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ABSTRACT

The reaction of triphenyltin chloride and trimettigl chloride with the hydrazinecarboxamide and
hydrazinecarbothioamide ligands of Schiff based :ih stoichiometry afford complexdsaving general formula
[M3sSn(L)], [MsSn(L)], [MsSn(L)], [M3sSn(L)], where M = triphenyl and trimethyl. New series 0b lpotent
organotin, (IV) complexes were isolated as colowelitls soluble in most of the organic solvents Thordination
behaviour and bonding pattern of these compounds discussed by the support of electronic, infrassd
multinuclear magnetic resonanck( *3C and**°sn NMR) spectral studies. These analyses suggeshthligands
act in a bidentate manner, coordinating metal thgbuthe oxygen/sulphur and nitrogen atoms. Trigonal
bipyramidal geometry is assigned for 1:1 metal ctaxgs. Their molecular weight determinations shbat the
complexes are monomeric in nature. Conductivitysueament values in DMF lie in the range of 10-1&dtent
mol™* indicate them to be non-electrolyte. All the schige ligands and their corresponding organotin ptexes
have also been screened for their antifungal antbanterial activities against Gram-positive bagtdrstrain
(Staphylococcus aureuand Gram-negative bacterial straigcherichia co)i

Key words: Triorganotin (IV) complexes; thio- and semi-ligapdpectral studies; biochemical studies

INTRODUCTION

Organometallic compounds containing lead, tin amdawry are all commercially significant [1]. Orgaims with
three organic groups can be powerful fungicides #mr demand increased the worldwide production of
organotin compounds with a novel Schiff base ligahuting the last 50 years [2]. Schiff bases repress
important group of compounds in organic chemistecaduse they are starting materials in the synthekis
industrial products where carbon-nitrogen bondspaesent [3]. In particular, this N—C bond is inved in several
biological functions allowing the Schiff bases tehlve, for instance, as antimicrobial, anti-inflaéong,
antitumour, or antiviral drugs [4]. The design afyanotin derivatives with biologically importanginds like
antibiotics [5-6], anticancer drugs [7] and somieotbiologically relevant substrates [8] has begriared in the
past years [9].

A close review of metal coordination complexes ohif bases have been suggested as antibacteni#liregal,
cytotoxic, anti-inflammatory and Cytostatic agefit6-13]. In order to widen the scope of investigat on the
coordination behavior of various donor ligands udthg Schiff base towards organo metallics, numbkr
investigations are carried out and established thieactivities [14-17]. The number and diversiynitrogen and
sulfur chelating agents used to prepare new coatidim and organometallic compounds has increaspitllya
during the past few years [18]. The dithiocarbaz@iel,NHCS,") and its substituted derivatives have been
investigated [19]. These compounds have receivedhmattention for further studies as (i) they previdn
interesting series of ligands whose propertiesbmgreatly modified by introducing different orgasiubstituents,
thereby causing a variation in the ultimate donopprties, (ii) the interaction of these donorshwitetal ions gives
complexes of different geometries and propertied, (@) these complexes are potentially biologigalctive.

During the last few decades, significant attentiais been paid to the bioactive diorganotin(lV) comms with
similar antitumor activity to cisplatin against eeal human tumors such as gastric carcinoma, intaarnanulocyte
leukemia, henrietta carcinoma and urinary blad@ér21]. These diorganotin(lV) compounds are actgainst
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cancer cellyia different molecular mechanisms [22-23]. As an egien of all the review of organotin compounds,
herein, an explanation of the synthesis, charaaton and bactericidal activity of some Schiff dagetal
complexes is presented.

EXPERIMENTAL

Physical M easurements

Before starting the chemical reaction, all the cicals were dried and purified and the reactionsewearried out
with a distillation assembly, fitted with condensamd protected from moisture. Nitrogen was estithdtg the
Kjeldahl's method and sulphur was estimated byMessenger’'s method. Tin was determined gravimélyices
SnG with the help of silica crucible. The conductaeas measured by conductivity bridge type 304 Syt
model and the molecular weights were determinedhleyRast Camphor methotH and*°F NMR spectra were
recorded in DMSO-B **C and*°Sn spectra were recorded in methanol, using TM®@snternal standard.sE;
was used as the external reference for#RéNMR spectra and tetramethyl tin is used as eateaference fot*°Sn
NMR spectra. IR spectra were recorded on FTIR spplkbtometer; model IR-550 as nujol mulls using Kiptics.

