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Th~ Lewis ~cid~ty of. OI'Qan.otin- q9rilpo~nds whiC:h'.increases in 

·the-~a'e~~nce;:R4s~ <R3~_nX <~2s~2:-(a3snXj' _-(wh~-~---~-= balc;,~n or. 
. . ·.- . . ' . . 

other ei.e:ctr~negative groups) h~s -been utiifsed ·to prepare a variety 

of Organotin complexes •. Irf conforinity:_.with this_ tren~ -of Lewis 
·' . 

,. • 1 • • ~ • • ' 

.acidity) numerous e.xarnple_spf 6 -~~:-7 co-ordinate~ mono or9anotin 

-.complexes',- 5, as w~ll _as. 6- co--ordinated di- organotin complexes are . . . . . - . . ·- . '' ' . . 

_: Jmowri-~ ·while ·-triorga.notin c6~pl9Xes·--a~ ·almost· invariably s-. . . . .. .. ' . . .-

cQordi riated~ · 

'l'he biocidal· ~rc;>perties · .. of :qi;g_anotin compq~ds and their 
- - ., • • ~ • - • > • • • - • -

co~sequent -.application in. peEit control, environmental problems,. 
. ,. .. ' . . 

ve~erinary med.icine:s and huni_an ·medicine have led -to veey rapid 
. .· . - '- . ' 

types ·of· ligands •. T:he _ organotin· C,benlistry, particularly -the 
. . ' - ' - - . ' . . . . ~ . - . 

_ coprdi~at_ion· chemi_stry, .has_ t})us ·beccme veri rich during the: last 

·two decac;les ·or so. 
..• !. 

- / . -
'.' . ... 

' ' . . 

. ·-;. Surprisingly, however· no example_· of organotJf cOinplexe~ of. 

azyl~<?-. phenox}-_ compourids h~e yet. been reported, though a great 
- .. 

. variety· of organc:itin 'complexes of a.nrlazo c::a.rboxylic acids a%e . 

. alreaQ.y ·:known ... As :o~anoti~' phenoxi~s. ~- Well kit~, it will be 

~£ great·_-interest-_t~- as~c~~t-ai~:--~he.- ef~ect· ~f. the ·~lazb group 
- ' -

on· t}le -preparation arid ·pr9pert:ies of ·the phenoxy derivatives of 

·organotin·compounds• 
- j. 

-.. 
The_ p~sent._ study was, the-refore, 'planne4 to investigate. 

': .. , . .. . -
'." ; .· 

. · .. · : . 
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. ' .. ' ' ·,, v .-' '' .·:' . ' '· 
with~,a view ·_to preparJ.ll9 their: organotiri· ~d~rivat . .:l.ves. Con~idera~ion 

._· pf_ tne· 'steric· and other ·require~~t-s -~how, that a -~cssoq_ably favourable 
-_ •. -. ''- ., ' • ,;; ' ' ,l· ' 

situation for:. tJle. ·forrilation of._ cu-Ylaz'ephenexy derivatiVes of t~i~ 
.. . . . . - . . -. ' . . . . . ' ~ . · .... 

organotin compound~ may.~ expe3cted ~n .t:qe t'ollowing li9~ds~ 

-; _ .. 

. I. ::··. 

:·~· .. · .. · .. ·N-. · __ ·. ·.·N'~ 
. -- ·-

. . 
. . . . . 

. . ... __ . ' ~--~ 

y- . 

li. 

' ' 

. "''). -·w-, ·,· N=:N .• . 
'' ...... - ' 'y .. ·. 

( ~ ' ' 

( -·-~ 

. ' '_, . 

' . •' ~ 
~ . ' 

· w~ere. x 111 .• ;,c~3 , ~cl 

·. 
' "• . ' 

. -~ (C~-)2 _· . 

. Y i:: 0~ OJ,: ];)-

~OH, ·::-N02 I 
' . ' ' . 

-_F, -H etc• 

·_where x ~ ~ C)r ~-

. : . 

OH· 
.. _' .. x ~- o- ~r ~ c1:13, -c1, 

Y _ra ~ 9r ~ 
~--.-¥ · .. 

.. ' 

-\: ___ .. 
// ~.1 

~OH, ~~2 , ~,,. -H -~tc. 
- _,._· 

.At a first _glance .the ·above-ligands' ·~eared .to be well . ... . ' ~ . ·. . : . ' . . ·. ' ' 

~ui ted · for the prep_aration _ of ·a .vari~ty · ·of ~nterest~n~ or9~~in 
' 

complexes peca~se, 
.. _ '·-· 

1.·. 

(1) arylaz.e>phencixy compounds· wi.~h a w~~~ --v~~~i;y Of nuclefg 
. ' . 

substftuents· ,can b~-- prep;ue<i:bY: di~oti~ation .of . aminesf 
• • • ' ' r • • ' 

nitroani~i~t;~. and aminopnen'oi~- followed by. couplin~ wii;p 
.. 

suitable ar,yi moiett_, ·· ·-

_-, . 

' ' _._.,' L o L ~-
• I ·.· 

i 
-.! 
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Cii) the .lig~nd$ have a ~ery favourable ste~ic arrangements 
.• 

for the ·formation of tin complexes· ~s a lar~ number of 
" . 

transition metal. complexes of these ligands are well 

known. 

Ligands of type I are of considerable interest-since the 

organotin deriv~tive may involve N(azo). ·~ Sn co~o.rdinate bond. 

-How~~er, azo compo~nds of type· I are well known to exhibit azo­

hyd;-azone. tautomerism of· the. type: 

IDA IIlB 

"": . -

~-addition, both the·forms/IUAi ·IUB are expected to be 

..... intrarnolecularly hydrogen bonded •. In' accordance with this expecta;. 
. . . . .· . ~ .,· . ·r- :· 

tion, all attempts to prepare simple triorganotin derivatives Of 

this. type. of ligands failed•· 

·. -~ Ligands of type II were· found to· be comparatively more liciiill.c f 

'arid the sodium salt could. be obtained easilY.e This gaVe the desired 

tri?X'cJ~Otin derivatives 0~ re~ction with ~e organotin halideS~ . i 

HoWever.) the .pr~sence. of ·a substituent at ortho position to the -OJ-I 

group inhibited ':fortnation of any organot~in derivat~ve,. ~reswnably 

·due to the steric hindrance by the orth~. suhstitu~nt. The o.i:tho:.:_ 

' . 

. ' 
.• 



f 

X 
I 

VI 

substituted ligands of the type II also failed to react with 

·organotin compounds, presumaJ,:>ly due to the· steri~ hindrance of the 

substituent •. 

The reactions of different ligands.are summarised below: 

tn addition, 'ligands of type I of.ten show azo-hydrazone 

~automerism. 

. . . 0 HO 

·y.@N=N 

. ,, 
x""· ~, ®-N\-1-N. 0 

y 

lVA !VB 

It is~ therefore, of considerable interest to 1nvestigate 

·the eff~ct of R3sn ·grou~ on tautomeric equilibrium. 

The. present study, therefore, ~med at 

(1) preparation ·of suitable Arylazo phenols, 

(1i} .in~estigating the reactions of the aryl azo phenols 

with organotin oxides of the type C~sn)2~ with a view . . 
'to ascertaining the relative react,iv;L.ty of the acyl ~o 

phenols _towa:rds the organotin 9Xides, 

(iii) preparation of the derivatives of the type R3snL (LH • 

aryl azo ·phenol), and 

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

derivatives .. · 

I' 

. ' 
·' 



··_£ 0 N ! E !'i T ,2 . 

ACKNOWLEDGEMENT 

AIM$ .AND OBJECTivES 

CHAPTER - I 

• • 

•• 

A SHORT REVIEW OF ORGANOTIN CHEMISTRY 

IA. Introduction •• 

.IB·. Bonding in Organotin Compounds 
/ 

· IC. organotiQ Complexes .... 
~FERENCES •• 

CHAPTER · ... ·II 

·\ 

A SHORT REVIEW OF ORGANOTIN ~KOXILE AND RELATED 

COMPOQNDS; . ,·· . 

IIA. Introduction. •• 
· IIB. Organotin. 9-lkoxide •• 

IIC. organotin encl":ates •• 

I:tD. Organotin phenoxides. 

.IIE. Organctin derivatives of· some 
(arylazo)phenols •• 

IIF. stannpx.ides of other· elements· 

REFERENCES • • 

-. 

Page 

1-3 

3-8 

9-3,7 

38'!"'47 

48' 

48~65 

65-67 

68-70 

70-72 

72-74 

75-82 
'\ 
'I 



! .. 

-. 
. .1...:.'· " -' . 

' . 
CHAPTER III 

ARYLAZO PHENOLS : PREPARATION AND REACTION WITH 

STANNOXANES AND TRIORGANOTIN HALIDE~. 

IIIA. Introduction •• 
IIIB. Ligands; Abbreviations and 

Analytical data •• 

rrrc. Reactions with. Organotin Compounds 

II ID. Exper'imental : · Preparation of the 
ligands and reaction of the ligands with 
Stannoxanes and Tri9rganotin halides 

REFERENCES •• 
. .; 

CHAPTER- IV 

ELEC£RCNIC SPECTRA, INFRARED.SPECT~ OF 

ARYLAZOPHENOLS AND THEIR ORGANGTIN DERIVATIVES. 

IVA.· ELECTRCNIC SPECTRA-. 

Introduotion •• 

1.1 Results and Discussion 

IVB. INFRARED SPECTRA 

2. General F~atures 

2.1 Results and Discussion 

ru:FERENCES •• 

SUMMARY •• 

') 

Page 

a3~as 

11Q~~f.2 

1?~-=13j 

13.4~138 

138-146 

147-i~2 

15~~~~~ 



-;_ 

I. 

DEDICATED. To· MY:. MOTHER~ 

SMT. SARASWATI DEiji. 

/ 

.. 
·' 

' ''· 

I 

'i I: 



, I 

J 
I 

I 
CHAPTER -·l; 

A SHORT REVIEW OF ORGANOT JN C~MISTRY 

IA • INTRODUcr ION 

. IB. BOND'ING IN ORGANOTIN COMPOUN~~S 

IC. ORGANOTIN CO!v1PLEXES 

REFERENCES 

. ' 

I 

I, 
·.! 



1 
I 

r.\ 

:¥. 
~-

I n.t~oduction 

Organotin compounds are those which contain at least one tin-:-

carbon bond. The first chemist to re·port an o~ganotin compound seems 

to have been E. Frankland1 '
2

• But·his work appears .. to remain unknat·m 

to ~ost of his contemporaries as well as to later authors. The wo~k 

of c. Lowi~3 in 1852 has ~us~ally been ~onsidered to represent.the 

beglnn~ng of orgariotin chemistry. Apart £rom the. compounds ·described 

by Lewig, many signif.icant contributions were made in this field dt..u. .. ing 

the next few decades. 

The vast.majority of organotin cc.mppunds fall within the four 

classes: 

· Rsnx 
3 

R can be identical or different, substituted or unsubstituted, 

aliphatic or aromatic groups. X can· ·be· negative groups such as 
. / 

,., :-OR, -SR, -OCOR, -osnR3 ,. -NR2 or halogens or some other acid radicals 

or neutral ligands such as -H or e.lectroposi ti ve one such . as Li', or 

Na •. The. three serie·s of organotin hydrides R3SnH, R2SnJi2 , RSn~ have 
.. 4-7 

assumed considerable importanc:e • The acceptor strength of the 

organotin com~ounds. generally follows the sequence; R3 SnX <R2snx:2(· 

RSnX3 •. 

Stannyl metal compounds of th.e type RjSn.M, .. R2s~ ~' 9 , 
10 . . : . . 8 . 

p~3snSiPh3 , Ph
3

SnSi.(GePh3 ), R
3

sn-snR3 , Me3Si~Hg-snR3 , .R3S~-Hg-8nR3 ·, 

}?>n
3
sn-ZnSnPh

3
, Ph3SnCdS~Ph3 , are also know1 n where R may be aliphatic 

or aromatic, M m·ay be Li,· Na or K. 

· ..... 



2 

The discovery of industrial applications of.organotin compounds 

as 'rubber anti-oxidants, Ziegler type catalysts in the polymerization 

of oiefins, food preservatives~·agricultural fungicides and as active 

·ingredients in certain veterinary ~edicine11 and also an increased 

general scl:entific inte_rest produced a striking renaissance of 

organotin chemistry starting ab6ut 1949 continuing to the present day. 

'i.'he biocidal prG>perties of·organotin compounds have led, over 

·the past decade, to a rapid. increase in the commercial utilization 

of these sp~cies. Organotins are curren.tly in use as agricultural 

fungicides and miticid~s, surface disinfe.ctants, anthelminties and 
. . . 12 

marine·. ·anti~Ouling·· agents • 

One intriguing development is·· the. synthesis of compoUJlds in 

·x 
· ._,-~ whic~ · the organot.in is bonded ·to ligands -~hat exhibit biocidal 

~~ 
I 

.. 

:~(. 

activity, the eff~ctiveness of the product being potentially greater 

·than the su.m of. the components. Altho.ugh· several ligand systenS suggest· 

"-themselves for _study, .the· oxy and· th:f.o pho.sphorus acids are Part~­

cularly amenable. Esters of. dithiophosphoric acids have, for ex~le, 
. . . . . . , .• . .. • .. - c· 

four1d widespread use -in the post ·war years as pesticid~s,· beia_g 

marketed under such trade names Ethion, Malathion and Thimet1~ ~ .· . . .. . . . ' 

J. 
while the importance of phosph.ates ·in in.;.~ivo systems is we'll documented~· 

Moreover/- specific evidence for 1;he acti.vity of m~scellaneo~s org,ano~1:n 
. . . 15 16 

derivatives .of· the ];>hO-spho~s acids is available • and. provides 

e:ricburagement for more detailed stud,fes. In particular,answers to thE! 

important structure -- activity questions demand the availability of 

I . 

. ' 
·' 
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reliable structural data, the colleqtion of whiGh has formed the 

basis of many recent research effprts. · 

Application of fungitoxic organotin'phe~axy-acetates for 

controlling _human dermatomycosis have also been reported17• 

3 

Diorganotin dicarboxylates are wi9ely used ~n·industry as 

homogenous catalysts for po~yurethane and RTV Silicone polymerizatioas 

and ·for trans esterification reactions 125• 

!~B. Bonding in organotin compounds 

The electronic configuration. 'of tin atom is 1 1s2 2s2 2p6 

3s
2 3p~ 3d

10 
4s

2 4~6 4d
10 

Sa
2 

Sp2 , .the ground state being 3p state 
2 2 ' 18 ' 

derived from s p configuration ·• The tetracovalent state is derived 
3 ' 

from the sp hybri.disation by promoting one of the Ss elec.trons to 

t~e Sp level. A large number of organotin compounds consist of 

tetravalent tin·atom beGause of its ~ch more· frequent occurrence 

than the divalent atom. The metals of·. Gr. IvA form organometallic 
~· ' ' 

compounds which are more stable _and less. reactive than those of ·. 

Gr •. .III .or IVB metals. The increased stability may be partly due to 

sp3 hyb~idisat_io~. Thus, tetravalent 'tin is 1.1nreactive towards air 

and water but· ~rimethyl ·indium and triinethyl antimony have a stroag 
' . . 

affinity towards these· reagents.' The significant increase in stabili­

tie&~ of · a
4

s:n compounds. over R2sn 'types also show the -effect of increased : 

hybridisation on the stability. Met.al..;.c~rl:;>on bond strengths have ·been 
/ . . 

. r 
·' 



.; 

J 

·_. 

reviewed by Skinner19 who observed ~hat mean bond dissociatioa 

ene::r;gies (D) fall as the sub group _is descended so that f5(c-n)) 

D(Si~R~ i5 (Ge-R~ D (Sn-RI;> i5 (Pbo.R). The mean values . of the boao 

4 

· dissociation energies are c-c s 87 ,. ·c-si s 70, C-Ge 1 60, c-sa : so, 

C-Pb 1 31-37 l<.Cal/mole. Moreover, these values are dependent on the 

·nature of the alkyl group i.e., on the stabilisation of the correspond­

ing alkyl radical by hyperconjugation etc. 

6 
The ti~ atom has covalent radius of 1.4A and is independent 

of the nature of the· liganc'ls. There· is some sort of decrease in bond 

lengths_ oniy·when strongiy.negative ligands are accumulated around 

·the tin. The bonding of the tin wculd. thus appear ·to be almost entire~y 

covalent at least in-crystalline solids, in ~he vapour and in aon-
-

po~ar media. However, the electroa~gativity of tin be:!-ng less ~an 

'i: rr.ost of the common ligands,· e.g~ carbon, nitrogen, Qxygen, ha~ogen 

and even.hydroge~, the bonds are exp~cted tope sufficiently pof.a~ 
+S· -S / 

~ 
I 

in the sense sn - X and dipole moments of various sn-X bends have 

also. be.en estimated. The dipole rr.om~nt of ~he alkyl tin bond, mostly 
. 20-22 . 

eatimated as 0.45-0.60 · depends botp in direction and magnitude 
-· 23 on the mature of the alkyl group 

The electronegativities of Gr. IV elements have beeu invest!~· . . . 

gated 24a-d ' by several workers • The results always vary with the method 

of measurement and the _compounds selected. It is not surprisiag since 

the.l3lectronegativity, not being a uniquely defined parameter, depends 

on. the me·thod of .measurement and the environment of the atom in 

:- i .,_ I 
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_question. In. fact, one always wo:r}ts not w:i,.th an electronegativity of 

tin but with a value for tin in a particular canbin.at'ion and aJ..lowance 

will have to be made for the influence of all l~gands. 

'Table - 1 

Electronegativities of Gr. IVA elements 

I 

. \ 

I 

'·, 

·Pauling· sanderso:a Finema:a Allred-Rochow 
Daignault 

. -~- ,. - .... ·- -· 

c .2.5 2.47 '2~ ~7 2.60 

Si 1.8 1~ 74, 1.90 1.90 

Ge -1.8 2.31 ·. 2. 02 2.00 

sn 1 .. 8 2.02 2.4.7 1.93 

Pb 1.8 .., -· 2.45 

Closely related wi:th this is the inductive effect which the 

tin atoms or stannyl groups exert on ·their· surroundings. The boad· 
. . - -S. +8 . . 

·polarisatioa c-- Sn, which.is.there in principle, may be changed by 

substi tut:i.on at c · as well as at sn. NMR . ' ' . . . 
da~a on organotin compounds 25, 2 6 . 

·and Gupta2'7 emphasise this. and semiemperical calculations of.Majee 
' 28 

According-to Eaborn et .al , polarisation is increased by electro• 

donor sUbstit;.uents R1 in· the p-positioa in a phenyl group,, as 

demonstrated by the increase in the-rate of cleavage of c-sn boad by· 

iodine according to the reaction ( 1). ·Thus, thi~ reaction may be 



' ' 

i' i 

'i"'- ' w. 
J~. ·. • . , ~-

;·.­
,~-' ' I 
·~-

' I . ,., .. 

'L.' . ·r--e.-., __ 

6 

marked as electrophillic_aromatic substitution. 

The electron · att:rapting ·group's <:R<-d.iniinish the rate by lowering the 

n~~leoph~_iicity o~·- th~· ri"ri~:-~~~bb~~· ~-t-tached~ to tin. The seq1,1ence of 

relat~~~ reaction rate~ ;i~- for·_~~·-·=_·o~v·--B'.Yi~P~ Rt)Me>~~? 
.F) C~-c.oo~·- _ ' .. --- . : . -. . . · .. · .-~, -__ .:~ .· ·:._. . . . _ : · . 

. . . . ~ . 

· Eiectron donor properties. ·in9rease in the series (R = *) 1 

. SiR3<Ge~3 <Sn~3, .. ~~·.may b~. s~~ri ··f;om .~h~' relati~,. ·rates of aoidolys.ts 

.of f>-R3 M. c~ cli4 - ·sa~3 ~ Th~:s~- ·a~ ·.1 M ~~~ si 1. oo, ae_ ·1 •. 36, sa 3.212.9 ~ ~ 
, ' . ' . 

. A · sirni.;Lar sequence emer9~s. · f rbm 'IR ·-~d NMR meas~~emea£530 · and also 
·., '' 

·from ::IR.. studies ·On esters of~.the· .Mecoome
3

. (M ~ -~~ Si,- ·Ge)31 • 
. · .. ; 

.. 
' , . 

. A. p-roblem which .o_ften -·ar_ise~ .111:: ttte .-_iaves_tig~tiona :to measure 

relative inductive effe'~ts- is that th~-~ ·.may be son'e -rr -character ·ia . . . . . .. . . . . \ . . . 

.. a bond ·bet~een ·tin. ~d._ 'an e_l~~~~t_~-:pqsde.-ssing p-electr~as3~-34. Thus 
. .: . ·. . ... .· .· .· ' ~-·· ' . '2_._. _.: .. --, . '. . ' . . .. 

in a sn-x boad 'where' .x-'is c (sp '• )t~ o,-. s ·or halogen,. it is possible 

'that_,. o~posi~'g·_. the . ind~cti ,;e eled~'ron_. drift *~;~ there may ~ 
--so~ -o~~rl·~p be~we~~ ·.an~-empty_ Sd· ·~r:bi~a.i ·on .sn. and a fille'd p-orbital 

on x ci!lu'sing ·a transfer Qf. e=1ec:b:on. density in the opposite direct:iora. 

·. ·Inspit~ .of. man~. dJ..sputes34.:,J? if ··i~ widely -~~cept~d that. the_re. 

~ignifican~ (p1t-tdJ().contr.ib~,~ions ~;:- the·,~~-N_ .bon~ in c~ouads 
. ' - ' . "~ . ' '• . . . - ' . : .. ~. .are 

' . 

-' . . . . ~ 
. . . . 

I '• 

·,. 

-~ - ' .. 
. ·.":~ , . . 

- .. ~, . 

. .• ~ 

. I 

·' 

. i 
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.such ·as the pl~er tri~thyl.amine~B~ ·The;e --1~· ·s·o~_.-~vid~nce that ia 
-~ ·, -- ' . . . ' . ; . . . . 

phenyl-;_~ tin. _co~po~ds,- :interactio4 ·occur~ -betwee~ :._the el~c~ron.s of- · 

'the p~~nyl 9r~up and_-~he- Sd _orbit:~ls. ~f- _.tin •. Thi_~· .con~l~sion ·1~: · 

.. ~-:-_,_based -_on the interpretatlon_··o~- N~3~-~. 4~, m 4·1 ,._ -~41 amf·d.ipole . 

~ · ~ome.nt~4'- of Ph3S~ --~~~~oun.d~---_ ~~- ~~-- ~~~d· st~engths of, the -s~stituted 

-· · _ass.um_ed. tha~ .. other arcm~t±c ·9-roups :pehc:lve ·sirn.iia,rly since the .Pl<a 
' I ' •. ' ~ • . . . , ~ . ._. , , ' ' ... • ' . - . . ~;-' ,; , • . 

' -.,- ~al~~s- ·.f.o~ ·.a _·s~i~es· o~ ,.pyridine.havin~ Me3M <~.;. :c, s1-~ · Ge, -sa>: 
:-:.:. __ --. ·,:_~st~i.t~ents ·.fri :~he: 2";.;p·ostitio~ 'i-ndicated· the ebsence. of p'J(- d,i 

.. ; :' -.. bondi~9 'in- :t~e. :ti~~py;t·di.n~ .:i~n-k4:f .. caic~lation. l;iased upon nuc!~ar 
. '.·· . .. . . . . . . ' . . . . . ··._- . . ' (',_ ' - . -

.... 

•-. ·dipple- moment~· ··of .orgap.ot in chlor~des ·that 'th• . sa~cl· .boad_ ,(,x-Qer · ias 

--~l6·st{~~~ uri.i·t~4!1 •. The~e i~- -~v;!~~c·~ "~or -d7t ... di\" . interactiOn in the . 
;-_bo~~s< formed ~~twee~--:: tin-·-_~d c~rtai~- ~~an~itib~- _:~etal~44~ 45• on ·the 

' . -

. . : _ othe£ hand Majee. -and ~upt~ has., shOWJ1" in.·. a- serie·s C:,f. 'pape·:r'i.? that most. 
• .', • : .J, • ' ' ,• o • ' ' .. I • • 0 • < ' '< ' ' ' •' • ~ ' '• ' - • 

• 'L 
, ( • I , 

-·- · '· ___ .·: o.f 1;hEt properties of·- organot)tl ';¢ompoands ·_may be iaterpreted wi thou:t 
. . . . ' \ . ~ . ~ . . - , . ~ . . 

'•1_\_ .• "' -

as's~rning ·any dlf;.. P.1T int~ractio~~ · '' :-
. . . ' ·- - .. 

··.: 
- ·.· 

•. ·-such' apparentty e6atr~dic::tocy pbsexvatiops amd· l.at~rpretatioas 
. . ,.. - .... _.. . .. ·-

_-, ... 

'.prob,ably -oric;#rH~te ·from the 'fa~t- th~t- ,ffle: .~overall behaviour of tia _ 
. . . ': .... '- ~: ·. _:. -~-' :::··. ~ ~- .··. ,_.-_ ': ' .. _\-- ··_ .: ' . , ...... ~ -~ -.. ·'. : . ·.- ·.- . . ' . 

·compo~d• is --- corirplex .func:tfoa ·of •any.: ·fact()rs, e. g., C!l;t:oms or groups 

~o ~hiQ~·-it -.is ;oined··,- its- .coor~·.t~~ti~~· nmnber, ·i~s oxidati~a sti\t~,-
• ' ~ c ' • .. ' ' • ~ 

tbe phase iri_.:which -the ·-mole~uie . fs found 'aftd- even tempe~ature and 
- • - : -- • • • ; • -. • j • • ~ ,. ' ' • •• • - , : • - :. • l ·' • 

. :: -_ .-ex·~rttal -pressu'~ may: often. ~h~ge ;trn{-:behavi·o~~ c;tramat.ically. ·s,il(lce ..... - . .·- . . . . . ' - . 
. . ·- . .' . ,- -

tin' forms a vert: large~ varie-ty. of_ CODtpouads wi:th ·many diffe.rent atoms, 
- • • • < • ·., • 

;: .-
. . .: ' . ·\ . : .·. . . - :- .~'. . ' . ' . - ' - ' 

:gi'Qups ·and ligan~s;' apy: attempt t~ 'i~.te'r};)r~te :~~e prop~rtie~ ·of all 
. ) .. < ~ - ' 

. ~-- ,. (' ' 

~ .... _..._ . 
. 'i ~ . 

.•' _. . . ,I ~ -- •' - ·,· •, ·:. 

_:_ .·. _:_ . - ,, 0 '. ~ :··--

''{' 
'':<. 

'.,. -. 
-.' i · .. ·• ·.· .· 

.. 
_ .. 

... , . f 

.; 
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i. 

~-~ =~~:_· 

' ~ "·. 
.-

', _: .- • < 

....... 
' ~ :· 8 

,_ ,· . .,· .... 
0 •• , .... LO 0 

·-: ._groupi:i. ·of_-~i~ _ ~om.Poumds in terms of- a partic";lar, -cr.ite~ia is fraught 

. ,_ ~iti1· g~ave aanger a:f·'e:Feating cbnfusion-,>~atheitJ?~ -~y~temati·t;ation • 
. " . 

Notwithstanding .such wide variations;, 'oite may;. however; 

classity ~in (IV·)_ :coirl~ounds~ ~ wh~~~-- coast1 tute. ~e. o~e~he~mingly· 
. major .par~ of organqt.tri.':iit~~-a1:tue';_ i.,;to the foll~iag categori~s4fi:-

,-·:. 

-,' •, '·,' \ 

·--i~· Ionic'-compounds 'in.-"whichtin may be C.ODSidered to be iD 
' . ' . . ' . .· •' . - ,, . 
<· '.· - .. ·' 

+.4. ·oxida:tion'' 'state with elect~onic ·configurati_oa_· 
. ·-.'-: ' 1·0' · .. '0 .· 6 , __ . ' . . . ' 

':. ··;.-: 

.-· 
-.;. .. LKr_7 4d · .Ss - Sp- •... : .; · . ..· " 

• ~ • -1 

-.-; . 

··· 2.· Covalent tetrahedral compouads. ia whi~h .tin may be 
. ·_.. . ...... ·. . . . . 3· ... ·: --_· . _ .. _ _. ,: . ·,. -: . 

~onsi<;'ie:_z:ed to· be sp _·hybridized.·. · 
.I - . ' . "· .. . ·_·; ... 

. in hybridisation_ scl'1eme. to· fb,tm. org_anoti~ compounds witn 
1 • - - •• • - . . -' . - • ' • ~. ', - - - •• ~. ' '. ' - . ;. 

cdordination'-.rt~e-±: of_: s:_to' a~· . 
. ·- •' 

-. _- /-

' ,. ; 

• "-. _. /' .: • > ''' - ' 

• -»--" All compoUBds of_ :the --tY:Pe_.R4~~s~n (R =· <)rgan.ic·. group~ 
I • ~ ' • ' ' • . . • • 

~- ,' 

:•'. 

X.~ mon.odent·~te atom> g_roup" or lianp) tisuaily .belo:ag tQ _.categocy 2 
~ : ' - . ' . . - . . - . ~- ,. . .· ' . . . ' . . 

and characterised· by te~rahe_dral geometcy·~ around the. tin atom eX:cept 

when -.the group. X is capa}:>1e. ·of f ol::ming .· iatra _or ·intermolecular 
: • • • ·; ' : ' • •• • ' - • 4 • ~- - • - • ; • ~ •• ' '. : • • • 

.'. . .. -: coordiri~tion. b~nd• ": ' .. ~:·: -~· :<:--.. ':'_:· ,:; .. :·'~ "_:·::, . · .. 
--~ _· ._: .. ''':· .' . :·: .· '· . . ,:-:- .> 

·, . - : ... ·· :In·· general _tl}~· ~:·:gro~i:i: (_s) .pi~y ~he most -ClQminailt role in 
·,' '• . •, - ' ' . - . ~' ·•. 

deteirnining ·the ·bond_ing,. ·and _structur~ '·9£ org~otin. compa\mds.- Beeause 

o~,.. this•·· the_re ha~. be~~--·-'a:·: _tr~~n~o~s_. ·spuh ·of -~ti~i:ty· _oh the· synthesi~: 
._. · ... . . . . . ... . . _: . . - . . \· . -· .· . .· 

·and structural -studit;.s .-of. organot~~ ,~omplexes~ .Iil the fol.lowiiig ·section 

a b;ief: dlsc~~sio~ on . ~he, 'oo;gal1oti~- ·.cpmp~exes . i·~ "~he~f or~ "pre sen.ted. 
" -. . . . ' . 

.. ''" . '· . ! 
-. . . ~ 

' "' -, . . .-' . ;---· 

.·: .. ,··. ___ .· 

. 
' ' 
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I.e. Organotin Complexes 

Organotin corr~ounas can form various types of.complexes with 

ligands. The structural aspect of these comPounds has been exhaustiv~l¥ 

. ' 8 47 . 48 
.reviewed by Ingham et al , Peller , Gielen and Sprecher and by . . . 

