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Hidenori Mizuno, Hidehiro Sakurai, Toru Amaya and Toshikazu Hirao*

General Methods: Acetonitrile and dichloromethane were distilled from P,Os, then
CaH,, and dried over Molecular Sieves 4A. VO(OEt)Cl, was prepared according to the
literature procedures. Other chemicals were of commercial quality. 'H and *C NMR
chemical shifts were reported in parts per million relative to residual non-deuterated
solvent as an internal standard. ''B NMR chemical shifts were reported in parts per

million relative to BF3-OEt, in CDCl; as an external standard.

Preparation of Sodium Tetraarylborate 1. The borate 1 was prepared according to

the reported method.”

Sodium tetraphenylborate (1a) [143-66-8]

Sodium tetr akis(4-chlor ophenyl)bor ate (1b) [14644-80-5]

Sodium tetrakis(4-methylphenyl)borate (1c) [15738-23-5]

Sodium tetr akis(3-methylphenyl)borate (1d) [123026-51-7]

Sodium tetrakis(2-methylphenyl)borate (1e) '"H NMR (300 MHz, acetone-dg) & 7.45

(d, 4H, J = 6.3 Hz), 6.92-6.86 (m, 12H), 2.37 (s, 12H). *C NMR (75 MHz, acetone-ds)

142.1, 133.0, 132.9, 129.3, 126.4, 124.4, 22.3 ppm. "'B NMR (127 MHz, acetone-ds)
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-6.73 ppm. IR (KBr) 3634, 3055, 3003, 1616, 1437, 1213, 931, 756 cm”'. HRMS

(FAB-TOF: [M-Na]) caled. for CosH,3B™ 375.2284, found 375.2288.

Sodium tetrkis(4-methoxyphenyl)bor ate (1f) [26546-24-7]

Biphenyl (2a) [92-52-4]: 'H NMR (300 MHz, CDCls) & 7.58 (d, 2H, J = 8.1 Hz), 7.43
(t, 4H, J= 7.8 Hz), 7.34 (d, 2H, J = 7.5 Hz). °C NMR (75 MHz, CDCl;) 140.8, 128.7,

127.2, 127.1 ppm. IR (KBr) 3086, 3057, 3033, 1942, 1875 cm’™.

4,4 -Dichlorobiphenyl (2b) [2050-68-2]: "H NMR (300 MHz, CDCls) & 7.46 (d, 2H, J
= 8.4 Hz), 7.39 (d, 2H, J = 8.4 Hz). >C NMR (75 MHz, CDCls) 138.4, 133.7, 129.0,

128.2 ppm. IR (KBr) 2924, 2853, 1903, 1503, 1472, 1089, 815 cm’™.

4,4 -Dimethylbiphenyl (2c) [613-33-2]: "H NMR (300 MHz, CDCls) & 7.46 (d, 2H, J =
8.1 Hz), 7.22 (d, 2H, J = 8.7 Hz), 2.37 (s, 6H). *C NMR (75 MHz, CDCls) 138.3,

136.7, 129.4, 126.8, 21.1 ppm. IR (KBr) 3022, 2915, 2851, 1902, 1501, 802 cm™".

3,3 -Dimethylbiphenyl (2d) [612-75-9]: "H NMR (300 MHz, CDCl3) & 7.38 (d, 4H, J =
7.8 Hz), 7.31 (t, 2H, J = 7.5 Hz), 7.14 (d, 2H, J = 7.8 Hz), 2.41 (s, 6H). *C NMR (75
MHz, CDCls) 141.3, 138.2, 128.6, 128.0, 127.9, 124.3, 21.5 ppm. IR (liquid film) 3027,

2919, 1604, 1474, 1091, 878, 772, 697 cm™.

2,2 -Dimethylbiphenyl (2€) [605-39-0]: 'H NMR (300 MHz, CDCL3) & 7.25-7.18 (m,

6H), 7.08 (d, 2H, J = 6.0 Hz). °C NMR (75 MHz, CDCly) 141.6, 135.8, 129.8, 129.3,
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127.1, 125.5, 19.8 ppm. IR (liquid film) 3059, 3016, 2921, 1914, 1600, 1452, 757, 730

-1
cm .

