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nt-free synthesis of aniline- and
phenol-based triarylmethanes via Brönsted acidic
ionic liquid catalyzed Friedel-Crafts reaction†

Nipaphorn Ponpao,a Warapong Senapak,a Rungnapha Saeeng,ab

Jaray Jaratjaroonphong ab and Uthaiwan Sirion *ab

A beneficial, scalable and efficient methodology for the synthesis of aniline-based triarylmethanes has been

established through the double Friedel-Crafts reaction of commercial aldehydes and primary, secondary or

tertiary anilines using Brönsted acidic ionic liquid as a powerful catalyst, namely [bsmim][NTf2]. This protocol

was successfully performed under metal- and solvent-free conditions with a broad range of substrates,

giving the corresponding aniline-based triarylmethane products in good to excellent yields (up to 99%).

In addition, alternative aromatic nucleophiles such as phenols and electron-rich arenes were also studied

using this useful approach to achieve a diversity of triarylmethane derivatives in high to excellent yields.
Introduction

Triarylmethanes (TRAMs) are valuable pharmacophores pos-
sessing a diversity of biological activities.1 In particular, triar-
ylmethanes are found in natural products2 and are utilized as
versatile compounds for photochromic agents,3 dyes,4 uores-
cent probes,5 and are employed as building blocks in synthesis.6

Among these compounds, aniline- and phenol-based TRAMs
are of growing importance because of their interesting proper-
ties4 and shown promising biological activities1a,1q,1x (Fig. 1).

In particular, primary aniline-based TRAMs were usually
employed as monomers for the preparation of polyamides,
which are useful in several applications for material science.6 In
addition, amino and hydroxy groups on benzene rings of
primary aniline- and phenol-based TRAMs can be easily con-
verted into various functional groups that could be precursors
for the preparation of diverse TRAMs.7 Therefore, synthetic
strategies of such these compounds are highly desirable.

Although, many methods are available for the preparation of
aniline-based TRAMs, most are derived from tertiary anilines.4k,8

Whereas, the synthetic methods for aniline-based TRAMs from
primary and secondary anilines are still very limited. These
syntheses suffer from drawbacks such as corrosive acid or toxic
metal catalysts, harsh conditions (high temperature and/or
microwave irradiation), using organic solvents and limited
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tion (ESI) available. See DOI:

2709
substrate scope.1a,6c,6d,6e,6f,6g,9 In 2005, Mart́ınez-Palou and co-
workers rst reported the synthesis of primary, secondary and
tertiary aniline-based triarylmethanes catalyzed by aniline
hydrochloride salt (PhNH2$HCl) under microwave irradiation or
high reaction temperature9a (Scheme 1A). Recently, Afonso and
co-workers reported the synthesis of secondary aniline-based
triarylmethanes using ytterbium-catalyzed Friedel-Cras reac-
tion in acetonitrile solvent under high pressure (9 kbar).
However, only unsubstituted secondary anilines were successful
and primary and tertiary anilines failed1a (Scheme 1B).

At present, high performance, non-toxic, inexpensive, stable
and reusable catalysts are gaining considerable attention for
green synthesis. In particular, practical andmetal-free reactions
are strongly desirable for environmentally and economically
sustainable processes. Brönsted acidic ionic liquids (BAILs) are
among the most desirable catalysts in the green context. They
have evolved as remarkable acid catalysts for numerous organic
reactions in past decades.10 BAILs are privileged catalysts with
moisture resistance, air tolerance, non-volatility, thermal
Fig. 1 Examples of important aniline- and phenol-based
triarylmethanes.

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Scheme 1 Schematic synthesis of aniline- and phenol-based triaryl-
methanes (A–D).

Fig. 2 Brönsted acidic ionic liquids (BAILs).
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stability, low-toxicity, environment-friendly, less corrosive, easy
to handle, inexpensive, reusable, good solubility with many
organic compounds and practical use even on a gram-scale
synthesis. In contrast traditional Brönsted and Lewis acids
generally involve some disadvantages such as corrosive acids,
toxic metal catalysts, unstable, moisture sensitive, environ-
mental contaminants and not reusable.

Friedel-Cras reactions are classical and valuable tools for
the synthesis of a variety of organic compounds.10d,10k,10l,11,12

However, to the best of our knowledge, examples of using BAILs
as catalysts in Friedel-Cras reactions for the synthesis of tri-
arylmethanes are extremely rare to date.10c,10d,10e In 2014
a Brönsted acidic ionic liquid, [HSO3-pmim][OTf] was employed
for stimulating the synthesis of triarylmethane derivatives from
electron-rich arenes10d (Scheme 1C).

Based on these concepts, aniline-based triarylmethanes
become our goals for searching a novel synthetic strategy under
green conditions. Herein, a highly efficient and convenient
methodology for the synthesis of a variety of aniline-based tri-
arylmethanes via double Friedel-Cras reaction catalyzed by
Brönsted acidic ionic liquid is presented. The reaction was con-
ducted using commercially available aromatic/heteroaromatic
aldehydes and various primary, secondary or tertiary anilines
under metal- and solvent-free conditions. Furthermore, several
kinds of aromatic nucleophiles such as phenols and electron-rich
arenes were also studied employing this protocol to achieve
a diversity of triarylmethane derivatives (Scheme 1D).
Results and discussion

Brönsted acidic ionic liquid based-imidazonium cations, as
shown in Fig. 2, were selected and prepared following a previous
procedure10b,10c and employed as catalysts for this approach.
© 2021 The Author(s). Published by the Royal Society of Chemistry
The synthesis of aniline-based triarylmethanes using a Frie-
del-Cras reaction catalyzed by a Brönsted acidic ionic liquid
was explored using readily available 4-nitrobenzaldehyde (1a)
and aniline (2a) as model substrates (Table 1). The possibility
preparing a range of products was investigated by including
para–para (pp), para–ortho (po) and ortho–ortho (oo) isomers.
This methodology afforded the para–para (pp) isomer as a major
product and para–ortho (po) isomer as a minor product, whereas
the ortho–ortho (oo) isomeric product was not formed.

Initial optimization reaction conditions were performed by
treatment of 1a (1.0 mmol) and 2a (3.0 mmol) in the presence of
10 mol% of Brönsted acidic ionic liquid (I) under solvent-free
conditions (entries 1–4). The results showed that room
temperature did not give the desired product (3a) even aer
12 h, while a trace amount of isomeric product (4a) was
observed along with intermediate (5a) in 15% yield (entry 1).
Product 3a was obtained when performing the reaction at
elevated temperature (80 �C) giving a moderate yield aer 12 h
(58%, entry 2). Surprisingly, the chemical yield of 3a was
improved when reducing the reaction time, produced 71% at
3.0 h (entry 3) and was unchanged at 1.5 h (70% yield, entry 4).
Subsequently, the amount of catalyst I was screened and the
results indicated that 20 mol% led to an increase in yield of 3a
to 78% (entry 5), whereas 5 mol% gave an inferior result (65%,
entry 6). To improve the product yield, a slightly higher reaction
temperature (100 �C) was tried with 20 mol% of catalyst I for
1.5 h, resulting in a lower yield (71%, entry 7). However, a higher
yield of 3a was achieved when increasing the amount of aniline
(2a) (entries 8 and 9), in which 5.0 equivalent of 2awas sufficient
to provide the highest yield of 90% (entry 8).

For comparison, the reaction using water and toluene
solvent was investigated. In the case of water, a moderate yield
of major product (3a) was produced (48%) and minor product
(4a) with 5% yield along with intermediate (5a) at 25% (entry
10). This result suggests that the reaction was not completed,
probably due to poor solubility of organic substrates in the
water system. While toluene afforded a high yield of 3a at 84%
but lower than solvent-free conditions (entry 11 vs. 8).

Under the same conditions, various Brönsted acidic ionic
liquid catalysts (II–III), which consists of different counter-
anions were examined (entries 12–13). Catalyst II having OTf
anion and catalyst III having pTsO anion, both gave diminished
yields of 3a in 75% and 46%, respectively. This discloses that
the activity of catalysts depends on the acidity of the counter
anion and the NTf2 anion exhibits a better catalytic activity for
this protocol than the OTf and pTsO anions. This could be due
to the NTf2 anion, which is derived from traditional acid
RSC Adv., 2021, 11, 22692–22709 | 22693
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Table 1 Optimization of the reactiona

Entry

Substrate (mmol)

Catalyst (mol%) Time (h)

Yieldb (%)

1a 2a 3a 4a 5a

1c 1.0 3.0 I (10) 12.0 0 Trace 15
2 1.0 3.0 I (10) 12.0 58 7 —
3 1.0 3.0 I (10) 3.0 71 9 —
4 1.0 3.0 I (10) 1.5 70 8 —
5 1.0 3.0 I (20) 1.5 78 10 —
6 1.0 3.0 I (5) 1.5 65 10 —
7d 1.0 3.0 I (20) 1.5 71 10 —
8 1.0 5.0 I (20) 1.5 90(89)e 10(11)e —
9 1.0 7.0 I (20) 1.5 91 9 —
10f 1.0 5.0 I (20) 1.5 48 5 25
11g 1.0 5.0 I (20) 1.5 84 9 2
12 1.0 5.0 II (20) 1.5 75 8 Trace
13 1.0 5.0 III (20) 1.5 46 5 14
14 1.0 5.0 IV (20) 1.5 42 20 30
15 1.0 5.0 HNTf2 (20) 1.5 75 19 —
16 1.0 5.0 H3PO4 (20) 1.5 0 0 —
17 1.0 5.0 H2SO4 (20) 1.5 0 0 —
18 1.0 5.0 HCl (20) 1.5 28 Trace 52
19 1.0 5.0 Cu(OTf)2 (20) 1.5 85 9 —
20 1.0 5.0 — 1.5 0 0 —

a Reaction conditions: 1a (1.0 mmol), 2a (3.0–7.0 mmol), catalyst (5–20 mol%), solvent-free, 80 �C. b Isolated yield. c Room temperature. d 100 �C.
e Second run. f Water (1.0 mL). g Toluene (1.0 mL).
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bis(triuoromethane)imide (HNTf2) possesses hydrogen atoms
that are bound to nitrogen and hence is more acidic.

In addition, catalyst IV, which consists of methyl-
imidazolium cation and NTf2 anion, provided the major
product 3a in lower yield (42%) and increased the minor
product 4a to 20% yield. The intermediate 5a was also observed
in 30% yield (entry 14), most likely due to instability of catalyst
IV that can convert the counter-anion back to the traditional
acid HNTf2. This result was conrmed with the traditional acid
bis(triuoromethane)imide (HNTf2), which is a very corrosive
acid and not easy to use. When the reaction was promoted by
HNTf2 a lower yield of the major product 3a was found (75%)
and an increased yield of the minor product 4a was obtained
(19%), similar to catalyst IV (entry 15). Other traditional acids
such as H3PO4, H2SO4 and HCl were examined (entries 16–18).
In case of strong acids H3PO4 and H2SO4 that fully reacted to
aniline base, provided only imine intermediate and no any
products were observed (entries 16–17). While acid HCl gave
a lower yield of the major product 3a in 28% yield along with the
intermediate 5a in 52% yield (entry 18). This is probably due to
HCl react with aniline to form an aniline hydrochloride salt
(PhNH2$HCl), which could act as a catalyst.9a A metal catalyst
Cu(OTf)2 was tested for comparison and revealed a slightly
lower yield of the desired product (3a) in 85% (entry 19 vs. 8). A
22694 | RSC Adv., 2021, 11, 22692–22709
control experiment was examined in the absence of a catalyst
and the result showed that no products were observed (entry
20).

To probe the efficiency of this methodology, the investiga-
tion was extended to the reaction of various aldehydes with
different kinds of nucleophile substrates including primary,
secondary and tertiary anilines, electron-rich arenes and
phenols employing the optimal conditions (Table 1, entry 8).
Accordingly, a variety of primary anilines were rst evaluated
and the results are summarized in Scheme 2.

Unsubstituted primary anilines reacted smoothly with
benzaldehydes bearing both electron-withdrawing and electron-
donating groups to achieve the excellent yield of the major
product 3a (90%), high yield of the major products 3c–3h (81–
86%) and good yields of the products 3b (78%) and 3i (73%).
The minor isomeric products 4a–4i were found in trace quan-
tities (9–16%). Heteroaromatic aldehydes gave good yields of
the major products but with longer reaction times (3 h).
Pyridine-2-carbaldehyde produced the major product 3j in 75%
yield with no minor product 4j being observed, while 2-
bromopyridine-3-carbaldehyde provided the major product 3k
in 71% yield and the minor product 4k was formed in 10% yield
through intramolecular cyclization of the para–ortho isomeric
intermediate. Indeed, aromatic aldehydes with sterically
© 2021 The Author(s). Published by the Royal Society of Chemistry
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Scheme 3 Synthesis of triarylmethanes with secondary and tertiary
anilines.a aReaction conditions: 1 (1.0 mmol), 2a (5.0 mmol), [bsmim]
[NTf2] (I) (20 mol%), solvent-free, 80 �C, 1.5 h. bIsolated yield. c6.0 h.
d12.0 h. e24.0 h. f100 �C, 6.0 h. g100 �C, 12.0 h. h100 �C, 24.0 h.

Scheme 2 Synthesis of triarylmethanes with various aldehyde sub-
strates.a aReaction conditions: 1 (1.0 mmol), 2 (5.0 mmol), [bsmim]
[NTf2] (I) (20 mol%), solvent-free, 80 �C, 1.5 h. bIsolated yield. c3.0 h.
dToluene (0.5 mL), 3.0 h. e100 �C, 24 h. fComplex mixture. g2.8
equivalent of 3,4-dimetoxyaniline was recovered.
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hindered molecules such as 1-naphthaldehyde gave a dimin-
ished yield of the major product 3l (66%) and generated the
minor product 4l in 14% yield. Subsequently, ortho substituted
primary anilines were examined, including electron-donating
groups (X ¼ OMe, OH) and electron-withdrawing groups (X ¼
Br, F, NO2) on benzene rings. The results revealed that the
corresponding products were produced in high to excellent
yields with no electronic inuence of substituents. Electron-
donating substituents generated high to excellent yields of the
major products 3m, 3n, 3o, 3p and 3q in 83, 89, 84, 91 and 95%
yields respectively.

Electron-withdrawing substituents also gave excellent yields
of the major products 3r (94%), 3s (93%) and 3t (94%). In
addition, similar results were obtained in the case of hetero-
aromatic aldehydes. The reaction of pyridine-2-carbaldehyde
with 2-methoxyanilines produced the major product (3u)
generally in high yield (87%) with no formative of the minor
product 4u. However, the synthesis of compounds 3q and 3t
must be carried out in toluene solvent, which was used to
dissolve the solid substrates. Signicantly, meta substituted
primary aniline substrates were found to provide product yields
which depended on the electronic effect of the meta position
substituent.

In the case of meta-methoxyaniline, the major product (3v)
resulted in a relatively lower yield (62% vs. 89% for 3n) and the
yield of minor product (4v) was increased to 26% (vs. 4n, 5%).
Whereas, meta-bromoaniline gave the major product (3w) in
lower yield (77% vs. 94% for 3r) along with complex mixtures of
minor products (o,p- and o,o-isomers). This is due to the fact
© 2021 The Author(s). Published by the Royal Society of Chemistry
that substitutes at the meta-position on the benzene ring of
aniline can enhance the nucleophilicity of aniline substrates at
the ortho-position causing an increase in the yield of the para–
ortho (po) isomeric product. However, methoxy groups gave
a superior electronic effect than bromo groups. Furthermore,
whereas 3,4-dimetoxyaniline was employed as a substrate, the
compound 3x was isolated as the sole product in 96% yield.
Notable, 3,4-dimethoxyaniline substrate could be recovered (2.8
mmol) from the reaction mixture, indicating that only equiva-
lent amounts of aniline substrate (2.2 equivalent) required to
achieve the desirable products. Sterically hindered anilines
such as 2,6-diisopropylaniline were also examined leading to an
acceptable yield of the product 3y of 46%.

Encouraged by the results summarized in above, the scope of
aniline nucleophiles was further explored. A variety of N-
substituted and N,N-disubstituted anilines were investigated
and found to readily undergo the reaction under optimized
conditions (Table 1, entry 8) to generate structurally diverse
aniline-based triarylmethanes in variable yields (Scheme 3).
Similar to primary anilines, secondary N-methylaniline was
smoothly performed to generate the major products 3aa–3ad in
comparatively high yields (83–89%) along with trace amounts of
the minor products 4aa–4ad (5–9%). As expected, hetero-
aromatic aldehydes such as pyridine-2-carbaldehyde provided
good yields of product 3ae (77%) with the minor product 4ae
was not being formed. In the case of N-methyl-2-substituted
anilines such as N-methyl-2-(triuromethyl)aniline was
successfully performed to furnished the sole product 3af in
excellent yield (95%). While N-methyl-3-substituted anilines
such as N-methyl-3-uoroaniline led to a high yield of the major
product 3ag (85%) and the minor product 4ag in 13% yield was
observed.
RSC Adv., 2021, 11, 22692–22709 | 22695
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Scheme 4 Synthesis of triarylmethanes with various phenols and
electron-rich arenes.a aReaction conditions: 1 (1.0 mmol), 2b (5.0
mmol), [bsmim][NTf2] (I) (20 mol%), solvent-free, 80 �C, 1.5 h. bIsolated
yield. c0.5 h. d3.0 h. ert, 3 h. f40 �C, 0.5 h. g40 �C, 1 h.
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In addition, this approach can be utilized for tertiary N,N-
disubstituted anilines. The reactions specically provided only
para–para (pp) isomeric products (3ah–3am) with no para–ortho
(po) isomeric products (4ah–4am) being detected. In contrast
a previous report, the reaction did not work well for tertiary
anilines and only imine intermediate was formed in case of
primary aniline.1a Tertiary aniline reactions proceeded more
slowly using this approach, probably due to the different
mechanistic transformation involved (Scheme 6). Different
products were obtained depending on the electronic effect of
the aldehyde substates and the reactivity of the nucleophiles.

