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Abstract: The selenenate anion (RSeO–) is introduced as an active organocatalyst for the dehydrohalogen coupling of benzyl 

halides to form trans-stilbenes. It is shown that RSeO– is a more reactive catalyst than the previously reported sulfur analogues 

(sulfenate anion, RSO–) and selenolate anions (RSe–) in the aforementioned reaction. This catalytic system was also applied to the 

benzylic-chloromethyl-coupling polymerization (BCCP) of a bis-chloromethyl arene to form ppv (poly(p-phenylene vinylene))-

type polymers with high yields, Mn (average molecular weight) up to 13,000 and PDI (polydispersity index) of 1.15. 
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 Introduction. 

Over the past few decades, organocatalysis has emerged as 

one of the pillars of chemical synthesis.[1] Some of the 

obvious advantages over more traditional catalysts include 

its environmentally friendliness, avoidance of heavy and  

precious transition metals, greater availability of catalysts 

and ease of handling compared to most transition metal 

complexes. The most significant impact of organocatalysis, 

however, is in the introduction of new modes of chemical 

reactivity.   

Our team has been interested in the development of 

chalcogen-based organocatalysts.  We recently introduced 

the first sulfenate anion catalysts for the dehydrohalogen 

coupling of benzyl chlorides to make stilbenes[2] and the 

cross-coupling of benzyl chlorides with benzaldehydes under 

basic conditions to give diaryl acetylenes.[3]  The latter 

reaction represents the first catalytic method for the 

generation of all three bonds of the alkyne from precursors 

which do not contain triple bonds.  This class of catalysts 

enabled the introduction of benzylic chloromethyl coupling 

polymerizations (BCCP), which is useful for the synthesis of 

poly(stilbenes).[4]   

Recently, there has been significant interest and substantial 

progress in development of organocatalysts based on the 

heavier chalcogenide, selenium.[5]  Most of these works 

exploit the electrophilic character of selenium 

intermediates.[6]  We have been investigating nucleophilic 

selenium-based catalysts, and recently disclosed the 

application of selenolate anions (RSe–) in the 

dehydrohalogen coupling of benzyl chlorides.[7]  

Our interest in developing the catalytic chemistry of 

sulfenate anions, RSO–, inspired us to ponder potential 

applications of the selenium analogue, RSeO–. The 

selenenate anion is the conjugate base of selenenic acid 

(RSeOH),[8] which is a transient intermediate of biological 

processes[9] and the byproduct of the well-known selenoxide 

elimination.[10] Despite biological and chemical importance 

the selenenate anion has rarely been studied.[8b, 11]   

There are several properties of organoselenium compounds 

that led us to hypothesize that they would be better catalysts 

than the sulfur analogues.  First, selenium has a larger atomic 

radius and higher polarizability, rendering selenenate anions 

more nucleophilic than sulfenate anions. Second, selenoxide 

elimination reactions, are estimated to be more than 100,000 

times faster than sulfoxide eliminations to generate sulfenate 

anions.[10b, 12] On the other hand, the decreased 

electronegativity of selenium compounds will make the 

benzylic C–H’s less acidic than those typically observed in 

sulfoxides.  However, as seen in the pKa values of 

PhSCH2Ph (30.8) vs. PhSeCH2Ph (31.0) in DMSO, the 

difference between these congeners is rather small.[13]  

Accordingly, with these attributes, we expected enhanced 

catalytic activity of selenenate anions.  Herein, we describe 

the dehydrohalogen coupling reaction of benzylic halides by 

selenenate anions to give trans stilbenes as well as benzylic 

chloromethyl coupling polymerizations (BCCP), under much 

milder reaction conditions.  These experiments enable 

comparison of the sulfenate, selenolate, and selenenate 

anions. 

Results and Discussion. 

Optimization of Selenenate Anion Catalysts.  To probe our 

hypothesis, the dehydrohalogen coupling of benzyl halides to 

form trans-stilbenes was used to benchmark the catalytic 

activity of the selenenate anion. The catalytic cycle of this 

coupling reaction is proposed to possess the same elementary 
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steps as the sulfenate anion catalyzed process (Scheme 1). It 

begins with the deprotonation of a benzylic phenyl 

selenoxide A by base to generate a nucleophilic carbanion B, 

which subsequently couples with a benzyl halide to form a 

benzylated selenoxide C. In the presence of base, the 

intermediate C will quickly undergo elimination to form a 

symmetric stilbene and selenenate anion D, which finally 

undergoes SN2 with benzyl halide to close the catalytic cycle. 

