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Experimental procedure

IR spectra were taken as KBr pellets for solids. NMR spectra were recorded at 300, 400 and 500
MHz for 'H spectra and at 75, 100 and 125 MHz for '3C spectra in CDCl; solutions. Ni(acac),,
Cul and vinyl halides were procured commercially and all styrenyl and alkynyl halides were
prepared following reported procedures.

Representative  experimental procedure for the cross-coupling of 1-(2-
bromoethynyl)benzene and  4-ethynylanisole to  1-Methoxy-4-(4-phenylbuta-1,3-
diynyl)benzene (Scheme 2, 3aa): In a 10 mL round bottom flask a mixture of 1-(2-
bromoethynyl)benzene (181 mg, 1 mmol), 4-ehthynylanisole (158 mg, 1.2 mmol), Cs,CO; (650
mg, 2 mmol), Ni(acac), (13 mg, 0.05 mmol), Cul (10 mg, 0.05 mmol) and NMP (3 mL) was
heated at 100 °C under argon for 9 h (TLC). The reaction mixture was then allowed to cool and
was extracted with diethyl ether (3 x 20 mL). The extract was washed with water (10 mL) and
brine (10 mL). Then the organic phase was dried over Na,SO,4 and evaporated to leave the crude
product, which was purified by column chromatography over silica gel (hexane/diethyl ether
98:2) to provide the pure 1-methoxy-4-(4-phenylbuta-1,3-diynyl)benzene as a white solid (206
mg, 89%), Mp (°C) = 88-90; IR (KBr): 2966, 2939, 2839, 2207, 1605, 1509, 1431 cm'!; 'TH NMR
(300 MHz, CDCl5): & 3.83 (s, 3H), 6.85 (d, J=9 Hz, 2H), 7.33 (d, /= 6.3 Hz, 3H), 7.46-7.53 (m,
4H) ppm; 3C NMR (75 MHz, CDCl;): § 55.35, 72.87, 7431, 81.16, 81.96, 113.86 (2C), 114.29
(20), 122.16, 128.54 (2C), 129.18, 132.60, 134.29 (2C), 160.52 ppm; HRMS: m/z caled. for
Cy7H,0: 233.0961 [M+H]*; found: 233.0964.

This procedure was followed for all the reactions listed in Table 2, Table 3, and Scheme 2. All of
the known compounds are characterized by their spectroscopic data (‘H NMR and '*C NMR)
and the data are consistent with those reported earlier. Similarly all of the unknown compounds
are well characterized by their spectroscopic and spectrometric data (IR, 'H NMR, 3C NMR,
HRMS and elemental analysis). All these data are provided bellow.

S-2



1-(4-(2-Trifluoromethyl)phenyl)buta-1,3-diynyl)benzene (Table 2, 3ae): White solid, Mp
(°C) = 91-93, IR (KBr): 3066, 3018, 2968, 2927, 2399, 2219, 1600, 1572, 1487, 1452, 1442,
1317, 1261, 1215 cm’'; 'H NMR (500 MHz, CDCls): & 7.32-7.40 (m, 3H), 7.44-7.47 (m, 1H),
7.50-7.56 (m, 3H), 7.67- 7.72 (m, 2H) ppm; 3C NMR (125 MHz, CDCl;): & 73.7, 79.3, 81.7,
83.6, 121.6, 126.1, 128.6 (2C), 128.63, 128.9, 129.3, 129.6, 131.6, 132.6, 132.7, 135.2 ppm;
anal. calcd. for Ci7HoF5; C 75.55, H 3.36; found: C 75.59, H 3.38 %.

2,4-Dimethyl-1-(4-phenylbuta-1,3-diynyl)benzene (Table 2, 3ab): Off-white solid, Mp (°C) =
82-84, IR (KBr): 2967, 2938, 2835, 2211, 1600 cm'!; "TH NMR (500 MHz, CDCls): 6 2.30 (s,
3H), 2.45 (s, 3H), 7.07-7.12 (m, 2H), 7.33-7.38 (m, 4H), 7.54 (d, J = 10 Hz, 2H) ppm; 3C NMR
(100 MHz, CDCl5): 6 20.3, 20.8, 74.2, 77.4, 81.2, 81.8, 121.6, 122.0, 128.5, 129.2, 129.6, 130.2,
132.6, 133.4, 135.3, 138.7 ppm; anal. calcd. for CigH;4: C 93.87, H 6.13; found: C 93.83, H 6.17
%.

1-(4-(4-Tert-butylphenyl)buta-1,3-diynyl)-4-pentylbenzene (Table 2, 3fh): White solid, Mp
(°C) = 91-93, IR (KBr): 2954,2926, 2856, 2216, 2144, 1726, 1600, 1500 cm!; "H NMR (500
MHz, CDCl;): 6 0.88 (t, J=7 Hz, 3H), 1.312 (s, 11H), 1.57-1.63 (m, 4H), 2.602 (t, J = 7.5 Hz,
2H), 7.14 (d, J = 8 Hz, 2H), 7.354 (d, J = 8 Hz, 2H), 7.394-7.470 (m, 4H) ppm; *C NMR (75
MHz, CDCl): 6 14.1, 22.6, 30.9, 31.2 (3C), 31.5, 35.0, 36.11, 73.62, 77.58 (2C), 81.7, 118.9,
119.1, 125.6 (2C), 128.7 (2C), 132.4 (2C), 132.5 (2C), 144.6, 152.7 ppm; HRMS: m/z calcd. for
CysHpg: 329.2269 [M+H]"; found: 329.2266.

4-((2~(Trifluoromethyl)phenyl)buta-1,3-diynyl)biphenyl (Table 2, 3gi): White solid, Mp (°C)
= 88-91; IR (KBr): 2920, 2851, 2214, 1319, 1263 cm’!; 'TH NMR (500 MHz, CDCls); 6 7.37 (t, J
=7 Hz, 1H), 7.45 (t, J = 7.5 Hz, 3H), 7.52 (t, J = 7.5 Hz, 1H), 7.57-7.63 (m, 6H), 7.68 (t, J =7
Hz, 2H) ppm; 3C NMR (75 MHz, CDCls): 6 74.3, 77.5, 79.3, 83.6, 116.3, 120.4, 126.1 (d, Jc.r =
5.25 Hz, 1C), 127.2 (2C), 127.3 (2C), 128.0, 128.9, 129.0 (2C), 131.6, 132.8, 133.2 (2C), 135.2,
136.7, 140.1, 142.3 ppm; anal. calcd. for Cy3H;3F5: C 79.76, H 3.78; found: C 79.81, H 3.80 %.

