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Tetrakis(n-alkyltelluro)tetrathiafulvalene (TTeC,-TTF)
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A series of tetrakis(n-alkyltelluro)tetrathiafulvalene (TTeCp-
TTF) was synthesized where n ranges from 1 to 18. Some chemical
and physical properties of TTeC,-TTF were studied and compared with
those of the sulfur analogues; tetrakis(n-alkylthio)tetrathiafulvalene
(TTC,-TTF).

A variety of tetrachalcogeno derivatives of tetrathiafulvalene; TYR-TXF
(Fig. 1) are very promising molecules which serve as electron donors in the field
of synthetic metals. For example, many BEDT-TTF (X,Y = sulfur, R,R = -(CHjy)3-)
complexes have characteristic features on their structural and physical properties
including superconductivity.l) By modifying the chalcogen atoms or the size of
the outer ring of BEDT-TTF, various kinds of molecules can be obtained such as
BMDT-, BPDT-, and BVDT-TTF, and selenium analogues of them.2) All of them are
classified into the capped CgX4Y¥y compounds.3:4) As for the capped CeXyqYy
compounds, we have reported on the peculiar structural and physical features of
tetrakis(n-alkylthio)tetrathiafulvalene (TTCL-TTF) (X,Y = sulufur, R = -CpHoph41, N
= 1-18) and their complexes.3'6)

TTC,-TTF molecules are composed of two kinds of segments; one is the CgSg
moiety and the other is the four alkyl chains. 1In crystal state, the CgSg moiety
bends when the alkyl chains are short but it becomes flat with the long alkyl
chains (n 2 4). The CgSg moiety piles up one after the other tightly by the aid of
the van der Waals (vdw) interactions of the alkyl chains when the alkyl chains are
long enough (Fastener effect).6) The central flat CgSg groups form one dimen-
sional face-to-face regular stacks having short S--S contacts (3.57 A for TTCgq-
TTF) along the stacks. Consequently a conduction path to give rise to high con-
ductivity is provided. The Fastener effect is a combination of the vdw interations

of the side alkyl chains and the resonance interactions of

the CgSg segments. Considering the C--C contacts (3.99- RY I X)__:(XI YR
4.35 R for TTC9-TTF) of the side alkyl chains between the RY ~X X YR
neighboring two molecules along the stacks, it is reason- Fig. 1. TYR-TXF.

able to expect that the Fastener effect might be enhanced X,Y = sulfur, sele-

if the sulfur atoms (vdw radius: 1.80 &) of TTC,-TTF are nium, or tellurium.

t On' leave of absence from Nippon Chemi-Con Corp., Ome, Tokyo 198.
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replaced by selenium (1.90 A) or tellurium (2.06 &) atoms.

The bent CgSg group of TTC;-TTF becomes also flat on the formation of charge
transfer (CT) complexes with several acceptors. This conformational change of
TTC1-TTF is one of the main reasons why a metallic complex of TTC;-TTF(I3)g,g2 has
been obtained from this bent donor.>5) Intermolecular S:-S contacts are observed
along the molecular long axis of TTC]-TTF in its compounds using only outer sulfur
atoms. Contrary to that, in the BEDT-TTF compounds both outer and inner sulfur
atoms participate in the formation of the S--S contacts along the molecular short
axis. As a result the extent of the S--S contacts in TTCj-TTF compounds is not as
favorable as that in the BEDT-TTF compounds. Therefore the electrical dimension-
ality of TTC;-TTF complexes is less than that of BEDT-TTF complexes. It is known
that the spread of the donor HOMO is related to the dimensionality of the complex.
The ratio of the atomic populations between the outer sulfuf (Poyt) and the inner
(Pin) is 0.148 for BEDT-TTF, but in the case of uncapped TTC1-TTF the ratio (Pout/
Pin = 0.452) is three times bigger than that of BEDT-TTF. This may indicate the
possibility of getting enough two dimensionality to suppress the Peierls insta-
bility of the CT complexes without using the inner chalcogens of uncapped TYR-TXF
when the outer chalcogen Y is big enough and has sufficient atomic populations.

