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Abstract
As the impact of aromatic rings and fluorine substituents in commercial drugs is attributed to their electronic distribution and
structure rigidity that determine metabolic stability and toxicity, 30 quaternary ammonium salts (QAS) of the form [X-CH2N
(CH3)2(CH2)nCH= C(Ar2)]

+I− (where X=H, Cl or I, n= 2 or 3, and Ar=m-C6H4CF3, p-C6H4CF3, m-C6H4F, p-C6H4F or
C6H5) were tested as potential trypanocidal agents and assessed their cytotoxicity on U-937 cells. CF3-substituted QASs
exhibited LC50 values in the range of 0.5 to 6.4 μg/mL and trypanocidal EC50 values between 0.6 and 7.0 μg/mL, while the
LC50 values for F-substituted analogs are between 7.0 and 207 μg/mL and EC50 values range from 3.8 to 40.9 μg/mL. As a
general trend, the more effective are those bearing an N-iodomethyl moiety or having a longer tether, and para-substituted
ones. Few drugs therapies are in use for Chagas disease, so this study becomes a promising contribution.

Keywords Trifluoromethylated quaternary ammonium salts ● Fluorinated quaternary ammonium salts ● Trypanosoma cruzi ●

Cytotoxicity ● Anti-trypanosomal activity

Introduction

Aromatic rings are key scaffold components of pharmaco-
logically active molecules. Different studies established the
biologic role exerted by rings (Gibson et al. 1996; Meyer
et al. 2003; Dalvie et al. 2010), their presence in the vast list
of commercial drugs available (Hann et al. 2001), and their
statistical correlation with the number of rings or ring

systems (Wang and Hou 2010; Taylor et al. 2014). The
impact of aromatic rings in commercial drugs is attributed
in part to their electronic distribution and structure rigidity
that determine molecular properties such as lipophilicity
enhancement (Lipinski 2000; Ran et al. 2001), improve-
ment of the ligand-receptor properties, and/or alterations in
the molecular reactivity, metabolic stability and toxicity
(Meyer et al. 2003). The aromatic rings count becomes the
second molecular descriptor, after hydrophobicity, in
assessing the potential for a molecule to be developed as a
drug (Young et al. 2011).

On the other hand, there is an increasing trend of using
halogenated substituents in synthetic biologically active
molecules, often giving rise to modifications of their phar-
macological potential, due in part to the role of halogen-
bond in substrate selectivity (Metrangolo et al. 2005;
Scholfield et al. 2013) and molecular recognition (Jiang
et al. 2016; Mendez et al. 2017), or changing membrane
binding ability and permeability (Gerebtzoff et al. 2004).
Special attention has focused on the use of fluorinated
substituents (Isanbor and O’Hagan 2006; Kirk 2006; Gillis
et al. 2015; Reddy 2015; Shi et al. 2017), taking advantage
of the unique properties of fluorine such as its high elec-
tronegativity and small size such that it is only 20% bigger
than hydrogen. The short C–F bond distance and its bond
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energy, that is about 5 Kcal mol−1 higher than C–H,
enhances metabolic stability of fluorinated molecules. Also,
very often enzymes do not recognize the difference between
a natural metabolite and a fluorinated analog, and these
effects give rise to enzyme inhibition and mimetic effects
(Ojima 2009). In addition, as a general trend, fluorination or
polyfluorination of aromatic rings or π systems enhances
lipophilicity of bioactive compounds, and this property
determines the absorptivity, transport and binding substrate-
receptor affinity and interactions (Gillis et al. 2015; Shi
et al. 2017). Additionally, fluorine or trifluoromethyl groups
can modify intrinsic potency, membrane permeability,
metabolic pathways, pharmacokinetic properties, and pKa
values of vicinal groups (Shi et al. 2017). In particular, the
CF3 group confers to molecules a steric demand similar to
the isopropyl group (Reddy 2015) and, if incorporated on to
an aromatic ring, increases the lipophilicity and the bioa-
vailability of a compound. This group also reduces the
electron density of the ring, rendering less reactive and less
prone to oxidative metabolism (Reddy 2015).

Also important for consideration, quaternary ammonium
salts (QASs), some of those being also called ionic liquids,
are widely used or investigated by the pharmaceutical
industry (Egorova et al. 2017) for their recognized activity
against tumor cells, bacteria, fungi, viruses, and parasites,
although these salts may also be highly toxic agents. The
toxicity of ionic liquids is not distinguishable only by their
structure because cell type and other external factors exert
influence on the activity, and this would be expected also
for biological behavior in general, which is reported to be
strongly dependent on the organism (Avlonitis et al. 2003;
Pérez-Victoria et al. 2003; Pham et al. 2010; Egorova et al.
2017). Thus, every kind of QASs or every structural mod-
ification or different scaffolds are worthy to be explored for
a variety of pharmaceutical purposes. While a lot more
attention has focused on QASs as anticancer, antimicrobial
or antifungal activity (Egorova et al. 2017; Ng et al. 2006;
Obłąk et al. 2016), much less attention has been paid to
them as anti-parasitic agents. Nevertheless, there are some
reports on antimalarial (Basilico et al. 2015), anti-
leishmanial (Avlonitis et al. 2003; Pérez-Victoria et al.
2003) or anti-trypanosomal (de Castro et al. 2004) activity
of QASs. In fact, some of the current commercially avail-
able drugs for treatment of leishmaniasis are QASs struc-
turally related to choline, classified as alkyl-
lysophospholipids (de Castro et al. 2004; Pachioni et al.
2013), such as miltefosine, ildefosine or edelfosine, pre-
sumably operating as inhibitors of phosphocholine kinases
(Rakotomanga et al. 2007; Tischer et al. 2012) or disrupting
parasites cell membrane (Palermo et al. 2011).

Since Leishmania spp. and Trypanosoma cruzi parasites
are kinetoplastid organisms that share biochemical meta-
bolism profiles (El-Sayed et al. 2015; Khare et al. 2016), it

is expected that antiparasitic agents would be functional
both as anti-leishmanials and anti-trypanosomals. In fact,
some alkyl-lysophospholipids have been shown to be
effective in vitro and in vivo against T. cruzi and other
trypanosomatids (de Castro et al. 2004). Searching for new
drugs against Chagas disease is very challenging (WHO
2015, 2016). Only two drugs, with serious side effects,
benznidazole and nifurtimox are currently commercially
available, whereas about 6–7 million people are infected
overseas and it is estimated that nearly 13% of the Latin
American population is currently under risk (WHO 2015).

In our efforts to look for therapeutic alternatives against
neglected parasitic diseases, particularly antileishmanials,
we evaluated QASs with a terminal two phenyl ring-
scaffold which exhibited in vitro and in vivo activity against
amastigotes of Leishmania panamensis (Ríos et al. 2015;
Duque-Benítez et al. 2016; Fernández et al. 2018). We have
now extended that work to assess if these QASs behave as
anti-trypanosomal agents as well, and if the presence of CF3
or F substituents in the ring system modify effectiveness or
cytotoxicity. In this work, we studied 24 unknown fluori-
nated QASs of the form {X-CH2N(Me)2[(CH2)nCH=
CAr2]}

+ I− and six non-fluorinated, known analogs, against
T. cruzi amastigotes and their cytotoxicity in U-937 mac-
rophages. A preliminary structure-activity relationship is
also presented.

Materials and methods

General information for chemistry

The progress of most reactions was monitored by TLC,
using TLC Silica gel 60 F254. Compounds were visualized
by irradiation with UV light, and exposure to I2 vapor.
Column chromatography was performed on silica gel 60,
63–200 microns. Melting points (m.p.) were determined in a
KRÜSS melting point meter KSP1N.

Structural characterization of compounds was carried out
by 1H NMR, 13C NMR, 19F NMR, infrared spectroscopy
(FTIR), elemental analysis, and mass spectrometry. 1H
NMR and 13C NMR spectra were obtained at 400MHz and
101MHz, respectively, on a Bruker AV-II 400MHz spec-
trometer using CDCl3 or DMSO-d6 as solvent. 19F NMR
spectra were obtained at 500MHz on a Bruker AV-III 500
MHz spectrometer and were referenced relative to external
CFCl3. The chemical shifts are reported in ppm from TMS
(δ scale) but were measured against the solvent signal;
coupling constants J, are measured in Hz. IR spectra were
recorded with Thermo Scientific Nicolet iS5 FTIR Spec-
trometer. Elemental analyses of carbon, hydrogen, and
nitrogen were conducted in a Perkin Elmer 2400 Series II
Analyzer at the microanalysis laboratory at the University
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of Illinois (Urbana-Champaign, IL, USA). Mass spectra
were obtained on a Bruker QTOF Impact II MS (ESI+) at
Universidad de Antioquia (Colombia).

Solvents and reagents were obtained from different
commercial sources; the dry ethyl ether was further dried
with molecular sieves.

Chemistry

General procedure for the in situ preparation of Grignard
reagents from 6 (a, b, c or d)

The methodology was used according to the literature
(Chen et al. 2011; Huang et al. 2014; Li et al. 2014) with
modifications. Prior to each reaction, all glassware was
flamed and purged with nitrogen. The reactions were carried
out under a dry nitrogen atmosphere and with protection
from light. The assemblage for the reaction consisted of a
three-necked flask with an addition funnel and a vertical
condenser. A suspension of magnesium turnings (2.4 eq), a
tiny crystal of iodine and dry ethyl ether (1 mL per mmol)
was prepared inside the flask, and then 2.5 eq. of the
respective fluorinated bromoaryl precursors 6 (a, b, c or d)
dissolved in dry ethyl ether (1 mL per mmol of 6) were
added dropwise from the addition funnel. At the beginning,
about a quarter of the solution of 6 was used until the iodine
color disappeared, and then the reaction mixture was kept
stirring for 1 h. After this time, the remaining solution of 6
was added dropwise while the reaction mixture was kept
under magnetic stirring. Once the magnesium was con-
sumed, the reaction mixture was stirred for an additional
2.5 h. Grignard reagents from 6a, 6c or 6d were cannulated
out from the reactant mixture to another assemblage for the
subsequent reaction with esters 5, while the very sticky
Grignard reagent from 6b was used immediately in the
same reaction flask.

General procedure for the preparation of ω-bromo-α,α-bis-
(aryl) alcohols 7 and 8

To a three-necked flask, equipped with a vertical condenser
and an addition funnel, and containing the respective
Grignard reagents prepared from 6, was added dropwise the
corresponding ω-bromoester 5 (1 eq) in dry ethyl ether (0.8
mL per mmol) from the funnel, during a period of 30 to 60
min avoiding reflux. The reaction mixture was kept stirring
(between 2 and 12 h). After the reaction was complete, an
aqueous solution of 1M HCl was added at 0 °C, followed
by the respective phase separation. The organic layer was
washed with saturated NaCl solution and dried over anhy-
drous MgSO4. After filtration, the solvent was removed by
rotary evaporation under reduced pressure. When necessary,

it was subjected to trituration with hexane, and the solvent
was again removed by rotary evaporation under reduced
pressure. The products were purified by column chroma-
tography. Pure alcohols were obtained as yellow or color-
less oils.

5-Bromo-1,1-bis-(3-trifluoromethylphenyl)pentan-1-ol
(7a) Starting from ethyl 5-bromovalerate 5a, product 7a
was obtained as yellow oil (43% yield) and purified
by column chromatography eluting with hexane/ethyl
acetate/methanol 90:7:3 (Rf 0.36). IR (KBr) νmax (cm–1):
3463 (O–H), 3077 (C–HAr), 1128 (C–F, CF3), 563 (C–Br);
1H NMR (CDCl3, 400MHz): δ= 7.74 (2H, s, Ar-H2ʹ), 7.54
(4H, m, Ar–H4ʹ, Ar-H6ʹ), 7.45 (2H, m, Ar–H5ʹ), 3.38 (2H,
t, J= 6.7 Hz, H-5), 2.34 (2H, t, J= 7.8 Hz, H-2), 2.18 (br s,
OH), 1.91 (2H, quintet, J= 7.0, H-4), 1.43 (2H, m, H-3);
13C NMR (CDCl3, 101MHz): δ= 147.2 (C-1ʹAr), 131.0 (q,
J= 32.2 Hz, C-3ʹAr), 129.6 (C-5ʹAr), 129.1 (C-6ʹAr), 124.4
(m, C-2ʹAr), 124.2 (q, J= 272.4 Hz, CF3), 122.7 (q, J= 3.5
Hz, C-4ʹAr), 77.8 (C-1), 41.0 (C-2), 33.2 (C-5), 32.8 (C-4),
22.3 (C-3).

5-Bromo-1,1-bis-(4-trifluoromethylphenyl)pentan-1-ol
(7b) Starting from ethyl 5-bromovalerate 5a, product 7b
was obtained as a yellow oil (47% yield), and purified by
trituration with hexane and column chromatography eluting
with hexane/ethyl acetate 50:50 and corrected with column
chromatography eluting with hexane/ethyl acetate/methanol
90:5:5 (Rf 0.3). IR (KBr) νmax (cm–1): 3473 (O–H), 3067
(C–HAr), 1131 (C–F, CF3), 563 (C–Br); 1H NMR (CDCl3,
400MHz): δ= 7.59 (4H, d, J= 8.4 Hz, Ar–H3ʹ), 7.54 (4H,
d, J= 8.3 Hz, Ar–H2ʹ), 3.38 (2H, t, J= 6.7 Hz, H-5), 2.32
(2H, m, H-2), 1.90 (2H, m, H-4), 1.45 (2H, m, H-3), 1.26
(br s, OH); 13C NMR (CDCl3, 101MHz): δ= 150.0 (C-
1ʹAr), 129.7 (q, J= 32.5 Hz, (C-4ʹAr), 126.4 (C-2ʹAr), 125.6
(q, J= 3.6 Hz, C-3ʹAr), 124.2 (q, J= 272.1 Hz, CF3), 77.8
(C-1), 40.9 (C-2), 33.3 (C-5), 32.8 (C-4), 22.4 (C-3).

5-Bromo-1,1-bis-(3-fluorophenyl)pentan-1-ol (7c) Starting
from ethyl 5-bromovalerate 5a, product 7c was obtained as
transparent oil (65% yield) and it was purified by column
chromatography eluting with hexane/ethyl acetate 90:10 (Rf
0.36). IR (KBr) νmax (cm–1): 3471 (O–H), 3073 (C–HAr),
1236 (C–F), 559 (C–Br); 1H NMR (CDCl3, 400MHz):
δ= 7.32 (2H, m, Ar–H5ʹ), 7.19 (4H, m, Ar–H2ʹ, Ar–H6ʹ),
6.97 (2H, m, Ar–H4ʹ), 3.40 (2H, t, J= 6.8 Hz, H-5), 2.29
(2H, m, H-2), 2.07 (br s, OH), 1.92 (2H, quintet, J= 7.1 Hz,
H-4), 1.47 (2H, m, H-3); 13C NMR (CDCl3, 101MHz):
δ= 163.0 (d, J= 245.9 Hz, C–F), 149.1 (d, J= 6.5 Hz, C-
1ʹAr), 130.0 (d, J= 8.1 Hz, C-5ʹAr), 121.6 (d, J= 2.5 Hz, C-
6ʹAr), 114.2 (d, J= 21.1 Hz, C-4ʹAr), 113.3 (d, J= 22.7 Hz,
C-2ʹAr), 77.6 (C-1vinyl), 41.0 (C-2vinyl), 33.4 (C-5), 33.0 (C-
4), 22.5 (C-3).
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5-Bromo-1,1-bis-(4-fluorophenyl)pentan-1-ol (7d) Starting
from ethyl 5-bromovalerate 5a, product 7d was obtained as
a white solid (54% yield), and it was triturated with hexane
and purified by column chromatography eluting with hex-
ane/ethyl acetate 90:10 (Rf 0.29); m.p. 63.5–64.3 °C. IR
(KBr) νmax (cm

–1): 3488 (O–H), 3046 (C–HAr), 1227 (C–F),
587 (C–Br); 1H NMR (CDCl3, 400MHz): δ= 7.34 (4H, m,
Ar–H2ʹ), 7.00 (4H, m, Ar–H3ʹ), 3.37 (2H, t, J= 6.8 Hz, H-
5), 2.55 (2H, m, H-2), 1.87 (2H, m, H-4), 1.70 (s, OH),
1.49–1.32 (2H, m, H-3); 13C NMR (CDCl3, 101MHz):
δ= 161.9 (d, J= 246.0 Hz, C–F), 142.6 (d, J= 3.1 Hz, C-
1ʹAr), 127.9 (d, J= 8.0 Hz, C-2ʹAr), 115.2 (d, J= 21.3 Hz,
C-3ʹAr), 77.6 (C-1vinyl), 41.4 (C-2vinyl), 33.4 (C-4), 33.0 (C-
5), 22.6 (C-3).

