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FOREWARP 

The "!qrJt. emb.oP,.ie_d. in the pres~nt thesis was uridE:irtaken initially 

-~- to .. synthesi~~ and ~tudy the prganot:tn derivatives ot nitroso-napthols 

~n~ related ·l~gands .~hich, a: suryey of the .liter?-ture· showed, received 

ve;ry little. a1';tention compa:{.'.ed to other li~ands," ·e.g.:·, 8•htdroxy 

. quinoline an9-. it_s, der:tvativ~~, hydroxamie acids,-. acetylacetone etc. 

It was, howeve.r,. soo~ realised that reactio.n of i~nitroso 2-napthol 
._ - ' "' 

or· 2-nitros_o-l.,.napthol lJJith organot in compounds riever ·yielded the 

desired RaSnOh type _compounds (Ch • l•nitroso ... 2•riapthol or _2•nitroso­

l· napthol), instead functionally substituted stannoxanes of' varying 

complexities were invariably,produced irrespeetive of' whether the 

react ion vJas carried accordin~ to e'n( ~.> or ( 2), the two· most frequently 

adopted, .procedure$ for synthesising such derivatives •. · 

R3S~ X.:.+· K(Na.) eh ---?-~ocl\Aetb. 

RaSnOSnR3 + aiC\';t --p...-ocl..uc.\:h. 

(1) 

(2) 

·xt was therefore decided to investigate ·che reaetions be~ween 

organotin compounds a.nd nitroso nap·thol.s- and reiated compounds in 

order to understand the anQmo.ious b.ehaviour of the nitroso .. napthols. 

However, the complexcities of the products, their polymeric nature 

and e?Ctremely lO\tJ solubility, in most eases, in commor1 solvents made 

~~-~- the .separation, purifiea~:ton and thorough identification of' all the 

prodUcts extremely difficult. As such, structures of the products 
' 

have to be inferred primarily from the analysis of lR and electronic 

I 
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absorption data togetb.er w1'tb ele:nental analys18. 
' • j • • •• ' • ' • • 

Th& thesis is divided into four cbapt~rs. A br~ef surveY. _ 

or the organot1n chemistry is presented .in chapter I. 

Sine$ fJxtensive tin•carbon bond cleavage; is one or tllo 

t1Dt~ble features of the reactions or n1:troso~n!lpthols with orga• 
' ' 

notin compounds, a short rev:!.ew of ·the t1n .. ~arbon bonc1 cleaTJage 
.. ' ' - ! 

ref.tcti.ons htts be~n pre.sen.ted 1n chopter II. 

Th$ l'f.lact~.ons of l•n1tro.so•2•naptb.ol s;nd itB k•salt ~.z:i.th 

orgnnot in bnl:tdes and st~nnox~ureshave been d_iscussed in chapter III. 

In orde:r to h1gh~light the effect or st:r.uctur!U features on these 

'f react:i.ons, the r~actions of a number ot structtl.rally related 

molecules, e. g., diecettyl mor1oox1Jno" o( •benzil .mono-oxime and 

bsnzoil1 .mono ... oxime have elso been studied and included in thie 

chaptet .. ., IH and a.l.ectroonic spoct ral da~a of r.hs pro®.ets. huve been 

discussed and tentative structures huve been proposed in n number 

or c~ses. Probable mech~~nism for the :f"ormatic.n or the different 

prodUcts have been suggested. 

In tl~ last chapter preparation or some organotin carboxilates 

'by the reaction of esters wit~h ox·ganotin hydroxides has boen. presented. 

This -v1ork was undertalum with a vie\v to synthesising mono ( triorgnno · 

t1n ) esters of dicarboxyl1c acids_, e.g.,· oxalic acid, malonic ac1d 
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CHAPTER I 

A Short Review o:f Organo tin Chemistry 
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If~ Introduction -
Organotin compounds are substances containing at. least ·one 

carbon tin bond. The first chemist to report an organot:tn compound 

seems to have been E.franklan:d (1,2). But his work appears to have 

remained unknom to mo~rt or his contemporaries as well as to le.·ter 

authors. The work of C .Low1g. · (3) in 1852 has usually been consi­

dered to represent ·the beginning of organotin chemistry. Apart 

from the compounds described by low1g i ,:· many significant contr1• 

butions were made in this f1Wdduring Ghe next few deeades. 

The vast majo:rity or organotin compounds fall within the 

rour classes : 

R ean be identical or different, substit~ted or unsub~tituted, 

aliphatic or aromatic groups .. X e~m. be r.~.egative g!'Ou.ps such as 

OR, .. s:H, ... ocoF., .osnRs, - NR2, or halogen or some other acid 
I . 

t•adieals or neutral ligands sueh as ·H, ·or eleetropositi.ve ones 

such as Li or 'Na. The three series of' organotin hydrides 

RsBnE, R~n1!2 and IiSnH ( 4,5,6, 7) have recently assumed considers• 

ble importance~ 
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Stann.yl metal compounds or the type R3SnM and RgSru'42(8-9 }, 

Ph3snS1ph3 , Pn3snS1(Geph3 )3 , n3sn •· snRa(B), PhsSnZn.SnPhaand 

PhaSnCdSnPba are also known where R may be aliphatic or aromatic, 

M may· be Li,Na or K •. 

~he discovery or industrial applications of orga.no·tin 
' . 

compounds as stabili$fjrs or polyvinyl chloride plastics, rubbei• -

antioxidants, catalySt in the polymerisation of olefin.s·, agricul­

tural fungicides and a.s. activ·e ingred1e~ri;s in certain veterinary 

medicine (10) and al;:;o an increased g(!!tleral scientific :Interest 

,.,. pr()duced e striking rGnaissanc~ •>f organotin ch.Gmistry starting 

:from about 1949 and continuing to the presen·t dey. 

IB Bonding in Orgauotin compounds 
.. •t!&s 121 ...... --

<:.~ .., c. 2 a .10 
The elec·cronic configu:ration of tin is ls''" 2s'""2p-o3s 3p~·acr 

4s24p64d10ss2sp2 ; the ground state be:L'lg 3p state derivsd from 

s2p2o·f configuration (ll) the conuaon tetracovalent state is derived 

from the sp3 hybridisation by promoting o.-ne of, the ps.ired S elac .. 

!irons to the next higher P level~;~ The tertra covalent state occurs 

mt..lch more frequently than dival1:1nt state and a great number of 

organotin compounds contain tetravalent tin a.tom. Jrgano derivatives 

of group IVA metals are generally more stable and less reactive 
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than the corresponding compounds of group III or V metZ>ls. The 

increased stability may be attributed co che sp3 hybr1disat1on 

Thus, tetravalent tin is unreactive towards air and wate~ but 

trimethyl Indium and trimethyl antimony have a strong affinity 

towards these reagents. The marked increase in stabilities of 

li4Sn compounds over R~n tyPes also demostrate the ef'fect of 

increased bybridisation-on the stability. Metal- Carbon bond 

strengths have been reviewed by Skinner (12) who noted that 

mean bond dissociation energies (D) fall as the subgroup is 
- -

descended so that D (C·R) D (Si-R) D (Ge·li) D {Sn-R) D (Pb•R). 

-.rhe mean values of the bond dissocf~t1on energies are C-:C : 87, 

c-si : 70, C-Ge:60, c-sn : 50, C·Pb : 31-37 K eal/mole. These 

value& are, orcourse, further dependent on the nature of the 

nlkyl group i.e. on the stabilisation of the corresponding alkyl 

radicals by hypereonjugation etc. 
0 

The covalent radius of Sn atom is 1.40 A and is surpri-

singly independent or the nature of the ligands. Only· when there 

is an accumulation of strongly negative· ligands round the tin 

· there is some decrease in bOnd lengths. The bonding ~f the tin 

would thus appear to be almost entirely covalent at least in 

cry~talline solids, in non po~ar media and in the vapour. However, 

the electronega·tivity of tin being less than most of the common 
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ligands, e.g.,- carbon, nitrogen, ozygen, halogen and even hydro­

gen, the bOnds are expected to be suti'iciently polar. The diioi'e 

mo::nent of various Sn • X bonds have also been estimated. rhe 

dipole moment of alkYl tin bond,.mostly estimated as 0.45- o.6D 

(13 • 15) depends both in magnetude and direction on the nature 

of alkYl group (16- 17). 

