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ABSTRACT

Twelve new complexes of the 2- methoxybenzohydadeamith aryltellurium(lV) and diaryltellurium(IVdf type
RTeCl(L), RTeCl(L), RTeCl(L) and RTe(L); (where R= p-methoxyphenyl, p-hydroxyphenyl, 3-methyl-4-
hydroxyphenyl andL = 2-methoxybenzo- hydroxamate) have been synthebizemactions of potassium 2-
methoxybenzohydroxamate with corresponding aryliein(lV) chlorides . They have been characterizgd
elemental analyses, molar conductance, infrared pradonmagnetic resonancgpectroscopy. The spectral studies
predict the uninegative bidentate [O, O’] naturetbé ligand to give penta- and hexa- coordinatdiliieim (V)
complexes. The complexes also have been screenéieifoantimicrobial activity against various bagta and
fungi organisms and it has been observed that s@tteese possess substantial antimicrobial activity

Keywords: 2-Methoxybenzohydroxamate, Aryltellurium(1V), Dydtellurium(1V), Antimicrobial Activity.

INTRODUCTION

Hydroxamic acids are one of most important familidsorganic bioligands, which possess a wide spattof
biological activities [1] and can form coordinati@@mpounds with a variety of metals ions [2-4]. Jlaets as
selective inhibitors of many enzymes and consedyepbssess hypotensive, anticancer, antimalarial,
antituberculosis, antifungal properties and herameetbeen used in the design of therapeutic tafgets number of
diseases [5-10]. Also, hydroxamates including hyglroxamates are known to form stable complexels different
metal ions, where they can exhibit different cooadiion modes [11-20]. Also, aryltellurium (1V) thiorides [21-
34] and diaryltellurium(lV) dichlorides [35-37] ardenown to behave as lewis acids and form complexiis
various N, O- and S donor and chelating ligands.

In view of biological relevance of hydroxamates aaxteptor properties of aryltellurium(lV) trichldgs and
dichlorides and in continuation of our earlier wg88-40] on hydroxamates of tellurium(lV), we repberein the
synthesis, characterization and antimicrobial &sidin some new hydroxamate complexes of the typeCRT),
RTeCl(L), R, TeCl(L) and RTe(L),; where R =p-methoxyphenylp-hydroxyphenyl and 3-methyl-4-hydroxyphenyl
and L = 2-methoxybenzohydroxamate.

MATERIALS AND METHODS

All the chemicals used were of Analytical Reagerdade. All preparations were carried out under amaphere of
dry nitrogen. The solvents were purified and dbgdtandard methaghd stored under dry conditions.

Carbon, hydrogen and nitrogen analyses were olatainieroanalytically on a ThermoFinnigan CHNS anatys

from SAIF, Panjab University Chandigarh. Conduc&anweasurements were carried out on a microprocessed
conductivity bridge type MICROSIL in DMSO at 25+2Wdth a dip type conductivity cell (cell constantz017).
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IR spectra were recorded in KBr pellets on a AIBRUKER F.T. Infra-Red Spectrophotometer in the agt000-
400 cm'. 'H NMR Spectra were recorded on BRUKER AVANCE Il 48MR spectrometer in DMSOgcusing
TMS as an internal reference at SAIF, Panjab UsitieChandigarh..

Antimicrobial activity was evaluated in acetone iagabacterial strainSaphylococcusaureusATCC 11632 and
Bacillus cereusMTCC 7350 (Gram positive)escherichiacoli ATCC 35218,PseudomonaseruginosaATCC
23564, Providencia rettgeri DRDE strain andSalmonella typhi ATCC 15499 (Gram negative); fungal strains
Aspergillus niger, Aspergillus fumigatesand Aspergillus flavus using Macrobroth or Tube dilution method [41].
Dilution of test and standard compounds were pegpatouble strength nutrient broth- I.P (AntibaeBriand
Sabouraud Dextrose Broth —I.P (Antifungal) [42].isTlprocedure involved preparing two-fold dilutioms
compounds (20, 10, 5, 2.5, 1.25, 0.629%mL) in a liquid growth medium dispensed in tesbds. The drug
containing tubes were inoculated with a standaddnel strains and fungal strains. The tubes Wwébterial strain
were incubated for 24h at 37°C whereas the funigainstubes were incubated for 7 days at 25+2°€ ttive were
examined for visible bacterial and fungal growtleaslenced by turbidity.

