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A tandem one-pot method for the direct synthesis of 

polysubstituted triphenylene 2,3-dicarboxylic esters with 

different substitution patterns has been developed through  

enyne metathesis of diarylacetylene,  followed by Diels-Alder, 10 

aromatization and a cyclization cascade.  

Derivatives of triphenylene, which is comprised of a flat 

polyaromatic core surrounded by multiple flexible n-carbon side 

chains, are potential HIV inhibitors for use in AIDS therapy. 1 

Furthermore, triphenylenes have been extensively explored as 15 

building blocks for the preparation of functional electronic and 

optoelectronic devices in material chemistry owing to their 

remarkable self-assembling and charge transporting properties.2 

There are two exceptional examples of triphenylene structure 

in terms of the electronic properties of the peripheral substituents. 20 

Firstly, there is the most commonly studied electron-rich or 

donor-type hexaalkoxytriphenylene (Figure 1, A), which usually 

exhibit hexagonal columnar mesophases over relatively narrow 

temperature ranges above room temperature.3 Secondly, the 

electron-deficient or acceptor-type triphenylene functionalized 25 

with six polar ester groups (Figure 1, B), allows for an 

exceptionally wide-range of 2D lattices in its columnar assembly 

and it has been noted that such columns can align in homeotropic 

fashion on a variety of substrates.2c  Williams and co-workers 

have shown that the addition of electron-withdrawing substituents 30 

can lead to an increase in the molecular dipole moment, which 

help to minimize the repulsive interactions between adjacent 

aromatic π-systems and promotes the formation and stabilization 

of columnar phases.4 Therefore studies on triphenylene 

derivatives possessing electron-withdrawing substituents have 35 

attracted increased interest.2c,5 However, reports on monomeric 

triphenylenes derivatives possessing simultaneously both 

electron-donating and electron-withdrawing substituents are 

exceedingly rare, probably because of the lack of practical 

synthetic methods. 40 
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Figure 1 Two exceptional examples of triphenylene molecule 
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Scheme 1   Synthetic approach for the preparation of triphenylene 2,3-

dicarboxylic esters 

For the construction of the triphenylene framework, oxidative 

coupling between suitably substituted biphenyl and benzene 

derivatives,6 iodine promoted photocyclisation,7 Lewis acid 60 

promoted cyclization of ortho-terphenyl (prepared by Ullman 

coupling reaction or by Suzuki-type cross coupling reactions),8 

and the oxidative trimerization of arenes,9 etc.,10 have been 

reported. However, the scope of the above strategies was limited 

to the preparation of triphenylenes containing electron-donating 65 

substituents (e.g., -OR, -SR etc.).2a,2g By contrast, the introduction 

of electron-withdrawing group is restricted to classic electrophilic 

aromatic substitutions, which have severe electronic and 

regioselective constraints,11 and the chemistry of [6]radialene,2c,5b 

which involves the use of the expensive hexakis(bromomethyl) 70 

benzene. On the other hand, most of the syntheses of 

functionalized triphenylenes suffer from the lack of readily 

available precursors and require multiple steps with harsh 

conditions. Thus, the direct and convenient synthesis of 

triphenylene derivatives from easily available starting materials 75 

remains a challenge. 

Recently, we developed a concise method to prepare a series of 

functionalized ortho-terphenyls via a CuI-promoted enyne 

metathesis–Diels-Alder annulation-oxidation strategy.12 As an 

extension of our previous work, we envisioned that two vicinal 80 

aromatic rings could be fused to the central benzene ring through 

well-established oxidative coupling reactions to directly construct 

triphenylene skeletons. More importantly, electron-withdrawing 

substituents can be easily installed on to the skeleton via DA 

reactions as shown in Scheme 1. In this paper, we introduce a 85 

new strategy for the direct synthesis of donor-acceptor-type 

triphenylene 2,3-dicarboxylic esters in a one-pot manner through 

a cascade reaction involving enyne metathesis of diarylacetylene, 

cycloaddition with dienophile, and subsequent aromatization and 

oxidative cyclodehydrogenation.  90 
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Scheme 2 Two pathways for the synthesis of triphenylene 4a 