In the case of tertiary N,N-dimethylaniline reacting with
benzaldehyde the product 3ah in low yield was produced at the
optimal reaction time (31%, 1.5 h), indicating that the reaction
was incomplete. An increasing yield of 3ah was observed with
prolonged reaction times, 78% aer 6.0 h and 89% aer 12.0 h.
In comparison, benzaldehyde with an electron-withdrawing
group (4-NO2) proceeded faster and led to a higher yield of
the product 3ai (50%) within 1.5 h. This improved to an excel-
lent yield (95%) when the reaction time was increased to 6.0 h,
due to the more reactive aldehyde substrate. While benzalde-
hyde with the electron-donating group (4-OMe) was found to be
a deactivating aldehyde, providing the product 3aj in lower 19%
yield aer 1.5 h, which enhanced to amoderate yield (68%) aer
12.0 h and a good yield (74%) aer 24 h. However, the yield of
product 3aj was unchanged (72%) even at an elevated reaction
temperature (100 �C). Furthermore, tertiary N,N-diethylaniline,
which is a virtually unreactive nucleophile, could convert to the
desirable products but required longer reaction times. Indeed,
under optimized reaction conditions (80 �C, 1.5 h), the products
3ak and 3am derived from benzaldehyde and 4-methox-
ybenzaldehyde substrates, respectively, were not formed, while
the product 3al was obtained in very low yield (12%). Gratify-
ingly, better results were found with acceptable yields when
raising the reaction temperature to 100 �C and extending the
reaction time, 40% yield of the product 3ak aer 12 h and 34%
yield of 3am aer 24 h. The product 3al was successfully ach-
ieved in moderate yield (61%) at 80 �C for 24 h and eventually
improved to excellent yield (98%) at 100 �C for 6.0 h.

Further attempts, in which phenols and electron-rich arenes
were employed as alternative nucleophiles for rating the scope
of this approach and the results are given in Scheme 4. It should
be noted that the reactions proceeded depending on the elec-
tronic effect of the aldehyde substrates. Previously, a number of
methods were reported for the synthesis of triarylmethanes
from phenols and electron-rich arenes using Brönsted or Lewis
acid catalysts.10d,12 Herein the reactions were carried out using
Brönsted acidic ionic liquid as a catalyst and results with
different chemical yields of the desirable products were
observed. Unsubstituted phenol provided the desirable product
in higher yields when the reaction was carried out with aromatic
aldehydes bearing electron-withdrawing groups, while a lower
yield was observed in the case of aromatic aldehydes bearing
electron-donating groups, including benzaldehyde.

Under optimal conditions (80 �C, 1.5 h), the major product
3bb (R ¼ 4-NO2) was obtained in good yield (74%) and found
a higher yield than the other substituents, 3ba (R ¼ H, 60%),
22696 | RSC Adv., 2021, 11, 22692–22709
3bc (R ¼ 4-OH, 25%) and 3bd (R ¼ 4-OMe, 27%). Surprisingly,
increased yields of the major products 3bc and 3bd were
observed (40 and 50%, respectively) when the reaction time was
slightly reduced to 0.5 h, while the major products 3ba and 3bb
were unchanged (58 and 74%, respectively). The highest yield of
the major product 3bb was found to be 81% when performing
the reaction at room temperature for 3.0 h. It is noteworthy to
mention that the products having phenol moieties may be
susceptible to undergo side reactions and form unidentied
products depending the reaction conditions. Increased yields of
the minor products were also observed in these results (4ba–
4bd, 12–25%). In comparison, ortho substituted phenols could
provide more stable products, presented in high isolated yields
for 3be (X ¼ o-OMe, 88%), 3bf (X ¼ o-Br, 81%) and 3bg (X ¼ o-F,
89%) along with small amount of the minor products (4be–4bg,
10–15%). Unfortunately, meta substituted phenols afforded the
corresponding products not-selectively. For example, meta-bro-
mophenol provided two isomeric products 3bh and 4bh in
equally satisfactory yields (50%) with slightly longer reaction
time (3.0 h).

In addition, in the case of electron-rich arenes, the corre-
sponding products were obtained in moderate to excellent
yields depending on the aldehyde substrates. Aromatic alde-
hydes with electron-withdrawing group are benecial for
improving the product yield. For example, 4-nitrobenzaldehyde
furnished the major product 3bi in high yield (85%) along with
trace amounts of the minor product 3bi (14%).

When increasing the number of methoxy groups on the
benzene ring of arenes such as 1,3-dimethoxybenzene, the
reaction processed more quickly, this is due to the increased
electron density on the benzene ring providing highly reactive
nucleophiles. However, the products were obtained in only
moderate yields (58% for 3bj and 66% for 3bk). By-products
were observed as a complex mixture of polar compounds,
© 2021 The Author(s). Published by the Royal Society of Chemistry
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Scheme 6 Plausiblemechanism for the formation of 1� and 2� aniline-
based TRAMs (A) and 3� aniline-based TRAMs (B).
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likely due to over nucleophilic addition at C-6 positions of 3bj
and 3bk and ortho-positions of 3bk. While, improved yields of
the products 3bj and 3bk were obtained in high yields (80% for
3bj and 73% for 3bk) when performing the reaction at lower
reaction temperature (40 �C). In addition, sterically hindered
groups of electron-rich arenes such as 1,3,5-trimethoxybenzene
was explored using this protocol. Aromatic aldehyde with
electron-withdrawing group such as 4-nitrobenzaldehyde
provided an excellent yield of the product 3bl (>99%). While
aromatic aldehyde with electron-donating group, 4-methox-
ybenzaldehyde provided lower acceptable yields of the product
3bm (56%). This is due to a less reactive electrophile substrate
and over nucleophilic addition at ortho-positions of 3bm led to
a complex mixture of by-products.

From the above investigation, it can be concluded that this
approach shows excellent tolerance to a wide range of aldehyde
and aromatic nucleophile substrates providing the desirable
products in considerable yields under metal- and solvent-free
conditions.

To demonstrate the practical usefulness of this approach for
gram-scale synthesis, the reaction was performed using
10 mmol of 1a treated with 50 mmol of 2a under optimal
conditions. The results showed that compound 3a (para–para
isomeric adduct) was exclusively obtained as a sole product in
excellent yield (94%). Surprisingly, there was no detection of
para–ortho isomeric adduct 4a (Scheme 5). This result suggests
that an enlarged scale synthesis will be an efficient process to
produce specic products.

Recycling performance of catalyst I was examined with gram
scale synthesis under the optimum reaction (Table 1, entry 8).
Aer the rst run, water (10 mL) was added to the reaction
mixture and organic residues were extracted with EtOAc (3 � 50
mL) leaving catalyst I in the water layer. Then, aer removing
the water under high vacuum, recovered catalyst I was reused
without purication by simply adding substrates for next run,
giving the desirable product 3a in slightly lower yields with 94,
90 and 89% for three cycles, respectively (Scheme 5). Reused
catalyst I was conrmed the structure using NMR analysis and
showed its retained structure.

A plausible mechanism for the formation of aniline-based
triarylmethanes catalyzed by BAIL can be rationalized by
considering the following mechanism (Scheme 6). Activation of
the carbonyl group of the aldehyde substrate (1) by BAIL (I) in
order to easily react with the aniline nucleophile. Then rapid
addition of 1� and 2� anilines (2) by N-nucleophilic addition to
form an iminium ion intermediate1a (Scheme 6A). This inter-
mediate acted as an activated electrophile (a), promoting
addition of a second molecule of aniline by C-nucleophilic
Scheme 5 Gram-scale synthesis and recyclability.

© 2021 The Author(s). Published by the Royal Society of Chemistry
addition to generate intermediate c, which could be isolated
from the reaction mixture. Then, BAIL (I) activated intermediate
c leaving the aniline moiety to afford the iminium intermediate
d, which on addition of an aniline nucleophile accomplished
the target product (3). In contrast, 3� anilines directly react to
activating aldehyde (1) through C-nucleophilic addition at para-
position of aniline. Indeed, it is much slower to form iminium
intermediate d0, which usually requires high temperature
conditions8 and subsequent access to the target product (3)
(Scheme 6B).11a

Conclusions

In summary, this work has developed a convenient, scalable
and highly efficient methodology for the synthesis of diverse
symmetric triarylmethane derivatives via double Friedel-Cras
reaction of commercial aldehydes and a wide range of
aromatic nucleophiles, including primary, secondary and
tertiary anilines as well as phenols and electron-rich arenes. The
reaction was achieved under metal- and solvent-free conditions
catalyzed by Brönsted acidic ionic liquids. Notable [bsmim]
[NTf2] was found to be the most efficient catalyst to furnish
a variety of the corresponding products in considerable yields.
In addition, this useful approach features green, stable and
reusable catalyst, mild conditions, a wild range of substrates,
considerable yields and is environmental benign and excellent
sustainability.

Experimental section
General remarks

All chemicals were purchased from commercial sources and
used without further purication. 1H and 13C NMR spectra were
recorded using a BRUKER AVANC (400 MHz) spectrometer from
Burapha University. High-resolution mass spectra (HRMS) data
were recorded using a Bruker Daltonics-micrOTOF-Q at
RSC Adv., 2021, 11, 22692–22709 | 22697
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‡ Recycling experiment. Aer the rst run, water (1 mL) was added to the reaction
mixture and organic residues were extracted with EtOAc (3 � 5 mL) leaving
catalyst I in the water layer. Then, aer removing the water under high vacuum,
recovered catalyst I was reused without purication by simply adding substrates
for the second run.
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Mahidol University and an Agilent Technologies Q-TOF at
Naresuan University. Infrared spectra were determined on
a PERKIN ELMER FT/IR-2000S spectrophotometer. Analytical
thin-layer chromatography (TLC) was conducted on pre-coated
TLC plates; silica gel 60 F-254 [E. Merck, Darmstadt, Ger-
many]. Open-column chromatography was carried out using
silica gel 60 (0.063–0.200 mm) [E. Merck, Darmstadt, Germany].
Melting points were measured using a melting point apparatus
(Griffin) from Burapha University.

General procedure for the preparation of acidic ionic liquids
(I, II and III)

To a solution of 1-methylimidazole (4.00 mL, 0.050 mol) in
acetonitrile (15.0 mL) was added 1,4-butanesultone (5.7 mL,
0.056 mol) in portions at room temperature. The reaction
mixture was heated to 80 �C with stirring for 24 h, and then
cooled to room temperature resulting in white precipitate. The
white precipitate was ltered and washed with ethyl acetate (3�
5 mL) to remove any unreacted starting materials, and then the
precipitate was dried in a vacuum to give the zwitter ionic
compound10c as a white solid in 99% yield (10.8189 g); 1H-NMR
(400, CD3OD): d 9.05 (s, 1H), 7.74 (brt, J¼ 2.0 Hz, 1H), 7.66 (brt, J
¼ 1.6 Hz, 1H), 4.34 (t, J ¼ 7.2 Hz, 2H), 3.99 (s, 3H), 2.88 (t, J ¼
7.6 Hz, 2H), 2.09 (quint, J ¼ 7.6 Hz, 2H), 1.82 (quint, J ¼ 7.6 Hz,
2H). A mixture of zwitter ionic compound (1.00 g, 4.52 mmol) in
anhydrous toluene (2.00 mL) was added a stoichiometric
amount of acid (4.52 mmol, 1 equiv.) in portions at room
temperature. The reaction was then stirred at 80 �C for 24 h.
Aer complete the reaction, anhydrous toluene was removed by
rotary evaporator to obtain acidic ionic liquid products.

1-Butylsulfonic-3-methylimidazolium bis(triuoromethyl
sulfonyl)imide (I).10ah >99% yield (2.2720 g) as a colorless oil;
1H-NMR (400 MHz, DMSO-d6): d 9.10 (s, 1H), 7.71 (d, J ¼
1.2 Hz, 1H), 7.64 (d, J ¼ 1.6 Hz, 1H), 6.33 (brs, 1H), 4.16 (t, J ¼
6.8 Hz, 2H), 3.82 (s, 3H), 2.63 (t, J¼ 7.6 Hz, 2H), 1.87 (quint, J¼
7.2 Hz, 2H), 1.57 (quint, J ¼ 7.2 Hz, 2H); 13C-NMR (100 MHz,
DMSO-d6): d 137.0, 124.0, 122.6, 119.9 (q, JC–F ¼ 320 Hz,
CF3SO2N), 35.0, 50.8, 48.9, 36.1, 28.8, 21.8.

1-Butylsulfonic-3-methylimidazolium triuoromethanesulfonate
(II).10c 95% (1.5902 g) as a colorless oil; 1H-NMR (400 MHz, DMSO-
d6): d 9.13 (s, 1H), 7.77 (s, 1H), 7.70 (s, 1H), 4.40 (brs, 1H), 4.18 (t, J¼
7.2 Hz, 2H), 3.85 (s, 3H), 2.53–2.47 (m, 2H), 1.87 (quint, J ¼ 7.2 Hz,
2H), 1.54 (quint, J ¼ 7.2 Hz, 2H).

1-Butylsulfonic-3-methylimidazolium p-toluenesulfonate (III).10c

97% (1.7300 g) as a colorless oil; 1H-NMR (400 MHz, DMSO-d6):
d 9.13 (s, 1H), 7.76 (s, 1H), 7.69 (s, 1H), 7.48 (d, J¼ 7.6 Hz, 2H), 7.13
(d, J¼ 8.0Hz, 2H), 4.17 (t, J¼ 6.8Hz, 2H), 3.95 (brs, 1H), 3.84 (s, 3H),
2.55–2.48 (m, 2H), 2.28 (s, 3H), 1.87 (quint, J ¼ 7.2 Hz, 2H), 1.54
(quint, J ¼ 7.2 Hz, 2H).

General procedure for the preparation of acidic ionic liquid
(IV)10ai,10aj

A mixture of 1-methylimidazole (0.5 mL, 6.27 mmol) in anhy-
drous toluene (2.00 mL) was added a stoichiometric amount of
bis(triuoromethanesulfonyl)imide (1.7628 g, 6.27 mmol) in
portions at room temperature. The reaction mixture was heated
22698 | RSC Adv., 2021, 11, 22692–22709
to 80 �C with stirring for 24 h, and then cooled to room
temperature. Aer complete the reaction, toluene was removed
by rotary evaporator to obtain 1-methyl-1H-imidazolium bis(-
triuoromethylsulfonyl)imide (IV) as a colorless oil in 86% yield
(1.946 g); 1H-NMR (400 MHz, DMSO-d6): d 8.68 (s, 1H), 8.33 (brs,
1H), 7.45 (s, 1H), 7.43 (s, 1H), 3.81 (s, 3H); 13C-NMR (100 MHz,
DMSO-d6): d 136.4, 122.8, 121.4, 119.8 (q, JC–F ¼ 319 Hz,
CF3SO2N), 35.0.
General procedure for the synthesis of triarylmethanes

A mixture of aldehyde 1 (1.0 mmol), nucleophile 2 (5.0 mmol)
and [bsmim][NTf2]‡ (20 mol%) was stirred at 80 �C for the
period of time. The reaction was monitored by thin layer chro-
matography (TLC). Aer the reaction was completed, the crude
residue was extracted with ethyl acetate (3 � 5 mL). The
combined organic layer was dried over anhydrous sodium
sulfate and concentrated using a rotary evaporator. The crude
product was puried by column chromatography (SiO2, 5–50%
ethyl acetate/n-hexane as eluent depending on the derivatives)
to give the desired product (3).

4,40-((4-Nitrophenyl)methylene)dianiline (3a).9a,9c CAS number
47334-87-2; 90% yield (0.2867 g) as a yellow solid; mp: 78–80 �C;
Rf ¼ 0.23 (40% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6):
d 8.13 (d, J ¼ 8.8 Hz, 2H), 7.32 (d, J ¼ 8.8 Hz, 2H), 6.73 (d, J ¼
8.4 Hz, 4H), 6.49 (d, J ¼ 8.4 Hz, 4H), 5.35 (s, 1H), 4.96 (brs, 4H);
13C-NMR (100MHz, DMSO-d6): d 154.0, 147.0, 145.6, 130.4, 130.0,
129.4, 123.3, 113.9, 54.2; IR (neat): 3419, 3340, 3210, 3019, 1611,
1509, 1311, 1170, 1074, 811, 554 cm�1.

