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’ 397133.00
Contingency
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Interest | 4051.00
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Order Ref: TU/11-3 /Pur/Chem.Sc./2017-18 /2312
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| Refrigerator, Make: LG, Model : GL-B281BPZX
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Dt. 22.08.2017
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acidic/basic material with capacity to work as efficient recyclable catalysts for organic reactions
under environmentally benign methodologies. Here we tried to utilize the prepared acidic/basic
ionic liquid systems for one pot synthesis of pyrimidine derivatives in addition to other reactions
such as Knoevenagel condensation and naphthoxazine derivatives. The prepared metal centered -
SOsH functionalized halometallate ionic salts can be studied as heterogeneous Bronsted-Lewis acidic
catalysts for industrially important reactions such as Friedel-Craft alkylation/acylation reactions, as
catalytic equivalent of sulfuric acid in nitration reaction, transesterification etc .
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3nthesnzed task-specific ionic liquids have significant potential to replace traditional non-
acid /basic catalysts in industrial scale reaction for preparation of fine chemicals.
Iy we are not patent these ionic liquid materials. It will require more study as recyclable
catzlysts with replacement of traditional Bronsted acids /bases in industrial scale reactions.

m m
L
o ”-’
Ul

12 =ow has the research work complemented the work of CSIR Laboratory that sponsored your

The newly aynthesmed task-specific materials may fulfil some of the objectives of CSIR laboratory in
—z==rizl science for further study in industrial scale reaction. The ionic materials which are designed in
=== project are Bronsted acidic, Bronsted-Lewis acidic and basic in nature exist as viscous liquids or in
3 form. The viscous form of ionic liquids with wide electrochemical window can be used as
~trolyie in fuel cell and other electrochemical devices. They may be employed as media for metal ion
raciion process, energy conversion process via biomass degradation, removal of sulfur from refmery

fu Mm ¥

L3

oyrimidine derivatives can be examined as bioactive molecules.

13 Detailed account of the work carried out in terms of the objective(s) of the project and how for they
have been achieved; results and discussion should be presented in the manner of a scientific
paper/project report in about 5000 words; and this should be submitted as Enclosure-Il to this report.

Attached as Enclosure -lf

2_An abstract of research achievements in about 200-500 words, suitable for publication.
Attached as Enclosure -1l
15. Mention here whether or not the unspent grant has been refunded to CSIR:

have refunded the unspent grant Rs. 60,788.00 to CSIR with demand draft No. 534619 dated on
23/07/2020( Demand draft is attached with this report).

The rest sanctioned amount Rs. 1212314.00 have been utilized in the project works out of the total
""ased grant Rs. 1273102.00 including earned bank interest Rs.4051 during the term of project
duration 2016-2020. In support of that | have attached five sets of the Final Utilization Certificate and
Statement of Expenditure of last grant for the financial year 2019-20 with this report.
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Please do not leave any column unanswered.
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Enclosure -II

=3 lad account of the work done under the project :

Synthesis of task-specific chiral ionic liquids using chiral anions and achiral cations.

Characterization of the synthesized task-specific ionic liquids with various analytical

s=chnigues.

= —-—

. Synthesis of hybrid materials of task-specific ionic liquids in combination with solid supports
=uch as polymers, zeolite and layered material) and their characterizations.

Zpplications of these task-specific ILs / supported materials as reusable catalysts for the one
oot multistep/multicomponrnt synthesis of pyrimidine derivatives.

Asymmetric synthesis of 3,4-dihydropyrimidinone derivatives using chiral ionic liquids
sysiems.

v ‘j Characterization of novel pyrimidine and optically pure Biginelli DHPMs derivatives by
sarious analytical tools.

/1) Observation of novel heterocyclic compound as bioactive molecules.

Work done

The objective of the works has been done in different steps during investigation as discussed in “Results
=nd Discussion” section. The major outcomes can be mentioned as below.

(a) In the objective of proposal, we proposed to synthesize task-specific imidazolium chiral/
achiral ionic liquids and their catalytic uses for one pot synthesis of pyrimidine derivatives.
Initially we prepared achiral acidic imidazolium ionic liquids with different organic or
inorganic anions. Then we characterized the prepared ionic liquids with various analytical
techniques which included "HNMR, 3C NMR, IR and elemental analysis. The catalytic
efficiencies of these achiral ionic liquids were investigated for one pot synthesis of
pyrimidine derivative followed by sequential conversion of Biginelli dihydropyrimidinone
derivatives to 2-amino-pyrimidine derivatives

(b) The same catalytic study was also extended with another new series of —SO;H
functionalized dicationic ionic liquids based on N,N,N',N'-tetrasulfopiperazinium cation
[TSPi]* and various anions [X] (X=Cl, CF3S0s, TsO) under solvent-free grinding method. The
synthesized ionic liquids were characterized by *H NMR,*C NMR, FTIR, elemental analysis
and thermogravimetric studies. Bronsted acidity of these ionic liquids is determined by
Hammett plot using UV-Visible absorbance spectra. The most acidic [TSPi][CF350;], catalyst
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offers good to satisfactory yield within 15-25 min reaction time. Easy recyclability, simple
and mild reaction conditions represent the advantages of this method.

c) Next step we tried to synthesize imidazolium chiral -SO;H functionalized acidic ionic liquids
containing chiral anions of amino acids. The reactions were not succeeded as per our
expectations.

