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SYNTHESIS AND SOLVATOCHROMIC 
PROPERTIES OF 5-DICYANOVINYL- 

AND 5-TRICYANOVINYL-SUBSTITUTED 
2-AMINO-THIAZOLES 

AND 2-AMINO-THIOPHENES 

KATRIN ECKERT, CORNELIA MOKRY, ANKE SCHRODER and 
HORST HARTMA"* 

Fachhochschule Merseburg, Geusaer Str., 0-0621 7 Merseburg 

(Received November 24,1998: Revised January 24,1999) 

Starting from 2-morpholinothiazoles 6 and 2-morpholinothiophenes 7 and following known 
routes several 5-dicyanovinyl and 5-tricyanovinyl-substituted derivatives 10 - 13 have been 
prepared and their solvatochromic properties estimated. 

Keywords: 2-Amino-5-(2,2-dicyanoethenyl)thiazoles; 2-Amino-5-( 1,2,2-@icyanoethenyl)- 
thiazoles; 2-Amino-5-(2,2-dicyanoethenyl)thiophenes; 2-Amino-5-( 1,2,2-tricyanoethenyI)- 
thiophenes; Solvatochromism 

INTRODUCTION 

Dicyanovinyl and tricyanovinyl anilines of the general structure 1 are eas- 
ily available and, therefore, well-studied in their chemical and UViVIS 
spectroscopic properties .[I1 As colored compounds they exhibit intense 
long-wavelength absorption bands the positions of which are strongly 
influenced by the polarity of solvents .[21 Thus, the cyanovinyl compounds 
1 exhibit pronounced solvatochromic properties .I3] Therefore, they can be 
used as model compounds for dyes with non-linear optical (NLO) proper- 
ties.L41 

* correspondence Author. 
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100 KATRIN ECKERT et al. 

Similar properties should be also observed for their heterocyclic ana- 
logues 2 and 3. However, such compounds are, in contrast to their viny- 
logues 4 and 5 which have been prepared and characterised very 
recently,[51 either unknown or, as far as they are known, spectroscopically 
not studied until now. 

/1LS CN 
R2N 

1 2 :X-CH 4: n - 0  
3 X - N  5: n i l  

SCHEME 1 

RESULTS AND DISCUSSION 

Recently, we were able to synthesise a series of 4-heterofunctionalised 
2-aminothiazoles and their formyl derivatives .[61 Therefore, it seems now 
possible to prepare, from these educts, several dicyanovinyl and tricy- 
anovinyl derivatives and to study their UV/VIS spectroscopic properties. 
As model compounds 2-morpholino-substituted derivatives are chosen. 
These compounds have been prepared, as outlined in scheme 2, by the fol- 
lowing routes starting from SH-substituted 2-morpholinothiazoles 6. 

According to route A, 2-morpholinothiazoles 6,  differently substituted at 
C-4, were transformed, at first, by means of a Vilsmeier reaction into their 
formyl derivatives 8r71, which have been subsequently condensed with 
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SUBSTITUTED 2-AMINOTHIAZOLES AND 2-AMINOTHIOPHENES 101 

malononitrile. From the resulting 2-morpholino-5-dic~anovin~lthiazoles 
10 the corresponding 5-tricyanovinyl derivatives 12 were prepared by 
means of an oxidative cyanation reaction using sodiilm cyanide and bro- 

The 5-tricyanovinylthiazoles 12 were alternatively prepared, according to 
route B, by allowing to react tetracyanoethene with ~B-substituted 2-mor- 
pholinothiazoles 6.[91 

mine or lead tetraacetate as addition and oxidation agent, respectively. [SI 

For comparison, a few dicyanovinyl and tricyanovinyl-substituted thi- 
ophenes 11 and 13 have been also prepared by using the same synthetic 
routes as applied for the synthesis of the thiazole derivatives 10 and 12. As 
educts 5H-substituted 2-morpholinothiophenes 7["1 (route B) or their 
5-formylderivatives 9'"' (route A) were used. 

