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1. General information:

Starting materials and solvents were purchased from common commercial sources and
were used additional purification. The gas chromatography analysis was performed on a
GC instrument. 'H- and *C-NMR spectra were recorded from CDCl; and DMSO solutions
on a Bruker AM 250 spectrometer, using TMS as internal standard.

PhCH; was distilled from sodium and benzophenone under argon atmosphere prior to use.
DMF was distilled under argon. DMSO for polymerization reactions was of reagent quality
and used as obtained from commercial sources.

Formic acid was refluxed on Phetalic anhydride for 6h and distilled.

2. Procedure for formation of Benzo-bis(imidazole) 1:

1,2,4,5-Benzenetetraamine tetrahydrochloride (284 mg, 1.00 mmol) was poured into a
round bottom flask was charged with a magnetic stir bar. Formic acid (88-99%) was added
and the flask was fitted with an air-jacketed condenser. The reaction carried out in an oil
bath at 100 °C for 36 h. The reaction mixture was then allowed to cool, decanted into ice-
cold water (equal volume to formic acid) and neutralized with K,CO;. Neutralization
caused precipitation of the product which was collected via vacuum filtration, washed with
cold water, and dried under vacuum over P,Os.

The desired product as a light brown solid:; '"H NMR (250 MHz, DMSO-d6, D,0) 6 7.651
(s, 2H), 8.156 (s, 2H); '*C NMR (250 MHz, DMSO-d6) & 99.67, 135.38, 143.01.
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3. Procedure for formation of Tetrabenzyl benzo-bis(imidazolium) bromide 2a:

In a well-dried two necked 100ml Schlenk flask, bis(imidazole) (576 mg, 3.64 mmol) was
added to a solution of NaH (298 mg, 60 wt %, 7.46 mmol) in PhCH3 (30 mL) under argon
atmosphere. The resulting solution was heated to 110 °C for 1 h, after cooling the solution
to room temperature, benzylbromide (2.61 mL, 21.84 mmol) was added via syringe. The
suspension was placed in an oil bath at 110 °C for 1 h, then dry DMF (30 mL) was added
via syringe and the reaction was maintained at 110 °C for 6 h, then 60 °C for 4 h. Upon
completion, the suspension was allowed to cool, diluted with PhCH3 (50 mL) and the
solids were collected by vacuum filtration, rinsed with water and THF successively, and
dried under vacuum over P,Os to give a tan powder: '"H NMR (250 MHz, DMSO-d6) 6
5.828 (s, 8H), 7.341-7.351 (m, 12H), 7.533-7.550 (m, 8H), 8.847 (s, 2H), 10.458 (s, 2H),
3C NMR (250 MHz, DMSO-d6) § 50.99, 100.13, 128.9, 129.28, 129.40, 130.73, 133.82,
146.58.
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4. Procedure for formation of Tetrahexyl benzo-bis(imidazolium) bromide 2b:

In a well-dried two necked Schlenk flask, bis(imidazole) (475 mg, 3.00 mmol) was
added to a solution of sodium hydride (245 mg, 60 wt %, 6.10 mmol) in absolute toluene
(10 mL) under argon ambiance. The system was refluxed at 110 °C for 1 h then allowed to
cool to room temperature. 1-bromohexane (2.8 mL, 20.00 mmol) was added to reaction
mixture via syringe. The resulting mixture was stirred at 110 °C for 2 h, then dry DMF (10
mL) was added via syringe. The reaction was maintained at 110 °C for 10 h, then 60 °C for
6 h. The reaction mixture allowed cooling to room temperature. Then the concentrated
suspension in vacuum was added to 1:1 CH,Cl,/MeOH. After removal of insoluble NaBr,
to the resultant oil was added ethyl acetate until precipitation of the product occurred. The
solids were collected via vacuum filtration and dried under vacuum to provide 1.71 g
(86%) of the product as a light pink powder. 'H NMR (250 MHz, DMSO-d6) § 10.291 (s,
2H), 9.162 (s, 2H), 4.624 (t, J = 7.5Hz, 8H), 1.969 (p, 8 H), 1.291(m, 24H), 0.822 (t, J =
6.7Hz, 12H); *C NMR (250 MHz, DMSO-d6) & 145.98, 130.59, 99.62, 47.80, 31.12,
28.75, 25.83, 22.36, 14.28.
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5. Procedure for formation of Tetradodecyl benzo-bis(imidazolium) bromide 2c:

In a well-dried two necked 100ml Schlenk flask, bis(imidazole) (475 mg, 3.00 mmol)
was added to a solution of NaH (245 mg, 60 wt %, 6.10 mmol) in PhCH;3 (15 mL) under
argon atmosphere. The resulting solution was heated to 110 °C for 1 h, after cooling the
solution to room temperature, 1-bromododecane (4.8 mL, 20.00 mmol) was added via
syringe. The suspension was placed in an oil bath at 110 °C for 1 h, then dry DMF (10 mL)
was added via syringe and the reaction was maintained at 110 °C for 12 h, then 60 °C for 8
h. Upon completion, the suspension was allowed to cool. Then the concentrated suspension
in vacuum was added to 2:1 CH,Cl,/MeOH. After removal of insoluble NaBr, to the
resultant oil was added ethyl acetate until precipitation of the product occurred. The solids
were collected via vacuum filtration and dried under vacuum over P,Os to give 2.31 g
(77%) of the product as a light pink powder. vacuum: '"H NMR (500 MHz, CDCl3-d6) &

S3



10.076 (s, 2H), 9.534 (s, 2H), 4.933 (t, J = 6.35Hz, 8H), 1.984 (p, 8H), 1.247-1.353 (m,
80H), 0.899 (t, J = 6.9Hz, 12H), >C NMR (250 MHz, CDCl;-d6) & 14.06, 22.63, 26.47,
29.05, 29.30, 29.43, 29.50, 29.57, 29.59, 31,86, 48.97, 100.71, 129.729, 144.86.
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6. Typical procedure for polymerization 3a-c: Bis(imidazolium) bromide (1.0 mmol)
was dissolved in DMSO (5ml, ca. 0.2 M) and either Pd(OAc), (1.0 eqv, 112 mg), was
added in one portion. The solution was placed in a preheated oil bath at 110 °C and stirred
open-air for 5-10 h. The reaction mixtures typically darkened in color (to orange-brown) as
the reaction progressed. The cooled reaction mixture was added to H»>O. The result
precipitated polymer were collected via vacuum filtration and dried under vacuum.

