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Abstract: A new umpolung approach for the asymmetric Friedel-

Crafts-type alkylation of electron-poor heteroaromatic systems has 

been developed. It is based on the vinylogous reactivity of hydrazones 

derived from heteroaromatic aldehydes. Donating effect of the 

hydrazone moiety can be efficiently transferred over the 

heteroaromatic system activating it towards asymmetric Friedel-

Crafts reaction with α,β-unsaturated aldehydes realized under 

aminocatalytic conditions. Excellent enantioselectivities have been 

obtained owing to the application of MacMillan imidazolidinone 

catalyst. Unmasking of hydrazone moiety has been also realized 

resulting in the development of a unique strategy for the asymmetric 

functionalization of electron-poor heteroaromatic systems. 

The chemistry and biology of heteroaromatic compounds 

constitutes a fascinating and highly relevant field of research 

(Scheme 1, top).[1-3] Among various heteroaromatic frameworks, 

furan and its derivatives occupy a prominent position.[1] They are 

present in various natural products and bioactive molecules.[4] 

Therefore, methods for their preparation in a stereoselective 

fashion are of importance in contemporary organic synthesis. 

Friedel-Crafts reaction constitutes a powerful method for the 

functionalization of electron-rich (hetero)aromatic compounds.[5] 

Surprisingly, the application of furan derivatives in this important 

reaction is not very common[6] and mostly limited to hydroxyl-

group-activated furans in the Mukayama-type reactions.[7] 

Recently, Chen and co-workers demonstrated that furans can be 

activated towards Friedel-Crafts reaction via the formation of the 

corresponding enamine intermediate (Scheme 1, middle).[8] 

Functionalization of electron-poor heteroaromatic derivatives via 

Friedel-Crafts reaction is not possible due to decreased 

nucleophilicity of such systems. 

Hydrazones constitute synthetically useful molecules that 

undergo various annulation reactions, including (3+2)-

cycloadditions, leading to the synthesis of nitrogen-containing 

heterocycles.[9] On the other hand, very important application of 

this group of reactants relates to their ability to induce umpolung 

of aldehydes inverting their properties from electrophilic to 

nucleophilic (Scheme 1, bottom).[10] Notably, the nucleophilic 

properties of hydrazones can be transferred over conjugated 

double bonds including heteroaromatic systems, thus resulting in 

the vinylogous reactivity[11] of this class of compounds.[10a,12,13] 

Surprisingly, asymmetric strategies involving vinylogous 

hydrazone umpolung are missing in the literature. 

 

Scheme 1. Importance of heteroaromatic compounds and the principles of 

hydrazone umpolung. 

Given the importance of heteroaromatic compounds in the life-

science industry and the potential of hydrazone in delivering 

umpolung of aldehydes, the task of the development of a new, 

asymmetric approach for the electrophilic functionalization of 

heteroaromatic aldehydes was undertaken (Scheme 2, top). It 

was envisioned that the corresponding hydrazone, readily 

available from the aldehyde via condensation with the hydrazine 

should participate in the Friedel-Crafts reaction with hydrazone 

donating effect being transferred over heteroaromatic system. 

Furthermore, it was anticipated that subsequent unmasking of the 

hydrazone moiety should be possible under mild conditions. 

Notably, depending on the employed conditions access to various 

electron-withdrawing groups should be accessible. Within present 

studies, α,β-unsaturated aldehydes were selected as model 

electrophiles due to their ability to undergo various Michael-type 

mailto:lukasz.albrecht@p.lodz.pl
http://www.a-teamlab.p.lodz.pl/


2 

 

reactions proceeding under aminocatalytic conditions according 

to iminium ion activation (Scheme 2, top). 

Herein, we present our studies on the application of vinylogous 

hydrazone strategy for the activation of electron-poor furan 

derivatives towards the Friedel-Crafts-type reactions. The 

alkylation of hydrazones 1 with α,β-unsaturated aldehydes 2 was 

realized under aminocatalytic conditions providing facile access 

to aldehydes 5. The activation strategy proved viable for a wide 

variety of heteroaromatic systems. The possibility of unmasking 

the hydrazone moiety was also demonstrated. 