49 ?5C' 51· · 5~ 
Ho, Zucke.rman , P. G. Harrison '·.~, Koten .. , Peli~~i , and latter by 

Zubieta and Zuckerman53~ 

The structural aspects, viz. , coordination number and geometry ·-.. 
' . 

around the tin atom, of or.ganotin complexes derived fro·rn · R
11

SnX4_
8 

type' compounds, depe.nd both on the nuinJ:er of the organic groups o~> 
.. 

around· the. tin atom and the ligamd. As a general J;Ule, R3SnX type 

compolinds tend to. form penta .coordir,tated complexes, while highe;r 

coordination number qan be .rea_lis@P.. with ~s.nX2 an~ RSn,X3 type compou~ds, 

?.1......_ The most in~teresting:. ex~nple is . afforded by R3SnX type comJ;>OUJI:df? 

·~· 

which form various tYPe of. addl,lcts with. L~~is baf:les8 • The.se CQmpOUJl.ds 

~re ~eneraliy penta co-ordinated 54, 5.5 •.. F.or X a Cl, Br, I, Me3snx typ~ 
/ 

J -· - ~2 - -are usually" tetrahedr.al but for X = c-104 , F , co3 , BF 4 , N03 , 

.AsF6, -ocon, ·the compounds· are ftve gp-ord.inate- about tin where tne 

·anions are probably ei t~er bridging or chelate type 5 6, S'J. R
3

SpX 

and H2snX2 com?c~nas can form organotia cnela~es with chelatiag 

agen:te~ ·viz. a7 hydrc)xy .quinoline5 8, 59, . ace·tyl acetol'l~ 60 ' 61 , 1, 10-
. s1 61 . 

phenanthroline ' et9, which may be fiVe or six co-ordinated 

compo~os. 

. . 

, . N-subst.ituted -salicylidineintina~o ~rialkyl till derivatives 
I 

have been prepared by the reactio~ of. ·the trialkyl tin chloride 9r 



19 

alko:Xio.es with the corresponding Schi££62 bases •. These complexes 

are.pelieved to contain S-ec-ordinate tin atom.·Trimethyl tin deri~ 

vativ~s of sulphur containing Schiff bases. are also known63. $everal 

triorganotin dithiocarbamates ··of the fonnula R
3

S;r:UJtc (R := Ph, 

n-Bu, Bz, Dtc = n-pr, n-Bu, 2-phenyl, dibenzyl etc - dithiocarbamcltes) 
J .-::: 

have been reported by Srivastava64 .. The quaternary phosphoaiurn cations 
+ . .. 

"b C?Pc~sriMe3 _7 .is also knowa65
• Nitrate complex of organotin (IV) -,. 

. G6 
containing triphenyl phosphine oxide .has been reported.·. 

·A series of triorganotin h~lides, Im'SnBr(e-N), and a series 

·of .tet~aorganotin compounds R
3

sn(C-!-'f) have been synthesized8~ in 

which C-N is.either monoanionic 2-Me2NC~H4cH; or novel monoanionic 
. . . ~ 1 13 

2-Me2N.C6 H4CH(SiMe
3

) • H al'l.d. C NMR data indicate tha:t the tift 

center in.the R
3

Sn(C-N) compo~ds is tetra coordinate whereas the 

i, tin.atom in the RR'SnBr(C-N) derivati~~s· is penta coordinate as a 

result of intramolecular Sn-N coordina.tion. Penta coordination in a 
/ 

trigonal bipyramidal manner with axi~l N and Br atoms haa almo been ... - . 

established .by the x-ray struc·ture deterJI·ination of L2"'."Me2~c6H4CH ··,. . 

The existence of an equilibriHF in solu1;:.io~ between two 

possible situ~tions i.e. 'with an.d wi'thout int;-~olecular S{l::Y 

. ~: coordination (A and. B. respectively) could be monito.r;ed i~ many cases 
. ' . . . . 1 

by following the temperature dependence of tl}e H NMR patterns of 

prochiral groupings· pre_Sent in t~e. comp~unds e.g. the ~.~~ an~ NM92 
i 

groups. 
. ' 

' 
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c?nfigurational _stability of. ~riorg~_notip · ha~.ides is.· the ·steric. 

bul.ki~essi ._the hete.roat~m-cont~iping\irc-'~p ·represents whe_n it is~ . 
'not coordi~ated haa·:~een· 'expl~:i·rt~~·~.-- I~ ~n~ c~inp-are$ the s~ei:e~~hemistcy 

~ ..... _-.-.~ _·>. _.: ~. . .... ·._ ... '.• . -::: · ... :. :·: ' .. ~~ ·_.- · .. ·:·· .. __ ~.·"·· _- ' . •·. . . . . : 

of the.~c;oordinate.<l".and: .non -cborC,.inated::·situatiohs A and ·13 _respectively 

fo~·com?.oUnd~l:and 2, bot~-_hav~.n~::'~~-~-:-sp2· c-ato~s in the·:£lve ··: 
. . -~ - . . . . ,. 

-~embet-e·d chelat-e rin9,.-'one'··~-6me~:-::t:6:_:~~~·.c:onclusio~ that--the non . 

. ..... ::· -~-~ord.i:nated.-Q_cH(Z)NMe 2 ·_s~_~t~~ll~~-~-:r~p-r:esents 0 gro~p .w'i:th cons~derable 
7 ... ', • -. .• ' -. • ., " ' • ·• ,: ..... ~- ' ~ • --~ : ~- .: • . . '.- ' ' • ' • ' 

··· · steric bulk-iness. 'This bulki.nesf? 'destabi~izes situati9n B -with respect 
-- -· ,« .. . ', ' -: . .-- '., . ·, . ' ' , '\· •' ' - ' 

-to. tlie:. f.ive~qo~r:dinate- situ9tio~ .. A•· ~,]:~ :1:ne latter situation this 
'; ' ; ' . -. . ., ·:·· • .. / ' ' ~ . ·. : -~- . 

. ' ~- , - ·. 

-.' · bulki~ess has .been, completely remo_vecf by _tile 'sn~N .coqrdiRatic)i1. 
. ... ;': .i-. ~ ·. ' -~ . : ;. : ·,; .. ' .. ·. 

__ :~- . ·_ ·. -- · · · -, · ::-An ·.x-ray .. cryst.ai _-s~ruct~e:·aetE}i·on,i.~atiOJ\ -~~; one dias:tereomer, 

.-. · · . i.e.' C2-;Me2Nc6~4GH'(si~3 )S~t1~PbB~· --?' -h:~ ~e~n: .P~~-~ribed• . . 

·_,, .· 
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R ::r R' or R :;/ R 1 

3: Z ::r H 

~;z.::r SiMe
3 

The structure shows tliat the chelate ring conformation is such that , .. ,. 

:tt places the bulky Me3Si su,bstituent both out of the pl~~ of the 

.·aryl ring and. futh~rmore, · at the side: qf the les~ bulky me.thyl 

'ligand. It is suggested that the unusu~l· high configurational 

stab~lity of the RR'S.nB:r(C-N) coipounds arises from the rigidity of 

the2-M.e2Nc6ri4cH(Z)..; ligand whicl1 holds the 2-.Me2N group in close 

:f..__ proxim.:Lty of. the tia .centre •. If Z is the· bulky SiMe3 group .also,. the 

·.~ 

_snR2Br groupiDg is locked in a fixed position with .respect to the 

N ·donor si'!:e., ·. 

The penta co-ordinated orgi:!-notin o.omplexe& may be classified 

into three groups: 

i) Type - I 

to 

/ 

)\ddition complexes, in which ·a.donor molecule is coordinated 

R
3
SnX_molecule to give a trigonal bipyramidal arrangement. 

.•, ·X c, .Y··· 
_A"'sn-c 

cv t ... 
. D 

TyPe .I 

.. 
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.~ 

In these complexes, R~groups occupy the equitorial positions 
' 

while the electronegative g~oup X and the ligand occupy the axial 

.position as would be expected from the isovaient hybridisatioa 

principle. A well lmown example of this st;ructure is the 1:1 addition 

COJT!POund of (CH3 )3snCl and pyridine. 

i~) Type - II ·,, 

.Organotin ·compiexes derived from chelating agents, e. g., 

8-hydt:oxy quinolin~, acetylacetcne, .·1,10-phenanthroline etc., a~ 

. generally intrarnolecularly coordinated. c.::u) 

. X . 

R'----1~ 
R--sr~y 

'R 

Txpe - ~I 

Large number of such·complexes have been synthesised and 

studied. Structural studies using X•ray cry~tallography nave al~o 

been reported in many cases.·· 

·Am X-ray study was reported for (triphenyltia 1,3-diphenyl-. 

propion~te) triphenyl:tin which estal:>l~shed the· occurrence of penta 

co-ordination as a result of intrawolecular co-ordination with the 

100 
li·gand spanniag axial equatoria;l sets • 



\ 

'\' 

14 

iii) Type -· III. 

In contrast to the intramolecularly.coordinated organotin 

complexes (type II), the intermolecularly coordinated compounas 

are· more abundant in organotin chen:istry. In this case, a polymeric 

.struct~re ~formed by briaging of an anionic g~ou~ to the tin atom 

from either s.;i.de of the plane of R groups (III). 

R R o 

., I· . I 
-- '>.- Sn-x-L.----->)1} Sn~x---· ~) Sn-x-., ~> 

rf ""R r/ "'R ~/ ~ 
Type- III 

The intermolecular associated form of 2•(tri-n-butyl stanny.l) 

t~trazoles67 in .benzene and chloroform is well Jm.Own • 
.' 

The first anionic five co-ordinated_ tin compounds coatainiag 
68 . . 

saturated. ring~ has been reported · to be formed from the reaction 

.of Rsncl3 and Et4N+Cl- with sodium ethane-1, 2-dithiolate and from 

the ~artial hydro+ysis of bis (ethane-1, 2-dithiolato) tin in the 

presence of an ~ine base. x-ray analysis. of the aew stanna~es and the 
. . I 

distannates showed that the geometry of the former in terms of 

distortions from a square or recta.rigular. pyramid, while ge.ornetry of 

the ,la~ter more clos~ly_ approaches· a .trigonal bypyramid. · 

' 68 v.e..- . . 
The authors . haf> reported e~rlier the synthesis aad ~-ray 

study of the first tin coropound having a discrete square-pyramidal 

·.r 

"· 

'I 

I 
.\ 
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geometry. The compound was a .spirocyclic derivative that resulted .. 
·V . 

from the reaction of bis (toluene.:.3. 4-dithiolato) tin (IV) with ·>t::: 

(CH
3

) 
4
N+Cl- at room temperature. -

III 

The first example of polytopal dominaace of ~quare pyramidal 

geometry in organotin penta coordinatfoa· z crystal structure of 

tribe~zyl (2-thiolato pyridine-N-oxiqe) tin (IV). has been reporteC:i118• 

The ·co'ordination geometry about .the central atom in monomeric 

tribenzyl C2~thiolato pyrt"dine-N•oxide) tin (IV) is a unique SCitJ:a.re 
. ' 

pyramidi wi~h. one benzyl carbon atom occupying the apical positioa 

and the base plane containing· the other two benzyl carbon atoms 

along with the oxygen and sulfur atoms of'the chelating ligandi the· 

tin atbm is displaced_out of the-basal. plane in· the direction of 

' 0 " 
the apical carbon atom by 0.64(1) A• 

Many N-substi tuted N- (triphenyl staniiyl) .cyanamides have been 

reported and the tin in these complexes is shown to have a co-ordina-
' 69 

tion No;> :4 by means of I~ and Mossbauer Spectroscopy • 

. 107473 

") 

·. ' 
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· · .. ·several organoti,m (IV). complexes with _quadri · and .. t.etradentate · 

anionic Schif.f· ·.base ·.ligands _have been· prep~ed and: ,investigated .in 
' . . 

the solid ~t-ate70 , 71• · Mo~sbaue~ paz:-a.Jlieters derived froin both zero . :.' ..... : . . . . ' - . . . . . . -' ... -.:. . . . . . ., .. ·.- . . · .. ' . . * 
. ·field ~d ma_cji).~tical~y· pertu~~ed'_· spectra su,ggest that the R2Sn·(SaleJ!) . , 

'. 

.· . - ... ·. . ,' ' :_ . ' -' ': .- . "**· ' . : - . ·. . 
R c Mel Et,. Ph· and Me2s.n. (Sal:d~~-2-~0Hr.· .. compl~es }lave distorted -

trans ·octaheqral· .stru,ctures~:. Howe~r ·i~- Ph2sr1 (H-SaldaP-~--0) _the ligaad 
- ' . . ·. ' '•'. . . . 

awear .to be. 9nly terd~nta:te . .leadi~g t.o' a ·.penta- :co-ordinate structure 

. si_mil~. ·to·- those_-~_£ ~-the R2sn'(~al-~N~2~0C6H4 ) de.r:f,vat'ive~ .(R = Ph, Me). 
-:. 

· . The MC?s~bauer parameter,~-. are-- giv~n iD table 2. · 

-. · compound · 

.· CF:sC~-GO) (CN~NSJ!lPll3. 

C~OC(O) (o;JJNSn~h3 
.. :... : 

POSb2 {~~NSn~h3 

MeC(O)(CN)~SnPh3 . . . 

··,. 

'. 

I . 

~~-------~~------· 

..... 

• .. ~ : 

'- ,-_. 

Table 2 

. ·~. . '(' -·o· . 

-~ '1•', 55 
." ... • 

-1.07 
.. ' .. - .. 

. :~' . 

. . -.· ·.· 

··.·.-

~E/S 

4.54 4.24 -

4.~3. 

2.73 ·. 

* ~2~alen-.~, N • ethylene· bi s_ (S a~ic;yl-a1d:tmil'le) ... 
,. . 

. ** _ ~-Saldap-.2~0H;_N,N 1; (2~hy~o~y· ti-i~~ih:YJene)l;>is <-s~l-:f,.cylald£m.ine) ·~ • 
. . . . .. . ~ 

.. ~ 

.., •J' 

..... 
,• •• !, •• 

'·,·· - ".. .... 

·, .· 

. ( 

··' 
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. Orgariotin c<;)rnplexes :of strongl\ -aciqs of. :the. :tY-Pe. ,Mf!
3

SaTCNQ ~ 

~~P2Sn.?'C~Q; ·_MeCP2~n•nTCNE (~a '1,2) ~and 5~4-.T~!'THF_ ·{X::: Cl, 

Br) ?2.. haY:e be:e~ p~p~ed ·. (TcNQ _.=· Tet~a cyan()-p.~quin.odimethcme, TCNE = 

· . tetracyano ethylene) .• ·The·· infrared. spe~tr.a of .the_ complex· Me
3

sn.TCNQ 

exhibits a single· band. at 5_55 -~m-·.1 in :the' tin-cari?on stretching 

region whic;h. is as·si·~ine.d to the. 'anti~-symmetric JnOde ·Of ·a planar 

Me_3~n moiety, with- brldgJng. TCN,O_ residue.s, resulting in a trigonal 
. ,.. . ; . ' . " ~ 

· .bipyramidal configuration at _'~he tin·. The ·intense colouration· of the 

,compound is. ihdicat~ve of. the form~tion ·of (TCNCf>- rad.:(.~ai anion on 

:~ompl~x~tion. ·The ~omplex· is there_fo~~- best represented by the 

· ,~-an:onical foJ:m _(Me
3
snrt-. (TC~~,-~- an~· __ .thu~· prov.id~:fs the· first exainple .. 

of an ":i."s_olable par~agnetic organc>tin: comple_x .• ' 
.. 

Exanple of. a -~ompound·.~ontairting o~g~ottn ·(II). and organotia 

. ( ;rV) in one J110le,; le, ( Me3s~ lV ~5H5 J2s,.;II • has · also been ~ported 73• A 
. " ·,·. 

-~lat. scn1dwicn t:YPe c_ompo~d, ;:.de.caphe.py~dicycio;Peatadiemy~~tannoce~e, 
_i!l'V'Olving t.il'l (II) st:;,'ctQ.re ("~S .... '<~6H5~ S~!; J 2sn II has been ·. . 

J;ep~~ed 74 •. The triorgan~tia·.q~rivatiye~ 9~ N~~yl.-hyq~oxyl~~e 
·e~g~. ·Me3S~ C.~<Ph)So2c6H4CH~' ·_7,_ .(CH]j 3s~. _C,'ON(Ph)C~J?h.;7, · · 

. . ' -· . 

.Me3 ~n ·z-oo<~Jcot-1e .... 7 h~ve· been !lrepareQ.. The presencE!' of a se~c>nd .. 

. . qo~o:r;.· s·ite, i~ ·th~ N~acylhy~~~ylfuliine .. ligand·perrtlitS 'its pot~nt_i,al. 
·;.~ . . ' - . ,· . .• . '. : ' . ' 

·. _functio~ or a unidentc;tte or ·a. chel~tin.g bidentate ligand, thus~ giving'' 

rise to-,'the possible' four c'~qrdi~ated ~troctl,lre ov) or ::the two 
. . . '~._ ., .... ' .. ··75 _::.. . ' / 

5-co~ordinated structure (:V) and (VI) . · ~- . " .. 
;, .. 

. f • . 

.·. .. "- ·,· 
•• j' • 

·.; 

,·· '.' 

. ' 
·' 
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Triorganotin dialkyl thi.ophosphates; (Ro)
2

P(=S)SSnR'• {R == Et, 
. 3 

i-Pr, n-Pr or Ph and R1 == Me, ·Et, Bu or Ph) have been· prepared76. An 

ester type structure has bE'en proposed for these .compounds. 

s II i. 
(Ro)

2
p-...;..._ __ s ----sn-· -R• 

I. 
R• 

Type- VII . 

works on oxy and thio phosphorc..us. _acid derivatives of tin­

~trpctural c;:ontrast~ bas been reported by Molloy ~~ a177 • 

The contrast between the chelating of tne dithiopho~horus 
:i:. . acid. groups and the bridging or the corre·sponding oxygenated ligands 

·~ ., 

·.· 77 . .. 
has beefl: reported , where. it has been.-rationaliz~d on 'bio counts~· 

'"0 
Firstly the- sn-0 bond is at least o.2A shorter than the corresponding 

sa-s bond. Thus when chelation occurs, the. angular strain within.the 

re8ulting four-membered SnE 2P (E == o;s) heterocycle is. greater for 

oxygen; renderj_ng chelation less favourable. 'The relative electro­

negativities of C(2.-50), S(2.44). and_0(3.50) underlie the second 

rationale. In a trigonal bipyramid, for·exarrple, compe~itian between 

carbon and sulfur for p- or S•dominated _orbital~ bn tin will be 

negligible• .Conversely~ ·the increased electronegativity ~f oxy_gen 

ove;r carbon directs. it into the axial position of the trigonal 

bipyramid with the· ligand unable to span both ~ial.sites in the same 

molecule bridging was obse-rved. . ) . 
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The initial ESR spectra observed for the reactions of o­

qui:aome with R3snsnR.3 are analogO'!J.S to the signals of tin containing­

semiquinones formed according t9 the reaction. 

Eqn.~) 

+ N~~l. 

,. 

From the reaction of pyridi.ne N-oxide with nitratotriphenyl t~a 

i~· dry acetoae under nitrogenJ two types of crysta.y~ belonging to the 

monoclinic and .triclinic systern, rc~spectively and· havimg ,same 
. / 

csn(C6H5)3 CN03) (CsHsNO) ._7 stoichiometry has been reportea' 8• 

Moreover, . a molecular adduct of Nitratophenyl tin with trip.henyl·.arsenic 

. oxide Csn(c6H5 )3 (N03 ) Cc6H5 ) 3As0 _7 has also been synthesised., The 

co-o~dination ~o~t tin is bipyramidal with phenyl ring in the equa­

torial and oxygenated ligands in. the .axial· po~itions '1'·. 
' . 

In.· cases where the ani·onic grcups have no co-ordinating· 

sites e.g. B(c6H5 ) 4 .' two molecules of a mono~anionic Lewis base viz., 

water ·can occupy the. co-ordination sphere,· giving a planar snc3 

arrangement with a pent a co-ordinated tin atom (TypeVII I). 

. ' 
·' 

. I 
I 
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c 

D Sn D 

1\ 
c e 

Type 'VIII 

·Intramolecular .coordination ofte.n. results in roany interesting 

·struc:tural variations .when t?e X group in R3SnX beiongs to a 
. . . . 

chelating l.igand~ ·.Such l!Jtructures may be schematically represented 

as shown below {Type IX). 

Type IX 

Crystal structure of;tribenzyl (2-pyridinethiolato-N-oxide) 
. . 

tin. (IV) : a rare example of square pyramidal organotin (IV) compound . . . 

. d119 has been reporte • . 

. . 

Tribenzyl (2-pyr:j..dinethiolato-N~oxide )tin {IV), 

f(C
6

H
5

CH
2 

)
3

Sn (2-SC
5

H4NO) _7,. crystallizes in .space group Pl, with 

·,r 

I 
• I 
'· ' 

.I 

. I 
I 
I 
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a 9.169(_ , b ; 0.498(3)·, c 13.511(4) A,c(91. __ 54(2),p 104.61-(2), 
. 0 y 112. 4S· , '"') and_ Z = 2. The structure has been refined- to R = 0. 028 

using 4593 observed MO-I~-reflections. The molecule ado);lts a configura• 

·. tion displaced 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 carboni't7onisof two bepzyl grcups L.sn-02.261(2), sn;.;.s 2.577(1), 
. . . '9 ' . . 

Sn~c 2.189'(3), 2.196(3)A.;._7. The apical:.tin-carbon bond rsn-c 2.167(3) 
0 . . 
A_7 is shorter than the other two tin-carbpn bonds. The tin atom 

. . 0 
is placed 0.64(1)A from the basal plane. in the direction of the apical 

. . 0 
ci:u:bon C sum of the basal angles = 341.7 ('4) and the c apical - sn 

L bas~I'-angles are In. range 100•1(1)-110;.1(1) 0
• 

The unusual geometry of triberizyl (2.;..pyridiriethiolato-N-

;J,..,_ oxide.r tin (IV) provides the first example of polyt9pal dominance 

~-

of th~ sqUare 'pyra.roidal ccinfi~ration in penta coordinated organotin 

compounds. --

In contrast to the.penta co-ordinated triorganotin compoun~s, 

ex~les of 9-qoordinate triorganotin compounds are very~w. T~e 
Mossbauer recoil free fraction and structure bf triorganotin aryl­

a!. aiobenzoates has been reported • Spectral ·and other studies inc3icate 

some of these to be 6-coordinated triorganotin compounds• 

I 

The synthesis and_X-ray structure~ of Tris(pYrazolyl)borate 

(Tr.i,methyl)tin : A six coordinate Trialkyltim complex h~s been 

120 reported • 

. ' 
·' 
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Reaction between Me 3snCl and K~HB(PZ) 3 _7 (PZ ~ 1-pyrazolyl, 

C3H)N2 ) affords LHB(PZ) 3 _7 SnMe3' which was showil Qy a full x-ray 

structure determination {T~igonal space group PG, a= b =11.722(3) 
. o· . 

C ~ B.211(2)A, Y = 120°, z = 2> to ·contain six coordinate tin bonded 

to three methyl groups and to three p~razolyl groups.· 

H l-f. 
·/B,_ . 

'/ / ~ . 

-011Ji ·. JQ\ . 
N~N- Nw .. 
. \J/' 

·IV 

The infrared and mass J:~pectra of HB(pz))SnMe, were fully_consistent 
1 -· 

with the assumed formulation and the H NMR spectra showed that all 
• >v • 0 .. . 

three pyrazolyl rings were eqtiivalent beeween-60 and +30 c, suggesting 
. . , 

that all three were coordinated to the tip atom, or that rapid 
. . 

, exchange of the rings of a partially co-ordinated ligand was occurring. 

1'·. 
The invariance of the H NMR spectrurr of HB(pz)3SnMe3 over the 

:t 0 . 
range·- 60 to +30.C suggests that a six coordinate structure with 

equi'vai.ent pyra.zolyl rings is maintained in solution, althoygh a 
. . . 

lower coordination system with rapid exchange of rings cannot be 
- l .-.' 

ruled out. 
r - :· _~)!-::·. -~ '- # •• 

/ . Skew-trapezoidal bipyrarnidal · diorganotin ( ~V) bis .. chelates. 

c~stal structure o~ dime.thyl.:.bis ( 2:_pyridi~~thic;>lato.:N:~id.~) tin (IV) 
.. . . 121 

has been reported • 

") 
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'Dimethyl bis (2-pyridinethiolato-N-o~ide)tin (IV), 

Me 2sn(2-SPy0) 2 , crystallizes in sp~~e group P2
1
/c wit~ a 9.877(3), 

b 11 .• 980(4), C 13.,577(3)~, l3 109.1(2) 0 and Z· :::a·4. The structure was 

refined to Rjr = o .• 036 £or 2263 MO-KoC observed reflections. 

The coordination geometry at tin is a Skew-tra~ezoioal 
0 

bipyramid, w·ith the oxygen rsn-0 2.3_56(3), 2.410(4) A_7 _and sulphur 
0 .. 

f:sn-,s 2.536(1), 2•~66(1) A J atoms of the chelating groups occupying 

the ·trapezoidal plane and the methyl groups rsn-C 2.106.(6), 2.128(7) 
0 ·. .. . 

A_7 occ~pying the apical positions. The methyl-tin-methyl skeleton 

is bent.Cc ... s_n:...c 138.9(2) 0 ._7. The· s-sn-s _angle is,77.8(1) 0
,_ but the 

. . . . . . 

o..:.sn-O.angle is· opened to 136.7(1)
0 

to accommodate the intruding . . . 

methyl groups.· The carbon-tin~carbon angles predicted from quadrupo~e 

119m · · · · . · 119 13 · 
splitting ( Sn Mossbauer) and one-bond ... sa C coupling constant 

J.-- (solutio:a 13c NMR) "data agree erosely with the exper~mental val'Qe •. 

\ 

In the ide;3.lized case of a six coordinated .d.;Lorganotin bis-
. .. 

. . . / 0 0 
chelate the carbon-tin-carbon angle i~ 90 · for the cis and 180 for the· 

. 0 . . 
trans isomer. The angle of 138.9{2) found for the title compouad is 

close tq the average of the two extremes. 

-The geometry of the co-ordination polyhedron around the till 

in -~ 2s:a (2-SPyo{
2
is be.st described as ·a Skew~trapezoidal biprramid 

{STB). A schematic representat:ion of this is shown in Fig. 

/ 

'\.I 

I 
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The. first X-ray c:;:rystal structure of a diorganotin dicarboxylate 

as well .as the.;first x..;+ay structural study of a 7-coordinate organotin 

anion, ~ .diorganotin 'tricarboxylate ·.hafl also been reported1.22 • 

. The X-ray crystal and molecul-ar s~r,ucture of Me
2
sn (0Ac) 2 has 

·12~ 
been reporte~ · · and· cqmpared with _previous predictions based on ot:qer 

structural methods. The rrol~cule is found to ·be monomeric aad 6 - · 

coordinate at tin in. ~he solid stat~.- The Me-Sn-Me: angle of 135.9 (2) 0 · 

is ·in .close agre_ement with_ the value predicted from solid-state and 

solution NMR studies. 

The most striking result of this study is the discovery that 

_ 6-coordiriate .Me
2

Sn ( OAc) 
2 

is capable ·of adding a third acetate group, 

·giving rise 

7. ,Solution 

to a diorganotin (IV) anion with a coordination nuni:>er of· 

. . - + 
aad solid-state NMR data ~or ~2sn(OAc) 3 'NMe4 provide 

J evide.nce that the. complex is thermodynamically st;,abl,e .tn sol'ution rela­

tive to di.ssociatiqri and indicate that1 in· add.;L ~ion to the well . 

cha~acterized penta ~ubstituted di~ and·triorganotin (IV) halide 

-~ 
\ 

anions~ organotin (r!) compounds b~~,ing other, ·less strongly electron 

withdrawing liga~ds can_giye rise to st~l~,_ !salable anionic complexes. 
I 

.. ! 

I 

' ! ', : 
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... 
A clear implication of the results obtained for the reaction of 

. . + -
Me 2Sn(OAc) 2 with NMe 40Ac is that nucleophilic substitution reactions . . 

Gf even 5- and 6- COOrdinate tin compounds can, and may frequently, 

prpceed by associ.ative mechanisms involving anionic tin iatermediates 

of high coordination number. Such mechanisms may in fact be the rule for 

many industrially import~nt reactions catalyzed by diorganotin dicarxoy­

lates. 

It has been reportea123 that an analysis of x~ray.data for 

seventeen polymeric triorganotin (IV) carboxylates gives a repeat 
0 

distance ·of· 5 11 19 ± o. 21 A for the. carboxylfite-bridg:ed R3sno.c (O}R' 

un'it that defines the crystal lattice. The repeat distance is .insensitive 
' '• a • ' • 

to· the. organi.c · subs.titu.:;nts on· either the tin. or carboxylate group. 

Tricyclohexyltin acet~te and tricycilohexyltin trifluoroacetate are 

J-· · reclassified as weakly associated polymers. 

X 1 120.0 
In. the. cyrstal lattice, .the Sl'l-0-(;:: angle .is. general Y 

· U 1 / 124 
bu the c-o-sn angle can open up to acqomrrtodate rnore bulky R' g+oups .·cr.· 

I ).Sn' 

1. 
- ·~· 

i 

r-,· vx 
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The reaction c;>f dicyclopenta-diethyi. tin .and. bi·s- {merthyl. 

cycl·o-pen:tadienyl) tin with some boron, ai~initim trihalides give 

complexes .of the . ~omposi tion S.3 •. 

. :-.-.; 

27 

. T~e ·addition of ai·cyclopent~dien:ylti.n to THF. so],.ution of the 

comp~exes. M(COJ5THF (M ~ Cr,. Mo, ~) .prod~ces· complexesS4 : 

. · . . ' . ' 

- · .·R
2

SD ·i M,(CO)S .{where R = c
5

H
5

,, ·M··=-· ·cr·, -_b-16, .W),- R = MeC
5

H
4

, 
. . 

. M_ a, Cr, · W. TJ?e·. evidenc~ for cis-Bis (2, 4..:pentanedioaates) dimethyl 
. . 

tin (IV) ·has been foUnd in ~olu~io~85.~ · · · ·. · . · · 

. As a re_sul t ·of tl'le enhanced re·ac;t~ vity Of· the endocycliC 'tiD­

ca'~oJi bond, .1, 1, dimethyi-.1-stannacyclopentane (DMSO.S) readily 

' underg~·~ . ripg. ex:pansion'· react; ions .wi t.n .a' variety ·of SubStrates to 

' ·p~oduce new org~otin -het~·rocycles. A. few. e.xamples· of· ring expansion 
. . . . . . •. . . . 86 . · .. · .. ·. ' 

··lnvolving 02'- S·~ so2Fe2 (Co) 9 . -~ .given· 'below . 