 

 

Scheme 1. Proposed mechanism for selenenate-anion-catalyzed 

coupling of benzyl halides to form trans-stilbenes.  

To streamline the identification of base, solvent and 

conditions, High Throughput Experiment (HTE) techniques 

were employed at 0.01 mmol scale (see the Supporting 

Information, Table S1, Figure S1). Twelve different solvents 

[cyclopentyl methyl ether (CPME), THF, 1,4-dioxane, 

toluene, 1,2-dimethoxyethane (DME), DMSO, DMF, MeCN, 

dichloroethane, 2-Me-THF, Et2O and n-hexane] and eight 

different bases [LiOtBu, NaOtBu, KOtBu, LiN(SiMe3)2, 

NaN(SiMe3)2, KN(SiMe3)2, NaOtPent, and KOSiMe3] were 

screened in the presence of 10 mol% benzyl phenyl 

selenoxide (PhSe(=O)CH2Ph) and one equiv. of benzyl 

chloride (1a). The results showed that NaN(SiMe3)2 and 

KN(SiMe3)2 worked very well with most of the solvents to 

give high assay yields (Table S1, assay yields determined by 

HPLC using 4,4’-di-tert-butyl biphenyl as internal standard), 

whereas the lithium salt LiN(SiMe3)2 was less active. This 

result may be due to the stronger aggregation of LiN(SiMe3)2 

and organolithium species in solution.[14] Alkoxide bases 

were also less effective in the dehydrohalogen coupling 

reaction.  Given the diversity of solvents examined, and their 

impact on the solubility and aggregation states of metal 

alkoxides, speculation about the origin of these observations 

is unwarranted.   

With the results of the microscale screening in hand, several 

of the most promising conditions were examined on a larger 

scale (0.1 mmol). As shown in Table 1, using 10 mol% 

PhSe(=O)CH2Ph in toluene or Et2O with either KN(SiMe3)2 

or NaN(SiMe3)2 gave trans-stilbene in 89–96% assay yield 

(AY, entries 1–3). When the catalyst loading was decreased 

to 5 mol%, high yields were maintained (85–91% AY, 

entries 4–5). Further reduction of the catalyst loading to 2.5 

mol% resulted in a drop in the yield of trans-stilbene (24–

84%, AY, entry 6–8), and PhCH2N(SiMe3)2, which formed 

from the unwanted SN2 reaction between benzyl chloride and 

MN(SiMe3)2 (M = K, Na). To reduce this byproduct, the 

amount of base was decreased to 2.5 and 2.0 equiv, which 

increased the AY to 92–93% with 2.5 mol% catalyst (entries 

9–10). An attempt to increase the concentration of 1a from 

0.1 M to 0.2 M decreased the AY to 86% (entry 11). 

Monitoring of the reaction by TLC indicated the reaction 

was complete in 4 h under these conditions (entry 12). When 

benzyl bromide was used instead of benzyl chloride, trans-

stilbene was generated in 92% AY (entry 13). Further 

reduction of the catalyst loading to 1 mol % gave a moderate 

yield of trans-stilbene (69% AY, entry 14). When the 

reaction was examined in the absence of the selenoxide 

under otherwise identical conditions to entry 10 (i.e., the 

background reaction without catalyst), only trace trans-

stilbene was formed (entry 15).  This result demonstrates that 

the background reaction in the absence of the selenenate 

anion catalyst is slow. Therefore, the optimized reaction 

conditions for the selenenate-anion-catalyzed 

dehydrohalogen coupling of benzyl chlorides (0.1 M in 

toluene) was determined to be 2.5 mol% of benzyl phenyl 

selenoxide and 2 equiv of KN(SiMe3)2 at room temperature 

for 4 h.  These conditions can be contrasted with the 

sulfenate-anion-catalyzed process, which uses KOtBu in 

CPME solvent at 80 °C for 12 h, giving stilbene in 95% AY 

yield. During the optimization for the sulfenate-anion-

catalyzed process, KN(SiMe3)2 in CPME was viable, 

furnishing the product in 80% AY. KOtBu was used in that 

study, because it was more effective. 

