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Synthesis of 2-Substituted 7-Hydroxy-benzofuran-4-carboxylates via Addition of Silyl Enol
Ethers to o-Benzoquinone Esters
Michael E. Jung and Felix Perez
Department of Chemistry and Biochemistry, University of California, Los Angeles, CA 90095-1569

General Experimental: All reactions were carried out under an atmosphere of argon unless
otherwise specified. Anhydrous solvents were distilled immediately prior to use: tetrahydrofuran
(THF) and methanol from magnesium turnings. All other reagents were reagent grade and used
without purification unless otherwise stated. "H and ?C NMR spectra were recorded on Bruker
or Varian spectrometers at 400 or 300 MHz for proton and at 100 or 75 MHz for carbon. 'H and
BC NMR data are reported in parts per million (8) downfield from tetramethylsilane. The
following abbreviations are used: s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), b
(broad). Infrared spectra were recorded on a Thermo Nicolet Avatar 370 infrared
spectrophotometer. Thin-layer chromatography (TLC) was performed using Merck silica gel 60
F254 0.2 mm aluminum-backed plates. Visualization was accomplished using ultraviolet light or
one of the following stains: anisaldehyde or potassium permanganate. Flash column

chromatography was carried out using ICN Biomedicals silica gel 60 (230-400 mesh).

() (4aS, 4bS, 10aS) Methyl 9-(1,1-Dimethylethyl)dimethylsilyloxy-4b-methyl-3,4-dioxo-
3,4,4a,4b,5,6,7,8,10,10a-decahydrophenanthrene-4a-carboxylate (11). To a solution of
methyl 2,3-dihydroxybenzoate 7' (84.1 mg, 0.5 mmol) and 1-(1,1-dimethylethyl)dimethylsilyl-
oxyethenyl)-2-methylcyclohexene 10 (631.2 mg, 2.5 mmol), prepared from 9 as previously
reported,” in 4 mL THF at 0 °C was added 1 mL (0.55 mmol) bis(trifluoroacetoxy) iodobenzene
in (0.55 M solution in THF) dropwise over 10 min. A yellow solution formed and was allowed to

warm and stir for 4 h at 21 °C, which resulted in a dark brown solution. The solution was
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concentrated in vacuo and the crude residue was purified by flash column chromatography over
silica gel (25% ethyl acetate in hexanes) to yield 11 as dark yellow crystals (129.7 mg, 0.31
mmol, 62%). Recrystallization from hexanes and ethyl acetate yielded light yellow crystals
(106.7 mg, 0.23 mmol, 51%). mp 160-162 °C. 'H NMR (400 MHz, CDCI,) & 7.46 (dd, J = 9.8,
6.6 Hz, 1H), 6.28 (d, J = 9.8 Hz, 1H), 3.69 (s, 3H), 3.65 (ddd, J = 11.6, 6.6, 6.6 Hz, 1H), 2.85
(bd, J = 15.0 Hz, 1H), 2.53 (ddd, J = 17.6, 6.8, 2.9 Hz, 1H), 2.44 (ddd, J = 13.0, 13.0, 4.0 Hz,
1H), 1.84-1.77 (m, 1H), 1.71-1.66 (m, 2H), 1.69 (ddd, J = 17.5, 11.5, 3.3 Hz, 1H), 1.54-1.40 (m,
2H), 1.17 (s, 3H), 1.16 (bd, J = 15.0 Hz, 1H), 0.90 (s, 9H), 0.084 (s, 3H), 0.028 (s, 3H). “C
NMR (100 MHz, CDCl;) & 191.3, 185.3, 170.5, 158.5, 137.0, 129.8, 119.8, 70.9, 52.9, 39.3,
38.6,36.2, 32.7, 26.0, 25.0, 23.9, 23.2, 22.3, 18.3, -3.44, -4.18. IR (neat, cm™") 2952, 2929, 2853,
1716, 1683.

o}
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General Procedure For Benzofuran Synthesis. To a solution of methyl 3,4-dihydroxybenzoate
8’ (1.0 mmol) and the silyl enol ether 13 (4 mmol) in 8 mL THF at 0 °C was added 2 mL (1.1
mmol) bis(trifluoroacetoxy) iodobenzene (0.55 M solution in THF) dropwise over 10 min,
forming a green solution initially. The reaction was allowed to stir at 0 °C (unless specified
otherwise) for 4 h, the solution becoming a dark yellow. To the solution was added 0.5 mL HCI,
(4M solution in dioxane) and 1.0 mL methanol. The mixture was refluxed for 1 h and the
solution lightened in color. The solution was extracted with 30 mL of diethyl ether, washed with
2 x 10 mL saturated NaHCO, and 1 x 10 mL brine, dried over MgSQO,, filtered and concentrated
in vacuo to yield an oily residue. The residue was purified by flash column chromatography over
silica gel (ether and hexanes) to yield the benzofuran product 14. The products were often

