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General informations

e All aryl halides and amines were used as received.

e KOrAm was received as a solution in toluene (1.7 M), dried on a Schlenk line, stored
in a glovebox and used as a dried white powder.

e KOrBu and LiHMDS were used as received and stored in a glovebox.

e [Pd(IPr*)(cin)Cl]," [PA(IPr*™)(cin)Cl],? [Pd(IPr*)(acac)Cl],’ [Pd(IPr*)(PEPPSI)]* and
[P(IPr)(acac)Cl]’ were prepared according to procedures reported in the literature.

e [Pd(IPr)(cin)CI], [Pd(SIPr)(cin)Cl], [Pd(IPr)(PEPPSI)] and [Pd(SIPr)(PEPPSI)] were
commercially available from Umicore.

e Flash chromatography was performed on silica gel 60 A pore diameter and 40-63 pm
particules size.

e 'H and "C Nuclear Magnetic Resonance (NMR) spectra were recorded on a Bruker-
400 MHz or 300 MHz spectrometer at ambient temperature in CDCl; using the
residual chloroform peak as a reference.

e Elemental analyses were performed at London Metropolitan University 166-220
Holloway Road, London, N7 8DB.

e High resolution mass spectrometry was performed by the EPSRC National Mass
Spectrometry Service Centre (NMSSC), Grove Building Extn., Swansea University,
Singleton Park, Swansea, SA2 8PP, UK.

' A. Chartoire, M. Lesieur, L. Falivene, A. M. Z. Slawin, L. Cavallo, C. S. J. Cazin and S. P. Nolan, Chem.--Eur.
J.,2012,18, 4517-4521.

2 A. R. Martin, A. Chartoire, A. M. Z. Slawin and S. P. Nolan, Beilstein J. Org. Chem., 2012, 8, 1637-1643.
s, Meiries, A. Chartoire, A. M. Z. Slawin and S. P. Nolan, Organometallics, 2012, 31, 3402-3409.

A Chartoire, X. Frogneux, A. Boreux, A. M. Z. Slawin and S. P. Nolan, Organometallics, 2012, 31, 6947-
6951.

5 N. Marion, E. C. Ecarnot, O. Navarro, D. Amoroso, A. Bell and S. P. Nolan, J. Org. Chem., 2006, 71, 3816-
3821.
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Optimisation of the solvent-free amination (complete table).”

[Pd] (x mol%)
Cl  + HyN
KOtAm solvent
25°C, 30 min

Entry  [Pd] (mol%) Base Solvent Conversion®
1° [PA(TPr*)(cin)CI] (1) KOtAm DME 0

2 [PA(IPr*)(cin)CI] (1) KOBu - 74%
3¢ [PA(IPr*)(cin)CI] (1) KOtAm - >99% (98%)°
4 [PA(IPr*)(cin)C1] (0.5) KOtAm - 59%
5 [PA(TPr*)(cin)C1] (0.25) KOtAm - 21%
6 [PA(IPr*)(cin)C1] (0.125) KOfAm - 11%
7 [PA(IPr)(cin)C1] (1) KOBu - 1%
8 [PA(TPr)(cin)CI] (1) KOtAm - 6%

9 [PA(SIPr)(cin)CI] (1) KOBu - 12%
10 [PA(SIPr)(cin)CI] (1) KOtAm - 6%
11 [PA(IPr*™(cin)CI] (1) KOmBu - 79%
12¢ [PAIPr*™(cin)CI] (1) KOtAm - >99%
13 [Pd(IPr)(PEPPSI)] (1)  KOmBu - 4%
14 [PA(IPr)(PEPPSD)] (1)  KOtAm - 2%
15 [PA(SIPr)(PEPPSI)] (1) KOmBu - 1%
16 [PA(SIPr)(PEPPSI)] (1) KOfAm - 0%
17 [PA(IPr*)(PEPPSI)] (1) KOBu - 4%
18 [PA(IPr*)(PEPPSD)] (1) KOtAm - 9%
19 [Pd(IPr*)(acac)Cl] (1) KOmBu - 15%
20 [Pd(IPr*)(acac)CI] (1)  KOrAm - 20%
21 [Pd(IPr*)(acac)Cl] (1)  LiHMDS - 85%
22 [Pd(IPr)(acac)Cl] (1) KOBu - 12%
23 [Pd(IPr)(acac)Cl] (1) KOtAm - 3%
24 [Pd(IPr)(acac)CI] (1) LiHMDS - 2%

* Reagents and conditions: /) 2-chloro-1,3-dimethylbenzene (1 mmol), base
(1.1 mmol), [Pd] (mol%), 25°C, 5 min. ii) 2,6-dimethylaniline (1.1 mmol),
25°C, 30 min. ® Conversion to coupling product based on starting material
determined by GC. © Performed in DME (IM) at 25°C for 24h. ¢
Conversion was complete after 5 minutes. © Isolated yield after

chromatography on silica gel, average of two runs.
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Scope of the solvent-free amination reaction (complete table).”