2-((4-Aminophenyl)(4-nitrophenyl)methyl)aniline (4a). CAS
number 47334-87-2; 10% yield (0.0315 g) as a yellow solid; mp:
64–66 �C; Rf ¼ 0.33 (40% EtOAc/n-hexane); 1H-NMR (400 MHz,
DMSO-d6): d 8.15 (d, J¼ 8.8 Hz, 2H), 7.30 (d, J¼ 8.8 Hz, 2H), 6.94
(td, J ¼ 7.0, 2.0 Hz, 1H), 6.71 (d, J ¼ 8.4 Hz, 2H), 6.65 (d, J ¼
8.0 Hz, 1H), 6.54–6.45 (m, 4H), 5.53 (s, 1H), 5.00 (brs, 2H), 4.73
(brs, 2H); 13C-NMR (100 MHz, DMSO-d6): d 152.5, 147.3, 145.81,
145.78, 130.2, 129.7, 129.1, 128.6, 127.1, 126.8, 123.3, 116.2,
115.3, 114.0, 49.4; IR (neat): 3442, 3361, 3220, 3065, 3030, 2958,
2921, 2854, 1621, 1510, 1487, 1452, 1341, 1274, 1186, 1105,
1013, 851, 751 cm�1; HRMS (ESI-TOF) m/z calcd for C19H18N3O2

[M + H]+ 320.1394, found 320.1395.
N-((4-Aminophenyl)(4-nitrophenyl)methyl)aniline (5a) (inter-

mediate). 15% yield (0.0479 g) as a yellow solid; mp: 148–152 �C;
Rf ¼ 0.38 (40% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6):
d 8.17 (d, J ¼ 8.8 Hz, 2H), 7.64 (d, J ¼ 8.4 Hz, 2H), 7.00 (t, J ¼
8.8 Hz, 4H), 6.60 (d, J¼ 7.6 Hz, 2H), 6.52–6.49 (m, 3H), 6.33 (d, J¼
6.8 Hz, 1H), 5.57 (d, J¼ 6.4 Hz, 1H), 5.04 (brs, 2H); 13C-NMR (100
MHz, DMSO-d6): d 152.6, 148.0, 147.6, 146.2, 129.2, 128.7, 128.3,
128.1, 123.6, 116.3, 113.9, 113.2, 60.2; IR (neat): 3456, 3367, 1619,
1502, 1345, 1178, 742 cm�1; HRMS (ESI-TOF) m/z calcd for
C19H18N3O2 [M + H]+ 320.1394, found 320.1394.
© 2021 The Author(s). Published by the Royal Society of Chemistry
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4,40-(Phenylmethylene)dianiline (3b).6a,6g,9a,9c,9d,9e CAS number
603-40-7; 78% yield (0.2133 g) as a yellow solid; mp: 130–132 �C;
Rf ¼ 0.33 (40% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6):
d 7.24 (t, J¼ 7.2 Hz, 2H), 7.14 (t, J¼ 7.2 Hz, 1H) 7.06 (d, J¼ 7.2 Hz,
2H), 6.73 (d, J ¼ 8.4 Hz, 4H), 6.47 (d, J ¼ 8.4 Hz, 4H), 5.17 (s, 1H),
4.88 (brs, 4H); 13C-NMR (100 MHz, DMSO-d6): d 146.6, 145.8,
131.9, 129.4, 128.9, 128.0, 125.6, 113.7, 54.6; IR (neat): 3420, 3338,
3211, 3021, 1739, 1618, 1509, 1268, 1177, 813, 698, 574, 556 cm�1.

2-((4-Aminophenyl)(phenyl)methyl)aniline (4b).9e CAS number
13168-31-5; 14% yield (0.0379 g) as a brown oil; Rf ¼ 0.45 (40%
EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 7.27 (t, J ¼
7.2 Hz, 2H), 7.17 (t, J ¼ 7.6 Hz, 1H), 7.05 (d, J ¼ 7.2 Hz, 2H), 6.90
(td, J ¼ 8.0, 1.6 Hz, 1H), 6.71 (d, J ¼ 8.0 Hz, 2H), 6.62 (dd, J ¼ 8.0,
1.2 Hz, 1H), 6.54–6.44 (m, 4H), 5.30 (s, 1H), 4.92 (brs, 2H), 4.57
(brs, 2H); 13C-NMR (100 MHz, DMSO-d6): d 146.9, 145.6, 144.0,
129.7, 129.6, 129.1, 129.0, 128.2, 128.1, 126.6, 125.9, 116.0, 115.1,
113.9, 49.8; IR (neat): 3365, 300, 3209, 3001, 1739, 1618, 1509,
1268, 1177, 813, 698, 574, 556 cm�1.

4,40-((3-Nitrophenyl)methylene)dianiline (3c).9d CAS number
82646-09-1; 88% yield (0.2800 g) as a viscous brown oil; Rf¼ 0.26
(40% EtOAc/n-hexane); 1H-NMR (400MHz, DMSO-d6): d 8.04 (dt,
J¼ 7.2, 2.4 Hz, 1H), 7.86 (brs, 1H), 7.55–7.51 (m, 2H), 6.75 (d, J¼
8.0 Hz, 4H), 6.51 (d, J ¼ 8.4 Hz, 4H), 5.39 (s, 1H), 4.97 (brs, 4H);
13C-NMR (100 MHz, DMSO-d6): d 148.3, 147.7, 147.0, 135.7,
130.6, 129.5, 129.4, 123.0, 120.9, 113.9, 53.9; IR (neat): 3415,
3335, 3205, 3011, 1620, 1511, 1313, 1244, 1080, 745, 521 cm�1.

2-((4-Aminophenyl)(3-nitrophenyl)methyl)aniline (4c). 9%
yield (0.0299 g) as a yellow solid; mp: 70–72 �C; Rf ¼ 0.37 (40%
EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 8.07 (ddd, J¼
8.0, 2.4, 1.2 Hz, 1H), 7.85 (t, J ¼ 2.0 Hz, 1H), 7.58 (t, J ¼ 7.6 Hz,
1H), 7.50 (d, J¼ 7.6 Hz, 1H), 6.94 (td, J¼ 7.6, 1.6 Hz, 1H), 6.72 (d,
J ¼ 8.4 Hz, 2H), 6.65 (dd, J ¼ 8.0, 0.8 Hz, 1H), 6.56–6.51 (m, 4H),
5.56 (s, 1H), 5.00 (brs, 2H), 4.76 (brs, 2H); 13C-NMR (100 MHz,
DMSO-d6): d 147.7, 147.2, 146.6, 145.8, 135.9, 129.6, 129.5,
129.0, 128.7, 127.1, 126.8, 123.3, 121.1, 116.1, 115.2, 114.0, 48.9;
IR (neat): 3442, 3361, 3205, 3011, 1620, 1511, 1311, 1170, 1074,
811, 554, 527, 447 cm�1; HRMS (ESI-TOF) m/z calcd for
C19H18N3O2 [M + H]+ 320.1394, found 320.1394.

4,40-((2,4-Dichlorophenyl)methylene)dianiline (3d).6r CAS
number 2451434-53-8; 85% yield (0.2915 g) as a yellow oil; Rf ¼
0.42 (40% EtOAc/n-hexane);1-NMR (400 MHz, DMSO-d6): d 7.54
(d, J ¼ 2.4 Hz, 1H), 7.33 (dd, J ¼ 8.4, 2.0 Hz, 1H), 6.92 (d, J ¼
8.4 Hz, 1H), 6.64 (d, J ¼ 8.4 Hz, 4H), 6.47 (d, J ¼ 8.4 Hz, 4H), 5.46
(s, 1H), 3.95 (brs, 4H); 13C-NMR (100 MHz, DMSO-d6): d 147.0,
142.2, 134.1, 132.0, 131.2, 129.6, 129.5, 128.7, 127.0, 113.9, 51.0;
IR (neat): 3443, 3355, 3210, 2924, 1727, 1619, 1510, 1465, 1274,
1045, 819, 573, 508 cm�1

2-((4-Aminophenyl)(2,4-dichlorophenyl)methyl)aniline (4d).
10% yield (0.0340 g) as a white solid; mp: 120–122 �C; Rf ¼ 0.56
(40% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 7.57 (d,
J ¼ 2.0 Hz, 1H), 7.34 (dd, J ¼ 8.4, 2.0 Hz, 1H), 6.94 (td, J ¼ 8.0,
1.2 Hz, 1H), 6.85 (d, J ¼ 8.4 Hz, 1H), 6.72–6.65 (m, 3H), 6.51 (d, J
¼ 8.4 Hz, 2H), 6.47 (td, J ¼ 7.2, 0.8 Hz, 1H), 6.39 (dd, J ¼ 7.6,
1.2 Hz, 1H), 5.48 (s, 1H), 5.01 (s, 2H), 4.52 (s, 2H); 13C-NMR (100
MHz, DMSO-d6): d 147.4, 145.6, 140.8, 134.5, 131.8, 131.6, 129.8,
128.9, 128.4, 127.3, 127.1, 127.0, 126.2, 116.3, 115.4, 114.1, 46.9;
© 2021 The Author(s). Published by the Royal Society of Chemistry
IR (neat): 3431, 3343, 2923, 1734, 1619, 1514, 1454, 1380, 1273,
1104, 1046, 820, 752, 549, 640 cm�1; HRMS (ESI-TOF) m/z calcd
for C19H17Cl2N2 [M + H]+ 343.0763, found 343.0763.

4,40-((4-Methoxyphenyl)methylene)dianiline (3e).9a,9c CAS
number 848126-11-4; 81% yield (0.2468 g) as a brown solid; mp:
130–132 �C; Rf ¼ 0.25 (40% EtOAc/n-hexane); 1H-NMR (400
MHz, DMSO-d6): d 6.95 (d, J ¼ 8.8 Hz, 2H), 6.81 (d, J ¼ 8.8 Hz,
2H), 6.70 (d, J¼ 8.4 Hz, 4H), 6.46 (d, J¼ 8.4 Hz, 4H), 5.11 (s, 1H),
4.85 (s, 4H), 3.69 (s, 3H); 13C-NMR (100 MHz, DMSO-d6): d 157.2,
146.5, 137.8, 132.3, 129.8, 129.3, 113.8, 113.4, 55.0, 53.8; IR
(neat): 3408, 3333, 3002, 2970, 1739, 1606, 1505, 1232, 1026,
830, 559, 507 cm�1.

2-((4-Aminophenyl)(4-methoxyphenyl)methyl)aniline (4e).
13% yield (0.0403 g) as a yellow solid; mp: 120–122 �C; Rf ¼ 0.31
(40% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 6.95 (d,
J ¼ 8.4 Hz, 2H), 6.90 (td, J ¼ 8.0, 1.6 Hz, 1H), 6.83 (d, J ¼ 8.8 Hz,
2H), 6.70 (d, J ¼ 8.4 Hz, 2H). 6.61 (dd, J ¼ 8.0, 0.8 Hz, 1H), 6.53
(dd, J¼ 7.6, 1.6 Hz, 1H), 6.48 (d, J¼ 8.4 Hz, 2H), 6.46 (td, J¼ 8.0,
0.8 Hz, 1H), 5.23 (s, 1H), 4.90 (s, 2H), 4.53 (s, 2H), 3.71 (s, 3H);
13C-NMR (100 MHz, DMSO-d6): d 157.5, 146.8, 145.5, 135.8,
130.2, 130.0, 129.5, 129.0, 128.6, 126.6, 116.1, 115.1, 113.9,
113.5, 56.0, 49.1; IR (neat): 3365, 3001, 2926, 2853, 1894, 1618,
1507, 1242, 1175, 1029, 834, 751, 624, 580, 570, 548, 530, 509,
471, 446 cm�1; HRMS (ESI-TOF) m/z calcd for C20H21N2O [M +
H]+ 305.1648, found 305.1645.

4-(Bis(4-aminophenyl)methyl)phenol (3f).6b,6h,6i,6j,6k,6l,9a CAS
number 110146-05-9; 88% yield (0.2552 g) as a brown solid; mp:
198–200 �C; Rf ¼ 0.36 (50% EtOAc/n-hexane); 1H-NMR (400
MHz, DMSO-d6): d 9.14 (s, 1H), 6.83 (d, J ¼ 8.4 Hz, 2H), 6.69 (d, J
¼ 8.4 Hz, 4H), 6.63 (d, J ¼ 8.4 Hz, 2H), 6.45 (d, J ¼ 8.4 Hz, 4H),
5.04 (s, 1H), 4.85 (brs, 4H); 13C-NMR (100 MHz, DMSO-d6):
d 155.2, 146.4, 136.0, 132.6, 129.7, 129.3, 114.7, 113.7, 53.8; IR
(neat): 3233, 3021, 2876, 2704, 1612, 1600, 1442, 1359, 1171,
1184, 1107, 831, 815, 603, 567 cm�1.

4-((2-Aminophenyl)(4-aminophenyl)methyl)phenol (4f). 10%
yield (0.0296 g) as a brown solid; mp: 184–186 �C; Rf¼ 0.48 (50%
EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 9.20 (s, 1H),
6.89 (td, J ¼ 7.2, 1.6 Hz, 1H), 6.83 (d, J ¼ 8.4 Hz, 2H), 6.70 (d, J ¼
8.4 Hz, 2H), 6.65 (d, J ¼ 8.4 Hz, 2H), 6.60 (dd, J ¼ 8.0, 0.8 Hz,
1H), 6.53 (dd, J ¼ 7.6, 1.2 Hz, 1H), 6.50–6.44 (m, 3H), 5.16 (s,
1H), 4.89 (brs, 2H), 4.49 (brs, 2H); 13C-NMR (100 MHz, DMSO-
d6): d 155.5, 146.8, 145.5, 134.0, 130.4, 130.0, 129.5, 129.0, 129.0,
126.5, 116.1, 115.0, 114.9, 113.9, 49.2; IR (neat): 3369, 3302,
3018, 2923, 2853, 2807, 2684, 2612, 1894, 1713, 1609, 1508,
1489, 1453, 1242, 1175, 1158, 1103, 1013, 939, 866, 834, 819,
797, 752, 707, 640, 626, 549, 527, 447 cm�1; HRMS (ESI-TOF)m/z
calcd for C19H17N2O [M � H]� 289.1346, found 289.1334.

4-(Bis(4-aminophenyl)methyl)-2-methoxyphenol (3g).13a CAS
number 114163-79-0; 82% yield (0.2620 g) as a brown solid; mp:
160–162 �C; Rf ¼ 0.23 (50% EtOAc/n-hexane); 1H-NMR (400
MHz, DMSO-d6): d 8.71 (s, 1H), 6.71 (d, J ¼ 8.4 Hz, 4H), 6.64 (d, J
¼ 8.4 Hz, 1H), 6.61 (d, J ¼ 2.0 Hz, 1H), 6.45 (d, J ¼ 8.4 Hz, 4H),
6.40 (dd, J ¼ 8.4, 2.0 Hz, 1H), 5.05 (s, 1H), 4.85 (s, 4H), 3.63 (s,
3H); 13C-NMR (100 MHz, DMSO-d6): d 147.2, 146.4, 144.4, 136.7,
132.5, 129.3, 121.2, 115.0, 113.7, 113.33, 113.31, 55.6, 54.2; IR
(neat): 3005, 2971, 1738, 1366, 1216 cm�1.
RSC Adv., 2021, 11, 22692–22709 | 22699
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4-((2-Aminophenyl)(4-aminophenyl)methyl)-2-
methoxyphenol (4g). 16% yield (0.0520 g) as a brown solid; mp:
108–110 �C; Rf ¼ 0.32 (50% EtOAc/n-hexane); 1H-NMR (400
MHz, DMSO-d6): d 8.77 (s, 1H), 6.89 (td, J¼ 7.6, 1.6 Hz, 1H), 6.71
(d, J ¼ 8.4 Hz, 2H), 6.66 (d, J ¼ 8.0 Hz, 1H), 6.64 (d, J ¼ 2.0 Hz,
1H), 6.61 (dd, J ¼ 7.6, 0.8 Hz, 1H), 6.55 (dd, J ¼ 7.6, 1.2 Hz, 1H),
6.50–6.45 (m, 3H), 6.38 (dd, J ¼ 8.0, 2.0 Hz, 1H), 5.16 (s, 1H),
4.89 (s, 2H), 4.49 (s, 2H), 3.64 (s, 3H); 13C-NMR (100 MHz,
DMSO-d6): d 147.8, 147.2, 146.0, 145.2, 135.1, 130.8, 129.9,
129.4, 129.3, 127.0, 121.8, 116.5, 115.6, 115.5, 114.3, 114.0, 56.0,
50.0; IR (neat): 3346, 2923, 2853, 1742, 1614, 1509, 1492, 1454,
1374, 1262, 1223, 1178, 1122, 1031, 941, 801, 637, 594, 509,
528 cm�1; HRMS (ESI-TOF) m/z calcd for C20H20N2O2Na [M +
Na]+ 343.141, found 343.1417.

4,40-((3,4,5-Trimethoxyphenyl)methylene)dianiline (3h).
86% yield (0.3124 g) as a white solid; mp: 186–188 �C; Rf ¼ 0.28
(40% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 6.74 (d,
J ¼ 8.4 Hz, 4H), 6.47 (d, J ¼ 8.4 Hz, 4H), 6.35 (s, 2H) 5.10 (s, 1H),
4.87 (s, 4H), 3.63 (s, 6H), 3.61 (s, 3H); 13C-NMR (100 MHz,
DMSO-d6): d 152.5, 146.6, 141.5, 135.6, 131.8, 129.3, 113.8,
106.4, 60.0, 55.8, 54.8; IR (neat): 3434, 3347, 3003, 2935, 2836,
1738, 1511, 1230, 1123, 1002 cm�1; HRMS (ESI-TOF) m/z calcd
for C22H25N2O3 [M + H]+ 365.1860, found 356.1881.

