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General. 'H and "C-NMR spectra were recorded on a JEOL Lambda-400 (400 MHz
for '"H and 100 MHz for °C), a JEOL AL-400 (400 MHz for 'H and 100 MHz for °C), a
JEOL Lambda-300 (300 MHz for 'H and 75 MHz for "°C) or a JEOL AL-300 (300 MHz
for 'H and 75 MHz for “C) spectrometer using CHCL, ('H, § = 7.26), CDCl, (°C, § =
77.0), DMSO ('H, & = 2.49), DMSO ("C, 8 = 40.45) as an internal standard. IR spectra
were recorded on an FT/IR-460 plus (JASCO Co., Ltd.) or a Spectrum 100 with
universal ATR sampling accessory (Perkim Elmer instruments). Flash column
chromatography was conducted on silica gel 60N (Kanto Chemical Co., Inc.). THF was
purified by solvent purification system of Glass Contour. Dehydrated
N,N-dimethylformamide, diethyl ether and dichloromethane were purchased from
Kanto Chemicals. Recycling preparative GPC-HPLC was carried out on LC-918
(Japan Analytical Industry Co., Ltd.) using JAIGEL-2H. Cesium fluoride (Wako Pure
Chemical Industries, Ltd.) was dried by heating at 150 °C for 2 days in vacuo.

reparation of bisoxazoline ligand 1:
5,5-Bis(4,5-dihydrooxazol-2-yl)nonan 1
Bu Bu

O o
I \
N 4N

Under an argon atmosphere,
N,N’-bis(2-chloroethyl)-2,2-di-n-butylpropan-1,3-diamide' (2.92 g, 8.61 mmol) was
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added to 5% NaOH / MeOH (NaOH 1.31 g, MeOH 24 ml) and the mixture was
refluxed for 2 hours. The reaction mixture was cooled to room temperature and the
solvent was removed under reduced pressure. The resulting solids were dissolved in
water (20 ml), followed by extraction 6 times with methylene chloride. After the
combined organic layer was dried over MgSQOs, the solvent was removed under reduced
pressure to give crude product (2.05 g). The crude product was purified by
recrystllization from hexane to give 1 (1.59 g, 5.97 mmol, 62% from 6) as colorless

crystal.

IR (KBr): 2957, 2925, 2902, 2871, 1652 cm’.

"H-NMR (400 MHz, CDCl;): & = 0.88 (6H, t, J = 7.2 Hz), 1.08-1.22 (4H, m), 1.22-1.39
(4H, m), 1.85-1.98 (4H, m), 3.87 (4H, t, J=9.2 Hz), 4.23 (4H, t, J = 9.2 Hz).

BC-NMR (100 MHz, CDCl): & = 14.0, 22.9, 26.1, 32.7, 45.9, 54.2, 67.5, 168.5.

Anal. Calcd. For Ci5HpsN>O,: C 67.63; H 9.84; N 10.52; Found: C 67.34; H 9.67; N
10.29.

preparation of arvl- or alkenylboronic esters:

2a°, 2b°, 2¢%, 2d’, 2¢’, 2F and 4a’ were prepared according to the literature
procedures. 2f,2g, 2h, 2j and 4e were prepared from the corresponding bromobenzene
or bromostyrene derivatives according to the literature procedure using

2,2-dimethylpropan-1,3-diol instead of ethylene glycol.’

5,5-Dimethyl-2-[4-(phenylethynyl)phenyl]-1,3,2-dioxaborinane (2f)
o
Ph%@‘B‘ :><
0]
2f

IR (KBr) 3076, 3033, 2956, 2937, 2900, 2211, 1604, 1478, 1421 cm™;

'H NMR (CDCl,) (400 MHz): & = 1.04 (6H, s), 3.78 (4H, s), 7.30-7.39 (3H, m),
7.50-7.58 (4H, m), 7.80 (2H, d, J = 8.4 Hz);

“C NMR (CDCl)) (100 MHz): 8 = 220, 31.9, 72.3, 89.7, 90.3, 123.2, 125.2, 128.18,
128.25,130.6, 131.5, 133.6 (1C  missing);

Anal. Calcd for C,,H,,BO,: C 78.65,H 6.60. Found: C 78.54, H 6.70.

5,5-Dimethyl-2-(4-(oct-1-yn-1-yl)phenyl)-1,3,2-dioxaborinane (2g)

_ 0
— B,
o
2g
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IR (KBr) 3072, 3030, 2958, 2932, 2871, 2857, 2223, 1603, 1477, 1421 cm';

'H NMR (CDCl,)) (400 MHz): 6 =0.91 (3H,t,J =7.2 Hz), 1.02 (6H, s), 1.26-1.40 (4H,
m), 1.41-1.52 (2H, m), 1.61 2H, tt,J=7.6,7.2 Hz),2.41 2H,t,J=7.2 Hz ), 3.76 (4H,
s),7.38 (2H,d,J=8.0Hz),7.72 (2H, d, J = 8.0 Hz);

“C NMR (CDCl)) (100 MHz): & = 14.1, 19.6, 21.9, 22.6, 28.7, 28.3, 31.4, 31.9, 72.3,
80.9,91.5,126.2,130.5, 133.5 (1C 5 missing);

Anal. Calcd for C,,H,,BO,: C 76.52, H9.13. Found: C 76.32, H 9.20.

