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The efficient method for the synthesis of 2-(het)aryl-substituted pyrrolidines possessing exocyclic
carbon-carbon double bond via the Mannich-type reaction of stable 3-arylidene-1-pyrrolinium salts with
different heterocyclic C-nucleophiles is proposed.
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1. Introduction

Pyrrolidine core is a frequently occurring motif in many bio-
logically active compounds, both natural and synthetic [1,2].
Moreover, recently published data indicates [3] that pyrrolidine
ring is one of the most widespread heterocyclic scaffold in
approved drugs. 2-(Het)aryl-substituted pyrrolidine derivatives are
of a special interest since a range of approved drugs possessing this
scaffold have appeared in recent years (antiviral drugs Velpatasvir
[4], Daclatasvir [5], anti-cancer drugs Acalabrutinib [6], Laro-
trectinib [7], Fig. 1). As a result, development of methods for the
synthesis of such compounds gain increasing importance. Ap-
proaches to 2-(hetero)arylpyrrolidines described so far can be
divided into two main groups. The first one includes the (hetero)
arylation of an existing pyrrolidine fragment and the second is
based on the formation of pyrrolidine ring from acyclic precursors.

One of the promising methods for the synthesis of pyrrolidine
derivatives within the first approach is the reaction of electrophilic
1-pyrrolines with nucleophiles. Different nucleophiles have been
employed, thus allowing synthesis of pyrrolidines possessing
t al., Convenient synthesis o
phosphoryl fragment [8,9], various aliphatic [10e12] and aromatic
[13,14] substituents. However, a thermal and chemical instability of
many 1-pyrrolines even at room temperature, as well as their
multi-stage synthesis [15,16], limits somewhat widespread usage of
these compounds.

Earlier, we reported one-pot approach to 3-arylidene-1-
pyrrolinium salts via tandem Mannich-type intramolecular
cyclization/[1,3]-sigmatropic rearrangement of N-(4,4-
diethoxybutyl)arylimines [17]. In contrast to parent 1-pyrroline,
these compounds are solid substances that are stable at room
temperature for an indefinitely long time. At the same time, they
possess a key imine bond suitable for further modification. All of
these renders 3-arylidene-1-pyrrolines valuable precursors for 2-
substituted pyrrolidines synthesis. Interestingly, in spite of these
compounds being known for a long time [18], their reactions with
C-nucleophiles remain rather unexplored [10,11,17]. Recently, we
have demonstrated that imine bond of 3-arylidene-1-pyrrolines is
reactive towards some electron-rich arenes in acidic media hence
providing easy access to 3-arylidene-2-arylpyrrolidines [19].
Similar reaction was reported later by Jana and coworkers [20],
except that activation of C]N bond in this case was achieved via
acetylation of imine nitrogen. Hereinwe report the extension of our
methodology to heterocyclic C-nucleophiles and successful syn-
thesis of various 2-(het)arylpyrrolidines.
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Fig. 1. 2-(Het)arylpyrrolidines of biological importance.

Table 1
Synthesis of 2-(het)arylpyrrolidines 2.

Entry R Nu Cmpd Yield, %a

1 H 2a 79
2 4-Cl 2b 90
3 3-F 2c 81
4 4-MeO 2d 84
5 4-NO2 2e 8
6 H 2f 12
7 4-Cl 2g 28
8 3-F 2h 22
9 4-NO2 2i 22

10 H 2j 83b

11 4-Cl 2k 91b

12 3-F 2l 76b

13 4-MeO 2m 45b

14 H 2n 82c

15 4-Cl 2o 86c

16 3-F 2p 85c

17 4-MeO 2q 85c

18 H 2r 97
19 4-Cl 2s 99
20 3-F 2t 61
21 4-MeO 2u 62
22 4-NO2 2v 23

23 H 2w 71
24 4-Cl 2x 80
25 3-F 2y 58

a Isolated yield.
b Reaction conditions: CHCl3, reflux, 24 h.
c Reaction conditions: benzene, reflux, 24 h.
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2. Results and discussion

We initiated our studies with the screening of the reaction
conditions for the interaction of (E)-4-benzylidene-1-pyrrolinium
trifluoroacetate 1a with 4-hydroxy-6-methyl-2H-pyran-2-one
(Scheme 1). First, we tried conditions previously found to be
optimal for the interaction of 3-arylidine-1-pyrrolines with phenols
[19], i.e., prolonged heating of reactants in benzene. The formation
of target pyrrolidine 2a was observed according to NMR spectra of
reaction mixture, alongside with considerable amount of uniden-
tified byproducts. Further studies revealed that byproducts for-
mation is suppressed significantly when the reaction is carried out
in chloroform solution at room temperature. Thus, these conditions
were used for further experiments.

We next explored the scope of 1-pyrrolinium salts 1a-e with
different substituents in the phenyl moiety using the 4-hydroxy-6-
methyl-2H-pyran-2-one as the model compound (Table 1, entries
1e5). Electron-donating methoxy group produced the corre-
sponding product 2d with fairly high yield. Electron-withdrawing
fluorine and chlorine substituents were also well tolerated
(Table 1, entries 2e4). At the same time, the presence of nitro group
at the para-position of phenyl ring decreased the yield of the target
compound drastically (Table 1, entry 5). The 1-pyrroline 1e was
obtained with 8% yield only, and most of the starting material was
recovered from reaction mixture.

Next, the substrate scope was tested by utilizing different C-
nucleophiles. The benzo annelated derivative of hydroxy-2H-py-
ran-2-one, 4-hydroxy-2H-chromen-2-one appeared to be much
Scheme 1. Reaction of 1-pyrrolinium salts 1 with C-nucleophiles.
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less reactive toward 1-pyrrolinium salts 1. The yields of the target
compounds 2f-i did not exceed 20e30% (Table 1, entries 6e9).

Similarly, indole reacted with 3-arylidyne1-pyrroliniums 1 at
room temperature to give pyrrolidines 2j-m, albeit in low yield.
However, refluxing reactants in chloroform allowed to increase
yield of target compounds up to 91% (Table 1, entries 10e13). Pyr-
role appeared to be even less reactive. Thus, only prolonged
refluxing in higher-boiling benzene provided target 2-(pyrrol-2-
yl)-3-arylidenepyrrolidines 2n-q (Table 1, entries 14e15).

Since both pyrrole and indole are basic, they are able to
deprotonate starting pyrrolinium salts 1 in coarse of reaction
forming equilibrium mixture of 1-pyrroline, 1-pyrrolinium, 1H-
pyrrol-1-ium or 1H-indol-1-ium salts and pyrrole or indole them-
selves. The deprotonation of 1-pyrrolinium salt reduces electro-
philicity of imine bond. Moreover, the formation of 1H-pyrrol-1-
ium or 1H-indol-1-ium salts also decreases their reactivity to-
wards electrophilic substitution. This may explain the lower reac-
tion rates and harsher conditions required in case of these
heterocycles. The difference in reactivity of pyrrole and indole may
also be attributed to higher basicity of the former.

We also tested benzo[d][1,3]dioxol-5-ol (sesamol) and non-
heterocyclic 2-hydroxynaphthalene-1,4-dione as C-nucleophiles
in this reaction. Both of them reacted smoothly at room tempera-
ture to give 2-substituted pyrrolidines 2r-u and 2w-y with good to
high yields (Table 1, entries 18e21 and 23e25). Again, nitro-
substituted pyrrolidine 2v was the exception, which was obtained
with only 23% yield (Table 1, entry 22).

According to x-ray data [17], imine bond, double C]C bond and
aromatic ring are fully conjugated in 3-arylidine-1-pyrrolines 1. So,
the presence of electron-donating groups in phenyl substituent
should lower the partial charge on imine carbon. On the contrary,
electron-withdrawing groups should increase it. As a result, the
f 2-(het)arylpyrrolidines via stable 1-pyrrolinium salts, Tetrahedron,
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reactivity of 1-pyrrolinium salts 1d and 1e should be inverse to that
observed in our experiments.

Quantum chemistry calculations were performed for nitro- and
methoxy-substituted 1-pyrrolinium salts 1d,e to justify these
considerations. Initial structures taken from x-ray data were fully
optimized at the B3LYP/6e311þþG(2d,p) theory level. All optimi-
zationswere followed by frequency calculations at the same level of
theory in order to check that optimized structures really corre-
spond to true minima. All calculations have been performed with
the Gaussian 16 package [21].

