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Organotin chemistry during the last few qecades has beccme 

very important fo~ its diverse applicatio~ Both frcm theoretical 

cons!aeration and practical appl:J.cat.ions9 organotin chemistry has 

assumed a very significant role in the study of organometallic 

chemistey. · 

The present .investigation has been divided into three parts. 

The Part I of this investigation described the preparation end · 

characterisation of few organotin derivatives of N-hydroxy phthalimide 

and N•hydroxy succinimide. A brief .revie~1 of the earlier literature 

relevant to current investigations has been atterr;r;ted in the beginning 

of each part of this ~~sis. As indicated earlier; the first part 

described the organotin derivatives of N-hydroxy# phthalirnide and 

N-hydroxy sucoinimide. 'rhe triorganotin derivatives of tb:ese hyaroxarr.ic 

acids gave monomeric compounds. as indicated from their molecular 

't<Jeight. The elemental analyses and 1 !-I m1R spectral data indicate the 

molecular c~~osition of these compounds as described later •. ~he IR 

spectra together 't'Jith 13c NNR spectra suggest these conpounds are o:f 

ester ~Jpe• The carbonyl groups ao not~ significantly coot:ainates 

~~ 'tr1ith tin .atom. The 119sn NNR spectra also support the tetra 

coordinating natttre of tin atom in these conu?ounds~ 

During the preparation ¢f ai organotin derivatives. of the 

above mention hy.drox~ic acias.. it. was found the diorga.not:Ln moieties 

contain sn-o-sn bonds!~! r•loreover • these compounds are probably,polyrneric 
-.... .... 

.......... 
in nature. The presence of sn .. o-sn bend has been indicated from a -....... 
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band around 576 em· in t..~e infrared spe;ctra.<> The element~ anc:U.yses 

and 11-I and 13 Nm spectra suggest the diorganotin derivatives of the 

0 0 
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The carbonyl grcups mew form intemolecular coordination of 

~le tin atoms- m~~ing some tin atoms penta coordina~ while some tin 

·~~ atcms 9-X'e hexa coordinate. The contention has been supported by the 
119sn tvlJJR data e. 9• .i.n Tetrabut.yl la3 di~~"l-hydroxy phthalirnioo 

ciistannox.;me# the:t:e ru:e two 119sn peal\:S at 6 -164.46 and -21S.s7~ 

1\.tt.enpts have been made to discuss· the structures o£ these type of 

diorganotin derivatives. The IR. spectra and 13c Nr-m spectra o£ these 

compounos probably exclude the possibility of intramolecular carbonyl 

coordination. 



(V) 

' 
In the ~cond part o£ these few organotin derivatives 

diphenyl glycolic acid have been preparea.. It was not possible to 

prepare any triorganotin aerivatives of diphenyl glycolic acid. 

tihen the reactions o£ tri orga.notin chloride Tr19xe carried out td.th 

oiphenyl glycolic acid ooder suitable conditions, only diorganotin 

derivatives could be obtained. Dimethyltin, dibut.yl tin, oi propyl 

tin, aibenzyl tin, &phenyl tin and dicyclohexyl tin derivatives of 

diphenyl glycolic acids have been prepared. These compounds have been 

charaaterised by elemental analyses, IR, rU·n (1H, 13c. 119sn) spectra .. 

The IR spectra indicate both the hyctroxylic protons are replaced by 

organot.:Ln moieties. The shifting of ca~onyl band indicates strong· 
I 

coordination from c- OH group-in addition of the replacement of 
8 ' 

the proton. '.t'he 13c N~m. spectra aleo support this contention. 'J51e 
119sn spectra suggest the penta coordinating nat.u.te of tin in these 

compounas. But only in case of dimethyl tin derivative oi diphenyl 

glycolic acid, elemental and s~ctral data suggest ·that tt.ro diphenyl 

glycolic acid molecule reacted t-7ith one molecule of dimethyl tin 

o..~tle giving Dimethyl. tin :e!§ (diphenyl glycolai;:Q ),. Oarbonyl absorption 
/ 

band in the IR spec~ra is less shifted corrpared to other diorganotin 

derivative. suggesting no coordination frcm the >c a o group of 
..2;,. 119 . caLuoxylic acid. sn signal also indicates hexa coordinating tin 

atom. ln absence of x-ray data
7
jfor \11hic~l there t..ras no facility, the 

structures suggested may be considered somot-1hat tentative. 

', 
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Is
. J,. 'I'he third part of· this dissertation described some preliminary 

:) 

sults of fungicidal, seed gerrr~nation studies and acaricidal pro-
·' 

· .~erties of some of the compounds described in earlier part. It is 
It~ 

/ ;t-Jell .k."lctm that tri orga."lot.in cornpoundst particularly the tributyl 

/ /and tr.i phenyl tin compounds shet'l excellent fungicidal properties. 
J .i 

'lj _Tri phenyl t.~n t;J-hydroxy succinimice and Tributyl tin N-hydroxy 

~,\PhthalimiCe have tested against tt•o commercially import<l!lt fungi, 

J~lte:maria solani and Helminthospori"'Jl o~~ • All these ccmpcunCs 

/·shot<1ed excellent fungicidal properties against these two fungi. The 
/ 
' rm95 values ranged between 0.69 - 1 .. 90 ~g/ml (72 hrs) for Al·t:ernaria 

solani, ccrr~pared to· Tributyl tin acetate which has ED95 value of 

0~96ftg/rnl (72 hrs). In case of Helmi:nthospo.rium oeyzae the Ep95 

values t-rere 2.22 - 6.38;0g/ml (72 ·hrs) cc:rr.pared to T.r~butyltin 

acetate o. 96 #g/ml (72 hrs l. 

The effect of these ccmpcunds on the germination of rice 

soeds have elso been studied on a preliminary scale~ 

The acaricidal pro~rties of Tricyclohexyl tin N~hy~ 

phthalirnide. Tetrn cyclohexyl 1:3 di N-hyaroxy su.cc.iniir..tdo 

aistannoxane '· dicyclohexyl tin d.iphenyl glycolate were studied 

against. som2 green mite. Co~ared to • Plictran (active il'lgredient 

Tricyclohexyl tin nydro.xioe), these sh~~ed reduced acaricidal 

properties. 

_· .. 
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Tin eithe~ as a metal or as alloys and chemical compounds, 

,~j__ has dive~se applications. Organotin chemicals are widely used in 

industry and represent a significant and gr~fing outlet for tin. 

Historically, organotin compounds were among one ·of the first 

organometallic species to be investigated. 

The basic stuoies in the field of organotin compounds have 

been developed aue to the succesQ of a large number of modern 

techniques applied to the orgaflOtin compounds •. Tin possesses; for 

example, tt-10 spin of one half isotope~, 117sn and 119sn \1hiCb 

'-~ become ifr[>orta.nt in nuclear magnetic resonance studies. ~in has 
;· 

ten stable isotopes, which all~: the easy identification of the 

tin-bearing fragments in the mass spectroueter. Nossbauer resopance 

from the 119sn nucleiek:l can be easily .recorded. Further tin-carbon 
I 

stretching frequencie£? in the tJ1frared and Raman spectra can be · 

assigned in most cases. 'rhe availability of two stable oxidation 

states, tin (II} and tin (lV}, ~rith contrasting chemistries and a 

t"lide variety of structural types have afforded a, large scope £:or 

-~ diverse studies in organotin compounds, ll'in (IV) deri~atives alone 

encompass four-, five., six-t: seven .... · and eight- coordination. at. 

tin centre in neutral, cationic and anionic species, t-tith .intra 

and intermolecular association to give.dimer and higher polymers 

"tith. one, tvto and three dimensional lattice in the solid states, 

"t!lhich have :provided much intere:;Jt in extensive studies in these 
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The annual industrial production of organotin corn,pounds 

was less than 50 tons per &~nurn in 1950s. But this figure (1) 

gradually increased to 35000 tons in 1983~ The·eonservative estimate 

for the cu:r;rent. year$ _trrill be not leas than 40, ooo tons per annum. 

Tin the eleman~ .having atomic nt.il'tlber 50, is a rnenber of 

group lVA of the per.;Lodic:! table vlith en electronic configuration 

.Ci<r J 4d10ss~Sp2 in the ground state (2). The common four covalent 

state is derived from sp3 hybridise.tion. 'rhe four covalent state 

occurs £~~·more frequently than the t.t-10 co'll'alent state and most 

of the organotin cotnpounds possess e four covalent tin atom in 

O.rgan6tin compounds v.rere first. reviewed by Krause and 

Van.G~c:J*·in ·1937 (3). Later, 'Gilman et. a.i · (4) published another 
...,, ~ , .... -

review of organotin compoUnds in 1960 •. In ·last tt-to decades or f,3o. 

innllm::rable reviev1s and books have been published in- the areg. o£ 

organotin compounds. ~~ntion may De made to some of the representa­

tive ones (5-27). 

Tin differs from lighter group VIA element in that its 

a-orbitals are of sufficiently 1&~ energy for them to be frequently 

used in bonding so that tin can readily expand its coordination 

nuniber above four. As a consequencE:l of this, many organotin conpounds 
. . 

exhibit considerable Lew·is acid character and can form stable 

adducts t"lith a number of Le\>TiS bases. Moreover reactions involving 

·..J:~ · nucleophilic attack at· tin ars facilitated by the formation of 
'-... 
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ooordinated intermediates which, hm.rever,. unstQb1e, iatV"er the 

energy of transition state. The coordination cnemistry of organotin 

compounds was discussed by Poller (28) in 1965 ·and by Gielen and 

Sprecher .;i.n 1~~€6 {29)• 

Organoti-ns can form a large number qf complex compounds 

with suitable donor and chelating ligands.- The presence.of an 

organic groUp in a molecule usually dimdnishes the t~~dency of 

organotin:s ~o form coff!Plexes_ and hence the observed stabllity· of 

the complexes ~hould decrease as follo~'J's: snx:4 ) RsnX3 > R2snX2 > 
R

3
SnX > R4sn.· The confft,guration of the. complex x:eadily ·follows from 

the type of metal hybridisation involved._ In R4sn cozrplexes sp3 

hybrid-orbital exist and tetrahedral co:ofi9Urations are attained. 

· ~n s~~2 the other limiting case, the six sp3d2 - hybrid orbitals 

of the metal are directed. ~awards the ligands so that the resulting 

complex will be ,octahedral. vlhen only one monodentate ligand adds 

to an organotiQ molecule, a trigonal bipy~amidal con~lex (coordina­

tion number five) may be founo th~ough the participation of the 

.t(_ sp3 d hybrid orbi·tal~ of . the me-t;.al. A number of compounds have been 

described by Beletskay~; Butin, Ryabtsev and Reut.ov (30) i.vhich 

also show agree~nt with these simple rules, although in many 

cases, the structures mentio~ed are often distorted, au~ to ·the 

dif:fe.ieri·t nature of th.e ligands in an organoi;in cornplex. 

The first organotin compound v1as prepared by Franklei..Tld (31, 

32) in 1849 tV'it.h the ·preparation of a· few CJ..-y·stals of diethyl tin 

~ diiodide from the reaction .of ethyliodide and ~·tal lie tin at 160°. 
''-:.!' 

In ·:1852 Lowig ·(33) also described. the action of ethyl cZ~:) iodide 
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on a tin sodium alloy. Though 'he could not detect-~~e fO.tTL'2at.ion 

of tetraethyl tin, he ~solated triethyl tin iodide and hexaethyl 

di tin. 

Orga."lotin compounds act as Letd.s acid to react \'lith electron 

pair donor i.e. Let-Tis base to form addition. com,pound., Stannic 

halides :fo1:m thermod!r-namieally stable t-3ell l<nOt.tn adauot.s of the 

type Stl4"<4.2L (L = ligand) with Letd.s· bases (34). Mono-,. di- and 

triorganotin compounds can form adducts t1ith mono-, di- and 

polyqentate ligands~ 

ln th~ last three decades or so, extensive work have be~n 

carried out.in the area of organotin coordination compounds with 

bi- and polydentate.,. ligands~ The ligands t'17hich fo:tmed.coordination 

compounds \dth organotin moieties were· of diverse types. These 

included p>-dil<:etone~ diphenyl,t.h::toc;ar'~azone, diphenyl carbazone, 

a hydroxy quinol.tne or. its derivatives,. l~ojic acid, Schiff bases. 

dithioc~bamic acid• substituted hydroxarnic acids etc. As illustra.-

.tf_ tion of the above type of complex cowlf>ounos~ only :faa types of the 

above ligands ~1ill be discussed here., · 

D iorga""ldin J2..i.§ acetyl acetonatea, R2sn ( acac) 2 hebe been 

obtained by adding -acetyl. acetone (acac) to a miXture of diorganotin 

dichloride and sodium methox:i.rle in methanol (35). 'rhese oiorganotin 

~ fd •dike·eona.tes can eJ.so be obta,ined by direct reaction of the 

reactants in the presence of a base (36) .. 

~he isolation of several solid organotin ditlliZonates with 

mono-, ai- and, tri- organot.in moiety have been reported (37 ,38) .• 



s 

The orga~otin oithiZonates, R3Sn(rroz), R2Sn(HDz)2• 
. . 

~ R
2

Sn(.HDz)X and RSn(HDz)XY (R :: CH
3

, c6H5, c
4

H9 , C3H7 , p'!l"tolyl: 

x = Cl, Br, I, NCS; Y = sUbstituted benzohydroxamic ac.ids1 ii21lz ~· 

Dithizone) have been isolated and characterised. Test of triphenyl 

and tributyl tin di t.hizonates as fungicides shat..red very good 

activity against a ntll'l'iber of plant pathogenic fungi _(39). The 

oxygen analogue of dithizone,. 1,5-diphenyl-carbazone t'las also 

repor·ted (40) t.o form organo·tin corr,plexes of the type R3SDL, 

n2sm..2 ~. RSDL~, R2SnLX (R = C~,. c3a 7 _.. C~}:I9, Cr:J15 , p•tolyl, 

cyclohexyl; x = c~, Br~ · sCN and LI-12 = dipheny.l carbazone) ,.. some 

of these triorg~"lotin compound€? shov1ed good fu.."lgitoxicity (39). 

Organo·cin ox.iliates of the type tt4_nsnOxinn (R = organic 

group, Oxin H = 8-hydro.xy-q;uinoline (o.xine)., n = 1;2,3) (41•45) 

are prepared either from the organotin halides and so¢tium/thalium 

oxinate (41~.42) or from organotin hal:t,C!es and o::ine itself• the 

hydrogen halide f orritec;t t-ras .removed by a base such as ammonia ( 46) 
I 

and t:llso by reacting organotin oxide with o..~jne (47#48)• Trior~ano-

~-- tin o:tinates .. have also been prepared b:y triorga.t'lOtin chloride ~~ith ,-

a rn.txture of oxin~ and sodium methoxide (49)~ Preparation of ~ · 

(penta•fluorophenyl)t:.in -~ oxinates have also been reported (SO),. 

In the crystal structure of din:ethyl tin &-:!.§. ( 8-hydroxy 

oxinate) \·thich asst.tm9S a~ • dimethyl t.in group~ the ax.ygen atoms 

appear .1;.~ and the nitrogen atoms are s.JJl (50) .• 

Organo-;in halide 12!§ oxinate#. RSn,~(Oxin)2 (R = ca
3

, nc4H
9

, 

c~5 t :X.= Cl, Br) have been prepal."Sd by reac:ting organotin tri ... 

ha!'ides t'lith o.v.ine (1:2 mole) in ethal'!ol folla11ed by neutralisation 



with aqueous ammonia or sodium acetate (42, 52) • Petta (53) has 

reported .phenyl tin halo bis oxinate by reacting diphenyl tin 

dicmin~te t-1ith msrcuric halides in ether at room terrpera·t.ure. A 

corrpoundi fne£
4

H
9
sn(OJtin>2 Js v1as prepared :from n-butyl tin 

sesquisulphide and.oxine in boiling tolune (54). 

Some of the organotin trioxinat~s have been prepatad by 

using either of the follm-iing .reaction$ (45,48); 

Mehrotra at al (55) prepared but.-yl tin isopropoxide 

oxinate by reacting but,vl tin ~~~. isoprqpoxide w!th a-hydroxy 

quinoline. 

Organotin .de.r:ivativea of substituted oxines have also been 

.~(._- reported~ Sr!vastova et al (56) have prepared so~re diaeyl tin 

!?.,!§ oxinate/2~methyl axinates and diaryl tin chloride oxinate/2-

methyl mina~s" Sen et al (57-59) ha"'.re synthesised and charac~ 

ter;tsed several a.iorganpt.!n his (mono- and di- substituted oxinate). 

They. have also reporl:ed t.~e ·synthesis and spectral studies on mono 

and t.riethyl tin (IV) and tri phenyl tin (lV) chelates t~Tith 
' sUbstituted s~quinol~1ols. 

Srnith et al (60) have Siludied the synthesis and Mossbauer 

spe~tra of some mi,_;ed chelates of diorganotin (IV) complexes of the 
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type RR'SnL1,1 (R ::: R t = I1e, Ph, Bu; R = Bu4 R'' :a Ph, L,L' ::: 

--j..._ a-hydroxy qu.inol:inate, 2 methyl a-hydroxy quinolinate etc.). 

Deb et aJ. (61) prepered a. ntlmber of complexes Of the types 

R
2

SnL
2

, ~snL2Cl, R
2

SnLCl, ~Sn(L 1 H' ) 2 , R2SnL" and R2SnL011 Cl 

(,;1he~ R t:: cH
3
ococH

2
Cl-tr, c

4
a

9
ocOC*2CH2 and C:t'I30CCCH(CH3 )Cl-12 ... ; 

Ul ::: s~phenyl SZOO!OS•qu.inolinol, 1-n1:troso--2•napthol; L" HH' ::: 5-

(28-carbcmy phenyl ~o)•S"'!"quinolinol and L"H2 = 1,2 dihyc1roxy 

arithraquinoneD and a thiocyanate derivative. 

Deb and co-t-Jorkers (62) also prepared a number of COll\Plexes 

+ -Qf the type ~sn:L2, :R2SnLX1 R
2
snL2;x: and RSnL3 t.;here R = cti3co2cH2CH2; 

c
4

H
9
co

2
Ctl

2
ca

2
, CH

3
co

2
CH(CH

3 
)CH

2 
or CH

3
COCH

2
C(CH

3
);.k, X :::: c;~ or SCN \. 

1r1 

and (3;· Oxine, 5; 7-clichloro oxine and S, 7"!"dibromo. ~ine. 

Kojic acid can form complex with organotin compounds. 

Dimethyl tin bis koj ate ~;ra.s prepared by the reaction of (cti3 ) 2sn.Cl2 
and kojic acid (1i2 mole). !\1ethyl tin chloride and methyl tin-

bromide ~ lwj etes have been prepared by Otera et al ( 63) • 

Orga.\"lotin h~lides or oxides can react t'lith bidentete, 
- . 

tridentate and tetradentat.e Schiff bases (64-68). Tand.on and 

co-t'lorkers ( 69) have been synthesised so~ :E ive and six-

coordinated di..o. and tr.ibutyl tin (IV) coi®lexes B~SDL, B~SnL2 
and B~SnL <~11here L is the anion of a mo."lofunctional bidentate 

or bifunctional tridentate SChiff bases). ~hese complexes were 

shat-m to be highly active tOtvards bacteria. 

Organotin dithio::::.carbamates were prepared by reaction of 

organotin chloride with sodium dithiocarbamate~ Organotin dithio-



e.-

carb~ates "'voith different types of allt.yl and. aryl groups have been 

~- prepared by Sriva:;1tava et $1 and others (70•82). Some of these 

compounds sh~red considerable biological activities, al~Jl and 

aeyl tin (IV) mono thio carbamates have also be(;;l)n reported by 

l-1ajee et al {63). 

A number of organotin trqpolonate complexes of the type 

R
3

Sn"r, R
2

Sn."'<T, R2SnT
2

. and RS~2 (R c alkyl or Ph; X = Cl, Br, 

I; ffl:l = Tropolane) have been prepared where the tropolane acts 

as bidentate chelating agent bonding through both oxygen atoms. 

·-'f Diorganotin S!§ tropolonates have been prepated (84,85) by the 

£ollel~ing reactions: 

R2SnC12 + 2Nslr o(.,.,.C"----1':>[> R2SnT2 + 2i;:faCl 
. ~\ 

Phenyl tin t£~ tropolonate and phenyl chlo~o tin bis 

·tropolonate have been prepared by reacting phenyl tin tri 

-'#~ chloride in benzene .t-tith a solution of tropolone in ether (S6)~ 

The hy~ylamine derivatives of- organotin have been 

initiated by Harrison et a1 (97 ,sa). 

Diorganotin derivatives of N•stibstituted benzo hydraxamic 

acids have been prepared (89•92) by the reac~on of diorganotin 

oxide and hyoroxarrdc acid (liberated hydrochloric acid was rieutra­

·1ised by 25% aqueous ammonia). 



Phenyl tin halide li!i ·(N'•phenyl benzo hydroxamates), phenyl 

,.....__ tin thiocyanate 12i§. (N ... phenyl benzo hydrox~ate have been prepared 

(92 > .• 

A part of the present investigation have been carried out 

on organotin derivatives of 1:-~·hydroxy succinimide and N ... hydroxy 

phthal.irnice# t1h:lch may be considered as hydroxamic aci~s. So 

detailed discussions on hydroxamic acids and their organotin 

conpounds would be relevant here~ 

The hydroxarrJ.c acids wel:e lm~·.tn for over a centw:y ( 93) 

+ and a considerable body of literature exists on the subject, ft\o'~~lv 
the study of· their chemist~.! and practical applications lagged 

for some years •. 

The :i.Dc:reasing interest . in hydroxamic acids has been 

~ttribUted~ in part, to t'lork on cycloserine (D.-4-amino-3-

isoxazolidone# '1 o~amycin°) (94), ferrichromes (93), work on the 

acceleration of hydrolysis of orga~iC'fluoropho~hates and 

~·- £luorophosphonates sueh as sarin (isopl;Opyl methyl phosphon~ 

fluoridate) by hyaroxan-J.c acids (96). Various ani:uytical appli­

cations (based either on the characteristic colour formed .an 

reaction of hydroxamic acids with ferric chloride solution or 

their ability to act as chelating agents), uses as float.:i.on agents. 

and biochemical or medicinal studies h~V<e been investigated. 

Polymeric hydroxarrdc acids have received some attention as ion-

--~ 
exchange resins (97)• 
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Sandler and Karo have pUblished a review on th~ chemistry 

of hydroxa:mie a.cid in 1972 (98) t The :fi$rst stereochemical concepts 

of hydl:'oxsmi<:: acids tiere proposed by We mer ( 99) t-tho carefully 

d!ffc:;!rentiated bett'~Teen hydroxamic acids and their tautomsrs, the 

hydroximie acids., 

0 
. II 

R ,.. C • NI-IOH .. 

(I) 

OH 
I 

R -c ":)N~H 
. -.......:..· 

(Ii} 

The above structure may be in eqUilibrium a.lso tV'tth other 

tautomeric forn1s: 

0 
II 

R • C ..,.-NHOH 

(:.t) 
-o 

II 
R•·<:•J:U~~ 0 

(III) 

OH 
I 

R •· C =NOH 

(II) 
OH 
I 

R •·C:::t NH--70 

(:tV) 

"• • (I) 

Structure (l:r) . termed as hydro~arcdc a~ids constitute only 

a minor corrponen~ of the tautomeric equilibrium mixture although 

der.i"!Jatives of hydroxamia acid$ c;re well knO\t~n., structure (II:C) 

and (IV)' have been added to the list o:f possible tautomeric fo.rms 

·relatively recei:ltiY U.oOf·lOl)tt 'I'lleir import.€ln<::e becomes obvious 

from the standpoint of the preparation of cyclic hydroxamic acid~ 

For example N oxidation of an appropriately constit-uted molecule 

~*- rr.ay produce a cyclic hyaroxamic acid .(102)~ 



~­

~)-oH 
..... :.,..' 

~t 

11 

0 ------ -(2) 

I 
OH 

0-. 
"-'() 

The variety of substituted hydre»camic: acid is surprisingly 

le_rge. If we c·onsider only th~ structures tolhich may be t-J.ri tten . 

upon allt,ylation and/or acylation of hydroxylamine but ignore the 

t9-utomeric derivatives_, the follo"tt>ling compounds result: 

0 
tl 

R .,.. C • ~1HOH 

0 
II 

(I) 

R - C - NOHR' 

(VII) 

0 
fl 

f;t'-NH0C-R
17 

(X) 

0 
II 

R • C ·10!' N-OH 
I 
Rt 

(V} 

(VIII) 

0 
II _ Q 

R-c~ II _, 
-N-OC-R 

R~c/ 
II c ., 

0 

(Xl) 

0 0 
II II 

R • C ~ N • C - R 1 

I 

0 
II 

OH 

R • C ...., N - ORt 
I 

,Rtt 

(IX) 

I Q R, II 
¥/ N""7"0-C-R 

R 

(XII) 



0 
·· II 
R--c" 

N-OR 
R~c/ 

II 
0 

0 0 . 
R C

tJ . II I 

-N-OC-R., 
l -
H 

(x1v) 

12 

9 9 / 
R-C-N-OG-R 

Ill . 
Rv 

(:;<.v) 

Coit'\Potm.ds such as ·(VII)~ (IX) and (XIII) alo"e esters of 

hydrol::arnic acids and in the case of st.ructt.tte · (VJ:I) are alkyl 

hydro.•·camates,. 

~rnen the distribution of electrons of hydroxamie acid and 

hydroximic acids are consiaeted it trrill be noted that several sites 

exist. t>tit.h vthich these compounds .may aet as neuc:leophil:f.c agents. 

Furthermore the hydroxam:!c ac!d may act as chelating groups. 

~he classical colo~ test for hydroxamie acid with ferric chloride 

involves chelation. Also a common method of isolating these compounds 

':;:( by p.recipite:tion "t-rith cupric ions frequently I:efer1."ed ·to as a 

formation of· cop;Pe~ chelates.: f:J~ce.use of its unusual electron 

dis~~!butionj the chemistry of hydroxamic acid is conu)licatea. 

. The acid st~gth of hydraxa~ic acids has been r-eported 

to be the same order of magnitude as that .of .the carboxylic acids. 

P.t least. soma of thel$le acids are sa.i~.t,C::: be soluble in sodium 

bicaxbonate solution •. 
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·HyaroXaw.ic acids may be prepared by treating esters, acid 

':f.--- chlorides or acid anhydrides \V'ith hydrCQ(ylamine (103) in the 

pres~nce. of alkali and the free acid is cbtained by the addition 

of acid in the appropria~ quantity in cold solution., 

,J 
·~~ 

----s--1> RCONH<!C + Et.OH + H2 0 

-~I> .RCONHOH + IOt 

The general method .employed in the synthesis of N-aryl 

hydroxamic acidS are ·outlined by Yale (103)' in a review worl~. 

One of the ttidely used procedums for the p.r.eparat.icn -~ 

hydroxamic $Cids :1.s b~ed on Schotten, .... Baurnan'Vti"eaoticm. {104l.,. This 

in'Folves the partial .acyiat.ion of the N-aryl hydroxylamine (A) with 

acid ·obloride :I.n aqueous (105) or be:t'l2ene (!06,.107) or d:.lathyl 

ether medium ·(l08;109) • 

Ar .... N-OH 
I 

H 

(A} 

Ar- N • OH 
l 

R -C= 0 

(B) 

-+ N--. a= o 
I 

1 
Cl 

0 
II 

Ar-N•O-Cf!i>R 
l 

R-Ca= 0 

(C) 

. 0 
_ II ' 

+ Ar-N-o-c .. n 
I 

H 

(D) 
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'l!he cour£3e of acylation is ver.:~ sensitive to the proper 
c~ 

-1 choice -of e=-::perimental conditions# ot.he~11ise tne conconroitant 

fo~~tion of disubstituted hydraKamic acid (and possibly the 

O ... acetylated aryl hydrOltylamine, D) takef3. plSiee• 

Most of the workers isolated the desired mono deriv<ativa (B) 
·' from the crude produc;:t by t.:edious. and re~a.ted extJ;act.ion \·tith 

' 
concentrated ammonium ID)'dro:d.de~ in '?17hich the di derivative :(and 

D,. if present) i~ j.nsolub!.e• Stil;n~eq'lletrt::. aeidificat..ion t1ith 

hydroehlor.ie ac.id (110) of the amnon.iooal -$Olt:ttiQn liberates the 

~- hydrco~amic acid• 

On the basis of Schotten..aaunenn reactioo 17 T andon and 

C<>l-1f?:Clrers (111• 112) have prep~d $GYeral ~~ar.vl hydroxamie 

·acids by rea.eting phenyl hydr~lamine (PltU·IOH) "t-1ith a~l chloride 

or its derivatives (R'COCl) in the pr4lsence of GU.lute elkali-t 

P-NUOH + R 1 COCl + ~1aOH 

l 
a..,;..N.-GH 

I 
R 11

.- C = 0 

+ NaCl + H 0. . 2 

Ghosh and sarkar.have $yntheaised succinyl ~ N~phenyl 

hydr~tandc acid ( 113) and adipyl :p~ N~phenyl hydroxW!'.iC acid -(114) 

\<tith :phenyl hyd:.r:oxylamine: and_ Qor.)::'esponding acid chlorides in tee 

cold d!ethyl ether ueing a base (pyri&ne) -~ 
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The acid anhydrides and acyl halides have been used·to 

-~. prepare_ hydrcocarnic acids. Because of ths reactivity of· these 

reagents, freque11tly there is a loss of desirsd pJ;."'duct because 

diacylation may tar..e place to produce N, N•diacylhydl.-oxylamines. 

Thexe is soma evicenoe that a<:yl halides and anhydrides 

initially acyl ate the hydroXyl oxygen. This reaction is· follov1ed 

by ~ more o.t- less rapid rearrangerrant from the o .... acyl hydrc»..-yl­

amina to the bydroxarnic actd (115). In the case- of acylation trtith 

anbydria~s, it has also been proposed that ndiacetyl hydroxarniQ 

-+- acidu forms initj,ally (116):-. 

0 
II 

CH • C • OCCH.; . 3 II .., 
NOH: 

A series of hydroxarnic ~cid may be prepared by this method 

using oif:ferent solvent~ terqperature and period of ro.act_ion. 