 

Scheme 2. Vinylogous hydrazone strategy for the asymmetric alkylation of 

heteroaromatic aldehydes 

Optimization studies were performed using N,N-

dimethylhydrazone 1a derived from 2-furfural and trans-

cinnamaldehyde 2a. Initial experiments were conducted in 

dichloromethane at ambient temperature with diphenylprolinol 

trimethylsilyl ether 3a as catalyst. Disappointingly, under these 

conditions only traces of the desired product 5a were obtained 

(Table 1, entry 1). Delightfully, the presence of acidic additive 

enhanced the efficiency of the process, leading to significant 

improvement in conversion of substrates (Table 1, entry 2). Due 

to the fact that strong acid can promote the hydrazone 

deprotection, 1.2-fold excess of 1a was used. In the course of 

further studies, it was found that the change of aminocatalyst 3 

had a significant impact on the reaction outcome. Utilization of 

aminocatalyst 3b accelerated the transformation rate and the 

adduct 7a was isolated after olefination reaction with Wittig 

reagent 6. Unfortunately, the enantioselectivity of the 

organocatalytic process was only moderate (Table 1, entry 3). 

Subsequently, imidazolidinone 3c, which previously proved 

effective in the Friedel-Crafts alkylation of heteroaromatic 

derivatives,[14] was used, giving access to product 5a with high 

conversion after 20 h at room temperature, however, 7a was 

obtained in nearly racemic form (Table 1, entry 5). To our delight, 

when the reaction was conducted in the presence of 3c at -20 °C, 

a significant increase of enantioselectivity was observed without 

loss of reactivity (Table 1, entry 6). Further solvent screening 

indicated toluene as the most suited medium for this 

transformation (Table 1, entries 6-10). Furthermore, 

concentration had no noticeable impact on the developed 

reactivity (Table 1, entries 11, 12), thus establishing the final 

reaction conditions (Table 1, entry 10). 

 

Table 1. Asymmetric alkylation of hydrazones derived from heteroaromatic 

aldehydes – optimization studies.[a] 

 

 Solvent Cat. Addit. T [°C] Conv. 

[%][b] 

er[c] 

1 CH2Cl2 3a none rt 5 n.d. 

2 CH2Cl2 3a TFA rt 38 n.d. 

3 CH2Cl2 3b TFA rt 65 80:20 

4 CH2Cl2 3c TFA rt 90 60:40 

5 CH2Cl2 3c TFA -20 82 93:7 

6 CHCl3 3c TFA -20 55 97:3 

7 ClCH2CH2Cl 3c TFA -20 90 93:7 

8 Et2O 3c TFA -20 >95 96:4 

9 PhMe 3c TFA -20 >95 (95) 98:2 

10[d] PhMe 3c TFA -20 >95 (88) 98:2 

11[e] PhMe 3c TFA -20 >95 (85) 98:2 

[a] Reactions performed on a 0.05 mmol scale using 1a (1.2 equiv) and 2a (1.0 

equiv.) in 0.2 mL of the solvent for 20 h (for full screening account, see 

Supporting Information). [b] Conversion as determined by 1H NMR of a crude 

reaction mixture. Isolated yield is given in parentheses. [c] Determined by a 

chiral stationary phase UPC2. [d] Reaction performed in 0.1 mL of the solvent. 

[e] Reaction performed in 0.4 mL of the solvent. 

With the optimal reaction conditions established (Table 1, entry 

10), the substrate scope of the reaction was explored both with 

respect to aldehydes 2 (Table 2) and hydrazones 1 (Scheme 3). 

In order to facilitate the isolation and determination of 

enantiomeric ratios, obtained adducts 5 were directly converted 

into the corresponding esters 7 using Wittig reagent 6 (isolation of 

aldehydes 5 proved also possible. For details, see Supporting 

Information). In the first step of the scope study, various α,β-

unsaturated aldehydes 2 were reacted with hydrazone 1a under 

optimized conditions. Initially, cinnamaldehydes bearing 

substituent at different positions and with different electronic 

properties were investigated (Table 2, entries 2-6). To our delight, 

all reactions proceeded smoothly affording target products 7 in 

high yields and enantioselectivities. When ortho-

methoxycinnamaldehyde 2d was applied, a slightly lower 

enantioselectivity was observed (Table 2, entry 4), but the yield 

remained excellent. The use of 2-furyl-substituted α,β-

unsaturated aldehyde 2g also resulted in the drop of 

enantioselectivity (Table 2, entry 7). In the case of the 1-naphthyl 

group bearing 2h, high enantioselectivity and yield was 

maintained (Table 2, entry 8). Furthermore, the possibility to 



3 

 

introduce various aliphatic substituents in the β position of the 

aldehydes 2 was investigated. It was found that regardless the 

length of aliphatic chain in 2, expected products 7 were obtained 

in high yields and enantioselectivities (Table 2, entries 9,10). 

Aldehydes 2k,l bearing functional groups in their side chain turned 

out to be excellent electrophiles and the desired products 6k,l 

were obtained in very good yields and in a highly enantioselective 

fashion (Table 2, entries 11,12). 