It is well-known that electrophile-nucleophile interactions are
driven by electrostatic attraction between positive and negative
charges (electrostatic control) and orbital overlap between the
HOMO of nucleophile and the LUMO of electrophile (orbital con-
trol). Since it was hard to estimate a dominant factor in our case, we
performed both Hirshfeld charges calculation and NBO analysis
[22] for 1-pyrroliniums 1d,e. Calculated Hirshfeld charges along-
side with lowest unoccupied natural bond orbitals for both com-
pounds are presented on Fig. 2.

The results obtained suggest that the positive charge is strongly
delocalized in 1-pyrrolinium salt 1d and the aromatic carbon atom
next to hydroxyl group is the most positively charged. On the other
hand, the delocalization in compound 1e occurs to a lesser extent
and the nitrogen atom of nitro group bears a largest charge in this
case. This is in agreement with general electron-withdrawing na-
ture of nitro substituent and electron-donating properties of
methoxy group.

In accordance with our qualitative assumptions, imine carbon
atom in nitro substituted 1-pyrroline 1e is more positively charged
than in methoxy substituted 1-pyrroline 1d. Moreover, NBO anal-
ysis indicates that LUMO of salt 1e is localized mainly on imine
bond (�8.753 eV). At the same time, LUMO of 1-pyrroline 1d is
localized on aromatic carbon atom (�6.734 eV) and only the next
higher-energy orbital is localized on the C]N bond (�5.169 eV).
Considering energy difference of these orbitals (�8.753
vs �5.169 eV) and higher positive charge of imine carbon atom in
case of compound 1e (þ0.223 vs þ 0.196), imine bond in nitro-
substituted pyrrolinium salt 1e should be more prone to nucleo-
philic attack both in case of electrostatic and orbital control. Taking
this into account, the low yield of pyrrolidine 2e cannot be attrib-
uted to electronic effects of substituent.

Additionally, intermediates for the reaction of pyran-2-one with
1-pyrrolines 1d,e were explored using quantum chemistry
methods. Interestingly, obtained results suggest a strong interac-
tion of nitrogen atom lone pair with positively charged carbon atom
Fig. 2. Hirshfeld charges and natural bond orbitals of compounds 1d,e as obtained
from quantum chemistry calculations (B3LYP/6e311þþG(2d,p), Gaussian 16).
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and formation of a four-membered azetidine ring during reaction.
Thus, two intermediates with different orientation of pyran-2-one
ring are possible for each case (Fig. 3). Calculated energies of in-
termediates relative to energies of reactants are given in Table 2. All
calculations were performed at B3LYP/6e311þþG(2d,p) theory
level. According to the Hammond’s postulate, these values can be
closely approximated to energies of corresponding transition
states. As seen from the table, intermediateswith exo-orientation of
pyran-2-one ring are about 2 kcal/mol lower in energy in each case.
However, energy difference between intermediates endo-INT-PYR-
NO2, endo-INT-PYR-OMe and exo-INT-PYR-NO2, exo-INT-PYR-
OMe is much greater (z7 kcal/mol). Again, obtained results indi-
cate that methoxy-substituted pyrrolinium salt 1d should be less
reactive compared to its nitro-substituted counterpart 1e.

We speculated that a low yield of compound 2e may be due to
the extremely poor solubility of starting pyrroline 1e. So, not the
interaction of 1-pyrroline 1e with nucleophile, but a dissolution of
starting material becomes a rate-limiting step of the reaction.
Indeed, increasing the reaction time resulted in slightly improved
yields of target compound, although a significant amount of
unreacted pyrroline 1e was still present in reaction mixture
(Table 3). However, even after 3months the yield was only 20%, and
neither changing solvents nor refluxing allowed to improve it
further.

Similarly, energies of intermediates for the reaction of pyrro-
lines 1d,e with chromen-2-one have been calculated (Table 2).
Energies of all intermediates in this case is 1e3 kcal/mol higher
than those for pyran-2-one. According to Eyring equation, 1 kcal/
mol difference in activation energy results in almost 6-fold differ-
ence in reaction rates at room temperature. Thus, lower reactivity
of chromen-2-one compared to pyran-2-one towards 1-pyrrolines
may be attributed to these energy differences.

Additionally, Hirshfeld charges calculation and NBO analysis
Fig. 3. Calculated geometries of intermediates for the reaction of pyran-2-one with 1-
pyrroline 1d (B3LYP/6e311þþG(2d,p), Gaussian 16).

Table 2
Calculated energies of reaction intermediates.a.

R MeO NO2

pyran-2-one
endo-INT-PYR 30.56 23.22
exo-INT-PYR 28.68 21.41

chromen-2-one
endo-INT-CHROM 33.51 25.49
exo-INT- CHROM 29.73 22.07

a Relative to calculated energies of reactants.

f 2-(het)arylpyrrolidines via stable 1-pyrrolinium salts, Tetrahedron,



Fig. 4. Hirshfeld charges and natural bond orbitals of 4-hydroxy-6-methyl-2H-pyran-
2-one and 4-hydroxy-2H-chromen-2-one as obtained from quantum chemistry cal-
culations (B3LYP/6e311þþG(2d,p), Gaussian 16).

Table 3
Reaction of 1-pyrroline 1e with pyran-2-one.

Entry Reaction time Solvent Temperature 2e, %a 1e, %a

1 16 h CHCl3 r.t. 11 81
2 2 weeks CHCl3 r.t. 15 77
3 1 month CHCl3 r.t. 17 72
4 3 months CHCl3 r.t. 20 67
5 16 h CHCl3 reflux 15 79
6 72 h benzene reflux 19 78

a According to NMR data.
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were performed for optimized geometries of 4-hydroxy-6-methyl-
2H-pyran-2-one and 4-hydroxy-2H-chromen-2-one (B3LYP/
6e311þþG(2d,p), Gaussian 16). Energy of occupied orbital located
at C1 atom of 4-hydroxy-6-methyl-2H-pyran-2-one is �7.93 eV,
whereas energy of occupied orbital located at C1 atom for 4-
hydroxy-2H-chromen-2-one is lower and equals to �8.32 eV
(Fig. 4). Although appropriate Hirshfeld charges are close to each
other (�0.402 vs �0.409), difference in orbitals energy may also
contribute to lower reactivity of chromen-2-one.
3. Conclusion

In conclusion, we have demonstrated an efficientmethod for the
synthesis of various 2-(het)arylpyrrolidines starting from shelf-
stable 3-arylidene-1-pyrrolinium salts. Both electron-rich N- and
O-heterocycles may be introduced in pyrrolidine ring by simple
metal-free procedure.
4. Experimental section

4.1. General information

1H NMR and 13C NMR spectra were recorded on Bruker Avance
400 (working frequency 400.1MHz for 1H, 100.6 for 13C), Avance
500 (working frequency 500.1MHz for 1H, 125.8 for 13C) and
Please cite this article as: A.S. Melyashova et al., Convenient synthesis o
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Avance 600 (working frequency 600.1MHz for 1H, 150.9 for 13C)
spectrometers in (CD3)2SO, CDCl3 and CD3OD relative to the re-
sidual solvent protons. ESI-TOF mass spectra were recorded on a
AmazonX (Bruker Daltonik GmbH) instrument. MALDI-TOF mass
spectra were recorded on a Bruker ULTRAFLEX III TOF/TOF instru-
ment (with 2,5-dihydroxybenzoic acid matrix) instrument. IR
spectra were obtained with a Bruker Vector 22 spectrometer.
Elemental analysis was performed on Carlo Erba EA 1108 instru-
ment. Melting points were determined in glass capillaries with a
Stuart SMP 10 apparatus. All solvents were purified and dried ac-
cording to standard procedures.

4.2. General procedure for synthesis of 2-(het)aryl-3-
arylidenepyrrolidines 2a-i,r-y

To a solution of 3-arylidine-1-pyrroline 1 (1.6mmol) in chloro-
form (10mL) appropriate C-nucleophile (1.6mmol) was added. The
reaction mixture was stirred at room temperature for 16 h. The
precipitate was filtered off, washed with diethyl ether and dried in
vacuum (0.1 torr, r.t., 3 h) to give target compounds 2a-i,r-y.

4.3. General procedure for synthesis of 2-(indol-3-yl)-3-
arylidenepyrrolidines 2j-m

To a solution of 3-arylidine-1-pyrroline 1 (1.6mmol) in chloro-
form (10mL) indole (0.19 g, 1.6mmol) was added. The reaction
mixture was refluxed for 24 h. The solvent was evaporated in vac-
uum, the residue washed thoroughly with hexane and dried in
vacuum (0.1 torr, r.t., 3 h) to give target compounds 2j-m.

