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An unprecedented practical access to 1,3,5-triarylbenzenes has been
developed from chalcones with DMSO as a reaction partner and solvent.
This procedure involved a base-promoted addition of dimethyl sulfoxide
anion to chalcones, followed by an aldol-type cyclization. The results of
the isotopic labeling experiments indicated that one C of the central
benzene ring was derived from DMSO. In comparison to the reported
methods of preparing triarylbenzenes, this protocol could simultaneously
provide C3-symmetric and Cs-unsymmetric triarylbenzenes under obviously
milder reaction conditions (60 °C, 5 h). The diverse functionalized
triarylbenzenes were obtained in up to 82% yields for 24 examples.

1,3,5-Triarylbenzene is an important motif in advanced
functional materials,1 including electrode devices,2 optical
materials,3 and conducting polymers.4 They are also applied as
special ligands for synthesizing macromolecules.’ Therefore,
numerous methods have been developed for building such a
structure. Transition-metal catalyzed [2+2+2]
cyclotrimerizations of phenylacetylene have been widely
investigated (Scheme 1, eq 1),6 in which 1,2,4-triarylbenzenes
as side products is unavoidable. Condensation of aryl acetones
mediated by Lewis acids provides an alternative pathway
(Scheme 1, eq 2).7 These methodologies only provide Cs-
symmetrical 1,3,5-triarylbenzenes. Transition-metal-catalyzed
cross-coupling of 1,3,5-trihalobenzenes with boronates or
organometallic reagents have been proven to be a powerful
tool to build Cz-unsymmetric triarylbenzenes (Scheme 1, eq
3).8 However, there are some limitations with this strategy,
such as problematic substrates, producing excessive wastes
from halides and boronates or organometallic reagents,
requirement of transition-metal as well as complicate ligands.
Therefore, developing an efficient, clean pathway to construct
Cs-unsymmetric or Cs-symmetric triarylbenzenes is still in
demand. Herein, we disclosed an operationally simple
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methodology to simultaneously synthesize both Cz-symmetric
and Cz-unsymmetricl,3,5-triarylbenzene from easily available
chalcones and DMSO (Scheme 1, eq 4). DMSO was served as a
precursor methine unit (=CH—) to build the benzene ring. In
the literature, DMSO was served as a precursor methine unit
to form formaldehyde group.9 Establishing a benzene ring from
DMSO have no report.
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Scheme 1 Syntheses of C3-Symmetric and C3-Unsymmetric 1,3,5-Triarylbenzenes

The reaction of 1,3-diphenyl-2-propen-1-one (1a) was
initially conducted at 80 °C in the presence of NaOtBu as a
base in DMSO under air. 1,3,5-Triphenylbenzene (2a) was
obtained in 33% yield (Table 1, entry 1). No desired product
was observed in other solvents, such as toluene, THF, NMP
and HMPA (entries 2—-6). Further studies were focused on
screening of the bases. NaOH, KOH and KOtBu provided poor
yields (entries 7-9). Other base resulted in no reaction (entries
10-14). The yield was improved obviously, when the loading of
NaOtBu was increased to 4 equivalents (54%, entry 15).
Further exploration on loading of base indicated that 6
equivalents of NaOtBu could bring the highest yield of 77%
(entries 16-17). Moreover, the reaction could proceed
smoothly at 60 °C. The yields were decreased with increasing
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or decreasing the reaction temperature (entries 18-21). When
the reaction was carried out under the nitrogen and oxygen
atmospheres, or in the presence of 4 A MS, the yield was not
improved significantly (entries 22-24). Additionally, trace
amounts of product was found using 3 equivalents DMSO as
reactant when DMF was used as solvent (entry 25). Finally, the
optimal reaction conditions were identified as follows: NaOtBu
(6 eq) as a base and DMSO as the solvent at 60 °C for 5 h under
air.

Table 1 Optimization of reaction conditions to synthesize 1,3,5-triphenylbenzene®

2g, 2j). When Ar' were 2-naphenyl, 2-pyridinyl and 3-pyridinyl,
the reaction could proceed well and gave the corresponding
triarylbenzenes in 74%, 82%, and 45%, respectively (2k—m).
Compared to 2m, 2l was afforded in higher yield, perhaps due
to lower electron density at C-2 of pyridine ring.

Table 2 Substrate scope: variation of chalcones at Ar*®

Ph
o) Conditions
Ph P PhQPh
1a 2a
Entry Base (equiv) Solvent T(°C) Yield (%)b

1 NaOtBu (3) DMSO 80 33
2 NaOtBu (3) Toluene 80 none
3 NaOtBu (3) THF 80 none
4 NaOtBu (3) DMF 80 none
5 NaOtBu (3) NMP 80 none
6 NaOtBu (3) HMPA 80 none
7 NaOH (3) DMSO 80 11
8 KOH (3) DMSO 80 12
9 KOtBu (3) DMSO 80 15
10 Li(OH) (3) DMSO 80 none
11 NaOEt (3) DMSO 80 none
12 KsPO, (3) DMSO 80 none
13 NEt; (3) DMSO 80 none
14 DBU (3) DMSO 80 none
15 NaOtBu (4) DMSO 80 54
16 NaOtBu (5) DMSO 80 59
17 NaOtBu (6) DMSO 80 77
18 NaOtBu (6) DMSO 20 34
19 NaOtBu (6) DMSO 40 75
20 NaOtBu (6) DMSO 60 78
21 NaOtBu (6) DMSO 100 49
22° NaOtBu (6) DMSO 60 75
23¢ NaOtBu (6) DMSO 60 77
24° NaOtBu (6) DMSO 60 74
25 NaOtBu (6) DMF 60 trace

? Reaction conditions: 1a (0.25 mmol), solvent (2 ml), under air atmosphere for
5h. ®Isolated yield based on 1a. ©In the presence of 4 A MS. @ Under nitrogen
atmosphere. ¢ Under oxygen atmosphere. fomso (3 eq) was added.

