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A new method for the preparation of 7H-indolo[1,2-a]quinolinium solvatochromic dye precursors has been
investigated. 5-(6-Hydroxynaphthyl-2)-7,7-dimethyl-7H-indolo[ 1,2-a]quinolinium perchlorate, 5-(5-bromo-
6-hydroxynaphthyl-2)-7,7-dimethyl-7H-indolo[1,2-a]Jquinolinium perchlorate and 5-(5-nitro-6-
hydroxynaphthyl-2)-7,7-dimethyl-7H-indolo[1,2-a]quinolinium perchlorate were obtained via demethylation
of the corresponding 5-(5-X-6-methoxynaphthyl-2)-7,7-dimethyl-7H-indolo[1,2-a]quinolinium salts. The
application of pyridinium hydrochloride in the demethylation of the methoxy perchlorates allowed to obtain
the products with the almost quantitative yield in a very short time, especially when the reaction was carried
out using microwave irradiation.
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INTRODUCTION

Continuous interest in solvatochromic dyes results from
their applicability in different fields, e.g. for the determi-
nation of the polarity of solvents! or solid surfaces em-
ployed as stationary phases in chromatography?, for the
characterisation of polymers?®, organized media* and
supercritical fluids’ as well as in the analysis of solvent-
dependent kinetic and thermodynamic processes occur-
ring in mixed solvents®, to monitor the presence of some
metal ions (i.e. cobalt, copper and iron)’, and in quanti-
tative analysis of binary and ternary solvent mixtures®.

Among numerous compounds exhibiting solvatochromic
properties, derivatives of hydroxyaryl-7H-indolo[1,2-
aJquinolinium cation®~ 12 play an important role. These
merocyanine-like dyes are generated in situ treating cor-
responding hydroxy perchlorates with anhydrous potas-
sium carbonate. The pK, value of the salts influences the
facility of this process. The preferred, low pK, were ob-
tained when an electron-withdrawing substituent, such as
the nitro group or bromine atom, was present especially
in the ortho position in respect to the hydroxyl group'.

5-(6-Hydroxynaphthyl-2)-7,7-dimethyl-7H-indolo[1,2-
aJquinolinium merocyanine is the most sensitive
solvatochromic compound among the whole group of 7H-
indolo[1,2-a]quinolinium dyes. This compound was synthe-
sized by demethylation of 5-(6-methoxynaphthyl-2)-7,7-
dimethyl-7H-indolo[1,2-a]quinolinium perchlorate using
hydrobromic acid solution in acetic acid. The process lasted
28 hours and yielded only 16% of the target product!!,
which is unacceptable from a practical point of view.

Among several reagents used for demethylating methyl
aryl ethers" the most common ones are BBr;, AICL,,
pyridinium hydrochloride and hydrogen bromide dissolved
in acetic acid. Pyridinium hydrochloride seems to be really
attractive due to its low cost and ready availability. Moreo-
ver, the high polarity of pyridinium hydrochloride allows
to replace conventional heating with microwave irradia-
tion'* which in various organic synthesis can distinctly
accelerate a reaction and influence the yield, selectivity
and direction of the reaction's.

In the present paper a new method for the preparation
of 5-(5-X-6-hydroxynaphthyl-2)-7,7-dimethyl-7H-
indolo[1,2-a]quinolinium perchlorates is presented. The
new procedure consists in the application of pyridinium
hydrochloride as an effective demethylating agent of the
corresponding 5-(5-X-6-methoxynaphthyl-2)-7,7-dimethyl-
7H-indolo[1,2-a]quinolinium salts. The experiments are
conducted under conventional heating or microwave irra-
diation.

EXPERIMENTAL SECTION

Instruments and laboratory equipment

Microwave irradiation was carried out using a house-
hold microwave oven equipped with a rotating plate,
Moulinex, 700 W operating at 2.4 GHz.

The stirring of the reagent mixture (thermal activation)
was done with a polygon teflon-coated magnetic stirring
bar by the use of IKAMAG RCT basic magnetic stirrer
equipped with an ETS-D fuzzy IKATRON electronic
contact thermometer.

The melting points were determined with a Biichi SMP-
20 apparatus and are uncorrected.