4.4. General procedure for synthesis of 2-(pyrrol-2-yl)-3-
arylidenepyrrolidines 2n-q

To a solution of 3-arylidine-1-pyrroline 1 (1.6mmol) in benzene
(10mL) pyrrole (0.12mL, 1.6mmol) was added. The reaction
mixture was refluxed for 24 h. The solvent was evaporated in vac-
uum, the residue washed thoroughly with diethyl ether and dried
in vacuum (0.1 torr, r.t., 3 h) to give target compounds 2n-q.

4.5. (E)-3-Benzylidene-2-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-
yl)pyrrolidin-1-ium trifluoroacetate (2a)

Beige solid, yield 502mg, 97%; [Found: C, 57.41; H, 4.59; N 3.52.
C19H18F3NO5 requires C, 57.43; H, 4.57; N 3.53%]; mp 166e167 �C;
nmax (KBr) 1674, 798, 779 cm�1; dH (600MHz DMSO‑d6) 2.23 (3H, s,
CH3), 2.97e3.09 (2H, m, CH2), 3.35e3.49 (1H, m, CH2), 3.59e3.69
(1H, m, CH2), 5.39 (1H, s, CH), 6.14e6.16 (2H, m, CH), 6.17 (1H, s,
CHAr), 7.25 (1H, t, J 7.2 Hz, CHAr), 7.30 (3H, m, CHAr), 8.31 (1H, s, OH),
8.55 (1H, br.s, NH2

þ), 9.54 (1H, br.s, NH2
þ); dC (600MHz, DMSO‑d6)

20.03, 29.58, 44.22, 57.79, 79.67, 95.67, 100.92, 120.58, 128.95,
130.40, 131.90, 132.00, 135.79, 139.66, 163.75, 164.01, 170.24; ESI,m/
z: 284.2 [M-CF3COO�]þ.

4.6. (E)-3-(4-chlorobenzylidene)-2-(4-hydroxy-6-methyl-2-oxo-
2H-pyran-3-yl)pyrrolidin-1-ium trifluoroacetate (2b)

Beige solid, yield 659mg, 90%; [Found: C, 52.84; H, 3.98; Cl,
8.20; N 3.25. C19H17ClF3NO5 requires C, 52.85; H, 3.97; Cl, 8.21; N
3.24%]; mp 130e132 �C; nmax (KBr) 1664, 1590, 796, 777 cm�1; dH
(600MHz DMSO‑d6) 2.23 (3H, s, CH3), 2.97e3.01 (1H, m, CH2),
3.02e3.06 (1H, m, CH2), 3.37e3.44 (1H, m, CH2), 3.60e3.66 (1H, m,
CH2), 5.40 (1H, s, CH), 6.15 (1H, s, CH), 6.20 (1H, s, CHAr), 7.36 (2H, d,
J 8.6 Hz, CHAr), 7.42 (2H, d, J 8.6 Hz, CHAr), 8.31 (1H, s, OH), 8.52 (1H,
br.s, NH2

þ), 8.62 (1H, br.s, NH2
þ); dC (600MHz, DMSO‑d6) 20.03,

29.58, 44.22, 57.79, 79.67, 95.67, 100.92, 120.58, 128.95, 130.40,
f 2-(het)arylpyrrolidines via stable 1-pyrrolinium salts, Tetrahedron,
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131.90, 132.00, 135.79, 139.66, 163.75, 164.01, 170.24; ESI,m/z: 318.2
[M-CF3COO�]þ.

4.7. (E)-3-(3-fluorobenzylidene)-2-(4-hydroxy-6-methyl-2-oxo-
2H-pyran-3-yl)pyrrolidin-1-ium trifluoroacetate (2c)

White solid, yield 590mg, 82%; [Found: C, 52.93; H, 4.14; N 3.39.
C19H17F4NO5 requires C, 54.95; H 4.13,; N 3.37%]; mp 176e177 �C;
nmax (KBr) 1674, 1584, 797, 767 cm�1; dH (600MHz DMSO‑d6) 2.23
(3H, s, CH3), 2.98e3.10 (2H, m, CH2), 3.37e3.44 (1H, m, CH2),
3.59e3.66 (1H, m, CH2), 5.40 (1H, s, CH), 6.16e6.18 (1H, m, CH), 6.19
(1H, s, CHAr), 7.06e7.10 (1H, m, CHAr), 7.36e7.43 (1H, m, CHAr), 8.55
(1H, br.s, NH2

þ), 9.60 (1H, br.s, NH2
þ); dC (600MHz, DMSO‑d6) 20.03,

29.62, 45.20, 57.88, 95.94, 101.06, 114.19, 114.33, 115.02, 115.16,
120.67, 124.85, 130.87, 139.84, 140.47, 161.91, 163.52, 163.94, 170.53;
ESI, m/z: 302.2 [M-CF3COO�]þ.

4.8. (E)-3-(4-methoxybenzylidene)-2-(4-hydroxy-6-methyl-2-oxo-
2H-pyran-3-yl)pyrrolidin-1-ium trifluoroacetate (2d)

White solid, yield 610mg, 84%; [Found: C, 56.20; H, 4.71; N 3.30.
C20H20F3NO6 requires C, 54.21; H 4.72,; N 3.28%]; mp 166e167 �C;
nmax (KBr) 1674, 1513, 797, 752 cm�1; dH (600MHz DMSO‑d6) 2.23
(3H, s, CH3), 2.92e3.03 (2H, m, CH2), 3.59e3.65 (2H, m, CH2), 3.76
(1H, s, CH2), 5.36 (1H, s, CH), 6.07 (1H, s, CH), 6.18 (1H, s, CHAr), 6.92
(2H, d, J 8.4 Hz, CHAr), 7.26 (2H, s, J 8.4 Hz CHAr), 8.31 (1H, br.s, NH2

þ),
9.51 (1H, br.s, NH2

þ); dC (600MHz, DMSO‑d6) 20.02, 29.40, 45.20,
55.61, 57.82, 88.59, 95.68, 101.05, 114.44, 121.31, 129.48, 130.03,
135.73, 158.75, 163.87; ESI, m/z: 314.2 [M-CF3COO�]þ.

4.9. (E)-3-(4-nitrobenzylidene)-2-(4-hydroxy-6-methyl-2-oxo-2H-
pyran-3-yl)pyrrolidin-1-ium trifluoroacetate (2e)

Yellowish solid, yield 60mg, 8%; [Found: C, 51.58; H, 3.88; N
6.32. C19H17F3N2O7 requires C, 51.59; H 3.87; N 6.33%]; mp
173e174 �C; nmax (KBr) 1676,1376, 857 cm�1; dH (600MHz
DMSO‑d6) 1.10 (3H, t, 7.0 Hz, CH3, 3.05e3.14 (2H, m, CH2), 3.20e3.24
(1H, m, CH2), 3.32e3.49 (1H, m, CH2), 5.22 (1H, d, 2.1 Hz, CH),
5.95e5.99 (1H, m, CH), 7.62 (2H, d, 8.8 Hz, CHAr), 8.21 (2H, d, J
8.8 Hz, CHAr), 9.03 (1H, br.s, NH2

þ), 9.56 (1H, br.s, NH2
þ) 11.67 (1H,

br.s, OH); dC (600MHz, DMSO‑d6) 19.52, 19.91, 29.87, 44.24, 60.43,
89.14, 100.75, 104.57, 119.62, 123.38, 124.18, 124.70, 144.02, 146.08,
159.35, 162.02, 166.29, 167.87; ESI, m/z: 329.2 [M-CF3COO�]þ.

