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SYNTHESIS AND PROPERTIES OF THIENYL AND OLIGOTHIENYL
SUBSTITUTED TROPYLKJM IONS
Takayasu Nihira, Shinji Tarutani, Kahei Takase, and Kazuko Takahashi*
Department of Chemistry, Faculty of Science, Tohoku University, Sendai 980-77, Japan
&&& - 2-Thienyl- and 2,2'-bithienyl-5-yltropylium ions, as well as 2,5-

thienylenebis(tropylium), 2,2'-hithienyl-5,s'-diylbis(tropylium), and 2,2':S1,2":5",2"'-quaterthienyl-5,s"'-diylhis(tropy1ium) ions have been synthesized and
their electronic structures in the ground and excited states have been clarified.

Thienyl-substituted carbonium ions such as 2-thienyl- and tris(2-thieny1)methyI cation^,'^ and tris(2thienyl)cyclopropenium ion5s6 have beensynthesizedand their properties have been investigated based on
their spectroscopic data. On the other hand, heteroaromatic ring-substituted tropylium ions have not been
known so far, whereas alkyl and aryl-substituted tropylium ions have been studied extensively? 'Ihienyl
and oligothienyl tropylium ions appear to he useful to get fundamental insight on the substitution effect of
heteroaryl groups on carbonium ions, because they have neither strained ring carbons nor significant
difference in hybridization character, and may exist in a coplanar conformation. To this end we have now
synthesized thienyl and oligothienyl-substituted tropylium ions (1-5) and clarified their electronic
structures at the ground and excited states based on their spectroscopic data, reduction potentials, and
theoretical calculations, which are reported herein.

6

The synthetic routes for 1-5 are outlined in Scheme 1. Thiophene was smbothly tropylated on treatment
first with 1 equiv. of n-BuLi in ether and then with 1 equiv. of tropylium fluomborate to give 8 in 85%
yield. Similarly, thiopbene was ditropylated by treating successively with 2 equiv. of n - ~ u and
~ ithen
~
with 2 equiv. of tropylium fluorobomte at 0 "C, affording 9 in 65% yield. Treatment of 2,2'-bithiophene
with 1 equiv. and 2 equiv. of n-BuLi in ether followed by addition of the ether solution of the resulted
mono and dilithiated bithiophenc to the tropylium fluoroborate suspended in ethergave 1 2 (40% yield) and
13 (60% yield),respectively. lhermalisomerization of 8, 9, 1 2 , and 13 by heating in refluxing xylene
for 7 h gave 10, 11, 14, and 15, which were then treated with trityl fluoroborate in dichloromethane to
give stable cations 1 (90% yield), 3 (80% yield), 2 (92% yield), and 4 (89% yield), respectively. The
compound(l4) was lithiated with 1equiv. of LDA in THF at -78 "C and then submitted to an oxidative
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Scheme 1
homo-coupling reaction by treating with CuClz to give 16 (27% yield). Hydride abstraction of 1 6 with
trityl fluoroborate yielded cation (5) (73% yield)?
Spectroscopicdata and reduction potentials of 1-5 determined by cyclic voltammetry, along with those of
referencecations (6) and (7) measured under the same conditions, are summarized in Table 1. The AAr in
'H nmr data implies the difference in the averaged chemical shifts for the thienyl (phenyl) protons of the
cations from ring protons of thiophene: 6 7.00 (benzene: 6 7.30). The ATr in IH nmr data implies the
difference in the averaged chemical shift for the 7-membered riog protons (H-2-5) of the cations from
riog protons of tropylium ion (6 9.49). Similarly, AAr and ATr values in 13c nmr data imply averaged
chemical shift differences for the thienyl (phenyl) and 7-membered ring carbons of the cationsl0 from iing
carbons of thiophene (6 125.3, phenyl: 6 128.5) and tropylium ion (6 160.62), respectively. In IH nmr
spectra,7-membered riog proton signals of 1-7 are found at higher field than that of tropylium ion and
the phenyl and thienyl ring proton signals of 1-7 are found at lower field than those of the ring protons of
benzene and thiophene, respectively. There are, however, significant differences between the phenyl and
Table 1. IH and 1 3 nmr
~ Data, Electronic Spectra, and Reduction Potentials of Tropylium Ions (1 - 7)
1~ nmr Data (6av)a
1 3 nmr
~ Data (6av)a,b
W-vis (1st Band)
Epred
6
1

