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Experimental Section

General experimental: All reactions were carried out under an argon atmosphere.
Solvents were dried and degassed by the standard methods and all aryl halides were
purchased from Aldrich or Alfa. Arylboronic acids and palladium catalysts were
purchased from Aldrich, Acros or Alfa. 1,1-Dihalo-1-alkenes were prepared according
to the reference. Flash column chromatography was performed using silica gel
(300400 mesh). Analytical thin-layer chromatography was performed using glass
plates pre-coated with 200-300 mesh silica gel impregnated with a fluorescent
indicator (254 nm). NMR spectra were recorded in CDCl; on a Varian Inova-400
NMR spectrometer (400 or 300 MHz) with TMS as an internal reference. Products
were characterized by comparison of 'H NMR, C NMR and TOF-MS data in the
literatures.

General procedure for copper-catalyzed domino coupling between arylboronic
acid and 1,1-dihalo-1-alkene: A schlenk tube was charged with arylboronic acid (if
it is a solid) (0.6 mmol), base (if it is a solid) (1.0 mmol), copper catalyst and ligand.
The tube was evacuated and filled with argon (3 times), N,N-dimethylformamide (2
mL), the corresponding 1,1-dihalo-1-alkene (if it is a liquid) (0.3 mmol) were added.
The reaction mixture was stirred at 110 C for 24 h. At the end of the reaction, the
reaction mixture was cooled to room temperature and was diluted with diethylether
and water was added. The combined organic phase was dried over anhydrous Na,;SOy.
After removal of the solvent, the residue was subjected to column chromatography on
silica gel using ethyl acetate and petroleum ether mixtures to afford the desired

product in high purity.
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Characterization of the corresponding products:

MeO

1-Methoxy-3-(2-phenylethynyl)benzene'': 'H NMR (400 MHz, CDCl;) o
7.54-7.52 (m, 2H, ArH), 7.37-7.33 (m, 3H, ArH), 7.24 (t, J = 8.0 Hz, 1H, ArH), 7.13
(d, J = 8.0 Hz, 1H, ArH), 7.07-7.06 (m, 1H, ArH), 6.90-6.87 (m, 1H, ArH), 3.81 (s,
3H, OCH3); *C NMR (100 MHz, CDCl3) 6: 159.3, 131.6, 129.4, 128.3, 128.2, 124.2,
124.1,123.1, 116.3, 114.9, 89.3, 89.2, 55.3; MS (C15sH30): 209.

N/ \ L/

1-Methoxy-4-(2-phenylethynyl)benzene”: 'H NMR (400 MHz, CDCl;) o
7.52-7.46 (m, 4H, ArH), 7.35-7.28 (m, 3H, ArH), 6.87 (d, J = 8.0 Hz, 2H, ArH), 3.81
(s, 3H, OCH;); *C NMR (75 MHz, CDCls) &: 159.5, 133.0, 131.4, 128.3, 127.9,
123.6, 115.3, 113.9, 89.4, 88.0, 55.2; MS (C,5H;30): 209.1.

N/ — \/

3-(2-Phenylethynyl)pyridine®: "H NMR (400 MHz, CDCls) d: 8.77 (s, 1H, ArH),
8.53 (s, 1H, ArH), 7.80 (d, J=4.0 Hz, 1H, ArH), 7.54 (s, 2H, ArH), 7.36 (s, 3H, ArH),
7.26 (t, J = 6.0 Hz, 1H, ArH); *C NMR (75 MHz, CDCls) J: 152.1, 148.4, 138.3,
131.6, 128.7, 128.4, 122.9, 122.4, 120.4, 92.6, 85.9; MS (C3H,oN): 180.

1-(2-(4-Bromophenyl)ethynyl)benzene'!: 'H NMR (400 MHz, CDCls) d: 7.52-7.46
(m, 4H, ArH), 7.39-7.33 (m, 5H, ArH); >C NMR (100 MHz, CDCl3) 6: 137.5, 133.0,
131.6, 128.5, 128.4, 122.9, 122.4, 122.2, 90.5, 88.3; MS (C4HBr): 256.
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1-Methoxy-2-(2-phenylethynyl)benzene™: 'H NMR (400 MHz, CDCl;) o
7.57-7.55 (m, 2H, ArH), 7.51-7.49 (m, 1H, ArH), 7.35-7.28 (m, 4H, ArH), 6.95-6.88
(m, 2H, ArH), 3.91 (s, 3H, OCH3); °C NMR (100 MHz, CDCls) §: 159.9, 133.5,
131.6, 129.7, 128.2, 128.1, 123.5, 120.4, 112.4, 110.6, 93.4, 85.7, 55.8; MS
(C15H130)2 209.

