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Abstract 4-Ethoxy-1,1,1-trifluoro-3-buten-2-one (ETFBO) serves as a
trifluoromethyl-containing building block for the preparation of trifluo-
romethyl-substituted thiophenes, furans, pyrrols, and piperazines. Key
steps are an addition-elimination reaction to ETFBO followed by the
thiazolium-catalyzed Stetter reaction. The scope of this chemistry was
demonstrated in a new synthetic approach towards the COX-2 selec-
tive, nonsteroidal anti-inflammatory drug Celebrex® (celecoxib).
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Fluorinated compounds play an important role in the
development of novel biologically active agents in pharma-
ceutical and agrochemical research.! Typical examples are
doravirine, a non-nucleoside reverse transcriptase inhibi-
tor, Sustiva® used in HIV-1 therapy and sitagliptin an orally
employed drug against diabetes mellitus type 2.1-°

Over the last few decades a large arsenal of methods for
the introduction of fluorine into organic molecules has
been reported.5’ Recently, the properties of difluorometh-
ylene and trifluoromethyl groups received great attention.®
Consequently, the trifluoromethylation of aromatic com-
pounds has emerged as a useful tool in the repertoire of the
practicing medicinal chemist.-! As an alternative strategy
to the chemoselective introduction of the trifluoromethyl
group at a late stage using transfer reagents such as Togni’s
reagent!? the use of easily accessable building blocks that
contain the trifluoromethyl group can provide a way to pre-
pare trifluoromethyl-functionalized targets.® For the trans-
formation of this precursor into the desired target mole-
cules, reliable methods have to be developed to meet the
unique reactivity profile of fluorinated hydrocarbons.
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Among suitable building blocks we envisaged 4-ethoxy-
1,1,1-trifluoro-3-buten-2-one (ETFBO, 1) to be highly ver-
satile for the following reasons. ETFBO is a commercially
available industrial product that is already used for the
preparation of trifluoromethyl-substituted pyridines, pyra-
zoles, and arenes which represent common scaffolds in ag-
rochemical and pharmaceutical research.!* Importantly, it
bears several sites of different reactivity useful for further
chemoselective transformations. Besides the keto group the
olefinic double bond is remarkable as it is substituted with
the trifluoromethylacyl group and at the same time it bears
an electron-rich enol ether moiety. Especially the conden-
sation with 1,3-dicarbonyl compounds, ureas, and hydra-
zines provides scalable access to various trifluoromethylat-
ed arenes.!3-16 Though only few examples are found in the
literature for the preparation of five-membered heterocy-
cles which are based on the use of o,B-unsaturated trifluo-
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Scheme 1 ETFBO (1), corresponding B-substituted a,B-unsaturated
trifluoromethyl ketones 2, and synthetic sequence towards trifluoro-
methyl-substituted heterocycles 4-8
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romethyl ketones as building blocks,'”-?° no reports have
appeared on utilizing ETFBO (1) in the synthesis of five-
membered heteroarenes so far.

As a part of our research to evaluate the scope of this
fluorinated synthetic building block, in this article we dis-
close robust transformations for preparing a variety of tri-
fluoromethylated heteroarenes in gram scale. Specifically,
this report covers synthetic avenues towards new trifluoro-
methyl-substituted pyrroles 4, furans 5, thiophenes 6, pyra-
zoles 7, and pyridazines 8 (Scheme 1). As an initial step to-
wards diversity we developed a short sequence that starts
from ETFBO (1) and yields a variety of new trifluoromethyl
ketones 2. By employing the Stetter reaction, the number of
new trifluoroketones can be further increased yielding 1,4-
dicarbonyl compounds 3. These serve as precursors for var-
ious trifluoromethyl-substituted heterocycles. Additionally,
we apply the chemistry described in this report in a short
synthesis of the COX inhibitor Celebrex®(Celecoxib).?!
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Scheme 2 Formation of new trifluoromethyl ketones 2 by nucleophilic
addition of lithiated arenes 10 to B-amino-a,B-unsaturated trifluoro-
methyl ketones 9 (isolated yields)
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One of the most reliable methods for preparing o,-un-
saturated trifluoromethyl ketones 2 is based on the addi-
tion of organometallic agents to the corresponding vinylo-
gous amides 9 of ETFBO.2%-24 These amides 9 have to be pre-
pared first in order to avoid 1,2-addition of the
organometallic agent.?> We found that the morpholine de-
rived E-configured analogue 9b is readily available in good
yield and with excellent regioselectivity (Scheme 2). We fa-
vor morpholine over the more toxic dimethylamine which
has been the amine of choice so far. Practically, the two
steps can be carried out as a one-pot procedure avoiding
purification or isolation of the amide 9b by simply remov-
ing the solvent after amide formation (Scheme 3). The
crude product is taken up in dry THF and treated with the
organolithium agent such as 10c to yield new trifluoro-
methyl ketone 2c.