1-((E)-Dec-1-en-3-ynyl)naphthalene (Table 3, 5ac): White solid, Mp (°C) = 102-105; IR
(KBr): 3056, 3041, 2954, 2926, 2856, 2210, 1589, 1510 cm™'; 'TH NMR (500 MHz, CDCls): 6
0.89-0.94 (m, 3H), 1.32-1.38 (m, 4H), 1.44-1.50 (m, 2H), 1.58-1.64 (m, 2H), 2.40-2.43 (m, 2H),
6.21-6.25 (m, 1H), 7.42-7.48 (m, 1H), 7.49-7.54 (m, 2H), 7.60-7.62 (m, 1H), 7.66 (d, J = 16 Hz,
1H), 7.90-7.85 (m, 2H), 8.13 (d, J = 8 Hz, 1H) ppm; *C NMR (125 MHz, CDCl3): § 14.1, 19.8,
22.7, 28.8, 28.9, 31.5, 78.5, 80.1, 93.0, 111.8, 123.3, 123.7, 125.6, 126.0, 126.3, 128.6, 130.9,
133.8, 134.2, 137.1 ppm; anal. Calcd. for CyoHy,: C 91.55, H 8.45; found: C 91.59, H 8.41 %.

1-((E)-4-(4-Methoxyphenyl)but-1-en-3-ynyl)naphthalene (Table 3, Saa): Yellow solid, Mp
(°C) =107-111; IR (KBr): 3018, 2962, 2933, 2839, 2399, 2192, 1598, 1508 cm!; 'H NMR (400
MHz, CDCL): 8 3.84 (s, 3H), 6.47 (d, J = 16 Hz, 1H), 6.90 (d, J = 8.4 Hz, 2H), 7.45-7.56 (m,
5H), 7.69 (d, J = 7.2 Hz, 1H), 7.80-7.88 (m, 3H), 8.19 (d, J = 8 Hz, 1H) ppm; '3C NMR (100
MHz, CDCls): & 55.4, 88.1, 91.8, 111.2, 114.2 (2C), 115.6, 123.4, 123.7, 125.7, 126.1, 126.4,
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128.7, 128.9, 131.0, 132.2 (2C), 133.8, 134.0, 137.6, 159.8 ppm; anal. calcd. for C,;H;s0: C
88.70, H 5.67; found: C 88.72, H 5.70 %.

3-((E)-4-(Naphthalene-1-yl)but-3-en-1-ynyl)thiophene (Table 3, Sag): Off white solid, Mp
(°C) = 115-118; IR (KBr): 3105, 3043, 2952, 2921, 2850, 1587 cm’!; 'H NMR (400 MHz,
CDCl): 6 6.44 (d, J = 16 Hz, 1H), 7.20-7.21 (m, 1H), 7.30-7.32 (m, 1H), 7.45-7.57 (m, 4H),
7.68 (d, J= 7.2 Hz, 1H), 7.82-7.89 (m, 3H), 8.17 (d, J = 8.4 Hz, 1H) ppm; 3C NMR (125 MHz,
CDCl): 6 86.8, 88.8, 110.8, 122.5, 123.5, 123.6, 125.5, 125.7, 126.1, 126.5, 126.6, 128.7, 129.1,
129.9, 131.0, 133.8, 133.9, 138.2 ppm; anal. calcd. for C;gH;,S: C 83.04, H 4.65; found: C 83.08,
H 4.67 %.

1-Tert-butyl-4-(3-cyclohexylideneprop-1-ynyl)benzene (Table 3, Sbd): White solid, Mp (°C)
=90-92; IR (KBr): 2950, 2927, 2854, 1512, 1500 cm!; "TH NMR (500 MHz, CDCl3): 6 1.30 (s,
9H), 1.59 (s, 6H), 2.21 (s, 2H), 2.48 (t, J = 5Hz, 2H), 5.41 (s, 1H), 7.35 (d, J = 7.5 Hz, 2H), 7.46
(d, /=10 Hz, 2H) ppm; 3C NMR (125 MHz, CDCl;):  26.5, 27.7, 28.4, 31.2 (2C), 31.8, 35.0,
36.2, 86.7, 91.5, 101.9, 121.2, 125.3 (2C), 131.16 (2C), 152.7, 156.0 ppm; anal. calcd. for
Ci9Hp4: € 90.42, H 9.58; found: C 90.44, H 9.56 %.

1-((3E, SE)-5-Benzylidenedec-3-en-1-ynyl)-4-methoxybenzene (Table 3, Sca): Off white
solid, Mp (°C) = 101-102; IR (KBr): 3026, 2954, 2929, 2867, 2858, 2837, 2189, 1606, 1585,
1568, 1508 cm™'; 'H NMR (500 MHz, CDCl;): & 0.81-0.83 (m, 3H), 1.26-1.27 (m, 4H), 1.48-
1.51 (m, 2H), 2.36 (t, J= 7.5 Hz, 2H), 3.7 (s, 3H), 5.84 (d, /= 16 Hz, 1H), 6.44 (s, 1H), 6.66 (d,
J =16 Hz, 1H), 6.75 (d, J = 8.5 Hz, 2H), 7.13-7.16 (m, 1H), 7.19- 7.21 (m, 2H), 7.24-7.31 (m,
4H) ppm; 3C NMR (100 MHz, CDCly): 8 14.1, 22.5, 27.1, 28.9, 32.3, 55.3, 88.3, 92.2, 107.4,
114.1 (2C), 115.9, 127.1, 128.4 (2C), 129.0 (2C), 132.9, 133.0, 137.4 (2C), 140.5, 145.3, 159.6
ppm; anal. calcd. for Co4H,60: C 87.23, H 7.93; found: C 87.25, H 7.96 %.

