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{lrqrdr sffl rTitfr q-61, 4p;"q q fuaH qflEsrdq, qTeFIT.
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{rer{riq frtTFT, {rE.q,dr iRr r],iefi 6-ot, qrFrq q furn wG-urou, qFFII.

tr{ttrirfl-

s{Kfrran s{rd sTrfor rtTfi nq i{rar (United Nations Organization) :rt}

O {Girr snA-d. qr.drqt ffi fr qrrm srfdflq vtfffi ffiH \rs'er{ft rr+f,fr sTA. 'Er{da d{o,q' t
-Tpf,iq 1i15ftA 1rs' ffifd aa arqt riTff lg rirdqr €Trq++ silqnrfd re e+rt qrfli ff fuffidr

\rs ffi qrA oG. rfT{a qlq {Er-}-S t<r enq{r ynmt Hrd-e q-s6 ftfu1ffi qrkt qrd tar. fr. Za

sffiffi 1945 qr qqT ertfiffif, {**'qr ffi {igffi {E lirc+qt rqFmi s-{uqm en*. qr

. {Tsiftrffii qfiNAfi rEff rtq lirciqr eTrqt+t M-dE s-trtIRT .3ncr, eI qfists qrfrrmr 3Trqkfr

6{ozTtn end etfr q qof+ qrrfr qr5ixriT .[q-{fi rnroror r{fm {rE{{c+S {qrsq dpqTqt {ftft firdl-fi"

risffiEfrq
I . V{m {l$ We+tf-e rfffefqf qrqfrftfqr fi-lEl- Stri.

2. rtUmttE{q*d lffidrafqqlEll=itYil"Til.

3. rigff{E{{tErffirsuRreil €nrfurrrret{rsqrq$rd.
..i^\t.- ' 1. qna: dgmuEral${srrroqii€r

$rn?r Er iiTff {X rfq--tqr riaiq a qrf,raTr Er.h{* ql-dtisrqr{t srsiqri ftW n+. ].942 qt

trTrtaq qfttq@r Eilquntnrfi erTqraTr q-{ulrrilr wqgffi e]rcfr gS'nE sflE {igsil {rqtiflq f,Tqq, dd'

orfrT *rqi fi qrrq srna ffi q-ro ersd. {ig.ff

qnfr+. {ffi {iTfi {E{ iiq'a+i ffi q-{rm q

1q_d eTrt.

nEr{u-e* E $Il-ttt qiql eqqE R-ffi a Sorun e*t.

Hw: rt5ff {E VclT qffia' rtT{att er{m+q +r<q

rt5ff W €Erc+qT eflqtqr q ftrqr f++rsrqr Htftrfi z@IkT ,+r{f,T+ ridqqFT rifw q-qraffireT

,trsdfr.ftdffiqrqffiiaffiqa: s{iiRwerqtssqrqrttr. q{fin'iq-m, frq erejqqeTr, qqqTffis-

. *srfi, Mvqie-drEqrsqtqryrrm qrdrqrqrttqqttuTrfiqs-A€rkwH. qrafw+qqrvqi-qrvrnq

snrdrqr {Tffi {IErtretqr silwn€'fr-{F H. qqra gst q-dTgd tq+s .{r{i.rd efvragqg6 g
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2. {q{Elc-n qrqq"t q q-'qrqT+6 trq lrertfird spqTsr& qna qffi sta'

3. qiffinqq sTffi, qtr q tvrfro aig-{q'r qrqd odrfl mtm'

4 " *1oaqrEF riq{ {tildT 3nfrr q+qT qrtqqqa Tilghlilql€lz} rmarqr qrftnr 31IFr etflrd{ 3{.l}f,

"o1tffi 
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*e+* t qira snFi r{gft' rrqi'€ qtsuIRT 5* wb'
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*166qqffi 
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rrfr1-4st66r s{ra qt 
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n-m. frTagala erifim-rqftm qis-a-dvn-e rre qr rqrq.igFm eqTq-dTf, {a-d q6qrfr c Etdr lTr{dRrK@T {4

HrdqfiH tqli$ 3{Aqslqi {qzil frfii-ed qr{dl=ll q ridqqla qka e-qrfrf,ra a6{rsT et'a 5er-d1-t elrt e

qr{t rrffiT+ ftra-{at sqif,T ld{.'qT q-615fia, { Et{tdr qrfts {riffir qerfrd *-iuqFr rqa atsri ftq{

ta.

z.qrr&qvrw*affiutrmrsrrfrrg{ETrfrq6r.fiiqrqcraTr
q*drqt itg* nE riu-aaffi qitrds1 fi +-dasT*d=* cr& d{ qr.n,+ €flqeT F-fr'F Et qiftffi-dr

qmir.ffioG.
qdqqla 6{qTt +T& ild cT(

qirfu{qqeffiiTs,f,q51(en)q*i$TI{f,rEIIqrirqqE,6Rri{r

6-{u-qm or-mi -rtr-r.

1. e{ffr<r€reqria-dT 3nftr g{ftil-dkqTq{T{r€'d qlraTqiet'tie-+1'

2.{qrqiqdqrqwteqqHsefi{EiEq.rsTlfu-d6{'qrg'dq|T6yq66t6.

3. eri*r{Isqs.lq-(t, s-{Rqerfrfr frr{fr-{r rnra en<qtar'

4" 3liffidq{q{ *,itrdT €flfrTqdeT q*q*wmoo** qnarqrqrft'*r .Trfrr qt-fli6{ 3Ts-€

3o-rtff qF1*6-o, nd wmqT Ec+dm e{-qr fr qq-{ $+ riTfi {Erqi qdr 31Ttd' IiF 1lq

{q-znr en*r rfl{f,Tqr s-.+e-iT ar wtqt scFrf,r di-ande qfrq{Eiqtqr qrqr Eelkdrd' q'iks {Iitrfri e

s{*.d t rrra snFr {gfi nqr€ qt-wTRT sqr ait'

qna gflnrr €g5 {qrq1 se*rqteq-5. {-dqr+ err"r6 q*, ElrdTi s.nur qurQ g{I{dd q{qq

.ri6sffit
{rq{ia ryi g+-#S qERIqi-S nq1sffifi' {tFrdiqsqdr

rrfr1qS66t qr{ qt 
I
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qKil +{ Et qt{ HfuE sTwnfr Aq *qfr tQ qltd' 20 E{ 1

dqtlT

{aqErariBaq{r6{flrfr fusqffi Garqqt*@ffimffi
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2. sirdqolrsTffi{.

3. q-{:H{qr 316r1-6q+5nraEmqiq{4-{u[

4. qEqlqkr{q{sRiqrs.IzrErasqHf,r'

5. qrtffiIqqa-dkqr.

,Tr.d q *{ cE+ Hr*d ffim qt{'T ge sris {EtqT qflE ?rkuTrql qiqR q=rd' 1955 {rffi sTrsi-

3ffi {Eiqr qfriaFrs-qtq'r qnqta 2e s6r1ffi wi-s qr *run-qr {#flr s5-{ Hr{qR snq& q1{q

qlroT q-{qA. {igffi {Eiqr 3ilqq*} qr qt{"ns rn$qr f<dr srTt'

+. ut* *frqiqd r+rrarqr qB-q sflTrrr

{igffi ** rie-atar yf-e q}kiqti qrro enflro q u1q{arar lsqrqd qqlftffi-q}q'qlq tsnt nq

3tTi. ctrrdr+ 3rdTq{-d ihlftqT, Ekq, Eql{f,, R'q-ffiq, st'il, ++{, {rrs, g*fr, ffieqT' {qigi' s-Eltgql'

3tilffi E. .,*rfrf, qriq61s- riu{, $iarra ,;tg<rq?t vri+ qit6+-d tfr-s E 3ilfirs qEa #d ent qr dfuTd

eriq. tFrsiiT flE{qpr sTrA 3Trt

5.. qsrerqqrsffiE

rtgffi {rqrqT er{iqqr e qrdrafi erctxrqqaq qnfrd a.srcd-drEmT mT +a{r edlt qil'qT1

{fw qqrrrera ffi {ErqT ffi e{Frotqrqr qfrr+R fi g+* 3rsffit €-A dd' qR-flt

er.iqqrqtidi srrRm+TrhsTdsrfu.gem{rEiqrHRtxqaqdrnqrlfrsqrqqiai{qfr{qaTe-rkdr

+dr. r953_s4 qr {gffi irq rtu-at-ar €flqaqqT sTrfHr fueqreecr qfud qt+ Hf,Fqr+ {EiqT

eriFplznqrerft r*rqiqreirfu qgrCrqrqr"qrtdmfl qTollndq.{f, r+fr r'

6. qrqaen&rfr:vralarrt

ff srni fr:t,I€tdFiuT t qrrdrqT trctre rM q6dwt il€ q BfrE{tdd eni. tq+g {{-di 
'1{r{dT+

qqq qr*a ;re ot'cnfr oTrFr eTwffilqr erw yriildr srqtgr& s-ruqtqt qT{utr a;dr drfr. vdeqrfufi

3{rFrwt.i* +rr fluq1qt s{1-5flt veo qrqufr ffi dt-e. npn& qwr rrffi qqHr{[ut srR ersa'Tr+

**qr-q-trtrflg,iqrftffi{6.3{mqi-{f,srfrq-*3ir{€{tw{Eryqd-ftER-dl+3lnrtffiT{tswqi

rrEtqT qr-di-+qr{Ta} +q{ t YrtilM e+rt u*1q 56t q s{o-{ri qTdT+ triwrcG'

"*-.fi...-tx

trqRtq =

TRd A rne-m q-s q.rfun-dq ffi sr+rdd {E eTrt tqrdsriililr a ffi^Ir&Ika t -TR-trq

a-rdm lgm nq €q-ciqr e{rT+qT EerqT{ ent rtTm rrq {u-zt-ar 5 1 {p{qfi s{s {IEqd q+' ilTffr

e[rt Ttgm iIEiqT \'{qq qsq-qsufta qTraT+ qtqErq qceTui *'=Sqfr+ ert' tqs: qi sTprsrfqT
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3rffifi Tigm itEl-si qrrs G Ffe-A ailtt" {?ffi {rErqr qlHqtdr+sq er++ srid{{I*i {iq*
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Cnrrtnt Enqtme fnfir'iiffon, -tr-r-t, rv, -r-r

L-Proline Catalyzed Knoevenagel Condensation of Aldehydes with Active
Methylene Compounds and Their Molecular Modeling Studies for Anti-
SARS CoV-Z Potentials

!

jGoternnrcnt 
Coltege of Arts ant! Science, Aurangabad (fut.i-), Indig 431001; )Department of Chemistry, Rashtramat*

Indira Gandhi College, Jalna, Ahmednagar (fut.S.), tndia 431 103;'P.G. and Researclt Center, Department of Chemis-
try, Government a-f Mqharashtra's Isntail Yusuf Colleg* Jogexh*vari East, Mumbai {M-S-}, India 40006A; aMoulana .lzat!
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Abstracft Introduction: An etncient one-po| syntlresis of derivatives rrras rc:

DOL

ported tiom active methylene
dihydro-3H-pyrazol-3-one and,
temperature).

ARTICLE HISTORY l{ethodst Al[ derivatives rverc

R.ceiYd: Osrob<r I I, f 02 I
compounds rvere confi rmed

as cyanoacetatelS -me$yl-2,4-
aldehydes 0 mol% of L-proline (ethanol at room

yields. The structures ofthe synthesized
infrare{ spectroscopy), tH-NlutR pro-

The importance of these compounds is pre.,

study. Moreover, these newer compotmds were
of the SARS-CoV-2 (severe acute respiratory syndrome-

our docking $rggest that these con:pormds have good inhibitory prop-

organic catalyst) is lbund to be the best catalysl for the synthesis of
from active methylene compounds and aldehydes.

SAR study, Knoevenagel condensation, SARS-CoV-2.

Raied: Decmhd -l l, !021
A.ceted: ,lawy 10. ?0:?

ton nuclear magnetic
dicted from their SAR

J A.r 74it i7-t10$B] &6662)r,ildt0.r-r-.$
frtrther docked into
related

Resul6:
erties on tl:e CoV,

Conclasian:
different

Kevryords: Green synthesis,

l.rNrRoDUCrroN d-SS

\- The Knoevenagel condensation of aldehydes lvitl, active
methylene compounds (XCHIY) Fig. (1) is an importanr
chemical conversion nnd 

"videly 
applied synthetic protocol

for carbon-carbon bond formation in organic conversions
rvith nuuerous applications in the synthesis of phamraceuti-
cally and biologicaily active compounds 11-3].

This gpe of condensation is usually performed in the
presence of base cal.tlysts and also with other catalysts
(please refer, supporting information) [3]. This reaction was
also cahlyzed by L-proline. Lproline in water or ethanol.
Sio2-L-proline, L-proline in combination with ionic liquid
[8]. ionic liquid-supported proline IV ([Promim]CF3COO)
in acetonitrile at 800C. L-prolinet\{W(NTs, and in poly(I{-
isopropylacrylamide-co-L-p roline).

rAddress lbr correspondence Io this atrthor Govemmsnt College of Ars and
Science, Aurangabad (M.S.), India 431001; E-mail: brhomt7S@gmail.cour

Proline is a cyclic, uonessential amino acid (actualty, an
imino aeid) in humans (synthesized frorir glutamic acid and
other amino acids). l$iis a constituent of many proteins [4].
L-proline is pyrrolidine in which the pro-S hydrogen at posi-
tion 2 is substituted by a carboxylic acid group. L-Proline is
tbe oaly one of the nveury DNA-encoded aurino acids tvirich
has a secondary amino -eroup alpha 1o the carboxyl group.
The nitrogen atom in a peptide prolile does iiiit remain at-
tached to the hydrogen and therefore fuii a considerable in-
fluence bn the susceptibility ofpeptide bonds and stimulates
activity. Proline can forut aggregation due to the lrydropho-
bic inie-raction of the pyrrolidine rin-e. Proline organocataly-
sis Sffiffi use of proline as an organocatalyst in organic
chemistry fa]. This therne is often considered the starting
point for the area oforganocatalysis, even though early dis-
coveries rvent unappreciated- Modifications. such as Mac-
Millan's catalyst and Jorgensenrs catalysts, proceed with
excellent stereocontrol [5]. Proline catalysis ;was initia]ly
reported by groups at Schering AG and Hoffmann-La Roche

I573-4080hr S65.0F.00 Oxxxx Benth*m Schnce Publishers
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malononitrile ethyl 2-cyanoacetate 3-methylisoxazol-5(4H)-one 5-methyl-2,4-dihydro-3H-pyrazol-3-one

Fig, (1). Knoevenagel conde.nsation of aldehydes rvith active nrethylene compounds (XCH2Y).

Z,Zt - electron withdrawing groups

z1

H and/or -l effect

-HzO R''\t-21+'I
Z

2-alkylidene/
arylidene derivatives

L
o

$.u

nAx

H

aldehyde

Fig. (2). Plausible mechanism for tbe formation

[6]. Proline's chiral saucilre enables
thesis, favoring a partici.rlar

A possible urechanism for such of
shown in the following Fig- (2). T'he

active first

ethyl cyanoacctate

*A

aldehydic carbonyl group,
on d elrydrati on, iiid'ii.vt''iir'e

in the presencc ofl-proline.

products.

The one-pot landem K-noeveuagel-Michael reactiot of
arylaldehydes and 5-methyl-Z-phenyl-2,4-dihydro-3H-
pyrazol-3-one was also perfonlred uuder a variety ofreaction
c.onditions. The first synthesis procedure reported was cata-

The meth-

reaction [9] under neutral either
zetre

rnoiTo) in H:O at 900C, poly(ethylene glycol)-400 at I 100C,

silica sulfi:ric acid (SSA) or montmorillonit K10 in aqueous
etlranol at 700C and (2-Hydroxy"myi)a*,*p,:_rjum.,,pr"opionate
(I0 mol%) under solvent-nee tii,Uitlli$$ i.\\)li 0'C. [4].
(p leas e refen s apporlin g info rma tio n).

Theie are some molecular targets of SARS-CoV-2
knorvn by the genetic and phenorypic struchre slr-rdy of
COVID-I9 [10-13]. COVID-19 is a spherical or pleo-
morphic enveloped particle containing single-slranded (posi-
tive-sense) RNA (virus gerome of -28,882 ba,se pair ge-r-
uome) associated u,ith up to 14 nucleoproteins s,ithin a cap-
sid comprised of rnatrix prol.ein i.e., lJre presence of S lrro-
teins projecting from the virion suriace. Aiong u'ith the large
size of 1he RNA. the SARS-CoV-2 -{enome encodes for a

few proteins (see SI. Figure S1). such as tl-re stnrctural spike
(S) glycoproteiu, membrane (M) glycoproteirl nucleocapsid

{N) malrix protein in 5'- 3' direction wit}rin the 3' proxir::al
I/3'd region of the genome, 3' -UTR p29 nt), and the small
envelope (E) proreirl rvhich are needed 1o produce a s1ruc-
turally cornplete viral particle. Structural proteins of SARS-
CoV-2 tbnn the virai capsid that encapsulates the genorne

and facilitates the entry process to human cells through the
ACE-2 receplor. The S, ORF3a, E. M, and N genes of
SARS-CoV-2 comprise 3822, 828, 228,669, and 1260 nu-
cleotides, respectively [13]. Additionalty, the SARS-CoV-2
genome encodes for 16-17 nonstructural proteins (nsps) (nsl
1o ns1f, such as 3-chymotrypsin-like prolease {3Clpro),
papain-like protease (Plpro), heli case, an d RNA-dependen t

ts

or
the protonated

S.ii,ltffi

bonded N-propyltrietlrylenetetramine as heterocyclic base as
catalyst il ethanol under refli:x condition, suli.ric acid ([3-
(3-siltcapropyl)sulfanyllpr opyl)ester (0. 1 g) in ethanol. under
reflux, 1,3-disulfonic acid imidazoliue tetrachloroalumiiiate
(l mo1%) at 500C, poly(ethyleue glycol)-bound sulfonic acid
(1.5 mol'/o) in water under reflux condilion, LiOH-H2O (10

f-

ton

stabilized by

+

or ben-

I
I

+

rl.:.
ti:.
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RNA polymerase (RdRp). Some coronavinrses also contain a

hem aggiutinin-esterase protein (HE) [13]. Similar to SARS-
CoV, SARS-CoV-Z carries a predicted ORFS gene (366 nt in
lenglh) found betrveen the M and N ORF genes [13]. The S.

E, and M proteins are located in the viral envelop, but tle N
protein interacts with the viral RNA and is present in the

core of the viral particle. forming {re nucleocapsid [13]. The

source of kansmission of SARS-CoV-2 is as yet unclear'
The infection in humans is likety to spread Aom unidentifred
intermediary ar:imal hosts, most possibly bats. lt is believed
that dogs, pigs, as well as mice might serve as atr interaedi-
ate host.

Two cysteine proteases, a papain-like protease (Plpro)
and a SClike protease (3Clpro), play a critica} role in virus-
mediated RNA replication and iheretbre they are the $iii;.6'*H#

targets of chemists. Numerous studies 'were conducted relat-
ed to the development of SARS-CoV 3Clpro inhibitors [3],
but ttrere are very rerv i'iiilii6iitbl{ n sARS-cov Plpro ffi
have been reported. Here we 1ry to design and discover a

series of unprecedented non-covalent SARS-CoV PLpro
bhibitors displaying antiviral activity against SARS-CoV
with no associated cpotoxicity. Besides viral peptide cleav-
age. recerlt strucrural and ftlnctionat shrdies suggested that
Plpro is involved in several other impofiant biochemical
activities. such as deubiquitination, delScylation. and
volvernent in virus evasion from the innate itnmune

f 13]. Therefore, PLpro r's a significanl. targel for the
opment of drugs against SARS and is a model for
opuent of drugs against other
volved in human diseases [ 3].

Molecular docking mettrodologies
cial roles in identiling various
for observed hit or lead molec,ules been

rvidely explored in context with variou-s on vari-
[23-26].ous therapeutic targets of the

Moreover, considering easier ancl

Knoevenagel Condensation
rvhile to screen our library ; targets of the
SARS-Co-f-2 Virus. as are very feur mar-
keted active drugs lbr the treahnent of.COVID-I9, thus the
quest for $;$:Ai $ ana identification 'bTnerver hits. rve targeted
synthesized compounds for in-sili co screening-

Herein, the current study tbcuses on an easier green syn-
thesis [4] of different Knoeverngel coadensed products 3a-v,
Sa-m and Sa-k from malononitrile or etltyl cyenoacelate or
5-m ethyl-!4-dihydro-3H -pyrazol-3 -one and aldehydes 1 a-v
in ethanol in the presence of Lproline at roorn temperafure.
Moreover, synltresized compounds tvere also eharacterized
with various speckoscopic methods. A11 synthesized com-

pounds were then analyzed for into
ous therapeutic targets of the

2. N,IATERIALS AND METHOD

All chemicals, reagents, and solvents rvere purchased

from commercial sources (AIfa Aesar, Aldrich,
ConrbiBlocks, Acros, and Spectrochenr) and used directly
for synthesis vithout any purification- All reactions rvere
performed ip.,,a reaction vessel (one-necked round bottom
flask) in t$Biffi ut atmospheric pressure along with magnetic
stirring. Melting points of products in the cursnt study rvere

uncorrected. Nuclear magnetic resonance (NMR) spectra
rvere recorded on s Varian 400 MHz FT NMR spectrometer
in CDCIr as specified using tetramethylsilane (TMS) as an

internal standard. Chernical shifts are expressed in ppm {6)
downfield from tekameftylsilane. Mass specka rvsre record-
ed on Shimadzu GC-MS Mass spectrometer by.using heliuur
ss the carrier The Fourier transform infrared spectrosco-
py (FTIR)
with ATR.

on tle Bnrker's Tensor 2 model
(RamailRXNl, Kaiser Opti-

a.lso nsed for characterizalion of fewer

of Z-atkylidene/a rylidene malono nitriles

We dissolved I mmol of aldehvdes la.v and 1 mmol of

and ttre solid products 3a-v In some cases, we
added cold \.\/atBr to precipitate the product and iilter it. Al1
products rvere then characledzed by FTIR, NMR. and mass
spectroscopy (Scheme I and Table 1).

Z 1.2. Synlhesis of Etttyl (E)-Z-cyan o-3-p h eryiacryl ates 5 a-

1 mmol of
tate

amolrnt of L-proline the solution
at room completion

reaction by monitoring, TLC 10-20%
acetate in reactton
and the solid 5r-m In some cases,
cold lvater to precipitate *re product and filter it
(Scheme 2 and Table 2)- Finally, all products were then
characterized wittr the FTIR technique.

Cwtent Ex4,22s frrhibiti*l, xxtxr l4L t=; -lIa: 3

RCNHHCN
(3a-v)

(1a-v)

+, CN CN

(2)

10 molTo L-proline ,
EIOH, stir at r.t.

Scheme 1. Synthesis of ?-alkylidenelarylidene matrononilriles 3a-v from malononitrile (2).

'-' .:. -.

malorcujtrile (2) in I ml ol catalytic
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Table 1. Reaction time, yield. phlsical constants, and other properties of 2-trenzylidenemalononitriles 3a-r..

Thorut et ol,

Products Reactiou Time (T iu uin) Yteld {"/') Colour mlz

t3a)

L.A} 89 Whhe
t6?-164

(r6l-t63)

CN

(3b)

tJ5 90' Buff\rfhite
156-158

(153-1JE

CN

(3c)

85 Yellorv 154-156 (159-l6l) nr/z: lg9

CN

(4d)

90 9 I

-($w
Nu rN

122-12.1 (12+t26) m,/z: l?2

\\\,

N Light yellow 140-142
N{ass m/z =

3?4, 32ri
(M+2)

84 While r5?-t59 {90-92) rlz:170

(3c)

60 90 Light yeilow 135-737 Mass r:rlz:
295,296

{3h)

65 92 Ligilbmw! r l3-t i5 Ma-s-s n/z:
194

(3t)

93 Light yettow 162-164 Mass m/z:
290

1)

I

m.p. ( L)

mlz--?3?,
234

66

^ssl
N\

d\
,- ^".\L\rt\blsrvn

$\\h. \\[ AN
,N^ \,
\}\\

W
$

Gq

60
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L-Prolinc Catsb,zed Kroscnagcl Candcnsttitn

m-p-Yield(%) CoIourReaction Time (T in nrin)Products

It{rc mlz:
a1a86 Yellowt20

ocHs
(3i)

223-?25
Mass rlz:

t93?8 Dark brorvnt30

(3k)

Lishtyfllow

\fl-,&
di\i"]U' ,$''

ftSrr''$i

97-99
Masr mlz=

77788

-ffi(-14

'#
YellowisL-

hrorvn
I 89-I9l Msssn:lz=

174

\

F k.l

*W
W

(3m)

9&100

(ee-r00)
M.iss tr z :

199

ffi\)- *{q#M,,
d\** dqu\ "

u ts ,*.sqk*s.-w & ,A\tr
r .o.\{lgr.l#qui. s'

rgp.s

Yellorv cqn-
talliue''{tiqu{N

\lst'l*

orN

(3n)

101-t03
Ma-rs irrlz =

'21488 Yellow solid

t0?-10984 \Yhite solid62CN

(3p)

133-135
Yellorv solid45

(3q)

89-916? 82 Buffrvhitc

(3r)

Contd.,.

Cuntnt

,'+t r

xxxr,

1C

C 95

78

50

(3o)

s3
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6 Ct*eut Et4tluc lthibitiut,xrxx, I/olr:r,'&'a -t
Thotdt d cl.

nJzColour nr.p. ('C)Yield (%)Reaction Time (T in min)Products

Mms ur/z:
r84113-11578 Yellorv solid55

{3s)

Tnnqprmr oil
31 40oC1760

N

{3t}

Oll'rvhitc54

t3u)

79-8188

-\s$ 6N1

BufFi*hite

.dN"',\\ ,v

\N,*

()/

(3v)

II

nAH + o Ee!%L
stir, r.t. CN

{1a-m)
'"' ' :' '(5a-r$)

Sclrerne 2. Syntbesis of ethYl 5a-m fi'om ethyl cyafloacetate

Table 2. Reaction time, yield, physicnl other propertics of cthyt {E}2-c-vano-3-aryl/alkyl acrylate (5a-m)'

b.pJm.p. fC)ColourYturd{%)KIE".I", Tl-G in mln)Products

94-96Palc yellow liquid

N--
98

tsa)

\

88-90B rcrr:r9?94

(5b)

cCIoc2Hs

88-90

(r ?9-i r )
Lig$.Yellox, solid8:110

N

O:N

{sc)

88

1

S

80
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L-Pro lirc Catuly,zed Xno*'t n ugcl Co n dcnsution

2. l.3. Syntltesis of (E)4-benrylidene-5-methyl-2,44ikydro-
3 H-py ruzol-3 -o n es I a-k

I mmol of ethyl acetoacetate (6) and 1 mnrol of hydra-
zine hydrate (zl #.'h"l'iia-ii in 2 ml of ethangl.an-d- l$ffi-'Bit fot
30 minutes at room temperature. na[0-wt"-tH$tFii"$-$i,a solurion
of 1 nutol aldehydes 1a-k in 10 nrl- ethanol. aad 10 molYo L-

Carent xl

h.pJm.p. 16C1Reaction Time (f ln min) Yield (%)Products

64-66s8 Yellow solid

**{,:,I::;

80

{sd)

84 PaleYellow liquid 84-86110

(se)

88 YelJow solid

\\

65-6778

tu.d&r

**6ffi*id. x&

\ftilfl

p

d$.o.sld
{k

PaleYellow

W
#'

83-85

..s'
i$*ffidY
{fu". d

dNq\ \hI05 #,. $r
diaqw'

--$i'qbr$U#.$\ q* ffitrlW; {s \r"
\ud

Pale yellow
78-80

79 Pale yellow liquid 145-147

dh4
iP qh

II0

s4 Eull'solid 70-7?t)

83 O{I.x'hite 85-S7

(sk)

to precipitate the product and filtered it.
cold water

LXr&

$

#as., dediinlo the above reflction mixturePLo"ll*9
t$#* stirring. The completion reaction
TLC to

solid
3 In some cases,

Colour

(s0

(sc)

(sh)

4 {k.

d*\''* du$Ss,

Mq#-* #dF
ffi,p 'dn'm"*4A. "{$ qi\....#

1ps#ed *#s.s"*'tfl " tft,. d"
s *qm.*$,

84

tsi)

W
p

!4tlP

(si)
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+ + H2N-NH2
10 mol%

(7)
EIOH, rt, Stirr NH

{1a-k) (8)

{8a-k)schel,e 3' s1'nthesis of (E)4-benzylide,e-5-rnethyl-2,4-d.iirydro-3H-pyrazol-3-one 
ga-k fro,r etrryr ace[oacerate (6).

Table 3-

#-ltoo" 
time )'iel4 physical constart, *ard other properties .f (E)-4-substituted-!meth1'l-2,4-dilrydro-3rr-pyrazol-3-one

I

2d6

Reaction Time ('lf in min) Yield (%) Colour m.p. fc; ralz

YeJlow
1 80-t 82 2U

1'ellow I 95-l 97

(-Iable -i) contd...

Products

(8a)

45

qq

*s&t
l.{5" -'

M\u
s

Orang1r66 t69-l? I ?06

Yellow 204-206 231

-50

{8b)

89

50 88

(8d)

(8e)

60 80 Yellow 209-21 I 210



i.ri,\?j

CutenlEn4mrc
L-?rolir e Cstdlpbt! Nl oae'tagcl Ctndensatian

I !
I

(*

L

3.IITOLECULARDOCKTNG

AII synthesized 3a-v' 5a-k, 8a-k were subjected to grid-

based mllecular docking with SARS-CoV propane like pro-

tease inhibitor, Plpro (PDB: 3MJ5) by using 'iGemdock

v2' ireeware tl'l-?gl.The molecules were docked at the grid

site of the originat ligtnd in an X-ray crystal structure' We

identified thelsst molecule by site-based virtual screening

by tsing iGemdock v2 freeware. The results based on the

total docking energy (kcal per mole) of ligands with amino

acid residueJof proieins 6VSB and 6LU? are sumuarized in

the following Table 4.

4. RESULTS AND DISCUSSIONS

4.1. Spectral Characterizalions

'I'o find the suitable catalyst for the Knoevenagel conden-

sation, we systematically screened different organic com-

iii mlzColourYield (%)Reaction Tine (I in min)Products

129-1 31Yellow1160

HN_N

H

(8$

200779AitYellow7960

HN_N

0 CHs

a

(8c)

2t619+196

Gl$-220)

s
\*hN

*qt*,\ N
l\$. Wellorv
N\
fs

I

l

50

H

(8h)

l9??49-LslWhite l

HN

(8t)

r76ls+136Brown60

Hcc

(8i)

104167-169Yellorv9060

IJ

(sk)

;l

1

ffi
\-$
F

75
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Table 4. Docking energies of 3a-r.,5a-\ 8a-k rvith 3I\,tJ5,6ySB, and 6LU? proteins.

pounds and salfs such as

Thorol el aI

-51.1 l0i

alnmo-
nium chloridq sodium sulphate, ferric

sodiurn bicar-chloride, nickel chloride,
bonate, and L-proline. We fou L-prolhte was found to
be an effective nerv catalyst that displayed good catalytic
activity, good yield, and easy purification ofthe proiluc! the
product was washed rvith cold ethanol.

To improve tire catalytic applications of L-proline. rve
conducted the reaction olmalononitrile witl: different highly
substituted aldehydes. We found that L-proline was an effec-
tive bifunctioral catalyst for the Kloeveuagel condensation.
The fonnation ofcondensed products rvas confirned by the
spect$l analysis. The interactiol study of these corupounds
with different types of proteias was done by iGEMDOCK
which gave us brief infonnation about molecular

ide or hydrazide or hydrazoae showed absorprion in the re-
gion of l660 - I640 cm-'. The C - O strerching vibrarions of
the ester ald ether also appeared irr the 1300 - 1100 ctn-1
region. The region belorv 1000 cmt often teveals stroul
bands t}lat are useful for the clraraclerization of aromatil>
compormils- The C:C bon&s of the aromatic ting showed an
absorption band in the region of 1600 - 1500 cm'r. The char-
acteristic vibrations tvere observed in the series of synthe-
sized tnolecules ai:,,listed in the tbllorving Table 5. The flor-
matiou of products was cotfirmed from their urass spectra.

The cyanide group of 3a-v shorved strong sketching vi-
brations in 2216-2240 cm-'; rvhile the nervly fonned olefinic
bond showed stretching in the region of 1564-1609 cru". The
preserce of chlorine, bromire. fluorine, hydroxyl. amino,
ether, and thioether linkages rvas confinned by IR spectra ofi
different molecules. The ruolecules 3c and 3n shorved slrong
saetching vibration bands a1 1341 and 1355 cm-r respective-
Iy and they confirmed the preseace of the nirro group. Mole-
cule 3j showed a strong vibration band al1'145 cnr-l confinn-
ing the piesence of t}e ester group. The formation of tlrese
molecules was also confinned by Raman spectra. The nitrile
group of 3a-v showed a strcng band {2277-2235 cnr-l) in
Raman spectra (Table 6).

and the idea about their imporlant roles in
future studies.

Nevertheldss, infrared spectroscopy is especially usefir.l
in identitjring the functional groups in unknown compounds.
The carbonyl group (carbon-oxygen double bond) appears in
many interacting compounds, and this bond acts like a well-
behaved localized vibration. The carbonyl group ofthe am-

for

Total Docking or lntersctiou Euer5f {kcsyurol) Total Dockiug or lnteraction Energr {kcaUmol}
Product Docking xith

3IUJs
DocHng with

6lrSB
DocHngrr.itt

6LU7

Product Docking $ith
31\,tJ5

Docking with
6YSB

Docking nith
6LU?

3! -?9.85? -50.8492 -56.666I 3l -79.0309 -49.88?2 -57.t?81

3b -79,8s74 -50-8377 -56.8318 3m -78.6989 -52.9684

3c -93.2329 -66.147 -7L7111 3n -t01.3 :7?-6917 -70.86r9

3d -?8.836? -5 r.090 l -56.4918 3o -90.0984 $?.6'713 -64.4??5

3e -I r0.4I -81.0f47 -84.9999 3p -82.04I -50.071 l -573027
3f -81.254 -54.601 -55.4504 3q -88.926 -6r.3832 -6?.4667

3g -100.878 :73.3937 -80.5,{47 3r -81.4039 -50.4665 -55.8884

3h -107.301 -58.3165 -85.22I4 JS -82.2?66 -53.9077 -61 _406r

3i -t02.62? -?9.4406 -80.2054 3t -7_s.43?7 -,r9.7 175 -_\0.6_5Xt

3j - 1 00.122 -73.0305 -8 L5973 Ju -74.504 49.7175

3k -90. r393 -57.4-12 -5?.4?8 3r -?S.S39{$ 46.?17 -_s2. t_136

5a -86.0995 -67. r906 -62. ls62 4Xll,ffi\ {4.0598 -63.28?8

5h -83.9407 -6f.463 -6r.5616 **S$*t #W\s"\$ {i.s7E3 -66.4885

5c -t:0.653 -84.2394 -69.9109 s*&\l1" ffi'\ilr.sr -63.??4.3 -64.J385

5d -1 02.1 0J 47.7-116 -67.803 *N:1 , 
*ti 

ed( r.. -83.11 18 {3.5:88 -61.3598

5e -89.?885 -6?.8399 -63,msw qfM-" * 
-8s.3.t9: -56.6022 -60.8924

5f -99.4389 -76.1032 -r_i"ldh \- i's -87.37 -53.96

-88.01 -5.r.3t #$b*
"dN.\ N*" -t I4.9 -'73.54 :7?..5',1

8c-l 06 -65. l? &t \^n\ -73 d\sy -89.46 -53. lS -6?.52

8f -I0r.9 -os.ss ffi {rm*\w 8g -86.9 -55-39 -6?.68

th -97.08 -6r.wff ,o\shs 8i -82.3 -54.5{ -6f.87

-87.35 -60.44s 
.dN ffiir\s.oo 8k -86.83 -s3.33 -64.23

n

8b

8d

8j
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Table 5. FTIR spectral vibrations of lmportrnt groups of 3a-v.