The elemental analysis was carried out using the Euro
EA analyzer.

The NMR spectra were recorded using a DPX 400
Bruker (400 MHz) spectrometer. The positions of par-
ticular signals [ppm] and the J values [Hz] were read out
directly from the original spectra.

The IR spectra were recorded with a computer-control-
led spectrophotometer Specord M80 (Carl Zeiss Jena,
Germany) modified by MEDSON!, by the KBr/Nujol
technique, in the range of 400 — 4000 cm.

The UV-VIS spectra were recorded with a computer-
controlled spectrophotometer Specord M40 (Carl Zeiss
Jena, Germany) modified by MEDSON, in the range of
12000 — 49000 cm! at 25 + 0.1°C. Gas-tight quartz cells
(1 cm), automatically adjustable pipettes with the vol-
ume 100 — 1000 and 1000 — 5000 ml from PZ HTL Co.,
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and the liquid 10 ul syringe from Hamilton-Bonaduz,
were used.

The pH-measurements were carried out by means of
Checkmate II Corning pH-meter (Aldrich, Cat. No.
473017).

Solvents and reagents

The 99% acetic acid , bromine, anhydrous potassium
carbonate, pyridine 99%, and hydrochloric acid 35 — 38%
were purchased from POCH - Gliwice (Poland). The
99.5% nitric acid from Merck was used. The distilled
water was obtained using a Biichi glass apparatus and used
without additional purification.

Pyridinium hydrochloride was obtained according to
the classical method by water evaporation from pyridine
and hydrochloric acid (heating from 100°C to ca. 190°C).

5-(6-Methoxynaphthyl-2)-7,7-dimethyl-7H-indolo[ 1,2-
a]quinolinium perchlorate (1a) was synthesised according
to the literature datall.

Procedures:

Synthesis procedures

5-(5-Bromo-6-methoxynaphthyl-2)-7,7-dimethyl-7H-
indolo[1,2-a]quinolinium perchlorate (1b): 5-(6-
methoxynaphthyl-2)-7,7-dimethyl-7H-indolo[1,2-
a]quinolinium perchlorate (1a) (0.30 g, 0.60 mmol) was
dissolved in boiling glacial acetic acid (15 ml), then the
solution of bromine in glacial acetic acid (0.04 ml (0.72
mmol) Br, and 2 ml AcOH) was added dropwise with
stirring and heating under reflux for 15 minutes and ad-
ditionally stirred and refluxed for 20 minutes. A crude
product which precipitated after cooling was isolated by
filtration yielding 0.18 g (51%) of 5-(5-bromo-6-
methoxynaphthyl-2)-7,7-dimethyl-7H-indolo[1,2-
alquinolinium perchlorate (1b) as yellow powder, m.p.
291 - 293°C (from AcOH). C,,H,;BrCINO,; FW
580.854; calculated: C (59.97%) H (3.99%) N (2.41%),
found: C (59.76%) H (3.97%) N (2.42%).

'"H NMR (400 MHz, CDCl,, TMS): 8;; (ppm) (J (Hz))
1.95 (s, 6H, CH,), 4.18 (s, 3H, OCH,), 7.83 (d, 1H,
J=9.2, H-T"), 7.90 — 7.95 (m, 2H, H-10, H-8), 8.08 (dd,
1H, J,=8.8; J,=1.4, H-3"), 8.16 — 8.22 (m, 2H, H-3, H-9),
8.41 (d, 1H, J=9.1, H-8'), 8.45 - 8.53 (m, 3H, H-4,
H-4, H-2), 8.56 (s, 1H, H-6), 8.92 (d, 1H, H-1'), 9.08 (d,
1H, J=8.6, H-11), 9.54 (d, 1H, J=8.9, H-1).

IR (cm): 1073, 1252, 1577, 1717.
UV-VIS (CH,CN, ¢ = 2-10° mol-dm?): ¥
loge 24227/4.206, 32638/4.016.