'd) Four members of  N,N-disulfo-1,1,3,3-tetramethylguanidinium  chlorometallates

[DSTMG].[X], where n= 1 or 2; X= FeCl,, Zn,Clg®, NiCl*, MnCl,” were synthesized as solid
Brgnsted-Lewis acidic compounds and studied the catalytic activity using the most acidic
catalyst for three-component synthesis of 1,2-dihydro-1-aryl-3H-naphth[1,2-e]{1,3]oxazin-3-
ones.

{e) To improve the thermal stability, hydrophobic nature and catalytic activity of the Bronsted-
Lewis acidic halometallates [DSTMG],[FeCl], it was immobilized on Montmorrilonite-K10
Clay with different loading percentage to get a stable heterogeneous catalyst with high
surface area. The work is not yet completed.

[f) Besides the proposed plan of works six new members of tricationic triethylamine bridged
imidazolium/pyridinium based basic ionic ionic liquids were developed and their structures
confirmed with *HNMR, *C NMR, IR and elemental analysis. Their thermal stability,
Bronsted basicity and hydrophilic properties were studied to identify the appropriate basic
ionic liquid catalysts for preparation of arylidene or alkylidenemalononitrile derivatives.

{g) The bioactivity study of novel pyrimidine derivative is under progress.

Results and Discussions

@ym 9

SO,H

X=Cl, CH;COO", CF;CO0"

Fig .1: Structure of imidazolium based acidic ionic liquids
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0

ey -1, 3-disulfoimidazolium acetate [MDSIM][CH3COO]
1732 1529, 1443, 1182, 1048 ,884, 756 , 585; 'H NMR (DMSO-d;, 400MHz) :

sasz 1191, 1050, 873, 753, 580; 'H NMR (DMSO -dg, 400 MH2) :
k . BC (DMSO-d, 100 MHz) : & 11.5, 119.1 , 144.6. ;

}: cal.C17.05, N 9.94,H3.58; Found C17.11, N 9.97, H 3.56

8 2.51(s, 3H), 7.46(s, 2H), 11.9(s,
CHN analysis, Mol. Formula.

Brown viscous liquid; FT-IR (KBr) u cm™

/-1,3-disulfoimidazolium trifloroacetate [MDSIM][CF;COOQ]:

6 1.85 (s, 3H), 2.46 (s, 3H),

,12.43 (s, 1H), 13. 8(5 1H); 13C NMR {DMSO-dg, 100 MHz,) : & 11.5, 119.1, 144.6, 172.6.; CHN
: cal. C23.60, N 5.18, H4.29; Found C23.63, N 9.22, H3.31.

Brown viscous liquid; FT-IR (KBr) u

1748, 1627, 1445, 1198, 1054, 881, 756 , 585; 'H NMR (DMSO-dg, 400 MHz) : § 2.51(s, 3H), 7.41-

m.25), 12.9(s, 1H), 13.90(s, 1H); *C NMR (DMSO-d,, 100 MHz) : § 11.5, 119.6, 144.9 , 159.5. CHN

y=is, Mol. Formula CgHoF3N;0sS; (%) : cal. €20.06, N 7.80, H 2.81; Found C20.10, N 7.84,H 2.84.

The Bronsted acidity of the acidic ionic liquids was evaluated using the Hammett acidity functions H°
Eguation 1, Table-1 and Fig.2 ) using an UV-visible spectrophotometer, with 4-nitroanline as a basic

_1

=asuring the absorption differences [I]/[HI]".

= pK(l)ag. + log[1]/[HI]"

~cicator in ethanol. The Hammett function H® for each BAIL was calculated using Equation (1), by

Equation (1)

r= pK(l)ag. is the pKa value of the basic indicator in aqueous solution. The order of acidity of these

s found from the Hammett plot (Fig.2) in the decreasing order as follows: [MDSIM][CF.COO] >

DSH! "’CL{SCOO] [MDSIM][CI].
1
2wl
/:\< FRNTEITES [ LY S |
e [NEERNENICE] 3
3 ;‘f 3 .1 \’-.‘ s e 1,0 04 3
= £ "/i i e [MEDSTMLREOD 6 6]
= j'/ 3
£ /
&
I
=
=
0G0 350 AGD 450
. Wavelengthinm) =000

Fig.2 : Hammett plot of BAILs using basic indicator 4-nitroaniline
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Table 1- Acidity of the BAILs from the Hammett plot

Zotry BAIL Poco [1% [HN% He
By Blank 3.97 100 0 -
B 2 [MDSIMI[CI] 3.23 81.4 18.6 1.631
e = ' [MDSIM][CH,CO0] 3.19 80.4 19.6 1.603
i s [MDSIM][CF,CO0] 3.10 78.1 21.9 1.542

Thermal stability study

== thermogravimetric profiles of three BAILs were expressed in Fig.3 which showed maximum
—oisture content and less stability of the chloride anion paired IL.

