A SHORT DISCUSSION OF ORGANOTIN
CO-~-ORDINATION COMPOUNDS
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The Chemistry of organotin compounds has been studied
extonsively during last few decades dus 10 their unique physico-
chemical, structural, biocidal and other properties.

Historically, Frankland (1-2) in 1849 first reported an
'organotin compound though he could not characterise it properly
until 1853, Lowig (8) in 1852 isolated the first organotin com-
pound from the reaction of sodium~tin alloy on ethyl iodide. These
initisl investigotions soon initiated more work in the field of
organometallic chemistry in general and organotins in particular.

A number of veview articles in this area have been published.
The first ecmpﬁehensive review covering the litersture upto 1938
was done by Krause and Von Grosse (4), Ingham, Rosenberg and
Gilmen (5) extended the literature work upto 1959, The 1list of
organotin compounds covering the literature from 1937 to 1964
was done by Weiss (6). From 1964, few literatures of organotin
chemistry have been puhliéhed in annual surveys {(7-16). The tin
annual  survey covering bthe year 1974 has been published (17).
Harrison published two reviews .. one is of organotin derivatives
- of tin and lead (18) and another of organotim compounds in 1973
{19). Apart from these rveview articles, several bdaks Bave been
published (20-23),
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After the discovery, organotin compounds lomg remgined of
purely scientific interest, but in recent ycard thege hgve~been
put into large scale commercial exploitaﬁions, The present annual
world consumption of organotin compounds i about 30,000 -tons,
though the production in 1948 was maximally a few tons. Most of
these proﬂuctionﬁcﬁﬂ;uﬁiiised forvPiv.c;'Stabilisation, the
" remainder being shaved between several biocidal and catalytic
uses of orgapotin compounds. |

The applicatioﬁs-df<organ0tin compounds are diverse (24~
26) in nature and some of which may be indicated as £ollows:.

For stabilisation of poly vinyl chloride (P.V.C.), di-
organotin and mono organotin compounds are currently used. PeVeCe
for its processing is subjected 0 vemperature between 150-200°C,
At this tempersture, decomposition of P«V.Cs takes place qéiass
it is protected by appropriste stabiliser. Apaft £rom org@ﬁbtins,
metellic soaps and some pure orgaﬁic compounds are ‘e;ls.;o‘ 'usé'd as’
stabilisers for P.V.C. The organotin stabilisers are mbSt’power~
ful fhough it is more expensive. When a perfectly 6Leér and
colourless product is reguired or exbtreme temperature is used in
processing, thé‘erganotin stabilisers are mostly usod.

Apart from the use of organotin compounds for P.V.C.
stabilisation, there are a large nﬁmber‘of biological applications
of organotin compounds. The biolagical effects ofﬂorganotin - -

eompounds was systematically situdied since!1950. These compounds
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have been found very active against a number of fungi and bacteria,
marine prganisms;,, p:;az'asi,t:ie woxfme, :aqua’cic snells and inséc-ts .

| Investigations in tlhesg area have led to pro;msa.l.a for praéﬁieal
applications, some :b‘f‘ which have been suec‘essfully Arealised.' |
comprehensive revww of such appl:.catlons has been Wr:.tten by
Tuljten (7). Recently an interesting potential use of organotin
complexes have beem indicated by the effectiveness of a series of
organotin dihalldean compl exes for antl *Gumour act:.v:.tles. The
compounds are of the type BoSniy « Eag(s)where R = lle, Et, n—Pr,
n-Bu, Ph; X = 01, Br, Iy HNC35 L & O~ O lﬁ-donor ligand h.ave been
tested for antitumtmr aetivity (28). These compomds were modelled
on the original acibive platinum compounds (29) ﬁlS*Pt(NH3)2014
(11} and cm-m;(m;)go:u.z (IIT).

\IIV/> \,IV/NHs \ e
a NH8 / \
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The diorganotin comnlexes ehosen for test contain Gls—halagen
groups end gome of these comnounda inhibit P388 Leukaemia in mice.

In recent years, thg:co-ordination chemistry of organotin
compounds has been ¢ktensively studied. Tin differs from the.
lighter group IVA eclements in that its d-orbitalsare of suffi-
ciently low engrgy for them t0 be frequeatly used in bonding, so
that tin can readily expand its co-ordination number above four.
As a consequence, many organotin compounds form stable adducts
with Lewls bases. Reactions inmnlving nucleophilic attack at tin
are also facilitated by the formation of co-ordinated intermediates.