4,4 -Dimethoxybiphenyl (2f) [2132-80-1]: "H NMR (300 MHz, CDCl;) 8, 7.46 (d, 2H,
J=28.7 Hz), 6.94 (d, 4H, J = 9.0 Hz), 3.83 (s, 6H). °C NMR (75 MHz, CDCl;) 158.7,
133.5, 127.7, 114.1, 55.4 ppm. IR (KBr) 2957, 2839, 1606, 1500, 1276, 1250, 1041, 824
em’!
4-Chlorobiphenyl (6b) [2051-62-9]: 'TH NMR (300 MHz, CDCl;) & 7.32-7.55 (m, 9H).
BC NMR (75 MHz, CDCls) 140.0, 139.7, 133.4, 128.9, 128.4, 127.5, 127.0 ppm. IR

(KBr) 3058, 3032, 1904, 1478, 1098, 757 cm’.

4-Methylbiphenyl (6c) [644-08-6]: 'H NMR (300 MHz, CDCl3) & 7.58 (d, 2H, J = 6.9
Hz), 7.49 (d, 2H, J= 8.1 Hz), 7.42 (t, 2H, J= 7.2 Hz) 7.32 (m, 1H), 7.25 (d, 2H, J= 7.5
Hz), 2.39 (s, 3H). '°C NMR (75 MHz, CDCLy) 141.1, 138.3, 137.0, 129.5, 128.7, 127.0,
126.9, 21.1 ppm. IR (KBr) 3031, 2915, 1908, 1487, 1444, 1402, 1128, 1006, 822, 754

A1
cm .

3-Methylbiphenyl (6d) [643-93-6]: '"H NMR (300 MHz, CDCl3) § 7.60-7.56 (m, 2H),
7.45-7.30 (m, 6H), 7.18-7.14 (m, 1H) 2.41 (s, 3H). °C NMR (75 MHz, CDCl;) 141.6,
141.5, 138.6, 128.9, 128.2, 127.4, 124.5, 21.8 ppm. IR (liquid film) 3031, 2919, 1944,

1600, 1481, 1455 cm’.
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2-Methylbiphenyl (6€) [643-58-3]: '"H NMR (300 MHz, CDCl;) § 7.21-7.40 (m, 9H),
2.26 (s, 3H). C NMR (75 MHz, CDCl3) 141.9, 135.3, 130.3, 129.8, 129.2, 128.0,
127.2, 126.7, 125.7, 20.5 ppm. IR (liquid film) 3059, 1950, 1807, 1599, 1479, 1439,
1010 cm™.

4-M ethoxylbiphenyl (6f) [613-37-6]: "H NMR (300 MHz, CDCl3) & 7.53 (m, 4H), 7.40
(t, 2H, J= 7.2 Hz), 7.28 (t, 1H, J = 7.5 Hz), 6.96 (d, 2H, J = 8.7 Hz), 3.84 (s, 3H). "°C
NMR (75 MHz, CDCls) 128.7, 128.1, 126.7, 126.6, 114.2, 55.3 ppm. IR (KBr) 3066,

3002, 2836, 1890, 1606, 1521, 1482, 1286 cm’.

4-N, N-Dimethylaminobiphenyl (6g) [1137-79-7]: 'H NMR (300 MHz, CDCls) &
7.56-7.48 (m, 4H), 7.38 (t, 2H, J= 7.5 Hz), 7.24 (t, 1H, J= 9.0 Hz) 6.80 (d, 2H, J=9.0
Hz), 2.98 (s, 3H). °C NMR (75 MHz, CDCl;) 150.0, 141.2, 128.6, 127.7, 126.3, 126.0,
112.7, 40.6 ppm. IR (KBr) 3030, 2879, 2800, 1880, 1610, 1491, 1354, 1230, 1062, 819,

758 cm’.