2-((4-Aminophenyl)(3,4,5-trimethoxyphenyl)methyl)aniline
(4h). 10% yield (0.0364 g) as a brown solid; mp: 174–176 �C; Rf¼
0.45 (40% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6):
d 6.91 (td, J ¼ 8.0, 1.6 Hz, 1H), 6.74 (d, J ¼ 8.4 Hz, 2H), 6.64–6.57
(m, 2H), 6.52–6.46 (m, 3H), 6.36 (s, 2H), 5.23 (s, 1H), 4.93 (s, 2H),
4.55 (s, 2H), 6.63 (s, 3H), 3.62 (s, 6H); 13C-NMR (100 MHz,
DMSO-d6): d 152.6, 146.9, 145.6, 139.6, 135.8, 129.7, 129.5,
128.9, 128.2, 126.7, 116.1, 115.0, 113.9, 106.6, 60.0, 55.8, 50.1; IR
(neat): 3430, 3337, 3103, 2934, 2840, 1730, 1522, 1230, 1125,
1002, 975, 775 cm�1; HRMS (ESI-TOF) m/z calcd for C22H25N2O3

[M + H]+ 365.1860, found 356.1883.
4,40-((3,4-Bis(benzyloxy)phenyl)methylene)dianiline (3i).

73% yield (0.3540 g) as a yellow solid; mp: 114–116 �C; Rf ¼ 0.19
(30% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 7.44–
7.28 (m, 10H), 6.93 (d, J ¼ 8.4 Hz, 1H), 6.76 (d, J ¼ 2.0 Hz, 1H),
6.66 (d, J¼ 8.4 Hz, 2H), 6.54 (dd, J¼ 8.4, 2.0 Hz, 1H), 6.45 (d, J¼
8.4 Hz, 2H), 5.06 (s, 3H), 4.98 (s, 2H), 4.86 (s, 4H); 13C-NMR (100
MHz, DMSO-d6): d 147.7, 146.5, 136.8, 137.5, 137.2, 132.1, 129.3,
128.4, 128.3, 127.8, 127.7, 127.6, 121.6, 116.0, 114.2, 113.8, 70.2,
54.1; IR (neat): 3433, 3357, 3216, 3029, 2932, 2873, 1739, 1622,
1508, 1261, 1214, 1126, 1003, 745, 696 cm�1; HRMS (ESI-TOF)
m/z calcd for C33H31N2O2 [M + H]+ 487.2380, found 487.2417.

2-((4-Aminophenyl)(3,4-bis(benzyloxy)phenyl)methyl)aniline
(4i). 13% yield (0.0611 g) as a brown oil; Rf¼ 0.31 (30% EtOAc/n-
hexane); 1H-NMR (400 MHz, DMSO-d6): d 7.45–7.29 (m, 10H),
6.96 (d, J ¼ 8.4 Hz, 1H), 6.90 (td, J ¼ 7.2, 1.6 Hz, 1H), 6.78 (d, J ¼
1.6 Hz, 1H), 6.67 (d, J ¼ 8.4 Hz, 2H), 6.61 (dd, J ¼ 8.0, 0.8 Hz,
1H), 6.54 (dd, J ¼ 8.4, 2.0 Hz, 1H), 6.50–6.44 (m, 4H), 5.18 (s,
1H), 5.07 (s, 2H), 4.98 (s, 2H), 4.92 (s, 2H), 4.51 (s, 2H); 13C-NMR
(100 MHz, DMSO-d6): d 147.7, 146.8, 146.8, 145.5, 137.4, 137.1,
136.9, 130.0, 129.5, 129.0, 128.5, 128.4, 128.3, 127.8, 127.8,
127.6, 126.6, 121.8, 116.3, 116.1, 115.1, 114.2, 113.9, 70.3, 70.2,
49.4; IR (neat): 3443, 3350, 3220, 2940, 2932, 2873, 1735, 1621,
22700 | RSC Adv., 2021, 11, 22692–22709
1508, 1265, 1214, 1127, 1003, 745, 600, 696 cm�1; HRMS (ESI-
TOF) m/z calcd for C33H31N2O2 [M + H]+ 487.2380, found
487.2414.

4,40-(Pyridin-2-ylmethylene)dianiline (3j). 75% yield (0.2065
g) as an orange solid; mp: 165–170 �C; Rf ¼ 0.31 (40% EtOAc/n-
hexane); 1H-NMR (400 MHz, DMSO-d6): d 8.46 (ddd, J ¼ 4.8, 1.6,
0.8 Hz, 1H), 7.66 (td, J ¼ 8.0, 2.0 Hz, 1H), 7.16 (ddd, J ¼ 7.6, 4.8,
1.2 Hz, 1H), 7.11 (d, J¼ 8.0 Hz, 1H), 6.78 (d, J¼ 8.4 Hz, 4H), 6.46
(d, J¼ 8.4 Hz, 4H), 5.24 (s, 1H), 4.88 (s, 4H); 13C-NMR (100 MHz,
DMSO-d6): d 164.4, 148.8, 146.6, 136.3, 131.0, 129.4, 123.1,
121.1, 113.7, 57.1; IR (neat): 3425, 3321, 3200, 3004, 2923, 2881,
1890, 1623, 1588, 1568, 1513, 1434, 1295, 1176, 871, 757 cm�1;
HRMS (ESI-TOF) m/z calcd for C18H18N3 [M + H]+ 276.1495,
found 276.1496.

4,40-((2-Bromopyridin-3-yl)methylene)dianiline (3k). 71%
yield (0.2532 g) as a yellow solid; mp: 170–172 �C; Rf ¼ 0.29 (40%
EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 8.21 (dd, J ¼
4.8, 2.0 Hz, 1H), 7.36, (dd, J ¼ 7.6, 4.4 Hz, 1H), 7.30 (dd, J ¼ 8.0,
2.0 Hz, 1H), 6.66 (d, J ¼ 8.4H, 4H), 6.48 (d, J ¼ 8.4, 4H), 5.41 (s,
1H), 4.97 (s, 4H); 13C-NMR (100 MHz, DMSO-d6): d 147.7, 147.1,
144.3, 141.9, 139.2, 129.6, 129.2, 123.3, 114.0, 53.4; IR (neat):
3467, 3378, 3352, 3039, 2997, 2920, 1613, 1550, 1512, 1391, 1178,
1049, 799, 570 cm�1; HRMS (ESI-TOF) m/z calcd for C18H17BrN3

[M + H]+ 354.0600, found 354.0600.
4-(5,10-Dihydrobenzo[b][1,8]naphthyridine-5-yl)aniline (4k).

10% yield (0.0283 g) as a yellow solid; mp: 164–168 �C; Rf ¼ 0.39
(40% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 9.39 (s,
1H), 7.97 (d, J ¼ 1.6 Hz, 1H), 7.36 (dd, J ¼ 8.0, 1.6 Hz, 1H), 7.07
(td, J ¼ 8.4, 1.6 Hz, 1H), 7.02–6.97 (m, 2H), 6.80–6.73 (m, 4H),
6.41 (d, J ¼ 8.4 Hz, 2H), 5.14 (s, 1H). 4.88 (s, 2H); 13C-NMR (100
MHz, DMSO-d6): d 151.6, 147.0, 146.0, 138.8, 136.8, 135.1, 129.0,
127.8, 127.0, 123.4, 120.6, 118.9, 116.2, 114.4, 113.9, 45.4; IR
(neat): 3373, 3179, 3097, 3010, 2922, 2852, 1737, 1580, 1608,
1510, 1496, 1445, 1270, 11 777, 1124, 1096, 808, 738, 512,
406 cm�1; HRMS (ESI-TOF) m/z calcd for C18H16N3 [M + H]+

274.1339, found 274.1343.
4,40-(Naphthalen-1-ylmethylene)dianiline (3l).6c,9d CAS

number 1132762-70-9; 66% yield (0.2151 g) as a yellow solid;
mp: 210–212 �C; Rf ¼ 0.38 (40% EtOAc/n-hexane); 1H-NMR (400
MHz, DMSO-d6): d 8.03 (d, J ¼ 8.0 Hz, 1H), 7.88 (d, J ¼ 7.6 Hz,
1H), 7.75 (d, J ¼ 8.4 Hz, 1H), 7.46–7.36 (m, 3H), 6.92 (d, J ¼
6.8 Hz, 1H), 6.72 (d, J¼ 8.4 Hz, 4H), 6.46 (d, J¼ 8.4 Hz, 4H), 5.94
(s, 1H), 4.88 (s, 4H); 13C-NMR (100 MHz, DMSO-d6): d 146.6,
141.7, 133.6, 131.6, 131.4, 129.6, 128.5, 126.54, 126.53, 125.8,
125.4, 125.2, 124.5, 113.9, 50.8; IR (neat): 3438, 3415, 3339, 3211,
2924, 1611, 1508, 1268, 1177, 787, 573, 501 cm�1.

2-((4-Aminophenyl)(naphthalen-1-yl)methyl)aniline (4l). 14%
yield (0.0452 g) as a white solid; mp: 154–156 �C; Rf ¼ 0.53 (40%
EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 7.90 (d, J ¼
8.0 Hz, 2H), 7.78 (d, J ¼ 8.0 Hz, 1H), 7.47–7.37 (m, 3H). 6.93–88
(m, 2H), 6.79 (d, J¼ 8.4 Hz, 2H), 6.69 (d, J¼ 7.6 Hz, 1H), 6.51 (d, J
¼ 8.4 Hz, 2H), 6.44–6.38 (m, 2H), 5.99 (s, 1H), 4.95 (s, 2H), 4.66 (s,
2H); 13C-NMR (100 MHz, DMSO-d6): d 147.0, 145.3, 140.4, 133.6,
131.5, 130.0, 129.1, 129.0, 128.5, 128.1, 126.8, 126.7, 126.2, 125.9,
125.5, 125.2, 124.4, 116.2, 115.3, 114.0, 46.1; IR (neat): 3461, 3424,
3371, 3031, 2923, 2853, 1736, 1620, 1513, 1493, 1454, 1392, 1277,
© 2021 The Author(s). Published by the Royal Society of Chemistry
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1246, 1182, 838, 794, 749, 506, 411 cm�1; HRMS (ESI-TOF) m/z
calcd for C23H21N2 [M + H]+ 325.1699, found 325.1705.

4,40-(Phenylmethylene)bis(2-methoxyaniline) (3m).9a CAS
number 6259-05-8; 83% yield (0.2757 g) as a brown solid; mp:
134–136 �C; Rf ¼ 0.33 (30% EtOAc/n-hexane); 1H-NMR (400
MHz, DMSO-d6): d 7.25 (t, J¼ 7.6 Hz, 2H), 7.15 (t, J¼ 7.6 Hz, 1H),
7.08 (d, J ¼ 7.2 Hz, 2H), 6.57 (d, J ¼ 1.6 Hz, 2H), 6.54 (d, J ¼
8.0 Hz, 2H), 6.37 (dd, J ¼ 8.0, 1.6 Hz, 2H), 5.25 (s, 1H), 4.55 (s,
4H), 3.63 (s, 6H); 13C-NMR (100 MHz, DMSO-d6): d 146.2, 145.6,
135.6, 132.6, 128.9, 128.0, 125.7, 121.3, 113.5, 111.6, 55.3, 55.2;
IR (neat): 3470, 3373, 3005, 2970, 2938, 2856, 1737, 1616, 1515,
1279, 1227, 1149, 1032, 740, 706 cm�1.

4-((2-Amino-3-methoxyphenyl)(phenyl)methyl)-2-
methoxyaniline (4m). 9% yield (0.0287 g) as a brown solid; mp:
128–130 �C; Rf ¼ 0.43 (30% EtOAc/n-hexane); 1H-NMR (400
MHz, DMSO-d6): d 7.27 (t, J¼ 7.2 Hz, 2H), 7.18 (t, J¼ 7.2 Hz, 1H),
7.06 (d, J¼ 7.4 Hz, 2H), 6.71 (dd, J¼ 8.0, 0.8 Hz, 1H), 6.57 (d, J¼
2.0 Hz, 1H), 6.53 (d, J ¼ 7.6 Hz, 1H), 6.49 (t, J ¼ 7.6 Hz, 1H), 6.32
(dd, J ¼ 8.0, 2.0 Hz, 1H), 6.23 (dd, J ¼ 8.0, 0.8 Hz, 1H), 5.39 (s,
1H), 4.58 (s, 2H), 4.20 (s, 2H), 3.75 (s, 3H), 3.62 (s, 3H); 13C-NMR
(100 MHz, DMSO-d6): d 146.6, 146.3, 143.8, 135.9, 134.4, 130.6,
129.1, 128.6, 128.1, 126.0, 121.5, 121.4, 115.7, 113.6, 111.8,
108.4, 55.4, 55.2, 50.3; IR (neat): 3428, 3036, 2923, 2855, 1618,
1512, 1483, 1455, 1176, 1073, 1010, 780, 743, 423 cm�1; HRMS
(ESI-TOF) m/z calcd for C21H23N2O2 [M + H]+ 335.1754, found
335.1757.

4,40-((4-Nitrophenyl)methylene)bis(2-methoxyaniline)
(3n).13b CAS number 1429648-38-3; 89% yield (0.3373 g) as
a brown solid; mp: 82–84 �C; Rf ¼ 0.26 (30% EtOAc/n-hexane);
1H-NMR (400 MHz, DMSO-d6): d 8.14 (d, J¼ 8.8 Hz, 2H), 7.35 (d,
J ¼ 8.8 Hz, 2H), 6.58 (d, J ¼ 2.0 Hz, 2H), 6.55 (d, J ¼ 7.6 Hz, 2H),
6.37 (dd, J ¼ 8.0, 1.6 Hz, 2H), 5.43 (s, 1H), 4.62 (s, 4H), 3.65 (s,
6H); 13C-NMR (100 MHz, DMSO-d6): d 153.8, 146.3, 145.6,
136.02, 131.1, 130.0, 123.3, 121.3, 113.5, 111.5, 55.2, 54.9; IR
(neat): 3430, 3321, 3210, 2924, 1611, 1508, 1445, 1291, 1121,
1028, 903, 702, 511 cm�1.

4-((2-Amino-3-methoxyphenyl)(4-nitrophenyl)methyl)-2-
methoxyaniline (4n). 5% yield (0.0188 g) as a brown oil; Rf ¼
0.32 (30% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6):
d 8.15 (d, J ¼ 8.8 Hz, 2H), 7.30 (d, J ¼ 8.8 Hz, 2H), 6.74 (dd, J ¼
8.0, 1.2 Hz, 1H), 6.58 (d, J ¼ 1.6 Hz, 1H), 6.56 (d, J ¼ 8.0 Hz, 1H),
6.52 (t, J¼ 8.0 Hz, 1H), 6.31 (dd, J¼ 8.0, 2.0 Hz, 1H), 6.22 (dd, J¼
7.6, 0.8 Hz, 1H), 5.62 (s, 1H), 4.65 (s, 2H), 4.36 (s, 2H), 3.76 (s,
3H), 3.64 (s, 3H); 13C-NMR (100 MHz, DMSO-d6): d 152.3, 146.7,
146.4, 145.8, 136.3, 134.7, 130.2, 129.4, 127.1, 123.3, 121.44,
121.38, 115.8, 113.6, 111.8, 108.7, 55.5, 55.2, 49.8; IR (neat):
3457, 3422, 3053, 2924, 2852, 1592, 1505, 1455, 1335, 1245,
1215, 1093, 1010, 736, 596, 425 cm�1; HRMS (ESI-TOF)m/z calcd
for C21H21N3O4 [M]+ 379.1532, found 379.1533.

4,40-((4-Methoxyphenyl)methylene)bis(2-methoxyaniline)
(3o).13d,13e CAS number 1012062-39-3; 84% yield (0.3077 g) as
a brown solid; mp: 128–132 �C; Rf ¼ 0.30 (40% EtOAc/n-hexane);
1H-NMR (400 MHz, DMSO-d6): d 6.98 (d, J¼ 8.8 Hz, 2H), 6.82 (d,
J ¼ 8.8 Hz, 2H), 6.54 (d, J ¼ 1.6 Hz, 2H), 6.52 (d, J ¼ 8.0 Hz, 2H),
6.5 (dd, J ¼ 8.0, 1.6 Hz, 2H), 5.18 (s, 1H), 4.53 (s, 4H), 3.70 (s,
3H), 3.63 (s, 6H); 13C-NMR (100 MHz, DMSO-d6): d 157.2, 146.2,
137.5, 135.5, 133.0, 129.8, 121.2, 113.5, 113.4, 111.5, 55.2, 54.9,
© 2021 The Author(s). Published by the Royal Society of Chemistry
54.5; IR (neat): 3463, 3422, 3322, 3012, 2958, 2835, 1617, 1506,
1280, 1229, 1029, 742, 631, 579 cm�1.

