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I-General Information

'H and *CNMR spectra were recorded on 400 and 500 MHz NMR instruments. TMS and CDCl; used as
the internal standards for 'THNMR and 3CNMR, respectively. Graphite anodes and cathodes were 2.0 mm

2B pencil graphite purchased from the supermarket.

II-Experimental Procedures

II-I-Typical procedure for the synthesis of arenesulfonyl hydrazides'

Into a 25 mL round-bottomed flask, are added 10 mmol of arenesulfonyl chloride and 3.5 mL of
tetrahydrofuran. The mixture is cooled to 10 °C and 1.5 mL hydrazine hydrated (85% hydrazine hydrate,
20 mmol) is added. Stirring is continued for further 15 minutes and then the reaction mixture is transferred
to a separatory funnel. The organic layer is filtered and washed with 2.5 mL tetrahydrofuran. The colorless
filtrates are stirred during the drop-wise addition of 12 mL of distilled water. Arenenesulfonyl hydrazide
separates as fluffy crystalline needles. The product is washed several times with distilled water, and air-

dried.

II-II-Electrochemical synthesis of sulfonamides from arenesulfonyl chlorides

An undivided cell was equipped with two pencil graphite electrodes (2.0 mm, 2B) and connected with a
DC power supply (Figure S1). A mixture of arenesulfonyl chloride (0.5 mmol), fert-amine (1 mmol), and
Na,SO, (1.25 mmol, 0.5 M) in H,O (2.5 mL) was added to the cell. The electrolyte was allowed to stir and
the electrolysis was carried out at a constant current of 10 mA (electrode square 1.7 cm?) at room
temperature for 3.2 h until the quantity of the electricity 2.4 F/mol was passed. After washing the mixture
with 10% brine solution and extraction with ethyl acetate, the organic layer was dried over sodium sulfate
and evaporated under reduced pressure. The organic residue was purified by a silica loaded column

chromatography with 1:20 ethyl acetate in hexane as eluent.
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II-I11-Electrochemical synthesis of sulfonamides from arenesulfonyl hydrazides

An undivided cell was equipped with two pencil graphite electrodes (2.0 mm, 2B) and connected with a
DC power supply (Figure S1). A mixture of arenesulfonyl hydrazide (0.5 mmol), fert-amine (1 mmol), and
Na,SO, (1.25 mmol, 0.5 M) in water/acetonitrile (1:1, 2.5 mL) was added to the cell. The electrolyte was
allowed to stir and the electrolysis was carried out at a constant current of 10 mA (electrode square 1.7 cm?)
at room temperature for 9 h until the quantity of the electricity 6.7 F/mol was passed. After washing the
mixture with 10% brine solution and extraction with ethyl acetate, the organic layer was dried over sodium
sulfate and evaporated under reduced pressure. The organic residue was purified by a silica loaded column

chromatography with 1:20 ethyl acetate in hexane as eluent.
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Figure S1. The picture of DC power lectrode (b). Both anode and cathode

were 2.0 mm 2B pencil leads.



ITI-Spectral data

N,N-Diethyl-4-methylbenzenesulfonamide (3a): 71% yield. White crystal, mp 60-62 °C; 'THNMR (500
MHz, CDCls) 6 7.68 (d, J= 8.0 Hz, 2H), 7.27 (d, J= 8.0 Hz, 2H), 3.22 (q, /= 7.0, 4H), 2.41 (s, 3H), 1.12 (t,
J= 7.0 Hz, 6H); BCNMR (125 MHz, CDCl;) & 142.8, 137.5, 129.6, 127.1, 42.0, 21.4, 14.1. Known

compound.?

ONJe)

(NIR7)

3d

N,N-diethylnaphthalene-2-sulfonamide (3d): 72% yield. White crystal, mp 81-83 °C; 'HNMR (400 MHz,
DMSO0-d6) 6 8.49 (d, J= 1.2 Hz, 1H), 8.20 (d, J= 7.6 Hz, 1H), 8.14 (d, J= 8.4 Hz, 1H), 8.06 (d, /= 8.0 Hz,

1H), 7.82 (dd, J=8.4, 1.6 Hz, 1H), 7.66-7.74 (m, 2H), 3.23 (q, J= 7.2 Hz, 4H), 1.05 (t, J= 7.2 Hz, 6H).
Anal. Calcd for C4H7NO,S: C, 63.85; H, 6.51; N, 5.32; S, 12.18. Found: C, 63.81; H, 6.50; N, 5.33; S,

12.10. Known comound.3
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2-Bromo-N,N-diethylbenzenesulfonamide (3e): 70% yield. White crystal, mp 74-76 °C; '"HNMR (400
MHz, CDCly) & 7.55-7.69 (m, 3H), 7.40 (d, /= 8.4 Hz, 1H), 3.16 (q, /= 7.2 Hz, 4H), 1.06 (t, J= 7.2 Hz, 6H).
Anal. Calcd for C,(H,4sBrNO,S: C, 41.11; H, 4.83; N, 4.79; 10.97. Found: C, 41.02; H, 4.76; N, 4.86; S,
11.04.

