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Table S1. Reaction of M-MNHC complexes with oxygen basés

Base

2-6
M = Ni, Pd, Pt; L = pyridine, 3-chloropyridine, NHC; X = halogen; Base = KOH, NaOH, t-BuOK, t-BuONa, K2CO3 NayCOj Cs,CO;
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Starting Solvent (ml) Base Reaction Reaction Products (HPLC or GC)isolated
M-NHC complex (mol : mol of MNHC) temperature, °C | time, h yield of azolon€7, %
1 2a pyridine (4) + BO (1) KOH" (10 : 1) 100 24 7a 96/72
2 2a pyridine (4) + HO (1) NaOH (10 : 1) 100 24 7a 89
3 2a 1,4-dioxane (5) t-BuOK (10: 1) 100 3 7a 9161
4 2a 1,4-dioxane (5) t-BuONa (10 : 1) 100 3 7a 84
5 2a 1,4-dioxane (5) t-BuONa (10: 1) 100 24 7a 94
6 2a 1,4-dioxane (5) NaCOs(10: 1) 100 3 7a trace




Starting

Base

Reaction

Reaction

(HPLC or GC)isolated

M-NHC complex St (mol : mol of M\NHC) temperature, °C | time, h FlraElise yield of azolone7, %
7 2a 1,4-dioxane (5) NaCO3 (10: 1) 100 24 7a trace
8 2a 1,4-dioxane (5) K2CO3(10: 1) 100 3 7a trace
9 2a 1,4dioxane (5) KoCO3(10: 1) 100 24 7a trace
10 2a 1,4-dioxane (5) CsC0;(10:1) 100 3 7a 24
11 2a 1,4-dioxane (5) CsC0O3(10: 1) 100 24 7a 57
12 2a DMF (5) t-BuOK (10: 1) 100 24 7a 58
13 2a DMF (5) t-BuONa (10 : 1) 100 24 7a 43
14 2a pyridine (5) t-BuOK (10: 1) 100 24 7a 95
15 2a pyridine (5) t-BuONa (10 : 1) 100 24 7a 96
16 2a i-PrOH(5) t-BuOK (10: 1) 100 3 7a 62
17 2b 1,4dioxane (5) t-BuOK (10: 1) 100 3 7b 97/79
18 2b 1,4-dioxane (4) + HO (1) KOH" (10 : 1) 100 24 7b 56/48
19 2b THF (4) + HO (1) KOH" (10 : 1) 100 24 7b 6051
20 2c 1,4-dioxane (5) t-BuOK (10: 1) 100 3 7c 87/79
21 2d pyridine (4) + HO (1) KOH" (10 : 1) 100 24 7d 85/42
22 2d 1,4dioxane (5) t-BuOK (10: 1) 100 3 7d 87172
23 2e 1,4dioxane (5) t-BuOK (10: 1) 100 3 7e 89/78
24 2f 1,4-dioxane (5) t-BuOK (10: 1) 100 3 7f 89/76
25 29 1,4dioxane (5) t-BuOK (10: 1) 100 3 79 91/68
26 2h pyridine (4) + HO (1) KOHP (10 : 1) 100 24 7h 90/74
27 2i 1,4-dioxane (4) + HO (1) KOHP (10 : 1) 100 24 7h 76/62
28 2i pyridine (4) + HO (1) KOH" (10 : 1) 100 24 7h 94
29 2i DMF (5) K,CO; (10 : 1) 140 24 7h 16
30 2i DMF (4) + HO (1) K,CO; (10 : 1) 140 24 7h 47
31 2] 1,4dioxane (5) t-BuOK (10: 1) 100 3 7i 65/40
32 2k 1,4dioxane (5) t-BuOK (10: 1) 100 3 7i 4228
33 2| 1,4-dioxane (5) t-BuOK (10: 1) 100 3 7 46/35
34 2m 1,4-dioxane (5) t-BuOK (10: 1) 100 3 7 29/17
35 2n 1,4-dioxane (4) + HO (1) KOH" (3: 1) 100 24 7k trace
36 20 1,4-dioxane (5) t-BuOK (10: 1) 100 3 7l trace
37 20 1,4-dioxane (4) + HO (1) KOH" (3: 1) 100 24 7 2
38 2p 1,4-dioxane (4) + HO (1) KOH® (3: 1) 100 24 7m trace
39 29 1,4-dioxane (5) t-BuOK (10: 1) 100 3 7n trace
40 2q 1,4-dioxane (4) + HO (1) KOH® (3: 1) 100 24 7n trace
41 29 1,4-dioxane (4) + HO (1) KOH" (3: 1) 100 1 7n 3
42 2r 1,4dioxane (4) + HO (1) KOH" (3: 1) 100 24 70 trace
43 3 1,4-dioxane (5) t-BuOK (10 : 1) 100 3 7d 7751
44 4a pyridine (4) + HO (1) KOH® (10 : 1) 100 24 7a 99/71