4.10. (E)-3-Benzylidene-2-(4-hydroxy-2-oxo-2H-chromen-3-yl)
pyrrolidin-1-ium trifluoroacetate (2f)

Beige solid, yield 52mg, 12%; [Found: C, 60.98; H, 4.20; N 3.21.
C22H18F3NO5 requires C, 60.97; H 4.19,; N 3.23%]; mp 216e218 �C;
nmax (KBr) 1656, 1516, 789, 755 cm�1; dH (600MHz DMSO‑d6)
3.03e3.08 (2H, m, CH2), 3.25e3.29 (1H, m, CH2), 3.67e3.73 (1H, m,
CH2), 5.37e5.41 (1H, m, CH), 6.15e6.19 (1H, m, CHAr), 7.16e7.24 (3H,
m, CHAr), 7.27e7.31 (2H, s, CHAr), 7.32e7.36 (2H, m, CHAr), 7.46e7.49
(1H, m, CHAr), 7.81e7.85 (1H, m, CHAr), 9.01 (1H, br.s, NH2

þ), 9.87
(1H, br.s, NH2

þ); dC (600MHz, DMSO‑d6) 29.52, 44.04, 61.55, 91.55,
116.46, 121.02, 122.85, 124.84, 127.12, 128.53, 128.94, 131.29, 137.31,
140.60, 154.44, 164.35, 174.02; ESI, m/z: 320.2 [M-CF3COO�]þ.

4.11. (E)-3-(4-chlorobenzylidene)-2-(4-hydroxy-2-oxo-2H-
chromen-3-yl)pyrrolidin-1-ium trifluoroacetate (2g)

Beige solid, yield 130mg, 28%; [Found: C, 54.47; H, 3.65; Cl, 7.59;
N 3.00. C22H17ClF3NO5 requires C, 56.48; H, 3.66; Cl, 7.58; N 2.99%];
mp 216e217 �C; nmax (KBr) 1650,1603,1518, 796, 755, 727 cm�1; dH
(600MHz DMSO‑d6) 3.00e3.09 (2H, m, CH2), 3.38e3.45 (1H, m,
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CH2), 3.65e3.74 (1H, m, CH2), 5.40 (1H, s, CH), 6.16 (1H, s, CH),
7.16e7.22 (2H, m, CHAr), 7.32 (2H, d, J 8.5 Hz, CHAr), 7.38 (2H, d, J
8.6 Hz, CHAr), 7.45e7.49 (1H, m, CHAr), 7.81e7.85 (1H, m, CHAr), 9.05
(1H, br.s, NH2

þ), 9.31 (1H, br.s, NH2
þ); dC (600MHz, DMSO‑d6) 29.49,

44.02, 61.51, 91.64, 107.77, 116.45, 119.78, 122.85, 124.82, 128.87,
130.22, 131.31, 136.19, 141.77, 154.41, 173.92, 179.95; ESI, m/z: 354.2
[M-CF3COO�]þ.

4.12. (E)-3-(3-fluorobenzylidene)-2-(4-hydroxy-2-oxo-2H-
chromen-3-yl)pyrrolidin-1-ium trifluoroacetate (2h)

Beige solid, yield 107mg, 22%; [Found: C, 58.43; H, 3.79; N 3.11.
C22H17F4NO5 requires C, 58.54; H, 3.80; N 3.10%]; mp 207e208 �C;
nmax (KBr) 1652, 1606, 1517, 788, 756 cm�1; dH (600MHz DMSO‑d6)
3.03e3.13 (2H, m, CH2), 3.40e3.52 (1H, m, CH2), 3.66e3.76 (1H, m,
CH2), 5.41 (1H, s, CH), 6.18 (1H, s, CH), 7.02e7.08 (1H, m, CHAr),
7.09e7.16 (2H, m, CHAr), 7.17e7.23 (2H, m, CHAr), 7.33e7.41 (1H, m,
CHAr), 7.45e7.51 (1H, m, CHAr), 9.07 (1H, br.s, NH2

þ), 9.27 (1H, br.s,
NH2

þ); dC (600MHz, DMSO‑d6) 29.55, 40.48, 44.05, 61.47, 113.93,
114.42, 114.93, 116.47, 119.91, 122.88, 134.73, 124.84, 128.75, 130.80,
131.35, 139.06, 143.65, 155.41, 165.18, 173.56; ESI, m/z: 338.1 [M-
CF3COO�]þ.

4.13. (E)-3-(4-nitrobenzylidene)-2-(4-hydroxy-2-oxo-2H-
chromen-3-yl)pyrrolidin-1-ium trifluoroacetate (2i)

Brown solid, yield 168mg, 22%; [Found: C, 55.25; H, 3.57; N 5.86.
C22H17F3N2O7 requires C, 55.24; H, 3.58; N 5.86%]; mp 196e197 �C;
nmax (KBr) 1651, 1602, 1517, 788, 756 cm�1; dH (500MHz DMSO‑d6)
3.10e3.17 (2H, m, CH2), 3.39e3.43 (1H, m, CH2), 3.69e3.76 (1H, m,
CH2), 5.47 (1H, s, CH), 6.30e6.34 (1H, m, CH), 7.17e7.21 (2H, m,
CHAr), 7.45e7.50 (1H, m, CHAr), 7.59 (2H, d, 8.9 Hz, CHAr), 7.83 (2H, d,
1.7 Hz, CHAr), 8.17 (2H, d, 8.9 Hz, CHAr), 9.19 (2H, br.s, NH2

þ); dC
(600MHz, DMSO‑d6) 29.49, 44.02, 61.51, 91.64, 107.77, 116.45,
119.78, 122.85, 124.82, 128.87, 130.22, 131.31, 136.19, 141.77, 154.41,
173.92, 179.95; ESI, m/z: 365.2 [M-CF3COO�]þ.

4.14. (E)-3-Benzylidene-2-(1H-indol-3-yl)pyrrolidin-1-ium
trifluoroacetate (2j)

Beige solid, yield 516mg, 83%; [Found: C, 64.92; H, 4.94; N 7.22.
C21H19F3N2O2 requires C, 64.94; H, 4.93; N 7.21%]; mp 111e113 �C;
nmax (KBr) 1619, 1493, 798, 746, 721 cm�1; dH (600MHz DMSO‑d6)
3.09e3.16 (1H, m, CH2), 3.20e3.27 (2H, m, CH2), 3.50e3.56 (1H, m,
CH2), 5.74 (1H, s, CH), 6.31 (1H, s, CH), 7.08 (1H, t, J 7.5 Hz, CHAr), 7.18
(1H, t, J 7.7 Hz, CHAr), 7.28 (2H, t, 7.1 Hz, CHAr), 7.37 (4H, dt, 7.4 Hz,
CHAr), 7.47 (1H, d, 8.2 Hz, CHAr), 7.56 (1H, d, 2.7 Hz, CHAr), 7.63 (1H,
d, 8.0 Hz, CHAr), 8.83 (1H, br.s, NH2

þ), 9.59 (1H, br.s, NH2
þ), 11.49 (1H,

br.s, NH); dC (600MHz, DMSO‑d6) 29.24, 44.26, 60.04, 108.89,
112.53, 119.46, 119.81, 122.36, 125.09, 127.53, 127.76, 128.74, 129.06,
130.13, 133.14, 136.77, 136.96, 138.23; ESI, m/z: 275.2 [M-
CF3COO�]þ.

4.15. (E)-3-(4-chlorobenzylidene)-2-(1H-indol-3-yl)pyrrolidin-1-
ium trifluoroacetate (2k)

Beige solid, yield 630mg, 91%; [Found: C, 59.66; H, 4.30; Cl, 8.37;
N 6.62. C21H18ClF3N2O2 requires C, 59.65; H, 5.29; Cl, 8.38; N 6.63%];
mp 143e144 �C; nmax (KBr) 1626, 798, 746 cm�1; dH (600MHz
DMSO‑d6) 3.07e3.14 (1H, m, CH2), 3.18e3.27 (1H, m, CH2),
3.41e3.49 (1H, m, CH2), 3.51e3.57 (1H, m, CH2), 5.31 (1H, s, CH),
5.75 (1H, s, CH), 7.07 (1H, t, 7.5 Hz, CHAr), 7.18 (1H, t, J 7.6 Hz, CHAr),
7.39 (1H, d, J 8.4 Hz, CHAr), 7.43 (1H, t, 8.2 Hz, CHAr), 7.47 (2H, d,
8.2 Hz, CHAr), 7.56 (1H, d, 2.7 Hz, CHAr), 7.62 (2H, d, 2.8 Hz, CHAr),
8.88 (1H, br.s, NH2

þ), 9.69 (1H, br.s, NH2
þ), 11.48 (1H, br.s, NH); dC
f 2-(het)arylpyrrolidines via stable 1-pyrrolinium salts, Tetrahedron,
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(600MHz, DMSO‑d6) 29.23, 44.22, 60.02, 108.78, 112.53, 119.42,
119.81, 122.35, 123.88, 126.11, 127.56, 129.03, 130.47, 132.24, 135.70,
136.95, 130.42; ESI, m/z: 309.2 [M-CF3COO�]þ.

