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The regioselective synthesis of pyrazole triflones has been achieved by 1,3-dipolar cycloaddition of triflyl alkynes and hydrazonoyl chloride in the
presence of Hiinig’s base. Pyrazolo[5,1-a]isoquinoline triflones were also regioselectively synthesized for the first time via tandem 1,3-dipolar
cycloaddition/oxidative aromatization between triflyl alkynes and C,N-cyclic azomethine imines.

The trifluoromethanesulfonyl (triflyl, SO,CF3, Tf) group
is the strongest electron-withdrawing group with high
lipophilicity. The introduction of this functionality into
organic compounds is an effective strategy to alter the fun-
damental character of parent molecules without majorly
changing the molecular complexicity. In this context,
attention has been paid to aryl trifluoromethyl sulfones 1
(aryl triflones, ArSO,CF3) in the development of bioactive
compounds,' chiral catalysts,” and functional materials.?

A number of methodologies have been developed for the
synthesis of aryl triflones including oxidation of aryl
trifluoromethyl sulfides,” trifluoromethylation of aryl sul-
fonyl fluorides or aryl sulfonates,’ thia-Fries rearrangement
of aryl trifluoromethanesulfonates,® and direct trifluoro-
methanesulfonylation of aromatic compounds.” Recently,
Taguchi et al. reported a regioselective synthesis of
polysubstituted aryl triflones through a self-promoting
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three-component reaction.® On the other hand, the synth-
esis of heteroaryl triflones has been considerably less
studied. Our research group has recently developed the
synthesis of indole triflones by direct trifluoromethanesul-
fonylation of indoles with the Tf;O/TTBP (2,4,6-triterz-
butylpyridine) system.” Furthermore, novel heteroaryl
triflones including oxindole, pyrazolone, pyridine, and
quinoline derivatives have been regioselectively synthe-
sized by LDA-mediated thia-Fries rearrangement.'” We
also reported the first practical synthesis of isoxazole
triflones (4-triflyl isoxazoles) by an operationally simple
procedure consisting of the reaction of a-triflyl ketones
and imidoyl chloride.'’ As part of our ongoing research
programs directed at the development of efficient methodol-
ogies for the preparation of fluorinated heterocycles,'> we
required pyrazole triflones 2 (4-trifluoromethanesulfonyl
pyrazoles, 4-triflyl pyrazoles) as a key core unit for novel
agrochemicals, in particular, 3,5-diarylpyrazole triflones (R
and R? = aromatic group, Figure 1)."?
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Figure 1. Aryl triflones 1, pyrazole triflones 2, and pyrazolo[5,1-
alisoquinoline triflones 5.

Pyrazoles are a major class of five-membered nitrogen
heterocycles and are important core components in natural
products and valuable molecules in the pharmaceutical
industry.'* Numerous synthetic approaches for the con-
struction of the pyrazole framework have been reported,
for example, a condensation of 1,3-dicarbonyl compounds
with hydrazines,'” 1,3-dipolar cycloaddition of diazoalk-
anes or nitrilimines with alkenes or alkynes,'® or the
reaction between hydrazones and activated alkenes such
as nitro olefins.!” However, there are no synthetic methods
for 3,5-diaryl pyrazole triflones, despite their clear poten-
tial usefulness and wide applicability for pharmaceuticals
and agrochemicals. We disclose herein the first practical
and regioselective synthesis of pyrazole 4-triflones 2 by a
1,3-dipolar cycloaddition between readily available mate-
rials, triflyl alkynes 3 and hydrazonoyl chloride 4, in high
yields with a broad scope. Pyrazolo[5,1-a]isoquinoline
triflones 5 were also efficiently synthesized for the first
time via regioselective, tandem 1,3-dipolar cycloaddition/
oxidative aromatization of 3 and C,N-cyclic azomethine
imines 6.

