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1. Preparation of (2,2-dibromovinyl)benzene:

To a round bottom flask, benzaldehyde (1 g, 9.42mmol, lequiv) in 30 mL DCM and cooled at 0 °C under nitrogen atmosphere. Then,
CBry (6.2 g, 18.84 mmol, 2 equiv) and PPh; (9.9 g, 37.68 mmol, 4 equiv) were added successively in portions and stirred for 1 h under
N». After that, the reaction mixture was quenched with hexane, filtered and the eluted part was concentrated for further purification by
column chromatography (100-200 mesh silica-gel) using hexane as eluent. The desired product was obtained as pale yellow liquid (2.3
g, 93%) and is consistent with literature data.

Ref. M. L. N. Rao, D. N. Jadhav and P. Dasgupta, Org. Lett., 2010, 12, 2048-2051.

2. Preparation of 1c:

oo
/@/\( /@ CSZCO3 (5 equiv) —
NMP, 110°C 8h

1a (1 equiv) 1b (1 equiv) 1c CH,
An oven-dried Schlenk tube under N, atmosphere was charged with 1-(2,2-dibromovinyl)-4-methylbenzene 1a (0.104 g, 0.375 mmol,
1 equiv), p-nitrophenol 1b (0.52 g, 0.375 mmol, lequiv), Cs,CO;3 (0.611 g, 1.875 mmol, 5 equiv) and NMP (3 mL) respectively. The
reaction mixture was stirred at 110 °C in an oil bath for 8 h under N,. The mixture was cooled to r.t. and followed by work-up using
ethylacetate (50 mL). The organic extract was washed with water (10 mL), brine (10 mL), dried over anhydrous MgSO, and
concentrated. The crude was purified by silica-gel column chromatography using 2% EtOAc in hexane as eluent. Product 1¢ was
isolated as yellow viscous liquid (0.109 g, 87%). This procedure was also followed for the preparation of intermediate 3¢ with (E)-
(4,4-dibromobuta-1,3-dienyl)benzene and p-cyanophenol.
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3. Gram scale reaction (2.26):

WBr /©/OH 1. Cs,C03 (5 equiv) M oH
+ / 3
HaC Br 7 hcoc NMP, 110°C, 8 h HaCO,C
1a (1 equiv) 1b (1 equiv) 2. Pd(OAc); (0.05 equiv) 2.26
130°C,6 h

An oven-dried 100 mL Schlenk tube equipped with a magnetic pellet under N, atmosphere, added 1-(2,2-dibromovinyl)-4-
methylbenzene 1a (1 g, 3.62 mmol, 1 equiv), methyl 4-hydroxybenzoate (0.55 g, 3.62 mmol, 1 equiv), Cs;COs (5.9 g, 18.1 mmol, 5
equiv) and NMP (35 mL) respectively. The reaction mixture was stirred at 110 °C in an oil bath for 8 h under N,. Then the mixture
was cooled to r.t and added Pd(OAc), (0.041 g, 0.181 mmol, 0.05 equiv) under N, and continued at 130 °C for 6 h. After cooling to r.t,
the reaction mixture was transferred to a round-bottom flask to distill out NMP under reduced pressure. The obtained crude was
diluted with ethyl acetate, passed through a column of silica-gel with repeated washings. The combined organic extract was
concentrated to lowered volume and washed with water and brine. The ethyl acetate was concentrated and the crude was purified by
using silica-gel column chromatography with 1% EtOAc in hexane to obtain 2.26 as a brown solid (0.405 g, 42%).
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4. Spectral data of intermediates 4c and Sc:

4c. Pale yellow viscous liquid (0.095 g, 50%, as isomeric mixtures); Ry = 0.64 (EtOAc-hexane 1:9). '"H NMR (400 MHz, CDCl;): §
7.38 (d, 0.8H, J = 8.72 Hz, Ar-H), 7.28-7.25 (m, 6H, Ar-H), 7.16-7.13 (d, 0.4H, J = 8.72 Hz, Ar-H), 7.07-6.99 (m, 7H, Ar-H), 6.62
(m, 1H, Ar-H), 6.57-6.54 (m, 3H, Ar-H), 6.47-6.45 (m, 0.5H, Ar-H), 6.40 (d, 0.6H, J = 6.4 Hz, Ar-H), 6.36 (s, 2H, -CHojefin), 6.30 (s,
0.2H, -CHoefin), 2.30 (s, 8H, -CH3), 2.28 (s, 1H, -CH;). °C (100 MHz, CDCl3): § 157.0, 153.3 139.2, 130.6, 130.0, 129.4, 128.8,
125,8, 110.2, 105.2, 94.2, 21.3. IR (film): 3165, 2862, 1543, 1026, 667 cm™'. HRMS (EI) calcd for Co4H,0Br,0, [M'] 497.9830; found
497.9839. The intermediate 4c¢ is susceptible for decomposition on standing at room temperature.

5¢c. Yellow viscous liquid (0.084 g, 38%, as isomeric mixtures); Ry = 0.20 (EtOAc-hexane 1:9). '"H NMR (400 MHz, CDCLs): 6 7.42
(d, 0.4H, J=9.16 Hz, Ar-H), 7.30-7.21 (m, 6H, Ar-H), 6.78-6.75 (m, SH, Ar-H), 6.34 (s, 0.2H, -CHjefin), 6.32 (s, 2H, -CHjefin), 3.82
(s, 3H, -CO,CHs3), 3.77 (s, 6H, -CH3). >C (100 MHz, CDCls): 6 166.0, 160.4 156.9, 152.7, 132.5, 131.0, 127.3, 125.5, 114.2, 113.7,
112.2, 111.9, 111.4, 109.8, 109.3, 93.6, 93.4, 55.3, 52.3. IR (film): 3165, 2824, 1703, 1643, 1496, 1138, 1057, 733 cm™'. HRMS (EI)
calcd for C26H22B1‘206 [M+] 5879783, found 587.9788.

S4



5. 'H,"”C and HRMS spectra of intermediate 1c:
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6. 'H,”C and HRMS spectra of intermediate 3c:
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7. 'H ,*C and HRMS spectra of benzofuran products (2.1-3.4):
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H Filename = PDG6129I 1H-10.jdf
C 3 Author = N.Ahmed
Experiment = single pulse.ex2
Sample id = S$451663
Solvent = CHLOROFORM-D
Creation time = 4-DEC-2012 11:22:24
Revision time 3-0CT-2014 17:11:05
Current_time = 3-0CT-2014 17:12:10
Data_format = 1D COMPLEX
Dim size = 26214
- Dim title = 1H
S Dim units = [ppm]
& Diménsions -
Site = ECX 500
Spectrometer = DELTA2 MMR
Field strength = 11.7473579(T] (500 [MH
X acq duration = 3.49175808(s]
= 1H
® = 500.15991521 [MHz]
" Sires™
8 1
= = 0.28638868 [Hz]
= 9.38438438 [kHz]
= 1H
= 500.15991521 [MHz]
= 4.64216207 [ppm]
= 1H
= 500.15991521 [MHz]
' = 5.0 [ppm]
Clipped =
Mod_return =1
Scan: =17
Total_scans -17
X _90_width = 13.25[us!
X acq_time 3.49175808 [s]
XangTe 5[d
X atn = 3.99 [dB]
X pulse = 6.625[us]
Irr_mode = off
Tri mode = Off
Dante_presat = FALSE
Initial wait = 1[s]
Recvr_gain = 48
Relaxation delay = 3[s]
Repetition time = 6.49175808(s]
Temp_get = 20.2[dc]
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517




abundance

0.1

I

CH3

& JEOL

T T T T T
200.0 190.0 180.0 170.0 17.(1

1602303
158.3393
157.9458

X : parts per Million : 13C

1509579 —2

.0

T
1400

138.9980

213048 —=

Filename
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Experiment
Sample id
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Creation time
Revision time
Current_time

Data_format
Dim_size
Dim_title
Dim units
Dimensions
Site

Spectrometer

Pield strength
X_acq duration
X domain

X freq
X ot
X poin
X prescans
X resolution

X sweep
Irr_domain
Irr_freq
Irr offset
Clipped
Mod return

Se.
Total_scans

X_90_width
X_acq_time
X

Irr_atn noe
Irr noise
Decoupling
Initial wait
Noe

Noe_time
Recvr_gain
Relaxation delay
Repetition time
Temp_get
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3-0CT-2014 17:16:42
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3.20666667 [us)
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Experiment
Sample id
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Creation time
Revision time
Current_time

Data_format
Dim size
Dim title
Dim units
Dimsnsions
site

Spectrometer

Field strength
X_acq duration

Clipped

Mod return
Scan

Total _scans

X _90_width

X acq_time

X angTe

X atn

X pulse
Irr_mode

Tri mode
Dante_presat
Initial wait
Recvr_gain
Relaxation delay
Repetition time
Temp_get

PDG6124I 1H-6.jdf
N.Ahmed

single_pulse.ex2
54380816

CHLOROFORM-D
15-NOV-2012 09:07:42
3-0CT-2014 15:54:30
3-0CT-2014 15:55:26
1D COMPLEX

26214

1H

{ppm]

ECX 500
DELTA2 NMR

11.7473579 [T] (500 [MH
3.49175808 [s]

1H

500.15991521 [MHz]
5.0 [ppm]

32768

1

0.28638868 [Hz]
9.38438438 [kHz]

1H
500.15991521 [MHz]
5.0 [ppm]

H
500.15991521 [MHz]
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1

16
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'H NMR (500 MHz, CDCls) spectrum of 2.4
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\ C H Pilename
3 Author
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Experiment = single pulse_dac

Sample id = 54584085

Solvent = CHLOROFORM-D

Creation time = 15-NOV-2012 20:20:49

Revision time 3-0CT-2014 15:57:10
2.4 Current_time = 3-0CT-2014 15:57:51

Data_format = 1D COMPLEX

Dim_size - 26214

Dim_title = 13C

Dim units = [ppm]

Dimensions -

Site = ECX 500

Spectrometer = DELTA2_NMR

Field strength 11.7473579 (T] (500 [MH

X_acq duration = 0.82837504 (c]

X domain - 13C

X freq = 125.76529768 [MHz]
X offset = 100 [ppm]

X_point 32768

X_prescans 4
X resolution 1.20718268 [Hz)

X sweep = 39.55696203 [kHz)
Irr_domain - 1
Irr_freq = 500.15991521 [MHz)
Irr_offset = 5.0 [ppm]
Clipped = PALSE
Mod_return -

= 2000
Total_scans = 2000

= 9.62 [us]

= 0.82837504 (0]

= 30(deg]

7.1[dB]
3.20666667 [us)
19.5 [dB]

Initial wait
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Recvr_gain
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\ CH Filename = PDG6125I_1H-6.jdf
3 Author = N.Ahmed
O Experiment = single pulse.ex2
Sample id = 5$381208
Solvent = CHLOROFORM-D
Creation time = 15-NOV-2012 09:14:35
CI Revision time 3-0CT-2014 16:05:34
2 5 Current time = 3-0CT-2014 16:06:10
Data_format = 1D COMPLEX
Dim size = 26214
Dim title = 1H
Dim units = [ppml
Dimensions -
site = ECX 500
o Spectrometer = DELTA2 MMR
2 4 Field strength = 11.7473579(T] (500 [MH
- X acq duration = 3.49175808(s]
= 1H
= 500.15991521 [MHz]
5.0 [ppm]
» 32768
& 1
o = 0.28638868 [Hz]
= 9.38438438 [kHz]
= 1H
= 500.15991521 [MHz]
- = 5.0 [ppm]
g = 1H
4 = 500.15991521 [MHz]
' = 5.0 [ppm]
J Clipped = FALSE
Mod return =1
Scan =16
Total _scans =16
X _90_width = 13.25[us!
X acq_time 3.49175808 [s]
X angTe 45 [
X atn = 3.99 [dB]
X pulse = 6.625[us]
Irr_mode = off
Tri mode = Off
Dante_presat = FALSE
Initial wait = 1[s]
Recvr_gain =44
Relaxation delay = 1[s]
Repetition time = 4.49175808(s
Temp_get = 20.6[dc]
Nl k j ~
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'H NMR (500 MHz, CDCls) spectrum of 2.5
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X points
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X resolution

X sweep
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Irr_freq

Irr offset
Clipped
Mod_return
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Irr_atn noe

Irr noise

Decoupling
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Noe_time

Recvr gain

Relaxation delay

Repatition time

Temp_get
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single pulse dec
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CHLOROFORM-D
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3-0CT-2014 16:08:00
27-MAR-2015 11:14:43

1D COMPLEX
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5.0 [ppm]
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2000
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9.62 [us]
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.5 [aB]
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Electron lonisation WATERS GCT Premier -CAB155 19-Aug-201310:55:07

PDG6-126 1972 (42.218) AM (Cen,4, 100.00, Ar,7000.0,218.99,0.08); Sb (5,1.00 ); Cm (1955:2035) TOF MS El+
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CH3 Filename = PDG726_1H-6.jaf
Author = Sunesta Sharma
O Experiment = single pulse.ex2
Sample id = S$429667
Solvent = CHLOROFORM-D
Creation time = 3-APR-2014 15:24:40
2 6 Revision time 4-0CT-2014 10:12:21
. Current_time = 4-0CT-2014 10:13:24
Data_format = 1D COMPLEX
Dim size = 13107
Dim title = 1H
Dim units = [ppml
Dimensions -
site = ECS 400
Spectrometer = JNM-ECS400
Field strength = 9.2982153 [T] (400 [MHz
X acq duration = 2.20725248(s]

1H
395.88430144 [MHz]
5 [ppm]

16384
& 1
“© = 0.45305193 [Hz]
- = 7.42280285 [kHz]
= 1H
= 395.88430144 [MHz]
= 4.27572536 [ppm]
= 1H
EREE = 395.88430144 [MHz]
35 (3 K = 5 [ppml
Clipped = FALSE
Mod return =1
Scan =16
Total _scans =16
< < -
- = | = X 90 width = 10[us]
X acq_time 2.20725248 [s]
X angTe 45 [deg]
X atn 0.6 [dB]
/] X pulse 5 [us]
Irr_mode ofs
Tri mode off
Dante_presat FALSE

Initial wait
Recvr_gain
Relaxation delay
Repetition time
Temp_get

2[s]
4.20725248 [s]
21.9[ac]
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Filename = PDG726_13C-4.jaf
Author = Sunesta Sharma
Experiment = single pulse _dec
Sample id = 54589617
Solvent = CHLOROFORM-D
Creation time = 3-APR-2014 21:08:30
Revigion time = 22-MAR-2015 12:44:49
Current_time = 22-MAR-2015 12:45:48
Data_format = 1D COMPLEX
Dim size = 26214
Dim title = 13¢
Dim units = [ppm]
Dimensions -

te = ECS 400
Spectrometer = JNM-ECS400

Field strength = 9.2982153 [T] (400 [MHz
X acq duration = 1.048576(s]

