Electronic Supplementary Material (ESI) for New Journal of Chemistry.
This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2020

Light/Inductive Effect Induced Isomerization of Chromeno-5-methyl-2,6,9-
trioxabicyclo[3.3.1]Jnonadienes

Sameer Vyasamudri® and Ding-Yah Yang*2®

4Department of Chemistry, Tunghai University,

*Graduate Program for Biomedical and Materials Science, Tunghai University
No. 1727, Sec. 4, Taiwan Boulevard, Xitun District, Taichung 40704, Taiwan,
Republic of China
*Corresponding author; Tel: 886-4-2359-7613; Fax: 886-4-2359-0426;
Email: yang@thu.edu.tw

Supporting Information

Table of Contents

1. General INTOrMALION.........couiiieiieceee ettt e ereesre e eneenrees S2
2. Single X-ray crystal structure and supporting information of 4a and 5a ................. S3-S6
3. General Synthetic Procedure and spectroscopic data of 4a—f..............ccccceeveennn. S7-S9
4. General Synthetic Procedure and spectroscopic data of 5a—f............c..cccceveiinenne S10-S12
5. General Synthetic Procedure and spectroscopic data of 7a—h...........cc.ccocevninnne S13-S15
B.  RETEIENCE ..ot re e S15
7. Copies of *H and 3C NMR spectra of 4a—f ,5a—fand 7a—h .........c.ccceoevvvvvernnnn. $16-S51

S1


mailto:yang@mail.thu.edu.tw

1. General Information

Melting points were determined on a Mel-Temp melting point apparatus in open capillaries and
are uncorrected. High resolution mass spectra (HRMS) were obtained on a Thermo Fisher
Scientific Finnigan MAT95XL spectrometer using a magnetic sector analyzer. Single-crystal
structures were determined with a Bruker AXS SMART-1000 X-ray single-crystal diffractometer.
'H NMR (400 MHz) and BC NMR (100 MHz) spectra were recorded on a Bruker 400
spectrometer. Chemical shifts were reported in parts per million on the o scale relative to an
internal standard (tetramethylsilane, or appropriate solvent peaks) with coupling constants given
in hertz. *H NMR multiplicity data are denoted by s (singlet), d (doublet), t (triplet), q (quartet),
and m (multiplet). Photochemical reactions were performed using Rayonet reactor (PR-2000). UV-
vis spectroscopy was recorded using Shimadzu UV-Spectrophotometer (UV-1800). Analytical
thin-layer chromatography (TLC) was carried out on Merck silica gel 60G-254 plates (25 mm)
and developed with the solvents mentioned. Solvents, unless otherwise specified, were reagent
grade and distilled once prior to use. All new compounds exhibited satisfactory spectroscopic and
analytical data. Commercially available appropriately substituted 4-hydroxycoumarins were
purchased and used as received.
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2. Supporting information for single crystal X-ray of 4a.

Compound 4a was dissolved in a mixture of CH2Cl2 and hexanes (1:1), this solution was set aside
for slow evaporation to get colourless needle like crystals. Single-crystal X-ray data for these
crystals were collected at 150 K on a Bruker APEX-II CCD diffractometer using graphite-
monochromated Mo KR radiation (A = 0.71073A°). The crystal structures were solved by using
SHELXS-97 and the structures were refined using SHELXL-97 2014. All non-hydrogen atoms
were refined anisotropically. Hydrogen atoms were fixed at geometrically calculated positions and
were refined using riding model.

Molecular structure of 4a with atomic displacement shown at 50% probability. Crystallographic
data, CCDC-1952549, can be obtained free of charge from the Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request.cif.

S3


http://www.ccdc.cam.ac.uk/data_request.cif

Table S2. Crystal data and structure refinement for 4a.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

4a

C18 H12 05
308.28

150(2) K
0.71073 A
Monoclinic
P2i/c
a=10.6500(3) A
b =17.8886(5) A
c=7.6179(2) A
1421.23(7) A3

4

1.441 Mg/m3
0.106 mm-1

640

o =90°.
g =101.6871(12)°.
y=90°.

0.400 x 0.350 x 0.150 mm3

3.000 to 26.403°.

-13<=h<=13, -22<=k<=22, -9<=I<=9

22834

2908 [R(int) = 0.0317]

99.5%

Semi-empirical from equivalents

0.9281 and 0.8623

Full-matrix least-squares on F2

2908 /0/208
1.033

R1 =0.0336, wR2 = 0.0892
R1 = 0.0405, wR2 = 0.0963

n/a

0.268 and -0.211 e.A-3
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Supporting information for single crystal X-ray of 5a.

Compound 5a was dissolved in a mixture of CH2Cl> and MeOH (3:1), this solution was set aside
for slow evaporation to get colourless cubic crystals. Single-crystal X-ray data for these crystals
were collected at 150 K on a Bruker APEX-11 CCD diffractometer using graphite-monochromated
Mo KR radiation (A = 0.71073A°). The crystal structures were solved by using SHELXS-97 and
the structures were refined using SHELXL-97 2014. All non-hydrogen atoms were refined
anisotropically. Hydrogen atoms were fixed at geometrically calculated positions and were refined
using riding model.

Molecular structure of 5a with atomic displacement shown at 50% probability. Crystallographic
data, CCDC-1960547, can be obtained free of charge from the Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request.cif.

S5


http://www.ccdc.cam.ac.uk/data_request.cif

Table S3. Crystal data and structure refinement for 5a.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

5a

C18 H12 05
308.28

150(2) K
0.71073 A
Monoclinic
P2i/c
a=17.6581(2) A
b =17.9590(6) A
c=10.1131(3) A
1389.95(7) A3

4

1.473 Mg/m3
0.108 mm-1

640

o =90°.
B =92.0863(11)°.
y=90°.

0.430 x 0.370 x 0.340 mm3

3.471to 27.901°.

-10<=h<=10, -23<=k<=23, -13<=I<=13

23177

3292 [R(int) = 0.0331]

99.2%

Semi-empirical from equivalents

0.9281 and 0.8713

Full-matrix least-squares on F2

3292/01/208
1.029

R1=0.0376, wR2 = 0.1126
R1=0.0424, wR2 = 0.1195

n/a

0.324 and -0.259 e.A-3
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3. General Synthetic Procedure and spectroscopic data of 4a—f:

R

‘I\

_
¢ Q OH O 5o o
R_'\ N H X EtsN X = H

l 1l > R-
o Yo S EtOH Mo N0
R
2 3 4a-f

To a solution of appropriately substituted 4-chloro-3-formylcoumarin 2 (0.24 mmol) in EtOH (2
mL) was added appropriately substituted o-hydroxyacetophenones 3 (0.24 mmol) and
triethylamine (0.24 mmol) at room temperature. The solution was then stirred at room temperature
for two to six hours. The resulting precipitate was filtered, washed sequentially with ethanol,
hexanes: dichloromethane (9:1), and dried under vacuum to obtain the desired product 4a—.

9-Methyl-9,14a-epoxybenzo[7,8][1,5]dioxocino[3,2-c]chromen-6(9H)-one

E;o><o (4a); Off-white solid; Rf= 0.50 (30% EtOAc/hexanes); 55 mg; yield 74%; mp

0 156-158 °C (lit,* 153-154 °C); *H NMR (CDCls, 400 MHz) & 7.80-7.78 (m,
@fr'* 1H), 7.79 (s, 1H), 7.50 (td, J = 8.4, 1.6 Hz, 1H), 7.38 (dd, J = 7.6, 1.2 Hz, 1H),
0" "0 7.35-7.28 (m, 2H), 7.21 (t, J = 8.4 Hz, 1H), 7.08 (t, J = 7.6 Hz, 1H), 6.88 (d, J

=8.0 Hz, 1H), 2.09 (s, 3H); BC{*H} NMR (CDCls, 100 MHz) & 161.0, 158.0, 150.9, 150.1, 132.0,

131.4,125.7, 125.4, 124.9, 122.4, 120.6, 120.3, 117.6, 117.2, 103.8, 99.6, 90.5, 23.8; HRMS (EI)
m/z calcd for C1gH120s [M*] 308.0685, found 308.0686.

\

o 65%; mp 175-177°C (lit! 178-179°C); *H NMR (CDCls, 400 MHz) & 7.79
df“‘ (s, 1H), 7.77 (d, I = 7.6 Hz, 1H), 7.51 (t, J = 7.6 Hz, 1H), 7.37 (d, J = 2.4 Hz,
1H), 7.31-7.26 (m, 2H), 7.21 (d, J = 8.4 Hz, 1H), 6.83 (d, J = 8.4 Hz, 1H), 2.08

O (s, 3H); BC{'H} NMR (CDCls, 100 MHz) 5 160.7, 157.8, 151.0, 148.8, 132.3,

131.6, 127.5, 125.8, 125.5, 125.1, 122.1, 120.0, 118.9, 117.7, 103.9, 99.1, 90.8, 23.9; HRMS (EI)
m/z calcd for C1gH11CIOs [M*] 342.0295, found 342.0294.

