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REVIEW ARTICLE 

Synthesis, Structure and Properties of Dihydrotetrathiafulvalenes 
 Abstract: Although less well known than their fully unsaturated analogues, 

dihydrotetrathiafulvalenes (dihydro-TTFs) have been of considerable recent interest as 
components of organic conducting materials. In this article the various methods for their 
synthesis are reviewed and this is followed by a survey of their structure and properties, 
including those of charge transfer salts, and an account of their reactions. 
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1. INTRODUCTION 

Ever since its discovery in 1972 [1], and the report in 1973 [2] 
that it forms conducting charge-transfer complex with 
tetracyano-p-quinodimethane (TCNQ), tetrathiafulvalene 
(TTF) has had a central role in the area of molecular 
electronics. Numerous substituted derivatives have been 
prepared and new publications involving TTF currently 
amount to over 200 per year. In contrast, 
dihydrotetrathiafulvalenes where one of the five-membered 
rings lacks a double bond are much less common, although 
the parent compound was actually first reported the year 
before TTF. Much of the work in this area is due to Professor 
Jun-ichi Yamada and the reader is referred to two previous 
review articles [3,4] summarising his work, however as far as 
we are aware, the dihydrotetrathiafulvalenes have not been 
specifically reviewed before. 

2. SYNTHESIS 

 In this section we survey the different approaches taken to 
the synthesis of dihydrotetrathiafulvalenes. These are 
arranged in roughly chronological order and all the relevant 
examples are listed under each synthetic method. 

2.1 Dehydrogenation of Hexahydrotetrathiafulvalene 

 This was the first method used to obtain the parent 
compound 3 in 1971 (Scheme 1) [5]. Treatment of the 
saturated precursor 1 with the oxidant DDQ in boiling toluene 
for 1 h gave a mixture of the dehydrogenation products 2 and 
3 from which 3 could be separated in low yield by 
chromatography. 

 
Scheme 1. Synthesis of 3 by dehydrogenation 

2.2 Photochemical [2+2]-Dimerisation of TTFs 

 An unexpected observation first made by a Russian group 
in 1989 [6] was that the TTF diester 4 underwent 
photochemical [2+2]-cycloaddition in the solid state simply 
by exposing the crystals to sunlight (Scheme 2). The 
formation of the head to tail dimer 5 was later examined in a 
study which included determination of the crystal structure of 
4 [7]. More recently the benzo-fused analogues 6 were studied 
and it was found that while the acid (R = H) undergoes 
dimerisation only to a trace extent, the methyl ester (R = Me) 
gives the head to head dimer 7 in 75% yield [8]. This allowed 
functionalisation of the dimer 7 for attachment to an electrode 
surface by installation of silane-containing side-chains [9]. 
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Scheme 2. Synthesis by [2+2]-cycloaddition 

2.3 Synthesis Using Organoaluminium Thiolates 

 In 1992 Mori described a new direct method for synthesis 
of dihydro-TTFs involving condensation of organoaluminium 
thiolates with dithiol(an)e-2-carboxylates (Scheme 3) [10]. As 
shown the saturated part could come from either component 
with the dihydrobenzo-TTF 10 being formed in good yield 
either from 8 and 9 or from 11 and 12. Reaction of the same 
ester 11 with aluminium enedithiolate 13 provided a higher 
yielding synthesis of the parent compound 3. The esters 9 and 
11 are readily prepared from the relevant dithiol with methyl 
dichloroacetate while the aluminium compounds 8 and 12 
come from treating the dithiol with trimethylaluminium. 
Synthesis of 13 involves reaction of the sodium enedithiolate 
with dimethylaluminium chloride. 

 
Scheme 3. Synthesis using organoaluminium thiolates 

More recently this method has also been used in the synthesis 
of compound 15 by reaction of ester 14 with aluminium 
reagent 8 (Scheme 4) [11]. 