1-Phenylnaphtalene (6h) [605-02-7]: 'H NMR (300 MHz, CDCls) & 7.92-7.84 (m,
3H), 7.55-7.41 (m, 9H). >C NMR (75 MHz, CDCl3) 140.7, 140.2, 133.8, 131.6, 130.0,
128.2, 127.6, 127.2, 126.9, 126.0, 125.7, 125.4 ppm. IR (liquid film) 3055, 1814, 1591,

1493, 1395, 961, 802, 702 cm’.

2-Phenylthiophene (6i) [825-55-8]: 'H NMR (300 MHz, CDCl3) & 7.60 (d, 2H, J = 7.2
Hz), 7.36 (t, 2H, J = 7.2 Hz), 7.31-7.25 (m, 3H), 7.07 (dd, 1H). >C NMR (75 MHz,
CDCly) 144.4, 134.4, 128.9, 128.0, 127.4, 125.9, 124.8, 123.0 ppm. IR (KBr) 3067,

2927, 1945, 1594, 1488, 1446, 1074, 850, 754, 689 cm’.
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Preparation of Potassium Diphenyldifluoroborate (7a). The synthesis of 7a was

based on the method reported by Ito et al'® to give 7a as a white powder in 63% yield.

Potassium diphenyldifluoroborate (7a) [18114-68-6]

Procedure for the Oxidative Ligand Coupling of Potassium
Diphenyldifluoroborate (7a). Potassium diphenyldifluoroborate (7a, 48.4 mg, 0.20
mmol) and a stirring bar were placed in a 20 mL 2-necked round bottom flask, and dried.
2 mL of acetonitrile and 0.87 mL of dichloromethane were added into the flask,
followed by the addition VO(OEt)Cl, (0.80 M solution in dichloromethane, 0.13 mL,
0.10 mmol) under an oxygen atmosphere. The reaction mixture was allowed to reflux
smoothly and stirred for 10 h. Then, IM aqueous HCI (3 mL) was added so as to quench
the reaction. After extraction with Et,O (3 x 10 mL), the combined organic layer was
washed with brine, dried over MgSO,, and evaporated. The purification of the crude

product with preparative TLC (hexane) gave biphenyl (2a, 78% yield, Scheme 2).

References
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"H NMR spectrum of 1a
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3C NMR spectrum of 1a
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'H NMR spectrum of 1b

[+]
| failszrzr By
| ATTIELIIE
F"' ® 3 T o
I E e -
E .-a’%ﬂg:"._.“é- °§
@ - P
= o = z @ o
7.171 ® 2 ek Sh
‘ / 7.165 @ " [ ¢
5 ] Y] o
/ ;o160 @
@ A ~7.157 E
gl Y S 7.152 &
{ | L._:-_—- _ o N 7,243
( N \---'.'.1_15
\ 6.983
| ! - 6.977
| N 6.98s
6.951
o
u
',
-
L, -2.788
Yo2.786
- 2.055
/ ;2047
[N —_— / J:!
T A Y
5 N \ .
\ L 2,026
- 2.020
-
.
]
'g ?— 0.119

BUOIHIY JUDATOS

Indze iecnenbeg seyng

ll,r---2-llllil
2.034

FAUISHO HT QUWANVLIS

A

sl



Supplementary Material (ESI) for Chemical Communications
This journal is (¢) The Royal Society of Chemistry 2006

C NMR spectrum of 1b
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C NMR spectrum of 1c
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"H NMR spectrum of 1d
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. ’C NMR spectrum of 1d
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Filcer width = §.35324015[kHz]
Irr code = 210
Irr demain = 1H
= Irr_freg = 355.BE252601 [MHz)
= - Irr_nciso = WALTZ
= Irr_offsat = 5[ppm]
Icr_pwidth = S5[ua)
Iterations =1
Local_time = L4-JUL-203% 20:9%:51
Obs_noise = WAUGH
Oba_pwidth = 1{us]
Probe_id = 2692
Reovr_gain = 1B
Relaxaticn_delay = 1[s]
Scang = 28
Selvent = ACETONE-D§
Spin_get = Ld[H=]
Spin_lock S0 = 37.8(us]
Spin_lock_attn = 11.6[4EB]

