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Abstract Sulfur-containing functional -conjugated cores play key
roles in materials science, mostly due to their unique electrochemical
and photophysical properties. Among these, the excellent electron do-
nor tetrathiafulvalene (TTF) has occupied a central position since the
emergence of organic electronics. Peripheral C–H modification of this
highly useful sulfur-containing motif has resulted in the efficient cre-
ation of new molecules that expand the applications of TTFs. This Short
Review begins with the development of the palladium-catalyzed direct
C–H arylation of TTF. Subsequently, it summarizes the applications of
this efficient C–H transformation for the straightforward synthesis of
useful TTF derivatives that are employed in a variety of research fields,
demonstrating that the development of a new reaction can have a sig-
nificant impact on chemical science.
1 Introduction
2 Development of the Palladium-Catalyzed Direct C–H Arylation of

TTF
3 Synthesis of TTF-Based Tetrabenzoic Acid and Tetrapyridine for

MOFs
4 Synthesis of TTF-Based Tetrabenzaldehyde and Tetraaniline for

COFs
5 Tetraarylation of TTFAQ
6 Synthesis of Multistage-Redox TTF Derivatives
7 Miscellaneous Examples
8 Conclusions

Key words C–H arylation, tetrathiafulvalene, sulfur, palladium cataly-
sis, metal-organic framework, covalent organic framework, supramo-
lecular chemistry, redox-active material 1 Introduction

Conjugated -electronic molecular systems are import-

ant in organic electronics due to their unique photophysical

and electrochemical properties.1 Polyaromatic hydrocar-

bons (PAHs) such as acenes and fullerenes have been exten-

sively investigated in order to characterize the highly useful

properties that originate from their interesting structures.

Conjugated -electronic systems that bear heteroatom(s)
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are also intriguing, as the presence of heteroatoms can en-

dow such systems with characteristics that are not ob-

served for PAHs. Among the typical heteroatoms, the third-

row element sulfur occupies a unique position. Sulfur has a

high natural abundance and is particularly attractive for

several reasons: 1. Compared to elements in the second

row, the larger size and weaker hybridization of the s and p

orbitals of sulfur lead to longer C–S bonds and smaller C–S–

C angles. The aromaticity of sulfur-containing heteroarenes

such as thiophene is thus moderate; and 2. the effective

shielding of its inner 1s, 2s, and 2p electrons allows sulfur

to easily donate and accept electron density, endowing sul-

fur-containing molecules with redox activity. Thus, sulfur-

containing conjugated -electronic systems have been

widely investigated, resulting in the creation of molecules

with highly useful properties,2 such as tetrathiafulvalene

(TTF).3

The functionality of such sulfur-containing compounds

is governed by the conjugated -electronic cores. The pe-

ripheral modification of these cores has attracted great at-

tention, as this approach can effectively alter the electronic

and steric properties and peripheral reactivity of the parent

core to create new -extended molecules with unique

properties. Cross-coupling reactions have traditionally

been employed as the key tool for this purpose.4 This strate-

gy usually requires either a metalated or halogenated core

as a precursor, which is often laborious and/or difficult to

achieve. Recently, direct catalytic modifications of C–H

bonds on aromatic rings have emerged in organic synthesis

as an inherently more efficient tool for this purpose.4c,5–8

This straightforward strategy should also be applicable for

the peripheral modification of conjugated -electronic

cores7 such as TTF in order to prepare novel -extended

molecules with unique functionality.

This Short Review discusses the catalytic peripheral C–H

arylation of TTF and its analogues to alter the electronic

properties of the parent cores. More importantly, the aryla-

tion of the cores can provide peripheral functionality to

create hybrid molecules with applications in research fields

other than conventional organic electronics, such as mate-

rials sciences, coordination chemistry, supramolecular

chemistry, and catalysis; these applications are also briefly

summarized in this Short Review.

2 Development of the Palladium-Catalyzed 
Direct C–H Arylation of TTF

Tetrathiafulvalene, which contains two 7-1,3-dithiole

units connected to each other at the 2-position, is a good

electron donor due to the favorable formation of aromatic

1,3-dithiolium rings upon one- and two-electron oxidation.