Tl~el.--e are many other nsthods for the p.reparat;ion of 

\~ hydroxamics beyond thos~ are described above. These are as foilC*rs: 

Acylation of hyd:t:OX'.llamine t--Ti th errJ.ees (l:l. 7·120) or nitriles 

-t121) • 

. The hydroxylamine derivatives of organot.in has been 

synt}lesised by Harrison ~::a71 .(fea> by t.'ite azeotropic .remove]. of 

~1ater from the mixture of appropriate hydraxylamine and tqe or-ganotin 

oxides or hydroxid~s. / / ,--' 
/ 

107091 

,. ,.~ ... 1 --Jilt l~g\ 
-~ ~ ~"""-



h11he.re R :: Me, n• e: Rn = Et1 R1 
::::: l?h, Rtt a COPht 

R = N .. Pr,. R • = Ph1 R" = COPh; R e Ph, R 1 = Ph1 ~tt = COPh; 

.R = Me1 R1 = H, .R" ~ COl?br R :::1 nwPr, R' = H, nn ::: COPhl •. 

16 

Ho-vJI.!Ver, attempts to prepare :Pb3Sn0j;:JHCOI.-'h by t.Jle same 

rnethtXi only resulted in the fo~ation of tetra.t)henyl tin in high 

---+_ yield, presumably by a disproportion reaction although no pw:e 

dipnenyl tin derivatives cculd be isolated. 

Ph Sn~'!l-lCOl?h 3 . 

The organotin derivatives of N-beP~oyl hydroxylam!nes 

are ext~ly stable in moisture" The .Pn3snONPhCOPh is mononle.ric 

in both crystal and solution phases. to1hereas the triroothyl tin 

derivatives are associated in the $Olid {87,86)~"" 

Diorganot.in de.riva:tives of H-stibstitut.ed benzo hydrc,~arrJ.c 

acids have been pr.epared(89-92) according to the :Eollat'lin9 reaction 

schemet 

R
2

SnO + 2HONR1 R4~ -------&1> r<
2

sn(ONn• .R'' )
2 

+ fl~O 

-~!> .R
2
Sn (ON!{ 8 R" ) 

2 
+fiCl 
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The liberateg hydrochloric· acid was neutralise~ by 25S~ 

aqueous a1nnenia ond remcw.ed as precipitated ammon!um cblor.iBe" 

Phenyl tin halide l;;L.i,a (N-phenyl benzo hydroxarnat.es) hava 

been prepare" by the reaction of triphenyl· tin J;-1 .. phenyl benso 

hydroxamate with mercuric chloride, me.r:curic bror.J.de and mercuric 

iodide (92). 

Phenyl tin thiocyanate l?J.§ (N"!!phenyl benzohydroxamate) has 

been prepared ( 92) from _the corresponding chloride by the dis­

placement of ehlor.:teEj by thiocyanate~ 

' l\ \:../::.::j 

PhSnCl(PBEA)~ + KCNS 
' ~ 

l 
PllSn(CNS) (PEI-IA}

2 
+ t<Cl 

(liPBHA = N•phenyl...N•bexlit"9hYdroxarnic acid) • 
\j-3 

Ccmpounds of the t17pe R2snX (l?BHA) have also been prepared 

by Pradh:;"!n and Ghosh (92~ 12.3) v..rhere R = l?ll* X = Clto r, SC1<7; 

R ::: Bu, X :::: SQ~) through disp.ro~ort.ion reaction. •. 

But P~Sn(SCN) (PBHA) has been prepared by. the reaction of 

corresponding chlorid~ complex t..rith KCNS (124),. 

~h2SnCl (PBiiA) + 1\.CNS 
. 1 . . 
P~~Sn (SCN) (PBI-JA) + KCl. 
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~ra.dh~n and GhQsh (92) have shot-m that penta eoordit.iatect 

j-. dto:l9anotin halide N•phenyl~~benzo h:y'droxamat.ea dispropo~ioria.te 

to the more stable hexa coordinated tin cornpounG.s when refluxed 

with non polar solvent ltl{S :benzene fer long time! 

, I 

\:(__ 

However. in polar solwn.ts J.;JJre methanol,. Ph2SnX(PBHf\) wes 

fotmd not to g~,,e any triphe:nyl tin halide ana PhSn;,X(PBI:-IA,)~ instead. 

another haxe coordinated compound pheny.ltin h-alide, t.!Jethte(y NO. 

phenyl benzo hydroxamate ~..ras found along ~11ith the libe.J:~tion of 

one equival~nt. of be~ene (92} ~ 

The methoxy eompou.11d was also ohta:lnE::d tr.l'hen phenyl tin 

halide ~.,J.\lo:-phenyl benzohydrQltama:te -vias .teflUleed in .n-etha'l'lol with 

the liberation of one mole of ligand (92) • 

.: ..... CH OH 
-~ .. 3 

Ph
2
Sn.'t;(Pl3HA}. __ ..=__~!> 

hi CH OH . 3 
. PhSnX (PB.Ht\) ~ -------='----~ . . .:c. 

sorre mono organotin cerivat:i.vss of hydr~an11e acids was 

prepared ey Nat.~~ and Gupta. (124) .• The-.{ have sy.nthes.tsed five~ 

s.t:< .and seve:a eovrd;tn~·ted mono org~nQtin derivatives o:f hydrox:am!c 
-

ncio• They hav~ isol~t¢d ~~e ~ompounds of the general formulae 

R2.s;n2ol,.,2 ~ {RsnL2 l 2o ·L""irti ·= hy~a.rnie ac:!d uerivatives],'• 

. I 
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Harrison et al (125) ·have p&"epareo a number of orgm~ot.:Ln 

~. hydroxamates follor.'lin9 the USUal proqedureS· (01,8B)e ~hese COlttpounds 

are· of ;tlc16 types R2snt,.,2 (t~here R = E16, ·n-B~ ~'l..,.Octyl, Ph and :WH = 

N-'!•benzoyl N.--phenyl (hyo.reotylamine) ~ n2sx~ (t.rhere 11 = 1~~ X = Cl, 

sr" I) and RsnL3 (t.;lwre R =· n~u>. 

Chaudhuri, Roy and Gho~h (126)_ also ~1thes~sed organotin 

hyd.t"OXamate of the t~ .R2S!l..L2,. R2S:n.XJ.., and .RSnXL2 ('f.-1herG R =·.v 

1\St.hyl, butyl; X c: C!'"",~ Br"""1 !.*"'.,. SO(f and LH ::::: ~~•phenyl 1;-c:hloro 

benzo.: hydroxamic acid) C1lld 11ine new 0r9anotil1 l~·phenyl p.ni·tro 

benzo hydroxamat.Gs {127) of the types R2sntt2 and R2SnYJ:~ (whe~-

R =· rr..ethyl., butyl; ~ = Cl, Brit :t, SCi~ ~.~;d LH r.;: N ..... pheuyl-p-nitro 

ben~o hydroxamic ac!d)Ro Thes~ eom,potmds hev-~ becr.!i.'A· char~ter.:tsed on 

the basis o£ their ·elernental analyses, molar conduct:.m:Ace,. lR and 

PI>m spectral da:~a .. 

They have also synthesised (429) tt-10 ne-11 l.igands v.tz. oxalyl 

~ N•pbenYl hydrox~m:!c acid (L) r;md oxalyl 1?~~ N .. p .. tolyl hydroxamic 

acid. .(L' ) • These bq.ve been used to prep~ some ~'lew t.lfpes of 

~ orga~otin coordination compounds. 

\ +.-

cyclohexyJJ t (R2SnL1 )n 

(R :.; phenyl, ~ut.yl_. benzyl)~. f:<f?.2sncJ.)2L J
2 

and 

£ca2SnC1) 2L' J 2 (R = peatolyl)• Some of these derivatives are 

pol:.ymer.ic in nature .• 

Recently a series of o~ganotin derivatives of hYdroKamic 

acids derived from sucpinyl glutaryl and ad;tpyl chlorides have 

been synthesised {129) !a· 
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Some of these hyaroxamic acids behave as tetradentate ligands 

R-(}-N-O 
. I. 

c =0 

I 
H~C-H 

I 
H-C-H 

·.~ I 
C=O 

R-o--~-0 

R~ = phenyl~ benzyl •. butyl 

R0 = phenyl, benzyl, butylt Cl~ 

··~ 

~-· 



. R e:: H.; Ctis t R 1 = Ct;f- !'!e$ Rn :::: Cy,_ Cl 

n ·;::: ,2i3• 

Th$ organotin bydroxam~te$ have shown gock1 bioci~d 

pro~~~!es, which will be discussed later. 

21 



SCOPE AND OBJECTIVE 



From eerlier discussions it ean be seen that substitut<:!td 

~ hyd~~amic acids yield ?! nuniber of org¢motin de.:~:."!vatives. In these 
/ 

derivatives, the hydroxamic ~aids beh~e as bidentate,. doubly 

b.:ldentate or tetradentate ligands~ e.g~ 

.! 
l 

R"' 

n• =phenyl 



~·· 

R-N 

~~Sn;R' 
.2~ 

I 
c 
I 
(C~}n 
I ~ 

0/1 \R' c 
t 

R-N. 0 

R = Phenyl; p-tolyl 

R1 = phenyl, benzyl, rrethylt butyl, Cl, 

n = 21 3.,4. 

But so far no o.rganot.in hydroxemates has been isolated, · 

where hyaroxamic aciqs behave as tridentate ligands. N-hydroxy 

succinimice and N-bydraxy phthalirnide have th~e coor~inating 

positions available, though they may not behave :for an ideal 

tridentate lig<;mds duE;) to steric reasons. 

0 
II 

c"" (r~~~~/ N- OH 

~c/ 
II 
0 



In the present investigation; it was proppsed to investigate 

~ t11e organotin derivatives of N•hydr~~ succinimide and N•hydragy 

phtha.limide' to see t-rhether coordinated chelate compounds involving 
•' 

coordination from one of u..ro carbonyl g~oups can be obtained, 
. -: 

~d.th simultaneous repl'cK:!errent of the proton of the N-OH group. In 

sucb casa,. one would expecti the other carbonyl group may not be 

involved in chelate formation. In coordination from both the carbonyl 
I 

9J:.'"Oups .ta'kes place~ the resultant organot.in derivative 'VJ'ill contain 

a tridentate hydrox~ic acid ligands~ In case none of the carbonyl 

group COOrdinateS t-1ith the organotin moiety~ the resultant COII!PO\md 

may result as an ester of hydre>Xamic acid by replacing the proton 

of ~he N·OH group. For stoichiometric reasons, there might be a 

possibility of ~16 formation of distannoxyl derivative of N-hydroxy 

hydl.-oxem!c acids. Results (~j:; far obtained indicate monoiTSric tri 
' '' 

organotin ~•hydrox.y succL~imide or N-hydraxy phthalimide could be 

obtained• where as diorganotin derivatives yield polymeric stannoxane 

derivatives. l:n a11· ·cases, none of the carbonyl groups of any of· 

these ligands ¢·.:.:.(~\provide significant intramolecular co.ordination. 



E X P E R I M E N T A L 



Tin was estimated gravitr.etrically by conversion to Sn(IV) 

-~ oxide and finally to volatile st~~nic iodide, essentially py· the 

methOd of Vander Ke.rl£ and Luijten (.'130). 

Anqlys.is of the col@ounds for carbon« hydrogen and nitr¢gen 

v.-1ere carried out at Regional Sophisticated · :tnstrtunentation centre, 

Punjab University, Chandigarh and Centr~ Drug Research Institute, 

Lucknow"' 

UV S}.:-E:Ctral data were taken in Shimad2u UV -. 160 

Spectrophotcmetez:,. "Uvasol" C~e.rc'k) methanol t"iaS used as solvent. 

Conductance measurerr~nt have 'been carried out in PYE UNICAM 

conductivity n-eter (PW ·gso9) using "u"vasol" rrethanol. 

The infrared spectra have been tal~en in the range be'f:t.Jeen 

4000-500 cm-1 for most of the compounds using- Beckmann IR .. 20· and 

l?ye.tmicam-s;t? .. 300S infrared spectrophotometer equipped t'lith I<.Br 

optiCS and mulling the COIYpO\lndS in nujol. ll'et11 IR spectra have 

also been- recorded in the range be'b<teen 4000.200 crct1 at RSIC 

North East Hill University. Shillong1 s1eghalaya in PERt<lN ELMER 

P~'l',. Infrared spectrophotometer (error limit = + 5 cm-1 >. 
- -

Th~ foll~~ing abbreviations have been used to ~ress 

the intensity of the IR absoJ:J;~tion bands: 

b = broaa, sh = shoulder. h ~ hump~ nujol had peaks at 

3000-2SOO cm-1 (v.s.> 1460 em-~ <s>. 1376 cm-1 (m),.. 
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Sorre 1H .NMR have been recorded in VA-EM-390: 90 MHz Nl·lR· 

Spectrophotometer at RSIC~ North East Hill Un:tver$ity,, Shillong 

using CDC1
3 

snd in some cases DNso-..a6 as solvent,. 

'.I'he 13c, 119sn and aolr$ 1H NHR. spectral data t'lere obtained 

(through the courtsey of Dr., D: •. J. Greenslade) with Bruker triP 80 SY 

Nul tinuclaa.r 9 0 l1Hz FT Nr~ Spect.rophot.om::rter and JEOL P:11X 60 

SI cw 1H Spectrophotometers at the Departmen·c of Chemistr:J . and 

Biological Chemistry., University of Esse.~# Colchester, U,.R. 

coc13 was used as th~ solvent and T}~ as reference unless othe~:ise 

mentioned. In case of -119sn NM.R spectra chemical shifts t11ere recorded 

against tet:amethyl tin.,. 

Preparation of starting Materials: 

All the sol vents vi~ benzene, petroleum ether .(boiling 
0 0 . 

range 60 ~0 C)., chloroform, diethyl ether• meth~ol etc.. used 

in the experiments, were purified and dried according to the methods 

~ described in Vogef• s Practical Organic Chemistry (131h Tr:t.buty!' 

tin ·oxide, d.ibutyl tin dichloride, dibutyl tin oxide, dilrethyl tin 

oxide, triphenyl tin chlorid~, diphenyl tin dichloride and N-hydro~ 

phthalirnide were Alfa/Fluka products, and were used without further 

purification in .most cases. All the melting points reported here 

are uncorrected. 
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Dibenzyl tin dichloride was prepared by the method of 
1' . 

Sistido ert al (132L~ It t-ras ltecrystal!sed ftom ethyl acetate and 

dried in air. 

Found ; 

Calcd : 

c 44.95. 

c 45.16 

H s.6o 
H 3.76 

Diphenyl tin Dichloride 

D iphenyl tin dichloride was prepared by tha method of 

Gilman e·t al (133) ano -v1as recrystedised from pet ether. It was 

air dried and had l!lP 42-44°«;: (lit l!'g;) 4l-43°C). 

3 • D iphenyl tin Oxide 

Polymeric diphenyl tin oxide ~-ras prepared·· by the reaction 

~ of diphenyl tin dichloride with SO% excess of NaOH as described 

by McLean. Th;l.s was dried in air and finally in vacuum at room 

temperature for 12 hour:.;._ 

4~ . ~- (T:riphenyl tin) oxide 

It was prepared by the reaction of triphenyl tin chloride 

"t·tith 50'/o excess of NaOH,. as desc.:ribed by r1e~Lean et) aJ) (134} .. It 
~ ! / 

t--tas. ~.ieo in air and finally in vacuum at room tcmperatum for 

12 hours~ 

0 np 122-24 c~ 
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s. succinic Anhydride 

succinic enhydride was prepared by' the math&~ol·described 

Sandler and l<aro (135) • To a ~ltts1~ equipped with a reflUX condenser 

topped ~11ith a. tUbe lead:t11g i~ an HCl trap is added 118 gm (1• 0 

moles) o£ succinic acid and 2j5 gm (215 ml, 3." 0 moles) of acetyl 

chlor!oe. The contents are refl~ed for 2•3 hours- cooled~ t~ 

anhydride fil·cered, t'lashed twice t11ith 75 ml of eold ethe.:r-, and 

dried u..'lder reduced p~essure te afford 93'!11095 gm (93•95?~),. ~ 11S0
-

1190C {lit 119•120°C). 

6. 

N-Hydra&y auccinimide has been prepared following the method 

of I<.ung .. Tsung Wang et al (136) • 

. A freshly prepared solution o£ sOdium (6, 70g# Oe 29lg 

atom) in meth~ol (iOO rnl) was pouz.·ed into. a stirred suspension 

of finely ground hydroxylamine hydroehloriee (22.2g, 0.291 mole) 

in methanol (100 ml),. The mixture t..ras .refl'UXed on a steam bath for 

~ 15 minutes, chilled in an ice bath for 15 minutes and filtered 

to zemove precipitated sodi'Wll·Chlot·iae,. Succinic enhydricle (29.1g, 

O~r291 moie) t-1as added in small portions o-ver a several minute period 

to the stirred hydroxylamine filtrate $nd the resulting liquid was 

boiled for 2 hours. E~ess solvent was removed by distillation1 

tolune (1200 ml) was miXed t1ith the viscous N-hydroxy succinimic 

aci.d and refluxing t-tas. continUed for another 4 hours. During the 

-+- period, a Dean-starlc Water separator ~-;as used to coilect a mixture 

of ·Itathanol tolune ''~ater (200 ml) .• 'I'he hot solvent was decanted, 
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end on standing deposited crude N•hyd~ suceinimide, ff1P 86~92°C. 
. I 

The residual sol.;ld in. the reaction flaslt t-.ras extrac:ted 't-tith a 

combination o£ tol,une mother liquor ·and methyl ethyl lcetone 

{100 ml) and on concentration and cooling afforded a second crop 
,. 

of prodUct. '!'he compound t>1as further C)orystal~sed from ethYl 

acetate to ftnd 16. Sg (49"tf>) of white __ :f'la,_kes- trip 97 ... 9S°C. 

flit '(136) rrp 98°CJ,. 

3000(b) * 1775(s), l?OO(b),. 1420(s), 136S(s), 133.0Ct.,), 

1220(b)~ l070(s), 99S(s)., SlO(a),. '110(s), 64$(s). 

1. 'L'ributyl ·tin_ N•hyc1roxy plithal~de 

N•Hydroxy phthalimide ·(652 mg, /'V 4 m.mol$s) and·~ tri 

n~butyl tin oxide (1.192g,./V 2 m.moles) r.~ere taken in a 250 m1 
. . 

rowd bottom :Elask6. 150 ml benzene ~~as poured in it. 11he miXture 
' . . 

v1as reflu."(ed for 4 hours ~1ith a Pean Stark ~'later separator. ~he 
' 

colour of the solution gradually changed to deep yella1. IJ:he 

reaction miKture was cooled and filtered. The clear yellow filtrate 

"t>las concentrated to about 15 rnl.en Jreeping ove'"night, deep yellow 

crystals appeazed. 

(Yield ::;:"-" 70"h) 

The CrtJstals ~16re dissol.ved in m;ini!mjiD voltlrrce of chloroform. 

tvnrmed and then a few o .. .t:ops of mathanol were ;adde•l" A yellatir' 

~.t repeated erystall.:tsation from chloro£orm net.hanol. mix·t.ure. 
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0 The compound nelted at 86-67 c. 

Found = 

Cal.Cd : 

c 52'.21 

c 53.09 

Important. Infrared Spectral data (em •l) ; 

· 1770(m) 1 1700(s), 1300(t:r), l200(s), 1170h1), 1100(rn), 

1030(rn), 990(s), 700(s), 800·(m), 7l.O(s)~ 6SO(t>~>, G20(t.,). 

e •. 'I'riRhenyl tin N-hydr~y _phthalimi~ 

30 

N-Hydroxy phthalimide (652 mgt"""' 4 m.moles) and b:iL,t:i 

(triphenyl t.in)oxide (l.432g"rv 2 m.moles} lltere taken in 150 rnl 

benzene in a 250 ml round hott:cm flask". The mbtture was refluxed 

for 4·hours with a Dean-Stark Water Separator. ~he colour of the 

reaction mixture chang~d to yellOt..r• The reaction rnix:tuxe t-ras 

alla.1ed to cool and filtered~ ~he filtrate was concentrated to 

about 10 ml~· Y~llekJ crystals' appeared on 1<.eeping the solution 

ovel."n!ght. 

-j.._ ·(Yield = rv 55%) 

The compound was purified by repeated c~rstallisation o£ 

the proouct from cblorofol:m methanol mixtun;o lt. t'>]eS dried in 

vacuum~ 

Found • 

Calcd a 

c 59.95 

c 60.93 

H 3.60 N 2e55 Sn 22e86 

H 3.:73. N 2. 73 sn 2341!24. 

I 

~ 
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Irqport.ant Infrared Spectral :Oa·ta (em-1 ) t 

l·770(t1), 1690(s)~. l190(m), l3.60(m}, l.OSO(m), 1020(m)• 

1000('tt), 990.(s), S90Cm), 790(t.,), 740(s); 700(s) .• 660(rnL. 

9. Tri~yclohexyl tin N~hgdroxt Eht~alimid~ 

A miXture of tricyclohexyl tin hydroxide (1.54g;~4 m •. moles) 

and, N-hydroxy phthalim!de (652 mg;.rv 4 m. moles) tfas t.a3ten in a . 

250 tnl_ round bott.~ flask,. 150 ml·be~ene ttas poured in it. 

Refluxing t-tas carried out for 4 hours ae described earlier. During 
; ' .. . 

reflusing t..~ colour of the solution changed to yellow• It t-tas 

cooled and filtered., 'l'he filtrate vtas concentr~ted . to .rv 15 ml_. Pale 

yellow crys·C.alline product appeared on l\eeping ove.rnigbt. 'l:he pure 

compound was ·obtained by .repeated crystallizations from the same 

.sol.ven·t; and it. tvas dried . .in va<:utijjl. 

{Yield =rv6o;~) 
' 6 

The eompound melted at. 195-96 c. 

Fo?J,ng #. c 57,94 H 7.04 1~ 2.56 sn 22 •• 02 

Caled !J c 58 .• 86. a 6 .• 98 N 2ti64 sn 22.,45 

Important Infr~d Spectre~ De.t.a. (cm"'"'1 ) l 

1700(s), 1610hn)-~ 1540(s),. lSOO(m)~ 12SO(m)" 1180(s)# 

1110(s)~ .l-090(m) 1 . lOSO(tlf} 41 lOOO(m),:. 950.(m), 900(w)~: 790(m), 

760(!Ql, 700(s),. 660(m), 650(w}~ 

·, 
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~etrawethyl 1; 3 . d.i N-hzdroxy yzhi:halimido d.istannoxane 

(l?ol;ymeril3lf0 

32 

:a\ miXture of dimethyl tin ~:ide (660 mg;rv4 m. moles) a11d 

N•hydtoxy pht.halimide (652 mgr /'-/ 4 nl• moles) was taken in a 250 c. c. 
" ' 

refluxed fa~· 3 hours using a t'li'atex- sE.":;(:Jerai~oJ:~ Whe colot~ changed to 

:yt?llat-to 'l'he reaction mixture w·as filtered hot~ The filtrate was 

(Yield = rv 6~ ). 

Foun¢1 : 

Calcd $· 

c 37-.7~ 
c 37~.61 

Important Infrared Spectral Data· (em•1) 3 · 
. . -

'_1763(m), 1677(s)_, 1191'(s), llSS(m), 1083(w), 1077(m), 

984(s), 992{s}i 7S6{m),. 776(m), 696(m)1 671(m),. 627{m)• 607(m) 1 

594 (m), 521(m), 500 (m), 496(\'1) * 44l(t..r) 1 3.Sl{t-t) • 

11. ~~rqb\ltx! .• ~J.3 .H!-~· .. nx~ pnt;h~!,~q,.,c.y.~~an110£..an~ 
.(Polvm .. r;tc ~. 

· A mixtu%'$ of dibutyl tin ox.ic1e (996 mg;.rv4 m.moles) and 

N-hydroxy pbthalim.i.de (652 mg;rv 4 m~moles} 't'las tal<:en in a 250 ml 

rom1d bottom flask •. 150 m1 benzene t-la£1 added to it.- •rhe mJ.xtu~ 
~ . 

was ~fl't.med for 4 hours equipped w.i th Peen Starlt t'iater Separator~ 
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Then it was cooled ana filte~d. The filtrate was concentrated to 

-i,.._ rv25 ml. The orange coloured solution yielded an yell~f ~1hite 

pat'!der (A) on standing for an hour,. t•lhich t'1as filtered., ':Vhe product 
. . 

could not be ~urified and. characterised. The•deep orange filtrate 

l>1as ltept overnight, -·."from t'li'hich orange cry~tals (B) appeared• It 

was rec~JStallized from chloro~Orffi~r~thanol mixture and was dried 

in vacuum. 

C~ield. = 1'"'-J 7a;r.) 

The melt!n9 point was :found- 210°C •. 

Found : 

Calcd • 

c 47.77 

c 47.64 

H 5•$5 N 3.43 Sn 29.62 

H s.4S N 3 41 4-7 Sn · 29.52 

. { -1) lmpo:cte;nt Infrared S2ectr~ Data an : 

l761(m), 1697(s), 1359(s), 1292(m), 1264(t.,), l1S2(m), 

1156(e), 1002.(m), l040'(m), l016(ml, 9SO(m), 921(m),. 890{w); 

776(rn), -700{s), 694(rn),. 654(m), 576(m) 1 522(m), 497 (w), 460{w), 

~--- 397(w), 371Ct11)~ 3S4(t~), 289bt)._ 

N .... Hydroxy succinimide (460 mg; /'J 4 m.moles) and ~ · 

tr.ibutyl tin axice C1.192g; /'V 2 rn,mol~s) were taken in a round 
. ' 

bottom flask~ 150 rnl benzene was poured in it• The miXture tt7as 

refluxed for 4 hours with water separator. ~he reaction -mi.'"<ture 

was cooled and filtered. The filtrate t1€lS concentrated to about 

15 ml and kt;pt overnight. A white p_roauct appeared. 
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'I'he ~mpound decomposed at rv 70 C:" 

Moreover t.ha compound decomposed ~men kept even in a vacuum 

desiccator,. The elernantal analyses indicated the impure natute of 

the compound o.ue to its UllStable natU~• 

% Analyses for c1~31 O;}~Sn B 
I. T I F 

Found ; c 45.60 a 6.10 t-l 2.·1S sn 27.33 

Calc(! • c 41.52 H 7.6'1 N 3.46 sn 29.45 • 

Important Infrared Spectral . Data. (crn..,.1 ) ; . 

. 16SO(s}, 1570(s) ;· 1220•(m), 1100(m), · 1060(t-7l; 1040(w), 

960(w), seobn); 830('t-t),. 780(w) •. 710(w),, 670(s); 610(w).-

'rhe la, 1Sc ana 119sn N~ spectra indicated impure nature 

13. Triphenyl tin ~l•hydroxy suco~imi~ 

A miXture Qf bis (triphenyl tin oxide)(1,4~2g;0--' 2 ·m.moles) 

arid ~·hyetroxy. sucCinimide ·< (460 mg:rv4 n~. moles). t'las taken· in a 

round 'bottom flaslt• 150 ml berlZene tqas 'poured in it• The mixture 

t'ITaS stirred for fev: minutes and ·then refluxed for 4 hours w;tth a 

Dean stark water separator. The reaction mixture was allc:.»ted t.o 
/ 

cool and then filterea. The filtrate was concentrated to about 

10 ml. I<.ept overnight, white crystalline product appeared. 

(Yield = A..--60}6 > 

The compound \fas purified by repeated crystallization from 

chloroform mathanol m:i.Xture~ :tt. \'las dried in air ancl finally in a 

.+ vacuum desiecat.o~ .. 
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Found 

Calcd 

The coli!Pound 't17~S found to melt at 112 °c. 

: c 5_6.15 

c 56.89 

H 4.10 N 2.87 sn 24.98 

H 4e09 N 3.03. sn 25.64 

Important Infrared Spectral Data_ (cm""'1 ): 

i7S5h11>. 1705(sl, 131!5("'¥), 1290(~1),- 1230(e), 1150(t..r), 

llOO(s), 1020(s), lOOO(m), 84Q(t.,), 750(s), 710(m), 670(m). 
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14. $etracvcloh~l 1:3 di N•qydroxv sqccinimida distannoxane 
(Polymeric) 

and N•hydrOX'./ suc;:cinimicle (460 mg; /'./ 4 m. moles) w~ talten in· 2SO . 
. . \ 

rnl round bottom flasl~. 150 ml benzene V>lSS poured in it and refluxe4 
I 

. ! I 
for 4 hours as described earliet:'. :.tt ties cooled and filtered, the \', 

. \ . 
. \ 

filtrate t#as concentr:ated to_/'./ 15 ml, tthite crystalline product ~-

appeared on keeping overnight. Repeated cr.tstallisa~iOl'l frora 

chlorofo~~metnanol mixture yielded a eowpound.having a mel~ing 

-~ point l.S0°c. 

{Yield ::Jrv sa;~) 

Found # c 47~10 H 6.26' N 3.60 sn 29.39 

Calcd .·: c il7.l? H 6.38 N 3;.43 sn 29.23 
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lrop~rtant Infra!£.~d-~ctra1 Data (cr~r··1 >: 
1780(s) • 1660(s) •· l300(t->t) t 12SO(s) • 11SO(w) .- 1090(tn). 

1070(m), lOOO(m), 890Cw>. B20(m), _7soCs), s80(ti1l,. 490('W), 

475'(w); 320(w >. · 

15~ Tetrame~~yl 1:3 di N-hxdroxy s~?cinimid® distann~~~ 

(Polxmr.t~ t 

36 

Dimethyl tin oxide ( 660 mg; /V 4 m.mole.s) and N-hydroxy 

suecinimide (450 fn9frv 4 rn~moles) wexe taken in a 250 ml round 

bottom £lask. 150 ml benzene t-.ras poured :in it. The rr.ixture t..ras 

~ stirred :Eor fet<T rnin'Utes. Then it. v.ras. ~fluxed for. 4 hours \'lith 
I 

---+-
• ••• J 

a Dean Stark ti~te:r Separator.,. The reaci;,ion .mi.""Ct.ure \'taa filtered 

hot. ~'he filtrate was concentrated to about 15 ml mc.l t~as alla11~d 

to stand : pcwae.ry sUbstance Vt!JrJT l.:f.ght pink in colon~ ~1as ~ppe~d. 

The solubility of th~ product t.Yas very poor :l.n common ol;'ganic 

solvent. It was "Ja.$h~ with. hot benzen~ ;and dried in vac;uum. 

(Y"ield r::::;vS~). 

The compound decomposed at lS9•90°C. 

