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Abstract: In this work, the enantioselective organocatalyzed addition of nitroalkanes to N-benzoyl 

hydrazones has been developed for the first time. As a result of the study, simple quinine alkaloid 

was able to catalyze the synthesis of alkyl substituted β-nitroalkylhydrazides (14 examples) with 

good yields (up to 91%) and enantiomeric excesses (up to 77%), while quinidine alkaloid was used 

to obtain the opposite enantiomer with similar catalytic results. Further recrystallization of the 

corresponding enantio-enriched mixtures led to the obtainment of ee up to 94%. The catalyzed 

reaction pathway was study ab initio in order to understand the successful chiral induction by the 

catalyst. Hence, in the transition state of the rate-limiting step, quinine acts as a bifunctional catalyst 

interacting with both substrates simultaneously. Experimental kinetic studies support the 

computational study of the reaction mechanism. 
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1. Introduction 

The asymmetric aza-Henry reaction (or nitro-Mannich reaction) constitutes one of the most 

powerful synthetic strategies for the construction of C-C bonds, as well as for the obtainment of 

versatile synthetic chiral building blocks containing both a nitro and an amino group in vicinal 

positions. This reaction has been typically carried out by addition of nitroalkanes to N-protected 

imines in presence of a chiral catalyst, which typically includes organometallic complexes and 

organocatalysts [1–5]. 

Since N-acylhydrazones are considered highly stable and storable synthetic surrogates of imines 

[6], we envisioned these reagents could be adequate catalytic substrates to perform asymmetric aza-

Henry reactions. Moreover, the corresponding adducts would present great interest in fields as 

medicinal chemistry due to the pharmacological activity that compounds containing the hydrazide 

moiety exhibit [7,8]. Different enantiomers could present distinct biological activities, being the 

obtainment of the corresponding enantiopure product essential in order to study the pharmacological 

properties of each enantiomer individually [9,10]. 

In a first pioneering work, we developed the first enantioselective organocatalyzed addition of 

hydrazides to nitroalkanes [11]. This aza-Michael based protocol let us synthesize a great number of 

enantioenriched aryl β-nitroalkylhydrazides with high enantiomeric excesses, while the method 

provided lower efficiency in the case of the alkyl analogs. In contrast, at the present work, we have 

developed a method for the efficient asymmetric synthesis of alkyl β-nitroalkylhydrazides. To 
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achieve this goal, we have carried out the enantioselective catalyzed addition of nitroalkanes to 

hydrazones for the first time (Scheme 1) [12]. 

 

Scheme 1. Asymmetric aza-Henry reaction of hydrazones: synthesis of enantio-enriched alkyl β-

nitroalkylhydrazides. 

2. Results and Discussion 

2.1. Catalytic Study 

Following our aim to develop an enantioselective catalyzed procedure for the efficient 

asymmetric synthesis of alkyl β-nitroalkylhydrazides, we hypothesized that, in presence of a chiral 

Brønsted base, nitroalkane could be deprotonated to give a more active nitronate anion. This species, 

which could form a hydrogen-bonding complex with the catalyst, would attack subsequently to the 

sp2 prochiral center of the hydrazone with the concomitant formation of a C-C bond. In this possible 

scenario, the chiral environment provided by the catalyst would lead to the formation of the C-C 

bond under stereocontrol. The presence of hydrogen bonding donor moieties in the catalyst could be 

determining in this step in order to establish interactions with the N-acylhydrazone substrate. Hence, 

the simultaneous activation of both substrates by the catalyst (bifunctional activation) could lead to 

the obtainment of good activities and selectivities. 

Among the different Brønsted bases used in asymmetric organocatalysis, cinchone alkaloids 

have played a crucial role. These compounds present low cost and high commercial availability, and 

can be functionalized with different hydrogen-bonding donor scaffolds [13]. In an initial study, we 

explored the catalytic activity of different cinchone alkaloid derivatives in the addition of 

nitromethane (2a) to the N-p-nitrobenzoyl hydrazone 1a (Scheme 2). In addition to cinchone 

derivatives 4a–d, other interesting bifunctional basic and acid organocatalysts were tested [12]. 

 

Scheme 2. Some cinchone-derived organocatalysts tested in the enantioselective addition of 

nitromethane (2a) to the N-benzoyl hydrazone 1a. 