5,5-Dimethyl-2-(4-ethenylphenyl)-1,3,2-dioxaborinane (2h)

AT

IR (KBr) 2960, 2928, 2873, 1605, 1479, 1423 cm™;

'"H NMR (CDCl,) (400 MHz): 6 = 1.03 (6H, s), 3.78 (4H, s), 5.28 (1H, d, J = 11.0 Hz),
5.81 (1H, d, J = 17.8 Hz), 6.74 (1H, dd, J = 17.8, 11.0 Hz), 7.41 (2H, d, J = 8.0 Hz),
7.77 (2H, d, J = 8.0 Hz);

“C NMR (CDCl)) (100 MHz): & =219, 31.9,72.3, 1144, 125.4, 134.1, 137.0, 139.6
(1C missing);

Anal. Calcd for C;H,,BO,: C 72.26,H7.93. Found: C 72.50, H 8.13.

5,5-Dimethyl-2-(4-bromophenyl)-1,3,2-dioxaborinane (2j)
o
<
(o)
2j

IR (KBr) 3050, 2958, 2939, 2903, 1584, 1480, 1422 cm’;

'H NMR (CDCI,) (400 MHz): & = 1.02 (6H, 5), 3.76 (4H, s), 7.48 (2H, d, J = 8.3 Hz),
7.65(2H,d,J =83 Hz);

“C NMR (CDCL) (100 MHz): § = 219,319,723, 125.6, 130.7, 135.5 (1C, missing);
Anal. Caled for C,,H,,BBrO,: C49.12, H5.25. Found: C 49.35, H 5.53.

5,5-Dimethyl-2-(1-phenylethen-1-yl)-1,3,2-dioxaborinane (4e)
e <
B\
Ph (0]
4e

IR (neat) 3056, 3025, 2962, 2933, 2890, 1597, 1476, 1415, 1340, 1251, 1230, 1197,
1104, 1001, 943,912,781, 731, 699, 644 cm™;
'H NMR (CDCl,) (400 MHz): 6 = 1.05 (6H, s), 3.75 (4H, ), 5.97 (1H, d, J = 3.4 Hz),
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6.07 (1H,d,J=3.4Hz),7.27 (1H,t,J =73 Hz),7.35 2H,t,J =73 Hz),7.45 2H,d, J
=7.3 Hz),

“C NMR (CDCl)) (100 MHz): & = 21.3, 31.6, 72.3, 126.6, 127.5, 127.9, 129.5, 1424
(1C¢ missing);

Anal. Calcd for C;H,,BO,: C 72.26,H7.93. Found: C 72.05, H 7.63.

Arylboronic esters 2k and 4b were prepared by esterification of the corresponding
commercially available arylboronic acids: To a mixture of arylboronic acid (3.0 mmol)
and 2,2-dimethylpropan-1,3-diol (3.3 mmol) in CH,Cl, (6.0 ml) was added MgSO, (4.0
g) and the mixture was stirred at room temperature overnight. After filtration, the
solvent was evaporated and the crude product was purified by silica gel chromatography

(5~10% ethyl acetate in hexanes) or by recrystallization from hexane and ethyl acetate.

5,5-Dimethyl-2-(4-iodophenyl)-1,3,2-dioxaborinane (2Kk)
0
—~ e X<
0]
2k

IR (KBr) 2955, 1579, 1479, 1421 cm’;

'H NMR (CDCl,)) (300 MHz): & = 1.02(6H, s), 3.75 (4H, s), 7.51 (2H, d, J = 6.6 Hz),
7.70 (2H, d, J = 6.6 Hz);

“C NMR (CDClL)) (75 MHz): 6 =21.9,31.9,72.3,98.1, 135.5, 136.7 (1C 5 missing);
Anal. Calcd for C,\H,,B1O,: C41.82,H4.47. Found: C 41.92, H 4.54.

5,5-Dimethyl-2-(2-cyclohexylethen-1-yl)-1,3,2-dioxaborinane (4b)

0
/8, :><
O
4b

IR (KBr) 2925, 2851, 1634, 1476, 1413 cm™;
'H NMR (CDCl,)) (300 MHz): & = 0.97 (6H, s), 1.03-1.35 (SH, m), 1.52-1.78 (SH, m),
1.92-2.08 (1H, m), 3.63 (4H, s) 5.29 (1H, dd, J = 18.0, 1.2 Hz), 6.49 (1H, dd, J = 18.0,
6.6 Hz);
“C NMR (CDCl)) (75 MHz): 6 = 21.9, 26.0, 26.2, 31.8, 32.2,43.0, 72.1, 157.2 (1C¢
missing);
Anal. Calcd for C,;H,;BO,: C70.29,H 10.44. Found: C 70.30, H 10.15.

Preparation of 2i’:
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A  mixture of 4-bromonitrobenzene (202 mg, 1.00 mmol), bis(neopentyl
glycolato)diboron (247 mg, 1.09 mmol), PdCL(dppf) (21.8 mg, 0.03 mmol) and
potassium acetate (290 mg, 3.04 mmol) in DMSO (6 ml) was heated at 80 °C for 5
hours. The reaction was quenched by adding water and the mixture was filtered through
a short pad of Celite. The filtrate was extracted four times with ether and combined
organic layer was washed with brine, and dried over MgSO,. Solvent was removed
under reduced pressure to give crude product. This crude product was purified by
silica gel chromatography (10% ethyl acetate in hexanes) to afford 2i (125 mg, 0.53
mmol, 53%).

