Annexure - III

UNIVERSITY GRANTS COMMISSION
BAHADUR SHAH ZAFAR MARG

NEW DELHI - 110 002

STATEMENT OF EXPENDITURE IN RESPECT OF MAJOR RESEARCH PROJECT

1. Name of Principal Investigator:

2. Dept. of Principal Investigator:

3. University/College:

4. UGC approval Letter No. and Date:

5. Title of the Research Project :

6. Effective date of starting the project: Sanctioned: 01.07.2015

7. a. Period of Expenditure:

b. Details of Expenditure

Prof. Kamal K. Kapoor
Department of Chemistry

University of Jammu

FN0.43-193/2014(SR) dated 30.10.2015

Unprecedented cascade reactions between ninhydrin and active
methylenes: Synthesis of novel and structurally challenging
propellanoids, linearly- and spiro-fused heterocyclic compounds

for biological evaluation .

01-07-2015 to 30-06-2018

Name of the Amount Expenditure incurred
item Approved (Rs.)
(Rs.)
Books &Journals 0/- 0/-
Equipment 4,50,000/- Nil
Contingency 90,000/ 44,996 /-
Field Work/Travel 45,000/- 16,688 /-
Hiring Services 0/- 0/-
Chemicals/Glassware 3,00,000/- 1,50,000/-
Overhead 96,600/- 95,853 /-
Total 9.81,600/- 3,07,537/-
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[Date of appointment: (i) Dilpreet Kour : 15-03-2016 (Resigned on 31 Jan 2017)
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(ii) Sheena Mahajan : 01-02-2017 (Resigned on 17" Oct 2017)

Items From To Amount Expenditure
Approved incurred
(Rs.) Rs.)

Honorarium to Pl (Retired
Teachers) @ Rs. 18,000/-p.m.

Project fellow:

i) NET/GATE qualified- 15-03-2016 16-10-2017 5,76,000/- 2,88,000/-
Rs. 16,000/- p.m.

for initial 2 years and Rs. 18,000/-
p.m. for the third year.

i) Non-GATE/Non-NET- Rs.
14,000/~ p.m. for initial 2 years and

Rs. 16,000/~ p.m. for the third year.

It is certified that the appointment have been made in accordance with the terms and conditions
laid down by the commission. _

[f as a result of check or audit objection some irregularity is noticed at later date, action will be
taken to refund, adjust or regularize the objected amounts

Payment (@ revised rates shall be made with arrears on the availability of additional funds.

It is certified that Rs. 5,95,537/- (Rs. Five lakh ninety-five thousand five-hundred and thirty-
seven only) out of the total grant of Rs. 10,52,100/- (Rs. Ten lakh fifty-—-two Thousand One
Hundred Only) released as Ist instalment for the years 2015-16 out of the Amount Approved
= Rs. 15,57,600/- (Rs. Fifteen lakh fifty-seven thousand six hundred only) received from
University Grants Commission under the scheme for Major Research Project entitled
“Unprecedented cascade reactions between ninhydrin and active methylenes: Synthesis of novel
and structurally challenging propellanoids, linearly- and spiro-fused heterocyclic compounds for
biological evaluation .” vide UGC letter No. F.N0.43-193/2014(SR) dated 30.10.2015 has been
utilized for the purpose for which it was sanctioned with the terms and conditions laid down by

University Grant.

T
Y o8

%\nm i




Annexure - IV

UNIVERSITY GRANTS COMMISSION
BAHADUR SHAH ZAFAR MARG
NEW DELHI — 110 002

STATEMENT OF EXPENDITURE INCURRED ON FIELD WORK

Name of the Principal Investigator: Prof. Kamal K. Kapoor

Name of the Duration of the Visit Mode of Expenditure
Place visited Journey Incurred (Rs.)
From : To
. GNDU (a) Jammu Amritsar Jammu By own car
Amritsar (2" Feb), 2016 (2" Feb), 2016
(2-3") Feb, 2016 4,270/-
(b) Amritsar Jammu By own car
(3“Feb), 2016 - | (3"Feb), 2016
INSA (a) Jammu Airport Delhi Airport By Air
New Delhi (22™ Feb), 2017 (22" Feb), 2017
(22-24™) Feb, 2017
(b) Delhi Airport INSA Guest House By Taxi
(22" Feb), 2017 (22" Feb), 2017
(¢) INSA Guest House Faridabad By OLA cab 12,418/-
(23" Feb), 2017 (23" Feb), 2017
(d) thhlridabad Airport By OLA cab
(24" Feb), 2017 (24™ Feb), 2017
(e) Agrport Jammu Airport By Air
(24" Feb), 2017 (24" Feb), 2017
Total 16,688/-

Certified that the above expenditure is in accordance with the UGC norms for Major Research
Projects.
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Annexure - V

UNIVERSITY GRANTS COMMISSION
BAHADUR SHAH ZAFAR MARG
NEW DELHI - 110 002

Utilization Certificate

It is certified that the grant of Rs. 5,95,537/- (Rs. Five lakh ninety-five thousand five-hundred and
thirty-seven only) out of the total grant of Rs. 10,52,100/- (Rs. Ten lakh fifty-two thousand and
one hundred only) released as Ist instalment for the years 2015-16 out of the Amount Approved ‘
= Rs. 15,57,600/- (Rs. Fifteen lakh fifty-seven thousand six hundred only) received from ‘
University Grants  Commission under the scheme for Major Research Project entitled
“Unprecedented cascade reactions between ninhydrin and active methylenes: Synthesis of novel and
atruc‘a.urally challenging propellanoids, linearly- and spiro-fused heterocyclic compounds for

biological evaluation.” vide UGC letter No. F . 43-193/2014(SR) dated 30-10-2015 has been utilized

during the period from 01-07-2015 to 30-06-2018 for the purpose for which it was sanctioned with

the terms and conditions laid down by University Grant.
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Annexure-VI

PROFORMA FOR SUPPLYING THE INFORMATION IN RESPECT OF THE STAFF
APPOINTED UNDER THE SCHEME OF MAJOR RESEARCH PROJECT

UGC FILE NO. : F-43-193/2014 (SR) Dated 30-10-2015

YEAR OF COMMENCEMENT: 15-03-2016 :

TITLE OF THE PROJECT: “Unprecedented cascade reactions between ninhydrin and active
methylenes: Synthesis of novel and structurally challenging propellanoids, linearly- and spiro-fused

heterocyclic compounds for biological evaluation .”

Name of the Frincipal Iﬁvestigator Prof. Kamal K.Kapoor
2 Name of the University Department of Chemistry, University of Jammu.
3A. Name of the Research Personnel Ms. Sheena Mahajan
appointed From 01-02-2017
| 4A. Academic Qualificaton S No. | Qualifications Year Marks | %age
| 1. . M.Sc. 2009-2011 72.98
' 2. Ph.D Pursuing as
| a full time
research
' S e L scholar
5: Date of Joining 01-02-2017
0. Date of Birth of Research ~ 01-08-1988
| Personnel v
g Amount of HRA, if Drawn NIL
8. Number of candidates applied for 8
the post

CERTIFICATE ,
Uhis is to certify that all the rules and regulations of UGC Major Research Project outlined in the guidelines have

been followed. Any lapse on the part of the University will liable to terminate of said UGC Project.
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Month- Wise detailed statement of expenditure towards salary and HRA of project fellow

UGC Reference No. & Date : F.N0.43-193/2014(SR) dated 30.10.2015

: (a) Dilpreet Kour
(b) Sheena Mahajan

15-03-2016 (resigned on 31% Jan 2017)
01-02-2017 (resigned on 17™ Oct 2017)

Name of the Project Fellow Date of joining

S e L ERATC U gy

S.No. Month Due Drawn Difference
Salary (in Rs.) HRA Salary (in Rs.) HRA Salary (in Rs.) HRA
/month /month
1 March, 2016 8774/= NIL 8774/= NIL 0 NIL
2 April, 2016 16,000/= NIL 16,000/= NIL 0 NIL
3 | May, 2016 16,000/= NIL 16,000/= NIL 0 ‘NIL
4 June, 2016 16,000/= NIL 16,000/= NIL 0 NIL
5 | July, 2016 16,000/= NIL 16,000/= NIL 0 NIL
6 | August, 2016 16,000/= NIL 16,000/= NIL 0 NIL
7 September, 2016 16,000/= NIL 16,000/= NIL 0 NIL
8 | October, 2016 16,000/= NIL 16,000/= NIL 0 NIL
9 | November, 2016 16,000/= NIL 16,000/= NIL 0 NIL
10 | December, 2016 16,000/= NIL 16,000/= NIL 0 NIL
11 | January, 2017 16,000/= NIL 16000/= NIL 0 NIL
12 | February, 2017 14,000/- 2,800/- 14,000/- NIL 0 2,800/-
13 | March, 2017 14,000/- 2,800/- 14,000/- NIL 0 2,800/-
14 | April, 2017 14,000/- 2,800/- 14,000/- NIL 0 2,800/-
15 | May, 2017 14,000/- 2,800/- 14,000/- NIL 0 2,800/-
16 | June, 2017 14,000/- 2,800/- 14,000/- NIL 0 2,800/-
17 | July, 2017 14,000/- 2,800/- 14.000/- NIL 0 2,800/-
18 | August, 2017 14,000/- 2,800/- 14,000/- NIL 0 2,800/-
19 | September, 2017 14,000/- 2,800/- 14,000/- NIL 0 ~ 2,800/-
20 | October, 2017 14,000/- 1,445/- 7,226/- NIL 6,774 1,445/-
Total 2,94,774/ 23,845/- . 2,88,000/- 0 6,774 23,845/-*

—-* HRA. for the amount of Rs. 23,845 to be claimed for the Salary @ Rs. 14000 w.e.f 01.02.2017 to 16.10.2018,

(Seal & Sagn tu e)
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Annexure-A

PROJECT REPORT
Vide No. MRP-MAJOR-CHEM-2013-21745 dated 30.10.2015

Title of the Project:

Unprecedented cascade reactions between ninhydrin and active methylenes: Synthesis of
novel and structurally challenging propellanoids, linearly- and spiro-fused heterocyclic
compounds for biological evaluation

Experimental Outcome:

A. Synthesis of various fused and spiro oxygen-heterocycles (indenopyran,
spiroindenopyran, indenofuran and spiroindenofuran derivatives)

An unprecedented synthesis of various fused and spiro oxygen-heterocycles (indenopyran,
spiroindenopyran, indenofuran and spiroindenofuran derivatives) has been achieved from Aldol
and Knoevenagael products-of ninhydrin and active methylenes without the use of any additives
under ultrasonic irradiation (Scheme 1).

Scheme 1: Ultrasonic-assisted reaction of ninhydrin with different active methylenes.
0

o 0
OH OH COOEt
= \
HO 9;'_1/ o Me
965) (95%)
COOEt
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0
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All products have been characterized by spectral data ['H NMR, C NMR, IR and HRMS] as

well as X-ray diffraction studies of some compounds obtained as single crystals.

ORTEP diagrams of some products:

Etooc COOEt

Diethyl-4-cyana-2-hydroxy-5- Diethyl 3a',8a'-dihydroxy-1,3,8-  4b 9b-dihydroxy-7,7-dimethyl-7,8- Ethyl 3a,8b-dihydroxy-2-methyl-

oxo-4,5-dihydroindeno[1,2-  trioxo-1,3.88a'tetrahydrospiro  dihydro-4bH-indeno[1,2-blbenzo  4-0x0-4.8b-dihydro-3aH-indeno

blpyran-3 4-dicarboxylate [indene-2,2-indeno[2,1-blfuran}  furan-9,10(6H,9bH)-dione [1,2-blfuran-3-carboxylate
3',3'(3a'H)-dicarboxylate)

Details (genesis, optimisation, results and discussion, experimental and characterizations) are
given in attached publication. | Tetrahedron, 2016, 72, 257-263]

B. Synthesis of novel [3.3.3] propellanoid viz. 2-ethoxy-2-methyl-2H-3a,8b-
(epoxyethano)indeno[1,2-b|furan-4,10(3H)-dione and ethyl 2,2-bis(1,3-dioxo-2,3-dihydro-
1H-inden-2-yl)acetate

A novel [3.3.3] propellanoid viz. 2-ethoxy-2-methyl-2H-3a,8b-(epoxyethano)indeno[ 1,2-b]furan-
4:.10(3H)-dione 1 and ethyl 2.2-bis (1,3-dioxo-2,3-dihydro-1H-inden-2-yl)acetate 2 were
obtained by the reaction of ninhydrin with Meldrum’s acid under ultrasonic-irradiation in ethanol

(Scheme 2).

Scheme 2: Synthesis of 2-ethoxy-2-methyl-2H-3a,8b-(epoxyethano)indeno[1.,2-b]furan-
4,10(3H)-dione and ethyl 2,2-bis(1,3-dioxo-2,3-dihydro-1/H-inden-2-yl)acetate.

0
OH
OH
@)
1.0equiv ) EtOH COOH
+ — 7
0 5h COOH
0 40%
o o ! 2
3.0 equiv

{Unpublished result}
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ORTEP diagram showing molecular structure of 2-ethoxy-2-methyl-2H-3a,8b-
(epoxyethano)indeno[1,2-b]furan-4,10(3H)-dione 1 and ethyl 2,2-bis(1,3-dioxo-2,3-dihydro-
1H-inden-2-yl)acetate 2 :

C. Synthesis of novel 3-(arylideneamino)-3a,8a-dihydroxy-1,3,3a,8a-tetrahydroindeno[1,2-
dlimidazole-2,8-diones and their 2-thioxo analogues

The anti-microbial properties associated with hydrazones (semicarbazones and
thiosemicarbazones) 3 and- tetrahydroindeno[1,2-d]imidazol-8(2H)-one and its diphenyl
derivatives led us to design hybrid molecules possessing the attributes of hydrazones as well as

tetrahydroindeno[ I,2-d]imidazolones.

Compound 4 obtained by the reaction of ninhydrin with thiourea, exhibited promising anti-
microbial activity against gram positive and gram negative bacteria and a fungus Candida
albicans (Ghalib et al., 2011). Compound 5, a hydrophobic analogue of 4 is devoid of two H-
bond donors. Obtained (Ghalib et al., 2012) by the reaction of ninhydrin with diphenyl thiourea,
compound 5 has shown improvement in activity against some bacterial stains (Bacillus subtilis,
Streptococcus prneumoniae, Pseudomonas aeruginosa) and loss against some other strains
(Shigella flexneri, Escherichia coli). Loss in anti-fungal activity of compound 5 against C.
albicans was also noticed (Ghalib et al., 2011; Ghalibet al., 2012). In view of this irregular trend
in activity, we wished to maintain a balance between hydrophilicity and hydrophobicity by
retaining one H-bond donor and this led us to design a compound 6 possessing the attributes of

hydrazones as well as tetrahydroindeno] 1,2-d]imidazolones (Figure 1).
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Figure 1 : Design of prototype

-

\
X H S N X
5 I HO N\( HO N\Iys o 1
N—NH NH; NH N NH
T Uy Ouy ol
< 0 o) o)
X= 0, S 4 : :

X=0,S8
Target molecule

To achieve this goal, following protocol was conceived:

AR seies S novel 3—(arylideneamino)-Sa,8a-dihydr0xy-1,3,3a,8a-tetrahydroindeno[1,2-
dlimidazole-2,8-diones and 3~(arylideneamEno)—3a,8a-dihydroxy—2-thiox0-],3,3a,Sa-tetrahydr0
indenol 1.2-d]imidazol-8(2H)-ones have been synthesized via one-pot, catalyst-free reaction of
aldehydes, semicarbazide hydrochloride/thiosemicarbazide with ninhydrin (Scheme 3) and
screened for anti-microbial activity. The synthesized compounds were observed to possess broad
spectrum; antibacterial potential as well as significant antagonistic potential against fungal
pathogens.

Scheme 3 : Synthesis of 3—(ar_yiideneamino)~3a,8a-dihydroxy—1,3,3a,8a—tetrahydroindeno[1,2-
dlimidazole-2.8-diones and 3-(arylideneamino)—3a,8a—dihydroxy-2—thiox0~1,B,Ba,Sa—tetrahydro
indeno[ 1.2-dimidazol-8(2H)-ones

0O

X
Ar-CHO : 0 YNH oy
7(i-xiv)  1,4-dioxane, < )J\ ‘N’N O
+ hreﬂLB(—;- Ar/\N—NH NH2 0 Ar/‘ HO
X 1,4-dioxane,
reflux
HoNHN NH, 9(i-xxviii)

10(i-xiv), 11(i-xiv)
8(i-ii) 28 examples
(78-93% vyield)
K= S
Ar = CgHs, 2-OH-CgHy, 4-CHj3-CgHy, 4-CH30-CgH,, 3-CH30-CgH,,
4-C|-CGH4, 2-C'-CSH4, 4-Br-C5H4,4-N02—C6H41 3-N02-C6H4,
3,4,5-(CH30)3-CgHy, 1-napthyl, furan-2-carbyl, 6—bromobenzo[d][1,3]dioxole-5-carbyf.
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Substrate scope :

X X
S )\\NH Ny )!\NH \N_N/\LNH SN
S Ho% - OHHO 2 HaC HO o e 5
- L L /
0. 10() [80%; 120(30,80)]* X =0, 10(ii) [88%; 100(30,70)]* X = O, 10(ii) [80%; 140(40,100)]* % = O, 10(v) [92%; 112(32,80)*
S, 1

X : 5
X =S, 11() [B7%; 135(35,100)]" X = S, 11(ii) [86%: 90(40,50)]* X =S, 11(iii) [80%; 185(45,140)] X = S, 11(Iv) [82% 175(35,140)]

X X
NH )X\NH = _N)LNH SN

OH -

. o= 0 Br . ©

i C J
L

X =0, 10(v) [90%; 120(30,90)]* X = O, 10(vi) [90%; 100(30,70)]* X = O, 10(vii) [92%; 115(35,80)]* X = O, 10(vii) [B3%; 160(40120)[=

X =S, 11(v) [84%; 155(30,120)] X =5, 11(vi) [86%; 85(25,60))* X =S, 11(vii) [81%; 135(35,100)]* X = S, 11(viii) [78%; 200(60,140)]

X )(\ X
\_)LNH \ )k H5CO NH O = )LNH
Ol R S Ok
HO =
OzN o} HO HaCO He o

OCH, e

L
X =0, 10(ix) [84%; 155(45110) ") (31730 1 10)] Ty = 1060) [02%: 11000801 X =0, 10xi) [92%; 105(35.70))
X =S, 11(ix) [82%; 170(50,120)]" X) [80%; 175(55,120)]* x: (x) [80%: 190(60,130)]* X = . 11(xil) [88%: 80(30.50)1

X
@A“wa)j\w <O]©\/%NN)LNHOH
O HOo OH o BrHO 5
[.' \; ©
J ==
).

