
COMMUNICATIONS

3008 � WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2001 1433-7851/01/4016-3008 $ 17.50+.50/0 Angew. Chem. Int. Ed. 2001, 40, No. 16

Synthesis and Spectral Characterization
of a New Class of Heterocyclic Analogues
of Crystal Violet Dyes**
Antje Noack, Anke Schröder, and Horst Hartmann*

Dedicated to Professor Siegfried Hünig
on the occasion of his 80th birthday

Crystal Violet 5 a is a classical representative of synthetic
dyes that is to some extent still used today. It attracted
considerable attention immediately after its discovery by
von Hofmann in 1873, because such a beautiful and colorfast

dye was unknown.[1] The dye can be synthesized by various
methods usually starting from dimethylaniline (1 a).[2] Some of
these routes utilize Michler�s ketone 4 a that is readily
accessible from 1 a and phosgene (see Scheme 1).

To improve the coloristic properties of Crystal Violet
numerous experiments were performed to synthesize struc-
turally modified derivatives. Among others, sulfonation lead-
ing to more water soluble, acidic Crystal Violet dyes, or the
replacement of the benzenoidic rings by polycyclic or
heterocyclic groups were tried succesfully. Further attempts
to make the dyes more colorfast by substituting the N-alkyl
groups by different types of aryl substituents were carried
out.[3] With most of these dyes practical applications were
rather limited, but from a theoretical point of view some of
these compounds were of great importance.[4] A few years ago
it was shown that Crystal Violet derivatives with an extended
p system exhibit extraordinarily high quadrupol-induced non-
linear optical (NLO) coefficients through a multidirectional
intramolecular charge transfer from the periphery to the
center of the molecule that makes them promising candidates
for the synthesis of materials with NLO properties.[5]

In recent years 2-dialkylaminothiophenes 2[6] and 2-dialkyl-
aminothiazoles 3[7] have received special attention as hetero-
cyclic analogues of the dialkylanilines 1, since they are also
able to form a large variety of different dyes. Thus, these
heterocyclic amines can be used for, among other things, the
preparation of diazo dyes,[8, 9] methine and azomethine
dyes,[10, 11] as well as squaraine acid and croconine dyes.[12, 13]

They can also be used for the preparation of a series of
compounds that, because of their donor ± acceptor character,
possess an intense absorption in the visible spectral range and
a high dipolarity. Thus, compounds of this type can be used as
indicators for the determination of solvent polarities[14] or for
the preparation of materials with NLO properties.[15] How-
ever, to our knowledge, compounds of type 2 and 3 have not

Traynor-Kaplan, Nature 1994, 371, 711 ± 714; ªPhosphoinositides:
Chemistry, Biochemistry and Biomedical Applicationsº: C. Schultz,
M. T. Rudolf, H. H. Gillandt, A. E. Traynor-Kaplan, ACS Symp. Ser.
1999, 718, 232 ± 243; M. A. Carew, X. Yang, C. Schultz, S. B. Shears, J.
Biol. Chem. 2000, 275, 26 906 ± 26 913.

[5] W. Li, C. Schultz, J. Llopis, R. Y. Tsien, Tetrahedron 1997, 53, 12017 ±
12040.

[6] W. D. Hardie, P. A. Bejarano, M. A. Miller, J. R. Yankaskas, J. H.
Ritter, J. A. Whitsett, Pediatr. Dev. Pathol. 1999, 2, 415 ± 423.

[7] H. W. Lee, Y. Kishi, J. Org. Chem. 1985, 50, 4402 ± 4404.
[8] K. L. Yu, B. Fraser-Reid, Tetrahedron Lett. 1988, 29, 979 ± 982.
[9] A. Burmester, B. Jastorff, J. Chromatogr. A 1996, 749, 25 ± 32.

[10] For another important example of chemoenzymatic deprotec-
tion in inositol phosphate synthesis, see: G. Baudin, B. I.
Glänzer, K. S. Swaminathan, A. Vasella, Helv. Chim. Acta
1988, 71, 1367 ± 1378.

[11] Y. Watanabe, M. Mitani, T. Morita, S. Ozaki, J. Chem. Soc.
Chem. Commun. 1989, 482 ± 483; Y. Watanabe, M. Nakatomi,
Tetrahedron Lett. 1998, 39, 1583 ± 1586.

[12] S.-K. Chung, Y.-T. Chang, K.-H. Sohn, Korean J. Med. Chem.
1994, 4, 57 ± 65.

