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Greener synthesis of 4-aminoquinoline-2-ones wdmsesed by intramolecular cyclization of 2-cyanopylamide derivatives using
biodegradable and recyclable choline hydroxide (Ch@¢action proceeds rapidly and affords the comedimg 4-aminoquinoline-2-
ones with good to excellent yield. The protocol ltae advantage of easy workup, high yield, and avirenmentally benign
methodology compared to other reported methodssirhpglicity of this method makes it an interestaitgrnative to other approaches.

10

Introduction

. . . s0 yield of quinolone derivative¥® Low yields were obtained in the
4-Amino-2(1H)-quinolone scaffold can be found in a large cyclisation of the malonyl ester amide of 2-aminumitrile and
variety of biologically active compounds. 4-Amin¢iR)- 2-cyanophenyN-acetoacetamide  due to  difficulty  in

uinolone derivatives have attracted attentioneskarchers not oo : :

15 gnly because of their strong pain-relief activityt kalso due to coordinating both thB-dlca_rbonyI moiety and the cyano group of
their extremely weak acidic properties. Many nonentc the same molecule, p033|_bly _due {0 geometric _re;_fsbnsome
analgesics areystron acids: e5enptheir .salts galseculcers ss cases intramolecular cyclisation of correspondingdas of 2-
Ther% is no basis for guch a éide effect in casearhino-2(H)- . amlnot_)enzonltrlles were repor_ted U309 SOdIL-Jm ef

potassium tert-butoxide? and LIHMDS!®  4-Amino-2(H)-

quinolone derivati.ves., at least, in such pronoqn(mm.. .4' quinolones were synthesized from the reaction bfdroxy-2-

20 Am|n0-3.-pher.1quwnoI|n-2(H_-I)-one shows antagonist activity at quinolones with benzylamine and cleavage of thezyegroup
g]ned glygr?t?cgg\?ulosgr:?e Na(l\:/ltiI\D/%l\(-m:ég)i/tli-ol?]-:”s;artait_e;rrr]tianccti%t_or60 by catalytic hydrogengtioﬁ. Synthgsis of 4Tam.ino-2-quinolones
benzimidazol-2-vihvdro uinolin—é-one was rel ortesl tarosine were also reported using conventional aminatioA-bfydroxy or

yihyaroq P i 4-chloro derivatives with NElin a sealed tut or from the

kinase receptor and their analogues are reversidle? : : : : :
LI . reaction of 4-hydroxyquinolones with benzyl ammanichloride
25 competitive inhibitors of VEGFR-2, FGFR-1, and PORSRith .
IC50 values <0M.22 Considering the significant applications85 z)tmrj[lr?;itsemp(zrfatur@;tﬁ;(j_n;%,in'(l;(_)g_hoiol?_.l g?tdﬂy;?gg&?‘iﬁg]_e
of quinolones in the field of medicinal and agrociuat there - " I
hag been tremendous interest in develop%ng ne;/\ci@iﬁ carboxylate by the reaction of 2-aminobenzonitrileith

: . > : ) ! diethylmalonate using sodium ethoxide in long rieactimes*
synthetic strategies which involves rapid functiaaion and y These metr?ods however. suffer fr%m one or another
a0 diversification of quinolones. ' !

. . . drawback, such as the use of metal mediated cetalg®ore
Therefore, various synthetic methodologle§ havgn be% number of steps, strong basic conditions, longactien times,
rep_ort_ed to access these molecules as backl:_Jommmactlve moisture-sensitive catalysts, or expensive reageatsl low
moieties. L|teraturc_e survey on the synthe3|s_ ofm4m-3-_ conversions, which limit its practical utility inrganic synthesis.
subst_l'guted-Z(Hi)-qu_|nolones_ did not show _unlf_orm reaction o, protocol describes a simple method for the tssis of 4-
= conditions. _4-Amino-1,2-dihydro-2-oxo-3-quinolinebenitrile amino-2(H)-quinolones from its corresponding amides thatewer
was synthesized in five steps starting from isatwibydride and

: . . ! ; repared from 2-aminobenzonitriles.
dimethyl malonate to give 4-hydroxyquinolone detive which s prep In recent years, the use of environmentally benigr.
gnmifrl:gtl?:r:zrg:ict::illc; r;sv\%{ahvziZIIE)tlllenfa?lgnnpacigsmg:\g :ibx\a;tﬁglcci)fo?_ cataly;ts is receigng treme.ndous intergst iffedént areas of
wthe produck In alternative approach, the intramolecular g:l%/ziirrc])lﬁmesr):tnatlrl]; Sé)éni 9 an;c;;r;e t Oh)gi;%)g?: b;ggovv%disﬁla;n
cyclization of malonyl ester amide of 2-aminoberizda and 2- ' y

