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the nse of & hygroscopic and moderately roxic ammonium salt as one of the key reactants. In our effort,
we hawve found wiea as an effective ammaonia sumrogate when the MCR was performed in the presence
of sulphemic acid-functionalized Wang resin (Wang-050,11) a3 a polymeric and recoverable acidic
catalyst under green conditions. Urea is relarively less hygroscopie/toxic than the commonly used am-
moniwm salts used in this MCR. The methodology afforded a range of polyhydroquinolines in good

Gy yislds. Depending on the pature of reaction conditions employed, the MCR afforded Biginelli product
or T 4-I"HPz when the uze of 1.3-diketone was omitted.
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L INTRODUCTION

The polyhydroquinolines have emerged as a promising N-
heterocyelic class of compounds for the identification and
development of nseful bioactive agents in the area of medici-
nal and pharmaceutical research. Tndeed. remarkable pharma-
cological properties have been reporled for various polyhy-
droquinoline dertvatives incloding antibacterial/antitubercular
[1], antimalarial [2], antiproliferative/eytotoxic [3.4] and anti-
hyperglycemic/lipid modulating activities [3]. For example,
compound A (Fig. 1] has been reported to be a cardiomyogen-
ic agent lor the inhibition of TGER (iransforming growth fac-
tor-beta) signaling [6¢]. The covmarin-polvhydroquinoling
conjugate B (Fig. 1) has been found Lo be a polent osteo-
blastic bone formation promoter fr vitro and suppressor of
avariectomy induced bone loss in wivo [7]. The long chain
fatty acid polyhydroquinoline derivative C (Fig. 1) has
shown strong activity against the glioma cell line [3]. We
wete particulaily intrigued by the promising anliprolifera-
tive/cytotoxic properties of polyhydrogqumoline class of
compounds. Moreover, in our earlisr effort, we have reported
structurally similar 1.8-dioxodecahvdroncridines [8] D (Fig.
2) as potential inhibitors of sirtuins (that are believed to he
useful for the treatinent of caneet). In further continvation of
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thiz research in the ideatification of new and potential anti-
cancer agents, we became interested in accessing compounds
represented by K (Fig. 2) for their [urther pharmacological
evaluation

Polyhydroquinelines are generally synthesized wig the
well-known Tlantzsch’s method invelving the reaction of
benzaldehyde, dimedane, ethyl acetoacetate and an ammoni-
um salt e.g. ammonium acetate. This multicomponent reac-
tion (MCR) is repoited to be catalyzed by a range of cata-
hysts e.g. Lewis or Brensted acids, [9] organocatalysts, [10]
biocatalysts, [11] ionic liquids [12] and nanoparticles [13]
Other conditions such as solvent- and catalyst-free condi-
tiona [14] have also been reported especially assisted by mi-
crowaves [15], solar thermal energy [16] and grinding [17].
While exiensive and outslanding efforls have been devoled
to study and establish the efficient or optimized reaction
conditions for this MCR little or no effort has been devated
i addressing the issve of handling the ammonium sali, a key
reactant in this MCR. The commonly used ammonium ace-
tate {or ammonium chloride) is hygroscopic in nature and
hence causes handling as well as storage Erﬂblems sspecially
during the large scale reaction parbicularly undes humid can-
ditions. Moreowver, aramonium acetate (mp 113°C) is recog-
nized as an uritant and reported to be moderately toxic to
marnmals (eg Gsh) [18]. Ammeonium chloride on the other
hand is harmful to the eye, skin and respiratory system [19].
In our earlier effort, we also used ammonium chloride lor the
syathesis of polyhydrogquinolines wa antzsch condensation
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Fig. (2). Beported 1 2-dioxodecahydroacridines I} and the targeted polyvhydroquinolines E.