Found 3 

Calcd .t 

e 26.,43 

c -26.56 

Important Infrared spec:trel Data (cm~1 > 

1770(m)f 1670(a), 1300(w), 1250(s), 1210(<t.j.), l090(s), 

·1060(rn), 1000(m); SOO(m),_ 750(m),. 675(m), 610(m), 576(s), 

535(t;7);. 460(trJ) 1 300bt)e 
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16~ 'l'etre'RR't%1 ·1: 3 di N-hl:di'OXy suocin.imido di stannoxane 
(Polyneric) 

37 

A miXture of d:l.bUtyl tin oxide (996 mgt/\/ 4 m.moles} and 

1~-hydroxy suceinimide ,(460 mg; rv4 m.mol\9sl r,..raf;J tal~en in a 250 c.c:. 

round bottom flasl(e 150 rnl benzene w·as poured in it. ~he miXture 

~ras then 3:efluxed for 4 hc.urs using a t'tater separator~ lt "'~as then 

cooled and filtered• The :filtra:te was then conc:entratad to ..-v 10 ml 

and kept overnight. A t-lhite crystalline product appeared.,. lt tv-as 
' :· : 

~ec~yst.allised. from cihlozoof.o~methanol mixt~~· The prOduct t·1as 

dried in vsct.rum •. 

. (Yield ::; /V' 62~) 

The pure compound ·mel tad at 140°c., 

.,'%Analysis· for c 24H.44p?N2sn2 .=· 

li'ound .t 

Calcd : c 40.56 

Important Infrared ·spectral Data (cm~1 ) 
/ 

-~ 1780(s) ~ l690(sl, 1~40(s), 1090(s)., lOOO.(mJ, 890(m), 
/ ...... 

~--· 

. . . 

S20(m>. 73S(m)., 670(s>, 620·Cm>• SBO·C111l* 560(sl-. 440(w), 3SO("t1), 

. 300(w). 
' ' 

some_ attem,ptea.reactions: 

Reactions have "also been carried out with diben2yltin 

dichloride,. tr!benzyl tin chloride, Cl2Sn(Ci2CI12cooca
3

>2, 

c 6H5¢H{SnCl3 )C!H2coc61is and N~hydroxy phthal!mid~ .and also with 

N-hyd~ succinimdde separately~ In most of. the cases· a 9Urnm¥ 
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. ~1' ~, I ' ' 

produ~'t appeared, ifr'.rom which no pw:e product ean so far be isolated•'> 
/\\ ' 

~n f6me cases s~arting materials t-rere ,recovered unchanged ;!ndicat:ing 

no ~eact.ion took place. . . 
I 
/I 

· '! ~he results of the above said .reactions can be :;;n.Utn~arised 

--------.---~---------------------------------~-----·-.u~ ~ 
Organotin com,pounds Result of Reaction 

--------------------------------------~--------------------------1,. D ibel'.zyl tin 
dichloride 

2.- Tr.ibenzyl tin 
chloride 

5" DiberiZyl tin , 
dichloria;: 

6• 'Jh:ibenzy~ tin 
chloride 

7., Cl.2Sn(CH2CH2COOQ:i$ }2 . . 

N-hydroxy 
ppt.l'lalimid~ 

N'!'eh:srar~:sr 
succ.tn~de 

Roact.ants recovered 
m1cn;;mged 

Reactants reccve~d 
unchanged 



-~-

39 

'l?ABIE .I 

.~10~\.R CONDUcrANCE OF. SO!<IJE OF ~IE Get<APOtJNbS 

TeriiP- 25°C Solvent I'-%etl'l$lol 

Pol'l'fPOUl'ld Molar Cond~ctance ( :>.. ) 
t·iho em 

Tr;Lphenyl tin l~-hydrc:cty 21.66 
phthalirnide 

Tricyclohexyl tin :t-1-hydraxy 24.19 
pnthelimide 

T~t.rabt.rtyl 1:3 di N.,..hydroxy phthal.imido 25 .• 50 
dista.r.tn())C.ane 

Tr.:!butyl tir1 H-hydrCQCy suceinill'1!de 

TJ;"iphenyl tin N•hydrccy. 
succ;;tnimid~ 

1~3 

Tetraeycloheltyl,. oi N•byd.rOXy 
succinimido distannoxan~ 

TI.Ziltrabutyl 1 !3 ot N .... hydraxy 
succinimido di stannoxane 

17~10 

18.80 

15.60 

15 .. 10 

·-·-~~---· ------·-~--. ·-·------~~-----------------------------------------
These molar conduct~ce values indicated essentially 

~.j,· non ionic nature of these compounds •. 
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:!'ABLE II 

-----,~ ...... ,-----------------------·-----' ....... -··-·------
Conpound 

' 
Chemical shift (& ) 

Aromatic Allcyl Others 
protons protons 

----~--------------------------------~------------------------

T ributyl tin N-hydrOXy 
phthalimioe 

Tripnenyl thl N~hydr~ 
phthal.imide 

4J: ricyclohexyl tin 
t~-l'lycroxy phtha:limide 

a.a<t) 

7,.8!m) 
s~-1e£c.r> 

. 7 .. S5(m) 

Tetrabutyl 1:3 7~·?<s:t> 
d.i N-hydraKy p1ltha1.imido 
dist.enno.xane 

N•H.Ydr~t;t/ 
succinini$.de 

T riphenyl tin N•hydi'Q.8.Y 
.suc¢.in!mide · 

Tetra ~yclobe.x~~ 1:3 
di ~~•hydroxy 
sucein.irnido oi 
stannoxane 

'l'etrabut.yl 1#3' di 
N-hydroxy succinimido 
dist.annoxane . 

1~36(~) 
le-39 to 
2~9 Cr.:owp) 

O.g-9 (t) 
1 .• 36(com,pl 
1~80(d) 

2.46(s) 

s = singlet~ d = doublet1· t. = triplst~ q = qua~~t 

l0.64(s) 
( OH..proton) 

1.65(comp) 

3.S(h.) 
< OI-1-p~oton.) 

:!.-..3 (d)# 
1.65(d) 
l~S(dd} 

dd = c1oubl.G.t of a doublet, comp = complej:r.L:~., m = rr·u..1.tiplet, HI= hump 
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Naflyd.roxy 
phthalimide 

T ribut.yl tin 
ti .... hydr<»ty 
phthalimic® 

Triphenyl tin N•hyd~y 
phthe.lim1de 

Tetrabut.yl 1 t3 di -
N.,.hydroxy phthalirnido 
dts·tar.moxane 

N~lyaroxy 
succ:d.nimide 

Tr:l.phc:1nyl tin 
N~hyd~oxy suecinimi~ 

~et:rabut".{l 1 :a di 
!·~-hyorO).'Y auccinim:tdo 
dis·tannoxane 

A~m~tic 
eatbon 

3.22~86-· 
12S.69~ 
134-.4~ 

122iil'60#· 
129 •. 52, 
l3S.G2 

.122~t74~ 
129;;.12. 
129~61~ 
129.89. 
130,.51;, 
133~66, 
136.95 

122.,.48# 
130rt05, 
133~.18 

129~79~ 
130~10, 
3.3 o.$$ ,,. 
136.75 

A;JJtyl 
ca;r:bon 

li~.S4i 
26.76, 
·>~ ·og .. 
... ~)q,-0 • 

27.52 

25.,.12. 

13-61, 
25.02,; 
26,.75, 
26,jtS6, 
27 •. 53 

ca.P,onyl 
carbon 

165.32 

172.77 

41 
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Tril:lut.yl tin N.• .. hydrd:itl! 

phthalimide· 

~ripnenyl ttn N~hyoroxy 
phtbelJ.rniae 

Tetra'butJ('!'l 1:3 di U~liydx."'XY, 
' ' 

Triphenyl tin N•hyd~y 
succ::inimide 

Tetrabut.~~l 1 t 3 di N.bydrc:Qty 

suce,inimido distannoxene 

• • ' J \· 

131,45 

An at.tenv?t. h~e been talten to determine the molecular 

-v.reight ~f these compot.111ds foll~·Ting i~ast• s method" Carrpnor 

(mp 17B°C) used a~ solventer Cx,-,..roscopic constant for Camphor, 

Kf e.: 39.7°C 
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In so~ cases molecuii!l.r weight by Rast method could not 

be determined as those compo-qndst,r~re insoluble in Carqphor. 

TABLE V 

APPA~lT.MOLECULAR WEIGf~ DATA 

Conpound 

Tributyl tin l~~hydroA"Y 

phth~imiee 

T.ripbenyl tin N•hydroxy 
phtb.al.imida 

Tricyclohexyl tin N~nydroxy 

phthalirnide 

Tetrabutyl 1 •3 di N .. hy~.i 

phthalindoo cl:Lst.a.""ll'lO);ane 

Triphenyl tin ~1-hy(lrOJty 
., succinirnide 

1'etrachyclohexyl 1 :3 di 

N·~dr~1f succinimido 
distannoxane 

Tetra]:)utyl l :3 di N-hydr~ 

succ.:Ln.imido distannoxane 

-
Found 

446 

555 

44:2 

460 

452 

Calcd 
(for monorrtar) 

452 

512 

S30 

796 

464 

814 

712 
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In case of tr!organotin derivatives~ these values indieat.ed 

the monomeric natlire of the compounds!: But. in case of ai organotin 

derivatives, the values obtained by Rast method gave abno~ally 

lOt'l values.- In this connection, it may be referred to some earlier 

~york fcons.idine et. al (137lJ. IJ!hey %~Sported that the (c6a 5ol 

(c4H9 >2sn.-o-sn<c4n9 >2 (oc~5> dissociates at higher teni>eratu.t'el 

required for Rast method to give lav-e;r values for molecular trteight. 

of the compound. It is ~egretted duG to certain difficulties it 

was ·not possible to deterw~ne the molecul~ weights o£ these 

compounds osm01r.etrically which could give better ideas about tn~ 

nai;ure of these compounds. 

~eactions. of N-.(q;c?roxl methyl) Ph;t11.¥if?ide ~i~ 

dto:;ssnottn oxipes 

1 •. !2.~methtl 1;.1.n ro!da ·: Reac:t:Z.on of dimethyl tin oxide and 

N• (hydroxy methyl) phthal.;f.mide tt1as carried out in 1: 1 molar ratio 

in 1-e~ene and t-19.$ refluxed. for four hours. 'l?he product .tsolateii 

from the reaction miXture was a white crystalline substance 

(mp 190-81 °C). Whe product 't"las washed several times t'lith chloroform~ 
r! 

~he elerrental anav7ses gave the foll(»rin" results= ·.z r . 1::.7 

C :;,. ·s6-.S~; li = 3.96; N == 3-~Bl anc1 sn = 2?.-0S percent. 
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( -1) Important Infr~d S_peotral Data c~ _ 
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-~ 3500(b), 3200(m), l710(v<>s~b), 1190(m), 1160($), 1070(s), 

995(s), 860Cm), 820{s)~ 750(s), 730(rn), 640(m)~ 

iJ.:'he COfi!POund ~1as sparingly soluble in corrrnon organic solvents. 

As a rGsult of tfhich 1H, 13c and 119sn Nt.m spectra of th:ls compound 

could not be recorded. 

2. !Libutyl tin _oxi~i : 

Reaction of oibutyi tin axiae ana N•(hydr~"Y rr~thyl) 

pht'halimiae '\<las also carrted,.out in 1#:4 molar ratio in refluxing 

ben~ene for £cur hours. A ~1hite crystalline product was isolated 

(mp l90•192°C). The product \'las washed t-tith chloroform and dried •. 
./ 

The elemental analyses gave the foll~~ing data. ,. 
. I 

c = 51.~·02; H = 5.24; N = 1•98 and sn = 32.83 percent. 

_' ._1 . 
The Infrared data (Nujol- ·em -> were as follows: 

3·490(fn), 3200(m), 1720(v.s.b), 1380(s), 1320(s), 11SO(w), 

l160(m), 1070( s), 990(m) 1 S60(m), 840(m}, 750{s), 730(s) i 66(JCm), 

640(m). 

The compound was also almost insol~e; in common organic 

~olvents. Hence 1H,_ 13c ·and 119sn Nt,ln spectr(;i coUl.cl not be mcorded. 
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From the elemental analytical data no reasona1 moleeular 

~ fortmlla for the$e compounds could be suggested. Noreover, the l:R 

spectra indicated presence of hydroxyl bands" Fin ally, no ~U·1R 

spectra could be recorded for these compounds •. Hence, it was not 

possible to suggest the nature of these corqpounds and therefore, 

no further organotin derivative t-ras at.tercpted .for N-(hydroxy methyl) 

phthalimi~. 
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b~s (~riorganotin) oxides or polymeric diorganotin ~ides 

~~--- generally react 1-~ith bidentate ligands (J:InL} like ra •cU.loSJtones, 

S•hydr&.Ky qUinolines1 substituted hydroxamic acids; diphenyl 

carbazones, diphenythiooarbazones etc; in the follotr;ing -manners:· 

(L = chelate ligands) 

Du.rillg the reactions bett..reen -~ (triorganotin) oxides \tith 

t~ .... hydrcmy suecinirnids or N .. hydroxy phthalimiqe# it t-tas observed 

that the triorganotin derivatives of these ligands do not form 

any chelateCl specieS nor these derivatives contain any Sn~Sn 

bonds~ These reactions can ~ illustrated as folla~s: 

0 
II 

c-~ 2R3Sn-O- N~ + 
e-
ll 
0 
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But the reactions of diorga.'lot.in oxides with N<~!~!hydl!Oxy 

~ succinimide orN-hydr~~ phthalimide proceeded in somewhat different 
' ' 

way and the organotin derivatives obtai.nGd in these cases altoJays 

contain sn~o•sn bonds and are probably polymeric in nature. 

0 
Jl 

nHO-· /c-} 
)c-. 

0 

II 
0 

II . 

{
-c . R R 

'\. · I I 
N-0-Sn-o-· Sn-0-

/ I I 
-C R R 

n 
0 

N 

0 

~-} /· 

\ ·c-
,. ~ 

'!'he 119sn spectra of some of the d.:Lorganotin derivatives 

indicated 'bto types of tin atom$ in the ~ompounds. 

Organo starmox.anes ccn:taining sn .... o-sn bonds &'e known for 

last. few decades. A number of organo stannoxanes have been 

reported (138),. The. characteristic properties due to the Sn-O•Sn 

bond t..ras discussed by Oka,.1ara (139) for tetraalltyleiol,3 di 

stannoxane Cln2snosna2Cl and tetraalkyl 1,3 ~ (trimE!thylsiloxy) 

distanno."'Canes Me3Si-OR2sn .. O..snR20sll1e3 • The above compounds axe 

dimoric in benzene solution and suggested the presence of a four 

rnenbered ring due to th~ coomination from the oxygen atom between 
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tt-to tin atoms of one chain to a tin atom of the other chain., 

R R R R 
X \ I \ I -;-. r-s~x 

1'1:-91- 0 --- Sn ___:_X 

(\ . (\R 

Davies et al (140) reported t.he.t the exhaustive hydrolysis 

of dialltyltin (IV) cori'a;>ounds R2sn.x2 (X == e.g. halogen or carboxylate) 

under basic conditions gives the dial1q1 tin oxicos n2sno ~lThich 

are ·insoluble; amorphous, infusible solids ~1d are usually regarded 

as high polymers. lf ha~ver the reaction ~s car~ied out with a 

deficiency ~ base or ·with a u-1eal: base at least two int:emnediate 

hydz,'Olysis products R4sn2x2o and n4sn2X(OH}O could be isolated. 

The compounds are usually highly crystalline,. soluble and lot-1 

melting and hence appeatl' not to :be highly polyrne;-ic. 

The foll~~ing structure for R4sn2x2o, was assumed by 

Pfeiffer & Brach ( 141) o 

R2 .... sn - o ... sn - n2 I I . 
X X 
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But Harada in a series of paper (142•146) argued the cas~ for a 

cyclic oligomeric structure viz. 

t11here the tin has coordination nt~rs of four and five. There_ 

might be a third possibility of structure as shat11n below 

Davies et a1 · (140} confined the presence of non-equivalence 

of the tin atoms indicating ~1e rejection of the structures 

suggested b!r Pfeiffer & Brach. 'rhe other i.?'Ro structures contained 

non~equivalant tin atoms~ Tho 119sn magnetic resonance spectra of 

-~ the c~IT!potmds nu4sn2c12o and au4sn2sx::2o in benzene ()~ carbon 

tetraohloride at room -t:err~e.rature consisted of ·~10 broad over­

lapping b§nds of .app.rox:tmately equal int~nsity .:!.ncl:i.cating the 

presence of t·ro non ~q",iivaient type_s of tin a-'c.oms. The allt'./1 

group$ al.so ar.e equivalent in Pfeiffe.r structures, Hhereas those 

are non-equivalet"'lt. i.\1 the other wo structures. Davies et. aJ. by 

PHR spectra, sha.·Jed the presence of 'b.-to types of msthyl groups in 

chloroform solution in approximately equal amounts. 
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~, · dihalide <n2sncl2 ) and oxide react in 1:3 mole ratio. 2:hese compounds 

;j._' 

I 

~ -

are usually stable# highly crystalline and soluble in organic 

solvents. The partial hydrolysis of xn2sn-O-snR2X also yield the , 

corresponding hydroxide XR2sn-o-snR2ox. At the same time the comp~ds 
fo~rly represented as R2snoR2SnX{OH) or R' (R2sno>3oR_,R2snX2 have~\ 
been fou.Yld to be analogous to the distannoxane, There are a t-1~~de · 

range of c~ounds ~naun having cornposi~ions of type A(~2sn-O•SnR2X) 
and type B (XR

2
sn-o-sn.t-t2 OH) as represented below. 

T·ype A Compounds 

.X R l~a£erances 

~·~-!U 

OSi (CH
3

) 
3 

C~ ,c2H5,c_
3
n7 ,c 4H9 147 

F CJig 148 

Cl CH3 ,c2J-I5 ,C3H
7

,C 41:19 149,150, 146 

Br c2H.5~c3.H7,c4a9 150, 148 

!\JCS C2H5,C3H7,C4H9 148,151 

r:tco cas,c 45 9'0 rfis lSZ, 153 

ooca• C~,c4a9 149, 150, 154 

OCGHS CH3 ,c,J}i
9 

154-156 

OCtfi4Y CH
3
,c

4
a

9 154,156 

Camphor sulphoxy C2H5 148 

~ .. N apth~"Y C4H9 156 

o< .,.Nitroso-~ -napthcmy ca3 ,c2H5 157 

OOR 158 
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X. 

Cl 

Dr 

I 

NCS 

NCO 

OOCCH 
3 

'I'ype B Compounds 

(XR2SnOSnR20:ri) 

R 

CI~,c2a51c3u7,c 41:19 

c~,c2H5,c3H7,c t}:I9 
I 

CH3 ,C2li5,C3I-X,,O 4H9 

C2H5,C3H7;C 41:19· 

C4H9,C6H5 

C41:I9 
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References 

150,159 

150 

150 

151 

153 

148,1'$:~_)__ 
":( 

An :X.ray crystal study of .. a type A compouna1 (CH
3 

)
3
si-O. 

(CH3 >2sn-c~sn (CH
3

) 2 O$i (CH
3

) 3 shOt.1¥ed a d;4neric structure containing 

a four menib3red ring due to reciprocal coordination of an O.'Cygen 

atom be~1een ~10 tin atoms of one molecule to a tin atom of the 
I 

other molecule as is shovm by the foll~;.ing structure : 
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where R and X represent CH3 and 0Si(CH3)3 groUps respectively• 

Molecular weight determinations also showed that solUble 

compounds of'botb types A and B are dirne.ric in solution. On the 

other hand, compounds of the type R3snosna3 as well as R2snx2 
are monomeric in benzene. A sulphide analogous of type A molecules 

Cl(C4H9 >2sn-s-sn<c4a9>2cl is'monomerie in benzene. From these · 

obsexvations41· Olt~-rara and Nada. concluded that the dimerization 

of />J. and B t",tpe compounds is associated "t'lith the sn-o-sn linkage 

and the important factor in the dimerization is the presence of 

-+- an Cll!lionic ligcmd X1 attached to the tin atoms. 

In the dimeric structure of ty:pe A. oistannoxanes there are 

both tetra coordinated and penta cooroinated tin atoms and accord­

ingly, .~~o different kinds of ~ubs~ituents x~ This difference is 

evirlent in the reaction of Y.R2sn .... O!"'SnR~X (Jc· = Cl, Br) with an 

excess of organic base, such as pyridine~ one of the two substi• 

tuents is ·selectively replaced with fox~mation of a cor~~spanding 

type l3 compeunds (150)• 

The molecular weight of the compound in carbon tetra 

chloride solution at 37.5~ indicated tpe dimeric nature but at 

higher temperatures, evidence for dissociation was indicated by 

the Rast method of molecular ~.reight detertT!.ination, where a value 

corresponding to the monomer was Obtained for 
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~he NMR spectra obtained a~ various temperatures of ~a 

trimethylsiloxy compound revealed that the dirneJ; dissocia-t;es. _. 

in solution at high temperature (160}. 

·From ~1e infrared absorption due to the sn-O·H stretchL,g 

vibration of the type B compounds (X= halogens)# the presence of 

hydrogen bonds can not assume i.n tnese corr[>ounds. These hydroxides 

are stable against condensation h'.f loss of t-1ater even at high 

' teroperature below t~e melting point. T_here are "b-to probable con­

figurations for the dimeric- structure of type a compounds as shown 

belcm: · 

I 

{ AJ 

R2 
R Sn---OH 

X~ srf-.---" 0/ 

1' ! 
---Sn--X 

/ 
HO-Sn 

R2. 
R2 

( 8) 

The. configuz·a-tion A contains the hydroxyl group on the penta 

coordinated t~ atom while the configuration B contains hydroxyl 

group .is on the tetra coordinated tin atom~ 
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The structure A is favoured upon assumption that, in the 

partial hydrolysis process from type A compounds, the tin atom 

which most easily undergoes substitution would be the penta 

coordinated one (150). Further, the existence of a stable hydroxyl 

oxygen to the tetra coordinated tin atom similar to that occurring 

in dirneric '(~H3 ) 3snoH. 

The following, ladder type structure has been used to explain 

the infrared spectra o:f; (SCN)R2Sn0SnR2 (NCS) and {S8N)R2Sn0SnRiOH 

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

. ' 
R2 

R . Sn-NCS 
2 / "- ' 

SCN --· Sn ---0 ' 

\\. 1 j \\ 
' · 0 Sn-- NCS 

~G-Nr-~ R2 

.~2 

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

study of (CH3 ) 3SiO(CH3 ) 2Sn-O-Sn(CH3 ) 20Si{CH
3

)
3 

(162). 

In the light of preceeding discussions we would now attempt 

to discuss some structural aspects of some of the stannaKyl deri­

vatives isolated during the current investigation. 
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1. 

The el.ement:.al analyses as indicated earlier shot1ed an 

empirical composition c2JI31o3Nsn~ 

Hol. 't·1t. (Rast ~1ethod)Found 446 
\ 

Calcd (monomer) 452 

ln N-hydroX'.J phthalirnide 41 the .... oH stretching frequency 

appeared at 3168 cm-1 
# but ~ the tr.ibutyl tin N-Hydroxy phthalimide 

the -OH·frequency was totally absent, indicating,the sUbstitution 

of the hydrcxyl proton by the tributyl tin moietY. 

The carbonyl peal~s of this compound appeared at 1770 cm·l 

and 1700 cm-1 corrpared to the carbonyl peaks of N-hyaroxy pbthalimide, 

v1hich appeared at 1793 cm-1 (:;s) and 1707 cm-1 ) (v.s.). Though the 

-1 1793 em peak of N-hydroxy phthalimice shifted somewhat signi-

ficantly, the more intense 1707 cm~1 peak shotrlE!d very little shifting 

indicating the absence of significant~oordination of ~1e carbonyl 

group to the tin atom in the complex •. AbsorPtion at, 1156 cm-1 and 
-1 1190 em may be due to NCO coupled vibration • 

The 
1a Nrm spectrum of the COlllpound 'tfas recorded at 60 Mliz ~ 

The methyl protons of the butyl groups appeared at S 1.38 (9H) 

irihile the remaining methylene protons appeared as complex patterns 

be~1~en 6 1.39 - 2.9 (18H). ~he aromatic protons appeared 7.9 ~ 

8.25 (Ar-4H). 
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The 1H Nrm spectrum of 1:!•hydroxy phthalimide shewed aromatic 

~ protons at a 7 ~ 64 {Ar•4H). and the hydrOX'.tl proton at b 10.64 (OH - 111) • · 

The lz.I Nl·~ spectrum of the tributyl tin derivative of · 

~~-hydroxy phthalimide shoted complete ehsence of hydrOX'\Jl proton as 

expected"' . 

The 13c NMR spectra was recorded for N-hydroxy phtbaliw~de 

end also for the tributy~tin N•hydroxy phthalimide. The 13c NMR 

spectrum of the N-hydrm..1f' phthalimide shot-red peaks at S 122.86, 

l2e.69 and 134.42 for aromatic carbon atoms (c3 ,c4 ) ¢ (c2#c5> and 

-~ <c1 .c6 > respectively while the carbonyl carbon atoms Cc7,c8 > gave 

a single pea1-t at S 164.10. 'I'be ~orresponding 13c N~lR spectrum of 

tributyl tin ~~-hydr~y ·phthalimiee gave the follo,.,ying ·peaks: 

. '.P .. liPhai:ic carbon atoms may be assigned as d 13.62, 17.88, - . 

21,.11 and 27 .• 67 for <c12,cj_2 ~ c;:2 >., (c11,ci1 & c:t1 >, <c10,c.i0 & c;:0 > 

and (c91c9 &: c;> respectively. Aromatic carbon peaks may ·be assigned 

as c S 122.601 129~52,. 1334!162 for <c3 ,.c4 >~ <c2 .,c5 > end ·(<;1 ,c6 > 

respectively, 

'rhe carbonyl carb.on at.oro of tr:ibutyl ~in derivative appeared. 

at 6 165_,32 compared to ligand carbonyl carbon. atorn appearing at 

b 16•hlO. 
'. 

The 13c l'U;1R spectrum _and IR spectrum of bis (tricyclohexyl 

tin) succinyl iaU N•phenyl hydroxemate showed strong· evidence of 

chelate formation. In 13c N~~ ~ctrum showed strong shielding effect 
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of the caxbonyl carbon atom peak at 5 153.76 compared to carbonyl 

carbon atom peak of the ligand" 't'7hich appeared at b 172 .. 08;a t-1oreover. 

in the IR Spectrum the )c =~~(peal~ appeared at 1585 cm-1 in 

contrast with )c = ~ peak of succinyl ~ N-phenyl hydraxarnic 
. -1 acid, t1hich appeaxed at 1619 em o In case of dibutyl spccinyl bis 

l'l-p tolyl hyoroxamate, the 13c NMR spectnun ~hewed the presence of " 

carbonyl cal:bon atom peak at 6 164. 01 comp~ed to ligand carbonyl 

peak at 6 111. 51. The· jC =d.) stretching frequen~y of dibutyl deri-
.. ,1: 

·' a.1 -1 
vat.ives appeared at 1590 ern coll'q)ared to 1615 em of the ligand 

carbonyl peal~ in the IR speet~a. The IR and 13c· N11R spectra inoicate 

strong intramolecular cool."'dination of the caxbonyl group to t~ 

atom, t'lf'here the relevant peal(s shifted significantly in :n:t and 

13 c NMR spectra. 

But if t'lie COrf\Pare the above data \'lith those of the t.ributyl 

t:in N-hydroxy phthalim!de and N-hydJ:oxy phthalimiae the question 

of intr~~olecular coordination of the carbonyl groups to tin. atom 

probably does not arise~ Hence the tributyl tin N-hydraxy phthalimio~ 

is not a chelate complex but it is -most probably an ester type of 

compound. 

1'he 1-19sn Nr.m pealt for the tributyl tin N-hyd:;oxy phthalimide 

appeared at~ 181.44. The position of -this peak indicatea the tetra 

coordinatin9 nature of tin atom. 

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

tentatively can be suggested as foll~~sa 
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2. :rriphenyl tin ~1-hydrox;z phthaJ,;i~ 

Elemental ana.lysee; of this <;ompound sh01r1ed ~ eJll)irical 

formula ~f c24a19o3Nsn. 

59 

Hal~ wt •. (Rest method) Fou.11d 5011 C43lcd (for mon~r) 512. 

Like the preceeding ·tributyl tin 'COZi!PO'Ulld, the m spectrum 

indicated the absence of -OH stretching frequency .of the ligand#. 
·-:J , " indicated the substitution of the hydroxyl proton by triphenyl 

tin group. 

The carbonyl peaks ·appeared at rv1770 cm~1 and rv 1690(s). 

Het-;e) al$o a marginal shifting of carboxy psa.ks occurred, though 

significant coordination of carbonyl group to the tin atom might 

be absent. Whe .psaks due t.o phenyl groups appeared at appropriate 

positions.,, 'l'h€! peal'"..s at. 1160 ~m-1 and 1190 cm-1 may be due to NCO 

coupled vibraticin~ 
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The 1I-I N~.lR spectrum shoc.1ed a group of peaks at 6 7 • 6 -.. 8" 0; 

--~-~ s. 04 - 8.16 and s .• 45 .... e.so. It t'll'as not. poasible to assi~'ll li{Jand 

aromatic protons and tin aromatic protons in a. conclusive manner 

from the spectrum obtained. However g the spectrum sh0t-1ed absence 

of hydroxyl proton of ·the ligand ·in the triphenyl tin derivativefl 

The 13c :mom spectrum obtained ~1fas not desired qUality, It 

did not reco$:d any peak for carbonyl car.:bon atom, probably due to 

t17eak intens~ty 'of that peak. It hot'leVer, shotied seven peal<s for 

aromatic carbon atoms at b 122.74, 129,121 129.,61, 12~h89,. 130~tSl, 

-O----r:-- 133.661 136.95• Assignment. (164) may be made as follot·:s 

<c
11

,c;:13 & eta), cc1_,~6 & etc), (c2,c
5 

& etc),. <o12 & etc), 

(c3 ,c4 & etcl .t <c1 0,c14 & etc) an~ cc9 & etc)~ 

. · In absence of the carbonyl carbon atom pcialt it ir;; not 
.I 

possible to comment on the coordina·tion of carbonyl group to tiri 

atom. 