 

 

 
Scheme 4. Synthesis of 15 using an organoaluminium thiolate 

2.4 Synthesis using Organotin Thiolates 

 A more general variant of the previous method involves 
the use of cyclic dibutyltin dithiolates 17. These can be 
prepared as shown by treatment of a dithiol-2-one 16 with 
methylmagnesium bromide followed by dibutyltin dichloride 
(Scheme 5) [12,13]. Subsequent reaction with dithiolane-2-
ester 11 in the presence of trimethylaluminium has been used 
to gain access to a wide range of dihydro-TTF products 18 
including 19, 20 and 21 [12,13], 22 [13,14], 23 and 24 [15]. 
Starting from the diselenium analogue of 17, the 
dihydrodithiadiselenafulvalenes compounds 25, 26 [12,13] 
and 27 [13,14] were similarly obtained. 

 

Scheme 5. Synthesis using cyclic organotin thiolates 

A further valuable extension to this method involves reaction 
of the dithiole-2-one and -thione organotin compounds 28 and 
30 with dithiolane ester 11 or its ethyl analogue to afford the 
products 29 and 31 which can then be condensed with further 
components using trimethyl phosphite to give extended 
dihydro-TTF compounds as described later in Section 2.6 
(Scheme 6) [13,15]. 
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Scheme 6. Formation of intermediates 29 and 31 

2.5 Cycloaddition of Tributylphosphine Carbon Disulfide 
Adduct and Acetylenic Esters to Strained Double Bonds 

 A new method first reported by Aitken in 1997 [17,18] 
involves the reaction of strained alkenes such as norbornene 
32 with the crystalline adduct formed between 
tributylphosphine and carbon disulfide to generate a stable 
zwitterionic compound 33 which reacts with acetylenic esters 
to give dihydro-TTF products 34 (Scheme 7). In this way 
compounds such as 35–38 were prepared and by starting from 
substituted norbornenes the method could be extended to 
synthesis of 39–41.  

 

Scheme 7. Synthesis using tributylphosphine carbon disulfide adduct 

By starting with norbornadiene, the reaction occurred on both 
double bonds to afford bis(dihydro-TTFs) 42 and 43 [18]. 

 It was later reported that the mono adducts 44 and 45 could 
also be obtained in low yield by application of this method to 
norbornadiene and with less highly activated alkynes only 
mono adducts 46–48 were obtained (Scheme 8) [19,20]. 

 

Scheme 8. Synthesis using norbornadiene and tributylphosphine carbon 
disulfide adduct 

2.6 Phosphite-induced Condensation of Dithiolones and 
Dithiolethiones Already Containing a Dihydro-TTF unit 

 As mentioned in Section 2.4, the organotin method can be 
used to obtain dihydro-TTF compounds 29 and 31 which can 
then be further elaborated. Trimethyl phosphite-mediated 
condensation of 29 with a range of dithiole-2-thiones 49 gives 
products 50 (Scheme 9) [13]. Specific examples prepared in 
this way include 51 which could be subsequently reacted with 
lithium bromide to afford 52 [21], and 53–55 [13] as well as 
the dimethyl compound 56 [22]. 

 

Scheme 9. Synthesis by phosphite-mediated condensation of 29 
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A somewhat similar approach using the thione 31 involves 
treatment with triethyl phosphite to give the phosphonate 57 
which is then reacted with butyllithium and acetone to give 
the 2-propylidene product 58 (Scheme 10) [16]. 

 

Scheme 10. Synthesis from thione 31 

2.7 Synthesis Starting from a 1,4-Dithiane-fused 1,4-
Dioxane 

 An unusual and interesting entry to dihydro-TTFs comes 
from treatment of the 1,4-dioxane-containing dithiole-2-
thione 59 with ethanedithiol in the presence of boron 
trifluoride etherate which gives compound 60 containing a 
tetrahydro-TTF unit (Scheme 11) [23]. This can then be 
converted into the dibutyltin compound 61 and condensed 
with the dithiolane ester using the method of Section 2.4 to 
give 62. A final dehydrogenation using DDQ affords the 
symmetrical bis(dihydro-TTF) 63. 

 

Scheme 11. Synthesis involving rearrangement of a dioxane 

The same sequence but using propane-1,3-dithiol in the first 
step affords the homologue 64 [24], while using butane-2,3-
dithiol gives dimethyl compound 65 as a mixture of isomers 
[25], and butane-1,4-dithiol gives the seven-membered ring 

compound 66 [26]. For synthesis of the oxygen-containing 
compound 67 reaction of 59 with mercaptoethanol gave a 
mixture of products but the mono-oxygen analogue of 61 was 
obtained indirectly and the remainder of the sequence went 
smoothly through to 67 [27]. 