"B NMR spectrum of 1d

Tamp_gat = 24,3[4C)
= x50 = 10{us]
= X_acqg duratiocn = 3.578841E (&)
- %_angle = 451deg]
X_domain = 118
X_frag = 137.01496434 [MH2]
X _offeetr = 0 ({ppm]
X_points = 32768
¥_prescans " 4
X _pulse = S[us]
X_rescluticn = 0.3B777101(Hz]
X_aweap = 12.706480 3 [kAz]
Trigg = 10{us]
z Tri_noise = WALTT
- Tri_pwidth = 1{us]
= Quaso = 10[us]
= Qua_noise = WAUGH
= , Qua_pwidth = llua]
< e R gy
T et — N il bt L il.{f-l..f!:r
W i i S A i .
B A e gy i ey
Sty 0.0 . 300 20.0 10.0 0 —-10.0 —-20.0 =300 —30.0

=6.7272

L X = parts per Million : 11B
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STANDARD 1H OBSERVE

Ae
Pulse Sequence: a2pul @IV, WZ
o
\.1

Solvent: Acetone
Ambient temperature
k.lu.ﬂ—-”%lmao *m3oo*

Relax. delay 1.502 sec
Fulse 45.0 degrees

Acqg. tims 3.501 sec

Width 4496.4 Hz

1§ repetitions
OBEERVE Hl, 300.0689259 MEz
DATA PROCESSING

FT size 32768
Total time 1 min, 28 sec

o 8.8986

s 6.902

'"H NMR spectrum of 1e

.

~2+370-

s 2,046

- 2,040

Yo2.033

1i1.08
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e

_\

e

3¢ OBSERVE e
lse Sequence: sZpul w wan BNa

|8olvent: Acetone

dent temperature
ercury-300 "m30o"

%.ou.uk. delay 0.185 aec
“Pulse £5.0 dagrees
Bacg. time 1.815 asc

idth 18761.7 Hz

1024 repetitions

SERVE CL3, 75.4523091 M=
ECOUPLE H1, 300.0704151 MEz
Powaer 45 4B
‘nonn._.u..aaawz_ en

WALTZ-16 modulated

TA PROCESSING

Line broadening 1.0 Hz ’ ~
ET aize 131072 N }
Total time 3% min, 10 sec \

N
21

-30.549
30.201
29.77%

-29.524

/
\

30.807
Y00 30.037
kY

~29.266

=958
L. 22.346

13z
132.856

t 128,287

®

126.381
bo124.392

A

y

-—-142.058

C NMR spectrum of 1e

200 180 . 160 140 120 100 80 60 40 20 ppm
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— e . S{g