1-(2-p-Tolylethynyl)benzene'': '"H NMR (400 MHz, CDCl;) J: 7.53-7.51 (m, 2H,
ArH), 7.42 (d, J = 8.0 Hz, 2H, ArH), 7.32 (d, J = 8.0 Hz, 3H, ArH), 7.14 (d, J = 8.0

Hz, 2H, ArH), 2.35 (s, 3H, CH3); *C NMR (100 MHz, CDCl;) 6: 138.3, 131.5, 131.4,
129.1, 128.3, 128.0, 123.4, 120.1, 89.5, 88.7, 21.5.

1-(2-Phenylethynyl)naphthalene!': "H NMR (300 MHz, CDCl5) §: 8.45 (d, J = 9.0
Hz, 1H, ArH), 7.83 (t, J= 7.5 Hz, 2H, ArH), 7.76 (d, J = 9.0 Hz, 1H, ArH), 7.66-7.61
(m, 2H, ArH), 7.58-7.56 (m, 1H, ArH), 7.54-7.48 (m, 1H, ArH), 7.45 (d, J = 9.0 Hz,
1H, ArH), 7.41-7.36 (m, 3H); °C NMR (100 MHz, CDCls) &: 133.2, 133.1, 131.6,

130.3, 128.7, 128.5, 128.4, 128.3, 126.7, 126.4, 126.2, 125.2, 123.4, 120.9, 94.30,
87.5.

\_/

1-(2-(4-Fluorophenyl)ethynyl)benzene!*: "H NMR (400 MHz, CDCls) 6: 7.56-7.52
(m, 4H, ArH), 7.38-7.36 (m, 3H, ArH), 7.07 (t, J = 8.0 Hz, 2H, ArH); *C NMR (100
MHz, CDCl3) d: 162.5 (d, J = 248.0 Hz), 133.5 (d, J = 8.0 Hz), 131.5, 128.3 (d, J =
4.0 Hz), 123.1, 119.3, 115.6 (d, J = 22.0 Hz), 89.0, 88.3.

I
7
N
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1-(2-(4-Chlorophenyl)ethynyl)benzene!*': "H NMR (300 MHz, CDCl;) 8: 7.53-7.49
(m, 2H, ArH), 7.46 (t, J = 3.0 Hz, 1H, ArH), 7.43 (t, J = 3.0 Hz, 1H, ArH), 7.36-7.31
(m, 4H, ArH), 7.29 (t, J = 3.0 Hz, 1H, ArH); °C NMR (100 MHz, CDCl;) ¢: 134.2,
132.8, 131.6, 128.6, 128.4, 128.3, 122.9, 121.7, 90.3, 88.2.

\ / —  \/

1,2-Diphenylethyne!'’: '"H NMR (400 MHz, CDCl;) : 7.54-7.52 (m, 4H, ArH),
7.36-7.32 (m, 6H, ArH); >C NMR (100 MHz, CDCl3) 6: 131.6, 128.3, 128.2, 123.2,
89.4.

N/ L/

4-(2-Phenylethynyl)benzonitrile!"': '"H NMR (300 MHz, CDCl;) d: 7.65-7.53 (m,
6H, ArH), 7.39-7.37 (m, 3H, ArH); °*C NMR (75 MHz, CDCls) &: 132.0, 131.7,
129.1, 128.5, 128.2, 122.2, 118.5, 111.4, 93.7, 87.7.

720 - L)
1-(2-(4-(Trifluoromethyl)phenyl)ethynyl)benzene!': '"H NMR (400 MHz, CDCl5) §:
7.62-7.59 (m, 4H, ArH), 7.55-7.54 (m, 2H, ArH), 7.38-7.36 (m, 3H, ArH); °C NMR
(75 MHz, CDCl3) 6: 131.8, 131.7, 129.9 (d, J = 33.0 Hz), 128.8, 128.5, 127.1, 125.3

(d, J = 3.0 Hz), 123.9 (d, J = 270.8 Hz), 122.5, 91.7, 87.9; Elem. Anal. Calcd for
CisHoF;5: C, 73.17; H, 3.68; Found: C, 73.45; H, 3.73.

