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Qrganotin Chemistry during the last few decades has beccmél
very inportant for its diverse applicatio§£ Both £rem theoretical
censideration and practical applications, organctin chemistry has
agsumed a very significant role in the stuéy of crganometalilce

chemistrys

The present investigation has been divided into three parts.
The Part I of this investigation described the preparation and
characterisation of few organctin derivatives of Ne=hydroxy prhthalimide
and Nehydroxy succinimide. A brief review of the earlier literature
relevant to current investigations has been attenpted in the beginning
0f each part of this thesis. As indicated carlier, the f£irst part
desecribed the organotin derivatives of Nehydrony, phthalimide and
H=hydroxy succinimide. The triorganctin derivatives of these hydroxamic
acics gave mondomeric compounds, as indicated from their molecular
weioht. The clemental analyses and ZH MMR spectral data indicate the
roleculay composition of these compounds as descriked later, The IR
spectra tcgether'with 130 RMR gpectra suggest these compounds are of
ester Lype. The carbonyl groups o not slgnificantiy coordinates

119

with tin atom. The Sn NMR spectra also support the tetra

coordinating nature of tin atom in these compounds,

During the preparation of di organctin derivstives of the
ghove mention hydroxamic acids, it was found the diorganctin moieties
- contaln SpeO=En bends, Moreover, these compounds are probably. polymerice

in hature. The presence of Sn-O=-Sn bond has been incdicated from a ™
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baznd around 576 cnfl in the infrared spectra. The elemental analyses

and 1H and i3 NMR spectra suggest the giorganctin derivatives ¢f the

following tvre, Ssde
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The carbonyl grcups may fomm intermolecular coordination of
the tin atoms, making scme tin atoms penta coozdinate while some tin
atoms are hexa coordinate, The contention has been supported by the
13%n MR Aata eege in Tetrabutyl 113 Qi-Wehydroxy phthalimido
distannoxane, thexe are two “3%8n peake at § =168.46 and =216.87
Attemrpts héve been made to discussithe structures of these type of
dlorganotin derivatives. The IR-spectralapd 130 NMR spectra of thege
compounGs probably exclude the posgibility of intramolecular carbonyl

coordinationa.
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In the second part of these few organotin derivatives
diphenyl glvcelic acid have been preparveds It was nobt poseible to
prepare any triorganotin derivatives of diphenyl glycolile acid.
then the reacticns of tri organotin chloride were carried out witﬁ
divhenyl glycoelie zeid under suiltsble conditions, only dicorganotin
derivatives could be citained. Dimethyliin, dibutyl ¢in, Jd1 propyl
tin, dikenzyl 4in, diphenyl tin and dicyelohexyl tin derivatives of
diphenyl giycolic acids have been prepareds These compounds have been

characterised by elemental analyses, IR, MR (“H, To¢, 119

Sn) speckra.
The IR spectra indicate both the hydroxylic protons are replaced by
arganotiﬁ moieties, The shifting of carbonyl band indicates strong
coordination Zrom é w O group dn addition of the replecement of

the proton. The lac'NMR spectra also support this contention. The
1195n spectra suggest the penta coordinating nature of tin in these
compounds. Sut only in case of dimethyl tin derivative of diphenyl
glyecolic acid; elemental and aspectral deta suggest that two diphenyl
giycolic acid moliecule reacted witﬁ ene meleculde of'dimethyl tin

ceiice giving Dimethyl tin bls (éiphenyl.glyccla@aiaﬁérhonyl abaorption
band in the IR spectra is legs shifted compared to other diorganotin
gerivative, suggesting no coordination from the fyc = O groeup ef

carboxylic seid, 149

Sn signal also indicates hexa eeordinating tin
atome In sbsence of Xeray aataﬁfor whiﬁ%é there was no facility, the
I

structures sugoestad wmay be considered somcwhat tentative,
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] lf The third part of this dlssertation described some preliminary
%s’ults of fungicidal, seed germinaticn studies and acaricidal pro=-
/ﬁ::c.rtiet- of some of the compounds descriked in earlier parkt. It is
/’*u:ell ¥nown that erd organotin corpounds, particularly the tributyl
__;' )and tri phenyl -t.m cowpounds show excellent fungicidal properties.
! Tri phenyl tin Hehydroiy succinimide and Tributyl tin Nehydrony
1\@htna1:.maue have tested against two comrercially important fungi,

themarﬁ.a solani and Helwinthogporium cryzae . &11 these comrpeunds

,r/ "showed excellent fungicidal properties agamst these two fungie. The

/

f EDg; values ranged between 0.69 = 1,90 /»g/ml {72 hrs} for Alternariz
golani, compared to Tributyl tin acetate which has EDyp value of

0.96 Lg/ml (72 hrsls In case of Helminthosporium oryzse the EDgg

values were 2422 ~ 6438/+g/ml (72 hrs) compared to Tributyltin -
acetate 0,96 /ug/ml {72 hra).

The effect ¢f these ccrpcunds on the germinetion of r:s.ce

steds have also been studied on a preliminary scale.

The acaricidal properties of Tricyclohexyl tin Nehydroxy
phthalimide. Tetra cyclobhexyl 1:3 di Nehydroxy succinimido
distannoxane, dicyclohexyl tin diphenyl glycelate were stuﬁied
against SGm‘e green mite, Compared to *Plictran {sckive mgre:iieni:
Tricyclohexyl tin hydroxide), these shoved reduced acaricidal

propértie Se
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Tin either as a metal or as alloys and chemical compounds,
has diverse applications. Organotin chemicals are widely used in
industry and represent a significant and growing outlet for tin.
Historically; organctin conpounds wéze ameng one of the fikst

organometallic species to be investigaked.,

The bagsic studies in the £ield of organcotin compounds have
been deﬁeloped due to the sucecess of a large number of modern
techniques applied to the organotin compouncs. Tin possesses, for
example, twd spin of cne half isotOpeé, 117Sn and 1198n-whi¢hl
becoeme important in nﬁclear maghetic resonance studies. Tin has
tenlstable isotopes, which allow the easy icdentification of the
tin-bearing fragrents in the mass spectrometer, Mossbausr resconance
£rom the 1198n nuclelde can e casily recorded, Further tin-carbon
stretching freguencleg in the ;ﬁfrared &nd Raman spectra can be
assigned in most cases. The availability of two stable oxidation
states, tin (II) and tin (IV), with coatrasting chemistrics and a
wide variety of s#ructural types have afforded a large sccpe for
diverse studies in organctin compounds. Tin (IV) derivatives alone
encompass fourw, £ivew, siie, sevena-and edchie coordination at
tin centre in neutral, cationic and anionic species, with intra
and intermolecular asscciation to give dimer and higher polymers
with one, two and three dimensicnal lattice in the solld states,
which have provided much interest in extensive studies in these

ik ac iz t=
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Thé annual industrial production of organotin compounds
was iess than 50 tong per annum in 1950s. But this figure {1)
gradually increased to 35000 tong in 1983. The conservative estimgte

for the current years will be not less than 40,000 tons per annun.

Tin the elerent having atomic number 50, is a membexr of
group IVA of the periodie table with an electronic coafiguration
Lxe 7 4&105525132 in the ground state (2). The comron four covalent
state is derived from sp3 hybridisaticn. The four covalent state
Ieccurs.fér'mcre Erequently than the two covalent state =md most
of the organotin campmunéb possess & four cavalent tin zhom in

sivple comoundss

Organctin cempounds were firsk roviewed by Krause and
Van G¥os in 1937 (3}, Later, Gilman et @l (4) published gnother
revicw of eorganctin compounds in 1960, In last two decades or so,
innunersble reviews and books‘have been published in- the area of
organctin corpounds, Mention may be made to scnme of the répresenta—

tive ones (5270,

Tin differs from lighter group IVA element in thét'its
deorbitals ave of.sufficiently 1o energy for them 0 be fregquently
used in bonding so that tin can readily expand its coordination
nunder above four, Ag a.consequence of this, many organotin compounds
exhibit cénsiﬁérable Lawis acid character and can £orm gtable
adduets with a nurker of Lowis bases. Moreover reactions involving

nucleophilic attack at tin are facilitated by the Fformation of
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" coordinated intermediates which, however, unstable, lower the
energy of transition state. The coordination chemistry of organotin
compounds was discussed by Poller {28) in 1965 and by Gielen aridl

Sprecher in 19%6 {29},

Organcfins can form a large number of complex compounds
with suitable donor and chelating ligandse. The presence oL an
organic group in & molecule usually diminishes the tendency of
organoting to form complexes and hence the Observed stability of
the complexes should decrease as follows: SnX, > RSnX, > R,SnX,

R,SnX >R,Sn, The configuration of the complex readily follows f£yom

3
the type of metal hybridisation involved. In R,5n complexes sp3
hybrid orbital exist and tetrahedral confidUrations are attained.

: -
In SnX .

the other limiting case, the six 5p3d; - hybrid orbitals
of the metal are directed towards the ligands so that the resulting
complex wili be octahedral. When only one monodentaﬁe ligandé adds
to an orgahotin molecule, a trigonal bipyramidal complex {(coordina=
tion number £ive) may be found through the participation of the
spsd hybrid orbitals of the metal, A number of compounds have been
aéscribed by Beletskaya, Butin, Ryabtsev and Reutov (3G) which
also show agreement with these simple rules, although in many
cases, the structures mentioned are often disto:ted,'due to the
différént nature of the ligands in an organotin complex.

The f£irst organotin compound was prepared by Franklsnd (31,
32} 4in 1849 with the preparation of a few crystals of diethyl tin
diiodide from the reaction of ethyliodide and metallic tin at 160°,

in 1852 Lowig {33) also described the action of ethyl [ iodide
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on 2 tin sodium alloys Though 'he could not datectf%ﬁe formation
of totraethyl tin, he isclated triethyl tin iodide and hexaethyl
dl tin. '

Organctin compounds act as Lewls acid to react with electron
pair donor i.e. Lewis base to form addition compound, Stannie
haildes form thermedynamically stable well known adducts of the
type SnX,.2L {I, = ligand) with Lewig bases (34). MohGe, die and
'triorgénotin compounds can form adéucts with mono-, Aim and

'polydentate ligands,

In the last three decades or so, extensive work have baén
carried out in the area of organotin coordination compounds with
bi= and polydentate« ligands, The ligands which formed coordination
compounds with organotin moieties were of diverse typess These
included fwdiketons, diphenyl thiocarbazone, diphenyl carbagena,

8 hydroxy quinoline or its derivatives, kojie acid, Schiff bases,
dithiocarbamic acid, substituted hydroxamic acids etc. As illustre-
tion of the above type of complex compounds, only fem types of the

gbove ligands will ke discussed here.

Diorgancin bils acetyl acetonates, R,Sm{acac), have been

. cbtained by adding acetyl acetone (acse) to a mixture of diorganoctin
dichloride and sodium methonide in-methanol (35)« Thése diorganotin
big B -diketonates can 2l$o be obtained by direct reaction of the

raactants in the presence of a base (36).

The isolaticn of several soldid orgaﬁotin dithizonates with

monow, di- and trd- organotin moiety have been reported (37,38).



The ozwga.notin dithizonates, Rssnﬂ-mz)} RQSn(HDng.
R,Sn(iDz)X ond RSn(HDz)XY R = dx-:a, Cellge C,Hgs Cglin, petolyls
X = Ci, Br, I, NCS; ¥ = substituted bensohydroxamic acidsy HHz =
Dithizone) have been isolated and characterised. Test of triphenyl
and tributyl +in dithizonates as fungicides shc";wea very good
activity against a number of plant pathogenic fungi (39). The
oxygen analégueh of dithizone, 1,5=-diphenyl=carbazone was also
.rc—apor'tea {40) to form organotin complexes of the type RBSnL.
stnzazf‘nsnz..y R 8nlX (R = CH,, Cotye Catly, Cllze prtolyl,
eyclohexyls X = Ci, Br, SGN and LH2 = diphenyl carbazonel. Some

of these triorganctin compounds showed good fungitoxicity (39),

Oz:ganotin exifates of the type R 4_”né‘l'»n(}‘:e::!.nm (R_ = organic
group, Cxin H = E-hydroxy-guinoline {oxine), n = 1,2,3) (41.45)
are prepared either £rom the organotin halldes and soéium/thalimn
exinate (41,42) or from organotin halides and atine itself, the
hydrogen halide formed was removed by & base such as ammenia (46)
and also by reacting a;:ganotin oxide with oxine (47,48). Triorganc-
tin oxinates have also been prepared by triorganotin chloride with
a mixture of oxine and sodium methoxide (49), Pyeparation of big
{penta=~fluorcphenylltin bilg oxinates have also been reported {50),

in the crystal structure of .dimthyltin bis {(Sehydroxy
oxinate) which assuwmes a gig ~ dimethyl tin group, the cmycen atoms
appear j,:;g_@g_@ and the nit#ogen atoms are cig {50},

| Crganotin halide blg exinate, RSr:X(Oxin):, R = t.‘:H3 s NG 43-19,

CGHS $§ K = Qi, By) have been prepared by rescting organotin trie
halides with o:f.'ine. (1 3-2 mole) in ethanol followed by neutralisation



with acueous ammonia or sodium acetate (42,52). Detta {53) has
reported phenyl tin halo big oxinate by reacting diphenyl tin
dicxinate with mefcukic halides in ether at yoom tempexeﬁure. A
ccmpauﬁﬁ, zrhucgﬁgsnfﬂxin)z _;E was prepaved from n=buiyl tin

sesquisulphide and cxine in boiling tolune (54),

Some of the organotin trioxinates have been prepabed by

using clther of the following reactions (45,48):

ROS“QGS + 6 Cxin H bo;légg$>2RSnOxins + SHEO
- benzene

RSnCl, + 3Ma Oxin — RSn(Qxisz + 3 Nali

Mahrotra et al (55) prepared butyl tin iscpropoxide

atinate by reacting;butyl tin trig isopropoxide with Sehydroxy
quincl me .

Grganqtin-ﬂerivatives »f gubstituted oxines have alsb hoen
reported. Srivastova et al.(Sé) have preparcd SDme diaryl tin
kig oxinate/2emathyl axinateé and diarvl tin chiloride oxinate/2-
methyl oxinates. Sen ét_al (57=532) have aynthesised and ¢harace
teriéed saveral diorgsnotin his (mencw and di».substituted cxinatel,
They have also reparted the synthesls and speciral studies on nono
and Sriethyl tin (IV¥) and tri phenyl tin (IV) ahélates with
substituted Swquinolinols. |

Smith et al (60) have studied the synthesis and Mossbaver

spectra of some mixed chelates of diorganotin (IV) complexes of the



type RR'Spll' (R = R' = Me, Ph, Buy R = Bu, R* = Ph, L,L' =

Behiydroky quinolinate, 2 methyl 8-hydroxy quinolinate etca ),

Deb et @l (61) prepared a number of Complexes of the types
! 11y7¢ gt I 1% |
RySnlg, RSnL,Cl, R,SniCl, R Sn(L'H )os R,STLY and Rgzx(m ?‘1:} ;
{(wvhere R = c;—xaococzazcz-rzr, c 4ﬂgococx~zzchg and (‘:I‘IBOC 5 JCH =
1H = Sephenyl azo=Sequinolinol, lenitroso-2enapthol; L'’ = S«
(2% wcarboxy phenyl ezo)=Beguinolincl apd LUH, = 1,2 dihydroxy

anthraquinaneﬁ and a thioccyanate derdvativa.

Leb and co-workers (62} also prepared a number of complexes |
“Qf the type R,Snl,, R,SnLX, R,Snb,X and RSnh, where R = CHSCOZCﬁch
H X =€l an
c 4H9C0 CH,CH,, CH,CO,CH(CH,)CH, or CH,COCH,C(CH,},, X = C1 or &
anduF Cxine, 5,7«dichloro oxine and 5,?~dinxomo-cxine.

Kojic acié can form gomplex with orxganotin compounds,
Dimethyl tin bis kojate was prepared by the reaction of (Cﬁstanlz
and kojic zc¢id (2132 molel), Methyl tin chloride and mmthyl tin
promice big kojstes have been prepdred by Otera et al (&3).

Organotin halides or oxides can react with bidentate,
tridentate and tetradentate Schiff bases (64-68), Tanden and
co~workers (68) have been syathesised scme five and sixe
coogdinated dis and tributyl tin {IV) complexes BuQShL, Bu,Snk,,
- and BuQBnL (where L is the anion of a menofuncticnal bidentate
or bilfunctional tridentate SCHIiff bases). These complexes were

shown %o be highly active towards bacteria,.

Organctin dithio carbamates were prepared by reactlon of

organotin chloride with sodium dithicecarbamate. Organotin dithio-



carvamates with cifferent ﬁypes of alkyl and aryl groupg have been
prepared by Srivastava et al and others (70-82), Some of these
compounds showed considerable hiological activities,'alkyl and
aryl tin (IV) mono thio carbamates have also béen reported by
Majee et al (83),

& nunkber of organotin tropolenate complexes of the type

R.SnT, R Sn¥P, R_SnT, end RSnXT, (R = alkyl or Ph; X = Cl, Br,

3 2 2 2
I; HT = Tropolane) have bsen prepared where the tropolans acts
as bidentate chalabting agent konding throuch both ouyoen atomS.
Diorganctin big tropolonates have been prepaged (84,85) by the

following reactionss

R,S0T, + 27T — R,SnP, + 20ICL

Phenyl tin txis tropolonate and phenyl chloro tin big
“tropolonate have been preparsd by reacting phenyl tin tri

chloride in benzene with a solution of txopolone in ether (86).

“he hydroxylamine derivatives of organctin have been

initiated by Harrison et al (87,88),

Diorganotin derlvatives of Nesubstituted benzo hydroxamic
acids have been preparsed (B89-92) by the roaction of diorganotin
oxide and hydroxarde acid {liberated nydrochloric acid was neutvae

‘lised by 25% agueous ammondial,



Phenyl tin halide big (N-phenyl benzo hydroxamates), phenyl
Lin thiocyanate big (Nephenyl benzo hydroxamabe have been prepared
(92), '

A part of the present investigation have begen carried out
on 6rgan§tin derivatiﬁes of ﬁuhydraxy.succinimi@e and N-hyaréxy_
phthalimice, which may be considered as hydroxamic ecids. So
deﬁailed discussions on hydroaxamic acids and théir organctin‘

compcunés would be relevant here.

The hydroxamic scids were known for over a century (93)
and a considereble bkody of literature exists on the .emfsrsje:a'::t:,?’ff'xtﬁ'-‘f*‘gi’l‘v
the study of thelr chemistry and practical appilications laggéa

for sone years.

The increasing interest in hydroxamic acdids has been
attributed, in part, to work on cyeloserine (DdemarniniOmBtem
isouazolidone, “cxamyein®) (94), ferrichromes (93), work on the
acceleﬁation of hydrolysis of orxganic f£luorcrhosnhates and
£luorophosphonates such as sarin (iscpiopyl methyl phosphonoe-
flu@ridaté) by hyaraxamic acilds (96). Various analytical appli-
cations (based either on the characteristic colour formed on
reaction of hydroxami¢ acidg with ferric chlorxide solution or
their ability to act as chelating agents), uses as Zioation agehﬁs.
and biochemical or medicinsl studies have been iﬁvestigated.
Polymerie hydroxamic acids have recelved some attention as ion-

exchange resins (97)s
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Sandler and Xarce have published a review on_the chemistry
of hydrcxamic acid in 1972 (98). The first stereochemical conceptis
cf hydroxamie acids wede proposed by Werney (995 who carefully
differontiated between hydroxamic acids and their tautomers, the

hydroximic acids.

& : OH
_ I L
R = € & NHOH R w C®N-DH

(1) {11}

The zbove structure may be in eguilibyrium also with other

tautomerie formos

o OH

It |
RawCeNHOH 77— R = C = NOH

(1) {11)

C
I |
R ~Ce N — O === R=Cm= -0 eas CE)

(x31) ' (xv)

Structure (II) termed as hydroxamic acids constitute only
a minox cdmpcneﬁt of the tautcomeric egquilibrium mixture althcough

derivatives of hydroxamic acide sre well knowm. Structure (IIX)
and (IV) have been added to the 1ist of possibie taukomeric £oxms
relatively recently (100,101, Their iﬁpcrtance becomes obwvious
from the standpoint of the preperation of ¢yclic hydroxamic acid,
For exawmple § cxidation of an sppropriately constituted molecule
inay produce a cyclic'hydraxamia acid (102):
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OH

The variety of substituted hydroxamic acid is curprisingly

lavge, If we consider only the structures which may be written |
wpon alkylationm and/or acylation of hydroxylamine but ignore the

tantomeric derivatives, the following compounds resulis

0 ' ﬁ ' 0 s}
1 : - ' Il
R w C «» NHCH B e O w M «0H R wildwC.a-ni?
: [ !
Rr? - OH -
(x} (v
&) 8] 0
| It It :
R w & « NOHR! NHZOGs-R R wGQ o« -~ OR'
N
(VIiI) (viiz) (IX)
Q
R—C. Q
I i o NfO—C*R

) Y | (x11)
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9 Y
. TUR RC-N—0C-R. R—C—-N—-0QC —R
0 " R
(=1 v
(%)

Cormpounds such as {VIT), (IX) and (RIII) are esters of
hydrexandc acids and in the ¢ase of structwxe (VII) are alkyl

hycroxamates,

When the distribution of electrons 6f hydroxanic acid and
hydroximic acids are considered it will be noted that several sites

exist wikh which thése compounds may act as neucleophilic agents.

Furthermore the hydroxamic acld may act as chelating groups.
The elassical ceolour test for hydroxamic acid with ferrice chloride
involves chelation. Also a common method of isolating these compounds
by precipitation with cupric ionz frequently referred Lo as 2
formation of copper chelates. Because of its unusual electron

distrivution, the chemistey of hydroxamis acld is complicated,

. The apld strength of hydroxamic acido hag been reportad
to ba the sare order of magnitude ag that of the carboxylic acids,

2t least some of these acids ave sald, o be soluble in sodium

- s

bicarbonate solution.
P
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Hydroxamic acids may be prepared by treating csters, acid
chlorides or acid snhydrides with hydroxylamine €103) in the
presence of alkald and the free acid is cdotained by the additlon
of acid in the appropriate guantibty in cold solution.

RCOZE'{: C NiL,OH 4 KO ——p5 ROCONHOK + EtOH + H

2 20

RCCIHOK + HX ——— p RCONHOH + KX

The general method employed in the synthesis of Nearyl
‘hydroxzamic scids are eutlined by Yale {103} in & review work,

One Of the widely used procedares for the preparakinn of
hypdeeoxamic aeids 1s based on Schotien~Baumamreantion {1643_. Thiz
involves the partial acyletion of the Wearyl hydroxylamine (A) with
arid chloride in aguecus (105) or benzene (106,107) or dlethvl

ether medium {108,3100),

AL o N oo OH S+ N w@ =0
i |
H Ci

(n) - l | _
5) 0

f o I ~
] | : f
R—C=0 R Cm O H

{3) () ()
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The courge of acylation ls vexy sensitive to the properx
cholce of experimental conditions, otherwise the concormitant
fomation of disubstituted hydroxamle acid (and possibly the

Omaretylated aryl hydroxylamine, D) takeos place.

Most of the workers isolated the desired mono derxivative (B)
from the crude product by tEious and repeated extraction with
concent.rated ammondum hydroxide, in which the di derivative {and o
D, 4f present) is insolubie, Bubgequant acidification with |
hydrochlorie acid (110) of the a:zmsniac:al solution iiberates the

hydrexamic acid.

Czi the basis of Schotten-Bawmanm reaction, Pandon and
comporhers (111, 112) have prepared several Nearyl hydroxamic
Cacids by rescting vhenyl hydm;ylamine (PENHOH) with acyl chloride
or its derivatives fR"C%‘-J.) in the p:cesencé of dilute alkali. |

RNHOH + RYCOCY 4 Hali

!

R I\II « OH + Hall 4+ H?O\

Rla 0= 0O

Ghosh and Sarkar have synthesised suceinyl big Nephenyl
hydroxamic acid {113) and adipyl blg Nephenyl hydroxamic acid (114)
with phenyl hydroxylamine and corresponding zcid chlorides in ic:é

cold diethyl ether using a base {pyridincl,
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The acid anhydrides and acyl halides have been used to
prepare hydroxamic acids. Docause of tho reactivity of these
reagents, Lxequently there is a loss of desired product because

diacylation may take place to produce M, Nediacylhydioxylamines.

There is some evidence that acyl halides and anhydrides
initialliy acylaté the hydroxyl oxygen, This resction is followed
- by a more oy less rapid rearrangerent £rom the Oe=acyl hydroxyle
| amine ¢o the hydéroxamie acid (115). In the case of acylation with
anhydricdes, it has also been proposed that "discetyl hydroxamic
acia® foxms-initiallé (2163,

0
(..}13 -~ C’ - 02(.‘1-13

NOH

A series of hydroramic acid way be prepared by this method
woing different solvent, temperature and period of reactlon.

There are many cthey methods for the pxeparation-éﬁ
hydroxanics beyond those are described above, These are ag £ollowss
o Acylation of hydroxylamine with amides (117~120) or nitriles
-{;121).

The hydroxylamine decivatives of organotin has been
synthesised by Harrison (87,{)88) by the azeotropic removal of

water from the mixture of appropriate hydroxylamine and the oxganotin

oxides or hydroxides. e
+1fak
o 1 @.3“—*”"‘
: asd! g s f;!-:
107091 e voReY
: gadd o

g 0L 188!