Table 2. Asymmetric alkylation of hydrazones derived from heteroaromatic 

aldehydes – scope of α,β-unsaturated aldehydes 2.[a] 

 

Entry R Yield [%] E/Z[b] er[c] 

1 Ph 95 >20:1 98:2 

2 4-MeOC6H4 88 >20:1 94.5:5.5 

3 3-MeOC6H4 85 >20:1 97:3 

4[d] 2-MeOC6H4 95 >20:1 91:9 

5 4-ClC6H4 97 >20:1 98:2 

6 4-NO2C6H4 93 >20:1 99:1 

7 2-Furyl 85 >20:1 91:9 

8 1-Naphthyl 92 18:1 96:4 

9 Me 85 >20:1 96:4 

10 nPr 81 >20:1 98:2 

11 BnOCH2 91 >20:1 97:3 

12 Z-3-Hexenyl 96 >20:1 98:2 

[a] Reactions performed on a 0.1 mmol scale using 1a (1.2 equiv) and 2 (1.2 

equiv.) in 0.4 mL of the solvent for 20 h. [b] Determined by 1H NMR of a crude 

reaction mixture after Wittig olefination. [c] Determined by a chiral stationary 

phase UPC2. [d] Wittig olefination performed at room temperature. 

Further studies were focused on the application of various 

hydrazones 1 in the reaction with cinnamaldehyde 2a (Scheme 

3). Notably, in this part of scope studies final reaction parameters 

had to be fine-tuned in some of the cases in order to obtain higher 

reactivity or enantioselectivity. When furan 1b bearing hydrazone 

moiety at the position 3 was utilized, the reaction proceeded 

efficiently, but a drop of enantioselectivity was noted (Scheme 3, 

compound 7m). In case of pyrrole- as well as thiophene-derived 

nucleophiles 1b and 1c, excellent enantioselectivities were 

obtained (Scheme 3, compounds 7n,o). It was also found that the 

activating effect of the hydrazone moiety can be transferred 

through more than just two double bonds as it was observed in 

the case of simple heteroaromatic derivatives 1a-c. To our delight, 

thienothiophene derivative 1d reacted smoothly (transfer of the 

hydrazone effect over 3 double bonds) providing 7p with excellent 

enantioselectivity (Scheme 3, compound 7p). Similarly, 

hydrazone 1e derived from the corresponding α,β-unsaturated 

aldehyde 2g proved also viable substrate for our transformation 

with the alkylation taking place preferentially at the remote furan 

ring (Scheme 3, compound 7q).  

 
Scheme 3. Asymmetric alkylation of hydrazones derived from heteroaromatic 

aldehydes – scope of hydrazones 1. 

In the course of further studies, the possibility to unmask 

hydrazone moiety in 7a was demonstrated (Scheme 4). Oxidation 

of compounds bearing carbon=nitrogen double bond constitutes 

a useful method for the preparation of nitriles and related 

products.[15] Therefore, 7a was subjected to the oxidation reaction 

with m-CPBA (Scheme 4, top). The reaction was carried out in 

dichloromethane at room temperature for 4 hours affording the 

corresponding nitrile 8a in 95% yield. Furthermore, protocol for 

the deprotection of the aldehyde moiety was also developed. The 

reaction was realized under mild conditions to provide aldehyde 

9a in 85% yield. Notably, both transformations proceeded with 

preservation of optical purity introduced at the organocatalytic 

step as both 8a and 9a were obtained in a highly enantiomerically 

enriched form. 

The absolute configuration of the product 7n was assigned by 

single crystal X-ray analysis (for details, see Supporting 

Information).[16] The stereochemistry of remaining products was 

assigned by analogy. Notably, such a stereochemical reaction 

outcome is in accordance with classical aminocatalytic cycle 

proceeding via iminium ion activation using imidazolidinone 3c as 

catalysts.[14] 
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Scheme 4. Asymmetric alkylation of hydrazones derived from heteroaromatic 

aldehydes – unmasking of hydrazone 1. 

In conclusion, we developed a unique strategy for the asymmetric 

functionalization of electron-poor heteroaromatic derivatives. It 

utilized the application of hydrazones derived from 

heteroaromatic aldehydes as key reactants. It was found that the 

donating effect of hydrazone moiety can be efficiently transfered 

over two or three double bonds that were a part of aromatic 

systems providing a useful tool for the asymmetric alkylation of 

heteroaromatic moiety. High stereoselectivity was obtained by the 

use of imidazolidinone catalyst. The possibility to transform 

hydrazone group into formyl or nitrile moieties was also 

demonstrated.  
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