1-Tert-butyl-4-(2-phenylethynyl)benzene!®: 'H NMR (400 MHz, CDCl;) 4
7.54-7.52 (m, 2H, ArH), 7.48-7.46 (m, 2H, ArH), 7.38-7.32 (m, 5H, ArH), 1.32 (s, 9H,
C(CH3)3); *C NMR (100 MHz, CDCls) 6: 151.5, 131.6, 131.4, 128.3, 128.1, 125.4,
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123.5,120.3, 89.6, 88.8, 34.8, 31.2.

1,2-Dip-tolylethyne!®: 'H NMR (400 MHz, CDCl;) §: 7.42-7.40 (m, 4H, ArH),
7.15-7.13 (m, 4H, ArH), 2.35 (s, 6H, CH3); *C NMR (75 MHz, CDCls) 6: 138.0,
131.4,129.1, 120.2, 88.9, 21.5.

" Q O

4-(2-p-Tolylethynyl)benzonitrile”: "H NMR (400 MHz, CDCl;) d: 7.63 (d, J = 8.0
Hz, 2H, ArH), 7.59 (d, J = 8.0 Hz, 2H, ArH), 7.44 (d, J = 8.0 Hz, 2H, ArH), 7.18 (d, J
= 8.0 Hz, 2H, ArH), 2.39 (s, 3H, CH3); *C NMR (100 MHz, CDCl3) 8: 139.4, 132.0,
131.9, 131.7, 129.2, 128.4, 119.1, 118.4, 111.2, 94.1, 87.0, 21.3; MS (C;¢HoN):
218.1.

1-0-Tolyl-2-p-tolylethyne™: "H NMR (400 MHz, CDCl5) &: 7.48 (d, J= 8.0 Hz, 1H,
ArH), 7.43 (d, J = 8.0 Hz, 2H, ArH), 7.22 (d, J = 4.0 Hz, 2H, ArH), 7.15 (d, J = 8.0
Hz, 3H, ArH), 2.51 (s, 3H, CH3), 2.36 (s, 3H, CH3); °C NMR (100 MHz, CDCl;) §:
140.0, 138.3, 131.7, 131.4, 129.4, 129.1, 128.1, 125.5, 123.2, 120.4, 93.5, 87.6, 21.5,
16.4.

1-Methyl-4-((E)-4-phenylbut-3-en-1-ynyl)benzene”': "H NMR (400 MHz, CDCl3)
d: 7.42 (d, J = 8.0 Hz, 2H, ArH), 7.38-7.32 (m, 4H, ArH), 7.29 (d, J = 8.0 Hz, 1H,
ArH), 7.14 (d, J = 8.0 Hz, 2H, ArH), 7.02 (d, J = 16.0 Hz, 1H, CH), 6.38 (d, J = 16.0
Hz, 1H, CH), 2.36 (s, 3H, CH3); *C NMR (100 MHz, CDCl5) §: 140.9, 138.4, 136.4,
131.4,129.1, 128.7, 128.5, 126.3, 120.3, 108.3, 92.0, 88.3, 21.5.
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-~ =)
1-(2-(4-Bromophenyl)ethynyl)-4-methylbenzene!®: "H NMR (400 MHz, CDCl5) 6
7.46 (d, J = 8.0 Hz, 2H, ArH), 7.41 (d, J = 8.0 Hz, 2H, Ar), 7.37 (d, J = 8.0 Hz, 2H,
ArH), 7.15 (d, J = 8.0 Hz, 2H, Ar), 2.36 (s, 3H, CH3); °C NMR (75 MHz, CDCl3) §:

138.5, 132.9, 131.6, 131.5, 129.2, 122.4, 122.2, 119.8, 90.7, 87.7, 21.4; Elem. Anal.
Calcd for CsHBr: C, 66.44; H, 4.09; Found: C, 66.92; H, 4.29.