't 11-Chloro-9-methyl-9,14a-epoxybenzo[7,8][1,5]dioxocino[3,2-c]chromen-

©>< 6(9H)-one (4b); Off-white solid; R¢=0.55 (30% EtOAc/hexanes); 53 mg; yield
5.0
o]
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9-Methyl-9,16a-epoxynaphtho[2',1":7,8][1,5]dioxocino[3,2-c]chromen-
6(9H)-one (4c); Off-white solid; Rf= 0.50 (30% EtOAc/hexanes); 59 mg;
yield 69%; mp 181-183 °C; 'H NMR (CDCls, 400 MHz) & 8.01 (d, J = 8.4
Hz, 1H), 7.86 (d, J = 7.6 Hz, 1H), 7.82 (s, 1H), 7.79 (d, J = 8.4 Hz, 1H),
7.56-7.51 (m, 3H), 7.44 (t, J = 7.6 Hz, 1H), 7.40 (d, J = 8.4 Hz, 1H), 7.33 (t,

J=7.6Hz, 1H), 7.26 (d, J = 8.4 Hz, 1H), 2.16 (s, 3H); *C{*H} NMR (CDClIs, 100 MHz) § 161.0,

158.1, 151.1, 146.4,

134.8, 132.0, 127.8, 127.6, 126.4, 125.6, 124.9, 123.9, 122.2, 122.1, 121.7,

120.4, 117.6, 114.4, 103.9, 99.9, 90.9, 23.7; HRMS (EI) m/z calcd for C22H140s [M*] 358.0841,

found 358.0836.

(@) (@)
(@)
de
(@) (@)

12-Methoxy-9-methyl-9,14a-epoxybenzo[7,8][1,5]dioxocino[3,2-
cJchromen-6(9H)-one  (4d); Off-white solid; Ry = 045 (30%
EtOAc/hexanes); 47 mg; yield 58%; mp 172—-174°C; *H NMR (CDCls, 400
MHz) 6 7.79-7.77 (m, 2H), 7.49 (td, J = 8.4, 1.6 Hz, 1H), 7.30-7.26 (m,
2H), 7.20 (d, J = 8.4 Hz, 1H), 6.63 (dd, J = 8.8, 2.4 Hz, 1H), 6.38 (d,J=2.4

Hz, 1H) 3.75 (s, 3H), 2.06 (s, 3H); *C{*H} NMR (CDCls, 100 MHz) & 162.0, 161.1, 158.1, 151.5,
151.0, 132.0, 126.8, 125.4, 125.0, 120.5, 117.6, 113.0, 110.2, 103.7, 101.7, 100.0, 90.8, 55.6, 24.0;
HRMS (EI) m/z calcd for C19H1406 [M*] 338.0790, found 338.0784.

11,13-Difluoro-9-methyl-9,14a-epoxybenzo[7,8][1,5]dioxocino[3,2-

c]chromen-6(9H)-one (4e); Off-white solid; Rs= 0.55 (30% EtOAc/hexanes);
55 mg; yield 67%; mp 175-177°C; *H NMR (CDCls, 400 MHz) § 7.80 (s, 1H),

0.8 Hz, 1H), 7.20 (dd, J = 8.0, 0.8 Hz, 1H), 6.95-6.90 (m, 2H), 2.07 (s, 3H):

F
F (@] (0]
@O\}f 7.77 (dd, J = 8.0, 1.6 Hz, 1H), 7.51 (td, J = 8.0, 1.6 Hz, 1H), 7.29 (td, J = 8.0,
H
(@] O

13C{H} NMR (CDCls, 100 MHz) 3 160.6, 157.8, 156.5 (dd, Jc-r = 242.8, 10.2
Hz, 1C), 151.1, 151.0 (dd, Jc-r = 250, 10.2 Hz, 1C) 135.7 (dd, Jc-r = 12.7, 3.0 Hz, 1C), 132.4,
125.6,125.1, 123.1 (dd, Jo-r = 8.3, 3.0 Hz, 1C), 119.4, 117.8, 107.4 (dd, Jc_r = 24.0, 4.0 Hz, 1C),
106.9 (dd, Jo-r = 26.8, 21.2 Hz, 1C), 103.8, 98.7, 91.0, 23.9; HRMS (EI) m/z calcd for C1gH10F20s
[M*] 344.0496, found 344.0496.
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6(9H)-one (4f); Off-white solid; Rf= 0.50 (30% EtOAc/hexanes); 35 mg;

F Coﬁf'* yield 45%; mp 178-180°C; *H NMR (CDCls, 400 MHz) 5 7.80 (s, 1H), 7.47
(dd, J = 7.6, 2.0 Hz, 1H), 7.38 (d, J = 7.6 Hz, 1H), 7.34 (t, J = 7.6, 1H),

0" "0 7.20-7.18 (m, 2H), 7.09 (t, J = 7.6 Hz, 1H), 6.88 (d, J = 7.6 Hz, 1H), 2.09

(s, 3H); *)C{*H} NMR (CDCls, 100 MHz) § 160.8, 159.3 (d, Jc-F = 244, 1C), 158.4, 149.9, 147.1
(d, Jo-r = 9.6 Hz, 1C), 131.7, 125.9, 122.7, 121.8 (d, Jc-F = 8.0 Hz, 1C), 120.5, 119.3 (d, Jc-F =

8.2 Hz, 1C), 119.1 (d, Jc-r = 23.9 Hz, 1C), 117.3, 112.2 (d, Je-r = 25.1 Hz, 1C), 103.3, 99.8, 90.3,
23.9; HRMS (EI) m/z calcd for CigH1:FOs [M*] 326.0591, 326.0583.

©>< 2-Fluoro-9-methyl-9,14a-epoxybenzo[7,8][1,5]dioxocino[3,2-c]chromen-
0~ o
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. General Synthetic Procedure and spectroscopic data of 5a—f:

R’ '
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/
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To a solution of 4 (0.065 mmol) in 20 mL of acetonitrile was taken in a quartz tube, and was
irradiated with UV light (352 nm) in a Rayonet reactor (PR-2000). The reaction was monitored by
TLC. After the completion of the reaction about 40 min, the solvent was evaporated under vacuum
to obtain the photogenerated product 5a—f.

13-Methyl-7,13-dihydro-6H-7,13-epoxybenzo[6,7][1,5]dioxocino[3,2-
o< c]chromen-6-one (5a); Off-white solid; R¢=0.55 (30% EtOAc/hexanes); 19.8
O mg; yield 99%; mp 162—-164 °C; *H NMR (CDCls, 400 MHz) & 7.79 (d, J =

X

H  8.0Hz 1H),7.55 (t, J=8.0 Hz, 1H), 7.38 (d, J = 8.0 Hz, 1H), 7.32-7.26 (m,

o "0 3H), 7.04-6.99 (m, 2H), 6.42 (s, 1H), 2.13 (s, 3H); 3C{*H} NMR (CDCls,

100 MHz) & 160.9, 160.0, 153.7, 150.0, 133.4, 131.5, 126.0, 124.3, 123.1, 122.2, 121.1, 117.6,
117.2,114.1, 99.6, 98.5, 87.8, 24.3; HRMS (EI) m/z calcd for C1gH120s [M*] 308.0685, 308.0677.

11-Chloro-13-methyl-7,13-dihydro-6H-7,13-
epoxybenzo[6,7][1,5]dioxocino[3,2-c]chromen-6-one (5b); Off-white solid,;
Rf= 0.50 (30% EtOAc/hexanes); 21.6 mg; yield 98%; mp 180-182 °C; H

Cl
(0] (0]
O NMR (CDCls, 400 MHz) 5 7.80 (d, J = 7.6 Hz, 1H), 7.58 (t, J = 7.6 Hz, 1H),
H
(@)

X
7.35 (d, J = 2.4 Hz, 1H), 7.32-7.29 (m, 2H), 7.27-7.24 (m, 2H), 6.98 (d, J =

© 8.8 Hz, 1H), 6.42 (s, 1H), 2.11 (s, 3H); *C{*H} NMR (CDCls, 100 MHz) &
160.8, 159.8, 153.7, 148.6, 133.6, 131.6, 127.2, 125.8, 124.5, 123.1, 122.4, 119.2, 117.2, 113.8,
99.3, 97.9, 87.8, 24.2; HRMS (EI) m/z calcd for C1sH11Cl0s [M*] 342.0295, found 342.0300.
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OO 15-Methyl-7,15-dihydro-6H-7,15-
5 epoxynaphtho[1',2":6,7][1,5]dioxocino[3,2-c]chromen-6-one (5c); Off-

(@)

§ 0 white solid; Rf= 0.45 (30% EtOAc/hexanes); 21.8 mg; yield 95%; mp
H 178-180°C; *H NMR (CDCls, 400 MHz) & 8.30 (s, 1H), 7.80-7.73 (m,

o "0 2H), 7.51-7.46 (m, 3H), 7.44-7.38 (m, 2H), 7.25-7.20 (m, 2H), 6.64 (s,

1H), 2.19 (s, 3H); ¥C{*H} NMR (CDCls, 100 MHz) & 161.0, 159.9, 153.6, 146.4, 134.7, 133.3,
127.9,127.5, 126.6, 124.3, 124.2, 123.0,122.5, 121.9 (2C), 117.1, 114.7, 114.0, 99.7, 98.7, 88.1,
24.1; HRMS (EI) m/z calcd for C22H140s [M*] 358.0841, found 358.0848.

