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Abstract: Cyclopropanes bearing donor and acceptor groups at the opposite ends of 

the C-C bond should react with both nucleophiles and electrophiles. Their reactivity 

towards nucleophiles is well explored while only few specific electrophilic reagents give 

desired products.These methods are limited by the specific philicity of the carbon 

atoms resulting from the strong polarization of the central C-C bond. Herein, we report 

that vitamin B12 catalysis enables the transformation of initially electrophilic center into 

a nucleophilic radical that as such reacts with SOMOphiles. This radical-based strategy 

reverses the standard regioselectivity and thus complements the classical approaches. 

 

Introduction 

The chemistry of donor-acceptor (D-A) cyclopropanes (DAC) has experienced a well-

deserved revival over the last few years. These compounds are appreciated building 

blocks offering multifaceted reactivity.[1] Being the smallest cycloalkanes, 

cyclopropanes are characterized by high ring strain resulting in increased energy;[2] 

this, however, is not the only factor affecting their chemical properties. An additional 

activation stems from strong polarization of the C-C bond vicinally substituted with 

donor and acceptor groups.[1b] The zwitterionic relationship between two substituted 

carbon atoms makes D-A cyclopropanes perfect substrates for cycloadditions,[3] 

rearrangements,[4] and ring opening[5] reactions. The latter provides convenient access 

to mono- or 1,3-difunctionalized compounds.  

As a consequence of the dipole-like nature of DACs, their transformations are highly 

regioselective. The nucleophilic attack occurs on the donor-substituted carbon atom 

with a partial positive charge leading to the ring-opening (Scheme 1A).[1b] 

Subsequently, the negative charge on the carbon bearing the acceptor is neutralized 

by an electrophile, often a proton, though a number of 1,3-bisfunctionalization 

reactions have also been reported in the last few years.[6] Exclusively installing an 

electrophile in the regioselective ring-opening is highly underdeveloped and typically 

occurs on the acceptor-substituted carbon atom. The only exception to this rule is 

transition-metal catalyzed addition of C-electrophiles on the donor-substituted carbon 

atom resulting from the formation of nucleophilic π-allyl-metal complex.[7,8] The scope 
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of this method is, however, limited only to a few vinylcyclopropanes. Consequently, the 

range of such functionalized derivatives is restricted. To expand synthetic possibilities 

in this context, we wondered whether it is possible to establish a general method for 

reversal of the reactivity of the substituted C-C bond and hence enable the 

comprehensive regioselective reaction with electrophilic reagents at the donor-

substituted carbon atom. Based on our experience in Co-catalysis, we thought that it 

should be an excellent tool for that purpose (Scheme 1B, C). Among cobalt catalysts, 

vitamin B12 (1, cobalamin) offers some exceptional features. In the Co(I) form, it acts 

as a ‘supernucleophile’ inclined to react with carbon electrophiles, typically via the SN2 

mechanism. 

 

 

Scheme 1. Reactivity of D-A cyclopropanes. 

The newly formed Co(III)-C bond is prone to homolytic cleavage under both photolytic 

and thermal conditions giving radicals that subsequently may engage in numerous 

transformations.[9] In this line, we have employed vitamin B12 for the generation of 

cyclobutyl and cyclopentyl radicals from bicyclo[1.1.0]butanes and 

bicyclo[1.1.0]pentanes respectively, involving cleavage of their central C-C bond.[10] 

This polarity reversal strategy enables reactions with electrophiles and SOMOphiles 

on the originally electrophilic carbon atom (Scheme 1B). That is possible due to a set 

of features typical of small bicyclic compounds. They are characterized by high ring 

strain and their central bridging bonds are polarized when substituted with at least an 

electron-withdrawing group on one of the bridgehead carbons.[1,11] These properties 

are also relevant to D-A cyclopropanes, therefore we envisaged that the B12-based 

methodology can be employed to generate C-centered radicals from this cyclic 



compounds and achieve the addition of SOMOphiles on the donor-substituted carbon 

atom. The use of electrophilic coupling partner would enable formal electrophile-

electrophile coupling expanding the scope of scaffolds accessible from DAC. Scattered 

information on the ring-opening of cyclopropanes and formation of alkyl-cobalamin 

derivatives support our hypothesis.[12,13] Recently, we have also used this approach for 

regioselective ring-opening arylation of epoxides.[14] Our approach would also 

contribute to the radical chemistry of D-A cyclopropanes which has been recently 

explored by Werz group.[6g] 

Herein, we report a polarity-reversal ring-opening alkylation of donor-acceptor 

cyclopropanes with electrophilic olefins. 