7. Procedure for formation of 1,3-Dibenzylbenzimidazolium Bromide': NaOH (1.60
mL, 10 mmol) was added to a suspension of Benzimidazole (1.182 g, 10 mmol) in dry
CH;CN (20 mL). The resulting mixture was stirred for 1 h, then benzylbromide (1.20 mL,
10.00 mmol) was added via syringe. The was placed in an oil bath at 110 °C for 24 h, and
the solvent was removed. The residue was dissolved in THF, and insoluble NaBr was
filtered off before the solvent was removed in vacuo. The resulting residue was dissolved
in toluene (30 mL), and another portion of benzyl bromide (1.20 mL, 10 mmol) was added.
The reaction mixture was stirred overnight at 80 °C. The white precipitate formed was
filtered off and washed with toluene and diethyl ether. "H NMR (250 MHz, DMSO-d6):
0=10.23 (s, 1 H), 7.97 (dd, 2 H), 7.60 (dd, 2 H), 7.57-7.52 (m, 4 H), 7.43-7.38 (m, 6 H),
5.82 (s, 4 H). >C NMR (63 MHz, DMSO-d6): 0= 143.2, 134.3, 131.5, 129.5, 129.2, 128.8,
127.2,114.5, 52.5.
Bn
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8. Procedure for formation of (1,3-dibenzylbenzimidazole-2-ylidene),PdBr, 4:
Pd(OAc); (224 mg, 1.00 mmol) and 1,3-Dibenzylbenzimidazolium Bromide (760 mg, 2.00
mmol) were dissolved in 30 mL of THF in a two-necked flask under argon atmosphere.
After refluxing for 3-5 h and cooling to room temperature, the mixture was filtered through
a pad of silica gel. The solvent was removed under vacuo to give a yellow solid. The
product was separated by column chromatography. 'H NMR (400 MHz, DMSO-d6):
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5=7.64 (8 H), 7.44 (4 H), 7.39-7.26 (4 H), 7.43-7.38 (12 H), 6.10 (s, 8 H). '>*C NMR (63
MHz, DMSO-d6): 5= 175.0, 136.3, 134.3, 129.8, 128.9, 128.5, 128.3, 123.8, 60.4.
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9. General procedure for the Suzuki-Miyaura reaction catalyzed by 3a-c catalysts: A
mixture of phenylboronic acid (1.1-1.2 mmol), potassium carbonate (415 mg, 3 mmol)
complex 3a-c, aryl halides (1 mmol) and distilled water (3 ml) under atmosphere of argon
was heated with stirring. After the reaction, the reaction solution was cooled to room
temperature and the resulted suspend was extracted four times with diethyl ether (4x10
ml). The organic phase was separated and dried over MgSO,, and diethyl ether was
evaporated under reduced pressure. The final biaryl product was isolated by column
chromatography and identified by gas chromatography (GC) and nuclear magnetic
resonance spectroscopy (NMR).

10. Procedure for reusability test of 3c catalyst. The 3c polymer (0.05 mol % Pd and a
mixture of 4-chlorobenzaldehyde (10 mmol), phenylboronic acid (11 mmol), and K,CO3
(4.15 g, 30 mmol) in distilled water (30 mL) were placed in an oil bath at 80°C. After the
first use of the catalyst 3¢ to yield 95% of 4-phenylbenzaldehyde (Isolated yield), the
catalyst was separated and thoroughly washed with deionized water and EtOH and died at
40 °C under vacuum. The recovered materials were then successfully used in the same way
in 7 reaction cycles.

11. General procedure for the study of the effects of Hg(0), poly-(4-vinylpyridine)
(PVP), and SBA-propyl-SH on the 3a reactivity:

A solution of phenylboronic acid (5.5 mmol) 3-bromoacetophenone (5.0 mmol), K,CO3
(15 mmol), and poisoning agent (400 equivalent to total palladium content) in distilled
water (12 mL) was magnetically stirred at 60 °C. Then catalyst 3a (containing 0.0005 mol
% Pd) was rapidly added and the reaction progress was monitored by GC.

12. General Remarks concerning sampling for kinetic studies: In order to perform
these samplings, we have done the reactions in 20 mmol scale and the samples drawn out
as low as ~0.1-0.2 mL volume using a large number of disposable plastic syringes in 30
seconds intervals.
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13. Analysis of the polymers by gel permeation chromatography. The molecular weight
of the polymers was determined by Gel-Permeation Chromatography (GPC) technique
(Column Waters, 10000 A—DVB, a refractive index detector and, DMF as eluent). The m
olecular weight of the polymers was summarized in Table 1.

Table 1S. The molecular weight of the polymers

Catalyst Mw (Da.)
3a 136584
Recovered 3a 105452
3b 88459
Recovered 3b 84749
3c 85862
Recovered 3c 130776
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Figure 1S-1. Molecular weight of the organometallic polymer 3a
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Figure 1S-2. Molecular weight of the recovered organometallic polymer 3a
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Figure 1S-3. Molecular weight of the organometallic polymer 3b
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Figure 1S-4. Molecular weight of the recovered organometallic polymer 3b
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Figure 1S-5. Molecular weight of the organometallic polymer 3¢
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Figure 1S-6. Molecular weight of the recovered organometallic polymer 3¢

11.1 Dynamic laser light scattering: The dynamic laser light scattering experiments were
performed with the aqueous solution of catalyst 3a (0.0005 mol%) in the reaction
condition (A solution of phenylboronic acid (1.1 mmol) 3-bromoacetophenone (1.0 mmol),
K>CO3 (3 mmol) in distilled water (3 mL)) at scattering angle of 90",
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Figure 2S. Dynamic laser light scattering measurements for catalyst 3a

