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1. Introduction and scope

Quinolines are aromatic compounds that consist of a benzene
ring fused with a pyridine heterocyclic system. Quinolines are
known also as benzo[b]pyridine and 1-azanaphthalene with one
nitrogen atom in one benzene ring and none in the other ring or
at the ring junction. Heterocycles containing a nitrogen atom
possess high and interesting medicinal and pharmaceutical
properties.”* Montelukast (1) is a drug used as an antiasthma
agent (Fig. 1).°

In addition, quinolines are the main core of many types of

natural products,®” drugs,**® and were found in many synthetic
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quinoline-cord heterocyclic systems. The biological evaluation and the synthetic applications of the
target compounds were illustrated.

heterocyclic compounds in order to enhance the biological and
medicinal properties. Compounds incorporating quinoline ring
system exhibited various biological,"** and pharmaceutical
activities e.g. anti-tuberculosis,” antiplasmodial,** antibacte-
rial,"”*® antihistamine,"” antifungal,"® antimalarial,"*® anti-
HIV,”* anticancer,”® anti-inflammatory,**** anti-hypertensive,*
and antioxidant activities.”® In addition, the use of quinolines as
tyrokinase PDGF-RTK inhibitor,”” inositol 5-phosphatase
(SH,),”® DNA gyrase B inhibitors as Mycobacterium tuberculosis,”
and DNA topoisomerase inhibitors,*® were reported. Nadi-
floxacin (2) is a racemic fluoroquinolone launched as a topical
antibiotic in Japan in 1993 to treat acne and methicillin-
resistant staphylococcal infections. The S-enantiomer was
found to be more active than the racemic mixture and had
pharmacokinetic properties amenable to systemic use.*
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Montelukast (Antiasthma) 1

Fig.1 Structure of antiasthma agent incorporating quinoline nucleus.

Ozenoxacin (3) is a non-fluorinated quinolone with broad-
spectrum activity against a variety of susceptible and resistant
Gram-positive bacteria.*” Ciprofloxacin (4) and Grepafloxacin (5)
were considered as the most effective drugs with the ICs,s of
<10 mg mL~".* Sparfloxacin (6) is reported as the antibiotic
standard for antimicrobial tests.** Hexahydro-[3,4’-biquinoline]-

Nadifloxacin 2

6: Sparfloxacin
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3’-carboxylate 7 showed a compelling antimicrobial activity at
6.25 ug mL~" with a 96% inhibition (Fig. 2).3®

Camptothecin (8) was extracted from Chinese plant; bark
and stem of Camptotheca acuminate as a natural alkaloid
prevent the growth of tumor cells.>® Topotecan (10),*” belotecan
(11),® and irinotecan (12),* were reported as anticancer drugs.
22-Hydroxyacuminatine (13) is a synthetic structure related to
natural products (Fig. 3).*

Recently, Abdel-Wahab and R. E. Khidre,** have reviewed the
chemistry of 2-chloroquinoline-3-carbaldehyde during the
period from 1979 to 1999. The reactions are classified according
to the reactivity of chlorine atom and aldehydic group. In 2012,
Abdel-Wahab et al.,** have reviewed the chemical reactions,
synthetic methods and biological applications of 2-
chloroquinoline-3-carbaldehydes which were reported from
1999 to 2011. The reactions are classified as addition, reduction,
condensation and substitution reactions.

4: R= H "Ciprofloxacin"
5: R= CHj; "Grepafloxacin”

Fig. 2 Structures of the most potent antibiotics and antimicrobial agents.
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Fig. 3 Structures of natural alkaloids and anticancer drugs.

In continuation of the previous researches on the synthesis
and reactions of quinolines,”*” we described herein the litera-
ture survey of different strategies developed so far for the
synthesis of 2-chloroquinoline-3-carbaldehyde and their analogs
as well as to highlight their reactivity and their use as building
blocks in the synthesis of variable heterocyclic systems of potent
biological properties.

2. Synthesis of quinoline ring systems
2.1. Synthesis of 2-chloro-3-formylquinolines

Meth-Cohn synthesis of quinolines,*® was reported using Vils-
meier formylating agent resulting from the reaction of DMF

@\ (CH5C0),0 @\
_— —
] NH, Conc. HCI o NHCOCH;
14 15

R 2 DMF
N~
R R
17 18

Pathway A: 16

a: R=H (72%, 78% using POCI3); b:
d: R= 8-CHj (60%, 67%); e: R= 6-OCH3 (49%, 54%); f: R= 7-OCH3 (74%, 65%);
g: R=6-Br (28%, 30%); h: R=7-Cl (30%, 35%); i: R= 6-NO; (0%, 0%)

22-hydroxyacuminatine 13

with phosphorus oxychloride.*” Treatment of acetanilides 15
with phosphorus pentachloride (4.5 equiv.) in N,N-alkylforma-
mide (3 mol equiv.) at 120 °C for 4 h gave 2-chloro-3-
formylquinolines 16a-i. Phosphorus pentachloride reacted in
situ with N,N-alkylformamide 17 to form the formylating agent
18.°° Acetylation of aromatic amines 14a-m (dissolved in HCI)
with acetic anhydride gave the corresponding substituted N-
phenylacetamides 15a-m, which after treatment with Vilsme-
ier's reagent afforded the substituted 2-chloro-3-
formylquinolines 16a-m following the methods reported by
Meth-Cohn (Scheme 1).>**%*¢ The better method for the
synthesis of quinolines depending on the nature of the
substituents in order to obtain the best yields.

PCls/ DMF
(4.5/3 equiv.) @\/\ICHO
reflux, 4-16 h/ 120°C N >l
Pathway A
16a-i
POCI5 + DMF mc*’o
L
80-90 °C N el
Pathway B R
16a-m

R
—— +N=(  + POCl
R R

R= 6-CHj (64%, 74%); c: R= 7-CH3 (71%, 66%);

Pathway B: 16 a: R=H (62.82%); b: R= 6-CHj; c: R= 7-CH3; d: R= 8-CHj; (63%); e: R= 6-OCHj,

f: R=7-OCHj; g: R=6-Br; h: R=7-ClI;

I: R= 8-Cl; m: R= 8-OCHj3

Scheme 1 Synthesis of 2-chloro-3-formylquinolines 16a—m.
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i R=6-NOy; j: R=6-Cl (69%); k: R= 8-NO, (65%);

This journal is © The Royal Society of Chemistry 2018
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Scheme 2 Mechanism of the formation of 2-chloro-3-formylquinoline.

NHSO,CHs
NHSO,CH
S e o S s e
~
110-120 °C cI” N OCeHs o N7 OCgHs
NHCOCHg; 20 21
19

Scheme 3 Vilsmeier—Haack formylation of acetamide 19.

Aneesa et al.,”” have reported the effect of transition metal
ions such as Cu(u), Ni(u), Co(ur), and Cd(n) on the synthesis of
quinolines through the Vilsmeier reagent with acetanilides 15.
Vilsmeier reagent was prepared by reaction of thionyl chloride
(SOCl,) or phosphorus oxychloride (POCl;) with N,N-dime-
thylformamide (DMF). The reactions of each of acetanilide, 2-
methyl-4-nitro-acetanilide, 2,4-dimethyl-acetanilide or 4-nitro-
acetanilide with the prepared Vilsmeier reagent afforded the
respective quinolines 16 through the mechanistic pathway re-
ported in Scheme 2. Kinetically, the followed reaction is
a second order in which it depends on the Vilsmeier reagent
and anilide substrate and the rate determining step is the
reaction between them.

Vilsmeier-Haack formylation of N-(4-(methylsulfonamido)-
3-phenoxy-phenyl)acetamide (19),® with phosphorus oxy-
chloride in DMF gave a mixture of two substituted quinolone
derivatives 20 and 21 in (1 : 1) molar ratio (Scheme 3).>%

This journal is © The Royal Society of Chemistry 2018

2.2. Synthesis of 2-oxo-3-formyl-1,2-dihydroquinolines

irradiation reactions of 2-chloro-3-
formylquinolines 16a-j with acetic acid containing sodium
acetate at 320 W under the optimized reaction conditions
afforded 6,7,8-trisubstituted-2-oxo-1,2-dihydro-quinoline-3-
carbaldehydes 22a-j (Scheme 4).°*

R
R4 X Yo i 1 A e}
Pz
Rs N Cl Ry ” [¢]
Rs R3

16a+

Microwave

22a-

(i) acetic acid (87.5 mmol), sodium acetate (25 mmol), mw, 320W;

a: Ry= Ry= Ryg= H (98%); b: Ry= CHg, Ry= Rs= H (94%); ¢: Ry= Rg= H, Ry= CH3 (93%);

d: Ry= Ry= H, Rg= CH3 (96%); e: Ry= OCHg, Ro= R3= H (98%); f: Ry= Rg= H, Ry= OCHj (97%);
g: R4=R,= H, Ry= OCHj3 (97%); h: Ry= Br, Ry= R3= H (72%); i: Ry= Cl, Ro= R3= H (87%);

j: Ro= Cl, Ry= Rg= H (75%)

Scheme 4 Synthesis of 3-formyl-1,2-dihydroquinolin-2-ones 22a-j.

RSC Adv., 2018, 8, 8484-8515 | 8487
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Scheme 5 Synthesis of (2-chloroquinolin-3-yl)methanamine (25).
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1. isopropyl alcohol, reflux

N(CH3)2 R
16

K/o

28a-d

2. NaBH,, CH;0OH
26a-d

[R=H, 6-OCHj3, 6-NO,, 6-Br]

Scheme 6 Reaction with secondary amine followed by condensation and reduction.

3. Reactions

3.1. Reductive amination of formyl group

Reduction of C=N was achieved using lithium aluminum
hydride (LiAlH,) and sodium boron hydride (NaBH,) reagents.
Condensation of quinoline 16 with hydroxylamine hydrochlo-
ride followed by treatment with thionyl chloride in DMF affor-
ded the respective 2-chloro-3-cyanoquinoline (24). Reduction of
nitrile group of 24 with LiAlH, in THF yielded the desired (2-
chloroquinolin-3-yl)methanamine (25) in a good yield. The
mechanism of reduction process of the nitrile function with
LiAlH, proceeded as shown in Scheme 5.