6-Bromo-1,1-bis-(3-trifluoromethylphenyl)hexan-1-ol (8a)
Starting from ethyl 6-bromohexanoate 5b, product 8a was
obtained as a colorless oil (55% yield) and purified by
column chromatography eluting with hexane/ethyl acetate
90:10 (Rf 0.46). IR (KBr) νmax (cm–1): 3479 (O–H), 3077
(C–HAr), 1129 (C–F, CF3), 562 (C–Br); 1H NMR (CDCl3,
400MHz): δ= 7.74 (2H, s, Ar–H2ʹ), 7.54 (4H, m, Ar–H4ʹ,
Ar–H6ʹ), 7.44 (2H, t, J= 7.8 Hz, Ar–H5ʹ), 3.36 (2H, t,
J= 6.7 Hz, H-6), 2.32 (2H, m, H-2), 1.83 (2H, quintet, J=
6.8, H-5), 1.50 (2H, m, H-4), 1.30 (2H, m, H-3); 13C NMR
(CDCl3, 101MHz) δ= 147.9 (C-1ʹAr), 130.9 (q, J= 32.2
Hz, C-3ʹAr), 129.6 (C-5ʹAr), 129.1 (C-6ʹAr), 124.3 (q, J= 3.7
Hz, C-2ʹAr), 124.2 (q, J= 272.5 Hz, CF3), 122.7 (q, J= 3.8
Hz, C-4ʹAr), 77.8 (C-1), 41.8 (C-2), 33.7 (C-6), 32.6 (C-5),
28.5 (C-4), 22.9 (C-3).

6-Bromo-1,1-bis-(4-trifluoromethylphenyl)hexan-1-ol (8b)
Starting from 5b, product 8b was obtained as a yellow oil
(38% yield), and it was triturated with hexane and purified
by column chromatography eluting with hexane/ethyl
acetate 90:10 (Rf 0.28). IR (KBr) νmax (cm

–1): 3479 (O–H),
3067 (C–HAr), 1124 (C–F, CF3), 562 (C–Br); 1H NMR
(CDCl3, 400MHz): δ= 7.59 (4H, d, J= 8.4 Hz, Ar–H4ʹ),
7.53 (4H, d, J= 8.5 Hz, Ar–H2ʹ), 3.37 (2H, t, J= 6.7 Hz,
H-6), 2.32 (2H, m, H-2), 1.83 (2H, quintet, J= 6.8, H-5),
1.50 (2H, m, H-3), 1.30 (2H, m, H-4); 13C NMR (101MHz,
CDCl3): δ= 150.2 (C-1ʹAr), 129.6 (q, J= 32.6 Hz, C-4ʹAr),
126.4 (C-2ʹAr), 125.5 (q, J= 3.8 Hz, C-3ʹAr), 124.2
(q, J= 272.1 Hz, CF3), 77.9 (C-1), 41.7 (C-2), 33.7 (C-6),
32.7 (C-5), 28.5 (C-4), 22.9 (C-3).

6-Bromo-1,1-bis-(3-fluorophenyl)hexan-1-ol (8c) Starting
from ethyl 6-bromohexanoate 5b, product 8c was obtained
as colorless oil (44% yield) and it was purified by column
chromatography eluting with hexane/ethyl acetate 90:10 (Rf
0.29). IR (KBr) νmax (cm–1): 3479 (O–H), 3038 (C–HAr),
1236 (C–F), 565 (C–Br); 1H NMR (CDCl3, 400MHz):
δ= 7.21 (4H, m, Ar–H2ʹ, Ar–H6ʹ), 7.06 (2H, m, Ar–H5ʹ),

6.86 (2H, m, Ar–H4ʹ), 3.29 (2H, t, J= 6.7 Hz, H-6), 2.16
(2H, m, H-2), 2.07 (s, OH) 1.78 (2H, m, H-5), 1.40 (2H, m,
H-3), 1.22 (2H, m, H-4); 13C NMR (CDCl3, 101MHz): δ=
163.0 (d, J= 245.8 Hz, C–F), 149.3 (d, J= 6.4 Hz, C-1ʹAr),
130.0 (d, J= 8.1 Hz, C-5ʹAr), 121.6 (d, J= 2.8 Hz, C-6ʹAr),
114.1 (d, J= 21.2 Hz, C-4ʹAr), 113.3 (d, J= 22.7 Hz, C-
2ʹAr), 77.7 (t, J= 1.6 Hz, C-1vinyl), 41.8 (C-2vinyl), 33.8 (C-
6), 32.7 (C-5), 28.6 (C-4), 22.9 (C-3).

6-Bromo-1,1-bis-(4-fluorophenyl)hexan-1-ol (8d) Starting
from ethyl 6-bromohexanoate 5b, product 8d was obtained
as a white solid (62% yield) and it was triturated
with hexane and purified by column chromatography elut-
ing with hexane/ethyl acetate 90:10 (Rf 0.31), m.p. 53.1–
54.3 °C. IR (KBr) νmax (cm

–1): 3404 (O–H), 3064 (C–HAr),
1229 (C–F), 587 (C–Br); 1H NMR (CDCl3, 400MHz): δ=
7.35 (4H, m, Ar–H3ʹ), 6.99 (4H, m, Ar–H2ʹ), 3.36 (2H, t, J
= 6.7 Hz, H-6), 2.24 (2H, m, H-2), 1.82 (2H, m, H-5), 1.46
(2H, m, H-3), 1.30 (2H, m, H-4); 13C NMR (CDCl3, 101
MHz): δ= 161.9 (d, J= 245.9 Hz, C–F), 142.8 (d, J= 3.1,
C-1ʹAr), 127.9 (d, J= 8.0 Hz, C-2ʹAr), 115.2 (d, J= 21.3 Hz,
C-3ʹAr), 77.7 (C-1vinyl), 42.2 (C-2vinyl), 33.8 (C-6), 32.7 (C-
5), 28.6 (C-4), 23.1 (C-3).

General procedure for the preparation of fluorinated or
trifluoromethylated ω-bromo-α,α-diaryl olefins 9 and 10

Products 9 and 10 were prepared according to the literature
(Duque-Benítez et al. 2016; Ríos et al. 1996) with mod-
ifications. A round-bottomed flask was equipped with a
Dean-Stark trap and a vertical condenser. Alcohols 7 or 8 (a
or b) and p-toluenesulfonic acid monohydrate (p-
TsOH·H2O) in a molar ratio of about 60:1 were dissolved in
benzene (4.8 mL per mmol of alcohol) and refluxed during
8 h. After cooling down, the crude mixture was neutralized
with an oversaturated NaHCO3 aqueous solution, and then
the organic layer was washed with brine solution, dried with
anhydrous MgSO4 and filtered. The solvent was removed
by rotary evaporation under reduced pressure. The products
were purified by column chromatography eluting with
hexane. Colorless oils were obtained.

5-Bromo-1,1-bis-(3-trifluoromethylphenyl)pent-1-ene (9a)
Starting from 7a, product 9a was obtained as colorless oil
(61% yield), Rf 0.45 (hexane). IR (KBr) νmax (cm–1): 3076
(C–HAr), 3040 (=C–Hvinyl), 1129 (C–F, CF3), 563 (C–Br);

1H
NMR (CDCl3, 400MHz): δ= 7.63 (1H, d, J= 7.8 Hz, Ara or
b–H4ʹ), 7.54 (2H, m, Ara or b–H5ʹ), 7.49 (1H, s, Ara or b–H2ʹ),
7.44 (1H, s, Ara or b–H2ʹ), 7.38 (2H, m, Ara or b–H5ʹ), 7.29 (1H,
d, J= 7.8 Hz, Ara or b–H6ʹ), 6.16 (1H, t, J= 7.5Hz,=CHvi-

nyl), 3.39 (2H, t, J= 6.6Hz, H-5a, H-5b), 2.28 (2H, m, H-3a,
H-3b), 2.03 (2H, quintet, J= 6.8, H-4a, H-4b); 13C NMR
(CDCl3, 101MHz): δ= 142.6 (C-1ʹAra or b), 140.9 (C-1ʹAra or
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b), 139.9 (C-1vinyl), 133.3 (C-6ʹ Ara or b), 131.1 (m, C-3ʹAra, C-
3ʹArb), 130.7 (C-2vinyl, C-6ʹAra or b), 129.2 (C-5ʹAra or b), 129.0
(C-5ʹAra or b), 126.5 (m, C-2ʹ Ara or b), 124.6 (m, C-4ʹ Ara or b),
124.3 (q, J= 3.9 Hz, C-4ʹ Ara or b), 124.2 (q, J= 275.0 Hz,
CF3), 124.2 (q, J= 276.7Hz, CF3), 123.7 (q, J= 4.0Hz, C-2ʹ
Ara or b), 32.8 (C-5), 32.7 (C-4), 28.5 (C-3).

5-Bromo-1,1-bis-(4-trifluoromethylphenyl)pent-1-ene (9b)
Starting from 7b, product 9b was obtained as colorless oil
(47% yield), Rf 0.42 (hexane). IR (KBr) ν (cm–1): 3049 (=C–
Hvinyl), 1128 (C–F, CF3), 564 (C–Br); 1H NMR (CDCl3, 400
MHz) δ= 7.67 (2H, d, J= 8.1Hz, Ara or b–H3ʹ), 7.53 (2H, d,
J= 8.3 Hz, Ara or b-H3ʹ), 7.28 (4H, m, Ara–H2ʹ, Arb–H2ʹ),
6.19 (1H, t, J= 7.5 Hz,=CHvinyl), 3.39 (2H, t, J= 6.6Hz, H-
5a, H-5b), 2.29 (2H, m, H-3a, H-3b), 2.03 (2H, quintet, J=
6.8, H-4a, H-4b); 13C NMR (CDCl3, 101MHz): δ= 145.0
(C-1ʹAra or b), 142.8 (C-1ʹAra or b), 140.9 (C-1vinyl), 130.9 (C-
2vinyl), 132.3 (m, C-4ʹAra or b), 130.1 (C-2ʹAra or b), 127.4 (C-
2ʹAra or b), 125.5 (q, J= 3.7 Hz, C-3ʹAra or b), 125.3 (q, J= 3.6
Hz, (C-3ʹAra or b), 32.7 (C-5), 32.6 (C-4), 28.5 (C-3), ArCF3
not seen.

5-Bromo-1,1-bis-(3-fluorophenyl)pent-1-ene (9c) Starting
from 7c, product 9c was obtained as colorless oil (55%
yield) and it was purified by column chromatography
eluting with hexane (Rf 0.29). IR (KBr) νmax (cm

–1): 3070
(C–HAr), 3023 (=C–Hvinyl), 1233 (C–F), 562 (C–Br); 1H
NMR (CDCl3, 400MHz): δ= 7.40 (1H, td, J= 7.9, 6.0 Hz,
Ara or b–H5ʹ), 7.27 (1H, td, J= 7.7, 5.9 Hz, Ara or b–H5ʹ),
7.01 (6H, m, Ar–H2ʹ, Ar–H4ʹ, Ar–H-6ʹ), 6.13 (1H, t, J=
7.5 Hz, =C–Hvinyl), 3.42 (2H, t, J= 6.7 Hz, H-5a, H-5b),
2.32 (2H, m, H-3a, H-3b), 2.05 (2H, m, H-4a, H-4b); 13C
NMR (CDCl3, 101MHz): δ= 162.9 (d, J= 245.9 Hz, C–
F), 144.2 (d, J= 7.4 Hz, C-1ʹAra or b), 141.6 (d, J= 7.6 Hz,
C-1ʹAra or b), 141.1 (C-1vinyl), 130.1 (d, J= 8.3 Hz, C-5ʹAra
or b), 129.7 (d, J= 8.3 Hz, C-5ʹAra or b), 129.4 (C-2vinyl),
125.6 (d, J= 2.1 Hz, C-6ʹAra or b), 122.9 (d, J= 1.9 Hz, C-
6ʹAra or b), 116.8 (d, J= 21.2 Hz, C-4ʹAra or b), 114.5 (d,
J= 21.1 Hz, C-4ʹAra or b), 114.2 (d, J= 21.3 Hz, C-2ʹAra or

b), 114.1 (d, J= 22.1 Hz, C-2ʹAra or b), 32.9 (C-4), 32.9 (C-
5), 28.5 (C-3).

5-Bromo-1,1-bis-(4-fluorophenyl)pent-1-ene (9d) Starting
from 7d, product 9d was obtained as colorless oil (70%
yield) and it was purified by column chromatography
eluting with hexane (Rf 0.42). IR (KBr) νmax (cm

–1): 3076
(C–HAr), 3046 (=C–Hvinyl), 1233 (C–F), 577 (C–Br); 1H
NMR (CDCl3, 400MHz): δ= 7.06 (8H, m, Ar–H2ʹ, Ar–
H3ʹ), 5.98 (1H, t, J= 7.5 Hz, =CHvinyl), 3.39 (2H, t, J=
6.8 Hz, H-5a, H-5b), 2.26 (2H, m, H-3a, H-3b), 2.00 (2H,
m, H-4a, H-4b); 13C NMR (101MHz, CDCl3): δ= 162.4
(d, J= 246.8 Hz, C–F), 162.2 (d, J= 246.3 Hz, C–F), 141.3

(C-1vinyl), 138.6 (d, J= 3.2 Hz, C-1ʹAra or b), 135.7 (d, J=
3.5 Hz, C-1ʹAra or b), 131.5 (d, J= 7.9 Hz, C-2ʹAra or b),
128.9 (d, J= 7.9 Hz, C-2ʹAra or b), 127.9 (C-2vinyl), 115.5 (d,
J= 21.3 Hz, C-3ʹAra or b), 115.2 (d, J= 21.5 Hz, C-3ʹAra or

b), 33.1 (C-5), 33.0 (C-4), 28.5 (C-3). Data are in agreement
with those reported in the literature (Li et al. 2014).

6-Bromo-1,1-bis-(3-trifluoromethylphenyl)hex-1-ene (10a)
Starting from 8a, product 10a was obtained as colorless oil
(63% yield), Rf 0.48 (hexane). IR (KBr) νmax (cm

–1): 3070
(C–HAr), 3040 (=C–Hvinyl), 1127 (C–F, CF3), 562 (C–Br);
1H NMR (CDCl3, 400MHz): δ= 7.62 (1H, d, J= 7.8 Hz,
Ara or b–H4ʹ), 7.52 (3H, m, Ara or b–H5ʹ, Ara or b–H2ʹ), 7.43
(1H, s, Ara or b–H2ʹ), 7.37 (2H, m, Ara or b–H5ʹ), 7.29 (1H, d,
J= 7.9 Hz, Ara or b–H6ʹ), 6.19 (1H, t, J= 7.5 Hz,= CHvinyl),
3.37 (2H, t, J= 6.7 Hz, H-6a, H-6b), 2.15 (2H, q, J= 7.5
Hz,), 1.86 (2H, m, H-5a, H-5b), 1.64 (2H, m, H-4a, H-4b);
13C NMR (CDCl3, 101MHz): δ= 142.7 (C-1ʹ Ara or b),
140.1 (C-1ʹ Ara or b, C-1vinyl), 133.3 (C-6ʹ Ara or b), 132.1
(C-6ʹ Ara or b), 130.0 (m, C-3ʹAra, C-3ʹArb), 130.7 (C-5ʹ Ara
or b), 129.2 (C-2vinyl), 128.9 (C-5ʹ Ara or b), 126.6 (q, J= 3.8
Hz, C-2ʹ Ara or b), 124.5 (q, J= 3.7 Hz, C-4ʹ Ara or b), 124.2
(q, J= 272.3 Hz, CF3), 124.2 (q, J= 272.3 Hz, CF3), 124.1
(q, J= 3.8 Hz, C-4ʹ Ara or b), 123.7 (q, J= 3.8 Hz, C-2ʹ Ara or
b), 33.4 (C-6), 32.4 (C-5), 29.1 (C-4), 28.3 (C-3).

6-Bromo-1,1-bis-(4-trifluoromethylphenyl)hex-1-ene
(10b) Starting from 8b, product 10b was obtained as
colorless oil (92% yield), Rf 0.26 (hexane). IR (KBr) νmax

(cm–1): 3049 (=C–Hvinyl), 1128 (C–F, CF3), 563 (C–Br);
1H

NMR (CDCl3, 400MHz): δ= 7.66 (2H, d, J= 8.0 Hz, Ara
or b–H3ʹ), 7.53 (2H, d, J= 8.2 Hz, Ara or b–H3ʹ), 7.28 (4H, d,
J= 8.4 Hz, Ara–H2ʹ, Arb–H2ʹ), 6.21 (1H, t, J= 7.5 Hz,
=CHvinyl), 3.37 (2H, t, J= 6.7 Hz, H-6a, H-6b), 2.15 (2H,
q, J= 7.5 Hz, H-3a, H-3b), 1.87 (2H, m, H-5a, H-5b),
1.64 (2H, m, H-4a, H-4b); 13C NMR (CDCl3, 101MHz):
δ= 145.3 (C-1ʹ Ara or b), 143.1 (C-1ʹ Ara or b), 140.3 (C-
1vinyl), 132.4 (C-2vinyl), 130.4 (C-2ʹ Ara or b), 129.8 (m, C-4ʹ
Ara or b), 127.5 (C-2ʹ Ara or b), 125.6 (q, J= 3.7 Hz, C-3ʹ Ara
or b), 125.4 (q, J= 3.7 Hz, C-3ʹ Ara or b), 33.5 (C-6), 32.4 (C-
5), 29.1 (C-4), 28.3 (C-3), ArCF3 not seen.