recrystallized to give purer material.
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Methyl 7-hydroxy-2-(2-methylcyclohex-1-enyl)benzofuran-4-carboxylate (12). Recrystal-
lization from hexanes and ethyl acetate gave a bright white solid in 25% yield. mp 170-172 °C.
'H-NMR (400 MHz, DMSO) 6 10.92 (s, 1H), 7.72 (d, J = 8.4 Hz, 1H), 7.07 (s, 1H), 6.78 (d, J =
8.4 Hz, 1H), 3.84 (s, 3H), 2.44-2.37 (m, 2H), 2.23-2.15 (m, 2H), 2.00 (s, 3H), 1.72-1.57 (m, 4H).
"C-NMR (100 MHz, DMSO) 6 166.1, 158.8, 146.9, 141.9, 137.0, 130.9, 128.7, 127.3, 120.8,
112.0,109.9, 51.5, 32.7, 27.2, 22.1, 22.1, 21.9. IR (neat, cm™) 3330, 2932, 2858, 1683.

Methyl 7-hydroxy-2-phenylbenzofuran-4-carboxylate (14a). Tan crystals from toluene. 73%
yield. mp 188-190 °C. 'H NMR (400 MHz, DMSO) 6 11.12 (s, 1H), 7.99 (d, J = 7.5 Hz, 2H),
7.78 (d, J = 8.4, 1H), 7.73 (s, 1H), 7.53 (m, 2H), 7.46 (m, 1H), 6.86 (d, 1H), 3.89 (s, 3H). °C
NMR (100 MHz, DMSO) 6 166.0, 156.6, 147.1, 142.8, 131.2, 129.3, 129.1, 127.8, 125.0, 112.6,

110.6, 103.1, 51.6. IR (neat, cm™) 3264, 2956, 2924, 2850, 1675.
OH

O
O~
COzMe
14a

Methyl 7-hydroxy-2-(4-methylphenyl)benzofuran-4-carboxylate (14b). White solid. 74%
yield. mp 188-189 °C. 'H NMR (300 MHz, DMSO) 6 11.06 (s, 1H), 7.88 (d, J = 7.3 Hz, 2H),
7.76 (d, J = 8.1 Hz, 1H), 7.65 (s, 1H), 7.34 (d, J = 7.3 Hz, 2H), 6.83 (d, J = 8.1 Hz, 1H), 3.88 (s,
3H), 2.37 (s, 3H). "C NMR (75 MHz, DMSO) & 166.0, 156.8, 147.0, 142.6, 139.1, 131.4, 129.7,
127.6, 126.6, 125.0, 112.5, 110.4, 102.3, 51.5, 20.9. IR (neat, cm™") 3279, 3016, 2952, 1672.
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COzMe
14b

Methyl 7-hydroxy-2-(4-nitrophenyl)benzofuran-4-carboxylate (14c). Bright yellow solid.
74% yield. mp 244-245 °C. '"H NMR (400 MHz, DMSO) & 11.30 (s, 1H), 8.36 (d, J = 8.9 Hz,
2H), 8.25 (d, J = 8.9, 2H), 8.03 (s, 1H), 7.81 (d, J = 8.4 Hz, 1H), 6.92 (d, / = 8.4 Hz, 1H), 3.90
(s, 3H). °C NMR (100 MHz, DMSO) 6 165.8, 154.1, 147.4, 147.2, 143.5, 135.2, 130.6, 128.7,

128.2, 126.0, 124.4, 113.1, 106.9, 51.7. IR (neat, cm™) 3173, 2957, 1673.
OH

O
o<

COoMe
14c
Methyl 7-hydroxy-2-(4-methoxyphenyl)benzofuran-4-carboxylate (14d). Tan solid. 29%
yield. mp 180-182 °C. '"H NMR (400 MHz, DMSO) & 11.04 (s, 1H), 7.92 (d, J = 8.8 Hz, 2H),
7.75 (d, J = 8.4 Hz, 1H), 7.57 (s, 1H), 7.09 (d, J = 8.8 Hz, 2H), 6.81 (d, J = 8.4 Hz, 1H), 3.88 (s,
3H), 3.83 (s, 3H). "C-NMR (100 MHz, DMSO) & 166.1, 160.2, 156.9, 146.9, 142.5, 131.6,
128.7, 126.7, 122.0, 114.6, 112.3, 110.2, 101.3, 55.4, 51.5. IR (neat, cm™) 3273, 2951, 2838,

1675.
OH

O

CO,Me
14d

Methyl 2-(4-bromophenyl)-7-hydroxybenzofuran-4-carboxylate (14e). Tan solid. 54% yield.