Table 1: Optimization of the formation of trans-stilbene (2a) from 

benzyl chloride (1a)[a]  

 

Entry Solvent Catalyst 

[mol%] 

Base  2a[b][assay 

yield, %] 

1 toluene 10  NaN(SiMe3)2 96 

2 toluene 10  KN(SiMe3)2 94 

3 Et2O 10  NaN(SiMe3)2 89 

4 toluene 5  NaN(SiMe3)2 91 

5 Et2O 5  NaN(SiMe3)2 85 

6 toluene 2.5  KN(SiMe3)2 80 

7 Et2O 2.5  NaN(SiMe3)2 24 

8 DME 2.5  NaN(SiMe3)2 61 

9[c] toluene 2.5  KN(SiMe3)2 92 

10[d] toluene 2.5  KN(SiMe3)2 93 

 
11[d,e] toluene 2.5 KN(SiMe3)2 86  

12[f] toluene 2.5 KN(SiMe3)2 93  

13[g] toluene 2.5 KN(SiMe3)2 92 

14[d] toluene 1  KN(SiMe3)2 69 

15 toluene 0  KN(SiMe3)2 trace 

 
[a] Reaction conditions: 1a (0.1 mmol, 1.0 equiv), base (3.0 equiv), 

solvent (1 mL), 25 °C, 12 h. [b] Assay yield determined by 1H NMR 
spectroscopy by integration using CH2Br2 as an internal standard. [c] 

Base (2.5 equiv). [d] Base (2.0 equiv.). [e] 1a (0.2 mmol). [f] Base (2.0 

equiv), reaction time: 4 h. [g] Benzyl bromide was used instead of 
benzyl chloride 
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Examination of the substrate scope. With the optimized 

reaction conditions in hand, the substrate scope was 

examined (Table 2). For most of the substrates, readily 

available benzyl chloride derivatives were employed. Benzyl 

bromides were alternatively used when the chloride 

analogues were not available. In general, substitutions at the 

2- and even 2,6-positions were tolerated. Benzyl chlorides 

with alkyl groups on the aryl ring (2-Me, 3-Me, 4-Me and 4-
tBu) worked very well with isolated yields ranging from 90–

95% (2b–2e). Likewise, 1-(chloromethyl)naphthalene (1k) 

provided the product in 82% yield.  Halide substituted trans-

stilbenes (2f–2k) were also generated with good yields from 

the corresponding benzyl halide derivatives bearing 2-I, 3-Cl, 

4-Cl, and 2-Cl-6-F.  In the above experiments, benzyl 

bromide derivatives bearing 2-I or 3-Cl were employed 

while benzyl chlorides hosting 4-Cl and 2-Cl-6-F were used. 

Benzyl halides bearing electron withdrawing groups 3-CF3, 

3-OMe, 3,5-(OMe)2 or coupling partners bearing both 

electron-withdrawing and donating groups, 3,4-(OMe)2, 

were viable substrates, providing the stilbenes in 71–96% 

yield. It is noteworthy that methoxy-containing stilbenes are 

potential anticancer agents.[15] 2-(Chloromethyl)pyridine (1p) 

was selected to construct the corresponding heterocyclic 

stilbene (2p), which was obtained in 48% yield.  

Heterocyclic stilbene derivatives are reported to exhibit 

interesting photophysical properties.[16]  

Table 2: Substrate scope of the selenenate-anion-catalyzed formation of 

trans-stilbenes from benzyl halide derivatives.[a] 

  

[a] Reactions conditions: benzyl halide (0.4 mmol), catalyst (2.5 mol%), 

KN(SiMe3)2 (0.8 mmol), toluene (4.0 mL), [b] All yields refer to 
isolated yields. 
 

 

Based on the proposed mechanism shown in Scheme 1, 

different selenoxides were synthesized and tested to evaluate 

their viability as precatalysts in the dehydrohalogen coupling 

of stilbenes. As shown in Scheme 2, n-dodecanyl phenyl 

selenoxide[17] and dimethyl selenoxide[18] worked well under 

the standard reaction conditions, with the exception of 

preheating the precatalysts at 50 oC for 20 min. This 

approach led to conversion of benzyl chloride to trans-

stilbene with respectable yields (80% and 72%, respectively). 

It is worth noting that in the case of dimethyl selenoxide, 

styrene is generated from both methyl groups of the dimethyl 

selenoxide. Therefore, only 80% of the benzyl chloride 

enters the catalytic cycle. 

