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ABSTRACT

A general and convenient practical approach for sigathesis of polyhydroquinoline derivatives
has been achieved via one-pot four-component Helmtzendensation of aromatic aldehydes,
dimedone, ethyl acetoacetate and ammonium acetatieei presence of a catalytic amount of
gallium (l11) chloride, in ethanol solvent at amhbietemperature. The UV-Visible and photo-
luminescence (PL) spectra of Ethyl-1,4,7,8-tetraby2l 7,7-trimethyl-4-(4-chlorophenyl)-5(6H)-
oxoquinolin-3-carboxylate is also reported. Theemaction of synthesized compound and
salicylic acid was studied by using steady statasson spectroscopy. The fluorescence
qguenching of salicylic acid showed red shift withncreasing concentration of
polyhydroquinolines (acceptor) is in accordancelm@tern—Volmer relation. The quenching rate
constant 3.8x18M'S* was obtained from the fluorescence lifetime ofcghit acid measured
on time resolved fluorimeter (TRF) in absence dymadroquinolines.

Keywords. Gallium (Ill) chloride, Polyhydroquinoline, Hant#s condensation, Fluorescence
guenching, Stern-Volmer relation.

INTRODUCTION

1,4-Dihydropyridine (1, 4-DHP) scaffold have beetaived strong attention because of their
several biological activities [1-6]. Some reporighe literature describe the application of these
substrates for the treatment of cardiovascularadese [7]. In addition this, these compounds
have been shown to possess diverse medicinalyusilith as neuroprotectant, platelet anti-
aggregatory activity, and cerebral antischaemiw/iagtin the treatment of Alzheimer’s disease

and chemosensitiser behavior in tumor therapyNRjst of the synthesized polyhydroquinolines

have reported for their biological activity but yei one has reported the photophysical study. As
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the research into and development of organic elkehinescent diodes (OLEDSs) has advanced,
more and more international companies, for exanlalips, Siemens, Pioneer, Toyota, NEC,
Kodak, HP, IBM, DuPont, Dow Chemical, Samsung, $aagd so on, have paid considerable
attention to this topic. Luminescent materials uigled small organic molecules, organometallic
compounds and polymers. Most of them are hetermcgompounds and polymers containing
heterocycles. Quinoline, isoquinoline and theiri\ddives are among the most important
heterocyclic precursors [9].

In most of the methods, multi-component synthesis been carried out. The development of
multi-component reactions (MCRs) has attracted maithntion from the advantage point of
combinatorial and medicinal chemistry [10]Owing to the great importance of
polyhydroquinoline in various drug frameworks, #hdrave been some reports on its synthesis
[11-15]. However, many of these events have sicguifi drawbacks such as use of relatively
expensive reagents and drastic reaction conditions.

As the applications of the gallium chloride havereases day by day in organic synthesis due to
its ability to tolerate variety of functional grasip In recent years gallium mediated
transformations have received considerable atterfti6]. As a result of their unique catalytic
properties, gallium halides have been used widalafvariety of organic transformations [17].

As part of our on going research in synthesis afdjanamic heterocycles through multi-
component synthesid8] and photo physical study [19] we wish to rdpbighly efficient
Hantzsch four-component condensation reaction hggugallium (Ill) chloride as efficient
catalyst at ambient temperaturgctieme 1). Along with the synthesis photophysical study of
Ethyl-1,4,7,8-tetrahydro-2,7,7-trimethyl-4-(4-chdphenyl)-5(61)-oxoquinolin-3-carboxylate as
a representative compound is also reported.

NH,OAC , EtOH O

o ISR L L
|

Scheme 1
MATERIALSAND METHODS

Reagents. All chemicals were reagent grade and were useduash@ased without further
purification. Solvents were used after double Higion.

Apparatus. Analytical thin-layer chromatography was perfornmaed percolated silica gel 60-F
254 plates. The IR spectra were recorded with KBkslon a Schimazdu IR-470 FT-IR
spectrophotometer. The Routine nuclear magnetmneese spectra'H NMR) were taken in
CDCl; using a Bruker Spectrospin Avance II- 200 and BBz spectrophotometer with TMS as
an internal standard. Melting points were determhimeopen capillary tube and are uncorrected
The physical data of synthesized compounds was suined in the Table 1. Fluorescence
spectra were recorded on PC based spectrofluorofd&&CO Japan FP-750) and absorption
spectra were measured on UV-Visible-NIR spectropmeter (Shimadzu, Model UV-3600).
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General procedurefor the synthesis of polyhydroquinoline derivatives:

A mixture of aldehyde (1 mmol), dimedone (1 mmekhyl acetoacetate (1 mmol), ammonium
acetate (1.5 mmol) and GaQR % mmol) (as the salt is very moisture sensitike weight may
not be accurate) was stirred at room temperaturethanol (7 mL) for the appropriate time
(Table 1). After complete conversion as indicatgdThC, the reaction mixture was quenched
with water ( 10 mL ) and extracted with ethyl atetaThe combined organic extract was dried
over anhydrous N&QO,, and concentrated under reduced pressure. Théimgsproduct was
purified by nonchromatographic technique that isimyple recrystalization in ethanol.