Table 6. Ranran specfrtl Yibrttiorc of nitrile group of 3a-v.

Table 7. Retention time. basic

Corditioo- Cmi* gas - hitrcBs, collJm tffipemtuE 60-30tfc. MN eme - EI'

The formatiotr of products ahd their puriry *,fl{$],itcon-
firmed by GC-MS analysis rvhich recorded retention times.
molecular nasses. and base peaks of some important mole-
cules (Tables 7 and 8). The presence ofhalogen can be con-
firmed by M and M+2 ion peak intensity. AIl compormds
shorved more than 99% puriry. While analyzing NMR spec-

tra. we found that all methylene (=CH) protons were highly
DEshielded giving singlet in the region 7.003 - 8.725 ppm;
due to electron rvithdrawing nature of -CN or {O- or -
COOET groups and magnetic anisotropic effect of benzste
riugs. For detailed analysis of NMR specka, please refer to
the supporting information-

The cyanide linkage in the products 5a-k showed moder-
ate stretching vibrations at 2211-2235 cm-1. Carbonyl link-
age of the ester group showed strong stretching-vibrations in
1699-1734 crn-t while the newly formed olefinic linkage
showed strong to moderate sretching vibrations in 1573-
1623 cnr-1 region. The presence of C:halogen, C-nitrogen"
and C-oxygen linkages ,S;[$,{$lconnrmed from lR spectra of
ditTerent urolecules. The presence of C-Cl bond in 5a can
also be confirmed from ihe strong band at 761 cm-t. The C-S
bond in 5b and 5k showed a skong vibration band at 1242
and1254cmrrespectively._Th"-,_+.r?*l,grg,_.$*1.$r*l-.,lo.,*$,rf i"t"du
strong vibration band at 1352 crr' gqgf.dnffi,ffi presence

Current Eng;mc

u

\r

of some products.

StretchingStretching \ritrrltion (cnr'l)

>C=C<
Producl .GN>C=C< Another Group

Producl
--:N

8?0 (C-Br)?2?5 15153bI 578 85s (C-Cr)
-1a

r 592 rr4?(c-F)3d ?229l34l (-NOr)2230 I 6033c

1571 3362 {-OH)3r1274 {c-o{)22?2 1 6013e

1255 (C-O{)?2L5 l5?s3hl5s t lzrr (c-o{}zn6
r?45 t>C--O)1114 r580r?4? (c-o{) 3i2224 t5&LIi

1225 I 607 123? (C-Fi
-11I 580 326s (-NH)JX 'tr11

r355 t-NOz)22: r r {ol3n2?r6 I <?? 1334 (C-s{)3m

855 (c-CI)1114 I 5783p?315 15713o

I <R<3r 11'17340? (-Off),3q ?11 K I 609

1A1 | 15643t16023s 2218

laal 1569 r317 (GS-C)3vr603 1?93 (C-O-C)3u

's
F

3i 3j 3km$J to 3h3a 3b 3c 3d .lmffi'Product

?226 ,rlo z72t 22'?;61r? 1 ffi\- ::rqh$ ffii'LsFrequency (cm-t) 2225 ttl t

_1r 3s 3u JV3n *( ,Js l* ]ku,s 3qProducr 3I 3m

22ts71'J t; 22X0 111 I 2X26 ??tq??19 rrrr d
--,.i... \ Slzzr ffizr-I..rrcquency lcm ) ??23

GC}VIS AnalysisCCMS

Refentlon Tinre
{mir;)

MaLlonPmk BrsePerk
,qhd

MoLlopPe}h Base P*ak
ProductProduct Retention Time

(min.)

294, 296 (t:3) ,251r ?0.1 85-1e 21.915 *ra;ffi{}'tr,:r
290 9tq,rp&,2%1,:l t,)s 3i 20-9803k

19.880 193 193277 3k1i r 9.I?5 272

l?43m 14.79512,?40 t'7', r453t

2t4 r99r53 3o 16,5353n i6.630 199

1F43s t 5.915 I84

-tr,

rtion (cm'r)

' Another Group

Stretch.

3t

%i

?1.365
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Talrle 8. FT-IR and mass spectral analysis of some imporfant groups of 5a-k

Table g, FTIR spectml vibrrtions of important groups of 4a-v,

R

N-NH

Thoral et aL

#-R "'\tr*M
Hrc1ffi,&

t$-N*

H

N=N

proteasE (Mopar) of SARS-CoV-Z: Mpro (3Clpro, PDB ID:
6LU7) (a key enzyme of coronaviruses and has a pivotal role
in mediating viral replication and lranscription), we docked
all these molecules 3a-v, 5a-k, Sa-k into the caviry or bind-
ing site having ligands NAG of 6VSB and ligand 02J of
6LU7 in X-ray crystal structures 1301.

Docking studies of 3a-v, 5a-5lq and 8a-k rvith three dit:
ferent proteins having PDB iD: 3Iv[I5, 6LU7, and 6VSB
would have different significance in SARS CoV-2.

All nrolecules shorved slronger Ydn der Waals (VDW)
interactions with residual amino acids in the cavity of 3M.i5,
while all molecules except 3e, 3h, and 3i, showed strong€r
hydrogen bondirg inleractions. The results depicted the
binding orientation of molecule 3u (Docking fitness -74.504
kcaVmol) rvith the lowest docking score but gave strong in-

,:
J

Fig. $). Graphical representatioa for canonical skuctures.

of the nitro group. The molecule 5f shou.ed a uroderate
broad stretching vibration band at 3515 cm-l iilitt:"orrhrr.,rs
tle presence oflhe hydroxyl group. The presence ofthe C-F
bontl in 5e can be confirmed from the skong band at 1043
cnlr. The aliphatic C-H bonds were located at 29ZB cnr'r.
The presence of chlorine in Sa ffi-ffilhsci confirmed fi-om the

l1*ts,tpggqra, it gAI(r,E;l#d p"otr'oi ijl'ond ?3? rvith {rtr:ffij
idilt5ty;;pffi t (Table 9).

Molecules, 8a-8k showed weak absorption of N-H and
C:0 stretching vibrations because of the following canoni-
cal structures (Fig. 3).

42. Molecular Modeling Stuilies

To identiff newer rnolecules as ittribitors of mait prote-
ase CoV-2 spike glycoprolein {PDB iD: 6VSB) and main

Sketching Yibration (cm-r) N{ass Spectra} Ana\'sisProduct
-GN >C=O >C=C< Other Groups RT (urln) nr/z Peak

5e 2235 173{ t6l3 761 (C-Cr) 1 6.1 95 235.23?

5lr 2?11 1712 15s6 1342 {c.S4)
5c 2226 l?15 1602 1352 (GNOI) 18.03_5 246

5d 4r716 r 699 t 585 r0s9 (c-o{)
5B ?f,3s t??.L 1S1S toJ-?. (c-E\

5t 111 I 170? 1 s73 3515 (bs, OH) 18.095

Sg lAaa 1728 1626 r085 (c-o{)
5lr )1t < 1?r I 1602 l08e tc-o-q
.5i arlt l rtD 16?2 2928 (C-H)

sj l?.20 r? i: 1612 1088 (c-o-c) 1.r.035 l9l
5k 2?r6 t7 l3 1593 r2s4 (c-s-c)

Stretching Vibration {cnLr) Stretchiug Yibr{tion (c[i')I
Proiluct

.N.II >C--O 0tlrr Group

{&'s' dl+&.\$s #

gg\s&auct 
t

.N.H >C=O Another Group

4a J/{d 1671 1215(c-F)"ffiq qffiT-b 3179 I 658

.lc 3?59 t660 r34? Nqfl 's *.n\d 334t r668 1276 (C:O-C)

4e 3il i I 665 7:t-{ffifl ffi*r 3313 I 670 318I (bs, OH)

4g 3319 1664 ffi*# .rhb 3284 1669 1242 {C:G.C)
4i fz81 166? q$.trotcgrW 4j 318? 1679

3t0I 1670 W 4,*^ffi
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teractions with the ASP-165, SER-246, TYR-274' THR-302,

ASP-303 as H-bonding interaclion and with ASP-165. ARG-
r67. V-S-PRO-248, PRO-249, TYR-265, ryR-269' TYR-

274, THR-302, TYR-?69 residue as tire VDW-irrteraction'

The molecule 3e (Docking fitness -1 10.41 kcallmol) had the

higfrest docking score with the stronger H-bonding interac-

tion only with TYR-274 residue and noted the VDW-a iuter-

acrions rvith LEU-I63. ASP-165, PRO-249. ryR-265. TYR-
269, THR-302:ii$til* MET-209 residues within the Replicase

polyprotein pocket. Almost all molecules demonstrated

stronger interactions with ASP-165, TYR-269, TYR-2?4,

THR-J02, and ASP-303 atnino acid residues, indicating that

llre dicyanomethylene skeleton wts projected inside the cavi-

ty of 3MJ5. Molecules 5c and 5d rvers observed with bind-

ing energies of-120.653 and -102.105 kcaUtnot, respective-

ly; while molecule 5j (Docking fitness -83'31 18 kcalimol)
rveakly interacted within the Replicase polyprotein la pock-

et. The inleraction study suggested that the ethyl 2-

cyanoacrylate skeleton rvas projecled over the glycolytic
linkags antl specifically bound to the ASP-165, ryR-274'
and THR-302 amino acid residues of the protein with strong

kydrogen bonding and GLY-164, ARG-167, ard TYR-269
rvith \lDW interactions- A[1 molecutes were capable of form-
ing H-bonding interactions rvith ASP-165 except 5h and

rvith TYR-274 except 5t, 5b, 5g, and 5i' The molecules

8d, and 8f are strongly bound iu the binding pockets

binding energies of -114.9, 106, and -101.9'
The interaction study suggested that the 5

ring projected inside

Current Enq,me Inlrilt'rial, r.:rx. IroL -ur, Na' x 13

and -65.12 kcaVmol, respectively' A11 ligands'ivere project€d

rvith their 5-rnelhyl-2.4-dihydro-3H-pyrazol-3-one ring into

the binding site, rvhich can be confirmed by the common
umino'i:[t8rresidues interacting rvitb -theru.,i]-* as ASN'7 1 7'
GLN-I0r1. PHE-718, and NAG-2. Exitpgifoi 8i. all mote-

culcs shorved VDW interactions wirh GLN-1071.

The binding orientation against 6LU7 of compound -lt
(Docking fitness -50.6521 kcallmol; strong H-interaction

wi& the GLU-166 residue and strong VDW interactions with
the GLU-166 and PRO-168 tesidues) rvas the weakest rvhile

thgt sf 3h tDsckisg iitsess -&5.?214 ke*Urns!: stm*g H-
interaction with the same GLU-166 and stong VDW-
interactions lvith GLU-166, PRO-I68, and VAL-3 residuesii

illlr,ffi[e strongest smong the all tested molecules within the
jC-tili. proteinase pocket *gainst 6LU7' Bxcept f-prll$i. all
motecules ihorveO strond H-bondiug inleractions 'arith GLU-
166 residte rvhile VDW interactions 'rvith PRO-168' and

VAL-3 residues. The contribution of VDW interactions rvas

d i hyd ro-3 H-pyrazo l-3 -one
and specificalty UO$d,ro the ASP-165,
302 amino acid residues with slrong
VDW interaction. Atl molecules
residual amino acid ASP-302 except

The rssults sholved that the

pound 3v (Docking fitness 46.277
was Iorv (VDtiV interaction with ASN-7

cornparatively than the H-boading iateraction. None
of the molesules electrostatic interactions at tlre
docking site. 5c and 5f shorved binding energies

14 kcel/mol. respectively. rvhile mol-
tltness -6I.2598 kcaVmol) wealdy inter-

3C-like proteinase pocket. All ligands were
rheir 5-methyl-2,4-dihydro-3H-pyrazol-3-one

the site, rvhich ca:r be confirmed by the common
acid residues interacting with them such as GLU-166,

16?, PRO-168, ALA-? and VAL-3 in the docking site

of 02J ligand. The molecules 8*-k interacted rveakly with
6LU7 proteins with binding energies of -74.01 and -?3
kcallmol, resps*ivel1 rvhile molecules 8f and 8d bound
strongly to the binding site. A11 molecules shorved the tbt-
mation of hydrogen bonds to the rarget residual amino acid

GLU-166.

CONCLUSION

L-proline (bifunctional organic caralyst) is found to be

fhe best catalyst at room temperahrre for the'synthesis of
different condensed products from active methylene com-
pounds and aldehydes. The catalyst was water-soluble so

that it can be easily separated, t""oterid, and recycled. The
condensed product. obtained \vas rnore than 99% pure. AII
tested molecules satis{ied the conditions of rule of five.
Among all tested molecules,3e,39,3h; and 3i rvere fotnd 1o

be more active against 3MJ5, 6VSB, and 6LU7 proteins.
Molecules 5c and 5f had the best doclcing scores against all
proteins, but 5c had a dipglar, nitro group, {herefore, we rec-

ommended the 5f molecule as the best candidate for further
drug development. [t had minimum inhibition against differ-
eilt receptors and proieins, the lowest blood-brain barrier, the
Iorvest plasma protein binding, etc. It also shorved the differ-
ent types ol toxiciSr, and carcinogenic properties. Molecule
5f obeyed different nrles of dnrg-likeness properties and

Itihwsd, moderate skin sensitivig. The basic pyrazole ring of
8s-k noted interactions such as hydm-een bonding, $tiff
VDW interactions rvith residual amino acids at the docking
site of various proteins/enzymes of COWD-l9.

of com-
6VSB
CLN-

926, GLN-1071 resitlual 3e

fitness -81.0347 kcallmol), high
and shorved H-bonding rvith ASN-?17 ard
VDW interactions with ASN-717, THR-719, GLN-926,
GLN-1071 rvithin the docking site of Spike glycoprotein
pocket. Very tbw molecules noted hydrogen bonding interac-
tions in the cavity. Almost all rnolecules gave stronger VDW
interactions with ASN-717. THR-719, GLN-926, and GLN-
1071 amino acid residues, indicating that the dicyanometh-
ylene skeleton rvas projected inside the cavity of 6VSB-

Moleeules 5c and 5f rvere strongJy bound in the binding
pocket having l,&\$ina;ng erergy $1h!\i$Sq.z:s+ and -76. 1 032

kcal/mol. respectively, while molecule 5k lvas weakly bound

with a binding energy i}} -SO.0OZz kcallmol within the Spike

glycoprotein pocket. The interaction study suggested that the

ethyl 2-ryanoacrylate skeleton tvas involved iti the glycolytic
Iinkage and s6iecifically bound to the ASN-717, PHE-718.
and NAG-2 stnrctnral residues vith strong hydrogen bond-

ing and VDW interaction. AII molecules formed H-bonding
interactions rvittr GLN-926, NAG-2, and witli ASN-7U ex-

cepl 5j. All molecules 8a-k showed good binding interac-

tions with rhe cavity of (PDB ID: 6VSB). The molecules 8c,

8d, and 8f showed higher binding energies of -73'54, -65-55'

L
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Abstract: Backgrouttd: A series of bis(indolyl)methanes (3a-3o

and new approach using the reactior.r olclilferent substituted
easily available and biodegladable base

acterized witir UV (Ultraviolet-visible
MS), Proton Nuclear Magnetic
(FTrR).

Methods: Alt l5 newly

been syntlresized using a greerlel'

and indole in the presence of an

acid at roour temperatut'e irncl char-

Spectrornetry (GC-

Fouliel Tlrnsiblnr Inlialed Spccrloscopy
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1.INTRODUCTION

hr nature, bis(indolyl)alkanes (BIAs) oL Bis(indolyl) me-
thanes (BiMs) are found mainly in cruciferous plants and
marine o:rgaii.iSm-s [1-30]. A few of the selected natural BIMs
are shown in Fig. (1). Arundine (1) was isolated from the
roots of Arundodonax. Vibrindole A (2) was isolated flon.r
the marine bacterium Vibrto parahaentolyticus, associated
with the toxic mucus of the boxfish Ostracioncubicus, which
exhibited antibacterial activity against S. aureus and S. Al-
bus. Streptindole (3) is a genotoxic metabolite of human in-
testinal bacteria Streptococcus .faecium IB 37. A1kaloids
arsindoline A (7) and B (4) were isolated frorn a maLine

EAdd:'css concspondence to this author at t'ire P.G. a:rd Rescarch Centrc,
Department of Che:ristry, Government of Maharashtra's lsrnail Yusuf Col-
lege, Jogeshwari, Murnbai, 400060, hrdia; E-nail: bthoratT8@gmail.com

) were subjected lo it1-t)itro antj-microbial activi-
and the standald drug ciprofloxacin ( l-2 pg/mL). Our in-silico
tafget pdb suggested that these zrnalogues wor-rld be highly activc

good antimicrobial agents.

(3a-3o) displayed potent activit), on various expelirnental
3k was obtained as the best docked cornpoitnd agrLinst

(pdb id: IdTu). Thc standard, Ciplofloxac;in, r'etained the docking scolc
binding amino acid residues (Ly3272 (Pi-cation); ALA 4:245 (Pi-

ALA A:1t2; and META:l4l (Pi-dkyl)) as of inbound.

that oiir currert study would shecl rlore light on thc developlrent ol'potent
as antimicrobial agents

catalysts, heterogeneous catalysts, biological activities, indole-3- carbalde-

bactelial strain CB101. i,1,3-Tris(1H-indo1-3yl)burane (5)
was isolated fror.n the Nortlr sea bacterium Vihrio parttltae-
ntoLyticr.r.s Bio249 alorrg with Tlis(lH-indol-3-yl)rncthane
(6). Trisindoline (8), ar-r antibiotic indole trimer', was isolated
from Vibrict s7, obtained from the rnarinc sponge l{yrtios
altttm. Tris (lH-indoline) (8), was also isolated lrom another
marine bactelium Vibrto paruhoemobttic:trs Bio249 (North
sea) and terlestrial plant Isatiscostate, which displaycd anti-
biotic property [3 1]. Bis(indolyl)alkanes are the nrost active
cruciferous series of compounds for promoting beneficial
estrogell metabolism ancl are used as antibiotics. BIMs skele-
ton contains two inclole or substituted indolc units separated
by one calbon.

Bis(indolyl)alkanes can be easily synthesized by the con-
densation of indoles or sr-rbstitr"rted indoles with the valieties
of aliphatio, arornatic or ireterocyclic aldehydcs or l<ctones in
the presence of different catalysts such as molecular iodine,
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Fig. (1). Some selected example of bis-indolylmethane (BIMs) based drugs.
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But, many of these methods or catalysts
tations such as longer reaction times,
tions along with the involvements of
media, use of expensive reagents,

layer chrorniito graphy)
For TLC visualizations
we used UV Iight. All

melting points were uncorrected and examined with n-relt-

ing point apparatus from Sunder industrial product
Brucker''s 500 MHz instlurnent was usecl in order lo rec-
orcl all 'tt-NMR ol our purified products, FT-lR spectra

yst, for all our synthcsized conrpor.rnds were recolcled on
Perkin Elmer Tensor-lI model IR spectrophotonleter,

and cumbersome
requlre tne use oI

worlep methods
an excess of,'solvent

hazardous chemicals and a large
toxic or

supports.
of largeThese solid supports often lead to

amounts of toxic waste and

In our continuing efforts ouI prevlous
work [31] in discovering antimicrobials and anti-
inflammatory agents [51-75]; we herein report new BIMs
using the reaction of different substituted aldehydes and in-,

dole in the presence ofan easily available and biodegradable
base such as piperidine in acetic acid at room temperatllre..
We have observed the formations of Bis-(indolyl)methane
derivatives (3a-3o) (Scheme 1, Table 1) rather than for-
mations of Mannich bases. Furtherrnore, we characterized all
products with varieties of standard specffoscopic techniques
like UV (Ultraviolet-visible spectroscopy), Gas Chromatog-
raphy-Mass Spectrometry (GC-MS), Proton nuclear magnet-
ic resonance IH-NMR, Fourier transform infrared spectros-
copy (FTIR), Raman speckoscopy and elemental analysis
(SI. Fig. 1-79). These compounds were also tested for in-
v i tr o biolo gi cal studi es (in-vitr o antimi crob ia I activ iti es).

Tables 2 and 3

2.1. Chemistry

2.1.1. Synthesis of BIMs (3a-o) Jrom Indole in the Presence -
o/'Piperidine in Acetic Acid

We'rvele allowed to stil a mixture (Scheme 1) of 7-
methoxy-2-phenyi-l-benzolurar.r-5-carbalclchycle (2a, I

mmol) (98 % pure), pipericline (1 mmol) (96 % pLrre) and

indole (9, I mrnol) (98.2 % pure) in a ror-rnd-bottonr flask
with 2 mL of glacial ace tic acicl, and continuccl stirring till
the cor.r.rpletion of the reaction (monitolecl b1, TLCI, 1:9

ethyl acetate in pet ether). Therelore, all BN'Ils (3a-o) were

synthesizecl by r-rsing clifferent aldel,ycles (2w2o); I .0

mmol) and piperidine (1.0 mmol)). Afler completion, we
added I0 rnl of cold water ancl continued tire saure lbr the

stirring for furtlier 20 nrinLrtes. Then, we I'iltcred thc solid
ploducts. We followecl a similar nTethodol,:gy for the syn-
tl.resis of other products (3b-3o), which were also ibund to
have solid nature. Many ol or-rr synthesizecl compounds
wele founcl with more than 98% purity as ohecked r.vith

GCMS. In some cases, we r"rsed column chromatography
for more prLrifications of raw products.

2. MATERIALS AND METHODS

We have utilized commercialiy available chemicals
and solvents and ti:61ffiid'i"hem *h"never required. Silica

I

(6)

aoetic

54 ple-coatcd TLC (Thin
werc proclrred fronr Merck.

crude produrct formation spots,

(e) (2a-o)

Scheme l. Synthesis of BIMs (3a-o) frorn inclole in presence

PEG-supported sulphonic acid, silica sulfuric acid,
imide-N-sulfonic acid, fluoroboric acid adsorbed
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Reection tinle, purit.v' physical constant and other propertics ofproducts (3a-3o)'

Table 1.
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Products (15)
Yield (%,) Colour rn.p. 1oC; )',,,,. (nnr)

Lrght or-
ange .500

(Table 1) Contd...

Reaction time (T in min)
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Table 2. Excitation and of 3a-0,

Table 3. Characteristic spectral tlata of BIM's (3a-o)'
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),,,,., (nnt)i m.p. 1nC)
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Cornpound 3a 3b 3c 3d 3e 3f 3g 3h 3i 3j 3k 3nr 3rt 3o

Excitation wavelength in nm

Emission wavelength in ntr

502

503

503

504
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49r
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501 504

192
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4r'7
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500

500

5 ()4
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Emission intensitY 616 305 68 24 l8 92 I (r0 166 198 121 2-l 553 '7 
1 385

IR Spectral Data (cm-l)
DatLr (600 N'lllz, E in PPnr, CDCIr)

'll-NMR Spectral

c-c lJ lOCFI3N{ethylene C-LIN-H/O.UC=N/C=O/C=N (Sh'ech)N-H (Strech)
BIM Mot-

ecule

5.96 8

5.962

1.947

7.934

3417

3421

3a

3b

3.954

i .946,3.902
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1640
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Table 4. In-vitro antimicrobial studies on the bisindolyl derivatives (3a-o).

2.2. UY Spectral and Photoluminescence Arialysis

UV absorption profiling study for all synthesized bisin-
dolyl derivatives (3a-3o) was recorded wittr StiO+ Double
beam UV-Visible spectrophotometer by using Dimethyl sul-
foxide (DMSO) reference (SI. Fig. 1 ancl SI Figs. 7-20)
Table 1. The protocol for UV spectral and Photolumines-

Nugte et ttl.

cence analysis was thc sillre ers per our prcvior-rs work [3 l]
(Sl. Fig. 2 and Figs. 21-34) TabLes 2 and 3.

2.3. Pharmacology

2. 3. l. I n- v it r o A ntim i c r o h i u I D r ug S c n s it i v i ty,'l- e s t.s

All our synthesized cornpounds (3a-3o), and a stanclard
drug, Ciprofloxacin, were dissolved in a solvent DMSO to

BIM
Molecule

IR Spectral Data (cm-r) 'H-NN{R Spectral Data (600 MFIz, 6 in ppm, CDCL)

N-H (Strech) C=N/C=O/C=N (Strech) N-r1/OH Methylene C-H ocl! C--C,!,!r

J1 3395 1715 7.925 3.7t6 t.247

333',7 '7.949 ., 5.83 i 3 .7 s3, 3.730

3h 3399,3390 7.931 5.875 3.675 2.291

3i 3410,3360 7.915 5.820 3.7 60

3j 3419,3367 7 .917 5.831 ). /ol

3k 3402 7.922 5.841

3.6633l 33 85 1 .914 5.824

3m 3415 7.8 86 5.296

3n 3401 1701 1.962-',7 945 5.916 3 917

3o 3405 2234 8.015 5 899

Concentration (MIC) of the Bisindolyl (3a-o) in (pg/ml)
Bisindolyl Mole-

cule S. aureus (ATCC
6s38)

K, pneumoniae (ATCC
43s2)

E. coli (A^ICC

87le)
C. ulbicnns (,\'l'CC

1023r)

3a t.4 1.4 1.6

3b t.2 t,4 t.4

t.z t.2 t.2 1.2

3d 1.4 t.? t,4

3e 1.2 L1. t.4 t.6

3f 1.0 l0 1.4

1o 1.4 1.0 t.4 1.4

3h 1.2 1.2 t.2 1.2 t.2

JI ).2 t.2 1,2 1.2

J.l 1.4 1.4 1.4

3k t.2 1.2 1.0 t.2

1t t.4 1.4 1.4 1.4

3m 1.4 t.4 t,4 t.4 1.4

3n 1..2 1.2 r.0 1.2

3o 1a t.+ 1.2 t.6

Ciprofloxacin* 1 1 2 2

Fluconazole*

\

t7 52

3
.,#;'4' s, 6/,7,s,h{dpe' lJ

[,, r:r ;,6(ts1iis.n,

1.4 t1

^1
. t.z

3c )ti

ffr; "'i,- ,
. s"s"Y -"1; 1.6

j1.,. !ffi

.-l -i: '^ .

, ''},c , l.+ "'
L4

1.2
rlL

IA , 
ulllidr.,,,

11
+

1.2

1.4

1.2

t.4

10
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Table 5. Nlolecular docking studies for the bisindolyl derivatives (3a-o) on the
along rvith interaction contributions,

Current Enryme

target enzynrc, 2,2-d ine decarbo

:-

acl'rieve a concentration of 500 pg/ml-
analysis of syntl.resized compour-rds

sketched Llsing 'CherrDraw' software and were saved further
in '.mol' format. Then, all the 2D strlLctures were converted
into 3D fouuat and onorgy miitimization usirlg the Avogach.o
softwarc 111, 181. The iGEMDOCI( sol'rrvare Lrrilizes a
geueric evolutionary algorithm (GA) to can.y out clocl<ing
analysis, i.vhic1.r has an autor.nated protocol to dock tlir.ectly
into the active pocket of the target enzynte/protein. In the
current study, Table 5 represents the docking or-rtput lor all
our synthesized BIMs.

2.5. EXPERIMENTAL

All newly synthesizeil compounds, Bis-(2-
methy)indolyl)metharre Derivatives (3a-3o) were character--
ized by valions spectral analyses (SI. Figs l-79). Emission
spectra of bisindolyl methanes (3a-30) u,ele t.ecordcci in
DMSO at room temperature. The concentration of the sam-
ple wzrs 20 ppm [31].

2. 5. 1. 3, 3' - ((7-m ethoxy-2 -p lte ny lb enzoJurun- 5-yl) me tlry-
le n e) bis (l H-indo le) (j a)

Molocular formlrla: CrzFl:4NzOz; m,p.: Decomposed
above 1850C; UV ().,,,., ir.r r.rm): 502; Ernisiion ()" rn nnr and
intensity): 503 nr.n (6 16); Elemcntal analS,sis (9|, foLrnd): C-
82; H - 5.16; N - 5.98; (O) - 6 83; Mass (m/z) = 468.18 (M'
ion, cal.);FT-IR (in cm-r): 3111, t59g, 1454, 1334, 1210,
1123; IH-NMR (600 MHz) 6 (in ppm, CDC13): 7.947 (bs,
2H, N-H); 1.917 (d, lH, Ar-H); 7.836 (d, 2H, Ar-H);7.487-

tro
antimicrobial studies against fungal
5=+-,4-1xil;: J E.l}lH included Staphyloco (A1'CC

BaciJlu.s ,yub.
lilrs (ATCC 6051), Escherichia coli 8739) and Can-

\, dida albicans (ATCC 10231). determined MiC
(minimum inhibitory The MIC con-
cenkations of all synthesized I derivatives are sur'
mised in the following Table 4, (SI. Figs. 3-5). Our synthe-
sized compounds, (3a-3o) were recorded with strong antirni-
crobial potencies (lesser MIC values) than those of standard
drugs, Ciprofloxacin (MIC: 2 StglmL) and Fluconazole (MIC
: 10 pg/ml-) [69] in cases of B. subtilis (ATCC 6051), and C
albicans (ATCC 10231), respectively. For other bacterial
strains, we noted closer MIC values of prodLlcts (3a-3o) to
those of standar-d Ciprofloxacin. We noticed that our antimi-
clobial results are superiol' to those of previously reported
MIC values [31].

2.4. I n -s i I i ctt Analysis

With the recent advancements in cornputational ancl tl-reo-
letical chen.ristry approaches, computational chemistry/ in-
silico modelling has gained so mucll attlaction from medici-
nal chemists [3 1]. For our cun'ent analysis, we utilized the
popular molecular doclcing software called, 'iGEMDOCI(
v2.1' [76]. Structures of syntliesized compounds were

#Ligand Docking Score (Kcalirnol) VDW FIBond Elcc l) lr

JA - I 1 s.046 - I I 5.046 0 OI 2 r.5

3B -l 11 .341 -98.2325 -t3.il5 22 5263

3C -94.8757 -90 88r3 -3.L)9442

0

0 2i.04

3D -114.949 -108.125 -6.82442 0 23.7 661

3E - 100.3 95 -90.4185 -9 .97 67 5 0 22.4643

-1 19.592 108.172 - 10.8207 0 25.1 143

3G -t 19.399 -96.5284 -22.8108 0 ) 9.2121

3H - 12 l .056 -99.1057 -2r 95 0

3I - 1 09.07s -r04.t I5 -4.960i r 0 ]t9.4

23

3J -116.105 - I 06.61 8 -9.48662 0 t9,8333

Jtt

Best loclted
-124.607 -111.281 0 23.st52

JL -106.572 -101.28l 0 2s 096I

3M -91.8751 -90 88l3
I

.;.eq442
,,i.,=.

0

3N -111 .949
_ti!.

.1 ! . :0.82442 0

23.()4

2\.1667

-99.3 95

.,',a,

.0.418s
ilr

ii. -9.97 67 5
tt: ...-

?#I 0 22.4643

Ciprofloxacin* -1 1 1.3 # "il_oa , -13.1 0 22.5

1.,.

xx.xx, Vol, 17,

6538'), KLebsiella pneumoniae (ATCC

j

3F

30
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7.368 (m, 5H, Ar-H); 7.322 (t,1H, Ar-H); '7.116 (t,2H, Ar-
H); 7.109 (d,2H, Ar-H); 7.044 (t,2H, Ar-H); 6.889 (d, 2H,
Ar-H); 6.104 (d,lH, Ar-H); 5.968 (s, 1H, >C-H); 3.954 (s,

3H, OCH3).

2. 5. 2. 3,3'-(( 7-methoxy-2-(3 -methoxyp lt e nyl) b enzofu r a n - 5 -
yl) metlrylene) bts (1 H-indole) (3 b)

Molecular formula: CllHzoNzO:; m,p.: 209-2ll0C; UV
()"max in nm): 503; Emission (X. in nm and intensity): 504

nm (305); Elemental analysis (%, for,rnd): C- 79.5; H -
5.26; N - 5.62; (O) - 9.63; Mass (rnlz):498.8 (M* ion,

cal.); FT-IR (in cm-1): 3421, 1600, 1483, 1336, )'212, 1135.

NMR (600 MHz) 6 (in ppm, CDC13): 7.934 (bs, 2H, N-H);
7.448 (d,3H, Ar-H); 7.368 (d,3H, Ar-H); 7.327 (t,lH, Ar-
H);7.172 (td,2H, Ar-H);7.090 (d, 1H, Ar-H); 7.001 (t,2H,
Ar-H); 6.888-6.866 (m, 3H, Ar-H); 6.690 (dd, 2Fi, Ar-H);
6.704 (d,lH, Ar-H); 5.962 (s, 1H, >C-H); 3.946 (s, 3H, -
OCH3); 3.902 (s,3H, -OCH3).

2. 5. 3. 3,3'-((3 -methylthiop lten-2-yl) m ethy le ne) b is ( I H-
indole) (3c)

Molecular formula: CzzHraNzS; m.p.: 139-1410C; UV
spectra (l"max in nm): 506; Emission ()' in nm ancl intonsi-
tv): 507 nm (68); Elemental analysis (%, found): C- 71 .1; H

( 3;N - 8.18; S - 9.3; Mass (m/z) :342.1(M* ion, cai.

FT-IR (in crn-l): 3418, 7453, 1336, 1214, 1095;
MHz) 6 (in ppm, CDCI3): 7.920 (bs, 2H, N-H); 7.429
Ar-H); 7.358 (d, 2H, Ar-H); 7.254-7.157 (m,

7.042-6.966 (m, 3H, Ar-H); 6.862 (d, lH,
2H, Ar-H); 6.090 (s, 1H, >C-H); 2.223 (s,

)</
Molecular formula: C26H1eN

above 1630C; UV (trmax in nm): 524; nrn and

intensity): 524 nm (24); Elemental an for-rncl): C-
= 389.5 (M*

2H, AL-H); 6.936 (d, lH, Ar-H); 6.865 (d, 1l'1, Ar-H); 6.784
(dd, lH, Ar-H); 6.640 (d, 2H, Ar-H); 5.825 (s, iH, >C-H);

5.123 (m, lH, O-CH); 4.(.103 (s,2H, O-CI-I:); 3.716 (s,31{,
O-CH:); 1.241 (s, 6H, 2C-CH3).

2.5.7. lVlethyl-2-(4-(di(1H-indol-3-yl)ntethstl)-2-ntetltoxy-
phenoxy)acetate (jg)

MolecLrlar flormula: CzrHz,rNzOa; m.p.: 180-1820C; UV
spectra ().max in nm): 500; Emission spectra (I in nm and

intensity): 501 nm (160); Elemental analysis (96, fbLrnd): C-
73.6. H-55; N-6.3' (O)- 1.1 5; N{ass(nriz)'=4-il) l7(l\'l '

ion. cal,) ; FT-IR (in cm') 3337. 1742. l6()0, 1457. 1336,

1234, t116, 1066. ; NNIR (600 M1-lz) D (in ppm, CDCI:):
7.949 (bs, 2H, N-H); 1.465"/.348 (m, 4H, Ar-H); 7.175 (dt,

2H, Ar-H); 1 .046-6.989 (nr, 2ll, Ar-H); 6.946 (d, 1l-1, Ar-H);
6.787 (d, 1H, Ar-I'l); 6.703 (d, LH, Ar-11); 6.652 (d,211, Ar-
H); 5.831 (s, iH, ,C-H); 4.719 (s, 2H, O-CHr); 3.753 (s, 3H,

O-CH:);3.730 (s,3H, O-CH3). !
2.5.8. 4- ( d i ( I H -in do l- 3 -y l) nrctlq,l) -2 - m etlt o xyp h e tty I u c etu te

C26H22N2O3; m.p.: 120-220C; UY
503; Enrission (2' in rtu ancl intensi-

Elenrentll analysis (%, lbLLnd): C- 76 l;

ca1 -IR (in
(o)

-tct]l ): 3399, 3390, 11 52, 160i. 1504, i455,
- ll.7; Nlass (rn/z) - 4lt}.47 (tVt+ ion,

223, 1116. ; NMR (600 MHz) 6 (in ppm, CDCh):
7 (bs, 2H, N-H); 7.406-7.355 (m, 4H, Ar-H); 7.173 (dt,

2H, Ar-l-l); 1.028-6.994 (m,3H. AL-H);6.920 (d, iFl. Ar-H);
6.885 (d, tH, Ar-H); 6.890-6.860 (m, 2H, Ar-H); 5.875 (s,

llI, >C-H); 3.675 (s, 3FI, O-CH:); 2.297 (s,31{, CO-CHr).

