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10. The likely impact of the completed work on the scientific/technological potential in the country (this

may be attached as Enclosure-l):

The completed works has two potential areas for further uses in industry or in different fields. The
synthesis of —SO;H bearing acidic ionic liquid system has generated a néw types of functionalized
material with specific properties which have many potential in different fields. These functionalized
materials can be applicable as surfactant, ligand in complex synthesis, chromatographic stationary
phases, mobile phase additives or electroosmotic flow modifiers in high-performance liquid
chromatography and capillary electrophoresis, stabilizer in nano-synthesis. They can also be
employed in different industrial processes like membrane separation process, metal ion extraction
process, removal of pollutants from refinery feedstocks, desulfurization of fuels, electrodepositions
of metal etc. Depending on the nature of cations and anions, we can use these materials in the
above mentioned fields. The simple one-pot preparation of anti-1,2,3-trisubstituted naphthoxazines
can be evaluate for bioactivity tests with different substituents which may lead to potential uses as
drug molecules. The fluorescent property of trisubstituted naphthoxazine can be used for different

purpose.

11. Is the research work done of some industrial or agricultural importance and whether patent(s)
should be taken? Yes/No; if yes, what action has been/should be taken:
Definitely, the synthesized Bronsted-Lewis acidic ionic materials can be applicable as electrolyte,
fluorescent materials and as greener designer solvent/ catalyst for organic synthesis. But, at present
stage it is not possible to patent these ionic systems without carrying out complete study of other
physicochemical properties such as viscosity, density, conductance, DSC and liquid crystal properties
etc. We have planned to extent our investigation in those directions so that we can explore these

functional materials in different fields.

12. How has the research work complemented the work of CSIR Laboratory that sponsored your
scheme?
In this project, we have developed two novel multicomponent syntheses of oxygen and nitrogen
heterocycles within the framework of green chemistry principles using reusable acidic ionic liquid
systems or reusable conventional Bronsted acids catalysts. The three heterocycles are anti-2,3-dihydro-
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1,2,3-trisubstituted-1H-naphth[1,2-e][1,3]oxazines and tetrahydrobenzo[a]acridinones. These two
classes of heterocycles have tremendous potential as bioactive molecules and as fluorescent material.
Thus, the above works have complemented some of the basic objectives of CSIR Laboratory works. For
detail biological studies, we can make collaboration in near future with CSIR laboratory.

With this grant, a new type of work under CSIR has been started in the field of ionic liquids. Till date |
have prepared several novel Bronsted acidic or Bronsted-Lewis acidic chlorometallate ionic liquids based
on imidazolium, tetramethyl guanidinium and phosphonium cations. Various analytical techniques were
used for characterization of the ionic liquid systems. They can be applicable as surfactant, ligand in
complex synthesis, chromatographic stationary phases, mobile phase additives or electroosmotic flow
modifiers in high-performance liquid chromatography and capillary electrophoresis, etc,. Such type of
ionic material has fulfilled some of the objective of the CSIR Laboratory in material sciences. | will try to

extend these studies in those directions.
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they have been achieved; results and discussion should be presented in the manner of a scientific paper
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13.Detailed account of the work done under the project

Objectives of the project

* Development of acid catalyzed one pot synthetic strategies of acridine derivatives in

solution and solvent-free medium.

* Investigation of one pot synthesis of acridine derivatives in tunable solvent systems for

recycling of homogeneous acid catalysts.

* Synthesis and characterization of soluble polymer supported acid catalyst for the synthesis

of acridine derivatives in greener solvent.

* Observation of novel acidine derivatives as bioactive molecules.
Work done

The objectives of the works had been completed in different steps during the course of
investigation as included in “Results and discussion’’ section. The major works can be

classified in two categories.

(a)The first one is development of one-pot catalytic strategies of acridines, xanthene and

naphthoxazine derivatives with acidic catalytic systems.

(b) The second part represents the synthesis and characterization of task-specific ionic
liquids as viscous liquid and solid material with various analytical tools such as "HNMR,
BCNMR, FT-IR, Raman, SEM-EDX, TGA, Powder XRD, AAS, BET, UV/Vis and
elemental analysis. These ionic systems were examined as homogeneous or heterogeneous
catalysts for the synthesis of above mentioned heterocycles via one-pot approach in
environmentally benign condition. It includes the comparative studies of conventional acids

with task-specific ionic liquid system for the preparation of naphthoxazine derivatives.