The electronegativ1t1es or ~he elements of group IV hava 

been investigated extensively by differanc work~~s (20 - 23). 

~,-· l'he results, a selection ot: which is given in Table 1, always 

differ according to the method or measurement and the compounds 

selected. l'his is not surprising since the electronegativity, · 

not being a uniquely defined parameter, depends on the method ot• 

rneasurem.ent and the surrounding of the atom in question. In 

practice, therefore, one generally works not with an • electronega• 

t1\'ity of tin' but TtJi~b a value for tin 1n a particular combination 

1.a. allowance will have to made for ·the ctinfluence or ell ligands. 

Table • 1 
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·Closely connected with ·t;his is the inductive affect which 

tin atoms or stannyl groups exert on their surrounding~. The bond 

. 1 ~- 6+ polat• sation C - sn, which is there in principle, may be changed 

by substitution at c aa well a2: ut sn.NMR data on organotin com• 

pOUnds ( l8 - 19) and sem.iempiricnl calculations· of tolaj ee and 

Gupta (43) emphasises this. 1\ccording to Eaborn etal (24) polsri-

·setion is increased by electron donor substituenes R• in the 

p • position in a phenyl group, as shown by the increase in the 

rate of scission or the c - Sn bond by iodine according to reac­

tion (I). The reaction thus belongs to the class of electrophilic 

aromatic substitution (24 • 25). 

R.'-<( )s., R.. 3 + rk----4 R'OT + R..3~,.,I (1) 

As. expected, electron attracting groups R1 decrease the rtfte of 

1ov1ering ·che nuoJ,eophi.l:toity of t~1e ring cerbon. attachGd to tin. 

The sequence of relative reaction rates is for R' • OMe) • Bu> 

i • Pr) Et) Me ) fi) Br) F ) Cl ) Co oR. 

Electron donor properties 1ncr~ase 1n the series (R • Me) : 

SiR;; <aer-~3 < SnJ1s , as" r.a.ay be sean f'rom the relative rates or· 

acidolysis ot P - ·H3Y&CliiJH · • SnR3 • Thes~ are tor t•i • Si ·'l .• Oo, 
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Ge 1.361 Sn 3.21 (26). A similar sequence emerges from I.R-and 

NHR me.asure.ments (27) an.d also· from IB studies on esters of the 

typt-1 t·1eCOOMMe3 which _give Jt • c ,si,Ge (28 ). 

One dii',ficult:t which often sris.es in experiments designed 

co measure r.ela't1ve 1nductiva· effects is 'that there may be aoma 

1\ • character '-n a bond be,tween. tin a.ncl an el.ement possessing fi 

electrons (~ - 30). !Jtlhus in a. Sn .. X bond wbera X ia C(Sp2), 

!l ,~,s or halogen it is possible .. that, opp.osing the inductive elec.­

·tron drift f:n s~ • x, there. may be some overlap between a filled 

• P .. orbital on X and en empty 5d .. orbitals on Sn causing a t rans!er 

of elee:t~.ron density in :the ~ppos,.te -direction. Despite many contro­

versies (31 • 34), it is widely accepced that tbere are significant 

(P.n - dn: ) contributions to the sn .. N bonds in compounds such 

as the 'plannar tris1lyl amine (35). There is some evidence that in 

phenyl tin compounds, interaction occurs between the electrons of 

ehe pherjyl groups and the 5d orbitals of tin. Thi'S conclusion is 

based on the 1nterprete.tion o:r .NHR (36·- 37), infra-eed (38 ), ultra• 

violet (38) and dipole Jll;)ments (:?9) of phenyl tin compounds end 

t~e acid screngt~ of the substituted benzoic acids p•Mea M CeH4cooB 

(14. • c,s1,Ge,Snj. It can not bs. assumed that oth~r aromatic group, 

behave similarly since pKa values for e series of pyridine having 



absence or p J\ • df\ bonding in the tin-pyridine link (40). 

Calculation ba.sed ·upon nuclear .quadrupole resonance measu.rement s 

indicated J\ - character in the Sn~i bonds of diethyl tin d:i!io­

dide whereas it -v1as concluded from th~ dipole moments of organo­

·t;in chlorides that the Sn-cl bond order is close to unity (39 ). 

There is evidence for dn tl!t Pn interaction in the bonds formed 

between tin and certain transition metals (41 • 42). On the 

other hand Gupta and Majee have shown in a series or papers (43) 

·that most of the properties of organotin compounds may be inter-

·)' preted t.zithout assuming any dn .. pn interaction. However in a 
' 

more recent article (44) Majee has demonstrated that the SJUccess 

or earlier Del Re calculations does not necessarily rule out such 

interact ions • 

IC - Catenation Properties or Sn in Organo·tin_ Compounds 

Tin like other members of group IVA shows the tendency 

to catenation. A number of excellent reviews are now available 

on tin - tin compounds (45 • 49). The ditin compounds may be 

prepared by a numb~r or methods (47), the alkyl derivatives are 

·.+ generally liquid and the aryl derivatives tend to be solid at 

ordinary temperature. A good number of compounds of the .type 
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[R2Snln with the numb~r of tin ranging from 2-6 have been :.des­

cribed (47). The reaction of metallic sodium in liquid ammonia 

'l~Jith Me2Sncl2le.ads mainly tQ the compounds [ Me2Sn]n , which are 

linear molecules wtth chain length n s 12•.20 and perhaps more, 

and at least to on~S~ cyclic compound [Me:zSnJ 6 • 

There is nc evidence for branching of the chains (50-51). 

Similar results have been obtained with other alkyl a~d aryl 

compounds (51), e;g. cyclic hexamer of Et2sn, the cyclic pentamer 

e.nd hexamer of Ph:esn, t;he cyclic tetramer of (t-Bu)2sn etc. 
l 

williamson and Vander Kerlt (52~ 53) have however reported a 

branched chain compound (PhaSn)4Sn by t;he reaction of' Ph3SnLi 

with Sncl4 • Some coloured products reported in the synthesis of 

dialkyJ. tin compounds are due to the formatj.on Of partially 

branched tin chains (54). NMR studies indicate the formation or 

poly tin hydrides during thermal .decomposition of.butyl tin 

t rihydr:i.de (47). Carboxylate.s and halide derivatives of di and 

poly tin compounds. have also been reporte~ (55•56). 

ID Organotin Complexes 
------~--------~-----

Organot~n compounds can form various types of complexes 

if+ \'lith. ligands. The structural aspect of those compounds has been 



exhaustively reviewed by Inghan etal (8), Poller (57), G~elen 
' , . 

and Sprecher (58) r!tlld ®re recently by Ho llnd Zukermann ( 58a ). 
. . X 

T~e most tntareating example is afforded by Rs$n . 
' ' 

l;ypa compounds which. rorm various types of adducts with Lewis 

bases (8 }. :r·hese adducts are generally pent a co-ord:tnated 

( 59-60}. For -x • ol ,ar or I 1 !4easnx type compounds are usually 
-. - - . - - -t et rahedre.l but for x u c104 , F , co3 , BF 4 , r;:o3 , · As!i' 6 , _ocoa, 

the compounds'· are f1ve eoordi.nate about tin ~here nnir.n~s' are 

probably either bridging or chelate types {61-62). The aqnoi.on. 
-i-2 

i;ie:zSn(H2o)4 has a linear c-sn-c ·group~ there 'baing preeuPJably 

four water molecules weakly co-ordinated in the equ1tor1al plane 

(63). ~~imilarly RaSn:)C'and R2-<:lnX:a compounds ce1n form organo·t:tn 

chelates with chelatine P.gent.s su~h as 8 h.yd.roxy quinoline (64-<6: ), 

ncer;yl acetone (6r/-68)1 1,10 Pb.en~nthroline (65968) etc. ¥Jhiah 

may ·~ five, six or aomet1mez even eight co-o:rdinat ed eompounds. 

c;.'he.moat· ge~eral feature of the pent.a co-ordinated tin 

is a polymeric structure formed by the br1dging-.o:f a.n anionic 

group to the tin a·com from either side of die plana of the t:rio 

alkYl tin group. This kind or structure is designated as e>tpe I. 

