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Abstract. By nitrosation of the mineralic acid salts of N- 
monosubstituted 1-naphthylamines (7) N-m0nosubstitutedN'- 
hydroxy-naphthoquinone diiminium salts (9)  are formed. 
These compounds can condense with their naphthylamine 
educts 7 to deeply colored N-(4-amino-naphthyl)-substituted 
naphthoquinone diiminium salts 11 which are available by 

the reaction of the mineralic acid salts ofN-monosubstituted 
1-naphthylamines 7 with one half equivalent of nitrous acid 
in acetic acid solution also. The new indaminium salts 11 
absorb, in contrast to their deprotonated species 12 which 
exhibit intense absorption bands at about 550 nm, in the near 
infrared region very intensively at about 820 nm. 

The nitrosation of aromatic amines 1 is a well-known and 
intensively studied reaction which is most important for 
preparing organic dyes and their intermediates [ 11. Depending 
on the conditions applied and the educts used different types 
of products are formed. Thus, by the reaction of N-unsub- 
stituted aromatic amines l a  (R' = R2 =H) with nitrous acid in 
acidic solution aromatic diazonium salts 2 are obtained [Z]. 
From N-mono-substituted aromatic amines l b  (R1 #H, R2 = 
H) or N-disubstituted aromatic amines l c  (R1 = R2 # H) N- 
nitroso or 4-nitroso anilines 3 or 4, resp., are obtained by using 
the same reagent [3]. 

Generally, in order to obtain good yields of products, special 
conditions are necessary. Thus, high yields of aryl diazonium 
salts 2 can be obtained only at low temperatures and if a strong 
mineralic acid in high concentration depending on the basicity 
of the appropriate aniline educt l a  is applied . To obtain high 
yields of 4-nitroso-anilines 4 special types of mineralic acids, 
like hydrochloric acid, in a definite concentration, stoiochio- 
metric amounts of nitrous acid, and low reaction temperature 
have to be applied. On the contrary, to get satisfactory yields 
of N-nitroso-anilines 3 high concentrations of mineralic acid 
have to be avoided. 

I )  Presented at the 2nd Iminiumsalz-Tagung, Stimpfach-Rechenberg, Germany, September 20-22, 1995 
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In many cases, despite of these conditions several by- and 
consecutive products are obtained. Such products are, e.g. 
phenols [4], quinone imines [5] and quinone monoximes [6], 
4-nitro-anilines [7], 4-nitro-N-nitroso-anilines [8], benzidines 
[9], or diphenoquinone bis-iminium salts [ 101 as well as diary1 
triazenes [ll],  aminoazo and hydroxyazo benzenes [12]. In 
case ofN-nitroso-anilines 3 isomeric NH-substituted 4-nitroso- 
anilines 4 (R2 = H) can be formed also [3]. Whereas the last- 
mentioned type of compounds is formed as the result of a 
Fischer-Hepp rearrangement [ 131 the other ones can be 
formed, in a more or less extent, as result of hydrolytic or 
oxidative splitting reactions of the corresponding educts, inter- 
mediates or products. 

Remarkably, a special consecutive product which should 
be expected in the course of the formation of 4-nitroso-anilines 
4, namely theN-(4-aminophenyl)-quinone diiminium salts 6, 
has not been isolated as yet in a noticeable extent [14]. Such 
N-(4-aminophenyl)-quinone diiminium salts 6 can be prepared, 
however, in a preparative scale by oxidative coupling reaction 
[I51 of a N-disubstituted aromatic amine l c  with a para- 
phenylene diamine derivative 5 which is available, e.g. by 
reduction of 4-nitroso-anilines 4. 

At first glance, the variety of the products formed by the 
reaction of aromatic amines with nitrous acid seems indepen- 
dent of the kind of substituents in the aryl moieties, provided 
the 4-position in the aniline educts is unsubstituted and there 
is no large steric hindrance at this position eg., by bulky 
substituents in 3-position. 

