,4-Dimethylphenylsulfonamido)acrylate (3ib). This
compound was obtained as a white solid (0.20 mmol, 47.6 mg, 84%;
4.0 mmol, 50 °C, 24 h, 0.680 g, 60%; 4.0 mmol, 80 °C, 6 h, 0.855 g,
75%) by following the general procedure: mp 73—75 °C; 'H NMR
(400 MHz, CDCl;) 6 8.15 (d, J = 13.8 Hz, 1H), 7.68 (d, ] = 7.8 Hz,
2H), 7.34 (d, ] = 7.9 Hz, 2H), 5.04 (d, J = 13.8 Hz, 1H), 4.19 (q, ] =
7.1 Hz, 2H), 2.96 (s, 3H), 2.44 (s, 3H), 1.29 (t, ] = 7.0 Hz, 3H); *C
NMR (100 MHz, CDC13) 6 166.9, 144.8, 142.6, 134.5, 130.2, 127.1,
98.7, 60.1, 32.2, 21.6, 14.4; IR (NaCl): 3094, 2980, 2929, 1737, 1715,
1622, 1597, 1456, 1363; HRMS (ESI): m/z caled for C;3H,;,NO,S:
306.0771 [M + Na]*, found: 306.0777.

(E)-Butyl 3-(N,4-Dimethylphenylsulfonamido)acrylate (3ic). This
compound was obtained as a colorless sticky oil (46.7 mg, 75%) by
following the general procedure; 'H NMR (400 MHz, CDCL,) & 8.15
(d, J = 13.8 Hz, 1H), 7.69 (d, ] = 7.9 Hz, 2H), 7.35 (d, ] = 7.9 Hz,
2H), 5.05 (d, J = 13.8 Hz, 1H), 4.14 (t, ] = 6.6 Hz, 2H), 2.96 (s, 3H),
245 (s, 3H), 1.70- 1.60 (m, 2H), 1.46- 135 (m, 2H), 0.95 (t, J = 7.3
Hz, 3H); *C NMR (100 MHz, CDCL,) § 167.0, 144.8, 142.6, 134.5,
130.2, 127.1, 98.7, 64.1, 32.2, 30.8, 21.6, 19.2, 13.8; IR (NaCl): 3094,
2960, 2874, 1714, 1626, 1597, 1457, 1367; HRMS (ESI): m/z calcd
for C;sH,;NO,S: 334.1084 [M + Na]*, found: 334.1087.

(E)-3-((N,4-Dimethylphenyl)sulfonamido)acrylic acid (3id). This
compound was obtained as a white solid (15.3 mg, 30%) by following
the general procedure: mp 133—135 °C; '"H NMR (400 MHz, CDCl;)
5826 (d, ] =13.7 Hz, 1H), 7.72 (d, ] = 8.0 Hz, 2H), 7.37 (d, ] = 7.9
Hz, 2H), 5.05 (d, ] = 13.7 Hz, 1H), 3.00 (s, 3H), 2.47 (s, 3H); °C
NMR (100 MHz, CDCl,) & 172.2, 145.0, 144.7, 134.4, 130.2, 127.2,
97.3,32.2,29.7; IR (NaCl): 3099, 2963, 1682, 1621, 1600, 1433, 1367,
1352; HRMS (ESI): m/z caled for C,,H,;;NO,S: 278.0458 [M + Na]*,
found: 278.0458.

(E)-N,4-Dimethyl-N-(2-(phenylsulfonyl)vinyl)benzenesulfonamide
(3ig). This compound was obtained as a white solid (35.8 mg, 51%) by
following the general procedure: mp 147—149 °C; 'H NMR (400
MHz, CDCl;) § 8.18 (d, J = 13.4 Hz, 1H), 7.90 (d, ] = 7.6 Hz, 2H),
7.72 (d, J = 8.2 Hz, 2H), 7.61 (t, ] = 7.2 Hz, 1H), 7.54 (t, ] = 7.5 Hz,
2H), 7.38 (d, ] = 8.1 Hz, 2H), 5.52 (d, ] = 13.4 Hz, 1H), 2.93 (s, 3H),
2.47 (s, 3H); C NMR (100 MHz, CDCl;) § 1454, 142.0, 1417,
134.0, 133.0, 130.4, 129.3, 127.3, 127.1, 107.8, 32.5, 21.7; IR (NaCl):
3077, 2928, 1614, 1447, 1367; HRMS (ESI): m/z caled for
CH-NO,S,: 374.0492 [M + Na]*, found: 374.0493.

