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Fluorine Effects in Organocatalysis - Asymmetric 

Brønsted acid assisted Lewis base catalysis for the 

synthesis of trifluoromethylated heterocycles exploiting 

the negative hyperconjugation of the CF3-group  

Chandra M. R. Volla, Arindam Das, Iuliana Atodiresei and Magnus Rueping* 

An efficient Brønsted acid assisted Lewis base catalysis 

protocol for the synthesis of enantiomerically pure 

trifluoromethylated dihydropyridazines starting from readily 

available hydrazones and α,β-unsaturated aldehydes has been 

developed. The reaction exhibits high tolerance towards 

many functional groups and is applicable to various aliphatic, 

aromatic and hetero-aromatic α,β-unsaturated aldehydes, 

and provides the products in good yields and with excellent 

enantioselectivities. 

The synthesis of molecules containing a trifluoromethyl group 
has gained increased attention in recent years as more and more 
of these derivatives found application in pharmaceutical and 
agrochemical industries.1 The substitution of a methyl group by 
a trifluoromethyl group makes a significant change in their 
physical properties and hence leads to improved metabolic 
stability, bioavailability and cell permeability. Indeed, some 
great contributions emerged in this area in the last few years to 
prepare trifluoromethylated compounds employing both 
transition-metal and organocatalysis.2 In this context, 
heterocyclic compounds with a trifluoromethyl group are 
becoming attractive targets in medicinal chemistry.3 
Fluorinated heterocycles exhibit a wide range of 
pharmacological properties. For example trifluridine was used 
as an antiviral drug for treating eye infections and mefloquine is 
an anti-malarial drug. Recently, there are reports on the 
asymmetric synthesis of fluorinated heterocycles. Shibata and 
co-workers reported an asymmetric hydroxylamine/enone 
cascade reaction catalyzed by ammonium salts of Cinchona 
alkaloids for the synthesis of trifluoromethyl substituted 2-
isoxazolines.4 They further expanded the potential of these 
phase-transfer catalysts in the asymmetric synthesis of 
trifluoromethylated pyrroline derivatives.5 
The pyridazine ring system is receiving increased attention as it 
exists in a wide range of biologically active natural compounds 
and medicinally important derivatives.6 Vicario and co-workers 
recently reported the synthesis of 2,3-dihydropyridazines using 
an elegant cascade aza-Michael/aldol condensation applying 
asymmetric iminium catalysis.7 In addition, they also reported 

an aza-ene reaction of donor-acceptor substituted hydrazones 
with α,β-unsaturated aldehydes to give γ-hydrazono aldehydes, 
which can be transferred to the corresponding acids or 
dihydropyridazines.8 Concurrently, a general chiral bis-urea 
catalyzed aza-ene reaction of formaldehyde derived monoalkyl 
hydrazones to carbonyl derivatives was developed by Lassaletta 
and Fernandez and co-workers.9 Ye and co-workers reported an 
achiral Brønsted acid/chiral diamine catalytic system for the 
asymmetric synthesis of 1,4-dihydropyridazines.10 Prior to 
these reports, Baldwin and co-workers described the use of 
monoalkyl-hydrazones in thermal ene reactions11 when 
deprotonated with strong bases as acyl anion reagents.12 
We now envision that monosubstituted trifluoromethylated 
hydrazones can act as carbon-centered nucleophiles13 in the 
presence of acids and so can be reacted with α,β-unsaturated 
aldehydes to allow for the preparation of fluorinated 
heterocyles.14 Because of the high electronegativity of the 
fluorine atom, CF3 group exerts a strong negative inductive 
effect which stabilizes the negative charge on the carbon atom 
of hydrazone. Also fluorine atom shows negative 
hyperconjugation which further stabilizes the negative charge 
and hence exhibits umpolung characteristics (Scheme 1). 
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Scheme 1. Negative inductive and hyperconjugation effects of 
trifluoromethylated azomethine imines. 