Treatment of quinolines 16 with morpholine in the presence
of catalytic amount of dimethylaminopyridine gave 2-
morpholinoquinoline-3-carbaldehydes 26a-d. Further refluxing
of 26a-d with 2-amino-5-methyl-thiophene-3-carbonitrile (27) in
isopropyl alcohol followed by reduction of the formed imine
(C=NH) bond with sodium boron hydride in methanol affor-
ded substituted 3-cyano-5-methyl-2-(((2-morpholinoquinolin-3-
yl)methyl)amino)thiophenes 28a-d (Scheme 6). The corre-
sponding bromo derivative 28d exhibited the highest

8488 | RSC Adv., 2018, 8, 8484-8515

antibacterial activity against Escherichia coli, Staphylococcus
aureus and Bacillus spizizenii and antifungal activity against
Aspergillus Niger, Aspergillus Brasiliensis and Curvularia Lunata
microorganisms.®

3.2. Alkylation at C, carbon atom

Sonogashira coupling reaction of alkyne derivatives with qui-
nolones 16 in anhydrous DMF or THF containing trimethyl-
amine in the presence of [PdCl,(PPh;),] and Cul as catalysts
yielded the desired 2-alkynyl-3-formyl-quinolines 29a-r
(Scheme 7).%

3.3. Synthesis of Schiff bases

Condensation of 2-chloro-8-methylquinoline-3-carbaldehyde
(16d) with substituted anilines 14 in acetone afforded the
respective  1-(2-chloro-8-methylquinolin-3-yl)-N-(substituted-
phenyl)methanimine 30a-c.** Schiff base 32 was synthesized
by condensation of quinoline 16 with phenyl hydrazine (31) in
the presence of natural surfactant (Acacia pods) in a short
reaction time.** Condensation of quinoline 16 with hydrazine

This journal is © The Royal Society of Chemistry 2018
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k: R3= CH,OCH3 58%
I: R3= Ce¢Hs5 91%

m: R3= n-Pr 62%

n: R3= n-Hex 80%

0: R3= CH,O0CHj3 65%
p: R3= CgHs 76%

q: R3= n-Pr 82%

r: R3= n-Hex 83%

XX A NG
X9 =R o 0
— —
Pz Sonogashira Ri N X or nl N NV
R N" cl R Ng P N
2 3 N R3
Ra2
16 29a-r
[R1=H, OCHg, Cl or R4-Ry= fused aryl]
5 NS0 N So :
| - - |
: N c NN i
! a:Rg= CHOCH3 73% g: R3= CH,0CHj3 81% E
! b:Rg=CgHs 85% h: Ry= CgHs 79% !
! c: R3= c-Pr 84% i: R3= n-Pr47% ‘
' d:Rs= n-Pr46% j: Rg= n-Hex 76% i
e: Ry= i-Bu 80% '
' f: R3= n-Hex 72% ]
E X o X o E
AN Z N :
) N N
! Rs Rs |

Scheme 7 Synthesis of 2-alkyl derivatives of substituted 3-formyl-quinolines.
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hydrate gave 2-chloro-3-(hydrazonomethyl)quinoline (33) which  produce the desired hydrazono-quinolines 35 and 37, respec-

reacted with each of 2-naphthaldehyde (34) and 1H-indole-3-
carbaldehyde (36) by condensation in refluxing ethanol to

Ry

14
acetone. HCI

NH,NH,. H,0
— >

Scheme 8

This journal is © The Royal Society of Chemistry 2018

\©R1
N N

Pz
N" al
R
[R= CHg; a: Ry= 3'-CH3 (57%);
30 b Ry=4-NO, (57%);
¢: Ry= H (65%)]
_NH
HN™ 2

s

Catalyst (20%)
i, 2 min 32: R=H (92%)
Ol ~ s
—
EtOH, reflux N/ Cl
oS NH2 R 35: R=H (65%)
D _
N Cl CHO
R 33
AN
NH
N 36 N SN
EtOH, reflux N

37:R=H (68%)

Condensation of 16 with aromatic amines and hydrazine derivatives.

tively (Scheme 8).°> The addition of a catalyst increases the
reaction yield and lower the reaction time.

RSC Aadv., 2018, 8, 8484-8515 | 8489
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Scheme 9 Condensation of quinolines 16 with hydrazine followed by reaction with substituted-carboxylic acids.

-

ek

1-2 drops

gl. AcOH

reflux

16 50 51a-j

Compounds | R | Ry
ad H (70%) 6-CH3 (65%) 8-CHj(74%) 7-CH3(61%) | Cl
?'h H (65%) 6-CH3z (69%) 8-CH3(70%) 7-CH3(71%) | OH
i H(65%) - - - SH
] H (74%) - - - N3

Scheme 10 Condensation of 16 with carbohydrazide.

Condensation of each of quinolines 16a, 16f and 16n in
ethanol with hydrazine hydrate gave the respective hydrazono-
quinolines 33, 38 and 39, respectively. Further condensation
reaction of hydrazono-quinolines 33, 38 and 39 with
substituted-carboxylic acids 40-43 in DMF containing 1-ethyl-3-
(3-dimethyl-aminopropyl)carbodiimide hydrochloride (EDC)
and TEA afforded the corresponding amides 44-49, respectively
(Scheme 9).%

70%AcOH
reflux

L

pZ

N~ “Cl
16

H
N
H,N \H/\CN /
O 54

ETOH/ reflux 2h/

H
X, N
@(\I\N \n/\CN
7
N Cl ©
55

Condensation of quinolones 16 with 2-oxo-2H-chromene-3-
carbohydrazide (50) in DMF containing catalytic drops of
glacial acetic acid gave the respective Schiff bases 51a—j (Scheme
10). Compounds 51a-j has no antifungal activity against A. Niger
and A. Clavatus microorganisms.*

Refluxing of the desired 2-chloro-3-formylquinoline (16a) in
acetic acid gave quinolin-2-one derivative 22. Condensation of
22 with isonicotino-hydrazide (52) in refluxing ethanol yielded

CHO N/\:>—c NH-NH,
m EtOH, reflux

N (0] °©
H

53

Scheme 11 Condensation of 3-formyl-quinolin-2-one 16a with hydrazide derivatives.
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B

OH

ii. Allyl bromide or propargyl bromide or benzyl bromide / DMF / K,CO; / rt / 3-4 h;
iii. Feruloyl acetone difluoroboronite complex (feruloyl acetone + BFj; etherate) / n-BuNH, / EA / rt / overnight;
iv. Aq. methanol (MeOH : H,O 90:10) / Microwave / 3-5 min / 100-150 °C

Scheme 12 Synthesis of quinoline-curcumin analogues.

O
M [ J M
EtOH, reflux Z
NTONTY
12 h, 120 °C
(0] (0]
H3C)J\Ar 61a-j WAF
_——
anh. K,CO3 N N/\
EtOH, MW, rt S
62a-j

Conventional method (I); MW (Il): a: Ar= CgHs (I: 70%, 11: 81%);

b: Ar=4-CH3CgHy (I: 75%, 11: 83%); c: Ar= 4-CH30CgHs5 (1: 75%, 11: 84%);
d: Ar=4-NOyCgHs (I: 64%, II: 72%); e: Ar= 4-CICgH5 (1: 72%, 11: 71%);

f: Ar= 4-BrCgHs (I: 78%, II: 78%); g: Ar= 4-OHCgH5 (I: 74%, 11: 76%);

h: Ar= 2,4-di-CICgH5 (I: 70%, I1: 80%); i: Ar= thienyl (I: 74%, 1l: 86%)

Scheme 13 Synthesis of 1-aryl-3-(2-thiomorpholinoquinolin-3-yl)
prop-2-en-1-ones.

the desired benzohydrazide 53. N'-((2-Oxo-1,2-dihydroquinolin-
3-yl)methylene)benzohydrazide (53) was used as a ligand for the
preparation of complexes.®” Condensation of 16a with cyano-
acetic acid hydrazide 54 in refluxing ethanol gave the corre-
sponding acetohydrazide 55 (Scheme 11). 2-Cyano-N'-((2-oxo-
1,2-dihydroquinolin-3-yl)methylene)aceto-hydrazide (55) was
considered as a reactive synthetic precursor for the synthesis of
several heterocycles i.e. pyrazoles, pyridines, coumarines and
pyrazines.®®

This journal is © The Royal Society of Chemistry 2018

3.4. Synthesis of a,B-unsaturated ketones

Heating of quinolines 16 with hydrochloric acid afforded the
respective quinolinones 22, which was alkylated with propargyl-
or benzyl- or allyl-bromides in DMF containing potassium
carbonate at room temperature to give N-alkylquinolines 56.
Condensation of N-alkylquinolines 56 with complex of feruloyl
acetone difluoroboronite in the presence of n-butylamine fol-
lowed by heating in a mixture of methanol/water afforded the
respective  3-(5-hydroxy-7-(4-hydroxy-3-methoxyphenyl)-3-oxo-
hepta-1,4,6-trien-1-yl)-1,6-disubstituted-quinolin-2(1H)-ones 58
(Scheme 12).%°

On the other hand, 2-chloroquinoline-3-carbaldehyde (16a)
reacted with thiomorpholine (59) by heating in ethanol con-
taining anhydrous potassium carbonate to furnish 2-
thiomorpholino-quinoline-3-carbaldehyde (60). Compound 60
reacted with acetophenones 61a-j in ethanol containing anhy-
drous K,COj; under microwave (MW) irradiation conditions to
afford the respective unsaturated ketones 62a-j, respectively
(Scheme 13).” The best method to obtain the highest yield is
reported using MW technique.