1 2

R
Wang-0S04H
. e [ X
2
Water, 8-100°C  R™ N
R2 HzM™  NHz R H
2 0 5 (34-04%)
3 4
R = alkyl, aryl, heteroaryl |  W/ang-OSO;H = S03H
R'= Me, Et QO—P
RZ=H, Me O—@—-’

Seheme (1). Synthesis of polyhydrogquinglines under green reaction conditions,

[20]. In further continuation of this study, we have explored
the use of urea (mp 133-135°C) as an ammoniza surrogate in
the MCR (Scheme 1), because as a key component in various
fertilizers urea appeared to be relatively less hygroscopic in
nature and possess less environmental concerns. Indeed, our
aim was to maintain envirgnmentally friendly reaction condi
tions so that a areen synthesis of polvhydroguinelines could be
achieved We, therefore, contined to use the sulphonic acid-

fimctionalized Wang resin (Wang-0S80,H) as a polymeric and
recoverable acidic catalyst m this reaction and pure waler as a
sobvent [20]. We now report the details of this study and find-
ings in the current full paper. To the best of ouwr knowledge,
the use of urea as an ammonia swrogate o the Hantzsch's
synthesis of palyhydroquinolines is not common,

2. MATERIALS AND METHODS
2.1, General Methods

Unless stated otherwise, solvents and chemicals were
obtained from commercial sources and were used without
further purification, Beactions were monitored by thin layer

chromatography (TLC) on zilica gel plates (60 F254). visual

ized with an ultravialet light ar iodine spra}y. Flash chroma-
tography was performedon silica gel (230-400 mesh) using

hexane and ethyl acetate. 'H and "*C NMR spectra were de-
termined in DME0-d; and CDCl; sohrhons by using 400 or
100 MHz spectrometers, respectively. Proton chemical shifts
(&) aze relative to tetramethylsilane (TMS, & = 0.00) a3 ioler-
nal standard and expressed in ppm. Spin multplicities are
given as 5 (singlet), d (doublet), t (triplet) and m (multiplet)
as well as b (broad). Coupling constants (J) are given in
hertz. Melting points were determined using the melfing
point B-340 apparatos and sre uncotrected. HRMS was de-
termined using waters LCT premier XETOF ARE-047 appa-
ratus,

2.2. Synthesis of Polyhydroguinoline Derivatives (5)

To a stirred golution of aldehyde (1, 1.0 mmaol), S-kefo
ester (2, 2.0 mmaol), and 1, 3-diketone (3, 1.0 mmol) urea (4,
3.0 mmol} in demineralized water {10 mL) was added resin
bound Wang-304H (10 %ewiw) at room temperature. The
mixture was stirred at room lemperature for 10 min under



Uren as an Amuionis Surrdgate in the Hantzsch 's Syrihesis of Polylipdroguinpiines

open air and then the temperature was slowly increased to 98-
100°C. The stirring conbinued at thiz temperature for the time
indicated in Table 3 {the progress of the reaction was moni-
tored by TLC). After completion of the reaction the mixture
was cooled, diluied with MeOH (100 mL) to dissolve the pre-
cipitated product and the catalyst waz removed by filtration.
The catalyst was washed with MeOH (3 x 50 mL). The filtrat-
ed and washings were collected, combined and concentrated
under reduced pressure. The crude product obtained was re-
crystallized from EIOH to give the pure product.

2.3. Synthesis of Compounnd 6 (the Biginelli Product)

To a stirred solulion of aldehyde (1, 1 mmoel), ethyl
acetoacetate (2, 1 mmol), and vrea (4, 3.0 mmol) in deminer-
alized water (10 mL) was added resin bound Wang-S(0;H
(10 %awiw) at room temperature. The mixture was stirred at
roorn temperature for 10 min under gpen air and then the
temperatwe was slowly increased to 35-60°C. The stirring
continued at this temperature for Th, After completion of the
reaction the mixiure was cooled, diluted with MeOH (100
mL) to dissolve the precipitated procuct and the catalyst was
removed by filtration. The catalyst was washed with MeOH
(3 x 30 mL). The filtrated and washings were collected,
combined and concentrated under reduced pressure. The
erude product obfained was ve-crystallized Fom EtOH to
give the pure product.

2.4, Synihesis of Compound 7 (1,4-DIIPs)

To a stirred solution of aldehyde (1. 1.0 mmol). ethyl
acetoacetate (2, 1.0 mmol), and urea (4, 3.0 mmol) in demin-
eralized water [10 mL) was added resin bound Wang-S0;H
(10 %wiw) at room temperature. The mixture was stirred at
oo temperature for 10 min under open air and then the
ternperature was slowly increased to 98-100°C. The stirring
continued at this temperature for 1.1-1.3 h (the reaction was
monitored by TLCO). After completion of the reaction the
mixiure was cooled, diluted with MeOII (100 mL) 1o dis-
solve the precipitated produoet and the catalyst was removed
by filiration. The catalyst was washed with MeOIT (3 x 50
mL). The filirated and washings were coilested, combined
and concentrated under redused pressure. The crude product
obtained was re-crystallized from EtOI to give the pure
product,

Physical and spectroscopic characterization data of come-
pounds (5, 6 and 7) synthesized are given in supplementary
material.