The ability of tin compounds-to form complexes is largely
dependent on the electronsgativity of the substituents. Thus the -
acceptor strengbhsof the halides are in the order $nﬂléj>San4>
3n14,‘When the electronegative éhlorine atoms of Snﬂl4 are réplaced
by relatively electropositive orgenic group, the acceptor strength
of tin declines ss indicated by the sequences SnClg ) RSuClz)
RgSnClg ) RzSnCls FhzSnCl >BuzSnll; and PhSinClz"> MeSnCl 5 > BudnCl .
No adducts of telraalkyl or aryl tin compounds have yet been
reported and attémpts to deteot interaction between tetra ethyl-
or tetra phenyl tin and dioxanes by dipole moment measurements
gave negative resulte (30)..

A large number of most commonly uded ligands are those
with donor atoms from the first row of periodic table particularly
oxy gen and nitrogeﬁ, as it is widely accepted that tin (IV) is a
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 class A acceptor (hard acid) ‘(31);

Kumar Das {32) has prepared complexes of the type RzSnX.D
(where R = Me, Phi X = Cl, NOz and I = hexatethyl phosphoric
triemide (HMPA), dimethyl Sulphoxide (DMS0), 1310 phenanthroline
(Phen) etc. 1:i1 complex of HMPA with PhgsnX (X = C1, Br, I,

Nz, OH) have besn prepared (33~34) by the generai reaction

PhzSnx 4 HIPA Gh;orpfelfm » PhzonX. HMPA
oy pet ether

That, the PhzSnN0z.L (L = HiPA, DMSO and phen) complexe? are

relatively good electrolytes in absolute gleohol, indicate g

wealt co-ordingtion of nitrate group to the tin atoms L.R. spectral

data support it and these fhree complexes have been found to be

penta eo-ordinatgd hy Mbssba.uéi' gpectral data (35).

A large number of 131 adductis of substituted pyridine
H~-oxides with triphenyl tin chloride have also been prepared (36).
These compouvnds are precipltated by mixing together an eyuimol e~
cular amount of the reactants (37). Stability constent measure-
ments of the compounds MezSnCl.h (3'; = substituted pyridine N-
oxide) clearly indicate the formation of stable adducts by these
1igands with MezSnCl. |

The fermation of 1:1 complexes of ﬁriorgcmotin chlorides
and thiocyanstes with some tridentate chelating agents have been

renorted by Smith and Liengme (38). The chelating agents are
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s-zfé-(l, o-pnenanmhrolyl)_7ls 6-diphenyl-1,2,4=triazine (I) and
3/ 2~(1,10-phenanthrolyl)-6, 6-dimethyl =142 4~triazine (II). The
jsolated complexes were (§33)53n01.ﬁ, and (06H5)5Sn91!3 (Lwl
and II) and (Cglg)zSn(NCS).L (L = I). These complexes are stable
crystalline solide and behave as non-electrolytes in nitrobenzene.

A number of complexes like MegSnDlz.ZPy. MegSnClg . phen
(39,40); MegSnXg. Bipy (X = Cl, Bry I); 2RoSnXp « Terpy (41)

(R = Me, Ph; £ = Cl, Br, I) have been obtained by the action of
1igands such as Pyridine (PBy), bipyridyl (Bipy )s Phenanthroline
(Phen), terpyridyl (Terpy) etc. upon diorganotin halides.

Reutov et al have summarised a large number of crystalline
complexes of the general formula By, MX, « T where L is a neutral
donor ligand (31). In thet summary,; they also discussed the
structures of such complexes containing monodentate and bidentate
-ligands. In recent years a large number of organotin complexes
with various bidentate ligands have been extensively studiled. 4
brief review of some representatives of these complexes may be‘
described as follows: '

Organotin derivatives of oximes and Schiff Bases:

The oxime derivatives of organotin compounds have been
reviewed by Mehrotra and his co-workers (42). Organotin oximates
are prepared either by the action of sodium or lithium Salts on

organotin halides (43-45)



Ry 5001y, + nia(Li)ON = aR'R'f»

Ry.,Sn(ON = CR'R")-+ nNa01(Lil1)

or by aszeotropic distillation of water from a mixture of organotin

oxide or hydroxidé with oxime in benzene or toluene (43-45).
(RzSnl)o0 + 2HON = CR'R"
SRgSnON = CR'R"+HgO

RaSnOH+HON = OR'R™ ,RzSnON = CR'R"-+Hp0

Reactions of alkyl tin alkoxides with oximes (42-43, 46,47) take

place a8

RgpSn(OR! )+ nHON =CRR™

nR'OH+ RgpSn{ON = CR"R™ )n

From the action of diorgonotin dichloride with the silver salt
of oxime, Koheler et al (48) was able %0 prepare diorganotin
derivatives of a diqyanoformaldéhydé.

Mehrotra et al (49) have slso prepared various types of
butyl tin derivatives of alkanolamines. Organotin dérivatives of
oxime can rveact with acyl Or benzoyl halides and O-acyl or o=

benzoyl oxime (42).



