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Synthesis of Triarylmethane Derivatives by Baeyer Condensation in a
Deep Eutectic Solvent

Le, Zhanggao Hu, Zhiyu Chen, Xuehua Yan, Liyuan Liu, Yishuai Xie, Zongbo™
(Jiangxi Province Key Laboratory of Synthetic Chemistry, East China University of Technology, Nanchang, Jiangxi 330013)

Abstract Triarylmethane derivatives and their syntheses are of great interest owing to their broad applicability in areas from
textiles to medicine. In this study, the green solvent [ChCI][ZnClz] synergistically promoted Baeyer condensation between
benzaldehyde and N-substituted aniline to efficiently synthesize triarylmethane derivatives with high para-selectivity. The
employed deep eutectic solvent acted as both a catalyst and green reaction medium for the reaction. Moreover, the deep eutec-
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tic solvent was reused several times in this procedure without significant loss of activity.
Keywords triarylmethane derivatives; deep eutectic solvents; Baeyer condensation; green chemistry

1 Introduction

The functionality of triarylmethane derivatives featuring
indoles or other electro-rich aryls has frequently been ob-
served in natural alkaloid products and employed in diverse
industrial, biological, and analytical applications.['! For
instance, in addition to their use in the textile industry to dye
wool, nylon, silk, leather, cotton, and polyacrylonitrile
fibers,™ they have also been applied in the medicinal field
as antifungal, antitubercular, anti-infective, and antimicro-
bial agents.[’) Owing to the intriguing biological activities of
triarylmethane derivatives, many studies have reported on
their synthesis, and the most common methods involve the
condensation of electron-rich arenes with aldehydes or
imines. The palladium-catalyzed arylation of aryl(azaaryl)-
methanes with aryl halides has also been developed.[¥

The reaction of arylaldehydes with N,N-dimethylaniline
is one of the most efficient methods for the synthesis of
triarylmethane derivatives. This reaction is usually carried
out in the presence of Brensted acids such as sulfuric acid,
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hydrochloric acid, methanesulfonic acid, and p-TSA, or
with Lewis acids such as zinc chloride, zeolites, montmo-
rillonite K-10, and polymer-supported sulfonic acid
(NKC-9).5! These catalysts have several advantages and
drawbacks. The main drawbacks are that they are non-
recoverable, corrosive, and require tedious workup for
product isolation.

Deep eutectic solvents (DESs) are particularly attractive
in organic synthesis owing to their facile recovery and
ability to dissolve both polar and nonpolar reactants.[57]
Recently, an efficient novel DES was prepared from the
reaction of choline chloride and zinc chloride that can be
used as a stable Lewis acid and green solvent for organic
syntheses.®1 Compared with other DESs, the advantages of
ChCV/ZnCl; are its easy synthesis, low melting point, high
purity, non-toxicity, biodegradability, and low price.l!
More and more researchers are using ChCl/ZnCl, to pro-
mote organic reactions. For instance, Morales et al.['%
found that Fischer indole synthesis can be performed in
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ChCl/ZnCl; to afford 2,3-disubstituted indoles by the reac-
tion of alkyl methyl ketones and phenylhydrazine. Fur-
thermore, in 2015, Mobinikhaledi and co-workers!''! in-
vestigated a four-component reaction of benzil, aldehyde,
ammonium acetate, and aniline in ChC/MCl, (M=Zn or
Sn). Because of the biological importance of triarylmethane
derivatives, and in continuation of our research on DESs,!'?]
we herein describe a simple and efficient way to synthesize
triarylmethane compounds by Baeyer condensation in a
DES ([ChCI][ZnCl,)).