(emt)/
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Scheme 1. The structures of 2a, 2b and 2¢

5-(5-Nitro-6-methoxynaphthyl-2)-7,7-dimethyl-7H-
indolo[1,2-a]quinolinium perchlorate (1c): 1a (0.30 g,
0.60 mmol) was dissolved in boiling glacial acetic acid
(17 ml), then the solution of nitric acid in acetic acid
(0.04 ml (0.92 mmol) of fuming HNO; and 1 ml of
AcOH) was added dropwise stirring and heating under
reflux for 20 minutes. Next, the reaction mixture was
stirred and refluxed additionally for 10 minutes. The
solution was cooled to the room temperature. The pre-
cipitate was filtered out, washed with acetic acid and
methanol giving 5-(5-nitro-6-methoxynaphthyl-2)-7,7-dime-
thyl-7H-indolo[ 1,2-a Jquinolinium perchlorate (1c) (0.23 g;
yield 71%) as yellow powder, m.p. 300 — 302°C (from
AcOH); C,)H,;CIN,0,; FW 546.955; calculated: C
(63.68%) H (4.24%) N (5.12%), found: C (63.94%) H
(4.22%) N (5.14%).

'"H NMR (400 MHz, CDCl,, TMS): 8;; (ppm) (J (Hz))
1.95 (s, 6H, CH,), 4.23 (s, 3H, OCH,;), 7.90 — 7.93 (m,
2H, H-9, H-7"), 8.00 — 8.04 (m, 2H, H-10, H-8), 8.12 (dd,
1H, J,=8.8, J,=1.3, H-3"), 8.16 — 8.21 (m, 2H, H-3,
H-4"), 8.45 — 8.49 (m, 2H, H-4, H-2), 8.63 (d, 1H, J=9.3,
H-8"), 8.66 (s, 1H, H-6), 8.94 (d, 1H, H-1"), 9.09 (d, 1H,
J=8.9, H-11), 9.55 (d, 1H, J=9.3, H-1).

IR (cm™): 915, 1074, 1256, 1505, 1581.

UV-VIS (CH,CN, ¢ = 2-10®° mol-dm3®): v
loge 25527/4.230, 29775/4.073.

(em™)/

max

General demethylation procedure

5-(5-X-6-methoxynaphthyl-2)-7,7-dimethyl-7H-
indolo[1,2-a]quinolinium perchlorate (0.05 mmol) and
pyridinium hydrochloride (2.5 mmol) were heated under
reflux (Method A) for 20 minutes or irradiated with
microwaves (Method B) for two 1-minute intervals in a
stoppered round-bottomed conical flask with the capacity
of 100 ml. Next water was added and the precipitate was
filtered out, washed several times with water and dried in
the air.

5-(6-Hydroxynaphthyl-2)-7,7-dimethyl-7H-indolo[1,2-
a]quinolinium perchlorate (2a): from 1a; yield: method
A: 84%, method B: 88.5 %; dark yellow powder, m.p. 265
- 267°C (from CH;NO,) (lit. 268 — 270°C [11]);
C,sH,,CINOy; FW 487.931; calculated: C (68.92%) H
(4.54%) N (2.87%), found: C (68.66%) H (4.52%) N
(2.86%).

'H NMR (400 MHz, (CD;),SO, TMS): 8y (ppm)
(/ (Hz)) 1.89 (s, 6H, CHj;), 7.27 (dd, 1H, J/=8.8, H-7'),
7.31 (d, 1H, H-5"), 7.74 - 7.79 (m, 3H, H-8, H-9, H-10),
8.02 - 8.11 (m, 4H, H-3, H-3', H-4', H-8'), 8.26 (s, 1H,

R =H (a), Br (b) or NO, (c)

R'=CH, (1) or H (2)



H-6), 8.39 (t, 1H, J=7.5, H-2), 8.48 (d, 1H, J=7.7, H-4),
8.77 (d, 1H, H-1"), 8.95 (d, 1H, J=8.0, H-11), 9.40 (d, 1H,
J=8.7, H-1), 10.37 (s, 1H, OH).

IR (cm™): 870, 1074, 1185, 1287, 1581, 3269.