[T

.

P
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I(RSSn)zo | o
or + HONR'RY b stnﬁl\iﬂ" Rt .3.1-;20

RSSnOz-I

{where R = Me, R* = R" = Efy R' = Ph, R" = COPhyp
R = NePr, R' = Ph, R" = COPh; R = Ph, R' = Ph, R® = COPh;

Re Mg, R* = H, R" = COPhi; R = n«Pr, R' = H, R" = COPh),

BHowaver, attempts L0 prepape th nom-zcﬁ;m by the same
method only resulted in the formation of tetraphenyl tin in high
yield, presumably by a disproportion reaction although ne pure
diphenyl tin dexivatives cculd be isolatade |

uI-L()

Ph3anUn < hﬁﬁﬁ:ﬁ.()?h £

phsancx::moph'

Ph,sn + / Ph,Sn(CNHCOPh), _7

The organotin derivatives of HebenZoyl hydroxylamines
are extrfniely stable in moisture, The Ph,SnONPRCOPh is monomeric
in both crystal and solution phases, whereas the trimethyl tin

derivatives are associated in the solid (87,88),

Bilozganotin derivatives of Hesubstituted benzo hydresamic
acids have bean prepared(8%9«52) according to the following reacticn
scheme s ‘ o
®,Sn0 + 2HONRYRY —p -za2sn(_mm' R")g + H,0
R,SNCL, + ZHONR'R" ——b R Sn(CNR'R"), +/zac1
(R,R*,R" = alkyl or axylls,
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The liberated hydzochloric acid was neutraliéed Dy 358

agqueous amonia and remeved as precipitated ammonium chloride.

Phenyl tin hallée bips (Nephenvl benzo hydroxamates) have
been prepared by the reasction of triphenyl tin Nephenyl henﬁc:
hydrexamate with meroiric chloride, mercuric bromide and mercuric

. icdide (92),

Phenyl tin thiocyanate big (Hephenyl benzdhydroxamate) has
been prepared ( 92) f£rom the corresponding chloride by the dise

placement of chloride by thiosyanaloe.
3 '

' ‘5,”!:-'.,
PasnCl{PBEA), + KCUS
PHSn(CNS) (PEHA), + KC1
(HPBHA = Nephenyl-N=benfchydroxamic acid)s
Compovnds of the type R,SnXk (PBHA) have also been prepared

by Pradhon and Ghosh (92, 123) where R = Ph, X = C1, I, SCH;

R = Bu, X = SCN) through disproportiom reaction..

BnSpX, stntmsm-)z —_—p ziazsa*xy‘iimm.}

2

But Ph,Sn {sc21) (PBHA) has been prepared by the resction of

corresponding chloride complex with KCNS (124).
Phgsnf::l_ (PBHA) -+ KCNS

'phzsn (SCN ) (PBHA) + KCi.
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Pradhan and Ghosh (92) have shown that pentas coordinated.
Slopganotin halide Nephenyl-N-benzo hydroxemates disproportionate
to the more stable hexa coordineted &in compevnds when refluxed

with non polar solvent 1ike benzene mr long Lines
PhySnX(PBHA) ——p thm{_(?m-mig + Phssn}:

Awhexe X = C, sCWJ,

Howsver in polar solvents like methanol, Ph,SnX (PBHA) wvas
found not o give any triphenyl tin halide and PhSnX(PBHA), instead
snother hoxe coordinated compound phepyltin halide, Mothoxy Ne
phenyl benzo hydrcaxamtca was found along with the liberation of

cne equivalent of benzene (92),

The met.ho::i:y compound was also dbtained when phenyl tin
halide bis-Nepheayl henzohydrowamate vas refluxed in methanol with
the iiberation of one mole of ligand (22).

in GH,OH
PhQSrL‘i{P’BHAQ | - B> Piﬁx‘ﬁ(;'ﬁ%.!s}{?ﬁl-m) + Csﬂﬁ

in c:rasoa o
'PhSnX(PBHME X PhSnXKOCHB)(PBHA) 4+ HPBHA,

Some mono organotin derivatives of hydroxamic acids was
prepared by Narula andé Cupta (124), They have synthesised Five,
six and seven coordihsted monc organciin derivatives of hydroxamic
acid, They have isollat&ﬁ the compounds of the general formulae

32319202142 N {RSI}L:a)zG' Z"“j-_,x-l = hydrerxamie acid ﬁerivative.*s}).
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‘Harrison et al (125) have prepared a mumcer of organotin
hydroxamates £ollowing the uswal procedures (87,85). These campounds
are of the ﬁgpea .stnlaz {where R = Mo, *1-83, ne0ctyl, Fh and LH =
Nebensoyl Hephenyl Ehyércxylming) ° Rgszﬁﬁa (whers & = Mg, X = Ci,
Bx, I) and Répl, (where R = naBul.

Chandhuri, Roy and Ghosh (126) also synthesised organoctin
hydrowamate of the tyse Rzﬁzﬁnz v RoSls and RenxL, (where R =o
mathyl, butyls X = C1™, Br y T s sc:ﬁ;_ and Li{ = Nephenyl pwchilozo
benzo hydroxamic acid) and nine new organotin Nephenyl p-nitro
benzo hydrm:amacs {127 of the types RSk, and R,Sn¥l (zezhom
R = methyl, butyi; X = C1, By, 4, SV af LH @ Hepheaylep-nitro
benZo hydroxamic acldi, Thess compounds have been charncteriSed on
the basis of thelr e=lemental analyses, molar conductancs, IR and

PMR gpectral datas

They have alsc synthesised (i28) two mew ligands viza oxalyl
big Mephonyl hydroxamic acid (L) and cxaiyl bis Hepwtolyl hydroxamic
acid (L'), These have been used to prepare some new types of

organotin coo_i‘dinaticm compounds,

(Ras_n)zn, R = pheny:s,a,__ (_sassnizh' (R = phenyl,
eyclohexyl), (R, Sk )n

(R = phenyl, butyl, benzyl), /7 (R,5nC1),L 7, and
VA CR,8nC1) 1.° _72 (R = petolyl), Some of these derivatives are
polyreric in nature,

Recently 3 serdes of organotin derivatives of hydroxamic
aclds derived f£rom succinyl glutaryl and adipyl chlorides have

been synthesised (129),
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3ome of these hydroxamic aclds behave as tetradentate ligands

H_._.__.

R = H, C'H._}' s R’ = phenyl, benzyl, butyl

R¥ = phenyl, benzyl, atyli, Cl.
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while some of these behave as double bidentate ligands, Gede

R%’©—N-O i
\ Sln—[-_é//
| c=0-" 1,
R
(H—C—H),
PN =
9.-—0\&8' o
"} —
s

The organotin hyﬂfoxamates have shown geéé.bieéidal

properties, which will be discussed later,
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- From earlier discussions it -c':anj be seen that substituted
hydroxamic acids yield a munber of organotin devivatives. In ﬂzese
derivetives, *i:he hyQroxamic acids behave as bidentate, doubly
bidentate oxr tetradentate ligands, Q.ds |

F/

R—N—-~0. | ,0-—N—R

/ | ._ \ |
/N

R L

7 .

R C——0 0—iC 2R

L = & = o, H0,Clty = CICqH, - ok
R®* = Me, By, Ph, Bz etc]": ;

- R R \
R /o\\//o\ )
N N

N A
/ /
R Ce==0 Q=
0 \ Y/ \O'
AN 0 0
R’/’S”““‘“‘*O\ o>5”/ '
\N/ \ /O .
| 1
. o }2
R = Ph pCH_ ~C_H R‘_ = Pﬁengl

874>



R = Phenyl, p-tolyl

R' = phenyl, benzyl, methyl, bubyl, C1,

= 2'3_, 4.
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But so far no organotin hydroxamates has been isolated,

vhere hydroxamic aclds behave as tridentate ligandse. Nehydroxy

suceinimide and Nehydroexy phthalimide have three coordinating

rogitions availgble, though they may not behave for an ideal

tridgentake ligands dug €0 steric reasons.

CHQ—*—wﬁ

ﬁ
C
\ N
T @C/
CHp—C |
| 0
0

{(Nwhydroxy succinimice)

N-— OH

{(Nehydyexy phthalimice)
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In the present investiocation, it was proposed to investigate
the organotin derivatives of thydrcmy succininmide and Nehydroxy
phthalimide %0 see whether cdordinated chelate compounds involving
_ coordination from tne of two carbonyl Sroups can be cbtained,
with simltaneous repladement of the proton of the N-UH ‘groupe. In
such case, one would expect, the other carbonyl group may not be
involved in chelate formation. In coordination from both the carbonyl
cvoups takes place, the resultant organctin derivative will contain
a tridentate hydroxamic acld ligands. In case none of the carbonyl
group coordinates with the organotin moiety, the resultant compeound
may result as an ester of hydroxamic acid by replacing the proton
of the N=CH group. For stolchiometric reasons, there might be a
possibllity of the formation ‘cf distanneryl derivative of N—hydrdxy
hydroxamlc acids. Results ;’se Far cbtained indicate moncmeric trl
organotin Nehydroxy succinimide or N-hydroxy phthalimide could be
obtained, where as dilorganoctin dexrivatives yield polymeric stannoxane-
derivatives, In all casés, none of the carbonyl groups of any‘of'

these ligands a:_, Tiprovide significant intramolecular cooxdination.
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Tin was estimated gravimetrically by conversion to Sn{Iv)
exlde and finelly to volatile stannic iodide, gsgentialiy by the

method of Vanéex‘ﬁezk and Luijten (130).

Analyesis of the compounds £or carbon, hydrogen and nitrogen
wepre carried out at Regicnal Sophisticated Instrumentation Centre,
Punjab University, Chandigarh and Central Drug Resecaxch Ingtitute,

Luczmw;

UV spectwal data were taken in Shimedzu UV - 160

Spectrophotometer, "Uvascl” (Merck) methanol was used as salvéntg
Conductance measurerent have been carried cuk in PYE UNICAHM
conductivity meter (PW 9309) using "Uvascl®” methanol.

The infrared spectra have been taken in the range between

4000«500 emt

for most of the compounds vsing Beckmann IR-20 and
Pye=-Uilicam=-3P=3005 infrared spactrophoiomster equipped with K3x
optles and mulling the compounds in nujol. Few IR spectra have

i

also h&en_recaxﬁed in the range bobween 4000-200 om — at RSIC

Hozrth bast H1ll University, Shillong, Mechalaya in PERRIN ELMER

FoT¢ Infrored spectrophotomster (error limit = + 5 cm"i).

The following skbreviations have been used to eXpress
the intensity of the IR sbsorption bands:
| V.8, = very strong, S = strong, m = mediuvm, w = weak,
L = broad, sh = shoulder, h = hﬁmp, nujol haed peakg at
30002800 cie (VaSi) 1460 cm > (s), 1276 cur {m).
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Some ‘W NIR have been vecorded in VA=EM=390; 90 Mz NMR
Spectrophotometer at RSIC, ¥orth East Hill University, Shilleng
using CBCl, and in some cases PM5O0-d. as sclvent,

13(:, 1198:3 and some 1!-1 NMR spectral éa_ta were obtained

The
{through the courtsey of Dr, D.J, Greenslade) with Bruker WP 80 5Y
Multinuclear 80 MHz FT NMR Spectrophotometer and JEOL PMX 60
sT ¢ ' Spectrophotometers at the Department of Chemistyry and
Biological Chemistry, University of Dgssx, Colchester, U.K.

CRCl, was used aé the golvent and TMS as refervence unless otherwise
mentioned., In case of -119511 NMR gpectra chemicsl shifts were recorded

against tetramethyl tine.

Preparation of Starting Materisliss

A1l the solvents viz benzene, petrocleum ether (boiling
range 60°%=80°C), chlorofomm, diethyl cther, methanol eic. usad
in the experiments, were purified and dried according to the methods
deseribed in chei"s Practieal Organie Chemis‘ciy (131}, Tributyl
tin oxide, dibutyl tin dichloride, dibutyl tin oxide, dimethyl tin
oxide, triphenyl tin chloride, diphenyl tin dichloride and Nehydroxy
phthalimide were Alfa/Fluka products, and were used without further
purification in most cases. All the melting points reported here'

are mwmoeorracted,
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le Libenzvl tin dichloride

Divenzyl i:in dichloride was. prepared by the method of
Sisaiido et ai (132). It was recrystalized from ethyl acetate and
dricd in air. '

©omp 161 /T1it (132) mp 164°¢_7

| % Analyses -:Et?r Cl 4.1-11 4Snc;2

Found C 44,95  H 3,60

Caled C 45,10 H 3.76

L

24 Diphenyl tin Dichloride

Riphenyl +in dichloride was prepared by the method of
Gilman et al (133) and was reerystalised from pet cther. It was
air dried and had mp 42-44%C (L1t mp 43-43%).

3 Riphenyl tin Oxide

Peolymeric diphenyl tin oxide was prepared by the reaction
of diphenyl tin dichloride with 50% excess of NaOH as described
by MeLean. This was dried in air and finally in vacuum at room

terperature for 12 hours.

4e big (Triphenyl tin) oxide

It wazs prepared by the reaction of triphenyl tin chloxide
with 50% excess of NalH, as described by Mcilean et,/ al._a,-"r(isé}. It - / /
was dried in aly and £inally in vacuum at room tenp;araium Lo
12 hourse.

mp 122-24°%C,
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e Sucecinic An@gdride

Succinic anhydrlide was prépaxe& by the msthanol described
Sendler and Karo (135). To a fidek equipped with 2 reflux condenser
topped with a tube leadling in én HC) trap is added 118 om (1.0
moles) of suceinic acid and 235 gm (215 ml, 3.0 moles) of acatyl'
chioride, The contents are refiuxed for 2-2 hours, cooled, the
anphydride filtered, washed Lwice with 75 ml of cold ether, and
Aricd uvnder reduced prespurz to afford 92~95 gm (93-9%%), mo 116%

119 {11t 112-120%C),

Ce NeIlydyvony suceinimide

NeHydroxy succinimice has been prepared following the method

of Kung~Tsung Wang et al (136,

A fFreghly prepared solution of sedium {6,70g, 0429ig
atoem? in methanol (100 ml) was poured into a stirred puspension
of finely ground hydroxylanine hydrechloride {22.2g, 0.291 mole)
in methanol {100 ml). The mixture was refluxed on a steam bath for
15 minutes, chilled in an ice hath for 15 minutes and filtered
o raemove precipitéted sodium chloride, Succinic enhydride (22.,1q,
04291 mole) was added in small portions over & several mipnute period
to the stirred hydroxylamine filtrate and the resulting liguid was
boiled for 2 hours. Excess golvent was ramoved by distillation,
tolune (1200 ml) was mixed with the visccus N-hydroxy succinimic
acid and refluxing was continuved for ancther 4 hours. During the
period, a Deane~Stark Water separator was usad to eollect a mixture

of methanol tolume wabter (200 ml). The hot solvent was decanted,
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end on standing deposit,éd erude Ne-hydroxy suwesinimide, m 86«92?6.
The residual solid in the regetion £lask was extracted with a
cenbination of tolune mother Liquor--aaﬂ methyl ethyl ketone

{100 m1) and on concentration and coéiing afforded a second crop
| OF pxbﬁuct. The comoind was :E'urﬂ'le'zj @érystaliaeé f£rom cthyl
acetate to £ind 16,5y {49%) of white flakes mp 97-987%C,

Z1it (136) mp 08¢ 7. |

Irportant Infrared spechral data (o™ )

s3000{b}, 1775{s), 1700{b), 3420(s), 1365(s), 131ic(w),
1z20{b), 1070(s), 995Cs), 8i0is), 719(2), 645(s).

7  Tributyl tin m—}::gdmé':y phthalimide

N=Hydroxy phthalimiéé {652 mg, ~ 4 memoles) and big trd
nebutyl tin oxide (1.192g,~ 2 m.moles) were taken in a 250 mi
- round bott;oml £lask, 150 ml benzene was poured in it. The mixture
was refluxe:tg for 4 hours with a Dean Stark Water sezparaﬁor. The
cc‘slcsuz; of the éoluﬁion gjraéually c:ﬁangeé to deep yell&?. The
reaction mixtuzée was cooled and filtered. The clear yellew f£iltrate
wasg concentrated to sbout 15 nl.@n keeping overnloght, ﬁeep yellow

crystals appeared.
{(Yield =~ 70%)

The erystals were dissoldved in minimam volume of cohl omﬁom.
.wamed and then a fow drops of methanol were added, A rallow
-crystalline rrocuctk appoared, The conpound was furtheyr purified
by repcated crystellisation fzom chloroform sethanol mixture.
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The compound meltied at B6-877C,

% bnalysis for C20H§103N5n
Found ¢ € 52.21 H 6467 N 2,89 Sn 25.84
Caled 3 C 53,09 H 6,85 N 3,09 Sn 26,32

Inportant Infrared Spectral data (cﬁ'lls

1770{m), 1700{s}, 1300(s), 1200(s), 1170{w), 1100(m),
1030(m), 99%0(s), 700(s), aoo-th."?m(s), 680(w), 620(w).

Be. Trighqul_tin Nfggdraxg_ghthalimide

NeHydroxy phthalimide (652 mg: ~ 4 memoles) and bis
(criphenyl tin)oxide (1.432g,~ 2 memoles) were taken in 150 ml
benzene in & 250 ml round bottem £lask. The mixture was refluxed
for 4 hours with a Pean-Stark Water Separator. The colour of the
reaction mixture changed o yéilcw. The rezction mixture was
alicwed to ewol ond filtered. The filtrste was concentrated to
shout 10 mle Yellow crystals appeared on keeping the soluticn
overnight, :

{Yield =~ 55%) |

IThe conpound was purified by‘rapeated erystallication of
the product Sfrom chicrofomm methanollndxturea It was dried in
vacutne

The compound was found to melt at 115«116°C,

%% Analysis for 624H1903N$n=

Found ¢ C 59,85 H 3,80 N 2,55 8n 22.86
Caled ¢ C 60,93 H 3271 N 2,73 Sn 23e24.
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Impoxtant Infrared Spectral Data (L),

1770w}, 1690(s), 1190(m), 1160(m}, 1080(m), 1020(m), _
1000(wl, 990(s), 890(m), 790}, 740(s), 700(s), 660(m), ,

% Tricyclohexyl tin Nehydroxy phthalimide

A mixture of twicyclohexyl tin hyérox-idé {(1.54g5~4 m, moles)
and Nehydrey phthelimide (652 mgi~ 4 me moles) was takten in &
250 ml round bottom flask, 150 mi-benzene wes poured in it
Reflu::;l.ng was car;ied 'out ﬁm‘: 4 hours ag described carlicy. Dﬁring
refiuwwing the golour of the selution changed to yellawl.. It was
coolad an® filtered. The filltrate was amceﬁtramd oA, 15 mi. Pale
yeliow cryscalline proeduct appeared on kesping overnight. The pure
compound was cotained by repeated crystallizations from the same
solvent and it was &ried in vaouulie

(¥iedd =~ 60%)

The compound meited at 195-06°C,

3

s s L

.%._Analyﬁis f_or CQ 61—13?0 N3nas

Found 3. e 57,94 H 7,06 N 2.56 Sn 22,02
Caled 3 C 58,86 H 6,96 N 2,64 ©Sn 22,45

}_r_@artant Infr_axéd Spectral Pata (cm"'g')a‘

1700{9), 1610(mY, 1540(s), 2300(m), 1250(m), 12180{s),
1110(s), 1000{m), 0500w}, 1000(m), 950{m), 900(w), 720(m),
760(m), 7008¢s), 550{m), 650(w).
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10, Tetramethyl 3133 di Nehyvaroxy ?hﬁhalimiﬂo distannoxane

{p c&m.eric) &

A mixture of dimethyl tin cxide (860 mir~ 4 w. meles) and

Nehydroxy phthalimide {652 mgr ~ 4 me moles) was taken in a 250 cuc.

round bottomn £lasks 100 m} hengene was added o lt. The mizbure was

refloked fo¥ 3 hours using a wabter separatorzs The colour changed to

yellow. The rxeaction mixture wasd fliktered hot. The filtrate wag

ccncentrated o~ 15 pl allowed o sband a Zowr minutes. Yellow

powdery substance apptared, The conpound was nrectically insoluble

in cormon orcanic solvents, It wos weshed with hot benZene several

tires and dried in vacuum.
(Vieid s~ 604} |

The compound decompesed atb 230‘»28290,

% Anslyses i'?::ar Cogly 00.;,_1'3%?:2,, s

et

Found G 37,74 H 2,95 N 4,10

Calead 3 . ¢ 27,61 H 3,43 N 4,38

Inportant Infrared Spectral Data (em )i

81 37,12

Sn 37,30

© 1763w}, 1677(s), 1i81(eld, 1152{m), 1083(w), 1077(m),

og4(s), &92(s), 786{m), 776{m), 696(m}), &71{m), 627{m), 607{m),

504(m), 521l{m), 500(m), 498w}, 4410w}, 3810u).

1le ZTegtrabubyl 1:3 di Nehydreoxy phthalimide distannoxane

(Polviexic)

A mixture of dibutvl tin oxide (996 mgr 4 m.moles) and

Nehydroxy phthalimide (652 mgr~ ¢ me.moles) was taken in 2 250 mi

mmd bottom £lask. 150 ml benzene was added to it. The mixture

was refluxed for 4 hours eguipped with Dean Btark Water Saparator.
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Then it was cooled and filtered. The filtrate wes concentrated to
~25 mle The orange colourad golution yielded an yellow white
powder (A) on standing £or an hour, which was f£iltered. The product
coculd not be -;pu::if_iad and characterised, The Jeep orange filltrate
was képt overnight, ‘€rom which orange crystals (B) asppeareds It
wag recrystallized from chlofoform-u@thanol mixture and was driled
in vacuum.
| (Yield =~ 70%)

The malting point was gound 210°%C,

7% Anallyses.f-:}r ¢32H4 40.71325112 nl

Found ¢ - C 47,77 H 5,65 N 3,43 Sp 29.62
Calcd . C 47.63 H 5,45 N 3447 Sn 29,52

Importent Infrared Spectral Data (ci) s

1761{m), 1697(s), 1359(s), 1202{m), 1264(w), 1182(m),
1156(s), 1082(m), 1040(m), 2016(m), 9280(m), 921(m), 890{w),
176(m), -700{s), 684(m), 654{m}, 576({m}, 522(m), 497w}, 460{(w),
3070e), 372w), 3840w}, 289Gs).

12 Tri butyl tin Nehydrowy succinimide

N-:Hydmky succinimide (460 mgy ~ 4 memoles) and big -
tributyl tin oxide (;..1925;:/\/ 2 memoles) were taken in a round
bottom £liask, 150 mi benzene was poﬁrec'i in ite The mixture was
refluxad for 4 hours with water separzkor. The reaction mixturve
wasg écoled and f£ilteged. The £iltrate was concentrated to about

15 ml and kept overnight, A white product appearede



IR spectrum of reaction product of bis (Tributyltinloxide and N-hydroxy
succinimide {nujol)
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C NMR spectrum of Tributyl tin derivative of

Nehydroxy succinimide (in CDClj
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The compound decomposed ab N'?ee(:,
Moreover the compound deconposed when kept even in a vacuum

desiccator. The elemental analyses indicated the impure nature of
the c:cmpman& due to its unstable naturce.

% Analyses fcsr: c:i. H3 QENSn 5
Found L S € 45,60 H 610 1 2,18 Sn 27.33

Caled @ C 47.52 H 7467 N 3,46 5n 20.45

Important Infrared Spectral Data (em™t)s .

1680(s), 1570(s}, 1220(m), 1100{m), 1060(w), 1040{w),
060{w), ssolmd, 830{wl, 780{wl}, 710(s), 670(s), 6i10{w),
The 12, 3¢ ana %pn R spectra indicated impure nature

of the ccmpounds

13+ Iriphenyl tin Nehydroxy succinimide

A mixture of kig (triphemyl tin oxide)(1.432g7 ~ 2 me.moles)
and Nehyaroxy succinimide (460 mg:rw& me moles) was teken in a
round bottom fiask.' 150 ml bensene was poured in its The mixture
wag stirred for few minutes and then refiuxed for 4 hours with a
Dean Stark Water Separator. The reaction mixture was allowed to
cool and then filteradas The filtrate was ¢oncentrated to zbout
10 ml. hept ovc.rnight, white cxystall...ne product aropeared.

(viedld = 60%)

‘The compound was purified by repeatsd grystalliszetion £rom

chloroform mathanol mixture. It was dried in alr and £€inally in =

vacwum desiccabor.
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The conpound was found Lo melt at 112°b.

3 Analyses_fcr 822H1903Nmn |
Found 3 C 564,15 H 4,10 N 2.87 Sn 24.98

caled 3 56,89  H 4,09 N 3,00 Sn 25.64

1), v

Important Infrared Spectral Data {om”

1785(w), 1705(s), 1315{w), 1290(w); 1230(s), 1150w},
11004{s), 1020(s}, 1000(m), 840Gy}, 750(=2), 710(m), 670{(m).

