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ABSTRACT: Regioselective addition across the alkynes has been achieved Jg o)

in a silver-catalyzed protocol utilizing Langlois reagent (CF,;SO,Na) T_o,’
and molecular O, to access medicinally active a-trifluoromethyl ketone
compounds. This method was successful in producing a-trifluoromethyl
ketone in heterocyclic scaffolds, which are incompatible with earlier
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strategies. Experimental findings suggest a mechanism involving
a-styrenyl radical intermediate and 1-methyl-2-pyrrolidinone (NMP) solvent, which leads to crystallographically characterized
N-methylsuccinimide. Isotope labeling, kinetic studies, and intermediate trapping further helped to gain insight into this energy-

demanding process.

T rifluoromethyl groups (CF;) are prevalent in pharmaceut-
icals," materials,” and agrochemicals.3 The unique advan-
tages conferred by the presence of trifluoromethyl moiety in
metabolic stability, lipophilicity, and binding selectivity have
led to the extensive utilization of this moiety in industrial and
academic sectors.* Thus, development of an efficient protocol
for the synthesis of the C—CF; bond in diverse substrate
scaffolds has become an area of intense research effort.” Notably,
a-trifluoromethyl ketone is one such functionality, which serves
as buildinég block for various trifluoromethyl-containing complex
moieties.” Not surprisingly, significant efforts have been invested
to develop novel and diverse synthetic tools for the generation of
a-CFj-substituted carbonyl compounds.”™"°

In this regard, Carreira and co-workers have developed a
synthesis of a-trifluoromethyl ketones through classic homologa-
tion of aldehyde by (trifluoromethyl)diazomethane.® Recently,
olefins have been used as the precursor for the a-trifluoromethyl
ketone formation.” Various enols and enolates were also employed
previously.'® Despite this significant progress, implementation of
an easily accessible and economical alkynic scaffold as the synthon
remains elusive.''

Recently, we have developed the protocol for the synthesis
of a-trifluoromethyl ketone compounds from styrenes via a
benzylic radical intermediate.”® Unfortunately, this method failed
for common heterocycles such as quinoline, indole, pyrimidine,
thiophene, and benzothiazole.

heterocyclic olefins were largely unsuccessful
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Owing to the importance of these scaffolds, we thought to
design an alternative pathway for their synthesis. The structural
correlation between the target molecule and the benzylic radical
intermediate,” prompted us to realize that a-styrenyl radical
can lead to an alternative method for a-CF; substituted carbonyl
compounds.'* Such a strategy would require addition of CF; and
OH moieties across the alkyne.

In this regard, although aryl acetylenes were extensively
used to generate ketomethyl (—COCHS;) and a-functionalized
keto (—COCH,X) compounds,'®> mostly halo-electrophiles
(F, Cl, Br) were introduced at the a-position of the ketomethyl
following such approaches (Scheme 1). In contrast, exploring

Scheme 1. Novel Approach to @-Trifluoromethyl Ketone
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a-trifluoromethylation reaction using similar strategy is constrained
by the economic viability of electrophilic trifluoromethyl source as
well as stability of the target molecule under basic condition.

We envisioned that CF; radical could attack alkyne to form the
a-styrenyl radical, which upon quenching by O-radical will form
a-trifluoromethylketone. Hu and co-workers have reported a copper
mediated electrophilic decarboxylative trifluoromethylation of
propiolic acid derivatives (RCCCO,H)."* Hereby, we are disclosing
an efficient protocol of converting the widely available alkynes to the
a-trifluoromethylketone in the presence of oxygen (Scheme 1).
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Detailed optimization studies revealed that a 88% yield of
a-trifluoromethylketone from phenylacetylene can be realized
with AgNO;/ CF;SO,Na in polar aprotic solvents such as NMP,
DMEF and DMA under O, atmosphere at 70 °C (Table 1)."°

