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_ The Lewis acidity of organotin compounds which increases in
the sequence, ,R Sn <R SnX <R Snx2 <R Snx (whem X = halogen or .
other electronegative groups) has been utilised to prepare a variety
" of organotin c0mp1exes.\1n conformity w1th this trend of Lewis |
aciditp)numerous examplegof 6 and 7 co—ordinated mono organotin-
"complexes,_s as well as 6— co-ordinated di- organotin complexee ere
_fknown, while triorganotin complexes ere almost invariébly Sem

_ coordinated.

The biocidal properties of organotin compounde and their

' Iconsequent epplication in peat control. environmental prdalems,_
veterinary medicines and human medicine have 1ed to very rapid
‘increase in the prepara"tion of organotin derivatives of diverae
types of ligands. The organotin dhemistry, particularly the '
:coprdination chemistry, haa thus beccme very rich during the 1aat
"two decades or ao.-:* - -if'i;;f{pff“

Surprisingly, however no example of organotin complexee of
: arylazo Phenoxy compounds have yet been reported, thOugh a great
ivariety of organotin complexes of arylazo carboxylic acids are
3already known. Aa organotin phenoxidea are well known, it will be
- of great 1nterest to as certain the effect of. the arylazo group
:;on the preparation and propertiee of the phenoxy derivativee of
-organotin compounds.': _ - o _ |
The present study wae. therefore, planned to investigete.

the reactions of azo-phenoxy compounds with organotin ccmpounds



v

iwith a view to prepaging their organotin derivatives. Consideration
‘of the steric and other requirements show that a reasonably favourable
situation for the formation of. arylazoPhenoxy derivatives of tri-

‘ organotin compounds may be expected in the following ligands.:

L

7where x = -CHB _c1' S N
S =N(oHy),

Y = 0~ or p-

-OH‘-NO r

. ~F, -H etc.

Irl'ﬂ L :'];_ fdi“ ) 'f _ ;:f“J;7where X = O= or m-
s R A |
E. S T e o -CHBf _01, —N(CH )
R " ' | :d x';_o- or m=- CHa,‘-Cl,'
Y - o or p- _
e A - ii_{ Do PQH: -NO,, -F, -H etc. :
At a first'glance'the-Ebove'ligahds'appeefed”to be well . |

suited for the preparation of a variety of'interesting orgenotin

complexes because;

(i) arylazophenoxy compounds with a wide variety of nuclear
substituents oan be prepared by diazotisation ©of amines,
nitroanilines and aninophenols followed by coupling with

suitable aryl moietyf_”

i



(11) the ‘1igand] have a \fery'favourablé steric arrangements
for the formation of tin complexes as a large numbe r of
transition metal complexes of these ligands are well
known.

Ligands of type I are of considerablé interést-sinbe ﬁhe

organcotin derivative may involve N(azo) —% Sn co-ordinate bond.

-Howeier, azo compoﬁnds-of'type'l are well known to exhibit azo=

hyd;azone_tautomerism.of'the_type:

In adaition, both the-forrﬁé,l/m; B ér_e expected to be
intramolecularly hydrﬁgen bonded.'ln“aécordapée-With this expectas-
.ﬁion; all éttempts'to prepare simﬁle-ﬁéiorganotih derivatives Of
this type of ligands falled.

| Ligaﬁds of type II wefe'foﬁﬁd to be compafatiﬁely more ééiaic
'ahd the sod{um sélt_could_be oﬁtained‘eaSily;'This gé@e the desired
triorganctin derivatives on reaction with thelorganotig halidess
-Howeﬁerjtheﬂpresencé'df-a substi;uent at ortho position to the =OH
éréup inhibited'fofmation of any Qfganbt;n derivativé,'presumably_:

due to the steric hindrance by the ortho- substituent, The ortho-



substituted ligands of the type II also failed to react with
organotin compounds, presumably due to the steric hindrance of the

subgtituent,
The reactions of different ligands are summarised below:

In addition, ligands of type I often show azo~hydrazone

Itautemerism. L o o _
o : IHC) 3 | | | C{x
S —_— .
BB, = @D
Y - X ,
wa S e

It is, therefore, of considerable interest to investigate
‘the effect oOf Ry5n group on tautomerlc equilibrium.

The present study, therefore, aimed at

I(ilereparation-of suitable Arylazo phenols,

(ii)_investigating the reactions of the aryl azo phenols

with organotin oxides of the type (RySn),0 with a view

to ascertaining the relative reactivity of the aryl azo

phenols towa ~rds the organotin oxides,

- (144) preparation of the derivatives qf the type R.SnL (LH =

aryl azo phenol), and

(iv) to study the physico chemical properties of the organotin

derivatives;

¥y,
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I.A.' Introduction

Crganctin compounds are tﬁose which contain at least one tin-
carbon bond. The first chemist to report an organotin compound seems

" to have been E, Franklandl'2

. But his work appears to remain unlknown
to most of his contemporaries as well as to later authors. The work
of C. Low1g3 in 1852 has unusually been considered to represent. the

beginning of organotin chemistry. Apart from the compounds described

by Lowig, many signifiCant contributions were made in this field during

the next few decades.
The vast majority of organotin dcﬁpounds fall withih-the'four
classes:

R " RSnX

4

Sn, ' Rasnx; © R,SnX,,

R can be identical or different, substituted or unsubstituted,

‘aliphatic or aromatic groups. X can-be negative groups such as

.=0OR, -SR,';OCOR, -OSnRa,,-NR2 or halogens or some other acid radicals

or neutral iigands such as -H or electropositiva one such ag Li or

Na._The three. series of organotin hydrides Raan, R SnHz, RSnH3 have

assumed considerable importance4_7. The acceptor strength of the

organotin c0mpounds.generally follows the sequence; R3Snx RZSnx2<:

RSnXB.

: : : 8.9
Stannyl metal compounds of the type R3SnM, RZSnM2 ‘ o
1

. 8 .
PhBSnSiPh Ph3SnSi(GePh3), RBSn—unRs-, Measi—ng-SnRB,_Rgsg Hg SnR3 .

PhBSn—ZnSnPhB, PhBSnCdSnPha, are also known where R may be aliphatic

or aromatic, M may be Li, Na or K,

,



' L] I " ) : ) . 2 -

The discovery of industrial applications of organotin compounds
as Tubker anti-oxidants, Ziegler type catalysts in the polymerization
of olefins, food preservatives, agricultural fungicides and as active

11 and also an increased

'ingredients in certain veterinary medicine
general scientific interest produced a striking renaissance of

organotin chemistry starting about 1949 continuing to the present day.'

_ The biocidal-properties of-organotin compounds have led, over
- the past'decade, to alrapid'increase iu the commercial utilization
of these species._organotins are currently in use as agricultural
fungicides andtmiticides, surface disinfectants,.anthelminties and

marinefantifOuliug~agentslz.

One intriguiug development is the synthesis of compounds in
which the organotin is bonded to ligands that exhibit biocidal
activity, the effectiveness of the product being potentially greater
_'than the sum of the components, Although several ligand systenf suggest
xthemselves for study, .the oxy and thio phosphorus acids are parti-
cularly amenable. Esters of dithiophosphoric acids have, for example,
l found widespread_use in the post war years as pesticides, being
marketed under such trade names EthiOn, Malathion ‘and Thimet13:
while the importance of phOSphates in in—vivo systems is well docurented,
' Moreoverfispecific eVidence for the activity of miscellaneous organotin
derivatives of the phosphorus acids 1is a\railalble15 ?‘6 and. provides

encocuragement for more detailled studies. In particular,answers to the

important structure —— activity questions demand the availability of

1@




relisble structural data, the collection of which has formed the
basis of many recent research efforts.

Application of fungitoxic organotin‘phenoxy-acetates for

. controlling human dermatomycosis have also been reported17

Dicrganctin dicarboxylates are widely used in industry as
homogenous catalysts for polyurethame and RTV Silicone polymerizations

- and for trans esterification reactionslzs.

I;B.'Ednding in ofganotin compounds

The electronic configuration of tin atom is 1 152 23? 2p6

352 3p 3d10 2 496 4d10 5s 2 5p2, tho ground state being 3p state
derived from 62p2 cohfigurationla; The-ﬁetracovalent-state i1s derived
from the sp3 hybridisation by promoting one of the 55 electrons to
the Sp level. A large number of organotin compounds consist of
.tetrovalent tin atom because of its mgch more-frequent occurrence
than the di&aleﬁt atom. The metalﬁ of  Gr., iVA form organometallic
compounds.which are more'sﬁable_and leSS-:oactive than those of
Gr;_III or IVB metals. ?he increaaed stability may be partly due to
3p3_hybfiﬁisat;°n' Thus, tétrovalent'tin is unreactive towards air
and water but-grimethyl indium ahdotfime;hfl antimony have a stromg’

affinity towards these-reagents;‘rhe significant increase im stabili-

ties of'RéSn compoundsﬂover'RZSn"types also show the effect of increased

hyoridisatioh on the stability. Metal-carbon bond strengths have been



reviewed by Skinner19 who observed that mean boad disscciatiom
energies (D) fall as the sub group is descended 50 that ﬁ(C—Ri>
D(Si-R2> D(Ge-R£> D (Sn=R ;> B(Pb~R). The mean values of the bond
- dissociation energies are C=C 3 87, C=51 3 70, C~Ge 1 60, C~Sa 3 50,
C-Pb t 31~-37 K.Cal/mole.'Moreover, these valuves are dependent on.the
‘nature of the alkyl grodp 1.9.,'on the stabilisation of the correspoad-
ing alkyl radical'by hyperconjugation etc.: |

‘ 'rhe' tin atom has covalent radius o_f_1.4§ and is independent
ef'the hature of the ligands. There-is some sort of decrease im bond
lengthe only when strongly negative ligands are accumulated around
the tln. The bOnding cf the tin wculd thus appear to be almost entirely
covalent at least in crystalline solids in the vapour and in non-
polar media, However, the electrogegativity of tin being less thani
nost of the.common.ligands; e.g; carbon; ﬁitrogen, oxygen, halogen
and even hydrogen, the bonds are expected to be gufficiently polar
in the sense Eg -f3§ and dipole momentE'gf various Sn-X bcrds have
elso_been estimated. The dipole moment of the alkyl tin bond, mostly
eztimated esI0;45-0.6D20_22 depeeds both in.directioe ané magnitude
on the neture of the elky1 groﬁpza.-

" The elect;enegativities of'Gr.'IV eiements have been‘investi—'
gated by several workerszqﬁ_d, The_resulta always vary with the me thod
of measureﬁent and the,eompounde selected. It is not surprising since

the:electrOnegativity, not being a uniquely defined parameter, depends

on the method of measurement and the environment of the atom inm

Yy
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_question. In fact, one always works mot with an electronegativity of
tin but with a value for tin in a particular combination and allowance

- will have to be made for the influence of ail ligandé.

‘Table = 1

" Electronegativities of Gr. IVA elements

':Pauling- Sanderson o Fineman - Allred~Rochow
_ : ' Daignault
¢ . - 2.5 2447 . 12,57 2,80
si 1.8 L74 1,90 190
Ge i8¢ - 2.31 12,02 2.00
Sn | 1.8 2,02 . 2,47 1.93
Pb 1.8 © .~ = 2.45

Closely related with this is the inductive effect which the

tin atoms or stannyl groups exert on their surroundings. The bomd

'polarisation c — Sn, which is there in principle, may be changed by

substitution at C as well as at Sn. NMR data on organotin compound325'26

and semiemperical calculatiOns of Majee -and Guptazq

emphasise this.
_According to Eaborn et al B' polarisation is’ increased by electrona
donor substituents R' in: the p—poaition in a phenyl group, as
demonstrated by the increase in the rate of cleavage of C—Sn bonrd by

jodine according to the reaction (1). Thus, this reaction may be

Vi



. marked as electrophillic aromatic substitution,

The electron ettractino groups R‘ diminieh the rata by lowerinq the

nucleOphilic1ty of the ring carbon attached to tin. The sequence of

relative reaction rates is for R‘ = 0M¢> ~Bu 1-P> Rt>Me> H>Bx.>
..>>cé>.cooa. R :'“ T

| lectron donor properties increase in thehseries (R = Me) 3

l_SiR <:GeR <<SnR3, as may be seen frem the relativa ratea of acidolysis

. These are 3 M= 51 1.00, Ge 1.36, Sn 3. 2129

~37
A similar sequence emerges frem IR and NMR meaBurEmentsaq and alao

of p—R3M CH2 CH, - SnR

'f;om:IR studies-on esters of,the,meCOQMMe3_(M = C, si, Ge)31.
iAeprobiem whichfoften:afiseeHinﬁthefinvesﬁigetiopa,to-meaeurE_
'relative inductive effebts is tha£ there-may be some'n"-charecter-in

- a bond between tin and an element possessing p-electrons32 34} Thus

- in a sn-x bond where X is C (sp J N. 0, s or halogen, it is possible

'that oppoaing the inductive electron drift Sn ‘x, there may be

B ~some overlap between an empty Sd orbital on Sn end a filled peorbital

on X causlng a transfer of electron deneity 1n the 0pposite direction.

' Inepite of many disputea 4 37 it is widely accepted that there

"-_Jare significant (ﬁn=>a¥t) contributions to the Sa-N bonds in cowpouads

¥,
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f}obonda formed between tin and certain trenaition metals

:.h_other hand Majee and Gupta has shown in a seriea of paper

- B L. ° - - - T - . W

such as the planer triethylamine 8. There is some evidence that ia
phenyl tin compounds,.interaction occurs between the electrona of

h“the phenyl group and the 54 orbitals of tin. This conclusion 13
: 41

o baaed on the interpretation of NMR?‘Q‘40 | R™", UV “ and diPOJ-e

42

*'moments of Ph, Sn compounda and the acid atrengths of .the substituted

_benzoic acids p—MeBMC6H4COOH (M = C, Si. Ge,_Sn) It can not be

-“f_assumed that other arcmatic oroups behave similarly since the pKa

izvalues for a series of pyridine having Me3M (M o C, Si, Ge, Sn).
T}Substituents in the z—postition 1ndicated the absence of P - dnr
U:bonding in the tin—pyridine link 3. Calculation based upon nuclear
'Tquadrupole resonance measurementa imdicated Tf-character in the Sn-I
bonds of. diethyl tin diiodide whereas it was concluded from the
*,dipole moments of organotin chlorides that the Sn-CL bond order is

cloae to unityéi There 13 evionnce for th th interaction in the
44,45

27

. On the
that Mos<T.

”’“of the properties of organotin compounds may be interpreted wlthout

Y

s assuming any de— pjT interaction.'f }7ff s

Such apparently contradiotory observationa amd 1nterpretationa

.'Tprobably originate from the fact that the overall behaviour of tin

uacompoundu 1s a complex function of many factore, e.g.,latomg or groups

Ny _to which it is joined 1ts coordination number, its oxidation otate,

the phaoe in’ which the molecule ia founo amd even temperature and

’If;external pressure may often change the behaviour dramatically. since

:tin forms a very 1arge variety of compounds with many different atoms,

:agroups and 11gands, any attempt to interprete the properties of all

T




".and characterised by tetrahedral geometry around the tin ‘atom except

groups of tin compounds 1n terms of a. paeticular criteria is fraught :

'\With grave danger of creating confusion, rather than systematisation.'

Notwithstanding such wide variations, one may, however,_'
'l_classify tin (IV) compounds, which constitute the overwhelmingly

”major part of organotin 1iterature, into the following categories46 -

_311 Ionic compounds in which tin may be considered to be ia

_w-t'_+4 oxidation state Wlth electronic configuratlon

'7ﬂf22; Covalent tetrahedral compounds in which tin may be

-considered to be sp3 hybridized.._

3. Tin (iv)'-cornpléxes' where "'the'- 'sd- orbital‘s' may be mclﬁaéa
'in hybridisation scheme to form organotin compounds with

K coordination number of 5 to 8

: All compounds of the type R4 BSnx (R = organic group,

x'é monodentate atom, group or 1iand) usually belong to category 2

fawhen the group X 1s capable of forming intra or intermolecular

_;coordination bond.,-_??T-t_:ﬁ“"

In general the X group (s) play the most dominant role im
-hdeterndning the bOnding and structure of organotin compounds. Because'-;

'=; offthis, there has been g tremendous spurt of activity on the synthesis

.tand structural studies of organotin complexes. In the . following section

f“:a brief discussion on the organotin complexes is therefore prcsented

-“-.\-. .- ..




I.C, Organotin Cémplexes
Organctin compounds can form varicus types of complexes with
ligandsQ The structural aspect of these compounds has been exhaustively

reviewed by Ingham et als, Poller4?. Gilelen and Sprecher%8 and by

Ho, Zuckerman49 P.G. Harrisogs“ﬁ Kotensg; Pelizzis? and latter by
Zubieta and'Zuckerman53; '

Qhe.structural'aspects, viz., coordination number and geometry
arocund thé tin atom, of organotin complexes derived from R Snx4.ﬂ
type’ compounds, gepend both on the num?er of the organic groups (R}
around'the.tin atom and the ligand.lAs a general ;ule, RBSnX type
éompoundé tend to. form'penta-cOOrﬁihated'Eomplexes,'while higher

'coordlnatlon number can be realised with RQSnX and RSnA3 type compouads,

The most interestlng exanple is afforded by R SnX type compounds
WhiCh form various type of adducts with Lewis basesa.-These compound s
are generally penta co-ordinateds4'55. For X = Cl, Br, I, Measnx type

are usually tetrahearal but for X = ClO ?-,.00;2 . BF4, NOS ’

A5F6 —OCOR ‘the ccmpounds -are five co-ordinate about tin where the

‘anions are prdbably either bridging or chelate typesé'sqt Rasnx

and stnxz compcunds can form organotin chelates with chelating
agentm,'ﬁiz. Bthydrqu quinolinesa 59, acetyl acetoneso 51 i, 10~

pl*uanantl‘u?cxlime5:1‘6':L etc, which may be five or six co-ordinated
g gompouads; | |
. N-substituted salicylidineiminato trialkyl tim derivatives

have been prepared by the reaction of the trialkyl tin chloride or



aikokides with the corresponding Schi_ff62 bases,. These complexes

are believed to contain 5-co—ordinate tin atom.'Trimethyl tin deri-~
vetives of sulphur containing Schiff basee are alsc knownés. Several
triorganotin dithiocarbamates7of the formula R,SnDtc (R = Pﬁ, o

'n-Bu, Bz, Dtc = n-pr, n-Bu, 2-phenyl, dibenzyl etc - dithiocarbamateei

have been reported by Srivastava®4
65

« The quaternary phosphonium Cdtiona

+ o
Z_EEPCH2snMe3 _/ .is also known ". Nitrate complex of organotin (IV)

€6

containing triphenyl phosphine oxide has been reported

A seriee of triorgaﬁotin halides, ﬁR‘SnBr(c—N), and a series.
3Of_tetraorganotin compounds R3SntC"N7 haVe been syﬁthesizedss in
which C~N is'either monoanionic 2-Me NCGH4CH or novel monoanionic
2-Me,, N. C6H4CH(SiMe )" .t amd.lac'NMR data indicate that the tin

center in the RBSn(C—NJ compounds is tetra coordinate whereas the
tin ‘atom in the RR'S nBr(C—N) derivatives is penta coordinate as a
_result of intramolecular Sn-N coordination. Penta coordination in a
trigonal bipyramioal manner with axiel N and Br atoms has almso been
.astabliﬂhed by the x—ray structure detcrnination of érz—Me2N06H4CH

tSiMe 7SnMePhBr.