14, Tetracgvelohexyl 1:3 di N=hydroxy sucecinimido distannoxane
{Polymeric)

A mixture of tricvelohexyld tin hydroxide (1,54~ 4 memoles).
and Nehydroxy suceinimide {460 mg: ~ 4 m, moles) was taken in 250 .
ml round bottom £lask, 150 ml benzene was powred in it end refluxed

i
P
o

for 4 hours as describad carlier. It was cooled and £iltered, the V.
£iltrate was concentratad to ~ 15 ml, white crystaliine product | 3
appeared on keeping cvernight, Repeated crystallisation £rom
chloroformenethanol nixture yielded a compound having a meliing
point 150°C,

{Ticld =~ 595D -

% Analyses fox c32H5207N23n2 3

Found & € 47,10 H 6,26 N 3,60 5n 29.39

Caled C 47,17 - H 6,38 N 3,43  Sn 20,23

/

.ﬂ/‘
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=i,
_pE

Important Infrared Spectral Data (cm 1} :

1780(s), 1660(s), 1300{w), 1250(s), 1180(1:), 1090{m),
1070{m), 1000(m), 8000w), £20(m), _730(s>. sace(w)-. 4806w,
a75(w),; 3200w), | | '

15, Tetramethyl 133 dd Hehvdroxy aucc::!.nimidm a1 stmnmme
(Polvmeric) -

Dimthyl' tin exide (660 mgr ~ & memcles) and Nehydroxy
sucé-inimida (460 mgr~ 4 memodes) were taken in a 250 ml round
bettom flasks 150 ml benzene was poured in it. The mixture was
stirred for fow minntes. Then it was refluxed for 4 hours with
a Dean Stark Water Separator, The reaction mixture was :‘:'iltercad
hots The £iltrate was concentrated %o gbout 15 ml end was allowed
tb gtand ¢ powdery substance very licht pink in colour was appeared.
The solubility of the product was very poor in common organic
solvent. It was washed with hot benzZen® and dried in vacuum.

(Yieid =~ 55%)

-i‘he compound decomposad ak 180007 °

% Analyses fox Ciz i Uﬂ qgonz $

Found 3§ c 26_._43_ H 3,30 N 5.2  5n 44,18

Calcd ¢ C 26,56 M \3“@1 N 5,16 Sn 43,91
Important Infrared pcctral Data (cm 1)

1770(m), 1670(a), 1300G), 1250(s), 1210%), 1000(s),
1060(m), 1000(m?, 800(m), 750(m), 675(m), 610(m), 576(s),
535(w), 460{w), 300Gs),



IR spectrum of Tetramethyl 1:3 di N-hydroxy succinimido distannoxane

{(XBr)
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16. Tetr 1 123 A1 Nel dm suceinimido ﬁi gtannoxane
{Polymric)

A mixture ¢f dibutyl tin oxide (996 mgr~ 4 memoles) and
Nehydrexy sucesinimide {460 mur ~4 memoles) was taken in a 250 C.¢
round botteom £lask., 150 ml benzenc was poured in it. The mixture
was then refluxed for 4 hours using a watex_: separator.e It was then
conled and filtereds ‘I’he ﬁ'iltrai‘.e' was then concentratad to ~ 310 m
ané kept overnighte. A white crystalline pr ceuct apreared. It was

recrysm.allisea from chlorofozmumethanel m_xture. The product was
dried in vammm.

(Yielﬁ =~ B62%4)

The puare aompounU-melﬁed at 140,

. 9 Analy.is J-Or c24 4407Ngsn2 :

Found &t € 20,49 H 6,006 N 3474 Sn 33,17
Caled ¢ c 46.56 H 6419 N 3,94 Sn 33,52

#

Imper!:ant Infrared Spectral Data (cm J

1780(s), 1690(s), 1240(a),_1ogo(s), 1000{m), 290(m),

820(m), 735(m), 670(s), 620(m}, 580(m), 560(s), 440fw), 380%w),
3006w, |

Some attempted reactions:
Reacticns have ‘also been carried out with dibenzyliin
dichloride, i,ribcanzyl tin chloride, C.‘.'i. 250 (cH GHZCQOCH ) e

5¢H{Snc1 L34 coc6 g and Nehydroxy phthelimide and also with
N-hyd:my suecinimide separatelys In most of the cases a gummy
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IR spectrum of Tetrabutyl 1 : 3 di N-hydroxy succinimido distannoxane (Nejol)
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procmct acpearedg From which no pure product can so far be iaolated.;

in sén-e cases sterting materlals were recovexed unchanged indicating

f’

no z:eeaction took place.

[

i

in ti.he fellowing toble &

"1 The gesiults of the sbove said reactions can be sunmarised

Organotin compounds Ligamd Result of Reastion

1. Dibenzyl tin Cumy profnok
dichloride .

2+ Tribenzyl tin Nehygroxy . Gummy product
chloride phthalimide

3. CL Sﬁ {CH,CH,CO0CH, ), Roactants recoverad

' e 12 H2 372 w:changeﬁ

4, C H CH(SnCL, )CH,COC, Reactants recoveped
&5 s Celly roastents

S5« Dibenzyl tin, Gummy product -
dichloride _ ‘ :

Ga Tribenayl in Nehydroxy Gurny product
c¢hloride suceininide

e Sunmy product

Ci 2?” (mizc:ﬂzcom-zs )__2

c 61-1501-1 (Snﬂls Jc::zgc;m s

. Gurmy product
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MOLAR CGNDUCTI%NCE OF_SOME OF THI CCEJIPOUNDS

Tczmp. 25 C Solvent Methanol
Corpound Mslar-ConaEctance ()
Mho o :

Triphenyl tin Nehydraxy 23466
phthalinide :
Tricyclohexyl tin Nehydroxy 24,12
phithalimide '
Tetrabubyl 133 ai Nwhyardxy phthalimido 25450
digtamorans .
Tributyl tin Nehydroxy succinimide 1710
Triphenyl tin Nehydroxy . 18,80
suceinimids _

1:3 ‘
Tetracycichexyl di Nehydrooty 15.60
suceininido distannoxans
Tetrabutyl 143 41 N-hydroxy 15420

uuccinimido 4l stagnoxane

These molar conductance values indicated esscntially

non ionic nature of these compounds.
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TABLE II

Iy NuCLEAR MAGKETIC EESONANCE SPECTRAL DATA

Compound Chemical shift (5 )

Aromatic Allyd Uthexs

protons - - protons
Nwliydroxy phthalimide 7o 64 (%) 10,64(c)

(OH-proton)
Tributyl tin Nehydrowy ge3(k) 1.364g)
vhihalinide 1+3%2 ko
2.0_9 (’2@@)

Triphenyl tin Nehydroxy 7+8{m)
vhthalimide 8.28({q)
Tricycivhexyl tin . 7485{m} | 1.65(comp)
NehyGrony phthalimide '
Tetrabutyl 123 7478 g:9(%)
d4 Nehydroxy phthalimido ' 1e36{comp)
di starmoxang 1.80(a)
Nulydreny 24607 3.8{h}
succinimide : {CH~proton)
Triphenyl tin Nehydroxy 7.5{?3 2e46(s)
suscininide 7« 75(%)
Tetra-eyclcheﬁyi 4¢3 2e8(s) i1e3(Q),
di Nehydyroxy 1.65(&)
suceinimido di _ i.8{ag)
stannoxane
Tetrabutyl 133 di G.95{d)
Nehydroxy succinimido : 1e6{t)
aistannozane _ 2482(3)

s = singlet, 4 = douklel, t = triplet, g = qu&%%ét
dd = doublet of a doublet, comp = complex;l, m = multipleb, Hi=hump



+

CABLE TIX

3¢ NUCLEAR MAGNETIC RESCNANCE SPECTEAL DATA

Compound - Chemical shift (9 )
| Aromatic Alkyl ‘Carbons ;3.

cathon carbon . carbon
Neilydroxy . 122,86, 164410
phthalimide 128469, :
_ B 5442
Tributyl tin 122460, 134624 165,32
Hehyanoty 129,52, 17.88,
phthallimida . 133.62 27«11,

: _ 27.67
Triphenyl tin Nehydrogy 122474,
phthalimide 129.12,

129!61'

129,89,

130,51,

133,66,

136.95
Tetrabotyl 153 81 122.48, 13454, 164,84
Nehiydrofy nhthalimmdc 130,05, 26476, ‘
distannovxkans ' 133,18 2G.89,
NeHydrexy . o S 25,42 172474
succinimide _ _
Triphemyl tin .. 128,7%, - 245,25 172,80
Nehydroxy suceinimice 1390410,

330,55,

135,75
Tetrabutyl 123 &l 13«61 _ :
Hehydroxy succinimido 25,02, S 172,77
distannoxang ' v 26.75.

' -2'0;9-86:

27.53
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TABLE TV

L d

— el

119, MUCLEAR MAGSETIC RESCHANCE SPECTRAL DAT

Chemical shigt (&)

Compound :
Tributyl tin R-hydroxy ' . 181,45
phthelimide ' : '
Triphenyl tin Nehydroxy w545 33
phthalimide _ : '
Tetrabutyl 133 i Nehpdxoxy *164440 & «218.62

vhthalinido ﬁistanﬁoxane

Trivhenyl tin IN mhydpeRy . -4 44
stcainimide - '

succinimido dlstannocana

An attempt have been taken to determing the molocular
welght of these compounds following Rast's method, Camphor
(mp 178%¢) used =5 solvent. crymsécpic constant for Camphor,

X = 39, 7°%e
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In gome cases molecular welght by Rast method could not
be determined as those compoundswere insoluble in Camphor.
TABLE V
APPARANT MOLECULAR l*.!EIGH’I‘ DATA

Compound _liolecular veight

Found Calcd
{for monomer)
Trilutyl tin Nehydrexy | 446 452
phthalindée o
Triphenyl tin Ne~hydroxy 503 512
phthalimide |

Tricyciohexyl tin Nehydzoxy

"
phthal imide 855 530
Tetrabutyl 133 4l Nehydroxy | _
phthalinide distannonane 478 796
Triphenyl tin Nehydroxy _

- sueeinimnide 442 464
Tetrachyclohexyl 133 di
Nehydresy suceinimido 450 e14

distézzmmcana

 Petrabutyl 1353 &1 Nehydroxy _
suceinimideo distannoxane 452 J12
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In case of triorganotin dexivatives, these values indlcated
the monomaric nature of the compoundss But in case of di orxganotin
darivatives; the values cbtained by Rast method gave aonormally
low valusss In this connection, it may be refersed to gome eavlier
work / Considine et al (137)_7.. They reported that the ((36}*1_50)

{C 41y ) ,Bn=Cu5n(CH,y ), (0CH,) aissociates at higher temperatute
required for Rast method to cive lowey values for molecular weicht
of the -cempcunc'i. It is regretbed due 40 Certain Aifficuvities it
was not possible to determine the molecular weights of these
.con@omé‘s osmometrically which cculd give better ideas sbout the

nature of these compounds.

Reactions of Nel(hydroxy methyl) phthalimide with
dioraanotin oxides

1. Rime thg’i gg,g oxide ¢ Reaetion of dimethyl 'E:irz. onide and

N- (hydroxy mathyd) phthalimide was carried out in 15l molar ratio |
in renzene and was refluxed for four hours. The product isolated
from the resetion mixture was a white cxystalline substance |

{mp 180-81"@. The product was washed several times with chloroform.

The elerental analysféis gave the following resulis:

C = 56,51y H e 3.86; N = 3,81 and 8n = 27,08 pexcent.
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Important Infrared Spectral Data (cm)

35000k}, 3200{m), 17i0{v.s.b). 1190{m), 1160(s), 1070{s),
995(z), 860{m), 820(s), 750{s), 730{m), 540(m).

The compound was spavingly adluble in cormon oxrganic solvents.
As a result of which 1H, 3¢ ang 1195n NMR spectra of this compound

could not be recorded.

2e Dibutvyl n oxide t

. Reaction of @ilutyl tin oxide and Ne{hydroxy methyl)
phthalimide was alzo carcied cut in 1:1 molar ratic in refluxing
benzene for four hourg, A yhite crystalline profuct was isolated
{mp 19{3«.15320&:).. The product was washed with chloreform and dwied,

The elemental 'analysr;‘-is gave the followring datea,

]

Ce 51,02; He= 5,24; N = 1,98 and Sn = 32,83 percent.

The Infrared daté\ (Mujole -cm“l) ware as follows:

3490{m), 3200(m), 1720(v.s.b), 2380(s), 1320(s), 1i80(w),
1160{m), 1070(s), 330{m), B6O(m), 820{m}, 750(s), 730(sl); 660{m),
640{m7,

Yhe compound was also almest insolulile in comunon organic

i, 33 ilg

soivents, Hence "H, C and

Sn BMR gpectra could not be zecorded,



T

'IR spectrum of reaction product of Dibutyl tin oxide and N-(hydroxy methyl)
phthalimide (nujol)

Il

300
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From the elemental analytical data no reasonal mgledulai‘
formula for these compounds could be suggested. Moreover, the IR
spectra indicated presence of hydroxyl bands. Finally, no MR
spactra could be recorded for these compoundss Hence, it was nok
poessible to suggest the nature of these compounds &md therefore,
no further organotiﬁ derivative was attempted for N(hydroxy methyl)
phthal imide. | |

h
!
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bis (Driorganotin) oxides or polyimeric diorganotin oxices
generally react with bidentate 1iganﬁs(HrL) like A «diketones,
S=hiydrony cquinolines, substituted hydroxamic acids, diphenyl

carbazones, diphenythiocarbazones ete in the following manners:

RBSn - 0 - SnRS 4+ 2 an.a

!

2R33nL + mﬁgﬁ
_stn - G4+ zﬂn; —_— stan { nH20

(L = chelate ligands)

During the reactiocns botween hig (triozganotin) oxides with
N-hyézcxy succinimide or N-hydroxy phthalimide, it was dbserved
that the triorganctin dexilvatives of these ligands do not form
any chelated speciecs nor these derivatives contailn any Sn=L-Sp

bonds. These reactions can be illustrated as follows:

0
I
R3 Sn—— 00— SHRB_ + 2HO ‘_“”N\ E————_l;ﬂ
C-—.
|
O
0
i
A _
RIN—0—N  {+  pp0
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But the reactions of diorganoitin cxides with Nehydroxy
succinimide ox ¥N~hydroxy phthalimide proceeded in somewhat different
way and the~é:ganctin dezivativés obtained in these cases always

contain Sn=-R&Sn oonds and are probably polymeric in nabture,

0
1
C..._.._
nR3SN0 + nHO-— N, T
) N
I
0
0
T e—¢ R R 9 -
N, 1 ! P
)&-O~%w—0-5?-0——N
—¢ R R Ne—
R "

Q
-
|

The ilgsn gspectira of some of the diorganctin derivatives

indicated two'types of tin atoms in the compounds.

Organo stamoxanes containing Sn«U=Sn bonds are known for
last few decades. & number of organe stannoxanes have been
reported (138), The characteristic properties due to the Sn-O<Sn
bond was digcussed by Okawvara (139) for tetraalkylei,3 di
stannoxane C1R,5n0SpR,Cl and tetraalkyl 1,3 bis (trimethylsilosxy)
aigtannoxanes Me,5i=CR,Sn-0=SnR,05iMe.« The sbove compounds are
dimeric in banzene solution and suggested the presance of a four

repbered ring due Lo the coordination from the axygen atom bhetween
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two tin atoms of cne chain to a tin atom of the other chalne

bavies et al (140) reported thet the exhaustive hydrolyvsis
of dlaikyltin (IV) compounds R,SnX, (X = e.ge halowen or carbouylate)
under basie condltions gives the dialkyld tin ocxides RZSnO-which
are insoluble, amorphous, infusible solids apd ave usually regarded
as high polymers, If harever the roagction is cavryied out with a
deficiency of base or with a weak base at least two intermediate
hydzolyéis products R, 5n,X,0 and R%Snzx(ﬁﬁ)o could be isolated,
The compounds are usually hicghly crystalline, soluble and low

melting and hence appear not to be highly polymerics

The follcwing structure £or Réangxzﬁ, was assumed by

Pfeiffer & Brach (141)»

o X



5G

But Harada sn a series of paper (142~146) argued the case for a

cyclic oligomeric structure viz.
]

[RQSn
N n ok

where the tin has coordination nugbers of four and flve., There

micht be a third pogsibility of structure as shown below
RQSrﬁ{

—0 &ﬂﬁ{]
] n

Davies et al (140) confined the presence of nonwequivalence

of the tin atoms indilcaking the rejaction of ths struchures
suggasted by Pfeiffer & Brach, The other two structures contained

1193n magnotic mesonancag spectra of

nonweguivalent Lin atoms. The
the compounds Bu,Sn,C1,0 end Bu,Sn.Br,0 in benzene or cazion
tetrachloride at room temperature consisted of two brcaﬁ OVQ -
lagping bands of zoproximately ecual intensilty indlcating the
presence of tvo nom cguivalent types of tin atoms. The alkyl
Sroups also are eqﬁivalent in Pfeiffer structures, wherceas those
are noneequivalent in the other two structures. Davies et al by
PHR gpectra, showed the presence of two types of methyl groups in-

chloroform golution in gpproximately equal amounts,
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Compoundl of composition R 4Sné2{0 (CH) cbtained when +he
-dihalidé (R23n612J and oxide react in 1:3 mole ratio. These compounds
are usually steble, highly crystalline and soluble in organic |
solvents, The partial hydrolysis of XR,Sn0=SnR X also yield the
corresponding hydroxide XR,9n-0-5nR,0K. At the same time the compo s
formerly represented as RESnORQSnK(OHJ or R? (12.251'10)BfJR.,RZSzﬁX2 havef L
been found to be analogous to the ﬁisﬁannoxane. There are a wijge
range of compdunds known having compositions of type A(XR23n~0-SnRZX)

and type B (}mzsnnouﬁnﬁzem as repregented below,

Type A Compounds

KstnO@SnRZX}
b4 R | . Lefgrences
csifen,), CHy ,C 5, G H,,C yHy 147
F C 4%19 i48
ci ‘ CHy 4CH e o C ., C Hy 149,150, 148
Br Cyle Coll, o C 1, 150, 148
NCS CoHgs € H, ,C gy o 148,151
QCCR* (31-13‘.,(3‘&1-19 149, 150, 154
0CH ¥ CH, ,C 4ty y 154,156
Camphor sulphoxy C,H 5 ' 148
B «iiapthaxy C iy 156
X »Nitrosq- £ =napthemy CHE ,62 Hs : 187

OOR . 158
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Type B Compounds

(XR,SnOSnR, OH)

X R References

c1 CHy CyHge CaH, o C g 150,159

Bz CHy4ColgeCqlly e C g 150

I | CHy yColig o€ Hop oG yHy 150
NCS Cotig,C ol ,C Hy : 151
NCO - C g, C el 153
00CCH, C H, 148,159!

An Xmray crystal study of a type A compound, (CH3)38:1-=0-
(CHy ), SnmCuin (_C'7H3)208i(GH3 ?3 shoyed a dimevic structure containing
a four membered ring due ;t:o reciprocal coordination of an oxygen
atom between two tin atom'_s of one molecule to a tin atom of the

other molecule as is showm by the £ollowing structure *
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wherelR and X represent CH3 and Osi(CH3)3 groups respectively.

Molecular wéight determinations also showed that seluble
compounids of koth tyges A and B are dimeric in solution. On the
cther hand, compounds of the.type RBSnOSnRB as well as R,SnX,
are monomerie in bensene, A sulphlde anaiogous of type A molecules
Cl(Céﬁgizsnususn(C4Hg)2C1 is monomeric in benzene, From these
obsarvations, Okarara and Wada concluded thaet the dimerization
of A and B type compounds is asgoclated with the 8neCa8n linkage
and the important factor in the dimerization is the presence of

an anjicnic 1igand X, attached to the tin atoms,.

In the dimeric structure of type A distannoxanes there are
both tetra cooréinateﬂ'énﬁ penta coprdinated tin atomg and acCorde-
ingly,‘two dliferent kinds of svbstituents X, This difference is
evident in the reaction of AR,Sn0-SpR.X (X = C1, By) with an
axcess of organic base, such ag pyridine, One of the two substi=
tuents is selectively raplaced with formation of a corresponding

type B compounds (150},

The molecular weight of the cowmpouwnd in carbon tetra
chloride soluticon at 3?.5cb indicated the dimeric nature but at
higher tenperatures, evidence for dissociation was indicated by
the Rast method of moiecular weight determination, where a value
corresponding o the monomer was dotained fox

(CGHBG)(céﬁg)ESn-o.Sn(céng)g(GGGHS).'
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The NMR spectra obtained at various temperatures of tha
trinethylsileky compound revealed that the dimer dissociates.

in solution at high temperature (160).

"From the iﬁﬁrared sbsorptlion due to the Snml«H stmetchihg
vibration of the type B compounds {X = halogens), the presence of
hykirogen bonds can not assume iﬁ these compounds. These hydroxides
are gtable against condensation by loss of water even ab high
" temperature below the melting point. There are two pyrobeble con-

figurations £or the dimeric gtructurs of type B'compounds a8 shown

belows: -
/ RQ
K Sm— X Rg 7
Ry / R Sn——0H
HO—— S X G
y ————Sn—OH 00— S ——X
X~—Sn Ry  HO—SA Ry
Ro ~ Ro
(A) (8

The configuration A contains the hydroxyl group on the penta
coordinated tin atom while the configuration B ceontains hydroxyl

group is on the tetraz coordinated tin atom.
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The structure A is favoured ﬁpon assumption that, in the
partial hydrolysis process from type A compounds, the tin atom
which most easily undergoes substitution would be the penta
coordiﬁated one (150). Further, the existence of a stable hydroxyl
oxXygen to the tetra coordinated tin atom similar to that occurring
in dimeric {CH;),SnOH, |

The following, ladder type structure has been used to explainl

the infrared spectra of (SCN)stnOSnRz {NCs) and {SCN)stnOSnR OH

2
(which have all tin atoms penta coordinated) (161,151).

R Sn—NCS
. A '
SCN ——5n C '\
\\ A
! A
| L
1.1L \\
\\ . Q S \‘
' T on NCS
\\r
SCN; __gn/ Ry |

Ro

The ladder type structure has been confirmed by an X-ray

study of (CH3)3SiO(CH3)2sn-o-5n(CH3)2osliCH3)3 {162).

In the light of preceeding discussions we would now attempt
to discuss some structural aspects of some of the stannoxyl deri-

vatives isolated during the current investigation.
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1. Tributyl tin Nehydrogy phthalimide

The elemental analyses as indicated ezrlier showed an

empirical composition C?0H3103ﬂ8n,

Mol, wi, (Rast Method) Found 446

Caled {(moncmer’ 452

In Hehydroxy phthalimide, the «0i stretching freguency

appeared at 3168 ot

» but in the tributyl tin N-Hydroxy phthalimide
the ~OH freguency was totally absent, iﬁdicating,the substitution
of the hydrcxyl proton by the tributyl tin molety.

The carbonyl peaks of this compocund appeared at 1770 cm"l

and 1700 cnfl conparxed to the cagbhonyl peaks of N=hydroxy phthalimide,

which appeared at 1793 cm t (s) ond 1707 cm t)(ves.)s Though the
1793 cm“l peak of N-hydroxy phthalimide shifted scmewhat signi-

-l

ficantly, the more intense 1707 om ~ peak showed very little shifting

indicating the absence of significant coordination of the carbonyl

1 ana

group to the tin atom in the complex. Absorption at 1156 omi
1100 cm+ may be due to NCO coupled vibration.

The 1H HNMR spectrum of the cogpound was recorded at 60 MHz,

The'methyl protons of the butyl groups appeared at © 1.38 (OH)
while the remaining methylene protons appeared as complex patterns
betwean S 1439 = 2,9 (18H)., The aromatic protons appeared 7.9 -

£e25 (Arwat),
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_ The 125 NMR spectrum of H=hydroxy phthalimice showed arcmatic
protons at & 7,64 (A,r-éﬁ)ll and the hydroxyl proton at 6 10.6¢ {OH « 1H),

The B MMR spectrum of the tributyl tin derlvative of -
m»hyéroxy phthalinicde showed complete absence of hyd‘roxyl proton as
| _ expéctedq _

The 130 NMR gpectra was recorded for Nehydrony phthalimide
and also for the tributylitin Nehydroxy phthalimide. The 13(-‘-’ NMR
spectrum ¢f the Ii-whydr_cmy phthal_j.mic‘ie showad p:«;aks at & 122,86,
128,69 and 134,42 for arcmakic carbon atoms (CB,C4)¢. {02,05) andl
(c: c ) respectively while the carbonyvl carbon atoms (C.,,G } gavé
a s.mgle paak at o 184410, The corresponding 136‘. mm speetrum oﬁ

tributyl tin N-hydroxy phtnalimiua gave the following peakss
’Alipha-tic carbon atoms may be assigned a35 13.62. 17.88,
) s
27,11 and 27.87 for (€, 5.C) 00 Cigds (Cy4.0%, &Y gle (€54,C 5 & CYp)

9
as &S 122460, 129,32, 133,62 for (€,,C,), (C,,C5) and (G,,C.)

and (Gg.e-ﬂ’:’ & cg) respectively. Aromatic carbon peaks may be assigned

respectivelys

Carbényl'c:arb@ns at5165,32 Loz (C7,€383q

The carbonyl carbon atom of tributvl tin derivative appeared
at $ 165,32 compared to 1igaﬁc3 carbkonyl carbon atom appearing at
5'164.10.