2.8 Synthesis from a Dithiolide Anion, Carbon Disulfide 
and Dibromoethane 

This method has only been described in a single short paper 
and starts from a 4-aryl-5-methylmercapto-1,3-dithiole 68 
(Scheme 12) [28]. Deprotonation followed by addition of 
carbon disulfide and a further deprotonation gives the 
dithiolate dianion which reacts with dibromoethane to afford 
the products 70. This sequence was reported for three different 
aryl groups and, additionally, for two of them with 3,5-
dinitrobenzylthio in place of the S-methyl group. 

 

Scheme 12. Synthesis from a dithiolate anion 

3. STRUCTURE AND PROPERTIES 

 Since the reason for interest in these compounds is their 
application in organic conductors, properties commonly 
investigated include their crystal and molecular structure as 
determined by X-ray diffraction, their oxidation and reduction 
potential as determined by cyclic voltammetry, and the 
conductivity and magnetic properties of the compounds and 
derived charge transfer salts. In the following Tables, a 
compilation of such data with literature references is 
presented (Tables 1-3). 
Table 1. X-Ray Diffraction Studies of Dihydro-TTFs and 
Derived Charge-transfer Complexes 

Compound Reference 

7 (R = H) [8] 

7 (R = Me) [8] 

15 [15] 

(15)2 PF6 [11] 

(15)2 AsF6 [11], [29] 

(15)2 BF4 H2O [15], [29], [30] 

(15)2 FeCl4 [31] 

22 [15] 

(22)2 AuI2 [15] 
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23 [15] 

24 [15] 

42 [18] 

(52) Cr (isoquinoline)2(NCS)4 [32] 

(52) Cr (phenanthroline)2(NCS)4 [33] 

(52)6 Hg3Br9 [34] 

(54)2 AuI2 [21] 

(56)2 PF6 [22] 

(56)2 AsF6 [22] 

63 [23] 

(63)2 PF6 [23] 

(63) Cr (isoquinoline)2(NCS)4 [35] 

(63) Fe (isoquinoline)2(NCS)4 [35] 

(63)2 FeCl4 [36] 

(63)4 Hg(NCS)4 [37] 

(63)6 Hg(NCS)3 Hg(NCS)4 [37] 

(63)4 Hg3Cl8 [34] 

(63)4 Hg3Br8 [34] 

(63)2 FeBr4 [38] 

(63)4 CoCl4 (H2O)5 [39] 

(63)4 MnCl4 (H2O)5 [39] 

(63)4 CoBr4 CH2Cl2 [39] 

(63)4 MnBr4 CH2Cl2 [39] 

(63)4 MnBr4 CH2Br2 [39] 

(63)2 chiral spiroboronate [40] 

(64)2 PF6 [24] 

(65)2 BF4 [25] 

(65)2 AsF6 [25] 

(66)2 AuI2 [26] 

67 [27] 

(67)2 AuI2 [27] 

 
Table 2. Cyclic Voltammetry Studies of Dihydro-TTFs 

Compound Reference 

3 [5] 

7 (R = Me) [9] 

15 [11] 

19 [14] 

20 [14] 

21 [14] 

22 [14] 

23 [15] 

24 [15] 

25 [14] 

26 [14] 

27 [14] 

52 [21] 

53 [21] 

54 [21] 

63 [23] 

64 [24] 

65 [25] 

 
Table 3. Conductivity Measurements and Studies of Magnetic 
Properties 

Compound Counterion(s) Reference 

15 BF4 [30] 

15 PF6, AsF6 [11] 

15 FeCl4 [31] 

19 I3, BF4, ClO4, ReO4, PF6, AsF6 [14] 

20 BF4, ClO4 [14] 

22 BF4, AuCl2, AuI2 [14] 

25 ClO4 [14] 

26 ClO4 [14] 

27 BF4, ClO4, ReO4 [14] 

52 TCNQ, ClO4, AsF6, AuI2 [21] 

52 Cr(isoquinoline)2(NCS)4 [32] 

52 Cr(phenanthroline)2(NCS)4 [33] 

52 Hg3Br9 [34] 

53 TCNQ, I3, BF4, ClO4, PF6, AsF6 [21] 

54 TCNQ, I3, BF4, ClO4, PF6, AsF6. 
AuI2 

[21] 

