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Abstract: We developed simple and efficient methods for the synthesis of functionalized unsymmetrical vinyl
disulfides under mild conditions with moderate to high yields. The designed methods are based on the reaction of
S-vinyl phosphorodithioate with thiotosylates or S-vinyl thiotosylates with thiols. The developed methods allow for
the preparation of unsymmetrical vinyl disulfides with additional hydroxy, carboxy, protected amino or ester
functionalities. Vinyl disulfides reacted with the generated transient o-iminothioquinones in an inverse electron-
demand [4+2] cycloaddition to afford benzo[b][1,4]thiazine derivatives.
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General information.

Preparation of thiotosylates 1a-1e; 1k; 1m-1n; 1r was described in previous works.! All bromides were purchased
from ProChimia, preparation of sodium 4-methylbenzenesulfonothioate from sodium 4-methylbenzenesulfonate
purchased from Merck, was described previously.! Vinyl magnesium bromide solution (1M) in THF and
tetrabutylammonium fluoride (TBAF) solution (1M) in THF were purchased from Merck.

Tetrahydrofuran was pre-dried over KOH pellets and distilled. Then it was dried by heating under reflux over
potassium in the presence of benzophenone as an indicator. Chloroform, acetonitrile and dichloromethane were
dried according to literature procedure. TLC was performed with silica gel Polygram SIL G/UV254. Column
chromatography was performed using silica gel 60 (230-400 mesh, Merck).

NMR spectra were recorded on Brucker 400 MHz spectrometers. The residual solvent peak was used as the
internal reference (CDCls: 6=7.26 ppm for 1H, 8=77.0 ppm for 13C). IR spectra were recorded on Nicolet I1s50 Ft-IR
spectrometer by ATR method. Melting points were measured with a Gallenkamp 7936B apparatus and were not
standardized.

Experimental Procedures

General procedure for the preparation of thiotosylates derivatives 1f-j;1l;1p.

From alkyl halides!

R':
9-(CH,),CgHy4-4-CH3

\@\ . CHLON o h=(CH,),-3-indyl
& + R'™-Br - " g2 iH(CH2),CeH,-4-CFy
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g°s Na* reflux 3h O//S S j-(CH,),CeHy-4-F
stirring at r.t. overnight I-CH,-2-naphthyl

1g-j;11;1
gEIIP P-(CH3),CeH,-4-OCH;

To the solution of alkyl halide (1 eq, 14.7 mmol) in dry acetonitrile (50 mL) under reflux condenser sodium 4-
methylbenzenesulfonotioate (1 eq, 14.7 mmol) was added, reaction was refluxed 3 h, then was stirred overnight at
rt. After this time solvent was evaporated, residue was washed with water (30 mL), and extracted 3 times with
diethyl ether (50 mL). Combined organic layers were dried over MgSOa, filtered and evaporated to constant volume.
Crude product was purified by column chromatography (SiOz). Pure compounds were identified by *H NMR and
13C NMR spectra. Results are summarized in Table S1.

Table S1. Preparation of thiotosylates 1

Entry Halide Yield (%)@
1 Br-CH2CH>-CeHs-4-CH3 80
2 Br-CH2CH>-3-indyl 87
3 Br-CH2CH>-CeHs-4-CF3 75
4 Br-CH2CH2-CeHas-4-F 70
5 Br-CHa-2-naphthyl 78
6 Br-CH2CH2-CeH4-4-OCH3 80

[a] Isolated yield
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Synthesis of N-Boc cysteamine thiotosylate 1f

0
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)

A solution of 564 mg of tosyl bromide (2.4 mmol) and triethylamine (2.4 mmol, 334 pL) in dry THF (20 mL) was
cooled to 0°C under nitrogen. Then a solution of 354 mg N-Boc cysteamine (2.0 mmol) in dry THF (5 mL) was
added for 30 minutes. Mixture was stirred at 0°C for 1 h after complete addition. Then solvent was removed in
vacuo and the residue was purified by column chromatography (SiO2) using DCM as eluent to provide 464 mg of
S-(2-((tert-butoxycarbonyl)amino)ethyl) 4-methylbenzenesulfonothioate as a white solid with 70% yield.

Synthesis of vinyl disulfides 2 from S-vinyl phophorodithioate

a. Synthesis of 5,5-Dimethyl-2-thioxo-2-vinylsulfanyl-[1,3,2]dioxaphosphorinane

e} S\\ /O
>< \P/S\S/P\o}< =N ™ - Sg°
o/ \\S MgBr 0° — RT /\S/ \

)

To a stirred solution of 868 mg (2.2 mmol) bis-(5,5-dimethyl-2-thioxo-1,3,2-dioxaphosphorinan-2-yl) disulfide in
dry THF (3 mL) was cooled to -5°C under nitrogen, then vinylmagnesium bromide (2.0 mmol, 1M solution in THF,
2 mL) was added dropwise. After complete addition, mixture was stirred for 15 min at rt, and the solvent was
removed in vacuo. Crude product was purified by silica gel column chromatography(petroleum ether/DCM 4:1) to
provide 296 mg of S-vinyl phosphorodithioate as white powder with 66% yield.

b. General procedure for synthesis of vinyl disulfide 2 form S-vinyl phosphorodithioate

S\\ /O \<j\
-\ O TBAF
s o / Ri~g-5"X: Ri~g—g R4

s’ R
§s 1 0%, THF, 15min
1 2 3

A stirred solution of 224 mg (1.0 mmol) S-vinyl phosphorodithioate and thiotosylate 1 (1.0 mmol) in dry THF
(5mL) under nitrogen was cooled to 0°C. Then tetrabutylammonium fluoride (1.1 mmol, 1M solution in THF, 1.1
mL) was added in one portion. After addition, mixture was stirred for 15 min at 0°C. Solvent was removed in vacuo
and crude product was purified by column chromatography (SiOz). Results are summarized in Table S2.

Table S2. Synthesis of vinyl disulfide 2 from S-vinyl phosphorodithioate

Entry R Yield 2 (%) @& Yield 3 (%)@
1 (CH2)11CHs 1a 93 2a
2 ~(CH2)sCH=CH. 1b 82 2b
3 ~(CH2)10COOCH:; 1c 73 2¢
4 ~(CH2)120CHs 1d 62 2d
5 ~(CH2)11SCOCH:s 1e 85 2e
6 ~(CH2)2NHBOC 1f 75 2f
7 ~(CHz2)2CsHa-4-CHs 1g 76 2g
8 ~(CHz2)2-3-indyl 1h 75 2h
9 ~(CH2)2CeHa-4-CF 1i 65 2i
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10 ~(CH2)2CsHa-4-F 1j - 100 3j

11 -CeHa-4-CH3 1k - 100 3k
12 -CH2-2-naphthyl 11 - 80 3l
13 -CH2CeH4-4-NO2 1m - 70 3m
14 -CH2Ce¢H1-4-OCHs 1n - 85 3n
15 -CH2C¢H4-4-CN 10 - 75 30
16 -(CH2)2C¢H4-4-OCHgz 1p - 86 3p
17 -CH2CeHs 1r - 76 3r

[a] Isolated yield

Synthesis of vinyl disulfide 2 from S-vinyl thiotosylate

a. Synthesis of bis (p-toluenesulfonyl)sulfide

2 CHCI i
S & +  SsCl, —=3» S-S
O- Na RT S I

g ©

Ditosylsulfide was prepared using modified literature procedure?:

To a suspension of 13.54 g (76 mmol) sodium p-toluenesulifnate in dry CHCIs (150 mL) under N2, sulfur
dichloride (40 mmol, 2.54 mL) was added dropwise. Mixture was stirred for 2 h at rt, then the insoluble material
was filtered off. Solvent was removed in vacuo, obtained yellowish solid was recrystallized from boiling glacial
acetic acid to provide 9.24g (68%) of bis (p-toluenesulfonyl)sulfide as white needles (mp. 136-137°C, lit. 137°C),
spectra were identical as reported in literature?.

b. Synthesis of S-vinyl thiotosylate

O (o)
I —
@ S ) e WL s )—
S 1 MgBI’ '780C 6

J N

Vinylmagnesium bromide (10 mmol, 1M solution in THF, 10 mL) was added dropwise to a stirred solution of
bis-(p-toluenesulfonyl)sulfide 5.47 g (16 mmol) in dry THF (200 mL) at -78°C under nitrogen . After the complete
addition, mixture was stirred for 2 h at this temperature, then cooling bath was removed, and mixture was warmed
to rt. Solvent was removed in vacuo, and the residue was purified by column chromatography (Hexene : DCM 2:1)
to provide 1.29 g (60%) of S-vinyl thiotosylate as a yellow oil.

c. General procedure for synthesis of vinyl disulfides 2 form S-vinyl thiotosylate

O
PN NEt;

Oﬁ S + g-oH —= g SR
@) 4 CH,Cl, 0°C-RT, 15min 2

To stirred, ice cooled solution of S-vinyl thiotosylate 428 mg (2.0 mmol) and thiol 4 (1.0 mmol) in dry DCM (10
mL) under nitrogen, NEts (1.0 mmol, 140uL) was added in one portion. The mixture was stirred at rt for 15 min.
Then solvent was evaporated and the reside was purified by column chromatography (SiO2) to provide disulfide 2.
Results are summarized in Table S3.
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Table S3. Synthesis of vinyl disulfides 2 from S-vinyl thiotosylate

Entry R Yield 2 (%)@
1 «(CH2)11CHs 4a 97 2a
2 (CH2)10COOCHs 4c 88 2¢
3 «(CH2)2CeH4-4-F 4 90 2j
4 -CeHas-4-CHs 4k 96 2k
5 -CHy-2-naphthyl 4l 92 2|
6 -CH2CeHa-4-NO2 4m 80 2m
7 -CH2CeHa-4-OCH3z 4n 87 2n
8 -CH2Ce¢Hs-4-CN 40 89 20
9 -CH2CeHs 4r 98 2r
10 ~(CH2)10COOH 4s 84 2s
11 ~(CH2)110H 4t 91 2t

[a] Isolated yields.