2
}

H,CO
3f

N,N-Diethyl-4-methoxybenzenesulfonamide (3f): 77% yield. White crystal, mp 60-62 °C; 'HNMR (500
MHz, CDCl3) 8 7.76 (d, J= 7.0 Hz, 2H), 6.97 (d, J= 7.0 Hz, 2H), 3.88 (s, 3H), 3.23 (q, /= 7.1 Hz, 4H), 1.40
(t, J=7.1 Hz, 6H). Known compound.*

O\\S/,O
CC
Br

3i, 3n

-

N,N-Dimethyl-2-bromosulfonamide (3i, 3n): 72% yield (74% yield for 3m). Pale crystal, mp 87-89 °C;
'HNMR (400 MHz, CDCls) 6 7.75 (d, J= 8.4 Hz, 1H), 7.72 (d, J= 8.8 Hz, 1H), 7.67 (d, J= 8.8 Hz, 1H),
7.55 (d, J= 8.4 Hz, 1H), 2.74 (s, 6H); *CNMR (100 MHz, CDCls) & 134.5, 132.3, 129.4, 129.2, 129.1,

127.8,37.9. Anal. Calcd for CsH,(BrNO,S: C, 36.38; H, 3.82; N, 5.30; S, 12.14. Found: C, 36.30; H, 3.73;
N, 5.31; S, 12.12.

S6



0.0

CI\@S:’T‘/
Cl

3j

N,N-Dimethyl-2,5-dichlorobenzenesulfonamide (3j): 76% yield. White crystal, mp 73-76 °C; 'HNMR
(500 MHz, CDCl3) 6 8.06 (s, 1H), 7.46-7.48 (m, 2H), 2.94 (s, 6H). Anal. Calcd for CgHy,C1,NO,S: C, 37.81;
H, 3.57; N, 5.51; S 12.62. Found: C, 37.76; H, 3.51; N, 5.48; S, 12.65. Known compound.’

O.

N /O
CI: : :S\’T‘/
Cl Cl

3k

N,N-Dimethyl-2,4,5-trichlorobenzenesulfonamide (3k): 72% yield. White crystal, mp 105-106 °C;
'THNMR (500 MHz, CDCl;) 6 8.17 (s, 1H), 7.66 (s, 1H), 2.92 (s, 6H). Anal. Calcd for CgHgCI;NO,S: C,
33.30; H, 2.79; N, 4.85; S, 11.11. Found: C, 33.21; H, 2.73; N, 4.78; S, 11.00. Known compound.®

Q\ /O

v

SON}

31, 3m

N,N-Dimethyl-naphthalene-2-sulfonamide (31, 3m): 71% yield (78% yield for 3m). White crystal, mp
93-96 °C; "THNMR (400 MHz, CDCl;) 6 8.21 (d, J= 1.2 Hz, 1H), 7.90-7.95 (m, 3H), 7.68 (td, J= 7.2, 1.2
Hz, 1H), 7.63 (td, /= 7.2, 1.2 Hz, 1H), 7.52 (dd, J=8.8, 2.0 Hz, 1H), 7.29-7.35 (m, 3H), 7.13-7.16 (m, 2H).

Known compound.’
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N-Cyclohexyl-NV-methyl-4-methylbenzenesulfonamide (30): 69% yield. White crystal, mp 73-76 °C;
'THNMR (500 MHz, CDCl;) 6 7.70 (d, J= 8.3 Hz, 2H), 7.29 (d, J= 8.3 Hz, 2H), 3.77 (m, 1H), 2.74 (s, 3H),
2.43 (s, 3H), 1.47-1.74 (m, 5SH), 1.25-1.34 (m, 4H), 0.89-1.04 (m, 1H). Known compound.?

N-Cyclohexyl-N-methylnaphthalene-2-sulfonamide (3p): 75% yield. White crystal, mp 76-79 °C;
'HNMR (500 MHz, CDCl;) & 8.41 (s, 1H), 7.96-7.99 (m, 2H), 7.92 (d, J= 7.6, 1H), 7.81 (dd, J= 8.6 Hz,
1.7 Hz, 1H), 7.61-7.65 (m, 2H), 3.86-3.90 (m, 1H), 2.82 (s, 3H), 1.54-1.74 (m, SH), 1.27-1.37 (m, 4H),
0.92-1.03 (m, 1H). CNMR (100 MHz, CDCl;) ¢ 137.3, 134.6, 132.2, 129.3, 129.2, 128.5, 128.1, 127.9,

127.4,122.5,56.9,30.4,28.7,25.8, 25.3. Anal. Calcd for C;;H,;NO,S: C, 67.30; H, 6.98; N, 4.62; S, 10.57.
Found: C, 67.21; H, 6.91; N, 4.56; S, 10.52.
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IV-Copies of 'H- and PCNMR
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Sample code: B (shafeei pour)
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Sample code: B (shafeei pour)
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aQ 4.0894966 sec
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DE 6.50 usec
TE 293.2 K
D1 4.00000000 sec
TDO 1
— CHANNEL f1
B
14.00 usec
-2.00 dB
PL1W 11.86359406 W
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SI 32768
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SpinWorks 4: K

