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ABSTRACT: The one-pot synthesis of diphenylacetylene by the reaction of methyl benzoate with 1-(benzylsulfonyl)-3,5-di(tri-
fluoromethyl)benzene was developed. The combination of LiN(SiMes). and KN(SiMes): is key to promote the reaction. Simply
combining methyl benzoate, 1-(benzylsulfonyl)-3,5-di(trifluoromethyl)benzene, LiN(SiMes)., and KN(SiMes). can produce a

variety of diaryl acetylenes (28 examples, 18-70% yields).

Diarylacetylenes have emerged as an important class of
unsaturated organic compounds due to their broad utility in
a host of reactions.” These alkynes can be converted into
medicinally relevant heterocycles® or into materials with
uses in liquid crystals® and conducting polymers.* Dia-
rylalkynes themselves are found in bioactive molecules®
and in medicinal chemistry.® The demand for diarylacety-
lenes motivates the development of new methods for their
synthesis.

The traditional approach for the synthesis of diarylacety-
lenes is the Sonogashira cross-coupling reaction (Scheme
1A).” The popularity of the palladium catalyzed and copper
co-catalyzed Sonogashira is due to its reliability in the cou-
pling of terminal alkynes with aryl halides and their deriva-
tives. Drawbacks of this coupling reaction include use of
Pd, which is expensive and Cu which is toxic, and the need
to synthesize or buy terminal alkynes. Inroads have been
made with use of catalysts based oniron,® cobalt,’ and cop-
per alone™ but these processes have not achieved the util-
ity of the Pd-based Sonogashira reaction (Scheme 1A). Of
course, certain applications of alkynes require near com-
plete removal of transition metal residues from the alkyne
products, which can be challenging. In such cases, it might
be better to synthesize alkynes under transition metal-free
conditions.

Several groups have introduced methods to address the
drawbacks of the Sonogashira approach and the need to

access its precursors, terminal alkynes. Otera and cowork-
ers employed sulfones and a double elimination strategy
(Scheme 1B)."" Deprotonation of the sulfone at -78 °C with
n-BuLiwas followed by condensation with an aldehyde and
trapping of the resulting alkoxide with TMS-CL. The elimina-
tion of TMSO™ and sulfinate was conducted with either 10
equiv KO'Bu or 5 equiv LDA. Otera’s method is reagent
heavy and uses temperatures difficult to access on scale.
Double elimination strategies using benzotriazoles have
also been developed.' Our team has been interested in the
synthesis of alkynes.”® We have investigated the reversible
deprotonation of toluene derivatives with silylamides and
Cs" salts for use in C-C bond-forming reactions. Based on
these efforts we recently advanced a method for the con-
version of toluenes and methyl benzoates to diarylacety-
lenes."™ Reversible deprotonation of toluenes in the pres-
ence of methyl benzoate generates the benzylic organome-
tallic that adds to the ester, ultimately affording an enolate.
Reaction of this enolate with F-SO.CF.CF,CF,CF; (Nf-F)
and elimination with DBU generates the third bond of the
alkyne and furnished the diarylacetylenes. This procedure
could also be employed for a one-pot synthesis of enynes
from allylbenzenes (Scheme 1C).

Scheme 1. Previous work for the synthesis of diaryla-
cetylenes
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Recently, the synthesis of diarylacetylenes using a
Smiles rearrangement to generate a leaving group in situ
has been studied. This approach is similar to the Julia-Ko-
cienski olefination.™ In pioneering work, Jorgensen and col-
leagues synthesized dinitroacetylene derivatives (3) by
Smiles rearrangement of benzothiazolyl derivatives (lll)
(Scheme 2A)." Here, deprotonation of a keto sulfone (ll)
was followed by SnAr with a highly electron deficient aryl
fluoride (I). Next, enolization and the Smiles rearrangement
generated a heterocyclic leaving group (Cl-Bt-0O"). Although
this system only works for the synthesis of electron defi-
cient alkynes, it is conceptually interesting.