3
. ‘The existence of an equ1librium in sclution between two
possible gituations i.e. with and without intramclecul ar Sp~Y
coordination (A and B respectively) coeld bermonitored in many oases

1H NMR patterms of

by following the temperature dependenCe'of the
proctiral groupings present in the compoumds €« Je the CH2 and NPEZ

groups.



. .The influeuce of intraﬁolecular.co—ordination (cf A) ‘on the
configuratiOnal stability of triorganotin halioes is the steric
;hulkiness, the heteroatom—containing grcup represents when it is
‘not coordinated has been explained. If one compares the stereochemistry'
't_of the coordinated ‘and non coorainated situations A and B respectively
'f'for compounds 1 and 2 both having two sp2 C-atoma in the fivo |
o'membered chelato ring, onc comes to the conclusion that the non
%“coordinated.QfCH(ZJNMez Substituent represents g group with considarable
';'ateticrhulkincao. ‘This bulkinesa destabilizea aituation with respact
- iato the five—coordinate aituation A. In the 1atter situation this.

7Fbulkiness has been completely romoved by the Sn—N coordination.

An X—ray crystal structure determination of one diastereOmer,

. .i.e. [2-:@,- NCGH CH(SiMe )SnMePhBr 7 has been described.

B T



12

R = R' or R ¥ R!

3.2 =H

4;2 = SiMea.

1T

The'stfuéture shows thHat the chelate ring conformation is such that

it places the bulky Me 51 substituent both out of the plame of the

3
‘aryl ring and futhermore, at the side df_the less bulky methyl
ligand. It is suggested that the unusual high configurational
-stabilitv of'the'RR'SnBr(C-N) compounds arises from the rigidity of

the 2-Me NC6H4CH(Z) ligand which holds theIZ—MezN group in close

proximity of. the tin_antre..If Z 1s the bulky SiMea group .also, the

SnR,

Br gfouping is locked in =z fixed-prition with respect to the
N ‘donor site.

-

The penta co-ordinated organotin complexes may be classified
into threé grbups:

i) Type - I

Addition complexes, in which a donor molecule is coordinated

SnX molecule to give a trigonal bipyramidal arrangement,

E5Yv--lC

to R3



13
In these complexes, R-groups occupy thé equitbriai positions
while the electronegative greoup k and the_ligand o;éupy the axial
position as would be exﬁected_froﬁ the iso#alent hybridisation s
. principle., A well known example of this sﬁructure is the 1:1 addition
‘compouﬂd of (CHj)BSnCI and pyridine,

i1) Type - II
Organotin complexes derived frcm chelating agents, e.d.,
B-hydroxy quinoline, acetylacetong,-1,;0-phenanthroline etc., are

fgeneraily intramolecularly coordinatédﬁ(II}

Sn—-—-Y

Large number bf sﬁch-COmplexeé have been synthesised and
studied, Structural studies using xuray crystallography have also

been repo:tea in many cases.~

An x-ray study was reported for (triphenyltin 1 3-diphany1-‘
propionate) triphenyltin which establidued the occurrence of penta
co—ordination as a result of intramolecnlar qp—ordination with the P!

1igand spannimg axial equatorial set3100¢
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1ii) Type - III

In contrast to the intramglecularly.coordiﬁated organotin
- complexes (type.II); the:intermolecularly coordinated compounds
- are more abundant im organctin chémistry. In this case, a polymeric
.structﬁre‘j/,formed by bridging of anm anionic group to the tin atom

from either side of the plane of R groups (III).

~——>-5n~—-x-—>- Sn—x— —>, Sn

< N /\ /\

R R
| Type- ITT _

-

The intermolecﬁlar associated form of 2=(tri-p~-butyl stannyl)
677 ' |

tetrazoles in.benzene_and chloroform is well nown.

The firsf anionic five co-ordinated tin compounds containing
saturated rlngs has been reported 68 to be formed from the reaction
_of RSnCl3 and Et4N Cl, with.sqdium ethape=1, 2=dithiolate and from
the parﬁial hydroclysis of bis (ethane-l, 2fdithiolate) tin in the
préseﬁce of an amine.base. x-ray'analfsis.of the »ew stannates and the
distannates showed that the geometry of the former in terms of
'distortibné from a square or recﬁéngular.pyramid. while geometry of

the'}atter more clbsély_approacheS'a trigoﬁal bypyramid.

Ve o :
The authorsé.'B ha% reported earlier the synthesis amd X=-ray

‘study of the first tin compound having a discrete square-pyramidal
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geometry. The compound was a spirocyclic derivative that resulted
from the reaction of bis(toluene-3, 4~dithiolato) tim (IV) witk
(cu ) N C1~ at room tenperature.

v——

o

I1T

The first example of polyﬁoPal dominance of square pyramidal
geomEtry in organotin penta éobrdinatibn': crystal structure of

tribenzyl (2—thiolato pyridine-N-oxide) tin (IV). has been reportedl18

The'coordination_geometry about.the central atom in monomeric
-tribenzyl_(thhiolato p}ridineﬂﬂuoxideJ:tin (IV) 18 a unique square
pyramid; ﬁith'one benzyl carbon-atoﬁ occuﬁying the apical position
and’ the base plane containing the other two benzyl carbon atoms
along with the oxygen and sulfur atoms of the chelatlng ligandy the:
tin atom is displaced out of the basal plane in the direction of

the apical carbon atom by 0. 64(1) A.

Many N—substituted N- (triphenyl stanhyl).cyanamidés have been
réported and the tln in these cowplexes is shown to have a co-~ordina-

tion No:> ‘4 by means of IR and Mossbauer Spectroscopy69

10743”

v Hﬂ

_—— A
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Several organotin (v) complexea w1th quadri and tetradentate
anionic Schiff base 11gands have been prepared and investigated in

the solid state7o 71

. Mossbauer parameters derived from both zero
'-field and magnetically perturbed spectra suggeet that the stn(SaleaJ

R = Me, 'Et,, Ph and Mezsn (Saldap—2—0H) complexes have distorted -

trans octahedral structures. However in thsn(HbSaldap-Z-O) the ligand '

- appear to be only terdentate leading to a penta- co—ordlnate structure

) derivatlves (R = Ph, Me).

fsimalar to those of the stn(Sal-N—2-OCG 1

'I.‘he Mossbauer parameters are given in table 2.

:'.Téble]z':“

" cOmpg?ugd C R 8 AE o . | AE/S
B f“cegcgce)(cnjusnph3” 1.07 4;£f. 4.24
cnscc(oitcninsneha 1,55 4.23 2,73
Lphsoé(cﬁqnsaphé | 1.07 4,54 4.24
c_ Mec(Q)(CﬁSNSnepB ff:difl*::;d.ifsstdif '1.'4.25- . | ',2;531
* H Salen—N,N' ethylene bis(Salicylaldiwine)

2.
HZSaldap-z—OH-N N' (2-hydroxy trimethylene)bis(salicylaldimineJ.~

t‘.‘




"-_tetracyano ethylene). The infrared spectra of the complex Me

17

-

organotin comp'l'e'xes OF strongTT—acids of the type MeSRTCNQ ,

_HeCstn TCNQ, MeCP Sn.nTCNE (n =1,2)° and Snx TCNE, THF {X = C1,

)71

2 4
have been prepared (TCNQ = Tetra. cyano—p-quinodimethane, TCNE =

3 Sn.TCNQ

exhibits a single band at 555 cm_l in the tin-carbon stretching
regiOn which is assigned to the anti-symmetric mode of a planar

Me Sn moiety, with bridgjng TCNQ residues resulting in a trigonal

3
':bipyramidal configuration at_the tin, ‘The intense colouration of the

'compound is_ihdiCative of,the'formation-of (TeNQ) ™ radical anicn on
fcomplexation; The complex 1s therefore'best represented by the'

‘canopical forﬁ (MeBSn)+ (Tcﬁo) and thus provides the first exampleh

e of an isolable paramagnetic organotin complex._

Exanple of a c0mpound containing organotin (I1) and organotinl

_(IV) in one molecwle, (MeasnIYCSH ) SnII has also been repOrted73

-flat sandwich type compOund decaphenyldicyclopentadienylstannocene,

« A

uyinvolving tin {11) structurelz_n - 6HSJSC 7 snt has been -
ported 4. The- triorganotin derivatives of N-acyl—hyoroxylamine

| 3Sn /'ON(Ph)so C6H4CH3 7,_ (CH, Sn /"omphJcoPh_?,

' Me Sn ArbN(Me)COMe 7 have been prepared. The presence of a seCond S

esge ‘Me

donor site in the N-acylhydroxylanine ligand permits its potential

_function or a unidentate or a chelating bidentate 1igand: thus giving“

rise to the possible four co-ordinated structure(lv) or - the two

P

5—co—ordinated structure(v) and(VI}

L
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Type -1V -
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Triorganotin dialkyl thiophosphates, (Ro)zp(as)SSHRW (R = Et,
" i=Pr, n=Pr or Ph and R' = Me, Et, Bu or Ph} have been'prepared7s. An

ester type structure has been proposed for these ccmpounds,

="

(RO),

A —0

Type- VII

_ Works'on oxy'and thio phOSphdrcus acid derivatiVES of tin-

Structural contrasts has been reported by Molloy et al77

The contrast between the chelating of the dithiophosphorus

aqid.groups and the bridging of the corresponding oxygenated ligands'

has reen reported’’, where it has been rationalized on two counts.

o S 0 _
Firstly the. Sn-0 bond 1s at least 0,22 shorter thamn the corresponding .

Sa=5 bond, Thus when chelétion'occurs; the angular strain within'the
reaulting four—membered SnE,P (E = 0,8) heterocycle ig greater for

' oxygen,'rEnderjng chelation less favourable. The relative eluctro-
negaﬁivities of C(2.50), £(2,44) and 0(3.50) vunderlie the second
rationale._lnlé trigonal bipyramid, for exanple, competitdan betweeﬁ
carbon and sulfur for p- or S-dominated orbitals on tin will be
negligiblea.Cohversely; the incréaSEd electrohegativity of oxygen
over carbon directs it into the axial position of the trigonal
bipyramld with the ligand unable to span both axial sites in the same

molecule, bridging was_@bsérved#
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The initial ESR spectra observed for the reactions of O~
guinone with R3SnSnR3 are analogoue to the signals of tin containing

semiguinones formed according to the reaction.

—Nat + RaanI'__’>‘

From the reaction of pyridine-N-oxida with nitratotriphenyl tim

in'dr& acetone under nitrogenjtwo types of crystaly, helohging to the
mohoclinic and tricliﬁic system, r@;p@Cth@lY and having same

ern(cs 5 3(NO ) (CeH SNO) 7 stoichiometry has been reported’®,

Moreover,-a mOIecular adduct of'Nltratophenyl tin with triphenyl- arsenic

oxide /"Sn(CGHS)a(NO )(c H533A80 7 has also been synthesised. The
co=ordination abocut tin is bipyramidal with phenyl ring in the equa-’

torial and oxygenated ligands in the exiallpoeitionsva.

In cases where Ehe anionic grcuﬁe have no co—ordinating
sites e.q, B(céHS)4 p two molecules of a mono-anionic Lewis base viz.,
water ‘can occupy the co=-ordination sphere, giving a planar SnC3

arrangement with a penta co-ordinated tin atom (TypeVIII).

",

Eqn.(2)
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Type YIII

~ Intramclecular coordination oftén_results in many interesting
structural variations when the X group in'RBSnx belongs to a
chelating ligand. -Such structures may be schematically represented

as shown below (Typé.IX).:

Txge I
”Crystal structure of%tribenzyl {2«pyridinethiolato-N-oxide)
tin (IV) : a rare example of square pyramidal organotin (IV) compound

has been reportedlzg..

iribenzyl (2-pyridinethiolato-N-oxide)tin (IV),

[f_csﬁ CH, ),Sn (2-SC .'H4NOJ

5~273 5 _7;-Crystallize§ in space group ﬁz' with



a 9.169( , © ‘0, 498(3) ¢ 13.511(4) Aqu91 54(2) B 104.61(2),
'y 112 4ch) and Z 2. The structure has been refined to R = 0.028
using 4593 cobserved MO- 5£ reflections. The molecule adopts a configuram~
* tion d15placed 91% from trigonal bipyramid to a square pyramid along
the Berry pseudorotation pathway. The basal plane is composed of the
oxygen and sulfur atoms of the chelating 2—pyridinethiolato ligand
~and the carbonatomsof two benZyl grcups /PSn—02 261(2) Sn=S 2.577(1),
Sn=C 2. 189(3) 2.196(3)A_7. The apical tin-carbon bond Z sn—C 2.167(3)
A_7 is shorter than the other two.tin—carbpn boads. The tin atcm
is placed 0.64(1) K from the baeal plane;in the direction of the apical
carbon Zﬁsum of the basal angles = 341.7;4)0 and the C apical - 5n
L basal'angles are in range 100;1(1)—110.1(1)0
The unusual geometry of triﬁeﬁiyl (2=pyridinethiolato~N=
oxide) tin (IV) provides the fifst-examole of polytopal dominance
of the square pyramidal configuration in penta coordinated organotin

c0mpounds.

In contrast to the penta co-ordinated triorganotin compounds,
examples of 6—coordinate trlorganotin compounds are very Vew. The

Mossbauer recoil free fraction ‘and structure of trlorganotin aryl—
82 -

aztbenzoates has been reported

some of these to be 6—coordinated triorganotin compounds,

. Spectral ‘and other studies indicate

The synthesis and X-ray stfuctures of Tris(Pyrazolyl)borate
(Trimethyl)tin : A six coordinate Triaikyltin_complex hae been

reported20,
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-

Reacticn between Me SnCl and K{Tﬁﬁ(PZJa 7 (PZ = 1-pyrazolyl,
c3 3N2) affords ATFB(PZ) 7 SnMa3 which was shown by a full X=ray

- structure determlnation (Trigonal space group P3 a=b =11,722(3)

C = 8, 211(2}A, Y = 120° , 2= 2) to contain six coordinate tin bonded

to three methyl groups and to three pyrazolyl gtoups;

<]

\i/

The iﬂfréfed and mass ppectra of Hpr?)anMe, were fully consistent

with the assumed formulation and the 1H_NMR spectra showed that all
three pyrazolyl rings were equivaléht between~60 and +30°C, 5ugge5tin§
that all thieé were coordinated to the tin étom, or that rapid

,éxchange of the rings of é.partially'co—oréinated ligénd was occurrihg.

. . ' 1 R ) . . . .. .
The invariance of the "H NMR spectrun of HB(pz)BSnMe3 over the
raﬁge’- 60 to +30% suggests thaﬁ a six coordinate structure with

equiValent pyrazolyl rings is maintalned in solution, although a

lower coordination system with rapia exchange of rings cannot be
B I

ruled out. .
/ . Skew-trapezoidal bipyramidal diorganotin (IV) bis chelates.
Crystal structure of dimethyl—bis(2-pyridinethiolato-N-omide)tin(IV}

has been reportedl21

v,
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Dlmethyl bis (2-pyr1dinethiolato-N-oxide)tin (IV)
Me Sn(Z-SPyo)z, crystallizes in space group P2 /c with a 9.877(3),
b 11.980(4), C 13, 577(3JA, B 100, 1(2) and Z = 4. The structure was

refined to Rf = 0.036 for 2263 MO-K,. observed reflections.

The coordination geometry at tin‘is a Skewoﬁrapezoidal
bipyramid, with the oxygen / sn=~0 2.356(3), 2.410(4) 247_and sulphur
ngn-s 2.536(1), 2.566(1) §"7 atoms of thé chelating groups occupying
the trape201dal plane and the methyl groups /FSn-C 2. 106(6), 2.,128(7)
A 4 occupylng the apical positlons. The methyl-tin-methyl skeleton
is bent / C-Sn~C 138.9(2)_ _7. The s-Sn-s angle 13277.8(1) , but the
0-5n-0.angle 1s cpened to 136,7(1)° fo accormodate the intruding

methyl groups. The carbon-tin—carbon angles predicted from gquadrupodle

splitting ( 19m S Mossbauer) and one-bond 119 sn 13c c0upling constant

13

(solutiom ~~C NMR) data agree closely with the experimental value,

~

' In the idealized case of a six coordinated diorganotin bis-

chelate the carbon-tin-carbon angle is 90 for the cis and 180 for the

‘.

'trans isomer. The angle of 138.9(2)° found for the title compound is

close to the average of the two extremes.

‘The geometry of the co-ordination polyhedron around the tim -
in Mg Sn(2-SPyOlzis best described as a Skew—trapezoidal bipyramid

(STB), A schematic representation of this is shown in Fig.



The. first X-ray crystal structure of a diorganotin dicarboxylate
as weli és the. first Xéréy structural study of a 7.-coordinate organotin

anion, a. dlorganotin trlcarboxylate has also been reportedlza

The X-ray crystal and molecular st:ucture of Mezsn(OAc)

= : 2 has |
and-compared with previoua predictions based on other

been reportedlzn

structural methods, The rolecule is fOund to be monomeric and 6 -
coordinate at tinm In the solid state. The Me-Sn—Me angle of 135.9(2)O

is in close agroement with the value predicted from selid-state and

solution NMR studiea.

-

The most striking result of this otudy is the discovery that
_6—coordinate Me'zsn(OAc)2 is capable of adding a third acetate-groop,
“giving rise ﬁo.a diorganotin {(IV) anion with a coordination number of
7._So1otion and solid—state NMR data for Mazsn(OAc);'NMe: provide
evidchce that tﬁe'complox is thermodynamically stable in solution rela-
tive to oiSSociation aﬁd indicate that;.injaddition-to thé well
cho:acterized penta substituted di- and-triorgonotin (IV)Ihalide
aniong, organotin (IV) compounds béé;ing oﬁhe;@'less strongly electron

withdrawing ligaqu can give rise to Stable, isclable anionic complexes,

he



26
A clear implication of the results obtained for the reaction of
Mezsn(OAc)z with NMEIOAE is that qucleophilic substitﬁtion reactions
of even 5- and 6= coordinate tin c6mpounds can, and may frequently,
prpceed by assoaiaﬁive mechanisms involving anioﬁic tin imtermediates
-of high coordination number. Such medhanisms méy iﬁ fact be the rule for

many industrially important feactions catalyzed by diorganotin dicarxoy-
lates, |

IE has been repor'ted123 that an analysis of X~ray. data for
seventeen polymeric triorganotin (IV) carboxylates glves a repeat

_: distance of 5. 19 + 0.21 A for the carboxylate-brldged R, 5n0,C(CQ)R'

3
unit that defines the crystal 1attice. The repeat distance 1s insen51tive
to- the organic substituunts on either the tin or carboxylate group.
Tricyclohexyltin acetate and triCydlohexyltin'tr;fluoroacetate are

feclassified as weakly assoclated polymers.

| I S
" In the cyrstal lattice, the Sn-0~C angle 1s generally 120

1T . . 124
bu the C-B;Sn’angle can open up to acg9mmodate more bulky R' groups™ "%,

W
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The reaction of dicycloPenta-diathyi'tin and bié-(méthy1'

cyclo-pentadienyl) tin with some boron, aluminium trihalides give
Icomplexes of the compositionaa.:_l'

S . _ . . I . . . . '
| R,Sn MX (R CSHS’ 333 =_§?3,:BBr3, Alc13, AJTBr3 $
R o= MeCgliy, 10y = AlCh, )

The addition of dicyclopentadien_yltin to THF solution of the

complexas M(COJ 5 THE (M = Cr, Mo, W) produces complexes84 s

finvolving 02,_5,-SO2F32(COJ 86

-

stn 3 M(CO)S (where R = CSHS' M= Cr, Mo, W), R = M;e,(:s

‘M = Cr, W. The evidence for cis-Bis(2 4—pentanedionates) dimethyl
tin (IV) has been found in solutlones"'

'As a result ‘of the enhanced.rant;vity of the éndocyclic'tin-

carbon bohd,ﬁl,l, dimethyl—l-StanﬁacYclopentane (QMSO»S) readily

“undergoes ring. ekpansion*reactiohs with a variety of aubatrates to

;~produce new organotin heterocyclas. A few examples of . ring expans;on

are given beiOW

| Me2 KMnO4 . Me25 + _[rgezs@_(CHz)‘o S Ean(®

ﬁeei-onc ' o

’4

_'MQZS_O o+ Fe, (CO)g—-—————)-Me SQ - Fe(CO) | » 5‘.1.-"‘-(4)
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' In case of diorganctin derivatives, both penta co-ordinated
and hexa-coordinated tin cocmpounds have been reported.'Pehta co~ordinated
tin is cbserved in dialkyltin dihalide, carboxylates éialkyl tin halide
oxinates and dimethyl {1, 3-dimethyl. triorgasomo) tin ha_lides87

{type -X}

are of

]

6 52
type of penta<c¢o-ordinated di-organotin structure of (type-XIJ.