TTF has thus become a key component in a variety of func-

tional organic electronic materials.3 In addition to TTF itself,

peripherally functionalized TTF derivatives are also import-

ant, as they exhibit different characteristic properties de-

rived from their substituents. It is thus hardly surprising

that peripherally modified TTFs have been extensively syn-

thesized and investigated.3 Among these, aryl-substituted

TTFs are particularly attractive because the aromatic sub-

stituents can considerably alter the electronic nature of TTF

via outward extension of its -conjugation. However, the

conventional synthesis of peripherally arylated TTFs in-

volves the laborious preparation of metalated or halogenat-

ed TTF (or similar precursors) prior to the palladium-cata-

lyzed cross-coupling arylation.3c,f,m,o,9 The pre-activa-

tion/cross-coupling sequence is especially disadvantageous

for the synthesis of multiply arylated TTFs.

In 2011, Yorimitsu and co-workers developed a more

straightforward synthetic route to arylated TTFs.10 Their ap-

plication of a palladium-catalyzed direct C–H arylation to

the peripheral arylation of TTF greatly simplified the func-

tionalization of TTF and related analogues, and expanded

the application range of TTF derivatives.

This approach is based on the treatment of TTF with

aryl bromide in the presence of cesium carbonate and cata-

lytic amounts of palladium acetate and tri-tert-butylphos-

phonium tetrafluoroborate in refluxing THF or dioxane,

which results in the peripheral arylation of TTF (Table 1 and

Table 2). Several points regarding this reaction are worth

noting: 1. The reaction conditions are similar to those ap-

plied during the multiple arylation of cyclopentadiene re-

ported by Miura;11 2. The protons in TTF are sufficiently

acidic to allow peripheral H/D exchange to occur in the

presence of MeONa in MeOD even at room temperature.12

The high efficiency of the combination of the palladium

catalyst and highly basic cesium carbonate indicates that

the concerted metalation-deprotonation mechanism13 can

be expected to work in the palladation of TTF; 3. As com-

mercially available and air-stable tri-tert-butylphosphoni-

um tetrafluoroborate is used instead of air-sensitive tri-

tert-butylphosphine,14 the experimental procedure is very

simple and thus practical, which has led to the adoption of

this protocol by non-synthetic organic chemists (vide in-

fra). As tri-tert-butylphosphine is generated in situ due to

the presence of cesium carbonate, a glove box is not neces-

sary. 4. As far as we have investigated, aryl bromides react-

ed the most efficiently among aryl halides and triflates.

However, chlorides and iodides are also worth examining,

as shown in Schemes 5, 11, and 13 (vide infra), while all our

attempts to use aryl triflates have failed; 5. When aryl bro-

mide is the limiting reagent and an excess of TTF is used

(Table 1), monoarylation predominates. However, the yield

of the monoarylated products is usually moderate because

competitive multiple arylation occurs; 6. Due to the high ef-

ficiency of the C–H arylation, the tetraarylation of TTF pro-

ceeds in high yield when an excess of aryl bromide, a larger

amount of the catalyst, and a longer reaction time are used

(Table 2). Prior to the development of this reaction, only

two examples of the synthesis of tetraaryl TTFs had been
© 2020. Thieme. All rights reserved. Synthesis 2020, 52, 3326–3336
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reported, which were either very inefficient or employed

harsh conditions;15 and 7. This powerful new protocol en-

abled the creation of a wide variety of new tetraaryl TTFs,

which allowed systematic structure-property investiga-

tions of the photophysical and electrochemical properties

of aryl TTFs. Since its development, this protocol has been

recognized as the most efficient method for exploiting TTF-

based functional materials.

Table 1  Monoarylation of TTF

Yorimitsu also synthesized triisopropylsilyl-substituted

TTF (TIPS-TTF) as a potential platform for the synthesis of

low-symmetry TTF derivatives.16 The bulky TIPS group tol-

erates basic conditions, which allows the selective palladi-

um-catalyzed C–H diarylation of the unsilylated dithiole

ring. Subsequent fluoride-mediated ‘deprotection’ provides

unilaterally diarylated TTFs 2 (Table 3), which can undergo

further C–H diarylation to yield low-symmetry tetraaryl

TTFs 3 (Table 4). The conditions also accommodate a TIPS-

ethynyl group (3e), which would be useful for Sonogashira

coupling reactions and Cu-mediated dimerization after

desilylation. Low-symmetry tetraaryl TTF 3b, which exhib-

its a strong push-pull substitution pattern, showed, as ex-

pected, interesting electrochemical properties. This method

represented the first selective synthesis of low-symmetry

tetraaryl TTFs. The synthesis involves only three steps start-

ing from TTF and hence has the potential to expand the va-

riety of low-symmetry TTF derivatives.

