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A rapid, efficient, and convenient synthesis of functionalized triarylmethane is described by the Friedel-
Crafts alkylation of methoxybenzenes with a variety of aldehydes in the presence of BF3-OEt,. The gen-
erality of the method is demonstrated by screening a variety of di- or tri-substituted arenes as well as
substituted aromatic, heteroaromatic, and aliphatic aldehydes. (—)-Tatarinoid C is synthesized in a single
step following the same protocol.

© 2014 Elsevier Ltd. All rights reserved.

Triarylmethanes (TRAMs) are privileged structural motifs that
are ubiquitous in dyes,! photo chromic agents,” and material sci-
ences.” Some of the triarylmethane derivatives are found useful
in medicinal and synthetic chemistry as protecting groups.* Addi-
tionally, substituted triarylmethanes are known to possess a wide
range of biological activities such as antitumor,” antifungal,® anti-
inflammatory,® antiviral,” antioxidant,® antitubercular,” as well as
anti-diabetes.'® TRAMs are also used as suitable building blocks
for generating dendrimers and non linear optical chromophores.''

Due to such a prevalence and prominence of TRAMs, numerous
methods have been reported for the synthesis of TRAMs. The clas-
sical approach for the synthesis of triarylmethane frameworks re-
lies on Friedel-Crafts reactions of activated aromatics on
aldehyde using various promoting systems.'? These promoting
systems mainly include various Lewis or Bronsted acids such as
(a) iodine;'>* (b) gold(lll) chloride;"*>'3¢ (¢) silica gel-supported
zinc bromide; "> (d) B(CgFs)s;'>¢ (e) MeSOsH; "> (f) [Ir(COD)Cl],-
SnCly;® (g) Yb(OTf)s; %2 (h) FeCls; "™ (i) H3PW;2040."%' Olah has re-
ported the reaction of non-activated arenes and aldehydes in the
presence of BF3-H,0.'* Recently, Friedel-Crafts alkylation of
1,2,4-trimethoxybenzene with aldehydes or benzylic alcohols in
the presence of trifluoromethanesulfonic acid afforded exclusively
the corresponding triarylmethanes.'® Though the reported meth-
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ods are satisfactory, some of these methods often suffer from one
or more drawbacks such as long reaction time,'>® need of expen-
sive toxic metals, harsh reaction conditions (e.g. high tempera-
tures, pressure vessels),’*"'® and poor yield of the desired
product. In this context it is desirable to develop a convenient
and rapid method for the synthesis of triarylmethanes.

Recently, BFs;-OEt; has been used as Lewis acid for various or-
ganic transformations.!” To the best of our knowledge there is no
report on the direct synthesis of triarylmethanes by the reaction
of substituted arenes with aldehyde using BFs3-OEt; as a catalyst.
Hence, as part of our'® work in the development of useful method-
ology for the synthesis of biologically active molecules, herein we
wish to report BF3-OEt, promoted rapid and efficient synthesis of
new diversely functionalized triarylmethane scaffolds in very high
yield under mild reaction conditions.

Initially, as a model reaction we attempted the reaction of 1,3-
dimethoxybenzene (2a, 2 mmol) with 3-nitrobenzaldehyde (1a,