100 A e pADEMCT 2

~—— [MDSIN][CF CO0] 4

204 —— [MOSIRCH 020] 3
LA

404

Wapiplit boss 4900

20

H e 260 W0 200 Sta e

Temperature{ O}

Fig.3: TGA curve of the BAILs
Catalytic study

knowing the Hammett acidity and thermal stability of the three BAILs we utilized [MDSIM][CF;COQ]
=fficient homogeneous catalyst for the three—component Biginelli reaction of aromatic aldehyde,
ophenone and urea in solvent-free grinding method. The crude 3, 4-diydropyrimidinone derivative
was then subjected for sequential conversion to 2-amino-pyrimidine derivatives (Scheme-1) at the same
arocedure after addition of equimolar amount of 2, 4-dinitrophenyl hydrazine for the specific reaction
='m= under thermal treatment with various substituted aldehydes.

5 VI o=
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CHO 0 0 PhNHNHLHCY
A )L 1L catalyst Ph(NO,),NHNII,
. : e e S o o
Ry )+ CH3+ N7 CNH, i NH i /i
-
X0 N”NH,
Where R=EDG/EWG i= r.t., grinding, neat
1 2

Scheme 1: lonic liquid catalyzed synthesis of pyrimidin-2-amine

e

Ia

o s dmedee L Adiphenyipyrimidin-2(1H)-one  4-(4-chlorophenyl)-3,4-ditydeo-6-phenylpyrimidin-2{1H)-one  34-dihydro-4-(4-nitropheny!)-6-phenylpyrimidin-2(1LH}-one

La—Ziphenyipyrimidin-2-amine 4-{4-chiorophenyl)-6-phenylpyrimidin-2-amine 4-(4-nitrophenyl)-6-phenylpyrimidin-2-amine
Fig.4 Structures of pyrimidine derivatives

1z - Color white, melting point: 247°C ; *H NMR{DMSO-ds, 400MHz):57.93 (s, 1H), 7.29-7.23(m, 5H),

= 127050 m, 5H), 6.15 (brs, 1H), 5.60({brs, 1H), 4.23(s, 1H); *CNMR(DMSO-ds, 100MHz):5157.8, 154.8,

133.8,129.2, 129.6, 128.4, 127.8, 127.4, 127.1, 54.4; IR (KBr) cm™:3237,3093, 3058, 1674, 1350,
C=N znalysis, Mol. Formula CyH14N,0 (%) - cal. C76.78, N 11.19, H 5.64; Found C76.83, N 11.22,

|
(5] k:l
[§
[§

L1 e

i
L
(&5}

or-- white, melting point:-,4c,"H NMR (DMSO-dg, 400MHz):8 7.36-7.30 (m, 2H), 7.13 (s, 3H), 6.96
: £.73 [brs, 1H), 5.65 (brs, 1H), 4.19 (s, 1H); *C NMR (DMSO-ds, 100MHz):5 154.6, 142.4, 140.7,
1312 1220,128.4,127.9, 127.2 and 53.9; IR (KBr) cm™: 3237, 3073, 1666, 1343, 820, 763; CHN analysis,

BAE Sy 2L I,

Wio Eormula CogHesCIN,O (%) @ cal. € 67.49, N 9.84, H 4.60; Found C67.54, N 9.87, H4.58.

ic Color:, melting point: 206°C ,*H NMR{DMS0-dg, 400MHz):§ 8.19-8.12(m, 3H), 7.54-7.45 (m, 3H),

T 25718 (m, 2H), 6.96-6.88 (m, 1H), 6.27-6.14(m, 1H), 5.72(s, 2H), 4.30-4.27(m, 1H); PCNMR(DMSO-ds,
TO0M=2)-5157.8, 156.1, 151.0, 147.1, 130.8,127.8, 123.8, 59.3; IR (KBr) cm™: 3294, 3073, 1670, 1243,
1515 1330, 856; CHN analysis, Mol. Formula CigH13N3O5 (%) @ cal. C 65.08, N 14.23, H 4.44; Found C

B5.12, N 14.26,H 4.47.
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2=Coior - B-zht Orange, melting point:- 240.4°C,5a, "HNMR (DMSO-d6, 400 MHz):6 11.62 (s, 1H), 8.84
5 5 (s ‘-_1-1}, 8.35-8.32(m), 1H), 8.05-8.02(m,1H), 7.76 (s, 2H), 7.44(m, 5H);"*CNMR (DMS0-d6, 100

=2 1450, 137.4, 134.0, 131.0, 130.2,129.6, 127.6, 123.4, 117.3, 86.6; IR (KBr} cm™: 3445,
09T 1515 1324 1350, 763; CHN analysis, Mol. Formula CigHis N3 (%) @ cal. € 77.71, N 16.99, H 5.30;
ol C77.74, N 17.10,H5.33.