6-Bromo-1,1-bis-(3-fluorophenyl)hex-1-ene (10c) Starting
from 8c, product 10c was obtained as colorless oil (60%
yield) and it was purified by column chromatography
eluting with hexane (Rf 0.4). IR (KBr) νmax (cm–1): 3073
(C–HAr), 3023 (=C–Hvinyl), 1230 (C–F), 592 (C–Br); 1H
NMR (CDCl3, 400MHz): δ= 7.36 (1H, td, J= 7.9, 6.0 Hz,
Ara or b–H5ʹ), 7.22 (1H, td, J= 8.0, 6.2 Hz, Ara or b–H5ʹ),
6.96 (6H, m, Ara or b–H2ʹ, Ara or b–H-4ʹ, Ara or b–H6ʹ), 6.11
(1H, t, J= 7.5 Hz, =CHvinyl), 3.36 (2H, t, J= 6.7 Hz, H-6a,
H-6b), 2.14 (2H, q, J= 7.5 Hz, H-3a, H-3b), 1.86 (2H, m,
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H-5a, H-5b), 1.60 (2H, m, H-4a, H-4b); 13C NMR
(CDCl3,101MHz): δ= 163.0 (d, J= 245.0 Hz, C–F),
144.3 (d, J= 7.4 Hz, C-1ʹ Ara or b), 141.8 (d, J= 7.6 Hz, C-
1ʹ Ara or b), 140.4 (C-1vinyl), 130.9 (C-2vinyl), 130.1 (d, J=
8.3 Hz, C-5ʹAra or b), 129.7 (d, J= 8.3 Hz, C-5ʹAra or b),
125.7 (d, J= 2.5 Hz, C-6ʹAra or b), 122.9 (d, J= 2.0 Hz, C-
6ʹAra or b), 116.8 (d, J= 21.0 Hz, C-4ʹAra or b), 114.4 (d, J=
21.0 Hz, C-2ʹAra or b), 114.1 (d, J= 21.6 Hz, C-2ʹAra or b),
33.6 (C-6), 32.4 (C-5), 28.9 (C-4), 28.3 (C-3).

6-Bromo-1,1-bis-(4-fluorophenyl)hex-1-ene (10d) Starting
from 8d, product 10d was obtained as colorless oil (72%
yield) and it was purified by column chromatography elut-
ing with hexane (Rf 0.41). FT-IR (KBr) νmax (cm

–1): 3117
(C–HAr), 3046 (=C–Hvinyl), 1227 (C–F), 580 (C–Br); 1H
NMR (CDCl3, 400MHz): δ= 7.06 (8H, m, Ara or bH2ʹ, Ara
or bH3ʹ), 6.01 (1H, t, J= 7.4 Hz, =C–Hvinyl), 3.49 (2H, t, J
= 6.6 Hz, H-6a, H-6b), 2.14 (2H, q, J= 7.4 Hz, H-3a, H-
3b), 1.78 (2H, m, H-5a, H-5b), 1.60 (2H, m, H-4a, H-4b);
13C NMR (CDCl3, 101MHz): δ= 162.2 (d, J= 246.4 Hz,
C–F), 162.1 (d, J= 246.4 Hz, C–F), 140.4 (C-1vinyl),
138.7 (d, J= 3.1 Hz, C-1ʹAra or b), 135.9 (d, J= 3.2 Hz, C-
1ʹAra or b), 131.5 (d, J= 7.9 Hz, C-2ʹAra or b), 129.4 (C-
2vinyl), 128.8 (d, J= 7.9 Hz, C-2ʹAra or b), 115.4 (d, J= 21.3
Hz, C-3ʹAra or b), 115.1 (d, J= 21.4 Hz, C-3’Ara or b), 33.7
(C-6), 32.4 (C-5), 28.9 (C-4), 28.5 (C-3).

General procedure for the preparation of fluorinated or
trifluoromethylated ω-(N,N-dimethylamino)-α,α-diaryl
olefins 11 and 12

The methodology was carried out according to the literature
(Ríos et al. 1996; Duque-Benítez et al. 2016) with mod-
ifications. The reaction of fluorinated or trifluoromethylated
ω-bromo-α,α-diaryl olefins 9 and 10 with a 40% aqueous
dimethylamine solution was carried out using the appro-
priate volume for a molar ratio amine/olefin 30:1. The
aqueous dimethylamine solution was poured slowly into a
round-bottomed flask immersed in an ice bath containing a
THF solution of 9 (a or b) or 10 (a or b) (3.5 mL per mmol
of olefin 9 or 10) while stirring. The mixture was properly
closed and stirred at 30 °C during 52 h. After this time, the
excess of dimethylamine was removed under reduced
pressure. Then it was transferred to a separatory funnel and
extracted with ethyl ether. The organic layer was separated
and extracted with aqueous 30% HCl. The aqueous extract
was neutralized with aqueous 30% NaOH, and it was
extracted again with ethyl ether. The ethereal amine extract
was dried over anhydrous MgSO4 and filtered. The solvent
was removed by rotary evaporation under reduced pressure.
After that, it was triturated with hexane. The products were
purified by column chromatography, yielding the expected
amines as yellow oils.

N,N-dimethyl-5,5-bis-(3-trifluoromethylphenyl)pent-4-en-1-
amine (11a) Starting from 9a, product 11a was obtained as
yellow oil (60% yield), Rf 0.50 (dichloromethane/methanol
91:9). IR (KBr) νmax (cm–1): 3073 (C–HAr), 3043
(=C–Hvinyl), 2818, 2770 (N–CH3, N–CH2), 1127 (C–F,
CF3), 1042 (N–Caliphatic);

1H NMR (CDCl3, 400MHz): δ=
7.60 (1H, d, J= 7.8 Hz, Ara or b-H4’), 7.51 (2H, m, Ara or b-
H5’), 7.48 (1H, s, Ara or b-H2’), 7.45 (1H, s, Ara or b–H2’),
7.37 (2H, m, Ara or b–H5ʹ), 7.29 (1H, d, J= 7.9 Hz, Ara or b–
H6’), 6.21 (1H, t, J= 7.6 Hz, =CHvinyl), 2.26 (2H, m, H-5a,
H-5b), 2.20 (6H, s, NCH3), 2.13 (2H, q, J= 7.6 Hz, H-3a,
H-3b), 1.63 (2H, m, H-4a, H-4b); 13C NMR (CDCl3, 101
MHz): δ= 142.9 (C-1ʹAra or b), 140.2 (C-1ʹAra or b), 139.7
(C-1vinyl), 133.4 (C-6ʹAra or b), 132.6 (C-6ʹAra or b), 131.0 (m,
C-3ʹAra, C-3ʹArb), 130.7 (C-2vinyl), 129.1 (C-5ʹAra or b),
128.9 (C-5ʹAra or b), 126.6 (q, J= 3.6 Hz, C-2ʹAra or b), 124.4
(q, J= 3.5 Hz, C-4ʹAra or b), 124.2 (q, J= 272.4 Hz, CF3),
124.2 (q, J= 272.6 Hz, CF3), 124.0 (q, J= 3.3 Hz, C-4ʹAra
or b), 123.7 (q, J= 3.8 Hz, C-2ʹAra or b), 59.3 (C-5), 45.4
(NCH3), 27.9 (C-3, C-4).

N,N-dimethyl-5,5-bis-(4-trifluoromethylphenyl)pent-4-en-1-
amine (11b) Starting from 9b, product 11b was obtained
as yellow oil (89% yield) and purified by column
chromatography eluting with dichloromethane/methanol
91:9 (Rf 0.53). IR (KBr) νmax (cm–1): 3073 (C–HAr), 3043
(=C–Hvinyl), 2818, 2770 (N–CH3, N–CH2), 1125 (C–F,
CF3), 1042 (N–Caliphatic);

1H NMR (CDCl3, 400MHz): δ=
7.65 (2H, d, J= 8.2 Hz, Ara or b–H3ʹ), 7.51 (2H, d, J= 8.3
Hz, Ara or b–H3ʹ), 7.28 (4H, m, Ara–H2ʹ, Arb–H2ʹ), 6.23
(1H, t, J= 7.5 Hz,= CHvinyl), 2.34 (2H, m, H-5a, H-5b),
2.28 (6H, s, NCH3), 2.14 (2H, q, J= 7.5 Hz, H-3a, H-3b),
1.68 (2H, m, H-4a, H-4b); 13C NMR (CDCl3, 101MHz): δ
= 145.3 (C-1ʹAra or b), 143.2 (C-1ʹAra or b), 140.1 (C-1vinyl),
132.5 (C-2vinyl), 130.3 (C-2ʹAra or b), 130.0 (m, C-4ʹAra or b),
127.5 (C-2’Ara or b), 125.6 (q, J= 3.7 Hz, C-3’Ara or b),
125.4 (q, J= 3.7 Hz, C-3ʹAra or b), 124.3 (q, J= 271.8 Hz,
CF3), 124.3 (q, J= 271.9 Hz, CF3), 59.1 (C-5), 45.2
(NCH3), 27.8 (C-3), 27.5 (C-4).

N,N-dimethyl-5,5-bis-(3-fluorophenyl)pent-4-en-1-amine
(11c) Starting from 9c, product 11c was obtained as yellow
oil (68% yield), and purified by column chromatography
eluting with dichloromethane/methanol 10:1 (Rf 0.5). IR
(KBr) νmax (cm

–1): 3073 (C–HAr), 3026 (=C–Hvinyl), 2820,
2767 (CH3–N, CH2–N), 1233 (C–F), 1042 (N–Caliphatic);

1H
NMR (CDCl3, 400MHz): δ= 7.34 (1H, m, Ara or bH5ʹ),
7.21 (1H, m, Ara or bH-5ʹ), 6.95 (6H, m, Ara or b–H2ʹ,
Ara or b–H4ʹ, Ara or b–H6ʹ), 6.17 (1H, t, J= 7.5 Hz, =C–
Hvinyl), 2.25 (2H, m, H-1a, H-1b), 2.20 (6H, s, NCH3), 2.12
(2H, q, J= 7.5 Hz, H-3a, H-3b), 1.62 (2H, m, H-2a, H-2b);
13C NMR (CDCl3, 101MHz): δ= 162.9 (d, J= 245.2 Hz,
C–F), 162.9 (d, J= 246.4 Hz, C–F), 144.5 (d, J= 7.4 Hz,
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C-1ʹAra or b), 141.9 (d, J= 7.5 Hz, C-1ʹAra or b), 140.0 (C-
5vinyl), 131.3 (C-4vinyl), 130.0 (d, J= 8.3 Hz, C-5ʹAra or b),
129.7 (d, J= 8.4 Hz, C-5ʹAra or b), 125.7 (d, J= 2.1 Hz, C-
6ʹAra or b), 122.8 (d, J= 2.0 Hz, C-6ʹAra or b), 116.9 (d, J=
21.1 Hz, C-4ʹAra or b), 114.3 (d, J= 21.6 Hz, C-4ʹAra or b),
114.0 (d, J= 23.2 Hz, C-2ʹAra or b), 114.0 (d, J= 21.3 Hz,
C-2ʹAra or b), 59.4 (C-1), 45.5 (NCH3), 28.0 (C-3), 27.8
(C-2).

N,N-dimethyl-5,5-bis-(4-fluorophenyl)pent-4-en-1-amine
(11d) Starting from 9d, product 11d was obtained as col-
orless oil (57% yield) and purified by column chromato-
graphy eluting with dichloromethane/methanol 10:1 (Rf 0.47).
IR (KBr) νmax (cm–1): 3067 (C–HAr), 2817, 2767 (CH3–N,
CH2-N), 1227 (C–F), 1045 (N–Caliphatic);

1H NMR (CDCl3,
400MHz): δ= 7.05 (8H, m, Ara or bH2ʹ, Ara or bH3ʹ), 6.01
(1H, t, J= 7.4 Hz, =C–Hvinyl), 2.26 (8H, m, H-1a, H-1b,
NCH3), 2.11 (2H, m, H-3a, H-3b), 1.62 (2H, m, H-2a, H-2b);
13C NMR (CDCl3, 101MHz): δ= 162.2 (d, J= 246.1 Hz, C–
F), 162.1 (d, J= 246.1 Hz, C–F), 140.1 (C–5vinyl), 138.8 (d, J
= 3.2Hz, C-1ʹAra or b), 135.9 (d, J= 3.5 Hz, C-1ʹAra or b),
131.5 (d, J= 7.9 Hz, C-2ʹAra or b), 129.7 (C-4vinyl), 128.8 (d, J
= 7.8Hz, C–2ʹAra or b), 115.4 (d, J= 21.3 Hz, C–3ʹAra or b),
115.1 (d, J= 21.3Hz, C-3ʹAra or b), 59.4 (C-1), 45.4 (NCH3),
28.0 (C-3), 27.8 (C-2).

N,N-dimethyl-6,6-bis-(3-trifluoromethylphenyl)hex-5-en-1-
amine (12a) Starting from 10a, product 12a was obtained as
yellow oil (75% yield), Rf 0.52 (dichloromethane/methanol
91:9). IR (KBr) νmax (cm

–1): 3073 (C–HAr), 3043 (=C–Hvinyl),
2817, 2769 (N–CH3, N–CH2), 1127 (C–F, CF3), 1041 (N–
Caliphatic);

1H NMR (CDCl3, 400MHz): δ= 7.60 (1H, d, J=
7.8Hz, Ara or b–H4ʹ), 7.50 (3H, m, Ara or b–H5ʹ, Ara or b–H2ʹ),
7.43 (1H, s, Ara or b–H2ʹ), 7.36 (2H, m, Ara or b–H5ʹ), 7.28 (1H,
d, J= 7.8 Hz, Ara or b–H6ʹ), 6.19 (1H, t, J= 7.5Hz,=CHvinyl),
2.24 (2H, m, H-6a, H-6b), 2.20 (6H, s, NCH3), 2.13 (2H, q, J
= 7.1Hz, H-3a, H-3b), 1.49 (4H, m, H-4a, H-4b, H-5a, H-
5b); 13C NMR (CDCl3, 101MHz): δ= 142.9 (C-1ʹAra or b),
140.3 (C-1ʹAra or b), 139.6 (C-1vinyl), 133.4 (C-6ʹAra or b), 132.9
(C-6ʹAra or b), 131.0 (m, C-3ʹAra, C-3ʹArb), 130.7 (C-2vinyl),
129.1 (C-5ʹAra or b), 128.9 (C-5ʹAra or b), 126.7 (q, J= 3.8 Hz,
C-2ʹAra or b), 124.2 (q, J= 275.9Hz, CF3), 124.2 (q, J=
272.3Hz, CF3), 124.4 (q, J= 3.6Hz, C-4ʹAra or b), 124.0(m,
C-4ʹAra or b), 123.8 (q, J= 3.8Hz, C-2ʹAra or b), 59.6 (C-6),
45.5 (NCH3), 29.8 (C-3), 27.6 (C-4), 27.4 (C-5).

N,N-dimethyl-6,6-bis-(4-trifluoromethylphenyl)hex-5-en-1-
amine (12b) Starting from 10b, product 12b was obtained as
yellow oil (53% yield). Eluted with dichloromethane/metha-
nol/acetonitrile (80:20:5) with Rf 0.66. IR (KBr) νmax (cm

–1):
3073 (C–HAr), 3043 (=C–Hvinyl), 2818, 2768 (N–CH3, N–

CH2), 1126 (C–F, CF3), 1042 (N–Caliphatic);
1H NMR (CDCl3,

400MHz): δ= 7.65 (2H, d, J= 8.1 Hz, Ara or b–H3ʹ), 7.51
(2H, d, J= 8.2 Hz, Ara or b–H3ʹ), 7.28 (4H, m, Ara–H2ʹ, Arb–
H2ʹ), 6.21 (1H, t, J= 7.5 Hz, =CHvinyl), 2.26 (2H, m, H-6a,
H-6b), 2.23 (6H, s, NCH3), 2.13 (2H, m, H-3a, H-3b), 1.47
(4H, m, H-4a, H-4b, H-5a, H-5b); 13C NMR (CDCl3,
101MHz): δ= 145.5 (C-1ʹAra or b), 143.3 (C-1ʹAra or b),
139.8 (C-1vinyl), 133.1 (C-2vinyl), 130.4 (C-2ʹAra or b),
129.5 (m, C-4ʹAra or b), 127.5 (C-2ʹAra or b), 125.5
(q, J= 3.5 Hz, C-3ʹAra or b), 125.3 (m, C-3ʹAra or b), 124.3 (q, J
= 272.0 Hz, CF3), 124.3 (q, J= 272.1 Hz, CF3), 59.5 (C-6),
45.4 (NCH3), 29.8 (C-3), 27.6 (C-4), 27.2 (C-5).