55 I3, AuI2 [21] 

56 PF6, AsF6, SbF6 [22] 

58 AsF6 [16] 

63 TCNQ, TCNQ-F4, I3, BF4, ClO4, 
PF6, AsF6, AuI2 

[23] 
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63 Cr(isoquinoline)2(NCS)4 [35] 

63 Fe(isoquinoline)2(NCS)4 [35] 

63 FeCl4 [36] 

63 Hg(SCN)4, Hg(SCN)3 [37] 

63 Hg3Cl8, Hg3Br8 [34] 

63 FeCl4, FeBr4 [41] 

63 CoCl4, MnCl4, CoBr4, MnBr4 [39] 

63 chiral spiroboronate [40] 

64 TCNQ, TCNQ-F4, I3, BF4, ClO4, 
PF6, AsF6, SbF6, AuI2 

[24] 

64 SbF6 [42] 

65 BF4, PF6 [25] 

66 I3, BF4, ClO4, PF6, AsF6, AuI2 [26] 

67 AuI2 [27] 

67 BF4, PF6, AsF6 [43] 

 

Raman spectroscopy studies have also been carried out on 
(63)2Hg3Cl8 and (63)2Hg3Br8 [44]. 

4. REACTIVITY 

While the main interest in this area has been preparation of 
dihydro-TTFs to study their properties and applications, there 
are a few cases where their subsequent reactions have been 
reported. In an attempt to obtain the fully unsaturated TTF, 
compound 35 was oxidised to the monosulfoxide 71 and then 
treated with trifluoroacetic anhydride. This resulted in an 
unexpected rearrangement to give the spiro dithiane–dithiole 
72 as confirmed by an X-ray structure and the corresponding 
disulfoxide 73 reacted similarly to give 74 (Scheme 13) [45]. 
There have been a few studies where functionality has been  

 

Scheme 13. Rearrangement of dihydro-TTFs under Pummerer conditions 

introduced onto a dihydro-TTF to allow binding to a surface. 
Thus for example the cyclobutane diester 7 was converted in 
a few conventional steps into the derivative 75 whose 
properties were examined as a self-assembled monolayer on a 
glass surface (Scheme 14) [9]. 

 

Scheme 14. Functionalisation of 7 for attachment to a surface 

Similarly reduction of the tetraester 42 followed by 
Mitsunobu condensation with thioacetic acid afforded 76 
whose properties were investigated on a gold surface (Scheme 
15) [46]. 

 

 

Scheme 15. Functionalisation of 42 for attachment to a gold surface 

CONCLUSION 

Although less well known than their fully unsaturated 
analogues, the dihydro-TTFs have played a part in the search 
for new organic conductors with applications in electronics. A 
variety of effective methods for their synthesis have been 
developed and the structure and properties of the donors 
themselves as well as a wide range of their charge-transfer 
salts have been investigated. In terms of charge transfer 
complexes exhibiting interesting conductivity and magnetic 
properties, compounds 15, 52, 63 and 64 have been 
investigated in most detail. Potential new directions in this 
area include the design of dihydro-TTF compounds which 
will have intermolecular interactions, either with the same 
molecule leading to supramolecular chemistry, or with solid 
surfaces allowing surface science and molecular electronics 
stydies. No doubt further applications of such materials will 
be developed in the future. 

mCPBA

excess
mCPBA

72

S

S
H

H
S

S CO2Me

CO2Me S

S

S

S CO2Me

CO2Me

O

S

S

S

S CO2Me

CO2Me

O

O
S

S O

S

S
CO2Me

CO2Me

H

H

S

S O

S

S
CO2Me

CO2Me

H

H
O

35 71

73

74

(CF3CO)2O

(CF3CO)2O

H

H

H

H

MeO2C

MeO2C

S
S

S

S
S

S

S

S

7

S
S

S

S
S

S

S

SO

ON
H

H
N

O

O

(EtO)3Si

(EtO)3Si 75

S

SS

S S

SS

S

SCOMe

SCOMeMeCOS

MeCOS

S

S
H

H
S

S CO2Me

CO2Me

S

S

S

S

MeO2C

MeO2C

H

H 42

HH

H H

1. NaBH4, ZnCl2
2. MeCOSH, DIAD, Ph3P

76



Running Title Title of the Journal, Year, Vol. 0, No. 0    7 
 
FUNDING 

 We are grateful to the School of Chemistry, University of 
St Andrews for a studentship (FMF). 