·/ . -,_ -

- -~ -

.' . .f 
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In case- of diorganotin derivatives, both penta co-ordinated 

28 

and hexa-coordinated tin compounds have been reported. ·Penta co-ordinated 

tin is observed in dialkyltin dihalide, carboxylates dial~l tin halide 

0xinates and dimethyl {1, 3-dimethyl. triorgaseno) tin balides87 are of 

(type-X} 

-~ 
XR

2
Sn Y 

-~. 
Type-x· 

The 2:1 addition compcn.md of· (C6H5 >-2s~ (NC0)2 . and bipyridine in another 

type of penta.i.co-ord.inated di;..organotin st.ructure of {type -XIJ. 

Type-XI 

Infrared· spectro"scopic investigations hciVe shown that the 

addition compoUJids. of R2snx:2 (X = halogen) and monodentate an:ines in 

1:2 rr.ole ratio ar.bidentate amine in 1:1 mole.ratio are of the(type-

xrn. 

·.r 

~ I 
'· I 

! 
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Many di- organot"in bis(chelates) have been isolatea54,5~,$!7,~7 

and found to contain hexa co-ordinated tin atom. Some representative 

compounds are acetylacetonates, oxi:qates .fil.I1d carboxylates. The alkyl 

group .in. these· compound:s exists predomi;nqptly in th~ trans~ppsit~oa 

(Type-~II). 

,. 
c 

.r-\~/ 
X· . Sn · Y 

"'--/'~ 
e .. 

Type XIII 

For- .diorganot in dioxinates suoh a cv.aventional octahedral . J 

stru~ture is,. however, far frorr correct as x-ray· investigat.;ion of 

dimethyl 0 tin dioxinate shows this rrolecule may be interpreted in terms 

3 ot distorted tetrahedron formed through 3~qe~tre.bonds ·involving sp-
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orbital of the tin atom and the valence orbitals of the donor atoms 
' ' 90 

(oxygen and nitrogen) of the oxinate group · • 

} -2 The most asymmetric species is the (CH3 2snX4 ·anion 

··(X= F, Cl, NCS) where the structure is represented by typeXIV. TQbias 
-2 

et al have shown that there are analogous species ~(cH3 > 2sn(OH) 4 ~ 
as well as cationic hydrated species· ih aqueous solution of dimethyl 

. , 91-93 . tin compounds · • 

. c 

c 

/ 

Type XIV 

An analysis of IR spectra in the 
. . I f 

' -1 
1200-900 ·em of the compqunds of 

. ' ' ~ 

= R" = H or Me ) hav-e- been used to the .type. n-Bu2SnCH2 CHR.1 CHR11 0 (R 1 

94 
distinguish betwe_en monomers, co-ordination dimers and cyclic polymers. 
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Monomer Co-ordination dimer 
True dimer 

VII. 1 ~ . 
Polymers 

Reports on mono organotin compounds indicate that some of these 

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

HOWever litt+e work has been done on their detailed configurations; 
. .. 95 . 96 

Mono-9rganot;in. halide bis .. acetylacetonates . and bis-oxinates as 

well as the addition compounds of formula Rsn.x2 .2D
97 

are examplesof 

6-co-ordinated tin compounds • 

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

·98 
~allaoium (II) ions give two mono· organotin complexes • 

(P-5)• 
·L c2H

5
SnPd ( OH) P _7 ' 

and 

. \ 
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Tl- ?.imeric tetraalkyl distannoxanea 53 (XR
2
snosn.R

2
x>

2 
and 

(XR2Sn0SnR2 0H) 2 are unique be~ause'· they are _believed_ to contain both 

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

. ?-S11--:-X · 
X-Sn ,. I . . .. R2 

R2 

.. ·Q __ ... Sn-OH 

x-· 5( J. 
.j . R2. 
R 2. 

/ 

Type..:xv. Type-XVI 

A hepta-co-ordinated tin is observed in _phenyl tin tris (tropolonate) 
- ........ 

'and probably in mono organo tin tris (carboxylates) ~ 
. . 

... The ~omplex compound ?-(acac)?CRsn (bCH3 >.::72 obtained by partial 
- . 5~ 

alcoholysis from RXSn(~cac) 2 · is ·unique. in that it contain~ two 
. " 

briding methoxy. gr· ups forming a four membered Sn-0 ring as shown in 

structure <X v :tr) • 

'. 
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Type'- XVII 

. The mono-, cii .... and tri~ organotin compounds generally exhibit· 
. 

a co-ordination number from 4-6. However, not many organotin compound 
. ,-)( 

have been found t·o possess hepta-co-ordinated tin, the geometry of 

which ·is expected to be pentagonal bip:y"rarnical one. Phenyl tin tris-
99 ._. 

tropolonate has_ been reported to ~e mQnomeric in methylene chlorice, 

suggesting a seven-- qo-;.ordination ar:ound the tin. P. G. Harri-so~i~~,b 75 
. . . 

- ' 

have concluded from UV,· NMR and IR .data that n-butyl tin tris-oxinate 

may have 7-co-urd.i.nated tin atom.· Ruddick and Sams101 , from Nossbauer 

spectro&copy, determined the co-ordination numbei around tin in 

BuSn(OX)J which i~ consistent with S~Ven· cO.:.ordination, with three 

equivalent b~dentate oxi~e groups~ A new structural interpretatioA02 , 

based on solid-state and solution 13c NMR: data for Me2Sn (OAC )2 w'as 

put forth _for diorganotin c1i-carboxylates. The first X-ray structural 

study ot a 7-coorc'Unate organotin an:f_on, ~ diorganotin tri-carboxylate 
' .. . - . 122 

·~- has been reported • 

The structure of polymeric mono-organo-stannoic acids and 
. ,. ·-· "~ 

the crystal·· st.t:Uctures of. their carboxylate derivatives .ha; been 

.: .. 103,104 1 reported where it has been shown that po ymeric tin compounds 

are most likely to show a Mossbauer effect at ambient· temperature. 
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·The ·synthesis and X-ray c.rystal struct~ of n~ame.J;ic phenyl tin 

oxycyclohexan~carboxylate, ~PhSn(9)o2cc6H1 1 _76 has been re~orted10~ • 

The x-ray characterisation. shows tin (IV) present. in· a new structural 

environment appearing as a drum shaped molecule containing hexa 

coordinated tin atoms. 

The synthesis of hexamE".'ric n~butyloxotin benzoate 

Cn-D~Sn (o)o2cc6H4Nq2-2 _7 6 . ."3c6H6 a~td the dimeric methyloxotin ~ 

cyclohexanoate, L(MeSn(O)o2cc6H11 ) 2MeSn(o2cc6H11 )
3 

_7 by co~densing 

the stanpoic acid with the respective carboxylic acid as well as 

sy'nthesis· of ¢limeric n-butyloxotin·carboxy~ate, b:y reacting·n~butrltin 

·trichloride w'ith the silver salt of ·the r~Sspective carboxylic acid 
J~ . . . 

. . 106 
have bee·n reported ·· • Th~se substances, . as found 1:?¥ x~ray analysis, 

form a pew structural class of org~otin compounds having "unfol:ded 

drum11 or 11 latlcer11 .structures. 

Fonnation. of distanrioxane rings seems to be. an int~gral 
/ 107 component of .hydrolysis products of mai_ly O'rganotin compound • For 

exam,p~e, monoalkyltin halides hyp~olyze to give distannoxanes- of the ~~ 

VIII 
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wheJ;eas diorganotiR. halides give dimeric distannoxan.es .as. end pr()ducts. 

These possess 11 ladderi,lO'l-1<l9 or "stair case 11 llO,lli_ s·tructures. Here 

the tin atoms are penta-coordinated. 

. R R R R 

. ~. 1/ 1/ 
et~sn o---. Sn·---x :·· 

.IX 

where X •· Cl, OH 

R a _Ph, ·alkyl 

The .synthesis of a solub~e drum compo~mda containing 

cyclopent~e ~its, f""n-DuSn(O)o2cc5H9 _76.c6H6 'and the fo~ation of 
; . . 

a nov~l-chloro deriva~ive f: (n-BuSn(O)_o2cPh).2 (n-nusri(cl) (02CPh) 2 _72 
having "ladder" or 11 open drum" structures has been reportea11 ~. . . ',. . . . . 

Interconversion of the drum·~d ladder· structures has been established 

. ' 
·' 



in sol uti on by '119sn NMR along with a possible mechanism 

of a.ladder to a drum formulation has been reported11 ~. 

36 

of hydrolysis 

h 
. 112. . . . 

C andrasekhar et al employed a variation of the original 
113 . 

~action by Lambourne in explp.J:ipg condensq.tion products leading to 

the drum composition as ~ell as to a mixed oxocarboxylate~tricarboxylate 

formulation,. L(R'Sn) {O)o
2
cR}2R 1 Sn(o2CR)

3 
-_72 • Tqe latter·was identi-

. . . . . . 106 
fied as having an unfolded drum or ladder ·structure • The re.actiom 

' . ' 

consists. 'of a condensation of an organostannanOic acid with a 

cqrboxylic acid. 

The stannoic acids are infusible p~ders fgr which a polymeric 
. . ' . . 114',1'15 

structure (X)_ have· been. proposed . .• For the pari:;.,i.ally dehydrated 

. 116 
material structure (lXI> has been· proposed by Platt et a1 • 

X 
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In both 00 and (XD, tin atom is 4-co-ordinated ancl is enclosed 

within the tetrahedra formed by the three oxygen atoms and the organic 

group R. 

From the values of quadrupole splitting (EQ = 1.29-1.83 rnn/sec) . 
117 in organo stannoic acids Davies et al · · have suggested a tetrahedral 

geometry at tin, though the possibility of association has not been 

completely excluded •. The iso~er shift ~alue <b= 0.40-0.78 rrun/sec) 

are ·very.small because of the very low 'S' electrcn density at the tin 

atom res:Ul ting ·from electron· attraction by. the surrounding oxygens. 

\' 
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·I IA. Introduction 

As the present work is a study on the reactions of azo-

phcnc:x:y con pounds with organotin compounds,. it is d:esi rahle that 

a brief review 9£ the chemistry of organotin alkoxides· and-related 
' ' . 

. ccmpounds be presented to make the· reader familiar with the wide 

variety of alkoxides, phenoxides and related compounds and their 
' ' 

reactions ;_:md structures so. that a proper assessment of the present 

work may be made. 

;riBe Organotin alkoxides. · 

The sirr.ple organotin alJwxides ~d phenoxides are usually 

prepared by' nucleophi~ic substitution_ by an alcohol or its metal 

derivatives at a tin centre Ceq.uat~on (1). (M = H, Na etc. _7. The 

'»-' best established method is that in whi.ch an organot'in halide is 
'\ 

-~-
1 ' 

treated with the sodium .alkoxide, often in the parent alcohol as 

solvent. The sodium chloride which is;. fonned is filtered or centri-

fuged off and the alkoxide is recovered by distillation or 

crystallisati~n ~e.g. eqn. (3) _7 • 

. ~ '--.. ·0f_ -~M+ 
M __,.._ OR -Sn-X ---7.., '.·< -- + ROsn:;:: + ~: ~J\.(l) 

:.c. 

'Alkoxides can be prepared by reaction between an alcohol 

and an organotin halide in: the presence of a base1 ·or by· a rnetathe-
i 

- ' 2' 3 
~ical·reaction from an alkali-metal alkoxide ~ • 

. ' 
·' 



····, 

. '· 

. _Jl_ 
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R3SnC1 + R' ONa ' > R SnOR 1 + NaCl . 3 

MeONa + Bu
3

SnCl ~ MeOSnBu3 + NaCl· 

. Eq1l· (?.)" 

Ecp\. { 3) 

The alkoxides are sensitive to moisture and carbon dioxide, and 

the filtra~ion has to pe carried out in the absence ·of air, which 

may be tedious if the sodium chloride is finely divided. A more 

conveni"e~t route ~0 tl1e trialkyl tin a:J_koxides, when th~ alcohol 
. 0 

or phenol boils above. about 90 C, is the azeotropie dehydration 

.of a mixture of the appropriate alcohol and bis•{trialkyltin) 

-oxide .in benzene or toluene 4 • 

"(Bu
3
sn) 2o +. 2BuO.c~.c~o~ 

Eqn. {4.) 
! 

The WC!-ter formed can be collecte<;l in a Dean a:nd Stark 

-...... :.Sepa+ator and good yields. are obtained· after one hour1 s boiling· 

under reflux5• Triethylt.:i..n .oxidE! reacts· with acetylenic alcohols 

at :room· teniperature • 

· (Et
3
sn)

2
o + .2HOCR2C~CH:-· __...·...-;· ·~)"· 2Et·

3
snOeCR

2
C§:CH 

+ ~0 

{"'R = H or aikyl J 

. ' ·.· 



If the mixture is heated and water is removed. az~otropically the 

'6 7 product reacts further ' ·• 

(Et3Sn) 2o + 2Et3snQGR2C~CH 

. '·' . 

---~ _ 2Et3sno. CR2c:;:c. SnEt
3 

Trialkyltin· alkoxides· can be obtained in good yields by 

heating. together an o~fde and a dialkyl carbonate5 

50 

If the· alcohol is mo~ volatile, for example if it is methanol then 
I .. - 4 

trialkyltin alkoxide can be obtaine(! conveniently by using dial'k:Yl 

~~ carbon ate. -

+ B~y;~~:~ 

2B!JJ~~9~~ ~~~~~? 

A further process which- avoids filtration is the reaction between 

alkyltin. hydrides and alcohols to giye al~oxides and molecular 
. ~ 

_)-__ hydrogen. This route has been used particularly for prepari~g. 

·~ 
1 

. 8 
cyclic alkoxides • 

/ 
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· Suitab+~ dialkyltin ·coinpquilds wi.th glycols. gl,ve cyclic alkoxide;s 

• .. · .. · '. •• CM<irciip~o'!l(!ol)ols. such as Hf.ICH2 :·cH2~H ;,.;.ct<~imii?,;,ly j . 

. · . 
. '• 

en :::or· 4,5,-6). 
·"·. ' 

~Ref.: io) v' 

·'· 

.. ·. Eqn;(11J 

.· .. 

: : ~ : . 
/ . 

. Although 8o~o:und I, (R = -Bu) _ h~s a .molecutar wei9ht correspond-ing 
. . . . . 

to t~e dimeri~ ·structure shoWnl ·a.·':ntinfuf;!~ .,.of 1, 2~glycols. can ··give· 
• • '•., .. ~ ~-~· '< I ·,, 'o, ·,'.·. ·~·.~~ • • ', • ' 

.-' · .. c"'moriome;-ic cyci1~ _.alkoxi~esl f~g-! ~xample~·.c:oinpounds ·Ir;;.;.zVl0 i 11 
.· ·. ' '. . ·. . . . ·.·.. . . . ' . . '/ (' . . . .· . .· ' . 

,· L ,: ,' 

. ' 

/ ' 
! 

··xf 

, r .. 

~ . . 

' .. :~ · .... - ; ------· 

. III·. 
·, . .. ·· 

·!, ' 

'·. 

... . _ .. 

.··' 

. ,· '. 

.. . ~- ' ' : ' .. 

. . ' . . ·,,. 

.··.·. 
. · .. 

• ~- j 

'• 
'' 

:. .- .· ~ '; .' ' ~ '': ' 

.· . . , 
•' . I, 

. ' 
_<,·''. . : 

. -~ . :rv::· . 
'~ 0 - L ,'_ ,' 

,:, 
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pther: workers.· hav~ suggest~d 'th~~ 4,n" ~olu~ion,- thesf! cyclic compounds 
. . . . . . . . '• . . -

. . . . ·. 10 
. e~ist :·as an equilibrium ndxtur~ of· mt;~nonier and,. dilner . :_ 

.. ' 

Diols are more ·x:eactive to\.,ards.dialkylt.in: oxides. and t,r;iols towards 

. ~lkyl·:_st:annoi~ . acids,. 'than are monohy.dric al.C:o~ols a.Jld' -~e cyclic. 
• ~ • < • • • • 

. ::dialkyltin ·aia:lkoxides _and "mono alkyltiri trialkbxides can' be 
. . . ', ·~ ~- ~ ' ~- . . ·, . ' . . . ~ . - . 

prepared 

by azeotropic dehydration• Sometimes the.productij,from aio~s.lllat 

exist as both .monomers' ~r d~rei"3 ~. IR and NMR. da~a13 . support the 
• ' ' • • - r 

. the .l~rger r.i·ng · (VI). Carbohydrat~$ -react i~ this way to form e~lic . . . . . . . . . . 

· d.i,al_ko~ides~. which are. usefuf .~n- orgard.c ·synthesis. F9r, example 

.m~thyl.;.c(~b .· -gl\it:opY:r~oside g-ives ~ethyl 2, 3, :.-~dib,utylst_annylene-. 
. . . . . ,· . . . . 16 
oC-O~glucopyrp.rioside. ·(V·II) ..• ·:: 

. : ~ ' . . ' . . . . 

I o • '• 

.· . . 0. . : 

. . . . / -E':::I ..l 
. . ·... •. . 'R,t~ . c .J ... 

. /:((0". J> . 
·-f.·-,. c+n )·: ~?. . ·_ 

.. . L ~·" .. 
''_r-: .. ~Q _:· . . ·.: 

.. 

. .... -

,,· ,. 
~. 

'. 

. ( 
•.J 

'J 
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· The:··stannatranes. {VIII) which can be fo~d by ·.azeotropic 
. -..... · .. 

53 . 

··· · · .. · dehydrati~ _oi ~ miXture· of stannoic acid and ~z;j.eth~olamine17 

. ' 

~-

" 

:;\ . . 
,y..._, 

-~ .. I 

. 'have 'att~acte(i' 'a l.ot of attentiQn beca~se Qf; t.he·:ir t.r.iptyc;:h 
. ' . . 

structures~8 and thet~ analogy with .the phys_iolog;Lcally active 

_silattanes~ 

. VIII. 

· Reacti.ons. (4) and (?) .are ·the· _best. for preparing trialey~ti:n 

alkoxic;ies. Under the same conditions:,_ .dialkyltin oXides. react only. 
\ . . . . 

to .. ti;lE!). stage ~£ · th~ .. ~~alkoxy~tet~c;llkyletistanno~ane_s R • · -~ OR.2Sn0Sn~OR • 
_and th9l;igh these decompose _ther~ally to· give .. R2.sno. and a2sn (OR' )2, 
the reaction betwee~ -sodium aikoxides ·and dihalides stil.l provides 

' . l 

. . ' 
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t.he ·best route to the dialkoxides. In tet.ralih however, ··phenols 

react with dialkyltin oxides to ,,g.:i.Ve the diphenoxides R
2

Sn (OAr )
2

. 
. . 19 

directly and it is po~sible that the higher boiiing alcohols· might 

show a similar· reaction. 

A number of~~substituted organotin compounds add to the 

carbonyl groups 0f aldehydes and ketones to give substituted 

alkoxides for example26 

Organ·otin alkoxide.s can also be formed·.br the addition of the Sn-H 

bond or activated Sn-C, sn-o or sn-N bonds to the carbonyl groups 

of aldehyes and ketones. 'l;'he Sn-H .additions can be catalysed by 

azobisisobutyronitrile (AIBN) or. by- zinc chloride, involving attack 

by. . li . 27 at oxygen a radical or an electrophi c tin species respectively • 

AIBN / 

E.q,t'l • (13) Et
3

SnH '+' Me2CH.CHO >. ~~ic~ c~. osnEt3 

Et
3

SnH + Q=o· ZnC1
2 > QosnEt3 

Activated Sn-C~X bonds (X.=. CN, CO,Me, COOEt,. CONMe 2 , CH
2 

= CH2 

(etc) will add to certain aldehydes ·and ketones37 ' 38 • 

•. 

' f 
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Subs:t:i tut~Si allyl compQu~ds · react. tdth ald~qyde~, ··p:uob~tY 
... . ... ,. . .· ··: . '· 

through-a cyclic tr;an·sition ~tate, <:p~) 3 ~ •. 
. . '~:{'' ·-~ 

·. /\SnBu
30 

.. 

e·H. ·: · 

~u 
~H 

Me 
. 1 

.. ,· 

. ,. 
'. 

........ 

.Alky.ltin ·trialk~xides C?an ~ -f9rtreo .by aea~ing .together. 

the so(iium alkoxide and a,lkyltin· trichloride in benz·ene for 3 or . 
. • , I . , , , 

. 2-o' ' .• . . 
4 hourfJ ·• Alternatively the ~llcyltin tri~: (d:!~:thylamides.) may be. 

•. 

subj~cted to. alcoholysis which is rap;J:d. an~ ex_otpe.pr~c .a:t ·room 
. / . · 21122 . 

t!!9rnpe rature . . . • 

. ; 

... --; 
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s.eme reactions by w}:lich the triaikoxj,de.s may be· converted. 
. . • . ' 22 . intq ·other alkoxy derivatives are shown in the. scheme.,..l • 

. Scheme ~ 1 · 

• •• r 

/ 

. ... . BLA.(Sn) op,.·~)n (N BLLC0Me)3-l\.: 

. ' ' 

. , . Physic-al· properties of some: t:yp~cciU ·argariotin alkox.ides are 

giveri in.Tabi~-1. 
' . '• 

·, 
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Table - l 

Physical properties Of some O~ganotin alkoxides and phen9Xides79 

Compound b.p 20 d20 - m.p I1n 

Me3~nO.Bu - . 175-6° 1.457? 1.2656. 

. Et3sn~~ ~CH20CH : CH2 
I 0 - 90-90.5 /3 mm 1.4810 1.2560 

0 
Pr

3
SnO.Me - 87-88 /3 rrnn 

Pr
3

Sn0Ph - 145-147°/1 mm 1.5~84 1.2167 
.. 

Bu
3

snOMe - 97-97.5°/0.06· Iml. 1.4710(25°) 11.1294(1.1690) 

•'. ' 0 
Bu

3
snoBu ~ 124~128 /3 rrm 1.4690· 1. 0189 

Bu
3

Sn0Ph . - 1.52°/1 'rrin .. 1. 5171. i.1666 

J3.~ Sn _( OMe) 2 
0 . 

1 • 48 52 ( 2 5°). - 126-128 /0.05 mm 

Ph
3

Sn0Me 65-66° - - -
:'~ 

/' 
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~ost of the reactions of the organotin oxides and alkoxides 

!Rvolv'e heterolytic substitution or addition reactions. The utility 

of these reactions in organic synthesis depends on the modulation 

of the nucleophilicity'of the oxygen by the tin atom: the sub~titu-

tion and addition proce~s often occur in various combinations and 
. . . .. 23 24 25 

these applications have been reviewed ' ' • 

,1". b-
s_n..;,.__O 

~+ 6-
sn-o 

. S,- &+ 
' A-B ;;::==:= 
o- &+ "­
A===B ;,=====:~- Sn~A-B~O 

sn-A + o-B E.~n{t~) 

ECJ.li: ~~) 

The alkoxides must be prote ct.ed from moisture which causes rapid 

hydrolysis apd' the_· readiness with which. these compounds participate 

in both substitution. and addition :reaction i~ being increasingly 

-I 

-:r: exploited. The versatility _of organotin alkoxides to add. across 

unsaturated linkages are provided by the following examplesz 

/ 

. . 
Bu3S~0Me + PhNCS---...... )'..,., Bu

3
SnSC(OMe) = NPh 

Bu
3

Sn0Me + C0
2 

)-Bu
3

SnO.C00Me 

Bu3Sn0Me .. + Cl3C •. CHO-+Bu3sno. CH.(0Me~CC13 
Et

3
Sn0Me + CH2 :::i _ co---+-Et3SnCH2COOMe 

Et
3

SnQ. Et + ArNCO _ }·Et
3

SnNArCOOEt 

(Ref. 28 )' E'qn.(l6) 

.(_Ref. 28) E~t1. {11) 

(Ref. 28) Eq, .,,(19) 

(Ref. 29) e<l;,.(t9) 

(Ref. 30) Ein•{2.0) . 

{Re:f. 31,32)E4n.(i9 

• f ·-· 
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--. Bu3Sn0. Me + Cl 3C.CN---~~Bu3SnN = C {OMe )CC1
3 

(Ref.. 33) E.q_n. ~o) 

Et3SnO.C: CMe + Cl3C.CH~--~-~--~~_.Et3SnO~CH{CCl 3 )oc: CMe 

(Ref. 34) ~C]rJ· ~4) 

The product frorr. addition to the isocyanate will undergo 

protolysis ~ith-an alcohol to give the urethan and the regenerated 

organotin alkoxid~. 

!t ca:n be thus seen. that _a· small -~ount of ·an orgar1otiq 

c'ompound can_ catalyse the rea_ction between alcohols and isocyanates 

and this explains the -known efficacy of. organotin catalysts for 
. . 

. . . . 31 ·_ 
th~ production of polyuretpans .•. 

The reaction probably invclves combination of an addition 

:l;ollowed by -a substitution reaction. 
/ 

. 
BujSiiNPhCo2Et + EtOH-_..;,--'~~- Bu3$nOeEt + PhNHC02Et 

Sn (IV). -PhNCO + EtOH--..;....,;.;;;...;..;;;o.o...;.;...----;.,;"t"~· PhNHC0
2
Et 

Eqv;. (2.6) 

e c.tn· (2 1) 

I:C}I1. (ifV 

Addi_tion ·to carbc..nyl' corrpounds occurs· with· a number of aldehydes 

and with reactive ketoz:l,es such as hexa·:.:.chloroacetone. Since the 

· products- are themselves alkoxides- further addi.tions. may occur and 

in the·case 6£. chloral, a polymer~c_product was obtained29 , 35 ~ 

Eqn· (2.9) 

") 

I 

,· 
i 

. ! 
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The product .from addition of tributyltin methoxide tohexachloro­, 
. acetone is unstable and decomposes to give ·the trichioromethyltin 

deri.vative36• 

CC1
3 . '' .. l . 

Bu3Sn0. Me.+ Cl3CCOCC13=-----?-~- Bu3SnO. ~OMe----.)~Bu3snCCl3 
. CC1

3 

119sn NMR chemical shift in somebutyltin alkoxides shown 

iri T~le -:, , prov'ide some insight into the nature of these 
. . 
alkoxides. · 1, 

R 

Me 
.~·. 

Et 

Pr0 

Pr i 

Bun 

Bui 

. . Table -.2 

119sn Chemical Shifts (p.p.m) o~ Butyltin Alkoxidesa 

.Bu3SnOR 

+83 

+86 

+87 

+76 

+91 

+82 

-165· 

-161 

-159 

- 90 

·-161 

. BuSn(OR)
3 

-428 

-414 

~333· 

-428b 

-401c · 

· Bu s ·+80 

-150 

34 

34 

-321 
•. 

B t. u +60 

~eat liquids at 25°c, bat o 38 C, 

. r 
·' 

60 
. ' 

' 
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.. . - . ~ 

The tributyltin alkoxides all show a high frequency shift 
. . . J . . • 

and are believed to exist as te·trahedral monomers a:t ·room temperature• 

The dibutyltin dialkoxides are monomeric only when. a butyl alkyl 

group (R = B1,1s or But) ·prevents. dimerizat;ion and the enthalpy of 
39 

dissociation of the dimers in solution is found to be 60~100 KJ mol-l 

The butyltiri trialkoxides exhibit a wider range of chemical shifts22 • 

· Butyl tin tributoxide again appears to be monomer!~, for steric . 
reasons,. l;lut the compo"'mds wi·th similar alkyl groups, showing 

chemical shifts of about -425.P~p.m., are probably octahedrally six 

coordinated. · 

By this. chemical shift. ~riter1on,-the dibutyltin derivatives . . . . . 

of the 1,2-diols.shown in strucuure·X to XII.appears·to contain five 

coordinated tin. as in vi39• 

.· ~0) 
B~Sn~ 

. . 0 

·.~OX B~Sn .. 

~0 ·. 

X XI 

119 ... 
·. Sn chemical 
shift (p~p:m)-189 

. -164 .::.155 (in CDC1.
3

) 

D.ialkoxides undergo sirrilar addition reactions to t·hose 

alrei"ady discussed for the monoalkoxiqes and in most cases, 1 :1 

and 1:2 adducts can be lsblated·40• 

. ( 

,' 

• 
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Bu2sn·(oMe )~ + A = B ------:>~Bu Sn (OMe )ABOMe 

. 21A = B .. ·. 

B~ Sn (ABO Me ) 
2 

Eqn. (31) 

'(A= B~ isocyanate, is?thiocyanate, aldehyde, sulphUr dioxide, 
·.· 

· ----J.._ carbon dioxide, cyanide, carbodiirnide). Dib'\ltyltin dirnethoxide. 

unde'rgoes. a redistribution re_action with a .dibutyltin dihalide 

·-y. 

' . 

and the_ ·resulting halomethoxide also participates in addition 
. . . .. 40 41 

re act~o11:s ' .• 

Bu2sn(OMeJ2 + 'Bu2sncl2~. ----)~,· . .2Bu
2

sn(Cl)OMe 
,··,•. 

The dialkoxides react with·a variety of_ compounds, R2snx2 in 

so,lution, in· a process analogous to ~he Schlenk equilibrium involving 

Gr.ignard reage'~ts to gi~e the monoalk;xy 'compbun ds 41 • The 119sn NMR 
. :,..~·. 

spec:tra show that the methoxide chlorides ~2sp (OMe )Cl (R = Me or. 

B~) exist as monomers in dilute· $Olution, but as methoxide-bridged 

d '1 42 dimers in more concentrate · so ~tions. • 

Bu2$n~l2'" + 2Me0Na-~>-Bu2Sn {OMe ) 2:-'------~~ B~Sn (OMe )X 

' 
~'iJ'· ~~) 

(X = F 1 'Cl, Br,· I, SNC,. OAc, OS02R) 

•\ 

. .r 
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. - ,. 

Turning next to substitution reactions, the ·~lkoxides are 
-~ 

sensitive to a wide range of protic species; reaction with water 

has already been mentioned and acetylenes readi;ly displ.a5e alkoxyl 

43 . 
. groups ..• 

+ Hc::,c.CH = CH2 ·- ___ ,_ Et3SnC~C.CH --=. CH2 + MeOH 

- ~«il1· @~ 
. . \~ .. 

· N-S.tann:rlarr,ides are· conveniently prepared. f_~om alkoxides 

~t3sno. 'Me +_ PhNHCOMe -----_-)~- Et3SnNPhCOMe .+ MeOH 

However when·the corresponding, thio~ides·are used\ the products 
- - .· 4~ -

have Sn-s rather. than sn-N bonds •. 

\'( Alkyl ha,lides and alko.xides react to give -ethers and organotin 

halides. 

Bu3SJ?-0Me + CH2 = ~HCH2Br --)~•Bu~SnBr + CH2 = CH.CH2 0r1e Egr\.(3~) 

(Ref.. 45) 

Et3SnOCH2 ~cH2c:cH +_ M~OCH2Cl--.?~_ Et3SnCl + ~C=C.C~CH2 0CH2 0Me ~~n·(J9) 

{Ref. 46) 

+ Mei--_...-___ ~;..~-R3Sni +· R~S~C ~C~C~OMe 

,_~efs. 47,48,49) 
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·Irradiation.with ultraviolet light and the addition of Lewis acids 
~ 

did not increase the yields in these reaction.s 45 • l:~ a similar manner 

a~koxyl·groups can be transferred to silicon py .th~ use of silyl 

halides-. 