Table 3  Synthesis of Unilaterally Diarylated TTFs from TIPS-TTF

3 Synthesis of TTF-Based Tetrabenzoic Acid 
and Tetrapyridine for MOFs

The development of the user-friendly direct C–H aryla-

tion of TTF in 201110 had a significant beneficial impact on

other research fields, particularly coordination chemistry

and supramolecular chemistry.17 The introduced peripheral

substituents can facilitate the assembly of multiple TTF-

based molecules with strong interactions between the TTF

units, while the TTF core endows the TTF-based assemblies

with redox activity.

Ar Yield (%) Ar Yield (%)

4-MeC6H4 50 4-NO2C6H4 60

2-naphthyl 53 3-MeOC6H4 64

4-FC6H4 51 3-CF3C6H4 56

4-MeOC6H4 48 4-MeCOC6H4 51

4-Me2NC6H4 42 4-CNC6H4 50

4-CO2EtC6H4 64

S

SS

S
S

SS

S
2.5 equiv

5 mol% Pd(OAc)2
15 mol% PtBu3•HBF4
3 equiv Cs2CO3

THF, reflux, 3 h

1 equiv
Ar Br

Ar

Table 2  Tetraarylation of TTF

Ar 1 Yield (%) Ar 1 Yield (%)

4-MeC6H4 1a 97 4-CF3C6H4 1h 80a

2-naphthyl 1b 85 3-CF3C6H4 1i 86

4-FC6H4 1c 60 3-MeOC6H4 1j 86

4-MeOC6H4 1d 78 3,5-(MeO)2C6H3 1k 82

4-Me2NC6H4 1e 60 4-CNC6H4 1l 60a

4-CO2EtC6H4 1f 91a 3-pyridyl 1m 63

4-NO2C6H4 1g 60a 4-biphenylyl 1n 90

a Using 30 mol% Pd(OAc)2, 90 mol% PtBu3·HBF4, and 6 equiv Cs2CO3.

S

SS

S

25 mol% Pd(OAc)2
75 mol% PtBu3•HBF4
5 equiv Cs2CO3

THF or dioxane
reflux, 12–24 hS

SS

S
1 equiv

5 equiv
Ar Br

1
Ar

ArAr

Ar

Ar1 2 Yield (%) Ar1 2 Yield (%)

4-MeC6H4 2a 96 4-NO2C6H4 2f 86

2-naphthyl 2b 85 4-CO2MeC6H4 2g 63a

4-MeOC6H4 2c 86 4-MeSC6H4 2h 79

4-Me2NC6H4 2d 76 4-ClC6H4 2i 69

4-CF3C6H4 2e 67 3-pyridyl 2j 62

a Cs2CO3: 3 equiv.

S

SS

S
TIPS-TTF

THF or dioxane 
reflux, 24 h
then Bu4NF

2

cat. Pd(OAc)2/PtBu3•HBF4

2.5 equiv Cs2CO3

2.5 equiv Ar1–Br

SiiPr3
S

SS

S

Ar1

Ar1

Table 4  Synthesis of Low-Symmetry Tetraaryl TTFs 3

2 Ar1 Ar2 3 Yield (%)

2d 4-Me2NC6H4 Ph 3a 99

2d 4-Me2NC6H4 4-NO2C6H4 3b 60

2e 4-CF3C6H4 Ph 3c 91

2e 4-CF3C6H4 4-MeOC6H4 3d 63

2e 4-CF3C6H4 4-(TIPSC≡C)C6H4 3e 62

2f 4-NO2C6H4 Ph 3f 99

cat. Pd(OAc)2/PtBu3•HBF4

2.5 equiv Cs2CO3

2.5 equiv Ar2–Br

THF or dioxane 
reflux, 24 h 3

S

SS

S Ar2

Ar2Ar1

Ar1
2

© 2020. Thieme. All rights reserved. Synthesis 2020, 52, 3326–3336
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This approach was the first applied to the field of metal-

organic frameworks (MOFs) in 2013 by Dincă and co-work-

ers, who synthesized TTF-based tetrabenzoic acid 1o

(H4TTFTB) via the saponification of 1f, and used it in the

synthesis of Zn2(TTFTB), that is, a MOF that is composed of

columnar stacks of TTF and benzoate-lined one-dimension-

al channels (Scheme 1).18 Zn2(TTFTB) is the first example of

a permanently porous MOF with high charge mobility. Fol-

lowing this discovery, several groups including Dincă’s used

the TTF-based ligand TTFTB for the synthesis of various re-

dox-active MOFs,19 two-dimensional hydrogen-bonded or-

ganic frameworks (HOFs),20 and charge-transfer supra-am-

phiphiles.21 Tetrabenzoic acid 1o also found application as a

hole-transport layer in conventional polymer solar cells.22

TTFTB-based MOFs are now one of most important classes

of redox-active MOFs.