HI‘

!

2 Collor- Bght p;nk melting point:-119.7°C, 5¢,"H NMR (DMSO-d6, 400 MHz):5 7.63 (s,1H), 7.59 (d,
-3 T 74 7.24(d, 1=8.0Hz, 2H), 7.29-7.25 (m, 2H), 7.11 (d, J=8.0Hz, 2H), 6.86-6.89 (m, 1H); °C NMR
IWS0-95 100 MHz): 6 144.4, 135.7, 133.1, 129.2, 128.8, 127.2, 120.3,112.8;IR (KBr) cm™ : 3445, 3051,

_=0% 15551385, 827, 748; CHN analysis, Mol. Formula CyeHyp CIN; (%) : cal. € 68.21, N 14.91, H 4.29;
Fowme C68.24, N 14.88,H4.33.

‘o~ Orange, melting point:-158.3°C,5b,"H NMR (DMSO-d6, 400 MHz):5 10.85 (s, 1H) , 8.19 (d,

B . 8.0(s, 1H), 7.85 {d, J=8.0Hz, 2H),7.23-7.22 {m, 2H), 7.12-7.10 (m, 2H), 6.91-6.77 (m, 1H); HE
| ! S -d6, 100 MHz): 6 146.6, 144.9, 143.2, 134.1, 129.8, 126.6,124.6, 120.4, 113.1;IR (KBr} cm™ :
SL3F 307%9,1610,1573, 1530, 1336, 755; CHN analysis, Mol. Formula CigHyo Ny O; (%) - cal. €65.75, N
117 =£14:Found C65.78, N 19.20, H 4.18.

o Thores —S0O.H functionalized dicationic ionic liquids (DIL) of N,N,N',N'-tetrasulfopiperazinium cation
TS5 wththree anions namely [X] = Cl, CF3S0;, TsO were synthesized (Scheme 2).

H HO; s S();EI li();% /‘s() 3H
('\] 6CISO;H, dry CH,Cl, 2N @), SO-60°C
| T 2K
| k\- r.t., 2 h, N,-atmesphere [ j [ j
i H
}1()3‘, S()3H HO; s S(}jﬂ
i [TSPi[Cl], [TSPi|[X],
[TSPi|[CF580;], o gy I
[TSPi|[TsO}, X=CF;805; & TsO

TsO = p-toluene sulfonate

Scheme 2. Synthesis of [TSPi}{X]; (X = Cl, CF350:&Ts0)

Spectral data of [TSPIl[X]; (X= Cl, CF:80:&Ts0) :

M. N, N', N'-tetrasulfopiperazinium chloride [TSPi][CI],: Brown viscous liquid, FTIR (KBr) cm™: 3429,
=23 2851, 1629, 1463, 1167, 1043, 870, 725, 581; H NMR (DMSO-dg, 400 MHz): & 13.48 (s, 4H), 3.75
2=1- “C NMR (DMSO-ds, 100 MHz): § 52.4; CHN analysis C;H5ClN,04,S,: Caled. C, 10.02; H, 2.52; N,
582 Found: C,9.92; H, 2.77; N, 5.86.

N, N, N' -tetrasulfopiperaziniumtriflate [TSPil[CF,S0;], : Brown viscous liquid, FTIR (KBr) cm™: 3429,
. 2851, 1629, 1463, 1167, 1043, 870, 725, 639, 581; 'H NMR (DMSO-dg, 400 MHz): & 13.50 (s, 4H),
‘: s, 8H); *C NMR (DMSO-dg, 100 MHz): & 87.4, 100.1; CHN analysis CgH1,FsN,0455¢: Caled. C, 10.20;
1.71: N, 3.96; Found: C, 10.32; H, 1.77; N, 3.86.

M. N, N', N'-tetrasulfopiperaziniump-toluene sulfonate [TSPi][TsO],: Brown viscous liquid, FTIR (KBr)
— - 3429, 2923, 2851, 1629, 1463, 1167, 1043, 870, 725, 581; *H NMR (DMSO-ds, 400 MHz): 6 2.17 (s,
3= 2.24 (s, 3H), 3.26 (s, 8H), 7.07(s, 4H), 7.45 (s, 4H), 12.82 (s, 4H); *C NMR (DMSO-ds, 100 MHz): &
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pame €, 28.92; H, 3.57; N, 3.76.