Heating of 2-chloro-3-formylquinolines 16 in methanol
containing potassium carbonate and iodine gave the respective
esters 63a-q, respectively. The role of iodine is to oxidize the
aldehydic group to the corresponding acid followed by
condensation with methanol to form the esters 63a-q (70-98%).
Refluxing of 63a-q in sodium alkoxides or aryloxides followed
by hydrolysis of the ester group in acid medium afforded

carboxylic acids 64a-t. Esterification followed by

RSC Adv., 2018, 8, 8484-8515 | 8491
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o
65a-I: R4= 5,5-di-CH3 67: R4= 5,5-di-CH3
R1= 5-CH3 R1= 5-CH3
R4= 6,6-di-CH3 R4= 6,6-di-CH3
66a-t: R;= H 68: R;=H

(i) KoCO3, CH30H, Iy, reflux;

(i) Na, alcohols, reflux;

(iii) H,O, citric acid;

(iv) (COCI),, CH,Cl,, -5 °C;

(v) (substituted) 1,3-cyclohexanedione,
(vi) acetone cyanohydrin, TEA, CH,Cl,, rt

CH2C|2, 0 OC;

64, 66a-t: R;= H, a: Ry= OCHj, Rs= 8-CHj; b: Ry= OCH,CHa, Rg= 8-CHg; ¢: Ry= O-n-Pr, Ry= 8-CHg;
d: R2= OCHzph, R3= 8-CH3; e: R2= OCH3, R3= H, f: R2= OCH3, R3= 6-CH3; g: R2= OCH3, R3= 7-CH3;
h: R2= OCH3, R3= 6-OCH3, i R2= OCH3, R3= 7-OCH3, j R2= OCH3, R3= 6-C|, k: R2= OCH3, R3= 7-C|,
I: R2= OCH3, R3= 7-SCH3, m: R2= OCH3, R3= 8-CH20H3; n: R2= OCH3, R3= 8-CH(CH3)2,

O: R2= OCH3, R3= 5,8-di-CH3; p: R2= OCH3, R3= 6,8-di-CH3; q: R2= OCH3, R3= 7,8-di-CH3;

r: R2= OCH3, R3= 7-F-8-CH3; S: R2= OCH3, R3= 7-C|-8-CH3; t: R2= OCH3, R3= 7-Br-8-CH3

Scheme 14 Synthesis of disubstituted-3-oxocyclohexenyl-2-chloroquinoline-3-carboxylates.

chloroformylation of 64a-t afforded the respective quinolines
65a-1, 67 and 68 (Scheme 14).”

3.5. Amination at C, of quinoline nucleus

Treatment of quinolines 16a and 16e with ethylene glycol in
refluxing toluene containing p-toluenesulfonic acid led to the
formation of the desired intermediate 2-chloro-3-(1,3-dioxolan-
2-yl)-quinoline 69. Heating of the formed intermediate (sepa-
rated in a dried organic layer from the previous step) with each
of 4H-1,2,4-triazol-4-amine (71) or 1H-tetrazol-5-amine (72) in

o
O =00 e O
N el N el W0T0% APy > HN

16a, e 69a, b
a:R=H
e: R= OCHj3
DMF/ cho3 m
100 °C 2-3h
73a, b />

i. ethylene glycol, p-TSA, toluene, reflux, 5-6 h

ii. (1) DMF, KsCO3, 2-3 h; (2) X/ Y; (3) H'/ H,0

DMF containing potassium carbonate afforded the corre-
sponding amino-triazolyl and tetrazolyl derivatives 73a,b and
74a,b, respectively. The products 73a,b and 74a,b were obtained
through nucleophilic displacement of chlorine atom with the
hydrogen of amino group (Scheme 15).7>

Multicomponent  reactions of  1,2,4-triazolylamino-
quinolines 73a,b with each of malononitrile (75a) or methyl 2-
cyanoacetate (75b) and 4-hydroxy-2H-chromen-2-one (76) in
water under heating conditions or microwave or ultrasonic
irradiation in the presence of L-proline as a catalyst afforded the
respective triazolylamino-quinolinyl-pyrano[3,2-c|chromenones

70a, b 7a,b
HzN\
N
\\/N
H
N NH
74a,b =N

Scheme 15 Synthesis of quinoline attached 2-aminotriazole and aminotetrazole skeletons.
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R CHO
L e
pZ
N 75a, b

ITIH

i. Conventional, H,O, 100 °C, 60 min
a: R=H, Ry= CN (i, 75%), (i, 85%), (iii, 94%)

d: R= OCH3, Ry= CO,CHj (i, 73%), (ii, 84%),
R= H, Ry= CN (i, 74%), (ii, 85%), (iii, 95%)

e:
f:
[
h: R= OCH3, Ry= CO,CHj (i, 75%), (ii, 84%),

78a-d in good to excellent yields. Similarly, compounds 73a,b
reacted via one-pot reactions with nitriles 75a,b and 4-hydroxy-
6-methyl-2H-pyran-2-one (77) to give the corresponding 1,2,4-
triazolyl-amino-quinolinyl-pyrano[4,3-b]pyranones 78e-h
(Scheme 16). The reactions were carried out using different
catalysts such as piperidine, pyridine, triethylamine, sodium
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78e-h

orii. MW, H,0, 420 W, 20 min or

iii. Ultrasonic, H,0, 50 °C, 15 minL-proline, 2 drops of water

b: R= H, Ry= CO,CHj (i, 75%), (ii, 87%), (iii, 94%)
¢: R= OCHj, Ry= CN (i, 75%), (i, 86%), (iii, 95%)

(iii, 95%)

R= H, Ry= CO,CHj (i, 76%), (ii, 83%), (iii, 91%)
R= OCHg, Ry= CN (i, 73%), (ii, 85%), (iii, 94%)

(iii, 93%)

Scheme 16 Synthesis of pyranochromenones and pyranopyranones systems.

hydroxide and r-proline. The best products yield (80-85%) and
lowest reactions time were achieved in case of using r-proline as
a catalyst.”

Similarly, multicomponent one-pot reactions of 1H-
tetrazolyl-amino-quinolines 74a,b with each of malononitrile
(75a) or methyl 2-cyanoacetate (75b) and 4-hydroxy-2H-

NH2 R HN—N
1 N \
A HN/<N'N
Lepee |
k= OH 76
R CHO
COCT
I~ 75a, b
N™ “NH _ R
a:Ry=CN, o)
N= b: Ry= CO,CHjz
| NH o
74a,b Ny |
HO™
77
—

79e-h

i. Conventional, H,O, 100 °C, 60 min or ii. MW, H,0, 420 W, 20 min

or iii. Ultrasonic, H,0O, 50 °C, 15 min,
a: R=H, Ry= CN (i, 77%), (ii, 88%), (iii, 94%)

L-proline, 2 drops of water

b: R= H, Ry= CO,CHj (i, 72%), (ii, 85%), (iii, 95%)
¢: R= OCHg, Ry= CN (i, 75%), (ii, 84%), (iii, 93%)
d: R= OCHjg, Ry= CO,CHj (i, 76%), (ii, 86%), (iii, 94%)

e: R=H, Ry= CN (i, 72%), (ii, 86%), (iii, 95%)

f: R= H, Ry= CO,CHs (i, 74%), (ii, 87%), (iii, 93%)
g: R= OCHjg, Ry= CN (i, 74%), (ii, 88%), (iii, 94%)
h: R= OCHj, Ry= CO,CHj (i, 71%), (i, 85%), (iii, 92%)

Scheme 17 Synthesis of quinolinyl-pyrano(chromenones) and (pyranones).

This journal is © The Royal Society of Chemistry 2018
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condensation

L-proline

78a-h/ 79a-h L-proline
Heterylidenenitrile
X= 4H-1,2,4-triazol-4-amine
Y= 1H-tetrazol-5-amine

Scheme 18 Suggested mechanism for the formation of pyrano[3,2-clchromenones and pyranol4,3-b]pyranones derivatives.

CHO
~
O
N reflux, 200 °C N N/\

Hy 24h K/N\CHE,

16a 80 81

Scheme 19 Synthesis of N-methyl-piperazinylquinoline.

chromen-2-one (76) or 4-hydroxy-6-methyl-2H-pyran-2-one (77) 74a,b followed by nucleophilic addition of the active methy-
under the optimized conditions in the presence of L-proline as lenes, Knoevenagel condensation and intramolecular cycliza-
a catalyst afforded the respective 1H-tetrazolylamino-quinolinyl- tion with the loss of the r-proline catalyst molecule (Scheme
pyrano[3,2-c](chromenones) and (pyranones) 79a-d and 79e-h, 18).”
respectively (Scheme 17).7> The reaction of quinoline 16a with N-methylpiperazine (80)
The reaction mechanism for the formation of 1H-(triazolyl)/ in the presence of basic medium of potassium carbonate
(tetrazolyl) amino-quinolinyl-pyrano[3,2-c](chromenones) and afforded 2-(4-methyl piperazin-1-yl)quinoline-3-carbaldehyde
(pyranones) 78a-h and 79a-h is reported through initial (81) through elimination of HCI molecule (Scheme 19).”
condensation of r-proline with N-heteryl-quinolines 73a,b or

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

o)
A NH,CHO N
—
N~ cl HCO,H N
16a y ©

82 (50%
0
i H N/U\H g\ﬁ H
2 N
= H X (?\1 H N o
Z o H I*H
N e § ot
15a OH

H H
82 «————— -
— bz /
N Cl N Cl

Scheme 20 Mechanistic pathway to prepare pyrrolo[3,4-blquinolin-3-one 82.
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Scheme 21 Synthesis of pyrazolo[3,4-b]quinolines.

(NH4)2Ce(NO,)e
16a — >

ag. NH;, 0 °C

Scheme 22 Synthesis of 3-amino-1H-pyrazolol[3,4-blquinoline.

4. Synthesis of fused heterocyclic
systems

4.1. Synthesis of pyrrolo[3,4-b]quinolinone

Heating of quinoline 16a with formamide and formic acid in
ethanol for 8 h afforded the fused cyclic 1,2-dihydro-3H-pyrrolo
[3,4-b]quinolin-3-one (82). The mechanism of the reaction was
illustrated through the initial addition of an amino group of
formamide to the aldehydic carbonyl of quinoline 16a, followed
by condensation to form N-((2-chloroquinolin-3-yl)methylene)
formamide intermediate. Elimination of HCl molecule from
the formed intermediate gave the target product 82 (Scheme
20).%

N.__ClI
N
CHs  16e

CgHsNO,

pyridine
4h, 220 °C CHs

Scheme 23 Synthesis of 1H-pyrazolo[3,4-b]quinoline.

This journal is © The Royal Society of Chemistry 2018
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4.2. Synthesis of pyrazoloquinolines

Cycloaddition reaction of quinoline 24 with hydrazine hydrate
gave 1H-pyrazolo[3,4-b]quinolin-3-amine (83). Treatment of 83
with benzoyl isocyanate (84) in dichloromethane containing
triethylamine afforded the corresponding carbamoyl-
benzamide 85. The reaction was preceded by the addition of
the amino group to the imino carbonyl. Heating of 83 with each
of 2-naphthaldehyde (86) and 1H-indole-3-carbaldehyde (88) in
ethanol containing catalytic amount of acetic acid (3 drops)
yielded the respective Schiff bases 87 and 89, respectively,
through condensation in acidic medium (Scheme 21).°>
Treatment of quinoline 16a with aqueous ammonia in the
presence of ceric ammonium nitrate gave 2-chloroquinoline-3-

N._Cl

_N_ _Ph

Iz

CHj3 91
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93a-f

[a: R=H; b: R= 6-CHj3; ¢: R= 7-CHj; d: R= 8-CHj3; e: R= 6-OCHg; f: R= 7-OCH3]

Scheme 24 Synthesis of tetrazolo[1,5-alquinoline-4-carbaldehydes.

