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Materials:

All the substrates and amines were supplied by Sigma Aldrich and used without any further manipulation.
Toluene and xylene were supplied by Sigma Aldrich. Toluene was used without any pretreatment, xylene
was dehydrated on molecular sieves before use. The features of the supports and the copper catalysts used

are reported in Table S1.

Table S1. Textural properties of supports and copper catalysts.

Support Supplier Co-oxide loading Culoading  BET PV

(wt%) (wt%) (m*/g) (mL/g)
Sio, Aldrich - 480 0.75
Cu/ SiO, - 8.50 363 0.68
Al,0, Sasol - 210 0.50
Cu/ Al,O; - 7.50

Catalysts preparation and activation:

Copper catalysts, all with a metal loading of 8-9 wt%, were prepared by chemisorption-hydrolysis method.
The support was added to a [Cu(NHs),]** solution prepared by adding NH,OH to a Cu(NOs),-3H,0 solution
until pH=9. After 20 min under stirring, the slurry, held in an ice bath at 0°C, was slowly diluted in order to
allow hydrolysis of the copper complex and deposition of the finely dispersed product to occur. The solid
was separated by filtration, washed with water, dried overnight at 120°C, and calcined in air at 350°C for 4
h. The copper loading of the catalyst was determined by ICP analysis (ICAP 6200 Upgrade Thermo Scientific)
after microwave HNO; digestion. The catalyst was activated into a glass reaction vessel before use by
treatment at 270°C in air for 20 min, under reduced pressure at the same temperature for 20 min and then
under H, at the same temperature by removing the water formed by the reduction under reduced

pressure.

Experimental procedure for the Amination reactions of alcohols by borrowing hydrogen:

in a typical reaction a solution of alcohol/amine 1/1 molar ratio were dissolved in the solvent (8 mL), and
the solution transferred under N, into a glass reaction vessel in which the catalyst (100 mg) had been
previously activated. Reactions were carried out under atmospheric pressure of N, and constant magnetic
stirring (1000 rpm) using Teflon-coated magnetic stir bar at 130°C (bath oil temperature)

Reaction mixtures were analysed by GC-MS (5%-phenyl-methyl polysiloxane capillary column length 30 m,

injection T=60°C) with n-dodecane as internal standard, and by ‘HNMR and >*CNMR spectroscopy .
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Experimental procedure for the Hot filtration test:
for the leaching test, after 10 min the reaction solution was separated from the catalyst by hot filtration

and transferred in a new reaction vessel. The solution was stirred (1000 rpm) under N, at 130°Cfora 12 h.
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Figure S1. Hot filtration test carried out in the reductive amination of p-methoxy benzyl alcohol with aniline.

Experimental procedure for the Recycling tests:

recycling tests were performed starting from 0.3 g of substrate. The reaction solution was separated from
the catalyst after each run by filtration; the recovered catalyst was washed with xylene at RT for 30 min,
dried overnight at 100°C and reactivated by hydrogenation following the above procedure. After activation

a fresh reaction mixture was charged in the reactor.
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Spectral data:

N-(4-tert-butylcyclohexyl)aniline (Table 1, entry 4)*
H

O
Tab 1-4

White solid, recrystallized from methanol; MP: 107.4°C

'H NMR (300 MHz, CDCl, & ppm): 7.18 (t, J = 7.8 Hz, 2H), 6.75 — 6.54 (m, 3H), 3.51 (s, 1H), 3.19 (s, 1H), 2.21
(d, J=9.4 Hz, 2H), 1.86 (d, J = 8.7 Hz, 2H), 1.23 — 1.00 (m, 5H), 0.90 (s, 9H). **C {H} APT NMR (75 MHz, CDCl;,
& ppm): 147.78, 129.65, 117.38, 113.69, 52.92, 48.10, 34.39, 32.79, 28.02, 26.73. [M]": m/z calcd: 231.4;
found: 231.2,132.1, 118.1, 93.1,77.1.

N-(adamantyl)aniline (Table 1, entry 5)

@n@

Tab 1-5

White solid, recrystallized from methanol; MP: 56.3°C

"H NMR (400 MHz, CDCl; & ppm): 1.69-2.06 (m, 14H), 3.57 (s, 1H), 4.24 (brs, 1H), 6.68 (m, 3H), 7.22 (m, 2H).
3C{H} APT NMR (75.5 MHz, CDCl; 6 ppm): 129.67, 117.34, 113.66, 57.23, 38.12, 37.82, 31.99, 27.87, 27.73;
[M]": m/z calcd: 227.34; found: 227.2, 135.1, 106.1, 93.1, 77.1.

N-[1-(4-Methoxyphenyl)ethyl]aniline (Table 1, entry 10)°

3

Tab 1-10

'H NMR (300 MHz, CDCl; 6 ppm): 7.40 — 7.29 (m, 2H), 7.21 — 7.09 (m, 2H), 7.04 — 6.87 (m, 2H), 6.71 (t, J =

N
H
H,CO

7.3 Hz, 1H), 6.59 (dd, J = 8.6, 1.0 Hz, 2H), 4.51 (q, J = 6.6 Hz, 1H), 3.83 (s, 3H), 1.54 (d, J = 6.6 Hz, 3H).
BC{H} APT NMR (75 MHz, CDCl;, & ppm): 158.95, 147.77, 137.68, 129.53, 127.35, 117.66, 114.46, 113.82,
55.66, 53.30, 25.37. [M]": m/z calcd: 227.13; found: 227.2, 212.1, 135.1, 120.1, 105.1, 91.1, 77.1.
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N-(octan-3-yl)aniline (Table 1, entry 11)

e

Tab 1-11

'H NMR (300 MHz, CDCls, 6 ppm) 6 7.25 —7.18 (m, 2H), 6.77 — 6.54 (m, 3H), 3.48 (brs, 1H), 3.40 — 3.31 (m, 1H), 1.75 —
1.30 (m, 10H), 0.98 (dt, J = 10.4, 7.1 Hz, 6H). °C NMR (75 MHz, CDCls, 6 ppm) 148.65, 129.68, 116.94,
113.36, 54.55, 34.83, 32.46, 27.69, 26.11, 23.09, 14.49, 10.48. [M]*: m/z calcd: 205.34; found: 205.2,
176.2,134.1, 120.1, 106.1,93.1, 77.1.

3,4,5,8

N-benzylaniline (Table 2 entry 1)

H
Tab 2-1
14 NMR (CDCls, 300 MHz, & ppm): 4.05 (brs, 1H), 4,37 (s, 2H), 6.70 (m, 3H), 7.21-7.41 (m, 7 H).

BC{H} APT NMR (75 MHz, CDCl; 6 ppm): 148.58, 139.86, 129.67, 129.04, 127.92, 127.64, 117.98, 113.26,
48.75. [M]+: m/z calcd: 183.25; found: 183.1, 106.1, 91.1, 77.1.

N-(4-methylbenzyl)aniline (Table 2 entry 4)*°

o

Tab 2-4
White solid, recrystallized from methanol; MP: 44.6°C
'H NMR (400 MHz, CDCl; & ppm): 7.30 (t, J = 6.4 Hz, 2H), 7.26 — 7.15 (m, 4H), 6.76 (t, J = 7.3 Hz, 1H), 6.71 -
6.64 (m, 2H), 4.32 (s, 2H), 4.01 (brs, 1H), 2.39 (s, 3H). °C {H} APT NMR (75 MHz, CDCl; & ppm):148.49,
137.30, 136.67, 129.71, 129.66, 127.96, 118.03, 113.37, 48.59, 21.49. [M]": m/z calcd: 197.28 ; found:
197.2,105.1,91.1,77.1
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N-(4-fluorobenzyl)aniline (Table 2, entry 7)

N
IOk :
F

Tab 2-7
"H NMR (300 MHz, CDCls, & ppm) : 7.41 — 7.33 (m, 2H), 7.25 — 7.18 (m, 2H), 7.12 — 7.01 (m, 2H), 6.81 — 6.62
(m, 3H), 4.33 (s, 2H), 4.03 (brs, 1H). *C NMR (75 MHz, CDCl;, 6§ ppm) 160.93, 148.37, 135.51, 129.70,
129.35, 121.24, 115.70, 113.29, 48.03. [M]": m/z calcd: 201.2; found: 201.1, 109.1, 83.1, 65.1.

2,3,5

N-(4-chlorobenzyl)aniline (Table 2, entry 9)

/@/\N/(]
H
cl

Tab 2-9
'H NMR (300 MHz, CDCl;, & ppm ) 7.36 (m, 4H), 7.23 (m, 2H), 6.79 (m, 1H), 6.66 (m, 2H), 4.35 (s, 2H), 3.99
(brs, 1H). *C NMR (75 MHz, CDCl; & ppm) 148.27, 138.46, 133.30, 129.74, 129.18, 129.14, 118.27, 113.37,
48.05. [M]": m/z calcd: 217.7 ; found: 217.1, 182.1, 125.0, 106.1, 89.1.

