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Copper lodide nanoparticles supported on magnetic aminomethylpyridine
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catalyst for the facile access to /V-sulfonylamidines under solvent free

conditions
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Experimental section

4-Methyl-N-[1-morpholino-2-phenylethylidene| benzenesulfonamide (4a):
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Figure 1: '"H NMR spectrum (400 MHz) of compound 4a in CDCl;.

1



o1kt L——
e i—

LIET2 L
mmﬂmm.hw

2GEE2 [—
Fre9e L ——
Freee L ——
25E0E" L——

62008" L——
890c8" [——

W

D U

K

Figure 2: Expanded (1) 'H NMR spectrum (400 MHz) of compound 4a in CDCl;.
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Figure 3: Expanded (2) 'H NMR spectrum (400 MHz) of compound 4a in CDCl;.
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Figure 4: 3C NMR spectrum (100 MHz) of compound 4a in CDCl;.
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'"H NMR spectrum (400 MHz) of compound 4b in CDCls.
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Figure 6: Expanded (1) 'TH NMR spectrum (400 MHz) of compound 4b in CDCls.
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Figure 7: Expanded (2) '"H NMR spectrum (400 MHz) of compound 4b in CDCls.
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13C NMR spectrum (100 MHz) of compound 4b in CDCls.
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4-Methyl-N-[2-phenyl-1-(pyrrolidin-1-yl) ethylidene] benzenesulfonamide (4c)
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Figure 9: '"H NMR spectrum (400 MHz) of compound 4¢ in CDCls.
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Figure 10: Expanded (1) '"H NMR spectrum (400 MHz) of compound 4¢ in CDCl;.
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Figure 11: Expanded (2) '"H NMR spectrum (400 MHz) of compound 4¢ in CDCls.
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Figure 12: 3C NMR spectrum (100 MHz) of compound 4¢ in CDCl;.

For previous methods for synthesis of (4a, 4b and 4c), see reference 1.




4-Methyl-N-[1-(4-methylpiperazin-1-yl)-2-phenylethylidene] benzenesulfonamide (4d):
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Figure 13: FTIR spectrum (KBr) of compound 4d.
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Figure 14: "H NMR spectrum (400 MHz) of compound 4d in CDCls.
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Figure 15: Expanded (1) '"H NMR spectrum (400 MHz) of compound 4d in CDCl;.
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Figure 16: Expanded (2) '"H NMR spectrum (400 MHz) of compound 4d in CDCls;.
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Figure 17: 13C NMR spectrum (100 MHz) of compound 4d in CDCl;.
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N-[1-(4-Methylpiperazin-1-yl)-2-phenylethylidene| benzenesulfonamide (4e):
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Figure 18: FTIR spectrum (KBr) of compound 4e.
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Figure 19: 'H NMR spectrum (400 MHz) of compound 4e in CDCl;.
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Figure 21: Expanded (2) '"H NMR spectrum (400 MHz) of compound 4e in CDCl;.
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Figure 22: 13C NMR spectrum (100 MHz) of compound 4e in CDCl;.
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N-|2-phenyl-1-[4-(phenylsulfonyl) piperazin-1-yl] ethylidene] benzenesulfonamide (4f):
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Figure 23: FTIR spectrum (KBr) of compound 4f.
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Figure 24: '"H NMR spectrum (400 MHz) of compound 4f in CDCls.
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Figure 25: Expanded (1) "H NMR spectrum (400 MHz) of compound 4f in CDCl;.
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Figure 26: Expanded (2) "H NMR spectrum (400 MHz) of compound 4f in CDCl;.
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Figure 27: 13C NMR spectrum (100 MHz) of compound 4f in CDCl;.
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N!-Cyclohexyl- N'-methyl-N?-(4-methylbenzensulfonyl)-2-phenylacetamidine (4g):
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Figure 28: FTIR spectrum (KBr) of compound 4g.
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Figure 29: '"H NMR spectrum (400 MHz) of compound 4g in CDCl;.
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Figure 30: Expanded (1) "H NMR spectrum (400 MHz) of compound 4g in CDCl;.
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Figure 32: Expanded (3) '"H NMR spectrum (400 MHz) of compound 4¢g in CDCls.
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Figure 33: Expanded (4) "H NMR spectrum (400 MHz) of compound 4g in CDCl;.
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Figure 34: 13C NMR spectrum (100 MHz) of compound 4g in CDCl;.
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Figure 35: Expanded (1) *C NMR spectrum (100 MHz) of compound 4g in CDCls.
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Figure 36: Expanded (2) '3C NMR spectrum (100 MHz) of compound 4¢g in CDCl;.
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Figure 37: Expanded (3) '3C NMR spectrum (100 MHz) of compound 4g in CDCls.
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N!-Cyclohexyl-NV/-methyl-N?-(phenylsulfonyl)-2-phenylacetamidine (4h):
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Figure 38: FTIR spectrum (KBr) of compound 4h.
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Figure 39: 'H NMR spectrum (400 MHz) of compound 4h in CDCls.
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Figure 40: Expanded (1) '"H NMR spectrum (400 MHz) of compound 4h in CDCls;.
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Figure 41: Expanded (2) '"H NMR spectrum (400 MHz) of compound 4h in CDCl;.
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Figure 42: Expanded (3) '"H NMR spectrum (400 MHz) of compound 4h in CDCl;.
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Figure 43: Expanded (4) '"H NMR spectrum (400 MHz) of compound 4h in CDCls;.
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Figure 44: 3C NMR spectrum (400 MHz) of compound 4h in CDCls.