2 Results and discussion

We initiated our studies using benzaldehyde (1a) and
N,N-dimethylaniline (2a) as model substrates to explore the
reaction conditions. Because the reaction media greatly
affect not only the organic reaction but also the catalytic
activity and stability of DESs, the effect of solvents on the
Baeyer condensation reaction was investigated (Table 1).
The results showed that the reaction did not proceed well in
conventional organic solvents, and no desired product 3a
was obtained (Table 1, Entries 1~6). Encouragingly, the
solvent played an important role in the model reaction. The
reaction in [ChCI][ZnCl,] gave the best yield of 25% after 4
h at 80 ‘C (Table 1, Entry 11), whereas other tested sol-
vents such as [ChCl][Citric acid] and [ChCI][ZnCl], gave
low yields (Table 1, Entries 10 and 12, respectively).
Therefore, [ChCI][ZnCl,] was chosen as the optimal solvent
for subsequent studies. Next, two groups of control ex-
periments (Table 1, Entries 13 and 14) showed that the use
of either a Lewis acid or quaternary ammonium salt to
separately catalyze the condensation reaction did not yield
satisfactory results. To further optimize the reaction condi-
tions, the effect of temperature on the model reaction was
investigated (Table 1, Entries 15~ 19). Increasing the
temperature increased the yield of the reaction, and con-
ducting the reaction at 130 C gave the best yield of 55%
(Table 1, Entry 19). Moreover, extending the reaction time
to 6 h increased the yield to 56% (Table 1, Entry 23), alt-
hough continuing the Baeyer condensation reaction further
did not significantly increase the yield. Generally, the yield
increased with the reaction time, but only at the early stage;
at later stages, the yield remained basically unchanged.
Upon increasing the amount of benzaldehyde from 0.2
mmol to 0.4 mmol, the condensation conversion rate in-
creased from 55% to 80% (Table 1, Entries 24~28).

With the optimized reaction conditions established, a
wide range of benzaldehyde (1a) and N,N-dimethylaniline
(2a) substrates with different substituents was investigated
in the Baeyer condensation reaction (Table 2). Initially, a
large number of groups on the benzaldehyde (1a) moiety
were examined under the standard conditions. Various
substituents connected to the para-position of the benzene
ring bearing either electron-rich or electron-deficient groups
(1b~1f), such as NO,, Cl, Br, Me, and OMe, were proved
to be suitable substrates with the current conditions and
efficient for the transformation, giving rise to the corre-
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Table 1 Optimization of the reaction conditions”

N

1a 2a 3a |

Entry Solvent Catalyst Temp./°’C Time/h Yield?/%
1 H0 None 80 4 0
EtOH None 80 4 0
3 MeOH None 80 4 0
4 MeCN None 80 4 0
5 DMF None 80 4 0
6 DMSO None 80 4 0
7 [ChCI][Urea]2 None 80 4 0
8 [ChCI][Glucose] None 80 4 0
9 [ChCI][Glycerinum] None 80 4 0
10 [ChCI][Citric acid] None 80 4 13
11 [ChCI][ZnCl2] None 80 4 25
12 [ChCI][ZnClL2]2 None 80 4 10

ChCI (30
13 None mol%) 80 4 Trace
ZnCl2 (30

14 None mol%) 80 4 15
15 [ChCI][ZnCl2] None 60 4 <1
16 [ChCI][ZnCl2] None 100 4 30
17 [ChCI][ZnCl2] None 110 4 34
18 [ChCI][ZnCl2] None 120 4 49
19 [ChCI][ZnCl2] None 130 4 55
20 [ChCI][ZnCl2] None 140 4 56
21 [ChCI][ZnCl2] None 130 1 37
22 [ChCI][ZnCl2] None 130 2 43
23 [ChCI][ZnCl2] None 130 6 56
24 [ChCI][ZnCl2] None 130 8 55
25¢ [ChCI][ZnCl:] None 130 4 54
26¢ [ChCI][ZnCl2] None 130 4 70
27¢ [ChCI][ZnCl:] None 130 4 80
28/ [ChCI][ZnCl2] None 130 4 79

© 2021 Chinese Chemical Society & SIOC, CAS

@ Unless otherwise noted, reaction conditions: benzaldehyde (0.2 mmol),
N,N-dimethylaniline (0.4 mmol). ?Isolated yield after silica gel column chro-
matography. ¢ Benzaldehyde (0.3 mmol), N,N-dimethylaniline (0.4 mmol).
4Benzaldehyde (0.2 mmol), N,N-dimethylaniline (0.5 mmol). ¢ Benzaldehyde
(0.4 mmol), N,N-dimethylaniline (0.4 mmol). / Benzaldehyde (0.5 mmol),
N,N-dimethylaniline (0.4 mmol).