Synthesis of the Ligands, L;H, L,H, L;H and L 4H

Ligands (4H and LH) were prepared by the condensation of heterac¥etiones 1,3-dihydro-3-[2-(phenyl)-2-oxo-
ethylidene]-2H-indol-2-one (5.2g) and 2-phenyl3&phenyl-3-oxoprop-1-enyl)-indol (6.5g) with hydiae
carboxamide (1.57g and 1.51g respectively) in tleesgnce of sodium acetate in equimolar ratio (liBbsolute
ethanol.

Ligand (LsH) was prepared by the condensation of heterockelione 1,3-dihydro-3 [2-(4-fluoro-3-methylphenyl)-
2-oxo-ethylidene]2H-indol-2-one (5.5g) with hydmnagcarboxamide (1.47g) in the presence of sodiuntagcén
equimolar ratio (1:1) in absolute alcohol.

Ligand (L4H) was prepared by the condensation of 1,3-dihy[2-( 4-fluoro-3-methylphenyl)-2-oxo-ethylidene]-
2H-indol-2-one (6.7g) with hydrazinecarbothioam{@€l7g) in 1:1 molar ratio in alcoholic medium.

These mixtures were heated under reflux for 45 tegrhe solvent was then removed and the residisedwied in
vacuum under reduced pressure. The products weifeedby recrystallization from the same solverihe analysis
and physical properties of these ligands are edlist (Table-1).

Table-1 Physical Properties of the Ligandsand their Organotin (1V) Complexes

Analysis (%) Found (Calcd.
Compound Colour and state Mol_ar N(I)'P' ysis (%) ( )
ratio ( C) C H N S Sn
Red Crystalline 66.51 4.56 18.08
LiH CurthaO, Solid 180-181 | (66.66) | (a61) | (1829) | )
. 51.08 453 11.81 25.19
MesSn(Ly) CyoH22N40,.Sn Orange solid 11 152-153 (51.2) (4.73) (11.94) - (25.3)
PhSN(L) CosHasNaO,SN Orange solid 11 160-162 (gﬂg) (j:gi) (gzgg) ; (113221)
LoH CosH20N4O Red Crystalline Solid 176-178 (;gs% (gég) &isg) -
MesSn(Ly) Co7H2sN4OSNn Orange solid 11 158-160 (gggg) (gié) (igéi) - éigg)
PhSn(Ly) CsHzaN,OSN Orange solid 11 165-167 (gggg) (jig) (;gg) - (J]'_gg)
. . 63.60 431 16.48
LsH CigHisN4JOF Orange Crystalllne Solid 160-161 (6390) (447) (16 56)
. . 49.61 5.45 11.02 23.23
MesSn(Ls) CxH2eN4O.FSn Brown solid 1:1 156-157 (49.83) (5.58) (11.07) (23.45)
: 62.71
PhSN(Ls) CagHaN.OFSN Reddish brown solid | | 198199 | (6301 | 430) | (819) v en
] 60.92 4.19 15.72 9.01
LsH CigH1sNJOSF Orange Solid 165-167 (61.0) (4.27) (15.81) (9.05)
. 48.21 . . . .
MesSn(Ly) CxH2sNsOSFSn Brown solid 1:1 186-187 (48.3) (g 28) (18 %) (g 22) ég gg)
PhsSn(Ly) CseH2oN4OSFSNn Brown solid 11 192-194 (6611'43013 (44i]é(; (;'gg) (44,'5%5) &g;g)

Synthesis of the Complexes

A calculated amount of the sodium salt of the Idyandry methanol was added to the weighed amanfritée;SnCl

and PBRSnCl in a round bottom flask in 1:1 molar ratioseTieaction was refluxed over a ratio-head for 16¥d8rs
and the white precipitate of sodium chloride oledinwas removed. Compounds were dried under recuresdure
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for 3-4 hours. These were purified by repeated waskvith n-hexane and methanol. All the compoundsew
isolated as powdered solids. The details of theaetions and the analysis of the resulting prodaisrecorded in
(Table-1).