11.2 Dynamic laser light scattering: The dynamic laser light scattering experiments were
performed with the aqueous solution of catalyst 3a (0.0005 mol%) in the reaction
condition (A solution of phenylboronic acid (1.1 mmol) 3-bromoacetophenone (1.0 mmol),
K,CO3 (3 mmol) in distilled water (3 mL)) at scattering angle of 60"
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Figure 3S. Dynamic laser light scattering measurements for catalyst 3¢ at initial point of the reaction
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Figure 4S. Dynamic laser light scattering measurements for catalyst 3¢ after 2 hours
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Figure 5S. Dynamic laser light scattering measurements for catalyst 3¢ after 8 hours

12. Thermal gravimetric analysis (TGA) of polymers 3
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Figure 6S. Thermal gravimetric analysis (TGA) of polymers 3. This data significantly shows the high
thermal stability of this main chain organometallic polymer.
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Figure 78S. Induction period of Suzuki coupling reaction of 3-bromoacetophenone with phenylboronic acid

by using 3¢ under normal (blue square), and in the presence of 400 equiv. PVP (pink square) catalyst in
water
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13. 'H and PC-NMR spectra data.
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Tetrabenzyl benzo-bis(imidazolium) bromide (in DMSO-dj)

0T

wdd Q

Bn Bn
\N N/
<(@ @)>

N N
AN
s o©  Bn

S16

10.458

B.847

7.550
= 1533
~—7.358
7

.341

5.828




8,72

12.51

Bn Bn
\N N/
<(@ @)>

N N
AN
s o©  Bn

Tetrabenzyl benzo-bis(imidazolium) bromide (in DMSO-dj)

o°s

"L

59

wdd

S17

____—17.550
TTTT——7.533

____—17.358
—7.341

5.828



081
i

021
1

00T
i

08

oF

™

091
|

ovT
1

Bn Bn
\N N/
<3§> c>j>

N N
AN
s o©  Bn

Tetrabenzyl benzo-bis(imidazolium) bromide (in DMSO-dj)

ﬂmﬂﬂ“

S18

146.58
133.82

——130.37
129.40

_siigzlzg:ze
128.96

100.13

50.99
40,92
40.58
40.25
39.92
39.58
39.25
38.92

N



621 OET TET CET EET PET SET

821

LT
Tt | R A
P YT T N wwm'\ Hl

9cZ1

SZtl

el L

e

| ﬁwﬁ (W‘”‘W P

|

Bn Bn
\N N/
<(@ @)>

N N
AN
s o©  Bn

Tetrabenzyl benzo-bis(imidazolium) bromide (in DMSO-dj)

S19

— 133.82



\"’4/\N N/\M{
<(® @)>
AN 5 AN

2Br

Tetrahexyl benzo-bis(imidazolium) bromide (in DMSO-ds)

_<2.00 _ ] S— 10.291
2
T B N— __——9.162
© T 9.096
o —
\"_
m-—
o
—_— ] : _—4.651
5 \4.624
: 4.596
-~
u_
r 2.482
. 8.24 N 1.969
25.24 ] 1.291
11.63 — 7 7 ) __—0.849
e 1 T~ N ann
: V.04L4
B }
o]
'S ]
=

S20



(03]
W
(o)
174
[T YN
O\ ¢
N
A

\M{\N N/\H4/
<(@ @)>
P e N

2Br

Tetrahexyl benzo-bis(imidazolium) bromide (in DMSO-ds)

o 2.482
® ]
o 1.969
E_.ﬁ

1.291

___—0.849
T 0.822

T

S21



08t ooz

09T

OFT

SO

N e

Tetrahexyl benzo-bis(imidazolium) bromide (in DMSO-d¢)

145.98

oot 0ET

08

09

130.5%

99,62

47.80
40.96
40.63
40.30

oF

39.96
39.63
39.29%

oz

28.75

25.83
22.38
14.28

L
T N 31,12
\

S22



wad

Lt Lo o i

)

(

v g g
I\l\ﬂllll\ll\llﬂlll

[

0

AR R R R R NS RN SRR R R N W 0 I I 1 08 NI OF AU AA O S N0 R B WY

SN

10 <<E§:

10

28r°

N O
@)>
N A

Tetradodecyl benzo-bis(imidazolium) bromide (in CDCls;)

I
.

4.254 >~
(1130 —

14,551 ~—

nom

10 0754
— -~ 5.5344
— 7.2068

_— 4.3458
—~—— 4,933
N T
~— 4.9202

30.801_—

"

S23

77NN

O O O » b b b s e

.9971
.9840
.3533
.3278
.3138
.2991
.2844
.2470
.9134
.8998
.B8856



wdd

0'e

87

91

vl

07

8'0

St N N O
<(@ @)>
AN o A

2Br

Tetradodecyl benzo-bis(imidazolium) bromide (in CDCls;)
Integral l . ppm

_ .7 __—1.99712
_4.254

———1.98395
PER
1.130
TN
N

14,551 1.35329
4551 o~

2 B ~_—1.32782

& 2\:5 T 1.31375

—J—1.29913

5()7861/ = TTee— \—1.28445

- ‘ T-1.24699

I o
6 ' 890 S V.03309
_b.83U r,c} e “T~—0.88558

S24



PR
05

by

B’V

LiV

wadd

SN

10 N
NG
AN

10

N O
@)>
N

28r°

Tetradodecyl benzo-bis(imidazolium) bromide (in CDCls;)

Integral

S25

ppm




00T 0Z1 Ok 09T 0BT 1]}
1 1 | I | 'l

og
1

St N O
<(@ @)>
AN o A

2Br

Tetradodecyl benzo-bis(imidazolium) bromide (in CDCls;)

S26



N/Bn
S)
®>> Br
N\
Bn

1,3-Dibenzylbenzimidazolium Bromide (in DMSO-d;)

e €T PI

ET

o] 10.230
B AT — ] .986
1.000 NS 973
—_*\_

261
.949
.622
.609
« 597
.584
.556
«549
B S
439
.406
DI

O, « 3786
] +»352
v .078
.108
] . B2
Lol
e TT——3.379
— 2 .484

5 1.058
H— >
: —~ 1 .030

0T

2.079 o -
6.485 '