N,N-dimethyl-6,6-bis-(3-fluorophenyl)hex-5-en-1-amine
(12c) Starting from 10c, product 12c was obtained as
yellow oil (75% yield) and purified by column chromato-
graphy eluting with dichloromethane/methanol 10:1
(Rf 0.48). IR (KBr) νmax (cm

–1): 3073 (C–HAr), 3029 (=C–
Hvinyl), 2823, 2770 (CH3–N, CH2–N), 1230 (C–F), 1042
(N–Caliphatic);

1H NMR (CDCl3, 400MHz): δ= 7.33 (1H,
td, J= 7.9, 6.0 Hz, Ara or bH5ʹ), 7.21 (1H, td, J= 7.9, 6.2
Hz, Ara or bH-5ʹ), 6.95 (6H, m, Ara or bH-2ʹ, Ara or b H-4ʹ, Ara
or bH-6ʹ), 6.11 (1H, t, J= 7.5 Hz, =CHvinyl), 2.20 (6H, 6,
NCH3), 2.11 (2H, q, J= 7.0, H-4a, H-4b), 1.46 (4H, m, H-
2a, H-2b, H-3a, H-3b); 13C NMR (CDCl3, 101MHz):
δ= 162.9 (d, J= 245.1 Hz, C–F), 162.9 (d, J= 246.3 Hz,
C–F), 144.6 (d, J= 7.5 Hz, C-1ʹAra or b), 142.0 (d, J= 7.4
Hz, C-1ʹAra or b), 139.8 (t, J= 2.0 Hz, C-6vinyl), 131.7 (C-
5vinyl), 129.9 (d, J= 8.3 Hz, C-5ʹAra or b), 129.6 (d, J= 8.2
Hz, C-5ʹAra or b), 125.7 (d, J= 2.9 Hz, C-6ʹAra or b), 122.8
(d, J= 2.7 Hz, C-6ʹAra or b), 116.9 (d, J= 21.1 Hz, C-4ʹAra or
b), 114.2 (d, J= 21.1 Hz, C-4’Ara or b), 114.1 (d, J= 22.0
Hz, C-2ʹAra or b), 113.9 (d, J= 21.3 Hz, C-2ʹAra or b), 59.7
(C-1), 45.6 (NCH3), 29.7 (C-4), 27.7 (C-3), 27.5 (C-2).

N,N-dimethyl-6,6-bis-(4-fluorophenyl)hex-5-en-1-amine
(12d) Starting from 10d, product 12d was obtained as yel-
low oil (63% yield) and purified by column chromatography
eluting with dichloromethane/methanol 10:1 (Rf 0.47). IR
(KBr) νmax (cm–1): 3046 (=C–Hvinyl), 2817, 2767 (CH3–N,
CH2–N), 1227 (C–F), 1042 (N–Caliphatic);

1H NMR (CDCl3,
400MHz): δ= 7.03 (8H, m, Ara or bH2ʹ, Ara or bH3ʹ), 6.00
(1H, t, J= 7.5Hz, =CHvinyl), 2.21 (2H, m, H-3a, H-3b), 2.18
(6H, s, NCH3), 2.11 (2H, q, J= 7.0 Hz, H-4a, H-4b), 1.49
(4H, m, H-2a, H-2b, H-3a, H-3b); 13C NMR (CDCl3, 101
MHz): δ= 162.1 (d, J= 246.1Hz, C–F), 162.0 (d, J= 245.9
Hz, C–F), 139.9 (C-6vinyl), 138.9 (d, J= 3.2 Hz, C-1ʹAra or b),
136.0 (d, J= 3.3Hz, C-1ʹAra or b), 131.6 (d, J= 7.9Hz, C-
2ʹAra or b), 130.2 (C-5vinyl), 128.8 (d, J= 7.8 Hz, C-2ʹAra or b),
115.3 (d, J= 21.3 Hz, C-3ʹAra or b), 115.0 (d, J= 21.4Hz, C-
3ʹAra or b), 59.7 (C-1), 45.6 (NCH3), 29.7 (C-4), 27.8 (C-3),
27.4 (C-2).
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General procedure for the preparation of fluorinated or
trifluorimethylated QASs 1-4

Synthesis of QASs was according to the literature (Ríos
et al. 1996; Duque-Benítez et al. 2016) with modifications.
To a round-bottomed flask containing a 50% w/w acetoni-
trile solution of CH2I2 or ClCH2I (3 equivalents) or CH3I (1
equivalent), 1.0 equivalent of the ω-(N,N-dimethylamino)-
α,α-diphenyl olefins 11 (a or b) or 12 (a or b) was added
dropwise, and the mixture was stirred at room temperature
between 22 and 123 h. The precipitated salts were washed
with ethyl ether or hexane, and then recrystallized from
water/isopropyl alcohol (except for salt 3a, which was
recrystallized from ether/acetone). Pure trifluoromethylated
QASs were obtained as white solids.

N-chloromethyl-N-[5,5-bis-(3-trifluoromethylphenyl)pent-4-
en-1-yl]-N,N-dimethylammonium iodide (1a) Starting from
11a and ClCH2I, product 1a was obtained (56% yield) as a
white solid: m.p. 119–121 °C (dec). IR (KBr) νmax (cm–1):
3070 (C–HAr), 3004 (=C–Hvinyl), 2884 (+N–CH2), 1115 (C–
F, CF3);

1H NMR (CDCl3, 400MHz): δ= 7.64 (1H, d, J=
7.8Hz, Ara or b–H4ʹ), 7.59 (1H, t, J= 7.6 Hz, Ara or b–H5ʹ),
7.51 (1H, m, Ara or b–H4ʹ), 7.44 (1 H, s, Ara or b–H2ʹ), 7.40
(4H, m, Ara or b–H5ʹ, Ara or b–H6ʹ, Ara or b–H2ʹ, Ara or b–H6ʹ),
6.21 (1H, t, J= 7.2 Hz, =CHvinyl), 5.70 (2H, s, +NCH2Cl),
3.61 (2H, m, +NCH2), 3.54 (6H, s, H-1a, H-1b), 2.25 (2H, q,
J= 7.3 Hz, H-3a, H-3b), 2.01 (2H, m, H-2a, H-2b); 13C NMR
(CDCl3, 101MHz): δ= 141.9 (C-1ʹAra or b), 141.9 (C-1ʹAra or
b), 139.5 (C-5vinyl), 133.3 (C-6ʹAra or b), 131.1 (m, C-3ʹAra, C-
3ʹArb), 131.0 (C-6ʹAra or), 129.7 (C-5ʹ Ara or b),129.1 (C-4vinyl),
128.7 (C-5ʹAra or b), 126.2 (q, J= 3.6Hz, C-2ʹAra or b), 124.9
(q, J= 3.5 Hz, C-4ʹAra or b), 124.5 (q, J= 3.7 Hz, C-4ʹAra or b),
124.1 (q, J= 272.8 Hz, CF3), 124.1 (q, J= 272.2Hz, CF3),
123.9 (q, J= 3.6 Hz, C-2ʹ Ara or b), 69.0 (+NCH2Cl), 62.8 (C-
1), 50.4 (+NCH3), 26.4 (C-3), 23.0 (C-2);

19F NMR (CD3OD,
500MHz, ref. CFCl3): δ=−64.11 (s), −64.25 (s); HRE-
SIMS m/z (pos) [C22H23ClF6N]

+: 450.1400 (calcd.
450.1423); Anal. Calcd. for C22H23ClF6IN: C, 45.73%; H,
4.01%; N, 2.42%; found: C, 45.38%; H, 3.83%; N, 2.25%.

N-[5,5-bis-(3-trifluoromethylphenyl)pent-4-en-1-yl]-N-iodo-
methyl-N,N-dimethylammonium iodide (1b) Starting from
11a and CH2I2, 1b was obtained (82% yield) as a white
solid: m.p. 130–132 °C (dec). IR (KBr) νmax (cm–1): 3058
(C–HAr), 3011 (=C–Hvinyl), 2843 (+N–CH2), 1116 (C–F,
CF3);

1H NMR (CDCl3, 400MHz): δ= 7.62 (2H, m, Ara or
b–H4ʹ, Ara or b–H5ʹ), 7.51 (1H, m, Ara or b–H4ʹ), 7.41 (5H, m,
Ara or b–H2ʹ, Ara or b–H5ʹ, Ara or b–H6ʹ, Ara or b–H2ʹ, Ara or b–
H6ʹ), 6.22 (1H, t, J= 7.2 Hz, =CHvinyl), 5.63 (2H, s,
+NCH2I), 3.61–3.55 (2H, m, H-1a, H-1b), 3.54 (6H, s,
+NCH3), 2.25 (2H, q, J= 7.3 Hz, H-3a, H-3b), 1.99 (2H, m,
H-2a, H-2b); 13C NMR (CDCl3, 101MHz): δ= 142.0

(C-1ʹAra or b), 141.8 (C-1ʹAra or b), 139.5 (C-5vinyl), 133.4 (C-
6ʹ Ara or b), 131.0 (m, C-3ʹAra, C-3ʹArb), 131.0 (C-6ʹ Ara or b),
129.7 (C-5ʹ Ara or b), 129.2 (C-4vinyl), 128.9 (C-6ʹ Ara or b),
126.3 (q, J= 3.9 Hz, C-2ʹAra or b), 124.9 (q, J= 3.6 Hz,
C-4ʹAra or b), 124.5 (m, C-4ʹAra or b), 124.1 (q, J= 272.3 Hz,
CF3), 124.1 (q, J= 272.2 Hz, CF3), 123.9 (q, J= 3.9 Hz, C-
2ʹ Ara or b), 65.6 (C-1), 52.7 (+NCH3), 36.0 (+NCH2I), 26.3
(C-3), 23.6 (C-2); 19F NMR (CD3OD, 500MHz, ref.
CFCl3): δ=−64.09 (s), −64.26 (s); HRESIMS m/z (pos)
[C22H23F6I2N]

+: 542.0762 (calcd. 542.0779); Anal. Calcd.
for C22H23F6I2N: C, 39.48%; H, 3.46%; N, 2.09%; found:
C, 39.30%; H, 3.38%; N, 1.92%.

N-[5,5-bis-(3-trifluoromethylphenyl)pent-4-en-1-yl]-N,N,N-
trimethylammonium iodide (1c) Starting from 11a and
CH3I, 1c was obtained (61% yield) as a white solid: m.p.
158.0–158.6 °C. IR (KBr) νmax (cm–1): 3076 (C–HAr), 3002
(=C–Hvinyl), 2843 (+N–CH2), 1117 (C–F, CF3);

1H NMR
(CDCl3, 400MHz): δ= 7.61 (2H, m, Ara or b–H4ʹ, Ara or b–

H5ʹ), 7.51 (1H, m, Ara or b-H4ʹ), 7.40 (5H, m, Ara or b-H2ʹ, Ara
or b–H5ʹ, Ara or b–H6ʹ, Ara or b–H2ʹ, Ara or b–H6ʹ), 6.22 (1H, t, J
= 7.3Hz,=CHvinyl), 3.59 (2H, m, H-1a, H-1b), 3.43 (9H, s,
+NCH3), 2.25 (2H, q, J= 7.4 Hz, H-3a, H-3b), 1.97 (2H, m,
H-2a, H-2b); 13C NMR (CDCl3, 101MHz): δ= 142.0 (C-
1ʹAra or b), 141.5 (C-1ʹAra or b), 139.5 (C-5vinyl), 133.3 (C-6ʹAra
or b), 131.0 (C-6ʹAra or), 130.9 (m, C-3ʹAra, C-3’Arb), 129.7
(C-5ʹ Ara or b), 129.1 (C-4vinyl), 128.1 (C-5ʹAra or b), 126.2 (q, J
= 3.6Hz, C-2ʹAra or b), 124.8 (q, J= 3.6 Hz, C-4ʹAra or b),
124.4 (q, J= 3.9 Hz, C-4ʹAra or b), 124.1 (q, J= 272.9 Hz,
CF3), 124.1 (q, J= 272.6Hz, CF3), 123.8 (q, J= 3.5Hz, C-2ʹ
Ara or b), 66.6 (C-1), 54.0 (+NCH3), 26.4 (C-3), 23.4 (C-2);
19F NMR (CD3OD, 500MHz, ref. CFCl3): δ=−64.14 (s),
−64.26 (s); HRESIMS m/z (pos) [C22H24F6N]

+: 416.1810
(calcd. 416.1813); Anal. Calcd. for C22H24F6IN·

1/2H2O: C,
47.84%; H, 4.56%; N, 2.54%; found: C, 47.73%; H, 4.20%;
N, 2.33%.

N-chloromethyl-N-[5,5-bis-(3-fluorophenyl)pent-4-en-1-yl]-
N,N-dimethylammonium iodide (1d) Starting from 11c and
ClCH2I, product 1d was obtained (77% yield) as a white
solid: m.p. 122.7–124.4 °C (dec). IR (KBr) νmax (cm

–1): 3061
(C–HAr), 3020 (C–Hvinyl), 2873 (+N–CH2), 1233 (C–F); 1H
NMR (CDCl3, 400MHz): δ= 7.39 (1H, m, Ara or b–H5ʹ),
7.23 (1H, m, Ara or b H5ʹ), 6.94 (6H, m, Ara or bH2ʹ, Ara or b–

H4ʹ, Ara or b–H6ʹ), 6.13 (1H, t, J= 7.2 Hz,=CHvinyl), 5.69
(2H, s, +NCH2Cl), 3.61 (2H, m, H-1a, H-1b), 3.53 (6H, s,
+NCH3), 2.24 (2H, q, J= 7.3 Hz, H-3a, H-3b), 1.98 (2H, m,
H-2a, H-2b); 13C NMR (CDCl3, 101MHz): δ= 162.9 (d, J
= 247.1Hz, C–FʹAr), 162.8 (d, J= 245.1 Hz, C–FʹAr), 143.5
(d, J= 7.4Hz, C–1ʹAra or b), 141.9 (t, J= 1.7 Hz, C-5vinyl),
141.0 (d, J= 7.4Hz, C-1ʹAra or b), 130.5 (d, J= 8.4Hz, C-
5ʹAra or b), 129.8 (d, J= 8.5 Hz, C-5ʹAra or b), 127.6 (C-4vinyl),
125.5 (d, J= 2.8Hz, C-6ʹAra or b), 123.1 (d, J= 2.7Hz, C-
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5ʹAra or b), 116.6 (d, J= 21.2 Hz, C-4ʹAra or b), 114.7 (d, J=
20.9 Hz, C-4ʹAra or b), 114.4 (d, J= 21.7 Hz, C-2ʹAra or b),
114.2 (d, J= 22.5Hz, C–Ara or b), 69.0 (+NCH2Cl), 62.8 (C-
1), 50.3 (+NCH3), 26.2 (C-3), 23.0 (C-2);

19F NMR (CD3OD,
500MHz, ref. CFCl3): δ=−114.66 (s), −115.53.(s); HRE-
SIMS m/z (pos) [C20H23F2NCl]

+: 350.1476 (calcd.
350.1487); Anal. Calcd. C20H23ClF2IN: C, 50.28%; H,
4.85%; N, 2.93%; found C, 50.04%; H, 4.71%; N, 2.94%.

N-[5,5-bis-(3-fluorophenyl)pent-4-en-1-yl]-N-iodomethyl-N,
N-dimethylammonium iodide (1e) Starting from 11c and
CH2I2, product 1e was obtained (83% yield) as a
white solid: m.p. 155.6–155.9 °C (dec). IR (KBr) νmax

(cm–1): 3070 (C–HAr), 3049 (C–Hvinyl), 2849 (+N–CH2),
1239 (C–F); 1H NMR (DMSO, 400MHz): δ= 7.51 (1H,
m, Ara or b-H5’), 7.36 (1H, m, Ara or b–H5ʹ), 6.94 (6H, m, Ara
or bH2ʹ, Ara or b–H4ʹ, Ara or b–H6ʹ), 6.26 (1H, t, J= 7.3 Hz,=
CHvinyl), 5.17 (2H, s, +NCH2I), 3.35 (2H, m, H-1a, H-1b),
3.13 (6H, s, +NCH3), 2.11 (2H, q, J= 7.0 Hz, H-3a, H-3b),
1.86 (2H, m, H-2a, H-2b); 13C NMR (DMSO, 101MHz): δ
= 162.2 (d, J= 245.4 Hz, C–FʹAr), 143.5 (d, J= 7.4 Hz, C-
2ʹAr), 141.0 (d, J= 7.6 Hz, C-2ʹAr), 139.9 (C-5vinyl), 130.7
(d, J= 8.3 Hz, C-5’Ara or b), 130.3 (d, J= 8.3 Hz, C-5ʹAra or
b), 129.5 (C-4vinyl), 125.6 (d, J= 2.4 Hz, C-6ʹAra or b),
123.0 (d, J= 2.2 Hz, C-6ʹAra or b), 116.2 (d, J= 21.0 Hz,
C-4ʹAra or b), 114.5 (d, J= 20.8 Hz, C-4ʹAra or b), 114.1 (d, J
= 21.4 Hz, C-2ʹAra or b), 113.2 (d, J= 22.1 Hz, C-2ʹAra or b),
63.8 (C-1), 51.2 (+NCH3), 32.6 (+NCH2I), 25.9 (C-3), 22.0
(C-2); 19F NMR (CD3OD, 500MHz, ref. CFCl3): δ=
−114.59 (s), −115.50 (s); HRESIMS m/z (pos)
[C20H23F2NI]

+: 442.0834 (calcd. 442.0843); Anal. Calcd.
for C20H23F2I2N: C, 42.20%; H, 4.07%; N, 2.46%; found C,
41.95%; H, 3.75%; N, 2.49%.