General procedure for synthesis of benzo[b][1,4]thiazine disulfanyl derivatives 7

O:SIZO
O NH o NEt, | 0=5=0
* /\S/S\R > © N S\S
S—N CHCIj reflux 17h j/ é
o) 2 S
s o _0O
5 7

Benzo[b][1,4]thiazine disulfanyl derivatives were prepared using modified procedure.?

To a solution of 2-N-sulfonylthiophthalimide 5 242 mg (0.5 mmol) and vinyl disulfide 2 (0.75 mmol) in dry CHCls
(20 mL) under nitrogen, triethylamine (0.5 mmol, 70uL) was added. Mixture was stirred under reflux for 17 h, then
solvent was removed in vacuo, and the crude product was purified by column chromatography (SiO2). Results are
summarized in Table S4.

Table S4. Synthesis of benzo[b][1,4]thiazine disulfanyl derivatives 7

Entry R Yield 7 (%)@ Recovered 2 (%)@
1 ~(CH2)11CHs 50 7a 35 2a

2 -(CH2)10COOCH3 30 7¢ 42 2¢

3 -CH2CeHa-4-NO2 29 7m 46 2m

4 -CH2CeHas-4-OCHs 27 7n 44 2n

5 -CH2CeHs 257r 52 2r

[a] Isolated yields.
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Spectral characterization of thiotosylates derivatives 1f-j;1l;1p
S-(2-((tert-butoxycarbonyl)amino)ethyl) 4-methylbenzenesulfonothioate 1f
/‘/\ Chromatography: DCM (R¢=0.3), Yield 464 mg 70%, white solid, mp. 120-121°C

(0]
HN/&O 1H NMR (400 MHz, CDCl3) 5 7.84 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.5 Hz, 2H), 4.93 (s, 1H),
H 3.47 —3.34 (m, 2H), 3.12 (t, J = 6.3 Hz, 2H), 2.48 (s, 3H), 1.45 (s, 9H).

/@/\égs 1f 13C NMR (101 MHz, CDCls3) & 155.7, 145.0, 141.7, 130.0, 127.1, 79.8, 39.7, 36.1, 28.3, 21.7.
HRMS (ESI): m/z [M + H]* calcd for C14H22NO4S,: 332.0985; found: 332.0990.
S-2-(4-methylphenyl)eth-1-yl 4-methylbenzenesulfonothioate 1g
Chromatography : H/DCM 1/1 (Rt=0.28), Yield 3.60g 80%, white solid, mp. 60-61°C
14 NMR (400 MHz, CDCl3) & 7.84 (d, J = 8.4 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 7.8 Hz,

2H), 7.01 (d, J = 8.0 Hz, 2H), 3.22 (t, J = 7.7 Hz, 2H), 2.89 (t, J = 7.7Hz, 2H),), 2.48 (s, 3H), 2.34
/>0 (s, 3H).

S
< > 19 13C NMR (101 MHz, CDCl3) 6 144.7, 142.1, 136.5, 135.7, 129.9, 129.3, 128.4, 127.1, 37.3, 34.7,

21.7,21.1.
HRMS (ESI): m/z [M + H]* calcd for C16H190,S,: 307.0821; found: 307.0824.

S-(2-(1H-indol-3-yl)ethyl) 4-methylbenzenesulfonothioate 1h

Chromatography : H/DCM 1/1 (R=0.25), Yield 3.65g 75%, yellow oil, store at -10°C
0 1H NMR (400 MHz, CDCl3) 8 8.07 (s, 1H), 7.85 (d, J = 8.3 Hz, 2H), 7.52 (d, J = 7.9 Hz, 1H),
HN W\ 7.38 (d, J=8.1Hz, 1H), 7.34 (d, J = 8.0 Hz, 1H), 7.26 — 7.20 (m, 1H), 7.17 — 7.11 (m, 1H),
= S/S\\ 6.99 (d, J = 2.3 Hz, 1H), 3.33 (t, J = 7.5 Hz, 2H), 3.12 (t, J = 7.5 Hz, 2H), 2.48 (d, J = 6.6 Hz,
1th~ O 3H).

3C NMR (101 MHz, CDCl3) 8 144.7, 142.1, 136.2, 129.9, 127.0, 126.8, 122.3, 119.6, 118.5, 113.2, 111.3, 36.6, 25.1, 21.7.

HRMS (ESI): m/z [M + H]* calcd for C17H1sNO,S,: 332.0773; found: 332.0774.

S-2-(4-trifluoromethylphenyl)eth-1-y| 4-methylbenzenesulfonothioate 1i

Chromatography : H/DCM 2/1 (Rt=0.27), Yield 3.97g 75%, white solid, mp. 48-49°C

W\ /S

S\\ IH NMR (400 MHz, CDCl3) & 7.83 (d, J = 8.3 Hz, 2H), 7.55 (d, J = 8.1 Hz, 2H), 7.37 (d, J
o CF = 8.1 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 3.25 (t, J = 7.6 Hz, 2H), 3.02 (t, J = 7.6 Hz, 2H),

i 3 2.48(s, 3H).

13C NMR (101 MHz, CDCl3) 8 145.0, 142.7, 141.9, 129.9, 129.4, 129.0, 127.1, 125.6 (q, J = 3.8 Hz), 122.8, 36.7, 35.0, 21.7.

HRMS (ESI): m/z [M + H]* calcd for C16H16F302S,: 361.0538; found: 361.0541.

S-2-(4-fluorophenyl)eth-1-yl 4-methylbenzenesulfonothioate 1j

0] S Chromatography : H/DCM 1/1 (R¢=0.3), Yield 3.19g 70%, white solid, mp. 43-44°C
\Y
S/
\b \/\©\ 1H NMR (400 MHz, CDCl3) 8 7.83 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.0 Hz, 2H), 7.11 - 7.05
1 F (m,2H), 7.02-6.93 (m, 2H), 3.22 (t, J = 7.6 Hz, 2H), 2.92 (t, J = 7.6 Hz, 2H), 2.48 (s, 3H).

13C NMR (101 MHz, CDCl3) & 161.8 (d, J = 245.2Hz), 144.9, 142.0, 134.4 (d, J = 3.3Hz), 130.1 (d, J = 3.3 Hz) , 129.9, 127.0, 115.5
(d, J=21.3 Hz), 37.2, 34.4, 21.7.

HRMS (ESI): m/z [M + H]* calcd for C15H16FO,S;: 311.0570; found: 311.0575.

S7



Chromatography : H/DCM 1/1 (Rt=0.35), Yield 3.72g 77%, white solid, mp. 100-101°C

S-(naphthalen-2-yImethyl) 4-methylbenzenesulfonothioate 1l
S— —@— 'H NMR (400 MHz, CDCl3) 8 7.81 — 7.76 (m, 1H), 7.73 — 7.66 (m, 4H), 7.60 (s, 1H), 7.52 —
7.46 (m, 2H), 7.30 — 7.26 (m, 1H), 7.13 (d, J = 8.5 Hz, 2H), 4.45 (s, 2H), 2.32 (s, 3H).
11
13C NMR (101 MHz, CDCl3) & 144.5, 142.1, 133.1, 132.8, 130.9, 129.5, 128.7, 128.2,

127.7,127.6, 127.0, 126.5, 126.4, 126.3, 40.7, 21.5.

wn=0

O

HRMS (ESI): m/z [M + H]+calcd for C1gH170,S;: 329.0664; found: 329.0665.

S-2-(4-methoxyphenyl)eth-1-yl 4-methylbenzenesulfonothioate 1p

0 Chromatography : H/DCM 1/2 (R=0.32), Yield 3.65g 77%, colorless oil, stored at -10°C
W\ /S

S{\ IH NMR (400 MHz, CDCl3) 8 7.88 — 7.77 (m, 2H), 7.41 — 7.31 (m, 2H), 7.11 — 6.99 (m,

o o— 2H), 6.91 — 6.73 (m, 2H), 3.81 (s, 3H), 3.21 (t, J = 7.6 Hz, 2H),), 2.87 (t, J = 7.6 Hz, 2H),),
1 2.48 (s, 3H).

3C NMR (101 MHz, CDCl3) & 158.5, 144.8, 142.1, 130.8, 129.9, 129.6, 127.1, 114.0, 55.3, 37.5, 34.3, 21.7.

HRMS (ESI): m/z [M + H]* calcd for C16H1903S,: 323.0770; found: 323.0773.

Spectral characterization of starting materials

5,5-Dimethyl-2-thioxo-2-vinylsulfanyl-[1,3,2]dioxaphosphorinane

Chromatography: PE/DCM 4/1 (R=0.2), Yield 0.296g 66%,white solid, mp. 57.8-58.8 °C

S /O

N
S H NMR (400 MHz, CDCls) & 6.50 (dt, J = 16.6, 9.3 Hz, 1H), 5.79 — 5.63 (m, 2H), 4.21 (dd, J = 10.8,
7

/\S \O 7.0 Hz, 2H), 4.02 (dtd, J = 11.2, 2.4, 1.2 Hz, 2H), 1.29 (s, 3H), 0.97 (s, 3H).

