cooling in a dry icefacetone bath. Stirring was continued for 2 h during which
time the solution turned dark blue-green. The reaction mixture was warmed to
approximately — 10 “C in an ice/salt bath and stirred for a further 3 h. Filtra-
tion of the now dark-ochre solution was followed by the addition of {12]crown-
4 (0.7 mL, 4.2 mmol). The solution was concentrated to ca. 15 mL and stored
at —20 C for 48 h to furnish 8 as black crystals in 80 % yield (2.2 g) which gave
a satisfactory C,H analysis. M.p. 128-129°C.
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5-Dimethylamino-5’-nitro-2,2’-bithiophene—a New
Dye with Pronounced Positive Solvatochromism**

By Franz Effenberger* and Frank Wiirthner

Dedicated to Professor Emanuel Vogel
and Professor Klaus Hafner
on the occasion of their 65th birthdays

All the significant findings on solvent parameters, their
determination, and their respective advantages and disad-
vantages on application in very diverse reactions have been
soundly summarized by C. Reichardt.!'! According to this
information the solvatochromism of special compounds,
which is easily quantified by UV/VIS spectroscopy, is partic-
ularly suitable for the empirical determination of solvent
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parameters. Of the many types of compounds studied, three
have proved to be particularly good models for this purpose
because of their pronounced solvatochromic properties: a)
the Z values of Kosower obtained from the solvent-depen-
dent (intermolecular) charge-transfer (CT) transitions in
pyridinium compounds,?! b) the E;(30) values of Dimroth,
Reichardt, et al. obtained from the longest wavelength UV/
VIS absorption of pyridinium N-phenoxides!and c) the n*
values of Taft, Kamlet, et al. derived from the long-wave-
length absorption of benzene and styrene derivatives con-
taining both donor and acceptor substituents.!*!

The Z values have a disadvantage over the £:(30) values:
in solvents of higher polarity the CT transition overlaps with
the strong m — n* absorption, which restricts the range of
application considerably. Another advantage of the E[(30)
values over the Z values is the enormous width of the absorp-
tion region covered by the solvatochromism, which in addi-
tion is largely in the visible spectrum. A disadvantage of the
E(30) values is that the phenolates used for their determina-
tion are strongly basic. Ex(30) values are therefore not avail-
able for solvents with high acidity. To a certain extent this
disadvantage can be compensated for by the use of more
weakly basic pyridinium N-phenoxides.!’! Because of the
specific interactions of protic and Lewis acidic solvents with
the phenolate group, the E(30) values of these solvents are
not a general measure for the solvent polarity.®! These
specific solvation effects® 8! occur in all betaine dyes that
display negativel” solvatochromism because of their nega-
tively charged phenolate group in the electronic ground
state. Dyes displaying positivel”! solvatochromism show
smaller specific interactions and are therefore generally bet-
ter suited for the description of solvent polarity parameters
in terms of unspecific electrostatic interactions.

As hitherto no universally applicable positive solva-
tochromic dye was known,®! Kamlet and Taft defined an
“averaged” n* scale from the solvatochromic behavior of
seven standard and about forty auxiliary compounds. Al-
though this scale in essence reproduces the stabilization of
the excited state by electrostatic interactions correctly, in
contrast to the E(30) and Z scales it has no clear, well-un-
derstood reference process as basis.!'°! In addition, the tabu-
lation of other solvents or solvent mixtures proved trouble-
some.

In the context of studies on conjugated polyenes!!!! and
oligothiophenes!!?) containing donor and acceptor sub-
stituents, we have prepared several amino- and nitro-substi-
tuted oligothiophenes that display exceptionally strong sol-
vatochromic properties. Here we report on the solvato-

1. BuLi
MezN/@ —— MezN/@\ZnC!

S 2.2ZnCl, S
1
[PACL{PPh,),] /@\
2DIBALTHF | 17 g7 ™NO,
2

I \\___S\_No,
s \

3

Scheme 1. 1) 1 and Buli in »-hexane/THF; 2) addition to ZnCl, in THF; 3)
addition of Zn-metalated 1 and 2 in THF to 5 mol % [PdCl,(PPh;),}/2 DIBAL
(diisobutylaluminium hydride, 1 M in n-hexane) in THF, 3 h at room tempera-
ture.

Me,N
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chromic behavior of 5-dimethylamino-5'-nitro-2,2’-bithio-
phene (3) and its suitability for the establishment of a =*
scale that is based on only one model compound and whose
absorption wavelengths lie in the easily detectable visible
spectral range.