Considering that the final step of the synthesis involves an 

intramolecular oxidative aromatic coupling which works with 15 

highly electron-rich precursors,13 an electron-rich diarylacetylene 

is necessary to make the biaryl connection more likely to occur 

according to our design. The triphenylenes with alkoxy 

substituents have been most intensively studied due to their liquid 

crystal properties. Given this, we choose the tetraalkoxy-20 

substituted diarylacetylene (1a) as a model substrate. Treatment 

of 1a with the Grubbs-2 catalyst in the presence of CuI, followed 

by DA reaction with dimethylacetylenedicarboxylate (DMAD) 

and aromatization with 2,3-dichloro-5,6-dicyano-1,4-

benzoquinone (DDQ) gave the desired ortho-terphenyl (3a) in 48 25 

% isolated yield. Subsequent oxidative cyclodehydrogenation of 

3a using 2 equivalents of FeCl3 as an oxidant in a mixture of 

dichloromethane and nitromethane at 0 oC gave the final product 

4a in 90 % isolated yield, and 43 % overall  yield (Scheme 2,   

Table 1 Optimization of reaction conditionsa 30 
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a Reactions were carried out in the scale of 0.125 mmol of 1a. b Isolated 55 

yield.  

path a). Since the aromatization of 2a and the oxidative 

cyclodehydrogenation of 3a involve the use of an oxidant, we 

postulated that the two steps can be processed as one step if the 

proper amount of oxidant was used. To our delight, treatment of 60 

the reaction mixture of 2a with 4 equivalents of FeCl3 in a 

mixture of dichloromethane and nitromethane at 0 oC indeed gave 

the final product 4a in 58 % overall isolated yield (Scheme 2, 

path b). Notably, all steps can be carried out in a one-pot manner, 

and do not involve the isolation of intermediates. 65 

A previous report has indicated that certain oxygen 

functionalities in the substrate can strongly coordinate with the 

ruthenium carbene complex, thereby decreasing its catalytic 

activity and impeding enyne metathesis.14 Thus Lewis acids were 

introduced into the reaction system to compete or prevent the 70 

coordination of the O-atom to the ruthenium carbene 

intermediate. 15The preliminary study indicates that Ti(OiPr)4 is 

the best choice in this reaction. When the reaction was run with 

the addition of 5 % mol of Ti(OiPr)4 using 4 equivalents of FeCl3 

as an oxidant, the reaction gave the expected product 4a in 71 % 75 

overall isolated yield (Table 1, entry 9). Increasing the amount of 

Ti(OiPr)4 did not affect the reaction. However, AlCl3 and TiCl4 

were too strong to use in this reaction. Use of other oxidants such 

as MoCl5 and DDQ/H+ did not afford a better performance than 

FeCl3 . 80 

Table 2 Synthesis of polysubstituted triphenylene 2,3-dicarboxylic ester 
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a All the reactions were carried out in the scale of 0.125 mmol of 1. 
Isolated yield. b 6.0 equiv. of FeCl3 was used. c 2.5 equiv. of MoCl5 as 

oxidant. d 5 equiv. of MoCl5 as oxidant. e 2.0 equiv. of 1,4-quinone was 110 

used instead of DMAD. 

Subsequently, we set out to test different substrates for the 

formation of polysubstituted triphenylene 2,3-dicarboxylic esters 

Page 2 of 4Organic & Biomolecular Chemistry

O
rg

an
ic

&
B

io
m

ol
ec

ul
ar

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



 

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00–00  |  3 

(Table 1). Various alkoxy-substituted diarylacetylenes were 

tested and the desired products 4 with different substitution 

patterns (from tetra- to hepta-substituted) were produced in 

variable overall yields. The reaction takes place in moderate to 

good overall yield provided that at least two alkoxyl groups are 5 

present in one of the rings (from 4a to 4g) or if the two alkoxyl 

groups are respectively located at the para position of the newly 

formed bond (4h). While some substrates are suitable, the 

efficiency is decreased for certain electronic (4j and 4k) and 

steric (4i) factors. However, the Br group can be incorporated 10 

into the triphenylene skeleton with this strategy (4k), which 

offers the potential for further functionalization. 