H1 CDCI3 D:\\ Administrator 34
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PPM 8.4 80 7 7.2 68 64 60 56 52 48

file: ...ta\2-Br sulfonyl chloride+NEt3\fid expt: <zg>
transmitter freq.: 400.132601 MHz

time domain size: 50504 points

width: 8417.51 Hz = 21.0368 ppm = 0.166670 Hz/pt
number of scans: 32

44 40 36 3.2 28 24 20 16 1.2 08 04 0.0

freq. of 0 ppm: 400.130038 MHz
processed size: 32768 complex points
LB: 0.300 GF: 0.0000

Hz/cm: 147.785 ppm/cm: 0.36934
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SpinWorks 4: K

H1 CDCI3 D:\\ Administrator 34
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— 80t'L
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T | T I T I T | T I T I T
PPM 7.74 7.72 7.70 7.68 7.66 7.64 7.62

file: ...ta\2-Br sulfonyl chloride+NEt3\fid expt: <zg>
transmitter freq.: 400.132601 MHz

time domain size: 50504 points

width: 8417.51 Hz = 21.0368 ppm = 0.166670 Hz/pt
number of scans: 32

[ v+ I T+ 11T 17T T T 7T F 117
7.60 7.58 7.56 7.54 7.52 7.50 7.48 7.46 7.44 7.42 7.40

freq. of 0 ppm: 400.130038 MHz
processed size: 32768 complex points
LB: 0.300 GF: 0.0000

Hz/cm: 6.695 ppm/cm: 0.01673
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D 1HNMR in COC13 at 298 K 95/5/20
Current Oata Parameters
Khati
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g ~RRERRsGEa S R SRR
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TINSTRUM spect
PAOBHD 5 mm GNP 1H/1
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0s o
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FIDRES 0.315264 Hz
O, .0 AQ 1.5860696 sec
AR RG 256

4
S oW 48400 usec
s N ™~ 0E 6.00 usec

TE 298.0 K
01 5.00000000 sec
HSCO MCREST 0.00000000 sec

3f MCWRK 0.01500000 sec
’ .
=a=azss= CHANNEL f1 ==
NUCY H
P1 10.50 usec
PL1 -3.00 o8
SFO1 500 1330885 Mz
F2 - Processing parameters
ST 32768
SF 5001300000 MHz
WO EM
55B 0
LB 0.30 H2
i 68 0
PC 1.00
_ e ) 10 NMR plot parameters
X 20.00 cm
oy 12.50 cm
1P 11.043 ppn
3 § 2 g %‘ g :| 5522 72 He
i 3 1 ; T s
2 E
2 o ™ 1 N s PPMCH 0.54014 ppm/cm
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ppm
3.25521
3.22658
3.21233

_

D 1HNMR in CDC13 at 298 K 95/5/20

Current Data Parameters

Integral

4.1207

NAME Khaf i
& SEE8® 3 ExPva L
3 £8858 § o =
bl o e =] F2 - Acquisition Parameters
Date_ 20160810
Time 12.32
INSTRUM spect.
PROBHD 5 mm GNP 1H/1
PULPROG 2930
™ 32768
SOLVENT DMSO
NS 16
os [
SWH 10330.578 Hz
FIDRES 0.315264 Hz
AQ 1.5B860696 sec
R 256
oW 48.400 usec
DE 6.00 usec
TE 208.0 K
D1 5.00000000 sec
MCREST 0.00000000 sec
MCHRK 0.01500000 sec
3 .
mzmsmazs CHANNEL f{ s==sas=s
nuCt 1H
P1 10.50 usec
PL1L -3.00 0B
SFO1 5001330885 MHz
F2 - Processing parameters
sI 32768
SF 5001300000 MHz
WOW EM
558 0
L8 0.30 Hz
] 0
PC 1.00
— 1D NMR plot parameters
33 20.00 cm
Cy 12.50 cm
F1p 3.577 ppm
by F1 1788 .91 Hz
5 Fap 0.892 pon
B F2 445 .98 Hz
PPMCM 0.13426 pom/cm
HZCM 67.14655 Hz/cm
' I ' ' ' 1 ' v ' ' | v v v ' 1 '
2.5 2.0 1.5 1.0
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D IHNMA in CDCI3 at 298 K 95/5/20
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Current Data Parameters
NAME

Knaf i

Hz
Hz
sec

usec
usec
K
sec
sec
sec

usec
98
MHz

EXPND 6
PRDCNO 1
F2 - Acquisition Parameters
Date_ 20160810
Time 12.32
INSTRUM spect
PROBHD S mm GNP 1H/1
PULPROG 2030
] 32768
SOLVENT OMSO
P "EK 16
! 0
10330.578
FIDRES 0.315264
AQ 1.5860696
RG 256
oW 48400
DE 6.00
TE 298.0
D1 500000000
MCREST 000000000
MCWRK 0.01500000
===s===s CHANNEL f] ======s=
NUCH 1H
21 10.50
PLY -3.00
SFO1 5001330885