Preparation of aryltellurium(IV) trichlorides and d iaryltellurium(IV) dichlorides
Aryltellurium(IV) trichlorides , RTed and diaryltellurium(IV) dichlorides, feCkL (R = p-methoxy-, p-hydroxy-,
3-methyl-4-hydroxyphenyl) were prepared by the rodthreported in the literature [43-47].

Preparation of Potassium 2- methoxybenzohydroxamaté<L)

It has been prepared in two steps.

a) Preparation of ethyl ester of 2-methoxybenzoic acif48]

To 0.25 mole of 2-methoxybenzoic acid, was addeéxamess (upto 2.5 moles) of ethyl alcohol and 1ahtonc.
H,SO, in a reaction flask. The contents were then reftlfor about 3- 6 hours till whole of the acid dised in
ethanol. The reaction mixture was cooled and teansfl to about 75 mL of water in a separating funfleis was
shaken thoroughly and then allowed to settle. Dl layer of ester was removed and was washedsattirated
sodium bicarbonate till no effervescence. Finaltyee layer was washed with water and dried overydnmaus
Na,SOy.

b) Preparation of potassium salt of 2- methoxybenzohydxamic acid

The potassium salt was obtained by the method teghdry Houser and Renfrow [49]. Cooled solutionKeiH

(28.05 g in about 70 mL methanol) was added to amtlic solution of hydroxylamine hydrochloride (23.g in
about 120 mL) with constant shaking and coolinge Tlixture was allowed to cool for 24 hours in a@ @ath to
ensure complete precipitation of KCI, which was osad by filteration. To the filtrate was added 2Bk of ethyl

ester of 2-methoxybenzohydroxamic acid preparedi@bbhe reaction mixture was kept in air tight a room
temperature for 2-3 days to obtain the fine crgstdlpotassium 2-methoxybenzohydroxamate. Thisfiltesed and
dried in air. Yield 75%, m. pt. >300°C (dec.).

Preparation of 2- methoxybenzohydroxamate complexes aryltellurium(1V)

Aryltellurium(IV) trichlorides, RTed (R = p-methoxyphenylp-hydroxyphenyl, 3-methyl-4-hydroxyphenyl), when
reacted with potassium 2-methoxybenzohydroxamatkfierent molar ratios, yield RTe&gL) and RTeCI(L) type
complexes.

RTeCly(L)

A warm saturated methanolic solution of potassiumm2thoxybenzohydroxamate (0.41 g, 2 mmol) was édde
dropwise to a solution of aryltellurium(1V) trichide (2 mmol) in about 20 mL chloroform/methanohig resulted

in precipitation of KCI, which was removed by filedion. The filterate was refluxed for 3-4 hoursptecipitate out
any KCI and clear solution was then concentrateabtmut one third of the original volume and kepgronght to get
crystalline product. This was filtered, washed valtioroform and dried in a vacuum desiccator ov€), R

RTeCI(L),

The saturated solution of aryltellurium(IV) trichide (2 mmol) in chloroform/ methanol was addedpdvise with
constant stirring to a saturated methanolic satutibpotassium 2- methoxybenzohydroxamate (0.82rgmol). An
immediate change in colour with precipitation of IKkGok place, which was removed by filteration. Tdentents
were then refluxed for about 3-4 hours. The clednt®n thus obtained was concentrated to aboutthind of
original volume and left overnight to obtain coledrcrystalline product. This was filtered, washeéthwhloroform
and dried in a vacuum desiccator ovgDR.
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Preparation of 2- methoxybenzohydroxamate complexesf diaryltellurium(IV)

Diaryltellurium(IV) dichlorides, BRTeChL (R = p-methoxyphenylp-hydroxyphenyl and 3-methyl-4-hydroxyphenyl),
when treated with potassium 2- methoxybenzohydrataryield both 1:1 and 1:2 complexes of the typeeRI(L)
and RTe(L),. These have been synthesized by the same procedufer 2- methoxybenzohydroxamates of
aryltellurium(1V) described above.