UV-VIS (CH;CN, ¢ = 2-10° mol-dm?3): v
loge 23731/ 4.154, 29946/ 4.007.

pK,= 8.08

solvatochromic shift Av __ (trichloroethylene — water)
= 8152 cm! 1.,

5-(5-Bromo-6-hydroxynaphthyl-2)-7,7-dimethyl-7H-
indolo[1,2-a]quinolinium perchlorate (2b): from 1b;
yield: method A : 72%, method B: 86%; dark yellow
powder, m.p. 285 — 286°C (from AcOH). C,sH,,BrCINOys;
FW 566.827; calculated: C (59.33%) H (3.73%) N
(2.47%), found: C (59.52%) H (3.74%) N (2.46%).

'H NMR (400 MHz, DMSO, TMS): §;; (ppm) (J (Hz))
1.80 (s, 6H, CH3), 7.52 (d, 1H, J=8.6, H-7"), 7.74 - 7.76
(m, 2H, H-10, H-8), 7.89 (dd, 1H, J=8.3, H-3'), 8.01 -
8.03 (m, 3H, H-8', H-3, H-9), 8.26 — 8.41 (m, 4H, H-4',
H-4, H-6, H-2), 8.77 (d, 1H, H-1'), 8.92 (d, 1H, /=54,
H-11), 9.39 (d, 1H, J=8.3, H-1), 11.15.(s,1H, OH).

IR (cm™): 815, 1079, 1236, 1282, 1578, 1707, 3395.

UV-VIS (CH,CN, ¢ = 2-10° mol-dm3): v__ (cm™)/
loge 24336/ 4.209, 29859/ 4.112.

pK,= 7.27

solvatochromic shift Av __ (trichloroethylene — water)
= 8240 cm’!

(cm™t)/

max

max

5-(5-Nitro-6-hydroxynaphthyl-2)-7,7-dimethyl-7H-
indolo[1,2-a]quinolinium perchlorate (2c): from 1c;
yield: method A 92%; green powder, m.p. 283 — 286°C
(from AcOH); C,H,,CIN,O,; FW. 532.928; calculated:
C (63.10%) H (3.97%) N (5.26%), found: C (63.26%) H
(3.98%) N (5.24%).

"H NMR (400 MHz, DMSO, TMS): 8;; (ppm) (/ (Hz))
1.80 (s, 6H, CHj3), 7.67 (d, 1H, J=9.0, H-7"), 7.72 - 7.75
(m, 2H, H-9, H-10), 7.84 (d, 1H, /=8.4, H-8), 7.93 (dd,
1H,J=8.8, H-3'), 8.01 - 8.05 (m, 2H, H-3, H-4"), 8.26 (d,
1H, J=9.0, H-8'), 8.31 — 8.36 (m, 2H, H-4, H-2), 8.43 (s,
1H, H-6), 8.79 (d, 1H, H-1"), 8.94 (d, 1H, J=4.1, H-11),
9.40 (d, 1H, J=8.6, H-1), 11.23.(s, 1H, OH).

IR (cm™): 747, 1078, 1236, 1579, 3307.

UV-VIS (CH,CN, ¢ = 2-10° mol-dm3): v
loge 25811/ 4.271, 29729/ 4.164.

pK,= 4.66

solvatochromic shift Av __ (trichloroethylene - water)
= 7572 cm’!

(cm™)/

max
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PK,-Determination

pK,-Determination was performed in a mixture of 50 —
80 ul of the concentrated dye solution in DMSO (5 mg of
the perchlorate in 700 ul of anhydrous DMSO), 7 ml of
water and 1 ml of methanol (due to poor solubility of the
salts in neat water). The concentrations of these solutions
were adjusted to keep the optical density below 1.4. The
changes in the pH were achieved by adding microdoses of
either 72% perchlorate acid or conc. aq. solution of so-
dium hydroxide. UV-VIS spectra were recorded in the
range of 12000 — 27000 cm™! at 22 =+ 1°C.

RESULTS AND DISCUSSION

The demethylation of 5-(5-X-6-methoxynaphthyl-2)-7,7-
dimethyl-7H-indolo[1,2-a]quinolinium perchlorates pro-
ceeds according to Scheme 2.

In our earlier work!! the solution of hydrogen bromide
in glacial acetic acid was applied for the demethylation of
1a to 2a. The process appeared to be time-consuming
(lasted 28 hours) and low-yielded (only 16%) which lim-
its potential application of strongly solvatochromic 2a. In
order to improve the obtained results the new procedure
with the use of pyridinium hydrochloride applied as a
demethylating agent has been investigated.