Bithiophene 3 was synthesized by a transition metal cata-
lyzed coupling reaction™?! from the aminothiophene 1 and
2-iodo-5-nitrothiophene (2) according to Scheme 1 and is
obtained in pure form as violet crystals (m.p. 176-177°C).
It is readily soluble in all organic solvents and displays un-
usually large solvatochromic shifts, which extend almost
over the whole visible range, from 4 = 466 nm (n-hexane) to
4 = 597 nm (formamide/water) (Fig. 1).

+«— Anm]
800 640 480 400 320
25000 4
€ 150001
[-mol-em™!]
5000 -
0

15000 20000 25000 30000

vV em'] —
Fig. 1. UV/VIS absorption spectrum of 3 (4 x 10~ >m) in #-hexane (—), THF
(- - -). dimethylsulfoxide (----), and formamide/water (1:1) {-~).

The X-ray structure analysis!'*! shows that bithiophene
3—in contrast to comparable biphenyl derivatives!!3—is al-
most completely planar; therefore conjugation is not re-
duced by twisting of the end groups and the thienyl system
or of the thienyl groups themselves (Fig. 2). A further indica-
tion of the good electron delocalization in 3 is the distinct
equalization of the C—C bond lengths within both thiophene
units. As a result the electron distribution in 3 resembles that
of merocyanines.!®

Fig. 2. Crystal structure of 3 (ORTEP projection). Selected distances [A]: C1-
N1 1.356(3), C1-C2 1.383(4), C2-C3 1.402(3), C3-C4 1.372(3), C4-C5
1.438(2), C5-C6 1.385(3), C6-C7 1.399(3), C7-C8 1.363(4), N2-C8
1.417(3); bond angles [*): C9-N1-C 10 120.2; dihedral angle [°]: Me,N-thienyl
4.5, thienyl-thienyl 3.7, thienyl-NO, 2.1.

The large electronic interaction between the two end
groups is not only evident in the pronounced solva-
tochromism, but also in other physical properties that sug-
gest that the donor- and acceptor-substituted oligothio-
phenes could find application in nonlinear optics.!!™
According to EFISH measurements, the static hyperpolariz-
ability of the donor- and acceptor-substituted bithiophenes
is almost twice as large as that of the corresponding
biphenyls. The agreement between these experimentally de-
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termined hyperpolarizabilities and the values calculated
from solvatochromic data for this class of compounds is
excellent, !

The electrooptic absorption measurements!!?®! showed
that the change in dipole moment on electronic excitation is
oriented parallel to the transition dipole and is constant over
the whole CT band. Thus the entire long-wavelength absorp-
tion band of 3 arises from a single electronic transition.

Table 1. Physical molecular properties of 5-dimethylamino-5-nitro-2,2’-
bithiophene (3) and 4-dimethylamino-4'-nitrobiphenyl (DNB) [12b].

Measured quantities 3 DNB
dipole moment in the ground state g, [D] [a] 7.95 6.72
dipole moment in the excited state u, [D] [b] 22 24

318x37073° 89 x1073°
54x107%%  33x1073°

hyperpolarizability 5, (1064 nm) Jesu] [c]
static hyperpolarizability f, {esu] [d]

absorption maximum 4_,, (n-hexane) [nm] 466 375
absorption maximum A, (formamide) [nm] 577 420
extinction coefficient ¢_,, {Lmol *cm™*] [e] 25000 20000
oscillator strength f'[e] 0.46 0.47

[a] According to Debye-Guggenheim-Smith (in benzene). [b] Electrooptical
absorption measurements. [c] EFISH measurement, reference quartz
dy, =1.2x107% esu. [d] Calculated according to the two-level model from
EFISH data (1064 nm). [e] In #-hexane, /= 4.32x 10’9j5d\7.

Prompted by these physical quantities, we examined the
solvatochromic properties of 3 by recording its absorption
spectrum in three aliphatic, eleven dipolar-aprotic, seven
aromatic, five chlorinated, and six protic solvents.

Solvatochromism can either be described empirically™
or be based on physical properties which quantify the solvent
effect on the absorption behavior.l'® For 3 an excellent cor-
relation (r = 0.9923) is established with the solvent function
defined by dielectric constant ¢ and the refractive index np,
according to the method of Liptay for the 13 aliphatic and
dipolar-aprotic solvents (excluding dioxan).!*® 1® The aro-
matic solvents and dioxan deviate substantially from the
regression line, because their large quadrupole moments can-
not be described by the macroscopic solvent parameters ¢
and n. The empirical representation of the solvent polarity
by suitable molecules like 3, however, encompasses all oper-
ative effects on the molecular microscopic level.

Since the n* scale was set up with dyes that do not enter
into specific interactions with dipolar-aprotic solvents, it is
not surprising that a very good correlation between the ab-
sorption wavenumbers of 3 and the 7* values of the relevant
solvents was obtained [Eq. (a)].