CONFLICT OF INTEREST 

 The authors confirm that this article content has no conflict 
of interest. 

CONSENT FOR PUBLICATION 
Not applicable. 
ACKNOWLEDGEMENTS 
None declared. 
 

REFERENCES 
[1] Wudl, F.; Smith, G. M.; Hufnagel, E. J. Bis-1,3-dithiolium chloride: an 

unusually stable organic radical cation. J. Chem. Soc., Chem. Commun. 
1970, 1453–1454. 

[2] Ferraris, J.; Cowan, D. O.; Walatka, V.; Perlstein, J. H. Electron transfer 
in a new highly conducting donor–acceptor complex. J. Am. Chem. Soc. 
1973, 95, 948–949. 

[3] Yamada, J.; Akutsu, H.; Nishikawa, H.; Kikuchi, K. New trends in the 
synthesis of p-electron donors for molecular and superconductors. 
Chem. Rev. 2004, 104, 5057–5083. 

[4] Yamada, J.; Akutsu, H. Chemical modifications of BDH-TTP [2,5-
bis(1,3- dithiolan-2-ylidene)-1,3,4,6-tetrathiapentalene]: control of 
electron correlation. Crystals 2012, 2, 812–844. 

[5] Coffen, D. L.; Chambers, J. Q.; Williams, D. R. Garrett, P. E.; Canfield, 
N. D. Tetrathioethylenes. J. Am. Chem. Soc. 1971, 93, 2258–2268. 

[6] Kreitsberga, Ya. N.; Liepinsh, E. E.; Mazheika, I. B.; Neiland, O. Ya. 
Photodimerization of crystalline esters of tetrathiafulvalenecarboxylic 
acids. Zh. Org. Khim. 1986, 22, 416–420; J. Org. Chem. USSR., Engl. 
Transl. 1986, 22, 367–371. 

[7] Venugopalan, P.; Venkatesan, K. Topochemical double 
photocyclodimerization of bis(butoxycarbonyl)-substituted 
tetrathiafulvalene in the crystalline state. Bull. Chem. Soc. Jpn. 1990, 
63, 2368–2371. 

[8] Simao, C.; Mas-Torrent, M.; André, V.; Duarte, M. T.; Techert, S.; 
Veciana, J.; Rovira, C. Solid state photodimerisation of 
tetrathiafulvalene derivatives bearing carboxylate and carboxylic acid 
substituents. CrystEngComm 2013, 15, 9878–9884. 

[9] Simao, C.; Mas-Torrent, M.; André, V.; Duarte, M. T.; Veciana, J.; 
Rovira, C. Intramolecular electron transfer in the photodimerisation 
product of a tetrathiafulvalene derivative in solution and on a surface. 
Chem. Sci. 2013, 4, 307–310. 

[10] Mori, T.; Inokuchi, H. Synthesis of tetrathiafulvalene derivatives by the 
use of organoaluminium reagents. Chem. Lett. 1992, 1873–1876. 

[11] Nishikawa, H.; Morimoto, T.; Kodama, T.; Ikemoto, I.; Kikuchi, K.; 
Yamada, J.; Yoshino, H.; Murata, K. New organic superconductors 
consisting of an unprecedented π-electron donor. J. Am. Chem. Soc. 
2002, 124, 730–731. 

[12] Yamada, J.; Amano, Y.; Takasaki, S.; Nakanishi, R.; Matsumoto, K.; 
Satoki, S.; Anzai, H. Noncoupling synthesis of unsymmetrical 
tetrathiafulvalene derivatives. Dihydrotetrathiafulvalenes as new 
electron donors. J. Am. Chem. Soc. 1995, 117, 1149–1150. 