(E)-1,6-Bis(4-methoxyphenyl)hexa-1-en-3,5-diyne (Scheme 2, 7aa): White solid, Mp (°C) =
119-121; IR (KBr): 3018, 2977, 2873, 2399, 1247, 1215 cm’!; "H NMR (500 MHz, CDCl;):
3.82 (s, 6H), 6.11 (d, J = 16.5 Hz, 1H), 6.84-6.87 (m, 4H), 7.05 (d, J= 16 Hz, 1H), 7.34 (d, J =
10 Hz, 2H), 7.43-7.45 (m, 2H) ppm; 3C NMR (100 MHz, CDCls): 8 55.4 (2C), 73.3, 75.7, 81.4,
82.2,104.5, 114.1, 114.2 (2C), 114.4 (2C), 128 (2C), 128.9, 134.1 (2C), 143.9, 160.4 (2C) ppm;
HRMS: m/z calcd. for CoH;60,: 289.1223 [M+H]"; found: 289.1250.

1-((E)-6-(4-Chlorophenyl)hexa-5-en-1,3-diynyl)-2-methoxybenzene (Scheme 2, 7bj):
Yellow solid, Mp (°C) = 121-122; IR (KBr): 3068, 3018, 2978, 2935, 2873, 2401, 1215 cm!; 'H
NMR (500 MHz, CDCl;): 6 3.92 (s, 3H), 6.26 (d, J = 16 Hz, 1H), 6.90-6.95 (m, 2H), 7.06 (d, J =
16.5 Hz, 1H), 7.32-7.37 (m, 5H), 7.48 (d, J = 5 Hz, 1H) ppm; *C NMR (100 MHz, CDCl3): $
55.9, 774, 77.9, 79.3, 81.6, 107.8, 110.8, 111.2, 116.3, 120.7, 127.7 (2C), 129.2 (2C), 130.8,
134.5, 135.0, 142.8, 161.5 ppm; anal. calcd. for C;oH;5C1O: C 77.9, H 4.48; found: C 77.5, H
4.54 %.
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@—@o NS 30000
Fe DS . 4
IWK 29761.904 Hz
FIDRES 0.508261 Hz
Table 2, 3ha RO 0.5505524 sec
13 RG 32
C NMR, 125 MHz oK 16.800 usec
CDCl3 DE 6.50 usec
TE 290.2 K
ol 2.00000008 sec
b1l 0.03000000 zec
T 1

———ma
NUCL
Pl

PL1
PL1W
SFO1

——mm==== CHANMEL £2 ==

CPDPRGZ
NUC2
BCPD2
PL2
PL12
PL13
BL2W
PLL2W

T T T T
180 170 160 150

T
100

80

T T T T T T T T T

80 70 60 50 40 30 20 10 0 ppm

13¢
9.88

0.5
B82.16106415
125.7703643

waktzl6

i

80.00

1.00

15.34

20.00
15.50318813
0.57071728
0.19517338
500.1320005
16384
125.75776598
EM

o
1.00
o

1.40

== CHANNEL f1 ========

ETTTRBEE

9

=
=
o
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Table 2, 3cg
H NMR, 500 MHz
cDcl,
L
T T T T T T 7 T T ¥ T T T T T T T
0 7.5 7.0 6.5 6.0 5.5 5.0 9.5 .0 3.5 3.0 2.5 2.8 1.5 1.0 0.5
ol fin =)o)
(=121 ==Y e e S
(5 ) | ) 24
NM=-561=-13C (SR}
Current Data Parameters
ARERCARTE owomw HRME Nte-561-13C
......... R @ ExbRe T
PP ACE S @3 [ = GCNG 1
ananaaann REFEEER JERT
S\ 1 N\ F2 - Aequisicion raramters
Dats_ 20140507
Time 12,15
INSTRUM apect
FROBHD S mm FREBO BB/
FULPROG . zgpg30
TD 32768
SOLVERT £DCl3
NS 13595
DS 2
SWH 23761.904 Hz
FIDRES 0.908261 Hz
AQ €.5505024 sec
RG 30._5
DR 16.800 usee
DE 6.50 usec
TE 299.6 K
Table 2, 3cg b1 2,00000000 ses
ril 0,03000000 sec
13C NMR, 100 MHz 53 1
cDCl; e CHRNNEL £1 mmmmmmnn
SFO1 100.6404326 MHz
HUC1 13¢
PL 9.00 usec
PLW1 55.00000000 W
m=mmmmm= CHANNEL f2 ===
8Fo2 400.2015008
HUC2 1H
CFOPRG (2 waltzlé
PCPD2 90,00 vser
PLWZ 10.00000000 W
PLW1Z 0.29660001 W
PLW13 0.24025001 W
F2 - Processing parameters
5T 16304
SF 100.6203%82 Hbz
WDW EM
558 0
LB 1.00 Hz

| L0 , 2 ° L1

T T T T T T
140 13¢ 120 110 100 S0 80 0 €0 30 10 3¢ 20 10 |22
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1.137
2.370

Table 2, 3af
"H NMR, 500 MHz
CDCI;
A — ,
B IU 7 T 5 P lﬁ T T T T T T T T T T T T
. . 6.5 6.0 5.5 5.0 4.5 a.e 3.5 3.0 2.5 2.8 1.5 10 as 'Pm
S(S [0
IS I =
223%25:;; N~ M@ oD o~ NAME HM-185-13C
N [N N N--E ] [ EXPRO L
O N NN h O en oy Ca LR ] .
R R R oA D o FROCNO 1
PR QUL R b b ) B A o Date 20120404
\) L/// \W//' Tine 13.01
INSTROM spect
PROPHD 5 mm PABEC BB-
PULFROG zgpg30
™ 32748
SOLVENT coeL3
NS . 244
o5 5
SHH 24761.904 Hz
FIDRES §.90B261 Hz
ag 0.5509524 sec
RG 32
oW 1§.800 naec
DE 6.50 usec
TE 300.1 K
Dl 2.000C000Q0 gec
pil 0.03000000 sec
DO 1
wec===r= CHANNBEL fl =o=wmm==
Ngcl 13c
B 9,88 usec
Table 2, 3af PL1 0.50 db
13 PL1N 82.16106415 W
C NMR, 125 MHz SPOl 125.7703643 MHz
CDCI3 mmmizrmm CHANNEL £2 ®z=cwo=s
CPDFREZ walbzlé
NUC2 1H
PCED2 80.00 vaec
PL2 1.00 dB
PL1Z2 16.50 dB
#L13 20.00 dB
PL2R 15.50318813 W
FLI2W 0.43693921 W
PL13K 0.19517358 ¥
SFO2 500.1320005 MHz
31 16388
SF 125,7577750 MHZ
WDW EM
3B 9
: L& 1.00 Hz
! B ]
PC 1.00
"
o L " P
L!l - " Asuminsinhiviag