Diphenylacetylene was also used as a substrate but the desired 

product 4l was produced in 18 % yield only when 5 equivalents 

of MoCl5 were used as an oxidant. Unfortunately, triphenylenes 15 

with four electron-withdrawing substituents attached (4m) cannot 

be obtained using this strategy. Moreover, unsymmetrical 

peripheral substitution can easily be achieved by changing the 

length of some of the side chains in the substrate, which has a 

large effect on the thermal behaviour of liquid crystalline 20 

materials.16 Further, the presence of a methoxyl group at the 

peripheral position can be used to produce valuable 

hydroxyfunctionalized triphenylenes by demethylation, which 

can be further utilized to construct more complicated structures.17 

Importantly, 1-((3,4-bis(hexyloxy)phenyl)ethynyl)naphthalene 25 

and 2-((3,4-bis(hexyloxy)phenyl)ethynyl)naphthalene were also 

suitable substrates for the synthesis of  more complicated 

dimethyl-12,13-bis(hexyloxy)benzo[f]chrysene-2,3-dicarboxylate  

(4n) and dimethyl-12,13-bis(hexyloxy)benzo[g]chrysene-2,3-

dicarboxylate (4o). Notably, 1,4-quinone is also suitable as a 30 

reaction partner, which lead to the formation of 2,3,6,7-

tetrakis(hexyloxy)benzo[f]tetraphene-10,13-dione (4p) in 43 % 

isolated yield. 

This strategy can also be applied to the syntheses of twinned 

and oligomeric triphenylene discotics. Starting from 4-ethynyl- 35 

reaction with commercial 4,4'-diiodo-1,1'-biphenyl furnished the 

corresponding 4,4'-bis((3,4-bis(hexyloxy)phenyl)ethynyl)-1,1'-

biphenyl (5). Treatment of 5 with our developed strategy directly 

afforded the polysubstituted symmetrical triphenylene dimer 6 in 

38 % isolated yield (Scheme 3). 40 
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Scheme 3 Synthesis of triphenylene dimer 55 

The thermal properties of compound 4a were examined using 

polarized optical microscopy and differential scanning 

calorimetry (DSC). This difunctionalized triphenylene was found 

to exhibit columnar hexagonal mesophases over a much broader 

temperature range of 41-175 °C (Figure 2) versus 2,3,6,7,10,11- 60 

hexahexyloxytriphenylene, which forms a columnar hexagonal 

phase from only 67-98 °C (lit,3a). This large difference likely 

reflects enhancement in the mesophase stability probably through 

polarisation of the ester carbonyl groups, which exert an 

intracolumnar dipole-dipole interaction.2c,4 
65 
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Figure 2 DSC traces of compound 4a in heating and cooling run (Cr = 80 

crystal, Col = columnar, Iso = isotropic). 

Conclusions 

In conclusion, we have designed an efficient synthetic 

procedure for the preparation of polysubstituted triphenylene 2,3-

dicarboxylic esters via a tandem addition process starting from 85 

the readily available diarylacetylene. It should be noted that 

although this method proceeds in moderate overall yield, it is 

complementary to other traditional strategies for preparing new 

types of triphenylene derivatives. This can be viewed as a simple 

alternative that may offer access to more complicated 90 

triphenylene-based molecules with different substitution patterns 

via a one-pot strategy by tuning the structure of the 

diarylacetylene and dienophile. Furthermore, the approach herein 

for covalently linking electron donor and electron acceptor 

components at the molecular level allows access to new materials 95 

which are expected to behave as intrinsic, non-composite p/n-

type semiconductors.18 Our preliminary studies indicate that the 

compound 4a exhibits a liquid crystal phase over a much broader 

temperature range compared to the hexaalkoxytriphenylene. The 

further research is ongoing in our laboratory.19 100 

This work was supported by the National Natural Science 

Foundation of China (No. 21072140, 21202109 and 51273133), 

the Sichuan Province Higher Education System Key Laboratory 

of Advanced Functional Materials (No. KFKT2012-02), the Key 

Growth Foundation (No. 14py01), the Outstanding (Postgraduate) 105 

Dissertation Growth Foundation (No. xyz2014-[7]-31) and also 

the Special Funds for Sharing Large Precision Equipment (No. 

