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direct benzylation of acetanilide:
a highly efficient approach to unsymmetrical
triarylmethanes†

Yuting Li,a Yan Zhu,a Guangliang Tu,a Jingyu Zhang*b and Yingsheng Zhao *a

A highly efficient silver-catalyzed dibenzylation of acetanilides by employing the benzhydrol derivatives as

the coupling partners to yield triphenylmethane derivatives has been developed. Various functional groups

were tolerated, leading to the corresponding products inmoderate to good yields. Preliminary experimental

results indicated that the silver ions activate the arene rings and the strong acid TfOH provides the

carbocations.
Introduction

Triarylmethane derivatives are a class of important substruc-
tures which can be usually found in organic dyes,1 uorescent
compounds,2 supramolecular structures, and pharmaceutically-
related compounds.3–5 In the last decade, several routes have
been explored in the synthesis of the triarylmethane scaffold.6,7

For example, the transition metal-catalyzed cross-coupling
reaction has been developed to provide a direct approach to
the synthesis of the triarylmethanes, which greatly enriched the
synthetic methods to prepare these structures (Scheme 1a).8–14

However, the application of this method has been limited due
to the requirement for the pre-functionalization during the
synthesis of suitable coupling partners. Reduction of triar-
ylmethanol derivatives offers another approach to obtain the
triarylmethanes, which usually involved a multistep process
(Scheme 1b).15,16 The Friedel–Cras reaction is one of the most
simple and widely employed routes for the preparation of tri-
arylmethanes (Scheme 1c).17–20 The group of Mccubbin reported
a pentauorophenylboronic acid catalyzed method for the
synthesis of triarylmethanes from benzhydrol with electronic
rich arenes.21 Aoyama and co-workers developed a simple and
efficient approach for alkylation of aromatics from alcohols
with NaHSO4/SiO2 NaHSO4/SiO2 as the catalyst.22 Nevertheless,
this approach is limited by the substrate scope because elec-
tronic donating group-substituted arenes were required to
realize the transformation. To the best of our knowledge, there
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are still no examples of coupling of diphenylmethanol and
acetanilide.23 In this perspective, the development of a new
catalyst system to address the aforementioned limitation for
Friedel–Cras reactions is highly imperative to construct the
triarylmethanes. Herein, we report a silver-catalyzed direct
benzylation of acetanilides with benzhydrol derivatives as the
coupling partners under mild conditions (Scheme 1d). A wide
variety of functional groups are well tolerated, yielding the
corresponding benzylated products in moderate to good yields.
Preliminary experimental results showed that the silver ions
activate the arene rings and triuoromethanesulfonic acid
(TfOH) provides the carbocations.

The skeleton of the aniline derivative was usually found in
the triphenylmethane-based bioactive compounds, such as
Scheme 1 Approaches to the synthesis of triphenylmethanes.
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pararosaniline, leucomalachite green, malachite green, and
leucocrystal violet.1 Therefore, a highly efficient strategy for the
construction the aniline-containing triphenylmethanes is
highly desired.
Scheme 2 Scope of acetanilidea,b. aReaction conditions: 1a–1o (0.1
mmol), 2a (0.2 mmol), AgOTf 10%, DCE (1 mL), 120 �C, 8 h. bYields of
isolated products.
Results and discussion

We envisioned that the aniline-containing triphenylmethane
derivatives can be synthesized by treating the anilides with the
benzhydrol derivatives via a transition metal catalyst. At the
outset of our study, we treated acetanilide 1awith benzhydrol 2a
in the presence of iron(III) chloride (20 mol%) in dichloroethane
at 120 �C to investigate whether the diphenyl-methanation
could be performed. We were pleased to nd that the diphe-
nylmethylated product 3aa was generated in 5% yield, along
with the rest of the starting material 1a being recovered.
Encouraged by this result, we next screened various Lewis acids
such as InBr3, Fe(OTf)3, Zn(OTf)2, Al(OTf)3, Sc(OTf)3, and AgOTf
to improve the efficiency of the reaction (Table 1). To our great
delight, a dramatically improved yield (76%) of 3aa was ob-
tained when AgOTf was used as the catalyst. Next, we tried to
decrease the catalyst loading to 5 mol%; the product 3aa was
obtained in 60% yield. A satisfactory yield of 3aa could also be
achieved with 10 mol% AgOTf. In addition, several other
solvents including toluene, CH3CN, t-amyl-OH, and 1,4-dioxane
were investigated, but none of them gave better yields than that
of DCE. The control experiment showed that the catalyst is
indispensable for this silver-promoted dibenzylation-reaction
(see ESI†).

With the optimized conditions in hand, we next explored the
substrate scope to investigate the functional group tolerance of
Table 1 Optimization of reaction conditionsa

Entry Catalyst Solvent Yield (%)b

1 FeCl3 20% DCE 5
2 InBr3 20% DCE Trace
3 Fe(OTf)3 20% DCE 64
4 Zn(OTf)2 20% DCE 5
5 Al(OTf)3 20% DCE 0
6 Sc(OTf)3 20% DCE 0
7 AgOTf 20% DCE 76
8 AgOTf 10% DCE 78
9 AgOTf 5% DCE 60
10 AgOTf 10% Toluene 6
11 AgOTf 10% CH3CN 0
12 AgOTf 10% t-Amyl-OH 0
13 AgOTf 10% 1,4-Dioxane 5

a Reaction conditions: 1a (0.1 mmol), 2a (0.2 mmol), cat, solvent (1 mL),
120 �C, 8 h. b Yields were based on LC-MS analysis using acetyl benzene
as an internal standard.