. . ; strong basicity. Ithas received considerable interest as ar.
cyanophenyN-acetoacetamide were reported using tin (I\/yﬁ0 g y

. . - ; - economical, easily available, and recyclable catalyr various
chloride, sodium methoxide and sodium ethoxideite tpw organic transformations. It was thought worthwhdeexplore the

catalytic potential of ChOH for this particular camsion. In view

*Dyestuff Technology Department, Institute of Chemical of the above and as a part of our ongoing progmrdetvelop
« Technology, N. P. Marg, Matunga, Mumbai - 400019, India ss viable protocol$®?? we report herein a ChOH catalyzed, mild,
Tel.: 91'22'33612708' Fax: + 91'22'33_611020 simple, and efficient procedure for the constructd 4-amino-2-

E-mail addressgsshankarling@gmail.com quinolones.
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Experimental corresponding amide derivative8a{3h) using the literature

. _ ss proceduré® (Scheme 1).
M aterials and equipments

All the solvents and chemicals were procured fronD Sine XN j\/ , 0°C - RT | Mo
chemicals (India) and were used without furtheiffpation. The |// H oo« : oom Az NJ\/RZ
s reactions were monitored by TLC using 0.25 mm E-Mesitica R1 2 Rt H

gel 60 F254 precoated plates, which were visualizgt UV ! 2 3a:3h

light. *"H NMR spectrums were recorded on Bruker 400 MHz - m

spectrometer, and chemical shifts are expressédppm using <M FCl F e ot

. N = O-cyclohexyloxy
TMS as an internal standard. Mass spectral date wktained R2= CN, Ph, CO,Et

10 with micromass-Q-Tof (YA105) spectrometer. Infrarspectra
were recorded on Jasco-FT/IR 4100 LE ATR PROA450-SsScheme 1 : Synthesis of3a-3h using 2-aminobenzoniriles and
spectrometer. acid chlorides

Preparation of choline hydroxide s0 N-(2-Cyanophenyl)-3-oxobutanamides 5a5d) and N-(2-
1sTo a solution of choline chloride in methanol, [Esiam cyanophenyl)-3-oxo-3-phenylpropanamide)(were prepared by

hydroxide was added at room temperature. Then stheated to the reaction of 2-aminobenzonitrile$) (with ethylacetoacetate
61 °C for 12 h with constant stirring. After cooling toom  and ethyl benzoylacetate in boiling xylene as peported
temperature, the reaction mixture was filtered emaove solid  procedure¥ (Scheme 2).
KCI and solution was obtained. This was concentrtdegmove .

N

20 methanol and used without further purification. | X j\/ﬁ\ 1300C ~M o
J——
// Y Eo R3 |// J\/U\
NH N R3
RI H

General procedurefor preparation of 3a-3h Ri 2 Xylene

1 4

To a solution of 2-aminobenzonitrilel)( (10 mmol) in s
dichloromethane (15 mLR (10 mmol) was added at 0 °C. The_ 55 05c R?=CHy, Ph
mixture was stirred at room temperature for 1 heA€ompletion

25 Of the reaction, volatile components of the reactizixture were
removed under reduced pressure to give oil. ltquenched with  Scheme 2: Synthesis ofN-(2-cyanophenyl)-3-oxobutanamides
ice cold water (10 mL) and the solution was extgdauith ethyl (5a-5d) andN-(2-cyanophenyl)-3-0x0-3-phenylpropanamide)(
acetate (25 mL x 3). The combined extracts werehe@svith using 2-aminobenzoniriles afieketoester
saturated NaHCO(2x10 mL) and dried over N&O,. After

30 removal _ of_ th_e solvent, the residue was purlfled_ by Optimization of reaction conditions
recrystallization in ethyl acetate to aff@ds a pale yellow solid.

