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Coordination complexes of Sn'T and Sn!V adopt a wide
variety of geometry!2 and a number of organotin as
well as Snl complexes of sulphur. oxygen and nitro-
gen donor Schiff bascs arc potent antifungal and anti-
bacterial substances?-3. We rcport here the preparation
and characterisation of the complexcs of Sn and Sn!V
with dibenzaldehyde thiocarbohydrazone (dibenztchH),
diacetophenonethiocarbohydrazone (diacettchH),
dicyclohexanoncthiocarbohydrazone (dicycltchH),
disahicylaldchyde thiocarbohydrazone (disaltchHj3).
dicinnamaldehydc thiocarbohydrazone (dicintchH) and
di-o-hydroxyacetophenonethiocarbohydrazonc
(diohaccettchHj3) of general formula [Sn(LH),Cl, | (LH =
dibenztchH, diacettchH, dicintchH and dicycltchH),
[Sn(L"H,),| (L’H4 = disaltchH; and diohacettchHj),
[SnL, I, | (LH = dibenztchH, diacettchH, dicycltchH or
dicintchH) and [SnL’I] (L’H; = dibenztchHj; or di-o-
hacettchHj).

Results and Discussion

The complexes of both Snll and Sn!V arc slightly
soluble in methannol but dissolve apprcciably in DMF
and dioxan. They arc stablc in air and decompose gradu-
ally on heating above 130-50°. Very low conductancc
values (4-9 € ! cm? mol !) in DMF solution indicate
their non-electrolytic naturc.

The clectronic absorption spectrum of ‘dibenztchH
displays strong bands at 225 (€ ,,, |1 244) and 315
nm (24 340) assignable to §--8" and 7- 7" transitions.
In the complexes these bands are shifted to higher wave-
length ncar 235 and 335 nm. The bands of dicycltchH
at 205 (€ 5y 6 310) and 250 nm (10 466) attributed
for §-8" and n-7 transitions, arc also affccted and
observed ricar 215 and 270 nm in the complexes The
dnodo complex Sn(dicycltch), I, displays a ncw band
at 390 nm attributablc to charge transfer transition from
iodinc to mectal. Di(o-hydroxyacctophenone)-

thiocarbohydrazone displays bands at 250 (€,
12 335), 288 (9 935) and 325 nm (7 850) assignable to
8-8", n-n" and -7 transitions, and thesc are ob-
served near 255, 305 and 335 nm respectively, in the
complexes. The band at 390 nm in the iodo complexes
is attributed to charge transfer band. DisaltchH; dis-
plays bands at 210 (€ ,,,,, 18 290), 250 (21 840). 290
(13 920) and 325 nm (9 632) attributable to §-6". n-
8. n-n" and 71’ transitions respectively. The com-
plexes of disaltchHj display thcse bands at higher wave-
length located near 215, 260 and 320(br) nm. In casc
of the 1odo complex [Sn(disaltch)l], the extra band at
390 nm is attributed to charge transfer transition The
shift of the bands of the ligands in their complexcs sug-
gests the bonding of hgands to mctal atom.

The ir spectra of ligands and complexes show phe-
nyl ring skcletal vibrations at 1 650-1 050 cm !
Di(orthohydroxyphenyl)thiocarbohydrazonc
(disaltchH;) displays vy vibration at 3 320 cm !
which disappcars in its Sn'VY complex [SnLI| (LH; =
disaltchH;) indicating the deprotonation of phenolic OH
in its complexes. The vy of the ligand (1 368 cm ')
disappcars in the spectrum of the complex supporting
the deprotonation of phenolic OH. In the Sn!! complex
[Sn(disaltchH, ), |. Uy 1s observed as weak broad band
at 2 950-3 300 cm ! indicating that at least onc of the
phenolic OH of the higand is retained n its Sn!' com-
plex which is involved i hydrogen bonding The v ¢
band of thc ligand (1 150 cm ') 1s raiscd to lugher en-
ergy (1 270-1 290 cm 1) on complexation supporting
coordination of phenolic oxygen The thioamide bands
L TL 1T (1 255-1 535 ¢cm ) are shifted to higher fre-
quencies while thioanude band IV (970 cm 1) 1s shifted
to lower frequencies, indicating the involvement of
thioamide group 1n bond formation* The v  band
of azomethine group (1 590 cm ') is shifted to higher
frequency. indicating the coordination through mitro-
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g-u of the azomethine group.

