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Waugh Type Enneamolybdomanganate(IV) Catalyzed Synthesis of
Polyhydrquinoline Through Hantzsch Multi-Component Condensation
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Abstract: An efficient one pot coupling of aldehydes, dimedone, ammonium acetate and ethyl acetoacetate by using cata-
lytic amount of enneamolybdomanganate(IV) is reported. Various polyhydroquinoline derivatives have been prepared in

high yields and comparatively less reaction time.
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1. INTRODUCTION

In recent decades, multicomponent reactions (MCR’s)
have gain wide applicability in the field of synthetic organic
chemistry as they increase the efficiency of the reaction and
decrease the number of laboratory operations along with
quantities of solvent and chemicals used. These methods also
considerably reduce the reaction time and facilitate the yield
of products than the normal multiple step methods. There-
fore, due to increased environmental responsibility and de-
velop more efficient catalytic systems in synthetic organic
chemistry attempts have always been made by the scientists
to improve the known protocols. Such developments leads to
prevail over one or more difficulties encountered in already
reported systems. The synthesis of 1,4-dihydropyridyl com-
pounds (1,4-DHPs) is of great importance in chemistry due
to its pharmacological and biological activities [1]. The di-
hydropyridyl compounds are calcium channel blockers hence
suitable for treatment of cardiovascular diseases [2]. 1,4-
dihydropyridine compounds possess a variety of biological
activities such as vasodilators, antiatherosclerotic, antitumor,
geroprotective, antidiabetic activities [3]. These also act as
chemosensitizer in tumor therapy and are neuroprotectant-
cerebral antischemic agent [4]. The wide utility of 1, 4-DHPs
is the main reason for its synthesis by different methods.
Several methods have been reported for the synthesis of
polyhydroquinoline derivatives. The classical method [5]
involves the three component condensation of aldehydes
with ethyl acetoacetate and ammonia in acetic acid or reflux-
ing ethanol. But this method suffers from drawbacks such as
low yield. Hence attempts have been made to find out vari-
ous alternatives for synthesis of these compounds [6]. Many
of them involve harsh reaction condition, difficult workup
procedure, generation of side products and long reaction
time. The increasing demand of newer methods having suit-
ability generating high yields and prevails over previous
method is of current interest in chemistry.
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The properties of polyoxometalate (POM) anions make
them suitable for application in almost all aspects of chemis-
try and material science [7]. Most of the reactions of POM
anions are concentrated on the Keggin type POM containing
hetero atom in its higher oxidation state. In comparison with
Keggin and Dawson type of salts, less attention is given to
other type of POM anions. The polyoxometalates like en-
neamolybdomanganate (IV) is previously used [8] as oxidant
in electron transfer reactions. In continuation of our efforts in
various organic transformations [9] we report herein the
catalytic activitiy of Waugh type polyoxometalate for four
component condensation to synthesize 1,4-DHPs. The con-
densation is carried out conventionally at room temperature
in ethanol as shown in scheme 1.

2. EXPERIMENTAL SECTION

All the products have been reported previously and were
characterized by comparison of their physical and spectral
data. "H NMR, "*C NMR spectra were recorded on Bruker
Avance 300 MHz spectrometer. Mass spectra were recorded
on Shimadzu GCMS-QP2010. Melting points were deter-
mined on an open capillary and are uncorrected. IR was re-
corded on Perkin Elmer-spectra one. Aldehydes, Ethanol,
Dimedone, ethyl acetoacetate, ammonium acetate were pur-
chased from SD Fine chemicals (Mumbai, India). The sol-
vents used such as ethanol, ethyl acetate are of AR grade
having high purity (99%). The dimedone is of AR grade
(99%). The aldehydes, ethyl acetoacetate and ammonium
acetate are highly pure (>98% ) and used without further
purification. All yields refer to isolated yields.

2.1. Preparation of Catalyst

The ammonium salt of Mn'" complex, (NH4)s[Mn'’
MoyOs,] was prepared by reported method [10] as follows;
50 gm of ammonium molybdate was dissolved in 200 ml of
water and excess of hydrogen peroxide as oxidant was added
to it and the resultant solution was heated to 95°C. To this
hot solution, 5 gm of MnSO4.H,0 in 50 ml of water was
added slowly with constant stirring. The resultant orange-red
colored solution was boiled for 10 minutes and quickly fil-
tered and cooled. The orange-red colored crystals were re-
crystalized thrice from hot (70°C) water.
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Scheme 1. Synthesis of polyhydroquinoline derivatives.