N Starting Solvent (ml) Base Reaction Reaction Products (HPLC or GC)isolated
M-NHC complex (mol : mol of M\NHC) temperature, °C | time, h yield of azolone7, %

45 4a 1,4dioxane (5) t-BuOK (10: 1) 100 3 7a 86/58
46 4b 1,4-dioxane (5) t-BuOK (10: 1) 100 3 7c 8779
47 5a 1,4-dioxane (4) + HO (1) KOH® (10 : 1) 100 20 7a trace
48 5a 1,4-dioxane (5) t-BuOK (10: 1) 100 20 7a 42137
49 5b 1,4dioxane (4) + HO (1) KOHP (10 : 1) 100 20 7d 2

50 5b 1,4dioxane (5) t-BuOK (10: 1) 100 20 7d 6550
51 6a 1,4dioxane (5) t-BuOK (10: 1) 100 48 7a 87/49
52 6b 1,4-dioxane (5) t-BuOK (10 : 1) 100 48 7f 8779

®A mixture of the comple®2-6 (0.3 mmol), solvent (5 mL) and base (@9nmol) was vigorously stirred in a teflon screw cap tube at@0@ithin 1-48 h, then neutralized witt0% HCI
aqueous solutioto pH ~9 under argon atmosphere. The resulted mixture was centrifuged and analyzed by HPLaVEB\dfGEcessary, the productsvere isolated as described in the
Experimental Section of the manuscri{3iM aqueous solutian
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Figure S1. Variable temperature studgr the formation ofizolone7ain the reactiorbetween the compourith (0.1 mmol) and-BuOK (1 mmol) in1,4-
dioxaneat40 °C, 70 °C, and00 °C



Table 2. Stability of azolones7 in the presence of KOH and-BuOK?®

Plausible structures of products detected by GC-MS in

B B the reaction of compound 7n with KOH in pyridine:
N>=O Base éNH o | — Decomposition H
N l}l—/< g products ©\/NH2 + ©\/I{I\CN
R R OH
7 M/z: 107.1 M/z: 132.1
DiPP o
,\j o Ho—-/< o]
@: >=0 ©: =0 [ =0 [ >=o C N— " @_JN—‘{OH
HN O
D'PP M/z: 166.1 M/z: 195.1
7a 7h 7i 71 7n
N Starting Solvent (ml) Base Reaction Reaction Conversion of azolon@, %"
azolone7 (mol: mol of azolon€) temperature, °C time, h

1 7a pyridine (0.4) + HO (0.1) KOH® (10 : 1) 100 24 ~0
2 7a pyridine (0.5) t-BuOK (10: 1) 100 24 ~0
3 7h pyridine (0.4) + HO (0.1) KOH® (10 : 1) 100 24 ~0
4 7i pyridine (0.4) + HO (0.1) KOH® (10 : 1) 100 24 4
5 7i pyridine (0.4) + HO (0.1) KOH® (10 : 1) 100 90 10
6 71 pyridine (0.4) + HO (0.1) KOH® (10 : 1) 100 24 99
7 7 pyridine (0.5) t-BuOK (10: 1) 100 24 99
8 n pyridine (0.4) + HO (0.1) KOH® (10 : 1) 100 24 99
9 n pyridine (0.5) t-BuOK (10: 1) 100 24 99

@A mixture of the compounds (30 umol), solvenand base (0.3 mmol) was vigorously stirred in a teflon screw camtube corresponding temperatuvighin 24-90 h, then analyzed by
HPLC and GEMS. "3M aqueous solution of KOHDetermined bHPLC and GGMS.
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Scheme 3. Reactionsof benzimidazolium salts 1 with strong oxygen baseé
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1,3-Dialkylated azolium salts are hydrolyzed by strong bases like KOH toNjNelialkylbenzenel ,2-diames8.* Hydrolysis usually accompanied blye
disproportionation ofi p s e u d dbaadd&ts giveazolones? and azolined9.! The azolined9, apparently, are unstable in the conditionshefTable
S1. However, trace amounts of compounds with m/z corresponding to theflsizolines19 were observed in GBS specta of the reaction mixtures.
Analogous reactions proceed under the action of alcoholatle=®ed, the HPLC yield of azolo@ain the reaction mixture after heating compodadvith t-
BuOK in 1,4dioxane at 100 °C within 20 h amounted ~ 10% (see Experiiri@atdion for details).

(1) (a) Konstantinchenko, A. A.; Morkovnik, A. S.; Pozharskii, A. F.; Tertov, BClAem. Heterocycl. Compil985,21, 13981399;(b) Korotkikh, N.
l.; Shvaika, O. P.; Rayenko, G. F.; Kiselyov, A. V.; Knishevitsky, A. V.; Cowley, A. H.; Jones, J. N.; Macdonald, @rkivBc2005,2005 10-46.