Transmittance %

30

—[IsPiicll, |
—— [TSPY[CF,;50,],
———[TSP[TSO], |

. 870 581
1463 1043 725

¥
17381823 4553 1457
2923 2851

3429

20
4000

I TSR S R I SR WAL S e |
3500 3000 2500 2000 1500 1000 560

Wavenumber (cm"1)

Fig.5 FT-IR spectra of [TSPi][X], {X = Cl, CFs50;, TsO)

==

132L 1281, 126.0, 87.3, 21.2; CHN analysis CigHzeN201956: Caled. C, 28.80; H, 3.49; N, 3.73;

=nts of all IR peaks of the ionic liquids in Fig.5 are summarized in Table 2. Typical vibrations of —
- zroups were observed in finger-print region of the IR spectra.

Bands (cm™) Assignment
581 5-0 bending
725 : Out-of-plane ring C-H bending
3 870 N-S stretch
1043 5-0 antisymmetric stretch
 1167-1253 -0 symmetric stretch |
B 1463 Out of phase C-H bending of methyl group
1629 Aromatic C=C stretch
2851 & 2923 C-H stretch (CH,)
3429 O-H stretch of -S0;H group
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Tae smorecentative “H NMR and C NMR spectra of [TSPi][TsO], are expressed in Fig.6a and 6b.

120
LY
HO,S, soH e 5 |
5 - 1 i 1
VTN
I 2 1.7
L4 |
I-I_O;\/ SO.H "

ISP Ts0, CH;

FEB

100
103

[ B

1]

B T ——
TR
= 5 o
i o

12.32
7.a5
707
365 — 2
245
24
247
&
-

an 15
TLippm}

Fig. 6a.*H NMR of [TSPi][TsO},

508
HOLS, hif 3
hi o i
?‘\ \%‘ il [ 5
Hos T S0
psegiso, a3

o "
a r
S -
H "

143283
139,47 §

168 150 40 13 120 110 im0 S0 w7 ] 30 a0 3 ] 1 ]
it {ppm}

Fig. 6b.>C NMR of [TSPi][TsO],
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120 -
4 —— [TSFij[CI],
100 - —— [TSPI)[CF,S0 ],
—— [TSPiJ[TsO],
80 ~
R
= 60
=)
[«
= 40
20 =
0 -~
> T * T < ¥ »* £ 1] " %
o 100 200 300 400 500 600
Temperature {°C)

Fig.7.TGA graph of [TSPi]{X]. (X = Cl, CF:50;, TsO)

T 7 corresponding to thermal analysis of the ILs expressed absence of physisorbed water in

"1CF.50:], and [TSPi][TsO], in contrast to approximate 13% loss of moisture for [TSPi][Cl]; below 100
"= Th< study showed greater stability of the [TSPi][TsO]; ionic liquid up to 200 °C than the triflate based
= oud which can be attributed for presence of more number of resonating structures of p-toluene

RRDESEe anion.

penitroaniling
104 ——[TSPICL,
¥ ——— [TSPI[CF350,],
&8 ——[TSPil{Ts0l,
L H
L]
=
8
5 054
w
£
<L
0.0 - . : . 7
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Wavelength {nm}

Fig.8 Hammett plot of dicationic ionic liquids in ethanol

—-= B-onstad acidities of three dicationic ILs were measured from Hammett acidity function using UV-

== Hammett plots according to the reported experimental procedure (Fig.8). The decreasing acidity
“=- o the ILs was obtained as : [TSPi][CF;SOs], > [TSPi][TsO], > [TSPi][Cl], in accordance with the
=—meatt acidity function. The most acidic catalyst [TSPiJ[CF;S0s]; was used as recyclable catalyst for
= zame one-pot preparation (Table-3) of 2-amino-4, 6-diaryl pyrimidines involving Biginelli-like
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=arsoriScheme 1) followed by condensation-aromatization reaction with phenylhydrazine under

-inding method.

e scope study for the synthesis of 2a using2.5 mol% of [TSPi][CFsSOs}, under solvent-

——
#

i o)

1.1X], where X= FeCl, /Zn,Cle®/ NiCl,*/ MnCl,” and n=1 or 2 were

id N, N-disulfo-1,1,3,3-tetramethylguanidinium chloride [DSTMG][CI] with the respective metal

