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ABSTRACT

Hexa-coordinated ruthenium (111) complexesof thetype [RUCl,(L),] whereL
= anion of the Schiff base, have been prepared by reacting RuCl,.3H,0O with
monofunctional bidentate Schiff basesin 1:2 molar ratio using benzene as
reaction medium. Schiff basesare synthesized by condensing 2-acetylflourene
or 4-acetylbiphenyl with amino acids (glycine, alanine, valine, leucine,
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isoleucine and tryptophan) in methanol. All of the new compl exes have been
characterized by elemental analysis and I.R. spectral data. An octahedral
structure has been proposed for the newly synthesized complexes. These
complexes are evaluated for their antibacterial, antifungal and insecticidal

activities and their results are encouraging.
© 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

The condensation of an ddehydeor ketonewith pri-
mary amineleadsto formation of the Schiff baseligands
and hasplayed animportant roleinthe development of
coordination chemistry. They readily form stable com-
plexeswithmost of trangtion meta sthroughiminenitro-
genandanother group. Trangtion metal complexescon-
tainingaSchiff baseareusad inthebiologicd™ and catar
Iyticactivity inmany reectiond®4. Trangtion metal Schiff
base chelateshave been found to be excellent homoge-
neouscatayst® inthereactionssuch ashydrogenation,
isomerization™, oxidation®, dehydrogenation® and
carbonylation™ of variousorganic substrates.

Ruthenium Schiff basecomplexes, particularly those
containing oxygen and nitrogen as donor atomswere
found to bevery efficient catal ystsin the oxidation of
dcoholsand dkenes™*2, Severd trangtion metd Schiff

base complexeshave been found to possessinteresting
biologica properties, suchasantibacterid, antifunga >
14 and insecticidal activity. It hasbeen observed that
Schiff baseswith ruthenium compl exes showed better
biologicd activity than thefree Schiff bases.
Thepreparation of ruthenium (111)complexesof gen-
erd formula[RuCl,L ] where L=bidentate Schiff base,
derived from the condensation of 2-acetylfluorene or
2-acetylbiphenyl and amino acids(glycine, danine, va
line, leucine, isoleucine and tryptophan) and
RuCl..3H,0in1:2molar ratioinbenzene mediumare
reported here. The genera structure of Schiff base
ligandsusedinthisinvestigationisdepictedinFigure 1.

EXPERIMENTAL

Materialsand methods
Commercialy available RuCl,.3H,O wasused as
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supplied. All the reagents used were chemically pure
and of ARgrade. Solventswere purified and dried ac-
cording to standard procedure. The reactions were
carried out under strictly anhydrous conditions. Car-
bon and hydrogen analyses were carried out on a
coleman 5612 analyser of CDRI, Lucknow. Nitrogen
was estimated by Kjeldahl’s method*¥. The R spec-
tra were recorded on a FTIR spectrometer using
Shimadzu-Japan 8400S in the range 4000-200 cm*
using KBr optics. Molecular weight determinationswere

carried out by the Rast method.
CHg
_

H

N
= -H,-CHz -CH(CHg), -CH,CH(CHg), -CH(C,Hg)CHg, m2®
=—<\ 0 -0-O

Figurel: Sructureof ligand
Synthesisof ligands

Azomethineswere synthesi zed by the condensation
of 2-acetylfluoreneand 4-acetylbiphenyl withamino ac-
ids(glycine, danine, vdine, leucing isoleucineand tryp-
tophan) in 1:1 molar ratio using methanol asreaction
medium. Thesolutionwasrefluxed on aweter bathfor 5

to 7 handthendlowedto cool a room temperature. On
cooling, crystalsof schiff basesseparated out whichwere
washed withmethanol, dried and purified by recrystali-
zationwiththesamesolvent. Thephysica propertiesand
analytical dataarerecordedin TABLE 1.

Synthesisof complex

For the synthesisof ruthenium (111) complexes, the
requisite amount of RuCl ..3H,0 was added to the ap-
propriate Schiff basein 1:2 molar ratioin dry benzene
and the mixturewas stirred for 6 h at room tempera-
ture. Thecomplex waspreci pitated by theaddition of a
small quantity of petroleum ether, recrystallised from
petroleum ether and dried under vacuum. The purity of
the compoundswas checked by TLC using silicagel-
G asan adsorbent. Thephysica propertiesand analy-
ssof thesecomplexesareenlistedin TABLE 2.