RESULTS AND DISCUSSION

The formation of potassium 2- methoxybenzohydroxarsan be represented as below:

COOH COOC,H;
OCH; OCH,
H+
+ CHOH 5 + H0
COOC,H; CONHOK*
OCH, OCH,
+
+ NHOKH ——> + C,HOH
(KL)

Aryltellurium(IV) trichlorides and diaryltelluriumy) dichlorides upon reaction with potassium 2-
methoxybenzohydroxamate (KL) in 1:1 and 1:2 molatios give the correspondingryltellurium(IV)
hydroxamates.

RTegCl + KL —> RTeCh(L) + KCI

RTegl + 2KL — > RTeCl(L), + 2KClI

feCh, + KL —> R,TeCl(L) + KCI

HeCh, + 2KL —> RTe(lL), + 2KCI

The analytical data, physical properties and yidtitsthese aryltellurium(lV) 2- methoxybenzohydroxates are
compiled in Table 1.

Conductance studies

Molar conductanceAy data atca. 10° M for aryltellurium(lV) benzohydroxamates in DMSI@ in the range
35.60- 65.90 S cfimol™, which predict the weak to 1:1 electrolyte [50,5/4}e behaviour of these hydroxamates in
DMSO, probably due to ionization into RTeCI{LRTe(L),"/ R, Te(L)" and CI in DMSO. The dissociation for
R,Te(L), which do not contain any CGlmay be due to steric factors and donor behawdUMSO to result in
solvated cation Fe(L)DMSO" and L ions.
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Table 1: Analytical Data, Molar Conductance and Phgical Properties of 2- Methoxybenzohydroxamates Coptexes

