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ABSTRACT: A copper-catalyzed carboarylation-ring closure strategy was used for the modular synthesis of oxazolines the reac-
tion of 1-aryl-propargylamides and diaryliodonium salts. The novel approach enables the efficient, modular synthesis of oxazolines

derivatives bearing fully substituted exo double bonds.

Transition metal-catalyzed ring closures of alkyne deriva-
tives are powerful tools for the construction of heterocyclic
molecules.* With the utilization of hypervalent iodonium salts,
2 the cyclization step can be extended with an additional C-C
bond formation using an in situ electrophilic aryl-copper(ll)
species.® In our laboratory, we developed an arylation-ring
closure strategy enables for the formation of new carbacyclic
and heterocyclic molecules via endo-dig cyclization, providing
easy access to fully substituted exo double bonds. With the
exploitation of the synthetic opportunities of this catalytic
approach we synthesized novel benzoxazine derivatives from
ortho-ethynylanilides’ and  ortho-acetamidobenzonitriles®
(Scheme 1). The utilization of diaryliodonium salts in this
transformation ensures the high modularity of the methodolo-
gy.

In continuation of our research devoted to the study of cop-
per catalyzed cyclization-arylations with hypervalent reagents,
we aimed to extend our synthetic strategy to the construction
of five-membered heterocycles such as oxazolines equipped
with fully substituted exo double bonds. To achieve this goal
we aimed to use propargylic amides as substrates (Scheme 1).
The electrophile mediated or transition metal catalyzed cycli-
zations of propargylic amides to the corresponding oxazolines
and oxazoles are important synthetic tools for the access of a
heterocyclic core® with significant pharmaceutical interest.”

Although, the existing catalytic transformations enable the
cyclization of both terminal and internal propargylic amides,”
there is no synthetic methodology to the access of oxazolines
equipped with fully substituted exo double bonds.

Scheme 1. Utilization of arylation-ring closure strategy
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The optimization study of the transformation was
performed with N-(3-phenylprop-2-ynyl)pivalamide (1a). This
model substrate was treated with mesityl(phenyl)iodonium
triflate (2a) in the presence of transition-metal catalysts in
various solvents under argon. We found that the propargyla-



mide was transformed with full conversion in the presence of
2.5 mol % of CuCl in ethyl acetate at 50 °C. The major reac-
tion product 3a was isolated in 60% yield and determined to
be 2-tert-butyl-5-(diphenylmethylene)-4,5-dihydrooxazole by

NMR analysis.

Table 1. Optimization studies?
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1 - DCE 50 °C 0
2 Cu(OTH), DCE 50 °C 11
3 Cu(OTH), CH,ClI, 50 °C 31
4 Cu(OTf), toluene 50 °C 5
5 Cu(0Tf), THF 50 °C 59
6 Cu(0Tf), EtOH 50 °C 0
7 Cu(0Tf), EtOAc 50 °C 100
8 Cu(Il)acac EtOAC 50 °C 0
9 CusO, EtOAc 50 °C 0
10 Cu(MeCN),OTf EtOAc 50 °C 100
11 CuO EtOAc 50 °C 0
12 Cul EtOAC 50 °C 0
13 CuBr EtOAC 50 °C 76
14 CuCl EtOAC 50 °C 100
15 CuCl EtOAc 25°C 0
16 5 mol% CuCl EtOAc 50 °C 100°
17 2.5 mol% CuCl EtOAcC 50 °C 100°

2 Catalyst (0.01 mmol, 0.10 equiv.), N-(3-phenylprop-2-yn-1-
yl)pivalamide (0.1 mmol, 1.0 equiv.), mesitylphenyliodonium
triflate (0.12 mmol, 1.2 equiv.), solvent (1.0 mL), Ar. ® % conver-
sions of N-(3-phenylprop-2-yn-1-yl)pivalamide were determined
by GC-MS. © N-(3-phenylprop-2-yn-1-yl)pivalamide (0.5 mmol,
1.0 equiv.), mesitylphenyliodonium triflate (0.6 mmol, 1.2
equiv.), EtOAc (5.0 mL), Ar, 50 °C.

For the implementation of the syntheses we choose simple
propargylamine as a readily available building block, which
can be functionalized through the N-acylation of the amine
function and via Sonogashira chemistry at the alkyne moiety
providing versatile substrate pool.

To examine the scope and limitation of this novel transfor-
mation, different N-(3-arylprop-2-ynyl)pivalamides were
treated with mesitylphenyliodonium triflate applying the opti-
mized reaction conditions (Scheme 2.). It was found that the
presence of methyl group in ortho and para positions caused a
slight increase in isolated yields compared to the phenyl-
propynylamide derivative 3a. The desired compounds (3b and
3c) were obtained in 76% and 66% yields respectively. Sur-
prisingly when strong electron donating methoxy group was
present on the phenyl group, the appropriate product 3d was

obtained only in lower yield (34%). Presence of ester- and
acetyl groups in the aromatic ring was tolerated by the system
and the appropriate dihydrooxazoles (3e and 3f) were obtained
in 65% and 86% yields. Arylpropynylpivalamides substituted
with halogens (Cl, Br) were transformed to the appropriate
dihydrooxazoles (3g and 3h) in 69% and 85% yields. When
the aryl group was exchanged to thiophenyl group the reaction
afforded the desired product (3i) in 56% yield. In cases where
nonsymmetrical substituted (arylphenylmethylene)-
dihydrooxazoles are formed. NMR measurements confirmed
the selective formation of the isomer where the oxygen and the
phenyl group transferred from the iodonium salt are oriented
cis to one another.