4.16. (E)-3-(3-fluorobenzylidene)-2-(1H-indol-3-yl)pyrrolidin-1-
ium trifluoroacetate (2l)

Beige solid, yield 455mg, 70%; [Found: C, 62.05; H, 4.48; N 6.89.
C21H18F4N2O2 requires C, 62.07; H, 4.46; N 6.89%]; mp 116e118 �C;
nmax (KBr) 1582, 1489, 836, 798, 746 cm�1; dH (600MHz DMSO‑d6)
3.10e3.18 (1H, m, CH2), 3.22e3.32 (1H, m, CH2), 3.42e3.49 (1H, m,
CH2), 3.52e3.58 (1H, m, CH2), 5.76 (1H, s, CH), 6.33 (1H, s, CH),
7.06e7.13 (2H, m, CHAr), 7.16e7.23 (2H, m, CHAr), 7.42 (1H, q, 7.2 Hz,
CHAr), 7.48 (1H, d, 8.1 Hz, CHAr), 7.56 (1H, d, 2.7 Hz, CHAr), 7.63 (1H,
d, 8.0 Hz, CHAr), 8.94 (1H, br.s, NH2

þ), 9.85 (1H, br.s, NH2
þ), 11.52 (1H,

br.s, NH); dC (600MHz, DMSO‑d6) 29.29, 44.21, 59.98,101.41,108.76,
112.52, 114.39, 114.53, 115.06, 115.20, 119.42, 119.42, 119.80, 122.33,
123.94, 124.96, 126.14, 130.90, 130.96, 136.95, 139.22, 139.27, 140.30,
158.44, 158.64, 158.85, 159.60, 161.94, 163.56; ESI, m/z: 392.2 [M-
CF3COO�]þ.

4.17. (E)-3-(4-methoxybenzylidene)-2-(1H-indol-3-yl)pyrrolidin-
1-ium trifluoroacetate (2m)

Beige solid, yield 288mg, 43%; [Found: C, 63.16; H, 5.07; N 6.69.
C22H21F3N2O3 requires C, 63.15; H, 5.06; N 6.70%]; mp 131e132 �C;
nmax (KBr) 1674, 1512, 799, 746 cm�1; dH (600MHz DMSO‑d6)
2.96e3.02 (1H, m, CH2), 3.05e3.11 (1H, m, CH2), 3.41e3.48 (1H, m,
CH2), 3.51e3.56 (1H, m, CH2), 3.76 (3H, s, OCH3), 5.71 (1H, s, CH),
6.24 (1H, s, CH), 6.94 (2H, d, J 8.6 Hz, CHAr), 7.07 (2H, d, 7.4 Hz, CHAr),
7.17 (1H, t, 7.8 Hz, CHAr), 7.30 (2H, d, 8.7 Hz, CHAr), 7.45e7.48 (1H, m,
CHAr), 7.54 (1H, d, 2.6 Hz, CHAr), 7.62 (1H, d, 8.0 Hz, CHAr), 8.81 (1H,
br.s, NH2

þ), 9.63 (1H, br.s, NH2
þ), 11.46 (1H, br.s, NH); dC (600MHz,

DMSO‑d6) 29.11, 44.20, 55.63, 59.96, 109.05, 112.51, 114.52, 119.46,
119.74, 122.27, 124.54, 126.20, 127.46, 129.45, 130.10, 135.65, 136.97,
150.92; ESI, m/z: 305.2 [M-CF3COO�]þ.

4.18. (E)-3-Benzylidene-2-(1H-pyrrol-2-yl)pyrrolidin-1-ium
trifluoroacetate (2n)

Beige solid, yield 472mg, 82%; [Found: C, 60.36; H, 5.05; N 8.27.
C17H17F3N2O3 requires C, 60.35; H, 5.06; N 8.28%]; mp 132e133 �C;
nmax (KBr) 1675, 798, 746 cm�1; dH (600MHz DMSO‑d6) 2.98e3.05
(1H, m, CH2), 3.07e3.15 (1H, m, CH2), 3.43e3.50 (2H, m, CH2)) 5.45
(1H, s, CH), 6.11 (1H, s, CH), 6.25 (1H, s, CHAr), 6.29 (1H, s, CHAr), 6.90
(1H, s, CHAr), 7.25e7.31 (2H, m, CHAr), 7.37e7.42 (3H, m, CHAr), 9.03
(1H, br.s, NH2

þ), 9.70 (1H, br.s, NH2
þ), 11.08 (1H, br.s, NH); dC

(600MHz, DMSO‑d6) 29.90, 44.04, 60.54, 110.13, 120.38, 125.21,
125.45, 127.85, 128.79, 129.07, 136.62, 137.97, 158.75, 158.96; ESI,m/
z: 225.2 [M-CF3COO�]þ.

4.19. (E)-3-(4-chlorobenzylidene)-2-(1H-pyrrol-2-yl)pyrrolidin-1-
ium trifluoroacetate (2o)

Brown solid, yield 89mg,14%; [Found: C, 54.80; H, 4.31; Cl, 9.49;
N 7.54. C17H16ClF3N2O2 requires C, 54.78; H, 4.33; Cl, 9.51; N 7.52%];
mp 129e130 �C; nmax (KBr) 1593, 1492, 797, 772 cm�1; dH

(600MHz DMSO‑d6) 2.94e3.03 (1H, m, CH2), 3.07e3.14 (1H, m,
CH2), 3.41e3.51 (2H, m, CH2)) 5.42 (1H, s, CH), 6.09 (1H, s, CH), 6.25
(1H, d, 10.8 Hz, CHAr), 6.90 (1H, s, CHAr), 7.32 (1H, s, CHAr), 7.38 (2H,
d, 8.6 Hz, CHAr), 7.44 (2H, d, 8.2 Hz, CHAr), 9.22 (1H, br.s, NH2

þ), 9.95
(1H, br.s, NH2

þ); dC (600MHz, DMSO‑d6) 28.87, 43.91, 60.54, 108.49,
110.27, 120.39, 124.10, 125.00, 129.04, 130.51, 132.30, 135.54, 139.24;
ESI, m/z: 259.1 [M-CF3COO�]þ.
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4.20. (E)-3-(3-fluorobenzylidene)-2-(1H-pyrrol-2-yl)pyrrolidin-1-
ium trifluoroacetate (2p)

Brown solid, yield 514mg, 85%; [Found: C, 57.31; H, 4.53; N 7.85.
C17H16F4N2O2 requires C, 57.30; H, 4.53; N 7.86%]; mp 162e164 �C;
nmax (KBr) 1583, 799, 723 cm�1; dH (600MHz DMSO‑d6) 2.99e3.06
(1H, m, CH2), 3.10e3.17 (1H, m, CH2), 3.39e3.51 (2H, m, CH2), 5.48
(1H, s, CH), 6.10 (1H, s, CH), 6.25 (1H, s, CHAr), 6.30 (1H, s, CHAr), 6.90
(1H, s, CHAr), 7.10e7.15 (1H, m, CHAr), 7.16e7.23 (1H, m, CHAr),
7.40e7.45 (1H, m, CHAr), 9.44 (1H, br.s, NH2

þ), 11.13 (1H, br.s, NH2
þ);

dC (600MHz, DMSO‑d6) 28.95, 44.01, 60.51, 108.57, 110.22, 114.50,
114.64, 115.03, 115.22, 120.44, 124.33, 125.01. 128.79, 130.92, 130.98,
139.05, 139.10, 139.88, 158.67, 158.88 159.08, 159.26, 161.92, 163.53;
ESI, m/z: 243.2 [M-CF3COO�]þ.

4.21. (E)-3-Benzylidene-2-(3-hydroxy-1,4-dioxo-1,4-
dihydronaphthalen-2-yl)pyrrolidin-1-ium trifluoroacetate (2r)

White solid, yield 500mg, 97%; [Found: C, 62.01; H, 4.08; N 3.15.
C23H18F3NO5 requires C, 62.02; H, 4.07; N 3.14%]; mp 160e161 �C;
nmax (KBr) 1672, 798, 746 cm�1; dH (600MHz DMSO‑d6) 3.05e3.15
(2H, m, CH2), 3.38e3.48 (1H, m, CH2), 3.68e3.77 (1H, m, CH2), 5.54
(1H, s, CH), 6.21e6.25 (1H, m, CH), 7.23e7.25 (1H, m, CHAr),
7.28e7.37 (4H, m, CHAr), 7.74 (1H, td, J 7.5 Hz,1.3 Hz, CHAr), 7.83 (1H,
td, 7.5 Hz, 1.4 Hz, CHAr), 7.99 (2H, ddd, 6.9 Hz, 5.1 Hz, 1.3 Hz, CHAr),
8.80 (1H, br.s, NH2

þ), 9.39 (1H, br.s, NH2
þ); dC (600MHz, DMSO‑d6)

29.61, 45.17, 58.86, 99.98, 113.91, 121.61, 126.02, 126.24, 127.30,
128.57, 128.90, 131.44, 132.73, 133.86, 134.85, 137.11, 139.55, 156.81,
158.31, 165.51, 167.96, 183.02; ESI, m/z: 322.2 [M-CF3COO�]þ.