We initiated our investigation with the cyclization of
a-triflyl ketone 7 and hydrazonoyl chloride 4a'® in the
presence of NEt;, according to the modified procedure
based on the synthesis of isoxazole triflones.!" Unfortu-
nately, 15% of desired pyrazole triflone 2a was obtained
(Scheme 1, top). We next attempted the cyclization using
triflyl alkyne 3a'® instead of 7. Gratifyingly, the de-
sired cycloadduct 2a was obtained in 43% regioselec-
tively (Scheme 1, bottom). This preliminary result
encouraged us to further investigate the optimization
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of the reaction conditions using 3a (Table 1). The
reaction was next attempted using iPr,NEt, yielding
2ain a slightly better yield of 46% (entry 2). The choice
of solvent was found to be important in the conversion
(entries 3—9), and the yield was increased to 92% in MeCN
(entry 9). The structure of 2a was clearly determined after
derivatization to a known 1,3,5-triphenyl-1H-pyrazole by
reductive desulfonylation using LiAlH4 (see Scheme S1 in
Supporting Information, SI).%

Scheme 1. Synthesis of 2a Using o-Triflyl Ketone 7 or Triflyl
Alkyne 3a

Ph
o] . n-NHPR NE, (1.0 equiv) o N‘{\l
Ph)J\/S()zCFS Ph)l\CI MeOH, 0 °C to rt /S\)\ph
22h SO,CF
7 4a (1.2 equi 2&Fs
a (1.2 equiv) 28 (15%)
a o

NHPh )
SO,CF3 N" NEt; (1.5 equiv

/ + | 3 ( q ) a

Ph Ph > CI MeOH, 1, 5 h (43%)

4a (1.5 equiv)

Table 1. Optimization of Bases and Solvents for 1,3-Dipolar
Cycloaddition of 3a and 4a“

NHPh . N~N
SO,CF. -
/ O] . NI base (1.5 equiv) Ph—4 |
Ph PR Gl solvent, rt Ph

3a , SO,CF3
4a (1.5 equiv) 2a

entry base solvent time (h) yield (%)°
1 NEts MeOH 5 43
2 iProNEt MeOH 4 46
3 iProNEt CH,Cl, 8 63
4 iProNEt CHCl3 24 78
5 iProNEt toluene 24 25
6 iProNEt THF 10 15
7 iProNEt DMF 2 49
8 iProNEt MeCN 3 92

“The reaction of 3a with 4a (1.5 equiv) was carried out in the presence
of base (1.5 equiv) at rt. *Tsolated yield.

With suitable conditions in hand, the scope of the 1,3-
dipolar cycloaddition was explored with a variety of sub-
strates selected in order to establish the generality of the
process using this strategy, all affording good to excellent
yields (Table 2). A series of triflyl alkynes 3b—e with a
variety of substituents at their aromatic rings (R"), such
as methyl, pentyl, and fluoro, were nicely converted to
corresponding pyrazole triflones 2b—e in high yields
(80%—85%) (entries 2—5). We next examined the sub-
strate scope differing in the nature of the aryl substituents
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of hydrazonoyl chlorides 4 under the same reaction con-
ditions. A series of hydrazonoyl chlorides 4b—e were nicely
converted to pyrazole triflone 2f—i in 80%—90% yields,
these being almost independent of the functional groups on
the aromatic ring of 4 such as methyl, chloro, and bromo as
well as a sterically demanding naphthyl substrate (entries
6—9). Interestingly, when the reaction was attempted with
imidoyl chloride 8a under the same reaction conditions,
isoxazole triflone 9a was isolated in 82% yield (Scheme 2).

Table 2. Synthesis of Pyrazole Triflones 2¢

Ph
/8020F3 . Nl,NHPh iProNEt (1.5 equiv) R! s\{\l ,
R? R2 >Cl MeCN, rt, 3 h R
3 _ SO,CF4
4 (1.5 equiv)
2
yield
entry 3 R! 4 R? 2 (%)
1 3a Ph 4a Ph 2a 92
2 3b 2-MeCgH4 4a Ph 2b 85
3 3c 4-MeCgH,4 4a Ph 2¢ 80
4 3d 4-n- 4a Ph 2d 85
CSH1106H4
5 3e 3-FCgH,4 4a Ph 2e 83
6 3a Ph 4b 4-MeCgH, 2f 90
7 3a Ph 4c 4-CICgH, 2g 81
8 3a Ph 4d 4-BrCgH, 2h 82
9 3a Ph 4e 2-naphthyl  2i 80

“The reaction of 3 with 4 (1.5 equiv) was carried out in the presence
of iPr,NEt (1.5 equiv) in MeCN at rt. ® Isolated yield.