The 2:1 addition compound of (C.H),Sn(NCO), and bipyridine in another

K R, Sn D D -——> SnR,X,

Type-XI

Ipfréredjspectrdscppié investigatibns have shown that the
addition compoumds of stnxz (X.n halogen) and monodeptate arines in
1}2.moie'ratio Qr_bidentate_amine in i:l_moie_ratio are of the(type—'.
XI11). |
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Many di- organotin bis(chelates) have been isolateds4"59 87,93

-and found to contain hexa co—ordinated tin atom. Some representative
compeunds are acetylacetonates, oxinates and carhoxylates. The alkyl
group_ip.these-compounds exists predominently in the trans:ppsit;ou

(Tyﬁe-é:III). | | |

Type XIIT

For .dlorganotin dioxinatesjsuch a‘convent;onal octahedral
structure. is, however, far from correct as X~-ray investjgation of
dimethyl tin dioxinate shows this molecule may be interpreted in terms

of distorted tetrahedron formed through 3~centre bonds involving 3p3-

Vi



orbital of the tin atom and the valence orbitalie of the donor atoms

(oxygen and nitrogen) of the oxinate groupga.

s The most_asymmetric species 1s the (GH3}25nX22 ‘anion B
(X = F, Cl, NCS) where the structure 1s represented by typeXIV, Tobias

. | | -2

et al have shown that there are analogous species ZE(CH3)2SH(OH)4 4

as well as cationic hydrated species in aqueous solution of dimethyl

tin COmboundsgi—ga;

N
>

X

C

Tm eXIV

An analysis of IR Spectré in the 1200-900 cm-l of the compounds of

l A
the.type_n—BuzsLCH2CHRFCHR"O (R'* = R" = H or Me) have been used to
- - . 94

distinguish between monomers, co-ordination dimers and cyclic pelymers,

~
[N
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BujSn

Monomer = Co-ordinatjion dimer

True dimer

VII _
Polymers

Reports cn mono organotin c@mpounds indicate that some of these

might have hexa-co~crdinated and even hepta co-ordinated tin atoms.

However little work has been done on their detailed configurations;

Mono~organotin, halide bi’suacetylac:eton‘ates95 and bis-—oxinétesg6 as

well as the addltion cowpounds of formula RSnx2 2D97 are examples of
6-co—ord1nated tin compounds.

. In basie@ aqueous media the derivatives of ethyl tin (IV) and

Pallédium-(II)-goﬁs_give two mono organotin complexesi98

(P-.-S;)d
/"c H Snpd(OH) 7

and

(Pv=7)"
[’c HgSnpd, (OH) ., _7



132

T} dimeric tetraalkyl distannoxane853 (XstnOSﬁhzx)z and
(XRZSnOSnRQOH)z are unique becauseﬁthey are believed to contain both

tetra-co-ordinated and penta-co-ordinated tin atoms (Type-XVandXxvi)

“"
-

" o o
. . ,.z B 'R;, - ‘T?. |
- ya . | .f . _
X T ~0 - _ Ho: T o
P——8n—x PO——sn—on
X—sn b X~—=6 1
' ‘ Rz g RQ
Ry Ra
" Type-XV .'  . Dype-XV1

A hepta—do-brdinated tin is observed in phenyl tin tris (trépolonaﬁe)
‘and probably in mono organo tin tris (carboxylates).

~ The complex compound [’(acacJXQSnt0cn3};75 obtained by partial
aleocholysis from RXSn(acac}ga‘ is unique. in that it contain§ two

‘briding méthoxy,gr-ups'formihg a four hembéred:Sn;O rihg as shown in

structure(XYII){
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o //,O
(acac) ()R Sm. >sn RO (@cae)
No
Type-XVII
. The mdno—, di- and tri— organotin compounds generally exhibit

a co—ordinaticn number from 4=06, Powever, not many organotin cowpound
have been found to possess hepta—co-ordlnated tin, the geometry of
which 15 expected to be péntagonal bipyramidal one. Phenyl tin trige
ﬁrqpolonate has been reported99 £b be nnhémeric in methylene chlorice,
suggesting a seven co-or@ination around the tin. F.G. Harrison'”“75
have concluded from UV, NMR and IR data thdt n—butyl tin tris-oxinate
may have 7-co-ordinated tin atom, Ruddick and Samslcl, from Mossbauer
SpectroqcoPy, determined the co-ordination number around tin in
BuSh(OX)3 which is consistent with éé%ep-co;ordinatiOn, ﬁith three
Tequivalent bidentate cxine groupse A new structural interpretatibﬁoz,

13

based on solié-state and solution C NMR'data for Me Sn(OAc)2 was

2
- put forth for diorganctin di-carboxylates, The first Xe-ray structural
study of a 7-cocrdinate organotin anion, a diorganotin tri-carboxylate

has been reported122 . : | .

The structure of polymeric mono-organo-stannoic acids and
the crystal structures of their carboxylate derivatives ha¢ been
reporte6103 ,104 where it has been shown that polymeric tin compounds

are most likely to show a Nossbauer effect at ambient temperature.

i
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The synthesls and X-ray crystal structuie of hexameric phenvltin
oxycyclohexanecarboxylate, Ar?hSn(Q)Ozccsﬁll _7% has been reportedl05 .
The x-~ray characterisation shows tin (IV) present in a new structural
environmert appearing as a drum shaped molecule cdntaining hexa

coordinated tin atoms.

The synthesis of hexameric m=butyloxotin benzoate

dfh-ﬂusn{OJO 2CCgHyNO, -2 —7613C6H6 and the dimeric methyloxotin

cyclohexanogte, /”(pesn(o)o CcC H11)2MeSn(0 CCBH11)$ 7 by condensing

the stanpoic acid with the rESpective carboxylic acid as well as

o synthesis'of dimeric n-butyloxotin carbcxylate, by reacting n-butyltin

trichloride with the silver salt of the respective carboxylic acid
have beéh reportedloﬁ._These substanqes;.as'found by X-ray analysis,
form a pew struétﬁral.class of érgqpotin-cémpéunds having "unfol:ded

drum" or “ladder“lstructures.

_Formation'of distaﬁﬁoxane rings seers to be an integral

compouent of . hydrolysis products of many organotin cc:mpoumiil0'7 For

example, monoalkyltin halides hydrolyze to give distannoxanes- of the ;gpg'

, VIII
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whereas diorganctim halides give dimeric distaﬁnOxénea.as,end products,

These possess "1adder"1ov-log or "stair case“llo'lli.structures. Here

the tin atoms are penta-coordinated.

R R R R
) Sn/o SJn/ X
X SL O ———sp——et
SN/
- R R
IX ;

where X = .(.'.'1, IUI'i
R = Ph, alkyl

The synthesis of a soluble drum compound, containing
cyclopenténe u._n:Lts,T £Fh—ﬂu5n(0)ozcésﬁg 4 .Csﬂsﬁand the formation of

a novel chloro derivative-Zﬁ(n—BuSn(0)92CPh}2(p—BuSn(Cl)(Ochh)z _72

having "ladder" or "open drum” structures has been reportedlll,

Interconversion of the drum and laddér'structp#es has been established
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. 1 -
in solution by 195n NMR along with a possible nmechanism of hydrolysis

of a ladder to a drum formulation has been reportedll2

N 11 - o
Chandrasekhar et al Z erployed a varjiation of the original

reacticn by Lambourne113 in explgriﬁg condensation products leading to

the drum ceomposition as well as to a mixed oxocarboxylate—~tricarboxylate

formulation,. ZF(R'Sn)(O)O cR),R'sn {0, CRJ 75. The latter was identi-

10 .
fled as haV1ng an unfolded drum or ladder structure . The reactiom

qonsists_of a condensation of an organostannan@ic acid with a

carboxylic acid.
The sfdnnoic acids are infusible prders for which & polymeric

structure (XJ have been propoéedll4 115. For the partilally dehydrated

1 6
materizl structure(mi)has been pr0posed by Platt et al !

~OH

Ny



’ . - | . . | - . 3 7

[3

In both (X) and (XI) tin atom is 4-co-ord1nated and is enclosed

within the tetrahedra formed by the three oxygen atoms and the organic
group R.

From the values of quadrnupole splitting (EQ = 1,29~1.83 mm/sec)

in organco stannoic acids Davies et al1 7 have suggested a tetrahedral

gecmetry at tin, though the pos*ibility of association has not been
.completely excluded., The isomer shift value (S = 0.40-0.78 mm/sec)

are very ‘small because of the very low 'S’ electrcn density at the tin

atom rQSplting from electron attraction by the surrounding oxygéns.

LY
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CHAPTER - II

A SHORT REVIEW OF ORGANOTIN ALKOXIDES
AND RELATED CCMPOUNDS.
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IIA. '_Infrc}dﬁction

As the present work is a study on the reactions ofﬂazo~
phencxy compounds with organotin‘éompoundst it i=s deﬁir&ble.that
a brief review of the chémistfy gf organotin aikoxideé'and\related

 ccmpounds be presented to make tﬁe reader familiar with the wide
variety of alkoxides, phenoxides and related compounds and their

reactions énd structures so that a proper assessment of the present

work may be made.

1IB. nganotin alkoxides.’

The simple organotin alkéxidés a@éwphenoxides are ubually
prepared by:nucieophilic_subétitutibn_by an alcohol or its metal
deriQatives at a tiﬁ'centré / equation (1) (M =.H, Na etc. _/. The
best esfablished method is that in-which_an organotin halide is
treéted with the sodium alkoxide, often in the parent aicohol asi
-sﬁlvent;_Thersoaium chloride which is.fqrmed is filtered or centri-
"fuged off %nd the alkoxide is recovered by distiiiation or
cryétallisaéiqn éfé.g. eéh. (3) 7.

Q _ }M-'- - ROSné + x: | Eqn-(1)

M‘““‘OR_ Sn

_-\|/

Alkoxides can bé prepared by reaction'between an alcchol
and an organotln haliae in the presence of a basel-or byfa metathe—_

tical reaction from an alkali-metal al}coxide2 3

Yy,
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-

RySnCl  + R'ONa——=»R,SnOR' + NaCl - Eqn. @)

MeONa <+ Bu3SnCl——4h~—9-MeOSﬁBu3 + Naél' _ - . Eqﬂ.(3ﬂ

- The alkoxides are sensitive to moisture and éarbon dioxide, and
the.filtration has to be carried cut in the absence of air, which
may be tedious 1f the sodium chloride is finely divided. A more
confenient route ﬁo the_ﬁrialkyltin alkoxides, when the alcohol

" or phenol boils above about 90°C, is the azeotropie dehydration
-éf a mixture of the'appropriate alcohol and bis-(trialkyltin)
.oxidglin benzene or tqluene4. | -

'(BuBSn)éO + 2BUO.CH,.CH,0H

———~>~2 Bu,SnO. CH, .CH, 0B + H,0 Eqn.(a)

The wgtér formed ¢an be collected in a Dean and Stark
.Separator and good yields are obtained:after one hour's boiling
" under reflst. Triethyltih oxidé reacts with abetylenic alcohols

at room temperature .

(Et;Sn),0 + 2HOCR C==CH: "')i*'ZEthhO;CRZCQCH Eqn. (5)

S+ HO

2

/R % H or alkyl _/
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If the mlxture is heated and water is removed azeotropically the

product reacts further6 7

{Et’.asn }29 + 2Etaspocazc;=¢cn

e 2Et35no.ca2c=‘_c.5nmt3
oo @

?rialkyltin’alkoxides'can be obtained in goed yields by

heétingﬁtbgether an oxide and a dialkyl carbonate”

'{R3sthp + (R'o)zco'—'—.—a»za3sxiog' + CO, - Eqn(7.)

If the - alcohol 1s more volatile, for.example'if i1t i1s methanol then

‘trialkyltin alkoxide can be obtainéq cor;veniently4 by uéing dialkyl

carbonate,

. (BugSn);0 + (Me0),C0 —————Bu,SnOMe + Bu,SnO.CCOMe.

= €O,

o

28u,snole  Eqn.(@)
. A further process which avoids filtration is the reaction between
alkyltin hydrides and alcohols to give alkoxides and melecular
hydfogen. This route has been used particularly for preparing

cyclic alkoxi&ass.

5 = CH.CH,OH———3 BU,SH +H, Eqn.0)

N

;/ BuyBnH, + CH
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Suitable dialkyltin cOmpoundB with glycols give cyolic alkoxides9

o zrhercaptoalcohols such as HSCHz.CHon react similarly '7

- - o o | |
BuéSn(OEE)Z' + _Ho(cﬁ'zl.)'hOH—-——-»""5"_'."'_“""’ Bu..Sh. \(CHZ) _’_2&{0}] _ Eq_,, (16)

2\0/

- | ",(n . 4,5,6) o (Ref 10) 5

\

/DCHzCH o\ |

2R28n0 + 2HOCH2.CH oa—;)-RZSn E _gmg+ 21,0 Eqn )

ocazcn o {.

. ; (RefSO 11;12 ) - "
,Although compound I, (R = Bu) has a molecular weight corresponding -
to the dimeric structure shown, a number of 1 2-g1ycols can giva

»monomerio oyclic alkoxides, fo;’example, compounda II- IVlO 11 3'

|
|
I
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
|
o
-
N
|
%
ok
l

: TLBI-IQ '

| MeGH-—-O/
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'w'.oiher:workers“heve suggested'that in“solution;7these-cYclic_oompounde

"'exist as an equilibrium mixture of monomer and dimer19.

o pEma

2By, sﬁ// \\\~ i) ——>3g sﬁ/'. *5f$§ﬁ3“ S
\ / CHy ) "_.—' 2 / :
| o” A Jefey) 0

Diols are more reectlve towards dialkyltin oxides and triols towards
_alkyl stannoic acids, ‘than are monohydric alcohols and the oyclic
_If;dialkyltln dialkoxides and mono alkyltin trialkoxides can be prepaned

erby azeotrOpic dehydration. Sometimee the produots‘from diols may -

13 support the

._exist as both monomere ‘or dimer313 IR and NMR date
structure (V) and the nature of some reaction productsl4 15 favoure i
.e_-the lerger ring (VIJ. Carbohydratee react in thie way to form cyclio .

:dialkoxides, which are useful in organic synthesis. For example

methyl-o(-D -glue0pyrenoaide gives methyl 2, 3.1-0hdibutyletannylene-_
)15 . L . - . o

s ZOC -D-gluc0pyranoside (VI I

T




_ ‘n.Bu.z.

- ovir
'fTheésténnatrénes (VIII) which can be forﬁEG bylazeotropic

'-I'dehydration of a mixture of stannoic acid and triethanolaminel7

"~ have attracted a let of attention because of their triptych

structures;e;and,thei: analogy with the phyaiolegically active

_.ailétfahesé'
"~ RSn(O)OH + kHoCHéCHz N-_-____e>nsii&—————
' | _ .E o

‘lOluiuuu

. VIII.
- 'Reactions (4) and (7) are the bast for preparing trialkyltin

alkoxides. Under the same conditiona. dialkyltin exides react only

to the ~stage of the dialkoxy—tetralkyldistannoxanea R - OR Snosn820R'

and though these dQecompose thermally to give stnﬂ and R Sn(OR'Jé

the reacticn between aodium alkox;des anq.dihalides still provides n

vy
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the best routeé to the dialkoxidas, In'tetraiih hcwever,sphenqls
react with dialkyltin oxides to.give the diphenoxides R,Sn(0Ar),

Idirectlylg and it is possible that the higher boiiing alcohols might

show a similar reactionm.

A number ofo(esubstituted organotin ccmpounds add to the
carbonyl dgroups of aldehydes and ketones to give substituted

alkoxides'for ex'ample26 :

| Bu,SnCH,CN  + PhCHO ——— Bu, Sn0. CHPhCH,,CN Eqn. (9
Organotin alkoxides can also be forméd[by the addition of the Sn~H
bond or activatéd Sn—C, Sn-0 or Sn~N boﬁda to the carbonyl groups
. of aldehyes and kétohes. The SneH_additidns can be catalysed by
azobisisobutyronitrile (AIBN) or by zinc chloride, involving attack

at oxygen-by a radical or an electrOphiiic tin_species'reapectiVelyz7

Et.SnH '+ Me AIBN

y S Me. ‘ n. {13
3 2CHe CHO _ > Me,CH.CH, . OSnEt, Eqn.@3)
- : ' ZnCl . < ~> '
= 2 N )
.EtBSnH + Q O : > - OSnEt,
Activated Sn-CH,X bonds (X = CN, COMe, COCEt, CONMe,, CH, = CH,

-

(eté) wili add fo-certain aldehydes-and ketone337'38.

-




55
_ Substituted allyl compounds react with aldehydes, probably
thrOugh a cyclic transition state (IX)37

Alkyltin trialkoxides can be forned by heating together
the sodium alkoxide and alkyltln trzchlarid& in benzane for 3 or
4 hours?®, Alternatively the alkyltin -tris-(diethylamides) may be

-subjected to alcoholysis which is rapid and exothe:ﬂic at room

-temperature21 22 S N _“;.'