Th 130 HHR '-pectrum and IR spectrum c:f bis (trn.cyclohexyl
tinl succinjl __j_._g Nephenyl hydroxamate showed strong ev.iaence of

chelate formations In T5C NMR spectrum showed strong shielding effect
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of the carbonyl carbon atom peak at & 153.78 compared to carbonyl
carbon atom peek of the ligend, which appesred at & 172,08. Morcover,

in the IR spectrum the C zéilpeak appeared at 1585 Cm"i

in
contrast with C = O peak of éuccinyl,ggg Nephenyl hydréxamic

scid, which appeared at 1618 em <, In case of Aibutyl suScinyl bis
Nepn tolyl hydroxamate, the 138 NMR spectrum showed the presence of -
carkbonyl carbon atom peak at S 164401 compared to ligand carbonyl
peak at & 174.51. The JC wo stretching frequency of dibutyl deri-
vatives appeared at 1590 cm = coppared o 1615 om -t of the ligand
carbonyl peak in the IR specﬁra. The IR and 13C'NHR'spectra indicate
strong intramolecular coordination of the carvonyl group to tin
ztom, where the relevant peaks shifted significantly in IR and

130 HMR spectrae

But 1f we compare the sbove data with those of ths tributyl
tin Wehydroxy phthalimide and N~hydrosy phthalimide the question
of intramolecular ccordination of the carbonyl groups to tin atom
probably does not erise. Hence the tribubyl tin N-hydreg phthalimice
is not a chelate complex but 1t is most probably an ester type of
conrpounda

The 119.;;1 NMR peak for the tributyl tin Nehydroxy phthalimide

appeared at 8 181.44. The position of this peak indicated the tetra

coordinating nature of tin atom,

On the basis of the gbove data the structure of this compound

tentatively can be suggested as follows:
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lH NMR spectrum of Triphenyl tin N-hydroxXy phthalimide
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~~7Sn NMR.spectrum of Triphenyl .tin N-hydroxy phthalimide (in coel, )
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0 80— 2CHoiCH, CHy B

2. Triphenyl tin Nehydroxy vhihalimide

Elemental analyses of this compound showed an empirical
formula of 624 19 3N8n, ]
#Mols wte (Rast method) Found 501, Caled (for monomer) 512,

Like the preceeding tributyl tin compound, the IR spoctrum
indicated the gbsence of -0 stretching freqguency of the ligand,
indicated the substituiion of the hydroxyl exdton by triphenyi
tin group.

1 ana ~ 1690(s).

The carbonyl peaks eppeared ak ~ 1770 o
Here; also a marginal shifting of carbexy pesks occurred, though
significant coordination of c@ﬁbonyl ogrouwp o the tin stom might
be #bsent. The poaks due to phenyl droups appeared at appropriate

~l -1

positions,s The peaks at 1160 em ~ and 13190 ¢m ~ may be due to NCO

coupled vibration.
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13C NMR spectrum of Triphenyl tin N-hydroxy
phthalimide {in C'IBCIBJ
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The 1 MR spectrun showed a group of pesks at d 7.6 = 8,07
Be04 = 3416 and 8,45 = B.80., It was not possible to assign ligand
avomatic prﬁécns an@ tin aromatic protons in a conclusive manner
from the spectrum obtalned. However, the spectrum showed dosence

of hydroxyl proton of the ligand in the triphenyl tin derivative.

The 1% amm spactrum cbtalned was not desirxed quality. It
dié not record any peak for carbonyl carkbon atom, probably due to
weak intensity of that peak. It however, shoired seven peaks for
aromatic caxbon atoms at é122.74, 129,12, 129.61, 129.89, 130,51,
133.56, 136.95, Assignment (164) may be made as £ollows
(cn,c13 & stel, (ci,-(::6 & eteld, (cz,cs & etcl), (c12 & ete),
(€46, & eta), (C;,,C,, & ete) and (G, & etal,

- In absence of the carbonyl carben atom peak it is not

possible to comment on the coprdination of carbonyl group to tin

&

atom;
The **%n MR peak sppesred st § -54,33 Gue to the tetra
coordinating nature of the tin atom in this derivative,
Hence the suggested structure of Triphenyl tin Nehydrexy
phthalimide may be Indicated as followss |

i’
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3a Tricyclohaxyl tin N-hydro:qr ph'i:halm&e “}1

The elomental =analyses swagested the empirical c%mzposition
cF the compound c2 6H370 NSn. .;':'-{‘:1' \| \ -

o i\

Mol. wt, (Rast method ) Found 555 Voo 5

Ay

Caled {(monomer) 530,

The IR spectrum showed the absonce of «~UH strei:chﬁpg
frequency of the ligand indidating the substitution of the hydroxyl
proton by tricyeiochexyl tin group.

The carbonyl peak appeared at ~ 1700 <:m"'1(s}. The shifting

was negligibly small in comparison with the ligand major carbonyl

peak which was found at 1707 om 3’. Hera also Tost probably there

was no coordination from the carbonyl group to the tin atom, The
peaks at 1165 and 1180 om >
The M NMR spectrum showed a group of complex pzaks in the

may be assicned as NGO coupled vibration.

region S1.0 to 2.4 (for 33H), The arcmatic protons appeared in the
ragion Of S 7.6=843 (for 4H) as conplex p'attern.

It was npot posaible to obtain 3¢ and 1198n spectra for

this compound,

Hence comparing the other triorganotin derivatives the

following structure can be sugcested,.
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lH NMR spectyum of Triglohexyl tin N=hydroxy phthalimide
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4., Tetramethyl 113 di Nehydroxy phthalimido distannoxeane

{Poivmeric)

The elemental analyses indlcated an cmpivical formula for

the compound C20H2007N25n2$.

hbseénce of the ~Gi stretching frequency supported thé removal
of hydroxyl proton by the dimetinyl tin moiety. The carbonyl peaks
appeared st 1762 cmv and 1677 (vess). Theze was some shifting in
tha c¢arbonyl ﬁ&éké. So thers may be some kind of carbonyl cooxdinaw
tion, intramoleculayr or intesmaclasulsoe,
1

At 1181 om~l end 1158 cmt the bands appeared may be due
£o M~CO coupled vibration. An additicnal band appeared at 594 om™=
due to BneCwin bond. $n=C stretohing frequency obitained at 500 cﬁfl.

1 i3 i9

H, "C and 5h MR could not ke recorded dque to very noor

solubilivy of the compoundé in organic solventse
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5, Tetrsbutyl 1$3 di Nehydrowy phthalimido distannoxsne
{Polymeric)
From the elemental analyses the suggestive empirical compogie

tiofi of the compound was C32H4 Py AP

Apparent molecular weight obtained (Rast method)

478, Calcd 756,

Like earlier cases, there was no CH stretching frequency
in the IR speatrum of the compound which was present in the ligand,
So the proton of the hydroxyl group was replaced by dibutyl tin

GTCUR

The carbonyl stretching frecquency bandsg appeared ab
1761 cm"l and 1697 cm"l. In comparison with the ligand carbonyl
peaks there was only a small shift.

The N=Ce0 ccupled vibration may be at 1182 cm"?" ard

1156 oot

. -t
The peak at 5376 am ~ 415 due to SneU=5n Hond,

$n=C stretching frequency appeared at 497 cmt.

24 MMR spectrum showed peeks at S 0.90(t} (for 12H) and

from S 1,10=2,05 (for 24 methyl protens). Aromatic protons appeared
in the regiond 7.58-7.80 {for 8H), The spectzum showed that the
hydrexyl protong ig tobtally absent Hers in the compounda.

in the i3

C MR spectrum methyl carbons {612, ete) appeared
at d 13454, other methylene carbon peaks may be assigned {163) as

826,76, 26489 and 27.52 for (Cq & eta), (C,, & etec) and (C,, & etc)
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119n NMR spectrum of Tetrabutyl 1:3,N-hydroxy phthalimido di stannoxane {(in CDCl,)
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respectively, The aﬁomatic carbons showed sigr_;als ats 122.48,
130,05 and 133,18 which may be assigned {i64) as (CI,CG & eta),
_(32.35) and (C3,64 & eke) respectively, The 'carhonyl carbohis
(97,_881 appeaved ai;ﬁlﬁ&:._&d. ‘

the 1%yp WMR spectrum showed awo peaks atd =164,46 and
| 218,87 showing that theze were two L..nd of tin atoms having
different envimnmnts. The values indlcated t¢hat most pmbably
cne corresponced to penta coordinated tin snd enother hexa

coordinated +in,

With Nehydroxy phthalimide, dlorganctin oxides, yield
organotin compeunds which contained SnwU-Sn linkages, as indicated
by the presence of an additional peak at ~57% ém"i._, Diorganotin
exides in many cases form hexa coordinated monoﬁ.eri;c'RQSnLg (LH .
8 hydroxy quinoline, substituted hy&rméxreic acids, diphenyl
c.ar%cn':zzt:enerz'.;IP f-diketones, dithizones ete), Bub with a trihydroganmie
acld like Nehydroxy phthalimice, no such chelate compound could be
chtained, The present inve&tigatich clearly showed stannoxéne
derivatives are formed. Due to some experimental difficulties, the
melecular weight of these émplexea' could not be ciétemined
osmometrically and molecular'weight determination by Rast's method
gare ratheyr sbnorwal vaiues in soms Cases, 1316 stannoxane fegls
vativaes obtaibed éiur._;xg he cuz.bent iAnvestidgation were ester

Ty

types, not dlscrete chelate conplexes. This conclusion yas arvived

a2t on the basis of the following ohservations, The cazbonyl

fraguencies of the dlwethyltin derdvative and dibutyl tin derlvative

appeared at 1677 cm™* ana 1697 cm™t msyectively for nmore intense
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carbonyl peak, in comparisen 1707 om &

for the licand. For chelate
formation in case of substituted mono or di hydroxamic acids, the
shifting of carbonyl peak of the ligand to chelate dexivatives

1. Again the ;BC NMR ¢aroonyl

were of the order of ~ 45-85 cm
carbon atom sicnal shifted aboui ¢ G0w7.0 for orgenotin derivatives
in the high f£ield bub in the dibutyl tin derivative of N-hydroxy
phthalimide the carbonyl carvbon étcm appeared ab $ 164.84 compared
to that of Nehydromy phthalimide at & 164,01

The above data, siong with appearance of 3n«CeBn peaks ab

~576 et

in the IR spoctra, lecad us to suggest the gtrushars
of tetraorgano 1:3 i Nehydromy phithaliimido distannonans in the

fFellowing way.

8
CH
13l \2\ : 0
; 21 o2 7 C X
4 L \ 9CH\2 /R R\ /R
| NS OB 0N
b : o A
0 I
| - - \ |
\ . .
\ | N
\ | \
\\ .\
% \ | 7
A _ X, R G /
N— O Sn O0— Sn — 00— N (::)
/ . N SN \
¢ R R R c
5 5

(B = nfbutyll



SHMP REF
+2.508 . f B
Yo
I'l1' ]I
! 1
Vol
! \i
| -+
A.568 '
AT D EVEN
; ; o | _
\“ 1 | :
H ER\ |
N AN
o \
rEHOHAR . \k L
o = HN
2Eg .0 50 ,.8(HM 0TIV, 480 .4a

F
e :
R [ 4om@.8nHM -a.1e10] |
1
|
|

UV spectral of Tetrabutyl 1:3 di N-hydroxy phthalimido
distannoxane 1?1-5.0 x 107 4{M).;7 ‘diluted subsequentliy
10 times in each step {II, III, IV, V and VI).



&6

in such structure some of tin atoms with ﬁenta coordinated,
while the other will be hexa coordinated in nature, There might be
intermolecular carbonyl coordination €0 the tin atom, as a result
of which there migﬁt ke some shifting of cérbonyl frecuency in the
organotin derivatives but these shifting may not ke significant
enough to suggest the intramolecular carbenyl coordination to the

1195n peaks suggest the presence of penta and hexa

tin atom. The
coordination of tin atoms (& =164.46 and =218.87) for Tetrabutyl

133 di Hehydroxy phthalimido distannoxane.

The UV spectra of this compound in MeCH geolution abt different
dilution support this suggesticn. One would expecht some hypsochromic
shift of the veak with the descrease of intermolecular carkonyl
cooxdination resulting from the decereasing concentration of the

compound  in MeOH,

In absence of precise melecular woight data and X-roy
evidence, the sbove pugeested structures may b considered somewvhst

tentative in nature,

Gy Txighenyl €in N—hydrazx sucelininide

| Erplrical compositlion of the compound obtained from elemental
analyses was 022H190335n¢
Apparent molecular weicht (Rast method)

Found 442, <Calcd (monomsr) 464,

In #he IR spectrum of Ne-hydroxy succinimide-0H styetching

freguency sbsorption occurred at 3000 cﬁri, But in tha trivhenvl
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C NMR spectrum of Triphenyl tin N-hydroxy succinimide (in CDCla)
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tin derivative thers was no absorption in this region indicating
the complete vemoval of the hydroxyl proton.

Carbonyl absoxption bands of Nehydroxy succinimide found

i

at 1775 om © and 1700 cm":" {broad) [ due to symistric andé antl

syrmetric mode of strea{:ching vibr;atzi.cmmz In case of the triphenyl
tin derivative carbonyl abksorption bands appeared at~ 1785 c:m”l
an@~1705 om"+ (=), simost the same position as in the iigerd, The

paaks due to phenyl groups appeamd at appropriate posltions.

The hand ab 1240 ony > may be due to HCO coupled vibration,
1ﬁ NMR spectrum of the compound showed that the hy ey L
proton was totally absent. Nethylese protons appearsd ahd 2.47{%)
[ for 41»5_‘7. Aromatic protens as Two gropp of protoms in the region
57,3=7,65 (for 10 Ar,H) and & 7.7«7,9 (for 5 Ar.i).

In the *2¢ MMR spectrum of the ligand Nehydroxy succinimice,
carbonyl carbons appeared atd 172:74 and a singie sigaal for the
mothylene carbons appeared atd 25,32, In case of the triphenyl tin
Li-l-ur*?“cw ..Juccvm.mz.w, methylene cﬂrhms (ue,c } apprered at d 24,25,
The signals for arcmatic carbons may be assigned (164) as S 126,75,
130438, 13010 apd 128,99 for (c_ & etel, (cg,,ﬁ & ote) (e & etel
and (tt::‘:;,,.f,’;5 & e_tc:)l respeetivelys The carbonyl carbons ((2?, 18)
appaared ak d 172,99, In comparison with ;igand carbonyl carbon,
there was no significant shifting.

119531 NMMR spectrum showed a single peak atd =74,44 indicating

tetra coordinatad tin atoms
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The abkove results are simlilar to triphenyl in N-hydroxy

phthalinide and like the earlie;t'. we can suggest the structure

of triphenyl tin Nehydroxy suceinimide as follows:

7. Teira égclch@xgl 1:3 ai Nehydrowy succinimido distannoxane

{Polymerle)

Cn the basis of elemental amalyses, the empirical formmla

of the compound can be yritten as 632}152&71\128;; .

Apparent molecular wolght (Rast methed)
Foumd 4602 Caled 814,

in the IR gpectrum, once again there was no band dve to
«0H stretching fregquencys

1and

Carbenyl absorption bands appeared at 1780 cm
1660 cm‘l. Compared to the Ligand IR gpectrum, there was shifting
in the case of antismrvatric mere intense bands

1

The band at 1250 cm™ appeared most probably due to HeCwd

coupled vibrations
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3,

At 580 em -, absorption due 0 EneO-Sn bond appeared.

Sn=C gbretching froquency apptared at 490 cnri.

in the_1H NIMR spectrums oo expected there was no signel fox
hydroxyl proton, for methylene protopns signal was cbtained at
5248 (for BH)e & group of signals appeared in the regiond .3«
1.8 for the cycichexyl protons (for 44H). Though tricycichexyl
- bin hydroxide was reooted with Nehydroxy succinimide, tha 1y MR
spectra indicated a dicyclohexyl tin devivative coculd only be

obtained. Conparing the previous compoundsg, we may sugogest the

formation of the f£ollewing type of compound,

HQ(C_E\ Q Q /ELC;HQ
O
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8,  Tetramethvi 113 di Nehydroxy succinimido distanncxane
- P oed | '
‘The analytic%l Gata éuggested.the empirical formula fox
the compound as CyoHy oOui,Snys
Malecuiar weight could not be done épplying Rast!s nmethod

as the compownd was insgoluble in camphor,

IR gpectrum of the compound showed no hydicxyl streiching
frequency, 3 similar cbsexvation as have been made in eariier
CRSSSe

i

The carbonyl absozption bands found at 1776 cm™ and

1700 cm'i no carbonyl shifting cccurrsd comparsd to ligand
caroonyl absorptions. ¥ |

1

An additional band appeared at 576 cm™” which was due o

Sn=C gtretching freguency found at 535 cn?i.
The pgak at 1245 onit most probebly due to NeCwd coupled
1

#, 3¢ ang M%p R for this compound could not be
racoxded, because the compound had very poor solubility in common

organic solvents,

In the absence of adegquate dats, it was not‘pdssible to
suggest any reasonsbla structure of this compownd, though it may

have a composition like the carlier diorganctin derivatives.
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Se Tetrshutyl 1:3 &l N-hvdromy succinimido distannoiane
(Polymewic) '

From the elerentald _aﬁalyses the empirical formule of the
compound can be written as €, 4H4 4071525312@
Apparent molecular weight have been foimd 442 (Rast's

metchod), Caled 7iZ.

in the IR spackrum of the compound carbonyl absorpéion bands

i 1

appeared at 1780 om -~ and 1680 om - . CGarbonyl absorption éid not

shift significantly compared to the ligand carbonyl Iabsoz:ptim
b@dSa

1

The band at 1240 om— may be due to N=CeO coupled vibration.

Absorption due €0 Sn-0-3n bond found at 580 o™

stretehing band appearad at 560 cm"’i-_«-

1

and Sn=-0

The "H NMR spectyum of tetrabutyl 123 di Nehydroxy succinimido
distannoene ) showed no hydroxyl proton signal, The methylene

proi:ons due Lo sucein’yi group gézve a single sicnal at d2.82 (for

8 protons) while thée methylens protons of the butyl group found

in the region § 1.2«1.8 {(for 24 protaz;s)_ a.!;d mathyl protons appeared

in the region S 0.9=1.1 (for 12 protons),.

In ths 136 gpectrum of tetra bukyl 133 A&l Nehydroxy succinde
mide distanﬁm:ane; the methyl carbons (64:634. ete) fcund- at & 13-,-61
and the méhylana carbons of butyl groups may e assicned (163} as
826475, 26,86 and 27.53 for (C; & ete), {Cj & ete) and (C, & etc)

respectively. The succinyl methylene carbons (CG'CS‘-' C.? & C,,,)
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appelared at & 2502, The carbonyl carbong (Cs,cs,, 68 & C.,) found
at S 172477, B

The 14%

n MMR gpectrum of this compound showed two tin

sionals atd «=178.85 and «=223,50,

So far we have discussed the avallable data £or the
dlorganctin derivatives of Hehydroxy succinimide, it has been found
that these type of compounds showed similar behaviour as have beén
shown by the diorganotin derivatives of Nehydroxy phthalimide. Here
égain the diptinct Sn~C~5n bond appeared in the range of 570=

580 cm"l

in IR gpectrum, showing that stannoxane derivatives are
formed. Carbonyl sbsorption bahds for the diorganotin derivatives
of N;hyéraxy'succinimide showed no signifigant shifting, Cnly in
the case of dicyclohexyi tin derivative the =C0 asbsorption shifted
40 et in case of the méjcr paoks But in case of dibuty) tin

1 and in the case of dimethyl tin

derivative Avis enly 10 cm
derivative it was not shifted at all., The doservationsg indicate
that significant intramclecular coordination ald not occcur from

carbonyl group to tin atoms.

Evidence alsc came from the 136 spaciral data..Here again
it lg foud that sigﬁificané'shifting did not otour for the carbonyl
carben, which have besn found in case of definite chelate comound
(carbonyl carbon shified about & 6,0-7,0). But in caze of tetra
butyl 1:3 di Nehydroxy succinimido distannoxane the signal for
cérbonyl catrbon appeared at § 172.77 uwhereas this Was obtained'for

the ligand at § 172,74
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5o from the sbove dizcussions, it mey be stated that
dlorganotin Goxivatives of Hehyirexy succinimide ware not discrete
chelate compounds having intramolecular coordination to_tin._But\
they are ester type compcounds, i1ike the diorganutin Serivatives of
Nehydroxy phthalimide. But they are possibly not moncmere The
appagent molecnlar weights dotalned by Rast's method were not
satisfactory, that may be &ue to high temperature dissoelation.
The mal@mulér’weight data in aoluticn'phaee for-diﬁFereﬁt ccncen¥
tration and using different palar solvents (osmovetric doterminge
tiond could have given better 1n¢ormation, ut unfOrtunately could
not be gucceusfully_cxplored.

The tin signal obitained in the 119

En ﬂMR for totrebutyl

183 4l Nehydromy succinimido distannexane indlcated that the compound
is not a simple monomeric ester. There were tyd tin sionals

{8 =178.85 & =223,50), the values nearly maotches to two king of

tin atoms having penta ceordinaticn\and hexa coordination environe
ments, This charactoegistic af the compound may be explained from

the polymerie natuwre of tetra organo 113 &1 Nehydroxy succinimide
diéﬁanncxane. Most probably intermclecular coordination bond formed
frém CO group to tin atkam, which-was responsible for changing the

coordination syheré'oﬁ tin atomsa

Thig ?henomencn also gaing support from th$ UV spectIum,.
it would be expected that with dilution the weak intermolecular
-caoréination bondsg disaapearqlsa in the UV gpectrum a hypsochromic
shift is expected with lowering of concentration. The series of DV
spectra (shéwg in £ig.) /with decreasing concentration supports

this contenticns,
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- Hence on the basis of available data the compound can be

reported ag follouss

c<3 CHy
B 5/
CHp  “CHy
6 59 ! PHQ 1(:{1 n 6
CH?”"“€\\ _/"2 _ R //R jC"“"CHQ
g/ N CI] S{] 0 \Sn.__.._ 00— N
8 / A . \
THp—17 LR o
0 | | \ 0
\ \
N
N\ N
3 N\ \
1 \\ 9
P N-— 0 ,/§Q; 0 Sn 8] N\\
S : RN
L ¢ R R R R C— CHy
0. 0
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Organotin carbexylates comprise one of the most important
class'of compounds in the ever expanding £ield of crganotin
chemistrys Apart from the theoretical and structural interests,
organotin carboxylates are finding importance in industry and
agriculture, ﬁany of these groups Cf compound have already £ind
important uses and new applications are likely to emexge in the

near future,

1

The compounds contain;ng'~OGOR groups bonded to tin whidh
nay be either moncmeric or polymeric aré.cf the three general
types, viz, RBSnOCGR-‘, R25n(GGOR' 32 and I%Sn(cx::t)R"'J3 where R and
R' may ke same or differant grcupé. Tin tetra carboxylates
Sn(CCOR),, ave not organotih cempounds in the strict sense of the
term, but are neverthiless included in the discussion of orgamotin
carboxylates for the sake of comparisen and convenicnce. Many
diséussion with varving degree of detaills are available on these
corpomnds (1-4J.ana as suéh only scme inportant aspects will b

presented heres

Prgparative Methods of Organotin Carbaxvilates

The organotin carbexylates are readily prepared by a number
of methods. Cne of the most irportant being resction between organotin
exides (or hydrexides) and carboxylic acids of aphydrides (S5«12)s

R, Sn0SnR, + 2R*COOH m_—e»_zaasmcosz*' + B,0

RySnOSAR, + (R'CC),0 —— 2R, EnCCOR’

R,500 + Z2R*CO0H _5.3281:(09051' )2 + Hz-ﬁ
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The water preduced in thege rezctions was usually removed

azeotropically, for example a number of carboxylates containing

P e

cxine residues have been made for biologlceal testing by

! - i
T

distilling a bensene solution of the resctions (13,10).

o i — : .
(Busan320 + RRYC~— NOCCH,COOH RN

2

2BuSSnGCOCHQON = CRR' + Hé@

Alternatively the reactants are heated in gsuitsble solvent

until ¢there is no further liberation of water (14).

5 0 - MO : -l 10%c
_. (Bu3 n)20 + 2,0 ;Iecsﬁ4c00%x _100-1107C |

2 BuSSnOCGC H,.CHamD + Hﬁﬁ

64

ancther major preparative method is reaction between organotin
halldes and alkall metal or, less commenly, silver salts of

carbexylic acids (15).