5.166

4.438
T e

U10\-J\J-J-.J-J\]\]-J\J-]-J--J\J-.]-J~J~J

wudd

S27



L

2079

S

6.485

" 5.166

.

wudd

N/Bn
S)
@>> Br
N\
Bn

1,3-Dibenzylbenzimidazolium Bromide (in DMSO-d;)

S28

.986
w373
.961
.949

622
.609
«B597
.584
«556
.549
D26
.439
.406
382
« 376
D2

.078



(057 09 08 00T 0CT o0¥%T 09T 08T 00¢

(0}

udd o

N/Bn
S
@>> Br
N\

Bn

1,3-Dibenzylbenzimidazolium Bromide (in DMSO-dy)

S29

134

129

128

DN

50
41
40
40.
40
39,
39 .
39

LN

143.

131.

129.

1274
114.

18
.43
50
.45
19
5 1
24
52

.48
<01
.67

34

0k

67
34
01



STT 0cT SZ1 0€T SeT 0%T SYI

OTT

wdd

N/Bn
S)
@>> Br
N\
Bn

1,3-Dibenzylbenzimidazolium Bromide (in DMSO-d;)

S30

143.

114

18

.43

.50

.45
.19
.79
.24

52



-
— 4
2
w_
00
3.47\_
2.64\"
3.07 ~ ]
6.51/ ~
4.00 = 4
m_
H -
‘o\,“
N_
o
-
k=]
3

(1,3-dibenzylbenzimidazole-2-ylidene),PdBr; (in DMSO-dy)

S31

.758
.641
.437
«385
29D

092

.397
«345

.517
.249
=231
.100



o |

o

N

d ===7.758
347 —17.641

-3

264 —7.437
5.-67/—.5 —7.385
g_g{“\‘ —7.255
- N

o

=)

-

©

o |

o

®

»

o

()
_—/‘
4.00 —6.092

o

2 -

o

()

o

)

3

S32



09 08 00l 0cl orl 091 08l 00¢

ov

wdd oz

(1,3-dibenzylbenzimidazole-2-ylidene),PdBr; (in DMSO-dy)

S33

—— 178

136.
1.
= 129
_4:128.

128.

128,
123,

——60.

40.
40.
40.
39,
89
39
39,
31,
30
28.

N

03

28
30
08
89
47
28
74

37

62
41
20
99
78

36
18
77
33



Gl 0CF G¢F O€EL <gEL oOvL SvL 0SF SGSE 09F S9F OLF SGZI 08}

0L}

wdd

(1,3-dibenzylbenzimidazole-2-ylidene),PdBr; (in DMSO-dy)

S34

—— 175

—— 186
—134.

129.
s,
18

=28

—IR8.,

03

28
30

08
89
47

74



0l

wdd

Me
Et

2'-Ethyl-2-methyl-biphenyl (in acetone-d6)

T

S35

OFRPRPRNNNBDDDDNDEDDNDDDRDRDONDND I 00 -] =)= =3 =00 =0 =) =0 =0 =0 =1 =) == =0 =) =1 =0 =1 =1 <] =1

358
«Z5a
.348
«335
« 330
JSEE
.316
s
309
<« 205
w2
.288
.285
.274
B
-~ 2463
.266
255
<250
«+ 237
203
.128
=143
il 0
=98
SETE
.058
- DEE
.484
.465
.449
.430
«2TT
383
.364
. 345
.328
xeil )
2L
.085
.080
.074
.069
.063
.046
037
«01:8
=299



-

L=
&
€L

-

ol
w
@

k.
—
o

N

2L €L VL SL 9L 2L gL 61 0z wdd

w
-
(4]

-

'L

'L

wdd |2

g'c

Ve

Me
Et

2'-Ethyl-2-methyl-biphenyl (in acetone-d6)

WWW M W W WWP

S36

7.358
%7.352
7.335

& = Tt

Tl L
7.309
7.305

T.282
7.288
7.274
7.269
T.255
7.250

2.484
/2465
< ~2.449
Z-2.430
—2.411
—2.383
—2.364

~2.345
2,328

\\\2:310
2.291

1337
—1.018



09 08 00l oclL ovl 091 (0218 00c oce ove

ov

wdd oz

Me
Et

2'-Ethyl-2-methyl-biphenyl (in acetone-d6)

S37

—205

141.
141.
140.
135
129.

éE129.
129,

N-128.

\127.
127

1254
125

29,
29
29
29.
29,
29
25
28.
28
284
28
25.
19,
14.

N~

.31

59
35
90
«58
17
36
30
34
47
.22
56
43

12

41
35
21
16
02
97
78
58
39
86
26
i



8L 621 0€lL LEL 2CEFL €€ PvEL GEL 9€L LEL 8EL 6EL OvL |Ibi
qumﬁm,mmmw L e i ns nﬁ”—nﬁ- o

L2l

udd

Me
Et

2'-Ethyl-2-methyl-biphenyl (in acetone-d6)

S38

— 141,
——141 s

—140.

—— 185

— 129%

e 129,
.30

TTR12g

—128.

—— 127 .
—127.

iz 128 5

.43

=125

59
35

90

58

77
36

34

47
22

56



-l

-] |t
o1
(=]

Y
=
L]

NPT [

w«

J'

w

o
-l

-k
©w

Ll cl

oL

wdd

MUl PEPENINPINIS B TPErI

Pt

P PP

PP (NUMIPIUPPINIRG| TIPSl MTIPIPEPUN] (I i

(P

P

FPPIIPRE

L

Me

OHC
2'-Methyl-biphenyl-2-carbaldehyde (in CDCl3)

S39

9.783
8.072
8.069
8.052
8.050

-7.694
- 7.690
i-7.675
-7 .671
-7 .656
-7 .653
l-7.556
I-7.554

7.552
1535
7 ..51.8
17516
Tx393
7.38%9
7.374
T s
T.356
71-353
7.350
7.336
7.334
7.321
7.303
7.299
T3]
7.286
7..28858
T.282
72386
7.234
7.218
7.215