N-[5,5-bis-(3-fluorophenyl)pent-4-en-1-yl]-N,N,N-trimethy-
lammonium iodide (1f) Starting from 11c and CH3I, pro-
duct 1f was obtained (85% yield) as a white solid: m.p.
177.7–178.8 °C. IR (KBr) νmax (cm

–1): 3058 (C–HAr), 3038
(C–Hvinyl), 2835 (+N–CH2), 1233 (C–F); 1H NMR (DMSO,
400MHz): δ= 7.50 (1H, m, Ara or b–H5ʹ), 7.36 (1H, m, Ara
or b–H5ʹ), 7.23 (1H, m, Ara or b–H6ʹ), 7.05 (5H, m, Ara or b–

H2ʹ, Ara or b–H4ʹ, Ara or b–H6ʹ), 6.27 (1H, t, J= 7.2 Hz,
=CHvinyl), 3.30–3.22 (2H, m, H-1a, H-1b), 3.04 (9H, s,
+NCH3), 2.09 (2H, q, J= 7.1 Hz, H-3a, H-3b), 1.86 (2H, m,
H-2a, H-2b); 13C NMR (DMSO, 101MHz): δ= 162.2 (d, J
= 243.3 Hz, C–F), 162.2 (d, J= 244.5 Hz, C–F), 143.5 (d,
J= 7.4 Hz, C-1ʹAra or b), 141.1 (d, J= 7.7 Hz, C-1ʹAra or b),
139.7 (t, J= 1.9 Hz, C-5vinyl), 130.7 (d, J= 8.6 Hz, C-5ʹAra
or b), 130.3 (d, J= 8.6 Hz, C-5ʹAra or b), 129.7 (C-4vinyl),
125.6 (d, J= 2.7 Hz, C-6ʹAra or b), 123.0 (d, J= 2.6 Hz,
C-6ʹAra or b), 116.2 (d, J= 21.2 Hz, C-4ʹAra or b), 114.4 (d, J
= 20.7 Hz, C-4ʹAra or b), 114.0 (d, J= 21.1 Hz, C-2ʹAra or b),

113.2 (d, J= 22.0 Hz, C-2ʹAra or b), 64.8 (C-1), 52.2
(+NCH3), 26.2 (C-3), 22.0 (C-2); 19F NMR (CD3OD, 500
MHz, ref. CFCl3): δ=−114.70 (s), −115.54 (s); HRE-
SIMS m/z (pos) [C20H24F2NI]

+: 316.1865 (Calcd.
316.1877); Anal. Calcd. for C20H24F2IN: C, 54.19%; H,
5.45%; N, 3.16%; found C, 53.97%; H, 5.31%; N, 2.99%.

N-chloromethyl-N-[5,5-bis-(4-trifluoromethylphenyl)pent-4-
en-1-yl]-N,N-dimethylammonium iodide (2a) Starting from
11b and ClCH2I, 2a was obtained (78% yield) as a white
solid: m.p. 143–145 °C (dec). IR (KBr) νmax (cm–1): 3073
(C–HAr), 3042 (=C–Hvinyl), 2878 (+N–CH2), 1125 (C–F,
CF3);

1H NMR (CDCl3, 400MHz): δ= 7.69 (2H, d, J=
8.0 Hz, Ara or b–H3ʹ), 7.53 (2H, d, J= 8.3 Hz, Ara or b–H3ʹ),
7.35 (2H, d, J= 8.2 Hz, Ara or b–H2ʹ), 7.30 (2H, d, J= 8.0
Hz, Ara or b–H2ʹ), 6.26 (1H, t, J= 7.2 Hz, =CHvinyl), 5.70
(2H, s, +NCH2Cl), 3.65 (2H, m, H-1a, H-1b), 3.52 (6H, s,
+NCH3), 2.28 (2H, q, J= 7.2 Hz, H-3a, H-3b), 2.01 (2H, m,
H-2a, H-2b); 13C NMR (CDCl3, 101MHz): δ= 144.5 (C-
1ʹAra or b), 142.5 (C-1ʹAra or b), 142.0 (C-5vinyl), 130.2 (C-2ʹ
Ara or b), 130.0 (m, C-4ʹAra, C-4ʹArb), 129.0 (C-4vinyl), 127.8
(C-2ʹ Ara or b), 125.9 (q, J= 3.7 Hz, C-3ʹ Ara or b), 125.4 (q,
J= 3.6 Hz, C-3ʹ Ara or b), 124.2 (q, J= 274.4 Hz, CF3),
124.2 (q, J= 272.2 Hz, CF3), 69.1 (+NCH2I), 62.9 (C-1),
50.3(+NCH3), 26.3 (C-3), 23.0 (C-2); 19F NMR (CD3OD,
500MHz, ref. CFCl3): δ=−64.07 (s), −64.11 (s). HRE-
SIMS m/z (pos) [C22H23ClF6N]

+: 450.1421 (calcd.
450.1423); Anal. Calcd. for C22H23ClF6IN: C, 45.73%; H,
4.01%; N, 2.42%; found C, 45.50%; H, 3.92%; N, 2.27%.

N-[5,5-bis-(4-trifluoromethylphenyl)pent-4-en-1-yl]-N-iodo-
methyl-N,N-dimethylammonium iodide (2b) Starting from
11b and CH2I2, 2b was obtained (79% yield) as a white
solid: m.p. 138–140 °C (dec). IR (KBr) νmax (cm–1): 3064
(C–HAr), 3043 (=C–Hvinyl), 1113 (C–F, CF3);
1H NMR (CDCl3, 400MHz): δ= 7.69 (2H, d, J= 8.0 Hz,
Ara or b–H3ʹ), 7.53 (2H, d, J= 8.3 Hz, Ara or b–H3ʹ), 7.36
(2H, d, J= 8.2 Hz, Ara or b–H2ʹ), 7.31 (2H, d, J= 8.0 Hz,
Ara or b–H2ʹ), 6.27 (1H, t, J= 7.2 Hz,=CHvinyl), 5.63 (2H,
s, +NCH2I), 3.61 (2H, m, H-1a, H-1b), 3.51 (6H, s,
+NCH3), 2.27 (2H, q, J= 7.2 Hz, H-3a, H-3b), 1.99 (2H, m,
H-2a, H-2b); 13C NMR (CDCl3, 101MHz): δ= 144.6 (C-
1ʹAra or b), 142.5 (C-1ʹAra or b), 142.0 (C-6vinyl), 130.2 (m, C-
4ʹAra, C-4ʹArb) 130.3 (C-2ʹ Ara or b), 129.1 (C-5vinyl), 127.9
(C-2ʹ Ara or b), 125.8 (q, J= 3.5 Hz, C-3ʹ Ara or b), 125.4 (q,
J= 3.3 Hz, C-5ʹ Ara or b), 65.6 (C-1), 52.7 (+NCH3), 36.2
(+NCH2I), 26.3 (C-3), 23.5 (C-2), ArCF3 not seen; 19F
NMR (CD3OD, 500MHz, ref. CFCl3): δ=−64.07 (s),
−64.09 (s). HRESIMS m/z (pos) [C22H23F6IN]

+: 542.0775
(calcd. 542.0779); Anal. Calcd. for C22H23F6I2N: C,
39.48%; H, 3.46%; N, 2.09%; found: C, 39.36%; H, 3.26%;
N, 2.12%.
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N-[5,5-bis-(4-trifluoromethylphenyl)pent-4-en-1-yl]-N,N,N-
trimethylammonium iodide (2c) Starting from 11b and
CH3I, 2c was obtained (73% yield) as a white solid: m.p.
210.5–212.1 °C. IR (KBr) νmax (cm–1): 3495 (OH, H2O),
3046 (C–HAr), 3004 (=C–Hvinyl), 2878 (+N–CH2), 1116
(C–F, CF3);

1H NMR (CDCl3, 400MHz): δ= 7.69 (2H, d,
J= 8.0 Hz, Ara or b–H3ʹ), 7.53 (2H, d, J= 8.2 Hz, Ara or b–

H3ʹ), 7.36 (2H, d, J= 8.2 Hz, Ara or b–H2ʹ), 7.30 (2H, d,
J= 8.0 Hz, Ara or b–H2ʹ), 6.27 (1H, t, J= 7.2 Hz,= CHvinyl),
3.64 (2H, m, H-1a, H-1b), 3.42 (9H, s, +NCH3), 2.27 (2H,
q, J= 7.3 Hz, H-3a, H-3b), 1.98 (2H, m, H-2a, H-2b); 13C
NMR (CDCl3, 101MHz): δ= 144.6 (C-1ʹAra or b), 142.5
(C-1ʹAra or b), 141.6 (C-5vinyl), 130.3 (C-2ʹ Ara or b), 130.5–
129.0 (m, C-4ʹAra, C-4’Arb), 129.4 (C-4vinyl), 127.9
(C-2ʹ Ara or b), 125.9 (q, J= 3.6 Hz, C-3ʹ Ara or b), 125.4 (q,
J= 3.6 Hz, C-3ʹ Ara or b), 124.1 (q, J= 272.0 Hz, CF3),
124.1 (q, J= 272.20 Hz, CF3), 66.5 (C-1), 54.0 (+NCH3),
26.4 (C-3), 23.3 (C-2); 19F NMR (CD3OD, 500MHz, ref.
CFCl3): δ=−64.07 (s), −64.11 (s); HRESIMS m/z (pos)
[C22H24F6N]

+: 416.1817 (calcd. 416.1813); Anal. Calcd.
for C22H24F6IN·

1/2H2O: C, 47.84%; H, 4.56%; N, 2.54%;
found: C, 47.82%; H, 4.41%; N, 2.35%.

N-chloromethyl-N-[5,5-bis-(4-fluorophenyl)pent-4-en-1-yl]-
N,N-dimethylammonium iodide (2d) Starting from 11d
and ClCH2I, product 2d was obtained (77% yield) as a white
solid: m.p. 110.7–112.7 °C (dec). IR (KBr) νmax (cm–1):
3061 (C–HAr), 3023 (C–Hvinyl), 2881 (+N–CH2), 1215 (C–
F); 1H NMR (DMSO, 400MHz): δ= 7.21 (8H, m, Ara or b–
H2ʹ, Ara or b–H3ʹ), 6.11 (1H, t, J= 7.3 Hz, =CHvinyl), 5.33
(2H, s, +NCH2Cl), 3.35 (2H, m, H-1a, H-1b), 3.12 (6H, s,
+NCH3), 2.09 (2H, q, J= 7.1 Hz, H-3a, H-3b), 1.86 (2H, m,
H-2a, H-2b); 13C NMR (DMSO, 101MHz): δ 161.5 (d, J=
244.6 Hz, C–F), 161.3 (d, J= 244.2 Hz, C–F), 140.2 (C-
5vinyl), 138.0 (d, J= 3.0 Hz, C-1ʹAra or b), 135.2 (d, J= 3.1
Hz,C-1ʹAra or b), 131.4 (d, J= 8.1 Hz, C-2ʹAra or b), 128.7 (d,
J= 8.1 Hz, C-2ʹAra or b), 127.7 (C-4vinyl), 115.4 (d, J= 21.3
Hz, C-3ʹAra or b), 115.1 (d, J= 21.4 Hz, C-3Ara or b), 68.3
(+NCH2Cl), 61.7 (C-1), 49.0 (+NCH3), 26.0 (C-3), 21.8(C-
2); 19F NMR (CD3OD, 500MHz, ref. CFCl3): δ −116.70
(s), −117.32 (s); HRESIMS m/z (pos) [C20H23F2ClN]

+:
350.1474 (calcd. 350.1487); Anal. Calcd. for C20H23F2ClNI:
C, 50.28%; H, 4.85%; N, 2.93%; found C, 49.99%; H,
4.75%; N, 2.79%.

N-[5,5-bis-(4-fluorophenyl)pent-4-en-1-yl]-N-iodomethyl-N,
N-dimethylammonium iodide (2e) Starting from 11d and
CH2I2, product 2e was obtained (75% yield) as a white
solid: m.p. 149.5–149.9 °C (dec). IR (KBr) νmax (cm–1):
3067 (C–HAr), 3046 (C–Hvinyl), 2852 (+N–CH2), 1236
(C–F); 1H NMR (DMSO, 400MHz): δ= 7.22 (8H, m, Ara
or b–H2ʹ, Ara or b–H3ʹ), 6.11 (1H, t, J= 7.3 Hz, =CHvinyl),
5.16 (2H, s, +NCH2I), 3.35 (2H, m, H-1a, H-1b), 3.13 (6H,

s, +NCH3), 2.09 (2H, q, J= 7.1 Hz, H-3a, H-3b), 1.83 (2H,
m, H-2a, H-2b); 13C NMR (DMSO, 101MHz): δ 161.5
(d, J= 244.3 Hz, C–F), 161.3 (d, J= 244.1 Hz, C–F), 140.2
(C-5vinyl), 138.0 (d, J= 3.0 Hz, C-1ʹAra or b), 135.2 (d, J=
3.1 Hz, C-1ʹAra or b), 131.4 (d, J= 8.1 Hz, C-2ʹAra or b),
128.7 (d, J= 8.1 Hz, C-2ʹAra or b), 127.8 (C-4vinyl), 115.5 (d,
J= 21.3 Hz, C-3ʹAra or b), 115.1 (d, J= 21.3 Hz, C-3ʹAra or

b), 63.8 (C-1), 51.2 (+NCH3), 32.8 (+NCH2I); 25.9 (C-3),
22.2 (C-2); 19F NMR (CD3OD, 500MHz, ref. CFCl3): δ
−116.98 (s), −117.69 (s); HRESIMS m/z (pos)
[C20H23F2IN]

+: 442.0840 (calcd. 442.0843); Anal. Calcd.
for C20H23F2I2N: C, 42.20%; H, 4.07%; N, 2.46%; found C,
42.06%; H, 3.71%; N, 2.49%.

N-[5,5-bis-(4-fluorophenyl)pent-4-en-1-yl]-N,N,N-trimethy-
lammonium iodide (2f) Starting from 11d and CH3I,
product 2f was obtained (76% yield) as a white solid: m.p.
170.4–171.1 °C. IR (KBr) νmax (cm–1): 3046 (C–Hvinyl),
2845 (+N–CH2), 1223 (C–F);

1H NMR (DMSO, 400MHz):
δ= 7.19 (8H, m, Ara or b–H2ʹ, Ara or b-H3’), 6.11 (1H, t,
J= 7.3 Hz,=CHvinyl), 3.25 (2H, m, H-1a, H-1b), 3.03 (9H,
s, +NCH3), 2.07 (2H, q, J= 7.2 Hz, H-3a, H-3b), 1.85 (2H,
m, H-2a, H-2b); 13C NMR (DMSO, 101MHz): δ= 161.45
(d, J= 244.3 Hz, C–F), 161.33 (d, J= 244.1 Hz, C–F),
140.0 (C-5vinyl), 138.1 (d, J= 3.0 Hz, C-1ʹAra or b), 135.3 (d,
J= 3.1 Hz, C-1ʹAra or b), 131.4 (d, J= 8.1 Hz, C-2ʹAra or b),
128.73 (d, J= 8.1 Hz, C-2ʹAra or b), 128.0 (C-4vinyl), 115.43
(d, J= 21.3 Hz, C-3ʹAra or b), 115.07 (d, J= 21.3 Hz, C-
3ʹAra or b), 64.7 (C-1), 52.2 (

+NCH3), 26.1 (C-3), 22.2 (C-2);
19F NMR (CD3OD, 500MHz, ref. CFCl3): δ −116.80 (s),
−117.43 (s); HRESIMS m/z (pos) [C20H24F2N]

+: 316.1863
(calcd. 316.1877); Anal. Calcd. for C20H24F2IN: C, 54.19%;
H, 5.45%; N, 3.16%; found C, 54.08%; H, 5.41%; N,
3.27%.

N-chloromethyl-N-[6,6-bis-(3-trifluoromethylphenyl)hex-5-
en-1-yl]-N,N-dimethylammonium iodide (3a) Starting from
12a and ClCH2I, 3a was obtained (59% yield) as a white
solid: m.p. 108–110 °C (dec). IR (KBr) νmax (cm–1): 3055
(C–HAr), 3007 (=C–Hvinyl), 2864 (+N–CH2), 1108 (C–F,
CF3);

1H NMR (DMSO, 400MHz): δ= 7.79 (1H, d,
J= 7.9 Hz, Ara or b–H4ʹ), 7.72 (1H, t, J= 7.8 Hz, Ara or b–

H5ʹ), 7.65 (1H, d, J= 7.8 Hz, Ara or b–H4ʹ), 7.58 (1H, t, J=
7.8 Hz, Ara or b–H2ʹ), 7.53 (2H, m, Ara or b–H2ʹ), 7.50 (1H, s,
Ara or b–H2ʹ), 7.45 (1H, d, J= 7.9 Hz, Ara or b–H6ʹ), 6.40
(1H, t, J= 7.4 Hz, =CHvinyl), 5.32 (2H, s, +NCH2Cl), 3.37
(2H, m,, H-1a, H-1b), 3.11 (6H, s, +NCH3), 2.11 (2H, q, J
= 7.3 Hz, H-4a, H-4b), 1.69 (2H, m, H-2a, H-2b), 1.47 (2H,
m, H-3a, H-3b); 13C NMR (CDCl3,101MHz): δ= 142.4
(C-1ʹAra or b), 140.8 (C-1ʹAra or b), 139.85 (C-6vinyl), 133.4
(C-6ʹAra or b), 131.1 (m, C-3ʹAra, C-3ʹArb), 130.8 (C-6ʹAra
or), 130.7 (C-6vinyl), 129.5 (C-5ʹ Ara or b), 129.1 (C-5ʹAra or b),
126.4 (q, J= 3.9 Hz, C-2ʹAra or b), 124.7 (q, J= 3.6 Hz, C-
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4ʹAra or b), 124.3 (m, C-4ʹAra or b), 124.2 (q, J= 274.3 Hz,
CF3), 124.2 (q, J= 276.1 Hz, CF3), 123.8 (q, J= 3.8 Hz, C-
2ʹ Ara or b) 69.0 (+NCH2Cl), 63.3 (C-1), 50.1 (+NCH3), 29.4
(C-4), 26.3 (C-3), 22.6 (C-2); 19F NMR (CD3OD, 500MHz,
ref. CFCl3): δ=−64.10 (s), −64.26 (s); HRESIMS m/z
(pos) [C23H25ClF6N]

+: 464.1581 (calcd. 464.1580); Anal.
Calcd. for C23H25ClF6IN: C, 46.68%; H, 4.26%; N, 2.37%;
found: C, 46.32%; H, 4.08%; N, 2.23%.