Scheme 1  Dincă’s synthesis of 1o (H4TTFTB) by saponification of ethyl 
ester 1f

Tetra-4-pyridyl TTF (1p, TTFpy4) was synthesized from

TTF and 4-iodopyridine by Sallé and co-workers in 2014.

Scheme 2  Sallé’s synthesis of TTF-based tetrapyridine 1p

 Since then, it has been used for the synthesis of redox-

active arene-ruthenium architectures23 and M8L4 cages (M

= Pt or Pd)24 (Scheme 2). Recently, 1p was employed for the

synthesis of a dodecanuclear molecular rhenium box that

displays luminescence in the solid state.25 Compound 1p

can also be used to construct redox-active MOFs26 and is

expected to find additional applications in coordination

chemistry as a neutral ligand complementary to tetraan-

ionic TTFTB.

4 Synthesis of TTF-Based Tetrabenzaldehyde 
and Tetraaniline for COFs

Tetraaryl TTFs also provide a core structure for the con-

struction of redox-active covalent organic frameworks

(COFs). Jiang,27 Wang, and Zhang,28 as well as Zhang and

Liu29 simultaneously reported the preparation of tetra(4-

formylphenyl) TTF (1q) (Scheme 3) for the synthesis of

two-dimensional COFs by condensation with 1,4-diamino-

benzene or related aromatic diamines through imine for-

mation. Such COFs can be prepared on a surface where they

align with the underlying substrate lattice.30 The condensa-

tion of 1q with tetraaminoadamantane or tetra(aminophe-

nyl)methane affords three-dimensional TTF-based COFs

with high crystallinity, permanent porosity, and large spe-

cific surface area.31 Interestingly, the condensation of 1q

with meso-tetraaminophenyl metalloporphyrins forms

crystalline porphyrin–TTF COFs that act as excellent photo-

catalysts for the reduction of CO2 with H2O without an addi-

tional photosensitizer, reductant, or co-catalyst.32 Thus, the

future of TTF-based COFs seems promising.

Scheme 3  Synthesis of tetra(4-formylphenyl) TTF (1q)

Tetra(4-aminophenyl) TTF (1s) was synthesized via Boc-

protected 1r and forms imine-linked COFs with terephthal-

aldehyde via imine formation in an inverse manner, where

the amine groups reside on the periphery of 1r (Scheme

4).33

Scheme 4  Synthesis of tetra(4-aminophenyl) TTF (1s)

In the field of one-dimensional polymers, di(4-formyl-

phenyl) TTF undergoes condensation with difunctional

acylhydrazines to afford hydrazone-based polymers.34

5 Tetraarylation of TTFAQ

An extended TTF with an anthraquinoid spacer (hereaf-

ter abbreviated as TTFAQ) has emerged as a unique electron

donor, showing simultaneous two-electron oxidation ac-

companied by a drastic conformational change from a fold-

ed saddle-like conformation to a stretched conformation, in

which the two 1,3-dithiolium rings are oriented perpendic-

ular to the central anthracene moiety with orthogonal

twists between the central anthracene moiety and the two

1,3-dithiolium rings.35 TTFAQ and its derivatives are prom-

ising prospective functional materials, for example, sensi-

tizers in organic photovoltaics36 and positive electrode

S

SS

S

1o  88%

O

OH

O

OH

O

OH

O

OH
H4TTFTB

1f
MeOH/H2O/THF 
reflux, 12 h

KOH

25 mol% Pd(OAc)2
75 mol% PtBu3•HBF4
5 equiv Cs2CO3
5 equiv 4-iodopyridine

dioxane, reflux, 24 h S

SS

S

1p  71%

N

N

N

N

TTF

cat. Pd(OAc)2
cat. PtBu3•HBF4
5 equiv Cs2CO3
5 equiv 
4-BrC6H4CHO

dioxane
reflux, 24 h

S

SS

S

1q  36%27

      25%29

TTF

OHC

OHC

CHO

CHO

30 mol% Pd(OAc)2
90 mol% PtBu3•HBF4
6 equiv Cs2CO3
5 equiv 
4-BrC6H4NHBoc

THF, reflux, overnight
S

SS

S

1r (N = NHBoc)  24%

TTF

N

N

N

N
CF3COOH
CH2Cl2, r.t., 3 h 1s (N = NH2)      93%
© 2020. Thieme. All rights reserved. Synthesis 2020, 52, 3326–3336
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materials for rechargeable batteries.37,38 Therefore, the peri-

