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A series of push —pull quinoidal thiophenes 5a,b and 6a —c substituted with an electron-donating 1,3-dithiol-2-ylidene unit and an electron-
withdrawing dicyanomethylene unit at the terminals is developed. They are highly soluble in common solvents and deeply colored with
extension of the thienoquinoid skeleton.

The quinoidal compound$ and 2 initially developed by applications. To circumvent the solubility problem, we have
Gompper and co-workers are push—pull chromophores undertaken effective insulation of the thienoquinoid skeleton
incorporated with a strong electron-donating group, 1,3- by fusion of a bis(butoxymethyl)cyclopentene ring into each
dithiol-2-ylidene, at one terminal and with a strong electron- thiophene unit.Here, we would like to report the preparation
withdrawing group, dicyanomethylene, at the other terminal, and properties of compounés,band6a—c, which behave
accordingly demonstrating a strong intramolecular charge- as highly soluble push—pull thienoquinoid systems.
transfer transition in the visible region (Figure'The optical Compound®$ab and6ab were prepared starting with the
properties of the chromophores are markedly influenced by bis(butoxymethyl)cyclopentene-fused thioph&a@r bithio-

the quinoid spacerActually, we previously found that the
biphenoquinoid syster8 shifted its CT absorption to the
near-infrared regiofand the thienoquinoid systefrshowed

a marked nonlinear optical properftylhus, these types of [s C CN @:S CN
compounds have a great application potential as optoelec- s CN s C CN
tronics materials. However, they become poorly soluble in

common solvents with quinoid extension because the en- @[ CN [ ED; (
hanced polar character strengthens intermolecular inter- CN n cN
actions. This is a serious drawback to their uses in wide d4ab (n=1,2)
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Scheme 1. Synthesis oba,band6a,b Scheme 2. Synthesis ofbc

1 equiv "BuLli, BUO NaH, CH,(CN}),, POCI;, DMF, OB
THF,78°C, 1h, OBU  py(pphy), THF. CICH,CH,CI, U NBS, DMF-CHCl,,
then rt, ]2 2-4h ref ux, 6-16 h reflux, 8 h n,25h

H —— > OHC

Ta,b(n=1,2) 8a (89%), 8b (69%) 11 (95%
benzene-1,2-dithiol
' ' BuO
1,3-dithiole-2-thione, Buo OBu p-TsOH, benzene, ! OBu
dimethyl sulfate, OHC /a\ . reflux, 2 h s & o
BuO OBu triethylamine, acetic acid, [ s" /3 IS S /3
CN reﬂux 1h
H—td ¥ CH 5a (80%), 5b ( 55%) 12 (78%) 13 (71%)

SN o NaH, CH,(CN),,
Bu
9a (53%), 9b (80%) \ OBu rPedn(PP};s?f?::; ;[HI;,C] BuO OBu
ux, ) i
benzo[d]-1,3-dithiole-2-thione, air oxidation. rt. 10 min
dimethyl sulfate, neN L @

triethylamine, acetic acid, S 3 CN
reflux, 1 h 6a (75%), 6b (64%) c (17%)

phene7b® according to the synthetic route shown in Scheme (left). The z-conjugated skeleton of the molecule is com-
1. Thus, treatment ofa,b with butyllithium in THF at—78 pletely flat, and the bithienoquinoid skeleton takesams
°C, followed by quenching with iodine at room temperature, conformation to avoid intramolecular sterical hindrance of
gave the corresponding iodo derivativéa,b, which were  the two fused rings. In the crystal packing, the molecules
then subjected to a Pd(0)-promoted substitution reaction with stack in a tangle of butoxymethyl groups, as shown in Figure
sodium dicyanomethanide in refluxing THF according to the 2 (right). However, the face-to-face distance of thback-
Takahashi methédo afford the dicyanomethyl derivatives  bone is ca. 3.7 A far beyond normal interactions (3.4 A) of
9a,b. Finally, the coupling reaction betweeda,b and conjugatedr-systems. In addition, the shortest sutfsulfur
2-methylthio-1,3-dithiolium methyl sulfate in the presence distance is 3.69 A, a little longer than van der Waals distance
of triethylamine in refluxing acetic acid according to the (3.6 A), indicating little intermolecular interactions due to
Gompper methodgave5a,b. Similar coupling oBa,bwith the incorporated skeletal sulfurs. Evidently, the pendant
2-methylthiobenzaf]-1,3-dithiolium methyl sulfate success-  butoxymethyl groups block the intermolecular interactions
fully gave the benzo-fused derivativés,b. All reactions  of the z-backbone, being responsible for high solubility of
proceeded in good to high yields. the present push—pull system.