T T T T T T T
150 140 139 120 110 100 a0 80 70 60 S0 40 30 20 10 0 ppm
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7.559
7.546
7.543
7.308
7.499
7.489%
7.482
1.396
7.390
7.37%
7.373
7.358
7.345
7.280

L~h=§=g;$3§§s Lééggg;ézﬁ*

Table 2, 3ad
H NMR, 500 MHz
CcDCl;

1.343

T T T T T T T T T T T T T T T T
3.0 7.5 7.0 6.5 5.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm
El) a\k‘ o]
[N | o,
ieifes] K
o gezenne
@ w SR RER R AD WY 00 O 0D D w o
. T DM T o - =T
o~ Nthme - e e e e ..
A AmMEaNS A O ]
Current Data Parameters
NAME NM-446-13C
EXPNC L
PROCNO 1
F2 - Beguisition Parameters
Date_ 20130830
Time 13.49
INSTRUM spect
PROBHD 5 mr PABBC BB/
PULPRQG zypg30
32768
CDCl3
575
Table 2, 3ad g':m 26041 66: Hz
'3C NMR, 100 MHz FIDRES 0.794729 Az
CDCI; AQ Q.6291456 s&cC
RC 64
DW 19.200 usec
DE 6.50 usec
TE 300.5 K
Dl 2.00000000 sec
D11 0.03000000 sec
‘TDO 1
=nmcan=s CHANNEL fl ========
1208 100.6419130 MKz
NUC1 13¢
Pl 9,00 usec
PLW1 55.00000000 W
400.2016C008 MEz
NOC2 18
CPDPRG[2 waltzl6
PC2D2 90.00 usec
PLW2 16.00000000 W
PLW1Z 0.29660001 W
PLW13 0.24025001 W
F2 - Processing parameters
51 16384
J SF 100.6303550 MKz
" ™ e L IS " HOW EM
W SR : - T on
LB 1,00 Hz
GB
T T T T T T T T T T T T T T T T T T TP 1.40
160 150 140 130 126 110 1400 80 80 70 60 50 10 30 2C M| 0 ppm
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—2.457
—2.307

0.096

Table 2, 3ab
H NMR, 500 MHz
CDCl;
JA |
T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2 1.5 1.0 0.5 0.0 ppm
J5e] ) R 1 oIS
MOV WD NO M ™MW AN
EMMmw=i0nn 0@ MmN Do Ow TAmC@H A w @O -y Current Data Parameters
BN N NS OO0 D SragEnaoens a0 NAME Jun25-2024
AR AANNN NN NN NN NS A oo EXPNO 1
e R R R R R e e e e R R ] W@~~~ NN
PRACHO 1
Wﬁ NW‘ \/ F2 - Acquisition Parameters
Date_ 20140625
Time 1%.01
INSTRUM Spect
PROBHD 5 mm PABBO BR/
PULPROG zgpgl0
TD 32768
SOLVERT CcDprl3
w3 2048
DS 4
SWH 24038_4€1 Hz
PIDRES 0.733596 Hz
AD 0.6815744 sec
RG 203
DY 20,800 usec
DE €.50 usec
TE 300.5 K
Dl 2.00000000 sec
Table 2, 3ab D11 0.03000000 sec
13C NMR, 100 MHz e !
CDC|3 mxmmmmme CHANNE] ] =eossme
SFO1 100.6404326 MHz
NUC1
Pl 9.00 usec
PLW1 55.00000000 W
—_— = CHANNEL £2 — ———
. SFO2 400,2016008 MHz
Ruc2 11
CPDPRGI2 waltzlé
BLPD2 90,00 asec
PLW2 10.00C00000 W
PLW12 0.29660001 W
PLW1i3 0.24025001 W
F2 - Frocessing parameters
sI 32768
sF . 100r, 6303561 MHz
whw EM
858B 0
LB 1.60 Rz
GB o
BC 1.40
4
By
]
T T T T T T T AN T T T T T T T T
150 140 130 120 110 100 %0 [:1e] 70 60 50 40 30 20 10
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5,946