3. RESULTS AND DISCUSSION

To test the feasibility of the use of urea in place of am-
monium salt and then establish the optimized reaction condi-
tions the MCR of 4-methoxybenzaldehyde (1a), ethyl aceta-
acetate (2a), dimecdone (3a) and urea {4) was performed in
the presence of resin bound Wang-50;H (10 %w/w) under
various conditions (Table 1). Initially, the reaction was per-
formed in DMF at 100°C for 2h (entry 1, Table 1) when the
desired product 3a was oblained mn 63% yield. Though we
were delighted to isolate 3a under this reaction conditions
(espacially when urea was used in place of ammonium salt)
however the product vield was not to our satisfaction. Hence

a range of other solvents including protic and non-protic
solvents eg DMBS0, EWOH, | 4-dioxane, toluene, MeCN,
bdedl] and water was examined (entries 2-8, Table 1). Ex-
e tespuniing To Tho Doting poiat oF the solvent e 1 is
evident from Table 1 that among all these solvents tested the
best yisld of 5a was oblained when the reaction wag per-
formed in demineralized water (entry 8, Table 1). All these
reactions were carried out using 10% w/w of catalyst. A de-
crease in catalyst loading to 5% w/'w increased the reaction
time from 1.5 h to 2k (entry 9, Table 1) whereas product
yield was dropped significantly when the catalyst was omil-
ted {entry 10, Table 1). While the increase of catalyst loading
to 15 or 20% wiw decreased the reaction time fiom 1.5 b to
1.0 h however we preferred (o use lower guantity {10% wiw)
of catalyst. We also tested the use of ammonium salt e.g.
WH Cl and NH HCO under these new reaction conditions
{entries 11 and 12, Table 1). wnue the product 5a was ob-
tained in good yield m these cases the duration of the reac-
Hon was relatively longer. Owverall, the condilion of entry 8
of Table 1 was found to be optimum and therefore was used
for further studies.

Tablel. Optimization of reaction conditions”.
Ohle
0 I
et
C,I-;D P Wang-0s0H O
o] o i —_" Rk
Hzh MHz ! H
3a 4 58
Eniry Solveni T (*C){ () Yield? (%4)
| MF 100/2.0 LE]
2 DMS0 10020 a7
3 Eihenal B0/1.5 23
4 1 4-Dioxane 1007 5.0 65
5 Tolusne 110/ 3.5 63
f Acetonitrile 8035 BS5
7 Methanol il £ 3.0 73
B Water 10015 L]
9 Water 1004 2.0 a2
i Water 100/ 5.0 25
11 Water 100:20 g
12 Wates n/2.5 B’

*Resction conditions: d-pethoxybenzaldabyde (L, |0 mmal, echyl scetoacerae (2n,
2.0 mmal}, dimedene (¥a, 1.0 mmol) urea (4, 3.0 mmel) and resin boond Wang-S04H
(10 Baww] in B dolvent | 10 mL) under open air

Ulzalated yield after eryamallicstion

"The carzlyst loading was 5% wr'w

Mo eanalyat ugad.

“MHLCL 3 mealy was used in plece of urea.

ATHHCC 13 rmal) was wssd i place of tes.
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Table 2.  Recyelability of the catalyst in the MCR of 1a, 2a, 30 and 4 o afford 5a under the reaction condition of eniry § of Table 1.

Cycle Time (k] Yield (%&) pH of the Reaction Mass
® 15 55 24
i L5 25 24
El 1.8 52 25
4 20 90 26

Table 3. Creen synthesis of polyhydroquinoline derivatives 5 (Scheme 1)°0,

Su (1.5h, 95%)

Se[1.3h. 93%)

NO,

5n (1.2h, 90%)

Sm (1,30, 94%%)

I
N
H
5d (1.5h, 94%)

NO,

5o (1.3h, 85%) Sp (/.6h, B3%)

‘Reartion conditians: sldebyde (L, 1.0 mmoll, B-kewo ester (2, 2.0 mmol), 1,3-dikeone (3, 1 0 mmol) uree 4, 3.0 mmel) and resin beuad ‘Wang-B0:H (10 *sw'w] in demineralized

water (10 ml ) gt G8-100 "C wnder open ks,
“Figureg in e bracket indicafe reaction time and Seyield, repgeetively.
¥The methyl seetasceiste (2h) woz used a= the -ketn esier companent i this code.