—
N Cl

NaN,/ DMF
_—
90°C, 6 h

7

N=N
96 (76%)

Scheme 25 Synthesis of tetrazolo[1,5-alquinolines.

carbonitrile (24). Cycloaddition of 24 with hydrazine hydrate
gave 1H-pyrazolo[3,4-b]quinolin-3-amine (90) (Scheme 22).7*

Further condensation of 2-chloro-6-methoxyquinoline-3-
carbaldehyde (16e) with phenyl hydrazine (31) gave the
desired Schiff base 91, which followed intramolecular cycliza-
tion through heating in nitrobenzene containing a catalytic
amount of pyridine to afford 6-methoxy-1-phenyl-1H-pyrazolo
[3,4-b]quinoline (92) (Scheme 23).7

AN AN
/

N™ Cl 97 98
16

N N

N
16 93 N=N 94

NaBH,4, MeCH
_—
rt, 30 min

DCM, TEA
CH,S0,Cl
t, 4 h

HOOCHO

COre
NN -

+ RNC + 2TMSN; ————>

KzCOa, DMF N AN

90°C, 2h N=N

4.3. Synthesis of tetrazoloquinolines

Tetrazolo[1,5-a]quinoline-4-carbaldehydes 93a—f were prepared
through reactions of 2-chloroquinoline-3-carbaldehydes 16 with
sodium azide in acetic acid (Scheme 24).5>7>7¢

Reduction of tetrazolo[1,5-a]quinoline-4-carbaldehyde (93a)
with sodium borohydride in methanol yielded the correspond-
ing alcohol 94 which after methylation with methanesulfonyl
chloride in dichloromethane containing catalytic triethylamine

Ro—NH; 99

(i orii)

(i) CH3OH (1 M), MW, 85 °C, 100 W, 1 h; (ii) CH3OH (1 M), 100a-r
US, 60 °C, 42 kHz, 2 h

Compound R4 Ry Yield % (i) Yield % (ii)
a c-Hex Ph 75 41
b t-Bu Ph 88 38
c 4-OCH3Ph Ph 62 27
d Bn Ph 84 47
e 4-OCH3Bn Ph 65 29
f 3,4-diCH3PhEt Ph 88 51
g c-Hex Allyl 87 44
h t-Bu Allyl 78 30
i 4-OCH3Ph Allyl 65 29
i Bn Allyl 74 34
k 4-OCH3Bn Allyl 81 39
| 3,4-diMePhEt  Allyl 90 54
m c-Hex Propagyl 74 35
n c-Hex Bn 61 32
o c-Hex 4-OCH3Bn 57 30
P c-Hex n-Bu 51 33
q c-Hex c-Hex 41 26
r c-Hex furfuryl 33 21

Scheme 26 Synthesis of 1H-tetrazolyl-tetrazolo[1,5-alquinolinyl-methanamines through Ugi-azide/SyAr/ring chain azido-tautomerization

method.
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Scheme 27 Synthesis of tetrazolo[1,5-alquinoline 101 according to SyAr/ring chain azido-tautomerization/nucleophilic addition conditions.

soag Q

R1NC / TMSN;

(i orii)
28-94%

_ 97 9%

(i) CH3OH (1 M), MW, 85 °C, 100 W, 1 h; (ii) CH3OH (1 M),

US, 60 °C, 42 kHz, 2 h

Compound R4 R3 R4 Yield % (i) Yield % (ii)
a c-Hex H H 94 47
b tBu H H 86 55
c 4-OCHszPh H H 79 44
d Bn H H 91 54
e c-Hex Br H 89 69
f t-Bu Br H 0 0
g 4-OCHgPh Br H 67 31
h Bn Br H 77 34
i c-Hex H OBn 75 59
j t-Bu H OBn 65 28
k 4-OCHzPh H OBn 0 0

| Bn H OBn 69 32

Scheme 28 Synthesis of imidazopyridin-tetrazoloquinolines using GBB/SyAr/ring chain azido-tautomerization method.

gave 4-(methoxymethyl)tetrazolo[1,5-a]quinoline (95). Stirring
of 95 with 4-hydroxybenzaldehyde in hot DMF containing
potassium carbonate afforded the respective ether 96 in 76%
yield (Scheme 25).”

A four-component reaction of quinoline 16 with alkyl iso-
cyanides 97, azido-trimethylsilane (98) and amines 99 in
methanol under microwave or ultrasound (US) irradiation
conditions gave the respective 1H-tetrazolyl-tetrazolo[1,5-a]
quinolinyl-methanamines 100a-r in moderate yields (Scheme
26). The products 100a-r were obtained through a one-pot Ugi-
azide method, nucleophilic substitution and ring chain azido-
tautomerization.”

Treatment of quinoline 16 with azidotrimethylsilane in
methanol gave tetrazolo[1,5-a]quinoline-4-carbaldehyde (93),
which reacted with another mole of azidotrimethylsilane to
produce the respective 4-(dimethoxy-methyl) tetrazolo[1,5-a]
quinoline (101). The product 101 was also obtained through
one-pot reaction of quinoline 16 with two moles of azido-
trimethylsilane (Scheme 27). The reaction proceeded via
nucleophilic substitution reaction followed by ring chain azido-
tautomerization and nucleophilic addition.”

Groebke-Blackburn-Bienaymé (GBB) reaction was used for
the synthesis of imidazopyridines.” One-pot multicomponent
reactions of quinolone 16 with alkyl isocyanides 97,

This journal is © The Royal Society of Chemistry 2018

azidotrimethylsilane (98) and aminopyridines 102 under opti-
mized conditions (microwave or ultrasound (US) irradiation)
afforded a series of imidazopyridin-tetrazoloquinolines 103a-1
(Scheme 28). The products 103a-1 prepared in better yields
using MW irradiation conditions. Compound 103f was not
formed due to the steric hindrance between a ter¢-butyl group
and bromine atom of the pyridine ring. Also, compound 103k
was not obtained due to the steric hindrance between tetrazo-
loquinoline ring and NH of the isocyanide group.” Kishore et al.
have reported similar synthetic routes to prepare imidazo[1,2-a]
pyridine-chromones and the bulky substituents such as
bromine and ter¢t-butyl substituents did not give the products
due to the high steric hinderance.*

Multicomponent reaction of phthalic anhydride (104),
hydrazine hydrate, 5,5-dimethylcyclohexane-1,3-dione (105) and
each of quinolines 16 or tetrazolo[1,5-a]quinoline-4-
carbaldehyde 93a-f in refluxing ethanol in the presence of Pr,-
CoFe,-x0O, (5 mol%) nanoparticles as a catalyst yielded quino-
linyl-indazolo[1,2-b]phthalazine-triones 106a—f and tetrazolo
[1,5-a] quinolinyl-indazolo[1,2-b]phthalazine-triones 107a-f,
respectively (Scheme 29). The synthesized compounds 106 and
107a-f are considered as amalgamation biofilm inhibitors.
Quinolines 106a (IC5, = 30 uM), 106b (IC5, = 46.5 uM) and 107e

RSC Adv., 2018, 8, 8484-8515 | 8497
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EtOH, reflux
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94a: R= H (94%); b: R= 6-CH3 (86%); c: R= 7-CH3 (92%);
d: R= 8-CHj (89%); e: R= 6-OCHj3 (90%); f: R= 7-OCH3; (88%)
95a: R= H (92%); b: R= 6-CH3 (90%); c: R= 7-CH3 (85%);
d: R= 8-CHj; (89%); e: R=6-OCH3 (93%); f: R= 7-OCH3 (84%)

Scheme 29 Multicomponent synthesis of tetrazoloquinolinyl-indazolo-phthalazine-triones by the aid of nanoparticles catalyst.

R1 X o i R XX
7
Pz
Ry N Cl Ry N (O ©)
Rs3 R3

16

108a-j

(i) acetic acid (123 mmol), sodium acetate (50 mmol), mw, 320W

a:R1=Ry=R3=H (92%); b: Ry= CH3, Ry=R3=H (95%); c:R1=R3=H, Ry= CH3 (81%);
d: Ry= Ry= H, Rg= CH3 (86%); &: Ry= OCHa, Ry= Rg= H (78%); f: Ry= Rg= H, Ry= OCHj (81%);
g: R1=R,= H, Rg= OCHj3 (89%); h: Rq= Br, Ro= Ry= H (70%);
i Ry= Cl, Rp= Rg= H (75%); j: Ry= Cl, Ry= R3= H (76%)

Scheme 30 Synthesis of 2H-pyranol[2,3-blquinolin-2-ones.

(ICs0 = 46.5 pM) are potent antimicrobial agents more than the
antibiotic standard ciprofloxacin.*®

4.4. Synthesis of pyranoquinolinones

Microwave irradiation (MW) reactions of 2-chloro-3-
formylquinolines 16 with concentrated buffer solution of ace-
tic acid containing sodium acetate afforded the respective 7,8,9-
trisubstituted-2H-pyrano[2,3-b]quinolin-2-ones 108a-j (Scheme
30).

4.5. Synthesis of thiopyranoquinolines

The reaction of 2-mercaptoquinoline-3-carbaldehyde 16 with
malononitrile (75a) and thiophenol (110a) to yield 2-amino-4-
(phenylthio)-4H-thio-pyrano[2,3-b]quinoline-3-carbonitrile (111a)
was carried out following different reaction conditions in various
solvents such as (ethanol, acrylonitrile, toluene, DMF, 1,4-
dioxane, methylene chloride, water and methanol) at room

8498 | RSC Adv., 2018, 8, 8484-8515

temperature — 120 °C in the presence of a catalyst e.g. (t-proline,
K,COs3, CS,CO;, piperidine, NaOH, TEA or a mixture of pyrroli-
dine: AcOH (1 : 1)). The highest reaction yield% (94%) was ob-
tained using t-proline as a catalyst in ethanol at 80 °C (Scheme
31).8

The mechanism of the formation of thiopyrano[2,3-b]
quinoline-3-carbonitrile 111a as shown in Scheme 32.*' t-
Proline catalyze the Knoevenagel condensation and the addi-
tion of thiol. The next step is the interaction of r-proline with
the formed arylidene to facilitate the Michael addition step.