RU/=— 1 (1 mol%) R /=
\ / X + HNR®R® N/ NR?R3
KOtAm, 25°C, Time

Solvent-free

Entry X Time Product Conversion® / Yield®
1¢ Cl 5 min y >99% / 98%
Br 3 min H >99% /93%
3¢ cl 5 min @_N >99% / 96%
4 Br 5 min H >99% /99%
5 Cl 5min @—g@ >99% / 99%
6 cl 10 min . 99% / 99%
7 Br 3 min H >99% / 94%
8 Cl 5min {é—'ﬁé} >99% / 97%
9 cl Smin Q—y%} ~99% / 93%

10 Cl 10 min 0%/ -
1Y c 24h Q‘ﬂ@ >99% / 95%
OMe
12 cl 10 min @_ 22%/ -
13 cl 24h N 95% / 94%
14 Cl 10 min 8%/ -
15 cl 24h Meo < > H@ >99% / 98%
16 cl 1h NF< 67%/ -
17 cl 24h 95% / 93%
4
18 cl 10 min /@ @ >99% / 92%
19 ¢ 15h \ 12%/ -
20 cl 24h \© 97% / 97%
21 cl 25 min it 55% /-
20 Cl 24h Q O >99% / 94%
MeO
23 cl 20 min S 45% -
2 Cl 24h @—N 95% / 83%

o]
__/
25 Br  24h &é—g@ 73% / 66%

* Reagents and conditions: i) ArX (1 mmol), 1 (1 mol%), KOfAm (1.1 mmol),

25°C, 5 min. il) Amine (1.1 mmol), 25°C, Time. ® Conversion to coupling
product based on starting material determined by GC. © Isolated yield after
chromatography on silica gel, average of two runs. ¢ Reaction performed in DME
(1M) at 25°C for 24 h does not lead to any significant conversion of the starting

materials.
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Solvent-free amination of aryl halides with primary and secondary amines.

General procedure using [Pd(IPr*)(cin)Cl)] 1: In a glovebox, in a vial equipped with a
stirring bar and sealed with a screw cap fitted with a septum were added KOfAm (139 mg, 1.1
mmol) and [Pd(IPr*)(cin)Cl] (11.7 mg, 1 mol%). Both powders were next ground with a
spatula and homogeneously mixed. Outside the glovebox, was added the aryl halide (1.0
mmol) under inert atmosphere. If the aryl halide was a solid, it was loaded inside the
glovebox. The reaction mixture was then stirred (800 rpm) at room temperature (25°C) during
5 minutes. Then the amine (1.1 mmol) was finally added and the mixture was further stirred
(800 rpm) at room temperature (25°C) during 3 min to 24 h. In most cases, the reaction
medium was becoming solid after a short time. In the cases where the reaction was really fast
to reach completion (5-10min), a strong exotherm was observed visually in the vial by the
formation of fumes. After this time (3 min to 24 h), the crude product was solubilised in
DCM, filtered through Celite® and eluted with DCM. The filtrate was evaporated in vacuo.
The crude product was finally purified by flash chromatography on silica gel. The reported

yields are the average of two runs.

Bis(2,6-dimethylphenyl)amine® (Table 2, entries 1-2)
The general procedure yielded, after flash chromatography on silica gel (Pentane/AcOEt:
99/1), 221 mg or 210 mg (98% starting from ArCl ; 93% starting from ArBr) of the title

compound as a white powder.

ZT

"H NMR (400 MHz, CDCl;): § 7.00 (d, J = 7.4 Hz, 4H), 6.86 (t, J = 7.4 Hz, 2H), 4.81 (s
broad, 1H), 2.03 (s, 12H).
BC {1H} NMR (75 MHz, CDCl;): 5 141.9, 129.7, 128.8, 121.9, 19.3.

2,6-Dimethyl-N-(o-tolyl)aniline’ (Table 2, entries 3-4)

® Ehrentraut, A.; Zapf, A.; Beller, M. J. Mol. Catal. A Chem. 2002, 182-183, 515.