4-((2-Amino-3-methoxyphenyl)(4-methoxyphenyl)methyl)12-
methoxyaniline (4o). 3% yield (0.0107 g) as a brown oil; Rf ¼
0.39 (40% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6):
d 6.96 (d, J ¼ 8.8 Hz, 2H), 6.83 (d, J ¼ 8.8 Hz, 2H), 6.71 (dd, J ¼
8.0, 1.2 Hz, 1H), 6.55 (d, J ¼ 1.6 Hz, 1H), 6.53 (d, J ¼ 8.0 Hz, 1H),
6.49 (t, J¼ 8.0 Hz, 1H), 6.30 (dd, J¼ 8.0, 2.0 Hz, 1H), 6.22 (dd, J¼
7.6, 0.8 Hz, 1H), 5.31 (s, 1H), 4.57 (s, 2H), 4.16 (s, 2H), 3.75 (s,
3H), 3.71 (s, 3H), 3.62 (s, 3H); 13C-NMR (100 MHz, DMSO-d6):
d 157.5, 146.6, 146.3, 135.8, 135.6, 134.3, 131.0, 129.9, 128.9,
121.4, 121.2, 115.7, 113.5, 111.7, 108.3, 55.4, 55.2, 55.0, 49.5; IR
(neat): 3444, 3363, 2927, 2835, 1609, 1508, 1477, 1243,
1032 cm�1; HRMS (ESI-TOF) m/z calcd for C22H25N2O3 [M + H]+

365.1860, found 365.1860.
4-(Bis(4-amino-3-methoxyphenyl)methyl)-2-methoxyphenol

(3p). 91% yield (0.03462 g) as a black solid; mp: 138–140 �C; Rf¼
0.25 (50% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6):
d 8.73 (s, 1H), 6.67–6.65 (m, 2H), 6.55 (d, J¼ 1.6 Hz, 2H), 6.52 (d,
J ¼ 8.0 Hz, 2H), 6.44 (dd, J ¼ 8.4, 2.0 Hz, 1H), 6.37 (dd, J ¼ 8.0,
1.6 Hz, 2H), 5.13 (s, 1H), 4.52 (brs, 4H), 3.64 (s, 9H); 13C-NMR
(100 MHz, DMSO-d6): d 147.1, 146.1, 144.5, 136.4, 135.4,
133.2, 121.2, 115.0, 113.4, 113.3, 111.5, 55.6, 55.2, 54.9; IR
(neat): 3749, 3370, 2939, 2838, 1737, 1592, 1512, 1217,
1029 cm�1; HRMS (ESI-TOF) m/z calcd for C22H25N2O4 [M + H]+

381.1809, found 381.1809.
4-((2-Amino-3-methoxyphenyl)(4-amino-3-methoxyphenyl)

methyl)-2-methoxyphenol (4p). 8% yield (0.0302 g) as a brown
solid; mp: 128–130 �C; Rf ¼ 0.31 (50% EtOAc/n-hexane); 1H-
NMR (400 MHz, DMSO-d6): d 8.78 (s, 1H), 6.71–6.65 (m, 3H),
6.55–6.47 (m, 3H), 6.39 (d, J ¼ 8.4 Hz, 1H), 6.32 (d, J ¼ 8.0 Hz,
1H), 6.25 (d, J¼ 7.6 Hz, 1H), 5.24 (s, H), 4.56 (s, 2H), 4.13 (s, 2H),
3.75 (s, 3H), 3.64 (s, 3H), 3.63 (s, 3H); 13C-NMR (100 MHz,
DMSO-d6): d 147.3, 146.6, 146.3, 144.8, 135.8, 134.5, 134.3,
131.2, 129.2, 121.5, 121.3, 115.8, 115.1, 113.6, 111.8, 108.3, 55.6,
55.5, 55.2, 50.1; IR (neat): 3747, 3470, 2839, 2838, 1737, 1592,
1512, 1217, 1029, 952, 847, 554, 447 cm�1; HRMS (ESI-TOF) m/z
calcd for C22H25N2O4 [M + H]+ 381.1809, found 381.1805.

5,50-((4-Nitrophenyl)methylene)bis(2-aminophenol) (3q). 95%
yield (0.3354 g) as a brown solid; mp: 154–156 �C; Rf ¼ 0.40 (50%
EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 8.91 (s, 2H),
8.15 (d, J¼ 8.8 Hz, 2H), 7.32 (d, J¼ 8.8 Hz, 2H), 6.50 (d, J¼ 7.6Hz,
2H), 6.38 (d, J¼ 2.0 Hz, 2H), 6.26 (dd, J¼ 8.0, 2.0 Hz, 2H), 5.28 (s,
1H), 4.43 (s, 4H); 13C-NMR (100 MHz, DMSO-d6): d 154.1, 145.6,
143.9, 134.9, 131.6, 130.1, 123.3, 121.2, 120.1, 117.9, 115.3, 114.2,
54.5; IR (neat): 3374, 3297, 3045, 2703, 2587, 1592, 1441, 1507,
1348, 1201, 1134 cm�1; HRMS (ESI-TOF) m/z calcd for
C19H18N3O4 [M + H]+ 352.1292, found 352.1292.

4,40-((4-Nitrophenyl)methylene)bis(2-bromoaniline) (3r). 94%
yield (0.4528 g) as a yellow solid; mp: 128–130 �C; Rf ¼ 0.27 (30%
EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 8.16 (d, J ¼
8.8 Hz, 2H), 7.34 (d, J ¼ 8.4 Hz, 2H), 7.03 (d, J ¼ 2.0 Hz, 2H), 6.79
(d, J ¼ 8.4, 2.0 Hz, 2H), 6.74 (d, J ¼ 8.4 Hz, 2H), 5.48 (s, 1H), 5.27
(s, 4H); 13C-NMR (100 MHz, DMSO-d6): d 152.4, 145.9, 144.4,
132.2, 131.9, 130.0, 128.9, 123.6, 115.5, 107.4, 52.9; IR (neat):
3464, 3371, 3207, 2926, 1616, 1497, 1342, 1309, 1243, 1157, 1108,
RSC Adv., 2021, 11, 22692–22709 | 22701
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1035, 853, 810, 699, 672, 564, 413 cm�1; HRMS (ESI-TOF) m/z
calcd for C19H16Br2N3O2 [M + H]+ 475.9604, found 475.9604.

4-((2-Amino-3-bromophenyl)(4-nitrophenyl)methyl)-2-bromo
aniline (4r). 5% yield (0.0259 g) as a yellow solid; mp: 118–120 �C;
Rf ¼ 0.30 (30% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6):
d 8.18 (d, J¼ 8.8 Hz, 2H), 7.32 (dd, J¼ 7.6, 1.6 Hz, 1H), 7.29 (d, J¼
9.2 Hz, 2H), 7.02 (brs, 1H), 6.76 (d, J ¼ 0.8 Hz, 2H), 6.54 (dd, J ¼
8.0, 2.0 Hz, 1H), 6.49 (t, J ¼ 8.0 Hz, 1H), 5.76 (s, 1H), 5.30 (s, 2H),
5.00 (s, 2H); 13C-NMR (100 MHz, DMSO-d6): d 151.1, 146.1, 144.7,
124.8, 132.4, 130.9, 130.2, 130.0, 129.2, 128.7, 128.2, 123.6, 117.4,
115.5, 109.2, 107.4, 49.2; IR (neat): 3461, 3410, 3370, 3340, 2958,
2924, 2852, 1742, 1616, 1510, 1496, 1441, 1344, 1276, 1253, 855,
825, 767, 749 cm�1; HRMS (ESI-TOF)m/z calcd for C19H16Br2N3O2

[M + H]+ 475.9604, found 475.9605.
4,40-((4-Nitrophenyl)methylene)bis(2-uoroaniline) (3s). 93%

yield (0.3305 g) as a yellow solid; mp: 120–122 �C; Rf ¼ 0.17 (20%
EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 8.15 (d, J ¼
8.8 Hz, 2H), 7.34 (d, J¼ 8.8 Hz, 2H), 6.73–6.65 (m, 4H), 6.61 (dd, J
¼ 8.4, 2.0 Hz, 2H), 5.46 (s, 1H), 5.06 (s, 4H); 13C-NMR (100 MHz,
DMSO-d6): d 152.7, 150.4 (d,

1JC–F¼ 236.0 Hz), 145.9, 134.9 (d, 2JC–
F ¼ 13.0 Hz), 130.9 (d, 3JC–F ¼ 5.0 Hz), 130.0, 124.9 (d, 4JC–F ¼ 2.0
Hz), 123.5, 116.2 (d, 3JC–F ¼ 5.0 Hz), 115.3 (d, 2JC–F ¼ 19.0 Hz),
53.4; IR (neat): 3428, 3380, 2923, 2885, 1618, 1512, 1483, 1455,
1315, 1274, 1227, 1176, 1010, 806, 780, 743, 549, 485, 423 cm�1;
HRMS (ESI-TOF) m/z calcd for C19H16F2N3O2 [M + H]+ 356.1205,
found 356.1207.

4-((2-Amino-3-uorophenyl)(4-nitrophenyl)methyl)-2-uoro
aniline (4s). 6% yield (0.0210 g) as a yellow solid; mp: 114–116 �C;
Rf ¼ 0.27 (20% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6):
d 8.17 (d, J ¼ 9.2 Hz, 2H), 7.30 (d, J ¼ 8.4 Hz, 2H), 6.94 (ddd, J ¼
11.2, 8.0, 1.2 Hz, 1H), 6.72 (t, J ¼ 8.0 Hz, 1H), 6.64 (dd, J ¼ 12.4,
1.6 Hz, 1H), 6.59 (dd, J¼ 8.0, 2.0 Hz, 1H), 6.50 (td, J¼ 8.0, 5.6 Hz,
1H), 6.39 (d, J¼ 7.6 Hz, 1H), 5.74 (s, 1H), 5.10 (s, 2H), 4.86 (s, 2H);
13C-NMR (100 MHz, DMSO-d6): d 151.8, 151.5 (d, 1JC–F ¼ 235.0
Hz), 150.9 (d, 1JC–F ¼ 236.0 Hz), 146.5, 135.5 (d, 2JC–F ¼ 13.0 Hz),
134.4 (d, 2JC–F¼ 12.0 Hz), 130.6, 129.5 (d, 3JC–F¼ 5.0 Hz), 129.5 (d,
4JC–F ¼ 2.0 Hz), 125.6 (d, 3JC–F ¼ 3.0 Hz), 125.2 (d, 4JC–F ¼ 2.0 Hz),
123.91, 116.7 (d, 3JC–F ¼ 5.0 Hz), 116.0 (d, 2JC–F ¼ 18.0 Hz), 115.9
(d, 3JC–F¼ 7.0 Hz), 113.5 (d, 2JC–F¼ 18.0 Hz), 49.0; IR (neat): 3444,
3310, 2974, 9875, 1650, 1510, 1420, 1311, 1201, 1110, 874, 854,
700, 654, 542 cm�1; HRMS (ESI-TOF) m/z calcd for C19H16F2N3O2

[M + H+] 356.1205, found 356.1205.
4,40-(Phenylmethylene)bis(2-nitroaniline) (3t). 94% yield

(0.3430 g) as a yellow solid; mp: 160–162 �C; Rf ¼ 0.23 (30%
EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 7.62 (d, J ¼
2.0 Hz, 2H), 7.43 (brs, 4H), 7.33 (t, J ¼ 7.2 Hz, 2H), 7.24 (t, J ¼
7.6 Hz, 1H), 7.20 (dd, J¼ 8.8, 2.0 Hz, 2H), 7.13 (d, J¼ 7.2 Hz, 2H),
6.99 (d, J ¼ 8.8 Hz, 2H), 5.47 (s, 1H); 13C-NMR (100 MHz, DMSO-
d6): d 145.1, 142.9, 136.8, 130.8, 129.7, 128.9, 128.7, 126.6, 124.6,
119.8, 52.9; IR (neat): 3415, 3335, 3205, 3011, 1620, 1511, 1313,
1244, 1080, 745, 521 cm�1; HRMS (ESI-TOF) m/z calcd for
C19H17N4O4 [M + H]+ 365.1244, found 365.1244.

4-((2-Amino-3-nitrophenyl)(phenyl)methyl)-2-nitroaniline (4t).
6% yield (0.0240 g) as an orange solid; mp: 88–90 �C; Rf ¼ 0.30
(30% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 7.97 (d, J
¼ 8.8, 1.6 Hz, 1H), 7.58 (d, J¼ 2.0 Hz, 1H), 7.45 (brs, 2H), 7.34 (t, J
¼ 7.2 Hz, 2H), 7.26 (t, J ¼ 7.2 Hz, 1H), 7.15 (dd, J ¼ 8.8, 2.4 Hz,
22702 | RSC Adv., 2021, 11, 22692–22709
1H), 7.11–7.06 (m, 4H), 7.50 (d, J ¼ 8.8 Hz, 1H), 6.91 (dd, J ¼ 7.2,
1.2 Hz, 1H), 6.64 (dd, J ¼ 8.4, 7.2 Hz, 1H), 5.78 (s, 1H); 13C-NMR
(100 MHz, DMSO-d6): d 145.3, 143.5, 141.5, 137.0, 136.1, 131.9,
131.5, 129.8, 129.1, 128.9, 128.7, 127.0, 124.8, 124.5, 119.8, 115.1,
48.1; IR (neat): 3447, 3334, 3207, 3015, 1640, 1538, 1315, 1249,
1080, 740, 647, 501, 478, 324 cm�1; HRMS (ESI-TOF)m/z calcd for
C19H17N4O4 [M + H]+ 365.1244, found 365.1236.

4,40-(Pyridin-2-ylmethylene)(bis(2-methoxyaniline)) (3u). 87%
yield (0.2924 g) as a brown solid; mp: 124–126 �C; Rf ¼ 0.32 (60%
EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 8.48 (dd, J ¼
4.8, 0.8 Hz, 1H), 7.67 (td, J ¼ 7.6, 1.6 Hz, 1H), 7.18–7.14 (m, 2H),
6.65 (d, J ¼ 1.6 Hz, 2H), 6.54 (d, J ¼ 7.6 Hz, 2H), 6.45 (dd, J ¼ 8.0,
1.6 Hz, 2H), 5.33 (s, 1H), 4.56 (brs, 4H), 3.64 (s, 6H); 13C-NMR (100
MHz, DMSO-d6): d 164.2, 148.8, 146.2, 136.4, 135.7, 131.7, 123.2,
121.3, 121.2, 113.5, 111.6, 51.8, 55.2; IR (neat): 3443, 3351, 2949,
1739, 1513, 1231, 1030, 756, 627 cm�1; HRMS (ESI-TOF)m/z calcd
for C20H21N3O2 [M]+ 335.1634, found 335.1633.

4,40-((4-Nitrophenyl)methylene)bis(3-methoxyaniline) (3v).
62% yield (0.2356 g) as a yellow solid; mp: 164–166 �C; Rf ¼ 0.26
(50% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 8.07 (d,
J ¼ 8.8 Hz, 2H), 7.15 (d, J ¼ 8.4 Hz, 2H), 6.32 (d, J ¼ 8.4 Hz, 2H),
6.22 (d, J ¼ 2.0 Hz, 2H), 6.05 (dd, J ¼ 8.0, 2.0 Hz, 2H), 5.83 (s,
1H), 4.99 (brs, 4H), 3.55 (s, 6H); 13C-NMR (100 MHz, DMSO-d6):
d 157.3, 154.9, 148.6, 145.3, 130.0, 129.6, 123.0, 118.1, 105.6,
97.8, 55.1, 41.5; IR (neat): 3412, 3310, 3210, 2935, 2833, 1736,
1611, 1504, 1341, 1204, 1039 cm�1; HRMS (ESI-TOF) m/z calcd
for C21H22N3O4 [M + H]+ 380.1605, found 380.1603.

2-((4-Amino-2-methoxyphenyl)(4-nitrophenyl)methyl)-5-methoxy
aniline (4v). 26% yield (0.0988 g) as a yellow solid; mp: 88–90 �C; Rf
¼ 0.32 (50% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 8.12
(d, J¼ 8.8 Hz, 2H), 7.22 (d, J¼ 8.8 Hz, 2H), 6.33 (d, J¼ 8.0 Hz, 1H),
6.30 (d, J ¼ 8.8 Hz, 1H), 6.25 (d, J ¼ 2.4 Hz, 2H), 6.08–6.05 (m, 2H),
5.58 (s, 1H), 5.06 (brs, 2H), 4.57 (brs, 2H), 3.63 (s, 3H), 3.59 (s, 3H);
13C-NMR (100 MHz, DMSO-d6): d 158.6, 157.4, 153.0, 149.0, 146.7,
145.7, 130.1, 129.8, 129.6, 123.1, 119.5, 116.5, 105.8, 101.8, 100.5,
97.6, 55.1, 54.6, 42.8; IR (neat): 3444, 3366, 2936, 2834, 1610, 1505,
1463, 1341, 1205, 1172, 1030, 829, 744, 570 cm�1; HRMS (ESI-TOF)
m/z calcd for C21H22N3O4 [M + H]+ 380.1605, found 380.1605.

4,40-((4-Nitrophenyl)methylene)bis(3-bromoaniline) (3w). 77%
yield (0.3667 g) as a yellow solid; mp: 198–200 �C; Rf ¼ 0.17 (30%
EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 8.16 (d, J ¼
8.8 Hz, 2H), 7.20 (d, J ¼ 8.4 Hz, 2H), 6.84 (d, J ¼ 2.4 Hz, 2H), 6.49
(dd, J¼ 8.4, 2.4 Hz, 2H), 6.40 (d, J¼ 8.4 Hz, 2H), 5.85 (s, 1H), 5.35
(brs, 4H); 13C-NMR (100 MHz, DMSO-d6): d 151.3, 149.0, 146.0,
130.8, 130.3, 127.2, 125.0, 123.6, 117.5, 113.1, 53.5; IR (neat):
3471, 3413, 3375, 3317, 3216, 1625, 1601, 1508, 1487, 1344, 1262,
1026, 867, 816, 741, 696 cm�1; HRMS (ESI-TOF) m/z calcd for
C19H16Br2N3O2 [M + H]+ 475.9604, found 475.9595.

