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nd its derivatives play an important role in the 
f drugs exhibiting various biological activities.1–3 

iperidines are hepatic metabolites with biological 
 functional properties.4 It is well known that the 
 of fluorine into organic molecules often leads to a 
ge in their physical, chemical, and biological 
7 In particular, the trifluoromethyl group is the key 
nit in many fluorinated compounds of biological 
ceutical importance. As a result, fluorine-containing 
 are now widely recognized as important organic 
howing interesting biological activity with potential 
and agricultural applications.8–11

 decades, the growing number of studies in the field 
ponent processes is connected with the fact that 

y of multicomponent ‘one-pot’ reactions has serious 
compared to an ordinary multi-step synthesis.12–14 

e carried out a multicomponent synthesis of 
piperidines using NH4OAc or aqueous ammonia as 
itrogen for the piperidine cycle.15–17 

uation of our research on the application of electron-
fins as synthons in the synthesis of various cyclic18,19 
yclic20,21 compounds, in this work we present  
ent synthesis of new trifluoromethyl-substituted 
with several stereogenic centers (Scheme 1). 

f cyano-substituted olefins 1, ethyl 4,4,4-trifluoro-3-
e, aromatic aldehydes 2 (both with electron-
 and electron-donating substituents) and ammonium 
s to products, among which ethyl 5,5-dicyano-4,6-
roxy-2-(trifluoromethyl)piperidine-3-carboxylates 
four stereogenic centers while dialkyl 4,6-di- 

o-2-hydroxy-2-(trifluoromethyl)piperidine-3,5-di
 3h–n have five such centers. This technique was 
 the study of substituted 1,4,5,6-tetrahydropyridines.22 

Several papers describing multicomponent synthesis of piperidines 
containing a trifluoromethyl group at C2 are known.23–25 

The NMR spectra of products 3 displayed only one set of 
signals suggesting stereoselective formation of individual 
diastereomers. The assignment for compounds 3d and 3j was 
performed by means of 2D 1H–13C HSQC and 1H–13C HMBC 
spectra. At low field, the proton spectrum of 3d contained three 
groups of signals with strong coupling and overlapping referred 
to aromatic hydrogens and singlet at d 7.10 ppm from hydroxy 
function. At medium field (3–5 ppm), four signals from 
piperidine were located where singlet at d 3.87 ppm belonged to 
NH, multiplet at d 3.85 ppm corresponded to CH2, and two 
methoxy-groups appeared at d 3.76 and 3.78 ppm. The only 
signal at high field was triplet at d 0.84 ppm from CH2CH3. Two 
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Scheme  1  Reagents and conditions: i, olefin 1 (3 mmol), ethyl 4,4,4-tri
fluoro-3-oxobutanoate (3 mmol), aldehyde 2 (3 mmol), NH4OAc (6 mmol), 
MeOH (7 ml), reflux, 2 h.
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aromatic signals in carbon spectrum were missed due to large 
broadening because of restricted rotation of aryl moiety, so 
another 13C NMR spectrum was recorded at 333 K to detect 
them. Two aryl carbons and two methoxy groups gave overlapped 
signals what was determined by heteronuclear correlations. 
Relative arrangement of other piperidine substitutes was 
established using 1H–1H NOESY. The key spatial interactions are 
shown in Figure 1. Therefore, piperidine derivative 3d with four 
streogenic centers has (2R*,3S*,4R*,6S*) configuration.

The proton spectrum of compound 3j consisted of four 
doublets from para-substituted phenyls and singlet from OH at 
the low field. Four signals from piperidine protons, viz. those of  
NH (singlet at d 3.75 ppm), methoxy-group (singlet at 3.48 ppm), 
and CH2 (quartet at d 3.82 ppm) were found at the medium field 
(3–5 ppm). Signal for CH2CH3 protons appeared as triplet at 
d 0.84 ppm. The carbon spectrum showed all necessary peaks 
with one broadened singlet at 130.15 ppm from Co. Relative 
configuration of CN and CO2Me groups at C5

 was determined by 
analysis of proton–carbon spin coupling. The value for SSCC 
between H6 and nitrile carbon is about 8 Hz, which indicates the 
axial position of the interacting nuclei. Relative arrangement of 
other piperidine substituents was established using 1H–1H 
NOESY. The key spatial interactions (Figure 2) reveal that 
piperidine derivative 3j with five streogenic centers has 
(2R*,3S*,4R*,5R*,6S*) configuration.

Configuration of compounds 3d and 3j are the most 
thermodynamically stable because the bulky substituents are 
positioned to minimize sterical crowding. We suppose that the 
formation of isomers with the cis-configuration of 2-hydroxy 
and 3-ethoxycarbonyl groups is also associated with the presence 
of a hydrogen bond between them.

A possible reaction pathway is shown in Scheme 2. The 
Michael addition of ethyl 4,4,4-trifluoro-3-oxobutanoate to 
cyano olefin 1 generates ethyl 2-(2-dicyano-1-arylethyl)-4,4,4-
trifluoro-3-oxobutanoate A, which is followed by the Mannich 
addition of in situ generated arylimine to form ethyl 5-amino-4-
cyano-3,5-diaryl-2-(trifluoroacetyl)pentanoate B. The sequence 
concludes with the intramolecular cyclization of B to give 
corresponding substituted 2-hydroxy-2-trifluoromethyl
piperidines 3.

In conclusion, we have developed a four-component 
stereoselective single-step synthesis of substituted  

2-hydroxy-2-(trifluoromethyl)piperidines, utilizing cyano 
olefins (benzylidenemalononitriles or benzylidenecyano
acetates), ethyl 4,4,4-trifluoro-3-oxobutanoate, aromatic 
aldehydes and ammonium acetate as a nitrogen source for the 
piperidine cycle. Our method allows one to obtain ethyl 
(2R*,3S*,4R*,6S*)-4,6-diaryl-5,5-dicyano-2-hydroxy-2-
(trifluoromethyl)piperidine-3-carboxylates with four stereogenic 
centers and dialkyl (2R*,3S*,4R*,5R*,6S*)-4,6-diaryl-5-cyano-
2-hydroxy-2-(trifluoromethyl)piperidine-3,5-dicarboxylates 
with five stereogenic centers. The products were purified by 
simple filtration, and column chromatography was avoided 
entirely.
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Figure  1  1H–1H correlation in NOESY spectrum of compound 3d.

N
H

CF3

CO2Et
NC

MeO2C

H

H H

OH

2
3

4
5
6

Cl

Cl

i'
p'

o'

m'

i
o

m

p

Figure  2  1H–1H correlation in NOESY spectrum of compound 3j.
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