N-(4-methoxybenzyl)aniline (Table 2 entry 2, table 3 entry 1)>**?

N
o :
H,CO

Tab 31
'H NMR (CDCls, 300 MHz, & ppm): 3.70 (brs, 1H), 3.86 (s, 3H), 4.31 (s, 2H), 6.70 (m, 2H), 6.80 (m, 1H), 6.95
(m, 2H), 7.25 (m, 2H), 7.34 (m, 2H); “C{*H} APT NMR (75 MHz, CDCl;, 6 ppm): 48.25, 55.74, 113.3, 114.5,
117.9, 129.3, 129.7, 131.9, 148.7, 159.3. [M]": m/z calcd: 213.28 ; found: 213.1, 121.1, 106.3, 91.1, 77.1

4-methoxy-N-(4-methoxybenzyl)aniline (Table 3, entry 3)*®

IR
H
H,CO

Tab 3-3
White solid, recrystallized from methanol; MP: 96.6°C. *H NMR (400 MHz, CDCl5, & ppm): 7.32 (d, J = 8.6 Hz,
2H), 6.91 (d, /= 8.6 Hz, 2H), 6.82 (d, J = 8.9 Hz, 2H), 6.64 (d, J = 8.9 Hz, 2H), 4.24 (s, 2H), 3.84 (s, 3H), 3.78 (s,
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3H). *C NMR (101 MHz, CDCl; & ppm): 158.85, 152.22, 142.54, 131.70, 128.84, 114.94, 114.16, 114.01,
55.83, 55.29, 48.76. [M]": m/z calcd: 243.30 ; found: 243.1, 121.1, 107.0, 91.1, 77.1

4-fluoro-N-(4-methoxybenzyl)aniline (Table 3 entry 4)’

o7
N
DR

H;CO

Tab 3-4
White solid, recrystallized from methanol; MP: 72.3°C.
'H NMR (CDCls, 300 MHz, & ppm): 3.83 (s, 3H), 4.24 (s, 2H), 6.60 (m, 2 H), § 7.35 — 7.25 (m, 2H), 6.90 (m,
4H). °C {H} APT NMR (75 MHz, CDCl; & ppm): 159.36, 157.93, 154.81, 144.76, 131.49, 129.22, 116.19,
115.90, 114.47, 55.69, 48.93. [M]": m/z calcd: 231.27 ; found: 231.1, 121.1.

N-(4-fluorobenzyl)-4-methoxyaniline (Table 3, entry 6)®

N
/@/\H
F

Tab 3-6
'H{*°F} NMR (300 MHz, CDCl3, & ppm): 7.36 (d, J = 8.5 Hz, 2H), 7.05 (d, J = 8.6 Hz, 2H), 6.87 — 6.77 (m, 2H),

6.70 — 6.57 (m, 2H), 4.28 (s, 2H), 3.78 (s, 3H), 3.60 (s, 1H). *C {H} APT NMR (75 MHz, CDCl; & ppm): 164.07,
152.77, 142.60, 135.80, 129.51, 115.94, 115.36, 114.62, 56.20, 48.97. [M]": m/z calcd: 231.27 ; found:
231.1,214.1,122.1,109.1, 96.1, 83.1.

4-fluoro-N-(4-fluorobenzyl)aniline (Table 3, entry 7)

27
IR
H
F
Tab 3-7
1H NMR (300 MHz, CDCI3; 1) ppm): 7.41-7.30 (m, 2H), 7.13-7.00 (m, 2H), 6.99 —6.83 (m, 2H), 6.64 — 6.52

(m, 2H), 4.29 (s, 2H), 3.90 (s, 1H). *C {H} APT NMR (75 MHz, CDCl; & ppm): 164.14, 157.96, 144.69, 135.33,
129.36, 116.26, 115.96, 114.19, 48.64. [M]+: m/z calcd: 219.23 ; found: 219.1, 109.1, 96.1, 83.1.
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N-benzylethanamine (Table 3, entry 8)9

NN
H

Tab 3-8
'H NMR (300 MHz, CDCls, & ppm): 7.36 (m, 5H), 3.82 (s, 2H), 2.71 (q, J = 7.0 Hz, 2H), 1.77 (brs, 1H), 1.16 (t, J = 7.1 Hz,
3H). *C NMR (75 MHz, CDCl; & ppm) & 140.83, 128.79, 128.55, 127.30, 54.28, 43.98, 15.60. [M-1]+: m/z calcd: 134.21;
found: 134.1, 120.1, 106.1, 91.1, 78.1, 65.1, 51.1.

Se



¢ 09 §9 04 S£Z 08 S8 06 S6 00T

89/7€  9zS [enpads bz I [ S S [ [ S I IV [N S S S [NV S NI E S RN B S
¥8E9T  dz1S paunbdy €7 S 35 >R 5 g > 5
HT SNaPNN 7z N AT T P q, L
Aouanbalg
zsee- 159M07 TZ
€°7LTE  WIPIM [e303dS 0z
Aduanbalig i [ |
€T°00€  J91RwWo.adS 61
bbi90: a1eq I i
TOLTC-90-€T0C  UOREdYIPOW 8T !
65:%0: I
T0LT2-90-£T0Z 3@ UonISINboy /T
0£00°S dwi1 uonisinbay 91
0000°0T UIPIM 3sind ST
Aejpqg
0000°0T uonexejay T
06 UIeD JOAIRIDY €T
sueds
6 40 J3qWINN 2T
6z 2ouanbas asind 11
000  aJmesadwa] QT
€Dao JUBAIOS 6
loypny 8
pads  JoPpwondads /
A 9
j00. RUMO §
Hqwo
NIUYONSSON
aydsnAleuy
Jqnig “dWNXN ubLuo +
juswwo) € -l dqel
#89SVYN Sd UL T
4T /1 /ezepd
/T /¥8DSYN Sd
/1071S /s1emd) N
sojueblio H
/OYOAYT
/nuswnooq
foniamis
/eouspad ¢
DD ZHIN 00€ 4NN H
/$435M /:2 SWeN Bl eea T —A7IS~ AN A S AN !
N N w QPN NNN
anjep 1sjpweleq SRIBRGE I BN Iy 22BN G R ¥8OSVN Sd

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

S10



(wdd) 14

0 0T 0¢ 0€ oy 0S 09 0L 08 06 00T OTIT Oct O£T OPT OST 09T 04T 08T 06T 00C OTI¢C
89/z€ ®zslemRdS e | oL o oy

$8€9T  9ZIS palinbdy €2

J€T SN3PNN ¢
Aousnbaig !
§'9G/- 1samo 1T
6'STTST  UIPIM [24309dS 0T
Aouanbaig
[¥'S/  J91PwWoddads 6T
€98 Eillg]
*TOLTZ-90-£T0C uonesyIpol 871
T0:80

:TOLTZ-90-€T0C 81eQ UolISINbdY /T
¥06°0 dwIL uonisINboy 91
0000°Z UIPIM 3s|nd ST

Aeppqg
0000°C uonexeRy 1
PBEIT  UIRD JOAIRIRY €T |
sueds |
000t Jo JaquinN ZT PTp—— AT
aAesyde 20usnbas as|ind 1T e W W Y }%Is\_‘;__}%; 5_2.;_;,. Moyt "
1°00€ ainjesadwa] 0T
Ao JUSAI0S 6
Joyiny 8
pads  Jsewolpads /
[
1S 9
1004 JBUMO §
Hqwd
NIUYIISSO
aydsiAjeuy
Jainig “YIWNXN ubuo
usWWO) €
P89OSVYN Sd SRL ¢
T /1 /eyepd .
/2 1¥89SYN 1 dqel
Sd 1071S
/s4a139| soiuebio
/OYOAVT
/nuawnooqg '
JoAuamys H
/edLapad
/siasn /:D oweN 3|4 eyed T h% h M. g_y r_: /_\/__f/_ 1_. 1_. L L LdV{HRIAN o
N © N 9NN 5s 3 3
o i wRes 5 8 8mE 28 @8 5 POSVN Sd

