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Scheme 1. Aromatic organics synthesised by the Scholl reaction.
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This work reveals a novel reaction route deviated from a Scholl coupling reaction with an interrogation
into the mechanism. A catalytic function of FeCl3 in the presence of protons plays a key role in the new
reaction. It was discovered that by increasing the quantity of reagent FeCl3 is able to shift the reaction
product from a symmetrically hexa-substituted coupling one to a mono-hydrolysed coupling product.
The discovery offers a chance to explore and understand the reaction mechanism further. The new reac-
tion enables a convenient one-step synthesis of mono-hydroxy-penta-alkoxytriphenylene, a key discotic
liquid crystal intermediate for organic electronic materials, from a simple 1,2-dialkoxybenzenes reactant
at a yield up to 65%.

� 2014 Published by Elsevier Ltd.
O

n

2n+1
Introduction

In 1910, Scholl and Mansfeld reported the formation of a C–C
bond from two arenes which transformed into p-extended organ-
ics, such as quinine 11 and perylene 2 (from 1,10-binaphthalene1 or
naphthalene)2 (Scheme 1) both by heating with an excess of neat
anhydrous aluminium chloride. The reactions were named after
the inventor and called the Scholl reaction. After one hundred
year’s elaboration, the Scholl reaction now represents a coupling
reaction between two or more electron-rich aromatic substances
promoted by Lewis acids (such as AlCl3, FeCl3 and MoCl3) or pro-
tons (HCl,3 anhydrous HF,4 PhSO3H5). The reagent AlCl3 is a strong
Lewis acid but non-oxidising, MoCl3 is a weak Lewis acid, while
FeCl3 is a weak Lewis acid as well as an oxidant. Those with sol-
vents are allowed to react at a relatively low temperature such
as 25 �C. The mechanism for the coupling reactions mediated by
non-oxidative AlCl3 and oxidative FeCl3 was believed to be differ-
ent. It is suggested that the former goes through an arenium cation
mechanism and the latter is a radical cation mechanism.6

The Scholl reaction has now become an important method
utilised in the industrial synthesis of aromatic organics, such as
2,20,5,50-tetra-alkoxybiphenyl 3 which can be prepared from
1,4-dialkoxybenzene with FeCl3 in dichloromethane7 or AlCl3 in
nitromethane8 as well as a polymer, poly(3,4-ethylenedioxythio-
phene) (PEDOT) 4 using in situ polymerisation of 3,4-ethylenedi-
oxythiophene with FeCl3 in acetonitrile.9 The Scholl coupling
reaction also led to the synthesis of a number of useful organics,10

especially discotic liquid crystal materials.6,10 For example,
2,3,6,7,10,11-hexa-alkoxytriphenylenes (HAT) 5 can be synthes-
ised via a mix coupling between 2,3,4,5-tetra-alkoxybiphenyl and
dialkoxybenzene7,11 or multiple coupling of 1,2-dialkoxybenzene
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Table 1
Conditions of the one-step synthesis of MHT6
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1. FeCl3,CH2Cl2; 2. CH3OH

MHT

r=n /n
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OH
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OR

DAB
R=C6H13 DHB MHT6
R=CnH2n+1

FeCl3 DAB

Entry r (¼ nFeCl3
=nDHB) Temperature (�C) Time (h) Yieldb (%)

1 3:1 0–3 11 12
2 11:3 0–3 9.5 18
3 13:3 0–3 9.5a 58
4 5:1 0–3 6.0a 63
5 20:3 0–3 4.5a 62
6 25:3 0–3 3.5a 63
7 10:1 0–3 2.5a 65
8 40:3 0–3 2.5a 64
9 20:1 0–3 2.5a 65
10 10:1 40 0.75a 55
11 10:1 20 1.0a 59
12 10:1 �10 6.5a 62
13 10:1 �20 48 47

a The time required to maximise MHT6 product and keep HAT6 or multi-
hydrolysed products at their minimum.

b Yield of MHT6 calculated from the isolated product after column chromatog-
raphy purification.
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with FeCl3 (3.2 equiv) and H2SO4 (70%).12a Hexa-alkoxy-hexa-ben-
zocoronene 6 was prepared from 1,3,5-tris-(dialkoxybiphenyl)-
benzene with FeCl3 in a mixture of dichloromethane and nitro-
methane solvents.13

The Scholl coupling reaction has now been widely used in the
preparation of symmetrically hexa-substituted HAT via direct tri-
merisation of 1,2-dialkoxybenzenes using FeCl3