-G

R

{ = GR'R" nRM G6X
| 4“nSn.(OM QR R )n:}-nR

Ré_nsm&-\-r_m'fi“(} = NOGOR™
Organotin halides or exideé can react with bideniate, tridentate
and tetradentate Schiff bases. o

RSaCly reacts with HOCGHCH : NR' (where R = Et, n-Bu
and Ph; R' = Me, Et and Ph) in cyclohexane and forms 132 adducts
(50). Mblar conducténce ‘mesgurements in nitrobenzene have ghown
the non-electrolybic nature of these adducts. Infrared and
Mbssbaﬁer spectral studies suggest octahedral stpuctures for these
adducts . | | | -

(CBS)ZSnﬂlg'reaets with tridentate Schiff bases Ne(2-
nydroxyl phenyl) salicylaldimine OH. CgH4CH = Ne CgHy .OH or
its derivatives to form penta co~ordinated structures (5i). Tri-
phenyl tin hydroxide reacts with Ne(2-hydroxy phenyl)-salicyl~
aldiminé to form hexa co-ordinated complexe. The'structure of N
(2=hydroxy phenyl)-salicylaldimine has been determined and found
t0 be Hi&ily distorted with organic grouwps occupylng equitorial
,positiof}xs (52) |

Dlorganotin oxides react with tetradentate Schiff Bases
to yield RgSn(Saler), RpSn(aceto-salen) and RgSa(benzo salen)
where R = n-Bu, n-Octyl and benzyl ; / salen = bis-(2-hydroxy-
S-methyl acetﬂphenane)‘ethylene diamine; benzo salen z= big-(2=~

hy droxy-5-methyl benzophenone) ethylene diamine /.,
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The compound R,Sn (aceto salen) and BySn(benzo salen)
exist in trans form both in so0lid and in solution whereas

| RoSn(salen) exist both in cis and in.transg forms (53).

Organotin Oxinates:

Organotin oxinates (oxine = 8-hydroxy quinoline) are
stable and well defined compounds. These have been studied
extensively. These organotig oxingtes are generally of the follow-
ing types: ‘

Rz5n(0X), BpSn(0X)g, RSn(0X)z,EPn(0X)X and RSa(0X),X,
where B = organic group, OXH = 8~-hydroxy quinoline, X = halogens,
isothiocyanate and carboxylates.

The simple Organotin oxinastes of the type RypSn0Xp(n =
1,2,3) are prepared either from the organotin halides gnd sodium
oxinate (64)

RpSnClg +2Ha0X——» BzSn(0K), + 2NaCl
n-BuSnClz 4 3820X —» n~-Budn(0X) 3 + BNaCl,

or from organotin hal ide gnd'Oxine, the hy&rogen'hali&e forméd
duripg the reaction is remOQed by neutrelising with the help of
a base such as ammonisa (85). .

RoSnClg +20XH +2NHz—> RoSn(0X) g+ '.‘ZNH;*C].

and organotin oxide with oxine (56,57)
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(PhgSn),0 + 204H ——»2PhSn0X +Ha0

ériorganqtin oxinates héve also béen prepared by the reaction of
triorganotin chloride with a mixture of oxine and sodium methoxide
(54). o i |

By refluxing (58) a mixture of tetra,[fbis—(pénxa fluoro
phenyl) tim or tris-(penta £110r0 phenyll7tin chloride and an
excess of oxine in ethanol, (‘bi,$~p-_exita fiuoro~phenyl) tin bis
oxinates have been prepared. The crystal structure oivdimethyl
tin bis-(8-hydrogy-quinolinate) has been determined (59). The
compound assumes a structure with cis~dimethjl tin groups (110.79) .
in which the oxygen atoms appear trans (the B-50-0 angle seems
not to be listed) and the nitrogen atoms are Cis { N-Sp-N =
75.8%). The nearly tetrahedral dimethyl tin groupings has +in-
carbon internuclear distances that are the same as those observed
‘for the tetrahedral tin compounds, (GH3)n§nX4-n and CHzSnHg. In
the bonding of the oxinate ligand o tin, it seems that the tin
oxysen distances are shorter'by 0.2SA° than the tin-nitrogen
distances. |

By the reaction of diphenyl tin dichloride and oxine in
benzene in absence of a base in 131 molar ratio, halo oxinate

is formed (60,54):
RpSnClg + OXH —— BpSnC1(0X) + HCL

Halo oxinate compounds can hlso be- obtained through dispropor-

tionation of g dihalide and a dioxinate in refl uxing benzene or



-11-
ethanol (61,54).
Rgsnclg-+323n(0x)§————~a;2328n§1(0x)
or, by the reaction of dioxinate and silver hslide (60).
RZSn(ox)24-Agx-—~4—>323nx(0x) + Ag(0X).