5,5-Dimethyl-2-(4-nitrophenyl)-1,3,2-dioxaborinane (2i)
o
o )=, <
(0]
2i

IR (KBr) 2963, 1514, 1478, 1425, 1348, 1333, 1309, 1255, 1125, 851, 729, 700, 633
cm’;
'H NMR (CDCI3) (300 MHz): 6 = 1.04 (6H, s), 3.80 (4H, s), 798 (2H, d, J = 8.8 Hz),
8.17 (2H, d, J = 8.8 Hz);

13C NMR (CDCI3) (100 MHz): 6 =21.8,31.9,72.4,122.2,134.7, 149.6 (1C missing);
Anal. Caled for C,,H,.BNO,: C 5621, H 6.00, N 5.96. Found: C 56.19, H 6.16, N

5.86.

Preparation of 2m:

To a stirred solution of benzothiophene (1.75 ml, 15.0 mmol) in THF (75 ml) was
added n-butyllithium (9.6 ml, 1.56 M) at —40 °C. After 2 h, triethylborate (2.80 ml, 16.5
mmol) was added dropwise over 5 min at —40 °C and the mixture was stirred overnight
at the same temperature. The mixture was treated with 1 M HCl and then extracted with
AcOEt three times. To the combined organic layer was added Na,SO, and
2,2-dimethyl-1,3-propanediol (1.58 g, 15.2 mmol), and the mixture was stirred
overnight. Removal of the solvent under reduced pressure afforded white solids,

which were recrystallized to give 2m (2.42 g, 9.8 mmol) in 66% yield.

5,5-Dimethyl-2-(benzothiophen-2-yl)-1,3,2-dioxaborinane (2m)

(0]
Q- ¥
A
S o
2m
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IR (KBr) 3055, 3022, 2954, 2906, 2867, 1518, 1493, 1480, 1455 cm™;

'H NMR (CDClL)) (300 MHz): & = 1.05 (6H, s), 3.80 (4H, s), 7.32-7.37 (2H, m),
7.81-7.97 (3H, m);

“C NMR (CDCL)) (75 MHz): = 21.8, 320, 72.5, 122.5, 123.9, 1242, 124.9, 132.8,
140.6, 143 .4 (1C; missing);

Anal. Caled for C3H,sBO,S: C 63.44, H 6.14, S 13.03. Found: C 63.74, H 6.34, S
13.01.

Preparation of 4d’:

A mixture of p-trifluoromethylphenylacetylene (2.57 g, 15.1 mmol) and
catecholborane (2.5 ml, 23.5 mmol) was heated at 70 °C for 4 hours. The reaction was
quenched by adding water and the mixture was stirred for 9 hours at room temperature.
The mixture was extracted with AcOEt three times, and the combined organic layer was
washed with water (2 times) and brine, and dried over MgSO,. After removal of
solvent under reduced pressure, 2,2-dimethylpropan-1,3-diol (1.76g, 16.9 mmol) and
toluene (40 ml) were added and the mixture was heated to reflux with the azeotropic
removal of water. Organic layer was extracted with ether and the combined ether extract
was washed with water three times, dried over MgSO,. After removal of solvent under
reduced pressure, the residue was purified by silica gel chromatography (10% ethyl
acetate in hexanes) and recrystallization from hexane to give the alkenylboronic ester 4d
(860 mg, 20 %, 2 steps).

5,5-Dimethyl-2-[2-(4-trifluoromethylphenyl)ethen-1-yl)]-1,3,2-dioxaborinane (4d)

/ B°:><

F3c—©—/_ o

4d
IR (KBr) 3055, 3016, 2962, 2905, 1631, 1615, 1577, 1477, 1415, 1378, 1314, 1282,
1259, 1172, 1111, 1066, 1014, 990, 819, 679, 588, 498 cm';
'H NMR (CDCL) (400 MHz): & = 1.01 (6H, 5), 3.71 (4H, 5), 6.20 (1H, d, J = 18.4 Hz),
733 (1H, d, J = 18.4 Hz), 7.53-7.61 (4H, m);
"C NMR (CDCL) (100 MHz): = 21.9,31.9, 72.2, 124.1(1C, q, Jr = 270.6 Hz), 125.4
(1C, q, Jor = 3.3 Hz), 127.0, 130.0 (1C, q, Jop = 32 Hz), 1410, 145.3 (1C,.; missing);
Anal. Calcd for C,,H,,BF;0,: C 59.19,H 5.68. Found: C 59.44, H 5.85.

Preparation of 4c:
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A mixture of 3,3-dimethyl-1-butyne (1.0 ml, 8.2 mmol) and dibromoborane
dimethylsulfide complex (1 M CH,CI, sol., 8.2 ml, 8.2 mmol) in methylene chloride (8
ml) was stirred overnight at room temperature. After removal of solvent, 1 M aq. NaOH
(8.0 ml) was slowly added to give precipitates, which were collected by suction
filtration. The filtrate was extracted with methylene chloride and the solvent was
removed under reduced pressure. To the residue was added a small amount of 1M aq.
NaOH to give precipitates, which were collected again by suction filtration. The
combined precipitates (609 mg) were used for the next esterification.

To a solution of the above precipitates and 2,2-dimethylpropan-1,3-diol (850 mg 8.16
mmol) in ether was added Na,CO;, and the mixture was stirred overnight at room
temperature. Filtration and evaporation gave crude product (white solid, 1.12 g). A part
of this crude product (ca. 700 mg) was purified by GPC to give 4¢ (423 mg, 2.2 mmol)
in 27 % yield (2 steps).