1-(2-(2-Fluorophenyl)ethynyl)-4-methylbenzene®: '"H NMR (400 MHz, CDCl5) 6:
7.53 (t,J = 8.0 Hz, 1H, ArH), 7.48 (d, J = 8.0 Hz, 2H, ArH), 7.34-7.29 (m, 1H, ArH),
7.18 (d, J = 8.0 Hz, 2H, ArH), 7.15-7.09 (m, 2H, ArH), 2.39 (s, 3H, CH;); °C NMR
(100 MHz, CDCls) 6: 162.8 (d, J = 250.0 Hz), 139.0, 133.6, 131.8, 129.5 (d, J = 8.0
Hz), 129.3, 124.1 (d, J= 3.0 Hz), 120.0, 115.7 (d, J=21.0 Hz), 112.3 (d, J = 15.0 Hz),
94.9, 82.2, 21.8; Elem. Anal. Calcd for C;sHF: C, 85.69; H, 5.27; Found: C, 85.59;
H, 5.44.

Methyl 4-(2-p-tolylethynyl)benzoate®: "H NMR (400 MHz, CDCl;) : 8.04 (d, J =
8.0 Hz, 2H, ArH), 7.60 (d, J = 8.0 Hz, 2H, ArH), 7.46 (d, J = 8.0 Hz, 2H, ArH), 7.19
(d, J= 8.0 Hz, 2H, ArH), 3.95 (s, 3H, CH3), 2.40 (s, 3H, CH3); *C NMR (100 MHz,
CDCl3) d: 166.5, 138.9, 131.6, 131.4, 129.4, 129.2, 128.2, 119.5, 92.6, 88.0, 52.2,
21.5.

1-(2-p-Tolylethynyl)naphthalene!'”: "H NMR (400 MHz, CDCl;) ¢: 8.44 (d, J = 8.0
Hz, 1H, ArH), 7.87-7.82 (m, 2H, ArH), 7.75 (d, J = 8.0 Hz, 1H, ArH), 7.61-7.51 (m,
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4H, ArH), 7.45 (t, J = 8.0 Hz, 1H, ArH), 7.20 (d, J = 8.0 Hz, 2H, ArH), 2.36 (s, 3H,
CH3); °C NMR (75 MHz, CDCl5) 6: 138.6, 133.3, 133.2, 131.6, 130.3, 129.3, 128.7,
128.4, 126.8, 126.5, 126.3, 125.4, 121.2, 120.4, 94.6, 87.0, 21.6.

2-(2-p-Tolylethynyl)furan: '"H NMR (400 MHz, CDCl3) 8: 7.42 (d, J = 8.0 Hz,
3H, ArH), 7.15 (d, J = 8.0 Hz, 2H, ArH), 6.64 (d, J = 4.0 Hz, 1H, ArH), 6.42 (s, 1H,
ArH), 2.36 (s, 3H, CHs); >C NMR (100 MHz, CDCls) 6: 143.5, 138.9, 137.3, 131.3,
129.1, 119.1, 114.9, 111.0, 93.4, 78.7, 21.5; MS(C13H,,0): 183.1.

Cl

1-(2-(3-Chlorophenyl)ethynyl)-4-methylbenzene'*: "H NMR (400 MHz, CDCl5) &:
7.51 (s, 1H, ArH), 7.43-7.38 (t, J = 10.0 Hz, 3H, ArH), 7.29 (t, J = 4.0 Hz, 1H, ArH),
7.24 (t,J = 4.0 Hz, 1H, ArH), 7.16 (d, J = 8.0 Hz, 2H, ArH), 2.36 (s, 3H, CH3); °C

NMR (100 MHz, CDCls) ¢: 138.8, 134.1, 131.5, 131.3, 129.6, 129.5, 129.1, 128.3,
125.2,119.6,90.7, 87.3, 21.5.

References:

[1] X.-F. Wu, H. Neumann, M. Beller, Chem. Commun. 2011, 47, 7959-7961.

[2] M. L. N. Rao, D. N. Jadhav, P. Dasgupta, Org. Lett. 2010, 12, 2048-2051.

[3]J. Moon, M. Jeong, H. Nam, J. Ju, J. H. Moon, H. M. Jung, S. Lee, Org. Lett. 2008,
10, 945-948.

[4] S. Wang, M. Wang, L. Wang, B. Wang, P. Li, Jin Yang, Tetrahedron 2011, 67,
4800—4806.

[5]J. L. G. Ruano, J. Aleman, L.Marzo, C. Alvarado, M. Tortosa, S. Diaz-Tendero, A.
Fraile, Angew. Chem. Int. Ed. 2012, 51, 2712-2716.

[6] K. Mitsudo, T. Shiraga, J.-i. Mizukawa, S. Suga, H.Tanaka, Chem. Commun. 2010,
46, 9256-9258.