[13] 1,2-Dioctanoyl glycerol-3-benzyloxy(N,N-diisopropyl)phosphor-
amidite (20) was prepared according to: S. F. Martin, J. A. Josey,
Y.-L. Wong, D. W. Dean, J. Org. Chem. 1994, 59, 4805 ± 4820; W.
Bannwarth, A. Trzeciak, Helv. Chim. Acta 1987, 70, 175 ± 186;
K. K. Reddy, M. Saady, J. R. Falck, J. Org. Chem. 1995, 60,
3385 ± 3390.

[14] S. Roemer, C. Stadler, M. T. Rudolf, B. Jastorff, C. Schultz, J.
Chem. Soc. Perkin Trans. 1 1996, 1683 ± 1694.

[15] J. Pilewski, R. Frizzell, Physiol. Rev. 1999, 79, S215 ± S255,
supplement.

[16] E. J. Thomas, S. E. Gabriel, M. Makhlina, S. P. Hardy, M. I.
Lethem, Am. J. Physiol. 2000, 279, C1578 ± C1586.

[17] J. M. Uribe, S. J. Keely, A. E. Traynor-Kaplan, K. E. Barrett, J.
Biol. Chem. 1996, 271, 26588 ± 26595.

[18] T. Jiang, G. Sweeney, M. T. Rudolph, A. Klip, A. E. Traynor-Kaplan,
R. Y. Tsien, J. Biol. Chem. 1998, 273, 11017 ± 11 024.

[19] P. Westerduin, H. A. M. Willems, C. A. A. van Boeckel, Tetrahedron
Lett. 1990, 31, 6915 ± 6918.

[20] G. Baudin, B. I. Glänzer, K. S. Swaminathan, A. Vasella, Helv. Chim.
Acta 1988, 71, 1367.

[21] L. Ling, S. Ozaki, Carbohydr. Res. 1994, 256, 49 ± 58.

[*] Prof. Dr. H. Hartmann, Dr. A. Noack, Dipl.-Chem. A. Schröder
Department of Chemistry
Fachhochschule Merseburg
Geusaer Strasse, 06217 Merseburg (Germany)
Fax: (�49) 3461-462192
E-mail : Horst.Hartmann@cui.fh-merseburg.de

[**] This work has been financially supported by the Deutsche For-
schungsgemeinschaft.

Scheme 1. Synthesis of the Crystal Violet dyes 5 ± 7.
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yet been used in the preparation of heterocyclic analogues of
triphenylmethane dyes.

We found that this preparation can be carried out success-
fully if Michler�s ketone (4 a ; or one of its derivatives which,
like the bis(morpholino) derivative 4 b, is structurally modi-
fied at the nitrogen atoms) is treated either with one of the
heterocyclic compounds 2 or 3 (which were generally used as
their 2-morpholino derivatives) in presence of an acidic
condensation agent such as POCl3 or treated with a derivative
of these aminoheterocycles that is lithiated at the 5 position.
Whereas in the former case the reaction proceeds via a bis[4-
(N,N-alkylanilino)]chloromethinium chloride, in the latter
case it proceeds via the corresponding bis[(N,N-dialkylanili-
no)]-substituted carbinols[2] from which the hitherto unknown
heterocyclic Crystal Violet analogues 6 and 7, which we
isolated as perchlorates were obtained (Scheme 1, Table 1).

With both these methods further heterocyclic analogues of
Crystal Violet can be prepared as long as suitable heterocyclic
analogues of 4 are available. Such compounds are unknown at
yet, but can be synthesized according to a method for the
synthesis of 2-aminothiophenes and 2-aminothiazoles that are
acceptor-substituted in the 5 position, recently described by
us.[16] This synthesis starts from N,N'-persubstituted thioacryl-
amides 8[17] or their aza analogues 9[18] which are allowed to
react with 1,3-dichloroacetone (10) in the presence of a
suitable auxiliary base. Depending on the reaction stoichio-
metry and conditions either N,N-disubstituted 2-amino-5-
(chloroacetyl)thiophenes 11, 2-amino-5-(chloroacetyl)thia-
zoles 12, or N,N'-persubstituted bis(2-amino-5-thienyl)-
ketones 13 as well as bis(2-amino-5-thiazolyl)ketones 15 were
obtained. The two latter types of compounds are, as well as

the N,N'-persubstituted (2-amino-5-thiazolyl)-(2-amino-5-
thienyl)ketones 14, optionally accessible through the reaction
of the 5-chloroacetyl-substituted 2-aminothiophenes and
2-aminothiazoles 11 and 12, respectively, with the correspond-
ing thioacrylamide derivative 8 or 9.

By using one of the routes described above, the new
heterocyclic Michler�s-ketone analogues 13 ± 15 were converted
into the corresponding heterocyclic Crystal Violet analogues
16 ± 22. Thus, a complete series of thiophene and thiazole
analogues of Crystal Violet is now accessible (Scheme 2, Table 1).

