Novel Trans-Spanned Palladium Complexes as Efficient Catalysts in Mild and
Amine-Free Cyanation of Aryl Bromides under Air

Olga Grossman and Dmitri Gelman*
dgelman @ chem.ch.huji.ac.il

General Considerations. Palladium acetate (98%), potassium phosphate, N,N-dimethylformamide,
potassium ferrocyanide, potassium ferricyanide and all starting aryl halides were purchased from Aldrich.
All reagents were used without further purification. 1,8-dibromotryptycene was synthesized according the
previously published procedure.! All reagents were weighed and handled in air. Flash column
chromatography was performed with Merck ultra pure silica gel (230-400 mesh) purchased from Fluka. All
reactions were carried out under an air atmosphere in oven-dried glassware. 'H-NMR and '*C-NMR spectra
were recorded on a Bruker 300 MHz instrument with chemical shifts reported in ppm relative to the
residual deuterated solvent or the internal standard tetramethylsilane. Gas chromatography analyses were
performed on a Hewlett Packard 5890 instrument with a FID detector and a Hewlett Packard 25 m x 0.2
mm i.d. Supelcowax-10 capillary column. Yields refer to isolated yields of compounds greater than 95%
purity as determined proton Nuclear Magnetic Resonance spectroscopy (‘H-NMR) analysis. Yields
reported in Table 2 are an average of two runs. The CAS numbers of the known compound were listed.
Spectroscopy data of the known compounds matches with the data reported in the corresponding

references.

1,8-dibromotriptycene.' 1,8-dibromoanthracene (10 g, 29 mmol) in 75 mL of 1,2-dimethoxyethane and
isopenthyl nitrite (5.75 g, 50 mmol) were placed in a 500 mL three-necked round-bottomed flask fitted with
a reflux condenser and a mechanical stirrer. The mixture was heated to reflux and the solution of
anthranilic acid (8.5 g, 60 mmol) in 40 mL of 1,2-dimethoxyethane was added slowly over 40 min by
means of a syringe pump. The mixture was cooled down to room temperature and an additional portion of
isopenthyl nitrite (5.75 g, 50 mmol) was added at once. After resuming reflux, another portion of
anthranilic acid (8.5 g, 60 mmol) in 40 mL of 1,2-dimethoxyethane was added over 30 min. The mixture
was cooled down to room temperature and 30 mL of methanol along with 250 mL of 10% sodium
hydroxide were added. The brown suspension was cooled to ca. 10 °C and filtered. The residue was washed
with 3 portions of chilled methanol/water (4/1). The crude product and 5 g of maleic anhydride were
transferred to a 250 round-bottomed flask and dissolved in 50 mL of triethyleneglycol dimethyl ether. The
resulting solution was heated under reflux for 15 min, cooled and worked-up with 10% sodium hydroxide
solution as was described previously. The product was isolated by filtration and thorough washing with
methanol/water affording 8-9 g (66-75 % yield) of 95 % pure material. 'H NMR (300 MHz, CDCls): 7.55
(m, 1H), 7.43 (m, 1H), 7.33 (d, J = 7.2 Hz, 2H), 7.23 (d, J = 7.2 Hz, 2 H), 7.08-7.06 (m, 2H), 6.88 (t,J =9
Hz, 2H), 6.44 (s, 1H), 5.46 (s, 1H). >C NMR (75 MHz, CDCl): & 147.54, 144.77, 144.00, 143.20, 129.02,
126.86, 126.54, 125.80, 124.59, 123.72, 122.68, 119.54, 54.72, 52.30.