13C NMR (101 MHz, CDCl3) 8 124.0 (d, J = 4.5 Hz), 123.5 (d, J = 12.6 Hz), 77.6 (d, J = 9.0 Hz), 32.5 (d, J = 7.0 Hz), 21.0 (d, J = 1.2
Hz).

3P NMR (202 MHz, CDCls) & 82.46.
HRMS (ESI): m/z [M + H]* calcd for C7H140,PS;: 225.0167; found: 225.0168.

toluene-4-thiosulfonic acid S-vinyl ester

Chromatography: PE/DCM 2/1 (R=0.3), Yield 1.29g 60%,yellow oil, stored at -10 °C

O

\S—g H NMR (400 MHz, CDCl3) 8 7.79 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.1 Hz, 2H), 6.62 (dd, J =
X 16.5, 9.0 Hz, 1H), 5.78 (d, J = 9.0 Hz, 1H), 5.61 (d, J = 16.5 Hz, 1H), 2.47 (s, 3H).
@)

13C NMR (101 MHz, CDCl3) & 145.0, 141.4, 129.7, 128.0, 127.3, 125.5, 21.7.

HRMS (ESI): m/z [M + H]* calcd for CoH110,S5: 215.0195; found: 215.0196.
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Spectral characterization of vinyl disulfides 2

1-vinyldisulfanyldodecane 2a

s Chromatography: Hexene (Rt=0.6), Yield 0.242g, 93% (Table S2 entry 1); 0.253g,
AT G P G\ .
W S 97% (Table S3 entry 1), colorless oil

2a

H NMR (400 MHz, CDCls) & 6.41 (dd, J = 16.2, 9.6 Hz, 1H), 5.56 (d, J = 16.2 Hz,
1H), 5.36 (d, J = 9.6 Hz, 1H), 2.73 (t, J = 7.3 Hz, 2H), 1.74-1.64 (m, 2H), 1.44-1.26 (m, 18H), 0.91 (t, J = 6.9 Hz, 3H).

13C NMR (101 MHz, CDCl3) 5 133.8, 113.1, 38.3, 31.9, 29.6, 29.6, 29.6, 29.5, 29.3, 29.2, 29.1, 28.5, 22.7, 14.1.
HRMS (ESI): m/z [M + H]* calcd for C14H29S>: 261.1705; found: 261.1711.

11-vinyldisulfanylundec-1-ene 2b

s Chromatography: Hexene (R=0.57), Yield 0.200g, 82% (Table S2 entry 2),
SIS colorless ol

2b
H NMR (400 MHz, CDCls) & 6.41 (dd, J =16.2, 9.6 Hz, 1H), 5.92-5.74 (m, 1H),

5.56 (d, J =16.2 Hz, 1H), 5.36 (d, J =9.6 Hz, 1H), 5.06—4.93 (m, 2H), 2.73 (t, J =7.3 Hz, 2H), 2.10-2.03 (m, 2H), 1.74-1.64 (m, 2H),
1.46-1.28 (m, 12H).

3C NMR (101 MHz, CDCl3) 8 139.2, 133.8, 114.1, 113.1, 38.3, 33.8, 29.4, 29.4, 29.2, 29.1, 29.1, 28.9, 28.5.

HRMS (ESI): m/z [M + H]* calcd for C13H25S2: 245.1392; found: 245.1395.

11-vinyldisulfanylundecanoic acid methyl ester 2c

o Chromatography: Hexene/DCM 2/1(R:=0.25), Yield 0.212g, 73% (Table S2

entry 3); 0.256g, 88% (Table S3 entry 2), colorless oil
MO/

S
~S
W ) H NMR (400 MHz, CDCls) & 6.40 (dd, J = 16.2, 9.6 Hz, 1H), 5.55 (d, J = 16.3
¢ Hz, 1H), 5.36 (d, J = 9.6 Hz, 1H), 3.69 (s, 3 H), 2.72 (t, J = 7.3 Hz, 2H), 2.32
J =75 Hz, 2H), 1.77-1.62 (m, 4H), 1.48-1.20 (m, 12 H).

3C NMR (101 MHz, CDCl3) 8 174.3, 133.8, 113.1, 51.5, 38.2, 34.1, 29.4, 29.3, 29.2, 29.2, 29.1, 29.1, 28.5, 24.9.
HRMS (ESI): m/z [M + H]* calcd for C14H270,S,: 291.1447; found: 291.1452.

11-methoxy-1-vinyldisulfanylundecane 2d

Chromatography: Hexene/DCM 3/1 (R=0.44), Yield 0.171g, 62% (Table S2

S
r S o~ entry 4), colorless oil

| 2d
1H NMR (400 MHz, CDCls) & 6.40 (dd, J =16.2, 9.6 Hz, 1H), 5.56 (d, J = 16.2
Hz, 1H), 5.36 (d, J = 9.6 Hz, 1H), 3.39 (t, J = 6.6 Hz, 2H), 3.35 (s, 3 H), 2.71 (t, J =7.4 Hz, 2H), 1.45-1.19 (m, 18 H).

13C NMR (101 MHz, CDCls) 8 133.8, 113.1, 73.0, 58.5, 38.3, 29.7, 29.5, 29.5, 29.5, 29.2, 29.1, 28.5, 26.1.
HRMS (ESI): m/z [M + H]* calcd for C14H200S,: 277.1654; found: 277.1657.

S-(11-(vinyldisulfanyl)undec-1-yl) ethanethioate 2e

') Chromatography: Hexene/Ethyl acetate 3/1 (R+=0.31), Yield 0.273g, 85%

S )J\ (Table S2 entry 5), yellowish oil
h S

S
[ H NMR (400 MHz, CDCls) & 6.40 (dd, J =16.2, 9.6 Hz, 1H), 5.55 (d, J = 16.2
2 Hz, 1H), 5.36 (d, J = 9.6 Hz, 1H), 2.89 (t, J = 7.3 Hz, 2H), 2.72 (t, J =7.3 Hz,
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2H), 2.34 (s, 3 H), 1.72-1.65 (m, 2H), 1.62—1.54 (m, 2H), 1.46-1.21 (m, 14 H).
13C NMR (101 MHz, CDCls) & = 196.1, 133.8, 113.1, 38.2, 30.7, 29.5, 29.5, 29.4, 29.2, 29.1, 29.1, 28.8, 28.5.
HRMS (ESI): m/z [M + H]* calcd for CisHpeOSs: 321.1375; found: 321.1371.

N-(2-vinyldisulfanylethyl)-carbamic acid tert-butyl ester 2f

H Chromatography: Hexene/DCM 2/1 (R=0.35), Yield 0.177g, 75% (Table S2 entry 6), colorless
\/S\S/\/ N \[(O\’< oil
2f @) IH NMR (400 MHz, CDCl;) 8 6.40 (dd, J = 16.2, 9.5Hz, 1H), 5.58 (d, J = 16.2 Hz, 1H), 5.41 (d, J

= 9.6 Hz, 1H), 4.90 (s, 1 H), 3.45 (dd, J =11.6, 5.6 Hz, 2H), 2.83 (t, J =6.2 Hz, 2H), 1.47 (s, 9 H).

13C NMR (101 MHz, CDCl3) & 155.7, 133.1, 114.1, 79.6, 39.1, 37.7, 28.4.
HRMS (ESI): m/z [M + H]* calcd for CgH1sNO,S,: 236.0773; found: 236.0772.

4-(2-vinyldisulfanyleth-1-yl)toluene 2g
Chromatography: Hexene (Rf=0.55), Yield 0.160g, 76% (Table S2 entry 7), colorless oil

\/S\S H NMR (400 MHz, CDCls) & 7.16=7.09 (m, 4 H), 6.42 (dd, J = 16.2, 9.5 Hz, 1H), 5.57 (d, J = 16.3
2 Hz, 1H), 5.38 (d, J = 9.6 Hz, 1H), 2.98-2.93 (m, 4 H), 2.35 (s, 3 H).

3C NMR (101 MHz, CDCl3) 8 133.5, 129.2, 129.2, 128.5, 128.5, 113.5, 39.3, 35.1, 21.1.
HRMS (ESI): m/z [M + H]* calcd for C11H15S2: 211.0610; found: 211.0614.

3-(2-vinyldisulfanyleth-1-yl)-1H-indole 2h

\\ Chromatography: Hexene/DCM 2/1 (R=0.27), Yield 0.177g, 75% (Table S2 entry 8), colorless oil,
S stored at -10°C

IH NMR (400 MHz, CDCl3) 8 8.02 (s, 1H), 7.62 (d, J = 7.9 Hz, 1H), 7.39 (dd, J = 8.1, 0.8 Hz, 1H), 7.26—
2h \ NH 7.20 (m, 1H), 7.15 (ddd, J = 8.0, 7.1, 1.0 Hz, 1H), 7.08 (d, J = 2.3 Hz, 1H), 6.45 (dd, J = 16.2, 9.6 Hz,
1H), 5.60 (d, J = 16.2 Hz, 1H), 5.39 (d, J = 9.6 Hz, 1H), 3.19 (ddd, J = 8.1, 3.7, 2.4 Hz, 2H), 3.12-3.01
(m, 2H).
3C NMR (101 MHz, CDCl3) 8 133.7, 122.2, 121.8, 119.4, 118.7, 114.3, 113.5, 111.2, 38.5, 25.3.
HRMS (ESI): m/z [M + H]* calcd for C12H14NS;: 236.0562; found: 236.0566.