Table I and I1 inform on the preparative results received as well as on the 
characteristic 'H NMR and UV/VIS spectral data measured for the com- 
pounds prepared. 

As can be seen, satisfactory yields were obtained only for most of the 
prepared dicyanovinyl compounds 10 and 11. For thz tricyanovinyl com- 
pounds 12 and 13, however, the yields are generally low, obviously caused 
by oxidation reactions occurring with the educts used. Although a variety 
of products could be detected by means of thin-layer chromatography on 
silica their separation from the desired tricyanovinyl compounds 12 and 13 
was not performed and, therefore, their structure have not been elucidated. 

As can be seen from table I and 11, all di- and tricyanovinyl compounds 
10 - 13 depicted exhibit an intense long-wavelengttl absorption band in 
the visible spectral range. The positions of these bmds are, as demon- 
strated in table 111, in most cases strongly influenced by the polarity of sol- 
vents. 

This influence can be quantified by plotting the rec:iprocal wavelengths 
of these bands with suitable solvent parameters, e.g., with the normalized 
ET-values given by Dimroth and Reichardt[*] or with the 7c*-values given 
by Kamlet and Taft,['*] by using equ. (1) and (2), resp., and taken the A,,, 
values in 10-~  m: 

l /Amax = a + b . Ef;! 
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106 KATRIN ECKERT et al. 

As can be seen from the absorption maxima in table 111, a bathochromic 
shift is usually observed for the dicyanovinyl and tricyanovinyl com- 
pounds 10 - 13 by increasing the solvent polarity (positive solvato- 
chromism). This solvent-induced band shift can be, in most cases, 
satisfactorily linearly correlated with the given solvent parameters. In 
agreement with the solvatochromic properties of other series of dyes['31 a 
much better correlation, quantified by the corresponding regression coeffi- 
cients r, is found by using the n*-values and taken into account a polariza- 
bility correction term.[12c1 Only in cases in which a weak or nearly no 
solvatochromism is observed, an insufficient linear correlation is found 
with both types of solvent parameters. 

The largest positive solvatochromism is observed with the 
5-dicyanovinyl-3,4-diphenyl-2-morpholino-thiophene l l c ,  followed by 
4-chloro-5-dicyanovinyl-2-morpholino-thiazole lob. Only in case of the 
2,4-bis-morpholino-substituted compounds 10f and 12f nearly no or a 
slightly negative solvatochromism was observed. This observation shows 
that in these compounds, in contrast to the remaining compounds, nearly 
no change of the dipole moment arises by going from the ground to the 
first excited state of these compounds. 

As generally known, such a missing or only weak negative solvatochro- 
mic effect is observed with compounds which contain either a typical pol- 
yenic or polymethinic chromophoric Hence, due to the strong 
donator/acceptor substitution at both ends of the chromophoric system of 
the heterocyclic compounds studied here, a pronounced polymethinic 
character of the compounds 10f and 12f has to be claimed. This character 
is obviously caused, on the one hand, by the two morpholino groups 
attached at C-2 and C-4 and, on the other hand, by the dicyanovinyl or tri- 
cyanovinyl groups attached at C-5 of the corresponding thiazole moieties. 

A peculiar spectroscopic effect is observed with compounds log and 
12g, which have a 2-morpholino-4-phenyl-5-thiazolyl substituent at C-4 of 
their 5-cyanovinyl-substituted 2-morpholino-thiazole moieties. Due to a 
more extended n-system linked to this thiazole moiety, both of these com- 
pounds exhibit, other than the remaining compounds, in the visible spec- 
tral range two absorption maxima, from which only the 
shorter-wavelength absorption bands exhibit a pronounced positive solva- 
tochromic shift which reaches that of the previous mentioned compounds 
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SUBSTITUTED 2-AMINOTHIAZOLES AND 2-AMINOTHIOPHENES 107 

10b and llc. The longer-wavelength absorption bands exhibit, however, 
an opposite behaviour. Whereas the long-wavelength absorption band of 
compound log exhibits a positive solvatochromic shift, the same band of 
compound 12g exhibits nearly no solvatochromic shift. 

