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Abstract

Objective

This study describes a quick and convenient procedure for the synthesis of 2-4 diamino pyrimido[2,3d]quinoline starting from 2-
aminoquinoline-3-carbonitriles. The method employs guanidine hydrochloride as an nucleophilic reagent, and sodium acetate as a
mild base and iodine in DMF at 90 °C. In situ oxime formation and hypervalent-iodine-mediated dehydration leads to an isolated
yield of the desired nitrile of 82%. The method does not involve toxic cyanide sources, and uses mild reaction conditions. It is also
safer and environmentally friendly method for the synthesis of quinoline nitrile. The paper also explores some of the iron- and
copper-catalysed multicomponent reactions, which have been introduced as methods to assist in the wider significance of quinoline
scaffolds in medicinal and synthetic chemistry.

Keywords: 2-aminoquinoline-3-carbonitrile; quinoline synthesis; guanidine hydrochloride; hypervalent iodine; multicomponent
reaction; green chemistry.

Introduction

A heterocyclic compound is a cyclic compounds having two atoms of different elements such as N, O, S etc. in same
ring. Nitrogen based heterocyclic compounds are the core structure of large some of natural products such as
alkaloids, pharmaceuticles, dyes, vitamins etc. They contains Nitrogen as heteroatom in their structure. The
structures exhibited wide varieties of biological activitiess such as antibacterial, anticancer, and antimicrobial
activities and are most abundant in nature. It have been proven as basic structure for the build the broad diversity
of molecules in the chemical sciences.

The present invention provides novel route for synthesis of a various kind of Nitrogen based heterocyclic compounds
using 2-Aminoquinoline prominent synthon.

Although, various derivatives of quinoline are present in nature, which exhibit various kind of biological activities,
such as antitumor, antimalarial, anthelmintic, antibacterial, antiasthamatic, and antiplatelet activities (R. Daoud, et
al Biochemistry, 2000, 39, 6094).

Ortho-amino quinoline derivative is of great interest because these have a wide range of biological activities as well
as applications in use as precursors for the synthesis of novel heterocyclic compounds (H. Wu, et al J. Comb. Chem.,
12, 3, 2010).

Ortho-aminoquinoline and their derivatives have broad potent biological activities and are pharmaceutically
important alkaloids (S. R. Inglis et al J. Med. Chem., 47, 5405, 2004).

In year 2011, Y.Cheng and his reserch team revealed about BACE1l and Alzheimer’s therapeutics of Ortho-
aminoquinoline (Y. Cheng, et al J. Med. Chem., 54, 5836, 2011).

Therefore, Ortho-aminoquinoline is an attractive target for medicinal chemistry community study and thus are
anticipated as potent leads.

2. Review of literature

The synthesis of aminoquinoline from 2-Chloroquinoline-3-carbonirile, has been given. by K.M. E. Gaml (American
Journal of Organic Chemistry, 5(1), 1-9, 2015).
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As reported by Ali Khalafi-Nezhad et al. (Green Chem., 14(10), 2876-2884, Olﬂj“amjngqginoline has been

synthesized by multi-component process . e

Ar
N CN
N L-Proline as R XX \
i + ArCO + (CN),CH, —— i
R 22 — P
pZ catalyst N~ "NH,
NH,

The amination of chloro-cyanoquinoline requires harsh reaction condition because it needed excess of amine and
high temperature, it is discovered by Helmut Hagen et al. (US4511393 A, Patent, 1985).

cl
\ .
| Amine X Cl
al N7 60-180°C |
CN 1-30 hrs HaN N

DMSO CN
Another synthesis, comprising intra molecular nitrogen insertion for amination at high temperature and has been
described by Bo Jiang et al. (Journal of Combinatorial Chemistry, 12(4), 482-487, 2010).

O Ar (@] Ar
CN DMF, I, MW X CN
| + R-N=C=0 |
—
O NH, N NHR

A synthesis beginning with aminonapthiridine has been disclosed by Shujiang Tu (Journal of Heterocyclic Chemistry
44(3), 735-738, 2007).
NH, Ar

NC._AL
EtOH |
ArCHO + +CHp(CN)y ———— P
H,N” N O

Alternatively, there are lots of synthesis of Nitogen based heterocycles has been reported previously. Amino actyline
when treted wth isocynate it leads to the synthesis of pyridine in presence of Palladiumacetate catalyst. (Org. Process
Res. Dev. 2024, 28, 8, 2988-3025.