=0, 10(xiii) [93%; 100(30,70)]* X = 0, 10(xiv) [83%; 170(50,130)]"
-5

X
X =S, 11(xiii) [85%; 100(35,65)]* X = S, 11(xiv) [83%; 200(60,140)]*

ORTEP diagram of 3-(benzylideneamino)-3a,8a-dihydroxy-2-thioxo-1,3,3a,8a-
tetrahydroindeno[1,2-d]imidazol-8(2H)-one 11(i):

ﬂ%/:,

11(i)

Twenty eight novel hybrid molecules viz. 3-(arylideneamino)-3a,8a-dihydroxy-1,3,3a.8a-
tetrahydroindeno| 1,2-d]imidazole-2,8-diones and their 2-thioxo analogues have been synthesized
via one-pot catalyst-free reaction of aldehydes, semicarbazide hydrochloride/thiosemicarbazide
with ninhydrin using 1,4-dioxane as solvent. All the synthesized compounds are well supported

by spectral data.
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Details (genesis, optimisation, results and discussion, experimental and characterizations) are
given in attached publication. [Synth. Commun., 2017, 72, 1159-1168]

D. Synthesis of 2-arylimidazo[1,2-a|pyridines

Imidazo[1,2-a]pyridines are indispensable biologically active nitrogen containing heterocyclic
scaffolds and possess a wide range of biological activities such as anti-cancer,' anti-viral,” anti-
inflammatory,’ analgesic, anti-pyretic,” anti-ulcer’ and anti-bacterial.® Imidazo[1,2-a] derivatives
based prospective radio ligands for positron emission tomography (PET) for-amyloid in
Alzheimer’s disease have been widely reported.7 They also act as GABA and benzodiazepine
receptor agonists8 and cardiotonic agents.” These structures are also found in clinical drugs such
as alpidem,'” zolpidem,® olprinone,'’ zolimidine® (Figure 2).

Figure 2 : Bio-active drugs containing imidazo[1,2-a]pyridine scaffold

2NN
c o NZ - z N
I - CHs
H,C

° D
: NC o N-Z
N\/\CH3 AN gm (0} g
S = N.,./) < > e HaC™ "CHs
H,C Alpidem Zolimidine : Olprinone Zolpidem

In addition to this, 2-(2-hydroxy phenyl)imidazo[1,2-a]pyridines exhibit excellent excited state
intramolecular proton transfer (ESIPT)? thereby embracing significance in the field of
optoelectronics. Owing to the attractive properties of imidazo[1,2-a]pyridines, a protocol involving
[Lb-NH;OAc  promoted one-pot metal-free  synthesis of diversely  substituted
imidazo[1,2-a]pyridines 14a-r from 2-aminopyridine 12 and aryl methyl ketones 13a-r was
established (Scheme 4). 2-Arylimidazo[1,2-a|pyridines 14a—r were obtained in good to excellent
yields via in situ generation of an Ortoleva—King intermediate (pyridinium iodide), followed by
NH,OAc-assisted cyclization.

Scheme 4 : [,-NH;,OAc promoted synthesis of imidazo[ |,2-a]pyridines 14a-r

O [, (1.0 mmol),
SN o NH4OAc (2.0 mmol), > N
e ; W)
NT NH, CHCI3 (10 mL), 1-6 h
12 13(a-r) 14a-r
(1.2mmol) (1.0 mmol) 18 examples

63-85% yield
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Substrate Scope

O, OCH3
14a,rt. (1h), 85% - 14b, rt (2 h), 81% 14c, r.t. (3 h), 75%
14d, r.t. (2 h), 80% 14e, r.t. (2 h), 78% 14f, rt. (1.5 h), 76%
NO OCHj;
N : < >
o O/ OCH34
149, r.t. (1.5 h), 63% 14h, rt ( 72% 14i, at reflux, ( 79%
Br
o . O e
Cl
= N
14j, rt (3 h), 72% 14k, r.t. ( 81% 141, r.t. (3h), 75%
14m, r.t. (3h), 77% o 14n, at reflux, (3 h), 79% 140, at reflux, (2.5 h), 77%

CH,

Of’ K T

14p, at reflux, (6 h), 73% 14q, at reflux, (5 h), 80% 14r, r.t. (1h), 82%

Details (genesis, optimisation, vesults and discussion, experimental and characterizations) are
given in atiached publication. [Tetrahedron Lett., 2016, 57, 4464-4467]

E. Synthesis of 2-aroyl-3-arylimidazo[1,2-a]pyridines

Various analogues of imidazopyridine have been synthesized'> and among them,
aroylimidazo[1,2-a]pyridines have emerged as the interesting structures since aroyl functionality
has been found to be responsible for their elevated biological properties.'* Nowadays, emphasis
is on the development of metal-free synthetic protocols. In this perspective, aﬁ efficient, metal-

free regioselective synthesis of 2-aroyl-3-arylimidazo [1,2-a]pyridines 15 from 1,3-diaryl-prop-
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2-en-l-ones and 2-aminopyridine was achieved (Scheme 5). The iodine-NH;OAc promoted
reaction offers a novel route in the synthesis of 2-aroyl-3-arylimidazo[l,2-a]pyridines. This
protocol offers significant flexibility in accessing medicinaily important 2-aroyl-3-

arylimidazo[ ,2-a]pyridines with various substitution patterns.

Scheme 5 : Synthesis of 2—a1royl-3-arylimidazo[1,2-a]pyriclines""b

Q 1> (1.0 eq.),
x S NH,OAc (2.0 eq.),
‘AH +
P
- N NH> CHClj , reflux.

15a-0

15 examples
72-85% yield

Substrate Scope

CH;
15a 15b 15¢ 15d
(1hr), 85% (1hr), 83% {1.5hr), 85% (2 hr), 80%

OCH,

15e 15¢f 159 15h
(1.5 hr), 82% (2 hr), 80% (2 hr),79% (2 hr), 81%
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15i 15§ 151

(1 hr), 82% (1.5 hr), 81% (2 hr), 72%

15m . 15n 150
(2 hr), 80% (2 hr), 78% (2 hr), 80%

@ carried out with 1 (1.2 mmol), 2a (1.0 mmol), iodine (1 mmol), NH;OAc ( 2.0 mmol) in CHCI; (10 ml) under
reflux; " isolated yields after column chromatography.

ORTEP of the compound 15e¢ :

Yos
oSt o
oL b e
O/ \\/ \N"-O e
-018? €3 P, /{32 C12q = 2
Q_/“‘é? \qo__/ \ C1¢
=i Ch
2 ! ,(322 @)’! c11 \ /

Ci5

CEOO/ \/ i o1 ({016 \)

;
Lf:’Cz

Details (genesis, optimisation, results and discussion, experimental and characterizations) are
given in attached publication. [Org. Biomol. Chem., 2018, 16, 1330-1336]

F. Synthesis of Indeno-fused [3.3.3]propellanes
A general strategy for the synthesis of novel indenofused heterocyclic motifs through one-pot
multicomponent reaction between ninhydrin, malononitrile and various binucleophiles was

developed (Scheme 6 and Scheme 7).
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(a) Synthesis of Synthesis of furoindeno-imidazo[3.3.3]propellanes 16a-h

Scheme 6: Synthesis of furoindeno-imidazo[3.3.3]propellanes 16a-h from ninhydrin,
malononitrile and binucleophiles

O
e CN X
l &OH Helia + CHaCN HiCo
O s e e ;
\O . H Reflux
Substrate Scope
e }K:’ 2 = = i ‘," ; \\ ; - e
= \ N/K\A .
\ o] | o
~—~NH 2~~NH
S ; -
(162) (16b) (16¢) (16d)
30 min, 87% 40 min, 88% 25 min, 86% 30 min, 86%
NC. O NH ~ NC_Q NH,
NS Ll
0 0
: S -NH
16 2 = =
15 4 8)850/ (16f) (16g) (16h)
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(b) Synthesis of furanoindenoimidazopyridine[3.3.3]propellanes 16i-p

Scheme 7: Synthesis of furanoindenoimidazopyridine[3.3.3]propellanes 16i-p from ninhydrin,
malononitrile and substituted 2-aminopyridines
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30 min 80% 20 min 80% 15 min 85% 20 min, 85%

All the synthesized compounds are well supported by spectral data ('H &"”C NMR, IR and
EIMS analysis).

{Unpublished result}
G. Synthesis of Ninhydrin based spiro-fused heterocyclic scaffolds

Quinoxaline represents a versatile class of nitrogen containing heterocyclic compounds of
various biologically interesting properties with several pharmaceutical applications. Substituted
quinoxalines constitute the building blocks of wide range of pharmacologically active
compounds having anti-bacterial,” anti-fungal,'® anti-cancer,'” anti-tubercular,'® anti-
leishmanial,'” anti-malarial®” and anti-depressant activities.”' Also, some quinoxaline-2-ones and
quinoxaline-2,3-diones have been reported to show anti-microbial,”® novel potent anti-
thrombotic.” anti-pain and an’[i—inﬂammatory24 activities. In addition to this, these serve as
ligands in coordination.> Quinoxaline is a part of various antibiotics such as echinomyein,
levomycin and actinoleutin, which are known to inhibit the growth of gram positive bacteria and
are active against various transplantable tumors.”® Due to interesting biological effects of
quinoxaline and importance of ninhydrin as a building block in organic synthesis We
successfully developed a versatile method for the preparation of derivatives of (3'R,3a'R,8b'R)-
3a'.8b'-dihydroxy-3'-(3-0x0-3,4-dihydroquinoxalin-2-yl)-3',3a'dihydrospiro[indene-2,2'-
indeno[1,2-b]furan]-1,3,4'(8b'H)-triones 17 and 2-amino-5-0x0-4-(3-0x0-3.4-dihydroquinoxalin-
2-y1)-4,5-dihydroindeno[1,2-b]pyran-3-carbonitriles 18 in good to excellent yields by the
reaction of ninhydrin with methylquinoxalinones and its knoevenagel adducts respectively.
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These are novel structures and diversely substituted analogs were prepared. All the products have
been synthesized and they are characterized by using various spectral means ('"H &"°C NMR, IR
and EIMS analysis).

{Unpublished result}
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Ultrasonic-assisted, catalyst-free reactions of ninhydrin with ethyl cyanoacetate and diethyl malonate led
to the unprecedented formation of an indenopyran and a spiroindenofuran viz. diethyl 4-cyano-2-
hydroxy-5-0x0-4,5-dihydroindeno[1,2-b]pyran-3,4-dicarboxylate 1 and diethyl 3a’,8b’-dihydroxy-
1,3,4'-trioxo-1,3,3a’,4'-tetrahydrospiro[indene-2,2’-indeno[ 1,2-b]furan]-3’,3/(8b’H)-dicarboxylate 3, re-
spectively. In addition to these unprecedented results, reactions of ninhydrin with dimedone, ethyl
acetoacetate and ethyl nitroacetate yielded 4b,9b-dihydroxy-7,7-dimethyl-7,8-dihydro-4bH-indeno[1,2-

ffg:vnogs;;ans b]benzofuran-9,10(6H,9bH)-dione 5, ethyl 3a,8b-dihydroxy-2-methyl-4-oxo-4,8b-dihydro-3aH-indeno
Indenofurans [1,2-b]furan-3-carboxylate 6 and 2-hydroxy-2-(nitromethyl)-1H-indene-1,3(2H)-dione 7, respectively.
Spiroindenofuran The structures of 1, 3, 5, 6 and 7 were determined by X-ray crystallography and attempts have been made
1H- indene to propose the mechanism of their formation.

Ultrasonication

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Ninhydrin (Indane-1,2,3-trione), traditionally used for the
analysis of amino acids,' is known to participate in a number of
chemical reactions giving rise to the formation of many structurally
functionalized molecules such as aldols,” Knoevenagel conden-
sates,” phthiocol via 2-hydroxy-2-(1-nitroethyl)-1H-indene-
1,3(2H)-dione,> O-containing heterocycles such as indenofurans,’
indenopyrans* and spiroheterocycles.’ Fused heterocyclic systems
are present in a large variety of natural products and drugs.’
Indenopyrans are used for the development of many pharmaceu-
tical agents’ and are known to possess anti-ulcer, anti-depressant
and anti-allergenic activities® whilst indenofurans constitute part-
structure of many natural products and are known to exhibit
anti-microbial and free radical scavenging properties® (see Figs. 1
and 2). Molecules with spirocyclic structures possess activities as
hypertensive, analgesic, muscle relaxtant, anti-inflammatory and
anti-microbial agents.'” The spiro functionality is also present in

* Corresponding author. E-mail address: k2kapoor@yahoo.com (K.K. Kapoor).

http://dx.doi.org/10.1016/j.tet.2015.11.022
0040-4020/© 2015 Elsevier Ltd. All rights reserved.

phytochemicals such as alkaloids and terpenoids.'! Further, indene
derivatives are also known to be potent therapeutic agents and
possess anti-bacterial activities.'?

2. Genesis

Ninhydrin on reaction with 1 equiv of active methylene yields
aldols A and Knoevenagel condensates B. Some aldols are further
known to produce intramolecular cyclisation products such as
indenofurans C (Scheme 1).>"> These aldols and Knoevenagel
condensates are highly functionalized and are capable of un-
dergoing further reactions with active methylenes and reactive
carbonyl compounds (e.g., ninhydrin), respectively. Knoevenagel
product B, in particular has attracted our attention since the na-
ture of EWG; and EWG; can influence the attack of second active
methylene molecule. This may lead to the formation of Michael
products D and E. Further intramolecular reactions of D and E may
lead to respective cyclic products. We wished to probe into the
reaction of aldols and Knoevenagel condensates with active
methylene compounds in a quest to obtain newer heterocyclic
products (path a and b) (Scheme 2). Aldol A may capture another
molecule of ninhydrin leading to the formation of spi-
roindenofuran derivatives of type F (path c) (Scheme 2).
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Fig. 1. Some biologically important indenopyran and indenofuran derivatives.

Fig. 2. Some natural products containing indenopyran’® and indenofuran substructures.’
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Scheme 1. Products of the reaction of ninhydrin with 1 equiv of active methylene.

3. Results and discussion

When ninhydrin is reacted with ethyl cyanoacetate (ECA) in
water, reported” aldol product of type A separates out as white
solid. We thought of using ethanol instead of water with a hope that
the aldol product does not precipitate out and undergoes further
reaction as proposed in genesis leading to the formation of newer
products. With this perspective in mind, 1:1 mixture of ninhydrin
and ethyl cyanoacetate was stirred at room temperature using
ethanol as solvent and the progress of the reaction was monitored
using TLC. After 7 h of stirring, formation of two new products
was observed. The two products were isolated as crystalline solids

(]
2
o )
HO ©O 0

7d,9b—d,10e

and characterized, respectively as diethyl 4-cyano-2-hydroxy-
5-o0x0-4,5-dihydroindeno[1,2-b]pyran-3,4-dicarboxylate 1 (32%)
and diethyl 2,2'-(1,3-dioxo-2,3-dihydro-1H-indene-2,2-diyl)bis(2-
cyanoacetate) 2 (15%). Further corroboration of structures 1 and 2
was arrived at by X-ray crystallographic studies (Fig. 3). To improve
the yields, attempts such as (i) performing above reaction in
refluxing ethanol, microwave irradiation, ultrasonic-irradiation
(entries 1-3) and (ii) replacing ethanol with other organic sol-
vents (entries 4—11) were made (Table 1).

It was found that use of ethanol as solvent on ultrasonic-
irradiation gave best results (entry 3). Slight improvement in
yields of products 1 (from 54% to 61%) and 2 (from 20% to 24%) was
observed in a reaction of ninhydrin with 2 equiv of ethyl cyanoa-
cetate (Scheme 3).

The plausible mechanism for the formation of diethyl 4-cyano-
2-hydroxy-5-0x0-4,5-dihydroindeno[1,2-b]pyran-3,4-
dicarboxylate 1 and diethyl 2,2’-(1,3-dioxo-2,3-dihydro-1H-
indene-2,2-diyl)bis(2-cyanoacetate) 2 is shown in Scheme 4.

