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Generation of powerful organic electron donors by water-assisted decarboxylation of benzimidazolium carboxylate

Organic Electron Donors (OEDs) are increasingly used as efficient reducing agents in various radical reactions. However, their sensitivity to air restraints their practical use and the development of further industrial applications. To meet the community's needs, this paper reports the preparation of air-and moisture-stable carboxylate precursors that can be conveniently activated into the corresponding organic reducer. The new strategy consists in the water-assisted decarboxylation of the adduct at room temperature, providing a straightforward protocol for the single-electron transfer reduction of aryl halides and sulfonamide. The resulting aryl radicals are engaged in the first examples of OED-promoted intermolecular addition reactions. A thorough mechanistic study supports the in-situ formation of the organic reducer.

Results and discussion

14,15 the adducts were prepared in a two-step procedure involving first

Introduction

Reduction reactions promoted by electron transfer are now recognized as a powerful group-tolerant strategy for new elaborate reactions and rapid increase of molecular complexity. [START_REF]diazepine-2,12-diamine[END_REF] Long limited to toxic and highly aggressive metalbased reducing agents, reduction reactions are enjoying renewed interest since the development of metal 2 or organic readily-prepared enamine-based Organic Electron Donors (OEDs) [START_REF] For Reviews | Encyclopedia of Radicals in Chemistry, Biology and Materials[END_REF] are also attracting attention as a serious alternative as shown by the growing number of useful applications (initiators for coupling reactions or polymerizations, redox switches and flow batteries, greenhouse gas reduction).

6 They spontaneously promote single-(SET) or double electrontransfers (DET) to substrates that are thermodynamically too uphill for current SET-photoredox catalysts. At ground state, they generate radical or anionic intermediates from substrates with redox potential E 1/2 < -1.0 V. 7 UV-photoexcitation (365 nm) of OEDs further enhances their reducing power to substrates with E 1/2 up to -3.5 V. 8 Depending on their structures, the enamines are stable and can be stored and manipulated under inert atmosphere. [START_REF] For Reviews | Encyclopedia of Radicals in Chemistry, Biology and Materials[END_REF]9 In other cases, the dimeric form is elusive and decomposes after a few minutes or hours into the corresponding N-heterocyclic carbene (NHC) (Scheme 1). 9a,10 In addition to these short half-life issues, OEDs like any other strong reducing agents, are highly sensitive to oxygen.
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To overcome these constraints, processes consisting of the activation of air-stable precursors with strong bases [START_REF] Jolly | Imidazole-derived carbenes and their elusive tetraazafulvalene dimers[END_REF]12 or under high working temperatures [START_REF] Tintori | Base-Free Generation of Organic Electron Donors from Air-Stable Precursors[END_REF] have been used to in situ generate the reducer. However, strong bases present limited group tolerance and thermal activation (150°C) impedes the use of volatile substrates or solvents. To significantly improve the practicality of OEDs, there is a need for air-stable precursors allowing the convenient in situ generation of enamine reducers under mild conditions.

Scheme 1. OED formation through air-stable precursors.

This manuscript illustrates the synthesis and the activation of carboxylate and sulfinate iminium adducts into the corresponding organic reducer. The new strategy consists in the water-assisted decarboxylation (or desulfination) of the adduct at room temperature (Scheme 1). A thorough mechanistic study supports the in-situ formation of the enamine-type reducer. Their scope will also be discussed, notably for OED-promoted intermolecular radical addition reactions.

Please do not adjust margins

Please do not adjust margins deprotonation of the iminium salt, followed by trapping of the generated species with carbon dioxide or sulfur dioxide atmosphere (Scheme 2). All the precursors were obtained in moderate to good yields (51-98%).

Scheme 2. Synthesis of carboxylate and sulfinate adducts.