Results and discussions

In order to achieve the goal of the objectives, the work had been completed in the following

manmner.

[1] Initially, we tried to synthesize dibenzoacridine derivatives according to Scheme-1 of the
proposed plan of work via multicomponent approach using acetic acid derivatives (AcOH
and CCl;COOH) in organic solvent (dichloromethane) at room temperature or in neat
condition at different temperature. Unexpectedly, we isolatedanti-2,3-dihydro-1,2,3-
trisubstituted- 1H-naphth [1,2-¢][1,3]Joxazine derivatives as single product from the model
reaction in both conditions. The product was characterized by "HNMR, BCNMR, COSY,
NOESY, HETCOR, DEPT, FT-IR and single crystal XRD as well as elemental analysis. This
is the first acid catalyzed multicomponent diastereoselective preparation of anti-2,3-dihydro-
1,2,3-trisubstituted-1H-naphth[1,2-€][1,3]oxazines in solvent-free method at 100 °C and
aqueous ethanol at room temperature stirring within short period with excellent
yields. Without catalyst the above synthesis required 6-7 days stirring in absolute ethanol at
ambient temperature. One literatureprepared via two step method from the reaction
preformed Schiff base with 2-naphthol in acetic acid for several hours. The isolation of
product was also carried out by simple precipitation method from the solution of crude
reaction mixture in absolute ethanol. Several conventional Brensted /Lewis acids were
examined as reusable catalysts for the synthesis. The use of acidic ionic liquid 1, 3-
disulfoimidazolium trifluoroacetate[Dsim][CF;COO] was also developed as the best efficient
reusable homogeneous catalyst for the same synthesis in both methods with excellent yields
of product. The same synthesis was again carried out successfully in solvent-free condition at
80°C and aqueous ethanol at mild condition in presence of triphenylsulfophosphonium

chlorometallates as reusable heterogeneous catalyst up to eight consecutive cycles.

R!CHO + RNH, R ‘”*ft ‘
21, 1_
2-Naphthol 555y R'-CH-NR+ @e +

EtOH/rt. or
solvent-free/ heat () Anti OH OH
NH, .
XOCHO Y-@-NHZ n-C:;H-;CHO
Y=H . CiMejp. NOy H-C4H9NH2
X=H, CI. NOs CH,




Scheme-1

Spectral data _and _single crystal _ structure of ome trisubstituted naphthoxazine

derivative

D 3-dihydro-2-(4-isopropylphenyl)-1,3-diphenyl-1H-
naphtho[1,2-e][1,3]oxazine

Fig. 1 : Chemical structure andCrystal structure

2,3-Dihydro-2-(4-isopropylphenyl)-1,3-diphenyl-1H-naphth[1,2-e][1,3]oxazine: White solid;
M.p.: 171-173 °C; FT-IR (KB) cm™: 3026,2953,21507, 2379,1606,1507,1451,1397,
1336,1222,954, 813, 704.; 'H NMR (CDCls, 400 MHz): § 1.08(s, 6H), 2.68(m, 1H) 6.04(d,
J=5.1 Hz,1H), 6.21(d, J=5.1,1H), 6.87(m, 2H), 7.08(m,2H), 7.20-7.38(m, 10H), 7.45-7.48(m,
2H), 7.54(m, 2H), 7.78-7.82(m, 2H); *C NMR (CDCl;, 100 MHz): & 23.8, 23.9, 30.9, 33.2,
65.2, 84.5, 113.6, 119.2, 123.2, 123,4, 125.2, 126.4, 126.6, 126.6, 127.5, 127.9, 128.4, 128.5,
12S.3, 125.4, 137.5, 143, 144, 144.8 , 153.1; CHN analysis (%) : C33HoNO Cal. C 87.03, H
6.37, N3.08; Found C87.12,H6.41, N 3.11.