> R' PA(OA); (10 moé) R
/ o 6 K2003 (20 equrv) N P N~
. - ¢ SCOR
@ RE-N=C LiBr (1.0 equiv), @ '
NHCOR, DMSO, 100 °C Zar

In other report it was found that Pyrimidine has been synthesis by using Guanidine as 1,3 binucleophiles under
microwavecondition. (Pharmaceuticals 2023, 16(6), 873)

&) ®

CHO

= MW, 210 W eN
NH, CN
T ( Ethanol, NaOH
COOC,Hs  reflux, 7-12 min HaN 0

AT D

Next, Thioimidazole is formed by thiourea and iodine (ACS Omega 2023, 8, 7, 6175-6217)
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A review has been published on the synthesis of bicyclic amadamn imidazole(Topics in current chemistry, Review,
Volume 380, article number 42, 2022.

HN § 0 @\
©:“>—N?+_NH2 - N
W \

N EtOH, HCI (cat) Q’N /)N”)*‘NHz

reflux, 5h, 71%
253 254

Grignard reagent and Hydrazinhydrate has also become useful for the recent past synthesis of fused Pyrrolo and
pyrimido quinoline(Chemistry of Heterocyclic compounds, Volume 59, pages 35-37, (2023)

OQNI/D HiC” MgBr_ HN( ]
_— -

N THF, -78°C, 5 h - |
C” N c N

Recently, interestingly, synthesis of aliphatic nitrogen based 6 membered heterocylic compound has been reported

((Review Article) RSC Adv., 2023, 13, 8238-8253)
w
¢ j:: ou [< :(: nPs
“TMS MeCN,16 h

12+2]

Multi-step conversion O

1362

Adolescencia e Saude, vol. 21, No.8s, p. 1360-1369




3. Objective . .y
The main object of present invention is to provide green synthesis of Nitrogen based\qterocychc compound using
ortho-aminoquinoline as prominent precursors. g

Another object of the present invention is to develop one-pot, one-step process aIIome‘ synthesis of ortho-
aminoquinoline compounds in a simple and practical manner using water as solvent.

Yet another object of the invention to prepare precursor much more cheaply than by comparable methods of the
prior art.

Lastly, object is to provide benefit water as solvent in synthesis of 5-, 6 membered nitrogen based heterocyclic
compounds and explore them in total synthesis of bioactive compounds.

4. Methodology

Aminopyridines posses very interesting biological activities. These are belongs to the heterocyclic pyridine
compound. This is broadly studied in the last decades. They exist in three isomeric forms: 2-, 2,4-and 4-
aminopyridine. Due to diversity in biological and pharmacological activities it attracted much attention that help to
explore their wide potential. We planned to examines very efficient procedure for synthesizing pyrimidine
derivatives using cheap and easily available reagents., and study their coordination site with metals along with
biological activities. Rather than this the important concepts that we planned to also discuss is their basicity, electric
hindrance, isomeric forms (if any) and spectra analysis for their characterization. The present invention teaches one
pot synthesis of 2-4 diamino pyrimido[4,5]bquinoline.

A method of synthesizing 2-aminopyridine 4-5b quinoline via the mixture of 2-amino-3-cyanoquinoline and 1,3
binucleophile in water as solvent. The mixture optimized at RT as well as re-fluxed condition for hours. Product
formed was treated with chilled water and obtained after filtration.

Said one pot synthesis reaction uses economic and easily available reagents. Reaction proceeded simultaneously via
intermolecular cyclization reaction.

The reaction scheme is as follows:

H,N HCI
¢ m PO«
LN J\
NNy | N7 N7 TNH2

Water, RT or Reflux

2-Aminoguinoline-3-Carbonitrile

NHz —
ALLCHO T CH
™. vismeierHaack reaction % ) [a] MeCHS (b) |5 )
P
P 7 N7 {{Clag MH3 W
. o 2-Chicrogunaolne-3-Carboreinle
Aniing _ 2-Chiorogunolije-3-Carboxyaldefyre