~he 119~n Nl'JR peak appeared at;. 6 .s4,33 due to ·the tetra 

coordinating nat~ of the tin atom in this derivative~ · 

Hence ti'l..e suggested st.ruoture of ~riphenyl tin. N-hydrox.y 

ph~halimide may be indicated as follows: 
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3. Tricyclohe:tyl t.in N-hydroxy phthalimide i\' 
I~ ·, . 

-~ 'l'he elemental analyses suggested the empirical. ~omP,os:ition "' 
.(\\ ·\ . \ 

of the compound c2 ffl~·7o3Nsn. • -~·~',r:. ·~ . \.. 

Mol. wt. (Res: method- ) Found 555 .: \' ~\! 'r'\,,\ 
~ ' 
i 

Cslcd (monomer) 53 o. \, 
(~ 

'.rhe lR spectrum shOV"ted the absence of .o:H stretch.iflg 
\, 

frequency of the ligand indicating the substitution of the hydroxyl 

proton by tricyclohexyl tin group. 

The carbonyl peak appeared at rv 1700 em 41!0
1 ( s) ·~ The shi_fting 

-~1as negligibly small in comparison t-rit.h the ligand major carl>onyl 
. . ·l 

peak which 1·1as found. at 1707 em t! · lie.ra also . mo~t probably there 

1--ras no coordination ~Jrom the ~arbonyl grcup to the tin atom. The 

peaks at 1165 and 1180 cm·l may be assigned as NCO coupled vibr.ation. 

The 1H NMR spectrum .showed a group of aompl~ peaks in the 

region 6 i, o · ~o 2. 4 (for 33H) • T}'Je aromatic protons appeared in the 

region of 6 7.6-6.3 <':for 4H) as comple;K pattern. 

It w&s not possible to obtain 13c and 119sn ~eotra £or 

this.compound. 

Hence ccuparing the other trio.rganotin derivatives the 

following structure can be suggested.,. 
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4. · !_e·trarre~yl 1a3 di N-hyd.roxy pht.hal:l.mido d.istannO:,ane 

. (Pol:'lireric) 

The elemental analyses indicated an empirical formula for 

the compound c 2 cfl2 0o7"r;~2sn2 ~ 

1'-nbsence of the ..,.OH stretching frequency supported the pemoval 

of hydro~Jl proton by the dimethyl tin moiety• The carbonyl peal<=s 

appeared ~t 176:3 cm-l .cmd 1677 (v.s. ). There 't'laS some shifting in 
. ' 

tA~e carbonyl peaks. So there m6'.[ be sene kind Qf carbonyl cocu:.'dina• 

--f.... tion, intramolecular O:lZ' intem:noleculag. 

At 1181' cm-1 and 1159 cm"*1 the· bands appeared may be due 

to N..CO coupled v:t..bration. An additional bm1d appeared at 594 cm .. 1 

cue to Sn ... o...sn ho.'"ld. sn-C stretching :.Erequ~cy o'btain~d at 500 crrt1 • 

1H, ~·3c and 119sn Ni'-1R eoulc1 not bs recorded dUe to very poor 

solubili·ty o:f the ~ompound in organic solvents. 



x~raoutzl 1:3 di N•hxdr~Jr phthf~imido di~tannoxane 

.(Pgl:rmpric) 

63 

From the elemental analyses the suggestive e~~rical _composi­

tion of the eo~ound was c32a44otq2sn2• 

Apparent molecular 't-reight _obtained (Rast nethod) 

4781 Calcd 796• 

Lilte earlier cases.- there t17as no OH stretching frequency 

in the IR spectrum of the compound which was present in the ligand. 

so the proton of ·the ·hydroxyf group was repla~ed by dl.butyl tin 

group. 

The carbonyl stre-t::c::hing :frequenc-.f banos &ppeared at 
-l . ~1 .. 

1761 em &"ld 1697 em • In comparison w:Lth the liganC. carbonyl 

peaks the:r.:e t'Yas only a smal+ shift. 

-1 The N-c-o coupled vibra-tion nti'..--1Y be at 1182 em t~nd 

-1 1!56 em -. 

·"' ' The pea:!(. at 5'76 em-"'" is due- to sn-o,..sn bond. 

Sn•C stretching frequency appeared at 497 cm-1 • 

1H NMR spectrum showed peaks at~ o.90(t) (for 12H) and 

from 6 1.10-2~05 (for 24 methyl protons). Aromatic protons appeared 

in the regionS 7.58•7·.90 (for SH)~ The; spectrum sh0tr-1ed that the 

hydroxyl protons is totally absent liars in the compound. 

In the 13c N~m spectru.m mathyl carbons (c12, etc) appeared 

.~- at 613.54, other mathylene carbon peaks may be assigried (163) as 
I 

&26976, 26.99 and 27~52 for (c9 & etc),. (c11 & etc) and Cc10 & etc) 
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respectively. T.he aromatic carbcns sh0t11ed sign~s at b 122.48, 

-~--- 130-05 end 133.18 t-:hich may be assigned (164) as cc1 ,c6 & etc)~ 

-+-

. (C
2
;c

5
> and <c

3
,c4 & etc) re$pectively. 'rb.e caxbon:rl carbons 

(c
7
,c8 > appeared at 6 16'h84~t 

'l'he 119sn tn.m. spectrum shat·red . t\-to pealta at 6 -164.46 and 

•219.87 showing that there weL"e _tw·o ld.nd Qf tin atoms having 

different env.ixonJrents. 'l?he values indicated that most probably 

one corresponded to penta· coortlinated tin end another hexa 

coordinated tin. 

t·Jith N ... hydroxy · phthalirnide, diorganot~n oxides~ yield 

organotin con~ounds which' contained sn~o-sn linkag~s. ~s indicated 

by the presence o~ an additional pe~ at.;v575 cm~1• Diorganotin 

oxides in many case;s form hexa coordinated monomeric· R2snL2 (LHn = 

a hydr~ quinoline, substituted hydrQXarrdc acids~ Qiphenyl 

catbezones~ #-diketonesf dithizones etc). But with a trihydra&a~ic 

acid like N-~ydraxy phthalimiae. no such chelate compound coUld be 

obtaJ.,ned" The present investigation ele.=arly sheto~ed stannoxane 

-~ derivatives are formed. 'Due to some e>..j?er.:tment.al difficulties. the 

molecular treight of these complexes could not be determined 

osmometrieally end molecular'weight determination by Rast•s ,method 

ga-'l!e rather abnonaal values in some cases. The stannaxooe deri­

vatives obtained· durit:tg the eu.t"l:'en·t inves·Ugation t"Jere ester 

. typas, .flOt 6j.scretG chelate QOnlf)l~tes. This conclusion -v1~ cu:rived 

at on th$ basis of ·the following observC;ltions~. Whe c~,rbonyl 

frequencies of. the diroethyltin derivative and dibutyl tin derivative 

appea..~d at 1577 cm-1 and 1ES97 cm~1 ~spectively for more intense 
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carbonyl paak, in comparison 1107 crt.-1 for the ligand~ Fo.r chelate 

-....,_ _ formation in case of substituted mono or di hydroxamic acids, the 

shifting of carbonyl peak of tne li§and to chelate derivatives 

were of the order of /V 45-85 cm-1• Again the _1:3c Nl-1!\ cazbonyl 

carbon atom si9nal shifted about f, 6•0..7.0 for organot~in derivatives 

.in the high field but in the dibutyl tin derivative of N-hydrccc-.r 

phthalimide the carbonyl ·carbon atmn appeared at 0 16Jh84 corrpared 

to that of N-hydr(ncy- phthalimide at£ l64~01e 

The above data, along ttti th appear:anee of on .• o•sn teaks at 

-+ tv576 cm-1 in the ·:m. spectra, lead us ·to suggest the st.~:"..L;"::t.'U.l."'i?.i 

o:Z tetraorgano 1:3 di ~!-hydro::~~ phthalirnido dista."lnO}:anc in the 

following Tt;ay~ 

, CH3 
12 ~-·\ 

CH2 · 
n " ' · 0 - ~ C~2 I 

11 5' 
;, C 7 10 ti-d R R R 7/C:©' 4' 

4 """ 9 '\2 / ' / 0 . - N-O-Sn-0-Sn-0 -N , 

:; cls . 1 . \ )c 1' . 2.' :; 
2 . ,, \ " 

0 . \ . 0 
\ . . 
\ . . \ 

\" I ', 
\ \ 

\ \ 

0 \ < 0 
n \ " . 

~cc\1N-O-----~s~--- 6-·· Sn --·-a- N/'Yc) 
~ R' 'R r{ ~R \~ 

, / I' : II 

0 0 

(R = n~butyl) 
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ln such structure some of ·tin atoms with penta coordinated, 

while the other 1-;rill be hexa coordinated in nature. There might be 

intermolecular carbonyl coordination to the tin atom, .as a result 

of which there might be some shifting of carbonyl frequency in the 

organot.in eerivatives but these shifting may not be significant 

enough to suggest the intramolecular carbon~l coordination to the 

tin atom. The 119sn peaks suggest the presence of penta m~d hexa 

coordination of tin atoms ( 6 -164.46 ·a.na -218.87} fO:t' Tetrabut.yl 

le3 di N•hydro~y ph~1alim~do distannoxane. 

The tPl spectra of this compound .in l1eOH solution at different 

dilution support th~s suggestion. One would expect some hypsochromic 

shift of the peak t.;ith the dec.tease of inte.t.&nolecula.r carbonyl 

coordination resulting from the decreasing concentration of the 

OO!'IPOund . .in ~ieOH. 

In absa~ce of precise molecular~teight data and X-ray 

evidence~ the above· suggested structu~a may be considered ~omewhat 

t.entativ<; .in nature. 

Empirical composition of the compound obtained from elemental 

analyses t-tas c22H1903Nsn~ 

Apparent molecular weight C.Rast method) 

.Found 442, Calcd (monomer) 464• 

In the IR spectrtun of N-hy~hy succinirnide-OH s·tretching 

frequ'2ncy absorption occurred at 3000 cm-1 ~ But in the triphenyl 
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tin aerivative there was no absor.ption in this region indicating 

the complete removal of the hyilrG'«yl proton~ 

Carbonyl absorption band$ of N .... hydroxy $ucc.inin'lide :found 

at 1775 em~1 and 1700 em -l (broad) f due to SY!Thtet.ric and anti 

symmetric mode of stretching vibration_7. In case of the iriphenyl 

tin derivative caxbonyl absot"Ption l;:land~ ar:pee.red at .rv 1785 om'*'1 

andrv1705 em•1 (s), almost the s.ams position as in the .ligar:c:d .. 'l'he 

peal~ due to phenyl Ql:O't..~$ appean_~ at. a;pprQpriate positions. 

The :Pa.nd at 1240 cm""2 may be d'ue to NCO eo~led v~ration, 

1H i'UIIJR spectrum o:f the oo~O"Ul'lii !'lh~-ved thai: the l!ydro:.~yl 

proton tv-as totally abse:'"lt41 Ne·th:.vlene p.t:;;::;·t:.ons appea:cad l;rt ~ 2,. . .:3r7·ft) 

£~or tUiJ. ·Aromatic pro·to~'lo aa ·tv-.ro grc·up of protons :tn the region 

In the 13c NMR ~~c~~ of the li9and_N-hy~:y succin±mioe, 

carbonyl carbons appeared at; a 172~ 74 and <a single signal for the 

mzr~hylene carbons .appeared at.~ 25~12. In cas~ of .the t.riphemyl t.in 

N-hydroey ~ucc.in.~-n.ice,. r..sthyl~r!E~ carbor,ts (c8 ;fc9 ) ap~ered at 6 24.25. 

The signals for arcmnt.ic carbons may be assigned (164) as 6136,75, 

1;30.36, 130.10 cn:s 12e. 79 £or <c1 & ~tc)* (c2,.c6 &; etc) (c 
4 

& etc) 

and (C:311c5 & etc). respec·t.:.tvely<i The carbr.J.nyl carbons (c
7
,c

10
) 

-appeared at ~ 172 .• 90"" ln compari$On t-tit'h liga~:~d. carbooyl carbon, 

there "ASS no significan;t shifting. 

119sn Nl~ speetru.'YI ohotr-1ed a single 11eak at d -74.44 .indicating 

tetra coordinated tin atom. 
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~he above results are similar to triphenyl tin N~hY~'Y 

phthalirP.ide and lilts the earl.ier, ltre can suggest the t;;ttucture 

of tripheny! tin N-hydr~ succin!mtde as £6ll~~sa 

4''' 

0 -:;"9s''. 
9 

10 11 . . ,, 
cH ---c 2" 6 • , 

2 "" . 1" I 2 :5 

N-o~sn~4' 
I 1 ~ 

8CH2 ---6 i : 0 : 6 

4 

7!t. . Tetra c~loh7Xl~ 1#3 di}~-hyar55I su~cinimide' d1f!~~oxan_2 

{Pol)!lWlr.ie) . 

of the compound can be '~ritten a$ c32a52of12sn2• 

Apparent molecular weight. (Rast. method) 

Found 460t Calcd 914. · 

In the m spectru.TD, once again there t-1aa no band due t.o 

... oH strertching- frequency. 

Carbonyl absorption bands ~ppeaxsd at 1790 c;:m•1 and 

1660 cm-1• Comp~red eo the li9~~d IR spectrum~· there was shifttng 

in the case of ant.if?ymmat.rie mote intense band. 

'l'he band at 1250 cm ... 1 appeared mQst probably due to N-c-.o 

coupled vibration~ 
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At 580 cm.;.1 • absorption dUe to Sn .. O....Sn bond appeared• 

sn-c stretching frequency appeared at 490 crrt·1 • 

In the_ 1a Nt1R spectrtam; as expected there t·tas no signal for . 

hydroxyl. proton, _for llathylenG protons signal t.Yas obtained at 

& 2.8 (for SH),. A group of signals appeared in the region a 1,.3..,. 

1•8 for the cycloh~yl protons (for 44H). Though tricyclohexyl 

.. tin hydroxide t~1as reacted t-.rith N•hyoroxy · succinimide~ the 1a NUR 

spectra indica~ed a di~Jclohe~yl'tin derivative could only be 

obtained.,_ Conv:?ax:ing the previous compounds,. t'lfe may suggest the 

fo:cmation of the follOW'ing type of con'q:lound. 

0 o ·o-- 0 ,, ll 

H2C-C"" . I . . /C-CH2 

_ N-. o-s~~o-_ Sn-O~N . \ 

H2c-·· ( 6·-- 6 , · '\c ~cH2 11 II . 
0 . .. 0 . 
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s~ . T~r~th;zl 1:3 d!,N•hydroex succinitBd6 distannoxap~ 

')l_ ;(P,ol.yrnm;J.s;l 

·The analytical data suggested the empirical formula for 

the compound as c"4.2H20o,.p2s~·· 

Molecular w~i~t could not be done applying Rast's msthod 

as the compound was insolUble in camphor. 

lR spectrum of the compound sh0t1ed no hydroxyl stretching 

fre~ency, a similar observation as have been made in earlier 

~he carbonyl absorption bands found at 1776 cm·1 and 

1700 crrt1 no carbonyl shifting occurred compared to l.i9$1d 

c9rbonyl absorptions. ~< 

An additional band appeared at 576 cm-:1 t..rhich wes due t.o 

sn..c stretching frequency found at S35 cm·1• 

The J~~ak at 1245 cm-1 most prObably dua to N...C.o.O coupled 

\ --,.._, ".r:l.br~tion. 

·l·i-I~ 13c end 119sn N~'-R for this com.9ound could not be 

recorded, because the cQnpound had ve.r:x poor solul:>ility in common 

organic solvents. 

ln the absence of_aeequate date,. it was not possible to 

suggest any reasonable struettu:e of this compoimd#· though it may 

h.a.ve a· composition lilre the earlier diorganotin derivatives. 



9. 'I'etrl:lbut.Xl. 1: 3,, d;l . N-hv:droxz su~ciniroido distannoxane 
--~-- (Pqlxwp:ic: > 

From the elew.ental analyses the empirical formula. of the 

cc~pound can be written as c24~i44o-f~2sn..z• 

Appm:ent molecular tie.igh'i.~ nave been found ·442 (Reust• S 

method), Calcd 712o 
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In the IR spectru.'I'Il of the compound car:bonyl al:;tsor.ption bands 

appeared at 11SO c::m•l and 1690 cm•1.~ Carbonyl absorption did not 

sh.if~. signifi<;:a11t1y ~onpared to the .l!ga"ld ca.tt>onyl absorption 

bands., 

The band at 12~0 cm•1 may be due to N-C•O coupled vibration • 

.::'\bsorption d~e to sn.-O..sn bond found at. sso em-1· and sn-C 

st:tatching band appeare~ at 56 o em - 1 • 

T~ 1~ Nt-lR spectrum of tetrabutyl 1~3 di N ..... hyaroxy sueeinimido 

dist(mnaxan,eo sh0t1ed no hydroxyl proton signal., The methylene 
' . 

protons due to succ;iriyl groU.p gave a single signal at S 2.e2 (for 

S protons) ~'lhile the methylene protons of t..l}e butyl. group f~d 

in the region 6 1.2 ... 1,6 (for 24 protons) and methyl protons appeared 

in the region .a o~.9·1•1 ·(for 12 protons> •. 

In the 13c spectrum of ~etra butyl 1#3 di N•hyd~ succini~ 
mido d.i.stannoxane; the methyl c;::arbons. (c4,e 4' etc) found at d13~61 

and the ~~ethylene carbons of butyl groups may :Pe· assigned (163) as 

b26•·75, 26.,66 and 27.53 £or <~1 & etc), (c3 & etc) and Cc2 & etc} 

respectively. The succinyl methylene cal:bons (c
6
,c

6
,, c

7 
& c

7
,) 
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appeared atcS 25.02. The carbonyl carbons (c5,c5 .. c8 & c8 ,) :found 

at$ 172.77. 

The ll~sn Ntm. spectrum of this compound showed tlP10 tin 

t3ignals atJ •178.85 end -223.50. 

so far we have discussed the available data for the 

diorganotin deriva.ti ves of tl~hydroxy succinimide ~ it has been found 

that these type of compounds showed similar behaviour as have been 

shown by th~ ,diqrganot.in derivatives of N-hydroxy Pl'?-thalimide. Here 

again the distinct sn .... c-sn bond appeared in_ the range of 570-

~ sao cm-1 in IR spectrum. showing that stannoxane derivatives are 

£o:rmed. carbonyl absorption bands for the dior9anotin derivatives 

of N-hydroxy ·succinimide sh~Jed no signifi~ant shifting. Only in 

ti1e case of dicyclohexyl tin derivative the .co absorption shifted 

4o em·1 in ease o.'€ the rn~jor peak,., But :l.n c~se of dibut.yl tin 

derivative .6-sis only 10 cm-1 and in the case of dimethyl tin 

derivative it was not shifted at all~ The Observations indicate 

that significant intremolecular coordination did not occur from 
I 

~-, carbonyl group to tin atoms. 

13 ' 
Evidence also came from the C spectral data. Here again 

it is found that significant ·shifting did not occur for the carbonyl 

carbon, which have been found in case of definite chelate compound 

(carbonyl carbon ·shifted about$ 6.o-7.o>. But in c~se of tetra 

butyl 1• :3 d1 N-hydroxy succin!mido d.istannoxane the signal for 

carbonyl carbon cap1:>eared at () 172., 7'1 \1]'bGreas this t.;as obtq.ined 'for 

\ . .,..-.- the ligand at 6172.749 



(~~-- ..... ·' 
' ' "{'"'-: ._,. .. ., ..... ~ 

: :' ' ', , I 

SA~1P = 

+2.50A 

0.500 
(A/DIU.) 

+0.00A 

REF: 

51;). 0( ~·~t·l . ...-0 I 1.,.1.) 

[ 4 I) ~:1 • 0 H t·1 

·. ~ .. 

H t·1 
400.0 

-0.04:6AI 

uv spectra of Tetrabutyl 1:3 di N-hydraxy succinimido 

distannoxane rl:-5. 6 x 10-4
{1'1) 7. d11uted subsequently - - ..... . . . .~ 

10 times in each step (II, III, rv, v and IV). 



So from the above discussio..'l'ls~ ·it may be stated that 

aiorganotin d.Ellrivatives o£ !~-hydr~ succinimide t•rete not disc~ete 

chelate cOrr\potmds having int~amolecul.ru: coordination •to tin, But. 

they are ester type compoundlh like the diorganotin derivatiVes of 

N.;.hy<lroxy pht.halim:idG .• B~t they are possibly not:. monomer. 'l'he 

apparent molecular. t"teights Obtained by Rast • s method t-:ere not 

satisfactory, that may. be due to high ten-perature dissociation. 

~he molecular weight:. data in solution pbass for diffe~ent concen• 

tration and using different polar solvents (osmometric determina­

tion) could have giv~n better information, but unfortunately could 

~- not be successfully explorect.,. 

The tin signal obtaineo in the 119sn .NMR for tetrabutyl 

1&3 d.i N•hydrox:y suceinimid.o ·dist.annoxane indicated that the compound 

is not a s¥aple monomaric est~r. There 't<Jere t.t11o tin signals 

( & •178.85 & •223.50}, the \ralues. neer-ly ma:tcnes to two 'kind of 

tin atoms having penta coordination and h~a coordination environ­

mentsJ: This cnaraatelrist.ic of the compound may :be ~pla:ined £rom 

the polymaric nature Of tetra organo 1:3 di N .. hy.droxy succin.imido 

aistannoxane. tJlOst probably . intermolec.ular coordination bond formed 

from co group to tin atomf which was ~sponsible :for changing the 

coordination ~her? of tin atoms~ 

i'his phenomanon also gains support from the UV sp~ctrum~ 

It would b$ expected that t'IT.ith dilution th~ weak intermolecular 

coordi.nation bonds disappear~ So in the, UV spectrum a h.lJPSOchromic 
. ' 

shift is expected td .. th lowering of concentration. ~he series of tJV 

spectra {sha-m in fig.) [J t11th decree$ing oonc;:entration supports 

this contentions. 
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Hence on the basis of available data the compound can be 

reported a$· fQllm1S# 

( R = n·ButyL) 
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Organotin cal:bo:)<;.ylates coriprise one of th~ mos·t · irnportani:. 

0~-~ class of compounds in the ever e>.."Panding field of organotin 

chemistry. Apaxt from the ·t.heoret.:Lcal and st.:cuotura.l interests,. 

organotin carboxylates are finding importance in industey qmd 

agricult\lre* many of these groups of compound have all:eady find 

-+-
·.-.! 

. . . 

.important uses and new applications are lil~ely to ~merge in the 

near future. 

The compounds containing -OCOR groups bonded to tin tr~hich 

may b$ either r.tono.meric or polymeric are of the three general 

types~ viz• R3SnOCOR',. RaSn(C:.)COR' ) 2 and RSn(CCOR' )3 ~rhexe R end 

R1 :may be same or different g~oups. 'l'!n tetra carboxylates 

sn(OCOR)4, are not organotin ec~ounds in the strict sense of the 

ter.mi but are neve~~~less included in the discussion of organotin 

ca~lates :for the sake of OOJl!t?arison end conveniez;ce. t•lany 

discussion with varying deg~e of details are available on tbes$ 

ccrrpotmd~ (1•4) and as such only some ~rrportent q.spects will be 

presented here. 

Preparative Methods of Organotin Carboxylate$ 

~he organotin carboxylates are readily prepared by a number 

of methode. One of the most. i!lportont being reaction bet.\'IYGen organotin 

oxides (or hydroxides) and carb~yl.:tc Gcids or anhydrides (5·1·2>.·. 

R SnOSnR + (R1 CO) 0 1> 2R SnOOOR' 3 . 3 . 2 . 3 

R~_ SnO + 2RiCOOH £) R ·sn(OCOR0 ' + H 0 
e;. 2 > • 

1 2 2 
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The water produced in these reactions was usually removed 

~eot;-opically, £or example a nurriber of carbC»tylat.es containing 

·oxime resiaues ~:] have been made for biological testing by 

distilling a benzene solution of the reactions (13,20}. 

{Su,gSn)2o + RR'G.~ WOCH
2

COOH £> 

2BUsSnOCOCfi20N = Cl~IV + 1~0 

Alternatively th~ reactants are hea~ed in suitable solvent 

until there is no further liberation of water (14) ~ 

. 0 
100-110 c £!!> 

Another major prepare1tive method is reaction bea-1een organotin 

halides and alkali metal or, less comnonly, silver salt.~ of 

carboxylic acids (15)• 

. R
3
snCl + R•COOM ·---a.~R3SnOCOR' + Mel 

(!4 = N~~ I<, Ag) 

By heating organosilicon ¢at.boxylate$ with diphenyltin 

oxide, caib~Jlate grcups are readily transferred from silicon 

to tin (16 •. 17) 41 

(R = Me, Et) 
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Organot.in hyclr.:tdes react trli th cax:boxyli<:: acids t'li th the 

~-- evolution of hydrogen,. 

'·,_ 

. I 
. I 

when dihycrtdes react with carboxylic acids the initially fo~d 
. I 

diea.z:boxylate equilibriates t-li th unreacted d.1.hydride as folla~~. (l.8) • 

' '\ 
;~ 

' \ 
' 

' I 

I 

1:.", '[I 
',i . !' 

" \ 
!.:1 x Dibutyltindihyd1d.de in the presence of e:t:cess acid~ g~f:~n the 

dicatboxylate, Bu.2sn (OCOR' >2 but~ with a deficie:ncy of acid,J~~he 
f•) 

hydride cat.boxylates· (;r,, R = Bu) are formed t'lhi~h then sl~tl~\ 1 

dec~ose to 'qiVEl hydrogen ana the di~>t.annane d:!.c:arbaxyla'f;e~> ''~:~:, 
R = Su). When diphenyltin dihyd~ide L~acts with carboxylic aci~ 

' \. 

the dist.enna.na dicarboxylate~ (Il,• R ::; Ph) are. effectif:!r€~ the· ~lY' 

II 

. \' 
1\ 

,;\- \ 
t~l \'~ 
IJ \ · .. 

:, \ \ \ l\ "\ 
\Ji' \. 

products· irrespec~ive o£ the ccnditions used (SSh .)1 , ' 
. ~-

Organotin, baloeamoxyli;rte~, ~sn(X)ocon•~ are most con.Jen.:t.~ntly 

made by heating together, in an inert. ·solvent, equimolar propo.rl:;ions 

of a. dihalide and dic~oxylate (2,.7h 



BS · 

Other w~thode include reaction be~~een a dihalide and a 

metal caiboxy~ate (19,20); 

Bu..... SnCl + I<OCOR1 --~D> 13\L.Sn(Cl )OCOR1 + I<Cl ~~ . 2 . ~·;e: 

or from a aihalodi~t.anoxane and a c:arbe»;ylic acid or anhydride (21). 

Dibutyltin derivative of mal.e.ic acid was prepared by 

reaction bett-1~en dibut.yl tin oxid~ and ,q:n alkyl byclro9Sn males.t.a 

(3.9.,22}, Dibutyl tin meleate l1aG isolated as a monohydrate and 

also in anbydrou$ trirneric· and tetr~er:ld forms U.9) by the rt~action 

of d.ibutylt:in ox:l.de totith male,ic acid or rnaleie anhydrioe (19;~23 ). 

From· the rn::thod of rnanufaet~ and ~ts physical propert:ies it 

ap~ars· that the dibutyltin maleate made commerc~elly for the 

stabilisation of poly ·vinyl chloride, is a miXture. of oligomeric' 

-~ and probably polymeric :forms, 
·. ' 

f.t'hough it is rarely used as a preparative method# esters can 

be rnade by the cleavage of orgc;u"lic groups (usually vinyl or phenyl) 

from tin by carboxylic acidS (24)~ 

Roy ano Ghosh ( 29) gave &nether reaction potht.fay for the· 

$~SiS of organotin caiboXylate by deroetallation reactions Of 

trio.rganotin c::a:cboxylates torith mercuey salts. 



99 

Org&"'lot.in carboXy-late~? have been revietied by OJ~at-1ara and 

~j..- _ 'Vlada (25)o The· series of triorganotin catboxylates investigated were 

of the fcll<:it·ting type e., R3SnOOCR' ; where R = c~, c2a5, n-c3H7~ 

n-c4a9, R 0 = H"'C.i-13411 CH:?Cl, CHCl2 end CCl~• 

From the diffe~nt features of the infrared spectra of 

various trialkyltin carbowJlates in the ~olid state and in carbal 

tetrachlorid<? solution as shown in table., and from the result of 

the t4?mperature dependence of the absorption ir.rt.ensities, Jansen 

et ~. (26) and Cummins a.'ld Dunn (27 ). have concluded that triall.."Yltin 

·~ carboxYlate£? are polymeric in the solid state with planar trialley-ltin 

group and bridging acyloxy groups and are ester.like monome:r;s in 

~' 

-+-.. _,. 

· ,dilute ~elution. 

Table 

--'--------------------------------~----~----------------------
Conpounds 

-· 
(CH ) · sno cc~ 3 3 2· 

< c2Iis) 3sno2 CH3 

(n-C4.'1:I9 ) 3sno~CCH3 
(c6a13 )3sn02CCH3 

<CH:; )ssno2c1ai-I23 

-Ill 

.... 1 
co2 :frequ~c.ies em 

· Solid state Solution 

1565.1412 -
1572~1412 1655~1302 

1572,1410 1647,1300 

1570#1408 1650.,1304 

1567,1410 1642#1302 

sn¢3 frequenci;f 
· . .em 
Solid Solution 
st.a.te 

547 

_S4S 548 • 516 
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The'diorganotin'dicarbaKylates Of the type R2Sn(OCOR')a 

are ~"'lot-.rn for many year$~ ~he structure ·of . diorga110tin dicarbo..'tylates 

was f~rst suggested for qimethYl tin difor.mat~ by Oka~ara et al '(25)i 

which included a linear ~methylthl cation and a formate anion. 

Details of IR $Pectral analysis of diorganotin car~oxylates have 

been d:i.scussetl.&. 