F2 - Processing parameters

s1 32768
SF 500. 1300000
WOW EM
ss8 1]
L8 0.30
68 0
PC 1.00
10 NMA plot parameters

cx 20.00
cy 12.50
FIP 8.198
F1 4100.14
F2p 6.075
F2 3038.11
PPMCM 0.10618
HZCH 53.1013%
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o
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Sample code:12 (shafieepour)
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PROCNO 1
Date_ 20160612
Time 17.35
INSTRUM spect
PROBHD 5 mm PABBO BB-
0 PULPROG zg30
N7 D 65536
S~ SOLVENT cDcl3
N NS 20
| D5 0
SWH 8012.820 Hz
Br FIDRES 0.122266 Hz
AQ 4.0894966 sec
. RG 161
3i, 3n DW €2.400 usec
DE 6.50 usec
TE 296.5 K
D1 4.00000000 sec
D0 1
===msm=== CHANNEL fl ========
NUC1 1H
3¢ 14.00 usec
PL1 -2.00 dB
PL1W 11.86359406 W
SFO1 400.2236020 MHz
sI 3276
SF 400.2200000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
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Sample code:12 (shafieepour)
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RG 161

P1 14.00 usec
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—H | - PLIW 11.86359406 W
SFO1 400.2236020 MHz
SI 32768
SF 400.2200000 MHz
WDW EM
SS5B 0
LB 0.30 Hz
GB 0
PC 1.00
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SpinWorks 4: G

C13c CDCI3 D:\\ Administrator 35

CTLS'PET
P9E'ZET
08€'6ZT

€06'LE

P ¥

I ! I ! I T I
PPM 200 180 160 140
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transmitter freq.: 100.623836 MHz

time domain size: 50502 points

width: 25252.53 Hz = 250.9597 ppm = 0.500030 Hz/pt
number of scans: 1500

120
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freq. of 0 ppm: 100.612769 MHz

processed size: 32768 complex points

LB: 1.000 GF: 0.0000

Hz/cm: 910.895 ppm/cm: 9.05247
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SpinWorks 4: G
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ppm

F 1HNMR in CDC13 at 298 K 95/5/20

Current Data Parameters
NAME Khaf i

MDD e -

2HEGR IREnaD BaRNI EXPNO 5
[T oo @mo v M N = T PROCND 1
D oW~ ~ Smomeoa oD~ D

ER-R-RRN oooo oo oo m®

o meo N~ U ouoy oy cocoo F2 - Acguisition Parameters

&
I
T~—7 28571
%

Date_ 20160810
Time 12.26
INSTRUM spect

PROBHD 5 mm GNP 1H/1

PULPROG 2930
™ 32768
SOLVENT DMSD
Q\ //O NS 18
SS, s 0
N E 10330578 Hz
FIDRES 0.315264 Hz
| AQ 1.5860696 sec
Cl P =
oW 48400 usec
. 0E 6.00 usec
3] TE 298.0 K
D1 5.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
CHANNEL f1 =
1H
10.50 usec
-3.00 08

500.1330885 MHZ

F2 - Processing parameters

sl 32768
£ 500. 1300000 MHz
WOW EM
SSB 0
8 0.30 Hz
8 0

PC 1.00
Ln/l....‘

b
|3

Integral

10 NMA plot parameters

X 20.00 cn
or 23.95 cn
F1p 12 526 ppm
=1 o by F1 6264.86 Hz
{Ts]
S g 23 FoP 0.299 ppm
2 . o 2 149.63 Hz
= o OPMCM 0.61136 ppm/cn
H2eH 305 76138 Hz/cm
T T T T T T T T T P T [T T T T T T T T T T T T ey
10 8 3] 4 2
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ppm
8.06813
8.086657
8.06476

-

F IHNMR 1n CDC13 at 298 K 95/5/20

Current Data Parameters

Integral
1.0000

o

NAME Knat3
P~ = EXPND 5
s I PROCND 1
R 3
~r~ 5 F2 - Acquisition Parameters
Date_ 20160810
Time 12.26
INSTRUM spect
PADBHD 5 mm GNP 1H/1
PULPROG 2g30
o 32768
SOLVENT OMSO
NS 16
DS [
SHH 10330.578 Hz
FIDRES 0.315264 Hz
AQ 1.5860696 sec
AG 256
oW 48400 usec
DE 6.00 usec
TE 298.0 K
01 '5.00000000 sec
MCREST 0.00000000 sec
2 . MCWRK 0.01500000 sec
ssssss=== CHANNEL f] wewsssss
NuCt 1H
P1 10.50 usec
PLY -3.00 d&
SFO1 5001330885 Mz
F2 - Processing parameters
Bl
SF 500.1300000 MHz
WO EM
558 0
L8 0.30 Hz
8 0
PC 1.00
10 NMR plot parameters
cx 20.00 cm
cy 23.9 cm
F1P 8.287 pom
= F1 414485 Hz
{ul Fap 7.085 ppm
o F2 3543.26 Hz
PPHCH 0.06012 ppm/cm
HZCH 30.06944 Hz/cm
SR 1 T I TR 5
7.8 7.6 7.4