RESULTSAND DISCUSSION

In this article, we report the results of our sasdinvolving the synthesis of polyhydroquinoline
derivatives by reaction of aromatic aldehyde, diorex] ethyl acetoacetate and ammonium
acetate in presence of gallium chloride.

As a case study, a mixture pfchlorobenzaldehyde (1 mmol), dimedone (1 mmolhylet
acetoacetate (1 mmol), ammonium acetate (1.5 mamal)catalytic amount of Gag)las the salt

is very moisture sensitive, the weight may not beusate) was stirred at room temperature in
ethanol (7 mL) for the appropriate time. After cdetp conversion as indicated by TLC, the
reaction mixture was quenched with water (10 mLyl axtracted with ethyl acetate. The
combined organic extract was dried over anhydroasS®,, and concentrated under reduced
pressure. The resulting product was purified byysalization in ethanol and interpreted by
spectral data. This prime success of the abovetioeaprompted us to find out the most
favorable quantity of gallium chloride for the pees transformation.

To optimize the quantity of gallium chloride, wevieacarried out the same reaction with various
quantity (From 0.5 mol % to 2.5 mol %) of galliunmlaride simultaneously. It has been

observed that the 2 mol % catalyst is sufficiengebthe almost quantitative yield (92 %) in very
less time.

Subsequently, we have extended this methodologyhfovarieties of the substituted aromatic
aldehydes. These variations not alter the them#efprotocol in terms of reaction time and
yield. The results are summarized in Table 1

The gallium chloride have strong affinity towarte twater molecules, as during the progress of
the reaction two water molecules being formed wisighsequently absorbed by the catalyst due
to which the rate of the reaction increases treroeslg to complete the reaction in shorter span
of time.

All the synthesized compounds have been charaetelily comparison of their physical constant
with reported literature and representative comgsurom their spectroscopic data.

Photo physical Study:

The steady state fluorescence and UV-Visible aligorpwas employed to investigate
photophysical properties of the molecule in ethaadvent. Fig. 1 shows the absorption spectra
of  Ethyl-1,4,7,8-tetrahydro-2,7,7-trimethyl-4-(4lafophenyl)-5(&1)-oxoquinolin-3-carboxylate
have seen broad peak maximum at 372 nm in the rah@®0-500 nm. The fluorescence
guenching of salicylic acid with different amourit Ethyl-1,4,7,8-tetrahydro-2,7,7-trimethyl-4-
(4-chlorophenyl)-5(Bl)-oxoquinolin-3-carboxylate Hig. 2), it was observed that the
fluorescence emission spectra lies in the ran@50f550 nm ahex = 310. It was also seen that
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the fluorescence intensity at donor decreased akotingred shift with increasing amount of said
compound indicating that the formation of donoregator complex at excited state. The possible
mechanism between salicylic acid and the said comgpoepresent the hydrogen bonding.

The kinetics of quenching of salicylic acid wasds&al by using Stern-Volmer relatiofi. 3).
The plot of Fo/F against concentration of quenéeshown in figure 3, where F and &e the
fluorescence intensities in presence and absenpelgfiydroquinline respectively. The Stern-
Volmer plot is straight line with intercept havinglue one on Y-axis indicating validity of
Stern-Volmer relation given by

BF = 1+kq.1[Q] = 1+Ksv [Q] [1]

From the linear portion of the curve, the valueqofenching rate constant kq obtained by
following equation

Kq = Ksw/ [2]
Where, Ksv = Stern-Volmer constant obtained froopsli.e. 3757.1

The value oft = 0.97x10ns (1 ns = 1 X 1® sec.) was measured on time resolved fluorimeter.
The estimated value of kq was found to be 3.808S™

Table-l GaClj; catalyzed synthesis of polyhydroquinoline derivatives*

Entry Aldehyde Time (hrs) Yield#  Physical constaft)
Found Literature
1 CeHs 2.00 90 203 188-189
2 3-NO-CeH, 3.30 94 178 177-178
3 4-Cl-GHq4 2.00 95 240 245-2%46
4 4-NO,-CgH4 1.30 92 245 244-2%46
5 4-OH-GH, 2.00 90 232 232-2%4
6 3,4,-(OCH),-CgHs 1.00 95 198 198-18%
7 2-CI-GH, 3.15 89 206 208-2%6
8 2-Furyl 2.15 91 245 246-748
9 4-CH,CsH4 2.30 93 260 261-262
10 CeHsCH=CH 3.00 88 204 204-20&
11 4-MeO-GH, 3.00 85 255 260-261°
12 2-Thiophene 3.00 86 248 248-256
13 4-N,N(CHs),-CgHa 3.00 88 222 222-278