6,60-((4-Nitrophenyl)methylene)bis(3,4-dimethoxyaniline) (3x).
96% yield (0.4242 g) as a brown solid; mp: 184–186 �C; Rf ¼ 0.47
(100% EtOAc); 1H-NMR (400 MHz, DMSO-d6): d 8.17 (d, J¼ 8.8 Hz,
2H), 7.31 (d, J ¼ 8.8 Hz, 2H), 6.40 (s, 2H), 6.16 (s, 2H), 5.51 (s, 1H),
4.49 (brs, 4H), 3.68 (s, 6H), 3.44 (s, 6H); 13C-NMR (100MHz, DMSO-
d6): d 151.6, 148.9, 145.9, 140.8, 140.09, 140.08, 130.3, 123.2, 116.8,
115.6, 100.98, 100.96, 57.0, 55.2, 44.1; IR (neat): 3463, 3422, 3322,
3012, 2958, 2835, 1617, 1506, 1280, 1229, 1029, 742, 631, 579 cm�1;
© 2021 The Author(s). Published by the Royal Society of Chemistry
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HRMS (ESI-TOF) m/z calcd for C23H26N3O6 [M + H]+ 440.1816,
found 440.1817.

4,40-((4-Nitrophenyl)methylene)bis(2,6-diisopropylaniline)
(3y).6p,6q CAS number 870633-59-3; 46% yield (0.2230 g) as
a brown oil; Rf ¼ 0.33 (10% EtOAc/n-hexane); 1H-NMR (400
MHz, DMSO-d6): d 8.13 (d, J ¼ 8.8 Hz, 2H), 7.31 (d, J ¼ 8.4 Hz,
2H), 6.70 (s, 4H), 5.35 (s, 1H), 4.47 (brs, 4H), 3.03–2.90 (m, 4H),
1.06 (d, J¼ 6.8 Hz, 12H), 1.05 (d, J¼ 6.8 Hz, 12H); 13C-NMR (100
MHz, DMSO-d6): d 155.1, 145.4, 139.8, 131.2, 130.8, 129.8, 123.2,
122.9, 55.5, 26.7, 22.7, 22.5; IR (neat): 3397, 2959, 2927, 2869,
1622, 1588, 1520, 1462, 1441, 1342, 1310, 1260, 1213, 1185,
1158, 1067, 1013, 993, 970, 855, 848, 748, 725, 725, 527,
469 cm�1.

4,40-(Phenylmethylene)bis(N-methylaniline) (3aa).1a,4j,4k CAS
number 3808-38-6; 83% yield (0.2502 g) as a yellow oil; Rf ¼ 0.39
(20% EtOAc/n-hexane); 1H-NMR (400MHz, DMSO-d6): d 7.25 (t, J
¼ 7.2 Hz, 2H), 7.14 (t, J ¼ 7.2 Hz, 1H), 7.06 (d, J ¼ 7.2 Hz, 2H),
6.80 (d, J ¼ 8.4 Hz, 4H), 6.44 (d, J ¼ 8.4 Hz, 4H), 5.45 (q, J ¼
5.2 Hz, 2H), 5.22 (s, 1H), 2.62 (d, J ¼ 4.8 Hz, 6H); 13C-NMR (100
MHz, DMSO-d6): d 148.1, 145.8, 131.7, 129.4, 128.9, 128.0, 125.6,
111.5, 54.6, 29.9; IR (neat): 3412, 2926, 2880, 2812, 1736, 1612,
1509, 1341, 803 cm�1.

N-Methyl-2-((4-(methylamino)phenyl)(phenyl)methyl)aniline
(4aa). 9% yield (0.0260 g) as a brown solid; mp: 128–130 �C; Rf ¼
0.55 (20% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 7.26
(t, J¼ 7.2 Hz, 2H), 7.17 (t, J¼ 7.2 Hz, 1H), 7.09–7.00 (m, 3H), 6.76
(d, J¼ 8.4 Hz, 2H), 6.57–6.47 (m, 3H), 6.45 (d, J¼ 8.4 Hz, 2H), 5.50
(q, J¼ 5.2 Hz, 1H), 5.40 (s, 1H), 4.70 (q, J¼ 4.8 Hz, 1H), 2.64 (d, J¼
4.8 Hz, 3H), 2.63 (d, J ¼ 4.8 Hz, 3H); 13C-NMR (100 MHz, DMSO-
d6): d 148.3, 146.6, 144.1, 129.65, 129.58, 129.1, 129.0, 128.5,
128.1, 127.0, 125.9, 115.4, 111.5, 109.4, 49.1, 30.3, 29.8; IR (neat):
3407, 3019, 2877, 2810, 1883, 1736, 1612, 1515, 1316, 1262, 1179,
1151, 1106, 1059, 806, 747, 535 cm�1; HRMS (ESI-TOF) m/z calcd
for C21H23N2 [M + H]+ 303.1856, found 303.1855.

4,40-((4-Nitrophenyl)methylene)bis(N-methylaniline) (3ab).
89% yield (0.3090 g) as a viscous brown oil; Rf¼ 0.39 (20% EtOAc/
n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 8.14 (d, J ¼ 8.8 Hz,
2H), 7.32 (d, J ¼ 8.8 Hz, 2H), 6.81 (d, J ¼ 8.4 Hz, 4H), 6.46 (d, J ¼
8.4 Hz, 4H), 5.54 (q, J ¼ 5.2 Hz, 2H), 5.40 (s, 1H), 2.63 (d, J ¼
5.2 Hz, 6H); 13C-NMR (100 MHz, DMSO-d6): d 154.1, 148.4, 145.6,
130.2, 130.0, 129.4, 123.3, 111.6, 54.2, 29.8; IR (neat): 3412, 2926,
2880, 2812, 1736, 1612, 1509, 1341, 803 cm�1; HRMS (ESI-TOF)
m/z C21H22N3O2 [M + H]+ calcd 348.1707, found 348.1707.

N-Methyl-2-((4-(methylamino)phenyl)(4-nitrophenyl)methyl)
aniline (4ab). 7% yield (0.0251 g) as a yellow solid; mp: 130–
132 �C; Rf ¼ 0.52 (20% EtOAc/n-hexane); 1H-NMR (400 MHz,
DMSO-d6): d 8.14 (d, J ¼ 8.8 Hz, 2H), 7.26 (d, J ¼ 8.8 Hz, 2H),
7.11–7.06 (m, 1H), 6.76 (d, J ¼ 8.4 Hz, 2H), 6.56–6.52 (m, 3H),
6.47 (d, J¼ 8.4 Hz, 2H), 5.61 (s, 1H), 5.58 (q, J¼ 5.2 Hz, 1H), 4.93
(q, J ¼ 4.8 Hz, 1H), 2.64 (d, J ¼ 4.8 Hz, 3H), 2.63 (d, J ¼ 5.2 Hz,
3H); 13C-NMR (100 MHz, DMSO-d6): d 152.5, 148.6, 146.7, 145.5,
130.2, 129.7, 128.9, 128.3, 127.5, 127.2, 123.2, 115.5, 111.6,
109.6, 48.8, 30.3, 29.7; IR (neat): 3434, 2936, 2881, 2811, 1736,
1610, 1509, 1341, 803, 751, 665 cm�1; HRMS (ESI-TOF)m/z calcd
for C21H22N3O2 [M + H]+ 348.1707, found 348.1704.

4,40-((4-Methoxyphenyl)methylene)bis(N-methylaniline)
(3ac).1a,9a CAS number 848126-21-6; 87% yield (0.2901 g) as
© 2021 The Author(s). Published by the Royal Society of Chemistry
a viscous green oil; Rf ¼ 0.32 (20% EtOAc/n-hexane); 1H-NMR
(400 MHz, DMSO-d6): d 6.96 (d, J ¼ 8.4 Hz, 2H), 6.81 (d, J ¼
8.8 Hz, 2H), 6.78 (d, J ¼ 8.8 Hz, 4H), 6.43 (d, J ¼ 8.8 Hz, 4H),
5.43 (q, J ¼ 5.2 Hz, 2H), 5.16 (s, 1H), 3.70 (s, 3H), 2.62 (d, J ¼
5.2 Hz, 6H); 13C-NMR (100 MHz, DMSO-d6): d 157.2, 148.0,
137.7, 132.0, 129.8, 129.3, 113.4, 111.4, 55.0, 53.7, 29.9; IR
(neat): 3407, 2971, 2879, 2811, 1737, 1611, 1507, 1240, 1175,
1031, 810, 546 cm�1.

2-((4-Methoxyphenyl)(4-(methylamino)phenyl)methyl)-N-
methylaniline (4ac). 5% yield (0.0149 g) as a yellow oil; Rf ¼ 0.48
(20% EtOAc/n-hexane); 1H-NMR (400MHz, DMSO-d6): d 7.04 (t, J
¼ 7.2 Hz, 1H), 6.92 (d, J ¼ 8.8 Hz, 2H), 6.82 (d, J ¼ 8.8 Hz, 2H),
6.74 (d, J ¼ 8.8 Hz, 2H), 6.57–6.47 (m, 3H), 6.44 (d, J ¼ 8.8 Hz,
2H), 5.47 (q, J¼ 5.6 Hz, 1H), 5.32 (s, 1H), 4.63 (q, J¼ 5.6 Hz, 1H),
3.71 (s, 3H), 2.64 (d, J¼ 4.4 Hz, 3H), 2.62 (d, J¼ 4.4 Hz, 3H); 13C-
NMR (100 MHz, DMSO-d6): d 157.4, 148.2, 146.6, 135.8, 130.0,
129.6, 128.9, 126.9, 115.4, 113.5, 111.5, 109.4, 55.0, 48.3, 30.3,
29.8; IR (neat): 3408, 3333, 3002, 2970, 1606, 1505, 1242, 1175,
1029, 834, 751, 624, 580, 570, 548, 530, 509, 471, 446 cm�1;
HRMS (ESI-TOF) m/z calcd for C22H25N2O [M + H]+ 333.1961,
found 333.1966.

4-(Bis(4-(methylamino)phenyl)methyl)-2-methoxyphenol
(3ad). 86% yield (0.2995 g) as a purple solid; mp: 74–76 �C; Rf¼
0.19 (30% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6):
d 8.72 (s, 1H), 6.79 (d, J ¼ 8.4 Hz, 4H), 6.67–6.62 (m, 2H), 6.46–
6.38 (m, 5H), 5.42 (q, J ¼ 5.2 Hz, 2H), 5.10 (s, 1H), 3.63 (s, 3H),
2.62 (d, J¼ 5.2 Hz, 6H); 13C-NMR (100 MHz, DMSO-d6): d 147.9,
147.2, 144.5, 136.7, 132.3, 129.4, 121.2, 115.0, 113.38, 113.35,
111.4, 55.6, 55.6, 54.2, 29.9; IR (neat): 3404, 2970, 2929, 2811,
1736, 1612, 1508, 1121, 1031, 814 cm�1; HRMS (ESI-TOF) m/z
calcd for C22H25N2O2 [M + H]+ 349.1911, found 349.1911.

2-Methoxy-4-((2-(methylamino)phenyl)(4-(methylamino)phenyl)
methyl)phenol (4ad). 7% yield (0.0238 g) as a brown oil; Rf ¼ 0.29
(30% EtOAc/n-hexane); 1H-NMR (400MHz, DMSO-d6): d 8.78 (s, 1H),
7.04 (td, J ¼ 7.0, 1.2 Hz, 1H), 6.76 (d, J ¼ 8.4 Hz, 2H), 6.66 (d, J ¼
8.0 Hz, 1H), 6.62 (d, J ¼ 1.6 Hz, 1H), 6.58 (dd, J ¼ 8.0, 1.6 Hz, 1H),
6.53–6.48 (m, 2H), 6.44 (d, J¼ 8.4 Hz, 2H), 6.35 (dd, J¼ 8.0, 1.6 Hz,
1H), 5.46 (q, J¼ 6.4Hz, 1H), 5.26 (s, 1H), 4.54 (q, J¼ 5.2Hz, 1H), 3.63
(s, 3H), 2.64 (d, J ¼ 4.8 Hz, 3H), 2.63 (d, J ¼ 4.0 Hz, 3H); 13C-NMR
(100 MHz, DMSO-d6): d 148.2, 147.3, 146.6, 144.8, 134.7, 130.1,
129.6, 129.1, 128.8, 126.9, 121.3, 115.4, 115.1, 113.6, 111.5, 109.4,
55.6, 48.9, 30.4, 29.9; IR (neat): 3531, 3411, 3327, 3088, 3012, 2970,
1615, 1514, 1475, 1456, 1435, 1266, 1244, 1121, 1067, 1051, 1033,
765, 756, 670, 503 cm�1; HRMS (ESI-TOF)m/z calcd for C22H25N2O2

[M + H]+ 349.1911, found 349.1915.
4,40-(Pyridin-2-ylmethylene)bis(N-methylaniline) (3ae).1a CAS

number 1810046-99-1; 77% yield (0.2335 g) as a white soil; mp:
132–134 �C; Rf ¼ 0.33 (40% EtOAc/n-hexane); 1H-NMR (400
MHz, DMSO-d6): d 8.47 (dd, J¼ 4.8, 1.2 Hz, 1H), 7.66 (td, J¼ 7.6,
2.0 Hz, 1H), 7.16 (ddd, J ¼ 7.6, 5.2, 1.2 Hz, 1H), 7.13 (d, J ¼
8.0 Hz, 1H), 6.87 (d, J¼ 8.4 Hz, 4H), 6.44 (d, J¼ 8.4 Hz, 4H), 5.44
(q, J¼ 5.6 Hz, 2H), 5.30 (s, 1H), 5.24 (d, J¼ 4.4 Hz, 6H); 13C-NMR
(100 MHz, DMSO-d6): d 164.4, 148.8, 148.1, 136.3, 130.8, 129.4,
123.2, 121.1, 111.4, 57.1, 29.9; IR (neat): 3419, 3255, 3024, 2971,
1739, 1520, 1432, 1365, 1217, 806, 762, 519 cm�1.

4,40-((4-Nitrophenyl)methylene)bis(N-methyl-2-(triuoromethyl)
aniline) (3af). 95% yield (0.4609 g) as a yellow oil; Rf ¼ 0.43 (20%
RSC Adv., 2021, 11, 22692–22709 | 22703
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EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 8.18 (d, J ¼
8.8 Hz, 2H), 7.35 (d, J ¼ 8.4 Hz, 2H), 7.15–7.13 (m, 4H), 6.72 (d, J ¼
9.2 Hz, 2H), 5.68 (s, 1H), 5.64 (q, J¼ 4.8 Hz, 2H), 2.74 (d, J¼ 4.8 Hz,
6H); 13C-NMR (100 MHz, DMSO-d6): d 152.2, 146.0, 145.21, 145.20,
134.0, 130.0, 128.9, 126.3 (q, 4JC–F¼ 4.0Hz), 123.7, 111.9, 111.1 (q, JC–
F¼ 29.0Hz), 52.8, 30.0; IR (neat): 3479, 2937, 2824, 1735, 1624, 1605,
1583, 1515, 1467, 1422, 1345, 1320, 1298, 1259, 1239, 1181, 1142,
1092, 1072, 1043, 1015, 855, 810, 788, 739, 687, 548, 434 cm�1;
HRMS (ESI-TOF) m/z calcd for C23H20F6N3O2 [M + H]+ 484.1454,
found 484.1454.