- 8]

Vo3 =21166cm ™! —3323cm ™! - 7*  (r = 0.9979) (a)

In aromatic and in chlorinated hydrocarbons the absorp-
tion transitions of 3 occur at shorter wavelengths than calcu-
lated on the basis of the n* values according to Equation (a).
Kamlet, Taft, et al. have introduced a correction parameter
¢ for these solvents to account for the different contributions
of the polarization and dispersion forces!* 2% [Eq. (b)];

V(3 =21126cm ™! —3337cm ™ - (=* — 0.1-8) b)
(r = 0.9936) (
6 = Ofor aliphatic and dipolar-aprotic solvents, 0.5 for chlo-
rinated aliphatic solvents, and 1 for aromatic solvents (and
dioxan). When the correction term d- d is taken into account
for a d value of —0.1 for the bithiophene 3, we also obtained
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a very good correlation between the absorption wavelengths
and the known =n* values including those for all the chlori-
nated and aromatic solvents we studied (Fig. 3).

22000 r

21000

I 20000
Vna(3)

[em ] 19000

18000

17000 00 02 04 06 08 10 12

(m*-016) —

Fig. 3. Correlation of the absorption wavenumbers with the n* scale according
to Taft. Kamlet et al. and including the correction term . Aliphatic and dipo-
lar-aprotic solvents (e} [1 a-hexane, 2 cyclohexane, 3 triethylamine, 4 dibutyl
ether, 5 diethyl ether, 6 butyl acetate, 7 ethyl acetate, 8 THF, 9 acetone, 10
acetonitrile, 11 DMF, 12 DMSQ]; protic solvents (O) [13 n-butanol, 14 2-
propanol. 15 ethanol, 16 methanol, 17 formamide]; chlorinated solvents (m} 18
CCl,, 19 trichloroethylene, 20 chioroform, 21 1,2-dichioroethane, 22 dichloro-
methane]; aromatic solvents (A) [23 mesitylene, 24 p-xylene, 25 toluene, 26
benzene, 27 chlorobenzene, 28 nitrobenzenel. 29 Dioxan {A) was treated like an
aromatic solvent (& =1); for formamide and chloroform the n* values were
taken from ref. [4a].

Thus in terms of Equation (b), reliable n* values can be
determined simply and fast with only ore indicator dye, be-
cause bithiophene 3, in contrast to the indicator dyes used till
now,'*) fulfills all criteria for establishing solvent parame-
ters: namely, good spectral sensitivity, absorption in the vis-
ible range in which all solvents are transparent, high intensi-
ty of the CT transition not masked by other electronic
transitions, and good solubility in all organic solvents.

Received: December 11, 1992 [Z 57471E]
German version: Angew. Chem. 1993, 105, 742

[1} a)C. Reichardt, Soivents and Solvent Effects in Organic Chemistry, 2nd ed.,
VCH, Weinheim, 1988; b) C. Reichardt, Angew. Chem. 1979,91,119-131;
Angew. Chem. Int. Ed. Engl. 1979, 18, 98-110.

[2] a) E. M. Kosower, An Introduction to Physical Organic Chemistry, Wiley,
New York, 1968; b) E. M. Kosower, J. Am. Chem. Soc. 1958, 80, 3253
3260.

[3] a) K. Dimroth, C. Reichardt, T. Siepmann, F. Bohlmann, Justus Liebigs
Ann. Chem. 1963, 661, 1-37; b) C. Reichardt, Chem. Soc. Rev. 1992,
147-153.

[4] a) M. I. Kamlet, J-L. M. Abboud, R. W. Taft, J. Am. Chem. Soc. 1977, 99,
6027-6038: b) M. . Kamlet, J-L. M. Abboud, M. H. Abraham, R. W.
Taft, J. Org. Chem. 1983, 48, 2877 -2887.

(5] M. A. Kessler, O. S. Wolfbeis, Chem. Phys. Lipids 1989, 50, 51-56.

[6] a) R. W. Taft, M. 1. Kamlet, J. Am. Chem. Soc. 1976, 98, 28862894 b) J.
Chem. Soc. Perkin Trans. 2 1979, 1723-1729.

[7] Positive (negative) solvatochromism: bathochromic (hypsochromic) shifts
of the absorption band with increasing solvent polarity.

[8] a)S. Hinig, O. Rosenthal, Justus Liebigs Ann. Chem. 1955, 592, 161-179;
b) L. G. S. Brooker, A. C. Craig, D. W. Heseltine, P. W. Jenkins, L. L.
Lincoln, J Am. Chem. Soc. 1965, 87, 2443—2450.

[9] The merocyanine dye of Brooker et al. upon which the x, scale is based [8 b]
does have a long-wavelength absorption band with pronounced solva-
tochromism. but here, too, specific interactions with protic solvents lead to
an additional bathochromic shift that is not caused by the solvent polarity.