Dimethyl chlorotin oxinate have been prepared by HeGrady et ale
(62) by the disproportionation reaction of dimethyl tin dichloride
and dimethyl tin dioxinate in refluxing benzene. Dialkyl Hiu
isothiocyanate oxinate and acetate Oxinate have similarly been
prepared (60). Dialkyl tin nitrate oxinate and sulfate Qéinate

are prepared by the £ollowing methods (60)
, in CH,O0H :
Rgsn(0X)p +AgNOy ~—>—% Ry5n(N03) (0X) + Ag(0X)
2RpSnCL (OX) + AgpS0 %/ Rosn(0K), 7504 +2agCLe

In other halogen substitution reaction the product dispropor-

tionates (63) as
RpSnCL (0X)+ I —» £ RpSu(I){0%)_/ + o1~
2/ RoSnI(0X)_J — b RpSuly +RoSnd 0x),

The heslogen atom 0f penta co-ordinated tin halo oxinate undergo
ready exchange with groups such as butyl, alkoxy or eveu with
chelating agents ¢.g, acetyl acetonates (54,63) which may

disproportionate into diorganotin derivatives, €.g.
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RpSno1(0X )4 Tl-bocgaﬁﬂhﬁgﬁn( 00gH; )( OX) + T101

RgSnCL(0X) + n~Bubi ——» RoSnln~Bu){ 0%) + HiC1

Bosn(0X) 5+ RoSn(n-Bu),

stma_g 0X) + TlL=acetate —» Rgﬂﬂ(lacac)’ (ex)y + Tid

RoSn(0k)p T BoSnlacac) o

' Datta (64) have prepaved phenyl tin halo ozinates by
the reaction of diphenyl tin dioxinate with mercuric halides in

ether at rocm temperature.
Pho5n(0X)p +HaCly—— PhSnC1(0X)y, + PhHgCL

Phenyl tin acetate diozimﬁe has been prepared by Roy (65) by
the displacement of chlorine atom from phenyl tin chloro oxinste
with sodium acetate. He. has aleo prepared BhSn(OGOCz%)(QK) o
Phsn(0C0CHH01) (0X)o and PhSn( OCOCFz)(0X)5 complexes by similar
nethods.« . |

4 novel compound, 4“n~04593n<ox).zjs has been prepared
from the reaction of n-bulyl tin sesguisuvifide and oxine in

boiling toluene (66).
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Nehrotrs et al (67) have syanthesised butyl tin-isopropoxy
OxinatesVLT?HSH(Q?ri)g,n(OX)nt-7.by the reaction of butyl tin
tris-igopropoxide and o#ina and the isopropanol formed in the
reaction Was.removed by azZeotropic fractionation with refluxing
benzene. -

Ghosh and co-workers (68) have examined the action of
mercuric halides on orgsnotin oxinates and probable mechanisms
of these reactions have been given. Tripheﬁyl tin oxinate has
been shown t0 react readily with HgX, (X = C1l, Br, I) at room
temperatufesﬂ The hexa co~ordinated diphenyltin dioxinate ias
attacked by Hglp ounly when refluxed in benzene or .ether. In both
the cases, PhSn(0X) X have been found. It has also been shown
that PhosSnCL(0X) can react with mercuric chloride with the com-
plete cleavage of the tin-phenyl bond, producing Sn(OX)zclz,
PhHgCL and PhosnCly . |

Organotin derivatives of substituted oxines, ©.g8., some
diaxyl tin bié oxinates/2~methy)l Oxinates and diaryl tin chloride
oxinate/2-methyl oxinates have been reporied by Srivastava et al
(69), »

Sen et al (70,71) have prepared and characiterised several
diorganntin bis-(mono- and disubstituted oxinates) by the reac-
tion of diorganoﬁin dichloride with ligandsin 1:2 molar ratio
in DMF or athandi,



Gopinathan et al (72), Kumar Das % ai (73), Deb and
Ghosh (74) have very reéently prepared oxine compounds of eater
tins. _

Kumar Das et al have also reported and synthesised the
compounds of the type Résn(ﬁx)z and‘RQSnol(OX) (where R =
Meococngcaz), The former compound hasc been synthesised by the
method of VWestlake and Mertin (75) and the latter by the reaction
of an equivalent amount of diorganbtin bis(oxinate) with Rgsn012
in benzene. The compounds were studied by U.V;, I;R,,.P.M.R.
and Mossbauer spectroscopy. '

It has been proved by P.M.R. data that relative to bis
oxinate,_the chloro oxinate appears t0 involve g grester extent
of chelation.

Deb and Ghosh (Loc cit) have synthesised and characterised
co-ordination compounds vOfh A=substituted mono—.and dialkyl
ester tin compounds with ligands like 8-hydroxy quinoiiﬁe, suﬁ—
stituted 8-hydroxy quinolines, dithizone, alizerin etc. by the
reactions of ester tin chlorides with ligands.