In this perspective, it is of particular interest to use 
trifluoromethylacetaldehyde hydrazones 1, which can be 
synthesized very easily from the corresponding hydrazines and 
trifluoromethyl acetaldehyde as substrates in asymmetric 
iminium catalysis. They will be useful building blocks for the 
preparation of fluorinated heterocycles. We report here a simple 
and efficient method for the asymmetric synthesis of 
pyridazines by the reaction of trifluoroacetaldehyde 
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arylhydrazones and α,β-unsaturated aldehydes catalyzed by 
readily available TMS-protected prolinol ethers.15 
Our hypothesis is based on the fact that after the initial attack of 
trifluoromethylacetaldehyde hydrazone 1 onto α,β-unsaturated 
iminium ion 4, the enamine 5 can either intramolecularly react 
with the N-N double bond to give trifluoromethylated 
pyrazolidines 7 similar to 1,3-dipolar cycloaddition16 or 
alternatively undergoes hydrolysis to form aldehyde 8 which 
will cyclize to generate trifluoromethylated pyridazines 9 
(Scheme 2). 
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Scheme 2. Secondary amine catalyzed addition of CF3-hydrazones to α,β-
unsaturated aldehydes. 

Preliminary experiments to see the proof of principle were 
performed using (E)-1-phenyl-2-(2,2,2,-trifluoromethylidene)-
hydrazine (1a) and (E)-cinnamaldehyde (2a). Various chiral 
secondary amine catalysts 3a-e17 were evaluated in DCM as 
solvent using acetic acid as acid additive. We were delighted to 
see that the reaction selectively gave trifluoromethylated 
pyridazine 9a in good yields at room temperature. Using 20 
mol% of proline (3a), the reaction finished after 36 h giving the 
product in 74% yield with 18% enantiomeric excess (Table 1, 
entry 1). Diphenyl prolinol ether 3b as catalyst gave the product 
in a similar yield with an increased ee of 42% (Table 1, entry 
2). In the presence of sterically hindered bis(trifluoromethyl)-
phenyl substituted prolinol ether 3c, the hydrazone reacted 
slowly in DCM as solvent to afford the product in 83% yield 
and 70% ee (Table 1, entry 3). Although imidazolidinone salts 
3d and 3e showed higher reaction rate, the maximum selectivity 
using these catalysts was 61% at 0 °C (Table 1, entries 4, 5, 7). 
Performing the reaction in toluene using imidazolidinone-TFA 
salt 3d at 0 °C led to the product with 32% enantioselectivity 
(Table 1, entry 6). We were pleased to see that using 20 mol% 
of catalyst 3c and lowering the temperature to 0 °C afforded the 
product in good yield and with excellent enantioselectivity 
(Table 1, entry 8). In this case addition of 40 mol% of TFA was 
required at the end of the reaction for final dehydration (see 
Scheme 4). Although temperatures either above or below 0 °C 
showed similar selectivities, the yield was found to be optimum 
at 0 °C (Table 1, entries 9, 10). Faster reaction rate was 
observed using TFA as acid additive but the enantioselectivity 

dropped to 75% at −10 °C (Table 1, entry 11). This may be due 
to an uncatalyzed reaction going along with the iminium 
catalysis at this temperature. In the absence of acid catalyst no 
reaction was observed even after 48 h at room temperature 
(Table 1, entry 12). This shows clearly that the acid is essential 
for the reaction (Scheme 1). 

Table 1. Optimization of reaction conditions for the addition of hydrazone to 
cinnamaldehyde. 
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3c: Ar = 3,5-(CF3)2C6H3  
Entry Cat. Acid Solvent Temp Time 

(h) 
Yield[a] 

(%) 
Ee[b] 
(%) 

1 3a AcOH DCM  RT 36 74 18 

2 3b AcOH DCM  RT 36 77 42 

3 3c AcOH DCM  RT 48 83 70 

4 3d - DCM  RT 12 69 42[c] 

5 3d - DCM     0 24 72 61[c] 

6 3d - Toluene     0 72 58 32[c] 

7 3e - DCM     0 12 69 11 

8 3c[d],[e] AcOH DCM     0 72 78 95 

9 3c[d],[e] AcOH DCM −10 90 72 96 

10 3c[e] AcOH DCM   10 72 71 91 

11 3c TFA DCM −10 48 82 75 

12 3c - DCM  RT 48 - - 

[a] Yield after column chromatography. [b] Enantiomeric excess was 
determined by chiral HPLC analysis. [c] Opposite enantiomer. [d] 1.0 equiv. 
of acetic acid was used instead of 40 mol%. [e] 40 mol% of TFA was added 
after the mentioned time. 