Ultrasonication of ethanolic solution of 1:1 mixture of ninhydrin
and diethyl malonate (DEM) yielded diethyl 3a’,8b’-dihydroxy-
1,3,4'-trioxo-1,3,3a’,4’-tetrahydrospiro[indene-2,2’-indeno[ 1,2-b]
furan]-3’,3'(8b/H)-dicarboxylate 3 and previously reported” aldol
product diethyl 2-(2-hydroxy-1,3-dioxo-2,3-dihydro-1H-inden-2-
yl)malonate 4 in 53 and 24% yields, respectively. However, when
the reaction was carried out with 2:1 mixture of ninhydrin and
diethyl malonate, improvement in yield of the spiro product 3 (64%)
was noticed (Scheme 5). Mechanistically, this is in resonance with
that proposed by Holzer et al. for the reaction of ninhydrin with
methyl(di)azines having methyl group in a-position to the ring
nitrogen atom.>¢

Plausible mechanism for the formation of 3 is shown in
Scheme 6. Diethyl malonate captures two molecules of ninhydrin in
a stepwise manner to produce G, which cyclizes intramolecularly to
produce 3.

In addition to above unprecedented results the reaction of
ninhydrin with dimedone, ethyl acetoacetate (EAA) and ethyl
nitroacetate (ENA) gave expected products.The reaction of ninhy-
drin with dimedone has been reported > to yield the aldol product
of type A. To our delight similar reaction on ultrasonic-irradiation in
ethanol led to the formation of the cyclized indenofuran derivative
4b,9b-dihydroxy-7,7-dimethyl-7,8-dihydro-4bH-indeno[ 1,2-b]ben-
zofuran-9,10(6H,9bH)-dione 5 in 96% yield. A product resembling
with 5 has been reported by Mehdi et al.”® by the reaction of nin-
hydrin with cyclohexane-1,3-dione on refluxing using acetic acid as
solvent. Being eco-friendly and convenient, our method is advan-
tageous over this reported method. The reaction of ninhydrin with
ethyl acetoacetate (EAA) yielded reported product®'? ethyl 3a,8b-
dihydroxy-2-methyl-4-0x0-4,8b-dihydro-3aH- indeno[ 1,2-b]furan-
3-carboxylate 6 in 95% yield. Ethyl nitroacetate (ENA) upon reaction
with ninhydrin under similar conditions yielded 1H-indene de-
rivative 2-hydroxy-2-(nitromethyl)-1H-indene-1,3(2H)-dione 7
(78%) after de-ethyldecarboxylation of the aldol product (Scheme 7,
Fig. 3).
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Scheme 2. Possible products expected from aldol and Knoevenagel condensates.

Table 1

Optimization of the reaction conditions
Entry Solvent/mode Time (hrs) Yield (%)

1 2

1 EtOH/Reflux 5 44 16
2 EtOH/Microwave irradiation 3 45 18
3 EtOH/Ultrasound 25 54 20
4 MeOH/Ultrasound 25 46 20
5 iPrOH/Ultrasound 2.5 43 19
6 CH5CN/Ultrasound 2.5 40 17
7 THF/Ultrasound 25 37 14
8 Dioxane/Ultrasound 2.5 37 15
9 Acetone/Ultrasound 2.5 36 14
10 CHCls/Ultrasound 2.5 30 12
11 1,2-DCE/Ultrasound 2.5 31 15

Bold entry emphasize and highlight the reaction condition which gave the best results.

o NC cooEt
CN __EOH,US COOEt COOEt
o 4 < / / * COOEt
YT

1 2
1eq. 2 eq. 61% 24%

Scheme 3. Ultrasonic-assisted reaction of ninhydrin with ethyl cyanoacetate.
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Scheme 6. Proposed mechanism for the formation of 3.
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Scheme 7. Ultrasonic-assisted reaction of ninhydrin with dimedone, ethyl acetoacetate and ethyl nitroacetate.

Fig. 3. X-ray crystal structures of 1, 2, 3, 5, 6 and 7.

The reaction of ninhydrin with acetylacetone, malononitrile and
malonic acid gave 3-acetyl-3a,8b-dihydroxy-2-methyl-3aH-indeno
[1,2-b]furan-4(8bH)-one,  2-(1,3-dioxo-1H-inden-2(3H)-ylidene)
malononitrile and 2-(2-hydroxy-1,3-dioxo-2,3-dihydro-1H-inden-
2-yl)acetic acid in 94%, 82% and 90% yields, respectively akin to
those reported by Chakarbarty et al.?

4. Conclusions

Two novel O-containing fused heterocycles (1 and 3) have been
synthesized by ultrasonic-assisted reaction of ninhydrin with ethyl
cyanoacetate and diethylmalonate without the use of additives
such as catalyst, base etc. Plausible mechanisms are proposed to

explain the formation of new compounds. Further some interesting
indenofurans (5 and 6) and 1H-indene derivatives (2, 4 and 7) have
also been synthesized by the reaction of ninhydrin with some other
active methylene compounds.

5. Experimental section
5.1. General procedures

All the experiments were performed in an oven dried glass
apparatus. All the commercially available reagents were purchased
from Aldrich and were used without further purification. Ultra-
sonication was performed on 2510 Branson Ultrasonicator.
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Microwave irradiation (MWI) was done on CEM Discover Micro-
wave. X-ray data'¥ were collected on a Bruker Kappa Apex-II dif-
fractometer at RT with Mo-Ka radiation (1=0.71073 A) at
Department of Chemistry, Centre for Advanced Studies, Guru Nanak
Dev University, Amritsar and X'calibur CCD area-detector diffrac-
tometer equipped with graphite monochromated MoKa radiation
(2=0.71073 A), Department of Physics and Electronics, University of
Jammu, Jammu. Melting points (°C) were measured in open glass
capillaries using Perfit melting point apparatus and are un-
corrected. The progress of reaction was monitored by thin layer
chromatography (TLC) using silica gel pre-coated aluminium sheets
(60 F254, Merck). Visualization of spots was effected by exposure to
ultraviolet light (UV) at 365 nm and 254 nm, iodine vapours and 2%
2,4-dinitrophenylhydrazine in methanol containing few drops of
H,SO4 and draggendroff reagent. Recrystallization was achieved
with ethanol. IR spectra (v, cm~!) were recorded on Perkin—Elmer
FTIR spectrophotometer using KBr discs. 'H and 3C NMR were
recorded on Bruker AC-400 spectrometer operating at 400 MHz for
'H and 100 MHz for *C with tetramethylsilane (TMS) as an internal
standard. The chemical shifts are expressed in ¢ (ppm) downfield
from TMS. J values are given in Hertz (Hz). The abbreviations s, d,
dd, t, g and m in "H NMR spectra refer to singlet, doublet, doublet of
doublet, triplet, quartet and multiplet, respectively. For the HRMS
measurement, Q-TOF was used. Commercial grade solvents were
dried as per established procedure before use.!> Solvents were re-
moved using Heidolph rotary evaporator. Common abbreviations
are used throughout, mp for melting point, US for ultrasonication,
ECA for ethyl cyanoacetate, DEM for diethyl malonate, EAA for ethyl
acetoacetate, ENA for ethyl nitroacetate.

5.2. General procedure for the synthesis

A mixture of ninhydrin(0.36 g, 2 mmol) and active methylene
(4 mmol in case of ECA, 1 mmol in case of DEM, 2 mmol in case of
dimedone, EAA and ENA) was ultrasonicated in ethanol (10 ml) till
the completion of the reaction (TLC). Solvent was concentrated in
vacuo and the resultant was dissolved in ethyl acetate (30 ml),
washed with water (5x10 ml), brine (2x10 ml) and dried over
anhydrous Na,S0O4. Ethyl acetate was concentrated in vacuo and the
product obtained was purified by column chromatography using
a gradient of ethyl acetate and petroleum ether as eluents, followed
by recrystallization with ethanol or chloroform.

5.2.1. Diethyl  4-cyano-2-hydroxy-5-0x0-4,5-dihydroindeno[1,2-b]
pyran-3,4-dicarboxylate (1). Yellow crystalline solid (0.45 g, 61%
yield); mp 220-222 °C; 'H NMR (400 MHz, CDCl3) ¢ 7.53 (d,
J=6.7 Hz, 1H), 7.43 (m, 2H), 7.28 (d, J=6.8 Hz, 1H), 4.42—4.20 (m,
4H),1.39 (t, J=7.1 Hz, 3H), 1.32 (t, J=7.1 Hz, 3H); '3C NMR (100 MHz,
CDCl3) 6 188.21,167.40, 166.99,166.77,159.48,134.37,133.02, 131.85,
131.19, 123.04, 119.47, 117.06, 104.29, 75.63, 63.70, 61.26, 40.42,
13.96; IR (KBr) vmax/cm ™ ': 3397.81, 3296.16, 1747.34, 1695; HRMS
(ESI): calcd for C19H15NO7 [M+H]", 370.0922; found: 370.0904.

5.2.2. Diethyl 2,2'-(1,3-dioxo-2,3-dihydro-1H-indene-2,2-diyl)bis(2-
cyanoacetate) (2). White crystalline solid (0.18 g, 24% yield); mp
125 °C; 'H NMR (400 MHz, CDCl3) 6 8.12—8.04 (m, 2H), 8.00—7.92
(m, 2H), 4.68 (s, 1H), 4.62 (s, 1H), 4.26 (q, J=7.1 Hz, 2H), 4.01 (dd,
J=71, 4.6 Hz, 2H), 1.30 (t, J=7.1 Hz, 3H), 1.13 (t, J=7.1 Hz, 3H); °C
NMR (100 MHz, CDCl3) § 194.45, 193.36, 162.54, 162.07, 141.92,
141.37, 137.08, 136.57, 124.21, 123.75, 112.16, 111.78, 64.41, 53.71,
51.89, 41.15, 39.87, 13.80, 13.52; IR (KBr) Vmax/cm’l: 1746.77,
1716.84, 3453.18; HRMS (ESI): calcd for CigH1gN2Og [M+H],
369.1081; found: 369.1071.

5.2.3. Diethyl 3d',8b’'-dihydroxy-1,3,4'-trioxo-1,3,3a’,4'-tetrahydrospiro
[indene-2,2'-indeno[1,2-b]furan]-3',3'(8b'H)-dicarboxylate (3). White

crystalline solid (0.3 g, 64% yield); mp 203 °C; 'H NMR (400 MHz,
CDCls) 6 8.10—8.07 (m, 1H), 7.96—7.91 (m, 4H), 7.83 (dd, J=6.7, 0.8 Hz,
1H),7.77 (dd, J=7.4, 6.3 Hz, 1H), 7.65 (dd, J=7.2, 6.5 Hz, 1H), 6.14 (s, TH),
432 (dt, J=10.7, 5.3 Hz, 2H), 4.22 (dd, J=11.9, 7.2 Hz, 2H), 3.77 (s, 1H),
127 (t,J=7.2 Hz, 3H), 1.18 (t, ]=7.2 Hz, 3H); >C NMR (100 MHz, CDCl5)
6 195.99, 193.43, 166.40, 165.30, 147.12, 141.07, 136.90, 136.77, 136.30,
135.20,131.23,124.43,124.03,123.61,110.27, 84.08, 63.51, 62.90, 13.64,
13.51; IR (KBr) Vmax/cm’1: 3440.85, 1731.82, 1716.05; HRMS (ESI):
calcd for CosHp0010 [M+H] ™, 481.1129; found: 481.1127.

5.2.4. Diethyl 2-(2-hydroxy-1,3-dioxo-2,3-dihydro-1H-inden-2-yl)
malonate (4). Yellow gummy material (0.16 g, 25% yield); 'H NMR
(400 MHz, CDCl3) ¢ 8.09—7.98 (m, 2H), 7.94—7.86 (m, 2H), 4.31—4.15
(m, 4H), 4.07—4.03 (m, 1H), 1.33—1.18 (m, 6H); >C NMR (100 MHz,
CDCl3) 6 196.09, 167.34, 141.02, 136.30, 124.25, 73.40, 62.67, 53.32,
13.73; IR (KBr) vmax/cm™': 1746.69, 1716.80; HRMS (ESI): calcd for
C16H1607 [M+H]", 321.0969; found: 321.0958.

5.2.5. 4b,9b-Dihydroxy-7,7-dimethyl-7,8-dihydro-4bH-indeno[1,2-b]
benzofuran-9,10(6H,9bH)-dione (5). White crystalline solid (0.57 g,
96% yield); mp 210 °C; 'H NMR (400 MHz, CDCl3) 6 8.00—7.85 (m,
2H), 7.75 (dd, J=5.5, 3.0 Hz, 2H), 3.51 (s, 1H, OH), 2.28 (s, 4H), 2.19 (s,
1H, OH), 1.05 (s, 6H); 13C NMR (100 MHz, DMSO-dg) 6 197.52,192.14,
175.99, 147.28, 136.65, 134.66, 131.88, 125.36, 123.50, 112.98, 111.80,
83.05, 51.60, 37.67, 33.45, 28.70, 27.86; IR (KBr) Vmax/cm’l: 3436.60,
1725.23; HRMS (ESI): calcd for C17H1605 [M+H]", 301.1071; found:
301.1070.

5.2.6. Ethyl 3a,8b-dihydroxy-2-methyl-4-oxo0-4,8b-dihydro-3aH-in-
deno[1,2-b]furan-3-carboxylate (6). White crystalline solid (0.55 g,
95% yield): mp 96 °C; 'TH NMR (400 MHz, CDCl3) 6 7.92 (d, J=7.8 Hz,
1H), 7.84 (dd, J=15.8, 7.8 Hz, 2H), 7.64 (t, J=7.5 Hz, 1H), 4.90 (s, 1H),
4.58 (s, 1H), 4.33—4.23 (m, 2H), 2.25 (s, 3H), 1.36 (t, J=7.1 Hz, 3H);
13C NMR (100 MHz, CDCl3) 6 197.21, 170.50, 164.39, 146.73, 136.50,
134.38, 131.43, 124.58, 124.12, 108.48, 103.76, 83.59, 60.43, 15.03,
14.36; IR (KBr) rmax/cm™': 3435.69, 1729.04; HRMS (ESI): calcd for
C15H1406 [M+H]", 291.0863; found: 291.0839.

5.2.7. 2-Hydroxy-2-(nitromethyl)-1H-indene-1,3(2H)-dione
(7). White crystalline solid (0.34 g, 78% yield): mp 160 °C; '"H NMR
(400 MHz, MeOD) ¢ 8.15—8.02 (m, 4H), 515 (s, 2H); 3C NMR
(100 MHz, MeOD) 4 196.49, 140.75, 136.60, 123.74, 73.93, 71.23; IR
(KBr) ymax/cm ™' 3326.67,1702.69; HRMS (ESI): calcd for C1gH7NOs
[M+H]", 222.0397; found: 222.0378.
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Crystal data of product 1: C19H15N107 Mol. wt 369.32, Wavelength=0.71073 A,
Monoclinic, P21/n, a=9.1471(4) A, b=16.06905(5) A, c=12.5306(5) A, $=92.
765(4)°, V=1839.66(12) A3, Z=4, Dcyca=1.333 Mg/m> R1=0.0710, wRZ 0.
1659(for observed data), R1=0.0961, wR2=0.1800 for all data. CCDC No.
940836. Crystal data of product 2: C1gH16N206, Mol. wt 368.34, Wavelength=0.
71073 A, Triclinic, P-1, a=8.1354(10) A, b= 10]871(11)A c=11.9485(14) A, a=70.
079(3)° $=75.632(5)°, y=77.883(2)°, V=893.29(18) A%, Z=2, Dca1ca=1.369 Mg/
m?, R1=0.0530, wR2=0.1271(for observed data), R1=0.0997, wR2=0.1497 for all
data CCDC No. 1031463. Crystal data of product 3: CH21070Cl3, Mol. wt 599.
78, Wavelength=0.71073 A, Triclinic, P —1, a=10.2578(6) A, b=11.3926(7) A,
c=12.2822(8) A, =81.982(5)°, $=70.581(6)°, y=88.829(5)°, 1339.93(15), Z= 2
Decalcd=1.487 Mg/m3, R1=0.0634, wR2=0.1608 (for observed data), R1=0.1190,
WR2=0.1991for all data. CCDC No. 1042107. Crystal data of product 5: C17H160s,
Mol. wt 300.30, Wavelength:p.7]073 A, Monoclinic, P 2¢/n, a=7.5830(12) A,
b=21.906(3) A, c=8.8695(11) A, §=92.687(5)°, V=1471.7(4) A>, Z=4, Dcaicq=1.
355 Mg/m°>, R1=0.0378, wR2=0.0930(for observed data), R1=0.0493, wR2=0.
1004 for all data. CCDC No. 1031468. Crystal data of product 6: C1oH7NOs, Mol.
wt 221.17, Wavelength=0.71073 A, Monoclinic, P21/c, a=9.5664(11) A, b=6.
2063(6) A, c=16.561(2) A, $=104.283(6)°, V=952.87(19) A3, Z=4, Dcyicq=1.
542 Mg/m>, R1=0.0406, wR2=0.1064 (for observed data), R1=0.0573, wR2=0.
1197 for all data. CCDC No. 1031462. Crystal data of product 7: C15H1607, Mol. wt
308.28, Wavelength=0.71073 A, Monoclinic, P24/c, a= 79848(8)A b=16.773(2)
A, c=11.0114(15) A, =98.838(7)°, 1457. 2(3)A3 Z=4, Dcajea=1.401 Mg/m?, R1=0.
0566, wR2=0.1424 (for observed data), R1=0.0867, wR2=0.1625 for all data.
CCDC No. 1031466. The tables of important H-bonding interactions of all
products are given in Supplementary data.

Furniss, B. S.; Hannaford, A. ]J.; Smith, P. W. G. In Vogel’s Text Book of Practical
Organic Chemistry Addition Wesley Longman Limited: England, 1989.
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I,-NH40Ac was found to be an efficient system for the metal-free synthesis of diversely substituted
imidazo[1,2-a]pyridines 3a-r from 2-aminopyridine 1 and aryl methyl ketones 2a-r in one pot.
2-Arylimidazo[1,2-a]pyridines 3a-r were obtained in good to excellent yields via in situ generation of
an Ortoleva-King intermediate (pyridinium iodide), followed by NH,OAc-assisted cyclization.