Organotin Tropolonates, Kojates, Dithiocarbamates
and pA-piketonates: ,

A number of organotin tropolonate complexes of the fypes
PhzSnT, MegSnil, Rgsnlp, RSnXly (R = alkyl or Ph; X = Cl, Br, I3
TH = Tropolone) have been prepared where the tropolone acts as
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bidentate chelating agent bonding through both oxygen atoms.
Dierganotin bis~tropolonates have been'prepared (76,77)

by the following reactions.
RgSnClg+ R2iaT ——PRoSnly + 2MaCl
RpSnClg+ 21T ——W RpSnl, +2101

By the reaction of phenyl tin trichloride in benzene with &
gsolution of tropolone in ether (78), ‘the compounds phenyl tin
tris tropolonate and phenyltin chloride bis tropolonate have been
prepared .

Organotin complexes with kojiec acid, e.g.f?ﬁbthyl tin
chloride — and methyl tin bromide bis kojates have.been'prepared
by Otera et al (79).

Organotin dithiocarbamates are pxepared by the reaction
of sodium~dithiocarbamate with an organotin chloride (80-81).,

Organotin compounds can form a number of complexes with
bidentate oxygen donor /A -diketones. There are éeveral organotin
" acetyl acetonatess They are generally of the following typess
BzSn(acac), RpSn(acac)y, RSn(acac)sz, RsnX(acac)y, RSnX(OR')(acac)
and RSn(acac)p(OR' )5 ;.

Rasnn‘[fh~= Me, Phs LH = acetylacetone(acac), benzoyl
acetone (bzac)_7'compounds have also been prepared and charac—

terised by I.Re, N.M.R. and Mossbauer spectroscopy (82). Thease
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compounds have been prepared by ﬁl(i) salt method (83,84,85) e.g8.y
BsSnCL+ Tl(acac) ——» RzSn(acac) + T1C1.

Diofganotin bis acetyl acetonates, RpSn(acac)y and diorganotin
bis ( P-diketones) have been prepared either by the addition of
acetyl acetone to a mixture of diorganotiﬁ dichloride and sodium
methoxide in methanol (86) or by direct reaction of the reactants
in the presence of a base (83).

. Srivastava and Saxena (87) have synthesised some diorgano-
tin bis (aéetyl acetonates), BQSn(acac)z (R = Ph, 0-; m~, p~
tolyl). | | -

Tri and dio?ganotin compléxes of ZfTheﬁqyl-trifluorp
acetons of the types Rasn(TTA) (where R = CHz, CgHgy C4Hy and
HITA = 2-Thfyl trifluroacetone) have been synthesised by Bachlas
and Jain (88).

CHzola +HTTA — Na(TTA)™+ CHz0H '
R3SnCl + N&(TPA)"—»RzSn(T0A) + NaCl

(Rgsn0)g + 2XHITA ==—3XRoSn(1TA) 5 + X0
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Organotin derivativee of Pyridine carboxylie aolds and
other ligsndsi _ _ .

A series of diorganotin bis (pyridine carboxylates),.
stn (0.00.C5HgN)o (R = Me, n = 2-4; R = Bhy & = & Or 3);
diorganochlorotin pyridine carboxylates, RoClsn (0500¢05H43gn)
(R = Me or Phy o = 25 R = Me, n = 4) and monoorganochlorotin
pyridine carboxylates ROLpSn(0.C0.C5HsN.3) (R = Bu or Ph) have
been synthesised and their gtructures are investigated by 119$n'
Mossbauer and Infra red spectroscopy .(89).

The spectra indicates the trans ootahedral RgsnX,
geometry of the three dimethyl tin bis=(pyridine carboxylates)
along with dipheayl tin bis=-(3 pyridine carboxylate) and dimetﬁyl
chioro and diphenyl chlorqtin Repyridine carboxylate in the solid
stata. |

Dimethyl ¢hlorotin 4-pyridine carbcxylaté, however, poOssesses
a five co-ordinated trigonal bipyramidal Cis- RoSniz stereochemistry
while diphenyl tin bis-(2-pyridine carboxylate) haé an octahedral
Gis-BQSgX% gtructure, with two bidentate N-chelating pyridins
carboxylate groupg. 1

The structure of dimethyl tin bis-(2-pyridine carboxylate)
mest probably bhas both bridging and terminal carboxylate groups
where co~ordination from pyridine nitrogen atom to tin occurs

{Pig. 1). .



stucture of dimethyl tin bis-(2-pyridine carboxylate)
(R=R=Me; X=0.CO.CgH,N-2 )

(Figs 1)

Di-ethyl=, di n=-0¢tyl~ and dicyclohexyl tin'derivatiVes Of R~
pyridine carboxylic acid also adopt a similar étru‘clture in solid
phase as indicated by Nelson (90). _

Some mixed chelate compounds 0f diorganotin (IV) of the
typauér$nﬁgﬁ‘L") involving ths-chelate ligands N,N-dinlkyl
dithiocarbamate (SgBNRL), B-quinolinate (oxine), Z-methyl-8-
quinolinate (quin) and the anion of bis (p~fluoro benzgll methane)
(fom) has been.synﬁhesised together with the symmetrical big-
chelates L’SnRz(quig)gl J (R = Me, E"-h)’ o0d The cationic complex
éanMez(PPh30)2(A$£h36)2_7*473?h4;7;, éontaining«mixed mono
dentate ligands has been prepared (91).