The 1r spectrum of di(e-hydroxyacetophenone)-
thiocarbohydrazone displays Vg vibration at 3 340
cm ! which disappears in its SnIY complex, suggest-
ing the deprotonation of phenolic OH and coordination
of ligand through oxygen atom of phenolic OH group.
The v -y stretch (1 590 cm™!) is shifted to higher fre-
quency in almost all the complexes suggesting that the
second bonding site of the ligand is azomethine nitro-
gen. The ligand and its complexes display a number of
similar bands in finger-print region. In the Snlf and Snv
complexes the thioamide bands I, 11 and III are shifted

FABLE | - ANALY1ICAL AND PHYSICAL DATA OF COMPLEXES

Compd./ Analysis % : Found/(Caled.)
(Colour) M N cn
|Sn(dibenztch),i, ] 12.41 11.69 26.91
(Yellow) (12.66 11.95 27.08)
[Sn(diacettch); 1,1 11.69 11.11 2541
(Yellow) (11.94 1128 25.55)
|Sn(acettch)sl, | 14.86 1398 32.01
(Cream) (15.04 14.20 32.16)
[Sn{dicyclich), 15} 12.81 12.12 27.96
(Brown) (13.11 12.37 28.03)
{Sn(cintch),l,] 14 26 13.61 31.01
(Brown) (14.59 13.78 312D
[Sm(disaltch)I} 2091 9.91 22.61
(Dark yellow) (21.19 10 00 22 66)
[Sn(diohacettch)I} 19.82 9.32 20.96
(Yeliow) (20.18 952 21.58)
[Sn(diacettchH),Cl,} 14.51 13.67 8.56
(Cream) (14 64 13.82 8.74)
[Sn(acettchil),Cl, ] 19.36 18.41 11.01
(Cream) (19 54 18.45 11.67)
[Sn(dicycltchH),Cl,] 16 31 16.12 9 81
(Pale yellow) (16.42 15.51 9.81)
[Sn(cintchH},Cl;} 18.56 17.61 11 01
(Yellow) (18.83 1778 11 25)
[Sn(disaltchH,),) 15.61 15.21 -
(Bnight yellow) (15.88 14.99)
|Sn(diohacettchH5),1 14.52 13 81

(Light brown) (14.77 13.94)
[Sn(dibenztchH),Cl,] 1531 14.61 921
{Light yellow) (1573 14.85 939)
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to higher frequencies while thioamide band IV shifts to
lower frequency by 40-20 cm ! in the complexes. In
case of Sn'V complexe [Sn(diohaccttch)l] a large shift
in thioamide band IV (by 210 cm 1) indicates that the
thioamide sulphur is bonded to mctal atom*> by
deprotonation of thiol SH of the ligand also In far-
infrarcd region, the ligand and its complexes display
four to five bands whose positions arc not very differ-
ent.

Dicyclohexanonethiocarbohydrazone displays NH
and CH, stretching vibrations as strong bands at 3 260,
3170, 3130, 2920 and 2 838 cm !. In the complexes.
the NH vibrations arc obscrved with reduced mtensity
with slight change in wavenumber. The complex
[Sn(dicycltchH), Cl, ] displays thioamide band IV at 940
cm™! but band I'V suffers a major change in Sn!V com-
plex [SnL,[,] and it is observed around 720 cm !. The
thioamide bands I, Il and UI are shifted to higher fre-
quencies in all the complexcs suggesting the coordina-
tion of thioamide group in all the complexes.