/
S
S

3,917

Table 2, 3aj \
H NMR, 400 MHz

0.037

CDCl;
A
T T T T T T T T T L] T T T T T T T T
8.0 7.5 7.0 6.5 6.0 3. 5.0 4.5 13 3.0 3.0 2.5 z.0 1.5 1.0 Q.5 0.0 ppm
A E' .
S| |~ ]
| l= 5 et
Current Data Parameters
2 B3BRBATZ 3 rhroswo o NAME Jul04-2014
- ORI NN©TM o
- seoceeNs w o 0 LOSTTTaN > EXPNQ 32
5 SROSSARD § sereeeg s pROCHO 1
\\ \ // \ i | | W/ | F2 - Acquisition Parameters
Date_ 2014G707
Time 2.16
INSTRON spect
PROBHD 5 mn PABBO BB/
BULEROG 2g9pg30
D 32768
SOLVENT ° CPCl3
NS 4000
DS 4
SWH 24039.461 Hz
FIDRES }.733596 Kz
AQ 0.6815744 sec
RG 203
oW 20.800 usec
DE 6.50 usec
TE 300.0 X
D1 2.00000000 sec
o D11l 0., 03000000 sec
Table 2,3aj \ oo 1
13 o CHANNEL f] =wwermers
C NMR, 100 MHz SFOL1 100. 6404326 MHz
CDCl; WUCL 13
Pl 5.00 usac
PLW1 55.00000000 W
c £2
SFD2 400.2016088 iz
Nuc2 in
CPDPRG(2 waltzlé
FCPD2 90.00 usec
PLW2 10.00000040 W
PLW12 1.2%660001 N
PLW13 0.24025001 W
F2 - Processing paramsters
ST 32768
SF 100.€30353% MHz
woW M
3sB o
Lp 1.00 Hz
GB [}
J | m P 1.40
L l \ l " I ) L 1
T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 ico 90 :1) 70 60 50 40 30 20 10 0 ppa
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Table 2, 3fh
"H NMR, 500 MHz
CDCl3
- . k — NL
T T T T T T T T T T T T T T T
8.0 1.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 j3
A
Al s E ol e E
» Current Data Parameters
- D B oy O L G s NAME NM-470-13C
4 REadrE Howmemen EXFIO 1
a BEREST  R88R8JR% PROCNO 1
Y a
| \V‘/ W/// Fi - Acquisition Parametere
Uace_ 20140110
Time 15.37
INSTRUM BpECE
PROBHD 5 mm PAEBO Bb-
FUL2?RUG zgpgl 0
D 32768
SOLVENT CDCl3
[ 3762
rs s
SwWH 26315.789 Uz
FICRES 0.80309% Hz
AQ . 0.6225920 s8¢
RG 210.78
DH 15.000 usec
DE .50 usec
TR 258.4 K
o 2.00000000 sec
Table 2, 3fh 25; a u:ounnn$ aec
13C NMR, 75 MHz
CHANNEL £l
CDCl3 5POL 75. 4752948 Miz
HUCL 13¢
BL 9.25 usec
PLHL 34.00000000 W
CHANNEL [2 ==a==e==
SPOZ 300.1312005 MHz
Hucz 1H
CPDPRG [2 walrzlé
BCPFD2 90.00 usec
PLUu2 6.95840021 W
BLWl2 0.17545000 W
PLI#13 0.14211001 W
F2 - Processing parameters
51 32768
SF TE.4R7937% MHz
WD EM
55| Q
LB 1.C0 Hz
GB a
PE 1.40
LI Ui
oy T T T T g
250 200 150 100 50 -50 ppm
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7.703
7.689
T.676
7.634
1.617
7.605
7.595
7.591
7.579
7.541
7.52¢
7.511
7.473
7.458
7.443
7.390
7.375
7.361
7.260

Table 2, 3gi
H NMR, 500 MHz
CDCl;

0.070

5.3 5.0 4.5 1.0 3.5 3.0 2.5 2.0

.19

142.39
140

136.71
135.21
133.21
132.85
131,61
129,08
128.96
129.06
127.29
127.22
126,22
126.15%
120,41
116.33

i

3

Table 2, 3gi
13C NMR,75 MHz
CDCl;

T T T T T T T T T MAARAS Raianad

80 80 74 &0 L1 40 30 20 10

Current Data Pazameters

NAME NM-564-13C
EXPHO 1
PROCNO 1

F2 - Acquisition Paramecters
Date_ 20140508
Time 9.24
INSTRUM spect
FROBHD € mm FABBO BB-
PULEROG zqpg30

™ 32768
SOLVENT CDC13

S 17704

s 4

SwY 21925.824 Hz
FIDRES 0.669245 Hz
AQ 0.7471104 mac
RG 210.78

DW 22.800 usec
DE §.50 usec
TE 298.9 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

« £1

BFO1 T5.47529849 MHz
NUC1 13¢C

Pl 9.25 usec
PLHL 34.00000000 W
mewmmnnx CHANMEL E2 sass=z==
5r02 300.1312005 MHz
NUC2 1H
CPDERG [2 waltzl&
POPD2 50.08 usec
PLN2 6.99840021 W
PLW1Z 0.17545000 W
PLW13 0.14211001 W

F2 - Protessing parameters
32T6E

SF 75.4677371 MHz
WD BM

$SB ]

LB 1.00 Hz
[<:] 0

BC 1.40

S-18




3.823

_—6.863
- 5.846

z.362

Table 2, 3ia
TH NMR, 500 MHz
CDCl,

T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm
5 I = S 5
I i - | i
NAME sepl1-2014
s B 3mm 283 geguans 2 2 Ehocio i
2 & aal 283 S m e 5 o Date_ 20140911
— A A — € ==~ W ~ Time 13.37
INSTRUM spect
] PROBHD 5 mm PABEO BB-
PULPROG 2gpg30
™ 32768
SOLVENT €DC13
NS 1200
DS 4
SWH 29761.904 Hz
FIDRES 0.508261 Hz
aQ 0.5505524 sec
RG 32
oW 16,800 usec
DE §.50 usec
TE 301.5 K
o1 2.00000000 sec
D1l 0.03000000 sec
DO 1

Table 2, 3ia
3¢ NMR, 125 MHz
CDCly

| l L. L |

s======= CHANNEL f1
1

HUC1

Pl

PL1 0.5
PLIW 82.16106415
SPO1 125.7703643

T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

PLL3 0,00
PLZW 15.50318813
PL12W 0.57071728
PL13W 0.19517358
SFO2 500.1320005
s1 16384
SF 125.7577€80
WDW EM
$3B 0
LB 1.00
B 0
BC 1.40

T

0 ppm

S-19




Table 2, 3ac
TH NMR, 400 MHz
CDCl;