These mixed chelate complexes wére prepared according

+0 the reaction scheme:



TUL' + [B0RpCLL" ) — >/ SaRph'L" 7+ 7101

wheré Re = Mep, Bugsy Php, BuPh and L', La are a3 indicated

above. | ” | | | i
mhe'symmatri¢al'bi$ chelates; Z?Enﬁg(guin)z.;7 (R = e,

Ph), were prepared by the method described by Westleke and

Martin (76) for the corresponding bis oxinstes. The complex,

[snileg (PPh30) o(AsPhg6) 5 7 *[ Behy 7 was obtained immedlately

by ‘the addition of an ethanolic solution containing the Hwo

oxygen donor ligands to an ethanolic solution containing dimethyl

tin dichloride and sodium tetrephenyl borat9* The reactants were

kept in etoichiometric ratio indiecated below in thﬁlparen%heaist
Lontezcly, 7 (1), Lasehg® 7 (1), [Fenge 7 (3),

L 8aBphy 7 (2). S |

Cenfigurational agsignments of  the Sn-C bonds in the Qctahadral
structures of these,éomplaxes have been,madei(ng‘by Moasbauer
spectroseopy . }

A series of gir stable s-triorgano stannyl derivatives
of I~cysteine and DL-homocysteine have been prepared (92B)by the
ﬁ@action of appropriate triorganotin hydroxide or bis‘(tricrganq«
tin) oxide with the sulphydryl - eontaininé amiﬁn acids in'
methanQL/ﬁater at room températureg Some tributyl stanoyl deri=-
vatives of types Ay By C formed with glycdne, cysteine and
higtidine are shown in figs 2. '
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CHp ~(0~0=SnBug cfﬂ - 00=0"
CHgPS*SDBug

(A) | o (By
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?H~GO~O-—SnBu3
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Pige 2 1Types of tributyl Btannyl derlvatlves formed
from amine acidse .

(Rg50.),0 + 285 (CHy )‘*ﬁcmméc 0CH
— % 2RySnS (CHp ), CHIH,CO00H + Ha0

(R=1, Re §ps n =2, Rz Buor Np) .

RzSnOH + HS(CHp )y CHNH,HOOH
P Bz5nd (Gﬁg}nmgcoegméo

(n=10r2; Rz Phor Gy).



19 Sn- NeM.R spectra are reported for toluene

Very recently, 1
solutions of tributyl stammyl ethers of 2,3,4,8-tetra~o-methyl-
D=glucosg, 1,243,4=di-0~isopropylidene~«L -Dﬁgalae‘b,t’)pyi'anos Ry
methyl 243-4i-0-methyi- X*D-glucowranpside and the dibutyl
atanoyl ether of the last mentioned sugayr Qﬂl@.

The structure of dibulyl stannylene derivetive 0f methyl
4, 6=0=~benzylidene~ L ~D=glucopyrancside, ﬁhich in solid state as

well as in solution exists as a dimer as shown in (Fig. 3).

AN

Bu—-gn SD----Bu

/ \o/ 'kBu

Pig. 3 Structure of dibutyl stamyiene derivative of methyl
_ 4, 6~0—ben531i dene X#D—glucopyranosidg,
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Organotin hydroxemates

A good number of metal complexes with hydroxamic aclde
have been prepared by mény workers and these.hy&:oxamig acids
have been proved to be a very good analytical reégent (93).
| Harrison (94,95) has synthesised the hydroxamic acid
derivatives of organotin by the azeotropie removal of water from
the mixture of appropriate hydrozylamine and the organotin oxides
or hydroxides:

%(Rgsn)zo + HOMR'R"
or BaanNR‘R"-+H20
7 «
BzSnOH + HONR'R” /

(where R = Me, R' = B" = Btj R m Mey R' = Ph; R" = CGPh;
Rz n-Pry, R' = Ph, R" u O6Ph; R = Ph, B' = Ph, R" = COPh;
R # Mey R' = Hy R" = COPhs; R = n-Pry, R' = H, R" = COPh).

However, aﬁtémpté to prepare PhzSnONHCOFPhL by the same method

- only resulted in the-fbrmation of tetraphenyl tin in high yield,

~ presumably by a‘dis@ropbrtionation reaetiong although no pure

 diphenyl tin derivative could be isolated.