- 1B=o-Me B - - ) T ) 0
—=== ACQUISITION PAEANETELS —-—-
= Mr_.a Hame = o-ma-11H.4
s. uthor = JEOL LTD.
H Sumple ID = mizum
Content = llB-o-Me
Creation Date = 22=-AU-2005 23:01:
Revielon Date = 24-pU-2005 12:20:
spac Site = ECP4DISL
Spec Type = DELTA NMR
Data Format = 10 COEFLEX
Dimensicns - X
= £ Dim Title = 118
z i - Dim Size - 32768
2 Dim Units = [ppen}
Aetual start time = ZE-AUG-2005 22:01:
" Delay of start - 1lm]
& { Digical filter = FALEE
| End_tima = Z2-AUG-2005 22:59:
) H Expoericent = single_pulse_dec
= . m__”owmumnnaunrrw = §.23B3736(T]
Filter mode = BUTTERNORTH
w N} _ Epn“‘um..n_nnw = §.353124015 [kuz]
. Irr -
m m (¢D] = - Irr_domain - mmn_
= — s Irr_frag = 395.8£252601 [Miz)
G ] ! Irr_ncise = WALTZ :
m o _ Irr_offset = 5(ppa]
WJ | Izr_pwidth = 55[us])
m = ] Hﬂﬂﬂﬁﬂ.:.uu..m =1
174 Local_time = 22-AUG-2005 22:01:1
o .2 H Obs_noise - WADGH
C m I Ons_pwideh = 1[us]
= | Prcbe_id = 2602
—_ O 15} Reovr_gain = 1B
w h O - ! Relaxation_delay = 1[a]
. C p n.l . Scans - 16
I 2 . | o
' Bpin_lock_30 = 41.7[us
5 © a7 ; Spin lock_atts = 11.4([ds)
h y M TeED_get = 24.5[a]
C i . x50 = 10[uns)
O N B : ¥_acq_duratien = 2.5788416[a]
— P.I.v | | Mlnhnvmu = 45[deg|
| x_doma: = I1B
rm o) m nlww.“n = 127.0L486494 [Mz)
- X_offset = ©lppa]
—_~ N = = X_peints s = 32768
—_— = X_prescans -4
/5] < X_pulse = S{us]
E y X_resolution = 0.38777101(H=]
X_swoep = 12.T064803 [k¥z)
~ O _ Trigg = 10[u8]
.nl.a R ._u- Tri_noise = WALTZ
e H Tri_pwidth = 1l[us]
b (D) = Quast = 10[us]
o h = ) Qua_ncise = WALMEH
2 T m. H Qua_pwidth = L[us]
a I )
M ~ = N
Q ) o T e e e e -
50.0  sep T L e — —
mu 2] 40.0 30.0 20.0 10.0 0 ~10.0 ~20.0 -30.0 -40.0
— =
g S :
o £ 2
g = o |
S o ki i
—_— e . !
=SR] I _ X : parts per Million : 11B . i
m-. m L et T - —_—— —_ .
n =
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"H NMR spectrum of 1f
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3C NMR spectrum of 1f

3C OBSERVE

lse Sequence: s2pul w:xabl@lﬁ\ BN

Solvent: Acetone

Ambient temperature

sroury-300 Tm3igge
-

elax. delay 0.185 pec
WFH-O 45.0 degreas
Avnn. time 1.815 =ec
dth 18761.7 Hz
1024 repetitions
BSERVE cC13, 75.4522942 ME=
ECOUPLE H1, 300.0704151 MEz
Power 45 4B
continucusly on
WALTZ-16 modulated
TA PROCESSING
Line breedening 1.0 gz
size 131072
“anm time 3% min, 10 sec
i e