sponding products 3b~3f in good yields (Table 2, 66%~
81%). Moreover, the substituents and their positions clearly
affected the reactivity of the aldehyde. Low reactivities
were observed for 3-Br and 2-Br benzaldehydes (3g and 3i,
respectively). Subsequently, the reaction proceeded well
with heterocyclic aldehydes, such as furfuraldehyde and
thiophene 2-carbaldehyde, providing derivatives 3j (68%)
and 3k (48%), respectively. But 4-pyridinecarboxaldehyde
(11) showed no reactivity under the same conditions, prob-
ably because of the lower electron density at the pyrid-
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Table 2 Substrate scope for the reaction®

R2. _R®
N

O) @ [ChCI][ZnCIz] 130°C | X O
B 2
X o

1a~1k 2a~2b

;
R'3a~3m |'23

N

” ON

3a, 80% 3b, 81%

3¢, 81%

3d, 71% 3e, 79%

@?.@?.

Br

3f, 66% 39, 56% 3h, 61%

otam

3n, 67%

3l, n.d. 3m, 30%

3i, 38% 3j, 68% 48%

3o, 78%

3p, 63%

4 All reactions were performed using 1 (0.4 mmol) and 2 (0.4 mmol) at 130 ‘C under DES. Isolated yields after silica gel column chromatography.

ine ring. In addition, several fatty aldehydes, which were
typically prone to undergo oxidation and hence difficult to
manipulate as substrates, were also examined. As expected,
simple fatty aldehyde 1m underwent the reaction smoothly
to afford the corresponding product 3m in low yields. The
scope of the proposed method was extended to other
amines. In addition to N,N-dimethylaniline, various sub-
stituted arylamines were also used as substrates (Table 2,
3n~30). Excellent yields were obtained with triarylme-
thane derivatives for a variety of N-substituted anilines.
Interestingly, the electron-rich arene, 1,3,5-trimethoxy-
benzene (2¢), was also tolerated as a substrate in the trans-
formation (Table 2, 3p).

Based on these experimental results and previous re-
ports,['?] the reaction likely proceeds through the activation
of a carbonyl group by the coordinating DES replacing the
Lewis acid to give intermediate I, after which N,N-dimethyl
aniline attacks I to give II. After proton rearrangement to
give III, the other N,N-dimethyl aniline is added to give an
IV-DES activated complex. The loss of DES-OH  affords
V, and deprotonation of V gives the product VI. The pro-
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posed reaction mechanism is shown in Scheme 1.

The recovery and reusability of the catalyst and DES are
necessary for economic and environmental reasons.
Therefore, in the final step of this study, the operational
stability (recyclability) of [ChCl][ZnCl,] was explored in
the model reaction. After completion of the model reaction,
ethyl acetate and water were added to the reaction mixture
to extract 4,4'-(phenylmethylene)bis(N,N-dimethylaniline).
The DES was then recovered by evaporation of the aqueous
layer and used for five consecutive runs. The data presented
in Figure 1 show that the yield of the product decreased only
slightly after each run. Therefore, these results are useful for
future industrial applications and environmental protection.

3 Conclusions

In summary, we developed a robust [ChCl][ZnCl,] DES
to synergistically promote the Baeyer condensation of
benzaldehyde derivatives with N-substituted anilines,
which provides straightforward access to triarylmethane
derivatives. The reaction proceeds for a wide range of sub-
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Figure 1 Recyclability of [ChCI][ZnCl.] for the Baeyer con-
densation reaction

strates with high para-selectivity, and the desired diversi-
fied products were obtained in good to excellent isolated
yields. Notably, the [ChC1][ZnCl;] solvent was easily sep-
arated from the reaction mixture by an external solvent and
reused, which makes the protocol economical and sustain-
able.

4 Experimental section

4.1 Instruments and reagents

"H NMR and "*C NMR spectra were recorded at 25 C
on a Bruker Advance 500 MHz NMR spectrometers. High-
resolution mass spectra (HRMS) were measured on an LTQ
Orbitrap XL mass spectrometer instrument with an elec-
trospray ionization (ESI) source (Thermo Scientific). The
melting points were measured on a WRS-2A microcom-
puter meter from Shanghai INESA Physico-Optical In-
strument Co., Ltd. Unless otherwise specified, all solvents
and reagents purchased from commercial sources or syn-
thesized via literature protocol and used without further
purifications. All the reagents were purchased from Aladdin
® in Shanghai. Products purification was done using silica
gel (200~300 mess) column chromatography. Thin-layer
chromatography (TLC) was carried out with silica gel
GF254 plates.
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4.2 General procedure for the synthesis of DESs

For the preparation of this deep eutectic solvent, a mix-
ture of halide salts (2 mmol) and hydrogen bond donors (2
mmol) was heated to 100 C until a clear colorless liquid
appeared, then allowed to cool at room temperature and
used without further purification.!']