Organotin tri carboxy.lates e,g. c2I-I5snco2cc6a5 >3 t·1as \ 

prepared and (')haracteri~ed by Razuvaev afld et. al (29)" Hot'ITever 

these compounds have only been reported t<11ith a:nbig' • .:dties or 

-+ . discretely n...:autyltin ·ana pheriYl. tin tri ca1:boxyl9-te.s have b-~n 

prepared from their t.richlor.ides,. of wtAich n ... butylti.."l triacetate 

and t.ripropionat.e a..l"\9 f!lonomarie in ca.rr(t?hDr so.luticn,, ""'· nu~e:ir of 

( -----._ . -, 

--+··-

co~ounds of tricarboxylates vthich have been studied,: e. 9• 

n-c4a9snKo2cca3 ,>3". n.-c4J:I9sn (e2cc2a5 >s*· n-c4a9sn <o2C..n-c3l-I7 >3 , 
- . ,. . ' '( . 

n-C~H9sn ( o2C•i•Cs~ ).3, nti!>C4HgSJ?. (~C•n•C4tH9 )S # C0H5sn (o2cca, ) 3 ,. 

c6a5sn(o2cc~H$.)3 , c6H5Sn.J~~c-n .. c3a,)3 and c6H5Sn(o2~i~c3~)3 ., 

Diorgsnotin mono c~o~"Ylates of the general formula 

n2snX(o2cR~) flA--e known.· ~he compc·und of this tYPe t,ras fit"st repoJ;teo 

by Okat-~ara end Rcc;:hO&-t (SO)~" 'l?he co:npOunds of this serie$ hav5.ng 

. genereil fomrula R2Snx~ alreadlf b~.!ng p.repal!ed are g:J.ven. in the 

tabl.~ •. 
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Table 
\ 

·, 

R2 SnXY compoundf) ~I 
,rl 

>-- R X y Ref. ~·:.\\ 
n-G4H9 H o2cCH3 31,:i2 

. ~. 

CH 3 Cl o2CH 33-

CH3 Cl o2cca3 33,34 \ ' ·, ·. 

\ \ 

Gl o2cc2H
5 35 ' ca3 '·I 

/!:\ . 
j\\ ' 

CH · B): o2ccH
3 35 ,,., ' 

i\\' 3 ; \, \ 
' ~~ • 1 

I o2cca3 35 
I \'!\ 

CH3 '•'\ \ ---* 1\ .\\ 
C2H5 Cl 0 CHa 36 i ,, 

2 i'j 

C2H5 Cl o2cCH3 36 \ 
n-c3H7 Cl 0 CHa 

2 36 

n'!'oCJH? Cl o2cc:a:
3 36 ' 

n-c4H9 
Cl 0 CHa 

2 36 

n-c4H9 
Cl o2cCH~ 36.37,38 

~-, n-C4H9 Br 0 CCH 2 - ~~ 
39,40 

n-c4a9 I o2ccHa 37 

n-c4a9 Cl nethyl maley:loxy ~1 

n~c4H9 OCH 
3 

0 CCH.-'Clh,. 2. 2 42 

n-c4H9 
OCH 

3 
0 CCH . 2 3 37 

I n-c4H OCH
3 02CC11H23 37 9 

~ach compound has one molecule o£ water 

bDenoted as (n-c4a9 )
2

sn(OCH
3 

)2 • (n-c
4
H

9
)
2
sn(o

2
ccH2Cl)

2
· 

in the original paper~ 
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Cazboxylate derivatives of o.rganotin dista.t'4'1oxane compounds 

~ ru:e al~o lmct-m (33.34,37 .. 39.,43-47 ). 'the follOt-!ing dimeric structures 

for th~se compounds have been suggested~ 

/Sn (02(R') R2 
, -R2( R'co2) Sn---Q 

. r1''\ 
"} .• 

-----'--- 91 (o2 c~ R2 

ATlothe:v organotin oarbcxylates, 'hexaaa~toxy ditin 

sn2 Co
2

cCH
3

)
6 

(49) has been prepared a.t;~ white fi11e crystals by 

heating hexaphenylditin ~rith glacial acetic acid at 120°c. 

· Khoo and Smith (49) have been prepared soma cazboxyiate 

cerivatives of amino substituted benzoic acid41 ~hese are 

(O..am.inoben~oat.o) triphenyl t.in~ Ph3snCo-·CH2N)C6H4co2 J and 



.~~ 
i,i 

II 

93 

• F"P-*· (l'JH )C H CO J • 
(p-a~1noben~oato) tr~phenyltinf Ph3sn, - ~ 6 4 2 
Reaction of ~ (triphenyltin)oxice -v;~·t:h c-amino :benzoic acid in· 

refluxing benzene solution gave Co-amino benzoate) tripn~nyl tin~ 

Simil~rly when p-amino benzoic acid was used as a ~actant the 

(D-~ino benzoate) triphenyl tin-derivative obtained. Folla~ing the 

above rrethod another compound Co- (dimethylamino)benzoato J 
triphenyl tin bas been dbtainted (50). The ~riphenyl tin esters of 

f. 
hydrC*Y substituted benzoic acid have been report;ed (51) (a-Hydroxy 

benzoato) t.r.iphenyl tin, Pb3sn t:~(OH)c6a4co2 J has been prepared 

in .refluxing benzene. In a similar fashion (o-1net.hoxy benzoato) 

-+ triphenyl tin; PhsSn Co•(CHaO)c6u4co2 J; _fp•(methylthio)benzoat.o_7 

triphenyltin, Ph3sn['"p-(CI-fgS )C6H4co2 J; (o-thicbc~mzoato) diphc:myl·tin, 

Ph2snCo-<s>c6H4co~ J have been prepared. 'rhe nuclear magnetic 

' 

resonance spectral studies and x~ray crystallographic studies h~ve 

been made thoroughly on these compounds. 

Physical properties of Organotin Carboxylates 

In organotin c~beh;rlates the sn-c bond is essentially 

-...,_..... covalent but undergoes polar .t'eactions depending on ·che solvents 

and the attacking groups. This i~ why the carboxylate~ with . small 

organic groups are more soluble in alcohol, ether etc than in water. 

The soltibi11ty of triorganotin cat.boxylates is l~i in common organic 

solvents because of their polymeric associated_ structure. Many of 

the carboxylatee have low nelting points indicating covalent nature 

of the compounds •. 

The polymeric stanoic acids are colourless and infusible but 

a fe'ti of th?rn are soluble in CI··K:!l3 and cc14 and ~ reasonably stable 

t~1ards hydrolysis~ 
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Structural aspects 

I I '"-!·- / / Freeman (52) suggested "che ionic nature of bending for 

/ jorganotm cru:baxylate, t<hich >ras also supported by Ck,.,tara et al 

;:'} ; frcm the investigation of infrared spectra of ~orne msthyl tin 

'.·. / 
I . 

'l. 

l 
i 

' . , 
/ /; 

I 

•'I 
lr 

1/ ., 

--..;..--
. I 
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acetates and formates (30). Hoi.-Teveri Beattie and Gilson po~ted 

out that the spectrosccpic evi<lence mi9ht be interpreted in terms 

of either bridging carbcxylat~ groups or simple acetate ion (S3) • 

From viscosity measurerr.ents, Jansen et al supported the bridging 

structure (54) •. More refined infrared and molecular weight studies 

(54...o56} indicate that in general,. ccropounds of the formula 

R3SnOOCR • exist as linear polymers in the solid and even in con­

cent.rated solutions of non polar solvents but are monomeric in 

dilute solutions. 

Infrared Spectroscopy 

Cat.bonyl group absorptiOn: 

A comparison of the IR spectra ~~3snoocc~3 with that of 

~~3siOOCCf~ points to the' essential difference of stru9tures between 

these ~flo class of compounds. The tri~thyl silyl derivative possess 

normal ester st:ructure as evidenced by the appearance of assymme.tric 

stretching frequency of the carbonyl group ( tfa6~c.'CO) at 1725 cm-1 

(57 • 68). The ·trirnethyl stannyl acetate. on· the other hand, show 

'fas (OCO) at 1576 cm-l, the absorption fz.-equency being similar to 

.... r -1 .Yas ( 000) of 1578 em in N aOOCCI-1:3.. Presence of a syrcmatrical carbonyl 
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group of t.l}e ionised RCOO- type. C ))"as (ceo) 1550-1610 .em-~. and 

)!
9

(oCO) 1:300-1400 cm•1J is,· therefoZ"e indicated. ;,ll cafb~ylates 
f ·' • 

of the type R3snoocn• and n2sn(ooc&• )~ (R = al.l~yl/ar.rl gr~u~_>. shat'l1 ..: 
' i \ \. 

such syrrmetric and assymmetr.ic:: carbonyl absorption· in solid sr-a:ce. 

On dissolving the compounds in .non polar non-coordinating ·~olv\n·cs, 
the ass~tric stretching frequencies axe raised to the mgion~1 

\ i\' 

1650-1700 em -l t-rhile the symmetric ~r~quencies are la,rered t~\ a ·\, 
~t 

"'\.. relatively small extent indicating that in solt:rtion the molecules .,\ 

possess ester like strUctures. Further, the difference between the\' 

asyrrmetric and symnet.ric stretching f1.--equency ~-v ( v s OCO - If oco) \ 
a s ·· . . . ·-1 \ \. 

is generaLly found to be less than 200 em in solid state and :\ 
l 

greater than 250 crio-l in scluti<>n (58,5!1). This has been interp.re1 

in terms of hi dentate and an almost syrnn;etrical carbonyl group \\, 

forming intermolecul~ bridges in solid state giving rise to i\ 

polymeric ca.rboxylates (VA) t'l1hile in solution depolymerisation 

occurs resulting in ester like monomeric species · (VB) ( 60-65) 

having a rnonodentate carb~l· group. Molecular w·eights of the ,. 

carboxylates also support~s monomeric structure (VB) in solut-ion 

with the exception of trimethyl tin formate which exists as an 

equilibrium of associated and unassociated forms in Cr~l3 (61). On 

the other · JlbP~ vihen the group R bonded to the tin· atom is too bulky 

or when the.te is branching at the carbon atom ~.tp the tin atom 

I'· 

\ 
I 

(e •. g. triphenyl tin 2-ethyl hexoate) the compounds assume monomeric 

ester like structure$ in solio state as a result of steric hindrance 

exerted by the bulky organic g~oups (57~66-70)~ Thus. tricyclohexyl, 

. ! 

' / 
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~ \,, " '-, 
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I 

(VA) 

R 

""' R.___Sn- o o 
/~ ' ~ / 

R C 

I 
R 

(v B) 

triisopropyl., trineopentyl and tri- c< -napthyl tin acetates absorb at 

1645 cm-1 both ·in solid state and in solution eonfinning monomeric 

structures in both phases. Ster!c interaction be~teen the alkyl or 

---.:i_ aryl groups bcnded to tin and nt.ail $' of the carboxylate group can 
· ... -..... 

also prevent polymerisation. For Pn3sn derivatives while Ph3snoooc~~2 
and Ph3 snOOCH = CH2 a~ penta coordinated po~ymers~ Phs snOO.::C1!t's3 .. 

Ph3snooccr,~ = c112 and PhaSnOOCCl3 are. tetra coordinate monomers in 

the solic1 state (71 ) ~ Recently it has also been claimed that 

triphenyl tin derivatives of chlorobe~oic acid; .salicyclic· acid 

and a-anisic acid .are d;t:s~,r,~te five coordinated form in the solid 
~ - ., 

state (64,65;72). In contrast# trimathyl tin Qerivatives of these 
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c~boxylic acids a_re in the intermolecular chain structures (72). 

:rntrmnolecular carbonyl coordination takes place in case of triphenyl 

tin derivatives (Fig. Po) T:;hereas intermolec1.1lar ca..Ybonyl coordination · 

occurs in case of trim;t.hyl tin derivatives (:t'ig. B). An analogous 

(A) 
(B) 

R = Ci 1 OH,. . NI~ 

situation i£? also observed in the oxinate carboxyla.tes e.g. 

RSn(~)20CCR" t·.rhich alf?o have monomeric: structures in solid state 

(73). 'l'rimethyl tin glycinate ·also has a polymeric chain structure 

~--- in solid state ( -J 
68

oco and t58 0CO are 1630 and 1398 cm"""1 .respectively) .. 

but .bri.dging occurs via the NH2 group$ (74). 

The structure of ~ialkyltin dicarbaxylate was first suggested 
. . 

for dimethyl tin diformate by OJtawara (33) \-rhich included a linear 

Me2sn cation anc.1 a foz;roate aniono Further studies have been carried 

out on dialkyltin diacetates (75, 35} which suggest that in the 

neat 11-,qu.id or solid state, those adopt a polymeric structure (VIA) 

~'lith _ intermolecularly bridging carboxylate groups and an octahedral 

trans R2snx4 tin atom geometry., In solution,. these conpounds are 
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monomaric on evidenced by raising of '\! as'(OCO) frequencieso The 

molecules have been suggested to be oc:rtehedra.l t-J'ith intramoleculat:ly 

chelated carbonyl groups (VIB) ( 2) "' :tt is, ho-v-reve:r:, equally l. ikely 

that these compound$ assume a non-chelateo ester lil~e st.ructy.re in 

solutic.n (VIC). The dialh-yl chlorotin carboxyla.tes n2sn(OCORa )Cl 

are alL3o believed. to possess int.e~ and intra molecularly che~at<s~~ 

s·tructures irL the solid stai;.e (VI~) and solution (V!IB) respecti-u·ely 

t1i·i;h the tin atom oCcupying a trigonal bipyra:midal g,_§. R2SnX3 

geomertry (J6) • 

(VI A) 
R 

0 0 

/~~~R' 
Rf~ 0/91~/ 

R 

(vr B) 
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(VII A) 

CL 0 
R,,, I /j 

~sn r 
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dicarboxylic acid .(malonic acid) has been determined a11d $hm1s that 

in ~ze3snooca-l2coosnMs3 , each carbonyl group links planar r·)S3sn 

moieties intermolecularly to form a three dimensional po~ymeric 

net. work -(77) • 

The lR spectra. of a number of mono organotin tricarboxylates 

in cc14 shm-1 coordinated carbonyl stretching bands, and additionally 

I 
I 

I 
I 
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BuSn(OOCMe)3 and EuSn(OOCEt) 3 were found to be monomeric in 

-J---~ Cali(p~Or solut~on (79 ).~ '!'his is indicative o-.f a 7-coordina~d t;in 

atom geo~try for these compounds ,(VIII) • 

,~ 

(vnp 
Tin tetra carboxylates'are also as$0Ciated in solid state 

and undergo dissociation in solution to the mono~ric species (2l. 

' 

The infrared spectrum of (cH3 >2sn (OOCI·I)2 shot-1s bands associated 

t'ITith the coo grcup at 1588 cm-1 (antisym. strJ and 1390 cm-1 (SY!rl• 

str~ ). The freqUencie:iJ are quite similar to ·thO$e observed for 

NaOOOH~ Further, the spectrum reveals only one band in the KBr 

region# indicating a linear arrangement of snc2 moiety. The spectra , 

of (n~c3H?>2sn(OOCa13 >2 and (n-c4a9 >2sn(oocca3}2 sh~~bends due to 

the coo stretching vibrati~ at 1610 cni-1 and 1380 cm-1 (79). The'se 

bands .are observed at the sane f requenoies even in cyclohexane 
' solution, in which the diacetate exist as monomers. These Observa-

tions suggest a trans-.E.!f! (chelate) configuration :for this type of 

compound. 
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The infrared ~ectrurn of ClR2snooc~ in the solid state 

sh~1S one of the characteristic bands associated with the anti­

syrmnet.ric stretching v:!br~tion. of the coo group at 1540..1565 cm-1 • 

Zn carbon tetrachloride or benzene solution the band shifts to 

near 1600 cm-1 
!OJ This indicates that sone structural changes have 

occurred on solution. but still su_g(jest:· a non ester type of a.cetoxy 

group. Nole.cul.ar t·reight. determinations shet-t that these compounds 

ate· moncf"eric in benzene. ~\Tith these observations, a chelate 

. struc;ture has been proposed for the compounds in solution (36). 

The infrared spectra of Cl~SnOOCH.H2o in the solid state 

indicates the existence of formaxy groups of the ionic type• and 

it may be assumed that a hexa coordinated tin atom is involved in 

these mo~ohyerates. 

In eluc:iding the structure of orge.notin Cqrboxylates,. the 

role o£ 119sn and 13c N'MR spectrosQopy, tin 119m .Nossbauer . 

spectroscopy alone t>li th the single crystal x-ray analysis have sig­

nificantly contributed t~~ards scrne definite conclusions. The 

--1...: 119sn chemical shift indicateE,J the coordination nUmber around 
•, ' 

-~-

tin atom in an organotin compound.. It particularly produces a 

large upfield shift of <119sn) with the change of coordination 

n'l11liber from four to five or sb: or eveln higher. 

Examination of the tin 119m MosSbauer quadruple splitting 

parameters can help in identifying the nature of bridging carboxylate 

groups and also from discrete intramolecular monomsria structures~ 
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~he role of 13c NMR spectra was exploited by Lycka et al (651 80) 

for elucidation of structures of some tr.iorganotin carb~Jlates. 

Finally the single crystal x~ray analysis has settled the 

structures of soma organotin carboxylates conclusively,_ 

· ·Utilising the above tools, Holmes et a1 (50,51,72,82)i 

has established the structures of a nuriiber of organotin carboxylates~ 

They studied the structures of the foll~Ting cozqpcunds a 

1. Co-(Dimethyl arnino)oonzoat~_7 triphenyltin 

2. (o-Arnino benzoato)triphenyl tin 

~- 3. , (p-.Aroino benzoato)triphenyl tin 

41 (o~Hydraxybenzoato)triphenyl tin 

s,. ( o-r-1ethoxy 'benzo~to) triphenyl t.i.n 

6.. cp-(!-1ethylthio}benzoat:;o J triphenyltin 

~~. ( o•thiobenzoato) diphenyl tin 

e. (o-chlorobenzoato)triphenyltin 

9 •. . (p-chlorobenzoat.o) triphenyl tin 

10• (o-r"letheoty benzoa·to)trimethyl tin 

·C G-Hydr~'Y · ·benzoai:o) tr.imethyl tino 

Tt'll'o· stru.ctural . t:ypef3 have been found in these conpounds. 

Penta coordinated discrete molecules (A) in which intramolecular 

coordination occurs and penta.coordinated polymer~c chain struotures 

(B) in ;-ihi.ah iVlte..,....olcClJ!ar coordination occurs., vle will discuss . 

here one of ~ach ~·of compounds as examples. 
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I ~ ~0--7Sre-0/ ~O-r 
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Me Me-

(A) (.B) 

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

(o-hydroiy benzoato)triph~nyl tin. Examination of the infrared 

spectra of tb$s compound in Nujol mull and in carbon tetra chloride 

revealed ver.y similar carbonyl stretching frequency,. at 1625-1630 cm-1, 

relative to those of the uncomplexed acids (1660-1670 crn-1 ). The 
·f'. 

latter shift ·is re.lat.ed to the carbcnyl group coordination. As 

indicated earlier the eat.bonyl band exhibits same frequency both 

in solid and in solution phase. So their structures are same in . 

both solid and solution phase. 

The basic structure of (0 -hydroxy benzoate) triph$nyl tin 

ester6 results frvm a distortion from tetrahedral georr.etry induced 

by the opproach C)f an oxygen atom.,. 62 or of the carb~..rlate group 

at a tetra.")edral face opposite one of the tin phenyl groups. Tl)e 

distortion is ta-1ard ~rigona;I. bipyramid that contains 02 and the 

latter phenyl group at .. rocial.· sites. The axial sn .. 02 lengths are 

considerably longer than tl1e equi torial Sn -- Ol bond lent;;zth •. Tin 



104 

119m Mossb~ue~ data give quadrupler splittings witi~ and addi~ional 

t-veak bonding .url:eraction. to the tin atom involving 03 'f~om a\·tr-glide 

related molecule, sn-03 1 c 3,05 A0
, in tihich 03 approaches t~ 

tetrahedral face opposi:t;e that approached by 02 41 sn-02 = 3.07A' 
\ 
\ 
'\ 

and having the edge defined~.! CA 1 and cc 1 in comnon 

H03 

1\ 

1, 
\\ 
\ t' 

/~\ 
I(\ 
i, 
I \ 

I 

li 
t· 

) 

r 

The intrsmolecu.lar hydrogen bond formed from the orthohydroxy 
' 

group of salicyclic acid C . 02 ..... : . a3 · = 1. 93 A 0 J contributes in 

causing the longer sn .. 02 bond length •. 

. Now "t-'le will diseuss with the ~ase of (B) type of CO!t\Pounds. 

As tvith othe.r trimethyl tin esters of cat.boxylic acids~ both the 

anisic acid.derivative and the_salicylate reside in a chain polymeric 

form in the solid state~ However, unlike anisic acid derivative ~ 

t-rhioh has a form (B} with the carboxyl oxygen atom responsible for 

intermalecular bridging, the saliQylate sh~qs the oat.boxyl oxygen 

involved in hydrogen bonding with the a-hydroxyl group. Here the 

oxygen atom of the ortho hydroxy grcup serves as the intermolecular 
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bridging ligand (C) • 

·~ Me C 
o I /~. ~Sn- o "'ri 

~~ 
H 

/\ 
Me Me 

Cc) 

Thie coordination difference is reminiscent of that which 

occurs in the t.rimathyl tin g!ycina·te (74} i.e. inte.rmolecular 
'· 

cooroination taltes plaoe via the amine 

nitrogen atom rather th~n the acyl ~ygen atom of the carb~yl 

group •. !"~.gain hydrogen bonaing ;Ls p~sent. 

The infr~ed data are most instructive in comparing solid 

and solution state st.ru6·tures-. For the anis.:tc ·acid detoivative; . 

. --{._ changes in the carbonyl group stretch '\1 coot and an increase .1n 
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the n~er· o:E ~in methyl group stretches. 'Vsnc ,. on going from 
. 3 

the solid to a chloroform solution imply a~ greater structural 

change eonpared to that occurring vtith the· salicylate derivative#· 

. which sh~is relative invariance in thes~ quantities.., 'l'he as~etric 
. -1 . 

stretch -v coo appeari?g at 1630 em is in the ra..11ge associated 

\..rith the discrete form (A) structure and represent a la,rering fro~ 

that found in the free acids (81) • 'l'he implication is t...l1at the 
- ' 

polymer form (B) found for th~ solid state of o-a.nisic acid deriva·~ive 
I 

is disrupted in solution. In the case of salicylate cerivative 'Vlhich 

is represented in texms of hydrogen bonded chain in solid state (B) • 

solution apparently causes little structural change., Holecular ·\ 

weight data in solution for both th~ CO!r!Pounda imply the presence 

of a- monomer 't'lhi.le t!0H :for second is msel'ls.:U:ive to oilution and 

. is extrenely broad, suggesting .retention of the intramolecular 
' 

hydrogen bonding foun:d for the solid• The principal occurrence on 

solution of salicylate compound is the rt.."Pture of ~"'le v30a'k. inter.. 

molecular sn-o "bond" • 

The single ab:;;cu:pt:ton for (1} in the sol,1.d cor~sponoing 
. -1 

to the . v sn-c stretch ~t 545 om - qnd the tt·.ro absorptions in solu-
-1 -1 . . tion# at 540 em and 510 em · 6 al:'e consis·::ent ~-1itn a planar r-1e3sn 

arrangemsnt,. as found for the solid, whtch becomes non planar,. i.e. 

more tetrahedz-al in e monomeric form in solution~ Solution 1H NMR 

o£ these compounds al~o supports the monomBric form in solution.· 

Both ca.xbon and tin chemical shift~ are ver-:1 · similar t.o those 

reported for analogous rnonoma.ric:: tributyl tin carbox~.rlates •. 
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The diorganotin derivatives of (;:atboxylic acids are less in 

nur.rer, there is only one reported ccmpouna, (o•thiobenzoato) 

diphenyltin (51) withcut any structural details. 
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Oxaanotin carboxvlates nave been studied quite extens~velyo 
"' . -. I 

~bese ccmoounds consist of friorga~otin mono carboxylate, Diorganot±n 
- . . I 

dicarboxylate a-nd mono organctin t.ri carboxylates. Detailed 

structural studies indicate that ·:triorganotin mono carboxylatcs 

R 
''\ 

R-Sn-0- C____... R" 

I ll 
R or, 

(A) (B) 

~he former is intramolecularly coordinated while the later 

is inter molecularly coordinated~ 

Detailed structural investigations on di org~otin 
-

carboxylate derivative have not carried out. ~o far, though a soma 

ciorganotin dicarboAylates have been reported. Hydr~ carbcxylic 

acia esters also have not been studied ext~nsively so far._The -

Triphenyl tin-e-hydroxy bcinzoate have been studied and th~ foll~1ing 

structure h~ve been assigned by Holmes et al (SO). 
) 

o~~Sn/\,CJQJ. 
, / "'a/ oH 

Ph . 
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Holrres et al (SO) also reported l?~sn.Cc-(S)C6H4co2 _7 

though no strnctural detail '\-tas giveno In absenc~ of paucity of data 

on diorganotin mono carboxylates, particularly with hydrQKY carboxylic 

acids. it was considered interesting to investigate the organotin 

derivativ~ of hydroxy carboxylic acid such as diphenyl glycolic 

acid i.tl the present investigation. such an acid ce:ntain two 
.( 

repiacable protons in near proximities, The intention of tha 

pre~ent investigation ,..,as to replace both these protons. This t-Jaa 

~ealised during current investigation~ Triorganotin compcunas are 

unliKely to replace both these protcns possibly due to steric 

reasons. Therefore. it m~ lose one cr.ganic group to yield 

diorganotin derivatives~ During the present. investigation the 

triorganotin compounds did not yieid triorganotin aiphenyl glycolate 

inst¢ad they yielded diorga~o~in diphenyl glycolate. !t would be 

interesting to explore some structural aspects of these diorganotin 

mono hydroxy carbaxylates by IR, 1a, 13c and 119sn N~~ studies to 

suggest their structures at .least tentatively. 
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Tin was estimated gravimetrically as described earlier. 

Analtsis of the compounds for carbcn and hydrogen. 1r1ere carried out 
l 

at Cfntral Drug Research Ins~itute~ Lucknow. 
!! ; 

;f :/d ' C<.ndUctance values hav~ :peen rreasured in P'i"E tJNIG.ru·1 
It j ' 

gt·Q.Buctiv.:l.ty meter .(J?W 9505) using D!i'tSO as sclvent. 
/' 1 
;I -'/ . 

,1, i' 
/' :1;: i' The Infrared spectra. have been recorded in the range of 

/ / I 

/' 4rioo~600 cm-1 for most of the . compc~nd.s u~ing Beckman IR 20~ Pe~J 
IR spectra also have been taken at ns:rc North East Hill university, 

Shillongi!' 

i . 

'·The follOtving abbreviations have been used for the intensity 

of the tR absorption bCilnds 

.f
j 

.·. v.s. ::: vory strcng, s ::: strong~ m::: rcediurn, ~iT = ~'leak, 
b = broad, sh = shoulder,. h ::::: hurf!P~ 

nujol had pew~s at 3000-2800 cm-1 Cvs), 1460 crn-1 (s), 

1376 om-1 (rn)" 

I<Br had characteristic abso~tion ·in the range 3600-

3400 crn-1 (b). 

The 1H Niv'lR spectra have been recorded in VJ'.\-EM-390, 90 rmz, 

N~m spectrophotometer at PSIC Ncrth Ea~t Hill University# Shillong 

using Dr-n.so d6 as solvent. 

The 13c 1 
119sn N~~ spectral data for few compounds have 

been obtained t..rith Broker ~..gp 80 sy r'lultinuclear 90 r-J-Iz· FT NMR 

spectrophotomater and JEOL PNX 60 SI Ct·J 1H spectrophotometer at the 

Depart~ent o£ Cherndstr,r and Biological Chemistry, University of 
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Et:>sex., Colchester, Uo·f"'O d 6 
DMSO t•1as used at the solv-ent tmd 

119 
~MS as reference ~nless othe~Jise ~entionedo For ~ sn NI~ spectra 

tetra.methyl tin have been use~ as reference. 

Apparent molecular weight of scme of the compounds have been 

determined folla.,ying r~ast.• s method., Camphor hnp 17S0 q) used as 

solvent, Crzoscop.:tc constant for Ca!"lphor, I<f .::;: 39 •. 7°c41 

Preparation of starting materials 

All the solvents required in this experiment have been 
' ' 

purified and oried accordingly as described earlier,... 

1, Diphenyl glycolic Acid 

Piphenyl glycclic acid (np 149~150°c, ~~rck) was used 

'L'l.ithcut further purification. 

Important !nfrarea ~pectral dai:a (cm-1 ) 

3400(s)( 2650(t'IT)~ 17l.S(s)i l380{m)1 l340(m), 1250(s), 

1205 (t-J), 1180 (s), 1090 (t..r), lOSS (s}, 1045 (v1), 985 (ro), 9SO(rn), 

900(8;), SSO(t\1)_. 780(s}, 745{m) 1 725(m) 41 700(s) 1 665(s,,; .630(h) 1 

600 (t'l) # 550 (b ) .. 



(+_ 

" + ... 

: •. • . . ·1 '1: .•.• . :· · .. ,. ! . ···•:.· " I' l' . 
, ••••• 1,', ••• , •• 

f·'l i i ~ ' F.'· '• '>1 I !," •, ; : , : •,,..':1 11/o(. 1 ... ., ..... \•; ~·d 

j ; I i I j I i ; : , , , . : . ' , I 
I . ' . l I 

;_ : ! . ! 
; 
i. 

l{\ 

i 

r!T!r\ • A n 
,.f: : :~ ;· v i .

1 

i/
1 

• --~ ·J11 ,, ~: --~~ 1 ·. i~~ ~~~ n .11~ '· ~ ni\(\Jn ; 
., .. ,__ . : ,: ! ,, .. : i I .1 .. . I :i : :.! : .; \ i v . :1/i (! :! !!' . I \ ' , . ' ,.· t ' . I ;:; ,; ' : ' I' I 'I·',, :. '. ' ' 
' ' . ' ' ' ' I . .... ' ' AJ . . ·, . . . : I . i •.•. tl i !' ·! : ; ~ 

.,. 
! 

-l-

.·/ : '\ ,. : i . . ( . .. \; . /! ' ' ; { ; :'j i !.l. :ji!' l ' .. 

I 
I 

. .. --.. l . ' ' " . ' ' " ,, .... ' I .. . . . . . ! , ,: ' . . :' ·' • ' I 
! ; I ' : I ; --- . ~ I :::1 ' ~ li :·1 ·j: ~ i \ 

----.. .. ' ! ' ' . I ' ' '. . i. " I r i ·. I : . I ___ : :: :' i!i ' 
V \j' ' • ! , I , ' l ' li I!' . . \j i ' '' !! j ·I! ;I 

' v i ! :/ .~ v. 't i ' ' \ l '---i'' 
. . . I . ... ! .. . '· 

.•• ,. ' ' ! ' . 