 

Results and Discussion 

We initiated our studies by reacting D-A cyclopropane 3 with Michael acceptor 4a in 

the presence of vitamin B12 (1) as a cobalt catalyst and Zn/NH4Cl as a reducing 

system under blue light irradiation (455 nm, Table 1).  

 

Table 1. Background studies for the model reaction.[a]  

 

Entry Deviation from standard conditions Yield of 5a [%][b] 

1 none 24 

2 no catalyst 1 0[c] 

3 no light 9 

4 no olefin 0[d] 

[a] Reaction conditions: DAC 3 (0.1 mmol), olefin 4a (1.5 equiv), (CN)Cbl (1) (6 mol%), Zn (6 equiv), NH4Cl (3 equiv), MeOH (c = 

0.1 M), blue LEDs (455 nm, 9 W), 18 h, rt, degassed. (see SI). [b] GC yield. [c] Product 6 was observed. [d] Products 6 and 7 

were observed. 

 

The initial conditions afforded product 5a in 24% yield (entry 1). Background 

experiments revealed the crucial role of cobalamin 1 (entry 2). Interestingly, without 

irradiation, the reaction was not completely halted which suggested thermal conditions 

might be also suitable for the generation of alkyl radicals (entry 3).  

Based on our previous experience,[10,14] it can be reasonably assumed that under the 

applied conditions, the Co(III) form of the catalyst is reduced to the ‘supernucleophilic’ 

Co(I) species that attacks the donor-substituted carbon atom of DAC generating alkyl 

radical B (trapped with TEMPOL, see SI) (Scheme 2). In the desired scenario, it reacts 



with activated olefin affording intermediate E that after reduction forms desiresd 

alkylated product F (Scheme 2). In our preliminary experiments, we identified two side 

products 6 and 7, which presumably originate from the same radical B. In the first 

scenario, it is reduced to side-product C. The second option involves dimerization of 

radical C leading to dimer D. To corroborate the radical pathway, we performed the 

model reaction with the addition of (2,2,6,6-tetramethylpiperidin-1-yl)oxyl (TEMPO). 

When added at the beginning of the reaction, it suppressed the formation of product 

5a completely while its addition after 4 hours diminished yield of product 5a (31%, see 

SI).  

 

 

Scheme 2. Plausible pathway of the polarity-reversal alkylation of DAC. 

From the beginning of our optimization studies, it became clear that the choice of a 

solvent is crucial (Table 2). MeOH gave significantly better results than any other 

tested, presumably because of the excellent solubility of vitamin B12 (1) whilst 

simultaneously being a source of protons. Since cyanocobalamin (1) and cobalamin-

based catalysts 2, 9 were similarly effective (entries 1-3), commercially available, 

native vitamin B12 (1) was further explored. Possible dimerization of a radical derived 

from cyclopropane 3 called for an excess of acceptor 4a to be used (entry 4). The yield 

of the reaction appreciably increased by the addition of water (5 equiv). One of the 

most important factors we analyzed was the driving force for the cleavage of the Co-C 

bond with the concominat formation of C-radicals. Light sources differing in wavelength 

and power were tested but photochemical conditions, at best gave similar results to 

those obtained without any irradiation (entry 6). The reaction at slightly elevated 

temperature (30 °C) was the most effective (entry 1, 79%). 

 

  



Table 2. Optimization studies.[a]  

Entry Deviation from standard conditions Yield of 5a [%][b] 

1 None 77 (79%)[c] 

2[d] HME (2) 66 

3[d] Cbl(OH2)+Cl-9 (see SI) 74 

4 3 equiv. of 5a 63 

5 no H2O 61 

6[e] Blue LEDs instead of heating 73 

7 Room temperature (23 °C) 62 

[a] Reaction conditions: DAC 3 (0.1 mmol), 4a (5 equiv), (CN)Cbl (1) (10 mol%), Zn (3 equiv), NH4Cl (1.5 equiv), MeOH (c = 0.2 

M), 18 h, 30 °C, degassed. [b] GC yields [c] Isolated yield. [d] No water was added (for details see SI). [e] Blue LEDs: 455 nm, 9 

W.  

 

With the optimized conditions in hand, we explored the substrate scope of the ring-

opening polarity-reversal alkylation of DAC (Scheme 3). A range of cyclopropanes 

differing in donor and acceptor groups were reacted with methyl acrylate (4a).  