S24



ppm

g IHNMR 1n CDC13 at 298 K 95/5/20

Current Data Parameters

NAME Knati

I8 18588 3% =3 :

@ = 1

e 8B 8 ERERE ]

o o~ NG - F2 - Acquisition Parameters

I | / 1 Date_ 20160810
Time 10.50
INSTRUM spect
PROBHD 5 mm ONP  1H/1
PULPROG 2030
™ 32768
SOLVENT DMSD
NS 16
05 0
SHH 10330 578 Hz

£10RES 0 315264 Hz
a0 15860636 sec
RG B45.1
oW 48 400 usec
O\‘ ’/O DE 6.00 usec
Si, .~ 1€ 298.0 K

5.00000000 sec
0.00000000 sec
0.01500000 sec

—Z

3

= CHANNEL F] ====s===

3k NuC1 H

Pl 10.50 usec
ALY -3.00 dB
SFO1 5001330885 MHz

F2 - Processing parameters

Integral

51 32768
SF 500, 1300000 Mz
WOW EM
558 [}
B 030 W
B 0
L PC 1.00
JL—JU o 10 NMA plot parameters
o 20.00 cm
cy 43.82 ¢m
F1P 11.488 ppm
[ = o F1 5745.36 Wz
al |8 s Fop 0,893 ppm
= 2 2 44649 H
= = L oPHCH 052975 ppn/cn
HzeH 264 94376 Hz/cn
N ——— R A SRS SRS S USSR S S S ]
10 8 B 4 2
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ppm

B.16844

g 1HNMR in CDC13 at 298 K 95/5/20

7.65662

7.28951

Integral

1.0222

1.0000

S26

Current Data Parameters

NAME Knaf i
EXPNO 4
PROCNO 1

F2 - Acauisition Parameters
Date_ 20160810
Time 10,50
INSTRUM spect
PROBHD 5 mm ONP  1H/1
PULPROG 2930

A 32768
SOLVENT DMSO

NS 16

os 0
SWH 10330.578 Hz
FIDRES 0315264 Hz
AQ 1.5860696 sec
A6 645.1

oW 48.400 usec
DE 6.00 usec
TE 298.0 K
] 5.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec

P1 10.50 usec
PL1 -3.00 a8
SFO1 5001330885 Mz
F2 - Processing parameters

sl 32768

SF 5001300000 MHz
WO EM

SSB 0

L8 0.30 Hz
68 0

pc 1.00

1D NMR plot parameters

cx 20.00 cm

cy 43.82 cn
FiP 8.646 ppm
F1 4324.30 Hz
F2p 6.444 ppm
F2 3222.60 Hz
PPMCM 0.11014 ppm/cm
HICM 55.0B465 Hz/cm



Sample code:1l (shafieepour)

3l,3m

7.650
7.648
7.644
&7.630
7.627
L7.295
2.789

NAME Gilan UN

EXPNO 2450

PROCNO 1

Date_ 20160612

Time 18.01

INSTRUM spect

PROBHD S mm PABBO BB-

PULPROG zg30

TD 65536

SOLVENT CDCl3

NS 20

Ds 0

SWH 8012.820

FIDRES 0.122266

AQ 4.0894966

RG 101

DW 62.400

DE 6.50

TE 296.4

D1 4.00000000

TDO 1
CHANNEL f1 =

1H

14.00

-2.00

11.86359406

400.2236020

32768

400.2200000

EM

0

0.30

0

1.00

Hz
Hz
sec

usec
usec

sec




Sample code:ll

(shafieepour)

o e T R e B ® o e
o™ o OO0 OO0y WM~~~ P9WwwWwwoow
o o P S S S S S S S P
¥ NN SN SRy pp
——/— 2 _J’ ‘__—/7/7 _/—Jri _——//F
T T T T T T T T T T
8.5 8.4 8.3 8.2 8.1 8.0 7.9 7.8 7.7 7.6 ppm
L ) L L] e SN |
R W ET e
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NAME Gilan UN
EXFNO 2450
PROCNO 1
Data_ 20160612
Time 18.01
INSTRUM spact
PROEHD 5 mm PABBO BB-
PULFROG zg30
TD 65536
SOLVENT CDCL3
NS 20
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
4.08%4966 sec
RG 101
D 62.400 usec
DE 6.50 usec
TE 296.4 K
Dl 4.00000000 sec
TDO 1