1,8-bis(diisopropylphosphino)triptycene (L1). To a cold stirred solution (-78°C) of 1,8-
dibromotriptycene (3 g, 7.28 mmol) and TMEDA (5.5 mL, 5 eq) in dry THF (35 mL) n-BuLi (1.6 M, 9.2
mL, 2 eq) was added over a period of 30-35 min. The resulting yellow to brown solution was stirred for
additional 15 min and diisopropylchlorophosphine (2.3 mL, 14.5 mmol, 2 eq) solution in THF (3 mL) was
added dropwise. The nearly colorless solution was allowed to reach room temperature and then refluxed for
1 hour. After being cooled, ethyl acetate (50 mL) was added; the organic phase was successively washed
with sodium bicarbonate and water, dried and evaporated. The crude material was purified by filtration
through a pad of silica gel and crystallized from methanol affording 1.8 g (51% yield) of analytically pure
material. 'H NMR (THF-dy): 7.51 (t, J = 5 Hz, 1H), 7.35-7.30 (m, 4H), 7.12 (d, J = 7.5 Hz, 2H), 6.94 (t, ] =
7.5 Hz, 2 H), 6.90-6.87 (m, 2H), 5.44 (s, 1H), 2.23-2.18 (m, 2H), 2.07-2.01 (m, 2H), 1.21 (dd,J =7 Hz, J =
7 Hz, 6H), 1.06 (dd, J = 8 Hz, ] = 8 Hz, 6H), 0.92 (dd, J =7 Hz,J =7 Hz, 6H), 0.75 (dd, J =7 Hz, J = 3 Hz,
6H). 3Ip NMR (THF-dg): 6 4.75. Anal. Calcd. for C3,HyoP5: C 78.98; H 8.29. Found: C 79.26; H 8.22.

Representative procedure for palladium-catalyzed cyanation of aryl bromides. An oven-dried single-
use screw-capped tube was charged with Pd(OAc), (2.2 mg, 0.01 mmol, 1 mol%), L1 (7.3 mg, 0.015
mmol, 1.5 mol%), K4Fe(CN)g (112 mg, 0.3 mmol, 0.3 eq) and K;PO,4 (430 mg, 2 mmol, 2 eq) followed by
anhydrous DMF (4 mL). The yellow suspension was stirred for 5-10 min. Then the 1-bromonaphthalene
(207 mg, 1 mmol, 1 eq) was injected at once. The tube was sealed and the reaction mixture was stirred at
90 °C for 24 hours. The resulting suspension was allowed to reach room temperature, diluted with water (2
mL) and extracted with dichloromethane (4 mL). The combined organic phases were dried over MgSO4,
concentrated, and the residue was purified by flash chromatography on silica with ethyl acetate/hexane to

provide the desired product in 98% yield and 95% purity (149 mg).

Analytical data
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Methyl-4-cyanobenzoate (CAS Registry Number: 1129-35-7)2: '"H NMR (300 MHz, CDCl5): & =8.15
(2H, d, J=8.56), 7.75 (2H, d, J=8.56), 3.97 ppm (3H, s); C NMR (300 MHz, CDCl5): & 165.4, 133.9,
132.2, 130.1, 117.9, 116.3, 52.7;: IR (CHCl,): v= 2225 cm™'; MS (70 eV, EL): m/z: 161 [M*], 130 [M*-
OCHs;].

Table 2, entry 1

CN

Table 2, entry 2

1-naphtonitrile (CAS Registry Number: 86-53-3)'": "H NMR (300 MHz, CDCl5): & =8.24 (1H, d, J=8.5),
8.09 (1H, d, J=8.5), 8.0-7.87 (2H, m, ar), 7.75-7.58 (2H, m, ar), 7.58-7.49 (1H, m, ar); C NMR (300
MHz, CDCl;): & (ppm) = 133.27, 132.88, 132.63, 132.32, 128.63, 128.58, 127.53, 125.13, 12491, 117.76,
110.14; IR (CHCl;): v=2216 cm™ ; MS (70 eV, EL): m/z:153 [M'].
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! ! ! Table 2, entry 3

Anthracene-10-carbonitrile (CAS Registry Number: 1210-12-4)9: '"H NMR (300 MHz, CDCl5): 6=8.69
(1H, s), 8.43 (2H, d, J=8.7), 8.09 (2H, d, J=8.7), 7.73 (2H, t, J=7.6), 7.6 ppm (2H, t, J=7.65); °C NMR
(300 MHz, CDCls): & (ppm) = 134.04, 133.17, 132.67, 130.48, 128.89, 127.12, 126.28, 125.16, 117.22,
105.26; IR (KBr): v=2211 cm™; mp 173-177 °C;'° MS (70 eV, EL): m/z: 203 [M*].
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4-tertbutylbenzonitrile (CAS Registry Number: 4210-32-6)3: '"H NMR (300 MHz, CDCLy): & (ppm) =
7.57 (2H, d, J=8), 7.47 (2H.,d, J=8), 1.31 ppm (9H, s); 3C NMR (300 MHz, CDCl5): & (ppm) = 156.5,
131.9, 126.1, 119.1, 109.2, 35.2, 30.9; IR (CHCl;): v= 2225 cm™; MS (70 eV, EL): m/z:159 [M*], 144 [M*
-CH;], 116 [M™].