PhsSnOH + HONHCOPh —io—‘» L PhzsnONHCOPR_7
T PlySn+ [ Phesn( 6NHCOPR), | 4

The OTganotin derivatives of N—benZle hydroxyl amines are

extremely stable in moisture. The PhzSnONPhCOPh ig monomeric in
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both the cnystal and selutvan phasesy whereas the trimethyl tin
derivatives are assoclated in the solid (96,949

Diorganotln derivatives of N-substltuﬁed benzo hydroxamuic
acids have been prepared (97%,98,99) accordlng t0 the f01lowing

reaction schemes:i
RySn0 + ZHONR'R"———»RoSu(ONR'R"), + Hy0
325n012—kBHONR’R"———————*RQSB£ONR'R”}2+-2HC;

The liberated hydrochloric acid was neutrelised by 25% agueous
armmonlia end the precipitaﬁed‘ammoéium chloride was removed by
filtration. |
Phenyl tin halide bis—(N-phenyl benszohydroxamates) bave
been prepared by the reaction of triphenyl tin N~phenyl benzo=-
hydroxamate with mercuric chloride, mercuric bromide and mercuric
iodide (99)s |
Phenyl %tin thiocyanate big~(H=~phenyl benzonydraxémata)
has been prepared (loc. ci}) from the corresponding chloride by
the displacement of chloride by thiocyanate.

PhSnC1 (PBHA), -+ KCNS ——>PhSn( CNS ) (EBHA) , + KCL
(HPBHA z Hephenyl-N-benzohydrozamic acid)

Pradhan and Ghosh (99,99a) have also prepared compounds
of the type RgSnX(PBHA) (where B = Phy, X = Cl, I, SCN; R = Bu,
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%X = SON) through disproportional reaetions.
RoSnX, + RoSn(PBHA) ;——>2RySnX(PBHA)

But PhoSn(SCN)(PBHA) has been prepared by the reaction of corres-
ponding chloride complex with KGNS (100)

PhoSnO1(PBHAY +KONS
~———>Phpsn(sCN)(PBHA) + KC1

It has been shown by Pradhan and Ghosh (99) that penta co-
ordinated diorganotin halide N-phenyl N~benzohydroxamates, on
refluxing in non-polar solvent like benzene flor a long time,

disproportionate to the' more stable hexs co-ordinated tin compounds
R PhySnX(PBHA) ——>PhSnX (PBHA), + PhgSnX
(where X w 0L, SCH).

However, in polar solvents like methanol, eamwge wee mwt famnd.
Mestomd another hexa co-ordinated compound phenyl tin halide
methoxy N-phenyl N-benzohydroxamate was formed sglong with the
liberation of one equivalent of benzene (99).

This methoxy compound was also obtained when phenyl‘bin.

halide bis~-N~phenyl-N-benzohydroxsmate was refluxed in methanol
with the liberation of one mole of ligand.
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in CHzOH . . '
PhoSnX(PBHA) » PhSnX(OCH; ) (PBHA) + CgHg

in GH;;_,OH

PhSnX(PBHA) —» PhSnX(OCHz ) (PBHA) -+ HPBHA
Some mono organotin derivatives of hydroxamic acids were prepared
by Narula and Gupta (100).

Pive, six and seven co-~ordinated mono orgaaotin derivatives
é;f.‘ hydroxamic acids have been synthesised by them. They isolated
the compounds having the gensral formulae RgSnpOplg, (RSnkg)0

(LH = bydroxamic¢ acid derivative).
Recently E;a:;rison et gl (98) have prepared z number of
new organotin byérbxamates following the usual procédures (94,
95), These compounds are of the typess Rgsm“sz(where R w He,
nBu¥, n-—octyl, Ph and LH = N—benzoyl-ﬂ-phenyl hydroxylamine),
RoSnXE (where R = Me; X = Cl, Br; I) and RSnhy (where R = n-Bu)

Organotin Dithizonates

Alridge and Cremer (101) showed that on extraction with
dithizone from a borste-~buffer triethyl tin compound gave a yellow
complex and that of diethyl tin compound gave an orange complex in

golution. The complexes formed had € pax = 28300 at 435 and

* Reported earlier by Pradhan and Ghosh
ﬁow eit)
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c max = 70500 at 510 nm respectively. Irving and Cox (102) have
sz.;ggested a 1:il complex for the former compound and 132 for the
latter. Similar complex compound in solution'oi' tri n-propyl-
and tri n-butyl tin, dibutyl - and dioctyl tin compounds were
reporteds .
Skeel and Bricker (303) confirmed that dibutyl tin
dichloride reacts with dithizone, but noted that N p,. appeared
40 depend on the pH, the concentration, and the composition of the
buffer system employed. This unexpected effect has i'eoently been
explained by Kahara and Takei (104) who showed that whereas a 1:2
complex Bugsﬁ(,BDZ).-g with € max = 63500 at 479 nm is extracted
from a phosphate buffer, a 1:1 complex of BupSn(HDZ)X (where X =
CHsC1, 000™) is extracted from monochloroacetate buffer, and a
mixture of the two (X = HOOO ' or MeCO0™) from a formate and acetate
buffer. ALl these mixed complexes had Amax 1n the range 496-
499 nm, with €pax = 56606»-38300a The complexes formed by Pr28n2+
had almost identical properties.