5.0 4.5 4.0 3.5 3.0 1.5 1.0 0.5 PPm
] |ea | =
[~4] [H]]= [\
ﬂ'{ Ahni &
B NM-533- 13C
o -
wohg M w @ o oo O @
ms S@nsen o SRR en o
gﬁﬁ 3 [l e HEE N® =
Vi [NV W1
Current Data Parameters
NAME NM-649-13C
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20141015
Time 11.16
INSTRUM spect
/ﬂ PROBHD 5 mm PABBQ BE-
) 5 PULPROG z2gpg30
= TD N 32768
SOLVENT €DC12
Table 2, 3ac xS 45
13C NMR., 75 MHz ggﬂ 18023.842 Hz
’ PIDRES 0.550197 Hz
CDCI 0.9087659 sec
3 RG 210.78
DR 27.733 usec
DE 6.50 usec
TR 302.3 K
D1 2.06000000 sec
D11 0.03000000 sec
™0 1
[ L £1 zxsxamen
SroL T5. 4752945 MHz
RUCL . 13C
P1 - $.35 usec
PLML 34, 89000000 W
£3 smzoxme=
#p02 386.1312005 Wiz
w2 1K
CFDPRG [2 waltzlé
PCPD2 90.00 usec
PLW2 §.99840021 W
PENL12 0.17545000 W
PIW13 0.14211001 W
P2 - Processing parameters
SI 3276
SF 75.4677380 MHz
WDW BM
SB 0
B 1.00 Hz
GB ]
T T T T T T T b 1.40
80 70 60 50 40 30 20 ppm
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Table 2, 3ic
TH NMR, 500 MHz
CDCl,

waonw

wagne T O W M@ M@ N N N oD M o

gaeng rp R N P e e S 2 S o
RARRE EEER R SRR I R R SR R R P
anns ? H YT IS T TR anaaan ! o
V/ v Tiggg;:;:ﬁﬂﬁﬁHHﬁHHﬂﬁHHHHHHHﬁHHcoo

6.

Q

e

00
03
e
37
1.25
67
1.79

. NM-657-13C
g 2% =2 wemame o PP
. .. - W= O@w N D = OB
a2 a3 a < N Ywe o TR
Current Data Parameters
NAME NM-657-13C
EXPNO 1
PROCNQ v 1
F2 - Acquisition Parameters
Date_ 20141015
Time 11.02
INSTRUM spect
PROBHD 5 mm PABBO,BB-
\ PULPROG zgpg3o
. TD N 32768
Table 2, 3ic SOLVENT epels
13 DS a
- >C NMR, 75 MHz SwH 18028.846 Hz
. FIDRES 0.550197 Hz
CDCI Q 0.9087659 sec
3 RG 210.78
DW 27.733 uséc
DE 6.50 usec
TE 302.3 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
===w==== CHANNEL f1 e
SFO1 75.4752945 MHz
NUC1 13¢C
Pl 9.25 uasec
PLW1 34.00000000 W
CHANNEL f2 ====ms«=
SFO2 300.1312005 MBx
NUCz2 1H
CPDFRG[2 waltzlé
PCPD2 90.00 uesec
PLW2 6.99840021 W
PLW12 0.17545000 W
PLW13 0.14211001 W
F2 - Processing parameters
51 32
SF 75.4677353 MHz
DW EM
ISSE 0
- LB 1.00 Hz
GB a
T T T T T T T T T T T T B 1.40
120 1c0 S0 80 70 60 50 40 30 20 10 ppm
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Table 2, 3ik
1
H NMR, 500 MHz
CDCl,
T T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 3.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 .5 0.0 -0.5 ppm
L Nj a
ol o~ —
| i s
2 28 e M Mmoo 0 o
. L) - Med NP ~ o™
[oad ~N o -3 o e a4 4o . .
Lyl ™o — oW ~rr-wem - f=1
- — el S -~ ™ 1
| } ) ' \ / W NANE WH-656-13C
o EXPNO 1
PROCNG 1
Date_ 20141014
Time 18.15
INSTRUM spect
PROBHD 5 imm PAHBO BB-
PULPROG Zgpg30
T . 32768
SOLVENT coe13
NS 839
DS 4
SWH 36231.883 Hz
FIDRES 1.105709 Hz
2Q 0.4522484 sec
7\ / G 32
— Y=—=s8j— bW 13.800 usec
\—/ \ DE 6.50 usec
TE 301.2. K
. D1 2.00000000 sec
Table 2, 3|k D11 0.03000000 sec
DO 1
13
C NMR, 125 MHz
CDCI3 PLL 0.50 a8
PLIN 82.1610641% ¥
BFOL 125. 7707643 MHz
2
CRDIRG2 waltalé
woc2 18
BCRFD2 89.92 usec
PL2 L.40 aB
PL12 3538 @8
FEL3 38,00 o8
PL2W 15.603188%3 ¥
PLL2W 0.57071728 W
PLL3W 0.18517358 w
SFO2 500.1326€05 NHz
sr 163684
SF 125.7577693 MHz
woR X
5SB [
1B 1.00 Hz
GB 0
I EC 1.00
T ¥ T T T T T T T T T T T T T ¥ T T
170 160 150 140 13¢ 120 110 100 a0 BO iy 60 50 410 a6 2¢ 10 s} pem
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Table 3, 5ac
H NMR, 500 MHz
CDCl,

T T
b3 . -0.% ppm
9.0 8.5 B.C 7.5 7.0 6.9 6.0 5.% 5.0 4.5 4.0 3.5 3.9 2.5 2.0 1.5 1.0 0.5 0.0 PP

Codinawn oo W o

ANFlvwematem o - oo e mied SN @

ST . . o o e s MO ®w W@ -

e dooBanmm ' ! N n®

Pmn m N NN NN o owr e ~@®m NGe °

HeA A A A A k] @ MeN NA o
‘NAME HM-5474-13C
EXENO 1
FROCHC 1
Date_ 20140227
Time 18.58
INSTRON spect
PROEHD 5 mr PABBO EB-
PULPROG I9pg30