Type I compounds can be devided into tllree .suo groups as shown 

c c 

-Sn X Sn X -
·C 0 c 0 

Type -I. 
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I, 
\ 

_,__ 
.?? 

Sub group 

(a) 

('f?) 

(c) 

Ta.ble-2 

------------------·----------------------~-----
~ompound 

(CH3 )3snF,. (CH3 )3Sn0H 

RaSnOOeR' , (C4 Hg ~ Sn( imidazole), (CJti.3 )3 SnN03 , 

(Clla )3Sn6104 , {CH3 )3SnSiF 6 , R3 Sn Al~l4 
(CH3 )3Snel, (C~ )3SnBr., (CH3 )3SnCN, 

RasnN3 . ,(eRa )3snNn§, (C~ )3sru~co. 

The compounds in the (a) subgroup of this classification 

c~:mtair.:. tin atoms bridged by the anionic groups L"l. the manner, 

-sn- X- Y ~-x "'where X represents a halogen,_ an oxygen or a 

nitrogen atom and Z represents the reminder. of the l'esult ing group. 

The compounds in both (a) and (b) subgroup compom1ds are assumed 

t;o contain· planner SnC3 moit;ies, but in so far as ·they have been 

studied, those in the (c) subgroup have no Sllch planar arrangement. 

In compounds of st ructura type II, a donot- molecule is 

co-ordinated to a triorganot in. halide to give a trigonal bipyra.­

midal arrangement. The best studied example is ·the 1 : 1 addition 

~ compounds of (Ch3 )3 SntU and pyridine. 

-~ 
c 
j 

X--Sn--D 

/\ 
1fyPe II 

: (D ·• donor molecule) 



1!8 11 t!io 

A halide ion can also act as a- Lewis base to trimethyl 

tin halide, giving a symmetrical bipyramidal configuration or 
type. III 

CH3 
1 

X-Sn-X 
/\ 

CH3 c:a3 

Type III 

In cases where the anionic groups have no co-ordinating - . 
sites, for example B(Cslfs)4 , two molecules of a mono-anionic 

Lewis base such as water can occupy the co-·ordination sphere, 

giving a planar SnCa arrangement with a penta co-ordinated tin 

atom (type IV) 

c 
I 

n·-· Sn.._ D 

/\ 
c ·c 

(Type IV). 

'·. 
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• '.fhia finding may well be applied r;o interpret th~ ~truetu.re Gf 

1 : 2 addition corupounJis or formula R3SnX.2D(B:J) as that contei• 

ning a bipyram:idal ( R3S:nn2y•· and .X anion, and msy preclude the 

existence of hexa-co-ordirlf.i;ted tin atoms in such triorganc,t1n 

complexeso 

It the X group in r.3snx belongs to a ehelating ligand, 

:intramolecular. co-ordination can. occure as sb.own in structur~ (V). 

· Type V 

In the case of di-organot:tn der1.vtrt1vas, both pertf;a co-ordinated 

and haxa co-ordinated. tin compounds have been reported. Penta 

co .. o:rdinated tin is observed in d1alkyl tin halide, earboX\ylates, 

dialkyl tin halide o.nna:tes and d.ima.cbyl. (1.,3-dimethyl tria:?.Ono) 

tin halides (69) (type VI.) 

The 2 s 1 addition compound. of (Cal\. )a Sn(NCO)g and 
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bipyrid1ne is another type-or penta co-ordinated di-organotin 

structure (VI~) 

'i'ypa VII 

'£he dimeric tetraalkyl distsnn~xanas (XR~nOSnR:aX)2 and 

~ (XR~nOOnR20H >2 sre uniqua beeause they f..t!"e bel5,eved to eonte1n 

b-~f~h tetrr~ .. co .. oTdinated and 1~enta eo-ordinated t~.n at.omc (Type 

' Vll:t nnd VIII ) 

l'ype vlii Type VIII 

Infrared spectroscopic inv(:lst1.gations h&Vf~ show that 

·the addi.tion cocupOunds of R,Snx ..... (X • b~.lo,.oo) and TY.>.Onod£nt:ate 
- ~ ~ . !;) 
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a~nines in ~ = 2 mole ratio, or biden·tate am.ines in 1:1 mole ratio, 

aro of the type IX 

f{ 

X""' t / D 
~n 

x/ I "n 
R 

Typ~ IX 

Hany di-organotin bi3 (Cbelates) have been iaolErted 

(64,65,69-75) and fotmd to contain hs.xe co-ordinated t;1n. atom. 

Some representative compounds are acetyl acetonates, oxtnetes, 

and earbo~ylatea. The alkYl group in these compounds exists 

predominantly in the trans posit!on (type X), thougl} :X'e.rey 

cryatallog~aphy on di~etbyl tin dioxinate shows this to have a 

vei'Y rnuch d1atorteQ. st:ructure (85) 
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Tho mos·t symmetric specis is the (CB3 )2 snx4 anion (X • F,.,l,tlc~) 

where structure is represented.by (XI). Tobias etal have shown 

that. there are snalogons s~e.c~.s; [(CHs)2 Sn(OH).~2- as well as . 

cationic· hydr$ted specis in aqueous solution of dinu;tth,.vl tin· 

compounds (73,76,77) 

CJia 
x~vx 
x/ I '--x 

CH3 

Heports on .mono ... organo:tin compov.nds indicata tbut GO'lie of these 

might hf.iliG hex~ co .. o:."i!inated ana evan bepta co-o:rd:lnated tin atoms. 

Hot~ever, lit_tla ·work llns been done on. ~kiei1• d~tall.€d eoni:igur&tions. 

Hono~rgt~notill halide bis a~ety~ acet~nates (ie) &nd bis oxinatas 

(79) as well a.s the addi~ion co.tnpounds oi"' t·ormul~ RSn x2 .;aD( SO) 

are e:&amples oi' haxa co-ordil.la·ted tin compounds. 

ThQ complex eornpou.nd [Caoac).JtaSn(CCHa~a , ollta:ln·ed by 

partial alcoholysi:i:i i'rom F~n{acae)a 1~3 unique in th~t it ·contains 
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shO\>Jn in. structure n I 

. fHa 
0 

(acac j (X)RSn< :;snn '(X) {acac) 

0 
r 
CH3 

Type XII 

·~ 1\ hepta co-ordinated tin-is observed in phenyl ti.Yl tris (tropo­

lonate) and probably in mono organo tin tris (c~rb~xYlS!-tes). 

Several organo tin ai) complexes With quadri and tetra­

dentate anionic schiff base ligands have been PP.epared and investi­

gated in the solid stat.e (8~ .. 83). Mossbauer -pa:rametcn .. s de:rived 

from both zero field and magnetically .perturb~d spectr~ suggest 

that tne R~l'i(salen)*, F. e r~!G, Et, Ph ~nd MegSn(S8ldap ... 2-0H)** 

complexes have distvrted t1•aris octahedral .struct.;ures. However in 

Ph~n(n-Saldap-2-0) the ligr~nd appears to 'be only terdent~ate 

leading to a penta-co-ol~dinate structure' similar to those of the 

R2an(Sa1-N-2-0CaH4 ) derivatives (R ·!!! Ph,He). 

--~-------------------------·-·----------------------------·--------·-------I * . Hi3alen - N ,N ethylen,e bis ( salicylaldimine) 
. . . I . . 