N-[6,6-bis-(3-trifluoromethylphenyl)hex-5-en-1-yl]-N-iodo-
methyl-N,N-dimethylammonium iodide (3b) Starting from
12a and CH2I2, 3b was obtained (71% yield) as a
white solid: m.p. 100–102 °C (dec). IR (KBr) νmax (cm

–1):
3049 (C–HAr), 3001 (=C–Hvinyl), 2858 (+N–CH2), 1125
(C–F, CF3);

1H NMR (CDCl3, 400MHz): δ= 7.62 (1H, d,
J= 7.6 Hz, Ara or b–H4ʹ), 7.57 (1H, t, J= 7.6 Hz, Ara or b–

H5ʹ), 7.50 (1H, d, J= 7.5 Hz, Ara or b–H4ʹ), 7.45 (1H, s, Ara
or b–H2ʹ), 7.39 (3H, m, Ara or b–H5ʹ, Ara or b–H6ʹ, Ara or b–

H2ʹ), 7.33 (1H, d, J= 7.8 Hz, Ara or b–H6ʹ), 6.18 (1H, t,
J= 7.4 Hz, =CHvinyl), 5.58 (2H, s, +NCH2I), 3.76 (2H, m,
H-1a, H-1b), 3.50 (6H, s, +NCH3), 2.21 (2H, q, J= 7.3 Hz,
H-4a, H-4b), 1.77 (2H, m, H-2a, H-2b), 1.58 (2H, m, H-3a,
H-3b); 13C NMR (CDCl3, 101MHz): δ= 142.4 (C-6vinyl),
140.7 (C-1ʹAra or b), 139.8 (C-1ʹAra or b), 133.4 (C-6ʹ Ara or b),
131.0 (m, C-3ʹAra, C-3ʹArb), 130.9 (C-6ʹ Ara or b, C-5vinyl),
129.5 (C-5ʹ Ara or b), 129.0 (C-5ʹ Ara or b), 126.4 (m, C-2ʹAra
or b), 124.6 (q, J= 3.4 Hz, C-4ʹAra or b), 124.3 (m, C-4ʹAra or
b), 124.1 (q, J= 272.6 Hz, CF3), 124.1 (q, J= 272.1 Hz,
CF3), 123.3 (m, C-2ʹ Ara or b). 65.8 (C-1), 52.5 (+NCH3),
35.7 (+NCH2I), 29.4 (C-4), 26.3 (C-3), 23.2 (C-2); 19F
NMR (CD3OD, 500MHz, ref. CFCl3): δ=−64.07 (s),
−64.24 (s); HRESIMS m/z (pos) [C23H25F6IN]

+: 556.0938
(calcd. 556.0979); Anal. Calcd. for C23H25F6I2N: C,
40.43%; H, 3.69%; N, 2.05%; found: C, 40.10%; H, 3.38%;
N, 2.06%.

N-[6,6-bis-(3-trifluoromethylphenyl)hex-5-en-1-yl]-N,N,N-tri-
methylammonium iodide (3c) Starting from 12a and
CH3I, 3c was obtained (41% yield) as a white solid: m.p.
127.5–128.3 °C (dec). IR (KBr) νmax (cm

–1): 3073 (C–HAr),
3021 (=C–Hvinyl), 2851 (+N–CH2), 1128 (C–F, CF3);

1H
NMR (CDCl3, 400MHz): δ= 7.77 (1H, d, J= 7.8 Hz,
Ara or b–H4ʹ), 7.71 (1H, t, J= 7.6 Hz, Ara or b–H5ʹ), 7.63
(1H, d, J= 7.7 Hz, Ara or b–H4ʹ), 7.54 (3H, m, Ara or b–H2ʹ,
Ara or b–H5ʹ, Ara or b–H6ʹ), 7.47 (2H, m,), 6.40 (1H, t, J=
7.3 Hz,= CHvinyl), 3.26 (2H, m, H-1a, H-1b), 3.04 (9H, s,
+NCH3), 2.10 (2H, q, J= 7.3 Hz, H-4a, H-4b), 1.69 (2H, m,
H-2a, H-2b), 1.45 (2H, m, H-3a, H-3b); 13C NMR (DMSO,
101MHz): δ= 142.2 (C-6vinyl), 139.8 (C-1ʹAra or b), 138.6
(C-1ʹAra or b), 133.8 (C-6’Ara or b), 132.2 (C-5vinyl), 130.8 (C-
6ʹAra or b), 129.9 (C-5ʹ Ara or b), 129.6 (C-5ʹ Ara or b), 129.3
(m, C-3ʹAra, C-3’Arb), 125.8 (q, J= 3.5 Hz, C-2ʹAra or b),
124.4 (q, J= 3.6 Hz, C-4ʹAra or b), 124.1 (q, J= 272.4 Hz,

CF3), 123.8 (m, C-4ʹAra or b), 122.8 (q, J= 3.7 Hz, C-2ʹ Ara
or b), 65.1 (C-1), 52.2 (+NCH3), 29.0 (C-4), 25.7 (C-3),
21.9(C-2); 19F NMR (CD3OD, 500MHz, ref. CFCl3): δ=
−64.10 (s), −64.25 (s); HRESIMS m/z (pos) [C23H26F6N]

+:
430.1968 (calcd. 430.1969); Anal. Calcd. for C23H26F6IN:
C, 49.56%; H, 4.70%; N, 2.51%; found: C, 49.35%; H,
4.68%; N, 2.41%.

N-chloromethyl-N-[6,6-bis-(3-fluorophenyl)hex-5-en-1-yl]-N,
N-dimethylammonium iodide (3d) Starting from 12c and
ClCH2I, product 3d was obtained (85% yield) as a white
solid: m.p. 130.2–131.0 °C (dec). IR (KBr) νmax (cm–1):
3061 (C–HAr), 2855 (+N–CH2), 1233 (C–F); 1H NMR
(DMSO, 400MHz): δ= 7.49 (1H, m, Ara or bH5ʹ), 7.35 (1H,
m, Ara or bH5ʹ), 7.22 (1H, m, Ara or bH6ʹ), 7.10 (1H, m, Ara or
bH6’), 6.96 (4H, m, Ara or bH2ʹ, Ara or bH4ʹ), 6.28 (1H, t,
J= 7.3 Hz, =CHvinyl), 5.32 (2H, s, +NCH2Cl), 3.39 (2H, m,
H-1a, H-1b), 3.11 (6H, s, +NCH3), 2.10 (2H, q, J= 7.4 Hz,
H-4a, H-4b), 1.69 (2H, m, H-2a, H-2b), 1.43 (2H, m, H-3a,
H-3b); 13C NMR (DMSO, 101MHz): δ 162.2 (d, J= 243.1
Hz, C–F), 162.2 (d, J= 244.4 Hz, C–F), 143.7 (d, J= 7.4
Hz, C-1ʹAra or b), 141.31 (d, J= 7.9 Hz, C-1ʹAra or b), 139.4
(s, C-6vinyl), 130.8 (s, C-5vinyl), 130.6 (d, J= 8.6 Hz, C-5ʹAra
or b), 130.2 (d, J= 8.7 Hz, C-5ʹAra or b), 125.7 (d, J= 2.7 Hz,
C-6ʹAra or b), 122.9 (d, J= 2.4 Hz, C-6ʹAra or b), 116.16 (d, J
= 20.9 Hz, C-4ʹAra or b), 114.29 (d, J= 20.9 Hz, C-4ʹAra or

b), 113.89 (d, J= 21.2 Hz, C-2ʹAra or b), 113.10 (d, J= 22.1
Hz, C-2ʹAra or b), 68.3 (+NCH2Cl), 62.1 (C-1), 48.9
(+NCH3), 28.8 (C-4), 25.6 (C-3), 21.3 (C-2); 19F NMR
(CD3OD, 500MHz): δ −114.90 (s), −115.64 (s); HRE-
SIMS m/z (pos) [C21H25F2NCl]

+: 364.1643 (calcd.
364.1644); Anal. Calcd. for C21H25ClF2IN: C, 51.29%; H,
5.12%; N, 2.85%; found C, 51.15%; H, 5.00%; N, 2.88%.

N-[6,6-bis-(3-fluorophenyl)hex-5-en-1-yl]-N-iodomethyl-N,N-
dimethylammonium iodide (3e) Starting from 12c and
CH2I2, product 3e was obtained (76% yield) as a white
solid: m.p. 149.3–149.6 °C (dec). IR (KBr) νmax (cm–1):
3061 (C–HAr), 2858 (+N–CH2), 1234 (C–F); 1H NMR
(DMSO, 400MHz): δ= 7.50 (1H, m, Ara or bH5ʹ), 7.35 (1H,
td, J= 8.0, 6.5 Hz, Ara or bH5ʹ), 7.22 (1H, m, Ara or bH6ʹ),
7.09 (1H, m, Ara or bH6ʹ), 7.01 (4H, m, Ara or bH2ʹ,
Ara or bH4ʹ), 6.29 (1H, t, J= 7.3 Hz,=CHvinyl), 5.15 (2H, s,
+NCH2I), 3.35 (2H, m, H-1a, H-1b), 3.12 (6H, s, +NCH3),
2.10 (2H, q, J= 7.4 Hz, H-4a, H-4b), 1.67 (2H, m, H-2a, H-
2b), 1.44 (2H, m, H-3a, H-3b); 13C NMR (DMSO, 101
MHz): δ= 162.2 (d, J= 243.3 Hz, C–F), 162.2 (d, J=
244.8 Hz, C–F), 143.7 (d, J= 7.3 Hz, C-1ʹAra or b), 141.32
(d, J= 7.5 Hz, C-1ʹAra or b), 139.1 (C-6vinyl), 130.8 (C-
5vinyl), 130.6 (d, J= 8.6 Hz, C-5ʹAra or b), 130.2 (d, J= 8.7
Hz, C-5’Ara or b), 125.7 (d, J= 2.8 Hz, C-6ʹAra or b),
122.9 (d, J= 1.9 Hz, C-6ʹAra or b), 116.2 (d, J= 21.1 Hz, C-
4ʹAra or b), 114.3 (d, J= 20.5 Hz, C-4’Ara or b), 113.9 (d, J=
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21.5 Hz, C-2ʹAra or b), 113.1 (d, J= 22.6 Hz, C-2ʹAra or b),
64.2 (C-1), 51.2 (+NCH3), 32.7 (+NCH2I), 28.8 (C-4), 25.6
(C-3), 21.8 (C-2); 19F NMR (CD3OD, 500MHz, ref.
CFCl3): δ=−114.87 (s), −115.62 (s); HRESIMS m/z (pos)
[C21H25F2NI]

+: 456.0986 (calcd. 456.1000); Anal. Calcd.
for C21H25F2I2N: C, 43.25%; H, 4.32%; N, 2.40%; found C,
43.18%; H, 4.03%; N, 2.46%.

N-[6,6-bis-(3-fluorophenyl)hex-5-en-1-yl]-N,N,N-trimethy-
lammonium iodide (3f) Starting from 12c and CH3I, pro-
duct 3f was obtained (89% yield) as a white solid: m.p.
196.5–197.2 °C. IR (KBr) νmax (cm–1): 3061 (C–HAr),
3022.9 (C–Hvinyl), 2855 (+N–CH2), 1230 (C–F); 1H NMR
(DMSO, 400MHz): δ= 7.49 (1H, m, Ara or bH5ʹ), 7.34 (1H,
m, Ara or bH5ʹ), 7.21 (1H, m, Ara or bH6ʹ), 7.04 (5H, m, Ara or
bH2ʹ, Ara or b–H4ʹ, Ara or b–H6ʹ), 6.29 (1H, t, J= 7.3 Hz,=
CHvinyl), 3.25 (2H, m, H-1a, H-1b), 3.03 (9H, s, +NCH3),
2.09 (2H, q, J= 7.3 Hz, H-4a, H-4b), 1.67 (2H, m,, H-2a,
H-2b), 1.42 (2H, m,, H-3a, H-3b); 13C NMR (DMSO, 101
MHz): δ 162.2 (d, J= 243.3 Hz, C–F), 162.2 (d, J= 244.5
Hz, C–F), 143.7 (d, J= 7.4 Hz, C-1ʹAra or b), 141.3 (d, J=
7.6 Hz, C-1ʹAra or b), 139.0 (C-6vinyl), 130.8 (C-5vinyl), 130.6
(d, J= 8.5 Hz, C-5ʹAra or b), 130.2 (d, J= 8.7 Hz, C-5ʹAra or
b), 125.6 (d, J= 2.6 Hz, C-6ʹAra or b), 122.9 (d, J= 2.4 Hz,
C-6ʹAra or b), 116.1 (d, J= 20.9 Hz, C-4ʹAra or b), 114.3
(d, J= 20.7 Hz, C-4ʹAra or b), 113.9 (d, J= 21.2 Hz, C-2ʹAra
or b), 113.1 (d, J= 22.1 Hz, C-2ʹAra or b), 65.1 (C-1), 52.19
(+NCH3), 28.9 (C-4), 25.7 (C-3), 21.9 (C-2); 19F NMR
(CD3OD, 500MHz, ref. CFCl3): δ=−114.93 (s), −115.64
(s); HRESIMS m/z (pos) [C21H26F2N]

+: 330.2022 (calcd.
330.2033); Anal. Calcd. for C21H26F2IN: C, 55.15%; H,
5.72%; N, 3.06%; found C, 54.92%; H, 5.63%; N, 3.17%.

N-chloromethyl-N-[6,6-bis-(4-trifluoromethylphenyl)hex-5-
en-1-yl]-N,N-dimethylammonium iodide (4a) Starting from
12b and ClCH2I, 4a was obtained (85% yield) as a white
solid: m.p. 137–139 °C (dec). IR (KBr) νmax (cm–1):
3052 (C–HAr), 3003 (=C–Hvinyl), 2863 (+N–CH2), 1113
(C–F, CF3);

1H NMR (DMSO, 400MHz): δ= 7.82 (2H, d,
J= 8.0 Hz, Ara or b–H3ʹ), 7.68 (2H, d, J= 8.2 Hz, Ara or b–

H3ʹ), 7.41 (4H, m, Ara or b–H2ʹ, Ara or b–H2ʹ), 6.40 (1H, t, J
= 7.3 Hz,= CHvinyl), 5.31 (2H, s, +NCH2Cl), 3.38 (2H, m,
H-1a, H-1b), 3.11 (6H, s, +NCH3), 2.13 (2H, q, J= 7.3 Hz,
H-4a, H-4b), 1.70 (2H, m, H-2a, H-2b), 1.49 (2H, m, H-3a,
H-3b); 13C NMR (101MHz, DMSO) δ= 145.6 (C-1ʹAra or

b), 143.6 (C-1ʹAra or b), 139.6 (C-6vinyl), 133.0 (C-5vinyl),
131.0 (C-2ʹ Ara or b), 128.3 (m, C-4ʹAra, C-4’Arb), 128.0 (C-
2ʹ Ara or b), 126.1 (q, J= 3.5 Hz, C-3ʹ Ara or b), 125.8 (q, J=
3.5 Hz, C-3ʹ Ara or b), 68.8 (+NCH2I), 62.6 (C-1), 49.4
(+NCH3), 29.4 (C-4), 26.1 (C-3), 21.8 (C-2), ArCF3 are
non-visible overlapped signals; 19F NMR (CD3OD, 500
MHz, ref. CFCl3): δ=−64.03 (s), −64.04 (s); HRESIMS
m/z (pos) [C23H25ClF6N]

+: 464.1570 (calcd. 464.1580);

Anal. Calcd. for C23H25ClF6IN: C, 46.68%; H, 4.26%; N,
2.37%; found: C, 46.25%; H, 4.11%; N, 2.21%.