4.3 General procedure and characterization for the
preparation of 3

A mixture 1 (0.4 mmol) and 2 (0.4mmol) was stirred in
[ChCI][ZnCl;] at 130 ‘C for 4 h. After completion of
reaction [monitored through thin-layer chromatography
(TLC)], the mixture was cooled to room temperature,
poured into a vessel containing distilled water and then
extracted with ethyl acetate (15 mL X 3). The combined
organic phase was dried over Na,SOs, then the solvent was
removed. The crude product was then purified by column
chromatography using petroleum ether/ethyl acetate as
eluent and silica gel 200~300 mesh.

4,4'-(Phenylmethylene)bis(N,N-dimethylaniline)  (3a):
White solid, m.p. 95.1~95.9 ‘C (Lit.['" 92~93 C); 'H
NMR (500 MHz, CDCl3) d: 7.26~7.23 (m, 2H), 7.16 (d,
J=6.1 Hz, 1H), 7.13 (d, J=7.1 Hz, 2H), 6.98 (d, J=28.4
Hz, 4H), 6.67~6.64 (m, 4H), 5.37 (s, 1H), 2.90 (s, 12H);
BC NMR (126 MHz, CDCl;) d: 148.94, 145.43, 132.87,
129.94, 129.35, 128.06, 125.77, 112.53, 54.99, 40.74.

4,4'-((4-Nitrophenyl)methylene)bis(N,N-dimethylani-
line) (3b): Yellow solid, m.p. 175.6~177.3 C (Lit.l']
178~179 “C); '"H NMR (500 MHz, CDCl3) 6: 7.31~7.27
(m, 4H), 6.95 (d, J=8.6 Hz, 4H), 6.68 (d, J/=28.6 Hz, 4H),
5.46 (s, 1H), 2.93 (s, 12H); ¥C NMR (126 MHz, CDCl3) &:
146.08, 139.97, 130.51, 130.07, 129.83, 124.32, 123.39,
112.51, 54.82, 40.63.

4,4'-((4-Chlorophenyl)methylene)bis(N,N-dimethylani-
line) (3¢): White solid, m.p. 98.3~98.9 ‘C (Lit.['Y1 88~
89 C); 'H NMR (500 MHz, CDCl3) §: 7.21 (d, J=8.4 Hz,
2H), 7.05 (d, J=8.4 Hz, 2H), 6.95 (d, /=8.7 Hz, 4H), 6.67
(d, J=8.7 Hz, 4H), 5.34 (s, 1H), 2.91 (s, 12H); '*C NMR
(126 MHz, CDCl3) ¢: 149.00, 144.06, 131.55, 130.72,
129.91, 129.48, 128.22, 112.62, 54.37, 40.80.

4,4'-((4-Bromophenyl)methylene)bis(N,N-dimethylani-
line) (3d): White solid, m.p. 118.2~119.6 C (Lit.['!
119~120 C); '"H NMR (500 MHz, CDCls) §: 7.35 (d, J=
8.4 Hz, 2H), 7.07~6.92 (m, 6H), 6.67 (dd, J/=16.8, 8.7 Hz,