W, o
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Seme reactions by which the trialkoxides may be converted

into’ other alkoxy derivatives are shown in the scheme l22

 Scheme - 1

3Mezc NOH k’Bmsn(op,L)n(on—cm%

M= {or2

Physical properties of some: typical erganotin alkoxmdes are
given in Tabla-l. | '




Physical properties of some organotin glkoxides and phencxides

Tab =1

57

79

20

Compound - Map 5.§ Iy 620
Me#SnO.Bu | - '175—6 1.4575 1.2656.
BSnOCHé .CH,OCH = CH, - . . 9090, 5°/b ram 1.4810 1.2560
Pr,Sno. Me - - §7-68°/3 mm' - -
PrBSnOPh ~ 145-147°/1 rnm - 1,5284 1.2167 _
 Bu,SnoMe - 97797.5°/6.96-unf_ 1.471@(25°)‘ 11.1294(1.1690)
Bu3SnOBu - 'f124e128°/3 mm 1.4690° 1.0189
Bu,SnOPh - 152%/1 T - 1.5171.  1.1666
P“zsn(DMe’zl - 126-128°/0.05 mm 1.4852(25%) -
65-66° - - -

PhssnOMe
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Most of the reactions of the organotin oxides and alkoxides

-iﬂl*volve heterolytic substitution or addition reactions. The utility

of these reactions in organic synthesis depends on the modulation

. of the nucleqphilicity'of the dxygen by the tin atom : the substitu-

tion and addition process often occur in variocus combinations and

these applications have been reviéwed?a‘z‘}‘zs.
Gt 5 o
Sn -0 _ E:s———-si ~ Sn-A + O=-B
55:1‘ %‘“ o A=—=B :\“—'—”‘L Sn=A=-B=0

Eqn.(liﬂ
E:_‘lii'. i5)

The alkoxides must be protected from moisture which causes rapid

hydrolysis and the ‘readiness with which these compounds participate

in both su_bsti'tuticn' and addition :n_eaction ié being increasingly

exploited. The versatility of organotin alkoxides to add across

unsaturated linkages are provided by the following examples:

-

) _éuzs_;;pm;;-z .+ thcs——%—#BuSSnS'c('OMeJ = NFh (Ref.
| BuanOMe + COy————3 Bu,Sn0. CCOMe h | (Ref,
Bﬁasnbmé + 802—'—}B'u3SnOSOOMa (3ef.
BuBSnémé_ + | Cl,C.CHO-¥Bu, Sno. CH(OMe)CCl, (Ref.
EtB.SnOMé + CH, ﬁ_CO-;;}Et3ISnCH2000Me (Ref.
E£3Sno.E£ + A:NCO*—_;)‘;EtaénNArCEBEt | (ﬂﬁe;f.

_' B’uasno. Me _+ ATN =. € = NAr_—%ﬁﬁaan(Ar)c(omJl = NAr

(ref.

28) Eqn.(16)

28) Eqn.(17)

28) Eqn{l8)
20) Eqn.09)
30) Eqn.@o)
31,32) Eqn.(2Y

Eqn: (22

28)
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Bu'BSno. Me + C13C.CN-——_——)-Bu3SnN = _c(oim)cms - (Ref., 33) Eqn. (23
Et;Sn0.C = CMe + c13c.CHq—'—_f},Et35no_.CH(ccl_3)oc = CMe
' (Ref. 34)Eqn.(4)

The product from addition to the isoayanate will undergo
protcolysis with an alcohol to give the urethan and the regenerated

crganotin alkoxide.
E_t‘_i-SnNngQOEt + EtOHﬁArNHCOOE.t + Et,SnOEt Eqn. (25

It can be thus seen that a'small amount of an organctin
compound can_catalyse the reaction betweeﬂ alcchols and isocyanates
and this explains'the-known efficacy of organotin catalysts for

the production of poiyurethans3l

L -
) I

' The reaction prebably invclves combination of an addition

fcllowed by a SUbStltUtiOﬂ reaction.

s

. BuasnOEt + PhN = C = 0-.—+ BuBSnNPhCOZEt ' Eqn. (26)
. Bu,SANPhCO,Et + EtOH———$Bu,Sn0.Et + PhNHCO,Et ~  Egqn. (7
PhNCO + EtOH-——32(IV). » PhNHCO, Et | Eqn.(28)

Addition'to carbcnYl'cowpounds oCcurs’with'a number of aldehydes
and with reactive ketones such as hexa” chloroacetone Since the
'products are thenselves alkoxides further additions ‘may occur and

. in the case of.chloral, a polymeric_product was obtained29.,5.

L]
i

. . . | : - (29
Bu,SnOMe + xClBCCHO-————-—%I_3u3Sn_(OCHCICl3)xOMe  Eqn- 29

W,
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The product from addition of tributyltin methoxide to hexachloro~
’ } : ) . . i I ) - ) )
_acetone is unstable and decomposes to give the trichloromethyltin
derivativeBs. |
| cc13
Bu,SnO. Me. + C13ccocc313—>— BuBSno.com————.—)Buasncc:13
| CCl, + Cl3C;COOMe Eqn.(39)

;195n NMR chemical shift'in some butyltin alkoxides shown
in Téblé -2 . provide some insight into the nature of these
élkdgiaes.' R . - ) .‘I . % ‘

Table =%
1192, Chemical Shifts (p.p.m) oOf Butyltin Alkoxides®

R .. BuySnoR s iauzsn(on_)2 Busn(oR),
Me i " +83 o _ -165: o -
Bt 486 - -161 . -428
pe” o +87 o 159 414
et 476 L - 333
Bun.l- o .+§1 | - ~-161 - -228°
Byt 82 , 150 .. © -401¢"
Bu® 480 . e . 3
Butl - 40 -'é ;4 | o e =200
Neat liquids at 25°¢, Pat 38°c, _55 Cat 66°C
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The tributyltin alROxides all show a high frequency shift
and are believed to exist as tetrahedral monomers at ‘room temperature.
The dibutyltin dlalkoxides are monomeric only when a butyl alkyl

- group (R = Bu or Bu ) p:events dimerization and the enthalpy of 39

dissociation of the dimers in solutjion is found to be 60-100 KJ mol"'l ..

The butyltin trialkoxldes exhlbit a wider range of chemical shift522.

_'Butyltln trnbutoxide agaln appears to be monomeric, for steric

| reasons,,but the compounds with s;milar alkyl groups, showing

ohemioai_shifos of aboﬁt -425_o1p.m.; are ofobably octahedrally six

coordinafea.' . ' \
| By this-chemicalsshift'oriterioo;-éhe dibutyltin derivatives |

of the 1,2 diols shown in structure X to XII appears to contain five

coordinated tin. as. in V139

Buzsﬁ”(e’f - Bu,SQ Bu,SQ
| O
x | Xz XTI
119 o Caea g
Sn chemical -164 =155 (in CDClS)

shift {(p.p.m)-189
Dialtkoxides undorgo sirilar addiﬁion reaétions to thOSe

alréody discussed for the monoalkoxides and in most cases, 111

ano 1:2 adducts oan be Esblated4o

\1\_
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Bu Sn’(OME)2 + A = B : > Bu

, Sn (OMe JABOMe

2
A = B

Bu,Sn (ABOMe ), Ec;n- @)

(A = B= isocyanate, isothiocyanate, aldehyde,'sulphu: dioxide,
carbon dioxide, cyanide, carbodiimide). Dibutyltin dimethoxide
undergoes a redistfibutioﬁ reaction_with a dibutyltin dihalide

and the resulting halométhoxide also participates in addition

;éactiohs4o‘41.
T L Wy '
Bu,Sn (OMe ), + Bu,SnCly————— 2Bu,5n (C1) OMe Eqn(ﬂ)
' Bu,Sn (C1)OMe’ + A = B————% Bu,Sn (C1)ABOMe Eqn. (;55)
; ) - S ; e/
The dialkoxides react with a variety of,cémpounds, RZSnX2 in
solution, in a procass analogous to the Schlenk equilibrjium involving
Grignard reagents to-giﬁe the monoalkoxy compoun_ds41. The 1198n N¥MR

s?ectra show that the methoxide chlorides BZSD(OME)Cl (R = Me or
Bu) exist ag moncmers in dilute'soluﬁion; but as methoxide-bridged

'dimers in more concentrated sOlutionsgz.

: BuzsnX2
SnCl, + 2MeONa-—pBu,Sn (OMe )5~ — » Bu,, Sn (OMe )X
| | i Eqn. 64)

Bu2

(X = ?, Cl, Br, I, SNC, OCAc, OSO,R)




Turning next to substitution reactions, the alkoxides are
sensitive to a wide range of protic species; reaction with water

has already been mentioned and acetylenes readily displ_aqe_ alkoxyl

43,
. groups .

Et,SnOMe  + HCZEC.CH = CH,~——»Et SnCZEC,CH = CH, + MeOH
S - Eqn.&5)

'N-—S.tanny_lan:-idgs are’ convenientiy prepared. from alkoxides

Et,Sn0.Me + PhNHCOMe ———% Et,SoNPhCOMe + MeOH Eqn. 39

However when ‘the corresponding thiloamides ‘are used' the products

have Sn~35 rather than Sn=N bonds44.

3
Alkyl halides and alkoxides react to give ethers and organotin
halides.

I

Buas;_uOMe + CH, = CHCH,Br —fBu3snB; + CH, = CH.CH,OMe Egn.ras_)

2
(Ref, 45)
Et3$r;OCH2;CHzc:CH_ +._ MgzOC}izcl—-_——}EtBSncl + HC=C.CH,CH, O0CH,OMe Eg_n.g_g;
| (Ref. 46)
RaanCH'2C‘=‘_;CSnR3 + MEI—%* Ras:_nI + R,SnC : CTCH2_OMe Eg_n(zj,o)

(Refs. 47,48,49)

'.Et SnOMe + PhNHCSMe '—f—?‘Etg,SnSC(ME_J = NPh e Ean@i’) |
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Irradiation.with ultraviolet light and the addition ¢f Lewis acids
e : '

. dig not_increase the yields in these réactions45. In a similar manner
alkoxyl groups can be transferred to silicon by the use of silyl

" halides,

Bu,SnOlMe + Et,51C1-—Bu,5nCl + Et;5i0Me  Eqn.{4)) (Ref. 50)

+ R'SicCl
3 3T

SnO.CH2CE CSnR
______+ Ré'anl + R;siOCHzCECSnR3 Es.n .(42) (FEfS. 47,5% )

3Bu,SnCCH = CMe, + MeSiCla—'—-}MeSi(oc:H‘ = CMe, ),

_+'33£:-35nc1 E%ﬁ.(ﬂﬁﬁ) . (Ref. 52)

The silyl halides react more readily than the alkyl halicdes

and cooling is often necessary.

Trans—alkokylations can be effgdted by heéting an alkoxide

with excess of another alcoholss,

=

-3u3$pOMe + Ho(cuz}nx———}su_,'sm(cz-iz-)nx + Me_OH Eqn.{44)
{X =.C1l, Br:; n= 2,3,4)

An alko;ysilage may also be usedsq. ' o )
o | | o 145% _
Bu,S5nOMe + Me;510.Bu }5Bu35n0;Bu + Me

U

gSiome Eqn. (45)

40'h;
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A similar reaction occurs under milder condition when an alkoxide

_ r - .
dg treated with an esterss.

| o | | .
. 25% - - .
X . y, C H.. (46
Et,5n0Me .+ CH, OAc _ »EL,Sn0CHyy + MeGhae  Eqn (. )

ITC, Organotin Enolates

Crganotin derivatives of simple encls are usually prepared
by treating the acetate of the appropriate enol with a trialkyltin
methoxide.but the élternative rcutes have also been used56_59

The keto ‘and enocl forms exist in metallotroplc equilibrium which

a

sually faVOLrs the C—isomer.

Bu,SnOMe + MeCOOCH = CHEt--——‘rBu SnOCH = CHEt + ¥e0,COMe Eqn (47)
Bu3an + MeCQCH = CHMe-——-—_a-BuBSnO.CMe = CH.CH Me

2 Bqn -(48}-
(Me3SnJ2-s + Hg(CH2COR)2——)-2MEBSnOCR = CH, + HgS E_i“-(4§)'*

' ' : aE : : t ' ' .
15111331:»1%:*;'2 + MeCOBu —————3Bu,Sn0.CBu~ = CH, + Et,NH Eqn. (50).

y . .
C = C-0SnR,;T"-=RySnC-C = 0

O-isomex C~isomer

-

- The derivatives of 1,3-diones can be prepared from the
organotin oxidesﬁq in a reaction analogcuszto thé preparation cf
alkoxides. These diones act as-bidentate'ligands and the structures’

shown in XIII§1 and XIvﬁz.have been established by X-ray crystallo-

graphy.

Vi
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MeSnO + 24eCOCH,COMe

Me,Sn(OCMe = CHCOMe), + H,0 o gclnL-(st_)
Ph.
?h'f,’ l*
r,,,’,
”*}né———o
P.Ii/é Ph

The reac:tion of p -propionolactone with trlmethyltin methoxide
- (and other-Me3Snx compounds) has been studied in detai153¢ 64. The
dominant product is- that resulting from acyl-oxygen bond cleavage

XV but the product obtained from alkyl-oxygen bond cleqnage XVI can

: alsa be detected the ratio of the pro;lucts dependlng upon the

polarlty of the solvent 'dsed




e Me2 3SnOCH, CH,CCOMe : XV

67

=0 + Me

3SnOMe§—-n

—>Me O, CH, «CH,CO0SaMe, - XVi

'stannyl'atéd' celuloses are prepared by reaction beﬁeen_celﬁulosé
{or a dgrivative).and an organotin élkoxideéﬁs_ When an alkoxide
rea-cts. w_if.h an enol est.é'r then thé D—si:annyl derivative of the enol
'fﬁrm'add/or the Céstannyl-derivétives of tﬁe keto form is obtainggcsﬁ.

+ MeOQAc

RR'C = CR"OAc + Bu,SnOMe — —— »RR'C.= CR“OSnBuB }
Eqn. @QJ

RR‘C(SnBuB)CR“ =0
_ érganotin enolates in whi_ch'the Q0= and C= bonded iscmers
are in metallotropic equilibrium react_with alkyl halides by
C—é_xlkylationﬁ?,and C—al}yl'atic':n can be brought about by allylic
‘acetates in. the presence of tlet'rakis - {triphenylphosphine)
palladium.(o)sé. . S . -
Q OSnBu, + Mel ——-}Qo + BuySnl _ Eqn.(63)
o - ‘Me -
(Ph,P},Pd. o

R

o_- Ean64

CAc
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I.IID Organotln Phenoxides

The organot;n phenoxides, R Sn(OAr)4 n: are convenlently

_ prepared by reaction between an. oxlde and a phenol in the same
'-_manner as the alkoxidessg

(Bu SnJ o + 20—PhCGH40H

——%'2511 SnOC H, ph—o + 0 ":E&"'(‘J"i)
6 H2 -

Among other methods, treatment of an organotin chloride with a

phenoxide may be used70

-y SnCl + - N02c6H40Na——).p-m02 6H OSnPh3 + NaCl _Egn-_(%)-'

: 'D-ibuty-lltin"dih;;e'thoxide"‘..rga.;c':ts_% i,}itiri_,'zr_pyﬂ_aone as _-:‘dligws.?l' -

oz ) mugsmtoner,—smusn(od Y)

°. (3

' Reaction between triphenyltin hydroxide and p—nitrosophenol gave .
the p-nitrosophenoxide which from the infrared and visible spectra

' ;_of ita solutions, was considered to be in equilibrium with the

L tautomeric qu;noxime72"

PHanOH LR O —’—>‘H2° +

4 2MeOH - Eqn:(5D

| '.Egn 1] :
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The phenoxides 1ike the alkoxides are generally sensitive to

moisture ‘but; compOunds derived from more acidic phenols (e g.

70,73

~-nitrophenols) are 1ess readily hydrolysed ¢ High thermal stability

_:'is a property of a nuﬁber of phenoxides for example compounds xviz’4

" .and XVIIx75 and also of compounds derived from dihydric phendls such
as XIX and'XX?G | | |

. .\I“'\‘; :
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64
prepared from-diphenyltin dichloride and the dipotassium salt of

A polymeric phenoxide, having repeating unit’—OSnPh20C H, - was

hyaroquinone77. A number of polymeric products have also been made
| by heating together in toluene, dialkyl tin oxides and dihydric

'_phepolslof the type XXI78.

HO< eHR

XXX

1IE, Organotin aerivaiive.of gome (Arylazo} phenois

Although no attempt on the synthesis of organotln derivatives

 of (arylazo) ‘phenocls has been yet reported Sengupta80

reported_the
fstannylapion_of the -OH ‘group in_2-{2'—methoxy,benzene azo)S-hydroxy
phenoxy.methyi acetate and the oorresponding acid leading to the
formation of the compoﬁnds XXII and XXIII.:Interestingly, stannylation
of phe~—OH group‘invariably ocourred wheneéver any aﬁtempt to substi-
tute the proton of the -COOH group in XXIV by organotin group was

made.
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_OCH, COOCH - ST

_XXIII
ocazcoon

,' Another group of organotin ccmpounds 1nvolving Aryl-O-Sn

bond is the organotin derivatives of . S-phenylazo-a-quinolinol and
5—(2'-carboxy phenyl) azo-a-quinolinol XXV. XXVI, XXVII, XXVIII

. have been reported
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S~
onRs

XXVII - SRR XXVIII

oIIF; Stannoxides of othér'elements

I

-I'Thé Cﬁémistry of the metallostanooianes has been reviewedez,

the most important conpounds in this class are the stannosiloxanes
containing the grouping :;Sn - O-SiEE . Although a hunber of
compounds for exaﬁple Me Si0SnR, (R = Pr, Bu) have been prepared by

3 3
cohydrolysis of the mixed halidesa3‘84, the alkali metal oxides are

more genprally used for laboratory synthesis85 _ '

Me3SiOLi + MeBSnCl——é——ﬁ—éebLicl_+ MeBSj__O.Sn.Me3

| _'Me‘_asmm + Megsic1  FAM 9

Vi,
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The reéctiqn of stannylamines with protic species is the basis of
many preparative procedures and tan be applied to the preparation

of Stannosiloxanesss.

| R;SJ_OH + RySONRY—=——3R.SnOSIRY + RINH Ean.(9)

3 2

Benzene, toluene or ligroin solutions of organotin .oxides ang -

hydroxides react with hydroxy-silanes and germanes to give water

and the. stannosiloxanes or_stannoéermoxangsBT.

(PhySn),0 2Me3SiOH—fﬁ2P11-SSnOSim3 + H,0 -Eqn.(61)
oy ' . T N, | an. Q)

. (Bu3b§)2o L Js?hzs_x(OH)2——+)3P_hzs_i({:xsmav.za)2 + H,0  Egn.(2)
BuSnC. CH + 3Ph,510H ————%BuSn(081Ph,)  + H,0 " Eqn.(63)

s

On treatment with a Grignard reagent the stannosiloxanes are

A

alkylaﬁed at_the tin atom, for examﬁle_Et3SnO.SiEt3

- EtMgBr gives evenﬁually,'Et4Sn +-Et3810H8§.

Much of the work in- this afea has been dilrected at'obtaining
modifiealorgan0p01y5110xanes'in which there has been partial replace-

mEdt_of-silicon by tin. Although such polyméric compounds have been

madéag their stabllities and physical properties are inferior to

those of the organopolysiloxanesg0

Reaction betWeen’metallic_o: crganometallic halides and

organotin oxides ié a general method of preparing orgapohalogenb-

stannometalloxanesgl.

M=X + RySn0 —————-)-MOSnR2 c - Ean.(ed)

!

Yy,

on treatment with
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' Reaction between diethyl cadmium and triethyl tin hydroxide gave

ifrpure Et3SnOCdEt92: compounds_cchtaining Sn—-0=P .linkages have been

madegs.