*All reactions were performed at 1mmol scale inZ ethanol. # Yields refer to pure isolated products

UV- Visible study of PHQ in EtOH

Absorbance
o P N W

'l T T T 1
300 350 400 450 500

Wavelength(nm)

Figure-1 UV-Visible study of polyhydroquinoline in ethanol
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Figure 2 Fluorescence quenching of 2 x 10° M salicylic acid with varying concentrations of
polyhydroquinolinefrom A to G 0.0to 3x 10°
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Figure 3 Stern-Volmer plot
CONCLUSION

We describe a mild and efficient route for thetbgsis of polyhydroquinoline utilizing gallium
chloride as a catalyst. The photophysical properte representative compound were
investigated by UV-Visible, fluorescence spectragihanol solvent with varying concentration.
The fluorescence of salicylic acid was found tajbenched and quenching is in accordance with
Stern-Volmer relation.

Ethyl-1,4,7,8-tetrahydro-2,7,7-trimethyl-4-(4-chlor ol phenyl)-5(6H)-oxoquinolin-3-

carboxylate (Entry 3)

IR (KBr): 3392, 3273, 2960, 1711, 1646, 1057, 881'c H NMR (300 MHz, CDC}) & ppm:
0.92(s, 3H, -ChH), 1.06(s, 3H, -Ch), 1.16-1.21 (t, 3H, ChCH3), 2.11-2.26 (m, 4H, 2xC§}
2.29(s, 3H, Ch), 4.04-4.09 (q, 2H, CHCHs), 5.01 (s, 1H, CH), 6.2 (s, 1H, -NH), 7.14-7.17, (m
2H, ArH), 7.25-7.26(m, 2H, ArH):3C NMR (300 MHz, CDGJ) dppm: 195.52, 167.21, 148.20,
145.53, 141.63, 139.80, 131.58, 127.98, 111.85,78)59.90, 50.65, 41.04, 36.21, 32.69, 29.40,
27.08, 19.39, 14.19.
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Ethyl-1,4,7,8-tetrahydr 0-2,7,7-trimethyl-4-(4-nitr ophenyl)-5(6H)-oxoquinolin-3-
carboxylate. (Entry 4)

IR (KBr): 3273, 3201, 3075, 1703, 1646, 1340, 820'c'HNMR (300 MHz, CDC}) dppm:
0.93 (s, 3H, Ch), 1.01(s, 3H, Ch), 1.11-1.17(t, 3H, CbhCHs), 2.10-214(m, 4H, 2xC}), 2.36
(s, 3H, -CH), 3.96-4.03 (q, 2H, -C}CHs), 5.08(s, 1H, CH), 6.12(s, 1H, -NH), 7.40-7.44¢H,
ArH), 7.99-8.03(m, 2H, ArH)

Ethyl-1,4,7,8-tetrahydro-2,7,7-trimethyl-4-(4-hydr oxyphenyl)-5(6H)-oxoquinolin-3-
carboxylate (entry 5)

IR (KBr): 3484, 3273, 2958, 1714, 1681, 1487, 10831 cm' 'HNMR(300 MHz, CDC})
dppm: 0.98 (s, 3H -Ch), 1.07 (s, 3H, -Ch), 1.16-1.22 (t, 3H, -ChCH3), 2.19-2.33 (m, 4H,
2xCHp) 2.39 (s, 3H -Ch), 3.97-4.08 (g, 2H, -C¥CHs), 5.13 (s, 1H -CH), 6.17 (s, 1H, -NH),
7.49 (dd, 2H, Ar-H), 8.04-8.08 (dd, 2H, Ar-H) 8.850H, Ar-OH).

Ethyl-1,4,7,8-tetrahydro-2,7,7-trimethyl-4-(3,4-dimethoxylphenyl)-5(6H) oxoquinolin -3-

carboxylate. (Entry 6)

IR (KBr): 3285, 3075, 2930, 1688, 1634, 1030, 862'c'H NMR (300MHz, CDC}) dppm:

(0.93 (s, 3H, ChH), 1.06(s, 3H, ChH), 1.20(t, 3H, CHCHj3), 2.13-2.18 (m, 4H, 2xCHi 2.36(s,
3H, CHg), 3.79(s, 3H, -OCH), 3.82(s, 3H, OCH3), 4.04-4.11(q, 2H &FHs), 4.99(s, 1H, -CH),
6.66(d, 1H, Ar-H).6.0(s, 1H, -NH), 6.70(dd, 1H, ArH 6.90(d, 1H, Ar-H).
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