[71 Y. Zhu, T. Li, X. Qu, P. Sun, H. Yang, J. Mao, Org. Biomol. Chem. 2011, 9,
7309-7312.

[8] T. Mino, Y. Shirae, T. Saito, M. Sakamoto, T. Fujita, J. Org. Chem. 2006, 71,
9499-9502.

[9]1Y. Shi, X. Li, J. Liu, W. Jiang, L. Sun, Tetrahedron Lett. 2010, 51, 3626—3628.

-S8-



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

[10] J. Cheng, Y. Sun, F. Wang, M. Guo, J.-H. Xu, Y. Pan, Z. Zhang, J. Org. Chem.
2004, 69, 5428-5432.

[11] A. R. Katritzky, B. V. Rogovoy, A. Y. Mitrokhin, ARKIVOC, 2002, 13, 17-27.
[12] A. N. Marziale, J. Schliiter, J. Eppinger, Tetrahedron Lett. 2011, 52, 6355—6358.

-S9-



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

L e B T T o I ] 5]
L T B T A B Bl L]
Puy Pmy Py Bwy Py B, Py, B, P ~
S - E L"‘H AR R p— |
]
w | ‘
.||I .| |
HSC O — O
]
1
\I
__JJ Wi . S W -
i [l
moe e W =
i B =
~N MMM (]
T T T T | — B e B S e B S e S e R | I | | |
%5 %0 B85 80 75 7.0 &5 6.0 5.5 ?.o 45 40 35 30 2.5 20 1.5 1.0 05 0.0
1 (ppm)
=t m oo
m (= m O e
-] -] n o =
Ll ™M oM™ [~ ] -—
- - -1 i~
I St |
1| |
i | .
- : : - - : - - : - - -
170 180 150 140 130 120 110 10 a0 70 &0 50 40 30 20 10

0 %0
f1 (ppm)

-S10-



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

M S W e e W @ -
R I e e =
Lo L e LI -
e S - |
|
|
|
I |
|
I |
I
.lI ! ! |I
o —
4
H.C
|
U L !
- _‘_,J L — ___FfL _.ll S S S
B i
L) - =
[ B = =
= - ~ L]
L B L e B R B R DN S RN LR BN BN S R BN R A B B B
#5 #0 85 80 7.5 T.0 &5 460 55 .FS.D 4% 40 35 30 25 2.0 1.5 1.0 05 0.0
1 MBaml
0 o9 9 o on ™Mo
(%] o = M D on L - [ m
-3 Mo e m nom me r
s momo N ™ - o o wn
-~ o o = = = o o [}
| R I N S
o —
H.C
1
i |
. U = Ll T ! "
T T T T T T T T T T T T T
180 170 140 150 140 130 120 110 100 9?0 80 70 &0 50 40
f1 (ppm)

-S11-



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

9E° L
9E° L
Fiy
BEL
BEL
WL
£
oL
8L
&L
I5°£
I5°£
£S5
v5L
95
95 L
8BS
19
19
£9°f
£9°L
v9'L
v9'L
59"
99
VL
LEL
08°f-
£8'4-

58" L

£ve—

opg/

| | |'I|.

8.0 7.0 £.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)

157 L8—

0E'¥Fé—

58°0T1—

9EELI—
YT'STI—
siozi-f
6£°971-
veozi
878z}
segzid
or8z i
£ 871
££°0£ 1
TATIR
RIIL
zzges

s

110 103 100 93 90 :H &0 73

-S12-

145 140 135 130 125 120 _ 115
f1 (ppm

150




LY

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

e
o

[ ]

-

L =

= 58°58—
I
[ o £5°T6—
N
L]
T
L e
[y
L]
T om
L &
-+

L um.

o2 BE0TIy

T owg _q.nn.w

.  ESTTN

T ow

F SE'8TL—

L e

IR -t T

w
o

| ZE'BE—
CEVE m
pever

L]
FIVD T o
i o L I

o .