‘BuySnCl  + Bu,POK————3Bu,POSnBu, + KC1 Eqn.(6B)

4

-

Some stannéxyzirconium.alkoxides have ‘also been isolated”

o L e Sn0. 2 . gqn.(6©)
Zr{oBul), + suas{]OAc—-——yauB_Sno.Ar(OBu)B + AcCBu q
Table =9
jPhysicai properties Of'some:Stannoxides?g
e " 70 Z0
Compound S MeDa b.p. . ny- _ d
. . - . '- ’ i o I ' -
MeSn0SiMe, - 144 - -
Me3SnOS_iEtj | ' o= 49°/1 mm - - -
Et,Sn0SiMe, ~ 9% 20m - -
Et,Sn0SiEty . . . - 114-115%/4 mm  1.4635 1,1149

Et,5n0.GePh,y - 167-169°/0,04 mm~- -
BuBSr?QPEuz : -. 165-167"/1 mm = | -

" Bu,SnoZr(OBu), e - 1,4892 1.2020¢24°)
Et,51(0snBu-i), = . 203%/3 mm 1.4800  1.1443
Ph,Sn0,SiMe, ~ - 140°/0,1 Tm . = .

- Ph,Sn0, S1Ph, 139-140° - - -

P o o 0f <O o - -
Ph251£OSnPh3J2 . 94.5-96.5 __ | N
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cHAPTER III

'ARYLAZO PHENOLS : PREPARATION AND REACTION WITH
STANNOXANES AND TRIORGANOTIN HAL IDES.

'=IIIA._IN¢RbﬁU¢TION. |

‘1I¥B. LIGANLS : ABBREVIATIONS AND ANALYTICAL DATA

' ITIC. REACTIONS WITH ORGANOTIN COMPCUNDS
_IIID.‘EXPLRIMJNrAL : PREPARATION OF THE LIGANDS AND

REACTION OF THE LIGANDS -WITH STANNOXANES AND
'TRIORQANOTIN HALILES.

" REFERENCES



1;Ia;'1ntroduction
Studies on the arylazo der1Vativee of carbouylic acids (I)
- has shown the possibility of- realisatioﬁ of a number of structurally

.interesting organo tin derivativesl 3. 11-12 13

o _@OOH
'Ar.f_N'slN” '

B¢ ST

' The arylazo group may affect the structure of the organotin
deriﬁativea (II) through (1) the electrqnic effects of the azo
greup (1nductive as well as mesomeric) which tends to Oppose the-

tendency of carboxyl grc,up to polarise in the sense ~C =0 which'

is expected to lead to a decrease in'the tendency of the carboxyl

‘;grcup to form 1ntermclecularly co-ordinated polymeric carboxylates

and (ii) the donor prOpertieS of the azo grcup whlch is expected to
lead to a co—ordination with the Sn atom 1n ortho substituted

compounds ' (III),-

CoOSNRy

Vi .



84

il

RSn-O-C

Ar~N = N

(111)

GBoth the effects are expected favour intramolecularly
I_co-ordinated organotin cOnpounds. These theoretlcal ccnsiderations
_led to an extensive studies on the organotin derivatives of arylzo
tcarboxylic aciosa Apparently. the same consigerations should apply
'.to the 'Hydrqu compounds (IV) and the correSponoing organotin o

derivatives (v)

Ar-N = N

) L

' The present study was therefore motivated hy the posaibility
of preparing both simple phenoxy derivatives (IV) and 1ntramolecu1ar1y

' coordinated derivatives (V) with a view to making a comparative

!.

stpdies;on_the physico-chemical-properties of theae two poesibilities.
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In this chapter the preparation of the ligands and their
reactions with the organotin compounds and the analytical data are

described,

Y

-IIIB. Ligands : Abbreviations & Analytical data

" The ligands useé for,the.present study were ﬁrepared by
coupling appropriate phenols with differegt types of diazotised
coﬁpohenté. all the ligands belong to.the.type (IV) in which ~OH

grcﬁp ﬁay be in d-,-m— or p- pcsition witﬁ'respect to the azo Qroup.
'She'ligqnds'and their abbreviatiéns.qéed'in this work are shown in
Teble ~ 1, The analytical data on the ligands are given in Table-Z.
Table = 1
. Ligands and their abb:eviaﬁions used in this work

| Structure " Name - Apbreviation
S : o o © used
1, - _ O : .Zehydroxyfs-méthyl- L;H
N:“@ | | | az.o benzene | |
- ey | |
o I 2V (2=hydroxy-5- | L?H*

CHg _

2. - . '
K £ oM ,
' methyl benzene azo)~
L " .- £fluoro benzene



Table ~ 1 (Contdss) -

2'~(2-hyaraxy-5- -  L1?H

OH T T |

- . methyl benzeneazo)

©~-~ |

' hydroxy benzene.
CHa E - : . '

3-;r|ethyl-4-hydrdxy L

- ' . CH?}_' (benzeneazo) benzéne o

'~aw5 o eeGemyereyese - %

C s -¥ metﬁy1'benzehQazo)--
‘@'N"—N‘ - '*_ . niﬁrohéﬁzehe
6."7‘ U 4lGemetayleae 15w

o | Qhy. - Dydroxy-benzeneazo)-
OO meseeene
. '?.: I o " 4'=(2=-hydroxXy=5« L

L D methyl benzeneazoe)
' g : - hydraxy benzene’ _-

CH3

i, ) .

86
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Table = 1 (Contd.,)

4ﬁ-(4-hyd;oxy-

benzeneazo)-

%N‘@'N:NOH | nitrobenzene .

9

10¢-'

Q=0

— .' : ,; o
wo{Om=<0)

O

Gﬂa

'-(2—hydraxy-.
'naphthylazo)-

hydroxy'benzene

4% = (2-methyl-4
hydroRYHbenzeneazo)—

nitroberzene

87

130




Table = 2

‘Analytical data on 'Liganads’

Formula _ E | _ Found (Cg;__cula:t.ed) %)
C _H ' N
1, C,.H,,N,0 o 74.7 5,36 13.18
13712 | : .
13122 - (73.58) (5.66) (13.20)
/L8 _7 . - ' _
20 C..H,N.G® - . - . - 68,7 ©  5.04 . 11,45
1 . ) - . L J
o - {67.82) . (4.78) C(12.17)
A% : SV | - -
oAz (68.42) . (5.26) (12.28)
[i% 7 N
4, C..H..N.O 89,27 5.39 | 14.84
- 13 1272 o (73.58) ~ (5.66) (13, 20)
[ L'H_/ , - o
5. €, 4H, N0 . 59,07 4.05 | 15.60
Co13res - (60.7Q) (4.28)  (16.34)
1% 7 | o | |
6. CygHy M50 | 61,0 ~  °  4.63 15,92
' 13211 373 . (60.70)  (4.28) (16, 34)
[ 7 . | \
7 CoaH,nO.N, 69.2 . : 4.94 13.11
S (68.42) (5.26) +{12.28)
/1'H 7 | - -
8e. C, ,HaO.N.. " k -5-9.46 o '3.70_ . 17,82 |
T2 9733 e (59.25)  (3.70) T (17.28)

Contd,.

Ny
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‘Table -~ 2 (Contd..)

5. C O.N., ' 73.84 .17 10,70
1 22 : . 0,
6 12 (72,72) (4.54) (10.60)
“10. Cy 4H, 5 ON 61,02 4,49 15,95
13115303 - ; 1
: {60.70) - (4.28) (16.34)
(1'% 7 -

ITIC, Reactions with Organotin Compounds

The preparaticn cf the triorganotin derivatives of the
phenoxy azo benzenes was attempted using (i) the reaction between
the distannoxanes ahd the ligand LH (eqn. 1) and {ii) the reaction

of the Na/K derivatives of the ligand with the triorganotin halides

(Eqn- 2).
(RBSn)ZO + Lan——e-fﬁafRBSpL ‘+:H20 " Eqa41)
RyS0X + LNa- —§=R33nL' + NaX Eqn(2)

B

The first method" was attenpted with all the ligands by
ref luxing the llgands in appropriate wole ratio, The second method
was 1imited to only a few nitro: substituted ligands, v1z., LQH and
' LLOH as- the . Na/XK salt of the ligands c:uld be prepared only for
_thése two ligands. - . '

A summary of the reactiéhs stuqied is given in Table -~ 3 and

the analytical data on the procucts isolatea are given in Table ~ 4.



: | - 229&2_:_2 | . ,
'f SUMMARY OF REACTION CONDITIONS AND pnonucrs g”

.'.Reacténts_ R Expt. conditionsa'b c-: A Pfoduct
. {mole‘ratio) _ AT S (mepe/DaP
: N ) e . _— ' ?131d %)

1. LIH (2:1’ E a.iRéflﬁking for 30 hours = PhL Sn(OH) _
P in dry benzeme and . (>'3oo°c, 30)
,Lremovzng the water o -
W_ﬂ}sazeotrOpically, the o
:' roduct was extracted
._with benzene pet—ether_

L+ o
"(PhBFn)go

' mlxturB

 2; :ZH (2:1);';'-'. aJ‘go hours. .. ,__PhL 2sn(om),

3. 31, (2 1) - a. 28 hours. o PhL-Sn(OH)z

3 (Ph-Sd)-O-f'  (>300°%,  40)

R it N

?"4.7L4H + (Ph Sn} 0 é;;_@OIhburs- ;Jffhj o . No reaction
o (2:1) ST IR L

o 5.'L5H3(2:1)“ © a3 heurs . pnt’snlom),

R JERERRER e - PhbTsall

.&.fLsn # (Phsan o aﬁi-:Zé-hqu;g'"  '?f_ - . No reaction’
ey : R o ]

o 7.;L,HH(2=I):'511 ‘a.30hours o - ewTealom,

o {?hssn?zo_ S - . ;.._THI (oL

-_Contdé.-



- 8.

' 9.-._'.

10,

L'H (2:2)

ke
:(BuQSn)zo_:.

8
(2:1)
L’n (2=1J3'

.
(PhySn)y0.

| Pl
12,

~Ph,SnCl K

.I 13,

On 21y

R

¥ o Naii)

.;?+

18 - §a c1 1)

‘I-+ Cy3SnC1

L8 ; ua'(i;1j

+

Bgssn01-

L°H + (Phssn) Q.

o A

e -

’ Ia.o .

. de

48 hours .

24 hours

42 hours'

| Table - 3 (Comtdai)

?Refluxing for 12 hours

" in ary MeOH, ‘the product

.yiwas crystalliaed from

':mixture

b.

“in dry- benzene, the product ,
' " was crystallised £rom
" benzeéne-pet ether mixture

o Qbenzene-pet ether- o

Refluxing for 36 hours

'BuL
- (>3oo°c, 30J |

: jPh$énL

'Bi’x‘_;,SnL :

91

7sn(0H)

No reaction

: phrganOH)és;
- (>-3oo°c, 40)

'BuLgsn(OH)é

-,;C>300°c,f30J

.'8-

(160%, 80).

cY SnL8

(140 c, 70)

- an, 40)

© contds,



‘Table = 3 (Comtd..) @

: 15;Wb}9
A 0
.Pﬁgsncl_-“ :

16, L2

e

110 _

'apssnc1

< Na (131) b, 12 hours = .

- Na (1:1) b, 12 hours -

-' ph3snL

CysSnL

(130 c‘ 50)

- BhBSnL

.92

10 -

“(139 C 60)’ir

io

10

- (247%, 40)

;,(a){b)(c) Given in order : method, time and solvent nsed

(a)- Refluxing aZeotrOpically in dry benzene
{b) Refluxing in dry MeOH ],ﬁng'
'(c) Refluxing in Ary benzene. -

.f-\.}\ . .



Table - 4

Analytical data on organotin derivatives '

23

Compound

Found (Calcu_.'_Lra‘_t':g-dJ(%)'-'

FH{T

,g__

sSn

1,
"2 -
-‘.-3.-‘. .

| 4!fcib

Q.

clBHIB 3

“PhL;Sn(OH)z

| 19“17 N, FSn
1_fphL Sn(OH)

;19_18“2‘4 n
9

PhL Sn(Oﬁ)-

5

'-PhL Sn(OH)

L Ba ¢

c19 18 04N, 5n

| 'PhL Sn(ﬁﬂ)z

.i?ﬁy

7H220 N Sn

.BuL_sn(GHsz

22H18°4N25“

N ppp_snfoa)z

8, c20u2204uzsn-_ “? I

BULQSH(OH)z

NzSn ;

(51.73) .

. so.88
. (49, 70)-'

. 48.98 -
o tabes)

(49.92) -

- 46.78
 (46,71)

52,89

- (53.58)

49,72

4,72
(4.08)

SR

3.97
(3.70)

e
(3254

3,377

4.02

e

4;98;

- (5,03)

3,80 -
, (3.65)

4,30 -

| Gaes)

- 71l

o {6.35)

6438

(6.10)

5.98

5.97

(6.13)

(6.41)

5,97

- (5.e8)

'I (6!;3}”

. 7.98
‘.(B.S4J'

6.13 . -
(5.92) .

27.06

- (26.93).

25,32

(25.87)

26,01

. 24.87
- (24.43)

(25.99)

 26.92
(27.18)

23.89

(24.00)

-25,01

{25.11)

- coptd.o

Y

- e



10, _

-~ ew
'T-Ph snL”~ .
13,

fPh3SnL _

'_CY3SnL_;

-'c oo ONSn

3072373 3
a

- 8

24 35°3N Sn;=

s
35“L

31 H)503 3
10

C ‘H,,O.K. Snl~  o

314333
10

*925H37°3¥3Sn_-,-

BugSnl -~

- (60.84) -

'-(59.04);LJ

"; 54.55’75;_
- (54.16)

.(61l41)1_

60,02
: '¥(59'6413  

; :. 54 01 ;
S (54 971

3.89
(3.88)

6,46
(6.72)

6.98

4,26 -
(4_512) '

- (6,89)

6.92

(6 73)

S 7,23

(6.58)

; !€\(7.99)_

eim
(6.88)

8.02.
{7.89) .

6.29 .
(6.93)

f.5'99 Lo
,(ﬁ.js)nl‘

"i.?;49 .

_ :; : 9.4._

19,97

--(20.06)

' (19.46)

21.82

(22.32)

”f 20.01:
- {19.59)

19.97 -
{19.03) .

20;99'

. (21,75)




An examination of the results giveh in table-3 shows that

the triorganotin derivative of the type Rasnb oould be isolated '

| ‘only through the diSplacement of the: halid.e group in nssnx by the

" Ra/X salt of the 1igand. on the other.hand the ligands show-little
‘ reactivity towards the stannoxanee. On prolonged refluxing with

ary benzene azeotropically, polymeric products formed through

§6= 10- .Use Of

%-extensive cleavage of the R—Sn bonds are obtained
'f desiccants to accomplieh dehydration to push the reaction forward _
ihae no effect. Attempts to obtain RBSnL type derivativas by stirring

freshly prepared R, SnOH with the ligand in alcohol also failed.~

" The. reaction of 'the organotin oxides/hydroxideswith phenoLs ./

;alcohols is- a consequence of the basicity of the organotin oxides,
'._hydroxides and the acidic~nature of the hydroxylic H-atom in phenole/
_alcohola. Consequently. the preeence of hydrogen bonding (VIJ or
intramolecular rearrangement involving the H-atom of the -OH group,

e.g.; azo-hydrazone tautomerism (VIIJIS -18 greatly reduces the reac-

""tivity of the phenols towarde the organotin oxidee or hydroxides._

”,:VThe poesible reascns for the 1ow reactivity of the arylazo phenols

'towards the organotin oxidee will be exeminea in Chapter IV.-

e .'H""‘o

o o
AreN = K . OH "‘f—“—"‘Ar - N = N:_o'--‘ s
{lrazo'form-- = - o hydrazdne_for@* '

“VIT

. \«\.. .

RN

NS
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'f'iixn;‘sxpérimehtal
Triorganotin (Phenyl, Butyl, Cyclohexyl) derivatives of _ |
arylazo phenoxy compounds have been prepared by reaction between
(R Sn) 0 or. R35n01 in stoichiometric ratios by refluxing and/or L

'stirring in dry benzene/methanol and removing weter azeotropically

wherever necessaxy

; Triphenyl tin chloride (Fluka, Swigerland) was used after |
*"recrystallisation from petroleum ether m.p. 106° (lit. 108 °.167°),
3ZWhen necessary triphenyl tin chloride was prepared by the method
-of Gil@n et al from. tetraphenyl tin._Tri-cyclohexyl tin chloride
(Aldrich. W.-Germany) m.p. 126O . tributyl tin chloride (Fluka,l
Switzerland) b.p. 152 /10 nm. bis-tributyl tin oxide (Fluka.' Qr_: . ]
: Switzerland) b.pe 210 —40/10 mm were used withcut further purification. E

Bis—triphenyl tin oxide. mnp. 122 (lit. _ m.p. 122 -1240) eas_-
':eprepared by the reaction of triphenyl tin chloride with sodium - o
14 - . L !

-f'}hydroxide
Unless otherwise stated petroleum ether used in the present
investigation refers to the fraction with the boiling range 60~80 c.

; All melting poiuts are unco:rected

"_Preparation of the 1 g ds

o 9. 3 gms of. aniline was diazotised by the usual procedurez.
>

'd'1o 8 gms of . p—cresol was dissolved in 80 ml of 20% sodium hydroxide'

N
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’isolution and cooled to 5 C in an 1ce-bath which was then added to

a'the cold diaz0nium aalt aolution with vigoroua stirring, when a

'1f-ye110w coloured dye separated out. The nlxture was kept overnlght

- inm a refrigerator followed by 1 hcur at room temperature. It wvas

‘.“flltered, washed aeveral times with water, dried in. air and finally
in vacuum at room temperature. Crystallisation from acetone-pet

_'ether mixture yielded yellow dye L1H (nup. 105 C. Yield 60%).

_f--_Analztical data. TS g_ '-_' R _g S 3
. Cy3ty N0 B |
, Found (Calcd)(ﬁ) ST 74,700 70 - 5,360 13,18
| Lo t(73se) (S.66) (3, zo)

'3~2. Preparation oF 2'-(2—hydroxy-5—methylébenzeneazo)v

fluorobenzene (L H)

g 9 6 gm “of o—fluoroaniline was diazotised to which 9,9 gm
kof p-cresol in 80 m1 of 20% NaOH was added using the ‘procedure d
already descrlbed A dye was obtained which on. crystallisation-'-
-from aCCtonefpet ether mixture yielded bright red dye L H {m,p.'

77 C, Yield 60%).

Analztidalfdata,

Found (Caled) (%) .. - .- 68, 7 5.04 11,45 |
Lo e T e T _-;(67 82) I(4;78),,u'(12q17)_'d

|
J
i
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3. Preparatlon of 2‘-(2-hydroxy-5-methyl benzeneazo)—hyaroxy |

benzene (L H)
"

9.6 gm of c~aminophenol was taken in a mortar and a fine paste
~of the same was prepared by adding minlmum quantity of water and
thoroughlf grlndlng 1t with pestle. The paste of o-amlnophenol was

&
then transferred/;nfa beaker and was_dlazotlsed4’5

very slowly for

5 hours by-adding-spdiuﬁ nif#ite solution containing cuso, (0.3% of
O—aﬁinppEEnol by weightD and the temperatﬁre was maintained between
1090 -’1$°c, 9.5 gm offp-creSOl was dissolved in 70 ml of 10% sqdium
hydroxiﬁe solution anc was:coolea'té 150C_in a cold water bath, which
was then added to thé diézonium salt.solution-with figorous-stirring
for é.hours at'15oQ-&heﬁ_a reddish bfown-coldur developed. It was
kept overnight”in'a fefrigefatdr foilcwed by'z hcours at éoom tempera-
ture.andithen acidified with excess 2(NJH. 804. A brownish solid |

separated out, It was filtered and the resicdue was washed several

times with water, ti)l free from acid and then drled in air.