™ 2768
W' BOLVENT cocl3
— A ¥ . 365
Ds 1
OO SWH 29761.904 Hz

FIDRES 0.908263 Hz
a0 0.5505524 sec
RG 32
[ 16.800 umec
Table 3, 5ac DE 6.56 xec
13, . TE 2989.5 K
C NMR, 125 MHz Dl 2.00000000 sac
CDCly . 11 0.03000000 sec
100 1
mmmwracza CHANNEL fl ssesxcoocs
ROC1 13¢
Pl 9.88 usac
PLL 0.50 dB
ELLW 82.16106415 w
srOL 123.7703643 WHz
==wwmuss CHANREL £2
CPDERGD waltzlé
yuc2 1H
PCPDZ 80.00 usec
L2 1.00 dB
PL12 15.04 48
PLLS 20.00 ar
PL2W 15.50318813 w
PL12K 2.57071728 ¥
PL13N 2.195173%8 w
sroz 500.1320005 NHz
5T 16344
sF 125. 7577735 MHe
WDw EM
S8R [
e %.00 Hz
68 a
’ BC 1.00
wl LML | -— L R
ey T .y e vy . )
T F T T T T T T T T T T ] I T T
150 140 130 120 110 100 a0 80 70 60 50 40 3 20 10 0 ppm
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Table 3, 5ag
H NMR, 400 MHz

cDCl,
A
Y T T ~r T T T T T T T T T T T ¥ Ly T
9.5 9.0 8.5 .0 7.5 1.0 €.5 €.0 5.5 0 4.5 4.0 3.5 3.0 2.9 2.9 1.3 .0 0.8 PPm
gl i =] = || a:
B I | I PN =
DA AN AU T NS
NN O =&~ 0 U R N o - oy
P T R R S @@ WO
@ 1B DB D DD N S .
0 M OO O el NN NN N @ - NAME NM254-13C
R R PR R A R R b Do e EXENG 1
2 Y 1
Daze_ 20140422
Timg 14.59
INSTRUM spect
PROBHD 5 mm PASBO BB-
PULPROG zgpg30
™ 32768
SOLVENT CDCL13
N§ 449
DS 4
SWH 29761.904 Hz
FIDRES 0.908261 Hz
AQ 0.35505524 sec
RG 32
DU 16.800 usec
DE €.50 usec
TE 2997 K
. bl 2.00000000 sec
Dpll $.03000000 zec
Table3, 5ag ™ 1!
13,
c NMR’ 125 MHz =m====== CHANNEL f] me===—===
CDCl3 HUCL 13¢C
Pl 9.88 usec
PL1 0.50 dB
PL1N 82,16106415 W
srel 125.7703643 ¥Hz
mm====== CHANNEL £2 =w======
CPDPRG2 waltzlé
KOC2 1H
PCPDZ 80.00 usec
PLZ 1.00 dB
PL12 16.50 dB
BL13 20.00 dB
bL2W 15.50318613 W
PL12W 0.43693921 W
PL13W 0,19517358 W
SFO2 500.1320005 MHz
s1 16384
SF 125.7577734 MHz
WDW EM
J S8B 0
R LB 1.00 Hz
ot L . - dvindiripbin - il = 0
PC 1.40
T T T T T T T T T T T T T T T T T
160 1560 140 130 12¢ 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Table 3, 5aa
"H NMR, 400 MHz
CDCl;
A
T T T T T T T T T T T ¥ T T T T T T
8.5 8.0 1.5 7.0 6.9 6.0 3.3 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppa
2 [FIE \Sr = ~
- ESIS{RPY o~ 5 o
4 YZNROSNCSREGERT wo wwes " current Data Parameters
e e e e 4 e v e " e @ A o @ - NAME Feb24-2014
-] [ Rt Bk R R R A R R R R . Lo .
wny MM e et NN NN - @ e wn EXPHO 2
Ll A A A A A A o o o~~~ 'l PROCNO 1
| SN NE% S —
Date_ 20140224
Time 16.02
INSTRUM spect
PROBED 5 mm PABBO BB/
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F2 - Acquisition Parameters
Date 201408606
Time 21.08
THNSTRUM spect
PROBHD 5 mn PABBO BB/
PULPROG 2gpg30
D 32768
SOLVENT cocls
NS 3200
DS q
NG SWH 24038.461 Hz
FIDRES 0.733596 Hz
a0 0.6815744 suc
Table3, 5bd fjm‘? 20 ggg
13 - uasec
C NMR, 100 MHz DE £.50 asec
CDCly TE 301.1 &
Dl 2.004000000 sec
D1l 7.03000000 sec
TDO 1
m=mmmmmm CHANNEL 1 ==msmmes=
SFOL 100.6404326 MHz
HOCL 13C
Fl 9.00 asec
PLH1 55.00000000 W
CHANNEL fZ
SFO2 400,2016008 MHz
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PCPI2 90.00 usec
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Table 3, 5¢ca
H NMR, 500 MHz
CDCl3
A
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13C NMR, 100 MHz
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NAME Aprls-2014
EXPNO 2
PROCNQ 1
F2 - Acguisition Paraneters
Date_ 20144456
Time 20.97
INSTRUM spect
PROBHD 5 mm PABBC BB/
PULPROG 2gpglo
0 : 32768
SOLVENT 7DC13
NS 2048
o5 4
5w 24038.461 Hz
FIDEES 0.733596 Hz
AQ 0.6815744 sec
RG 203
DR 20.800 usec
DE 6.50 vaec
TE 370.7 K
Dl 2.00000000 sec
ni 0.03000000 sec
DO 1
mmmmaxme CHANNEL f£1
SFO1 100.6404326 MHz
Npcl 13c
Pl 9.00 usec
PLKL 55.00000000 W
CHANNEL f2
400,2016008 MHz
wuc2 1K
CPDPRG[2 waltzlé
PCED2 90.00 usec
PLWZ 10.00000000 W
PLW12 0.29660001 W
PLA13 0.24025001 W
F2 - Proceéssing paranctera
8L 32768
SE 100. 6303609 MHz
WDW EM
S3B 0
LB 1.00 Hz
GB 0
PC 1.40
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Scheme 2, 7aa
H NMR, 500 Mhz
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SOLVENT cDCl3
F NS 2048
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N7 SWH 24038.461 Hz
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Scheme 2, 7aa :ﬁ . 20 ggg
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3C NMR, 100 Mhz e §.50 usec
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Nucz 1H
CPDPRG{2 waltzle
PCPD2 20,00 usec
PLM2 10.40000000 W
PLN12 0.29640001 W
PLU13 0.24025001 W
F2 - Processing parameters
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SF 100. 6303562 MHz
WOW EM
n A A
LB 1.00 Hz
GB
T T T K T T T T T T T T T T T T T il 1.40
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cl Scheme 2, 7bj
H NMR, 500 MHz
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J —
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F2 - Acquisition Parameters
Date_ 20140625
Time 21.24
INSTROUM spect
PROBED 5 m PAEBO BE/
PULPROG 2gpgio
o 32768
SOLVENT €DC13
NS + 3072
DS 4
SWH 24038.461 Hz
FIDRES 0.733596 Hz
ag 0.6815744 sec
RG 203
oW 20.890 usec
DE 6.50 usec
TE 300.5 K
Dl 2.00000000 sec
Dll 0.03000000 aec
DO 1
cl - Scheme 2, 7bj CHANNEL £1 -
C NMR, 100 MHz SFOl 100.6404326 MHz
CDCly NUC1 13C
Pl 9.00 usec
PLNL 55.00000000 W
it CHANNEL £2 s s .
802 400.2018000 Mz
NUC2 1
CFDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 10.00000000 W
PLW12 0.23660001 w
PLW13 0,24025001 w
F2 - Processing parameters
5I 32768
SF 100. 6303560 MHz
WoW EM
S3B 0
LB 1.00 Kz
GB 1]
J |k pc 1.40
. J |
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Scheme 3, 9aa
1
H NMR,500 MHz
CDCl;
A JL
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a=e e e 8% %38 o 2 NAME NM-636-13C
[uE=ldl (= . - L . M EXPNO 1
fcBu i SR et 28 EEF B S PROCNO 1
\f.f | \ { \/ W F2 - Acquisition Parameters
Date_ 20140509
Time 13.22
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULEROG zgpg30
32768
SOLVENT cncl3
NS 128
DS ‘ 2
/ SWH 26041.666 Hz
J— FIDRES 0.794729 Hz
— (@] ag 0.6291456 sec
RG
DH 19.200 usec
DE §.50 usec
TE 0K
138cheme 3, 9aa 1 2.00000000 sec
D11l 0.03000000 sec
C NMR, 100 MHz TDO 1
CDCI3 ~ CHANNEL fl ========
SFOL 100.6419130 MHz
NUCL 13C
Pl 9.00 usec
PIN1 55.00000000 W
=zamwuz= CHANNEL £2 =dtmme=
SFO2 400.2016008 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCED2 90.00 usec
PLW2 10.00000000 W
PLW:2 0.29660001 W
PLW13 0.24025001 W
F2 - Processing parameters
s1 16384
SF 100,6303599 MHz
wow EM
SSB Q
1B 1.00 Hz
GB o
PC 1.40
T T T T T T T
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Scheme 3, 9ba
TH NMR,300 MHz
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NAME FM-644-13C
EXPNO 1
PROCRO 1
F2 = Acguisition Parameters
Date_ 20140918
Time 18.53
INSTRUM spect
PROBHD 5 mm PARBO BB/
PULPR zgpg30
D 32768
SOLVENT CDC13
NS 688
DS . 2
SWH 26041.666 Hz
FIDRES 0.794728 Hz
A0 0.6291456 sec
O RG 203
DA 19,200 usec
DE 6.50 usec
TE 300.3 K
13SCheme 3’ 9ba Dl 2.00000000 sec
D11 0.03000000 sec
C NMR,100 MHz 00 1