[13] Yamada, J.; Satoki, S.; Mishima, S.; Akashi, N.; Takahashi, K.; 
Masuda, N.; Nishimoto, Y.; Takasaki, S.; Anzai, H. Synthesis of 
unsymmetrical tetrathiafulvalene derivatives via Me3Al-promoted 
reactions of organotin compounds with esters. J. Org. Chem. 1996, 61, 
3987–3995. 

[14] Yamada, J.; Takasaki, S.; Kobayashi, M.; Anzai, H.; Tajima, N.; 
Tamura, M.; Nishio, Y.; Kajita, K. A new organic metal based on the 
DHTTF (dihydrotetrathiafulvalene) derivative, (MDHT)2AuI2. Chem. 
Lett. 1995, 1069–1070. 

[15] Yamada, J.; Hayashi, R.; Akutsu, H.; Nakatsuji, S.; Nishikawa, H.; 
Ikemoto, I.; Kikuchi, K. New organic conductors and superconductors 
based on dihydro-TTF (DHTTF) donors. Mol. Cryst. Liq. Cryst. 2005, 
440, 159–172.  

[16] Nishikawa, H.; Sekiya, H.; Fujiwara, A.; Kodama, T.; Ikemoto, I.; 
Kikuchi, K.; Yamada, J.; Oshio, H.; Kobayashi, K.; Yasuzuka, S.; 
Murata, K. Molecular conductor based on reduced π-system donor: 
insulating state of (MeDH-TTP)2AsF6. Chem. Lett. 2006, 35, 912–913.  

[17] Aitken, R. A.; Hill, L.; Massil, T. Construction of extended and 
polymeric 1,3-dithiolane and tetrathiafulvalene derivatives using 
cycloaddition of Bun

3P·CS2. Phosphorus, Sulfur and Silicon 1996, 109–
110, 593–596. 

[18] Aitken, R. A.; Hill, L.; Lightfoot, P. Direct one pot construction of 
norbornane-fused dihydrotetrathiafulvalenes. Tetrahedron Lett. 1997, 
38, 7927–7930. 

[19] Aitken, R. A.; Hill, L. Construction of extended and polymeric 1,3-
dithiolane and tetrathiafulvalene derivatives using cycloaddition of 
Bun

3P·CS2. Phosphorus, Sulfur and Silicon 1997, 120 & 121, 423–424. 
[20] Aitken, R. A.; Hill, L.; Wilson, N. J. Usually direct synthesis of mono- 

and di-substituted tetrathiafulvalenes. Tetrahedron Lett. 1999, 40, 
1061–1064. 

[21] Yamada, J.; Mishima, S.; Anzai, H.; Tamura, M.; Nishio, Y.; Kajita, K.; 
Sato, T.; Nishikawa, H.; Ikemoto, I.; Kikuchi, K. Radical-cation salts 
based on TTF(s)-DHTTF (dihydrotetrathiafulvalene) fused donors: 
electrical conductivities and crystal structure. Chem. Commun. 1996, 
2517–2518. 

[22] Kinoshita, N.; Suzuki, K.; Safuwan bin Alias, M.; Shirahata, T.; Misaki, 
Y.; Yamada, J. Structures and conducting properties of molecular 
conductors based on dimethyl-substituted DTDA-TTP and DTDH-
TTP. Bull. Chem. Soc. Jpn. 2021, 94, 1273–1283. 

[23] Yamada, J.; Watanabe, M.; Anzai, H.; Nishikawa, H.; Ikemoto, I.; 
Kickuchi, K.; BDH-TTP as a structural isomer of BEDT-TTF, and its 
two-dimensional hexafluorophosphate salt. Angew. Chem. Int. Ed. 
1999, 38, 810–813. 

[24] Yamada, J.; Watanbe, M.; Toita, T.; Akutsu, H.; Nakatsuji, S.; 
Nishikawa, H.; Ikemoto, I.; Kikuchi, K. 2-(1,3-Dithiolan-2-ylidene)-5-
(1,3-dithian-2-ylidene)- 1,3,4,6-tetrathiapentalene(DHDA-TTP), a 
hybrid of BDH-TTP and BDA-TTP, and its metallic cation-radical salts. 
Chem. Commun. 2002, 1118–1119. 

[25] Yamada, J.; Song, H.; Akutsu, H.; Nakatsuji, S.; Kikuchi, K. Synthesis 
of dimethyl-substituted BDH-TTP derivative DMDH-TTP as a 
diastereomeric mixture, and the formation of metallic salts involving 
only meso-DMDH-TTP. Chem. Lett. 2005, 34, 1404–1405. 