The new procedure was applied to the preparation of
three compounds: 5-(6-hydroxynaphthyl-2)-7,7-dimethyl-
7H-indolo[1,2-a]quinolinium perchlorate (2a), 5-(5-
bromo-6-hydroxynaphthyl-2)-7,7-dimethyl-7H-indolo[1,2-
a]quinolinium perchlorate (2b), and 5-(5-nitro-6-
hydroxynaphthyl-2)-7,7-dimethyl-7H-indolo[1,2-
a]quinolinium perchlorate (2¢). 5-(6-Methoxynaphthyl-2)-
7,7-dimethyl-7H-indolo[1,2-a]quinolinium perchlorate
(1a)", was used as a starting material in the case of 2a.
In order to obtain 2b and 2¢ an additional step was per-
formed before demethylation i.e. bromination or nitration
of 1a to 5-(5-bromo-6-methoxynaphthyl-2)-7,7-dimethyl-
7H-indolo[1,2-a]quinolinium perchlorate (1b) or 5-(5-
nitro-6-methoxynaphthyl-2)-7,7-dimethyl-7H-indolo[1,2-
a]quinolinium perchlorate (1c), respectively (Scheme 3).

Bromination and nitration were carried out using the
solution of molecular bromine or fuming nitric acid, re-
spectively. In both cases monosubstituted perchlorates were
obtained with the bromine atom or nitro group in 5-
position of the naphthalene moiety. Both bromination
and nitration of 1a can lead to substituent introduction
either into the naphthalene moiety or 7,7-dimethyl-7H-
indolo[1,2-a]quinolinium system, however no substitution
was observed in the 7H-indolo[1,2-a]quinolinium system.

Scheme 2. Demethylation of methoxy perchlorates
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Scheme 3. Electrophilic aromatic substitution of la

The demethylation of 1a, 1b and 1c¢ was conducted in
the refluxed pyridinium hydrochloride (conventional heat-
ing). The reaction progress was being monitored by an
analysis of UV-VIS absorption spectra of 2a, since its
properties are known in the literature!!.

The alkaline water solution of the methoxy (1a) and
hydroxy (2a) derivatives distinctly differ in colour: the
first one is yellow (the location of the absorption band c.a.
24000 cm™) and the second one is red (the location of the
absorption band c.a. 21000 cm™). The reaction was con-
sidered to be completed as soon as the second band was
present as sole. The UV-VIS spectra of the samples of the
reaction mixture, taken after 2, 15 and 30 minutes of
boiling and dissolved in water alkalised with potassium
carbonate, are presented in Figure 1.

1.2 absorbance
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Figure 1. The normalized UV-VIS spectra of 1a and 2a after
0 (1), 2 (2), 15 (3) and 30 (4) minutes of boiling

Demethylation was completed after 15 minutes. Moreo-
ver, the reaction yield amounted to ca. 80% which is a
great improvement in comparison with the literature data
(Table 1).

Table 1. The comparison data of la demethylation by a
different method

Demethylating agent Yield [%] Time M.p. [°'C]
Hydrobromic acid" 16 28 h 265 — 267
Pyridinium hydrochloride 84 15 min. | 268 — 270

An alternative way of the 1a, 1b and 1¢ demethylation
is microwave irradiation of the reaction mixture consist-
ing of corresponding methoxy perchlorates and pyridinium
hydrochloride. The influence of microwaves on the reac-
tion course is determined among others by solvent and
reagents polarity, the changes in polarity during the reac-

R =Br (1b) or NO, (1c)