DJ2014-23 and DJ2014-24) at Sichuan Normal University. 

Notes and references 

a College of Chemistry and Material Sciences, Sichuan Normal University, 110 

Chengdu, 610068, P.R. China. E-mail: feng_chun@126.com; 

wangbiqin1964@126.com  
b Department of Chemistry, The University of Hull, Hull, HU6 7RX, UK 

Page 3 of 4 Organic & Biomolecular Chemistry

O
rg

an
ic

&
B

io
m

ol
ec

ul
ar

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



 

4  |  Journal Name, [year], [vol], 00–00 This journal is © The Royal Society of Chemistry [year] 

† Electronic Supplementary Information (ESI) available. See 

DOI: 10.1039/b000000x/ 

1  (a) A. Ané, G. Prestat, G. T. Manh, M. Thiam, S. Josse, M. Pipelier, 

J. Lebreton, J. P. Pradère, D. Dubreuil, Pure Appl. Chem., 2001, 73, 

1189; (b) M. Montembault, G. Vo-Than, A. Deyine, V. Fargeas, M. 5 

Villieras, A. Ané, D. Dubreuil, D. Esquieu, C. Grégoire, S. Opi, J.-M. 

Péloponése, G. Campbell, J. Watkins, J. de Mareil, A.-M. Aubertin, 

C. Bailly, E. Loret, J. Lebreton, Bioorg. Med. Chem. Lett., 2004, 14, 

1543. 

2    (a) S. Kumar Pala, S. Setia, B. S. Avinash, S. Kumar, Liq. Cryst., 10 

2013, 40, 1769; (b) T. Osawa, T. Kajitani, D. Hashizume, H. Ohsumi, 

S. Sasaki, M. Takata, Y. Koizumi, A. Saeki, S. Seki, T. Fukushima, 

T. Aida, Angew. Chem., Int. Ed., 2012, 51, 7990; (c) J. J. Lee, A. 

Yamaguchi, M. A. Alam, Y. Yamamoto, T. Fukushima, K. Kato, M. 

Takata, N. Fujita, T. Aida, Angew. Chem., Int. Ed., 2012, 51, 8490; 15 

(d) S. Kumar, Chem. Soc. Rev., 2006, 35, 83; (e) S. Laschat, A. Baro, 

N. Steinke, F. Giesselmann, C. Hagele, G. Scalia, R. Judele, E. 

Kapatsina, S. Sauer, A. Schreivogel, M. Tosoni, Angew. Chem., Int. 

Ed., 2007, 46, 4832; (f) S. Sergeyev, W. Pisula, Y. H. Geerts, Chem. 

Soc. Rev., 2007, 36, 1902; (g) D. Pérez, E. Guitián, Chem. Soc. Rev. 20 

2004, 33, 274; (h) M. O’Neill, S. M. Kelly, Adv. Mater., 2003, 15, 

1135.  

3    (a) N. Boden, B. Movaghar, in Handbook of Liquid Crystals, ed. D. 

Demus, J. Goodby, G. W. Gray, H.-W. Spiess, V. Vill, Wiley-VCH, 

New York, vol. 2B, p. 781; (b) S. Kumar, Liq. Cryst., 2004, 31, 1037. 25 

4    E. J. Foster, R. B. Jones, C. Lavigueur, V. E. Williams, J. Am. Chem. 

Soc., 2006, 128, 8569. 

5    (a) H. Bock, M. Rajaoarivelo, S. Clavaguera, E. Grelet, Eur. J. Org. 

Chem., 2006, 2889; (b) J. Yin, H.-M. Qu, K. Zhang, J. Luo, X.-J 

Zhang, C.-Y. Chi, J.-S. Wu, Org. Lett., 2009, 11, 3028. 30 

6    (a) J. W. Goodby, M. Hird, K. J. Toyne, T. J. Watson, Chem. Soc., 

Chem. Commun., 1994, 1701; (b) N. Boden, R. J. Bushby, A. N. 