v )
Table 2, entry 5

4-phenylbenzonitrile (CAS Registry Number: 2920-38-9)"*: "H NMR (300 MHz, CDCl;): & = 7.73-7.69
(4H, m, aromatic) 7.62-7.58 (2H, m, aromatic) 7.50-7.46 ppm (3H, m, aromatic); BC NMR (300 MHz,
CDCly): & (ppm) = 145.64, 139.14, 132.57, 129.09, 128.64, 127.71, 127.21, 118.94, 110.87; IR (KBr): v=
2230 cm™'; mp 84-88 °C;"* MS (70 eV, EL): m/z:179 [M*].

IoN
NC Table 2, entry 6

4-methylbenzonitrile (CAS Registry Number: 104-85-8)6: '"H NMR (300 MHz, CDCl;): 8=7.53 (2H, d,
J=8.18), 7.27 (2H, d, J=8.18), 2.42 ppm (3H, s); 3C NMR (300 MHz, CDCl5): & (ppm) = 143.7, 132.0,
129.8, 119.1, 109.2, 21.8; IR (CHCl;): v=2234 cm™; MS (70 eV, EL): m/z: 117 [M].

NC
Me Table 2, entry 7

2-methylbenzonitrile (CAS Registry Number: 529-19-1)12: '"H NMR (300 MHz, CDCl5): 8 =7.58 (1H, d,
J=1.7), 747 (1H, d, J=7.2), 7.32-7.26 (2H, m, ar); >*C NMR (300 MHz, CDCl;): & (ppm) = 141.89, 132.61,
132.46, 130.19, 126.18, 118.13, 112.70, 20.44; IR (CHCl;): v= 2226 cm™ ; MS (70 eV, EL): m/z: 117 [M*].

CN

Me Me Table 2, entry 8

3,5-dimethylbenzonitrile (CAS Registry Number: 22445-42-7)*: '"H NMR (300 MHz, CDCl,): $=7.25
(2H, s), 7.21 (1H,s) 2.34 ppm (6H, s); *C NMR (300 MHz, CDCl;): & (ppm) = 138.93, 134.52, 129.56,
119.14, 111.91, 20.94; MS (70 eV, EL): m/z:131[M*], 116 [M*-CH;3].
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6-methoxypyridine 3-carbonitrile (CAS Registry Number: 15871-85-9)": '"H NMR (300 MHz, CDCl,):
$=8.50 (1H, s), 7.76 (1H, dd, J'=8.7, J*=2.4), 6.83 (1H, d, J=8.9), 3.98 (3H, s); *C NMR (300 MHz,
CDCls): & (ppm) = 165.96, 151.93, 140.8, 117.24, 111.78, 102.32, 54.21; IR (KBr): v= 2225 cm™; mp 93-
97 °C;” MS (70 eV, EL): m/z:134 [M*],104 [M*-OCHj].

NC

CN
Me Table 2, entry 10

1,3-dicyano-2-methylbenzene (CAS Registry Number: 2317-22-8)": '"H NMR (300 MHz, CDCl;): &
(ppm) = 7.74-7.36 (3H, m, aromatic) 2.61 ppm (3H, s) ; BCc NMR (300 MHz, CDCl5): 6 (ppm) = 143.2,
133.6, 133.1, 129.7, 117.2, 20.4; IR (KBr): v= 2226 cm™"; mp 142-145 °C;> MS (70 eV, EL): m/z: 142 [M"],
116[M*-CN].
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1
___ ﬂ%«mﬂ_‘\\:‘ﬂl\%ﬁk\_ h /f._ —X%yf\ frr _..m - Acquisition Parameter
Oate S0a0on
Timg 10 40
PULPROG 230
SOLVENT coci3
Al 2.6869960 se
FIDRES . 186083 Hz
D B2.0 us
RG 64
RUCLEUS iH
HL1 148
o1 2000300k 5e
P1i B.4 us
OE 117.1 us
SF01 300. 1348550 MH
ShH 6097 .56 Hz
m O 2768
NG 0
s Q
Fi - Processing paramaters
1 2768
MC2 aF
5F 300 1333687 MH
eyl = Ly T EONTT A o MDW no
558 4
LB D. 00 Hz
11 &8 a
A h
= .W_wm = 10 WA plat parameters
W M_H Tm cx 22.90 cm
E f=l = Fip &.285 pp
Fi 2486 .56 Hz
FeP -0.212 pp
F2 -63.5% Hz
o i wi- ! P T PEMCH 0.37104 pp
2 % wzcW 111 35018 Hz
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opm