Pl 14.00 usec
PLL -2.00 dB
PLIW 11.86359406 W
SFQ1 400.2236020 MHz
81 32768

SF 400.2200000 MHZ
WOW EM
SEB 0

LE 0.30 Hz
GB 0

PC 1.00



A 1HNMR in CDC13

at 298 K 95/5/20

™ ~ R ) N~ e TN = DMN = (U= OM~DIDOoM~MODN NSNS DN~

mmmmmm-«mnn-vmrumwmmma“‘tm«vm-ﬂoomcﬂcvmmmmm o o
5 PRSI R TN T Moo UNMOCONR~RWIIToAOMOUNOTO SO oS3
a mhhhwwwmmmmﬂmmmwmmmm:\nnl\r\nnmwhhlﬂu‘lmvmmmmncﬂl

Q. 0
N
2 .

- o ol | i el IT= o fig )
1 8 % h\ ol o =MD«
5 3l |8 o o & o g paad e
- o - o al |, NODVI"‘
£ al e = ol leu ol —=foil |
R L n s aa e e L L A RARA RS S R ARA AL A AR AR AL RS
ppm 10 . B 6 4 2
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Current Data Parameters

NAME Khaf i
EXPNO -]
PROCNO 1

F2 - Acquisition Parameters
Date_ 20160810

Time 14.13
INSTRUM spect
PROBHD 5 mm ONP  1H/1
PULPROG 2930

™ 32768
SOLVENT oMso

NS 16

DS []
SWH 10330.578 Hz
FIDRES 0.315264 Hz
AQ 1.5860696 sec
RG 114

oW 48.400 usec
DE 6.00 usec
TE 298.0 K
D1 5.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
s=s=s=== CHANNEL f] ss=ssss=
NuCt H

L2} 10.50 usec
ALy -3.00 d8
SFO1 5001330885 MHz
F2 - Processing parameters
s1 32768

SF 500.1300000 MHz
WOW EM

558 0

B 0.30 Hz
GB 0

PC 1.00

10 NMR plot parameters

cx 20.00 cm

oy 12.50 cm

F1P 11.072 ppm

F1 5637.56 Hz

Fep . 0.448 ppm

F2 223.85 Hz
PPMCM 0.53123 ppm/cm
H2CK 265.68588 Hz/cm



A 1HNMR 1n CDC13 at 298 K 95/5/20

Current Data Parameters

NAME Khafi
LR RN RN RSB 3BS85 EXPNO 8
N@O@M@DDUD=NIN—TOODM@MMWOWNLID BROCNO 1
e N@OM~UO I TIOS I MWLYT DWo DU m
a L e i e
F R S N N R F2 - Acquisition Parameters
Date_ 20160810
Time 14,13
INSTRUM spect
PROBHD 5 mm GNP 1H/1
PULPROG 2930
0 32788
SOLVENT DMsO
16
0s 0
SWH 10330.578 Hz
FIDRES 0.315264 Hz
AQ 1.586069 sec
6 114
OwW 48.400 usec
DE 6.00 usec
TE 298.0 K
01 5.00000000 sec
MCREST 0.00000000 sec
MCWAK 0.01500000 sec
P 10 .50 usec
PLL -3.00 dB
SFO1 5001330885 MHz
F2 - Processing parameters
s1 32768
SF 5001300000 MHz
WOW EM
5SB 0
L8 0.30 Hz
] 0
PC 1.00
1D NMR plot parameters
Cx 20.00 cm
cyY 12.50 cm
F1P 8.420 ppm
] e ] F1 4211.06 Hz
g- g & FapP 6.604 ppm
2 = o 2 3302.83 Hz
- PPMCH 0.09080 ppm/cm
HICM 45.41125 Hz/em
T — 1 v | ' 1 v T T T - v -
8.2 8.0 7.8 7.6 Tiod 7.2 7.0 6.8
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Khafi

Current Data Parameters

A 1HNMR in CDC13 at 298 K 95/5/20

8
1
14.13
1H
10.50 usec
-3.00 ¢8
500. 1330885 MHz
20.00 cm
12.50 cm
3.104 ppm
1552.28 Hz
" 0.631 ppm
315.46 Hz

32768
500.1300000 MHz

a°Rreg
é =

20160810
0.12365 ppn/cm
61.84068 Hz/cm

spect
1H/1
2930
32768
DMSO
16
0
10330.578 Hz
0.315264 Hz
1.5860696 sec
114
48400 usec
6.00 usec
298.0 K
5.00000000 sec
0.00000000 sec
0.01500000 sec

F2 - Acquisition Parameters
F2 - Processing parameters

mussss== CHANNEL i ==

10 NMR plot parameters

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM

Cx

cy
Fip
F1
F2p
F2
PPMCM
HICM

sI
SF
WOW
558
LB
GB
PC

66vE8 "
12806
92026
9IGEE
21066
10596°
GEeus”
0LEBG”
LLOBE"
LBLBE"
G2Be00"
8e310°
IvES0”
29rEQ”
602r0°
1:11=
Lvale’
¥g962”
22GIE’
LEBEE”
SLELY”
BESEY
828605°
E0665"
Lives’
E6FL9°
LLLBY°
000EL”
GBBEL "

.