2.5.9. 3,3'-((4-(benTStlttxy)-3-ttetltoxypltcrtltl)11tgtlt.1:!911.;6't
(1H-indotc) (3i)

Molecr-rlar formula: C3iH21,N2O2, m.p.: 219-22 I('C' UV
()"max in nrn): 492; Emission (I in nrn and intensity): 1193

nrn (198); Iilemental analysis (%, fbiind): C- 81.2; 11 - 5.1 ;

N - 6.1; (O) * 7,1; Mass spectra (ntlz)'- 458.2 {M* iorr,.

cal.);F't-u{ (in crn-r): 3410,3360, 1598, 1509. 1,151, 1330,\-
1241, 1122, 1021. ; NMR (600 MiIz) ti (in ppni, CIDCI:):

7.9i5 (bs,2H, N-H); 7.591 (dd, 1H, Arll); 7.38(r tdt,2H,
Ar-H); 1.280-7.211 (m, 4H, Ar-H); 1.26t-'1.150 (nr, -lFI. Ar-
H); 7.020-6.961 (m, 2H, Ar-Fi); 6.798-6.75A (rt, 2H, Ar-FI);
6.671 (d,2H, Ar-H); 5.820 (s, lH, >C-H); 5.210 (s,2H, O-

CHu); 3.760 (s,3H, O-CH3).

2.5.10. 3,3'-((4-((2-chlorobenzyl)oxy)-3-nrcrltoxypltenyl)
m ethy le n e) bi s ( I H-tn do le) (3.i)

Molecr.rlar formr.rla: C31H25ClN2O2, ln.p,: I 89-1 91 "C; UV
(l.max in nm):497; Emission (tr in nm and intensity): 498

nm (127); Elemental analysis (%, fbund): C- 75 5; H - 5 l;
Cl-7.2; N - 5.7; (O) - 6.5. Mass (m/z) = 492.\ (N4'' ion,

cal.) ; FT-lR (in cm-r): 3419,3361, 1592, t-508. i45i, 1337,

1244, lrzE, 1027 ; NMR (600 MIjz) 6 (in ppm, CDCII):
7.917 (bs,2H, N-H), 1.594 (dd, LH, Ar-H); 7.388 (dt,2H,
Ar-H); 7.281-1.214 (m,4FI, AL-H); 7.281-7 150 (rn,3l-i. Ar-
H); 7.A21-(t.964 (rn, 3Ll, Ar-Fl); 6.800-6.752 (m, 2Lrt, Ar-I'l);
6.612 (d,2H, Ar.H)t 5.831 (s, lH, >C-FI): 5.216 (s,21{. O-

CHt); 3.7 62 (s, 3H, O-Cl-tr).

80.1; H - 4.9; N - 10,8; (O) - 4.0;
ion, cal.); FT-IR (in cm-r); 340+ , t600, 1455,

1338, 1210, 1093; NMR (600 (in ppm, CDCIr)
10.500 (bs, 1H, OH); 7.982
3H, Ar-H); 7.35-7.316 (m, '

N-H); 7.550-7.5 1 1 (n.r,

7.111-7.145 (m, 2Fl,

Ar-H); 7.063 (dd, 2H, Ar-H); 7.015 (t, 2H, Ar-H); 6.826 (d,

2H, Ar-H); 6.357 (s, 1H, >C-H).

2. 5. 5. 3, 3' - ((1 H-indol-S -yl) methylen e) b is ( 1 H'in d ole) (3 e)

Molecular formula: CzsHisN:; m.p^: 242-24+0C; UV
()"max in nrr): 491; Emission (), in nrn and intensity): 491

nm (i8); Elemental analysis (%, found): C- 83.1; H - 5.3; N

- 11'.6..Mass (mlz):361.5 (M* ion, cal.); FT-IR (in cm-r):

3404, 1668, 1606, 1454, 1335, 1214, 1090.

2. 5.6. Isopropyl-2-(4-(di(1H-inclol-3'yl)methyl)-2'methoxy-
phenoxy)acetate (3fl

Molecular formula: CzqHzeNzO4; m.p.: 140-1420C; UV
()"max in nm): 501; Emission (I in nm and intensity): 502

nm (92); Elemental analysis (%, found): C- 74.3; H - 6.0; N
* 6.0; (O) - 13.6; Mass (m/z):468.5 (M+ ion, cal.) ;FT-IR
(in cm-l): 3395, 1115, 1592, 1455, 1336, 1267,1 101 ; NN{R

(600 MHz) 5 (in ppm, CDC13): 7.925 (bs,2H, N-H); 7.448-

7.345 (m,4H, Ar-H); 7.180 (dt, 2H, Ar-H); 7.030-6.976 (m,
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2. 5. 1 1. 3, 3' - ( ( -t - ( b e n i.y I oxv) p h e ny l) m ethy le n e) bis ( I H -
indole) (3k1

Moleculal formula: C36H2aN2O; m.p.: 90-920C; UV
()"max in nm): 500; Emission ()" in nm and intensity): 500

nm (27); ELemental analysis (%, found): C - 84.0; H - 5.65;N
- 6.5; iO) - -1 73; Mass (mlz): 428.2 (M+ ion, cal.) ; FT-IR (in
.m-'j: j102, 1j95, 1454, t336,12t5,1169, 1121 ; NMR (600

\'IHz) d (in ppm, CDCh): 7.922 (bs,2H, N-Fl); 1.454-1.299
(m. iOH, Ar-H);7.241 (d, lH, Ar-H); 1.178.1.115 (dt, 2il,
,{r-H): 7.000 (t, 2H, Ar-H); 6.996 (d, 2H, Ar-H); 6.660 (d.

2H. Ar-H); 5.841 (s, 1H, >C-H);4.987 (s,2H, O-CH2).

2. 5. 1 2. 3, 3' - ((4 -( 3 -nt ethoxyprop oxy) p heny l) m ethylen e)

bis(1H-indole) (31)

Molecular formula: Cz+HzoNzOz; m.p.: 211-2130C; UV
(irnax in nni): 504; Emission (1" in nm and intensity): 508

nm (103); Elemental analysis (%, found): C'19.0; H - 6.38;

N - 6.8; (O) - 7.8; Mass (m/z) = 410.2 (M* ion, cal.) ; FT-IR
(in cm-r): 3385, 1591, 1506,1454,1338,1225,1026. ; NMII
(600 MHz) 6 (in ppn, CDCI:): 7.914 (bs, 2H, N-H); 7.440-

1.259 (m,5H, Ar-H); 1,166 (dt,2H, Ar-H); 7.003 (m, 2H, Ar-
H); 6.948 (d, iH, Ar-H); 6.768 (dd, 2H, Ar-l-l); 6.664 (dd, 2H,

Ar-H); 5.824 (s, 1H, ,C-FD; 5.253 (t,2H, O-CHz); 5.111 (t,

2H, O-CHz);3.663 (s,3H, O-CH:); 2.102 (m,2H,C-CH).

2.5.13. 3,3'-((2-((2-chloroben4yl)
bis(1H-indole) (3m)

2.5.14. metlryl (3n)

Molecular formula: CzsHzoNzoz; m.p.: 210-2120C; UV
(),max in nm): 519; Emission ()" in nm and intensity): 519

nm (71); Elemental analysis (%, found): C- 78.9; H - 5.3; N
- 7.36; (O) - 8.41;Mass (mlz1= 380.15 (M*ion, cal');FT-
IR (in cm-r): 3401, 1701, 1607, 1455, 1335, 1276, 1 100. ;

NNIR (600 MHz) 6 (in ppm, CDC1:): 1.962-7.945 (m, 4H,
2N-H, 2Ar-H);7.410 (dd, 2H, Ar-H); '7.372-7.341 (m, 4H,
Ar-H);1.216-7.119 (m, 2H, At-H); 7.019-6.989 (m, 2II, Ar-
H); 6.654 (d,2H, Ar-H); 5.936 (s, 1H, >C-H); 3.917 (s.3H.
o-cH3).

2. 5. 1 5. 5 -(dd 1 H-indol-j-yl) methyl) -2-Jluorob enzonitrile
(3 o)

Moleculal fotmula: C2aHr6FN3; m.p.: 102-1040C; UV
()"max in nm): 396; Emission (I in nm and intensity): 497

nm (385); Elemental analysis (%, found): C - 78.89; H -
4.4; F - 5.2; N - i 1.5; Mass (mlz) = 365.13 (M+ ion, cal.);

FT-IR (in cm-';: 3405, 2231,1680,1603, 1456, 1338, 1235,

1095; NMR (600 MHz) 5 (in ppm, CDCI:): 8.015 (bs,2H,

Currant Err!s,tne luhihition, xx

2N-H); 1 .599-1 .552 (m, 2H, Ar-l-l): 7 .451-1.4
H); 1.a01-7.349 (m,2H, Ar-l{); 7.248 $, 2H, 119

(t, 1H, Ar-H); 7.033 (t, 2H, Ar-H); 6.654 (d, 2H,

5.899 (s, lH, >C-H).

3. RESULTS AND DISCUSSION

3.1. Spectrrl Analysis

Difterently substitr.rted aldehydes were used for the syn-
thesis ol- BIMs and were prepared by l<nown liLeralure pro-

cedure [3 1]. Absorption spectra of bisinclolyi urcthalles

(BIMs) (3a-o) solutions were recolded by using the SL164
double bearn UV-visible spectrophotometer. The concentra-
tions of the solutions were 50 ppm (in DMF), Photolutrlitres-
cence properties of all newly synthesized BIMs (3a-o) wer-e

studied by using spectrofluoronteter rnodel nut.nber RF'5301 .

A Xe lascr source was usecl for the exoitation nnd elrissiot-l
analysis ancl we sctu'rned all solurtions o1' lllMs il'om the

r"ange 380 nur to 7 nm. For the fluorescencc study of the

BIMs, dimethy de (DMF) was used as a solvent and

a rel'elence excitation of the rnolecule occurred
the r.r zr*zr* transitions and showed absorb-

49 1-524 nm, which indicated that the basic

skeleton was acling trs a chrotnophoric
the absorption, Slit width: excitation and euissiou

mm; the conccntration of the solufion was 2.5 pplx;
lvent used wzrs DMF. 'lhe absorption wavclcrtgths.

sion wavelengths, and enrissior.r intensiry of IllMs are

showrr ir.r Table 2. Thc quantum efficiency of BIMs rvas cal-
culrted by rrsing tire tirllowirrg r'quation -

Quantunr elficiency : Intensity of Erlission/lntensity of Ex-
citati on.

Quantum efticieucy of all molecules rvas tbund to be

higher, wh jch cor-r1d bc crlculat.'d by usirrg tlrc intcrrsity val-
r,res ol emission and excitation wavelengths. Tltc uxr:itaLior-r

ancl emission spectra o1'the BIMs are shown in SL Figs. (1

ar-rd 2), respcctively. 'fhc emission wavelengtlts rvete fburtd
to be in 491-524 nln range with high intcnsity, indicating
that these componncls nlay act as good fluoresccrrt materials.
Among all tested BIMs, molecules 3a, 3b, 3m and 3o were
found to be good euritters. The electron-
donating/withdrawing nature and steric hindlance of sLrbstit-

uents anached to aldehydes (2n-20) did not significrntly in-
fluence the yields and purities of products. Some spectral
characteristics are givcn in Table 3.'fhe pr'osence of halo-
gens, such as chloline in 3i and 3m was conlit'tned fi'orn their
mass spectrunl (shorved M and l\4+2 peak in the latio of 3:l).

Raman Spectroscopy

Raman spectroscopy is a spectroscopic techuique typical-
ly r-rsecl to determine vibrational rnodes of r.noleculcs, alt-
hough rotational and other lorv-fi'equency mocles of systerrs
may also be observecl. Ramau spectroscopy is conr.t.tonly

Lrsed in chenristry to providc Lr structlrral fingcrprint by
which molecr-rles can be iclentified. Conlpouncis (3a-3o) rvele
tested lor ll.arnan spectral analysis (SI. Figs 48-62). The
energy Ioss is a chalacteristic o1'the particLrlar polar boncl in

v

'v

.:. {

7,No.0 9

lvlolecular formula: CroHz:ClNzO; m.p.:
(i'max in nm): 504; Ernission (?,, in nm and

nm (553); Elemental analysis (%,
5.01; Cl * 7.66; N * 6.0; (O) - 3

(M- ion, cal.); FT-IR (in cm-r):

1234, 1090 ; NMR (600 MHz) 6

(bs, 2H, N-H); 7.449 (d, 1H, Ar-H);
7.356-1.256 (rn, 3H, Ar'-H); 1.208-1
7.002 (t, 3H, Ar-H); 6.890-6.832 (m,

.886
Ar-H);
Ar.H);

6.686 (d,

2H, Ar-H); 5.296 (s,lH, >C-H); 5 o-cH2).

j



the molecule. The Raman spectra in the fingerpriut region
are unique for an individual molecular structure. Raman
spectra were directly recorded from the storage bottles. In
the FT-IR spectra, both NH groups of an indole ring in BIMs
showed strong stretching at 3421-3337 cm-r. The cyano
gronp, in 3o, showed the strong and intense band at 2234 cm'
I. The ester group present in 3f,39,3h and 3n showed strong
stretching at 1152-1101 cm-'. In Raman spectra, BIMs
showed strong absorption bands (for C:C) in 1500-1650 cm-
'. The ester group present in 3f,39,3h and 3n showed rnedi-
um or weak band (for C:O) at 1650-1750 cm-r. The -C=N
group present in 3o recorded a medium band at 2240 cm't .

Tlie hydroxyl group present in 3d displayed a broad band at
3404 cm''. So, the -NH absorption band in this region was
not detected, but these groups were detected by NMR spec-
tral analysis. In IH-NMR spectra, -NH- protons signals ap-
peared as a broad singlet at 8.015-7.886 pp-, Ar-CH protons
appeared at 5.90-7.90 ppm and the methylene -CI{- proton
appeared at 5.296-6.357 pprn (Table 4). The prcsence of the
C-Cl bond in 3j and 3m was also confirrned by Raman spec-
tra. These molecules showed strong bands atl40-160 cn't .
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downloaded from the protein
(https ://www.r'csb.org/structure/1 D7U) in

Nugre at ul.

nrum MIC against grar.n-positive bactelia K. ptretutLortiu.

Furthenrrore, compounds 3f, 3g, 3l<, 3n had rtrinimunr MIC
agairrst grarn-negative bacteria B. subtilis;3c, 3h, 3i, 3k. 3n
had minirnum MiC against gram-negative bactelia E. coLi;
and 3c,3h,3i,3k.3n hld the lorvcst MIC r.rlues agarnst
fungi C albicans. All cor.npoLrnds wele lbLrnd to be more
active agarnsl B...subtiii.s (ATCC 605 1) anrong thc other
pathogens. We believe thirt fiLrtlter clevelopntcnts ancl iir-yivo
analysis of or,rr compounds rrav show, potential lesr-tlts on the
forrner basis of in-y'Ltro and in-silico analvsis.

CONCLUSION

In conclusion, we have successfully synthesized 15,
bis(indolyl)nethanes (3 a-3 o) d erivatives usir.rg differenr sub-
stitr"rted aldehydes and indole in tl.re presence of an easily
available and biodegradable base. AIl tite synLhesized con'r-
por-rnds (3a-3o) have been rveil chlracterrzcd rvith rlriou:.

Oul lr-vrlro :rnd irr-:,/rco ..l,,ta tle-L

bank
a.p

3.2. Computational Studies on Enzyme, 2, 2-
dialkylglycine Decarboxylase

For the molecular docking analysis, we used a

bacterial target enzyme called'2,2-diaikylglycinc
ylase 162-64). The 3D crystal structure of this

noted that (3a-3o) had sigr.rificant potential to act
as lrewer an agents. We wish to note that oLn' sir-r-r-

easily synthetic accessibility for synthe-
having intliguing biological propelties

be for resealchers to develop nrorc potcnt ana-
resistant microbes.
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fi1e (pdb id: 1d7u). This enzyme was
mo1ecule, called, LCS ([5-hydroxy

the

oxo- 1,2-oxazolidin-4-ylidene] amino ) ,yri

yllmethyl dihydrogen phosphate) simLr-

lations, we removed all waters, added missing
residues. Furthermore, the same binding as of LCS,

compounds,in-bound was used for docking of
3a-3o. Our docking analysis
had the highest docking score

compound 3k
Kcal/rrol) than the

in-bound, LCS. Moreover, 3k had interactions
with LYS212 (Pi-cation); ALA A:245 (Pi-sigma); TRP
A:138 (Pi-Pi); ALA A:172; and MET A:141 (Pi-alkyl) ami-
no acid residues (SI). The docking energies lor all com-
pounds (3a-3O) are summarized in Table 5. The std Ciprot'-
loxacin retained the docking score of -111.3 Kcal/rnol with
similar binding amino acid residues (LYS272 (Pi-cation);
ALA A:245 (Pi-sigma);TRP A;138 (Pi-Pi);ALA A:112; and
MET A:141 (Pialkyl)). Overall, docking simulations suggest
that these analogues may have inhibiting potentials against

bacterial 2,2- dialkylglycine decarboxylase anci thus, would
act as antimicrobial agents. Based on these results, we fur-
ther tested ail compounds for in-vitro antimicrobial analysis.

3.3. Biological Studies

3.3.1. In-vitro Antibacterial and Antifungal Analysis

Among all tested compounds, molecule 3f showed rnini-
mum MIC against gram-positive bacteria S. aureus; and ana-

logues 3b,3c,39,3h,3i,3k,3n were fourrd to have mini-

t.

spcctloscopic
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Deep eutectic solvents (DESs) are a class of ionic liquids (ILs) successfuily implementecl
for many organic transformations.l'2 Several reports have shown the immense potential
of using ILs with ultrasound, as the blend of these two practices can tulfill several

important criteria of green chemistry.3-S
Indoles are key heterocyclic systems, present in naturally-occurrring compouncls suc}r

as tryptophan, serotonin, melatonin, tryptamine, and plant growth hormones, as well as

synthetic materials.e Their varied biological activities have made them of mr;ch interest.
In the deveiopmenr of the latter, an important focus of research has been on fr,rnctional-
izatron al the C-3 position.'o Numerous reports have been pub)ished on the synthg5is oi
3-substrtuted indoles by using such techniques as the electrocherr-rical approach,rr sucJ-r

catalysts as copper(ll) sulfonato salen,12 Zn(II) salen,t3 2-pyrrolecarbaldinrinato-Cu(ll)
complexes,ra hybrid nanoparticles HsPWrgV2O,,uOVOxi SBA- 15-NI-I2, rs

H3PW12Oa9/SBA-15,16 L-proline,17 pEG-+00,'8 PEG-200,1e tetrabutylammonium fluor-
ide,20 and such ILs as tetrabutylammonium glycinate.2l

In continuation of our work on the use of easily available catalysts and extending the
ideas of green methods,2'-25 we now report the synthesis of 3-sr-rbstitutecl inclole cleriva-

tives by utilizing the synergetic effect of ultrasound and the DES fomecl b1, choliLre
chloride and urea (ChCl: urea) (Scheme i).

As a model, we chose to optimize the reaction of benzaldehyde (immol), nralonorri-
trile (lmmol) and indole (lmmol) at 60oC. Our results are summarized in Table l.
We found that the simple Lewis acids FeCI3 and AlCl3 gave poor results, fcrrn.ring the
product in 7-Bhours with very low yield (Table 1, entries 1, 2). Using the concepts of
hydrogen bond donors (HBD) and acceptors (HBA), we prepared our DirS by takrLrg

combinations of choline chloride (ChCl) with such different HBD as glucose, glycerol,
oxalic acid and succinic acid, obtaining the results shown in Table 1, entries 4-8. We
further observed that a mixture of ChCl and. urea gave good results (entry B, 75o/o in
2hrs). We conclude that the enhanced yield in entry B is due to the specific Suitabiiity
of the HBD and HBA combination, and the mild basicity of the urea is )ikel1, to be a

key factor in this.

CONTAC| Amol U. Khandebharad @ amolkhandebharad@gmail.com @ Department of Chemistry, JES College, Jalna,
MS, lndia
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Scheme 1. The model reaction for the synthesis of 3-substituted indole derivatives,

Table 1. mization of reaction conditions.u

ChCI:

ChCl:Urea

Time

ChCl:Urea (l:2)
ChCl:Urea (1:2)

ChCl:Urea (1:2)

ChCl:Urea (1:2)

ChCl:Urea (1:2)

ChCl:Urea (1:2)

ChCl:Urea (1:2)

ChCl:Urea (1:2)

ChCl:Urea (1:2)

ChCl:Urea (1:2) (10 mol%o)

ChCl:Urea (1:2) (5 mol%)
ChCl:Urea (l:2) (10 mol%o)c

EtOH

EtOH

EtOH

EtOH

EtOH

EtOH
Water
Me0H
DMF
DMSO

cH3cN
DCM

THF

Toulene
Solvent-free
Solvent-free
Solvent-free
Solvent-free

NR

15

NR

NR

35
t6

NR

75
70

55

40
42

30

25
10

15

80
80
60

88

Bhr
7,5 hr
8hr
Bhr
5hr
5hr
Bhr
2hr
thr
3 hr

5 hr

5hr
6hr
Bhr
3hr
6hr

40 min
40 rrin
60 min
25 rnin

"Reaction conditions: benzaldehyde (1 mmol), malononitrile (1 mmol) and indole (1 mmol) and 20 mol0/o oi catalyst in

10mL of solvent heated at 60'C.
ChCl: Second component ratio is given in mol:mol, and this formed DES was used in mol7o.

NR: No Reaction.
blsolated yield.
tModel reaction carried out in the ultrasonic bath.

We examined a variety of solvents and found good results witir polar protic ones

(entries 8-10). However, a surprising and noteworthy result was observed when the

reaction was performed in solvent-free conditions, providing an 80% yield in just

40min. (entry 17). Focusing next on the amount of DES catalyst, we found the optimal

arnount to be 10 mol7o, providing 807o yield in 40 min. Finally, the model reaction \^/as

carried out under ultrasonic irradiation '(entry 20). This reduced the reaction time to
25min and gave an 88% yield. This result inspired us to use a variety of different alde-

hydes in our optimized protocol (Scheme 2), and the results are sllmmarized in 'fable 2.

The yields were uniformly very good (mean 88%) and did not seem to be overll sensj-

tive to the presence of substituent groups. The products were known compollnds, icicn-

tified by matching their meiting points with literature values given in fhe relerences

cited in the table. Some representative spectra are provided in the Experimental section.

j
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US
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3

FeCl3

AlCl3

chcl

1

2
3

4
5
6
7
8

9
10
11

12
13

14

15

16

17

18

19

20
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scheme 2, Synthesis of 3-substituted indoles by,using DES and ultrasoun d

*

+(ar)

R

i N

DES
+

31{a'i) 2

Table 2. esis of 3-indsle

Entry

4-methoxY
H

4-chloro
2-ch loro
2-nitro
3,4-C4H4
4-methyl
4-nitro
4-bromo
4-fluoro

(o/o) (u c)'"f
R

160-162 (1 60-1 62)

B0-82 (79-Bo)1s

70-72 (73-74)14

112-114 (113-115)15

134-136 (135-137)r5

70-72 (73-7 5)14

2Og-211 (209-211)r6

160-162 (1 60-1 62)1s

178-r80 (r78-lBo)',
66-68 (65-66)r'r

t5

L

94
88
90

85

80
92

82
85

9o

9Z

30
25
20

25

60
30
45

45

25
20

4a
4b
4c
4d
4e
4T

4g
4h
4i

L

uReaction conditions: aldehYde (1'mmol), ma lononitrile (l mmol) an d indole (1 mmol) in 10mol0/o DES (ChCl:urea) under

ultrasonic irradiation
blsolated yield

The DES could be easily isolated during work-up of the reaction (see Experimental sec-

tion). The recovered DES could be used for the next run'

In summary, we have demonstrated the synthesis of 3-substituted indoles using a

deep eutectic solvent and ultrasound. Their substitution Patterns :rnd potential loi ftrr-

ther modification make these indoles attractive as building blocks for orgar.ric s)/r-rtjresis'

Given their utility and potential, it is our expectation that these compounds will find

further exploitation in chemical reactions, now that they will be readily available' We

further expect that our particular combination of DES and ultrasound will fincl other

useful applications.

Experimental section
:!- -^

All reagents were obtained'frorn Sigma Aldrich. The reactions were monitored on TLC

using ire-coated plates (silica gel on aiuminum; MerckL Ethyl acetate and n-hexa:re

were used as eluting solvents. Visualization of spots on TLC plates was accomplished

with uv light and by staining in an 12 chamber. chemicals used were sD Fjne ttr

Sigma Aldrich and were used without further purification. Meiting points were meas-

orld in open glass capillaries and are Uncorrected. 
lH NMR sPecta were recorded orr a

Varian 300 MHz instrument'in CDC13 Usiug TMS as the internal standard' An 'Equitron

ultrasonic cleaner of 50kHz and 170 w was used-for ultrasonication.

'1

o

derivatives'

3

'r. 4,

t

i



t
o O , T. NAGRE Er AL..

Preparation of the DES Choline Chloride:llrea

/En

The preparation of DESs by the combination of choline chloride with [::ea, glucose, gly-
cerol, oxalic acid and succinic acid were carried out according to reportecl methocls.2e-33
The prepared clear solution of a given DES was used wjthout purification as shown in
Table L

2-((1 H-l ndol-3-yD @-metho4rp h enyt) methyt) m ar ono nitri r e (4a )

'H NMR (300MHz; 
_C_?arrl, 

,:?, G,II{, NH), 7.36_7.28 (m,4H, ArH),7.13 (t, lH,ArH), 7.04 (t, lH, ArH),6.90 (d,2H,,A.rH), +,gt (d.,IH, CH), 4.64 (d, ru, Cu),',:.zl

"c NMR (ziMHz; cDCIs): 2g.7,43,64, 55.2g, r0g.I5, 1r0,95, rr2.45, 112.76,1r4,30,
1lg,2g, I2o.L5, 121.g0, 126.16, 12g.61, tzg.L1, 133.7t,135.36, I5g,I4.ppm

2- (( l H-l n do l-3 -y l ) (p h eny t) methttt) molono n itri l e Hb)
tH NMR (300MHz; cDCrr):8.27 (s, lH, NH), 7.36-7.45 (m,7H, ArtI), 7.19-7.29 (m,
2H, ArH), 7.00 (t,lH, AtH), 4.g4 (d, tH, CH), 4.45 (d, tH, CH) ppm

l't NMR (75MHz; CDCI3): ze.zg. 139.34, 136.19, 128.75, L2B.r2, t27.go, 126,0r,122.87,121.79,I19.03, Ilg.6g, ll4.Ig, ll2.4g,lIl.g0, nr,rlpp^ 
-4v'L!' L't t/'

z-(,(tr H -t n d of - z -y D H- n itro p h e nyl ) m ethyl) m a I o n o n it ri t e (4h)
tH NMR (300MHz; 

!fcl3)r11 31i1s, rH, Nr1;, s.24 (.d,2H,-ArH), 7.80 (d, 2H, ArH),7.59 (s, tH, ArH), 7.47 (d., tH, ArH), z.3D (:d.,lFI, A;H), 7.0g {t, tH, ArH), ;';;:';;;(m,.lH, ArH), 5.gT (d,IH, CH), 5.4g.(d, fff, CU) ppm 
" -' \!' "" "t+L)'

-^l'! NMR (75MHz; CDCl3j: 28.18, 41.93, tti.iz, 111.89, 113.s7, t18,42, LLg,?3,12l.96, 123.20, t23.9 6, 725,7 6, 129.50, I 36. 1 5, :1 46.6g 147 .10 ppm

Generol Procedure for the Sy,nthesis of ,3,substitutted, indole clerivatives
A mixture of malononitrile (I mmol), aromatic aldehyde (I mmol), and indole (1 mmol)
was placed in a 10mL borosilicate'round bottom nuit .irrtuining 10mol% of the DESprepared by the combination of ChCl:urea (1:2), then it was subjected to ulrrason,ci
irradiation for the specific time mentioned in Tabie 2. progress of the reaction wasmonitored by TLC (ethyl acetate/n-hexane : 1:9). After completion of the reaction,
10 mL DCM was added to the reaction mass to extract the desired product, The DCM
layer was subjected to evaporation under vacuum to get the final product. ,I.he 

obtainecl
crude product was purified by recrystallization frorn-absoiute ethanol. The DES cor,rtdbe easily isolated after extraction,of the product owing to its immiscibility in DCM, Theproducts were characterized by a comparison of theirlelting points with literature val-ues' as specified in Table 2' For the sake of completeness, some representative spectraare provided below.

j
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Abstract: A.rapid and efficient microwave-accelerated synthesis of fluorinated
2,S-disubstituted 1,3,4'-oxadiazole derivatives was synthesized- by 2,4-cliflloio benzo
hydrazide with substituted benzoic acid in the presence of Ceric ammonium nitrate in pEG.
The structural elucidation of these compoundsls based on their spectral data (lR^ rll NMR,
andMS) Theadvantageofthemethodisgoodfortheexcellentyielcl oftheprocluctaldthe
process is rapid.

Keywords: Microwave irradiation, ceric ammonium nitrate, polyetirylene glycol
(PEC-400), Cyclization.

Introduction:
In recent years, significant interest has been devoted to finding a new rnethodology lbr rhe
synthesis of 1,3,4-oxadiazole containing pyridine moiity. 1,3,4-oxaclazoles arL.
five-membered aromatic heterocycles with gi.uirtitity in syntheiic, mejicinal, arrd material
chemistry' They have been reported to possess significant biological activities such asanlimicrobial [I-III], antiviiar uv, vl, antifrrngal [vI; vlr, anti.rr.,Jer 1y1ii, ij, nntitun-.o,
[XI], anti-inflammatory [XII-XIII], anti-aiauetl [xIV], aniibact..ial [xv-xvl]. anrioxicla'r
IXVII-XIV], analgesic [xX], anti-tubercular [XXi], urrti-utv lxxi]1 ina cytotuxic.aclivrrrcs
fxXttq. Searching for simple and'efficient methods for the g.,r.*uo,r'oiii;;;r;;, 

"i,,;;;lheterocl'clic compoundsris in demand. .d methodology using severul approaches, sorre of themore popular bein"s 
;!h1, :y.1ir?J191 y_ith a uu'rl"ty Ii ,eag.nts such as catalyricNaoH-DMlo lxll4, Tscl base [xv], Heteropoly u.ia 1xvt1,"unJ t,.*ririrr-rreral-fr.ce

conditions lxull. B191se of the great medicinal significun.. rro n')arcrial applicarions, r.vc
have developed a mild and convenient one-pot protocol for the synthesis'of fluor-ilated
1,3,4-oxadiazoies fi'om fluorinated acidhydraiides with substituretl benzoic acid in pr.esenceof ceric ammonium nitrate in PEG ,rrd., rnicrowavs irradiation. Microwerve accelerar.ed
synthesis is also promising as a powerful tool for high-throughput or-ganic syr-rt6esis. It has
been confirmed that the use of microwave heating can'significantly s]rort reaction tinres ard
increase product yiel d.

"EFFICIENT SYNTHESIS oF 2, s-DISUBSTITUTED I,3,4-0XADIAZot,E
DERIVATTVES "

Bharat K DhotreI, Santosh V. Raut 2, Ram. B. Kohirel
Nlohd Arif

,Prylrqrh*r. N t, Pathan

tDepartntent oJ'Chemistry, Swami Vivekanand Sentor College lVlartrha, (lvl.S), In4iu) Departments of chemistry, Maulana Azad college Auringabad, (M,,s1, inctio3Departni€nt of Chemisny, RMIG Coilege, Jalna,lruSl naio
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conditions.

dilfercnt solyt)nt

Solvent Tirne h Temperature % yield

Toluene 1100c 50

120 0c 65
2 PEG.4OO

Reflux

Acetonitrile

120 0c 58

20 Reflux
A1

668

jr.i,t{A ,

j.

CAN/PEG-40-q_- >
Convctional /MW

Entry

1
2A

10

J Methanol 30 46

4 Glycerol

5
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In order to investigate tn-e reaction conditions for the synthesis of
1,3,4-oxadiazole, we studied reaction at the varied temperature, di
and different types of solvenls. The reaetion of 2,4-difluoro benzo h
benzoic acid (linmol) (2a-j) was performed in a conventional olganic
methanol, ethanol. gl and acetonitrile in an appropriate anrount of'Cycerol,

stirred

e,

reaction mixture was and heated at 5 h to 30 h at reflux tcmpol'ature to obtarn 35

50% yield of fluorinated 1,3,4-oxadiazole (3a). By using PEG as a solvent in the above
reaction, a significant improvement was observed and the yield 9f (3a) radical[y increasecl to

65%oafter stirringthereactionmixtureheatediat 120aC foronly l0hinthe lrnrnol ofCAN.
Synthesis of fluorinated acid was carried in a different time with different yields in diff,erent
conditions. We are reporting yield in toluene about 50 % aftel heating for 20 h. Yield
increases lo 65 o/o when the reaction is carried out in PEG-400 afler heatjng fol l0 h.

Interestingly, the expected fluorinated I,3,4- oxadiazole (3a) was obtainccl irr (r5 '% yicld
after 10 h (Table 1, entry 2). Similarly in method, while yield obtairred 65 % whcn rceiction
carried out in PEG-400 for 10 h. Hence we conclude that PEG is a good nredium 1'ol the

current reaction scheme.
Table 2: Enhancement on the

1-lr e

91, lo

formation of disubstituted 3, 4- oxadiazole in theI
ofthe various

In an optimized reaction condition, CAN be added to a mixture of (1) and (2a) in PEG to
attain maximum yield. 2 % of CAN was added and the mixture was stirred and reflux fbr' 12

h, affording fluorinated l,3,4.oxadiazole (3a) in68% yietd. To further impror,,e the yield and
to optimize the reaction conditions, the sarne reaction was carried out i:r the preserrce of 4 ancj

5 mmol % of CAN under similar conditions. With this optimistic result in hatid, r,ve further
investigated the best reaction conditions by using different amounts ol' CAN Ar:
enhancement in the quantity of CAN from 2 to 5 mol ohnot only dccrcased the reaction timc
from 12 h to 10 h but also increased the product yield slightly from 68 to 80 o/o. An increase
in the quantity of CAN from 5 to 8 mol%o neither improved the product yield nor decreased
the reaction time. Hence we observed that amounl catalyst consequence op the product yietcl.
The reactiou was carried out in a range of solvents at varied temperatures and re"sulted in poor
to moderate yields of the s,ynthesis fluorinated 1,3,4-oxadiazole. J'he best
results in terms of yields were 'by heating 2, 4-difluoro benzo hyclrazicle (l) rvirh

of CAN a

benzoic acid with (2a) in 5 % mmol of CAN in PEG at 120 0C for 10 h (Table 2, entry 3).
To circumvent the poor yields observed in the conventional heating, it was consiclered
worthwhile to attempt the microwave promoted synthesis of fluorinated 1.3,4-oxadiazole.
The reaction between 2, 4-difluoro benzo hydrazide (1.), and benzoic acid (2a) was chosen as

a model reaction for optimizing reaction conditions. The best result in terms of yie1c1 u,as
obtained using 5 oZ mmol of CAN at 1100C oven temperature for l5 min under microwave
radiation. Having determined suitable reaction conditions, the cleveloped strategy was ncxl
explored with an of 2,4-difluorobenzo hydrazide (1) and benzoic acicl (2a) afl'orcling lacile
synthesis of a library of fluorinated 2,5-disubstitutedl,3,4-oxadiazoles (2a) witli exccllont
yields. Based on the above observations, we conducted the sanrc rcactions usrng u.,lio,,s

Enhy CAN (mmol %) Time (h) 91, yicld r'

2 68

.̂t 72

5 80

8 a
1

669

j

tl

1 12

2 12

3 10

4 14
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Experimental
AII solvents and reagents were obtained Ana lR Grade from Aldrich ancl use<J u,ithoLrt fLrrthcrpurification' All reactions.and purity of synthesize;;;;orrd was checkecl by ririn lai,crchromatography (TLC) using aluminum piates coated witir.silica gel (Mercl<) using (40:60)ethyl acetate and n-hexan' Microwave experiments were carried out using catalyst rnicrorvarcsynthesizer (model No. 13060295)

Procedure for synthesis of fluorinated 1,3,4-oxadiazoles 3 (a-j) (c)onventionat N,lcthocl)A mixture of 2,4-difluorobenzohydrazid,e ir*-oij *nr-r rruri,rLrrcrl benzoic iicjri (2 a-i)

Microwave lrradiation Convenlional
method

Compound

Reaction
Time (h)

Yield
(%)

M.P cc)

5a 91 10 80 t25
4.-NO2 94 9 82 20s

5c .3-NO2 93 9 83 2s2
5d 15 89 10 75 l.l9
5e 15 93 10 76 I 5_s- I 60

5f 91 10 75 87
5o

9 72 aaa
_iJ

89 71

4-OH
74

5j 3-OH i0 73 r55-157

:1

]Nsi l
(H's:)

ReactionTirn
'e (min)

Yield
(%)

H 15

2 sb 51

J l5
4 4-OCH3

5 4-Ct

6 4.NH, l5
7 /,_,-.TJr vrt3 15 92

8 5h 15 9 128

5i 15 90 l0 191

15 9 I
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6 :6.57 (d,ZH,Ar-H), 6. 5 8(s,H,Ar-H),7' 8 I (d,H, Ar-H)'8' 1 6(m'H' Ar-H)'

MS m/z:293(M-).
4-15-(2,4-Difl uoro-phenyl)- [1,3,4] oxadiazol'2-yfl-phenol (5i)

VieiA g0 o , m.p.161"C; IR (I(Br) cm-l:160(C:N stretchin_g),1107(C-O-C

G:a stretching),3377';(O'Ij stretching arornatlQ:r^H -NMR 
(400 MH

):7.51(s,Ar-oH),7.54(d,i,et-H1,2 .82(d,2H, Ar-H),8'16 (s,H, Ar'-H)'8

stretching),1482
z-CDCl, clppnt):

,1?-8.84 (d,3FI,

Ar-H), MS m/z:275(M).
3-15;-(2,4-

:1 ,l 164 (C-O-C stletching),
Yield9l% m.p.155 157

1487 (C:C Arornatics
rI{ NMR (DMSO d6) d: 7'38 ((s'Ar-OIl),7.40 (d,2ll,

Ar-H), 7.73-7.75 (d,3H, Ar-H),7.9 (d, H, Ar-H), 8.09 (d,H, Ar*H)MS m/z'.275 (M').