Scheme @. Plausible stoichismet r yds f or t he r &gaithtkDHandt-BodK® c o mp | e
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For clarity, only 2methylpropene andBuOH are shown as the products derived fteBuOK, while another products like-tHouty!
ether may alsobe o r me d . For other alkaline metal bases (Na, Cs), st



S2. ESI-MS monitoring of Azolones formation
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Figure 2. Realtime abundance afa (in ionic [M + K]* form) in the reaction between the compRaxand KOH
in THF at 100 °C. Solution of KOH inJ® was added after 1.0 min. Insert shahsESK(+)MS spectrum otfhe
reaction mixture, expanded to the [M + Kggion.
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Figure S3. Realtime abundance dfa (in ionic [M + K]* form) in the reaction between the complixand KOHy
in THF at 100 °C. Solution of KOH inJ@ was added after 1.0 min.
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Figure S4 Realtime abundance (in ionic [M + K] form) of 7a (purple line)and intermediate hydroxgomplexes
(blue and yellow linesin the reaction between the compkxand KOH,,in THF at 100 °C. Solution of KOH in
H,O was added after 1.0 min.
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Figure S5 Collision induced dissociation tandem mass spectrometry experiment demonstraforghation of7a
(in ionic [M + K]* form) from the intermediate hydroxgomplex9 (in a [C1gH2oN4O-Pd + K] form) during the
reaction between the compléaand KOH,in THF at 100 °C.
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Figure S6. Realtime abundance ofa (in ionic [M + K] form) in the reaction between the compl2x and
tert-BuOK in THF at 100 °C. Suspensionteft-BuOK in THF was added after 1.0 min.
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Figure S7. Reaitime abundance afo (in ionic [M + K]* form) in the reaction between the compRixand KOHy
in THF at 100 °C. Solution of KOH inJ@ was added after 1.0 min. Insert shaaSH(+)MS spectrum othe
reaction mixture, expanded to the [M + Kggion.
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Figure S8. Realtime abundance dfi (in ionic [M + K]* form) in the reaction between the compRexand KOHy
in THF at 100 °C. Solution of KOH inJ@ was added after 1.0 min. Insert shaaSH(+)MS spectrum othe
reaction mixture, expanded to the [M +'Kggion At the beginning of the reaction one of the produeisparently
potassium bromide) rapidly covered the shield in the MS interfacsitraticantly dropped all the signals down ir
intensity because of changedield potentials
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Figure $9. Reattime abundance dfo (in ionic [M + K]* form) in the reaction between the compRexand KOH
in THF at 100 °C. Solution of KOH inJ@ was added after 1.0 min. Insert shaaSH(+)MS spectrum othe

reaction mixture, expanded to the [M + Kggion.
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Figure S10. Reattime abundances a&-[**0] and 7a-[*°0] (in ionic [M + K]* forms) in the reaction between the
complex2a and K®0OH,q in THF at 100 °C. Solution of KOH in 4O was added after 1.0 min. Insert show
ESH+)MS spectrum ofhereaction mixture, expanded to th&*)-M + K]* region.

S19



Intens.
x104]

/ /
1 N - m/z: 201.04 N ® m/z: 185.07
® -
[onas (Lo
64 N m/z: 203.05 N — m/z:187.07
] \ \

41 |KOH in ('®0)-H,0 40 ng of Pd/NHC | 160 ng of Pd/NHC
1 |added added added

O O SR MR AN w

0 5 10 15 20 25 " Time [min]

Figure S11. Realtime abundancesf ions (in [M + Na]" and [M + K] forms) confirming no isotope exchange
betweeri7a-[*°0] and KOH solution in k%O.

In the first time region (up to ~ 0.8 mjr solution ofnonlabeled7a-['°0] in THF was squeezeihto the MS
instrtumentAfter the addition ofa potassitn hydroxide solution in %0 (at~0.8 min), arjM + K]* ion of thenon
labeled7a-[*°0] jumped in the intensity, but rite-[*°0] isotopomemwasformedaccording to the ion tracés the
second time region (0.82 min) After theaddition of a small amouri0 ng added as solution see Exp. paift2a
(at 12 min),only a slightincreasen the intensity oboth 7aisotopomersvas detectedOnly after the addition ofthe
significant amount (160g; added as solution see Exp. paft2a (17 min) a stable increase tfeintensity of the
7a-[*®0] isotopomersignal (purpleline) was observed. These resultsrroboratethe formation of the7a[*?0]
isotopomerfrom the reaction between templex2a and*®OH rather than througthe isotopeexchangebetween
7a[*°0] and KOHH,'®0 solution
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S3. FE-SEM/EDS data
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Figure S12. FE-SEMimage and EB spectrum oPdblackisoatedfrom the reaction mixturafter heating
compounda with KOH in pyridine at 100 °C within 24 h.

Figure S13. TEM image and EB spectrum oPtblack isdated from the reaction mixtuadter heating compound
5a with t-BuOK in 1,4dioxane at 100 °C withig0 h.
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