Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2016

Easily accessible and recyclable copper nanocatalyst for solvent free synthesis of
dipyrromethanes and aromatic amines
Sengan Megarajan, Khan Behlol Ayaz Ahmed, Rajamani Rajmohan, Pothiappan Vairaprakash*,
Veerappan Anbazhagan*
Department of Chemistry, School of Chemical and Biotechnology, SASTRA University,

Thanjavur, Tamil Nadu, India 613 401

Table of Contents:

Content Page. No
'H & '3C NMR spectrum of 5-(4-methoxyphenyl)dipyrromethane S1, S2
'H & '3C NMR spectrum of of 5-phenyldipyrromethane S3, S4
'H & 3C NMR spectrum of 5-(4-chlorophenyl)dipyrromethane S5, S6
'H NMR spectrum of 5-(2-fluorophenyl)dipyrromethane S7

'H & '3C NMR spectrum of compound 5-(4-nitrophenyl)dipyrromethane S8, S9
'H & '3*C NMR spectrum of compound 5-(3-nitrophenyl)dipyrromethane S10, S11
"H NMR spectrum of 5,5'-((3-nitrophenyl)methylene)-

bis(2,4-dimethyl-1H-pyrrole) S12, S13
UV-vis spectrum of 4-nitroaniline and its reduction product S14
UV-vis spectrum of 2-nitroaniline and its reduction product S15
UV-vis spectrum of 4-methyl-2-nitroaniline and its reduction product S15
UV-vis spectrum of 4-nitroacetanilide and its reduction product S15
UV-vis spectrum of 2,4,6-trinitrophenol and its reduction product S16
TEM image and PXRD of CuNPs after the reaction S16
"H NMR spectrum of p-phenylene diamine (crude) S17
'H NMR spectrum of methyl 4-aminobenzoate (crude) S18

References S19



BRUKER
ppm

OMe

<05}

-/08°0
: 00'L

v © Zo01

. _ 00'4

) —7- — ~ 2201
- 10t

w 160

10

11

o~
-—

Fig. S1: '"H NMR spectrum of 5-(4-methoxyphenyl)dipyrromethane: 'H NMR (400 MHz,
CDCly) 3.77 (s, 3H), 5.37 (s, 1H), 5.88 (s, 2H), 6.14 (d, J= 2.8 Hz, 2H), 6.40 (dd, J, = 4 Hz, J, =
2.4 Hz, 2H), 6.83 (d, J = 8.4 Hz, 2H), 7.22 (d, J = 8.4 Hz, 2H), 7.85 (br s, 2H).5!
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Fig. S2: 3C NMR spectrum of 5-(4-methoxyphenyl)dipyrromethane: 3C NMR (100 MHz,
CDCl;) 43.4,55.8,107.3,108.4, 114.9, 117.2, 129.7, 133.0, 134.3, 158.5.5!
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'H NMR spectrum of 5-phenyldipyrromethane: 'H NMR (400 MHz, CDCl;) 5.46 (s,

1H), 5.91 (br s, 2H), 6.15 (dd, J;
2H), 7.20-7.29 (m, 5H), 7.90 (br s, 2H).5!

Fig. S3

6.0 Hz, J, = 2.4 Hz,

6.0 Hz, J, = 2.8 Hz, 2H), 6.68 (dd, J;
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Fig. S4: 13C NMR spectrum of 5-phenyldipyrromethane: '3C NMR (100 MHz, CDCl;) 44.0,
107.3,108.5, 117.2, 127.0, 128.4, 128.7, 132.5, 142.1.5!
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Fig. S5: TH NMR spectrum of 5-(4-chlorophenyl)dipyrromethane: 'H NMR (400 MHz,
CDCls) 5.43 (s, 1H), 5.87 (br s, 2H), 6.15 (dd, J, = 5.6 Hz, J, = 2.8 Hz, 2H), 6.69 (dd, J, = 4.0
Hz, J, =2.4 Hz, 2H), 7.13 (d, J = 8.4 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H),7.97 (br s, 2H).5?
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Fig. S6: 3C NMR spectrum of 5-(4-chlorophenyl)dipyrromethane
CDCl3) 43.4,107.4,108.5,117.5, 128.7, 129.8, 132.0, 132.7, 140.7.%2
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Fig. S7: '"H NMR spectrum of 5-(2-fluorophenyl)dipyrromethane: 'H NMR (300 MHz,
CDCl;) 5.63 (s, 1H), 5.82 (br s, 2H), 6.07 (dd, J, = 6 Hz, J, = 2.7 Hz, 2H), 6.59 (dd, J, = 3.9 Hz,
J,=2.7 Hz, 2H), 6.94-7.19 (m, 4H), 7.89 (br s, 2H).
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Fig. S8: 'H NMR spectrum of 5-(4-nitrophenyl)dipyrromethane: 'H NMR (400 MHz,
CDCl;) 5.52 (s, 1H), 5.80 (br s, 2H), 6.12 (dd, J, = 6 Hz, J, = 2.7 Hz, 2H), 6.68 (dd, J, = 4.2 Hz,
J,=2.7Hz, 2H), 7.30 (d, J= 8.7 Hz, 2H), 7.94 (br s, 2H), 8.10 (d, J= 8.7 Hz, 2H).5!
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Fig. S9: 13C NMR spectrum of 5-(4-nitrophenyl)dipyrromethane: 3C NMR (100 MHz,
CDCl3) 43.4,107.4,108.5, 117.5, 128.7, 129.8, 132.0, 132.7, 140.7.5!