. RBSnCI& + RYCOOM '—an38nocoza' + MC1
(M= 68, X, Ag)

Dy heating orgenosilicon carboxylates with diphenyltin
oxnicde, carbexvlate groups are readlily transferred f£rom silicon

o tin (16;17)0
Et,51 (mcn}_z + Fhytn0 —b thfin(OCOR_)z
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Organctin hydrides react with carboxylic acids with the
evelotion of hydrogon. '

RySHH # R'COOK — R Sn0COR® + H,

when dihydrides react with carboxylic acids the initially forﬁsd
aicaxbaxylaté equilibristes with unreatted Alhydride s folloﬁ% (i8).

stnﬂé' & 2R‘GOGH“———-fb stn(ocak')2,+ 2K, Al

R,5n (OCOR' ), + RS,y o—= zﬂzsn(za)oec;ni | ' | ]

o

Dibutyliindihydride in the presence of excess acid, éﬁ#?ﬂ the
dicafbaxylate,'BuQSn(DCGﬁﬁiz but, with a deficicncy of acid.{ﬁ?e
hydride carboxylates (I, R = Bﬁ) are formed which then slan%a\
decompose to Give hydrogen and the distannane dicaxhqulates;téz,

R = Bu)s When diphenyltin dihydride reacts with cazbexglic acié§

b

the distannang dicarboxylates (iI, R = Ph) are, eff§¢¢§gﬁyth3' _1Y

_ : \\;
2R,Sn{H}OCOR! P R,Sn(CCOR® }sn{OCOR IR, + H, AN

. ' ' \
IX Tl"\ AN
H !\
products irvespective of the cconditions used (55),

Organoctin. halocerboxylates, stn(X)GCOR*} are most conﬁehi@ntly
made by heating together, in an Inert sclvent, equimolar proportions
of a dihaliﬁe_éna Aicarboxylate (2,7). |
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-BuQSnBrg o+ Buzs_n(ecem Jg—a -2Bu23n'(Bx'}GCOMa,

Other wethods include reaction between a dihalide and a

metal carboxylate (19,20):

Bu,SnCly + KCCOR® —— b Bu,Sa (C1)CCOR! + KCL

or from a dihalcdistaaoxane and a carboxylic acid or snhydride (21).

CiR.. SnQSr:RQCI + ORVCOOH ——— D
2R2$n(01)0€30};{' + H0

. Dibutyltin derivative of maleiw acid wes propared by
reagtion betweesn dibuty;t'in exide and am alkyl hydrogen maleste
(39,22}, Dibuﬁyl tin maleate was isclated as a monohydrate and
also in anhydrous trimeric and tétramexﬁd forms (19) by the reaction
of Gibutyltin oxide with maleic acid or maleic anhydride (19,23),
Prom the methed of manufacture and its physical propev-l:ics it
appears that the éiibutyltin maleate made conu-nercially for the
gtabilisation of poly vinyl chloride, is a mixture of ocligomeris
and probably polvmeric forms;. | .

Though it is rarely used as & preparative methed, esters can
be made by the cleavage of organic greups (usually vinvl or phenyfl)
from tin by carkboxylic acids (24). ‘

Roy and CGhesh (28) gave aricsther_ reacticn pathway fLor the
synthesis of organctin carboxylate by dermetallation roactions of

triorganctin carbexylaotes with mercury salts.
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Organotin carboxylates have heen reviewed by Okawara_an&
Wada {25). The series ¢f triorganctin carboxylates investigated were
o o 4 ] . "y
of the fclilowing types, RSSnOOCR s Where R = CHB, CQHS, n C3 e

. $ o= = > b oy

From the different features of ﬁhe iﬁfrared spectra of
various trialkylitin carboxylates in the sclild state and in carbon
tetrachloride solution és ghown in table, and £rom the result of
the tenperature dependeﬁce of the absorption intensities, Jahsen
et al (25} and Cummins and Dunn (27) have ccncludeé that trialkyltin
caxboxylates are polﬁmeric in the golid state with planar trialkyltin
group and bridging scyloxy groups and are ester~like mcnomexs in
- dilute golution, |

Table
~ Compounds co, frequencies Cm”l Snc_3 frequencigf
| o - _ o
Solid state Selution solid sSolution
' atate :
(GH3JSSnObCCH3 18485,1412 - 547
(CyHy )80, CH, 1572}1;12 1655,1302

Cn-céng)BSnQQCGﬁs 1572,1410 1647,1300

(06H13935n0266H3 15?0,1403 . 165G,1304

(CﬂaésSnﬂbC11H23 1567,1410 ie42,1302 248 548,516
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The dlorganctin dicarboxylates of the type RoSn{CCOR' ),
are known for many years. The structure of diorganotin dlcarboxylates
wag firstlsuggested for dimethyl tin diformote by Ckavara ot al {25),
which included a lincar dimethyitin cation and @ formate anion.
Details of IR spectral snalysis of diorganotin carboxylates have

been discussed.

Organctin tri caxh¢xylaﬁes =T P CEHSSn{QEchﬁs)é was
prepared and characterised by Razuvaev and &b al (29), However
these compounds have only besn rap@rtea'with arbiguities oy
Qiscretely n-Butyliin and'pheﬁyl'tin tri céﬁbﬂxylates haye baen
prapared fyrom thely tzichlériaas. Of which a=butyltin txiéc@tate
ané tripropionate aﬁe monomerie in camphor solubion, A nunker of

o

compounds of tricarboxylates which have been studied, c.de

n-cgﬁgsngbzccﬁé)s, n~c4Hgsnfc§¢c2Hs)3, nu04H98nfOZC§n-CSH?)3:
nnGéHQSn{ObC-i-CBH#)sg\RQCQRQSn(Oécan—CéHQ)a; QﬁﬂssnéﬁhCCH3)3L
CBHESn(CbCGQHE)S, C6H53n£92Cﬁn-G3H#)3 and Cﬁﬁsﬂnfﬁhcviwﬂaﬂ?33.

lorganotin mono ca;hcxﬁiaﬂes of the general foymula
stnxtchR’} are Xnown. Ehé aémpound of this type was fizst meported
by Ckawara and Rochow (30), The compounds of this serizs having
géeneral formula RzﬁnR@Falready being prepared are given in the
cabie, .



RZSnXY compounds

. n=C Hy H 0,CCH, 31,32
CH, Cl O,CH 33
CH,4 cl 0,CCH, __33.34 s
,
CH_3. cl Ozcc-z Hs a5 Ir\
. i I.:\: L.
CHy By 0,CCH, 35 Q\
_ |
CH, I 0,CCH, 35 %
a B
CoH Cl 0,CH 36
czﬂs cl 0,CCH, 36
. o
n=CgH, c1 0,CH 36
n--_caﬂ7 ci 0,CCH, 36
- ' . @
n—C4H9 QL 0,CH 36
n,c4H9 cl 02CCH3 36,37,38
nfcéﬁg Br ozccz;3 39,40
n¢C4H9 I 0,CCH, 37
' n—C4H9 Cl rethyl maleyloxy 41 — ]
' D
nfcéﬂé OCH? OéCCHZCl 42
n-fc4_H9 OCH, _02CCH5. | 37
n~C jHg OCH, GZCC11Hé3 37

®Rach compound has one molecule of water

o’y

Denoted as (n-C4H9)25n(OCH3J2.(n—céH Sn(OQCCHzclig

in the original paper.
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_ Carbonylate derivatives of organobin distannoxane compounds
are also Jnowm (33,34,37,39,43~47}. The following dimeric structures

for these compounds have been suggestaé.

| Sn (0,CR) R
| 50 (0R) Ry
Ro(RTO)Sh————@

)

;

. 5 /

f
I

Anothey organotin carboxylates, hexaacgtoxy ditin
snz(ogccns)ﬁ (48) hos been prepared ay white fine crystals by
heating hexaphenylditin with glacial acetic acid at 120°¢,

- Khoo and Smith (49) have been prepared some carboxylate
derivatives of amino substituted benzoic scide These are

(Quamincbenzoato) triphenyl tin, PhESQZMG-(H2N50634¢02iJ7 and



a3
(p-uminouenzcatoi triphanyltin, Ph Snzrp"(mﬂ2)csﬂécob 7
Reacticon of big (tripheﬂjltln)ﬁxite with o-amine benzeic acid in
refluxdng benzene solution gave {(o-amine benzoata).trﬂphEnyl Line
Simiiarly‘wheﬂ p=anino benzoie acid was used as a reectant the
(p-amino venzoato) triphenyl tin derivative cbtained. Following the
abcﬁe method another compound drbm(aimethylamino)benzaa$0 7
tripﬁenyl'tin has been cbtainted (SO). The triphenyl tin esters of
hyé;cmy substituted benzoic acid have been reported (51) (o-RHydroxy
benzoato) triphenyl tin, Ph,Sn £ o= (0H)CH,CO n? has been prepared
in refluking benzene, In a similar £ashion (oumathexy benzoato)
triphenyl tin, PhySn / o=(CH 0)CH,CO, 7t £ p=(methylthio)benzoata 7
triphenyltin, PhaSn/ p-(CH5)CH,CO, _7s (o-thicbenzoato) diphenyltin,
PhQSnATb-(u)C H 002.47 have been prepaIEQ. The nucleaxr magnetic
resonance spectral studics and Xe~ray crystallographic studies'have

been made theroughly on these compoundse

Physical properties of Organotin Carboxylatos

In orxganctin carboxylates the Sn=C bond is essentlally

covalent but undsrgees polar reactions depending on the sclvents

- and the attacking groupse. This is why the carboxyvlates with small

organic groups are move soluble in alecheol, ethexr etg than in water.
The solubility of triorganotin carboxylates is low in common organic
solvents because of thedir polymeric asgociated structure. Many of
the carboxylates have low melting points indicating covalent nature
of the compounds,

The polywmeric stancdce acids are colourless and infusible but
a few ©f them are soluble in CHC13 and OC14 and are reasconably stavle

towards'hyarslysis.



/ / Stractural aspects

-

I rreeman {52) sugoested the icnic nature of khending fox

i forgenotin carboxylate, which was also supported by Chkavara et al
1 f"l . B
/ £rem the investigation of infrared spectra of some methyl tin

acetates and formates (30). However; Beattie and Gilscn pointed

7 cut that the spectroscopic evidence might be interpreted in terms
cf either dbridging carboxylate groups ox simﬁle aceﬁate ion (53).
From viscosity measurerents, Jansen et ai suppor@ed the bridging
structure (54). More refined infrared and molecular welght studies
(54=56) indicate that in general, compounds of the Formala
RSSnOOCR' exist.as linear polymers in the sclid and even in con~
centrated solutions of non polar solvents but are monomeric in

dilute soclutions.

Infrared SpeQiroscopy

Carbonyl group aksorphion:

3 SHOW(—..::IB

}245100CCH, points to the essential difference of structures between

A comparison of the IR spectra Me with that of

these tro class of compownds. The trimethyl =ilyl derivative possess

normal ester structure as evidenced by the appeaerance of assymmetric
_ -

stretehing frequency of the carbonyl group ('ﬂgscco) at 1725 om -

{57,688), The trimethyl stannyl acetate, on the other hana, show

o]

ﬂgs(ocoa at 1576 cm ~, the dvsorption freguency being similar to

ﬁgS(GCO) of 1578 cmﬂl in NaOOCCHé. Presence of a symmetrical carbonyl
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group of the ionised RCOC™ type. zr”ﬂ'ﬁfcco) 15501510 cnf; and

y'(&co) 1300-1400 cm—_7 is, therefore imdlcated. All carbyxylates
of the type R3SnGOCR' and R an(GOCQ‘]E (R = alkyl/aryl grun} show
such syrmetric and assymretric carbony1 gbgorption in solid sthte.
- On dissolving the compounds in non polar ncn-coorﬁwnating solvénts,
the assymmetric stretching £requencies are raised to the regmonk_

1 ™

1650-1700 om+ while the symmetric frequencies are lowered to a

relatively small extent indicating that in solution the molecules \{
possess ester like structures, Further, the difference between the\
asyﬂmetric and syrmetric stretching £r9quency.Am(11 020 = v'OCO) .
~l in soiid state and }K

il

is generally foumd te be less than 200 cm

]

grester than 250 cri™ in sclution (58,59). This has been interpreted

l '|

in terms of bidentate and an almos t symretrical carbonyl group i
i

forming 1ntermolecular bridges in solild state giving rise to g
' |

polvmeric carbexylates (VA) while in seolution depolymerisation
cccurs resulting in ester like moncmeric species (VB) (60-65)
having a manddentate eaerle'grcup. Molecular_weights of the
carboxylates also supporté meonomaeric structure (VB) in solution
with the exception of trimethyl tin formate which exists ag an
equilibrium of asscciated and unassociated forms in cﬁﬂla {51}, On
the other hand wien the group R.bendéa.to'the tin atom is too bulky
or when thére is branching at the carben atom O=10 the tinlatoﬁ
{eegs trivhenyl tin Zweethyl h?ggata) the compounds assume monomeric
ester like struchkures In solld staote aé a result of gteric hindrance

cxerted by the bulky organic groups (57,66-70), Thus, tricyclohexyl,

l\‘, b
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) R
(vB)
triisopropyl, trineopentyl and trie denapthyl tin scetates absork at
1645 1:3111""'1 boteh dn sclid state and in_Solution confiming monomerio

structures in both phases. Sgeric intecraction between the alkyl or
aryl groups bonded to tin and "tail® eflthe carboxylate group can
also.prevenﬁIpolymerisatiana Fcz-PhSSn derivatives whilaIPhBSnQOCCHmbz
and PpySnOCCH = CH, are penta coordinated polymersS. Ph, 5n00CCHR -
PhySn00CCHe = CH, and Ph,Sn00CCL, are tetra coordinate monomers in
the 201id state (71), Recently it has also been claimed that
trighanyl tin derivatives of chlorobenzoic acid, salicyclic acid
and o-anisic ecid are d¥sfrete five coordinsted form in the solid

stake (64,65,72). In contrast, trimethyl tin derivatives of these
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carbexylic acids are in the intermolecular chain structures (72),
Intramolecular carbonyl cocrdination takes plade in case of triphenyl
tin derivatives {Pig. A) whereas intermolecular carbonyl cocrdination

cecurs in case of trinnthyl tin derivatives (?*ga B), An analogous

@

] ' Me A
C
Pl / M/ \
- oTe e
(A

R =i, CH, Nl

situation is also cbserved in the oxinate carboxylates ceJe -

RSn (), 00CR? which also have monomerié structures in solid state

(732, Trinethyl tin giyveinate also hes a polynmeric chain gtructure

in solid state ('J gOC0 and VgOCO are 1630 ana 1398 cm -t respectively),

but bridging occurs via the NH, groups {74},

The structure of dialkyltin dicarboxylate was first suggested
for dimethyl tin difcrmate by Ckawara (33) which included a lincar
He,8n cation and a férmate aniun,. Further studies have been carriecd
cut cn.éialkylﬁin diacetates {(75,35) which suggest that in the
neat liquid or solid state, those adopt a polymeric stmucture (VIA)
with_intermolecularly.bridging carboxylate groups and an octahedral

LEang stnx& tin atcm geometry. In solution, these compounds are
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monomerie on evidenced by raising of 'JaS(OCOJ frequencies. The
molecules havae been suggested o ke ootahedral with intramcleculszrly
chelated carbonyl groups (VIB}(?). It is, howevar, egually likely
that these compounds assume a non-cheiated ester lilke structure in
solution (VIC). The Gialkyl chlorotin carboxylates R,Sn(OCORY)CL

are alse believed to possess inter and intra molecularly chelabted
structures in: the sclid state (VIIA) and solution (VIIB) respectively
- with the tin atom occupying a trigonsl bipyramidal cgis R..SnX

2 3
geometry (76),

/

R
\ ’F O/C\O -R
N\l N
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R C B
R
\%0‘_:?§?1“'U*“——O’¢%¢¢%%‘ \\\\‘ _— L
. | _ \

R C:l. _ | R/ \\tl_

(via)
CL

\\*gn
7L

(Vi B)
The structure of bis (trimethyl stannyl) ester of a

R«

//0

R CR

dicarboxylic acid (malonic acid) has been deternined and shows that
in MEBSnDOCCH2COGSnNBB, each carbonyl group links pianar Massn
moieties intermolecularly to form a three dimensicnal polymexnle

" net work {77).

The IR spectra. of a nunker of monc organotin tricarboxylates

in Cdl4 show coordinated carbeonyl stretching bands, and additionally

;

/

!
!
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BuSn(OOCMeJ3 and Buﬁn(ﬁﬂcgth were founé to be monomeric in
carphor solution (78), This is indicative of a 7-coordinated tin
atom goometry for theée corpounds {VIZL),

-R

\ V7 ‘\
\/

Qvin)

Tin tetra earbaxylates;are also agspediated in s0lid state

"f

and underge disscociation in sclution to the monomeric species (2),

The infrared spectrum of (CHSJESn(OOGH)z shéws bands associlated

with the COC grecup at 1568 o™t (antisym. str) and 1390 om™t {

SV
str,}. The frequencies are quite similar to'thase chaerved for
NaoOOCH, Further, the spectryum reveals only one band in the KBy
region, indicating a linear arrangement of Snca rneletys. The spectra
of (n—GBH7)QSn(OOCCH3)2 and (n=C4H, )50 (00CCH, ), show bands due to

the GO0 stretching vibration at 1610 o™t and 1380 ot

(79}, These
bands are obzserved at the sare fregquencies even in cyclcohexane
sclution, in which the diacetate exist as monomers., These chserva~
ticns suggest a trang-bis (cheléte) configuration for this type of

compound,
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The infraved spectrum ©f ClRQSnOOCCH3 in the golid state
shows one of the cherackeristic bands asscclated with the antle
symmetrié stretching vibration of the COO group at 15401565 oot
In carbon tetrachloride or benzene sclution the band shifts to
near 1600 on" . This indicates that some structural changes have
cecurred on soluticn, but stiil sﬁg@eﬁﬁva'ﬁon esteﬁ.type of acetoxy
group. Moleculay weight determinations gncwr that these compounds

are moncmeric in benzene. With these observationg, a chelate

- gkructure has been prcpoéed for the conpounds in solution (36).

The infrared speqtra’of ClR,SnOCCH.,0 in the solid state
indicates the existence of formoxy groups of the ionic type, and
it may be assumed that a hexa coordinated tin atom is involved in
these monchydrates.

In eluiding the structure of crganotin carboxyiates, the

role;of 1195n and 13q NMR spectroseopy, tin 119m Mossbauer
spectroscopy aloﬁe with the single cryétal X=ray snalysis have sige
nificantly contributed towards scﬁe definite copneclusions. The

119y chemical shift indicates the coordination number around
in aktom in an organétin compoﬁnd. It particuiarly produces a
of (319

large uvpfield shift Sn) with the change of coordination

number £rom £our to five or six or cven highery,
- Exemination of the tin 119m Mossbauver quadruple splitiing
parameters ¢an help in identifyving the nature of Dbridging carboxylate

groups and also from discrete intramoclecular monomeric structures.
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The role of L°C NMR spectra was exploited by Lycka et al (65,80)

for elucidation of structurés of some triorganotin carboxylatog.

Finally the single crystal Xeray analysis has settled the
structures of some organotin carboxylates conclusively,

Utilising the above tools, Holmes et al (50,51,72,82),
has established the structures of a number Of organotin carbqulatgs;

Thay studied the structureg of the following compouvndss

1o [/ o-(Dimethyl amino)benzoato_/ triphenyltin
2. (o=Amino benzoatoltriphenyl tin

3¢ ~ (p-Amino benzoato)triphenyl tin
4, {o=Hydroxybenzoato)trivheayl tin |

S5e (c—Methaxy-benzoéto)triphenyltin

6« / p{Methylthio)benzoato _7 triphenyltin

Ze (cwthichenzoato)divhenyltin

Se ‘(o-chlbrobenzoato)triphenyltin

Qe -(p-chlorobenaoatoJtriphenyléin
10,  (osMethoxy benzoato)trimethyl tin

11, {o=-ilydroxy bengoato) trimethvl tin.

Two’sﬁrﬁctaral_ﬁypes have baen found in these compounds,
Penta coordinaﬁed discxete molecules (A) in which intramolecular
_ cbordinétion occurs-aﬁa pehta:coordinated polymeric chain strugtures
{3} in whiiab infewmole&ular-coard$nation occurg, We will discuss

here one of each type. of compounds as examples.



(c=hydroxy benzoato)triphenyl tin. Examination of the infraved
spectra of this compound in Hujol mull and in carbon tetra chloride

revealed very simllar carbonyl stretching frequency, at 1625«~1630 cm

W)

AN

0—>Sn—0

Mé/ Eﬁe

(B)

Let us discuss first one of the (A) type compound;

R

C .
/,\\\‘ow?-
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relative to those of the uncomplexed acids {(1660«1670 cnriJ. The

latter shift is related to the carbenyl group coordination. As

indicated zarlier the carbonyl band exhibits same frequency both

in selild and in soluticn phase, So their structures are same in

both solid and sclution phase,

ester,

by the

The basic structure of (gwhydroiy benzoato) triphenyl tin

regulis from 2 distortion from tetrahedral geometry induced

spproach of an ox?gen atom, 02 or of the carboxylate group

at & tetrshedral face opposite one of the tin phenyl groups. The

digtortion Is toward trigonal bipyramid that contains 02 and the

laktter phenyl group ot axial sites, The axial Sn -~ 02 lengths are

censiderably longer than the equitorial &n « 01 bond length « Tin

1

L
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11%m Nos Sbau95 data give gquadyupler splittings with and additiﬂnal
weak bonding interaction to the tin aton invelving 03 xrom a tmglice
- related molecule, Sn=03' = 3,05 aP , in which 03 avproaches thé
tetrahedral face opposite that approached by 02, Snw02 = 3.G?Aék

and having the edge defined by CA 1 and CC 1 in commen \

|
HO3 | E

The intramclecular hydrogen bend formed fyom the orthohydroxy
group of salicyelic acid / 02.... . Hy = 1.93 a® 7 contributes in

causing the ldonger Sn =« 02 bond length.

Now we will discuss.with the case of (B) type of compounds.
Az with other trimethyl tin esters of carboxylic acids, both the
anizgic acid derivative and the galicylate reside in & chain pelymeric
form in the solid state. Hewever, unlike anlsic acid dexivative ,
which has a form (B} with the carboxyl cxygen atom responsible for
intermolecular bridging, the salicylate shows the céfboxyi oxXygen
invelved in hydrogen bonding with the o=-hydroxyl group. Here the
exygen atom of the ortho hydroxy group serves as the intermolecular'
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bridging ligand (C).

(C)
This cocordination difference i1s reminiscent of that which
occurs in the trimethyi tin glyﬁinate {74) l.e. intermolecular

coordination tekes place via the amine

N——

TN TN,

N—«ﬁ'Sn—OT CH2
N |
Me Me

nitrogen atom ratheyr than the acyl oxygen atom of the carbesyl
group. Again hydrogen bonding is prosents

The infrared data are most instrucitive in comparing solid
and solution stale structures. For the anisic acid détivative,

changes in the carbonyl aroup stretch "Ucoo’ and an increase Iin
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the nunber of tin ﬁethyl group strétches.*ds“cs,-on geing £rom

the solid to & chlorofomm sclution imply &' greater structural
change compared tc that occurring with the:salicylate derivative,
which shows relative invariahce-inlthese quantitics. The ésymmetric

stretch V.., appearing at 1630 et

ig in the range associaba&‘
with the discrete fozm (A) structure and represent a lowering frcm
that £ound in the fres aciés {(81) . The implication is that the _
polymer form (B) found for the sciid state of o=anisic acid derivagive
is disrupted in solution. In the case of salicylate derivatilve wnich
is repéesented in terms of hydrogen bonded chain in solic state (BJ,a
golution apparently causes little structural change. Molecular
weight data in solution for both the compounds imply the presence

cf a monomer while 'UbH for second is insensitive to dilution and
_is extrepely broad, suggesting retenticn of the intraﬁoleaular
hydrogen bonding £found for the solids The principal ccourrence on
solution of salicylate compound ig the rupturs of the weak interw

molecular Sn=0 "bénd".

The single absorption for (1) in the solid corresponding

to the-“jsn-c stretch at 545 et and the two absorptions in soluw

1

tion, st 540 om ! amd 510 em, ave consistent with a planar Me,Sn

arrangement, as found f£or the solid, which becomes non planar, l.c.

1n mm

more totrazhedral in a monomeric form in solution. Solution
of these compounds also supports the mondmeric form in solution.
Both carben and tin chemical shifts are very similar to fhose

reported for analogous moncmeric tributyl tin carboxylates.
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The dicrganctin derivatives of ¢arboxylic acids are less in
aunber, thers is only one reported coumpound, {(o-thicbenzoato)

diphenyltin {51) withcut any structural details.



SCOPE

AND

OBJECTIVE



Géganotim carboxvlataes have b@eg stucied guite extensively.
These ccmpcuﬁés ccenslst oflf;ierganctin meno carbosylate, Diorganotin
dicarbexyviate and meno organctin tri carboxvlates. Detailed
structural studies inéicate'that'ﬁriorganotin mone carpoxylates
can exist glther as monomey Or as pol?nmrs @o o

.—Jrl

(A) : | (B)

The former is intrawclecularly coordinated while the latex

is inter malecuiaziy coordinatad.