OMe 10-Methoxy-13-methyl-7,13-dihydro-6H-7,13-

@ epoxybenzo[6,7][1,5]dioxocino[3,2-c]chromen-6-one (5d); Off-white

> 95 solid; Rf= 0.40 (30% EtOAc/hexanes); 20.8 mg; yield 96%; mp 169-

©\)Ii 171°C; *H NMR (CDCls, 400 MHz) § 7.78 (td, J = 8.4, 2.0 Hz, 1H),

o~ o 7.54 (td, J=8.4, 1.2 Hz, 1H), 7.28-7.24 (m, 4H), 6.56 (dd, J=8.4,2.4

Hz, 1H), 6.52 (d, J = 2.4 Hz, 1H), 6.39 (s, 1H), 3.74 (s, 3H), 2.10 (s, 3H); *C{*H} NMR (CDClIs,

100 MHz) 6 161.9, 160.9, 160.1, 153.6, 151.3, 133.3, 126.8, 124.3, 123.0, 117.1, 114.2, 113.3,

110.0, 101.2, 99.5, 98.8, 87.9, 55.5, 24.3; HRMS (EI) m/z calcd for C19H140¢ [M*] 338.0790,
found 338.0780.

i 9,11-Difluoro-13-methyl-7,13-dihydro-6H-7,13-
epoxybenzo|[6,7][1,5]dioxocino[3,2-c]chromen-6-one  (5e); Off-white

F solid; Rs= 0.50 (30% EtOAc/hexanes); 21.8 mg; yield 99%; mp 181-183
©\)Iko °C; 'H NMR (CDCls, 400 MHz) § 7.78 (dd, J = 8.4, 1.6 Hz, 1H), 7.59 (td,
H J=8.4, 1.6 Hz, 1H), 7.32-7.27 (m, 2H), 6.93-6.86 (m, 2H), 6.50 (s, 1H),

o0 2.11 (s, 3H); *C{*H} NMR (CDCls, 100 MHz) § 160.7, 159.4, 156.5 (dd,

Jo-F = 2425, 10.1 Hz, 1C), 153.7, 151.0 (dd, Jc-F = 252, 11.8 Hz, 1C), 135.5 (d, Jc-F = 9.6 Hz,
1C), 133.8, 124.5, 123.4 (d, Jc-F = 8.2 Hz, 1C), 123.0, 117.3, 113.7, 107.4 (dd, Jc-r = 23.8, 4.0

Hz, 1C), 106.9 (dd, Jc-r = 26.8, 21.1 Hz, 1C), 99.0, 97.4, 87.9, 24.2; HRMS (EI) m/z calcd for
CigH10F20s [M*] 344.0496, found 344.0491.
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2-Fluoro-13-methyl-7,13-dihydro-6H-7,13-

o@ epoxybenzol[6,7][1,5]dioxocino[3,2-c]chromen-6-one  (5f); Off-white
Fwo solid; Rf= 0.45 (30% EtOAc/hexanes); 20.6 mg; yield 98%; mp 175-177
H °C; 'H NMR (CDCls, 400 MHz) § 7.45 (d, J = 7.6 Hz, 1H), 7.39 (dd, J=

o "0 8.4, 1.6 Hz, 1H), 7.31 (td, J = 8.0, 1.2 Hz, 1H), 7.27-7.25 (m, 2H), 7.04—

7.00 (m, 2H), 6.41 (s, 1H), 2.13 (s, 3H); *C{*H} NMR (CDCls, 100 MHz) & 160.2, 160.1, 159.6,
158.8 (d, Jc-F = 243.7 Hz, 1C), 149.8 (d, Jc-F = 7.6 Hz, 1C), 131.6, 126.0, 122.3, 120.9 (d, Jc-F =
24.3 Hz, 1C), 120.8, 118.9 (d, Jc-F = 8.2 Hz, 1C), 117.6, 115.0 (d, Jc-r = 9.1 Hz, 1C), 108.8 (d,

Jc-F=25.2 Hz, 1C), 100.3, 98.9, 87.6, 24.2; HRMS (EI) m/z calcd for C1gH11FOs [M*] 326.0591,
found 326.0598.

S12



o1

. General Synthetic Procedure and spectroscopic data of 7a—h:

x@
TR
XN
0~ "0
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TN N H Et;N XX
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o~ ~o S EtOH o0 X0

2 3 7a-h

To a solution of appropriately substituted 4-chloro-3-formylcoumarin 2 (0.24 mmol) in EtOH (2
mL) was sequentially added appropriately substituted o-hydroxyacetophenones 3 (0.24 mmol) and
triethylamine (0.24 mmol) at room temperature. The mixture was then stirred at room temperature
for 12 hours. The resulting precipitate was filtered, washed with ethanol and henxanes:
dichloromethane (9:1), and dried under vacuum to obtain the desired product 7a—h.

NO2 13-Methyl-11-nitro-7,13-dihydro-6H-7,13-
epoxybenzol[6,7][1,5]dioxocino[3,2-c]chromen-6-one (7a); Off-white solid;
o <o Rt = 0.50 (30% EtOAc/hexanes); 52.5 mg; yield 62%; mp 196-198 °C; H
©\)Iko NMR (CDCls, 400 MHz) 6 8.36 (d, J = 2.8 Hz, 1H), 8.21 (dd, J=8.8, 2.4
H Hz, 1H), 7.87 (d, J = 7.6 Hz, 1H), 7.60 (t, J = 7.6 Hz, 1H), 7.35-7.30 (m,
0”70 2H), 7.16 (d, J = 8.8 Hz, 1H), 6.53 (s, 1H), 2.20 (s, 3H); *C{*H} NMR
(CDCl3, 100 MHz) 6 160.8, 159.5, 155.3, 153.8, 142.4, 134.0, 127.1, 124.7, 123.2, 122.7, 121.8,
118.8,117.3, 113.5, 99.0, 97.7, 88.3, 24.3; HRMS (EI) m/z calcd for C1gH1:NO7 [M*] 353.0536,
found 353.0538.

13-Methyl-6-ox0-7,13-dihydro-6H-7,13-
>(© epoxybenzo[6,7][1,5]dioxocino[3,2-c]chromene-11-carbonitrile (7b); Off-

white solid; R¢=0.45 (30% EtOAc/hexanes); 51 mg; yield 64%; mp 191-193

CN
(0] (0]
O oC: IH NMR (CDCls, 400 MHz) § 7.80 (d, J = 7.6 Hz, 1H), 7.73 (s, 1H),
H
(@]

X
7.62-7.57 (m, 2H), 7.35-7.30 (m, 2H), 7.13 (d, J = 8.4 Hz, 1H), 6.49 (s, 1H),

2.15 (s, 3H); *C{*H} NMR (CDCls, 100 MHz) & 160.8, 159.5, 153.7, 153.6,
135.0, 133.9, 130.9, 124.7, 123.1, 122.5, 119.1, 118.2, 117.3, 113.6, 106.0, 99.1, 97.5, 88.1, 24.2;
HRMS (EI) m/z calcd for C1oH12NOs [M*] 333.0637, found 333.0645.

(0]
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NO,

F
o” O
0]
N
UL
0" ~0
F
Oo” O
o)
AN
L
(OXN©)

9,11-Difluoro-13-methyl-7,13-dihydro-6H-7,13-

epoxybenzol[6,7][1,5]dioxocino[3,2-c]chromen-6-one  (7c); Off-white
F solid; Rf= 0.50 (30% EtOAc/hexanes); 52 mg; yield 63%; mp 181-183
OC;

**INOTE: Compound 7c is same as 5e, for spectral detail look for 5e]

11-Fluoro-13-methyl-9-nitro-7,13-dihydro-6H-7,13-
epoxybenzol[6,7][1,5]dioxocino[3,2-c]chromen-6-one (7d); Off-white
solid; Rf= 0.55 (30% EtOAc/hexanes); 61.2 mg; yield 69%; mp 199—
201°C; *H NMR (CDCls, 400 MHz) & 7.78 (dd, J = 8.4, 1.6 Hz, 1H),
7.73(dd, J=7.6,3.2 Hz, 1H), 7.61 (td, J = 8.4, 1.6 Hz 1H), 7.41 (dd,
J =176, 3.2 Hz 1H), 7.34-7.30 (m, 2H), 6.60 (s, 1H), 2.16 (s, 3H);

13C{'H} NMR (CDCls, 100 MHz) & 160.8, 158.9, 155.4 (d, Jc-r = 245.5 Hz, 1C), 153.9, 141.3,
134.1, 125.4, 124.6, 123.0, 119.2, 118.2 (d, Jc-r = 23.9 Hz, 1C), 117.4, 115.4 (d, Jcr = 27.2 Hz,
1C), 113.3, 98.8, 97.2, 88.4, 24.5; HRMS (EI) m/z calcd for C1sH10FNO7 [M*] 371.0441, found

371.0439.

NO,

3-(Dimethylamino)-13-methyl-11-nitro-7,13-dihydro-6H-7,13-
epoxybenzo[6,7][1,5]dioxocino[3,2-c]chromen-6-one  (7e);  Light
yellow solid; R¢= 0.40 (40% EtOAc/hexanes); 43 mg; yield 45%; mp
201-203 °C; *H NMR (CDCls, 400 MHz) & 8.34 (d, J = 2.8 Hz, 1H),
8.19(dd, J=9.2,2.8 Hz, 1H), 7.57 (d, J=8.8 Hz, 1H), 7.14 (d, J =9.2
Hz, 1H), 6.61 (dd, J = 9.2, 2.4 Hz, 2H), 6.50 (s, 1H), 6.42 (d, J = 2.4
Hz, 1H), 3.05 (s, 6H), 2.15 (s, 3H); *C{*H} NMR (CDCls, 100 MHz)

5 161.4, 160.7, 156.1, 155.6, 154.4, 142.2, 126.8, 124.0, 122.7, 122.3, 118.8, 109.3, 101.7, 97.9,
97.1, 93.8, 89.0, 40.3 (2C), 24.4; HRMS (EI) m/z calcd for CaoH1sN207 [M*] 396.0958, found

396.0964.