mp 245-247 °C. '"H NMR (400 MHz, DMSO) & 11.1 (s, 1H) 7.95 (d, J = 8.6 Hz, 2H), 7.80 (s,
1H), 7.78 (d, J = 8.4 Hz, 1H), 7.74 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.4 Hz, 1H), 3.89 (s, 3H). °C
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NMR (100 MHz, DMSO) 0 165.9, 155.4, 147.1, 142.9, 132.1, 131.1, 128.7, 128.5, 127.9, 127.0,

122.5,112.7, 103.9, 51.6. IR (neat, cm™) 3284, 2952, 1677.
OH

Methyl 7-hydroxy-2-(naphthalen-2-yl)benzofuran-4-carboxylate (14f). Grey solid. 79%
yield. mp 217-219 °C. '"H NMR (400 MHz, DMSO) 6 11.17 (s, 1H), 8.55 (s, 1H), 8.12 (dd, J =
8.9, 1.6 Hz, 1H), 8.07 (m, 2H), 7.97 (m, 1H), 7.88 (s, 1H), 7.80 (d, J = 8.4 Hz, 1H), 7.58 (m,
2H), 6.89 (d, J = 8.4 Hz, 1H), 3.91 (s, 3H). "C NMR (100 MHz, DMSO) & 166.0, 156.6, 147.1,
143.0, 133.1, 133.0, 131.3, 128.8, 128.5, 127.8, 127.8, 127.0, 127.0, 126.7, 124.0, 122.9, 112.6,
110.7, 103.8, 51.6. IR (neat, cm™) 3246, 2954, 1673.

Methyl 7-hydroxy-2-(3-methoxyphenyl)benzofuran-4-carboxylate (14g). Tan solid. 33%
yield. mp 175-177 °C. '"H NMR (400 MHz, DMSO) 6 11.10 (s, 1H) 7.78 (d, J = 8.4 Hz, 1H),
7.76 (s, 1H), 7.57 (bd, J = 8.0 Hz , 1H), 7.52 (dd, J = 2.5, 1.5 Hz, 1H), 7.45 (dd, J = 8.0, 8.0 Hz,
1H), 7.03 (ddd, J = 8.2, 2.5, 0.8 Hz, 1H), 6.85 (d, J = 8.4 Hz, 1H), 3.89 (s, 3H), 3.87 (s, 3H). "°C
NMR (100 MHz, DMSO) 6 166.0, 159.8, 156.4, 147.1, 142.8, 131.2, 130.7, 130.3, 128.7, 127.8,
115.3,112.6, 110.6, 110.0, 103.4, 55.3, 51.6. IR (neat, cm™) 3219, 2959, 1672.

MeO OH
0]
O~
CO.Me
149
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Methyl 2-(furan-2-yl)-7-hydroxybenzofuran-4-carboxylate (14h). White solid. 60% yield. mp
190-192 °C. '"H NMR (400 MHz, DMSO) & 11.17 (s, 1H), 7.92 (d, J = 1.4, 1H), 7.78 (d, J = 8.4
Hz, 1H), 7.43 (s, 1H), 7.08 (d, J = 3.2 Hz, 1H), 6.85 (d, J = 8.4 Hz, 1H), 6.72 (dd, J = 3.2, 1.8
Hz, 1H), 3.87 (s, 1H). "C NMR (100 MHz, DMSO) & 165.9, 148.7, 147.1, 144.8, 144.6, 142.5,

130.7, 128.7, 128.0, 112.4, 110.8, 109.4, 102.3, 51.6.
OH
| A\
(@]

\

COZMe
14h

Methyl 4-hydroxy-6,7,8,9-tetrahydrodibenzo[b,d]furan-1-carboxylate (14i). Bright white
solid. 34% yield. mp 138-140 °C. '"H NMR (300 MHz, DMSO) & 10.72 (s, 1H), 7.63 (d, J = 8.4
Hz, 1H), 6.72 (d, J = 8.4 Hz, 1H), 3.79 (s, 3H), 2.78-2.74 (m, 4H), 1.91-1.78 (m, 2H), 1.78-1.64
(m, 2H). "C NMR (75 MHz, DMSO) 6 166.3, 155.8, 146.5, 142.5, 129.8, 127.2, 113.4, 113.3,
109.2, 51.3, 23.5, 23.4, 22.8, 21.8. IR (neat, cm™) 3273, 2951, 2838, 1675. IR (neat, cm™") 3274,

2951, 2921, 2854, 1678.
OH

MeOzC
14i
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NAME Sep19-2007
EXPNO 300
PROCNO 1
Date_ 20070919
Time 21.52

INSTRUM arx400
PROBHD 5 mm QNP 1H

TBSO PULPROG 2930

TD 65536
11 SOLVENT CDCI3
NS 8
DS 0
SWH 8064.516 Hz
FIDRES 0.123055 Hz
AQ 4.0632820 sec
RG 715
DW 62.000 usec
DE 88.57 usec
TE 300.0 K
D1 2.00000000 sec
P1 7.50 usec
SFO1 400.1324008 MHz
I NUCLEUS 1H