2.2. Catalyst Characterization

The complex (NH4)6[ManM09O32].3H20, was analyzed
by AAS. The solution for AAS analysis was prepared by
dissolving 100 mg of recrystalized sample in double distilled
water and 5 ml of this stock solution was diluted to 100 ml.
The diluted solution was used for AAS analysis of Mn and
Mo using Perkin-Elmer AAnalyst-300 instrument. The com-
plex (NH,)e[Mn'YMo0yO3,].3H,0 shows (Theoretical): Mn-
3.501 % (3.4493 %) and Mo- 54.217 % (54.2125 %).

The complex (NH4)6[MnIVM09O32] contains Mn' as a
hetero-atom surrounded by octahedral groups of MoOg”". In
the IR-spectrum of Mn'" complex, the peaks obtained at
3521 em™, 933 em™, 918 cm™ and 900 cm’ corresponds to
lattice water molecules, Mo-O stretching, Mn'"-O stretching
and tetrahedral MoO4> groups, respectively [11].

2.3. General Procedure for Synthesis of Hantzsch Poly-
hydroquinoline Derivatives

In a typical experimental procedure aldehydes (1 mmol),
ethyl acetoacetate (1 mmol), dimedone (1 mmol), ammo-
nium acetate (1 mmol) and catalyst (NH,)s[Mn'" MosOs,] (2
mol%) were taken in 25 ml round bottom flask. 2.5 ml etha-
nol was added to it. The reaction mixture was stirred at room
temperature. The progress of the reaction was monitored by
TLC. After completion of the reaction the mixture was ex-
tracted with ethyl acetate. Organic layer was dried on anhy-
drous sodium sulphate. Solvent was evaporated to get re-
quired product. Further aqueous layer was concentrated to
get catalyst back and it was recycled three times.

3. RESULTS AND DISCUSSION

Enneamolybdomanganate(IV) is one of the stable hetero-
polymolybdate containing Mn'" as a hetero atom and is non-
centrosymmetric. To study the catalytic activity of
(NH4)6[ManM09O32], benzaldehyde was chosen as a model
substrate and reaction was carried out by simply mixing it
with dimedone, ethyl acetoacetate and ammonium acetate in
ethanol at room temperature. The corresponding polyhydro-
quinoline derivative was obtained in high yield (90%).

The 2 mol% of catalyst Enneamolybdomanganate(IV) is
sufficient to carry out the condensation. Increasing amount
of catalyst did not lead to considerable improvement in the
yield of polyhydroquinoline derivatives. The results are
summarized in Table 1. To express the generality of reaction
various aromatic aldehydes were tested along with B-keto
esters (ethyl acetoacetate, methyl acetoacetete) for this reac-
tion. Aldehydes containing electron donating substituents
such as 4-OMe benzaldehyde (giving 1e, 88%) and electron
withdrawing substituents such as 3-NO, (giving 1b, 86%)

+ NH,OAc -
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underwent the conversion smoothly. Under this procedure
vinyl aldehydes (giving 1g, 85%; 10, 84%) heterocyclic al-
dehydes like furaldehyde (giving 1h, 81%) were also worked
well. Aldehydes having various functional groups were tol-
erated during reaction giving high yields of respected poly-
hydroquinoline derivatives (81-92%). The results are sum-
marized in Table 2.

Table 1. Effect of Catalyst Concentration
Sr. No. Catalyst (mol%) Time (h) Yield (%)"
1 1 2 70
2 2 1.5 90
3 5 1.5 91
4 10 1.5 91

— Isolated yield.

Mn(IV) act as a mild acid catalyst in this coupling reac-
tion. Aqueous ammonium acetate is used in the reaction mix-
ture and hence catalyst dissolved in it recovered from aque-
ous layer after the extraction procedure. This was recycled
for three times successfully.

Physical and Spectra Data for Selected Compounds:

2,7,7-Trimethyl-5-Oxo0-4-Phenyl-1,4,5,6,7,8-Hexahydroquino-
line-3-Carboxylic Acid Ethyl Ester (1a)

Mp: 203-205 °C.
IR (KBr): 3289, 3080, 2959, 1698, 1610 cm™.