S9



SIS I 4]
m ] o o o 4] | [ ™
ol NND O Bw O I Wm0 o)
[ mmn S 3k 0 I aE=E 4 e
u I [ @
NOR— oMU~ CUMNANNNEMoOoOMNo- |Hnowo O =
Ho o ENMUMMMAM O@O-OW O e O o
! U o fo - oM ownU WM 0 O I PR = ol = -
QLo HOAQ NOnQ CNWM oo SO @ o
Q =+ LR =K R - ¥} MmN TOo ~No i oo i
' =3 oo m ™~ 0D =] L= o w o
oo =] m N Ty (=] o £
M (=R 5 <R =1 [=] = =
m ] =} N ™ » = =0 o
=% - — = o =
3 E = = ~
n i = E = «
o v == ]
i} o [t} (&) ]
[] = o
= I o
) 3} O] I ot
= c = o (%] I ¥
a = [ 5] I
Y 3] 1 [ £ [ e B
ol (o] o4 o [=] no =0 m
o e [ [fg=jal NEHOQUEMEAAO | 2ddRk o 7]
8] a0 oo NnEAXOAHQAH I Zmun 5]

- E
o
o
Ein=
000 0-
ILO'O& o B
088°0 -
rALAR! o b
SSZ'I>. et B
LLZ"T
E¥8° T~ 2PN
S%0" Z
L _
886G "
£98"
6%T" 1 B
9GT" -
€9'[' Y 7‘0M
OLT" _/96°0

9eL”
A
9vL”
EGQL”
cLe”
GGk "

I N ———

WSSO0 OOYOMNN s oo

. s e e
LY = ~001
A - o
gvg-
L9G~
860" =
9TT"
i 09¢" =
(@]
=
5 E
> -

Fig. S10: '"H NMR spectrum of 5-(3-nitrophenyl)dipyrromethane: 'H NMR (400 MHz,
CDCl3) 5.59 (s, 1H), 5.87 (br s, 2H), 6.18 (dd, J, = 6 Hz, J, = 2.7 Hz, 2H), 6.76 (dd, J, = 3.9 Hz,
J, =2.7Hz, 2H), 7.46-7.61 (m, 2H), 8.03 (br s, 2H), 8.10-8.14 (m, 2H).5!
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Fig. S11: 13C NMR spectrum of 5-(3-nitrophenyl)dipyrromethane: *C NMR (100 MHz,
CDCls) 44.0,107.3,108.5, 117.2, 127.0, 128.4, 128.7, 132.5, 142.1.5!
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'H NMR spectrum of 5,5'-((3
pyrrole): 'H NMR (300 MHz, CDCls) 1.81 (s, 6H), 2.17 (s, 6H), 5.53 (s, 1H), 5.73 (d, J = 2.4

Hz, 2H), 7.22 (br s, 2H), 7.47-7.51 (m, 2H), 8.02 (br s, 1H), 8.06-8.11 (m, 1H).
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BC NMR spectrum of 5,5'-((3
pyrrole): *C NMR (75 MHz, CDCl;) 11.1, 13.1, 40.4, 109.0, 115.6, 121.8, 123.1, 124.4, 126.4,

129.5, 134.5, 144.9, 148.7.

Fig. S13
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S

3 o8-

o

£

o

§ 0.4-

0.0 ———— '
300 400 500 600
Wavelength (nm)

Fig. S14: UV-vis spectrum of 4-nitroaniline and its reduction product

0.8

-------- 2-nitroaniline
—— 2-nitroaniline + NaBHy

—— 1, 2-diaminobenzene

3

& |

8 ol

c 04

©

Qo

[

g

0.0 . — ——

300 400 500 600

Wavelength (nm)

Fig. S15: UV-vis spectrum of 2-nitroaniline and its reduction product
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161 0000 4-methyl-2-nitroaniline
. —— 4-methyl-2-nitroaniline
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- —— 4-methyl-1, 2-diaminobenzene
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Fig. S16: UV-vis spectrum of 4-methyl-2-nitroaniline and its reduction product

-------- 4-nitroacetanilide
—— 4-nitroacetanilide + NaBHy
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Fig. S17: UV-vis spectrum of 4-nitroacetanilide and its reduction product
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164 e 2,4,6-trinitrophenol
—— 2,4,6-trinitrophenol
+ NaBHy

—— 2,4,6-triaminophenol

Absorbance (a.u.)

30 400 500 600
Wavelength (nm)
Fig. S18: UV-vis spectrum of 2,4,6-trinitrophenol and its reduction product
500
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Fig. S19: (A) TEM image and (B) PXRD of CulNPs after the reaction. It is clear from the
micrograph and XRD that the NPs morphology and crystallinity is unchanged after

participating in the reaction as a catalyst.
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