Analyses % Found (Calculated) Aw at ca.
Empirical Colour 10°M
Compound Complex Formula OM' P., (Yield, S cnfmol
Number (R) (Formula Wt.) Te Cl C H N (°C) dec. %) 1
in DMSO
1 RTeCh(L) CoHhCENOTe | 26.90 | 1486 | 87.03 | 337 | 249 | oo o | Whie o112
(p-methoxyphenyl) | (471.67) (27.05) | (15.05)| (38.19)| (3.18) | (2.97) (70) :
Light
RTeCI(L), CoHaCIN:OTe | 2099 | 567 | 4521 | 3.99 | 437
2 (p-methoxyphenyl) | (602.31) (21.18)| (5.89) | (45.86) | (3.82) | (4.65)| 148°1%0 T s6.71
s RTeCh(L) CLHL.CINOTe | 2751 | 1523 | 36.33 | 271 | 290 | oo~ | Offwhite | ., o
(p-hydroxyphenyl) | (457.66) 27.87)| (1551)| (36.74)| (2.84) | (3.06) (65) :
Pale
RTeCI(L), CoHaCIN:OTe | 2134 | 589 | 4447 | 328 | 439 ]
4 (p-hydroxyphenyl) | (588.30) 2168)| (6.03) | (44.91)| 357) | (a76)| 132134 y‘f;'g;"’ 39.87
RTeCh(L) Light
CiHiCLNOTe | 26.87 | 1472 | 37.82 | 2.96 | 281
5 (3-methyl-4- 106-108 brown 41.60
S rooheny) | (@47167) (27.05) | (15.05)| (38.19) | (3.18) | (2.97) o0y
RTeCl(L), CosHolCIN,OTe | 20.86 | 547 | 4549 | 411 | 438 B
6 (3-methyl-4- 23H2CINOr Te : : : : : 94-98 rown 52.88
S rooheny) | (6023D) (21.18)| (5.89) | (45.86)| (3.82) | (4.65) (60)
. R,TeCl(L) CoHoCINOsTe | 2317 | 627 | 4842 | 423 | 231 | o Brown a1
(p-methoxyphenyl) | (543.30) (23.48) | (6.53) | (48.63) | (4.05) | (2.58) (65) )
Light
R.Te(L): CacHaoN:0sTe 18.62 5312 | 451 | 3.89 ]
8 (p-methoxyphenyl) | (673.94) a892)| - | (5347)| (@45)| @a16)| 5860 y‘f;'g;"’ 35.60
Dark
R;TeCI(L) CaHiCINOTe | 2457 | 659 | 4638 | 377 | 253 ]
o (p-hydroxyphenyl) | (515.28) (24.76) | (6.89) | (46.61)| (3.49) | (2.72)| 126128 b(rg(‘;;” 55.94
Light
R.Te(L): CasHaeN:0sTe 19.32 5176 | 4.25 | 4.23 ]
10 (p-hydroxyphenyl) | (645.92) 19.75)| - | (52.06)| (4.02)| (4.3a)| 8082 b(rgg” 37.83
u (R;Tf;'rf;) " CoHACINOsTe | 2301 | 632 | 4813 | 380 | 243 [ oo oo Ffﬁg\?v'sh £6.13
S romheny) | (64330) (23.48)| (6.53) | (48.63)| (4.05) | (2.58) (oo
12 (R\?,Z—-Ir-r?gt_rzzyl 4- CsoH30N20sTe 18.17 _ 53.00 4.78 3.94 | Hygroscopic Cream 65.90
S tromneny) | 67399 (18.92) (53.47) | (4.45) | (4.16) (60) :

Infrared spectral studies

The infrared spectral data of the ligand and corgdeare compiled in Table 2. The spectra of théadiyrium(1V)
2- methoxybenzohydroxamates are quite complexesaanattempt has therefore been made to identifydtmer
sites of 2- methoxybenzohydroxamate ligand by compathe spectra with those of parent aryltellur{ivi
chlorides and potassium 2- methoxybenzohydroxamatish indicated clear differences.

The principle infrared absorption bands of ligalkitl,are due tovc-o), vicn), Vin.o) and vy Stretching vibrations of
the hydroxamate group which appeared in the spac@ti 1636 cmi, 1404 crit, 979 cnmi and 3223 cm
respectively.

The absorption band occurring at 1636'dmparent hydroxamate attributesvig-oymode which is shifted to lower
wave numbers and appeared at 13806 cn' in aryltellurium(V) 2- methoxybenzohydroxamatdsis band in
some cases appears as a shoulder, which may be duiging of vc-c of aryl moiety. The absorption band due to
vieny mode occurring at 1404 ¢chin free KL has been found to shift towards higivawe number at 1435463 cm
in the complexes. The band at around 3223 doe tovpy.y mode in KL did not undergo any significant change
in the complexes, however could not be ascertaitvedto phenolic OH group in some of the aryltellorimoieties.
This rules out the involvement of coordination tyb nitrogen atom. The sharp band occurring at @9 in
potassium 2- methoxybenzohydroxamate ascribeghig) mode has been observed to move towards higher wave
number and appeared at about 1009-1051 wmaryltellurium(lV) hydroxamates. A shift iMc-0) mode to lower
wave number angy o) mode to higher wave numbers are suggestive ofibgraf 2- methoxybenzohydroxamate
ion via oxygen atoms of carbonyl and hydroxylamine graa@-%6]. The formation of Té bond however, could
not be confirmed due to non availability of far d&ta.