4.22. (E)-3-(4-chlorobenzylidene)-2-(3-hydroxy-1,4-dioxo-1,4-
dihydronaphthalen-2-yl)pyrrolidin-1-ium trifluoroacetate (2s)

White solid, yield 493mg, 99%; [Found: C, 57.55; H, 3.58; Cl,
7.41; N 2.91. C23H17ClF3NO5 requires C, 57.57; H, 3.57; Cl, 7.39; N
2.92%]; mp 169e170 �C; nmax (KBr) 1680, 796 cm�1; dH (600MHz
DMSO‑d6) 3.01e3.12 (2H, m, CH2), 3.13e3.18 (1H, m, CH2),
3.36e3.43 (1H, m, CH2), 5.53 (1H, s, CH), 7.32 (2H, d, 8.4 Hz, CHAr),
7.38 (2H, d, 8.4 Hz, CHAr), 7.73 (1H, t, J 7.6 Hz, CHAr), 7.81 (1H, t,
7.4 Hz, CHAr), 7.99 (2H, t, 8.7 Hz, CHAr), 8.80 (1H, br.s, NH2

þ), 9.38
(1H, br.s, NH2

þ); dC (600MHz, DMSO‑d6) 29.59, 31.16, 45.11, 59.05,
113.63, 120.37, 126.02, 126.27, 128.90, 129.76, 130.30, 131.52, 131.73,
132.46, 132.65, 134.01, 134.82, 136.07, 140.78, 206.90; ESI, m/z:
366.2 [M-CF3COO�]þ.

4.23. (E)-3-(3-fluorobenzylidene)-2-(3-hydroxy-1,4-dioxo-1,4-
dihydronaphthalen-2-yl)pyrrolidin-1-ium trifluoroacetate (2t)

White solid, yield 295mg, 61%; [Found: C, 59.60; H, 3.71; N 3.03.
C23H17F4NO5 requires C, 59.62; H, 3.70; N 3.02%]; mp 141e142 �C;
nmax (KBr) 1678, 782 cm�1; dH (600MHz DMSO‑d6) 3.05e3.18 (2H,
m, CH2), 3.34e3.44 (2H, m, CH2), 5.54 (1H, s, CH), 6.23 (1Н, s, CH),
7.05 (1H, t, 8.8 Hz, CHAr), 7.13 (2H, dd, 16.3 Hz, 9.3 Hz, CHAr), 7.37
(1H, q, J 7.7 Hz, CHAr), 7.72 (1H, t, 7.5 Hz, CHAr), 7.79e7.83 (1H, m,
CHAr), 7.95e8.01 (1H, m, CHAr), 8.80 (1H, br.s, NH2

þ), 9.37 (1H, br.s,
NH2

þ); dC (600MHz, DMSO‑d6) 29.64, 45.09, 59.12, 113.49, 113.95,
114.89,120.49, 124.76, 126.02,126.26,130.77,130.83,132.39,134.09,
134.81, 139.60, 141.12, 158.38, 158.83, 161.90, 163.51, 172.89, 172.94,
180.97, 183.27; ESI, m/z: 350.2 [M-CF3COO�]þ.

4.24. (E)-3-(4-methoxybenzylidene)-2-(3-hydroxy-1,4-dioxo-1,4-
dihydronaphthalen-2-yl)pyrrolidin-1-ium trifluoroacetate (2u)

Beige solid, yield 472mg, 62%; [Found: C, 60.61; H, 4.25; N 2.96.
C24H20F3NO6 requires C, 60.63; H, 4.34; N 2.95%]; mp 186e187 �C;
f 2-(het)arylpyrrolidines via stable 1-pyrrolinium salts, Tetrahedron,
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nmax (KBr) 1678, 1615, 798, 784 cm�1; dH (600MHz CDCl3)
2.94e3.05 (1H, m, CH2), 3.06e3.18 (1H, m, CH2), 3.29e3.49 (1H, m,
CH2), 3.53e3.62 (1H, m, CH2), 5.32 (1H, s, CH), 5.78e5.84 (3Н, m,
OMe), 6.20 (1H, q, 2.4 Hz, CHAr), 6.54 (2H, s, CHAr), 6.67 (2H, s, CHAr),
7.20e7.29 (3H, m, CHAr), 7.30e7.37 (2H, m, CHAr), 8.43 (1H, br.s,
NH2

þ), 10.10 (1H, br.s, NH2
þ); dC (600MHz, DMSO‑d6) 29.41, 44.83,

55.56, 109.13, 111.51, 114.38, 119.68, 120.91, 123.09, 125.90, 126.44,
126.56, 126.62, 128.52, 129.88, 131.09, 132.41, 133.72, 134.59, 134.93,
155.76, 158.52, 160.03, 160.06, 181.75, 183.10, 185.05, 185.24186.16;
ESI, m/z: 362.2 [M-CF3COO�]þ.

4.25. (E)-3-(4-nitrobenzylidene)-2-(3-hydroxy-1,4-dioxo-1,4-
dihydronaphthalen-2-yl)pyrrolidin-1-ium trifluoroacetate (2v)

Beige solid, yield 180mg, 23%; [Found: C, 59.31; H, 3.51; N 5.70.
C23H70F3N2O7 requires C, 56.33; H, 3.49; N 5.71%]; mp 160e162 �C;
nmax (KBr) 1678, 1645, 798, 784 cm�1; dH (400MHz CDCl3)
3.10e3.18 (2H, m, CH2), 3.39e3.44 (1H, m, CH2), 3.71e3.80 (1H, m,
CH2), 5.58 (1H, s, CH), 6.18 (1H, s, CHAr), 7.57 (2H, d, 8.7 Hz, CHAr),
7.70e7.77 (2H, m, CHAr), 7.85e7.89 (1H, m, CHAr), 7.94e7.99 (1H, m,
CHAr), 8.16 (2H, d, 8.7 Hz, CHAr), 8.91 (1H, br.s, NH2

þ), 9.20 (1H, br.s,
NH2

þ); dC (600MHz, DMSO‑d6) 30.05, 44.49, 60.66, 109.44, 109.23,
111.35, 118.28, 119.21, 121.03, 124.08, 125.67, 125.94, 127.43, 129.42,
131.29,134.23, 139.42,143.98,145.82,146.28,156.36; ESI,m/z: 377.2
[M-CF3COO�]þ.

4.26. (E)-3-Benzylidene-2-(5-hydroxybenzo[d][1,3]dioxol-4-yl)
pyrrolidin-1-ium trifluoroacetate (2w)

White solid, yield 465mg, 71%; [Found: C, 58.69; H, 4.44; N 3.40.
C20H18F3NO5 requires C, 58.68; H, 4.43; N 3.42%]; mp 138e139 �C;
nmax (KBr) 1675, 798, 784 cm�1; dH (600MHz CDCl3) 2.99e3.05
(1H, m, CH2), 3.09e3.10 (1H, m, CH2), 3.38e3.43 (1H, m, CH2)
3.47e3.54 (1H, m, CH2), 5.46 (1H, s, CH), 5.97 (2H, s, CHAr), 6.15 (1H,
s, CHAr), 6.59 (1H, s, CHAr), 6.86 (1H, s, CHAr), 7.25e7.31 (1H, m,
CHAr), 7.33e7.48 (1H, m, CHAr), 8.64 (1H, br.s, NH2

þ), 9.70 (1H, br.s,
NH2

þ), 10.20 (1H, br.s, OH),; dC (600MHz, DMSO‑d6) 29.33, 44.63,
61.85, 98.20, 101.70, 109.19, 113.15, 124.77, 127.74, 128.74, 129.03,
136.71, 139.06, 140.46, 148.99, 151.75, 158.15, 158.41, 158.61, 159.16;
ESI, m/z: 296.2 [M-CF3COO�]þ.