X domain = 13c

X froq = 99.54517646 [MHz]
X offset = 100 [ppm]

X points = 32768

X prescans =4

X_resolution = 0.95367432 [Hz]

X sweep = 31.25[kHz]
Irr_domain = 1H

Irr_freq = 395.88430144 [MHz]
Irr offset = 5 [ppm]

Clipped = F

Mod return =1

Scans = 1500

Total _scans = 1500

X 90 width 8 [us]
X acq_time 1.048576 (5]
X_angle 30[deg]
tn 5.8 [dB.
X pulse 2.66666667 [us]

21.936 [dB]

Irr atn noe 21.936 [dB]
Irr noise
Decoupling

nitial wait 1[s]
Noe TRUE
Noe_time 2[s]

Recvr gain
Relaxation delay
Repetition time
Temp_get

3.048576(s]
21.8[dac]
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C NMR (100 MHz, CDCl3) spectrum of 2.6




Electron lonisation WATERS GCT Premier -CAB155 09-Dec-201311:18:44
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\ CH 3 Filename

= PDG6128I 1H-6.jdf
O Author = N.Ahmed
Experiment = single pulse.ex2
Sample id = 5$416655
Solvent = CHLOROFORM-D
2_7 Creation time = 21-NOV-2012 10:30:37
Revision time 3-0CT-2014 16:31:29
Current_time = 3-0CT-2014 16:32:42
Data_format = 1D COMPLEX
Dim size = 26214
Dim title = 1H
2 Dim_units = [ppm]
33 Diménsions -
a site = ECX 500
Spectrometer = DELTA2 MMR
Field strength = 11.7473579(T] (500 [MH
X acq duration = 3.27417856(s]
° = 1H
o = 500.15991521 [MHz]
5.0 [ppm]
32768
1
= = 0.30542012 [Hz]
® = 10.00800641 [kHz]
= = 1H
= 500.15991521 [MHz]
= 5.0 [ppm]
= 1H
= 500.15991521 [MHz]
' = 5.0 [ppm]
Zo - [~ Clipped = FALSE
2 [9 Mod return =1
F|a Scan =16
Total _scans =16
X _90_width = 13.25[us!
X acq_time 3.27417856 [s]
X angTe 45 [
X atn = 3.99 [dB]
X pulse = 6.625[us]
Irr_mode = off
Tri mode = Off
Dante_presat = FALSE
Initial wait = 1[s]
Recvr_gain = 50
Relaxation delay = 1[s]
Repetition time = 4.27417856(s]
Temp_get = 20[ac]
NZ
K
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'H NMR (500 MHz, CDCls) spectrum of 2.7
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\ CH3 Filename = PDG6128I 13C-4.jdf
Author = N.Ahmed
Experiment = single pulse dec
Sample id = 5$481348
Solvent = CHLOROFORM-D
2 7 Creation_time = 21-NOV-2012 12:25:30
. Revigion time 3-0CT-2014 17:03:56
el Current_time = 3-0CT-2014 17:05:16
Data_format = 1D COMPLEX
Dim size - 26214
Dim title = 13C
Dim units = [ppm]
Dimensions -
site = ECX 500
Spectrometer = DELTA2_NMR
1 Pield strength = 11.7473579(T] (500 [MH
X_acq duration = 0.82837504 (6]
X_domain - 13C
X freq = 125.76529768 [MHz)
X off 100 [ppm]
X_poin 32768
X_prescans 4
X resolution 1.20718268 [Hz)
X sweep = 39.55696203 [kHz)
Irr_domain - 1
] Irr_freq = 500.15991521 [MHz)
Irr_offset = 5.0 [ppm]
Clipped = FALSE
Mod_return -1
sc = 1000
Total_scans = 1000
X 90 width = 9.62[us)
X“acq_time = 0.82837504 (8]
X = 30(deg]
7.1(d
3.20666667 [us]
- atn_ 19.5 [dB)
Irr atn noe = 21.5[dB)
Irr noise = WALTZ
Decoupling = TRUE
Initial wait = 1(s)
Noe = TROE
Noe_time = 1[s]
Recvr_gain - 58
1 Relaxation delay = 1[s]
Repetition time = 1.82837504 [s]
Temp get = 22[dC)
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Electron lonisation WATERS GCT Premier -CAB155
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\ CH Filename = PDG6131P_1H-6.jdf
3 Author = Sunesta Sharma
O Experiment = single_pulse.ex2
H3C Sample id = 54389187
Solvent = CHLOROFORM-D
2 Creation time = 6-OCT-2014 14:15:11
C H 3 ) Revision time 19-0CT-2014 15:37:37
Current_time = 19-0CT-2014 15:39:09
Data_format = 1D COMPLEX
2.8 Dim size = 13107
Dim title = 1H
Dim units = [ppml
Dimensions -
site = ECS 400
Spectrometer = JNM-ECS400
Field strength = 9.2982153 [T] (400 [MHz
X acq duration = 2.20725248(s]
= 1H
= 395.88430144 [MHz]
5 [ppm]
16384
“
2 1
5 = 0.45305193 [Hz]
3 = 7.42280285 [kHz]
= 1H
= 395.88430144 [MHz]
= 5 [ppm]
= 1H
= 395.88430144 [MHz]
K = 5 [ppm]
2 Clipped = FALSE
' Mod return =1
Scan =16
Total _scans =16
X 90 width = 10[us]
- X acq_time 2.20725248 [s]
X angTe 45 [deg]
X atn = 0.6[dB]
X pulse = 5[us]
Irr_mode = off
Tri mode = Off
Dante_presat = FALSE
Initial wait = 1[s]
Recvr_gain = 40
Relaxation delay = 1[s]
Repetition time = 3.20725248(s]
Temp_get = 23.5[dc]
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'H NMR (400 MHz, CDCls) spectrum of 2.8
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H3C O Filename = PDG6131 13C-4.jdf
Author = N.Ahmed
C H Experiment = single pulse dec
3 Sample id = 54573206
Solvent = CHLOROFORM-D
Creation time = 23-AUG-2013 19:31:37
2 8 Revision time 3-0CT-2014 18:26:55
. Current_time = 3-0CT-2014 18:28:02
v
2 Data_format = 1D COMPLEX
Dim size - 26214
Dim title = 13C
Dim units = [ppm]
Dimensions -
site = ECX 500
Spectrometer = DELTA2_NMR
Pield strength = 11.7473579(T] (500 [MH
2 X_acq duration = 0.82837504 (6]
X_domain - 13C
X freq = 125.76529768 [MHz)
X off = 100 [ppm]
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Author = N.Ahmed
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X_freq = 125.76529768 [MHz)
X off = 100 [ppm]
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C NMR (125 MHz, CDCls) spectrum of 2.9
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"H NMR (500 MHz, CDCls) spectrum of 2.10

S38




05

04

0.1

abundance

& JEOL

Filename = PDG6127I 13C-4.jdf
O Author = N.Ahmed
Experiment = single pulse dec
Sample id = 5#573078
2 10 Solvent = CHLOROFORM-D
. Creation time = 21-NOV-2012 18:27:13
Revigion time 3-0CT-2014 16:25:15
Current_time = 3-0CT-2014 16:25:48
Data_format = 1D COMPLEX
Dim size - 26214
Dim title = 13C
Dim units = [ppm]
Dimensions -
site = ECX 500
Spectrometer = DELTA2_NMR
Pield strength = 11.7473579(T] (500 [MH
X_acq duration = 0.82837504 (c]
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Solvent = CHLOROFORM-D
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Revision time 19-0CT-2014 16:41:37
Current_time = 19-0CT-2014 16:41:55
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Dim title = 1H
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Dimensions -
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1H
500.15991521 [MHz]
5.0 [ppm]

32768
1
= 0.30542012 [Hz]
= 10.00800641 [kHz]
= 1H
= 500.15991521 [MHz]
= 5.0 [ppm]
= 1H
= 500.15991521 [MHz]
" = 5.0(ppml
Clipped = FALSE
Mod return -1
Scan =16
Total scans =16
X _90_width = 13.25[us!
X acq_time 3.27417856 [s]
X angTe 45 [
X atn 3.99 [dB]
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C NMR (125 MHz, CDCl;) spectrum of 2.11
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"H NMR (500 MHz, CDCls) spectrum of 2.13
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N.Ahmed

single pulse dec
54578596
CHLOROFORM-D
22-JAN-2013 01:18:49
19-0CT-2014 16:07:28
19-0CT-2014 16:07:53

1D COMPLEX
26214

13c

[ppm]

ECX 500
DELTA2_MMR

11.7473579 (T]
0.82837504 (8]
3

(500 [MH

13¢
125.76529768 [MHz]
100 [ppm]

32768

4

1.20718268 [Hz)
39.55696203 [kHz)
1

500.15991521 [MHz)
5.0 [ppm)
FALSE

1
1000
1000

9.62 [us)
0.82837504 (8]
0[deg]

EwNw

.1(a
120666667 [us)
9.5 [4B)

1(e]
1.82837504 (8]
20.6 [4C

3C NMR (125 MHz, CDCls) spectrum of 2.14

S51




)

Electron lonisation WATERS GCT Premier -CAB155 10-Oct-201410:00:35
PDG7-3 683 (12.166) AM (Cen,4, 100.00, Ar,7000.0,218.99,0.21); Sm (SG, 2x5.00); Sb (10,1.00 ) TOF MS El+
100 68.9943 1.97e3

| OO AW,
214

[M*] calcd 244.0888

244.0887
R
130.9903
|
‘ 215.0826
69.0345 99.9952 210.0543 245.0917

‘ 118.9929  131.0464 213.0688

| 43.9892 62,0131 |89.9951 94,5371 107.5439 ; 149.9910  jeaos0r  189.0799 | |219.9963 | 245.1489
0 ) T r + 4 il + - +l m/Z

40 50 60 70 80 90 100 110 120 130 140 ”150 160 170 180 715‘30 200 210 220 230 240 250 260

EI (HRMS) spectrum of 2.14

S52



abundance

lZl.O

11.0

2.06

2

1.0

NC

Cl

& JEOL

10.0 2.0 8.0 7.0 6.0 50 4.0 3.0 20 1.0
AN
488585283
i

X : parts per Million : 1H

Filename
Author
Experiment
Sample id
Solvent
Creation time
Revision time
Current_time

Data_format
Dim size
Dim title
Dim units
Dimsnsions
site

Spectrometer

Field strength
X_acq duration

Clipped

Mod return
Scan

Total _scans

X _90_width

X acq_time

X angTe

X atn

X pulse
Irr_mode

Tri mode
Dante_presat
Initial wait
Recvr_gain
Relaxation delay
Repetition time
Temp_get

PDG6147_1H-6.jdf
N.Ahmed

single pulse.ex2
54483868

CHLOROFORM-D
21-AUG-2013 11:40:33
3-0CT-2014 20:33:02
3-0CT-2014 20:34:20
1D COMPLEX

13107

1H

{ppm]

ECX 500
DELTA2 NMR

11.7473579 [T] (500 [MH
1.74587904 [s]

1H

500.15991521 [MHz]
5.0 [ppm]

16384

1

0.57277737 [Hz]
9.38438438 [kHz]

1H
500.15991521 [MHz]
5.0 [ppm]

H
500.15991521 [MHz]
5.0 [ppm]
FALSE
1

32
32

13.25 [us]
1.74587904 [s]
45 [

3.99 [dB]
6.625 [us]

ot

off

FALSE

2[s]
3.74587904 [s]
25.2[dac]

"H NMR (500 MHz, CDCls) spectrum of 2.15

S53




abundance

) " & JEOL

C | Filename

PDG6147_13C-3.jdf
Author Ahmed

Experiment single pulse_dec
Sample id 54563239
Solvent CHLOROFORM-D

21-AUG-2013 18:02:25
3-0CT-2014 20:35:13
3-0CT-2014 20:35:43

Creation time
Revision time
Current_time

1] Data_format = 1D COMPLEX
Dim size = 26214
Dim title = 13¢
Dim units = [ppm]
Dimensions =X

2 Site = ECX 500
Spectrometer = DELTA2 NMR

Field strength
3 X_acq_duration

11.7473579 [T,

1 (500 [MH
0.82837504 [s]

X domain = 13¢
X _freq = 125.76529768 [MHz]
X offset = 100 [ppm]

] Xpoints = 32768
X_prescans =4
X resolution = 1.20718268 [Hz]
X_sweep = 39.55696203 [kHz]
Irr_domain = 1H

q Irr freq = 500.15991521 [MHz]
Irr offset = 5.0[ppm]
Clipped = FALSE
Mod_return =1

> ] Scans = 1000
Total scans = 1000
X_90_width = 9.62[us]

| X_acq_time = 0.82837504 [s]
X_angle = 30[deg]
Xatn = 7.1[dB
X_pulse = 3.20666667 [us]
Irr_atn_dec = 19.5[dl

| Irr_atn_noe = 21.5[dB]
Irr_noise = WALTZ
Decoupling = TRUE
Initial wait = 1[s]

] Noe = TRUE
Noe_time = 1[s]
Recvr = 58
Relaxation_delay = 1[s]

] Repetition time = 1.82837504([s]
Temp_get = 26.1[4C]

I

T T T T T T T T T T T
200.0 190.0 180.0 170.0 160.0 150.0 140.0 137&120.0 1 60.0 50.0 40.0 300 20.0 10.0 0

\

—~_:
2]
2
—=4
4
2
2

co T wmewmTTe~ ©
82 3 8g%8532%3 S
25 § S85222238 3
=a I fdgEIXaas =
cg ¢ sosCewads o
a8 2 9884944382 |

X : parts per Million : 13C

C NMR (125 MHz, CDCl3) spectrum of 2.15

S54




Electron lonisation =

100+

%

75.0288 126.5288

VU S

5 §
50 100 150

I

o

190.0816

188.0662 1/91_0903

SN | SN

e
200

)

'WATERS GCT Premier -CAB155

APDG6-147 419/(12:741)'AM (Cen,4, 100.00, Ar,7000.0,218.99,0.95); Sm (SG, 2x5.00); Sb (10,1.00 )

253.0290
' NC
O
» 0]
2.15
[M™] calcd 253.0294
255.0423
256.0528
"2'%64‘I'v;é,j)‘g‘;::;é%a”m”4’66””r”4'é(v)”‘“

EI (HRMS) spectrum of 2.15

S55

500

550

e
600

12-Dec-201309:56:40

650

TOF MS EI+
3.49e4

— miz
700




abundance

50

4.0
|

3.0

2.0

164

T.08

211

Cl

& JEOL

8.5151
82426
8.2242

X : parts per Million : 1H

T
7.0 6.0

4.0

2.0

1.5844

Filename
Author
Experiment
Sample id
Solvent
Creation time
Revision time
Current_time