QL e ——
E9L" EEF——

902 EP}——

780" ¥9F
Rn.‘m“ul
wdd

i

T
140

|
145

T
ppm

Figure 45: Expanded (1) *C NMR spectrum (400 MHz) of compound 4h in CDCls.
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Figure 46: Expanded (2) *C NMR spectrum (100 MHz) of compound 4h in CDCl;.
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Figure 47: Expanded (3) *C NMR spectrum (100 MHz) of compound 4h in CDCls;.
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N!-Cyclohexyl-V/-methyl-N?-(methylsulfonyl)-2-phenylacetamidine (4i):
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Figure 48: FTIR spectrum (KBr) of compound 4i.

36




000070
TELOTO
F096°0
ccB6°0
ooBE ¥
060" ¥
£8BE" T
LLIE™}
OEVE'T
CO%E" |
cch8’ 1
p2a9’|
EQOL"T
BOEL™ T
Froe’t
oroL e
EE/B'E
B3T0°E
GPEO°E
BGYE" ¥
LVBE ¥
9202 L
B022°L
{9EE"L
FEBE "L
EBOE" L
9GEE L
EEBB L

wdd

e N S o

Axial form

Equatorial form

FEEQ" T
EBOE'E

6Ir9°0

~"G0BO'E
~08BL S

[RJBauL

ppm

Figure 49: '"H NMR spectrum (400 MHz) of compound 4i in CDCl;.
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Figure 50: Expanded (1) '"H NMR spectrum (400 MHz) of compound 4i in CDCl;.
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Figure 51: Expanded (2) '"H NMR spectrum (400 MHz) of compound 4i in CDCl;.
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Figure 52: Expanded (3) '"H NMR spectrum (400 MHz) of compound 4i in CDCls.
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Figure 53: Expanded (4) '"H NMR spectrum (400 MHz) of compound 4i in CDCl;.
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Figure 54: 13C NMR spectrum (100 MHz) of compound 4i in CDCls.
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Figure 55: Expanded (1) *C NMR spectrum (400 MHz) of compound 4i in CDCl;.
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Figure 56: Expanded (2) *C NMR spectrum (100 MHz) of compound 4i in CDCls.
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Figure 57: Expanded (3) *C NMR spectrum (400 MHz) of compound 4i in CDCl;.
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Figure 58: Expanded (4) 3C NMR spectrum (100 MHz) of compound 4i in CDCl;.

N!, N'-Dipropyl-N?-tosyl-2-phenylacetamidine (4j):
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Figure 59: FTIR spectrum (KBr) of compound 4j.
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Figure 60: '"H NMR spectrum (400 MHz) of compound 4j in CDCls.
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Figure 61: Expanded (1) "H NMR spectrum (400 MHz) of compound 4j in CDCl;.
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Figure 62: Expanded (2) "H NMR spectrum (400 MHz) of compound 4j in CDCl;.
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Figure 64: 13C NMR spectrum (100 MHz) of compound 4j in CDCl;.

For previous methods for synthesis of V!, N’-Dipropyl-N?-tosyl-2-phenylacetamidine (4j), see
reference 2a and 2c.
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N!, N'-Dibutyl-N?-tosyl-2-phenylacetamidine (4K)
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Figure 65: '"H NMR spectrum (400 MHz) of compound 4k in CDCl;.
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Figure 67: Expanded (2) 'H NMR spectrum (400 MHz) of compound 4k in CDCl;.