[26] Yamada, J.; Toita, T.; Akutsu, H.; Nakatsuji, S.; Nishikawa, H.; 
Ikemoto, I.; Kikuchi, K. Organic conductors based on unsymmetrical 
BDY donors. Synth. Met. 2003, 135-136,, 539–540. 

[27] Yamada, J.; Kunigita, K.; Akutsu, H.; Nakatsuji, S.; Kikuchi, K. Mono-
oxygen-containing analogue of BDH-TTP, DHOT-TTP [2-(1,3-
dithiolan-2-ylidene)-5-(1,3-oxathiolan-2-ylidene)-1,3,4,6-
tetrathiapentalene], and its metallic AuI2 salt. Chem. Lett. 2005, 34, 32–
33. 

[28] Lorcy, D.; Le Paillard, M.-P.; Robert, A. A new route to 1,3-dithioles 
from mesoionic 2-piperidino-5-aryl-1,3-dithiolium-4-thiolate. 
Synthesis of 2(1,3-dithiolan-2-ylidene)-1,3-dithioles and 
tetrathiafulvalenes using these new dithioles. Tetrahedron Lett. 1992, 
33, 5289–5292. 

[29] Kikuchi, K.; Nishikawa, H.; Morimoto, T.; Kodama, T.; Ikemoto, I.; 
Yamada, J. Structural studies of DODHT superconductor and related 
salts. Synth. Met. 2003, 137, 1199–1200. 

[30] Nishikawa, H.; Machida, A.; Morimoto, T.; Kikuchi, K.; Kodama, T.; 
Ikemoto, I.; Yamada, J.; Yoshino, H.; Murata, K., A new organic 
superconductor, (DODHT)2BF4·H2O. Chem. Commun. 2003, 494–495. 

[31] Nishikawa, H.; Yasuda, Y.; Kodama, T.; Kikuchi, K.; Ikemoto, I.; 
Yamada, J.; Oshio, H. Crystal structure and physical properties of 
(DODHT)2FeCl4. Polyhedron 2005, 24, 2789–2792. 

[32] Setifi, F.; Ouahab, L.; Golhen, S.; Miyazaki, A.; Enoki, T., Yamada, J., 
New bulk weak ferromagnet in ferrimagnetic chains of molecular 
material based on DTDH–TTP and paramagnetic thiocyanato complex 
anion: (DTDH–TTP)[Cr(isoq)2(NCS)4]. C. R. Chimie 2003, 6, 309–316. 

[33] Setifi, F.; Ouahab, L.; Miyazaki, A.; Enoki, T.; Yamada, J. New 
organic-inorganic hybrid materials based on DTDH-TTP and 
paramagnetic isothiocyanato complex anion: (DTDH-
TTP)2[Cr(phen)(NCS)4]·CH2Cl2. Synth. Met. 2003, 137, 1177–1179. 

[34] Zhilyaeva, E. I.; Flakina, A. M.; Lyubovskaya, R. N.; Fedyanin, I. V.; 
Lyssenko, K. A.; Antipin, M. Yu.; Lyubovskii, R. B.; Yudanova, E. I.; 
Yamada, J. Synthesis, crystal structures and properties of new radical 



8    Title of the Journal, Year, Vol. 0, No. 0 Principle Author et al. 
 

cation salts based on some tetrathiapentalene derivatives with 
halogenomercurate anions. Synth. Met. 2006, 156, 991–998. 

[35] Setifi, F.; Golhen, S.; Ouahab, L.; Miyazaki, A.; Okabe, K.; Enoki, T.; 
Toita, T.; Yamada, J. Bulk weak ferromagnet in ferrimagnetic chains of 
organic−inorganic hybrid materials based on BDH-TTP and 
paramagnetic thiocyanato complex anions. Inorg. Chem. 2002, 41, 
3786–3790. 