Data_format
Dim size
Dim title
Dim units
Dimsnsions
site

Spectrometer

Field strength
X_acq duration

Clipped

Mod return
Scan

Total scans

Dante_presat
Initial wait
Recvr_gain
Relaxation delay
Repetition time
Temp_get

PDG6133_1H-7.jAf
N.Ahmed

single pulse.ex2
54488154
‘CHLOROFORM-D
21-AUG-2013 11:47:52
6. 2015 17:44:30
6~ -2015 17:45:04
1D COMPLEX

13107

1H

[ppm]

ECX 500

DELTA2 NMR

11.7473579 [T] (500 [MH
1.74587904 [s]

1H

500.15991521 [MHz]

5.0 [ppm]

16384

1

0.57277737 [Hz]
9.38438438 [kHz]

1H
500.15991521 [MHz]
5.0 [ppm]

H
500.15991521 [MHz]
5.0 [ppm]
FALSE
1

32
32

13.25 [us]
1.74587904 [s]
45 [

3.99 [dB]
6.625 [us]

ofe

off

FALSE

1(s]

54

2[s]
3.74587904 [s]
25.3 [aC]

"H NMR (500 MHz, CDCls) spectrum of 2.16

S56




abundance

01

Cl

& JEOL

T T T T T T T T T T
200.0 190.0 180.0 170.0 160.) 150.0 140.0 1 YL 120.0 110.0 1000 90.0  80.0,
RSN ;

X : parts per Million : 13C

158.1186
157.6002

¢ & poEoEmE % -
§ § BEREESE 3 e
g ¢ gmaages ¢ ]
4 W o ooreor = o [N
2 8 dggdasa =

T
60.0

T
50.0

T
40.0

T
30.0

T
20.0

10.0

Filename
Author
Experiment
Sample id
Solvent
Creation time
Revision time
Current_time

Data_format
Dim_size
Dim title
Dim units
Dimensions
Site

Spectrometer
Field strength

X_acq_duration
X domain

X_prescans
X resolution

X sweep
Irr_domain
Irr_freq
Irr offset
Clipped
Mod return

Se.
Total_scans

X_90_width
X_acq_time
X_angle

X atn

Irr_atn noe
Irr noise
Decoupling
Initial wait

Noe_time
Recvr_gain
Relaxation delay
Repetition time
Temp_get

PDG6133PR_13C-6.jdf
Ahmed

single pulse dec
549848

CHLOROFORM-D
7-0CT-2014 23:40:45
19-0CT-2014 15:42:42
19-0CT-2014 15:47:48

1D COMPLEX
26214

13c

[ppm]

ECX 500
DELTA2_MMR

11.7473579 [T] (500 [MH
0.82837504 (8]
3

13¢
125.76529768 [MHz]
100 [ppm]

32768

4

1.20718268 [Hz)
39.55696203 [kHz)
1

500.15991521 [MHz)
5.0 [ppm]
FALSE

1
2000
2000

9.62 [us)
0.82837504 (8]
= 30[deg]

7.1 [dB]
3.20666667 [us]
18 [aB)

©]
2.82837504 (8]
26.1[4C

EEEERREEE)
pow
=

3C NMR (125 MHz, CDCls) spectrum of 2.16

S57




Electron lonisation

~ 11-Dec-201312:26:59

PDG6-133 451 (13.328) AM (Cen;4, 100.00, Ar,7000.0,218.99,0.65); Sm (SG, 2x5.00); Sb (10,1.00) TOF MS El+
100- 273.0197 1.78e4
O,N \
<o
O
2.16
[M"] caled 273.0193
- 1
227.0307
68.9925
| |
| 275.0211
130.9944 163.0550 1730195 199.0386 ‘
‘ ' 229.0317
| / 243.0478 ‘
63.0238 | 815310 1000040 44g004 152.0650 ” eo1o 201.0357 ’ 263.9938 || 276.0283
O-frovtprrrethrrerrrrrbrprestres b w” et ‘! ettt Ht AR AASAL AAM add wadt s s ‘|[ LAAA M \[ ety "r""ﬁ“? A 11174
40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290

EI (HRMS) spectrum of 2.16

S58




abundance

7.0

6.0

50

3.0
i

2.0

1.0

Cl

3.0

2.2

128

TO%
0

Cl

& JEOL

X : parts per Million : 1H

6.0

4.0

3.0 2.0 1.0

1.5621

Filename
Author
Experiment
Sample id
Solvent
Creation time
Revision time
Current_time

Data_format
Dim size
Dim title
Dim units
Dimsnsions
site

Spectrometer

Field strength
X_acq duration

Clipped

Mod return
Scan

Total scans

Dante_presat
Initial wait
Recvr_gain
Relaxation delay
Repetition time
Temp_get

PDG6134_1H-6.jdf
N.Ahmed

single pulse.ex2
54403908

‘CHLOROFORM-D
22-A0G-2013 09:27:27
3-0CT-2014 18:54:31
3-0CT-2014 18:55:34
1D COMPLEX

13107

1H

{ppm]

ECX 500
DELTA2 NMR

11.7473579 [T] (500 [MH
1.74587904 [s]

1H

500.15991521 [MHz]
5.0 [ppm]

16384

1

0.57277737 [Hz]
9.38438438 [kHz]

1H
500.15991521 [MHz]
5.0 [ppm]

H
500.15991521 [MHz]
5.0 [ppm]
FALSE
1

32
32

13.25 [us]
1.74587904 [s]
45 [

3.99 [dB]
6.625 [us]

ofe

off

FALSE

2[s]
3.74587904 [s]
24.7[aC]

"H NMR (500 MHz, CDCls) spectrum of 2.17

S59




abundance

15
N

L

Cl

Ll

Cl

& JEOL

T T T T
2000 190.0 180.0 170.0 16

X : parts per Million : 13C

T
0.0

1562196
153.2306

T T
rﬂ.ﬂ 140.0

‘17‘0\\\12\QI<
empuLazes
SFEL8REIR
EE=25885=
e e e
2238858388
ooaqadass

101.1999

g
z

T T T
70.0 600 50.0

e

77.3162
77.0000
76.6743

Filename
Author

Revision time
Current_Eime

Data_format
Dim size
Dim title
Dim units
Dimensions
Site

Spectrometer

Field strength
X_acq duration
X domain

X freq

X offset

X points

X prescans

X resolution

X sweep
Irr_domain
Irr_freq
Irr_offset

C1i]

Mod_return
Scans

Total scans

Irr atn noe

Irr noise
Decoupling
Initial wait

Noe

Noe_time
Recvr_gain
Relaxation delay
Repetition time
Temp_get

PDG6134P_13C-4.jdf
Suneeta Sharma
single pulse dec
54620089
CHLOROFORM-D
12-MAR-2015 14:29:59
12-MAR-2015 23:23:35
27-MAR-2015 11:33:56

1D COMPLEX
26214

13¢

[ppm]

ECS 400
JINM-ECS400

9.2982153 [T] (400 [MHz
1.048576(s]

13¢
99.54517646 [MHz]
100 [ppm]

32768

4
0.95367432 [Hz]
31.25[kHz]

1H
395.88430144 [MHz]
5 [ppm]

FALSE

1

636

636

8 [us]
1.048576[s]
30 [deg]

.8 [dB]
2.66666667 [us]
21.936 [dB]
21.936 [dB]
WALTZ

1.2(s]
2.248576 (5]
23.3 [4C]

3C NMR (100 MHz, CDCls) spectrum of 2.17

S60




Electron lonisation WATERS GCT Premier -CAB155
PDG6_134 410 (12.577) AM (Cen,4, 100.00, Ar,7000.0,218.99,0.80); Sm (SG, 2x5.00); Sb (5,1.00)
100 261.9955

2.17
[M*] calcd 261.9952

263.9912
®
199.0368
| 68.9926
130.9962
81.0237 201.0383 565 9q08
oot Y O AR O (TN (SO 413.9453

50 100 150 200 250 300 350 400 450 500 550 600 650 700

EI (HRMS) spectrum of 2.17

S61

CIS O

750

800

éSO

04-Sep-201313:34:21

900

TOF MS El+
6.58e3

e MYZ
950 1000



2.0 3.0 4.0 5.0 6.0 7.0 8.0
|

10

abundance

& JEOL

Cl

A\ CI Filename = PDG6137I _1H-6.jdf
Author = N.Ahmed
o Experiment = single pulse.ex2
Sample id = S$436041
i Solvent = CHLOROFORM-D
2 Creation time = 4-DEC-2012 10:48:43
L Cl Revision time 3-0CT-2014 19:32:23
2 18 Current_time = 3-0CT-2014 19:32:55
- Data_format = 1D COMPLEX
Dim size = 26214
Dim title = 1H
Dim units = [ppm]
Dimensions -
- site = ECX 500
a Spectrometer = DELTA2 NMR
Field strength = 11.7473579(T] (500 [MH
X acq duration = 3.49175808(s]

1H
500.15991521 [MHz]
5.0 [ppm]

32768
1

= 0.28638868 [Hz]
= 9.38438438 [kHz]
= 1H
= 500.15991521 [MHz]
= 4.64216207 [ppm]
2 (= = 1H
o = 500.15991521 [MHz]
' = 5.0 [ppm]
Clipped = FALSE
Mod return =1
Scan =16
Total _scans =16
X _90_width = 13.25[us!
X acq_time 3.49175808 [s]
X angTe 45 [
X atn = 3.99[dB]
X pulse = 6.625[us]
Irr_mode = off
Tri mode = Off
Dante_presat = FALSE
Initial wait = 1[s]
Recvr_gain = 52
Relaxation delay = 3[s]
Repetition time = 6.49175808(s]
= 19.8[dC]

Temp_gat

. T T T T 3 T T T r T
10.0 %0 80 A A\7\ 60 50 40 30 20 10 0
FAEZIRARES 2
PEIIIINNSY @
RN M ot

X : parts per Million : 1H

"H NMR (500 MHz, CDCls) spectrum of 2.18

S62




0.2 03 04 0.s 0.6

0.1

abundance

& JEOL

Cl

PDG6137P_13C-4.jdf
Suneeta Sharma
single pulse dec

N O Cl R
Experiment
O Sample id

54598123
Solvent CHLOROFORM-D
Creation time 8-0CT-2014 05:00:43
CI Revision time 19-0CT-2014 15:51:23
Current_time = 19-0CT-2014 15:51:50
2-18 Data_format = 1D COMPLEX
Dim size - 26214
Dim title = 13C
Dim units = [ppm]
Dimensions -
site = ECS 400
Spectrometer = JNM-ECS400

9.2982153 [T) (400 [MHz

Field strength
1.048576 (6]

X_acq_duration

X_domain 13¢
X freq 99.54517646 [MHz]
X off 100 [ppm]
X_poin 32768
X_prescans 4
X resolution 0.95367432 [Hz)
X_sweep = 31.25(kHz)
Irr_domain - 1
Irr_freq = 395.88430144 (MHz)
Irr_offset = 5 [ppm]
Clipped = FALSE
Mod_return -1
sc = 1500
Total_scans = 1500
X 90 width = 8[us)
X“acq_time = 1.048576[s)
X = 30(deg]
5.8 [dB]
2.66666667 [us)
21.936 [dB)

Irr atn noe 21.936 [aB)
Irr noise ALTZ
Decoupling TRUE

Initial wait
Noe

Noe_time
Recvr_gain
Relaxation delay
Repetition time
Temp_get

.5[s)
2.548576 (8]
2[4c)

EEEERREEE)
yergraraz
a
®

IR A | I L o
" i iy kA h WY )

200.0 1900 180.0 170.0 160.0 154'1.0 140.0 70 it 12l’lﬂL 110.0 1]]0.0 90.0 60.0 500 400 30.0 200 10.0 0

| ‘ }\1\\\\

z 2 gsepseaes < Qg2

g 8 AIRCIVEIE B EER

a a Db il A e S B i

3 & ViR S Fo - -;Ftug

g X sogqqaaga= S

X : parts per Million : 13C

3C NMR (100 MHz, CDCls) spectrum of 2.18

S63




Electron lonisation WATERS GCT Premier -CAB155 20-Aug-201315:37:03

PDG6-137 2180 (45.033) AM (Cen,4, 100.00, Ar,7000.0,218.99,0.20); Sb (5,1.00 ); Cm (2180:2474) TOF MS El+
295.9569 255

100

|

\

J Cl \

[ O 297.9549

Cl 218

[M™] calcd 295.9562

298.0259
296.0014 2979135

299.9523

290 291 202 203 294 295 296 297 298 299 300 301 302 303

EI (HRMS) spectrum of 2.18

S64



abundance

.0

70 80 90 100 110 12.0 13.0 140 150 160 17.0 18.0 19.0 20.0 210 22.0

3.0 40 50 6.0

L0 20

)

0

I

!

!

!

[

I

!

|

N

CHj
2.19

R Y

225

2.0

s

1.06
1

& JEOL

X : parts per Million : 1H

6.0 50 4.0 3.0 2.0
IWINS I
FEETLRSTRY 5%
RRYRANAEEE 3"

1.5684 ——

Filename
Author
Experiment
Sample id
Solvent
Creation time
Revision time
Current_time

Data_format
Dim size
Dim title
Dim units
Dimsnsions
site

Spectrometer

Field strength
X_acq duration

Clipped

Mod return
Scan

Total scans

Dante_presat
Initial wait
Recvr_gain
Relaxation delay
Repetition time
Temp_get

PDG6139_1H-6.jdf
N.Ahmed

single pulse.ex2
54408284
‘CHLOROFORM-D
22-AUG-2013 09:34:34
3-0CT-2014 20:20:23
3-0CT-2014 20:24:02
1D COMPLEX

13107

1H

[ppm]

ECX 500

DELTA2 NMR

11.7473579 [T] (500 [MH
1.74587904 [s]

1H

500.15991521 [MHz]

5.0 [ppm]

16384

1

0.57277737 [Hz]
9.38438438 [kHz]

1H
500.15991521 [MHz]
5.0 [ppm]

H
500.15991521 [MHz]
5.0 [ppm]
FALSE
1

32
32

13.25 [us]
1.74587904 [s]
45 [

3.99 [dB]
6.625 [us]

ofe

off

FALSE

1(s]

56

2[s]
3.74587904 [s]
24.8[ac]

"H NMR (500 MHz, CDCls) spectrum of 2.19

S65




abundance

0.19 021 023 025 027 029

0.17

o011 013

0.09

0.05

0.03

—0.01 0.01

S JEOL

Filename
Author
Experiment
Sample id
Solvent
Creation time
Revision time
Current_time

Cl

CHj
2.19

Data_format
Dim_size
Dim title
Dim units
Dimensions
Site

Spectrometer

Field strength
X_acq_duration
X_domain
X_freq

X off,

X_prescans
X resolution

X sweep
Irr_domain
Irr_freq
Irr offset
Clipped
Mod return
Scans
Total_scans

X_90_width
X_acq_time
X_angle

X atn

Irr_atn noe
Irr noise
Decoupling
Initial wait

Noe_time
Recvr_gain
Relaxation delay
Repetition time
Temp_get

T T T T T
200.0 190.0 180.0 170.0 160.0

X : parts per Million : 13C

T T T T T T T T T T T T T T
150.0 140.0 ‘)Mj o mH 1100 To.o 2.0 600 500 40.0 300 200 Tw 0