Building on this work, in 2019 Makosza reported that ni-
trobenzyl benzothiazol-2-yl sulfones (VI) reacted with ben-
zoyl chlorides at -70 °C to form a-sulfonyl ketone interme-
diates (lll). Similarly, PospiSil and Barbasiewicz presented
a one-pot protocol that enabled the straightforward trans-
formation of sulfones and acyl chlorides into ketones.'®
Those a-sulfonyl ketone intermediates (lll) underwent
enolization and Smiles rearrangement resulting in the for-
mation of the corresponding nitrophenyl arylacetylenes (3)
(Scheme 2B)."” By using similar sulfonyl ketone intermedi-
ates (lll), Loska and co-workers introduced a regioselective
elimination process for the synthesis of allenes.® Like the
Jorgensen approach, Makosza’s method works with nitro-
substituted aryl derivatives. Further, it requires low temper-
atures that would be difficult to scale and uses reactive
benzoyl chlorides.

Scheme 2. Smiles rearrangement-based acetylene syn-
thesis
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The work of Jorgensen and Makosza inspired us to ex-
plore the development of an alkyne synthesis with the
Smiles rearrangement that was not limited to the synthesis
of highly electron poor alkynes. Based on our experience in
the synthesis of alkynes (Scheme 1C), we envisioned that
the synthesis of keto-sulfonate intermediates, like those in
Scheme 2A and B, could be performed with inexpensive
and readily available methyl benzoates. Under basic condi-
tions, we envisioned a reaction of the benzylic sulfone 1-
(benzylsulfonyl)-3,5-di(trifluoromethyl)benzene under
basic conditions with methyl benzoates would provide a
more general approach to the Smiles rearrangement-based
method than those in Scheme 2A and 2B.

We started the reaction development and optimization
by using methyl benzoate (1a) and 1-(benzylsulfonyl)-3,5-
di(trifluoromethyl)benzene (2a) as model substrates and
THF as the solvent (Table 1, see Sl for full details on the op-
timization). We explored three different bases [LiN(SiMes)2,
NaN(SiMes)2, and KN(SiMes).] at 80 °C for 6 h (Table 1, en-
tries 1-3). Unfortunately, these conditions only gave traces
of the alkyne product. Considering the possible synergistic
effect between Li, Na, and K, we examined the combina-
tion between LiN(SiMes). and KN(SiMes). which generated
the target product 3aa in 19% yield. We next screened tem-
peratures with the bases LiN(SiMes). and KN(SiMes). (Table
1, entries 4-6). When LiN(SiMes). and KN(SiMes). were
added at 0 °C for 6 h, then heated at 80 °C for 24 h, the de-
sired product was generated in 20% yield (Table 1, entry 6).
These studies indicated that temperature is important be-
cause the byproducts benzonitrile (formed from methyl
benzoate reacting with the silylamide base) and stilbene
(from self-coupling of 1-(benzylsulfonyl)-3,5-di(trifluoro-
methyl)benzene) were formed in different amounts at dif-
ferent temperatures. These results inspired us to hypothe-
size that these two bases might have different roles in the
tandem reaction. We assumed that LiN(SiMes). mainly pro-
motes the condensation of 1-(benzylsulfonyl)-3,5-



di(trifluoromethyl)benzene with methyl benzoate to gener-
ate the key intermediate ketosulfones and their enolates. In
contrast, KN(SiMes). mainly facilitates the Smiles rear-
rangement. Based on this hypothesis, we changed the ex-
perimental procedure by adding the LiN(SiMes): first to the
mixture of methyl benzoate (1a) and 1-(benzylsulfonyl)-3,5-
di(trifluoromethyl)benzene (2a) with stirring for 6 h at 0 °C.
After that, KN(SiMes). was added with continued stirring for
24 h at 80 °C. After extensive optimization, the desired al-
kyne product was generated in 37% yield in a one-pot two-
step process (Table 1, entry 7). Under the conditions of en-
try 7, we observed the byproduct of the unreacted keto sul-
fones. The intermediate keto sulfone was isolated, and we
screened different solvents for the Smiles rearrangement.
The results showed that DME and 1,4-dioxane solvents
gave acceptable results (conditions listed in Sl Table S2). To
facilitate

Table 1. Optimization of Reaction Conditions

Q ©/\SOZ i) Base A O
O/ + THF, Ny, 6 h //
ii) Base B O
FaC CFs  Solvent, Ny, 24 h