156.58

31.92
131.90
31.88

5. 15
126.13

-119. 11

109.23

NC

7663

SBa83ye

RRFARARR

Current Data Parameters

M WE exnsse
EXPHD 1
FROCHD |

F2 = Acguisition Paraneter:

epn

120

Date 500000
Thme 10.47
PULPADG rgpg 3
SOLVENT COC13
ad 09175240 sec
FIORES 0.544957 Hz
[ 28.0 use
B 327668
MUCLEUS 13C
HL1 1 0B
o 2. 0000000 seC
54 31 o8
o1z 0.0030003 §ec
He 31 48
P 4.9 use
DE 35.0 use
F01 75, 4759050 MH;
5WH 17857 .14 Hz
0 32768
3] 53
os ]
011 0. 0300000 sec
F1 = HWrOCESELNg PArameters
51 32Te8
WC2 oF
EF 75 4585979 MH:
Al no
558 1]
LB 0.0D0 Hz
GB o
10 MMA plot parameters
Cd 22.090 cnm
FiP 167 .252 ppr
Fi1 12622 . 23 Hz
Fap 8.680 ppe
Fa -655.06 Hz
Pt PEHCN ¥ BB2E0 pon
HICM 579.79523 Hzs
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oom
B.E593
E 450
421
B.345
B.314

/j/_

e

m——y

1.0000

[ntegral

S BITOT
T~ g.o78
- 7.833
7.821
7.802

7.aze

4,920

CN

— 2.894

— 2.5963

— 2.054

Current Data Parameters

L

e =
s

0. 2604
204505

2.0463

0.1978_—

2.0082 ~—
Z.0386

ppm

L=1)

e

HAME Bups7
EXPNO 1
PROCHD 1
F2 - Acguisition Parameter
Date 500000
Time 5.22
PULPROG 2930
SOLVENT oocia
(1] 2.GBE996D se
FIDRES 0. 165083 Hz
0w 82.0 us
G 4098
BUCLEUS H
HL1 1 dB
01 2. 00000gd se
P B.4 us
0E 1171 ug
SFD1 300, 1348550 WH
SWH 60497 .56 Hz
T 32768
NS 5]
0s a
Fi1 - Processing parangters
51 32768
M2 aF
= 300, 1333657 MH
WOW no
S5H L]
LB .00 H2
GB a0
10 WMA plot parameters
Cx 22.50 cm
Fip 9.282 pp
F1 2785 74 Hz
Far =0.592 pp
F2 -177.86 Hz
PPMCK 0.43115 pp
HECH 129.40179 Hz
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Current Data Paramecers

= on P fU oD WD Dd e ] ry MANE ExpSa
= = _H__u._I”D.._.]E i = o ow 1mx_uz_.” |
8 b ﬁmm%ﬁﬁ m I gt = PROCND g
75 mmﬂ_ﬂ.\\.\..nw..x \Fa - Acguigition Parametens
r Inate 500000
Tima 10.34
PULPRDG zgpg30
SOLVENT [oc13
Al 0.9175240 sec
FIOAES 01.544857 Hz
[T 28.0 use
RE 27ER
HUCLEUS 13t
HL1 i dB
[} 2. 0000000 5et
54 31 4B
iz 0. 4030000 set
82 I AR
P 4.9 usE
DE 35.0 useE
SFO1 75 ATSE080 WH:
SWH 17AET. 14 HzZ
FN.V A {i] 32768
W3 127
o5 2
D11 0.0300000 sec
Fi - Pracessing parameters
51 IPTERE
= _ W2 oF
| { 57 754535379 MH;
| W ne
558 o
LB 0.00 Hz
GB o

10 NMA plob parameters
Cx 22.490 tm
FiP 151,459 ppt
Fi 11430.39 Hz
2P 13.776 pme
2 1039 .69 Hz2
i | = il 1ok it i o i ke i y A ; = ~ e i ] B.01233 ppe
agm 140 120 100 a0 &0 40 20 HICM A53 74207 Hz,
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ppm
7.7284
7. Ti55
7.7085
7.BOED
7.61B2
7.6114
7.6018
7.5059
7.hE17
7.5833
7.5033
7.4021
7.4785
7.4770
7.4688
—7. 4638