251



Krishan K. Verma et al Der Pharma Chemica, 2016, 8 (2):248-255

Table 2: IR Data (cm*) for Potassium 2- Methoxybenzohydroxamate and Comexes

Compound V(c=0) V(c-N) V(N-0)

KL 1636s | 1404vs 979s
1 1585vs| 1463 m 1022
2 1592 s 1461 m 1023 §
3 1586 s 1438 m 1013 m
4 1590vs| 1435m 1016
5 1587vs| 1436m 1014 m
6 1592vs| 1452 m 1011 m
7 1581vs| 1452m 1021%
8 1591 s 1461 m 1022 §
9 1584 s 1437 s| 1051m
10 1580's 1436 m 1018 @
11 1596 vs| 1451sh 1009 m
12 1592 s 1452 m 1011

s = strong, Vs = very strong, m = medium, w = westk= shoulder.

Proton Magnetic Resonancé&pectra

Proton magnetic resonance spectra of aryltelludin?- methoxybenzo hydroxamates are very complek a lot
of overlapping of aryl proton singals of the ligaadd aryltellurium(lV) moiety takes place, thus nmakthe
independent assignment almost impossible. The cadisiift data for the complexes are presentetéarrable 3.
Free 2- methoxybenzohydroxamic acid shows [57 w8]downfield singlets at 11.2-11.4 and 8.ppm due to NH
and NOH protons, the aryl protons resonate at 8.2%96 ppm.

The complexes show downfield singlets at aroun8 dpm, which may be assigned-NH of benzohydroxamate
group, which rules out the linkage of 2- methoxythydroxamate through nitrogen atom. Absence of Nx@dton
signals around 9.8 ppm confirms the deprotonation of this proton aodsequently linkage to the tellurium atom.
These signals are not well resolved in some casesadpoor solubility of the complexes.

Further, the aryl protons of aryltellurium(lV), dyétellurium(lV) and 2- benzohydroxamate groups ibiha lot of
mixing of signals and are observed as complex piats in the region 6.648.378 ppm, as observed fitd NMR
Spectra of organotin(lV) and aryltellurium(lV) cotages of hydroxamic acids [38-40, 52]. Also, a fare
examination of'H NMR Spectra of complexes reveal the shieldingaofl protons of RTe/Re compared to
RTeCk/R,TeCkL[46,47,59,60] due to flow of electron density froine ligand to the aryltellurium moiety as a result
of complexation.

Thus, on the basis of infrared and proton magnetgonance spectral studies it may be concluded Zhat
methoxybenzohydroxamate acts as a bidentate[Pligand involving the hydroxamate-l{HO) and carbonyl
oxygens, giving rise to penta coordinated telluricomplexes in RTe@]L) and RTeCl(L) and hexa coordinated in
RTeCl(L), and RTe(L),. The suggested structures are as shown in figure 1
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mN—"0. R HN—"0., Cl O—nH
/Tle—CI \T|e/
) l 0/ ‘ ™
Cl [6)
R
OCHj OCH3 H;CO
RTeCly(L) RTeCl(L),
HN/O\T iN—0 §  o—nn
Te—Cl Te
o/ ]L o/ \ \o
R
OCH3; OCHg3; H3;CO
R,TeCI(L) RyTe(L),

Figure 1: Proposed Structures of 2-Methoxybenzohydrxamate Complexes

Table 3:*H NMR Spectral Data of 2- Methoxybenzohydroxamate @mplexes

Cﬁm’;g:?d Chemical shift, & ppm in DMSO-ds

1 3.362, 3.826(s, 6H, OGH 6.935-8.372(cm, 8H, aromatic protons of L anc&eR12.492(bs, 1H, NH)

2 3.658, 3.808(s, 9H, OGH 6.92-8.276(cm, 12H, aromatic protons of L anc&eRT2.50(bs, 2H, NH)

3 3.421, 3.831(s, 3H, OG)H 6.827-8.253(cm, 8H, aromatic protons of L anceRP.956(bs, 1H, phenolic OH of RTe ), 12.492(#$,
NH)

4 3.830(s, 6H, OC}), 6.862-8.246(cm, 13H, aromatic protons of L affeeRnd phenolic OH of RTe ), 12.50(bs, 2H, NH)

