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Synthesis of 1-(2,6-diisopropylphenyl)-3-butylnitrile-imidazolium chloride
1-(2,6-Diisopropylphenyl)-1H-imidazole (1.80 g, 7.88 mmol) and 4-chlorobutyronitrile (745 uL, 7.88
mmol) were mixed in a 10 mL sealed vial with 4 mL of THF. The vial was then placed in a Discover
CEM S-class microwave operating at 2.45 GHz and heated for 1 h at 180 °C. The solvent was then
removed under vacuum. The resulting oily residue was extracted with CH,Cl, (2 mL), and
precipitated with pentane (25 mL) to give a whitish solid (1.456 g, 4.42 mmol, 56 %) that was
washed with ethyl acetate (1 x 50 mL overnight, and 2 x 30 mL for 1 h) and dried under vacuum.
Anal. Calcd for CigH,6N3Cl: C, 68.76; H, 7.90; N, 12.66. Found: C, 68.73; H, 7.94; N, 12.52. HR-MS
(ESI): m/z [M]" caled for CigH26N3 296.2121, found 296.2128. 'H NMR (CDCl3, 300.13 MHz): 6 10.65
(t, *J n.r., 1H, NCHN), 8.44 (t, *J n.r., 1H, NCH), 7.55 (t, >J = 8.1, 1H, p-Ha/), 7.31 (d, >/ = 8.1, 2H, m-
Has), 7.20 (t, *J = 1.8, 1H, NCH), 5.04 (t, *J = 6.9, 2H, NCH,), 2.78 (t, *J = 6.9, 2H, CH,CN), 2.51
(quint., >J = 6.9, 2H, CH,), 2.31 (sept., >/ = 6.9, 2H, CHMe,), 1.22 (d, *J = 6.9, 6H, CHMe,), 1.16 (d , *J
= 6.9, 6H, CHMe,). *C{*H} NMR (CDCls, 75.47 MHz): 8 145.5 (0-Ca:), 139.0 (NCHN), 132.0, (p-Ca/),
130.3 (ipso-Car), 124.8 (m-Cp), 124.4 (NCH), 123.8 (NCH), 118.9 (CN), 48.9 (NCH,), 28.8 (CHMe,),
26.7 (CH,), 24.5 (CHMe,), 24.2 (CHMe,), 14.4 (CH,CN).

Synthesis of 1-(2,4,6-trimethylphenyl)-3-propylnitrile-imidazolium bromide®

1-Mesityl-1H-imidazole (934 mg, 5.01 mmol) and 3-bromopropionitrile (1.66 mL, 20.0 mmol) were
refluxed for two days in ethyl acetate (150 mL). The resulting white suspension (in an orange
solution) was cooled to room temperature, and the precipitate was collected by filtration, rinsed
with ethyl acetate until the washings were colourless, and air-dried to afford a light whitish
powder (285 mg, 0.890 mmol, yield 18 %). Anal. Calcd for CysH1gNsBr: C, 56.26; H, 5.67; N, 13.12.
Found: C, 56.14; H, 5.59; N, 13.08. *H NMR (CDCls, 300.13 MHz): § 10.23 (t, *J n.r., 1H, NCHN), 8.40
(t, % n.r., 1H, NCH), 7.19 (t, *J = 1.8, 1H, NCH), 7.01 (s, 2H, m-H), 5.18 (t, >J = 6.3 Hz, 2H, NCH,), 3.49
(t, ) = 6.3 Hz, 2H, CH,CN), 2.35 (s, 3H, p-Me), 2.08 (s, 6H, o-Me). **C{*H} NMR (CDCls, 75.47 MHz):
0 141.8 (p-Car), 138.2 (NCHN), 134.4, (0-Car), 130.6 (ipso-Car), 130.1 (m-Ca;), 124.2 (NCH), 123.4
(NCH), 116.8 (CN), 46.1 (NCH,), 21.2 (p-Me), 20.7 (CH,CN), 17.8 (0-Me). Note: Under the previously
reported conditions," we have observed the decomposition of 1-(2,4,6-trimethylphenyl)-3-
propylnitrile-imidazolium bromide into acrylonitrile and 1-(2,4,6-trimethylphenyl)-imidazolium
bromide salt in the reaction medium. This salt’s solubility is too similar to that of 1-(2,4,6-
trimethylphenyl)-3-propylnitrile-imidazolium bromide to allow a proper separation. The same
degradation may be observed under the conditions reported here, if the reaction is carried out for

longer than 3 days.