5,5-Dimethyl-2-(2-t-butylethen-1-yl)-1,3,2-dioxaborinane (4c)

o
V! :><
o
4c
IR (KBr) 2960, 2869, 1634, 1477, 1414 cm™";
'"H NMR (CDCl,)) (300 MHz): 6 = 0.97 (6H, s), 1.01 (9H, ), 3.64 (4H, s) 5.26 (1H, d,J
= 18.3 Hz), 6.55 (1H, d, J = 18.3 Hz);

“C NMR (CDCl)) (75 MHz): 6 =21.9,29.0, 31.8,34.6, 72.1, 161.8 (1C_ missing);
Anal. Calcd for C;,H,,BO,: C 67.37, H 10.79. Found: C 67.08, H 10.59.

General procedure for copper-catalvzed carboxylation of arylboronic esters with

carbon dioxide (in the presence of bis(oxazoline)):
A DMF suspension (2.5 ml) of Cul (1.9 mg, 0.01 mmol), bisoxazoline ligand 1 (2.9

mg, 0.01 mmol), arylboronic ester (0.2 mmol) and CsF (0.60 mmol, 91 mg) was stirred

in a glass tube (¢ = 1.7 cm, 18 cm) under an atmospheric pressure of CO, and then the
system was closed. The mixture was heated at 90 °C for 10 hours, and then the reaction
was quenched with 1 M HCI aq. Organic layer was extracted with Et,O four times and
the combined extract was dried over MgSO,. After removal of the solvent under
reduced pressure, the residue was purified by silica gel chromatography (hexane :
CH,Cl,= 7:1 — 0:1, followed by CH,Cl,: ethyl acetate= 9:1) or by reverse extraction
( Et,0/aq. NaHCO; then Et,0/ aq. HCI) followed by filtration through silica gel to

afford corresponding carboxylic acids.
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General procedure for copper-catalvzed carboxyvlation of alkenylboronic esters

with carbon dioxide (in the absence of bis(oxazoline)):
A DMF suspension (2.5 ml) of Cul (1.9 mg, 0.01 mmol), alkenylboronic ester (0.2
mmol) and CsF (0.60 mmol, 91 mg) was stirred in a glass tube (¢ = 1.7 cm, 18 cm)

under an atmospheric pressure of CO, and then the system was closed. The mixture was
heated at 90 °C for 10 hours, and then the reaction was quenched with 1 M HCI aq.
Organic layer was extracted with Et,O four times and the combined extract was dried
over MgSO,. After removal of the solvent under reduced pressure, the residue was
purified by silica gel chromatography (hexane : CH,Cl, = 7:1 — 0:1, followed by
CH,CI, : ethyl acetate= 9:1) or by reverse extraction ( Et,0/aq. NaHCO, then Et,0/ aq.
HCI) followed by filtration through silica gel to afford corresponding carboxylic acids.

Spectroscopic data of carboxylic acids 3f, 3g°, 5b'°, 5¢'' and Se'> were reported in the

literature. Other carboxylic acids were commercially available.
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4000 3000 2000 2 1000 400
Wavenumber [cm-1]
number of scan 16 resol}ltion 4 cm-1
zero filling ON apodization Cosine o
gain Auto (8) scan speed ‘ Auto (2 mm/sec) ‘
date of scan 2007/02/20 21:29 date of data processing 2007/02/20 21:30 Ph _—: B‘
sample name NO. 2-2-20 of (o]
KBr
No. om-1 %T No. cm-1 %T No. om-1 %T No. cm-1 %T No. om-1 %T
1 3855. 01 91.1013 2 3807.76 92. 8935 3 3650. 59 91.6271 4 3434.6 83. 631 53075.9 75.1079
6 3033. 48 81.0022 (12956. 34 41,714 (8>2937. 06 50. 5001 @2900. 41 55. 6262 .10.2210. 99 88. 356
11 1932. 32 87. 3045 12 1816. 62 92™7239 13 1677.77 91. 5581 14.1603. 52 29. 2498 15 1542. 77 60.0363
@478. 17 20. 2883 17 1442. 49 56. 8353 18)1421.28 21.6623 19 1403. 92 66. 2783 20 1377. 89 39. 3488
21.1341. 25 16. 2837 22)1308. 46 1.85978 23 1249. 65 9.67323 24 1142. 62 22.1147 251125.26 12. 5859
26 1103. 08 51.2216 2'[ 1070.3 61. 7868 28 1018. 23 51.6274 29 995. 089 64. 5191 30 927.593 78.1489
31 914.093 69.614 32)834. 062 23. 6986 33 .810.92 61.615 34}753. 066 17. 0829 35 738. 603 58.3344
36 687. 498 19. 3045 37 659. 536 49. 0449 38 642.179 16. 0254 39 543.828 82.49 40 509.115 59. 6203
41 499.473 63. 2658 42 473. 439 83.9786

Si12
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C: \WINNMR98\COMMON\DATA\iwasawa\ukai\PhCCPhBneo.als
4-PhCCPhBneo

COONITMAUND~ONNPTM O ® 0 ™ OBNUC 1H
S R R AR AR LN @ OFR 399.65 MHz
[ 3l el Sl D ma Sl Bl S Sl Sl Seedl Sl el Sl S el Mmm Lol OBSET 124.00 KHz
L Il y SN 100800 s
PW1l 6.2 us
DEADT 71.9 us
PREDL 0.2000 ms
IWT 1.0 sec
POINT 32768
= P urw SPO 32768
g E LERLE RRRARIRAR H TIMES 16
b DUMMY 0
[ HA SSWHAZ | | i 60009 1z
T FLT 4000 Hz
DELAY 50.0 us
ACQTM 4,096 sec
PD 1.500 sec
, ADBIT 16.00
RGAIN 14
BF 0.10 Hz
Tl 0.00
T2 0.00
T3 90.00
T4 100.00
EXMOD NON
EXPCM NON:Single.coupled:PWl 7
IRNUC 1H
IFR 399.65 MHz
= IRSET 124.00 KHz
g IRFIN 10500.0 Hz
IRRPW 50 us
9 IRATN 511 -
DFILE C:\WINNMR98\COMMON\DATA\
- - o SF THS
‘o g LKSET 61.60 KHz
(B LA L L - N O T O O B O B g LKFIN 79.0 Hz
19 18 m (_’_; .-‘7l 15 14 13 o LKLEV 200
o LGAIN 22
o LKPHS 77
g LKSIG - 402
5‘ CSPED 12 Hz
FILDC
o FILDF
W I
— lo
n=C-{ ¥
A Y
(0]
L . ”
N ;e - .
; in CDCl,
L L L LR L) L LR L) LR L L L R L A L L UL L L T L
.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