2a 3aa

Entry? Base A Base B Solvent T (°C) AY?(%)
1 LiN(SiMes)2 THF 80 trace
2 NaN(SiMea)2 THF 80 trace
3 KN(SiMes)2 THF 80 trace
4 LiN(SiMe3)2 KN(SiMes)2 THF 80 19
5 LiN(SiMe3)2 KN(SiMes)2 THF 25-80 11
6 LiN(SiMe3)2 KN(SiMes)2 THF 0-80 20
7° LiN(SiMes)2 KN(SiMes), THF 0-80 37
8d LiN(SiMes)2 KN(SiMes)2 -II:I:IFI; 0-80 67/69¢°

aReactions conducted under nitrogen on 0.1 mmol scale. ?Assay yield
determined by GC integration with n-tetradecane as an internal stand-
ard. °LiN(SiMez)2 (0.4 mmol) at 0 °C for 6 h, then addition KN(SiMe3)2
(0.6 mmol) at 80 °C for 24 h. 9LiN(SiMes)2 (0.4 mmol) and THF (1.0 mL)
at 0 °C for 6 h, then addition KN(SiMes)2 (0.6 mmol) and DME (0.6 mL)

at 80 °C for 24 h. ®Isolated yield.

the operation, we added DME to the reaction mixture prior
to the Smiles rearrangement. Under these conditions, the
mixture of THF and DME was superior to THF alone (Table 1,
entry 8). Ultimately, our optimized conditions are 2.5 equiv
of methyl benzoate (1a), 1.0 equiv of 1-(benzylsulfonyl)-3,5-
di(trifluoromethyl)benzene (2a), 4.0 equiv of LiN(SiMes)2
and 1.0 mL of THF at 0 °C for 6 h, then addition of 6.0 equiv
of KN(SiMes)2 and 0.6 mL of DME to the reaction solution at
80°C for 24 h.

With the optimized reaction conditions in hand, the sub-
strate scope of methyl benzoate derivatives was explored
(Scheme 3). The product from use of methyl benzoate pro-
vided the isolated alkyne in 69% yield (3aa). When using
benzoyl chloride as a substrate instead of methyl benzoate,
the target product 3aa could also be obtained in 62% yield.
Methyl benzoate derivatives with electron-donating groups,
including 4-OMe (1b), 4-Ph (1¢), 4-'Bu (1d) and 4-OPh (1e),
showed good reactivity, producing alkynes 3ba-3ea in 41—
60% yields. Methyl benzoates possessing electronegative
or electron-withdrawing groups exhibited compatibility
with the procedure. Methyl 4-fluorobenzoate (1f) and

methyl 4-trifluoromethylbenzoate (1g) afforded 3fa and 3ga
in 47% and 51% yields, respectively. Methyl benzoates
bearing meta substituents 3-OPh (1h), 3-OMe (1i), 3-CF3 (1j)
and 3,5-OMe (1k) were also good coupling partners, giving
the target products 3ha-3ka in 48-53% vyields. A sterically
hindered methyl benzoate with a 2-OMe group (1l) was
used to obtain the corresponding product 3la in 38% yield.
m-Extended 2-naphthyl derivative (1m) was a viable sub-
strate, providing 3ma in 48% yield. Heterocyclic diaryl al-
kynes could be prepared by using N-methylpyrrole, pyridine
and quinoline as substrates, producing 3na-3ra in 35-59%
yields. Unfortunately, alkyl-substituted acid chlorides and
esters were not viable. (See Sl for details).

Scheme 3. Substrate Scope of Methyl Benzoates and
Benzoyl Chloride
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Next, we explored the substrate scope by using 1-(ben-
zylsulfonyl)-3,5-di(trifluoromethyl)benzene substituted
with various groups (Scheme 4). Using the 4-tert-butyl ben-
zyl derivative 2b, the alkyne product 3da was isolated in
58% yield. With a benzyl substituted with an electron-do-
nating 4-OMe (2c), the corresponding alkyne 3ba was iso-
lated in 40% yield. A substrate containing 4-F (2d) under-
went the transformation, but furnished 3fa in only 18%
yield. The sulfone containing 3-OMe (2e) produced 3ia in
48% yield while the m-extended 2-naphthalene derivative
reacted to furnish the product 3ma in 53% yield.