4-(2-vinyldisulfanyleth-1-yl)-trifluoromethylbenzene 2i

Chromatography: Hexene/DCM 5/1 (R=0.33), Yield 0.172g, 65% (Table S2 entry 9), colorless

F3C
\@\/\ oil
S
5 NF

H NMR (400 MHz, CDCls) 8 7.58 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 6.40 (dd, J =
2i 16.2, 9.5 Hz, 1H), 5.57 (d, J = 16.3 Hz, 1H), 5.40 (d, J = 9.5 Hz, 1H), 3.13 — 3.03 (m, 2H), 3.03 —
2.86 (m, 2H).

3C NMR (101 MHz, CDCl3) 8 143.9, 133.2, 129.0, 128.7, 125.5 (q, J = 3.8 Hz), 113.9, 39.5, 35.3.
HRMS (ESI): m/z [M + H]* calcd for C11H12F3S,: 265.0327; found: 265.0329.

4-(2-vinyldisulfanyleth-1-yl)-fluorobenzene 2j

F Chromatography: Hexene/DCM 4/1 (R=0.44), Yield 0.193g, 90% (Table S3 entry 3), colorless olil,
.S /\/©/ IH NMR (400 MHz, CDCl3) § 7.20-7.10 (m, 2H), 7.08-6.95 (m, 2H), 6.41 (dd, J = 16.2, 9.6 Hz, 1H),
X-"~g 5.56 (d, J = 16.2 Hz, 1H), 5.39 (d, J = 9.5 Hz, 1H), 3.02—2.90 (m, 4H).

2j
21.1 Hz), 113.6, 39.2, 34.7.
HRMS (ESI): m/z [M + H]*calcd for C10H12FS2: 215.0359; found: 215.0364.

13C NMR (101 MHz, CDCls) & 163.2, 143.8, 135.7(d, J = 3.4 Hz), 130.0(d, J=8.0Hz), 115.3(d, J=

S10



4-vinyldisulfanyltoluene 2k

S Chromatography: Hexene (Ri=0.6), Yield 0.175g, 96% (Table S3 entry 4), yellowish oil,

/\S/
1H NMR (400 MHz, CDCl3) 8 7.41 (d, J = 8.2 Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H), 6.48 (dd, J = 16.2, 9.5 Hz,
2k 1H), 5.57 (d, J = 16.2 Hz, 1H), 5.39 (d, J = 9.5 Hz, 1H), 2.36 (s, 3H).

13C NMR (101 MHz, CDCls) & 137.6, 133.1, 132.9, 129.8, 128.7, 114.2, 21.1.
HRMS (ESI): m/z [M + H]* calcd for C9H11S,: 183.0297; found: 183.0303.

2-(vinyldisulfanylmethyl)naphthalene 2|

Chromatography: Hexene/Toluene 5/1 (R=0.5), Yield 0.214g, 92% (Table S3 entry 5), yellowish oil,

1 i — =
/\S/S H NMR (400 MHz, CDCls) & 7.87-7.82 (m, 3H), 7.75 (s, 1H), 7.55-7.45 (m, 3H), 6.27 (dd, J = 26.3,

16.8 Hz, 1H), 5.51 (d, J = 16.3 Hz, 1H), 5.28 (d, J = 9.5 Hz, 1H), 4.09 (s, 2H).
2]
13C NMR (101 MHz, CDCl3) & 134.2, 133.3, 133.2, 132.7, 128.4, 127.8, 127.2, 126.1, 113.8, 42.8.
HRMS (ESI): m/z [M + H]* calcd for C13H13S2: 233.0453; found: 233.0456.

4-(vinyldisulfanylmethyl)nitrobenzene 2m

NO, Chromatography: Hexane/Toluene 2/1(R=0.3), Yield 0.222g, 80% (Table S3 entry 6), yellow oil,

~ /S\/© H NMR (400 MHz, CDCls) 8 8.21 (d, J = 8.7 Hz, 2H), 7.48 (d, J = 8.7 Hz, 2H), 6.20 (dd, J = 16.3,
- 9.5 Hz, 1H), 5.46 (d, J = 16.3 Hz, 1H), 5.30 (d, J = 9.5 Hz, 1H), 3.96 (s, 2H).

13C NMR (101 MHz, CDCl3) d 147.3, 144.6, 132.6, 130.2, 123.8, 114.5, 41.3.
HRMS (ESI): m/z [M + H]* calcd for CgH10NO,S,: 228.0147; found: 228.0152.

4-(vinyldisulfanylmethyl)methoxybenzene 2n

Chromatography: Hexane/DCM 3/1 ( Ri= 0.36), Yield 0.185g, 87% (Table S3 entry 7), colorless oil,

\/©/OMe
1 - - -
/\S/S H NMR (400 MHz, CDCl;) 6 7.25 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H), 6.26 (dd, J = 16.3,

9.5 Hz, 1H), 5.50 (d, J = 16.3 Hz, 1H), 5.32 (d, J = 9.5 Hz, 1H), 3.89 (s, 2H), 3.83 (s, 3H).
2n
13C NMR (101 MHz, CDCl3) & 159.1, 133.2, 130.5, 128.8, 114.0, 113.5, 55.3, 41.9.
HRMS (ESI): m/z [M + H]* calcd for C10H130S,: 213.0402; found: 213.0408.

4-(vinyldisulfanylmethyl)benzonitrile 20

Chromatography: Hexane/DCM 2/1 ( Ri= 0.45), Yield 0.185g, 89% Table S3 entry 8), colorless oil,

\/©/CN
1 - — —
/\S/S H NMR (400 MHz, CDCl3) 6 7.64 (d, J = 8.3 Hz, 2H), 7.43 (d, J = 8.3 Hz, 2H), 6.19 (dd, J = 16.3,

9.5 Hz, 1H), 5.45 (d, J = 16.3 Hz, 1H), 5.30 (d, J = 9.5 Hz, 1H), 3.92 (s, 2H).
20 13C NMR (101 MHz, CDCl3) & 137.8, 127.9, 127.5, 125.4, 114.0, 109.6, 106.6, 36.8.

HRMS (ESI): m/z [M + H]* calcd for C10H10NS,: 208.0249; found: 208.0246.
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Vinyl-benzyl disulfide 2r

Chromatography: Hexane (R:=0.6), Yield 0.179g, 98% (Table S3 entry 9), yellowish oil,
/\S’S\/© 'H NMR (400 MHz, CDCls) & 7.44— .27 (m, 5H), 6.25 (dd, J = 16.3, 9.5 Hz, 1H), 5.49 (d, J = 16.3 Hz, 1H),
5.31 (d, J = 9.5 Hz, 1H), 3.93 (s, 2H).
2r
13C NMR (101 MHz, CDCl3) 5 136.8, 133.1, 129.4, 128.6, 127.6, 113.7, 42.5.

HRMS (ESI): m/z [M + H]* calcd for CgH11S,: 183.0297; found: 183.0302.

11-(vinyldisulfanyl)undecanoic acid 2s

Chromatography: DCM/Ethyl acetate 9/1 (R+=0.3), Yield 0.232g 84% (Table

s /\/\/\/\/\)J\ S3 entry 10), colorless oil,
g OH

1H NMR (400 MHz, CDCl3) 8 6.40 (dd, J = 16.2, 9.6 Hz, 1H), 5.56 (d, J = 16.2
2s Hz, 1H), 5.36 (d, J = 9.6 Hz, 1H), 2.70 (t, J = 7.4 Hz,, 2H), 2.37 (t, J = 7.5 Hz,
2H), 1.75-1.60 (m, 4H), 1.45-1.26 (m, 12H).
3C NMR (101 MHz, CDCl3) 8 179.5, 133.8, 113.1, 38.2, 29.4, 29.3, 29.2, 29.2, 29.1, 29.0, 28.5, 24.7.
HRMS (ESI): m/z [M + H]* calcd for C13H250,S,: 277.1290; found: 277.1286.

11-(vinyldisulfanyl)-undecan-1-ol 2t

H Chromatography: DCM (Re=0.27), Yield 0.239g, 91% (Table S3 entry 11),
colorless oil,

/\S/S\/\/\/\/\/\/O

2t H NMR (400 MHz, CDCl3) 5 6.40 (dd, J = 16.2, 9.6 Hz, 1H), 5.56 (d, J = 16.2
Hz, 1H), 5.36 (d, J = 9.6 Hz, 1H), 3.67 (t, J = 6.6 Hz, 2H), 2.72 (t, J = 7.3, 2H), 1.72-1.64 (m, 2H), 1.48—1.14 (m, 16H).

13C NMR (101 MHz, CDCl3) 8 133.8, 113.1, 63.1, 38.2, 32.8, 29.6, 29.5, 29.5, 29.4, 29.2, 29.1, 28.5, 25.7.

HRMS (ESI): m/z [M + H]* calcd for C13H270S,: 263.1498; found: 263.1503.