12,14 or MoCl5
15 as

oxidants. This method has been evolved over half a centenary since
1965 when the synthesis of 2,3,6,7,10,11-hexa-methoxytriphenyl-
ene was first reported.12b A triphenylene derivative was prepared
at a yield of 73% by the oxidative cyclisation of 1,2-dimethoxyben-
zene (veratrole) with chloranil in 70% aqueous sulfuric acid. Bengs
synthesised hexa-hexyloxytriphenylene (HAT6) via the oxidative
trimerisation of 1,2-dihexyloxy-benzene using FeCl3 in 70%
H2SO4 at 80 �C and reported a 20% yield of HAT6.16 A catalytic
amount (0.3%) of sulfuric acid with FeCl3 in dichloromethane was
developed by Boden as a more suitable route for triphenylene,
which has long alkoxy side groups, at a much shortened reaction
time with an impressive yield of HAT (86%).14 In solvent-free con-
ditions, Bai synthesised HATs using FeCl3 in oxidative trimerisation
of dialkoxybenzenes with a very high yield in the range of 80–
95%.17

The structure of triphenylene (TP) is chemically stable and one
of the simplest cores of discotic liquid crystals (DLCs) consisting of
a flat and conjugated fused ring with six peripheral substituents.18

It has a strong tendency to form columnar phases, super in one-
dimensional charge transporting.19 Many synthetic methods18,20,21

with numerous derivatives have been developed, such as
dimer,21,22 triad22b,23 and polymer.21,24 These progresses have
made this class of discotic materials more accessible in optoelec-
tronic applications.25 In novel derivative preparations, mono- or
multi-functionalised species have to be used. Among these,
mono-hydroxy-penta-alkoxytriphenylene (MHT) is a most conve-
nient intermediate for a wide range of structural designs. The
active hydroxyl group can be a useful linking point to prepare TP
derivatives. It is therefore considered as an important
intermediate.

This work reports a newly discovered reaction, a one-step cyc-
lisation reaction of 1,2-dialkoxybenzenes but in a condition only
slightly different to the Scholl coupling described above. The reac-
tion led to a completely different product—MHT—at a good yield
up to 65% (rather than hexa-substituted HAT previously reported
in the Scholl reaction). It is also the highest yield of MHT via a sim-
ple one-step reaction ever reported. This is an interesting finding,
but it lead to an interrogation into our common knowledge about
FeCl3-mediated one-step Scholl coupling reaction, which seemed
to be a popular method for the synthesis of symmetrically hexa-
substituted HAT. The mechanism of the reaction was therefore
explored.
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Scheme 2. Synthesis of HAT6 or MHT6 via trimerisation of DHB.
Results and discussion

In our experimental exploration, a coupling reaction was car-
ried out using 1,2-dialkoxybenzenes (DAB) as a starting material
with a relatively large molar amount of reagent FeCl3 in dichloro-
methane. It was surprisingly discovered that the coupling reaction
ended in MHT (a mono-hydrolysed product) as shown in the reac-
tion scheme in Table 1, rather than expected HAT (a hexa-alkoxy-
substituted product). However, simple one-step reaction at a high
yield of MHT has never been reported before.

The reaction shown in Table 1 is very similar to those reported
in the literature,14 except that the molar ratio r ¼ nFeCl3=nDAB (nFeCl3

is the molar fraction of FeCl3 and nDAB is the molar fraction of DAB)
and the product of the reaction were considerably different.
In order to understand this reaction, a series of experimental
Please cite this article in press as: Xiao, W.; et al. Tetrahedron Lett. (201
investigations were carried out. Taking HAT6 as an example, the
reaction was proceeded with 1,2-dihexyloxybenzene (DHB) as
the reactant and manipulated by varying a number of conditions,
such as the molar ratio of the reagent FeCl3 to the reactant DHB,
r ¼ nFeCl3=nDHB (nDHB is the molar fraction of DHB), the tempera-
tures of the reactions and the optimised reaction times. If we
monitor 2-mono-hydroxy-3,6,7,10,11-penta-hexyloxytriphenylene
(MHT6) as the reaction product, yields of the reactions can be sum-
marised in Table 1.

Careful experiments revealed that the reaction may potentially
produce a number of products, including a symmetrically hexa-
substituted product (HAT6), a mono-hydrolysed product (MHT6)
and multiple hydrolysed products as shown in Scheme 2.