5 2.189(s, 3H, Ch), 3.837(s, 3H, OCk), 6.843-8.123(cm, 7H, aromatic protons of L anteR 9.89(bs, 1H, phenolic OH of RTe ),
12.533 (bs, 1H, NH)

6 2.173(s, 3H, Ch), 3.845(s, 6H, OC}k), 6.845-8.189(cm, 11H, aromatic protons of L &k), 9.865(bs, 2H, phenolic OH of RTe|)
12.492(bs, 2H, NH)

7 3.837(s, 9H, OCH), 6.708-8.206(cm, 12H, aromatic protons of L ant@idy}, 12.49(bs, 1H, NH)

8 3.851(s, 12H, OC}), 6.879-8.252(cm, 16H, aromatic protons of L andd}, 12.50(bs, 1H, NH)

9 3.409, 3.819(s, 3H, OGH 6.644-8.179(cm, 12H, aromatic protons of L an@idy}, 9.905(bs, 2H, phenolic OH of R ), *

10 3.811(s, 6H, OCH)l, 6.789-8.215(cm, 16H, aromatic protons of L ap@id® 10.107(bs, 2H, phenolic OH of R ), *

11 2.112(s, 6H, Ch), 3.727(s, 3H, OC¥), 6.774-8.270(cm, 10H, aromatic protons of L &adle), 8.536(bs, 2H, phenolic OH of R ),

s = singlet, cm = complex multiplet, bs = broadgdet; * poor resolution due to low solubility.

Biological Studies

The 2- methoxybenzohydroxamate (KL) and newly sgsited aryltellurium(lV) hydroxamate complexes were
evaluated forin vitro antibacterial and antifungal activity and the tesun terms of minimum inhibitory
concentration are presented in Table 4. It has bbsarved that compound 6, 8 and 10 possess awetiladectivity

againstS

. aureusand B. cereuscomparable to parent ligand and compound 5, 8 astid®v more antibacterial

activity againstS. typhj E. coli and P. rettgeri Antifungal data indicate that compound 1 and Bspss better
activity againstA. niger and A. fumigateend compound 5 and 9 show comparable activi#.iflavuswith respect
to potassium 2-methoxybenzohydroxamate.

Table 4: Minimum Inhibitory Concentration of Potassium 2-Methoxybenzohydroxamate and Complexes, MIC (@mL); (-) Resistant

Bacterial strains Fungal strains
S. aureus S. typhi P. aeruginosa . B. cereus P. rettgeri
Compotnd (ATCC (ATCC (ATCC (ATE.CC%ZB) (MTCC (DRDE ng;ar fum?lates fIaAv.us
11632) 15499) 23564) 7350) strain) 9

KL 1.25 25 1.25 25 0.625 1.25 - - 1.26
1 10 10 20 - 5 5 - 1.25 5

2 20 - 20 - 10 20 5 - -
3 - - 5 10 25 20 - - -
4 - 20 10 5 1.25 - 5 10 5
5 5 10 5 20 - 0.625 20 5 1.25
6 1.25 25 1.25 5 - - - 10 -
7 5 - - - 1.25 25 1.25 10 -
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8 1.25 - 5 1.25 0.625 - 20 5 10
9 - 1.25 25 - - 25 - - 1.25
10 25 - 1.25 0.625 5 10 25
11 5 - - - 5 1.25 - 25
CONCLUSION
Aryltellurium(lV) trichlorides and diaryltelluriumy) dichlorides when reacted with potassium 2-

methoxybenzohydroxamate

form 1:1 and 1:2

(Te:L) etypomplexes.

In

these

aryltellurium(1v)

methoxybenzohydroxamate, 2-methoxybenzohydroxaaeteas uninegative bidentate [O,0] donor to ypeddta-
and hexa- coordinated tellurium(lV) complexes. Sahthese complexes have been observed to possestsustial
antimicrobial and antifungal.
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