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Design of Trifluoroalkenyliodonium salts for Hypervalency Aided
Alkenylation-Cyclization Strategy: Metal-free Construction of

Aziridine Ring

Adam Mészaros,? Anna Székely,° Andras Stirling,® Zoltan Novak®

Abstract: Synthesis of fluorinated compounds and their use as
pharmaceutical ingredients or synthetic building blocks are in the
focus of chemical and medicinal research. However, the efficient
synthesis of trifluoromethylated nitrogen heterocycles sometimes are
challenging. Herein, we disclose a simple aziridination process
which relies on the use of amines and novel alkenyl synthon for the
access of trifluoromethylated strained heterocycle. With the
utilization of a newly designed, bench stable but highly reactive
hypervalent alkenyl iodonium species, the three membered
heterocyclic ring can be constructed from simple amines without
structural limitation with high efficiency under mild conditions in the
absence of transition metal catalysts. The special reactivity of the
new trifluoropropenyl synthon toward nucleophilic centres could be
exploited in more general cyclization and alkenylation reactions in
the future.

Trifluoromethylated organic molecules have accentuated
importance in the field of medicinal chemistry due to their
beneficial physical, chemical and biological properties such as
metabolic  stability, lipophilicity and blood-brain barrier
penetration. Thus, the introduction of the fluoroalkyl group into
different molecular scaffolds is one of the most intensively
studied field of organic chemistry.”! Beside the development of
trifluoromethylation processes the construction of small building
blocks decorated with fluoroalkyl function is also in the focus of
chemical synthesis.['® 31 Aziridines belong to these building
blocks and a broad range of synthetic approaches are available
for the construction® and organic transformationl of this three
membered heterocycle. However, there are some synthetic
limitations of the access of 2-trifluoromethylated counterpart. (6!
Among many synthetic approaches the highest structural
versatility of the synthesized substituted aziridine frame can be
achieved with the reaction of amines and C,-CF3 synthons lto
obtain the desired 2-trifluoromethylaziridine building block.
Although these synthetic possibilities ensure the best available
routes to date, most of them include multistep procedures with
transformations, require long reaction times or harsh reaction
conditions. More importantly, from mechanistic aspects the
major limitation of this ring construction is that only aliphatic
amines are applicable for the synthesis.
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Scheme 1. Trifluoromethylaziridine amines  and

propenyliodonium salts.

synthesis  from

To circumvent this limitation, we aimed to design novel C2-
CF3 synthon, which is easily and efficiently available from simple
raw materials, and reacts straightforwardly with a wide range of
amines as the simplest N-R source for the aziridine ring
(Scheme 1). We envisioned that the utilization of
trifluoropropene skeleton equipped with an aryliodoniumt 8!
leaving group could be the key to open new synthetic
possibilities. Our quantum chemical calculations (vide infra)
regarding the reaction mechanism clearly showed that the
utilization of aryliodonium leaving groups could lower the
activation energy of the rate determining ring closure step by 10-
19 kcal/mol compared to other existing leaving groups such as
Cl-, Br-, I-, Ar,S*.°l This rate accelerating ability of the iodonium
leaving group could enable the rapid formation of the aziridine
ring under mild conditions even in the case of the challenging
aromatic amines.

Although the alkenyl iodonium species are known
compounds,[ 1°1 their synthetic availability is more limited
compared to the frequently used diaryliodonium derivatives.[*l
As a part of our ongoing research program focusing on the study
of fluorinated hypervalent iodonium species,[*?] we aimed to
design novel trifluoropropenyl iodonium salt as carbon synthon

for the construction of the targeted small heterocycle.
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Scheme 2. General synthesis for 3,3,3-trifluoromethylpropenyl aryl iodonium
salts
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Considering the aims of the synthetic studies, the
successfully prepared new iodonium salt was reacted with
primary amine to explore the chemical behavior of the salt
toward nucleophilic species. 2-Aminobiphenyl was chosen as
aniline derivative for the optimization studies, which focused on
the solvent, base and stoichiometry to reach full conversion at
ambient temperature (Table 1.). We were pleased to observe
the formation of the three membered heterocycle as the only
product in the reaction of the aromatic amine and the
alkenyliodonium salt. We found that dichloromethane and diethyl
ether were superior as solvent and the appropriate aziridine (3a)
was isolated in 82% after the reaction reached complete
conversion in the presence of Na,COj3; base 25°C after 2 hours
(entries 1-2). We found that the reaction could also be carried
out in acetonitrile, THF and ethyl acetate as well using similar
reaction conditions, however, with lower isolated yields (57%,
59%, and 74% respectively, entries 3-5) of the product. The
study of the base effect revealed the importance of this additive
on the reaction (in the absence of base only 42% vyield was
reached, entry 6). Amongst the tested bases (NaOH, Na,COs,
K2CO3, K3PO,, triethylamine, pyridine — entries 7-11) sodium
carbonate proved to be the optimal choice for the neutralization
of the forming trifluoromethanesulfonic acid byproduct,
considering the efficiency of the reaction, economy, handling

and environmental issues.
Table 1. Optimization studies.?