Our investigation discovered that upon varying molar ratios
(r ¼ nFeCl3=nDHB) from 3:1 to 20:1 when fixing reaction tempera-
tures at around 0–3 �C, it is possible to tune the reaction products
from hexa-alkoxy-substituted HAT6 to mono-hydrolysed MHT6
gradually.

At a relatively low ratio r, such as around 3/1, the reaction
followed a Scholl coupling route and resulted in a high yield of
symmetrically hexa-substituted HAT6 product. This is very similar
to that reported in the literature 14. In this condition, mono-hydro-
lysed product MHT6 was only a side product with a yield generally
less than 20%, while there were almost no further hydrolysed
products. As the ratio r increased, for example to 13:3 or more,
5), http://dx.doi.org/10.1016/j.tetlet.2014.12.070
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Scheme 3. Cross-coupling reaction to produce MHT6.
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however, the reaction deviated from the typical Scholl coupling
route. The mono-hydrolysed MHT6 became the dominant product
of the reaction, while the HAT6 and multi-hydrolysed species were
only side products. When the ratio r is over 5:1, it is noticeable
from Table 1 that a further increase in ratio r will not improve
the yield of MHT6 product. Further increasing the molar ratio
r ¼ nFeCl3=nDHB was able to increase the yield of MHT6 slightly,
but it potentially enhanced the chance of further hydrolysed prod-
ucts as well, in which the latter is undesirable. To maximise the
yield of MHT6, the ratios should be finely tuned to keep the side
products (HAT6 and multiple hydrolysed products) minimised.

Although a number of possible products may be produced with
the reaction shown in Scheme 2, our investigation indicates that it
is possible to control the reaction direction and finely tune the
products dominated with either MHT6 or HAT6 in a quantitative
way. MHT6 can be produced with a consistently good yield of over
60% if r reaches 5:1 or higher. In the current work, we have
achieved the best yield of MHT6 at 65% using a ratio r of 10:1. This
optimised ratio r is much higher than that required if the reaction
were to go through a Scholl coupling route (r = 3:1).14

From Table 1, it can be seen that an increase in molar ratio r
could speed up the reaction as well. Although the yields of MHT6
could not be improved further if the molar ratio r reached 5:1 or
over, the times required to synthesise MHT6 via this reaction can
be considerably reduced. Overall, a molar ratio r = 10:1 at 0–3 �C
appears to be an optimised condition for MHT6 to be synthesised
in only 2.5 h. The reduction of reaction times is important as it
greatly reduces the energy consumption and the cost involved in
scaled-up production.

The temperatures of the reactions were also manipulated as
they affect the rate of the reactions and hence the products. If
the ratio r was fixed to 10:1, the reaction was then carried out in
a temperature range from �20 �C to 40 �C (see Table 1). It can be
seen that the reactions were slowed down in general as the tem-
peratures were lowered. However, the hydrolysis reaction
appeared to be more sensitive to the change in temperatures than
the coupling reactions. If the reactions were carried out at �10 �C
and �20 �C, the reactions became so slow that the further hydroly-
sis reactions were significantly suppressed. At �20 �C, the reaction
can be finished at the mono-hydrolysis (MHT6) stage without mul-
tiple hydrolysed products. If the reactions were conducted at 20 �C
and 40 �C or above, MHT6 and the multiple hydrolysed products
would occur at an early stage of the reactions, which may cause
complications in the purification of the final products. Reaction
around 0 �C appears to be a suitable temperature with ease of con-
trol where multiple hydrolysed products were sufficiently sup-
pressed. The reactions are able to finish at the mono-hydrolysis
dominated stage.

The reactions above were also evaluated for other reactants of
different side chain length, such as R = C5H11, with a ratio of ferric
chloride/1,2-dipentyloxy-benzene = 10:1 at 0–3 �C. The reaction
yielded 64% 2-mono-hydroxy-3,6,7,10,11-penta-pentyloxytri-
phenylene (MHT5) in 3 h. This is comparable to that of MHT6
above. The result suggests that the reaction in Table 1 could be a
universal methodology in the synthesis of MHTs with different side
groups.