·R3~no.c~c-:-csn~3 + R;SiCl 

-___, .. ,......).,.R
3
SnCl + R~SiO~~C=CSnR3 E~~(42) (~efs. 47 ~51) 

+ . 9B""JSnCl · (Ref. 52) 

The silyl halides re!=lct more readily than the alkyl halides 

al)d cooling is often neces'sary. 

Trans-a~koxylations can be eff~cted by heating an alkoxide 
53 . 

with excess of another alcohol .• 

E'in· (44) 

.{X= .Cl, Br; n = 2,3,4) 

- . . 54 
An alkoxysila~e: may also be use¢!.. • 

145°e 
au

3
snOMe + Me 3SiO.Bu -----)+ B~SnO~ Bu + Me3si.O.Me CCJ..l1· (4~) 

40 ·hr 

. ' 
.! 
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A similar reaction occurs under inilder condition when an al.koxide 
t . 55 

is treated with an ester • 

Eq,n.,(46J 

IIC. Organotin Enolates 

Organotin derivative$.Of simple e~ols are usually prepared 

by treating the acetate of the appropriate enol with a trialkyltin 

methoxide. but the alternative routes have also been used.56-59. 

The keto and enol forms exist in metallo~ropic equilibrium which 
. . 

usually favours. the C-isomer. 

Bu3SnH + MeCOCH = CHMe --~+_)" Bu3snO. CMe = CH~CH2M.e 

' . 

(Me3Sn)2S +_Hg(CH2COR) 2 -----)r2Me3SnOCR = CH2 + HgS 
. . 

. Bu
3

snNEt2 + MeCOBut---+) Bu
3
s9o·. CBu t == C~ + Et

2
NH 

C = C-OSnR3:;,==:::RJSnC-C :: 0 

0-isomer C-is6mer 

.· ·The deri vat! ves of 1, 3-dione_s can be prepared from the 
. . . ·; 60 . . .. · . 

organotin oxides. · in a reaction ~alogous· to the preparatioQ of 

~iY\·(49).1 

£~n.(50f 

Y alkoxides •. These diones act as· bidentate ligands and the ·structures 
· · · · 61 o2 · 
shown in XIII and XIV · . have been established by X-ray ccystallo-

graphy •. 

. ' 
·' 

I ., 
'i 

i 
. i 

• I 



~(._ 

:~< 

)1'-

r·-. 

66 

Ph· 
Ph,, . ~:~ t1e - . ,,, . ,,, . 

0\Ll 
. ,,,, . 

· · · '''Sn o( 

Pk//' Ph Sn 

! \ 
0 0 -~ . . . 

Ph: Me 
. ' 

-- ·- ~-

Xl:li ~:cy;.· 

' . ' 

Tpe·-.r:eaction of p -propionolactone with trimethyltin methoxide 

(a1;1d _oth~r Me3SnX c~mpooods) has been studied in detai!63 , 64 ~ Th~ 
dom~nant·product is·that resulting from acyl-oxygen bond cleavage 

' . 
~ but the product obtained from alkyl-oxygen bond cle~~age XVI can -.. . ~-' . 

also be.detected, the ratio _of t~e Pr8~uct~. depending upon the 

polarity of the solvent ·.-&·sed 

. ' ·' 

'· 
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0-o 
0 .-

. -c· Me3SnOC~CH2COOMe 
+ M~3 snOMe. . _ .. _ , . 

·Meo. cii2 .cH2coosnMe3 

XV 

Stannylated celuloses are p~pared by reaction betWeen cellulose 

- : 65 
(or ·a derivative) and an organotin alkoxides· • When an alkoxide 

reacts with ah enot ester then the o-stannyl derivative of the eriol 
57,66 

fo.rm- arid/or the c-stannyl derivatives of the keto fonn is obtained 

MeOAc 

RR'C{SnBu3 )CR" = E~rn· ~~) 

Organotin enolates in whj.ch the . 0-: and c- bonded isomers 

a~e in metallotropic equilibrium react_with alkyl halides by 

C-alkylatio~67 .and C-allylation can b~ brought about by allylic 

acetates in the presence of tetrakis ~ (triphenylphosphine) ,.:· ~ 
. . . . 68 

palladium- _(0.) • 

0 OSnBu3 + Mel ---+-)' QO _+ B~Sni 
Me · 

Eg_l1.(53) 

+ £qn.(S4) 

• 

• I 
j 

I 
I 
I 
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I1D. Organotin Phen·oxides . 

,• 
. ' .. 

. .· 
. ' ... 

'·_.: 
_>, •. 

·T~e org~nbti.n ?he~<?Xid~s~ ,·~~Sil (OAr) 4-n~,>~·re·_c;.on~eniently · 
. . . 

p~epared. by. reaction .between'· an ·6xid~ and a phenol. in ·.t;he' same. 

~ .. ' 

·- ··,. 

(Bu3~n)_2_o + .2.C?-Phc6~4oH.: .: .'t ·: ... ·. 

·Among other. m.ethods, treatment of an .or~an,otin ~hlo.x-ide: with a 
:' ' ' . . .... . . _, ... 

. phertox,zi¢ie maY'· be used7~~ : . .· . . •· 
·. ·Y,. 

. . . "' "' ' . -~-
'~ .. -~ .. · 

68 

.. :~h3SnC.~ +. p- N02c6H4oNa,·-.· --)~_ :I>~~·o2~6a4 os~h.j_· +· Na~l:.·. E_<J.n.(56)· · 

.' :. 

Dibuty1 tin .. dimethoxide .·. re.ac~s ·_.with . 2:;..pyr.fdorie . as ~ollows71. : 

+ 2MeOH 

the p.;;.nitro~ophE,=moxide -~hich,· ·from the: infrared~ and visible spectra· 
. ,··· .. ' ' . 

::,: . : ,_; ~~~-_'' -
. ._ i" . . 

. : · .. · .. ·:t•: 
. ~. ~ - .. 

·' 
'; 

. '. ... 
. '. 

..::·''' 
:'· 

·- -. 
. ' . ~· . 

..... 



','. 

. . / 

<( ;.>: 
--~-

. -~ 
. . . ' . 

.A , . 
. .:.:.-

: _:' 
1 . ···- .. . ' 

' / "· . - . 

IT10i~ture but, compounds dei;'ive¢1' fr.pnl' more. acidic. phenols (e~ q •. 

. ~ . nitrophenols). ·ar~ .. le~s- _rea~il¥·~ ~ydro:~::ised 70" 73 ~~-.High thermal ~stal>ility 
... : . i~ a property :.o:f. a. number _of_. phen6xides. ·for example ~comp~unds .XVII 74 
. . . '• 75. . . .· . . .· . 

. and )CVIIl and· also of compoUndS de·rived from ().ihyd_r1c, pheno.ls .such 

as XIX and ·X:x 7 6•. · · · 
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A polymeric phenoxide, having repeating unit~-OSnPh2 0C6H4 - was 

prepared from diphenyltin dichloride and the dipota~sium salt of 

70 

. . 77 . 
hydroquinone • A number of polymeric products have also been made 

by heating together in toluene·, dialkyl tin oxides and dihydric 

pheqols of the type xxr78 • 

·xxi 

i' IIE. Organ·otin deriv&tive. of some (Arylazo) phenols 

,Althoug~no attempt on the synthesis of organotin derivatives 

of (arylazo) 'phenols has been yet reported, Sengupta80 reported the 
~:·. 

stannylation. of the -OH ·group in. 2- ( 2'-me.thoxy. benzene azo) 5-hy~raxy 

phenoxy met~yl acetate and the corresponding acid leading to the 

formation of the compounds XXII and XXIII. -.Interestingly, stannylation 

of the -~OH group invariably occurred whenever any attempt to substi-

r· tute the proton of the -cocm group in .JOCIV by organotin group was 

made it 

't\ .. 
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. . ,- ·.~ 

XXII 

XXIII 

-Another gro';lp ·of organot;in ccmpounds invoiving Aryl~o-sn ·. 

· -b~nd "is·_ the organotiri cie~ivatives O'f "5-phenylazo-S-qui:polinol and 
'· ' . . .. 

~-_.5- '(2 • ~carboxy phenyl') azo-8-quinolinol XXV, X_XVI, XXVII, XXVII·J: ·-
. . - '•,. . 81 

have peen. repprted . • 
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. IIF.- Stannoxioes of other elements 

.-. 
. The·. Ch ' t f th t 11 t h b ' d82 

em~s ry o e me a os annoxanes as een rev~ewe 1 

the most important con·pounds in this class are .. the stannosiloxanes 

containing. the grouping 3sn - 6-siE • Although a number of 

com.12ounds for ~~anple. Me 3SiOSnR
3 

(R · = Pr~ Bu) have been prepared 'by 
. . . . . 83~84' . . 
co}?ydrolysis of the mixed halides 1 

, the alkali metal oxides are 
... , . . . 85 

more generally used :t;or laboratory synthesis ·~ 

M_e
3

Si0Li_· + Me
3
SnC1----··-)-+-LiC1 + Me

3
SiO.sn.Me

3 .. · ·t . . 
_ Me

3
Sn0Li . + Me

3
SiC1 . / 

. ·, 



,. 
·"'·· . ~~:.~. 
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T·pe reactiqn of stannylamines with protic species is the' basis of 

m~ny preparative procedures and can be applied to·the preparation 

86 of Stannosiloxanes • 

E<i,t1. (GO) 

/ Benzene, toluene or ligro~n solutions of organotin .oxides and · 
~4,... 

hydroxides react wi·th hydroxy~silanes and germanes to give water 

. 87 
and the. stannosiloxanes or stannogermoxanes • 

On treatrrent with. a Grignard reagent the stannosiloxanes are 

alkylated ~t .the tin atom, for 

•' EtMgBr give~ eventually,_· Et4sn 

.. 
example ~t3sno. SiEt3 

+ Et3~ioHB~. 
on treatment with. 

Much of the work in·this area has been directed at obtaining 

modified organopolys116xanes. in which there has been partial replace-
. . 

ment of silicon by·tin. Although such ~olymeric compounds have been 
\. :. 89 • . 
,..-, made their stabilities and physical properties are inferior to 

those qt' ·the organopolysilo~ane~90 :. 

Reaction between metallic or organometallic halides and 

organotin oxides is a general method of preparing organohalogeno~ 
. . . 91 

stannometallox.anes • 

I 
' ,. 
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Reaction between diethyl cadmium and.triethyl tin hydroxide gave 

ifrlpure Et3snOCdE~92 : compounds ccntainirig ~~n-0-P :l.i,rikages have been 

made93 • 

. 94 
Some stannoxyzirconium alkoxides have ·.also been isolated • 

Table -9 
. . . 79 

·physical properties of some· Stannoxides 

CompolJAd m.p. b.p~ 
20 d20 

rln' 
------

Me
3

SnOS;J.r.E
3 

-. . 14·4 G 

Me3s~OSiEt3 49°/i mm 

E't3Sn0Si~ 3 
. '99°/20 mm 

Et
3

SnOSiEt3. - 114.::.115°/4 nun 

'-Et3SnO.GePh3 . ~ :1,.67-169°/0.04 
-

Bu3 SnOPE~· - 165-.167°/"J, mm 

· Bu
3

snOZr(OBu)
3 - -

Et
2

s·j_· ( OSnBu-i 
3 

') 
2 203°/3 mm 

0 . 
. Ph3SnO.SiMe3 

140 /0 •. 1 mm 

Ph3snb. ~i~h3 139-1.40° 

Ph
2
si {OSnPh

3 
,)

2 
·. 

. ' 0 
'9 4 •. 5-99. 5 -

-
1.4635 

mm..-

.. 
1,4892 

1.4800 

-

1.1149 

-
.... 

1.2020(24~) 

1. L443 

I-

. ( 
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CHAPTER III 

'ARYLAZO PHENOLS : .PREPARATION .AND ru:ACTION WITH 

STANNOXANES AND TRIORGANCI!' IN' HALIDES. 

, IIIA •. INTRODUCTION . 

· IIIB. LIL>ANLS : ABBR.l!:VIAT IONS AND ANALYTICAL DATA 

. IIIC. REACTIONS. WITH ORGANOTIN COMPCUNDS 

.IIID. ·EXP.t:RIM.c.'N'l'AL : PREPARATION OF THE L·IGANDS AND 
REACTION OF THE LIGANDS /WITH STANNOXANES AND 

'TRIORGANOTIN HALIL:ES. 
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IIJA~ Introduction 

Studies on the ·arylazo derl\TatiVeS of carboxylic acids (I) 

has shown the possibility of· realisati5fi of a number of structurally 

interesting organo tin derivativ~·sl,3,1 l,l2,13~:· 
.. · 

,\.• 

... . 

. · .. · @· . ·.·_cocA.. 
Ar. - .N =. N · -

' . ' . 
I'' . ,• . ' ,· . 

. . ·. ·, ·. . 

.· .. (I} 

. . 

The .arylazq .group·.-may- affect the structure of tpe organotiD 

de.ri~atives CII} through (1) the :el~ct~c· ~ffects of the do 

grcup (inductive as w~ll as me.s-otneric) ~hich te~ds to oppose the . 
. . . ... . . ,. r:\, . 
tend~ncy .o£_ carboxyl 9rcup to ·polarise.· in. the sense -c =. 0 which:. 

is ·expected t,o .. lead to· a dec~ase i~ /th~ ~nd$~ey o:e the carboxyl .. 

I 
I 

!. 
I 

. ' 
' 

• J 

·, grcup- to· form intermcle~ularly ~o-c~iunated polymeric C:~i:>o~ylates · · 

an·d. ( ii:} ·. th~ ···donor propertie$ ~f. the' ~0 grcup. whith is . expect~d· to 
. ~ ~ . . . . . 

· · · · · ··. . · · ·· t . ·-~ ·· · ~ · --+-or 
lead t9· a co-or~ination with.the Sn atom in ortho substituted 

compounds· (III).·· 
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0 

:·Both the effec~s are expected. favour intr.amol~cul'arly 

co~ordin~ted' .. o~ganotin-. con·pbund.s; These theoreti~-al considerations 

.led to·.an ·e~tensive· studies. on. tile organotin derivatj,ves of arylzo 

.carboxylic aci6s.. ~pparen1;:ly,: t~e: s·~e :c:cin~!p~ra~ions should apply 

to th~. 'Hydro,xy•. c::ompounds (IV) and ~e correspsm'oing organotin 

derivatives (V). 

·@f, ·o~ 
Ar-N =- N' · . . . 

0 • 

' 0 

· .. - 'f -. '·.·. 

. R:3&n-:-o~-· .. 0 

A~~N .· · ·0·.· ... -, · .. 
. . : / 

. . . . . '~ ,. . . _.· 

- ~ . . . 
. (IV). (V)-.. 

': 

, ... 

. 
of preparing both simple phenoxy- der,ivat;~ve• (~) and intramqle!=ula:r~Y 

I . . . 

coordinated derivative-s (V) with a v~ew to making a comparative 
' . ~ . . 

st;udies ·.on .th~ physico.ech~rnical· propert;Les o;f these two possibilities. 

. r 

' r 
I . i 

' 
·.) 

, I 
.I 

I 

t 
I 

. I 

I 
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·I 

I 
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In this chapter the prep~ation of the ligands and· their 

·IIIB. Ligands : Abbreviations & Analytical data 

The ligands used for the present study were prepared by 

co~plin,9. appropriate phenols with different types of 'diazotised 

components. All the ligands. belong to the type (IV) in.which -OH 

85 

g'rc up in~ be in o-, · m- or p- pos;f.tion with respect to the azo group. 

The· Ligands· and their abbreviations. ~sed· -in this work are shown in 

Table - 1 •. The analytical data on the ligands are given in Table-2.. 
--/. 

Table - 1 · 

Liganos and their abbreviations us~d in this work 
' r. ' 

·structure· 

1. . ·. OH 

@-N·. N-<0 
.. · CH~ 

Name 

2-hydraxy~S-methyl-

· az o benzene 

· · 2 1 - (2-hydroxy-5-

methyl . benzene · az o)-

·.fluoro benzene 

Abbreviation 
used 

2 . 
L H . 

I 
I. 



-' 

.. 

.. . . 

. ·5 •. -

. .-

' ',· 

·-

/ 

_. -~+-··· 

r . 

'.·. 

Table . .:.. 1 · ( Contd• .-J ·.-

. .;.' 

. ,' .. 

hydroxy benzene. 

3-methyl-4-hydrexy 

(benzeneazo) benzene 

4'~(2-hydroxy-5-

.me.thyl ·benzene.azoJ- · 

'_ nitrobenzene 

. . 
. hydraxy-benzeneazo)-

ni.trobenzene 

4'-(2-hydroxy-s-. 

methyl benzeneazoe.J 

- · hydrax~ . benzene/ 

....... · 
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Table - 1 (Contd •• ) -

~~-(4-hydroxy­

benzeneazo)-

nitrobenzene 

4 I.- { 2-hydroxy- -

· nap!lthylazo)-
r.. . 

hydroxy benzene 

4'-(2-metbyl-4 

hydraXy-benzeneazo)-
/ 

nitr9b~rtzene 

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

87 
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Table - 2' 

·Analytical data on 'Ligands' 
- .... 

Formula Found (Calculated) (%_~ -----. 
C. .H N 

.. . . ··'' 
.' 

---- ·~---· - -·-----
1. C13H12N20 74.7 5 .. 36 13.18 

CL1~ _7 
(73. 58) (5.66) (13.20) 

~- · . 

·2. . Ci3HllN2~ 68.7 s. 04. 11.45 

C'L2
HJ 

..(67. 82) (4. 78) (12.17) 

3 .• c13H1i02N2 · 67.45 . 4.11 13.10 
(68 •. 42) (5.26) (12.28) 

.LL3H J 

4. C13H12N20 ·. 69.27 5.39 14.34 

~ C"L4
HJ 

(7 3. 58) (5.66) (13.20) 

. s. C1_JH11N303 . 59.07 4.05 15.60 
(60.79) { 4. 28) {16~34) 

CLsH.J. 

6'. c13~1N3°3 61.0 4.63. 15.92 

CL6H J·. 
(60.70). (4. 28 ). (16 •. 34) 

. . . . 

. 7 •. Cl3H1202N~ 69.2 4.94 13.11 
I (68. 42} (5.26) . ( 12.28) 
~- f:L 7H _7 

':: 

a •. C12H903N3 59.46 3.70 17.82 . -~~ ' 

(59. 25) (3.70) (17.28) 
· £.L8

H _7 
C.-

'' .. 

Contd •• 
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IIIC. Reactions wit'h Organotin CompounC:ls 

The .PreparatiGn cf the trio~ganotin derivatives of the 

pheno~r azo beriz.e11es was. attempted ·using (i) · the reaction between 

. the distannoxanes and .the :ligand LH (eqn. 1.) and (ii) the reaction 

of· the Na/K derivatives of .the lig.and with the triorganotin hal.ides 

(Eqri. 2). · 

(R3Sn)20 + LH ) R
3

Sf}L +"~0 E~n. (1) 

R
3

snX·+ LNa R
3

3ni .. +Nax Eqn.(2.) 
. I 

The 
. . . !J-
first method·was atterrpte.d wi·th all the ligandS by 

ref luxing the -ligands in appropriate mol"e ratio. The secono method 

was lirr:ited to only a few nitro .substituted ligands, viz., L
8

H and , 
- 0 . 

LJ... H as the. Na/K sa;J..t of tbe liqands cc:u1d be prepared only for -.. 
these· two ligan~s. 

A summary of the reactions studied is gj,ven in. Table- 3 and 

the analytical data on the products isolated are given in Table - 4" 

.. 
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SUMMARY OF REACTION CONDITIONS ANP PRODUCTS . 

-Re-actants . 
(mole:: ·ratiq) 

·. ~ ' 

1. L1H (2.:1) 

. +. 
(Pb

3
Sn}20 . 
. . . 

· .. : ~· . -
~ . -· 

-- ·.· 

2. I_?H (2-:1) .. · 
... 

. .. + ' ... · 
· (~hjSnl2 o: .· · 

.3. L3H (2:-i) 
.. + .. 
(Ph Sri) ·0 .. · 3 . 2 

-~.-- 4. -L4H' +. (Ph
3

Sn) 
2 

0 
. . ·. ' ·( 2 : '1 ) ' . ' '. . 

s. L 5a: ·(2 ·:tf 
_-.:··. '~ 

_. . 5:'?h3Sn):20.' 

~ . . 

,: ;- 0; • I 

a.' Refluxing for 30 hours 
. . 

· ·;in dry benzene . and . . 

. .-.·l:'_emovin~( the ·waair 

_,.-aze~t~opi~~l.if~--: the 
:.· . prodUct ~as· ~-trac:teq . . . . -

. with -benzeQe pet-ether. 

mixture .. ·. 
··_;.. -

a •. 5.0 hours. · ... ·- .. 

. ' :' . : '· ~- .' . ' 
.' .. .. \ 

' ·:' < -

~· · 2e. hours .. 

. / - ' 

_. . -.· 

a. . ·40 hours · 
·. •.' .... 

- a;. ·36 ;hcurs · ·· <: · ·· 
·, 

., .--

6 : ·, -
6. L . H .:f" _ (P!t3 sn) ~ o a~. . · 2!1 · hour~ 

. .-.. · 

. (f:lf' 

·. 7 . ' .. ·.'·' _:- :·. 
... '.._. 

7 • /L._.H (2 :1·) . a~ 30 hourf:l 
~ ' ,, 

. :+ 
·._._,: . ' . 

(~h3sn~ 2o_ 
.- : _., 

. ' · .. 

·.·_, 
- · .. · 

, .. .·- .' 

. •' --. . ' . ~ ' •. '": < .. 

i?roduct 
Cm.p·./b.P 
yield %) 

·PhL1.sn(o~> 2 <) 300°~, . 30) 

. '' 

PhL2~n.(OH)2 .. 

·.c) ~~pPc_~. ~-o > 

PhL3~sn (OH)
2 

C). 300°C~ 40) 

No:reactiori 
-.-. 

· ~~5sn (bH)2 

. c)~o.o0c~ '4?) ·. 

No · reaption · .·. 

'· .. 

·. ~~ 7'$n c'oa-) 2 ' 

.·c).~oo0c~ ·3o? . 

~ontd~. 

I 
. ' 

i 
1. 

' 
. I 

.; 

' 

'I 
'I 

I 
·I 

, I 
. I 

I 
I 

. I 
.: 
' 

. ' 
' 

' I • 



. ' ~ 

'· 

. . ·: ...... 

. . . ·. . . 7 ' ';, .. ' '--. 
. :· . . 8_ ... L ·H_. (2 :1 )· . . · 

. '-·-+···· . 
. : ~Bu3sn)2 o .. _. 

.I '· ' a. · 48 ·hours. '.: . · · · < ;. · ·· 
. ' -"' -- ·_ ·, - .. ,. ·.. ' . :- ' ' ~ :·: .... ~ ... 

. . ' .. . . ' ~-

··· :--.::I:,' I' • '· .. · " ' '•, .. , 
'' I ',, 

. ' ··g·:· L~H +. (~h:/~n) 2.o a •.. 

·: (2·:1) . . 

' .. 
24- tiours ·: .. . .. --

•' ;.:- . ·~ . . ' 
·. ; -

. --{:_. : . 
. a.· . 28 hours _. .. ·.- ._: <:· . 

. +" ... :· · .. , . . ·. 

,:.~ 
- .... 

~·· -

·_ : (Pn3~n)2o .·._ 
. . . . ·" 

' . ' 

... ·. · .. : 11~:, t9~~. (2 :1( 
' .' + .. 
. . 

. ~ : (B~S~)2 o-. 

' . . . . . 
·' ~ - . ' ·· .. · ~ .' . : 

,• -. ~-. 

.. ·. '.· 
' -._ 

a• . ·42 hours-· ' .. 

i2~ · ·1.~- --- Ncl'(l·:i> ··: ·:.:b. · R~flwci~g:. £oX-:"12 ·heurs .<.+ · ·· · ·. .._- --. :i~ ·d%-y. ~-o~~--~ the ·product 
0 

' o ·~ o I ' • I 

Ph3s~c1. ··~ ·--~1(-. •. ~:·w~s ·crt.st_a,ili_sed ·~rq~ 
· · · · - ·- · .. -_ beriZt:nie-p4!t ·.ether · - -

:_. ~ ". - . . . . . . . '. . . ' 

.-:· · ·· · ·mixture·_··_:-.' - . · · · 
'•'. 

. . ,,, . 

· .. :_a:>. --. _-.~ . 
.... ;1.3.--L.-Na (1:1) 

.,.. . ' -:· ~ 

· ·_ ·. _·- _+ c;y3sncl· 

. '.- . 8' .·' 
· · ... i4. · L - ~ Na· ci._:l > 

·.·_-.. :·_ ..... 
. -... Bu3snc1 

. •·. 
· .. ,' 

. . 
"• 

,-> I ,_·,'•, • 

. - . ' • . I • . ' . ~ : . .'·_ 

bt. ,12. hours -
- .. - . ' - ·. \ .... ,-, 

. " _-:.· .. _ - '-

'· ·- i" .. . . . . '- ... -\: ... - ...... '. <:. 
. . ' . 

·, . '. ~ . 
' n '• 

- · c~'_:Ref;tuX~ng for 36 .. hours.·. 
.-~·in· dry :·bei{zene• :the prOduct 

· ..... ·.. . ... ,7~·-. . ... · .. .,.. . - ·.' .,. . 
. · ... _, -:was crys_talli·sed frem 

.. ·.-. -. : be~zene'~pet e~r- ~.tXtlixe 
··. , .. 

. -,.' 

. ;·· 
' - S' . 

. ·' .. 91 

No react!()~ 

P .. bL9
sri(OH)2- .' 

. c) 30~0~, _ 40.) 

_BuL9sn(OH)2 
..' c)3oo0c, 3o·) 

_P~snL8 

(l60°C~ 80). · 

-i·· .· 

: .. · 

Cy snr.,8 · , . 
3 . 

{140~c;, 7o') 

··., 

' 
" ; ' ' : ' .' ... '. ~- '·. ·. ·. 

i . , r 

: -· 

.' . 
'. 

·-~ .' . . 
. . ·.· 

' ·= . . .... · ,. 
l ' ' • ' ' ...... •• 

,.; 
,-·;-

. ~ I •. 

' -. ' 

- . _,._ .. 

·· ..... -' 

., - . . - · .. -~-.. 

... . '· 

Contd;. ·. 

. _. 
·-:· 

,. -~ 

'• •· 

1\;.' ., .. 
·:"·. : J • 

.. , 

., 
. I 

I 

- '•j 

. ' 
: 

I 
. ' 

I, 

. I 

t 

I 
-I 

' 
I-
I . 
I 



. .-

· .. , . 

-- ("". 
~~· 

. Y· .. , . 

.. -., 

. \ 

-'. 

. l' . 

. .. 

- ·'. + 
_-P~SnCl. 

10 - . . . ·_ .. 
16• L ·-- -- Na· .(1_:1) 

+ 
_; cy3 s~c~ ;_ 

.. -~ ' 
'·., . 

"+ 

~u3sncl 

. ~ • 1 

. ' .. 

. . . 
Table ..; ·3 (Contd •• ). :· 

. ' . . 

.. . - - ·,1' . ' 

b~ · -12 hours 

1' ' 

'_·, 

c. · 40 ho"Urs .. 

. .-

. . . 

·- . 
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·_P~~nLlO 

U38°C, 60). 

Cy- SnLlO 
. _3 ·-· -

( 
. 0 

130 -c-
. . ·' .. I 

B~S~lO 

50) 

0 .. 
(147 .c, 40) 

_·_.(a)(b)(c) -Gi~~ ·1~ order ~-method,· time:. and solveDt U$ed. 

( ~) · R~fl~ing ·' ~-e'ot~()picc;lliy- -in· -~~- . ben~eQe: . 
(-b) Re:e-luxing in d ·.MeOH . - ' . .. . . ry . 

. · (c). Refluxing- in dey benzene~ 

" 

, . '' .. -~ ·. ' . ·., ;';: . ... . . . . ;. '. ~ _·. . .. -· ·,. 
.'· -:·· 

' ,: ' 
'--~ 

'. _;: 
.·-

: ~ • ..' ! : 

.. 

.·' -- . ·:..: __ ';·· 

. . ~- ... 
. ·:, '• .... · . 

. . ·_ . 
c ',. 

-~ ... ·' . 

.. '-.": 
'• . ;· . . _.; ~-. 

.· .. ' 

. \ . . '~ . ~ · . .- .. -. \. 1 • 

.. 
'• 

'. . . ·. . . . . ~ .. 
I ·, . 

. ·., · .. ·,;; 

-~- . 

.-·.· 
-~ ; . . 

,,., -··:'\\ ; 

I .• \ 

'•,' .- (' 

. i 

',! 
'-..; 

I 
I 

' 
' 

.• f 

! 
. i 

' 

,I 

. ! 
I 

I 

·.' 
! 

. ' 
' 

. I 

.·' 



' . 

-~·-
. .. ~(~ . . 

.... 

_--.·-~ 

. -

-~-
-· 

\. 

·., .. ' 

! •· 

. -. ' .. ' (.'\ 
\I 

' ;,j, ... 
. - t· ~ 

93 ... i 

. Table - 4 .. ·: ~ :· ... -

. --~_Analytical data on organotin :_:derlvative_s 

Compound _ 
~(' , .. ,, Found (Calculat_ed) <xr · 

• •j [ •• 

1_. c19H1a o3N 2·sn 

. Pbtlsn(OH)·
2

:d .. 
~ ... " ·:. :- ·. . . 

· 2. --C1 g~~03N2FSn­.. 2 ... 
_PhL_ Sn (OH) 2 · 

· 3 -~ ~19H1EP2 °450-

-~~3sn <o~)2 :· 

. ·, 

' . -·. 

'52.06 
(51. 73) 

. ' .. 

·if· --

. 4.72. 
. (4.08) 

. .. ' _;_· • • ' • ' d . ' 
. '.l ,.·. 

50. as . ' - 3. 97 
{4~~70) . . -(3.7~) 

. -· 
,·. · ... r . 

48.98 ... ::-_·3.8'7'_ - . 
<49~9?> -.- :-_cf:·~s~>.. 

N sn 

7.11 27.06 
.. (6.35) - (26.93) . . . 

- 6.je ·25.32 
(6.10)' . (25.~7) 

5.98 
(6.13}' 

. . 
- - 26. 01_ ' 

(25. 9.9) 

' . ' . -

·4~---CigH17o5N3Sn: :. :. <-·- 47.02 _-.. ~- · 3~:37· .. 7.98 
·- . < 'S _- .. · . -_ (46~94t.:" CJ.so> · · .. ·. ·ra~p4)· 

24.87 
(24. 43) 

--p~_ Sn(OH)
2 

- .: - · , · ·::_".·_- . 

50.54 . . '4.02 
. (49.92)- - :. (3.94) 

~ .. . / . : . . 