Spectral characterization of benzo[b][1,4]thiazine disulfanyl derivatives 7a-r

3-(dodec-1-yldisulfanyl)-6,8-dimethoxy-4-(4-toluenesulfonyl)-3,4-dihydro-2H-benzo[1,4]thiazine 7a

Chromatography: Hexane/DCM 2/1 (R=0.32), Yield 0.150g, 50% (Table S4 entry 1),
thick yellow all,

H NMR (400 MHz, CDCl) 8 7.52 (d, J = 8.3 Hz, 2H), 7.21 (d, J = 8.1 Hz, 2H), 7.03
(d, J = 2.4 Hz, 1H), 6.37 (d, J = 2.4 Hz, 1H), 5.89 (t, = 5.2 Hz, 1H), 3.83 (s, 3H), 3.83

(s, 3H), 3.15-2.85 (m, 2H), 2.87-2.74 (m, 2H), 2.40 (s, 3H), 1.71-1.54 (m, 2H), 1.44—
1.21 (m, 18H), 0.88 (t, J = 6.9 Hz, 3H).

13C NMR (101 MHz, CDCl5) 8 157.8, 156.0, 144.2, 135.9, 133.4, 129.6, 127.4, 109.2,

0=S=0 105.1, 97.4, 65.4, 56.1, 55.6, 39.2, 31.9, 29.7, 29.7, 29.5, 29.4, 22.7, 21.6, 14.1.

| T
0] N S\S IR (ATR): 2922(w), 2851(w), 1578(w), 1455(w), 1434(w), 1308(s), 1284(w), 1228(w),
j/ 1185(w), 1060(w), 1039(w), 842(s), 829(s), 812(s), 705(w), 694(s), 644(s) cm-:
S
/O 7a

HRMS (ESI): m/z [M + H]* calcd for CooHasNO4S4: 598.2148; found: 598.2153.
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3-(10-methoxycarbonyldec-1-yldisulfanyl)-6,8-dimethoxy-4-(4-toluenesulfonyl)-3,4-dihydro-2H-
benzo[1,4]thiazine 7c
_~ Chromatography: DCM (R= 0.45), Yield 0.094g, 30% (Table S4 entry 2), thick
o yellow oil

O 1 NMR (400 MHz, CDCls) § 7.52 (d, J = 8.3 Hz, 2H), 7.21 (d, J = 8.1 Hz, 2H),
7.04 (d, J = 2.4 Hz, 1H), 6.37 (d, J = 2.4 Hz, 1H), 5.89 (t, J = 5.2 Hz, 1H), 3.84 (s,
3H), 3.83 (s, 3H), 3.69 (s, 3H), 3.15-2.85 (m, 2H), 2.88-2.74 (M, 2H), 2.40 (s,
3H), 2.33 (t, J = 7.5 Hz, 2H), 1.70-1.55 (m, 4H), 1.41-1.25 (m, 12H).

13C NMR (101 MHz, CDCl3) 8 157.8, 156.0, 144.2, 135.9, 129.6, 127.4, 105.1,
97.4,65.4,56.1, 55.6, 51.5, 39.2, 34.1, 31.2, 29.4, 29.4, 29.2, 29.2, 29.1, 28.5,

O= S 0 25.0, 21.6.
IR (ATR): 2924(w), 2851(w), 1733(m), 1597(m),1455(m), 1434(m), 1355(m),
j/ 1307(m), 1228(m), 1200(vs), 1186(m), 1161(m), 1114(w), 1059(w), 961(w),
829(w), 744(m), 705(s), 694(m) 609(s), 580(m), 566(s), 540(s) cm™*

HRMS (ESI): m/z [M + H]* calcd for Co9H42NOsS4: 628.1889; found: 628.1901.

3-(4-nitrobenzyldisulfanyl)- 6,8-dimethoxy-4-(4-toluenesulfonyl)-3,4-dihydro-2H-benzo[1,4]thiazine 7m

Chromatography: DCM/Toluene 1/2 (R+= 0.35), Yield 0.082g, 29% (Table S4 entry 3), thick yellow
NO, oil

H NMR (400 MHz, CDCls) 8 8.19 (d, J = 8.7 Hz, 2H), 7.51 — 7.44 (m, 4H), 7.21 (d, J = 8.0 Hz,
2H), 7.13 (d, J = 2.4 Hz, 1H), 6.39 (d, J = 2.4 Hz, 1H), 5.81 (t, J = 5.4 Hz, 1H), 4.16 — 4.06 (m, 2H),

| 0=8=0 3.84 (s, 6H), 2.94 (ddd, J = 29.1, 13.3, 5.4 Hz, 2H), 2.41 (s, 3H).
0] N S.
S 13C NMR (101 MHz, CDCls) & 158.1, 156.2, 144.7, 144.5, 135.4, 133.3, 130.3, 129.7, 127.4,
S 123.8, 105.1, 97.3, 65.5, 56.1, 55.7, 42.3, 31.2, 21.6.
0 7m IR (ATR): 2873(w), 2850(w), 1596(m), 1577(m), 1542(m), 1517(m), 1454(w), 1433(w), 1342(vs),

1309(m), 1229(m), 1218(vs), 1201(s), 1186(m), 1095(m), 959(w), 620(w), 579(s), 540(s) cm

HRMS (ESI): m/z [M + H]* calcd for C24H25N206S4: 565.0590; found: 565.0591.

3-(4-methoxybenzyldisulfanyl)-6,8-dimethoxy-4-(4-toluenesulfonyl)-3,4-dihydro-2H-benzo[1,4]thiazine 7n

Chromatography: Toluene (R=0.21), Yield 0.074g, 27% (Table S4 entry 4), thick yellow oil

1H NMR (400 MHz, CDCl3) 8 7.49 (d, J = 8.3 Hz, 2H), 7.28 (d, J = 8.6 Hz, 2H), 7.21 (d, J = 8.1 Hz,

2H), 7.07 (d, J = 2.4 Hz, 1H), 6.88 (t, J = 7.3 Hz, 2H), 6.38 (d, J = 2.4 Hz, 1H), 5.67 (t, J = 5.3 Hz,

1H), 4.13-3.92 (m, 2H), 3.84 (s, 3H), 3.83 (s, 3H), 3.82 (s, 3H), 2.91 (d, J = 5.3 Hz, 2H), 2.40 (s,
o= S O 3H).

13C NMR (101 MHz, CDCl3) 8 159.1, 157.8, 156.0, 144.3, 135.8, 133.3, 130.7, 129.6, 128.9, 127.4,
114.1, 109.3, 105.2, 97.5, 64.9, 56.1, 55.7, 55.3, 43.2, 30.9, 21.6.

0 7n IR (ATR): 2998(w), 2836(w), 2361(w), 2331(w), 1596(m), 1577(m), 1510(m), 1454(m), 1355(w),

- 1303(w), 1248(w), 1200(vs), 1161(s), 1087(s), 1031(s), 958(w), 703(m), 664(m), 540(s) cm*

HRMS (ESI): m/z [M + H]* calcd for C25H23NOsS4: 550.0845; found: 550.0851.
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3-(benzyldisulfanyl)-6,8-dimethoxy-4-(4-toluenesulfonyl)-3,4-dihydro-2H-benzo[1,4]thiazine 7r

Chromatography: Toluene/Hexane 1/1 (R= 0.4), Yield 0.065g, 25% (Table S4 entry 5), thick yellow
oil

H NMR (400 MHz, CDCls) & 7.50 (d, J = 8.3 Hz, 2H), 7.38-7.30 (m, 5H), 7.21 (d, J = 8.0 Hz, 2H),
7.07 (d, J = 2.4 Hz, 1H), 6.38 (d, J = 2.4 Hz, 1H), 5.70 (t, J = 5.3 Hz, 1H), 4.13-3.98 (m, 2H), 3.83
o= S O (s, 3H), 3.82 (s, 3H), 2.92 (dt, J = 10.9, 5.4 Hz, 2H), 2.41 (s, 3H).

13C NMR (101 MHz, CDCl3) 8 157.9, 156.0, 144.3, 137.0, 135.8, 133.3, 129.6, 129.5, 128.6, 127.4,
109.2, 105.2, 97.5, 65.1, 56.1, 55.7, 43.7, 31.0, 29.7, 21.6.

0 7r IR (ATR): 2923(w), 2871(w), 2850(w), 2362(w),1596(m), 1577(m), 1453(m), 1415(m), 1378(m),
- 1353(m), 1284(vs), 1228(vs), 1200(s), 1185(s), 961(m), 935(m),869(s), 766(s), 579(s) cm-*

HRMS (ESI): m/z [M + H]* calcd for C,4H26NO4S4: 520.0739; found: 520.0743.

References

[1] a) J. Doroszuk, M. Musiejuk, t. Ponikiewski, D. Witt, Eur. J. Org. Chem., 2018: 6333; b) M. Musiejuk, J.
Doroszuk, B. Jedrzejewski, G. Ortiz Nieto, M. Marin Navarro, D. Witt, Adv. Synth. Catal. 2020, 362, 618-626.

[2] A. Venker, T. Vollgraff, J. Sundermeyer, Dalton Trans., 2018, 47, 1933-1941.

[3] M. Campo, G. Lamanna, S. Menichetti, Synlett 2007, 2961-2964.