We also attempted the same approach starting with the
bis(butoxymethyl)cyclopentene-fused terthioph&éfor the
synthesis of the terthienoquinoid homologues, but the final
coupling was unsuccessful. We then exploited an alternative ~
synthetic route td@c, as shown in Scheme 2. Thuf) was J\ ig
formylated by the Vilsmeier reaction in refluxing 1,2- we

dichloroethane, and the resultirid was then brominated ¢
with NBS at another terminal position to the derivatil/2. 0w
After the formyl group was converted into the thioacetal =~ = . «pe= 4,
group by treatment with benzene-1,2-dithiol, the bromo group W I;“_cu /G Pen
of 13 was converted into the dicyanomethyl group by the "‘E“ L-:-, _gc '-'f
Takahashi method. During the workup with diluted hydro- b .,i,gé{':r'
chloric acid, spontaneous air-oxidation occurred to give the 3
desired6c. %\i\

All the compound$a,b and6a—c were fully characterized :

by NMR, MS, IR, and elemental analyses. They are highly _. . .
soluble in common solvents. The solubilities 10-2 mol/ Figure 2. Molecular structure obb; left top view, selected bond

; ’ i lengths: C5—C1, 1.403(10); C1-C2, 1.414(10); C2—-C3, 1.381-
L) of 5a,b and6a—cin chloroform are much improved as  (10); c3—C4, 1.402(10): C4—C11, 1.392(9); C11—C12, 1.41(1);
compared to those @fa (2.3 x 103 mol/L) and4b (<107° C12—C13, 1.357(10); C13—C14, 1.414(10); C14—C8, 1.380(9);
mol/L). The molecular structure b was determined by ~ C9—C10, 1.28(1) A; right, stacking mode for three molecules of
an X-ray crystallographic analysis, as shown in Figure 2 5b represented with the CPK model without hydrogen atoms.

(5) Izumi, T.; Kobashi, S.; Takimiya, K.; Aso, Y.; Otsubo, J. Am.
Ch&r;l.( S)(LC200|\3/|'1255' 5236;558;. hi S Chem. Soc.. Chem. C Owing to the extensivelgt-conjugated structures, they are
a no, M.; Seto, K.; Takahashi, &. em. Soc., em. Commun. . . . .
1984, 932-933. (b) Uno, M.: Seto, K. Masuda, M.. Ueda, W.: Takahashi, deeply colored in both solid and solution phases. The solution

S. Tetrahedron Lett1985,26, 1553—1556. colors consecutively vary from red f&a and6a, blue for
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s identified as intramolecular charge-transfer transitions be-

cause their transition energies are roughly equal to the
HOMO-LUMO gaps estimated from the differences be-
tween the first oxidation and first reduction waves (see Figure
4 for their cyclic voltammograms and Table 1 for their redox

5b

6a

Figure 3. Electronic absorption spectra &b and6a—cin THF.

1

5b and6b, to green foréc, depending on chain extension.

Figure 3 demonstrates the electronic absorption spectra of 6c
5a,b and 6a—c measured in THF, which are characterized

by strong charge-transfer absorption bands in the visible

region, responsible for deep coloration. Table 1 summarizes

1 1 L L 1 1

Table 1. Electronic Absorption DataRedox Potential3,and Figure 4. Cyclic voltammograms dBaj andéa—c in benzonitrile.
Nitrile Vibrational Frequencies dba,b and6a—c

Amax/TIm Ep(/V E1%/V VCN/CII’I_1
5a 532 (4.64), 567 (457) —112 4091 9903 potent|_al data). I_n addmor_n, it has turned out that their marked
5b 663 (4.70), 718 (4.76), —0.82 +0.45,+119 2195 red shifts, that is, reductions of the HOMQUMO gaps,

791 (4.53) are ascribable to increasing bipolar structures. The cyclic
6a 520 (4.71), 555 sh -1.04 +1.05 2207 voltammograms oba,b and6a—c demonstrate amphoteric
6b 646 sh, 691 (4.83), —-0.77, +0.55,+1.26 2197 redox waves in the scan sweeping region betwe&rb and

780 sh —1.35 —1.5V vs Ag/AgCl, and the amphotericity becomes eminent
6c 5153;34;58)’ 927 (4.77), 7(1)'?;7 +0.24,+0.87 2178 with increasing thienoquinoid conjugation. Compousel

S —1.