Sl 65536
SF 400.1300173 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

15 4 13 12 1 0 -1 -2 -3 ppm

1.018
1.000
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PROCNO 1
R . NNV =V
Date 20090223
| Time 11.52
INSTRUM arx400
(@) PROBHD 5 mm QNP 1H
a 0 PULPROG zgdc30
TD 65536
vMe SOLVENT CDCI3
NS 256
Wm 0
H WH 27777.777 Hz
TBSO FIDRES 0.423855 Hz
11 AQ 1.1796980 sec
RG 32768
DW 18.000 usec
DE 25.71 usec
TE 300.0 K
D12 0.0000200 sec
DL5 23.50 dB
CPDPRG waltz16
P31 100.00 usec
D1 2.00000000 sec
P1 8.25 usec
SFO1 100.6248445 MHz
NUCLEUS 13C
D11 0.0300000 sec
, | Sl 65536
SF 100.6127507 MHz
|l WDW EM
, | SSB 0
, LB 1.00 Hz
GB 0
PC 1.40
,
,

T % i A T T % i A T T % i A T % A
240 220 200 180 160 140 120 100 80 60 40 20 0 ppm
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NAME Feb22-2009
EXPNO 10
OH PROCNO 1
Date_ 20090222
0 Time 0.34
INSTRUM arx400
\ PROBHD 5 mm QNP 1H
PULPROG zg30
Me szmzq mmmwm_u_,\_mo
OOM_/\_O NS 30
DS 0
12 SWH 8064.516 Hz
FIDRES 0.123055 Hz
AQ 4.0632820 sec
RG 2048
DW 62.000 usec
DE 88.57 usec
TE 300.0 K
D1 2.00000000 sec
P1 7.50 usec
SFO1 400.1324008 MHz
NUCLEUS 1H
Sl 65536
SF 400.1300032 MHz
WDW no
SSB 0
LB 0.00 Hz
| GB 0
f PC 1.00
|
L L " r " LEff gfﬁf\j’\rﬁ“.\rﬁi

I~ (o] < |([© Tp] LMW (A
(aV] [e0] ®D|O < [ |(00||©O
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O N WS T AN NAME Feb22-2009
SR FILRRcANRISRD L 2 BB H EXPNO 11
£ %8 $3838N8YS Y ANA& . PROCNO 1
- T T 0 ™ N NN Date 20090222
RRNNZAY W e, o
OH INSTRUM arx400
PROBHD 5mm QNP 1H
0) PULPROG zgdc30
D 65536
‘ N\ O SOLVENT DMSO
NS 256
DS 0
Me CO,Me SWH 27777.777 Hz
FIDRES 0.423855 Hz
AQ 1.1796980 sec
12 RG 32768
DW 18.000 usec
DE 25.71 usec
TE 300.0 K
D12 0.0000200 sec
DL5 23.50 dB
CPDPRG waltz16
P31 100.00 usec
D1 2.00000000 sec
P1 8.25 usec —
SFO1 100.6248445 MHz A
NUCLEUS 13C
D11 0.0300000 sec
Sl 65536
SF 100.6128150 MHz
WDW no
SSB 0
LB 0.00 Hz
GB 0
PC 1.40
|
|
| |
|

% A % A % A % A % A % A % A % A % A % A % A % A % A
240 220 200 180 160 140 120 100 80 60 40 20 0 ppm



Q ANOOUSTIONNOD O L ~ < o NAME Feb23-2009
~— O VOVDONMNLULM— O O [eo] Yo (o))
i SOANNNUVDID T T ® D ® @ N EXPNO 70
— ONNMNNMNNMNNNNNNO O ™ ™ fa\ PROCNO 1
7 //,,/ / \\X\ 7 7 7 Date 20090223
Time 12.02
OH INSTRUM ~ arx400
PROBHD 5 mm QNP 1H
0 PULPROG zg30
TD 65536
O / Q SOLVENT DMSO
NS 32
mm 0
WH 8064.516 Hz
COzMe _u_%mmm 0.123055 Hz
A 4.0632820 sec
14a RG 1024
DW 62.000 usec
DE 88.57 usec
TE 300.0 K
D1 2.00000000 sec
P1 7.50 usec
SFO1 400.1324008 MHz
NUCLEUS 1H
SI 65536
SF 400.1300037 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
,
|
|
AAAAA L I B B B T B L B IS ML I
12 11 10 8 4 1 0 ppm
N~ DN OO o (o]
0] D[N o 0]
< Slolo|Sle| |© S
o A~ [~ ||+ ~— [ap]
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N~ < o © D—MOAM om Al o .
& B8 Y¥n JIIIRE BY 3B >RAN = 3 3 NAME Feb23-2009
6 © Na reoNL Ao o 2 A~ M9 QEXPNO 71
© ¥ I oy -z 2 538883 B B PROCNO 1
TN N
Time 12.16
OH | INSTRUM arx400
PROBHD 5mm QNP 1H
0 PULPROG zgdc30
TD 65536
O \ Q SOLVENT DMSO
NS 256
mm 0
WH 27777.777 Hz
CO2Me FIDRES  0.423855 Hz
14a AQ 1.1796980 sec
RG 32768
DW 18.000 usec
DE 25.71 usec
TE 300.0 K
D12 0.0000200 sec
DL5 23.50 dB
CPDPRG waltz16
P31 100.00 usec
D1 2.00000000 sec
P1 8.25 usec ™
SFO1 100.6248445 MHz &
NUCLEUS 13C
D11 0.0300000 sec
Sl 65536
SF 100.6128144 MHz
WDW EM