25137

@955
0.930
8913
0.896
0.882



o

1’8

.07

L,

L'l

Pﬁﬂ

e N S TS

e
-k
o

B e B B B B B B e B B B e Bt B B B e e T N N B B

s

1.16

——

5.19

—

'L

Me

OHC
2'-Methyl-biphenyl-2-carbaldehyde (in CDCl3)

€8 P8

c8

I
S

08

R

6L

gL

¢l

1

id

S40

W w W

.072
.069
.052
S50

. 694
. 690
BT
.671
.6586
<653
.556
.554
.552
=535
<518
.516
:393
. 389
.374
<371
.356
P33
350
.336
.334
e
+303
+299
w3l
.286
.285
.282
LA36
.234
w218
i R



ov 09 08 001 114 8 orL 091 08l 002 0ze

0c

wdd

Me

OHC
2'-Methyl-biphenyl-2-carbaldehyde (in CDCl3)

S41

A7 NN

145.71
137.
136,
133.
130.
130.
130.11
128.
128.
127.
127.
125.71

w0

51
20
76
78

22

82
31
85
10

17.36
<77.04
76.72

20.35

—10.99



9¢1L 8¢k 0€lL <cel veEL 9EL 8EL OvVLE ¢evL vvlL 9VL 8YIL

vel

L
Moa AL
vv“v

T

Wy

v

oy
L)

Me

OHC
2'-Methyl-biphenyl-2-carbaldehyde (in CDCl3)

S42

— 145

— 15

—136.

—133.

—130.
——130.
oo

T™—130

—128.
—1.28,
—— 1%

—127

—125%

w ol

51

20

76

78
22

82
31

10

T,



<
o
]
o,

1T
I

T

o
!

(

6
wiaad

PP PPN

wdd

4-Methoxy-4'-methyl-biphenyl (in CDCl;)

'r

Il

:

S43

ir-'LSlS
I~ T.605

/] = =
i~ I« 4

I = a
My v -
s 7 n
Wy o ¥
iy~ T, [

Y - T
| /g | 3
L " =
= _—7.314
-— e
= — .28
-‘\\ - L ¥l
B — T .Z2862
BN - - oo
Bh= /.UBb>
BN~ Aca
W= 7.054
W 7 nacs
‘.\"‘ LA Ve B
‘%&?.927
1‘.‘— 7.019
L 7.007
3.8%06
2.458
—1.353



8'9

wdd

4-Methoxy-4'-methyl-biphenyl (in CDCl;)

S44

.616
.605
.597
.578
.570
.546
.513

.314
.282
.262

.065
.054
.046
.027
.019
.007



4-Methoxy-4'-methyl-biphenyl (in CDCl;)

._h
in
—
— = Y
n_gaa o W
""" - —— - = 2 oas
AN s . o BT
w
. =
tn
w
o
pr
3% [\
1.000 - - O
wn — ) N n AEQ
™ - - Y R L
S Y
b
- -
o
o)
o)
E)

S45



OFT

021

|

4-Methoxy-4'-methyl-biphenyl (in CDCl;)

oF 09 08 00T
1

oe

wudd

S46

21.

12

——158.99
138.01
% 136.39
=~ ~133.71
—_—129.51
——128.00
TN 126.63
—114.21
77.63

— e %?7.12
76.61

55.35



STT 02T SZ1 o€l SET 0%1

0Tl

wdd g1

4-Methoxy-4'-methyl-biphenyl (in CDCl;)

F——

W TR T R ey iﬁ"{wTﬂr‘F' "

S47

138.01
136.39

—133.77

129.51
——128.00

126.63

114.21




3.

T

.00~

16

0T

:

)

4-Ethyl-biphenyl (in CDCl;)

S48

.738
. 733
.705
.673
.641
.576
.548
.518
.470
.442
.417
.385

L e B B I BES R B R

.869
.B35
.B0S
.778

1.443
<1.412
1.382

0.256

b B B B




3.16

/

)

4-Ethyl-biphenyl (in CDCl;)

—
T

_——1.443

——— e e LT T S T e

=

S49

1.412
1.382



Et

4-Ethyl-biphenyl (in CDCl;)

ol ™ LY Mo WD a0
™Mo O o
_....,_ _?. n.. _.u_ L= T Ty ]

n... _?. _—.. I~ _.... [~

AR

DGO

o [~ = oed OO

_.__.— b ..q..

_.... I~ 0~ -......

\\\\\

.I_i!_u”n_\\\\ I.\\ y \ \\ !-.I..I!\.
1 I | N I M 1 i I . I I I
8.2 3.0 7.8 7.6 T.4 T 7.0 6.8 6.6
—..I-..l.-l..l..l...l. _Iulllll..-l.l..Lr \Fl..-lr llL _

s 4]
=
-

_ ™
(=]
™

&l

S50



o¥ 09 08 00T 02T 0FT 091 08T
1 1 L 1 1

0e

=~ )

4-Ethyl-biphenyl (in CDCls)

S51

28.55

——— 15.63



0eT
!

621
1

= ) )

4-Ethyl-biphenyl (in CDCl;)

LZT
L

9¢1
!

TR

521
1

LA
!

€21
.

S52

128.73
128.32
127.11
—————— < 127.04
126.99



OHC

CHs

4'-methyl-biphenyl- 3-carbaldehyde (in CDCls)

=
L]
=]

L=1
-

Oy LD WD o g
LT I N T
nv o0 o) O WY W

n_u. _...._ —..' —... =

/

\\\\
( /

M0 WD
™ 2~
_5 ) 2

2.427

VAR

1- ™0 _.3_

[0y [ e {00 0~

_1 oy

_1 S IRIG

S53



OHC

OO

4'-methyl-biphenyl- 3-carbaldehyde (in CDCls)

¥

"8

)

g

R

L

"L

et
um
w
O
9" L

e o

F"9

S54

[+]
[+]
e
\l

~
[is o« s ]

[N |
o n

]l

e N R |
uowroLn oy
[N I T ]
Ll b

~] =]
b LI
=] ©
oy 03



oz oF o5 o8 00T 0ZT oFT 091 08T ooz

wdd

OHC

4'-methyl-biphenyl- 3-carbaldehyde (in CDCls)

S55

192

142

_t: 129,
129.486
.38
127.

