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Improved odorless access to benzo[1,2-d;4,5-d’]bis[1,3]dithioles and tert-
butyl arylsulfides via C-S cross coupling
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1 1. Analytical data of products
2 1.1 NMR spectroscopy
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6  Figure S1. '"H-NMR (400 MHz, 298 K, DMSO-d6) spectrum of S-tert-butylisothiouronium bromide 6.
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8  Figure S2. 3C-NMR (100 MHz, 298 K, DMSO-d6) of S-tert-butylisothiouronium bromide 6.
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Figure $3. 'H-NMR (400 MHz, 298 K, DMSO-d6) of reaction 2.1 when using EtOH as solvent.
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Figure $4. *H-NMR (400 MHz, 298 K, CDCl;) of 1,2,4,5-Tetrakis(tert-butylthio)benzene 5.
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2 Figure S5. *C-NMR (100 MHz, 298 K, CDCl;) of 1,2,4,5-Tetrakis(tert-butylthio)benzene 5.
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4 Figure S6. *H-NMR (400 MHz, 298 K, CDCl;) of the reaction mixture converting 1,2,4,5-

5 tetrabromobenzeneto 5 containing mesitylene as an internal standard.
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2 Figure S7. 'H-NMR (400 MHz, 298 K, CDCl;) of 1a.
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5  Figure S8. *C-NMR (100 MHz, 298 K, CDCl;) of 1a.
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1.42 cyclohexane
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2 Figure S9. 'H-NMR (400 MHz, 298 K, CDCl;) of 4-methoxy-tert-butylthiobenzene 7.
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4 Figure $10. *C-NMR of 4-methoxy-tert-butylthiobenzene 7.
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1 1.2 Mass spectrometry
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4 Figure $11. ESI(+)-MS (top) of S-tert-butylisothiouronium bromide 6and calculated isotope pattern
5 (bottom).
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Figure S12. EI(+)-MS (top) of 4-methoxy-tert-butylthiobenzene 7and average value of exact mass

(bottom).

Page 9 of 27



793ff #16 RT: 1.11 AV: 1 NL: 3.20E7

T: + ¢ ElFull ms [ 49.50-1000.50]

100~ 57.2
90—
80—
70—
60~ ‘ 20‘6,0
50= |
40—
30
203 1031 192.2
E 84.2 . .
103 %92 o0 109.1 136.1 158.2 | 2174 2901
:-"."|‘ ittt e e et et e e et rrt b prerrpererprterproer e et e + T H I RRAR
60 80 100 120 140 160 180 200 220 240
m/z
L]
e
©
o
(=
3
=)
<
o)
=
©
)
o
318.1 430.2
286.1 34?.2 374.2
WPRISEI Pou— S———— Y 1 S — X FEFT— —— P—— PP ————— i1 . T —
280 300 320 340 360 400 420 440 460
1 miz
! - peak match result
[ 430.19* o o -
|
1 S
[ 793ff, Kopp
i
\
average value 1is 430.186 amu
1.00 10::.00>
40 points
7/14/2020 3:53:28 PM THERMO-PC MAT 95 XP
2

3 Figure $13. EI(+)-MS (top) of 1,2,4,5-tetrakis(tert-butylthio)benzene 5and average value of exact

4  mass (bottom).
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Figure S14. EI(+)-MS (top) of 1a and average value of exact mass (bottom).
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2. Condition screening

Screening of conditions with other substrates

The analysis of the reaction mixtures was carried out via *H-NMR, products were identified via
comparison of literature values for 1,4-bis(tert-butylthio)benzene?, 4-chlorophenol®, 4-fluorophenol®,

and 4-(tert-butylthio)nitrobenzene’.

)
M S
I

Figure S15. Reference spectra of 4-bromoanisole (bottom), 4-bromophenol (middle) and 4-methoxy-

tert-butylthiobenzene (top).

Table S1. Reaction conditions.