Instead of secondary amines indole derivatives 11a-c
can also serve as nucleophiles that react via C3 of the indole
system with ETFBO (1) to yield trifluoromethyl ketones
12a-c (Table 1). This is achieved by Lewis acid activation
and we found that scandium triflate is better suited than
zinc dichloride.?® Furthermore, it can be employed in cata-
lytic amounts as low as 0.5 mol%.

In the following, we envisaged the Stetter reaction®’ as a
second derivatization protocol to gain access to valuable tri-
fluoromethyl-substituted 1,4-diketones. This Umpolung-
type C-C coupling reaction should proceed between an al-
dehyde 14 and the B-position of the enone moiety of the
trifluoromethylketone moiety. We used the thiazolium salt
15 as organocatalyst and optimized the reaction conditions
with bromobenzaldehyde 14a and enone 9c as model reac-
tion, yielding 1,4-diketone 16a (Scheme 4).

Enone 9c¢ was obtained from ETFBO (1) and pyrrolidi-
none 13 by simply heating both compounds in toluene un-
der refluxing conditions (see Supporting Information). We
found that ethanol is the solvent of choice for this Stetter
reaction, while in toluene or acetonitrile yields were lower,
irrespective of which base was used. Good yields were ob-
tained with DBU, Cs,CO;, and Cy,NMe. For practical reasons
DBU was chosen as base of choice. The optimization relied

o 15 (0.1 equiv)
/\)J\ Q base (1.0 equiv
N CFs . )I\ ( quiv)
A H EtOH, r.t, 18 h N
o base Q
9c (1.0 equiv) 14a (1.1 equiv) EtsN  47% EtNi-Pr 52% O 16a
Ar = 4-Br-Ph DBU 57% NMM 5%
DABCO 22% Cs,COq 64%

CyoNMe 53%

Scheme 4 Optimization of the Stetter reaction (determined by HPLC-MS analysis of the crude product)
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Table 1 Preparation of Indole-Substituted o,B-Unsaturated Trifluoro-
methyl Ketones 12a-c

o additive Rl ]
table)
A (see e
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N

3 rt,5h
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R 1 F{Z

11aR'=Br, R?=H
11bR'=H, R2=H
11c R'=Br, R?=Me

12aR'=Br, R?=H
12bR'=H,R?=H
12¢ R' = Br, R?= Me

Entry Indole Conditions Product Yield

(%)
1 11a 1 (1.0 equiv), ZnCl, (20 mol%) 12a 41
2 11a 1 (1.0 equiv), Sc(OTf); (10 mol%) 12a 62
3 11b 1 (2.0 equiv), Sc(OTf); (2.5 mol%) 12b 80
4 11a  1(2.0 equiv), S(OTF); (1.0 mol%) 12a 75
5 11b 1 (2.0 equiv), Sc(OTf); (0.5 mol%) 12b 75
6 11a 1 (2.0 equiv), Sc(OTf); (0.5 mol%) 12a 63
7 11c 1 (2.0 equiv), Sc(OTf); (0.5 mol%) 12c 63

3 |solated yields.

on HPLC-MS analysis conducted with the crude product
which contained different keto-enol tautomers. Therefore,
the Stetter products were directly subjected for the reac-
tions to follow (vide infra).

Having established the reaction conditions, we extend-
ed the scope of the Stetter reaction to additional aldehydes
14b-e and trifluoromethyl ketones 9¢ and 12a (Table 2).
Principally, the scope of the reaction is broad. However, iso-
lated yields differed with respect to the electronic proper-
ties of the chosen aldehyde. Electron-deficient aldehydes
such as 14a,c and 14e delivered the corresponding ketones
16a-c,e,g in moderate to good yields, whereas electron-rich
aldehydes 14b and 14d provided C-C coupling products in
only moderate yields. The same trend was observed regard-
ing the nature of the unsaturated trifluoromethyl ketone.
Aliphatic aldehydes failed to undergo the Stetter reaction
under the described conditions.