N-[6,6-bis-(3-trifluoromethylphenyl)hex-5-en-1-yl]-N-iodo-
methyl-N,N-dimethylammonium iodide (4b) Starting from
12b and CH2I2, 4b was obtained (80% yield) as a white
solid: m.p. 143–146 °C (dec). IR (KBr) νmax (cm–1): 3055
(C–HAr), 3002 (=C–Hvinyl), 2862 (+N–CH2), 1113
(C–F, CF3);

1H NMR (DMSO, 400MHz): δ= 7.82 (2H, d,
J= 8.0 Hz, Ara or b–H3ʹ), 7.68 (2H, d, J= 8.2 Hz, Ara or b–

H3ʹ), 7.42 (4H, m, Ara –H2ʹ, Arb–H2ʹ), 6.40 (1H, t, J= 7.3
Hz, =CHvinyl), 5.15 (2H, s,

+NCH2I), 3.36 (2H, m, H-1a, H-
1b), 3.12 (6H, s, +NCH3), 2.13 (2H, q, J= 7.3 Hz, H-4a, H-
4b), 1.68 (2H, m, H-2a, H-2b), 1.46 (2H, m, H-3a, H-3b);
13C NMR (DMSO, 101MHz) δ= 145.1 (C-1ʹAra or b),
143.1 (C-1ʹAra or b), 139.1 (C-5vinyl), 132.5 (C-5vinyl), 130.5
(C-2ʹ Ara or b), 128.0 (m, C-4ʹAra, C-4ʹArb), 127.5 (C-2ʹ Ara
or b), 125.6 (q, J= 3.4 Hz, C-3ʹ Ara or b), 125.3 (q, J= 3.7
Hz, C-3ʹ Ara or b), 64.2 (C-1), 51.2 (+NCH3), 32.6
(+NCH2I), 28.9 (C-4), 25.5 (C-3), 21.8 (C-2), ArCF3 are
non-visible overlapped signals; 19F NMR (CD3OD, 500
MHz, ref. CFCl3): δ=−64.04 (s) (2CF3); HRESIMS m/z
(pos) [C23H25F6IN]

+: 556.0928 (calcd. 556.0979); Anal.
Calcd. for C23H25F6I2N: C, 40.43%; H, 3.69%; N, 2.05%;
found: C, 40.17%; H, 3.46%; N, 1.88%.

N-[6,6-bis-(4-trifluoromethylphenyl)hex-5-en-1-yl]-N,N,N-tri-
methylammonium iodide (4c) Starting from 12b and
CH3I, 4c was obtained (86% yield) as a white solid: m.p.
189.7–190.7 °C. IR (KBr) νmax (cm–1): 3473 (OH, H2O),
3051 (C–HAr), 3012 (=C–Hvinyl), 2863 (+N–CH2), 1113
(C–F, CF3);

1H NMR (DMSO, 400MHz): δ= 7.82
(2H, d, J= 8.0 Hz, Ara or b–H3ʹ), 7.68 (2H, d, J= 8.3 Hz,
Ara or b–H3ʹ), 7.41 (4H, t, J= 8.8 Hz, Ara –H2ʹ, Arb–H2ʹ),
6.41 (1H, t, J= 7.4 Hz, =CHvinyl), 3.24 (2H, m, H-1a, H-
1b), 3.02 (9H, s, +NCH3), 2.13 (2H, q, J= 7.4 Hz, H-4a, H-
4b), 1.78 (2H, m, H-2a, H-2b), 1.45 (2H, m, H-3a, H-3b);
13C NMR (DMSO, 101MHz): δ= 145.1 (C-1ʹAra or b),
143.1 (C-1ʹAra or b), 139.0 (C-6vinyl), 132.6 (C-5vinyl), 130.5
(C-2ʹ Ara or b), 127.5 (C-2ʹ Ara or b), 126.7 (m, C-4ʹAra, C-
4ʹArb), 125.6 (q, J= 3.6 Hz, C-3ʹ Ara or b), 125.3 (q, J= 3.2
Hz, C-3ʹ Ara or b), 65.1 (C-1), 52.2 (+NCH3), 29.0 (C-4),
25.7 (C-3), 21.9 (C-2), ArCF3 are non-visible overlapped
signals; 19F NMR (CD3OD, 500MHz, ref. CFCl3): δ=
−64.04 (s), −64.06 (s); HRESIMS m/z (pos) [C23H26F6N]

+:
430.1970 (calcd 430.1969); Anal. Calcd. for C23H26F6IN.
H2O: C, 48.01%; H, 4.91%; N, 2.43%; found: C, 47.90%;
H, 4.73%; N, 2.26%.

N-chloromethyl-N-[6,6-bis-(4-fluorophenyl)hex-5-en-1-yl]-N,
N-dimethylammonium iodide (4d) Starting from 12d and
ClCH2I, product 4d was obtained (89% yield) as a white
solid: m.p. 132.7–133.7 °C. IR (KBr) νmax (cm

–1): 3020 (C–
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Hvinyl), 2870 (
+N–CH2), 1233 (C–F;

1H NMR (DMSO, 400
MHz): δ= 7.20 (8H, m, Ara or b–H2ʹ, Ara or b–H3ʹ), 6.12
(1H, t, J= 7.3 Hz, =CHvinyl), 5.31 (2H, s, +NCH2Cl), 3.36
(2H, m, H-1a, H-1b), 3.10 (6H, s, +NCH3), 2.09 (2H, q, J
= 7.4 Hz, H-4a, H-4b), 1.69 (2H, m, H-2a, H-2b), 1.43 (2H,
m, H-3a, H-3b); 13C NMR (DMSO, 101MHz): δ 161.37 (d,
J= 244.2 Hz, C–F), 161.26 (d, J= 243.8 Hz, C–F), 139.4
(C-6vinyl), 138.2 (d, J= 3.0 Hz, C-1ʹAra or b), 135.5 (d,
J= 3.1 Hz, C-1ʹAra or b), 131.4 (d, J= 8.1 Hz, C-2ʹAra or b),
129.1 (C-5vinyl), 128.7 (d, J= 8.1 Hz, C-2ʹAra or b), 115.4 (d,
J= 21.2 Hz, C-3ʹAra or b), 115.0 (d, J= 21.3 Hz, C-ʹAra or b),
68.2 (+NCH2Cl), 62.1 (C-1), 48.9 (+NCH3), 28.8 (C-4),
25.8 (C-3), 21.3 (C-2); 19F NMR (CD3OD, 500MHz, ref.
CFCl3): δ −116.99 (s), −117.69 (s); HRESIMS m/z (pos)
[C21H25F2NCl]

+: 364.1634 (calcd. 364.1644); Anal. Calcd.
for C21H25F2ClNI: C, 51.29%; H, 5.12%; N, 2.85%; found
C, 51.07%; H, 5.16%; N, 2.93%.

N-[6,6-bis-(4-fluorophenyl)hex-5-en-1-yl]-N-iodomethyl-N,
N-dimethylammonium iodide (4e) Starting from 12d and
CH2I2, product 4e was obtained (76% yield) as a
white solid: m.p. 149.3–149.6 °C (dec). IR (KBr) νmax (cm

–

1): 3061 (C–HAr), 2858.0 (+N–CH2), 1234 (C–F); 1H NMR
(DMSO, 400MHz): δ= 7.19 (8H, m, Ara or b–H2ʹ, Ara or b–
H3ʹ), 6.12 (1H, t, J= 7.3 Hz, =CHvinyl), 5.15 (2H, s,
+NCH2I), 3.35 (2H, m, H-1a, H-1b), 3.11 (6H, s, +NCH3),
2.09 (2H, q, J= 7.3 Hz, H-4a, H-4b), 1.68 (2H, m, H-2a, H-
2b), 1.41 (2H, m, H-3a, H-3b); 13C NMR (DMSO, 101
MHz): δ 161.4 (d, J= 244.2 Hz, C–F), 161.3 (d, J= 243.8
Hz, C–F), 139.4 (C-6vinyl), 138.3 (d, J= 3.0 Hz, C-1ʹAra or

b), 135.5 (d, J= 3.1 Hz, C-1ʹAra or b), 131.4 (d, J= 8.1 Hz,
C-2ʹAra or b), 129.1 (C-5vinyl), 128.7 (d, J= 8.1 Hz, C-2ʹAra
or b), 115.4 (d, J= 21.2 Hz, C-3ʹAra or b), 115.1 (d, J= 21.3
Hz, C-3ʹAra or b), 64.2 (C-1), 51.2 (+NCH3), 32.7 (+NCH2I),
28.8 (C-4), 25.8 (C-3), 21.8 (C-2); 19F NMR (CD3OD, 500
MHz, ref. CFCl3): δ −114.87 (s), −115.62 (s); HRESIMS
m/z (pos) [C21H25F2NI]

+: 456.0987 (calcd. 456.1000);
Anal. Calcd. C21H25F2I2N: C, 43.25%; H, 4.32%; N, 2.40%;
found C, 43.18%; H, 4.03%; N, 2.46%.

N-[6,6-bis-(4-fluorophenyl)hex-5-en-1-yl]-N,N,N-trimethy-
lammonium iodide (4f) Starting from 12d and CH3I,
product 4f was obtained (80% yield) as a white solid: m.p.
172.0–173.4 °C. IR (KBr) νmax (cm–1): 3076
(C–HAr), 3046.3 (C–Hvinyl), 2855 (+N–CH2), 1224 (C–F);
1H NMR (DMSO, 400MHz): δ= 7.20 (8H, m, Ara or b–H2ʹ,
Ara or b–H3ʹ), 6.13 (1H, t, J= 7.3 Hz,=CHvinyl), 3.24 (2H,
m, H-1a, H-1b), 3.02 (9H, s, +NCH3), 2.08 (2H, q, J= 7.4
Hz, H-4a, H-4b), 1.67 (2H, m, H-2a, H-2b), 1.41 (2H, m, H-
3a, H-3b); 13C NMR (101MHz, DMSO): δ= 161.4 (d, J=
244.2 Hz, C–F), 161.3 (d, J= 244.1 Hz, C–F), 139.3 (C-
6vinyl), 138.2 (d, J= 3.0 Hz, C-1ʹAra or b), 135.6 (d, J= 3.4
Hz, C-1ʹAra or b), 131.4 (d, J= 8.1 Hz, C-2ʹAra or b), 129.2

(C-5vinyl), 128.6 (d, J= 8.1 Hz, C-2ʹAra or b), 115.0 (d, J=
21.3 Hz, C-3ʹAra or b), 115.0 (d, J= 21.4 Hz, C-3ʹAra or b),
65.1 (C-1), 52.2 (+NCH3), 29.4 (C-4), 26.5 (C-3), 22.4 (C-
2); 19F NMR (CD3OD, 500MHz, ref. CFCl3): δ=−117.03
(s), −117.74 (s); HRESIMS m/z (pos) [C21H26F2N]

+:
330.2019 (calcd. 330.2033); Anal. Calcd. for C21H26F2IN:
C, 55.15%; H, 5.72%; N, 3.06%; found C, 54.90%; H,
5.55%; N, 3.13%.

Biological study

Cells and culture conditions

U-937 promonocytes (CRL1593.2™) were obtained
from the American Type Culture Collection (ATCC,
Manassas, VA, USA), cultured in suspension in complete
RPMI-1640 medium (Sigma) supplemented with 10% fetal
bovine serum (FBS) (Gibco, Life Technologies, Grand
Island, NY, USA) and 1% antibiotics (100 U/mL penicillin
and 0.1 mg/mL streptomycin) (Sigma). Cells were main-
tained in standard conditions at 37 °C, 5% CO2 with change
of medium every three days until use.

Trypanosoma strain and cultivation of parasites

Compounds were tested on intracellular amastigotes of T.
cruzi, Tulahuen strain transfected with β-galactosidase gene
(Buckner et al. 1996) donated by Dr. F. S. Buckner, Uni-
versity of Washington. Intracellular amastigotes were
obtained after infection of U-937 cells with trypomastigotes
as described elsewhere (Valencia et al. 2011). Briefly,
100,000 U-937 cells/mL were seeded in RPMI-1640 med-
ium and 100 ng/mL of phorbol 12-myristate 13-acetate
(PMA). For adhesion, 1 mL of cells in suspension were
incubated for 48 h at 37 °C and 5% CO2, in 24 plates,
with fresh medium change without PMA at 24 h.
The adhered cells were infected with trypomastigotes of T.
cruzi at a ratio of 1:10 cell/parasite and incubated for 24 h,
at 37 °C, with 5% CO2 in RPMI medium enriched with
5% fetal bovine serum. After 24 h of infection, cells were
ready to be used in anti-trypanosomal testing assay as
described below.

In vitro cytotoxicity using U-937 cells

The cytotoxic activity of the compounds was assessed based
on the viability of the human promonocytic cell line U-937
evaluated by the MTT [3-(4,5-dimethylthiazol-2-yl)2,5-
diphenyltetrazolium bromide] enzymatic micromethod,
following a previously described methodology (Duque-
Benítez et al. 2016). Briefly, into each well of the 96-well
cell-culture plates, a concentration of 100,000 cells/mL
were dispensed in RPMI-1640 supplemented with 10% FBS
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and 100 µL of the corresponding concentration of the
compound using a serial dilution. Six double-serial con-
centrations for each compound (from 200 to 6.25 μg/mL)
were evaluated. Cells were incubated at 37 °C with 5% CO2

for 72 h in the presence of compounds, and then the toxic
effect was determined by measuring the activity of the
mitochondrial dehydrogenase by adding 20 μL of MTT
reagent (0.5 mg/mL) and subsequently incubated at 37 °C
for 3 h. The reaction was stopped and the cell viability was
determined based on the quantity of formazan produced
according to the intensity of color (absorbance) registered as
optical densities (OD) obtained at 570 nm in a spectro-
photometer (Varioskan™ Flash Multimode Reader-Thermo
Scientific, USA). Cells cultured in the absence of the
compounds but maintained under the same conditions were
used as a negative control; doxorubicin or benznidazole
addition were used as the positive controls. All determina-
tions were performed in triplicate in two isolated
experiments.

In vitro anti-trypanosomal activity

The activity was determined according to the ability of the
compound to reduce the infection of U-937 cells by T. cruzi
as described elsewhere (Coa et al. 2017). The anti-
trypanosomal activity was initially screened at a single
concentration of 20 μg/mL. In this case, 100 μL of U-937
human cells at a concentration of 2.5 × 105 cells/mL in
RPMI-1640, 10% SFB and 0.1 μg/mL of PMA were placed
in each well of 96-well plates, and then infected with phase
growth epimastigotes in a 5:1 (parasites per cell) ratio and
incubated at 34 °C, 5% CO2. After 24 h of incubation, 20
μg/mL of each compound were added to infected cells, and
after 72 h of incubation, the effect of all compounds on
viability of intracellular amastigotes was determined by
measuring the β-galactosidase activity by spectro-
photometry. This was done by adding, to each well, 100 μM
chlorophenolred-β-D-galactopyranoside (CPRG) and 0.1%
nonidet P-40. After 3 h of incubation, plates were read at
570 nm in a spectrophotometer (Varioskan™ Flash Multi-
mode Reader-Thermo Scientific, USA) and intensity of
color (absorbance) was registered as OD. Compounds that
showed inhibition percentages higher than 50% were eval-
uated again at four concentrations selected according to the
LC50 previously obtained for each compound. Infected cells
exposed to benznidazole were used as control for anti-
trypanosomal activity (positive control), while infected cells
incubated in culture medium alone were used as control for
infection (negative control). Non-specific absorbance was
corrected by subtracting the OD of the blank. Determina-
tions were done by triplicate in at least two independent
experiments.

Data analysis

Cytotoxicity was determined according to the percentages
of viability registered to each tested compound and culture
medium alone. Percentage of mortality was calculated by
Eq. 1, where the OD of control cells, corresponds to 100%
of viability.

%mortality ¼ 100� ODexposed=ODcontrol cells
� �� 100
� �

ð1Þ

Results were expressed as LC50 values that correspond to
the concentration of drug that gives the half-maximal
inhibitory concentration that reduce the cell growth using
the Probit analysis (Finney 1978). On the other hand, anti-
trypanosomal activity was determined according to the
percentage of infected cells and parasite load, obtained for
each experimental condition by colorimetry. The parasite
inhibition was calculated by Eq. 2, where the OD of control
cells corresponds to 100% of parasites.

% parasite inhibition¼ 100�
ODexposed parasites=ODcontrol parasites
� �� 100
� � ð2Þ

Results of anti-trypanosomal activity were also expressed
as EC50 values that correspond to the concentration of drug
that gives the half-maximal reduction of the parasites in
infected cells determined by the Probit method (Finney
1978). The selectivity index (SI), was calculated by divid-
ing the cytotoxic activity by the anti-trypanosomal activity
using Eq. 3.

SI¼LC50=EC50 ð3Þ

Results and discussion

Chemistry

As mentioned before, aromatic rings are important com-
ponents of pharmacologically active molecules (Gibson
et al. 1996; Meyer et al. 2003; Dalvie et al. 2010) and may
influence the development of successful oral drugs (Ritchie
and Macdonald 2009). Indeed, the presence of two aromatic
rings in the structure increases the likelihood of success
(Hann et al. 2001). From a synthetic point of view, an
advantage is that assemblage of aromatic rings in the scaf-
fold is available through a variety of well-established
methodologies (Zhao 2017). With this in mind, as well as
the ability of fluorinated substituents to enhance pharma-
cological effects (Isanbor and O’Hagan 2006; Kirk 2006;
Gillis et al. 2015; Reddy 2015; Shi et al. 2017), we decided

Medicinal Chemistry Research (2019) 28:300–319 313



to look for new anti-trypanosomal agents with a terminal
system of two fluorinated aromatic rings. Thus we selected
a group of QASs 1–4 of the form {X-CH2N(Me)2[(CH2)

nCH=CAr2]}
+ I-, characterized by either a m-F, p-F, m-CF3

or p-CF3 substitution pattern and a short tether of n= 3 or 4
methylene groups. These structural features resemble non-
fluorinated molecules which have already been studied as
anti-leishmanial agents (Ríos et al. 2015; Duque-Benítez
et al. 2016; Pulido et al. 2017; Fernández et al. 2018).
Starting from ω-bromoacyl esters 5, twenty four novel
fluorinated QASs (1a–f, 2a–f, 3a–f, and 4a–f) were pre-
pared through a known four-step sequence (Duque-Benítez
et al. 2016) depicted in Scheme 1, with appropriate mod-
ifications when required.