[10] See ref. [1a], p. 403.

[11] a) F. Effenberger, H. Schlosser, P. Béuerle, S. Maier, H. Port, H. C. Wolf,
Angew. Chem. 1988, 100, 274-277; Angew. Chem. In1. Ed. Engl. 1988, 27,
281-284; b) F. Effenberger, H. C. Wolf, New J. Chem. 1991, 15, 117123,
¢) C. Bubeck, F. Effenberger, L. HiuBling, D. Neher, C.-P. Niesert, H.
Ringsdorf, Adv. Mater. 1992, 4, 413-416.

Angew. Chem. Int. Ed. Engl. 1993, 32, No. 5

© VCH Verlagsgeselischaft mbH, W-6940 Weinheim, 1993

[12] a) F. Wirthner, Dissertation, Univ. Stuttgart, 1993; b) F. Wiirthner, F.
Effenberger, R. Wortmann, P. Kramer, Chem. Phys., in press.

[13] a) M. Kumada, Pure Appl. Chem. 1980, 52, 669-679; b) V. N. Kalinin,
Synthesis 1992, 413432,

[14] a) G. M. Sheldrick, SHELXS 86, Univ. Gottingen, 1986; b) C. K. John-
son, ORTEP-II, A Fortran Thermal Ellipsoid Plot Program for Crystal
Structure Hlustrations, Oak Ridge, TN, USA, 1971. ¢) Further details of
the crystal structure investigation may be obtained from the Fachinforma-
tionszentrum Karlsruhe, Gesellschaft fiir wissenschaftlich-technische In-
formation mbH, D-W-7514 Eggenstein-Leopoldshafen 2 (FRG) on quot-
ing the depository number CSD-570635, the names of the authors, and the
Jjournal citation.

[15] a) ). Zyss, 1. Ledoux, M. Bertault, E. Toupet, Chem. Phys. 1991, 150,
125-135; b) G. Casalone, A. Gavezzotti, M. Simonetta, J. Chem. Soc.
Perkin Trans. 2 1973, 342-345.

[16] a) S. Dihne, Chimia 1991, 45, 288-296; b) M. Klessinger, Chem. Unscrer
Zeit 1978, 12, 1-10.

[17] a) D. ). Williams, Angew. Chem. 1984, 96, 637651 Angew. Chem. Int. Ed.
Engl. 1984, 23, 690704 b) J. Simon, P. Bassoul, S. Norvez, New J. Chem.
1989, 13, 13-21.

[18] a) W. Liptay, Angew. Chem. 1969, 81, 195-206; Angew. Chem. Int. Ed.
Engl. 1969, 8, 177-188; b) W. Liptay, Z. Natwurforsch. A 1965, 20, 1441~
1471.

{191 W. Liptay, Program SOLVDEPE, English version, Univ. Mainz, 1992. The
correlation analysis was performed by neglecting the dispersion term and
the polarizability of 3 in the spherical Onsager model.

o = o S = e B
1 22—
anioa® 2 +1)
1 2An? 1)

dnega® 2n2 +1)

[20] R. W. Taft, J-L. M. Abboud, M. J. Kamlet, J. Am. Chem. Soc. 1981, 103,
1080-1086.

\

f'= permittivity function f, =

/' = polarizability function f, =

Protonation of Phenyl(trimethylsilyl)acetylene:
A Surprisingly Weak Stabilization
of a Carbocation by a p-Trimethylsilyl Group**

By A. Jerry Kresge* and John B. Tobin

Carbocations are strongly stabilized by f-trimethylsilyl sub-
stituents: ! effects amounting to several tens of kcalmol ™!
have been calculated ! and observed!®! in the gas phase, and
an acceleration by a factor of 10’2 has been determined for
a reaction in solution;*! B-silyl-substituted carbocations
have also been observed directly quite recently and their
stability has been assessed by NMR spectroscopy.l®! We were
surprised, therefore, to find that the fS-trimethylsilyl sub-
stituent in phenyl(trimethylsilyl)acetylene (1) speeds up the
protonation of this substance to give the phenyl -trimethyl-
silylvinyl cation (2) [Eq. (a)] by a factor of only 300.

. SiMe,
PhC=CSiMe, + H' ——> PhC=C, (a)
H
1 2

Phenyl(trimethylsilyl)acetylene is converted cleanly into
acetophenone by moderately concentrated aqueous perchlo-
ric acid (45 wt%); during which phenylacetylene can be de-
tected as an intermediate. The first stage of this reaction may
therefore be formulated as the protodesilylation [Eq. (b)];
the phenylacetylene so produced is then hydrated more slow-
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