However, in the course of the nitrosation of 1-naphthyl- 
amines 7 some remarkable differences with respect to the the 
nitrosation of anilines 1 are observed. Thus, both the unsub- 
stituted and theN-monoethyl-substituted naphthylamines 7a 
and 7b are directly transformed by nitrous acidconcentrated 
sulphuric acid into the corresponding 4-nitroso derivatives 10a 
and lob, respectively [16]. A detailed study of this reaction 
ruled out that it proceeds via the intermediate N-nitroso-1- 
naphthylamines 8. 

Because there are as yet only few 4-nitroso-derivati- 
ves 10 of N-mono-substituted 1-naphthylamines de- 
scribed in the literature we tried to prepare some fur- 
ther compounds of this type including the bridged l- 

naphthylamine derivatives 7f and 7g by starting from 
someN-mono-substituted 1-naphthylamines 7 (R1 = H) 
by using the nitrosation method as well in concentrat- 
ed sulphuric acid (method A) as in acetic acidsolution 
(method B). The results obtained are summarised in ta- 
ble 1. 

As to see, only in case of the non-bridged N-mono- 
substituted 1-naphthylamines 7a-7d the method A gives 
satisfactory yields of the corresponding 4-nitroso- 1 - 
naphthylamine derivatives 10 which were advantageous- 
ly isolated in the form of their mineralic acid salts. Ac- 
cording to the analytical and spectroscopic data these 
salts possess aN-hydroxy-quinone diiminium structure 
9. 

With the N-phenyl N-cyanoethyl substituted 1 -naph- 
thylamines 7c and 7d both the methods A and B give 
the 4-nitroso derivatives 9c and 9d, respectively,.With 
the bridgedN-monosubstitued 1 -naphthylamines 7f and 
7g, however, neither the methods A nor the method B 
give the expected 4-nitroso compounds 10f and log or 
their corresponding N-hydroxy-naphthoquinone diimin- 
ium salts 9f and 9g, in satisfactory yield: Whereas the 
method A yields untractable tears only, the method B 
gives, especially if the nitrosation has been performed 
by using a non-sufficient amount of nitrous acid, deep- 
ly colored compounds which are, according to their an- 
alytical and spectroscopic data, N-(4-amino-naphthyl)- 
naphthoquinone diiminium salts 11. 

These bis-benzocondensed indaminium salts 11 were 
obtained in satisfactory yields if perchloric acid is add- 
ed to the reaction solution or if the 1-naphthylamine 
educts 7 applied are used in the form of their hydroper- 
chlorates, and the reaction mixture is heated after the 
addition of sodium nitrite as nitrosation reagent for few 
minutes. In some cases, the new N-(4-amino-naphthyl)- 
naphthoquinone diiminium salts 11 so obtained were 
isolated, after their recrystallization from nitromethane, 
as nitromethane adducts. 

Table 1 Results of the nitrosation of several 1-naphthylamine derivatives 7 

Method A Method B 
R' R2 R3 Educt Product Yield Product Yield m.p. ["C] 

H H  H 7a 
CzH5 H 7b 

H (CH&COOH H 7~ 
H C2H4CN H 7d 

C6H5 H 7e 
H -(CH2)3- 7f 
H -C(CH3)2-CH=C(CH,)- 7g 
CH3 CH3 H 7h 

10a 
10b 
9b (X = ClO,) 
9c (X = Cl) 
9d (X = C104) 

- 
9h (X = ClO,) 

84 %") 
73 %") 
80 % 
75 % 
75 % 

- 
95 % 

9b (X = ClO,) 
9c (X = C104) 
9d (X = ClO,) 

- 
- 

9h (X = ClO,) 

80 % 163-165 (X= ClO,) 

70 % 160-162 (X = ClO,) 
45 % 158-159 (X = Cl) 

- - 
92 % 169-170 (X = ClOJ 

") Lit. [16] 
b, 1 -naphthalene diazonium hydrosulfate [ 171 
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C 

Obviously, under the conditions applied the primary 
formation of 4-nitroso-1-naphthylamines 10 or their salts 
9 is accompanied by the condensation of their unreact- 
ed N-substituted 1 -naphthylamine educts 7 giving rise 
to the corresponding indaminium salts 11. This hypoth- 
esis has been confirmed by the synthesis of some of the 
indaminium salts 11 by treatment of equimolar amounts 
of a N-substituted 1-naphthylamine derivative 7 with 
the analog N-substituted N'-hydroxy naphthoquinone di- 
iminium salt 9 obtained by the nitrosation procedure A 
or B as described previously. 