MeO MeO OMe
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Scheme 1. Optimization of the reaction conditions.
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Table 1 Table 2 (continued)
Optimization of the reaction conditions®
Entry  Aldehyde Product Yield” (%)
Entry Catalyst (equiv) Solvent Time Yield® (%) oo
M < M
1 BF5-OEt, (0.01) DCM 4h 88 HO @CHO €0 O O OMe
2 BF5-OEt, (0.1) DCM 10 min 90 1
3 BF,-OEt, (1) DCM 5 min 96 9 MeO 04
4 BF5-OEt; (1.0) DCM 5 min 78 O 3ia
5 BF3-OEt; (1.0) THF 5 min 52
6 BF;-OEt; (1.0) Toluene 5 min 23 OH
7 BF3-OEt;, (0.0 DCM 24h -
3 2 (0.0) oHO MeO MeO OMe
@ All the reactions were conducted with 3-nitrobenzaldehyde 1a (1 equiv); 1,3- . O O
dimethoxybenzene 2a (2 equiv), in the presence of BF;-OEt; in 2 mL solvent at room 10 OH 1j MeO 93
temperature. OH 3ja
b Isolated yield. O
NCQ CHO MeO Meo ! OMe
Table 2 11 1k MeO o5
Synthesis of new substituted triarylmethanes® O 3ka
OMe
BF;. OFt, MeO MeO OMe N
CHO CH,Cl,
! - MeO
R! EEEE—— CHO MeO OMe
OMe 5 min, rt O O
OMe R! 12 NC 1 MO 91
O 3la
Entry  Aldehyde Product Yield® (%) CN
MeO
Q(‘HO MeO MeO O OMe Q CHO MeO O c O OMe
1m
1 ON la MeO 96 13 O MeO 92
U, ™ ool
NO,
c]OCHQ MeO MeO OMe MeO, MeO MeO, OMe
1b O O CHO O O
2 MeO 3ba 94 14 In MeO 93
O OMe O OMe 3na
a MeO
MeO MeO,
MeO OM
Qrow oy Q™
- O O MeO CHO
3 Me MeO 3ea 93 15 1o MeO s 92
O Me OMe O ome
MeO
MeO OMe OMe
MeO O CHO
O O HO, MeO MeO OMe
B CHO
1d 3da /
4 MeO OMe 95 HO 1p
O 16 McO 91
3pa
OMe O
QCHO MeO MeO, OMe B(OH),
5 NO, le O O 96 O/\O MeO MeO, OMe
- L)
NO,
CHO
O 17 MeO 94
1q (0] 3qa
CHO MeO MeQ OMe Br < O
OMe 1f O O o Br
Me 2
6 MeO ome 92 . MeO MeO, OMe
¢ . § O .
BrOCHO MeO Meo O OMe MeO 3ra
1g MeO
. MeO 3ga 95 QCHO MeO O O OMe
O g
19 MeO 93
Br ‘ 3sa
MeO,
CHO MeO OMe
@ MeO MeO OMe
1h
8 Br MeO 95 o CHO O O
20 94
o)
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Entry  Aldehyde Product Yield” (%)
MeO,
CHO MeO O O OMe
1
21 CHO " MeO 93

CHO 3ua

2 All products exhibited physical and spectral (NMR, Mass and IR) properties in
accordance with the assigned structure.
b Isolated yield.

1 mmol) in the presence of BF;-OEt; (1 equiv) in DCM at room tem-
perature (Scheme 1). When we performed the reaction of 3-nitro-
benzaldehyde and electron rich arene immediate color changes

simply by mixing the reagent BF;-OEt, in the reaction mixture
were observed. Fortunately, the reaction proceeded smoothly
within 5s at room temperature. After work-up triarylmethane
(3aa) was isolated as a sole product which was confirmed by ana-
lyzing spectral data (Table 2, entry 1). The formation of the desired
product was also confirmed by comparison with the spectral data
for product obtained from one of the available literature proce-
dures.”® We screened various reaction conditions like reaction
time, amount of BF3-OEt, and solvent nature (Table 1).

First we studied the different equivalents of BFs-OEt, and found
that 1 equiv of BFs3-OEt; was suitable for optimum conversion. The
reaction with less equivalents of BFs3-OEt, required longer reaction
time for completion of the reaction (Table 1, entries 2 and 3).

The control reaction without BFs3-OEt, was also performed, but
the formation of the desired product 3aa was not observed even

Table 3
Synthesis of substituted triarylmethanes®
Entry Aldehyde Arene Product Yield® (%)
Ph—-CHO OMe OMe OMe
1v O MeO OMe
1 MeO OMe O O 95
2b 3vb
OMe Ph OMe
CHO OMe OMe OMe
Me ' MeO OMe
1w MeO OMe O O
2b 3wb
2 OM, O OMe 96
Me
Ph—CHO OMe OMe OMe
v G MeO OMe
OM
: : OO .
2¢ 3ve
Ph
OMe OMe OMe
Me CHO MeO OMe
L)
2 3we
4 ¢ 95
Me
Ph—=CHO OMe MeO OMe
MeO OMe
lv Meo O O
5 ( z 96
2d 3vd
OMe
OMe Ph OMe
OMe MeO OMe
Me CHO MeO OMe
. MeO
1w 2d O O
OMe 3wd
6 OMe l oMe " 94
Me
Ph—CHO OMe OMe
MeO OMe
1v
2e
7 O ‘ dve 9
OMe Ph  OMe
OMe OMe
Me CHO MeO OMe
™ * O O
3we
8 93

OMe l OMe

Me

@ All products exhibited physical and spectral (NMR, Mass and IR) properties in accordance with the assigned structure.
b Isolated yield.
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after stretching the reaction time up to 24 h (Table 1, entry 7). Next
the effect of solvents was also tested by screening different sol-
vents like DCE, THF, toluene, and DCM (Table 1, entries 3, 4, 5,
and 6, respectively). The result demonstrated that DCM was a
highly effective solvent in terms of reaction time and yield. It is
worthy to mention that, the reaction worked very well in BF3-OEt,
without using harsh reaction conditions and gave the correspond-
ing TRAMs in a very high yield within very shorter reaction time at
rt as compared to the previous methods.!*!°