... 
.. 

46. 78 4·. 98-; 
<•6!71) .· ; ($;03) 

-1~-'-.922Hia04N2-sn· 
- · P~9;sn{oa)~ · 

.. ' .. ·.'.•..:·· ·.· 

52•89 _ - 3.80 
c s 3. sa > - :, < 3 • 6 s > 

\' ... --
49.72 ·. 4~30 '-.. _,-

- ·· (50;77) - - -. (4. ~5) 
j,_. -. . • . ·. · .......... 

-.. .;· ~:-. .-

- '..,.' ' .. 

.. " 

' . 
' -. ~ . l ~ .: • • •·"- ' • • •• : .... . .. · 
' _.:. 

5.97 
'·(6.13) 

. 6.o5· 
. <&~·~) 

26.32· ' 
( 25.-~9) 

2p.92 
(2'1~"18) 

5.97 23.89 
( 5~_68) .· . ( 24'. 09 )-

6.13-. 
.CS~9~.> ·:.: 

. 25'. 01 
.(25~11) 

/ . . 

I 

,j 

i 
'1 

I 

.I 

. ' 

i 
! 

i 
I 

I 
I, 

1 

I 

I 
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··.: 

'•' 

.. 
,·. 
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;• 

' . ~ 

'·. 

I, 

' . 
.,• l-

. . ··· .. 
;._._\'·.' 

• ·' c • t •. ~. 

.·: 
:;_. . '"-"· ':. ~--

' . .. ~ .. 

... .<_·' .··-Table .~ 4 fCon.tp~~F .· 
.. . :. . :. ' .. . ' . ·. ~ 

... 
' ... ·, 

...... 

·. 1.·-- .,··. '· . .. 
. .. ~ 

0 ' 0 ~ L '• :,. 

~ ... 7. 23 ' 
(1.-09) 

..... _, 

... ~ 

• ... ,·-

.s~ ~ s4 : · : ·: .- > 6~ 46. . . 

.(59.04).·· .... (6•72) . -_ 

. ·\ :. ~ . - . 
. -~. : 

. · .. 6.29 
• (6.88) ... 

. -·' • ' ·~ ' • : ,.; • < • .. .. • ~ r , • .. 

•:.' 

' .. ~. ;' 

.• . .. .. 
-- .' .. 

,', , • L'o 

· .. ·11. _C_,2:4H35o3:N_<3~ri: · ·· ... , ·54.86 .. : ... _·.: .. . : 6.98. · .. 
. {54~ i'6J. ·. . . ,(6. 58) . :·. ·. _·13~~~s~8 . ' . 

. j 

.. ~ . -

'·. ···. 

13~. · c3iH~3o3N3.sn · ' . . .·. ~-10 .... 
.... ~35~ '. 

'•;-

. . . - ;.'' 

•i'• 

'.": '· . 
( .·. ~· . 

! • L t 

_; ·. .~ - -·-
· ._6_o. 02 · :-; _· _ ·. 6.·el . 
... (59. 64) ... _. · .. {6~89) 

"• - ' . . . . .. · ...... ' :. ~·- ... ' . . . -~: ;. ' ~ . . ~ _·. .· 
... •. '. 

•' ..... , .. 
., . .. ·- ·-

.".;: ...... 

·s4.·oi .. -/6:9·1 :•-
.·.. lS4. 971- .- '.'(6·~'·79. >' · 

. . . ~ ., 

: t· .. 

· ... ·,..,..-
•••• 1 ', • 

., '·. ' . 
.... '-;. 

._c .,' 

· .. · ..... : 
'·•. 

/ ~ ~ . ' 

~ ' ' 

•. 

; . 
~-

·-' .. ,_ .. .:· 

. ... ~ . .. · :· .. 
! •• 

--·· ·. ,',· 

. ' ·. : . ·' .. ·. . .... .,:. 

,·. - . ~. ' : 

.. 
- v-

.'' '•_ '. 

.,· 

'', .:•. •cl\ 

:·. 
l ,•· 

- . 
, " ..... 

' ' .-. -~ ·'-' . . . . 

. ... \ 
. ,·-, 

. '' . 

•, 

... • , .• •• J, ,.· 

' . ' . ' ~ ·. ·:- ·· .. ·. _; 

·!-: 

~ ' . ' . - .. ' ' 

' '··· .. 

.... -', .. ,, ..· .,. 
• '•.~, ,: -..: r 

- . ·.·· .. :,_.: 
. .' ~: .': .. ' 

. :' .. ' . . ~ ' '-. 
•''. ',· 

. ,·. ... 

. . ·.' 

'.8~02 .. ·· 
'.·. (7.89) ' 

' .~ ·-

' . . . 

;_ 5.,99 ' 
.. (6~73J . 

::... • • ' •• ~ c 

. 7~49 ·_. 
(7·. 69l.· 

.··, . 

J . 

. , .· . 

'· ,, .. , 
~ ' . ' 

- : ,. . ; '· ~ . -.: 

. ' '. \\. ' .. 
,. 

. ·: .', ... 
' ; ... , 

•• > 

''94'. 

19.97. 
.... (20~ 06) 

. 20.03 
. .(1_9.49) 

21.82' . 
(22.32) 

_·ig.9'7 . 
.. -( 1 9. 0.3 ) ... 

... 
20.;99' 

. ' ( 21-;. -7 5) 

. -··. · .. -

,· •' 

. ( .,, 

'\ \ . l 

. \-[ .. 
·- ~ . . ' . . ' 

-I 
·J I., 

·.I 
·1 
' i 

! . 

.I 

< ... I 

·' 

I' 
' 

. i 

. I 
I 
' 

' 
. ·, 

I 
j. 

.I . ' 
I 

I 
I 
I 

I 

' -
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. the. ·tr.iorganotin qerivatiVe_ 0~ the type ·~3sm,' c·ould be .. isolated 
. . ' ,',- . . ... ·. - -

only thrcugh the displ~~ment of the:· haliae group •in R3SnX . by. the._ 

. · Na/K salt of. the ligand·~ ·on. th~_ other.-~arid-~ the ligands show -little. 

:reactivity towards the ·stannoxanes. o_n prolon§eCl re£iwdng with . 
' 

dry benz·ene azeotropically, polymeric. products formed through 
. . . ·. . ' . - . " 

·: -extensiye blea~a~ ._._of .the-.R-s~· 'bonds ··are .. obtain~~6-10 • ·use -c;>f · · 
. - . .. ~~ ' ' . ' ' . . . . 

d,esicC:art~s to~ ~ccorOpl.i,~h ... deh;d~~tf6n ·t~ push the ·• reacti'on forward. 

has \1o ·eff~ct. Attempts to obt:,ain 'R3snL .type derivatives. by sti·rring 

.fresbl:Y·.·prepared. R
3

SnOH w~:th ·th~. li_garid ·i~ alc~h~l al~o failed. '. 

. · The. ~re~ction 'at '·the organotin oxtdes/nyd7oxideswitb .· .phenoLs :./ 

· ,alcohols· :is ·:a consequ~rice of .the ba_sicity of. the organotin oxides." 

. ~ydr~xides an~ ~he·· acidi~·· ,~~tu~: ·~f- .the~ 'hyd~y·l ic H-~t~ in phen~·ls/ 
' ... . . . ' 

alc~hols. ~ons~q~~ritly; ~the .:p~~ence .9£· hydr~gen bo~ding ·cviJ .or · 

·intramolecul~r rearrange'me~t involving i:he H..:.~t~m o~ the -oH gr~up, 
~-9~ ,• :~~-hyCi~~on~ t~utomeri~m: (Vlt ) 1 5-:-~·ag·reatl; reduces the reac-
. . . . . . .. . . . ·.. .. - . 

tivity of -the phenols towards the. o~anot~n oxides. or ·hydrox~cres;. 

·The post$1ble r~as~ns f_or ,the low r~activ~ty of_ the _arylaZo pheQo'i:s 
'. 

towards· the organotin·. <lXides will be examillt!d ·in. Chapter. rv. · 

. ··.· 

' ·--·, . 

.. 

·m. 
/ ' . ·. ~ ·,~··· .. ~-. 
Ar-~ = R -@OH~· --- Ar ..; N ':" RD--:-0' . 

azo· fonn ·hydrazone form · 

.. VII 
: ,·· ,. 

.. ·' ·, - . ' ~. ' .' •. 
} . ' . -

. .. ! 
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· -i IlD ~- ExPerimental . . .. --• .. 
. ' .. 

. - ~ 

'· ~- ·.Triorgapotin'. (~heriyl, _,ButYl, eyC:lohexyi l ·tier:i.va:tiVes: of 

u-Yiazo phenoxy compounds have. ·be~n prepared ~Y--.reaction betwee~· 

_(R3sn> 2o or. R·3snCl iri_ stoichio~t~<i~· ratios by ;t"e:fluxin9 and(o~-: 
. - . . . . . . ' . . 

.. •.-
wherever neces_saJ:y •. 

' .. •' 

·.. . . :_ . .. ··. ··- . 0 .. ,· .. 
~-is-triphenyl tiri oxicte,_ ~p. ~r2·~- .--<lit. 

- .. 
. ·prepare-d by- the r:eacti~.n :b£ 'tr,tpheny~ t.~n chloride wi:th sodium · 
. .- . : .14 ... 

·,_ -hydroxide •. 
. ~: . . - .. 

'Unle~s:.othe.~is~' s~ated'·.petr~l~U~ ether' us~d· in the p;resent 
; -· . . ·, . '. ' . 

i~~~tigati·on· ~efers.: to_ the f~aci~i~n · ~:lth- the boil !rig range 6o~so0c: 
. . . . ; . ·"·- ' ' 

Ail.'-. melting. po'int~- are uncorre~~Q.-:. . .-'. 

. : • .... ' .• ' .·'·. ;"! 

Preparation of_ the 1~9ands.: · . · · .. · ·. 
. ' 

i . . P~pa.tatio~- of . 2-h:Y<h-oxY~S-~~thyl-:_..azo ·beaz~n~ 
. : . . ~- ... 

' · -~.:f gms of. an!llne .. was ~i~~tlsed ·by tbe. us1la1 proc;edure2~ 
i 

10.8 ~s of p~cr~sol w~s Ciis_solved i.n so· .d qf- 200" sodium hyeroxide 
,··:.- ~ ..... . . ,-. 

. . ._ ~ .. 
I··,', '.· .. 

. I 

- . ·. 
. ,, -

. .. ·-.' - .. ~ . ' . . '• ... 

•'j,.' 
.·., 

'· .. 

. 1\.. . ' •. 

.; . \ 

• r 

·' 

\- - ... , " 

\\·_:11:-~, 
' ' 

I 
I 

.< 

~ ·~ 

I. 

1 
: 

I 
• I 

·.1' 
i 
I 

•I 

~ 

I 

. I 
I 



-~'·· ; ...... 

... -{. 

. ~j . 
. ·r~ 

~ ' . 

·, ' 

. \. '· 

I Q 

' .. 

. , .. · 

. soluti'on . and' pooled· to 5°C' in. an i9e-bath~. ~hich wa~· then added to 

the ~6:id di'azonium scilt ~oiution~·with ~.igorou~· ·stirring,. when a 
' . . •,, . ' 

•'. ' 

· in ·a refrig~rator followed by. f hour at ·room·temperatu~. It was 
'.,_ . ' ' . . . . . . . . -

filtered, wash~d several times. wi.th :·~ater, dried. in' ai.r and .finally 

in vacuum at room temperature.'. Cry~tallisatfon .·from acetone..:.pet 

· .- ·ethe~n~d:xture. yielded yel~·~. ~:ve L1a Cm.~~."-los0c •. Yield 600-')· .. 
.. . :· . -· . . ,. \._ •' . .. . ·.· 

~ . . ; . 

Analytical· data: 

. .' ·.>.> Cl3Hj_2N~O .. _:: . 

c.· Founa ·{ci=ll~d) {%) 

·. ;, 

. ·2• 

' .. 

H ·-
: •'. 7'4.·70 .• S•36 

.· (.73. 58).: 
. .· ..... -

.. (5.66) 

. · .. 

N -
13.18 
(13 •. 20) 

. "'•-

· : -_. ·. -9~ 6 ·9ro -of o-fluoroaniline .was di·azotised :to which 9.9 gm 
' . •' 

/ ' 

I oi' ~cres'ol .in' .eo ml. o:t:·· 20"/o Naofi··i.i~s·. added' usi.ng the' 'procedure· 
.. ,:.. ;. . . . . - ~ . ·:-· :. . . ·. . 

alre.ady described. A. dye was· obtained "fh~ch on. cry~tall.isation · · 
. . . . ' . . ' ' ' '· ' .. :· .. . : . · .. " ~; :. :- ·, . . . 2 ' ' . 

·from acetone-pet ~ther ·mixture yielded bright red dye L H. (m$p •. 
'::."··· '• ' " ~ ·- •• ~'~.'-" •• '·. , .. r :.: ~ •. • • ~ 

77~c, yield 60"/o). -. · · . .. , 

ci3"i1N20F ·: · 

Found (Calcd) (%), 
' . .' ·' 

. ' 
i 

. . ·· 

,. 
' .' 

.:., . ' · .. · 

_.-_· ... 

68 .• 7 ' . ·; 
'(67~·8_2) . 
.. , .. 

) ' .. , 

'•' 

'' 

. ' .. _. 
•' -~ '. · .. 

·. ··:·. ·,, .-

L •;o 

::.:. I • .. , ' 

._,.· . 

.a 
·.· ·-
5';.04 
C4~o78J. 

... _:_.· 

. ' 

.· I~ . • 

N -
11;;45. 

' Cl.2.;,l7) 

'! 

:'\> . " •, k 
. l'· . .. . ; 

. ' 
'' . ' 

. I 

. : 

<j 
t 
i 
I 
j 
1 

I. 

.• I 

·• 

i 
I ,, 

. ·:' 
i 

-i 
! 
I 

·r 
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3. Prepara~ion of. 2 I - ( 2-hydroxy-5-methyl benzene az 0) -hydro~y 

benzene (i.3H) 
.... 

98 

9 • 6 gm of o-aminoplJenol was taJ<::en in a mortar· and ·a fine paste 

of the same was prepared by adding minimum quantity of water and· 
. . . 

thoroughly grinding it with pestle. The paste of o-aminophenol was 
. ~. 

then transferred_).l:l-a be·aker and ~as diazotised4 ' 5 ve~ slowly for 

. 5 hours hy adding ·s9cium nitrite solution containing CuS04 (0.3~~ of 

o-aminophenol by wei~.~ht~ and the temperature was. maintained between 
\ 

1p0 c .- ~5.0c. g·.s gm of. p-cresol was dissolved in 70 ml of 10"/o sodium 

hydroxi(~e solution and was .cooled ·to 15°C in a cold wate~ bath, which 

was then added to the diazonium salt solution·with vigorous stirring 
. . . ' . . 

. 0 . 
f.or 2 hours ?-t · 15 c. when a reddish brow~ colour de~eloped. It was 

kept oyernight iri. a refrige;;..atcir :f·oi],_owed by . 2 hours at room tempera-

~. ture ana· then acidified with exc::es·s 2 (N)H2so 4 • A brownish solid 

separc;~.ted ·out. It was filtered and the .residue was washed several 
. ' 

times with water~ till free from acid. and then dried in air • 

. ., .. 
· The solid product· was thoroughly. dried, powdered and treateo 

with hot benzene when a deep red. coioure.d scluti·on was obtained 

·along wi·th some solid impurities·. It was then filtered, co~centrated 

ano crys:tallised fronl benzene-pet .. eth~r mix;tu're, yielded brownish 
. ·3 • 0 

dye L H (decomposJ·tion point 196 C, yield.- 50%). 

'. 

. ( 

·' 

\. 
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, Analytical data 

C13H12N202 

Found (Calcd) (%) 

c 

67.45 
(68.42) 

' . . ' . 

H 

4.11 
(5.26)' 

N 

. 13.10 
(12. 28) 

4 .• Preparation of 3-methyl-4-hydr?.XY (benzeneazo)benzene (L 4H) 

9.3 gm of aniline was diazotised as described in 1, to 

99 

· ·wl;iGh 10.8 gm of o-cres·ol ~n 80 ml of. 20?6 .NaOH solutic·n was adoeo. 
. . ' 

An yellow coloured dye_was obtained following the procedure described 

in 1:, · which on crystallisation from. acetone-pet ether mixture 

. . ·L4H. . o y'ieldecl br.isht yellow <lye,· (m• p •. 128 · C; yiela ?5%). 

Analytical data 

C13H12N20 

.·Found o(Calccl) (%) . . 

C' -
69.27 
Ci3 ;58) 

H 

.. , ~ 5. 39 
{5.66) 

5. Preparation of 4'- ('2-hydroxy-5-roethyl .. benzeneazo );. 
.. ~. . . -· 5 . ~ 

ni:~robenzene (L. H) · 

N -
'14.84 
(13.20) 

Using ·11·. 5 gm of .p-ni tr.o.aniline in 18 ml of cone. HCl ·for 

diazot·isatibn and ·il.9 gm of p-cre~ol in 75 ml of 20'/o· NaOH so],ut·ion . . . . . . ' 

as the couplihg.component, a bric~-red coloured dye was obtained 
' . . ' . 

using the -procedure described ·in 4,; _Crystallisation ·from acetcne-pet 

ether mixture. yielded brick-red dye L 
5

H (m.p. i86°c, yield. 65%). 

Analytical clata 

C13H11N303 

Found ·(Calccl) (%) 

c -
. 59. 07 

(60.70) 

H _..,.. 

4-.05 
{4. 28) 

N 

15.60 
(1,6.34) 
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· 6.-. P~paration. of 4 1

- (3~methyl-4-hydrmey .benzEmeazo).;. 
. . . . -_... . 6 . : 

nitrobenzene · (~ ·H) • 
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. ' 
i .. :·' .:. "/. • .. -.. - '. · .... · . . . . . -;·· ·. j 

:·· 11.s gm··a£ p-nitre>anilizte· ·was ai'ssol~ed. in 18 .mf ~£··cone.- ac1. and ·r 
\ .. ·· 

' ... 2 . " . -· . . ' 
· ·. wa~--~~aZotis_ed· by usual procedure . at ;-oom terp.perature._ 1~.9 gm of 

. ortho-cresol was dissoived in 75. xitl of. 2o% sodium 'hy¢iroxide solution 
• • # • '• • • • ' '· • • • • • • • • • • • 

at room temPerat~re, · which was · then. add~d to the di azonium salt · . ~ . ' . . . . ' .. . . . . . 

... ~oi uti on . with . vigorous·. -stiri;ing. for 2·_ hours . at .ro,oro. terrperature when 
. . '• ,··. : ' . . . . . . ' .. . . . .· . 

a ted·: c~lo\1X1ad dye·. separated 'out •. It was. keyt ovem~·ght·· at _room 

.··temp~r~tu~;· filb!re~, ~ash~d- several times with wate~, dried in .. 
. . . . 

~.ir .an~- ~inally :l_.ri vacuum at room:te~r.a~ure~_ccystall.:i.satio~ from 
I . . . ' - .. ·. . . 6· . • 0 
·acetone~pet ether ~xtu.re yie.lded · t!1e re.d· dye L H (m.p. 205 c, yield 

65°-') . _-_- . .-·--: . · .. 
P.JI • . • . 

A~-a~_ytical data · · 

·c~:3Hi ~N3 03'. 

-Found·: ·ccaicc;i) C%). 
... 

.. 
' 

,·,· . ,• 

r.: . 
'•; 

. c -- •",' / 

- '.· 

. . :·. pi • -0_ . . . -:.:-- ~' 
... (60. 79} . :-

H -
4.63 
(4~ 28) 

:15;. 92 
(16-. 34) 

. 9.;, 6. gm 'of ·J:,-a:rninophenol was d,iaZ()tised using th4;! procedure 

descri'bed in 3·. · To the diaz6tised· solution, 9. 5. ~ of :P-cre~ol in 
. . . 

7.o ml.- _of_ --l~-' N·~OH solution ·w~s ~ded __ ~lth ·sti~:I"i~·g. A. red coloured 

.. d~ ·_ <i.7a> · w:as ·finally· ~l;>tained. following. the prO<:ed~ . .de.;.cribed' 

in --~,_:which _on cryst~ili~ati_on _fro~ -be~ebe~pet e·ther- mJXtu~-
· - · :· · . · -- :·: 7 .·.. , _·. ·- -· · · · · o·· 

,yielded greyi'sh-brown .. dye, L- H (de~omp~_sitio~ l)oi~t 192 C, yield-
.. , .,· 

50%).- · ..... 

· .. -·· 

..... _,. 

~ • ' • ' 1- ' • 

.; :' : : ,' \\. 

. ~.J . 

j 
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j 
; ' . ' 

: j 

'I 
•I 
I 

. ' 
I 

"I 
_"r; 
i 
I 

! 
I 

. ! 
I 

I. ,, 



. 1. . 

:. . :- . 

-~~;.:-. 

: ~/ 
-~ 

. ~. .. 

. . 
Analytical data 

C:1381,2N2°2 .. :-_ : 
. - .. · .. :t' ·.:. :. 

. FOuiid. (Calcd.) (%) 

. . . 

·and its Na-salt.t 

!!. 

:' .· 
/ . 

·'N 
:--

13.11' -
(12. 2sl 

101. 

" ' ... ·1.-1_. 5 gm of. ~ni~ro,m·i~ine was dissc:>lved in· 18: ml of cone •. 

HCl arid. was diazotfsed· cit room' temperatu~ as described. by : .. .· . -.. ...· . . - . ,. -

.... '2 ,. . . 
· Vo98l • 

:i0.3 00\S of phenol was dis$olv$d in· 9t) ml of 7% sodium · 

. byc)roxide soluti~n .. at r~om tenperatu~e/ ,;,h·ich was then added to 
•' 'f o o o • > 0 o T 0 0 

. the diazqtised solution· with vig.orous .· stir~ing: fo~ . 2'. houts at roOm 
. . ~ . . . . ' . .· . '. . . .. . - . . ,.. . . . ' ' ' . . . . 

.· : ~~~ · · t~mperature. · The ·N~-s~l t separated out. as· .. a chdcolate brown product.· 

· The rnPttuie .was kept qvernigpt at room temperature. The residue 
: ' . ' I 

was fil~red;' w,ashed rep,eatedly with ·cpld water. ~he. fil·trate was. 
. . f 

'treated .with 5(N) ·.acetic acid whe~· deep }iellO\<f --coloured .dye separated . ' . . . . . . . 

out~ "It- was filtered,. washed several tirries ·with ·cold water~. dried· 
• • ~ • • .. .I . - • • • ' • • • • •• • ' • • • ~ ' 

. in air and final.ly in vacuum. Ccy~tallis~tion ·from acetOne-pet. ether 
·: · :· ·' · · · · ... · · · · · .· · · ·. · -:-a · ·' o · · · -· 

· miXt~~, Y:ield~d .. (leep yellow coloured dye L H_ (m.p. 220 C, yield SO%)-. 

· ··:: :T~e-.residue ,(sodium salt o~ 'L8 a>· ·was dried ·in air ·for 

severalc(a:y:~ .and finally dried .iii'.vcp.cuti_rn~ ·.Yield- ·5()%~ . 
;"·. 

. - .. . · ~-~~e ilg~d (L 8Ii> ':w~·. ob~a~ned ·bl' · preci~:i. tatipn ~rom \ 

'. : . .- aqueou_s ·solution o£ .the s_odilim sal1::. upon acidificati_on• 
-

: .· 

.:~. 
, .. . . 

.· , .. · 

.· •,., 
• r ' - ~ ' .. 

. ' -! 

' I· . 

. : 
i 

.I 

I 

I 
- i 

l 
·' 

'' ··t 
'·I 

I 
·I 
i 

i 
'1 

i . 

. I 
.J 

I 

/ 
I 

. ' 
I 
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AnalYtical data 

C12H9N303 

Found (caicd) (%) 

' c '--
59.46 -

. (59. 25) 

H -
3e70 
(3';.70) 

! 
17.82 
(17. 28) 
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- .. 9. 6_ gm of p-aminopheribl was diazotised using the procedure 

d~scri~d in 3 .• - i2·; 6 9m of p .;.naphthol~ in 70. mi of' 100" NaOH 
.,··. 

soiution -w~s coupl~d with the. di~oti~eCi- s<=?lution .using -the same .. 
proCedure, when a brown coloured dye was obtained, which on 

·crystallisation from benzene-pe~ ether mixtuz:e yl:elded a_ brownish 
... 9 - 0 •. . . 
dye L H (D.P. ~27 C, yield 40%L. 

Analzyical data· 

Cl6H12N2°2 

~ound (Calcd) (%) 

:C -
'73.84 
(72.72) --

!! 
4.17 .. 
(4~ 54) 

~l.O.- Preparation of 4 •·- (2-methyl:.4-hydroxy-~enzeneazo)­

---~itrobenz.ene'. CL10a> :and it~ . .-.Na~.Salt_.· : 

N --
10~70 
(10.60) 

·- ii. 5 gm of p-nitroaniline was. dissolved in 18 nll._ of cone. 

Hql ··and_ wad 'di'azctised by :Usual method2 ·at· room telllJ)erat~. 11~ 9 . 91J1 
.. . . . . ' 

of m-cresol was -dissolved-~n ~"sodiUm hydroxide solution at room. 

temperature, which was. then adde~ tci the diazonitun. salt 'soluti.on .. 

wi~h viQorous ~-tirri_ng. for .2 hours. at ~m temperatUre• -The Na-salt · 

sep~rated _out as ·deep ~rown prodUct;;: The miXture was kept. overnight 

at roOm tenperature and 'the res'i~e was' filtered,- w_ashed repe'atedly 

w.:i.th cold. water till th(!. prodtu:;t was· fi:-ee _from NaOH (tested with 

·indi~~to:r paper). ~he filtrate was· treated with S(N) acetic acid 
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. ·- .. 

·.· .. 

· w~en .prick-re(i coloure dye· separated out·~· It-~~s· filtered·, washed 
.·.·- .... 

. ·several:· times with cold w_ate·r, dried in··air ·and· .finaily -~ ~aquum. 
' " . .. '--~· .. 

Ccys1;al lisati_on· from acetone-p~t.,ethe~· mixiure. yi~:l:ded b;t"ick~red . 
-c~iou~d dye L1_0H (m.p. l80°C, _·:yield 4oi). ·.· 

·. 
' The sodium s'alt .which _separated .as. residue ·w~ ·dried ·in 

air for sever.al days ana_ fillally ·dr.i~d in vac,:uum (yield 4o%>· ·and 

was used at.such. 
·. ' . 

' 
·The free ligand· (L 1 0ci> was· obtciin~d _when ~ec~ss~ry by 

·.~ ~ ..... 
' . . . 

·· precipi tatiori_ from aqueous solution of the sodiwn salt upon .. 

'. ·aciCiif icatiqn. 

Analyt~cal -da~a· .. 

c~3~1N3°3 
Found· c'calcd) C%) 

.... •, 

c -
.... 61'.02::' 

(60. 70) . 

.. 

' . 

•· 

. ·H -
-4.49 
(4. 28-) . 

.N -
15.95 · 
(19•34) ., 

1~. ~eaction of triphenyl· tin oxi¢ie ·:with 2-hydroJti-5-methyl-
... 

· · · azo: benzene (L· }J) 

., !-

:t-in ·oxide in 7-S. ml. ·of dry benz.ene was -refiuxed us.ing water, separatqr 
_:.".!_.:. :: . . _; '• . 

. for -30 hours-.arid filtered:. The-filtrate was. concentrated ·to a s'mall· 

. ;ol~f! -~d·pet ,~ther ~-a~ the~ added dx"o~i~· -~~11 .a slig9t ·pi:ecip_~t~te 
-. · ... ' ' -~ .·. ·. ' . . . ". . ·. . ~ . " . . .... :. -'-'. . . . . . , ... ·_ .... 

appeared and then allowed ·to cool. for few .hours~ when a chocolate 
... 1/. ,, . . . - . . ,. . . - .. -~ __ :.. . . . . . ·: : . 

. ~?lou~d solid separate~ out. I:i wa~: fil~~red. o#~~- . 

The. residue 'Ttfas: washe~· ~h6;r:~_tigh~·y with pet ethe,r an~ . the. l 

chocolate .-coloure·~ ·c~m];>c;~:a,· -~~P~) 3- ?-0.~~~--.. wa~ obtain~d· (yield ~ 0'/o ) • 
:. . . ~ . - ,: . . . : ·-: . . ~ . ··' . 

•· . -
·•." . ;• 

... •. '/ 

. '.I 

r 
. •· 

'I ,· ..... 

·I 

· .. • 

' . I 

·l 
. ·, 

'I 
.I 
I 
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. -
. · ·The. filtrate on concentration anti ~Fac:tional crystall_isation . 

:··.:· yi~lded ~~acte·a: lfgand ·cL1H) ·anci the .tripheriyl tin· oxid~. 

·ADalytical ·data: 

··~19H1803N2Sn 

Found (Calcd) (%.). 

. £ :;·' 

'52~-06 '.· 
. (51. 73.>-' 

.. H -
4.72 .. 
(4.08) 

.:N -
7.11 ' . 
(6.35) 

- 27.06 
. '(26. 93) 

2. · Reacti:on of triphenyl tiii' oxide with 2' ... (2~l'lyd~oxy~s-methyl--
.- ·.·. --.. ' . . . . ·,· . 2 -. · .. · .. 
benzeR$aZO.)fluorobenzene. (L H)· · : .. · · . 

.. . ' . . ' ..... 
; - .. _ . . . : . . : .. ·.. ' .· 2. .·,· 
:· . . :-.A -m~ture of 1. 28 fJI11 of l:.~:gand: ·c~ .. H) and. 2.,, gm of tr;l.phenyl 

. tin oxi~e in: 75 ml ~f· dey. b~nz.e~e w~s ·ref-iuxe,d:' u~ing:water. sep~i:-ator . . . . ' '':. .. . . . .. 

. . -for so· ·hours ·and .. f·iltered. The filt~ate was concentrated ·to a smaii 

.· vol~ and !>at. ether:·. was. then~-~dde'd .. dr~wis~ .til;.~· slight precipi~'ate ·. 
. ' . . . . ; ~ . . . . . -. ' -

·appeared· ·and then ·allowed .1:o cool -for few hours, when a c1eep reQ. 

c~lo~~ea .solid s~par~ted·· out.· It .was filtered ·of£. 
~ . . .. ~ ·. . .. 

. ·: , . The . re s.idue was. washed thoroughl-y· with _pet. ·ether and de~p· . 

. ·. ~~d c:o~O\!red Compound m.p~~00°c was ol>~~ed (yiel<l 30%). 

: . . The ·f_il_trate on . concentrat:f:on an~ fracti.onal crystallisation 
•'' . . .· '. . .. 2'.' .. · -

·. yiel~ed rinrea~ted_ligaqd (L H)' and· the 'triphenyl·tin oxide. 
. .· ' ' "·. :: . . . 

·. ~alytical data . '' 

.. Cl 9~.70~N·2Fsn .c '·-. ·- . .H . -· . 