) In order to optimize the reaction conditions focl@ation, the
General procedurefor preparation of 5a-5e effect of different organic bases and solvents vimvestigated in
detail for the reactions of 2-cyamé{2-cyanophenyl)acetamide

To a solution of 2-aminobenzonitrilé)((10 mmol). in dry xylene (3a) andN-(2-cyanophenyl)-3-oxobutanamidsaj. The outcome
(15 mL), 4 (12 mmol) was added. The reaction mixture was js presented in Table 1. It is evident that no eosion into the
ss refluxed for 4 h in a round-bottomed flask fittedtiwa Dean- product was obtained in the absence of base ever af

Stark apparatus, kept in anoon bath. After compfetof the  ,,010n5ed reaction time of 24 h (Table 1, entryldep eutectic
reaction, it was cooled to 0 °C to let the produstifidify and  ivyres (DES) such as choline chloride (ChCI): ur€aCl:
filtered. The crude product was washed with dieteifier o . majonic acid, ChCl: oxalic acid, have intrinsic adismes as
afford 5 as a pale yellow solid. green catalyst®'” Hence, attempts were made to study the
model reactions using these catalysts, which redul no net
reaction for ChCl: malonic acid/ oxalic acid DES (leat,
entries 2, 3). Low yield of products were obtaimedChCl: urea
ss DES (Table 1, entry 4). However, many other orgdisises such
as EtN, piperidine, and pyridine, promoted the reactiprite
well for 3ain a short time as compared3a. (Table 1, entries 5-
7). Whereas inorganic bases such as sodium hydratassium
hydroxide, sodium hydroxide, and potassiutert-butoxide
9 provided a good yield of the product as comparednganic

40 General procedure for preparation of choline hydroxide
catalyzed synthesis of 4-aminoguinoline-2-ones (6a-6m)

Compound3/5 (1 mmol) was dissolved in 3 mL of choline
hydroxide at room temperature and then heated gpropriate
time. After completion of reaction, cold water wadded to the
4s reaction mixture. The precipitated solid produg}t \fas filtered
off, and purified by column chromatography usingdree: ethyl

acetate. bases (Table 1, entries 8-11). Out of all the basesitored,
. . ChOH was concluded to be the best at 80 °C and pgeodicts

Results and discussion 6a and6i in 83 % and 80% yield respectively (Table 1, ertzy.
In order to screen the effect of solvent, the modattions was
Preparation of 2-cyanophenylamides (3a-3h and 5a-5€) o5 carried out using 1 equiv of ChOH in different soltgeat reflux

condition (Table 1, entries 13-18). It was obsertteat in polar

soln the first part, we carried out the reactions &8  solvents like ethanol and acetonitrile (Table ltries 14 & 15)

aminobenzonitriles with various acid chlorides like good y|e|ds of product were obtained in short rieactimes as

cyanoacetylchloride, phenyl acetyl chloride, mohglehalonyl  compared to non polar solvent (Table 1, entried86-n water,
chloride, and 7-methylcoumarin-4-acetyl chloride Wive .4 it gave very low yield of the product under the samaction

2 | Journal Name, [year], [vol], 00—00 This journal is © The Royal Society of Chemistry [year]
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Table 1. Optimization study for cyclisation reaction3# and5a

NH,
XNy Base/Solvent NS R?
Rl/ 7 H R? - A H o
3a,R2 =CN 6a,R2 =CN
5a, R2 = COOEt 6i, R2 = COOEt
% or reactan8a ®For reactanba
Entry Base/Solvent
Time (h) Yield of 6a Time (h) Yield of 6i
1 Without catalyst/reagent 24 NR 24 NR
2 ChCI: Urea 10 21 11 17
3 ChCl:Malonic acid 10 NR 10 NR
4 ChCl:Oxalic acid 10 NR 10 NR
5¢ Et;N/Ethanol 4.5 48 24 36
6° Piperidine/Ethanol 15 61 10 57
7° Pyridine/THF 25 47 11 42
8° Sodium hydride/THF 4 58 10 51
g° Potassiuntert-butoxide /THF 6 62 9 54
1¢° Sodium hydroxide/Ethanol 15 70 45 69
11° Potassium hydroxide/Ethanol 15 72 45 63
12 ChOH 20 min 83 50 min 80
13 Water 12 30 12 21
14° Ethanol 1 63 4 64
15° Acetonitrile 1.5 61 6 67
16° Tetrahydrofuran 2 55 10 50
17 Dichloromethane 6 43 12 30
18 Toluene 2 49 2 51

®Reaction conditions3a/5a (1 mmol),’DES used (3 mL/ 80°CjBase used (2.5 equiv/ reflud¢hOH (3 mL/ 80 °C)°ChOH used (1

equiv/ reflux),fIsolated yields, NR: No reaction

This journal is © The Royal Society of Chemistry [year]