49




PY69L 0——
SLLBL 00—
LBG0B"0——
9628 0——
B0BFB"0——
9E998° 0———
8688 0——
00906 0——

9ErLO f—
EEZEQ" |——
FEOFF f—
cE6el f——
eigrt f———
P9 f——

0¥26} | ——
eore” j——-
LiBee f——
Lrive ——r0
G6592° F———
ez j——
G6r6e T ——
0210€E" ﬂl\\l
9BBIE"T

s

0g9Si'e

w

[eaBajul

0.8

0.9

1.0

A

1.2

1.3

1.4

1.5

ppm

Figure 68: Expanded (3) 'H NMR spectrum (400 MHz) of compound 4k in CDCl;.
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Figure 69: 1’C NMR spectrum (100 MHz) of compound 4k in CDCl;.

For previous methods for synthesis of NZ, NZ-Dibutyl-N*-tosyl-2-phenylacetamidine (4k), sce

reference 2.
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N!, N'-dibenzyl-N?-(4-methylbenzensulfonyl)-2-phenylacetamidine (41):
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Figure 70: FTIR spectrum (KBr) of compound 41.
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Figure 71: '"H NMR spectrum (400 MHz) of compound 41 in CDCls.

53



FL996° 99—
06286° 9——
9geS L
02EET L
arerl L
[2]4: | '
1511 1 '

Or86T "L
pBrog” L
69512" L
986¥2" L

AR s
o
FLBSES L
cogaz” h\
GOBOE" .__.I\I
BEJCE " L
GGIFE L

[41:
9965E" £

{

Figure 72: Expanded 'H NMR spectrum (400 MHz) of compound 41 in CDCls.

(4

cc9 '8y

7.0

7.2

7.4

7.6

7.8

54



GGE" 02

188°GE

mmm.m
BG0" 0!

cB9'G/
000°89
BFE"9

S62" G2
clE" G271
FEE G2
£69° 821
586921
ET0" L2F
BBF " L2}
e95" L2t
L6B" L2}
PiB™ L2}
990" B2}
026" 2ET
VSLTEE}
BGB"VET
987 BEF
414
00E" 5871

wdd

\

gt
I
% M
AN \z.... N —
LA
W
=z
Q. 7
S0
o~
f N
-

41

Figure 73: 13C NMR spectrum (100 MHz) of compound 41 in CDCl;.
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N, N'-dibenzyl-N?-(phenylsulfonyl)-2-phenylacetamidine (4m):
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Figure 74: FTIR spectrum (KBr) compound 4m.
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Figure 75: '"H NMR spectrum (400 MHz) of compound 4m in CDCl;.
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Figure 76: Expanded '"H NMR spectrum (400 MHz) of compound 4m in CDCl;.
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Figure 77: 3C NMR spectrum (100 MHz) of compound 4m in CDCls.
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N, N-Dibenzyl-N?-(methylsulfonyl)-2-phenylacetamidine (4n):
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Figure 78: FTIR spectrum (KBr) of compound 4n.
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Figure 79: 'H NMR spectrum (400 MHz) of compound 4n in CDCls;.
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Figure 80: Expanded (1) '"H NMR spectrum (400 MHz) of compound 4n in CDCl;.
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Figure 81: Expanded (2) '"H NMR spectrum (400 MHz) of compound 4n in CDCls.
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Figure 82: 13C NMR spectrum (100 MHz) of compound 4n in CDCl;.
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N!, NI-Dibenzyl-N?-(4-methylbenzensulfonyl)-pentanamidine (40):
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Figure 83: FTIR spectrum (KBr) of compound 4o.
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Figure 84: "H NMR spectrum (400 MHz) of compound 40 in CDCl;.
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Figure 85: Expanded (1) "H NMR spectrum (400 MHz) of compound 40 in CDCls.
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Figure 86: Expanded (2) '"H NMR spectrum (400 MHz) of compound 40 in CDCls.
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Figure 87: Expanded (3) "H NMR spectrum (400 MHz) of compound 40 in CDCls.
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Figure 88: 13C NMR spectrum (100 MHz) of compound 40 in CDCl;.
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N!, N'-Diphenyl-N*-tosyl-2-phenylacetamidine (4p):
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Figure 89: '"H NMR spectrum (400 MHz) of compound 4p in CDCls.
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Figure 90: Expanded '"H NMR spectrum (400 MHz) of compound 4p in CDCl;.
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Figure 91: 3C NMR spectrum (400 MHz) of compound 4p in CDCls.

For previous methods for synthesis of V!, N!-Diphenyl-N?-tosyl-2-phenylacetamidine (4p), see
reference 3.
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