® ©
Fl OoTf
F4C

base
O NHz solvent O N&CF:;
RT, 2h
1 2e,1.2 eq. 3a
Entry Reagent Base Solvent Yield %!

1 2e Na:CO3 CH:Cl2 82%
2 2e Na2CO3 Et.0 82%
3 2e Na2CO3 MeCN 74%
4 2e Na2CO3 THF 57%
5 2e Na2CO3 EtOAC 59%
6 2e - CH2Cl2 42%
7 2e NaOH CHzCl2 71%
8 2e K2CO3 CH2Cl2 80%
9 2e K3POa4 CH2Cl2 60%
10 2e Triethylamine CHCl 0%
11 2e Pyridine CH2Cl, 329%°]
12 2b Na:CO3 CH:Cl2 80%
13 2c NazCO3 CH2Cl2 75%
14 2d Na2CO3 CHCl2 79%

[a] Reaction conditions: biphenylamine (0.2 mmol, 1 equiv), 2e (1.2 equiv),
base (2.0 equiv), solvent (2.0 mL, c=0.1 mmol/mL), 25 °C, 2 hours [b] isolated
yield [c] conversion determined by GC.

The optimized reaction conditions were used for the
exploration of the scope and limitation of the methodology.
Beyond 2-aminobiphenyl, further substituted aromatic amines
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with various electronic and steric properties were reacted with
the iodonium salt in DCM at 25 °C to prepare N-arylated 2-
trifluoromethylaziridines. Benzyl, phenylethynyl and methoxy
groups at the ortho position were well tolerated and we obtained
aziridines 3b-d in 90%, 75% and 98% vyields respectively.

o
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Scheme 3. Synthesis of N-trifluoromethylaziridines? @ Reaction conditions:
amine (0.2-0.3 mmol, 1 equiv), 2e (1.2 equiv), Na:COs (2.0 equiv), DCM or
THF (2.0 - 3.0 mL, 0.1 mmol amine/1.0 mL solvent), 25 °C, 0.5-5 hours.

Additionally, the presence of strongly electron donating
methoxy groups in other positions on the aryl ring ensured also
high yields (3e-f, 85% and 94%). However, free hydroxyl group
on the aryl ring caused a significant drop of the yield (3g, 56%).
Installation of simple silyl protecting group onto hydroxyl function
solves the difficulties originated supposedly from side reactions

This article is protected by copyright. All rights reserved.



Angewandte Chemie International Edition

or decompositions, and aziridine 3h was isolated in excellent
90% vyield. Electron deficient 3-nitroaniline was also applicable
substrate for the transformation but in this case aziridine 3j was
isolated only in 53% vyield. However, aniline substrate containing
methyl ester function at the meta position provided the aziridine
3i in a good 83% yield.

Next, the representative collection of halogenated aniline
derivatives was subjected for the transformation. Ortho, meta
and para isomers of fluoro, chloro, bromo and iodo anilines were
used for this study and we did not find any lack of the reactivity,
and products 3k-p were isolated in good to excellent yields.
However, in case of fluorinated and chlorinated products the
yield of isolated products was systematically lower than their
bromo and iodo analog, due their higher volatility. Bifunctional
anilines were selectively mono- or diaziridinated, controlling the
selectivity with the stoichiometry of the reactants. First, only one
of the amino groups of ortho phenylene diamine was converted
to aziridine (3g, 68%), then in another reaction both amino
functions in phenylene diamine were transformed to the three
membered heterocycle efficiently (3r and 3s, 89% and 73%). 1-
naphthylamine reacted straightforwardly with the iodonium salt
and aziridine 3t was isolated in 72% yield.

To expand further the scope, we used versatile
heterocyclic scaffolds for our studies. Amino group attached to
pyridine and quinoline ring also enabled the transformation.
However, the reaction of 2-aminopyridine derivative provided
significantly lower yield compared to the transformation of 8-
aminoquinoline (35% 3u vs. 80% 3v). NH, group of other
nitrogen  heterocyclic compounds were also smoothly
transformed to trifluoromethylaziridine function. The appropriate
trifluoromethylaziridyl indazole 3x was prepared in 59% yield
while amino pyrazole and pyrazolone derivatives provided the
3y and 3z aziridinyl products in 76% and 91% vyield respectively.
Amino-chromenone was also successfully subjected to the
reaction and the 3aa aziridine derivative was obtained in 71%
yield.