4.27. (E)-3-(4-chlorobenzylidene)-2-(5-hydroxybenzo[d][1,3]
dioxol-4-yl)pyrrolidin-1-ium trifluoroacetate (2x)

White solid, yield 423mg, 80%; [Found: C, 54.14; H, 3.85; Cl,
8.00; N 3.15. C20H17ClF3NO5 requires C, 54.13; H, 3.86; Cl, 7.99; N
3.16%]; mp 140e141 �C; nmax (KBr) 1674, 797, 776 cm�1; dH
(600MHz CDCl3) 2.97e3.09 (1H, m, CH2), 3.08e3.14 (1H, m, CH2),
3.38e3.43 (1H, m, CH2) 3.47e3.53 (1H, m, CH2), 5.45 (1H, s, CH),
5.97 (2H, s, CHAr), 6.15 (1H, s, CHAr), 6.58e6.61 (1H, m, CHAr), 6.86
(1H, s, CHAr), 7.37e7.40 (2H, m, CHAr), 7.41e7.45 (2H, m, CHAr), 8.58
(1H, br.s, NH2

þ), 9.59 (1H, br.s, NH2
þ), 10.09 (1H, br.s, OH),; dC

(600MHz, DMSO‑d6) 29.32, 44.65, 61.95, 79.66, 98.18, 101.75,
109.26, 113.01, 123.60, 129.01, 130.48, 132.23, 135.61, 140.07, 140.31,
149.07, 151.67; ESI, m/z: 330.2 [M-CF3COO�]þ.

4.28. (E)-3-(3-fluorobenzylidene)-2-(5-hydroxybenzo[d][1,3]
dioxol-4-yl)pyrrolidin-1-ium trifluoroacetate (2y)

White solid, yield 397mg, 58%; [Found: C, 56.20; H, 4.02; N 3.27.
C20H17F4NO5 requires C, 56.21; H, 4.01; N 3.28%]; mp 150e151 �C;
nmax (KBr) 1674, 1615, 797, 768 cm�1; dH (600MHz CDCl3)
2.97e3.07 (1H, m, CH2), 3.11e3.18 (1H, m, CH2), 3.38e3.43 (1H, m,
CH2) 3.48e3.55 (1H, m, CH2), 5.47 (1H, s, CH), 5.97 (2H, s, CHAr), 6.17
(1H, s, CHAr), 6.59 (1H, c, CHAr), 6.86 (1H, s, CHAr), 7.11 (1H, td,
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8.8 Hz, 2.2 Hz, CHAr), 7.20 (2H, d, 8.7 Hz, CHAr), 7.42 (1H, q, 7.4 Hz,
CHAr), 8.63 (1H, br.s, NH2

þ), 9.68 (1H, br.s, NH2
þ), 10.18 (1H, br.s, OH),;

dC (600MHz, DMSO‑d6) 29.37, 44.64, 61.42, 98.19, 101.73, 109.28,
112.99, 114.42, 114.56, 115.06, 116.20, 123.67, 124.98, 130.90, 139.17,
140.49, 140.93, 151.73, 158.33, 161.93, 163.64, 166.27; ESI,m/z: 314.2
[M-CF3COO�]þ.

Acknowledgments

This work was supported by the Russian Science Foundation
(Grant No. 16-13-10023). The authors are grateful to the Assigned
Spectral-Analytical Center of FRC Kazan Scientific Center of RAS for
technical assistance in research. The part of the work was carried
out within the State Assignment on Fundamental Research to the
Kurnakov Institute of General and Inorganic Chemistry.

Appendix. Supplementary data

Supplementary data associated with this article can be found in
the online version, at https://doi.org/10.1016/j.tet.2019.130681.
These data include MOL files and InChiKeys of the most important
compounds described in this article.

References

[1] R.G.S. Berlinck, M.H. Kossuga, Wiley-VCH Verlag GmbH & Co. KGaA, Wein-
heim, Germany, 2007.

[2] J. Buckingham, K.H. Baggaley, A.D. Roberts, L.F. Szabo, CRC Press, Boca Raton,
FL, USA, 2010.

[3] M. Haria, J.A. Balfour, CNS Drugs 7 (1997) 159e164.
[4] M. Bourli�ere, S.C. Gordon, S.L. Flamm, C.L. Cooper, A. Ramji, M. Tong,

N. Ravendhran, J.M. Vierling, T.T. Tran, S. Pianko, M.B. Bansal, V. de L�edinghen,
R.H. Hyland, L.M. Stamm, H. Dvory-Sobol, E. Svarovskaia, J. Zhang, K.C. Huang,
G.M. Subramanian, D.M. Brainard, J.G. McHutchison, E.C. Verna, P. Buggisch,
C.S. Landis, Z.H. Younes, M.P. Curry, S.I. Strasser, E.R. Schiff, K.R. Reddy,
M.P. Manns, K.V. Kowdley, S.N. Zeuzem, Engl. J. Med. 376 (2017) 2134e2146.

[5] M.A. Smith, R.E. Regal, R.A. Mohammad, Ann. Pharmacother. 50 (2016) 39e46.
[6] J.C. Byrd, B. Harrington, S. O’Brien, J.A. Jones, A. Schuh, S. Devereux, J. Chaves,

W.G. Wierda, F.T. Awan, J.R. Brown, P. Hillmen, D.M. Stephens, P. Ghia,
J.C. Barrientos, J.M. Pagel, J. Woyach, D. Johnson, J. Huang, X. Wang, A. Kaptein,
B.J. Lannutti, T. Covey, M. Fardis, J. McGreivy, A. Hamdy, W. Rothbaum,
R. Izumi, T.G. Diacovo, A.J. Johnson, R.R.N. Furman, Engl. J. Med. 374 (2016)
323e332.

[7] A. Drilon, T.W. Laetsch, S. Kummar, S.G. DuBois, U.N. Lassen, G.D. Demetri,
M. Nathenson, R.C. Doebele, A.F. Farago, A.S. Pappo, B. Turpin, A. Dowlati,
M.S. Brose, L. Mascarenhas, N. Federman, J. Berlin, W.S. El-Deiry, C. Baik,
J. Deeken, V. Boni, R. Nagasubramanian, M. Taylor, E.R. Rudzinski, F. Meric-
Bernstam, D.P.S. Sohal, P.C. Ma, L.E. Raez, J.F. Hechtman, R. Benayed,
M. Ladanyi, B.B. Tuch, K. Ebata, S. Cruickshank, N.C. Ku, M.C. Cox, D.S. Hawkins,
D.S. Hong, D.M.N. Hyman, Engl. J. Med. 378 (2018) 731e739.

[8] M. Hardy, F. Chalier, J.-P. Finet, A. Rockenbauer, P. Tordo, J. Org. Chem. 70
(2005) 2135e2142.

[9] I. Odinets, O. Artyushin, N. Shevchenko, P. Petrovskii, V. Nenajdenko, G.-
V. R€oschenthaler, Synthesis 2009 (2009) 577e582.

[10] D.H. Hua, D. Bensoussan, A.A. Bravo, J. Org. Chem. 54 (1989) 5399e5402.
[11] S. Mandal, S. Mahato, C.K. Jana, Org. Lett. 17 (2015) 3762e3765.
[12] N.E. Shevchenko, V.G. Nenajdenko, G.-V. Roschenthaler, J. Fluorine Chem. 129

(2008) 390e396.
[13] C.R. Arza, P. Froimowicz, L. Han, R. Graf, H. Ishida, Macromolecules 50 (2017)

9249e9256.
[14] C. Cimarelli, D. Fratoni, A. Mazzanti, G. Palmieri, Eur. J. Org. Chem. 2011 (2011)

2094e2100.
[15] E. Gravel, E. Poupon, R. Hocquemiller, Tetrahedron 62 (2006) 5248e5253.
[16] N. De Kimpe, C. Stevens, J. Org. Chem. 58 (1993) 2904e2906.
[17] A.V. Smolobochkin, A.S. Gazizov, A.S. Melyashova, J.K. Voronina, A.G. Strelnik,

S.Z. Vatsadze, A.R. Burilov, M.A. Pudovik, O.A. Fedorova, O.G. Sinyashin, RSC
Adv. 7 (2017) 50955e50960.

[18] Y. Nomura, T. Bando, Y. Takeuchi, S. Tomoda, Bull. Chem. Soc. Jpn. 56 (1983)
3199e3200.