After having established the optimal conditions for the 
synthesis of 3-trifluoromethyl-1,2-dihydropyridazines, the 
scope of the reaction was explored with differently substituted 
α,β-unsaturated aldehydes 2. As it can be seen from Table 2, 
both aliphatic and aromatic substituted α,β-unsaturated 
aldehydes undergo the diarylprolinol ether catalyzed 
cyclization. When aliphatic aldehydes were employed, the 
selectivity gradually increases with the steric bulk as 
crotonaldehyde, 2-pentenal, 2-hexenal and 4-methyl-2-pentenal 
provided the corresponding products 9j-m with 76, 90, 93 and 
96% ee respectively. The yield of the reaction is only 
moderately affected by the difference in chain length. This kind 
of pattern was previously observed for the addition of 1,3-
diketones onto α,β-unsaturated aldehydes.18-20 We also focused 
on using differently substituted cinnamaldehydes as the 
electrophile and these aldehydes exhibited higher selectivities 
as compared to aliphatic aldehydes. Both electron rich and 
electron-poor substituents were well tolerated under the 
reaction conditions. Differently functionalized pyridazines were 
obtained in good yields and excellent enantioslectivities. Of 
particular importance are brominated pyridazines as these 
compounds can be further functionalized using transition metal 
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catalysis. Electron-withdrawing groups like nitro and 
trifluoromethyl in the ortho-position of the aldehyde showed 
very high selectivities of >99% and 98% respectively. The 
reaction can also be performed with hetero-aromatic derived 
aldehydes as furan derivative 9i was isolated in 59% yield with 
82% ee. As expected, a faster reaction was observed when more 
electron-rich p-methoxyphenyl derived hydrazones were used 
in reaction with cinnamaldehyde and 4-methyl-2-pentenal. The 
more electron donating nature of the p-methoxy group 
facilitated the faster cyclization leading to the corresponding 
pyridazines 9b and 9n with 96% and 99% enantioselectivity 
respectively. Also addition of TFA was not required in these 
cases for the final dehydration. 

Table 2. Scope of the reaction of addition of hydrazone to α,β-unsaturated 
aldehydes. 
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Ar1 = Ph. For Ar2 = 4-MeO-C6H4 the reaction time is 2 days; no TFA was 
required in these cases. 

The absolute configuration of product 9n has been determined 
as (R) by X-ray crystal structure analysis.21 
Subsequently, 1,4-diphenyl-3-(trifluoromethyl)-1,4-dihydro-
pyridazine 9a was selectively reduced using 5 mol% of 
palladium on charcoal to tetrahydropyridazine 10a in 
quantitative yield with no loss in enantioselectivity (Scheme 3). 
In order to probe details about the mechanism of this new 
asymmetric Brønsted acid assisted Lewis base catalysis22 
procedure the reaction between trifluoroacetaldehyde phenyl 
hydrazone 1a and cinnamaldehyde (2a) was performed using 
1.0 equiv. of acetic acid at −10 °C instead of 0 °C (Scheme 3). 
After the complete consumption of hydrazone, we isolated a 1:1 
mixture of hemiaminals 11 by column chromatography on 
silica gel. The mixture of hemiaminals was converted into the 
desired pyridazine 1a by exposure to a catalytic amount of 
TFA. This clearly demonstrates that after the attack of 
nucleophile onto iminium ion, the enamine undergoes 
hydrolysis to form an aldehyde (Scheme 2). Tautomerization of 
the double bond followed by the intramolecular attack of N-
atom onto aldehyde provides the hemiaminal which will 
eliminate one molecule of water to give the desired pyridazines. 
Isolation of the intermediate hemiaminal 11 was found to be 
useful as it can be transformed directly into the corresponding 
tetrahydropyridazine using LiAlH4 in ether. The hemiaminal 
can also be oxidized by using PCC to 4,5-dihydropyridazinone 
derivative 12a in 92% yield (Scheme 3). 
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Scheme 3. Isolation and derivatization of the intermediate hemiaminal and 
reduction of pyridazine 9a. 

In summary, we have developed an efficient organocatalytic 
protocol for the synthesis of valuable enantiomerically pure 
trifluoromethylated dihydropyridazines.23 Simple reaction 
conditions together with operational simplicity allowed for 
synthesizing differently functionalized pyridazines. The 
reaction exhibited high tolerance towards many functional 
groups. Aliphatic, aromatic and hetero-aromatic substituted α,β-
unsaturated aldehydes can be employed under the reaction 
conditions. Furthermore, at lower temperature, the intermediate 
hemiaminal can be isolated and converted directly into further 
useful derivatives. 
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