** H2saldap-2-0H - N ,N (2-hydrony trimethylene) bis (Salicylaldimine) 
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Recently organot1n cv~le~Js or strong ~ ao1ds of .the 

type l-leasn TCNQ, MeCPgSn.'J;CNQ, t:~~p-~n.n:rc~IE(n al,S) and snx4. 

~I'CI'H~.THF(X~ol,Br) (84) have been prepa:t•ed (l"t:.'NQ • Tetrtl cyano 

p - q:uinod:tmathane, 1'.CUE • tetrv.H:yuno ethylene). The infrared 

spectra or tho eomplex l•ia3Sn•rcr-rt~ exhibits a single band at 555 cm·1 
' ' 

1n 'the tin-carbon strechi..l'lg' region which is assigned to the anti­

symmet:ric mode o:f' a planar Messn moiety, with. bridging TCNQ 

rcsid1.tes resulting ~n. a trigonal bipyram.idsl configu1•ation at the 

tin. !'he intense colouration of the compound is indicat;ive of the 

formati.on of ('i'Ct~Q)• radical onion on complexation. The co~-nplex 

is therefore best represBn.ted by the canonical from (t~e3Sn)! ('TG'b!Q)• 

nod tklus provides tho first axampl.~- of 2n isolable paramagnetic 

· organotin complex. 
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Introduction --· -.......;;.....-.....-.-

Mucil of the experimental work 1n the field of Ol"ganotin 

ch·emistry has been inspired ·by a desire to understand as fully as 

possible· the reactivity of these compounds. Bundreeds of alltyl 

tins', especially those with different' ligands' were prepared ~ith 

a view to studying the fission at tin•oat"bon bond which may be· 

ropr~sented as 

........... / ......__ 

- Sn • c • + A·B • -· Sn • A + ~ c - B / '-.. . /' 
(I) 

Although the reactivity or tba tin-carbon bond depends on e 

number or facto1·s,. they are suscep·tibla to attaclt by a wide 

variety of reagents so that A - B 1n the above equation may be 

halogen, mi-'lernl .aoidj carboxylic ae:td, thiolt phenol; alcohol, 

metallic or nonmetallic halide, alkal11 elka11 metal etc. 

1'hesa r'Jac·tions ara non only of utmost theoretical and 

practical importance in organot1n chemistry, but also has some 

bearing on the present work. As such a brier discussion on the 

subjec-t 1s p~esented here. 

The most trequanly suudied res.otiQn of tin-carbOn bond is 

the cleavage by halogen; one or more organic moieties are split 
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orr depending upon che condition of the react1on according to 

the ·following scheme : 

(2) 

EsSnX. + Kg·_, fl:aSnX + I~ (3) 

I 

when unsymmet r:!.cal o:rganot in compounds or the type R3SnR are 

trea~ed with one molecular proportio,n of the reagent, organic . ~ ' ~- .. - . 

gro~ps are usuall1 cleaved. ~rom tin in the order ( 1 ) s 

0 • tolyl> p • tolyl) phenyl) benz~l) vinyl)methyl) ethyl) propyl> 

ia.o--butyl) i.so-amyl) amyl) he~i) heptyl> octyl. 

. . 
This series is of practical value in synthetic organotin .chemistry 

since (2) usu~lly predicts correctly the products of cleavage. 
. I 

How~ver predictions are less reliable with B2SnR2 type of compounds. 

Tnough the sequence have been compiled rrora reaet1ons uGing dirre-
' 

rent cleavage .reagents und~r a variety or conditi·ons, careful 

exem1nf.ltion or the literature reveals n number of contradictions (3 ), 

the actual situation being mucq more complicated. 
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The mechanism of tin-carbon _bond cleavage b.as been clnr1• 

tied in a series of papers (3·5) by Gielen and co-workersQ On 

the basis of their mechanistic studies these reactions are to be 

classified essentiallY as alectrophilic substitution at the. 

carbon atom. The geometry or the transition stat~ is however 

greatly influenced by the solvent and the electrophile which may 

co-ordinate with. the tin atom under proper c~nditi.ons ·thereby 

causing profound vari.atiori in ·tbe rates. The different types of 

orgenot in d er1vatives ere treated seperat ely in tbe following 

diecuasion t• 

T in•carben bond clsav age in sym,-net rical tat ra alkyl tins 
*lhfll • aL·,.·· ··-~ F 1¥ • ..,,. .... _.. 1 P::C .... l • Sf ·~·....., .. ifii...CP .... •1 lriiiJ . .-- ~ry 

'.t'hese compound$ eatl be cleaved by a nu.11lber of electrophiles (1) 

or radicals ( ?•8 .)., t~mong the electroph1les, one may use halogens, 

halogen acids,_ t 1n (IV) halides and also other inorganic bnlides 

T eg BXa(9), IigCl2 , lt~la , ~ (10), PFs(U)] , Organometallic 

h~idss [:a.mc12 , R3So.Cl (12)] , o:r oxidants [Cr0a(l3)] • Alkyl halides 

ree.ct in presence o:f' tetra alkyl tins to give tr1- alkyJ.t1n halitles 

(l4-l5)e Ealoga!ls can also be US$d as rarlical SOtlrces (16). 



I ... llli . .. Sleet roph111e subs1-t1tut ion at. a saturated carbon atom 
. -·--------------------------------------------------

Kienet1c studies have shown that tetraalkylt1ns ··react with electro­

philes { 12 (17), Br2 (5), Hgx2 (19·20>., cro3 (21)] by a complex 

mechanism (22) which involves o. predetermining. equilibrium between 
' ' . 

the o:r~anot in substret'e and a nuclaophUe. 'fhe step is then follo­

wed by the reaction ot an eleetrophile witb the activated carbqn• 

tin bond. ·nepE'.nd1ng ori the solvent polg:rity two different s1tua• 

tiona; may 'be distinguished : 

(1) nea.ct;ion in i•nonpolar" solvents : 

In nonpolar media, the most nucleophic species available in the 

solution is the electroph1le E-N itself. [X-X(22) 1H-cl(2S), 

O~r-0(21)] , which may complex with the organotin molecules 

through the t 1n atom as :follows : 

C.-.· Sn + N· • E 
(•} (+) 

c-s~, ... N•E (4) 

The representation is only formal 1ndicat1n·g the t:t"ansrer of 

electron from N to tin.- The complex formed in this equilibrium 

contains activated C atoms and an enhanc~d electropl,lilie specie$. 

An intramolecular reaction, which seems thus a reasonable way in 



which this complex might give reaction products, is observed 

when the str~-1ctura or the complex allows such a cyclic transition 

st·ate. G1elan and liastelski (44) use the symbol SF 2 (substit.u-

t ion fot\r _c_entred bimoJ.ecular) to .1nd1eat e tb1s machan1sm, Abra• 

ha!tt and HUl (19) hoiateyer· pret"e:r to call i.t. SE:t. 

c sn<·> -{ r: c Sn. - c--- --Sn 
~I 

I ,- t 

I (5) I. I . I .('fl (+) 
I I 
I • N E N, ·E E"---- . 

-~ This <!Omplex which contains rather ri.ueleopnilic: carbon atome, 
'-.., 

may also react with another cl.ectrOphil·IJ E - N to give the claevage 

of a carbon-tin bond i 

}I • E + C • a~ ·1 N (! )E · ~ C - E + R a(•) "'(+),:, (6) 
- ... n - " - J;j 

A third possibility cannot· be exc~uded .. a it is the ·reaction of 

th.a electroph111c part or this «;~om.plex \111th another organotin 

molecule : 

(•) (+) I .! I I 
·c - sn • N - E + c - sn ~ c - E + sn - ,N + c • sn (7) 

This mechanistic p1et~lr& explaina a large ntwbeu· or findings 

such as ; 
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\ e a) 1'ha presence or a third over :terni : 1fhe rate or react~1on between 

tetra iso-propyl tin· and brom:Lne in clllorobenzens may ·roughly be 

described by 1 I , 

·where the third order term may be considered as due to ·tne exis• 

tanee o£ reaction (6). 

b) !,he mixing eff'eet a Tetraethyltin reacts 11.7 times faster 

than ·~etramethyltin \11th Br2 in chlorobenzene. A mixture or tetra­

methyl and tetraethyltin, reacting with Br2 1n chlorobenzene 
, I 

yields a ra.r;io [E t- Br J / [MeBr] !! 4.3. It has been sh0\1U ( 22) 

that the presence oi' tetraethyltin influences the reatlt1on of 

:or2 -wich tetramethylt1.n. This mixing effect is readily explained 

by reaction (7). 