Author Contributions

B. Jedrzejewski, leading investigator (synthesis of starting materials, disulfides and Diels-Alder reactions)
M. Musiejuk, equal investigator (synthesis of starting materials and disulfides)

J. Doroszuk, equal investigator (synthesis of starting materials and disulfides)

D. Witt, principal investigator, (project management, writing of original manuscript)

NMR SPECTRA

S14



—25000

~20000

15000

~10000

~5000

DWMEBE2
iH

]

—

FiE0T

I 880

66T

= 00rg

2.5

1.5 1.0 0.5 0.0

2.0

9.5 9.0 B.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4,5 4.0 3.5 3.0
f1 (ppm)
S15

10.0



DWMEB62
13C

155 .66

—145.03

—=141 .66

—12a.87

—127.08

79.82

—39.69

—36.06

—28.34

—21.68

19000
18000
17000
16000
15000
14000
13000
12000
11000
10000
;QDDD

8000

7000

6000

190 180 170 160

T
150

T
140

T
130

T
120

T

110

—
100
f1 (ppm)

S16

T
a0

80

70 60 a0 40

30

20



DWMEB61-F2
1H

NI EE —

2,08

2,06~
1,981

2.00—

3,001

13000

12000

9.0

8.5

8.0

75

7.0

6.5

6.0

3.5

5.0
f1 (ppm)

S17

4.5

2

in 1 3042

2.0

1.5

1.0

0.5



DWMESG1-F2

S18

T8 RE/ERTN _— -
13¢ $Y RBRRAR 5 E EE
T VN N 7
Q.
P
0!
1!
1]
I Il
— “ —— ol — .
190 180 170 160 150 140 130 120 110 100 90 80 70 60 30 40 30 20 10
f1 (ppm)



DWMEBBS_F2
1H
f | |If ||[
W |
HN = .5 ! |
S \b ra M | |
1h I|' | I| I| |' | | [
S || [ ]
_A_/ L Jh Jt
R T 7 7
B 3 R2REBE3 g 8 g
A e — T T 1 T T 1 T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7o 7.0 6.3 6.0 3.5 4.5 4.0 35 3.0 2.0 2.0 1.5 1.0 0.5



~7500

—7000

~6500

~6000

~5500

~5000

—4500

~4000

~3500

~3000

~2500

—2000

~1500

~1000

~200

—-500

DWMESGS_F2 ol 2 HO0® Sh%® 88 o -
13C T A ZhE HES=2 OZ s o
- - o e e - (] o
I | YWSNSOOUSE T | [
o LT
HM > !jé
57w
th™ O
|
I
I | |
I
I
I
| I 1 ' 1 1 I | I ] 1 1 1 ' 1 I ] 1 1
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

S20



DWMESBY1
1H

(:1\
5
1 (194
r ol [ [
L] |
] |
| |
] |
| [ ]
I I
JJu J L
TR o T
&£ oIk 2 B £
— - o~ ™ rd
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 T T T T T
10.0 Q.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

5.0
f1 (ppm)

S21



DWMES71
13C

Lﬁjz M/\(j“CF-

DWMES 74
13C

—125,

125.65 125.60
f1 (ppm)

21.66

——36.65
—-34.97

6300

—6000

3300

5000

—4300

4000

—3500

~3000

~2500

—2000

~1300

—1000

300

-0

—-500

T — T — T
190 180 170

85k ISRLUIRRY
), ] = N [
SEE SEg3fdfas
NA TN
T Fioo0
|
I
; .
12555
|
1
|
I
s sdisbl "
T T T T T T T T T T T T | T T
150 140 130 120 110 100 _ 90 80

f1 (ppm)

S22



DWMEBG9_F2
1H

0]
\\S,S
W
0 3
1j
f [ il |
] |
|
L] |
| | I| | I|
i | .l J ,I J
L J\._
U Il ¥ T 7 T
z 2 83 £ B =
T T T T —T T T T T T T T —T T T T — T T 1 T T T T
9.5 9.0 8.5 8.0 A 70 [V 6.0 2.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

5.0
f1 (ppm)
S23



DWMESBE9_F2
13C

—163.02
—=160 58
134.40
13437
130.11
130.04
12991
127.04
115 .59
115.38

—144 .88
—141.99

L
\
<

0 g
WSy
5

-
o - \[l L
JV;:J/ ’ i 7

F

H“}n.h 4

—3722
—34.37
2167

— R —————————
200 190 180 170 160 150 140 130 120 110 100 an
f1 (ppm)

S24




DVWMEBS01
1H
0
1
. |
: |
1 |
‘ | i i
i
[ ]
i
I|| i L
i J J 1
U L .
R, i 1* i
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 T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 3.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

5.0
f1 (ppm)

S25



5500

3000

4300

4000

3500

~3000

2500

~2000

1500

1000

500

-0

=300

DWMEB501 GOSONNERIIRALN -
v = =R, ) D D . m by EY
13C S LEEEEEEEEEEL S =
| ] eSS 1
0O
n
:
1l
11
Il |
I ||
un-mulnnl-nnnuilpll-lllu-n-nupulllﬂlﬁﬂﬂiﬂllilhuﬂlﬂljn
T 1 T T T T T i i T T T T T T T T v T v T T i T T T T ™ T T T T T v T v T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 30 40 30 20 10

f1 (ppm)

S26



r36000

34000

32000

30000

28000

26000

24000

22000

20000

~18000

16000

~14000

12000

10000

8000

~6000

4000

2000

0

~=-2000

DWMEB70_F2
1H
9]
W ,S
s
W (
1p 0—
([ [ [
|
] n
| |
J| .'| .al _-II JI -l J
l l \ J J
T T T T T T T
2 £ 5 = & 2 3 =
——¥——F——¥F——fFr-—+—f+—+——fF——§—"—1—J——J9—J9——79—+—7r——§F—"+—§—"—§—"—§—"— 773
100 9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5



~6500

~6000

~5500

~5000

~4500

~4000

~3500

~3000

~2500

~2000

~1500

~1000

=500

~-500

DWMESB70_F2 & - nhAg 3 5 2 8 S
13C @ Ig RS T - s g |
= — . - o ey . - w ™m ™ ~
| | 1 S | I
0, s
S
W
1p 0—
|
1
i |
1 |
“_ - a2l L_ A ‘ll'
1 N 1 T I " I ' 1 1 v I ' 1 N 1 T | ¥ 1 ' 1 I 1 1 I 1 1
180 170 160 150 140 130 120 110 100 30 80 70 60 50 40 30 20 10

f1 (ppm)

S28



DWMEB21

1H

2.10

10.0

9.5

T T T T T
5.0 4.5
f1 (ppm)

S29

g IR ¥



DWMES21
13C

124.09

124.056

123 .60
123 .47
768
7759

3257
32.50

2102
21.00

G000

—3500

35000

4500

4000

—3500

3000

2500

2000

1500

~1000

500

—300

0 Y Y ' 'l
S ’
¥ X
#8581
DWMEB21 o = 6000
13C = = 3
5000
—4000
~3000
I ~2000
~1000
- 0
T d T v T T T 4 T
77.9 77.8 77.7 77.6 77.5 774
fl (ppm)
Ty i Ly i g oot i iy ALy ™ |
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 T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S30



DWMEB21

31P{1H} 1200

82 .46

1100

1000

—900

800

~700

~600

500

400

300

—200

100

~-100

: : : : . : : : : : : : : : . , : : : , : : : : : : . : : ,
140 130 120 110 100 an 80 70 il 50 40 30 20 10 0
f1 (ppm)

S31



L23000
;22000
L21000
LZGUUD

k

19000
—18000

F17000

k

16000

15000

14000

13000

12000

11000

10000

k

—9000

8000

7000

6000
5000

E

4000
—3000

k

2000

1000

0

L

r-1000

‘I ‘
| | [ [r
| | [
[

. I / JJ

J___ | w 1 JL_ A

T T T T f

= = g s 8 g

o~ o~ - - - L]
T T T T T 4 T T T T T v T T T T T T T T T T T T T T T T T T T
0.0 95 9.0 8.5 8.0 7.5 70 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 20 1.5 1.0 0.5

-2000



DWBJ1180
13C

21000

— 144 95
—141.35
—-127.06
12726
2168

TN125 46

20000

12974

o

:\S.
T 19000

T

Q=

~18000
~17000
~16000
15000
14000
~13000
~12000
11000
10000
9000
8000
| 7000
6000
5000
4000
3000
2000

1000

—-1000

=-2000

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 T T T T T T T T T T J T
200 190 180 170 160 150 140 130 120 lll.;lc [ llil]D a0 80 70 60 50 40 30 20 10
1 (ppm

S33



DWBIR56 22000

1H
21000

20000
15000

WS*Sf“xf’“w/“ﬂv/“x/’\v/“x

2a leDDD

17000
;16000
;15000
;14000
;13000
;12000
;11000
/ ;10000
;9000
;8000
;7000
;6000

5000

4000

3000

2000

1000

r-1000

2000
05 0.0

| s—
LE?:_
L
—
S

1.00 =

211 J

Y095 I =

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6. 6.0 5.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.

5.0
f1 (ppm)

S34



~4000
3500
3000
2500
2000
1500

1000

SITHT—
069'Z2+
68824\,
080'62+
P61'6¢

SHE'6T
bav 624
65624
929'624
0v9'67 |
816'164
pi7'8e-

COTETT—

CEREET—

2a

DWBIRS6
=
H/ S

13C

60 50 40 30 20 10

70

90

100

200 190 180 170 160 150 140 130 120 110
f1 (ppm)
S35

210



DWMEB48
1H

Q’SW
2b

T T 1* ooy
T 2% = = w5 52
- - = ™ r 4 N T
L T T T T T .
8.5 8.0 8.5 8.0 73 20 6. 6.0 3.5 2.0 4.5 4.0 3.5 3.0 2.5 2. 3 1.0 0.5
f1 (ppm)



DWMEB48 ; ; 76500
13C

—-139.19
—133 83
jr33an
fr29.41
j-2&4n

29,17
4%2gﬂg
-29.07
HIz:a.gz
\28.47

114,12
~~113.10
3826

6000

5500

3000

43500

~4000

3500

—3000

I —2500

2000

1500

~1000

—-500

-— -——
180 170 160 150 140 130 120 110 100 an B0 70 ] 30 40 30 20 10
f1 (ppm)

S37



DWO907E2
1H

0
i__,b -\5 ,A\w,"“mﬁ.«’“xmﬂ‘l\o —
o

rOoz ] —m—mm——

8.0 7.3 20 &.