RESULTSAND DISCUSSION

Reactions of triorganotin (IV) halides with monoigabidentate ligands in 1:1 molar ratio in methanmy be
represented by the following equations:

0 1:1

Me;SnCl+ NS.Na———> W(@S) + NacCl
11

PhSnCl + l@S.Na L PEBn(QS) + NaCl
1.1

MezSnCl + NmO.Na—p h/&n(@O) + NacCl
11

PhSnCl + @O.Na—y E&n(l@O) + NacCl

A

(where, S and N O = donar set of the ligands)

IR Spectra

The infrared spectra of the ligands and their tomplexes were recorded and important features nwy b
summarized as follows:

The IR spectra of the ligands show broad and medintemsity bands in region 3280-3100tdue tovNH mode.
These disappear in the spectra of metal compléx¥slty showing the deprotonation of the group. [Fhspectra
of fluorohydrazines show two sharp bands around034id 3350 cihdue tovasym andvsym NH, vibrations,

respectively, which remain almost at the same jpositin the metal complexes, showing non-involvetradrthis
group in the complexation.

The bands of medium intensity appearing in theare@300 cri and 2700 cthmay be assigned tNH [24] and

vSH vibrations, respectively, which suggest thatlihands exist as in keto-enol tautomerism. Thasapgpear in
the corresponding tin complexes.

The band due to >C=N of free azomethine group énlitpands get shifted to the lower wave numhker=(15-20
cm') in the tin complexes indicating coordination thgh azomethine nitrogen [25]. TheC=O band in
hydrazinecarboxamide am€=S in hydrazinecarbothioamide appear at 1690amd 1035 cf respectively. These
bands disappear on complexation, which is due ¢octhvalent bond formation of the ligand with the &tom
through the oxygen or sulphur atoms. Several newd®an the complexes at 530, 420 and 32%, @re due to(Sn-
0), v(Sm— N) andv(Sn-S) respectively, which are absent in the spetiof the ligand, further supporting the
participation of the oxygen/sulphur atom and thenaethine nitrogen in complexation.

UV Spectra

A band due to the >C=N chromophore in the specwiithe ligand at 365 nm shifts to a higher wavethrig the
tin complexes. This clearly indicates the coordoraif the azomethine nitrogen to the tin atom.Sacshift in
n- * transition band is probably due to the donatiofook pair of electrons by the nitrogen of the ligaa the
central metal atom indicating the delocalizatiorthaf electronic charge within the chetate ring tmg stabilizing
of the resulting complexes. Further, two bands & 8m and 305 nm are due #e n * transitions, these are
assigned to the benzenoid ring and (>C=N) banti@iizomethine group respectively. The K band * showed a
red shift due to the overlap of the central metairbital with the p-orbital of the donor atom, whicauses an
increase in conjugation and the B-band undergdggsochromic shift in the complexes.

'H NMR Spectra

The proton magnetic resonance spectra [26] ofi@dls and their corresponding tin complexes wecerded in
DMSO-dsusing TMS as the internal standard. The chemidétl wllues 6, ppm) of the different protons are given
in (Table 2). The'H NMR spectra of the ligands exhibit peaks arouridsovalue 11.24-10.12 (1H) were
characteristic of —NH of the isatin ring. The pedtsnd around value 7.74-6.36 (7H) may be due to aromatic
protons, while that observed &tvalue 10.08-10.04 (1H) due to —NH of thiosemicadre/semicarbazone. The
disappearance of signal which is due to —NH ofd@inicarbazone/semicarbazone in the tin derivatidisate the
coordination of the azomethine nitrogen atom ad aslcovalent bond formation between tin and sulfoixygen
due to deprotonation of the ligands. In the spectrthe complexes, a downfield shift in the positiof -CH; and
aromatic protons indicate deshielding, as wellhes doordination of azomethine nitrogen to the tiona This is
probably due to the donation of the lone pair @ctbns by the nitrogen to the central tin atorsulteng in the
formation of a coordinate linkage (S&—  N). Tdmpearance of a signal around 2.98-25&lue due to —NH
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group at the same positions in the ligand and iitscomplexes, showing non-involvement of this graunp
coordination. A peak was observedsatalue 2.46 (3H) due to —Gtprotons attached to the phenyl ring. Te
[*H,1°Sn] values for various tri organotin compounds déatk that the compounds have 5-coordinated envieahm
[27] around them.