t—206.23

kY

—156.584

~137.824

—— 112,057

55.230

29.684
-29.426

Ay

3

22



”u_stm Fulse with Broadband Decoupling

File Hame

| =-—- ACQUISITICH BARAMETERS —---

= ani4=1lf=irr.3

23

=
] Author = JEOL LTD.
x= Sample ID = mizuno ﬂr\ Lo |
- Content = Single Pulse with Bs
Creaticn Tate = 17-DEC-1004 01:36:22
- mai.n»mﬂ Date = 1E-DEC-1004 12:25:00
Spac Site = ECP400SL
m . . Spec Type = DELTA_NHR
- Data Format = 1D COMPLEX
< Dimensicos =X
- Dim Title = l1B
: Bis Size = 12768
. Dim Units = [pp=]
. Actual start_time = 17-DEC-2004 01:36:22
e Delay_of_starc = 1[s]
= Digital filrer = FALSE
i End_time = 17-DEC-2004 02:33:25
: Experiment = gingle pulse dac
Field streagth = §,3981736(7]
: E.mnnnlamhs = BUTTERWORTH
w . Fliter widch = 6.35324015 [kez]
n = Lrr_coda = 210
7 Irr_demain = 1H
.m . W«Hlmnma - uwww.ma»uumn:uﬁu_
Ir_nolise - TZ
Lnlaw 1 Irz_offser = S(ppm}
S O - Irr_pwidth = S55[us}
= 0 o - Iterations =1
S — < - Local tima = 17-DEC-2004 01:36:21
= Q G E Obs_noise = WAUGH
/) Ohs_pwidth = 1[us]
m E Erchba_id = 2652
- Recvr_gain = 1%
g & g : Relaxation delay - i(s)
N Scans = a3
Q .= m s Solvent = ACETOME-DE
C m = m. Spin_get = 10[H=z]
5 153 d Spin_lock_SC = 37.8[us]
‘nl.a 5 Epin_lock_attn = 11.6[dB]
= Q. Temp_get = 24.5[dc]
nlu Q N *80 = 16[us]
m o wl_-nqﬂnennnmoa = 2.57THB416(4]
- -angle = 45(deg]
) o) R =g x_demain - 118
= M ~ %_fzug % 127.01495494 [MHz]
y X_offset = 0{ppm]
C Ln.lv N X_poines = 32768
X_prescans =4
— P.I.v B X _pulsa = S(us]
o - X_raesoclution = 0.38777L01[Hz]
[ % H S Mlﬂﬂwnu = 12.7064805 [kHz]
g T = 10(us]
D s . - Tri_noise = WALTZ
£ Tzi_pwideh = 1[us]
N = Quadg = 10{us]
E y .M Qua_ncise & WAUGH
RO z Gua_pwideh = 1fua]
— = i et e e,
s~ = e e - S I
.o e,
= o o e e s
O = 50.0 e —————— — — e — .
- =4 4.0 30.0 20, = . i
S B 9 10.0 0 -10.0 -20.0 -30.0 -40.0 -50.0
~
=
~—~ a
2
»n =
4 b
< o
2 _
5} m B X : parts per Million : 11B
S -
|y
72}
5=
wn =
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'"H NMR spectrum of 2a
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o0 O

13C OBSERVE

Pulse Seguence: aZpul

Solvent: CDC13
Ambient temperature
Mercury-300 "m300*"

Relax. delay 0.185 sec
Pulse 45.0 degreea
Acg. time 1.§15 sec
width 18761.7 Hz
1024 repetitions -
CBSERVE Cl3, 75.4519995 MAz
DECOUPLE H1, 300.0628577 Mm=
Fower 45 dB
continucusly en
WALTZ-16 modulated
DATA PROCESSING
Line broadening 1.0 Hz
_FT size 131072
Total time 39 min, 10 see

C77.421
R S T Y P—

Y 76.575

157

128739
127.236
—127.

N

C NMR spectrum of 2a

180 160 140 120 100 80 60 40 20 ppm
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"H NMR spectrum of 2b
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C NMR spectrum of 2b
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"H NMR spectrum of 2¢
[ 388,
| FHHIE
j TIRHE
! I—-gu:—n;s ‘:
| Fr¥gte]-
i /‘"""‘h‘?‘ § E=§
- 27.447 w &
| — ____/_31 2408 °
_ 7.233
e = —— — §
—7.331
\ \—--7-201
\--T.ZDR

w00EM,  poE-Lxnoxay

BIn3vaedme; Juetquy

28

ET2AD :jusaTos

ndze recuenbes ssTng

sy <

= RATL-

——1.538

g

AAMISED HT CUVONYLS



Supplementary Material (ESI) for Chemical Cgmmunications
This journal is (¢) The Royal Society of Chemistry 2006

C NMR spectrum of 2¢

13C OBSERVE

Pulse Sequence: s2pul ?ﬂl@l@!?