" Recently Ghosh and Ghosh (105) reported the isolation and
characterisation of a number of crystalline organotin dithizonates.

These are of the following types:

BzSniD4 (where R = Pr, Buy Ph) and Rpsn(HD4)o
(where R may be Me, Pr, Buy Ph, p-tolyl, Benzyl).»
These %riorgano- and dlorganotin derivatives were characterised

by visible, I.Re, PsM.Re Spectroscopy and elemental analysis. In
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all thése derivatives dithizone acts as a mono basic acid and
the second hydrogen could not be replaceds

'Besides these a mumber of diorgano halo-dithizonates
(RoSnXHD% where R = Ph, Bu, Me, Benzyl, p~tolyl; X = ClL, Br,
I, SON) and some mono organo halo mixed ligand dithizonates
/ RSnXUHD4 where R = Phi X = Cl, I; L = N pheayl benzohydroxamate
and Hob4d is dithizone.7'have been prepared (106).

A1l these derivatives are beautifuwlly crystalline in nature

and are highly coloured with sharp mélting poinst

Diphenyl carbazone (Diazene ecarboxylic acid, 2-phenyl hydrazide)
has been used as.andlytieal reagent for various metais for a long

time.

Skeel and Bricke? {(107) used diphenyl carbazone as g
reagent for spectrophotometric determination of dibutyltin
dichloride in presehce of monow, tri- and fefrabuxyltin compounds
by measuring the absorbance of aibutyl tin-diphenyl carbazonate
complex. Theynoticed that BuSnCly interferes the determination of
Gibutyl tin content and suppressed fthe Buénﬂlg by aﬁdition of
ethylene diamine fetraacetic acid. By controlling the pH, they
reported that 3-150 ¥ of BupSnClp can be determined spectro-
phot ome trically .

Badoz~lamburg, Herlem and Thiebawlt (108) reported that

diphenyl carbazone acts as a mono basie acid in iiquid ammonia.
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' fhey reported that the pK value of diphenyl-carbazone is between

9+6-11, ,

Diphenyl carbazone forms a large number of derlvatives of
the metals 1ike zn’y M, sz); Gdzt 01121; 002, ng ete (109, 110).
Kemula snd Janowski reported ﬁhat‘the (C = 0) band observed in
diphenyl carbazone disapbééfs and new intense bands at ~1200 em >
and ~1550 cm-l appears. Th@y'aléo concluded, in metal derivaxives,
netal~ oxysgen bond is gresenx and there is also 1nxramolecular
hydrogen bond N —H- -----N in the complexes. Van Dalen and Balt
2180 observed disappearance of'”>c = O frequency from 5.85U .

Though a large number of metallic derivatives of diphenyl
carbazone have been prepared, so far, theie is no revort of sny
501id organotin diphenyl carbazonatee. '

In view Of the facty a 1afge number of crystalline organo-
tin aithizonates could be synthesised and characterised, 1t was
congidered desirable to attempt similar derivatives of diphenyl
carbgzona‘with organotin compouﬁds, a8 we can consider diphenyl
carbazone is an oﬁygen analogoue of dithizones We also wanted to
- prepare diphenyl carbazone derivatives of organo tia compounds
in order to test their-fungieidal properties, since it was Observed
in this laboragtory that triphenyltin dithizonzate has excellent
fungitoxieity against a number of plant pathogenic fungi (411).

From the crystal structure determination, it was observed,

in dithizone, coplanar N-N-(C-N-N bounds are delocalised and the

presence 0fC = 5 group in dithizone could not be definitely
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established but the crystal structure determination conclusively
shdwed’the presence 0f)>C = O group in diphenyl carbazone and one
hy drazo chain bond is delocalised and henQe it was considered
interesting whether the presence 0f3C = 0 in organotin diphenyl
carbazonates could be confirmed. Moreover, it would bhe highly
interesting to invesiigate the relative stabilities of organotin
dithizonates and diphenyl carbazonates so that some idea Of the
nafure of orgaaotin compounds in the light of.HSAE concept can
be obtained. It is expected that diphenyl carbazone is a harder
acid than dithizone and so may form weaker complexés with organo-

+insthan dithizonstes (112).