Journal Name, [year], [vol], 00-00 | 3
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conditions (Table 1, entry 13). As solvent-free thgsis has  steric hindranceHence, more time was required for cyclisation
gained much current interest, it was consideredomapt to  of 3 giving lesser yield of the 4-aminoquinoline-2-ori&able 2,
investigate the re?ctiltl)n unr(]j_er tr(ljese gonditi?nwﬁs Thde_t_best s entries 2, 3, 5, 6, and 10-12ll the reactions were successful
conversion was Ta y achieved under solvent- itions 4 gave better yield of the products.
s using ChOH at 80 °C (Table 1, entry 12). The time required for cyclisation reaction alseeeds upon
nature of B/R® group, as the electron withdrawing power of
R?R® group increases the cyclisation reaction becorasterf
With the optimal conditions in hand, we extended studies to When R = CN, CQEt (3a-3e), reaction completed in very short
the variety of substrates to evaluate the scopei@methodology ~ ime and gave best yield of tita-6e (Table 2, entries 1-5). For
10 and the results were presented in Table 2. Theesm@a-3h & the substrat8f, deliberately we carried out the reaction for leng
5a-5¢) have ANHCOCH,R type of structure; where Ar group time to see the effect of ChOH on ester functiopdf’= CO,Et)
consist of cyano substituent at 2-position withpees to NB  (Table 2, entry 6). It was observed that hydrolysisd
group. R may be H/ F/ ClO-Cyclohexyloxy; B group may be * decarboxylation results in the formation@éfrather than desired

CN/ Ph/ CQEY 7-methylcoumarin-4-yl; and ‘Rgroup may be Product. Initially, the reaction was very rapid igly

15 CHz or Ph. The substituent effect on the yield and rate corresponding cyclized product. After that estes wigdrolyzed
cyclisation was observed. to acid and then acid was decarboxylated to gié 626f in 2h.

When R = H, then rate of cyclisation was fast and higtietdy In case oBg and3h (R*= Ar) carbanion is better stabilized by

of the desired product (Table 2, entries 1, 4, g8l 13) was aromatic ring thereby decreasing its nucleophyligihich results
observed as compared to other substituents=(R, Cl ando- N longer reaction time (Table 2, entries 7 andv@ien R = CH,

2 cyclohexyloxy). When R= F, Cl, decreased reactivity in the OF Ar (5a-5€), reaction requires less time and gave good yild
cyclization due to their electron withdrawing etfecThe longer ~ the6i-6m (Table 2, entries 9-13).
reaction time required foD-cyclohexyloxy group was due to its

Synthesis of 4-aminoquinoline-2-onesin choline hydroxide

(@]
CN 2 CN
N o o0 u CN )?\/R A
AN, 22 ™ i A e
= 4 2 =
rY N RS -—— // Rl/ N R
H 130 °C R NH 0°C-RT H
5a-5e 3a-3h
Xylene 1 DCM
ChOH R'=H,F, Cl O-Cyclohexyloxy ChOH
R?=7-m ethylcoumarin-4yl, CN, Ph, COOEt
R®= CHg, Ph
NH2 O NH2
R2
| AR R3 AR
1/ = N O N
1
R N R N ©
6i-6m 6a-6h

45
Scheme 3: Synthesis of 4-aminoquinoline-2-ones in cholindroxide

Table 2: Synthesis of 4-aminoquinoline-2-ones

Time Yield
Entry Starting Material Produéts
(min) (%)
Ul &
X
1 CN 20 83
NJ\/
3a H N~ O
6a H
F F NH2
CN CN
0 N 30 74
) Ao
3b H 6o ©

4 | Journal Name, [year], [vol], 00—00

This journal is © The Royal Society of Chemistry [year]
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NH»
3 CNy CN 30 69
J\/CN
N N

3cH 6c H °
CN NH 2>
Q A
. e o w
3d H OHt N (6]
6d H
F F  NHy
CN
N OEt N [e)
3eH 6e H
NH2
CN, 4
6 )J\/ﬁ\ 120 62
cl N OEt o S0
3f o N
CH
CH3 3

CN NH 0
7 N 2] 120 74
s PN
N o
3g H

69
N (@]
H
NH,
0
8 = 8h 82
N
3h
sh N ©
CN NH»
9 o) N
N CHj
5a H N (6]
6 H
F F NHy
10 CN
N CHg N o)
5p H 6 H

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00-00 | 5
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NH»
11 Clj?\/ﬁ\ N CHy 90 67
N CH3 N O
5c H

oN,
12 /O: )J\/ﬁ\ o 60 74
cl N CHs
5d H

Page 7 of 9

Cl N O

CN I
13 ©:N O = O 90 73
5e H N~ o
6m H

®Reaction conditions: amide (1 mmol), choline hyddex{3 mL), Temperature 80 °’Isolated yields

after isolation of product by filtration. The reégd ChOH was
o used for the next batch with minimal loss of adjiviill four

consecutive runs (Fig. 1).