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

S11



89/¢€E
8E9T
HT

L€6¢C-
£68/p

€1°00€

8t:€0:
T018T-90-€T0C
0¢:€0:
T018T-90-£T0C
0Teb'e
0000°0T

0000°0T
8¢1

14
bz

0°00€
€10ad

Jads

j001
Hqwo
NIUYDISSO
ayosnAjeuy
Jxnig “dWNXN

€8DSVYN Sd

41 /1 /erepd
/T /€89SVN Sd
/1071S /s1om3)
sojueblio
/OYOAV
/uswndoq
[onuamis
/eouapay
/s1esn /D

anjep

92IS [eaads T
2215 pauinboy €2
SN3PNN 22

Aduanbaiy
1samo 1¢

YIPIM [e1303dS 0T
Adusnba.g
Ja1pwo.0ads 6T

3jeq
uonedyipo 81

33eq uonIsINbay /1
awiy uonisinboy 91
WIPIM 3s|nd ST

Aejpqg
uonexeRy 1

ules) JAAIIRY €T
sueds

40 I3quInN ¢T

2ouanbas as|nd 11

ainjesodwa] 01

JUBAI0S 6

opny 8

J9woapads 7

9

S

aus
sumo

uibuo

usWwWo) €
SRIL ¢

aweN ajd elea 1

lojaweled

§/ 08 S8 06 S6 00T

L[0T

LS°E

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

LL°0

i<4a4

F107C

Slgel
ot
I

124D ZHIN 00€ JAN H

9T’L
8T°L
6T
0c'L
1L

€8DSVYN Sd

S12



(wdd) 14
0 Of 0C O O 05 09 0/ 08 06 00T OIT OCT OST OvT OST 09T OZT O0ST 06T 00C OI¢

go/z€ ozspemeds bz | L0y
$8€9T  zIS palinboy €2

J€T SN3PNN ¢ |
Aduanbau4
§'99/- 1Samo T¢
6'GTT8T  UIPIM [21303dS 0T
Aouanbai4
[P'S. 193PWO01303dS 6T
8¢:8Y Eal=lq] |
*TOL8T-90-€T0C uonResyIpo 8T
£2:S0

:T0187-90-ET0Z 93eq uonisinboy /T
060 SwiL uomsinboy 91

00002 YPIM 3sind ST
Aejpg

0000 uonexeRy 1

P8EIT  UIRD JBAIRISY €T
sueas

988 Jo JoquinN 2T

anesyde souanbas asind TT1

€10ad JBAIOS 6

|
Joyiny 8
pads  Jopwouspads 7 _
aAS 9
j00. RBUMO §
Hqwo
NIUYD2ISSa
aypsnAleuy |
Jng “YINNXN ubLo 4
1dV {HT} O€T JuBWWO) €
€89SVYN Sd 9Nl T
41 /1 /exepd
/T [€89SYN e
Sd /10°1S glqel
/s1one| solueblio
/OYOAVT [
/nuswnoog H
fanuais
/eduapa4
/siasn /2D dweN |4 eled T xf f \f \_f _ _
NN WWW [5;] NN N e t 1
N J ER e s 1dv {HT} D€T
anjep J93pweled yRgxn N o3 m m M £89SVN Sd

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

S13



(wdd) 14
00 S0 0T ST 0c S¢ 0¢ §¢€ 0¥ S+ 0§ ¢ 09 §9 04 §YZ 08 S8 06 S6 00T

E1€0

¥ SB388

=10
#£0'€
=6v°0

w
o
89/¢¢€ 92|15 |es1dads pe H
¥8E9T  9zIS panboy €2

o
m ..
HT SNIPNN ¢¢ W
i | Y
Aouanbaig | !
SEC- 1S9MOT TZ | \
€74TE  WPIM [eipads 0z
Aduanbaig !
€T°00€  493WO010adS 6T !
8Y 8 ajeq |
1€2102-90-€T0¢ uonedyIpol 8T
LT:8p

1€2102-90-£T07 33 uonisinbdy /T
0£00°S dwiL uonisinboy 91

0000°0T UIPIM 3sInd ST
0000°0T Aefo@ uonexefey 1

v uIleH DAY €T

€ sueds Jo JaquinN 7T

6z aouanbas asind 1T
0°00€ aimesadwsa] 01
€10dd JUSAI0S 6

Jloyiny 8
ads Jojpwolpads /£

as

1004 JBUMO
HQwO
NIUYISISSI
ayosnAjeuy

Jnig “dWNXN ubuo b

o R Ol-L dqel
£89SVN Sd L ¢
a1 /1 [exepd 02°H
/T /£89SYN

Sd 1071S
/s1213) soluebio
/OYOAV

/nuswndog
[enuakys
/eouspay

/s19sn /- SweN 9|4 eyed T AN

n o

=T

i
[

!

7
IOL-Q—
E€T°L

HT
£89SVN Sd

ST
bS'T
(ST
19°C
€8°€ ~
16°€ —
8b'
0S¥
€Sy
sSSPy
69'9
19
vL'9
06'9
16'9
16'9
€69
¥6'9
S6'9
86'9
Y1)
o1,
9T/
81,
61,
S
vE'L
9€/ A
9g'L 4

onjeA J9)sweled

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

S14



89/C€
$8E9T
€T

§°9G/-
6'STI8T

LY'SL

9§:2S:
€¢10¢-90-€T0¢
80:6V:
€¢10¢-90-€10¢

9zIS [e412adS

92|S paJnboy £

SN3PNN 22
Aduanbalig

1S9MOT T2

UIPIM [e4329dS 0T

Aduanbalg
Jajpwoadads 61

a1eQ
uonedUIPOW 81

ajeq
uonisinboy /1

bb06°05WIL uoRISINbOY 9T

00002

0000°C
$8E9T

6L
aneside

0°00€
€10d0

ads

1001
Hqwo
NIUYDDISSO
aydsnAjeuy
Jaxnug “dWNXN

/89SVYN Sd

AT /1 [eyepd
/T /£89SYN Sd
/1071S /s1emd)
sojuebio
/OYOAV
/uswndoq
/onuakys
/eoLspadq

YIPIM 3sInd ST
Aejpg

uonexe@y 1

ules) JaAIRIY €1

suess
10 JaquinN 1

20uanbas as|nd 1T

aimesadwa] QT

JUBA|0S

Joyiny
J919Wondads

1S
JBUMO

uibuo

JUsWIWOD
SRIL

6

8
L

/s19SM /:D dwen ajid eleq T

anjep

Jojeweled

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

(wdd) 14

06 00T OTT OCct O0€T OPT OST 09T OZT 08T 06T

L T )

LE'ST
0€'€S —
99'S§ —

0l-1 qel
02°H

==

IDAFHW SL ANNLAY {H}O|

NN _ _
e - - — —
SR8 NB 9 3} 2
gra Do g N o /89SVYN Sd

S15



9O/7E 225 [2423dS T
PEEST 3715 pRunboy £7

HT SN3PNN 22
fouznbaly
LT 15307 TZ
0°58k/ LAPIA [2023ds 07
Aauznbaly
£1'008  JejRwondads g1
SZiEEE Eal=la]
T190-90-ET0f  UOQEIyipoly 8T
B Eal=la]
C190-90-ET0E uoqsInboy J1
EITTR

GEET'T uogisinbay of

000007 LAPIAA 25Nd ST
AeRq

0000°0T uonexelsy +1

GF UBS J2AEaay £

SUEDS
& 40 J=quiny €1
ousnbasg
Bz asngd 11
0'oos  aumesadws) Or
£Da RS &
Jopny 8
Pads Jgawogiads f
U]
jo0d JBumMQ g
HAWs
HLLPE]553
apsqAEuy
J=njrnug
“HWNXN ubug +
juIuweD £
LLDSYN 5d [ T
I 1 feepd
v feim5eM
5d/1071S
JEIEnE]
sauebio
Jouoa
Jnuawroog
Jfanughiys
Jeauzpay awen
fs1sn [0 A4 =meq T
=nEd FEIE = =F]

06 S6 oot

|
|

]
96’0
260
860
GG 0
il
T
BT
051
ES'T
55T
[
45T
09t
291
¥l
T1E'E
EE'E
SE'E
LE'E
GE'E
299
59'9
59'9
8299
TL9
EL9
1873
0L
124
A
L
L
[T

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

Li-l qel

NH

{ ST THIN 00 ) NN H;

L£95WN 5d

S16



(wdd) 14
0 0T 0z 0 Oor 0§ 09 0L 08 06 00T OTT ©0ZFT OST ObT OST 09T OZT 08T 06T 00¢

89/7€ S |eapads
$8E9T  92IS palnboy £

€T SNdPNN 72 |
Aouanbauq
§'95Z- 1SOMO07 T2
6'STTST UIPIM [edads 07 |
Aouanbaiq |
[y'SL Je1ewoPads 6T
1444 ajeq
€¢190-90-€£T0C uonesyIpo 81
€1:0b:
€2190-90-€T0¢ 2eq uonsinboy /T
¥b06°03WIL uolisINboy 91 i
0000°Z UIPIM 3s|nd ST |