For comparison of their biological activity, non-
fluorinated analog QASs 13–14 were also prepared
according to literature (Scheme 2), and their spectroscopic
properties matched the reported signals (Duque-Benítez
et al. 2016).

For the synthesis of fluorinated target QASs 1–4
(Scheme 1), Grignard reagents from 6a and 6c were pre-
pared with a stoichiometric 1:1 molar ratio of magnesium
under dilute conditions (0.5–0.6 M) to prevent eventual
explosions (Zhao 2017; Waymouth and Moore 1997; Tang
et al. 2009) and cannulated to another reaction flask, while
the one from 6d is a commercially available Grignard pre-
cursor and used as such. When starting from 6b and a strict
stoichiometric ratio 1:1 of magnesium, a very sticky dark
reagent was formed, and it was used in situ for the Grignard
reaction. The resulting ω-bromo-α,α-diphenyl alcohols 7–8
were obtained with isolated yields ranging from 38 to 65%,
suggesting that the handling method of the Grignard reagent
did not change the outcome of the reaction. In the
second step (Scheme 1), acid-catalyzed dehydration of
alcohols 7–8 under benzene gave rise to the corresponding
ω-bromo-α,α-diphenyl olefins 9–10 with isolated yields
between 47 and 92%. Next, displacement of bromide by
dimethylamine generated ω-(N,N-dimethylamino)-α,α-
diphenyl olefins 11–12 with isolated yields ranging from 53
to 89%. Finally amines 11–12 were converted into the
target QASs 1–4 by displacement of an iodide anion
from either iodomethane, chloroiodomethane or diiodo-
methane, with isolated yields between 41 and 89%. Overall
isolated yields from starting materials ranged between 9
and 25%.

While synthetic intermediate alcohols 7–8, bromoolefins
9–10, and aminoolefins 11–12 were characterized by 1H
and 13C NMR and FTIR, target QASs 1–4 were fully
characterized by 1H, 19F and 13C NMR, FTIR, HR-MS and
elemental C, H, N analysis, confirming their identity and
purity. Fluorinated and trifluoromethylated QASs are white

Scheme 1 Synthesis of target
QASs 1–4

Scheme 2 Synthesis of non-fluorinated QAS 13–14 (Duque-Benítez
et al. 2016)
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solids, non-moisture sensitive compounds, and those bear-
ing an N-iodomethyl- or N-chloromethyl moiety decompose
at their melting point temperature. Non N-halomethylated
QASs of our study bearing fluorine or the CF3 group in the
terminal aromatic rings are stable at their melting point
temperature.

Biological study

Both cytotoxicity and anti-trypanosomal activity of the
selected QASs were tested in vitro, as shown in Table 1.
Target compounds included trifluoromethylated and

fluorinated QASs (1a–f, 2a–f, 3a–f, and 4a–f) and non-
fluorinated analogs (13a–c, 14a–c).

The effect of target compounds on cell viability was
tested first for toxicity on U-937 human macrophages that
are the host cells for T. cruzi parasites. Their LC50 values
were determined in comparison to the highly toxic reference
compound doxorubicin and to the current trypanocidal drug
benznidazole. The extent of toxicity was graded according
to the LC50 value using the following scale: high
cytotoxicity (LC50 < 100 μg/mL), moderate cytotoxicity
(100 μg/mL < LC50 > 200 μg/mL) or potentially non-
cytotoxicity (LC50 > 200 μg/mL). On the other hand, anti-

Table 1 In vitro anti-
trypanosomal activity and U-937
macrophages cytotoxicity of
trifluoromethylated and
fluorinated QASs (1a–f, 2a–f,
3a–f, and 4a–f) and their non-
fluorinated QASs analogs (13a–
c, 14a–c)

Compound LC50 EC50 SI

μg/mL μM μg/mL μM LC50/EC50

1a 0.7 ± 0.1 1.2 ± 0.2 1.4 ± 0.2 2.4 ± 0.3 0.5

1b 0.9 ± 0.1 1.3 ± 0.2 1.1 ± 0.1 1.6 ± 0.2 0.8

1c 2.9 ± 0.1 5.3 ± 0.2 2.8 ± 0.4 5.2 ± 0.7 1.0

1d 16.8 ± 2.2 35.2 ± 4.6 18.5 ± 3.6 38.7 ± 7.5 0.9

1e 21.2 ± 4.5 37.2 ± 7.9 30.2 ± 2.6 53.1 ± 4.6 0.7

1f 9.1 ± 0.2 20.5 ± 0.5 8.8 ± 1.30 19.9 ± 2.9 1.0

2a 2.7 ± 0.1 4.7 ± 0.2 3.7 ± 0.1 6.4 ± 0.2 0.7

2b 2.3 ± 0.3 3.4 ± 0.5 2.0 ± 0.2 3.0 ± 0.3 1.2

2c 3.6 ± 0.4 6.6 ± 0.7 3.2 ± 0.2 5.9 ± 0.4 1.1

2d 135 ± 9.5 282.6 ± 19.9 34.3 ± 3.6 71.8 ± 7.5 3.9

2e 111.1 ± 2.3 195.2 ± 4.0 16.4 ± 3.9 28.8 ± 6.9 6.8

2f 112.9 ± 18.1 254.7 ± 40.7 40.9 ± 5.7 92.2 ± 12.9 2.8

3a 5.6 ± 0.1 9.5 ± 0.2 4.1 ± 0.2 6.9 ± 0.3 1.4

3b 0.5 ± 0.1 0.7 ± 0.1 0.6 ± 0.1 0.9 ± 0.1 0.8

3c 5.7 ± 0.1 10.2 ± 0.2 2.3 ± 0.1 4.1 ± 0.2 2.6

3d 7.6 ± 0.2 15.5 ± 0.4 3.8 ± 0.3 7.7 ± 0.6 2.0

3e 14.6 ± 2.3 25.0 ± 3.9 8.1 ± 1.7 13.9 ± 2.9 1.8

3f 7.0 ± 0.5 15.2 ± 1.0 27.7 ± 2.7 60.6 ± 5.8 0.3

4a 5.3 ± 0.2 9.0 ± 0.3 2.7 ± 0.7 4.6 ± 1.2 2.0

4b 6.4 ± 0.1 9.4 ± 0.1 1.9 ± 0.3 2.8 ± 0.4 3.3

4c 5.4 ± 0.1 9.7 ± 0.2 7.0 ± 0.2 12.6 ± 0.4 0.8

4d 26.2 ± 0.3 53.3 ± 0.6 5.2 ± 0.4 10.5 ± 0.7 5.0

4e 207 ± 8.7 354.9 ± 14.9 6.8 ± 1.3 11.7 ± 2.2 30.4

4f 47.6 ± 2.0 104.2 ± 4.5 28.5 ± 2.8 62.3 ± 6.2 1.7

13a 15.3 ± 6.1 34.6 ± 13.8 5.9 ± 0.4 13.4 ± 0.9 2.6

13b 19.6 ± 1.1 36.7 ± 2.1 18.6 ± 1.1 34.9 ± 2.1 1.1

13c 8.6 ± 0.6 21.1 ± 1.5 5.9 ± 0.2 14.5 ± 0.5 1.4

14a 13.4 ± 3.2 29.4 ± 7.0 6.5 ± 0.2 14.3 ± 0.4 2.1

14b 6.5 ± 0.2 11.9 ± 0.4 3.6 ± 0.2 6.6 ± 0.4 1.8

14c 9.9 ± 1.4 23.5 ± 3.3 7.3 ± 0.5 17.3 ± 1.2 1.4

Benznidazole >128 >492 14.3 ± 3.3 55.0 ± 12.7

Doxorubicin 0.21 ± 0.1 0.4 ± 0.2 NA NA

Results reported as the mean value ± standard deviation; cytotoxicity as lethal concentration 50 (LC50) and
anti-trypanosomal activity as effective concentration 50 (EC50); the selectivity index (SI)= LC50/EC50
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trypanosomal activity was graded according to the EC50

value using the following scale: high activity (EC50 < 20 μg/
mL), moderate activity (20 μg/mL < EC50 < 50 μg/mL) or
low activity (EC50 > 50 μg/mL).

As illustrated in Table 1, all tested trifluoromethyl-
substituted QASs (Y= p-CF3 and m-CF3) showed LC50

< 7 μg/mL and were therefore classified as highly
cytotoxic, with 3b being the most cytotoxic with a LC50=
0.5 ± 0.1 μg/mL (0.7 ± 0.1 μM) and being 4b the least
cytotoxic with a LC50= 6.4 ± 0.1 μg/mL (9.4 ± 0.1 μM). In
contrast, the non-fluorinated analogs were less cytotoxic,
with LC50 values ranging from 6.5 ± 0.2 μg/mL (11.9 ± 0.4
μM) and 19.6 ± 1.1 μg/mL (36.7 ± 2.1 μM). Eight fluori-
nated QASs (Y= p-F and m-F, i.e., 1d–f, 3d–f, 4d, and 4f)
showed LC50 ≤ 48 μg/mL and were therefore classified
as highly cytotoxic, with 3f being the most cytotoxic
(LC50= 7.0 ± 0.5 μg/mL; 15.2 ± 1.0 μM).

Additionally, the para-fluorinated QASs 2d-f were clas-
sified as moderated cytotoxic compounds, with LC50 values
ranging from 111.1 ± 2.3 μg/mL (195.2 ± 4.0 μM) to 135 ±
9.5 μg/mL (282.6 ± 19.9 μM), while the para-fluorinated
QAS 4e was a non-cytotoxic species, with LC50= 207 ± 8.7
μg/mL (354.9 ± 0.2 μM). In contrast, the non-fluorinated
analogs were classified as highly cytotoxic compared with
all fluorinated QASs. As expected, doxorubicin showed a
very high cytotoxicity, with LC50= 0.21 ± 0.1 μg/mL.

Also, shown in Table 1, dose-response relationship sug-
gested that all trifluoromethyl-substituted QASs were highly
active against intracellular T. cruzi parasites, with EC50

values ≤ 7 μg/mL. Compound 3b showed the highest activity
with an EC50= 0.6 ± 0.1 μg/mL (0.9 ± 0.1 μM) and 4c
exhibited the least activity with an EC50= 7.0 ± 0.2 μg/mL
(12.6 ± 0.4 μM). These results contrasted with the non-
fluorinated analogs, which were less active on average, with
EC50 values ranging from 3.6 ± 0.2 μg/mL (6.6 ± 0.4 μM) and
18.6 ± 1.1 μg/mL (34.9 ± 2.1 μM).

On the other hand, fluorinated QASs (Y= p-F or m-F)
presented a range of EC50 values between 3.8 and 40.9 μg/mL
and were therefore considered highly or moderately active
against intracellular T. cruzi parasites, being 1d, 1f, 2e, 3d, 3e,
4d, and 4e classified as highly active with EC50 < 19 μg/mL.
Compound 3d showed the highest activity with an EC50=
3.8 ± 0.3 μg/mL (7.7 ± 0.6 μM), while 1e, 2d, 2f, 3f, and 4f
were classified as moderately active with EC50 values ranging
from 27.7 ± 2.7 μg/mL (60.6 ± 5.8 μM) to 40.9 ± 5.7 μg/mL
(92.2 ± 12.9 μM). The non-fluorinated analogs exhibited
comparable activity values (EC50 < 19 μg/mL) with respect to
fluorinated QASs. As expected, the trypanocidal reference
compound benznidazole exhibited a high anti-parasitic
activity (EC50= 14.3 ± 3.3 μg/mL; 55.0 ± 12.7 μM).

As a preliminary approximation to a study of the
structure-activity relationship of all the tested compounds, a
dispersion chart (Fig. 1) was prepared using the results
obtained from cytoxicity (LC50) and anti-trypanosomal
activity (EC50).

All trifluoromethyl-substituted compounds (1a–c, 2a–c,
3a–c, 4a–c), all non-fluorinated compounds (13a–c and
14a–c such that Y=H), four meta-fluorinated compounds
(1d, 1f, 3d, 3e) and the para-fluorinated compound 4d were
grouped in the lower left quadrant of the graph. Thus they
exhibit high anti-trypanosomal effectiveness but are highly
cytotoxic as well. On the other hand, in the right
lower quadrant are located two meta-fluorinated compounds
(1e and 3f) and the para-fluorinated compound 4f, so these
three compounds are classified as highly cytotoxic and
moderately effective. In the right upper quadrant are
located two para-fluorinated compounds (2d and 2f)
which are considered effective and moderately cytotoxic.
Finally, in the left upper quadrant are located two para-
fluorinated compounds (2e and 4e), with 2e being
highly effective and moderately cytotoxic, and 4e highly
effective with EC50= 6.8 μg/mL ± 1.3 (11.7 ± 2.2 μM)
and potentially non-toxic with LC50= 207 μg/mL ± 8.7
(354.9 ± 14.9 μM).

Another graphical analysis of the results is depicted in
Fig. 2, where LC50 values are represented by vertical bars
while EC50 values are connected by a line overlapping LC50

bars. High bars correspond to low-toxicity values, while the
most effective anti-trypanosomal compounds lay on mini-
mum points of the EC50 values-line.

There is a clear trend of CF3-substituted QASs being
highly cytotoxic compounds (falling right bound in Fig. 2)
and F-substituted QASs being the lower cytotoxic ones
(falling left bound). Furthermore, in the series of CF3-
derived QASs, para-substituted ones tend to be a little less
cytotoxic, with the exception of 3b which was shown to be
the most cytotoxic. The same trend was observed in the
series of F-substituted QASs, with para-substituted being
less cytotoxic than meta-substituted ones. Also, in Fig. 2,

Fig. 1 Scatter diagram of EC50 vs LC50 values for thirty QASs 1–4 and
13–14

316 Medicinal Chemistry Research (2019) 28:300–319



for CF3-substituted QASs, the shorter tether (n= 2) render
them more cytotoxic than n= 3. However, this effect
behaved randomly with F-substituted or non-fluorinated
QASs, and no clear effect of the nature of the covalently
attached halogen (or no halogen) in the ammonium head
was observed.

Although a more random behavior was observed when
analyzing EC50 values (line over bars on Fig. 2), the
observed general trend favors CF3-substituted QASs as the
more effective ones although they are more cytotoxic as
well. The F-substituted QASs are the more promising ones
because they are reasonably effective and moderately or low
toxic agents. Although not being a definite trend, on aver-
age N-iodomethyl containing QASs tend to be more anti-
parasite agents in comparison to chloro- or non-halogen
containing compounds.

Taking into consideration that the SI is a measure of the
balance between the cytotoxicity and anti-parasite activity,
this allows the identification of promising compounds as
those with SI values >1.0. As suggested by Table 1 and Fig.
2, QAS 4e is the most promising with a SI of 30.4, followed
by 2e (SI= 6.8), 4d (SI= 5.0) and 2d (SI= 3.9). In Fig. 2,
they are recognized by high bars (low toxicity) matching
minimum points in the EC50-line (high effectiveness). Also,
regarding SI values for meta- or para-trifluoromethyl-sub-
stituted QASs or non-fluorinated ones, 4b was the most
promising compound (SI= 3.3), followed by 1d and 3c (SI
= 2.6 for both). Third place in this analysis is 3d and 4a (SI
= 2.1 and 2.0, respectively) as depicted in Fig. 2. The
opposite trend was observed for QASs 1a, 1b, 2a, 3b, and
4c, which were not considered promising targets because
their SI values are lower than 1.0.

Conclusion

Twenty four novel and six known QASs of the form [X-
CH2N(CH3)2(CH2)nCH=C(Ar2)]

+ I− (where X=H, Cl or I,
n= 2 or 3, and Ar=m-C6H4CF3, p-C6H4CF3, m-C6H4F, p-
C6H4F or C6H5) were synthesized and tested against in vitro
anti-T. cruzi activity and cytotoxicity using the U-937
human cell line. Based on in vitro EC50 values against T.
cruzi, it was determined that QAS 3b, (X= I, n= 3, Ar=
m-C6H4CF3) was the most effective one but the most toxic
as well, while QAS 4e (X= I, n= 3, Ar= p-C6H4F) was
the least cytotoxic compound and the most promising
compound exhibiting the best SI (30.4). Thus, monofluoro
substitution in the aromatic rings gives rise to better profiles
than CF3-substitution in terms of less cytotoxicity and
higher SI values. As a general trend, the salts bearing an N-
iodomethyl moiety or a longer tether (n= 3 > n= 2) are
more effective against T. cruzi parasites than those bearing a
N-chloromethyl group. Also, on average, para-substitution
in the aromatic rings tends to render QASs better anti-
trypanosomal compounds. These results have encouraged
us to approach an in vivo study on experimental animals
and to probe more in deep into a QSAR study in order to
have a more comprehensive understanding of how these
promising agents represent the very best anti-trypanosomal
candidates. These studies are in due course.
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