Table 1. Substrate Scope with Arylalkynes*
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o] 0 0
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*Average of two runs. All of the reactions were performed on a
0.25 mmol scale. 20 % AgNO; and CF;SO,Na (1.2 equiv) were added
twice during the reaction. “GC-yield with n-decane as reference. bR
NMR vyield calculated using hexafluorobenzene as reference. brsm:
based on recovered starting materials

After extensive experimentations, we found that 1-methyl-2-
pyrrolidinone (NMP) was the best solvent for this trans-
formation. Notably, no external oxidant is required for this
transformation. Phenylacetylene with functional groups such as
halo (1j and 1k), keto (1m) and cyano (1n) were also employed.
Aromatic ring with electron-donating substituent (la-1d)
delivered the product in better yield as compared to the
electron-withdrawing substituents (1j, 1k and 1n). Therefore,
it is likely that the electron rich substituents stabilize the re-
active intermediate efficiently. Substrate in which two alkynes
were available, oxidation occurred at only one alkyne (10, 61%).
Phenylacetylene with benzanilide (1q), 4-nitrobenzoate (1p)
and tocopherol (vitamin E, 1r) unit produced trifluoromethyl-
ketone in moderate to good yields.

Aliphatic alkynes, both cyclic and acyclic, delivered the desired
trifluoromethylated compounds in good yields (Table 2, 2a-c).

Next we tested heterocyclic alkyne as the precursor for this
reaction. Note that previous strategies were not efficient in pro-
ducing heterocyclic a-trifluoromethyl ketone compounds.”” '
Interestingly, quinoline possessing an ethynyl group either on
the phenyl or pyridine ring were suitable (3b and 3d) under the
present conditions. Scaffolds like thiophene (3a), pyrimidine
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Table 2. Scope with Aliphatic Alkynes

AgNO; (cat), CF350;Na

0
RLCF;

== NMP, Oz, 70°C. 24 h isolated
o 0
Me,\)k,m:s Me/\/\)J\/CFJ CF;
2a, 78%° 2b, 75%2 2¢, 70%°

“1°F NMR yield calculated using a,a,a-trifluorotoluene as reference.

Table 3. Generation of Heterocyclic @-Trifluoromethyl
Ketones™
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*Average of two runs. 20 mol % AgNO; and CF;SO,Na (1.2 equiv)
were added two times in the reaction. “’°F NMR yield calculated using
hexafluorobenzene as reference. brsm: based on recovered starting
materials.

(3f), indole (3g), benothiazole (3h), and thiazolone (3e) were
also found to be compatible. Therefore, Table 3 demonstrated
the power of this strategy to form heterocyclic a-trifluoromethyl
ketones.

Unfortunately, both aromatic and aliphatic internal alkynes
gave only 5—10% (GC) yield of the trifluoromethylated product.

A number of control experiments were carried out to gain
insights into the mechanistic pathway. The presence of silver
salt and an oxygen environment was found to be essential
(Scheme 2). The radical nature of the reaction was studied by
trapping CF; with TEMPO (Scheme 3) and by carrying out
radical scavenger experiments (Scheme 4).

Scheme 2. Control Experiments

= AgNO3 (20 mol %) 2 yield, 88%
GFyS0;Na (2 equiv) CF3  withoutAg, 17%
~TAMP.0, 70%C, 240 wihout Oz 9%
Scheme 3. CF; Radical Trapping
AgMNOs (20 mal %) BE.NMR 5,
Me)(j('“’ CF3S0;Na (2 equiv) Me)[j(m -77.63
Me”™ "N "Me Me™ "N° "Me
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Q NMP, O3, 70°C 12 h O<gp,  wrtTEMPO
Scheme 4. Radical Scavenger Experiment
Z AGNO; (20 mal %) o Suoneher: Y
| = CF350;Na (2 equiv) = CFy TEMPO 4%
= NMP, Oz, 70°C, 24 h . e 1e%