  

 

Scheme 2. Application of different selenoxide precatalysts to trans-

stilbene synthesis 

We then set out to examine the mechanism of this catalytic 

reaction (Scheme 1). First, the deprotonation of benzyl 

phenyl selenoxide (Scheme 1, A to B) in toluene was 

confirmed by in situ 1H NMR monitoring of the reaction 

between benzyl phenyl selenoxide and KN(SiMe3)2 in 

toluene-d8 (Figure S2). The two doublets at 3.39 and 3.50 

ppm were assigned to the benzylic protons of the neutral 

selenoxide. The two doublets of A disappeared upon 

addition of KN(SiMe3)2 and a new singlet at 3.76 ppm 

integrating to 1H was observed.  We attributed this new 

singlet to the benzylic proton of the deprotonated selenoxide 

[K][PhSe(=O)CHPh] (B). Treatment of intermediate B with 

1.0 equiv of benzyl chloride resulted in formation of trans-

stilbene (61%). 

 

To further characterize the deprotonated benzyl phenyl 

selenoxide, we next attempted to isolate it.  Thus, combining 

PhSe(=O)CH2Ph and KN(SiMe3)2 in THF at room 

temperature was followed by treatment with 18-crown-6.  

Upon crystallization of the mixture containing 

[K][PhSe(=O)CHPh] (B) in the presence of 18-crown-6, a 

white solid was obtained.  From this solid, two distinct 

colorless crystals were grown. One of the products was 

analyzed by 1H, 13C, and 77Se NMR spectroscopy and by X-

ray crystallography.  It was determined to be [K(18-crown-

6)][SePh], which was recently characterized and reported by 

our group.[7]  The second compound was isolated as colorless 

crystals in the orthorhombic space group Pna21.  The 

structure was determined to be [K(18-crown-6)][2-O2SePh] 

co-crystallized with THF (Figure 1).[19]  The structure is 

similar to the previously reported crystal structure of N,N'-

diphenylguanidinium m-chlorobenzeneseleninate.[20]  In our 

seleninate anion both O1 and O2 are coordinated to the 

encapsulated K+ with Se1–O1 and Se1–O2 distances of 

1.665(3) and 1.667(3) Å.  

 

The ratio of the two compounds from the mixture could not 

be directly determined, due to their limited solubility. In 

order to determine the approximate ratio of the two 

components, we conducted the silylation of the anions with 

ClSiMe3 in C6D6.  It is known that the anion PhSeO2
– reacts 

with Me3Si–Cl to form O(SiMe3)2 and (PhSeO)2O,[21] while 

PhSe– undergoes silylation to give PhSeSiMe3.
[22]  The ratio 

Entry Product  Ar X Yield 
[%]b 1 2a Ph Cl 90 

2 2b 2-Me-C6H4 Cl 91 

3 2c 3-Me-C6H4 Cl 94 

4 2d 4-Me-C6H4 Cl 95 

5 2e 4-tBu-C6H4 Cl 91 

6 2f 2-I-C6H4 Br 98 

7 2g 3-F-C6H4 Br 80 

8 2h 4-F-C6H4 Cl 81 

9 2i 4-Cl-C6H4 Cl 81 

10 2j 2-Cl-6-F-C6H3 Cl 84 

11 2k 1-naphthyl Cl 82 

12 2l 3-CF3-C6H4 Br 79 

13 2m 3-OMe-C6H4 Br 71 

14 2n 3,4-(OMe)2-C6H3 Cl 75 

15 2o 3,5-(OMe)2-C6H3 Br 96 

16 2p 2-pyridyl Cl 48 
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of O(SiMe3)2 to PhSeSiMe3 was determined by 1H NMR 

spectroscopy to be 1.6 : 1.0 (Figures S4 and S5).  

Presumably, [K(18-crown-6)][SePh] and [K(18-crown-

6)][2-O2SePh] formed via disproportionation of [K][OSePh] 

(D).[10b]  Thus it appears that intermediate D is formed from 

the decomposition of B.  trans-Stilbene (85%, trans:cis = 

4.3:1) was also observed as a reaction product.  It is 

surprising that a mixture of isomers was obtained, given that 

only trans-stilbene is observed in all the other cases in this 

study (from intermediate C, Scheme 1).  However, this could 

be due to the presence of the crown ether and the reaction 

solvent of THF rather than toluene.  Alternatively, the 

reaction may proceed by a different pathway such as the 

extrusion of PhHC: from the organoselenium complex to 

produce a mixture of cis- and trans-stilbene.[23] 

 

 
Figure 1. Solid-state structure of [K(18-crown-6)][2-O2SePh] with 

thermal ellipsoids at the 50% probability level. Hydrogen atoms and a 
co-crystallized THF have been omitted for clarity. 