Aeppa .L
0000'C uonexe;?y 1 izi:zii ii.t_k b oy E%

P8EIT  UleD JaAIRIRY €1
suess

St 40 JaquinN ZT

anes+yde aouanbas asind 1T

1°00€  aJmesadwa] QT

€10ad JUBAI0S 6 |

Joyiny 8
uqumeumEo\_ﬁwumm
m
m

QS

j004 JBumQ

Hqwo i
NIUYo33ssap
ayosnAjeuy

Jnig “dWNXN ulblo

1dv {HT} O€T juBWWo) €

£L/9OSYN Sd AL ¢
41 /1 /e3epd
/2 [LLDSYN Sd
/1071S /s4emd|

soluebio L
/OYOAV
/nuswndoq
[onuamis
/eouspay

/siasn /2D swenN 9|4 eleg T

Li-lqel

1dv {HT} O€T
LLDSYN Sd

CE ~—
£8've —
SS'PS
90°'LL
8v'LL
06°LL
9EL'ETT —
¥6'9TT —
89'6¢T
S9'8pT

80T —
6v'vT —

anjeA JjPweled

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

Si7



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

BOSTZE
FBEOT
HT

325 [p42ads +7
3ZI5 pRanboy £F
SN2PNK ZF

£'ee7- Aausnbaud 1samo 17

ERBLF

ET°00E

LpPIA [2R22ds OF
Aouanbaug
Jzjawoniads g1

0Z:0Z:0ZL80-0T-Z10Z  =98q Uogeayipoly et
TT:0Z:6TL80-0T-Z10Z  =9eg uopsinboy /T

OTEF'E
oooo ot
o000t
gzt

T

bz
0002
EIDdo

1oads

jool
Hqus

HILLPZ)SS3l SLPsRARUY
124nIg "MK

HT

STOSYM 5d

I f1 feepd

1 jszosvN sd 10715
1233 sawebio [OHoAY
fauswnoog fasuaiys
fenuzpag fsiasn 10

anjen,

3uwi] uogisinboy or

LAPIAA B5INd ST

AE[E0 UoEXEEY HT

ulesy Jaalm0ay T

SUEDS L0 =2quinp] FT
=ouznbag 25N4 1T

aurgesadws) ot
JU=A0S &
Joupny g
JZawonaads £

s 9
JBumMg §

ubun
JUSLWOT
SpL T

e

Swey 3jd =eg T

Iaweley

%

El
99'9
£9'9
69'9
0L9
9,9
8509
ars
19
0z s
| TS
A
LA
L2744
£2 4

.|
-z qeL
H
N
] n
BubbbaE¥YE2 2 crogyn sy

S18



89/¢¢E
$8E9T
€T

§'9S/-
6°'STI8T

LY'SL

0S:6S:
0¢180-0T-¢10¢
EPTT:
6T180-0T-C10C
060

0000°Z

0000
$8€9T

TLL
aAes yde

0°00€
€10d0

ads

00
Hqwo
NIUYIDISS
ayosnAleuy
J9xnug "YWNXN

GZOSVN Sd

41 /1 [eyepd
/T /STOSYN Sd
/1071S /s1omd)
sojuebio
/OYOAV
/nuswnoog
fanuahis
/eouapay
/s19sn /D

anjep

82IS [e4123dS
dz1S paunboy €7
SN3PNN 2T
Adouanbaig
159MO1 1T
WIPIM (e308dS 0T
Adouanbaug
J91pwWwou0ads 61
2eqg
uonedyipoiN 8T

ajeq uopsinboy /1
awiL uomisinbay 971

UIPIM 3sInd ST
Aeja@
uonexey 1

ule) JaAIRRY €1
suess

4O JaquinN 2T

2ouanbas asind 1T

ainjesadwa] QT

JUSAI0S 6

Jopny 8
J919WoIPads £

Qs
JBUMO

n o

uiblo b
uBWwWo) €
SpIL ¢

sweN a4 eleq T

Jojoweled

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

(wdd) 14

08 06 00T OIT OcT

09T 04T 08T 06T 00C OT¢

W i

TR ——_

5B N NN =
[ N NN =
N o n® woN
v = wu N WO

o

A
7

¥9'LCT
6°LTT
¥0'6CT
£9°6CT
98°6ET —
8G'8YT —

-2 qel

10@D ZHN G ) HINN LdV fvoe
GZOSYN Sd

S19



(wdd) 7y
0o S0 ot ST s L= e S'E 0+ L s 'S ] L oL SL o8 s’ 06 5’6 0ot
I

890t LIS [B.003dS FE
2T 3Z)5 paanbay £F
HT SNIPNN T2 |
T Aousnbaig ysamo] 17
E'0TFS LpPI [2022ds 0F
Aauznbauy
£1 00 JFawogiads g1

ETTHSTIEG-OT-CTO0E
TETHSTIE0-0T-ZT0E
B555'T

0ooE'9

0000 0T

€t

¥

bz

0'ELD

E[Dao

1oads

100l

HAWIS HULP3SS3p)
apsgARUY J2yNIg “HIMMXN

EZOSYM 5d
1T T fe3epd
J1 /zz9s5vN 54 107 1S
Jsi=q3R) souebio JoHon
fouswnoog fanugiys
fenuspad fsiasn i

anen

2] UoQEdYIpO 2T
28] uogisintoy /T
3] uogisinboy or

LRPIAA 25(Nd 5T

ABj2Q uonEXE[ZY £T

ulen) J3AlEaFy £T 1
SUE3S |0 J3qUINK 2T
ouanbas asing 1T
aurgeszdwz] o1
UBAOS B

Jougny
JmBwoniads
A5

BUMO)

mowp M~ om|

ubuo

+

RWWoy ©
SRl ©

awe 34 =g T
Jajawele

BE' =
er—
ZE o

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

19
0z £
T
[t
[
L
LA
8
0E" L
e

vz qel

(510D THN 00F ) JINN H;

EZISWN 5d

S20



(wdd) 14
0 0T 0¢ 0€ (014 0s 09 (074 08 06 00T OTIT Oc¢T O0€T ObT OST 09T O0ZT 08T 06T 00C OT¢

89/7€ ozSespeds b | L 00y ey ey )
¥8E9T 9IS palinboy €¢

€T SN3PNN ¢
Aousnbauy
§'9S/- 1S9M07 T2
6'STI8T  UIPIM [edadS 0z
Adusnbaug
[p'SL  4e1woupads 6T
0G:TE: a1eq
00L72-90-€£T0C uonesyipo 8T
£4:90:

00LTZ-90-£T0Z 212Q uonisinboy /T
bb06°0 WIL UoRISINboy 9T
0000°Z  UIPIM 3sInd ST

Aejpa
0000°C uonexeRy 4T
$8EQT  UIRD JOAIRDY €T 3
sueds
T6v 40 JaquinN ZT
anesyde 2ouanbas asind 1T
0°00  2Jmesadwa] 0T i
JUBAI0S 6
loypny g
pads  Jopwodpads
s 9
001 RUMO §
Hqwo
NIUY233SSa
aydsnAjeuy
Jynug “dINNXN ubuo 4
1dv {HT} DET Juswwo) €
S8OSYN Sd 9pL T
a1 /1 /erepd g qel
/2 /S89SYN Sd
/1071S /s1ena) H
sojuebio N
/OYOAV |
/nuawnoog
fonuahis
/eduapa4
/s1asn /:D sweN 9|4 eyeq T \_f _ _ \ \f _ JF€T
= 3 NININ 22 RBRRYS i
anjea JaPweleqd 3 a ga® o2 s88a2s 2 €COSVYNSd
N W A= NO O

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

S21



(wdd) 14
0's

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

0o S0 T ST e G cg 09 g9 oL oe c'8 0’6 c'6 oot
1 1 1 | i 1 1 | i 1 i 1 i 1 1 | i 1 i | i |
LS w L5
=} P —
o - =
oLy R4
s
1 L ﬁ| ™
BO/ZE 3ZI5 [2423d5 7
FEECT 225 paJnbay £7
HI Ea=Tuly N rord
fouanbaig
L'EBT- 3samMo] TZ
£'68F  LAPWA [RR03S OF
fAouanbaig
ET'00E J=awogaads g1
0ES BT LEC-OT-ETOT =38Q UoReayipol 81
95'ZGIST1R0-0T-ZT0Z =38 uoqisinbay /T _
OTZH'E =Wl uoqisinboy gf
0oo0'0T LRPIA 35N 5T
0000°0T AB[EQ UonexeREY &1
971 D J3nR0IY £T
T SuUE25 40 Jaqunp 2T
Gz =ousnbasasnd 1T
1008 aimessdwa) ot
£Dao JUBAIDS &
lowpny g
1oads JEjpwonasds £
s 9 !
1004 BumMg §
L Lzqel
HIULPE] 553 ALPSHAEUY 4
J2{NIg “dhXN ubLg & H
JURWWoD £
FEOSYN 5d SAL T
I f1 feepd
{1 fFzosYN 54 107 IS
fs1am3) sowebuo fodoay I
faumunog fanighs | e
feouapad fsiasn i swep 4 Eeg T & - .u..I.u_.I.u_.I.n_.Iu_.luﬂnJu.wu..u = % B e B
.m.:_mp _EuEm._mn_ i1 ] L Y YR S ERE R R e n e Ny FTOSYN Sd