Hydrolysed products, such as monohydroxy-, or even multi-
hydroxy-triphenylenes, have been reported as side products dur-
ing the cyclic trimerisation of dialkoxybenzenes using FeCl3.15,26,27

An investigation aiming to synthesise MHT was attempted by
Kumar15 via coupling of dialkoxybenzene with MoCl5 as the oxida-
tive reagent. Only a butyl side group reactant produced a yield of
25% of mono-hydrolysed product, while as with other reactants
yield of mono-hydrolysed product was low (<20%). In order to
improve the yield of mono-hydrolysed product on a statistical
account, Schulte28 modified the reaction using a mixture of two
Please cite this article in press as: Xiao, W.; et al. Tetrahedron Lett. (201
starting materials, 1,2-dialkoxybenzenes and 2-methoxyphenol
(Guaiacol) with a combination of FeCl3 and H2SO4 reagents and a
yield of 27% mono-hydrolysed product was obtained. If the reagent
was replaced with FeCl3 in nitromethane, the reaction time can be
reduced but the yield of mono-hydrolysed product remained in the
range of 15–20%.26 Kong broke into a 35% yield of reaction with a
mixed starting material (1,2-dialkoxybenzene and 1-hydroxy-2-
alkoxybenzene) and FeCl3 but in a mixed solvent of dichlorometh-
ane/nitromethane.27 Such a high yield of MHTs up to 65% by a
one-step reaction in current work is impressive.

It is not yet known, however, why an increase in the quantity of
reagent FeCl3 alone will cause the reaction to deviate from its
original Scholl coupling to a hydrolysed product?

By carefully monitoring the product development during the
course of the reactions using a thin layer chromatograph and spec-
tra, we have discovered that the reaction products were continu-
ously changed at different stages. At the initial stage, the
coupling product of HAT6 was developed first as a main product.
As the reactions continued, the main product gradually turned to
the mono-hydrolysed product of MHT6. Multi-hydrolysed prod-
ucts may have occurred if the reaction was prolonged. When mon-
itoring MHT6 development carefully, it was possible to find a
suitable combination of reaction conditions (the ratio r, the tem-
perature and the time) to control the reaction finishing at MHT6
as a main product in good time where the multi-hydrolysed prod-
ucts were suppressed. This tells us that the hydrolysis was a fol-
low-up reaction of Scholl coupling after the TP core was formed.

In order to prove this, an additional experiment was carried out
using a similarly enhanced ratio r to a cross-coupling reaction
between two compounds—tetra-alkoxybiphenyl and dialkoxy-
benzene—that is, a molar ratio of FeCl3/DHB/3,30,4,40-tetra-hex-
yloxybiphenyl (THBP) was 30:2:1 at a temperature of �0 �C
(Scheme 3). One may expect that the products ended up with a
much more complicated mixture than those gained from only
one reactant if hydrolysis starts at the initial stage. Statistically,
reactants may also have a chance to contribute to the hydrolysis
in addition to the triphenylene ring. On the contrary, however, it
was surprising to find that instead of complicated hydrolysed
products, a high yield (82%) of mono-hydrolysed triphenylene
MHT6 was obtained in 3 h. The reactant appeared to prefer cou-
pling rather than hydrolysis. The hydrolysis may have become eas-
ier as the conjugation of aromatic rings was becoming larger.

The only difference between the reactions in Table 1 and
Scheme 3 was the number of the starting materials. The reaction
in Table 1 is much simpler than those in Scheme 3 as only one sim-
ple starting material is required. It is also interesting to find that
although the reaction condition in Scheme 3 is non-selective, the
yield (of MHT) is much higher than a specifically designed selective
reaction,29 in which an isopropoxy group acted as a cleavage group
and claimed a yield of 68–72% of 2-hydroxy-3-methoxy-tetra-
alkyloxytriphenylenes.

Although the coupling reactions between two (or more) arenes
with Lewis acids (such as AlCl3 and FeCl3) or protons were discov-
ered over one hundred years ago, their mechanisms are still under
5), http://dx.doi.org/10.1016/j.tetlet.2014.12.070
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debate even to this day.10 Due to previously-reported hydrolysis
during Scholl coupling only being a side reaction, its mechanism
has rarely been discussed and is poorly understood. It therefore
remains a mystery.

Cleavage ethers by acid have been known for a long time, but
they often require refluxing at high temperatures.30 The easy
hydrolysis at a low temperature in the current work is a new find-
ing. The quantitative relation of the hydrolysis reaction to the
amount of FeCl3 implied that FeCl3 played a key role in the hydro-
lysis reaction. In order to determine if FeCl3 promotes hydrolysis, a
testing reaction was carried out by adding FeCl3 to a reaction vessel
at a ratio of 10:1 in two batches, that is, a portion of 3:1 and then
7:1. Initially only 3 portions (nFeCl3=nDHB ¼ 3 : 1) of FeCl3 was
added. At the second stage, the remaining 7 portions
(nFeCl3=nDHB ¼ 7 : 1) of FeCl3 were added. The reaction with the first
3:1 portion followed a Scholl coupling and formed HAT6 as the
main product as expected. The second 7:1 portion turned the reac-
tion towards a predominantly hydrolysis product and yielded
MHT6 to over 60%. This indicates that FeCl3 is not only limited to
an oxidant in C–C coupling, but also has a key function in promot-
ing hydrolysis or removing the alkoxy group.