Cammidge, J. Chem. Soc., Chem. Commun., 1994. 465. 

7     R. J. Bhushby, C. Hardy, J. Chem. Soc., Perkin Trans.1 1986, 721 

8    For recent examples, see: (a) M. Kivala, D. Wu, D. Feng, C. Li, K. 35 

Müllen, In Synthesis of Polymers; D. Schulter, C. J. Hawker, J. 

Sakamoto,  Eds.; Wiley-VCH: New York, 2012; pp 373; (b) K. B. 

Jørgensen, Molecules, 2010, 15, 4334; (c) B. T. King, J. Kroulík,  C. 

R. Robertson, P. Rempala, C. L. Hilton,  J. D. Korinek, L. M. 

Gortari, J. Org. Chem., 2007, 72, 2279; (d) R. Freudemann, B. 40 

Behnisch, M.  Hanack, J. Mater. Chem., 2001, 11, 1618. 

9   (a) S. Kumar, M. Manickam, Chem. Commun., 1997, 1615; (b) S. 

Kumar, S. K. Varshney, Synthesis, 2001, 305. 

10  For selected examples, see: (a) I. Nagao, M. Shimizu, T. Hiyama, 

Angew. Chem., Int. Ed., 2009, 48, 7573; (b) M. Iwasaki, S. Iino, Y. 45 

Nishihara, Org. Lett., 2013, 15, 5326; (c) Z. Liu, R. C. Larock, J. 

Org. Chem., 2007, 72, 223; (d) Y. Terao, H. Wakui, M. Nomoto, T. 

Satoh, M. Miura, M. Nomura, J. Org. Chem., 2003, 68, 5236. 

11   R. J. Bushby, N. Boden, G. A. Kilner, O. R. Lozman, Z. Lu, Q. Liu, 

M. A. Thornton-Pett, J. Mater. Chem., 2003, 13, 470.  50 

12  C. Feng, X. Wang, B.-Q. Wang, K.-Q. Zhao, P. Hu, Z.-J. Shi, Chem. 

Commun., 2012, 48, 356. 

13  For selected reviews, see: (a) M. Grzybowski, K. Skonieczny, H. 

Butenschön, D.T. Gryko. Angew. Chem., Int. Ed., 2013, 52, 9900; (b) 

S. R. Waldvogel, S. Trosien,  Chem. Commun., 2012, 48, 9109; (c) 55 

A. A. O. Sarhan, C. Bolm, Chem. Soc. Rev., 2009, 38, 2730. 

14   A. Kinoshita, N. Sakakibara, M. Mori, Tetrahedron, 1999, 55, 8155. 

15   Q. Yang, W.-J. Xiao, Z.-K. Yu, Org. Lett., 2005, 7, 871. 

16   (a) J. A. Rego, S. Kumar,  H. Ringsdorf, Chem. Mater., 1996, 8, 1402; 

(b) A. Kettner, J. H. Wendorff,  Liq. Cryst., 1999, 26, 483. 60 

17  (a) R. Abeysekera, R. J. Bushby, C. Caillet, I. W. Hamley, O. R. 

Lozman, Z. Lu, A. W. Robards, Macromolecules, 2003, 36, 1256; (b) 

N. Boden, R. J. Bushby, A. N. Cammidge, J. Am. Chem. Soc., 1995, 

117, 924; (c) P. Henderson, H. Ringsdorf, P. Schuhmacher, Liq. 

Cryst., 1995, 18, 191. 65 

18  S. Kumar Gupta, V. A. Raghunathan, S. Kumar, New Journal of 
chemistry, 2009, 33, 112. 

19  Treatment of 1a with the Grubbs-2 catalyst in the presence of AgOTf  

in a similar way could afford the corresponding triphenylene 1,2-

dicarboxylic ester in low yield. This work is still being investigated. 70 

Further investigations are also under way to examine the effect of 

structural modifications on the self-assembly as well as the 

mesomorphic properties of triphenylene 2,3-dicarboxylic esters. 

Page 4 of 4Organic & Biomolecular Chemistry

O
rg

an
ic

&
B

io
m

ol
ec

ul
ar

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t