7 Chung, K. H.; So, C. M.; Wong, S. M.; Luk, C. H.; Zhou, Z.; Lau, C. P.; Kwong, F. Y., Synlett 2012, 23, 1181-
1186.
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The general procedure yielded, after flash chromatography on silica gel (Pentane/AcOEt:
99/1), 203 mg or 209 mg (96% starting from ArCl ; 99% starting from ArBr) of the title

compound as a yellow powder.

ZT

'H NMR (400 MHz, CDCL): § 7.18-7.08 (m, 4H), 7.00 (t, J = 7.7 Hz, 1H), 6.74 (t, J = 7.4
Hz, 1H), 6.18 (d, J = 8.0 Hz, 1H), 4.97 (s broad, 1H), 2.36 (s, 3H), 2.22 (s, 6H).

13C {1H} NMR (100 MHz, CDCls): & 144.3, 138.9, 135.6, 130.4, 128.7, 127.0, 125.7, 122.6,
118.2, 111.9, 18.4, 17.8.

2,6-Dimethyl-N-(p-tolyl)aniline® (Table 2, entry 5)
The general procedure yielded, after flash chromatography on silica gel (Pentane/AcOEt:
99/1), 209 mg (99% starting from ArCl) of the title compound as a yellow oil.

o
"H NMR (300 MHz, CDCly): § 7.25-7.13 (m, 3H), 7.08 (d, J = 7.9 Hz, 2H), 6.54 (d, J = 8.2
Hz, 2H), 5.17 (s broad, 1H), 2.36 (s, 3H), 2.32 (s, 6H).
BC {1H} NMR (100 MHz, CDCls): & 144.0, 138.8, 135.6, 129.8, 128.6, 127.5, 125.5, 113.9,
20.6, 18.5.

Dimesitylamine’ (Table 2, entries 6-7)
The general procedure yielded, after flash chromatography on silica gel (Pentane/AcOEt:
99/1), 251 mg or 238 mg (99% starting from ArCl ; 94% starting from ArBr) of the title

compound as a white powder.

ZT

'H NMR (400 MHz, CDCL3): § 6.80 (s, 4H), 4.58 (s broad, 1H), 2.25 (s, 6H), 1.9 (s, 12H).
13C {1H} NMR (100 MHz, CDCL): 5 139.6, 130.9, 129.6, 129.5, 20.7, 19.2.

8 Xu, C.; Wang, Z.-Q.; Fu, W.-J.; Lou, X.-H.; Li, Y.-F.; Cen, F.-F.; Ma, H.-J.; Ji, B.-M., Organometallics 2009,
28,1909-1916.

o Zhu, L.; Ye, Y.-M.; Shao, L.-X., Tetrahedron 2012, 68, 2414-2420.

S7



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

N-(2,6-diethylphenyl)-2,4,6-trimethylaniline (Table 2, entry 8)
The general procedure yielded, after flash chromatography on silica gel (Pentane/AcOEt:
99/1), 259 mg (97% starting from ArCl) of the title compound as a yellow powder.

ZT

'"H NMR (300 MHz, CDCly): & 7.12-6.98 (m, 3H), 6.84 (s, 2H), 4.82 (s broad, 1H), 2.47 (q, J
= 7.6 Hz, 4H), 2.30 (s, 3H), 2.02 (s, 6H), 1.22-1.15 (m, 6H).

13C {1H} NMR (100 MHz, CDCls): § 141.0, 139.5, 136.0, 130.5, 129.7, 128.6, 126.3, 122.5,
24.9,20.7, 19.3, 14.0.

HRMS: calcd for C1oHysN (M + H)" 268.2065, found 268.2061.

N-(2,6-diisopropylphenyl)-2,6-dimethylaniline'* (Table 2, entry 9)
The general procedure yielded, after flash chromatography on silica gel (Pentane/AcOEt:
99/1), 261 mg (93% starting from ArCl) of the title compound as an orange oil.

ZT

"H NMR (400 MHz, CDCl3): & 7.18-7.09 (m, 3H), 6.94 (d, J = 7.5 Hz, 2H), 6.73 (t, J = 7.4
Hz, 1H), 4.79 (s, 1H), 3.15 (septet, J = 6.9 Hz, 2H), 1.98 (s, 6H), 1.12 (d, J = 6.8 Hz, 12H).
BC {1H} NMR (100 MHz, CDCls): § 144.3, 143.3, 138.9, 129.6, 125.8, 125.0, 123.4, 119.7,
28.2,23.6, 19.5.

2,6-Dimethyl-N-phenylaniline'' (Table 2, entry 10)
The general procedure yielded, after flash chromatography on silica gel (Pentane/AcOEt:
98/2), 187 mg (95% starting from ArCl) of the title compound as a yellow solid.