S14



NO, 3-methoxy-13-methyl-11-nitro-7,13-dihydro-6H-7,13-

epoxybenzo[6,7][1,5]dioxocino[3,2-c]chromen-6-one  (7f); White

solid; Rf= 0.55 (40% EtOAc/hexanes); 47 mg; yield 51%; mp 200—

/@\)Iko 202 °C; 'H NMR (CDCls, 400 MHz) & 8.35 (d, J = 2.4 Hz, 1H), 8.20

H (dd, J=8.8,2.4 Hz, 1H), 7.70 (d, J = 8.8, Hz 1H), 7.15 (d, J = 9.2, Hz

MeO o "0 1H), 6.87 (dd, J = 9.2, 2.4 Hz 1H) 6.76 (d, J = 2.4 Hz, 1H) 6.50 (s, 1H),

3.86 (s, 3H), 2.18 (s, 3H); *C{*H} NMR (CDClIs, 100 MHz) & 164.6, 161.1, 159.9, 155.8, 155.4,

142.3,127.0, 124.3, 122.7, 121.9, 118.8, 113.1, 106.5, 101.0, 97.5, 96.3, 88.6, 56.1, 24.3; HRMS
(EI) m/z calcd for C19H13NOg [M*] 383.0641, found 371.0647.

NO 2-Fluoro-13-methyl-11-nitro-7,13-dihydro-6H-7,13-

epoxybenzo[6,7][1,5]dioxocino[3,2-c]chromen-6-one (7g); Off-white
solid; Rf=0.50 (30% EtOAc/hexanes); 54.5 mg; yield 61%; mp 175-177
Fwo °C; IH NMR (CDCls, 400 MHz) § 8.37 (s, 1H), 8.22 (d, J = 9.2 Hz, 1H),
H 7.49 (d, J=7.2 Hz, 1H), 7.31 (d, J = 4.4 Hz, 2H), 7.17 (d, 9.2 Hz, 1H),

S 6.52 (s, 1H), 2.21 (s, 3H); *C{*H} NMR (CDCls, 100 MHz) & 160.2,

160.1, 160.0 (d, Jc-r = 242.6 Hz, 1C), 155.1, 149.9, 142.5, 127.2, 122.7, 121.6 (d, Jc-F = 24.4 Hz,
1C), 121.5,119.1 (d, Jc-r = 8.0 Hz, 1C), 118.8, 114.4 (d, Jc-r = 8.9 Hz, 1C), 109.0 (d, Jc-F = 25.3

Hz, 1C), 99.8, 98.0, 88.1, 24.2; HRMS (EI) m/z calcd for C1gH1sFNO7 [M*] 371.0441, found
371.0436.

3-(Dimethylamino)-13-methyl-7,13-dihydro-6H-7,13-

o <o epoxybenzo[6,7][1,5]dioxocino[3,2-c]chromen-6-one (7h); Off-white
MO solid; Rf=0.45 (40% EtOAc/hexanes); 46 mg; yield 54%; mp 187-189
H °C; 'H NMR (CDCls, 400 MHz) & 7.55 (d, J = 8.8 Hz, 1H), 7.36 (d, J

“,‘ 0”0 = 7.6 Hz, 1H), 7.29-7.26 (m, 1H), 7.02-6.96 (m, 2H), 6.57 (d, J = 7.2
Hz, 1H), 6.40 (s, 1H), 6.42 (d, J = 2.4 Hz, 1H), 3.02 (s, 6H), 2.08 (s,

3H); 3C{*H} NMR (CDCls, 100 MHz) & 161.6, 161.1, 155.9, 154.0, 150.2, 131.1, 125.9, 123.8,

121.8,121.7, 117.7, 109.0, 102.6, 97.9 (2C), 94.6, 88.4, 40.3 (2C), 24.5; HRMS (EI) m/z calcd for
CaoH17NOs [M*] 351.1107, found 351.1104.

6. Reference:

1. Jaggavarapu, S. R.; Kamalakaran, A. S.; Gayatri, G.; Shukla, M.; Dorai, K.; Gaddamanugu,
G. Tetrahedron 2013, 69, 2142-2149.
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7. Copies of H and *C NMR spectra for 5a-f, 6a-f, and 7a-f

NAME DYY-SvV-493 28z ag 2
EXPNC 1 ®emm g nn =
PROCNO Y h
Date_ 20190226
Time 10.15
INSTRUM spect
PROBHD 5 mm PABEO BB/
PULPROG
TD
SOLVENT
NS
DS
swH 4a
FIDRES
AQ 2.0447731 sec
RG 205.92
DW 62.400 usec
DE 16.68 usec
TE 298.2 K
Dl 2.00000000 sec
TDO 1
CHANNEL f1
400.1324008
1H
13.30 usec
16384
400.1300100 MHz
EM
0
0.00 Hz
0

. " ILJU‘“ \_U L. N

5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 ppm

11.5  11.0 105 10.0 95 9.0 8.5 8.0

3
-
oo P - = i 5
== 101 o % IS = D~ o
S8R ANE2Y &8s 2538 % &%
o e P = e é
N1% NN N e N
I“ I
4a
I‘| f i i A
1y (.t ) I
A n | o |‘ Il ||‘ Il
al l IR I ‘| i
\ (1 [l \|M“‘| | ] 1] \
Rl mlL R LU LA i
| | YRWINAIRIR | \
P e Y £ VA VA SR B AN AN IR VA VAN A VA S A VAVA U Juvel
T T T T T T T T T T T T T T T T T T T T T T T T
785 780 7.75 770 7.65 7.60 755 7.50 7.45 740 7.35 730 725 720 715 7.0 705 7.00 695 690 685 680 6.75 ppm

1.902
1.041 ’
e
2.199

L
1.018
1.037
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NAME

DYY-5V-498-C

¢

ol

N - ©
EXPNO 1 a3 = &
PROCNO 1 ) moddacaf——= S g g o
Date_ 20190516 | T T M
Time 0.41 ‘ Y. \\\\\ |/ ‘ o [Oe)
INSTRUM spect | i I P
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
cDCl3 [OXN)
2000
0 4a
24038.461 Hz
0.800 usec
6.50 usec
298.5 K
2.00000000 sec
0.03000000 sec
1
— CHANNEL fl =
100.6233329 M
13C
10.00 usec
32768
100.6127€85 MHz
EM
0
2.00 Hz
0
1.00 } I
A S 111 l
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
% — oo o w o o
= vy Tl =+ S =t = = e
=} (=3 (=0 Lol w ) -~ b=l 0
= [ —— v ~ = o ke =
e ] i a - = = 2 =
o 0 \\ L) ‘
‘ ‘ o} M
=
H
(6] O
4a
} ‘ l
L A J ottt W Mﬂqu [R—Y u
T T T T T T T T T T T T T
165 160 155 150 145 140 135 130 125 120 110 105 100 95 90 pPpm
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NAME DYY-5V-511 SrThigEEiigascLggy z cl
EXENO 1 EEEmA Lo mdadann = ge S
o . RN G
Date 20190326 =
Time 10.24
INSTRUM spect 0§ @
PROBHD 5 mm PABBO BB/ P ;/L\
PULPROG 2g30 [ = H
™D 32768 PyS
SOLVENT CDCL3 ~07 o
NS 8
DS 0 4b
SWH 8012.820 Hz
FIDRES 0.244532 Hz
aQ 2.0447731 sec
RG 163.06
DW 62.400 usec
DE 16.68 usec
TE 297.8 K
Dl 2.00000000 sec
TDO 1
—=—————- CHANNEL fl == =
SFOL 400.1324008 MHz
NUCL 1E
Pl 13.30 usec
ST 16384
SF 400.1300095 MHz
WDW EM
SSB 0
LB 0.00 Hz
GB 0 |
PC 1.00 L ‘
J i N J
T T T T T T T T T T T T T T T T T T T T T T T T 1
115 110 105 100 95 90 85 80 75 60 55 50 45 40 35 30 25 20 15 10 05 ppm
I
= ln{— wi
N = ol
3|2|S|a =
—| =] =l )
o= = = 5% c4 40— + e i
w L O ol O W M~ O = [~ [~ O == O = cl
R S o & e & ol ol el el = % =
e e UM P ML, g e
|} | | ) ‘ ‘ |
| L]
\\' / b \/ \ \ / I | @3(
o] o]
O _L
|<\\/ T
o0
4b
|
|
‘\ U
i
‘\ ) N
N | |
1 . I ‘
H I i |
|H‘ I [ i \“H I |
JH‘ A Il I“-JI Uit ‘\“ il
U VAR /| | e (WA
. W;Jl | 'Wf/ \_J i v A i o
T T T T T T T T T T T T T T T
7.9 7.8 7.7 7.6 75 74 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 65 ppm
a = wi W—' _—
2 2 v T =
< = = i 3
— — — (=] =]
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NAME
EXPNO
PROCNOQ
Date
Time
INSTRUM

PROBHD 5 mm PABBO BB/

PULPROG
D
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

oW

DE

,,
)
25

DYY-5V-511-C
1

0.98
8§

5
T 148

N\

y (o)
spect OXL

1
20190326

——160.746
——157.84

3
—99.070

zgpg30 “\ I/ I H
C oS

298.5 K
2.00000000 sec
0.03000000 sec

100.62

100.61

| J

3.888

5

T
220 210

—160.746
157.842

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100

v 1
=3

80 70 60

n
=
=
=)

q
5
5

cl

n
80

T 131.666
5.778

55454
25.078

150.98
122.049

1
99.070

1
—1

— 148.8

—— 119.987
——118.943
—117.730

— 103.896

_——13

12748

AL A

Crr

~ g7 \\\O
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NAME DYY-SV-505

EXPNO 1 :]
PROCNO 1
Date 20190319
Time 10.31
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 8
DS 0
SWH 8012.820 Hz
FIDRES 0.244532 Hz
RO 2.0447731 sec
RG 163.06
oW 62.400 usec
DE 16.68 usec
TE 297.6 K
Dl 2.00000000 sec
TDO 1