Conclusion.
In summary, we have developed a rapid and efficient one-pot method fol thc synthesis of

fl-uorinated'disubstituted 1,3,4-oxadiaztles in high,yields'using 2,4-difluorobenzo hydrazide

and substituted carboxylic'acids under mild reaciion conditions. Tlie use of ceric atltloltitrtrr

nitrate in pEG i, combination with microwave heating significantly easy the pr"rrificatiorr

process, and allowed us to quickly identify the optimal reactitltr conditiotr and clbtain

exceilent yields and operational efficiency. The structures of all the titlc prodLtcls u'cte

elucidated by spectroscopic data, IR, rH NMR, and mass analyses'

fir:*::J'',iHl';lt:" principat, Maulana Azad college, Aurangabad a,d Principal, Swarni

Vivekanalci college Mantha for providing research facilities. We also thank SAIIr Pr"rniab

University, Chandlgarh, and SAIFShillong for providing spectral ancl analytical data'
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the reaction mixture was cooled and poured .on to crushed ice drop wise with continuorrs
stirring, left overnight at room temBerature. The resulting solid thr-rs obtainecl was colleored
by filtration, washed well with cold water, dried and recrystallized fi'om absolLrte ethanol.
Procedure for Synthesis of fluorinated lr3,4-oxadiazoles 3 (a-j) ( under microwave )
A mixture of 2,4-difluorobenzohydrazide (1mmol), Substituted benzorc acid ( lmmol) in PEG
400 in RBF and was added ceric ammonium nitrate. The mixture rvas irracliatecl unclcr
microwave irradiation at 12A 0C for the different time inierval. (Table l1 Thc coirplcrion of'
the reaction was
monitored by TLC. After completion of the reaction the RBF was rerroveci fi'orr rhe ovcn.
The reaction mixture was poured on to crushed ice drop wise with continuous stirring, 1e[t
overnight for room temperature. The resulting solid thus obtained was collected by filtmtion,
washed well with cold water, dried and recrystallized from absolute ethanol.
2-(2,4-DifTuoro-phenyl)-S-phenyl-[1,3,41 oxadiazole (5a)
Yield 9l n/o, m.p.125'C; IR (KBr) cm-r: 1604 (C:N stretching),1 146(C-O-C strciclr irrr: ). 30(r I

(Ar-CH stretcliing.) ; 1546(C:C Ar stretching), 'H NMR (DMSO d6) r1:t (r-; (21.
Ar-H),7.55 (2H, Ar-H), 8.15 (H, Ar-H), 8.20 (H, Ar-H), (MS m/:.,259 (M')
2-(2,4-Difluoro-phenyl)-5-(4-nitro-phenyl)-[1,3,4] oxadiazole (5 b )
Yield92Yo,m.p.205'C; IR (KBr) cm-l: 1631 (C:N stretching), 1185(C-O-C srrercirrrs)
1527(C:CAr stretching),145I(NI-O stretching); lH NMR (DMSO d6) 6:7.75 (2F1, Ar-1t).
7 .72 (2H, Ar-H). 7 .05 .(2H, Ar-H), 8.19 (H,Ar-H),MS m/z: 305 (M-;.
2-(2,4-Difluoro-phenyl)-5-(3-nitro-phenyl)-[1,3,4] oxadiazole (5 c)
Yield 9loh, nt.p.252 "C; IR (KBr,cm-l): 1593 (C:N stretching), Ii77(C-O-(l strerching),
1531 (C:C stretching aromatic ring), 1450(N-O stretching ); 

IH N\41( (400 \4ilz-, ('DCl.;:o
7.43 ((d,H, Ar-H),7.88 (s,1H, Ar-H),8.01(d,2HAr-H),8.62 (d,lH, Ar-H),9.01(cl.1I-t. Ar-t{)
,MS m/z:305 (M-

B. K Dhotre et al / Heterotcycllc Letters Vol. 101No.41667-674 lAr.tg-Oct 12020

(lmmol) and ceric ammoniumnitrate suspendedinPEG-400 was heatcd at ll0 oCl tbrg-10
h. The completion of the reaction was monitored by TLC. After cortrpletion oI tire reactjorl

2-Q, -Difluoro-p 1,3,4loxadiazole (5d)
Yield89% , m.p.139:C; :1606 (C:N stretching),995(C-O-C
stretching),1507(C:C stretching, aromatic ring), 2853(C-OC . strelching );Lll N\4R (400
MHz, CDCll.,) d:3.89 (s,3H,OCH),7.048 (d,2H,Ar-H), 7.26(d.2H, Ar-ft), 8,073 (s,2t-t,

Ar-EI), 8.17(d,2ll, Ar-H), MS m/z:289 (M.).
(4-Chtoro-phenyl)-5-(2,4-difluoro-phenyl)-[1,3,4]oxadiazole (5e) \
Yieldg3%, m.p.155-160'C; IR (KBr) cm-1: 1600(C:N),996(C-O-C), 1496 (C:C'Ar),; 1t \-
NMR (DMSO d6) 6:7.36 (2H, Ar-H),7.40 (H, Ar-H), 8.38 (H, Ar-H). E.44 (2rt. Ar= t-t), N,lS

m/z 293(M.)
4-15-(2,4-Difl uoro-phenyl)-[1,3,4]oxadiazol-2-yll-phenylamine (3 l)
Yield 9l%o, nt.p.B7"C; IR (KBr) cm-l: 1596 (C:N), 1174(C-O-C), 1545 (C:C Ar), 336t)
(NHr,),;rH NMR
7.8 (s;H, Ar-H),

(DMSO 2.17 (2H, Ar-NHq,7.43 (d,2H, Ar-l{), 7.52 (d,21-1, Ar-111,
m/z:274(M*).

5" ) : 1 60 1 (C:Nstretching), I 1 73 (C-O-Cstretch i n g), 1 492 (C=Cl
stretchingaromatic), ; (
CHrgroupstretching,),rHNMR(400MHz,CDClrdppm):d:2.45(s,3 H,C Il,;,7.341d.21 t.,A r-l t).
7.36 (s,H, Ar-H),8.02 (d,zH, Ar-H), 8.57 (s,2H, Ar-H), 8.90 (d,2H, Ar-l-1). MS rrrt:
273(M.).
2-(3-Chloro-phenyl)-5'(2,4-difl uoro-phenyl)-[1,3,4] oxadiazole (5h )
Yield 89 %o, mp.l28C; IR (KBr,cm-t):1605(C=N stretching),1106(C-O-C stretching),1482
(C=Cstretching),3260;(O-H stretching aromatic):;lH NMR (400 MHz, CDCIr cippnr):
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S., r.rhcsis. In- Silico Potential Enrymatic Target Predictions, Pharmacoki-
n cs.c!. Toxicitl', Anti-Microbial and Anti-Inflammatory Studies of Bis-(Z-
m crhr Lindoll'l) Methane Derivatives

ARTICLE H]STORY

l,Iaterials and L[ethods: A series of bis(indolyl)methanes have been synthesized ffiiiH gr.rn., anr'i nqffi
approach using the reaction of different substituted aldehydes and indole in the presence of an easily
available and biodegradabie base such as piperidine in acetic acid at room tempemture and characterized

*ith ultraviolet-rdsible specfrophotometry {tJV-Vis or UV/Vis), Fourier-transform infrared spectroscopy

G"IIR), nuclear magnetic resonance spectroscopy (NMR), etc. Tbe antibacterial and antifungal activities
ri'ere also carrieC out aganst Staphylococcus aarer.rs (RCMB 000106) anld Bacillis subtilis (RCMB

000107), as two Gram-positive bacterial strains, and Salmonella typhi ar:'d Escherichia coli (RCMB
000103), as rwo Gram-negative bacterial skains. Fungal species such as Candtda Albicans, Penicillium
chtysogenum, Aspergillus niger were also used for in vitro antifuirgal evaluation. Ali our newly synthe-

sized 14 compounds (4a-4n) were subjected for anti-inflammatory activity in vitro and compared with the

known standard drug aceclofenac.

Results awl Conclusians: Our uewly syathesized compounds showed good to moderate antibacterial
agents, iu silico ADMET, and anti-inflammatory profiles. We hope that our current study rvould aid fu-
ture developments of bis(indoiyl)methanes as antibacterial and anti-inflammatory agents.
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l.INTRODUCTION

glislirrOotyt;*ethanes skeleton (BIMs) have been found
as the main building block of many bioactive cornponents

[1-13]. This scaffold is reported for wide varieties of phar-

macological profiles, including antibacterial, anti-
proli.ferative, anticancer, cytotoxic, insecticidal, analgesic,
antioxidart, and anti-inflammatory agents [43-60]. BIMs are

aiso known to be found in cruciferous plants, which facilitate
estrogen metabolism. Fig. 1 represents selected moleeules
having a bis-indolyl skeleton. Besides, few molecules such
as rrisiadoline, arundine, vibrindo le, sfr_ep^tindole, 1, l, 3-td(3 -
indolyl) butane, and arsindoline A ffifi B (Fig. 2) are

'Ad&;ss conespondence to this author at the P.G. and Restarch Centre,

Depannent of Cbemistry, Govemment of Maharashtra's Ismail Yusuf Col-
lege, Jogeshrvari, Mumbai, India 400060; E mail; bthorarTS@$mail'com

1573-4080/21 $65.00r00

naturally occurring bioactive BIMs. Extensive literature can
be found stating synthesis and bioactivities for various
bis/tris(indolyl)methane derivatives [6]-173], Today, rhe
whole ffiffi is facing the problem of drug-rd.slistaii'ffi in ba.,-
terial as well as fungal ffi viral infections [174].

Our current antimicrobials are found to inhibit mostly
DNA, RNA, cell walls, and protein synthesis. lnflammation
is often considered a complex biologicril response against
harmful pathogens, cells, and initants. The popular therapen-
tic category, non-steroidal anti-inflarnmatory drugs
(NSAID s), inhibit prostagiandirlcyclooxygcnase biosynth u -

sis. These drugs are often found with gastrointestinal toxici-
ty, etc, In this current view, the developmenr ol
bis(indolyl)methanes as therapeutic agents wotrid be urore
beneficial and may be considered highly important.

@ 2021 Bentham Scicrce Publirhers
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Fig. (1). Some selected €xample of bis-indolylmethane (BIMs) based drugs.

Itig. (2). Structures of bis-indolylmethane (BIM) derivatives isolated from natrual sources.

L
L

These derivatives have' been reported with synthesis
routes from equivalents of indoles and aldehydes or indole-
3-carbaldehydes under various reaction conditions [6 l -1 80].
In a recent review article, more than 100 different catalysts
have been mentioned for these reactions comprising hetero-
geneous catalysts, ionic liquids, various metal catalysts, sur-
factants, homog-ene-ous, and organocatalysts, elc. However,
these methods ffiffi sho*comings, srch us expensive rea-
gents or catalysts, photosensitive catalysts, the requirement
of high temperature, the use of toxic reagents or salts, vola-
tile organic solvents, and chromatographic purifications. It is
also noteworthy to mention th?l--computational .techniques
like molecular dynamics, DFT, ffffi molecular dopking have
been explored [i[ material sciences and technololy applica-
tions [181-187]. Recent literature on bis-indolyl methane
derivatives will also give us in-depth idea of their synthesis
and biological profiles [188.193].

ln our novel antimicrobials
and anti-inflanmatory agents [174-180], we herein report
new BIMs using the reaction of different substituted alde-
hydes and indole in the presence of an easily available and

biodegradable base such as piperidine in acetic acid ar :.c

temperature. We have observed the formations of l>
(indolyl)methane derivatives (4a-n) (Table 1) rarher tt--
Mannich bases (5) with very high purity. Furthennore. H
have also carried out in silico ADMET analysis for a be::.-:
understanding of pharmacokinetic profiles ol synthe-<:z::
compounds (SI. Tables 1-5). All our newly synthesizec : --
(indolyl)methane derivatives (4a-n) are characrerizec ... .:
spectroscopic techniques like ultra.,:c.. -
visiblespeckophotornetry(UV-Vis orUV/Vis). Gas ..: -

matography-mass speckometry (GC-MS). I 
FI- N MR /:-.-:.--

ar resonance elemcntai
etc.

(itt vitro antimiclobial anc :: -

inflammatory).

2. MATERIALS AND METHOD

We have utilized all commercially availab)e che:-:.:...,
and solvents and purified whenever required. Silica s_ :
F254 pre-coated TLC (thin layer chromatographr,) :.. :,

a

Antlparklnsonlan Antlcancer lmmunomodutator
Antidiabetic

EII{IPTIII Carbonlc anhydrasa ll
Inhlbitor

Antiobesity
LeukomlEi thorapy

trlslndollne arundln6 vibrln.lolg Streptlndole

I

1,1,3-td(3-lndolyl)butane ABlndollncA Arslndotlna B
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Table 1. Reaction time, purity, physical constatrt aud other properties of products (4a-u),

No. l) 3

-
e

!D

e

\

Product (4) Reaction Time (f iu min) Yield (%) Coldur .I,1a, (nm)

(1a)

05 o1 Creamy 364

(4b)

85 93 Lightbrown 356

(4c)

05 88 Ligbt pink 172

(4d)

l0 % Pin-k

(4€)

05 96 Creamy

498

462

(40

a(

I

84 Dark red

(4e)

05 95 Liehr pink

501

504

(4h)

50 88 Light pink 499

Table 1Contd....

I
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Reactiou Time {T in min) Yield (%) Colour L.,

(4'

40 89 Light pink

(4i)

31 94 Light pink

(4k)

39 98 Light pink Merged bancs
I
\

(41)

l0 87 Lightpink

(4m)

45

I

84 Ligbtpi*

Merged banCs

Merged barc.

{4n)

45 86 Light pink 504

Table 2. Absorption maxima of 4a-n in DMSO.

Compounds 4a 4b 4c 4d 4e 4f

Wavelength in nm. 364 356 372 498 462 501

Compounds 4h 4i 4j 4k 4l 4m

\\'avelength in am 499 374 547 , Merged maxima Merged rraxima Merged maxin:a

were procured &om Merck. For TLC visualizations for crude
product formation spots, we used UV light. Atl melting
points are uncorrected and examined with melting point ap-

paratus from*S--ulder industrial product. Brucke:'s 50,.r . .: _

instruments ffi$ used in orderio record aii i.i-\\f. ' -

purified products. FTIR spectra for all our s1,:tl-,es=;: -.

r
" ; '- Product(d)

I
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pounds have been recorded with the Perkin Elmer Tensor-Il
model. For calculating the absorption .spectra, we used a

spectrophotometer from a Perkin Elmer.

2.1. Chemissy

2.1.1. Synthesis of Btsindolyl Derivatives (4s-n) of 2-
Methyl indole (1) and Ysrtous Benzaldeltyde Derivatives
(2a-n)

W" ffiffi a reaction mixture of 2-fluorobenaldehyde
(2a, 1 mmol), piperidine (3, 1 mmol), and 2-methylindole
(1, 1 mmol) in a round-bottom flask with the addition of 2
mL of glacial acetic acid. ffi continued the stining till the
completion of the reaction (monitored by TLC, 1:9 ethyl
acetate in pet ether). After completion of the reaction, we
added 10 mL of cold water and continued the stining for the
next 20 minutes. We filtered the solid product. It was > 98%
pure as checked by GC-MS purity. Further, we recorded

O UV, FT-IR, 'H-hnrrIR, and mass spectrum for all newly syn-
thesized derivatives. The purity and mass *of compounds

0 were recorded with Perkin Elmer CC-MS. $f showed only
compound (4a) was beiug formed. Therefore, all BMI's (4a-
n) were synthesized using aldehyde (2a-n; 0.6 mmol) and
piperidine (3, 1 rnmol) (Scheme 1).

2.2. UV Spectral and Photoluminescence Analysis

UV absorption profi.iilg_ study for all synthesized bisin-
dolyi deriraives (.ia-n) lr,i$ recorded with SL164 Double
bean L-i-.iis:ri: specrophotometEr using DMSO reference
r.Sl. F:; 1 f ).= ;':s '.sec to prepare soiutions of 50 ppm.
Taoie I re:r.setr-r absc-:ior ri'avelengths of synthesized
BI\Is. Pho:o"-:-i-;s;;;;: a:al1'sis rrs Deetr ;al:ed out for
compoueds (-la-:; '"i:r Spe;roi.:::oc.:=; =oCel nunber
RF5301 (SI. F:3. 2). \\e scsni--i e ran_q. ro;a 3E0 uo ro
780 nm for calcuiaa:g exci'u:tior aiC errrs.sion specra. The

Current

n-*fi* and t---+rc* been
sis with reference DMF solvent.
ciency (QE) of all .,was found to be

denotes fluorescence 4i-4n,.,

a!r

{tol.17nNo.0 5

analy-
el'i r-

Tabic 3

\
2.3. Pharmacology

2. 3. 1. In'Vi*o A ntimiuobial Tests

2, 3. 1, 1. Dilatio n of_the Comp o u nds

All synthesized compounds (4a-4n) were dissolved in
solvsnt DMSO to achieve a concentation of 500 pg/ml and
standard drug, ciprofloxacin, in DMSO at 10 mg/ml.

2, 3. 1.2. Procedures for Standardized Ino culams (For_ B a trL
Bacteria & Fungil

In our lab, we have utilized 24-hr grown bacterial and
fungal slants. ffiner:ffififfi shrile normal saline solurion
(0.85% NaCl in distilled water) for making required susperl-
sions having mild turbidity in aseptic conditions. These tur-
bidities have been modified with additions of 0.5 mL of
1.175% Barium chloride and 99.5 mL of 0.36 N HzSO4 ac-
ids. The popular disc-diffusion methods have been inrple-
mented for carrying out antimicrobial susceptibility testing
for both bacterial as well as fuagal strains.

2,3.1.3. Inoculation of Suspension of Bacteriu & Fangi on
Cultare Meilia

A sterile, non-toxic cotton swab was allowed to dip in the
required uniform inoculums; tubitity had been achieved on
the required ffi [l# as per 2.3.2 procedures. Further, the
surfaces of agar plates were stripped three limes using the
colcon swab, having a stripping angle of 60". All the streaked
iloculums were allowed to dry for 15 minutes ffi-*.",-u
fi.uther punched with sterile Wb.ahan G{o,41) paper disc
aed dipped into solutions contai:ring synthesized drug (300
pg/ml DN{SO) and stendard ffi ciprofloxacin (10 mg/nrL

(-

a
CEt4

il

R'/\ o Si.r v,,r i;Cr
H

(2a-n)
r.L

(3) (s)(1) (4a-n)

Scherne 1. Synthesis of Bis-(2-methylindolyl)methane derivatives (4a-n) tiom 2-methyl indole

Table 3. Emission rvavelength with intensity of 4a-l in DMSO at their excitation wavelengtl.

Compounds 4a 4b 4c 4d 4e 4f 4g

ExcihtiooWave-
length in nm

364 356 3',r2 498 462 50t 504

Emission wavelength
innm

454 (436),738
(s83)

471(?.1T,735
(420)

4'13 (1s8),736
(se0)

430 (512), 738
(46)

4s3 (507), ?36
(583)

444 (r09), 7t7
(25e)

449 tt}e]},
7 t7 (3'10)

4n

504

450 (25-s).

7r6 (5 re )

Conrpourds 4h 4i 4i 4L 4m

Excitation Wave-
length innm 499 374 507 501 501 501

Emission wavelength
innm

439 {213), ?16
(5?8)

44r (401),7I8
(508)

4ss Q36),116
(534)

422 {179},717
(664)

450 {161},111
(624)

+
+

438 (329),716
(5so)

\

!

l
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DMSO) and fluconazole (10 mg/ml DMSO). AII the neces-
sary procedures were completed using sterile, asei:tic condi_
tions, rid qll plates were incubated atllaC and further fol-
Iowed with Fo* protocols.

2.4 .Screening of .Iz l/rlro Anti-Inflammatory Activity
'Popular protein denaturation method,. as described by

Mizushima et al., was follswed for carrying out anti--
inflammatory analysis for all newly synthesized 14 BIMs.
The standard drug Aceclofenac, an NSAID drug, was used
as tIe conhol for our study. The l0 mL of the reaction mix_
ture of 0.4 mL of egg albumin (from fresh hen's egg), pH 6.4
phosphate-buffered saline (5.6 mL), and test sampli 

"orc"rr-hations (4 mL to 50pg/ml and 100 pglml.) were utilized for
this protocol. We have followed a similar procedure for con-
trol, double-distilled water. Further, all the mixtures were
incubated in-an incubator at (37+2) 0C for 15 min and then
heated at 700C for 5 min. Absorbance m rn"ur*;-;i;;
Shimadzu, UV 1800 spectophotometir at OeO nm using thi
vehicle as a blank. Every experiment was carried out-in a
triplicate manner, and their viscosities were detennined using
the Ostwald viscometer after cooling. Acceclofenat ** ur"i
as- a reference drug at the final ffi of 50 pgirrl and
100 pglmJ- and treated similarly for absorbance anj. viscosity
determinations.TheprS!_e.iq*{.g-naturationinhibitionpercentage
was determined using ffiffi forrnula:

Toof inhibition = 100x[(Vtlvc) - 1]

Where, V,= Absorbance of the test sample, V" = Absorbance
ofcontrol.

The 50% inhibition concentration (IC56) analysis was de-
termined by plotting percentage inhibition with respect to
treatnent concentration control.

? 6 J: l,! L((2-flaorophe*yt)methyten 
e) h is (2-m ethy {- I H -

indole) (4a)

Creamy solid, Yield: gZo/o; ;Molecular forrnula:
c25H21FN2; m.p.: 160-162.C; rH-NMR (DMSO-d6, E in
ppm, 500 MHz): 2.002 (s, 6H, 2CH3); 6.168 (s, tH, >.CII);
6.691-6.661 (m, lH, Ar-ID; 6.956 (m, 2H, Ar-H); l.t+Z 1m,
lH, Ar-H); 7.234 (m,lH, Ar-H); 7 .334 (m,2H, Ar-H); 7.40g
(m, 2H, Ar:H); 7.540 (m, lH, Ar-ID; 7.716 {m,2H, Ar-}i);
10.688 (bs, 2H, 2NH); MS m/z:368.17 (M)+; Anal. Calcd.
for C25H21FN2: C, 81.50; H,5.74; F, 5.16; N, 7.60; Foun<J;
C, 81.41; H, 5.71; F, 5.13; N, 7.61 %.

Z-, 
_4,2, 

SrS'-(Q yethylthiophen-2 -yt) m ethyte ne) b is (2-m ethy t_
lll-indole) (4b)

Light Brown solid, yield: 93%; Moiecular formula:
cz+HzzNzS; m.p.: 204.2060C; IH-NMR (DMSO_d6, 6 in
ppm, 500 MHz): 2.051 (s, 3H, CH3); 2.104 (s, 6H, 2CH:);
5.990 (s, 1H, >CH). 6.686-6.737 (m, 2H, A.r-n); 6.853-6.gi2

!m, 4H, Ar-II); 7.115-7.209 (m, 4H, Ar-H); 10.725 (bs, u
zNH); MS m/z:: 370.15; Anat. Calcd. for CrogrrnrSt.
77.80; H,5.98; N, 7.56; S,8.65; Found: C,11.g0; H, 5.\
N,7.50; 5,8.62Yo.

1. 
6:3 : . . . _ 3,3'-(thiophen-2 -y lm ahytene) blt { 2 -rnethy t_ I FJ-

indole) (4c)

Light pink solid, yield: ggo%;Molecular formuLa:
C23H2oN2S; m.p: 229-2310C; lIr-NTm (DMSo-d6, 6 in
ppm, 500 MHz): 2.139 (s, 6H, 2CH:); 6.099 (s, lH, >CH);
6.690-6.728 (m, 3H, tu-H); 6.981.6.935 (m, 5H, Ar-H);
7.197-7.213 (m, 2H, tu-If); 7323.7.336 (m, IH, Ar_H);
10.773 (bs, 2H, 2NH); MS m/z:: 356.13; AnaI. Calcd. For
C3H2gN2S C,77.49; H, 5.65; N, i.g6; S, 8.99; Found: C,
77.38;H,5.64; N, 7.83; S, 8.89%.

2:6.4. - 5-(bis(2-mahyl-iH-indot-j-yt)methyt)_2_
Jluo ro b e n zonitrile ( 4 d).

Pink solid, Yield 94Yo; Molecular formula: CzelIzoFN:;
m.p.: Z5B-2600C;; IH-NMR (DMSO-d6, 6 in ppp. . ..
MHz):2.091 (s, 6H, 2CHg); 5.994 (s, lH, >CFI). S.7d-A.*t
(m, 4H, k-f|; 7.211-7.242 (m, 2H, Ar-H); -t.q9-t.qSS 

(,

2H, Ar-H); 7.523-7.557 (m, 3H, Ar-H); 10.865 (bs. ZE,
2NH); MS rn/z:: 393.13; AnaI. Calcd. F,or CuoHzoFNr C,
79.37; H,5.12; F, 4.83; N, 10.68; Founct: C. 79.35; H, 5.1 I ;
F,4.83; N, 10.62%.

2.6.5.
c.h tg r-o ! e-yztl) oxy)p h e ny t) m et@ten e) b is ( 2 -* 

"r,r; 
;:' 

-r!y - { {''
indole) (4e)

Creamy solid, yield: 96o4;Molecular fornrula:
c32H27clN2o; m.p.: 214-2160C;IH-NMR (DMSO_(. E in
ppm, 500 MHz): I.994 (s,6H,2CH3); 5.042 (s, 2H, -OCH2-
)j_6t159 (s, lH, >CH); 6.656-6.686 (m, lH, Ar-H); 0.83i_
6.865 (m,4H, Ar-H); 6.882-6.900 (m,2H, Ar-H); 7.053 (d.
lH, Ar-H); ? .206-7 .236 (m, 3H, er-U); 7 .357 -7 .37 4 (nr, 3 L.t,
Ar'-g); 7.409-7.424 (m, 2H, A.r.H); 1,O.6tZ (bs, 2H, 2NH.);
MS m/z::490.18 ; AnaI. Calcd. For C:zHzrCiNzO C, 1g.21;
H, 5.54; CL,7.22;N, 5.71; O,3.26;Found: C,7B.Z7;H, 5.5'I;
Cl, 7.21;N, 5.68; O, 3.ZZ%.

2.5. In-Silico molecllar modeling and ADMET Anatysis

In drug development and discovery steps, chemical and
biological safety is an important concern. With recent ad-
vancements in computational and theoretical chdmistry ap-
proache*jgmputational chemistry/rl si/rco modeline has
gained ffi[i$ffi attraction from medicinal chemists. In ffi cur-
rent, study, online tools like admetSAR, O,S/ft/,S i/opnty
E-xlloryr, and Lazar [181-182] were utilized for calcuLting
drug-likeness, lead-likeness, and pharmacokinetic propertie{
including toxicity analysis of synthesized BIMs 1+a-n1 qfa-
bles 4 and 5). Bioactivity scores*gainst.v-arious targets,'in-
cluding enzyme targets, have ffi calculated with
'Molinspiration tool'. Pharmacokinetic profiling, cyto-
chrome analysis, and various toxicities havi been aisptayea
in SI Tables l-6. The results of the BIMs (4a-n) showid that
all physicochemiql parameters were found in the range
established by Lipinski's rule except Mlogp for 4a-g ana +3_
m (more than 5) and molecular mass for 49 and 41.

2.6. Experimental

All newly synthesized
methylindolyl)rnethane derivatives
ized by various spectal ffi.

compounds, bis-(2-
(4a-n), were, character-

L.
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Table 4. Toxicity risk, Druglikenes's and Drug score of 4a-n using Osiris program.

RE: reproductive effective; IRR: Irritant

Table 5, Determination of bioactivity Score of 4a-n using Molinspiration progrqm.

Currcnt Enzgne Inhibition, IDZI" Vol, 17' Nu- A 1

7.A5A-7.067 (d, 2H, k-U); 7.185-7.201 (d, 2H, Ar-Fi);
10.7M (bs, 2H, 2NH); MS m/z:: 438.23 ; Anal. Calcd. For
C2eH3sN2O2 C,79.42; H, 6.89; N,6.39; O, 7.30; Found: C,
79.38; H,6.82; N, 6.35; O, 7.20%.

2.6,9. 3,3'-({3-methory-4-(2-
m et h ory eth oxy)p h e ny l) nt ethy I en e) bis (2 an et hy l- 1 H-in do I e)
(4'

Light Pink Solid,Yield: 89o/o ;Molecular formuia:
czqH:oNzO:; m.p.: 164-16dC; tg-NnrR pMSO-d6, 6 in
ppm, 500 MHz): 1.984-1.944 (q, 2H, CH2); 2.056 (s, 6H,
2CH3); 3.238 (s, 3H, -OCH:); 3.457 (t,2H, -OCH2-); 3.555
(s, 3H, -OCH); 3.946 (t,2H, -OCH2-); 5.843 (s, lH, >CH);
6.558-6.607 (dd, IH, AoH); 6.678-6.693 (d, 2H, Ar-H);
6.?98-6.890 (m, 6H, tu-It); 7.183-7.199 (d, 2H, Ar-H);
10.694 (bs, 2H, 2NH); MS m/z:: 454.23 ; Aual. Caled. For
CzgHrNzOr C,76.63; H, 6.65; N,6.16; O, 10.56; Found: (1,

76.62;H,6.65; N, 6.11; O, 10.52%.

2.6,10. 3,3'-((4-(hen4yloxv)-3-
m ethorypheny l) mahylene)bis(2-meihyl- 1 H -in da le) (4j)

Light Pink Sotid, Yield: 947o;Molecular formula:
cr:H:o].{zoz; m.p. :127-1290C; IH-NMR (DMSO-do, E in
ppm, 500 MHz): 2.056 (s,6H, 2CHr), 3.575 (s, 3H, OCH:);
3.824 (s,2H, -OCHa-), 5.848 (s, lIL >CH), 6.664 (t, lH, Ar-
H); 6.679 (dd,2H, Ar-H);6.835-6.904 (m, 5H, Ar-H); 7.192
(d,2H, Ar-H);7.262-7.536 (m,8H, tu-H); 10,698 (bs, 2H,
2NH); MS ttt/z::486.23; Anal. Calcd. For C:.rH:oi'lzOz C,
81.45; H, 6.21; N, 5.76; O,6.58; Found: C, 81.45; H, 6.22;
N, 5.72; O,6.53Yo.

v
\-

2.6,6. 3,3'-(1H-indol-S-yl)methylene)bis(2-methyl-1H-
indole) (4fi

Dark Red Solid, Yield:84% ;Molecular formula:
czrHz:N:;m.p.: 169-1710C; III-NMR (DMSO-de,6 in ppm,

500I'&Iz): 2.036 (s, 6H,2CH3); 6.895 (s, lH, >CH)' 6.574-
7.382 (m, 13H, Ar-H); 10.529 (bs, 3H, 3NlI);, MS m/z::

389.19 ; Anal. Cslcd. For C27H4Ng C, 83.26; H, 5.95; N,
10.79; Found: C, 83.19; H, 5.90; N, 10.76%.

2. 6.7. 3,3'-(7-methoxy-2-(3 -merhoryphenyl)b enzofu ra,n-S-

yl) methylene)bk (2-m ethyl- I H-in do le) (49)

Light Pink Solitl, Yifld: 957o;Molecular formula:
CrsHroNzO:; m.p.: 199-2010C; IH-NMR (DMSo-de, 6 in
ppm,500 MHz): 2.079 (s, 6H,2CJI3); 3.804 (s, 3H, OCH3);

3.823 (s, 3H, OCH3); 6.003 (s, 1H, >CID; 6.6646.692 (m,

2H, Ar-H); 6.844-6.955 (m, 4H, Ar-H);7.222-7.323 (d, lH,
Ar-H); 7.351-7,354 (d, lH, Ar-H); 7.394 (s, lH, turan-H);
7.4rc-7.419 (dd, 2H, Ar-H); 7.429-7.432 (m, tH, Ar-II);
7.450-7.466 (m, 1H, e-I{); 7.666 {s,2H, Ar-H); 10.744 (bs,

2H,2NlI); MS m/z::526.23; AnaI. Calcd. For CssHroNzO:

C,79.82; H, 5.74; N, 5.32; O, 9.11; Found: C, 79.81; H,
5.72; N,5.30; O,9.16%.