From these findings it can be concluded that a rather large change of the 
electronic ground-state properties on going from the dicyanovinyl-substi- 
tuted compound log to the tricyanovinyl-substituted compound 12g 
occurs. This change is, obviously, caused by replacing the weaker elec- 
tron-accepting dicyanovinyl moiety by the stronger electron-accepting tri- 
cyanovinyl moiety which are, in these compounds, linked to the strong 
electron-donating 2-morpholino-4-(2-morpholino-4-phenyl-5-thia- 
zoly1)-thiazole moiety. Hence, whereas for compound log a chromophoric 
system with a large dipole moment change by going from the electronic 
ground to the first excited state is indicated, for compound 12g a chromo- 
phoric system with a smaller change of the corresponding dipole moment 
is indicated. 

In extreme cases, the solvatochromic shift observed can also be zero or 
sligthly negative. This is the case, e.g., for compounds 1Of and 12f. These 
compounds attain, obviously, to the so-called charge-resonance 
Such a charge-resonance limit is characterised, as demonstrated recently 
by other authors,[151 by an extremely small difference in the dipole 
moments of the ground and first excited states of chromophores having a 
pronounced donator-acceptor substitution pattern. 

In summary, the dicyanovinyl and tricyanovinyl substituted 2-mor- 
pholino-thiazole and 2-morpholino-thiophene compounds 10 - 13 studied 
in this work represent a peculiar class of chromophores which constitutes 
from two different fragments with a strong electron-donor and -acceptor 
character giving rise to a pronounced solvatochromism. The positive sol- 
vatochromic band shift usually observed reaches, in some cases, the shift 
observed with the 2-dimethylamino-4’-nitro-bithienyl which is one of the 
strongest positively solvatochromic compound known as yet.[’51 

The structures of the new compounds were confirmed by their ‘H NMR 
spectra depicted in tables I and 11, and by their elemental analytic data, 
compiled in table IV. 

So far as the educts used were not reported in the literature, they have 
been synthesised as described in the following section. 
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108 KATRIN ECKERT et al. 

TABLE IV Elemental Analytic Data of the Cyanovinyl Compounds 10 - 13 prepared 

Nr. formula (m.w.) calcd. found % C  % H  

10a Cl lHloN~OS 

(246.3) 

10b CiiH9ClN40S 

(280.7) 

1 0 ~  Cl7HI4N40S 

(322.4) 

10d C ~ ~ H I ~ N ~ O ~ S  

(352.4) 

10e Cl,H14N40zS 

(338.4) 

10f Ci=,Hl7N502S 

(331.4) 

log C24H22N602S2 

(490.6) 

l la  C12Hl,N30S 

(245.3) 

l l c  CZ,Hi,N,OS 

(397.5) 

12a C I ~ H ~ N ~ O S  

(27 1.3) 

12b Ci2H~ClN50S 

(305.8) 

1 2 ~  C,,Hi,N5OS 

(347.4) 

12d C19Hi5Ns02S 

(377.4) 

12e CI8Hl3N502S 

(363.4) 