S22



(wdd) 74

S23

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

ewee ssewesse| ) O OF G O R % O R % OO OO OO R AR O
PEEST 2215 paunboy £7
DET SNapnp 72
Aauznbaug
§'ogL- 15307 TE
&'STTET PP (2023d5 07
fousnbaug
IF'SL 12wonlads 61
:5T:0 Bl
T180-0T-2T02 uoQEIYIpOl BT
Q0458 Eal-lal
TL1B0-OT-ET08 uogisinbay £1
ENTNR
060 uonisinbyy ot
0000L LRPIAL 35INd 5T
feRg
QoooTe uogexe=y +1
FEEST  UES JBnE0aY £T
SUEDS
o 40 Jaquing 7T
Fousnbas
anes yde 28Nd TT
0o RJmesadus) o1
e ] UINOS f
oy g
Pads  smjpwogiads g
s 9
Jool Bumg g *
iy M AP Il
HILLPE5531 _
ApsnhEUy
I=ynug
CHWNK ubug ¢
1dw HHT} DET JuBWWeY £
FZO5WM 5d EL T
o Lgqel
{2 [FZ95%N 5d ,
{1071S [sina )
souebuo :
fodon
Jouswnoog
jry <IN S 4N |
[ = 333 ol el = = :
SN [0 SWEN B BEG T 2 =&k i fo  in = = 1dv “{HT}DET
=y IRweled == oo e =~ ] +EOSYMN 5d




Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

(wdd) 14
54

gL e g8 06

0o L] T ST
1 Il | 1
= I
(=3 K
bl
| ' n
BoSZE 2215 |2423ds &7
+BEST 3215 paUnboy £7
HT SM3PNNY 72
Aouanbaig
TTIT- 13m0 T
S'ELET LRI (242305 07
Aouanbaig
ET°00E JZEpwograds 61
CETOTOLSZ-90-ET0Z =18 Uonediyipop) g1
0F:25°00157-00-ETOZ 298 UoRisinbay £T
SI0L'S 3wl uoisinboy of
0ooooT LAPIAA 35INd 5T
0000'0T Ae@RQ uogexeEY b1
87T UIED) J3AR0Y £T
T1 Sueds jo Jaguny 7T
fz =ousnbasasnd 1T
0'oos 3umeladwa) gr
£Dao WINDS 6
lopny 2
Jo=ds JEyRwongosds g
s 9
jo0d JBuUmMQ §
Hqwsy
HIULp3]Ss3 ILPsnAEUY
J20{nug “Hihxn ubun
HT uBWWon £
oo 22D5WM 5d [L T
T

{1 [=1Epd [T folo geasyN
5d 10715 fs1203|
sauebio [oHoAYT
fouswroog fasugays
Jeauapad fsiesn 1D

anep

awen a4 eeg 1

IFawe e

apt

Fa60

F=r1e

Feoz

HT
0l]0 88D5WN Sd

S24



09t 04T 08t 06T

Bo/TE
+EEST
DET

5795/~
6'STTET

L'SL

BSUED:
TOLSZ-90-ET0Z
B TO:
T01SZ-90-ET02
Fr06'0

0000

0000
FBEST

oct
anesde
000
£1Dado

12ads

3004

HGWa

UL 553
apsniEuy
J2jrug “HiNKN
1dv *{HT} DET
oo BEDSWN Sd

It

f=1epd [z oo
8205YN Sd
{10715 [sEma)
sajuebio
foHoAYT
Jauawroog
Januahys
Jeauapad
/51230 fio

anjen

225 [ef3ads +7

2715 paunbay £7

SN3PNN 72
Aauznbaig

153M07 TZ

LppIA [2033ds 07
Aouanbaiy

Jzawonsads 5T

aeg
UOREIYIPOW 8T

22 uogisintoy /1

3w uogsinboy o1

LAPIA =5nd ST
Aeg

uoQeExel3y +1

uIes) JanE0ay £T
sUE3S

Jo =Bquiny T

Fouanbas 3sng 1T

aumesadwa) gT

UBAOS B

IOy

Jjawonaads

e

Bump

wmowm Mm@

ubug +
JUBWWOD
SRL ©

[}

awen 34 =3eg T
Iaweiey

7
/

S0k
0544
ZhLL

LEETT—

L28T—

P BET~,

a1 6ET

F£BET

0 EET

ap' BET~"

LT BT —

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

6Zqel

1dv H{HI}DET
0lj0 895N Sd

S25



c'8 06 S0 00T

-

—

ST TOLLO-90-ETOE
0591 TOLLO-90-ET0E
OIEZE'E

0oo0"0T

0000 0T

[«

£

bz

0'0og

E[2ao

1oads

1004

Hauisy
HILLPEI553L SLRSRARUY
J=rIg CHWNEN

OTWIAI 54

AT /T f=3epd T fOTWIOT

Sd 10715 [s1=na|

S2IUREI0 {CrdOAY T

Jouawroog faaugiys

fenuapad fsiasn fio
=NEA

00 S0 0T Lo 0e
1 . 1 . 1 . 1 . 1
¥
BOSELD 2215 [en33ds +7
FREST azI5 paunboy £
HT sNapnpy T2
Aauznbaiy
LEBT- 1520 TZ
E'RELF RPN [RO2RdS OF
Azuznbaig
£T'00E Jmawonaads 61

e UoReEIyIpaw 8T
e uomsinboy 1
3w uoqisinbay of

LAPIAA 25Nd ST

Ae[Eq uonexesy +1

ues) J3nEaay £T

SUEIS JO J3quny ZT
=ousnbas asnd 1T

aumeladw=) gr

JUBADS &
oy g
JFEwonsads £
M5 9

aumg g

ubug
juaLWweD £
SpL T

awep 3|4 e1eq T
I=aweley

|

ELE
699
]
£L9
£L9
[T
a9
28
L
69
[
A
5EL
A
T
FE'E
LB

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

LeqeL

00°H

T THIN 008 AN H;

OTWIAL 5d

S26



(wdd) 13
o oI o0z ©Of Or O 09 0f O8 06 0DT OIT O0ZT OET  ObT OST 09T 0/T 0BT 061 00Z 0T

1 M 1 L | L | L | L | L 1 L 1 L 1 " 1 L | L 1 L 1 L | L | L 1 L 1 N 1 L 1 L 1 L | L |

BOSTE 715 [en2ads b7
FEEOT azi5 paanboy £F

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

JET SN=P0N T2
Aauznbalg
5'85L- 15307 TT
E'STTET  LpPIA [2022ds OF
Azuznbalg
f'Gf JRwonoads g1
] S e
TOL/O-90-ETOE UoQeEayIpol 81
FELT:
TOLS0-O0-CT07 =38 uomsinboy £1
#F06'0 WL uonsInboy o
0000°L LRPIA, 25INd ST . |
felRg | _
Qo0o'E uoneEXE[=Y £1
FEEQT  UIED JAAEDY £1 ifis}l%fi iy ramig hesbo oy
SUEDS
LB 40 Jagunp 1
anesde =0uanbas asng 11
0°00E sumessdws] o1
£120D uanos g
Jopny g
Ppads mewonoads £
5 9
joold BumMg 5
HQWo _
HIULPE S5
aLpsnAEUY
=nug THiiMEN ubug ¢
Ly {HT} DET JUSWWED £
OTWIAI 54 SRl T
el ool o I-€ qel
OTWIAI 54
{10715 /s=RE| 02°H
sauebio _”_
JoHonw
Jouawroog ! |
Janugiys
Jeauzpay
fssmsn i3 Bwen Id=eg T h_y ,_: fﬂ? Tx. \ m. ..Kr,..w ._L |
o i B3 Sh3 =2t BER 3 & LW {HT}DET
vs cT #B% HoE & = 0TWIQL Sd

Sy7



_ (wdd) 14

0T QT 0¢C qC o€ g€ oy [N 4 0'S q'q 09 99 (VWA S/l 0'8 9’8
L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
ww = NN N
S I N ¥