4.6. Synthesis of dihydrodibenzo[1,8]naphthyridinones

Condensation of equimolar amounts of phenyl hydrazine (31)
with 5,5-dimethylcyclohexane-1,3-dione (105) followed by reac-
tion with substituted-2-chloro-3-formyl-quinolines 16 in the
presence of potassium through

carbonate one-pot

This journal is © The Royal Society of Chemistry 2018
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a: Ry= H, Ry= CgHs (94%); b: Ry= H, Ry= 4-CH3CgHy (97%); c: Ri= H, Ry= 4-FCgH,; (91%);
d: R4= H, Ry= Bn (83%); e: Ri= H, Ry= cyclopentane (75%); f: R1= H, R,= cyclohexane (80%);
g: R4= CH3, Ry= CgHs (93%); h: Ry= CH3, Ry= 4-CH3CgH4 (89%); i: Ry= CH3, Ry= 4-FCgH, (86%);
j: R4= CH3, Ro= Bn (81%); k: R4= CH3z, Ry= cyclopentane (85%); |: Ry= CHz, Ry= cyclohexane (88%);
m: Ry= OCHg, Ry= 4-CH3CgH, (90%); n: R4= Cl, Ry= Bn (92%); 0: R4= Cl, Ry= 4-FCgH,4 (87%)

Scheme 31 Synthesis of 4H-thio-pyranol2,3-b]lquinolines.

COOH
@di ””
Michael addition \ X X0
N” sH
16
g
110a s)
N CN Co0
7 S0 NN
N S k”' N _
© o)\Q H
CN
CN
75a
N ON
A
/
NCNC H ~
COO
/—\Kaddmon of thiol N
= CN
N | Knoevenagel
H condensation
Hooc [}/
CN
D \ NN Hooc N
—
N Ssh ON \E)
(A)

Scheme 32 Mechanistic pathway to synthesize 4H-thiopyrano(2,3-blquinolines.

multicomponent reaction afforded dihydrodibenzo[b,g](1,8]
naphthyridin-1(2H)-ones 112a-f (Scheme 33).*
Multicomponent reaction of substituted 2-chloro-3-
formylquinolines 16 with 4-hydroxy-2H-chromen-2-one (76)
and substituted 5,5-dimethyl-3-(phenylamino)-cyclohex-2-en-1-

This journal is © The Royal Society of Chemistry 2018

ones 113 in refluxing ethanol containing r-proline yielded the
respective tetrahydrodibenzo[b,g][1,8]naphthyridin-1(2H)-ones
114a-n (Scheme 34). It was noticed that the best yields were
obtained using 1-proline as a catalyst in refluxing ethanol rather
than using catalysts such as cesium carbonate or sodium

RSC Adv., 2018, 8, 8484-8515 | 8499
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Scheme 33 Synthesis of fused dihydrodibenzolb,gl[1,8]naphthyridin-1(2H)-ones.
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a: R= H, Ry= 4-OCH; (80%); b: R= H, Ry= 3-CH; (79%); ¢ R= 6-CHs, Ry= H (83%);
d: R= 6-CHs;, Ry= 4-Br (84%); e: R= 6-OCHs, Ry= 4-Br (85%); f: R= 6-CHs, Rq= 4-Br (83%);
g: R= 5,7-(CHz),, Ry= 4-Cl (83%); h: R= 6-CHs, Rq= H (86%); i: R= 7,8-(CHs),, Ry= 4-OCHj; (87%);
j: R= 7,8-(CH3), Ry= 4-Cl (82%); k: R= 7,8-(CH3), R1= H (85%); I: R= 7,8-(CH3), R4= 3-Cl-4-CHj (84%);
m: R= 7,8-(CHj3)p, Ry= 2-Cl (76%); n: R= 6-C(CH3)s, Ry= H (84%)

Scheme 34 Synthesis of tetrahydrodibenzo(b,gl[1,8]naphthyridin-1(2H)-ones.

hydroxide or piperidine, etc... and solvents such as water or ion (intermediate A) was catalyzed by r-proline by a reversible
DMF or chloroform or toluene or acetonitrile.®* reaction with aldehydes 16. Knoevenagel condensation of 76

The mechanism of formation of compounds 114a-n is with the reactive iminium ion (intermediate A) produces inter-
explained as shown in Scheme 35. The formation of iminium mediate (B). Elimination of r-proline led to the formation of

CO, OH

16
H
X X
o R )
N CIO o
c
NH
113
R1

Scheme 35 Mechanistic pathway for the synthesis of compounds 114a—n.
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d: Ry= 6-CHs, Ry= 4-Cl (89%); e: Ry= 6-Br, Ry= 4-OCHj (56%); f: Ry= 8-CHs, Ry= 4-CH; (89%);
g: Ry= 8-CH3, Ry= 4-OCH3 (94%); h: Ry= 8-CH3, Ry= 4-Cl (87%)

Scheme 36 Synthesis of tetrahydrodibenzo(b,gl[1,8]naphthyridin-1(2H)-ones.
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119a: Ry= H, Ry= H (87%); b

Rq= 8-CHs, Ry= H (91%); ¢: R4= 6-Cl, Ry= CH3 (88%); d: Ry= 6-Br, Ry= H (93%)

Scheme 37 Synthesis of dihydrobenzolb]pyrimidol[1,8]naphthyridine-diones and 1H-chromenoquinolinyl-pyrimidine-diones.
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Scheme 38 Mechanistic pathway for the synthesis of compounds 118 and 119.
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120a: Ry= H, Rp= H (87%); b: Ry= 6-CHg, Ry= H (92%); ¢: Ry= 8-CHz, Ry= H (90%);
d: Ry= 6-Cl, Ry= CHj (86%); e: Ry= 6-Br, Ry= CHj (80%)

Scheme 39 Synthesis of dihydropyrazolo[4’,3':5,6]pyrano(2,3-blquinolinyl-pyrimidine-diones.
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R1 AN N
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a: Ry= H, Ry= CHj3, Ry= c-Hex (83%); b: Rq= H, Ry= CHs, Ry= C(CHa)s (81%);

C: R1_ H, R2= CH3, R3= C(CH3)2CH2C(M€)3 (80%), d: R1= R2= CH3, R3= c-Hex (81%),

e: R1 R2= CH3, R3= C(CH3)3 (820/0), f: R1= R2= CH3, R3= C(CH3)20H2C(CH3)3 (79%),
g: R4= CHj, Ry= 2H-chromen-3-yl-2-one, R3= C(CH3)3 (77%);

h: Ry= CH3, Ry= 2H-chromen-3-yl-2-one, R3= C(CH3),CH,C(CH3)3 (75%);

i: Ri= CH3, Ry= 2H-chromen-3-yl-2-one, R3= c-Hex (76%);

j: R1= CH3, Ry= 2H-chromen-3-yl-2-one, R3= C(CH3); (74%);

k: R4= CH3, Ry= 2H-chromen-3-yl-2-one, R3= C(CH3),CH,C(Me)3 (74%);

I: R4= CHj3, Ry= CgHs, R3= c-Hex (71%); m: R4= H, Ry= 2-Cl-pyridin-3-yl, R3= c-Hex (81%);
n: R4= H, Ry= 2-Cl-pyridin-3-yl, R3= C(CH3z)3 (77%)

Scheme 40 Synthesis of benzol[2,3][1,4]oxazepino[7,6-blquinolines.

intermediate (C) which reacted with enaminone 113 to produce
the intermediate D. Finally, intramolecular cyclization of
intermediate D gave tetrahydrodibenzo[b,g][1,8]naphthyridin-
1(2H)-ones 114a-n.*

A series of tetrahydrodibenzo[b,g][1,8]naphthyridin-1(2H)-
ones 116a-h were prepared through multicomponent reactions
of substituted 2-chloro-3-formylquinolines 16 with 5-methyl-
2,4-dihydro-3H-pyrazol-3-one  (115) and  5,5-dimethyl-3-
(phenylamino)cyclohex-2-en-1-one 113 by heating in ethanol
in the presence of catalytic r-proline (Scheme 36).%*

4.7. Synthesis of pyrimido[1,8]naphthyridines and
chromenoquinolinyl-pyrimidines
substituted  2-chloro-3-

formylquinolines 16 with 5,5-dimethylcyclohexane-1,3-dione
(105) and 6-amino-pyrimidine-2,4(1H,3H)-diones 117 in

Multicomponent  reactions of

8502 | RSC Adv., 2018, 8, 8484-8515

refluxing ethanol containing r-proline yielded the desired
dihydrobenzo[b]pyrimido[1,8]naphthyridine-2,4(1H,3H)-diones
118a-c and 1H-chromenol[2,3-b]quinolinyl-pyrimidine-
2,4(1H,3H)-diones 119a-d (Scheme 37).*

The mechanistic pathways for the formation of compounds
118a-c and 119a-d were explained as shown in Scheme 38. The
iminium ion (intermediate A) was formed through a reversible
reaction of L-proline with aldehyde 16. The higher reactivity of
intermediate A facilitate the Knoevenagel condensation with
105, through intermediate B, and after r-proline elimination,
the intermediate C might be formed. The addition of amino-
uracil derivatives 117 furnish the intermediate D, which fol-
lowed intramolecular cyclization initiated from N or O atoms to
give compounds 118a-c and 119a-d, respectively.®®

This journal is © The Royal Society of Chemistry 2018
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4.8. Synthesis of pyrazolopyrano-quinolinyl-pyrimidines

Multicomponent one-pot reactions of substituted 2-chloro-3-
formylquinolines 16 with 6-amino-pyrimidine-2,4(1H,3H)-dio-
nes 117 and 5-methyl-2,4-dihydro-3H-pyrazol-3-one (115) in
refluxing ethanol catalyzed by r-proline gave the corresponding
dihydropyrazolo[4',3’:5,6]pyrano[2,3-b]quinolinyl-pyrimidine-
2,4(1H,3H)-diones 120a-e (Scheme 39).%

4.9. Synthesis of oxazepinoquinolines

One-pot multicomponent reaction of quinolines 16 with 2-
aminophenol (121), acids 122 and isocyanides 97 in refluxing
methanol to give the corresponding benzo[2,3][1,4]oxazepino
[7,6-b]quinolines 124a-n (Scheme 40). Ugi-4CR reaction condi-
tions were used to prepare the investigated compounds 124a-n
in (58-85%) yields in the absence of bases.*

5. Synthesis of binary heterocyclic
systems
5.1. Synthesis of quinolinyl-azetidinones

Condensation of quinolines 16 with phenylhydrazine in
refluxing DMF gave the respective Schiff bases 32. Cycloaddition

M0 phNHNH,
N >l DMF, reflux
R 3h
16
PhHN,
N
a:
X C:
7 N Cl e:R
I
R h:
125a-i

Scheme 41 Synthesis of quinolin-3-yl-azetidin-2-ones.