- ' ... . ' . ' ' 

' '" H''" '"'. "" '""' : : ' ' . I ... ,.,_,,.,!~~:11 . i J . \ t. ~ • >: I 

i 

! w rr~Ei~Cf 
( 

: fJf.;!'.fN;,;:.-:.:!'·'" 

IR spectrurr: of Diphenyl glycolic acid (nujo1) 

"., 

•1'}! . :,_ ... , ... , ... 800 -;::::(:·"!-~: -- _...___ . ,.,. . 
, ...... : 200 

~ '·J: '! ~ .,:• I 

: r.··· r .. i . :. . ·..: . • ~ • ' : .• 



112 

2e DibU~Jl tin oiphenyl glycolate 

(A) Tr.ibutyl tin chloride (:! .• 09 grn# A./ 4m. moles) and diphenyi 

gly~olic acid (913 mg'a /""./ 4 m. moles) t'.Teze talten in a round bottom 
. / 

.flask.: 150 rnl chloroform 't'.ra.a poured in the flask 't>Iith ocnstant 

st~rring. The. mixture t·tas t-larmed for 15 minutes on a 'i;.Ya.ter bath~ 

The liberated hyo~ochloric acid was just neutralised with drops of 

liquor ammonia~ The reaction m~cture was cooled in refrigerator for 

15 minut~s~ end ammonium chloride was removed from the reaction 

mixture. The. oleer fil·trate 't-las then refluxed for 3 hours. After 

----t- reaction it "'11a's allatred to cool., filtered and the filtrate 't'1as 

concentrated to about 15 ml. A 't!Thite product appeared on standing. 

The c~otind was washed with methanoi and then vacuum dried. 

· ... : Q 
The corrpound Ir:elted at. 31S· c. 

Found ~ 

Calcd : 

c 57.49 

c 57.51 H 6~10 

sn 26.02 

sn 25 41 92 

I!r[)orta'l'lt Infaared spectral da·t.a (em -l ) 

1590(s), 1565(s), 1490(1.'1), l400(s), ll90·13.80(ml., r;;;;:::;;(j}g 
1100(m), 1070(s), 1035(w), 920(w), 890(w), 825(rn), 780(m), 720(rn), 

700 (rn),, 600 (t·t), 545 (w)., 4~0 {-vt), 380 (m). 
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(El) Dibutyl tin oxide (996 mg. r--- 4 rn. r:·.oles) and diphenyl glycolic 

acid (913 :mg~ ..--v-4 m. moles) ~..,ere talren in a 250 ml rcund bottom 

f.laslco 150 ml of benzene was added to the mi:ttu.reo This reaction 

mixture -v;as refluxed for 3 hour$ fitted v-Tith a 't'lfater separator • 

.t>.fter the completion of reaction, the. reection miXture '!f18$ 

allor...red to cool and filteredo The filtrate t'las concentrated to about 

10 rnl and was allowed to stand for overnight.· A white pa~aery 

cc~nwound appeared. It 't"tas · t-1ashed t-vi·th t·1arm methal'lol and dried in 

vacuum. 

('Yield w 62%) 

· The compound ~ras found ·to melt ·at~"'312°c• 

% Analysis for c22a28o3sn • • 

Found : c 56.86 I-I 5.92 sn 24.90 

Calqd I ·c 57,51 H 6.10 Sn 25.,92 

Irnpo.r.tant Infrared spec!'i::ral data (cm-1 ): 

1590(s}, 1570(s). 1500(w), l400(s), 1180(m), ll.OO(m), 

1090 (a)$ l015(t-1), 910(t-;), S90(t-¥), 820(m)~ 790(m), 720(m), 700(m)
41 

600(rn), 540('t..r) 41 5l.O(tvo); SOO('V.r)~ 450(tv-), 380(m) 4 280(h). 

M.:ixed melting point of the compouncs of reaction (A) and 

(B) was found to be 311-12°c. 

so these tv1c compounds are sene. 

/ 
~ 
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3. Diphenyl tin aiphenyl glycclate 

(A) Triphenyl :tin chloride ( l. 54 grn_, 1'/ 4 mo moles) t-Jas dissol '\l~d 

in. 200. ml chloroform in a round bottcm flask" Diphenyl .glycolic 

ac.t~a (913 mg,rv'4 rn. moles) ~-1as added '!.-lith shaking~ The mL"'tture "t..ras 

"t-Tarrned for 15 minutes on a steam bath. 'J:he hydrochloric acid 

J.iberated in ·the reaction mixture tV"as . just neutralised 'f:li th drc.ps 

of liqt1or ammonia~ The reaction mtxture was then refrigerated for 

another 15 rrinutes"' The deposited axrmon.:l.um chloride t-1as separated by 

filtration. The reacticn was then carried out by reflm{ing for 3 

---+-- hcurs 9 It t·laS then cooled a."ld then concen:l:.rated to abcut 15 rnl­

i.>Thite. pot·1decy produc:t. appeared on standing for fet1 hcurs. 

. -

The compound t~as reccystallised from me·thanol and dried in 

vacuum desiccator. 

The compound decomposed after 28~0c. 

Found c 

Calcd • .. 

c 61.69 

c 62.52 

sn 23.22 

sn 23.,84 

lrnpor.tan·l:. :U1frarod spectral data· (em -l) 

1578(s). 1555(s) 11 l390(s), l180(m), llOO(m), 1040(mJ, 

950(tV"), 940(~'1), 840(m), 760(m), 740{s), 700(s)4' 680(:m), 655(s)" 

570 {w), 450 ('<\')., 



.l .... . . 

--~..-~ -o ...... .s ~ 
m..S 
..-1 
0 
0 
~ 

..-1 
Ol 

.-t 
~ 

l .a 
.... ··:· ., ~ 

A 
·roi 
'0 

a 1 o,.j ..., 
..-1 
:>.. a 
4) 

-& 
"r1 
A 
4-1 
0 

e ..!. 
..., 1 0 
4) 
~ 
Ill 

~ 
' 

I ,·--
'Ji .. 

~ 0. • ... 



'• 115 
!I 
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(B) J Diphenyl tin dichloride (1. 38 gm, .1"\/.:l rn. moles) and dfphenyl 
I A · . -

g_~~?:f,f,:ic acid (913 mg-./V'4 rn.n:oles) t"l~taken in a round bottom flask .. 
4 r 

20q" :ml- chloroform ~vas added to ito The ·miXture was sha1~en and ~rarrned 
I . 

f~r half an hour. The liberated hydrochloric acicl was neutralised 
f ./Y drops o£ liquor ammonia. It t-1as cooled in refrigere:t.or for 15 

/ minute$ and filtered off. The clear solution t'las reflu."<ed for .3 
I 

11 hcurs. 

}J\ 
/ 

!k'\ 
·. 

The miXture was alla11ed to cool and then filtered. The filtrate 
"· I I 

~<; / . ! t'J'aS concentrateo to about lO mlo Kept overnight, 't'Thite crystalline 
! 

~~·;: 
/ ' l 

i I 
/ I 

I ( 
'I 

product appew:ed. 

(Yield = IV' 5$~) • 

The compound ;,.ras purified by repeated c~jstallisat.:ton from 
' methanol and dried in vacuun1. 

Found :1 

Calcd : 

0 61.~1 

c 62!t52 

- H 3_,80 

H 4.00 sn 23.84 

Iw1?ort.ant Infrared spectral data (em -l) 

1575 <s>, 1sso (s), · 1·3ao (m), 1175(t.,. >. 1100 ft1 >, 106o' <ni>, 
1040(t·d, 1000(~·.d., 900(t'1), 820(~1), 760(t-1), 725(m),700(s). 6~0(t'1), 

470 (m). 
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The rriXea rr.el ting pcint of prooucts of reaction (A) and (B) 

-j._ t\Tas found"'-"2B0°c. (deconposed)~ so., diphenyl tin diphenyl glycolate 

was obtained·in both the cases. 
·\ :'. 

K Dibenzyl tin diphenyl glycolate 

A ndxt.ure of 1.27 gm (rv4YI1·mcles) of diben~yl tin oxide 

and 913 mg (/'V 4 m. moles) cf diphenyl glycolic acid ~vas taken in 

a round bottom :Elasl<. 150 rnl benzene was poured . .:t.n the mixture with 

stirring. '.rhe ini:.."'tture. was refluxed for 4 hc.urs vtith a t~ater 

·--t- separator. After refluxing~ the reaction' mixture· 1.vas cooled and 

filtered. The :filtrate \rtas concentrated to about 3.5 ml'" t·Jhite 

crystaline product appeared on standing for overnight~ 

Purification have been done by wqshing several t±mes with 

warm chloroform. · 

The compound melted at 226°0 and ceccrrq;>osed after this 

temperatv.re. 

%.O.nalysis for c28~4o3sn : 

Found • c 63.82 H, 3.41 sn 22·.42 • 

Calcd • c 64.24 I-l 3.82 sn 22-.75 .. 

, \ 

I. 
' 

' 



·.~~ 
I 

s•·~ t : :a.!---f T Ml JlH 

.? . ~) ·" r~. 
··-r· 

-- J 
' 
i j 
! I 

I 
I j· 
I i 
I 
j I 

,;. "l"' 

i :. i . 

·----. ·+·-j ----!-. 
: .·! ; 

1· . ~ 
: ; 
:-

.i 

-··----·-· 
i. 

l. ··! 

_ _:_ .L ~ --~- - ,....,.. 

' ' 
.... !._ . 

i• 

... - ... ---·- ...... 
4000 em -• J!~O:J 
; ';.A\~1.:( I 

- !-

'\ 

SINGLE in AM 
n~rb Rt :,>'ON~a 
AlJIO 5t.4<>0TIL l

.- S..:Arl 141.41 

Ml~.o!--

I 
-l 

' 

t. 

i . ~ 

... i I : 

; . 
T:-·;r 

I ., 
.L .... i:. 
I· -~ 
' . 
' I ·i-''':""' 

+ 
I :::1 ! 

--~-l- . - ~- -·4 . i. 

. ·tl 
·t·~~-h-

1
. ' I j ,.j-

I. i : 
. I . [ ·~ 
. I 
\ .;N 
·U 

3oOO 

i 

. ( 
T ·--- f<tlsPO~-iSE----~~~ [xi~---- ------

1
1 ? 3 4 
,· . -·-'' _ SIITW>!>l!:! ____ ------

--~·1E-cHrliOUE __ _ 

! 
_; ~EFEREI~-----

( ( --( . -----< ( ---< ----

~· 

• <. 

\~~; 
~- ··: -~ 

"(,·! 

-·1 ·(-

··1 OPERATOR DATE 

----~----~ -~~ .... --· ( ----< .-.. 

IR spectrum of DibeRfl tin dipbenyl glycol. ate (nuj ol.) 

ii-
( 

T~\~~~ 

-{ --{ --, 
')(i . 50 

T.-:~:~::: ~=I:'if~: :;~~:: :· .. ~ ........ , .:...--.·- ....... ; ...... 
. . : ... ~ : . : : : : ; j ~ . : : : : i . i 

; . . .. ~ .. , . . . . . . . ' .. _____ .. . - -------, 
•. '•:, .,. '. 'I .:· .. :·· -~-~ :::, ... ;~:.;~q 

··J ___ .:~: 

-. i .... ..: ~ . .:_, 
I • ~ 

. i:' 

L 
--. ! ... --- :- ---'---.. -

t lLC~-l· 

··· : 
·l .. i-~ •. 

I .. 1 .. 
..--+-·----:_1 __ 

i. i 
······: ·-·· ·J .. 

' ;-------,. .. -­
i 

···-t· 

I 
I 

·I·· 
I 
I 

--· -61)0 400 
• r-,.,.t-UN-IC.A.il. t i'. 
. (J.MORID(.-iE '""'~! .; ;.- • .-, 

Pt.f:i.T :.;·) t)-1., /·:~ 

!. 
I 

20C 

I 



-~--

~r 
,1 

·~ : 
f· 
',\.·' 

~ . 
;.· 

~ 

t· 
;. 
\ 
t 

l :· 

-~ 
j· •. 

j'· 

,. 
' ;;If' 

')._ 

, . ... 

~ 

·> 
'c) 

. 't 
;t..: 

1'• tt-
jl 

!,"). 
:,: 
: :• r ,, 

'· 
,_;. 

r, 

.;.· 

i• 

.l 

.. 

._••', 

·' 

~ 

., .,. . .,. 

i 
.!. .t. .J.. 

~ :::; 
",.~. 

.J.~:~~-·- J. .1 

. :; ... 

'• ! 
i: 

:i 

~ 

,. ·'LiU 
~; j I 

·. : .. 

·(!-: 
: 

.·1 

'T'' 1"--T·· · T · T 

f ., f 
..l.-· .. L __ ..J. .J. 

i 

I· 

·•· ,., 

:llj 
' ) ' -========-jS - -

:~ 
i ===-=.:- --_ r-~------.. -_ 
I'; 

.1:'.; 

1''' 
~' .. :i ;;:·:) . 

T;. . ' ~\ . ' 
•• '1;· ., ... 
j.f 
I ~ . 

I i-'.i' 

dt ··-. 
~~j~" 

.L 

.. L. . .l. 

g 
(I) 

'''• 

-\ 

,;: 
l 

.r 



117 

. 1 '\ 
Import.ant Infrw:ed spectral Data (em- ) e ·:·\ 

1558 (sl, 1400(m), 1380 (s), 12l<i(m), 1175 (w) • llOO (m~. :.;"- \ 

1070(m), 1040(w), 1010(>r), 9lO(w), B20(m), 760(s), 740(>r),• .I\ '\ 
700(s), 620 ('t-1) .. · 570 {vv.r), 470 (v-J), 400(h}, 350 (h). · \ <\····-.,, 

,\\ 
,1 :,·~ 

I ,,. 
I \'

' 
.: I 

Dimethyl tin bis · (diphenyl glycolate) I s. -
A mixture of dimethyl tin C'Xide (660 mg, . .-v 4 m. moles) and 

' . 

diphenyl glycolic acid (1.83 gm.:VS m. moles) was tar.en in_ a round 

bottom flask. 200 ml benzen~ was added to the ~iXture with stirring. 

The reaction miXture was refluxed fer 4 hours fitted with a water 

separator. 

The reacticn mixture t-tas _cocled and filtered cut the suspended 

unreacted mass. The clear solution was concGntrated to abcut 20 ml 

and kept overnight. A white powdery product appeared. 

('!(ield = rv 55%) • 

The compound was purified by repe9ted crystallisation from 

~ chloroform and finally dried in vecuum. 

The cornl;;ound wa$ found to rrelt at 197-9B0c. 
The same compound was found., -v1hen the reactants were used 

j.n l:l molar proport.ion., thcugh the yield t~aa r<;tthel! poor,. 

% Analysis for c30a26o6sn • .. 

Found ~ c 59.26 H 4.14 sn 20.19 

---+- Calcd ~ c 59 • .90 H 4.32 sn 19!'80 
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Important lnfrared Spectral Data (cl't!~l) 

1650(sL 1340(rn) 41 1190.(vl), 1055(m), lOOO(~t)" 950(w), 9~0(t.f)~ 

830(m), 760(m)# 7SO(m), 700(s), 680(~·1) 1 6lS(m), 5SO(tcr), SlO(t-1~, 

460 (l'1), 250 (w ), 

A mixture of tricyclohexyl tin hydr~:icle 1.54 gm (~4 mQ moles) 

and 913 mg (~ m. moles) of ciphenyl glycolic acid was taken in a 

round bottcm flask. 200 ml ben~ene \·las poured in it• ~he reaction 

-r- miXture was reflm{e:d for three hours -vtith. t"lat.er separator. 

I 
t 
I 
/ 

2\ft,e:r ·reaction the m~ure -v1as c9cled and £iltere~ .of£ the 

unreacted suspensions. The clean solution was concGntratea to about 

15 rnl and J.cep·t overni_ght. A vlhite crystalline product appeared. Puri­

fied by washing with hot chlorofor-m and then dried in vacuum. 

(Yield = /V.52%)~ 

·Found : 

Calcd : 

c 60.84 

c 61.05 sn 23.28 
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- · (cm-1 ) ., :tmporf:ant Infrared Spec·tral Data 
:ll 

~ ; ~~ 

~ i 

;i,;,, 1600(s)(f 1570(::d,, -1500(w)f 1420,(s), 1400(s), 1220(tv). 
<:;;) 

' 
l2·op{t-r), l190(m), llOO(m)., 1090(m), l.010(tr.;), lOOO(m)., 910(tr1), 

I' /" ' 

~90~w)~ 810(m), 780(nl), 700(m), 6lO(m),. S90(t'l'), 500(w), 440(\,r), 

1. Dipropyl tin diphenyl glycolate 

Tr1 n-prcpyl tin chloride (1.13 gm. ,......-4 m~ moles) and diphenyl 

glycolic acid (91~ mg~ /'-/ 4 m. moles) t'lere talten in ;200 ml- chloroform. 
' ' ' 

t'larrned it on q. water bath for 15 m.ir~:t.1tes.; The J.iberated hydrochloric 

ac.id 'tfa:3 neutralised "tith the d~1ise addition of liquor ammonia, 

~he miXture was refr.ige~ated for another 15 minutes and then d~posited 

a~~nium chlorid~ was separated by filtration~ The clea~ fil~rate 

was xefluxed for four.hourso After rea~~ion~ the solution was con­

centrated to about 15 ml and kept overnight in refrigerator. A t..rhite 

pa1dery product appeat$d. 

~he compound was purified:by rePeated washing with hot 

chloro£oxm .. 

(Yield =A/ 50%) 

The compoun(l\ deCOrr(posed after 23 o0c~ 

Founa ~ 

Calcd i 

c 56~83 

c ss.6s-
H 6c.06 

1-1 s.s6 
Sn 26o28 

Sn 27u60 



I i 
I 

o' 
0 

"" 

. ' 

o. r 
~~ ~ ' 

0 
0 

I 

i 
I 
I 
i 

I i 
: I 
i i 
I i 

! 

~! 

.i 

-_,..... 
0 ...... 
::J 
~ -



+ 

-l Important Infrared spectral data (em ) 

120 

1590(m) 1 1565(s) 1 1500(l-r), l380(rn)., l340(tf), ll90(t-r}, · 

1180(\'r}, 1100(t1), 1070(m}, l040(t.r), 825hz),. 780-760(t-r}, 720(m), 

710(rn), 610(~), SSO(w), 470(w). 

Reactions of oiphenyl glyqolic acid have also bGen carried 

out t-rith tribenzyl tin chloride, (l\teCC~CI-12 >2sncl2 and 

c6a5cH{SnCl3 )crz2coc6H5• But a gummy product t'laS obtained in each 

case, from t-7h.:Lch !Jure COIT[>Ound cculd not be isolated .. 



j . 
! ,, 

J.21 

TABLE I 

Molar Conauetance ( ?\ ) 
1·'1ho cm2 .. 

DibUtyl tin diphenyl glycolate 

Dibenzyl tin diphenyl glycolate 

+-- Diphenyl tin diphenyl glycolat~ 

Dicyclohexyl tin diphenyl glycolate 

Dirr.ethyl tin bis (diphenyl glycolate) 31"27 

-+ 
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TABLE IZ 

,, 

Chemical shift ( 6. ) · I 
Corpound 

tl ' ' 
(f 

Aromatic protons All<:yl protons others 

Diphenyl glycolic 
acid 

Dibutyl ti..'l 
diphenyl glycolate 

Diphenyl tin 
diphenyl glycolate 

7-.26•7.,68(m) s .. 6S(cornp) 

7.2-7.72{c~) 0.62-l~OO(t) 

7.25.;.7.80 
(coup)· 

l.02-1.9(ecnp) 

Dimethyl tin 7.02-7.5 (c:onp) 
~(diphenyl glycolate) 

0.42 (s) 

Diben~yl tin 6.9-7.4(co.mp) 
diphenyl glycolate 

s = singlet, d = doublet. 
.1-l 

complex: ,), m = rnul tip let~ 
'1' 

t = triplet, 

2.90(d) 

2.8S(d) 
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---,!--------------------------------------------------------------.Cornbound Chemical shift ( ~ ) r 
1 Aromatic Allqrl 
I: 

i 

Diphenyl 

glycolic acid 

Dibutyl t.in 

diphenyl glycolate 

Dimethyl -(;in 
~ (diphenyl 
glycolate) 

Dicyclohexyl tin 
diphenyl glycolate 

carbons carbons 

·128.41 
128.30 

127.87 
127.35 

127.0$ 

126.87 
126.;08 

126.58 

126.34 
125.53 

1~7.l0 

126.94 
126,.40 

126.17. 

26.38 

25.-26 
21~78-

13.29 

16 •. 9 

Other 
carbons 

152.37 

141.72 

145.74 
134.74 

, .. 

147.52 
30.90 

29;.50 

28,.58 

27 .. 95 
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•I 
1

:
1119s:n NUC~ r~GNETIC RESCt'!l\NCE SPECTRAl:, DATA 
\' 

Chemical shift ( & ) 

Dibutyl tin diphenyl glycolate 

Dicyclohexyl tin aiphenyl glycolate 

+- Dimethyl tin !?.!!!?. (diphenyl glyciblate) -123.oa. 

I 

~ 
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An attem,pt have been made to deter.mine the apparent molecular 

·~- v-.reight. .. of the compot1nds by· Ras·c method. But in scm!: cases Ra.st 

rret~~ _could _not be foll~red because t.Y).ese compounds trJere insoluble 

+-

I 

~ 

·, 
in Q,anphor. 

r 
:!, ln the experimant carrpho:r (ii\P l7S°C) having Cl"iJOSCOpiC 

·I 

,}J 0 
co~:st~t 39.7 c have been used, 

!i 
,p' 

'l'ABLE. V 

APPARENT MOLECU.W\R iiBIG~~ DATA -
Compound 

D!butyl tin diphenyl 
glycol, ate 

Dibenzyl tin diphenyl 
glycolate 

Dicyclohexyl tin 
diphenyl glycolate 

Dipropyl tin diphenyl 
glycolate 

Dimethyl tin ~~ {diphenyl 
glycolate) 

Mclecular.weicrht 
Founca Calcd 

(for monomer) 

42S 459 

488 523 

547 511 

453 431 

590 601 
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TABLE VI 

SO~!.E INFRARED SPECTPAL DATA IN SOLt.".rlON 

--------------------------·-4~-------------~----~~---r•--·---------------
Compound 

Dibutyl tin 
diphenyl glycolate 

Dibenzyl tin 

diphenyl glycolate 

Solvent 

D.imat.'tlyl tin ~ ( d.ipheny(~{7 
glycolate) THF 

1·1ajor IR abso~tion 
frequency (em--) 

29SO(m}~ l600(s); 15~0(vs)~ 

1450(~)_, 1410(s), l180(t-lh 

lllO(t-1), 1020(m), .2.040(~·1), 

81S(m)~ 770(m). 705(m), 
7lO(m)# 605(h), 580~;) 
_520(t-1) 11 320(m) 

3080 (m), 3060 (m),. 1585 (sh}., 

1560(vs), 1490(s), 1420(s), 
l410(s), 1320(w), 1220(m)1 

1190(rn), l100(m), l065(s), 
ll40(rn}, lOlO(t·d-' 9l5(m)~ 

820 (m), 760 (s )_1 740 (t-1) ,. 

760(s), 630u~), 555"~), 50S(vow}, 
460(m), 360(t·l), 320(t·d. 

3080(m), 1650(s), :}..585(v.s.), 

1500(m), 1430(rn)• 1410(s~. 
1340(s), llSO(m}~ l160(m), 
l070(s), 1040(t'l), 820{~.r), 

770(s), 700(s)# 680('!r1) 6 

615(t·.r), S70{t'l), SlS(t-1)., 

370 (t'!) 

-.---- A broad };:'<::al-.: or a hunp w·as obtained/"'-../ 3500 cm-1 perhaps cue to 
the solvent used. 
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TABLE VII 
··- .. .,..... . .7• 

Solid state Solution state 

1570 1565 

1650 1643 

a sse 1553 
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During the current investigation, scme organotin dip~~nyl 

glycolates have been preparedo The triorganotin derivative~ \\. 
hm11ever, could not be isolated, though reac:;tions t-Yere carried'\\ 

out with triorganotin ccmpouncs -v.l'it.~ diphenyl glyco:t'ic acid.· •Jrri\\ 
organotin compounds on reaction with diphenyl glycolic acid yie1d~d, 

\' \ 
corresponding diorganotin derivatives$ llotV"ever, few moJ:t? di~rgano- \, 

tin diphenyl glyce:lates tt7ere isolated and chara.c1:eri~ea• ~h~\ .\ 
~ 

diorganotin derivatives cc.uld be obtained from the following ~ype 

. . \ of reactions 

(R = Bu, Ph, B~, Cy, ~r) 

OH 
I 

t-v.ith (CH~ >2sno, ho'tV'ever the reaction proceeded as £ollo: .. rsc 

.. ~ 

' \ 
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All these reactions liberated water molecule~, which was 

separated by Dean S·tarl\: ·water separator. On t•Jcrldng up the reaction. 
i 

mixture, the organotin derivatives were Obtained in crystalline 

state or as powdery solios. 

The elemental analyses gave satisfactory data for the 

suggested molecular COff!Position of th~se corrpounds~ The infrared 

spectra of the compounds ~1ere reco.rded 111 

Infrared s11ectra 

The .Y -OH peak of diphenyl glycolic acid iiJ'as fcund absent 

in all these organotin derivatives~ suggesting replacement· of both 

of the hydroxyl and carboxyl protons o~ the ligand. Several IR 

~ spectra of the derivatives have been recorded upto 200 cm-1 in' 

Nujol, I<Br and in T.,H.F. There are nunber of peaks in the region 



~. 
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of 300-600 cm'""1 , some of ~1hich could possibly due to -Ysn-c and 

"Vsn-o frequencies but due to some confusing nature of these pealw, 

·we refrain from unambiguous assignments of Vsn-c and ~sn-o pe~~s 

in these organotin d~rivative~. ~hese spectra certainly indi9-~te 
\l \ 

. C::haracteristic peaks :from some ligand and organotin moieties ·'~ut 
\ 

t-Ie t-rould like to ccncentrate on the pea'l{s clue to carbonyl grcub$ 
'I'{ 

of th~ ligand and organotin derivative~. 
\· I\ 
·\\ 

\Jco peaks of the ligand and o~ganotin der:l vatives (cm-1 ~ \\\ 
' . ~ 

Diphenyl glycolic acid 

Dibutyl tin diphenyl glycolate 

Dibenzyl tin diphenyl glycolate 

Diphenyl tin diphenyl glycolate 

Dicyclohexyl tin diphenyl glycolate 

Di•n-prcpyl tin oiphenyl glycolate 

Din~thyl tin ~ (diphenyl glycolate) 

1715 

~595, 1570 (nujol) 
1595, 1570 (KEr) 

I · 1\ . \\ 
kf 
·1/ ~. 
i: '• .. 
i' . 
II 
\ 
I ·.\ 

1600, 1560 ('I'. H. F. I 
solution)\[· 

l 
1558 (nuj ol) ~ 

1585(sh), l560{T.H.Ft~ ~1 
solutio~\) 

1/.1 
1575~ 1550 (nujol) '·:\. 

1600, .1570 (KBr) .\ 

II' 15901 1560(nujol) 
i' 1650 ( nujol) 1 

1650,. 1585 ('f.H.F. 
(mid solution) 
po:lnt 
of three 
Peak) 
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'' I. 
·'' r:.; Compared to_ oarbcnyl peak of Diphenyl ~lycclic acic11 the 

cafbpnyl. peaks ~f the ~rganot.:ln derivatives were shifted considerably 

itidice:t;ing the . fol;'mation 0f t,he esters. licr.-1ever in most cases, 'tti'C 
I . . 

I· ' . . -1 
peaks appeared# one in the ran~e of 1585-1600 em tihile the ether 

.. -1 b 
::O.and appeared f".-/ 1560-1570 em •. The latter and~ are more intense 

1chan the form.~r ones~· In case of ·pimethyl tin bt@ <diphenyl 
; ' . . . 

l . -1 
glycolate># only one band appeared at 1650 em in nujol# but ill 

. -1 . . 
T.tt;~. solution the! sane compound gave a peal<: at :1650 em - and a 

group of three bands. a~und--1570 cm-1.~ -The shifting. of. carbonyl 

bands from 1715 cm-1 to aro~d 1570 cm"'"1 ·for JYIO~t o£ .the ccnrpourics 
' . ~ - . " ... . ' 

may be due tc .:coo~dination of . C == 0 gr. up to tin atom, ·in addition 

to 'l:'.h~ re~lacement o; the proton of 'ft-OH group. The 119sn spectre. 
0 

'V'lhic:h will be discussed later, support such 6'Ugges·t.ion for most of 
,. 

t1-:e organotin derivat,i..ves except for the dimethyltin derivative~ 

The infr~d spectra do not show any significant spec~ral changes 

be~een the sclid and soluticn state for most of diorg~otin 

derivatives. 

. Before p~~ceeding on further discussions of the diorgqnotin 
-diphenyl glycolates, it may be relevant to discu~s so~ ~tructural 

aspects of scms known orga'lotin carboxyle:tes., 

In 1960 Oltat.,ara et al (30) investigatfad the infrared sp~ctra 

of scma methyltin acetates and formates. Theyinterpreted the spectra 

of trimsthyl tin carboxylate~ e~~· (ca3.>3snooca• (R' =.H, ca3 > 

in terms of ionic structures~ since the spectra shot-rea the e~stence 
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c.f a planar trirnethyl tin g:rGup and .indicated an ionic type 

car~oxylate group~ However· Beattie ana Gilson pcinted cut that the 

sp$ctrosc~ic evidence might also be interpreted in terms of either 
' ' 

bridging carb~tylate g~oups or simple acetate ions (53). Viscosity 
1 

m~asuren ents by Jensen et aJ. (54) supported the bridging struct.uxe. 
l 

)i'he x-ray diffraction o:t trirne·thyltin formate indicated that tbe 
I ' 

( EJtructure consisted a planar trimethyl ·~in and u. :Eormoxy group 

arranged a1 te.rnately along a helix chain~ The ·tin atoms are 

:penta coordinated by three carbon atcw$ and ~~o oxygen atoms (25)v 

Recently, a number of woL1kers have studied c~fferent types of 

+ organotin carboxylateE; by IR. 13c and 119sn N~ and x_.ray diffractiott 

studies. F~9m their resuJ. ts, it may be concluded that organot.in 

carboxylates can be class.ifietl into two rnaj or groups.; These may be 

monomeriQ discrete intramolecular chelated carbo~yl~ces (82} 

. R 

0=? 
R~l I 

S~r--o 
,/ R . 