DWO907E2

6300

6000

5300

5000

4500

4000

3500

3000

2500

2000

o I} I
) =] — WM @O g 0oL W W LD
13CLH < o . T NOMmES 0T
[ M — — oo oGO OO 00T
= = — om0 GGG GGl G
1 ] —_ﬂ___\#l—'__'_
0
,5\S,faw,»mw/ﬁav/ﬁ\v/“MlewjH-
]
| | | ‘ |
. N, I | ‘
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 T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10

f1 (ppm)

S39



DWBIEGS_F1
1H
11000

[TS~5f“avf“x,f“a,f“x,fxx/fhoJ‘ !

2d ~10000
9000
re A j f —8000
-7000
~6000
-5000

4000

3000

2000

%

J3.18
1202 =

—-1000

tn 72,36

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6. 6.0 3.0 2.5 2.0 1.5 1.0 0.5



DWEBIEGS_F1

7500

—7000

6500

—6000

5500

5000

4500

13C % g =~ ] [~ L0 < ©0 WM~ [~ [~
oM m @ n R s .
M — rl [ra) 0o g gy g g g 00 WO
— — [ n r? A AR
- N Py st —
ﬁrbnsz &WWMV}%O;‘
2d
|
1
|
|
|
|

I 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
210 200 190 180 170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10

f1 (ppm)
S41



DWB3R68PLUG
1H
O

WS g e e e e T T g JL\

e

[

_I

1.04 -

14.36-]

4.5 4.0 3.5

v [1.06

5 5.0
f1 (ppm)

S42



DWE3RGSRLIG "~ o
= o (o] M M O W0 WO oo
13c (=] [ — MW S W el Wwa O — D
3 o P AR == -
()] (] — 0O oo O v OO0 0D D
— — — s O | f\J_S\J fJ\] L I f\JEJ
| e— 4000
8] |
/S“qu““m/q“‘v‘ﬂ“‘v‘ﬁ“‘mf’q“‘a_/‘ﬁ“S»J“&_
| 3500
2e
3000
2500
-2000
~1500
| ~1000
|
=500
L0
I 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 T T T T T T T T T T T |
210 200 190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10 0

f1 (ppm)

S43



DWMEBGE
1H

H
DI
2f

e

u,

35000

~30000

~25000

—20000

~15000

—10000

~3000

1,01 F

hee =

— ; . . .
10.0 9.5 9.0 B.5 8.0 1.5 20 6.

T " T T
5.0 4.5 4.0
f1 {ppm)

S44

w R I =

[
(=]
L]
P
=

=

in 10.20=

1.0

0.5

0.0



DWMEBGE
13C

15571

==133.10

114.11

7958

—~39.15

3772

28.39

4500

~4000

~3500

3000

2500

2000

—1500

1000

210 200 190 180

170

160

150

140

130

120

110

f1 (ppm)

S45

100

a0

80

70

60

30

40

30

20



DWMEBG4 I

1H
45000

g /\/Q/ 40000
S g

2g

" 35000

30000

25000

20000

15000

10000

1.001 @mEm==
s
I .
=

4,17 =




DWMESE3

N~ O 0 M~ =
13C o F T Iy F N
M o oh o0 oo I Mmoo =
M0 — o L —
— o o — 4] (] il
s |
/ -~
S
\‘R‘i‘r””"q o,
29
|
|
|
|
1 A A
T 1T 7 T T | T T T | T T T T T T T T T I T T T T T T T T T T T T T T T T T I T T T T T T T T T T L | T | T
150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 72 70 63 a0 33 50 45 40 35 30 25 200 15 10

f1 (ppm)
S47

—23000

—20000

~=15000

—10000

3000




DWMEBT2
1H 40000
\\\_5 |f |
3 f 35000
2h  S_NH |
e 11 | | [ | ‘ ‘ |
| I
( [ | | J | |
, [ I | (| ’ 30000
f |
J f | |
25000
20000
15000
L 10000
5000
_ )L Lo
T q ;"H’P‘_’{ T T 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 T T T T T T T T T T
10.0 95 9.0 85 80 75 7.0 6.5 5.0 5.5 45 40 35 3.0 2.5 2.0 1.5 1.0 0.5



DWMEB72

13C 50000

133 57
122.15
121 84
119 44
118 55
114.29
113 .49
111.20
38,45

~—325 28

L
AN
"
AN

*t_s.. ﬁ%?mﬁ -45000
-40000
35000
-30000
-25000
-20000
-15000
-10000

—5000

-————— -——
190 180 170 160 150 140 130 120 110 100 a0 80 70 &0 50 40 30 20 10 i
f1 (ppm)

S49



DWMEB7T3
1H

fsc;\@\ﬁ
3]
S/

2i

i

3

2.14
2.15

10.0 9.5 9.0 8.5

a0 4.5 4.0 35
f1 (ppm)
S50



DWMEBY3 B REDHELE 8 -
13C g mERLasy o =
SV I
FaC
=y ’“‘“—:;-’Sx_:-’::'-
pli
DWMEBT73 m g o o
13C @ i @ 9
b 2000
~1000
I
| |
] |
_\_'_”-'—'_\__/L
-0
T T T T T v T T T T
125.60 125.55 125.50 12545 12540 125.35
f1 (ppm)
|
I | I
T T T T T T T T T T | T T T T T T T T T T T T T T
200 190 180 170 160 150 130 120 110 100 90 80 40
f1 (ppm)

S51




DWBJ181

1H
ﬂF
oS

2j

— 3

1900
;1800
;l?ﬂﬂ
llﬁﬂﬂ
;1500
;1400
;1300
;1200
;llﬂﬂ
;lﬂﬂﬂ
lQUU
;SUU
;?UU
LEUU
LSUU
l4ﬂﬂ
;300
;200

100

1,91~
1.95 -

1.05—

100

9.3 9.0 8.5 8.0 3

= -



DWBJ1181

13C

R N

s

2

" /%E,’[

=
i

-

o
-,
-

/'F

163.20

—143 82

13573

13570

L

13008
130.00

AN

115 .42

115.21

L

11367

—39.23

—3467

25000

20000

~15000

10000

5000

T
210

T
200

T
190

180

T
170

T
160

T
150

T
140

T

130

T
120

110 100 a0 80 70 60 50
f1 fnnm?

S53



DWB1187F1
1H

11000

10000

9000

~8000

7000

6000

5000

4000

3000

2000

1000

W M L Ji§
T 7 T T T
g 5 g 2 3 g
T T T T T T T T T T | T T T T T T T T T T | T
8.0 7.5 2.0 6.5 &6.0 5.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

5.0
f1 (ppm)
S54

/—-IUUU



DWB1187F1

13C{1H} BEARNEE s 2
< Y t
g \ﬁ:jilh
2k
I
|
|
I
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 T T T T
200 1490 180 170 160 150 140 130 120 110 100 a0 80 70 &0 50 40 30 20 10
f1 (ppm)

S55



DWEBI175F1
1H

-16000

~-15000

-14000

-13000

-12000

-11000

—10000

-9000

—8000

~7000

~6000

-5000

-4000

-3000

-2000

—1000

--1000




DWBJ175F1 o
13C 5

—

5 N -16000

‘ 1
f.;_:f“as f53

21 -14000

~17000

11373
4282

13000
12000
11000
-10000
9000
~8000
~-7000
-6000
h | 5000
-4000

—-3000

~2000

l ~1000
-0

—-1000

T Ll T ¥ T ¥ T T T ¥ T ¥ T T T T T ¥ T T T ¥ T T T ¥ T ¥ T ¥ T ¥ T ¥ T ¥ T L T
190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10 i]
f1 (ppm}

S57



DWB1189
1H

9000

—8000

7000

—6000

5000

—4000

3000

—2000

2m |
|' ||
| [
| ‘ |'I |
| | J il
| N JoL - L
T T T S T
Z & 8 38 B
T T T T T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.3 7.0 6.5 6.0 2.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5



DWB1189
13C{1H}

—26000

147.30
—144.61
=—132.55
=—130.21
—12375
—114.49

4132

24000

22000

—20000

18000

~16000

14000

—12000

10000

—8000

—6000

4000

—2000

—-2000

200 190

180

170

160 150 140 130 120 110 100 a0 80 70 a0 a0 40 30 20 10
f1 fopom)

S59



DWB1193

1H
\/@_/UMQ
#g®

2n

193

~11000

10000

9000

8000

7000

6000

5000

~4000

3000

2000

~1000

—

2,02

1.04—
1.05—
B

—-1000

10.0 9.5 9.0 8.5



DWwB1193
13C

/‘“\J/UMQ
gf“g’sxw/Lnjﬁ
2n

—=159.12

—133 .23

—~130.52
—12877

_~113 97
113 53

55.29

—1.93

200

190

1580

170

160

150

140

130

120

T T T T T T T T T T
110 100 a0 80 70 &0
f1 (ppm)