Table -2 *H NMR Spectra Data of the Ligands and their Organotin (1) Complexes

Compound -NH -NH -NH; =CH-C=N Aromatic Sn-Me/Ph CHs-Ph Aromatic (CH3-Ph)
P ring(bs) | free(bs) (bs) (9 (indolering) (m) 2)(*H- sn) (9 (m)/ Phenyl
LiH 12.32 10.08 2.36 8.08 7.24-6.08 - - 7.38-7.01
7.36-6.16 1.14
MesSn(Ly) 12.12 - 2.28 8.12 23 [64.2] - 7.45-7.32
PhSn(Ly) 12.24 - 2.30 8.16 8.08-6.94 6.08 - 7.90-7.40
L.H 11.04 9.08 2.55 8.24 7.94-6.16 - - 7.40-7.25
1.08
MesSn(Ly) 11.64 - 2.48 8.63 7.98-6.36 23 [65.5] - 7.95-7.54
PhSn(L) 11.72 - 2.60 8.77 8.08-7.12 6.24 - 8.12-7.73
LsH 10.12 10.08 2.98 8.08 7.68-6.65 - 2.25] 7.48-7.11
MesSn(Ls) 10.16 - 3.04 8.16 7.72-6.54 ZJ(E.68745] 2.36 7.58-7.22
PFSn(Ly) 10.2: - 3.0¢ 8.32 7.9€-6.5¢ 6.3€ 2.43 8.02-7.72
LsH 11.17 10.0¢ 2.64 8.17 7.72-6.3£ - 2.2¢ 7.45-7.2¢
MesSn() | 11.22 - 2.78 8.24 7.74-6.36 zj?ggsz] 234 7.96-7.58
PhSn(Ly) 11.32 - 2.74 8.36 8.16-6.54 6.34 2.45 7.68-7.48
Table -3 **C NMR Spectra Data of the Ligands and their Organotin (1) Complexes
Chemical Shift Values (8, ppm)
Compound . . -NH-C=0/ - Aromatic * . Phenyl ring * Phenyl/
Amido | Azomethine NH-C-Ph (indolering) Sn-Me/Ph (Ph-H5)
141.24, 140.22, 126.16, 128.94, 137.12, 128.29,
LiH 170.52 159.92 165.86 129.94, 125.12, 124.08, 139.66 B 125.56, 131.15,130.05
143.36, 142,01, 127.08, 129.92, 139.98, 134.59 130.25
MesSn(Ly) 165.94 154.16 163.98 130.12, 126.72, 125.44, 140.11 14.98 132.25 130.23
143.68, 142.28, 128.34, 123.34, 140.93, 133.95 130.25
LoH 169.88 156.51 162.16 127.85, 125.66, 121.56, 141.92 ) 133.51 130.75
146.72, 146.12, 129.38 125.11, 131.68, 130.16, 144.11, 139.82 132.95
PhSn(Ly) 166.58 151.36 163.32 130.36,130.98, 125.72, 148.23 128.11, 127.58 136.95 133.09
143.66, 140.22, 127.85, 123.32, 138.1, 129.9, 128.5,
LaH 170.20 160.24 159.98 122.36, 117.32, 120.66, 140.66 : 13251305
146.73, 142,01, 128.11, 127.63, 139.23, 132.19 128.25
MesSn(Ls) 166.12 156.73 159.23 124.08, 119.32 123.36, 141.11 16.38 132.25 131.95
147.24, 144.28, 135.72, 130.22, 139.91, 130.95 129.5,
LH 172.52 155.12 164.58 129.71, 120.55, 121.56, 136.92 B 134.5 131.85
148.12, 145.36, 137.08 136.89, 131.23, 134.48, 140.81, 133.12 130.15
PhiSn(L;) 169.68 150.51 164.38 132.52,130.42, 128.72, 145.52 135.68, 138.19 134.65 131.85

For compound P$sn(Ly) J(*°
2)(Bc-*9sn) = 35.5Hz- 36.7Hz
3)(3C-*'%sn) = 48.5Hz -50.6 Hz
Ic-sn) = 13.6Hz -10..6 Hz

C-1°Sn) = 487.6Hz — 489.5Hz, 476.9Hz-480.5Hz

* Detailed Values of aromatic and phenyl carbongaren in below table -4.