[2]The synthesis of novel Bronsted acidic ILs [Msim][OOCCCl3] and [Hmim][OOCCCl;]
and [Dsim][OTs] were observed from the reaction of trichloroacetic acid with [Msim]Cl

ionic liquid and 1-methylimidazole respectively at room temperature stirring ( Scheme -2).
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Scheme-2

These new ionic liquids were characterized by 'HNMR, *CN MR, FI-IR, TGA and elemental
analysis. The acidity was measured on Uv-visible spectrophotometer by plotting Hammett
plot(Fig-2) and compared with the basic ionic liquid [Msim]Cl. The relative acidity of the
three ILs was observed according to their decreasing order as follows:
[Msim][OOCCCl3]>[Msim]CI>[Hmim][OOCCCI;].The more acidic ILs were utilized for the
one pot synthesis of quinoline derivatives as single product via the Friedlinder annulation.

(Scheme-3).
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Fig. 2.Absorption spectra of 4-nitroaniline for various acidic ILs in ethanol
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Scheme-3: Ionic liquid mediatedFriedlénder annulation

Structure of some quinoline derivatives using cyclic ketones:
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~ /
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Fig.3 : Structure of quinoline derivatives

[3]New members of 1,3-disulfonic acid imidazolium carboxylate ionic liquids
[DSIM][X] (where X= [CH3COO], [CCICOO], [CF;COO]) were
prepared(Scheme-4) and characterized by '"H NMR,"®C NMR, FT-IR, TGA,UV-vis
and elemental analysis. The more acidic ILs [DISM][CCI;COO] and
[DSIM][CF3:COO] were efficiently utilized as recyclable catalyst for the preparation
of 1,8-dioxo-decahydroacridine derivatives(Scheme-5) and 14H-
dibenzo[a,j]xanthene(Scheme-6) and in short time under solvent-free condition at
80-100 °C with excellent yields. The above two ILs could be effectively utilized as
catalysts for the synthesis of 1, 8-dioxo-decahydroacridine in water at the same

temperature.



. _CISO:H )
s L -
~ . N—SO,H
M .30m §© e
HN—% in HO:S =7/
[(DN-504 i RgCO0H [CON-80sH 1
HO-_;S’NH‘-/ [C 50 OC, 1h HOaS’N@/ [CX3C00]
=H [DSIMCH,COO} 1
Cl  [DSIMJ[CCLCOOT 2
F  [DSIMJCF,COOl 3

Scheme-4. Synthesis of 1,3disulfonic acid imidazolium carboxylate
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Fig.4. The TG/DTG diagrams of ILs
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Where R = Ph (a), 4NO,Ph (b), 4-MePh (c), 4-CIPh (d),
4-MeOPh(e), H (f), 2-naphthyl(g), PhCH=CH-(h)

Scheme-5 Synthesis of 1,8-dioxo-decahydroacridines using ionic liquids 2 and 3 as catalysts
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4-MeOPh(e), H (f), 2-naphthyl (g), PhCH=CH-(h)

Scheme-6 Synthesis of dibenzoxanthene derivatives 5 using ionic liquids 2and 3 as catalysts

The reusability of the ionic liquids 2 and 3 were expressed by using bar diagram (Fig 5. ) for
three consecutive runs for the synthesis of 1, 8-dioxo-decahydroacridine 4a and

dibenzoxantheneSa under the optimized reaction conditions in solvent-free medium.
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Fig. 5: Recycling of the ILs during the synthesis of 4a and Sa

[4] Three new heterogeneous catalysts of 3-methyl-1-sulfonic acid imidazolium transition
metal chlorides [Msim][X] (where X= [FeCL], [ZnClL;], [CuCly]) were synthesized
containing(Scheme-7) both Lewis and Bronsted acidic sites. These solid acids were fully
characterized by various analytical tools such as FT-IR, Raman, 'HNMR, 3CNMR, SEM-
EDX, TGA, Powder XRD, AAS, BET, UV/Vis and elemental analysis. All of them were

efficiently utilized as reusable catalysts (5-10 mol %) for the selective synthesis of



bis(indolyl)methane derivatives (Scheme-8) in ethylacetate at room temperature within short

time with excellent yields.
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Scheme 7: Synthesis of 3-methyl-1-sulfonic acid imidazolium metal chlorides
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Fig. 6: TGA patterns of 3-methyl-1-sulfonic acid imidazolium metal chlorides
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Fig. 7: Hammett plot of the three solid acids
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Where X = electron withdrawing or donating groups