Analogously, unsymmetrical N-(4-amino-naphthyl)- 
naphthoquinone diiminium salts 11, as exemplified by 
the compound llbd, could also be prepared by heating 
the N-substituted 1 -naphthylamine derivative 7b in ace- 
tic acid solution with the N-hydroxy-substituted naph- 
thoquinone-diiminium salt9d variedly substituted at its 
N-atom. To distinguish from the method B this synthet- 
ic variant starting from the educts 7 and 9 is designed 
as method C. 

In table 2 the symmetrically and unsymmetrically sub- 
stituted N-(4-amino-naphthyl)-naphthoquinone diimin- 

A 3  R 4  A 5  

12 

ium salts 11 prepared by both the methods B and C are 
summarised. 

Evidently, whereas the unsymmetrically substituted 
N-(4-amino-naphthyl)-naphthoquinone diiminium salt 
llbd can be prepared by means of method C only, the 
symmetrically substituted analogues, such as the com- 
pounds l l b  and l ld,  could be prepared by both the 
methods B and C. 

It is worth mentioning that the bis-(N-pheny1)-sub- 
stituted N-(4-amino-naphthyl)-naphthoquinone diimin- 
ium perchlorate l l e  as well as its bridged derivatives 
l l f  and l l g  (prepared from the corresponding bridged 
1 -naphthylamine derivatives 1,2,3,4-tetrahydro-benzo 
[hlquinoline 7f and 2,2,4-trimethyl- 1,2-dihydro-benzo 
[hlquinoline 7g, resp.) can only be prepared by using 
strictly anaerobic conditions. Otherwise, neither the cor- 
responding bridged 4-nitroso- 1 -naphthy lamine precur- 
sors 9f or 9g (see table 1) nor the corresponding N-(4- 
amino-naphthy1)-naphthoquinone diiminium salts l l f  
or l l g  could be isolated in noticeable yields. Instead, 
oxidation products of the starting 1 -naphthylamine 
educts 7 or of the primarily formed indaminium salts 

Table 2 N(4-Amino-naphthyl)-naphthoquinone diiminium perchlorates 11 (X = C104) 

Nr. R2 R3 R4 R5 m.p. ["C] Yield [%I (method) 

l l b  C2H5 H H CzH5 188 - 190 77 (B); 75 (C) 
l l d  C2H4CN H H CzH4CN 177 - 180 56 (B); 56 (C) 
l l e  C6H5 H H C6H5 188 - 190 24 )B) 
l l f  -(CH2)3- -(CH2)3- 178 - 180 84 (B) 

l lbd C2H5 H H C2H4CN 170 - 172 68 (C) 
l l g  -C(CH&-CH=C(CH3)- -C(CH3)2=CH-C(CH3)2- > 150 dec. 41 (B) 
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11 could be obtained. The preparation and structural 
characterization of the new compounds will be described 
in a forthcoming paper. 

Difficulties arise also if the new synthesis of indam- 
inium salts is attempted withN,N-disubstituted 1 -naph- 
thylamine derivatives, e.g. with N,N-dimethyl- 1 -naph- 
thylamine 7h or with its 4-nitroso derivative 10h. Nei- 
ther by method B nor method C the corresponding N- 
(4-amino-naphthyl)-naphthoquinone diiminium salt l l h  
were obtained in crystalline form. Only deeply colored 
solutions could be obtained in which the expected N- 
(4-amino-naphthyl)-naphthoquinone diiminium salts 
l lh  formed were detected by their long-wavelength ab- 
sorption maximums at about 800 nm (see table 4). 