EIEE T

1.0

cocococococoo

B e e A

——

()

19ty ¥

| = e e

1.5

)

S50 1

rivd ¢

)

e e e O

BE6EE "
0ZBPE"
E6LLE’
ciege’
:1si:
16897 °
1GB0G
TBESE”
16665
92659

£9069"
S500L°
SL0vL”
eriBL’
pBLBL"
61028

GGLL8°

wdd 1euBayul

/
f

Y]

e V066 ©

LU YY)

2268’2

ST
A

LYRLYLY]
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B 1HNMR 1n CDC13 at 298 K 95/5/20

Current Data Parameters

NAME Khaf i
S O8NS08REEIISIRTY NN BINS RS BABoRARRG R EXPNO
€ CoRRIOSBISBBIARASE SREBNLESANAS0ABNR2SY PROCHO 1
o DM~ U — oo WwWwuw
=3 TOONOO®®DED WL WL e e FODTDODDOD~~HBONWOMOOOO
m!klklkht\r\r-r-l\r-r-l'-r-l\r'-l'-f‘- MO MO O MO e o e o e oo oo O £2 - Acquisition Parameters
'\ Date _ 20160810
Time 10.43
INSTRUM spect
PROBHD S mm ONP  1H/1
PULPROG 2930
™ 32768
&, SOLVENT oMs0
O rd NS 16
0
\\S//o 10330.578 W2
~ 0.315264 Hz
N 1.5860696 sec
| 228.1
48.400 usec
6.00 usec
3p 296.0 K
5.00000000 sec
0.00000000 sec
0.01500000 sec
10.50 usec
-3.00 g8
S00.1330885 MHz
F2 - Processing parameters
sI 32768
SF 5001300000 Mz
WOW EM
558 0
LB 0.30 Hz
2 8 0
i PC 1.00
o ID NMA plot parameters
20.00 cm
CY 19.74 ¢cm
] AT B Fip 12.823 ppm
- @|{m|o|r]o m o E
7 Bl21g|a|@ B I s s RS s o
e | o b 2 O 5
& allaif === o o o it Sl el PPMCM 0.63065 ppm/cm
HZCM 315.40918 Hz/cm
L LA nan aa e e SRR LR eyt e R A TR Lt A C R SRR AR A AR LA
ppm 12 10 8 6
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B 1HNMAR 1n CDC13 at 298 K 95/5/20

Current Data Parameters

NAME Knafi
= ST RBEOO3REEE2SEN o EXPND 3
< 2 EEEEEEEEE PR L g peoct '
a8 = Lt e Tl S R e L B ] o s
© PiPe P PerPibe P Poipuibe P i [~ F2 - Acquisition Parameters
Date_ 20160810
Time 10.43
INSTRUM spect
PROBHD 5 mm ONP  1H/1
PULPROG 2930
0 32768
SOLVENT OMS0
NS 16
DS 0
SWH 10330.578 Hz
FIDRES 0.315264 Hz
40 1.5860696 sec
RG 228.1
oW 48.400 usec
DE 6.00 usec
TE 298.0 K
i} 5.00000000 sec
MCREST 0.00000000 sec
MCHRK 0.01500000 sec
a2 .
e======= CHANNEL f1 ========
NuCt 1H
P 10.50 usec
PLY -3.00 dB
SFO1 '500.1330885 MHZ
F2 - Processing parameters
sI 32768
SF '500.1300000 MHz
WOW EM
2 558 o
s LB 0.30 Hz
' : 8 0
PC 1.00
1D NMR plot parameters
o 20.00 cm
cy 19.74 cm
FIP B.764 ppm
= 2 12 = o F1 4383.07 Hz
= & alla I i F2 3340.77 Hz
- PPHCM 0.10420 ppm/cm
HZCM 52.11503 Hz/cm
v R e pee T— — 1 - T — | et
8.0 28 7.0
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ppm
3.90293
3.89512
3.88772
3.88035
3.87298
3.85744

L

B 1HNMA in COC13 at 298 K

95/5/20

o NN WUDMNMDO0NDD
fu] SO WNWLW=MK QKK
@ SOMmMO W MO DU O
- FTAUNNSIOMB WS — =
@ N~ OOOOmMM MM
o B TR I I e il

0.9879

Integral

2.9453

2.1329
1.2832
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2.0116

4.6555

o
=]
=]
=]
®
-

AN

@
~
o
~
o

1.02615
1.01908

1.5129

= P E=]
® T T~ @O0
—omonoo
—~— O QWY M=
cooaogoo
~—ooooo

S A R St S
0.5 0.0

Current Data Parameters

Knati
EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
Date_ 20160810
Time 10.43
INSTRUM spect
PROBHD 5 mm ONP  IH/{
PULPROG 2930
o 32768
SOLVENT DMSD
NS 16
bs 0
SHH 10330.578 Hz
FIDRES 0.315264 Hz
AQ 1.5860696 sec
A6 228.1
oW 4B.400 usec
DE 6.00 usec
TE 298.0 K
D1 5.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL 1
NuCt 1H
Py 10.50 usec
ALY -3.00 o8
SFO1 5001330885 MHZ