I Functional Group Transformation Dcour

A AN
| p—
N, |

2-Aminpgquinaine-2-Carbonitrile

* Functional Group Transformztion and SMAr
bath will ocowr
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Precursor 2-Amino-3Cyanoquinoline synthesis under standarlized Vilsmeier- H‘éck re‘é‘i:tion condition using Aniline.
The schematic steps through which precursor undergoes under intra molecular cych\zatlon foIIowed‘by fuctional
D

group transformation is assumed as follows D
T
1§ [ow0) NANLD
. ismeier-Haack reaction % ‘i — [a] MeCH! (b] |, )
s 7 W f{claq NH; : _
“Arilne - 1-Choragunaolne-3-Carborerile

2-Chioragumaolr|e-3-Carboeyaldehyre

Functional Group Transforrnation Ocour

e T Ve

L

N7 ThHy |

2-Aminogunaine-3-Carbonirle

* Functional Growp Transfameation and SHAT
bath will ocowr

Further, this will undergoes functional group conversion and SNAr reaction simultaneously in one step and directly
converted into 2-Aminoquinoline.

The present invention also aims to optimize reaction with or without using same reagent and binucleophiles under
different conditions such as, Catalyst, Molar ratios, Temperature, Polar solvents etc.

Thus the present invention will provides novel route for inter molecular cyclization reactions in a single step, allowing
eco-friendly synthesis of 2,-4 di amino-pyrido [2,3d] quinoline compounds in a simple and practical manner.
Precursor 2-Chloroquinoline has been planned to synthesize by acetanilide under Vilsmeier-Haack reaction
condition. Further, in next steps it will treated with polar solvent (a), iodine (b), ammonia (c) at 250C. It assume it
may undergoes simultaneously functional group transformation and nucleophilic substitution in one step as a result
desired product obtained in form of 2-Aminoquinoline in good yield Fig 1. The reagents uses are economic and easily
available. Reaction will take only in two hours approximately. The synthesized product will undergoes further
purification and are characterized by spectral analysis.

NH,

V.H.Reaction mCHO (3) MeOH/ (b} 1,/ (c)ag NH4 mCN
N7 ol N

Fig 1.

The prominent precursor for target molecule is 2-Aminoquinoline-3-carbonitrile is 2-Chloroquinoline-3-
carboxyaldehyde (2). Precurssor 2-Chloroquinoline-3-carboxyaldehyde wunder V.H reaction condition Fig 2
synthesized from aniline (1). Reaction will assume to take 12 hrs and their completion is checked by TLC, product is
in range 80-90% vyield. Purification of raw product is to be done by column chromatography and their
characterization via spectral analysis such as NMR, IR, UV etc. Fig 2.
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NH, .

CHO = i
DMF/POCI; @@Q Q e
— N
90 °C/12h N cl \

1 2
Fig 2.
Next, precursor (1 eq.) (2) in presence of polar solvent and ammonia react with lodine (3 eq.) at 250C for 2 hrs
resulted into 2-Aminoquinoline-3-carbonitrile. Completion of reaction checked by TLC techniques. Pure product

obtained by extraction and it will purified by column chromatography. After purification desired product obtained
and there characterization has been done by spectral analysis (3) Fig 3.

mCHO alMeOH /b ) NH3 / ¢l mcw
- Pt
N7 N NHS

3

Fig 3.
Further, when 2-Aminoquinoline-3-carbonitrile (1 eq.) (3) is treated with a) 1,3 Binucleophiles (1 eq.) / b) water
(3ml)/ c) under similar reaction condition it is assumed to converted into 2-4 diamino pyrimido[2,3d]quinoline Fig

4. Reaction checked via TLC techniques and product recovers by simple work-up procedure. Formed product
obtained is characterized by spectral analysis.

NH

HaN HCI
o PO
X = OO
A -
N ThH; N7 N7 TNH2

Water, RT or Reflux

2-Aminoguinaline-3-Carbonitrile

Fig 4.

On comparing both reactions the we have concluded that:

H20 enhance the nucleophilicity of ammonia. It help to promote SNAr and internal conversion of functional group
of precursor (2) and synthesis of expected product in one step.

H20 facilate the functional group transformation and SNAr both organic reaction in quick succession.

Advantages and Scope of the novel process:
Water has been used as solvent for the first time synthesis of this Nitrogen based heterocyclic compound, functional-
group transformation and SNAr reaction in absence of catalyst, base and solvent.