All N-hydroxy-quinone diiminium salts 9 and N-(4- 
amino-naphthy1)-naphthoquinone diiminium salts 11 
compiled in the tables 1 and 2 are new compounds; their 
structures have been confirmed by means of their ana- 
lytical and spectral data. Some of these data are sum- 
marised in table 3 and 4. 

The 'H NMR spectra of the naphthoquinone diimin- 
ium salts 9 and 11 exhibit signals at about 7.00-9.00 
ppm and 1.00 -4.00 ppm. Whereas the first set of sig- 
nals can be attributed to the aromatic protons the sec- 

ond one can be attributed to the protons bound to the N- 
alkyl groups. Because in the N-(4-amino-naphthyl)- 
naphthoquinone diiminium salts 11 the same numbers 
of signals are found as in their nitroso educts 9 with 
identical N-substituents, it follows that these salts 11, 
as exemplified for the compond l l f ,  exist only in their 
symmetric form A and not in their unsymmetric form 

11 t 

B. Remarkably, neither in the salts 9 nor in the indam- 
inium salts 11 any signals attributed to N-bounded pro- 
tons could be detected. This fact suggests a high acidi- 
ty of both the naphthoquinone diiminium salts 9 and 11 
which are easily transformed, in a suitable solvent or 
by means of a base, into their deprotonated species 10 
and 12. 

Both the naphthoquinone diiminium salts 9 and 11 

Table 3 Characteristic 'H NMR and IR data of the N-hydroxy-naphthoquinone diiminium salts (9) and N-(4-amino-naphthyl)- 
naphthoquinone diiminium perchlorates (11); chemical shift in ppm (assignment); IR absorption, in cm-* (assignment) 

Pos. 9b 9c 9d l l b  l l d  l l e  l l f  llbd 

a 8.45 (d) 8.78 (dd) 8.42 (d) 8.63 (d) 8.64 (d) 8.86 (d) 8.63 (d) 8.74 (d) 8.84 (d) 
b 7.82 (t) 7.86 (t) 7.82 (t) 7.72 (t) 7.82 (t) 7.92 (t) 7.69 (t) 7.80 (t) 8.14 (t) 
c 7.91 (t) 7.92 (t) 7.89 t) 7.76 (t) 7.78 (t) 7.84 (t) 7.77 (t) 7.71 (t) 8.05 (t) 
d 8.39 (d) 8.38 (dd) 8.37 (d) 8.37 (d) 8.41 (d) 8.33 (d) 8.28 (d) 8.41(d) 8.60 (d) 
e 8.16 (d) 8.14 (d) 8.11 (d) 7.37 (d) 7.33 (d) 7.48 (d) 7.23 (s) 7.16d) 7.42d) 
f 7.63 (d) 7.64 (d) 7.65 (d) 7.18 (d) 7.21 (d) 7.39 (d) - 7.13 (d) 7.39d) 
g 3.99 (q) 3.97 (t) 4.24 (t) 3.69 (q) 3.94 (t) 7.55 (m) 3.69 (t) 3.78 (q) 3.96 (t) 
h 1.36 (t) 1.50 (m) 3.07 (t) 1.36 (t) 3.02 (t) 1.98 (m) 1.49 (t) 3.01 (t) 
i 2.23 (t) 2.93 (t) 
........................................................................................................................................................ 
TR 1725 (CO) 2250 (CN) 3250 (NH) 3300 (NH) 3250 (NH) 3250 (NH) 3300 (NH) 

2250 (CN) 2250 (CN) 

Table 4 Longest-wavelength absorption maxima Of theN-(4- 
amino-naphthy1)-naphthoquinone diiminium perchlorates (11) 
and their corresponding deprotonated species 12 

exhibit characteristic UV/VIS absorption spectra. 
Whereas the yellow or orange-colouredN-hydroxy-sub- 
stituted nauhthoauinone diiminium salts 9 exhibit in- 

l l b  l l d  l l e  l l f  l l g  l lbd l l h  tense absorption maxima near to the blue edge of the 
visible region at about 400 nm the N-(4-amko-naph- 
thy1)-naphthoquinone diiminium salts 11 show intense 
absorption maxima in the near IR region at about 810 