. Fo\md .. ccal'co) <%> 
. . . 

3. 9~7· ', 
.. (3• 70} _: 

. -~ 6 •. 38 -
· (6.iO) 

· ,·so.8s 
", - . '(49 •. 70l 

/ 
·'· 

.•· . 

. . ,· 

.. . .-. 

,·. ', .. 

sn -
2.5.32 
'(25.87·) 

I. 

I 
.1· 

I 

! 
I . 
1-
! 

' ' 
'·~ : 
'· ' 

I 
i. 

. ' 
I 

'I 
l 

. ' 
' 
I 

' .. 
i 



'I· 
'·, 

.i 

...-!..:,,. 
.:} .... 

·r. ·' . "\ 

--..J,;..· 
";-"' 

~. •. .· . 

" ' 

. . ~ . . . . 
......... ~ . .. 

''• 

·3~ Reaction of .. "•' .. " . . tr.i,phenyl tin oxide· wi'tih .2i:.:.. (2-;..l:lydr.q:Xy-~.OOmethyl~· 
. ' '' .. · ' ' 3 ' :: ...... 
hy~oxy benzene ·c~~· H) · -.... ·. ·-._- :-: · · : ... '. · · 

. ' .. • 

A miXt~re. of ·1.5 grn': 0~·- free ligand CL3~) .and 2 •. 35 gm 'of_· 
t •• ;--· 

· ·._ triphenyl. tin ·oxide . in . 75 ml~ bf ·dry benzene wa~- refluxed- using-' 
' . ,,•• •,' . I ' 

. water. separator ·for 2~ hours· -and_ filtered;. The fil~ate was con~ 
cent·rated. to a. small .. v~lume :apa: 'pet. e~her was then'· added· drop:.. 

w.tse to~· the ·con:centrated .filtr~te·; t-~1~ fi!int ppt; appeared. and. - . . . . . . . . 
• '.. • ' " • • t • • • • ' ' • • • -.' : • : • :· • • ·~·· ' .. 

allowe.d .to cool for few hours~ when a: dark brown coloured soiid . . . . ' . . . - . . 

··.-separated 'oli~~ :It: was: filtered off_ •. 
-'!. I ' ·.·· '., 

1'05 

- The· re~idue ·was washed thor~ugl)~i-.with ~~t ~ther and the 

dar~-·~~ewn .co.lou~~ c:olnpo\md; ~~P·> ·3~o0~~ ·,~ras. obt~~d (yield ·40%>.- · 

. ... _ :The filtr~:te: on._conce_ntrat.io~ ai)d ~raction:ai crystcil.lisation 
. ' . :· ~ .... '. :. ' . '. . ·'· . ·. ' . 3 . . ' .. ·. ~· ' . ' . . . . "' . .. :. 
yielded· urireacted. ligand (L. H) .and the t~iphenyl tiD oxide. · 

. . . . . - . . . . . ... . . . . . ·. 

_Analyt.i~al data 

·: .... 919a~a~2°4~n · · 
.. ;.,.f'<· .. • -

-Found· (Calcd) (%) 

·.··' 
. ' . . , ... 

. £ . -~ -- ·.!r.·- N' ---
'48.9.8 .. 3.87. 

. __ -. (49~92.), ... (3.94.f 
. ;·,· 

26.01 
(25.·9'9) . 

4.• Reaction of Triphenyi tin ·oxide with 4- 1 ~(2-hydro.xy-s~methyl. 

.~~nzeneazol n~trobenzene- ·cL 5a). 
:··· . -_ -- . .· . . . . . .., ' 

''. ... -. 
·.'-. ' .. 5 

'A.-'mixture ·of 1'~_5 gm of the ·ligarid#. L H and 2;09 gm of -· · 

tripheriyl . t~n -~~ide in .75 ml of ·~ry ben~erie wi:Ls .re;fluxed' ·using . 
. . . . ' ' 

tiiate,J: sep~rator :fo:z:;_ 36 heurs- and,' filtered. The f-iltrate was conceno..· 

• _. trateci to a ·~all. volulne- and. pet -~ther' -wei$_ t.h@b- added_ dt'opwise to 
' . - ' ' . . ~ . . . . ' - ,- ' . . . . 

· . ,_. the .concen~rated filtrate ti:11· faint ~pt appear,ed- aJ;~d allowed to · 
. . ' '· . . ,· . . . . :. . . ·. . . . . ' . 

cool.for .few ·hou~s; when a d~ep. r~d cololited ·solid sepa,rated qut. 
• • .' ' '. .. , • -· • ' •' : - \' ¥ : • • 

.. :It ·was filtered off• - · ·r ; . 
'' .. 

. ( 

'•' 

I' 

'I 

, . ., 
. I 

J 
') 

! 
' I 

'1 .. ,~ 

I 
f 

I 

' . ' 

. ' 
j 

, I 

I 
'I 
I 
I 

i 
I 
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Tl).e resi9,ue was _wa~hed thoi:oug~~y ~it;h Pet -e~_er and the . 

'de:~~ :red .colau~d com~~d_ m.p.> ~00°~,: ~.as ob1?~i~~d~_ (yield '4~).· 
' 

I. 
i 
I 
i. 

The filtrate ·on concentration·-:-and fractional- cxystallisation 1. 
,, . . . 5 .. ·_ . _· . . l ·• • • 

. yiel~d unreacted ligand (L Hl and the tripllenyl tin ox~de • 
. . . ·':' - . . . ' ·, 

Analytical .data _ 

C19~ 7°SN39D ·._ 
Fo~d- (Ca;t.cd) (%·) · 

· ... 
. ·. \ 

· .. i: 

c -. 
... 47' 02 . ' 
·--c46.94)-

·a -
-3.3-7 . 
(3. sc>) . _ 

- ,.,._ 

N -
7~98·' 
(~~_64) '. 

Sn -· 
24.87 
(24~'43) 

. ·s.- Reaction ·of triphenyl tin .oxide With· ·~~(~~hydroXy::S-metbyl_ 

benzeneazo~ hydro.xY .. benzene ·cL7_H, 

:·l\'mixture.of·t.s·gm~of_''i;he- ~-~gand, .I?a Md -.?.35. ~of · ., 

.triph~nyl tin oilcte in 7S uu o'f· dey .bEmz~ne ·wa~- re~l:l:JXed. using wa~r_· 

separato~ for. 30 hcurs and, f_:fltered~ The fil: ~rate was_ concentrated · 

to_ a small volume and pet ether- was-'·.t;nen' aaded dropwise. to the. 

;.concentrated 'filtrate till faint turbidi~y appear~d and ~lowea·-~o 

· co0i for _·tew hours when· _brown _col·o~red sol~d $~p~ated '0\lt~ · It· ·was 

· 'f;iltered· off. . ·- : 
. .. , l 

_ The' residue w~s w'ashed 'th_oroughly·· witll pet· ether· ~d the . 

b~n c~ioo"'d. compOund m.po) .3 ~o 0 c . waS obtained . (yield . 3o%) •.•.. · . 
.. 

. ~he filtr.ate on.- concentration 'and f~aci;lonal crystallisation 
". 7 ·. . ,• ,~ L ' • I • ' 

yielded unreacted · ligand (L H)· _an~ the trj,phenyl t.in oxide. 
/ 

·'" .. 

. -
•' 

,.• . '. ... 
1' 

), •. ,· 

:.· .. • •' I 

. l • 

. .! 

I 
. ! 
. t .. 
~ i 
'•., 

. I 
I 

--· I 
l 

I 
I 
I 

.. I 
I 
I 
I 
I 



. -~ 

;', 

·,· . 
Analytical· data 

c19~804N2Sn 

Found. (Calcd) (%) 

; ··. 

c -
50~54 .·. 4.02 
(49. 92) . (3. 94} 

>· . 

.. 
'· . 

N-' .-
' 5.97 . 
. '(6.13 )' 
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·sn· ·-· 
26.32 
(25._99) 

. 6 .• Reaction. of tributyl tin oxide with 4•-(2-hydroxy ... ·5.-methyl · 

benzene~o·).hydroxy beriz_ene CL7~>' · · . 

:·.:·A ·Iri.i.xture of 1.? ~ ~_f. th~·_.lig~d···L7~. ~d ·.t~96 gm of tributyl .· 
'. : . 

. tin oxide: in· 75 ml of ·dry benzene was re~luxed u_sing. water separator 
. . .' ·' . . . ';; ' 

. " 

for· 48.•· :hours ·and f~ltered. The fi.ltrate was conc~ntrated to a· small. 

v'ol~e· :and pet ether was then added 'dro~ise·~to 'the cbn,6entra~d .. 
. .· . . . ~. 

filtrate. till·' slig_}lt ppt·. ap~are·d ·and .. ~ilewed t.o ·cool for·~ .days~ . 
. . . ., . . ' 

. when a ))rown .coloured solid ·_separated ·out. lt.was filte'red .~ff •.. 

. ~he · residue was .washed tho.roughly ·with :Pet . ether .·and the 

brQWD !'~loUr!'d ~ompcund m~p~) 3 00°(: wa~ obtained .··· (Y.ield . 30%J •. 

· ·The .filtrate on .. concentration ~d· fractional ·ccystallisation 
,. . .... " .· . ' - . .. . . ; : . . . ' . . . . 

. yielded unreac~ed ligand.· (L H) and the· tributyl. tin oxide·• 

Analy-tical dat~ . 

. c1~22~4N2Sn .... · 

:FOuria (Ca1cd) C%> · 

.. " 

\ . 

·I· 

' . •' 

c -
46~ 78 . 4.98 ··. 
(,46. 7-1)-<' (5.0.3) 

. . . . . 

. · .· .. ·.· .· . 
' '' . . '. . -~ ' · .. ~. :- . } 

.• . ,, ·J __ 

.. · ........... 

··· .. ·: .. ·l. •' 

; 

. 6.05 
. (6.41) 

.. ·,.:··. 

~-

26.92 
·(27~18') 

.. ' 
'·' 

I 
. I. 

: 
I 
I 
[· 

·'I 

I 

I 
I, 

' ' 
' I 
I 

• I . ' ·· .. : 

': 

I 

1 

I 
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I 
'I· 
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' ' 

7 .• Rreaction of· i:riphe'nyl tin oxide with 4 1 _-(2-hydroXy-na.phthylazo) 
~- - . . 

-. . . ·.. . ' ... ·9 ' --. ' -
hydroxy benzene (L H) . · , ·· 

' .. ·' 
· .. ' 

. . 

A mixture of 1~ s 9m of the:. ligand. L9a at1d 2 •. 03· gm of: 

triphenyl tin oxice 'i'n 75 mi. of dey: be~ene ·was. refluxed us.tng.' 

water separat·or for 28 ho'tlrs·· ·and ti,l.tered. Tl'le filt,rate was concentta ... 
' . . . ·. ' . . . .· 

~d to a small 'vol uine and" _p¢t .ether_ was ~en '!ldded dro~ise to the 

concen1;_r~ted f il tr.ate· .till · sl·ight ppt. _appeared and allowed . to cool 

·_for ~~w- .hours_ when· a deep broWJ:?.·. ~oloured solid _s~parabed Ol;lt. ~-t 

·'· ,. 1' ••• 

. . . ' ' . . 
'l'he. resio'ue ·was washe¢1 thoroughiy with pet ether and the . : 

deep brown co;J.~~d cORIPcun9 m.P~ '3ii_Q0~ waS obt~ne!}. (Yield 40%). 
. . . . .. - ' . ' . .· 

The. fi.ltrat~· on ccnceritration ·and .fracti()nal- crystallisation {;•· 
. .. ·, .. _.· .. - :. . :. _· 9 ' : ... ' .. · .·. •' '·. ' .· . ' 

.. : 

yielded unxeacted· lig.and '(L H:) · and the· triphenyl tin oxide~ .. ~. . . . . ' ' -~ 

,.,., .. .-. 

. ·Analytic_al·. data . 

~,c22~804N2S~ · 

. · .. Found; (QaJ.cd) (%) 

. -"~ ' 

· .... 

/ 

'52.89 , . , 3.60· a' 

·· ·· C53.58J ·. ·.'. C~···QSl-. 
. . . . . . 

N. -
..:. 5.97· 
. (5.68)' ' 

' ' 

Sn 
··-~-
.. 
23.89 

. (24.'09 )•. 

a.- Rreaqtion of- tributyl tin ·c,xide· ·~ith 4•_-(2~hydroXy-napht.hylazo) 
. .. ·. ' . '·. 9 

·hyckc:aty -bf:!ne:ene . (L :H) · . '.. 

' '• 

' . - ' . 9" . . ' ' . . ' 
· ·. A:.lllixt~e of 2 ~ of ligand (L H) ·and 2;.·26 gm of ~ributyl_ 

· . tip · oxid~ ~n _7_:?. 11_!~_:_~£_."-:dty'~~~-~~E~.:.~as -:~~J;~d·.-~-~.-!~.g __ ~!l~~ '-· 
?;>, ---~d~~~:~~il· _fo;>.42 ... ~o\iJ:'~· and ·tn~n·:.tf.il -;~iecl~ ~}J~k f;i+~r.~t~ --~~s .•. · 

.···-..... _::':.:· .. :.:_ .. :7·_-· :-~ -·~.·. -;;-~ ...... · ~ .. :' ··.· ..... ': :. 1 ,' .' •• J • • • ·.':... .-.' ,-·.: --~-.-·.· :··· .f·~- ... -. ·. · .. :_' .. -_ .. ,, . . :~ -. . ·. 

'. ' . : concientrated·\tc);,a small volume··· and :pe,t ·et}:l~z;:,;.w.~s,j;he~~a~ded :· 

.· ' .. •·. · .. dropi<i se · to thE\ con~~nti"ated nl;rate Jill .. ~ .~ aint · p~~· apPeared 

and ·:al~_lowed t_O\ · · 
·' ''. 

'. (. '' .. 

I ;, ~ • 

: ,r 

. ·_.,. 

·i 
I 
' 

' ' .I 

' , I 

I 
., 
I 
i 

I 
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. cool _for 2 ·;days_.-wnen ·deep_ brown coloUred· soli:d. separ~tf;!d out. It 
-' 

·. wa_s filtered ·off. · - ·''·· 

-.:- The _re~i~ue was. W~IShed tho~oughiy with pe:t·. ethetr and_ the 

:.·· . deep b~ ·~oloured co~O\llld, _-m.~.)- 3o()QC was:···obt_~ne~ _·(r!~ld 3_~·) .• _ 

. ·,·· 
·.The filtrate on concentration ~d fractional crystallisation 

. - . 

. · y.i,elded unrea:cted ligand (:J:,~H) ·a.na_ t~~- tri~utyl tin oX:J.de• 
' . . . ~ -. . - -- . . . 

. _ADalyticcll data· 

'_,: : . <?2oH22°4~2sn ·. c . H · .. - . 
Sn 

·· · · · ·' F·o~d :·.ct'a!:cd) .(%) 49~92 .. 4. 30 .. 

!·· 
'6 13- . . .. . ,. 25.01 

·(25.l1) 

. :, .... 

~~-. 

:_·:~·. 

·(_5"92) . ~. 

(50.77)· ,._(4~65)'. 

' . · ... , . 

9. Re.action -of trippenyi :tin chlorfde~with Na-s-al.t of 4 1 - · 

. . . . . . . · ... · · ... ·, .. a·- . 
(·4-hydroxy-b~nzeneazo) nitrobenzene (~-.H) 

:, ·. 
.· · A mixt~re of 1 gm of Na~_salt .. and ·1.45 gm ()_£ triphenyl· tin 

. . . 

. . / cqlQ.t:i'~ .iri '75 ml of. dry methanol' wa~~- t~~lwced for i2 hours and . 
.. 

·.~ilte~.Ci.· _'i'he aicohoi- waS!. reniov~d comple~.i.y f;r,:-o~ th• ·filtra,te _and· 

the ·residue. was treated ~ith cold~ dry benzene•· The benzene. extract 
' • • • • : • • • • • • : ' ' > ' • ' ' • • ' ;' '. - - • ' ~ •• ~ ' ' '. ' - • '· ':· '·•. - • ·- ,._ • • • • -: • • ' • - ·_' ' ·_ \• 

was .co~~entrated to a vert small. _volume<and pet ethe;r was then added 

and _-kept oVept_i·g~t _at room terrperature- 1il1len ne~dled shaped orange 
. .. . 

. co'loured' c'rystals separated out·,_: which .6~ 'several. recrystal,lisation. 

from. benzene-pet ;·ether mixtur;e <vieided·-the bright .orange~~loured , 

-ciyst8ls_·.·of -~rganotin .der:i:va.tive·s·'having ~~p. :-160°c, yiel~ 80>"· 
. . . . . ' - .· ·' ·' 

.. · .: Analyt;Lcal data\· 

. :_·· .. c30H~_3o3N3sn : 

:FO\llld: (Calcd) (%)· · 

I_ 

c . --· 
··'60•S4, . 

-··,·(60.84): 
' -

'' '' 
'! .• .-

. H·. 
. ·-. 

·- T ·-

-3.S9·· .. -
(3.:88) 

'·. .... - '' 

--.' .. •· 

. . N 
. -· --- -. 

··-7e'23 
:_ (7. 09) ... 

.. ., . _- -~\-,-. 

'-, .... 

·sn -
19.97 . 
(20.:06) 

. ' 
·' 

1. 
I 

i 
. i 

I 

.·, 

[ ., 
i 
I 

.I 
I 

I 

I-
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10-. ·Reaction of tr.:i.-cyqloh~xyl tin chloride. with. Na-Salt. 'of 4'-

.· .. A. n i.Xture of 1 .9m of Na•sal:.t and i~ 52 gin 6£ tri~cyclol)exyl 

·.,tin" 'chlori·d~ ln 75 ml. of dry:.methanoi was z:efluxed f~r ·~.2 hourS 

_and w~s filtered. The alcohol .was remoVeQ completely. f.i;Oi'n the 

filtrate·. and the -~esidu~ ·was treated' with cole,. dey benzene. The 

.benzeine' e:;l(tract was concentrated 'to a ·Veey' small .. vol~ ana pet .. 
) . . ." 

;' .· -, 

:ether~~~ then added and.kept overnigh~ at room tem~eratuie,' when' . . . .· . ~ ' . . ' 

needle shaped -~range-red coloured cry~tais separated out, which. on 

several recrystall.i~at:i,6n from benzene-~t ether mixture ·yielded 

the }:)right. orange-"!.rerl_ coloured.· crystals ·of organotin derivatives· 
. . . .·. ' . •' ·. 

· havi~g ·m.p.- 140qC (~~eld 7t1") ~: . : · 

· ~nal.yt~ca1· data .. 

_c30H41°3N3sn. 

· .. Fouiia (cal~d).C%> 

c -
59.54 
(59.04) ·." 

!!· 
6.'"46 . 
'(6.~ 72) 

-! 
6.29 
(6.88) 

11. -'Reaction ·of. tributyl .tin chloride ·w.ith Na:..salt of 4i­

. (4•hydr~;"!"benzerie.aZo)-nitr0~nzene . (L 8H) .. · .· _ 

sri -
20.03 
(19 •. 46) 

A ~i.xture of. 1 gm of Na-s.al.t and· 1 •. 23 mn of tributyl tin 

chloride· in 75 ml of dry benzene was re·flu,xed for 36 hours and. was 

filtered:· The benzene ~as removed .conJ>letely fran the filtrate and 
. . . . ' - ~ . -

the residue ·w~s. treated ·with cold, dey· benzene and filtered.- Then-
·- ·f' • . . . . . . . ' . . .. ' . ' . . . . ' .: - . -· . • . : . ; . . : ~ ' . ' . . . . . . . . 

~t ether was ·added. to_; tl1e' concentrated filtrate· in slight excess 

''and· allowed' to cool f~r few hours-,. a solid separated out- which on. 
. . .•· 

several recrystallisation .frombe~zene-pet et}leJ;":mixt~ yielded the 

'. 
:. •,'' 

-.'. 

' ·. 
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bright orange coloured organotin derivative having. ni.p. '171°c~ 

yield 40>/o. 

Analytical data 

c24~503N3sn c H N - - -
Found (Calcd) (%) 54.86 .6.98 a. 02 

(54.16) (6. se > (7 .89) 

12. Req.ction of tr_iphenyl tin chlori_qe with N_a.-salt of· 4 1·­

<2:-rnethyl-4_-hydroxy~benzeneazo) .n;f,.trobenz_e.n.:e (L10H) 

§!! 

21.82 
(22.32) 

A mixture of l. gm o:t Na•Sa,lt and :i .. 3S. grr· of triphenyl tin 

chl.or:ide i~ ·75 .ffil. of_ dry methanol was refluxed for 12 hours and 

'filtered. The alcohol was. removed qoinple~iy from the filtrate and 

the _residue was treated· with c:old, dry benzerie. The benzene extraEt 

.was concentrated to a very small volume and pet ether was then added 

and kept ove+nlght at -robrn temperature ~hem needle shaped lied. . . 

' . . 
coloured crystals separated out,' which on several rec.rystalliatiori 

. . 

. from benzene.-:pet ether mixture'. yielded: 'the bright red ·coloured : 
. 0 

crystals of organotin derivatiVes having m•p• 138 c, yield 6~/o. 

Analytical data 

C31H2503N3Sn c H ! Sn - -
Found {Calcd) ('Yo) 61.65 4 .. 26 6;29 20.01 

(61. 41) (4.1_2) (6. 93) ( 19; 59) 

·_r 

'.:..· 
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. 13~ Reaction.· 6£ tri~cyclohexy1 tin -chloride with Na.;..SaJ.t .of 

. ' ' ' . . ... 10 
4'..o(2-rnethyl~4-hydroxy benzeneazo) nitr_obenzene (L H) 

.. 

112' 

A mixture of .. 1 gm of N_a..;.Salt and 1. 45. gm of trf cyc!ohexyl 
·' 

· t_in chlor-ide in· 75 ml of· dcy methanol was refluxed for 12 hours and . . . . . . 

w.as :e.tltered~ The alcohol was :·re~;oved. completel,y from the. filtrate . . . . . . 

. and ·th~_: . .res·i.due w'as · _tieateci' ·with cold,_ ·dry ··benzene~ The benzene 

ex~~act ·was. c~nceritrat~d: to .a. vecy. ·s~all .. v~lurne and PE2t. ether. w~ 

then' added ·ana·'kept ·ovemight a-t·. room ':temperature,- wheq needle 
.. • ' . . .' ', 

shaped·. red coioured. crystals ·_separated .out,. ~hiqh_: ori .se~er~l 

rec.rystallisationg from.benzene-pet ethe-r 'miXtu~ yielded th~ bright 
. . . . . ...... ·:: . . . . . :·' . '· ·. . . . _>.. . ' .·· 0 . 

·red qdlouted · c:rystal.s_ of .. o~ganotin _derivatives havin~ m._p.- 130 c, .. -. . . :. . . . ' . . . . .. 

. yield 500-"~ · 

.. ~alitical data 

C3]_ H~3o3N3Sn <_ ... 
. . • • . ~ .. . . ' t . . . 

Found· (Calcd) (%) 

·c ..H· 
• !!!!0 

/ 

60. ·a2 -·. · · 6.-e1.· ~~ · ~ 

N -
''. 

2!!.... 
. ·'19.97 

' '! >.·· .• _(59.64) '.·· (6~89) .. 
.5·.99 
(6. 7-3) . '(19.03) . .. 

. ' ~. 

~. : .. 
. . > 

• J • • • 

14. Reaction o-f. -trl-butyl tin: :chloride w-i-th Na-salt of ·4•--

:. :A ~ix_ture -of 1 ··gm of ~a-salt.·anci':i.165 gm. of tr.ibutyl t:i.~ 

·.chloride in 75 rnl ot'.dry berizene·.was '.te~lweed··fo·r 40 h~~s and 

via~· fil_tered. The benzene ·was removed. coroi>~etely fiom the_ fi~trate 

and the residue' ~as treated with. t:o:i.a,·: ori' benzene ana ~:iltered •. ' . 
. ' . . ' ' ~ 

· .. The pet ether was added .to the· ¢once~trate·d ·:filti-ate :in slight excess 
': · ... 

,·. 

'.• . 

. r 
.'. 

:' 
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and allowed· to cool for few hours when a solid separated out wh~ch 

on· several recrystallisationsfr_om.benzene-pet ether mixture yielded 

the bright orange coloured orgf,lnotin derivative ·having m.p. 147°C, 

. ·yield 40",<;. 

Analytical data 

C2.5H370:3N3Sn 

Found ( Calcd) (% ) 

. C· 

54.01 
:Cs4·. 97 > 

!! 
6.97 
(6.78). 

!: 
7~49 
(7~ 69) 

Sn 

20.99 
(21~75) 

'·· 
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CHAPl'ER IV 

ELECTRONIC SPECTRA, .rnFRARED SPECTA OF 

.. . ARY'LAZOJ:>HENOLS AND THEIR. ORGAI~OTIN DERIVATIVES. 

IV.A ELECTRONIC SPECTRA 
~~~~~~------

'!!" mTRODUCTION 

1.1. RESULTS AND DISCUSSION 
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2.·1 RESULTS AND DISCUSS.I'ONS 

REFERENCES. 

1'< .. 

'.I 



I· ·-\:;,:-
, 

---:::..r·· 
/-'-

-;:r· .. :~ 

' .. 

·:-~A- _ Electronic _spectra 

lo Introducttsm 

The electronic spectra of ~ebenzene and. related compounds 

have been studied extensively by several workers1 ' 2' 3 - 9 , 21 - 24 and. 

have been interpreted in terns of molec~lar orbital.descript.ion1 ' 2 '1.~. 

On the· basis of . these studies, the absorption bands in the UV-Visible 
.-

reg·iori_,.·. which are ·gen~rally,· three ~o four :in number, may be divided '· .. 

into: two types •. The longest wave length, weak to moderate intensity 

.b.and in· azobenzene ·and related compounds ( E max~102 - 103 ), is 

·ascribed .to'- the -n~ 1r*- transition and the· other. more intense 

absorption bands <Em~~lO~-)- are ascr~~d to the n-n•_transitions. 

While the posi~;i.on of the .first 'R'-~b~d va:cies cons.i,derably from 

CO:fDPOUOd- to compound, the pos;i tiO~- Of the 1\. ·...:. rtA band is almost 

unaffected by the acyl- groups -and occurs. at about 440-4'60 · nm. This 

. is efasily expl S:ined in terms of ·mol~cular orbital treatment of the 
/ ' .. ' . . ' 

azobenzene· system~ The ·upper MO for. ~h~ fi:rs"t;Y\-lf and 1{ -Jt transitions 
•;,.:·· 

is ~he perturbed orbital originating from·the ~ti.bonding·o~bital 

of the azo_group and-its energy is almost independent of the nature 

o~ the· aryl groups. The oz:bital energy level diagram for trans-

an~ Cis-:azo groups is shown in·fig.- '-~''• The lower orbital of the.· 
' . . . ' . 

first'ff-lt transition is the orbital arising from the perturbation 

of the .hlgher bondingTt.;.orbital-.of the ·acyl g~oups and hence its 
. . . ' 

_ene_rgy largely depends ·on -the ·aryl groUps~ On: the other hand;· the 

- l~er 'orbital, of the 'fl.-.,. tra.Osi ti~~ beinQ' a non~bonding orbital . of 

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

. .r 
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_ s~~ti~t~ents like. -NI~, -~NMe2 I·:·~OH,· -COOH._e~c, which are 
·- • ' • • - • •• • • > •• 

capable of producing large bathochromi·c shifts. of -the 1t ~ n transi-. . . . . . - . 

. t_ions -by eXtending. t~~ cor!j,:,.ga~ion;,. m~y ~£1;en .shift ~hE!- :_first n-it· 
. . . ,.. . . ' . , .. ' ·. _.· -~~· .. - . . . .. . ... 

band in tile azo compound to such an: ex~ent tl:lat ·the .characteristic 
.::t' : . >. . ·. ,' . . ' . . 

tl;_'Jt" . absorpti~n is ~aSked by. the: St~'0It9. ·abs.Orption.· 

In· tl?e abs.ence -of. specifi_c ~olvent..;.s-olute interactions the · 

electronic . ~sorption' _spectra qf the ·. aZO~C~mpp:unds do ·not ·show any 
• • . . . - ' . ~ ' - . - • f 

. 'l .• -.- •·. . . ' . . ,· • . .. ' •• • • - . 

. strong solvent depe-ndence apax::t. fr~ a small red shift of both the 
- . . .. 

. . arYl part of t~e azo compo~ds o_ft~n 'leads to a str.on'gly solvent 

dep~rident $so.ri:>tio_n· spectnim. du~ to· the possibility of_ (a) hydrogen 

bond :fo~ati~n ·by the phenolic ~OH -gr~up ~d/~r (b) az~hydrazone 

.tautomerism ~s shOwn, below . {I). · · -

·' -•, 

·;,<-

·' . ' .. 
-------:-----· .... ~ -A\4~ N-Ft-N=:. ~ · 

.~ •, 

... 

;'j .. •. 

T~e · _azo~hydrazone taut~mer.:i.sm. in hydroxy:· azo deri~ati:vEts: has been- · 

studied in _great.· d~taii ··by several .workers6'S' 9: .. l3 ~ 

.. -

·' 
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In phenyl azonaptholds, the presence of an lsobes'tic point 

in the visible absorption curves. measured in a vari·ety of sol vents 

has been given as an evidence for the presenc~ of equilibrium {1) 
'--.. 6 14 15· .• 

in phenyl azonapthols ', ' • Bqth the azo 911d hydrazone. forms may .. 
be stabilised in sui table donor sol ven:ts by externa_l hydroge~ bonds 

formed by 'the -OH and ·-NH group re~pectively~. l:lowever, with ~ given 

so+vent the phenolic hydrogen generally forms stronger bonds than 
'l. . 

the .-N~ .group and the' concentration of. the flZO form increases in the 
. . . . -

·order' hexan~ (e·thyl alcoh~l (ben~ene.(cbloroform (50'/o ethyl alcohol< 

· acetic. acid, in contrast to obse~~tio~ .aryl azo:- ~ -napthol series. 

This effect is. considerably. enhanc~d by· ·ortho substi tuent-s which 

sterically· inhibit. _the formation of the external hydro(]9n bonds in 

the hydrazone tautomer and thus, unexpect~d~y low concentration· of 

'if the. phenyl hydraicne: form is pre sent in the ortho su}:)sti t'-*ecl 1-aryl 
. -· . . . 8 

. ·~o-4..,napthols • On the· othe~ hand, both ~q~ tautomers in ~~arylaz~ 

2-nap~hol.st (IIa, IIb) .·are unable to fo.tn1 ~':[temal hydrogen bonos and · 

' the ccncentration of the more polar ketonic structure increases in 

the order of solvents: 

A-e-N== N 

/ 

\. 
\ 

\ 
H-0 

·, 

------ A'P. ~ ~----~~ 
u II (.:.., . a~ 
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· hexan~ ·(b~nz_ene :.·~1;hyl al~oh~l .(chiorof·o·;m <icetic· -acid. (wa~r, ... 
· app~ox'iinateiy ·in ··the ·ri~e ·~ith inc·~easing . .-<Uele_ctr.ic :constants9 •. 

. . . ,. ' :' ' -. 

Though a large nunber of. ~etal complex~s,. p;ilrticulcU:lY those 

.'·-of chr6Pdum, nickel, cobalt. an,d cc>Pper, of' hydrbXy ··~a a-carboxyl. 
. ~ . . . , ' - '., . ' - . . 

•' substituted azo. compo~'ds have. been. prepared because. of their 
' .. \ "; ' . . . 

· importance. in .the .dye indusi;.ry, comparatiVely· little ·attention has 
: . . ·,. - ' . : ·.'. .'· . . 

beeri pa~d to the stud,y: of, the ·eleqtronic -spectra ,.of the metal · J ·. 

. • ... ' 17.:.19,2·5· I • ' 

. derivatives . • No ·9et_ailed. generaJ.. account of the effec;t of 
'r~j' • . ·, 

. . . < · co;..'ord.inatiori_ .on the electronic Spf1!Ct:ra of. the·. az'o ¢Ompounos is so 

. if;'· . 
'.' v . 

,_· .. - .. 
•.·:,. 

f&r. avail~le·. In the early work by' .Emsbe~r ari.d Br9d~25,:' ·.a co~ari~ . 
·, ' . . . . . . . . ' 

son of the absorption· ·s~ctra of ·a:· sex-ies· of phenyl.:.aZo..:.p-cresol, 

~_-napt~o~- and. ~~Napthylami~e d~~iv~tiw·s· wi ~h those _of tjle. copper," 

. nickel and cObalt coinpci'\mds· ·has b~·en·. ~~de~. 'The· .inet~ deriv~t:l,ves were 
. . . . . 

foui'id to exhibit a neW· band in .the visil:>_ie ~C!Jion together with the · 
. -

absorption band~. c~rrespcmding to those f_cUJld in .the. p~nt ~o d1re.­

T.~e ·new. bands' in the metal complexes .~c~ur at the ·same posit-ion for 
• j,.";_-. . . . : ' . . ' • .; • • . ·. - . . . .. • . . . . 1 

. a given ':metal_, regard.l;~ss of the ·die with ·which 1t is· combined and 
\. . . . . .. ' . . .. ' . . 

· · may, therefore,. be a~cribed to ~n efe¢troriic transition within the 

metal atom ~nly •. ··.·, 

.. 

. . ·~sorptJ.o_n spectra of organ9tiri· d~rivatives .of .'(aryl-:azo) 
... · . ·· · .··. · . . . 

1 
. · . ·• . ' ·. · ·.· . 26- .· • . · · : · 

b~nzoic -~cids. have been repo-rted by Majee .and Banerjee . -where: it . . . . . . . 

i.s. ShOwn that .. organottn. ~aryl ~0) l;>enz~at~S may b_e cl~Ss_ified .into 

. th~e C~teg~~fes viz~ (.i) derivatiyes -Of o-;._(acylazo) benzcic acids . ·. . 

where -the co~~ling c.OznPOnents has: no_d9nor groups. (e. g.~- -:-NR2, ~QH 

apd ~OMe etc .• ) at the ~~~o1 ~o~3ition,·. (l~J.·-deri:vat:l.YE!~. of ·.O.:.ccirylazo) . 
. . '' . '. . ·. '. . ' . . . 

. . . 

.; . 

. ' 
'. > • 

._, 

. . 

. , 

I 
I 
I 
I 

'-·1 
'.I 
't 



J 

f •. 

;;{ 
·--.:-

,r•·· 

'-~/' 
.. '.:!:/ 

.. 
.. . . 

. ., 

. . 

.. 

120 

benzoic aclds where. the· coupling components ·have a donor group at the. 
' ... - ' . 

orti:to. p-o~it·ion' and· <i'ii) derivati~es· of 'th~<p- (~rylaZ~) benzoie·· acids. 

. ··This classification actually correspond~ to ligating ability. ·of the 

·: ·compourids. Thus th~ first group of compounds represent the derivatives 

~f the ligands which ~re potentially bideritate~ .i:he_second group 

represent po~entially terdentate ·ligands while .£he p-<:arboxy ligands. 

are onlY ironodentate {III-V) ~ . : · · 

~ _, . 

· . Bidentate 

·(IV) .. 

Monoder:ttat~. ('III) 

•. 

' ,· 

'·•' 

(X i= ·-~R2 , · -~H, · ..;.OMe 

. ~~rdentate ~· tv r 

-- - '• 

. ·~r:.:7~~~<:·:·.·~ . ··Another··.i~:teresting poss:i.billty_.::±s.· th~- .. ~~hyd~ol?-e 
- ~~~::}~~~~~~;~~~~:··: ~ ·. '. . ' - ~' ' . ' . - . ..~~:- ~-.~. '•, -- _···, :-~ .,: -~!~. - ,• 