Reaction No. Temperature [°C] | ligand base Solvent
1 50 PhsP KO'Bu DMF
2 50 XPhos KO'Bu DMF
3 50 Xantphos KO'Bu DMF
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1

4 80 PhsP KO'Bu DMF
5 80 XPhos KO'Bu DMF
6 80 Xantphos KO'Bu DMF
7 80 dppf KO'Bu DMF
8 80 SPhos KO'Bu DMF
9 80 BrettPhos KO'Bu DMF
10 80 "BusP KO'Bu DMF
11 80 none KO'Bu DMF
12" 80 none KO'Bu DMF
13" 80 SPhos KO'Bu DMF
14 80 PhsP KO'Bu "BuOH
15 80 PhsP K,COs DMF
16 80 PhsP Cs,COs DMF
17 80 PhsP KsPO, DMF
18 80 PhsP KO'Bu DMF
19" 80 PhsP K,CO3 DMF
207" 80 PhsP KsPO, DMF

*without Pd,dbas. ““reduced amounts of base to 2.4 eq. ***addition of 10mol% of 18-C-6.
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2.2 'H-NMR data
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Figure $16. *H-NMR (400 MHz, 298 K, CDCl;) of reaction 1.
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Figure $17. *H-NMR (400 MHz, 298 K, CDCl;) of Reaction 2.
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2 Figure S18. *H-NMR (400 MHz, 298 K, CDCl;) of reaction 3.
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4 Figure $19. *"H-NMR (500 MHz, 298 K, CDCl;) of reaction 4.
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2 Figure S20. *H-NMR (500 MHz, 298 K, CDCl;) of reaction 5.
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4 Figure $21. *"H-NMR (500 MHz, 298 K, CDCl;) of reaction 6.
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2 Figure S22. *H-NMR (400 MHz, 298 K, CDCl;) of reaction 7.

[-900

737
7.26

(850
L 800
750
L 700
/ L 650
i
L 600
1550
{500
1450
1400

L350

L300

{250

1200

{150

L 100

(2
—

2.00 |
3.30

7.45 7.40 7.35 7.30 7.25 7.20 7.15 7.10 7.05
3 1. (ppm)

4 Figure $23. *"H-NMR (400 MHz, 298 K, CDCl;) of reaction 8.
Page 17 of 27



3

4

7.36
7.4

6.83

6.78

L340

320

L300

1280

L 260

1240

L 220

L 200

L 180

L 160

L 140

£ 120

£ 100

T T T
755 750 745 740 735 730 725 720 715 710 705 700 695
f1 (ppm)

Figure $24. *H-NMR (400 MHz, 298 K, CDCl;) of reaction 9.
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Figure $25. *H-NMR (400 MHz, 298 K, CDCl;) of reaction 10.
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2 Figure S26. *H-NMR (400 MHz, 298 K, CDCl;) of reaction 11.
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4 Figure $27. *H-NMR (400 MHz, 298 K, CDCl;) of reaction 12.
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Figure $28. *H-NMR (400 MHz, 298 K, CDCl;) of reaction 13.
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Figure $29. *H-NMR (400 MHz, 298 K, CDCl;) of reaction 14.
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2 Figure S30 'H-NMR (400 MHz, 298 K, CDCl;) of reaction 15.
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4 Figure $31. 'H-NMR (400 MHz, 298 K, CDCl;) of reaction 16.
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2 Figure $32. *H-NMR (400 MHz, 298 K, CDCl;) of reaction 17.
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4 Figure $33. 'H-NMR (400 MHz, 298 K, CDCl;) of reaction 18.
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2 Figure S34. *H-NMR (400 MHz, 298 K, CDCl;) of reaction 19.
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4 Figure $35. 'H-NMR (400 MHz, 298 K, CDCl;) of reaction 20.
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2 Figure $36. *H-NMR (400 MHz, 298 K, CDCl;) of the reactions with 4-chloroanisole.
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4  Figure $37. *"H-NMR (400 MHz, 298 K, CDCl;) of the reactions with 4-fluoroanisole.
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Figure $38. *H-NMR (400 MHz, 298 K, CDCl;) of the reactions with 4-nitrobromobenzene
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Figure $39. *H-NMR (400 MHz, 298 K, CDCl;) of the re

action with 1,4-diiodobenzene at 50 °C.
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2 Figure S40. *H-NMR (400 MHz, 298 K, CDCl;) of the reaction with 1,4-diiodobenzene at 80 °C.
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