SI13
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C:\WINNMR98\COMMON\DATA\iwasawa\ukai\PhCCPhBneo (13C).als

4-PhCCPhBneo

WCWOWOHWO © oo mo® ™ (] o
— o 0w O ® N SO~ o ) o
OO N NN o~~~ Mmow ™ =) =
MmO oo m oo AN o i
MM MNN NN N ® [ ol SR N (2] s
|
'
t
b
1
!
1
1
b
!
t |
< PPM
IIIIlllIllIIlIIIIIIllIlIlllIlllllllllllillIIIIIII[IIIIIIIllll|||||II||IIIII]I]I|IIIlIII'IlII||||||I|IIIllIIIIl!IIIlllll]llllllllllllll”III
.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

Sl14

Ph

BCM
13C
100.40
125.00
10500.0
5.9
19.1
0.2000
1.0

MHz
KHz
Hz
us
us
ms
sec

32768
32768
1000
1
27173.9 Hz
13600 Hz
14.7 us
1.206 sec
2.000 sec
16.00
24
0.10 Hz
0.00
0.00
90.00
100.00
BCM
Bilevel.complete.decoupl
1H
399.65 MHz
124.00 KHz
10500.0 Hz
60 us
511
C: \WINNMR98\COMMON\DATA\
TH5
61.60 KHz
79.0 Hz
200
22
77
409
13 Hz

2f

in CDCly



100 —
| 3, 14 . :
: 15 -
a0k . 5 13 o oy 8
j 7 PN .32 : .
- 6 12 28 L
30 o ge
6o B u ¥
(17 120 1537
%T ! . Do : : :
25 3 . 3
20~ - F ~
X 16 2l : 33
. 8 \ o b | . 29
0 I | L | ] ;:22 24 %5 |
4000 3000 2000 33 » 1000 400
Wavenumber [cm-1]
number of scan 16 resolution 4 cm-1
zero filling ON apodization Cosine
gain Auto (8) scan speed Auto (2 mm/sec)
date of scan 2007/02/20 21:41 date of data processing 2007/02/20 21:42 N
sample name NO. 3-2-20 KB: M= O Bio :><
o
29
No. om-1 %T No. om-1 %T No. om-1 %T No. cm-1 %T No. om-1 %T
1 3855. 01 91. 5947 2 3823.19 93.9744 33736.4 94.8937 4 3650. 59 93. 0593 53434.6 81. 865
6 3072.05 72.5614 3029. 62 80. 431 82958, 27 15.9149 92932, 23 8. 24167 102871.49 25. 0067
171 2857. 02 24. 8694 122222.56  74.4286 13 1938. 11 85. 2948 14 1819.51 93.6314 15 1687. 41 87.6778
16' 1602. 56 18.9313 17 1541. 81 57.0555 8)1477. 21 10. 7108 19 1421.28 12. 5496 20 1403. 92 56.4848
2111380. 78 18.9522 22 1342. 21 5.42476 23.1308.46 0.477955 ,\2@1247. 72 6. 14621 25 1181.19 47.68
2@1132. 01 2.31796 27 1100.19 46. 6867 ?8 1037. 52 73. 3644 29'1019.19 44 2533 30 997. 982 66. 3839
31 949. 77 79.5985 32.931.45 79. 8181 33 837.919 18. 8909 34 813. 813 61.5733 35 740. 531 54. 8949
36 725. 104 64. 2977 37 £88. 463 57.1031 38 661. 464 49. 2047 39 645.072 13.9688 40 556. 363 85. 7839
41 512.972 84.5394 42 500. 437 82.1799 43 412. 692 85.7136

SI15



AW O o [= Nl OO MNMEAOAIFINWIIOMWN
NO O~ W (Y] ™M~ SMNAOOO O NSONAAMN DN
~r~ OMmoN o~ < OO TIINNMOMNORNAND
RP R?; T Tié#%%iié;g%%%%;;%%gggiif
19 Wy
1 “?i Lot oL
o > § ,.’g
3
P L |1
bl || '
S ;
N -
_’/
] .
=
P
u}
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18 17 18 15 14 245 29 235
B S
] ey
[=}! (=)
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o ™ ~
<3
(=3}
S 3 5 N
(=] ()} 3
< (o)} (o)}
: G ; ]
)
1
il L
| A Wil
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10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2,0 1.5 1.0 0.5 0.0 -0

C:\WINNMR98\COMMON\_ DEFAULT.ALS
4-HexCCPhBneo

Sl16

MENUF
OBNUC
OFR
OBSET
OBFIN
PW1l
DEADT
PREDL
IWT
POINT
SPO
TIMES

FREQU
FLT

DELAY
ACQTM

ADBIT
RGAIN
BF
T1
T2
T3

EXMOD
EXPCM
IRNUC
IFR

IRSET
IRFIN
IRRPW
IRATN
DFILE

LKSET
LKFIN
LKLEV
LGAIN
LKPHS
LKSIG
CSPED
FILDC
FILDF

NON
1H
399.65
124.00
10500.0
6.2
71.9
0.2000
1.0
32768
32768
16
0
8000.0
4000
50.0
4.096
1.500
16.00
11
10

0.
0.
0.