Biological activity
Antibacterial activity

All the synthesi zed ligandsand their corresponding
ruthenium (111) complexeswere screened invitrofor
their antibacterial activity against two Gram-negative
(Escherichia coli and Proteus milamilis) and two
Gram-positive (Bacillusthuringiensisand Saphylo-
coccusaureus) bacteria strains, using paper disc plate

TABLE 1: Physical propertiesand Elemental analysisof monofunctional bidentateligandsof amino acids

(%) Analysis. Found (Calcd.)

S. . Molecular wt. Found M.P.
Ligands Colour & State C H N
No. (Caled) © Found Found Found
(Calcd.) (Calcd.) (Calcd.)
1 ;1;2;5(';' Oz 2-Acetylfluorene Cream Powdery Solid 267.67 (265.31) 123 77.00(7696) 587(567) 545 (5.27)
2 ;;LT;;N Oz 2-Acetylfluorene White Powdery Solid 280.98 (279.33) 132 7759 (77.40) 619(613)  5.18 (5.01)
3. S;ﬂ':gNOZ 2-Acetylfluorene il' ring cream Crystal 305.97 (307.40) 138 77.87(7814) 657(689)  4.13 (4.56)
4. %S;ZN O 2-Acetylfluorene VS\(’;I‘i'ée shining Crysta 320. 98 (321.43) 119 780L(7847) 7.09(721) 4.23(4.36)
5, CaHaNO, 2-Acetylfluorene Shining cream Crystal 320. 98 (321.43) 135 7801(7847) 7.09(7.21)  4.23(4.36)
isoleucine Solid
6. t?;;':;;’;‘]ﬁz 2-Acdtylfluorene WhiteSolid 394.47 (393.59) 128  79.16(79.01) 562(553)  7.10(6.98)
7. CusHisNO, 4-Acetylbiphenyl Shining cream Powdery 255.76 (253.30) 114 7597 (7587) 603(597) 568 (5.53)
glycine Solid
g SuHiNO: 4-Acetylbiphenyl WhiteSolid 268.98 (267.32) 126 7658(76.38) 652(641)  5.69 (5.24)
9. CutaNO; 4-Acetylbiphenyl Off White Crystal Solid 206.97 (295.37) 106 7819(77.25) 7.20(7.A7) AT7(AT74)
10, NG 4-Acetylbiphenyl Dull off White Solid 307.33 (309.413) 99 7759 (77.64) 7.39(749) 438 (453)
11, CwHaNO; 4-Acetylbiphenyl White Solid Powdery 307.33 (309.413) 108 77.50(77.64) 7.39(7.49) 438 (4.53)
isoleucine Solid
12 tCr;SpTézp’\rl]ﬁz A-Acetylbiphenyl b 1 ot white Solid 382,56 (382.12) 120 7851(7839) 5.80(569)  7.32(7.19)
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TABLE 2: Physical propertiesand analysisof ruthenium(l11) complexeswith amino acids schiff bases