A= 3 Selbsirat
s geimeiing condition
£oin R Product Time (min)° Yield (%)°
5 | H? 2a 16 89
= 4-OCH," 2b 25 82
3 2-0H° 2¢ 18 82
- 4 2, 4-dichloro’® 2d 15 88
g 5 4-OH° 2e 20 85
6 4-CHy* 2f 16 88
= 4-NO,” 2 15 85
E 8 7! 3, 4, 5-trimethoxy’ 2h 20 84
e | a-cF 2i 15 90
10 | Z-Naph’chaldeh\,fcieb 2j 20 80
REsction was carr:ied out using phenythydrazine hydrochloride; b Reaction was carried out using 2, 4-
smerophenyl hydrazine; © Reaction time was given as total reaction time including both steps; ¢ 1solated
~- - work was published in ChemistrySelect, 2019, 4, 8751-8756
: =-- orenaration of chiral ionic liquids, we performed the reaction of 1,3-disulfo-2-methyl /ethyl
— ==-~"um chloride ionic liquid with selected amino acids. But the chiral ionic liquids were not
srocheced as per our expectations.
£ * ~ew type of chlorometaliates of sulfonic acid functionalized guanidinium cation with composition
developed after treatment of

—wdes in different mole fractions at 75 2C. They were isolated as solid acids with varied thermal

== (150-250 oC) and physisorbed water (0-20%
-~ tmem, the most Brgnsted acidic Fe(lil)

) as observed from the thermogravimetric study.

salt was employed as efficient recyclable heterogeneous

== for the one-pot synthesis of 1,2-dihydro—l—aryl-3H—naphth{1,2~e][1,3}oxazin—3-ones in neat
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Fig. 9: Structure of TMG-based chlorometallates

7 mol% of
[DSTMG][FeCly]
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Scheme 3: Synthesis of 1, 2—dihydro~1—aryi~3H—naphth[1,2—e] 1,3}

oxazin-3-one derivatives
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Fig. 10 (a) FT-IR and (b) PXRD analysis of TMG-based chlorometallates

The various typical IR peaks of the tetramethyl guanidinium cation and sulfonic acid group can be
expressed in 600-2000 em™ region in Fig.10{a). The three strong to medium intensity bands around
1194-1201 cm?, 1047-1057 cm™ and 675-695 em™ corresponding to $-O symmetric stretch, anti-
symmetric stretch, and bending vibrations of —SO;H group. Powder XRD-analyses of the four
chlorometallates were taken to investigate the existence of metal chloride as complex anionic forms
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within these salts in Fig.10(b). The diffraction peaks of each of the ionic salts are analyzed in support of
the corresponding JCPDS card number of PXRD data in Table 4 . This study expressed crystalline nature
of the ionic salts by displaying sharp peaks in the respective XRD pattern.

Table 4: JCPDS card number of PXRD data of the four TMG-based halometallates

JCPDS Card Number 29° Reflection Planes lonic salts

71-2032 15.3%, 30.3%,36.3 (0,0,3), (1,0,1), (1,0,4) [DSTMG],[NiCl,]

76-0235 15.1°, 34.5° {0,0,3), (1,04 [DSTMG],IMnCl,]

74-0517. 16.5°,25.5°, 29.4°, 48.8° | (0,0,2), (1,0,1), (1,0,2), | [DSTMGL,[Zn,Cle]
(1,1,4)

77-0998 16°, 33.3°%, 43.1° to (0,0,3),(-1,-1, 3), (-1- [DSTMG][FeCls]

1,6}

[DSTMG]NICL

_—

S

[DSTMGI[FeCL]

Relative Intensity

[DSTMGLMaCL]

i)
Ny

[DSTMGLZn:CL]

K’iﬁ
e
33
263
230
n
T » 1 5 T
0 300 400

20

1 " T X
500 600
Raman Shift {em)

L i T " T 5

" Fig.11 :Raman spectra of TMG-based chlorometaliates
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Fig.12: EDX images of TMG-based chlorometallates

onic salts in Fig.11 detected characteristics peaks of complex metal halide anions

Raman spectra of the i
in TMG-based

against their literature data. Fig.12 distinctly evidenced the presence of key elements
chlorometallate salts in their respective energy dispersive X-ray (EDX) images

- [DSTMG){FeCL}
L [DSTMGLZnCl}
— [DSTMG):[MacCL)
[BSTMGLINICL]

100 o

80 -

% Weight retained

40 -

20 T
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Fig.13:TGA plots of TMG-based chlorometallates

TGA profile (Fig.13) displayed no loss of physisorbed water for the Fe(lll) salt at 100 °C in contrast to 20
% highest weight loss by the Ni(ll) salt. From the Hammett plots the acidity order of the ionic salts are
found to be: [DSTMG][FeCI4]>[DSTMG]Z{ZmCIG]>[DSTMG]2{MnCI4]> [DSTMG],[NICl,]. After that the
Fe(lll) salt was employed in catalytic study for the reaction Scheme-3.
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This work is accepted for publication in “Current Organocatalysis”.

(4)To improve the catalytic efficiency and thermal stability of the Bronsted-Lewis acidic halometallates
[DSTMG].[FeCly], it was immobilized on Montmorilanite Clay with different loading percentage to get a
stable heterogeneous catalyst with high surface area. The work is not yet completed.