/\ /1 /E \\?\ \\ l

ca ° v o

28 g g B

32 & & 4

28 E

EEEERREEE)
-

PDG6139_13C-5.jdf
.Ahmed

single pulse dec

54623454

CHLOROFORM-D

22-AUG-2013 21:04:01

3-0CT-2014 20:26:41
6-PEB-2015 18:09:05

1D COMPLEX
26214

13c

[ppm]

ECX 500
DELTA2_MMR

11.7473579 (T]
0.82837504 (8]
3

(500 [MH

13¢
125.76529768 [MHz]
100 [ppm]

32768

4

1.20718268 [Hz)
39.55696203 [kHz)
1

500.15991521 [MHz)
5.0 [ppm]
FALSE

1
1000

1000

9.62 [us)
0.82837504 (8]
30 [deg]

7.1(d
3.20666667 [us)
19.5 [aB)

8]
1.82837504 (8]
21[ac)

3C NMR (125 MHz, CDCls) spectrum of 2.19

S66




Electron lonisation WATERS GCT Premier -CAB155 21-Aug-201314:07:43
PDG6-139 864 (20.901) AM (Cen,4, 70.00, Ar,7000.0,218.99,20.00); Sm (SG, 2x5.00); Sb (5,1.00 ); Cm (819:868) TOF MS EI+

100+ 256.0650 2.67e3
!
Yo

CHs 2.19
[M™] caled 256.0655

%

; 255.0577 2561405  258.0628

257.0641

255.1324 257.1346 258.1415259.0671
253.1136 ) ( i 261.9895

248 249 250 251 252 253 254 255 256 257 258 259 260 261 262 263

m/z

EI (HRMS) spectrum of 2.19

S67



7.0

D OCH,4
0

2.20

& JEOL

Filename
Author
Experiment
Sample id
Solvent
Creation time
Revision time
Current_time

Data_format
Dim size
Dim title
Dim units
Dimsnsions
site

Spectrometer

PDG717_1H-7.jdf
Suneeta Sharma
single pulse.ex2
54497529
CHLOROFORM-D
2-APR-2014 17:17:33
4-0CT-2014 10:32:33
4-0CT-2014 10:32:57

1D COMPLEX
13107

1H

[ppm]

ECS 400
JNM-ECS400

2.0 3.0 4.0 5.0 6.0
1

10

abundance

Field strength = 9.2982153 [T] (400 [MHz
X acq duration = 2.20725248(s]
= 1H
f;ﬁ = 395.88430144 [MHz]
3 © - 5 [ppm]
al & 2 16384
“ { 1
= 0.45305193 [Hz]
= 7.42280285 [kHz]
= 1H
= 395.88430144 [MHz]
= 4.27572536 [ppm]
= 1H
= 395.88430144 [MHz]
K = 5 [ppm]
Clipped = FALSE
Mod return =1
Scan =16
Total _scans =16
X 90 width = 10[us]
- @ X acq_time 2.20725248 [s]
S X angTe 45 [deg]
o~ X atn = 0.6[dB]
X pulse = 5[us]
Irr_mode = off
Tri mode = Off
Dante_presat = FALSE
Initial wait = 1[s]
Recvr_gain = 42
Relaxation delay = 2[s]
Repetition time = 4.20725248(s]
Temp_get = 22.2[dc]

T ‘ T T T T T T T T
TOAANSST"T T 9 T
GSERTILERNLERSEER a
AhRaRLEEERSSYSE5S &
PR R -

X : parts per Million : 1H

"H NMR (400 MHz, CDCls) spectrum of 2.20

S68




abundance

& JEOL

D OCH;

Filename = PDG717_13C-5.jdf
O Author = Suneeta Sharma
Experiment = single pulse dec
Sample id = S$450691
Solvent = CHLOROFORM-D
2 20 Creation time = 3-APR-2014 16:40:14
- Revision time = 4-0CT-2014 10:37:13
Current_time = 27-MAR-2015 12:29:23
Data_format = 1D COMPLEX
Dim size - 26214
Dim title = 13C
Dim units = Ippm]
Dimsnsions -
te = ECS 400
Spectrometer = JNM-EC5400

Field strength = 9.2982153 [T] (400 [MHz
X acq duration = 1.048576(s]

X domain = 13c

X froq = 99.54517646 [MHz]
X offset = 100 [ppm]

X points = 32768

X prescans =4

X_resolution = 0.95367432 [Hz]

X sweep = 31.25[kHz]
Irr_domain = 1H

Irr_freq = 395.88430144 [MHz]
Irr offset = 5 [ppm]

Clipped = F

Mod return =1

Scans = 977

Total _scans = 977

X 90 width 8 [us]
X acq_time 1.048576 (5]
X_angle 30[deg]
tn 5.8 [dB.
X pulse 2.66666667 [us]

21.936 [dB]

Irr atn noe 21.936 [dB]
Irr noise
Decoupling

nitial wait 1[s]
Noe TRUE
Noe_time 1.5(s]
Recvr_gain )

1.5(s)
2.548576 8]
22.1[4c]

Relaxation delay
Repetition time
Temp_get

EEEE R R
]
=
a
w

T T T T T T T T T T T T T
200.0 190.0 180.0 170.0 167.0 1 ST.O 140.0 yﬂ 0 gﬂ.ﬂ 1000 90.0 800 70.0 60.0 500 400 30.0 200 10.0 0
AN\ |

98 3 I38TLESYSEIRE zzo
g 2280888 2E5I0 2 gsg
28 d S8aRZEIeagely 3
g v o —BECU TR Ao R TS EE¢
8% 8 RESSNANNAEARE BhS

X : parts per Million : 13C

C NMR (100 MHz, CDCls) spectrum of 2.20

S69




Electron lonisation

100

68.9481

%

68.9864

|
| 87.9964 99.9607
‘ 115.5094
0

62.9814
40 50 60 70 80

90 100 110 120

WATERS GCT Premier -CAB155

2.20

PDG7-17 603 (14.114) AM (Top,4, Ar,7000.0,218.99,0.03); Sm (SG, 2x5.00); Sb (5,1.00 )

8 { )-0cH;

[M*] calcd 274.0994

130.9617

137.0247

150.0286 178,009

202.0692

201.0645 503 0823

07-Apr-201412:02:55

TOF MS El+
274.0985 2.07e4
259.0800
231.0820
275.1254
232.0952 275.2088

130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290

S70

EI (HRMS) spectrum of 2.20



abundance

Cl

& JEOL

<]
: N OCHj

(0]
EE 2.21
]
<4
.

g
:
g‘
b4

3 fa |d
=]

23 3
§V
3_
=
5 ainal ‘ .
10.0 9.0 8.0 7. 6.0 50 4.0 3.0 2.0 1.0

AN

ESRSNES 8BRS 3 2

SRR L 3 i

X : parts per Million : 1H

Filename
Author
Experiment
Sample id
Solvent
Creation time
Revision time
Current_time

Data_format
Dim size
Dim title
Dim units
Dimsnsions
site

Spectrometer

Field strength
X_acq duration

Clipped

Mod return
Scan

Total scans

Dante_presat
Initial wait
Recvr_gain
Relaxation delay
Repetition time
Temp_get

PDG6156_1H-9.jdf
Suneeta Sharma
single pulse.ex2
54386741
CHLOROFORM-D
21-AUG-2014 14:12:30
4-0CT-2014 09:32:09
4-0CT-2014 09:33:02
1D COMPLEX

13107

1H

[ppm]

ECS 400

JNM-ECS400

9.2982153 [T] (400 [MHz
2.20725248 [s]

1H

395.88430144 [MHz]
5 [ppm]

16384

1

0.45305193 [Hz]
7.42280285 [kHz]
1H
395.88430144 [MHz]
5 [ppml

H
395.88430144 [MHz]

5 [ppm]
FALSE
1

16
16

10 [us]
2.20725248 [s]
45 [

2[s]
4.20725248 [s]
22.6[acC]

'H NMR (400 MHz, CDCl;) spectrum of 2.21

571




0.8

02 03 04 0s 0.6

0.1

abundance

CN A & JEOL

OCHs

Pilename = PDG6156_13C-4.jdf
Author = Suneeta Sharma
Experiment = gingle pulse dec

2 21 Sample id = 5#600028

. Solvent = CHLOROFORM-D

Creation time = 21-AUG-2014 23:29:09
Revision time 4-0CT-2014 09:34:17
Current _Eime = 4-0CT-2014 09:34:51
Data_format = 1D COMPLEX
Dim size - 26214
Dim _title = 13C
Dim unite = [ppml
Dimaneione u
site = ECS 400
Spectrometer = JNM-ECS400

9.2982153 [T) (400 [MHz

Field strength
1.048576 (6]

X_acq_duration

X_domain 13¢
X freq 99.54517646 [MHz]
X off 100 [ppm]
X_poin 32768
X_prescans 4
X resolution 0.95367432 [Hz)
X_sweep = 31.25(kHz)
Irr_domain - 1
Irr_freq = 395.88430144 (MHz)
Irr_offset = 5 [ppm]
Clipped = FALSE
Mod_return -1
sc = 1500
Total_scans = 1500
X 90 width = 8[us)
X“acq_time = 1.048576[s)
X = 30(deg]
5.8 [dB]
2.66666667 [us)
21.936 [dB)

Irr atn noe 21.936 [aB)
Irr noise ALTZ
Decoupling TRUE

Initial wait
Noe

Noe_time
Recvr_gain
Relaxation delay
Repetition time
Temp_get

.5(s)
2.548576 [s)
23.2(4¢)

EEEERREEE)
rgrarax
3
®

200.0 190.0 180.0 170.0 ITT lS0.0 140.0 llo.fl &.0 l(ﬂ.ﬂ 1000 900 800 70.0 60.0 500 400 300 200 100 0
W T N |
-9 umomawvea T (4 ase e
50 8 goF3LEEY 8 R &
83 FEMAELE oEe g
gl & zasddazz 8 EEE

X : parts per Million : 13C

C NMR (100 MHz, CDCl) spectrum of 2.21

S72




11-Dec-201312:44:30|
TOF MS EI+
258.0445 9.70e3

243.0262

|
|
| 2600483 |
[ [
‘
\

\
1
| 2639939

; | € \
......... o[ 2esgog

Electron lonisation ~ WATERS GCT Premier -CAB155
PDG6-156 394 (12.282) AM (Cen 4, 100.00, Ar,7000.0,218.99,1.00); Sm (SG, 2x5.00); Sb (10,1.00 )
100
Cl A
CIO-oom
(6]
2.21
[M*] caled 258.0448
‘»
[
|
| =
’ 68.9926
| 215.0318
130.9945 ;
; | |
j |
| | 152.0685
] 129 0252 | 217.0302
43.9883 99.9948 151.0593. |
e 639257| 76.028782.0312 - j || 1630482 1800805 446 0257 [ 219.9866
‘ O-ﬁ-hmmmw,. f,,uv,vm, et o '«mﬂ-ﬁwrw Pt P
| 40 50 60 70 80 90 100 110 120" 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 |

EI (HRMS) spectrum of 2.21

S73



3.0 4.0 5.0 6.0 7.0

2.0

abundance

I O Filename = PD@6155_1H-6.jdf
Author = N.Ahmed
Experiment = single pulse.ex2
Cl Sample id = 5$492516
2 22 Solvent = CHLOROFORM-D
. Creation time = 21-AUG-2013 11:55:03
Revision time 3-0CT-2014 20:53:48
Current_time = 3-0CT-2014 20:55:04
Data_format = 1D COMPLEX
Dim size = 13107
. Dim title = 1H
= Dim units = Ippm]
& Dimensions -
site = ECX 500
Spectrometer = DELTA2 MMR
Field strength = 11.7473579(T] (500 [MH
X acq duration = 1.74587904 [s]
= 1H
o = 500.15991521 [MHz]
- 5.0 [ppm]
16384
1
b4 = 0.57277737 [Hz]
- = 9.38438438 [kHz]
! = 1H
& = 500.15991521 [MHz]
k) = 5.0 [ppm]
= = 1H
L = 500.15991521 [MHz]
3 ' = 5.0 [ppm]
Clipped = FALSE
Mod return =1
Scans =32
Total _scans - 32
X _90_width = 13.25[us!
X acq_time 1.74587904 [s]
X angTe 5[d
X atn = 3.99 [dB]
X pulse = 6.625[us]
Irr_mode = of
Tri mode = Off
Dante_presat = FALSE
Initial wait = 1[s]
Recvr_gain = 48
Relaxation delay = 2[s]
Repetition time = 3.74587904(s]
Temp_get = 25.3[dc]
W i
T T T T T == T T T T T
10.0 9.0 B.DA //\ 7K\ 6.0 5.0 4.0 3.0 2.0 0 0
8o 2ITJTS 8
BE B4888% &
Er o Er e ee e “
X : parts per Million : 1H

'H NMR (500 MHz, CDCl;) spectrum of 2.22

S74




abundance

0.7

04
1

02

0.1

& JEOL

T T T T T
200.0 190.0 180.0 170.0 16,0.
®
a
<
g
=

X : parts per Million : 13C

149.0574

131.8373
128.5546
126.8172
123.6976
122.1235
118.6871
116.8922
1143581
99.5473

Filename
Author
Experiment
Sample id
Solvent
Creation time
Revision time
Current_time

Data_format
Dim_size
Dim title
Dim units
Dimensions
Site

Spectrometer

Pield strength
X_acq duration
X domain
~freq

£
X poin
X prescans
X resolution

X6
X ol

X sweep
Irr_domain
Irr_freq
Irr offset
Clipped
Mod return

Se.
Total_scans

X_90_width
X_acq_time
X

Irr_atn noe
Irr noise
Decoupling
Initial wait

Noe_time
Recvr_gain
Relaxation delay
Repetition time
Temp_get

EEEERREEE)
-

PDG6155_13C-3.jdf
.Ahmed

single pulse dec
54563398
CHLOROFORM-D
21-AUG-2013 18:38:28
3-0CT-2014 20:57:07
3-0CT-2014 20:57:27

1D COMPLEX
26214

13c

[ppm]

ECX 500
DELTA2_MMR

11.7473579 (T]
0.82837504 (8]
3

(500 [MH

13¢
125.76529768 [MHz]
100 [ppm]

32768

4

1.20718268 [Hz)
39.55696203 [kHz)
1

500.15991521 [MHz)
5.0 [ppm)
FALSE

1
1000

1000

9.62 [us)
0.82837504 (8]
30 [deg]
7.1[d
3.20666667 [us]
19.5 [aB)

©]
1.82837504 [s)
25.9 [4C

C NMR (125 MHz, CDCls) spectrum of 2.22

S75




— ) ) = =
Electron lonisation <5 GC | i cimier -CAlT WATERS GCT Premier -CAB155 16-Dec-201312:35:27