3C NMR Spectra
The *C NMR spectra of the ligands and their correspopdin complexes were also recorded in dry MeOH.
Substantial shifts in the positions of carbon atattached to the azomethine nitrogen, thiolic sutpbr amido
oxygen support the proposed coordination in theseptexes. The heterocyclic moiety carbon signadpeeially
those of the carbon atoms directly bonded to therbatom, undergo slight upfield shifts relativehe other carbon
atoms which remain almost undisturbed. The shiftaimls upfield in the signal of the thiolo carbom @zomethine
carbon in the complexes suggest participation eéehgroups in coordination to the tin atom. Theroetuclear
coupling constant values vizJ [**C,***Sn], 4 [*C,**%Sn], 3J [**C,**Sn] and*J [°C,**%Sn] for few compounds are
also scrutinized which are very useful in providitng information regarding the geometry [28-29]organotin
complexes. The differerdt values of all the carbon atoms of aromatic anchphgroup along with (Sn—-CHl and
(Sn—GsHs) [30] signals are listed in (Table 3and 4).
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Table -4 Values of Aromatic and Phenyl Carbons

Compound C Cs Cy Cs Ce G Cs | Co Cuc Cu Cy Ci: Cu
LgH 143.66 | 140.22] 127.85 123.32 12286 117[23 12(.660.664 138.9 140.2 131.Q 130.8 131(5
MeSn(Ls) | 146.73| 142,01 128.11 127.3 124.p8 119|32 123.361.114 139.23| 132.19 128.25 132.25 131/95
LH 147.24| 144,28 13572 136.42 129.y1 12055 121.566.923 139.6 141.0 131.0 130.8 130|9
PhsSn(L 4) 148.12 | 145.36| 137.08 | 136.89| 132.52 | 130.42 | 128.72| 145.52 | 140.81| 133.12| 130.15| 134.65| 131.85

14 \ 12

F NMR Spectra

The **F NMR spectrum [31] of the ligandst and LH display a sharp singlet &114.36 ppmp-120.36 ppm.
Their organotin (V) complexes does not show angngfe in the position of the signal and thus suppgpthe non-
involvement of fluorine in complexation.

1951 NM R Spectra

In the case of the tin complexessBh(Ls) and MgSn(L,) signals at6—181.7 ppm and-145.5 ppm for 1:1
complexes, respectively which stated for coordaratiumber five [32-334round the tin atom. On the basis of the
above spectral studies, possible trigonal bipyrahigometry has been suggested for pentacoordistatesl for all
the 1:1 metal complexes (Figure 1).

R m R
Fig. 1 Suggested structuresfor the complexes;, R= Meor Ph and @and N'O’= donar set of the ligands)

MICROBIAL EXAMINATION

Bioefficacies of the Schiff base ligands and tloeimplexes were tested iim vitro, as well as irin vivo. The paper
disc method [34] has been used for the antibatiaciévity and percent disease incidence (PDI) [@6]antifungal
screening.

Antibacterial Screening (in vitro)

Bacterial strainsStaphylococcus aureus(-8nd Escherichia coli(-) are selected for this study and the technique
used is paper disc method [36]. In this technigeelzed hot nutrient agar and paper disc of Whatrho.1 were
used. The discs having a diameter of 5 mm wereesbak the solutions of test compounds in methab60 (and
1000 ppm concentrations). These discs were planeajar medium previously seeded with bacterial esosipn in
petri plates and stored in an incubator at 30 + T inhibition zone around each disc was measafted 24-30
hours. Results have been recorded in the formhaition zones (diameter, mm) reported in (Table 5)
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Table-5Bactericidal Screening Data of the Ligandsand Their Tin Complexes

Compound Diameter of inhibition zone (mm)
Staphylococcus aurefs ) (Concentration in ppm) Escherichia coliS(-) Concentration in ppm)
500 1000 500 1000
L,H 7 10 6 10
PhsSn(Ly) 9 13 8 12
LsH 8 11 6 10
MesSn(Ls) 10 14 10 14
LH 9 12 7 11
PhSn(L,) 14 17 12 15
Streptomycin 15 17 17 18