-

" The solid product'was thoroughly.dried, powdered and treated
Qith‘hot benZéne when a deep.réd'coloured éclution was obtained
'along with-sémé solid'imﬁurities;llt was then filtered, concentrated
and é%ystalliséd from benzene—pet.ether mixtﬁre; yielded‘brownish

dye £3H (deCOmpbsition peint 1960C, yield 50%).



_Ana;ytical-data

Gt % | s = E
Found (Calco)(%J . 67.45 o 4.11 13,10

(68.42) {5.26) (12.28)

‘4. Preparation of 3-metl.yl-4-~hydroxy (benzeneazo)benzene (L4H}

9.3|§m of aniline'was_diazqtiged-as described in 1, to
‘which lO , 83 Qm of QucrESOl in:BO ml of 20%.NéOH soluticn was added.
An yellow coloured dvr was O}talned follow;nq the proceaure described
: in 1,'wh1ch on crystallldatlon from. acetone—pet ether mlxture_

yiLlﬁeé brl“ht YOllOf dye, L4H (m.p. 128 C yield 65A).

Analytical data

Ciatiip™0 o = B - X
‘Found {Caled) (%) = . 69,27 . . ' 5.39 °  14.84

- (73.58) (5.66) - {13.20)

-

5, Preparatlan of 4'-(2- HydroxyngmmothVI benzeneazo)-

'nltroben?enp (LSH)

Using 11.5 gm of p—nitroani1ipe in 18 ml of conc. BCLl for
diaéotisatibn ahd-iI.Q grn of p—crésol;in 75 ml of 20% NaOH solution
as the coupling. compOnth a brick—red coloured dye was obtained
| u51ng the proceﬁure described in 4 Crystalllsatlon from acetcne- pft

ether mixture yleloed brlck—red dye L5H (Mep 186 C, yield 65m).

AnalYtical data

C13M11M3% £ - B! X
Found {Calcd) (%) 59,07 ‘ 4,05 15.60

- (60.70) - _(4.28) (16,34)
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6..Preparation of 4'-(3—methy1-4—hydroxy benzeneazo)-
o 212592222292 (L6H> e | |
11 5 gm of p—nitroaniline was dissolved 1n 18 ml of ‘conc. HCl and

was diazotiaed by usual procedurez.at room temperature. 11 9 gm of |
ortho-cresol was dissolved-in 75-m1 of 20% sodium hydroxide solution
_ at room temperature, which was then edded to the diazonium salt

S solution w;th vigorous stirring for 2 hours at .room temperature when ‘
a red coloured dye separated out. It wae kept overnight at room S
temperature, filtered washed several timea w;th water. dried in .

air and finally in vacuum at room temperature. Cryetallieation from

acetone-pet ether mixture yielded the red aye L 6y (m.p. 205 <, yield
ssr).i-,__ . PR o | |

nalﬂical data o

|, Cy3H 11 3 O3 e A = _
Feund (Calcd)(%) B2, Y 4463 - (15,92

- (80.70) - (4,28) . (16.34)

o

S

7. Preparation of 4'—(2-hydroxy-5-methyl-benzeneazo)-_-;n;‘

hydroxy penzene (L H)

Ile 9. 6 gw of p-aminophenol was diazotised using the prooedure
. deecribed in 3. To the diazotised eolution, O, 5. gm of p—cresol 1n
| - 70 ml of 10% NaOH solution was added with etirring. A red coloured
't dye (L H) was- finally obtained following the procedure deecribed

.in 3. which on orystallisation £rom: benzene-pet ether mixture
._,yielded greyish-brown dye, L H (decompoaition point 192 c, yield
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Analztical data .

_Found (Calcd)(%) o . 69.2 4,94 0 0 13,11
SN (68 42) - (50263  (12,28)

'é.'Preparation-of'4‘—(4;hydr0xy-beuzeneazo)-pitrobenzene'(LBH)

and its Na—salt.

11 5 gm of p-nitroaniline waa disaolvad in 18 ml of oonc.'
_HCl and was diazotised at room temperature as dascribed by
'-VOgel . " . ‘ ‘ ' |
| 10 3 gms of phenol was dissolved in 90 ml of 7% sodium -
'..hydroxida solution at room temperature, which was then added to L

_the diazotised solution with vigoroue atirring for 2 houra at room

'temperature The Na—salt separated out as a chdcolate brown product. f"

I'The mixture ‘was kept overnight at room temperature. The residue

waB filtered washed rEpeatedly with cpld water. The filtrate was

) treated with S(N) acetic aoid when deep yellow coloured dye eeparated
| It was filtered, waahed aevaral times ‘with oold water, dried |

tin air and finally in vacuum. Cryatallisation from acetone-pet ether

- mixture, yielded deep yellow oolourad dye L H (m.p. 220 %c, yield SOA).:

The residue (eodium salt of L H) wae dried 'in air for

aeveralday s and finally dried in vacuum. Yield 50%._-

Free ligand (L H) waa obtained by precipitation from -

'flﬁaqueoua solutiOn of the sodium salt upon aCidification.i

__.. N .

.-
Rl
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- Analjeical data

C12HgN30; o e B X
" Found (Calcd)(% - . 89,46 3,70 17.82

(59.25) ~ (3.70)  (17.28)

.94 Preparation of 4'-(2~hydroiy—naphtnylazo)éhydroxybenZehe (LQHJ'

% 6 gm of p-aminophenol was’ diazotised using the procedure
,desoribed in 3. 12,6 gm of P “naphthol in 70 ml of 10% NaOH
‘solution was coupled with the diazotised solution using the Same .
'procedure, when a brown coloured dye was obtained which on
*crystallisation f rom benzene—pet ether mixture yielded a brownish
dye L9H (D.P.. 127 c, yield 40%). |

Analytioal.data”

- C16M12M2% | |
. Eound_(Calcd)(%) S 73.84 4,17 " 10,70

(72,72) (4.54) (10.60)

. .10.1Pre§aration of 4’-(2-methyr4-hydroxy-benzeneazo}--.'

_'“hitrohenzéne.(r H) and 1ts.Na-Sa1t.

11 5 gm of p-nitroaniline was dissolved in 18 ml of ‘conc.
HCl and wad diazotised by usual method at room temperature 11, 9 .am
of m—cresol was dissolved in 8% sodium hydrOxide solution at room'
_'temperature, which was ‘then added to the diezonium galt solution
wrth vigorous stirring for 2 hours at room temperature._The Na-salt
separated out as- deep brown product. The mixture was Xept . overnight_
at room tenperature and the residue was filtered, washed rEpeatedly
with cold water till the’ produot was’ free from NaOH (tested with

'tindicatOr paper). The filtrate was treated with 5{n) acetio acia
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-: when brickmred coloure dye separated out. It was filtered ueshed
several timES w1th cold water, dried in air and finally in vacuum.
Crystallisation from acetone~pet ether mixture yielded brick—red o
coloured dye L H (m.p. 180 C, yield 4q/).

; The sodium salt which separated as residue was dried in
- air for several days and. finally dried in vacuum (yield 40%) and

was used at such. :

- The free ligand (L H) was. Obtained when necessary by
T

precipitation from aqueous eolution of the sodium salt upon

acidification.

Anelytical-deteﬂ:-

Found (Caled)(%) . .=~ 61,02 . - -~ 4.49 . 15,95

- (60.70) - (4.28) . (16.34)

."QIIfD{‘Reaétionvof the iigahds‘with ofganotin compouhde

-~ 1, Reaction of triphenyl tin oxide with 2—hydroxy~5—methyl-

- " azo. benzene (L H)

_ A mixture of 1 18 gm of 1igand, LIH and- 2 gm of triphenyl
tin'oxide in ?5 ml of dry benzene was. refluxed ueing water separatotl
: for 30 hours and filtered. The . filtrate was concentrated to a small
volume and pet ether was then added dropwiee till a slight prec1pitate "{
appeared and then allowed to cool for few hours, when a chocolate
coloured solid eeparated out. It was filtered off._ -

' The. residue was waehed thoroughly with pet ether and the K

"
s
P

_. chocblete;coloured compound, m,p.- 3QO C,twas obtained-(yicld 30%1.



104

The filtrate on concentration and fractional crystallisation

yielded unreacted ligand (L H) and the triphenyl tin oxide.

'Analyticaltdata:

C19t8%3N _ | |
Found (Calcd)(%) : 53, 06 4,72 7,11 - 27,06

(51 73) (4.03) o (6.35). . (26.93)

2, Reaction of triphenyl tin oxioe with 2'-(2-hydroxy—5-methyl—_

: benzeneazo)fluorobenzene (L H)

" A mixture of 1,28 gm of ligand (L HJ and. 2 gm of triphenyl
ftin oxide in 75 ml of dry benzene was refluxed using water separator
- for 50 hours and filtered The filtrate was concentrated to a small
volume and pet. ether was then added dropwiae till a slight precipitate
tappeared and then allowed to cool for few hours. when a deep red |

: coloured solid BEParated“out. It was.filteredroff.

The re51due was washed thoroughly with pet. ether and deep

'red coloured compound m.p)}BOO C was obtained (yield 30%).

The filtrate on concentration and fractional crystallisation

“t'yielded unreacted 1igand (L H) and the triphenyl tin oxide.

%Anaiyticai datd

=

| 1&&73 LB  En
:_Found (Calcd)(%)_fl" | .s0.88 . 3,97 7 6.38 L 25.32

v
!

o 48.70) L (3.70) - (6,10) (25.87)
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3. Reaction of triphenyl Lin oxide with 2'-(2-hydroxy-5-methyl-

benzeneazo) hydroxy benzene (L H)

_' A mixture of 1. 5 gm. of free ligand w3 HJ and 2. 35 gm of
triphenyl tin oxide in 75 ml of dry benzene was refluxed using
water ‘separator for 28 hours and filtered. The filtrate was con-
centrated to a small volume and pet ether was then added drop—
Wise to the cOncentrated filtrate till faint ppt. appeared and
| allowed to cool for few hOurs. when a dark brown colouted solid

separated out. It was' filtered off.

The residue ‘was washed thoroughly with pet ether and the

: dark brown coloured compound m.p. 300 c, was. obtained (yield 40%)(

o The filtrate on concentration and fraotional crystallisation

yielded unreacted ligand (L H) and the triphenyl tin oxide.

..'miymai .-d'ata

om0 e oS4 B

°19 18 2 . S =
Found (Calcd)(%) . 48.98 'V. 3 87 5 5,98 . 26,01

*-(49,92J; (3 94) L (6;13)?"= (25;99)_

- 4. Reaction of Triphenyl tin oxide with 4'-(2—hydroxy~5-methy1

benzeneazo) nitrobenzene (LSH}

A mixture of 1, 5 am of the 1igand, LSH and 2.09 gm of

triphenyl tin oxide in 75 ml of dry benzene Was refluxed using

water seParator for 36 hOurs and filtered. The filtrate was concen-"

trated to a- small volume and pet ether-was théh added dropwise to i
the concentrated filtrate till faint ppt appeared and allowed to
cool for few hours. whEn a deep red coloured solid separated out.

It was filtered off
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'I‘he residue was washed thoroughly with pet et.her and the

deep red coloured compound m.p.> 300° C, was obtained (Yield 40%).

'I‘he fJ.ltrate on concentration and fraotional cryetallisation
N yielded um:eacted ligand (L° HJ and the triphenyl tin oxide.

Analytical data '_

FPound. (Calcd) (%) - . 47.02 . 3,37 . 7,98 - = 24,87 @ -
L (4_6-9{1-_) . __(3.50_)_ . (8.64) ... (24.43)

L

5. Reaction of triphenyl tin oxide with 4'-(2—hydronty-—5-methyl o

benzeneazo) hydroxy benzene (L H)

A mixture of 1. 5 gm'of the 11gand, L"a and ‘2, 35 g of

triphenyl tin oxide in '?5 ml o..‘. dry benzene was refluxed using waterl' '

5 separator for 30 hc urs and filtered. ‘I'he filtrate was. concentrated
to a small volume and pet ether wag. then added dr0pwise to the
:"concentrated filtrate till faint turbidity appeared and allowed to

' cool for few hours when brown coloured sol:ld separated out. It was

o jfnte:ed off.

'I‘he res:l.due was washed thoroughly with pet ether and the -

-:'?brown coloured c0mpound m.p.> 300 c was obtained (yield 30%).

'I'he filtrate on concentrat;ion and fractiona:l. crystallisation

|‘

hy:l.elded unreacted 1igand (L H) and t.he triphenyl tin o:::l.de. E

. 'ﬂ“_-_,--

B
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Analytical data ' i _
193130 Ny S“ . -; & e,x :1§~'.‘;; ﬂdf?;E.i."" sn
Found (Calcd)ﬁ%) . 50,54 . 4.02 . 5,97 . - 26432
Do N - (49.92). (3 94) . f\(6.13)'_ _aczslgg)

6. Redction of tributyl tin oxide with 4'-(2—hx_roxg—5-methy1

benzeneazo) hydroxy benzene AL H)

A ndxture of 1. 5 gm of the 1igand L7H and 1. 96 gm of tributyl.

7,tin oxide in 75 ml of dry benzene was refluxed using water separator
| for 48 hours and filtered The filtrate was concentrated to a small
volume and pet ether was then added dropwise to the concentrated
filtrate till slight ppt appeared-and allowed to cool for 2 days,.

- when a brown coloured aolid separated out. It was filtered off.

 The residue was washed thoroughly Wlth pet ether and the

brown coloured compcund m.p. 300 C wae obtained (Yield 30%).

The.filtrate on. concentration and fractional crystallisation

'_fyielded unreacted ligand (L HJ ‘and the tributyl tin oxlide,

- Analytical date__

17“220 N,Sn R T R S -
'Found (Calcd)(%)-' ) 46,78 | 4.98 . . . 6.05 26,92
| _ coo, (846.71) 0 (5.03) 0 . (6.41) . © -(27.18)
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"7. Rreaction of triphenyl tin oxide with 4'-(Z—hydroxy-naphthylazo)

hydroxy benzene (L HJ

A mixture of 1, 5 gm of the ligand LgH and 2,03 gm of

_triphenyl tin oxire in 75 ml of dry benzene ‘was refluxed using -

water separator for 28 hourS_and filtered. The filtrate_was concentra~

ted to a small volume and'pet.ether'ﬁas then gdded-dropwise to the

: concentrated filtrate till slight ppt appeared and allowed £o cool _

for few hours when a deep brOWn coloured solid separated out. It

;:was filtered off.

The resiaue was waahed thoroughly with pet ether and the -

deep brown coloured compcund m. :> 300 C was obtained._(!ield 40A).

The filtrate on ccncentration -and fractional cryatallisation'

: yielded uanacted ligand (L HJ and the triphenyl tin oxide.

-

ﬁAnalyticalfdata_

e . .c_l l-]VICH,;Udf" o S.
| 22H180 N Sn S Soo= ::_2_.
i_Found:(Calch(%J_g. - 52,89 - 3.80 . = < 5,97 23.89

8. Rreaction of. tributyl ‘tin oxide with 4'-(2-hydroxy—naphthylazo)

hydroxY benzene (L H)

o a mixture of 2 gm of ligand (L H} and 2 26 gm of tributyl
tin- oxide in 75 ml of dry benaene was, refluxed using water E
}g“'separaton for 42 hours and then filtered. The filtrate was .

concentrated to a Small volume and pet ether was then added f'

’f.“dropwise to the concentrated filtrate till a faint ppt. appearec .

i: and allowed tm

Vi

a3
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” cool_for'2:days;ehenvdeeplbrown colonred solid;eenarated out. It
was filterEdroff.'- L |
The residue was waahed thoroughly with pet ether and the

"',deep brown coloured compound, m.p.> 300 C was - obtained (Yield 30%)._

The filtrate on concentration and fractional crystallisation

'yielded unreacted ligand (L H) and the tributyl tin oxide. :

.:nAnalytical dataf e

fcon22°4 2 ¢ E. 5 S om
2Founa,LCa1cd)(%J_'. 49,92 . 4,30 . 6413 . . 25,01

-(50.771-:g_(4;65)} g (5 92) }” -(25,1;)

9. Reaction of triphenyl tin chloride with Na—ealt of 4'

(4-hydrcxy-benzeneazo) nitrobenzene (L H)

A mdxture of 1 gm of Na—salt and 1 45 gm of triphenyl tin  ~

e chloride in 75 ml of dry methanol was refluxed for 12 hours and’
@filtered._ he alcohol was removed completely frOm the filtrate and
the residue was treated with cold, dry benzene. The benzene extract

© - was’ concentrated to a very small volume and pet ether was then added

.. _ and kept overnight at ‘room terrperature when needled shaped orange :

-coloured crystals separated out, which on several recrystallisation
'from benzene—pet ether mixture - yielded the bright orange-coloured

' -crystals of organotin derivativee having m.p. 160 C, yield 80%.

}f Analytical dataés

ln

30 23 33 o | B T X
'-f';Found_.rcalch w:;_); 60.84 3,890 7,23 0 19,97

- (60, 84) - (3.88) - (7.09) (20_06)
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10. Reaction of tri-cyclohexyl tin chloride_wiﬂl. Na<Salt of 4'-

| ('4;hydroxy Benzeoeazo)—_n'itroﬁenzene ." (LBH)._ |

| A rrixture of 1 gm of Na—salt and 1 52 gm of tri—cyclohexyl | ) ]
tin chloride in 75 ml of ary . methanol was refluxed for 12 hours ) i?
- and ‘was filtered 'l‘he alcohol was removed completely from the N |
filtrate and the. residue wae treated with cold, dry benzene. The .
benzene extract was concentrated to a very Small volume and pet

ether was then added and kept overnight at room temperature, when

needle shaped orange-red coloured ez:ystals separated out. which on
several recrystallisation frOm benzene-pet ether mixture yielded ' ‘
the bright orange-zed coloured crystala of organotin der_:.v_atives _ |
having m.p. 140 % (Yield 70%).- | | |

- .&nély.ti_cal' d.ata

Syt Offyn. - Tg..ocEL L E i
~ Found (Calcd)(%) . . 59.54 .'6.46 L 6429 20,03 o
: .- : (59 04) - (6.72) - (6.88) (19.46) :

11. Reaction of tributyl tin ch‘loride with Na-Salt of 4'- -

o -(4~hydroxf~benzene.a20)-ni‘trooehzeee Py
t_:Alﬁixtﬁre'of'l.gw-of'ﬁa—Salt_and-l'23'gm of‘tributyl tin o }j

chloride in 75 ml of d.ry benzene was refluxed for 36 hours and was = ' i

' filtered The benzene was removed conpletely from the filtrate and

the residue was treated with cold dry benzene and filtered. '.l‘hen !