Af PDGGH5&443(1318\1)AM (Cen;; 4 95 00 Ar,7000.0,218.99,2.00); Sm (SG, 2x5.00); Sb (10,1.00 ); Cm (443:445) TOF MS ElI+
292.0050 9.42e3
| 1004
Cl N ‘
0o
(0]
Cl 2.22

|
{
[M*] calcd 292.0058 |
|

O(o

294.0041
276.9846
; - ‘
‘ |
[ ]
[ ] 68.9928
248.9931
v \
250.9914
130.9946 n—
; | 150.0476 179.0501 | I \ \295 0124
v 439863 | 7502389 9957 1100076 | % [188.0272  214.0319 536854 I ‘ S
o4+ PSRN W S (RETSPTO 1 NP NUINME GHIN 1 (SNSRI (U P o111 SN || — e miz
40 s0 80 00 | 130 140 160 180 200 | 230 " 240 260 280 300 320 | 340 | 360 |

EI (HRMS) spectrum of 2.22

S76



abundance

20.0

10.0

Cl

297

1.84

0.84

HJEOL

‘ ‘ ‘ ‘ ‘ — ‘ ‘ ‘ ‘

10.0 9.0 8.0 /\ /\ \\&Y\ﬁ.o 5.0 4.0 3.0 ‘ 2.0 ‘ 1.0
ssazeszenanEy 2 2
SrYEETEEISASE g 2
CUETUHERIEEES pd i

X : parts per Million : 1H

Filename
Buthor
Experiment
Sample id
Solvent
Creation_time
Revision time
Current time

Comment
Data_format
Dim size

Dim title
Dim units
Dimensions
Site
Spectrometer

Field strength
X_acq_duration
X domain

X_points

X prescans
X resolution
X sweep

Irr domain
Irr freq
Irr_offset
“domain
“freq
ri_offset
Clipped
Mod_return
Scans
Total scans

Dante_presat
Initial wait
Recvr_gain
Relaxation delay
Repetition time
Temp_get

EEEEEERERREE]

PDG111081F_1H-6.jdf
Suneeta Sharma
single pulse.ex2
54402678
CHLOROFORM-D
11-MAY-2015 14:38:53
17-JUN-2015 20:03:41
17-JUN-2015 20:05:03

single pulse
1D COMPLEX
13107

1H

[ppm]

X

ECS 400
JNM-ECS400

9.2982153 [T]
2.20725248 [5]

(400 [MHz

1H
395.88430144 [MHz]
5 [ppm]

16384

1
0.45305193 [Hz]
7.42280285 [kHz]

1H
395.88430144 [MHz]
5 [ppm]

395.88430144 [MHz]
5 [ppm]

TRUE

1

16

16

10 [us]
2.20725248 [s]
45 [deg]

0.6 [dB]

5 [us]

Off

Off

FALSE

1ls]

50

2[s]
4.20725248 [5]
24.5[dC]

"H NMR (400 MHz, CDCls) spectrum of 2.23

S77




abundance

1

|

HJEOL

T T T T T
200.0 1900 180.0 170.0 160.0 150.

X : parts per Million : 13C

157.0627

150.4714

ﬁ
g
Iy
_E
S
N~
==
B
5
/—Q
;4
g
>H
g
.
2
2
.
2
H
=
.
2
2

o mEavTe~w & co®
2 $2LTECRE a 428
RS by a38
A SO T ARG =3 ke
8 2a5838ss E EE¢
2 28999822 g

60.0

50.0

T
40.0

T
30.0

21.4150

Filename
Buthor
Experiment
Sample id
Solvent
Creation_time
Revision time
Current_time

Comment
Data_format
Dim size

Dim _title
Dim units
Dimensions
Site
Spectrometer

Field strength
X_acq_duration
X domain

X_points
X_prescans
X resolution
X sweep
Irr_domain
Irr_freq
Irr offset
Clipped
Mod_return
Scans
Total_scans

X_90_width
X acq_time

X af

X pulse

Irr atn _dec
Irr_atn noe
Irr noise
Decoupling
Initial wait
Noe
Noe_time
Recvr_gain
Relaxation delay
Repetition_time
Temp_get

R R

PDG111081F-13C-4.df
Suneeta Sharma
single pulse_dec
54608451
CHLOROFORM-D
12-MAY-2015 18:27:25
16-JUN-2015 17:45:57
17-JUN-2015 20:07:26

single pulse decouple
1D COMPLEX

13c

[ppm]

X

ECS 400
JNM-ECS5400

9.2982153 [T]
1.048576[s]

(400 [MHz

13¢
99.54517646 [MHz]
100 [ppm]

32768

4
0.95367432 [Hz]
31.25[kHz]

1H

395.88430144 [MHz]
5 [ppm!

FALSE

1

1500

1500

us
1.048576[s]
30[deg]

5.8 [dB]
2.66666667 [us]
21.936 [dB]
21.936 [dB]
WALTZ

TRUE

21[s]
3.048576 5]
24.1[dc]

C NMR (100 MHz, CDCls) spectrum of 2.23

S78




Electron lonisation :  WATERS GCT Premier -CAB155 11-May-201512:47:26|

PDG11-108-1F 197 (6.671) AM (Cen,4, 100.00, Ar,7000.0,218.99,0.70); Sm (SG, 2x5.00); Sb (10,1.00 ) TOF MS El+
: 68.9917 3.07e4
100 |
|
Cl
2.23
+
[M*] calcd 242.0498
242.0497
=
130.9918
244.0506
241.0461 | |
99.9963 178.0821 R
118.9953
43.9908 113.9996 176.0654 | 179.0859 207.0811
63.0260 76‘7308 89'0‘397 131.0986 152.0650 2050682 | 5109967 245.0533
0"'[ reertbeerpreerphrters b it frbrprree bbbt -\“ t TL”T""H reeeheper b d ey Ty Hrertherrt | Py b e Miz

40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250

EI (HRMS) spectrum of 2.23

S79



abundance

HJEOL

.
S
Cl O
2.24
< |
£
.
P
s (8
IR
=3
8
g -
< |
=
_
10.0 9.0 y///Am\\ 6.0 5.0 4.0 3.0 ] 2.0 ‘ 1.0
;sssﬁaﬁpﬁssgg g =]
feEenqARSs s 2 @

X : parts per Million : 1H

Filename
Buthor
Experiment
Sample id
Solvent
Creation_time
Revision time
Current time

Comment
Data_format
Dim size

Dim title
Dim units
Dimensions
Site
Spectrometer

Field strength
X_acq_duration
X domain

X_points

X prescans
X resolution
X sweep

Irr domain
Irr freq
Irr_offset
“domain
“freq
ri_offset
Clipped
Mod_return
Scans
Total scans

Dante_presat
Initial wait
Recvr_gain
Relaxation delay
Repetition time
Temp_get

EEEEEERERREE]

PDG111121F_1H-6.jdf
Suneeta Sharma
single pulse.ex2
54406679
CHLOROFORM-D
11-MAY-2015 14:43:49
17-JUN-2015 20:18:21
17-JUN-2015 20:23:13

single pulse
1D COMPLEX
13107

H

11
[ppm]
X

ECS 400
JNM-ECS400

9.2982153 [T] (400 [MHz
2.20725248 [5]

1H
395.88430144 [MHz]
5 [ppm]

16384

1
0.45305193 [Hz]
7.42280285 [kHz]

1H
395.88430144 [MHz]
5 [ppm]

395.88430144 [MHz]
5 [ppm]

TRUE

1

16

16

10 [us]
2.20725248 [s]
45 [deg]

0.6 [dB]

5 [us]

Off

Off

FALSE

1ls]

50

2[s]
4.20725248 [5]
24.5[dC]

"H NMR (400 MHz, CDCls) spectrum of 2.24

S80




0.4 0.5 0.6 0.7 08 0.9 Lo

0.3

0.1

abundance

\ Filename = PDG111121F-13C-4.jdf
C H Buthor = Suneeta Sharma
| 3 Experiment = single_pulse _dec
Sample id = 5#608781
Cl () Solvent 2 CHLOROFORM-D
Creation time = 12-MAY-2015 04:55:47
Revision time = 16-JUN-2015 18:00:13
2 24 Current_time = 16-JUN-2015 18:00:43
Comment = single pulse dacoupla
Data_format = 1D COMPLEX
Dim size -
Dim _title = 13¢
Dim units = [ppm]
B Dimensions =X
Site = ECS 400
Spectrometer = JNM-ECS400
Field strength = 9.2982153[T] (400 [MHz
X_acq duration = 1.048576(s]
1 X domain = 13¢
X_freq = 99.54517646 [MHz]
X offset = 100 [ppm]
X_points = 32768
X prescans -4
X resolution = 0.95367432 [Hz]
| X_sweep = 31.25[kHz]
Irr domain = 1H
Irr_freq = 395.88430144 [MHz]
Irr_offset = 5[ppm
Clipped = FALSE
Mod_return =1
Scans = 1500
| Total scans = 1500
X_90_width = 8lus
X_acq_time = 1.048576[s]
X angTe = 30[deg]
atn = 5.8[dB]
1 X pulse = 2.66666667 [us]
Irr atn dec = 21.936 [dB]
Irr_atn_noe = 21.936[dB]
Irr noise = WALTZ
Decoupling = TRUE
Initial wait = 1ls]
a] Noe = TRUE
Noe_time = 2[s]
Recvr_gain = 60
Relaxation_delay = 2[s]
Repetition_time = 3.048576(s]
Temp_get = 23.8[dc]
T T T T T T T T T T T T T T T T T T T T T
2000 190.0 180.0 170.0 lﬁﬂ.(] llso.o 140‘0 137.@ 1]0.0 mro 90.0 800\700 60.0 500 40.0 300 200 100 0
s9 5 grueace @ oo ®
32 2 REEARTH I PEE 2
28 g GS8x6=¢ b §:§ @
e R A S 3
e 8 d4g9qaddn 2 wee o
X : parts per Million : 13C

C NMR (100 MHz, CDCl;) spectrum of 2.24

S81




~ WATERS GCT Premier -CAB155

11-May-201513:30:17

PDG11-112-1F 202 (6.762) AM (Cen,4, 100.00, Ar,7000.0,218.99,0.65); Sm (SG, 2x5.00); Sb (10,1.00 ) TOF MS El+
68.9914 3.24e4
100
| Cl o
2.24
+
[M*] calcd 242.0498
242.0495
<
130.9914
244.0501
99.9954 241 ,046}
118.9948 178.0811 )
113.9993 176.0656 | 179.0869 207.0800 |
43.9910 63.0252| 76.0302 89.0398 N L 131.9999 152.0647 ‘l/ 205.0713 219.9959 2390340]‘ 245.0538
O-trrHrrrtt pothes WHLnrﬁvvm-l'[':wm-vw wﬂrﬁﬁrﬂjﬁﬁ eprtergeestprrregrereeeeeebiteesbrrret reerprretrresHbeprst e e miz
40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250

EI (HRMS) spectrum of 2.24

582




abundance

19.0

18.0

120 13.0 140 150 16.0

11.0

2.0

7.0

5.0
L

3.0

2.0

1.86

112

O,N
2.25

192

c\) CH3

324

HJEOL

10.0 2.0

1778

4067

]
afzE
=0
e g
%08 &8

%

8.
8.

X : parts per Million : 1H

s

6.0 50 4.0

2.4295

2.0

1.5574

Filename
Buthor
Experiment
Sample id
Solvent
Creation_time
Revision time
Current time

Comment
Data_format
Dim size

Dim title
Dim units
Dimensions
Site
Spectrometer

Field strength
X_acq_duration
X domain

X_points

X prescans
X resolution
X sweep

Irr domain
Irr freq
Irr_offset
“domain
“freq
ri_offset
Clipped
Mod_return
Scans
Total scans

Dante_presat
Initial wait
Recvr_gain
Relaxation delay
Repetition time
Temp_get

EEEEEERERREE]

PDG111132F_1H-6.jdf
Suneeta Sharma
single pulse.ex2
54409920
CHLOROFORM-D
11-MAY-2015 14:49:19
17-JUN-2015 20:38:36
17-JUN-2015 20:43:35

single pulse
1D COMPLEX
13107

1H

[ppm]

X

ECS 400
JNM-ECS400

9.2982153 [T]
2.20725248 [5]

(400 [MHz

1H
395.88430144 [MHz]
5 [ppm]

16384

1
0.45305193 [Hz]
7.42280285 [kHz]

1H
395.88430144 [MHz]
5 [ppm]

395.88430144 [MHz]
5 [ppm]

TRUE

1

16

16

10 [us]
2.20725248 [s]
45 [deg]

0.6 [dB]

5 [us]

Off

Off

FALSE

1ls]

50

2[s]
4.20725248 [5]
24.5[dC]

"H NMR (400 MHz, CDCls) spectrum of 2.25

S83




abundance

04
|

O,N

@)
2.25

& )-CHs

HJEOL

T T IBRERRA T
200.0 190.0 180.0 170.0 ITG.O F.