While expecting easier cleavage of the SO 2 moiety than the CO 2 , 16 thermogravimetric analysis (TGA) at the solid states of these adducts surprisingly indicated that the sulfinate adducts would decompose at higher temperatures than their carboxylate counterparts (IMe- 1). However, this physical feature directly contrasted with their instability in air (leading to the formation of hydrogen sulfite salt IMe-R'.HHSO 3 ) and with their higher reactivity in solution under thermal activation (See supporting information (S.I.), Scheme S1 and Table S2).

n Bu-SO 2 , 190°C vs. IMe- n Bu- CO 2 , 141°C) (Table
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In NHC-CO 2 series, the presence of bulkier N-groups around the carboxylate moiety facilitates the decarboxylation (Table 1, IMe-CO 2 140°C vs. I t Bu-CO 2 63°C). 18,19c At 150°C, these carboxylate adducts can be decarboxylated to generate an organic reducing species. [START_REF] Tintori | Base-Free Generation of Organic Electron Donors from Air-Stable Precursors[END_REF] Nevertheless, the steric hindrance induce by the tert-butyl groups may also impede the efficient formation of the active dimeric OED-form. To balance ease of decarboxylation and dimerization, we prepared IMen Bu-CO 2 bearing a longer N-butyl chain. However, the decarboxylation temperature of IMe-n Bu-CO 2 was not affected by this slight increase in hindrance, displaying a similar value (141°C) to that of IMe-CO 2 . Encouragingly, the 1,3dimethylbenzimidazolium adduct BzIMe-CO 2 showed a low decarboxylation temperature (52°C) and a relative stability of the generated species until its decomposition at 119°C. Despite a first decarboxylation at low temperature (50°C), the loss of the second molecule of CO 2 of the N,N'-bridged bisbenzimidazolium carboxylate adduct Bis-BzIMe-CO 2 was not clearly observed before its decomposition at 219°C (S.I., Figure S2).

The lower IR frequency of the carbonyl asymmetric stretching (1632 cm -1

) of BzIMe-CO 2 was also in line with the low frequencies usually observed for adducts more prone to decarboxylation, such as I t Bu-CO 2 (1609 cm -1 ) (Table 1). , respectively). UV-Vis spectroscopy indicated similar maximum absorption wavelengths (269-277 nm) for all imidazolium and benzimidazolium adducts (Table 1). We then evaluated the stability of our carboxylate and sulfinate adducts towards water. Indeed, Louie and Falvey showed that the decarboxylation can be facilitated by the presence of water in an organic solvent. 18,19 While stable in pure water or stored at air, N-alkyl NHC-CO 2 adducts were rapidly decarboxylated when dissolved in an water/organic solvent mixture, yielding the corresponding carbonate salt NHC.HHCO 3 upon fast protonation of the carbene intermediate (Scheme 3). 18,19 Fast decarboxylation in a 5%

H 2 O/dioxane mixture and formation of corresponding carbonate salts were indeed observed by 1 H NMR for our imidazolium and benzimidazolium NHC-CO 2 series. Sulfinate adducts NHC-SO 2 also quickly decomposed, since exposure to air moisture was enough to induce the SO 2 cleavage, leading to the corresponding hydrogen sulfite salts (S.I., Scheme S1). Like with N-aryl NHC-CO 2 , 18 water was only hydrogen-bonded to the CO 2 moiety of the aminopyridinium carboxylate adduct DMAP-Me-CO 2 , and did not trigger its decarboxylation (Scheme 3).

13 Scheme 3. Water activation of carboxylate adducts.

The same decarboxylation strategy was then performed in the presence of the substrate to reduce (1-iodo-2-(3phenoxypropylbenzene) 1a) (Table 2). 4 equivalents of precursors were used to in situ generate 2 equivalents of the dimeric OED form. While activation of IMe-CO 2 required a high This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins Please do not adjust margins temperature of 150°C under previous strategy (Entries 1-2), 13 addition of 5% of degassed water (35 equiv.) led to its decarboxylation at room temperature and to the partial reduction of 1a (60%) under UV-irradiations (Entry 5).

20

As predicted above, the introduction of a longer N-alkyl chain did not ease the activation of the precursor. Compared to IMe-CO 2 , water activation of IMe-n Bu-CO 2 led to the same reduction of 1a (Entry 6, 60%). On the other hand, the higher steric hindrance of I t Bu-CO 2 facilitated the decarboxylation, providing a slight higher reduction rate (Entry 7, 69%). 21 As expected from the weakness of the longer C-SO 2 bond, the sulfinate adducts IMe-Et-SO 2 and IMe-n Bu-SO 2 performed better than their carboxylate counterparts under thermal activation (S.I., Table S2, entries 10-11, 99 and 69% respectively at 120°C versus 6% for IMe-CO 2 ) (underlying the easier loss of the SO 2 moiety). Nevertheless, the low reducing reactivity observed upon water activation (Table 2, Entries 8-9, 16 and 14%) and their poor stability at air storage clearly disqualified them as convenient OED-precursors.