CO,R,
R ~-CHO
L™ | ouen
1eN c CO,R, 40°C, 12h
_ 126a,b
C
I
N
Rs
97a-c
a: R1= H, R2= CH3, R3= C(CH3)3 (90%),

View Article Online
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reactions of 32 with chloroacetyl chloride in DMF containing
triethylamine (TEA) yielded 3-chloro-4-(2-chloroquinolin-3-yl)-1-
(phenylamino)azetidin-2-ones 125a-i in moderate to good
yields (Scheme 41). The investigated compounds 125a-i
exhibited good diuretic activity.*

5.2. Synthesis of quinolinyl-furan derivatives

One-pot multicomponent reactions of 16 with dialkyl but-2-
ynedioates 126a,b, and isocyano alkanes 97a-c in acetonitrile
gave quinolinyl-furan-3,4-dicarboxylates 127a-q in good yields
(Scheme 42). The reaction was proceeded by the nucleophilic
attack of carbonium ion of isocyanides to C=C followed by
nucleophilic attack of the formed anion to formyl group of 16 to
afford the target compounds 127a-q.*”

5.3. Synthesis of quinolinyl-pyrazoles

Claisen-Schmidt condensation of quinoline 16a with aceto-
phenones 128a-o0 in ethanol containing sodium hydroxide as
a base at room temperature gave the respective chalcone
derivatives phenylpropenones 129a-o. Condensation of chal-
cones 129a-o with isonicotinohydrazide in refluxing glacial
acetic acid afforded the corresponding chloroquinolinyl-

H o]
X N
—_—
N DMF/ TEA
R reflux, 5 h

32

R= H (79%), b: R= 8-OCHs (89%),
R= 7-OCHs (58%), d: R= 6-OCH3 (56%),
= 8-CI (65%), f: R= 7-C (95%),

R= 6-Cl (78%), g: R= 8-CHj (75%),

R= 7-CHj (57%), i R= 6-CH3 (78%)

CO,R,- O
Ry ® N
X (o] Rs
-
N~ °Cl
127a-q
b: Ry= H, Ry= CHjz, Rs= cyclohexyl (90%);

c: Ry= H, Ry= CHa, Ry= C(CH3),-CHy-C(CHg)s (95%); d: Ry= H, Rp= CH,CHa, Ry= C(CHz)s (92%);
e: Ry= H, Ry= CH,CHa, Ry= cyclohexyl (96%); f: Ry= H, Ry= CH,CHa, Rg= C(CH3),-CHy-C(CHa)3 (92%):

g: Ry= 6-CH;, Ry= CHg, Ry= C(CHg)s (88%); h:

R= 6-CHj3, Ry= CH,CHj3, R3= cyclohexyl (90%);

i R1= 6-CH3, R2= CH20H3, R3= C(CH3)2-CH2-C(CH3)3 (86%), j: R1= 6-CH3, R2= cyclohexyl,

Rs= CH,CHj (87%); ki Ry= 6-CHs, Ry= CHas, Rs= C(CH3)-CHy-C(CHg)s (91%); I:

Ry= 6-OCHj,

Ry= CHas, Rsy= C(CHa); (76%); m: Ry= 6-OCHj, Ry= CHoCHs, Rs= C(CHa)s (91%); n: Ry= 6-OCHs,

Ry= CHs, Ry= C(CH3),-CH,-C(CHg); (76%); o

R4= 6-OCHj, R,= CHj, R3= cyclohexyl (80%);

p: R1= 6-OCH3, R2= CH3, R3= C(CH3)2-CH2—C(CH3)3 (78%), q: R1= 6-0CH3, R2= CH20H3,

R3= C(CH3)3 (75%)

Scheme 42 Synthesis of quinolinyl-furan-3,4-dicarboxylates.
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m: R= 3-NO, (61%), n: R= 4-NO, (65%), 0: R= 2,4-(Cl), (68%)

Scheme 43 Synthesis of chloroquinolinyl-pyrazolyl-pyridines.
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Scheme 44 Synthesis of quinolin-3-yl-pyrazol-1-yl-thiazol-4(5H)-ones.

o}
H
N + (CH,O
ooy + oo —

Rs
A N
NS
Ro ~CHO ZNe| R N o>
N el toluene, 110 °C N
R, R
16 134a-h
a: Ry= Ry= Ry= H (92%)
b: Ry= H, Rp= H, Ry= Ph (84%)
¢: Ry=H, Ry= OCH,, Ry= H (87%)
d: Ry= H, Ry= OCHa, Ry= Ph (65%)
e: Ry= Cl, Ry= CHy, Ry= H (95%)
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Scheme 45 Synthesis of 2-chloroquinolinyl-oxazolidines.
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Scheme 46 Synthesis of 2-(2-chloroquinolin-3-yl)-3-(phenylamino)thiazolidin-4-ones.

m@

a: R= 5,6-(CHa)y, R'=

H (96%); b: R=8-CI, R'=

COZH 137
X S
B-cyclodextrin-SO3H R _
reflux N° Cl
138a-i
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d: R= 5,6-(CHs),, R'= 3,4-(CHj), (95%); e: R= 6-NO,, R'= 3,4-(CH3), (95%);
f: R= 8-Cl, R'= 2-Cl (95%); g: R= 6-NO,, R'= 2-Cl (96%); h: R= 5,6-(CH3),, R'= 4-Cl (96%);
i R= 4-NO,, R'= 4-Cl (95%)

Scheme 47 Synthesis of quinolinyl-thiazolidin-4-ones.

pyrazolyl-pyridines 130a-o (Scheme 43). Compounds 130f,
130n, and 1300 exhibited good antibacterial activity against E.
coli at 50 ug mL~" MIC, while at lower concentration (MIC =
12.5 ug ml %), compound 130e have the highest inhibition
against E. coli. Most of compounds 130a-o exhibited no to
moderate toxicity against HeLa cells cultured at 100 pg mL ™%

Furthermore, condensation of  2-chloro-3-formyl-6-
methylquinoline (16b) with acetophenones 128 in ethanol
containing sodium hydroxide gave the respective unsaturated
ketones 131a-l. Cyclocondensation of 131a-1 with hydrazine-
carbothioamide by heating in ethanol afforded quinolinyl-

N cl NaOH
16a
N-N
| D—sH
A (0]
—
N (¢]]
142

Scheme 48 Synthesis of quinolin-3-yl-1,3,4-oxadiazole-2-thiol.

This journal is © The Royal Society of Chemistry 2018

OH EtOH
T804

pyrazole-1-carbothioamides 132a-1, respectively. Refluxing of
132a-1 with ethyl bromoacetate gave the respective thiazol-
4(5H)-ones 133a-1 (Scheme 44).%

5.4. Synthesis of quinolinyl-oxazolidines

Multicomponent reactions of quinolines 16 with methylglycine
and formaldehyde in boiling toluene afforded the desired
chloroquinolinyl-oxazolidine derivatives 134a-h in excellent
yields (Scheme 45). The products were obtained through
cycloaddition 1,3-dipolar reactions of the formed N-methyl-N-
methylenemethanideaminium intermediate to quinolines 16.*>

@Q*

NH,NH,. Hzol

0
i. CSy/ KOH @(YJ\N/NHZ
-
" H
-Hcl
! N cl
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[a: R= Ph; b: R= 2-thienyl]

144a, b
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145a, b

145a
NH,NH,. H,0

EtO,C

Scheme 49 Synthesis of quinolinyl-1,2-dihydropyridine-3-carboxylate derivative.

5.5. Synthesis of quinolinyl-thiazolidinones

Condensation of quinolines 16 with phenyl hydrazine (31) in
refluxing methanol gave the respective Schiff bases 135a-e.
Treatment of 2-chloro-3-((2-phenylhydrazono) methyl) quinolines
135a-e with thioglycolic acid in boiling methanol containing
a catalytic amount of zinc chloride afforded substituted 2-(2-
chloroquinolin-3-yl)-3-(phenylamino)thiazolidin-4-ones  136a-e
(Scheme 46). Compounds 136a-e have no antibacterial activity
against Salmonella typhi, E. coli, Bacillus subtilis and Staphylo-
coccus aureus microorganisms and no antifungal activity against
Aspergillus niger. Compounds 136a-e exhibited good activity
against Penicillium chrysogenum, while compounds 136a, 136¢
and 136e have activity towards Fusarium moniliforme and 136d
against Aspergillus flavus microorganisms.*®

Solvent free multicomponent reactions of substituted 2-
chloro-3-formylquinolines 16 with substituted anilines 14 and
2-mercaptoacetic acid (137) in the presence of catalytic pB-

cyclodextrin-SO;H  furnished the respective quinolinyl-
(0]
OHC
NH, | N
+
b
NH, Cl N
147 16a, d
[R=H, CHg]

Scheme 50 Synthesis of quinolinyl-quinazoline systems.

8506 | RSC Aadv., 2018, 8, 8484-8515

thiazolidinones 138a-i (Scheme 47). The best yields were ob-
tained under the optimized conditions rather than using
solvents such as methanol, ethanol, toluene, DMF or acetic acid
and the yield% depends on the type of the catalyst.”

5.6. Synthesis of quinolinyl-1,3,4-oxadiazole

Oxidation of quinoline 16a with silver nitrite in the presence of
sodium hydroxide gave the corresponding acid 139, which was
esterified in ethanol containing sulfuric acid to yield the cor-
responding ester 140. Treatment of this ester 140 with hydra-
zine hydrate followed by reaction with carbon disulfide and
hydrochloric ~ acid gave  5-(2-chloroquinolin-3-yl)-1,3,4-
oxadiazole-2-thiol (142) (Scheme 48).”