Scheme-8 Synthesis of bis(indolyl)methane derivatives 5 using the solid acid catalysts

Fig.8 Physical appearance of the three solid acids



[5] Four task-specific —SO3;H functionalized imidazolium ionic liquids were investigated for
the Bronsted acidities by Hammett functions. After knowing their thermal stabilities, the
catalytic activity was observed for the preparation of 2-styrylquinolines by following a
consecutive Friedlinder and Knoevenagel reactions (Scheme-) in solvent-free thermal
energy. The  acidity order ([Dsim][OOCCF;]>[Dsim][OTs]>[Dsim][OOCCl;}>
[Msim][OOCCFs;]) of three ILs was consistent with their activity order observed in the acid-
catalyzed synthesis of 2-styrylquinolines under solvent-free condition at 90° C except
[Dsim][OTs]. The TGA curve of ([Dsim][OTs]) expressed 40 % decomposition at 57.5°C.
The reason may be the weaker strength of ionic bond between imidazolium cation and
tosylate anion in ([Dsim][OTs]) with increasing temperature and thus, the —OTs group can
easily eliminate as strong leaving group from the IL by abstraction of proton from —SOsH
group.The best catalytic activity showed by 25 mol% of [Dsim][OOCCFs3] IL. The less acidic
ILs required 50 mol% to give good yields of 2-styrylquinolines under the optimized

conditions.
25mol% 8 (cat)/ goec O
25 moi% (cat.) o
0 o [Dsia][CF;COO] 8
X Ph+ )ll 5/7 (medlum} }1[}{}"0 O = OR?
NH, R'O 0 RZCHO N R?
1 2 {Msum]{CFSC()O}
X=H, 1a R'=Et 2a =
=Cl1b = Me, 2b mm]lccnacom 7 R?% = Aryl group
{medium ¥100°C

Scheme-9: Preparation of 2-styrylquinoline derivatives 4
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Fig.9 Structure of four sulfoimidazoliumBronsted acidic ionic liquids
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Spectral data and single crystal structure of selected 2-styryl quinoline derivatives

Ethyl 2-(4-methoxystyryl)-4-phenylquinoline-3-carboxylate:

)
0
X~ TOEt
N// =~
OMe
Yellow solid, Mp.126.7-129°C, FT-IR (KBr) cm”

3320,2975.2375.1716,1557,1429,1385,1282,1220,1165,1057,825,758,698; 'HNMR(400MHz,
CDCl;) & ppm : 0.97(t, J= 7.4Hz, 3H), 3.8 (s, 3H), 4.11 (g, /= 7.3Hz, 2H), 6.93(d, /= 8.7 Hz,
2H), 7.25-7.30 (m,2H), 7.36-7.40(m, 2H), 7.45-7.50 (m, 3H),7.54- 7.59 (m, 3H) , 7.76(m,
1H),8.07(d, J= 15.6 Hz, 1H),8.18(d, J= 8.4 Hz, 1H);”"CNMR(100MHz, CDCL;)5 ppm:
168.4,160.4,157.6,151.4,147.9,136.0,133.0,130.6,129.7,129.6,129.2,128.6,128.3,126.6,122.0,
114.3,61.6,55.4,13.8;CHN analysis (%) : C27H3NOs3, Cal. C 79.20, H 5.66, N 3.42; Found C

79.18, H 5.68, N 3.40.
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Fig. 11Single crystal structure of ethyl 2-(4-methoxystyryl)-4-phenylquinoline-3-carboxylate. The
displacement ellipsoids are drawn at the 50% probability level and H atoms are represented

by circles of arbitrary radii

(E)-methyl-2-(4-methoxystyryl)-6-chloro-4-phenyl-quinoline-3-carboxylate :