shows a reversible oxidation wave with, = +0.91 V
Measured in THF. Molar extinction coefficients are given in logarithmic ~ corresponding to one-electron oxidation of the 1,3-dithiol-
e N o i . 2¥idene unit and an ireversile reduction wave v
KBr disk. = —1.12 V corresponding to one-electron reduction of the
dicyanomethylene unit. On the other harh shows a
negative shift of the oxidation wave &/, = +0.45 V and
the absorption data. Consistent with the color changes, thea positive shift of the reduction wave B. = —0.82 V. In
absorption bands are steadily shifted to longer wavelengthaddition, the second quasi-reversible oxidation wave is
and much enhanced with the thienoquinoidal extension. A observed at1.19 V. The voltammograms &aand5b are
comparison between the absorption bandgaf{Amax 549 essentially similar to those ofa and 6b, respectively,
and 588 nm) anda (imax 532 and 567 nm) indicates that although both oxidation and reduction waves tend to be a
the fused cyclopentene ring 6& causes a blue shift of the little shifted to higher potentials. The first and second
charge-transfer band. The electronic spectra of the benzooxidation waves of6c appear at further lower potentials
derivativesGaand6b are essentially similar to the respective  +0.24 and+-0.87 V, respectively, and the second oxidation
ones of5aand5b but for small blue shifts and hyperchromic  wave becomes reversible. The reduction wave also shows a
shifts. In particular, it is worth noting that the absorption further positive shift toE,. = —0.57 V, and the second
band of6c¢ is remarkably red-shifted to the near-infrared irreversible reduction wave appears Bf. = —1.15 V.
region, and its absorption edge extends to nearly 1300 nm.Evidently, the extension of the central thienoquinoid con-
It thus affords another example for rare near-infrared dyes

with closed-shell electronic structurés? gg (TS)ugaB_A.; (J)suzkaH Aggign;ezom,zgﬁ, 7E%|82.Ed Engt989.28
. . a) Fabian, J.; ZahradgiR. Angew. Chem., Int. Ed. En ,28,
It was actually confirmed by cyclic voltammetry that the ¢,5”sg% (b) Fabian, J.. Nakazumi, H.; Matsuoka, Ghem. Rez1992,

color-determining absorption bands &é,b and 6a—c are 92, 1197-1226.
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Table 2. Solvent Effects of the Absorption Bands (nm) %d,b

BuO OBuU BuO OBu and6a—¢c
S - CN R\ CN hexane toluene THF CHCl3 CgHsCl PhCN
E S - E S
s n CN S VS /heN
5 14

5a 505 527 532 530 533 540
5b 659 698 718 714 719 730
Figure 5. 6a 497 515 520 522 524 530
6b 646 679 691 698 700 715
6c 838 887 927 932 940 950

; ; ; ; i it a Since the absorption bands are structured, only the most intense peaks
Jugation Induces_ hlgh amphOte”CI_ty' Presumably’ It_ _IS re indicated. Ther* values of solvents: hexane;0.08; toluene, 0.54;
because both oxidation and reduction states are stabilizedrHr, 0.58; chloroform, 0.58; chlorobenzene, 0.71; benzonitrile, 0.90.

by a gain of large aromaticity from the thienoquinoid rings.
One may suppose that an increase in the thienoquinoid |n conclusion, we have succeeded in the development of
rings accelerates the increasing contribution of the zwitte- novel push-pull type of thienoquinoid compoundgp and
rionic form, that iS,14 for 5, to the resonance structure in 6a—c, which assume deep colors and show amphoteric redox
the ground state (Figure 5). This was actually corroborated yaves, depending on thienoquinoid extension. In addition,
by examination of the nitrile vibrational frequenCieS, which they have beneficial properties of good processabi“ty and
are little by little shifted to lower wavenumbers with the thin film formation. Thus, these chromophores are suitable
thienoquinoid extension (see Table 1). Evidently, extension candidates for advanced materials applicable to optoelec-

of the;zquinoidal skeleton strengthens their push—pull char- tronic fields, such as near-infrared dyes and nonlinear optics.
acters?

The polar structures of these push—pull compounds can Acknowledgment. This research was partly supported by
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bands. As seen from the peak positions measured in differentl 7205006 and Priority Areas of Molecular Conductors, No.
solvents in Table 2, the absorption bands of all compounds 15073218) from the Ministry of Education, Culture, Sports,
are red-shifted with solvent polarities. In any case, the Science and Technology, Japan.
solvatochromism has a good correlation with titescale
of solvent polarity defined by Taft et al. (see Figure $1).
This means that these compounds still favor the quinoid form
rather than the zwitterionic form in the ground state.
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