The identity of all the heterocyclic Crystal Violet analogues
6, 7, and 16 ± 22 synthesized by us could be confirmed by their
elemental analysis and NMR spectra (Table 1).[19] The 1H and
13C NMR spectra are rather straight forward in the aromatic
region. Thus, in the 1H NMR spectra only doublets or singlets
(as in the case of thiazolyl-substituted derivatives) could be
found. In the 13C NMR spectra the signals for the central
methine atoms are found between d� 140 and 160 depending
on the nature of the corresponding carbo- or heterocyclic
moieties.

All heterocyclic Crystal Violet analogues 6, 7, and 16 ± 22
described here are, as expected, deeply colored compounds
with intensive absorption in the visible range of the spectrum
(Table 1). Similar to the Crystal Violet derivative 5 b obtained
by the reaction of three equivalents of N-(4-lithio-phenyl)-
morpholine with one equivalent of diethyl carbonate and
subsequent treatment with perchloric acid, 6, 7, and 16 ± 22
usually have only one absorption band in the visible region
(Figure 1), which is in contrast to the triphenylmethane dye,
Malachite Green, which has only two dimethylamino groups
on its three phenyl moieties. With the exception of 7 b, this

Scheme 2. Synthesis of the Crystal Violet dyes 16 ± 22.
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single band in the visible region usually has a more or less
well-defined shoulder towards shorter wavelengths; for 7 b
there is a shoulder on the longer wavelength side as well. The
position of the maximum of these bands is independent of the
substituents on the amino groups, but markedly dependent on
the heterocyclic moieties. From a theoretical point of view
these absorption bands arise from two transitions polarized
perpendicularly to each other.[4] Clearly, in all the compounds
(the heterocyclic analogues and Crystal Violet) these tran-
sitions have very similar energies. Thus, even compounds that
have two or three (e.g. 19) different side groups, display
comparatively small band splittings.

Because of the small size of the crystals obtained it was not
possible to determine the structures of the Crystal Violet

Figure 1. Absorption spectra of heteroanalogous Crystal Violet deriva-
tives.

analogues by X-ray analysis. Therefore, no unambiguous
description of the three-dimensional arrangement of the side
groups can be given. However, force-field calculations[20]

demonstrate that, because of the smaller steric demand of a
heterocyclic five-membered ring compared to a carbocyclic
six-membered ring, all the compounds that possess two
heterocyclic side groups have them in a coplanar conforma-
tion. Thus, the heterocyclic derivatives differ from Crystal
Violet 5 a, which has, following force-field calculations
performed by us and in agreement with the published X-ray
data,[21] a propellerlike structure, and also from the recently
published structures of tris(bithienyl)methinium and tris(tri-
thienyl)methinium ions that are also of the propeller type.[22]

To illustrate these findings the molecular structures of
Crystal Violet 5 a and the tris(2-dimethylamino-5-thienyl)me-
thinium ion 16 a calculated using the MM2 method are given
in Figure 2. As can be seen 5 a has a propellerlike structure
with almost identical torsion angles for the three dimethyl-
amino-substituted phenyl groups relative to the central tri-
methylene methane unit, whereas the heterocyclic Crystal
Violet analogue 16 a exhibits an almost planar bis(2-dimethyl-
amino-5-thienyl)methinium unit and a 2-dimethylamino-5-
thienyl unit almost perpendicular to it. Because force-field
calculations have some uncertainties with large p-systems,

Table 1. Characteristic data of the heteroanalogous Crystal Violet
perchlorates 5b ± 7b and 16b ± 22b.

5b : m.p. >350 8C; UV/Vis (CH2Cl2): lmax (lg e)� 597 nm (4.97); 1H NMR
([D6]DMSO): d� 3.63 (t, 12H, CH2), 3.77 (t, 12H, CH2), 7.21 (d, 6 H, CH),
7.32 (d, 6 H, CH); 13C NMR ([D6]DMSO): d� 46.56, 65.64, 113.42, 127.29,
139.25, 155.44, 176.53

6b : m.p. 161 ± 163 8C; UV/Vis (CH2Cl2): lmax (lg e)� 582 nm (4.77);
1H NMR ([D6]DMSO): d� 3.37 (t, 8 H, CH2), 3.75 (t, 8 H, CH2), 3.83 (t,
4H, CH2), 7.07 (d, 4 H, CH), 7.19 (d, 2 H, CH), 7.34 (d, 2H, CH), 7.43 (d,
1H, CH), 7.86 (d, 1H, CH); 13C NMR ([D6]DMSO): d� 46.72, 52.09, 65.17,
65.74, 113.43, 119.66, 127.61, 130.14, 134.23, 148.91, 158.81, 171.43, 179.66