90.
100.

00
00
00
00

MHz
KHz
Hz
us
us
ms
sec

Hz
Hz
us
sec
sec

Hz

NON
NON:Single.coupled:PWl_F
1H
399.65 MHz
124.00 KHz
10500.0 Hz
50 us
511
C:\WINNMRI8\COMMON\_DEFF
TH5
61.60 KHz
79.0 Hz
200
22
77
433
13 Hz

2g
in CDCl,



C:\WINNMR98\COMMON\_DEFAULT.ALS
4-HexCCPhBneo (13C)

<« o [=3 — W Moo O Mo — o ™ MENUF  BCM
® ™M ey — © 4O~ © S 00 — w0 ~ OBNUC 13C ;
= “ @mew o aEmmwe  wAan - OFR 100.40 MHz
58 % s SEEE R Aa%% RT3 OBSET 125.00 KHz
oo ind OBFIN 10500.0 Hz
;' l ’ } ‘ ‘ PW1 5.9 us
DEADT 19.1 us
PREDL 0.2000 ms
IWT - 1.0 sec
POINT 32768
SPO 32768
TIMES 1000
DUMMY 1
FREQU 27173.9 Hz
FLT 13600 Hz
DELAY 14,7 us
ACQTM 1.206 sec
PD 2.000 sec
| ADBIT 16.00
RGAIN 25
. BF 0.10 Hz
T1 0.00
T2 0.00
T3 90.00
T4 100.00
[ EXMOD BCM
EXPCM Bilevel.complete.decoupl
! IRNUC 1H
IFR 399.65 MHz
1 IRSET 124.00 KHz
! IRFIN 10500.0 Hz
IRRPW 60 us
1 IRATN 511
DFILE C:\WINNMR98\COMMON\ DEFZ
SF THS :
LKSET 61.60 KHz
, LKFIN 79.0 Hz
LKLEV 200
: LGAIN 22
W ' LKPHS 77
LKSIG 434
CSPED 13 Hz
FILDC
! FILDF
]
‘ 0
4
—— A Y
(o)
2
WM W / °
; ' \ ‘ in CDCl;
PPM
T T T T T T A T T T T T T T [ T O [ T T T T T T T T [ TS T T T T T T T [T T e T e T [ T e [T Ty T TS
.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0l0
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SI18

. 2 %g7 | A 5 16 o
80} 8 9101 SN M
N N I 41
i 17 2 T O
19 ' = i ! ‘ G368
60— E ‘ b L s T
: 14 aa 2829 : o | 1
%T 13 b % ®
39
i s 35
Po,o28
20 ! 22 j
21 :
- ) 25 27 30
0 ! ! | 1 26 ! |
4000 3000 2000 1000 400
Wavenumber [cm-1]
’ number_ of scan 16 resolution 4 om-1
zero ﬁlhng ON apodization Cosine 0
gain Auto (8) scan speed Auto (2 mm/sec) B
date of scan 2007/02/20 21:16 | date of data processing 2007/02/20 21:18 / \o
sample name NO. 1-2-20 2h
KBr
No. om-1 %1 No. om-1 %7 No. om-1 %7 No. om-1 %T No. om-1 %7
1 3855. 01 91.4717 23752.8 93.8778 33736.4 94 9612 4 3691. 09 94 8611 5 3677.59 94. 2052
6 3650. 59 93. 4394 7 3630. 34 93. 3671 /&\3434. 6 84.4313 9 3073.98 84.4126 10 3040. 23 85.9796
11 3006. 48 85. 8975 42 2960. 2 42. 2095 13)2928. 38 52. 0438 14)2873. 42 61.5234 15 1935. 22 90.0719
16 1831.08 91. 3291 17 1628.59 p 71.1353 187 1605. 45 54. 8026 19 1550. 49 66. 3106 20 1509. 03 73. 8859
21 1479.13 18.1768 (22'1423. 21 25. 8698 23 1402. 96 58. 3249 24 1375. 96 28.1924 251134414 11.3914
1321. 96 5.28914 27 1249. 65 10. 2446 28 1225.54 - 61. 4059 29 1181.19 60. 6499 Q30°1135. 87 12.5815
31 1017. 27 62.9169 32 998. 946 52. 441 33 913.129 60. 4658 34 901. 558 59. 8236 %(5) 841.776 32.8188
36 813.813 66. 4201 37 758. 852 81.1916 38-700. 998 b5. 2665 39 661. 464 38. 7255 627. 716 52. 1901
41 499,473 76.7213 42 450. 297 82.29 43 409. 799 85.6178



p-vinyl-CbH4Bneo

a i X
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ux,
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e "
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g R 78 R RR R S 8 g
~ o~ ~ o~ o w0 w0 w @~ - .
N . I [
3 3 =
. .y 2 S b3
1 I I T [ [ I !
I I !
=
o
R
=
<
g 3 I
(\:' f\j o - -
f <2 i <
| ﬁ JL A 1
IR AR LA AR R AN l||l||]H|HH|l||||||”||||||HH[|||| TTTTTITTT TR T T T T Roo Y l|l||||||||l|”|”|l”||l||” TTTTTTTT ||||||_||1|||||I|l|||H||”|||||[l|||||||||l||l||| TTITTITIT
.0 9.5, 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