89/¢¢€ 9zIS |eJpdads ¢
¥8€9T 7S palnboy €¢

HT SN3PNN ¢¢
Aduanbaug

'esT- 1SeMO7 T¢

2°024E  UIPIM [ed3dads 0z
Aouanbauy

€1°00t J919Woadads 61
¢1:00:60102-CT-ZT0C 3@ UOledyIpOW 8T
£0:00:60102-ZT-ZT0C 93eq uowisinboy /1

0v0b'v Bwil uonisinbdy 9T

00evL UIPIM 3sind ST
0000°0T Aejeq uonexesy 1
91 uleo) JaAIRd3Y €1

T Sueds Jo Jaquinn 2T

S28

6z 2ouanbas asind 1T
0°00€ aimesadwa] 0T
€10ad JUSAIOS 6
loypny g
0ads Jjpwolpads /£
s 9
004 JBUMO  §
Hqwo
NIUYDDISSBN dYdShAleuy
193n1g “JWNXN wbluo 4 geqel
02°H
uSWWOo) € H
TIWIAI Sd aML ¢ N
4T /1 /eyepd /1
/TIWIAI Sd /107IS /stoms| £
soluebio /OYOAVT HOO
/muawndoq /aALaANS |
edlIapa4 /siasn /: aweN 9|4 eje c
/eduspad /siasn /D N?odeled T n N PN 1Dao anzoowmzzm_
anjeaA Ja1pweled ww N oo NN~
3R i TRRE A= TIWIAI Sd

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013




¥8E9T
618
O€T

8156~
§8€0bC

19°00T
9p:9¢:
60.10¢-¢T-¢10¢
85:00:
60.10¢-¢T-CT0¢
80v€°0
00SC°6

0000°€
89/¢E

LSy
aAestyde
0°00€
€10ad

10ads

jo0.
HAwo
NIUYISSO
aydsnAjeuy
Jnug “dWNXN
{HT} Ldv D€T
TIWIAI Sd

T /1 /eyepd

/2 /TWIAI Sd
/1071S /s1em3|
sojuebio
/OYOAV
/nuswnoog
[onuams
/eolspad

3ZIS |eaads

82zIS paJinboy £

SN3PNN ¢Z
Aouanbaiy

1S9MOT 12

WIPIM [e1303dS 0T

Aduanbaiy
Japwolpads 6T

ajeq
uonEdIPO 8T

2jeq uonisinboy /1

awi| uonisinbay 91

YIPIM 3sind ST
Aejp@

uonexeRy 4T

uleo) JSAIRIRY €T

sueds
40 JaquinN ¢T
2ouanbas asind TT
aimesadwa] 0T

(wdd) 14

JUBAI0S
Joyiny

J939Wo.ads

s
JBUMQ

uibLio
JUSWIWO)
opIL

6

8
L

n o

/s8sM /D weN 3|4 eled |

anjeA

Jopuweled

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

9,8y —

67'55 ~_
£8'55 "

00T OTT 0ZFT OST ObT OST 09T O0ZT 08T 06T 00 OT¢
L L L L L L L L L L L L L L L
| |
|
|
geqel
02%H
_ H
N
Ho0
A | _ [
pog 5B = a & {HT} 1dv D€T
en¥ ey y N & TWIQI Sd

S29



(wdd) 14
S0 0T ST 0C 4 0€ s€ ob Sy 0'S S's 09 S9 0L W4 08 S8 06 S'6 00T

Foo€
Fs6'1

89/¢C¢ 9215 |eaRdS Hz
¥8€9T 9215 padinboy €2

HT SN3PNN ¢¢
Aduanbauy

L'€6C- 159M07 ¢

€68/  UIPIM [1302dS 0T
Aduanbauy

€1°00€ J93PWo.ads 61
9C:TH:ECL8T-90-ET0OC 33 uonRedlIpPO 8T
TE:04:€218T-90-€T0C 93 Uolisinboy /T

0TZy'€ dwil uonisinboy 971

0000°0T YIPIM 3sind ST
0000°0T AefeQ uonexe[Ry H1
9€ ulen JoAIRORY €1

9 suedg Jo JaquinN ¢T

6z sousnbas asind 11
0°00€ aimesadwa] 0T
€10ad JUIAI0S 6

Joyiny g
ads Je1pwotpads £

|)s 9
1001 JBUMO §
HqWS
NIUYDDISSA dYdsnAjeuy e aqel
J¥nug “YIWNXN ubo v _H.Um_._
jusWWo) € H
€CINIAL Sd SRl ¢ N.
AT /1 /erepd /T /€ZWIAL
Sd /1071S /siemd) k|
solueblo /OYOAV]
/nuawndoq /aAuaANS
/eouspad /siasn /2D PweN djid eleq T f
————N 7 AN 1DAD ZHW 00€ ¥ANH,
anjeA Jojeweled el > 0O DD O IO D N NN
& X 88332028 &8N €CINIAL Sd

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

SSO



(wdd) 14
0'S

00 S0 0T ST 0¢ S'¢ 0€ S'€ 0y Sy S'S 09 S'9 0L S, 08 S'8 06 S'6 00T

P8E9T
618
HT
£'56¢-
0°¢6S€E

€1°00€
0¢:£0:T0L6T-90-£T0C
€2:90:T0L6T-90-£T0C
£08C°C

0000°0T

0000'T

8¢T

8T

ubbyybz

0°00€

€10ad

ads

001
HQuID YIuyoa]ssai
aypsinAleuy JaxnIg “YIWNXN
46T [ep ojelddoddesip HT
E€CIWIAI Sd

4T /1 /ezepd

/S /€TWIAI Sd /1071S
/s4om3) soiuebio /OHOAVT
/nuawndoq /oALaANS
/esuspad /siasn /D

anjep

azIS |e10ads T

3zIS pa.nbdy €2
SN3PNN 22
Aousnbalig 3somo 1¢
IPIM [eads 0z

Aouanbai4
J93PwWoJads 61

33eQ UOREdIPOIW 8T
ajeq uonisinboy /1
awi| uopisinboy 971
UIpPIM 3sind ST
Aeja@ uonexe|ay T
ules) JISAIISY €T
SuedS JO JaquinN ZT
0uanbas asind TT
aimesadwa] 0T
JUIAI0S 6

lopny g
Jypwolpads /£
9

S

as
JBUMO

uiblo
jusWWo) €
SplL ¢

<

SweN 9l ejeq T

J9)weled

9/
448

€8e— —
Yy —
LS9

859

659

099

199

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

fredel
02%H

=T

12dD ‘ZHW 00€
YN HI d91dN02dd-d 61

€CIWIAI Sd

S31



89/¢€
$8E9T
€T

§'9G/-
6°'STI8T

LY'SL

[441:]
:0016T-90-€10C
14534
*€C18T-90-€T0C
¥06°0

0000°Z

0000°¢
$8€9T

€pST
aAestde

0°00¢
€10a0

ads

1001
Hqwo
NIUYDISSO
QydsnAjeuy
Jaxnug “dWNXN
1dv {HT} D€T
€CINIAI Sd

41 /1 /erepd

[t /€TwIal

Sd /1071S
/s1om3| soluebuo
/OYOAYT
/nuswnooqg
[onuams
/eouapaq
/s19sn /D

anjep

a21S [e4303dS b

azIS pauinbay €7

SN3PNN 22
Aouanbaig

1SeMO7 T¢

IPIM [e1303dS 02
Aduanbaiy

J93RWo0.IadSs 6T

aeq
uonedyipo 8T

9)eq@ uonisinboy /1

awil uonisinbay 9T

UIPIM 3sInd ST
Aejpg

uonexeRy T

ule) JOAIROY €T
sueas

40 I3qWINN 2T

ouanbas asind 11

ainjesodwa) 0T

usAI0S 6

loyany
J91PwWoupads

as
IBUMQ

n © N

ubo b
juswwo) €
ML ¢

sweN a|i4 led T

lojoweled

(wdd) 14
09 0/ 08 06 00T OIT 0z OST ObT OST 09T OZT 08T 06T 00

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

€6'8Yy —

Fedel
02°%H

=TI

7

1dv {HT} D€T
€ZINIAI Sd

69°'SS —
18'PST ~—
€6'/8T ~_
9€'65T —

LYPTT
06'STT
6T°9TT
CT6CT —
6" 1ET —
UL YPT —

S32



(wdd) 14
00 S0 071 ST 0¢ St o€ g€ 0b Sy 0'S S's 09 S9 0L WA 08 S8 06 S'6 00T

M
¥8€9T 2715 |enpads 47 \
<618 9zIS padinboy €2 |

HT SN3PNN 22
€66g-  Aousnbaid 31semoT 12
0'265€ WIPIMW [e4302dS 02

Aouanbaug
€1°00€ J919wo.pads 67

0S:00:8T190-¢0-£T0C
P+:00:87190-¢0-£T0C

2)eQ UOREDYIPO 8T
ajeq uonisinboy /1

£08C°'C awi| uonisinboy 971
0000°0T UIPIM 3sind ST
0000'T Aejaq uonexeRy 1
43 ulen JaAIRORY €1
1 SUBDS JO JaquinN 7T
ubbuybz ouanbas asind TT
0°00€ aumesadwa] 0T
€10ad JUIAI0S 6
loypiny g
ads J9jpwolpads 7
S 9
1004 JBUMO § gcqel
HQWD YIUYdISSa 4
aydsnAjeuy Joxnig “YINNXN ubuo H
46T |ep ojeiddoddesip HT uswwo) ¢ N.
8SWIAI Sd SRl ¢