It has been suggested6,14 that the coupling reaction follows an
arenium cation mechanism—proton (acid) is released during the
Scholl coupling reaction. It is therefore important to investigate
the role of acid in the hydrolysis reaction as well.

In order to verify what functionalities of the reagents are
responsible for the hydrolysis in the reaction revealed in Table 1,
purified HAT6 was selected as a reactant and CH2Cl2 as a solvent.
Three test experiments, with acid only (Test 1), with FeCl3 only
(Test 2) and with both FeCl3 and acid (Test 3) were set out at room
temperature (Table 2).

If purified HAT6 was therefore taken as a starting material in
the reaction with a molar ratio of nFeCl3=nHAT ¼ 30 : 1, it was found
that the reaction failed to hydrolyse the HAT6 (Table 2, Test 2).
However, if concd sulfuric acid was added to the reaction mixture
(nFeCl3=nHAT=nH2SO4 ¼ 30 : 1 : 3), the hydrolysis started instantly
(Test 3(a)). The reaction was able to finish with a relatively high
yield of MHT6 over 60%. In contrast, if only acids, either sulfuric
acid (concd) or hydrochloric acid (concd) were used without FeCl3,
there was no hydrolysis in the sulfuric acid case and a trace of
hydrolysis (�1%) in the hydrochloric acid case as seen in Test 1
in Table 2. It appears that both FeCl3 and acid must co-exist as a
prerequisite condition for hydrolysis to start. Neither FeCl3 nor acid
is effective at hydrolysing HAT6 on its own.

The above experiment was also carried out with a combina-
tion of FeCl3 and externally added concd hydrochloric acid
(nFeCl3

=nHAT=nHCl ¼ 30 : 1 : 6) (Test 3(b)). There was hydrolysis,
but only with a low yield (�10%) of MHT6 formed. This is interest-
ing, and understandable. In a Scholl coupling reaction, reaction-
released HCl is anhydrous. If the coupling reaction does follow an
arenium cation mechanism and releases acid, such acid may be
considered as a ‘dry acid’ compared with commercial concd hydro-
chloric acid, which is only about 37% containing a large amount of
water. The above coupling reaction requires an anhydrous
Table 2
Exploring the functionalities of FeCl3 and acid

Test Reactions

1 (a) 1 equiv HAT6 with 3 equiv concd H2SO4 only
(b) 1 equiv HAT6 with 6 equiv concd HCl only

2 1 equiv HAT6 with 30 equiv FeCl3 only

3 (a) 1 equiv HAT6 with 30 equiv FeCl3 plus 3
equiv concd H2SO4

(b) 1 equiv HAT6 with 30 equiv FeCl3 plus 6 equiv concd HC

Please cite this article in press as: Xiao, W.; et al. Tetrahedron Lett. (201
condition. Water might react with and consume FeCl3 to de-acti-
vate its catalytic function.

Evidence from our current work suggests the possibility of an
existing coupling reaction-released acid (such as HCl), which fur-
ther supports arenium cation mechanism at the coupling stage.6

We believe that it is the ‘dry’ HCl which has triggered the hydroly-
sis. To further prove this, an experiment was also carried out at
r ¼ nFeCl3=nDHB ¼ 10 : 1, but in presence of a base, NaHCO3 (3 por-
tions), to neutralise the reaction-released acid at room tempera-
ture. It was observed that the hydrolysis was considerably
slowed down and the yield of MHT6 was substantially reduced
(about 20% at the 5 h reaction time). These demonstrate that
quenching the reaction-released H+ effectively reduced the hydro-
lysis reaction. Therefore, the reaction-released acid plays a key role
in hydrolysis as well. It can be seen from the experiments that both
FeCl3 and H+ are required to hydrolyse HAT into MHT. This would
suggest that both FeCl3 and acid are responsible for the hydrolysis
reaction in Table 1.

From the discussion above, we proposed that our current reac-
tion as shown in Table 1 might go through two stages: (i) a Scholl
coupling stage and (ii) a hydrolysis stage. The reaction in Table 1
may be expanded into Scheme 4.