(E)-Dimethyl (2-(N,4-Dimethylphenylsulfonamido)vinyl)phos-
phonate (3ih). This compound was obtained as a colorless sticky
oil (37.0 mg, 58%) by following the general procedure; 'H NMR (400
MHz, CDCl;) § 7.82 (dd, ] = 16.5, 15.4 Hz, 1H), 7.69 (d, ] = 8.2 Hz,
2H), 7.35 (d, ] = 8.1 Hz, 2H), 4.57 (dd, ] = 152, 11.4 Hz, 1H), 3.73
(d,J = 11.2 Hz, 6H), 2.95 (s, 3H), 2.44 (s, 3H); *C NMR (100 MHz,
CDCly) 6 144.9, 144.8 (J = 19.5), 134.5, 130.2, 127.1, 89.7 (J = 202.7),
524 (J = 5.6), 31.7, 21.6; P NMR (CDCl,, 162 MHz) § 23.8; IR
(NaCl): 2953, 2871, 1614, 1457, 1362; HRMS (ESI): m/z calcd for
C,H iNOPS: 342.0536 [M + Na]*, found: 342.0547.

N,4-Dimethyl-N-(3-oxopentyl)benzenesulfonamide (4ii). This
compound was obtained as a colorless sticky oil (39.9 mg, 74%) by
following the general procedure; 'H NMR (400 MHz, CDCl,) & 7.68
(d, ] = 8.2 Hz, 2H), 7.33 (d, J = 8.1 Hz, 2H), 3.27 (t, ] = 7.0 Hz, 2H),
2.80- 2.73 (m, SH), 2.48 (t, ] = 7.3 Hz, 2H), 2.44 (s, 3H), 1.07 (t, ] =
7.3 Hz, 3H); *C NMR (100 MHz, CDCl;) § 209.5, 143.5, 134.1,
129.8, 127.5, 45.4, 41.6, 36.3, 36.1, 21.5, 7.6; IR (NaCl): 2977, 2938,
1715, 1597, 1457, 1378, 1339; HRMS (ESI): m/z caled for
C5H,NO;S: 292.0978 [M + Nal*, found: 292.0986.

Methyl (E)-3-((N-Butyl-4-methylphenyl)sulfonamido)acrylate
(3ja). This compound was obtained as a white solid (42.4 mg, 68%)
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by following the general procedure: mp 71—72 °C; '"H NMR (400
MHz, CDCl,) 6 8.12 (d, ] = 14.0 Hz, 1H), 7.71 (d, J = 8.0 Hz, 2H),
7.35 (d, ] = 8.0 Hz, 2H), 5.08 (d, ] = 14.0 Hz, 1H), 3.75 (s, 3H), 3.42—
3.30 (m, 2H), 2.46 (s, 3H), 1.57 (t, ] = 7.9 Hz, 2H), 1.40—1.24 (m,
2H), 0.92 (t, ] = 7.4 Hz, 3H); *C NMR (100 MHz, CDCL,) § 167.6,
144.7, 142.0, 135.5, 130.1, 127.1, 97.4, 51.4, 46.0, 28.7, 21.6, 20.0, 13.6;
IR (NaCl): 2958, 2875, 1715, 1622, 1457, 1367; HRMS (ESI): m/z
caled for C,H,;NO,S: 334.1084 [M + Na]*, found: 334.1089.

(E)-Methyl 3-(N-(2-Methoxy-2-oxoethyl)-4-methylphenylsulfon-
amido)acrylate (3ka). This compound was obtained as a white
solid (40.6 mg, 62%) by following the general procedure: mp 146—148
°C; 'H NMR (400 MHz, CDCl,) 6 8.10 (d, J = 13.9 Hz, 1H), 7.76 (d,
J = 8.0 Hz, 2H), 7.37 (d, J = 8.0 Hz, 2H), 4.95 (d, ] = 14.0 Hz, 1H),
4.30 (s, 2H), 3.73 (s, 3H), 3.65 (s, 3H), 2.46 (s, 3H); 3C NMR (100
MHz, CDCL,) § 167.0, 166.8, 145.2, 141.5, 135.0, 130.0, 127.6, 98.4,
52.7, 51.5, 46.7, 21.7; IR (KBr): 3104, 2953, 2849, 1753, 1717, 1630
1598, 1498, 1428, 1375, 1301; HRMS (ESI): m/z caled for
C14H;NOgS: 350.0669 [M + Nal*, found: 350.0678.