Scheme 2. Synthesis of Isoxazole Triflone 9a

SO,CF3 n-OH o-N

PrNEt (1.5 equiv
/ + )l\ 2 ( q ) . A\ Ph
Ph Ph > Cl MeCN, rt, 3 h Ph
3a
8a (1.5 equiv) SO;CFs
~ed 9a (82%)

We next examined the 1,3-dipolar cycloaddition of 3
with C,N-cyclic azomethine imines 6°' for the synthesis
of the biologically attractive pyrazolo[5,1-alisoquinoline
framework.?? Treatment of 3a with 6a in CH,Cl, at
ambient temperature regioselectively furnished unstable
cycloadduct 10a, which was isolated as pyrazolo[5,1-a]-
isoquinoline triflone 5a in 92% yield after aromatization
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using DDQ (Scheme 3). The structure of 5a was deter-
mined after derivatization to a known pyrazolo[5,1-a]-
isoquinoline by reductive desulfonylation using Mg/MeOH
(see Scheme S2 in SI).*

Scheme 3. Synthesis of Pyrazolo[5,1-alisoquinoline Triflones 5a
via 1,3-Dipolar Cycloaddition/Oxidative Aromatization of 3a

with 6a
N\ —_—
rd * 7T NBz  CH,Cl,

Ph
3a 6a ,1h
Bz

N-N , N-N

—ph DDAQ (2.0 equiv) g S—ph
1h

SO,CF; SOCF3

10a 5a (92%)

The scope of this tandem regioselective 1,3-dipolar
cycloaddition/oxidative aromatization was investigated
with a range of triflyl alkynes 3 and azomethine imines 6
(Table 3). High to excellent yields were obtained for
all cases up to 98%, with these being almost independent
of the functional groups and the positions of the aro-
matic ring of 3 (entries 2—5). Nonaromatic triflyl alkyne
3f was also a suitable substrate for this transformation
to afford 5f in 74% yield (entry 6). Cyclic azomethine
imines having a methyl or bromo group were also utilized
in this transformation in excellent yields (87%—98%)
(entries 7-9).

In summary, we disclose the first practical synthesis of
pyrazole triflones 2 by regioselective 1,3-cycloaddition of
triflyl alkynes 3 and hydrazonoyl chloride 4 in the presence
of Hiinig’s base. Biologically attractive pyrazolo[5,1-a]-
isoquinoline triflones 5 were also efficiently synthesized for
the first time via regioselective tandem 1,3-dipolar cycload-
dition/oxidative aromatization between triflyl alkynes 3
and C,N-cyclic azomethine imines 6. The direct introduc-
tion of a triflyl group into pyrazoles through C—H acti-
vation with trifluoromethane sulfonylation is the next

Table 3. Synthesis of Pyrazolo[5,1-alisoquinoline Triflones 5¢

SO,CF,

/3 NN

R1
1) CHyCly, 1t, 1h ~. R’
+ —_—
6 5 2) 1DEQ (2.0 equiv) SOZCF:;
€0 s
TN N(?NBZ
]
6
yield
entry 3 R! 6 R? 5 (%)
1 3a Ph 6a H 5a 92
2 3b 2-MeCgH, 6a H 5b 80
3 3¢ 4-MeCgH,4 6a H 5¢ 88
4 3d 4-n- 6a H 5d 98
C5H1:1CsHy
5 3e 3-FCgH, 6a H 5e 90
6 3f cyclopropyl 6a H 5f 74
7 3a Ph 6b 5-Me 5g 87
8 3a Ph 6¢c 7-Me 5h 98
9 3a Ph 6d 7-Br 5i 94

“The reaction of 3 with 6 (1.0 equiv) was carried out in CH,Cl, at rt.
bIsolated yield.

challenge in this field, and the subject is under active
investigation.
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