Solvent: €DCL3
Ambient tempesrature
Mercury-300 *m300"

Relax. delay 0.185 Asc

77.425
FT7E000=0u M=
T6.579

Pulse 45.0 degrees
Acg. time 1.815 sec
Width 18761.7 mz

—e128.414
T l2E.792 — -

1024 xepetiticnas :
OBSERVE C13, 75.4515955 Muz | i
DECOUPLE H1, 300.0688577 MEz _

Fower 45 dB
continuously em
WALTZ-16 modulated I
DATA PROCESSING |
Line broadening 1.0 mz
FT size 131072
Total time 39 min, 10 gec

o«

i

*-136.684

s 138,270

~—--21.069

et}
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"H NMR spectrum of 2d
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C NMR spectrum of 2d

13C OBSERVE

Pulse Sequence: a2pul M

>
U

Solvent: CDC13
Ambignt temperature e
Hannehu?l. 300 "m3Q0-

Relax. delay 0.185 sae
Fulse 45.0 degreas

Acq. time 1.815 sec

Width 18761.7 Hz

1024 repetiticns

OBSERVE CL3, 75.4520000 HHz
DECOUPLE H1, 300.0688577 Mz
Fower 45 dB

continucusly en

WALTZ-16 modulated
DATA PROCESSING

Line brosdening 1.0 Hz
FT size 131072
Total tima 39 min, 10 sec

-

< -141.332

— 138.236

i._

128.579
L3 7 985 .

A\

127,888

- 77.425
77.000

- 124.265
-

S

b 76.579

©—21.524
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"H NMR spectrum of 2e
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BC NMR spectrum of 2e

13C OBSERVE

sog,
Pulse Sequence: s2pul %
Solvent: CDC13
Ambient temperature v
Hercupy-300 *m300"

Relax. delay 0.185 sec
Pulase 45.0 degreen
Acqg. time 1,815 gec
Width 18761.7 ==

1024 repetitions
OBSERVE €13, 75.4520000 Mu=
DECOUPLE H1, 300.0688577 Muz
Power 45 4B

w

continuously on
WALTZ~16 modulated
DATA PROCESSING

Line broadening 1.0 =z
FT size 131072
Total time 3% min, 10 sec

—141.567

S ~135.756

129.775
:129.258

A

125506

=13 119 — .

77.425

7
b 76.579

o——18.805

S
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"H NMR spectrum of 2f
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13C OBSERVE i

Pulse Sequence: s2pul

mﬂuﬂuﬁﬁﬂﬂnwu _
Ambient temperature
Elnﬁﬂ.-.mruno "m300=

Relax, delay 0.185 sea
Fulse 45.0 degrees
Aoqg. time 1.815 aec
Width 18761.7 Hz
1024 repetitions
OBSERVE (€13, 75.4519998 ME=
DECOUPLE H1, 300.0688577 Muz
Power 45 4B
contimiously en 1 _
WALTZ-16 modulated |
DATA PROCESSING _ .
Line broadening 1.0 mz
FT gize 131072
Total time 39 min, 10 see

- 27722 — -
114346

77.421
L T2000 = “
76.575

—--55.354

- 133.474

C NMR spectrum of 2f

180 160 140 120 100 80 60 40 20 Ppm
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"H NMR spectrum of 6b
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13C OBSERVE

Pulse Sequence: sZpul Olf@ @

Solvent: CDC13 i qv \w b3
Ambient temperature
Hnnﬂ:nmluao "m30g*

Relax. delay 0.185 sec
Pulse 45.0 degress 324 F5H&
Acg. time 1.815 sec a8
Width 18761.7 H=z
1024 repetiticns _4_‘
OBSERVE €13, 75.4519998 MH= 7

|

a0
868
378
211
574
74

b
M- 76.575

12
128
128
O 128
N a2y
126
77421
-

Eﬂoﬂﬁnu.:?a%:dﬁn _
Power 45 dB
continuously on

WALTZ-16 modulated :
DATA PROCESSING _ _7
Line broadening 1.0 Hz !
PT size 131072 _
Total time 39 min, 10 sec

/ 1z29.031

-138.659
~ 133.360

~+139.985

PC NMR spectrum of 6b
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'H NMR spectrum of 6¢
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BC NMR spectrum of 6¢
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13C OBSERVE

Fulse Sequence: sZpul 3::1@‘@

$% 7
Selvent: CDCL3

Ambient temperature
Eaﬂn:ﬂu..r 300 =mEgQe

Relax. delay 0.185 sec
Pulse 45.0 degress
Acqg. time 1.815 ses
Width 18761.7 Hz

976 repetitiona _/f L
OBSERVE €13, 75.4520012 Muz !