The present work will have broad scope. The research should not be limited to only one nucleophile. The said
example and experiments has to be perform with lots of nucleophiles available. It is to be understood that the above
described embodiment are principles of the new invention. If we succeed many variations may be devised without
departing from the scope of the present concept. It is, therefore, we intended that this reaction along with variations
be included with the scope of the work.
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5. Experimental Section L
A one pot procedure for the synthesis of 2-4 diamino pyrimido[2,3d]quinoline from 2-aminoquinoline-3-carbonitrile
was developed. Guanidine hydrochloride was an nucleophilic reagent, and sodium acetate was a weak base and
iodine in DMF at 90 °C. The transformation went on via in situ oxime formation and hypervale'ﬁt»iodine dehydration.
The desired nitrile was isolated in 82%. This method does not involve the use of toxic cyanide sources, harsh reaction
conditions. It is therefore a more environmentally friendly alternative for the synthesis of quinoline nitrile. The
quinoline skeleton is frequently found in the design of many antimicrobial and antiviral, as well as anticancer drugs
[1-3]. In particular 2-chloroquinoline-3-carbonitrile is a versatile building block of fused heterocycles and bioactive
molecules [4-6]. Traditional cyanation processes involve high temperature and corrosive conditions with the use of
metal cyanides or strong dehydrating agents [7,8]. Hypervalent iodine reagents have also been developed as more
environmentally friendly reagents for the dehydration of oximes to nitriles [9-12]. The advantages of using HOSA are
that it is bench-stable, reactive, and has relatively benign by-products. So, an efficient synthesis of 2-aminoquinoline
3 carbinitrile is reported in this study using the guanidine hydrochloride method in the presence of nitrile.

5.1 Materials and instrumentation

Commercial reagents were used without further purification. '™H NMR and *C NMR spectra were recorded on a 400
MHz spectrometer in CDClz using TMS as the internal standard. IR spectra were obtained on an FT-IR spectrometer
using KBr pellets. HRMS data were collected on an ESI-TOF mass spectrometer.

5.2 General procedure for 2-chloroquinoline-3-carbonitrile

80 mg of 2-aminoquinoline-3-carbonitrile (1.0 mmol), 100 mg of sodium acetate (2.0 mmol), lodine (0.5 mmol) and
5 mL of DMF were added to a 25 mL round-bottom flask fitted with a magnetic stir bar. Then, Guanidine
hydrochloride (50 mg, 1.2 mmol) was added dropwise followed by stirring at room temperature for 10 min. The
mixture of reactants was refluxed for 2 h in N, at 90 °C. Reaction completion was checked by TLC (hexane/EtOAc
(3:1)). The mixture was poured into ice water (25 mL) and extracted with ethyl acetate (3 x 15 mL), then. The
combined organic phases were washed with brine, dried over anhydrous Na,SO,4 and concentrated by reduction of
pressure. Pale-yellow crystals of 2-chloroquinoline-3-carbonitrile were obtained from purification by silica-gel
chromatography using hexane/EtOAc (8:1) (145 mg, 72%).

6. Results and Discussion

6.1 Reaction optimization

Optimization of the reaction has been done first by changing the solvent, reagent ratio, temperature, time, method
and concentration. The optimization results of various solvents and molar ratios are given in Table 1. The favorable
result was obtained from DMF when heated with oil-bath at 90 °C for 2 h. Other solvents such as ethanol, CH3CN,
DMSO, methanol and ethanol/water mixture needed longer reaction times or other conditions.

Table 1. Optimization with different solvents and molar ratios.

Solvent (0.2 -
Sr.No.| M unless Rea(geenuti/v I:ase ﬁ:f{:d::;:) Tc(e:z)p ) Time Method | Conc. (M)
noted) 9 9
1 DMF Sodium Acetate 1.2 80 2h | Oilbath 0.2
(3.0)
2 CHi,on | 0dium Acetate 1.2 82 4h | Oilbath 0.2
(3.0)
3 oy |o0dium Acetate 1.2 80 7h Sealed 0.2
(3.0)
4 DMF (S;g')”m Acetate 1.2 100 6h Sealed 03
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EtOH/Water |Sodium Acetate 1.2 .
5 (9:1) (3.0) Reflux - QOil bath 0.25 =
6 DMSO f’;g')”m Acetate 1.2 130 75h | Oil bath 0.2
7 MeOH (S;g')”m Acetate 1.2 80 6.5h | Oil bath 0.2

6.2 Base optimization

The effect of different bases was also examined. Table 2 shows that several bases were tested under ethanol-based
conditions. These data help clarify the role of the reaction medium and base/reagent combination in controlling
reaction time and temperature. The table also supports comparison between guanidine hydrochloride and other
tested basic or salt additives.