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm



NAME FRP-11-12

m OQOOWMOANT O WO Al < o O
= FENNBRIIT S I % 28 EXPNO A
- NNNNNNN GG o ® Qi i PROCNO 1
7 /// \ \ \\ \\ / \ Date_ 20080805
Time 23.29
INSTRUM av300
PROBHD 5 mm PABBO BB
OH PULPROG zg30
TD 65536
e SOLVENT DMSO
NS 32
asee -
SWH 5995.204 Hz
FIDRES 0.091480 Hz
CO-,Me >m 5.4657526 sec
R 362
14b DW 83.400 usec
DE 6.00 usec
TE 298.0 K
D1 2.00000000 sec
TDO 1
======== CHANNEL f1 ===
NUC1 1H
P1 14.00 usec
PL1 -2.00dB
SFO1 300.1318008 MHz
Sl 65536
SF 300.1300028 MHz
WDW no
SSB 0
AAAAA | A A L I L L I B B
12 11 10 8 4 1 0 ppm
™ alfo|m|g| (o © <
o [eolKeol il lop) o [e0] Al
St —|2|e|M o 2 AN
~— All~|+~|Q ~— A o
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—165.991
—146.990
—142.626
—112.454
——110.400
—102.295
40.338
40.068
39.788
39.510
39.232
38.954

—51.509
—20.939

/
\

NAME FRP-II-12

EXPNO 3
PROCNO 1
Date 20080806
Time 0.11
INSTRUM av300

PROBHD 5 mm PABBO BB
PULPROG zgdc30

TD 65536
SOLVENT CDCI3

NS 256

DS 0

SWH 18832.393 Hz
FIDRES 0.287360 Hz
AQ 1.7400308 sec
RG 9195.2

DW 26.550 usec
DE 6.00 usec

TE 298.8 K

D1 2.00000000 sec
di1 0.03000000 sec
TDO 1

=_======= O_I_>sz_l ._"._ ===:
NUCA1 13C

P1 6.50 usec

PL1 -4.00dB

SFOf1 75.4768051 MHz
=_======= O_I_>sz_l ._"N ===:
CPDPRG2 waltz16
NUC2 1H

PCPD2 80.00 usec
PL2 -2.00dB

PL12 13.75dB

SFO2 300.1318008 MHz

ppm
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~ NAME Feb23-2009
Q RIS NS S 2 S88 EXPNO 30
— MONNO KK OO0 @ ] o< PROCNO 1
~— 00 00 00 0O O I~ I~ O © (4p] [ap] Al AN AN Um.ﬁml NOO@OMN@
* V2V N e
INSTRUM arx400
PROBHD 5 mm QNP 1H
OH PULPROG zg30
TD 65536
0] SOLVENT DMSO
O-N NS 32
2 N\ DS 0
SWH 8064.516 Hz
FIDRES 0.123055 Hz
COsMe AQ 4.0632820 sec
RG 2048
14c DW 62.000 usec
DE 88.57 usec
TE 300.0 K
D1 2.00000000 sec
P1 7.50 usec
SFOf1 400.1324008 MHz
NUCLEUS 1H
Sl 65536
SF 400.1300032 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
rr r
AAAAA | A Y B B
12 11 10 9 8 7 6 5 4 3 2 1 0 ppm
™ ©O[|<|o|n o N~
To] NDMMO o ~—
e o|o|o|e o o
o AN |~ [+ ~— [ap]
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© ~INOTONDOOON AN O NAME Feb22-2009

© ORNOAI~—NOSOMH & O tOODO— MM EXPNO 21

N~ O NOONOT © & DON— O DD

0O IS NNOWOSOOWSE ™ O ©Cm AN MO®© PROCNO 1

© DIIFI2NNNN - 2 HIRIRRABB  Date_ 20090222
Time 20.07

TN NNV ] N TR INSTRUM  andioo
PROBHD 5 mm QNP 1H
PULPROG zgdc30

OH TD 65536

SOLVENT DMSO

o) NS 256
DS 0
OaN O \ SWH 27777.777 Hz

FIDRES 0.423855 Hz

I AQ 1.1796980 sec
CO2Me RG 32768
DW 18.000 usec
14c DE 25.71 usec
TE 300.0 K
D12 0.0000200 sec
DL5 23.50 dB
CPDPRG waltz16
P31 100.00 usec
D1 2.00000000 sec
P1 8.25 usec
SFOf1 100.6248445 MHz
NUCLEUS 13C
D11 0.0300000 sec
f Sl 65536
| SF 100.6128151 MHz
f WDW EM
| SSB 0
LB 1.00 Hz
, GB 0
PC 1.40