© 2016 Elsevier Ltd. All rights reserved.

Imidazo[1,2-a]pyridines are indispensable biologically active
nitrogen containing heterocyclic scaffolds and exhibit a wide range
of biological activities.! These are broadly investigated in materials
science and organometallics.” Imidazo[1,2-a]pyridines are recog-
nized as a ‘privileged scaffold’ because these have significant
importance in pharmaceutical industry owing to their interesting
biological activities such as anti-cancer,” anti-viral,* anti-inflam-
matory,” analgesic, anti-pyretic,® anti-ulcer’ and anti-bacterial.®
Prospective radio ligands for positron emission tomography (PET)
for p-amyloid in Alzheimer’s disease based on imidazo[1,2-q]
derivatives have been widely reported.® They also act as GABA
and benzodiazepine receptor agonists'® and cardiotonic agents."
These structures are also found in clinical drugs such as alpidem,'?
zolpidem,'® olprinone,'”® zolimidine® and anti-HIV drug
(GSK812397),' (Fig. 1). Furthermore, 2-(2-hydroxy phenyl)imi-
dazo[1,2-a]pyridines exhibit excellent excited state intramolecular
proton transfer (ESIPT)!® thereby embracing significance in the
field of optoelectronics. Prevalence of these skeletons in biologi-
cally active compounds continues to give chemists a momentum
to develop novel methods for their synthesis.

Owing to the attractive properties of imidazo[1,2-a|pyridines,
various methods to synthesize this core have been developed and

* Corresponding author. Tel.: +91 191 2453969; fax: +91 191 2450014/2431365.
E-mail address: kamalkka@gmail.com (K.K. Kapoor).

http://dx.doi.org/10.1016/j.tetlet.2016.08.058
0040-4039/© 2016 Elsevier Ltd. All rights reserved.

reviewed.'®*~¢ Initial coupling reaction of endocyclic nitrogen of
2-aminopyridine with various reagents such as acetophenones,'®“
o-haloketones,'®® nitroalkenes,'®" o-diazoketones,'®®  alkynes
derivatives'®" etc followed by cyclization via exocyclic amino
group generates a variety of imidazo[1,2-a]pyridines. These
reactions occur in the presence of various Bronsted or Lewis
acids,'”''® metal catalysts (Cu,'® Fe,?° Zn,?") and a carbocatalyst
graphene oxide.?? Few literature reports are available for the syn-
thesis of 2-arylimidazo[1,2-a]pyridines from 2-aminopyridine and
aryl methyl ketones via in situ generation of pyridinium iodide,
first reported by Ortoleva®® and King.?* One of these reports has
explored the I, catalysed Ortoleva-King reaction in combination
with a strong base NaOH?® for the intramolecular cyclization of
pyridinium iodide to access o-hydroxy substituted 2-arylimidazo
[1,2-a]pyridines with a limited substrate scope while the other
reports make use of copper containing catalytic systems such as
Cul/In(CF3505)5%° and I,/Cu0."°® These methods are suitable for a
variety of substrates but suffer from one or more disadvantages
such as high cost, long reaction time, inert and anhydrous
conditions, low yields, tedious workup and product purification
procedures. In view of these drawbacks and our quest to develop
efficient and milder methods,?” we contemplated the replacement
of the stronger base NaOH with milder NH4OAc in the Stasyuk’s
protocol.?®

Ammonium acetate is known to be a mild base for effective
Knoevenagel condensation®® and has also been demonstrated as
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Figure 1. Bioactive drugs containing imidazo[1,2-a]pyridine nucleus.
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Scheme 1. Synthesis of 2-phenylimidazo[1,2-a]pyridine 3a.

an important source of ammonia in the synthesis of various
heterocyclic scaffolds.>® Further, iodine-catalysed reactions are
found to be highly efficient alternatives in C—N bond formation
as compared to transition metal-catalysed reactions and therefore
have attracted great interest of synthetic chemists. lodine is inex-
pensive, readily available,>® environmentally-benign as compared
to transition metal catalysts’' and operates under mild condi-
tions.>? Further, most iodine catalysed reactions involve domino
reaction sequences>> forming several bonds in a single operation
thereby imparting molecular diversity and complexity among the
compounds synthesized. Some of the well-known reactions
include one-pot synthesis of 2-acylbenzothiazoles via iodine pro-
moted domino oxidative cyclization,>* one-pot synthesis of pyr-
rolo[1,2-a]quinoxaline and imidazo[1,5-a]quinoxaline derivatives
via sp? and sp? C—H dehydrogenative coupling,*® divergent syn-
thesis of benzimidazoles, dihydro-2H-benzo[e][1,2,4]thiadiazi-
nes,>® oxidative esterification of o-alkynylaldehydes,*” one-pot
synthesis of 2-aryl-3-(pyridine-2-ylamino)imidazo[1,2-a] pyridi-
nes from alkylaryl ketones and 2-aminopyridines.*®

One-pot reaction is much desired by the chemists because it
saves time and resources by eliminating the separation processes

for purification of the chemical intermediates and also improves
the overall yield. We wished to develop a one-pot method for the
synthesis of 2-arylimidazo[1,2-a]pyridines by the condensation of
2-aminopyridine with various arylmethyl ketones using Ortol-
eva-King conditions followed by intramolecular cyclization with
NH40Ac.

The preliminary investigation was performed using 2-aminopy-
ridine 1 and acetophenone 2a as the model substrates. The initial
reaction between 2-aminopyridine 1 (1.2 mmol), acetophenone
2a (1.0 mmol), I, (1.0 mmol) and NH4OAc (2.0 mmol) in CHCl3 at
room temperature for 1 h led to the formation of the desired pro-
duct 2-phenylimidazo[1,2-a]pyridine*® 3a in 85% yield (Scheme 1).

During this study, a comparison between the literature methods
(entries 1-6)!994:2526:3940 and present work (entries 7-10) was
made and it became evident from the Table 1 that our reaction
conditions (entry 7) were milder with better or comparable
yields. Different ratios of iodine and ammonium acetate to effect
this reaction (entries 7-10) revealed the optimum requirement
as the usage of 1 and 2 equiv of I, and NH40Ac with respect to
ketone (entry 7, 85% yield).

Replacement of NH40Ac with NH4OH, NH4HCO3;, NH4H,POy,,
(NH400CH),, NH4(OOCH), (NH4),C03, NH4Cl, NH4NO5, NH4SCN,
EtsN or DMAP as well as CHCl; with CH3CN, 1,2-DCE, DMF, EtOH,
n-BuOH or toluene did not prove beneficial toward product yield.

Under the optimized conditions, diversely substituted aryl
methyl ketones were investigated®' and the results are summa-
rized in Table 2. It was also noticed that for some sterically hin-
dered and electron rich substrates (entries 2i, 2n-q), better
yields were obtained under reflux. Aryl methyl ketones bearing
electron donating (Me, OMe), electron withdrawing groups (F, Cl,
NO,) as well as disubstitution in the phenyl ring generated the cor-
responding 2-arylimidazo[1,2-a]pyridines (entries 3a-m) in good
to excellent yields (63-85%). Further, to establish the generality
of the reaction, furan-2-yl/thiophen-2-yl methyl ketones were
investigated and smooth formation of the corresponding furan-2-
yl/thiophen-2-yl substituted imidazo[1,2-a]pyridines (entries 3n-
0) was observed with good yields (77-79%). The construction of
imidazo[1,2-a]pyridines bearing bi-cyclic substitutions (entries
3p-q) was also achieved under these optimized conditions. Inter-
estingly, 3-acetyl-2H-chromen-2-one led to the formation of
3-(imidazo[1,2-a]pyridin-2-yl)-2H-chromen-2-one, a hybrid of
imidazo[1,2-a]pyridine and coumarin (entry 3q, 80% yield). The
2-aminopyridine with a methyl group in the 3-position smoothly
underwent the reaction, and product (entry 3r) was obtained in
an appreciable 82% yield.

In line with the mechanism proposed by Zhang et al.,** follow-
ing mechanism is proposed for the synthesis of 2-arylimidazo[1,2-
a]pyridines 3a-r as illustrated in Scheme 2.

Table 1

Comparison of model reaction with literature reports®
Entry Catalyst Ligand (10 mol %) Additive Solvent Oxidant Temp (°C)/time (h) Yield (%)°
1 Cu(0Ac),-H,0 (0.1 equiv) 1,10-Phenanthroline Znl, (0.1 equiv) Dichlorobenzene 0; (1 atm) 120/24 84%°
2 Cul (0.2 equiv) - - 1,4-Dioxane - 100/14 7119¢
3¢ Cul (0.2 equiv) — BF;-Et,0 (0.1 equiv) Neat 0, (1 atm) 40/24 70%°
44 Cul (0.05 equiv) — In (CF3S05)3 (0.01 equiv) NMP 0, (1 atm) 100/30 81%¢
5 lodine (1.2 equiv) - Aq NaOH (45%) - - 100-110 5525
6° lodine (1.1 equiv) — CuO (1.1 equiv) MeOH — Reflux/12 82!%d
7 Iodine (1.0 equiv) — NH40Ac (2.0 equiv) CHCl; — rt/1 85
8 lIodine (2.0 equiv) — NH4O0Ac (2.0 equiv) CHCl5 — rt/1 80
9 lodine (1.0 equiv) - NH4O0Ac (3.0 equiv) CHCl; — rt/1 82
10 Iodine (0.5 equiv) — NH40Ac (1.0 equiv) CHCl3 — rt/1 63

Bold values indicate optimized reaction conditions.
@ Reaction conditions: 1 (1.2 equiv), 2a (1.0 equiv), at a given temperature and time.
b Isolated yields.

2a (3.0 equiv) was used.

2a (2.0 equiv) was used.

c
d
€ 1 (1.0 equiv) was used.
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Table 2

[,-NH4OAc promoted synthesis of 2-arylimidazo[1,2-a]pyridines 3a-r

I (1.0 mmol),

Q‘*

2a-r

(1.2 mmol) (1.0 mmol)

NH4OAc (2.0 mmol),

CHCI3 (10 mL), 1-6 h

i ™)

3a-r
18 examples
63-85% yield

OCH,
=N A AN =N A
= = AN OCH F
SN SUN-Z CHs (s N ¢ N

3a,rt. (1h), 85% 3b, r.t. (2h), 81%

3¢, rt. (3 h), 75%

3d, r.t. (2 h), 80% 3e,rt. (2 h), 78%

e Of@ @f@ L Coon S

3f, r.t. (1.5h), 76%
HO
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3k, rt. (2h), 81%

3g,rt. (1.5 h), 63% 3h, 1t (

31, r.t. (3h), 75%
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), 72% 3i, at reflux, (3 h), 79%

oviy! -G o

B
3m, rt (3h), 7%

e vSas Of@

3j,rt. (3h), 72%
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Scheme 2. Plausible mechanism for the formation of 2-arylimidazo[1,2-a]pyridines 3a-r with I,-NH4OAc.

The first step involves the reaction of pyridine endocyclic nitro-
gen with the o-carbon of in situ generated a-iodoketone leading to
the formation pyridinium salt A. Intramolecular cyclization of the
imine B generated by the deprotonation of A gives tetrahydroimi-
dazo[1,2-a]pyridin-2-ol C, which upon elimination of water
resulted in the formation of 2-arylimidazo[1,2-a]|pyridines 3a-r.
HI produced during the reaction is believed to be scavenged by
NH; produced from NH40Ac.

In summary, we have developed an efficient, metal-free synthe-
sis of diversely substituted 2-arylimidazo[1,2-a]pyridines showing
versatility in terms of milder reaction conditions and easy product
purification avoiding the use of column chromatography.
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The preparation of some novel 3-(arylideneamino)-3a,8a-dihydroxy- Received 13 February 2017

1,3,3a,8a-tetrahydroindeno[1,2-dlimidazole-2,8-diones 8(i-xiv) and KEYWORDS

3-(arylideneamino)-3a,8a-dihydroxy-2-thioxo-1,3,3a,8a-tetrahydroin- : T .
s e Antibacterial; antifungal;

deno[1,2-dlimidazol-8(2H)-ones 9(i-xiv) have been reported through ninhydrin;

one-pot catalyst-free reaction of aldehydes, semicarbazide hydro- tetrahydroindenoimidazole-
chloride/thiosemicarbazide with ninhydrin. All the synthesized dione; 2-thioxotetrahydro
compounds have been screened for antimicrobial activity and some indenoimidazolone

of them were observed to possess broad spectrum antibacterial
potential as well as significant antagonistic potential against fungal
pathogens.

GRAPHICAL ABSTRACT

1 A-dioncan L;’L"\}:O ;
oo A-dioxane, ; ™ !
S{jextv) reflax 5 A o
+ oy —_— H—NH  NHs|
i LauLIE | Yy —
HaNHN" “NH3 | refly
S p—— B(i-xiv), 9(i-xiv}
28 examples, 78-93% yield
X=0.8
o
Introduction

Hydrazones (semicarbazones and thiosemicarbazones) 1 play a significant role in the
synthesis of biologically important heterocyclic compounds.’! They are of immense
biological significance and are known to exhibit anticancer,!” antimalarial,’® antiviral,[*
antifungal,[5] antibacterial,!® antitubercular,””! and anti—inﬂammatory[s] properties.
Ninhydrin has been used in the synthesis of a variety of biologically active imidazole
derivatives.”) For example, compound 2 obtained by the reaction of ninhydrin
with thiourea exhibited promising antimicrobial activity against Gram-positive and
Gram-negative bacteria and a fungus Candida albicans."® Compound 3, a hydrophobic
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@ Supplemental data (experimental data, X-ray crystallographic data, "H NMR and *C NMR spectra of all the synthesized
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Figure 1. Design of prototype.

analogue of 2, is devoid of two H-bond donors. Obtained™") by the reaction of ninhydrin
with diphenylthiourea, compound 3 has shown improvement in activity against some
bacterial strains (Bacillus subtilis, Streptococcus pneumoniae, Pseudomonas aeruginosa)
and loss against some other strains (Shigella flexneri, Escherichia coli). Loss in antifungal
activity of compound 3 against C. albicans was also noticed.""®"") In view of this irregular
trend in activity, we wished to maintain a balance between hydrophilicity and hydro-
phobicity by retaining one H-bond donor and this led us to design a compound 4 possessing
the attributes of hydrazones as well as tetrahydroindeno[1,2-d]imidazolones (Fig. 1).

Results and discussion
Chemistry

Benzaldehyde 5(i) (1 mmol) was reacted with semicarbazide hydrochloride 6(i) (1 mmol)
in ethanol to yield the corresponding semicarbazone 7(i) (96%), which upon reaction with
ninhydrin (1.2 mmol) in ethanol (thin-layer chromatography, TLC) at reflux led to the
formation of 3-(benzylideneamino)-3a,8a-dihydroxy-1,3,3a,8a-tetrahydroindeno[1,2-d]
imidazole-2,8-dione 8(i) (77%) (overall yield 74%) (Scheme 1).

In another set of experiment, one-pot reaction was performed. Initially, benzaldehyde 5(i)
(1 mmol) and semicarbazide hydrochloride 6(i) (1 mmol) were reacted in refluxing ethanol
(30 min) and noticing the completion of reaction (TLC), ninhydrin (1.2 mmol) was added
and refluxing was continued. After 90 min, the reaction got completed and 8% increase
in the yield of the desired product 8(i) was noticed. Replacing ethanol with various solvents
(Table 1) led us to conclude that 1,4-dioxane was the best solvent for this reaction.

Further, replacement of semicarbazide hydrochloride 6(i) with thiosemicarbazide
6(ii) yielded the expected 3-(benzylideneamino)-3a,8a-dihydroxy-2-thioxo-1,3,3a,

o 0
S o
& @}o SN’ “NH
s ) \_LOH
(i) : 5 s LS (o] HO
R E1OH, reflux SN—NH~ NHy —— — =0
- =
0 76 EAOH, reflux L
HaNHN™ “NH; * HCI 96% 8(i)
0 7%

(overall yield of two steps = 74%]

Scheme 1. Synthesis of 3-(benzylideneamino)-3a,8a-dihydroxy-1,3,3a,8a-tetrahydroindeno[1,2-d]
imidazole-2,8-dione 8(i).
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Table 1. Optimization of solvent.

Entry Solvent Yield (%)
1 CH5CN 80
2 1,4-Dioxane 90
3 1,2-DCE 77
4 DMF 70
5 Toluene 72
6 THF 75
7 Benzene 73
8 EtOH 82

Bold values and terms signify the best conditions found.

Figure 2. ORTEP diagram of 3-(benzylideneamino)-3a,8a-dihydroxy-2-thioxo-1,3,3a,8a-tetrahydroindeno
[1,2-d] imidazol-8(2H)-one (9i).

8a-tetrahydroindeno(1,2-d]imidazol-8(2H)-one 9(i) in 87% yield. The structure of 9(i) was
supported by single-crystal X-ray crystallographic study (Fig. 2). The Oak Ridge Thermal
Ellipsoid Plot (ORTEP) diagram of 9(i) clearly indicates that the two hydroxyl groups are
in cis-conformation.