161.6900
153.3264

X : parts per Million : 13C

144.5221
140.4217
135.4399
129.7588
126.3769
125.4860
1202455
118.9330

1

[
5 &
2 2
o g
e 2
£ £
s =

3
>
2
g
>

==

77.3162
77.0000
76.6743

60.0

T
50.0

21.5012

Filename
Buthor
Experiment
Sample id
Solvent
Creation_time
Revision time
Current_time

Comment
Data_format
Dim size

Dim _title
Dim units
Dimensions
Site
Spectrometer

Field strength
X_acq_duration
X domain

X_points
X_prescans
X resolution
X sweep
Irr_domain
Irr_freq
Irr offset
Clipped
Mod_return
Scans
Total_scans

X_90_width
X acq_time

X_pulse

Irr atn _dec
Irr_atn noe

Irr noise
Decoupling
Initial wait
Noe
Noe_time
Recvr_gain
Relaxation_delay
Repetition_time
Temp_get

R R

PDG111132F-13C-5.5df
Suneeta Sharma
single pulse_dec
54609031
CHLOROFORM-D
12-MAY-2015 19:07:28
16-JUN-2015 19:44:11
26-JUN-2015 15:27:34

single pulse decouple
1D COMPLEX

13c

[ppm]

X

ECS 400
JNM-ECS5400

9.2982153 [T]
1.048576[s]

(400 [MHz

13¢
99.54517646 [MHz]
100 [ppm]

32768

4
0.95367432 [Hz]
31.25[kHz]

1H

395.88430144 [MHz]
5 [ppm]

FALSE

1

702

702

us
1.048576[s]
30[deg]

5.8 [dB]
2.66666667 [us]
21.936 [dB]
21.936 [dB]
WALTZ

TRUE

21[s]
3.048576 (5]
24.5[dc]

C NMR (100 MHz, CDCl;) spectrum of 2.25

S84




Electron lonisation WATERS GCT Premier -CAB155 11-May-201515:03:53

PDG11-113_2F 323 (8.981) AM (Cen,4, 100.00, Ar,7000.0,218.99,0.03); Sm (SG, 2x5.00); Sb (10,1.00 ); Sb (10,1.00 ); Cm (323:324) TOF MS El+
68.9911 7.42e4
100
CH3
O,N ©
2.25
+ 253.0731
[M*] calcd 253.0739
223.0923
x|
130.9932
207.0878
179.0938
152.0696
99.9990 | 254.0907
118.9989 | 176.0720
T D g o 151.0645 | JHu0se0 2080062 2241089
o ) i ) | \l 194.1091 237.0919 255.092/)8
...... T AU A ht 2

. , e Lt g
40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260

EI (HRMS) spectrum of 2.25

S85



abundance

HJEOL

] H;CO,C \
5 O CH3
=3 2.26
<]
3
2]
8
g &
&
8
] &
<
2
&7 g (z [~
o (s |2
g
=
=]
&
<4
o] b, JJL >A< °
| T ’ T T e T T T T
10.0 2.0 ‘&K\\]\m\o\ 60 50 41 3.0 ‘ 2.0 ‘ 10
QESRGR8UR2Ly S 2 2
£82550388838 2 2 g
PSRN & & 3

X : parts per Million : 1H

Filename
Ruthor
Experiment
Sample id
Solvent
Creation time
Revision time
Current_time

Data_format
Dim_size
Dim_title
Dim units
Dimensions
Site
Spectrometer

Field strength
X_acq duration

X points
X prescans
X resolution

Irr freq
Irr offset
Tri_domain
Tri_freq
Tri_offset
Clipped
Mod_return
Scans
Total_scans

X_90_width
X acq_time

Dante presat
Initial wait
Recvr_gain
Relaxation delay
Repetition time
Temp_get

IEEREERE]

(REEEEREERERE]

PDG111141F_1H-7.jdf
PRAMOD KUMAR
single pulse.ex2
54535335
CHLOROFORM-D
12-MAY-2015 18:34:57
26-JUN-2015 23:21:28
26-JUN-2015 23:24:47

1D COMPLEX
13107

1H

[ppm]

X

ECS 400
JNM-ECS400

9.389766[T] (400 [MHz]
2.18365952 [s]
1

H
399.78219838 [MHz]

1

0.45794685 [Hz]
7.5030012 [kHz]

1H

399.78219838 [MHz]
5 [ppm]

1

399.78219838 [MHz]
5 [ppm]

FALSE

1

16
16

10.75[us
2.18365952 [s]
5.375 [us]
£
off
FALSE
1s]
36

2[s]
4.18365952 [s]
24.5[4C]

"H NMR (400 MHz, CDCls) spectrum of 2.26

S86




abundance

0.1

HyCO,C

2.26

HJEOL

T T
200.0 190.0 180.0 170.

167.3306
157.6435
157.3098

X : parts per Million : 13C

04
=

g1
=

21

=4

5

=3
:::>—§ al
=
7

S

=4
—=

4

T T T n T T
10‘0.0 90.0 80.0‘\ 70.0

o voxswerws © eow

w TOAB LS - TS0

el LORA =S L “ nes

o GeaBa22n B mee

% aanus%%s £ (R

2 dd9d944x =

52.0671

Filename
Buthor
Experiment
Sample id
Solvent
Creation_time
Revision time
Current_time

Dim_units
Dimensions

Spectrometer

Field strength
X_acq duration
X_domain

X freq

X offset

X points
X_prescans

X resolution

Mod_return
Scans
Total scans

Initial wait

Noa
Noe_time
Recvr_gain
Relaxation delay
Repetition time
Temp_get

(R R R R

PDG111141F 13C-4.jdf
PRAMOD KUMAR
single pulse dec
54593749
CHLOROFORM-D
12-MAY-2015 21:57:19
16-JUN-2015 19:52:56
16-JUN-2015 19:53:32

1D COMPLEX
26214

13¢
[ppm]
X

ECS 400
JNM-ECS400

9.389766[T] (400 [MHz]
1.04333312[s]

13¢
100.52530333 [MHz]
100 [ppm]

32768

4
0.95846665 [Hz]
31.40703518 [kHz]

1H
399.78219838 [MHz]
5 [ppm]

TRUE

a
1200
1200

-5 [us]
1.04333312[s]
30 [deg]
5[dB]
2.83333333 [us]
21.79[dB]
21.79[dB]
WALTZ
TRUE
1[s]

TRUE
21s]
60

2[s]
3.04333312[s]
25.1[dC]

PC NMR (100 MHz, CDCls) spectrum of 2.26

S87




WATERS GCT Premier -CAB155 12-May-201515:12:09|

Electron lonisation
|PDG11-114-2F 144 (5.699) AM (Cen,4, 70.00, Ar,7000.0,218.99,0.50); Sm (SG, 2x5.00); Sb (10,1.00 ) TOF MS El+
. 68.9950 1.15e4
100
H3;CO,C
N\
CHs;
2.26
+
[M™] calcd 266.0943
266.0949
< 130.9927
235.0786
207 082 2639905
‘ ‘
99.9960
118.9944 e 267.1006
— 114.0003 1530728 ol 3080030 o
1.095363.0242 76,0302 89.0409 | 1499937W H I 205.079%( 2241080 (237 G a—
Ji .“ T I'JH } ‘}“\ vm‘r“r bt \il“! rHHy “v ‘\ t \I by “v‘ ‘\ L T \‘1; h 1\ T v LAAMMLAAAL \'M'r“'w“wmlz
40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280

EI (HRMS) spectrum of 2.26

S88



2.0 3.0 4.0 5.0 6.0 7.0 8.0 2.0 10.0 110 12.0 13.0 14.0

10

abundance

HsCO,C \ c A dEDL

Filename PDGL11191F 1H-7.jdf

Author = Suneeta Sharma
O Experiment = single_pulse.ex2
Sample id = S#463177
Solvent = CHLOROFORM-D
ot Creation_time = 19-MAY-2015 16:18:29
2_27 o Revision_time = 17-JUN-2015 21:42:34

Current_time 17-JUN-2015 21:46:40

Comment = single pulse
Data_format = 1D COMPLEX
Dim size = 13107
s Dim title = 1H
= Dim units = [ppm]
Dimensions =X
Site = ECS 400
Spectrometer = JNM-ECS400
Field strength = 9.2982153[T] (400 [MHz
X_acq duration = 2.20725248(s]
X domain = 1H
X_freq = 395.88430144 [MHz]
- X offset = 5[ppm]
i - X_points = 16384
o : X prescans =1
a X resolution = 0.45305193 [Hz]
X_sweep = 7.42280285 [kHz]
Irr_domain = 1H
Irr freq = 395.88430144 [MHz]
Irr offset = 5[ppm]
“domain -
_freq = 395.88430144 [MHz]
Ti offset = 5 [ppm]
Clipped = FALSE
Mod_return =1
Scans =16
Total scans =16

X_90_width = 10[us]
X_acq_time = 2.20725248[s]
X_angle = 45[deg]
X_atn = 0.6[dB]

X pulse = 5[us]
Irr_mode = off

Tri_mode = Off
Dante_presat = FALSE
Initial wait = 1[s]
Recvr_gain =42
Relaxation delay = 2[s]
Repetition time = 4.20725248[s]
Temp get = 25[dac]

T T
10.4 50 4,

39504 —=

1.5849

X : parts per Million : 1H

"H NMR (400 MHz, CDCls) spectrum of 2.27

S89




abundance

0.6

0.5

0.4

03

02

0.1

HyCO,C

Cl

HJEOL

T T T T
200.0 190.0 180.0 170.0 160.7

167.1412
157.3980
1557502 —

X : parts per Million : 13C

RS

T T
20.0 110.0

134.9609
131.5503
130.1420
128.9062
126.4823
125.5243
125.0261
123.5220
123.0717
111.0868
102.5794

77.3162
77.0000
76.6743

52.1391

Filename
Buthor
Experiment
Sample id
Solvent
Creation_time
Revision time
Current_time

Dim_units
Dimensions

Spectrometer

Field strength
X_acq duration
X_domain

X freq

X offset

X points
X_prescans

X resolution

Mod_return
Scans
Total scans

Initial wait

Noa
Noe_time
Recvr_gain
Relaxation delay
Repetition time
Temp_get

(R R R R

PDG111191F_13C-4.jdf
Suneeta Sharma
single pulse_dec
54299744
CHLOROFORM-D
20-MAY-2015 12:20:04
16-JUN-2015 20:03:09
16-JUN-2015 20:03:49

1D COMPLEX
26214

13¢
[ppm]
X

ECS 400
JNM-ECS400

9.2982153 [T] (400 [MHz
1.048576 (5]

13¢
99.54517646 [MHz]
100 [ppm]

32768

4
0.95367432 [Hz]
31.265 [kHz]

1H
395.88430144 [MHz]
5 [ppm]
FALSE

T
1000
1000

8[us]
1.048576[s]

2.66666667 [us]
21.936 [dB]
21.936 [aB]
WALTZ

TRUE

1[s]

TRUE

1ls]

60

[s1
2.048576[s]
24.11[dc]

C NMR (100 MHz, CDCl;) spectrum of 2.27

S90




Electron lonisation WATERS GCT Premier -CAB155 ~ 19-May-201511:53:07,
PDG11-119-1F 626 (14.537) AM (Cen,4, 70.00, Ar,7000.0,218.99,0.70); Sm (SG, 2x5.00); Sb (10,1.00 ) TOF MS ElI+
100 68.9953 6.16e3
Cl
H;CO,C
)
286.0394
0]
2.27
+
[M™] calcd 286.0397
255.0208
130.9928
<l
227.0279
163.0556 288.0401
| 263.9896
99.9955 17&}0192 199.0345
| 118.9936 ‘ 2290292
|
63.0244 | 175.0169 201.0320 | 289.0464
82.0306 ‘ 149.9969 230.0328 264.9925
TR P K ¥ AP Wt Mool e Ao
ol IO | O PO O PO 1 il L iy i, L .AL YRR FOH P o 1 RO N [ eedllly < il
40 60 80 100 120 140 160 180 200 220 240 260 280 300

EI (HRMS) spectrum of 2.27

S91



[ |

19.0 20.0

18.0

7.0

7.0 8.0 9.0 100 110 120 13.0 140 150 160 1

6.0

4.0

2.0

1.0

abundance

O % Filename = PDG11121P1_1H-7.jdf
© Buthor = Suneeta Sharma
o Experiment = single_pulse.ex2
Sample id = S#564401
2.28 L Eereais
" Creation time = 21-MAY-2015 19:06:41
Revision time = 17-JUN-2015 21:52:07
Current time = 17-JUN-2015 21:56:23
Comment = single_pulse
Data_format = 1D COMPLEX
Dim size = 13107
Dim title = 1H
2 2 Dim units = [ppm]
b = Dimensions =X
Site = ECS 400
Spectrometer = JNM-ECS400
Field strength = 9.2982153[T] (400 [MHz
X_acq duration = 2.20725248[s]
X domain = 1H
X_freq = 395.88430144 [MHz]
X offset = 5[ppm]
X points - 16384
X prescans =1
X resolution = 0.45305193 [Hz]
- X_sweep = 7.42280285 [kHz]
Irr domain = 1H
& Irr freq = 395.88430144 [MHz]
< Irr_offset = 5[ppm]
5y “domain s
] _freq = 395.88430144 [MHz]
ri_offset = 5 [ppm]
Clipped = FALSE
Mod_return =1
Scans =16
Total scans =16
X 90 width = 10[us]
X acq_time = 2.20725248[s]
X_angle = 45[deg]
X_atn = 0.6[dB]
X pulse = 5[us]
ITr mode = off
Tri_mode = off
Dante_presat = FALSE
Initial wait = 1[s]
Recvr_gain = 40
Relaxation delay = 2[s]
Repetition time = 4.20725248[s]
Temp_get = 24.8[4C]
T T T T T T T T T T T
10.0 9.0 ‘ K&g{}\\m 50 A-T 3.0 2.0 10 0
MueTeR-oamILSARED 2
N e N R BT 2
RLSSRYRIBEE IS LR 3
P T e “
X : parts per Million : 1H

"H NMR (400 MHz, CDCls) spectrum of 2.28

S92




abundance

0.1

H3CO,C

HJEOL

Ao

1672178
164.3629
161.8624
157.3309
156.4304

X : parts per Million : 13C

129.1840
126.9805
126.8943
126.2045
126.0608
1253998
1232538
116.1164
115.8865
110.9431
101.1903

52.1103

Filename
Buthor
Experiment
Sample id
Solvent
Creation_time
Revision time
Current_time

Dim_units
Dimensions

Spectrometer

Field strength
X_acq duration
X_domain

X freq

X offset

X points
X_prescans

X resolution

Mod_return
Scans
Total scans

Initial wait

Noa
Noe_time
Recvr_gain
Relaxation delay
Repetition time
Temp_get

(R R R R

PDG11121P1_13C-4.jdf
Suneeta Sharma
single pulse dec
54798083
CHLOROFORM-D
22-MAY-2015 02:56:28
18-JUN-2015 19:10:05
18-JUN-2015 19:12:17

1D COMPLEX
26214

13¢
[ppm]

X

ECS 400
JNM-ECS400

9.2982153 [T]
1.048576 (5]

(400 [MHz

13¢
99.54517646 [MHz]
100 [ppm]

32768

4
0.95367432 [Hz]
31.265 [kHz]

1H
395.88430144 [MHz]
5 [ppm]
FALSE

T
1000
1000

8[us]
1.048576[s]

2.66666667 [us]
21.936 [dB]
21.936 [aB]
WALTZ

TRUE

1[s]

TRUE

1ls]

60

[s1
2.048576[s]
23.8[dc]

PC NMR (100 MHz, CDCls) spectrum of 2.28

S93




Electron lonisation WATERS GCT Premier -CAB155 20-May-201512:44:54
PDG11-121-1F 260 (7.826) AM (Cen,4, 100.00, Ar,7000.0,218.99,0.35); Sm (SG, 2x5.00); Sb (10,1.00) TOF MS El+
o 68.9948 5.80e3

’ H3CO,C

C-O
O
2.28
+
[M™] calcd 270.0692
130.9916
S
270.0691
239.0510
263.9876
211.0567
99.9947 183.0625
118.9937 157.0480
43.9907 181.0356 Snitiae 271.0716
91.5287 di49.980% 168.9917 soroass |00 0" (.

i‘ 63.0246. 70.0005 =% 1 | | - ) ( 2004 20T oagesa |
0 b A S VY PVRTRUAPSSIVIONR VY RIS NSOV ISOOCR N PP Lu,.wﬂwa_r» PRSTL A TR TS J»w,rmﬂm.,-,m,‘t.u,,,w It prekled o e |
40 60 80 100 120 140 160 180 200 220 240 260 280 |