,I• ,l~~:;·_ta~tomeric· equili};)r.:i.um .. o'f'··the follow:*n~>~Y.~~-·· .~,,~._:: ..... -'_:· .· 
-~·:-___ .·-:.·· · .. -.•. --~·. -:·:., --~----:~.;~.;.~ ·-l~--... ~---~" ~--~(~ . .,~; .. · ·~'- ·~-=-··· 

-~ r•:J•;:_~;{}:,;~;)';J<i;;;~;.~;, .... ~ ~ ~'• .. 

. ( 
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' 
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Al.l t~e thre-e types·,. viz.,_. mono .dentate;· .bidf:!ntate' and 

terdentate~· · are theoreticaLly possible in the present series of 
. . .. '. 

l-igand~ which· are strU.cturaily analogous. to· the carbaxylates ex~ept 

: fo~ the replacement of the -cboH group· by ;..oH grerup~ Unfortpnatelyi 
.. / . \ 

:.:;triorgcmotin 'd~rivatives. cotiid not be. _obt~ned except in the ca~e. 
. ·. . . ·64 .· . ' 
of .p~hy_d~~y· derivatives . ~l.thoug~. polymeric organotin pr,oduct·s 

. . 

',I 

I 

··"I 
, I 

' '·I . I 

are. obt~ined iri other· cases. The·. large amount ·Of ~lectronic absorption· . : 

' .· dat~: already_ available· 'in the case and ~r9an'oti:h compo'4nds. of other 

types- of ~l· .. azo :benzene deriv.ative_s2~ .. 67• 68• 70.-72 ·, ·hO\_'Ie~r; provide 
. ' . 

~ reason_~le basis for the _i_nt~rpretati·on of t~~e absorption data on·. 
~-:.. 

the present:. series· of. compol}nds .• · 
' :~ ' 

'i 
; ' 

<-; 
I 

I 

/ . . . The_ electrb~ic absorption. spect~a .'of almost all . the compcunds . I 

are characterised by the presence of· three absorption bands in t~ · .. . . .. -

I 
' I 

.. 
. ··· 

., .. · 
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UV•Visible region. The lowest wave length· pea~ in the 250-280 nm 

region undoubtedly originates from the perturbed locial excitation 

in the acyl groups, while the absorption above r-.J 33 0 ·nm is associated 

. ""' with the 1T-l't transition involving: the azo grcup. The low intensity 

-*" 
"ll.-1t band which occurs in"" 440-460 n·m is generally hidden under the 

• • 
tail of the nigh intensity '1t-Jt transition involving the azo group. 

TQ.us, the most characteri-stic feature of. the electronic absorption . 
. : ' . 

spectra of the $Ubstituted aryl azo phenols is the presence of a 

·strong· absorption in ther.v 300-400. nm region. 

1 .1 • Results and Discussion 

.. 
The long wa~ length absorption maxima of the ligands are 

·given in Table 1. 

A general feature of the absorption spectra of almost all the 

·compounds havin.g -OH group in the ~position of the type VIII is the 
/ 

presence of two absorption maxima in· the 330-48.0 ·.nm regi~ indic.ating 

the. pres~nce .of tautomeric equilibrium in.' solution. Such equilib.rium 

has already.been established in the case of catbo~late derivatives26 • 

. J.fO . x· 
==N 

y 
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.In .the absence of ap.y taU:tomeric or- solven:t.i.soiute equilibria 
• 'r ' ' • ' • - . ~. . . 

or intramolecul~r H~bonding, the.· absorption .'spectru~ of eompo\,Ulds of 
- . . .. - ',. . . - '·· 

. . . '. . . ' . 
. . the type lX and ;x are· eXpected to be very. 'sim~~ar ·except for a small 

. -
~-- _shift that may arise due to the small difference' in the inductive. 

' .... ', 

. and mesomeric effect of the -OH 9+oup :iP_:_the two systems. 

' .. · 
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,"' ,' . . . y .. -· . 

X y 
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lx - x· .-
.. ·'_ . 
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Table - 1 

...,. - · · Long wave· length Apsorption Maxima . (in nm) .· of 
· ... the_ aryl·azo phenols -used in.the present-~tudy 

Methanol · Benzene 

.. 
.y· · · · · .... · - ·· --cH

3 
1.· @N=N~OH 

'( '4 )' . · .. . . . C H -. , _ 

35.0 ·' . 350 

•. i,' 

/ . . ·. . . . - Cl-l3 . 
2--o ·N-(Q}· ·0 :N~-~~-0-- ·oH 

I~ ' ·. . . . . . . . ' . ~ 

.385 375 

(L'H) ··-• 
'I ... 
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. Liga.n.d M~thanol 

- .3. 370 

375 ~-

.· 340-

'-

320~400 

- ' ' 

'\ 

-: 415~ 435-

_- - 350~ 440' 

-.-
'1 " 3_801 480 - ' 
. ' .. ' 

"~-· 
.7'/ ' 

-, :- . - :- ' ~· . ' 
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Benzene 

375' 

370 

340-

_330,405 

--

340~,42S-

412,430 : 

\ . 

.- .380,470 
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. 'An e,Xamina-tf.fbn of the data. given::in.Tiilile -~·-1· shows the 
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.. '!: '" . - .. , .. 

.pre sen~ of only c:>ri~- ~:trc~g transitiOn .,ill: th~:,.,;34Q.-400 ·run -region. 
- ' .... ' . -. ' . - - .. -· .. _... . . . . . . . . . > .-. :·· . • . ., . ·. ·. . :' .·. 

·due to1I-.'X tr~sition ·in .conip'QWJd·s: ·of_-:1:~~ ~-~hiie ~hose of ty);)e 
. . -, ~ ,, - ,' ::;.. . ~ ·.. ... : .. -:· . ' . . . '. . . 

· Dt sh~ two··abso%-ption maxima, on(a. in/the>•vJ20~4oo -nm ~gion as ·in 
!-; • • •• ' • : • - ' • •. • • ~ '' • • • 

the case of the type: x c~p-ounds: and th~-- oth~r .·in the region;._.400-
- • . . • : - .. . '. - ' • , - ' ' ' ' . . . ·. ·_ • , . ~- I ' . . • ·. -~' • ~- , ' ' · .. '. > • '·. _- ' • r. ' • ': , ' ' ... , • • _'· , • ' -., 

.. 
48o nm. . .. _,._ 

: . :· 

·.-.. , ._· 

· Th~ addi'~io~~ -~~d···~t ;_·~~~h: longe~ wav~· \ength. ¥1. ·co~ound·s· 
- - }' 

, '.of ~e :type _pc should .. be attributea t~'the presence_ of :the ·htd'razone· 
; . . . f'. 1';.6-9,26,61, :·. . .. 

. ·form ~n ·equilibrium w~th the · azo : orm. .· ·• 'This is consiste_nt 
• • ' • ' • I ~ ' •. • • • " '•l:_ • • . ; • 

with t~ known b~haviour of' til~ ·_hydrazon~. f'orin 'which. always absorb 
' . ~- ;,. 

at ·longer ~ave· -length. 9ompared. t~----~~e. corresponding. ·i!Zo·· form27·., 
. ' 

. .-Both the ···azo·: OU.a) and~ .the·· hy-drazone. (XIb) · for:ms- are.·· 
• '• ' .- • • • • • " • :. -: • '---, '1 •• ~ • " ' ,...• • • ;~f,::. ·~ • ' ' • ~ • ( • o ' ": • ' _. • •• ' o • • ' • I • , ' 

stabilised· througl:'i intramol~cular -bydrogen ·bond as is . the case 111i th 
. . . . ' ' .-· •' . g' '; .. '' . ' . '. -·, . ' - ' ·: ,· . 
l-_arylazo-2~n~pthols· -. ·.. ~- ·. · ·: 

.. -.. : 
..... 

' . ' . . 
.. , 

-· !' 
•, < ~ I • ' 

.,.,.-:-;,:. ,· ,.,._. :.-: .. ·· 

. . ·~: :_ : ·, 

,·.· ... , 

'f ... ~-' .. ... 
--~:J;a _, 
...---.· -·. ·-

. ; .. ::- . 

: :.- ; 

:; ·· ... ' 
... · • ... _ 

-I·. 

':·. . _· 
. ' - . 

• r_ • 
-.:.! · .. ·._-

• ',• .1' 

; "'. 

• ·: f 

... 
. .. ~ -_. ' .. 

. .-.·- .. : 

.· .. :' 
..... ·· 

. ' . . . . . 

-: ,, .. ,· 

-~ :· • 0 •: r • ' 

'[ ' 

-' ,_ 

. . ~ . 
0 •• ·~ • 

- '', 

.· _.-

., •,!'• 

.. "' ... -.. .: __ 

··-.-··' 

., ··- ~ l 

. ,- ' -:·.· .. 
' ... 

.. l -.·-. 

- _.: ' 
··.-: ·_: :' ·,· .. 
. .. 

-... ' 
,._ 

.·· ' 

. ''• ·:-.: ,, .· 

•·: ',' 

'\ -.--. ·'...' ..... . 

..·--'' 

. :. 

_.:. ' 

. ·,-

' ~- . :-

"·'·· 
',:. -1 

. ' 
• '~I 

I 
I 

'I 

·I 

'I 

' ·: 

·I 
.'I 

i 

' ! 

' I 
i 

r 
. ! 
• I 

. I 
I 



0 _.J . 

y.-
. \ 

J 

126 

' The presence of azo-hydrazone tautomerismoin the ligands 

of type IX and the presence of intramolecula~ hydrogen bond explain? 

the low re~ctivity of 
0 

these ligands towards the organotin oxides. 
• 0 • 

The reaction between the organotin oxides and hydroxides with 

phenols/alcohols may -be looked 
0 

upon as an acid-base reaction. 0 

' '--· 
0 

0 

('R
3

Sn) 2o + 2R'OH 

' 
_2R3Sn0R 1 + ~0 ECJn· {1) 

R'OH ~ o.R3s~OR 1 0 +
0 

R3snOH + H2o 
0 ' 

0 0 In fact the- reaction of bis(triethyltin)oxide with phenols 

was first carried out to den onstora~e the_ basicity of an organotin 

'' oxide • 'rhe reaction is, ther~foore, strongly dependent. on the ac·icUty_ 

of the phenol. As evidenced by the electronic absorption spectra; 

· the ligands with -OH group at the 2.;..position are stabilised through 
.. 

intra molecular hydrogen bonding ·resulting in lowering the acidity 

of ohydroxylic proton. 

-on the other hand, the_ electronic spectra ·of the 4-hydroxy 

CC?~pounds (.type X) do not show· any evidence of azo-hydrazone tauto-. . - ~ . . . ~ 

merism. TyPe X ligands are there~ore expectep to react with the 

organotin oxides· according to eqn. (1) unlessthe arylzo group reduces 

the acidity of the phenolic protc..n considerably. The reactivity-of 

th~ phenolic proton in the aryla2:o· phenols t.owards base was therefoJ:"e 

probed by studying tl1e electronic spectra :f:_n presence· of varying 

concentration of alka+i· 'rhe_ absorptiOn max_ima C?f some· of the ligands 

in ethanol and ethanol . containing ryl 0~~~ NaOH are given in table-2. 

. . ~ 
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Table.- 2 

Absorption bands of ligands in ethanol and 

rv10-
2

M NaOH in ethanol. 

' Ligand Ethanol '\. 1\max(nm). 

127 -

1 -2 rv 0 . M NaOH in ethanol 

1 •. ' 
350 - . 350. 

©-N=~~H 
(L4H) 

385 530' 

3 •.. 375 375,530 

4. 3so 505. 

5. . OH · . 345. 345 . 

@-N N~· 
· · . . CH~ 

.. (~H) . 
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. 335,.415 . .3.S_5,S45 . · .. 
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. a •. . 425· 425 
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;~ to· 7 . . -.. ~- . :. ·: A -few representative spec;tra shown in ~igs. 
. . :.· . . .. . . - -... · '. . . . . 

. demC?,n.strate. the effect Q; -OH' on the. e_lectJ;On~c spectra .of the · . 

lig~ds·. _It· can ·be seen :that.::a.l,kal~. has 've_ry little effect on the 

spect~a .for a n~r-of'ligands,_while 1~ other cases, not_~.l,y the. 
. . . . . "' 

nitro s:ubstitbted .ligands,. a new Cl})seq>tiQn atry 490.-S45 rim ·_is 

:f.ound.. ·Toe· i~tensi ty of the. new· band 'inc.i:ea~~s ·w-ith ·alkali. coricentra- · 
• • . • • ,. • • ~ • Ji •• • • • • . • • ~ . 

t;on .with :c:lOnSequent .decrease'~nth~ original.absori;>tion,maxima J.n 
. . / . . . . '. ' . . . . . . . ~ . . ' . . ba. 4 ():'t . . . 
the _rv'330-380 nm reg:.ion. Cle~rl}:'; t:he :new,. 4~0-500. nm· .i,.s: due. to t.h~ 

~mion. of the ·i fga~d · (L ~) •.. The:-l·~;ge ~b~thocb.I7ontic:· · sh.1,f:t · in·. the anion, 
' • • • < ~ : ' ' I • • o ~ :. • • 0 ' < '' ' ' ' ' • ' I • • ' • ' 
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particularly in· :the case of ni·tro s\lbstittited aryl aio phenols, 

results from increased electron delocalization · (Xll). 
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Excep:t for the nitro substituted ligands,. the addition of 

alka"li has IfO noticeable effect on the .absorption spectra of the 

ligands until very high oa~ concentration is used. Thus, L3H and 
4 . . . . 

L H remain·almost unaffected even when large excess of CH- COI)Centra-

. tion~SOO time~ is used.· 

While the extremely low acidity of the hydraxylic proton 

y· in the present group of ligands inhibits the normal reaction given 

. by eqn. .<1->, · it does not preclude. an al ternq.ti ve path of reaction 
•. . . 

under more severe conditions, e.g., prolonged azeotropic distilla-
f 

tion. Because. of the. well known Lewis acidity of the tin atom in . 

organotin oxides and halides, nucelc;:>philic attack at the tin ·atom 

under suitable condition is possible. The low acidity·of the hydroxylic 
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_proton ···in t_he aryl azo phertol is- i~di~ati~ ·of_·. lowe~ electrQn ' 
' . . ·' ., .' . _. . - . ' . ~ : : . . . ':· . . .. · . . . . ' '· ,:·· .. . . . . . 

:' withdr~~l from th~-- oXygen· atom ·through ·conjug~t.ion· with the~ · ·. 
. . . . • ' . • . ' . ' l .>. .. ·: . . . . ' . ' . . ' . ·_ . ~- ' '. . .. . . . ~ .· . 1 • ': • '.. ' • • • • •• - ' • • • • • 

at:'omatic ring·s.· Con~eque~U.y.; the cixygen atom is .expected to be 
. . " . ' 

'~ .el~ctron. '-~ich. ~~mpa~d to 'othef ·._:type . of plie·n~l~. ''i'hus·, a situation~ .. 
. .. . . 

:ideal for a nucleophilic·attack by donor group at· the tin atom is 
• • • • ' • . f. • . 

· ~ali sed (XI:ij) ~ 
... 

.,< '··' 

•• J. 

.; .... , 

R ... 
. . I . ~-. .. . / s . . · .. · ~1-. ~. }/.n'\?~ 

.'.··.H· · .. ·· .. R> .R·· 

· .. ·' 

. -~-

'_·, 

• ' •r ~ 
XIII. 

--~-.. ' 

, ' ' ' '· • , I • 

;,,.,,_l;l:/'· ... ·, Studie~ on the reaction' .between .. (R3Sn)2o: and'ni~ros~ ~ 

napthoi.~ ~d:· re.iated 'compo~ds, ·e.g.·~ :C£~n-itros~P. ~nai>thol• ' 

··p~~i~fe>s~c{ ~napthol~ · dfac.et~l· mono~·oxime~o(~benzil oxime etc._9' 10'. 
' ·1/'e.;,-. ' . . .. ' ' . ' 

ha; 'shmm. that _these group 'of "ligan~ also· fail to· react. according 
.· - .. ' . -

· · ·~o eqx:1_. (1) •. Ins~ead, a variety of ·pql~·ric produc-t:s .fOX1tted by 
.. - :.-- -"' ' . ,• ',,.. .·· ·.-. . -·.. .-_.,_·-··- ,..- .. . 

. . 

. eJttensive · -c.leavage of the R-$n bo~ds ·~ · obtai~e~. 
. . ' .. '' :--: .~-. . ' ;'t: _. ' -. _._. . . . 

. . 
1 

. · ~~~ou.btedly, _th~ · ·f.ormatiori .·o; .~e _R_3s~ ·.·.t~ -~~o~ds ~Y' 
~~e r.~~ction ·.of· (~3sn)2o ~=l-rh ~·.oH· pj;-oc::eed~ v~~ ~-~~on~~. att.ack 

f~~y) ~s~~pe~d.s_ .. ~n- the .b_asicf~y· Qf. ~h~·--o~~o'f;.i:~ ·cp~nen~ and· · 

I. 

,· ·1 

., 
'' . 

·-.1 

\ . 

I 

i 
j; 

. ' 
' i 

I 

·I 
I 
I 

,, 
·I 

I 

\ 

I' 

I 
·' 

I 
I 

! 
I 

. i 
l 

': 
' 



-~--

I. 

·, 

;o . 

. .. 

. ~~: . . 

the acidity· of tJ:ie li,gand proton •. 
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. The comparison of ·XIII and ){IV ·immediate.ly ~Veals that in 
' . . . . ~ . . 

.. · · ~~s.e· ot;, X:i:II. the: re.aotion :may prcice~d-::via- th~ .. cleavage·_ p£ the sn-R 
·o~ 

bond . with the formation. of RH. · . 

·It:· 

R'O -u ·-to~-- .. _.· .. OSn;'Ra 
1·/ \ . > ._ .• 

H R·: ·. R 

... ·.' 

; •,'' 

. / 

--~-. . . -
;·,,.~ .. , . . : 

. \ ' . ·-~-~- . '" 

D~e ~- i~- pre~ence of ·two sn;..o bond~ _which 'are highly-polar 
S+- . s- ·_ . - . ·.. .· : ~ .. . . : . . • . . . . . .. 

($n : -: o ), the Lewis acidity o~·.the .tin ~toJ;n in· X v ·is increased 
' I . ' . • 

. . .· .. ' 

·. C:on~ider.~ly.·· Th~. intermediate· X:.V will -th,erefo~ ·reac:t readily-

XVI -- ·.· .. 
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.. 

The-increase in the number of polar Sn~O ~onds; 

further increase-s the Lew~s acidity. The t;l.n atom in ·x.vJ therefore, 

tends to stabilize through increasing its coordination.number by 
. . '._ 

solvatiC?n. The bulk of-the ligands prevent fu~he~ nuc;Leophilic 

att~ck.or complexation at the tin atom~ Hydration of the ~in atom 

by mo~sture·invariably present iQ the solvent .under no~al working 

. co~d~·tion is expected to be qL·ite facile because of small size of the 

molecules~· Be cause· of· re.act.ion conditions (prolonged refluxing) ,dis,placeme.Ji~ 

.. oj' ·s.ome ·of~ th~ hfghly p~l ar Sn~O bonds, by -OH groups 

beco~es highly :r>robable. This leads ultimately to .. the format;ion of 

.... RLsn (OH) 2 type :.of pz:oducts. Intert mo~ecu~·ar coordination through the· 

-OH gz;otips inc~eases· .the coordination number at the tin atom which 
. . . 

inhibits further nucleophilic a.ttacl~.-

.·Evidence for the formation of benzene .as a reaction product 
. . 38 . . 

h_as. been given by Dutta in the. sl~. decomposition of (Ph3Sn) 2o to 
/ ' . . 

polYmeric di-phEmyl stannoxanes, (Ph2sno)n ·: ori stirring with Cdi2 

in diethyl ether. This reaction is believ~cf to proeeed through . · 
· .a~aeK-

nucleophilic.~~,at the tin atom in the intermediate complex,. '(Pn3sn)2o. _ 
' 38,39• 
Cdi2 _ .• 

. . . A ·very important ccnchision that follows from the present . 
study and the-earlier studies on the ·reaction of (R3sn)2o with a· 

·variety of ·ligands .cont~ining· OH group is that :th~ driving forcE:! for 
. . / 

a f rental attack by. the -OH ·group resulting· in the formation of . . . 

triorganotin. derivatives of the ligand is determined by the ability 

· of the hydroxylic proton to interact with the oxygen .atom of the 

sn-o-sn bonds. As a result,.whenever. a trans·ition complex of the 

.. 
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type XIV is unfavo~rable, ~action ritay.~roce-~d- by nucelophilic 

atta~k at the tin. a_tom. (XIII) :Leading- -t-o- polYI:ne~ic products.· 

The .·absorption max.ima ih ·the _orgcmotin derivatives obtained 

· .j.n the present_ study are given . in tabl_e-3-~ 

. . ' 

Table -·3 ·. 
·,, .,, 

Long wave length Absorption Maxima .(f~ nrn) of the 
or9ancitin derivatives.of the aryl.azo phel)ols used 
.tn·· the present stpdy• · 

.-· •' .. 

.organotin derivatives .s 0 ·L V E. N· T 

· . Methanol · ' Benzene 

'1 PhL sn (QH) 
2 

· · ... . 335 
' . 345 

2 .. 
PbL Sn(OH)2 

435 .. · 425 
. 3. . 

PhL Sn (OH) 2 . .41-5, 435. 4~2, 430 

P~5sn(OH)2 315, 395_ 315,380 

P~7 S~ (CH~ 2· .· . 355,45/5 360,450. . 
' 

-

7 . : . 
~-~ Sn(OHl2 . ·. 355,440 360, 445.-

Ph SrtL8 
'373. 370 3 __!. ., 

. ·8 
_cy3snL. 368 373 

'' 8. 
. Bu3s~ ·.· 385 . .375: 

. :g' . . .. 
·PhL Sn(OH) 2 375, 470 ·3~2; 470 

. 9 . 
BuL Sn(OH)2 

3·70, 470' '390, '475. 

.Pb
3

SnLlO· _. ,• 

.385 380 
.. 

c. SnL10 
y3 / . '' 390 .. 380. 

.. 

Bu s~1 ~ .395 
< 

385 
3 ... 
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The absorption spectra of the organotin derivati~~ are 
. ~~C-

very similar to ~hat- of the corresponding l~gand. While small 

bathochromic shi-fts are observed in the case of the derivatives 

of the ligands L
2

H and L5H~ no significant shift of the absorption 

maxima is _opserved in other cases. This. rules out the possibility 

of any coordination between ·the azo-N atom and the Sn atom., 

,N:B. Infrared Spectra 

2.. General features 

The IR spectra of the organotln a:z~ylzo phenoxy compounds 
. . 

are v~cy compl.ex.- ~})ough conplet,e assi_gnment ·of the absorption 

bands in these compounds is· not possible, important structural 

~-- information may be_ obtained fro~ a qualitative assignment of bands 

d~e to Sn-0, Sn-CH, Sn-C _and -N = N- stretching mo<;les. Not all the_se 

modes couldbe i·dentified·with certai~~ty because- of the PJ;esence 

~ 
. 'I 

of strong absorptions- due. tc the aryl>groups in regions where these 

modes are.expected. Before discussing the ~R spectra of the_ different 

types of organotin-aryl-azo-phenoxy compouncs, it would be therefore 
.. 

useful to discuss_ the main features of the IR spectra. 

The main- functional groups_ in the series of ligands include 

the -OH and -N02 group· attached to the . aromatic rings in addition 

to the -N = N- group. In. the organctin .. derivatives, absorptions due 

to Sn-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 ph~nols and their orga-~otin derivatives may be SUimlarised ,as 

follows: 
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... 

lJ 3200-3600 cm-1 Region 

Absorption in this region 'is expected in the free ligands 

and the polymeric organotin derivatives formulated as RLSn(OH) 2• 

The data in ·table-4 shows . that almost all the compounds usually 

show a broad to very broad absorption in this region. The o-

hydroxy compoun<;ls in general, have extremely broad ~soJ;Ption in 

th~se DB.gion as expected due to intramolecular H-bonding leading to 

· h dr. · t t : .il.ib 1. 28 .' 33 ' 35' 40- 43 ' 60 This·. is in azo- y . azone au ·omer~c equ ~ urn . • 

keeping with the two long wave length abso~ption band~ in their 

electronic spectra (Table 3). In some ·cases the bands are so broad 
' 5 7 9 . 
(e.g.;. L H, L H, L H) that it is not possible to l9ca~~ the ab~g~tion 

maxima-~ith·certainl~y. In such cases~ the range is shown in the 

table-4-!"0n t:hE: other hand, in the J?-nl trq -azo.:...phenols of the type L 6H, 
8 10 . ' . 

L Hand X., H where. the -oH·group is in p~pbsit~on thereby eliminating 

the possibility of intramolecular hydra9en bonding as well as inter-
/ 

moiecular hydrogen bonding (due to el~ctton withdrawal by the hic,;h.ly 

elec_tronegatiye -No2 group from the -OH gr_oup), relatively sharp 
' -1 4 ' . ' 

absorption around,_, 3 500 em· is observed.· However, in L H, vlhere 

the p-nitro group is absent, the ~(OH) occurs at .a considerably. 
-1 . ' . 

lower. wave length of 3200 em indicating the presence of inter-
-~ 

"" molecular H-boncls in such cases. 

3 7 9 Compounds with two -OH groups, e.g.,.r,. _H, L Hand L H, ei1ther 

exhibit two absorptions (as in case of L
3

H) or a very broad absorp­

tio~ bqnd (L7H, L
9

H .et~). 



-J('. 

::~~ 

136 

.. 1 . 
An interesting featu.::e is obser-Ved in L I-I which shows a . 

.;.1 
very·strong and broad absorption ~t 3450 em in a9dition to another 

-1 
medium intensity ban<3 3200 em • This may be cue to· the presence of 

both the azo and hydrazone forms in equilibrium even in the solid 

·phase: 

'• 

XVII tl -· .. 
XVII b 

. The N-H .s-tretch of the hydrazone f onr1 is expected to absorb 
;.;.1 

in the region of 320o·cm .• 

) . -1 
b 1300-1500 em region. 

, . . ' .. 

. The -N = N- stretch and the symmetric and asymmetric N0
2 

stre.tchs· are expected to occur in this region. Although a n~er 

of workers have. atterrpted to identify and correlate the .;.N = N-
. . 