Yellow solid, Mp. 146.3-146.9° C, FT-IR (KBr)em™:3431, 3059, 2946, 2838, 2379, 1730,
1565, 1509, 1476, 1437, 1391, 1313, 1223, 1159, 1073, 882, 831, 765, 704;
'HNMR(400MHz, CDCl3) & ppm : 3.60(s, 3H), 3.85(s,3H), 6.92(d, J= 8.7Hz,2H),7.11(d, J=
15.6 Hz, 1H), 7.36-7.38(m, 2H), 7.51-7.53(m, 4H),7.57(d, J= 8.7 Hz, 2H),7.66(dd, J = 9.2,
2.3Hz ,1H), 8.08-8.14(m, 2H); *CNMR(100MHz, CdCls) 8 ppm: 168.6, 160.6, 151.6, 132.5,
131.7, 129.3, 129.2, 128.6, 127.5, 125.4, 114.3, 55.5, 52.5; CHN analysis (%) : C26H20CINOs3,
Cal. C 72.64, H 4.69, N 3.26; Found C 72.60, H 4.73, N 3.22.

[6] Four new -SOsH functionalized triphenylsulfophosphonium chlorometallates
[TPSP].[X], were prepared from the reaction of triphenylsulfophosphonium chloride
[TPSP][Cl] with FeCl; ([TPSP][FeCls]), ZnCl, ([TPSP]y[Zn,Cle]), NiCl ([TPSP]>[NiCl4])
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and MnCl; ([TPSP][MnCl4]) as solid material and characterized via NMR, FT-IR, Raman,
TGA, powder XRD, UV-visible, SEM-EDX, ICP and CHN elemental analyses. Their
catalytic activities were evaluated as task specific acidic heterogeneous catalysts for
diastereoselective  synthesis ~ of  anti-2,3-dihydro-1,2,3-trisubstituted-1 H-naphth([1,2-
e][1,3]oxazines in 50 % aqueous EtOH at room temperature and under neat condition at 80
°C. The best catalysts were also reused for eight consecutive cycles for the model reaction. In
addition fluorescence property of the naphthoxazine derivatives were also studied and
emission wereobserved in the tegion of 370-440 nm with fluorescence emission maxima
around Aemi= 420-430 nm. Melting points, NMR, FT-IR, and elemental analysis was used to

characterise the synthesized trisubstitutednapthoxazines.

[TPSPL[NICly)
MnCL/NICl, (X = 0.33) '3

Neat/ 1/ 80 °C

[I‘PSP]lenCld
= o L6
SO Q—P_‘“SOaH o —
Neat, 1 h
@ B b [TPSPLZn,Cle]

. -7
- ] FeCly/ZnCl, (X = 0.50),
[TPSP]X] Neat/ 1h/ 80 °C
IL-4 [TPSP][FeCly]
-8

Scheme-10: Synthesis of triphenylsulfophosphonium chlorometallates
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- . FeClyZnCly (X =0.50)
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IL-1 [TPSP][FeCly]
IL-5

Scheme-10: Synthesis of triphenylsulfophosphonium chlorometallates
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Characterisation data for synthesized triphenylsulfophosphonium IL:

[TPSP][CI] (IL-1): Light reddish semi-solid,98% yields; FT-IR (KBr): 3444, 1622, 1177,
1044, 870, 586 cm™; 'H NMR (400MHz, DMSO-d6): 6 7.49-7.7.57 (m, 15H), 13.9 (broad,
1H); CHN analysis of C;gH;603PSCl (%):Cal. C 57.07, H 4.26; Found C 57.22, H4.32

Fig.14: SEM images of (a) [TPSP][FeCls];(b)[TPSP[MnCL]; (c) [TPSP][Zn2Cle]
(d) [TPSPL[NiCl4]
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Fig.15: Powder XRD pattern of the four catalysts and PPh;
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Fig.16: TGA analysis of chlorometallatessalts
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Fig.17: Hammett plot of phosphonium salts

From this experiment the Brensted acidity order of the five acidic catalysts are:-