(5) Two series of triethylamine based tricationic basic imidazolium/pyridinium ionic {iquids were
synthesized and their structures are included in Fig. 7.

- z K\N/Me B

| woe N

ACO /OH ¢ 0 ~/ Ao
&5 1 ! &

= LB

e N SO it W
i AcGIOHI ¢ AcO 1 O ¢
OO o J

Fig. 14 : Triethylamine based tricationic basic ionic liquids

After characterization they were subjected as reusable homogeneous basic catalyst for preparation of
arylidene or alkylidenemalononitrile derivatives via Knoevenagel condensation reaction at room
temperature.

This was published in Chemistry Select, 2018, 3, 9476-9483.
(6) Biological study of pyrimidine derivatives is in progress and not yet completed.
Conclusions

Several task-specific ionic liquid systems consisting of mono/dicationic imidazolium/piperazinium
Bronsted acidic ionic liquids, monicationic Brgnsted-Lewis acidic halometallates and tricationic basic
ionic liquids were developed and characterized with various analytical techniques. The prepared
Brpnsted acidic ionic liquids showed excellent catalytic activities for one-pot two step synthesis of
pyrimidine derivatives under solvent-free grinding method at atmospheric temperature within short
sime without isolation of intermediate formed in the 1% step of reaction. The most Bronsted-Lewis acidic
halometallates was used as reusable heterogeneous catalyst for one-pot synthesis of 1,2-dihydro-1-aryl-
3H-naphth{1,2—e}{1,3]oxazin—3-ones in neat condition. Finally, the tricationic basic ionic liquids was
tested as efficient recyclable liquid bases for preparation of arylidene or alkylidenemalononitrile
derivatives via Knoevenagel condensation reaction at room temperature. Till date, we have published
two papers and one more paper is accepted for publication. Two more papers are in the process of
writing stage. The initially joined Senior Research Fellow Susmita Saikia received her Ph.D. degree in
2019 and the other Senior Research Fellow Kabita Baruah is going to submit her thesis within December
2020.
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14. Abstract of the project work

The major achievement of this project can be summarized as development of task-specific ionic liquid
systems consisting of mono/dicationic imidazolium/piperazinium Brgnsted acidic ionic liguids,
monicationic tetramethyl guanidinium(TMG) based Brgnsted-Lewis acidic halometallates and
triethylamine based tricationic basic imidazolium/pyridinium ionic liquids with investigation of their
thermal stability, UV-Vis Brgnsted acidity/ Bronsted basicity studies and hydrophilic properties. In
addition, the semiconductor properties of TMG- based halometallates were analyzed using Tauc-plot
from their electronic spectra. The structures of the ionic liquid systems were determined using proton
and C NMR, FT-IR, Raman, PXRD, electronic spectra, SEM-EDX and elemental analysis. Except the solid
acidic TMG-based four halometallates, the prepared sulfonic  acid functionalized
imidazolium/piperazinium ionic liquids were isolated as viscous liquids with varied thermal stability and
hygroscopic properties as observed from their thermogravimetric analysis. The most Brgnsted acidic
imidazolium/piperazinium ionic liquids were employed as reusable catalyst for one-pot two step
synthesis of 2-amino-4, 6-diary! pyrimidines involving Biginelli-like reaction of acetopheneone, aromatic
aldehydes and urea followed by condensation-aromatization reaction with phenylhydrazine under
solvent-free grinding method using the same amount of catalyst with excellent yields. The Brensted-
Lewis acidic halometallates was investigated as reusable heterogeneous catalyst for one-pot synthesis of
1,2-dihydro—l—aryl-3Hnnaphth[l,Z—e][l,s‘]oxazin—3—ones in neat condition. The triethylamine based
tricationic  imidazolium/pyridinium Bronsted basic ionic liquids were observed as efficient safer
recyclable liquid bases for preparation of arylidene or alkylidenemalononitrile derivatives via
Knoevenagel condensation reaction at room temperature. Two papers published and one paper is
accepted for publication. Two more papers aré in the process of writing stage. The initially joined Senior
Research Fellow Susmita Saikia received her Ph.D. degree in 2019 and the other Senior Research Fellow
Kabita Baruah is going to submit her thesis within December 2020.
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To, Date: 7/09/2020
The Head, Human Resource Development Group

Council of Scientific and Industrial Research (CSIR)

CSIR Complex, Pusa

New Delhi-110012

Through: Head of the Institute

subject: Submission of Final Utilization Certificate, Consolidated Statement of Accounts {2019-20) and Final
Technical Report for the CSIR project sanction No. 02(0282)/16/EMR-Il dated 6/12/2016

Sir,

Please find herewith the documents of Final Utilization Certificate (Form-L, five copies), Consolidated
Statement of Accounts (Five copies), Final Technical Report (Form-F, 5 copies) for the research project
entitled "Synthesis and characterization of task-specific ionic liquid systems for one pot synthesis of
pyrimidine derivatives”, against the sanctioned letter no. 02(0282)/16/EMR-Il dated 6/12/2016
which is terminated on 06/03/2020 after completion of three years as per your requirement for
closing the account. The unutilized amount Rs. 60,788.00 at the end of the financial year 2019-20 has
been surrendered to EMR, HRDG (CSIR) through Demand draft No. 534619 dated 23/07/2020 enclosed
herewith for your information. Kindly acknowledge the same through mail.