,

7.81 9.22 t0.51 -0.27 ' 131.3 154.1 t2.8 -6.5
368 (4.43)
3.37
-0.24
-0.21
426 (4.42)
2.91
8.02 8.79 t1.02 -0.70 138.7 151.5 t13.4 -9.1
4.19
2.35
2
7.60 8.40 t0.60 -1.09 132.8 149.5 t7.5 -11.1 534 (4.55)
3.25
382 (4.45)
7
8.20 9.48 t0.90 -0.01 132.1 155.4 t3.6 -5.2
2.49
-0.21
498 (4.41)
3
8.43 9.10 t1.43 -0.39 139.2 154.2 t13.9 6 . 4
2.18
-0.15
568 (4.55)
4
7.99 8.78 t0.99 -0.71 136.5 153.3 t11.2 -7.3
652
(4.17)
t0.76
-1.08
1.90
-0.09
5
7.76 8.41
a 6 in CF~COZD.b The chemical shift of the ipso carbon was excluded in averaging chemical shifts.
c Vvs. SCE: 1.0 mM solution in MeCN with 0.1 M EtqNC104: 100 mV/sec.
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the thienyl derivatives in the ATr and A h values. ATr values of 1 and 2 are 2.6 and 4 times larger than
that of 6, respectively. The ATr values of 3 and 4 are much larger than that of 7, and ATr values become
larger in the order of 3 < 4 < 5. Similar phenomena are observed in 13c nmr spectra as shown in Table 1.
Moreover, the terminal thienyl ring proton (H-5) signals of 1 (6 8.18) and 2 (6 7.58) are found at
particularly lower field than those of the corresponding protons of 1 0 and 1 4 (6 ca. 7.00). 13cnmr
chemical shifts of C-5 carbons of 1 (6 142.98) and 2 (6 130.91) are at very lower field than those of the
corresponding carbons of 1 0 and 1 4 (6 122.4). These facts demonstrate that the positive charge is
delocalized over the thienyl groups especially on the sulfur atom of the terminal ring. Indeed, the total
charge densities of 1-5 obtained by MNDO-PM3 calculationsll are very high on the sulfur atoms.
Whereas the A-type of resonance structures contribute preferably to the ground state of 1-7, it is now
clarified that the contribution extent of 1 B and 2 8 to 1 and 2 is higher than that of 6 8 to 6 and those of
3B-5B to 3-5 are higher than that of 7 8 to 7 at the ground state, which is quite reasonable in
considering that the positive charge can delocali easier on the weakly aromatic and sulfur containing
thienyl moiety than on the phenyl moiety.
The cations (1-6) exhibit an irreversible reduction wave in their cyclic vo~tammo~rams.'~
The peak
potential(Epred) of 1 is more positive than that of 6 , and the
of 2 is more positive than that of 1.
The same trend is observed forthe dications, namely
values become more positive in the order of 3

red

red

< 4 < 5, indicating that the electron affinity increases in this order. Interestingly, the orbital symmetry

behavior of LUMO's of 1 , 3 , 4, and 7 correlates with the HOMO of heptafulvene or that of heptafulvalene
having bonding interactions in the intercyclic bonds, that is, the contribution of Be-types is preferable to
the excited states of 1-7. Due to the same reason mentioned for the ground states, the contrihution extent
of 1B' and2B' to theexcitedstateof 1 and 2 would be higherthan thatof 6B* to the excited state of 6,
and that of 3 B * is higher than that of 7B* to the excited state of 3 and 7, respectively. The contribution
extent of B *-types to the excited state would increase in the order of 3 < 4 < 5. This means that the thienyl
substituted tropylium ions with higher contribution of B*-type resonance structure give more stable
reduction products than the corresponding phenyl derivatives, resulting in higher electron affmities in the
formers than in the latters.

We can also see in Table 1significant differences in observed transition energies (AE) between the phenyl
and thienyl derivatives. The AE values of 1 and 3 are smaller by 0.46 and 0.76 eV than those of 6 and 7,
respectively. The AE values decrease with an increase in the number of the thienyl groups, and the
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decreasing extent is more significant in the mono cations (difference between 1and 2) than in the dications
(differences between3 and 4, and between 4 and 5). The MNDO" calculated HOMO's of 2 and 4 lie at
1.34 and 1.33 eV higher energy levels than those of 1and 3, respectively, although HOMO's of 6 and 1 ,
as well as 7 and 3, are in almost similar energy levels. Therefore pronounced decreases in the observed
AE values in 1 and 3 compared with 6 and 7, respectively, can be ascribed to the stabilization of the
LUMO levels of 1 and 3, and the decreases in the AE values in 2 and 4 can be mainly ascribed to the
destabilizationof the HOMO levels of these cations.
We here conclude that there is a significant difference between thienyl- and phenyl-substituted tropylium
cations and ditropylium dications in the electronic structures of both the ground and the excited states. The
findings described here could be widely applicable to the design and synthesis of a variety of new
functional materials involving heterocyclic ring systems.
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