Figure S1. '"H NMR spectrum of [NiBrCp{Mes-NHC-(CH,),CN}] (b)
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Figure S2. *C {*"H} NMR spectrum of [NiBrCp{Mes-NHC-(CH,),CN}] (b)
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Figure $S3. 'H NMR spectrum of [NiCICp{DiPP-NHC-(CH,)sCN}] (d)
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Figure S4. *C {*H} NMR spectrum of [NiCICp{DiPP-NHC-(CH,)sCN}] (d)
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Figure S5. "H NMR spectrum of [NiCp{Mes-NHC-CH,CH(CN)}] (1b)
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Figure S6. *C {*"H} NMR spectrum of [NiCp{Mes-NHC-CH,CH(CN)}] (1b)
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Figure S7. 'H NMR spectrum of [NiCp{DiPP-NHC-(CH,),CH(CN)}] (1d)
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Figure $8. *C {*H} NMR spectrum of [NiCp{DiPP-NHC-(CH,),CH(CN)}] (1d)
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Table S1. X-ray crystallographic data and data collection parameters for 1a and 1b

Complex 1a 1b
Empirical formula C12H13N3Ni Cy0H21N3Ni
Formula weight 257.96 362.11
Crystal system Monoclinic Triclinic
Space group P2./c Pi
Temperature (K) 173(2) 173(2)

a (A) 8.4784(2) 9.3425(10)
b (A) 17.3913(5) 13.7491(15)
c (A) 8.5806(2) 14.2032(15)
a(°) 90 80.591(6)
B(°) 118.362(1) 86.833(7)

v (°) 90 82.101(7)
V(A% 1113.34(5) 1781.8(3)

Z 4 4

Deaica (Mg.m™) 1.539 1.350
Absorp coeff (mm™) 1.716 1.592
Crystal form, colour Prism, green Needle, green

Crystal size (mm)

h, k, Inax

Trminy Trax

Reflns collected
Independent reflns, Rint
Reflns with | > 20(l)

R [F* > 20(F)]

wR(F?)

GOF on F?

0.32x0.20x0.14
12,17,11

0.670, 0.747
16574

4192, 0.0196
3557

0.0260

0.0648

1.050

0.25x 0.10 x 0.06
11, 16, 16
0.617,0.753
27037

6205, 0.0760
4232

0.0883

0.2721

1.066




Figure S9. 'H NMR spectra of [Ni{Me-NHC-CH,CH(CN)}NCCH3)]*PFs in CD5CN (2a)

CHET.BdPC.218.1638 1 (1D 1H) CD3CN 400MHz
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Figure $10. 'H NMR spectra of [Ni{Me-NHC-CH,CH(CN)}(NCCH;)]"PFs in CsDsN (2a)
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Figure S11. *C {*H} NMR spectrum of [Ni{Me-NHC-CH,CH(CN)}NCCHs)]'PF¢ (2a) in CDsCN
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Figure $12. *C {*H} NMR spectrum of [Ni{Me-NHC-CH,CH(CN)}(NCCHs)]'PF¢ (2a) in CsDsN
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Figure $13. *H NMR spectrum of [Ni{Mes-NHC-CH,CH(CN)}(NCCH3)]*PF¢ (2b) in CD5CN
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Figure S14. *H NMR spectrum of [Ni{Mes-NHC-CH,CH(CN)}(NCCH;)]'PF¢ (2b) in CsDsN
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Figure S15. *C {*H} NMR spectrum of [Ni{Mes-NHC-CH,CH(CN)}(NCCHs)]*PF¢ (2b) in CDsCN
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Figure $16. *C {*H} NMR spectrum of [Ni{Mes-NHC-CH,CH(CN)}(NCCHs)]*PF¢ (2b) in CsDsN
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Figure $17. 'H NMR spectrum of [Ni{Mes-NHC-(CH,),CH(CN)}NCCHs)]*PF¢ (2c) in CDsCN (0.1 M)?
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Figure $18. 'H NMR spectrum of [Ni{Mes-NHC-(CH,),CH(CN)}(NCCHs)]*PF¢ (2¢c) in CsDsN
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Figure $19. *C {*H} NMR spectrum of [Ni{Mes-NHC-(CH,),CH(CN)}(NCCH3)]"PFs (2c) in CDsCN
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Figure $20. *C {*H} NMR spectrum of [Ni{Mes-NHC-(CH,),CH(CN)}NCCH3)]*PFs (2c) in CsDsN