pheral modification of TTFAQ to obtain a variety of new

TTFAQ derivatives is important.

In 2013, Goeb, Sallé, and co-workers found that the di-

rect C–H arylation of TTF was also applicable to the periph-

eral arylation of TTFAQ, which resulted in the preparation

of TTFAQ-based tetrapyridine 4a (Scheme 5).39 This finding

highlights the robustness of the original synthetic protocol

for the tetraarylation of TTF. Redox-active self-assembled

coordination cages were formed via the complexation of

neutral saddle-like 4a with Pd2+ or Pt2+ cations,40 and an Ag-

based MOF was prepared using the stretched conformation

of cationic 4a.40f A similar 3-pyridyl-substituted TTFAQ (4b)

was also synthesized and used as a switchable guest with

redox-controlled encapsulation/release in a tetragonal Zn-

porphyrin-based prismatic nanocage.40e

Scheme 5  Synthesis of TTFAQ-based tetrapyridines 4a and 4b accord-
ing to Goeb and Sallé

Misaki and co-workers reported the synthesis of several

tetraaryl TTFAQ derivatives via the direct C–H arylation (Ta-

ble 5),41 wherein optimal reaction conditions depend on

the electronic nature of the aryl bromide used. Ester-con-

taining 4f undergoes saponification to afford TTFAQ-based

tetrabenzoic acid 4g (Scheme 6). Almost at the same time,

Saha and co-workers reported the synthesis of 4f and 4g

using the same strategy.42 Misaki and Saha independently

applied 4g to the construction of double-helical MOFs upon

complexation with Co2+ and Zn2+, respectively.

Scheme 6  Synthesis of H4TTFAQTB (4g) by saponification of 4f

6 Synthesis of Multistage Redox TTF Deriva-
tives

The group of Misaki has been interested in the develop-

ment of multistage redox-active TTF derivatives and syn-

thesized tetraphenyl TTFs 1t and 1u, which feature addi-

tional 1,3-dithiafulvene units on the four phenyl groups, by

C–H arylation (Scheme 7).43 BenzoTTF also undergoes di-

arylation with high efficiency (Scheme 8). Tetrathienyl ana-

logue 10 is accessible starting from the C–H thienylation of

TTF with 5-bromo-2-thiophenecarbaldehyde diethyl acetal

(7) (Scheme 9). Subsequent deprotection and P(OEt)3-

mediated coupling with 9 yield 10. This indirect route is

necessary because the ideal precursor, dithiafulvene-sub-

stituted bromothiophene 11, is unstable under these reac-

tion conditions.

Scheme 7  Synthesis of tetraphenyl TTFs that bear additional dithia-
fulvene groups on the four phenyl groups

S

SS

S

TTFAQ

S

SS

S

N

N

N

N

25 mol% Pd(OAc)2
75 mol% PtBu3•HBF4
12 equiv Cs2CO3
5 equiv 4-iodopyridine
dioxane, reflux, 24 h

4a   70%

S

SS

S

N

N

N

N

25 mol% Pd(OAc)2
75 mol% PtBu3•HBF4
5 equiv Cs2CO3
5 equiv 3-bromopyridine
dioxane, reflux

4b   80%

4f
S

SS

S

HO2C

HO2C

CO2H

CO2H4g
97%41 (NaOH aq., THF/MeOH, 70 °C, 12 h)
94%42 (KOH aq., THF/MeOH, reflux, 12 h)

Table 5  Tetraarylation of TTFAQ According to Misakia and Sahab

Conditions R X (equiv) Time (d) 4 Yield (%)

Ref. 41a Me 5 0.5 4c 75

Ref. 41a MeO 12 6 4d 67

Ref. 41a NO2 6 0.67 4e 92

Ref. 41a CO2Et 6 3 4f 80

Ref. 42b CO2Et 5 7 4f 80

a 30 mol% Pd(OAc)2, 90 mol% PtBu3·HBF4, 6 equiv Cs2CO3, dioxane, reflux.
b 40 mol% Pd(OAc)2, 120 mol% PtBu3·HBF4, 9 equiv Cs2CO3, THF, reflux.