 

 
Scheme 3. Preliminary mechanistic investigations of the selenenate- 

anion-catalyzed stilbene formation. 

 

Attempts to identify the benzylated selenoxide 

intermediate PhSe(=O)CH(Ph)CH2Ph from the catalytic 

reactions (Figure 1, C) failed, presumably due to its rapid 

decomposition to form trans-stilbene and benzeneselenenic 

acid.[1e, 10a]  Therefore, to probe the reactivity of this 

intermediate, we conducted in situ studies by oxidation of 

benzylated benzyl phenyl selenide (PhSeCH(Ph)CH2Ph)[17] 

using meta-chloroperoxybenzoic acid (m-CPBA) (Scheme 

3b). Accordingly, after oxidation, trans-stilbene was isolated 

in 78% yield, but PhSe(=O)CH(Ph)CH2Ph) (C) was not 

observed in this process.  In this reaction, 27% of the starting 

selenium [PhSeCH(Ph)CH2Ph] was isolated in the form of 

PhSeSePh and 16% as PhSeOOH.[10b] Control experiments 

showed that no stilbene was formed from 

PhSeCH(Ph)CH2Ph in the absence of oxidant under these 

conditions. The instability of the intermediate C toward 

elimination can be contrasted with the stability of the sulfur 

analogue, PhS(=O)CH(Ph)CH2Ph which can be easily 

isolated without elimination of trans-stilbene[2a]. 

 

Phenyl selenenate anion (Scheme 1, D) was also generated in 

situ from a base-promoted transformation involving n-

dodecanyl phenyl selenoxide[24] (Scheme 3c).  After heating 

the n-dodecane phenyl selenoxide with 2 equiv of 

KN(SiMe3)2 in toluene at 50 ºC for 30 min, the reaction was 

cooled to room temperature and 1.0 equiv of benzyl chloride 

was added at room temperature.  From this mixture was 

isolated benzyl phenyl selenoxide (9% yield) and trans-

stilbene (78%) after column chromatography. These results 

suggest that phenyl selenenate anion is likely an intermediate 

generated under the catalytic conditions. 

 

Having investigated several of the intermediates in the 

reaction we wanted to identify the turnover-limiting step in 

the catalytic cycle proposed in Scheme 1. The catalyst 

resting state was probed by conducting various reactions 

using benzyl chloride (1 equiv) at room temperature under 

otherwise standard conditions (2 equiv KN(SiMe3)2 and 10 

mol% precatalyst) with CH2Br2 as an internal standard in 

C6D6 for 10 min.  Monitoring this reaction by 1H NMR 

spectroscopy after 10 min showed formation of 

[K][PhSe(=O)CHPh] in 75% AY (Scheme 1, B) based on a 

diagnostic proton resonance at 3.76 ppm for the benzylic CH 

(Figure S6). This result suggested that [K][PhSe(=O)CHPh] 

(Scheme 1, B) is likely the resting state of the catalyst. 

Furthermore, when the reaction was quenched with an 

excess of water (30 equiv), 82% of PhSe(=O)CH2Ph was 

recovered.  A similar experiment performed with the sulfur 

analogue resulted in 86% recovery of PhS(=O)CH2Ph.  

 

Compared to sulfenate anions (ArSO–),[2a] the selenenate 

anion exhibits improved reactivity in the dehydrohalogen 

coupling of benzyl halides, as judged by the lower reaction 

temperature (room temperature vs 80 ºC for PhSe(=O)CH2Ph 

vs. PhS(=O)CH2Ph), shorter reaction times (4 vs 16 h) and a 

lower yield of the undesirable reaction between KN(SiMe3)2 

and the corresponding benzyl chlorides. A comparison, 

however, was complicated by the different reaction 

conditions in these two systems.  We, therefore, conducted 

the reactions under identical conditions.  Using 2.5 mol% of 

either PhS(O)CH2Ph or PhSe(O)CH2Ph, the reactions were 

conducted with KN(SiMe3)2 and benzyl chloride (Scheme 4).  