Our method worked well for the substrates bearing aryl substituents at the donor 

position and the best results were achieved for those with both weakly and strongly 

electron-donating groups such as phenyl (5a, 79%), 4-tBu-phenyl (11a, 75%) and 4-

OMe-phenyl (10a, 73%). Substitution at the position 2 of the phenyl ring hinders the 

attack of the Co(I) catalyst thus slowing down the desired reaction and diminishing the 

yield of product 14a (46%). This problem was, however, easily solved, simply by 

prolonging the reaction time (60%). On the other hand, for cyclopropanes bearing 

electron-deficient aromatic groups the yields of the products 12a, 13a slightly 

deminished. In these cases, the presence of a strong electron-withdrawing group at 

the aromatic ring raises the reduction potential of DAC (see SI for more information) 

and consequently accelerates side-reactions (ring-opening and reduction of the 

cyclopropane). These processes should be suppressd for better SOMOphiles which 

react faster with radicals. Indeed, the use of acrylonitrile, particularly in the case of 

DAC bearing electron-deficient aromatic substituents, appreciably increased yields of 

products (Scheme 4, 12b, 13b). 



 

Scheme 3. Scope of reaction: donor-acceptor cyclopropanes.[a] [a] Reaction conditions: DAC (0.2 mmol), olefin 4a or 4b (5 equiv), 

(CN)Cbl (1, 10 mol%), Zn (3 equiv), NH4Cl (1.5 equiv), H2O (5 equiv), MeOH (c = 0.2 M), 30 °C, 18 h, degassed. [b] Reaction 

prolonged to 48 h. [c] Reaction conditions: DAC (0.2 mmol), olefin 4a or 4b (5 equiv), HME (2, 5 mol%), Zn (3 equiv), NH4Cl (1.5 

equiv), MeOH (c = 0.2 M), 30 °C, 18 h, degassed (see SI). [d] a mixture of diastereomers (47:53). 

 

Next, a set of electrophilic alkenes were tested (Scheme 4).  

 



 

Scheme 4. Scope of reaction: electrophilic alkenes.[a] [a] Reaction conditions a: cyclopropane 3 (0.2 mmol), olefin (5 equiv), 

(CN)Cbl (1, 10 mol%), Zn (3 equiv), NH4Cl (1.5 equiv), H2O (5 equiv), MeOH (c = 0.2 M), 30 °C, 18 h, degassed. [b] Reaction 

conditions b: cyclopropane 3 (0.2 mmol), olefin (5 equiv), HME (2, 5 mol%), Zn (3 equiv), NH4Cl (1.5 equiv), MeOH (c = 0.2 M), 

30 °C, 18 h, degassed [c] from dimethyl fumarate; [d] from dimethyl maleate; [e] a mixture of diastereomers. 

 

Various olefins bearing electron-withdrawing groups, including esters (5c, 5g-h), 

amides (5d,e), and nitrile (5b) are well tolerated. Only traces of product 5f, however, 

were observed in the case of dimethyl fumarate, which we associated with fast, partial 

reduction of the olefin under the developed conditions. Hence, changing the kinetics of 

the desired reaction should eliminate the problem. Our previous studies indicated that 

the rate of reactions catalyzed by HME (2) are significantly higher than those catalyzed 

by native vitamin B12.[15] Indeed, kinetic studies performed for the HME-catalyzed 

formation of products 5a indicated a significant acceleration of the reaction rate 

compared to (CN)Cbl-catalyzed transformations (Figure 1).  

 

 

Figure 1. Kinetic profile of the conversion of D-A cyclopropane 3 under model reaction conditions with vitamin B12 (1) and HME 
(2).  
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Indeed, the change of a catalyst from vitamin 1 to HME (2) enabled the formation of 

product 5f in a satisfactory yield (63%). This modified conditions proved also more 

efficient for other 1,1- and 1,2-disubstituted olefins (5h, 5k) as well as for vinyl ethyl 

sulfone (5i) or vinyl pyridines and 2-vinylpyrazine giving products 5l-m and 5n in high 

yields. 

Conclusion 

In summary, we have developed a strategy that reverses the reactivity of D-A 

substituted cyclopropanes, enabling regioselective installation of electrophilic reagent 

at the originally electrophilic carbon atom. In particular, vitamin B12 (1) as a catalyst 

reacts with DACs giving alkyl cobalamis. Homolytic cleavage of the Co-C bond leads 

to C-centered radicals that engage in reactions with SOMOphiles. The outcome of the 

reaction stems from the subtle balance between three competing transformations of 

the generated radical.  

Importantly, the presented strategy complements the existing activation modes for the 

generation of radicals from donor-acceptor cyclopropanes. Only recently the Werz 

group reported that the electrocatalytic activation enables generation of a radical on 

the acceptor-substituted carbon atom in contrast to our B12-catalysis.[6g] As a 

consequence new molecular scaffolds can be access complementing the library of 

building-blocks derived from cyclopropanes. We believe it will make a meaningful 

contribution to expanding the currently available chemical space. 
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