Accordingly we have synthesized tetrakis(n-alkyltelluro)tetrathiafulvalene
(TTeCp-TTF) by substituting outer sulfur atoms of TTC,-TTF with tellurium atoms
and studied their physical prdperties. TTeC,-TTF (n = 1-18) was synthesized by
the method developed by Aharon-Shalom et a1.7) (Method A) or using n-butyl lithium
(Method B) (Scheme 1) but the Method B gave poor yields (Table 1).

To the 75 ml THF solution of lithium diisopropylamide (LDA) (9.79 mmol) was
added TTF (0.500 g, 2.45 mmol) at -78 °C and stirred for 2.5 h at the same tempera-
ture. To the resulting yellow suspension, 9.79 mmol of amorphous tellurium powder
was added at -78 ‘C. The solution was stirred for 30 min then the temperature was
gradually raised to 0 °C. It took about 2 h until no tellurium remained when the
reaction solution was dark red with brownish yellow precipitates. Alkyl halide
(iodide for n = 1,2; bromide for n = 3-18) (19.6 mmol) was added to the cold solu-
tion (-78 °C). The solution was stirred for 1 h then gradually warmed to room tem-
perature. After stirring for additional 1.5 h, water was added to the reaction mix-
ture. Then two methods were employed depending on n . (1) n = 2-11: The crude
product was extracted with ether. The organic layer was washed with water several
times and then brine. The organic layer was dried with anhydrous MgSO4 and the sol-
vent was evaporated under reduced pressure. The residue was recrystallized from
CHC13-MeOH, CHCljz-petroleum ether, or petroleum ether-MeOH. (2) n = 1, 12-18: The
crude product was washed with water and then MeOH. The residue was recrystallized
from CHCl3 or petroleum ether. By using both (1) and (2) methods the yield was
about 40-80 % (not optimized) after purification based on TTF. All the elemental

analyses were within the experimental error (C, H, N, and S). The color of TTeCp-

s 5. No-paonet 2
i-Pr)2NLi )Y L Y
=) '

R= *(CHz)n

Scheme 1. Synthetic scheme of TYCL,-TTF (Y = selenium or tellurium).
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TTF changes gradually from orange Table 1. Yields, melting points, and redox
to orange yellow with the increase potentials of TTeC,-TTF
of n . The yields, melting

n Yield/s ° 1 2 orb
points, and redox potentials of ield/ Mp Om/°C E1/2 E1/2 T/°C )

TTeC,-TTF are summarized in Table 1. 66 A2) 175.2-176.2 0.52 0.91 18

By the same synthetic pro- - A o 7)
cedures, selenium analogues (TSCp- 2 67 A 90.2-91.2 0.51 0.91 18
TTF) were prepared (n = l: mp = 35 A 88-907)
93.5-93.7 °cC, E}/z = 0.58 V; n = 3 60 A 62.2-62.7 0.51 0.91 18
8: mp = 48.7-49.2 °C, E] , = 0.59 4 38 A 85.7-86.5 0.51 0.92 18
V vs. SCE). The details will be 5 62 A 56.9-57.4 0.51 0.93 18
reported soon. 29 B

The redox potentials of TTeCp- 6 68 A 46.0 0.52 0.92 18
TTF were measured by cyclic voltam- 7 67 A 49.9-50.2 0.51 0.92 19
metry (vs. SCE, 0.1 M BuyNBF4/ 8 48 A 57.7 0.51 0.92 24
CH»C1CH7C1, Pt electrodes) (Table 9 63 A 65.2-65.7 0.51 0.92 24
1). The first redox potentials 10 52 A 72.7 0.52 0.93 18
(E},, = (Ep, + EL.)/2) of TTeCpy- 1 58 A 77.5-78.5 0.52 0.93 24
TTF are compared with those of the 23 B
representative TTF derivatives in 12 58 A 82.2-82.7 0.52 0.92 19
Fig. 2. 13 33 A 87.2-87.4 0.50 0.91 26