We were pleased to find that sulfones containing 4-'Bu
(2b), 4-OMe (2c), 3-OMe (2e) and 2-naphthalene (2f) cou-
pled with methyl quinoline carboxylate (1p) providing the
corresponding products 3pb-3pf in 43-70% yields. Simi-
larly, substrate 2d reacted with methyl 4-N,N-dimethyla-
mino benzoate 1s to provide the alkyne product 3sd in 27%



yield. It is worth noting that 3sd can repress c-myc expres-
sion in cancer cells.>

Scheme 4. Substrate Scope of 1-(benzylsulfonyl)-3,5-
di(trifluoromethyl)benzene

L|N(S|Me3)2 THF

O/\ __MNp0°C6h
) KN( S|Me3)2 DME
Cl

F3 Ny, 80°C, 24 h

1a, 1p, 1s 2a-2f 3ab-3sd
'Bu OM O F
‘/0 ‘/O ‘/‘O
3da (58% 3ba (40%) 3fa (18%) 3ia (48%)
3ma 53% 3pb (67%) 3pc (70%)
OMe I I
¢ O
Me,N
3pe (43%) 3pf (49%) 3sd (27%)

2Reactions conducted under nitrogen on 0.1 mmolscale, 1 mLTHF, 1a
(0.25 mmol), 2a (0.1 mmol), 4 equiv LiN(SiMes)2, 0 °C, and 6 h, then add
6 equiv KN(SiMes)2, 0.6 mL DME, 80 °C, 24 h.

To test the scalability of this alkyne synthesis, 5 mmol of
1-(benzylsulfonyl)-3,5-di(trifluoromethyl)benzene (2a) and
3,5-bis(trifluoromethyl)phenyl 2-naphthylmethyl sulfone
(2f) were reacted with methyl quinoline-6-carboxylate (1p)
(Scheme 5). A 48% yield of 3pa and a 43% yield of 3pf were
obtained.

Scheme 5. Scale up Synthesis

i) 4.0 equiv LiN(SiMe3),
50.0mL THF, 0°C, 6 h
—_—
ii) 6.0 equiv KN(SiMe3),
FsC CF.

=
3 30.0mL DME, 80 °C, 24 h O

1p, 12.5 mmol 2a, 5.0 mmol 3pa 48% yield
0.55 g
0 OO S0, i) 4.0 equiv LiN(SiMe3),
Z o~ + 50.0 mL THF, 0°C, 6 h
~ ii) 6.0 equiv KN(SiMe3), Z
N CF330.0 mL DME, 80°C, 24 h |
N
1p, 12.5 mmol 2f, 5.0 mmol 3pf, 43% yield
0.60g

To explore the mechanism of this one-pot synthesis of di-
aryl acetylenes, the following reactions were conducted
(Scheme 6). The result of entry 1 in Table 1 showed that in-
termediate B was first formed with the help of LiN(SiMes)..
Using 4 equiv LiN(SiMes). with methyl benzoate at 0 °C
formed intermediate B in 85% vyield (Scheme 6a). Under
standard conditions, no intermediate keto sulfone was ob-
served. Next, the pre-prepared intermediate B was reacted
with KN(SiMes). giving the corresponding product 3aa in
73% vyield (Scheme 6b). The combined yield in Scheme 6
(62%) is similar to the one-pot procedure (67%) and sug-
gests that neither step is high yielding.

Scheme 6. Isolation and Examination of Intermediates.
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Onthe basis of these studies, we proposed a mechanism
in Scheme 7. Reversible deprotonation of 2 generates A.
Reaction of A with methyl benzoate 1 forms intermediate
ketosulfonates B, which is deprotonated to give enolate C.
In the presence of the K* salt, which should exhibit greater
solvent separation, the Smiles rearrangement ensues with
loss of SOz and the leaving aryloxide, MOCgsHs(CFs3)2.
Scheme 7. Proposed Reaction Pathway
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In summary, we developed a transition metal-free dia-
rylacetylene synthesis mediated by LiN(SiMes). and
KN(SiMes).. It is possible that the need for the K* salt stems
from the higher expected solvent separation in the enolate,
which may contribute to the nucleophilicity of the enolate
and favor the first step in the Smiles rearrangement. The
carbon-carbon triple bond was successfully constructed
by Smiles rearrangement, albeit with low conversions in
some cases. By simple combination of methyl benzoate, 1-
(benzylsulfonyl)-3,5-di(trifluoromethyl)benzene,
LiN(SiMes). and KN(SiMes)., a variety of diphenylacetylenes
were produced. It is hoped that this chemistry draws in-
creased attention to the use of the Smiles rearrangementin
the one-pot synthesis of alkynes and leads to further devel-
opmentin this area.
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