Antifungal Screening (in vivo)

The chemicals, found most effective against furagad bacterial strains which were testedninvitro, were also
tested in field foccontrolling theGuar blightin Guar (Cyamopsis tetragonolobegused bylternaria yamopsidae.
Field experiments were laid out in randomized bldekign plots with three replications. The crog3 glants) were
raised in each plot. Compounds with a standardidiohgy Bavistin, [2-(methoxycarbamyl) benzimidaZoleere
tried. After sowing of 45 days, the plants werecmated artificially by spraying the conidial susp®n. The
suspension was prepared by crushing the infectedegein water. The first spray of the respectivegicide was
given, when lesions were first seen and were repeafter ten days. Disease intensity was analysedtétistical
significance and (%) disease control on test comgsuvas worked out.

Sum of score of infected plants x 100

PDI =
Totamber of plants observed x Maximum rating ofreqd.0)

The effectiveness of the chemicals were calculas#ag the following formula
PDI in treated plants — PDI inneted plants
% Disease control = X 100
PDI in untreated pfan
The results of these findings are given in (Tal)le 6

Table -6 Efficacies of the compounds against Guar blight was evaluated using the Per cent Disease I ncidence Technique (PDI)

Compound PDI in treated plants % Disease control
L,H 12 57.1
MesSn(Ls) 7 75.0
L,H 9 67.8
PhsSn(Ly) 5 82.1
LsH 12 57.1
MesSn(Ls) 7 75.0
LH 11 60.7
PhsSn(Ly) 4 85.7
Bavistin 3 89.3

Mode of Action

Metal based fungicides inhibit a wide range of enag involved in various metabolic pathways, ultiehatausing

cell death. Early work on the mode of action ofdisides showed that these compounds inhibit celsiin. It was

later [37] shown that the specific site of actisfi-tubuline, a polymeric protein found in microtubsilean essential
component of the cytoskeleton. Phenyl and aminaiggan the complexes affect nucleic acid, synthesid

mitochondrial electron transport also.

This activity might be due to the presence of arbygl and phenyl groups [38]. The increased agtivit the

organotin complexes may be due to the coordinaimhpolarity of a tin (IV) atom with oxygen of tligand [39].

The order of increasing activities is; ligand<f8aL<PhSnL, the results matched with the previously regmbdata
for the biological activity of organotin complexgO]. Further, it has been concluded that the csjarcompounds
are more active than the free ligands, which indidhat metallation increases antibacterial agtivhich is in

accordance with earlier reports [41]. The noveltisgaized compounds are cost effective and areteasynthesize.
It is likely that the new complexes might be moreionments friendly. There have been several tspdealing
with the impact of organotin chemistry in the bibspe.

We might then expect at least the following regutatprocesses to be operati@elation theory [42-43] accounts
for the increased activity of the metal complex@kelation reduces the polarity of the metal atorainty because
of partial sharing of its positive charge with thenor groups and possihteelectron delocalisation within the whole
chelate ring. The chelation increases the lipophilature of the central atom, which subsequentiypudes its

39



Belwal and Singh Euro. J. Adv. Engg. Tech., 2015, 2(11):34-42

permeation through the lipid layer of the cell meante. An additional theory is based on penetratiocell wall
[44]. It suggestzhitinases and a another compoud,3-glucanase, defense system of the plants, hyiréungal
cell walls and inhibit the rapid growth of fungalthogens.

CONCLUSION

The results of fungicidal and bactericidal scregrohthe tin complexes against some pathogenicifangd bacteria
are recorded in Tables 5 and 6. The results shatwlie activity is enhanced on undergoing chelatiois a well-
known fact that the concentration plays a vitaérol increasing the degree of inhibition. Hencéhasconcentration
increases, the activity also increases.

The screening results have shown that the triotaid) complexes have better antibacterial acyithan the free
ligands. Furthermore, it has been shown that tip&enyltin(IV) derivatives exhibit significantly lter activities
than the trimethyltin(IV) derivatives.

Structure of the Ligands
H H
N N
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\ /CH
HC/

=5 O

NH,
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