As anticipated from our stability study, hydrogen-bonding of water to the aminopyridinium carboxylate DMAP-Me-CO 2 was not sufficient to induce an efficient decarboxylation, leading only to traces of reduction product (Entry 10, 6%). In line with the TGA and IR conclusions, the benzimidazolium precursor BzIMe-CO 2 offered the best reactivity, with 80% reduction at room temperature (Entry 11). The N,N'trimethylene-bridged derivative Bis-BzIMe-CO 2 might have induced faster formation of the dimeric reducing agent, N,N'bridged dibenzimidazolin-2-ylidene DiBzIMe. However, its lower reactivity (Entry 12, 27%) was consistent with the sluggish second decarboxylation process predicted by TGA.

Evaluation of the influence of water showed that a decrease or an increase over the range of 1.5-10% H 2 O slightly decreased the reduction rate (Entries 11, 14-16). As expected, absence of water was deleterious for the formation of the active reducing species (Entry 13, 61%). These fluctuations highlight the impact of the first activation step on the reaction outcome. Efficient decarboxylation of the precursor required 5% concentration of water in DMF. This 5% H 2 O concentration also provided fast decomposition rates of IMe-CO 2 in Falvey's study. 19 Likewise, a trend towards faster decomposition was observed with decreasing solvent polarity (Entries 11, 17-19). Non-polar solvents decrease the dipole moment, destabilizing the zwitterionic adduct and easing the release of CO 2 . 19 The best reduction reactivities were observed with less polar THF and 1,4-dioxane (Entries 18-19, 90 and 99%) compared to polar DMF and CH 3 CN (Entries 11 and 17, 80 and 68%). This decrease in solvent polarity did not seem to be detrimental to the second step of electron-transfer. In these optimized 5% H 2 O/1,4-dioxane conditions, the precursor BzIMe-CO 2 was thus the best candidate, giving a high yield of the reduced product 2a (Entry 19, 90%). The OED-precursor BzIMe-CO 2 was still active after several months of storage in air.

Several experiments were then performed to elucidate the mechanism behind this reduction process and confirm the formation of dimeric OEDs upon water activation of the carboxylate adduct (Table 3). First, evidence supporting an electron transfer mechanism was obtained through the addition of commonly used inhibitors. The reduction of 1a was drastically diminished in the presence of inhibitors such as the radical trap TEMPO (2,2,6,6-tetramethyl-1-piperidinyloxy) (40%), oxygen (44%) or the competitive electron acceptor p-DNB (para-dinitrobenzene) (0%) (Entries 2-4). To gain insights into the active reducing species at work in this process, we first compared the reduction of 1a, directly using the active reducer di-1,3-dimethylbenzimidazolin-2ylidene DiBzIMe ( E 1/2 (DMF) = -0.88 V vs. SCE) or the precursor form BzIMe-CO 2 . With both electron sources, reduction of iodoarene 1a required UV-irradiations to proceed (Table 3, Entries 1,7 vs. 5,8).
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This is not surprising, as dibenzimidazolinylidene-type OEDs, such as DiBzIMe, are SETreducers (E 1/2 ≈ -0.8 V vs. SCE) only able to reduce aryl iodide under high temperatures (>100°C) or UV-photoexcitation (λ = 365 nm).