Considering that our current reaction is involved in not only
polar reagents but also strong acid, a radical intermediate mecha-
nism is quite unlikely. The arenium cation mechanism may be also
applicable and responsible to the release of the H+ proton in the
reaction. The proton may activate the Ar–OR on the TP core by
the formation of a (Ar–OH–R)+ cation as an intermediate while
the extra Cl� attacks the –R to form a substitute RCl, leaving Ar–
OH behind. As the conjugation in the TP core becomes larger, the
intermediate cation can be more stabilised, but more substituted
groups drop off to form TP–OH during the hydrolysis process.
The cleavage of the ether group may be illustrated as shown in
Scheme 5.

Triphenylene is a popular discotic liquid crystalline functional
organic. To add functionality to the TP core, unsymmetrically
substituted structures are unavoidable. Mono-hydroxy-penta-alk-
oxytriphenylene (MHT) is a key intermediate with a functional
hydroxyl linking group, which is particular useful in asymmetric
synthesis and novel organic electronic material development.
However, for a long time the synthesis of MHT has proven either
complicated, involving multiple steps of synthesis, or with a very
low yield via a one-step reaction. This has considerably limited
its applications and therefore has become the focus of many
investigations.26,27,31
Observation

No hydrolysis observed
Trace (�1%) hydrolysis observed
No hydrolysis observed. A small portion will turn to more
complicated mixtures when prolonging the reaction
Hydrolysis occurred which can be controlled to produce a
relatively high yield of MHT6 (�60%)

l Low yield �10% hydrolysis observed

5), http://dx.doi.org/10.1016/j.tetlet.2014.12.070
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A number of methods have been developed to synthesise MHTs
and can be summarised in Scheme 6: Ia non-selective31,32 or Ib
selective33 cleavage of alkoxytriphenylene; II cross-coupling
between a 3,30,4,40-tetra-alkoxybiphenyl and a 1,2-disubstituted
benzene;15,29 III cross-coupling of a mixture of 1,2-dialkoxyben-
zene and 2-alkoxyphenol;27,28 IV one-step trimerisation of
dialkoxybenzene.15,26

Among these methods, routes Ia, Ib and II can be high-yield
reactions, but they are less advantageous due to the reactions
involving multisteps to synthesise the starting materials. This
made the synthetic procedures laborious and time-consuming.
Although route IV appears to be a simple and straightforward reac-
tion, it has suffered from a very low reaction yield in the past. The
only example that broke the 20% limit was reported by Kumar
using a butyl-substituted reactant and achieved 25% MHT product
mediated by MoCl5.15 Due to the low yield of the reaction, route IV
is practically not feasible as a synthetic method in the past. Route
III is in fact a modified approach to route IV aiming to improve the
yield of MHT on a statistical account. It did enhance the yield, but
not significantly. In the literature, the best yield of MHT via route
III was 35% by that time.27 Our Current work achieved a significant
breakthrough into a new record by route IV. The impressively high
yield of reaction (>60%) in synthesis of MHT by only one-step is by
far the highest ever reported to date.

A simple reaction route with a high enough yield of the reaction
is an important issue to scale up synthetic quantity in supporting
novel material developments. Current result is very exciting as it
allows synthesis of this important intermediate at a multi-gram
scale, which is one-step forwards to a large scale production. The
breakthrough in MHT synthesis may push forwards in novel
organic electronic material developments and their further appli-
cations in optoelectronic devices.
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Conclusions

In summary, a novel and simple one-step reaction has been dis-
covered. The new reaction is able to synthesise mono-hydrolysed
triphenylene (MHT) simply from 1,2-dialkoxybenzene at a good
yield up to 65%. The new reaction goes through two stages: the
coupling stage where hexa-alkoxy substituted triphenylene
(HAT) was evolved and the second stage in which the hydrolysed
MHT product was formed. Our work reveals that FeCl3 plays dual
functions: an oxidative reagent in the coupling stage and a catalyst
in the hydrolysis stage. The ratio of FeCl3 to the starting materials
is the key in control of the reaction product. Both FeCl3 and the
coupling-released acid are responsible for the hydrolysis reaction.
An arenium cation is proposed as the intermediate.

Current work challenged our common knowledge of the Scholl
coupling reaction. It offers us a chance to understand this reaction
further. At the same time, the reaction reported here offers a novel
route to synthesise mono-hydrolysed triphenylenes and maybe
other arenes in a convenient way at multigram scale.
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