Scheme 2. Synthesis of dihydrooxazoles 1.2
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 CuCl (0.0125 mmol, 0.025 equw.), 3-arylpropargyl amide (0.5
mmol, 1.0 equiv.), arylmesityliodonium triflate (0.6 mmol, 1.2
equiv.), EtOAc (5.0 mL), Ar, 50 °C, % isolated yield

Next we investigated the effect of the amide functionality
on the reaction. Although, the presence of ethyl group tolerat-
ed the reaction conditions and the 2-ethyloxazoline (3j) was
isolated in 51% vyield, we were not able to isolate product (3K)
from the trifluoroacetamide. Besides alkyl amides, several aryl
amides were subjected to ring closure under the developed
copper catalyzed conditions. As a result we successfully iso-
lated the phenyl (3I), p-methoxyphenyl (3m) and p-
nitrophenyl (3n) derivatives in 52%, 70% and 50% vyield re-
spectively.

After examining the applicability of different arylpropynyl
anilides we studied the reactivity of different substituted aryl-
mesityliodonium triflates in the cyclization reaction with
propynyl-pivalamide derivatives (Scheme 3.). The presence of
substituents in the ortho position on the aromatic ring of the
jodonium salt had deleterious effect on the reaction, and the
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appropriate oxazolines (30-3q) did not form. The transfor-
mation is compatible with various substituents in meta- and
para positions on the phenyl group of the iodonium salt (Me,
Cl, Br, Ac, COOEt) and the desired oxazolines (3r-3v) were
isolated in 40-64% yield.

Scheme 3. Synthesis of dihydrooxazoles 2.?
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% CuCl (0.0125 mmol, 0.025 equiv.), 3-arylpropargyl amide (0.5
mmol, 1.0 equiv.), arylmesityliodonium triflate (0.6 mmol, 1.2
equiv.), EtOAc (5.0 mL), Ar, 50 °C, % isolated yield

Finally, reactions were performed with propynylamides and
iodonium triflates bearing substituents (Me, Br, Cl, COOEt)
on both aryl groups of the reactants. The expected dihydroox-
azoles (3w-3z) with symmetrical substituted double bond were
isolated in 54%, 61%, 63%, and 45% yield respectively.

Figure 1. Molecular structure of compound 3c.?® Displace-
ment ellipsoids are drawn at the 30% probability level.’

The geometries of the obtained non-symmetrically substi-
tuted heterocyclic alkene products (3r-3v) were determined by
NMR studies and it was found that the incoming aryl group
originated from the iodonium salt was in cis position to the
oxygen of the oxazolines ring. The geometry of the exo double
bound on the oxazoline ring was also established by X-ray
crystallography in case of compound 3c (Figure 1.).

On the basis of the previously reported mechanistic pro-
posals of related transformations and the obtained geometry of
the oxazolines, we propose the following mechanistic picture
for the transformation (Scheme 4). Recent reports have shown
that the reaction of copper salts and diaryliodonium salts gen-
erate aryl-Cu(l11) species.® These copper(lll)-species are gen-
erally highly electrophilic and can easily react with electron
rich n-systems. Thus we propose that the catalytic cycle starts
with the oxidation of CuCl by the iodonium salt which leads to
the formation of a highly electrophilic Ar-CuCI(OTf) interme-
diate. We suppose that this Cu(l11)-species can coordinate both
to the triple bond and the lone pair of the carbonyl oxygen
from the inner sphere. The electrophilic metal species acti-
vates the triple bond, forming a copper — acetylene © complex,
then formation of the carbocationic species is also possible.
The lone pair of the amide nitrogen serves as the electron
source, and the oxygen of the amide moiety attacks to the
activated © complex (path a) or to the carbocationic center
(path b) which results a 5-exo-dig cyclization. The formed
alkenyl(aryl)copper intermediate is able to undergo reductive
elimination-deprotonation sequence in two supposed order
providing the CuCl catalyst and the oxazoline product.

Scheme 4. Proposed mechanistic picture of the transfor-
mation.
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Summarizing our results, in this work we demonstrated that
the copper catalyzed ring closure-carboarylation strategy can
be extended to substrates bearing alkyne and amide groups.
We successfully achieved the synthesis of novel oxazoline
derivatives equipped with fully substituted exo double bonds
in the reaction of arylpropargylicamides and diaryliodonium
salts. The versatile and readily available starting materials
ensure high modularity for the transformation, and the opti-
mized reaction conditions enable the efficient synthesis of the
target compounds. Further exploitation of the cyclization-
arylation strategy for other alkyne derivatives functionalized
with different nucleophilic part undergoes in our laboratory.
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