'"H NMR (CDCls, 300 MHz): d 0.91 (s, 3H),1.05 (s, 3H),
1.17 (t, J%7.1 Hz, 3H), 2.14-2.20 (m, 4H),2.28 (s, 3H), 4.03
(q, J%47.1 Hz, 2H), 5.02 (s, 1H), 5.96 (s,1H), 7.04-7.09 (m,
1H), 7.14-7.19 (m, 2H), 7.23-7.26 (m, 2H). *C NMR
(CDCl;, 300 MHz): d 14.18, 19.45, 27.16, 29.41, 32.72,
36.53, 41.16, 50.70, 59.81, 100.33, 106.29, 112.61, 126,
127.86, 143.83, 146.99, 147, 167.68, 195.75

MS (ESI) m/z (M+H)" Calculated for C,;H,6NOs: 340.2,
Found: 340.

2,7,7-Trimethyl-5-Oxo-4-(3-Nitrophenyl)-1,4,5,6,7,8-Hexa-
hydroquinoline-3-Carboxylic Acid Ethyl Ester (1b)

Mp: 177-179 °C.

'"H NMR (CDCls, 300 MHz):d 0.9 (s, 3H), 1.06 (s, 3H),
1.17 (t, J%7.1 Hz, 3H), 2.08-2.38 (m, 7H), 4.03 (q, J%7.1
Hz, 2H), 5.12 (s, 1H), 6.36(s, 1H), 7.23 (d, 1H),7.35 (t,
J%47.9 Hz, 1H), 7.68 (d, J'%47.9 Hz, 1H),7.71 (m, 1H), 7.93
(m, 1H).
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Table 2. Synthesis of Polyhydroquinoline Derivatives®

Entry Ar R, R, Product Time (h) Yield (%)"
1a
CeHs CH; CoH;s 1.5 90
1b 3-NO,CgHy CH; C,H;s 1.5 86
1c 4-N02C(,H4 CH3 C2H5 1.5 88
1d 3-OMCC(,H4 CH3 C2H5 1.5 85
le 4-OMGC(,H4 CH3 C2H5 2 88
1f 4-OHCgHy4 CH; C,H;s 1.5 86
0 (0]
1g C¢HsCH=CH CH; C,H;s O,Csz 2 85
N
1
H
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(Table 2) contd.....

Entry Ar R, R, Product Time (h) Yield (%)"
1h 2-Furyl CH; C,H; 1.5 91
1i C¢Hs CH; CH; 1.5 92
1j 3-NO,CeH4 CH; CH; 1.5 88
1k 4-NO,C¢Hy4 CH; CH; 1.5 84
11 3-OMeCgHy CH; CH; 1.5 85
1m 4-OMeC¢Hy CH; CH; 1.5 85
1n 4-OHCgH, CH; CH; 2 82

o 9 84
1o C(,HqCH:CH CH3 CH3 o/ 2
||
N
I
H

“Reaction condition- aldehydes(1 mmol), ethyl acetoacetate(1 mmol), dimedone(1 mmol), ammonium acetate(1 mmol) and catalyst (NH,)s[Mn'"MoyOs,] (2 mol%) in 2.5 ml ethanol
at room temperature.
*Isolated yield.
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3C NMR (CDCls, 75 MHz):d 14.17, 19.48, 27.08, 29.37,
32.77, 36.96, 40.96, 50.55,60.07, 105.11, 111.25, 121.30,
122.84, 128.57, 134.83,144.41, 14827, 149.19, 166.91,
195.47.

IR (KBr):3292,3191, 3079, 2960, 1639, 1529 cm™. MS
(ESI) m/z (M+H)" Calculated for C,;H,sN,Os: 385.2. Found:
385.

2,7,7-Trimethyl-5-Oxo0-4-(3-Methoxyphenyl)-1,4,5,6,7,8-
Hexahydroquinoline-3-Carboxylic Acid Ethyl Ester (1d)

'"H NMR (CDCls, 300 MHz):d 0.92 (s, 3H), 1.03 (s, 3H),
1.19 (t, J%7.1 Hz, 3H), 1.96-2.53 (m, 8H), 3.72 (s,1H), 4.04
(q, J%47.1 Hz, 2H), 4.95 (s, 1H), 6.33(s, 1H), 6.62 (m, 1H),
6.85 (m, 2H), 7.09 (m, 1H)

C NMR (CDCl;, 75 MHz): d 14.25, 19.36, 27.20,
29.39, 32.68, 36.49, 41, 50.73, 55.06, 59.81, 105.87, 111.03,
114.09, 120.59, 128.72, 148.64, 159.26, 167.45, 195.61.

IR (KBr):3302, 2958, 1644, 1610, 1484 cm™. MS (ESI)
m/z (M+H)" Calculated for C»,H,7NO,: 369.4 Found: 369.
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