2. 6. 8. 3,3' -((4-(3 -merhoryprop oxy)p he nyt) mettryiene) b is(2'
rnet hyl-7 H-indolc) (4h)

Light Pink Solid, Yield: -88Yo;Molecular formula:
CzgHrNzozi ; m.p.: 188-190uC; 'H-NMR (DMSO-d6, 6 in
ppm, 500 MHz): 1.942 (m, 2H, CHz); 2.053 (s, 6H,2CH:);
3.25? (s, 3H, OCHr); 3.456 (t, 2H, OCH2); 3.962 (t,2H,
OCH:); 5.839 (s, lH, >CH); 6.651-6.681 (dd, 2H, Ar-H);
6.794-6.821 (dd, 4H, Ar-H); 6.857-6.888 (dd, 2H, Ar-H);

Molecules 4a 4b 4c 4d 4e 4f 49 4b 4i 4j 4k

Dnrglikeness Score 0;t2 J,J 1 3.15 -4.87 3;40 2.29 3.05 2.70 -4.99 -1.35 -l_l I
z.4r | ).49

Dnrg Score 0.28 o.32 0.36 0.15 0.18 0.30 0.r6 4.29 0.2 r 0.10 $.t7

BF

i,Lr

Toxicity risk RE IRR,
RE

Molecules 4a 4b 4c 4d le 4f 4g 4h 4i 4j 4k 4m 4n

GPCRligard -0.03 -0.14 -0.14 f 0.04 -0.09 + 0.10 -0.07 -0.05 -0.12 -0.04 -0.07 -0.16 -0.r8

ion chan:rel
modulator

-0.14 -0.26 -0.28 -0.16 -0.22 -0.M -0.49 -0.21 4.26 -0.22 -0.19 -0.30 -0.24 -(\ )1

kinase inhibitor -0.r5 -0.20 -0.r9 -0.15 -0.23 - 0.04 -0-24 -0.26 -0.25 -4.21 424 -0.25 -0.34 -0.i3

nuclear recep-
tor ligand

-0.1 5 -0.32 -0.33 i 0,04 -0.09 -0.0 r -0.10 -0.07 -0.t7 -0"10 -0.08 -0.1 3 -0.08 -0.1.i

-0.37protease inhibi-
tor

-024 -0.36 -0.34 -0.18 -0.28 -0.16 n 1! -0.22 -0.3 I 4.22 -0.24 -0.28 -0.14

enzynoe target -0.06 -0.13 -0.09 + 0.01 -0.0? +0.08 -0.08 -0.06 -0.12 -0.03 -0.07 -0.10 -0.1 1 -0.r3

t

I #'l '[',4l

rr"'3-52

!r' -$4gn'rl
o(

0.18

4l

-0.04
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3,3'-((44$-
.1.H-

indole) (4k)

Light
:219-22loC;

ppm, 2.060 (s, 6H,2CH3), 5.125 (s,2ltr, -OCH7),
>CH), 6.669-6.684 (d,2H, Ar-H); 6.8A6-6.822

(d, Ar-H); 6.863-6.927 (m, 4H, Ar-H); 7.088i7.132 (dd,
2H, Ar.H); '1.189-7.205 (m, 2H, Ar-I0; 7.370-j.397 (m, 2H,
Ar-H); '1.49A-7.508 (m, LH, Ar-ID; 7.607-7.6t9 (m, lH, Ar-
H); 10.714 (bs, 2H, 2NH); MS m/z:: 490.18; Anat. Catcd.
For C32[I27C1NzO C,78.27; H, 5.54; Cl,.I.ZZ; N, 5.71; O,
3.26; Found: C, 78.21; H, 5.52; Cl, 7 .12;N, 5.73; O, 3.ZS,A.

2.6.12. 3,3,-((4-({2-chtorobenzgt)oxy)-3-
m edt oxyp h en$) methyl ene) b is (2-m ethy l- 1 H-in itote) (4 t)

Light Pink Solid,Yield:87% ;Molecular formula:
csHzeclNzozi m.p.: 209-2110C; III-NMR 

@MSO-d6, 6 in
ppm,500 MHz):2.060 (s, 6H,2CH3),3.571 (s,3H, -OCHr),
5.101 (s,2H, -OCH2r, 5.860 (s, lH, >CH),6.610-6.630 (m,
lH, Ar-I{);6.668-6.697 (m,2H, Ar-H); 6.840-6.916 (m,5H,
Ar-H); 7.195 (d, IH, Ar-H); 7.372-7.390. (m, 2H, Ar:H);
7.406-7441 (m, 3H, Ar-II); 7.484-7.50j (m, 1H, Ar-H);
7.577-7.603 (m, 2H, Ar-ID; 10.704 (bi, 2H, 2NII); MS n/z::
520.19; AnaI. Calcd. For C33H2eCIN2O2 C,76.07; H, 5.61;
Cl, 6.80; N, 5.38; O, 6.14; Found: C, 26.03; If, 5.63; CI,
6.74; N, 5.32; O, 6.14%.

2:!:1 X 3,i'-(1-(atlytoxy)phenyt)metiytene)bis(2-mahyt-
LH-tndole) (4m)

Light Pink Solid, Yield: B4o/o ;Molecular formula:
CzaHzNzo; m.p.: 194-1960C; 'H-NMR (DMso-d6, 6 in
ppm, 500 MHz):2.054 (s, 6H,2CH3);4.512 (d,2H, -OCH:-
); 5.228 (d, lH, =CH); 5.380 (dq, lH, :CH); 5.843 (s, 1H,
>CH), 5.995 (m, lH, =CH); 6.650-6.666 (m, 2H, Ar-H);
6.680-6.874 (m, 6H, Ar-lI); 7.058-7.075 (d, 2H, AryH);
7.185-7.281(4 2H, k-ID; 10.706 @s, 2H, 2NII); 1VIS zrlz::
406.20 ; AnaI. Calcd. For'C1I{26N2O C,82.73;H, 6.45; N,
6.89; O, 3.94; Found: C, 82.7 l; H, 6.42;N, 6.87; O, 3.94%.

2.6.14. 3,jt-((4-(atlyloxy)-3-
neth oryph enyl) methyle n e) b is (2-m ethyl- I fl -in dole) (4n)

Light Pink Solid, Yield: 867o;Molecular formula:
c:gHzrNzoz; m.p. : 203-2050C; IH-NMR (DMSO-d6, 6 in
ppm,500 MHz): 2.057 (s, 6H, 2CH3); 3.560 (s,3H, OCH3);
4.496 (d,2H, -OCH2);5.228 (dd, lH, =CH);5.370 (dd, lH,
:CH); 5.8a5 (s, lH, "Clr); 5.990-6.067 (m, lH, :CH);
6.583-6.603 (dd, lH, Ar-H); 6.662-6.692 (nr, 2H, Ar-ID;
6.812-6.875 (m, 7H, tu-It); 7.183-7.199 ; .MS m/z: 436.22 ;
Anal. Calcd. For C2eH6N2O2C,79.791.H,6.46;N, 6.42; O,
7.33; Found: C,79.7t;H, 6.45; N, 6.43; O,7.31%.

2.7. Statistical Analysis

The Graph Pad Prism (version 8.4.0 for Windows;
GraphPad Software, USA, www.graphpad.com) was utilized
to render the statistical analysis. Data ffi indicated as urean
+ S-D. The multiple comparison tests by using the Tukey
ffi used to assess the norrnality of the results. The ANO-

Nagre

repeat-measures were used tr: analyse thc via-
followed by the post-hoc Tukey test, when a

VA two-way
bility assays,
large F value was obsewed. The Pearson correlation test was
used to delermine correlatiors between the viability assays.
A value standard of P'0.0001 was used.

3. RESULTS AND DISCUSSION

3.1. Spectral Analysis

All bis(indolyl)rnethanes (BMIs, 4a-n ) wer.e synthes i zccl
by using 2-methylindole (1 mmol), atclehycle (2a-n; 0.6
mmol), and piperidine (3, I mmol) in acetic acid ar roorn
temperature in good yield with ffffi purity. The electronic
nature, such as donating and withdrawing groups and steric
hindrance of substituents attached to aldehyde (2a-n), did not
marginally ffi ,t'," yield and purity of tne products. 'fhe
UV and fluorescence spectrum of all componncls were rec-
orded in DMF. The maximum absomtion (L,", values) . "'
observed in the range of 364-5073*, irdi:#,ng tf.rutrttt,.
chromophoric group was not fixed. ffi was due to the inr\
skeleton or -R group of the aldehyde. The emission wave-
lengths and intensities depended on the n*zr* and ,(*r*
transitions. The r-fi* transition if generally found to give
more intense emissions. Except f$k +a, all BIMs showcd
strong emissions in the 716-738 nm regions. These cor:r-
gounds also showed emissions n the 422-473 nm rangc,
ftSS$m.H due to two chromophoric groups present in the mol-
ecule (R-group of aldehyde and indole skeleton). In the FT'-
IR spectra, both -NH groups of indole rings in BIMs shor.ved
strong stretching in the 3410-3250 cm',. Tl.,e (-CN) group in
4d shorved a strong and intense band at 2260 cm-l. In pVlR
specEa, -NH- protons signals appeared as a br-oad singiet at
10.529-i0.865 ppm, Ar-CH protons appearetl at 6.10-7.90
ppm, the methyiene -CH- proton appeared-at 5.848-6.168
ppm, olefinic protons (4gglg*+:) appeared at 5.3-6.0 ppm, -
oCH2- $oup mlol*ffiffiH at- i.s-s.o ppm, er-oC-rr"l
grouq_Rm ilIfie'ai{d at3.4-3.9 ppm, C-OCH3 Sr.-o".rp p\
tons li,Fii##fiffl at 3.2-3.5 ppm, and C-CH3 prorons rtppea; ,{

at 1.900-2.140 pp*, The presence of halogens such as clhu-
rine in 4e, 4k, and 4l is confirmed from the ir ltass spectlrllx
(M and M+2 peaks in the ratio of 3:1).

3.2. Computational Studies

To predict the toxicify profile (against rnutagenic, turnor-
igenic, irritant, and reproductive ,$,.ffiffi of BIMs (4a-n), ve
used the Osiris program [18]-182], and the results indicated
that all compounds show medium reproductive toxicity risk
profiles; while BIM 4j, 4m, and 4n are irjtant. These dara
indicate that the substitution at methylenic carbon does not
affect toxicity against the reproductive system. The bioac-
tivity score indicated that all molecules ilt'6tii'ta U" havirrg
good primary interactions witl enzyme targets. Among a1l
the designed molecules,4d and 4f wsre found to be the bcst
drug-like ffiffi*. ffi.ffi Osiris progrcu,n showctl the
lowest drug-likeness score G4.87) for 4d. A siven molccrr le
can hli active or ffia"till$ against human Ethdi-a-go-$o retl t-

f-
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ed gene &ERG) K+ channe-1s.-(slbunit of a delaybd rectifier
voltage-gated K+ channel) ,,#Iifrffi# can be predicted by "Pred-
LERG" (SI. Tables 6-8).

3.3. Biological Studies

3.3.1. In Wtro Antibaderial

All BIMs T*ffi poputar disc-difftrsion method

except
calculate antimicrobial analysis on 4

found drug-likeness score (4.40). These mol-
sbaias (Staphylococcus aureus (RCMB
subtilis (RCMB 000 I 07), Salmonella

ecules also good drug and bioavailability scores, but
Candida Albicans, Penicillium

these might reproductive effects. Compound 4j, 4m, lus niger, etc.) (SI. Figs.
and 4n were found to be irritants. This suggests that BIMs
may show stronger interactions with different receptors, lig-
ands, and enzymes. Cardiac toxicity was predicted using
Pred-hERG, bioary model predicted positive (blocker) re-
sponses for all 4a-n and were found to show moderate to
strong cardiotoxicity in multiclass model. Different sensiti-
zation and toxicity studies of BIMs (4a-n) were predicted by
using the STopTox tool.

All synthesized compounds tvvere not showing any acuteg inhalation toxicity against OECD TG 403 and 436 of ra!
,\ skin sensitization (assay type - LLNA test OECD TG 429
\- and 442) of mouse and guinea pig, skin irritation, corrosion

(over all activity is negative except 4k) and general consen-
sus. Compounds 4a-d and 4f, are showing acute dermal tox-
icity against OECD TG 402 of rat. Compounds 4a-g, 4k and
4m are also showing positive acute oral toxicity test (OECD
TG 401, 420, 423, and 425) of ra\ i.e., acute oral toxicity.
Some BIMs like 4a, 4d,4e,4k, and 4l were showed eye irri-
tant and corrosion toxic agai:rst OECD TG 405 of rabbit.' 
Compounds, such as 4h, 4i, 4j aud 4n are not showing any
toxiciry agaiast all test predicted by STop Tox /.0 software.

compounds were screened

order to
3 fungal
Bscillis

coli,
Aspergil-

activities of
sms'by disc

diffusion method using standard ciprofloxacin (10mg/l ml of
DMSO). For fuugal species such as Candida Albica*s, Peni-
cilliuru chrysogenum, arld Aspergillus niger,4h and 4n cor.n-
pounds showed higher arrtimicrobial activity (Sf , Fig. 5). We
also found that compounds 4h and +n gtiif,i{,eA promising
results compared t',9 STD drug ciprofloxacin. The results
obNained are listed in result Tables 6 and 7. The included
graph m detailed performance ofthe studied substances

from 10 to 300 pglrnl. ffi significance level of P ' 0.0001

was used.

3.3.2. In Vitro Anti-Infiammatory Analysis

A1l our newly synthesized 14 derivatives have been test-
ed for and-inflammatory in vitro activity using the all'rumin
denaturation inhibition technique compared to standard ace-
clofenac (SI. Fig. 6, Table 8). Derivatives 4h, 4n. 4d,4c, and
4k showed substantial anti-inflammatory activity itt vitro
with % inhibition of albumin denaturation. Percentage inhi-
bition of the protein denaturation of the compound 4h were
73.32 % and 76.t7%,4u showed 68.37 % and 69.72 %, 4d
showed 67 .72 % atd70.l2 o/o, 4c showed 66.69 % and 68.37

Table 6. Antibacterial screening results of synthesized compounds measuring the zoue of inhibition iu mittimeters.

\-
\-

BIMs
Zone of lnhibiflon in mm*

S.lureus

4a 6r0.5 9t0.9 5+0.5 7*0.5
4b 9+0.8 5+0.9 8r0.5 5i0.8
4c 6+ 1.5 9*0.9 8*0.5 6+0.9

4d 6+0.8 4*0.5 9+0.9

?10.8

9*0.5

9+0.9

4e '1 r0.9 6+ 0.9 5*0.9

4f 9 r0.5 8*0.9 4t0.9

4g l0 r 0.5 9r 0.9 840.5

4h 13 t 0.9 12 * 0.9 9*0.5 10 * 0.9

4i 8 *0.5 8*0.8 7*0.9 6*0.9

7*0.5

_s i 0.5

6 j 0.5

6*0.5

12 +" 0.5

4j 6*0.9 5r0.8

8 r0.5

8*0.J

4k 9*0.9 5*0.5

4t 5*0.9 7 *4.9

4m 10 * 0.9 9*0.9 8+0.5

4n l2 * 0.8 l0r 0.9 l0 r 0.5

ciprofloxacin 15+0.9 i
13 * 0.9 n *0.5 12 + 0,5

Control

E Coli S. Typhi B.Szlsdlis

8 r0.9

4 *0.9

j



Gram positive strain

Caniliila Albicans Peni cilliu m ch rys o gena m

Zone of inhibition in mm*

Gram negative strain

Aspergillas niger

4a l0 * 0.5 ll*0.9
4b 10 * 0.9

4e ll*1.5 8*0.9

<+/)<

4r0.5

6*0.5

4d 10 * 0.9 9*0.8

4e 7 +0.9 4+0.9

4t 9*0.5 7+0.9

5+0.5

3r0.9

5*0.9

4g 6*0.5 8+0.9

4h l2 * 0.9 l4 * 0.9

8 *0.5

ll+0.5
4i 5+0.5 9+0.8 8*0.9

4j 8+0.9 ?+0.8

4k 9* 0.9 6*0.5

4l 4a0.9 7 *09 9r0.5
4m I0 + 0.9 8*0.9

4n 11 * 0-8 l4 * 0.9

6:i 0.-5

l0 r 0.5

Flucanazole l5 + 0.9 l6 * 0.9

Control

14 j 0.5

ri', 'tI0 Currenf&nryme

Table 7,

tThe results arc represented as (Mean*SD), (-) indicates not trst€d"

Table 8. Statistical data ofabsorbancero/o inhibitidn ofprotein denaturation and yiscosity of4a-n.

''.'j I

Iahibitto n,$$2\ Vo L I 7 

rNo. 
0 Nagre

screstrlng resrlts of synthesized compounds mea$uring the zone of inhibition in millimeters (compound 4a-n).

6+0.9

7+0.5

I .81

t.?4

o/0, 4k showed 65.0-8 % arld 70.L2 % for 50 and 100 pgiml
concentration, m}ffi. For at least three experim;nts,
the data shall be r,eported as + Standard Mean Enor (*

BIMs
Absorbance % of Inhibition of Protein Denaturation Viscosity (cp)

50 pglml 100 pglml-50 pg/ml 50 pglml 100 pglml,

4a 0.1982 0.1638 53.70 61.73 r.23 1.56

1.434b 0.1724 0.1581 59.72 63.06 1.34

4c 0.1426 0.1354 66.69 68.37 1.52

4d 0.1386 0.1279 6'7.62 10.t2 1.19

4e ' 0.1638 0.1281 61.73 10.07 2.32

4f 0.I581 0.1394 63.06 67.43 1.33 1.52

4g 0.1670 0.r583 60.90 63.02 1.31 1.54

4h 0.1142 0.1020 13.32 76.17 1.43 1.84
---l

1.19

r.92

1.91

I ?(

176

1.24

4i 0.1496 0.r369 65.50 61r.02 1.38

4j 0.1856 0.1576 63. l8

'70.12

1.62

L83

1.27

4k a.1452 0.1279 66.08

4l 0.150t 0.Ip49 64.93 67.32

4m 0.1502 0.150t 62.57 64.93 1.12

4n 0.r354 0.1296 68.3? 69;t2 t.l9

Aceclofenac (Std.) 0.1093 0.I006 74,46 76.50 2.06

SEM). Skii-."$*qgf differences were evaluated according to the
t-test of ffi in which the differences were found to be

f-

BIMs

.e17I*.
?".._-

1l + 0.8

100 pg/ml

--- * :/L.+3 ( \

3.34

56.64
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important at P<0.008). All statiStics were measured using
PRISM 8.4, the Graph Pad app, a statistical application.

CONCLUSION

S{ conclusion, we have successfully synthdsized new
bis(indolyl)methanes (4a4n) using different substituted al-
dehydes and indole in tho presence offfi easily available and
biodegradable base such as piperidine in acetic acid. at room
temperature, which could be beneficial meriting further in_
vestigations. All the synthesized compounds have been char-
acterized with UV, IH-NMR, 

aud mass spectra, All our syn-
thesized compounds were found to have a good to moderate
antimicrobial activity. Results for anti-inflammatory analysis
would also require firther investigations in order to devilop
new potent anti-infl-arnmatory agents. Derivatives 4h, 4n, 4du
4c, and 4k have W substantiat anti-inflammatory activity
in vitro with % inhibition of albumin denaturation. The re-
sults of the BIMs (4a-n) showed that the physicochemical
parameters are in the range established by Lipinski,s rule
except for MLogP for 4a-g and 4j-m (more than 5) and mo_
lecular mass for 49 and 41. We anticipate that simple synthet-
ic accessibility and intriguing biological properties of ,"*
bis(indolyl)methane derivatives could addreis unmet chal-
lenges in the pharrnaceutical industry

Cunent Euryme lthihitian, Z0Zl, yol, IZ, No. 0 I l
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Ahstract
The study is based on the Scientarnetric analysis of 501 research articles published in the.iourwtl of

the Indiqn Journal of Citical Care l&edicineduring the periods of 2015-2019. This SUdy will review on length
*f the title, numbers of pages, type af document, chronological distibution of article, no of references pint
,ss well as web references autkorskip pattern, author productivity and further, it reveals futrajorities ll0
*rticles are published by India conttributors followed by the USA and alternative contributars. The findings
wtust rweal vaious aspects of the chwact"eistics and pattems of contributions to the study.

Keywords: Scientometrics, Indian Joursal of Critical Care ivledicine

l"O INTRODUCTION

1.1 Scientometrics:
Scientometrics is the science arf rnea-nrring and analyzing science. 1n practice, Scientometrics is often

done using Bibliometrics which is a nreas"crement of the impact of (scientific) publications.
Scientometrics is the sciEnoe of methcrd scientific output similar to Bibliometrics used by librzriarx and

lnformation scientists. (Agrawal Arona, 1982); related fields are the history of science and technology
philosophy of science and sociolo&ry of scientific knowledge. (Eugane Garfield, 1995) ; application of
^inathematical and statistical methods of scieritific literature (Derek de solla, 2000); to identifu nationai an

*rternational network and to map the devetroprnent of new fields of science and technology as well as to
.trurow the inner logic of science development (yadavJaisi Ranu 1984); this enables to evaluate the size of
scientific production on the assur::ption that the essence of scientific activity is the assumption the
production of knowledge (Eugene Garfrekl, ZAAD; open access has ernerged in the iast ferv years as serious
alternative to additional comrnercial publishing rnodels taking the benefits offered by technology one step

further (Wasudevan K T 1995); one significant finding in the field is principle of cost escalation to the effect
{hat achieving further findings at a given level of importance grorv exponentially more cost}y in the
,*xpenditure of efforts and resources (Mauavalan R 1982); other characteristics of open access journals are
that author relation copyrights and they nrust self achieved content in an independent repository (David
lVilsorl 2001); modern Scientornefrics is mostly based on latter founded the irstitute for scientific
information which is heavily used for licientornetric analysis (Derek, l" 1995); currently prepares and
international methodological rnam,ral tint lvili contain guidelines for creating applying and interpr*ting the
urdiqes based on Bibliometric data (Hva R"odenas, 2C)01).

Revierv of lite ratu re:-
Ktdam S.V. (2019). The studies lbr:ntl tlut rnajority 21 (70.00%) of the n-ale users were aware atmut the e-

-iournals u,hereas only 09 (30-00?1CI) *f fernale respondents were aware about the availabiiity of e-journals"
i'he analysis rcveals that most of the resp*ndents 1) (43.33%) use a e-joumals forwriting papers.
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The majority of the contributions are contributed by FourAuthors.
India is a higtrly productive country.
The majority of the references are print references.

4.CI SCOPE AND I,IIVIITATION O}- IHE STUDY:
. The present study is based on the Ssientornetrics Profiles of Journal of Indian Journnl *1'{lrrtica} Care

Medicine. 2}rc-2014. The present study is based on overall 501 articles from 2010-201,1..

5.0 DATA COLLECTION:
Data can be numerically expressed that is quantified quantifiable or objective {Farsitx c,ff ;,uxl Dely,

1990) the data was collected from the .joumal of Critical Care Medicine, a total of 501 artfult:r;n ,,;"".rmr 2t)1*-
2414.

6.0 DATA ANALYSIS AND INTARPRETATTON:

Scientometrics analysis is a b,ranch of bibliometrics" It is an important resea;rqfu l{}tl} for the
rmderstanding of the subject it aims at rneasuring the utility of documents and the relotierm:;htp he{ween
documents and fields.

The present study is based on the Scientometrics Profiles of Joumal of Critical C;*.ru ;!.$ednrlne{rnm
:015-2019. The present study is based on overail 501 articles &om 2015-2019"

6. 1. Year-Wi se Distribution of C ontritrution s

The year-wise Distribution of contiibutiors rs shown in Table No.6.1

Table No. 1: Distribution of contributions

Year Frequency Percentage

2015 5l 10.17%

2016 56 ll.lTYo

2017 60 1r.97%

201 B 103 20.55o/"

2019 231 46.01%

Total 501 laO0

It can be observed from table No. 6.1 out of the total 501 contributions majority s'if tla: fiynfribuLiozrs
i,e. 231 contributions were c<lnlributed in 20i9 were as minimum contributions i.e" 51 eurtrifulti*rns were
tontributed in 2015. In which hypothesis no.01 is valid."The majorify of thc c*r:*&rih.*r*ffioxls irl:a
mntributed in 2019" Table no, 01.

ti.2. Authorship pattern of contribution
'ilhe Authorship pattern of contributions is shown in Table No"6.2

r'*.
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It can be observed from Table No. 6.3& Figure rto. 6.2 the country-wise distribution of contrihutors, the
table 3 reveais that out of the total 501 contributors has contributed during 2010-2014, majority qlf article
410(81.84%) have been contributed form India country. 22(4.39%) contributorc have been contribuf ed from

C.- the USA"10(2%) contributors have been contributed forrn the UK6(1.2%) contributors h,we been
contributed from Iraq 5(1%) contributors have been contributed from Australia and Thailand, 4tS"8%)
contributors have been contributed from Spain, 3(0.6%) contnbutors have been contributed frorn Egypt and
Turkey,2(0.4%) contributors have been contnbuted from Belgiurn, Brazrl, Doha, Qaran, Juputl
MalaysiaandNigeria,2l (4.19) country contributed with I publication.In which hlpothesis mo"03 is
valid."The majority of the contributions are contributed by India" Table no, 6.3.

Figure No. 6.2. Country-wise distribution of the article

S.,{. f,niail domain wise distribution of the article

l*rudies

T
03 00.06%9 Turkey

00.04%l0 Belgium 02
a2 00.04%11 Braz1l
a2 00.04%t2 Doha Qatar
02 00.04%13 Japan

00.440/0t4 Malaysia
00.04%15 Nieeria 02
04.t9%l6 single country publication l*21 2L

501 1000/oTotal

nrage i801

rt*

Copyright @ 202OAuthors

1

#.
€.r? .*-__,_-J

02



'6swai", rn tndian Ploce Nomes

IIIGC Care Journal)

6"5. No. of References wise distribution of an article
'Ihe No. of References wise distribution of article shown table no"6'6

Table no.06 No. of Beferences wise distribution of an article

It can be observed from the table no 6'6and figure 6.3 maxim articles are Aom print references the

-: majority print references in the year of 2014 were 3461" and then the minimum references are from web

references total 64 web references in the duration of 2010 to 2014 and majoritY web references in the Year

2014 arc total 33 web references are given there' In which hypothesis no"04 is valid. "The majority of the

contributions are contributed by print references" Table no, 06'

Figure no. 6.3: No. of References wise distribution of the article

6.7. Length of Title wise distribution of the article
'}'he Lengttr of Title wise riistribution of article shown the Table No-6.7

Year Print References Web References Total No. of References Percentage.

2010 922 05 927 t2.03%

201 1 878 03 881 11.43Yo

2012 933 10 943 12.23%

20t3 tM7 13 1460 18.94%

20t4 3461 33 3494 4s.34%

Total 7@l 64 7705 100%
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Em fr'Bq YsT{+ srenqR, elTfu*. qrrqcifue srTftT erq' Frq'r&rfi Tdfi qkmiqT fr-fireeT eTrs A-d oTrld.
HFR qrd moq qteer F.I:ET eTM, Eir:qr 3TkTqTsl qr"frq q-6q {urysffi orTq-!-+fi d"m
qoqTqT dil-mT uiil erg{ erq e-iro aria wq errfi T-6 ersq-dl q,rq vdn *d sGd. RrqT 3TrdEr
tn-qrqTqqes-dr 3T16-

lES IqlT TtrIIEr EGrRII :-
ckdtqT ffim srsqa-qi.qr qTrunsi frrrtlT ,rTdq {-qrq qq€IqT €-$fd S.fi ersar erS

Rqc +A st, qr{frq Hqrq q*,rr et gor qqm vqrE a-{€lr 3rTt. Frqi-n fusis grmr qr&S ql ffi
ErffiTs fufiIoft rilaqr qqpr-fi eH q-d. wq .vt +{T rnTq+q1 qrTr1m q"ilqt # +A il€T sgqTqdqiqr qqt imt qro qrel mn"r Wrt HqT-{ffi +* 

",.+. 
y6s qqm {re*"R*r5* qkrii FrqrsT, 11511,

{q-s qr+r fr-il€ fr-.i rT mrd rat qqrt"T ?rtsT yoqirT sr.fri. sR T etT} qqt, q.+r, €c-fr fta Rqr{ Er.ufr

tq er""& fr qqerr u} eqq;=r .rqq q-<nlt srserar fqrqtuT s-i6 ;# *,$ T.*r, srilGr qcqsn
ri qB-epqrk+ngrale rrt-ffirqr sreerdl o{rt.

Mvrqrflqqr{q:-

SgEr(q-s EH. sYgEl-fi {HI{lEq di wfr gow t+ir gzqq entr,-6* en:t Fptq t-dT nurT{ fffrH dTi-dtqT
GFfiT-#d €-d e'-sT{i lrrriq qstd, glt,e,, qalqi.qr c-fii fr"{rtu qr}d ea: qie1 

"g; 
qr *i alffi-f,ryP KE]Efr Effi qdd qr +rd fiqtn {rqifGffiwT SgqT-dT qr*qqr^ilr-q d--d 3rrd. oi* * F+* cnfus-dT

l+qi,T d-+ oi qT B{qnTra **1 ftpiq qmqrqr 3rt-m dr c siurT-.qT it ,-* ,qr.i, *,mEe-,rq qrer mrtf,.qq dr +fr qsfr, qTs, IEFTI, q-fr, gmrqtqr €rilgri, dawrgr, q-{uqr(T, eid"qT6,'E-d.ir +-vfr qrw,
qtrfi{-+ e€ tq e-qhd qri. Tdt srTfrT gmili sTlqqlqi *t qA xn+n HEIn!"fi vrqqq #d q.knd.
{Mrrnurq*:-

qleor Ai lueiun-qT qbTm cT+ qTtd. qTql"T qrrnn Wh+ flvre1q.pn* qT6s-d ern qr6t. wr frrroro
Giri sriH slsqutrT Hdi- d dnrd. qFtatqT frreroT H HT el enqen sg-Erqtq{ fuTrr iq-s]q ss yrs-drd.
qs qfr-dT fuFffi ar {ryi S-{q M. frttiurlT} qffiqd eri-ehoqrs, trffii-S qruhd FrqilT Eiu, ,,+-d
si11s6;tfr $$, sq Yt mruqT+ qri enq {Ts-drd. qrq qffi ffiq-dqT *eftrs +GnT Hr+ni
silrrGTI er|o v-{E -il qdH lftr'{T frct"I ffi *A* * Ell-qTq} qHiFrsHT FEI,T E}6 qTE} d.d-d p,*,q
9.[rur qrdurR iTEl' ti€T qkTiqT fu-f,rcra qHr+ 1M yqpl ffi er€ui 6r r{drcrr erssraT GRftr{rErT
Rqrffi.

1\e. flqI ffi ffe-+ ,Trrffi Frqi,'T RTet qTHr& siqmq-qTquflEn'Hq+ ffid sini

qffi{r fufim?fl6 ErqTe* ers*} :-

t
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sqqTq?+ effir * ffi- TuT ..nqt q,-a qqmq Tih+ re-dr6 mr+d em erqf,. oTM fifu-u,ETql'eqlEqtqT qrqqT Frqift-d idr srt-fr of * 
" * o#' erim erf, le-*.,6 EtrtqT Hrrsrkr ftsa,oH,TJ {Ffr{T ftrerol d"qET 3ilqe} -+a .ur+ 

".ts =r*.*d .orn fr-qr6 3{s; *- *g-}3rr*i sqleqqd Riqrr{ Tisro-dt crErs-qR} c-si Fqrqq 
trH,^ SEqi "** ec:t 3Tk.€ fu*od, ,€q, ts H}eTfu-€ fqqtuT EH erm {aer-dr* {.+ ffi"d-rr* *- fr.61g* fr* 

"*rl=. a_m@,=aeiql 3rTq-d} se'qul ffi erq{ et q*=*c unqd aq+qaqT qt{rfr 3nqd'** ril s-{.rT+fqT. T.{3rF A q-ssis fr** qr FqM.,=TT q-{qiTT-d yF, d==,* 5* eh m qro qr&. Tgq. 3nq.ilr ri*l-i,mfr$aiqqlri, qrfr-*.s{smil{qnlqgqrqt{t_g,kd# " .l

mrrfrawt, qiqnwrsr :_
rrTC#q vqrsrq{ 3r+fi trfrs, Rrqfus-r-d}, qiq{., qisT +dT qrrsr eG. g 

-rq_} HEfu.s_q qfr"trT0ffi1 ernqunqrq-Tq d,, y: oTrEi, g-fr-asc, *- #, ;.*",""r-"ffi, rer<l,*i i-cgtffi q{gT ftH4 i. .Tc E-gELeT ftr*; E",q-t +qn: to{+ +diqr Rqn +d 3Trrdqftffi Hirr, nq, fuf,H, rqr+-ffir, *-,+ *rfr--"*.+ *qr; &d era. HrrJ BirT qT{qFfrs.qqti-q*.qlqr tq ut G*qa eq errrd r*t* ,rdtr" urgrTr.qT q+qrcrerq Erduqc iqm Fd-*i vqq eT*fi
# 

*' etiT dT EEETulvfr elrn irfi. 
"d* "r** *o #'* Hiqi &-r+TaqT q,,H o.rqT *E iffiT

t

YPqa fq61q' a}+n'aqlT *-+a qqffi s{qp1Erfi-d qr#+. emq +rnt q-dqrg{Ht cqi+d !T6iar eri fufuq tq 3rTtfr' Htrd qrffiqT 
t*,,-" il d=* Rrt Rq,=nd- u,rq ."r .-qrqd, oid.r'n's ener aaq T*t* qqw *,t t" rTrEH fr"",ri.d"t .rd *# 

"r*d" yssntri43l*qTft Rqq'l q,,fr*m q-{mi *fi #, d-got ,it a "*. *r" Ei qTrfusET frrriuT swi sTfu*Tm3Trt R'ii {isT{ F*.* l*l* mr"i "r..q; ,B -*-a} chqT Rq1_rnqTqdsiqrF eld rr+n-3lTt' 
'frE,t 

h;*e *, sfr e{Ee,5a qtrmTqT €rqci-}, sr,-cqfrdr EiuqTqcn.r€?,* ffio' at-ma em* qfrEii *un-++ 
"o* 

**i'H;' qo,--qff,tm s.or*,=qr sr+s F-d}, qiq{TEeTfiqT qqsr qfrdt*{ tT .rrt ew iqtcr ETk 
"""*,*a ei*',q* dm^r-s E#* FFfu, slrie,,qFFF .ilt' qktqT dr-erdqT lsnqT qTt*rqT -r* Frsqli orcrwfi srTt qMqT *"=-"iq]Ej'qRTdt ffiT @T +iqt sqmeT eta tot .-.*" oTrt H-$q eiiT EqrqTqc ejrTqi frrffi

WqTa-dT Hq mrq tui t REit sdq .ilt.
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q q. Tiqtqilflq alErpIT q qEan rTare,fr*ur

cr. Trfu{ Er{r&rret

{T-qvn-€ Es]rT, {TFqrdr gkT rti$ qflfr-gfoq, qtcnT"

v-

lrciflq"TT

tiSuf qrcilrd Stq cerrt qrr?il 3rrqrg.a r+fir fufrq Eqc RIra ?u{ra 3rri itG. 3rre +e*,

q,lard6 Gqi?r Eqc €{ra tt. wqfd*. q.16rr$ Gqr qr ffi(t qrk cstqr ftW fu nr5. errwfi

irrfiqr qTrrrfr€ qkai$+{ Tr{rfr s{rrrrfr€ qffi cm w td .nt. rTargifoa q.ratisrd m qBai;n

emia fre eriar ir6d EfiTrafi ETr{rF[. q{rr&fi eqain rir"ffTr €r S€s xerra wr}a. qQrT riFfFdA

*tntrfu{r <qqcq*a wre qfiresdm {etrr+ fkmqsr rrqa fdrm eRrflH H qre.

ftrrreris qrq+fi srRr#d w @re| g€siar 3{Era. anr ftari 3n}a.

\tffi*, rir-5.Fr6rt 5te GaFn Eqc rmcr.nils {\r+rq fuS rftr:dT *.{grd tr{qarcr

qfu+.sqr q'rakt frqt ftrerqrnga (rr{rk6^, <r$G6'{, srFi+, qiq.Ff,+ 3rrA *fl? ga +q3 lrr .r(r.r<

qra eG. qrfrsr grFrril& rrGqr F{d6{un+ rsrq qErqffi trr<&q lrcnfra *trr
qft+fi ?r*q vfrq EIrm?FIrqt e ffiq'ftseiaqr fdqrc *ar m qFrsn€ 3rR frp(t te *, t Fd

fuqr e gtqra Frll?ritr rt"nfrf, oaattr qq qn:aqm Br} tqfd tfi TrS. qr<q errwfr E+qiTr F{ *{ra
rrqFrilT eut e* IEW +d <rfr. qrrtr{A eril*. sqa;q iqtqr qfffi qrfrrq EEa }nrrer& {rEffi Bn-t.