(A) 

R = alkyl or aryl 

.R 1 = acyl 

associated arrangements containing five coordinated 
R 
I 

R R c· 
0-+\:_ 0~ ~'O-+ 

I I 
-C 

l R 

(B) 

tin atoms. 
0 
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The inte.tplay among various factors are responsible for the 

preferen·t.ial appearance of one of the five coordinated represents .. 

tions A and E~ 
I 

f Holmes and his c~.;orkers (51) also studied. the triphenyl 

tin esters of salicyclic acid and suggested the following sche~tie 

representation of the structural form 

Similar type of intramolecular chelated st~ctures are 

present with a nurr;oer of organotin carboxyla·tes. 

Under the above context,. the phy$icochemica1 data obtained 

for Piorganotin diphenyl glycolates may be oiecussed• 

1 . ' . -a NMR spectra \ 

The 1a N~~~·sp~ctrum of free diphenyl glycplic acid in 

coc13 gave a com,ple~ peak centered-atd5.65 (carboxyl and hydroxyl 

protons 2H) and aflother co~lex patternd'7.26 ... 7.,6G (ll.rH= lOI-i)o 
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Dibutyl tin diphenyl glycolate (in d 6 DI~O) 

Carboxyl and hydroxyl protons were found to be completely 

absent and th~ alkyl protons appeared as triplet at d 0. 62-1., 00 

(butyl methyl ... 6H) and methelene protons appea~d as. complex 

pattern in be"bieen o 1. 02-1" 9 (butyl methylene protons 12H) ~ The 

aromatic pr<;>·tons appeared as complex pat·~ern in bebreend" 7.2-7~72 

(ArH = l.OI-1) • 

£~phenyl tin diphenyl glycolate 

Li1ce the butyl derivati-ve, the ca:cboxyl and hydroxyl protons 

\V'ere totally absent, the aromatic prot~~ , gave three groups of 
.. 

complex pattern peaks in between 6 7,15-7.80 in d 6 DMSO., It was not 

possible to assign unambiguously for different types of aromatic 

protons of ·this compounds. 

Dibenzyl tin diphenyl glycolate 

Carboxyl and hydrexyl ·protons were_ found to be absent •. T.he 

benzylic methylene protons appeared at 6 2.-9 (2H) as doublet 

(~B, J = 27 Hz.) and 6 3 .as (2H) (H_AA •) as doublets (J = 27 I-Iz} .. 

~he benzylic n~thylene protons Splitted (82). 
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The aromatic protons appeared -at S 6.9•7.4 (ArH = 20H) a13 

com,plex pattern. Here also it was not possible to assign individual 

type of aromatic protons. 

Dimethyl tinE!§ (diphenyl'glycolate) 

Here also carbonyl and hydrcocyl protons t>J'ere absent. The 

dimethyl tin protons appeared as singlet at60.42 (methylene 

protons -6H), suggesting tr~ disposition of the methyl groups. 

The aromatic protons appeared ·as complex pattern in bett<Jeen & 7 • 02·· 

7~5 (ArH = 20H)~ The ratio of arom~tic a..?ld aliphatic protons in 

t.his cornpotmd ind~oate.~ ester.type compound- unlike the earlier 

compounds. 

13 The - c wr.m spectra vJeJ."e .recorded for only three organotin 

derivatives. The 13c.NMR spectrum for Diphenyl glycolic acid gav~ 
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f~ilu: peaks at·6 127.35 (c5, c5., c7 & c7 , >., 127~87 Cc4 , c4 o .. c8 & 

c~, )1 128.,30 cc3 & c3 • > and 126.41 cc·6 & c6 ,) aromatic carbon 
i 

~toms. 

r 
.I 

C-· -OH 
1 II 

0 

The c1 carbon atom appeared at,} 152.37, tlhilo c2 carbon 

atom appeared at 6 141.22. 

Dimethyl tin.~ (d~phenyl glycolate) 

l'he 13c NNR spectrum gavo a nunlber of characteristic peaks. 

The .methyl carbon atoms appeared as a single peak at d 16.9 t·lhile 
I I ·-? ... OH carbon atom appeared at 6 134• 74 . and 0 c:: c ... OH carbon atom 

· I I 
appeared at J 145.74. Tho ~hielding of = C-.OH and 0 = C - OH carbon 

peaks, strongly suggest the fomation ·.of an ester t::n:e organ~tin 
Cl.erivative. The ~omatic can:,on atoms gave onlJr three peaks at 

dl25.53, 126.34 and 3.26.58 ,instead of four peaks ~hibit.ed by the 

free ligand~ ·The fou~h peak may be merged on any of these above 

three peaks. 
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Dibutyltin diphenyl glycolate 

, ~he C:lliphatic peal'"~ appeared in be·cwaen 6 l3 .• 290D26.38 and 

may be assigned (SO) as follOTtts $ 
. : ' 

I 

I 

! ; 
10 

·' :j 
i . 

d 13~29 c4~c4,. 

cf 21,78 cl, cl, 

cf 25.26 . c3, cs• 
0 26.38 c2 • c2* 

The c5 carbon atom appeared at 6147 e40 t'IThile due. to poor 

mtens.1.t:.y of. the spectrum the c 6 carbon atom peak could not be 
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unawbiguously assigned. Compared to ligand, the c5 carbon atom 

pe~{ shot"~~d considerable ehield.ing. 

The aromatic caJ;>bon atoms gave three peaks like ·C:he dimethyl 

t:.tn derivative at d 126.08, l-26.87, 127.05 .. ' 
. \ 

; \ 

Dic~clohexyltin oip~enyl_glycolate 

13 . . ~ 
~he c Nt.m spectrum gave four peaks at o 27.95, 28.58• 

29.50 and 30.90 for cyclohexyl ring carbon atoms. For them assign-. ~ 

rt10nt. may be made as follows; 

;0
3' A' 

l(S',. CL_O :, 
~ ~ b. 

m o Sn........._ 102 

~.., "" 3 
7 //' c-o/" 4 

II //~ 6 5 
/ 

0"' 

6 27.95 ·• C4vC4 i 

cf 2e.sa - c1 9 cl, 

d 29.50 - c3, C3o .. cs•- cs, 

cf 30.90 - c2, c2'' c6't q6, 
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The c8 ~arbo~ signal could not be detected due to poor intensity of 

the . $pectrum,. while c7 carbon gave a signal at tS 147 e52o The spectrum 

recorded signals for aromatic carbon atoms which may be as~igned 

(84) as follor:.rs: 

6126.17 (m) 

6126~40 (p) 
' ,. 
\I, 

6126.94 (o) 

d 127,.10 (!) 

Due to certain limitations.,· it. t..ras poss.lil.?le to J:eco.rd 

119sn spectra only for three compounds~ Even t.hese three spectra 
. 13 .. 

along 'tt1i th ZR and · C spectra gave some incications about the nature 

of sorre diorganotin diphenyl glycolate~. 