Detailed strucctural investigaticns on di organotin
carboxylate derivative have not carried cut go fax.‘thcugh a gome
Ciorganctin dicarboxylates have been reported, Hydroxy carbeoxylic
aeid esters also have not been studied extensively go far. The
Triphenyl tin=C-hydrexy benzoate have been studied and the following

struecture have been assigned hy Holmes et al (80),

\/\

D ——+3n

/\/ o
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Holmea et al (50) alsc reporited thsn[ ow (S }CGH4C02 7
thoudh no structural detail was glven. In absence of paucity of data
on dlorganotin mone carbaxylates, pacticularly with hydroxy carboxylic
aci&a. it was considerad interesting to investigate the crganotin
derivative of hvdroxy carbaxylic ecid such as diphenyl glycolic
aci% in the present investigatidn. Such an acid contain two
repiacéble protens in near proeximities, The Intention of the
present investigation was to replace both thege protens. This was
realdsed during current investigation, Triorganotin compounds are
mlikely to replace both these protong possibly due to steric
reasonsSe Therefore, it may lose cne organic grcup to yield
diorganctin devivatives. During the present invescigation the
triorganctin compounds did not vield triorganctin dishenyl aglycclate

-

instead they yvielded diorganctin dirhenyl glycolate, It wopld o

interesting 0 explore some structural agpects of these diorganotin

i3 i1g

moeno hydroxy carboxylates hy IR, 1H, C and Sn MMR studies o

suggest thelr structures at least tentatively.
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Tin wag estimated gravimetrically as degcribed earlier,
Analjsis of the commeunds for carbon and hydrogen weze caryisd out

at C%ntral Drug Research Institute, Lucknowe

s Conductance values heve been measured in PYE UNICAM

gﬁqﬁuctivity meter (PW 9505) using DMBO as sclvent.

PR,
i -4

The Infrared spectra have been recorded in the range of
i

g
ébaoesao em - £or most of the .ccmpcﬁnéﬂ using Beckman IR 20, Few
IR specitra also have been taken et RSIC North East Hill Univefsity,
Shillong.

ﬂ The following abbreviations have béen used for the intensity

of the IR sbscrption bands

VaSe = VEry strcng, s = strong, m = medium, w = weak,
b = broad, sh = shoulder, h = hum.

i

nujol had peaks at 3000-2800 en™> {ve), 1460 om* (s),

. wd
1376 em ~ (m).
KBr had characteristic abhsorption in the range 3600

3400 em L (b).

The 1H NMR spectra have been recorded in VA-EM=390, 90 MHz,
HMR spectrophotomster at RSIC Ncrth Eagt Hill Univerxsity, sShillong
using DMSO d6 as sclvent.

The 1BC, 1195n NMR gpectral data for few commounds have

been chtained with Bruker WP 80 Sy Multinuclear 90 iHz FD NMR
spectrophotometer and JECL PMX 60 I CW iﬂ spectrophotometer at the

Papartrent of Chemistry and Bilological Chemistry, University of
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Essex, Colchestern, UekKe 66 DMSO was used at the golvent andg

119

™8 as reference uvnless oitherwlse renticned. For Sn BMR spegtra

tetramethyl tin have been used as references.

Apparent meolecular welght of some of the compounds have been
determined follcwing Rast's mathod. Camphor {mp 178°C) used as

selvent, Cryoseoplc constant for canphor, Kf = 39.?00@

Preparaition of startling materizlg

All the sclvents required in this experiment have been

_ purified and dried accordingly as described earlier.

K Diphenyl glyeolic Acid

Divhenyl glyeclic acid (mp 149-150%C, Merck) was used

without further purification.

Important Infrared spectral data (cm"l)

3400(s), 2650(yw), 1715(s), 1380(m), 1340(m), 1250(s),
1205(w), 1180(s), 1090(;«),'1055(3_1, 1045 (w), ©85(m), 950{m),
200(4), 850(w), 780(s), 745(m), 725(m), 700(s), 665(s), 630(n),
600(&«:). 550(10);
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IR gpectrum of Diphenyl glycolic acid

(nujol)

. 1200




2¢ | Dibutyl tin diphenyl gl'ycclate

(a) Tributyl £in chlozide (1.09 gm, ~ 4m, moles) and diphenyl
g?lgéclic gcid (913 mg,& & wm, moles) were taken in a round bottom
flash. 150 ml chloroform was poured in the f£lask with cocnstant
sti'?fring. The _ﬁ;ixtuze was warmed for 15 minutes on a water bath,
Thé liberated hydrochloric acld was just neutralised' with drops of
licuor smmonia. The reactibn mixture was cooled in refrigerator for
15 minutes, and ammeniuvm chloride was z:tamoveci from the reaction
mixture, The clear filtrate was then refluxed for 3 hours, After
reachion it was allowed to cool, f£filtered anéd the filtrate was
concentrated to about 15 ml. A white preduct appeared on standinge.

The comaund was washed with methancl and then vacuum dzicd,

The cempound relted at 313°C.

% zlna;ysis for C22H280 Sn o3

Mosk

Found 3 C 57.49 B 6,29, Sn 26,02
Calcd ¢ C 57.50. . H 6,10 Sn 25,02

Irportant Infrared spectral data (cm'"i}

1590(s), 1565(s), 1450(w), 1400(s), 1190«1180(m), N gy
1106(m), 1670(s), 1035(w), 920(w), 890(w), 825{m), 780{m), 720(wm),
700({m), 600{w), S545(v), 4%20{w), 380(m).
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(B)  Dibutyl tin oxide (996 mg,~ 4 mercles) and diphenyl glycolic
acid (913 mg, ~4¢ me moles) were taken in a 250 ml round bottom
£lagk. 150 ml of benzene was added to the mixture., This reackion

C mixture wasfxefluxed for 3 hours fitted with a water separator.

Ater the ccmpietien of reacticn, the reacticn mixture was
allowed ¢o ceool and filtereds. The filtratelwas cencentrated to sbout
10 ml and was allowed to stand for overnight. A white powdery
cempound appeared. It was washed with warm methancl and dried in
vacum,.

(Vield nr 62%)

' The compound was found to melt at~312%,

% Analysis for C22H28Q§Sn 2

Found 2 C 56,86 H 5,92 Sn 24.90

Caled ¢ = 'C 57.51 H 6,10 Sn 25,02

13:

Important Infrared spectral data (cm

1500(s), 1570(s), 15C0(w), 1400(s), 1180(m), 13200(m),
1080 (s), 10i5(w), 910(w}, 890(w)}, 820(m), 790{m), 720{m), 700(n},
500(m}, 540(w), 510(w), 500{w), 250(w), 380(m)}, 280(h).

Mixed melting point of the compounds of reaction {(A) and

(B) was fouvnd to be 311-12°C,

SO these two compounds are sama,
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3. Diphenyl tin diphenyl alycclate

(r) Triphenyl tin chloride (1.54 gm, ~4 m, moles) was dissclved
in 200 mi chloreform in a round bottom £lask, Diphenyl glycclic

acid {913 mg,~4 me mecles) was added wiﬁﬁ shaking. The mixture was
warmed for 15 minutes on a steam bath. The hydrochloxle acid
liberated ip the reaction mixture was. just neutraliséd with drops

of liocuor smmonila. The reactlion mixture was then refrigerated fox
another 15 ninutes, The éepméiﬁed armonivm chloride wags separated by
filtration. The reacticn was then carried out by reflwing for 3
hours. It was then cooled and then concentrated to abcut 15 wi-

white powdery product gppeared on standing for few hours,

The compound was recrystallised from methancl and dried in
vacuum desiccators | -

The compound de&omposed after 28@96.

% 2Analysis £ S
% Analysls fox 026H2003“1

Poand ¢ C bl,0659 4 3.72 5n 2322

L= .

Caled C 62.52 H 4400 Sn 23.84

Irportant Infraped spectral data'(cm'13

1578(s), 1555(s), 1390{(s), 1180(m), 1100Gm), 1020(m),
050(w), 940(w), 840(m), 76C(m), 740(s), 700(2), 680{m), 655(s),
570Gr), 450(w),
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1
(EJ } sznenyl tin dichloride (1.38 gm,nfé m. moles) and diphenjl
glﬁcaiic acid (913 mg,~4 menoles) wafetaken in a round bottom f£lask.
2bg ml chlorcform was added to it, The mixture was shaken and warmed
fgi half an hour, The liberated hydrochloric acid was neutralised
Jﬁy drops of liguor ammonla. It was cooled in refrigerator for 15

; minutes and fillitered off. The cleay solutlon was refluxed for 3

# neurs.
/ﬁ

; The mixture was alloved o cool and then £iltered, The filtrate
J

.r‘

was concentrated to about 10 mi, Kept overmight, white cxystalline

product appearad.

(Yield =~55% ) ©

The compound was purified by repeated crystallisation from

rethanol and dried in vecuum.

The corpound decomposed at 280-28200;

% Analysis for czsﬂzoossn :

found C 61.71 " H 3,80 5n 23,64
. Ccaled 1 C 62,52 H 4400 Sn 23.84

Inportant Infrered spectral data (cm™>)

1575(s), 1550(s), 1380(m), 1175(w), 1100Gw), 1060(m),
1040{w), 1000(w), 900w}, 820039, 760{w), 725(m),700(s), 610{w},

470¢m),
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The mixed nelting point of products of reaction (A) asnd (B)
was fcundnfzaooc-(decomposed}, S0, diphenyl tin diphenyl glycolate
was obtained in both the cases.

Dibenzyl tin diphenyl glycolate

de

| A mixture of 1427 gm (~dw.mecles} of dibenzyl tin oxide
ané 913 mg (~4 m. mdles) of diphenyl giycoclic acid was tsken in
a rcunc bottom fiaske. 150 ml benzene was poured in the mixture with
stirring. The mikture was refluxed for 4 hours with a water
separator, Aster refluxing, the reaction mixture was cooled and
filtered. The filtrate was concehtratea o about 13 mi, White

crystaline product appeared on standing for evernicht,

rurification have been done by washing several times with

warn chloroform.’

(Tield =~ 50%).
The compound welted at 226°¢ and deccnposed afiter this

termperature.

#Pnalyslis £oF CagH, ,0.5n 3

G 63.82 H, 3.41 5n 22,42

Found

Caled C 64,24 H 3,82 Sn 22,75

-
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Inportant Infrared spectral Data (em™)s Loy

1558(s), 1400(m), 1380(s), 1210(m), 1275(w), 1100(m}, '\\\-

\1.
19700m), 1040Gr), 1010(w), Si0(w), 820{m), 760(s), 740(w}, fi '?\
700{s), 620Gr), 570{vw}, 470Gs), 400(h), 350(hj. | ‘_t-\' §

Se Dismethyl tin bis (diphenyl ¢glyeclate) =  ; SN

A mixture of dimethyl tin cxide (660 mge~ & me mgles)'énd
dirhenyl glycolic acid {1.83 gm~8 me moles) was taken in_a round
bottom £lask. 200 ml benZene was added to the mixture with stirringe.
The veact*on mixture was refluned foy 4 hours £itted with a water

separator,

The reacticn mixture wag cocled and £iltered cut the suspended
unreacted mass. The clear sdlutien was concentrated to about 20 ml
and kept overnight, A white powdery product appeared.

(Yicld = ~55%), |

The compound was purifieé by repeated crystallisation from
chlorofom and f;nally dried in vacuuvm,

The compound was found to melit at 197-98 C.

The same compound was found, when the reactants were used

in 1311 molar prcportion, though the yieldd was rather poor,

% Analysis for C30H26065n H

Pound ¢ C 539,26 H 4,14 Sn 20,19

caled 3 C 59,90 K 4.32 _ Sn 12.€0
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Inportant Infrared Spectral Data (cmfl)

1650(s), 1340(m), 1190(w), 1055(m), 1000(w), 950(w), o1c(w),
830(m}, 760(m), 750(x), 700(s), 680(w), 615(m), S6C(w), S10(w),
460(w), 250(w). -

Guw Dicycichexyl tin diphenyl glygclate

A mixture of tricvclohexyl tin hydeoxide 1,54 gm (~ 4 me moles)
and 213 mg (~¢ m, moles) of diphenyl glycelic acid was taken in a
round bottom £flaske 200 mi benzene was poured in if, The reacbion

mixture was refluxed for three hours with water separator.

Afver reaction the mixture was cocled and filtered off the
unreacted suspensions. The clean so;ution was concentrated to shout
15 ml and kept overmight., A white erystalline product appeared, Purle
fied by washing with hot chleoroform and then dried in vacuume.

(Yicld =~ 52%).

Melting point was found at 320°C,

% Analysis FTor czsﬁazossn_a

Found 8 C 60.54 H 6406 sn 23,10

caicﬁ

[ 1)

C 61,05 H 6,26 Sn 23.28
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l Important Infraxed 3pectra1 Data (cm“l)

1600(9), 1570(s), 1500w}, 1420(5), 1400(g), 1220w},
laﬂﬂ(w). 11906{m), 2100(m}, 1020(m), 1010(w), 1000{(m}, 910(v),
BQO(wJ, 810(m), 780(m). 700 (m), 610(m}, 590{w}, 500{w}, %40(u).
©390(m), 3300w,

Te Diprqggl tin diphenvl glycolate

Tri neprepyl tin chloride (1413 ogm, ~4 nm, moles) and diphenyl
glveoolic acid (913 mg, ~ 4 n. males) were taken in 200 ﬁ&-chloroform.
Warmed it on 2 watexr bath fox 15 minutes. The 3iberahed hvdrochloric
acid was neutralised with the dropwise addition of liquor ammonia,

The mixture was refrigerated for another 15 minutes and then deposited
ammonium chloride was separated by £iltrations The clear filtrate
was refluxed for four hours. After yeasction, the solution was cone
centrated to sbout 15 ml and kept overnilght in refrigeratos. A white

powdery product appeareds

The conpound was purified by repeated washing with hot
chloroform.
{¥icld =~ 50%)

The compcun@ decomposed aftey 230%,

Anglysis for C,gH 24033n

Found s £ 56,83 5 6,06 En 26,26
caled s € 55,68 H 5,56 $n 27.60
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Importent Infrared spectral data (et )

1500(m), 15685(s), 1800{w), 1380(m), 1320(Qw), 1190@ys), -
1180w, ilOO(w). 1070{m), 1040(w), 825(w), 780=760(w), 720(wm),
7i0{rm), 610(wm), 550(w), 470(w).

Scme Attempted Resctions

Reacticns of diphenyl ¢glycolie acid have also been carried
ocut with tribenzyl tir; chloride, (mocccz{zcnz J23n012 and )
CgH GH-(SnCla JC}Izcocsﬂs. But a gummy product was obtained in cach
case, from which pure compound cculd not be igclated.
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MCLAR CONDUCTANCE OF SOME OF THE COMPCUNDS

Bolvent ¢ DMSO

Molar Concuctance ()
rho cmz

Diﬁhﬁyi tin diphenyl glfcolate
Dibenzyl tin diphenyl glycolate
Diphenyl tin diphenyl glycolate
Dicyqlohexyl tin aipﬁényl glycolate

Dimethyl tin big (diphenyl glycolats)

2724
26427
29,00
26232

31,27
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/ N TABLE IZ

' NUCLEAR ERGNETIC RESOANCE SPRCTRAL DATA

TR

| i ' ‘ T
; Coﬁ?ound Chemical shife (S)
fff ’; Aromatic protons Alkyl protons Others
' Diphenyl glycolic 7426w 68 (m) 5465 (comp)
acid
. Dibutyl tin 7 o 207472 (comp) e 621,00 (L)
diphenyl g’lycolate_ . ’ 1,02x1,0 (CC—H@ )
Diphenyl tin 70 257,80
diphenyl glycolate {(comp )
Dimekhyl tin 7402=7.5 {comp) 0.42(s)
bis(diphenyl gilyceolate)
Dibenzyl tin 6,97 d(comp)  2.90(d)
diphenyl glycoclate 2.85(&)

s = singlet, & = doublet, ¢ = triplet, g = quaftet, comp =

complex;;}. m = multiplet.



123

| TABLE TIX
:13c_NUCLEAR MAGNBTIC RESOMANCE SPECTRAT, DATA
Compound Chemical shift (6 )
f -
’ Aromatic ~ Alkyi - Cthex
carbons carbong " earbons
Diphenyl 128,41 | 152,37
glycolic acid 128,30 141,72
| 127,87
127.35
Dibutyl tin - . 127,05 26,38 147,40
diphenyl glycclate 126,87 25426
126,08 21,78
13,29
Dimethyl tin 126,58 T 169 145,74
‘bis (diphenyl 126,34 134,74
glycolate) ' 125,53
Dicyclohexyl tin - 127,10 . - 147.82
diphenyl glycclate 126.94 30,90
126,40 | | 29,50
126.17 ' 28,58

27495
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| GADIE IV
11%, NUCLEAR MAGWETIC RESCNANCE SPSCTRAL DATA
yra— .
Compcound Chemical shift (5 )

Dibutyl tin diphenyl glyecolate -142,12

Dicyclohexyl tin diphenyl glycolate 100,37

Dimethyl tin bis (diphenyl glychdlate) ~123,02
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An attempt have been made to determmine the apparent molecular
. weight .of the compounds by Rest method, But in some cases Rgat
Tethu@ ccul& not be follcowed because thege compounds were insoluble

in canphoru

| in the experinent canphor (mp 178°C) having cryoscople

'.f

constant 39,7 S¢ have been usede.

f} _
¥
L4

TABLE ¥

APPARENT MOLECULAR WEICGHT DATA

Compouid : Melecular weicht

Found _ Calcd
{Eor monomex)

Dibutyl tin diphenyl 423 | 459
glycolate

Dibenzyl tin diphenyl | 488 523
glyeolate -

Dicyeclohexyl ¢in '
dirhenyl glycolate 547 511

Dipropyl tin diphenyl ,
glycolate 453 431

Dimethyl tin his (diphenyl
glycolate)

590 &01
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TABLE VI

SOME INFRARED SPECTPAL DATA IN SQLUTION

Compound Selvent Major IR dbsogftiaﬁ
frequency (em ~)

Dibutyl tin THR 2980{m), 1600(s), 1560{vs),
diphenyl glycclate
1450{m), 14106{s}, 1180({w),
1120Gw), 1020(m), 1040(w),
815(m), 770{m), 705(m),
710w}, 605{h), S80{(w)
520(w), 320(m)

Dibenzyl tin T 3680({m), 3060{m), 1585(sh),
diphenyl glycolate © 1580({vs), 1490(s), 1420(s),
: 1410({s), 1320(u), 1220(m),
1180(m), 1100{m}, 1065(s),
1140(m), 1010(w), 915(m),
820{m}, 760(=), 740(w),
760(s), 630(w), 555(w), 505{v.w),
460{m), 360G}, 320(w),
Dimethyl tin bis (diphenyli? 3080(m), 1650(s), 15B85{v.5.),
glycclate) THF 1500(m), 1430{(m), 14l0(s),
- 1340(s), 1180(m}, 1160(m),
1070(s), 1040Gs}, 820{w),
770{s), 700(s), 6B80{w),
615{w), 570(w), 515{w),
370y) |

A broad peak or a hunmp was obtained ~ 3500 cm'"1

the solvent uvsed.

perhaps édue to



TABLE VII
1 COPARATIVE INFRARED CO, TREQUSNCIES CF SOME COMPOUNDS
fo I SOLID STATE & IM SOLUTION
£ |
Ccﬁﬁqﬁﬁund €O, frequencies (emt)
. |
/" Iz Solid state ‘Solution state
/
Dibugyl tin dipbenyl 1570 1565
glycolate
4
. ,5;{ .
Dibengyl tiw - - 1650 1643
dipheiiyl glycolate
Dimeghyl tin
big(diphenyl glycclate) 1558 1553
[
/ -
/{l , i
J/ .':I
r{ Lo
.:-fls
/
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During the current investigation, some organotin diphenyl
- glycolates have been prepared. The tricrganotin derivatives K_
however, coul& not be isclated, thcough reactions weore car:ﬂm;x\

cut with triorganotin camounds with diphenyl glycofic acid.-Tri\\
organctin compounds on reaction with diphenyl glycclic scid yield%ﬁi
correspoending diorganotin derivatives. Hcwever, ﬁew more digrgano— |
tin diphenyl glyeclates were isclated and charaéteriseé, Thé\

diorganctin derivatives cculd be cbtained from the following‘%ype

of reactions

ol ?H o \
| | h
e . . o o
Rzﬂno + (CGHS)ZE C—‘F’.’-‘% = . \
% \J} o i
(Caig)y ci: . T =0
0 0
\Sé + 1,0

7\

R

(R = Bu, Ph, Bz, Cy, Pr)

with {CHSstnO, however the resction proceeded as follows:
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S OH
(CH, SN0 4 CHaL— G—OH-

l\ 0
CeHs | CeHs
é—— o G o-————‘c'ﬁ—c H
S <
o/| ™~ { - HQO

H5C6._-' '
ﬁ _ - (CHs
g

All theze feactions liberated water molecules, walch was
separated by Dean stark'watér separator. On working up the reaction
nmixture, the organétin derivatives were cotained in crystalline
state or as powdery sSclids.

The elemental analyses gave satisfactory daté for the
sugeested melecular compeoesition of these compounds. The infrared

spectra of the compounds were recorded.

Infrared spectra

The V-0 peak of diphenyl glycolic acid was found absent
in all these organotin cerivatives, suggesting revlacement of both
of the hydroxyl and carboxyl protons of the ligand. Several IR |

1

spectra of the derivatives have been recorded upto 200 cm ~ in

Hujel, KBr and in T.H.F. Therc are number of peaks in the regics
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of 300-600 cm L, some of which could pessibly due o Van-¢ and
Veneo freguencies but due to some confusing nature of these peaks,
we refrain ﬁrdm unarpicuous assionnments of VEn-C and 'VSn-O peaks
in these organotin derivatives, These gpectra certainly indigéte
¢haracteristic peaks £rom some ligand and organcitin moietiesh%ut
we would like teo ccncentrate on thé peaks due to carbonyil grcﬁ%s

, vy
of the ligand and orxgancotin derivatives. L

| \

) . I'|| \.‘_
Veo peaks of the ligand and organotin derivatives (anJQ W

R\

Diphenyl glycolic acid _ 1718 . : AN

Dibveyl tin diphenyl glveolate 1595, 1570 {nuiol) [
| 1585, 1570 (XBr) b

1600, 1560 (TeHeP» |
solution)%'

Dibenzyl tin diphenyl glycolate 1558 (nujeol) :
: 1585(sh), 1560(TeH.Fs |
soluticﬁ)
i1
Diphenyl tin diphenyl glycolate 1575, 1550 {nujol) 5
Licyclohexyl tin dipvhenyl glycclate _ - 1600, 1570 {(KBr) 1
Dienwprcpyl tin diphenyl glycolate 1590, 1560(nujol) |
I
Dimethyl tin bis (Giphenyl glycolate) 1650 { nujol) :'
: 1650, 1585 (Tell.Fe
Cinid solution)
polnt
of three

peak)



' p&aks appeared, one in the range of 15851600 cm
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ﬁ; Cowwarea to carbcnyl péak of Diphenyl clyccl‘c acid, the
canonyl peaks oFf tbe organot,n derivatives were shifted considerably
iddicating the formation of the esters.‘chemer in most cases, twc
1 yhile the other
band apbeareda«/1560»1 70 ext, The latter bandg ere more intense
than tbe zcrmer onese In case of Dimethyl tin bis idiphenyl

glycolate}, only one band appeared at 1650 cm -1

in nujol, but in
Te HoFa solution the same ccmpound gave a peak at 1650 cm - and a
group of three bands around 1570 ¢ "1. The shiztﬁng of caxBOnyl

bands £rom 1715 cm -1

£0 qrcund 1570 cm“i for most of the compounds
may be due t¢ coordination of €= 0 gr up to tin atom, in addition

to the rEplacement of the proton of -C-DH groups The 1198n spegtra

which will be discussad laterxr, gupport such suggestlcn Eor most of
the organotin de:ivatives except for the dimethyltin derivative.
The infraved spectra do not show any significant spectral changes
hetween the sclid and soluticn state sor most of aiovgarotin

éerivative

- Before preceeding on further discussions of thé diorganotin
diphenyl glycolates, it may be relevant to discuss some structural

asyécts of scm@ nown organotin carboxylates,

In 1960 Okewara et al (30) investigated the infrared spsctra
of scme methyliin acetates and formates. Thgyinterpieted the spectra
of trimethyl tin carbeouylates c.ds (CHéJSSnOUCR' (RY = H, CH3)

in terms of icnie structures, since the spectra showed the existence



cE é planaf trimethyl tin group and indicated an icnic type
carﬁaxylate groupe However-Beaﬁtie and Gilson peinted cut that the
spéctrosccpic evidence might alsc be interpreted in terms of eithexr
bridging carboxylate groups or simple aﬁetate icns (B3}, Viscosity
méasurenents by Jensen et al {54) supported the bridging structure.
Jﬁhe Xeray diffraction of trimetﬁyltin formate indlcatea that the
fstrueture congsisted a‘planar trimethyl tin and & ZormoRy group
; arranged alternately along a helix chaine The tin atoms ake
:penﬁa coordinated by three carbon atcms and two oxygen atcms (25).
-Recent&y, a number of workers ﬁave stuéied differcont types of
organctin cafboxylateslby IR, 13¢ and 1198n NMR and pray diffractioit
studies, From their results, it may be concluded that organotin
carboxylates can be classifled into two major groupss These may be

monomeric discrete intramclecular chelated carboxylateé (82)

- R
Oxc/
R | l
\S
0
1’/_
R , R = alkyl oxr arvi
R (A R' = aryl

a

associated arrandements centaining £ive coordinated tin atomse
. .

R R te
N/
o—*sn-—o/\'o-—»

7 |
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The intezplay among variocus factors are responsible for the
preferential appearance of one of the filve coordinabed reprasenﬁap
tions A and Be

! Holmes and his cowworkers (51) also studied the triphenyl
. . ' [
tin esters of salilcyclic acid and suggéested the Zollowing schembic

reprasentation of the structural form

Ph
,f" \\ O HO
Phe \>x// Q§§& E |
\\.\ N, /(:

A ——0

Ph

Similar tvpe of intrameolecular chelated stxucktures are

present with @ number of organotin carboXylates.