5.7. Synthesis of quinolinyl-pyranones and 1,2-
dihydropyridone
Condensation of N-pyridylquinoline 143 with each of aceto-
phenone and 1-(thiophen-2-yl)ethan-1-one in ethanol
(0]
KoCOj3 + | "
2003 + I3
T NN
DMF, 3 h | 7
80°C Cl N
148a, b R
0]
NH
K,CO
2003 N N
DMF, 3 h Ho |l
80°C Cl N
149a:95% R
149b: 03%
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X K. CO
DMF 3h
Cl N
NH, 80°C
147 16
150a-e
150a: R= H, quinolin-3-yl-quinazolinone (95%)
150b: R= 8-CHj3, quinolin-3-yl-quinazolinone (93%)
150c: R= 6-OCHp3, quinolin-3-yl-quinazolinone (89%)
150d: R= 7-Cl, quinolin-3-yl-quinazolinone (85%)
150e: R= H, quinolin-4-yl-quinazolinone (76%)
Scheme 51 Synthesis of substituted-quinolinyl-quinazolines.
(0] Cl
NH =N
| POCI
150a,b — 2 5 NT N 8 . NT N
DMF, 6 h | reflux, 18 h |
~ ~
80°C Cl N Cl N
148a, b R 151a, b R

[a: R=H (75%)
b: R= 8-CH3 (80%)]

Scheme 52 Synthesis of 4-chloro-2-(2-chloro-quinolin-3-yl)quinazolin

containing sodium hydroxide gave unsaturated ketones 144a,b,
respectively. Cyclocondensation of 144a,b with ethyl cyanoace-
tate (75b) in ethanol containing piperidine gave the corre-
sponding quinolinyl-pyranones 145a,b. Aminolysis of 145a with

[a: R= H (76%)
b: R= 8-CH; (73%)]

es.

hydrazine hydrate gave quinolinyl-1,2-dihydropyridine-3-
carboxylate 146. The reaction was preceded by nucleophilic
addition at carbonyl group of lactone followed by condensation
(Scheme 49).*2

X 1
o O HN" TN
H;;CMOEt N O CHy  NHaNH,. H0 W&b
>
EtOH, AcOH N gy COE EtOH CONHNH,
153a: X= O (67%) 154 (45%)
153b: X= S (63%)
o
AcOH NH; EtOH
i N X
X
N~ ~cl = =
/
x+ N clO” "NH N~ cIN” OEt
Iy HO. HO
HoN~ “NH,
155 (73%) 156 (48%)
152a: X=0
152b: X='S j\
Q Q HN” > NH
J N H
HsC CHj N P e,
_
= H
N~ ey COCHs
157a: X= O (65%)
157b: X='S (61%)

Scheme 53 Synthesis of quinolinyl-pyrimidine systems.

This journal is © The Royal Society of Chemistry 2018
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0”7 "CHj; 158 \ N/&O
— H
NaNO3
CH3CN/ reflux R H ©
a: R=H (75%);
159a-¢c . - 7.c (70%);
c: R=6-CH3 (75%)
CHO Q
N M
_ * HNT ONH, T
N Cl
R
16 152a o o]
; 2 105

NaNO,
CH30H/ H,0

Scheme 54 Synthesis of pyrimidinyl-quinoline systems.

5.8. Synthesis of quinolinyl-quinazolines

Treatment of each of quinolines 16a and 16d with 2-amino-
benzamide (147) in hot DMF containing potassium carbonate
gave 2-(2-chloro-quinolin-3-yl)-2,3-dihydroquinazolin-4(1H)-one
149a and its 8-methyl analog 149b was obtained in very low yield
(3%). Unfortunately, the same reaction was carried out under
the same conditions with the addition of iodine, but 2-(2-chloro-
quinolin-3-yl)quinazolin-4(3H)-ones 148a and 148b were not
obtained (Scheme 50).%

Similarly, a series of quinolinyl-quinazolinones 150a-e were
prepared in good to excellent yields by heating the reactants 147
and 16 in DMF containing potassium carbonate without the
addition of iodine (Scheme 51).%

Treatment of 2-(2-chloro-quinolin-3-yl)-2,3-dihydroquinazolin-
4(1H)-ones 150a and 150b with iodine in hot DMF furnished 2-(2-
chloro-quinolin-3-yl)quinazolin-4(3H)-ones 148a and 148b,
respectively, through oxidation process using iodine or KMnO,.
Refluxing of each of 148a and 148b with phosphorus oxychloride
gave 4-chloro-2-(2-chloro-quinolin-3-yl) quinazolines 151a and
151b, respectively, in good yields (76 and 73%). It is noteworthy to
mention that the product 151a was separated from resinous crude
reaction products by recrystallization from ethanol (Scheme 52).

H (87%);
6-CHj (80%);
6-OCHj (78%)

5.9. Synthesis of quinolinyl-pyrimidines

Quinolinyl-tetrahydropyrimidine derivatives 153a,b, and 157a,b
were synthesized from one-pot multicomponent reactions of
quinoline 16 with urea (152a) or thiourea (152b) and ethyl ace-
toacetate or acetylacetone in refluxing ethanol containing acetic
acid (1 mL). Treatment of 153b with hydrazine hydrate gave 4-(2-
chloroquinolin-3-yl)-6-methyl-2-thioxo-1,2,3,4-tetrahydro-
pyrimidine-5-carbohydrazide (154) through the elimination of
ethanol molecule. The reaction of 153a with o-aminophenol in
acetic acid gave 155, while the same reaction produced 156 by
refluxing the reactants in ethanol instead of acetic acid for 6 h
(Scheme 53).

Multicomponent reactions of substituted-2-chloro-3-formyl-
quinolines 16 with urea (152a), and each of ethyl acetoacetate
(158) and 5,5-dimethylcyclohexane-1,3-dione (105) in the pres-
ence of -catalytic NaNO; yielded tetrahydropyrimidine-5-
carboxylates 159a-c¢ and tetrahydro-quinazoline-2,5(1H,3H)-
diones 160a-c, respectively. The presence of NaNO; facilitate
the condensation process of aldehydic carbonyl with amino
group of urea followed by nucleophilic attack of the condensed
nitrogen to active the hydrogen of ethyl acetoacetate (158) and
condensation of another terminal amino group of urea with

xCHO o O CN
i
P + EtO)J\/U\ + [ >
N~ “Cl CN
(1 mmol) (1 mmol) (1 mmol)
16a 75a 161 (92%)

i. NHoNH,. H,0 (1.5 mmol), sulfonylmethanediamine (15 mol %), H,O (5 mL), 80 °C, 32 min

Scheme 55 Multicomponent synthesis of quinolinyl-pyranopyrazole.
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MW 10 min
N
/\ 140 °C
81 105 14 162a-t
a: R=H (95%); b: R=2-NO, (90%); c: R= 3NO, (85%); d: R=4-NO, (87%); e: R= 2F (90%);
f: R= 3-F (88%); g: R=4-F (95%); h: R= 4-Cl (90%); i: R= 3,4-Cl, (85%); j: R= 3-Cl-4-F (90%);
k: R=4-Br (85%); I: R= 2-CH3 (80%); m: R= 3-CH3 (85%); n: R= 4-CH3 (83%); o: R= 2,4-(CH3), (90%);
p: R=2-OCHg3 (80%); q: R=4-NO (75%); r: R= fused 2,3-pyridyl (C3H3N) (90%);
s: R=4-CH3- fused 2,3-pyridyl (C4HgN) (90%); t: R= fused 1,2-naphthyl (85%)

Scheme 56 Synthesis of piperazinyl-quinolinyl-acridinone systems.

from BN-Pr-SO3H .
activating of aldehyde \\\H

Knoevenagel condensation

o E

X

+
—
N N
K/N\ 105
N
81 R1= /\

(o]

-H,0
MW, 140 °C

162a

intermediate Il

-H,0 and regeneration of H* P H2N
MW, 140 °C N

intermediate |
from BN-Pr-SO3H
activating of intermediate

Michael addition
MW, 140 °C

Intramolecular
condesation

MW, 140 °C

intermediate Il

Scheme 57 Mechanistic pathway for the synthesis of quinolinyl-tetrahydro-acridinone.

carbonyl group to produce the respective products 159a-c
(Scheme 54).*

5.10. Synthesis of quinolinyl-pyranopyrazole

A multicomponent reaction of 2-chloro-3-formyl-quinoline
(16a) with ethyl 3-oxobutanoate and malononitrile (75a) in
water containing sulfonyl methane-diamine as a catalyst gave
the respective quinolinyl-pyranopyrazole 161 (Scheme 55). The
reaction was initiated by abstraction of active hydrogen from
methylene group of malononitrile in the presence of a catalytic
sulfonyl methanediamine followed by nucleophilic attack of the
formed anion to formyl group of quinoline. Knoevenagel
condensation of the produced alcohol produced the corre-
sponding arylidene. Next, hydrazine hydrate reacted with ethyl
acetoacetate to form pyrazole derivative which reacted with the
formed arylidene in the previous step through Michael-type
addition followed by intramolecular nucleophilic cyclization
to give quinolinyl-pyranopyrazole 161.%*

This journal is © The Royal Society of Chemistry 2018

5.11. Synthesis of piperazinyl-quinolinyl-acridinones

A multicomponent type reactions have been preferred than
multistep synthetic reaction due to the high obtained yields%,
low reaction time, high purified product, selectivity and
formation of several bonds through a one-pot reactions.’**® A
multicomponent and solvent-free reaction of piperazinyl-
quinoline 81 with 5,5-dimethylcyclohexane-1,3-dione (105)
and substituted amines 14 under microwave conditions in the
presence of catalytic amount of BN-Pr-SO;H afforded the
respective piperazinyl-quinolinyl-acridinones 162a-t (Scheme
56). The reaction to prepare 3,3-dimethyl-9-(2-(4-methyl-piperazin-
1-yl)quinolin-3-y1)-3,4,9,10-tetra-hydroacridin-1(2H)-ones 162a was
carried out in different solvents such as ethanol, methanol, acry-
lonitrile and solvent-free conditions at room temperature or at
140 °C. It was found that the best yield was obtained (95%)
following the conditions of solvent-free reaction at 140 °C after 10
minutes.”
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R1= H, R2= CH3
R1= CI, R2= H

Rz

iif X
—
v R, N
164a,ﬁ 165i-j R

a: R= CHa, Ry= H, R3= CHj3 (88%); b: R= H, Ry= H, Ry= CHj (85%); c: R= CH3, Ry= Cl, Ry= H (86%)
d: R= H, R4= Cl, Ry= H (83%); e: R= CH3, Ry= H, Ry= CHs (89%); f: R= H, Ry= H, Ry= CHj (88%)

g: R= CHs, R4= Cl, R3= H (83%); h: R= H, Ry= Cl, R3= H (76%); i: R= CH3, R4= H, R3= CH; (80%)

j: R=H, Ry= H, R3= CHj3 (78%)

Reagents and conditions:

(i) Phenol, K,CO3, DMF, reflux, 3.5 h; (ii) NaN3, TBA-HS, DMSO, 45-50 °C;
(iii) 70% acetic acid, reflux; (iv) Allyl bromide, K,CO3, DMF, rt, 12 h.