This journal is © The Royal Society of Chemistry 2018
this silver triuoromethanesulfonate-catalyzed dibenzylation
reaction (Scheme 2). Initially, a series of ortho-substituted
acetanilides (1b–1f) performed well under the standard condi-
tions, which afforded the corresponding para-diphenylmethy-
lated products in moderate yields. It is worth noting that all the
ortho-substituted acetanilides with electron withdrawing
groups yielded para-dibenzylated products, whereas those with
electronic donating groups (1m, 1o) afforded both the para- and
ortho- position both diphenylmethylated products. This might
be due to the fact that the electronic donating functional groups
greatly activate the arene ring, which could trap the diphenyl-
methane carbon ion very quickly.

Next, we investigated the para-substituted acetanilides (1g,
1h, and 1l); the ortho-diphenylmethylated products were ob-
tained in good yields, which indicated that the electronic effects
greatly affect the reactivity of the acetanilides. Interestingly, all
the meta-substituted substrates provide both the ortho- and
para-diphenylmethylated products (3ia–3ka) in good to
moderate yields. The X-ray crystal structures of 3ca, 3ha, 3jb,
and 3la are shown in Fig. 1.

The bromide substituted arenes can be further transformed
into various other functional groups by well-known cross-
coupling reactions.24 Therefore, 2-bromoacetanilide was
RSC Adv., 2018, 8, 30374–30378 | 30375

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c8ra06780e


Fig. 1 X-ray crystal structures of 3ca, 3ha, 3jb and 3la.

Scheme 3 Scope of benzhydrola,b. aReaction conditions: 1c (0.1
mmol), 2b–2j (0.2 mmol), AgOTf 10%, DCE (1 mL), 120 �C, 8 h. bYields
of isolated products.
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employed to investigate the scope of benzhydrol and the results
were listed in Scheme 3. The results clearly show that the
functional groups, such as Me, F, Cl, Br, CF3, and Ph were all
fully tolerated in this reaction. All the dibenzylation took place
selectively at the para-position. Even though the exact reason is
unclear, we speculated that the steric effect is the major reason
for the para-selectivity.

To further demonstrate the synthetic utility of the developed
synthetic protocol, gram-scale reactions were performed. To our
Scheme 4 Gram-scale reactions.

30376 | RSC Adv., 2018, 8, 30374–30378
delight, all the scale up reactions provided the corresponding
products (3aa, 3ha) in good yields (Scheme 4).

In order to propose the reaction mechanism of this silver-
catalyzed selective dibenzylation reaction, several experiments
were further performed. TfOHwas used instead of AgOTf, which
afforded 35% 3aa (Scheme 5a); this result indicated that silver
has a signicant role in the realization of the dibenzylation
reaction. However, when silver acetate was used as the catalyst,
no dibenzylated product was obtained and the starting material
1a was completely recovered (Scheme 5b). Interestingly, when
silver acetate (10 mol%) and TfOH (10 mol%) were used to
instead of AgOTf, a good yield of 3aa was achieved (Scheme 5c).
Moreover, when we added a proton scavenger Et3N (10 mol%) to
the reaction, the reaction was well inhibited (scheme 5d). This
result might indicate that the TfOH would generate the
diphenyl-methane carbocation (complex II), and the silver ions
might coordinate with oxygen to activate the acetanilides
(complex I). To further support this point, N-methylacetanilide
was subjected to the standard reaction conditions to investigate
the occurrence of dibenzylation (Scheme 5e). Impressively,
there was no dibenzylated product and only the starting mate-
rial was recovered, which further validated our proposal. Next,
the deuteration experiment was performed by directly adding
D2O into the reaction (Scheme 5f). The result from this experi-
ment may indicate that the silver only acted as a Lewis acid in
this reaction.

Based on these results and previous reports6,7 a plausible
reaction mechanism was proposed in Scheme 6. The
Scheme 5 Preliminary mechanistic study.

This journal is © The Royal Society of Chemistry 2018
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Scheme 6 Proposed reaction mechanism.
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carbocation I might be formed by combination with silver ions
under acidic conditions. Meanwhile, the strong Lewis acid
TfOH would enable the formation of the carbocation (complex
II), which was further trapped by the complex I, affording the
dibenzylated product.

Conclusions

In conclusion, we have developed a highly efficient approach for
the synthesis of triphenylmethane derivatives through the
direct combination of acetanilides and diphenylmethanol
derivatives using AgOTf as the catalyst. A wide variety of func-
tional groups are well tolerated, leading to the corresponding
benzylated products in moderate to good yields. Preliminary
experimental results indicated that the silver ions activate the
arene rings and TfOH provides the carbocations. Further
applications and mechanistic studies are now underway in our
lab.
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