[19] A.V. Smolobochkin, A.S. Melyashova, A.S. Gazizov, A.R. Burilov, M.A. Pudovik,
Russ. J. Gen. Chem. 88 (2018) 1934e1937.

[20] S. Dwari, C.K. Jana, ACS Omega 4 (2019) 2445e2454.
[21] M.J. Frisch, G.W. Trucks, H.B. Schlegel, G.E. Scuseria, M.A. Robb,

J.R. Cheeseman, G. Scalmani, V. Barone, G.A. Petersson, H. Nakatsuji, X. Li,
M. Caricato, A.V. Marenich, J. Bloino, B.G. Janesko, R. Gomperts, B. Mennucci,
H.P. Hratchian, J.V. Ortiz, A.F. Izmaylov, J.L. Sonnenberg, D. Williams-Young,
F. Ding, F. Lipparini, F. Egidi, J. Goings, B. Peng, A. Petrone, T. Henderson,
f 2-(het)arylpyrrolidines via stable 1-pyrrolinium salts, Tetrahedron,

https://doi.org/10.1016/j.tet.2019.130681
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref1
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref1
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref1
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref2
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref2
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref3
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref3
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref4
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref4
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref4
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref4
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref4
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref4
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref4
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref4
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref4
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref5
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref5
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref6
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref6
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref6
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref6
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref6
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref6
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref6
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref7
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref7
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref7
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref7
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref7
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref7
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref7
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref7
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref8
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref8
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref8
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref9
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref9
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref9
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref9
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref10
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref10
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref11
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref11
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref12
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref12
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref12
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref13
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref13
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref13
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref14
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref14
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref14
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref15
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref15
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref16
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref16
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref17
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref17
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref17
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref17
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref18
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref18
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref18
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref19
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref19
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref19
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref20
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref20
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref21
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref21
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref21
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref21
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref21


A.S. Melyashova et al. / Tetrahedron xxx (xxxx) xxx8
D. Ranasinghe, V.G. Zakrzewski, J. Gao, N. Rega, G. Zheng, W. Liang, M. Hada,
M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda,
O. Kitao, H. Nakai, T. Vreven, K. Throssell, J.A. Montgomery Jr., J.E. Peralta,
F. Ogliaro, M.J. Bearpark, J.J. Heyd, E.N. Brothers, K.N. Kudin, V.N. Staroverov,
T.A. Keith, R. Kobayashi, J. Normand, K. Raghavachari, A.P. Rendell, J.C. Burant,
Please cite this article as: A.S. Melyashova et al., Convenient synthesis o
https://doi.org/10.1016/j.tet.2019.130681
S.S. Iyengar, J. Tomasi, M. Cossi, J.M. Millam, M. Klene, C. Adamo, R. Cammi,
J.W. Ochterski, R.L. Martin, K. Morokuma, O. Farkas, J.B. Foresman, D.J. Fox,
Gaussian 16, Revision B.01, Gaussian, Inc., Wallingford CT, 2016.

[22] Glendening, E. D.; Reed, A. E.; Carpenter, J. E.; Weinhold, F. NBO Version 3.1.
f 2-(het)arylpyrrolidines via stable 1-pyrrolinium salts, Tetrahedron,

http://refhub.elsevier.com/S0040-4020(19)31055-5/sref21
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref21
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref21
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref21
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref21
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref21
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref21
http://refhub.elsevier.com/S0040-4020(19)31055-5/sref21

	Convenient synthesis of 2-(het)arylpyrrolidines via stable 1-pyrrolinium salts
	1. Introduction
	2. Results and discussion
	3. Conclusion
	4. Experimental section
	4.1. General information
	4.2. General procedure for synthesis of 2-(het)aryl-3-arylidenepyrrolidines 2a-i,r-y
	4.3. General procedure for synthesis of 2-(indol-3-yl)-3-arylidenepyrrolidines 2j-m
	4.4. General procedure for synthesis of 2-(pyrrol-2-yl)-3-arylidenepyrrolidines 2n-q
	4.5. (E)-3-Benzylidene-2-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)pyrrolidin-1-ium trifluoroacetate (2a)
	4.6. (E)-3-(4-chlorobenzylidene)-2-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)pyrrolidin-1-ium trifluoroacetate (2b)
	4.7. (E)-3-(3-fluorobenzylidene)-2-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)pyrrolidin-1-ium trifluoroacetate (2c)
	4.8. (E)-3-(4-methoxybenzylidene)-2-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)pyrrolidin-1-ium trifluoroacetate (2d)
	4.9. (E)-3-(4-nitrobenzylidene)-2-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)pyrrolidin-1-ium trifluoroacetate (2e)
	4.10. (E)-3-Benzylidene-2-(4-hydroxy-2-oxo-2H-chromen-3-yl)pyrrolidin-1-ium trifluoroacetate (2f)
	4.11. (E)-3-(4-chlorobenzylidene)-2-(4-hydroxy-2-oxo-2H-chromen-3-yl)pyrrolidin-1-ium trifluoroacetate (2g)
	4.12. (E)-3-(3-fluorobenzylidene)-2-(4-hydroxy-2-oxo-2H-chromen-3-yl)pyrrolidin-1-ium trifluoroacetate (2h)
	4.13. (E)-3-(4-nitrobenzylidene)-2-(4-hydroxy-2-oxo-2H-chromen-3-yl)pyrrolidin-1-ium trifluoroacetate (2i)
	4.14. (E)-3-Benzylidene-2-(1H-indol-3-yl)pyrrolidin-1-ium trifluoroacetate (2j)
	4.15. (E)-3-(4-chlorobenzylidene)-2-(1H-indol-3-yl)pyrrolidin-1-ium trifluoroacetate (2k)
	4.16. (E)-3-(3-fluorobenzylidene)-2-(1H-indol-3-yl)pyrrolidin-1-ium trifluoroacetate (2l)
	4.17. (E)-3-(4-methoxybenzylidene)-2-(1H-indol-3-yl)pyrrolidin-1-ium trifluoroacetate (2m)
	4.18. (E)-3-Benzylidene-2-(1H-pyrrol-2-yl)pyrrolidin-1-ium trifluoroacetate (2n)
	4.19. (E)-3-(4-chlorobenzylidene)-2-(1H-pyrrol-2-yl)pyrrolidin-1-ium trifluoroacetate (2o)
	4.20. (E)-3-(3-fluorobenzylidene)-2-(1H-pyrrol-2-yl)pyrrolidin-1-ium trifluoroacetate (2p)
	4.21. (E)-3-Benzylidene-2-(3-hydroxy-1,4-dioxo-1,4-dihydronaphthalen-2-yl)pyrrolidin-1-ium trifluoroacetate (2r)
	4.22. (E)-3-(4-chlorobenzylidene)-2-(3-hydroxy-1,4-dioxo-1,4-dihydronaphthalen-2-yl)pyrrolidin-1-ium trifluoroacetate (2s)
	4.23. (E)-3-(3-fluorobenzylidene)-2-(3-hydroxy-1,4-dioxo-1,4-dihydronaphthalen-2-yl)pyrrolidin-1-ium trifluoroacetate (2t)
	4.24. (E)-3-(4-methoxybenzylidene)-2-(3-hydroxy-1,4-dioxo-1,4-dihydronaphthalen-2-yl)pyrrolidin-1-ium trifluoroacetate (2u)
	4.25. (E)-3-(4-nitrobenzylidene)-2-(3-hydroxy-1,4-dioxo-1,4-dihydronaphthalen-2-yl)pyrrolidin-1-ium trifluoroacetate (2v)
	4.26. (E)-3-Benzylidene-2-(5-hydroxybenzo[d][1,3]dioxol-4-yl)pyrrolidin-1-ium trifluoroacetate (2w)
	4.27. (E)-3-(4-chlorobenzylidene)-2-(5-hydroxybenzo[d][1,3]dioxol-4-yl)pyrrolidin-1-ium trifluoroacetate (2x)
	4.28. (E)-3-(3-fluorobenzylidene)-2-(5-hydroxybenzo[d][1,3]dioxol-4-yl)pyrrolidin-1-ium trifluoroacetate (2y)

	Acknowledgments
	Appendix. Supplementary data
	References