= CHANNEL fl =
SFOL 400.1324008 MHz
NUC1 1H
Pl 13.30 usec
SI 16384
SF 400.1300124 MHz
WDW EM
SSB 0
LB 0.00 Hz
GB 0

11.5  11.0 105 10.0 95 9.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0
w. =)
= =
= =
o o= oo -+ = - T = © w o o O
cl = L = o [ il W T ol
== W o = o + =+ +F A @
5
|| N o LT TR T
0 P
H
o” "o
4c

—7.309
———7.264
TT—7.243




NAME DYY-SV-505-C o °
EXPNO 1 =5 z
PROCNO ook S o
Date 2019031¢ [
Time 13.06 | 2 0" 0
INSTRUM spect b o
PROBHD 5 mm PABBO BB/ “h
PULPROG zgpg30
™ 32768
SOLVENT cDe13 o "0
NS 1600
DS 0 4c
SWH 24038.461 Hz
FIDRES 0.733596 Hz
aQ 0.6816244 sec
RG 205.92
W 20.800
DE 6.50
TE 299.1 X
D1 2.00000000 se
Dil 0.03000000 s
TDO 1
======== CHANNEL fl ===
SFOL 100.6233329
NUCL 13c
Pl 10.00 usec
ST 32768
SF 100.6127685 MHz
WoW EM
SSB 0
i) 2.00 Hz
GB 0
PC 1.00
VA A/ T ,
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
S a g e g g = "
s = = = = S = 3 2 @
T 7 z 5 Z A 2 g 2 g
4c
. J J A LN WUJWJ o A !
T T T T T T T T T T T T T T T
160 155 150 145 140 135 130 125 120 115 110 105 100 95 ppm
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NAME DYY-SV-593-1 2 3 z MeO
EXPNO 1 o5 P
PROCNO 1
Date 20191122
Time 10.49
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 16
DS 0
sWE 8012.820 Hz 4d
FIDRES 0.244532 Hz
AQ 2.0447731 sec
RG 115.33
DW ©2.400 usec
DE 16.68 usec
TE 300.0 K
D1 2.00000000 sec
TDO 1
= CHANNEL f1
SFOL1 400.1324008 MHz
NUCL 1H
Pl 13.30 usec
SI 16384
SF 400.1300095 MHz
WDW EM
S5B 0
LB 0.00 Hz
GB 0
PC 1.00
R PN SR
T T T T T T T T T T T 1
11.5 11.0 10.5 10.0 9.5 8.5 7.0 6.0 5. 2.0 1.0 0.5 0.0 ppm
- ) )
0 = =
! < =
— L]
DO N = o~ = = %
EERRER ITE S
V% v y
I I
n M
il . ‘ H
I‘m'ﬂ‘l n r\ f f | lu'“‘\ I M 'i‘
— o~ Ju Uiy Ul |
T T T T T T T T T T
7.9 7.8 7.7 7.6 7.5 .3 7.1 6.6 6.5 6.4 ppm
() wi - =
- PN - -
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NAME DYY-SV-593-C

— = “w
EXPNO 1 ® * 2
PROCNO 1 =3 w ]
Date_ 20191124 < o i
Time 14.57
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30 MeO
TD 32768
SOLVENT CDC13
NS 2400
DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6816244 sec
RG 205.92
W 20.800
DE 6.50
TE 300.0 4d
Dl 2.00000000 s
D11 0.03000000 s
TDO 1
======== CHANNEL fl = =:
SFOL 100.6233329 MHz
NUCL 13C
Pl 10.00 usec
ST 32768
SF 100.6127581 MHz
WDW EM
SS5B 0
LB 2.00 Hz
GB 0
PC 1.00 ’ ’
_ 1 A ) L T Y ‘
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10 ppm
s 7 MeO s a2 @ 8
- < = == = =
o — ol =l =
z RS = i o
|
|
|

ci
\
\
I

/J

— 117.643

——103.748

——99.971
90.781

T
165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 ppm
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NAME DYY-SV-587 & =
EXPNO 1 2 2
PROCNO 1 [
Date 20191108
Time 14.51
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 16
Ds 0
SWH 8012.820 Hz
FIDRES 0.244532 Hz
AQ 2.0447731 sec
RG 122.8
oW 62.400 usec
DE 16.68 usec
TE 300.0 K
Dl 2.00000000 sec
TDO 1

== CHANNEL fl ===

400.1324008
10

13.30 usec
16384
400.1300090 MHz
EM
0
0.00 Hz
0

4e

1.00 J L #_JL ‘ ) )

125 12.0 115 110 105 10.0 9.5 9.0 8.5 80 75 7.0 6.5 6.0 5.5 50 45 40 35 3.0 2.5 2.0
|

=3 S|e| M| -+

=3 =t [wi| | ~

S =S| o

—_— — = — | L]
€1 60 0 — 0D [2g) VN — =+ v
=8 a ma=33 3 e = =23
(S e RIS R e terel ey el — =
o = (NI == = =

y SR

/7.8')3
=

4e
l
|
E | |
I Il Il
‘ M W i " I | I H |\”‘M
1 ‘\\l‘ MH“"\ Hw“'\'\r \‘,‘I '\IHM
/| ' | !
JUVL o Juue o JUUI UL A
T T T T T T T T T T T T T T T T T T T T T T T T
7.85 775 770 7.65 7.60 7.55 7.50 7.45 740 7.35 730 7.5 7.20 745 710 7.05 7.00 695 6.90 6.85 680 675 670  ppm
cr =1 fae] (o)
=) T wi & -
= — =] (o]
— — — (o]
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

TD
SOLVENT

DYY-SV-587-C
1

1

20191110

0.09

spect

5 mm PABBO BB/

24038.461
0.73359¢
0.6816244
205.92
20.800
6.50

300.0
2.00000000

0.03000000 =

CHANNEL fl ==
100.623332

1.00

160.587

49.830
49.710

=)

/

2

el =t
— ol

9

255
19.44
17.778

.
c

98.693
“91.035

\

3.920

)

5
ST 157.750

135.767

e Rehenyl
€l ciciclcl o

oy

7

60

— 119.443
— 117.778
107.5

106.5

|
LI

145 140
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NAME DYY-SV-515 = g
EXPNO 1 ® <
= a
PROCNO 1 a
Date 20191105
Time 10.15 o "o
INSTRUM spect F. o P
PROBHD 5 mm PABBO BB/ H
PULPROG 2g30
D 32768
SOLVENT cDe13 o "0
NS 16
DS 0 4
SWH 8012.820 Hz
FIDRES 0.244532 Hz
AQ 2.0447731 sec
RG 163.06
ow 62.400 usec
DE 16.68 usec
TE 300.0 K
Dl 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFOL 400.1324008 MHz
NUCL 1
P1 13.30 usec
s1 16384
SF 400.1300095 MHz
WDW EM
SSB 0
LB 0.00 Hz
@B 0 |
BC 1.00 I u |
N N o )L )
T T T T T T T T T T T T T T T T T T T T T T T T 1
115 110 105 100 95 90 85 80 75 70 65 6.0 50 45 40 35 30 25 15 1.0 05 0.0 ppm
DL
S| rafee
S| |me|e|lS
SIS =|=|—=
2wl el ==
— v o <t Cl clen <t O oo
j=1 L o T e 20
& =+ & === % %
~ o = < 8
% N1%
| \
\\ \ 5 o7 o
F Z
H
[o)Xe]
4f
‘ I‘
i
‘ Iy‘ ”
n |
I |
N LR I i
| A m ‘ o
| 0 M ! | i
i N e e il
[ [ ‘\‘\M\‘\H I Y N I
& [V [V i | \ AYRVA U\
- D A AN AN N AR S
T T T T T T T T T T T T T T T T T T T T T T T
785 780 7.75 770 7.65 7.60 7.55 7.50 7.45 740 735 730 725 720 715 7.0 7.05 7.00 695 690 685 6.80 6.75 ppm
W r B -
WWN/ Nf l\‘N ®
) & & S
< by i ix]
| < : 2
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NAME DYY-5V-515-C o=
EXENO 1 2 &
PROCNO g g
Date_ T
Time . 2 o] O
INSTRUM spect F 0 =
PROBHD 5 mm PABBO BB/ H
PULPROG zgpg30
TD 32768
SOLVENT (Ol
4f
H 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6816244 sec
RG 205.92
DW 20.800 usec
DE 6.50 usec
TE 300.0 ¥
Dl 2 )000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL fl1 ==
100.6233329 MHz
13cC
10.00 usec
32768
100.6127559 MHz
EM
0
2.00 Hz
0
1.00 I J I
L | | - i
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10 ppm
o o~ o Qww -] =]
= — b= o Lol =2s) = v —
R S % 9o =] a S @
g o - ool = — ol o« = Il
T = k] adad == = 2 =
L) | L)
o0 SN |
v F @] ¥ \ W
Z
H
o 0
4f
| ]
[l | LJ " ; i, \
T T T T T T T T T T T T T T T
160 155 150 145 140 135 130 125 120 115 110 105 100 95 ppm
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NAME
EXENO
PROCNO
Date
Time™
INSTRUM
PROBHD
PULPRCG
TD
SOLVENT
NS