};E

|

T.2710
4. 3267
1.7388
I_i.EEDE
1. 4696
1.4375
1. 4226
1.3136
12887
1.0033
0.9784
0.9646
0 .9545
0.0884
0.0858
0.0202
0.0059

|

J
Y
X

VA

CN

L

Intagral
1.0000

Current Oata Paraneters

T PN 0. 46047 pp

NAHE ExpShk
ExPHD 1
PROCkD i

F2 - hcouisition Paraneter
Date 500000
Tine 11 .42
PULPROG £930
SOLVENT coci3

Al 2 GBEI9ED se
FIDRES 0. 186083 Hr
oW 2.0 us
HG 512
WICLEUS 1H
Hi 1 dB
o 2.000000) ge
B B.4 us
OE 117.1 us
5F01 300. 1348550 WH
SHH 6097 .56 Hz
L] 32760

NS |

0s o

F1 - Processing parameters
51 J2768
Mo F

5F 301333657 MH
WO na
55H ]

LA 0.00 Hz
GH a

10 MMA plot paraneters

Cx 22.90 cm
Fip 9.234 pp
Fi 2771 .48 H
Fap -1.304 pp
Fa =391.26 Hz
HICH 138 11181 Hz
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Current Data Parameters

- o+ P 3 W wm o AF = nma HAME expa5l
: 2 ZneazEl & vaa cxn _
= e R A L5 e L1 3 = F i PAOCKO 1
| |
_,,__, .f, _ / F2 - moguisikion Parameters
! Date 00000
Tima 11.48
PULFADG zgpgat
SOLVENT COC13
17 0.9175240 ser
FIDRES 0.544957 Hz
[ 8.0 use
el 32768
SUCLEUS 13C
H ] 1 OB
= (it 2.0000000 sec
Q 54 3 ok
\_/ 012 0.0030000 sec
52 31 08
= 3] 4.9 use
_ QOE 5.0 use
S5F01 ¥5. 4759050 M
= SHH 1767 14 Hz
m 12768
NS 156
0s =
_ 3 D11 0.0300000 set
J:.;:..“..\_..\_. Fi - Processing parameters
51 3ETEE
wCE or
SF 75 46E%9T9 MH:
WM na
558 Q
LB 0.00 Hz
GB 1]

1D WMA plot paraneters

C¥ 22.90 ca
FaR. 166. 138 ppr
Fi 12538, 22 Hz

FaP -7.010 ppr
2 -520. 04 Hz
o ke it wast il : T T T T T T TRONCH 7.56104 ppe
ppm 140 120 i00 BO =0 40 20 g HICH 570_62128 Hz.
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P R = Y- B T ) o
e o el
eEEHCEET D i
e e A in
P P P P P P P g
: | 3 0 T
1 (]
o et |
= =] =]
5 = | @ |
= o | —
b} 1=
= ool tm
i

opm

Current Daia Porassters

MNAME olga
EXFHID 1
PROCHO 1

F2 - Acguisition Psraseters
mate 00N

Tiee 13.23
FULFAOG ik
SOLYENT oC13

A 2.719764¢ 5eC
FIDRES a.185284]1 Hr
] E3.G usAc
RG: gz
MUCLELS 1H

HLI 1 o8
(1] 2. 0000000 sec
Pl B.4 usac
DE 116 B ugac
SFO1 300, 13050 WHT
SHH 6034, 10 Hz
™ 2R

KE ]

1] 2

F1 - Processing paraneters
51 327ER
L% GF
F 300, 1333674 Mz
A EM
) o
L8 1.00 He
=] o

i0 KMA piot parareters

X 21.90 cm
Fip 7.7E7 ppm
Fi 2331, 15 Hr

Fag &.@53 ppm
F2 2091, 37 kr
FPuCM 0103626 ppmee
HICM 10 S4BES Hifcm

21



- m =
. s - 3
g T : 2

-

—— 126 18
8

142,70

9908

——141.89

.