Reactant Ligand Molar Product state & M.P. wtdlggﬂlr?(; %Analyss Found (Calcd)
ratio colour C (Calcd) C H N Cl Ru
RuCl 2C34H28N204
_ 69894 5802 389 378 098 1424
RUCL3HL0 CuMleNO, 12 Gren arysids 198 (70056 (5828) (402) (399) (1012) (14.42)
13.66
. RUCI,CagHaN,0; 72689 5918 431 367 957
RUCI33H0  CigHpNO, 12 g lid 120 72863 (5934) (442) (384) (9.73) (13870
RUC|2C40H40N204
: 78277 6103 498 325 88 1276
RuCl3.3H,O  CyHx»NO, 1.2 Reddish brown 128
s sl (78473)  (6122) (513) (356) (9.03) (12.87)
. RUCI,CaHaN,0; 81101 618 531 330 857 1222
RUCI33H0  CaHzNO, 12 g0 qlid 135 (81279)  (6206) (545 (344) (872) (12.43)
. RUCIL,CaiHaN,0; 81095 6178 524 329 853 1220
RUCI:3H 0 CaHzNO, 12 g silid 122 (g1279)  (6206) (545) (344) (872) (1243)
. RUCl,CeoHaN4O, 95633 6489 432 576 723 1042
RUCI:3H O CosHzaNoO, 12 gy ilid 142 (o5880)  (6513) (441) (584) (7.39) (10.54)
. RUC,CaHzN;0s 67465 5648 401 402 1027 1474
RUCl:3H0 - CyHisNO, 12 g 135 (67655) (5680) (417) (4.14) (10.48) (14.93)
14.22
. RUCI,CaHaN,0; 70256 5778 444 381 993
RUCI:3HO0  CiHiNO, 12 g slid U5 (70461) (57.95 (457) (397) (1006) (1434
1311
. RUCI,CasHaoN,0; 75854 5077 521 356 924
RUCI33H0  CaHaNO, 12 g silid 125 76071) (59.99) (530) (368) (9.32) (1329
12.68
" RUCI,CaoHaN,0; 78645 6079 551 342 884
RUCE3H0 - CaHzNO, 12 gy qid 138 (78877)  (6000) (5.62) (355) (898 (128D
1262
. RUCCaoHaN:0s 786338 6074 546 340 879
RUCE3H 0 CaHzNO, 12 gy wlid 1492 78877)  (6000) (5.62) (355) (898 (128D
1068
. RUC,CeoHiNOs 93233 6411 439 587 745
RUCI:3H O CosHzNoO, 12 g iid 195 (93a87) (6423) (452) (5.99) (758 (108D
TABLE 3: Antibacterial screening data of amino acid ligandsand their ruthenium (111) complexes
Diameter (mm) of Inhibition Zone after 24 h(conc. in ppm)
Compounds Staphylococcus aureus (+) Proteus milamilis (-) Escherichia coli (-) Bacillus thuringiensis (+)
500 ppm 1000 ppm 500 ppm 1000 ppm 500 ppm 1000 ppm 500 ppm 1000 ppm
CiH1sNO, 6 10 6 7 6 7 4 6
CysHNO, 8 9 8 9 7 8 7 8
CaoHzNO, 6 8 6 8 7 9 6 7
CyeH1sNO, 7 8 7 8 6 8 7 7
CiHNO, 5 8 6 7 5 7 6 8
CioHNO, 6 7 7 8 6 8 5 7
RUCI,Ca4HosN;04 12 12 8 9 9 1 11 11
RUCI,CagHaoN;04 12 13 8 10 10 1 11 12
RUCI,CagHaoN204 1 13 9 1 1 12 10 11
RUCI,CaoHosN;04 10 12 11 13 1 13 10 12
RUCI,CasHaoN;0, 12 13 10 12 10 12 11 12
RUCI,CagHaoN20s 1 13 9 1 1 13 1 13
Streptomycin 15 17 12 15 17 18 14 16

method™517, The nutrient agar medium (peptone, beef  this. Thecompoundsunder investigationweredissolved
extract, NaCl and agar—agar) and 5 mm diameter pa-  in methanol to give concentrations of 500 and 1,000
per discsof Whatman filter paper No. 1wereusedfor  ppm. Thefilter paper discswere soaked in these solu-
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tions, dried and then placed in petri dishes previously
seeded with thetest organisms. The plateswereincu-
bated for 24 h at 28 +2°C and inhibition zone around
each discwasmeasured. Theantibacteria activity dis-
played by various compoundsisgivenin TABLE 3.

Antifungal activity

Antifungd activity waseva uated against Fusarium
oxysporiumand Aspergillusniger by the agar plate
technique. Solutionsof thecompoundsindifferent con-
centrationsin DM F were then mixed withthemedium.
Thelinear growth™® of the funguswas recorded by
measuring the diameter of colony after 96 h, and the
percentage inhibition was calculated as 100 (C-T)/
Cl*, where C and T arethe diameters of the fungus
colony in the control and test plates, respectively
(TABLE4).

I nsecticidal activity

Two synthesi zed azomethine derivatives of amino
acidsandtheir complexeshavebeen screened for their
insecticidd activity against Helicoverpaarmigera, and
resultsare presented in TABLE 5. The study hasbeen
conducted onthe second and thirdinstar larval stages
of the said insect. Two concentrations (0.025% and

0.05%) of the test compoundsweretaken alongwith
the standard check, the endosulfan 35, together with
anuntreated control. Themortaity countsof theinsect
pestswererecorded daily up to fourteen days.

RESULTSAND DISCUSSION

New hexa-coordinated ruthenium (111) complexes
of thetype[RuCl(L),] whereL = mono basic bidentate
Schiff baseligand were prepared from RuCl..3H,Oand
therespective Schiff basesin 1:2 molar ratiointhe pres-
ence of dry benzene as shown below:

benzene N\

RUCI,(N O),

(N
RUCI;.3H,0 + 2 N OH

Thenew Schiff baseruthenium (111) complexesare
bright colored solid, stableto air and light and soluble
inbenzene, chloroform, methylene chloride, DMFand
DMSO. Theanaytica datafor thenew complexessyn-
thes zed are cons stent with theempirica formulagiven
iINTABLE 2, indicatingthe 1:2metd toligandratio. In
theabovereactions, the Schiff basesused investigation
behave as monofunctiond bidentateligands by replac-
ing threemol ecul esof water and onechlorideionfrom
thestarting complexes.