ppm

% ~13
a w1 el o~ Mmoo m
CR 2 B8R g
n o 27 o S S0 < o
s S g N33 g
‘ N ‘/ ~l /| \// e ‘ \|/ \/
I A | ( I
]
"
el
~N—
ot |
—— | |
|
|
] |
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
PPM 160 140 120 100 80 60 40 20 0

S 13



Figure S21. *H NMR spectrum of [Ni{DiPP-NHC-(CH,),CH(CN)}NCCHs)]*PFs (2d) in CDsCN
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Figure $22. *H NMR spectrum of [Ni{DiPP-NHC-(CH,),CH(CN)}(NCCH3)]*PFs (2d) in CsDsN
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Figure $23. *C {*H} NMR spectrum of 2d in CDsCN
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Figure S24. 3¢ {1H} NMR spectrum of 2d in CsDsN
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Figure S25. IR spectrum of [Ni{Me-NHC-CH,CH(CN)}(NCCH:)]*PF¢ (2a)
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Figure S26. IR spectrum of [Ni{Mes-NHC-CH,CH(CN)}(NCCHs)]'PF¢ (2b)
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Figure S27. IR spectrum of [Ni{Mes-NHC-(CH,),CH(CN)}(NCCHs;)]*PF¢ (2c)
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Figure S28. IR spectrum of [Ni{DiPP-NHC-(CH,),CH(CN)}NCCH3)]"PFs (2d)
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Optimisation of the phenylation of benzothiazole: influence of the base and of the solvent

Table S2. Coupling of benzothiazole and iodobenzene catalysed by 2c in the presence of various
bases and solvents.”

Entry Base Solvent Temp. (°C) Conversion (%)b
1 LiOt-Bu 1,4-dioxane 140 69
2 NaOt-Bu 1,4-dioxane 140 0

3 KOt-Bu 1,4-dioxane 140 0

4 LiOH 1,4-dioxane 140 0

5 NaOH 1,4-dioxane 140 11°
6 Cs,CO3 1,4-dioxane 140 0

7 K3PO4 1,4-dioxane 140 0

8 KOAc 1,4-dioxane 140 0

9 NEts 1,4-dioxane 140 0
10 LiOt-Bu THF 70 0
11 LiOt-Bu Toluene 110 20
12 LiOt-Bu Diglyme 165 0
13 LiOt-Bu Acetonitrile 85 0

% Reaction conditions: benzothiazole (1 equiv.), iodobenzene (1.5 equiv.), base (2 equiv.), 2¢ (5
mol%), solvent (0.13 M), A, 18 h. b Conversion determined by GC; average value of two run;
dodecane used as internal standard. © No conversion to 2-phenylbenzo|[d]thiazole.