·'fh~ obseX'ved reactivity sequence (24) for llalodematallation 

of n4 Sn type compounds in nonpolar soJ.ven,ts is : 

However the rata constants l1a close together and deviations from 
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.Ia the sequence often occure depending on the experimental conditions. 

In this case, the solvent co-ordinates with the metal atom which 

may be formally re·presented a.s 1 

c - Sn 
(-) (+) 

- sn - a (9) 

formation of such complex (which may be a true or a collision 

co!.nplex) would increase the elec·tron densi·ty at che carbon atom 

Yhich mt1Y be easily attached by an alectroph1le, yielding an open 

transition state whose existance has been fairly well established 

by Abraham and Spalding (20) : 

(•) (+) 
c -sn .. s 
~ 

0 
E • N 

(-) .(+) 
c-E+N-sn-s 

co-ordination with;;he metal generally does n.ot make ·the solvent 

.r+- electrophilic enough to compete with ·the eleetrophile E - U and 

(10) 

to reat either intermoleeularl;r or intramolecularly with a carbOn-

tin bond and these two steps thus seam to be tbe only possible 



.... reaction. Indeed neither a third order term nor any mixing effect 

could be detected 1n nucleophllic solvents such ~;~s methaqol. 

The nucleophUicity of the solvent towat~d tin, which seems 

to be the most important. factor 2ffecting the polarity Of the 

solvents tor electroph~lio aliphatic substitution ( 17) may .be 

estimated ·by the ebUity of the medium to complex the tin atom of 
' . 

tr1methyl tin chloride· (26,44). Using NMn spectroscopy the follO• 

\tJi.ng sequence has been found : 

t • BuOH!::::MeCO.Me~MQCOOMa )DiOxane) t-iee!i) 
/ 

The reactivity sequence obs~rved 1n polar solvents is a 

(iii} Radical substitution at a satur.a:ted caroon att.no.·: 

Sym,netricai t~traalkyltins may also b~ attacked by radicals. 

Following mechanistic picture has been pl>Oposad for the reaction 

ot these organo-matellic mol·ecules ~.tith halogens in chlorobenzene 
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.. 

in an inert at1nosphere under illu~ination 

_-~.._v_(_4_lom_m_>_~ 2. Br.· 

Br• + R Sn 4. 

and 

(-) (+} 
---.... -·---...... ~~. R4Sn • Br· 

(ll) 

(12 

(13)-

(•) (+) I I I 

R4Sn • Br. + a4sn ~. :a4sn + R83n.Br + R • ( 14) 

i'om1ng a chain w~th 

R • + Br2 ~ R • Br + Br • (15) 

Oxygen seems to modify the stoichiometry, the react ii:n products 

ond thus the mechenism of the analogous reacti.on of tetraethylt1n 

with iodine (27) is a 

(28) 

(29) 

which then reacts ' 
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in tho absence of oxygen Et:Pn· +--12-+Et:;Sni + I• 

chain reaction cJ:> >>I 
in presenco or oxygen Et:f>n•+ o2 ... Et:fln-o-o · 

. "' 

(30) 

(31) 

P.azuvaev and co-workers (16,28•29) have obtained a considerable 

body af evidence for the participation~ of trialkyltin radicals 

in the photolysis o! tetranlkyltins and in the reactions of these 

derivatives with carbon tetra-chloride initiated by oxygen o:r by 

peroxid~ s 

1\4 sn ----?- n3 t:>n • + R • 
/ 

B3 Sn • + X • C ' R3SnX 
/ + •C • 

' 

(33) 

liC • Symmetrical vinylie, acetylenic and .aryl derivat 1ves41 

Tetrsvinyl tin reacts more than 20 timRs faster with iodine than 

tetraethyl ·tin but !s less reactive than vinyl tr~.alkyltins (30). 

Little is known about the more reactive symnetrienl acetylenic 

organ(Jtin compounds (31). The re9.ctiv1ty or v1nyl1c and aeetylen1c 

derivaties is in accordenee wit;h the order or bond pOlar'ity 1 
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.. Tetraal'"'Jit1¢'ns f,lre. also mora prove tp clea.vage than tetraa.tkyl 

tins; one or two aryl groups are cleaved off the tin atoms in 

the cleagave reactions depending_ on sxpo~'-mental con:lition. 

In carbon tetrachloride bromine gives Ar2SnBr2whereaa 

iodine in. chloroform at .. 40° produces mono-substitutf:ld product 

( 1,33 - 34). ~r~e most widely used reaction is the disp:ropor­

tionation with SnCl4 which furnish good yietds of tr1aryJ.tin 

_chloride, difiryltin d1chl.or1de and arylt1n tri.chloride (1,34,35·39) 

under proper experimental condition. Sulpber reacts tdth tetra• 

&- phenyl tin to yield phenylt in - sulphar polymer chains and 

diphenyl sulphide; salemium yields only a monoinsertion product 

(40 ... 42}. r~o mechanistic study has been made on symmetrical tetra• 

aryl tin compounds, the mechanism or aryl-tin bond cle~vage bas 

been derived from unsymmetrical compounds. 



~. . 11.0~ Unsymmetrical Organotin compounds· 

l· Unsymmetrical tetraalkyl.tins 

The kicnetic scheme wbich describes the reaction ot symmetrical 

tetrsalkylt1n~ with eleotrophil.es E - N is also yalid for the same 

· r.aaction on mixed tet raalkylt ins_ and can be used to explain most 

of the experimental data. Only the important ditterence between 

this case and the former one are th~ nonequivalence or the alkyl 

groups bound to the metal atom in mixed d~r1vat1ves; this intro­

duces a new parameter ; tne selec~ivity, which depends dramatically 

on experimental conditions. 

(1) Reactions in nonpoler solvents t 

The reaction of bromituio wl.th pr.opyl tr1methylt in in chlorobenzene 

is described by a ratio K2(Me VK2(Pr) ·• eo, show1.1lg a rat; her lOW 

selectivity. However the ratio ~ecreases to 4.3 1n the presen~e -

of tet~aetbyl tin (22), although it doea not vary with concentra• 

t1on of Me3SnPr •. The mixing effect may be ascribed to tbe following 

reactions : 
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• + ? RX + X Sn M&J 
R Sn Mea + x2 ~ I,\ M&a Sn - ~ 

. . ~ MeX + X Sn Me.:a R 
(34} 

I I -· + 1 1 
1\i Sn + ~· ~ ~ . Sn """ 1fe R • X + R3 SnX . (35) 

I 

1 ,... + . ~ RX + X Sn Me3 · + ~ Sn 
R.-Sn .Mea+~ sn- x2 (36) 

· . . ~ MeX + SnMe2 R · + ~ Sn 

I - + 
Since R4 Sn·- X2 would be more electrophilic than X2 , the selec-

tivity of the cleavage would decrease. 

On the contrary the presence of trialkyltin halides have 

two importa~t effects on the reaction of tetraalkyltins with 

halogens 1 

a) A decrease of the relative importance of the third ot·der term; 

b) An increase of selectivity. K2 (Me) j K2. (Pr) increases from 

6,.0 to 7.1 when triethyltin bromide is added to the chlorobenzene 

solution. 