(v) pyridine-2,3-diamine and 3-hydroxy-5,5-dimethylcyclohex-2-en-1-one or

View Article Online

Review

3-hydroxycyclohex-2-en-1-one/ 120 °C, 2.5-3.5 h.

Scheme 58 Synthesis of dihydroquinolinyl-benzopyrido[1,4]diazepinones and tetrazoloquinolinyl-benzopyrido[1,4]diazepinones.

The reaction mechanism for the preparation of substituted
3,3-dimethyl-9-(2-(4-methylpiperazin-1-yl)quinolin-3-yl)-3,4,9,10-
tetrahydro-acridin-1(2H)-ones 162a-t as shown in Scheme 57.
The reaction was initiated through activating the aldehyde 81
using BN-Pr-SO;H followed by Knoevenagel condensation to
form intermediate 1. Next, Michael addition of the aromatic
amines to the previously formed intermediate activated by BN-Pr-
SO;H produced intermediate II which possess intramolecular
condensation to yield 3,4,9,10-tetrahydroacridin-1(2H)-ones
162a-t after condensation of the formed intermediate ITL.7*

5.12. Synthesis of quinolinyl-benzopyrido[1,4]diazepinones

Refluxing of each of 16a and 16b with phenol in DMF/K,CO;
afforded 2-phenoxyquinolines 163a and 163b, while the treat-
ment with sodium azide in DMSO/TBA-HS gave tetrazolo[1,5-a]
quinolines 93. Refluxing of 16 in acetic acid followed by

8510 | RSC Adv., 2018, 8, 8484-8515

treatment with allyl bromide in DMF/K,CO; gave 164a,b.
Multicomponent reactions of 93, 163 and 164a,b with pyridine-
2,3-diamine and 3-hydroxy-5,5-dimethylcyclohex-2-en-1-one or
3-hydroxy-cyclohex-2-en-1-one gave quinolinyl-benzopyrido[1,4]
diazepinones and tetrazoloquinolinyl-benzo-pyrido[1,4]
diazepinones 165a-j in excellent yields (Scheme 58).%

5.13. Synthesis of piperazinyl-quinolinyl-benzothiazepines

Treatment of quinoline 16a with N-phenylpiperazine in hot
DMF containing potassium carbonate yielded the desired 2-(4-
phenyl-piperazin-1-yl)quinoline-3-carbaldehyde. Condensation
of 2-(4-phenyl-piperazin-1-yl)quinoline-3-carbaldehyde with 4-
substituted acetophenone in ethanol catalyzed by sodium
hydroxide gave the respective unsaturated ketones 166a-c.
Michael addition reaction of 166a—c with o-aminothiophenol in
acetic acid yielded piperazinyl-quinolinyl-benzo-thiazepines

This journal is © The Royal Society of Chemistry 2018
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166a-c

Cl
R2‘< H
NOH

[a: Ry= Ry= H; b: Ri= H, Ry= CI;
c: R1= H, Ry= CH3; d: R4= H, Ry= OCHj3;
e: Ri= Cl, R= H; f: Ri= Ry= Cl;
g: R4= Cl, Ry= CH3; h: R4= Cl, Ry= OCHg3;
i: R4= OCHs, Ry= H; j: R1= OCHgj, Ry=CI;
k: R4= OCH3, Ry= CH3; I: R1: Ry= OCH3]

Scheme 59 Synthesis of piperazinyl-quinolinyl-benzothiazepines.

167a-c. Cycloaddition 1,3-dipolar reaction of quinolinyl-
benzothiazepines 167a-¢  with  N-hydroxy-4-substituted-
benzimidoyl chloride in the presence of catalytic amount of
triethylamine gave quinolinyl-benzo[b](1,2,4]Joxadiazolo[4,5-d]
[1,4]thiazepines 168a-1 (Scheme 59).**°

6. Synthesis of heteryl-arylidenes
6.1. Synthesis of quinolidene-rhodanine system

Solvent-free Knoevenagel condensation of quinolines 16 with N-
substituted-2-thioxothiazolidin-4-ones (169) in the presence of

(o}

o ,/Z<N—R4

167ac R
[a: R4= H; b: R4= CI; c: Ry= OCH3]

ionic liquids of [Et;NH][HSO,] and [DBUH]OAc] afforded the
respective trisubstituted-quinolinyl-thioxo-thiazolidin-4-ones 170-
172a-i (Scheme 60). Quinolinyl-thioxo-thiazolidin-4-one 170g was
more potent antifungal agent against A. niger (MIC = 25 ug mL ")
compared to miconazole, while, 170i is a good antifungal agent
against F. oxysporum, A. niger, C. negformans microorganisms (MIC
=25 pg mL~ ") and A. flavus (MIC = 12.5 pg mL~").**

6.2. Synthesis of quinoline-oxadiazoles

Refluxing of quinoline 16a in methanol containing potassium
hydroxide afforded 2-methoxyquinoline-3-carbaldehyde (173).

R S
’ b H \\< 169 Rs XN
_ S > N—R4
R; el [DBUH][OAC] Ry N e S
R 16 solvent free R S
80°C

a:Ry= Ry= Ry=H 170a-i, R,= H
E: E:; g”,g'z =RZC_H§3;{:|= H 171a-i, R4= CH,CO,H
d: Ry= Ry=H, Rz= CH3 172a-i, R,= CH,CH,CO,H
e:Ry=H, Ry= OCH3, Rs=H
f: R1= R2= H, R3= OCH3

g. R1= R2= H, R3= OCH20H3
h: R1= R2= H, R3= Cl
i R1= R2= H, R3= F

[DBUH][OAC]=

C g

170a (90%); b (86%); ¢ (84%); d (85%); € (88%); f (82%); g (88%); h (90%); i (80%)

171a (90%); b (84%); ¢ (80%); d (80%); e (90%); f (88%); g (85%); h (91%); i (80%)

172a (86%); b (86%); c (84%); d (82%); e

(87%); f (89%); g (88%); h (90%); i (80%)

Scheme 60 Synthesis of trisubstituted-quinolinyl-thioxo-thiazolidin-4-ones.

This journal is © The Royal Society of Chemistry 2018
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177a-s
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(i) MeOH, KOH, reflux, 3-4 h;

(i) Cyanoacetic acid, ammonium acetate, pyridine, toluene, Dean-Stark trap, reflux, 44 h;
(iii) NHo,OH, NaHCO3, 90:10 MeOH/ H,0, reflux, 8-12 h;

(iV) SOC|2, CHQC|2, rt, 2h;

(v) N-acylbenzotriazole, EtOH, TEA, rt, 30 min;

(vi) TEA, EtOH/ n-BuOH, reflux, 8-12 h.

Ph; b: R= 4-CH3Ph; c: R= 4-OCH3Ph; d: R= 4-BrPh; e: R= 4-FPh;

R

Scheme 61 Synthetic routes to prepare quinolinyl-1,2,4-oxadiazoles.

Knoevenagel condensation of methoxy derivative 173 with cya-
noacetic acid gave the corresponding arylidene derivative 174.
Heating of 174 with N-acylbenzotriazole hydroxylamine hydro-
chloride in a mixture of methanol/water (9:1) containing
sodium bicarbonate gave N'-hydroxy-3-(2-methoxyquinolin-3-yl)
acryl imidamide (175). Treatment of 175 with N-acylbenzo-
triazole in ethanol catalyzed by triethylamine afforded the
desired ester derivatives 178a-s. Intramolecular cyclization of
178a-s in boiling ethanol/n-butanol afforded quinolinyl-1,2,4-
oxadiazoles 179a-s, respectively (Scheme 61).'

7. Concluding remarks

2-Chloroquinoline-3-carbaldehydes represent an extremely
interesting class of organic compounds that can be exploited as
precursors and building blocks for the synthesis of a wide range
of heterocyclic systems and potent antibiotics for microbial and
cancer treatment. In addition, quinoline moiety is the basic
skeleton of many naturally occurring alkaloids and anticancer
drugs. The recent publications describe the synthetic routes of
2-chloroquinoline-3-carbaldehydes following the Meth-Cohn
synthesis using Vilsmeier reagent (DMF + POCI; or PCl;) upon
heating. ~ 2-Oxo-1,2-dihydroquinoline-3-carbaldehydes  are
considered as reactive synthons in organic synthesis and ob-
tained from the respective 2-chloro derivative by heating in
acetic acid containing sodium acetate. 3-Formylquinolines are
reactive towards condensation reactions with amines and
hydrazines to produce Schiff bases. Nevertheless, in the last five

8512 | RSC Adv., 2018, 8, 8484-8515

a:R=

f: R= 2-CH3Ph; g: R= 2-OCH3Ph; h: R= 2-BrPh; i: R= 3-CH3Ph;

j 3-OCHg3Ph; k: R= 3-CIPh; I: R= CH3; m: R= OCH3-CHg; n: R= CH3-OPh;
o: R=Bn; p: R=4-OCH3Bn; q: R= (E)-styryl; r: R= 2-pyridyl; s: R= 2-furo

years, the synthesis of fused quinoline heterocyclic systems was
reported through a condensation reaction of formyl quinolines
either with intramolecular cyclization or reaction with sodium
azide or from multicomponent reaction with azido-
trimethylsilane, isocyanides, and arylamines. Eventually, reac-
tions with active methylene-containing compounds tend to
yield the respective fused systems. The synthesis of binary
heterocyclic systems has been attracted the researcher's interest
in the last years due to the valuable biological and medicinal
importance through the incorporation of other heterocycles
into quinoline ring system. The present survey highlighted the
recently cited research data in the literature on the chemistry of
2-chloroquinoline-3-carbaldehyde besides related analogs and
their applications. It is certain that 2-chloroquinoline-3-
carbaldehydes will continue to attract the attention of many
researchers and that improvements in their synthesis, as well as
novel transformations of these compounds, will be reported in
the literature in the near future.
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