With these new trifluoromethyl-substituted 1,4-dike-
tones 16 in hand, we investigated their suitability to under-
go condensation reactions to yield different heteroarenes.
Formation of thiophenes was conducted on diketones 16a
and 16b. The synthesis was accompanied with the evalua-
tion whether the amide group can chemoselectively be sul-
furized in the presence of the 1,4-diketo moiety. However,
this transformation was not straightforward. Using the
Lawesson’s reagent alone provided the thioamide but in-
stead of the thiophene only the furan ring was generated.
P,S;o yielded a mixture of the thioketone and the thio-
phene. Consequently, we first employed P,S;, and after-
wards added Lawesson's reagent to achieve thiophenes 17a
and 17b in moderate yield, proving the scope of modifica-
tions that are possible with these diketones (Scheme 5).28

Letter

Table 2 Synthesis of Trifluoromethyl Ketones 16a-g by the Stetter Re-
action
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e + B ————————————a
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aConversion determined by HPLC-MS of the crude product.
b Conversion was higher compared to the one reported for the optimization
(see Scheme 4), because the transformation was repeated on a larger scale.

Likewise, diketones 16¢c and 16d were transformed to
the trifluoromethyl-substituted furans 18a and 18b, re-
spectively, under dehydrating conditions (Table 3, entries 1
and 2). Pyrrole 19 was obtained from diketone 16a in the
presence of allyl amine (Table 3, entry 3). Finally, also pyri-
dazines 20a and 20b were accessible from diketones 16a
and 16h, respectively, in the presence of hydrazine liberat-
ed from the corresponding hydrochloride salt (Table 3, en-
tries 4 and 5).
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Scheme 5 Sulfuration and cyclization of 1,4-diketones 16a and 16b, respectively, to thiophenes 17a and 17b

Having established a synthetic sequence that starts
from ETFBO (1) with an addition-elimination step, followed
by a Stetter reaction and finalized by a condensation reac-
tion with intermediate 1,4-diketones, we finalized these
studies with the preparation of Celebrex® (celecoxib, 22), a
COX-2 selective, nonsteroidal anti-inflammatory drug used
to relieve pain, swelling, and joint stiffness (Scheme 6).2°
Recent disclosures on the synthesis of celecoxib either use

the trifluoromethyl-substituted 1,3-diketone as precursor3°
or form the pyrazole ring by a 1,3-dipolar cycloaddition be-
tween between a nitrile imine and an enamine.?!

We devised a new short approach towards this trifluo-
romethyl-substituted pyrazole derivative starting from
ETFBO (1). A two-step protocol provided trifluoromethyl
ketone 2a which was transformed into the Celecoxib (22)
after treatment with sulfonamide 21 and MnO,-promoted
oxidation.

Table 3 Formation of Furans 18a,b, Pyrrole 19, and Pyridazines 20a,b by Cyclization of 1,4-Diketones 16

3
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0 see footnotes b—d X
_— | ) CFs
R CF. !
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b Conditions for furan formation: 16d or 16e, 1 equiv Lawesson’s reagent, 0.1 M in PhMe, 110 °C.

¢ Conditions for pyrrole formation: 16a, 2 equiv allyl amine, cat. PTSA, 0.1 M in tol

uene, r.t. to 110 °C.

d Conditions for pyridazine formation: 16a or 16h, 2 equiv CIH;NNH;Cl, 4 equiv NaOAc, 0.1 M in toluene, r.t. to 110 °C.
¢ 16a served as the starting material, however, the product lacks the y-lactam substituent due to elimination and aromatization.
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Scheme 6 A short synthesis of the COX-2 inhibitor Celebrex® (Celecoxib,
22)

In summary, we reported on the utilization of 4-ethoxy-
1,1,1-trifluoro-3-buten-2-one as a trifluoromethyl-con-
taining building block ideally suited for the preparation of
different trifluoromethyl-substituted heteroarenes such as
thiophenes, furans, pyrrols, and piperazines.?> The key
steps towards the corresponding 1,4-diketo precursors are
based on an addition-elimination reaction to 4-ethoxy-
1,1,1-trifluoro-3-buten-2-one using N- as well as C-nucleo-
philes, followed by the organocatalytically promoted Stetter
reaction. The scope of this chemistry was demonstrated in a
new synthetic approach towards the COX-2 selective, non-
steroidal anti-inflammatory drug Celebrex® (celecoxib).
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