This may be ascribed to the formation or penta co-ordinate· 

species due to association of the trialkyltin halide with the 

tetraalkyl tin ~ompounds. 

The observed reac·tivity sequ.ence for halodemetallation of 

Me3SnR in chlorobenzene is R !!! t • Bu> l-ie~ i~Pr> Pr ~ Bu with 

the rate constants lying quite close together so that halogen in 

solvents of low polarity does not discriminate well between 

different alkyl groups·. Abraham and Hill (19) has classified the 
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reactions in nonpolar solvent· as SEi (substitution, electrophilic., 

internal) which includ~~ cases lying in between pure SE2 and 
c . . ... ' . 

SE: (substitution, electrophU1c, via co-ordination) mechanism. 

The low selectivity observed for the reaction or halogens 

with mixed tetraalkyl.tins in nonpolar solvents has been used for 

qualitative ident if'ication or organic groups through t~e alkyl 
' ' 

halides·formed as products or t.~e cleavage (43). 

(11) Reactions in polar solvents 

As discussed earlier polar solvents 'render nucleophilic assis­

t.ance to the tin atom thereby increasing the polarity of Sn - C 

bonds. The ·reactivity sequence observed for cleavage of R group 

fron1 He3SnR or EtaSnR is R, • t•le)Et> Bu""Pr> t- Bu. The spread 

of the rate constants in a such series is considerable so that 

there is a high degree· of' selecti9lity in halodemetallation 
( 

reac·tion in polar solvents. The reactivity or R group in R3SnR 

is also profoundly affected by the nature of' the leaving group 

R3Sn. 

The high degree of selectivi'ty .of hal_odemetallations in 

methanol has bean exploited in the· first practicable synthesis of 

fully unsymmetricall-y substituted tetra alkyl tin (6,43)• The 

same principle has been utilised·for the synthesis of chir~l tin 

compounds {50) 



• 40. 

g. Stereochemistry of bimolecular electrophilic substitution at 

a saturated carbon ; 

Not many studies have so far been made on the stereochemistry. of 

SE2 reactions in organotin compounds; However, the results so 

far obtained indicate that reactions involving open transition sta­

te(SE 20) proceed with complete inversion or configuration (44) 

as s}lO\-Jn by Jensen (45) on the bromodemetallation of sec-butyl 

trineopentyltin in ~ethanol. On the contrary SE2·~·- reactions, 

which go through a cyclic transition state, should occur with 

retantion of configuration {4?)• or course, substrates for which 

the inversion of configuration is unfavourable such as Cis or 

trans ~ 2 - 'metlly,l~cyclopropyl trimethyltins or (+) - (1-methyl-

2,2 diphenyl cycloprop}tfyl) • t.rimerthyltin (47) for instance 

react trJith re·cention of configuration even in polar solvents. 

(37) 

-+· This general hypothesis seems also to be valid ror SE2 reactions 

dn other organometallic .substrates, as shown by Brown (48) who 

studied the bromodemetallation of tri-exo-norbornyl-boron, which 



~. occurs with fUll retention of config~ration in THF whereas the 

same reaction takes place with fUll inversion of' configuration in 

the same solvent in the presence of methoxide ion. 

3· .• The reactivity sequence and SE~ mechanism 

The reactivity sequence for the bimolec~lar replacement or a 
, . . ,,'.- . ' I 

cons·t ant RsSn. group by an electrophil.e (iodine or bromine in 

methanol or in a~etic acid (5), ~gX2.~in: methanol 

in chlorobenzene (5) : _i ', \ 

\ \ 

II:' 

'' 
I 

R • Sn R3 + E • N 

can be described by : 

This sequen~e, generally associated with Si 1 reaction, shovJS that 

that the st;abilization of _the par~ial negative charge appearing 

on the different carbon atoms af~er this first complexation step 

N + 
~-

(39) 
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/~ plays a very 'impor·tant role. Electron-attracting substituents 

accelerate the substitution reaction and it is reasonable to ex-, ' 

pect that strong eleccron .. attracting subs~ituents could sufi'ici~ 

ently stabilize the incipient carbsnion so ~hat the compley~tion 

would be no longer dependent 9n ~he attack of' the .,electrophile on 

the carbon a·toru, 'giving· then.. a· m.onomolecular electrophilic subs­

titution. However, it .has n9t yet been possible to find an 

al.iphat ic elect rophilic substi.tut ion v.Ji th a first-order rate 

equation. 

The reaction of benzyltrimethyltin with iodine in methanol 

is a second order reaction, but poorly ·electrophilic reagents do 

not react with this organotin molecule if a str-ong nuqleophile is 

present. Eaborn (49) has ·indeed ~hown. ·that the reaction of m-chloro ... 

benzyltrimethyltin with water. in eth~nol yields m-chlorotoluene 

and is catalysed by hydroxyl ion. The electrophi~e is unfortunately 
' 

present in large excess and it is thus impossible to determine 

\-lhether it has to be ineluded in the transition state or not. 

Nevertheless the nucleophilic catalysis is once more important and 
' I 

kinetic result's suggest that there. is a considerable negative 

charge on the separating benz:rl group in the transition state .• 

~. This reaction might be an example of a ~nomolecular electrophilic 

substitution SE 1 at a saturated carbon atom. 
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Trietbylstmayl acetone (U) resets very fast 'With iodine 

~, in polar solvents (like methanol, 11\tSO) 1s probably s&1 reaction, 

bUt 1s not oontirmed 

(40) 

~be high reactivity or o<. • functionalJ.7 substituted organot1n 

iiJ compounds could be ascribed also to a possible mono~oleculax­
meohnnis~. TrislkY.letannrla.eetone or the eoreeeponding estar or 
nitrile react With poorly electropbille reagents such as benzrl• 

helid.es 

·"c- c=- o 
/ . I "' 

/ ' 1 + R • X ~ c • c = 0 + Ra$nX (41) 
a3sn Y · /~ ~, 

' II 

'!l • ca3 or OR 

or with ·trtmetbyl sil.icon chloride (51) • 

<cn3 >2 oa • en. CN 
~nBUs + MeaSlCl ; (GHs)aCR • f(B • CN + Bu.:;Sncl 

sutea 
. (42) 
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~ f\e.t>ormatsky - type reacti-ons can also ba made with those derive .. 

ti·ves oho;.,ing that aldehydes and keton~s are electronhilic . . 
E)t'lough to cleaqe the C - Sn bonds of the·sa functionallY substi• 

t;UCcd organocin derivatives. l'he !'ormation ot• corresponding 

~- trio:rgonostanno)ey' d3rivati·ves : 

II 

(43) 

is :almost quantitative and the produ.9ts :t"ormed are very pure. 

This is thel"'uf'ore, l:L'1 especially facile organometallic method of 

functional chain oxtcmsiorll (52). 

IIE .• Unsymmeta•ical viny11c and acetylenio derivativmJ : 

a) Llec·crophilic sub.EP;itutian ut an olet•inie carbon a tom 

1) Stere.ocheilliscry oi' bimolecular electrophili_c substitution 

l'et~ctions at an olefinic carbon atom : retention or eonfigura­

t ion ; The reaction of ·the tYPe : 

I > C • C -• Hliih + E • U = > C • C .. E + N -~1% (44) 
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~ Occurs generally with retention of configuration, in agree:nent 

~A~ith the rule_ stated 1n 1948 by Nesmeyanov .€lnd. Borisov (53). 

Cis-o·r trans·d~p:ropenyltin dichloride react w1tb Hg}V2to . . 

g 1 v a purfr cis-or trans-propenyl-mercury chloride respectively (53). 

Tetrapropnyltin also reate with retention of conl"tguration 

with butyllithium (54) and phenyllitih~ium (~5). 

Cis-or trans - 2 • butenyltrim.eth,11t in react v;ith iodi:na in 

methanol also with retention ot configuration (30). 