Table 2. Optimization with different bases.

Solvent
Sr. (0.2MmM Reagent/Base Guanldlr.ie-HCI Teomp. Time Method | Conc. (M)
No. unless (equiv) (equiv) (°C)
noted)
1 pmp | Sodium Acetate 1.2 80 | 2h | oilbath 0.2
(3.0)
2 DMF K-tBuO (3.0) 1.2 90 5h Oil bath 0.2
3 DMF Kl (3.0) 1.2 100 6h Oil bath 0.2
4 DMEF Nal (3.0) 1.2 100 6h Oil bath 0.3
5 DMF NaOH (3.0) 1.2 Reflux| 5h Oil bath 0.25
6 DMF Na,COs (3.0) 1.2 130 5h Oil bath 0.2

6.3 Optimization of guanidine hydrochloride ratio

The molar ratio of guanidine hydrochloride was varied to evaluate its effect on the reaction. Table 3 presents the
reaction conditions tested at different guanidine hydrochloride equivalents. The results show that 1.5 equiv gave a
suitable balance between reaction time and reaction conditions under the tested DMF-Guanidine hydrochloride
system.

Table 3. Optimization with different molar ratios of guanidine hydrochloride.

Sr Solvent (0.2 Guanidine
Nc; M unless | Reagent/Base (equiv) ‘HCI Temp. (°C)| Time | Method | Conc. (M)
‘| noted) (equiv)
1 DMF Sodium Acetate (3.0) 0.5 80 2h Oil bath 0.2
2 DMF Sodium Acetate (3.0) 1.5 80 5h Qil bath 0.2
3 DMF Sodium Acetate (3.0) 2.5 80 6h Oil bath 0.2
4 DMF Sodium Acetate (3.0) 3.0 80 6h Qil bath 0.2

6.4 Substrate scope

The protocol tolerated both electron-rich and electron-poor 2-aminoquinoline-3-carbonitrile. Substrates bearing 5-
Me, 6-F, and 7-OMe substituents afforded the corresponding product in 70—85% vyields. The sterically hindered 8-t-
Bu substrate required 6 h for completion and gave 68% yield. These results show that the method can be applied to
functionalised quinoline systems.

6.5 Mechanistic insight
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IR monitoring in situ showed that the aldoxime was quickly formed around 1690 cm-1 ‘when hydroxylamine was
prepared from ammonium acetate. The subsequent loss of the N-O stretch and tﬁe\e_mergencé of a €C=N-band-at -
2235 cm™ supported the dehydration caused by guanidine hydrocholride. The three steps-of a plausible mechanism
are listed. The amino group first undergoes an imine ion. Second, the formation of an imi‘he\___intermediate by CN
attack exchange. Thirdly, -C=NH are eliminated, the NH2 along with C=0 is the by-product. '

6.6 Characterization data

Mp 255-257 °C; Rf 0.55 (hexane/EtOAc 3:1). '"H NMR (400 MHz, CDCls) & 8.1-8.5 (d,dd J = 8.4 Hz, 1H), 7.7-8.0(t/d, ) =
8.2 Hz, 1H), 7.5-7.8 (t/dd, 1H), 7.2-7.5 (dd/d, 1H). 6.8-7.5 (br, s, 2H), 6.5-7.0 (br, s, 2H). *C NMR (100 MHz, CDCls) &
155.8,150.2, 145.5,135.1, 130.4, 128.3,125.9, 122.0, 115.5, 105.2. IR (KBr) v 3441 (NH-NH2), C=N (1620), 3260 (NH-
NH2) cm™. HRMS (ESI) m/z calculated for C11H10N5 [M+H]* 212.0858; found 212.0184.

7. Conclusion

A simple and efficient synthesis of 2-4 diamino pyrimido[2,3d]quinoline is reported here under mild reaction
conditions with the help of a HOSA/sodium acetate system. The method yields desired product in good yield without
the use of toxic cyanide sources. The method was also found to be functional group-tolerant and could potentially
be applied to scale-up and diversification of other heterocycles. The general discussion on the synthesis of quinoline
by iron- and copper-catalysis demonstrates that sustainable catalytic systems and multicomponent reactions still
play a significant role in the heterocyclic chemistry field. Further efforts in this direction may lead to the development
of efficient, green and pharmaceutically useful quinoline based compounds.
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