"

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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11.044

3877
T-3.833

3.347

2.504
2.500
2.496

NAME Feb22-2009

EXPNO 30
PROCNO 1
Date 20090222
Time 20.16

INSTRUM arx400
PROBHD 5 mm QNP 1H

PULPROG 2930
D 65536
OH SOLVENT DMSO
NS 32
O DS 0
SWH 8064.516 Hz
el O \ FIDRES ~ 0.123055 Hz
>m 4.0632820 sec
R 2048
CO,Me DW 62.000 usec
DE 88.57 usec
14d TE 300.0 K
D1 2.00000000 sec
P1 7.50 usec
SFO1  400.1324008 MHz
NUCLEUS 1H
Sl 65536
SF 400.1300032 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
|
[
?;L[ﬁr A Liﬁ o)
15 14 13 12 11 10 9 8 7 6 4 3 7) 1 -2 -3 ppm
N~ OO +— |00
[(e] AS(O|IN|O M~
S SIESIEISTES oS
o A~ O]+~ Al
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NAME Feb22-2009

- O LW — O NtTO< MO W (o]
8 2% 8% IR SIN I BRI D EXPNO 31
© oSO © ~—0Or—- AN — MO~ ONW®MNO PROCNO 1
© e ¥IF¥ NN -—ZC 2 BOHIRRABAAB Date_ 20090222
Time 20.31
VDT N DN N\ S\ NSTRUM  ~ arsd00
PROBHD 5 mm QNP 1H
PULPROG zgdc30
OH
TD 65536
0 SOLVENT DMSO
NS 256
MeO \ DS 0
SWH 27777.777 Hz
_u_m_wmmm 0.423855 Hz
A 1.1796980 sec
COzMe RG 32768
14d DW 18.000 usec
DE 25.71 usec
TE 300.0 K
D12 0.0000200 sec
DL5 23.50 dB
CPDPRG waltz16
P31 100.00 usec
D1 2.00000000 sec
P1 8.25 usec
| SFOf1 100.6248445 MHz
| NUCLEUS 13C
| f f D11 0.0300000 sec
Sl 65536
, SF 100.6128146 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

I I I I B B RN AR AR R
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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NAME Feb11-2009

M._. —ONOOMNLLLW O AW OLW
= SSIRREIRNG® RIBBBII EXPNO 10
- NNNNNNN OO oA PROCNO 1
7 /% \\ \\ / < Date_ 20090211
Time 13.44
| INSTRUM arx400
PROBHD 5 mm QNP 1H
OH PULPROG zg30
TD 65536
e SOLVENT DMSO
NS 32
o~ Q DS 0
SWH 8064.516 Hz
FIDRES 0.123055 Hz
CO-oMe AQ 4.0632820 sec
RG 4096
14e DW 62.000 usec
DE 88.57 usec
TE 300.0 K
D1 2.00000000 sec
P1 7.50 usec
SFO1 400.1324008 MHz
NUCLEUS 1H
Sl 65536
SF 400.1300032 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
1 Jo L . LFIL( i@ |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3 ppm
Tp] OO|O|0] (O N
(o] AO|0(N O Te]
» —|®=[=||S -
o AO|~|AN||+ (ap]
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I Q A9 0NM— — F NAME Feb12-2009
s < SEEJZBRBB B SBNE - OR® EXPNO 11
© OOANNNNAN—O —ODD DD D
- - R Rl DIOOHOOND Date 20090212
N\ R e,
INSTRUM arx400
OH PROBHD 5 mm QNP 1H
PULPROG zgdc30
0] TD 65536
SOLVENT DMSO
Br \ NS 256
DS 0
SWH 27777.777 Hz
COsMe FIDRES 0.423855 Hz
AQ 1.1796980 sec
RG 32768
14e DW 18.000 usec
DE 25.71 usec
TE 300.0 K
D12 0.0000200 sec
DL5 23.50 dB
CPDPRG waltz16
P31 100.00 usec
D1 2.00000000 sec
P1 8.25 usec
SFO1 100.6248445 MHz
NUCLEUS 13C
D11 0.0300000 sec
Sl 65536
SF 100.6128158 MHz
WDW no
SSB 0
LB 0.00 Hz
GB 0
PC 1.40
I
,
f
f
I i I i I I I I I I I I I I I i
240 220 200 180 160 140 120 100 80 60 40 20 0 ppm