41 /1 [e3epd

/¥ /8WIAI Sd /1071S /ston9)
sojuebio /OYOAVY /nuswndoqg
JaAIQANS [eduapad /s1asn /D

anjep

sweN 9|4 eeg T

Js1weled

09°c —
8L'€ —
8T’y

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

EHo0

1DAD ZHIN 00€  IIAN HT pordnoodap g 61

8IWIAI Sd

S33



00 S0 0T

ST 0'¢ S'¢

S8 06 5’6 00T

F00'c

v J.v %
89/¢€ 9zIS |eJads pz
¥8€9T 9215 padinboy €2

HT SNRPNN 22
£'€6g-  Aousanbaid 1somo T1¢
€684y UIPIM [eJ30ads 0g

Aouanbaig
€1°00€ J939W0.4103dS 6T

01:99:£T7190-20-£10C
6G:95:/T190-¢0-£10C
0TZh'e

0000°0T

0000°0T

8¢T

14

bz

0°00€

€10ad

pads

1001

HOWD YIUYI3ISSIN
sydsnAjeuy Jaxnig “dWNXN

8IWIAI Sd

i/t

/exepd /T /BIWIAI Sd /107 IS
/s19719] So1uebio /OYOAYT
/nuawndoq /aAuaANS
/eduspad /s1esn /D

anjep

9}eQ UonedYIpo 8T
9jeq uonisinboy /T
awi| uonisinbay 971
UIPIM 3s|nd ST
AejoQq uonexeRy T
ule) JOAIOY €T
SuedS Jo JaquinN 2T
20uanbas asind 1T
aimesadwa] QT
JUBAIOS 6

loyiny 8
J9jpwoipads 7

aus
JBUMO

n o

ubuo
juswWwWo) €
L ¢

sweN 94 ejeq T

J9)aweled

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

09°€ —
8L'€ —
8¢’y

geqel

4
Iog
Ha0

DA ZHN 00€ JAN H

8IWIAI Sd

S34



(wdd) 14
0O O 0z 0 O 05 09 0/ 08 06 00T OIT O0ZT OST OPT OST 09T OZFT 08T 06T 00C OT¢

89/7€ 97IS [e1PadS HT
¥8E9T 9ZIS paJInbay €7

€T SN3PNN 22
Aousnbaig
G§'9SL- ISaMoT T¢
UpIm
6°'GTI8T |e1oads 0z
Aousnbaig
Lb'SL J93RWOIPAdS 61
a1eq
00:0£:6T190-20-£T0C  UORRIYIPO 8T
21eq
¥1:%0:8T190-¢0-£10C uonisinbay /1
awiL
¥06'0  uomsINboy 91
00002 YIPIM ®sind ST
Aepq
0000°C uonexeRy 1 |
PBEOT UleD JBAIRORY €1
suess _
79/T  JO JsquinN ZT
ouanbag
aAesyde asind 11
0°00€ aumesadwd] 0T
€10ad JUDAIOS 6
Joyiny 8
ads Jajpwoipads £
aAS 9 v v Lot _ Y - |
j00.4 LumQo § | | |
HQWD YIUYd2SSoN |
aydsiAjeuy il
1nig “dWNXN ubuo 4
1dY 4HI}DET  WPWWOD € gecdel
8IWIAI Sd Ol ¢ ]

AT /T /e3epd /5 /SWIAL
Sd M107IS /s1emp)
$21ueB10 /OUOAVT

=T

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

/QuaWINd0Q /AALAANS awep :
[eouspad /siesn /D sideled 1 AN <IN [ _ | "HIO
B wu N NN = - = = — = 7
anjep Jeppweled 2 PN NI B g D Y 2 1dv {HT} D€T
€ 8 238 Ghe @z 3 3 & 8WIAL Sd

S35



S'S 09 59 0L S, 08 S8 06 S'6 00T

89/¢C¢ 9215 |eadads pz

HT SN3PNN 2¢

0°908T- Adusnbaig 3somoT Tg

T'€T€9 UIPIM [e1303dS 0
Aouanbaug

€1°00€ J919Wo.ads 61

0S:£€:€CIST-T0-ETOC 93 UORESYIPOW 8T
TC:9€:€C1ST-T0-€T0C 9)eq@ uonisinboy /1

+8€91 azis paunboy €7
7
7S66°'  dwil uopisinbay 9T

000£°L UIPIM 3sind ST
000007 AejpQ uonexedy 1 i i
9€ uies JaARdSY €1 i |
€T Sueds Jo JaquinN T |
b6z ousanbas asind 1T
0°00€ ainesadwal 0T __
€10ad JUIAIOS 6
loyny 8
103ds JPpwWwoipads 7
]
jo0. RLump §
w 1UYD3]SSI)
msum_i_h@ Lw_upmci_w,_zxﬁ uibo v reqel 4
uBWWo) € I/\@\
PINIAI Sd oL T N
/exepd /T /bIWIAI Sd /1071S 1
/s4amp)| so1uebio /OYOAYT
fausnaeq foriabis 100D ZHN 00§ YAN H_

/eauspad /siasn /D aweN 9|4 eleq T

onjeA Jojouweled

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

06'€ —
60h —
559
95'9
59
85'9
859
659
09'9
199
79'9
88'9
68'9
06'9
169
169
69
€69
€69
6'9
S6'9 -
96°9 -
€0
b0,
0L -
90/ -
£0°L -
£0°L -
60°L -
60°L -

S36



89/¢¢€
¥8E9T
O€T

§'9G/-
6°'STI8T

LY'SL

90:Lb:
T019T-T0-€T0C
be6E:

3ZIS [eaads e
9215 paunbay €7
SN3PNN 22
Aduanbaig
1S9MO7 T2
YIPIW [e1302dS 0T
Aduanbaig
Ja3pwo.ads 6T
ajeq
uonedyIpo 8T

€21ST-T0-ET0T 33eq UonIsSINbOY /T
¥b06°09WIL uonisiNboy 9T

0000°€T

0000°¢
¥8E9T

65T
1de

0'00€
€10ad

Jads

001

Hqwo
NIUYIISSI
ayosnAjeuy
Jnig “dWNXN
1dv {HT} D€T
PWIAI Sd

41 /1 /e3epd
/2 /PWIAI Sd
/1071S /s4em3)
sojueblio
/OYOAYT
/nuawnooq
/anuams
/esuapad
/s19sn /D

anjep

UIpIM 8sind ST
Aejpg
uonexezy 1
ujeo) JOAIROY €T
sueds
Jo Jaquinp ZT
2ouanbas asind 1T
ainesadwa) 01
A0S 6

Joyny 8
Jjpwolpads £

oS
J2UMQ

n o

uwbuo ¢
usWWo) €
SNl ¢

awen a4 led T

looweled

06T  00¢

o€

9'8p
6T'vIT
9¢°9TT
€€°GET —
69 PPT —
96'LST —
PTP9T —

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

oc:

%CTT

leqel

=T

1dv {HT1} DO€T
$WIAI Sd

Sy



GS 09 S99 0L gL 08 ce 06 C'6 0ot

=911

A
7

dET
L
0t
e
52
28 E—

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

j BOLTE 2215 [20ads &7

PEEST 3zZI5 paunboy £7

HT snapni T
Axuznbaig

5662 15aM07 TZ

0'S8FL LppIAY [2023dS 07
Asuznbaiy

£1°00E JmEwonaads g1

O PEI00LEE-TOFETOE 3380 UOLEIYIPOl BT
B0WE00LET-TO-ETOZ  =9BQ uomisinbay /T
BEET'T  3WIL uonisnboy o7

oooo0*oT WAPIA 25N 5T

0000°0T  AR[BO UOREXE[EY £T

1A uen PaRaIY £T

5 SUEDS JO J3quny ZT

Gz =ousnbas asing 1T

0'ooE aurgesadwz] o1

£12a0 Juanos B
lopny g
Joads =Ewoniads g
s 8
100l BuMg 5
Hwa
HULP=)553l 3UPSHAEUY
8-£ qel J2nag KN ublup &
WwsWwo) £
ﬂ SIWIAI 5d LT
~ at f1 fesepd