CN

pon 140 120 T ghe B0 B0 40 an

Cirrent Dats Parameters

NAME
EXPND
PROCHK]

alga
o
1

F2 - Acquisition Parameter:

Date
Time
PULPROG
SOLVENT
&l
FIDAES
oW

AG

HNUCL FLIS
HL%

[1}]

Sd

o1

5

Pi

1.3

=l
EwH

O

W3

[5

JiFR |

SO00
13.26
24pg3)
Locls

0. 3175240
o 544957
28.40
32768

13C

i
2.0000000
3

0. 0030000
k|

4.9

5.0

5, 4T58050
17857 14
2Ted

4

2
0.0300000

MH:

=1-4

F1 - Processing parameters

5l
MC2
5F
WOW
558
LB
GB

EER-L

oF

T5. 4685370
EM

10 NHR plok paramebers

2250

144 061
10872 .08
52 044
T4, 34
2.23219
16H. 46053

WH:

cn
Bpr
Hi

Ape
Hz

ppt
HE:
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Current Data Paraneters

HAME expS6Eh
el s = | - (3] e = & @O = On - Oy - - - m M Od (3] w Ny My T L] o Ll i
cERERBEIRURSRIEE ARRIISEUROUIISCRBARICRLARAENRESESE oo :
(=T O L T T S R T S R L O i ia .ﬂ.‘.&.ﬁ.ﬁ..n.l.EEEEEEEEEEEtittltltﬂ.ﬂﬂ.ﬂ.ﬂﬂﬂﬁ.-
L Yﬁwn\k.\‘ S 4& | _ _ _/J : = F2 - hcouisition Paraneter
| __ Date S00000
Tine B._45
BULPROG 2030
SOLVENT cocl3
Ad 2.6863980 se
FIDRES 0. 186083 Hr
OW B2.0 us
AG 256
NUCLEUS 1H
HL1 1 dB
m JiH] 2.0000000 se
Py H 4 us
[E 1171 us
5FO1 300 1348550 MH
SWH 6097 56 Hz
10 32768
N5 |
o5 4]
F1 = Pracessing parameters
51 32768
WCZ rg
& 09 1333657 HH
il N T S i WO no
558 Q
LB 0.00 Hz
_ _7 GH [}
= ﬂ_ ey =] 10 MMA plot paraneters
b e = Cx 22.90 cn
2 -l _1._ o Fie B.570 pp
F1 2572.04 Hz
F2p -0.734 pp
F2 -220.30 Hz
T BT NEEREEY| T T PRMCN 0. 40627 po
ppn @ B 4 2 v HICH 124,93699

23



ppn

Lurrent Data Parameters

SubME
EXPND
FRDCHO

143. 68
131.89
129.81
—119.14
¢g.22
77.580
76.65
21.80

=

Oate
Tima
PULFROG
SOLVENT
Al
FIDRES
OwW

ARG
NUCLEUS
HL1

o1

54

D2

&2

Py

DE

SFD1
SHH

m

N5

os

oit

CN

expabL
1
1

Fa - Acguisition Parameters

SO0000
B.51
19po 30
COCL3
0.9175240 sB(
0.544957 Hz
280 use
32768
1%
1 o8
2. 0000000 sec
3] o8
0. 0030000 e
31 a8
4.8 usc
3%5.0 use
75. 4753050 MHi
17857, 14 W2
X2TER
55
2
Q.0300000 ser

F1 - Frocessing paranglers

51
MC2
5F
L)
558
LB
GH

i
P
Fi

FZP

Ppm

327ea
oF

75, dGESG7Y MH;

no
o

.00 He
o

iD NMA plot paraneters

22.90 cn
157 230 ppa
11865, 55 Hz
7465 ppn
563.43 Hz
6.53%54a ppn
401 55388 HEs
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Current Data Pargmeters

T MO SO e W T 0 @D D DD D === BT R T T = = O O WO T T T s TR - M AApnTE
< FERBERRACSHRNEEEGEE mnmwaummmmmmwmummnmnu RRINEHBEETE s Yeow !
o+ S SO S Sy S S TR A ST T ST T 1 TR ] d.d.44333331111iiiiiiiﬂ_ﬂ.ﬂ_ﬂ.ﬂ_n_n..._u.ﬂ_