After 3 h at room temperature, the reaction catalyzed by 

PhSeO– had reached 90% conversion while the sulfur 

analogue PhSO– did not catalyze the reaction at this 

temperature (see Figure S7 for reaction time course).  When 

compared to the selenolate anion (PhSe–),[7] selenenate anion 

(ArSeO–) is more convenient.  While both catalysts function 

at room temperature, selenolate anion (PhSe–)[7] required 
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slow syringe pump addition of benzyl chloride to limit the 

benzylation of the base KN(SiMe3)2.  As a result, the 

reaction times are also longer. 

 
Scheme 4. Reactivity comparison of selenium- and sulfur-based 
catalysts. 

 

Finally, we propose that the turnover limiting step of this 

reaction is the nucleophilic attack of deprotonated benzyl 

phenyl selenoxide on benzyl chloride (Scheme 1, B to C). 

The same step is turnover limiting in the sulfenate anion 

catalyzed process.[2a] One can rationalize the difference in 

reactivity stemming from the difference in electronegativity 

and from resonance stabilization.  For instance, sulfur is 

slightly more electronegative than selenium (2.5 vs. 2.4 on 

the Pauling scale).  Furthermore, the deprotonated sulfoxide 

will have better orbital overlap between the sulfur and 

anionic carbon (Scheme 5). This is due to the shorter S–C 

bond length compared to the Se–C distance, in addition to 

the closer orbital extent and contribution between sulfur and 

carbon.  Consequently, this combination of factors renders 

the deprotonated selenoxide more nucleophilic toward 

benzyl halides than the sulfoxide analogue. 

  
Scheme 5. Resonance structures of deprotonated benzyl phenyl 
sulfoxide and benzyl phenyl selenoxide. 

Application to benzylic chloromethyl coupling 

polymerizations. As noted in the introduction, we recently 

developed the benzylic chloromethyl coupling 

polymerization reaction (BCCP) to produce polymers based 

on the trans-stilbene skeleton.  Such polymerizations can 

generate conjugated poly(phenylene vinylene) (PPV) 

polymers.  PPVs are widely used as OLEDs and conducting 

materials.[25]  Likewise, BCCP can also be used to generate 

non-conjugated polymers.  Given the increased reactivity of 

the selenenate anion over the sulfenate anion in the 

dehydrohalogen coupling of benzyl halides, we wanted to 

explore the selenenate anion’s ability to promote 

dehydrohalogen coupling reactions to make polymers.   

Previous work[26] from our laboratories demonstrated that 

sulfenate anions (ArSO–) can catalyze polymerization of bis-

benzylic chlorides yielding PPVs with high yields and low 

polydispersity indexes (PDI), but required heating at 80 ºC. 

We expected selenenate anions could provide PPV 

derivatives under milder conditions. Therefore, 1,3-

bis(chloromethyl)-5-(octadecyloxy)benzene (monomer 1),[26] 

our standard benchmarking substrate, was employed with 

different catalyst loadings in the polymer synthesis using the 

optimized conditions for trans-stilbene synthesis (Table 2). 

Following this recipe, treatment of phenyl benzyl selenoxide 

with KN(SiMe3)2 and monomer 1 at room temperature in 

toluene resulted in the formation of a cloudy solution. The 

resulting solution was treated with three drops of water and 

the volatile materials were removed under reduced pressure. 

Next, CHCl3 was added to the resulting solid to dissolve the 

products. Then cold methanol was added into the filtrate to 

precipitate the solid polymer. Finally, filtration of the solid, 

dissolution in tetrahydrofuran (THF) and analysis by gel 

permeation chromatography (GPC) against polystyrene 

standards were performed. The synthesized polymers were 

characterized in terms of yield, average molecular weight 

(Mn), PDI and degree of polymerization (DP). The results 

showed that using catalyst loadings of 2.5, 5.0, and 10 

mol %, the BCCP gave excellent yields of polymer with PDI 

as low as 1.15 and Mn over 13,000 (Table 3, entries 1–3).  

The highest Mn was with 10 mol% catalyst loading.  The 

high loading may be necessary because of catalyst instability 

with respect to disproportionation of the selenenate anion, as 

exemplified in Scheme 3a.  Based on the proposed 

mechanism of the dehydrohalogen coupling reaction, the 

polymerization should be a polycondensation and would not 

be expected to exhibit a narrow polydispersity.  A similar 

low PDI was also observed in the sulfenate anion catalyzed 

polymerization with this same substrate, but at 80 °C.  We 

are currently investigating the origin of these unexpected 

results. 
 