Ds

SWH
FIDRES
AQ

RG

oW

DYY-SV-500
1

1

20190319

spect
5
5

400.1324008

MHz

0 usec

MHz

Hz

T T T T
1.0 105 10.0

S

0.5 0.0 ppm

6425

1.119

1.096
3.634
2.167
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DYY-SV-500-C joier] & = o= o .
8 & EY - ns 2 S
N Sa = < v % i
1 oW = — 2 D'S [ s
20190319 NN N TT5 - ‘!
11. \/ | \ (O]
INSTRUM spect i I 0
PROBHD 5 mm PABBO BB/ AN
PULPROG zgpg30 H
TD 32768
SOLVENT cpcl3 0" 70
NS 1600
DS 0 Sa
SWH 24038.461 Hz
FIDRES 0.733596 Hz
20 0.6816244 sec
RG .92
DW 800 usec
DE 50 usec
TE 298.9 K
Dl 2.00000000 sec
D1l 0.03000000 sec
TDO 1
CHANNEL f1
SFO1 100.6233329 MHz
NUC1 13C
Pl 10.00 usec
SI 32768
SF 100.6127558 MHz
WDW EM
SSB 0
LB 2.00 Hz
GB 0
BC 1.00
1 T ‘
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
o = 2 7= 2 a2 cr e %
== ] =] ] SR i =t =
S P = e = oo e i %
N-N'g 2l =+ [aa} “ ol el el oSN % -~
=2 Z = = = = o= NS 5
| ‘ ‘ 0" o | ‘ | | ||
L 0 L b
X
H
o 0o
Sa
ll h o JWWWMM LJl g i r’ Ay
T T T T T T T T T T T T T T T
160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 ppm
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NAME DYY-SV-517-H2 LS EE RO 85255858 Cl
EXPNO 1 e R R e R e K R R R
e NRCR]
PROCNO 1 RN R
Date_ 20191130 -
Time 13.40
INSTRUM spect
PROBED 5 mm PABBO BB/ (e
PULPROG zg30 o
TD 32768 X
SOLVENT CDC13 H
NS 16
D3 0 0" "0
SWH 8012.820 Hz 5h
FIDRES 0.244532 Hz
AQ 2.0447731 sec
G 205.92
DwW 400 usec
DE 16.68 usec
TE 300.0 K
D1 2.00000000 sec
TDO 1
== CHANNEL fl —==—====
SFol 400.1324008 MHz
NUC1 1H
Pl 13.30 usec
SI le384
SF 400.1300095 MHz
WDW EM
SSB 0
LB 0.00 Hz
GB 0 |
BC 1.00 li U\ |
J\_JLJ (S, Jk SN " _ J\
T T T T T T T T T T T T T T T T T T T T T T T 1
1.5 11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 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
| |
T[T (o] o] - o
WG| e 90|\ W o
Z|2=ER|E g
S| == wil il = -
X L w o = — [l oy =1
SO XX o= O =+ =+ =] Cl al
R AR &1 e el &S =
o e o o 8 8 )
! V L /// [
| \ |
i b I
o] (0]
(0]
X
H
O O
5b
[l
I
I
N
T T T T T T T T T T T T T T T T
7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 ppm
T L T o Laed - <
w w o~ * w w =3
= = = |5 % < s
- - = il e = -
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NAME DYY-SV-517-C fuls] n — Cl -
EXPNO 1 < x 3 =y 51
PROCNO 1 27 % 5 =
Date_ 20191125
Time 2.07 \ / ‘
INSTRUM spect "
PROBHD 5 mm PABBO BB/
PULPROG zgpg30 0
TD 32768
SOLVENT CDC13 H
NS 2400
DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6816244 sec
G 205.92
DW 20.800 usec
DE 6.50 usec
TE 300.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1
NUC1
Pl 10.00 usec
51 32768
SF 100.6127571 MHz
WDW EM
SSB 0
LB 2.00 Hz
GB 0
L
. L L L I
T T T T T T T T T T T T T T
220 210 200 190 180 160 150 140 120 110 100 90 40 10 ppm
o ) v o — 2o <+ ©
S = [3a] = =S O — =1 — S ® ~
el = = E —_ % T < ol ol - =
= P % e e A o & %
Z ] = jas] aaadd - = ESEN >
| o AT
[ I
S W R — LLUL,U i 1 |
T T T T T T T T T
160 155 150 140 125 120 115 100 ppm



NAME DYY-SV-516-H CEESEERTAExAEZR R g
EXPNO 1 AR NI R B i -
Date 20191124 \MWZ/
Time 15.25 Sl o 0
INSTRUM spect 0
PROBED 5 mm PABBO BB/
PULPROG 2930 H
D 32768
SOLVENT CDC13 o” "0
NS 8
DS 0 5S¢
SWH 8012.820 Hz
FIDRES 0.244532 Hz
RO 2.0447731 sec
RG 101.51
DW 62.400 usec
DE 16.68 usec
TE 300.0 K
D1 2.00000000 sec
TDO
ST 16384
SF 400.1300121 MHz ‘
WDW EM
SSB 0 q
LB 0.00 Hz | I
GB 0 | M i I |
PC 1.00 i
oM i k
. Y LA S ) A [
T T T T T T T T T T T T T T T T T T T T T T T 1
11.5 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 ppm
| | W
NS |= = (=)
S xS & b
&S| 3 =
il eileiled = i
g = A8 R TEZZ 2
5] B YT ol &= c
] [ S [ ~ o ©
| | |
|/ | \\ / ‘
| \ N o7 o
e]
H
[oXe]
Se
)
i
i
i
I
I
[
I
T T T T T T T T T T T T T T T T T T T
8.4 8.2 8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 ppm
[
\‘9’/ . '“f \‘_ -
2 w, o 3 *
& < a i 3
(ol ~ (2] (o] =

S32



NAME DYY-SV-516 < 8 LEERS & o © ©
EXPNO 1 oo S Fwmcician e oo al =
PEOCNO 1 ©OFZE6a8ddfdozZZaz g =
Date_ 20191125 ) | | 1
Time 0.13 / ‘ i \\\ \//// \/ | 0 o
INSTRUM spect ! ! ! o
PROBHD 5 mm PABBO EB/ x>
PULPROG zgpg30 H
TD 32768
SOLVENT cne13 0" "0
NS 2400
DS 0 Sc
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6816244 sec
RG 205.92
DW 20.800
DE ©.50
TE 300.0 K
D1 2.00000000 s
D11 0.03000000 s
TDO 1
CHANNEL f1
SFOL 100.6233329 MHz
NUC1 13c
Pl 10.00 usec
ST 32768
SF 100.6127610 MHz
WDW EM
SSB 0
LB 2.00 Hz
GB 0
e e L -
T T T T T T T T T T T T T T T T T T T T T
2200 210 200 190 180 170 160 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
[ <+ S =31 w0 0l — g [=3
e =~ a a % TLOnSE — & ) [=Na} o
= wy =X ~ ol QT ol ol v < wy 0 (]
= o & < e o e o] = — o =
z o 3 ) dadddaaa = 2% %
| | | N |
| L
\ | \ I
o” O
0
RS
H
[Oe}
5¢
T T T T T T T T T T T T T T
160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 ppm
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NAME DYY-3V-601-E 5 = 2 OMe
EXPNO 1 = = =
PROCNO 1 T T <
Date 20191130
Time 13.56 (@) (0]
INSTRUM spect (0]
PROBHD 5 mm PABBO BB/ X
PULPROG zg30 H
TD 32768
SOLVENT cDCl3 o~ 0
NS 16
DS 0 5d
SWH 8012.820 Hz
FIDRES 0.244532 Hz
AQ 2.0447731 sec
RG 101.51
oW 400 usec
DE 16.68 usec
TE 300.0 K
D1 2.00000000 sec
TDO 1
CHANNEL f1l =
400.1324008 MHz
1H
13.30 usec
16384
400.1300066 MHz
WDW EM
S5B 0
LB 0.00 Hz
GB 0
PC 1.00
L) m_. LU L . i

T
11.5  11.0 105 100 95 9.0 8.5 8.0

75 7.0 65 60 55 50 45 30 25
== (2
KL -
Al s
==
=g m P S oo s o
0 o B 8 For Foenen — — N OMe r~ 5= el el =Y
RS E e e e i i c1E A A el W e A
o e I B ERCRCRC R <
| ‘ 1 L ]
NV N4 Nz
[ 1 O O |
o]
H
(6] (@]
5d
‘\ “
|
Ll
(AN
Y il mn |
il ik N i i
[ W W AV SN LV AV ) i M JUTU AN
T T T T T T T T T T T T T T T
7.9 7.8 7.1 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 64  ppm
|
~ — x T [: =]
x e = | |= =
& -~ x A= S
= = e == =