Chin. J. Org. Chem. 2021, 41, 4415~4420



Chinese Journal of Organic Chemistry

4H), 5.31 (s, 1H), 2.90 (s, 12H); '3C NMR (126 MHz,
CDCls) 0: 148.98, 144.58, 132.33, 131.16, 130.91, 129.93,
119.72, 112.66, 54.46, 40.83.
4,4'-(p-Tolylmethylene)bis(V,N-dimethylaniline)  (3e):
White solid, m.p. 103.3~104.8 ‘C (Lit.'196~97 °C); 'H
NMR (500 MHz, CDCl) é: 7.06 (d, J=7.9 Hz, 2H), 7.01
(d, J=8.1 Hz, 2H), 6.98 (d, /=8.7 Hz, 4H), 6.66 (d, J=8.7
Hz, 4H), 5.34 (s, 1H), 2.89 (s, 12H), 2.30 (s, 3H); *C NMR
(126 MHz, CDCl;) ¢: 148.92, 142.50, 135.27, 133.22,
129.98, 129.28, 128.86, 112.65, 54.65, 40.87, 21.09.
4,4'-((4-Methoxyphenyl)methylene)bis(N,N-dimethyla-
niline) (3f): White solid, m.p. 100.0~102.5 ‘C (Lit.l'¥
104~105 °C); '"H NMR (500 MHz, CDCl;) §: 7.03 (d, J=
8.7 Hz, 2H), 6.97 (d, /=8.7 Hz, 4H), 6.80 (d, /=38.7 Hz,
2H), 6.68 (d, J=8.6 Hz, 4H), 5.33 (s, 1H), 3.77 (s, 3H), 2.91
(s, 12H); '3C NMR (126 MHz, CDCI;) d: 157.70, 148.78,
137.61, 133.50, 130.26, 129.93, 113.48, 112.72, 55.25,
54.16, 40.92.
4,4'-((3-Bromophenyl)methylene)bis(N,N-dimethylani-
line) (3g): White solid, m.p. 115.2~116.9 C (Lit.l'™
113~114 °C); '"H NMR (500 MHz, CDCl;) 6: 7.29~7.27
(m, 1H), 7.11 (t, J=7.7 Hz, 1H), 7.05 (d, J=7.6 Hz, 1H),
6.95 (d, J=8.6 Hz, 4H), 6.68 (d, J=28.7 Hz, 4H), 5.33 (s,
1H), 2.92 (s, 12H); 3C NMR (126 MHz, CDCls) J: 148.99,
147.94, 132.29, 129.93, 129.68, 129.50, 129.02, 128.08,
122.41, 112.68, 54.75, 40.81.
4,4'-(m-Tolylmethylene)bis(N,N-dimethylaniline) (3h):
White solid, m.p. 87.5~88.8 ‘C (Lit.') 85 ‘C); 'H NMR
(500 MHz, CDCls) ¢: 7.14 (t, J=7.5 Hz, 1H), 7.05 (d, J=
8.4 Hz, 1H), 6.98 (d, /=8.5 Hz, 5H), 6.91 (d, /=7.7 Hz,
1H), 6.66 (d, J=8.6 Hz, 4H), 5.33 (s, 1H), 2.89 (s, 12H),
2.27 (s, 3H); 3C NMR (126 MHz, CDCl;) §: 148.95,
145.39, 137.63, 133.06, 130.18, 130.02, 129.49, 128.02,
126.67, 126.50, 113.15, 112.62, 55.02, 40.86, 21.61.
4,4'-((2-Bromophenyl)methylene)bis(N,N-dimethylani-
line) (3i): White solid, m.p. 1459 ~147.2 °C (Lit.'¥]
151~152 °C); '"H NMR (500 MHz, CDCl;) §: 7.54 (d, J=
9.0 Hz, 1H), 7.19 (t, J/=7.0 Hz, 1H), 7.05 (d, J=7.7 Hz,
1H), 6.99 (d, /=7.8 Hz, 1H), 6.94 (d, J/=8.6 Hz, 4H), 6.68
(d, J=8.1 Hz, 4H), 5.76 (s, 1H), 2.92 (s, 12H); '*C NMR
(126 MHz, CDCl;) ¢: 148.77, 144.46, 132.84, 131.25,
130.13, 129.46, 127.52, 127.03, 125.45, 112.57, 54.10,
40.80.
4,4'-(Furan-2-ylmethylene)bis(N,N-dimethylaniline)
(3j): White solid, m.p. 89.6~91.0 'C (Lit.'189~90 C);
'HNMR (500 MHz, CDCls) §: 7.37~7.32 (m, 1H), 7.04 (d,