After the reactivity study of aromatic and heteroaromatic
amines toward the trifluoroalkenyliodonium salt we utilized
several aliphatic amines as substrates under the optimal
reaction conditions. Substituted phenethylamines,
diphenylpropylamines, tryptamine underwent smooth
aziridination and products 3ab-ae were obtained in 74-99% yield
range. The presence of ester function was also tolerated in case
of aliphatic amines and aziridine 3af was isolated in 68% vyield.
Chiral amines, where the amino group is attached to secondary
carbon center such as (R)-(+)-1-(2-naphthyl)ethylamine,
phenylalanine-ethylester and (1R,2S)-(-)-norephedrine were
also investigated in the study. The aziridine ring formation
occurred expectedly on each substrate and the formed
diastereomers could be successfully separated in the first two
cases and the optically pure products 3ag, 3ah (46% and 49%)
and 3ai, 3aj (44% and 31%) were isolated. However, the
norephedrine gave relatively lower yield compared to the others,
supposedly due to the presence of unprotected hydroxyl group,
and the diastereomer pair 3ak was obtained as an inseparable
mixture of isomers. As miscellaneous products we prepared very
bulky N-adamantyl-aziridine 3al in 83% yield, N-tosylaziridine as
electron deficient heterocycle 3am in 67% yield. We
demonstrated the preferential reactivity of primary alkyl amine
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function over secondary alkyl-aryl amine site in the
transformation of N-phenyl-ethylenediamine, and aziridine 3an
was obtained in 80% vyield. We also demonstrated that bulky
primary amines where the nitrogen attached to tertiary carbon
center could also be transformed into the desired heterocycle
with the iodonium reagent under mild conditions. However, due
to the volatility of the products we determined only the GC
conversion of tert-BuNH, (100%), and isolated aziridine 3ap
from the reaction of the appropriate aminoalcohol in 38% yield
(100% conversion).

In order to obtain insight into the underlying reaction
mechanism, density functional calculations have been
performed employing the range-separated hybrid wB97xd
functional including dispersion.[*3] The possible mechanistic
routes have been analyzed in terms of solvation corrected Gibbs
free energy values. Scheme 4 shows the free energy profile of
the route leading to the formation of the aziridine ring in a simple
model reaction of aniline and 2e.[**l In agreement with earlier
findings we obtained that the resting state is when the iodonium
salt is in dissociated form.['?® < The reaction is initiated by a
weak C-N interaction between the iodonium cation and the
amine. This interaction increases the acidity of the N-H bond
and a subsequent proton exchange from N to the o-C can
considerably  stabilize this adduct (intermediate I1 is
deprotonated yielding 12 which forms intermediate Is by
protonation).[*5]1 In the suitable conformation a nucleophilic
substitution takes place and the new C-N bond closes the
aziridine ring. This is the rate determining step with a moderate
free energy barrier of 14.9 kcal/mol. Then the reaction becomes
strongly exergonic and the final proton transfer from N to the
base present (Na,COgs) brings the system at -59.2 kcal/mol free
energy level. (Note that the protonated product is already

significantly stable: -28.1 kcal/mol.)6]
. /
gt
odi ”fff‘_x % TS [4.5]

1,[5.9] T

LE40) t1a9

10 4 N ) i
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/ ?

AG (kcal/mol)

Scheme 4. Free energy profile (in kcal/mol) for aziridine formation. Energy
levels are referenced to isolated aniline and the iodonium salt in dissociated
state in DCM. The level of the product state is shifted to fit in. Colour code:
grey: C; white: H; blue: N; violet: I; green: F. Further details of the calculations
and mechanistic implications can be found in the SI.

In summary, we designed a novel trifluoropropenyl synthon
for the simple construction of trifluoromethyl aziridines. The
successfully synthesized 3,3,3-trifluoropropen-2-yl aryl iodonium
triflate reagent enables rapid formation of the target heterocyclic
frame in its reaction with wide range of primary amines under
mild reaction conditions. The unique reactivity of the hypervalent
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iodonium species allows the cyclization not only with aliphatic
amines but for aromatic and heteroaromatic amines, which
notoriously withstand cyclization in case of traditional leaving
groups such as halides or sulfonium salts. This finding was
supported by the results of quantum chemical calculations
focusing on the reaction mechanism and the comparison of
reactivity of trifluoropropenyl substrates equipped with different
leaving groups. The enhanced reactivity feature of the novel
iodonium reagent significantly expands the scope and synthetic
utility of the aziridination reaction and could provide access to
various important trifluoromethylated building blocks, and gain
application in further trifluoropropenylation reactions with C and
heteroatom nucleophiles.
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A bench stable but highly reactive hypervalent trifluoromethylalkenyl iodonium species was designed as novel electrophilic synthon
for the functionalization of nucleophilic species such as primary amines. The alkynylation-cyclization strategy enables the efficient
transition metal-free construction of aziridine ring under mild conditions in the absence of transition metal catalysts.
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