53.64 4.09 

53.87 4.51 

47.06 3.23 

47.21 3.52 

63.34 4.38 

63.34 5.10 

61.35 4.57 

61.12 4.58 

60.34 4.17 

59.51 5.11 

54.36 5.17 

54.76 5.81 

58.75 4.5 I 

58.15 4.27 

58.76 4.52 

58.60 5.21 

72.52 4.82 

72.81 5.14 

53.13 3.34 

53.16 3.72 

47.14 2.64 

47.67 2.97 

62.23 3.77 

62.11 3.94 

60.47 4.01 

60.30 3.92 

59.49 3.60 

59.90 4.54 

% N  

22.75 

22.36 

19.95 

19.62 

17.38 

17.38 

1 5.90 

15.77 

16.56 

16.73 

21.13 

20.76 

17.13 

17.03 

17.13 

16.67 

10.57 

9.91 

25.8 1 

25.70 

22.90 

22.34 

20.16 

19.73 

18.55 

18.11 

19.27 

19.53 

% S  %C1 

13.02 

12.70 

11.42 12.63 

11.62 12.99 

9.94 

9.75 

9.10 

8.72 

9.47 

7.38 

9.67 

9.77 

13.07 

12.85 

13.07 

13.15 

8.07 

8.24 

11.82 

11.21 

10.49 11.59 

10.55 11.62 

9.23 

9.04 

8.49 

8.41 

8.82 

9.07 
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SUBSTITUTED 2-AMINOTHIAZOLES AND 2-AMINOTHIOPHENES I09 

Nr. formula(m.w.j calcd.found % C % H % N  % S  % Cl 

12f C16H16N&S 

(356.4) 

12g C2SH21N702S2 

(5 15.6) 

13a Cl3Hl,N40S 

53.92 4.52 23.58 8.99 

54.23 4.50 23.26 9.23 

58.23 4.10 19.01 12.44 

57.59 4.40 18.15 12.04 

51.76 3.73 20.73 11.86 

(270.3) 57.74 4.04 19.87 11.71 

1 3 ~  C,,H,,N4OS 71.07 4.29 13.26 7.59 

(422.5) 71.04 4.61 13.30 7.56 

EXPERIMENTAL 

Melting points were determined by means of a Boetius heating-table 
microscope and are uncorrected. The IR spectra were recorded in potas- 
sium bromide pellets with a Philips FTIR spectrometer PU 9624, the visi- 
ble and near infrared spectra with a Shimadzu spectrometer UV 3101, and 
the NMR spectra with a Varian 300 MHz spectrometer Gemini 300 or with 
a JEOL 200 MHz spectrometer JNM FX 200. The elemental analytical 
data are estimated by means of a LECO analyser CHNS 932. 

2-Morpholino-4-(4-methoxyphenyl)thiazole (6d) 

A mixture of 4-methoxyphenyl-thiocyanatomethyl-ketone (22.8 g, 
0.1 mol), prepared by heating of an equimolar mixture of 4-methoxyphe- 
nyl-bromomethyl-ketone and potassium rhodanide in acetone, morpholine 
(8.7 g, 0.1 mol), acetic acid (6.0 g, 0.1 mol), and ethanol (200 mL) was 
refluxed for 2h. After cooling, the mixture was diluted with ice water. The 
product, which precipitated as light-brown crystals, was isolated by filtra- 
tion and recrystallized; yield 50 %, m.p. 121 - 122 "C (ethanol); 'H NMR 
(deuteriochloroform): 6 = 3.51 (t, 4H, NCH,), 3.80 (s, 3H, CH3), 3.81 (t, 
4H, OCHZ), 6.64 (s, lH, thiazole-H), 6.88 (d, 2H, aromatic H), 7.75 (d, 
2H, aromatic H) . 

Anal. Calcd. for Cl4HI6N2O2S (276.4): C, 60.84; H, 5.83; N, 10.14; S,  
11.57. Found: C, 61.38; H, 5.86; N, 9.44; S, 11.38. 
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110 KATRIN ECKERT ef af. 

2-Morpholino-4-(4-hydroxyphenyl)thiazole Hydrobromide (6esHBr) 

2-Morpholino-4-(4-methoxyphenyl)thiazole (6d) (1 3.8 g, 0.05 mol) in 
aqueous hydrobromic acid (250 mL, 48 %) was refluxed for 10 h. After 
cooling the precipitate was isolated by filtration; yield 38 %, m.p. 232 - 
238 "C; ir (KBr): VOH 3112 cm-I; 'H NMR (dimethylsulfoxide-d6): 

aromatic H), 7.05 (s, IH, thiazole-H), 7.61 (d, 2H, aromatic H). 