ppm

Date ; Thu Jul 27 01:57: 38 2006
FileName .LoadingFID.nmdata
Comment 1 p-vinyl-C6H4Bneo
SliceHistory
EXMODE ©onon
POINT 32768 points
SAMPO 32768 points
FREQU 7917.7 Hz
FILTR 3950 Hz
DELAY 50.6 usec
DEADT 72.4 usec
INTVL 126.3 usec
TIMES 16 times
DUMMY 1 times
PD 1.5000 sec
ACQTM 4138.5986 msec
PREDL 0.01000 msec
INIWT 1000.0000 msec
RESOL 0.24 Kz
Pi1 : 7.00 usec
0BNUC . 1H
OBFRQ 395.75 MHz
0BSET 134498.00 Hz
RGAIN 20
SCANS 16 times
SLVYNT : COCL3
SPINNING 12 Hz
TEMP 24.0 C
4
B
/ .
0]
2h
in CDCl,

SI19




p-vinylC6H4Bneg

Date : Thu Jul 27 02: 46: 44 2006
w0 (=] (Y] ol
9 5 = a a8 2 3 D FileName . .LoadingF1D.nmdata
%,' 8 = 0 = ‘: ’2 : f 2 Comment : p-viny1C6H4Bneo
— e —_ — ~e e~ o~ ™ N S]lCEHlStOPY .
EXMODE : bcm
POINT : 65536 points
SAMPO : 65536 points
FREQU : 26881.7 Hz
FILTR : 13450 Hz
DELAY : 14.9 usec
DEADT : 19.9 usec
INTVL : 37.2 usec
TIMES : 1000 times
DUMMY : 4 times
PO . 2.0000 sec
ACQTM ; 2437.9392 msec
PREDL ; 0.01000 msec
INIWT : 1000.0000 msec
RESOL : 0.41 Hz
PH1 : 4.90 usec
0BNUC :13€
0BFRQ : 99.45 MHz
0BSET :104750.00 Hz
RGAIN : 35
IRNUC :1H
IRFRG : 395.75 MHz
IRSET T 134498.00 Hz
TRRPW : 46.0 usec
IRRNS : 0
SCANS : 645 times
SLYNT : CDCL3
3 SPINNING : 13 Hz
TEMP : 24.8¢C
0
’
B
/ §
0]
2h
in CDCI,
' :‘Av,“yv;‘ S ““‘.‘K‘ S "l“‘r““‘ Lt e 1"“‘1‘!‘1 D L i \‘ v ey Sy, e 4““‘:{., vt ' Lo
Lk i t . i 1 ., ! b ; PRI . . ' S : i Vi N ) " |
TTETTTTIT T I TTT I T T I oI TITTITd IIIIIIlIIIHIHTHI IR AR AR AN AN R A R AR R R RN RN D DN R R N R NN RN NN AN
0 (140 130 120 110 100 30 80 70 60 50 40 30 20 10 ppm;
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100
_ | o y i
/ v h‘\w‘“ﬁ’h’“’m‘—‘d‘v‘ﬁ”’l\’ "'I'bl!l”lf\l‘xu‘ "‘l ,’.,an”\.!{ Y 1 l'lhl fﬁhM”‘!v ILJ’J'\ } m
" ﬁ ‘ s i) jll{u r VJ
Yaur i Ak N et
I Vk ’ f‘{! | BEA'd T} 4
i | -
1598.7 cm-1 m l 213{813 cm-1
1 1014.37 cm-1 ll'n
l 720.925 dm-1
20632.0Q om-1
S0
433.501 cm-1
700.993 cm-1
14"43.1? omi1 861.418 om-1
1425.14 cm-1
C%T ]
HEZH5 .43 cm-1
1333 F3/4m-1 112526 cm-1
60 ' ' 134896 cth-1
o
o492, <
. (o]
1309.43 cm-1 “ 2i
- ' KBr
1514.81 cm-1
40 | . | ; - | ' ;
4000 2000 1000 400

Wavenumber [cm-1]

Si21



$t p-nitroPhBneo

-— 8.1872
— 8.1580

— 7.9627,
— 7.9335

.00

3.7987

— 1.0853
—— 1.039¢

o
o
] | -
._»——-WWM
0
o
rFrri |lIIIlllll'llllllllllllllIIII ~
8. 8.15 8.10 8.05 8.00 7.95 7.90 | —
s « ) ) 0
< ey 4
-~ © 02N B
.
0
2i
in CDCl,
PPM
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10.5 10.0 8.5 I 8'(|)| 75 | 70 6.5 6.0 l ILO 0.0 -05
(\( | | T
NO - [ o N o0\
SRR 2 & § 8%
00 06 I~ t~ ~ o - ——



N 170

T-02NC5H4Bneo

149.559

134.725

122.240

31.884
21.813

po

ppd)

Date : Thu Jun 14 14:29: 53 2007

FileName : .LoadingFID.nmdat]
Comment : T-02NC6H4Bneo
SliceHistory
EXMODE : bem
POINT : 65536 points|
SAMPO : 65536 pointdl
FREAQU : 26881.7 Hz
FILTR : 13450 Hz
DELAY : 14.9 usec
DEADT : 19.9 usec
INTVL : 37.2 usec
TIMES : 2000 times
DUMMY : 0 times
PD : 1.0000 sec
ACOTM 1 2437.9392 msec
PREOL R 0.01000 msec
INIWT ©1000.0000 msec
RESOL : 0.41 Hz
PW1 . 4.90 usec
0BNUC o 13C
0BFRA : 99.45 MHz
0BSET :104750.00 Hz
RGAIN : 23
IRNUC T 1M
IRFRG : 395.75 MHz
IASET ©134498.00 Hz
1RRPY : 46.0 usec
IRRNS : 0
SCANS : 1220 times
SLVNT . COCL3
SPINNING : 12 Hz
TEMP : 26.7 C
0
O,N B
0]
2i
in CDCl,