After the study, we observed that in presence of simple and cheap quinine catalyst 4a the 

nitroalkane reacted with the hydrazone substrate, leading to the obtainment of the desired alkyl β-

nitroalkylhydrazide 3aa with promising catalytic results. Encouraged by this achievement, we 
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optimized distinct parameters of the reaction in order to enhance the yield and enantiomeric excess 

provided by the catalyst. Hence, different solvents (up to 14), catalyst loadings, and equivalents of 

nitroalkane were tested. Finally, under the optimized reaction conditions, the desired product 3aa 

was obtained with unprecedented yield and enantioselectivity. This procedure let us synthetize a 

great number of enantio-enriched alkyl β-nitroalkylhydrazides (up to 14 examples) with moderate to 

excellent yields (18–91%) and moderate to good enantioselectivities (39–77% ee) starting from 

different N-benzoyl hydrazones and nitroalkanes (Scheme 3) [12]. 

 

Scheme 3. Selected examples of enantio-enriched alkyl β-nitroalkylhydrazides synthetized following 

the asymmetric protocol developed. 

For those reactions carried out at room temperature, different substrates provided, in general, 

similar results of enantioselectivity. On the other hand, both steric and electronic effects present in 

the hydrazone substrate affected the reactivity of the process in a great extent. The use of a mixture 

of nitromethane/chloroform at low temperature (−20 °C) let us obtain the product 4ba with a higher 

enantioselectivity (56% ee) although with a moderate yield (44%) after five days. To our delight, the 

use of quinidine as catalyst led preferentially to the opposite enantiomer with similar catalytic results. 

For the compound 4ba, further recrystallization in ethyl acetate/diethyl ether mixtures afforded 

the corresponding product with excellent enantiomeric excesses (94% ee). The absolute configuration 

of each enantiomer was studied through its X-ray structure after grown single crystals in ethyl 

acetate/toluene mixtures. Hence, quinine catalyst led to the obtainment of the (S)-adduct, whereas 

the use of quinidine afforded the (R)-isomer [12]. 

2.2. Mechanistic Study 

In order to obtain valuable information on the rate limiting step of the catalytic process, the 

kinetic profile of the reaction was obtained by 1H-NMR spectroscopy tracking the concentration of 

hydrazone 1c over time. Carrying out the catalysis in a mixture of deuterated chloroform/ deuterated 

nitromethane 3:2 as solvent, the process showed pseudo-first order kinetics. The partial order of both 

hydrazone substrate 1c and quinine catalyst (4a) was determined to be one using the initial rates 

method. These experimental results seem to indicate that one molecule of hydrazone and one 

molecule of catalyst are involved in the rate limiting step of the catalyzed reaction. Interestingly, a 

kinetic isotopic effect of kH/kD = 1.31 was obtained using nitromethane (2a) instead deuterated 
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nitromethane. This KIE value (secondary KIE) differs significantly that those reported in the literature 

for other aza-Henry transformations [14,15]. 

To acquire a better understanding on the activation of substrates by the catalyst as well as the 

origin of the enantioselection in the catalytic process, the full catalytic pathway was study using ab 

initio calculations [12]. As a result of the study, some conclusions can be deduced: 

• Once the nitroalkane is deprotonated by the catalyst, the attack of the resulting nitronate anion 

to the sp2 prochiral center of the hydrazone would occur via Brønsted acid catalysis (Figure 1a) 

instead hydrogen bonding catalysis (as we initially hypothesized, Figure 1b). In the first case, 

the protonated quinuclidine group of the catalyst would activate the hydrazone substrate. 

Simultaneously, the hydroxyl moiety present in the quinine scaffold would direct the nitronate 

anion in its attack to the sp2 center of the hydrazone. This bifunctional activation of substrates 

by the catalyst could explain the good yields and enantiomeric excesses achieved. 

• In the rate limiting step of catalytic process, the protonation of the hydrazone and the formation 

of the C-C bond would occur in a concerted transition state (Figure 1c). This model for the 

transition state of the RLS would explain the KIE value of 1.31 obtained experimentally. 

Remarkably, a theoretical KIE value of 1.65 was calculated for the proposed catalyzed 

mechanism. 

 

Figure 1. (a) Brønsted acid catalysis model; (b) Hydrogen bonding catalysis model; (c) Proposed 

transition state for the catalyzed reaction pathway. 

3. Conclusions 

At the present work, the first enantioselective organocatalyzed aza-Henry reaction of 

hydrazones has been developed. This methodology has provided an efficient synthetic protocol for 

the asymmetric synthesis of alkyl β-nitroalkylhydrazides, which can be obtained with unprecedented 

yields and enantioselectivities. Among the several organocatalysts tested, simple quinine catalyst 

provided the best results of reactivity and selectivity, whereas the use of quinidine as catalyst led to 

the obtainment of the opposite enantiomer with similar catalytic results. Experimental and 

computational mechanistic studies suggest the bifunctional activation of substrates by the catalyst, 

which would explain the good results of reactivity and selectivity achieved. 
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