Isotope-labeling studies were planned to attain a better under-
standing of the origin of the newly introduced atoms in phenyla-
cetylene to form the a-trifluoromethyl ketone. Formation of
O-18-labeled a-trifluoromethyl ketone under '*O, atmosphere
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Table 4. Isotope Labeling Experiment

180
ZZ  AgNO; (20 mal %) CF;
“ CF,50,Na (2 equiv) OO
dry and degassed NMP miz = 269 (Oy)
MeO 70°C, 12 h MeO™ g miz =271 (0]
oxygen solvent observation
0, NMP 80-incorporated
0, NMP + H,0" (1 equiv) no isotope labeling
0, NMP + D,0 (1 equiv) no D insertion

indicated that the aerobic oxygen was the likely source of O atom
in the target molecule (Table 4).

On the contrary, no isotope-labeled product was obtained
when the standard reaction was performed either in the presence
of H,'*0 or D,0. These observations suggested that adventitious
water, which might be present in the commercially available
solvents, was not involved in the reaction profile.

Interestingly N-methylsuccinimide was formed in all of the
reactions (also see X-ray). The '*0,-labeling studies showed
the shift of mass peak from m/z 113 to m/z 115 (Scheme $).

Scheme 5. Role of NMP Solvent

& 0,-miz =113
standard conditions 18 =118
) e e [}to 0z -miz =118
N 07N 55% 18-0
Me miz =299 Me  (X-ray) incorporation

This is indicative of the fact that the oxygen atoms in
a-trifluoromethyl ketone and N-methylsuccinimide were origi-
nated from molecular O,.

An a-styrenyl radical intermediate was presumed for the
synthesis of a-trifluoromethyl ketone from alkyne. Since P(OEt),
had previously been employed as a selective trapping agent for
vinylic radical intermediates,'” we added it under the standard
trifftuoromethylation reaction conditions (Scheme 6). Isolation
and characterization of the expected trapped intermediate thus
further strengthened the initial hypothesis (Scheme 7).

Scheme 6. Trapping of @-Styrenyl Radical by P(OEt);
O*P:,OEt isolated
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Next, the kinetic investigation of the reaction suggested a first-
order (0.98) rate dependency with respect to the alkyne, which
is indicative to the fact that dimeric species 8 (Scheme 8) is
less likely to form."”> On the basis of all these experimental
observations, a radical-based pathway involving NMP and
molecular O, has been proposed (Scheme 8).

The reaction initiated with the formation of CF; radical 1 from
sodium triflinate (CF;SO,Na) and silver catalyst. Subsequently,
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Scheme 8. Plausible Mechanistic Cycle
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1 attacked the alkyne generating a reactive a-styrenyl radical
intermediate 2, which interacted with molecular oxygen to
produce 3. This active species 3 abstracted one hydrogen atom
from NMP solvent generating hydroperoxo species § along with
4, which was further oxidized to N-methylsuccinimide.'® De-
composition of 5 led to the formation of a-trifluoromethylated
product 7 via tautomerization of 6 along with the regeneration of
cationic silver.

Notably, silver(0) is unlikely to be oxidized by molecular
oxygen but can adsorb oxygen, whereas atomic oxygen can easily
oxidize silver(0) to silver(I).lg

H

olo CF, . HO  CF,
— + T >=/ + Ag:0
£n (5) Ph (g catalyst
regenerated

Hence, it is likely that the active hydroxy radical, formed upon
the decomposition of §, can assist in the regeneration of silver(I).
During optimization study, Ag,O was also found to catalyze the
transformation. The first-order rate dependency also supported
the involvement of one molecule of reactant in the catalytic cycle.

In summary, we have devised an Ag"/CF;SO,Na-based
protocol that enabled the rapid installation of the trifluoromethyl
moiety utilizing the alkynic feedstock. This strategy was
successful in introducing a-trifluoromethylketone in heterocyclic
scaffolds known to be incompatible with the earlier strategies.
Given the simplicity and broad scope demonstrated in this
study, we anticipate that this protocol will find application in
the synthesis of biologically active organofluorine-containing
medicinal agents.
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