Coro,pound Ohew.ical shift. ( 6 ) 

~~~--------~---------------------------------------------------
Dibutyl tix.l C!;.tphenyl glycolate 

Dicyclohsxyl tin diphenyl glycolate 

Dimethyl tin ~ (diphenyl glycolate) 

--------------------------------------------------------------~ 
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1 
The ~ibutyl tin diphenyl glycolate had 119sn signal at 

I , 

Ji-- d 142.12 ilo<licat:\ng penta coOrdinating nature. . 

· N advomilt. Hoodlir and Lycka (;~0) reported that the chemical 
r• . . . 

sl~if't c)99.4 to 152.8 ppm are i;ypical of a quasi te-t~rahedral e::range-

ment of a s.imple t.rialkyltin compound tiith a tetra coordinate t.;tn. 
' 

atoma On changing from te·i;ra coordinate ·tin to pent.a coordinate till, 

an upfield shift of ~ <119sn) by 100-190 ppm usually takes place" 
. 119 

·The expected ·.range 6 { Sn)Bu ppm may be given by follov1ing figure 

five- coordinate> 

so-

-120 -200 -280 
(119Sn) ( ppm) 

Correlation of 119sn chemical shifts in tri n-butyl 
119 tin (IV) compounds with Sn chemical shifts in 

triphenyltin (IV) analogues. 
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On comparing, the Dibutyl tin Biphenyl glycolate has a 

value (J 119sn peak value of -142~12 ppm~ which may also indicate 

~. heXa coordinating tin atom. But. it should be born~ ~ mtnd,_{;~~~: 
') . 

-+· ·' 

the spectra ~"la$ .recorded in coordinating solvent a.6 
Dl'lSO; hence it 

is quite expected that Dibutyl "tin diph~nyl glycolate can register 

more ~pfield shift for 119sn ~ak,. than expected for a penta 

co~rdinated t.in atom. The com.9cn.md was sparingly sol~le in coc13 , 

hence the speetrum 'ita:;J recorctk;)d in d6 Dl'JSO. On the basis of molecular 

fomula Qnd molecular l'teight (~ast method) we may suggest the follQ1-

ing co~sition £or Dibutyl tin diphenyl glycolate. 

~he co2 absorption f req\.tency in lR spectra shot'J'ed an unusually 

strong shift from :t 715 cm-1 to "" 1570 cm""1 iridi~at.ing str~g coord.tna­

tiol1 from )C = 0 group of the carboxylate ion1 which support$ 

J (119 
.Sn) valueiil 

The 119sn spectra of dioyclo~xyl tin diphenyl glycolate 

t1ns.s also recorded 1n d6 
Dt-150 solvent• The 119sn pe~l-t . appeared at 

d -199$37 indicai;:!ng a similar structure l.il\:e the above oibutyl 
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deriv~tives. The ~ sh~ft is.also similar here for co2 g~oup. Hence 
'. 

we· nj~y: tentativ~ly suggest· the structure· of Dicyclohe~Jl tin diphenyl 

glycolate as follow~ 
'I 

; . ..,. 

i i; 

I ' 

' 
I 

r 
,f 
' / 

l 
/ 

o' 

/ 
' / 

/ 
/ 

Though detailed data are . lacking for othe~ diorgti.nbtin dipheny]. 

glycolates. These may .hav~ similar structure·s like dibutyl or 

dicyclohexyl tin derivatives. 
'' 

The Dimethyl ti~ deriv~tj.ve j,.s sorrewl\ta~ different from the 

--:( other diorganotin derivative~_,; havi~g two diphenyl glycolic: acid 
. . ' . 1 

residuee~. Ji;lemental analyses,; _molecular 'trJ"eight. and H NMR spectra 

strol)gly support the formation of. Dimetrlyl tin ~- (diphenyl 

glycolate). The 119sn peak for this corripound appeared atcf ..-1:?3 •. 02 .•. 

This may be due to bexa coordin:ated tin atom of the following 

type: 
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Q-
cl~. _o~J/O c-Q 

Sn · \ 

--·-·----'· C 0/ ~D-- c-
1\ II 
0 CH3 0 

In this oompound, . coordination from the carbonyl oxygen of 

either hepta or octa coordinating. In that case~ t~. would expect 

much higher. upfield shift of 1l 9sn signal. ~~reover~ the co2 shift 

is nmoh smaller,. COI'@ared to etber diorgcmot:in derivatives;. !t 
' > -· 

~ ~ . ~ 
sh:.tfts £rom 1715 em to 1650 em only compared t.o.v1570 c::m as 

i . 
( in other diorganotin d¢rivatives. 

!:\ 
In absence of X•ra.y ·data (for which we had no access) all 

structu~~ may he ·considered somen,yhat. tentative in natures 
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~- in the earlier pa:rt.s, the preparation end characterisation 

of some net'1 organotin compounds have been reported. Since. triorgano­

tin comPounds exhibit a wice range of biological properties. scme 

at:~em.pts v1ill be a~scribed in the subsequent pages of the biological 

prqperties of some selected compoundsf described in precedL~g pages. 

A brief reviet-7 of soma important biological properties (antifungal 

end' acaricidal) may be given here~ 

search for netrt pesticides is essential as even successful 

~ pesticides can loose their effectiveness due to gr~~ of resistence 

of pests tot-tards those pesticides • .Moreover, consideration of 

environmental pollution may leac to discontinuance of some successful 

pesticides~ In the search of new pesticides# organometallic conwcunds 

are increasingly gaining importanc~. Organornercurials have played 

an iw~ortant role until recently as successful biocidal agents. But 

aue to high mammalian toxicities and possibilities of biomethylation 

of roorcury compounds# the use of organo:mercury compounds are n0r1 a 

:*- days severely restricted and may ultimately be tottally discontinued. 

organotin compounds rnay replace organomercury com:;"Jounds in some of 

their biocidal applications"'_ 

The principal advantages of the organotin agrochernical~ 

"~t·lh#-ch main,ly possess prophylactic action (1) are their relatively 

10l:.r phytotoxicity, their generally la-1 toxicit~r to non-target 
, ' 

organisms and the lacl~ o£ resistance by croppests to these chemicals. 
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- ' 
FurtheJ:more, triorgenot.in compounds· uncergo degradation in the 

environment eventually, to for.m harmless inorganic tin residues. 

As poin'ted out earlier, the first investigation in the field 

o£ antifungal activity of organotin compounds t·!Sre carried out by 

van der Kerlt and Luijten in 1954 (2). It t'las found by them that 

only triorganotin . (R3SnX) derivatives are the pO!r1erful fungicidese 

A n\ll'fl:ber of tetra .... , di ... , and monosubstituted organotin compounds 

~ were tested Snd all Sh0l·10d very littlG or practically no actiVity, 

corr~ared to triorganotin derivative$ •. 

Zedier ood Beiter (3) 1 Hartel (4) .. Kubo · (5) and Kaars 

Sijpestijn (6) have also studied the antifungal activity of 

triorganotin derivatives ag~nst a ntutiber of plant pathogenic 

fungi.-

Although many phytopathogenic fungi prove to be highly 

~ sensitive to organotin ccmpo~os .!n vitro, some parasitic fungi 

e.g. Phytophthora in ~.estans on potato,. _£orcos12ora beticola 

on sugar :beet and Septoria epii on celeriac etc are at present 

successfully control~ed by org~otins under field conditions. 

Experiments with a series of organotin compounds on obligate 

parasitic fungi have been carriea cut by Hartel (4) and by Tempel 

(7) • The fomer found that l?eronospora on gr~pe is moz:e effectively 

+ suppressed by tributyl tin than by tri~t."lyl tin or triethyl tin 
' . 

compounds. Against pa~dery mildew en cucumber the triethyl tin 
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derivative appeared to be optimally active 'lt7hereas the tribueyl 

and triphenyl tin derivatives t~re the most effective compounds 

~ against pat-!dery-milde\f on barley and the tripent.yl and trihexyl 

t.in derivatives against apple mildetj-.. 

In the symmetrical trialkyltin series the prc~yl ana 
butyl compcuncs generally are the most active derivatives, the 

presence of these particular groups are not the necess~ condition 

£or high activity. This becomes manifest 'tv-hen unsynmetrical trialkyl 

tin acetates ~te.re t:est.ed {8). ~rom these investigations of van der 

Ker'k and Luijten" it t-tas concluced that among the trialkyl tin 

......._. acetates. maximum activity is associated t-tTitb a total number of 9 

to ·12 carbon atoms in the alkyl group regardless of the nature of 

the individual group. 

Regarding the triaryl tin compounds. tri-rn-tolyltin acetate 

end tri•p-tolyltin acetate appeared to equal triphenyltin acetate 

in activityf whereas tribenzyl and ~ (2-phenyl-ethyl)tin acetate 

t1ere also considerably active (9)• 

lnterssting independent work by Hartel (10) with trial~l 

and tr.i.azyl tin compounas sh~1ed that in the le;borato.ry fl trialkyl 

and particularly tr.ibutyl tins are better fungic;ides than tr.iaryl 

tin corrpounds but that the ·reverse is true in the field. This has 

, been ascribed t.o the lcnmr stability and the higher volatility 

of the formar • .t•I9reover., triaryl tin compound~. are less phytotoxic· 

than trialkyl tin con~ounds. 
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~ the early 1960i$ the first organotin compound~ triphenyltin 
; ' 

acetate ::v;as :introduced under the trade name, 11 Brestan • co~rei.a.lly ' i .'i ; . . 
' /by Far~t·7e~lte Hoechs·t A •. Go and shortly later Philips Duphar 1~. v. 

l . lj' ·, . :1 • ' 

f. int~ucea\, t~iPhe.nyl. tin hydroxide under the trade name •nu-Teri 
:'! / J ' ·l - ,· . 
. ! ) / ' . io ~ j: (11>.~· In •;r~stan super'# triphenyl tin acetate is corrbined with 

;/ .j. manganesei~thylene bii! dithiocarbamate ( mane})'). A similar prepara.-
/.1 ., . -

!/ tion of E~sons ~st control, called 'Fennite• ~ combines triphenyl 

~\ . tin hydrox~de t-ti th man~{b • A number of commercial preparat~ons based 
t.Ji,: .. ;'·. / : / on these active i~gradients are at present mark~~urider different 

.;/ / trade nanef» The t;ttganotin fungicides have almbst completely ousted 
~~ I , 

the formerly dominating inorganic cqpper fungicides for the control 
' 

of certain dise.ases' of potato1 sugar beet and celeriac, Later on, i..~ 

t-1as also founcr,.'that. a ~Unber of *rrt9ort.snt tropical plant diseases 
' 

viz• those .in /coffee·~, rice. groundnut., banana and onion can be 

controlled successfuli~ (l2)j"1?Y o~ano~ins.·.,, , 

~he prOblem ~f toxic residues from sprays with or9anotin 

compounds has been thoroughly inVestigated. An important feature 

is the relatively short h~lf life of the compounds an plant leaves 

in ·the field. :rn potato t~ers, less than 011'1. rng of tin per Kg tfas 

found after the foliage haG\ been repeat;edl:y sprayed t..Yith triphenyl 

tin aeetate/ wb C4" .. ·. dcvr, 

xn Kenya, for controlling the leaf ~~st disease of coffee. 

CO"ppe.r based fungicides.~ u~d ~temsively at present.. But.· many 

farmers are concerned that ~a build up of copper may o<;:cur in the 

~ soil after many years of repeated spraying with copper fungicides. 



. resulting the growth inhibition of cultivated plants" Hence, 
I . . 
,l, alternatively •. •ou-rrer Extra' /:47--..S% w.P •. (~iet.table powder). 
,!,1 

/\active ingredient triphenyl tin hydroxideJ has been recommended 
). 

'i by the r<enyen Coffee Research Foundation for the treatrr.ent of leaf 
ll 

j~ rust and also as an· anti-.:feeaant for the giant looper caterpillars 
l I I 

/ I( . that . attaclt the foliage of Coffee ':Plct:ti.i:S (13 ) • 
/ 'J . 

/ .j 
l ~~ Recently Smith et. al (14) reported organotin pyridine ... 2-

lf carboxylates and substituted triazine det-ivatives (100 ppm) can 

control coffee leaf rust and coffee bacterial blight disease in 
\ -

vitro. 

Frorr t.he available literature it seerns that much work has 

not been done for controlling the plant pathogenic fungi by using 

organotin compcundso ¢rivastava (15) reported that diphenyltin 

dichloride is the most active fungi toxic agent against · 

Collototr.ichum falcatum , among aiaryltin dichloriees and their 

activities on complexation •. formation with 2,2'•bipyridyl a~d 1, 

10-phenanthroline are· slightly increase~. l\!ehrotra (16.17) reported 

the fungicidal and bacte~icidal propertie~ of sow.e new organotin 

com.pounds. Ram Kishun et ~ {18) tried to control the bacterial 
I \ I 

leaf spot of sunnh,te:rrp by using the organotin preparation Brestan-
. J . 

60 and • Du•'l'er1 , and found that the corrpounds failed to irt.hibi t 

tha gre»rth of the causal organism Xanthomonas Patelii ~ .v.i.t~ro~. 

r-1ohant.y and I·1ohapatra (19) found the high effectiveness of 'Brestanol' 

. (triphenyl tin chloride) for controlling the blast disease of 

fingermillet. 'Erestan~60' with high effect~veness for controlling 

-+ ,.· ·· the tikka disease of grcund nut and early blight of potato have 
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been reported by Addy (20)o In the present investigation6 some 

organotin con,pounds were used for determining their antifungal 

~ activity against some fungal species .!D, vi troo 

a. r.aticidal Activit,x 

l·~tes like insects are another important and signif.icant 

type of pest of crops ana plantation, causing serious .losses both 

in terms of quality ana quantity of product •. ~he insoct1' p~$tS 
) 

ha~ ~ceived sufficient attention while mites have long remained 

·.rather neglected probably due to their microscopic size end 

. obscu.te natuze, even though they have the potentiality of causing 

extensive damages in agriculture. N'ajor!ty of mites £eea on plents 

.. causing various types of direct oamages like loss of (.::hlorophyll, 

appearance of st.ippl!ngs o£ b.rcnzing o£ :foliage, stunting of grovtth 

producing plant deformities and reduc·tion of yield. Many of the~e . . 

are lmcwn as vector of plant viral diseases causing heavy loss to 

The plant rni~es have dr&~ attention to the workers since 

the time of Homar \"lho first referred to them as early as 850 s.ca 

Linnacus in 1·758 listed riearly thirty spec;l.es in his book nsystema 

Naturae". The irr[Jorta.nce ~.ras further realised in 19th and 20th 

centuries through the outstanding lt10rks of Kramer Megnin Canestrine~ 

Berlese, Oudemans, B.'Vans (1957 ), Eva."ls et al (1961 ).~ I<ra.'ltz {1970),. 

Hughes (1976), Gupta (1985). Jeppson et al (1975) ·brought out a 

~, coraprehensive book en rr1i tes injurious to economic plants (25). 
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r-ates have a high reproductive potential,. may have several 

generation during a ~ason, regarded as genetically plastic 
' . . 

organism and na-1 races are :Eormed continually- it W!dergoes c:::onti-

nuoos cherr.ical selection, :rt t>tas found at after the repeated use 

of a pesticide group resistance occrirs quite rapidly~ tihen resistance 

develops to currently. used aca.~iciee·s., new compounds presumably 

wi~h different modes of action are required which will last for 

sometime to protect crops f..rC;m. mite nUisances. 

The principle .of mite qontrol and th~ differen~ cherdoals 

used for this purpose have been discussed elaborately-by Jeppson 

~- (1965) (26). 

+ 

Sulphur vapour had been used as an ac:a;ticide for quite 

so.rret.ime successfully. Het1ever, under certain conditions it sha\Ts 

. phytotc-xici ty to the host plant. same i%:i the case t--71 th petroleum 
. . 0 

oil·and dinitrophenol. The use of synthetic organic p~sticice 
. . 

started during 19401 s. The first to be used ~1'al;.l "t\Jeotran",• Later 

several otherE;t, as •ovex•, 'Aramite•., •oeneton', 'Chlorobenzilete•, 

• Dieofol' ., • Fens on• ., • Dio:<:athion ' , 'Tetradifon' , • Carbophenothion' , 

'Ethion• 1. *Binapaceyl*, 0 ~1ovestan•, 0Galecron•, etc. appeared .•. 

The pr.:tnciples involved i..'1 t:'l1e chemic£:ll centro~ of the 

mites a.re basically the same as applicable in case of insects., 

Use of .i!llProved agricultural p~aotices applioat.iol'l of DDT and 

reduction of predator population due to ra."lcom use of broad spectrum 

pesticides are some of ~~e reasons w~ich necessitated to the adapta• 

tion of rnoxe improved chemical control of the mites~ 
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Aca(jjicides are SOIOO t<1hat specific in their action. A 

certain pesticide may be effe~tive for a certain group of mites 

_----,__ but may be quite ineffective against a related group. The aca!flc.ides 

+ 

not only ld.ll by direct contact and penetration through its 

integument but also as stomach poison ana as fumigant. Therefore~ 
I 

before a pesticide is spread some factors such as its moae of 

action~ its translocation property if any. its ~sidual property, 

the plant on which it is to be sprayed~ 'the stage of. the mite to be 

sprayec1, climatj.c condition prevailing before and after spraying, 

population migraticn in relation to rainfestati()n etc. should oo 

considered to assess the efficacy of the aca~i~ide. 

At present thex.-e has been rrn.lch criticism of the use of 

some groups of acaricides because ox· aevers~ ecological effects. 

'l'lle organo chlorines have b?en found tp. be most hazar~cus and 

saveral countries hav~ either banned or restricted their uses~ . ,.., ; . ~ 

The use of less persistent; organopho$phorous CO?JPounas is al1so 

unde~ hard scrutiny~ In t.'l-tis connection the aearch for an altGmate 

class. of acericides -vtith different mode 'pf action, spec~fi@:Wa'l'ld 

less ha-rmful to the environrnen~ is being parried out in d,ifferent 

countr;l.es \for a long tims. :rn t.'.tle ye~ 1968 a major breelt through. 

in the field of agricul~~re was obtained ~ith the aeveloprne.nt of 

a completely new type of rni ticide - 'Plict~an 1 • The product based 

en trycyclohexyltin. hydroxide was introduced into the u.sa ma:e:·Jtet 

as q result of th~ jo~f'!t rasearch effort b)' Dot-t a11d r-1 & T Chemicals 

(27.26)11!' 
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As it has been discussed earlie~ organot~n compounds were 

already lmotm £or their biocidal uses and the co!llm3rcial success 

of 'Plietren• encouraged other resea~h ~tork~rs· in this area. 

~peoies specificity of organotin derivatives sug~sts that 

when R = c6a11 (eyelo) or P~s2ca2 .of.a R3s~~ compou.~d~ the compound 

. ""culd be a pet'lei"ful selective miticide~ ~his led to the introduction 

o£ t~ fe~' other o.rganot:ln miticides.,; ~hese ere l-tricyclohe!cyl 

st.annyl 1 1 2•4-triazole (~·I?eropai•) (29) and b!Ei (2-methyl 2-phen:vl 

propyl tin) o::~ioe (30) commonly refe.rred to as ~ {neq;)hyltin) 

Qxide- ( • vendex 11 or •r;rorque • ) ~-

'Plictran• is a specific contact acaricide with a moderate 

initial toxicity and with repellent anti feeding properties. ~he 

duration of protective .aQtion l~sts for 20 days or more. It trtas 

first registered for the qontrol of mites in apple~ and pears etc. 

Nm-1 it is registered in many European and in other third t·1orld 
I 

countri~s as an ~cariciae on citrus#- stone fruits and hops as t-rell 

as apples and pearE,J. The commerc::ial formulation consists of 't'Iettabl($ 

pmtders which are :readily dispersed . in watero The active ingredients 

are applied ·at a very lcx-1 concentration e •. g. at rate~ of 2-3 ounce 

per 100 gallon of spray (15 to 22. S gm/100 litre t-rater) registered 

in the u.sa marltet (3lt32,33). 'Plietran' was found to be veey 

effective in controlling red spider·m.tte in laay•s-finger compared 

to ••.Monocroptophos" 3G 'tiSC, 'Carbenden2'oim* 50 t-Jl? and ureajll It.l s 

efficacy it1Cls not diminished t<~hen mixed with other agro chemicals. 

LI'he safety o:f • Plictran • to the Cocc:inillid, mite predator., stethorus 
' spo t.;as also confirmed during the investigation (34). 'l?lictran.~ 
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was tested (35) fo,r its effectiveness· in corrparison to Malathion, 

oxyd~emeton methyl and wettable sulphUr against Tetranvchus 
---,____ 

1 cucuroi tal. A signif·icant reduction of ~ te population was observed 

'in plots treated with • Plictran' SO l'lP after 1 1 31 7,10 days of 

spraying while others did not give any control o~ the pest; no 

phytotoxicity of tpe t~a~ed plants t..ras observed. Prevention of 

Panonychus J:!!m! and .apple~rus;t mit(3 with 'Plict:an• along with •vendex' 

,,.,as very significant (36) •. EvaJ,.uat.ion of tPlic;tran' against the 

pink tea-mite (Aca;ghyl·la~th~~;· ~ was as ef£ect:J.ve, as standard 'Dicofo1 1 

''· 

and 'E:t;hion 1 (37). 1 Pl!ctr911 1 had toxicologic~ parameter to those 
ana 

of chlorine and sui:ohur containing preparation~".had a hi~h ovicidal 
' . .'- ! ' " ' ' 

actiyi~ and was hi~hly toxic to· mobile pha$e~ of the spider mite 

(38)e; Periodic applipa~ion of. 'Plictran' •cau~d no resistance 

dev~lopment eve~ afteF ninety conse~utive generation and was effec­

tive. against sp49er rn:.tte 'population resistant to others especially 

phosphorous-ccntaining ·. acar:f_cides. ~he use of • Pl~ctran • t'las 

recommended in rotation with \•Dicofol' and r.Arex 1 , v-1here a resistance ' - . . ' 

to phosphorous-containing and ch~orin'e cont_aining acaricides had 

developed. Sprf.Ying Cotton plants (39) with Zo9l, 03% Plictran 

per hectare. COz:ltrolled spider mite~y 96% to 96,.3% and preven·t.ed 

oviposition, and also sh~wed lqw toxicity to peneficial entomo­

acariphages. Th~s phenomenon v-ras also observed (40) on. StrmV'berries 
I 

' 
in Southern Cali;Eorni?. when 'Pli.ctran• at 0.25 ?nd 0.75 lb/ac1.-e v-ras 

app·~ied to ~etran;vchus urticae. Sig~ificantly fet.ver !• urticae 

occurred in plots. ~~eiving'"Plictran' at 0.75 lb/acre than at 

+ 0.25 lb/acre. The yields were greater than that of untreated control. 
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Similar result t-tas obtained .(41) '.r1hen °Murftte• (Cyhexatin + 

Murfite rnixtuxe~ 300 + 160 g/ha) and Cyhexatin (250 g/ha), 'trias 

applied in the strat1berry crop yield with cyhexatin4r Re$idue 

bioessays with 1 P1ictran• (42) along with 'P~pargite•, 'Dicofol', 

• Canbophenothion • • • Hexak!s • and • Abamectin • ~1ere conducted against 

three populations of two spoted spider-mites~ Behavioural responses 

(WUlf•off and spin-dotrm) was significarrtly greater than tha·t of 

. control "t-li th • Plictr~ • , • Hexekis' a.?ld 1 carbophenoth~on • .. Cyhexatin 

t-?as corrpared fox; its ·toxicity (43} to 9 Chlaroprcpyl~te •, '.tliZil'lo­

ph.osmethyl• ,. • Nethidathion•, ·•Fervalerate • and • Berionrxl' agail1st 
' . . 

'~qnychus ~· ~etranzchwa. u:r.;tieae, Acu~€! £ocke£!, ~$C~us 
~0~ : 

finlandicus. Fer a:I:li\Pl.:le·i:.rcm -v;ras highly toxic.t., .!et thet level of ithefr 
. I . 

_ LC:gs values and :tJle application ccncentrations usea ili orchards. 

Studies on the efficacy of three acaric.ides (4i!.) on lady's fingsr 

revealed that the b2st result \-laS obtain~d with 'Pii~tran·• (350, 

400 g/ha) and its effect lasted even afi£er 14 dey;s of sprayiJ."'"tg~{!_ne 

, v;eek after spray;U~g "all other treat.rnen·c§~ 1 • P;t'ictran.• (200" 25040 
· . . , m.ay- even 

300 g/ha) t-vere, found to be on per t-li t;h "-~=:::=.') others and "§\uperio.r to 
I /' 

'Dicofol' l8p5 .B.c. a..?ld 'Eth!on•· so;.~: EQC• 
/ 

"'?eropal" is most. effective/ against 'the rrembers of 

Tetre.nycl;lidae. At o. 004, o. 02 anq :0.,1% CCl"lcGntration it caused 160% 

it t.>ersiated long enopgh to kill ~oox;. of l• £1j:Jsal population. !t 

mainly ucts as eont~act poison \·.Yith a mez-Jicd repGllent eff~ct (45). 
f 

Green house e.."iperiments t1ere I>,e.rforfi'!Gld (46) to est~lish a cctJnParison 



~ .. / 
r /1 

I' // 
,/ I 

J ) j ' 
/ 

160 

of the effectiveness of • Peropal t against three ~Tetra11Ychus 

urtioae• strains of varying sensitivity to conventional acaricides. 

Results shovred t.ha·t 0'Peropal' was eff~ctive against a. number of 

mite species (46). 

•vendex' applied (47) et 2~3 lb/acre to c.:tt~s orchards 

controlled cit~s rust mites upto four months. It is also effective 

against organophosphorous and organochlorine resistant mttes sh~d±ng 

la~ toxicity to beneficial mites and honey bees. 

··AS a consequence of wide application of organotin acaricices 

it is a evident that sone l:'Ssistance might be developed by the mite 

torrraras these acaric!des. It has been found that (48) Tetranvchus 

urticae failed to devel6p resistance against • Plictran• and • Peropal' 

over 100 generations even after treated for 40 times \·1hereas over 

after 18-23 generations resistance to 'Aetellic• and 'Etaphos• 

incr:eased 360 and 1000 fold respectively. 

Acaricides Shod variations in effectiveness against eggs and 

adults. The egg is generally highly resistant to usual contact 

acaricides as the eggs have a complex protective merrJ:>rane surround­

ing the embryo, ~11h.:!ch possess difficulty in the penetration o-£ the 

acaricides, thus it becomes difficult to destroy the eggs along 

1.-1ith the adults. But if the E;)ggs are not destroyed corrpletely tooxe 

remain tba chance of rainfestation. So it is important ·to assess 

the ~f:fectiveness of acariciaes as an ovicides i.e. they should 

possess lethal action on the eggs, as indica·ted by the cessation 

of embryonie.development. 
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Materials and Methods: 

A. Fungicidal Activities 

(i) Cornoounds: 

Triphenyl~tin N-hydroxy succinimide#. triphenyltin 

N-hydroxy ph~alim!qe and tributyltin N-hydr0xy phthalimide reported 
' ' 

in earlier .section1 have been tested for fungi toxicities. 

(ii) Organisil1.§.!: 

(a) Helminthosporium omae 

Breeda de Haan - causal organism of brOirm leaf 

spot disease of rice. 

(b) Altern aria sol ani (E -II- and Mart) Jones and Grout ---
causal organism of early blight dis~ase of potato~ 

(iii) Culture Media; 

Solid media C'malt ext1;ac.~· agar ('21) 7: 

20 . g malt extract (Difco) was boiled in 1.·1ater 

till aissolved. 20g agar aga,r (Kob~-J9-pan) w-as added anc;l boiled 
- I 

until· agar agar 't"las· well dissolved,.. o.osg cl1.loramphenicol was 
- ' ' \ ' ' 

suspended in · 5 ml of 9.5% alcohol. a'i'ld added ·tp the mepium as anti 

bacterial agent. The_volume of the medium was th~n mape upto 1 litre 

by addition of water. pH of the medium t.ras adjusted.w~·;th sodium 

hydroxide to 6.5. :t~diUiil \'las sterilized at 15 p.s.i. f.o;r: 20 minutes. 
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4. A."lti £ungal Activities of s~lected Compounds ,!n vitro. 
\ > -- ---- > ---- -- -- -----· .----- - --- -------- -- -~-- ~.-

-----~-

Anti fungal activities of the conpc~;unds trtere tested follat,Ting 

the gra~h inhibition stuaies. 

G~~h inhibitions were studiea foll~1!ng the poisoned 

food technique (22}. Acetone solution of suitable quantity of the 

col'll'ounds in sterile distilled t'17ater was incorporated into mel ted 

malt agar .~o as to get the desired concentrations of the compound 

in the media. Media t~i th desired concentrations of compound "V.rere 

poured i~ petri plates and after solidification \·Jere inoculated 

~ at the centre t-1i th unifom discs (7 rrm} of mycelia, punched out 

,..,i·C.h a sterile cork borer from the advancing ~c~e- of a culture test 

fungus. Three replications on each test t-ti th appropriate control 

unoer sa.'T!e conditions vJere maintained• The petri pl.ates v-rere then 

incubated a·t. 3 0 ·1- 1°C- in dark. Linear grov1th of . the fungal discss ... 

+. 

;:.,;e~ measured after regular intervals and the percentage of inhibition. 

over control was calculated foll~~ing the equation 

~X 100 c· 

Ct-;he.re c c control, T ~ treated_7 giv~n by Vincent (23). 

5e Determination of E:o50 and ED
95 

T~ ED 50 Ceffeotive dose for ~0% in14ibitionJ and ro95 · 

Ce£fective eose for 95% inh.ibit:tonJ values < ,u. g/rnl) t-1ere 

calculatea ~J least-squares regression analysis using computer. 
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ri~althy rice seeds of PUSA 2~21 variety 

collected from·Chitisureh Rice Research F~, Hooghly, West Bengal, 

t-Ieze used in the present in"i.?Sstigation, 

(ii) Compounds: 

Triphenyl tin N-hydro.xy succ.inirrdee ,11riphenyl 

tin N-hyora:yphthalimide and ~ri'butyl __ tin ~l-hydroxy phthalimi<:ie 

were used £or deterndning their phytotoxic effect on rice. 

(iii) Effect,qn seed_ ~er.mL~atign: 

Heal thy rice seeds -v.~re dipped- in corrpcund sus­

pel'ls.ton of 1001. SO and ·25 ppm concentration for 1, 4 ·and s hours •. 

For control, t>J-ater \'.fit."'l requisite a'Tlotmt of acetone t..ras used. 'l'he 

traatea seeds t-rere then placed on moist t..'l1.ree .layered· filter pq.per 
0 . 

in closed pstriplates. Plates tre.re incubated at 30 ± 1 c. 100 seeds 

t1e~ maintained for each treatment~ .After e days the germinated 

seeds ~re.te C?Unted~ Seeds prcouc.:tng a root .or a coleoptile t-rere 

recorded as germinated. Three replicaticns of each test "Yrit.h 

apprqpriate control uncer same conditions were maintained. 

c. 1-a:f:ticidal Activities 

{j.) Conmcunds: 

Tricyclohe):yltin N-hydroxy ph·thalimide, 

Tat.racyclohe>."Yl 1 s 3 di-N-hydroxy suc::cinirn.ido distanno.xane, 

Dicyclohexyl·tin diphenyl glycclate and rlictan. 
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(i!) Org~isrn s G~en rni t.e 
}' 

I , I 
11 (iif:) petexrnination of acJrici,1al ectiv:fstz 

;" J< a) Collection of speciiOOns 

f j · ·. The mite infested leaves or plE.lllt parts •rore l>.rcught to 

~ l~or~to~ i..~ polythene bags after tightly closing the mouth of the 

~ag ~ath a :t:'U.Dber bana • 

. 1A ;tf· (b) :.tounting for microscooical oxarr.ination 
/' / Before exatnining unaer microscope,. high degree of 

-·~ .;ttansparency in the mite is needede~ This ~.ras done by placing the specircsn 

/ l'~tb be examined on a slice ana putting a drop o£ lactic acid over it. The 

f slide -vras then gently t11armad for a f<'-*1 seconds,. t-r.hich reduced the normol. 

opacity of mites, app<:....>Jadages extended. It tlas then carefully examined. 

uncer the w.ic.t:oscope. 

(c) nearing 
~Ute was .reeu:ed in the laboratory in large mmibers for 

experi~ntal purpose. Rearing t..ras one by tt11o methods .. Thes~ ~rere cultured 

in bean seedlingsj l~pt in pots. The adUlt mites were picked up from the 

infetrted leaves or plant parts and transferred to the leaves of potted 
seedlings or the· infested plant parts were kept· on top of the seedlings. 
When the detached p~-t dried up the mite~ migrated to the leaves of the 
potted seedlins:s~ Petroleum jelly was applied azcund the base of ths 

stem to prevent the escape of th~ mites. 

The other method used tfe~e keepi~9 excised leaves of 
the host. plant in petrioish (15 em d.iameter) over a co·ct:on pad super 

::;(_ saturated t·ri th t-1ater. Leqf was periodically changed and t'\Tatex: t,ras added 
daily to maintain a thin film of water at the margin of leaf to prevent 
the escape of miteso 1·1ites t·Jere trans~erred on t:.o the leaves by picking 

up t'li th a fine brush rnoistered with t-Tai:or. 

(d) Slide-dip m;t.hod fior contact toxicitX assesoment 

This 1r.ethod \'J'as originated by Voss C 56 ) ir.iproved by 

Dittrich (57). Adult. fernilles of lmown ages t..rero. used for the screening. 

This ~11es done by collecting eggs over 4-5 · hours . a'ld. rearing adults of 

a new generation which appeared 6-7 days later.,. at temperature ranging 

-+- from 27°C to 29°c. 
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For the te:sti' nd.croscope slide -v:a.s cove:ed with· a strip of 

double-sided scotch-tape and twenty awl t. females t~ere stuek on to 

the taps4' on .the dorsal side, in two rcws of ten, The prepared slides 

were dipped. ~or 5 seconds in serial concentrations of the cOWpouno· 
being :tested~ Slides. were dra.inea. by placing on edge fo!: 15 w.inute~, 

at room temperatura~ .r-J:ortalit.y counts were made after 24" 49 and 72 

hou.rs., !.Utes not shot-ling rnovemant of a,ppendages '(•:hen touched by a 
. . , . ' . . ' . 

' ' 

fin~ brush w(;lro Xt..~orded as aead.. Three tests were conaueted ·at ~w::h . . . . . ' ' . . 

dosage level. The Ueat.ed slides t'1Sre placed on the top of a moist 
. ' . ' . . 

cotton~paa in_petri"dishe$, wht~h contained water to maintain ~le 

hU'11ioit.yQ ~"or t~ control set# slices were dipped in distilled trJater 

for the same 1engt..l-t of tine ,t,· 

'l:he ~thod :folla~d here t..ra$ tho.t of r".iansour &"'ld 

Plant. (58)1:l ~he wJ.tes \ll'S:t'e released on fresh le;:;1v~s- and spra;yed t<Iith 

the different concentration of tr.te compound~ Each teat t•Jas replicated 

thrice and mortality count:a we~e made eftet 24.. 4S arad 7.2 hours~ 

(f) neterrdnation of x.c95 ana Lc50 
~ . --rs -• 4tlill]lt 

The ~uc50 and w95 Clethal concent.ration for SO% 

ana 95% mortal:tty-J ( ?9/ml) weze calculated as earlier using least. 

square xegrese1on analysis using e com.puter• 
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~he triorganotin compounds, particularly triphenyl and 

tributyltin derivatives. show excellent fungicidal activities. 

In the fungi toxicities. the a.!lion!c pert (X) of R~SnX does not 

infl\lenee the activity considerably. 'rhough more \·10rlt is :necossacy, 

it seems the triorgancts.n moieties, as expected1 retain. its 

fungicidal prcperties in Tl.-iphenyl tin N•hydro'tlf phthalimiee, 

Tripnonyl tin N-hydtoxy succinimide and Tributyltin N•hyctroxy 

phthalimic1e against. Alternaria solani a."'!C! f.Ielminthogeoritp'q .Clmae. 

·~The ~sult.s obtained have. been tabulated as follo.1s; 
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I TABlE - :t 

Effect of Triphenyltin ~-hydroxy succin!~~de on 
growth of Al:ternaria solani 

Concentration 
(,f'-g/ml) 

Percentage of Gra~h inhibition over 
control S}fter _ 

'24 hrs 49 hrs 72 

167 

..... -
hrs 

"7911'07---

1.S6 

1.25 

0.63 

0.31 

Oo13 

o.oG 
0.;.03 

-

100.,00 

100.00 

97.90 

93.42 

11.·40* 

56.30;\' 

42.20* 

-P 1 I *** ~ 

o.os ~g/ml 

o. 3~i f'9/ml 

!:.egression cc.nstants : Y = rro: + C 

c 

r 

100.00 

100.00 

92~SO 

78o90* 

62.50* 

49.11* 

'3JS -. :~lf~ l 
7"--_::.:... -,,_;)-

-----.... .. -..--~, 
!_ ;;_,_:_,.~· f 

o. 07 )-og/ml 

0-.71 jJ-9/rrU. 

.. 13.65 

101.,62 

* Data have been used for regression analysis~ 

I ' 

100.00 

98.92 

86,.90* 

72{1/70* 

55;,00* 

40.,00* 

rZ:.'f~61!J .....___ _____ --

\~~--- ---~-~~:-;· 

o.m~ ;..g/rnl 

o.9G ;-g/ml 

95,.86 

0.,99 
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TABLE - IJ: 

.Effect o£ Tr!phenyltin t-J-hyaroxy phthalin·ide on 

grmqth of Al temaria solar>.J: 

Concentration 
(~g/rnl} 

6.25 

3,13 

1.56 

1.25 

0.63 

o.31 

0.13 

o.o6 

o.os 

EOSO' 

Eo95 . 

Percentage of grov1th inhibition over 
contrcl after 

24 hrs 48 hrs 72 hrs 

100.00 100.00 100.00 

100.00 :too .. oo 96.86 

100,00 99;.20 9.1~11 

100.,00 98.16 87.75* 

97.12 87o31* 78.32* . 

92.60* 73.35 64.24:* 

65~30* 90.21* .p2o34* 

50.72* 46.26* 40 .. 12* 

36.o28* 32.90* 29.;.28* 

. o. 06 f-"9/ml · o •. oa ;--9/ml o.11 ..N9/ml 

o.s6 f9/ml ·0.94 f'g/ml 1.90 ;vg/ml 

Reqression constants .. Y=nac~r c • 

m .44.42 

c 105.77 95.97 84.'72 

r 0.99 · 0 41 99 

* Data have been used for :c.-egression anatys.i~""' 
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££feet of"~ributyl tin N-hyo~c~~Y phthalimiee 
oo. gra·Jth of A.1ternaria solani 

concentration 
_,Ng/rnl 

... 

0.31 

0.06 

0.03 

Percentag~ of grmrth inhibition over 
con·trol after 

24 hrs 48 hrs 72 h~ 

100~.00 

100.00 

100~.00 

9$3~19 

84.~8* 

67.21* 

5.1 .. 50* 

100~00 

100.00 

99.-90 

96~20 

83.12* 

65.50* 

49~50* 

33.71* 

100.,00 

99.90 

93.61 

89.20* 

82.97* 

62.11* 

46.19* 

3.3.10* 

169 

0(1 06 ~g/m.l 

,Oo47 f-'9/ml· 

o.o6 f19/ml 

. 0 ~ 51 }'-9/ml 

o. 07 pg/ml 

0. 69 pg/!l'l~. 

Regression constants: Y= mx + c 

. Oa~~~-9 

49.,.59 

109.28 

0.99 

* Pc:rca have been used for regzession analysis •. 

45.20 

102.04 

o.99 
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Effect of Triphenyltin N•hydr~ty succinirnie~ 
on gro"t11th of ~rnintho:morium .sm a§:. 

170 

Concentration 
(/"'g/ml) 

Percentage of gro.-1th inhibltion over 
control after 

\ 

12.50 

1o.oo 
6o25 

3.13 

1.25 

0.63 

o.os 

~c:i_ 4.*111 

ED so 

Regression 

m· 

c· 

r· 

24 hrs 

100.,00 

100.00 

100.00 

100.00 

96~82 

76~20* 

73~43'~ 

49~S1* 

34~oot· 

11.62'#: 

0~00 

0.35/-'g/ml 

.2 .. 98 ?9/ml 

conn tan ts Y = rnx ·t- c 

61 .• 29 

65.-86 

0.99 

48 h.rs 
:"01'1 ......... 

100.00 

100~00 

100~00 

95.95 

87;,14* 

65~21* 

58.,96* 

38~64* 

2la.29* 

3 •. ~1 

o.oo 

0~89 rg/ml 

·4.25 f'-9/ml 

65,.83 

53.59 

0.99 

* Data have been used for regression analysis. 

72 hrs 

10.0.00 

99.34 

9'7.79. 

95~20 

. 75.50* 

ss.oo* 
52.22* 

33"43'l< . 

15~24* 

1.59 

o.oo 

60.50 

46.27 

0.99 
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Effect of Triphenyltin t\1'-hydra'Ky phthelirnice on 
gralf1'th of HelmJ.nthosoori\h"l'l oryzae 

coneentretion Percentage of 
(!"g/ml) c~ntro!, ~i;.er 

24 hrs 

6.25 :.loo.oo. 

3.13 lOO:eOO. 

1.56 S)3,.20 

1-.25 87.50* 

o.G3 74.70* 

Oo31 56.25* 

0~13 37.50* 

o.oG 24~61 

o.os 8o26 

-.02 o,oo. 

0,.21 J--~g/ml 

RegJ:ession constants ~- Y = mx + c 

m 

c 

· o.99 

inhibition over 
'" 

48 hra 

100 •. 00 

100.00 

86"90* 

80.90* 

66,90* 

53.48* 

32 12* f.l! 

19.20* 

6C!11 

o.oo 

0~ 28 ;V9/rnl 

4B.SS 

77~26 

*Data have been used for regression analysis 

171 

' I rd ... w 

72- hra 

100.,00 

9~.48 

82.71'" 

76~25* 

64.90* 

. ~9.0!;)* 

30.23* 

14.04* 

4.12 

o.oo 

0 .. 33 ;U9J/ml 

2.79 ~g/ml 
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-TABLE -VI 

Effect of T:r:ibutyl tin N-hydroxy phthalimioa 
on ~rm·lth of lislrnint.hosporium or-nae . ._....... • -,1 

Concentration Percentage of grcJ~:·rth inhibition 
(_pg/ml) 

64125 

3~13 

1.56 

1 •. 25 

0.63 

0.3i 

0.13 

0,.06 

Oo03 

o .. o2 

ED so 

E09S 

m. 

c 

--. 

cc,ntro1 

24 hrs 

100~00 

100C)OO 

lOOc:.OO 

:;.oo.oo 

lOOil.OO 

9.e;oo. 

85.85* 

77~00* 

66.-oo·;r 

52.01* 

'O.ol _Mg/ml 

.0.18 ,;U9'/ml 

~0.51 

1~4a,93 

after 

49 hrs 

100~ 00 

100.00 

94"02 

B7.• 501.· 

8,44 2111't 

72 .. 10* 

GOttDO* 

~1.00* 

40.00* 

. 32 .. 03* 

o._os ;09/ml 

.1~64 pg/ml 

3l!t73 

66~16 

0 .. 99 

* Data have been used for regression analysis 
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over 

72 hr~ 

100.00 

98.22 

88~50* 

94ol7* 

75.,09* 

66(>44'11.' 

50.60* 

39.49* 

28.03* 

15.21~!{ 

~ ....... ~ 

0 .. 13 p9'/m1 

2 .. 22 }A9/."Dl 

36..,03 
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Ti\BLE ""' VIZ 

ED95 Values in ~g/ml for grotfth inhibi t.ion 

·against Alternaria. 9olanl 

cornpctmd ED95 vsluas ~g/rnl 

24 hrs 48 brs 

Triphemyl tin 
t~-bydr~ 0.35 0.71 
succin:.irrdde 

~riphenyl tin 
N•hydroxy 
phtnal.i.rnide 

o.s6 o.94 

Tributyl tin 
l~-hydroxy 0 47 • o.s1 
phthalirnide 

Tributyltin (24) o.11 a.?e 
acetate 
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72 hr$ 

0.96 

1.90 

0.69 

o.ge 
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TABLE . • VIII 

ED95 Values (~g/rP.l) f~ _grot~ inhibition 
against Helillinthosporium oryzee 

Compound Eo95 valuespg/ml ( ... bra) 

'l'riphenyl tin 
N-hyaroxy 
succinirniee . 

Triphenyltin 
N~ahydrcoo.t 
phthalim.ide 

·rribut.yl tin 
*""'hycll.'"OX.y 
phthalim.ide 

Tr.i"butylt!n (24) 
acetate 

24 72 

1.73 2.31 2.79 

o.1e 1.64 2.,22 

o.3s o.11 0,96 

114 
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'l'he in vitro tests of fungicidal activity. have limited value 

to the agricultural plstieide chemist because it.ciro~nts the 

iuportant consideration of phytotoxicity• A fungicide t11hich causes 

serious phytotoxicity under varied environmental conditions t-Ic·uld 

be a ·total failu:ce. 

Effect of triphenyl tin N ... hyare»cy succinimic';e, 
~.riphemyltin 1\l'-hyax-aey phthalimioe and Tributyltin 
N-hyaro.xy phthalimida on rice seed ge.ri:riination 

compound cono. Percentage of germinated 
-(/A g/rnl ) seed1, txeatec1 for 

1 hr 4 hrs 

Triphenyl 100.00 86 84 
tin N-hyaroxy so.oo ae 89 
succinimide 25~00 88 89 

Triphenyltin 100.00 96 82 
N-eya~y so.oo 96 82 
phthalirn:l,ae 25~00 88 84 

Tr.ibutylt.in 100~00 72 10. 
N-hydroxy so.oo 88 84 
phthalimide 25,00 ee 86 

control 91 91 

·-8 hrs 

76 
82 
86 

78 
62 
62 

64 
ao 
82 

91. 
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It has been -pointed out earlier 4 that tJ:'.ricyclohe"..:yl tin 

compounds shcn1 excellent miticidal activities~ In present !nvesti­

~;;ration. Tr.:tcyclohexyl. tin N•hyc:tro..'"'ty phthalim!deQ Tet.ra(:'{}'Clohexyl 

1~3 di-N.,-hydroX'.l succinimido Cii stannoxan.e (obtainc:;d from reaction 

of 'l'ricycloh~tyl tin hydroxide and N•hyaroxy succ:tnimiee') Dicyclo­

hehjrl tin diphenyl glycolate (obtained from ~ricycloh~tyl tin 

hydroxide ana diphenyl glycolic acid) "',.are prepared. some preliminar.t' 

experl~nts were carried ou·t with the~e compound against onc;f (non 

.identified) green rd.tef collected from t1:ees of t.lle locality •. It 

may be pointed out here that these results t·tere prelin inary in 

nature# henc~ no positive conalusion could be made so far about 

t.h<:;i miticidal activities of these co:wpounds, except that the 

miticidal activity is subst;:mtially zeduced compared to 'Plictral"l• 

(Wricyclohexyl tin hydrc..-:-tid.e' due to the . n~:tute of these ligands. 

zt. llfas sonta't'7hat surt,rising that the '.CetrecY.elohe::cyl 1:3 di-N• 

bycb:o:cy succinimido distannoxme gave comparable act.i vi ty to 
Tricyc:lchexyl tin N ... hydrox.y phthalin~ide., F\irdler inwstigation are 

necessary to drcll'.1 useful conclusions about '·t.r.e miticidal activities 

of these corcpounds!lt He».revsr~ t11e present hei'e the zesu;lts of 

experiment carried out so £ar~ 
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cont-act. toxicities of Tricyclohexy1 tin N-hyaroxy 
phthalimide for Green "lVV.i te 

concentration -- Percenta~e of mo.rtali~ after 
(~g/ml) 24 hrs 48 hrs 72 hrs 

so 60 65. 67.5 

20 50 55 55 

10 40 42.5 45 

5 32.5 32~5 35 

2.5 20 27 .• 5 27.5 

1.2 1'7.5 22~5 27-.5 

o.G o.s 7.5 7.,5 

LC95 (/"g/ml) 672q77 571.42 494"'70· 

LCso (,;Ug/ml) 20il!98 15.43 13.36 

~egression Constants I Y=rmt+C 

m 29.8812 2B.6863 28.6935 

c 10.4971 15.90'76 17.,6891 

r 0.,9912 o.990S 0.9813 



~ 
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TABLE- XI 

Contact toxicities of Tetracyclohe~Jl 1:3 
di N•hydraxy suceinimioo di stanoxane for 
Green rni'ce 

Concentration Percentage· of tnortality 
(/-'-g/ml) 

24 hrs 48 hrs 

50 57~5 67.5 

20 55 60 

10 55 ss 
5 40 45 

2.5 30 35 

1 .• 2 27.5 30 

0.6 7~5 20 

LC~$ 738,02 f"~(rmJ- SOl .• 21 ,Ms/m' 

LCso l3li'50 ?8/ml 8.22 )"-~/MI 

ReQression Con~tants • y ;: lfiX + ~ 

m 25.8965 25.2143 

·c. 20~7270 26-.9208 

r 0~9494. 04!9948 
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after 

12 hrs 

72.5 

62.5 

57.5 

47.5 

40 

32.5 

22.5 

382 • 2.7 _.,.ug / m) 

6. 31 ,#~ /1"11 

25.2553 

29o7Sl3 

0.9957 
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TABLE • XII 

Contact toxicities of Dicylohe~~l tin diphenyl · 
glycol~te for Green mite 

Concentration Percentage 
(~g/rnl) 

of mortality after 

24 lu:s 49 hrs 72 hrs 

so 50 55 57.5 

20 45 47.5 50 

3.0 42~5 45 45 

5 30 35 35 

2.5 12.5 l2.S 1.5 

1.2 0*25 7.5 lO 

Legs -(~g/ml) 779.,9025 641.1089 420.7501 

LCso (;--g/ml) 30~3411 23.6638 21 ... 7674 

Regression Constants· : Y= ~-+ (; 

m 32..9147 31.4060 34e~9863 

·C 2.701-4 ' 6.94$5 - 3.1951 

·1: o.9s;s -. 0.9578 . o.921S 
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Tl~Erl':! • X II I 

Contact plus stomach toxicities of 'Plictran• 
for Green. mi t:e 
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Percentage of mortality after 

so 

10 

·s 

.. , LC 
11

' 95 
.. 

LCso 

. ' 

· Regre~sion Constant 

m 

c 

r 

24 hrs 

83.34 

76;a67 

56.67 

46!'67 

16.67 

13.34 .. 

65.,19 76 tf"(Y\t 

7.57 ~~j'fVI) 

.. Y=mx+C .. 
48.1501 

7~6449 

0.9756 

48 hrs 72 hrs 

90!f00 90~00 

83!1'34 86.67 

63.34 66.61 

53.34 60~00 

33o34 36.67 

23.34 26.67 

50.31 )"~ [""'l 2 s. 11 ;..0 ftyv.l 

4.e 78 r~ r~) 3.99 ~8/'fttl 

·~4.0426 48,0012 

204!f0535 21.6632 

0.9SBS 0.-9875 
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TABLE - XIV 

Contact plus stomach toxicities of.Tricyclohexyltin 
N-hydroxy phthalimide for Green mite 
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·TABLE -XV 

Contact plus stomach toxicities of Tetracyc~ohGxyl 
1; 3 di t~-hyo.roxy succin.imido distanno,tane for 
Green mite 

~~ . T 'l' 

l 
cox}cc;ntration 
(1g/mll 

~crcentage of mortality after 

.I 

50 

20 

10 

5 

24 hrs 

so~oo 

43.34 

43.34 

16~67 

3.34 

63 9 41 Sl ;«-~ ( trrl J 

34.08 )A» {"(Y\J. 

Regression t;:onsta11ltS II Y = mK + C 

m 35.3368 

·c 4-1?,1569 

r 01!>.9667 

48 brs 

56.67 63.34 

50.00 63.34 

46.67 so.oo 
20.00 33.34 

06.67 13.34 

326.84 .f"8fml 190.15 )!3/""'{ 

23._26 )'3/'YYIJ 14.05 ~~ /1"<~ 

39.2104 39.7813 

3o5886 4 .. 3338 

·o .. 9745 0 .. 9762 
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. .t'U>PBNDlX . 

jhernical narne of the ·active ingredien~s Qf some 
ommercial pesticioes4 
~ ' " 

s ... /·Tetradifoo 

Carbophenothion 

7. ·Ethion. 

a.. Bingpacryl 

9o · Gal~cron 

11. Chlorobenzilate 
' .' 

Chemical na~ of the activ.@ ingredient 

Triphenyltin acetate 

Triphe~Vl tin h~oroxide 

'l'riphenyl tin chloride 

2~.21 2•Trichloroo1 1 1-~ (4-chlorophenyl) 

ethanol. 

4~chlorqphenyl 2, 4, 5-trichlorqphenyl 
sulphoneo 

s-4-chlorophenyl .thionethy,l 
o,o-die~1ylphosphorodithioate. 

o,o,o.,o-Tetraeth:vl s, 
s•-met.hylene b:ls(pho6phorodith4!oate) 

2-sec-Butyl-4, 6-dini tro -phenyl 3-

m:.:rt .. tayl but.-2-enoate 

N-(4.;.chloro-o-t6ly1)-N-N 
dimethyl fo.rn1amioine. 

·2- (4-tcrt-nutyl phenoxy) 

~-mathyl. ,ethyl . 2..,ch1oro ethyl 

oulphite. 

Ethyl 4,41 -dichlo.robenzilate~ 

' ~~·~f'Ml' --~~~"· 
'l.:lRlt':£i<:;, :: LI&HAn\' 

~A.l . .!, ~ io ·f >'H; _M tf f? f'f! fj 