Ethyl (E)-3-((N-(2-Bromoethyl)-4-methylphenyl)sulfonamido)-
acrylate (3mb). This compound was obtained as a white solid (15.0
mg, 20%) by following the general procedure: mp 68—70 °C; 'H
NMR (400 MHz, CDCl;) 6 8.04 (d, ] = 14.1 Hz, 1H), 7.70 (d, ] = 8.3
Hz, 2H), 7.35 (d, ] = 8.0 Hz, 2H), 5.14 (d, ] = 14.1 Hz, 1H), 4.19 (d, ]
=7.1 Hz, 2H), 3.70 (dd, ] = 9.2, 7.1 Hz, 2H), 3.39 (dd, ] = 9.1, 7.1 Hz,
2H), 2.44 (s, 3H), 1.28 (t, ] = 7.1 Hz, 3H); *C NMR (100 MHz,
CDCL,) 6 166.7, 145.3, 140.9, 134.8, 130.4, 127.2, 98.4, 60.4, 47.0,
25.5, 21.6, 14.4; IR(KBr): 3072, 2984, 2939, 1723, 1631, 1597, 1451,
1374; HRMS (ESI): m/z caled for C;,H;gBrNO,S: 398.0033 [M +
Nal*, found: 398.0042.

(E)-Methyl 3-(N-(4-Fluorobenzyl)-4-methylphenylsulfonamido)-
acrylate (30a). This compound was obtained as a white solid (48.0
mg, 66%) by following the general procedure: mp 93—-94 °C; 'H
NMR (400 MHz, CDCL;) 6 8.18 (d, ] = 13.9 Hz, 1H), 7.73 (d, ] = 7.9
Hz, 2H), 7.36 (d, ] = 7.9 Hz, 2H), 7.22 (dd, ] = 8.3, 5.2 Hz, 2H), 7.01
(t, J = 8.5 Hz, 2H), 497 (d, ] = 14.0 Hz, 1H), 4.58 (s, 2H), 3.69 (s,
3H), 2.47 (s, 3H); *C NMR (100 MHz, CDCl,) § 1672, 162.3 (J =
245.2), 145.1, 141.6, 135.2, 130.2, 129.6 (J = 3.2), 128.5 (J = 8.1),
1272, 115.8 (J = 21.6), 99.4, 51.4, 49.1, 21.7; ’F NMR (376 MHz,
CDCl;) § —114.24; IR (KBr): 3010, 3069, 2947, 2851, 1706, 1622,
1509, 1434, 1362; HRMS (ESI): m/z caled for C,gH;sFNO,S:
386.0833 [M + Nal*, found: 386.0840.

1-Tosyl-2,3,5,6,7,7a-hexahydro-1H-indole (7v). This compound
was obtained as a white solid (12.8 mg, 23%) by following the general
procedure: mp 78—80 °C; 'H NMR (400 MHz, CDCl;) § 7.75 (d, ] =
8.2 Hz, 2H), 7.34 (d, ] = 7.9 Hz, 2H), 5.51 (t, J = 3.1 Hz, 1H), 3.60—
3.50 (m, 1H), 3.43—3.35 (m, 1H), 3.34—3.26 (m, 1H), 2.57—2.48 (m,
1H), 2.45 (s, 3H), 2.30—2.20 (m, 1H), 2.10—1.96 (m, 3H), 1.89—1.80
(m, 1H), 1.55—1.30 (m, 2H); *C NMR (100 MHz, CDCL,) § 143.3,
137.4, 134.6, 129.6, 127.6, 121.1, 58.7, 58.7, 47.6, 29.9, 24.3, 21.5, 20.2;
IR (KBr): 3028, 2927, 1598, 1494, 1478, 1455, 1401, 1337; HRMS
(ESI): m/z caled for C;sH;oNO,S: 300.1029 [M + Nal*, found:
300.1034.
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