GC conditions

GC analyses were performed with an Agilent 7820A instrument equipped with a HP-5 column
(cross-linked 5% phenyl silicone gum, 30 m x 0.32 mm x 0.25 um). H,/air was used as the vector
gas. The GC conditions were: (i) 50 °C for 5 min, (ii) increase in temperature at a rate of 10 °C/min
until 150 °C, (iii) isotherm for 5 min, and (iv) temperature increase at 20 °C/min until 240 °C. n-
Dodecane was used as internal standard. Conversion was determined by considering instrument

response factors.
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Control experiments
Investigation of the mercury and radical scavenger effects

An oven dried Schlenk tube equipped with a magnetic stir bar was charged with 2c (10 mg,
0.0201 mmol), LiOt-Bu (59 mg, 0.737 mmol, 2.0 equiv.), benzothiazole (40 uL, 0.369 mmol, 1.0
equiv.), iodobenzene (60 uL, 0.536 mmol, 1.5 equiv.), Hg (460 mg, 2.29 mmol) or TEMPO (3 mg,
0.0192 mmol), and 1,4-dioxane (3 mL), and sealed. The Schlenk tube was then introduced into an
oil bath that was heated up to a temperature of 140 °C. After 36 h, the reaction medium was
cooled to room temperature, and the volatiles were evaporated under high vacuum. The resulting
brown residue was extracted with diethyl ether and filtered over a silica pad (2.5 x 1 cm). The
collected filtrate was then concentrated under vacuum, and loaded onto a silica column (Merck
Silica Gel 60 - mesh size 40-60 mm; 28 x 3.5 cm) pre-wet with petroleum ether (bp. 40-70 °C).
Elution with a petroleum ether/ethyl acetate 98/2 gave 2-phenylbenzothiazole as a white solid

(Hg: 4 mg, 0.0189 mmol, 5 %; TEMPO: 2 mg, 0.00947 mmol, 3 %).

Control experiment for the formation of 2,2’-bibenzothiazole

An oven dried Schlenk tube equipped with a magnetic stir bar was charged with 2c (10 mg,
0.0201 mmol), LiOt-Bu (59 mg, 0.737 mmol), benzothiazole (40 uL, 0.369 mmol) and 1,4-dioxane
(3 mL), and sealed. The Schlenk tube was then introduced into an oil bath that was heated up to a
temperature of 140 °C. After 36 h, the reaction medium was cooled to room temperature, and the
volatiles were evaporated under vacuum. The resulting brown residue was extracted with diethyl
ether and filtered over a silica pad (43-60 um, 2.5 x 2 cm) that was washed with Et,0. The
collected filtrate was then concentrated under vacuum to give a pale yellow solid. The solid
dissolved in CH,Cl, and loaded onto a silica column (43-60 um; 15 x 2 cm) pre-wet with petroleum
ether (bp. 40-70 °C). Elution with a petroleum ether/ethyl acetate mixture (9/1) afforded the
homocoupling product (0.0186 mmol, 5 mg, 93 % based on 2c) as a white solid after solvent

removal.
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NMR data of the heteroarylation coupling products

2-phenylbenzo[d]thiazole?

-0

'H NMR (CDCls, 300 MHz): & 8.12-8.07 (m, 3H), 7.92 (d, *J = 7.8, 1H), 7.53-7.47 (m, 4H) 7.39 (ddd,
3/=8.1,%=7.2,"7=1.2, 1 H). *C NMR (CDCl3, 75 MHz): & 168.2 (NCS), 154.3 (NCCH), 135.2, 133.8,
131.1, 129.1 (CeHs), 127.7 (CeHs), 126.4, 125.3, 123.4, 121.7.

2-(p-tolyl)benzo[d]thiazole®

(L0

'H NMR (CDCls, 300 MHz): § 8.06 (d, *J = 8.1, 1H, CsHaNS), 7.99 (d, 3/ = 8.1, 2H, CeHaMe), 7.89 (d, *J
= 8.1, CgHaNS), 7.49 (ddd, 3/ =8.1,%/=7.2, %= 1.5, 1H, CeHuNS), 7.37 (ddd, >/ =8.1, % =7.2, /= 1.2,
1H, CsHaNS), 7.30 (d, 3/ = 8.1, 2H, C¢HaMe), 2.43 (s, 3H, CHs). *C NMR (CDCls, 75 MHz): 6 168.4
(NCS), 154.3 (NCCH), 141.6, 135.1, 131.1, 129.9, 127.7, 126.4, 125.2, 123.2, 121.7, 21.7 (CHs).