/{%ﬂ\%\\% /@@}ZX > %%A%%\ F2 - acouisition Parameter

Date 500000
Time 11,46
FULPRDG 2930
SOLVENT 13
40 2 GBEFIE0 se
FIDAES 0. 1865083 Hz
il 82.0 us
ARG 1024
m HUCLELS 1H
HL1 148
01 2. 0000000 se
‘_\ BN P B.4 us
= i3 117.1 us
— 501 300. 1348550 NH
SHH G097 ,56 Hz
o] o 32788
F L] g
05 0
F1 - Processing parameters
51 32768
MC2 aF
L-y K SF 300, 1333657 MH
1 I._ i _“ ik A I ng
558 ]
LB 0.00 Hz
i [} ]
) b
3 e w_ = = 10 HMR plot parameters
B i & m_ cx 22.90 m
£ =) =) = _3. Fip 9,382 po
Fi 2785 .74 Hr
FaP -0.829 pp
F2 -248.B0 Hz
T T T T T PEMCH Q.44154 pp
mam 8 & 4 2 0 HICH 132 51241 Hz
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Currant Data Paramabers

o - m o o - mocm =1 HAME BxXOS7D
" & m L] @ L} = 2w o EXPND 1
z ﬁ = =] m = m EeE ! PROCHD 1
“ b F2 - Acguisition Parametart
Date SOBH00
Ting 11.9%3
BULPROG 2gpg30
SOLVEMT coc13
ad 0.9175240 5e(
FIDRES 0. 544957 Hz
Dl 28.0 wse
G 278
MUCLEUS 13C
i i BB
N Di 2. 0000000 sei
C | 3 QB
Di2 0. 0030000 Sed
52 31 dB
\\. .r._ =1 4.9 usi
= DE 5.0 usi
-y SFli 754759050 WH;
5WH 17857 .14 Hz
0 2768
nu_ NS B
__‘__‘. s £
D11 00300000 sed
Fi = Processing paramekers
51 A276E
wia GF
oF 754683979 MH;
[ WOW na
55a {y
LB Q.00 Hz
68 o
10 HMA plot parameters
CX £2.80 cn
FiP {77.373 ppe
F1i 13378 .55 Hz
Fap {1.920 ppe
a 8093 56 Hz
e L i i . il e L L o L 1 L o ab 1 Se ] 7.22067 pp
pom 160 140 120 100 &0 43 20 HELH 54493414 Hz
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Current Data Parangters

HAME EXpS6
M= MmDwe o m O @ o= Wl Sh - L (= |
fSEEIBEEREER BEBSREIR A8ENE B:s8 L) :
O ope P P e P [ A (3 R AT R TR T s T TR T B o o B ] L =] nr.-_H..-_U
_ff_..r _ f/f __ \ F2 = Acquisition Parameter
__ Date SO0
Time 12.M
PULPRDG zg30
SOLVENT oc13
ag 2.6BESSR0 se
FIORES 0. 188083 Hz
m ™ 2.0 us
A 2048
HUCLEUS iH
HL1 168
o1 2.0000000 S8
Py 8.4 w3
0OE 117.1 us
O SFOY 300, 1348550 M
= S G047 56 Hr
™ 327ER
HE B
05 0
Fi - Processing paraméters
&1 327688
uga aF
SF 3001333657 HH
( i WOM no
558 o
LB 0.00 He
| _ G ]
= 15... q._.m___ _W i0 KMA plal parameters
B = =4 Cx 22.90 cm
£ | - Fip 8.712 pp
Fi 2614 . 78 Hz
Fap -1.208 pp
F2 -362.77 Hz
T T R TR i T " N T 3 PPHCM 0. 43333 pp

ogn f & 4 2 q HZEM 13002390 Hz

27



ppm
3

opm 140

3.57

b

) oo~ @ o oo a
= e ] = & & ™
m m F~ I~ 0 W r~ oW o
mnd o v w e P - L]
< . o v el
//“..V_\ _/r ;
=

50 40 a0

120 100 BO

Current Data Parameters

HAME exphba
EXPHD i
PROCHO i
F2 - Acguisition Parameters
Oate 500000
Ting 12.08
BULPROG f0pg30
SOLVEMT COC13
4l 0.9175240 sed
FIDRES 0.544957 Hz
| 28.0 usE
G 32Tea
MUCLEUS 130
HLA 1 B
i}l 2.0000000 sec
5d 31 4B
ni2 0. 003000 set
2 31 dA
P1 4.9 usE
OE 35.0 use
SF TS5, 4753050 MHi
S {7857 .14 Hz
L] 3E76B
NS 264
os 2
01t 0. 0300000 sec
F1 - Processing parameters
51 32768
MC2 QF
SF 75 AGHSSTO MH;
WOW no
558 o
LB 0,00 Hz
GB o

{0 HHA plot paraneters

CX 2¢.40 £n
FiP 160.571 ppn
Fi 12118.05 Hz
Fap ppa
2 Hz
PUCH Poo
HICM §70,70523 Hz:
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