A variety of aromatic aldehydes bearing electron-donating and electron-withdrawing
groups led to the successful formation of the desired products 8(i-xiv) and 9(i-xiv)
(Scheme 2). The plausible mechanism for the formation of 3-(arylideneamino)-3a,
8a-dihydroxy-1,3,3a,8a-tetrahydroindeno[1,2-d]imidazole-2,8-diones ~ 8(i-xiv) and
3-(arylideneamino)-3a,8a-dihydroxy-2-thioxo-1,3,3a,8a-tetrahydroindeno(1,2-d]imidazol-
8(2H)-ones 9(i-xiv) is shown in Scheme 3. The terminal nitrogen of semi/thiosemicarbazone
7(i-xxviii), formed in situ, underwent nucleophilic addition reaction with ninhydrin to
form hydrazine carboxamide/carbothioamide intermediate (A) and this was followed
by attack from the same side of the internal nitrogen to yield the desired cis-products
8(i-xiv)/9(i-xiv) as illustrated in Scheme 3. It is pertinent to mention that attack from the
same side lead to the exclusive formation of cis-product, since it is well established"?! that
cis-biquinane systems are far more stable than their trans-counterparts.

Biological evaluation

Antibacterial and antifungal bioassays (in vitro)
The antibacterial screening of the test compounds 8(i-xiv) and 9(i-xiv) was performed
against eight bacterial strains at concentrations of 100, 250, 500, 750, and 1000 ug mL ™"
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1. 4-dioxane, reflux
5(i-xiv i=ii
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X =0, 8(i) [90%; 120(30,90)]* X = 0, 8(ii) [88%; 100(30,70)]* X =0, Biii) [80%; 140(d0,100)* X = O, 8(iv) [92%; 112(32,80)]*
X =S,90) [87%: 135(35,100)1* X = 5, 9¢ii) [86%; 90(40,50)]* X =S, O(iii) [80%; 185(45,140)]* X =S, 9(iv) [B2%: 175(35,140)]*
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X =0, 8(v) [90%; 120(30,90)]* X =0, B(vi) [90%: 100(30,70)]* X = O, 8(vii) [92%; 115(35,80)]* X = O. B(viii) [83%; 160(40,120)]*
X =5, 9{v) [B4%; 155(30,120)]* X =8, 0(vi) [B6%; B5(25,60)]* X =5, 9(vil) [81%; 135(35,100)) X =S, 9(viii) [T8%; 200(60,140)]*
; 5
N-N NH “N-N’H"’?‘“ t xN_N}kNH
Ho~ S on Ho " T
3N o -0 HO
’ = " 9
|
X = O, 8(ix) [84%; 155(45,110)]* X =0.8(x) [81%; 14535.1100*  x _ oy grxi) (922 110(30,80)]* X = 0, 8(xii) [92%; 105 .
i <= ; . 2%; : =0, 2%; 105(35,70)
X =S, 9(ix) [82%: 170(50,120)]* X =S, 9(x) [80%: 175(55,120)]* = 5. 9(xi) [80%: 190(60,130)]° X-=s. 9(lxiliI|)[I88%; smn.so;]*i
e i
SNeN” NH b
HO—+——CH HO
o]
0
X = 0, 8{xiii) [93%; 100(30,70)]* X = 0, 8(xiv) [83%: 170(50,130)]*
X =S, 9(xili) [85%:; 100(35,65)]* X =S, 9(xiv) [83%; 200(60,140)]*

*[yield; total time (step 1, step 2) in minutes]

Scheme 2. One-pot synthesis of indeno-3-(arylideneamino)-3a,8a-dihydroxy-1,3,3a,8a-tetrahydroin-
deno[1,2-d]limidazole-2,8-diones 8(i-xiv) and their 2-thioxo analogues 9(i-xiv).

No inhibitory activity was observed for the test compounds at 100, 250, 500, and
750 ugmL~". At 1000 ug mL ™' concentration, the test compounds displayed perceptible
potential against the screened bacterial strains (Table 2, Fig. 3). The results clearly indicate
that 24 out of the 28 compounds showed activity against one or more strains. Compounds
8(viii, xii) and 9(v) possessed broad spectrum antibacterial activity against all the tested
strains, whereas 8(ix) and 9(vi) were found active against seven test cultures. 9(vii) and
9(xii) displayed moderate inhibitory potential against five tested strains. Compounds 8
(viii) and 9(vi) were active against four, 8(xii) against three, 8(xiv) against two and 8
(ix), 9(v), 9(x), and 9(xiii) against one bacterial strain. Four compounds 8(v, x) and 9
(xi, xiv) did not exhibit antibacterial activity against any of the organisms screened.
Antifungal potential of the test compounds 8(i-xiv) and 9(i-xiv) was represented as
percentage inhibition values (Table 3, Fig. 4). The investigation of antifungal screening
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Scheme 3. Plausible mechanism for the formation of 8(i—xiv) and 9(i—xiv).
Table 2. Antibacterial activity of test compounds 8(i—xiv) and 9(i—xiv).
Diameter of inhibition zone against pathogens (mm)
Test compound Bs B.c S.a Kp Ec Ef P.a P.al
8(i) — 10 11 — 9 12 — —
8(ii) 12 1 12 — — — 11 —
8((ii) — 13 1 — — — — 11
8(iv) 11 — — 12 10 — 12 —
8(v) — — — — — — — —
8(vi) — 11 10 — 12 — 12 —
8(vii) 11 — — — — —
8(viii) 14 14 13 12 14 12
8(ix) 13 13 12 13 13 —
8(x) — — — — — — —
8(xi) — — 1 — 11 — — —
8(xii) 12 15 14 13 12 15 1
8(xiii) — 12 — 11 — 11 —
8(xiv) 15 14 — 12 9 — —
9(i) 12 — — 12 — — 13 —
9(ii) — 13 — — — 1 — 12
9(iii) — — — — 12 — 11 12
9(iv) 13 — — 11 — — 10 —
9(v) 13 14 12 12 11 13 13 13
9(vi) 13 — 14 15 13 15 16 1
9(vii) 12 1 13 — — 12 13 —
9(viii) — — 12 — 10 — 12 13
9(ix) 13 12 — — 11 — 12 —
9(x) — — 14 — 9 6 — 12
9(xi) — — — — — — —
9(xii) 11 12 — 12 — 13 13
9(xiii) 12 — 13 — — 14 — —
9(xiv) — — — — — — — —
+ve Control (SD) 19 19 20 19 15 20 21 19
—ve Control — — — — — — — —

B.s, Bacillus subtilis; B.c, Bacillus cereus; S.a, Staphylococcus aureus; K.p, Klebsiella pneumoniae; E.c, Escherichia coli; E.f,
Enterococcus faecalis; P.a, Pseudomonas aeruginosa; P.al, Pseudomonas alcaligenes.
+ve Control = chloramphenicol (at 100 ug mL~" concentration); —ve Control = DMSO; test compounds (at 1000 ug mL ™"

concentration).

“—" sign indicates the absence of clear zone; weaker = 6-10 mm; moderate = 10-13 mm, above 13 mm = good.
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Figure 3. Comparison of antibacterial activity of 8(i-xiv) and 9(i-xiv) with the standard drug
(chloramphenicol).

of these compounds revealed their varying degrees of activity against all the tested micro-
organisms. Compound 9(viii) exhibited a very good antifungal activity with 70 and 78%
growth inhibition against Fusarium oxysporum and Alternaria alternata, respectively.

Table 3. Antifungal activity of test compounds 8(i-xiv) and 9(i-xiv).
% inhibition of test fungal pathogens

Test compound Fusarium oxysporum Alternaria alternate
8(i) 24.21 52.86
8(ii) 43.22 64.28
8(iii) 41.00 51.57
8(iv) 51.67 67.14
8(v) 58.00 21.24
8(vi) 17.21 68.00
8(vii) 29.70 34.28
8(viii) 47.22 71.43
8(ix) 21.90 2.86
8(x) 21.12 —
8(xi) 29.00 62.14
8(xii) 42.00 39.00
8(xiii) 29.33 64.28
8(xiv) 12.80 34.28
9(i) 31.21 19.32
9(ii) 38.63 33.12
9(iii) 54.00 60.00
9(iv) 40.00 43.00
9(v) 14.24 18.21
9(vi) 22.12 33.00
9(vii) 29.00 29.22
9(viii) 70.00 78.00
9(ix) 45.42 52.10
9(x) 37.61 32.70
9(xi) 39.80 3232
9(xii) 3212 36.00
9(xiii) 17.98 33.00
9(xiv) 495 36.43

Test compounds (at 1000 pg mL~" concentration).
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Figure 4. Antifungal potential of test compounds.

Compound 8(viii) displayed 71.43% growth inhibition against A. alternata. Rest of the test
compounds showed varying degrees of percentage inhibition of tested fungal pathogens
ranging from 2.86 to 68%. Species of Alternaria and Fusarium are reported to cause
broad spectrum infections in humans and mostly affect immune compromised patients.
Therefore, the compounds showing significant activity against these fungi can serve as
potential candidates for antifungal therapy.

Experimental
General

All the experiments were performed in an oven-dried glass apparatus. All the commercially
available reagents were purchased from Aldrich and were used without further purification.
Melting points (°C) were measured in open glass capillaries using Perfit melting
point apparatus and are uncorrected. The progress of reaction was monitored by TLC
using silica gel precoated aluminum sheets (60 F254, Merck). Visualization of spots was
affected by exposure to ultraviolet (UV) light at 365 and 254 nm, iodine vapors, and 2%
2,4-dinitrophenylhydrazine solution in methanol containing few drops of H,SO, and
Dragendorff reagent. IR spectra (v, cm™') were recorded on Perkin-Elmer FTIR spectro-
photometer using KBr discs. '"H and C NMR were recorded on Bruker AC-400
spectrometer operating, respectively, at 400 and 100 MHz with tetramethylsilane (TMS)
as an internal standard. The chemical shifts are expressed in 6 (ppm) downfield from
TMS. ] values are given in Hertz (Hz). The abbreviations s, bs, d, t, q, and m in 'H
NMR spectra refer to singlet, broad singlet, doublet, triplet, quartet, and multiplet, respect-
ively. Electron impact mass spectra were recorded on Micro Mass VG-7070 H mass
spectrometer at 70 eV. Elemental analysis was performed on Leco CHNS 932 analyzer.
Solvents were removed using Heidolph rotary evaporator. Column chromatography was
performed using a gradient of ethylacetate and petroleum ether.
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The synthesized 3-(arylideneamino)-3a,8a-dihydroxy-1,3,3a,8a-tetrahydroindeno[1,2-d]
imidazole-2,8-diones 8(i-xiv) and 3-(arylideneamino)-3a,8a-dihydroxy-2-thioxo-1,3,3a,8a-
tetrahydroindeno[1,2-d]imidazol-8(2H)-ones 9(i-xiv) were screened for their in vitro
antibacterial activity using agar well diffusion method.!"* The test pathogens used in the
study included four Gram-positive bacteria [B. subtilis (MTCC 441), Staphylococcus aureus
(MTCC 3160), Klebsiella pneumoniae (MTCC 109), Bacillus cereus (MTCC 430)], and
four Gram-negative bacteria [E. coli (MTCC 40), Enterococcus faecalis (MTCC 439),
P. aeruginosa (MTCC 1934), and Pseudomonas alcaligenes (MTCC 493)]. For antibacterial
assay, test pathogens were revived by growing overnight at 37 °C and 100 rpm. Test com-
pounds were prepared by dissolving in DMSO at concentrations of 100, 250, 500, 750, and
1000 pg mL ™", whereas the standard drug chloramphenicol was used at a concentration of
100 pug mL~". DMSO was used as a negative control. Sterile Petri plates were poured with
35 mL of nutrient agar medium. A total of 100 L of bacterial suspension was spread on the
solidified plates. Wells were bored in the plates with the help of borer of 6 mm diameter. A
total of 100 uL of prepared compounds was added to labeled wells. The results were
observed as diameter of zone of inhibition after incubating the plates at 37 °C overnight.

Antifungal activity of these compounds was evaluated against F. oxysporum (MTCC
2485) and A. alternata (MTCC 2724) by poison food technique.!"* A total of 1000 pg of
each compound was added in sterile luke warm potato dextrose agar medium before pour-
ing. Fungal agar plug of 5-day-old test culture was placed at the center of the medium plate.
Plates were incubated at 28 °C for 7 days. Percentage inhibition of fungal culture in the
presence of test compounds was assessed by comparing mycelia growth diameter on
poisoned (media + compound) and nonpoisoned (media + DMSO) plates and calculated
using the formula

%age inhibition = [(R1 — R2)/R1] x 100

R1 means radial growth of test fungi in nonpoisoned plate; R2 means radial growth of same
in poisoned plate.

General procedure for the synthesis of 8(i-xiv) and 9(i—xiv)

A mixture of aldehyde (5i-5xiv, 1 mmol) and semicarbazide hydrochloride 6(i) (0.11 g,
1 mmol)/thiosemicarbazide 6(ii) (0.09 g, 1 mmol) in 1,4-dioxane (10 mL) was refluxed
for the time mentioned in Scheme 2 to achieve the complete formation of the desired semi-
carbazones/thiosemicarbazones (TLC). At this stage, ninhydrin (0.21g, 1.2 mmol) was
added to the reaction mixture and refluxing was continued till the completion of reaction
(time given in Scheme 2). The reaction mixture was poured into ice-cold water (50 mL)
and kept in refrigerator overnight. The solid separated was filtered, dried, and column
chromatographed to obtain the pure product [8(i-xiv); 9(i-xiv); 78-93% vyield].

Spectral characterization of (8i) and (9i)

3-(Benzylideneamino)-3a,8a-dihydroxy-1,3,3a,8a-tetrahydroindeno[1,2-d]imidazole-2,8-
dione (8i); white solid; mp: 185 °C; 'H NMR (400 MHz, DMSO-d¢) & 9.02 (bs, 2H),
7.98-7.77 (m, 3H), 7.72-7.63 (m, 4H), 7.53-7.34 (m, 3H), 7.05 (bs, 1H); *C NMR
(100 MHz, DMSO-dg) & 195.5, 152.6, 151.6, 145.7, 137.7, 135.5, 132.1, 131.1, 130.1,
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129. 2, 127.1, 125.5, 124.2, 89.8, 84.5; IR (KBr) V,u./cm ' 3365.78, 1724.36, 1695.48;
Anal. caled. for C;;H;3N3;04: C, 63.16; H, 4.05; N, 13.00; found C, 63.12; H, 4.07; N,
12.96; ESI-MS m/z: [M+H]" = 324.

3-(Benzylideneamino)-3a,8a-dihydroxy-2-thioxo-1,3,3a,8a-tetrahydroindeno[1,2-d]
imidazol-8(2H)-one (9i); yellow crystalline solid; mp: 203 °C; 'H NMR (400 MHz,
DMSO-d¢) § 10.28 (bs, 1H), 9.58 (s, 1H), 8.14-8.07 (d, J = 8 Hz, 1H), 7.97-7.86 (m,
4H), 7.79-7.69 (d, J=8.0 Hz, 2H), 7.55 (s, 3H), 7.40 (bs, 1H); >*C NMR (100 MHz,
DMSO-de) 6 196.1, 174.9, 156.1, 148.4, 137.3, 134.4, 133.2, 131.5, 131.4, 129.4, 128.1,
127.4, 124.3, 92.7, 86.8; IR (KBr) vyna/cm ™ b 3365.32, 1711.14, 1707.34, 1285.10; Anal.
calcd. for C,,H,3N505S: C, 60.17; H, 3.86; N, 12.38; S, 9.45; found C, 60.01; H, 3.69; N,
12.84; S, 9.61; ESI-MS m/z: [M—I—H]+ = 340.

Conclusion

A series of novel 3-(arylideneamino)-3a,8a-dihydroxy-1,3,3a,8a-tetrahydroindeno[1,2-d]
imidazole-2,8-diones and 3-(arylideneamino)-3a,8a-dihydroxy-2-thioxo-1,3,3a,8a-tetrahy-
droindeno[1,2-d]imidazol-8(2H)-ones have been synthesized through one-pot, catalyst-
free reaction of aldehydes, semicarbazide hydrochloride/thiosemicarbazide with ninhydrin
and screened for antimicrobial activity. Some of the synthesized compounds showed prom-
ising results.

Funding

The authors are grateful to DST for NMR facility under PURSE and UGC, New Delhi for funding
(Project No. MRP-MAJOR-CHEM-2013-21745).

References

[1] Banerjee, S.; Mondal, S.; Chakraborty, W.; Sem, S.; Gachhui, R; Butcher, R. J.; Slawin, A. M,;
Mandal, C; Mitra, S. Z. Polyhedron 2009, 28, 2785.

[2] (a) Despaigne, A. A. R; Parrilha, G. L; Izidoro, J. B.; da Costa, P. R.; dos Santos, R. G.; Piro, O.
E.; Castellano, E. E.; Rocha, W. R.; Beraldo, H. Eur. J. Med. Chem. 2012, 50, 163 (b) Dandawate,
P.; Khan, E.; Padhye, S.; Gaba, H.; Sinha, S.; Deshpande, J.; Swamy, K. V.; Khetmalas, M.;
Ahmad, A.; Sarkar, F. H. Bioorg. Med. Chem. Lett. 2012, 22, 3104; (c) Mohareb, R. M,
Al-Omran, F. Steroids 2012, 77, 1551; (d) Aydin, S.; Kaushik Basu, N.; Arora, P.; Basu, A;
Nichols, B. D.; Talele, T. T.; Akkurt, M.; Celik, L; Buyukgungor, O.; Kucukguzel, S. G. Marmara
Pharm. J. 2013, 17, 26.

[3] (a) Fattorusso, C.; Campiani, G.; Kukreja, G.; Persico, M.; Butini, S.; Romano, M. P.; Altarelli,
M.; Ros, S.; Brindisi, M.; Savini, L.; Novellino, E.; Nacci, V.; Fattorusso, E.; Parapini, S.; Basilico,
N.; Taramelli, D.; Yardley, V.; Croft, S.; Borriello, M.; Gemma, S. . Med. Chem. 2008, 51, 1333;
(b) Acharya, B. N.; Saraswat, D.; Kaushik, M. P. Eur. J. Med. Chem. 2008, 43, 2840.