1

(9]
wn



—11.174

8.547
8.138

|

8.134
8.117
8.113
8.094
8.088
8.068

8.046
7.983
7.967
7.960
7.876
7.809

7.789
7.611

7.598
7.592
7.583

§

7.574
7.569
7.556
6.897
6.876

NAME Feb23-2009

(a0} [o0] <t O O
o 3 3382 EXPNO 20
) ™ oAl ol PROCNO 1
7 < Date 20090223
Time 0.57

INSTRUM arx400
PROBHD 5 mm QNP 1H

PULPROG zg30
OH TD 65536
SOLVENT DMSO
0] NS 32
DS 0
N\ SWH 8064.516 Hz
O FIDRES 0.123055 Hz
AQ 4.0632820 sec
OON_<_m RG 1430
DW 62.000 usec
14f DE 88.57 usec
TE 300.0 K
D1 2.00000000 sec
P1 7.50 usec
SFO1 400.1324008 MHz
NUCLEUS 1H
Sl 65536
SF 400.1300032 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
f
I
y :Lf e\ Lﬁ_ F o | »
I AR o T o T AR AR AR AR T
12 11 10 8 7 4 3 2 1 0 ppm
— OOV o D
] owvw|c|Ie|Ieel e @
— |||~ — Al
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© FOOVNDONDOVOATOHOIDHXOOANNLOAN

S 83858838 Rd8RERERg 28822588 NAME - Fen2s-2009

O ONANDAN—-—WONNNOGOCOANNS® ©r-on~nwmowo EXPNO 21

€ B3ISILNARNNGEEAES 5$383338 PROCNO 4
Date_ 20090223

NSV \ TR Time 131
INSTRUM arx400

OH PROBHD 5 mm QNP 1H

PULPROG zgdc30

0 TD 65536
SOLVENT DMSO
A\ NS 256
C o

7 SWH 27777.777 Hz
CO,Me FIDRES 0.423855 Hz
AQ 1.1796980 sec
14§ RG 32768
, DW 18.000 usec
Lol DE 25.71 usec
! TE 300.0 K
7 D12 0.0000200 sec
DL5 23.50 dB
, , CPDPRG waltz16
| P31 100.00 usec
D1 2.00000000 sec
P1 8.25 usec
SFO1 100.6248445 MHz
NUCLEUS 13C
D11 0.0300000 sec
Sl 65536
SF 100.6128147 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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To]
= PO8BNRLNZIIETB 28T 22 R 38885 NAME Feb12-2009
- NNRNOOODSIITOOSSO0000®® Ko o wwomons< EXPNO 20
~— MNMNNMNMMNMNMMMMMMMMMMNMNNOO [ap M op] [op] AANANANAN _u_nwOOZO 1
7 /%%\ /&\ /\ Z\ Date_ 20090212
Time 15.34
INSTRUM arx400
PROBHD 5mm QNP 1H
PULPROG zg30
MeQ OH TD 65536
0 SOLVENT DMSO
NS 32
N\ DS 0
SWH 8064.516 Hz
FIDRES 0.123055 Hz
CO,Me AQ 4.0632820 sec
14 RG 4096
g DW 62.000 usec
DE 88.57 usec
TE 300.0 K
D1 2.00000000 sec
P1 7.50 usec
SFO1 400.1324008 MHz
NUCLEUS 1H
Sl 65536
SF 400.1300032 MHz
WDW no
SSB 0
LB 0.00 Hz
GB 0
PC 1.00
|
_ 8 I A X
AAAAA | T Y L A EE N B
12 11 10 8 7 4 3 2 1 0 ppm
To) ﬂmg450 —|w©
[e0] D[~ (N[~ |— OO NI
o ®|o|S|o|o(S|S o
o O[]+ A
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- o T O TTOOAUL MO ML
© O © O OoWwr—OoLAANANS < VONOO»OAN I
o NM O —mONONMOOOo INON—— O N NAME Feb12-2009
0 o O N —mOo0OONLANOO® OO—ONINMO®Q
© B I OOANN~+— =+ Lrooo oo oo EXPNO 40
TN W VR Be™ et
Time 17.53
INSTRUM arx400
OH PROBHD 5 mm QNP 1H
PULPROG zgdc30
o .m_.w_.<mz._. mmmww_/\_mO
w3 o
DS 0
SWH 27777.777 Hz
OOM_<_m FIDRES 0.423855 Hz
14 AQ 1.1796980 sec
g RG 32768
DW 18.000 usec
DE 25.71 usec
TE 300.0 K
D12 0.0000200 sec
DL5 23.50 dB
CPDPRG waltz16
P31 100.00 usec
D1 2.00000000 sec
| P1 8.25 usec
, SFO1 100.6248445 MHz
NUCLEUS 13C
D11 0.0300000 sec
Sl 65536
SF 100.6128152 MHz
WDW no
SSB 0
LB 0.00 Hz
GB 0
L PC 1.40
Ll
|