- pei; ether was added to the concentrated flltrate in sl:r.ght excess I

and allowed to cool for few hours-, . a solid separated out which on.

o several recryetallisation from benzene-pet ether mixture y;elded the

i
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bright orénge colcured organotin derivative having.m.p._171°C.
yield 40%. | ‘ o

Analytical data

C24M3 5058350 e H . -t sn

Found (Calcd) (%) " 54,86 6,98 8,02 21,82

(54,16) ~ {6.58) {(7.89) (22,32)

12. Reaction of triphenyl tin chloride with Na-aalt of 4'-
10 H)

(2-metbyl-4-hydroxy-benzeneazoJ nitrobenzene L™

A mixture of 1 gm énr_Na-'-Salt and._l_.. 38 g of triphenyl tin
chloride in,?s:ml.bf_dry methanol Qas_iefluxed for 12 hours and
'filfered. The alcoﬁolIwas'removéﬁ-ﬁomplepeiy from the filtrate and
the residue wé,s treated'lwith cbld dry benzene. The benzene exﬁfé‘é‘]‘.l
W as.concentrated to a very small volume and pet ether was then aﬁded
.and kept overnight at room temperature when needle shaped ﬁad
~coloured c;ystals separated out, which og several recrystalliation
 frem benzenéfpet efher.mixture]y1elﬂed'tﬁe bright red bolouredlf

crystals of organotin derivatives having m.p;'138°c; yield 6&60%.

Ahalytical data

10
[} ol

C31H2503;350 | o N ' s
Found {Calcd) (%) - 61,65 4,26 . 6,29 20,01

(61.41) (4.12) - (6493) | (19:592)
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13 ReactiOn of tri-cyclohexyl tin chloride with Na-Salt of

4'-(2-methy1-4-hydroxy benzeneazo) nitrobenzene (L HJ

A mixture of 1 gm of Na-Salt and 1.45 gm of tri cyclohexyl
“tdn chloride in 75 ml of dry methanol was refluxed for 12 hours and
'l ‘was filtered. The alcohol was renoVed completely from the filtrate
”iiand the residue was treated -with oold, dry benZene. The benzene j'
' ertract was concentrated to a. very small volume and pet ether wae-
'fithen added and kept overnight at room temperature. when needle

shaped red coloured crystals separated out, which on several

Irecrystallisationgfrom benzene—pet ether mixture yielded the bright ,':-

red coloured cryetals ‘of organotin derivetives having m.p. 130 c,

':yield 50%. -

_iAnalytical datg'_*

- Caq O,N. Snjang ' Le' Lg f“r;:;g_' "IL N e on

_ H4303N3 L AV : el
--i:'Found (Calcd)(% o 80,0200 6810 T 8,99 1. 19,97

- (59.64) - (6,89) - - (6.73) . = -(19,03)

' 14 Reaction of tri—butyl tin chloride with Na~Salt of 4'

(2-methyl—4—hydroxy-benzeneazoJ nitrdbenzene (L H)

A mixture of 1- gm of Na—Salt and 1 165 gm of tributyl tin _
| 'chloride in ’75 ml of dry benzene was refluxed :Eor 40 hours and |
wag filtered The benzene was removed completely from the filtrate -

il and the residue was treated with cold dry benzene and filtered.

f;The pet ether was added to the concentrated filtrate in slight excess
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-

:and allowed to cool for few hours when a solid separated out which
on- several recrystallisatlongfrom benzene-pet ether nd.xture yielded
the bright orange coloured organotin derivative having mepP. 147 _C,

| yield 40%.

Analytical'data

Cast37CN3Sm = - ‘¢ B - B Sn
Found (Caled)(%) 54,01 6.97 | 7.49 20,99

{54.97)  (6.,78) (7.69) (21.75)

Vi
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ELECTRONIC SPECTRA, INFRARED SPECTA OF
ARYLAZOPHENOLS AND THEIR. ORGANOTIN DERIVATIVES.
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1.1 RESULTS AND DISCUSSION
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¥ A, Electronic Spectra

1, Introduction ~ SRR T o

The electronic sp'ectra of azobenzane and related compounds
1,2,3-9,21=-24 _
and.

1,2,10

" have been studied extensively by several workers
'h_ave been interpreted in terns of molecular arbhital _description
On the basis of these studies, the ab_sor'ption bands in the W-?isible
reg'ion_,____which are 'general'ly, three t_o_four':in _number, may be divided
_ 1r;.to_- two 'type_s.._. The longest wave le_ngth,. weak to moderate intensity
band in aze_benz_erxe and related compou.nds I(€maxﬁlo'2 - 103)‘ is
'as'cribe'd to the -'n—'ﬂ'*-' trénsiti'on and' the other more intense _
absorption bands (E " "’10 ) are ascribed to the]t N ‘transitions. -
While the position of the firstTf 'ﬂ?band varies considerably from
compound to C:ompoun_d, the positiOn_- of the n-z--Tl'* band 1s almost
unaffected. by the ary'l-"grOups and occurs at about 440-460'mﬁ. This
s easily explained in terms .of mOleCular orbital treatment ef the
azobenzene sy‘stem. The upper MO for the firstn 'ﬂ' ande 'JI transitions
is the perturbed crbital originatn_ng from the anti—bonding orbital
of the azo group and its energy is almost independent of the nature
of the aryl groups. The orbital energy level diagram .' for trans-
and Cis- azo groups is shown in fig. ‘1‘. The lower orbital of the .
_firstT(—Tl' transition is the orbital arising from the perturbation
of the .higher bondingﬂ;orbital-,of the aryl groups and hence its
energy largely depends on the aryl groups. 'On the other hand, the
_-lower orbital of theﬂ. Tl*transition being & non-bonding orbital of

. the azo grcup its energy is unaffected by the aryl groups.



| ‘Suoyglsuvdy Peworrv apvorpur
o SOURD ._._Nco_..s.\.hm_\_— .hn%SQ.h% ON.G lmwb; puv .__ o
- -Suvag ayr fo Syonoy RBuaua Jo3iquQ i - swers




 Substituents like ~H,, ;nnez;.-;;oﬁ.'_.coon’etc, which are

capable of producing large bathochromic shifts of the1t 11-transi—

o
tions by extending the conjugation, may often shift the first'ﬂ-fﬂ

band in the azo compound to such an extent that the characteristic

n—Jgtabsorption is masked by the strong absorption.

In the absence of specific solvent-solute interactions the
electronic absorption spectra of the azo—compounds do not show any

’ strong solvent dependence apart from a small red shift of both the

'1T-Jt andVb-ﬂ?bandsl 12. However, the presence of =-0OH group in the

aryl part of the azo compounds often leads to a strongly solvent

deperident absorption spectrum due to the possibility of (a) hydrogen |

bond formation by the phenolic -OH gronp and/br (b) azo-hydrazone
;tautomErism as shown below (I)

 Ab—N==NA

The azo-hydrazone tautomeriSm in hydroxy: azo derivatives has been-
BtUGiEG in great detail ‘by several workerss'8 9,13
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in_phenyl azonaptholds, the pregsence of an iscbestic point
in the vigible absorptioh curves measured in a variety of solvents
has been given as an evidence for the presenc§ of'equi1ibrium (1)

6'}4'15; Both the azo and hydrazone.forms may

1n_pheny1 azonapthols
E be stabilised in suitable donor solvents by externalﬁhydrogeg bonds
formead by'ﬁhe -0H and'-NH group reSpeétively;ﬂHowever,.with a given
solvent thé rhenolic hydfogen genefaliy-fOrms stronger-bonds than
the. -NH group and the concentration of the azo form increases in the
 order: héxane {ethyl alcchol <benzene <chloroform {504 ethyl alcohol<
'acetic acid, in contrast to observatlon -aryl azo_-ﬁ—napthol series,
‘This effect is COnsiderably.enhanded by”brtho substituents which
sterically inhibit the fOrmation of the eyternal hydrogen bonds in
'the hydrazone tautomer and thus, unexpectedly low concentration of
the phenyl hydrazocone: form is present in the ortho substitubed.l—aryl
 azo-4-naptho1s . On the other hand, both the tautomers in l-arylazo~
2=-napthols (Iié, IIb) are unéble_t§ fo§m exﬁernal hydfogen bonds and -
‘the ccncentration of the more polar ﬁetbnic structure increases.in

the order of solvents:

vy
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' hexane <benzene <thy1 alcohol <chloroform @cetic acid <water. .

'approximately in ‘the 1ine w1th inCreasing dielectric constantsg.

Thcugh a 1arge number of metal complexes, partlcularly those
?-of chromlum, nickel, cobalt and copper, of hyoroxy and o-carboxyl
substituted azo’ compounds have been prepared because of therr
-;importance in the dye industry, comparatively 1itt1e attention has
~ been paid to the study of the electronic Spectra of the metal

17-19,25 '

)
'__.derivatives . Nc detailed general account of the effect of

'I-"co—ordlnation on the electronic Spectra of the - azo compounds is so Il
far available. In the early work by Ernsberger and Brode25; a compari;
son of the absorption spectra of a series of phenyl-azo—p-cresol
ﬁ—napthol and ﬁ—Napthylandne derivatives with those of the copper,
nickel and cobalt conp0unds has been made. ‘The’ metal derivatives were
found to exhibit a new band in the visible region together with the
absorption bands correSponding to those found in . the parent azo0 dye.
.-)The new. bands in the metal complexes occur at the game poaition for fV
a given metal, regardlees of the dye with which it is combined and

i may, therefore, he ascribed to an electronic transition within the

[“ metal atom only.-

Absorption spectra of organotin derivativee of (aryl azo)
benzoic acids have been reported by Majee and Banerjeezf,s -where it : '.
is ehown that organoti,n (aryl azo) benzoates may be claosified into -:
three categories viz, (i) derivatives of C--(arylazo) benzz ic acids
where the coupling components has no donor groups (e.g.*-NRz. ~OH

and -OMe etc ) at the ortho position, (.1..1.) derivatives of 0—(arylazoJ-

\",,:' o
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benzoic acids where the coupling components.have a donor group at the
ortho position and (iii) derivatives of the p—(arylazo) benzoic acids.
iThis claSSificatiOn actually corre5poncs to ligating ability of the
L-compOunds. Thus the first greup of compounds represent the derivatives
of the 1iganas which are potentially bidentate, the second group
_ represent potentially terdentate 1igands while the p—carboxy 1igands

are only nonodentate (III—V)._;

K

' Monodeetate_(III) :

.Bidentate . o {x 5"FR2'"‘QH";QM9_U
'(IVQ o L ,Tefdentate'(VT-

Another interesting p0551bility is the azo-hydrezone

“tautomeric equilibrium of the following type._'i:;ylifj;
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(GHMCOOR T eHy00R

'_All the three types,,viz., mono dentate, bidentate and
terdentate, are heoretically possible in the present serjes of
ligands whlch are structurally analogous to the carhoxylates except ’
_:for the replacement of the —COOH group by -OH group. Unfortunately,
:;triorganotin derivatives could not be. obtained exCEpt in the case.

of p-hydroxy derivativessé although polymeric organotin products

. are obtained in other caaes. The large amount of electronio absorption-

_'data already available in the caae and organotin oompounda of other

26 67,68, 0-72

Ttypes of aryl azo benzene derivatives ’ however. provide

a reasonable basis for the 1nterpretation of the absorption data on’

N _the present aeries of compounds.'

]

_The electronic absorption spectra -of almost all the compcunds

'i'are characteriaed by the presence of three absorption bands in the
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UV’-‘Visib];e régi.on. The lowest wave length pe;ﬂk_ in the 250-280 nm
region undoubtedly ofigiriates frém the perturbed l‘oéal excitation

in the aryl groups, while the absorption abQVEJ*JBBO ‘nm is associated
with the'ﬂ'--T( transition 1nvolv1ng the azo grcup. The low intensity
TVJK band which occurs in~~440-460 nm is generally hldden under the
tail of the high intensityjT-)f*transitiOn involving the azo group.
Thus, the @ost chafacteristic feature of the electronic absofption-
spéctra'Sf_the gubstithted aryi_ézo phenbls is the presence of_a

i-strOng'absorption in the ~v300-~400 nm region.

1.1. Results and Discussion

‘ The 1ong wave length absorptiOn maxima of the ligands are

'given in Table 1.

‘A general feature'df thé absorﬁtibn spectra of almost aii the
compbunds having ~OH gr&ﬁp in the O-position of the type VIII is the
pfesence ofthO absorpﬁiqn maxima in:ihél330-480?pm region indiqating\
fﬁhe presence .of tautomeric equilibrium in'solutidn. Such equilibrium

has already been established 4in the case of carboxylate derivative826

. VIII
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In the absence of any taut:omeric or solvent-aolute equilibr.‘l.a -

2

or 1ntramolecu1ar H—bonding, the absorption spectrum of corrpounds of
the type Ix and X are expected t:o be very similar except for a small
 shifk that my arise due to the small difference in the inductive

a.nd mesomeric effect of ‘the -OH group in the two systems. )

pr. 3 X

Table - 1

g Long wave: 1ength Absorption Maxima (in nm) - of
"' the aryl azo phenols used in the present study

- §vENT_
-'ngamd»_ o T -M_eth‘c-mol o Benzene

1. N'-on.- . 3se 350

1

L‘ H)

. .“.;.j._
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-‘L@and :

_ Methanoll,

- Benzene . |

3,

oﬂ+<i::>_N::N—1;:>rcuﬂ

¢
|.'°u) 3

QN@N_N,.OH

(L H)

310

375

;340_ .

320, 400

" 335,410

415,435

350,440

. 380,480 .-

370

375

340

330,405

340,425

355,440

NN o
380,470
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An examinati‘on of the data given in Table - 1 shows the |
_presenoe of only one. strong transition in the~340-400 nm region

due toT( 'TC transition 1n compounds of types x while those of type .

'jzx show two' absorption maxima, one in ther~«320—4oo nm region as in

the case of the type x coznpounds and the other in the reg:l.onrv400-

480 nm.

The addltional band at: muc:h 1onger wave length in compoxmds

.. of the type = should be attributed to the presence of ‘the hydrazone

. fom in equilibrium with the ‘azo for’m1 6-9,26,61

with the known behaviour of the hydrazone form which always absorb

at 1onger wave 1ength co:npamd to the corresponding azo form27

Both the azo CXIa) and the hydrazone (xrb) forrns are

stabilised through 1ntramolecular hydrogen bond as is the case w;th :

'I l-arylazo-z—napthols .

'I'his is consistent'
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The presence of azo-hydraZOne tautomerism'in the ligands
of type IX and the presence of intramolecular hydrogen bond explaln?

the low reactivity of these 1igands towards the organot;n oxlidges.
The reaction between the organotin oxides and hydroxides with
phenols/alcohols may be looked upon as an acid~base reaction, .

—a

('R3sn)2o + ZRI'OH,.\.I.__.._Z'RBSnOR' + 1120'  Eqn. (1)

"R.SpOH + R'OH ————>R.SnOR' + H

3S00H + RYOM o R4St 20 Eqn(2)

In fact the reaction of bis(triethyltin)oxide w1th phenols
was flrst carried out to deronstrate the basicity of an organotln
cxide“l The reaction is, Itherefo‘re, strongly deplendent_on the acidityl
of tné phenol As evldenced by the electronic absorption spectra,
the ligands thh -OH group at the Z-position are stabilised through
intra molecular hydrogen bonding resulting in lowering the acidity

=7

of hyd:oxylic proton.

On the other hand, the electronic spectra of the 4-~hydroxy
compounds (type X) do not show any evldence of azo=hydrazone tauto-
meriSm; Type X ligands are tnerefore expected to react with the
organctin oxides according to eqn.(lJlonlessthe arylzo group reduces
the acidity of the phenolic proton considerably. The reactivlty of
the phenolic proton in the arylazo phenols towards base was therefore
probed by studying the electronic Spectra in p;esence of varying
concentration of alkali., The absor:ption max_im-a of some | of the ligands

in ethanol and ethanol containing~s107°M NaOH are given in table-2,

1 ' : - -

¥,
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Table = 2

Absorption bands of ligands in ethanol and * -

~10"%y NaOH in ethanol.

Liganci Ethancl )\max (am)

/'-_\/10'-2M NaOH in ethanol

350 - 350

QN—- i
| L4H)
OzN-"N"'NOH.' 3. 530.
3.:- | | . | 375 375,530
'OzN---N@OH '
| (1.‘°n) CHy
380 505
om'N:N'm
(Lﬂu) |
’.345;; 345
QN-—N
NCDON

vy,
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 ‘Table = 2 (Contd.)

325,400 ’325,490
'3335;415-jfj. .;355,545"
o=
B (1) B

5{” A few representative spectra ahown in Figa. }2_-ltq-'7_. -
_demonstrate the effect of OH on the electronic spectra of the
1igands. It can be seen that alkali has very little effect on the

fspectra for a number of 1iganda,'while in other cases, notably the.

o nitro substituted llgands, a new abserption atr\1490-545 rim is

found. The inten51ty of the new band increases with alkali concantra--

_tion with consequent decrease in the original absorption maxima in_

band ot
tHe N33D—380 nm region. Clearly, the new 490—500 nm is due to the

o anzon of the 1igand (L ) The'1arge-bathoch:omic=shift_in\the anion,

N
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-

particularly in-the_case of nitro substituted aryl azo phenols.

results from increased electron delocalization (XID.

N | _
D@
o¥ _ | , K
e e
c)lf _ - \ .

XII

_ Except for the nitro substituted ligancs, the addition of
alkali has no noticeable effect on the absorption spectra of the

3

ligands until very high OH ™. concentration is used.'Thus, L™H and

L4H remain - almost unaffected even when 1arge excess of OH concentra—

-tion()SOO time) is used.-

Jj while the extremely low acidity of the hydroxylic proton
in tﬁe present group oﬁ ligands inhibits the normal reaction given
.by eqn. (i),.it_does not preciude.en alteroatiye path.of reaction
under more sevete conditions, e'g., brolongea aieotropic distilla-
tion. Because of the well known Lewid acidity of the tin atom in
organotin oxides and halides, nucelophilic attack at the tin -atom

under sujtable condition is possible. The low acidity of the hydfoxylic

L
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proton in the aryl azo. phenol is indicative of lower elect.ron '

o withdrawal frcm the oxygen atom thrcugh ccnj ugatlon with the
aromatic rings. Consequcntly, the oxygen atom 15 expected to be

B .electron rich corrpared to othe;: type of phenols. 'l‘hus, a situation,

'-_ideal :Ecr a nucleophilic attack by dcnor group at the tin atom is
' realisea (XIIIJ. |

Ro—+Sm—0

Studiea on the reaction between (R Sngo and’ nitroso ;
_ napthols anc'* related compcunds, e.g., ({—nitroso—P -napthol, L
p-—nitroso—c(—napthol, diaCetyl mono: cxime,cc-benzil cxime et'::._9 10

¢ N
ha}a shown that these group of ligands also fail to react accorcting

S to eqn. (1). Instead, a variety of polymerj_c productl formed by

_ extensive cleavage of the R-Sn bonds are’ obta:l.ned.