{1 Jow1a1 54 /107 1S

[sieqa| soebuo foHoAY]

Jouswroog Jfaaugiys
feaumpad fsiasn i BWeM AR T

an|en Jauweled
s
fnss 9WIAI Sd

S38




(wdd) 13
0 0T e og 0t 0s 09 0L 0g 06 0ot 01T 0ZT DET 0FT 0ST 09T 0LT 08T 0etT 0og 01e

gorTs =usS |PaRads b | PR R R (I R R SRR RPN ST R SRR RSP S R IR RPN SR R SR PR SR |
$BEST 325 paunboy £
aeT SN2PNN T |

fouznbauy

5ogs- Isamo TF
LRPIAY

&'5TTET [enoads o7
Aauanbaag

£p'SL J=Ewonaads 61
eqd

OB TOLEE-TO-ETOZ  UOQEdQIpoly 8T
eqd

[T'SEI00LZZ-TO-ETOZ  WoRIsInboy LT
aun|

060 uogsinboy o1
0000E  LBPIA 25INd ST
AeRQ
0000'E  uoOexesy £1
FEEQT UIBD JBARI3Y £T

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

sUE3g
CeE  JoJ=mgunn T
Fouznbas
anesyde 28Nd 1T
0'opE  =imessdwa) gr
£[0ao juaaps 5
lopny g
Pads jmBwoniads [ Il | | I I
Hs 9
jood BUME 5
HOQWS JULP3ISS3ly
alpsnhjeuy
1ZYrug CHANXN ubug &
1dW H4HI} DET JusWWoD £
QWIAL 5d S[IL T geqel
IT /1 fesepd T foOlWIaT 1
5d /10715 513
SIUEG.0 [CHOAY T ﬂ
fouswroog fanugiys EN=TN] S
feauapad fsimsn i Ad=e] 1
i
o e | Lo A N
2 2 & Zaz SRE 2 1dv {HT} DET
= = = = SR a e OWIAL 5d

S39



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

Abundatice H 1381
N

5000000 \©

4000000 Tab 1-4

30000004

2000000
231.2

1000000+ 931 118.1

57.1 77
ol ol 1481 1801 P 2yar o002 22 | o531 2e7nzensesn
L 18712002 2162 ] 2531 267.0281.1 2

iz Al o0 180 5100 280 3000

]

& bundance bt i)

7000000 H
N

E000000 931

Tab 1-5
50000004

1081

40000004

20000004
1351

20000004 7.1

10000004 l
| L "

51.1 1131 184.1
RISV T A | S AR N ARETE S WS Ee e e

T T
ez a0 100 150 200 250 300

Abundance

13
70000004 /@
J@AH
E000000 H,CO
50000004 Tab 1-10

40000004

30000004
2272

1000000 911 2121
511 1201

165.1
0] L2 1821138 | ) ogie 26712810 3031318
N WL~ S Rl A N NN W4 "B =T 24 =1 4 B | 4 &
miz-> 50 100 150 200 250 300

S40



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

Abundatice 134.1

F000000 4
£000000 4
50000004
4000000 4 1081
3000000 4

20000004 771

321

1000000]  gg1q

o

| 148.2162 1

178

| 150.2

205.2

Tab 1-11

ez 50 100

&hundance] q1.

0000004
60000004
50000004

40000004 106.1

30000004 i

20000004

10000004

0 ll " .'|.' —

T T
150

183

200

il 22122352 2?2.9I25?.|D28|1.32I94.1I 308,
2a0 300

o

Tab 21

207.0221.2 236.3 2522 266.8 281.1293.9
— —

Mz a0

Abundance 10%.

7000000
£000000
EEA
5000000
4000000

3000000

2000000

511 g1.1

1000000

B

200

15F.2

250 300

be

N

Tab 2-4

'|'||8.'| 139,
w

04

mdz-» a0

1821
" :

200

1152 1185 1
150

209 ;1 53226702810 2965
280 300



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

Abundance

7000000

E000000

5000000

40000004

30000004

20000004

10000004

0

Mz

&hundance

5000000

40000004

3000000

20000004

1000000

50

5.1 g&A

831

831

o

Tab 2-9

1061

1091

1221

20711

o

Tab 2-7

100

170.1
1350 ]EIEJ T

Jha
T

150

125.0

1821

21

Eg—==

2

5122&1 : 2?29?55ﬁ 2&11 ?EEF
250 300

2171

13801521 1571 ,,|, 20.0 ,,L 236.3 2511 26712809 2976

sz

ahyndance

7000000

G0000004

5000000

40000004

3000000

2000000

1000000

50

51.1

XA

1

T 063

0

121.

1%0

I 260 I

N 3l

N
o :
H,CO

Tab 3-1

2131

0

sz

L B!
-

Ly

1

]

o 1%0

Edﬂ

2%0

1341 1521 88T 9m0q 1981 || 207 2040005282666 2811 297

360



Electronic Supplementary Material (ESI) for RSC Advances

This journal is © The Royal Society of Chemistry 2013

Abundance

FO00000

E000000

5000000+

4000000

30000004

20000004

10000004

52.1
l

o
N

IOl

H;CO

Tab 3-3
2431

1]
'z--x

&hundance
FO00000

B000000+

a000000+

40000004

30000004

20000004

10000004

50

?ﬁj 1 1
|l

107.0
o

951

12141

1341 45411671 18411381 21212261 | 267.1281.1 2983
150 2o 280 300

2311

mz--x

Bt

500000
4000004
3000004
200000

1000004

4
mdz--r

f
50

5

631

831

firAl
5-!|i1 .ﬁqﬁnl 1 ".I ] I:| L I1I:.IE:EI

122

1031

100

1341 153117211967 oopi151 [ 25302671 281.0 2971
150 200 250 300

OCH,
,J:::::T! 2311
N
H
F

Tab 3-6

1

4
| 1T ymayz e | MJ 252926712811 2985

150 200 20 N



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

Sbundance 108.1

F
7000000 ,I::::]f
N
£O00000 /©/\H
F

5000000
Tab 3-7

2191

4000000

30000004
20000004

1000000

571 o 1 1221
o LA e [[ 135.0 1511 1701 18812011 |,[|l 2320 252926712811 2951
L A L — T T 1

Nz &0 1 IﬁD 150 200 250 300

&hundance 911 12101

7000000 N7
134.1 H

FO00000

5000000 E5.1 Tab 3-8

4000000

2000000

2000000

1061
10000004 3

ol L, ALl 1519 1671 181319412069 226.3239.9253.1 2669 2621 296
., (L Told Toi ] 1ol o381 ahd cobdedddenal shbd ane. ] o
iz 50 100 190 200 250 300



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

1. Brune, H. A;; Unsin, J.; Hemmer, R.; Reichhardt, M. J. Organomet. Chem. 1989, 369, 335

2. Suwa, T.; Sugiyama, E.; Shibata, I.; Baba, A., Synthesis, 2000, 6, 789

3. Liao, W.; Chen, Y.;, Liu. Y,; Duan, H.; Petersen, J. L.; Shi, X., Chem. Commun., 2009, 6436

4. Yu, Xiaochun; Liu, Chuanzhi; Jiang, Lan; Xu, Qing, Organic Letters, 2011, 13, 23, 6184

5. Wang, Dong; Guo, Xu-Qing; Wang, Chen-Xi; Wang, Ya-Nong; Zhong, Rui; Zhu, Xiao-Han; Cai, Li-Hua; Hou, Xiu-Feng; Gao,
Zi-Wei, Advanced Synthesis and Catalysis, 2013, 355, 6, 1117

6. Chu, Xue-Qiang; Jiang, Ran; Fang, Yi; Gu, Zheng-Yang; Meng, Hua; Wang, Shun-Yi; Ji, Shun-Jun
Tetrahedron, 2013, 69, 3, 1166

7. Sousa, Sara C. A,; Fernandes, Ana C. , Advanced Synthesis and Catalysis, 2010, 352, 13, 2218 — 2226

8. Lei, Qian; Wei, Yawen; Wang, Chao; Xue, Dong; Xiao, Jianliang; Talwar, Dinesh, Chemistry-A European
Journal, 2013, 19, 12, 4021

9. D.O. Alonso-Garrido, G. Buldain, B. Frydman , J. Org. Chem., 1984, 49, 2021