[4] (a) El-Sabbagh, O. L.; Rady, H. M. Eur. J. Med. Chem. 2009, 44, 3680 (b) Tian, B.; He, M.; Tang,
S.; Hewlett, I; Tan, Z; Li, J.; Jin, Y.; Yang, M. Bioorg. Med. Chem. Lett. 2009, 19, 2162.

[5] (a) Secci, D.; Bizzarri, B.; Bolasco, A.; Carradori, S.; D’ Ascenzio, M.; Rivanera, D.; Mari, E.;
Polletta, L.; Zicari, A. Eur. J. Med. Chem. 2012, 53, 246; (b) Maillard, L. T.; Bertout, S,;
Quinonera, O.; Akalin, G.; Turan-Zitouni, G.; Fulcrand, P.; Demirci, F.; Martinez, J.; Masurier,
N. Bioorg. Med. Chem. Lett. 2013, 23, 1803; (c) Altintop, M. D.; Ozdemir, A.; Turan Zitouni, G.;
llgin, S.; Atli, O. lIscan, G. Kaplancikli, Z. A. Eur. ]. Med. Chem. 2012, 58, 299;



1168

(10]
(11]

(12

(13]

(14]

Y. SAINI ET AL.

(d) Kocyigit-Kaymakcioglu, B.; Oruc-Emre, E. E; Unsalan, S; Tabanca, N.; Khan, S. L;
Wedge, D. E.; Iscan, G.; Demirci, F.; Rollas, S. Med. Chem. Res. 2012, 21, 3499.

(a) Abdel-Aziz, H. A.; Mekawey, A. A. Eur. J. Med. Chem. 2009, 44, 4985; (b) Abdel-Wahab,
B. F; Awad, G. E; Badria, F. A. Eur. J. Med. Chem. 2011, 46, 1505; (c) Khan, S. A. Eur.
J. Med. Chem. 2008, 43, 2040.

(a) Telvekar, V. N.; Belubbi, A.; Bairwa, V. K.; Satardekar, K. Bioorg. Med. Chem. Lett. 2012, 22,
2343; (b) Gemma, S.; Savini, L.; Altarelli, M.; Tripaldi, P.; Chiasserini, L.; Coccone, S. S.; Kumar,
V.; Camodeca, C.; Campiani, G.; Novellino, E.; Clarizio, S.; Delogu, G.; Butini, S.; Bioorg. Med.
Chem. 2009, 17, 6063; (c) Imramovsky, A.; Polanc, S.; Vinsova, J.; Kocevar, M.; Jampilek, J.;
Reckova, Z. Bioorg. Med. Chem. 2007, 15, 2551.

(a) Gokce, M.; Utku, S.; Kupeli, E. Eur. J. Med. Chem. 2009, 44, 3760; (b) Khan, K. M.; Khan,
M.; Ali, M.; Taha, M.; Rasheed, S.; Perveen, S.; Choudhary, M. 1. Bioorg. Med. Chem. 2009, 17,
7795; (c) Moldovan, C. M.; Oniga, O.; Parvu, A,; Tiperciuc, B.; Verite, P.; Pirnau, A.; Crisan, O.;
Bojita, M.; Pop, R. Eur. J. Med. Chem. 2011, 46, 526.

(a) Alizadeh, A.; Zarei, A.; Rezvanian, A. Helv. Chim. Acta 2011, 94, 802; (b) Das, S.; Frohlich,
R;; Pramanik, A. Org. Lett. 2006, 8, 426; (c) Seyfi, S.; Hossaini, Z.; Rostami-Charati, F. Comb.
Chem. High Throughput Screen. 2013, 16, 652.

Ghalib, R. M.; Hashim, R.; Alshahateet, S. F.; Mehdi, S. H.; Sulaiman, O.; Murugaiyah, V;
Aruldass, C. A. J. Mol. Struct. 2011, 1005, 152.

Ghalib, R. M.; Hashim, R.; Alshahateet, S. F.; Mehdi, S. H.; Sulaiman, O.; Chan, K.-L;
Murugaiyah, V.; Jawad, A. J. Chem. Crystallogr. 2012, 42, 783.

(a) Chang, S.-J.; McNally, D.; Shary-Tehrany, S.; Hickey, S. M. J.; Boyd, R. H. J. Am. Chem. Soc.
1970, 92, 3109; (b) Kim, W.-Y.; Kim, B. G.; Kang, T.; Lee, H.-Y. Chem. Asian J. 2011, 6, 1931.
Rahman, A.-U.; Choudhary, M. I; Thomsen, W. J. In Bioassay Techniques for Drug Develop-
ment; Harwood Academic Publishers: The Netherlands, 2001; 16.

Das, K.; Tiwari, R. K. S.; Shrivastava, D. K. J. Med. Plants Res. 2010, 4, 104-111.



Published on 22 January 2018. Downloaded by University of Reading on 22/02/2018 08:45:57.

Organic &
Biomolecular Chemistry

ROYAL SOCIETY

OF CHEMISTRY

View Article Online

View Journal | View Issue

’ '.) Check for updates ‘

Cite this: Org. Biomol. Chem., 2018,
16, 1330

lodine—NH4OAc mediated regioselective synthesis
of 2-aroyl-3-arylimidazo[1,2-a]pyridines from 1,3-
diaryl-prop-2-en-1-onest

Dilpreet Kour,? Annah Gupta,® Kamal K. Kapoor,*? Vivek K. Gupta,” Rajnikant,®
Deepika Singh® and Parthasarathi Das {2 *$©

The present protocol describes an efficient, metal-free regioselective synthesis of 2-aroyl-3-arylimidazo
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Introduction

Imidazo[1,2-a]pyridines are aza-fused heterocyclic compounds
widely distributed in many pharmacologically important com-
pounds." In addition, these nitrogen-bridgehead fused hetero-
cycles are also known to possess applications in the field of
materials and organometallic chemistry.> These derivatives
exhibit a broad spectrum of biological activities® such as anti-
cancer,’ anti-viral,” anti-inflammatory,® anti-pyretic,” anti-
ulcer® and anti-bacterial.’ It is pertinent to mention that
6-chloro-2-ethyl-N-(4-(4-(4-(trifluoromethoxy)phenyl)piperidin-1-
yl)benzyl)imidazo(1,2-a)pyridine-3-carboxamide (Q203) has
successfully completed phase-I studies for the treatment of mul-
tidrug resistant strains of Mycobacterium tuberculosis™ (Fig. 1).
Many drugs featuring the imidazo[1,2-a]pyridine scaffold are
commercially available in the market and are shown in Fig. 1.
Furthermore, imidazo[1,2-a]pyridine also finds application in
the field of optoelectronics e.g. 2-(2-hydroxy phenyl)imidazo
[1,2-a]pyridines exhibit excellent excited state intramolecular
proton transfer (ESIPT).'"' Owing to its extensive range of
bioactivities, the importance of the imidazo[1,2-a]pyridine
scaffold in the pharmaceutical sector is well appreciated
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[1,2-alpyridines from 1,3-diaryl-prop-2-en-1-ones and 2-aminopyridine. The iodine—NH4OAc promoted
reaction offers a novel route in the synthesis of 2-aroyl-3-arylimidazol1,2-alpyridines. This protocol offers
significant flexibility in accessing medicinally important 2-aroyl-3-arylimidazo[1,2-alpyridines with various
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Fig. 1 Biologically active imidazol[1,2-alpyridines.

among the chemists and this has led a surge in the develop-
ment of newer efficient and facile methods for its synthesis.
Various analogues of imidazopyridine have been syn-
thesized"> and among them, aroylimidazo[1,2-a]pyridines have
emerged as the interesting structures since aroyl functionality
has been found to be responsible for their elevated biological
properties.>’Nowadays, emphasis is on the development of
metal-free synthetic protocols. In this perspective, molecular
iodine has proven to be an efficient mediator in the synthesis
of various heterocycles™ due to its role in oxidative coupling
reactions for the construction of C-C,"” C-N'® and C-X'7
bonds. Iodine-mediated reactions have been extensively
encouraged in the synthesis of various natural products and
biologically active scaffolds since they are non-toxic, readily
available, inexpensive Lewis acids compared to transition
metal catalysts and are easy to handle.'® Moreover, iodine-pro-
moted reactions generally involve domino reaction sequences
and forms several bonds in a single operation."®
Imidazopyridines with diverse substitution patterns have
mainly been synthesized from 2-aminopyridine®® and the

mode of first nucleophilic attack by either exo amine*'** or

This journal is © The Royal Society of Chemistry 2018
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Previous reports for the synthesis of 3-benzoyl-2-phenyl
imidazo[1,2-a]pyridine

o i) Cu salt (ref 22a) N
e =z =
@ N ii) CuCly (ref 22b) CNV )
_ NHZ O iii) Cw/H-OMS-2 (ref 22c) and >

N iv) 1/AICI (ref 22d) o
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Origin of the present work
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Xing's work Present work

3a
3-benzoyl-2-phenylimidazo[1,2-a]pyridine

4a
2-benzoyl-3-phenylimidazo[1,2-a]pyridine

Scheme 1 Synthesis of 2-aroyl-3-arylimidazol[1,2-a]pyridines.

endo nitrogen® dictates their regiochemical outcome. When
2-aminopyridine reacts with 1,3-diaryl-prop-2-en-1-one, two
different types of regioisomers 3 and 4 are observed and
surprisingly, all the literature reports, till date, have described
the formation of 3-aroyl-2-arylimidazo[1,2-a]pyridines 3
(Scheme 1).*

In order to prepare 2-aroyl-3-arylimidazo[1,2-a]pyridines 4,
we decided to use I, as a reagent that might lead to the for-
mation of a 3-membered iodonium complex,>* thereby provid-
ing the necessary impetus for the attack by the endo nitrogen
of 2-aminopyridine to occur at the f-carbon akin to Ortoleva—-
King reactions.?*2%:2¢

Results and discussion

To optimize the reaction conditions, we commenced our study
by reacting 2-aminopyridine 1a and 1,3-diphenyl-prop-2-en-1-
one 2a as the model substrates. The initial reaction was
carried out by refluxing a mixture of 2-aminopyridine 1a
(1.2 mmol), 1,3-diphenyl-prop-2-en-1-one 2a (1.0 mmol) and I,
(1.0 mmol) in CHCl; (entry 1, Table 1) and to our delight,
product 4a was isolated in 60% yield. Unlike 3-aroyl-2-phenyli-
midazo[1,2-a]pyridine 3a, a doublet at § 9.55 diagnostic for the
C-5 proton was missing in "H NMR of product 4a. A scrutiny of
the spectral data ("H NMR, "*C NMR, and HRMS) confirms the
structure of 4a as 2-aroyl-3-phenylimidazo[1,2-a]pyridine i.e.
the regiomer of 3a. The downfield appearance of Cs-H in 3a is
due to the anisotropy of the carbonyl of the 3-aroyl moiety
which is absent in 4a. The proposed structure of the present
methodology was further corroborated by the single X-ray diffr-
action analysis of the compound 4d (Table 2). Investigation
revealed that CHCl; (entry 1, Table 1) was the most suitable
among the various solvents (DCE, CH;CN, DMF, EtOH, 1,4-
dioxane, toluene and chlorobenzene) screened (Table 1). Based
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Table 1 Optimization of the reaction conditions?

a I,/additive
solvent, 2 h

UU

3-aroyl-2-phenyl
imidazo[1,2-a]pyridine  imidazo[1,2-a]pyridine

2-aroyl-3-phenyl

Entry Additive Solvent Yield” (%) 3a/4a
1 — CHCl; 00/60

2 — DCE 00/30

3 — EtOH 00/43

4 — Toluene 00/30

5 — CH,CN 00/37

6 — DMF 00/15

7 — 1,4-Dioxane 00/21

8 — Chlorobenzene 00/55

9 NH,OAc CHCl; 00/85
10° NH,OAc CHCl, 00/70
114 NH,OAc CHCl, 00/82
12 NH,CI CHCl; 00/40
13 (NH,),S0, CHCl, 00/33
14° DABCO CHCl, 10/17
15¢ DBU CHCl, 20/20
16° p-TsOH CHCl, 20/40
17 NaOAc CHCl; 00/30
187 NH,0Ac CHCl, 00/55
19% — CHCl, ND/ND

“Reaction conditions: 1a (1.2 equiv.), 2a (1.0 ecb[ulv) I, (1.0 equiv)
NH,OAc (2 0 equiv.), CHCI; (10 mL), reﬂux 2 h Isolated yields. (1.0
equiv.). 9(3.0 equiv.). ¢ Reaction run for 20 h./In the presence of NIS.
¢1In the absence of I,, ND = not detected.

on our previous experience, we decided to use NH,OAc to
increase the yield of the product.’® To our delight, a good
improvement in the yield of the product 4a was noticed upon
the addition of 2 equiv. of NH,OAc (entry 9, Table 1).

However, the use of different amounts of NH,OAc (entries
9-11, Table 1) revealed that the optimum requirement of the
reaction is 1 equiv. of I, and 2 equiv. of NH,OAc with respect
to 1,3-diaryl-prop-2-en-1-one (entry 9, Table 1). Other additives
such as NH,Cl, (NH,),SO,, DABCO, DBU, p-TsOH and NaOAc
did not result in any improvement in the yield (entries 12-17,
Table 1). But when DABCO, DBU and p-TsOH were used, the
formation of a mixture of 3a and 4a was observed (entries
14-16, Table 1). It is noteworthy to mention here that the for-
mation of the desired product 4a did not occur in the absence
of I, (entry 19, Table 1).

After having the optimized reaction conditions in hand, we
became interested in exploring the substrate scope by reacting
various substituted 2-aminopyridines and 1,3-diphenyl-prop-2-
en-1-ones and the results are shown in Table 2. Various 1,3-
diaryl-prop-2-en-1-ones bearing electron-donating groups (Me,
OMe, oxymethylene), electron-withdrawing groups (NO,) and
halo-derivatives (Cl, Br) reacted efficiently giving the corres-
ponding 2-aroyl-3-arylimidazo[1,2-a]pyridines in very good
yields (72-85%). Heteryl ring systems (4h-i, Table 2) were also
well tolerated under the present reaction conditions. The
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Table 2 Synthesis of 2-aroyl-3-arylimidazol1,2-alpyridines®?

I>(1.0eq.),

_NHiOAc (209),
@ T
NH,

72-85% yield

a,78%

4m, 80%

“Reaction conditions: 1a (1.2 mmol), 2a (1.0 mmol), iodine (1 mmol),
NH,OAc, (2.0 mmol), CHCI, (10 mL), reflux. ? Isolated yields.

present method also works well both with electron-donating
and electron-withdrawing 2-aminopyridines (4k-m, Table 2).

Furthermore, to make this approach more expedient, a one-
pot synthesis of 2-aroyl-3-arylimidazo[1,2-a]pyridines was also
investigated and this includes the heating of aryl methyl
ketones, aryl/heteroaldehydes and 2-aminopyridine in the
presence of I, and NH,OAc in CHCI; (Scheme 2). The reaction
proceeded via in situ formation of 1,3-diaryl-prop-2-en-1-ones
and this is supported by the mass spectrum of the aliquot
taken after four minutes of the reaction. However, the yield of
the reaction was observed to be slightly less than the one
reported with a 2-component reaction (Table 2).

The addition of 2,2,6,6-tetramethylpiperidine-N-oxide
(TEMPO) had no significant impact on the yield of the product
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S o I2(1.0 mmol),
|Ar1, . . @ NH4OAc (2.0 mmol), 7
N™ "NH; CHCI3 (10 mL), 2h
(1.2mmol) (1.0 mmol) (1.0 mmol) relfux

8 examples
4a =79%; 4b = 75%; 4¢c = 78%;
4Af = 73%; 4g = 73%; 4i = 73%;
4j = 70%; 4m = 66%

Scheme 2 One-pot synthesis of 2-aroyl-3-arylimidazol[1,2-alpyridines.

o TEMPO (1 mmol),
| N N I, (1.0 mmol), NH40Ac (2.0 mmol), &~
NZ NH; O O CHCl3 (10 mL), reflux, 2h S
1a 2a
« O

83% yield

Scheme 3 Control experiment.

which suggested the formation of 2-aroyl-3-arylimidazo[1,2-a]
pyridines through a non-radical pathway (Scheme 3). The reac-
tion that was also tested with another source of the iodonium
ion such as NIS (1 eq.) (Table 1, entry 18) gave only one
product 4a (55% yield) supporting the iodonium intermediate.

On the basis of these results, a plausible mechanism for
the synthesis of 2-aroyl-3-arylimidazo[1,2-a|pyridines 4a-m is
illustrated in Scheme 4. In the first step, iodine reacts with 1,3-
diaryl-prop-2-ene-1-one (2a) to form iodonium intermediate
A.** Then, C-N bond formation occurs by the attack of endo-
cyclic pyridine nitrogen of 2-aminopyridine on the p-position
of the iodonium intermediate*” forming intermediate C via
Ortoleva-King type intermediate®*>>?° B, Next, the intra-
molecular cyclization of intermediate C leads to the formation
of intermediate D which undergoes aerial oxidation to form
the desired product 4a. HI produced during the reaction is
believed to be scavenged by NH; produced from NH,OAc.>®

To support the proposed mechanism, mass spectra of the
aliquot taken out at different time intervals were recorded on a
Waters Quattro Premier Triple Quad instrument in positive ion

! Ortoleva-King type
intermediate

o A
i L
N "NH
O X b 1a 2 O
—2 \+ % .
"
2a A

AcOH
NHy 2k NH,OAC
~ACOH

NH4I

\ \

aenal oxidation
HI

NH4I

AcOH - AcOH

NH40AC

Scheme 4 Plausible reaction mechanism.
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Table 3 Mass spectrum of the reaction mixture at different time
intervals®

Entry  2a(208) A(334) B(429) C(428) D (300) 4a(298)
2 min v v v v v v
10 min v v ND v v v
55min vV ND ND ND ND v

“Reaction conditions: 1a (1.2 equiv.), 2a (1.0 equiv.), I, (1.0 equiv.),
NH,OAc (2.0 equiv.), CHCl; (10 mL), reflux, v = detected, ND = not
detected.

mode (Table 3). As is evident from the table, the aliquot taken
after 2 minutes of the reaction displayed masses corres-
ponding to starting material 2a, intermediates A, B, C and D,
and the product 4a. In 10 minutes, a mass peak corresponding
to Ortoleva-King intermediate B was found missing revealing
the consumption of the product. Furthermore, after
55 minutes, the aliquot showed the presence of only the
product 4a with the disappearance of all the intermediates
(see the ESIft for details).