126.

128

.45

.03

137.
/ 136.
136.

.86

23
89
75

75

95
96

77.66
<??.15
76.64

21.17



0FT

SET

0ET

SZT

OET

OHC

4'-methyl-biphenyl- 3-carbaldehyde (in CDCls)

]

e

i

S56

— 142

— 137.

___—136.
.75

TT—— 136

132

___—129.
.46

129

— 128,

127
—— 126

.03

93
89

.86

75

38

.95
.96



=R

o )

Biphenyl-4-carbonitrile (in CDCl3)

S57

T.741
7.738
7.731

- 7.666
7.660

7.657
7.641
7.638
7.619
7.812
7.585
7.580
7.571
7.548
7.545
7.532
7.523
7.5186
7.498
7.467
7.460
T.454
7.446

- 7.433

7.417
7.411
7.405
7.369
7.283



——
e,

L

ol
L=l
[=]

=

I
R

Z'8

g

0

L

8"

"L

2

wdd

o )

Biphenyl-4-carbonitrile (in CDCl3)

548
545
532
523
E1 £
= L0
498
467
460
454
"
3
-

———
====22
rr
o
. a
FYS

FRETErs

S58



o% 09 08 00T DET 0FT 09T 08T
1 1 1 ] 1 1

oz

e )

Biphenyl-4-carbonitrile (in CDCly)

wdd

S59

145.63
—  139.14

132.59
7 129.14
128.69
127.72

127.23

118.97
TT—110.90



SPI
I

™ o

! Iqq— o sl

OFT
i

SET
1

e )

Biphenyl-4-carbonitrile (in CDCly)

T

SZT
1

0Z1
L

STT
1

S60

— 145,

—— 118.

— 110.

139.

63

14

.59

.14
.69
.12
.23

90



4-Methoxy-biphenyl (in CDCl;)

=
e
7.652
7.647
o 7.639
7.624
7.619
) 7.615
0 7.598
7.589
7.517
- o ] 7.488
o
3.867 g__ﬁ . B 7.457
1.812>= —— = — T 7.407
1.074__ E O~ 7.403
: e -] r_.,..".‘:———-——----—-—- et ’
1.724 7.398
7.383
7.373
o - 7.350
7.345
7.340
. 7.262
7.067
7.040
7.032
2.838 - % [_L—— - ——3.898
u_
B —
I'"-
(-
—
kS
3

S61



pa”

@®

i

"8

no°8 4

w T,

8

Y
(Y
(IS
[
Voo
N T
- e .
e T m——
e
e
—_—
e T—
N T
T —
~~ T
f hY
L X\
r AY
[ A
| AY
l A
A
S

4-Methoxy-biphenyl (in CDCl;)

S62

~7.652
{7 £4A7
5%
IH_7 £1209
.f.,.f LR
H_7 £24a
!,["l‘! LR
i £14a
E!!'I LR
Wif_ = g1g
WiFf 7« GAJd
W/ - can
Wy 1.030
WS m ran
WS 1282
(S /R
< ,7.517
s —7.488
-
- _—7.457
—7.407
AN~ 7.403
o W
YW 7.398
B ANN
R~ 7383
LRIAY
VW~ 7,373
(LY
\."s:l\"—?=350
WM T 345
AW DT
WA= 7340
LAY -
Wi-7.262
LAY -
‘-‘}\‘- 7.067
\\‘-?AQQD
-7.032



081 ooeg
1 1

091
!

|

S

OFT

021
1

00T
1

o8

4-Methoxy-biphenyl (in CDCl;)

S63

— 159.12

140.81
"";-133.'?6
128.71
128.15

126.73

126.65
T 114.18

77.52
15555??.01
76.51

55.34




SFI
1

orT
" rw'“mrmm'r"ll“f'ﬁl“ﬁ"f""l”"“rm‘l"""ilwﬁrﬂ "

T " H'm "

4-Methoxy-biphenyl (in CDCl;)

S64

140.81

—— 133.76

114.18



« 11

b M]M
B ol | it

.
——

%]
|l | B

wedd

L UaWal

4'-methyl-biphenyl-4- carbaldehyde (in CDCl;)

S65

10.030

7.936
/ 7.903
:::T-TBE

7.700

~_—7-551
7.519
\7.301

7.269

2.423

0.194



HeC CHO

;

4'-methyl-biphenyl-4- carbaldehyde (in CDCl3)

S66

.936
.903

o132
.700

.551
.519

.301
.269



0ot 0Z1 oFT 091 081 ooz

08

L o ey e o

4'-methyl-biphenyl-4- carbaldehyde (in CDCl;)

S67

147.03
::::::133.54

136.72
./-

- —— 134.99
- 130.28
~—— 129.81

\ 127.36
127.21

77.77
-EEEEET?.EE
76.75

—21.22



0,905
0.939~=
0.970
5,728

TT
VTP PR

0T
|

.

wdd

COCH,4

1-Biphenyl-3-yl-ethanone (in CDCl;)

B

-

S68

|

Lo N R R B R R R S [ L [ [ (R R [ N s + ]

.194
.959
.928
.815
. 184
.649
. 644
616
.576
.545
.513
.480
449
422
403
.393
.365
.262

.645



N

=)
W
I_h

N

o
L=}
i

'

=
-

uw
-]

-

i
=]
L

B

COCH,4

1-Biphenyl-3-yl-ethanone (in CDCl;)

S69




00z

09t

00T

o8

0s

cZ

wdd

081

1-Biphenyl-3-yl-ethanone (in CDCl;)

0Z1

S70

COCHj

AN

A

127
- 127

\

- 141.
- 140.
- 137.
- 131,
- 129.
~- 128.
.82
.20
126.