TABLE 4: Antifungal screening dataof amino acid ligandsand their ruthenium (111) complexes

Percent Inhibition after 96h (concin ppm)

C Organism Organism
ompounds ) > )

Fusarium oxysporum Aspergillus niger

50 ppm 100 ppm 200 ppm 50 ppm 100 ppm 200 ppm
Ci7H1sNO; 64 71 84 52 62 73
CigH17/NO; 51 58 72 50 69 72
CooH1NO; 54 56 66 55 67 79
CieH1sNO; 44 65 75 58 68 69
Ci7H17/NO; 48 56 66 52 61 68
Ci1oH2NO, 53 63 69 54 68 77
RuCl 203,4H 2N 204 59 73 79 65 72 88
RUC|2Q2,6H32N204 59 71 78 54 65 71
RUCI,C4oH4oN204 65 74 86 53 63 79
RUCI,C3,H2sN,0, 56 59 71 59 68 81
RuCl,C3H3N,04 48 69 83 60 71 75
RUCI,C3gH4oN204 52 71 81 55 78 78
Micostatin 72 82 96 70 91 100

Spectroscopic characterization
I nfrared spectra

On comparingthelR spectraof theligandaswell as
their corresponding ruthenium complexes, it can be con-

cluded that thechelaeformation takesplacethroughthe
nitrogen and oxygen of theligand moieties. Intheinfra:
red spectraof theligand, medium intensity bands ap-
pearingintheregion, ~3300 cn may beassignedtothe
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VOH vibrations, which disappear in the resulting com-
plexes suggesting the possibl e deprotonation on com-
plexation and theformation of Ru-O bond. Thisfactis
further supported by theincreaseintheabsorption fre-

—= Fyll Peper

quency of phenolic C-O bond from 1260-1275cmrtin
thefreeligandsto 1285-1310 c* intheruthenium com-
plexes, indicating that theother coordination Steof Schiff
basesisphenolic oxygen?*? in al the complexes

TABLE 5: Percentagemortality of Helicover paar migerapest after 1, 3,7, 10and 14 days. Total per cent mortality (concen-

tration)
Per centage mortality
NS(') Treatment Day 1 Day 3 Day 7 Day 10 Day 14
a b a b a b a b a b
1 Compound | 40.00 60.00 100.00 120.00 140.00 160.00 180.00 200.00 240.00 260.00
’ RUCI,C3H2sN 204 (53.13) (79.70)  (105.03) (117.69) (129.23) (140.77) (152.31) (164.97) (190.30) (216.87)
2 Compound |1 60.00 80.00 100.00 140.00 160.00 180.00 220.00 220.00 260.00 280.00
' RUCl,C40H4sN204 (79.70)  (92.36)  (105.03)  (129.23)  (140.77) (152.31) (177.64) (177.64) (216.87) (243.43)
3 Compound |11 20.00 20.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00
" CiHisNO, (26.57)  (26.57) (79.70) (92.36) (105.03)  (117.69) (129.23)  (140.77)  (152.31) (164.97)
4 Compound IV 20.00 40.00 80.00 100.00 100.00 120.00 160.00 160.00 200.00 220.00
© CxHxuNO, (26.57)  (53.13) (92.36) (105.03) (105.03) (117.69) (140.77) (140.77) (164.97) (177.64)
5 Endosulfan 40.00 100.00 140.00 200.00 260.00
' (53.13) (105.03) (129.23) (164.97) (216.87)
6 Control 0.0 0.0 0.0 0.0 0.0
) (0.00) (0.00) (0.00) (0.00) (0.00)

a = 0.025% concentration and b = 0.05% concentration, terms in parentheses are the angular transformed values