S34



NAME DYY-SV-601-C 2 F o= - v
EXPNO 1 = ag@ F =
PROCNO &l S X w [ <+
Date - - :r =8 2] el
\ W
INSTRUM spect !
PROBED 5 mm PABBO BB/
PULPROG
™D
SOLVENT OMe
NS
DS
SWE
FIDRES 0
AQ
RG
DW 20.800 usec
DE 6.50 usec o)
TE 300.0 X
D1 2.00000000 sec 5d
D11 0.03000000 sec
TDO 1
sI 58
SF 100.6127587 MHz
WDW EM
SSB 0
LB 2.00 Hz
GB 0
PC 1.00 u I‘
s L . Jodl
T T T T T T T T T T
220 210 200 190 180 130 120 110 100 90 80 60 50 20 ppm
~ % o aw o %
2 8 & % a3 R - =
o= o £ s <o ® 2
[P “ s a4 Iz < o~
— — — — —_— —_— — N o0
[ |
| | \ |
[ |
OMe
5d
L || L L
T T T T T T T T T T T T T T T T T
165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 ppm
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NAME DYY-SV-54e-E 2022282 S3azsdad = F
EXPNO EF‘.[‘_"‘.E.E.":": LGRS EY —
PROCNO I\_:\l\l\l\l\ [ I\l\l‘\l\I\\-"\D\-" ol
Date_ 20191130 = ﬂ/
Time 13.46
INSTRUM spect
PROBED 5 mm PABBO BE/ 0" 0 5
PULPROG zg30
TD 32768
SOLVENT cpCcl3 H
NS 16
DS 0 o o
SWH 8012.820 Hz Se
FIDRES 0.244532 Hz
AQ 2.0447731 sec
RG 163.06
DW 62.400 usec
DE 16.68 usec
TE 300.0 K
D1 2.00000000 sec
TDO 1
=== CHANNEL fl ========
SFOl 400.1324008 MHz
NUCL 1H
Pl 13.30 usec
SI 16384
SF 400.1300061 MHz
WDW EM
SSB 0
LB 0.00 Hz
GB 0
PC 1.00 i |
{ L L B ) A L
T T T T T T T T T T T T T T T T T T T T
11.5 11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 ppm
IES o
S o
= (%= <
(ol = ~
To NS o v €W en W S Cl s el e il e Ul - R F —
IEEE 22 Ay ) Ao —22C88 8= 3 n =
R < g M aaaca QAN T R KL AL R KK =
~ = - - o~ o~ M~ 0= = = OO OO0 OOOYO o0 b=
] |
N \ SN N
(. N I [ 7
F
O (6]
o}
H
O o]
Se
M
| |
I N ) ‘
N“‘ f fﬂ\ M”‘H W .‘tl‘ | ‘
|k|| MHM \[U\Hl‘wl " ‘F,-“U \m 1, ‘|‘
| W R - VYL
D VAN JUN A (VLS U _ . N\
T T T T T T T T T T T T T T T T T T T T T T
785 7.80 7.75 7.70 7.65 7.60 7.55 7.50 745 7.40 735 730 725 720 7.15 7.10 7.05 7.00 695 6.90 6.85 6.80 6.75 6.70 6.65 6.60 6.55 ppm
|
~ =] - ® ‘m‘
® =1 -+ i) =
=2 = — = *x©
=3 - o o =
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NAME DYY-S5V-546-C F -~
EXPNO 1 S
PROCNO 1 &
Date 20191130
Time 17.09
INSTRUM spect F
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 2000
DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz Se
AQ 0.6816244 sec
RG 205.92
DW 20.800
DE
D1
D11 0.03000000
TDO 1
CHANNEL f1
SFOL 100.6233329 MHz
NUCL 13¢
Pl 10.00 usec
ST 32768
SF 100.6127563 MHz
WDW EM
SSB 0
LB 2.00 Hz
GB 0
PC 1.00 \\
; “llll A lu J‘L el
T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 40 30 20 10 ppm
= w00 wy oo v =]
) [ 3G 2 bt o= v
=) I=3=) v l et = 0 =1
~ S = - ~ s = A =
wy v, <t ol el el el — — o> - -
—————————— _—— — — S -N %
YEVER Y
VERNE /
\( \w‘ o u/ \ W
F
F
O (@]
(o}
N
H
(@] 0]
Se
Db st M . JL ,JM rpnsh JL .
T T T T T T T T T T T T T T T 1
160 155 150 145 140 135 130 125 120 115 110 105 100 95 90
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NAME DYY-SV-510 = NO,
EXPNO 1 o
PROCNO 1
Date_ 20190326
Time 10.19
INSTRUM spect
PROBHD 5 mm PABBO BB/ 0" "0
PULPROG zg30 0
TD 32768 X
SOLVENT €DCl3 H
NS 16
DS 0 0 o
SWH 8012.820 Hz Ta
FIDRES 0.244532 Hz
AQ 2.0447731 sec
RG 205.92
DW 62.400 usec
DE 16.68 usec
TE 297.7 K
Dl 2.00000000 sec
TDO 1
== CHANNEL fl ===
400.1324008
1H
13.30 usec
16384
400.1300079 MHz
EM
0
0.00 Hz
0 l
1.00 “L
I
. . MUJ | ) N
T T T T T T T T T T T T T T T T T T T T T T T T 1
1.5 11.0 105 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 ppm
wlen) (2] (2] ) 9
e ] =] =3 =
—_—= =R || = =1 o
—_— —{ =] ] = — Ll
v —_— ol ol oen w =t O 0 S ==t 10 O =t o~
o ol — o o — 1o w i ol — o ~~ No2 ol
A e el == % % g e o & i i
o o o6 % o6 [N N [ A N [ ©
[ | I
VY YINY% NG
I I i I
(oo
0
X
H
[One]
Ta
I | H
|
il ‘ |
\U‘ i ] in | ‘I\ \
| T I M T |
. A O 12 G /2 e UL U o
T T T T T T T T T T T T T T T T T T T T T
8.5 8.4 8.3 8.2 8.1 8.0 7.9 7.8 7.9 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 ppm
[
‘I -1 (=3 > -l = (=
= « - = = - =]
— —_ 8 1) — =
- = - i - -
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DYY-5V-510-C

20180326

4.06
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CDC13
N3 2000
DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6816244 sec
RG 205.92
DW
DE
D1
D11
TDO 1

CHANNEL f1

SFO1 100.6233329 MHz
NUC1 13C
Pl 10.00 usec
SI 32768
SF 100.6127544 MHz
WDW EM
S5B 0
LB 2.00 Hz
GB 0
PC

— 142435

014
27.060

.

~
L

4.706

cl

e
)

o

97.691
88.305

T NIl

NO,

4.307

5

220 210 200 190 180 170 160 150 140 130 120 110 60 50 40 10 ppm
25 “ z ] z NO, = =
ol =+ = = = a3z =
oA el < =+ 28] =<2 “
P q 3 E o] = e
LAl = o a = &5 %
" |
N |
0
(o}
H
0
MMWJVJ\MMMWJWWM wmmwdwm“im' 1l bttt g emopgcle
T T T T T T T T T T
160 155 150 145 140 135 130 125 100 ppm
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NAME DYY-SV-542-H o SHRISELED - CN
EXPNO 1 = N o] = = s -
PROCNO 1 T R ‘'
Date_ 20180907 N/ w////
Time 17.18 o
INSTRUM spect
PROBED 5 mm PABEQ EB/ o 0
PULPROG zg30 o)
D 32768 S
SOLVENT CDC13 H
NS 8
DS 0 S
SWH 8012.820 Hz
FIDRES 0.244532 Hz 7b
AQ 2.0447731 sec
G 181.8
DW 52.400 usec
DE 16.68 usec
TE 300.0 K
D1 2.00000000 sec
TDO 1
== CHANNEL fl =—=
sFol 400.1324008
NUC1 1H
Pl 13.30 usec
SI 16384
SF 400.1300075 MEz
WDW EM
SSB 0 |
LB 0.00 Hz
GB 0 P\ ‘
BC 1.00 ‘ |

1.5 11.0 105 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 ppm
K|k e r@ w,
ENE R £ w
- || — = —
==l - P
o 2 232 8 52 CN 2
w5~ ] o= %
[ ~ ~ ~ r~ = =)
[ | | (]
| I |
I ‘ | ‘ \ ‘ ||
o~ o
0
X
H
070
7b

__/
1.187
A
_J
2.438
58
\
36
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NAME DYY-5V-542-C o4 a0 D pA AR < CN =
EXPNO 1 % v b ] = S
PROCNO 1 2" e % b3
Date 20190907 .
Time 20.38 \ |/
INSTRUM spect . v
PROBED 5 mm PABBO BB/ o 0
PULPROG zgpg30 0
™ 27683 X
SOLVENT H
D (@] (0]
SWH Hz
FIDRES Hz 7b
2Q sec
RG
DW usec
DE usec
TE 300.0 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL fl ====
100.6233329
13c
10.00 usec
32768
100.6127547 MHz
EM
0
2.00 Hz
0
J L
| y | J h
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
clen o o v - o
'h L £Z z g z 3
7 = 5 - Z T =
R ad = E ENS %
N |
|
(o XNo]
o]
~
H
(oM o]

160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 ppm

[NOTE: 7c = 5¢e]
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NAME DYY-SV-594-H2 =y A F
EXPNO 1 = =
PROCNC 1 s
Date_ 20191130
Time 13.2¢
INSTRUM spect NO,
PROBHD 5 mm PABBO BB/ o° O o
PULPROG zg30
D 32768
SOLVENT CDC13 H
NS 16
DS 0 o” "o
SWH 8012.820 Hz
FIDRES 0.244532 Hz 7d
AQ 2.0447731 sec
RG 205.92
DW 62.400 usec
DE 16.68 usec
TE 300.0 K
Dl 2.00000000 sec
TDO 1
= CHANNEL fl ====
SFO1 400.1324008 MHz
NUCL 1H
Pl 13.30 usec
sI 16384
SF 400.1300090 MHz
WDW EM
SSB 0
LB 0.00 Hz
GB 0
PC .00 MJLJJ
n (S| N S N SR
T T T T T
12,5 12.0 115 11.0 105 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 35 3.0 2.5 2.0 1.5 1.0 0.5 ppm
S(wfnf=) ) =
QD=ZE = =
L: ===~ - o
TS Al aln [ -] =+~ 9 X% % =3
S =T FAal— @ad =S 3 = F =N
EEnEEnEn ge + T A el 3 7
I e T S D A T T e S S A °
\\\/ \ ’/ \ \\\\ \'/// L
\ \
(1 \ \
NO,
[O2Ne)
(0]
X
H
[O2N ]
7d
| |‘ |
M
T - W M | |
_ JUNMN L M A AV UV L ] A