.12

71
17
61
16
06
93

96

- 77.56

=< 77.05

/

- 76.54

~— 26.79



€T FPET 9€ET g€l 0vT Zrl
] | | B 1 |
Ve #"1”.‘“‘1 “{1 ik bk u‘““‘r"" L U "WWW‘HrWWTUMr\WV -—ywwﬂ
i

Q€1
I

82T
1

921
—1

COCH,4

1-Biphenyl-3-yl-ethanone (in CDCl;)

S71

141.71

— 137.61

131.76

——129.05
TTT———128.93

— 127.82

——127.20
T——— 126.96



3.398\

0.181N_

1.862 ~
1.887/

P ———

3.000

0.144—

0.486 —

T

0T

wdd

=) )

4'-Methyl-biphenyl-4-carbonitrile (in CDCl;)

A

S72

7.728
7.718
7.693
7.680
7.670
7.654
7.645
7.516
7.484
7.314
7.282
7.262

2.425
1.450
1.274
1.260
1.248



L

L
W
w0
@

o
=
o
=

P°L S°L 9°L L*L 8L 6°L

|

AR

8°9 6'9 0°L T°L Z'L €£°L

08
1

| alls el AR el ISnrdnnsan |

alaseseis

[FrEe

4'-Methyl-biphenyl-4-carbonitrile (in CDCl;)

S73

e I B R |

-]

AN

_—7

-—

1

_— 1

— 7

.728
.718
.693
.680
.670
.654
.645

.516
.484

.314
.282
.262



=) )

4'-Methyl-biphenyl-4-carbonitrile (in CDCl;)

wdd

S74

145.58
—f’ffw133.76
:::::::136.23

— _—132.56
———129.85

127.45
~- 127.06
119.07

TT—110.51

—21.20



STT 02T SZ1 0ET SET 0FT S¥T
L R B LR '|-|-rr|p![‘ e “m'rl 1 1'\1!} AR BRI AL LN 'Irm-v AT T |r|rrrmq{-p‘l {.'F |-.1|m|r-| .HPI r‘u-r

01T

wdd

4'-Methyl-biphenyl-4-carbonitrile (in CDCl;)

S75

—— 136

127
127

— 110.

145,

138.

132,

129,

119,

58

76

.23

56

85

.45
.06

07

51



Phenyl- 4-carbaldehyde (in CDCl3)

10.0489
7.960
7.926
7.753
7.720
7.653
7.646
7.620
7.615
7.519
7.511
7.504
7.485
7.454
7.445
7.430
7.418
7.402
7.395
7.389

T

B o
(R
[ S
i L
._I-
CE
'U-
a4

S76



Phenyl- 4-carbaldehyde (in CDCl3)

4]

”

4]

o

[e4]
o] : 7.960
1 7.926
@ & 7.753
2.189 © e 7.720
L . Y 7.653
o 7.646
2.251 ® 7.620
>~ /7_515
2.308 9 | 7.519
- oo /7.511
; ] —— 7.504
3330 N N 7.485
" \?.454
7.445
S 7.430
N 7.418
7.402
N 7.395
° 7.389

[#)1

.

[#)1

-

)

D

(431

2

g

a

 d

S77



081 ooz
R T

(137 09 08 00T 021 oFT 091
1 I | S R

02

Phenyl- 4-carbaldehyde (in CDCl3)

S78

147.
— 139,

135.
130.
129,
128,
127.
127.

A AN

191.

94

20
71
19
27
02
47
69
37

77.53
77.03
76.52



CHO

Phenyl- 4-carbaldehyde (in CDCl3)

L40]

[e
u'y
[}
4

[ [
o~ o

(=] h

i =

: _._:L_‘ ._a N

[

Lre]
=

L
o

. .
=~ =~
o o
i ={

NETR TR S RREL

wowd L

abias e M RN T T __r_.__r_._, _;_{

T
136

134

132

|
130

T
128

126

T
124

T
122

T
120

S79



1.00

Y T

01

™

CHO

Phenyl- 4-carbaldehyde (in CDCl;)

wdd

S80

8.345
8.151
8.101
8.095
7.869
7.863
7.856
7.851
7.840
7.825
7.641
7.627
7.554
7.513
7.506
7.498
7.472
7.435
7.429
7.423
7.412
7.401
7.378
7.372
7.258

-\



(=1
A
Jw !
bee

/75

CHO

Phenyl- 4-carbaldehyde (in CDCl3)

—" . R —
;___,.__..- w;m.gi a "

fﬂ}_ﬁ\\
’/f

S81

L]
i
wn

L4l
.

" s =

.

L]
O 40 00 O 0O (D CO O b
B e UV LT Gy CR WD N

O e i LI+ = S WY Y s e

L]
N N,

o Bl BLS B RS S R S R e I - = I = ]
= el U S

- -

s S T

ey S S A [ R |
- -

s

=R

B WO b oo

7.401
7.378
7.372
7.258



O¥ 09 08 00T 0e1 [V 09T DBT noeg

0z

Phenyl- 4-carbaldehyde (in CDCl3)

CHO

S82

(]
(el
b
L
o

Y
NS
™

N
1

d

|
o \
'
[ bt ek ot e 2 pet ek et ok

-7

= 40 00 Q) WO WD L Oh D B
= OO OWn o

M2 B2 B B R I L L L) s
= L0 O O B B s e L) OO

— 77.72

< —177.21
76.70



BET 0FT 2T
1 1 ]

1{{“#&%\‘&-"%“9\ (rw""‘biw#\n’,-ﬂ')’ r,m-..

BET
1
w"" ru--uﬁ (..Jf“"'"‘ﬂmwh--‘-wh
|

PET
1

ZET

8¢t 0€T f
1 1

921
1

CHO

Phenyl- 4-carbaldehyde (in CDCl3)

S83

=
alfzs
(1]

J=tb
Lad
{74

—129.

— 129,

— 128.
— 128,
128.