Table 3. Selenenate anion-catalyzed polymerization and polymer 

characterization  

 
 

 

In conclusion, selenenate anions have been generated and 

employed as organocatalysts for the first time.  The 

selenenate anion readily promotes the dehydrohalogen 

coupling of a variety of benzyl chlorides and bromides at 

room temperature to form trans-stilbenes with good to 

excellent yields.  Compared with sulfenate anions, the 

selenenate anion promotes the dehydrohalogen coupling of 

benzyl chlorides under milder conditions with shorter 

reaction times.  Both the sulfenate anion and the selenenate 

anion share a common turnover limiting step in the 

dehydrohalogencoupling, which is the reaction of the 

deprotonated phenyl benzyl K[PhE(=O)CHPh] (E = S, Se) 

with benzyl halide.  The selenenate anion’s enhanced 

reactivity is hypothesized to be due to the greater 

nucleophilicity of the anion K[PhE(=O)CHPh] toward 

benzyl halides.  We have also demonstrated that the 

selenenate anion catalyzes polymerization of bis-

chloromethyl-arene to form PPV-type polymers with high 

yields and very low PDI. We continue to investigate the 

reactivity of selenenate anions to further develop their 

chemistry.  

 

Experimental Section 

 

General Procedure for Catalyzed Reactions with 

Benzylphenyl Selenoxide: To an oven-dried microwave vial 

Entry X Yield % Mn (Da) PDI DP 

 1 10 100 13224 1.15 34 

2 5 95 8549 1.33 18 

3 2.5 100 7060 1.53 15 
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equipped with a stir bar was added benzyl phenyl selenoxide 

(2.6 mg, 0.01 mmol, 0.025 equiv, from a stock solution in 

4.0 ml toluene) and KN(SiMe3)2 (160 mg, 0.8 mmol, 2.0 

equiv) under a nitrogen atmosphere followed by dry toluene 

(4.0 mL) with the yellow and clear solution generated. The 

microwave vial was sealed with a vial cap with a rubber 

insert and the sealed vial was removed from the dry box. 

Benzyl chloride (46 μL, 0.40 mmol, 1.0 equiv) was then 

added by a syringe under nitrogen. Note that if the benzyl 

halide was a solid, it was added to the reaction vial inside the 

dry box before the vial sealed. The reaction mixture was 

stirred for 4 hours at room temperature. After the reaction 

was complete, a yellow, orange or red solution was formed, 

and the sealed vial was opened to air, quenched with three 

drops of deionized water and the reaction mixture was 

passed through a short pad of silica gel.  The silica gel was 

then rinsed with ethyl acetate (10 mL). The solvent was 

removed under reduced pressure. The resulting residue was 

purified by flash chromatography.  

 

Acknowledgement 

We thank the National Science Foundation (CHE-1902509 

to PJW) for financial support. DJM thanks the University of 

Pennsylvania for research funds. O.S.T. acknowledges 

financial support from FONDECYT/Postdoctorado no 

3160270. 

  
Reference 

 

[1] a) T. Govender; P. I. Arvidsson; G. E. Maguire; H. G. 

Kruger; T. Naicker, Chem. Rev. 2016, 116, 9375-9437; b) T. 

James; M. van Gemmeren; B. List, Chem. Rev 2015, 115, 9388-

9409; c) Y. Kawamata; T. Hashimoto; K. Maruoka, J. Am. 

Chem. Soc. 2016, 138, 5206-5209; d) D. W. MacMillan, Nature 

2008, 455, 304-308; e) S. Vellalath; D. Romo, Angew. Chem., 

Int. Ed. 2016, 55, 13934-13943. 

[2] a) M. Zhang; T. Jia; H. Yin; P. J. Carroll; E. J. Schelter; P. J. 

Walsh, Angew. Chem., Int. Ed. 2014, 53, 10755-10758; b) M. 

Zhang; T. Jia; I. K. Sagamanova; M. A. Pericàs; P. J. Walsh, 

Org. Lett. 2015, 17, 1164–1167. 

[3] M. Zhang; T. Jia; C. Y. Wang; P. J. Walsh, J. Am. Chem. 

Soc. 2015, 137, 10346-10350. 

[4] M. Li; S. Berritt; C. Wang; X. Yang; Y. Liu; S.-C. Sha; B. 