GCq cl=Id'Tci' C1 €dT H'6atiitfi'1TI

{lsF6l<ut t rqrqqffi \r*, T6€r+ mua qroryri ffi lrcFtr<urra EFsq rcErr{r turyrdr

sS r* SEs rrrTFrilr 3rftiF 3tG. r* S irw#q ESri ffi snIa tio Ar6rq frqr {rdF*-q ir€rn{r

ilrfV+, qran qrqT.{frunq qFdqii {rqfrtq nrqrfreftm{qr 3Tfer*, Et$'e. Brn qr qr M rrcGrrqrra HFtr

HTGITa, ffi drre re rgga F*aim fuqr Brqrqlqt ar {rvtrtrad aeT 3TrSa zrre aE6@TT q En

orqrqrF{€q m,dt sfiqrfoqdr E61rqE11 irqtrAin qr{r qrg6Tr{ren. enra r* fr r1q5r<snqgg wCrfu q;q4

**. Ttg imsr{urwqfi ersft sErfrFnn <rs{a qTENm;TrS. Fc< ffid €g.frrn" a e,{ir*ra ffi
irdP*q *xm qrer$qt Elrq=tr ylftq E6"r+ $ errwan E&i errqvqq'qre 3G" q.r6 Rf}re gea vnrft

qratt[d inqfr e.rztt{ri €qrurri qT & rm *eslqrflr& trrt rilaar ]rrTTsrttT rrcc6r<unalT eTril ffi Br]F{
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* qft+. TtsFrRq rrt Trtsrniqr qFR 6Er trrrlqren qkx e {rmq{ qryqrfir&

+jila qqr{a qta:ilar {cdi ge &nA qrF6t.

?0 ?1 qr le qr rilanta Frdga nrrFn c.Fer rrmqr<isl {cqt A y$sr ez gilfi erft. qr} yrnur

?v.t r* E-d+ 3rG. 6 {cqr srrqqffi Ffu erQ. qr ffiqr frqgg#d cr€rarrr€ q& rr*q e
ytflm'yEcqrqr qe{i* 5fi+n Er+rTnrnqrm .qF6i{tar sffi ffi E)-e. a uTao* gqr frram ErqT{
qFddl s+€Ri{r i+6€+d qrdsi. Er"t ?0?y qT ?q qr at*.nta 1g;"r vlger srcrqrci* {corr 1g;v1 iy
Eile Ei-fr. (-qr 3r{ilfqr ?00c, qT tq 1frqe*a qF@r qmerui* TiETr 6 qgivr q? g7rfr A*"

ens rrc+q F* 6 Hrmfrq Etr€r, trrkfi, frradg.-a, vrrr*fi.Tqlqiur qra, Efta ttwrrtsT Eqrfi
.' ia E-{iq< qTq q.+a .nt. srrtrfl.+ cf6at Tr riqrrflrq qd€AqE} 1i zn* BrRqrut ffi Fqiar
\
U.l* vr?rfu+ flrersr 3EqqrQs qr.iqrqtr ittta frA qA. .rrg 3rgfle qFdaitr m *zra 3nqa T{€E

rtanfufr q'rm irr* trfr. q6uri sqsi+ qsffi trw*r<qncEi ftilr y{rrnrra ftq( tt"
Titrnrr grrrd rrBfi v+ffi eri srr<rm <qttnre Gnt" Eiqi{r snrr itren#:q|+ il*r+{

ereA gFfr Err€} 3{TB. $nFi-*, q rtrqrk*' qrdqwnm u-w*,wrmtl rrF6r rrs +s qr{rA. 3nlran

tslE6rturl?r HlFffr rri*, qr* trqtre ffi yfr$rT t*k6 qr&Fr, FTfr ft1oft, lfftqT qi, wrrm ffi,
fu{qt Ecfr, reqr t rgcfrr, frrT BqR, FE. gqqr E{lE[, e. ftrrn fr*a, mn ritlr+r, grri*r rrfuft,

qErr*fr E. fuqifr ffi a,,rqFrfr il{rq5 {rsr6.rtuna qm urr& ffi guwim6 rqrq,ftqfsr affiA
tw*.
ui * qfirgerd en&r:rgr<rq <rq

,. , t t ?lqR ffi qa<rq fuEr cfi:rre.+n& r;q.,o rtttT glr gr ar&. **,srr& F**fr*.e,rrqr yEr+d

\antq trq gaqrfrsrq{ anqr$m dt. .rrq esrfiiqr rcrg ffifi riqrrtrnq qft*+ gd *dr. ?1e( mqr
?iirc+ ret t Em e{ ffi* ffi. renk*, i+toriqr fffsq5r Er En.r6ra q srensa yaTpFrra

*mwr&i qrG qs HrA A+. .nr si * wE<r ger=e erqtrm 3rrqr?iti renrqr+e fr Frn qqqqrrr6.

c€RTq r.6r+ Ffit, 3rgqfud qr* q qfifr trQa grq qFnffii qrd"n Rnfrq,lqrrq {rariqd rmerur

tta qr*q E?rtFrt rnqrk*. qqtrr* nFfiqr FdrnFrA qrsn*e rrfrqrr nrtr fre. ei qr t1..a7r 3qefri
flilfi enn'Ffr qltr;rr rrfu*,an 6r& E{61qtfr 6.rS Fdrrrdr€ *fi qrde g={ftqr+ irq.r&€ 1qTFre'

ErtrqqaqzffiffiEtard.

,:{
J$.LNA

ffi
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?

cf6{iqr.i?rrd {!T *rc*d qlxq rerm

{lr;rt6'rtol t SEsi+ fr? 3{G" afr 6rfr €au ae61. lrq6 ftrm& wfrT qtqti qiefd

ia+qr ti*qrgi fur Fr+sgfim Et\ {r€srn€ qnsiqT 116(*, "ffia" fr E+€Rrfl eiq qrqr ar.m er*"

frqw5frd Crr{a *unqr ftxqr qr xrgqr+ Et,u rrw*r<wia Ercr&crq arra. Eiqr cw*r<urrfra e frfrq

ieqrfia F€sTrrr Er FS g<m vafula ir*. qrm q({a ar rnrtqr qrr+rxim F{rr 6+d rftkr. qET erre ?

fu* ama .Tre. gf}Tlrd Bqr qr qq etT ar6fr $n{rr&€ er* qryn*ur rqr BrrfrEeqr€r+ ienfr*.

rqaTru"Ila rr€trrrft t( 3nk. F*n srriqfrrqrfl+ trwrrturttr sTrrr ttrqr 3rrdrrgA sii orrra e

r"r*r<onkq* sr?rrcetr gt Etd oG.

riqrrtrrrq qft*dr tF-drRrdn etrarcn taqrir qan-diq€ q.r& ffi qrag<rdr r*.si+ +tr€r

tear5t yq?ft+ q HrF(++ rerur enfrr wrre rfrtrrr Etr {rarttr 3Tfk6 grrum ETrA 3rG errn trqr*a
w.rm Grn 3Trfrr q-WF{d qrfr wqr&ala gRrfkd frBtrr gar6r-r ffi {tfr T+a 

"rfud 
F{qR yqr6iqr

qrffir 3ne. €.nk6 qrd*{t Fd+,rH ffidr.c rq{ nrfrr \il{+€n qrFi6 Ewr rqrqd*

q<qqrer& q.i v6nq ?qrqr *ffir {qrrfr rn#a trqfuqr qnn.

qftar aqa rrafuqr qrETqr({ RerE*EF@r

qrffi qFdaiqt qqa rreiam qrqqr(d ffi qrFl*1sar Eawfts<sr *d 3rG. ffie
3T+{ qFffir qmx nq{ wttt rre arrn q'ttfl?r q rngft*. fi@r lr€il{r i6<ina. wgfocQ onFt*, utq} g6{i

\rqrEr gnfu .q-*na qt qrfr vsr;ar* Ertri Hvr Eaaftr. q{firqr+ ffid HrgF6*. ffi" dtrq

Fqttrd e zilq q*qrmrdtt BTr.[@tr q{ffron{d til rq"r RTg} taiw g,"6ntr& q*. r+rt Erirrrrt

ar.ra sG. a arga E;-F q*t+d.q rqffi <qrqm sTFrFn *rrar am vlraa erG.

rrF@ita{r ztr qqil{rfi{r yqcrtr errfi{ E€Et Eraqrt ur+a ent" lrrrr ffire er&a irrrR *d{n
q{trrrciqr frfrq r+t qEert q'd k{ €irn #dr6{ ?e. qFffir ftttr{rerar wraqqa Hq Erra€r

frfrq qiil qrqriqz stlnEu qtc ?grntrr& ftels yorfi nr''rqrArt a;fr qre. Hiqr g-{r&-d qrate

irrtmtq{a 3TruFrqtff& frfrq rEat+ qrcr& lrttTkT. ann ymt rrfrtrr qqa rreiqr rflEurql(il rrtrsr

qrtrr&fi &qr gEEr erre qrftftm ErE{r €ers $a wqd rr BrFren E;-i{rd Essiqr qisrfi qiqr tqF rrd{

na Brt}.
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.i?rrrd {rq qqt+a cGttiar ll o/o 3rRQ{qr

lr6r{rq F{6,rt+ riqr{a rrq q{€+a ilo/o 3rRQirsr rrFSTi"n fqe 3TG. qTqT IE,R

rTFfrr F{trfiurrdi Hr+€r ftqa H. rrrqqttr#fi, ?rrgE6r qrilatfl q fr€ qrd;fiTr {trr6'Rurnr F{qi"n

{* fraretrr+ sr* rrw*r<qrr&a rerra qrat eG. qrq,iqrrd tr<.iE, .i?rrfr HR* Hgrrrfr, tdr6r qRq{

etEqa rnflrd tr} uerr6*, ritrrra anAa. .iqrrrd rre {T ertqr qrEqqTE(n nr*q q16&€ iil6i1r {rqp6q

?t gtn llun-rqan rr€rq$f q{rq{r:Tr tffi*rqrd 3{r€zn q q.r$ ve-eg"f 3tRraR renFrs trrrfrm yrq

Erdlrg] qr erfer+'niqr qFrt ffirqr* Eil{q {fr yrqfoT wdiqr firar$. srg} ie"qrfu rrerrffi

rils{E-* q<i rrm HrA Brr}.

'1
riqrErd <rq *{ra rrPdtrirn 3IrtHoI t{a qrr {t& rt-{#q sqoa* rrrrrrt ttilt wr}. errm rr$rqr

fi*sr E-6<t!ilriqr 6T€r H{srrqt miqs} qkfrr GrRHrr Giqrrq Eiiqr r+*qrrsn=m qm BTEqrq grr dE.

srsttr. srdrrFra ffifi qFdttiqr F€:nr uiqr dmddqr rqrqra t q,'a qa F*qirrAq

dI+iT. qF6ar qHtrqt *qa vrgTsrrrs' ersa crfrd, dr ?n ergo ffia Brcftntt. Er{rr#fi * lqrrcg}

fitliq frqteT E* qtqri frqil nt. urq q*qt qrcTrir s ga€ <rFril Tdqrd EfiTara Fd{r ri*,
ridmrrd, {r$ttqer E. Ffu qt err<sr q'ra erG. nrfrlT s{r{rr&fi *qr 3rrq E.fi erfir ga qr qrtRra*(a

ilk qs3 Tnqrfu*', enFim, tr;rfrq, ele{Fr*., tic{iPf+, E. +{rd tfiTEg"t qlqFnt qT a anB"

{edi'q

?. st. Tfrqr 3TRt - cftiwr{aFdqt* 3rrg+T+-*qrtqffiqR,

frtrrgtt, Bfrtrwc.

Divya Mathur - Women Empowerment and panchayati Raj- Prism Books (India) Jaipur
gi. r+{ rlr.{E*tfg - eqiqr Hsrtfi g* ererm- 3rrr{ qffiQt<T, Erat{riq.

:n.*.errc.dq - T6rq QTrtrd Er <tsttrr<sr F*il gE€ cRar{" efr*.rga, Bfrrrrrdnq.

Eil*.irq- qGfr q qddr* radqr<trorr-rr6rcrq arTtrd

si. qff.qfr. {r6ra- wgfuo qna- t.fre. qGr*rrq gi.
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.dbstract

. The study is based on the Scientometrtc analysts of 501 research anicles published in the iournal of
the Indian Journal of Citical Care Medicineduring the periods of 2015-2019. This Study wtll review on length

of the title, numbers of pages, type of document, chronological distribution of artiele, no of references print
as well as web references authorship pdttern, author productivtty and f,unher, it reveals Maiorities 4ra

articles are published by India contrtbuturs followed by the US.A and alternative contributors. The findings
must raryal vartous aspects of the characteistics and pattems of contributiotts ta the srudy.

Keywords:Scientometrics, Indian Journal of Critical Care Medicine

l.O INTROD{ICTION

1.1 Scientometrics:

Scienrometrics is the science of measuring and anallzing science. In practice, Scientometrics is often
done using Bibliometrics which is a measurement of the'impact of (scientific) publications.

Scientometrics is the science of method scientific output similar to tsibliometrics used by librarians and

information scientists. (Agrawaf AnuE, 1982); related fields are the history of science and technology
philosophy of science and sociology of scientitc knowledge, (Eugene Garfreld, 1995) ; application of
mathematical and statistical methods of scientific literature (Derek de sollq 2000); to identifo national an

international network and to map the development of new fiel& of science and technology as well as to
know the inner logic of science development (pdavJaisi Ram, 1984); this enables to evaluate the size of
scientific production on the assumption that the essence of scientific activity is the assumption the
production of knowledge (Eugene Garfield, 2A0D; open access has emerged in tho last f,ew years as serious
altemative to additional commercial pubtishing models taking the benefits offered by technology one step

further (Wasudevan K T 1995); one significant finding in the field is principle of cost escalation to the effect
that achievurg fi,rther findings at a given level of importance grow exponentially more costly in the
expenditure of efforts and resources (Manavalan R 1982); other characteristios of open aecess journals are

that author relation copyrights and they must self achieved cont€lt in an independent repository (David
WilsorU 2001); modern Scientometrics is mostly based on latter founded the institute for scientific
information which is heavily used fur Scientometric analysis (Derolg J. i995); ourrently prepares and
international methodological manual that will contain guidelines for creating applymg and interpreting the
indices based on Bibliometric data @ra Rodenas, 2001).

Review of literature:-
Kadam S.V. (2019). The studies found tbat majority Zt 1lO.Oa7o) of the nnale users wetre aware about the e-
journals whereas only 09 (30.00%) of female respondeirts were aware about the avaitrability of e-joumals.
The analysis reveals that most of the respondents 13 (43.33%) use a e-journals for writing papers.
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Kadam S.V" (201 the contribution of Research Assistant in Dr. P.D.K.\'.. ,rlola.
It deals with the Types of Intellectual assets/research Trends &Distributio::. of ::e
types of intellectual show the there is a significant growth of Intellectual Assets in the Gender.

Age, Designation, and Subjeet wise.

1.2 Delinition Anatrysis:

1.2.1 Scientomretrics:
Aacording to bank apr, M.8., and Kumabar, (i993) "Scientometrics is a more generai that

Bibliometrics. It is interesting to know, that both disciplines have a large overlap. it is surprising to iearn

certain comments stating that both disciplines have a large overlap. It is surprising to learn certain comments

stating that Scientometrics, using Bibliometrics techniques id a part of Bibiiometrics".

1.2.2 Scieutonretric Analysis:
According to (2006), Wouters, a cart intention has always existed between academic Scientometrics

and politicai ipractical" Scientometrics, the latter of which has been described as a hybrid of social science

and bur rerate expertise (2006).

INDIAN JOURNAL OT CRITICAL CARE MEDICINE
The Indian Society of Critical Care Medicine (ISCCN{rM) was formed in 1993 to promote high-

quality critical care hr India. India is the largest dernocracy in the world. With the large population, comes

the need for a large number of hospitais, Intensive Care Units and therefore doctors trained in inte,nsive care.

Unfortunately, no forrnal training in critical care was available to doctors in the medical colleges or hospitals

in India. The Indian Society of Criticat Care Medicine (ISCCNtrt"t) was'fonned in October 1993 as a result of
this need felt by doctors for some platform whereby physicians, anesthetists, surgeons, etc. interested in
critical care medicine could share their views, anxieties, problems, and data. ISCCI\FM promotes critical
care in India through clinical monthiy meetings, seminars and national conferences throughout the country.

It publishes its journal "Thelndian Joumal of Critical Care Medicine" starting July 1997 which will be made

available, full text, at this site.

Indinn Joumal of Critical Care Medicine (ISSN 0972-5229) is a specialty periodical published

under the auspices of the Indian Society of Critical Care Medicine. Journal encourages research, education,

and dissemination of knowledge in the fields of critical and emergency medicine

2.0 OBJECTTVES OT TIIE STUDY:

The rnain objeetives ofthe present study are:

1. To study the year-wise distribution of articles
2. To study the frequenay of aitations
3. To studythe maii dornain of publications
4. To study the Edomain ofpublications
5" To identiff the length of the page pei article.

6. To frnd out the country-wise distribution of articies.

7 . To find out the authorship pattern in the publication.'
8. To iind out the reference of the article (Print as wellas Web)-

, ;i
. it

",r

3.0 I{YPOTIIESIS:
The following hypotheses are formulated for the present study.

1. I\4aximum articles inthe year 20tr'9 we23l.
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4.

The majority of the contributions are contributed by FourAuthors.
India is a highly productive country.
The majority of the references are print references.

4.0 SCOPE AND LIMITA.TION OF THE STUDY:
The presenr study is based on the Scientometrics Profiles of Joumal oflndian Journal of Critical Care

Medicine. 2OLO-2014. The present study is based on overall 501 articles ftorn 2010-20i4.

5.0 DAT^A COLLECTION:
Data can be numerically expressed that is quantified quantifiable or objective (Fasibs off and Dely,

1990) the data was collected from the joumal of Critical Care Medioine, a total of 501 articles, from 2010-

2014.

6.0 DATA A}{ALYSIS AND INTERPRETATION:

Scientometrics analysis is a branch of bibliometrics. It is an important research tooi for the

understanding of the subject it aims at measuring the utility of documents and the relationship between

documents and fields.
The present study is based on the Scientometrics Profiles of Journal of Critical Care Medicinefrom

2015-20L9. The present study is based oir overall 501 articles from 2015-2019.

6.1. Year-Wise Distribution of Contributions
The year-wise Distribution of contributions is shown in Table No.5.1

Tabte No. 1.: Distribution of contributions

Year Frequency Percentnqe

2CI15 51 rcJ7%

20t6 56 LL.Wo/o

20r7 60 tt.9'l%

2018 103 20.55%

2019 231 45.01%

Total 501 100%

It can be observed from table No. 6.1 out of the total 501 contributions rnajority of the contributiors
i.e. 23l contributions were corfributed in 2019 were as minimum contributions ie. 51 contributions were

contributed in 2015. In which hypothesis no.01 is valid."The majority of the coutributions are

contributed in 2019" Table no, 01.

6.2. Authorship pattern of contribution
The Authorship pattern of contributions is shown in Table No.6.2

\,,
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No.6.2: pattern of contributions

The distribution of the Authorship pattem is given in Table No. 6.2. The table shows the multieuthorship is predorninant 1fusn single authors. Table No. 6.2 &Figure no. 6.i indicates the majority of thec ontributions are eontributed by fourauthors. In which hlpothesis no.02 is valid. .,The majority of thecontributions are contributed by Four authors', Table nor2.

Figure No" 6.1: Authorship pnttern of contributions

6.3. Country-wise distribution of the article
The country-wise distrfrution ofthe articre showed the tabre no.6.3

Table l.[s" 03. Country-wise distribution of the article

b

L

of
Sr, No" Number of Authors Percent

1

15.570hI Trvo 84 1 77rh
J 83 16.570
4 Four 106 21.160A
5 65 12.970h
A Six 48 09.58%

Seven 17
ag

10 02.00o/o
9 AuthorMore Than 20 a//o

Total 501 1000h

SnI{o, Countv Frbquency Percent
1
.!. India 4i0 81.84%,)

USA aa
L/- 04.39%t UK 10 02.00%

4 han 06 01.02%eJ Australia 05 01.00%
6 Thailand 05 01.00%
7 a4 00.08%

i)age 1800
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It can be observed from Table No. 6.3& Figure no. 5.2 the corurtry-wise distribution of contributors, the

table 3 reveals that out of the total 501 contributors has contributed during 2010-2014, majority of article

410(81.84%) have been contributed form India country" 22(4.39%) contributors have been contributed from

the USA,10(2%) contributors have been contributed form the UK"6(1.2%) oontributors have been

contributed from lran, 5(L%) contributors have been contributed from ^Australia and Thaiiand, 4(0.8%)

contributors have been contributed Aom Spain, 3(0.6%) contributors have been contributed from Egypt and

Trukey,2(0.4%) contributors have been contributed from tselgiunr, Braztl, Doha Qatar, Juparl

lvlalaysiaandNigeri42l (4.19) country contributed with 1 publicationln which hypothesis no.03 is
valid."The majority of the contributions are contributed by IndiaD Table noo 63.

Figure No. 6.2. Country-wise distribution of the article

6.4. Email domain wise distribution of the article

8

kr

00.06%039 Turkey
a2 00.04%10 Belgium

00.04%a211 Brazil
00.04%a2t2 Doha Qatar
00.04%a2Japan13

02 a0.04%Malaysiar.+

00.04%a215 Nieeria
a4.19%2L16 single country publication 1*21
100%501Total

Page 1801 Oopyright @ 2020Authors

Y



ISSN:2394-3114
Vol-40-Issue-49-March -2020

ihe Email domain wise distribution ofthe article shown the table no.6.4

Tahle No" 6.4" Emnil domain wise distribution of the article

Emaii domain Frequency Percentage

lahoo 219 43.7r%

Was 1"39 27.74%
Vsn 51 rc.fi%
Uzbrusse 40 09j8%
{Jw 03 00.33o/o

Uniypm 02 0a.22%

ulb 02 40.22%
single time publication email 1*39 39 07.78%

Total s01 1000h

It can be observed ftom Table no" 6"4 there were as many as 2t9(43.71) authors used the yahoo.l39
{27.74) authors used the wusmemaii domain 51(10.i7) authors used the vsnemail domain and 46 authors
t sed the uzbrusseemail domain 3 (0.33) authors used the UW email domain .2 (0.22) autlors used uniform and
temail domain and one publication of the mail domain used 39(7 "75) their email domain.

6.5. Domain name wise distribution of the artiele
The Domain name wise distribution ofthe article shown the table no.6.5

Tabie No.6"5. Domain name wise distribution of the article

Edomain Frequency Percentage

aa.be 426 8s"42%
40"ln JI CI6.r8%
ae"r 06 01.19%
4q,"jp 04 00.79%
ac.uk 04 00.79%
be 03 0059%
ca 03 00.59%
co"ul 02 00.39%
single tilqe publication emau.ll*22 22 04.39%

Total 501 100%
It ean be observed from Table no" 6.5 there were as many as 436 (85.02) authors used the ac.be.3l

(6.18) authors used the ac"inEdomain. 6(1"19) authors used the ac.ir Edomain and 4(0.79) authors used the
a,:jp and as.uk Edornain. 3 (0.59) authors used to be and caEdomain 2(0.39) aurhors used co.inEdomain and one
p:blication of the Edomain used 22(4"39) their Edomain.
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6"6. No" of References wise distribution of,an article
The No. of References wise distribution of article shown table no.6.6

Table no.06 No. of References wise distribution of an artiele

Year Print References Web References Total No. of References Fercentage

2010 922 05 o'r1 n"a3%
201 1 878 03 E8t 11"43%

20t2 933 10 943 12.23%
LM7 IJ 1460 18"94%

201,4 346t 33 3494 45.34%

Total 7&l 64 7705 100%

It can be observed from the table no 6.6and figure 6.3 maxim articles are from print references the
majority print references in the year of 2014 were 3461. and then the minimum ref,erences are from web
references tolai 64 web references in the duration of 2010 to 2014 and majority web references in the year
2014 are total33 web references are giventhere. In which hypothesis no,04 is valid,nuThe majority of the
contributions are contributed by print references,o Table no, 06.

Figure no. 6.3: No. of References wise distribution of the article

6.7. Length of Title wise distribution of the article
The Length of Title wise distribution of article shown the Table No.6.7
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Table \0.6.7 of Title rvise distribution of the article

Length of Prges Frequency Percentage

Otrto5 400 79.84%

06 ro t0 90 17.96%
,l
1L I,U

1I 5
noVO 0rj9%

tr6 to 20 03 00.59%

Total 501 100%

It can be observed from the table no 6.7 and figure no. 6.4 the majority articles length of pages 400
erticles ftom 01 to 05 pages" Then90 articles rvere from 06 to l0"then 08 articles tom 11 to 15 pages. Then
C3 articleswere from 16 to 20 pages and lsmaining four articies were from i6 to more than pages.

Figure no. 6.4:Length of Titie wise distribution of an article

7.0 EbIDINGS AND CONCLUSION:

1. Thehighestnumbers of 231 (46.010/o)ofpapers werepublishe<i in20lgcontributing.
2. 36 countries carrying out research and produced 501 articies. India is the top producing country with
410 publicatrons
3" The majority of 400 ofpublications have citations fromOl to 05"
4. The majority of referenees are from print references"
5. The majority ofweb references are available in the year 2014.
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MORPHOLOGICAL AI{D PHYTOCFIEMICAL STUDIES OF

ZEYLANI CA (Linn.) (CHITRAK)

Chavan S. T.

Departmint of Botany Rashtramata Indira Ganclhi College, Jalna. (Maharashtra)

Sepa1 Chavan6 5 6 7@ eilal=

ABSTRACT

Plnmbago zeylanica ltave been grows tltroughout tropical and sub-tropical climate of tie wortd.

These plant 
"tia 

pi man)) years to te;t health dtsorders and prevent diseases. Tltis plant broadly used

fo, commercial propagation due to its medicinal properties. It contains several bioactive compounds. The
-motphologtcal 

itudy ielps for correct identification and nomenclature o.f plant. The chemicals present in

,roi, tt"i ond leaves drugs are analyzed pltysicolly as v,,'ell as chemically by qualitative and quantitative

meary, Physical parameter like colour odour and taste of powdered stem, root and leaves drugs serve as

prtmiry datafoi drug identification. The estimation qualitative as .s,ell as quantitattve method of various
-chemiials 

prisent in root, stem and leaves is assumed to produce specific data weful in standardized a

particular drugs. The quantitattve analyzes of chemicals lilce nitrogen, crude protein, crude fat, crude

fibers reducing sugar, ion reducing sugar, total sugar etc. mayfluctuate wtth the age of the plant, season

of the collection i"n"" these values are not considerec{ as u'iteria, but their use in combinatton rottghly

gives the idea about purist o-f drugs. Their values with little variation should be accepted as a base for
itandardizing a drug The qiantitative analysis of a stngle chemical or element should not be considered

as strict criieria for standardization or evalua-tiort. Sintilarll, presence or absenice of chenticals i- e-

- qualitative analysts of dnrg will give ihe criteria to e.valuate the drug or standardize the drug.

Key Words: Pltmbago zeylanica, morphology, medicirral properties, Phytochemical.

INTRODUCTION:

nPlumbago 
)eylanica commonly known as Ceylsn leadwort, doctorbush or wild leadwort. Carl

Linnaeus described the Plumbago zeylanica and pl.umbago scandens as separale species,_but they are

currently considered*synonymous. P. zeylanica is known as Chitrak, meaning "the spotted one". Three

different types of chitrak that is w,hite blue and red flowered repotted in country. There are about 7500

medicinal plants species occurs in India.(V. N. Naik 2000). P. zeylanica is one of the valuable medicinal
plants o..rrc throughout the India. The people who live in rural areas around the world depend on

medicinal plants. Nor.v a day's also, every village and rural aomtnunity peoples tried and tested locai
plants for health care. Plumbago zeylanica usecl for various diseases i. e. skin diseases, intestinal

- problems, abortifiacient, cardio tonic btc. The morphological studies among root, stem, leave and flowers.
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The chemicals presents in root, stem and leaf drugs ser\/es as primary
Estimation qualitative and quantitative of various chemicals taken together

data useful in standardi zing a particular drug. .

MATERIAL AND METHODS:

de

,O,

The samples were collected from the medium sized authentically identified plant species fi'om

different locality of Marathwada region of Maharashtra. The root, .stem and leaves were removed

carefully by hand pricking without damaging the plant. Each plant parts dried in shade after drying
grinding the material and made fine powder. Each parameter has separate procedure.(Harbome J.

8.,1984),

,

MORPHOLOGY:

Plumbago zeylanica (Chitrak) Family: - Plumbaginaceae P. zeylanica I. sp.pI.151.1753: Hook F.

Fl.Brit. India 3: 480: Naik. Fl. Osmanabad 192.1979. CHITRAK. ry, N. Naik, Flora of
Marathu'ada.page.513.i9:9) -

Vernacular names: - Ilarathi: Chitrak Hindi: Chitrak, Assamese: Bogq Manipuri: Telhidak angouba

Tamil: chittiramoolam, karimal:. N{ala1'am: Vellakoduvell, Kanada: Chitramuliki, Bengali: Safaid-

_ sitarak, OriJ'a: Ogni.

P. zeylanica is widely distributed in India plant is perennial under shrub i.5 to 2.0 tall. Its active growth
occurs during rainy season and ceases in post flor,vering stage.

Plumbago zeylanica grows throughout the tropical and sub-tropical climate of the world. There are

three different types of chitrak that is white red and blue flowered reported in the country. Leaf.is simple
opposite 4-10 cm long,3-5 cm broad oval, pointed, smooth and shiny, root are light coloured in inside,
when fresh and reddish brown. When dry during sufilmer season plant remain almost leafless under
natural condition.*Flowers are bisexual and rvhite in colour. Calyx is persistent and tubular, with
conspicuous viscid glands. Fruit are green coloured rvith sticky hairs when young and become dark brown
when mafure.

Flower occurs from*September to November & fi'uit oecurs in January to February. Chitrak can easiiy
propagate through stem cuttings, or seeds

MEDICINAL PROPERTIES:

The root P. zeylanica is poisonous plant that is used externally in small quantities,

internally to treat range of disorders, skin problems and intestirral worms. The root is abortion is

Acrid diaphoretic. A paste of plant causes initation increased blood flow slrreads, the clearing of

toxins from the affected a.rea. Chewing the leaves or drinking a decoction of them is used for

abortion in early stage of pregnancy. Crushed leaves applied on skin probiems (Useful tropical'

plants Database 2014 by l(en Fern). The Flowers are used as digestive and ieaves are used for

.:
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scabies infection and dysentery. Externaily a paste is applied to painfuirheulnatic

et.a1,2003). Root, leaves and bark are used by native of l(erala in diarrhea, and skin

Root used in filariasis, depigmentation of skin ancl generalized srveliing ali over the

of root applied for rheumatic joints. Plant is used for digestive disorders, pile,.worms,

as cites and iiver diseases. (Ninan and Geethamrna,2OOg) Fiowers containplumbagin,

zeffanoneand giircose such as leaves contain pliunbajin, zeylanone and bark of root contain

plumbagin. (Satyavati, et.a|,1987).Alcoholic extracts ofplumbago zeylanicashould strong

antifungal against tfre pathogenic yeast. (Mehmood et. at,(1999 ), (Marian et. a\.2000) examined

the antiviral activity against Coxsackie virus 83 (CVB3). Root has many medicinal properties

and is used in Ayurvedic discipline (V. N. Nai( 1998)

RESULT AND DISCUSSION:

At present number of species of flou,ering plar-rts ale used for medicinal properties in India. Most

of them aie knon'n local names. The multitudes ol local narnes, imperfect botanical knorvledge as well

as adulteration in rorr.maienal available in the mar'l<et have lead to controversy in respect of identify of
genuine plants drugs. Obr-iousl1' this has resulted into inrirure and ineffective Ayurvedic medicines.

Although there is great iemand for these medicines, this adulteration and ambiguity of raw materials

musr be careful11'deai u'ith identification of u,hole plant material, as well as market samples is an urgent

needof da1'.

PHYTO CHEMICAL STI.IDY :

The chemicalslresent in root, stem and leaf drugs are analyzedphysically as well as chemically by

qualitative and quantitative means. ' The physical parameters like colour, odour and taste of powdered

stem, root, leaf drugs serves as primary data for drug identification. Estimation, qualitative as well as

quantitative, of various chemicals taken together is assumed to produce specific data usefui in
standardizing a particular drug. The quantitative analysis of elements or chemicals like nitrogen, crude

proteins, crude iats, crude fibers, reducing sugars, non reducing sugars, total sugars etc. may fluctuate
with the age of the plant, season of collection, hence these values are not considered as criteria. But their
use in comb-ination roughly gives the idea about purity of drug. Their values with little variation shouid be

accepted as a base for standardizing a dmg. The quantitative analysis of a single chemical or element

should not be considered as strict criteria foi standaidization or evaluation. Similarly presence or absence

of a chemical i. e. qualitative analysis of drug rvill give the criteria to evaluate the drug or to standardize

the drug. In Phyochemicirl investigation the samples of root, stem and leaves obtained- from Plumbago
zeylanica species were studied. The parameters used are-

A) Physical parameters: -

i) Colour: - The root, stem and leaf powders of Plurubago zeylantca plant species root, stem and leaf
drugs have following colours: Plumbago zeylantca rcat -faint brown, stem - yetrlowish brown, leaf

- dark green.
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ii) O?our: - The root, stem and leaf powders clrugs have foilowing OdoLrr

disagreeable, sterl - characteri stic, Ieaf - dis agreeabie

iii) Taste: - Ptumba{o zeylanica root - intensely bitter, stem - bitter, leaf -

B. Chemical analysis: a) Quantitative analysis: (Table No. 1)

: 1) Dry matter: Dry matter value for Plumbago zeylani.ca plants organs is different. Dry

Maffer of root is 53.80%, stem is 43.5g%ancl leaf is 42.07%.

2) Bulk density: Root bulk density is 0.437mglcrn3, stem is 0.344 mglcm3 and leaf is 0.263

mglcm3.

3) Total ash in root is 09 .7)Vo, stem is 11.60% and leaf is 07 .42%.

4) Adid insoluble Jrn in root is 0.1soh,stem is 2.50%and leaf is 1.25%.

5) Percentage of acid soluble ash in root is 09.68, in stem 10.15 and in leaf 06.30.-

6) Percentage of u'ater soluble ash in root is 3.0. in stern 3.5 and in Ieaf 3.5.

7) \\rater insoluble ash in root is 06.80yo, in stem 09.55% and in leaf is 04.46%.

8) Nitrogen in root is 2.76Yo, in stem is 2.52% and in ieaf is 3.33%.

9) Water soluble nitrogen in root is 1.155% in stem is 1.765% and leaf is 1.650%.

10) Crude protein in root is 13.06% in.stem is22.87% and in leaf is 14.59%.

I I ) Reducing sugar in root is 2.910% in stem is 3 .282% and in leaf is 2.977%.

1 2) Percentage of non reducing sugar in root is 2.t)6I , in stem 1 .432 and in leaf is L .37 6.

l3) Total sugar ingootis 1.213o/o, in stem is 1.545% and in leaf is 2.815%,

14) Crude fat in root is 06.02% in stem is 8.03% and in leaf is 10 .07%.

l5) Crude fiber in ro6t is 14.67% in stem is 19.739/o and leaf is 24.05%.

l6) Percentage of cellulose in root is 14,22, stem have 17.08 and leaf have 2?.36.

17) Gross energy in root is 3.9}%stem is 3.30%and in leaf is 4.g8%.

18) Percentage of calcium in root tszA?8,stem - 2.204,leaf - |.761.

I 9) Phosphorus in root is 0 .28% in stem is 0 .28% and in leaf is 0 .32%.

Extractive values: Table No. 2

€*
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20) Extractive value in water: Extractive value in water in root is 12.4%in stern is 1

Leafis 17.02%.

21) Extractive value in acetone: Root - 3.002, stenr - 4.6% leaf- 5.4.

22) Extractive value in butanol :-R oot - 3.4yo stem - 4.6y0 and in leaf _ 4.zyo.

23) Extractive value in chloroform: Root - 5.4%stem - 5.2y, and in leaf - 4.0yo

24) pxtractive value in diethyl ether in root is 8.0% instern is 7.0% and in leaf is 3.4%.

25)Extractive value in ethyl alcohol is root is 5.9%in stem is 6.6%and in leaf is 5.4%.

26) Extractive valueTn methanol in root is 15.4Yo,in stem is 13.6%and in ieaf is 15.7%.

27) Extractive vaiue in petroleum ether in roof is 0.8%, in stem- 2,4yoand in leaf is 2.30/o.