CDcl3 = [T —
SFOL 100.6429130 MHz
NUCL 13C
Pl 9.00 usec
PLWL 55.00000000 W
mmmmmmme CHANNEL £2 mmmmmmms
sFO2 400.2016008 Miz
ic2 H
CPDERG[2 waltz16
CPD2 50.00 ussc
PLW2 106.00000000 w
PLW12 0.29660001 W
PLW13 0.24025001 W

F2 - Processing pafameters
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Scheme 3, 9cl
TH NMR, 500 MHz

CDCl;
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Date_ 20141015
Time 10.28
INSTRUM spect
PROBHED 5 mm PABBQ BB/
PULPROG zgpg30
TD 32768
SOLVENT cDCl3
NS . 1997
DS 2
SWH 26041.666 Hz
// FIDRES 0.794729 Hz
N AQ 0.6291456 sec
| RG 64
NG oW 19.200 usec
DE 6.50 usec
TE 320.5 K
. Scheme 3, 9cl Dl 2.00000000 sec
13 D11 0.03000000 sec
13C NMR, 100 MHz =~ ™ '
. m======= CHANNEL fl == =
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c L £2
SFC2 400.2016008 MHz
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PLW13 0.24025001 W
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‘ | BC 1.40
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Scheme 3, 9dI
H NMR, 400 MHz
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Time 13.01
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F2 - Processing parameters
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Fil%ure 2 (a) TEM image of Ni(0) nanoparticles. (b) Ni(0) nanopaticles fringe calculation from
HRTEM image.
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Figure 3. Histogram of the size of Ni(0) nanoparticles obtained from the TEM image.
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UV-experiment for the observation of the progress of the reaction

The progress of the reaction was clearly tracked by UV study. The characteristic peak of the
reactant 1d was obtained at 269 nm while the same for product 3dc (Figure 4(a)) was found at
283 and 301 nm. Thus the formation of 3dc was chosen as model experiment and the cross
coupling between 1d (0.10 M) and 2¢ (0.10 M) at 100 °C in NMP was monitored in situ by UV.
The diminution of 1d and creation of 3dc were clearly shown by shifting of the peak position
from 270 nm and evolution of two new peaks at 283 nm and 300 nm (Figure 4 (b)). Increase in
the concentration of the product was observed with time.

— Reactant 1d
Product 3de

Absorbance

0.54

0.0+

200 250 300 350 400 450 500
Wavelength (nm)
(a) (b)

Wavelength (nm)

Figure 4. (a) UV-spectra of reactant 1d, and product 3de. (b) /n situ UV-spectra for the reaction
of 1-(2-bromoethynyl)-4-methoxybenzene and 1-octyne in the standardized reaction conditions
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