2-(4-methoxyphenyl)benzo[d]thiazole®

N
S

'H NMR (CDCls, 500 MHz): & 8.05 (d, *J = 9.0, 2H, CsHsOMe), 8.04 (m, 1H, C¢HaNS), 7.88 (ddd, */ =
8.3,%Jn.r.,°Jn.r., 1 H, CsHsNS), 7.47 (ddd, >/ = 8.3,°/= 7.0, *J = 1.3, 1H, CsH4NS), 7.36 (ddd, >/ = 8.3,
3/=7.0,%=1.0, 1H, C¢H4NS), 7.01 (d, >/ = 9.0, 2H, CsHsOMe), 3.89 (s, 3H, OCHs). **C NMR (CDCls,
125 MHz): 6 168.1 (NCS), 162.1 (COMe), 154.2 (NCCH), 134.9, 129.3 (CsHsOMe), 126.5, 126.4,
125.0,122.9, 121.7, 114.5 (CsHs0Me), 55.6 (OCH3).

2-(4-cyanophenyl)benzo[d]thiazole’

o

'H NMR (CDCls, 500 MHz): § 8.18 (d, *J = 8.0, 2H, C¢H4CN), 8.10 (d, >/ = 8.5, 1H, C¢HaNS), 7.93 (d, *J
= 8.5, 1H, CsHaNS), 7.77 (d, *J = 8.0, 2H, CsHaCN), 7.54 (dd, *J = 8.5, 3/ n.r., 1 H, C¢HaNS), 7.45 (dd, *J
= 8.5, > n.r., 1H, CsHaNS). *C NMR (CDCls, 125 MHz): & 165.4 (NCS), 154.1 (NCCH), 137.6, 135.4,
132.9 (CsH4CN), 128.0 (CsH4CN), 127.0, 126.2, 123.9, 121.9, 118.4 (CN), 114.2 (CCN).
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2-(4-trifluoromethylphenyl)benzo[d]thiazole®

N
S

'H NMR (CDCls, 300 MHz): 6 8.21 (d, 3/ = 8.1, 2H, C¢HaCF), 8.11 (d, *J = 8.1, 1H, C¢H4NS), 7.93 (ddd,
3)=8.1,% n.r., S n.r., 1 H, CeHaNS), 7.75 (d, *J = 8.1, 2H, CeHaCF3), 7.53 (ddd, >/ =8.1,%=7.2, % =
1.2, 1H, CeHaNS), 7.43 (ddd, *J = 8.1, *J = 7.2, *J = 1.2, 1H, CsH4NS). *C NMR (CDCls, 75 MHz): 6
166.2 (NCS), 154.2 (NCCH), 137.0, 135.4, 132.6 (q, “Jcr = 32.6, CCF3), 127.9 (CsH4CF3), 126.8, 126.2
(9, *Jcr = 3.6, CsHaCF3) 124.0 (q, Y = 270.8, CF3), 123.8, 121.9.

2-(4-chlorophenyl)benzo[d]thiazole’

O

'H NMR (CDCl5, 400 MHz): 6 8.07 (ddd, */ = 8.0, J n.r., >J n.r., 1H, CsHa4NS), 8.03 (d, *J = 8.6, 2H,
CeHaCl), 7.90 (ddd, J = 8.0, / n.r., >J n.r., 1 H, CgHaNS), 7.50 (ddd, >/ = 8.0, *J = 7.2, “J = 0.8, 1H,
CeHaNS), 7.46 (d, *J = 8.6, 2H, CsHaCl), 7.41 (ddd, >/ = 8.0, */ = 7.2, *J = 0.8, 1H, C¢HaNS). *C NMR
(CDCls, 75 MHz): 6 166.7 (NCS), 154.2 (NCCH), 137.2, 135.2, 132.3, 129.4 (CsH4Cl), 128.8 (CsH4Cl),
126.6, 125.6, 123.4, 121.8.