Wang; R. Wang; X. Gao; Z. Li; X. Fan; Y. Tao; P. J. Walsh, 

Nat. Commun. 2018, 9, 1754. 

[5] a) A. Breder, Synlett. 2014, 25, 899-904; b) D. M. Browne; 

O. Niyomura; T. Wirth, Org. Lett. 2007, 9, 3169-3171; c) F. 

Chen; C. K. Tan; Y.-Y. Yeung, J. Am. Chem. Soc. 2013, 135, 

1232-1235; d) A. J. Cresswell; S. T. C. Eey; S. E. Denmark, 

Nat. Chem. 2015, 7, 146; e) Z. Deng; J. Wei; L. Liao; H. Huang; 

X. Zhao, Org. Lett. 2015, 17, 1834-1837; f) S. E. Denmark; D. 

J. P. Kornfilt; T. Vogler, J. Am. Chem. Soc. 2011, 133, 15308-

15311; g) F. Krätzschmar; M. Kaßel; D. Delony; A. Breder, 

Chem. Eur. J. 2015, 21, 7030-7034; h) L. Liao; R. Guo; X. 

Zhao, Angew. Chem., Int. Ed. 2017, 56, 3201-3205; i) L. Liao; 

H. Zhang; X. Zhao, ACS Catal. 2018, 8, 6745-6750; j) X. Liu; 

R. An; X. Zhang; J. Luo; X. Zhao, Angew. Chem., Int. Ed. 2016, 

55, 5846-5850; k) X. Liu; Y. Liang; J. Ji; J. Luo; X. Zhao, J. 

Am. Chem. Soc. 2018, 140, 4782-4786; l) J. Luo; Q. Cao; X. 

Cao; X. Zhao, Nat. Comm. 2018, 9, 527; m) S. Ortgies; A. 

Breder, Org. Lett. 2015, 17, 2748-2751; n) S. Ortgies; C. 

Depken; A. Breder, Org. Lett. 2016, 18, 2856-2859; o) S. A. 

Shahzad; C. Venin; T. Wirth, Eur. J. Org. Chem. 2010, 2010, 

3465-3472; p) F. V. Singh; T. Wirth, Org. Lett. 2011, 13, 6504-

6507; q) J. Trenner; C. Depken; T. Weber; A. Breder, Angew. 

Chem., Int. Ed. 2013, 52, 8952-8956; r) X. Zhang; R. Guo; X. 

Zhao, Org. Chem. Front. 2015, 2, 1334-1337; s) D. Yan; G. 

Wang; F. Xiong; W.-Y. Sun; Z. Shi; Y. Lu; S. Li; J. Zhao, Nat. 

Commun. 2018, 9, 4293; t) X. He; X. Wang; Y. L. Tse; Z. Ke; 

Y. Y. Yeung, Angew. Chem., Int. Ed. 2018, 57, 12869-12873; u) 

L. Shao; Y. Li; J. Lu; X. Jiang, Org. Chem. Front. 2019, 6, 

2999-3041; v) Y.-Y. Yeung, Synlett 2019, 30, 1643-1645. 

[6] V. Rathore; C. Jose; S. Kumar, New J. Chem. 2019, 43, 

8852-8864. 

[7] O. S. Trofymchuk; Z. Zheng; T. Kurogi; D. J. Mindiola; P. J. 

Walsh, Adv. Synth. Catal. 2018, 360, 1685-1692. 

[8] a) A. Ishii; S. Matsubayashi; T. Takahashi; J. Nakayama, J. 

Org. Chem. 1999, 64, 1084-1085; b) S. I. Kang; J. L. Kice, J. 

Org. Chem. 1986, 51, 287-290; c) J. L. Kice; F. McAfee; H. 

Slebocka-Tilk, J. Org. Chem. 1984, 49, 3100-3106. 

[9] a) R. J. Hondal; E. L. Ruggles, Amino acids 2011, 41, 73-89; 

b) H. J. Reich; R. J. Hondal, ACS Chem. Biol. 2016, 11, 821-

841. 

[10] a) H. J. Reich; C. A. Hoeger; W. W. Willis Jr, J. Am. 

Chem. Soc. 1982, 104, 2936-2937; b) H. J. Reich; S. Wollowitz; 

J. E. Trend; F. Chow; D. F. Wendelborn, J. Org. Chem. 1978, 

43, 1697-1705. 

[11] S. T. Ali; S. Karamat; J. Kóňa; W. M. Fabian, J. Phys. 
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