[TPSP][FeCls] > [TPSPL[Zn:Clg] > [TPSPL[NiCly] > [TPSPL,{MnCl]> [TPSP][CI] .
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[7JA new series of task specific Bronsted acidic lonic liquid N, N-disulfe-
tetramethylguanidinium carboxylate [DSTMG][CX3COO], (where X= H, Cl, F) wms
developed from the reaction between N, N-disulfo-tetramethylguanidinium chloride amd
corresponding acetic acid derivatives in 1:1 molar ratio at 60 °C for 1 hour (Scheme-11}
These ILs were characterized via NMR, FT-IR, TGA, UV-visible and CHN elementd
analyses. The most acidic ILs [DSTMG][CCI;COO] and [DSTMG][CF3CO0] wem
successfully utilized as reusable heterogeneous catalysts for the multicomponent synthesis &f
tetrahydrobenzo[a]acridinone and tetrahydrobenzo[a]xanthenone derivative (Fig.2). Both the
catalyst produced excellent yield of the two heterocycle within short time under solvent free
condition at 75-85 °C. The reusability tests of the catalyst were also studied and foumd
reusable for six consecutive run. Moreover this is for the first time that
tetrahydrobenzo[a]acridinone was synthesized via four component reaction in presence of

ionic liquid catalyst.

" HOsS. @ SOH
g M O hexanelCISOH ﬁ‘\ Cl
b t, 45-60 min s
| |
[DSTMGI(CI]
CX,COOH| 60 °C/ 1h
HO,S SO4H
X=H, [DSTMGJ[CH;COO], e
Cl, [DSTMG][CH;COO0], M [CX3CO0]
F [DSTMGJCF,COO], NN

Scheme-11: Synthesis N, N-disulfo-1, 1, 3, 3-tetramethylguanidinium carboxylate ionic
liquids
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Fig.18: Structure of tetrahydrobenzo[a]xanthenone and tetrahydrobenzo[a]acridinone

derivatives
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Fig.19: '"H-NMR spectrum of [DSTMG][CF;COO]
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The stability of these ILs can be expressed in the decreasing order: [DSTMG][CF3;COOp
[DSTMG][CC1;CO0] > [DSTMG][CH3COO] > [DSTMG][CI] .

00— ——[DSTMG][CT]
[DSTMG|[CH:COO)
~ ’ —— [DSTMG]{CCLCOO}|
80 h [DSTMG][CF:CO0}

@

S 60 z
=

2

@

30 40

S

20 -
0 I T I 2 I L L] L ]
0 100 200 300 400 500
Temperature °C
Fig.20: TGA curves of ILs
o]
OH 5 mol% of IL
+ + RCHO
Neat/ 75 °C
0 1mmol
1 mmol 1mmol
R= Aryl group with electron withdrawing or donating substituent

Scheme-13 : Synthesis of tetrahydrobenzo[a]xanthene derivatives

0
OH NH,CI (1 mmol)
0,
“ + RCHO Neat/ 85 °C
5 mol% of IL
o 1mmol
1 mmol 1mmol

R= Aryl group with electron withdrawing or donating substituent

Scheme-14:Synthesis of tetrahydrobenzo[a]acridinederivatives
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[8] We also tried to observe the bioactivity test of synthesized 1, 2, 3-trisubstituted oxazine
derivatives. But due to solubility problem in suitable solvent, we did not proceed further. But
we observed the fluorescent properties of ten derivatives and they have good fluorescent

emission spectra.
Conclusions

The outcome of this project works has started a new opening in the field of — SO;H
functionalized ionic liquid materials which have tremendous potential in electrochemistry,
catalysis and material sciences. Similarly, the novel hetrocycles as well as their synthetic
route also has simplified the preparation of complex molecules of fused naptho[1,3-]oxazine,
xanthene and acridine derivatives. They can be designed for asymmetric synthesis in near
future. Till date we published five papers and one paper is submitted for revision. Three
more papers are in the process of submitting stage in good quality journal. The research
scholar Mr Arup Kumar Dutta is going to submit his Ph.D. thesis within 15 May of 2016.
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Enclosure-ill