' Chen, M.-T.; Vicic, D. A.; Turner, M. L.; Navarro, O., Organometallics 2011, 30, 5052-5056.

"Hill, L. L.; Crowell, J. L.; Tutwiler, S. L.; Massie, N. L.; Hines, C. C.; Griffin, S. T.; Rogers, R. D;
Shaughnessy, K. H.; Grasa, G. A.; Johansson Seechurn, C. C. C.; Li, H.; Colacot, T. J.; Chou, J.; Woltermann,
C.J.J. Org. Chem. 2010, 75, 64717.
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H
EEENO
'"H NMR (400 MHz, CDCl;): & 7.20-7.05 (m, 5H), 6.79-6.72 (m, 1H), 6.54-6.49 (m, 2H),
5.18 (s broad, 1H), 2.23 (s, 6H).

BC {1H} NMR (75 MHz, CDCly): § 146.4, 138.3, 136.0, 129.4, 128.7, 125.9, 118.3, 113.6,
18.5.

N-(2-methoxyphenyl)-2,6-dimethylaniline’ (Table 2, entry 11)
The general procedure yielded, after flash chromatography on silica gel (Pentane/AcOEt:
95/5), 214 mg (94% starting from ArCl) of the title compound as a white powder.

OMe H
N

'H NMR (400 MHz, CDCls): § 7.16-7.07 (m, 3H), 6.90-6.86 (m, 1H), 6.77-6.70 (m, 2H),
6.18-6.14 (m, 1H), 3.97 (s, 3H), 2.23 (s, 6H).

13C {1H} NMR (100 MHz, CDCl;): § 146.9, 138.5, 136.3, 136.1, 128.6, 125.8, 121.2, 117.4,
111.2, 110.0, 55.8, 18.4.

N-(4-methoxyphenyl)-2,6-dimethylaniline’ (Table 2, entry 12)
The general procedure yielded, after flash chromatography on silica gel (Pentane/AcOEt:
95/5), 223 mg (98% starting from ArCl) of the title compound as an orange oil.

H

o
MeO

"H NMR (300 MHz, CDCls): § 7.16-7.04 (m, 3H), 6.78 (d, J = 9.0 Hz, 2H), 6.52 (m broad,
2H), 3.77 (s, 3H), 2.23 (s, 6H).

3C {1H} NMR (100 MHz, CDCl;): § 152.8, 140.2, 139.3, 135.0, 128.7, 125.1, 115.4, 114.8,
55.8, 18.5.

N-isobutyl-2-methylaniline (Table 2, entry 13)

The general procedure yielded, after flash chromatography on silica gel (Pentane/AcOEt:
99/1), 152 mg (93% starting from ArCl) of the title compound as a yellow oil.
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Qﬁ

"H NMR (300 MHz, CDCls): § 7.06 (d, J = 7.2 Hz, 2H), 6.87 (t, J = 7.5 Hz, 1H), 3.11 (s,
1H), 2.87 (d, J = 6.7 Hz, 2H), 2.36 (s, 6H), 1.97-1.84 (m, 1H), 1.09 (d, J = 6.7 Hz, 6H).

3C {1H} NMR (100 MHz, CDCls): § 146.5, 129.2, 128.9, 121.6, 56.5, 29.7, 20.6, 18.6.
HRMS: calcd for C;HyoN (M + H)"178.1596, found 178.1589.

N,4-dimethyl-N-phenylaniline'* (Table 2, entry 14)
The general procedure yielded, after flash chromatography on silica gel (Pentane/AcOEt:
99/1), 191 mg (92% starting from ArCl) of the title compound as a yellow oil.

N
<:> \
'H NMR (300 MHz, CDCls): § 7.31-7.25 (m, 2H), 7.19-7.14 (m, 2H), 7.07-7.02 (m, 2H),
7.00-6.88 (m, 3H), 3.34 (s, 3H), 2.37 (s, 3H).

BC {1H} NMR (75 MHz, CDCly): & 149.4, 146.7, 132.2, 130.0, 129.1, 122.7, 119.9, 118.3,
40.4, 20.9.

N-2,4,6-tetramethyl-N-phenylaniline'® (Table 2, entry 15)
The general procedure yielded, after flash chromatography on silica gel (Pentane/AcOEt:
98/2), 219 mg (97% starting from ArCl) of the title compound as a yellow liquid.

Nat

'H NMR (300 MHz, CDCly): § 7.31-7.25 (m, 2H), 7.07 (s, 2H), 6.82-6.74 (m, 1H), 6.54 (m
broad, 2H), 3.28 (s, 3H), 2.44 (s, 3H), 2.18 (s, 6H).