Thanking You,
You're faithfully
List of enclosure Signature of the Principal Investigator
o
[1] UC and Statement of accounts Dr. Ruli Borah .\Q55°‘ 56@
?‘3 ey

[2] Demand draft No. 534619 dated 23/07/2020 of Rs. 60,788.00 for surrender amount N&t (O 991%

~R e kT

y -10'19

[2] Approved claim bill by CSIR 2019-20 and resignation letter of SRF from project
[3] Final Technical report

[4] Print copy of published papers.



FORM-L
UTILISATION CERTIFICATE

COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH
Human Resource Development Group
CSIR Complex, Library Avenue, Pusa, New Delhi — 110012

CSIR-HRDG Scheme No. 02{02820/16/EMR-Il dated 6/12/2016

S. Particulars Letter No. /Bank Transaction ID Nos. & Amount
No. Date

(Rs.)
1 Bank Transaction ID Nos. 2,90,353.00

NEFT*SYNB0OO09100*P1911291100950
Grants received from CSIR 5*NPLdated29/11/2020
during the year 2019-20

(approved date of Claim bill form by
CSIR for the financial year 2019-20 is

31/10/2019)*
2 Unspent balance of previous - 92777.00
year 2018-19
3 Interest earned/accrued on CSIR -- 2600.00

grant

Total 3,85,730.00

*Approved Claim Bill Form by CSIR (2019-20 year) is attached with this Utilization Certificate.

1. Certified that out of Rs. 2,90,353.00 (Rupees Two fakh ninety thousand three hundred fifty three
only ) of grant-in-aid released by Extramural Research (EMR) Division of HRDG (CSIR) vide Letter
No/Bank Transaction ID Nos. NEFT*SYNB0009100*P19112911009505*NPLdated 29/11/2020as given
in the margin during the year 2019-20 and Rs. 2600.00 earned/accrued as interest from bank on grants
released by CSIR and Rs. 92777.00 on account of unspent balance of the previous year, a sum of Rs.
324942.00 has been utilized for the purpose for which it was sanctioned and that the balance of Rs.
60,788.00 remaining unutilized at the end of the year has been surrendered to EMR, HRDG (CSIR)

e d LBl on

through Demand Draft No. 534619 dated 23/07/2020 enclosed herewith.

2. Certified that | have satisfied myself that the conditions on which the grants-in-aid was sanctioned
have been duly fulfilled/are being fulfilled and that | have exercised the following checks to see that the



maoney was actually utilized for the purpose for which it was sanctioned. The detail expenditure incurred
during the year is shown in the enclosed “Statement of Accounts (Receipt & Payment)”,

(Kinds of checks exercised)

1. Vouchers and Statement of Accounts
2. Grant-in-Aid
3. Expenditure Register
4. Bank statements for accrual interest
5. Surrender amount of Rs. 60788.00 to CSIR with Demand Draft No, 534619 dt. 23/07/2020
b :
\ﬁ\ N P L @/g\h?
Signature of Finance Officer, Tezpur University Countersigned by Registrar, Tezpur University
" Finaace Officer Registrar
Teopur Universiny Tezpur Universily
Date&Seal Date & Seal

The Utilization certificate and statement should be signed by Head of the Finance & Accounts and
countersigned by Registrar/Dean/Director of the University/institute,
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Feincipal Investicator

Memo no. DQRDFChem.ScJRBf?_UnBOB/BM—A

Tezpur University

Dated: 01/01/2020

Subject:  Approval  for resignation from SRF in CSRI project with memo no.

J0RD/Chem.Sc./RB/20-303/344-A

Madam,

With reference 1o the subject cited above, 1 would like to inform you that [ am resigning from the
SRF position for the project entitled “Synthesis and characterization of task-specific ionic liquid
systems for one pot synthesis of pyrimidine derivatives™ as instructed vide the memo no.

DoRD/Chem.Se./RB/20-303/344-A with effect from 01-01-2020 on personal reason. 1 will be
grateful if you kindly approve my resignation from the fellowship.

Thanking you in anticipation.

Yours Sincerely

{Kabita Boruah)

Departrent of Chemical Sciences

Enroliment No. CHP16108
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