- e Irerl—
rego - @ EVISI-
F&ED -

L e

o™
L]
T e

0 85 @0 73

103 93

113

12#1 (ppm)

-S13-

135

143

153

163




Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

- — S ———
oG
o~ O
o
T T T T T T T
10.0 9.0 8.0 7.0 &.0 0 3.0 2.0 1.0 0.0
f1 (ppm)
-— B = e b L I | _ﬂ
Lo, | = = o oM S Mmoo -—
"o M om e Mmoo AW o~
LB ) L T | N o e o
- - - - o = - @ ©
Vo = 0 [ B et S
1
| | L}
L L. L 1l I
T T T T T T T T T r T T T T T T T T T
175 1&5 155 145 135 12.? 115 105 @5 90 85 80 75 70 &35
1 oMl

-S14-



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

6T L
6T L
O£
VE'L]
zes

Te's
£E'f
SE°L
PE Lo
L
VL
vrLd
TS
opi
]
6vL]
o5z}
voz]
I5's

I5'f

£5°4

6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)

Ch

I
7.0

I

TT'es--
6706

LT \

a8l —

SE'8T)
m.—..mn—w
._.o.mn__%
SSThEL

FLTE} |
OT'FEL!

Cl

ki

90 83 @80 75 7JO &5 &0 55

135 125 115 105 95
f1 (ppm)

1435

155

-S15-



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

Mo = 0D 0O omom
Inlnln"!'!'d_mmmmn:
hhhhhh:\hhhh
Pl S
|.
|
I||
[
]
|
Il
B[ O = O
I’\
. ..__-L-ll PR - e ~
iy
- o
e e
=
T T T T T T T T T T T T T T T
.5 o0 85 80 75 7.0 &5 &0 55 _5.0 45 40 35 30 2.5 20 1.5 1.0 05 0.0
f1 (ppm
w P e b = O
-t n o m 0 = ™~ W o
~ - @ nioro = o
" Mmoo Moo~ o o
- - - - & @
| [ [pe=—" Vot

145 125

-S16-



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

T I I I R R I ] -
e e e e e e e e e e e B e <
H.l'r"r":-h"!-hhh"r_"r_":_h Qﬁﬂﬂ'\lﬂ L]
. [ - |
'
|
| |
|
I‘ | ‘
.
| |
wh
O—CH;
1
]
I}H
AT o | S —
o {
L =
fes o <
-2 oM - -
e L R A B B S S R S B BN IS IS RS RN R BN RN | T '
& &0 B85 80 7.5 7.0 &5 &0 55 fs.o 4.5 4.0 £ 30 2.5 1.0 1.0 0.5 0.0
1 (ppm)
0 M9 = Oon " o =
= meR =8 < m3 5 8 ®
o m - B8 O NS m - ™
Wi oMo MM i~ - [ ["s] (]
- - - - o @ "
I T | I~ | | |
O—CH;
1
N
1 i
sl kb
Lig PRWEIRY Y i w T - Lo L i e il
T T T T T T T T T T T T T T T T
20 180 170 160 150 140 130 120 110 100 o0 a0 70 &0 50 40
f1 room

-S17-



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

b T I T T I T T B T I -
MMM MAR MMM S 2SR ®® @
Thhhhhhhhhhhrrrrth\!\ﬂd\id? Ll
. P W W f \ s hillh I
| |
| ‘
| ‘”l I|
| ||||I
HC—0
1
Pl e !
@ wnm oY -0 =
aaea e oS q
-2 D S 9 L]
La s | L B e B S L S e S S S S e e S B S B e B L B | —— | ™
12.0 11.0 10.0 .0 8.0 7.0 &, 5.0 4.0 3.0 .0 1.0 0.0
£4 tm
o O D = 0 = O -
- 9mmnN - MO ne b
o -0 @@ m 0o "= ~
v L I I | - - [ -] w
-— - e = - -] W
| =y 1 ~ |
HLt—0C
|
1
| | | |
| lL. \L A l_ ‘
nwmhmmmidmmuww iy i P iy e i gy 7l v P
T T T T T T T T T T T T T
180 170 140 150 140 o0 &80 70 &0 50 40

130 120 110 100
f1 [ppm]_

-S18-



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

e T - T T T ]
R G L G e
T LT
- 1
I‘
||||
]
LI |
L
L]
]
L. -]
e S e e L S e m e e B e T I S e e B B L e e e A m e
11.5 10.5 .5 8.5 .5 &.5 5.5 4.5 3.5 2.5 1.5 0.5 -0.5
f1 (ppm)
=
0 o - ™
oM NN [}
- oW . -
moMoN ™ o
- e @
i |