5,12a

Although the contribution of water was unquestionable (Table 3, Entry 1 vs. 6), note that UV-irradiations alone could also participate to the decarboxylation step of NHC-CO 2 precursors (Table 2, Entry 3 andTable 3, Entry 6). Compared to thermal activation, 1a was reduced at drastically lower temperatures (90°C with IMe-CO 2 , 30°C with BzIMe-CO 2 ) albeit at lower conversion rates (76 and 64 %, respectively). Our UV-LED light source emits at a wavelength (λ = 365 ± 5 nm) out of the range of wavelengths absorbed by NHC-CO 2 (224-330 nm, Table 1). Hence, rather than a photoexcitation of the Please do not adjust margins Please do not adjust margins carboxylate adducts, we attribute this activation of IMe-CO 2 and BzIMe-CO 2 to localized temperature rises induced by UV radiations, assisting the elimination of CO 2 and drastically decreasing the need for external heating. The slight increase of media temperature (+5°C at r.t) under UV-irradiations plus the polarity effect of the dioxane, that destabilizes the zwitterionic adduct, might be sufficient to slowly activate the decarboxylation of BzIMe-CO 2 (T-CO2 = 52°C by TGA of the solid state, Table 1). We also compared the benzimidazolium derivatives present at the end of reduction reactions (Table 4). According to the experiment, three derivatives could be retrieved: the 1,3-dimethylbenzimidazolium salt BzIMe.HX (3), the 1,3dimethylbenzimidazolin-2-one BzIMeO (4) or the tetramethylbibenzimidazolium salt DiBzIMe 2+ (5). BzIMeO arises from the autoxidation of DiBzIMe (Entry 4) 23 and DiBzIMe 2+ is the characteristic DET-oxidized form of DiBzIMe (Entry 5). It could be argue that under UV-irradiations the carbene 1,3-dimethylbenzimidazolin-2-ylidene (BzIMe) itself could promote the single electron-transfer reduction of iodoarene 1a. Benzimidazolium salt 3 would also be the resulting oxidized species (Scheme 4). N-heterocyclic carbenes are theoretically able to donate an electron, even though they have very low reducing powers (e.g. for the 1,3-bis(2,4,6trimethylphenyl)imidazolin-2-ylidene (IMes): E 1/2 (DMF) = -0.20 V vs. SCE). [START_REF] Gorodetsky | Electrochemical reduction of an imidazolium cation: a convenient preparation of imidazol-2-ylidenes and their observation in an ionic Liquid[END_REF] In the case of the I t Bu-CO 2 precursor, the I t Bu carbene could indeed be the electron donor species considering its sterically disfavoured dimerization (Table 2, Entry 7). 21 Nonetheless, with BzIMe-CO 2 as precursor, the halflife of the BzIMe carbene ought to be very short. The inclination of N,N'-dimethylbenzimidazolium salts to rapidly and tightly dimerize upon deprotonation is well reported. NMR at 70°C in C 6 D 6 detected the formation of DiBzIMe but no trace of carbene BzIMe, even after several days of heating (Scheme 5). Moreover, when the reaction was performed with one equivalent of carboxylate BzIMe-CO 2 , only 63% reduction was observed, consistent with in situ generation of 0.5 equivalent of the reducing dimeric form DiBzIMe (the remaining 13% accounted for direct homolytic cleavage of 1a under UV-irradiations, Table 3, Entry 11). This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins Please do not adjust margins Scheme 4. Candidate pathways using benzimidazolium carboxylate for the ET-reduction of iodoarenes.

The contribution of the carboxylate form as active donor species was also considered. Direct photoexcited SET from BzIMe-CO 2 to 1a would generate the corresponding aryl radical and the carboxyl radical species BzIMe-CO 2

• (Scheme 4).

BzIMe-CO 2

• would decompose into salt 3 upon decarboxylation and HAT. In fact, carboxylate derivatives are known as reducers able to promote photoinduced electron transfer to very strong acceptors (Ir* and Ru* complexes or organic dyes).

29 An electron-rich amino group near the carboxylate moiety is necessary to assist the electron transfer and the decarboxylation process. However, in our case, the electron-poor iminium moiety of BzIMe-CO 2 should suffice to strongly disfavour any electron transfer from the carboxylate group to a poor acceptor like an iodoarene. The lack of reactivity of the aminopyridinium carboxylate DMAP-Me-CO 2 (Table 3, Entry 10), presenting no sign of decarboxylation under these conditions, also makes it reasonable to conclude that the carboxylate form is not the active reducing species.

All these arguments suggest that the in situ generation of DiBzIMe proceeds according to the following mechanism (Scheme 5): Water-assisted decarboxylation of BzIMe-CO 2 leads to the formation of the 1,3-dimethylbenzimidazolin-2ylidene BzIMe, which is protonated into benzimidazolium salt 3. Falvey showed that these two steps were stepwise and not concerted. To further investigate the scope of this water-activated OED-precursor, we examined the reduction of various aryl substrates, and their subsequent intramolecular and intermolecular radical addition on alkenes. Water activation of BzIMe-CO 2 and UV-excitation of the as-formed DiBzIMe promoted the SET-reduction of various iodide and sulfonamide arenes 1a-j in moderate to excellent yields (Scheme 6). Exclusive formation of reduced products 2b and 2c (i.e. with no trace of the cyclised derivatives obtained by DET, S.I., Table S3) was in line with the SET capacities of DiBzIMe. 12a The reducing system was tolerant to different functional groups including ester (2b, 2c and 2d), ketone (2e) or cyano groups (2f), characteristic of the chemo-selectivity of OEDs. Bromoarenes with more negative reduction potentials were also partially reduced (2a, Y = Br and 2f). These highly challenging reduction reactions prove that the potency of DiBzIMe was maintained after in situ generation from BzIMe-CO 2 .
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Please do not adjust margins Please do not adjust margins DMF was sometimes used when the reduction was slow to enhance the electron transfer. The moderate yields obtained for 2g and 2i can be attributed to a partial loss of these volatile reduced products during the work-up. Unfortunately, as previously observed with OED, presence of an alcohol group in 2j prevented the reduction reaction.