A strong bandisobservedinthefreeligandsaround
1615-1620 cm, characteristic of azomethine (C=N)
group'?, In the spectra of the complexes, this band
appeared on lower frequency at 1590-1605 cm™,
indicating coordination of the azomethinenitrogen to
ruthenium. Coordination of the Schiff baseto the meta
through azomethine nitrogen atomisexpectedtore-
ducethee ectron density in theazomethinelink and
lower the C=N absorption frequency. A bandsis ob-
served in the 1595-1650 cm™* and 1390-1440 cm™
regions arising from asymmetric [Uasy (CO0O)] and
symmetri C[me (COQ)] dretching of the carboxylate
group. Thisindicatescoordination of thecarboxyl group
to theruthenium metd ioninthe complexes

Thebinding of themetd to theligand through nitro-
gen and oxygen atom isfurther supported by the ap-
pearance of new band in 460-400 cm™* and 540-510
cm *rangesduetov (Ru-N)?4 and v (Ru-O) re-
spectively, inthe spectraof all the complexes. Thev
(Ru-C1)*3 handswere moreintensethan thev (Ru-
N) bands and were observed in the region 330-335
cm, Theimportant IR frequenciesaregivenin Table
6.

Antimicrobial activity

Antimicrobid activitiesof representativeligandsand
their complexeshave been screened, which aregiven
inTABLE 3and 4. Theresultsreved that theactivity

TABLEG6: IR spectral dataof theRu(l11) schiff base complexes

S.No. Complexes vC=N vC-O 1,9(CO0) vyn(COO) v(Ru-O) vRu-N) v (Ru-Cl)
1 RUCI,C34H2sN,04 1590 1295 1595 1395 540 450 330
2. RuCl,C3sH3,N204 1600 1300 1620 1405 515 460 335
3. RUCI,C40H40N-04 1595 1305 1635 1435 540 455 330
4, RUCl,C4HuN,04 1605 1300 1645 1440 510 450 335
5. RuCl,CHuN204 1600 1310 1610 1420 535 440 330
6. RUCl,CsoH4oN4O4 1590 1305 1615 1415 540 435 335
7. RUCl,C3,H2gN204 1605 1300 1600 1410 540 450 330
8. RuCl,C34H3,N,04 1600 1290 1595 1405 520 460 335
9. RUCl,C3gH4N204 1595 1295 1650 1400 530 425 330
10.  RuClL,CioHuN,O, 1595 1305 1635 1390 510 460 330
11.  RuCLCoHuN,O, 1605 1290 1645 1425 515 450 335
12,  RuCLCsHpNO, 1600 1295 1635 1440 535 455 330
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increases on complexation. Thenewly synthesized com-
plexes have indeed been found to be more activein
inhibiting the growth of fungi and bacteriathan the pre-
cursorsthemselves. Thismay beexplained by Tweedy’s
Theory?, according to which the chelation reduces
the polarity of the central atom mainly because of the
partial sharing of its positive charge with the donor
groupswhich enhanceslipophilicity of the complexes
causing breakdown of permeability of thecells. The
toxicity increaseswithincreasein the concentration of
thetest solution contai ning the new complexes.

I nsecticidal activity

To study thestructure-activity relationship, wehave
selected two azomethinesof amino acidsand their metal
complexeswherethe aromatic ring wasthe samethat
i, biphenyl ring. Thecarbonyl moiety wasdsothesame,
but dkyl substituent wasdifferent. Thisstudy hassug-
gested that an increasein the bulkiness of alkyl sub-
stituent and presence of the C=N moiety enhanced the
bioactivity whichisproved by theexperimenta details
of thestudy (TABLES5, graph 1).

Compound (1) and Compound (1) at concentra-
tions 0.025% and 0.05% showed the best insecticidal
activity, which was found to be superior to that of a
standard insecticideendosulfan. Thus, theobserved en-
hancement of activity of these complexesthat were
found to be more active than ligand must bedueto a
combination effect associated with thederivatizationand
complexation of the ligand and presence of theside
group of theamino acid.

[= Gompound I @ Compound 11 o Compound Il @ Compound IV m Endosulfen @ Control |

Based ondementd anadysisand |.R spectrathefol-
lowing structurefor ruthenium (111) complexesandissug-
gested and assigned atrans-position totheseligandsin
the complexesduetolesssrainintheaccommeadation of
monofuntiond bidentateligand around therutheniumion.

Onthebasisof the datadiscussed above, the octa
hedral structure showninthefigure2isproposed for
theruthenium (111) complexes.

o\c/o\ TI O\C/O

; |
CH / | \ CH
R-—T lc—R

H
N

R = -H,-CH3 -CH(CHg), -CH,CH(CHy), -CH(C2H5)CH3Y_(;HZA<\;©
50 0O

Figure2: Sructureof complex
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