Recovery of the ChOH

s The recovery was very simple involving evaporatof water

100

00
o

Yield (%)
D [e)]
o o

@Yield (%)

N
o

o

Frest First Second Third Fourth
Recycle Number

Fig. 1: Recyclability studies for produég

10

110

20 L 1 .
1000 550

4000 2000

‘Wavenumber [cm-1]

Fig. 2: FT-IR spectra of a) ChOH before reaction (blue curveltpH after four runs (red cun

6 | Journal Name, [year], [vol], 00—00 This journal is © The Royal Society of Chemistry [year]
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FT-IR analysis

The compound having covalent bond absorbs vari@ggiéncies
of electromagnetic radiation in the infrared regioh the
electromagnetic spectrum. Infrared spectrum is tsatbtermine

s structural information about a molecule. ChOH beforaction
and after reaction were characterized using ATRRFTI
spectroscopy. The absorption peak at around 3365 isnihe
characteristic of O-H stretching vibration. The taat 1236 and
1087 cnt result from C-N and C-O stretching. Also band 88 8

10 and 628 crit is due to C-H bending vibration. There is no cheang
observed in the IR spectra of ChOH before the reactia after
four runs (fig. 2).

20

Proposed mechanism

Although the mechanism illustrating the role of s @hOH in 4-
aminoquinoline-2-ones synthesis is yet to be coidd, we
suggest a mechanism that highlights the probatée abChOH
in synthesis. Hydroxide ion of ChOH forms hydrogesnding
with acidic protons of amide (Fig. 3). ChOH assistmproving
reactivity and finally promoting cyclization to for the 4-
aminoquinoline-2-ones core.

HaC HaC( HaC,
HaC—N HaC—N HaC—N
/+ at N
HsC _4\>OH HC _ OH HaC 4\>OH
H _OH OH
AN //N ,’D (‘\‘ B -
N
| e Z 2N
S A | X
- ChoH Hs
R{ ‘ TH3 - - pZ T _— Pz
H
o HsC< | CHs  go°c R/ NH H3C\N/CH3 / NH
N 1 + R1
H * o - OH H
R2 ~o. -0 o
e N
Substituted Amide OH Rz \_/ OH = R2 -

Choline Hydroxide

H3C\
HaC—N
/+
HaC 4\>OH
o ™
gH OH
H
—_— /
CH3 Q\n‘
R2 H3C\‘/CH3 N Rz .-
| H~ _ 4N | H
¥ =
/ N~ o OH / N~ o
R1 . OH R1 H

Aromatization leading to desired product

Abstraction of proton from active methylene group

Carbanion attacks cyano group

CH3
\ _— NHz
H3C< | ~CH3 Aromatization
+ _— ‘ AN AN R2
OH / =
N (¢}
OH H

R1

4-Amino-quinoline-2-ones

Fig. 3: Mechanism proposing the role of ChOH in synthe$ié-aminoquinoline-2-ones derivatives

» Conclusion
45

In this study, we have described an efficient amdctical
methodology for the synthesis of 4-aminoquinolirer2s in
ChOH. Moreover, the influence of substituent typ&N;
-COCH,, -COPh, -CGEt, -Ph, 7-methylcoumarin-4-yl

30 substituents) and position on the rate of cyclsatf amide to 4-
aminoquinoline-2-ones was investigated. Whér R, then rate
of cyclisation was fast as compared to other sufesits (R= F,
Cl and O-Cyclohexyloxy). The time required for cyclisation
reaction depends upon nature of/R® group. The electron

3s withdrawing cyano group increases the cyclisatieaction rate
and gave high vyield of the produga¢6c) and when BR® = Ar
(3g and 3h), reaction required longer time. This may tee to
stabilization of carbanion by benzene ring. FTIRcszeof fresh
ChOH and recycled ChOH remain unchanged. Hence, Cla@H c

s be recycled and reused. These features will fatdlitthis
procedure to find extensive applications in thddfief organic
synthesis.

60 2.
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