— 127,

o
[y

w0
4]

=31
L)



3.736

3.000

v

4, 4'-Dimethyl-biphenyl (in CDCl;)

7.526
7.454

7.248

S84

2.418

—1.252



8°9

wdd

4, 4'-Dimethyl-biphenyl (in CDCl5)

S85

7.526
—— 7.494

7.280
7.248




081

09T

0z o 0% og 00T 02T

wdd

oF1

4, 4'-Dimethyl-biphenyl (in CDCl5)

S86

——— 138.28
T——136.70

—— 129.44
T 126.82

- 21.10



TP ™ FWWWWW

4, 4'-Dimethyl-biphenyl (in CDCl;)

S87

138.28
136.70

129.44

126.82



0.827

.952
1937~
458~
.745_—

W B = O

3.049 =

21

I1

0T

=

4'-Methyl-biphenyl-2-carbaldehyde (in CDCl;)

OHC

S88

10.004

.042
-014
.011
-665
.660
.636
.630
.606
.600
.510
479
.462
.432
.262

e B RS I BES R G G e - - I - - I -

— 2.441



OHC

4'-Methyl-biphenyl-2-carbaldehyde (in CDCl;)

—8.042
8.014

8.011

D 4 /T‘Eﬁﬂ

: 7.636

N = 70630

i 7.606

: 7.600

— < —— 7.510

: —_—7.479

TT——7.462

e - T~ 7.432
‘\- ; /__ Azﬁ

=

7.262

S89



OHC

4'-Methyl-biphenyl-2-carbaldehyde (in CDCl;)

ooz

081

081

oFl

0ZI1

08

ov

0

wdd o

——— 162,

133

128

77N

N

146.
138.
134.
.73
133.
130.
130.
129.
.43
127,

62

00
04
79

53
78
03
15

54

77.56
77.05
76.54



BZT 0ET ZET PET 9¢€1 BET 0FT 1 PPT 9%1

521

idd $ZT

1

A

LU L L L L "
I

OHC

4'-Methyl-biphenyl-2-carbaldehyde (in
CDCl)

S91

1"
e
E 146.
K
g
=
re
r
3
=
=
C_
E 138
' g’— ——— 134,
_‘-i-=___ _—— 133
EF """ o T 133
=
] E__ .
= - 130.
. 130.
- 129,
128.

127

o0

.04

79

.73
.53

78
03

15
43

.54



1

wdd 0

Biphenyl-2-carbaldehyde (in CDCl;)

OHC

S92

. 997
.058
027
-679
.674
.649
. 644
.619
.614
.529
.500
-485
.481
-465
.4589
.442
L4086
.395
.388
.376
.369

\\

e e B Bl B B B B BE R TR JE B IR (RS B I P I« - T . J Y. )



OHC

Biphenyl-2-carbaldehyde (in CDCl;)

8.058
——g.027
.679
.674
.649
644
.619
.614
.529
.500
.485
.481

.465
.459
442
.406
L3895
.388
.376
.369

-

£°L gL ®'L S'L 8L L°L B'L 6°L 0'8 1B E'8 t¢°8

b=

_k

155

b

.46

- \

NN

e B LB B B B B B B e I e e B B B R |

wdd g-; 12

il

S93



02 0¥ 05 08 00T 02T 0%T 0ST 081 0oz

wdd 0

OHC

Biphenyl-2-carbaldehyde (in CDCl5)

S94

192 .44

1l45.97

/- 137.74
_f/ff_133_71
_J%;ﬁ:133+5?
130.78

—  130.11
128.43
128.12
127 .78

127.56

T77.58
<??.n?
76.56



ZPT ¥#PT 9PT B1

PET 9ET BET 091

ZET

OET

FC1

nqﬂ(‘“\ﬁw

92T 821

wdd 221

OHC

Biphenyl-2-carbaldehyde (in CDCl;)

S95

133,
.57

133

145.

137.

97

74

71

.78
.11

.43
.12
.78
.56



f=J == N1 NN N

ot

wdd

Biphenyl (in CDCl3)

S96

e e B B B B B B R B B B B B e e B s e I S |

. 694
.686
-666
-635
.632
-629
.617
.547
.540
.519
.505
.48%
471
.449
444
.430
421
-410
.396
.392
.345
.260
.225
.200



.000

.027

.433
-435
112

g

¥

oL

wdd g9

Biphenyl (in CDCly)

S97

e B RS B B B I N R R S [ I |

\

S

e e B R B B S R TR R IR P,

.865
.836
.806
.800
.700
.694
.686
-666
.635
.632
.628
.617
.547
-540
.519
.505
.489
.471
.4459
444
.430
. 421
-410
.396
.392
- 345
.260
L225
.200



0% 09 o8 00T 02T 0%T 091 08T
| | I | 1

oz

wdd ©

Biphenyl (in CDCl;)

S98

77.61
<??*10
76.60



%1

0%T

8ET

9t

¥ET

ZET

0ET

BEZT

udd

[
[
|

Biphenyl (in CDCl;)

S99

141.31

128.83

—127.32
T 127.24



—————

3.000

IT
|

0T

T
1

wdd o

4-Methyl-biphenyl (in CDCl;)

/

'S

S100

B RN IS IS RN B I N IS S B e e e B

.735
.729
.700
.698
.647
.614
.578
.550
.518
.473
.454
.444
.415
.411
.388
.356

.521

.418

.259



—

1.659

1.777

1.714

L7811

.B50

wdd

4-Methyl-biphenyl (in CDCl;)

S101

.735
729
700
698
-647
-614
.578
.550
.515%
.473
.454
.444
.415
-411
.388
.356



o 03 08 001 02T oFT 091

(V)4

wdd

4-Methyl-biphenyl (in CDCl;)

S102

141
138

AZINN

/N

.30
.50
137.
125.
128.
128.
127.
127.

12
63
86
51
13
11

77.70
77.159
76.68

21.23



02T €1 ¥®#€T1 ST 82T O0ET E€T ¥ET 9ET BET O%T %1 #¥%I

udd

4-Methyl-biphenyl (in CDCl;)

S103

T—— 128

141.

138.

137.

125,
— 128,

.51

127.
— 137

.11

30

50

12

63
86

13



References:
1- Huynh, H. V.; Wong, L. R.; Ng, P. S. Organometallics 2008, 27, 2231.
2- Xu, L.; Chen, W.; Xiao, J. Organometallics 2000, 19, 1123.

S104