B T I I I A N B IR R R
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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= RCLRIBRBIRLAT © % 232g NAME  Feb23-2009
i ODONNSTOOW®ONNNIN () o moos EXPNO 10
— MNNNMNNNNDN O OO Ooooo ™ ™ AN PROCNO 1
/// /% / \ X 7 < Date_ 20090223
Time 0.30
INSTRUM arx400
| PROBHD 5 mm QNP 1H
OH PULPROG zg30
TD 65536
0 SOLVENT DMSO
N\ NS 32
_ \ DS 0
e} SWH 8064.516 Hz
_u_m_wmmw 0.123055 Hz
A 4.0632820 sec
COMe RG 1024
DW 62.000 usec
14h DE 88.57 usec
TE 300.0K
D1 2.00000000 sec
P1 7.50 usec
SFO1 400.1324008 MHz
NUCLEUS 1H
Si 65536
SF 400.1300032 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
f |
J F f L o LEEE M
AAAAAA I T A ) L I
12 11 10 9 8 7 6 5 4 3 2 1 0 ppm

1.009
1.029
0.994
1.000
1.004
0.995
1.048
3.087
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NAME Feb23-2009

(ap] OALNOOODOOL OOWr—~Q
b RIRHLYNBR BRIQ 28IL25S 8 EXPNO 11
6 ONYSANSDN S DA ©-ONWO®S® PROCNO 1
OH © I¥IIIIIN -0 HIBBBBAR Date_ 20090223
Time 0.44
o N VAN SNUSNUZT INSTRUM andoo
| A\ PROBHD 5mm QNP 1H
N\ PULPROG 2gdc30
0 D 65536
SOLVENT DMSO
CO,Me NS 256
DS 0
SWH 27777.777 Hz
14h FIDRES 0.423855 Hz
AQ 1.1796980 sec
RG 32768
DW 18.000 usec
DE 25.71 usec
TE 300.0 K
D12 0.0000200 sec
DL5 23.50 dB
CPDPRG waltz16
P31 100.00 usec
D1 2.00000000 sec
P1 8.25 usec
SFO1 100.6248445 MHz
NUCLEUS 13C
D11 0.0300000 sec
Sl 65536
SF 100.6128151 MHz
WDW EM
SSB 0
O | LB 1.00 Hz
, GB 0
PC 1.40

% A % A % A % A % A % A % A % A % A % A % A % A % A
240 220 200 180 160 140 120 100 80 60 40 20 0 ppm
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® - oo m tanoooosoon NAME FRP-II-11
S 3o 8% 2 BRPELI3FIN EXPNO A
e N~ S © o oaaaaaa~-~ PROCNO 1
7 / \ / \ / //. (\ / \ Date_ 20080804
Time 21.44
INSTRUM av300
PROBHD 5 mm PABBO BB
PULPROG 2930
OH TD 65536
0] SOLVENT CDCI3
\ NS 32
DS 0
SWH 5995.204 Hz
_u_%mmw 0.091480 Hz
A 5.4657526 sec
MeO,C RG 256
. DW 83.400 usec
14i DE 6.00 usec
TE 297.9 K
D1 2.00000000 sec
TDO 1
======== CHANNEL f1 ===
1H
14.00 usec
-2.00dB
300.1318008 MHz
65536
300.1300030 MHz
no
0
|
& A Lfls\
[rrrTrTT | [rrrrrrTT [rrrrrrTT | [rrrTrTT | [rrrrrrTT [rrrrrrTT | [rrrTrTT | [T
12 11 10 9 8 7 6 5 4 3 2 1 0 ppm

1.020
0.970
1.000
3.032
3.958

S28



(o] [o0] 0 < [e2 N e)] Nt ™
< Al N~ N~ O N~ ™ O © O MOWOOANLLO—~LO X
Al © < < N — < AN~ OFTOOVOMNMWUNT —LOOD
© o) © o~ XX NOONIANO QLW NN
© Yo < < [aViNa\] O — OO0 OVOMMAN
~— ~— - - - LT OOOOOANNANAN
A R . NS VT e e
EXPNO 3
OH PROCNO 1
0 Date 20080805
Time 14.07
\ INSTRUM av300
PROBHD 5 mm PABBO BB
PULPROG zgdc30
TD 65536
_SmONO SOLVENT DMSO
NS 256
DS 0
14i SWH 18832.393 Hz
FIDRES 0.287360 Hz
AQ 1.7400308 sec
RG 6502
DW 26.550 usec
DE 6.00 usec
TE 298.9 K
D1 2.00000000 sec
di1 0.03000000 sec
TDO 1
======== CHANNEL f1 ===
NUCH1 13C
| P1 6.50 usec
[ | PL1 -4.00 dB
SFO1 75.4768051 MHz
======== CHANNEL 2 ===:
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 -2.00dB
PL12 13.75 dB
SFO2 300.1318008 MHz

S I I I I I I B N D AN R
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10  ppm
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