2-(o-tolyl)benzo[d]thiazole®

-0

'H NMR (CDCl5, 500 MHz): & 8.14 (d, *J = 8.0, 1H), 7.94 (d, > = 8.0, 1H), 7.79 (dd, */ = 8.0, *J = 1.0,
1H), 7.53 (ddd, */ = 8.5, 3/ = 7.5, %) = 1.0, 1H), 7.44-7.31 (m, 4H), 2.69 (s, 3 H, CH;). >*C NMR (CDCls,
125 MHz): & 168.1 (NCS), 153.9 (NCCH), 137.3, 135.7, 133.2, 131.6, 130.6, 130.1, 126.2, 126.2,
125.2,123.5, 121.4, 21.5 (CHs).
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2-phenyl-4,5-dimethylthiazole®

10

'H NMR (CDCls, 500 MHz): § 7.86 (d, > = 7.0, 2H, C¢Hs), 7.41-7.36 (m, 3H, CeHs), 2.39 (s, 3H, CHs),
2.39 (s, 3H, CHs). **C NMR (CDCls, 125 MHz): & 163.5 (NCS), 149.4 (NCCHs), 134.1, 129.5 (CeHs),
128.9 (CgHs), 126.7, 126.2 (CgHs), 14.5 (NCCH3), 11.6 (SCCH3).

2,5-diphenyloxazole®

NS,

'H NMR (CDCls, 500 MHz): & 8.12 (dd, *J = 8.0, *J = 2.0, 2H, C¢Hs), 7.73 (dd, */ = 8.5, *J = 1.5, 2H,
CeHs), 7.51-7.43 (m, 6H, CsHs and NCH), 7.34 (ddd, 1H, *J = 7.5, C¢Hs). 1*C NMR (CDCls, 125 MHz): &
161.2 (NCO), 151.4 (OCPh), 130.4, 129.0, 128.9, 128.5, 128.1, 127.6, 126.4, 124.3, 123.6.
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Figure $29. 'H NMR spectrum of 2-phenylbenzo[d]thiazole
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Figure $31. 'H NMR spectrum of 2-(p-tolyl)benzo[d]thiazole
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Figure $32. *C {*H} NMR spectrum of 2-(p-tolyl)benzo[d]thiazole
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Figure $33. 'H NMR spectrum of 2-(4-methoxyphenyl)benzo[d]thiazole
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Figure $35. 'H NMR spectrum of 2-(4-cyanophenyl)benzo[d]thiazole
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Figure $37. 'H NMR spectrum of 2-(4-trifluoromethylphenyl)benzo[d]thiazole
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Figure $38. *C {*H} NMR spectrum of 2-(4-trifluoromethylphenyl)benzo[d]thiazole
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Figure $39. 'H NMR spectrum of 2-(4-chlorophenyl)benzo[d]thiazole
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Figure $40. *C {*H} NMR spectrum of 2-(4-chlorophenyl)benzo[d]thiazole

300MHz

) CDCI3

1D 13C

~

SEL'9L
owHNmK

£82'T2T—
Tvb'€eT—
0SS'SZT~_
029'92T—

—SY8'8ZT—

~
(o]

CHET

801 62T~
9S2'Z¢1

v6T'SET
vOT'LET

L0Z'PST—

S 28



Figure S41. 'H NMR spectrum of 2-(o-tolyl)benzo[d]thiazole
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Figure $42. *C {*H} NMR spectrum of 2-(o-tolyl)benzo[d]thiazole
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Figure $43. 'H NMR spectrum of 2-phenyl-4,5-dimethylthiazole
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Figure S44. *C {*H} NMR spectrum of 2-phenyl-4,5-dimethylthiazole
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Figure $45. 'H NMR spectrum of 2,5-diphenyloxazole
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Figure $S46. *C {*H} NMR spectrum of 2,5-diphenyloxazole
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Atomic coordinates of the optimized species
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