7b : m.p. 180 ± 185 8C; UV/Vis (CH2Cl2): lmax (lg e)� 579 nm (4.92);
1H NMR ([D6]DMSO): d� 3.56 (t, 8 H, CH2), 3.76 (t, 8 H, CH2), 3.81 (t,
4H, CH2), 3.85 (t, 4H, CH2), 7.16 (d, 4 H, CH), 7.45 (d, 4 H, CH), 8.18 (s,
1H, CH); 13C NMR ([D6]DMSO): d� 46.49, 49.61, 65.11, 65.61, 113.46,
126.51, 129.25, 136.79, 154.97, 162.86, 179.96, 179.99

16b : m.p. >370 8C; UV/Vis (CH2Cl2): lmax (lg e)� 615 nm (4.97); 1H NMR
([D6]DMSO): d� 3.51 (t, 12H, CH2), 3.77 (t, 12H, CH2), 6.79 (d, 3 H, CH),
7.68 (d, 3 H, CH); 13C NMR ([D6]DMSO): d� 49.85, 65.15, 110.18, 123.23,
142.38, 142.89, 171.02

17b : m.p. 206 ± 209 8C; UV/Vis (CH2Cl2): lmax (lg e)� 609 nm (4.83);
1H NMR ([D6]DMSO): d� 3.32 (t, 4H, CH2), 3.63 (t, 8H, CH2), 3.76 (m,
12H, CH2), 6.90 (d, 2 H, CH), 7.07 (d, 2 H, CH), 7.33 (d, 2 H, CH), 7.55 (d,
2H, CH); 13C NMR ([D6]DMSO): d� 46.99, 50.52, 65.26, 65.96, 112.54,
113.50, 125.13, 127.02, 133.17, 145.03, 152.82, 171.80, 173.56

18b : m.p. 235 ± 242 8C; UV/Vis (CH2Cl2): lmax (lg e)� 623 (4.77), 541 nm
(4.42); 1H NMR ([D6]DMSO): d� 3.62 (t, 12H, CH2), 3.76 (t, 12H, CH2),
6.92 (d, 2H, CH), 7.74 (s, 1 H, CH), 7.83 (d, 2H, CH); 13C NMR
([D6]DMSO): d� 48.26, 50.45, 65.27, 112.48, 122.52, 124.18, 139.99, 144.25,
150.36, 172.90, 174.82

19b : m.p. 163 ± 165 8C; UV/Vis (CH2Cl2): lmax (lg e)� 582 nm (4.50);
1H NMR ([D6]DMSO): d� 3.33 (t, 4H, CH2), 3.64 (t, 4H, CH2), 3.75 (m,
8H, CH2), 3.81 ± 3.86 (m, 8 H, CH2), 6.92 (d, 1 H, CH), 7.09 (d, 2H, CH),
7.34 (d, 2H, CH), 7.55 (d, 1 H, CH), 7.66 (s, 1H, CH); 13C NMR
([D6]DMSO): d� 46.67, 48.36, 51.87, 65.08, 65.68, 66.17, 113.42, 124.99,
126.16, 131.33, 132.95, 133.41, 148.27, 152.88, 168.29, 175.58, 177.62, 179.56

20b : m.p. 265 ± 268 8C; UV/Vis (CH2Cl2): lmax (lg e)� 600 nm (4.44);
1H NMR ([D6]DMSO): d� 3.64 (m, 8H, CH2), 3.75 (m, 8H, CH2), 3.84
(8H, m, CH2), 7.30 (d, 1H, CH), 7.87 (s, 2 H, CH), 8.12 (d, 1H, CH);
13C NMR ([D6]DMSO): d� 48.30, 51.80, 65.15, 104.54, 118.18, 122.82,
127.51, 147.58, 151.66, 175.05, 176.72

21b : m.p. 114 ± 115 8C; UV/Vis (CH2Cl2): lmax (lg e)� 558 nm (4.24);
1H NMR ([D6]DMSO): d� 3.25 (t, 4H, CH2), 3.76 (t, 8H, CH2), 3.80 ±
3.82 (m, 12H, CH2), 7.31 (d, 2 H, CH), 7.58 (d, 2H, CH), 8.18 (s, 2H, CH);
13C NMR ([D6]DMSO): d� 46.37, 49.36, 65.06, 65.60, 113.40, 125.07,
126.99, 134.79, 154.29, 161.65, 169.28, 178.28