Ll o g

170 150 150 140 130 120 110 100 90 8o 70 &0 50 40 30
f1 rppMM

-S19-



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

TR E N
LI I - T T T T I
P b B B e B B B B B e B
nl — et
]
|
|
)
N
jl
Il
N ff’_\\ =
JLILJ . I | J
= R
g3
0

¢35 90 85 80 7.5 7.0 &5 &0 55 50 45 40 3.5 30 25 20 1.5 1.0 0.5 0.0

f1 (ppm)
o m @ 9 o o @ =
Mow GG o © - N
Mmoo MM ™ L B -— " L)
————— - - - o ]
———] T 1 |

155 145 135 125 115 1F5 5 90 85 80 75 70 &5 &0 55 50 45
1 (ppm)

-S20-



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

/ o
- 2
L
- 6591
)
o T0°LL
| = vroLd
] [ 4
] =
L [e
i $6°£8—
L'a]
- & TLh6—
5 o
om
['a]
T o
[=] |
o
Vi
C o
I -
- o
L=
v €4TL
| e T5TTh-
. bt SSTiy
mn.r_ L 9 6TSTH
9E 'L Py
el L 2 60°£T)
”“M s — JE}E St8Zl
iy = e = i wvi
o R — e OBl O €881
mmm J 0o 961
.__.”.” " "= 80°0€ }
S4vi) = VLVED
o 6LVE)-

)

75

R T

as

CFs

95

1035

-S21-

115

|
Ll
125

L |

135

143

MWW



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

43 B

¥i'i,
LE° L,
FE'L-
PEL
8L
v L
ar i
ﬂm.h__
£

=00"6

LJ IL'“-\

| 518

|Hl||.. w_\ﬁ— T

‘981

1.0

2.0

3.0

4.0

5.0

6.0

1.0

PTHE—
I8FE—

£9°9£
mn.hhl__m
Fa Ny

£L°88—
95768

ST°0Th
ZSETH
LE°STh|
80'8L)-"
zEBTN-
serberd
6s°1El!

ESTIS)—

| N
i b Mﬁwmm—-wjnﬂ ipnentbong

L

WMJMM et L.L.'-

50 30

150 140 130 120 110 1000 90 80 70
-S22-

160




Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

i~ wm m W
-t 3 —-— "
L S S ~
e |
|
| |
|
[
|
| |
| |
{ -}
HI In
_.-l-_lll-ﬂ | R - ._,-'Ik__ B S — .y
o o &
[- T - (=]
"o L]

8o 75 70 65 60 355 50 45 40 35 3.0 25 20 1.3 1.0 0.5 0.0

- -— =

ng— ~ o 3«:!!'1 -
g = o o « p: D P
m m ™ ™~ o Lo LS. ] ——
- - @ LS N ~
f |~ I | )

uLJMW_L_N _

140 130 120 110 100 90 _ 60 70 &0 50 40 30 20

-S23-



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

- - - T, L T - T - S o -]
- - R ” s
[ S O T S ~ -
Foctia Pkl R | |
ML —
1
.I i
I
1
U ,J_l_____; L. .JlLL
bl bl [
“a '::I o o &
o @ o o o
e m
T T T T T T T T T T T T T T T T T T T T T T
8.5 80 7.5 70 &5 60 55 50 45 40 35 30 25 20 1.5 1.0 0.5 0.0
i [ | o ™ [ %
<t <+ o= - -] - 3 ~oos =t
o o o o - e e o w m
™ o = - wf L -] -
-— -— — -— o [+=] [ A ™~
| I i | I | bl
M —

-S24-



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

9ET~ - _

bt T =

y

¥iL

LIS
—ﬂ.h.w {
It ————— — ]

it
4 4 D === i¥8’|
| !