4,40-((4-Nitrophenyl)methylene)bis(3-uoro-N-methylani-
line) (3ag). 85% yield (0.3272 g) as a yellow solid; mp: 152–
154 �C; Rf ¼ 0.20 (20% EtOAc/n-hexane); 1H-NMR (400 MHz,
DMSO-d6): d 8.16 (d, J ¼ 8.8 Hz, 2H), 7.31 (d, J ¼ 8.8 Hz, 2H),
6.62–6.55 (m, 2H), 6.34–6.26 (m, 4H), 5.94 (q, J ¼ 4.8 Hz, 2H),
5.75 (s, 1H), 2.64 (d, J¼ 5.2 Hz, 6H); 13C-NMR (100 MHz, DMSO-
d6): d 160.9 (d,

1JC–F¼ 241.0 Hz), 151.4, 150.8 (d, 3JC–F¼ 11.0 Hz),
146.0, 130.3 (d, 4JC–F ¼ 6.0 Hz), 129.6, 123.5, 114.6 (d, 2JC–F ¼
15.0 Hz), 107.8, 98.0 (d, 2JC–F ¼ 26.0 Hz), 41.0, 29.6; IR (neat):
3434, 2902, 1735, 1625, 1580, 1511, 1471, 1408, 1341, 1260,
1191, 1175, 1151, 1097, 1054, 1013, 877, 839, 802, 746, 697,
529 cm�1; HRMS (ESI-TOF)m/z calcd for C21H20F2N3O2 [M + H]+

384.1518, found 384.1518.
5-Fluoro-2-((2-uoro-4-(methylamino)phenyl)(4-nitrophenyl)

methyl)-N-methylaniline (4ag). 13% yield (0.0485 g) as a yellow
solid; mp: 120–22 �C; Rf ¼ 0.31 (20% EtOAc/n-hexane); 1H-NMR
(400 MHz, DMSO-d6): d 8.15 (d, J ¼ 8.8 Hz, 2H), 7.26 (d, J ¼
8.8 Hz, 2H), 6.48 (t, J¼ 8.4 Hz, 1H), 6.41 (t, J¼ 8.8 Hz, 1H), 6.34–
6.25 (m, 4H), 5.94 (q, J ¼ 5.2 Hz, 1H), 5.73 (s, 1H), 5.42–5.37 (m,
1H), 2.65–2.62 (m, 6H); 13C-NMR (100 MHz, DMSO-d6): d 162.7
(d, 1JC–F ¼ 238.0 Hz), 161.2 (d, 1JC–F ¼ 241.0 Hz), 151.0, 150.9 (d,
3JC–F ¼ 11.0 Hz), 148.7 (d, 3JC–F ¼ 11.0 Hz), 146.1, 130.3 (d, 3JC–F
¼ 6.0 Hz), 130.1, 130.0 (d, 3JC–F¼ 7.0 Hz), 123.3, 121.6 (d, 4JC–F¼
2.0 Hz), 114.6 (2JC–F ¼ 16.0 Hz), 107.7, 100.98 (2JC–F ¼ 21.0 Hz),
98.2 (2JC–F ¼ 25.0 Hz), 96.6 (2JC–F ¼ 26.0 Hz), 42.2, 30.2, 29.6; IR
(neat): 3422, 3324, 2977, 2874, 1612, 1514, 1487, 1312, 1251,
1181, 1155, 1110, 1081, 880, 840, 801, 756, 741, 664, 543 cm�1;
HRMS (ESI-TOF) m/z calcd for C21H20F2N3O2 [M + H]+ 384.1518,
found 384.1514.

4,40-(Phenylmethylene)bis(N,N-dimethylaniline) (3ah).4k,8a,8b,8c,8i,10e

CAS number 129-73-7; 89% yield (0.2939 g) as a white solid; mp: 94–
96 �C; Rf¼ 0.36 (5% EtOAc/n-hexane); 1H-NMR (400MHz, DMSO-d6):
d 7.26 (t, J ¼ 7.2 Hz, 2H), 7.16 (t, J ¼ 7.2 Hz, 1H), 7.07 (d, J ¼ 7.2 Hz,
2H), 6.89 (d, J¼ 8.8 Hz, 4H), 6.64 (d, J¼ 8.8 Hz, 4H), 5.30 (s, 1H), 2.83
(s, 12H); 13C-NMR (100 MHz, DMSO-d6): d 148.8, 145.4, 132.2, 129.4,
128.9, 128.1, 125.7, 112.4, 54.2, 40.3; IR (neat): 3029, 2882, 2803, 1611,
1517, 1442, 1349, 1215, 1127, 944, 790, 699 cm�1.

4,40-((4-Nitrophenyl)methylene)bis(N,N-dimethylaniline)
(3ai).8a,8c,8i,10e,12c CAS number 5327-39-9; 95% yield (0.3580 g) as
a yellow solid; mp: 176–178 �C; Rf ¼ 0.38 (10% EtOAc/n-hexane);
1H-NMR (400 MHz, DMSO-d6): d 8.16 (d, J¼ 8.8 Hz, 2H), 7.34 (d,
J ¼ 8.4 Hz, 2H), 6.91 (d, J ¼ 8.4 Hz, 4H), 6.67 (d, J ¼ 8.8 Hz, 4H),
5.51 (s, 1H), 2.85 (s, 12H); 13C-NMR (100 MHz, DMSO-d6):
d 153.7, 149.0, 145.7, 130.8, 130.0, 129.4, 123.4, 112.5, 53.9, 40.2;
IR (neat): 2920, 2878, 2803, 1931, 1882, 1606, 1512, 1332, 1201,
940, 809, 797, 565 cm�1.
22704 | RSC Adv., 2021, 11, 22692–22709
4,40-((4-Methoxyphenyl)methylene)bis(N,N-dimethylaniline)
(3aj).4k,8c,8i,10e CAS number 641-59-8; 72% yield (0.2583 g) as
a white solid; mp: 98–102 �C; Rf ¼ 0.47 (10% EtOAc/n-hexane);
1H-NMR (400 MHz, DMSO-d6): d 6.98 (d, J¼ 8.4 Hz, 2H), 6.89 (d,
J ¼ 8.4 Hz, 4H), 6.83 (d, J ¼ 8.8 Hz, 2H), 6.64 (d, J ¼ 8.8 Hz, 4H),
5.25 (s, 1H), 3.71 (s, 3H), 2.84 (s, 12H); 13C-NMR (100 MHz,
DMSO-d6): d 157.3, 148.7, 137.4, 132.6, 129.8, 129.3, 113.5,
112.4, 55.0, 53.4, 40.3; IR (neat): 3006, 2862, 2802, 1739, 1608,
1509, 1347, 1245, 1031, 812, 560 cm�1.

4,40-(Phenylmethylene)bis(N,N-diethylaniline) (3ak).4k,8j,8k,10e

CAS number 82-90-6; 40% yield (0.1546 g) as a brown oil; Rf ¼
0.37 (10% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6):
d 7.24 (t, J ¼ 7.2 Hz, 2H), 7.14 (t, J ¼ 7.2 Hz, 1H), 7.09 (d, J ¼
7.2 Hz, 2H), 6.87 (d, J¼ 8.8 Hz, 4H), 6.55 (d, J¼ 8.8 Hz, 4H), 5.24
(s, 1H), 3.26 (q, J ¼ 6.8 Hz, 8H), 1.04 (t, J ¼ 6.8 Hz, 12H); 13C-
NMR (100 MHz, DMSO-d6): d 146.1, 146.0, 131.5, 130.1, 129.3,
128.5, 126.1, 111.8, 54.8, 44.1, 12.9; IR (neat): 3074, 2971, 2929,
2889, 2866, 1606, 1267, 1197, 1078, 785, 713 cm�1.

4,40-((4-Nitrophenyl)methylene)bis(N,N-diethylaniline)
(3al).10e CAS number 81713-52-2; 98% yield (0.4250 g) as a yellow
solid; mp: 108–112 �C; Rf ¼ 0.43 (20% EtOAc/n-hexane); 1H-
NMR (400 MHz, DMSO-d6): d 8.15 (d, J ¼ 8.8 Hz, 2H), 7.35 (d,
J ¼ 8.8 Hz, 2H), 6.87 (d, J ¼ 8.8 Hz, 4H), 6.58 (d, J ¼ 8.8 Hz, 4H),
5.42 (s, 1H), 3.28 (q, J¼ 6.8 Hz, 8H), 1.05 (t, J¼ 6.8 Hz, 12H); 13C-
NMR (100 MHz, DMSO-d6): d 153.9, 145.9, 145.6, 130.0, 129.7,
129.5, 123.3, 111.4, 53.9, 43.6, 12.4; IR (neat): 3074, 2971, 2929,
2889, 2866, 1606, 1510, 1339, 1267, 1197, 1078, 785, 713 cm�1.

4,4-((4-methoxyphenyl)methylene)bis(N,N-diethylaniline)
(3am).10e CAS number 123095-07-8; 34% yield (0.1416 g) as
a yellow oil; Rf¼ 0.43 (10% EtOAc/n-hexane); 1H NMR (400MHz,
DMSO-d6): d 6.98 (d, J¼ 8.4 Hz, 2H), 6.84 (d, J¼ 8.8 Hz, 4H), 6.82
(d, J ¼ 8.8 Hz, 2H), 6.55 (d, J ¼ 8.8 Hz, 4H), 5.17 (s, 1H), 3.70 (s,
3H), 3.27 (q, J ¼ 7.2 Hz, 8H), 1.04 (t, J ¼ 7.2 Hz, 12H); 13C-NMR
(100 MHz, DMSO-d6): d 157.3, 145.6, 137.6, 131.4, 129.8, 129.6,
113.4, 111.4, 55.0, 53.4, 43.6, 12.5; IR (neat): 3064, 2941, 2929,
1739, 1608, 1509, 1347, 1245, 1068, 785, 760, 611, 520 cm�1.

4,40-(Phenylmethylene)diphenol (3ba).10d,12k,12n,12o,13c CAS
number 4081-02-1; 60% yield (0.1653 g) as a white solid; mp:
146–148 �C; Rf ¼ 0.21 (20% EtOAc/n-hexane); 1H-NMR (400
MHz, DMSO-d6): d 9.24 (s, 2H), 7.26 (t, J ¼ 7.6 Hz, 2H), 7.16 (t, J
¼ 7.2 Hz, 1H), 7.07 (d, J ¼ 7.2 Hz, 2H), 6.87 (d, J ¼ 8.4 Hz, 4H),
6.67 (d, J¼ 8.8 Hz, 4H), 5.43 (s, 1H); 13C-NMR (100 MHz, DMSO-
d6): d 155.5, 145.0, 134.6, 129.8, 128.9, 128.1, 125.9, 115.0, 54.4;
IR (neat): 3181, 3020, 2698, 2592, 1601, 1503, 1445, 1360, 1232,
1171, 818, 715, 572, 549 cm�1.

2-((4-Hydroxyphenyl)(phenyl)methyl)phenol (4ba).12l,13c CAS
number 60054-61-7; 10% yield (0.0283 g) as a white solid; mp:
120–122 �C; Rf ¼ 0.27 (20% EtOAc/n-hexane); 1H-NMR (400
MHz, DMSO-d6): d 9.38 (s, 1H), 9.25 (s, 1H), 7.25 (t, J ¼ 7.6 Hz,
2H), 7.16 (t, J ¼ 7.2 Hz, 1H), 7.08–6.99 (m, 3H), 6.88–6.79 (m,
3H), 6.76–6.65 (m, 4H), 5.72 (s, 1H); 13C-NMR (100 MHz, DMSO-
d6): d 155.6, 154.7, 144.6, 134.0, 130.7, 130.1, 129.8, 129.1, 128.1,
127.2, 125.8, 118.7, 115.1, 115.0, 48.4; IR (neat): 3527, 3334,
2923, 2854, 1738, 1590, 1508, 1455, 1356, 1231, 1170, 1091, 838,
748, 703, 605, 548, 520 cm�1.
© 2021 The Author(s). Published by the Royal Society of Chemistry
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4,40-((4-Nitrophenyl)methylene)diphenol (3bb).12c,12k,12m CAS
number 63647-37-0; 81% yield (0.2603 g) as a yellow solid; mp:
178–180 �C; Rf ¼ 0.44 (40% EtOAc/n-hexane); 1H-NMR (400 MHz,
DMSO-d6): d 9.36 (s, 2H), 8.15 (d, J¼ 8.8Hz, 2H), 7.33 (d, J¼ 8.4Hz,
2H), 6.88 (d, J ¼ 8.4 Hz, 4H), 6.70 (d, J ¼ 8.8 Hz, 4H), 5.54 (s, 1H);
13C-NMR (100 MHz, DMSO-d6): d 155.9, 153.2, 145.8, 133.4, 130.1,
129.9, 123.4, 115.3, 54.0; IR (neat): 3359, 6022, 2970, 1891, 1703,
1594, 1508, 1342, 1442, 1218, 1171, 1107, 1042, 1014, 811, 744, 696,
558 cm�1.

2-((4-Hydroxyphenyl)(4-nitrophenyl)methyl)phenol
(4bb).12k,12m CAS number 63118-62-7; 18% yield (0.0578 g) as
a viscous yellow oil; Rf ¼ 0.53 (40% EtOAc/n-hexane); 1H-NMR
(400 MHz, DMSO-d6): d 9.50 (s, 1H), 9.33 (s, 1H), 8.14 (d, J ¼
8.8 Hz, 2H), 7.28 (d, J ¼ 8.4 Hz, 2H), 7.06 (t, J ¼ 7.8 Hz, 1H), 6.86
(d, J ¼ 8.4 Hz, 2H), 6.81 (d, J ¼ 8.0 Hz, 1H), 6.80–6.60 (m, 4H),
5.79 (s, 1H); 13C-NMR (100 MHz, DMSO-d6): d 155.9, 154.7,
152.8, 145.8, 132.4, 130.2, 130.0, 129.6, 129.4, 127.7, 123.4,
118.9, 115.3, 115.2, 48.6; IR (neat): 3344, 3109, 3080, 3019, 2923,
2852, 1898, 1596, 1502, 1455, 1341, 1225, 1176, 1088, 836, 848,
755, 699, 635, 465 cm�1.

4,40,400-Methanetriyltriphenol (3bc).6s,6t,6v,12n CAS number 603-
44-1; 40% yield (0.1169 g) as a white solid; mp: 220–224 �C; Rf ¼
0.24 (40% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6):
d 9.21 (s, 3H), 6.84 (d, J ¼ 8.4 Hz, 6H), 6.65 (d, J ¼ 8.4 Hz, 6H),
5.21 (s, 1H); 13C-NMR (100 MHz, DMSO-d6): d 155.4, 135.2,
129.7, 114.9, 53.6; IR (neat): 3238, 3020, 2880, 1601, 1503, 1440,
1356, 1215, 1173, 1099, 1017, 827 cm�1.

4,40-((2-Hydroxyphenyl)methylene)diphenol (4bc).6u CAS
number 51728-14-4; 15% yield (0.0438 g) as a white solid; mp:
182–184 �C; Rf ¼ 0.30 (40% EtOAc/n-hexane); 1H-NMR (400
MHz, DMSO-d6): d 9.33 (s, 1H), 9.22 (s, 2H), 7.00 (td, J ¼ 8.0,
2.0 Hz, 1H), 6.86–6.64 (m, 11H), 5.61 (s, 1H); 13C-NMR (100
MHz, DMSO-d6): d 155.4, 154.6, 134.8, 131.4, 130.0, 129.8, 127.0,
118.7, 115.1, 115.0, 47.5; IR (neat): 3509, 3242, 3062, 2922, 1587,
1505, 1447, 1211, 1082, 750 cm�1.

4,40-((4-Methoxyphenyl)methylene)diphenol (3bd).1q,12m CAS
number 63074-92-0; 50% yield (0.1532 g) as a yellow solid; mp:
122–124 �C; Rf ¼ 0.26 (30% EtOAc/n-hexane); 1H-NMR (400
MHz, DMSO-d6): d 9.22 (s, 2H), 6.96 (d, J ¼ 8.8 Hz, 2H), 6.84 (d, J
¼ 8.4 Hz, 4H), 6.83 (d, J ¼ 8.8 Hz, 2H), 6.66 (d, J ¼ 8.4 Hz, 4H),
5.28 (s, 1H), 3.70 (s, 3H); 13C-NMR (100 MHz, DMSO-d6): d 157.4,
155.5, 137.1, 135.1, 129.84, 129.79, 115.0, 113.6, 55.0, 53.6; IR
(neat): 3273, 3020, 2952, 2936, 2842, 1592, 1508, 1445, 1218,
1166, 1033, 827, 556 cm�1.

2-((4-Hydroxyphenyl)(4-methoxyphenyl)methyl)phenol
(4bd).12m CAS number 63074-86-2; 12% yield (0.0368 g) as
a yellow oil; Rf ¼ 0.31 (30% EtOAc/n-hexane); 1H-NMR (400
MHz, DMSO-d6): d 9.33 (s, 1H), 9.22 (s, 1H), 7.03–6.91 (m, 3H),
6.84–6.76 (m, 5H), 6.73–6.63 (m, 4H), 5.64 (s, 1H), 3.70 (s, 3H);
13C-NMR (100 MHz, DMSO-d6): d 157.4, 155.4, 154.6, 136.4,
134.4, 131.0, 129.9, 129.7, 129.5, 127.0, 118.6, 115.1, 115.0,
114.9, 113.5, 55.0, 47.4; IR (neat): 3325, 3028, 2932, 2836, 1894,
1736, 1608, 1507, 1452, 1360, 1291, 1232, 1171, 1105, 1089,
1026, 938, 874, 832, 818, 752, 643, 621, 572, 548, 512, 403 cm�1.

4,40-((4-Nitrophenyl)methylene)bis(2-methoxyphenol) (3be).
88% yield (0.3375 g) as a yellow solid; mp: 68–70 �C; Rf ¼ 0.23
© 2021 The Author(s). Published by the Royal Society of Chemistry
(30% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 8.93
(brs, 2H), 8.15 (d, J ¼ 8.8 Hz, 2H), 7.36 (d, J ¼ 8.8 Hz, 2H), 6.72
(d, J ¼ 8.0 Hz, 2H), 6.72 (s, 2H), 6.46 (d, J ¼ 8.0 Hz, 2H), 5.55 (s,
1H), 3.66 (s, 6H); 13C-NMR (100 MHz, DMSO-d6): d 153.0, 147.5,
145.8, 145.2, 133.8, 130.1, 123.4, 121.3, 115.4, 113.3, 55.6, 54.6;
IR (neat): 3481, 2934, 2844, 1593, 1551, 1342, 1268, 1217, 1065,
1031, 856, 824, 753, 728, 424 cm�1; HRMS (ESI-TOF) m/z calcd
for C21H19NO6Na [M + Na]+ 404.1105, found 404.1104.