DECOUPLE H1, 300.0688577 M= \
Power 45 4B ) __
continuously cn
WALTZ-16 modulated ]

DATA PROCESSING _
Line broadening 1.0 Hx |

FT pize 131072

Total time 39 min, 10 sec

-128.689

129.456
h-126.952

77.425
ooo
—T76.575

e
7

138.334

l41.138
—e——21.080

. —136.990

—

180 160 140 120 100 80 60 40 20 ppm
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H NMR spectrum of 6d
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BC NMR spectrum of 6d
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13C OBSERVE _

A |
Pulse Segquence: s2pul N _

Solvent: CpC13 g

Ambient temparatura
xmnﬁﬂﬂ.u.luoo "mIgge

Relax. delay 0.185 sec
Pulse 45.0 degrees

Acg. time 1.815 sec

Width 18761.7 Hz

1024 repetiticna
OBSERVE Cl2, 75.4519815 mucz
DECOUPLE H1, 300.0688577 MEz
Powar 45 4B

continuously en

WALTZ-16 modulated 7

127.410
77.675

-/:‘1-’7.250

\ 76.829

3\
124.504

iza.920
/_

T - 12B 237

T\

DATA PROCESSING

Live broadening 1.0 Hz
FT size 131072 | _
Total time 39 min, 10 sec __

141.468
" 138.5858
21.785
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C NMR spectrum of 6f

13C OBSERVE

Pulse Sequence: s2pul

e L0

Solvent: CDC13
Ambient temperature
Eon.nﬂnu.nr 300 =*m3Qon

Relax. delay 0.185 sec
Pulse 45.0 degrees

Acg. time 1.815 ses

Width 18761.7 Hz

1024 repetitions
OBSERVE C13, 75.4519998 Ma=z
DECOUPLE E1, 300.0688577 Muz
Powar 45 dB

continuously on

WALTZ-16 medulated
DATA PROCESSING

Line broadening 1.0 Hz
PT aize 131072
Total time 39 min, 10 sec
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BC NMR spectrum of 6g
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Pulse Sequence: s2pul 2
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Solvent: CDCL3
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C NMR spectrum of 6h
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C NMR spectrum of 6i
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Pulse Sequence: s2pul

Bolvent: CDC13
Ambient temperature
Meroury-300 smigge=
4
Relax. delay 0.185 gec
Fulse 45.0 degrees
Acq. time 1.815 gec
Width 18761.7 H=
1024 repstiticna
OBSERVE C13, 75.4520003 MHz
DECOUPLE BRI, 300.0688577 Mus
Power 45 da
continususly on
WALTZ-16 nodulated
DATA PROCESSING
Line broadening 1.0 Hz
FT size 131072
Total time 39 min, 10 ase
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Filename : zo
02 el

Operator :
.‘Ew__mscnu RAesonator : st4i02 Temperature : 300.0 K Date : 23-AUG-+885

Receiver

Signal channel Fisla Microwave

Receiver Gain : 2.00e+04 o N e S —

Phase, . 0 deg %w““mm”m““ 81.92 ms Center Field : 3500.00 6 Frequency : 9,7777000 GHz

Harmenic 1 s g : 81.92 ms Sweep Width : 1500.00 G Faower T 7.B0e+00 mA .
Weep Time : 83,886 s Resolution 1024 points o m ¢ &_

Mod Frequency : 100.0000 kH:
: . kHz
Mod Amplitude : 20.226 & Seate

Number of Scans : 1

Comment : 2

ESR spectrum of vanadium(IV) species

2742.08 & _ : |

4250.55 ¢
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