J=8.7Hz,4H), 6.70 (d, /=8.4 Hz, 4H), 6.28 (dd, J=3.1,
1.9 Hz, 1H), 5.88 (d, J/=3.2 Hz, 1H), 5.28 (s, 1H), 2.91 (s,
12H); '3C NMR (126 MHz, CDCl3) §: 158.22, 149.08,
141.51, 130.85, 129.46, 129.25, 112.82, 109.90, 107.57,
49.02, 40.87.
4,4'-(Thiophen-2-ylmethylene)bis(N,N-dimethylaniline)
(3k): White solid, m.p. 88.8~89.4 ‘C (Lit.'183~84 C);
"H NMR (500 MHz, CDCl;) &: 7.15 (dd, J=5.1, 1.2 Hz,
1H), 7.08 (d, J/=8.7 Hz, 4H), 6.90 (dd, J=5.1, 3.5 Hz, 1H),
6.68 (dd, J=11.0, 3.9 Hz, 5H), 5.50 (s, 1H), 2.91 (s, 12H);
3BC NMR (126 MHz, CDCl3) 6: 150.08, 149.09, 132.82,
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129.33,126.37, 125.68, 123.95, 112.50, 50.29, 40.73.
4,4'-(3-Methylbutane-1,1-diyl)bis(V,N-dimethylaniline)
(3m): Colourless oil (Lit.'3 liquid, b.p.>250 C); 'H
NMR (500 MHz, CDCl3) 6: 7.11 (d, J=8.5 Hz, 4H), 6.78 ~
6.64 (m, 4H), 3.85 (t, J=8.0 Hz, 1H), 2.90 (s, 12H), 1.86~
1.79 (m, 2H), 1.44 (dt,J=13.3, 6.6 Hz, 1H), 0.90 (d, J=6.6
Hz, 6H); '*C NMR (126 MHz, CDCl;) J: 149.04, 148.83,
134.57, 129.45, 128.36, 113.12, 112.96, 46.78, 45.50,
41.02, 40.94, 39.91, 25.56, 22.75.
4,4'-(Phenylmethylene)bis(N-methylaniline) (3n): White
solid, m.p. 105.3~107.9 ‘C (Lit.['" 104 ‘C); '"H NMR
(500 MHz, CDCl3) d: 7.27 (s, 1H), 7.24 (s, 1H), 7.18 (d,
J=1.3 Hz, 1H), 7.12 (d, J=7.2 Hz, 2H), 7.01 (d, J=8.4
Hz, 1H), 6.93 (d, /=8.4 Hz, 4H), 6.62~6.52 (m, 5H), 5.36
(s, 1H), 2.81 (s, 6H); '3C NMR (126 MHz, CDCls) 4:
147.18, 145.30, 133.74, 130.09, 129.32, 128.07, 125.81,
112.45,55.12, 31.03.
4,4'-(Phenylmethylene)bis(N,N-diethylaniline) (30):
White solid, m.p. 64.1~66.4 C (Lit.'® 63~64 C); 'H
NMR (500 MHz, CDCl3) d: 7.24 (d, J=4.9 Hz, 2H), 7.16 (t,
J=7.4 Hz, 3H), 6.95 (d, J=8.5 Hz, 4H), 6.59 (d, J=28.5
Hz, 4H), 5.33 (s, 1H), 3.31 (q, J=7.0 Hz, 8H), 1.13 (t, J=
7.0 Hz, 12H); '3C NMR (126 MHz, CDCls) &: 146.06,
145.76, 131.60, 130.17, 129.43, 128.06, 125.72, 111.54,
54.92,44.34, 12.69.
2,2'-(Phenylmethylene)bis(1,3,5-trimethoxybenzene)
(3p): Colourless oil. 'H NMR (500 MHz, CDCl5) d: 7.15 (4,
J=17.6 Hz, 2H), 7.05 (t, J/=6.3 Hz, 3H), 6.22 (s, 1H), 6.11
(s, 4H), 3.78 (s, 6H), 3.50 (s, 12H); *C NMR (126 MHz,
CDCl3) o6: 159.87, 159.12, 145.64, 127.77, 127.09, 124.21,
114.29, 91.88, 56.21, 55.17, 37.07, HRMS calcd for
CasH2906 [M+H]" 425.1959, found 425.1957.

Supporting Information 'H NMR and '3C NMR spectra
of compounds 3a~3p. The Supporting Information is
available free of charge via the Internet at http://sioc-
journal.cn/.
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