TTFAQ

S

SS

S
4-BrC6H4R

X equiv

R

R

R

R

+

4

30 mol% Pd(OAc)2
90 mol% PtBu3•HBF4
6 equiv Cs2CO3

dioxane, reflux, 36 h

1t   (R = SMe)  46%
1u  (R = Me)    48%

TTF

S

S

S

S
S

S

S

S

S

S

S

S

R

R

R

R

R

R

R

R

Br

S
S

R
R

5  5 equiv

+

© 2020. Thieme. All rights reserved. Synthesis 2020, 52, 3326–3336
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Scheme 8  Synthesis of diphenyl benzoTTFs that bear additional dithia-
fulvene groups on the two phenyl groups

Scheme 9  Synthesis of tetrathienyl TTFs that bear additional dithia-
fulvene groups on the four thienyl groups

Misaki and co-workers have also focused on cross-con-

jugated systems with 1,3-dithiole rings, which are attrac-

tive as novel multistage redox systems and as donor compo-

nents for organic conductors.3,44,45 Palladium-catalyzed C–H

arylation offers two approaches to the new cross-conjugat-

ed molecule 13, which bears vinyl-extended TTF moieties

(EBDT) (Scheme 10).43 Route A begins with the Vilsmeier–

Haack reaction of 1t (Scheme 7), followed by P(OEt)3-medi-

ated coupling of the resulting 12 with 9. Route B uses a C–H

arylation with the ‘all-in-one’ precursor 14, which bears an

EBDT moiety. Even though precursor 14 and product 13

contain many catalytically poisonous sulfur atoms and elec-

tronically flexible -systems, the four-fold arylation pro-

ceeds with acceptable efficiency. Interestingly, the mea-

surement and digital simulation of the cyclic voltammo-

gram of 13 revealed that three pairs of redox waves and

suggested that, surprisingly, ten stages of one-electron

transfer can be expected in total.

7 Miscellaneous Examples

Shoji and co-workers have synthesized TTFs that bear 2-

azulenyl groups via a direct functionalization of TTF with 2-

chloroazulenes (Scheme 11).46 Due to the optoelectronic

nature of the azulene units, 1v and 1w show significant

spectral change in the visible region under redox condi-

tions.

With the C–H arylation method, Wasielewski and co-

workers have synthesized covalently linked electron donor-

acceptor molecules 16 that consist of TTF as the donor part

and a bisimide unit as the acceptor part via intermediate 15

(Scheme 12).47 Photo-driven intramolecular electron trans-
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fer reactions of 16 form well-defined spin-correlated radical

pairs, which can find applications in research on bulk-

ensemble quantum information processing.

Scheme 12  Synthesis of TTF-bisimide-based donor-acceptor molecules

Hasegawa, Mazaki, and co-workers successfully applied

the C–H arylation method to the synthesis of chiral (1,3-di-

phenylallene)-TTF-based copolymers (Scheme 13) and in-

vestigated the chiroptical properties of the resulting poly-

mers.48 Conventional cross-coupling reactions cannot be

applied to the synthesis of such polymers given the difficul-

ties associated with the preparation of doubly metalated

3,4-(MeS)2TTF.

Scheme 13  Co-polymerization of 3,4-(MeS)2TTF and chiral di(iodo-
phenyl)allene

8 Conclusions

The efficient, robust, and operationally facile direct pe-

ripheral catalytic C–H arylation of TTF and TTFAQ has paved

the way for the creation of TTF-based functional materials.

The peripheral arylation of TTF derivatives not only alters

their redox properties, but more importantly, allows the in-

stallation of peripheral substituents such as carboxylate,

pyridine, and formyl, which in turn permits such multiaryl

TTFs to assemble into MOFs, COFs, or other supramolecular

architectures. Moreover, multiredox molecular systems are

readily accessible by integrating dithiole units into one

molecule using C–H arylation strategies. Considering the

importance of TTF for organic electronics, the peripheral

arylation of TTF will continue to facilitate the exploitation

of the potential of TTF-based molecules in various fields of

chemical science.
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