T T T T
7.80 7.75 770 7.65 7.60 7.55 7.50 745 740 735 7.30 7.25 720 745 710 7.05 7.00 695 690 6.85 6.80 6.75 6.70 6.65 6.60 ppm

1.124
1.128
1.175
1.140
2.162

000

542



NAME DYY-SV-594-C
EXPNO 1
PROCNO 1
20191130
18.45
spect
5 mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 2000
DS 0
SWH 24038.461 Hz
FIDRES 0.73359€ Hz
AQ 0.6816244 sec
RG 205.92
DW 20.800
DE 6.50
TE 300.0
Dl 2.00000000 =
D1l 0.03000000 se
TDO 1
CHANNEL f1
SFO1 100.6233329 MHz
NUC1 13cC
Pl 10.00 usec
SI 32768
SF 100.6127540 MHz

© <+ =+ F )
LEI E
g5 % B
\
i NO,
o 0
O
H
o” "0
7d

220

210 200 190
%
]
%
o0
Il

—160.767
1
_—154.146

180

T
170

T
160

T
150

141.344

140

n

134.11

T
130

T
120

T T
100 90 80 70 60 50 40 30 20 10

110 ppm
clen o
= z o = <
o o o >« w
v ol i ]
a0 ElS %
|
|/
Vol

F

NO,

165

T T
160 155

150

145

T
140

T
135

130

WM»W‘WWWW WMWMWWMMWW ‘PMWWW‘ ML?J “\WLWWWWWWWLWIWMWMWM b

T T
125 120 115 110 105 100 95 90

ppm

543



NAME DYYSV-522-P SHECRREXETETRALY z Z NO,
EXPNO 1 Sl S = SR e =g g 2
SRocNO : xocxoco“cocl\lrlklkl;a P e
Date_ 20190412 \\x \ \\
Time 10.24 ! /
INSTRUM spect
PROBHD 5 mm PABBO BB/ o 0 o
PULPROG 2g30
D 32768 A
SOLVENT cDe13 H
NS 16 ~
DS 0 N o o
SWH 8012.820 Hz ‘
FIDRES 0.244532 Hz Te
AQ 2.0447731 sec
RG 205.92
ow 62.400 usec
DE 16.68 usec
TE 296.5 K
Dl 2.00000000 sec
TDO 1
======== CHANNEL fl ====
SFOl1 400.1324008
NUC1 18
Pl 13.30 usec
SI 16384
SF 400.1300081 MHz
WDW EM
SSB 0
1B 0.00 Hz
GB 0 |
BC 1.00 l ‘ w
i i . . N
T T T T T T T T T T T T T T T T T T T T T T T 1
1.5 11.0 10.5 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 ppm
| = Lse] ~ -T
) ) ol &
S ) * =
Sls s “ PS
2 4 gegg g NO,
a == cgnn N
~ ~ r~ f=l= -
\ ] NV
W i
o 0
O
A
H
~
ITJ 0" T0o
Te
q" | ‘ I I
[ M | | “ | i t |
) U UL I Ul JUL__J e
T T T T T T T T T T T T T T T T T T T T T T T T T T
8.5 84 8.3 8.2 8.1 8.0 7.9 7.8 7.7 75 74 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 ppm
] [ | [
~ - m‘ WN‘. J—‘ ‘c‘
-3 - ) - = =3
= = ) = N =
= = < - ‘o’ -
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NAME DYY-SV-522-B3 o = Teg®e @ . - -
EXPNO 1 = — magarn o [ = Ed
PROCNO 1 = g Saaax 2 P = <
Date_ 20190515 n T Y 1 T |
Time 23.05 \ ‘ \\\ \// | L ‘

INSTRUM spect v o

PROBHD 5 mm PABBO BB/

PULPROG zgpg30 NO,

TD 32768

SOLVENT cDC13

NS 2000

DS 0

SWH 24038.461 Hz

FIDRES 0.733596 Hz (oo

0.6816244 se

Pl 10.00 usec
SI 32768
SF 100.6127549 MHz
WDW EM
SSB 0
LB 2.00 Hz
GB 0
EC 1.00 J“ | { |
I | — ‘ )
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 2 80 70 60 50 40 30 20 10 ppm
o1 — = — 0 = en =
& = = - < < - i % —
= - ~ X g ~ & = =~ o1 o o
= ci =1 e i ol g =N - Q= ~ <
z= = a add = = = 55 =2 %
| / \ )
I ( i
NO,
o 0
O
X
H
~
ITJ [Ce]
Te
l H A ‘ ’ J J
i P At s A A o n...'.wv.n_, h o y \M' RS o T E U At AR Al
g A wf i i W Ty Siaa ¥
T T T T T T T T T T T T T T T T
160 155 150 145 140 135 130 125 120 115 110 105 100 95 920 pPpm
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NAME DYY-sv-513-H 28NS TR o w NO,
EXPNO MM OEl = =N o = — % % =
OO G0 G0 G0 G0 G0 - - - Lag] ol
PROCNO 1 |
Date 20190910 \\V \/ \\
Time 8.35
INSTRUM spect
PROBHD 5 mm PABEO BB/ o” "o
PULPROG zg30 0
TD 32768 X
SOLVENT cDC13 H
NS 8
s 0 MeO o7 o
SWH 8012.820 Hz
FIDRES 0.244532 Hz 7f
AQ 2.0447731 sec
RG 205.92
DW 62.400 usec
DE 16.68 usec
TE 300.0 K
Dl 2.00000000 sec
TDO 1
= = CHANNEL f1 =
SFOL 400.1324008 MHz
NUC1 1H
Pl 3.30 usec
sI 538
SF 400.1300081 MHz
WDW EM
SSB 0
LB 0.00 Hz l
GB 0
BC 1.00 lL ” ‘
JlJ (P— lL‘ \ JL ol k JLJ
I T T T T T T T T T T T T T T T T T T T T T 1
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NAME DYY-SV-513-C & “ < — )
Thotw ! g 7 5 z
PROCNO 1 < © S =
Date 20190910 n n - . h
Time 10.26 | ‘
INSTRUM spect
PROBHD 5 mm PABBO EB/
PULPROG zgpg30
TD 32768 NO,
SOLVENT cDCl3
NS 2200
DS 0
SWH 24038.461
FIDRES 0.733596
o 0.6816244 se o” O
RG 0
DW X
DE 6.50 H
TE 300.0 K
D1 2.00000000 = MeQ (@] @]
D11 0.03000000 s
TDO 1 7t
CHANNEL f1
SFO1 100.6233329 MHz
NUC1 13c
Pl 10.00 usec
sI 32768
SF 100.6127545 MEz
WDW EM
SSB 0
LB 2.00 Hz
GB 0
BC 1.00
Ll | L . J
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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NAME DYY-5V-514 AL REIcExE & g NO,
EXPNO 1 MANN LaN— o ™
TrocNo I SN T.\.\ ¥ i
Date_ 20190908 \ \ x\///
Time 17.44
INSTRUM apect
PROBHD 5 mm PABBO BB/ o 0
PULPROG zg30 F o
D 32763 RS
SOLVENT cDCl13 H
NS 12
DS 0 o 0
SWH 8012.820 Hz
FIDRES 0.244532 Hz Tg
AQ 2.0447731 sec
RG 205.92
Dw 62.400 usec
DE 16.68 uszec
TE 300.0 K
D1 2.00000000 sec
TDO 1
—— CHANNEL fl ——
400.1324008
1H
13.30 usec
16384
400.1300074 MHz
EM
0
0.00 Hz ‘
|

JU“;J_JUU.L J\___k A Jll. N JL
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD

DYY-Sv-514-

=0

20190908
spect

5 mm PABBO BB/
zgpg30

32768

CDC13

2000

PULPROG

0
24038.461

300.0
2.00000000
0.03000000

1

CHANNEL fl =
100.6233329
13c

10.00

32768
100.6127543
EM

NO,

4.247

4

T
120

T T T
220 210 200 190 180 170 160 150 140 130

5

NO,
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— 149.90:

|

o

90 80 70 10 ppm
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PROCNO 1 l\!\l\l‘\\-"\."\')\_"\-"\." [ag] ol
Date 20191105 &\m\/ |
Time 10.33 0" 0 o
INSTRUM spect
PROBHD 5 mm PABBO BB/ IS
PULPROG zg30 /J\\%\ /& H
TD 32768 ~
SOLVENT CDC13 r‘\l 0" "o
NS 16
DS 0
SWH 8012.820 Hz 7h
FIDRES 0.244532 Hz
AQ 2.0447731 sec
G 205.92
DW 62.400 usec
DE
TE 300.0 K
Dl 2.00000000 sec
TDO 1
CHANNEL fl ========
400.1324008 MHz
18
13.30 usec
16384
400.1300092 MHz
EM
0
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NAME DYY-SV-585-C 3 B Qe » - -
EXPNO 1 3 PRI 2 g
PROCNO 1 hal S =53z o« = =
Date_ 20191106
Time 0.37 ‘ ‘ ‘ ‘
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 2768
4000
0
5 24038.461 Hz Q (@]
FIDRES 0. i 6]
AQ 0.6816244 sec X
G 205.92 /‘\)\ H
DW 20.800 usec ~ =
DE 6.50 usec N O&O
TE 300.0 |
D1 2.00000000 sec 7h
D11 0.03000000 sec
TDO 1
== CHANNEL fl ==
100.62333
13C
10.00 usec
32768
100.6127547 MHz
EM
0
2.00 Hz
G 0
pC 1.00
AL I W
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220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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- = S v
z= = o o
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