22b : m.p. 171 ± 173 8C; UV/Vis (CH2Cl2): lmax (lg e)� 570 nm (4.42);
1H NMR ([D6]DMSO): d� 3.78 (m, 24 H, CH2), 8.35 (s, 3 H, CH);
13C NMR ([D6]DMSO): d� 49.02, 65.09, 124.63, 142.93, 158.74, 177.18
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Figure 2. MM2-optimized structures of the cation of Crystal Violet 5a
(left) and of the tris(2-dimethylamino-5-thienyl) methinium ion 16a (right).

quantum-chemical ab initio calculations were performed. The
results obtained demonstrate the existence of flat energy
minima between different conformers of the sulfur-containing
compounds which makes it more difficult to find the global
energy minimum and, hence, to find the most-stabilized
conformation.[23]

It has to be seen whether the unusual structures of the
heterocyclic analogues of Crystal Violet dyes described here
have a marked effect on their NLO behavior, which is
determined by the molecular symmetry and the character of
the excited states of the compounds.[24] According to theoret-
ical studies molecules with two energetically almost degener-
ate electronic transitions that are perpendicular to each other
should display a special NLO behavior indicative of an
octopolar charge distribution in the corresponding molecular
system.[25]

Experimental Section

General: The UV/Vis absorption spectra were recorded with a UV-2501
spectrometer, Shimadzu, Tokyo, and the NMR spectra with a Gemini 300
spectrometer, Varian, Zurich.

Synthesis of the bis(heteroaryl)ketones 13 b ± 15b and their precursors 11b
and 12b : To 3-dimethylaminothioacrylmorpholide (8 b ; 10 mmol) or N-
(dimethylaminomethylene)morpholino thiourea (9 b ; 10 mmol) in aceto-
nitrile (50 mL) were added 1 ± 5 equivalents of 1,3-dichloroacetone (10),
the mixture was then heated to boiling for a short time. The mixture was
cooled to room temperature, triethylamine (30 mmol) was added then the
mixture was heated to boiling again before being poured into water
(100 mL). The precipitate was collected by filtration and recrystallized
from ethanol or DMF: 11 b : yield 23 %; m.p. 156 ± 158 8C (ethanol);
1H NMR (300 MHz, CDCl3): d� 3.29 (t, 4 H, CH2), 3.81 (t, 4 H, CH2), 4.40
(s, 2 H, CH2Cl), 6.05 (d, 1 H, CH), 7.54 (d, 1H, CH); 12b : yield 63%; m.p.
164 ± 166 8C (ethanol); 1H NMR (300 MHz, CDCl3): d� 3.59 (t, 4H, CH2),
3.78 (t, 4H, CH2), 4.39 (s, 2H, CH2Cl), 7.91 (s, 1H, CH); 13b : yield 74%;
m.p. 286 8C (DMF); 1H NMR (300 MHz, CDCl3): d� 3.28 (t, 8 H, CH2),
3.84 (t, 8H, CH2), 6.10 (d, 2H, CH), 7.61 (d, 2 H, CH); 14 b : yield 98%; m.p.
306 ± 307 8C (DMF); 1H NMR (300 MHz, CDCl3): d� 3.29 (t, 4H, CH2),
3.60 (t, 4H, CH2), 3.83 (m, 8 H, CH2), 6.10 (d, 1H, CH), 7.60 (d, 1H, CH),
7.90 (s, 1H, CH); 15 b : quantitative yield; m.p. 312 ± 313 8C (DMF);
1H NMR (300 MHz, CDCl3): d� 3.57 (t, 8 H, CH2), 3.73 (t, 8 H, CH2), 8.11
(s, 2 H, CH).

Synthesis of the heterocyclic Crystal Violet analogues 16b ± 22b : To a
cooled suspension, prepared by addition of a solution of butyllithium
(1.6m) in hexane (10 mL) to a solution of 2-morpholinothiophene 2 b or
2-morpholinothiazole 3b (10 mmol), respectively, in absolute 1,4-dioxane
(50 mL), a bis(heteroaryl)ketone 13 b ± 15 b (10 mmol) was added under

argon and the resulting mixture heated for 8 h on a water bath at 90 8C.
After cooling to room temperature the mixture was filtered and perchloric
acid (70 %, 0.5 mL) added to the filtrate. The resulting precipitate was
collected by filtration, dried, and recrystallized from glacial acetic acid.

The Crystal Violet analogues 6 b and 7b were prepared similarly by the
reaction of N-(4-lithio-phenyl)morpoline with methyl 2-morpholinothio-
phene-5-carboxylate or 2-morpholinothiazole-5-carboxylate,[17c] respec-
tively.
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