In dibenzaldehyde thiocarbohydrazone, the aldmine
(CH=N) group CH stretch is observed at 2 970 cm !
In the SnT and Sn'V complexes, the v_j; band is not
affected while in the inner neutral chelates SnL,l,
(LH = dibenztchH), NH stretches are affccted appre-
ciably The vy band of the free ligand (1 580 cm™')
is shifted to higher frequency in the complexes.” sug-
gesting the involvement of C=N nitrogen in bond for-
mation. In far-infrared region, the ligand displays promi-
nent bands at 500, 430, 410, 330, 300 and 250 cm !
The complexes display four or five broad bands but
these are not well resolved indicating that ligand band
couples with (M-L) bands giving broad bands. The
thioamide band 1V of the ligand is not affected appre-
ciably in the Sn!! complexes indicating that the higand
has coordinated in thione form. In the Sn'V complexes.
the thioamide band IV is shifted to lower frequency
(710 cm 1) while the thioamide bands I, I1, 111 are shifted
to higher frequencics, indicating the coordination of
ligand to metal atom. A major shift of thioamide band
IV supports the deprotonation of ligand in thiol form.
The bonding site of the ligand is C=N nitrogen and
thioamide sulphur. The v.y is broad and in some cases
resolved into two bands indicating that both the
azomethne nitrogens are not involved in bonding. In
the complexes, the far-infrared bands arc observed with
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reduced intensity but the (M—N) or (M-S) stretches
could not be distinguished due to a number of ligand
vibrations. In case of the Sn!! complexes with
(diohacettchH3) and (disaltchH;) complexes
[Sn(L'H,), | (L"H; = disaltchH; or diohacettchH;), a
broad and medium band at 2 950-3 300 cm ! indicatcs
that at lcast one of phenolic OH is rctained in com-
plexcs. The vy band of these lignads does not vanish
at 1 370~1 390 cm !, supporting thc presence of at
lcast onc uncoordinated phenolic OH. The ir data indi-
cate that these ligands are acting as monoanionic
tndentate (O—-N—-S) donor molccules with Sn!. In SnfV
complexes [SnL’I}] (L'H; = disalichH; or
diohacettchH3), vy and 6¢y; vibrations disappear
completely Thus with Sn!V these ligands arc bonded
as quinquedentatc trianionic ligands in [SnL’I| (L'H; =
disaltchH; or diohacettchH). The bonding pattcrn of
these ligands suggests distortcd octahedral structure for
the Sn!' and Sn!V complexes.

Experimental

The ligands were prcpared by condensing
thiocarbohydrazide with appropriate aldehydes and ke-
tones in methanolic acetic acid solution®.

[Sn(LH),Cl,] (LH - dibenzichH, dicyclichH.
diacettchH or dicintchH) and [Sn(L'H.),] (L'H; -
disaltchH 3 or diohacettchH 3) : A mixturc of stannous
chloride (0.005 ml) dissolved in dry methanol (50 ml)
and the ligand (0.01 mol) dissolved in hot mcthanol (or
1 - 1 methanol-DMF) (40 ml) was refluxed for 30 min
when the bis-ligated complexes separated out. The com-
plexcs in some cases were highly soluble and that re-
quirced concentration and cooling of the refluxate to a
small volume to yicld the products. The products werce
washed with methanol and dried over CaCl,.

[Snl 1,/ (LH = dibenztchH, diacettchH, dicinichH
or dicycltchH) : A mixture of dry methanolic solutions
of stannic iodide (0.005 mol), ligand (0.01 mol) and a
few drops of dry morpholine was refluxed for 30 mmn
and then concentrated to a small volume when a yellow
orange product separated out gradually. The complexcs
were washed with cold methanol and dried in a desicca-
tor over CaCl,.

[Snl'l] (L'H; disaltchH 3 or diohacetichH 3 The
monotodo complexcs were prepared by refluxing Snl,
(0.01 mol) with the ligand (0.0]1 mol) in dry methanol
(50 ml) containing dry morpholine (2-3 drops). The
mixture was then filtered and the filtrate concentrated
to vicld orange-yellow product which was dried n a
desiccator.
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