We then examined the recovery and reuse of the catalyst
used Le. Wang-O50;H in the synthesis of polyhydroquine-
line Sa using uren as a new reactant. Accordingly, after com-
pletion of the reaction (the first cycle, Table 2) the veaction

mixture was diluted with MeOH (100 mL) and the catalyst
was recovered by simple filtration. The recovered catalyst
was washed with MeOH (3 x 50 mL), water {10 mL) and
acetone (10 mL) and dried under vacuum. The catalyst was
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then reused several times (2", 3™ and 4™ cycle, Table 2)
without significant loss of activity as evident from the prod-
uet vield. The retention of catalytic activities of the recov-
ered catalyst was further indicated by the pH of reaction
mass that was found (o be almast the same for all four runs
(Table 2).

We demonstrated that urea could be an effective alterna-
tive for the ammonium =alt used in the synthesis of polyhy-
droguinoline under green reaction conditions. To expand the
generality and subsirate scope of this methodology we em-
ployed & range of aldehydes in this MCR and the resulls are
suprmarized in Table 3. The aromatic aldehydes may contain
various substifuent e.g. strong and mild electron-donating
group such a5 OMe (Sa-¢), OH (5k), Cl (5d), ele and strong
electron-withdrawing group such as CN (Je-f), NOy (S2-j),
CF; (5l). etc. The use of naphthaldehyde (3m), heteroaryl
aldehyde (5n). aliphatic aldehyde (50) and cinnamaldehyde
(5p) was also explored. Both ethyl (2a) and methyl acetoace-
lale Eh_}_were used a2 the -keip esler component in this

he reacnon proceeded well in all these cases afford-
mg the corresponding products in good yield (> 90% in most
cases). Further to assess the scale-up poteniial of this meth-
odology the preparation of Sa was undertaken in gram scale.
Thus aldehyde 1a {1.36 g, 10 mmol), -keto ester 2a (2.60 g,
20 mmol), and 1.3-diketone 3a (1.40 g, 10 mmol) and urea 4
1.& g 30 hmuuo} Were reacted in the presence of resin bound
Jang-50;H (136 g 10% w/w) In demineralized water
(100 mL) under the condiions of entry & of Table 1 when
the product Sa was obtained almost in quantitative vield
(3.68 g).

bechanistically (Scheme 2), the reaction seems to pro-
ceed vig generation of two key intermediates in situ e.g. (1)
E-1 [armed as a result of Knoevenagel condensation of alde-
hyde (1) with one equivalent of dimedone (3) and (ii) ths p-
uraminocrotonic esler E=2 formed wa acid catalyzed conden-
sation of f-ketoester (2) with urea (4) [21]. Subsequent cv-

Letters in Organic Chenyistry, 2021, Vol. 18, No. 3

clo-condensaiion of E-1 and E-2 alforded E-4 via E-3 in the
presence of an acid catalyst. Finslly. the acid catalyzed hy-
drolysis [22] of the N-carboxamide moiety of E-4 afforded
the desired polyhydroguinoline (5). While our attempt fo
isolate the intermediate E-2 or E-4 by changing the reaction
conditions was not successful however we have observed
that the reaction followed different paths when the use of
1,3-diketone (3) was omitted. Indeed, o Biginelli reaction
[23] took place when the reaction was cammied out at lower
temperatures (53-60°C) with the change in the role of