&,[nmIa)814 812 845 830 880 810 800 
log E 4.93 4.29 4.85 4.98 4.62 

12b 12d 12e 12f 12g 12bd 12h to 880 nm. 
Due to the high acidity of the NH-bounded protons 

&[nmIb) 555 550 540 585 600 558 - in the N-hydroxy-substituted naphthoquinone diimini- 
a) in methylene chloride um salts 9 and N-(4-amino-naphthyl)-naphthoquinone 
b) in acetonitrile diiminium salts 11 both these salts can be transferred 



418 J. prakt. Chem. 338 (1996) 

into their corresponding non-protonated species rela- 
tively easily, e.g. by means of weak bases. This trans- 
formation can be unambiguously spectroscopically de- 
tected. Whereas in the 4-nitroso- 1-naphthylamine se- 
ries 9 or 10 the absorption maxima are not strongly shift- 
ed to shorter wavelength on going from the protonated 
to deprotonated species the maxima of the N-(4-amino- 
naphthy1)-naphthoquinone diiminium salts 11 are ex- 
tremely shifted to shorter wavelengths by deprotona- 
tion to give the species 12. In accordance with table 4 
and fig. 1, in which the absorption spectra of the cati- 
onic and neutral form of the bridged N-(4-amino-naph- 
thy1)-naphthoquinone diiminium salts llf are shown, 
the colour of this compound changes from pale green 
to intensive purple. The bright green colour of the N- 
(4-amino-naphthyl)-naphthoquinone diiminium salts llf 
originates from the absence of any absorption band with 
significant intensity in the visible spectral range. There- 
fore, solutions of the N-(4-amino-naphthyl)-naphthoqui- 
none diiminium salt llf appear, in contrast to those of 

1.6 I 
1.2 1 

400 500 600 700 800 900 1000 1100 

Fig. 1 Absorption spectra of N-(4-amino-naphthyl)- 
naphthoquinone diiminium perchlorate l l f  and its de- 
protonated form 12f 

the neutral compound 12f, visually nearly colourless. 
Due to these properties theN-(4-amino-naphthyl)-naph- 
thoquinone diiminium salts 11 can be used in several 
different fields of application, e.g., in energy transfer 
and storage systems, in information recording and dis- 
play systems, or in medical and biological fields [18, 
191. Furthermore, they can be used as IR absorber for 
automatic identifications or heat-ray blocking [20] or 
as IR active pH-indicators 1211. Such indicators receive, 
at present, a lot of interest because they can be advanta- 
geously used to indicate proton concentrations in bio- 
logical materials which are usually highly transparent 
in the near IR region [22]. 

The authors thank the BAYER AG for financial support of 
this work. 

Experimental 

Melting points were determined by using a Boetius heating- 
block microscope and are corrected. The IR spectra were 
recorded in potassium bromide pellets with a Philips FTIR 
spectrometer PU 9624, the visible and near infrared spectra 
with a Shimadzu spectrometer UV 3 101, 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 were obtained by using a LECO analyser CHNS 
932. All dye-forming reactions were monitored by means of 
thin-layer chromatography using 0.2 mm silica plates (Merck). 
The naphthylamine educts 7a, 7b, and 7e used are commercial- 
ly available. The bridged 1-naphthylamine derivative 7g and 
the cyanoethyl-substituted 1-naphthylamhe derivative7d were 
prepared according to the literature [23,24]. The bridged 1- 
naphthylamine derivative 1,2,3,4-tetrahydro-benzo[h] 
quinoline 7f was prepared in form of its hydroperchlorate 
7d.HC104 as follows. 