13C {1H} NMR (100 MHz, CDCl;): & 148.4, 141.7, 137.6, 136.6, 129.7, 129.3, 115.9, 111.1,
37.3,21.1, 18.0.

4-Methoxy-N-methyl-N-phenylaniline'* (Table 2, entry 16)

2 Wolfe, I. P.; Buchwald, S. L. J. Org. Chem. 1996, 61, 1133.

13 Grellmann, K. H.; Kuehnle, W.; Weller, H.; Wolff, T., J. Am. Chem. Soc. 1981, 103, 6889-6893.
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The general procedure yielded, after flash chromatography on silica gel (Pentane/AcOEt:
98/2), 201 mg (94% starting from ArCl) of the title compound as a colorless oil.

o

\
'H NMR (300 MHz, CDCls): § 7.24-7.17 (m, 2H), 7.13-7.07 (m, 2H), 6.93-6.87 (m, 2H),
6.82-6.76 (m, 3H), 3.82 (s, 3H), 3.27 (s, 3H).

BC {1H} NMR (75 MHz, CDCL): 5 156.4, 149.8, 142.3, 129.0, 126.3, 118.5, 115.9, 114.9,
55.6, 40.6.

4-(2-Methoxyphenyl)morpholine'” (Table 2, entry 17)
The general procedure yielded, after flash chromatography on silica gel (Pentane/AcOEt:
90/10 to 80/20), 160 mg (83% starting from ArCl) of the title compound as a yellow oil.

fo
O
N O
_/

'H NMR NMR (300 MHz, CDCLy): § 7.05-6.98 (m, 1H), 6.96-6.92 (m, 2H), 6.90-6.86 (m,
1H), 3.90 (t, J = 4.5 Hz, 4H), 3.87 (s, 3H), 3.07 (t, J = 4.5 Hz, 4H).
13C {1H} (75 MHz, CDCLy): § 152.2, 141.1, 123.1, 121.0, 117.9, 111.3, 67.1, 55.3, 51.1.

N-(2,6-dimethylphenyl)-2,3,4,5,6-pentamethylaniline (Table 2, entry 18)
The general procedure yielded, after flash chromatography on silica gel (Pentane/AcOEt:
99/1), 177 mg (66% starting from ArBr) of the title compound as a yellow powder.

H
N

'"H NMR (400 MHz, CDCly): § 6.97 (d, J = 7.3 Hz, 2H), 6.74 (t, J = 7.3 Hz, 1H), 4.85 (s,
1H), 2.27 (s, 3H), 2.24 (s, 6H), 2.08 (s, 6H), 1.97 (s, 6H).

BC {1H} NMR (100 MHz, CDCl3): & 143.4, 139.0, 132.7, 130.7, 129.3, 129.1, 125.8, 119.4,
19.4,17.0, 16.8, 15.8.

HRMS: calcd for Cj9HysN (M + H)+ 268.2065, found 268.2062.

' Kataoka, N.; Shelby, Q.; Stambuli, J. P.; Hartwig, J. F. J. Org. Chem. 2002, 67, 5553.

> Ali, M. H.; Buchwald, S. L., J. Org. Chem. 2001, 66, 2560-2565.
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Copy of NMR spectra for all compounds

2.03

T T T
15 8.9 B.75 B8.70
Chemical Shift {(ppm)
&
1 J
0.88 12.00
T T T T T T T T T T T e T T T T
13 12 1 10 9 8 5 2 1
g
8
H
N
&
2
3 ]
@
o
|
3 g
2 & ]
-
] | |
=
|
o
I 2 2
T T a o
145 140 135 130 125 120 115 o
Chemical Shift (ppm) N
@
3
=
T AR B ) A L L ] L ) Ly AL L LA L) LA LA Ll ) LAl ) R L) LA ) M At Rl Ly LR R LA LA M A I L
230 220 210 200 190 180 170 160 150 140 130 120 110 100 80 80 70 80 s0 40 30 20 10 -10
Chemical Shift (ppm)

S12



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

—2.22

Chemical Shift (ppm)