Under the aboﬁe context, the vhysicochemical daka cobtained

for Diomganctin diphenyl glycolates may be digcusseds

u mw spect:a ' ' o

The 1H NMR spectrum of f£ree diphenyl glycoliic ecid in
CbCLy gave a corpleX peak centered at 8 5,65 (carboxyl and hydroxyl

protons 2H) and anothey complex patternd 7.26~7,68 (vl = 10H).
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6

Dibutyl tin diphenyl glycolate (in 4~ DMSO)

~ Carboxyl and hydroxyl protons were found to be completely
sbsent and the alkyl protons appeared as triplet at §0.,62-1,00
(butyl methyl —Gﬁ) and methelene protons appeared as complex
pattefn in between 6 1,02-1,9 {(butyl methylene protons 12H), The
.aromatic_prptons appéared as complex paﬁtern in between d 7.2-7,72

(AI’H = 1 OI'I) ™

Diphenyl tin diphenyl glycoléte

Like the butyl derivative, the carboxyl and hydraxyl protons
were totally =bsenti, the aromat;c protoms gave three groups of
complex pattern peaks in between¥57,15—7.80 in d6 DMSO, It was not
possible to assign unambiguously fcr.different types of aromatic

protons of this compounds.

Dibenzyl tin diphenyl glycolate

Carboxyl and hydroxyl protons were found to be absent. The
benzylic methylene protons appeared at §2,9 (2H) as doublet
(HBB. J = 27 Hz) andd 3.85 (21) (HAA‘) as doublets (J = 27 Hz)._
The benzylic methylene protoms splitted (82).
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' The aromotic protons appearsd at d 6e9«=T.4 (AzH = 20H) as
complex pattern. Here also it was not possible to assign individual

type of aromatic protons.

' pimethyl tin bis (diphenyl'giycolate)

Here alseo carbonyl and hydroxyl protons were absent. The
aimethyl tin protons sppearad as singlet at 80,42 {methylene
protons «GH), suggesting,3£§§§ disgésition of the methyl groups.
The arumatic protoné appeared ‘as compleX pattera in between & 7,02«
7.5 {(AxH = 20H), The yatio of aromastic and aliphatic protons in
this compownd indicate big ester type compound, unlike the earlier
compoundse

13C JMR specira

J; .
“SC MR spectra were recorded for only three organctin

13

The

deglvaktives, The C NMR spactrum for Diphenvi glycdlic acid gave,
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C4eds 128030 (Cy & Cyy) 2nd 128461 (Cg & Cg) avomatic carben
El_if.'.oms. )

*
v

The C, carbon atom appsared at é 152437, while (‘;'2 carbon

1
atom appeared at & 141,22,

Dimethyl tin bis (Qiphenvl glycclate)

13{: MMR spectrum gave a pumber of characteristic peaks.

The
The methyl carbon atoms appesred as @ single peak at S 16,9 while
--€:2 « OH carbon atom appeared at d 134,74 and 0 = (13 - OH carbon atom
appeared atd 145.74. The shielding of = (l:-!OH and O = c:!’ ~ OH carbon
veaks, stroagly sugoest thé formation -I'oi an ester type organchtin
derivative. The arcmetic carbon atoms gave only three peaks at
3125.53, 126.34 and 126.58 instead of four pesks exhiblted by the

frea ligend. The fourth peak may be merged on any of these above

hrea pesksS.
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C NMR spectrum of Dimethyl tin bis {diphenyl glycolate) - --



Dibutylein ﬁiyhenyl glycolate

. The aliphatic psaks appearsd in botuesn $13,29-26,38 and .
may be essigned (BO) az followss

J

1 | 'Qc:?“"
1d<<::>}7; GC' O\\\\\ /j

2

\
P

A

w\.

S 13429 €ueC,

- -

S 21s78  Cyy Cqy

S 264,33 .

58 C

ot

The €. carbon atom appsared at 147,40 while Gue £o poor

intengliy of the spectrum the_cﬁ carbon atom poak conldd not be
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unerbicnonsly assicned, Compared to ligend, the C5 Carbon atom
penk showed considerable shielding.
. The avomatic carbon atems gave three peaks 1ike the dimethyl

tin dowivetive at & 126,08, 126.87, 127.05.

Dicycichexyitin diphenvl glyeolate

The 13

C NMR spectrum gave four peaks atc§27.95, 2858,
29450 and 30,90 for cyclohexyl ring carbon atoms. FPor them assigne

ment may be made as follows:

827495 = Ca5C 0
528.58 ‘W‘al‘ cia
629.50 i CS; cap'- c5’ GS'

d 30,90 {32-1 Czn: cﬁ? c6°
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The Cy carbon signal could not be detected due to poor intensity of
the spectrum, while G, carbon gave a sigmal at d 147.52, The spectrum
recorded signals for aromatic carbon atoms which may be assigned

(84) as followss

J 126,17 (m)
S 126,40 {p)
5126,94 (o)
$127,10 (4)

1195n NMR spectra

Pue to certain limitations, it was possible to record

1195n spectra only for three compounds, Even these three spectra

along with IR and 13@ spectra gave some indicaticns about the nature

of some diorganotin diphenyl glycolate$e

4
“igSn NMR spectral daba

Compound Chemrdcal shift (S )
Cibutyl tin dlphenyl glycclate wld2ad2
Dicyclohexyl tin diphenyl glycclate _ =] 59,37

Dimethyl tin big {diphenvl glycolate) - -123402
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The dibutyl tin diphenyl glycoliate had llghn signal at

-442.12 indlecating panta cooxdinat¢ng‘nature.

|’

Nadvornilk, Handlir and Lycka (80) reported that the chemical
ﬁivtrlgg.é o 15248 ppm are typical of a gquasi tetrzhedral asrange=
ment of a2 simple trialkyliin compound with a totra coordinate tin.
atom. On changing £rom tetra coordinate tin to penta ccordinate tin,
118

an upfield shift of § (**“sn) by 100a190 ppm usually takes ploce.

. The expected range 5(1195n)ﬁu pem may be glven by following figuve

7; 60 -{gur-cna_rﬂinate iive - cobrdingte

a. ' :

oo -

3

g Or
80}
160° . . .
-0 <120 -200  -280

("sq) ( ppm

Correlation of llgSn chemical shifts in tri n-butyl

tin (IV) compounds with 119%n chemical shifts in

triphenyltin (IV) analogues.
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Cn comparing, the Dibutyl tin diphenyl glycolate has a

valus é 119531'1 peak value of 142,12 vpm, which may aiso indic.;ate

hexa coordinati ing tin atoms. Bub it should be borne in mlnd, 40 ,

the spectra was recorded in Coordinating solvent 66 DrMsQ, hence iv

is quite expected that Dibutyl tin diphenyl glycolate cen register

ils

more upfield ghift for &n peJa'k,. than expected for a penta

'coordinatea tin atom. The compound was sparingly scluble in C:DGlso
hence the spectzIum was recorded in 65 DMSO, On the basis of molscular
fermula and molecular weight (Rast pethod) we may suggest the £ollowe

ing composition £for Dibutyl tin diphenyl glycolate.

@cwo\ /C4H9

AN

C 0~ CqHo

The cbz dbsorption frequency in IR spectra showad am unusually
ghrong shift from 1715 em * o ~ 1570 em+ indiéating strong coordina=
r..ion frem >C = 0 group of the carbosxylakte ion, which sunports
56"‘3“&:} valuse

The 1195:1 spectra of aicyciom_xyl tin diphenyl glyeclate

was aigo re:_:orded in 66 DMSQ gsolwvent, The 1198!1 veak appeared at

§ «199.37 indicating a similar structure like the sbove dibutyl
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derivatives. The IR shift is also similar here for CO, group. Hence

we may tentatively sugoest the structuve of Dicyclohexyl tin diphenyl

b glycolate as £ollows

Thoughldetailed data are lacking for cther dieorgundbtin diphenyl
glvcolates. These may have similar structures like dibutyl or

dicyclohexyl tin derivatives.

The Dimethyl tin derivative is somewhat. different from the
other diorganctin derivatives, having two diphenyl glycolic acid
residues. Elemeﬁta; analyses, molecular welght and 1H NMR gpectra
strongly support the formation of Dimethyl tin bis (ddphenyl

glycolate}s The 119

Sn peak for this conmpound appeared atd «123.02, .
This may be due to hexa coordinated tin atom of the following

type:
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/

In this compouﬁd,,eoarﬂination from the carbeonyl oxygen of

i
i
i

Py
¢ acid groups may be chsent, otherwise it would rendex the tin atom

ﬂ either hepta or octa coordinatings. In that case, we would expect
i19 '

f
f«\

#y nuch higher upfield shift of

il _ . .
&t is mueh smaller, compared to cther diorganctin derivatives, Xt

Bn sigmal, Moreover, the 002 shife

shifts £rom 1745 cmt o 1650 em > only compared to~ 1570 cm"l as

in other dierganctin derivatives.

L — -

;W . in absence of Xeray data (for which we had no sccess) all

/ these structures may_be considered scmewhat tentative in nature,
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in the earlier paxts. the preparstion and characterisation

c:r<= some new organotin compounds have been reported. Since, txiorganc-
tin compounds exhibit a wide range of biological propertics, scme
atterpts will be described in the subsequent pages of the bioleogical
preperties of some zelected compounds, described in preceding bages.
A brief review of sorg inportant biolcgicai propertics {antifvngal

and acaricidal) may be given here,

Search for new pesticides is essentlial as even successful
pesticides can loose their effectiveness due to growth of resistence
of pests towardg those pesticides, Moreover, comsideration of
envircnmental pollution may lead to discontinuance of gsome successful
resticides. In the search of new pesticides, organonetallic compownds
are increasingly gaining inportance. Crganomercurials have played
an important role until recently as successful biocidel agentse. But
due to high mamnalian ﬁéxicities and pessibilities of biomethylation
of mercury compounds, the use of organcmercury compounds are now a
days severcely restricted and may ultimately be totally discontinued,
Organotin compounds may replace organcmercury compounds in some of

their biocidal applications..

The principal advantages of the organctin agrochemicals
jwhich mainly possess prophylactic action (1) are their relatively
lew phytotaxicity, thedir generally loy toxdcity to non-targets

organisms and the lack of resistdnce by croppests to thege chemicals.
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rarthermore, tricrganchin compounds vndergo degraaation'in the

environment eventually, to form harmless inorganic tin residues.

A, Antifungal Activity

As pointed ocut éarlier, the £irst investigation in the £ield
of antifungal activity of organotin compounds were carriéé out by
van der Kerk and Luijten in 1954 (2}, It was found by them that
only triorganetin.(RBSnX) derivatives are the powerful fungicides.
A nurber of tetraw, di=, and monosubstituted oﬁganotin conmpounds
were tested and all showed very littlec or practically no activity,

compared to triorganctin Gerivatives. .

zedler and Beiter (3), Hartel (4), xubo (5) and Kaars
Sijpestijn (6) have also studied the antifungsel activity of
triorganotin derivatives against a nunber of plant pethogenie
fungiles |

Although many phytqpathogeniclfungi prove to be highly
sensitive to crganotin compounds in vitro, some parasitic fungt

@ege Phytophthora in festans on potato, Corcospora betlcola

on sugar beet and Septoria apii on celerizc cte are ab present

svceegsfully controlled by organotins under £ield conditionse

Experivente with a series of orxganotin compounds on obligate
garasitic fungi have beoen carried cut by Hartel (4) and by Tempel
{7)e The former fownd that Peronogpora on grape is more efiectively
suppressed by tributyl tin than by tximethyl tin or triethyl tin

compounds. Against powdery mildew on cucumber the trlethyl tin
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derivative appeared to be optimally active whereas the tributyl
and triphenyl tin derivatives were the most effective compounds
against powSery -mildew on barley and the tripeatyl and trihexyl

tin dexivatives against apple mildeaw.

In the syrmetrical trialkvliin series the propyl and
putyl compounds gensyally arxe the most active derivaﬁives, the
presence of these particular groups are nat_the neceséarg conditlon
for high activity. This heéoﬁes manifest when wsytmetrical trialkyl
tin acetates were tested (8), From these investigations of van cerx
¥erk and Luljten, it was coneluded that among the trialkyl tin
acetates, maxinum activity is asscclated with a total number of 9
to 12 carbon atomg in the alkyl group wegardless of the nature of

the individual grcups

Regarding the triaryl tin corpovnds, tri-m=-tolyliin acetate
anf triep~tolyltin acetate appecared to egual triphenyltin acetats
in activity, whereas tribenzyl and trxis (Zephenvi-cthyl)iin acetate

were also considerably active (2),.

interesting independent work by.Hartel (20} with triallvl
and triaryl tin compounds showed that in the léboratory, trialkyl
end particularly tributyl tins are better fungicides than triaryl
tin compoundg but that the reverse is trpe in the fisldes This has
been ascribed to the lower stability and the hicher volatdlity
of the former, lMoreover, triaryl tin compounde are less phytotoxie

than trialkyl tin compounds.
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zn the early 1960‘5 the first organotin conpound, triphenyvitin

acetate ',-:as :ini:rmuced wncer the trade name, "Brestan' comercially

by I‘az:bwerk@ Hoec:h.ﬁ: AeGe and chortly later thlips Puphaxr Ns Ve

J.ntmﬁuccdq, trinhcnyi tin hydroxide under the traﬂe name *Du-~Tex!

(12.).. in Prestan Super‘ triphenyl tin scetate is conbined with

. 'manganese /euhylene g dithiocarbamate ( manel%). A similc.r Preparae

" tion of F’iscns Pa..sr. Contrcl. called 'I’ennite' o Combines triphenvd

tin hyclrox,f.de -;«:ith manedb « A number of comrercial preparations based
on thesa active .i-x‘zgraé’.'ients are at present me_a‘;:kt?@dunder different
trade name. The c,l;fs;;%_gano'cin fungicides have almost completely ousted
the formerly dominating inorganic copper Sungicides for the control

of certéi-n discases of potato, sugar beet and celeriac, Later on,it

wag alss found, "‘i:hat a numbeyr of §rrpoz:tant trepical pilant discases

viz, those in coffee, rice, groundaut, banana and onion can be

centrollied successfullg (12) ;?-“by or-ga.no’_’fins.-,\.

The ﬁroblem qf toxic residueg from sprays with organctin

compounds hes been thoroughly investigated. An important feature

is the relatively short half life of the compouwnds an plant leaves
in the £ields In pot'ato tubers, less then 0,1 my of tin per XKg was

. found after the foliage hed been repealedly sprayed with trid phenyl

tin acetate)/ ahlee .- -’/{“:r‘f

In Kenya, for controlling the leaf rust discase of coffee,
copper based fungicides are used exéensively ats present, But many
farmers arc concerned that a build up of copper may cccur in the

soil ai:‘ter many years of repeated spraying with COpREr xungicides,



153

, resulting the growth inhibition of cultivated plants, Hence,
! eltematively, 'Du-Ter Extral [/ 47.5% WeP.  (Wettable powder)

.l

{ ‘active ingredient trivhenyl tin hydrcxide_/ has been recommended
;]
j by the Kenyan Coffee Researxch Foundation £or the treatment of leaf

[

\rust and also as an anti-feedant for the giant looper caterpillars

/ 1
.")
/
4

that attack the foliage of Cofxee plants (13),

T

11 Recently Smith et al (14) reported organotin pyridine~2-

{=carhouyiates and substituted triszine derivatives (100 ppm) can

E contrbl coffee 1eaf mst and coffee bacterial blight disease jin

Tror the available literzture it seems that much wogk hasg

not been deme for controlling the plant pathogenic fungl by using
organctin compounds. Srivastava (15) reporkted that diphenyltin
dgichlorice is the most active fungi toxice agent against -
Collototrichum falcatum , among Glaryltin dichlorides end their
activities on complexation, formation with 2,2'=bipyridyl and 1,
louphenanthroline are slightly increased. Mehrotra (16,17} reported
the fungicidal and bactericidal properties of some new organctin
compounds. Ram Kishun et al (18) tried to contrel the bacterial
leaf spot ©Of Sunnhénp by using the organotin preparaticnqazestanL

| 60’and 'DueTer', and found that the compounds failed to inhibit

the growth of the causal organism Xenthomonas Pateldli in yitro.

tohanty and Mohapatra (19) found the high effectivencss of 'Bxesﬁanol'
(triphenyl tin chloride) for controlling the blast disease of
fingeimiliet, 'Brestan«60' with high effectiveness for contrelliing

the tlkka disease of ground nut and early blight of potato hawve
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been reported by Addy (20). In the present investigation, some
organctin conpounds were used £foy detegxmining their antifungal

activity asgainst some fungal species in vitro.

Be Miticidal activity
iites like insects are another impeortant and signifidanﬁ

type of pest of crops and plantaﬁion, causing sericus losses both
in terms of guality anc cuantity of product. The insecég’pests
have recelved sufficient attention while mites have'laﬁg'remained
rather neglected probably due to their microscopic size and
. okscoure nature, ¢ven though they have the potentiality of causing
extensive damages in agriculiture. Majordty of mites feed on plants
_causing various types of dire¢£ damages 1ike loss of chlorophyll,
appearance of stipplings of brcnzing of ficliage, stunting of growth
producing plant deformitics and reduction of yield. Many of these
- are kncwn as veckor of plant viral diseases causing heavy loss to

CroWarse

The pilant mites have drawn attention to the workers since
the time of Homer who first referred to them asg early as 850 B;C.-
Linpacus in 1758 listed nearly thirty species in his book YSystema
Naturae". The importance was further realised in 19th and 20th
centuries through the ocutstanding works of Krarer Megnin Canestrine,
Berlese, Cwilemans, EZvans (1957), Evans et al {1961), Rrantz (1970),
Hughes (i976), Gupta (1985), Jeppson et al.(lg?S)'brcught cut a

coenprehensive book on mites injuricus to economic plants (25),
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Mites nave a high reproductive potential, may have seve;al
ccneratlon cuzmng a 52ason, rcgarcea as genbuically nplastic
o*gan;sm and ney races s £ormed ccnuinuallf. it uncergocs conbie
nuous chemical selection. It was foumd at after the repeated use
of a peétici&e grsu@ resistance ocqurs quite repidly. When resistance
develops to currently wsed scavicices, new compeunds presunably
with different modes of acticn ave required which will last for

sometime to protect creps from mite mulisances.

The principle of mite control and the different chericals
used for this purpose have been discussed elaborately by Jeppson

|{1965) (26}

sulphur vapour had been used a3 an ascat¥icide for quite
sometime successfully. However, undex certain conditions it shows
.phytotcxicity to the host nplant, same iﬁ?the case with petroleum
cil and dinitroPhenbli The use of synthetic ordanic pesticide
started @h?ing 1940%s, The first to ke usad was “Neotran®. Later
sevaral others, as 'Ovex', 'Aramite',l‘menetcn', 'Chlordbénzilate',
.'Diccfol‘. ‘Fenscen?!, *Diloxathion %, 'Tetradifmn‘, 'Carbcphenothion'.

*Ethicn', !'Binapacrylt, 'Movestan', *CGalecron', etc. appeared.

The principles involved in the chemical ccntfcl'of the
mites are basically the same as applicsble in case of insects,
Use of irproved aoriculitural practices apglication of DRT and
reduckion of predataf population due to randem unse of broad spechrun
pesticides are somz2 of the reasons which neceassitated to the adapta-

cion ¢f moxe Amproved chemical control of the mites,
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Acalyyicides are some what specifiic in their action. A
certain pesticide may be cffective fZor a certain group of mites
but may be quite ineffective against & related group. The ecavicides
not enly kill by direct contact and penctration through its
intagument'but alsc as stomach poiscon and as fumigant. Thercfore,
before a pesticide s spread soﬁe factors such as its mode 6f
action, its translocabion property 1€ any, its residual properbty,
the plant on which it is to ke sprayed, the stage of the mite to be
sprayved, ¢limatic condition prevailing befcore and afhtar spraying,
popuiation migraticn in relation to rainfestation etc.should be

considemsd to assess the efflcacy of the acadicide,

At present there has been much eritdeism of the use of
some arcups of acaricidfes beocause of adverse ecological efficcts,
The organo chlorines have been found o be most hazardeus and
several countriee have eithaf banned or restricted their uses,
The wse of less peralstent organophoaphorcus'ccmpcundé is also
under hard sorotiny. In this canneétimn the search for an alternate
class of acericides with different mode of action, specifie® and
less harmful to the environment is being carried out in'ﬁifferenﬁ
countrieé\ﬁaz a leng time, In the year 1968 a major break through
in the field of agricuvlture was sbtained with the develépment cf
a conmpletely new type of miticide - ‘Plictrén" The product based
cn trycyclohexyltin hydroxide was intreduced into éhe.uksg market
as a regsult of the joint research effort by Dow and M & T Chemicals

(27,28).
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As it has been discussed carljer organctin compounds were
already known for their biccidal uses and the conﬁa:cial SUCCeSS
of 'Plictfan'_encéurageé other research workers in this area.
Specles spe:ificity_@f organotiﬁ derivatives suggests that
when R = CgH,, {cyclo) or PhMEQCHz_of,a RyenX compound, the compound
cweuld be a powerful selective miticide, This led to the introduction
of the few other orgenotin miticides, These arxe l-tricyclohexyl
stannygl 1,2,4=-triazole (*Fercpel') (29) and bis (2-methyl 2-phenyl
propyl tin) cxide (30} commonly referred to as bis {necphyltin)
cxide ('Vendex® ox 'Torque’)s “

‘Plictran® ig a gspecific contact acaricide with a moderate
initial toxicity and with ropellent anti feeding propertiess The
duration of protective action lasts for 20 days or more. It was
first registered for the control of mites in apples and pears cete.
New it is registered in many Eurcopean and in other'thirﬁ world |
cauﬁﬁries as an acaricide on citrus, stope fruits and hops as well
ag appies and pears. The commercilal formulation qcnsists of wetisble
pqw&ers which are readily dispersed in water. The sctive ingredients
are applied at a véxy iow concentration .0, at rateff of 2=3 munce.
per 300 galion of spray (15 td 22,5 om/100 litzre water) registered
in the U.5 market (31,32,33). iPlictran‘wasa found to ke very
'éffective in controlliing red spifer nite in'lady’s-finger compared
o “anocrepﬁcphos“ 36 WsC, ‘Carbendenzim' 50 WP and urea. Itds
aefficacy was not diminished when mixed with other agrt chemnicsls,

. The safety of 'Plictran' to the Coccoinillid mite predator, Stethorus

sp. was also confirmed during the investigation (34). *Rlictran'
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was tested (35) for its effectiveness in comparison to Malathion,

oxydfemeton methyl and wettable sulphtr against Tetranychus

cucurbiltal. A significant reduction of'm;te ropulation was observed
in plots treated with 'Plictran’ 50 WP after 1,3,7,10 days of

spraying while others ¢id not give any control of the pest: no
phytotoxicity of the treated piants was cbserved, Prevention of
Panonychus ulmi and applem~rust mite with 'Plictan® along with *Vendex'
was very significant {36), Evaluation of Plictran’ against the

 pink tea-mite (Acqphvlla{thaﬁfj was as effective as standard 'Dicofol’

and ‘BEthion' (37). 'Plictran’ had toxicological parameter to those
of chiorine and sulmhu_ contalnlng preParationéL%ad a high ovicidal
actmvzty and was highly toxic to mobile phases of the spider mzte
(38), Periodic application of 'Plictran' caused no resistance
development even aftéx hinety consecutive generation and was effec-
tive against spider mite population resistant tc others especially
phosPhorous-ccﬁtaining,acaticides. The use of ‘Plictran' was
rrécbmmended in rotation withf’picofol' and "Arex', where a resistance
o phdsphorous—cqntaining and.éh;oriﬁe containing acaricides had
developed, Spraying Cotton plamts (39) with Zool, 03% Plictran

per hectare_coﬁtrolled spidexr miteﬁy 96% to 95,3% and prevented
ovipositibn, and also showed low toxicity to beneficial entomo=-
acaraphages. This phenomenon was also cbserved (40) on Strawberries
Iln Scuthemmn Californla when 'Plictran' at 0,25 énd 0,75 1b/acre was

applied to Tetranychus wrticae. Significantly fewer T. urticae

occurred in plots redeivingtplictran’at 0.75 1b/acre than at

0,25 lb/agre. The Yields were greater than that of untreated control.



159
ar result was obtalned (41) when ‘Murfite' (Cyvhexatin +

mrfite mixturey 300 + 160 g/hal) and Cyhexatin (250 g/ha) was
applied in the strewbervv Ccrep y:eld with cyhexatine. Residue
bicassays with 'Plictran' (42) along with 'FPropargitet, ‘*bDicofoll,
‘Canbophenothion', 'Hexakis' and 'Abamectin'® were donducted against
three populations of two spoted spider-mit65. Behaviovral responses
{(Wulf=0ff and spin-cownl) was sigunifilcantly gzeater than that oF
-ceontrol with *Plictran', 'Hexakis! and 'Carbophenothion'; Cyhexatin
wag compared for its toxicity (43) to 'Chloropropylate’, *Azince
phicsmethylt, *‘Methidathion?!, 'Fervalerste' and 'Benomyl' ageinst
‘Rancaychus ulmi Tetranyveohus uxticse, Aculus fockerd, Aculng

above .
fintandieuns. For all Pliciran was highly toxlci. st the lewvel of thelr

LCyg values and the ggplication concentrations used in orchazds.