1,2,3,4-Tetrahydro-benzo[h]quinoline hydroperchlorate 
7f .HClO, 

A mixture of 0.2 mol (28,6 g) 1-naphthylamine, 0.6 mol 
(943 g) l-bromo-3-chloro-propane, and 0.1 mol (10.6 g) 
sodium carbonate was heated with stimng for 2 h at 60 "C, 
than at 120 "C until no starting 1-naphthylamine could be 
detected by thin-layer Chromatography after coupling with 4- 
nitrobenzene diazonium salt solution. Then the unreacted 1- 
bromo-3-chloro-propane was separated from the reaction 
mixture by destillation at 190 "C. After cooling the resulting 
mixture was neutralised with ammonia andextracted with ether. 
After addition of aqueous perchloric acid (70%) to the ether 
extract the title compound precipitates and can be isolated by 
suction in a yield of 80%.White crystals; m.p. 188- 190 "C; 
'H NMR (DMSO-D6): 6 = 2.04 (q, 2H, CH,), 2.97 (t, 2H, 
CH,), 3.54 (t, 2H, CHZ), 4.80 (s, 2H, NH,), 7.35 (d, lH, CH- 
6), 7.58 (t, 1H, CH-9), 7.67 (t, lH,  CH-8), 7.78 (d, lH, CH- 
5),7.94 (d, lH, CH-7), 7.96 (d, lH, CH-10). 
C13H14C1N04 (283.7): calcd.: C 55.04, H 4.97, N 4.94; found 
C 55.17, H 4.74 N 5.12. 

Nitrosation of N-monosubstituted 1-naphthylamines 7 
(general procedure) 
Method A: 
To 150 g concentrated sulphuric acid 0.1 mol(7.0 g) sodium 
nitrite and, after 1 h, 0.1 mol of a N-monosubstituted 1- 
naphthylamine 7 (or its mineralic acid salt) is added at 0 "C. 
After stirring for 10 h at this temperature the reaction mixture 
is poured on ice mixed with 200 ml of hydrochloric or 
perchloric acid in order to precipitate the N-hydroxy-naph- 
thoquinone diiminium salt 9 formed. It can be isolated by 
suction and purified by recrystallization from ethanol. 

Method B: 
To 0.1 mol of the corresponding I-naphthylamine 7 (or its 
hydroperchlorate), solved in 50 ml acetic acid, 0.1 mol (7.0 
g) sodium nitrite was added in small portions. After stirring 
the reaction mixture for 1 h the mineralic acid salts 9 of the 
nitroso compound 10 precipitate after addition of perchloric 
acid and water, and are isolated by suction. 
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[ 101 F. M. Lang, T. Magdalena, Bull. SOC. Chim. Fr. 1954, 
- 

Method B: 
To a mixture of 0.02 mol of a N-monosubstituted l-naph- 
thylamine 7 (or its hydroperchlorate 7.HC104) in 50 ml acetic 
acid 0.01 mol (0.7 g) sodium nitrite is added with stirring. 
Then, so far as no 1-naphthylamine hydroperchlorate is used, 
1.5 ml perchloric acid (70%) is added to the reaction mixture 
which is refluxed for 5 min. After cooling the N-(Camino- 
naphthy1)-naphthoquinone diiminium salts 11 formed crys- 
tallize and are isolated by suction. They are pruified by 
recrystallisation from nitromethane which gives a 1: 1 adduct. 

Method C 
0.01 mol of aN-mono-substituted 1-naphthylamine7 and 0.01 
mol of its corresponding N-hydroxy-naphthoquinone di- 
iminium perchlorate 9 are solved in 50 ml ethanol or acetic 
acid. The resulting mixture is refluxed for 5 min and then 
cooled. The products crystallize, and are isolated and purified 
as described before. 

The elemental analytical data of all compounds prepared are 
in satisfactory agreement with the calculated ones. 

References 

[ 11 K. Venkataraman, The Chemistry of Synthetic Dyes, Vol. 
2, p. 761; Academic Press, New York 1952 

[2] H. Zollinger, Diazo Chemistry, VCH Verlagsgesells- 
chaft, Weinheim 1994 

[3] W. Seidenfaden, in Houben-Weyl, Methoden der Or- 
gan. Chemie, Vol. W2, p. 1017, Georg Thieme, Stutt- 
gart 1971 

[4] K. F. Wedemeyer, in Houben-Weyl, Methoden der Or- 
gan. Chemie, Vol. VI/lc, p. 4, Georg Thieme, Stuttgart 
1976 