S13

w0
g
|
o/
e
T”E - 8 i 2
pesre Sfe 7
l-“”‘ il k"y? M 3
il o
SR ) B
405 108 103 oe7
]
T T T T T
70 65 60
Chemical Shift (ppm)
]
3.166.0
(|
T T T T T T T T T T T
13 12 1 10 ] 8 3 0
Chemical Shift (ppm)
e
@«
&
H
N
8
]
|
.
5
8
|
: 8 5
8 flg yE
] °8 g 2 8
kS E oo T 3 8 5
o [+ o W e -
3 = L o =
T B
‘ |
L ' g
LR L L L L LA L LA L LA LR AL LN AR R LA ]
145 140 135 130 125 120 115 110 105 o =
Chemical Shift (ppm) e |
N
T@
I
92
P
p
0
& -
3 K
I ta
@
s
3
|
Y
L s L L A LA L L L L L L i e R e ) L ) L ) LA s L L L ) A A i ala T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 O S0 40 20 10 10



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

]
o
|
H
N
b+
N
|
@8 83
2R Ty
N
7o I\
- |q, |-
E'L‘Fﬂl. e |\ J
i i
AU i
N [T A A -
298 i 1.6 '
298 200 98 g
T T T T T o
75 7.0 65 N
Chemical Shift (ppm)
&
|
[
A e
D82 5.19
|
T T T y T T T T T T T T T T T T T T
13 12 1 10 9 ] 6 5 2 i 0
Chemical Shift (ppm)
w
2
<
H
N
o
2
8
w
o ]
2 3
& b=
- |
n
a
] &
g | & I
8
3 |
e |
g 5
® 3 M
T 7 8
I T
N A AL e AR M BASE Sy s Ll L e maes e s s L ) Al s e e s e il L )
192 184 176 168 160 152 144 13 128 120 112 104 9 8 B0 72 64 56 48 40 32 24 16

Chemical Shift (ppm)

S14



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

3
T
H
N
o
&
b
s
4
5 J |
g |
I S
.00 431221
=
T T T T T T T T T T T T T T T T T T T T
13 12 1 10 9 8 5 4 3 2 0 -1
Chemical Shift (ppm)
=
o
H
N
w
<
@
&
| 0
=
- g 8 $
= 8 &
@ CO
2 | |
|
J o
=
S
&
140 138 136 134 132 130
Chemical Shift (ppm)
g
8
& N
&
T
T
LR A A LS L LR LA LN e A LA L A B R LA L VAL LA L A ] RN LA LA LAt M L LRI L) AR MR AN AL LA s Ly A R T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 €0 50 40 30 20 10 -10

Chemical Shift (ppm)

S15



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

-2.02

H
N
z
o
@
e
! it
|-
8 I
. e A t‘\_;,__‘k_‘__.;_
2.832.00 0.80 6.18
T T T T T T T T T T T T T T T T T T T T T
13 12 1 10 9 8 7 & 1 1] 1
Chemical Shift (ppm)
]
2z
H
N x -
& 08 2
ey Y
8 s
32 |
g @ 8 2
Te 8 :
| ! T
I L
@
I g
T T T T T T T T T 3
140 135 130 125 120
Chemical Shift (ppm)
=
&3
T @
o
= =
- &
- e
3| &
8
¢
8
g
< @
H%;
%;,‘g 8
/ &
8 )
LR Ll A LA A LA L] LA LA ] R A L L LA R LS R L) LU LA LA L) UL LA SRk LA AR A L A LA AR RS ML R
230 220 210 200 190 180 170 160 150 140 130 120 110 90 40 30 20 10 o 10

Chemical Shift (ppm)

S16



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

o
B3
H
N
@
el
w
~aE
g 2? P
i - } ’ J.. L.J.J..a.
|
I L
02 20 599 1.80
i U u
T T T T T T T T T T T T T T T T T T T
13 12 1 10 ] 8 4 3 2 1
Chemical Shift (ppm)
2
o
H
N
~
5
P
]
g | o 2
g & o @ e
3 & LT T
[ | ‘{
: & 5
| Ed o
- l |
| N
1 t
T T T T T T T T
145 140 135 130 125 120
Chemical Shift (ppm)
8
< o @
bl =
- s g
& 3 I
3 &
I [
5
a
8

a3
—138.92
-

LDARALAASA AL ALY LSS Mo e ki L A LA LA ) iRt LA MR M ) T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90
Chemical Shift (ppm)

S17



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

ZI

©

Chemical Shift (opm)

= 2
b
L
g = E?%.o
| ©|© 0
N
=€ o
e o
S

518

_—

2.23

-

6.