]

studies on the efficaey of thyee acaricides (44) on lady's fincer
revealed that the bost result was obtained with 'Plig%ran' (35¢C,

400 g ha) and its eff&ct lasted even affer 14 dayp of sprayingﬁéne
 week after pravinc 2ll other treatments "i“"PIictran' (2600, 250,

may even
Othershp& Buperler o

s

300 ¢/ha) were found tao be on per-wath O

"Dicofiol? 18:5 B.C. and 'Ethion' 50X E.Ce

*Peropal® is most e€ffective, against the menbers of

Tetranychidas. AL 0,004, 0,02 and Gl.d% concentration it caussd 160%

N

roztality of Tetranychus urticue nraped onee at 0,025% and C,0025%

it persicted long encugh to kill 1064 of L. u

e
bl

%t

Lical population. It

M wr——

meinly acts as contact polson with & werked repellent effect (45).

Creen heouse experinents were performed (46} to establish a comarison
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of the effectiveness of 'Peropal’ against three ‘Tetranychug

uriicaa' straine of varying sensitivity to conventicnal acaricides,

Resulits showed that *Peropal! was effective against a numbexr of
mite speciecg (46),

'Vendex' applied (47) at 2-3 1b/acre to citrus orcharxds
coentrolled citrus rust mites upto four months, It is also effective
against organcphosphorous and organcchiorine resistant mites shoging

low toxieity to beneficlal mites and honey bees,

. Az a consequence of wide application of organctin acaricides
it is a evident that some resistance might be develcped by the mite
towards these acaricidese. it has been found that (48) Tetranychus
urticage failed to develdp rasistance against *Plictran' and 'Paropal?
ovar 100 genevxations even after treated for 40 times whereas over
aftey 18«23 generaticns resistance to *Actellic! and *Etgphos!

increased 360 and 1000 £0id regpectively.

Acariclides show variations in effectiveness against eggs and
adults, The égg 1s generally highly reslstant to usual contact
acaricides as the eggs have a complex protective mermbrane surrounde
ing the enbryo, which possess difficulty in the penetration of the
acaricides, thus it becomes difficult to destroy the egos along
with the adulise But if the egys are not cdestreoyed compleiely there
rerain the chanee of rainfestation. So it is important to assess
the effectiveness of acaricides ag @n ovicides i.e, they should
pessess lethal action on the egys, as indicated by the cessation

of embryoni¢ developmenta
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Materials ond Methods:

A Fungicidal Activities
(i) Coggo unds:
Triphenyltin N-hydroxy sucecinimide, triphenyltin
N-hydroxy phthalimide and trlbutyltln N-hydrexy phthalimide reported

in eaxizer section, have been tested ftor fungi toxicities.

{ii) Organismss
(a) Helminthosporium oryzae

Breeda de Haan -— causal organism of brown leaf

spdt disease of rice.

{b) alternaris cgolani (E -II and Mart) Jones and Grout —-
causal organism of early blight disgase of potato,

{iii) Culture Medias

Solia media /Fhalt extract agar (21) 7.

20 g malt extract (Difco) was boiled in watex
till dissolved. 20g agar agar (Fcobe-Jgpan) was added and boiled
until agar agar was well dissolved, 0.05g chloramphenicol was
suspended in.5 ml of 95% alechel and added to the medium as anti
bactérial agents. The_volumg of the medium was then mé@e upto 1 iitre
by addition of water, pH of the medium was adjusted.with sodivm

hydroxide to 6.5. Fedlum was sterilized at 15 P+S.3. for 20 minutes.
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4, Anti fungal Activities of selected Compounds in vitro.

P ———

—— e T T

antl fungal activities of the conpounds were tested following

the growth inhibiticn studies.

Growth inhibitlons wers studied following the polsoned
focd technique {(22). Acetone solﬁtiﬁn of suitable quantity of the
compounds in sterile distilled wakter was incorporated into melted
malt agar Ao as to get the desired concentrations of the compound
in the media. Medis with desired concentraticns Of corpound were
peured in petri plates and after solidification were inoculated
at the ceptre with uniform discs (7 mm) of myceelis, punched cut
with a sterile cork barer_ffvm the advaneing zone of a culture test
funguse. Three replications on each test.with appropriate control
undeyr same eonditionsg were maintaineds The pégri piates wers then
ipcubated at 30 ¢ 1% in dark, Linear growth of the fungal disces
were measured after regular intervals and the percentage of inhibitiom

over ccntrel was calculated fellowing the equation

=T % 100
c

zrhhexe C = contrcl, T = treated;7 givén by Vincent (23).

5, Behermination_oﬁ EDSﬁ and Engs

The EDgq / effective dose £or 503 inhibition 7 ang EDgg'
[ effective dose for 95% inhibition 7/ values { vg/ml} vere

calceulated by leastesquores regression analysis using computer.
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B. Phytotoxicity on ¢ -

(i) seed &gggbs
. Healthy rice seeds of PUSA 2-21 varioty
cullected from’ Ch“nauran Rice Research Farm, Hooghly, West Bengal,

vere used in the present investigaticn.

{i11) Compoundss:
Triphenyl tin Nehydroxy suﬁcinimiée;ﬁriphenyl
tin W-hydrauyphthalimide and fributyl tin Hehydroxy phthalimide

were used for determining their phytotoxic effect on rice.

(1i1) Bffect on seed germination 3

Heulthy rice seeds were Qipped in conpound sus-
pensien of 100, 50 and 25 ppm concentration for 1, 4 and 8 hours.
For control, water with requisite amount of acetcne was used, The
troated seeds wefe then placed on moist three layered £ilter paper
in closed petriplates.s Plates were incubated at 30 ¢ 1°c. 100 seeds
were maintained for ecach treatment, After B days the germinated
secls were counted, Seeds producing a root or a colecptile waxe
recorded as éerminated. Three rePlicaticns of each test with

eppropriate control under same conditions were maintainsede
Co Miticidal Activities
(1) Cormpcundgs '

Tricyecliohexnylitin N-hydroxy phthalinide,
TetracyClohexyl 1:3 di-ll=hydroxy succinimido distanmoxane,

Dicyclohexyltin diphenyl glycclate and.#lictano i
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(ii) Orgeanigm @ Croen mite

i (iiﬁ) Determination oF sodricidal aotivity
'll:.

: ,ﬁa) Collecticn of specinens
1 +

'
1

f ' . The nite infested leaves or plant parts were brought ko
1ébcrataxy in polvthene bags after tightly closing the mouth of the
Wag-uqth a mubber band,

fl

Ve ff- (b) Mounting for wmicroscopical oxarinaticn

" 4/ Before examining under microscepe, high degree of
transmarency in the mite is necded, Thic was done by placing the specimen

ffto be examined on a slide and putting & drop of lactic acdd over it. The
slide was then gently warmed for a few seconds, which reduced the normal
opaelty of miteg, appendages extendeds, It was then carcfully examined
under the micxoscope.

{c) Reazing
Mike was reared in the loborztory in large nubsers for

experimental purpose. Rearing was one by two methods. These were cultured
in bean geedlings, kept in pots. The adult wites were picked up from the
infested leaves or plant parte and transicrrad to the leaves of potied
seedlings or the infested plant parts were kept on top of the ssediings.

When the dotached part dried up the mites migrated to the leaves of the

potted seedliincs, Petrolaoum jelly was appliced arcund the base of ¢hs

gtem to prevent the escape of the mites,

The other mothod used were keeping excisad leaves of
the host plant in petridish (15 om diancter) over a cotion pad super
saburated with water, Leal was periodically cheanged and waker was added
daily to naintain a thin £ilm of water ak the margin of leaf o prevent
the escape of mites., Mites were transfergsd on to the leaves by picking
up with a fine brush moistered with wator.

{d) slice~aip method for contact toxiaity assescrent

. This wethod was originsted by Voss (56) ivproved by
Dittrich {57). Adult femaleg of nowm ages were used for the scrcening.
This was done by celiccting eges over 4«5 hours and reaoring adulis of
a8 noey generaticn witich appeared 6«7 days later, at terperature ranglng
Erom 27 C to 29 Ce
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Por the test, microscope slide was covered with a sﬁrip of
dovblew-sided seotch-tape and twenty adult females were stuck on Lo
the tape, on the dorsal sice, in wwo rows of ten. The prepared sildes
were dipped, for 5 seeonds in gerdal concentrations of the compound
being tested. Slides were drained, by placing on edge for if wminutes,
at yoom termeratura. Mortality commbts were made afier 24, 48 and 72 _
. ham:.;. Mites not shewing movement of appendams when touched by a
_ £ine hman were recorded as dead. Three tests were c:enduc:tecl at each
dosage level. 'I’he treated slides were plc,ced on the top of 8 modst
cmton-mpad in I}"Lriﬁﬁiwh"’ﬁg which contained water o maintain the
hunidity. For the control set, slices were dipped in distilled water

for the sane length of tinee

(e) Hethiod of asaving contect plus stomech toxicity

The method followed here was that of Menscar and
Flant (58). The mites were relessed on fregh leaves and gorayed with
the different concentrakion _of the compound, Zach test was replicated

thrice and mortality counks were made after 24, 48 and 72 hours.

{£) I}etceminatiqn of m?;% and Lcég

The g ond Llqg _/_’f" lethal cencentration for S0%
sné 9574 mortality 7 ( wo/ml) were calculated as cariier using least

squaerge regressicn analysis using a computare
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A, FUNGICIDAL ACTIVITY

The triozganotin compounds, patticulaxly triphenyl and
tributyitin ﬁarivatiﬁes. showy excellent fuvngicldal sctivitices.
in the'fungi toxicities, the anionie part (X) of Rssnx dees nob
influénce the scetivity ccpsiéérably. Though more.wbrk is neceosary,
it seenms the triorganctin moisties, a8 expegtad, retain_ité
fungicidal properties in Triphenyl tin Hehydroxy phthalimide,
Triphenyl tin Nehydioxy %uccinimi&e and Tribﬁtyltin Nehydroxy
phthalimide against plternaris solaonl and Helminthosporiuvm oryzas.

-?%he reoulis obtained have been tabulated as followss
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Effect of Trivhenvltin Nehydrony Succinimide on

growkh of Altexnaria sclani

Percentage of Growth inhibition over

Concentration
(Ag/md) ~Sontral after
24 hrs 48 hrs 72 hrs
1456 160, 00 100,00 100,00
1025 100,00 100,00 98,92
0463 9790 92,50 85, 50%
0,31 93,42 78.90% 72a70%
0.13 7i1e40% 624 50% 55, 00%
806 55e30% 49,.11% 40, 00%
0.03 42.20% QESEE? VARG
[ SO
EDgpq 0.05 ag/ml 04 07 Arg/imd 0209 ta/ml
EDg 0,38 g/l 0s 73 Jog/mi 096 Lg/ml
Negression censtants § Y2 me + ©
b 48466 43,65 44,98
c 115,52 101,62 55,86
x 0499 0,99 0.99

* Data have been uoed for regression

analysis,
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THBLE w IT
Effect of Triphenvitin Mehydroxy phthalinide on
growth of Alternaria soland

Concentration Pexcentage of growhi .lnh:nbz.t:.on over
{ ~g/mk) ' contrel after g
24 hrs 48 hrs 72 hrs

Ge25 - - 100,00 . 100.00 10000

3013 100.00 100,00 8G.86

1456 200,00 99,20 91,11

1425 100,00 98,16 87.75%

0463 07.12 ' 87.31% TB.32%

0.3% 82460% 73.35 B 247

0023 | 63,30% 60.21% 524345

0.06 50, 72% 46.26% A0 12%

0.03 7 36G.28% 32,90% 20 . 26%
EDgg. L 0.,06 mg/ml 0408 rg/ml Oell pg/md
}:Dgs .- 0.56 /ugfml 0e94 frg/ml | 1.90 pg;/ml
Regression Constents & Y = -

m R, A2 41,22 36,69

c 106,77 95,97 84.72

r ' 0,99 - 0,99 0.99

* Data have been used for regression analysis.



TARIE = TTT

Bffect of Tributyl tin Nehydroxy phthalimide

on growth of Alternayia solanid

169

Concentration Percentage of growth inhibition over
/ug/m% control after
24 hrs . 4B hrs 72 hrs

3613 100,00 100,00 100,00

1.56 100,00 150,00 99,00

1.25 100,00 99,90 B3.61

063 5819 96420 89.20%

0,31 E84.4B8% 83.12% E2.97%

0013 674 20% 654 50% 62411%

0. 05 51 50% 49,50* 45a10%

0,03 34, 20% 33.71% 33.10%
EDgq 0.06 pg/md 0406 pMg/iml 0.07 pg/inl
EDgg - 0647 LG/ml 0.51 Aq/ml 0469 pg/ml
_Regrea;sion cc_:nstmts’ $ ¥=2m + C

- 50.30 49.59 45,20

c 311,39 109,28 102.08

z . D.99 0499 -

(.99

* Dota have been used for regre

etk
A ke

on anaelysis.
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Tffect of Triphenyltin Nehydrogy Succinimice
on growth of Helminthosporium ozryzae

176

Concentration _ be rcéntag:—: of growth inhibition over
{ fg/ml) | contrel afior
. 24 hre 48 hrs 72 hrsg
15.G63 100,00 100.00G 100,00
12450 100,00 100400 99,34
10400 10Ge 00 100400 97,72
6025 108400 85,95 95,420
3613 T6eH2 87,14% 75507
i:556 The 20% Bh.e1* 58, Qo*
1.28 T3 3% 586 20% 52420%
D G3 39.31% T 64 33.,43%
De31 34,007 21,29% 15, 24%
0ei3 11462% 3e31 1.58
Bq 0& 0,00 0400 0. 00
- De35 ug/md 0488 ng/ml 1445 mo/ml
EPgs 2098 pg/ml 4,25 ug/ml 6.38 e/l

Regression constants ¥ = m + C

m 61429
G ' 55.86
- . De 59

65,83
53,58
0,99

60450
46427

0,99

* Data have been used for rogression analysis.
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Effect of Triphonyltin HN-hyvdroxy phithelimide on

growth of Helminthosporiun orvzas

i71

Conoapniration

rercentage of inhibiticn over
{ pa/ml) control after _
- 2¢ hrs 48 hrs 72 hrg
6425 100, 00 . 100,00 100400
3613 100,00 100400 VCy 48
1456 | 93420 £6,00% 82,71
1425 B7 ¢ 50% B0.H0% 760 25%
0e63 74, TO% 56, 00% 64,00%
.31 56, 25% 53 48% 49, QoW
Dei3 37, GO% 32.12% 304 23%
0. 06 24,61 18,200 14.04¢
0,03 8426  6eil 4,12
202 0400 0,00 0,00
gy 0,21 gl 0,28 ug/ml 0433 ug/il
gy | 1,73 jug/ml 2030 po/ml 2479 po/d
regression Constante ng = ogog o+ C o o
. | 25,36 4sgss 48,28
¢ | 83426 77526 734687
IQ;QQ 04929

3 C 0e99

"Date heve heen uvsed for regression analysis
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Sffect of Tributyl tin Nehydroxy phthalimide

on growth of feiminthosporium oxryzae
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Concentrotion Percentage of growtin inhibition over
(po/mi) centrol aftsr
S 24 hrs 48 hrs 72 hre

Ge25 100400 100,00 100,00

3.13 100.CO 100,00 08, 22

1456 100,00 94,02 B8 e S0¥

1.25 100,00 £7¢ 50% 84,17

0,63 100,00 Bhe21¥ 75 09%

0.31 gsgod 724 10% 66, &4%

0,13 5, 85% G0, DO% 50, 60"

0. 06 774 00% 51,00 30, 40%

0003 66. 00 404 O0% 26.03%

0 02 52, 01% " 32,03 15,21%
EDgg 0401 g/ jﬁqOS/ug/hl 0,13 g/l
"Po5 0218 ug/ml 1464 Lg/ml 2022 jig/nl
Regression Constaptasd Y = mx + &

m. 40,51 31473 36403

c 124523 £6.16 52446

3 0499 09D

0e88

* Data have been ustd for regrossion analysis



SUMMARY OF THE RESULTS

THELE =~ VIX

| EDgg Values inmg/ml for growth inhibition

against alternaris soland

173

Conpcund

EDgg values ug/hl
24 hrs 48 hrs 72 hrs

Triphenyl tin '
suceinirdde ' _
Triphenyl tin
Nehydroxy 0. 56 094 1.90
phthalimide
Tributyl tin
Hehydroxy 0ad7 O 51 Q.62
phthalimlde
Tributyltin (24) 0,77 0,78 098

acotate




EDgg Values (1g/ml) for growth inhibition

TABLE w VIIZ

against Helminthogporium oryvzac

174

Compound EDge valuesug/mb (.- hxs)
24 . 72
Triphenyl tin .
Hehydrexy 2,08 4,25 6438
suceininide :
Triphenyltin .
Hehydroxy 1.73 Za3l 279
phthalimide
Tributyltin '
Hehydroxy 0s18 1464 2422
phthalimide
Tributyitin (24)
D38 Oa7L 0e96

' a@tate
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Bs PHIZOTOXICITY Ci RICE

The ip vitro tests of fungicidal activity heve limited value
to the agricultural pesticide chemist because it.clroumvents the
irportant consideraticon of phytotaxiéity; A fungleide which causes
serious phytbtﬁxicity under varied environmental condikions would
be a total failure.

TABLE o IX
Effect of triphenyl tin N=hyiroxy suaéinimiﬁe,

Triphenyltin Nehydrety phthalimide and Tribuvbyltin
Nehydroxy phthalimide on rice seed geruination

Compeund Congs Percentage of germinated
{pa/mk) sead, trcatod for
ih 4 hrs 8 hrg

Triphenyl 100,00 ' 86 - 84 76
tin Nehydroexy . 50400 _ &8 88 82
succininide 25,00 88 88 86
Triphenyliin 100400 ' 86 82 7%
Nehydroaxy 50,00 8a 82 82
rhthalimicde - 25,00 By - 84 82
Tributyltin 100,00 72 70 64
N HyGECRY 50,00 \ 8 84 80
phthalimide 25,00 88 B6 82

Control 93 21 21
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Ce MITICIDAL ACTIVITIES

¥t has been pointed out earlisr, that Tricyclohenyl tin |
conpounds show exacllent miticidal activities. In present investie
gation, Tricyelohexyl tin Nehycdroxy phthalimide, Tetracyclohexyl
123 disNehpydrexy succindmido a4 stamsm;:ane (obtained £rom resction
of Tricyclohesxyl tin hydroxide and Nehydroxy succinimicde) Dicyclo-
hexyl tin .diphenyl clyeolate .(_c:obtained from Tricyclohenyd tin
hydroxide and diphenyl glycolie acid) were prepared., Some preliminary
experiments were carricd cul with these compound against one (non
identified) green nite, collected fron trees of the lecalitys It
may be pointed out hers that these rosulis were prelisinary in
nature, hence no pogitive conclusion could be made so far cbout
the miticiddal activities of these coxpounds, eXcept that the
miticidal activity is substantially reduced comparxed to 'Plictran?
(T_ricyclohexyl tin hydroxids) due to the nature of these ligands.
It was scmewhat surprising that the Petracyclohexyl 133 diwle
hydraxy succinimido distannoxang gave _CGmparable activity to
Tricycichexyl tin Nehydroxy phthalinide, Further investigation arve
necessary to Grew ﬁmful conclugions about the miticidal activities
of these compounds, However, we prosent here the resulbs of

experiment carried cut so Lary



177

EARLE = X

Contact toxicities of Tricyclohexyl tin Nehydroxy
rhthalimide for Creen mite

C:oncentration P’elrcentage of mortality after
(mg/mdd | 24 hrs . 48 hrs 72 hrs
50 ’ 60 85 - 6765
20 | 50 T 55
10 | 20 42,5 a5
5 32,5 32,5 35
245 20 2745 2745
1.2 | 17,5 22,5 275
0.6 0.5 75 745
Loz (ua/ml) ‘ 672477 ' 571,42 494,70
LCeq { frgfml) , 20,98 15443 13436

Fegression Constants ¢ Y = wot + C
e | _. 20,8812 26. 6883 28,6935
c 1044971 15,9076 T 17.6897
r | 0,9912 049905 0.9813
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TABLE = XI

Contact toxicitics of Tetracyeclohexyl 1:3
di Nehydroxy succinimido ¢i stanoaana for
GCreen mite

Concentration Fercentage of wortality after
{frg/ml)
24 hrs | 48 hirs 72 hrs
S0 ’ 575 675 7245
20 55 60 : 6245
10 - 55 55 5745
5 40 45 47,5
245 30 35 40
102 27¢5 30 32.5
0.5 | 745 20 22,5
 LGqg 738,02 /) 501421 sgim 382,27 ug/ml
e . 13:50 Agfmi 822 ty/mi Gy31 M2 [m]

Regression Constants 32 Y = mx + €
™ 25,8965 2542143 25,2553
C 20,7270 2649208 29,7813
r 0,494 | 0,9948 0.9957
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Contact toxicitics of Dicyiohexyl tin dipheayl
glyeolate Loy Creen mite

Concentration Percentage of mortality after
{ pa/td} '
24 hrs 48 hrs 72 hrs
50 50 55 5745
20 45 27,5 50
10 42;5 45 45
5 30 35 25
2e5 12,5 | 12.5 145
2.2 | 0e25 765 10
ICye {/ugfhmJ | 77949025 641,089 420,7501
iChg (rg/ml) ' 30,3411 23,6638 21,7674
Regression Censtants 1 Y= ot 4 €
m 3149147 314060 3400863
<  2.7014 64 B4BS 3431052
xr : D,9576 - 0.9578 0.0218



180

TABLE o XIIX

/ . Comtact plus stomach tomicities of 'Plictran’

f for Green mite
r ;I; |
.ff 'a; )
/ Concentration - Percentage of mortality after
5 ug/ml)
i ' 24 hrs 48 hrs 72 hrs
I
e 50 . 83,34 90,00 90,00
20 - 76,67 | 83.34 86467
10 ' 56467 63434 66467
5 - 46,67 53,34 60,060
2.5 16.87 - 33.34 36,67
12 13.34 23434 26467
] .
LCag 65,19 g/ 50431 fegfml 33471 Lyfmt
LCep 7957 g ik £a7B ugiml 3489 Mgl

' Regression Gomstant ¢ ¥Y=mx + G
‘m o ae.1501 4440426 48,0012
c | 7,6448 20,0535 21,6632
T  0,9756 0.5885 0.9875



st
TABLE = XTIV

Contact plus stomach toxicities of Trigyclohexyltin
Nehydroxy phithalimide for Green mite

Concencration Porocntage of marl:alitg after
{ »g/md) = , : e
| 24 hrs 48 hrs 72 hrs
50 50 | 63.34 73434
20 36467 45,87 56467
i0 36,67 40,00 53,34
5 | 26067 33.34 40,00
2.5 13434 16467 23434
1.2 | o | 13.34 20,00
LC, . e '
85 _ 579429 ugfml 217490 ug/ml
L5 - 20,88 Lg/m 10,45 mglmt

tegoression Constents 3 Yo mx + €
m - . 25,0445 33,3828 - 34,1124
6e3622 B.8475 15,2194
r 0.,5682 069876 0.9861
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| : - TABLE o XV

Contact plus stomach toxicities of Tetracyclohexyl
1:3 di Nehydroxny suweeinimido distannoxane for
GCreen mite '

!

Concentration percentage of mortality after
( 4g/md)
/ ‘ 24 hrs 48 hrs 72 hrs
-
50 5C. 00 56467 63434
20 43.34 50, 00 63.34
10 | 43434 46467 50,00
5 16,67 20,00 33.34
245 3.34 06467 13434
LCos 639,81 ugv! 326484 ugml 190,15 Mg
Les0 o 38408 g [md 23426 pj/ml 14,05 fuglml

Regregsion Géﬁstants t ¥Y=mx 4+ C
fit | 35,3368 32.2104 30.7813
ge I4¢1569 345886 4.3338
r 3. 9667 (.9745 0.2752
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APPENDIX

o the active ingredicnts of scme

raue nams

4.). 'Dicofcl

Se

. 'Tegradifon
6s hCarbaphhn schion
74 'Bthién
B Bingpacryl
9. - Galecron
10, Aramite
11: Chlérobenai;étg

Cherical name of the agtive ingredient

Triphenyltin acetate

Triphenyl tin hydraxide‘

Triphenwl tin chioride
2,2;29Txichlor0w1¢1—bis(émahlorophenyl)
cthanole |
dechlorcphenyl 2, 4, S-trichlorophenyl
sulphonee

Smd=Chlorophienyl thiomethyl

8, O~dicthylphosphoxodithloate.

0,0,0, 0-Tetraethyl 8,

Stemethylene bis{phosphorodithdoate)
2wiegeBulyl=4, 6=dinitno phenyl 3«
rethyl bubt-2-cnoate

N7 {LmchlOro=c=iolyl J=ii=l

dimethyl formamidincs

2= (4=tort-Butyl phenoxy)

lemethyl athyl Z=chloro ethyl
uhlphlt@a

EBthyl 4,4%«dichliorobengilate,

RS YIRS

LRIE .

LIZRARY

MAFE He Bt ppay