F2 - Processing parameters
SI 32768

SF 500.1300000 MHz
WON EM
SS8 0
LB 0.30 Hz
68 0
oC 1.00

10 NMR plot parameters

cx 20.00 cm

cy 19.74 cm
F1p 4.751 ppm
F1 2376.05 Hz
Fap -0.146 ppm
F2 -73.01 Hz
PPMCH 0.24484 ppajcm

HZICM 122.45299 Hz/cm



SpinWorks 4: 1

C13c CDCI3 D:\\ Administrator 37

968°9S

19£°52
ZEE'ST

8%
pobbhinsers g
:guaw\nwwum Ll\lljb-
LLLLL )] I
1 Hkl\% ! I
o\\s,/o
°N
I
3p
L]
] ' L | ! - | ' | r |
PPM 180 160 140 120 100 80 60 40 20

file: ...han-Mahdi-EN951018-401..408\81\fid expt: <zgpg>
transmitter freq.: 100.623836 MHz

time domain size: 50502 points

width; 25252.53 Hz = 250,9597 ppm = 0,500030 Hz/pt
number of scans: 1500

freq. of 0 ppm: 100.612769 MHz
processed size: 32768 complex points
LB: 1.000 GF: 0.0000

Hz/cm: 846.150 ppm/cm: 8.40904
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SpinWorks 4: I

C13c CDCI3 D:\\ Administrator 37
- - - Be ok R e -
w w w NN N NN N ~N
~ S !\l [{=}¥=} m _00 ~ \I N
w o nN W (4] om e o
- - B wo N oo - 2]
~ o w W 0 ww ik w
[ ‘ ‘ | ‘
‘ | |
| "UL ”‘ ]‘HL “\ /l\
R e G B NIRRT R AT A A T B Lot wiiions, roiippe st i o e W idls oo o o e e s, mae s sl cppempsning

I - 1 = 7 0 &0 B 1T 0 % 010 % §OF 17T &0 FF & T 5T 0 T 7T T

PPM 137.0 136.0 135.0 134.0 133.0 132.0 131.0 130.0 129.0 128.0 127.0 126.0 125.0 124.0 123.0 122.0 121.0
file: ...han-Mahdi-EN951018-401..408\81\fid expt: <zgpg> freg. of 0 ppm: 100.612769 MHz

transmitter freq.: 100.623836 MHz processed size: 32768 complex points

time domain size: 50502 points LB: 1.000 GF: 0.0000

width: 25252.53 Hz = 250.9597 ppm = 0.500030 Hz/pt Hz/cm: 73.843 ppm/cm: 0.73385

number of scans: 1500
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S36




[1] L. Friedman, R. L. Litle, W. R. Reichle, Org. Synth., 1960, 40, 93.

[2] a) C. Buathongjan, D. Beukeaw, S. Yotphan, Eur. J. Org. Chem., 2015, 2015, 1575-1582; b) S. K. R.
Parumala, R. K. Peddinti, Tetrahedron Lett., 2016, 57, 1232-1235; ¢) X. Pan, J. Gao, J. Liu, J. Lai, H.
Jiang, G. Yuan, Green Chem., 2015, 17, 1400-1403; d) W. Li, M. Beller, X. Wu, Chem. Commun.,
2014, 50, 9513-9516; e) H. Woolven, C. GonzalezRodriguez, 1. Marco, A. L. Thompson, M. C. Willis,

Org. Lett., 2011, 13, 4876-4878.

[3] Campbell; Campbell; Salm Proceedings of the Indiana Academy of Science, 1947, 57, 100.

[4] a) J. L. Garcia Ruano,; A. Parra, L. Marzo, F. Yuste, V. M. Mastranzo, Tetrahedron, 2011, 67, 2905-

2910; b) R. Pandya, T. Murashima, L. Tedeschi, A. G. M. Barrett, J. Org. Chem., 2003, 68, 8274- 8276

[5] A. M. Sh. El-Sharief, M. S. Ammar, Y. A. Ammar, M. E. A. Zaki, Ind. J. Chem., Sec. B: Org. Chem.

Inc. Med. Chem., 1983, 22, 700-704.

[6] Z. El-Hewehi, F. Runge, J. Prakt. Chem., 1962, 16, 297-336.

[7] M. Hatano, T. Ozaki, K. Nishikawa, K. Ishihara, J. Org. Chem., 2013, 78, 10405-10413.

[8] a) C-H. Yang, W-W. Fan, G-Q. Liu, L. Duan, L. Li, Y-M. Li, RSC adv., 2015, 5, 61081-61093; b) J.

Zhang, C-G. Yang, C. He, J. Am. Chem. Soc., 2006, 128, 1798-1799.

S37