EI (HRMS) spectrum of 2.28

S94



2.0 3.0 4.0 50 6.0 7.0 8.0

1.0

abundance

NC

& JEOL

Filename = PDG7851F_1H-6.jdf
Author = N.Ahmed
O Experiment = single pulse.ex2
Sample id = 5$554731
Solvent = CHLOROFORM-D
Creation time = 8-APR-2013 14:46:33
3_1 Revision time 19-0CT-2014 16:52:35
3 Current_time = 19-0CT-2014 16:52:49
Data_format = 1D COMPLEX
Dim size = 26214
Dim title = 1H
Dim units = [ppml
Dimensions -
z site = ECX 500
b Spectrometer = DELTA2 MMR
Field strength = 11.7473579(T] (500 [MH
X acq duration = 3.27417856(s]
= 1H
= 500.15991521 [MHz]
5.0 [ppm]
32768
1
= 0.30542012 [Hz]
= 10.00800641 [kHz]
= 1H
= 500.15991521 [MHz]
o & si'u [ppm]
£ § L = 500.15991521 [MHz]
2 i = 5.0 [ppm]
Clipped =
Mod return =1
Scan =16
Total _scans =16
X _90_width = 13.25[us!
X acq_time 3.27417856 [s]
X angTe 45 [
X atn = 3.99 [dB]
X pulse = 6.625[us]
Irr_mode = off
Tri mode = Off
Dante_presat = FALSE
Initial wait = 1[s]
Recvr_gain = 50
Relaxation delay = 3[s]
Repetition time = 6.27417856(s]
= 23.4[4C]

4.0

Temp_gat

SER29R8RRTSESE
AL R3ARRSE8E
B ]

X : parts per Million : 1H

'H NMR (500 MHz, CDCls) spectrum of 3.1

S95




abundance

NC

03

0.1

S JEOL

T T T T T
200.0 190.0 180.0 170.0 I60.7

157.3219
156.4580

X : parts per Million : 13C

1359168

Filename = PDG7851F_13C-4.jdf
Author = N.Ahmed

Experiment = single pulse dec
Sample id = 5$605344

Solvent = CHLOROFORM-D
Creation time = 8-APR-2013 16:06:49
Revigion time 19-0CT-2014 16:55:21
Current_time = 19-0CT-2014 16:55:45
Data_format = 1D COMPLEX

Dim size - 26214

Dim title = 13C

Dim units = [ppm]

Dimensions -

site = ECX 500
Spectrometer = DELTA2_NMR

Field strength = 11.7473579(T] (500 [MH
X_acq duration = 0.82837504 (c]
X_domain - 13C

X_freq = 125.76529768 [MHz)

X off = 100 [ppm]

X_poin 32768

X_prescans

4
X _resolution 1.20718268 [Hz)

X sweep = 39.55696203 [kHz)
Irr_domain - 1

Irr_freq = 500.15991521 [MHz)
Irr_offset = 5.0 [ppm]
Clipped = FALSE
Mod_return -1

Scans = 1000
Total_scans = 1000

X 90 width = 9.62[us)
X“acq_time = 0.82837504 (8]
X_angle = 30[deg]

X atn 7.1[d

X_pul, 3.20666667 [us)
Irr_atn_de 19.5 [dB)

Irr_atn noe 21.5 [dB]

Irr noise WALTZ

Decoupling TRUE

Initial wait

Noe_time
Recvr_gain
Relaxation delay
Repetition time
Temp_get

.6 (8]
1.42837504 (8]
24.7 [dC!

..........
ouo
-
=

BC NMR (125 MHz, CDCls) spectrum of 3.1




Electron lonisation i<~ —C1 ~remics WATERS GCT Premier -CAB155 17.58 11-Dec-201311:17:59)
) 21 PDG7:85 461(13.511)AM (Cen;4, 100.00, Ar,7000.0,218.99,0.78); Sm (SG, 2x5.00); Sb (10,1.00 ) MS | TOF MS El+
100 245.0842 5.15e3!
|
1
|
O \_/
O |
68.9924 3.1 ‘
[M] calcd 245.0841 — |
a\e ‘ |
; i
| |
; |
130.9926 ‘
I
| (|
1 | I
' 216.0886
263.9936
, | 230.0653243.0727 ||
4368 9453751000000 4 1g 5058 | 1890757 2140847 N : .H‘Z“G-OQZZ
: 63.0210 94.0349.. ‘ | 149.9993163.0438 188.0473. || 191:0532 |||247.0714
0 {\ ettty M' et “‘. U 'r*“'w"'vl"-v-"‘v""x""i""r"":"*"“"r""r*v T ‘“ prerprrrprrpere e e JI ry rrh m/z
40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260

EI (HRMS) spectrum of 3.1

S97



abundance

528

& JEOL

10.0 9.0

X : parts per Million : 1H

4.0

2.0

1.5448

Filename
Author
Experiment
Sample id
Solvent
Creation time
Revision time
Current_time

Data_format
Dim size
Dim title
Dim units
Dimsnsions
site

Spectrometer

Field strength
X_acq duration

Clipped

Mod return
Scan

Total scans

Dante_presat
Initial wait
Recvr_gain
Relaxation delay
Repetition time
Temp_get

PDG8101_1H-12.jdf
Suneeta Sharma
single pulse.ex2
54423691
CHLOROFORM-D
3-APR-2014 15:14:35
19-0CT-2014 17:21:03
19-0CT-2014 17:21:35

1D COMPLEX
13107

1H

[ppm]

ECS 400
JNM-ECS400

9.2982153 [T] (400 [MHz
2.20725248 [s]

1H

395.88430144 [MHz]
5 [ppm]

16384

1

0.45305193 [Hz]
7.42280285 [kHz]

1H
395.88430144 [MHz]
4.27572536 [ppm]

1H

395.88430144 [MHz]
5 [ppm]

FALSE

1

16

16

10 [us]
2.20725248 [s]
45 [

2[s]
4.20725248 [s]
21.9[ac]

'H NMR (400 MHz, CDCls) spectrum of 3.2

S98




abundance

08

0.7

0.6

01

|

|

|

& JEOL

Filename
Author
Experiment
Sample id
Solvent
Creation time
Revision time
Current_time

w O
N

Data_format
Dim_size
Dim_title
Dim units
Dimensions
Site

Spectrometer

Pield strength
X_acq duration
X domain

X freq
X ot
X poin
X prescans
X resolution

X sweep
Irr_domain
Irr_freq
Irr offset
Clipped
Mod return

Se.
Total_scans

X_90_width
X_acq_time
X

Irr_atn noe
Irr noise
Decoupling
Initial wait
Noe

Noe_time
Recvr_gain
Relaxation delay
Repetition time
Temp_get

T T T T T
200.0 190.0 180.0 170.0 160.0

X : parts per Million : 13C

1

1545718
150.3565

T
.0

—z

L L l

T T T T ‘r T T T T T T T T

140.0 ?j& 0 lll'l.l’lL 1000 900 800 70.0 60.0 500 40.0 300 200 100 0
MNSS—— A

MR OOSA O =G AN 4
BE8EE2E258588888 133
Clle5aenItanazh2 3
PR PRI e b e e g pe i e v
SREQ98Q9899Q9Sas

PDG8101_13C-4.jAf
Suneeta Sharma
single pulse dec
54590623
CHLOROFORM-D
3-APR-2014 23:49:46
19-0CT-2014 17:24:09
19-0CT-2014 17:24:46

1D COMPLEX
26214

13c

[ppm]

ECS 400
JNM-ECS400

9.2982153 [T)
1.048576(s)
13¢
99.54517646 [MHz)
100 [ppm]

32768

(400 [MHz

4
0.95367432 [Hz)
31.25[kHz)

1
395.88430144 [MHz)
5 [ppm]
FALSE

Ch
1500
1500

s
ws
K2
25F
=2
&8~
&
2.3
=
B

5.8 [dB]
2.66666667 [us)
21.936 [dB)
21.936 [dB]
WALTZ

TRUE

1(e]

TRUE

2([s]

60

[e]
3.048576 (8]
21.7 [4C)

C NMR (100 MHz, CDCls) spectrum of 3.2

S99




)

Electron lonisation WATERS GCT Premier -CAB155 10-Dec-201313:27:00
PDG8-101 516 (14.519) AM (Cen,4, 100.00, Ar,7000.0,218.99,0.20); Sm (SG, 2x5.00); Sb (2,1.00) TOF MS El+
270.1042  1.01e4

100
| W,
| ‘ \_/
(J°
3.2
[M*] caled 270.1045
|
|
|
&
‘ 269.0998
68.9932
130.9922 239.0841
‘
\ 271.1092
119.5432 135.0497 268.0871
ol v43A9869 77777 o4 5322 99.9935 19,9855 165.0697 151 055 207.0429 215 0871 272.1165

L .- STSRSRS PR || T - r S + T rodirtr ST Y Trrr m/z
40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280

EI (HRMS) spectrum of 3.2

5100



abundance

CHs;

& JEOL

=] L
$
& 3.3 g
<]
" o
a

<]
S

MHIMEE

3 g
~
-
<4
S
q_ ““‘4
1 I

X 50 4.0 3.0 2.0 10

Ry

X : parts per Million : 1H

1.5437

Filename

= PDG896_1H-6.jAf
Author = Suneata Sharma
Experiment = single pulse.ex2
Sample id = 5$438033

Solvent = CHLOROFORM-D
Creation time = 3-APR-2014 15:38:37
Revision time 19-0CT-2014 17:02:04
Current_time = 19-0CT-2014 17:02:35
Data_format = 1D COMPLEX

Dim size = 13107

Dim title = 1H

Dim units = [ppml

Dimensions -

site = ECS 400

Spectrometer = JNM-ECS400

Field strength = 9.2982153 [T] (400 [MHz
X acq duration = 2.20725248(s]

1H
395.88430144 [MHz]
5 [ppml

16384
1
= 0.45305193 [Hz]
= 7.42280285 [kHz]
= 1H
= 395.88430144 [MHz]
= 4.27572536 [ppm]
= 1H
= 395.88430144 [MHz]
H = 5 [ppml
Clipped = FALSE
Mod return -1
Scan =16
Total scans =16
X _90_width = 10[us]
X acq_time 2.20725248 [s]
X_angle 45 [deg]
X atn 0.6 [dB]
X pulse 5 [us]
Irr_mode ofs
Tri mode off
Dante_presat FALSE

Initial wait
Recvr_gain
Relaxation delay
Repetition time
Temp_get

2[s]
4.20725248 [s]
22.1[dac]

EEEER R
-
=

'H NMR (400 MHz, CDCls) spectrum of 3.3

5101




abundance

0.9

0.8

0.7
|

0.6

0.1

T

w O
w

CHs;

%

& JEOL

IS S s e e L o A S L BRSS!
2000 1900 1800 170.0 1600 15]).0 m.r T}E g b IR O zr. 10.0
e - SooamTTALMTTIOAOMS® TER o
§§ iBsREsaUiiiiBeR 23l
33 R PP b AFp e peg b ] e
B aERaNQ9aQa9a9ans s o

X : parts per Million : 13C

Filename
Author
Experiment
Sample id
Solvent
Creation time
Revision time
Current_time

Data_format
Dim_size
Dim_title
Dim units
Dimensions
Site

Spectrometer

Pield strength
X_acq duration
X domain

X freq
X ot
X poin
X prescans
X resolution

X sweep
Irr_domain
Irr_freq
Irr offset
Clipped
Mod return

Se.
Total_scans

X_90_width
X_acq_time
X

Irr_atn noe
Irr noise
Decoupling
Initial wait
Noe

Noe_time
Recvr_gain
Relaxation delay
Repetition time
Temp_get

= PDG896_13C-5.jAf

= Sunesta Sharma

= single pulse dec

= 5#590926

= CHLOROFORM-D

= 4-APR-2014 01:10:23
19-0CT-2014 17:04:14

= 19-0CT-2014 17:05:01

= 1D COMPLEX

- 26214

= 13C

= [ppm]

= ECS 400

= JNM-ECS400

= 9.2982153 [T) (400 [MHz

= 1.048576 (6]

- 13C

= 99.54517646 [MHz]

= 100 [ppm]
32768

4
0.95367432 [Hz)
31.25[kHz)

1
395.88430144 [MHz)
5 [ppm]
FALSE

Ch
1500
1500

s
ws
K2
25F
=2
&8~
&
2.3
=
B

5.8 [dB]
2.66666667 [us)
21.936 [dB)
21.936 [dB]
WALTZ

TRUE

1(e]

TRUE

2([s]

60

[e]
3.048576 (8]
21.7 [4C)

C NMR (100 MHz, CDCl;) spectrum of 3.3

5102




Electron lonisation WATERS GCT Premier -CAB155 10-Dec-201312:41:59

PDG8-96 559 (15.308) AM (Cen,4, 100.00, Ar,7000.0,218.99,0.78); Sm (SG, 2x5.00); Sb (2,1.00) TOF MS El+
100 2841209 9.50e3

[M*] calcd 284.1201

%

68.9927

283.1211

130.9934
‘ 269.1045

239.0889 285.1294
263.9940

43.9871 89.0356 999989 119.0043  142.0609 149 9965 181.0519 286.1207

) B i SOOI ettt bt et 3:0576 2000278 2280000 L HIl|.
40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290

EI (HRMS) spectrum of 3.3

5103



abundance

& JEOL

7 OoN OCH
@ 2 \ / 3
R O
. 34 |
3_
g
o
] 3
al3 g ||z
2
=
L |
=
E 100 90 30 o 50 =0 %0 30 20 0
AN AN
EICIRRRATSISERNRE = ]
SERELLATERRSIRE 2 2

X : parts per Million : 1H

Filename
Author
Experiment
Sample id
Solvent
Creation time
Revision time
Current_time

Data_format
Dim size
Dim title
Dim units
Dimsnsions
site

Spectrometer

Field strength
X_acq duration

Clipped

Mod return
Scan

Total scans

Dante_presat
Initial wait
Recvr_gain
Relaxation delay
Repetition time
Temp_get

PDG9102P_1H-8.jdf
Suneeta Sharma
single pulse.ex2
54415291
CHLOROFORM-D
15-0CT-2014 14:59:30
18-MAR-2015 23:27:01
18-MAR-2015 23:27:39

1D COMPLEX
26214

1H

[ppm]

ECS 400
JNM-ECS400

9.2982153 [T]
4.41450496 [s]

(400 [MHz

1H

395.88430144 [MHz]
5 [ppm]

32768

1

0.22652597 [Hz]
7.42280285 [kHz]
1H
395.88430144 [MHz]
5 [ppm]

H
395.88430144 [MHz]

5 [ppm]
FALSE
1

16
16

10 [us]
4.41450496 [s]
45 [

2[s]
6.41450496 [s]
21.8[ac]