00

Z
12887
113.64

&
Chemical Shift (ppm)

128.35

—120.35
“128.67

—125.86
—113.64

—118.29
—12586
—118.29

o o l——]

145 140 135 130 125 120 115 110
Chemical Shift (spm)

regel—
E0°GEL—

18,48

T
230 220

T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100

Chemical Shift (ppm)

S18

T
90 80 70



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

o
g
OM T
e
H
@N
o«
[ ~
| &
3.00 106 196 099
[ — L | L
I o e e T A A e e e B e U
g 65 6.0
Chemical Shift (spm)
™
=
I
3.02 6.00
T T T T T T T T T T T T T T T T T T T T T T T T T
13 12 11 10 ] 6 4 3 2 1 0 1

&
Chemical Shift (ppm)

£
=
OMe H g
@’N ﬁ
T
&
&
= k=
& 2
g 8
| |
o
o
‘ a9
i TE o
139 138 137 136 135 | - ~
Chemical Shift (ppm) = b
© =
N b3l
g8 |8
T

T T Madiia T T T T R bt sl s e L i WAL L T LARRM L L L L ) e T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 80 50 40 30 20 10 0 -10
Chemical Shift (ppm)

S19



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

o
Q
oi
\
N
e
=
MeO
.
i
af
e — T
TF
]
e
‘-el I Ve
lrge ¥
iy | A
“Uibr" Il /
ALY [~
290 202 1.70
e
75 0 X1
Chemical Shift (ppm)
p
K
gf
Xl
o v
T P
1 |
wly -
o[ -
Py
T \ L
LA _ _ _
5
2902.021.70 2487 6.00
[y ——
T e e T e Ay e L
13 12 1" 10 9 8 7 S 3 2 1 1]
Chemical Shift (ppm)
°
it
3
N
(T T
o
2 = P
MeQ o
8
© -
8 28 &
g g3 |
T I
AL
155 150 145 140 135 2
Chemical Shift (ppm)
i
5
o
28
2
P oy 8 wd
g2 e 2r
g ¢§3? =l
2 29 Jt
| =l
A i e Ml e i T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 &0 50 40 30 20 10 -10

Chemical Shift (ppm)

S20



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

—2.38

— /
Wal
2
<
T
.
5|
|
1 5
—— 8
1, 2g
i il =
(Ve
I\ |,;| |
S N /et N
1.88 0.97
L |
T T T T
7.50 7.25 7.00 6875 6.50
Chemical Shift (ppm) =
8
o
P s
=
|
5
=
N r~
g -
% T
] | JL JL -
PN
1.880.97 o.8es
= = ==
R AR T T T T T T T
13 12 " 10 9 B 7 € s 4 3

Chemical Shift (ppm)

/ : 8
o
NH ]
o
<
&
|
©
@
o
|
S . -
- EEE—
T T T
1295 129.0 1285 a
Chemical Shift (ppm) &
w
2 &
g

—18.62

0.64

56.48

LR L L e ] Ly LA L L s LA L L L) LA R A L) SRR LS LA RS LA LA AR AL
230 220 210 200 190 180 170 160 150 140 130 120 110 100 80 80 70 60
Chemical Shift (ppm)

S21



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

3
3
N
::: AY
w©
g
2
o 8 B
Fe8R  Fr o |sag
R b NPy
U o2 AR
- -~ )
ayy 't-ll F( ila
15 =
U I Rl
i mjw f :iI“’f
W VA IIAALTA
214 193 1.94 294 ~
‘ | ‘ \ 5
2
75 T4 73 72 71 70 69 68 67
Chemical Shift (ppm)
8
T
Ses| 3
e
PR
s -
I V'—*?
e
k4
. I
214193194294 295 3.00
H d =2 = = =
13 12 " 10 9 8 T L3 4 3 2 0
Chemical Shift (ppm)
]
o
7N §e
__ x
8
— N
g 9
z § =
8 TOT
|
o
3
8 3
T @
3 e |
2 B ] a
[ I =
| -
8
e ARl s TR e e 3
150 145 140 135 130 125 120 115 @
Chemical Shift (ppm) =
- 3
3 5 §
2 T
¥ 8
| =
=
5 |
&
g
[
{
;
T T T T T T4 YT T4 4TS F 34T T T T T T e 74T 477 TP :
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 10

Chemical Shift (ppm)

S22



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

@
ol
|
<’/ \>
4</ N
— AY
~
]
=
| 8
2o
a =4
S - 5 T"O,.‘Em _
Ty ‘.( s% 855 3.
=
AU Rl
_ J LY AU L W N
195 98 07 171 3
e =
T T T T
75 70 65
Chemical Shift (ppm)
.
5 -
=
|
Lo
g: ~
gzl e
Y (LB pE
ﬁ : ?
=
(U AN N . u_..lL_
J S
1.951.981.07 1.7 3.00 2.156.07
= g =E= =
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
13 12 1 10 E 8 7 6 4 3 2 1 0 1
Chemical Shift (ppm)
8
Q 0
N
N
5
5
@
©
= &
hd |
5
T a
& &
g 8 7 c
b 3 S
‘ 2 2
q =
T T T T T : T T T T T T T T T I~
140 138 136 134 132 130 3
Chemical Shift (ppm) =
o
3
£
¢/
&
&
=
g
T =
T
|