( ii) l>iechanis.:n or b1m.ol~cular electrophilic substitution at an 

olefinic carbon atom : 'rhe x--ates cr r·eact:ton o.f a series or v1nylic 

organotin coml1ounds with 'iodin"' suggests chat 'the tx·annition state 

must bear a rather localised positive charge centered around tbe 

•carbon atom. A fullY dipolar· stl'l.J.cture involving a conlple·te 

breakdown of t h., bon.d sb.oo~d ba disr~garded si.nce. this vJOuld lead 

to free rotat!cm around the centra~ C ... C iJoud. A h:!.ghly polar 

t :r·t~nsit :ton s·tfit e : 
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is suggested (30) in order to interpret the reactivity sequences 

(a) and (b) : 

(a) (CHs) 2 C • CH-) > c( CH3 )) 

/ Ci!s 
iii c ' ' 

and the observed salt effect and the retention of co~figuration of 

vinyl group • 

(b). Electrophilic substitution at an acetylenic C atom : The ·high 

polarity of all{ynyl .. tin bonds facilita~s both electrophilic 

attack at the carbon atotiJ. and nucleophilic attack on the tin atom 

(56 - 58) malting Sn - C = C ... bonds extremely labile. Thus 

Cu ++ and _Ag + break sn - c = C bonds (56) while n3sn - c = C -cH2 .. 

CH2 - 0 - CH ~ CH2 reacts easily with ·butanol with the cleavage 

of Sn- C =C bond (58). 

Cl .. C =-C ... SnMe reacts instantaneously ·vJith water (59) • 

T ricycl.ohexyltin halides. are electrophllic en.ough to cleave the 

_,..._ acetylenic carbon - tin bonds Qf bis- (trimethyl stannyl) 

/ 
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butadiyne (60 • 62). Bromine cleaves diethyl (triethyl ~ stannyl 

ethynyl) phos:phonate Et3sn ..,. C ~C ~ P(O)(OEt )2 (58). Aldehydes 

and ketones are able to cleave the Sn • c bond of CE)fis - C = C -SnEt3 • 

Chloral (63) and, cyclohex_anone (64) also react with these com-

pounds. 

In the presence of bas.es·1 H:#)n ... C= C - CH3 is 'isomerized 

into the allehic and propergylic compounds (65)~~ 

B B 
•, CH3 ~ RaSn • CH= C = CH2 ~RaSn·.;. CH2 •C=:CH 

(45) 

llF. Unsymmetrical aromatic der:Lvatives 

As would be e;x:pected from bQnd polarity a;ryl .-tin "Qon.~·is 
., 

more reactive than alkyl ~ tin bond conseqllently aryl - tin· .. bond, 

is first to be broken whenever both types of groups are bond'ed 

to tin (1). 

It has been round that dry H:Cl in m~thanol or even in 

benzene, cleaves only one aryl group (44), whe~eas halogenation 

has to be carefullY controlled to achieve the same result (33). 

The most general sequence for electrophilic Sn • C bond c~leavage 

is thus : 

al,lyi > > aryl, vinyl ) alkyl. 

; 
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However, free radical and alkyl or aryllithum induced cleavage (4~) 

may follow other sequences. 

It should be stressed that no reaction involving C - Sn 

bond cleavage could reasonably be regarded either as a purely 

electrophilic substitution at the carbon atom or as a nucleophilic 

displacement at the tin atom. Kinetic studi·es can, however, be 

used to determine whether a given reac·tion is closer to an electro­

philic substitu·tion or a nucleophilic displacement. 

vfuere kinetic or mechanistic studies are not available, the 

... situation is obscure end no decision can be reached, as in the· 

insertion reactions or S or ~e in a carbon " tin bond of tetra­

phenyltin (40 .. 42) or in the pyrolytic bimolecular elimination 

of trimet;hyl iodide from iodobenzene a~1d hindered phenyltrimethyl­

t ins (68). 

a) Electrophilic subs·~ituti6n at; an aromatic C atom. Aryl' trial-

kyltins h-9_ve been cleaved under a variety of conditions, and 

kienetic resnlts are available for j.odine in carbon tetrachloride (69), 

in methanol (70 - 74), j:a chlorobenzene and. cyclohexane (44), .for 

HOl (76) ~nd bromine (77) in methanol, for HCl04 in methanol -

toJat er ( 78 .. 79), f'or mercurie acetate in tet rahydrofuran ( 80) and 

for the solvolysis in acetic acid (81). Iododestannylation in 

~ nonpolar solvents like carbon tetrachloride, cyclohexane e·tc. is 



- 49 -

r--L. se~ond order -with respect to the electroph1la, the cleavage is 

therefore· believeci' to oecu_~ by pa_rtic1p~t1on, 1n the rate dete:u­

mining step; of iodine • aryl startnane complex with a second 

iodine molecule (69). The second iodine molecule probably acts as 

a nucleoph"l~e on the tin atom since very small amount of methanol 

added to cyclohexane strongly increases the rate end progressively 

restore a first order reaction with respect to halogen (44)o 

Despite \ibis a reasonably good correlation between the ra·tes and 

substitutiori constants (69) has been observed. With mercuric 

~- acet;a~e in TBl.<' (80) there is linear. c~rrelation ot: log (K/Ko vs o 

rather than .()+as in classical aromatic substitution, suggesting 

that a localised 6 complex is a poor &pprox1mat ion 't;O the true 

~ransition tttnte. 0...1 the otber hand, halodemetallet1on in more 

polGr solvents like mett~nol ~nd acetic acid is strictly first 

order 1>1ith respect to the elec·trophile; the cleavage can be regar• 

ded as a simple a1•orr.at ic sub:Jt itution. The rate COn$tant s also 

reasanably correlate "ititb 6 + substituen~ const·ants. 

The rate o:t elenvage is alsO affected by_ the size o!: the 

leaving grrJup, the l',!Zita being decreased as the $;!,ze of the alkyl 

group increases (71). this ·bas been attribu~ed to a steric inhibi· 

tion opposing the attack by the entering $lectrophila (73). Ortho 

ef':?ects sho·.v up as a dGlicata belonca between rets.rdation of 

,....,_ el£~ecropll1l1" at tack and Qceelerat1on by ster~c decompression : 

0 
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when the leaving g.roup 1s - Sn(C:f.I3 >3 , two orthomethyl groups have 

no special influence at all, but with bulkier ~ ~n(n Cafl?)3 group, 

the two ortho methyls induce a slignt rate enhancement because or 
t;he relief of tb.a overcrowding in the st~:rt:tng material (74). 

This steric acceleration is, however, much less pronounced hera 

than in the case of analo~us silicon compounds (83,84), the 

difference between 61 and Sn derivatives 1s dUe to longer c - Sn 

bond which hofds the intera~·ting groups further apart. Because 

of its negligible effect on the electronic properties or the aro-

~ ma~ic systems (72,86 • 87) trialkyltin group mBY be used to. study 
'----

ele<~trophilic subst.ituttivn on the aromatic carbon atom.. 

other '31ectrophi11e ;r.:tbsci.tuciona, such as thEi redist:ribution with 

tin tetruhalides (88 .. 89), reaci;ion with CsflsPC12 (90), BG13(88) 

or: BBr3 (91) h~v~ .round. interesting synthetic U$~}So 

b) Nu.cleophS.lie displacement at the tin atom. 

5ub3·titu.ted ph~nyltri~e-chyltins ;:~e.cv vJith 80dium meth•'>Xide in 

r.n;)t;hanol co yield \;rimethyltin mGtiilox1de and the c~rresponding 

au.ost.itu·~ed bt?.nZ~1-a. :the kinetics of this reaccion have been . 

~ studied . by Ra.bo1~'1. {92), the substituent er:rac·cs roughly parallel 

the· \"'!H~Ultiu £or tha base catalysed hyd~ofia·a exchange reaction in 
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~ aromatic hydrocarbons, suggesting that the transition states bear 

some resemblance to analogous phenyi carbanions~ 

-~erhalo arylt1ns undergo fac"ila base cat.alysad cleavages. 