Conclusions

In conclusion, a direct regioselective synthesis of pharmaceuti-
cally important 2-functionalised imidazopyridine derivatives
has been reported from 2-aminopyridine and 1,3-diaryl-prop-2-
en-1-ones. This metal-free, one-pot protocol is simple, facile
and offers a significant flexibility to access an array of fused
2-aroyl-3-arylimidazo[1,2-a]pyridines. This synthetic route defi-
nitely opens-up the possibilities of synthesizing the new
pharmacologically important imidazopyridine scaffolds. The
one-pot three-component synthesis of 2-aroyl-3-arylimidazo
[1,2-a]pyridines has also been reported from aryl methyl
ketones, aryl/heteraldehydes and 2-aminopyridine under
similar reaction conditions. The dual C-N bond formations
with high regioselectivity, utilizing readily available precursors,
are the notable advantageous features of the present protocol.

Experimental

All the commercially available reagents were purchased from
Aldrich and were used without further purification. Melting
points (°C) were measured in open glass capillaries using a
Perfit melting-point apparatus and are uncorrected. The pro-
gress of the reaction was monitored by thin-layer chromato-
graphy (TLC) using silica-gel pre-coated aluminium sheets (60
F254, Merck). The visualization of spots was effected by
exposure to ultraviolet light (UV) at 254 nm and iodine
vapours, and by treating the plates with Dragendorff’s reagent
followed by heating. Column chromatography was performed
on silica gel (60-120 mesh). '"H NMR and "*C NMR spectra in
CDCI; as the solvent were recorded on a Bruker AC-400
spectrometer operating at 400 MHz for 'H and 100 MHz for
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3¢, with tetramethylsilane (TMS) as an internal standard. For
HRMS measurements, Q-TOF was used.

Experimental procedure for the synthesis of 2-aroyl-3-
arylimidazo[1,2-a]pyridines (4a-m)

A mixture of 2-aminopyridine (1.2 mmol), 1,3-diaryl-prop-2-en-
1-one (1.0 mmol), iodine (1.0 mmol) and NH,OAc (2.0 mmol)
was taken in a 100 mL round-bottomed flask and was refluxed
in CHCl; (10 mL) until the completion of the reaction as
observed by TLC. The reaction mixture was further diluted
with 20 mL of CHCI;, washed with a saturated solution of
Na,S,0; (2 x 10 mL), water (1 x 10 mL) and brine (1 x 10 mL),
and finally dried over anhydrous Na,SO,. The solvent was
removed under vacuum. The desired product was obtained
after column chromatography.

General procedure for an I,/NH,OAc-mediated one-pot reac-
tion for the synthesis of 2-aroyl-3-arylimidazo[1,2-a]pyridines

A mixture of 2-aminopyridine (1.2 mmol), aryl methyl ketone
(1.0 mmol), aryl/heteroaldehyde (1.0 mmol), iodine (1 mmol)
and NH,OAc (2 mmol) was taken in a 100 mL round-bottomed
flask and was refluxed in CHCl; (10 mL) until the completion
of the reaction as observed by TLC. The reaction mixture was
further diluted with 20 mL of CHCl;, washed with a saturated
solution of Na,S,0; (2 x 10 mL), water (1 x 10 mL) and brine
(1 x 10 mL), and finally dried over anhydrous Na,SO,. The
solvent was removed under vacuum. The desired product was
obtained after column chromatography.

Phenyl(3-phenylimidazo[1,2-a]pyridin-2-yl)methanone (4a)

White solid (253 mg, 85%); mp: 108-110 °C. "H NMR (CDCl;,
400 MHz,) 6 8.21 (d, J = 7.6 Hz, 2H), 8.06 (d, J = 7.2 Hz, 1H),
7.76 (d, J = 9.2 Hz, 1H), 7.58-7.45 (m, 8H), 7.34-7.30 (m, 1H),
6.89 (t, J = 6.8 Hz, 1H); "*C NMR (CDCl;, 100 MHz): 190.0,
143.9, 140.2, 137.6, 135.3, 132.7, 131.7, 130.8, 129.3, 128.1,
127.7, 126.7, 126.1, 123.7, 119.2, 114.0; IR (KBI) (Vmax, cm ™)
3077.56,2924.21, 1648.24, 1358.91, 1252.82; HRMS (ESI): calcd
for C,,H;5N,O (M + H)", 299.1176; found: 299.1181.

(3-Phenylimidazo[1,2-a]pyridin-2-yl)( p-tolyl)methanone (4b)

0il (258 mg, 83%); "H NMR (CDCl;, 400 MHz), § 8.12-8.08 (m,
2H), 7.75 (d, J = 8.8 Hz, 1H), 7.57-7.47 (m, 5H), 7.33-7.24 (m,
4H), 6.88-6.84 (m, 1H), 2.42 (s, 3H); *C NMR (CDCl,,
100 MHz): 189.9, 144.4, 143.8, 143.7, 143.3, 140.3, 135.6, 134.9,
130.9, 130.4, 130.3, 129.3, 129.1, 128.9, 128.8, 128.6, 128.4,
128.3, 125.9, 124.0, 122.0, 119.0, 113.7, 21.7; IR (KBr) (Vmax,
em™): 3067.12, 1645.00, 1498.00, 1251.29; HRMS (ESI): caled
for C,;H;7N,O (M + H)Y, 313.1333; found: 313.1339.

(4-Methoxyphenyl)(3-(p-tolyl)imidazo[1,2-a]pyridin-2-yl)
methanone (4c)

Light yellow solid (290 mg, 85%); mp: 124-126 °C. "H NMR
(CDCl,, 400 MHz) 5 8.27-8.24 (m, 2H), 8.11 (d, J = 6.8 Hz, 1H),
7.73 (d, J = 9.2 Hz, 1H), 7.45 (d, J = 8.0 Hz, 2H), 7.34-7.27 (m,
3H), 6.97-6.93 (m, 2H), 6.86-6.82 (m, 1H), 3.88 (s, 3H), 2.44 (s,
3H); *C NMR (CDCl;, 100 MHz): § 188.7, 163.2, 143.6, 140.3,
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139.1, 133.2, 132.0, 130.7, 130.2, 129.7, 128.7, 125.7, 125.3,
124.0, 118.9, 113.4, 113.3, 55.4, 21.4; IR (KBI) (Umax, cm 1)
3056.00, 1645.49, 1490.0, 1250.80; HRMS (ESI): calced for
C2,H1oN,0, (M + H)", 343.1438; found: 343.1433.

(4-Chlorophenyl)(3-phenylimidazo[1,2-a]pyridin-2-yl)
methanone (4d)

Shiny brown crystal (272 mg, yield 82%); mp: 147 °C. 'H NMR
(CDCl;, 400 MHz) & 8.19 (d, J = 8.4 Hz, 2H), 8.09 (d, J = 6.8 Hz,
1H), 7.75 (d,J = 9.2 Hz, 1H), 7.56-7.51 (m, 5H), 7.43 (d, J = 8.4 Hz,
2H), 7.34-7.30 (m, 1H), 6.88 (t, J = 6.8 Hz, 1H); *C NMR (CDCl,,
100 MHz): § 188.8, 143.9, 139.6, 138.9, 136.1, 132.2, 130.3, 129.3,
129.0, 128.3, 128.1, 126.2, 124.0, 119.1, 113.8; IR (KBI) (Umaxs
em™): 3068.11, 16 344.00, 1486.90, 1265.00; HRMS (ESI): calcd for
C20H14CIN,O (M + H), 333.0786; found: 333.0779.

(4-Methoxyphenyl)(3-(4-nitrophenyl)imidazo[1,2-a]pyridin-2-yl)
methanone (4e)

0il (276 mg, 74%); 'H NMR (CDCl;, 400 MHz) § 8.40 (d, J =
8.4 Hz, 2H), 8.30 (d, J = 8.4 Hz, 2H), 8.10 (d, J = 7.2 Hz, 1H), 7.80
[d, J = 8.4 Hz, 3H (2H + 1H)], 7.40-7.36 (m, 1H), 7.00-6.94 (m,
3H), 3.90 (s, 3H); ">*C NMR (CDCl;, 100 MHz): § 188.2, 163.6,
144.4, 141.6, 139.8, 135.3, 133.3, 131.3, 130.2, 130.0, 126.5,
124.1, 123.4, 119.4, 114.4, 113.6, 55.5; IR (KBI) (vmax, cm ™)
2931.93, 1599.06, 1513.22, 1339.62, 1260.54; HRMS (ESI): caled
for C,;H;6N30,: (M + H)', 374.1133; found: 374.1141.

(4-Bromophenyl)(3-(2-nitrophenyl Jimidazo[1,2-a]pyridin-2-yl)
methanone (4f)

Crystalline brown solid (341 mg, 81%); mp: 135-139 °C. 'H
NMR (CDCl;, 400 MHz) & 8.32 (d, J = 8.4 Hz, 1H), 8.22 (d, J =
8.4 Hz, 2H), 7.83-7.73 (m, 4H), 7.65-7.61 (m, 2H), 7.58 (dd, J =
7.6, 1.2 Hz, 1H), 7.40-7.36 (m, 1H), 6.91 (t, ] = 6.8 Hz, 1H); **C
NMR (CDCl;, 100 MHz): § 188.2, 149.5, 144.3, 139.9, 136.1,
133.6, 133.4, 132.4, 132.0, 131.4, 130.8, 129.5, 128.0, 126.4,
125.2, 125.0, 124.0, 123.9, 119.3, 114.3; IR (KBI) (tmax, €M™ '):
3104.56, 1634.74, 1524.79, 1242.21; HRMS (ESI): caled for
C,oH,3BrN;O5: (M + H)', 422.0132; found: 422.0143.

Phenyl(3-(3,4,5-trimethoxyphenyl)imidazo[1,2-a]pyridin-2-yl)
methanone (4g)

Off-white solid (318 mg, 82%); mp: 105-107 °C. 'H NMR
(CDCl;, 400 MHz) 6 8.13 [d, J = 7.2 Hz, 3H (2H + 1H)], 7.73 (d,
J =9.2 Hz, 1H), 7.53-7.50 (m, 1H), 7.44-7.40 (m, 2H), 7.31-7.28
(m, 1H), 6.87 (t, ] = 6.8 Hz, 1H), 6.74 (s, 2H), 3.90 (s, 3H), 3.84
(s, 6H); "*C NMR (CDCl;, 100 MHz): § 190.4, 153.6, 143.8,
139.8, 138.7, 137.8, 132.5, 130.6, 129.4, 128.8, 128.0, 127.8,
126.0, 124.2, 123.4, 119.0, 113.7, 107.6, 60.9, 56.3, 55.9; IR
(KBI) (Umax, cm™'): 3085.00, 1624.76, 1489.00, 1238.13; HRMS
(ESI): caled for C,3H,N,O4: (M + H)', 389.1493; found:
389.1499.

Furan-2-yl(3-( pyridin-2-yl)imidazo[1,2-a]pyridin-2-yl)
methanone (4h)

Viscous oil (234 mg, 81%); 'H NMR (CDCl;, 400 MHz)
5 8.70-8.63 (m, 2H), 8.13 (d, J = 8.0 Hz, 1H), 7.88 (dt, J = 7.7,
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1.7 Hz, 1H), 7.74 (d, J = 9.2 Hz, 1H), 7.58 (brs, 1H), 7.46-7.42
(m, 1H), 7.35-7.30 (m, 1H), 7.17 (d, J = 3.2 Hz, 1H), 6.96-6.92
(m, 1H), 6.56-6.55 (m, 1H); *C NMR (CDCl;, 100 MHz):
5 189.5, 155.1, 149.1, 144.5, 143.1, 142.7, 140.0, 136.6, 126.5,
126.1, 126.0, 124.8, 120.3, 119.2, 114.1, 113.4, 111.7; IR (KBr)
(Umax, €M™ Y): 3074.28, 1634.69, 1482.99, 1276.00; HRMS (ESI):
caled for C;7H,N30,: (M + H)Y, 290.0921; found: 290.0925.

Thiophen-2-yl(3-(thiophen-2-yl)imidazo[1,2-a]pyridin-2-yl)
methanone (4i)

Yellow crystals (248 mg, 80%); mp: 160-162 °C. 'H NMR
(CDCl;, 400 MHz) 6 8.49 (d, J = 3.6 Hz, 1H), 8.19 (d, J = 7.2 Hz,
1H), 7.73-7.69 (m, 2H), 7.57 (d, J = 5.2 Hz, 1H), 7.41 (d, J =
3.6 Hz, 1H), 7.32-7.30 (m, 1H), 7.23-7.20 (m, 1H), 7.18-7.16
(m, 1H), 6.87 (t, J = 6.8 Hz, 1H); *C NMR (CDCl;, 100 MHz):
5 180.6, 144.2, 143.4, 140.8, 136.1, 134.7, 130.4, 128.6, 127.9,
127.8, 127.4, 126.5, 124.5, 121.6, 118.9, 114.0; IR (KBI) (Vmax,
em™1): 3089.00, 16 290.72, 1483.90, 1243.21; HRMS (ESI): calcd
for C;4H;1N,0S,: (M + H)", 311.0305; found: 311.0305.

Benzo[d][1,3]dioxol-4-yl(3-phenylimidazo[1,2-a]pyridin-2-yl)
methanone (4j)

Yellow oil (246 mg, 72%); "H NMR (CDCl;, 400 MHz) § 8.10 (d,
J = 6.8 Hz, 1H), 7.92 (d, J = 8.0 Hz, 1H), 7.76-7.72 (m, 2H),
7.57-7.48 (m, 5H), 7.33-7.28 (m, 1H), 6.89-6.84 (m, 2H), 6.04
(s, 2H); >C NMR (CDCl;, 100 MHz): § 188.2, 151.5, 147.5,
143.7, 140.3, 132.3, 130.3, 130.1, 129.1, 128.9, 128.6, 128.3,
127.7, 125.9, 123.9, 119.0, 113.6, 110.5, 107.7, 101.6; IR (KBr)
(Umax, €M™ Y): 3074.98, 1629.00, 1498.00, 1256.80; HRMS (ESI):
caled for C,1H;5N,05: (M + H)', 343.1074; found: 343.1070.

Benzo[d][1,3]dioxol-4-yl(8-nitro-3-phenylimidazo[1,2-a]pyridin-
2-yl)methanone (4Kk)

Dark brown solid (309 mg, 80%); mp: 216-218 °C. 'H NMR
(CDCls, 400 MHz) § 9.17 (brs, 1H), 8.09-8.06 (m, 1H), 7.90 (dd,
J = 8.0, 1.6 Hz, 1H), 7.83 (d, J = 9.8 Hz, 1H), 7.69 (brs, 1H),
7.60-7.56 (m, 5H), 6.88 (d, J = 8.4 Hz, 1H), 6.07 (s, 2H); *C
NMR (CDCl;, 100 MHz): § 187.1, 152.0, 147.8, 143.4, 143.1,
138.3, 131.6, 130.9, 130.2, 130.2, 129.4, 127.9, 126.5, 124.5,
119.9, 118.8, 110.2, 107.8, 101.8; IR (KBI) (Vmax, cm '):
3118.06, 2913.60, 1632.81, 1481.39, 1250.89; HRMS (ESI): caled
for C,yH4N;05: (M + H)", 388.0925; found: 388.0930.

Benzo[d][1,3]dioxol-4-yl(6-nitro-3-phenylimidazo[1,2-a]pyridin-
2-yl)methanone (41)

Light green solid (301 mg, 78%); mp: 279-281 °C. 'H NMR
(CDCl;, 400 MHz) § 9.18 (s, 1H), 8.08 (d, J = 9.6 Hz, 1H),
7.90-7.82 (m, 2H), 7.69-7.58 (m, 6H), 6.89 (d, J = 8.0 Hz, 1H),
6.07 (s, 2H); >C NMR (CDCl;, 100 MHz,): § 187.0, 152.0, 147.8,
143.4, 143.1, 138.3, 131.6, 130.8, 130.2, 130.2 129.4, 127.9,
126.5, 124.5, 119.9, 118.8, 110.2, 107.8, 101.8; IR (KBI) (Vmax,
em™): 3073.34, 2900.43, 1618.28, 1491.65, 1248.37; HRMS
(ESD): caled for C,;H14,N;O5: (M + H)', 388.0925; found:
388.0931.