9.34; Br, 23.28. Found: C, 45.39; H, 4.42; N, 8.12; S,  9.46; Br, 27.60. 

6 = 3.53 (t,4H,NCH,), 3.73 (t,4H,OCH,), 6.50 (s, IH, OH), 6.81 (d, 2H, 

Anal. Calcd. for C13H,,BrN202S (343.2): C, 45.49; H, 4.40; N, 8.16; S,  

2-(4-Morpholino)-4-phenyl-5[2-(4-morpholino)-4-thiazolyl]thiazole (6g) 

A mixture of 5-chloroacetyl-2-morpholino-4-phenylthia~oIe~~~~ (3.2 g, 
0.01 mol) and morpholinothiourea (1.5 g, 0.01 mol) in ethanol (300 mL) 
was refluxed for 3h. After cooling triethylamine (2.0 g, 0.02 mol) was 
added to the resulting solution. The product, which precipitate as white 
crystals, was isolated by filtration and recrystallized; yield of 70 %, m.p. 
196 - 198 'C (acetonitrile); 'H NMR (deuteriochloroform): 6 = 3.41 (t, 
4H, NCH,), 3.49 (t, 4H, NCH,), 3.77 (m, 8H, OCH,), 6.10 (s, IH, thia- 
zole-H), 7.32 (m, 3H, aromatic H), 7.58 (d, 2H, aromatic H). 

Anal. Calcd. for C ~ O H ~ ~ N ~ S ~ O ~  (414.5): C, 57.95; H, 5.35; N, 13.52; S ,  
15.47. Found: C, 57.78; H, 5.32; N, 13.56; S,  15.47. 

Preparation of 5-formyl-thiazoles 8 (General procedure) 

To a mixture of DMF (35 mL) and phosphorous oxytrichloride (9.2g, 
0.06 mol) a solution of a 5H-substituted thiazole 6 (0,05 mol), dissolved in 
DMF (50 mL), was added under stirring at room temperature. The mixture 
was subsequently heated at 70 "C for 1 h and poured, after cooling, into ice 
water (400 ml). After alkalisation by addition of aqueous sodium hydrox- 
ide (pH 9 -lo), the products formed were isolated by filtration. 

This compound was obtained from 6d as green crystals in a yield of 80%; 
m.p. 196 - 198 "C (acetonitrile); ir (KBr): vco 1625 cm-I; 'H NMR (deu- 
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SUBSTITUTED 2-AMINOTHIAZOLES AND 2-AMINOTHIOPHENES I 1 1 

teriochloroform): 6 = 3.66 (t, 4H, NCH2), 3.80 (t, 4H, OCH2), 6.97 (d, 2H, 
aromatic H), 7.64 (d, 2H, aromatic H), 9.73 (s, lH, CHO). 

Anal. Calcd. for C15H1&0$ (304.4): C, 59.19; H, 5.30; N, 9.20; S, 
10.54. Found: C, 58.62; H, 5.19; N, 8.92; S ,  10.44. 

This compound was obtained from 6e as light-green crystals in a yield of 
46 %; m.p. 284 - 288 "C (DMF, decomp.); ir (KBr): vco 1606 cm-I; 'H 
NMR (dimethylsulfoxide-d6): 6 = 3.61 (t, 4H, NCH2), 3.73 (t,4H, OCH,), 
6.87 (d, 2H, aromatic H), 7.60 (d, 2H, aromatic H), 9.65 (s, IH, CHO), 
9.94 (s, lH, OH). 

Anal. Calcd. for C,,H,,N203S (290.3): C, 57.92; H, 4.86; N, 9.65; S ,  
11.04. Found: C, 57.40; H, 5.04; N, 9.45; S ,  10.97. 