4-((2-Hydroxy-3-methoxyphenyl)(4-nitrophenyl)methyl)-2-methoxy
phenol (4be). 10%yield (0.0403 g) as a yellow solid;mp: 46–48 �C;Rf¼
0.31 (30% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 8.91 (s,
1H), 8.70 (s, 1H), 8.14 (d, J¼ 8.8 Hz, 2H), 7.28 (d, J¼ 8.8 Hz, 2H), 6.86
(dd, J¼ 8.0, 1.2 Hz, 1H), 6.73–6.60 (m, 3H), 6.44–6.30 (m, 2H), 5.84 (s,
1H), 3.78 (s, 3H), 3.65 (s, 3H); 13C-NMR (100MHz, DMSO-d6); d 152.7,
147.6, 147.5, 145.8, 145.2, 143.7, 133.1, 130.0, 129.6, 123.3, 121.5,
118.6, 115.3, 113.6, 110.2, 55.8, 55.6, 48.9; IR (neat): 3402, 3054, 2970,
2926, 2850, 1660, 1587, 1484, 1354, 1211, 1201, 1092, 1009, 772, 740,
422 cm�1; HRMS (ESI-TOF) m/z calcd for C21H19NO6Na [M + Na]+

404.1105, found 404.1105.
4,40-((4-Nitrophenyl)methylene)bis(2-bromophenol) (3bf).

81% yield (0.3873 g) as a yellow oil; Rf ¼ 0.17 (30% EtOAc/n-
hexane); 1H NMR (400 MHz, DMSO-d6): d 10.27 (s, 2H), 8.18 (d, J
¼ 8.8 Hz, 2H), 7.35 (d, J ¼ 8.4 Hz, 2H), 7.18 (s, 2H), 6.91 (s, 4H),
5.64 (s, 1H); 13C-NMR (100 MHz, DMSO-d6): d 152.8, 151.7,
146.1, 134.8, 133.0, 130.1, 129.2, 123.7, 116.5, 109.4, 52.8; IR
(neat): 3448, 3069, 2927, 2847, 1601, 1510, 1494, 1494, 1337,
1258, 1176, 1038, 848, 811, 699 cm�1; HRMS (ESI-TOF)m/z calcd
for C19H14Br2NO4 [M + H]+ 477.9284, found 477.9284.

2-Bromo-4-((3-bromo-2-hydroxyphenyl)(4-nitrophenyl)
methyl)phenol (4bf). 15% yield (0.0728 g) as a yellow oil; Rf ¼
0.34 (30% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6):
d 10.27 (s, 1H), 9.25 (s, 1H), 8.17 (d, J ¼ 8.8 Hz, 2H), 7.43 (dd, J ¼
7.6, 1.6 Hz, 1H), 7.30 (d, J ¼ 8.8 Hz, 2H), 7.14 (d, J ¼ 2.0 Hz, 1H),
6.92 (d, J ¼ 8.4 Hz, 1H), 6.88 (dd, J ¼ 8.4, 2.4 Hz, 1H), 6.77 (t, J ¼
7.6 Hz, 1H), 6.71 (dd, J ¼ 8.0, 1.6 Hz, 1H), 5.95 (s, 1H); 13C-NMR
(100 MHz, DMSO-d6): d 152.9, 151.3, 151.2, 146.1, 133.9, 133.1,
132.5, 131.5, 130.1, 129.5, 129.2, 123.6, 121.2, 116.5, 111.8, 109.4,
48.8; IR (neat): 3461, 2923, 2853, 1736, 1594, 1513, 1492, 1468,
1447, 1342, 1283, 1239, 1108, 1071, 1043, 1014, 957, 906, 894, 824,
767, 734, 708, 690, 666, 554, 489 cm�1; HRMS (ESI-TOF)m/z calcd
for C19H14Br2NO4 [M + H]+ 477.9284, found 477.111.

4,40-((4-Nitrophenyl)methylene)bis(2-uorophenol) (3bg).
89% yield (0.3192 g) as a colorless oil; Rf ¼ 0.17 (20% EtOAc/n-
hexane); 1H-NMR (400 MHz, DMSO-d6): d 9.86 (s, 2H), 8.16 (d, J
¼ 8.8 Hz, 2H), 7.36 (d, J ¼ 8.8 Hz, 2H), 6.90 (t, J ¼ 8.4 Hz, 2H),
6.84 (dd, J¼ 12.4, 2.4 Hz, 2H), 6.72 (dd, J¼ 8.0, 2.0 Hz, 2H), 5.61
(s, 1H); 13C-NMR (100 MHz, DMSO-d6): d 151.87, 150.9 (d, 1JC–F
¼ 240.0 Hz), 146.1, 143.6 (d, 2JC–F ¼ 12.0 Hz), 134.0 (d, 3JC–F ¼
6.0 Hz), 130.2, 125.1 (d, 4JC–F ¼ 3.0 Hz), 123.7, 117.9 (d, 4JC–F ¼
3.0 Hz), 116.6 (d, 2JC–F ¼ 19.0 Hz), 53.4; IR (neat): 3351, 1700,
1624, 1595, 1509, 1439, 1287, 1274, 1234, 1188, 1105, 1015, 957,
859, 811, 756, 733, 697, 576, 526, 452 cm�1; HRMS (ESI-TOF)m/z
calcd for C19H14F2NO4 [M + H]+ 358.0885, found 365.0899.

2-Fluoro-4-((3-uoro-2-hydroxyphenyl)(4-nitrophenyl)
methyl)phenol (4bg). 11% yield (0.0400 g) as a colorless oil; Rf ¼
0.26 (20% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 9.83
(s, 1H), 9.76 (s, 1H), 8.16 (d, J ¼ 8.8 Hz, 2H), 7.31 (d, J ¼ 8.8 Hz,
RSC Adv., 2021, 11, 22692–22709 | 22705
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2H), 7.08 (ddd, J ¼ 10.4, 8.0, 1.6 Hz, 1H), 6.91 (t, J ¼ 8.8 Hz, 1H),
6.82 (dd, J ¼ 12.4, 2.0 Hz, 1H), 6.76 (td, J ¼ 7.6, 5.2 Hz, 1H), 6.70
(dd, J¼ 8.4, 2.0 Hz, 1H), 6.56 (d, J¼ 7.6 Hz, 1H), 5.89 (s, 1H); 13C-
NMR (100 MHz, DMSO-d6): d 151.6 (d, 1JC–F ¼ 237.0 Hz), 151.5,
150.9 (d, 1JC–F ¼ 239.0 Hz), 146.0, 143.6 (d, 2JC–F ¼ 12.0 Hz), 142.2
(d, 2JC–F ¼ 14.0 Hz), 133.1 (d, 4JC–F ¼ 5.0 Hz), 132.5 (d, 3JC–F ¼ 3.0
Hz), 130.0, 125.2 (d, 4JC–F ¼ 2.0 Hz), 125.0 (d, 4JC–F ¼ 2.0 Hz),
123.5, 119.0 (d, 3JC–F ¼ 7.0 Hz), 117.8 (d, 3JC–F ¼ 3.0 Hz), 116.7 (d,
2JC–F ¼ 19.0 Hz), 114.4 (d, 2JC–F ¼ 19.0 Hz), 48.4; IR (neat): 3369,
2928, 1699, 1594, 1514, 1474, 1344, 1262, 1192, 1108, 1066, 825,
756, 728, 454, 418 cm�1; HRMS (ESI-TOF) m/z calcd for
C19H14F2NO4 [M + H]+ 358.0885, found 365.00904.

4,40-((4-Nitrophenyl)methylene)bis(3-bromophenol) (3bh).
50% yield (0.2394 g) as a white solid; mp: 142–144 �C; Rf ¼ 0.23
(30% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 9.92 (s,
2H), 8.18 (d, J ¼ 8.8 Hz, 2H), 7.23 (d, J ¼ 8.8 Hz, 2H), 7.05 (d, J ¼
2.8 Hz, 2H), 6.74 (dd, J ¼ 8.4, 2.4 Hz, 2H), 6.55 (d, J ¼ 8.4 Hz,
2H), 5.96 (s, 1H); 13C-NMR (100 MHz, DMSO-d6): d 157.2, 150.1,
146.2, 131.2, 130.9, 130.4, 124.8, 123.7, 119.7, 115.0, 53.6; IR
(neat): 3406, 3205, 2957, 2922, 2849, 1603, 1484, 1512, 1339,
1211, 1031, 855, 806, 692, 551 cm�1; HRMS (ESI-TOF) m/z calcd
for C19H14Br2NO4 [M + H]+ 477.9284, found 477.9104.

5-Bromo-2-((2-bromo-4-hydroxyphenyl)(4-nitrophenyl)methyl)
phenol (4bh). 50% yield (0.2390 g) as a colorless oil; Rf ¼ 0.31
(30% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 10.11
(brs, 1H), 9.87 (brs, 1H), 8.17 (d, J ¼ 8.4 Hz, 2H), 7.23 (d, J ¼
8.8 Hz, 2H), 7.04 (d, J ¼ 2.8 Hz, 1H), 6.70 (d, J ¼ 2.0 Hz, 1H), 6.94
(dd, J¼ 8.0, 1.6 Hz, 1H), 6.74 (dd, J¼ 8.4, 2.4 Hz, 1H), 6.61 (d, J¼
8.4 Hz, 1H), 6.48 (d, J ¼ 8.0 Hz, 1H), 5.98 (s, 1H); 13C-NMR (100
MHz, DMSO-d6): d 157.1, 156.0, 150.6, 146.1, 131.2, 131.1, 130.9,
130.2, 128.0, 124.6, 123.6, 121.7, 120.2, 119.6, 117.8, 114.9, 48.1;
IR (neat): 3359, 3101, 3022, 2970, 1611, 1594, 1508, 1432, 1342,
1218, 1171, 1107, 1042, 811, 744, 696, 558 cm�1; HRMS (ESI-TOF)
m/z calcd for C19H14Br2NO4 [M + H]+ 477.9284, found 477.9105.

4,40-((4-Nitrophenyl)methylene)bis(methoxybenzene)
(3bi).10d,12c,12k,12m,12n CAS number 128527-22-0; 85% yield
(0.2970 g) as a colorless oil; Rf ¼ 0.37 (10% EtOAc/n-hexane);
1H-NMR (400 MHz, DMSO-d6): d 8.16 (d, J ¼ 8.8 Hz, 2H), 7.34
(d, J ¼ 8.4 Hz, 2H), 7.02 (d, J ¼ 8.8 Hz, 4H), 6.88 (d, J ¼ 8.8 Hz,
4H), 5.67 (s, 1H), 3.71 (s, 6H); 13C-NMR (100 MHz, DMSO-
d6): d 157.9, 152.6, 145.9, 134.9, 130.1, 130.0, 123.5, 114.0,
55.0, 53.8; IR (neat): 3001, 2933, 2835, 1606, 1582, 1506,
1462, 1343, 1243, 1175, 1110, 1030, 821, 801, 564 cm�1.

1-Methoxy-2-((4-methoxyphenyl)(4-nitrophenyl)methyl)
benzene (4bi).12k,12m CAS number 936568-71-7; 14% yield (0.0489
g) as a colorless oil; Rf ¼ 0.43 (10% EtOAc/n-hexane); 1H-NMR
(400 MHz, DMSO-d6): d 8.14 (d, J ¼ 8.8 Hz, 2H), 7.27 (d, J ¼
8.8 Hz, 2H), 7.27–7.23 (m, 1H), 7.01 (d, J ¼ 7.6 Hz, 1H), 6.97 (d, J
¼ 8.8 Hz, 2H), 6.90–6.85 (m, 3H), 6.77 (dd, J ¼ 7.6, 1.6 Hz, 1H),
5.89 (s, 1H), 3.72 (s, 3H), 3.67 (s, 3H); 13C-NMR (100 MHz,
DMSO-d6): d 157.9, 156.6, 152.3, 145.9, 133.9, 130.8, 130.2,
130.0, 129.5, 128.2, 123.4, 120.3, 113.9, 111.3, 55.5, 55.0, 48.4; IR
(neat): 3007, 2944, 2935, 3840, 1850, 1602, 1507, 1450, 1344,
1244, 1210, 1170, 1121, 1029, 820, 800, 740, 695 cm�1.

4,40-((4-Nitrophenyl)methylene)bis(1,3-dimethoxybenzene)
(3bj).10d,12c 80% yield (0.3280 g) as a white solid; mp: 146–148 �C;
Rf ¼ 0.43 (30% EtOAc/n-hexane); 1H-NMR (400 MHz, CDCl3):
22706 | RSC Adv., 2021, 11, 22692–22709
d 8.08 (d, J ¼ 8.8 Hz, 2H), 7.18 (d, J ¼ 8.4 Hz, 2H), 6.63 (d, J ¼
8.4 Hz, 2H), 6.47 (d, J ¼ 2.4 Hz, 2H), 6.38 (dd, J ¼ 8.4, 2.4 Hz,
2H), 6.05 (s, 1H), 3.79 (s, 6H), 3.68 (s, 6H); 13C-NMR (100 MHz,
CDCl3): d 159.7, 158.0, 153.2, 146.1, 130.3, 129.7, 123.4, 123.1,
103.8, 98.8, 55.5, 55.3, 42.5; IR (neat): 2993, 2962, 2933, 2837,
1734, 1604, 1586, 1514, 1504, 1435, 1342, 1291, 1208, 1192,
1175, 1103, 1029, 937, 822, 697 cm�1; HRMS (ESI-TOF)m/z calcd
for C23H24NO6 [M + H]+ 410.1598, found 410.1596.

4,40-((4-Methoxyphenyl)methylene)bis(1,3-dimethoxybenzene)
(3bk).12i CAS number 1578250-27-7; 73% yield (0.2875 g) as a white
solid; mp: 122–124 �C; Rf ¼ 0.26 (10% EtOAc/n-hexane); 1H-NMR
(400 MHz, CDCl3): d 6.95 (d, J ¼ 8.8 Hz, 2H), 6.77 (d, J ¼ 8.8 Hz,
2H), 6.68 (d, J ¼ 8.4 Hz, 2H), 6.45 (d, J ¼ 2.4 Hz, 2H), 6.36 (dd, J ¼
8.4, 2.8 Hz, 2H), 5.95 (s, 1H), 3.78 (s, 6H), 3.77 (s, 3H), 3.68 (s, 6H);
13C-NMR (100 MHz, CDCl3): d 159.1, 158.0, 157.5, 136.6, 130.2,
130.0, 125.7, 113.2, 103.5, 98.7, 55.7, 55.2, 55.1, 41.3; IR (neat):
2994, 2957, 2932, 2836, 1608, 1584, 1501, 1455, 1435, 1243, 1205,
1110, 1030, 936, 829, 821, 795, 564 cm�1.

2,20-((4-Nitrophenyl)methylene)bis(1,3,5-trimethoxybenzene)
(3bl).12k >99% yield (0.4751 g) as a white solid;mp: 138–140 �C; Rf¼
0.23 (20% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 8.01
(d, J¼ 8.8 Hz, 2H), 7.08 (d, J¼ 8.4 Hz, 2H), 6.17 (s, 1H), 6.15 (s, 4H),
3.74 (s, 6H), 3.48 (s, 12H); 13C-NMR (100 MHz, DMSO-d6): d 159.5,
159.2, 154.9, 144.7, 128.5, 122.4, 111.1, 111.0, 91.4, 55.7, 55.1, 36.7;
IR (neat): 2995, 2964, 2961, 2823, 2811, 1605, 1581, 1504, 1430,
1341, 1211, 1110, 1102, 1050, 951, 842, 612 cm�1; HRMS (ESI-TOF)
m/z calcd for C25H28NO8 [M + H]+ 470.1809, found 470.1809.

2,20-((4-Methoxyphenyl)methylene)bis(1,3,5-trimethoxybenzene)
(3bm). 56% yield (0.2545 g) as a white solid; mp: 114–116 �C; Rf ¼
0.35 (20% EtOAc/n-hexane); 1H-NMR (400 MHz, DMSO-d6): d 6.78
(d, J¼ 8.4 Hz, 2H), 6.65 (d, J¼ 8.8 Hz, 2H), 6.11 (s, 4H), 6.01 (s, 1H),
3.72 (s, 6H), 3.67 (s, 3H), 3.46 (s, 12H); 13C-NMR (100 MHz, DMSO-
d6): d 159.3, 158.8, 156.2, 137.3, 128.6, 113.1, 112.2, 91.4, 55.7, 54.9,
54.8, 35.6; IR (neat): 3001, 2959, 2935, 2836, 1585, 1509, 1451, 1410,
1332, 1226, 1200, 1110, 1057, 1033, 949, 810, 791, 750, 632, 542,
519 cm�1; HRMS (ESI-TOF) m/z calcd for C26H31O7 [M + H]+

455.2064, found 455.2065.
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C. deCastro and W. F. Hölderich, Appl. Catal., A, 2001, 215,
185–190; (e) J. E. Appleton, K. N. Dack, A. D. Green and
J. Steele, Tetrahedron Lett., 1993, 34, 1529–1532; (f)
© 2021 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d1ra03724b


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 3

0 
Ju

ne
 2

02
1.

 D
ow

nl
oa

de
d 

on
 4

/4
/2

02
6 

10
:1

0:
05

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
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M. López-Rodŕıguez, A. G. Ravelo and A. Estévez-Braun, Eur.
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