. stretch ·in azo compounc:ls, Miller3 ~ has emphasi.sed the absence of. 

any· ,diagnostically usefui bi:md in .this region •. Since· aromatic groups 

have strong absor:-ption in the same region, i·t is often. difficult to 

·locate the -N = N-. stretch absorption,. _particularly;· in view. of the 

low ·intensi·ty of absorr)tion due to -N = N-. stretch. In ti:te present 

· __>., work, it has not been possible to identify the· -N = N- stretch in 

'·. 
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the IR spectra with any oegrec of certaini·ty. As such, the -N = N-

stretch has no·t been included in 'the table. 

In the nitro compounds the absorptions pue to syrrmetric and 

asymmetric NO stretchs occur in this region28 , 29 ~3 3 ,3B, 3 9, 44 • 

'The symmetric NO stretch is founa in the present series of lonads 
. -1· 

as a strcng absorption betw~en 1320-1340 em • On the other hand, 
-1 28,33,40-44~ 

th~ ·asymmetric stretch, eXpected to qcur. in 1500~1530 em region • 

The syrrmetric NO stretch is found in the presc:nt series of ligands 

as a· strong absorption .between 1320-1340 crn-1
• On the other hand, 

the·asymmetric· stretch, expect~d to .occur·i.n 1500-1530 cm-1 

. 28 33 40-44 . .· 
region ' ' . · be~ng close to the characteristic aromatic ring. 

. -1 
vibration aro\111d 150·0 em .can be seEm as a .separate band only in 

few compounds (e. g.·, L 6ii, L 
1 0H and :the c.orreSponding organotin · 

. . 
compounds) while in the other cases the. band occurs as hump or 

shoulder atN1~00 cm-1 overlapped by the aromatic .absorption at the 

same region·. 

c) 1·100-1300.cin-1 region 

This region is of interest in the present series of compounds 

because the c..;.o stretch of the phenol is expected to. give rise t_o 

a ·strong absorption in this region. Since this band represent c-o 

stretch which interact. with the CH defonnation to some extent, one 

·would expect a shift in the absorption in the .organotin derivatives. 
. . . -1 

The· data in table-4 show that this ~sorption occurs in 1200.-1280 qm· • 

. ·-I . 
d) 4SO- 700 ern. -yoec;p on. 
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_\ ··· _ \ , ~ 28 1 2 9; 3 3 1 

Both ~ (Sn-0) and ry(Sn-C) are expected in this reg·ion 

39~ 42 , 60• ~(sn-C) is probably very weak in these compounds since 

comparison with the ligand spectra showed rio new· bands attributable 

·to ~(sn~C). on the other hand, ·new absorption bands. are folihd· in the 
. . . 1 

· .~.sso.:.650 em-. region. The position~ intensity as well as the shape 
. ' . 

of the bands are vecy s·in.ilar to those ·found f.or Sil..;,O stretch in 
. . 

Organotfn COITlpOUDd~ COntaining 'sn-Q~al 29...;34; JG, 37 I 43, 4~66; 69 • 

. 2.1. Results and Discussion· 

A glance at the table - 4 .a~d the :;rn spectra shows that the 

triorganotin derivatives of the type R3S~ fonne? by the ligands 

L8H an¢1, L
10

H a~ c):1aracterised by a· sr:nail shift. of the ~(c-o) 

tOWardS lOw·er. freque.nCy 1 the OCCtirri:!OCe Of 0 new band 'around 570-

~- 6.00 cm-1 attribtit~le to ~(sn-c~) an.d the absence of the ~ (OH) 

abso~tion of the parent ligand.- These observations confirm the 
.. 

·\ . . 
:foJ:mulation of. the. cornp()unds as R3SnL~ The frequencies due to the 

:No2 group are almost· unaffected in tlie · organotin derivatives~ a. 

slight lowering of ~ as(N02 ) oc·curs_ in ~orne cases. However; .. because 

of· the o:verl.apping with the aromatic ring absorption in this region I 

the .peak posit;ion.s could not be ascertained in all. c.ases. ·A small 
..... 

lowering· of th~ N02 stretch~~s~ h_?~ever, .expected since the. large 
~ 0 + b- ' . · ,, •o. 

pqlari ty of the sn-o bond (sn. - . o ) wil1 tend to incre~se the 

contributio.ri of the resonating. form of the type as i'g1i~~ : 

/ 

. ' 
·' 
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Table - 4 

Characteristic IR absorptions (~n crn-
1

) in. the ligan·c's ana their organotin derivatives 

compouncs .._j{~H) -~ (N0
2

), 
as . ~s (N02) ~<c-o> ~ (sn-0): 

.. ~..,--

· OH 

l.(Q}N=N~ 
(LlH) . .eH3 

1 2. PhL Sn(OH) 2 

F · . {QZOl-t ... 3 ' . . . . . ·@-··. lli'-N·· . 1 l ~~~-

.. '-" . <H~ 
.. ~- (L2H) 

4 PhL2Sn-fOH)2 
_· H .- o~- . 
s. dr ~j~o-·· -. -\QjN=•"'· ~{ 

(L3H> c Hs· 

3450{br) 
3200 (m) · 

3430{br) 

3440 {hr). 

3420(br} 

3400} 
3300 

-. 

_,.~ ~ 

1250 

1250 

. 1280 

1260 

1225}. 
1255 

5'60(s) 

550,570(s·;;br). 
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Compounds 

·. 6. 'P!lli3Sn(OH) 2 

. . ·C!Ha 
7.~. ~·. \,:Qh: _.iN~·· :_Q· pH 

' ' . 

. (I~4H) 

· · •OH a.-@!. . . ·~>0 .. 
¥ .Q'_ N==N< · ',C!H~ 
~-:-. (L5H) 

· 9. PhL 5sn (oH) 2 

~· 

Table·:..::, .4_ (c·o~td •• ) . 

~{~H.) 

3390} 
33'00 

3200(m) 

_\ (NO ) 
"Vas 2 

·rv 3300- . · , 1510 
3400 (v ,br) 

., 

.rv3300- 1500 
3450(v,br) 

~s (N02) . 

1330 

1335 

/ 

·~· 

~<c-o) 

1230'} 
1260 

1250 

1235 ' 

1230 

. ,~. 
~· ;-

140 

4csn.:.o) . ·· 

565(s,br' 

l> 
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Compounds 

10. . - - CH3. 

¥~N-I\I~OH 
(L 6H) 

11. 

- OH 

~N=N~· 
-H 

-~- - (L7H) , 3 

- 7 -
12. PhL Sn (OH) 2 

13. B~7sn(OHJ2 

. -,l _-

Table -4 (Contd •• ) 

~-(~R) · ~as (N02) --~ s (N-02 ) - -

---
.·: 

3500 1520 1340{5) 

33'-20 (s, br )' - -

/'V-3200- - -
3400(v,br) 

r'V'3400 (v .br) - -

.. "'--

'Cf-, 

~(C-O) 

1270 

1270 

1270 

1270 

_,.~ . 

~(Sn-0) 

--

550. 

_1.\L-' -­
~r. . 

.. :141 .. 
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" 
14"2 

Table - 4(contd •• ) · 

---------------------------------------~~-------------------------------------------------~---------------------------
Compounds ~(o-H) 

I 

· \ (N0
2

). 
Vas 

-----A-------------------------------------------------------
14.~. . ~0- '· 
o~~N===N., \f:::!.rOH 

8 
15. Ph

3
SnL 

. 8 
r6. Bu

3
snL · 

' 8 
17 •. c!3snL 

(L
8
H) 

is·.. · o'H· 

· .J10-~) ·N::=N· 
··~. 

9 · (L H) 

.19. ·P~9Sn(OH.) 2 

3420 1505 

1505 

- ry 1500 
., 

1500 

.-......31' 50- -
3350(v, br) 

3350(v,br) ... 
rv 3300-3450 (v, br) 

. ~s(N02) . ~(c-o) ~.(sn-0): 

1330 1275 

1330 1255 5eo 

1330 1280 625 

1330 1270 575 

- 1205 

1205 610(s,br) 



\; 

Corripounds 

9 . 
2 O. B't}L Sri ( OH) 2 

,',} 
-~:-' 

21~ • .· . . 

¥-@-N=~H 
' CL 1 OH) eHa 

22. 

23. 

Ph3SnL1~ 
Bu SnLlO 

3 . 

2 4. Cy-3 Si"..L 10 

~-~· 

... 1· 
-~;: 

Table .:. 4! (con~d. •) 

~ (O..:H) . ~- (N0
2

) 
as 

. .I'V3200- -
3350(v,br) 

'3480 1520 
(3340) 

1515 

-. lSOS. 

. . . ·~ (N0
2

) 
.. s .. 

-

13·40 

1340 

1320. 

1"330 

br = broad; m = medium; s = strong; v,br = very broad 

.(~> 

~(C~O} <~.; . 

-

· 12SO 

' . . / ' 

1240 

'1230 

1230 

·'* ~ . 

143 

" 

.~(sn-b) 
. . 

670 I 
620.1 (s) 
54o r 

· sa·o 

600 



. ·- ---.--·---·----
.. ~~,;:;~-fijt;~_-. 

' 

" 
~ 

~' 

~ 
1 

~?: a 
1 • 
1 
• --+ .tl 

I s 
I 
! 
I 

r 
I 

I 

t 0 
~ 

i 
\-

; ~ 
-- ··. !· :·~ :·i- "ri 

r.x. 
. , . 

. :'1--' 
,I 

·. 

,. 

[~:o-~ 
·r. 



,. .. pi.:.-. .-.~·.: i~--~-~~~;__~/ . ., ,, .. i;.' ~; .. ~-~~~ -~·i~~ \ 
f 

.. . . 

'I 

i. 

f.· ,. 

"'·:i; . .: : ll . I I 
,-ft· r : ···· ~(j';}J:'~ :- if: ~~ :.,j : 11 I q 

, ............... ,, ... _. ~- •• I ···l I 
)j;:_:!: l· i i : . ~ ::+:~::~! :J:·-!_ "fj:;::;;::~Jt~~:l . ~ k~ L:. . " I~.".£,. ·." '" .. / . .,/, 1'1 ..... I .. ,J .1. 1. .. /, . .!<;' 

~·_r;;:::~.:~·~:--~;~.-:;~---~~~~;F.:~::r~::;_:~;;:::::::1:: ::;;:·~: ::::;!!• 
! .......... , '• '"''1'2''''"1"" ..... , ... , '·· .. 1 .. ,1.,,1'···~ 

,!~·!·•· ·-··-:··:\''·· :-_ :~I-~~-:;:··:· ~:--!?-r·::. :1 .• -:,~ .• ~: 
-r~r·~: . . . . , ,, . , .. , .... ''J' 1 •.. • ·1 ··f ... , , 

~W!'.·~:· , . ' ~~}D ';':L:::: :i:[ ;; ·:;.:t';i ··~~~ 
-~·-··--•'"'" ·--~, ,, ... T .. , ... f., ....... ! .I,.,IJ 

,· 

.i ' 
~ 

f 
1 

t, • it 

I 
1 

"O:i!:,:j 
.. :i;n/1. ,· ;;•:;i;il ! .. ',;_ : .. ·-I 

.. 

j 
'I 

.·! 

I 

'. 

·.; 

' . ". 
·:~. 1 

. ' 
~ .. · 



~ 

( .1· 

j:·~ 
I . -. 

• """':?' 
t: 
.· .. 

.. ,, 
II 

.;. 
•' •• ' :i ' 

... ,,, 

.;, ; : ... 

.. 1 
:: t! 

~ 
.. 

I ·'JA·~-
. , 

. ., 
I 
e 
1 
H 

4" 
!. 
' 

.. 

,·. 
.:;.· 

N • t. I 

.. .. ~-• I ., .. ;t 

·. ~' 
' ~ ' .. :. :. ; l 

~ 
: ~ 

•' 

. ' ··.· 

r. 



-t~·' 
·?-' 

k· ,_,_ > 

~~ 

~--

\ y 

'!I 

/ 

~ 

.,. '·, 
'• 

t .. 
0 

" fi 
& 
~;1" 

1' 
" 

= 1 
H 

(J 

. ' 
•' 



~-·. 

-~-

~­

-:>itt' 

\ 

.. 

... 

·' ., 
i 

f)' 

: .. 

! 

!. 

... 
~ ~ 

: .. .. .... • 

.. .. 

·-. :L .... 
\,,. . . 
-~· '~· .. -~ : -~:" ~:, j'_;..:-~~ ... !~·w=~-•-••~•' 

M~?, ' · _·.· -~~:~:":~r:-; 
·:1 • .L :._ ~. - ____ .,:..:_ ·--= 

·-'· 
.. ---·····-·"•· 

... -.. ··· ... :; ... ,. 

. .. .. 

/ 

' 

,. 

. .... 

i 

.. 
~ 

:a 
~ 

.. .. 
··1-·=-·;· .... ·.-:-· .: .. ~-~ 
•. ; ~; !. __ •• : ;: •• :~ ' •• 

• .. ·· .·· . ._ .. -. 

.• -=-1 :: .• ~- .•• 
I .. ;· --l· 

.:.. .. ::.. .... ;. ~---- ·-· :~ ... -
··. . ·i. :· 

.. ..! 

.. .. 

· .. & 

. . 

sf 
..t 

'I 
! 
I 
• a 
I ... 

~ 
~ 

• 
~ .. 

ra.. 

. ' ·.• 

'·, 



" .. ~ 

}.-.. .... 

''4· 

:·· 

t.f:-.· 

/ 

~: 

.. .. 
1:: 

u 

I~ 

•. 

,.. . 

J• .. .. .. 

~ ,.. .. 

i 

.~· 
1:: 

"'.,1. 

·\ 
1 : r -, 

... .. 

:! 8 
-~ 

1-

,:! 

.. 

m 

""' ' I 

. ,. 
,I 



·~: . ~r;...,·. 

'\ .. 
~ 

·.: ·' : 

'; 

-. 

/ 

.; 

,· 

·t 

\ 
! 

I 
; ~ 

I .I .. , 
) 

\. 
l 

.... 

·" 

,; 

s 
i. 

fl't 
lr 
1i 

i 
;, 

1 
a 
1 
H 

\0 
~ 

I 

[ 
~ ra. 

. I 
0 

•, 



---.......... 

•. 

I. 

I 

~ 

'. 
( 

.. •· .. 
"';v< 

~· . ..., .. , 
" 

.. I 



~-· 

'•t.r 

... 

I. 
I 

~.~· 
:~ -. 

. ,.'' 

,. :. 
! ; 

,. 

;. . 
.... .. 

. -..4--&..-.1.-~ . .J.. • .L.-!-.. .L ..... .&. : ........ : • ..i ...... ,_\. ....... ...,_: .• .1 

.J 
J_'""''" 

'· 

"' 

":''T'" ~ r 
'~· r· 

1r. ·- ·-----

. 

~.:;:: -_·_: . 
.......:_::.;:- . ..... ·--

.. ~-

. 

T 

-..I 
~=-=: 

-··•'l': .:..:.:.~ ... 

.. -·~ ::-:-::;::.:_,w_ ·: 
_,. .. "'!"·- :·.-·-

--... ., . 
·; 

:t :f. .. :t • 

..•, 

# ,. 
~ 

\ .. 

'\-. 
f . f , -, . 

~ 
. ... 

i 
: 

j 

·I 
en 
"li' 

I 

! _g 
.,... 
r.. 

~ 
' '•Ae 

l 

·l 

l :t. ( 
· ....... 



" ~ 

5 ..,. 
d 
tJ3 .... 
f 
\1 
e a 

·'I" ! 
1 

' 
.. 
I ·! 

··-r-:- -~ ... , .. , 

.. 

····· .i ~ 
I 

.... . -' 0'1 ' 
~ 

.:r· 

"' 4.: .. :t 1 • ... i' 

i .. 
~ .. :t .. 

·" 
~ 
~ 

A 

l-
., 

,. ... , 
... 
' 



.. i ·-··. 

J,,, • ~-" . ~. ' &k{i; : 
~ . 1; ·:. _".LI 

•• -···· '* ·-··--·· .. ' 

:· .... '. 

··-

.. 

i ,. 

.!. 

-·- . . ~ .. 
l ~- .! -~. L. 
'··: . 

..... ·• .. ! ~ 

... ... ····:-·· 

·.~.: :_:,_ ......... : ·'.i .... ' i.':: •· ~ 

:..0:~:.:.; .• _: ·.: ~ 

:-r·· 
~ 

.. 

l T '1 .. 
-~ ,. 

t 

' 
=I 

·• 

:; 

\\, 
\,.:, · .... 
'•.t 

" 

0 
LO 

• 

! 



.. 

~ . . r:;;... 

-+ 

.. 

. . ,l. 

/ 

-~ ~-. ,t• .. 
-: ~~-- . 
: . ..i-.-J.. 

· ·· · >.~l' :'::1 .. • ·ri·''l .• t-~·":1-.. ~r'"':J..:....·· '}' .,.~
1

.: H.<•·• I . ' : ~~ ··l·l·-~· .•• ,r-= llr .,. ' ...... " .. -. ··- ....•• 'I 
·" .. ,. ·' :· .. ~- .~r-:'-..:..: .:::.:.. .c. '''•"'i ··~~ _,. "ll.!- r:~.-:-. ~ 

. ·• ... L 

i:l. 
'I 

·- L I 
' . '. 

-·- .-};~~;-;:~-:! 
-· . ' .. ~ I • 

--
- . 

-·······---f.,... -- ------· ; 
~ ·' 

~ 
\: 

·-· .. 
' 

:! .j 

l-

··: ... 

...... ... 

-\ 

\\· ., .. ~ .. 

N 
~ e 
"" 

' Cit 

i '· . 

1 
! 
§ 
& 
1 
= 'it 

M 

'_! 



.. 

--~ .. 

~-.,. 

/ 

--

' . . . . ·-..;:;:_:*"' ·······"· ··"··· ..... , _. c..,,.~ ....... "'"!\...... )I 

.. 

"hO 

' --

:r. -:•. 

. ~! ::. ..... ; 

:- -; ~ . 

... 

. . ... ·. 
' 

- .. 

. ~ 

-. -'-'!: ,. .. 

'· 

. ···-·· 

..... :. 

; . : 

' 
--~ .. 

-a 
--~ 

:-... . . 

. ... :.; .. 
--~ 

... /' - .. !-

.. ·,. ~--: ·-'· _·;, __ _ 
. . . ' 

,-'l· .. ·-·-

[ 

' I ,I , "''T 

:; ~ '<:" 

'" :J 

,. 
i-J '-. . 

~ 
0 

a 
l 
~ 

1 
• l;t 

a 

• 

' ·' 



.. _,. 
-~· 

· .. -~ 

~-. 

~-

·~.::'~. 
-~ 

f) 

... 

..1.---4 .... -L _·.J.. .. .1. . .J 

.. ·.·­---' -r- .----: ... ;~·~ 

...--=:~·-· -
c-... _;:;=· __ _ 

.. .. 

-.--.. -

. / 

:;: 
.... • 

.:"! 

·• 

I ", . 

.. 
r. 
t ... 

. : ~ ..... 

·,. 
' . ~ ~ ·. 

I •.• ; . I • 1 . . ! .·':"···: 

t 
~ 8 .2 

i 

I 
"" 

-· ... ':. .... ~ -:: . .... .: : ._:.,:->.··' :~.::·.··· l 
. ~ 

. ... ' ... ·-:· ":··· .. 
. .. ; .. • •.. . • f: 

.I ' 

l-~ : ... -,..---.,. .. • 

·-

·' 



.i ,. 
·' 

l . 

, .. ,;_ .. 

~· . ,~. 

,•.· .,._ 

--~--. 
·- ... 

' 

\~.' ·. 

/· 

·• 

__ , ..... 
.... _,_ --~---­

--~·-·--

--~ 

~ 

/ 

., 

' ·. 

~-.... 
'14 
0 

·! 
·. ~ tf 

t 
I 
t: 
! 

'\ 

. ' ._, 



·. 
') . ... . 

,_ . 

- ,· 

., . ) 



'.. 

,. 

'· 

:· 
~. 
~"· ;_., .. 

1 

'~~ 

'j 

;;-r-. 

~ . , . 

'· 

(I 

.. 

~ • 

~ 

~ 

" -e " -s 
.l 
'" 0 

a 
i 
t 
1' 
= 1! .... 

,. 

\0 
ll) 

I 

~ 
-ri 
fat 



.. _-,· 
.. 7 

--.•. :1 

)!..·. 

...... 

. ' 

. · .. 

/ 

I • 

'· .. 

. , .. 
,.,:: '!' ·.· ....... -· 

'. 

.:··'I. 

'· 

-. 

. . 

. j • 

- \_ . ··-·· 

§ ... 

8 :r 

·-·~ 

·; . . : ... __ ~_. ------· . 
. . § 

-~· 

'.} 

I 
l • 
1 
i 
H 



' ' 

.. ·. 

.. 

.Go 

l 
I. 

/ 

. '= .. ~ 
'8 
a· 
II 

I 
1 
• 1. 
H 

·en 
Lll 

•• 

"-..... 



..... •,.1 

. -:r~-. 

~-

c fll 
~ 

. , 0 -I ., 

*- ~ 

l! 
~ 

l1 
t! 
:2 
lt ,. u • i 

' ll 
'i a a 

M 

j 
0\ 

'i 
.. 

I • 
.· 

i--
z: 

~-

\· 3 



' 

. :~-

'· 
\, 

' 
:· 

I. 
.:·'1< 

'! 
I 

: 

., ,. 

! 
--~ 

'-
I' 
I 
\: 
i 

t 
h:· --
~ 

\· 

,. 
i 

.r-·· 
' 
i 

) . 
',:• 
\~ 

.. 
Q 

' 

·. 

' 

·"•, 

.. 

. ... .,... 
; -c: 

,_f4 

s· 
-~ 

' ! 
I 
•• 

·• ! 
• -k 

1! 
H 

0 
.\0 

I 

8 
::1 

. ~ 
Cill 

. ' ·' 

...... .. 

.• I 
. ' 

I. 

I 

I 
·I 



' ) 

i' 
.. ~.--... -· 

.·,· 

•!!! 

{= .. , 
0 

~: "· .. ', = a. 
i . ..1 

1 
; & 1:· e 
~ ' ·, ti •) 
;j. 

' 
(· 

I 
~ : 
I 

'CS 

::· ft 
1 0 • "' 'k 
I 'J s •'' t ·. 

,. 
I 
'· 'I'. 

[. 
I. 
I' 

\ 
... 

', .... 
I \0 \ 

r • • 
) -":"- \t : sa. ·i 

· .. ; 

·1 
'" 

I . 

\' / . f.J 

L 
I. 
'· 



( 
-~ .. 

I 
1: 

.' 

r­

;~ 
:1 . 
I, 
~' . 

( 

'i 
.} 

1 

,. 

.. 

''. 

,.1 

~:~.~·r·· 
·!·, .. 

~ '' 
·~· :._. 

j .. _. 
T: .. 

I_ 

I 
I 

I 
' I 

! 
' 

ft. -; -a 
tiJ '·. 
~ 

.J 

f ... 
0 
e :s .... 

. , 
B 
o.· • 
"' '~' 
• "' 'N a .... 

'· N 
\0· ,. 

I 

,. 
I 

·. ( 



. ): 

. ' 

~r. 
I .. 

\ 
1.·-· ·~~· 

i , ' 
1 
.. 

"""·· 
I ~., . 
• ' ~ ...... .! • 

\" 

I· 
[. 

J 
h 
\' 
! 
!: .. 
l ~ 
!' 
I • 

l-.' 
'·· ,. 

\,_·~-
/ 

I' 

,. 

4· 

. 

.·,. 
' .. 

,, 

0 I 

_, 

·,. 

•. •' 

' .. l 

.. 

. •·. 

... 

'' l 

. '~--

,',. 

i ". 

. '·,· 

.. -a --~ 
·" ~ 

'1M 
0·, 

·! 
t • 
1 
• .. -... a 
H 

(t) 

\0 

• • ~ 
~ 

,'r 

. ' .·' 

' 
'•. 

-

,. 

~ 

l , . 

-

.. 

' , . 

., 
; 

·' 

, I 
I 
I 

i.' 

,. 
' 



! 
I 
' 

I 
I 

j· 

~. 

.. 

144 

o- - . 
~-to-- · o + ·· . N= . . =:N:-N== =o-:-Sl-1-~':l 

/ 
. ' ' . ..- . . ;) 

- ~ 

0 -- . -·-

XVIII .. 

.This resonating forn, is expected to increase the -~(C-O) in 

_the organotin ccmpoun('S due to increase~ double bond character of 
. .:.-1 

CO bo~?· Howeyer, the 1200-1280 em band contains significant 

contribution.frorr. the OH deformation mode. As such replacement of 

H-atom of the OH ?roup by bulky -snR3 _group is expected to lower. 

this frequency. The actual position of the ~(c-o) bano. in the 

organotin con.pounrls will be deterrnine5l by these two opposing effects. 

That the contribution -0}::1 deformation is quite . significant in the 
. -1 . . . 

1250-1280 em· band is shown by the lowering of the frequency in· 
almost all the triorgan~tin derivatives excepting.Bu3snL

8 and 

cy
3

SnL 
8 

; 

The two' group of organotin derivatives, _vi~~ R3s~ 'bype and 

RLSn (OH}z_ type, show an interesting feature in the ~ (C'::"O) absozytion­

As already dis<::ussed, ·the first group is chara<;:tt-:rised by· a lowering . . . . . . . 
. . . . ~ . 

of ~ (C-.0). In the s~ccncl group, ~(C-O) is· generally· unaffecteq. This 
. '': -~ . . . 

group of corrpounds is further characterised by a very proac:l absorption 

~1 
around 3200-3500 em show;ing the presence of b.onded -OH groups. In 
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addi~ion, new absorptions.of medium to str,ng ·intensity absorp~~ons 

are also observed., Unlike, in. the R
3

SnL con-pounds, these bands are 

-somewhat broad indicating a polymeric structure involving .sn-0 gr~ups. 

The characteristic features of the compounds fornrulated as 

RLSn(OH) 2 on the basis of ~alytical -data may now be summarised as 

follows: 

ir. Extremely .low solubility in common organic sclvents 
. . . o·· 

:i.i) Infusibility upto 300 c. 

iii) ·1\l:?sence of• intramolecul'ar coordination invol \r-ing the 

azo group and the ~in atom as showr1 by the electronic . 

abs.orpti·on. spectra 

iv) Very broa~ ~(a-H) ab.sorp~-ion as· at 3200-3500 cm-1 

in the IR spectr.a • 

. v) Broad or multiple absorption· in the . ~ ( Sn-0) region 
. . 1 . 

(rvS00-650 em- ) • . . 
All the observaticns point t.o the presence of· intermolecular 

coordinat{on through.the -OH group. The· rr.ost probable structure for 
. .· 

the RLSn(OH)
2 

type of compounds is· therefore as follows: 

H .R H H H 
J I .R I R I 

/0~ /0~ /0~ /0~ 
· · Sn · Sn. · s~ 

~/ V•'/ '\,/. 
. I L •I . .L ? 1.. . I . 
H· - ·H M H ., I 

. ' 

. I 



•• 

Sin·ilar hydroxy bridged polymeric stn.·ctures have been 
. . 

39 proposed for PhSn (OH)
2

0COH 1 

quinolate _7etc. 

39 
sn2 ox2 ( OH) 6 L_ Ox = 8.-hydroxy 
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The thesis consists of four chapters. The fir.st chapter 

· attemPtS to present an overview' Of the organotin. _chemistry w.tth 

particularly emphasis on the bonding adh structure in organotin 

·compounds.· 

.·' •' ., ,.. 

The second chapter gives a brief accorint of. the organotin 

alkoxides, phen.oxides anct ·related c~~po\mct~. 

The third chapter deals with the Ci) preparation of the 

. arylazophenols used as ligands in the present stua.y, (li) the 

reactions .of the ligands wi.th the tri<:>rganotin oxidee~ C_Rj5n) 2o, 

and. (iii) preparation of the trio'rganotin derivatives, R3 snL 
!-'·· 

(LH = aryi ·azo ·phenol),.. using the reaction z 

The results presented in·this·cahpter snows that the aryl 

azo pheno~s.do not undergo the normsa·reaction {eqn~ 2) with 

. .AZeotropic . distillation. or use of. dessicants has no effect • 

. 
On the other hand, prclonged ~fluxing·of mixtures of 

stannoxanes with the arylazo phenols produc~d infusible_ (rn.p:> 
3Q0°c) and· sparingly soluble organotin derivatives with. empirical 

. . 
. f~rm':lia of RLSn (OH)

2
• The yield_s are quite loW and the period of 

refluxing varied considerably (fz;-omi'V12 hours' to..V72 hours-). In 
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some cases, no reaction too~ place.· 

The ·aryl azo phenols with a nitro substi tuents, ·e. g. 

4'-(4~hyctroxy benz~~e aZo) nitrobenzene~ bec~use of their higher 

acidity,. form the Na/K salt easily which could be reacted ~lith 

R
3

snCl to yield the. triorganotin derivatives~ R3 Sn;L. These compounds 
. 

are crystalline in nat.ure with well defined melting points and are 

soluble in common·organic solven~s. The·cc.mpOWlOS are stable in 

air.· 

The l.ast chapter deals with electron;ic ·and IR spec1;.~c4.. 

studie~ on the ligands and the organotin' derivatives • 

.. The electroniq spectral studies show that the acidity of 

the -01-1 group in the lfgands ·are ve~ low e·xcept in the nitro 

substituted compounds and, 'th~refore, .the stannoxanes fail to 

.react via the transition· cc-mplex I. 

R
3
sn-·-o-' ' I . 

I 

RD-'H 

I 

The Le!Ais acidity of the organoti'n compc;>und ~akes a:dom~nant 

role under this si tl,)ation and r~~9tion can proceed thr~~gh nucleo"'!'! 

phillic.att~ck at the'tin atom. (II). 

'' 

'·· 



- - A""'-
~ 

I 

! 
i: 
I 

0 
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R3Sn--O--·-

' t - - - ' 
R-0-H 

-II 

A$ a result, instead of the expected reaction (eqn. 2), 

polymeric products fonned .through th~ cleavage of R ... sn bonds are­

obtained._. 

-The IR st~dies shew the presence of :J c'sn-0) qbsorpt:f,.on 

- 1 ' ' ·in the R3sru:- derivatives _ arcund~570 em- , "'V (C-O) of the ·liganc1 

is slightly lowered i~ the organotin qo~ouods i~ some cases. 

/ 

-_ ··The .:rR· spectra- of the products- RLSn(OH)
2

, are chara¢tez;.ise.d 

by~ broad, band in th~rv 500~600 cm~1 -region due. to ~(sn-o) and. · - · 

very broad absorption aro~dN 3~00-3500 cm-1 indicating involvement. 

of the -OH groups- in· inter moleciular coord.ination .. -On the basis of 

available ~nformation RLSn(OH)
2 

comp~unds are represented as ·followsr-

.. : 

- '·-