S61

50

40

30

20

10

15000

14000

13000

~12000

~11000

10000

9000

8000

~7000

6000

5000

~4000

3000

2000

1000

-1000




DwWB1188
1H

CN
A :

20

2.04—
2.06 T

—14000

~13000

—12000

~11000

10000

—9000

8000

—7000

6000

~5000

—4000

3000

—2000

~1000

-0

—-1000

10.0 9.5



DWBI188 - I . _
13C[1H} 5 RE S me g 2
S
g7
20
|
|
|
|
| \
N —
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30

f1 (ppm)

S63



DwBl224

1H
i
|
g
2r
s M
_,"I _,'I __|I) _|
L J
T - T‘I" T
s 3 S 2 o
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
10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0




DWB122413C
13C{1H}

129 .38
128 .55

_/-133 13
[

10000

,:F_.—-',-"HS ,E‘:\._\d‘,fli\:/tl
9000
2r

—136 .82

127 .55
113 66
4248

8000

7000

6000

5000

4000

3000

2000

~-1000

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 T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm)

S65



DWBJ191F1
1H

§§/S\S/«\//\\/»\V/«\//\\/H\OH

?2s

1.00 =
1.00 =

~8000
+=7500
~7000
;6500
—6000
—5500
+~5000
~4500
~4000
~3500
~3000
2500
~2000
~1500
~1000

~500

—500

L0.0 9.5 9.0 8.5 8.0 7.5 7.0

R0 —

6.0

RO9 =X

-
-
-

4.5 4.0 3.5 3.0

o

5 5.0
f1 (ppm)

S66



DWBI191F1
13C

=179 46
—13379
113.11

Q
Qﬁ;/S»Szﬁhv/“\vfﬂxxﬁkvfm\/)LOH

25

—38.22

29.39
29.33
29.19

29.15

2905
2903
2845
2467

§

.

T — — — — — — — —
190 180 170 160 150 140 130 120 110

T T T T

100 a0
f1 (ppm)

S67

a0

70

60

a0

40

30

20

10




DWEJ1190 F
1H 3800

/;:_.“a.._s ’S v"‘\,f’“\_/\/“\/“\/(}' i [ 2600
Zt // -




21000

3

20000

19000

L

gD O 18000

DWB1190

[
[
(g}
13379
113.11
~—b3.11
—38.24
3281
2956
29.49
29.45
2941
29.18
29.06
28.47
2573

|

2t 17000

L

F16000

-

15000

14000

L

~13000

1 ~12000

! : -11000

10000

~9000

! ~8000

7000

L

6000

5000

~4000

-

3000

2000

-

~1000

' -0

-

-1000

=-2000
-7 77—

200 190 180 170 160 150 140 130 120 110 ; EUU ) Qo 80 70 60 50 40 30 20 10 1]
1 (ppm

S69



DwB1209
1H

10000

9000

8000

7000

~6000

5000

~4000

3000

2000

~=1000

0

| O=§=O
0 N S r
j/ 5" J'l .l|l f ) )'— J
g
0 Ta
“ -10000
DWBJ 208 L
H 8000
4 L
=6000
4000
2000
0
. " —— I "
45 40 3.5
f1 (ppm)
T 77 T T A
A B B I—————— =
0.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 45 4.0

S70



~11000

2955~
5095~

LES9—

~10000
—2000
8000
7000
—6000
5000
—4000
—3000
2000
~1000

60 50 40 30 20 10

70

Teh—

80 S0T—

ETE0T—

Eb EET~"
2 6zT~"
9EEE T~
06" 5E T~

ZC W T

BE' 55T ——
(A

DWBITZC12_13C

13C

a0

Q0
f1 (ppm)

160 150 140 130 120 110 100
S71

170

180



[ - %\\ /r‘ N W—W\f’” "\I ||.\/'"'| - "
\ /""1“ | \‘ f '| f/ \ i || '\ ’f \\
| \(. | J ‘"'IW TR
80 ‘|| | m HI“‘ / ||‘ ‘l ‘ 1“1 |L|h ’f ’ﬂ’ ’“.ﬂ :
| P T f
8 - W |l , |
| u’
% Ly J
/\eﬂ'm

S72



DWBI1222F2
1H

o
|
0 |
|
[ ]
] f .') 'd ||r II III
J /! - - . [} | |
| O:$:O JI Do) JI .J'f /( .d'l I ) !
0 N_ S
J
=
e fe DWEB1222F2
1H
L3000
2000
1000
Lo
I N —
3.88 3.84 3.80 3.76
f1 (ppm)
w1 ——
oo T P T oo
Z g o 2 2 3n8 = 5 22 z Z
rd P - - Moo i ™ o - o
T T T T T T T T T | T T T T T T T T T T N T
95 9.0 85 8.0 7. 7.0 65 6.0 55 50 45 40 3. 5
f1 (ppm)

S73



DWBJI222F213C =2 o 2 o E - o R M@ Mo Tm TN m
13C{1H} g 3 moER o = o 223 R R - B e i
N, | | | | | W | S e
o
IJL:O
l J
/h—.j
L‘\’?”
|
| CI:?:C} J’ [
0. - MN_ 5. .
\]\|, o m].—-' .L.l
«.,f:"‘nsf
L0 fc
|
|
|
| |
| |
|
—— -—FF—F——F——— 71— —
200 190 180 170 160 150 130 120 110 100 a0 80 70 50 40 30 20 10
f1 (ppm)

S74



Wt Cze 09 10-53-50 2020 fia ester.CSV: Column 1

100
”WMWW%W—\\ WM "W\
A | |I
| |
O/
0 / |
80
| o=%=0 |
E 0 N j/s\s |
g 3
E 0 Tc
E 60-
&
40-
4000 3000 2000 1000
Wavenumbers
printed on 06/13/2020 14:39:34 \ ,

S75



DWBITZNO2
1H

| |
i NO,
| om0 ?
0 Nj/st
S

0 fm

1.92-T

1,93 g

1.00 -4

9000

8000

7000

6000

5000

4000

3000

2000

1000

|
o 304

9.5 9.0 8.5 8.0

5

S76



DWBITZNO2_13C s ol R a . - o n - -
13C E#  II ARBRRR K R EEY 5 =3
(Rl Yoo A | | I S |
MO5
=
)
| O—SI—O
OH| XNTSxS
“ g
/O m
I
Ii
|
I
I
1
|
[
I
|
|| I I
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 T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10

f1 (ppm)

S77



‘Wi Cze 08 10-48-55 2020 tiaBNNO2.CSV: Column 1

NGO,
80
| 0=%=0
0] N ]/S ~g
§ S
9] Tm
e
2
2
B
'—
£
E 60
40+
T T T T
4000 3000 2000 1000
Wavenumbers
printed on 06/13/2020 14:36:43

S78



DwB1231
1H

o . |
NI ’
| ' |
| \' | " |
i
L r i
| |
| [ | | | II / | |
.| i .I / J A }I | J
o.f"
| 0=8=0
0 j/SHS
S
/O n
L,JL,,JL
WP e B e hp e
FE=EH =] =2 RIZg B g

T T T T T T T T T T T T T

r—+~ 1 ‘* T '+ T * T * T '™ T " T * 1
4.5 4.0 3.5 3.0 2.5

10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 3.5 5.0
f1 (ppm)

S79



21000
20000

19000

18000

17000

16000
~15000

14000
13000
12000

~11000

10000

~9000

8000

7000

~6000

5000

4000

3000
2000
~1000

—-1000

—-2000

POTI—
& 0E—
9T Eb—
TE'SS
mm.mmW
£095

LBF9—

9L

10 95T~ _
28 45T
ZresT~"

DWBI23113C

13C

190 180 170 160 150 140 130 120 110 . (lDDJ a0 80 70 60 50 40 30 20 10
1 (ppm

200

S80



Wit Cze 09 10-44-12 2020 tiaBNOMe.CSV:

Column 1

80

Percent Transmittance

40

s

printed on 06/13/2020 14:32:38

3000

S81

Wavenumbers

2000



DWBITZEN
1H

N | /
| ‘ ' ) II
| 0=5=0 RN ( [ [ | |
0 S“S | ‘ ) J J { / .
ir
1 \ l J j\

Tred T T T M T i

2= g8 3 5 g2 2 g

[ Y — = o — ™
T T T I T T T T T T T T T T v T v T T T T T T T T T T T
100 95 90 85 80 75 70 65 60 55 45 40 35 30 25 20 15 10 05 0.0

6000

5300

5000

4300

4000

3500

3000

2500

2000

1500

1000

+=-500



10000

9000

8000
~7000
~&000
~3000
4000
3000
2000
~1000

EQTI—

TLBE—
TOTE="

TLEP—

L9985
a0'95~"

8059—

Wih—

9arsnT—

EZGOT—

LA
9 mﬁ..,,._n
25621

E9'6ET
EE'EET ﬁ

GLSET
h_u._wm.ﬁ...\E

9t T

EN95T=——
98T

DWBITZBN_13C

13C

N A
i [
¢ m.".J, —_—
— o
r
23]

=
o 4
P BN
N \
— len.‘_u IN/ m.d.

180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm)

190

S83



Wt Cze 09 10-39-41 2020 tiaBMN.CSV: Column 1

100+

90+

80

§ | Q0=5=0
£ 0 NS,
2 70 5
£ 5
=
E 0 Tr

60

50

40

T T T
3000 2000 1000
Wavenumbers

printed on 06/13/2020 14:28:29 \ ’

S84