'H NMR (400 MHz, CDCls) spectrum of 3.4

5104




abundance

<
I OnN OCH
\ / Filename = PDG9102P_13C-3.jdf
Author = N.Ahmed
O Experiment = single pulse dec
Sample id = 5700406
Solvent = CHLOROFORM-D
Creation time = 16-0CT-2014 18:12:34
3 4 Revigion time 17-0CT-2014 09:52:02
. Current_time = 22-JAN-2015 20:27:21
Data_format = 1D COMPLEX
Dim size - 26214
24 Dim title = 13C
Dim units = [ppm]
Dimensions -
site = ECX 500
Spectrometer = DELTA2_NMR
Pield strength = 11.7473579(T] (500 [MH
X_acq duration = 0.82837504 (c]
X_domain - 13C
X_freq = 125.76529768 [MHz)
X off = 100 [ppm]
X_poin 32768
X_prescans 4
X resolution 1.20718268 [Hz)
X sweep = 39.55696203 [kHz)
o Irr_domain - 1
e Irr_freq = 500.15991521 [MHz)
Irr_offset = 5.0 [ppm]
Clipped = FALSE
Mod_return -1
sc = 1500
Total_scans = 1500
X 90 width = 9.62[us)
X“acq_time = 0.82837504 (8]
X_angle = 30[deg]
X atn 7.1[dB]
X_pul, 3.20666667 [us)
Irr_atn_de 18[aB]
Irr_atn noe = 19[dB]
Irr noise = WALTZ
B Decoupling = TRUE
Initial wait = 1[s)
= TROE
Noe time = 1.4(s)
Recvr_gain - 58
Relaxation delay = 1.4 [s]
Repetition time = 2.22837504 [s]
Temp_get = 25.3 [4C
" L " ™
= iy v len s Wy
T T T T T T T T T T T T T T T T T T T T T
2000 190.0 180.0 170.0 1 150.0  140.0 0 120.0 t 0.0 100.0 90.0 80.0 0.0 600 500 40.0 30.0 200 100 0
Nl I\ |
zae ®  2ME FUU2TSS e &
S & 29kE 2HERELR 388 g
e 8 Sed3 ZHSESESE d
Sxc ¥ dodd Zewde-g EEE ¥
bt S 2949 9333358

X : parts per Million : 13C

C NMR (125 MHz, CDCls) spectrum of 3.4

S105




)
Electron lonisation WATERS GCT Premier -CAB155 15-Oct-201415:42:47

PDG9-102+ 930 (15.460) AM (Cen,4, 100.00, Ar,7000.0,218.99,0.15); Sm (SG, 2x5.00); Sb (10,1.00 ) TOF MS El+
i 295.0842 1.11e3

O5N
O
3.4

[M™] calcd 295.0845

68.9936
130.9887 205.0621 el
206.0663 296.0856
124.5437 178.0734
63.0210 76,0304 263.9880
. 99.9895 147.5388 4o 0768 || 189.0730 218.0691234.0609 280.0698 "
40 60 80 100 120 140 160 180 200 220 240 260 280 300

EI (HRMS) spectrum of 3.4

5106



8. 'H,"”C and HRMS spectra of intermediates 4¢ and 5c:

] H3C
@
g, CHj
Filename = PDG11133PR-1H-12.jdf
Author = Suneeta Sharma
O O Experiment = single pulse.ex2
29 Sample id = S#344409
Solvent = CHLOROFORM-D
Creation time = 12-JUN-2015 13:01:20
Revision time = 26-JUN-2015 12:45:34
Br Current_time = 26-JUN-2015 20:07:45
Data_format = 1D COMPLEX
= 4c ® Dim size = 13107
31 = Dim_title = 1H
- Dim_units = [ppm]
7 Dimensions =X
5 Site = ECS 400
Spectrometer = JNM-ECS400
° Field strength = 9.2982153 [T] (400 [MHz
& 2 X_acq duration = 2.20725248 [s]
vl X_domain =1
X freq = 395.88430144 [MHz]
X offset = 5 [ppm]
X points = 16384
X prescans =1
X_resolution = 0.45305193 [Hz]
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C NMR (100 MHz, CDCls) spectrum of 5c¢
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Electron lonisation WATERS GCT Premier -CAB155
PDG11-138P 869 (18.993) AM (Cen 4, 7.00, Ar,7000.0,218.99,0.20); Sm (SG, 2x5.00); Sb (10,1.00 ); Cm (862:877)

100 589.9747
H3CO
| ZBr oC H3
(0] (0]
|
Br
CO,CH3
5¢c
[M*] calcd 587.9783
x
591.9735
587.9788
590.9813
588.9827 592.9772
| 577.2365 586.1700 | 594.0148

05-Jun-201512:40:20
TOF MS El+
3.22e3

601.1158
m/z |

578 579 580 581 582 583 584 585 586 587 588 589 500 591 592 593 594 595 506 597 598 599 600 601

EI (HRMS) spectrum of S¢
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9. 'H,"C and HRMS spectra of benzodifurans 4.1 and 5.1:

=
ﬁ e LJEOL
Filename = PDG111311F 1H-6.jdf
- Author = Suneeta Sharma
= Experiment = single pulse.ax2
Sample_id = 54350408
e Solvent = CHLOROFORM-D
Creation time = 27-MAY-2015 13:27:45
Revision time = 26-JUN-2015 20:10:51
- Current_time = 26-JUN-2015 20:11:10
3
- L Comment = single pulse
&1 Data_format = 1D COMPLEX
Dim size = 13107
Dim_title = 1H
Dim_units = [ppm]
Dimensions =x
] Site = ECS 400
g Spectrometer = JNM-ECS400
a1 Field strength = 9.2982153[T] (400 [MHz
X_acq_duration = 2.20725248[s]
X domain = 1H
freq = 395.88430144 [MHz]
X offset = 5 [ppml
X points = 16384
X prescans =1
X resolution = 0.45305193 [Hz]
=5 X_sweep = 7.42280285 [kHz]
Irr_domain = 1H
Irr fre = 395.88430144 [MHz]
2 Irr offset = 5[ppm]
“domain =1
roq = 395.88430144 [MHz]
offset = 5 [ppm
Clipped = FALSE
2 o Mod_return =1
< Scans =16
=, Total scans = 16
X_90_width = 10[us]
X_acq_time = 2.20725248[s]
X_angle = 45[deg]
X_atn = 0.6 [dB]
2 X pulse = 5[us]
Irr_mode = Off
Tri_mode = off
Dante_presat = FALSE
Initial wait = 1[s]
Recvr_gain = 46
Relaxation delay = 4[s]
Repetition_time = 6.20725248[s]
=5 Temp_get = 26.5[dC]
g
£
g
H
; SN
]
. . i
T T T T T T T T T T
10.0 9.0 8.0 \ //}\\70 6.0 5.0 40 3.0 | 2.0 ‘ 1.0 0
ARANBELRY g 2
SeRardnss 2 @
BEELSEAS g @
B N S o i
X : parts per Million : 1H

'H NMR (400 MHz, CDCl;) spectrum of 4.1
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Filename = PDG111311F 13C-4.jdf
Author = Suneeta Sharma
Experiment = single pulse dec
Sample_id = S#611751
Solvent = CHLOROFORM-D
Creation time = 28-MAY-2015 01:08:56
Revision time = 17-JUN-2015 10:52:15
Current_time = 17-JUN-2015 10:53:18
Data_format = 1D COMPLEX
Dim size = 26214
Dim title = 13¢
Dim units = Ippml
Dimensions =X
= ECS 400
Spectrometer = JNM-ECS400
Field strength = 9.2982153[T] (400 [MHz
- X acq duration = 1.048576[s]
< X domain = 13¢
X freq = 99.54517646 [MHz]
X offset = 100 [ppm]
X points = 32768
X_prescans =4
X resolution = 0.95367432 [Hz]
X_sweep = 31.25[kHz]
Tr_domain = 1H
Irr freq = 395.88430144 [MHz]
Irr offset = 5 [ppm]
Clipped = FALSE
Mod_return =1
Scans = 2000
Total scans = 2000
X_90_width = 8[us]
X acq_time = 1.048576(s]
X angle = 30[deg]
» Xatn = 5.8[dB:
= X pulse = 2.66666667 [us]
Irr_atn_dec = 21.936 [dB]
Irr_atn_noe = 21.936 [dB]
Irr noise = WALTZ
Decoupling = TROUE
Initial wait = 1lsl
Noa = TRUE
Noe time = 1.5[s]
Recvr_gain = 60
Relaxation delay = 1.5[s]
Repetition time = 2.548576[s]
Temp_get = 26.6[4C]
<
T T T T T T T T T T T T T T T T T T T T T
200.0 190.0 180.0 170.0 160.0‘\15011 147( 13[].\1&% 0.0\ 90.0 80.0‘\ 700 600 500 40.0 300 200 100 0
D28 IF BIERpIRLEEgE ggg gs
SnE= S GISHEROUSSENNSR b s icdlied
Buet $& SodrdsTeTrog g =3
wihas ®8 JA3JnAdQ=SSSS S a8
SESI SR da8499ganass
X : parts per Million : 13C

C NMR (100 MHz, CDCls) spectrum of 4.1

S114




Electron lonisation WATERS GCT Premier -CAB155 27-May-201515:33:26

PDG11-131-1F 813 (17.966) AM (Cen,4, 100.00, Ar,7000.0,218.99,0.37); Sm (SG, 2x5.00); Sb (10,1.00 ) TOF MS El+
100 338.1309 8.09e3

4.1
[M*] calcd 338.1307

0{0

207.0320
339.1353
68.9953
130.9927
281.0570 ——
169.0626 208.0329
43.9911 91.055099.9953 133.0245 191.0078 252.0936 265.0988 555 0569 340.1364
| 219.9865239.0801 ‘ 327.0146 356.0609
0Ll L L L byt - TR | TR 111 PAS— P | . W TR PO 1O ~mlz
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360

EI (HRMS) spectrum of 4.1
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Filename
Buthor
Experiment
Sample id
Solvent
Creation_time
Revision time
Current time

Dim units
Dimensions

Spectrometer

Field strength
X_acq duration

X

X

x
X
X

s

domain
freq
offset
points
prescans
resolution

Irr freq
Irr offset

Mod_return
Scans
Total _scans

X

90_width

Tri mode
Dante_presat
Initial wait
Recvr_gain

Relaxation delay
Repetition time

Temp_get

EEREERRERERE]

PDG111392F_1H-9.jdf
Suneeta Sharma
single pulse.ex2
54363142
CHLOROFORM-D
8-JUN-2015 13:32:03
17-JUN-2015 16:58:15
17-JUN-2015 16:58:45

1D COMPLEX
13107

1H
[ppm]

X

ECS 400
JNM-ECS400

9.2982153 [T] (400 [MHz
2.20725248 [5]

1H
395.88430144 [MHz]
5 [ppm]

16384

i
0.45305193 [Hz]
7.42280285 [kHz]

1H
395.88430144 [MHz]
5 [ppm]

1H
395.88430144 [MHz]
5 [ppm]

FALSE

i

16
16

0 [us]
2.20725248 [5]
45 [deg]

0.6 [dB]
5 [us]
Off

Off
FALSE
1ls]

44
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26.3[dC

'H NMR (400 MHz, CDCl;) spectrum of 5.1
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Filename PDG111392F_13C-6.3df
Buthor Suneeta Sharma
Experiment single pulse dec
Sample id 54620784

Solvent CHLOROFORM-D

8-JUN-2015 22:44:26
17-JUN-2015 17:00:31
26-JUN-2015 15:44:07

Creation_time
Revision time
Current_time

Data_format = 1D COMPLEX
Dim_size - 26214
Dim title = 13¢
Dim units = [ppm]
Dimensions =X

= ECS 400
Spectrometer = JNM-ECS400

Field strength
X_acq duration

9.2982153 [T]
1.048576 (5]

(400 [MHz

X_domain = 13¢

X freq = 99.54517646 [MHz]
X offset = 100 [ppm]

X points = 32768
X_prescans =4

X resolution = 0.95367432 [Hz]
X_sweep = 31.25[kHz]
Tr_domain = 1H

Irr freq = 395.88430144 [MHz]
Irr offset = 5 [ppm]

Clipped = FALSE
Mod_return =1

Scans = 2000

Total scans = 2000

Relaxation delay
Repetition time
Temp_get

1[s]
2.048576[s]
27.21dc]

X_90_width = 8[us]

X acq_time = 1.048576[s]
X angle = 30[deg]
Xatn = 5.8[dB:

X pulse = 2.66666667 [us]
Irr_atn_dec = 21.936 [dB]
Irr_atn_noe = 21.936 [dB]
Irr noise = WALTZ
Decoupling = TROUE
Initial wait = 1lsl

Noa = TRUE

Noe time = 1[s]
Recvr_gain = 60

C NMR (100 MHz, CDCls) spectrum of 5.1
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Electron lonisation WATERS GCT Premier -CAB155 08-Jun-201510:27:53

PDG11-139-2F+ 1479 (30.178) AM (Cen,4, 100.00, Ar,7000.0,218.99,0.19); Sm (SG, 2x5.00); Sb (10,1.00 ); Cm (1478:1480) TOF MS El+
68.9941 1.71e4
100
51
[M™] calcd 428.1260
|
= 130.9906
| 263.9851
99.9921 207.0319
428.1266
43.9895 | 730467 — 11,0017 2080325 281.0525 413.9739 429-1260
. J : \ 282.0505 327.0390 370.0937 397.1021 463,9681/

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460

EI (HRMS) spectrum of 5.1
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10. Crystal structure of benzodifuran 4.1:

Fig. X-ray structure of 4.1

The single crystal X-ray was recorded in Bruker SMART APEX-II CCD diffractometer. Data was collected at 273 K using graphite-
monochromated MoKa radiation (4 = 0.71073 A). The crystal structure was solved by direct methods and was refined by full matrix
least squares on F~ using SHELXL-97 and SHELXTL. All hydrogen atoms were included in idealized positions using a riding model.
Anisotropic displacement parameters were used for refining non-hydrogen atoms.

Ref: (a) G. M. Sheldrick, SHELXL-97, Program for Crystal Structure Solution and Refinement; University of Gottingen, Gottingen,
Germany, 1997; (b) G. M. Sheldrick, Acta Cryst., 2008, A64, 112.

Crystal data for compound 4.1: C43H3604, M = 676.77, Monoclinic, a = 18.012(2) A, b = 6.5373(8) A, ¢ = 14.3077(19) A, a = 90.00°,

B = 98.302(4)°, y = 90.00°, V = 1667.1(4) A’, T = 273(2) K, space group Cc, Z = 2, u(MoKa) = 0.085 mm™, 6737 reflections
measured, 3191 independent reflections (Riny = 0.0642). The final R; values were 0.0978 (I>2a(l)). The final wR(F°) values were
0.2589 (I>20(1)). The final R, values were 0.1541 (all data). The final wR(F”) values were 0.3025 (all data). The goodness of fit on F”
was 1.065. CCDC number CCDC 1406195.

S119