[36] Kikuchi, K.; Nishikawa, H.; Ikemoto, I.; Toita, T.; Akutsu, H.; 
Nakatsuji, S.; Yamada, J., Tetrachloroferrate (III) salts of BDH-TTP 
[2,5-bis(1,3-dithiolan-2-ylidene)-1,3,4,6-tetrathiapentalene] and BDA-
TTP [2,5-bis(1,3-dithian-2-ylidene)-1,3,4,6-tetrathiapentalene]: crystal 
structures and physical properties. J. Solid State Chem. 2002, 168, 503–
508. 

[37] Kushch, N. D.; Kazakova, A. V.; Buravov, L. I.; Yagubskii, E. B.; 
Simonov, S. V.; Zorina, L. V.; Khasanov, S. S.; Shibaeva, R. P.; 
Canadell, E.; Son, H.; Yamada, J. The first BDH-TTP radical cation 
salts with mercuric counterions, k-(BDH-TTP)4[Hg(SCN)4]·C6H5NO2 
and a′-(BDH-TTP)6[Hg(SCN)3][Hg(SCN)4]. Synth. Met. 2005, 155, 
588–594. 

[38] Sugii, K.; Takai, K.; Uji, S.; Terashima, T.; Akutsu, H.; Wada, A.; 
Ichikawa, S.; Yamada, J.; Mori, T.; Enoki, T. Crystal structure and 
physical properties of π-d System k-(BDH-TTP)2FeBr4. J. Phys. Soc. 
Jpn. 2013, 82, 054706. 

[39] Bardin, A. A.; Akutsu, H.; Yamada, J. New family of six stable metals 
with a nearly isotropic triangular lattice of organic radical cations and 
diluted paramagnetic system of anions: k(k⊥)‐(BDH-TTP)4MX4·solv, 
where M = CoII, MnII; X = Cl, Br, and solv = (H2O)5, (CH2X2). Cryst. 
Growth Des. 2016, 16, 1228–1246. 

[40] Blundell, T., J.; Brannan, M.; Nishimoto, H.; Kadoya, T.; Yamada, J.; 
Akutsu, H.; Nakazawa, Y.; Martin, L. Chiral metal down to 4.2 K - a 
BDH-TTP radical-cation salt with spiroboronate anion B(2-
chloromandelate)2

–. Chem. Commun. 2021, 57, 5406–5409. 
[41] Sugii, K.; Takai, K.; Tsuchiya, S.; Uji, S.; Terashima, T.; Akutsu, H.; 

Wada, A.; Ichikawa, S.; Yamada, J.; Enoki, T. Magnetic torque studies 
of π-d System k-(BDH-TTP)2FeX4 (X = Br, Cl). J. Phys. Soc. Jpn. 2014, 
83, 023704. 

[42] Weng, Y.; Yoshino, H.; Hirantani, N.; Akutsu, H.; Yamada, J.; Kikuchi, 
K.; Murata, K. Quantum critical behavior in the organic conductor k-
(DHDA-TTP)2SbF6. Synth. Met. 2009, 159, 2394–2396. 

[43] Yamada, J.; Kunigita, K.; Akutsu, H.; Nakatsuji, S.; Kikuchi, K. 
Competitive effect in metallic k-type DHOT-TTP [2-(1,3-dithiolan-2-
ylidene)-5-(1,3-oxathiolan-2-ylidene)-1,3,4,6-tetrathiapentalene] salts. 
Chem. Lett. 2005, 34, 1126–1127. 

[44] Barszcz, B.; Lapinski, A.; Graja, A.; Flakina, A.; Zhilyaeva, E.; 
Yamada, J.; Lyubovskaya, R. Spectral studies of new organic 
conductors: k-(BDH-TTP)4Hg3X8, where X = Cl, Br. Synth. Met. 2006, 
156, 1043–1051. 

[45] Aitken, R. A.; Hill, L.; Lightfoot, P.; Wilson, N. J. New reactions of 
cyclic sulfoxides under Pummerer conditions. Chem. Commun. 1999, 
1673–1674. 

[46] Jethwa, S. J.; Grillo, F.; Früchtl, H. A.; Simpson, G. J.; Treanor, M.-J.; 
Schaub, R.; Francis, S. M.; Richardson, N. V.; Aitken, R. A. Adsorption 
of a dihydro-TTF derivative on Au(111) via a thiolate complex bonding 
to gold adatoms. Chem. Commun. 2014, 50, 10140–10143. 

 

 