To determine the scope of this reaction, various methoxy ben-
zenes and substituted aldehydes were examined under optimized
conditions. We were delighted to find that the reaction of dime-
thoxybenzene and substituted aryl aldehydes resulted in high yield
of product in very short time. There was no substantial effect of
aryl aldehydes bearing electron withdrawing as well as electron
donating substituents at various positions on the reaction (Table 2,
entries 1-10, 14, and 15). The present reaction conditions tolerate
various groups like nitrile, boronic acid for example 4-cyanobenz-
aldehyde and 4-formylphenylboronic acid reacted rapidly with
1,3-dimethoxybenzene to furnish high yield of corresponding tri-
arylmethanes (Table 2, entries 11 and 16). Hindered aldehyde like
naphthaldehyde also underwent smooth reaction with dimethoxy-
benzene and resulted in good yield of product (Table 2, entry 13).

The generality of this protocol was further strengthened by
examining a variety of aldehydes. Furan-2-carboxaldehyde reacted
with 1,3-dimethoxybenzene in standard conditions to afford de-
sired TRAM in high yield (Table 2, entry 20). Similarly, 2,2-dimeth-
ylpropanal, 6-bromo-1,3-benzodioxole-4-carboxaldehyde, and
cyclohexanecarboxaldehyde reacted analogously with dimethoxy-
benzene and resulted in triarylmethanes, respectively (Table 2, en-
tries 17-19). The selectivity of the reaction was also established by
screening dialdehydes like phthalaldehyde which afforded selec-
tively the desired product 3ua (Table 2, entry 21). The method is
amenable for the synthesis of new compounds which are not pre-
pared earlier. It is worthy to mention that the present method is
relatively clean and isolation of product from reaction mixture is
only by filter column.

To further extend the scope of the method we were keen to ex-
plore other substituted arenes in this reaction under the optimized
reaction conditions. In this context we performed the reaction of
other di-substituted arenes like 1,2-dimethoxybenzene and 1,4-
dimethoxybenzene with different substituted aldehydes under
standard reaction conditions and found the formation of desired
products 3vc, 3wc, 3ve, and 3we (Table 3, entries 3, 4, 7, and 8).
Similar results were obtained with tri-substituted arenes like
1,2,4-trimethoxybenzene (Table 3, entries 1 and 2) and 1,3,5-tri-
methoxybenzene (Table 3, entries 5 and 6). We presumed that BFs_
-OEt;, promoted that present protocol may be a useful and alternate
addition to the rapid and efficient synthesis of new diversely func-
tionalized triarylmethane scaffolds in very high yield under mild
reaction conditions.

The developed protocol was successfully applied to rapid and
straightforward synthesis of phenylpropanoid natural product
(—)-tatarinoid C.'® When we treated chiral aldehydes 1x prepared
by reported method®® with 1,2,4-trimethoxybenzene under opti-
mized reaction conditions,?! we directly obtained the (—)-tatari-
noid C in very high yield within short reaction time (Scheme 2).
It is important to note that, under our conditions, two processes
Friedel-Crafts reactions and deprotection of the hydroxy group
were taking place rapidly in one pot which resulted in the very
high isolated yield of biologically important natural product (—)-
tatarinoid C. The 'TH NMR and C NMR spectral data of (—)-tatari-
noid C were in good agreement with the data previously reported
in the literature.'®

In conclusion, we have demonstrated operationally simple,
highly efficient, and rapid protocol for the synthesis of diversely

OMe
MeO
OMe O
o BF; OEt, OMe OMe
CH,CI, oH
Me — —_—
5 min, rt
OMe Me
oTBS oM 96% MeO
e (isolated yield) OMe

1x 2b (-) - tatarinoid C

Scheme 2. Rapid and efficient synthesis of (—)-tatarinoid C.

functionalized triarylmethane scaffolds by the Friedel-Crafts alkyl-
ation of substituted benzenes with aldehydes in the presence of
BF3-OEt,. Moreover, the developed method is general and applica-
ble for variety of aldehydes and arenes. The discovery and develop-
ment of this protocol led to the rapid and straightforward access to
biologically important phenylpropanoid natural product (—)-
tatarinoid C. This method ought to be of great value as a mild, ra-
pid, efficient, and a general procedure for the synthesis of diversely
functionalized triarylmethanes from readily available starting
materials. Further studies on the application of this methodology
for the synthesis of biologically important natural products is
currently ongoing in our laboratory and results will be published
elsewhere in due course.
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