This journal is © The Royal Society of Chemistry 2018
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(6-Methyl-3-phenylimidazo[1,2-a]pyridin-2-yl)( p-tolyl)
methanone (4m)

White solid (260 mg, yield 80%); mp: 155-160 °C. '"H NMR
(CDCl,, 400 MHz) & 8.09 (d, J = 8.0 Hz, 2H), 7.85 (s, 1H), 7.64
(d,J = 9.2 Hz, 1H), 7.56-7.47 (m, 5H), 7.24 (d, J = 8.0 Hz, 2H),
7.15 (d, J = 9.2 Hz, 1H), 2.41 (s, 3H), 2.30 (s, 3H); "*C NMR
(CDCl,, 100 MHz,): 6 189.9, 143.1, 142.9, 140.3, 135.4, 130.8,
130.4, 129.1, 129.0, 128.9, 128.7, 128.6, 128.4, 123.4, 121.2,
118.3, 21.6, 18.4; IR (KBI) (Vmaw cm™'): 3073.16, 1623.72,
1490.24, 1256.49; HRMS (ESI): caled for C,,HsN,O (M + H)',
327.1489; found: 327.1496.

Conflicts of interest

There are no conflicts to declare.

Acknowledgements

The authors are thankful to the Department of Chemistry,
University of Jammu, for providing all necessary facilities and
the Department of Science and Technology, Government of
India, New Delhi, for NMR facility under PURSE and INSPIRE
fellowships [AG]. This research work is financially supported
by University Grants Commission, New Delhi (Project No.
MRP-MAJOR-CHEM-2013-21745).

Notes and references

1 For selected articles, see: (a) A. C. Humphries, E. Gancia,
M. T. Gilligan, S. Goodacre, D. Hallett, K. J. Marchant and
S. R. Thomas, Bioorg. Med. Chem. Lett., 2006, 16, 1518;
(b)) M. A. Ismail, R. Brun, T. Wenzler, F. A. Tanious,
W. D. Wilson and D. W. Boykin, J. Med. Chem., 2004, 47,
3658; (¢) S. Ulloora, R. Shabaraya and A. V. Adhikari, Bioorg.
Med. Chem. Lett., 2013, 23, 3368; (d) M. Hieke, C. B. Rodl,
J. M. Wisniewska, E. Buscato, H. Stark, M. S. Zsilavecz,
D. Steinhilber, B. Hofmann and E. Proschak, Bioorg. Med.
Chem. Lett., 2012, 22, 1969.

2 (@) J. Wan, C. J. Zheng, M. K. Fung, X. K. Liu, C. S. Lee and
X. H. Zhang, J. Mater. Chem., 2012, 22, 4502;
(b) S. Takizawa, J. I. Nishida, T. Tsuzuki, S. Tokito and
Y. Yamashita, Chem. Lett., 2005, 34, 1222; (c) S. Takizawa,
J. L. Nishida, T. Tsuzuki, S. Tokito and Y. Yamashita, Inorg.
Chem., 2007, 46, 4308; (d) A. John, M. M. Shaikh and
P. Ghosh, Dalton Trans., 2009, 10581; (e) G. Song, Y. Zhang
and X. Li, Organometallics, 2008, 27, 1936; (f) N. Chernyak
and V. Gevorgyan, Angew. Chem., Int. Ed., 2010, 49, 2743.

3 C. E. Gueiffier and A. Gueiffier, Mini-Rev. Med. Chem., 2007,
7, 888.

4 C. Hamdouchi, J. D. Blas, D. Prado, J. Gruber, B. A. Heinz
and L. Vance, . Med. Chem., 1999, 42, 50.

5 A. Elkakmaoui, A. Gueiffier, J. C. Milhavet, Y. Blache,
J. P. Chapat, O. Chavignon, J. C. Teulade, R. Snoeck,

This journal is © The Royal Society of Chemistry 2018

10

11

12

13

14

15

View Article Online

Paper

G. Andrei and E. D. Clerc, Bioorg. Med. Chem. Lett., 1994, 4,
1937.

R. B. Lacerda, C. K. F. de Lima, L. L. da Silva,
N. C. Romeiro, A. L. P. Miranda, E. J. Barreiro and
C. A. M. Fraga, Bioorg. Med. Chem., 2009, 17, 74.

L. Almirante, L. Polo, A. Mugnaini, E. Provinciali,
P. Rugarli, A. Biancotti, A. Gamba and W. Murmann,
J. Med. Chem., 1965, 8, 305; (a) T. Li, Z. Wang, K. Xu,
W. Liu, X. Zhang, W. Mao, Y. Guo, X. Ge and F. Pan, Org.
Lett., 2016, 18, 1064; (b) Y. Li, F. Xie and X. Li, J. Org.
Chem., 2016, 81, 715.

J. J. Kaminski and A. M. Doweyko, J. Med. Chem., 1997, 40,
427.

K. F. Byth, J. D. Culshaw, S. Green, S. E. Oakes and
A. P. Thomas, Bioorg. Med. Chem. Lett., 2004, 14, 2245.

(a) K. Pethe, P. Bifani, J. C. Jang, S. Kang, S. Park, S. Ahn,
J. Jiricek, J. Y. Jung, H. K. Jeon, ]J. Cechetto, T. Christophe,
H. Lee, M. Kempf, M. Jackson, A. J. Lenaerts, H. Pham,
V. Jones, M. J. Seo, Y. M. Kim, M. Seo, J. J. Seo, D. Park,
Y. Ko, I. Choi, R. Kim, S. Y. Kim, S. Lim, S. A. Yim, J. Nam,
H. Kang, H. Kwon, C. T. Oh, Y. Cho, Y. Jang, J. Kim,
A. Chua, B. H. Tan, M. B. Nanjundappa, S. P. S. Rao,
W. S. Barnes, R. Wintjens, J. R. Walker, S. Alonso, S. Lee,
J. Kim, S. Oh, T. Oh, U. Nehrbass, S. J. Han, Z. No, ]. Lee,
P. Brodin, S. N. Cho, K. Nam and J. Kim, Nat. Med., 2013,
19, 1157; (b) https://clinicaltrials.gov/ct2/show/NCT00006150.
(@) A. Douhal, F. A. Guerri and A. U. Acuna, J. Phys. Chem.,
1995, 99, 76; (b) A. Douhal, F. A. Guerri and A. U. Acuiia,
Angew. Chem., Int. Ed. Engl., 1997, 36, 1514.

(@) S. Kang, R. Y. Kim, M. ]. Seo, S. Lee, Y. M. Kim, M. Seo,
J. J. Seo, Y. Ko, I. Choi, J. Jang, J. Nam, S. Park, H. Kang,
H. J. Kim, J. Kim, S. Ahn, K. Pethe, K. Nam, Z. No and
J. Kim, J. Med. Chem., 2014, 57, 5293; (b) N. Masurier,
E. Debiton, A. Jacquemet, A. Bussiere, J. M. Chezal,
A. Ollivier, D. Tetegan, M. Andaloussi, M. ]J. Galmier,
J. Lacroix, D. Canitrot, J. C. Teulade, R. C. Gaudreault,
O. Chavignon and E. Moreau, Eur. J. Med. Chem., 2012, 52,
137; (¢) A. R. Katritzky, M. Michalska, R. L. Harlow and
S. H. Simonsen, J. Chem. Soc., Perkin Trans. 1, 1980, 354.

L. Hu, J.-D. Jiang, J. Qu, Y. Li, J. Jin, Z-R. Li and
D. W. Boykin, Bioorg. Med. Chem. Lett., 2007, 17, 3613.

(@) Y. J. Li, H. M. Huang, H. Q. Dong, J. H. Jia, L. Han,
Q. Ye and J. R. Gao, J. Org. Chem., 2013, 78, 9424;
(b) H. M. Huang, Y. J. Li, Q. Ye, W. B. Yu, L. Han, J. H. Jia
and J. R. Gao, J. Org Chem., 2014, 79, 1084;
(c) T. B. Nguyen, M. Corbin, P. Retailleau, L. Ermolenko
and A. Al-Mourabit, Org. Lett, 2015, 17, 4956;
(d) D. C. Mohan, C. Ravi, V. Pappula and S. Adimurthy,
J. Org. Chem., 2015, 80, 6846; (¢) Y. Li, H. Xu, M. Xing,
F. Huang, J. Jia and ]. Gao, Org. Lett.,, 2015, 17, 3690;
(f) Y. Zhu, C. Li, J. Zhang, M. She, W. Sun, K. Wan,
Y. Wang, B. Yin, P. Liu and ]. Li, Org. Lett., 2015, 17, 3872;
(2) S. U. Dighe, S. Mukhopadhyay, S. Kolle, S. Kanojiya and
S. Batra, Angew. Chem., Int. Ed., 2015, 54, 10926.

(a¢) J. Dhineshkumar, M. Lamani, K. Alagiri and
K. R. Prabhu, Org. Lett., 2013, 15, 1092; (b) Y. P. Zhu,

Org. Biomol. Chem., 2018, 16, 1330-1336 | 1335


http://dx.doi.org/10.1039/c7ob02750h

Published on 22 January 2018. Downloaded by University of Reading on 22/02/2018 08:45:57.

Paper

M. C. Liu, F. C. Jia, J. J. Yuan, Q. H. Gao, M. Lian and
A. X. Wu, Org. Lett., 2012, 14, 3392.

16 (@) S. Samanta, S. Jana, S. Mondal, K. Monir, S. K. Chandra
and A. Hajra, Org. Biomol Chem., 2016, 14, 5073;
(b) Y. P. Zhu, F. C. Jia, M. C. Liu and A. X. Wu, Org. Lett.,
2012, 14, 4414; (¢) X. Wu, Q. Gao, S. Liu and A. X. Wu, Org.
Lett., 2014, 16, 2888; (d) A. P. Antonchick, R. Samanta,
K. Kulikov and ]J. Lategahn, Angew. Chem., Int. Ed., 2011,
50, 8605.

17 (a) Q. H. Gao, X. Wu, S. Liu and A.-X. Wu, Org. Lett., 2014,
16, 1732; (b) F. L. Yang and S. K. Tian, Angew. Chem., Int.
Ed., 2013, 52, 4929; (¢) F. Xiao, H. Chen, H. Xie, S. Chen,
L. Yang and G. J. Deng, Org. Lett., 2014, 16, 50.

18 Y. P. Zhu, Z. Fei, M. C. Liu, F. C. Jia and A. X. Wu, Org. Lett.,
2013, 15, 378.

19 (a) A. K. Verma, V. Rustagi, T. Aggarwal and A. P. Singh,
J. Org. Chem., 2010, 75, 7691; (b) P. Katrun, C. Mueangkaew,
M. Pohmakotr, V. Reutrakul, T. Jaipetch, D. Soorukram and
C. Kuhakarn, J. Org. Chem., 2014, 79, 1778.

20 (@) A. K. Bagdi, S. Santra, K. Monir and A. Hajra, Chem.
Commun., 2015, 51, 1555; (b) K. Pericherla, P. Kaswan,
K. Pandey and A. Kumar, Synthesis, 2015, 887;
(c) A. K. Bagdi and A. Hajra, Chem. Rec., 2016, 16, 1868;
(d) S. M. Roopan, S. M. Patil and ]. Palaniraja, Res. Chem.
Intermed., 2016, 42, 2749; (e) K. R. Reddy, A. S. Reddy,
R. Shankar, R. Kant and P. Das, Asian J. Org. Chem., 2015,
4, 573; (f) S. K. Rasheed, D. N. Rao and P. Das, J. Org
Chem., 2015, 80, 9321; (g) S. K. Rasheed, D. N. Rao and
P. Das, Asian J. Org. Chem., 2016, 5, 1213; (k) K. R. Reddy,
A. P. Gupta and P. Das, Asian J. Org. Chem., 2016, 5, 900;
(i) D. Dheer, R. K. Rawal, V. Singh, P. L. Sangwan, P. Das
and R. Shankar, Tetrahedron, 2017, 73, 4295;
(/) S. K. Guchhait, A. L. Chandgude and G. Priyadarshani,
J. Org. Chem., 2012, 77, 4438; (k) C. Huo, J. Tang, H. Xie,
Y. Wang and J. Dong, Org. Lett, 2016, 18, 1016;
() S. Mishra and R. Ghosh, Synthesis, 2011, 3463;
(m) M. Adib, A. Mohamadi, E. Sheikhi, S. Ansari and
H. R. Bijanzadeh, Synlett, 2010, 1606; (n) S. Kona,

1336 | Org. Biomol. Chem., 2018, 16, 1330-1336

21

22

23

24

25

26

27

View Article Online

Organic & Biomolecular Chemistry

R. S. Ravi, V. N. R. Chava and R. S. Perali, J. Chem., 2013,
2013, 296792; (o) C. Ravi and S. Adimurthy, Chem. Rec.,
2017, 17, 1019.

(a) J. P. Wan, D. Hu, Y. Liu, L. Li and C. Wen, Tetrahedron
Lett.,, 2016, 57, 2880; (b) P. Kaswan, K. Pericherla,
H. K. Saini and A. Kumar, RSC Adv., 2015, 5, 3670.

(a) K. Monir, A. K. Bagdi, S. Mishra, A. Majee and A. Hajra,
Adv. Synth. Catal., 2014, 356, 1105; (b) P. Kaswan, K. Pericherla,
R. Kant and A. Kumar, Tetrahedron, 2014, 70, 8539;
(¢) X. Meng, ]J. Zhang, B. Chen, Z. Jing and P. Zhao, Catal. Sci.
Technol., 2016, 6, 890; (d) M. M. Xing, M. Xin, C. Shen,
J. R. Gao, J. H. Jia and Y. ]. Li, Tetrahedron, 2016, 72, 4201.

(a) L. Cai, F. T. Chin, V. W. Pike, H. Toyama, J. S. Liow,
S. S. Zoghbi, K. Modell, E. Briard, H. U. Shetty, K. Sinclair,
S. Donohue, D. Tipre, M. P. Kung, C. Dagostin,
D. A. Widdowson, M. Green, W. Gao, M. M. Herman,
M. Ichise and R. B. Innis, /. Med. Chem., 2004, 47, 2208;
(b) N. Masurie, E. Moreau, C. Lartigue, V. Gaumet,
J. M. Chezal, A. Heitz, J. C. Teulade and O. Chavignon,
J. Org. Chem., 2008, 73, 5989; (¢) C. Hamdouchi, C. Sanchez
and J. Ezquerra, Synthesis, 1998, 867; (d) ]. Zeng,
Y. J. Tan, M. L. Leow and X. W. Liu, Org. Lett., 2012, 14,
4386; (¢) L. Ma, X. Wang, W. Yu and B. Han, Chem.
Commun., 2011, 47, 11333; (f) K. Monir, A. K. Bagdi,
M. Ghosh and A. Hajra, Org. Lett, 2014, 16, 4630;
(2) S. Payra, A. Saha and S. Banerjee, RSC Adv., 2016, 6,
12402; (k) S. Mishra, K. Monir, S. Mitra and A. Hajra,
Org. Lett., 2014, 16, 6084.

B. R. Nawghare, S. S. Sakate and P. D. Lokhande,
J. Heterocycl. Chem., 2014, 51, 291.

(@) A. J. Stasyuk, M. Banasiewicz, M. K. Cyranski and
D. T. Gryko, J. Org. Chem., 2012, 77, 5552; (b) S. Kundu and
B. Basu, RSC Adv., 2015, 5, 50178; (¢) F. J. Wang, H. Xu,
M. Xin and Z. Zhang, Mol. Diversity, 2016, 20, 659.

D. Kour, R. Khajuria and K. K. Kapoor, Tetrahedron Lett.,
2016, 57, 4464.

Z. Yang, W. ]J. Hao, H. W. Xu, S. L. Wang, B. Jiang, G. Li
and S. J. Tu, J. Org. Chem., 2015, 80, 2781.

This journal is © The Royal Society of Chemistry 2018


http://dx.doi.org/10.1039/c7ob02750h

	Unprecedented reaction of ninhydrin with ethyl cyanoacetate and diethyl malonate on ultrasonic irradiation
	1. Introduction
	2. Genesis
	3. Results and discussion
	4. Conclusions
	5. Experimental section
	5.1. General procedures
	5.2. General procedure for the synthesis
	5.2.1. Diethyl 4-cyano-2-hydroxy-5-oxo-4,5-dihydroindeno[1,2-b]pyran-3,4-dicarboxylate (1)
	5.2.2. Diethyl 2,2′-(1,3-dioxo-2,3-dihydro-1H-indene-2,2-diyl)bis(2-cyanoacetate) (2)
	5.2.3. Diethyl 3a′,8b′-dihydroxy-1,3,4′-trioxo-1,3,3a′,4′-tetrahydrospiro[indene-2,2′-indeno[1,2-b]furan]-3′,3′(8b′H)-dicarboxylat ...
	5.2.4. Diethyl 2-(2-hydroxy-1,3-dioxo-2,3-dihydro-1H-inden-2-yl)malonate (4)
	5.2.5. 4b,9b-Dihydroxy-7,7-dimethyl-7,8-dihydro-4bH-indeno[1,2-b]benzofuran-9,10(6H,9bH)-dione (5)
	5.2.6. Ethyl 3a,8b-dihydroxy-2-methyl-4-oxo-4,8b-dihydro-3aH-indeno[1,2-b]furan-3-carboxylate (6)
	5.2.7. 2-Hydroxy-2-(nitromethyl)-1H-indene-1,3(2H)-dione (7)


	Acknowledgements
	Supplementary data
	References and notes

	Iodine–ammonium acetate promoted reaction between �2-aminopyridine and aryl methyl ketones: a novel approach �towards the synthesis of 2-arylimidazo[1,2-a]pyridines
	Acknowledgments
	Supplementary data
	References and notes

	Introduction
	Results and discussion
	Chemistry
	Biological evaluation
	Antibacterial and antifungal bioassays (in vitro)


	Experimental
	General
	General procedure for the synthesis of 8(i–xiv) and 9(i–xiv)
	Spectral characterization of (8i) and (9i)

	Conclusion
	Funding
	References

	Button 1: 