[5] [a] R. Mohlau, Ber. Dtsch. Chem. Ges. 16 (1883) 285 1; 
[b] H. Euler, Ber. Dtsch. Chem. Ges. 39 (1935) 1906; 
[c] L. Sandner, Ber. Dtsch. Chem. Ges. 58 (1925) 824 

[6] [a] R. Willstatter, C. W. Moore, Ber. Dtsch. Chem. Ges. 
40 (1907) 2665; 

C. Suling, in Houben-Weyl, Methoden der Organ. 
Chemie, Vol. W3, p. 695, Georg Thieme, Stuttgart 1976 
K. H. Schindehutte, in Houben-Weyl, Methoden der 
Organischen Chemie, Vol. W3, p. 213; Georg Thieme, 
Stuttgart 1965 

[13] 0. Fischer, E. Hepp, Ber. Dtsch. Chem. Ges. 19 (1886) 
2991; 20 (1887) 1247,2471 

[ 141 [a] P. Griinanger, in Houben-Weyl, Methoden der Or- 
ganischen Chemie, Vol. W3, p. 213; Georg Thieme, 
Stuttgart 1965; 
[b] R. Mohlau, H. T. Bucherer, Farbenchemisches Prak- 
tikum; Veist & Co., Leipzig 1908 
[a] S. Hunig, H. Balli, E. Breither, F. Briihne, H. Gei- 
ger, E. Grigat, F. Muller, H. Quast, Angew. Chem. 74 
(1962) 818; 
[b] L. Michaelis, Chem. Rev. 16 (1945) 243. 
[a] E. Kock, Liebigs Ann. Chem. 243 (1888) 310; 
[b] L. Blangey, Helv. Chim. Acta 21 (1938) 1579 
[a] H. E. Fierz-David, Grundlegende Operationen der 
Farbenchemie, 8. Edit., Springer, Berlin 1952; 
[b] R. Putter: in Houben-Weyl, Methoden der Orga- 
nischen Chemie, Vol. W3, p. 1; G. Thieme, Stuttgart 
1965 
Z. Yoshida, T. Kitao, Chemistry of Functional Dyes; 
Mita Press, Tokyo 1989 
J. Griffiths, in A. T. Peters, H. S. Freeman (Eds.) Ad- 
vances in Color Chemistry, Vol. 3, p. 40; Chapman & 
Hill; London, Glasgow, Weinheim, New York, Tokyo, 
Melbourne, Madras 1995 
P. Gregory, High-Technology Applications of Organic 
Colorants; Plenum Press, New York, London 1991 
[a] J. M. Zen, G. Patonay, Anal. Chem. 63 (1991) 2934; 
[b] H. Lehmann, G. Schwotzer, P. Czerney, G. J. Mohr, 
Sensors and Actuators B 29 (1995) 392 
[a] G. Patonay, M. D. Antonine, Anal. Chem. 63 
(1991)321A; 
[b] T. Imasaka, N. Ishibashi, Anal. Chem. 62 (1990) 
363A 
[a] G. Reddelien, A. Thurm, Ber. Dtsch. Chem. Ges. 
65 (1932) 1511; 
[b] W. R. Vaughan, Organic Synthesis 3 (1955) 329 
T. Braunholtz, F. G. Mann, J. Chem. SOC 1953, 1816 

r231 

~241 

[b] R. Willstatter, H. Kubli, Ber. Dtsch. Chem. Ges. 42 
(1909) 4135 

[7] H. Hodgson, D. L. Nicholson, J. Chem. SOC. 1941,470 
[8] [a] T. Klaus, 0. Baudisch, Ber. Dtsch. Chem. Ges. 5 1  

(1918) 1036; 
[b] J. Houben, T. Arendt, Ber. Dtsch. Chem. Ges. 43 
(1910) 3533 Geusaer Str. 

[9] A. Kanitz, Dissertation Univ. Halle 1995 

Address for correspondence: 
Prof. Dr. H. Hartmann 
FachhochschuleMerseburg 

D-06217 Merseburg, Germany 