T
120

T
110 100
Chemical Shift (ppm)

S23

90



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

&
]
|
~
<f/ \> o
Meo—< \>*N
=/
3
[ 8
f =
o 8 e
T foF_
g - 2 & o
RER S s
ST g ij"
S I -
if y ¥ L i
M | 0l
Wl \_/ ! W
1.94 94 95 2495
I
IR aaas e L Raama AN L A aaaatanl ol
. 72 74 70 69 68 67 66
Chemical Shift (ppm)
. - P
288 300
u [
T T T T T T T T T T T T T T T T T T T
12 12 1 10 ] 8 5 4 1 0
Chemical Shift (ppm)
Z
Q & 2
&
el
\ &
o
3 K
=3 @ s
a8 N 7
S e 8
| ‘ﬂ | =
2 |7
o
T
g &
8 o q @
I
| ‘ T
| |
TR e 13 28 1m0 2 8
Chemical Shift (ppm) “lﬂ
o
&
g
g 2 ‘
] g
|
1
2
|
mmm

T T T T T T T T LA M A LA i v
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80
Chemical Shift (ppm)

S24

70



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

.
&
. o
5
o
o—
N O
p—
R ] — —
=@
o
I A
MV
698
_ |
AAAALRRRA) WAL R NS R AR SaN EenAd LA RS
405 4.00 385 380 ass 380 375 370
Chemical Shift (ppm)
2
Ta
14
o7
8lm
58 9 o
< -
g38adn? Logs
S i ‘f
bl —- T'r f\
= e U 'A-’)\’
A MV LT —
098 188 101 2
1 3 5
L A A e R S AL AR R LLARI AL RAAME ALY MR SR 3 o
7.10 705 7.00 695 630 6.85 6.80 675 ‘f — ab
Chemical Shift (ppm) 2 2 7?8
v Rk
-
58
IR ]
bl _ ¢
(-
— i L __.A__._JL_A_ ‘ k. — -
0.861.881.01 6.96 4.00
H 4 U = =
T T T T T T T T T T T T T T T T T T T T T T T
13 12 1 10 9 8 7 & 4 3 2 -1
Chemical Shift (ppm)
o
o— s
— /N
N o]
\ 4N/
8
2g 5 -
o T = -
T\ @ =
- -
2 2 =
8 = !
|
A 2
155 150 145 140 135 130 125 120 115 110 g
Chemical Shift (ppm) 8= -
= N
o =
Y = &
8
|
=
o
"=
-
S
@ =
o b
i I
|
LR LR S LA LA AR L) S LR A L s L R A L L L SAR R LA A LA LA AL AN LS R A SR R ks N R R SAS) AL LA MR S T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 10

Chemical Shift (ppm)

S25



Electronic Supplementary Material (ESI) for RSC Advances

This journal is © The Royal Society of Chemistry 2013

—224
—2.08

R ARARaa A ARARAREAEANEAEAEE
24 2. 22 21 20 19 1.8

227

Chemical Shift (ppm)

&
mgf?
58 |-
@
2T ol
f ‘ w~ f =
|l =
| — x:
|\ i bl
Rl I
N AL g
‘ 200 ) 102 Ezf
T T R T T T £
74 7.0 69 83 67 85 1o ™
Chemical Shift (opm) R
LA g
| L
- ) :
- 7 by
2001.02 0.90
[y = g
T T T T T T T T T T T T T T T T T T T T T T T T T T
13 12 11 10 2 8 7 3 4 3 2 0 El
Chemical Shift (ppm)
2
& -
T 2
=
A ve 5
- N = =
< &
© Ie
T w
T
2
@
o
|
T AR LAsaa RS Eain T
20 19 12 17 18 15
8 g - Chemical Shift (ppm)
g (B = o 5
s 5
o Tel @ = 3
Ed ] | | -
ER 2 2
g = 7 8
P o [B
L | g G
1 ! [ 8 8 <
T T T T s °
145 140 135 130 125 120 g c
Chemical Shift (ppm) ? 2
5
4
3 g
2
e 8 T
g2 |7
a |
b3
|
R L L e b e N T A A
230 220 210 200 130 180 170 160 150 140 130 120 {10 100 %0 80 70 &0 50 40 0 2 10 -10

Chemical Shift (ppm)

S26




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