Scheme 6. Scope of reducible and tolerated functional groups. This journal is © The Royal Society of Chemistry 20xx
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The aryl radicals obtained through reduction of the Csp 2 -I bond were further engaged in intramolecular additions on alkenes via a 5-exo-trig cyclisation reaction, leading to the 2,3dihydrobenzofuran products 7 and 10 (Scheme 7). Formation of 8 arose from a recombination between the cyclized radical and traces of iodide radical generated upon UV-induced homolytic cleavage of the C-I bonds in 6 (Table 3, Entry 11, blank reaction). The cyclized radical obtained from 9 could either abstract a hydrogen to give 10 or disproportionate to give 11. [START_REF] Curran | The Samarium Grignard Reaction. In Situ Formation and Reactions of Primary and Secondary Alkylsamarium(III) Reagents[END_REF] Starting materials 6 and 9 accounted for the mass balance.

Scheme 7. Intramolecular aryl radical additions on alkenes.

Our strategy of in situ generation of a powerful OED from an air-stable precursor also affords the first example of OEDpromoted intermolecular additions of aryl radicals to alkenes (Scheme 8). The aryl radical resulting from the complete reduction of 12 was added to the external position of the diphenylethylene 13 to obtain the 1,2-diphenylethylbenzene derivative 14 in 36% yield. The moderate yield probably accounted from the competitive formation of volatile chlorobenzene (15) upon HAT to the aryl radical. The αsubstituted pyrrole derivative 17 was obtained in excellent yield through intermolecular addition of the aryl radical of 12 on the pyrrole 16. Rearomatization of the pyrrole moiety of 17 probably occurs through radical coupling of the alkyl radical with the radical cation DiBzIMe

•+ , followed by elimination of the resulting benzimidazolium leaving group.

32 Scheme 8. Intermolecular aryl radical additions on alkenes.

Conclusions

In conclusion, we demonstrated that water can enhance the decarboxylation of air-stable imidazolium and benzimidazolium carboxylate adducts and thus allow the in situ generation of strong organic electron donors at room temperature. Photo-excited di-1,3-dimethylbenzimidazolin-2ylidene DiBzIMe then promotes the efficient single-electron transfer reduction of sulfonamide and aryl halides. The resulting aryl radicals are then engaged in intramolecular and intermolecular additions to alkenes. A thorough mechanistic study supports the activation pathway and the in-situ formation of the organic electron donor. The multiple strategies that we developed for the activation of Nheterocyclic carboxylate adducts (thermal-, water-or UVactivation) ensure their practicality and should foster their use as air-stable precursors of powerful organic electron donors in radical chemistry.
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  Lemal briefly observed trace of BzIMe through dissociation of DiBzIMe at high temperature (140°C), but the signal rapidly disappeared upon cooling.28a This demonstrates the high stability of DiBzIMe and the reversibility of the process. In our case, both thermal decarboxylation of BzIMeCO 2 (S.I., Scheme S5) and deprotonation of BzIMe.HI salt (S.I., Scheme S2) allowed fast formation of the dimer species DiBzIMe.Monitoring of the decarboxylation of BzIMe-

  19 A second molecule of BzIMe is added to salt 3 to form the cation intermediate DiBzIMeH + . Rapid deprotonation of DiBzIMeH + with BzIMe leads to the formation of the active reducer DiBzIMe and regenerates BzIMe.HHCO 3 (3). This acidcatalysed dimerization of BzIMe, where 3 is the acid, allows a complete shift of the Wanzlick enamine/carbene equilibrium toward the dimer form DiBzIMe. 30 Small amounts of DiBzIMe could also come from the thermal decarboxylation of BzIMe-CO 2 under the UV-irradiation conditions. 20 Photo-excited DiBzIMe then transfers a single electron to the iodoarene ArI, leading to the corresponding aryl radical Ar • and the radical cation DiBzIMe •+ . The aryl radical Ar • abstracts a hydrogen from the 1,4-dioxane to generate the final reduced compound. Disproportionation or HAT of the radical cation leads to the formation of the unstable cation DiBzIMeH + which decomposes into salt 3 and carbene BzIMe. The generated carbene can in turn form 3 after protonation.