28) Extractive value in propanol ether in root is 2.4% instem is 3.4yo andin leaf is 3.4%.

b) Qualitarive Anall.sis:

Alkaloids: Alkaloids are present in all the species under investigation. Almost ali the alkaloids nuu, or.or other Medicinal property and hence, ih"i. p."r"nce in the -firledicinal plants is not.surprising.Anthraqinone: The anthraqinone test tlgy?a itr p."r.,r.- in prumbago zeylanica stem, rridoids:Analysis of iridoid testreveais presence of iridoid in 'ii;;;;g, ,eylanicaroot, saponins: Saponin wasreported higher from Plumbago zeylanica root and stem ind negative tesi ofiaponin reported inPluntbago zeylanfia leaves, st"eroids: p.*.t in Plumbago zeyranica root, stem and leaves. Tannins:Present in plumbago zeylan'ica.oot, steri-and leaves.

Chemical parameter Table No. 1

{a

Q">

Sr.No. Chemical parameter Root Stem Leaf
1 matter 53 .80 % 43j9%
2 Bulk density a.$7% 0.344% 0.263%
3 Total ash 09.70 % |t-60% 07.42%
4 Acid insoluble'ash 0.15% 250% t.25%.
5 Acid soluble ash 09.68%, 10.15%

Water so{uble ash 3':O% 3.5.4/o 5.s%.
7 Water insoluble ash 06.80 % 09js%
8 Nitrogen 2.76% 2.52.8% 3.33%.

E._, 42.07%.

06.30%.
6
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Extractive values: Table No. 2
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AESTRACT

Clematis heynei M. A. Raois wild as well as ornamental species abundance occurring in

India. These plants have been used in the indigenous system of medicine for a long time.

The morphological and anatomical 
-studies 

reveal that there are not able difference in the

plant habit, leaves, stem, root and flowers among this plant. Morphology and anatomical

study also helps for correct identification and nomenclature of plant. Anatomical studies

included observation of transverse sections of root, stem, leaves and petiole to understand -
the nature of different celi arrangements in these parts. The chemicals present in root,

stem anC leaves drogs are anal1,zed ph1,sica11y as s'e11 as chemically by qualitative and

qua:tr:iEtive parameters. In present stud). reveals morphology, anatomy, medicinai +
properties and phirtochemical studies of the piants for the correct identification,

authencity of drugs. The details are presented in paper.

Key rvords:Clematis lteynei,morphology, anatomy, medicinal uses and phytochemistry.

INTRODUCTION:

The Ayrrveda date back around 5,000 years and is widely considered to be the oldest 
*

form of health care in the world. India is one of the mega biodiversity countries. There 
*

are about 17800 flowering plants species ocflrs in India out of which about 7500 species

are known to have medicinal properties (V.N. Naik.2000).Many medicinal plants with

wide distribution have naturally several local names. Some of the well known medicinal

plants have more t[an one Sanslait name. Descriptive of these plant species is shofr,

imperfect or unscientifically documented. This has naturally led to the confusion or

controversy in their genuinely and correct identity. It was revealed that in some drugs,

there is contamination of other non-medicinal plants in the form of small and fine powder

in some drugs sold in the local marliet.
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i
Clematis heyneifo*Uy known as Murva Devi, Dhanurmala, Dhanurguna; Churahql,lr;r,

! ';
Dhantili, Murhari,Moravela, Morvel Moravela, morbel, Ranjani, Morvel,Clematis hey!gei,,1'

plant used for various diseases i. e, leprosy, blood diseases, heart trouble, vomiting, boh'r;:i

itch and to kill parasitic worns. Tlie Morphology studies among root, stem, leaves ,rN
flowers. Anatomical studies include observations of transverse section of root, stem,

leaves and petiole to understand the nature of different cell arrangement in these parts.

The chemicals present in root, stem and leaf drugs are analyzed physically as well as *
chemically by qualitative and quantitative means. The physical parameters like colour,

odour and taste of powdered stem, root, leaf drugs serves as primary data for drug

identification, Estimation, qualitative as well as quantitative, of various chemicals taken

together is assumedto produce specific data usefu1 in standardizing aparticular drug.

The samples \\'ere collected from the medium sized authenticalll, identified plant species

from different localities of Marathwada. The roots, stems and leaves were removed carefuily by

hand pricking without damaging the plants. In Phytochemical studies, plants powders ofroot

stem and leaves of clematis heynei species were under taken for chemical analysis. Each

parameter have separate procedure every parameter have different procedure. +

Clematis heynei M. A. Rao(MORWEL, RAN iADFamily - Ranuncunlaceae Juss.

Vernacular names: -Sansk: Murva, Devashreni, Devi, Dhanurmala, Dhanurgurw,'Hindi:

Churahar, Dhantili, Murhari,Bombay: Moravela, Morvel,Marathi: Moravela, morbel,

Ranjani, Guj:Morvel. -

'-.'$

N[aterial and ]Iethods:

\rb
\-f-

Description: - Extensive climber; all parts except the old stem white tomentose. Leaves simple

or once ternate, entire or shallowly-l - 7-lobed; the lobes ovate to orbicular,3 - 10 x 1.5 - 8 cm,

rounded cuneate or cordate at base, mucronate at apex. Petioles, twinning, 3 - 8 cm long;

petiolules 0.5 - zcm long. Flowers white, 2 - 4 cmacross, in axillary, corymbose panicles; tacts

foliaceous, ovate, acute, Sepals 4 - 6, spreading, pubescent on the back, glabrous r,yjthin,

mucronate. Petals absent Stamens many, | - L2 cm long. Fruit, achenes, ovoid, compressed,

silky villous with long feathery styles. Frequent on bushes along gullies in open forest, along

stream bank ect. FIs and frts - September to December.

Page 1180 *
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Medicinal Propertes:

The juice of freshly crushed leaves and stem of Clematis heynei has

(Chopra et. al,, 1940, Behlet et. al., 1966). Clamatis heynei, in Roth. Sweet,

not stimulant, laxative, stimulants, secretion of the bile used in leprosy,

fever in thirst, heart troubles, bilious vomiting, externally applied to boils, itch and to kill

parasitic worns (ICrtiker and Basu, 1980). Flowers showy and fragrant, plants are used in

Ayurvedic medicines for leprosy and fever(Yadav and Sardesai, 2002). Plants are toxic, (Maiti

and Singh, 2006).

Anatomical study: The study of gross internal structure of plant organs by the technique of

section cutting is called plant anatomy (Pandey, 2002). Interfasci6ular cambium restricted to

these strips of cambium l."-ing bett'een primary, bundles rvhich do not in their activity form xylem

and phloen'i cut mere11'parenchlma as Ln cio.matis. (Eames and Laurence,l947). Scleroids are

u'ide11' cisrnbuted in the plant body (De Bary,. 1884).

T. S. of Root: The transverse section of root of Clematis heynei shows that the cork is the

outermost layer; it is composed of 5-7 layers. It has squariesh, rectangular or irregular shape with

impregnations. It is intemrpted at certain places. It measuring 20-25 x 25-75 p Cortex is

undifferentiated and composed of 5-13 layers, cells are large, irregular measuring 30-45 x 55-

100 p. Endodermis is in patches of l-2 layers, pericycle is not clear. Phloem composed of

squariesh or rectangular cells 4-7 layers. It is measuring 15-25 x 20-35 p. Vessels in patches, 2-

3, rarely single circular or oval. It measures 30-60 p in diameter*Vessels are surrounded by

fibers. Ray parenchyma is uni or biseriate. Rest of the space is filled by parenchyma 4l the

center thick walled treachery element are affanged like a small pith. Because of abnormal

secondary growth xylem elements are distributed in patches. +

T. S. of stem: The transverse section of Clematis heynei stem shows epidermis is outermost

layer, it is composed of rectangular or banel shaped cells. It is intemrpted by unicellular

trichomes. Epidermis is measuring 20-35 x 30-40 p. Hypodermis is single layered; cells are

barrel shaped, slightly smaller than the epidermal cells. Cortex is composed of 3-5 layers. Cells

are circular, ovate, elongate and loosely arranged; it is ranging from 35-90 p in diameter and 30-

50 x 40-70 p. Endodermis and Pericycle is not prominent. Vascular bundles are bicollateral and

*
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arranged sickiy in ring. Phloem is composed of 3-5 layers, it having

tangentially elongated; it measures 10-25 x 20-30 p. Metaxylem towards the and

protoxylem is towards the center i e endarch. Vessels are single or in pairs.

walled radially arranged. Large pith is 
'present at the center. It is

parenchymatous cells, the cells are circular, thin walled, loosely arranged, and

ranges from 40-70 p.

T. S. Leaft The transverse section of Clematis heyneileaf shows typical dorsiventral structwe.

The epidermis of both surfaces is single layered. Cells are rectangular and covered extemally

with cuticle, The upper epidermal cells are 30-40 x 50-60p in dimension while iower epidErmal

cells are of 25-30 x 30-35p. The number of cells of upper epidermis are elongated and covered

by mostly confined on bicellular uniseriate hairs (trichomes). Stomata are anomocytic type and

present only on lower epidermis.

Mesophyll is differentiated into two layers viz. palisade tissue and spongy tissue. Palisade

tissue is in trvo rows of elongated chloroplast containing cells on upper side cells measures 20-

25x30-50p. Spongy tissue is loosely arranged with intercellular space on the lower side, which

measures 30-40 p in diameter. Stiips of transfusion tissue are also present between palisade

tissue and spongy tissue. Midrib portion is bulged towards adaxial side of the leaf and epidermis

is as in lamina. The strips of collenchymas appear aiong only the upper epidennis. The cortex is

composed of parenchyma. The vascular bundle is surrounded by a parenchymatous bundle

sheath and is conjoint, collateral and closed. Xylem lies torvards upper epidermis and phloem lies

towards lower epidermis. The protoxylem is facing tou,ards upper epidermis.

T. S. of Petiole: Transverse section of Clematis heyneipetiole is more or less oval ofwavy in

outline. The epidermis is single layered composed of compactly arranged squariesh to barrel in

shaped cells. The cells of epidermis are imall, thick walled with moderate cuticle, which

measures 10 - 15 x 20 - 25p. Just beneath the epidermis there is multilayered cortex which is

divided in to outer cortex and inrrer cortex. Outer cortex is 2 - 4 layered and composed of

compactly arranged collenchymatous cells, which rneasures 20 - 25\ZS - 35p. Inner cortex is 5

- 7 layered and made up of loosely arranged parenchymatous cells. The cells are oval to rouid in

shape and varied in size, which measures 30 - 40 x 45 - 70trr.

o
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Vascular bundles are arrarr3ed at the each corner region of petiole and are six

These are conjoint bicollateral, which is bounded by single layered p-arenchymatous

Metaxylem is at the center and protoxylem towards the periphery. Metaxylem

their diameter ranges from 15 to 251t. Phloem is on either side of xylem, which

Phloem cells are smaller ones and their diameter is 7 - 13p (Plate - 6.22).

Phytochemical study: I) Physical Parameter:-

Colour - Root of clematis heynei is whitish brown, stem - yellowish brown, leaves- greeJ.

Odour: - Root- odorless, stem-specific, leaves- disagreeable

Taste: Root- tasteless, stem- slightly sweet, leaves, astringent.

II) Chemical parameter:- (Iable. I)

1) Dry matter: Dry matter value in root is 38.22 o/0, in stem is 53.88 o/o and in leaf is 42.70yo*

2) Bulk density: Bulk density in root is 0.387%o, in stem is 0.344 Yo and in leaf is 0.282%

3) Total ash: Total ash in root is 09.80oA, in stem is 1 1.60% and in leaf is A8.45%

4) Acid insoluble ash in root is 0.15o/o, in stem is 1.50% and in leaf is 08.45%,

5) Acid soluble ash in root is 09.65%, in stem is 10.10% and in leaf 07 .20%.

L_'
6) Water soiuble ash in root is 3.0% such as in stem is 55% and in leaf is 2.2%.

7) Water insoluble ash in root is 06.E0 %o in stem is 06.10 o/o and in leaf is 06.25%.

8) Nitrogen: I.95o/o of nitrogen is in root and in stem is 3.08% such as in leaf is 3.33%

9) Water soluble nitrogen present in root is 1.87 5a/0, in stem is 2.190% and in leaf is 1.560%.

10) Crude proteins in root is 14.00% and in stem is 22.87% therefore in leaf is 14.58 %

1 1) Reducing sugar present in root is 3.444o/o, in stem is 2.949% and in leaf is 3.466%

12) Total sugar present in root is 2.354Yo,in stem is 1.412%and in leaf is 2.646%

Page 1183
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1 3 ) Non reducing sugar present in root is 1 .090o/o, in stem is I .536% and in leaf is 0

14) Crude fat is in root is 0.60 % s in stem is 12.35% and in leaf is 13.09%

15) Crude fiber in root is 14.65 % in stem is 25.7 5% and leaves are 20.555 .

16) Cellulose present in root is 13.25Yo in stem is 14.85% and in leaf is 23.38%.

17) Gross energy in root is 3.88% in stem is3,10% and in leaf is 4.38%

18) Calcium present in root is 1.45P/o in stem is 2.224% and in leaf is L763%

19) Phosphorus present in root is 0.28% in stem is 0.35% and in leaf is 0.20%

Extractive yalues: (Table No. 2)

r)

11)

IID

rv)

v)

VD

vr)
VIID

x)

Extractive l'alue in H'ater in root is 12.2a/oin stem is 10.2%and in leaf is 11..lB;

Extractive value in Acetone in root is 3.05% in stem is 3.4% and in leaf is 4.8%

Extractive value in Butanol in root is 3.0%, in stem is 3A% and in leaf is 4.8/o

Extractiv'e value in chioroform in root is 4.2% in stem is 3.2o/o and in leaf is 4.2o/o

Extractive value in Diethyl ether in root is l.\yo, in stem is 2.6% and in leaf is 3.2oh

Extractive value in ethyl alcohol in root is 8.2oh, in stem is 8.8% and in leaf is 8.4%

Exkactive value in meth4nol in root is 15.3o/o, in stem is 13.8% and in leaf is 15J%

Extractive value in petroleum ether in root is L8 o , in'stem is 3.2% and in leaf is

3.2%

Extractive value in Propanol ether in root is 3 .5o , in stem is 3 .1% and in leaf is 3.3ok
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utqffii{utenqqat

3r{qqT q ffirq qE-#qr Bqq}T *er erq{ utkffi Equ vrqqi"T oilqq +d-dr unt
Tiqridq, ffi6 drs, +rrn*m ErRs-, Ezriz aisr{-qt Ef,t Fptq, ** r"-*, **6. ffi
3T6-qrm S. +fi-e qiBfur srm{ drqTn onor ent

-miU 615i115, Hqrfld i[f€FJI

sfIIfiIIE+II{

Efl{ q*mrfrm 
EdwIET tPltf, snT qtid{ dtrqra frfter-s vd*lyn{rs6 qiqi e-en of qfi iTq-d

SqeqT rTEi qfrqB? qqrq sqrqt ffi gr*fr Hr@r{' *m elq eTmfi qrl hffif, ft, sq wrrTfi et e-.{i
3Ti6' qi eqrqt qr*qrffi qead Fn'qtEt EI qqn En:q ftlqr fu qr-o-ar gm ,-*nfr-- srirqT ee.oor-qT
eRn qTkd frq-sqr 3-sEffi .riqfi ffi *rfr qrq ftdr wq prst E} 3Ten rfrTrql qffi q..rT qr&
H-qt-q qlqmqliEt qTq{ s-dt'{ onqs sffi eq+ rrwi* qr"n qrqdq swqd qT+iT q6 eil}n. *q qfrRmt

{rrr{urq} 
"{,Et 

fu+ FaR ilfrd
' q{ ma rw frrft-c; lT6-dT. 4l ET sT. st-fl1 513ffi qq1q ffiq sr-qr;rfi nqr eH q g+m fq-di*dl :
3Te.n qHi"T TiITd-dTi frqR #,4r ru ,n+ se fEs-r * qqt g+l srs ffinq aqR Hrffi ,r*" ;
sqrt uqffirr ard-d qqt-q{ qTqTrd-d qra. anrr i-er*-qr oTw B-.qT-* qqnirT qruTdq ffi. rlqtqT rTu,+
furrT src-+'"ui Rli srrli qrql'frt fo+* s<i rrdr a * ** qrer e-a] Tsiri rrr-.qrr<f
R_dl@-r"ql r*nt itm--q, ssf,rd qr?4Hii.qET 6rf, qrl q"i {Ht.

Ia=ni*Yrfttql 
eTrdlsiorfrs'rTf,}trHmiqT-fiqdriq-{geftEr*frqrT 

GTrirfriFffiEdE ETn 3Tr-d
sTrE qRFprflt qu teus-o Br-* ei]"ir i*lulrd ' E ' E}B-dqThrA laat (6{ra qr 3-q6i qiEil} q]saq qEn 3n_d_d.

ffirm FT sqid qr-ar qr-*r :+ra

ii6 G' lEiq-T iqina qq,fa

Frflrdd qq{Iqi 1Tqd-q mrim oe+ ql.ungr.} aq** qqi+t iqrlsT +-dqT qTd s,.a= {=+rrrErdT
rqo:gt qTfiqfiI fi.I_{uir{l6T qflT rniilrqm forafr ffid qy[e-*iq tio eft]-sT=qi* ea.ra E,ET q.qat*
tn-ai eNuqiqr Fpiq rdqd G-l'r-ri ElilIr cElirr+q drrdtiT E,.lq.n qrtq q,r'rql l-i+:q-.*qi +=.rji q?i.i-,-i

wra qrfr 
'iln-q:m ffiq ** e1sRt tr,ar olrr -rrfrq q-c+q,r f\qq- +t< oiarin E{.Frfi tnrii *ruq*

Fqql'mT oqrr rffi-qrq elil e+ter rie;griqEt ffi toewiflqrq qt *rrdr +rnr dn ** "ii .3T{ri

.ffi{Ti' qTJnRqrfiqiqT qqi-d?-s Elt"il quTR rrT-6. 
" 

o*a* q{ qwqr 3nFr-*TiT e*r qs<rjit *xnr g
I-f,T nT ai m.e;ifr !lq{ ETs Td. Fqrdr , qq1q.1T]_.j .nqt eri Eiil ir$.
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i['r{rErEtgtr{€fi

6rqud rrq fr-sq+ tnuqrqi q-qEETli 5c< Me
rretq nqng {i{qT qiqr{t qa'd qT {€nq q-{ dsqts 6-oq cFr@T

d#

etftTlq 3TIfu

Elid gT

:
$prTer +q-c-r;qT q-ddf, qlud q@ aM ezrerq ?r|flTf, Hq 6-{rrr.qi{i mr

Ad qm qrd a1A T+;,nt-qT ilr€rd qcr-{trTtd 3rE{ 61 diqi 
"}rrit 

td qrd rT61 t-€T sffil{fl

sqs ffi. n-$-q qr r{enqrqr Et{iqT furer-s s-qa u.rni. i?Tkim qzqrc.n {i€rm 3tffi€{ 65a q56 3n6-6

qT {€}d ffi-q s-{qr-:z{T q-fif* Hkiu IfusT ET{azmn-qrd +d 3ttt .qq-} mrqt reloT 6{uqdF-Sr {-al-nfi

-1+iq ruur +fu anin.

rrffiTqqqriEfrq

qe1q.{cd sld-*eT Rq.g* ?q-rt BRtq-{ fltli=qT+ Ht6H:{ / furr+srii R.{{q qt6qrd +dIf, q-c+qT

to qT Yl-ggcT} q.ffitrT Frntq qH-f, srfrq ena srd qd clTJ {flrc-d w{d ulifiqi en:t ffiui'-ro

qfi s-5 51q;n q-rdid fu-qr grqrrer qrq fu-qrr yT+,il rr-fra @ etqT q"fsr"qr wYii]Yi qdql-{ e;ITaq

;-rrri El l-+n ffiH-cqTsik{iTld sil-f

iqx erqzqrft,tii

,rn-dq drqErr{i qrx d-ar SsF s{u-qrd eml qn qrx ort STKI 3ndf, dr"{c s{Eil.E'I{ 3flatC

eroTR ent rs g lotS t-fr frtq-s HId q qrffit t-ql mt-sqlii t 'rr1 c-$ s-4.

qraq-s"tfi q qrffi uet a-$ ex'rA qt -ry iEii rrqq-drli q-;Itl {EqI M. q 'i,gqTft r"qq

lTqq tffi siqffiqTquft W Hrdr qT q.at Srrfii rrwuai;at el ;r€-dmT qfi qieq {{a,i Frqtq grar

eni 3nfirs-{eqT qF-ns ET (t ff 3ilt. a dqli Fqi{ 6{'qT-A ft-oq IT{f,'R a-{e!ll{ eni qr ffif,tf,

ffimT vqoi 3r$ ffi ,rd-d ffi qtA qr €qqiffi slFr+ q6zqr qpn-s 616ffi sa kerqr q*i qET effi

qRq{Ur finrqq qTd.

3ilit+,qszcr Simtqr qrqtnT q1 e.cdrya {-qqe{s} Tc dr*z rT}eci qrt .n 'l rrqeziEi Ea

zrqz qr.mr qriR qtEl *g 3r-r-qt qqffi wdd qr ft-*.{iq?i q-ilrs q{dtq rTrrkfi ElTdtd. q,l t srlerrl
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?\e. ffiH'qfiTrrEiqr{t

fi. Etff {'e
qr$ frEIq sgs ,{rqqrff sRr qiefr irdltrqT-dq, ql?r4l.
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YTm-fr}q rirrd

al-S'dTs"qffiq q)eqtqr5d gw eqrdrAq W :fiTuTl-?ir rildqwTqT yTadEft.

t-o arrcn ftrelon-* qt qqfqTr& BqS HriqtTS rrff"T, aiTfrru"Nft, Efrf,,

q-i-d-fr5-tr et"o gc< e-qrrffi vt*d fl-d. t rqf,,t 3ry{q qrflrTtql qiq aTrrd RrTd e,r{qr

qlft-ft-d €r*<!1116, sffi"A qm-{q aA q$-fra fa'RTE .rofi erfl Efrq s-c.nr-fl srrqm{ urqe rto
cil{ff,T.

e-d.6 M .DT-& tM 3r{krln S tM efi s"+flTfi-d qhilft-'o-cff, ft-qrrf, e-srqm

qr"{*q{ ?ifta qq|--o-fi-+c, ,]lqi s-& qiqiT, qqmq g. sucrrqq{ eq-m *o orq-a. qitRrm lHTk(q"r(r

rtffi-d. nrRftq-oTa qfrfiq qgo errri. srcrT trtFrqrqr yhET t-s-{ 3r{nq+ ?F{ri qE€Tt

ds.
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T potato (soranum tuberosum) is a vegetabre crop curtivated alr over the worrd .It get fficted by

various pests and diseases, an oltg these fungt plays maior role for destruction o{ tuber and get

heavy ecr:nomic ross to the curtivators. potato tuber rot caused by sclerotium ralfsi, for control

o.f this clisease Fungicides Thiram were founcl ffictive against sclerotium rolfsi that check thet>
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potato (soranwm tuberosumlis one of the most irnportant nutritive food corp having rich source of

carbohydrates ,Protein, vitamins, trace elements' It is used in cotton industry for sizing cotton' also

used in papers industry .the important aspect of the potato are manufacture of alcohol (Chaddha'1994)

In the view of above, it's offer a pernanent solution of problems such as hunger' maln,trition 'and

unemployment(Khurana,2000;shekhawat aml Naik ,1999) Various pests and diseases get affected such as

bacteriaandfungiplaysmajorrolefordiseasedevelopment.TuberRotiscausedbyfaultyhandling
during transportation aoo in storage, Different diseases is affocted such as btack scurf, common scab,

soft rot ,brown rot, dry rot,tuberrot(Robert ,1940;Gadewar,1989;Khurana '1998;Wakle 
and Kareppa'

growth of.fungus

KEYWORDS:-Fungicides,Potato,Tuberrot,SclerotiumRolfslThiram

IIX?RGBUCTI*N

?000:lVakle 2015)

In the present investigation attornpt has been carried out to control the growth af sclerotium

rotfsi. By using syntheticfungicides Thiram'

MATERIAL AND METIIODS

The efficacy of different synthetic firngicides were tested by using Potato slice method

(Solunke 1 989;Wakle and Kareppa, 2000)'

potato slice of 75 mms diameters and l0mm thick were prepared. The various concentration of

Thiram were prepared on the basis Of active ingredient i'e' 100 tol000 micrograms per

Pase 1428
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5mm myc*lia mat of scleratiune&*{si. \1rerr i*ocuiated asepticall,v at the
plates coftteilin-E p*tato siice wers i*cubated aa rosm temperatire i*
growth of SclerotiumRolfsi .lVere msasured in mm at 24 hours intervals for
were presented ia the form of percent control efficacy.

RESULT: Efficacy of Sclerotium rolfsi were tested against Thiram (Daua and lvfayeelgS5;
Deshmukh and Segest4 l992.Kareppa and Gangawane, 2001; Wakte and Kareppa; 2000),the
chemical fungicide Thiram at500 micrograms per mitlilitres soncentratior shows highest
inhibitions. At this concenffation shows 100 %fungal growth of

Sclerotium rolfsi were arrested (Gangawane and Teddy l987).therefcre the chemiEal ftngicide
Thiram are most effective to control the growth of pathogen-

TABLE: EFFICACT OF THIRAM AGAINEST SCLEROTITIM RoLFsI"

Cc*e" I't day 8th day

I t jl I 9ii.lr- I .l.ilil
l alrl 86.3S 7 - -1

\+. (r-f : i .x.-rl

-i{} il t'i i
r \a_* 25.19

iiril liitl iit(i
i:iii) i i:{l I iiit
SE -i.tlir i.ils
C* 13.2s 3.57
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tTia!:nrnala fmaJi Cfusgt {Bwt.d Msftsm*tiei& Esnr{€h f}r*hprrde {Dsr d Fhlrit*}

t*Bsrbn€ttrtn [ndira Gsndbiarts Cammcrre& $+imcr mtlegr, Jalns iiH.Si

"+BSTR4CT .
Th* dieleftric prtprties, bcth e', {rcal part} a*d r- {imlrginary parf} of rornpler digle$rie
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ge;*s,*r€,Eremt sf df*;#eh{* gr*gcr*i*s fer:a**E* prcert4gee Ef s**-st*r& ***Scr*ts,,T}ts

53+#** exeg:lide tc*:riqx* i* as€d fer €eieE{ric ffi+Eur*re*: # agugxt*m*tcd e*

- 3*ad *ieitnate te;sl r*t op Tk k*t rypare €@g t*&irye k 4*d ts c{telak
€ckcrri* coast=a{ =', *nd d**t' ri* Iffi, dr, *ad emgre is tfrsir ffi&*srr*#n*, The

iaiumtarT &ta obteined are tueftl -fsr the inturpretatisn *f rlnts in r+ru*# seusng

eryii**tie*s*ffif5mlartyi* agdeidtare, *
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E+ii saiinrty eeu$€d hy natuml or human-tndumd prsffisffi is a major envtronmenlai

*esrd. Neady 4trs* *f a${ irrlgeted &rd * saft**ffe*t€di BrrS thE* pryorfi*a **& t*
i*ryame fr* sptrt+ *f *emidembh efforh d***=te{t* rmd reecrarmpti**" Thi*,rc+JEF€s:

rer*fu! mc*itofngbf *ts a*fl safiniff *hts ard ta*afi*n t* eu# degrada6ryr *erda,

Err; sefir[s *ustahaHe land use and rnarmgtrnent Multiternporai optiet and -
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forc*t+,ad *mm) B*iElg s*{1*6re *te,&*s**ui&eff}* {air*rcft, balte***} sr sFeee*b*ffie {eefeffiEs*'

spaiE shutries) platf*rms. The elecrmtrBsElsfic radiation is u*d. ffi 'd$ iBfEfrtfrioa rarrier in
*

-Remrs sm*img &erywte sffiEififfi ryiey*,pma$ve ]&#,qr *s& ssls6rs. $g#*frvs sffi$flffi tre

tises*- r*,hisfu *fir** sefur*l radi*ti*as, nitker refket*S er effiitt*d ft,ere ttt* gs$-fx, *n th* cthcr

hsas, the 6*estrs, s#hi*h preduEe their *&r! *!*#rertr*grq*ti* s,sdi*tieil- qr* catrt*d e#ivc s&?s*rs

{e,g L{*&& RA5}AEI}- Irr pareixe nris*rra1{€. rer}d$-Esil*iE1g th* radiemeta ryeaslset ttee

*miasiyity *{,s+i}, wker** ia ,€*is* nm+ee sr#*drg t&e red*r fegqfE tfue b*-s*trfei=g, *

wtu aftherrlil Dathtuots ilqardoad*{aris prqAia- of wilTiE.wryIfrdi*frde

constd b a qsut of tb cbcric prqccb of tb sfica It onsixt of tropac: thc real

prt, frora r tb ddaiE ffir O) d L e uc of tb *mry of a-nuerid ts te

p&ized ad lcc Gncr3r. Tb iairy p- t,} b r re sf fuAey ofthc rfrsitl to

discip*c $md cangr iro H, *oo:ttldtr tbr+csiu

61+t-j€'

S@tefftu{qbrdie##st
fkery@ sf.t!++p q h*igni@ Eranccstashgryplic*iom-

MATERIAT A!{D MtrEOD

The aoil +mBk is solleed fffi lo6i0n Hitu& If fi|'fiI"!{ hgihdd ?t5?'2i "8, HmH
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DIELECTRIC PROPERTIES OF PARTIIR SALINE SOIL AT 5.2 GHz.

WVijayKan{le.

Ahstract:

The dielectric properties, both e', (real port) qnd e" (imaginary part) of complex dielectric constqnt

qre measured for Partur saline soil at 5 GHz. The study also includes measurement of dielectric

properties for vmious percentages of moisture contents, The Shorted wawguide technique is usedfor

dielectric meqsurement so using qutomated C-Band microwave bench set up. The least square fitting

technique is used to colculate dielectric coltstant, e', and dielectric loss, €", and errors in their

measurements. The lqboratory data obtained are useful for the interpretation of data in remote

s ens i ng app li c at i ons, p art i cul arly i n agr i cul tur e.

Kel.rvords: Saline soil, Remote sensing, Hyper spectral; remote sensing

INTRODUCTION

Soil salinity caused by natural or human-induced processes is a major environmentalhazard.
Nearly 42% of all irrigated land is salt-affected, and this proportion tends to increase in spite
of considerable efforts dedicated to land reclamation. This requires careful monitoring of the
soil salinity status and variation to curb degradation trends, and secure sustainable land use
and management. Multi temporal optical and microwave remote sensing can significantly
contribute to detecting temporal changes of salt-related surface fearures. Airborne geophysics
and ground-based electromagnetic induction meters, combined with ground data, have shown
potential for mapping depth of salinity occurrence, Constraints on the use of remote sensing
data for mapping salt-affected areas, Results of various remote sensing image techniques of
(TM) data were used to show the spectral classes and the corresponding areas of the different
land uses covering the region, and to delineate and map those areas that are salt-affected, and
finally to monitor the temporal changes in salinity in terms of its severity and real extent for
the period under investigation. Results of the study have indicated that a serious salinity
problem exists and it is getting worse. Moreover, it calls for an urgent salinity management
program to control the spread of salinity and to reclaim the damaged areas to be used for
economic agriculture in Maharashtra state.

Agriculture productivity is affected badly due to salinity in soil. The agriculture
pattern of cash crops is day-by-day becoming popular for obvious reasons. More and more
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161



f
. 

OUR HERITAGE

. i55N; 0474'903OVot-68' Speciol tss'u'e-3'8

o N E DAY N ArIoN AL to * t t*i* il'* tiie"rr-aovo'l cEs IN scIENcEs

Held on: l3"February 2020'

oroanized bv: Departmeni; ilY;;;' C'HEMISTRY MATHEMATTCS'

BoTANY & zooLoGY Shd;;t};'i'"t*""a science colleee Kannad'

Dist: Aurangabad (MS)

MATERIAL AND METHOD

The soil Sample is collected from location latitude,,19" 56,48,,N loneitude,,76o2|,31,,8,

parmr which i, i" M;h;;;;il * pir,.lur*.'iii.'r";iin.:::l::"d soil sample is 7 78 and

Ec 36.40ms our"rop"i'lr[r'*.rtn"r"a coou"ii basin materi'r'-to* is saline in nature' The

saline soil sample drv and different p.r..ntiit ff moisture contail i% - 30% are prepared'

Dielectric *.urrr.*Jnlr';f ^,,,';;;;.I.*pf.ti[ 
Jon. ut 5'2GHt at room temperature"

ExPerimental set-uP

The C-Band'mic'owa'c bench setup tJol Hin{l'11'' 1954) consisting of a lou'

power microwave. ,;il;VtO, irotutor,'cla*ial-*aveguide. 
adapter' aflenuator' SS runer'

slotred section uno ,o',iij,.i..trL ..,,rrr.;ffiili;;tafi. of the seiup is shown in figure 1'

Microwave generuted by vTO #";ilil.ted through passive componenls o[

rectangular *uu.r.nfiit';;il oiJt.ctric ttii*'in pl'trttf itntlgr"at closed end' The source rs

t,,.06 give 5 2 o,#il.*,iffi +rdx1ffig,ffiiijjJ"*';nry;rff;xn'i
affi',3ln:*i.,*,,l'',;T,];,xxiiltiT',1y'ffi :kjlT'i*xffi ?TL?.',Tused'fo
measure power rc,,,.,ti,r"ng 1l? 

,9ry1 iin.. rr1. cletector is connected to a microammeter

and ro the pC to ,.uO uJO ...Jrd the mea#;p;;;'liit p'oUt tiit on slot line such that the

tip of the tunable ,}i;. o';;.ir.r.o "ri;;;;;; 
moved io'*utoto and backward along the
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measured from the minima of the standing wave pattern
2xF=[

The free space wavelength in determined using tn? relation

t7t_--+-
I; t.; t';

where L? = 2a -_ 2 x 4.73 cm = 9.46 cm , 'a, being the broader side of the c-band

rectangular ri'ave-guide.

The real and imaginary parts of the complex dielectric constant are calculated using the

relations

u =17
A source code for computing dielectric ;onstant has been developed" The numbers of

data files, for different thickness of-samples arecombined to get single input data' which can

be used, in the source code for calculating dielectric constant and loss'Experimentally

CalCulated dielectric constant e' and loss e" with error in tneasurement in both At" Ae" are

tabulated.

(s'- F')\

-l

4nz )
e'=)'3(+.

xBsF

Y
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Fig.3 Variations of dielectric loss Versus Moisture contain of Partur Saline soil
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,jzl q E-nr aftr+rfr {6qTIn drd 3l{-dl-4. IIITY t]TFrqT qlt4qrF qurq 1l€ 3rN@.l-f,T qr2l{ m lqat q-*

s-fl{i (sqq 3il{ rr$:d' '
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q. qs E€ *s fcz f€ (Look Easi and Acr East)

t=tizftr sT-dr-#f, 'rcdra qRTE 
'trTwT 

t qig*ri o,tr-qqT* .,yiqT or*nufr d,Ttr Etd. 3r+fl-+-r,
sr"i s' sr;dl' -I]TIqT qT {iYiTi-{d ;'qi, 6111 otoqmq qkd +{€, {i(rT .Ii"fr grrd .inqr.rE rTrc ;i;. *r*
yd-s-Sd ryiil qrrorfuqzfr {isTe iircqq fiqirrT Hrd.

qrE qror itrakrr qfrlfq dE iT?r*te=d_q gdE$" {rEtqd {qtrlq_dq Tis_drm {ryTni6} all]_erqIIY qlTnTm 3rq-fr-q kmT 3ilE qTIdH 
Tis-.crm {Ercrtqf, tr,sil Look East t qiwT r-qq Act East ;} r:t,or.

3Td.-d-+A :lri. srjqTc riilJErq s}rr{ qlqi qTrt irTrq qTCdTq 3ilfoq:ri qdprgn sTqTd +d 3n_6. E w_fl__n
YtisdB {Q q€ asltd'rqT, qd-{rr-ql, q-rrlTq {flTE} neirT srqT{ -rS <*, ffi iEfuq rsTi? *.R srqq1ry{isqqt{rrdffiffi.