100

r 1 2'5 45 ’ ;
= 6 3 i3y
80 27 28 3 ;
L ‘ ‘ 345
13 15, Do ‘
. 18 o | 32
L L R Lo 26 o
wT 9 I 24
. (24 |
40 - 8 30
: 19, )
12 1417
20— ~ o 22 33
MEN g
10 1 | ! | : 21 | |
4000 3000 2000 : 1000 400
Wavenumber [cm-1]
number of scan 16 resolution 4 om-1
zero filling ON apodization Cosine 0
gain Auto (8) scan speed Auto (2 mm/sec)  Br B
date of scan 2007/02/20 21:54 date of data processing 2007/02/20 21:55 b
sample name NO. 4-2-20 2j
KBr
No. om-1 %7 No. om-1 %T No. cm-1 %T No. om-1 %T No. om-1 %T
1 3855. 01 91. 9697 23752.8 93.7262 33736.4 94.6935 4 3677.59 94. 0935 5 3650. 59 93. 0547
6 3434.6 83.8105 3049. 87 87.8194 8 ;2958. 27 42.068 9/2938. 98 55. 151 10/ 2903. 31 61.0797
11 1925. 57 89. 7682 12)1584. 24 27. 4431 131657. 24 70. 9663 14 1480. 1 27. 2381 15 1459. 85 71.3526
16 1438. 64 61.38 X111422. 24 27.6141 \;'27}402' 96 67.0011 19 1375. 96 37.643 1344. 14 20.7815
21 1321 14. 4083 22)1250. 61 22.3306 132. 01 18. 1111 24 1065. 48 54. 8068 251011.48 35. 6355
26 997. 982 64. 2599 27 927.593 80. 5866 28 845.633 83.2929 (29823. 455 34. 7555 %723. 175 41. 205
31 682,677 83. 046 32 655. 679 66. 0056 33637, 358 22.5933 “34 499 473 76.5797 357468. 617 75.9739

Si24



4-Br-PhBneg

7.2600
1.5587
1.1754
10185

T T 0.9856

0.8574

7
o

7.6641
7.6433

of

7.4944
7.4742
7.2600

¥6.37

2.00
1.98

/]

Y 4.19

T T T T T T T T T e T T T e T e T T T A T T O T T v Iy T e v oo T TTd IIIIIIIIIIIIIIllIII|IIIII!I|I TTTTTTITT IO T lIIIlIIII|IIIITI|II|IlIIIIIIllITTIlIIII TTTTTTTTT
.0 9.5 9.0

7.5

Date : Sat Feb 24 21: 15:23 2007

FileName : .LoadingFID.nmdata
Comment : 4-Br-PhBneo
SliceHistory
EXMODE 1 non
POINT : 32768 points
SAMPO : 32768 points
FREQU : 7917.7 Hz
FILTR : 3950 Hz
DELAY : 50.6 usec
DEADT : 72.4 usec
INTVL : 126.3 usec
TIMES : 16 times
DUMMY R 1 times
PD : 1.5000 sec
ACOTM : 4138.5986 msec
PREDL : 0.01000 msec
ININT : 1000.0000 msec
RESOL : 0.24 Hz
PW1 : 7.00 usec
0BNUC : 1H
0BFRG : 395.75 MHz
0BSET © . 134498.00 Hz
RGAIN : 22
SCANS : 16 times
SLVNT : COCL3
SPINNING z
TEMP : 23.6 C

’
Br B

A Y

2
in CDCl,




4-Br-PhBneo (13C)

Date : Sat Feb 24 21:55: 56 2007
@ g 8 o082 g 3 N FileName : .LoadingFID.nmdata
- =z B85 & & 3 Conment © 4-Br-PhBnea (13C)
fie] i o NN SN - & SliceHistory
EXMODE . bem
POINT : 65536 points
SAMPO : 65536 points
FREQY : 26881.7 Kz
FILTR : 13450 Kz
DELAY : 14.9 usec
DEADT : 19.9 usec
INTVL : 37.2 usec
TIMES ; 1000 times
DUMMY R 4 times
PD : 2.0000 sec
ACQTM T 2437.9392 msec
PREDL : 0.01000 msec
INIWT :1000.0000 msec
RESOL : 0.41 Hz
PW1 : 4.90 usec
0BNUC :13C
0BFRQ : 99.45 MHz
0BSET :104750.00 Hz
RGAIN : 35
IRNUC : 1H
IRFRG : 395.75 MHz
IRSET © 134498.00 Hz
TRRPW : 46.0 usec
IARNS : 0
SCANS : 531 times
' SLVNT : CDCL3
SPINNING : 10 Hz
TEMP : 25.2 C
’
Br B
A Y
2
in CDCl;
1 i 3 ' ! ¢ ' 1 N N v
TTTPEITT I I I T IO T T I I T I i e I T I i e ey T T T T T Ty eI T Ty o e ey Ty T T e T Iy T T T e T I Ty T TP T I T e T I T Ty T Ty I T i T e I T I T T I T T I T T iTTITTT
0 . 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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100

80

- 3435.56 cm-1

52 cmj

Py
JR—

v v /J(ﬂ ‘ l‘
e

463.796 cm-

Wavenumber [cm-1]

SI27
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