To a mixture of N-methyl-formanilide (30 g, 0.22 mol) and phosphorous 
oxytrichloride (40.0 g, 0.26 mol) a solution of 2,4-bismorpholino-thiazole 
hydrotetrafluoroborate 6f[61 in DMF (100 mL) was added under cooling 
with ice water. The mixture was stirred 24 h at room temperature and then 
2 h at 50 "C. After cooling the solution was poured into ice water and neu- 
tralised by addition of 2N aqueous sodium hydroxide. The product which 
precipitates as colourless needles in a yield of 46 % was isolated by filtra- 
tion and recrystallized; m.p. 196 - 197°C (acetonitrile); 'H NMR (deuteri- 
ochloroform): 6 = 3.55 (t, 4H, NCHz), 3.69 - 3.79 (m, 12H, NCH2, 

Anal. Calcd. for C12HI7N303S (283.3): C, 50.88; H, 6.01; N, 14.84; S, 
OCH,), 9.57 (s, lH, CHO). 

11.31. Found: C, 50.27; H, 6.67; N, 15.19; S, 11.50. 

5-[5-Formyl-2-(4-morpholino)-4-thiazolyl]-2- 
(4-morpholino)-4-phenylthiazole (8g) 

This compound was obtained from 6g as luminously yellow crystals in a 
yield of 78%; m.p. 200 "C (acetonitrile); ir (KBr): vco 1637 cm-'; 'H 
NMR (deuteriochloroform): 6=3.74 (m, 8H, NCH,), 3.80 (m, 8H, 
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112 KATRIN ECKERT et a / .  

OCH,), 7.28 (m, 3H, aromatic H), 7.51 (d, 2H, aromatic H), 9.23 (s, lH, 
CHO). 

Anal. Calcd. for C21H22N403S2 (442.5): C, 57.00; H, 5.01; N, 12.66; S. 
14.49. Found: C, 57.33; H, 4.79; N, 12.60; S,  14.75. 

Preparation of 5-(2,2-dicyanoethenyl)thiazoles 10 
and 5-(2,2-dicyanoethenyl)thiophenes 11 

Method A1 

To a mixture of 5-formyl-thiazole 8 or 5-formyl-thiophene 9 (0.02 mol) 
and malononitrile (1.3 g, 0.02 mol) in methanol (20 d) some drops pipe- 
ridine were added. The mixture was stirred at room temperature for 1 h 
and the product precipitated was isolated by filtration and than recrystal- 
lized. 

Method A2 
This method is the same as method Al ,  but instead of methanol ace- 
tonitrile (100 d) was used and the mixture was heated for 0.5 h at 60 "C. 

Method A3 

This method is the same as method A1 , but instead of methanol and piperi- 
dine acetic anhydride (20 mL) and triethylamine (0.2 mL), resp., were 
used and the mixture was refluxed for 1 h .  

The compounds so prepared are listed in table I .  

Preparation of 5 4  1,2,24ricyanoethenyl)-thiazoles 12 
and 5 4  1,2,2-tricyanoethenyl)-thiophenes 13 

Method A 
Sodium cyanide (1 .O g, 0.02 mol), dissolved in water (2 mL), was added to 
a stirred solution of thiazole 10 or thiophene 11 (0.02 mol) in dimethylfor- 
mamide (25 mL) acidified with hydrochloric acid at 0 - 5 "C; finally ace- 
tic acid (50 mL) and lead(1V) acetat (9.0 g, 0.02 mol) in small portions 
were added during 5 min. The mixture was stirred for 10 min, poured into 
icewater (400 ml), the precipitated product was filtered off, dried, and 
recrystallized. 
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SUBSTITUTED 2-AMINOTHIAZOLES AND 2-AMINOTHIOPHENES 1 I3 

Method B 
To a solution of thiazole 6 or thiophene 7 (0.01 mol) in dichloromethane 
(SO mL), a solution of tetracyanoethene (1.4 g, 0.011 mol) in dichlo- 
romethane (60 mL), containing some trops of dimethylformamide, was 
added. The mixture was refluxed for 1 h and stirred at room temperature 
for 12 h. Then, the solvent was evaporated and the residue was recrystal- 
lized. 

The compounds so prepared by means of the methods A or B are listed 
in table 11. 
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