14. Abstract of the project work

The major achievement of this project can be summarized as development of novel
Bronsted/ Bronsted-Lewis acidic ionic liquid systems and explored their catalytic activity
for one-pot synthetic strategies of 1,2,3-trisubstituted naphthoxazine, acridine, quinoline,
bis(indolyl)methane and xanthene derivatives under environmentally benign approach.
Several —SO;H functionalized imidazolium, tetramethylguanidinium and phosphonium based
Bronsted acidic / Bronsted-Lewis acidic ILs were synthesized and characterized with various
analytical techniques such as '"HNMR, BCNMR, FT-IR , TGA , SEM-EDX, Powder XRD,
Raman, solid UV , ICP-OES, Hammett acidity , atomic absorption and elemental analysis.
Some of them were isolated as viscous liquid and utilized as reusable homogeneous catalyst
for the one-pot synthesis of 14H-dibenzo[a,;]xanthene , 1,8-dioxo-decahydroacridine and
anti-2, 3-dihydro-1, 2, 3-trisubstituted-1H-naphth [1, 2-e][1,3]oxazine under neat or in
greener reaction media like water, ethanol and aqueous ethanol at different temperatures. The
solid Bronsted-Lewis acidic material was employed as hetetogeneous catalyst for the
preparation of complex derivatives of tetrahydrobenzo[a]xanthene and tetrahydrobenzo[a]
acridine via three-component and four component reactions respectively in neat condition or
in greener medium. Some examples of Brensted /Brensted-Lewis acidic IL systems are 1,3-
disulfonic acid imidazolium carboxylate [DSIM][CX3COO] (where X = H, Cl, F) ; N-
disulfo-tetramethylguanidinium carboxylate [DSTMG][CX3COQ], (where X= H, CL, F) ; 3-
methyl-1-sulfonic acid imidazolium transition metal chlorides [Msim][X] (where X= [FeCls]
, [ZnCls], [CuCly]) ; triphenylsulfophosphonium chlorometallates [TPSP]s[X] (or
[PPh;SO;HJ[X]), where n = 1 or 2; X = FeCly", ZnyClg”, NiCly*, MnCls™".

A major achievements in heterocyclic chemistry is the first acid catalyzed three-
component diastereoselective preparation of anti-2,3-dihydro-1,2,3-trisubstituted-1/-
naphth[1,2-€][1,3]oxazines in solvent-free method at 80-100 °C and aqueous ethanol at
room temperature stirring within less time. Several conventional Brensted/Lewis acids were
examined as reusable catalysts for the synthesis. The use of acidic ionic liquid 1, 3-
disulfoimidazolium trifluoroacetate[Dsim][CF;COO] was developed as the best efficient
reusable homogeneous catalyst for the same synthesis in both methods with excellent yields

of product. The same synthesis was also performed in solvent-free condition at 80°C and
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aqueous ethanol at mild condition in presence of triphenylsulfophosphonium chlorometallates

as reusable heterogeneous catalyst up to eight consecutive cycles.

Another development of multicompoenent reaction is the IL catalyzed four-component
novel reaction for the preparation of tetrahydrobenzo[a]acridinone derivatives starting from
2-naphthol, aromatic aldehydes, dimedone and NH4Cl under solvent-free thermal method
with excellent yields for short time reaction. The same reaction in absence of ammonium

chloride gave tetrahydrobenzo[a]xanthenone derivatives.

The catalytic performances of 1,23-disulfonic acid imidazolium carboxylate
[DSIM][CX3CO0] (where X = H, Cl, F) were tested with the preparation of 14H-
dibenzo[a,j]xanthene and 1,8-dioxo-decahydroacridine derivatives under solvent-free
thermal treatment. The same amount of IL catalyst was also sufficient to conduct the reaction
in water with excellent yields which expressed the stability of IL catalyst in water.

The acidic IL [DSIM][CF;COQ] was employed for the two-step one-pot synthesis
of 2-styryl quinoline derivatives via Friendlander annulation followed by Knoevenagel

condensation reaction in solvent-free method at 90 °C.

The preparation of bis(indolyl)methane derivatives was observed in solution at room
temperature stirring within short period using only 5-10 mol % of reusable 3-methyl-1-

sulfonic acid imidazolium transition metal chlorides [Msim][X] as heterogeneous catalysts.

Finally the fluorescence properties of anti-2,3-dihydro-1,2,3-trisubstituted-1H-naphth[1,2-
e][1,3]oxazines were studied and emission wereobserved in the region of 370-440 nm with

fluorescence emission maxima around Aemi= 420-430 nm.

Some of the above outcomes were reported as five published papers in RSC Advances,
Applied Catalysis A: General,Catalysis Letters, Monatshefte fiir Chemie during 2014-2016.

Three more papers are communicated for publications.
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