With the optimized reaction conditions in hand, the
generality and scope of the substrates were investigated as
illustrated in Table 2. As for Arl, the para-methoxy and para-
tert-butyl substituted substrates afforded the desired products
in 63% and 49% vyields, respectively (Table 2, 2b, 2c). When Art
were para-fluoro and chloro phenyl groups, the vyields
decreased with their declining electronegativity (2d, 2e). The
slight influence of the steric hindrance on this reaction was
observed. For instance, 4'-methoxychalcone, 3'-
methoxychalcone, and 2'-methoxychalcone afforded the
corresponding products in 63%, 73%, and 47% yields (2b, 2f,
2i); 4'-fluorochalcone, 3'-fluorochalcone, and 2'-fluorochalcone

provided the desired products in 70%, 61%, and 40% yields (2d,
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“Under the optimized conditions, isolated yield.

Next, we explored the scope of Ar? (Table 3). When Ar?
were electron-donating groups, such as para-methoxy, para-
tert-butyl, and para-methylthio phenyl, could give moderate
yields (2n—p). 4-Fluorochalcone gave a higher yield than 4-
chlorochalcone (2q, 2r). Steric effects were still significant, 3-
methoxychalcone reacted better than 2-methoxychalcone (2t,
2u). When Ar® were 2-thienyl and ferrocenyl, the desired
products were afforded in 58% and 57% yields (2v, 2w). In
addition, C3-symmetric triarylbenzenes were also obtained in
good yields (2x, 2y). While, no product was observed for the
substrates substituted by hydroxyl or carboxyl group at para- or
ortho- position.

To clarify the reaction mechanism,
experiments were carried out. 3¢ labeled dimethyl sulfoxide
was used as solvent instead of DMSO for the reaction of 1-(2-
thienyl)-3-pheny-2-propen-1-one (1v) under the standard
reaction conditions. 4-*C-labeled 1-pheny-3,5-di(2-
thienyl)benzene (2v’) was obtained and identified by Bc NMR
spectra (Scheme 2, eq 5). The peak at 122.5 ppm became an
extremely strong signal. This result indicated that one single
carbon atom (instead of two symmetric carbon atoms) on the
benzene ring came from dimethyl sulfoxide. B-Methyl chalcone
could not give the desired product under the optimal reaction
condition (Scheme 2, eq 6). Therefore, the C-C bond between
B-carbon of chalcone and methyl of dimethyl sulfoxide was

some controlled
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suggested to be formed by the Michael addition. When
2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO) was added to
this reaction system, the reaction was significantly unaffected
(Scheme 2, eq 7), suggesting radical processes excluded in this
procedure.

Table 3 Substrate scope: variation of chalcones at Ar*®

Ph
o NaOtBu(6 eq), DMSO
PR A -
air, 60°C Ar2 Ar2
1 2
Ph
2n, 54% 20.53% 2p. 48%
Ph Ph
i F 3 CI
2q, 62% 2r, 46% 2s. 711%
Ph Ph Ph
O OMe
OMe ~ S,
oTUT OO U
OMe
OMe
2t 83% 2u, trace 2v. 58%
Ph O S~
@7/©© O ~ S
Fe Fe O O \_s W
2w, 57% 2x, 81% 2y°, 2%

“?Reaction conditions: 1 (0.25 mmol), NaOtBu (6 eq), DMSO (2 mL), 60°C, 5 h
under air, isolated yield; bsubstrate was 1,3-di-3-methylphenyl-2-propen-1-one; ©
substrate was 1,3-di-2-thienyl-2-propen-1-one.
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Scheme 2 Controlled experiments.

A plausible reaction mechanism for the formation of
triarylbenzenes from chalcones and DMSO was proposed and
depicted in Scheme 3. Initially, chalcones and DMSO went
through Michael addition via NaOtBu-mediated deprotonation
of dimethyl sulfoxide™® to form the intermediates A. Then A
the second Michael addition to form the
intermediates B. Next, a ring closure via demethylsulfinylation
and intramolecular [2+2] cycloaddition7a

proceeded

formed C, which was
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converted to arylformate and 1,3,5-triarylbenzenes via a

subsequent retro-[2+2] cycloaddition.7a
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Scheme 3 Plausible reaction mechanism.

Conclusions

In summary, we have developed an unprecedented protocol to
synthesize 1,3,5-triarylbenzenes under metal-free and air-
tolerant conditions. This substrates-available and operationally
simple method gives a rapid access to a variety of complicated
multiarylated benzenes. Further mechanism exploration and
utilization of this method is ongoing in this laboratory.
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e metal free and mild conditions
e compatible to acid-sensitive heterocycles
e tolerance of air and moisture

We presents a practical access to 1,3,5-triarylbenzenes from simple chalcones and DMSO, which
serves as solvent and precursor methine unit. This protocol could simultaneously provide a variety
of Cs-symmetric and C;-unsymmetric 1,3,5-triarylbenzenes under metal-free and mild reaction

conditions.