urea attordmg the comesponding product 6 m good yield
(Scheme 3). On the other hend, the reaction afforded 1.4-
dibydropyridines 7 (1,4-DIIPs) when performed at a higher
temperature (923-100°C) following the Hantzsch pathway
(Scheme 3) [24. 25]. Once again urea played the role of an
effective ammonia surrogate in this case Owerall, polyhy-
droguinolings or Biginelli product or 1 4-DHPs can ke syn-
thesized under green conditions depending on the nature of
reaction conditions emploved. Motably, the use of ethyl
4,4 d-rifluoroaceioacetate (2e) in place of the p-keto ester
2h in the synthesis of corresponding nitro derivative 5j under
the conditions of entry § of Table 1 afforded a complex mix-
ture of unidentified products rather than the desired praduct.
However, under the condition of Hantzsch reaction 1.¢. in the
abzence of 1,3-diketone (3) {¢f Scheme 3) the reaction per-
haps proceeded vig a |.5-diketone intermediate leading to the
farmation of undehydrated product 8 as the last dehydrahon
step <id not occur in this case (Scheme 4) [25].

All the polyhydroquinolines (5) synthesized were charac-
terized by spectral data (see the supplementary marterial).
Briefly, a singlet near 4.7-5.0 & and a pair of singlets near 0.8-
1.1 & in the TI WMR specira of 5 were due to the C-4 proton
{except 50) and protons of double methy] groups at the C-7
pasitian (except Si), respectively. The C-4 proton appeared
near 3.8 & in the casz of S0 whereas C-7 methyl groups were
abzent in the case of 5i A broad singlet appeared near or

R H R2 O ; R
1 3 Hzo

0 HA /
* f" R'o
2 4 HO ':;T\

| HA = Wang-0SOsH |

Hrf ey

COs
MH;  E-4 D NH

Ho R

E-3 0O
Scheme (2). The proposed ieaction mechamsm foi the formation of polyhydroquineline,
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(R = CHzCHMe;)
/ﬁ\ EE—EEI“E EtO
F H >
1+ B|glnell| H
j\/ﬁ\ Reaction 6 (24%)
OEt  Wang-0S04H
2 kil Sl Drshctes 24
v
+ aer R
2 98-100°C
PN g EtD B OEt
aM MNHz —_
4 Hantzsch H
Reaction T

[R = Ph (7a, 96%); 2-thieny] (Th, 94%), 3-MeOCH, (Te, 85%), 2-naphthyl (7d, 30%), 3-CIC,H, (Te, 90%), 2-FC,H, (7£. 90%),
2-HOCH, (Tg, 89%)]

Scheme (3). MCR performed in the absence of 1,3-diketone (3).

NOs
p-NO;CgH4CHO '
+

Xy
FiC OEt Wang-0S0,H
ok SR B OEt
'

Water HO -0H
9E-100°C THNA”_
F-g_':- H 'CF'_!_
1.1h
8

Scheme (4). The use of ethyl 4 4 d-friflucroacetoacetate (2¢) under
Hanizzch reaction condilions,

above 9 5 was due to the -NH- moiety of the central ring of
5 L‘I:m 3C signals near 194 and 166 ppm in the correspon-
ing ’C NMR spectra were due to two C=0 groaps e.g. keto
and ester moieties respectively. Motably, C-4 proton ap-

peared near 4.3 or4.8-3.7 in the case of compound &
and 7, respectively in their cuﬂ'esqundmg H NMR spectra.

However, unlike compound 5 the 2C signal due to the keto
carbonyl {C—G} wag absent in these cases due o the cbvious
reason.

CONCLUSION

In conclusion, we demonstrated that ures can be used as
an effective ammonia surrogate in Hantzsch's synthesis
of polyhydroquinolines/| 4-dihydropyridines under green
reaction conditions. Thiz allowed avoiding the uwse of
hygroscopic and maoderately toxic ammoniom salt as one of
the key resctants in the MCR. Initially, polyhydroquinolines
were synthesized wag the MCR of aldehyde, f-ketoester, 1,3-
diketone and urea using pure water as a solvent. The MCR
wes catalyzed by the sulphonic acid functionalized Wang
resin [Wang-0S50s11) as a polvmeric and recoverable acidic
catalyst. The methodology afforded 2 range of polyhydio-
quinolines in good yields (> 90% in most cases) and did not
requite the use of column chromatographic purification of

products obtained (products were purified by simple re-
crystallization from EtOH). Depending on the naturs of rzac-
Hon conditions employed the MCR afforded Biginelli prod-
uct or 1,4-DITPs when the use of 1,3-diketone was omitted.
Orverall, the green methodology reported here may find wide
applications in synthesizing the library of small molecules
based on threz N-heterocycles.
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