  Scheme5.Proposed mechanism.

adducts IMe-CO 2 and IMe- n Bu-CO 2 displayed

  

	13,18
	More thermally stable imidazolium higher values (1645 and 1657 cm	-1

Table 1 . Physical features of NHC-CO2 and NHC-SO2.

 1 

	Precursor	T-CO2 or -SO2 [°C] a	COasym [cm -1 ] a	λmax [nm]
	IMe-n Bu-SO2	190	-	274
	DMAP-Me-CO2	181	1624	288
	IMe-Et-SO2	160	-	274
	IMe-n Bu-CO2	141	1657	274
	IMe-CO2	140	1645	273
	I t Bu-CO2	63, 115	1609	269
	BzIMe-CO2	52, 119	1632	270, 277
	Bis-BzIMe-CO2	50, 219	1669	272, 277
	a Data excerpted from Ref. 13 and 18 for		

DMAP-Me-CO2, IMe-CO2, and I t Bu-CO2.

  

Table 2 .

 2 Optimization of the reduction process.

	Entry	Precursor	Temp[°C]	Solvent	%H2O a Conv(%) b
	1 c	IMe-CO2	150 d	DMF	-	>99
	2 c	IMe-CO2	120 d	DMF	-	6
	3	IMe-CO2	90	DMF	-	76
	4	IMe-CO2	90	DMF	5	>99
	5	IMe-CO2	rt	DMF	5	60
	6	IMe-n Bu-CO2	rt	DMF	5	60
	7	I t Bu-CO2	rt	DMF	5	69
	8	IMe-Et-SO2	rt	DMF	5	16
	9	IMe-n Bu-SO2	rt	DMF	5	14
	10	DMAP-Me-CO2	rt	DMF	5	6
	11	BzIMe-CO2	rt	DMF	5	80
	12	Bis-BzIMe-CO2 e	rt	DMF	5	27
	13	BzIMe-CO2	rt	DMF	-	61
	14	BzIMe-CO2	rt	DMF	1.5	77
	15	BzIMe-CO2	rt	DMF	7.5	77
	16	BzIMe-CO2	rt	DMF	10	75
	17	BzIMe-CO2	rt	CH3CN	5	68
	18	BzIMe-CO2	rt	THF	5	90
	19	BzIMe-CO2	rt	1,4-dioxane	5	99(90) f

a Degassed water. b Conversion determined by 1 H NMR analysis. c Data excerpted from Ref. 13. d Without hν. e 2 equiv. f Yield.

Table 3 .

 3 Mechanistic study.

	Entry	Reducer source	Changes to the standard conditions	Conv (%) a
	1	BzIMe-CO2	-	99
	2	BzIMe-CO2	+ TEMPO (4 equiv.)	40
	3	BzIMe-CO2	+ p-DNB (4 equiv.)	0
	4	BzIMe-CO2	+ O2 (1 atm)	44
	5	BzIMe-CO2	hν	0
	6	BzIMe-CO2	no H2O	64
	7	DiBzIMe b	-	>99
	8	DiBzIMe b	no hν	0
	9	BzIMeO (4)	-	0
	10	DMAP-Me-CO2	no H2O	12
	11	-	-	10

a Conversion determined by 1 H NMR analysis. b 2 equiv.

Table 4 .

 4 Final benzimidazolium derivatives present in the organic and aqueous phases.

	Entry	Reducer source	Oxidant	Changes to the standard conditions	Benzimidazolium derivatives a 3 4 5
	1	BzIMe-CO2	C2Cl6	-	✓	✓	x
	2	BzIMe-CO2	1a	+ hν	✓	✓	x
	3	DiBzIMe	1a	+ hν	✓	✓	x
	4	DiBzIMe	O2	no H2O	x	✓	x
	5	DiBzIMe	C2Cl6	no H2O	x	x	✓
	6	DiBzIMe	C2Cl6	no H2O, + hν	✓	x	✓

a Observed by 1 H NMR. hν (1 LED, 365 nm, 5 cm).

photocatalysts. Although used in stoichiometric amounts,

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 3
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