tion as well as the position of the transition state in re-
spect to the ground state!s. The polarity is a very impor-
tant factor since an absorption of the irradiation occurs
according to dipolar polarization mechanism. When the
polarity increases from the ground towards the transition
state the stabilization of the transition state is more effec-
tive. It results in an enhancement of reactivity by a de-
crease in the activation energy. Therefore, a slight micro-
wave effect is observed for instance in Diels-Alder
cycloadditions, Cope rearrangement and ene reactions, in
which the ground and the transition states are similar, but
nucleophilic additions to the carbonyl compounds, Sy2
reactions or Michael additions reveal specific microwave
effect as the polarity evidently increases during the reac-
tion course!’”. In the examined demethylation of the
methoxy perchlorates 1a, 1b and 1c to the corresponding
hydroxy ones the polarity changes in the same direction,
so it is possible to accelerate the process with a micro-
wave irradiation. Moreover, pyridinium hydrochloride,
applied in our experiments, is an ionic liquid which seems
to be a useful feature in microwave experiments. The
ionic liquids, due to their structure, absorb microwave
irradiation efficiently and, in most cases, they exhibit a
very low vapour pressure, thereby enhancing their suit-
ability for microwave heating'®. Kulkarni and coworkers™
examined microwave assisted demethylation of variously
substituted anisoles using pyridinium hydrochloride. The
corresponding phenols were provided with good yield (65
— 95%) within the time similar to that obtained by us in
conventional experiments (14 — 16 minutes).

In our microwave experiments the volume of the reac-
tion vessel appeared to be an important factor. A glass
flask sealed with a glass stopper was used, the volume of
which was several times bigger than the reaction mixture
capacity. When the smaller flask was being applied, the
explosion took place since the highly polar pyridinium
hydrochloride reached its boiling point very fast due to
the strong absorption of microwaves which caused the
pressure increase. The dilution of its vapour with the air,
not absorbing microwave irradiation, made the reaction
safe.

The reaction time was determined based on UV-VIS
absorption spectra of 2a and then the same procedure was
applied to compound 2b. We did not test the microwave
demethylation of 1c since the reaction yield in the con-
ventional variant was almost quantitative.

The reaction mixture was irradiated for 1 minute, then was
kept in the room temperature and after a few minutes re-
irradiated. After each series of the irradiation a sample was
taken from the reaction mixture and its UV-VIS spectrum in
water alkalised with K,CO; was recorded (Figure 2).
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Figure 2. The normalized UV-VIS spectra of 1a and 2a after
0 (1), 1 (2) and 2 (3) minutes of irradiation. The
curve (4) — spectrum of the product 2a obtained
by other method

The analysis of the spectra indicates that only two
1-minute microwave irradiations are sufficient. This reac-
tion time is even shorter than that described by Kulkarni'4,
The reaction yield was almost quantitative. The experi-
ments were conducted in a multi-mode microwave oven,
but they were repeated several times giving in every case
the same results. The comparative data of the synthesized
compounds are shown in Table 2. The structure and for-
mulas of the obtained compounds were supported by
physical and spectral data and found to be in good agree-
ment with the target compounds.

Table 2. The comparison data of conventional and micro-
wave demethylation

Conventional heating Microwave heating
compound | Yield [%] | Time [min.] | Yield [%] | Time [min.]
2a 84 15 88.5 2

2b 72 15 86 2

The application of microwave irradiation in the
demethylation of 1a and 1b provided further improve-
ments in the synthesis of 7H-indolo[1,2-a]quinolinium
solvatochromic dye precursors, especially in the reaction
time.

The decrease in the reaction time is especially impor-
tant in terms of application of a flow microwave reactor.
The type of microwave experiments, described in the
present paper, was preliminary thus they were conducted
on a small scale and in the multi-mode oven. The use of
a flow reactor is a way of scaling syntheses. The length of
that reactor is determined by the irradiation time. There-
fore the reduction of reaction time from 15 to 2 minutes
significantly simplifies the construction of the apparatus,
in which the solvatochromic merocyanine can be pro-
duced on a bigger scale.

CONCLUSIONS

We have proposed the new method for the preparation
of 7H-indolo[1,2-a]quinolinium perchlorates. In compari-
son with the method previously described in literature the
new procedure is high-yielded and very fast, especially
when it proceeds under microwave irradiation. The use of
pyridinium hydrochloride instead of hydrogen bromide in
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the demethylation of 1a distinctly reduced the reaction
time and increased the reaction yield. The reaction time
shortened over 100 times and the yield of the reaction
rose from under 20% to over 80%. The application of the
microwave irradiation allowed to obtain a very good yield
in even a shorter period of time.

The new way of the solvatochromic dyes synthesis re-
duces the cost of their production, which broadens their
applicability in different fields of chemistry, biology,
medicine, etc.
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