vrL-
ived
6% L

I O LR

1.0

2.0

3.0

4.0

5.0

6.0

7.0

02
8P

89'9L,
00°LL-}
teiL/

reL8-—

6VE6—

_.v.n.ﬂ__._
n___.mﬂ__‘_
15°5T1
808l |
80°6T 1}

nn.o:)ﬁ

SELEL-_

sL'8El—
voovi-

20

30

50

70

110 100 80
-S25-

120

130

140




Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

9571 —

PET—

FE"F,

or "9

00—

0L
£}t
g1
s L
8Lf
0ef
e
¥EL]
9Ef
8E"f
v
£vL

-

—

A

1.0

2.0

4.0 3.0

5.0

8.0 7.0

10.5 2.0

12.0

ESIT—

ar'ae-
bO'T6

bEBOL—

LEOLI—
LT9T)—
ESBLIL
££°8L1
Fi6ll
Fiel
IF'9El
£E°8E}
hm.nﬂ__._

10

20

hwnwhNWWWWmﬂmmMNmmmMﬂMJMﬂwﬂﬁh

30

60 50

70

80
-S26-

A

Il

110

130

L

J

150

170

nmwmwwaMmuJ



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

9ET— ——

LA S
L
¥i'Ly
PEL,

8E "L =

or L]
v
S¥L
irLd

1.0

2.0

3.0

4.0

6.0

Er
7.0

8EII—

89748~
bEL06-

L6V},
YTIT|
Wz

L16T1—

£ES'8E] -

b palmly
10

20

30

30

70

_ %0 80
-S27-

100

110

SR, -

Br
120

130

140

150

bl



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

6EL— -

607,
Thiy
viL
Sh4,
LV L]
614
iye

A
]
veLg

gL
ves-
Fr e
6t i
(¥

€541
554!

_ 56°)

__ a8
= =16°0

e
zo'}

1.0

2.0

3.0

4.0

3.0

7.0

SLT—

2694,
T L4
S LL—-
£TT8—

58'F6—

T
LETHI
mm.m:.,__.
S 511
00°0Z)—
TR

EE6TI—

r
SS'EEL
BO'BE)—

THTITY
1OFRI—

20

30

50

&0

70

90
-S28-

100

110

120

130

150 140

160




Electronic Supplementary Material (ESI) for RSC Advances

This journal is © The Royal Society of Chemistry 2012

o TmMI9ARREe o e
€ 00 P Pw P P b P P n|-| ~
L eeet— |
[ 1] | | |
| {L [
L L | |
HiCOOcC —
i i |
L1l
__Il"x _||"L14L\ N S _JLUL_ I | N | N
- eah ° o
o o= O o o
- —rd m m
6.5 80 7.5 T0 465 60 55 50 _45 40 35 30 25 20 15 1.0 0.5 0.0
n o = 3 o= Mo o 0 I
o o o o e mow - b
o m ~ - Mo oW i -
-— -— -— -— - - T I W i~
| | | | [ e S |
HiCOoc \ / — \,\ /,-
1
| |
pie ud~- _l_. ‘ _J \ - N R
170 160 150 140 130 120 110 100 90 80 J0 60 50 40 30 20

-S29-



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

rEh—

9ET—

=00t

-

——m— n.._\ﬂn_,ﬂ

Vlrotz

1.0

2.0

3.0

4.0

3.0

6.0

7.0

=680

9.0

oL

bL9L
EViL
TPTR

£6798—
EFFE-

9€°0L )
IRT4T
hmﬁn_%
EE'PTI—
9T
64 9T}
£€°8T1]
$9°8T}
8T 6T}
6T 0E}
T9IE )
LTEE)
LEEE)
19°8E}

b

T
™

.

ﬂ

b

b

1
|4|.| il.

1

)

Ak sl &

Ll

10

30 40 30 20

90 60 7O &0

150 130 110
-S30-

170

190



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

FEL—

e,
£9°9
wadw

YL

9L
mng&
bos]

e

i
|\_l|-

L =00°E|

60|
S£870]

56}

-4

1.0

2.0

3.0

4.0

5.0

6.0

7.0

ESTHT—

89°9L
0044
zeLs
YR TS

GE'E6—

PO°bEE -
06T
i6hl—

vi6T
EEIEN—
8T LE} -

SPEFI -

L

20

30

&0 30

70

bl
80
-S31-

pa kBl

100

L

110

I
v ol gy

120

130

140

J.JJ...‘.W .



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

FEL— -

L
£l
EX
ri
s¢
£T°

8t .huw .

6L "L
Q€L
8E°L4
[
EFLS
5L

Cl

-<|:J—- Tl

_.qn..__
_ i6°0

o 3gg0

—— =

g #:
9670

7.0

1.0

2.0

3.0

4.0

3.0

6.0

9.0

s hT—

89°94
00" 4L+
ze s

8T iB—
¥L06-—

96—

VST
PL6Th-
s hel!
BLBEL—

Cl

BT I

|

140

85 75 &5 33 43 EH) 25

95

110

125

-S32-




<<

  /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

  /CreateJDFFile false

  /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



  /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