?. €rS qr {d{A*.rurw rrr (SAARC)

EftruT sTTfPrqit eDTq rl-dsiff TiTzil EnTq EEh TiqzrT qr wr*_qr ffim,, fizT ii_+TH dr ^,a1.rdf+ go 3il-t wq anm qrrmi {i {qzrar {e-+zr-flnrg6 
=.,nrE-+F q.r_= ,'r=. rE # ,2. t*i

rF';El- Hr=i; nv+o Tr6-{;Tei 6-6= 3---r--rE-+.;? :F=E a; -;-, , ;z== ;-;_ .i_7 ___=. rr_l==F_--.
air-dTtrT, igta, 

=n-r+, 

qrfr-{IE, dlEisr, rTtrrrTurfilq agET TIy q;-fi -ffI EF;6r qa.:rT,.HpT #ir. qr
rl,q,qq sT*f,, gTfu-Rrq qTra EffiiT qiqTifl-f, q-dq-{ sci ETrqTg qd-*r"i FTa 316

i. nTmrE@T (Gujrat Doctrine)

'rTriT+ qrql .iaq*tT{ ie-$rrr Tqtlm uffi ry-6_ffi6q qiq6tm $qq UelR qr€t_d} HrS Bq1q
:]-:--::' :....: -=*r:- ;. {ffip{ *-f qrA dri, -lti"r (Core_peripheri principle) gq{TFT qffi elpd q qTfukTq
--= =:=r-ar Ekiqr*{q r+eni gF eTtt q{E eBTqqd-d qT qrd* s*-o flia--1 cr-61. u qr{
:--=:= .-'== 

'--i- =rEi ryr=fr E-r qF{ trTqfrs e Hk+EI E:rsEI 3rTi qufuT q?ru-; q*fl.e *fuR,
'- -i - -=- ='=-- =--i Eiq q-€-d 3ili' qr qfrRroto E-f,f, sin-qTgr-& TqiTm qi-s +-d ETa q-fs qknT
:-----:--=: :---=-
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Q
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Te{Td 
qi-q1 q-d q11fl q'.ilfs<T{ qi-qrq"ne *q{iors, e'i{tfrfr, lTw+tq, 3{Frfi {iEq Er erd' qt

El<lqr +tq_{-qr {rqfuq qfi 3il€ di eiger &rdl. 3{ar cq;R ql(,Tf, e;t?Ir 5ET elEdT a-r E-or d:Tf, (.6q-l-q

*-{da qrsl.ti"T fuors m-rrqr

6. q6saiqflq6ffi$Itqq

€kiztfl-{ 6ral-d r{raTi 3{kwdT erqml vfr SwTr *-fl 3ruET dt T TftTA qrcEra qlwT elq-drEi

ifrlq-r4T ElEq Era. ilt-* arifus-qr q: - {flq fiqirT $€T E 3TqkmT qRilqTw cRlE s.l-dl. ef,q]q 6-rakT

q16- 3611q;1rts-rqrElqqorc6re-f,isri-d{TS{:}iil{{qq 3rit sTq rrRdIA.qI{T 
^Eni"Ttfe--q-R{iufre{

==!, 
rlsE-* ar 3mfrf; E1qE1c1r $"rRTd flE- qlT stqa q!,qr ld E< Ef1.{ S(t *iqIE 6 fiI *{ {l-q-d

qrrdFi foffi 6l rd sr?t zr isrflT{ q{w {iEs qfr{a fla-

t.,Etii rEiM trrfdra Ssq qRt {FrIqH mrr*- +aa. -TR-dTT qrFeq-m {q€t-dd-4T tieErl{Ta

qrEilq fi:-T 614r. vrq arrar Cfqd-€ qfoRn, ,fl"{6t, qffi, qI{qR, *{, tldr{, +gla, qfi6qlfufkI-{ qT

irgiffi iietl gtTr{usTq rrnori qrnv :izreq efir-qE{q; uqtl. m-i-d 3Tit.

\. qr8rr qffi+ EFIzrrr Trffial qrril o.{rqrflT& rerit wut

{i1ffi {Te {iEFn (united Nations organisation) uNo Et $q-qT 31Tq i}id{dq qlf,at-qT

{TiildT q g-q{€lT {rs"qra mr{ m.ri. !{rdTqT qT {€}+{ s lsrsw e-qq qrTlf,tf, qffi r{+i a 3<d

tII\.iO qr qtqqrq{ Rls-{oq-q{ ilrf,rsr lepqm srre g+qT g{q1T qnE-H 6rilq qalRl{@'

,.,=, u,inqffi-il trrra t'er ks EqT-sTqrg{ q-+e s-q(T Biid 3llfrrqlE sqdsrdl-d ,rT{f,TE sffirfi e{q, erl-rd[*

{r.{" *,N-{ qe(&, ,{R-dTs} ot*{ql, Ektqqlqq ,rT{Elt gdd R-d eriqA +I(lq qT {?i ET-di-qr fr.-dR

6er fo qr{f,rdr g{e{ qnN-*i s'rqiT TNrs-{€ urd 6t "11firs} 
qT{uflr e+rt qr qTilstf,r q,Tffi-f, eefl{I

trTisTqatfl 3{rt

l

1

in.

Ilc

{lrl

!fifkr:q"iq
I:{Xq'{a?
irlr{ffi1rt

frst{6r&tsffixfiE}*

xir&'s snrt sw

xrqfrxq?$ry*ffi t q".rlq

:I;fi{
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il' .'-

T.a{Tf, 
qi-qr c-d .-lrfl q rrfisRTT qjeTrnfrcT *qilom, {rl7i-s, Il-{o;tq, 3rfrffi {ieq E{ qii. qt

eTqrsl *fr1qr.rT {qfuq qrq il6 ai erWr t-qrdT. 3{flr c-+Tt srqrfi sfrqr 5ar er{ar 3g{ {d{ *lxn rc-*ri

anui e'ri+,trizT fu--flg e'{lEI.

6. qfl-s6iqttrd{cg{riqer

Elrizrnr fl-a-rd 3rTrdTi 3{iilrrdT efqrdr vfi 5te;n +ET .3rsfiT nt trrr.di.Rrr'^.zri slt+r El-q-qrdl

wqTzqT El.E T ETd e. 
",rq-d 

arift*a-r:r- ' TirTq ifii,rT FlflT q 3rqh6T srnilrTF aRTq'g{rf,T. d?illr 61-al-d

rrira. a:+rr.a. fslqT a, Taq qr q-ilrniql-d-d eqq{ 3iil rr-dq 3rTrd 3Trq inlaH qrnsfit.lr t telr q{"frsT

a1n .;-qi =; aa>i;:{:7rTqi:irt---lzr 31E qH nrd-a q"- - c"; 1E El-.fi V<T fffol4 srarfr qf{ $-sd

qrrdr-r- i.ai+*; r,irr fld 4 .,rTird-r qlttE +iqq gEqrTd ila

qTeT11 r-yiffi "rT{f,Tq 
+ie?r qT{s {qpn-{ fl-5q; q.r*. 

'ttriTq 
qri?eqd tiqm-+tq +iqtnqrq

sp1;q kaT 6TdT urq aror ffifl qTl+Rr{, ,fr.fsT, qiTcil+{T, rqrqqr. =fiq, 
tlnr{, qqra, 3lfi5'ITfr'm-{ qT

11trffi {EYl qtrTrrqrs -{I{dl-i q1{lE riTTcq GfulqIJqS q-{cq F{Tf, rn€

\. g{STf qkei-k+ i5-lqE[ Trflzlitt qTqT 6-{TqTgr& fcftt q;rot

eg--fi rtr €q-.{T (United Nations Organisation) UNO Ei {TccT qTf,atqr

{Tin-dT q g-cq-{€rT {Enqra qrq ero. q{ilqT qT {iptfl gq fu=rE arqa qrrf,T-i{ ffi riad. a nt<ii

ffi UNO aT qqqiff Ss-drqTE{ qrarqT fu,qrs oit g+* gGrT qfts-+i sl{rl sr{rsfla

qmq;-{uqT{Ta} q6i;'6ircsEeHTqTqTsqes-{a 3ni afqTqri:qdsrd-f, qTrarA *rffi-s-TsTrc, q-{ard}

ffi w{1qt4$, ut-{flr"} dtEi{itrqT, enixmqq lrl=re 1+a ffi qTqd q}r<q qT R.i qdrqT kq"R

u,uq grr{ qRflfir E-{alr vfiY(t qrqq R\rTa-q-iq ffi *- -rTrdT-.fi ar,rufr elrt. qr qTqufrmT q,Trfi-f, eEf,i?T

q{iqTqar*dT 3il}

$dtryrrE*
j.,i tqtqt

ffictr6sT

fsst*q'tetcrq@qp,d

.x&'fi lggcrt sq

$q*as?ifryffiqr{'+k
rsy{
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q. clqrd-{r{ BTu-dselr$ilErdft 
TF6T qr{rrrsui uclear state)

s-{r.ri iqrqrqn qEq-di w{cr* aG. qr qrTdrdt qq q-qHflT r]l-r*wra nE q"n
TIrtsT qR qrcTq-q} qA. ,+nn qr] gTu-crg. Tiq-{ 3r€-mT il0 qrrdrs} 3Tu-{€fliq-ddr E} r{rf,,,q amqnTr€Tg {fl"{
nI s-44 3Trar{erun-€Ta },Ti rilnd 3nq@T 3rrq61 t1-{u1d FrE ffi 3rT6 St, q1-1f,, 6r IE6:qq CqrqlEi
E{iler 3TUqgi"T qRI Ei{qR qt} q ff{a; 3ilcrqr.ryaTd} arrqwe, *q-an-q :iu-+*rizi Ffq-dT mlE'

.il{fl ..e*flEq-m ry 3Td. q-d-flqerq 5} qqsT ffi {Tqrsi} cqrfi-d qE-{ ET {q}_qrsi
3nd sR&:.Tddqr;iti st+ qsr}fl tqq sT qwq-qT rrc-{z 6{eT qTqd qr1o,[{ 3r+ftEn-, .4qfta-+,r,

fuq,ei.s, qqtq aflr* xErS fucqflq s-{T{ q_{q e-r+;T?i ercq-,{ 3Trd

e" q,?a €t{il Etrf.q-{il d"t

Rq d flats't .lTfflsT deTA 3r?. aruzT E;il-:rF- = -.i=t::;t-EtE== * ;:,r)==Z_+7Fr
3rT-d qt,d sl-{ e q'.-m fu-frr.TaT q,-iT q-'rTa- iz rTad= zE. =i.= ri],.,---Tz-, -.-rrF EE.Erar ETEtrii

Td 3T1-d qtq qrnTq 3rrrEl !-Frgn-{rctr 3rt€r-q!-q* qq ,rT-{nTq qtrq qtt,rT t Friiirdn Hq .iq-fi
q-* +ruqr+ 3rB' 

'gilinTtrT 
3ffi€T fi-sr€Td ffi}q{d 3Trsr{c' 3di. eTwh--fiqrail fuq q q*dr. qs.? iaT

T{ Frm er}' qr g.il-d lmnEl (,TnT rr{F{E s.ror nt sdqq s'r-drf, rr{ q ,rT{dT* *ff eqro 3rTfrTqT cisrqr
qn *rqu-qrg qqdq-o ffiA
a. qi'fu+am ;i,ata unry srlrurmqa E-arilr

qlidr.4 E-R-{lqt\{-q r{Tf,rn q{<ty tnqnT d rrT.s61a ddm {TrE-d srTA. qf6wq e_{T_q,ri ypT

*isenqr€Td] qrrdq 1T-fiffifr ci-& Trffi} sTqt Et,m Eid} ,rTfukrre} gkfi *vfr r*t* arrt 6 erifr+r q
qaT {EirT q-r*q tlqrqT qTim+ qrd-eri qq-e +ar ert Ti1-ff rtqiqT ffid qr{fr E qiiq-wrq qtlT
q-{w{iql3m}q - rior'erg* ,n1d qia11qrq sTrqm sr{-E qT-q rl-+if,r m-& wE qdqTq

sr-drd.qTCdTt qmq ,ipunsr p1-,T irmT qra eil-dr q6-elqT qmfrq. qrqiq.r jrTq.

+-{di 3ni. qrniT qE-C elrt. *iqro si +( clqi +S eqro fufrq sI-dT +eT
q{rq q}t 6-o-{ rlT{ardr q'+r at-fq R-+ q-ffi qn-d1e{ -T{nrq} onaregrtrr oiTt

\-

Hrixrfl{ 6r-dT-#d e ?q qT fln-sT-.fto qT{illq 3ffifr-!-sTiil !H6 EEq eilq-iarmil
3fld-{-{ qaro ercizil:n'+T-drdT-f, BTifr{TEiq qfrftrn}.M,r et$. *iq* qirRrfrT ryqo_{ qT{m* eTrq,qT
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Dielectric and Emissive Properties of Sorghum (Jowar) Vegetation
at C-Band Microwave Frequency

Ashish B. Itolikaru*, A.S. Joshib.GFEEffio*, V.M. Aroleu*, M.L.Kurtadikar'
"-Department of Applied Science, MGM'S Jawaholol Nefuu Engineering College, Anrangabad-431003, Maharashrra, India.

bDepartment of Appr*O *** I 1052, Maharashtra, India.

"P.G.Deprtme* of Plrysics, J.E.S. Conege, Jatna-8128, Mahqrashtri, i;fr;.

Abstract

MicrorYaYe interactirln ',i ith earth resources like so.i1 and vegetation provides useful infonr-ration for remote sensing
techniques. Such interaction is mainly governed by a compler dielectric propeffy of target material. This pape?
reports on laboralo:', measurements of complex dielectric constant of sorlfruin vegelation (leaves) at iobm
temperature t3('tC ) at C-Band microwave frequency, \ron Hippel (shofied rvaveguide) nrdthod is us'ed to ionduct the
mea-surene::s, The measurements were performed for freshl"r;cut sorghum leavis as'a function of moisture content
t'r u.::: :.::.':ated C-Band microwave bench. setup.u,ith movable ieflector. The least square fitting technique is
u.ed lo cal;ulate dielectric constant (e'), dielectric'loss (e")_an.d.errors in their measuiements. einissivity and
radiometric brightness temperature is estimated from measured dielectric properlies at different angle of inciaenii
for dr1 and. moist sorghum leaves using. Fresnel e-quations. This studl ii uieful for interpretatio[ of microwave
remote sensing of vegetation and applications specifically in aericulture.

O 2019 Elsevier Ltd. All rights reserved.
Peer-review under responsibility of the scientific committee of the International Conference on Materials and
Environmental Science, ICMES 201 8.

Kevt'ords: sorghum vegetation, Dielectric comtant, Microwave remote sensing, Emissir,itl

Available online at www.sciencedirect.

ScienceDirect
ELSEVIER Materials Today: Proceedings 23 (2020) 236-245

ICMES-2018

l. Introduction:

Dielectric behavior of the material medium is prerequisite to understand the electromagnetic (EM) wave
propagation in that medium. An electric field of EM wave at high frequency in the Microwave (MW) region
interacts with the earth surfaces (soil, vegetation, sea water etc) and provides significant information for remote
sensing (RS). In case of active sensor, backscattering coefficient and passive sensors, emissivity are the parameters
used for interpretation of MWRS data. Both these are the mainly the function of complex dielectric constant of the
target along with the wavelength (),), polarization and incidence angle (g) of the radar [l]. Soil moisture
meastrrement by using MWRS satellite data is a regular practice in agricultural interest [2-3].To interprets properly

* Corresponding author. Tel.: +91-9822020998
E-moil d&ess : ashishitolikar@jnec.ac.in

221+7853 O 2019 Elsevier Ltd. All rights reserved.
Peer-reriew under responsibility of the scientific committee ofthe Intemational Conference on Materials and Environmental Science, ICMES
2018.
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#*?i$fl,"{,:J,]JT:iffi'#;ff:l,r#,,,"#], :.rTt,,J
The complex aielectric constant is defined u, fr&#rnaterial to absrrrb, rEA6dd - ,r rmm: -: :: E\I

iltfil"fflTprises 
of two parts real dielectric consiant-(e') urJ ir*ginu.y diere*ic b (e-, rd *nr r: *: .-aj

t* = t'- jt,
wherej=r1-1.

Sorghum is important cropping vegetation used for production of food grains can be src,..,-- .: :,- -- __- : .-temperate environmental conditions. Mostpaft covered orro.grru*;;il;,,."j i.'jur..._.-,,-:. , -_ _ 
.matter'airspaces'andmajorpafiasrnoisture.content[5].Thechangeinmoistureofthelea'esjs:--.:-::-.j.

and health of the plant' Therefore to study dielectric uet,aviour 
"rJu moisture as a physicar parani:3: ., --=, -.-and may provide link for growth and health monitoring of plantiy using remote sensing practices. Hence ::;.r:-*- -

properties of sorghum leaves were conducted as a function of moisture content.The measurements were conducted for freshly cut sorghum leaves with natural moisture and of c,:..::_".:moisture content including dry. von Hippel method is used ro, rit",ict., Mw c-Band bench set up is automared. Le_ 
"

square fifting technique 
.is used to compute dielectric constant (e,), dielectric loss (e,,) and effors in the::measurements' Radiometric emissivity and brightness temperatur" ar. .sti-uted from measured dielectric properties

::*[?:::Jii,]:ilj;yo"ce 
ror both vertical and horizontat pora.i.ation ror oven o.v 

"ro 
moist sorghum rear es

The laboratory measurelnents and validations of the complex dielectric constant of different eafth resourcesare impoftant for the data perlaining From MWRS t6l. with this objectives, dierectric properties of other earrhterrain; soil [7]' saline soil [8], Ices [e], rocks il01, Sea water Iri-i:], aqruric vegeration (Argae) [r4] were stuoieaand reported by MW group of this laboratory by using the same *",t oo and the same c-gano MW bench set up
f";:ft 

bv lndian space Resear ch organizairon (ISRo) under a "RESPoND,, project and is used for present work

2. Material and Method
2.lSampling

Fresh and lushiy green leaves of sorghum were cut from a rocation,4 kirometres au,ar,.fr.om Jalna city, Maharashtrastate' India' rhe number of leaves was cut rrom the number 
"r,"rr;.;;;;;;;";;;iJr;l'*.r" prucked from theheight of plants from ground was ranges from 76 to rg3 cm. The leaves rvere cut in to t'e rectangurar size of the

,:H;ffiITltff#:il:t#ll' rhe cut sized leaves were insefted in to the *,aveguide cel with a compactness

\.

Fig. I Sample cell u,ith nrovable reflector

w: 4.it
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A modified sample cell with movable reflector is used for compactness of leaves as shown in Fig;,l which ha

already used for measurements of dielectric properties of other vegetation leaves [15-16]. The\Sual ryrd.,
compactness was maintained by fitting the leaves in the cell between the reflector (rear end of tne bli$irO ttu
window (front end of the cell).

2.2 Moisture Meqsurement

The moisfure of the sorghum leaves was measured gravimetrically (weight basis) by using Eq. 2. The moisture is
measured for freshly cut leaves when it is placed in laboratory for dielectric measurements, traced as 7 5.560/o. Over
a period of time moisture is naturally lost by leaves and determined as 67 .54oh, 59 .62% and 39 .37%. For dry leaves
sample is placed in oven for 48 hours at 750 C.

0/o Gravimetric Moisture = Iy-Hry e)

Where,

Ws- Weight of sample and Wd-Wight of dry sample.

2.3 Exp er iment al Detai ls

Reference ! 7] discusses in detail the various methods of the dielectric measurement of material. ln present
measurements Von Hippel method [18] (shorted waveguide method) is used and to reduce laborious work MW C-
band bench set up \\'as automated. This method has reasonable accuracy agreement for such materials [19]. Fig. 2

represents the setup. It consists of a low power MW source; Varactor Tuned Oscillator (VTO), isolator, coa,xial-
*'aveguide adapter. aftenuator, Sliding Screw tuner (S. S. Tuner), slotted section and solid dielectric cell with
reflector. \l\\' ignited from the VTO is propagated through passive components of rectangular waveguides into the
dlelec:ric cell *ith a perfect reflector at the closed end. The MW source is tuned to give 5 CHz frequency by
ap:l'. inr a runing r.oltage of 7 volts. An attenuator is used to keep the appropriate power in the waveguide assembly
of the bench. A slotted section with a tunable probe containing a lN23 detector with the square law characteristics
has been used to measure power (current) along the slotted line. The detector is connected to a micro ammeter and
to the PC to read and record the measured power. The probe sits on the slot line such that the tip of the tunable probe
is slightly penetrated the electromagnetic held and it can be moved forward and backward along the slot line section
to sense the electromagnetic field in the waveguide. The bench is tuned to get a symmetrical standing wave pattern
in the slot line. The tuning of the bench is possible by critical adjustments of the probe detector and S.S. Tuner. A
s1'mmetrical standing wave pattern with an empty dielectric cell is obtained. The dielectric sample sorghum leaves
are insefted in the dielectric cell with a constant compaction. The probe is traversed along the slot line at equal
intervals (by advancement of 1 mrn) and power (current) is recorded with respect to the corresponding probe
positions. This data is acquired and stored in a file using a microcontroller interface system.

The data is stored for dry and moist sorghum leaves for different thickness 0.5cm, 1.0 cm, 1.5cm, which are
then combined in single input file. Following the similar procedure single data files for different moisture content of
the leaves is recorded. A source code for computing of the complex dielectric constant and erors in their
measurement has been developed. The source code makes use of u and B as fitting parameters from single input data
fi1e, where o, : attenuation factor, p : phase shift constant. The guided rvavelength ),g is measured from the minima
of the standing wave pattem.

P:il (3)

The free space wavelength, 1"6 is determined using the relation refer equation (4)

s

r*_
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(4)

the C-band rectangular wave-guide.
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111
---!_.2 - ,2 | .2
An Ao l-.

Where,)". = the broader side of2 xa =2 x4.73 9.46 cm, 'a'being

The real and imaginary parls of the complex dielectric constant are calculated using the relations given in equations
(s) and (6)

, =),A(+.#) .i

'=;f 16r

Least square fitting technique is best practice to compute dielectric properties and errors. The experimental data
makes use of u and B as fitting parameters.
When the source code is run for computation of the dielectric properties multiple solutions are obtained for differenr
values ofthe coefficient ofpropagation constant "AP (2)" corresponds to a difference factor. The difference factor
referred as the difference between the experimental and theoretical calculations. Among obtained multiple solutions.
those values of AP (2) factor for which the difference factor is minimum are considered. Minimum of ail such
minima is considered for final calculations of dielectric consist e' and the dielectric loss r" of the sample and the
errors in €' and r". In present study the errors in r' and r" are +0.04 and +0.037 respectively.
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Where,).. =2 xa =2 X4.73 =9.46cm,.a'being

The real and imaginary parls of the complex dielectric
(s) and (6)

e'=1.3(#.%p)
,, r3oo

2r'

(.-<)

(6)

Least square fitting technique is best practice to compute dielectric propefiies and errors. The experimental dara
makes use of o and B as fitting parameters.
When the source code is run for computation of the dielectric properties multiple solutions are obtained for dillerent
values ofthe coefficient ofpropagation constant "AP (2)" corresponds to a difference factor. The difference factor
referred as the difference befween the experimental and theoretical calculations. Among obtained multiple solutions.
those values of AP (2) factor for which the difference factor is minimum are considered. Minimum of ail such
minima is considered for final calculations of dielectric consist e' and the dielectric loss r" of the sample and the
errors in t' and t". In present study the errors in r' and r" are +0.04 and +0.037 respectively.
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2.4 Emissivity and Brightness Temperature

TheemissivityisvitalparameterinMWRSasitprovidesgroundradiation
of the MW radiation from surface and blackbody thermal radiation with the

expressed as in equation (7)'

240

es(p)=(1-Rs1P;)
Where, Rs (P) is the smooth-

horizontal Polarizations, RsV
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same can be

2

(7)

surface reflectivity. For a sample with a smooth surface, the reflectivity at vertical and

and RsH, are given by the Fresnel expressions given by equations (8) and (9) t20l'

(8)
Rsv =

K cos

K cos

L
L

o .. - | .oru-,/k:iin'ul2 (9)

"sn - |cosu+./K-sin2ul
where ,u, is the incidence angle and ,K' is the absolute value of the dielectric constant, which is a measure of the

response of the sample to an electromagnetic \\ave and is largely determined by moisture content of sample"

Emissivit-v for diff.erent moisrure content of leaves, for different angles of incidence is calculated using Fresnel

equations.

Brightness temperature can be related to kinetic temperature through the emissivity of the material that is its ability

to emit radiation. So passir,e NIW brightness temperatures can be used to monitor temperature as well as properties

related to emissiviq.

(10)

temperature of the emitting layer; p refers to vertical or

I.'ig. 3: Dielectric constanr of sorghum lcavcs as a function of gravimctric moisture (%)

Tt(p) = er(p)T

u'here Tb obsen'ed brightness temperature; T physical

hori zontal polari zati on; es- smooth-surface emissivity'

2. Results and Discussion
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Fig' 4: Dierectric loss of sorghum leaves as a function oigrar.imetric moisture (70)

The e'and t" are measured for freshly cut sorghum leaves from moisture 15.56%to oven dry. Both e,and
t" are exponentially increasing 

"ith ;;i;re. The trends srrow it,u, u, to* rorr,rr.lrr.,, the e, and e,, srowryj[:Iry,t[Xr1?n|"J.?,:ll:ni*:l,i-ver ror high moisture (above ss.62%) th;trends are comparativery
time varying'uoor,.a erectric n"rd ";i;r2ri||.fi|.i Tfl::::;Tin:,r?il:,..1;;*;lfrll*.,m:
il;iffiIT:i'ffilT Id having.perm"ni" o,oo,. -o*.n,. ir," *ut., morecures a.e orientated according to the(tish,y bo unded,",T:T,f Hff ?:f T::.?:l 

i!f,,.;;,, 
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'"oittur* are freely active and rotate according to the fierd with ease (morei::IfI'."#,J:ff,H:.iJ;LffjJ:;;. dierectric o,oo.ni* increasing srowry with moisture and then it
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Fig.5Emissirir) atdifferentangleof incidenceof dry,39.37%,59.620 ,67"54%and75.S6ohmoisturesof sorghum leavesfor

vertical polarization.

aa

El

1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

*,-s*-0% eh

*N*39.37%eh

*"ril:,* 59.62%eh

*"+$* 67.54%eh

*s$*75.56%eh

01020 30 40 50 60

Angle of incidence

70 80 90

Fig. 6Emissivity at different angle of incidence of dry, 39.37%,59.62yo,67.54%and75.56%o moistures of sorghum leaves for

horizontal Polarization'

I

\L

\E-

\-

\<--

1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0,1

0

o 10 20 30 40 50 60 70 80 90 100

Angle of incidence

x
0a

EI

-*s*0%ev

*N*39.37%ev

*,*""* 59,62%ev

**e*** 67.54%ev

*-ll* 75.56%ev

+.
,n.l\.

,A
! *tl
J*i:l ii

,i ri,- ,t I

.' i,:

i}-



244A'Bltolikqretal/ilaternlsToda)':Proceedrngs2j(20)01236U5!:''-i t'

3. Conclusions

The e, and e,, for freshly cui sorghum leaves is measured at room temperature (300c) at c-uand (5GHz') frequency

from natural moisture (75.56%)to oven dry sample. The trends ar" 
"*ponentially 

increasing' Qualitatively these

trends are agreeing with Debye,s theoretical models which suppofi exponential nature [23]. These trends are also

comparabre with experimental resurts of r,a-Z5rmeasured for com vegetation. The measured moisture dependent

dierectric properlies p.oria., interrelationship befween -o:Tr. as 
"a 

physicar parameter and electromagnetic

characteristics (dierectric property) which is important rink to buiit scattering models for MwRS and

applications[zot. gstimatea 
"*irririty 

and brightness temperature for different moist leaves and at different angle of

incidence is significant data for passive ns ii r.g.tation. Thus this study provides fundamental information for

MWRS in context rvith Indian terrain and Sorghum vegetation'
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*tr vr g+ qrr6 c[ qffi ct gu[sil .rr 16rr I'r oaw srfuo si-i *1 qrmqr qo. qftfi' 6q qRUI

t' Eq Eilf d qdv< wr+t, fue +dr t slk sS 61 uera t fu fuu,{ eTrfrH s{-+ ii q.Fffi 6kI t r

q

€Eqtrfr gl?4lqq., trfqm sR{T .riqi 661, qft6q e ,t.-"---;c q-flf+gtf,q, qrf,ql.

sr. sY. fuffis €ilfrTd
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Trdr;bt rr6r;rilr

qqq <) o-H d qz-d qr+-+ ErE qrs qs frtdnT t qft-d # ; ,.. --;j a1-4 qq qflnq
si q{fu-fl srs qT&'s FH t I Trfu-6 *d q+,ry# * +ereqm mc-j ; == -, Eq n-sp-rTri elfr-q qre t si)T
qilcrs qrq-fl *i R-l"T *+-t A"r.* *t arq'qm qs-i t r nd q r".; =* - -i sT E6r-ir s-G- q.Tqrs eET

u-dr qr+ t r qpl E1 fs q'R{fi til 6i t-fi +a t r q{ns-6 tq sffi --=i }-i=,,=i rd{ +., E-g{rq rf,f +1
q,ffi 6) $Er{- &'sq fr +a $ r akq q€'s{'q-6v 6} qri!-q 6i tm a r--:--- = =FTEl.q + 3rsiqrcror ffi
{T+T q'6Rrq se +'ftaq {u. {fr-rT sr elsqrsq td t r gs} Ets i IE' =7- = }_ *EqT ftT t fu qrq-fi i
3r-d B5-{. s-s-q" rql t r dfuT q6-ril-E sl frwrs q'fi Et-dr r gn-c c ---= - == :,o.i-*. BTfl. q..{ H.rfr-{
q-il-tTq cr q ftil t r eitr dfr-d sl-f,r t fu- erq B-ffi-mq{ rrilt=t q]rqr -- ;-- * =

qqETqi*qm\rmif+{T.lqftsrqrdTq.6-{grfl-{t: ri; *. :-1 _- z-; iE-ql +qrszrd
eitTRi"riT€hTdeIsTIfusftirT-riTT*ilffiq6mrrl, ergllL. ;;z *-:- =.-=t=la;Tft--dTTfr
qT} I d em er*-d ralt, eilq B-{-* +} T6 vrfu t, fqg$ qr-& ?rri =.: i=-i,; ;= =r =.}. o sffi
6 pfuwf :+r qqqfr i gic +qT$ii sl Efr qr t ft | +ffi qr rifti 3-= 

=--- =- =-: ?;- =1; 6q ==rfr. . ,':
ar-,-;)

qr{-frET eTlfi-qrr

{scres'ei +tz+-*ni BffirftrfiqqT-qpTrm}e-{iqTtr ggt q;;* = -.t__ E:;, 
=q +t ua

t fu qriq-( Bl,sl ffi *zt tifdurmr 51 t r qt'q-q 6jnTi# d.-- =- 
- 

:,, =L- ffi,,j, u; qsi

FIHirR e-sr fi+ {b-d a} qrf,r X I qer qai qq q6 srrr+ qer ; =5-; = -:= =:- ,rq!-i i qlEq

C
fmu ve-go s-{i si fuR Ei erdr t r dfu-{ qdq-( Bt Bg..s =-= =- =-t =-: : 3q6 3q-1i6 qk{ d
t arq-fl d-{T +*T ei<{ q"dTr *ror t r qdtr< qrq-fl s} tr*= ; :- ;-=, =:n i r u.6 EF{ n*r s

ffi st tei q 6ifrq, .rr{l TS r+tqT Ei a Ei fuigm re i -== .:: t= srr rik{ q{ slpffiT-{
qr qrqw s1 rTGil st stS ;rfi t'fi R"s-frT I rt€r-{M r;; - --- . =Ea Et qriirfi r u.dt et

+fuqT-q6r' fun r ert-+iq;rsg or-cqETt* .lT,l err i,- :r ==. =- r,; =rfr r,,.

4irq qet t a*;n qrdr t dfsq q's' frrTrf, E-lr + F= 
==}: 

..-:- -i1 Tfr..dT q\ qqqq o1-6a

t qqdT tEq ql s-S rra w qmr qr6-A Ei, fip - - -=,=:r *r *l-qr q-qT t r ss* vfr #
sr+ w} HnT HIq ii +-fi ftq rA't, qllt? -l ir 5; 

=:-:.T =n-+i{ q? q.i + o-a}r qfr+re t
3qqq s-flTfd +ffi qR{ str fqeh dpn rrrG' 3.: ri.r .-ir i ffi"ql-A ffiuu. B-vqreqrar

3rk 3$S mvi Tq qi yrw rtfr t r q-fr qr tE{ H,. a 
"rE-f, 

sr qqm fuqr r e+r,q *fi eo Eig-dr
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{f<'w qftqi arlT qrdi { rt +m s} Gq]-fr sT elEa furqrs qrT-d €i ro t r ntn

qET{ M slT-qri frE *' mq +1 oqrl m-en +1 qrr+ t nqkn qr ra t r

Bqdrrr

qryqi 6t +lnTFh qra Efr sprq't r c-q61qt"TfiT {-d-qq t r qa ffi ffiks qr o"q*t8 sT =rr.s-

qHrqTdTtrdkrq-fliqTmrSfTtil{ qr edd-.F'Tf,'dTwr{sqRrq-++*qlqif qqoo ffiomqritr
rikrosTqW6tdrtqr-{+-q-f,{RrefrrrwwftqtuTristrs{MS'irqegdsgtrereogyTqitqrrT

r-fi !-drn r to k{ d qfr{ 6T Ffiiq rS g.n C er.6 dt frTfusT *" a:l ora ffi q+t r +-ou *1 "ift-o

EqtlTeTt s) qdr( $ srflr $ I sffi s66 t frTI frr{qr €ltflq-d sd { eqd +dr t r

T{fu6 tq qq EtrmT t qTfrs s{rn di B€t} ftHJ 6i q-gT€ rcqi qt qmT qT vtq W q5 qm trrjqq

* ,rd d srffi I qrqEq e qqfi + RTq-i +*fu-d tq q-S rfr 3r)r qd q1 6-dr st qq*+q6 qqm 4t fir& t r

Tqdn' eilq E-d +at or sqb-A r qdlq {Rr +1reil ;nrd t !18 qr{Ep. ;# Avr-e +{r + ql+i fo rfr qrfi 
r

r{ i*r*r e-{f,T .ts +dT t r 
"rq-fl 

3ir Brrs tkn mr qffi dH + ffi s} tri fiTrT a arqw e*"r

=* Vl+ 5T iER-iT'6T iiT I

i:.i
'. ;: ^- - :;-a=--: ;_---7TT;E-I-SF 6\ ?,t.tt;.. ;=. ;3

r. +Trp* - E-. -7;;r3- TT?ET ar;5ra ii <.,,'e. :..-;. 4a

?. dlrTrzir q,TqRTq.(rlE{ lTrrFUT q-mT{c qS qqqq, g.{i. q?
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{rfl-d qi rrfu
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., l,t

(- \sTFm rirrmt

{t( sqt * $r;qrs 'B€ +{q

fr {crfrfu{ tf,il
e-3 gq.' ^ - "-i,l..,.-#-\" -,1

.*"t * ,?,'\Bjl _. ./r/
utegdaF. a.ct.

sq qlgqF-q m.{ * ffiHf +

q)fuq1l| 6q-{il{ qT 3i+ fti,T qs Q?

* e+rm vt gii-fi-cE 3r,qq{

\e- q, a

-,i

g$r SqR

d. w'q g;rnt

T4 6Fq-dr q1 :lts1f i +,8 sss{

<qfO V*qT qi q=ir-,-=;
i3-?Ysi. Eqfi {wrY

qiM qT-{fi{ * eia = 1-j;;:a -!fr6 )L -) ,/E. r{rrdrrE. 6iEt

4( s\. fa-+m-s sTfurl;g e-<tfrrd qW qr.6n qr 3tT-- i3-ii,S.-

q-€q dwffi ilEE =a r rETqR !-e.ffq
sr-s-6l-C-q 3rn i16. qi Frq-c61fuqr6 q[st( flu-qT( qr-&f,' -d -: a ;4-1i ffiq ca e]Ttd. ilQs

Wq fuqr-qT qeTEqFT E?. =€E-a: ;-?:
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