E} , of a series of TTeC,-TTF 14 45 A  89.2-90.3 0.50 0.90 26
is almost constant within experi- 15 52 A 92.2-93.0 0.50 0.90 26
mental error (0.51 £ 0.01 V) indi- 16 77 A 94.2-94.6 0.51 0.91 24
cating that the molecular ioniz- 17 69 A 96.2-97.2 0.51 0.91 30
ation potentials of TTeC,H-TTF are 18 76 A 97.5-98.2 0.51 0.91 30
independent of the length of the a) Method A: LDA, Method B; n-BuLi. b) Redox
alkyl chains. The same feature potentials (V) measured at T 'C vs. SCE, in
has been already noticed in the 0.1 M BuyNBF4/ CH,C1CH,Cl, Pt electrodes.

series of TTC,-TTF where E%/z is
0.64 + 0.01 V and almost equal to those of the capped analogues; BMDT-, BEDT-, and
BPDT-TTF. The replacement of the outer sulfur atoms of TTC,-TTF by tellurium atoms
decreases E%/Z by 0.13 V. This is in contrast with the fact that the replacement
of the inner sulfur atoms of TTF moiety by selenium or tellurium atoms usually in-
creases E%/z of the donors; HMTTF (0.42 V vs. SCE) vs. HMTTeF (0.58 V vs. SCE).
Therefore two kinds of substitutions of chalcogen atoms effect oppositely on Ei/Z'
The larger E%/z of TTC,-TTF than that of TTeC,-TTF is ascribed mainly to the fact
that the electron-withdrawing effect of alkylthio group is stronger than that of
alkyltelluro group.

The second redox potentials (E%/Z = 0.91 = 0.02 V) and the difference between
E%/z and E%/z (AE = 0.40 + 0.02 V) of TTeC,-TTF are also independent of the length
of the alkyl chains. This AE value of 0.40V is, therefore, larger than that of
TTC,-TTF (0.30 + 0.01 V) and is attributed mainly to the small resonance effect be-
tween tellurium and carbon atoms, which leads to the lower degree of electron de-
localization of TTeC,-TTF than that of TTC,-TTF. But it is considered that there

is still m electron density on the outer alkyltelluro groups, since AE of TTeCp-
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Fig. 2. Redox properties of TYR-TTF and TTF derivatives.
A: TTeC,-TTF, 0: TTC,-TTF. 200
A A: TTeC,-TTF A
TTF is smaller than that of TTF. Furthermore tellurium OfF O: TTCL-TTF |
atoms have large polarizability which is suitable for = } -
making AE small. Consequently AE of TTeC,-TTF is as the L 4
same as that of TMTSF (0.39 V) which is considered to 100fs, AAAAS]
have small on-site Coulomb repulsive energy. " o A AAAéooooq
The melting points of TTeC,-TTF are compared with - A AAAgéooo b
those of TTC,-TTF in Fig. 3. These two kinds of com- - 000 b
pounds show similar dependence of the melting points on ~ b
the length of the alkyl chains. Tellurium compounds have 0 ""é"'aa"'{é'ﬁ

the higher melting points than the corresponding sulfur Fig. 3. Melting points

analogues by about 10-20 °‘c except for the case of n =1 of TYC,-TTF.

and 4. The extremely high melting point of TTeC;-TTF

compared with that of TTC;-TTF may be ascribed to the strong Te--Te contacts. Be-
tween n = 2 and 5, the melting points depend on whether n is even or odd.

As a preliminary result, TTeC;-TTF gave CT complexes with F4TCNQ and TCNQ.
F4TCNQ complex is greenish black powder with oy ¢, = 6.7 x 1075 @-1 em~1. TCNO
gave black rhombic single crystals with op t, = 1.0 x 1072 @1 cm~l. More precise
properties of the TTeCj-TTF complexes will be reported soon.
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