Undoubtedly, the fcrmation of the R3SnL type ccmpounda by

.f

-_-the reaction of - (RBSn )20 with R'OH proceeds via a frcntal attack

o Ix:v) as "éepends on the b“l"—‘iw of the °"'g""“’°t1“ °°mp°nent and:
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the acidity-cf tﬁe 1igand protcn.._'

R——O-——-H

] . &-—
The ccmparlscn of XIIIand XIKT imwediataly reveals that in

'case of XIIT the reaction may proceed via the cleavage cf the Sn~R -

bond with the formation of RH. Qrec;- !__ L ._ _
R R

. H R R . :e o S R
Due 0. *he presence of two Sn=0 bonds which are highly polar

__(sn ;- 0 ), the Lewis acidity of the tin atom in X V is increased

:'7_considerably. The intermediate XV will therefore react readilY

”_thrcugh nucleophilic attack by the ligand leading to xv: )
_ . E ,.. f? -,T"f o .
| RO—Sn—0 SﬁR;_

RO
xvr oo

SN
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-

The intrease in the number of polar Sn~0 bonds,
further increases the Lewi« acidity. The tin atom in XV] therefore,
tends to stabilize through increasing its coordination number by
_.solvation. The bulk of the ligands prevent further nucleophilic
‘attmck or complexation at the tin atom, Hydration of the tin atom
by moisture 1nvariably present in the solvent under normal working
_condition is expected to be qLite facile because of small size of the
'molecules. Because of " reaction conditiona (prclonged refluxing) duﬂﬂmwmsﬁ
 of some of. the highly polar Sn—O ponds, .'- by -OH groups
becomes highly probable. This leads ultimately to the fOrmatlon of
_RLSn (CH), type . of products. InterfmoleCular coordination through the
'—OH gronpe increaees_the coordination number at tne tin atom whicn
inhibits further'nucleophilic attack. ) |
Evidence for the formation of benzene .as a reactiocn product
has been given by Dutta38 in_the_slow_decomposition of (PhBSn)ZO to
polYmeric diphenyl stannoxanes, (PhZSnb) ion stirring wit.h.CdI2
in diethyl ether. This reaction is believed to proceed through .

atack -
jnucleOphilic at the tin atom in the intermediate complex,.(Phasn)ZO.
38,39 | |

dI2 . K

:A'very important ccnclnsion that'follows from the present
stnGY'and the earlier studies on tbe'reaction of (R,Sn),0 with a
variety'of'ligands containing'OH éroup is thatithe driving.force for
a frqntal-attecf by the =OH grcup resulting in the formation of
triorganotin_derivatives of the ligand.is.determined by the ability

- of the hydroxylic proton to interact with the-oxﬁgen.atom of the

Sn=0-Sn bonds. As a result whenever a transition complex of the

Wi
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type X1V is unfavourable, reaction may prOCeed by nucelophilic

attack at the tin atom (XIII)leading to polymeric prcducts.

The absorption maxima in the organotln derivatives obtalned

- in the prESent study are given in table-3.

Table -3

Long wave length Absorption Maxima (in nm) of the
organctin derivatives of the aryl azo phenols used
in the present study. S

‘-O.r.ganotlin der'ivati.ve".‘s- S | s 0L VENT.
S | S ‘Methanol - = = . Bgnéené
pritsncom), . . - s 345
PhLZSﬁfOHJZfi . - -ﬂ'b__ : 435 ) S 425
phL3sn(oHJ2_- L ,415;455.'_ o 412,430
_pnbssﬁ(OH)z o - o 315,395 . 315,380 =
enu’sn(om), 355,455 360,450

~ ewlsa(om,”  3%5,440 360, 445

_cyasnbsy_. P '  N . - 368 o 373

--PhL Sn(OH) S R 375 a70 . 382, 470

;-Bupgsn(on)z ) ) - f _ 370. 470 'i; :_:'- {390,;475.
'phasnblo'-- | o s __.:  L e :
Y3SnL1 L o ases ..33° 
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The absorption spectra of the organctin oerivatives are
very similar to éﬁgﬁuof the corresponding ligand While small
bathochromic shifts are observed in the case of the derivatives

'-of the ligands L2H and LSH; no significant shift of the ebsorption

maxima is observed in other cases, This rules out the possibility

of any coordination between the azo~N atom and the Sn atom.

B, Infrered : Spectra

2; General features

- i :The.Iﬁ spectra of_the orgenotin e:flzo phenoxy compcunds
are very complek.-Though ccmpiete essignhEnt of the absorption
bends in these compounds is not possible, important structural
information may be obtained from a qualitative assignment of bands
due to Sn—o, Sn-CH, Sn—C and =N = N= stretching modes, Not all these
modes could be identified with certainity because of the presence
of strong absorptions due. tc the aryl"groups in regions where these
modes are. expected Before discussing the IR spectra of the different
types of organotin-aryl-azonphenoxy compounﬂs, it would be therefore

useful to discuss the main ieatures of the IR spectra,

.Ifhe'main functional groups_in the series of ligands include
the ~OH and =NO, group attached to the'eromatic rings in addition
.to the';N = Ne= group. In the organotin derivatives, absorptions doe
to S5n=0 and Sn-C stretch are also’ expected to be observed Based on
these considerations, the main_features-in'the IR spectra of the aryl

azo phencls and their organotin-derivatives may be summarised as

follows:

vy,
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11_3100-3609 em™! Region

Abscrption in this-region‘is expected in the free ligancs
and the polymeric organotin derivatives formulated és RLSn(OH)Z.
The data in tabie-q.ghbws_thatialmost all the compounds usually
show a broad fo very broad absorptioﬂ in this region. The o-
hydroxy ccmpounds in general, haye extremely broad absorption in

hese reglcn as expected due to intramolecular H=bonding leading to

azo—hydrazone tautcmerlc equilibri 28,33, 35, 40_43.60. This. is in
‘keeping with the two leng wave length absorption banos in their

electrOnic.spectra (Table 3). In some ‘cases the bands are so broad
5 7

. 9 ' ' v
(e«ge, L'H, L'H, L H) that it 1s not possible to locate the abspgrption

maxima with certainity. In such cnses, the range is shown in the

table4.Cn +he other handg, in the pmnitro azo_phenols of the type LSH,

LBH and-LlOH where. the =CH group 1s in p-posit;on thereby elimlnating
.'the ﬁpssibility_of intramblecuiar hyqrégen bonding as well as inter-
' molécular hydrogen bopding (dGue to eléctron withdrawai by the highly
Electronegative --NO2 grcub from thé -éH grpupj,_relatively sharpl
absorption'éroundfhfSSOO t:m.'-1 is obsérved.'However, in L4H, whrr@
“the p-nitro group is absent, the Q(OH) occurs at a considerably
lower_wave length of 3200 cm -1 indicating the presence of interw

Y

molecular H=bonds in such cases.

Compounds with tﬁo =0OH groups., e;g.,_L;H. L7H and LSH, either

exhibit twe abscrpticns (as in case of LBH) or a very broad absorp~

tion band (L'H, I_.-gH ete).

\,



. 136
An interesting feature is observed_in'Llﬂ which shows a.

very streng and broad absorption at 3450 cm_llin addition to another

medium intensity band 3200 cm-l. This may be duwe to the presence of

- both the azo and hydrazone forms in equilibrium even in the solid

"phaSé:

XVII b‘_-' ST S XVII b

. The N=H stretch of the'hydrazone ﬁorm'is expedéea to absorb
in the region_of 3200 emt.
. . ‘_1 i
~b) 1300-1500 cm ~ region.

"The ~N = Ne stretch and the symmetric and asymmetric N02
‘stretchs'aré expected to occur in this region. Although a number
_of workers have attenpted to 1dentify and correlate the =N = N=-
stretch 4n azo compoun@s, IVIj.].lez:'?"2 has emphasised the absence of

any‘diagnostically useful band in this reglon.\slnce aromatic graoups -

have strong absorption 1n the same reglon, it is often diffiCult to

" -locate the —N N—'atretch absorption, particularly, in view ‘of the

low 1nten51ty of abscrption due to -N - = N-. stretch. In the present

work, it has not béen p0551b1e to 1dent1£y the =N = N- stretch in

Vi,
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the IR spectra with any cegree of certainity. As such, the -N = N-
stretch has not been included in “the table.

In the nitro compounds the absorptions due to symmetric and
asynmetric NO stretchs occur in this region28'29f33‘38'39‘44.

The symmetric NO stretch is found in the present series of lonads

as a Strcng absorption between 132Oa1340:cm'1; On the other hand,

28,33,

the . asymmetrlc stretch, expected to ocur in 1500~1530 cm ~ region
The symmetrlc NO stretch 1s fcund in the pres*nt serles of ligands

as a strong absorptlon_between 1320-1340 cm 1. Cn the other hand,

the-astmétric stretch, expected to occur in 1500-1530 cm“1

region 28,33, 40 44 belng close to the characterlstic aromatic rlng

vibratlon around 1500 cm -1 can be seen as a SEparate band only in
few compounds (e, g., L6H LlOH and the correSponding organotin

compeunds) while in the other cases the band occurs as hunp or

40—44*

L]

shoulde: at ~»1500 cm -1 overlapped by the aromatic absorption at the

Sam region'.

e) 1100-1300 em™ region

This region is of interest in the present series of compounds

because.the C=0 stretch of the phenol is expected to give rise to

a'sirong'absorption'in this regién. Since this band represent C-0

LY

stretch which interact with the CH deformation to.sgme extent, one

"would expect a shift in the absorption in the .organotin derivatives.

E

. e . .
d) 450~7Q0 em. FegqioN. -

The data in tab1611 show that this absorption occurs iﬂi1200;1280 cm .

-'.1-
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L . _ o _ 28,29,33,
Both 'Q(Sn-o) and Q(Sn—C) are expected in this region

39;42'60.'Qf8n-C) is probably very weak in these compounds since’
COmperison with the ligand spectra showed no newcbahds attributable
to Q(Sn—CJ. On the other hand, new absorption bands are found in the
-'f°550—650 c:m.1 region. The positlon, 1ntensity as well as the shape
of the bands are very 51nilar to those found for Sn=-0 stretch in

organotin compounds contalning Sn- 028 29-345 36 37,43, 45“06 69

2.1, eesults and Discuseion-

- A glance at the table -u4.and the IR spectra shows that the
trlorganotin derivatives of the type RSSnL formed by the ligands
184 and LIOH are characterised by a small shift of the N (C=0)
towards lower frequency, the occurrence of & new band around 570-
600 cm ~1 attribuytable to-Q(Sn-Q) and_the_absence of the -Q(OH)
_ebsorptiOn of the pafent_;igaﬁd.vThese_obserVations ccnfirm the
foimdiation.of the coﬁpounds as-RBSnL; %he frequencies due to the
-N02 group are almost unaffected in the" organotin derivatives; a
slight loweripg of -o (NO ) OCCurs in some cases. However, because
~of the overlapping with_the aromatic ring absorption in this region,
the peak positions could_nct be'esceftained in ail_ceses.'A small
ldwerinézof the Nozjstretchgis; %ﬁ?e??r"EkPECtéd since the large
polarity of the Sn-0 bond (Sn =~ 0 )_will_tend to increase the

" contribution of the resqnatihg'fdrh of che Eype_as%ﬁuaﬁgz

Y,
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Table - 4
Characteristic IR absorptions (in cr_nﬂl) in the ligancs and their organotin derivatives
Compcundés ' ' h \)-(-O-'H) - 'Qas (Noz ) : \)s (NOZ) _Q(C—O) : 'b(Sn-O);
3450(br) = . = 1250 - -
- 3200(m) ' - ‘ :
- 3430(br) - - 1250 560(s)
3440 (br) = IR . 1280 -
3420(br) = - 1260  550,570(s, br)

3400 . - - ‘ 1225), | -
3300 o | . 1255
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Table = 4 (Contd..)

compounds - C ey T, W0, N o, Ye-0)  Asn-0) -
6. PhLsn(oH), - 3390 - = . 1230 565(s,br)
AR . 3300 - © 1260 |
3200(m) .. = - - - 1250 -
‘~s3300- .- . 1510 . 1330 1235 . -
3400(v,br) - | | - |
"9, PhLSSn-('OHJ_?- | - A/ 3300- 1500 1335 1230 e

3450(v,br)



{Contd.. )
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able -

Compounds -Q‘(O-_H)' . 'Qas (rno,) 'b s_(Noz) o -)(C—OJ ’J(Sn—oj
13500 1520 - 1340{(s) 1270 -
3320(s,br) - - 1270 -

| CH,
E (L7H)_ 3
i2. 'PhL'FSn(OHJz v 3200~ - - 1270 . 550
- 3400 (v,br) _
13. BuL’Sn(oH), 3400 (v,br) - - 1270 -



Table ~ 4/Contd., )
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~ 3300-3450(v,br)

Compounds ~Q(O—H)\ '-Oas(Noz)' _'aostmozl _'Q(c-o) - J(sn-0)
140 SN 3420 1505 . 1330 1275 -
ol
15, - 1505 1330 1255 580
16, - ~/1500 . 1330 1280 625
17. - . 1500 1330 1270 575
18, ~31 50= - - 1205 -
o N 3350{v,br)
- Mo N=ING
(1) |
19, phL sn(0H), 3350(v,br) - - - 1205

610(s,br)
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‘zable - 4 (Contd..) . ) S

Compounds  New N0, N o) NC=0) % V(s0-0)

-

20, BgLQSh(OH.)Z V3200~ - - . 6701
: _ 3350{v,br) _ T _ : 620 { (s)
| ' o - 540 [ :

R — 3480 1520 1340 - 1280 o =
ﬁNmN@QH (3340) R o : .

@l OH)GHB

22. physnL*’ T 1515 1340 1240 580
23. Bugsan’’ 2 - = 7 a0 1230 -
26, cyosn?® - 1s05 1330 . 1230 600

br = broad; m = medium; s = strong; v,br = very broad
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: . B
N= =N~N= =0—5nk3

XVIII.

This resonating. form is Pxpécted to increase thé -)(c-o) in
the organutﬁn compounds due to increa ed oouble bond character of
CO bond. Howeyer,_the 1200-1280 cm -1 band contains Signiflcant
contribution from the-OH deformation moce, As such replacement of

H-atom of the OH group by bulky -5nR group is expected to lower

3.
this ffequency. The actuai ppsition of the Q(C—O) bana in the
organotin cbnppunds Qill-be dEtermiheg'by these two oppdsing effects,
That the contribution -OH deformation.islqﬁite'sighificant in the
1250-1280Icmfllband is sﬁown by the 1owering of fhe frequency in

almost all the triorganotin derivatives excepting. Bu
g S N

- .8
3an gpd

CyBSnL

The two~group'of orgaﬁotin derivatives, viz. R,SnL type and

3
RLSn(OH)z type, show an interesting feature in the Q(C-O) absorption—
As already dlscussed, the first group is charact~rised by a 10wering
of J(C 0). In the seccnd group, Q(C—O) is generally unaffected. This
group of compounds is_further_cha:acterised by a very broad absorption

around 3200-=-3500 cmnl showing the presence of bonded =CH groups. In
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addition, new abéorptions_of redium to string intensity absorptions
are also observed. Unlike, in the RSSnL corpounds, these bands are

someéwhat broad indicating a pelvmeric structuré involving_Sn—O gréupss

The éharacteristic features of the compouﬁds.formulated as
RLSn(OHJ2 cn the basis-of analytiéa;-data may now be summarised as
follows:

.i)3E#tremEly-loﬁ_solubility in éoﬁmon orgénic sclvents

i1) Infusibilitf upto 300%
iii)3Absépce of intramclegular codrdinafion'inv01Ving the
azo éroup.and ﬁhe tin atom as shown by the electronic
absorptlon spectra
iv) Very broad~Q(O—H) absorption as at 3200*3500‘cm*1.
in the IR spectra,
v} Broad or multiple absorption in the FQ(Sn—O) region
(rU500—650 em™y. .__' L

All the obseréatitns point to-ﬁhe presence of'intermolECUiar

coordinaﬁioh through.the ~0H gfdup. The mOst probable structure for

' theIRLS.-n”(OHJ2 type Of.COHpOundS'iS therefore as follows:

;T i H H

,/y/\/\n

\O/ \/ ‘\/
|

‘""\ /
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Similar hydroxy bridged polymeric structures have been

39

' 39
proposed for PhSn(OH)ZOCOH p Snz-Oxz(OH)s [o:c = 8=hydroxy

quinolate _7etc.
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The thesis consists of four chapters. The first chapter
- attenmpts to present an overview of the organotin chemistry with
particularly emphasis on the bonding and structure = in organotin
‘compounds.,

The second chapter gives a brief account of the organotin
alkoxides, phenoxides and related déﬁﬁouﬁdé.

The third chapter deals with the (i) preparation of the
“arylazophenols used as ligands in the present stucdy, (ii) the
reactiona of the ligands with thé tribrganotin oxidaa, (R Snl O,

and ({it) preparation of the triorganotin derivatlves. RBSnL

(LH = aryl azo phenol) ‘using the reaction:
~ R,SnCl + LNa —;-—;_'—14351:.1‘ + NaCl - E4nd1)

The results presented in this cahpter shows that the aryl
azo phencls.do not undergo the nofﬁél'reactioh {eqn. 2) with

(RySn),0 4 2LH—— R3snL_ + Hy0 . Eqn(2)
_Azéotfopic.distillation.or use of dessicants has no effect,

On-thé bther hand, prclonged fefluxing'bf mixtures of
_stannokénes with the-arylago phenols prdducéd infusible_fm.é>
306bCJ'and'sparing1y soluble ofganotin derivatives wifh'empirica}
_f;rﬁuia of RLSn(Osz. The yie;ds are quite 1¢w and ;hé period of

refluxing varied considerably (fromn~/12 hours to~/72 hours). In

v,
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somé cases, no reaction took place.
~ The aryl azo phenols with & nitro substitueuts, €+g-
4' = (4=hydroxy benzene azo) nitrobenzene, because of their higher
acidity, form the Na/K salt easily which could be reacted with
"R

3SnCl to vield the triorganctin derivatives, RB

are crystalline in nature with well defined melting points and are

Snl. These compounds |

soluble in commdn'organic'solvente. The compounds are stable in
air-' .
' The last chapter deals with electronic ‘and IR spectral

 stud1es on the ligands and the organotin derivatives.

. The' electrouic spectral studies show that the acidity of
the »OH group in the ligands are very low except in the nitro
substituted compounds and, therefore,-the stannoxanes f£ail to

reaet via the transition ccmplex I.

Rasn———o-—_

o—xfl

The Lewis acidity of the erganotin compound takes a‘dominant
role under this situation and reaction can proceed through nucleo-

phillic attack at the tin atom (n). . N
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335“‘“*'9‘**“
.
R~~Q —~—H
I
As a result, instead of the expected reac.tion' (eqn.' 2),
polymeric products foimed through the cleavage of R=Sn bonds are - )
_‘The IR studies show the p'resen_ce of -:)(Sn-o) absorption

3 _
is slightly lowered in the organotin cci‘npounds in some cases.

in the R,SnL derivatives _arcundNS?O_ Cm'l. '3 {(C~-0) of the 'ligan;d

- 'The IR spectra of the products RLSD(OH)z, are characterised -
5Y:br0a_d band in the ~v 500~600 cm'.'i -region due to ;)'(Sn-OJ and
very broad absofption ar_oun-dfx)3400-35'00 'cm"':l indicating involvemt'ent‘
of the ~OH groups in inter molecular coordination. On the basis of

availsble information RLSn(OHJz' compdunds are represented as follows:.

é
=-. Sn Sn. ~  Sn
\O/I\O/U\o/ll\o/

III