Thus (Ct"fe,")4 Sn is cleaved by KOfi as easUy as by HCl (93); 

CffsSn(CHa)a solvolyzes 1n aqueous methanol, but a trace or acid 

completely inhibits the reaction· (94)J crystalliza.tion of 

CeH0Sn(CBa)a in ethanol containg soma KF gives pentafluorobenzene 

and trimethyl tin fluoride (95)• 

P.Gactions of phenyl t;in chlorides with chelaGing agents 

-~ such 1'1S a .... hydroxyqulnoline at:c. 1n DMSO ( 18,96·97 ,26.) at elevated 

temperatures in which Ben~ene is formed through tin-phenyl bond 

cleavage probably proceed through nucleophillie attech 9~ the 

tin. Other examples include the cleavage of oe,rboranyl ... tin bond 

by l·~OB. (32), or the very :fa.s·t solvolysis of 2•pyridyltrimethyl tin 

B1s (triphenyl tin) oxlde, when stilrr~d ~ith C.u1 2 in 

diethyl ethor, slowly lJI.'t?.aks into poJ.yme1·ic d1phenyl stn.nr~o:::nne, 

(.Ph::?nO)x, and benzene (75) 1 appareut.ly bY, the <Jct1on of to~ator 

pro~.cnt :'l.r.\ tha ::;ol v~nt., Interestingly., Cd1:2 uo.'3a not t:.r1ke pert 

~ m.:C"'~:sophilic ~tttack b:r '.ieGer a.t 'che t;1n atom '.·ih.ich may be rendered 

suffie1antly electronegative through withdra-wal o!' electron density 
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___ ..l_, · by the format: ion or complex of the type ( PhsSn )20 - Cdl2 • This 

is ·supported by the :t'act th~lt similar cleavage cannot be induced 

~·. 

by Cdi:a in triphenyl t1n oxine.te or triphanyl tin ca.rboxylates (82) 

r;hich contain aiready pentaoo-ordinated tin atom • 

.As would be expected nucleophilic displacement at the tin 

a com· is facilitated by electron withdrawing group. The reactivity 

soquence for. the nucleOphilic attack is a 

Ethynyl, fluorenyl )aryl) saturated alkyl. 

On the basis of prec0ding discussion the !Ollo~ing genera• 

lisation may be.made concerning the reactivity of tin-carbon bOnd: 

(1) The reactivi-ty of the tin-carbon· bond 1ncreaaes with its polarity. 

Since the polarity is dependent on tile hybridisation of the bonded 

carb~n atom, the reactivity seq.uenoe is : 

C (j<)P) • Sn) C{SP2 ) • Sn > C(,SP3 ) • Sn. 

(2) :rhe mechan1S!Jl of elect:rophilic d&stannyletion is strongly 

influenced by the solv('l~t - ·polarity. Highly polar solvents like 

methanol and ace;;ic acid favour the formation of open transition 

sta.te (SE 2) and the reaction generally proceeds through· inversion 
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of configuration at the carbon atom, while nonpolar or weakly 

p013!' media generally favour the formation Of CY'Clic transiti9!1 

state (SF 
2 or SEi >, I'E'tention or configuration being the 

normal feacure. 

(3) The reactivity sequence for destannylation in methanol or 
I 

acel;ic acid for the group R in RsSnR is R • t·te) Et) Bu '"\/ Pr > 
.1 - Pr > t - Bu. High degree o:r selectivity is pos.s:tble in these 

solvents and may be therefore used ror the synthesis of unsymme-

... trical tin derivatives. 

· (4) No definite react1.vity sequence exists for nonpolar solvents; 

usually the rate ·constants lie close together ~e~~lting in a very 

poor selectivity for the alkyl groups • 

. (5) Under favourable conditions tin-carbon bond cleavage through 

nuoleoph111c displacement at the- tin atom may also oecure, but i'e 

is less common than electrophilic substitution at the earbon atom. 

The nucleophilic attack at the tin atom is racUitsted by electron 

v1ithdrawing groups. 

On the basis oi'"isolated moleculQ approximation~: ~1ajee and 

Gupta has proposed two theoretical reactiv1G7 paramete.rs, viz; the 



·64-

~- Z • index and bond pols:r1sab1lity index (66,9899) for· the inter• 

pre~at1on and correlation of thQ reactivity of organometallic 

compounds. ?he experimental rate constants in a large number or 
cnses ha.ve been shown t;o corretale fairly well wi·cn their calcu• 

lated reactivity indices. Tb.a effect of 0 - M (M • Si, Ge, Sn, Pb) 

bond energy on ita reactivity und the large spread in rate 

constants have also been 1nterpre1;ed by Majee. In a more recent 

study Majee has propOsed a new approach to che interpretation or 

the metal-carbon bOnd cleavage reactions using the concept or 
isovalent hybridisation . which is capable or explaining almost all 

the experimental features including stereocham1atry at the reaction 

centre (67). 
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Introduction : 

!II A. Considerable amount of work on the action or chelating 

agents like 8-hydroxv quinoline (1·5), carboxylates (6), dithio­

carbamate (7), dithiophosphinate (8), tropolon~ (9), d1thiozone 
I 

(10- 11), 1,10 phanantllroline and 22Jb1pyr1dine (12 - 14), 

acetyl acetone and pieolinic acid (15 • l7h 2•thenoyl trif'luoro 

and P ·fluoro benzoyl acetone (18), thiocyanate (5) etc. On 

orgenotin compounds has been reported in the literature. Bo·th 

)-- monoprotic and diprot1c chelating agents ar~ known to ra~lct with 

ph~nyl tin compounds fo;rming 11 numbet" of organotin complexes 

through phenyl-tin cleavage. A number of organot in de:rivt'lt; i ves 

or oxic;tes and hydroxyle.raines formed through the repla.c~ment of 

hydro:Kyl hydrogen atom has also "Qeeu repor-ued (19 - 31) .. 

~ 

8ince tile present study is primarily concerned with the 

rouction.s o£ o:rgano·t:Ul halides and curbOxylntes with l~Pni.troso-

2 n.aptllol (I) and Keto ... o.ximes of the type II, all or 1JJhich 

NO 

000" R1 - C •N .. OH 

I 
.# li2 -- c ~ 0 

I 
ll 
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csn undergo, at leaet. f.n- pr1nc1ple1 tsutome1•1sm of the type III, 

it wolJ.ld be des1rable to briefly 

'C -N -OB ... If- 0 

I· ~ xoo ._..----

,.....c . ii. 0 

III 

d~rivatives fir-st. 

·~l'h1s topic bas bean rece~tly reviewed. by M.ehro:x-il ~tal ( 19 ). 

11ke sUieon and germeniwn, 'C m !t:ll')ms a n1lriber or orgs:.l'lo• 

mGtallic derivatives \ilith hyd:rilxYlamii'HlS and ~ximt"~ th~..ltlgh the 

replaeet!!ent or the bydrozyl hydrogen. Th~se co.tnpou~ds ar~ i!.!lpor­

tsnt industrially becauce or their uses ~s b~cperiej.des, fUngi• 

eides, insoet1c1des and herb1cides.(2l -22, 24 • as, ~1) •. 

(a) Methods c•f prepar9.t i·:)n ~ Orgsnot i.'l oximat ~a a1·~ gsn.erallY 

px-~pst•ed by one. (:if ·the fOllowing method& a. 
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~--- (1) By the reaction or tb.e sodium or lithium salts of ox1mes with 

organotin.halides (20 ~ 22) a 

I II 

1\i-n SneJn + nlia(L1 ).ON iO CRR ~ 

. ! II 

R4-n Sn(ON • .eRR >o_+ n Nacl(or LiCl.) (1) 

( ii) By tl1e reaction oi' hexaorgano stannoxanas with oximes 

(20 - 21, 23 - 29) : 

) , } 1/ 

(RzSn)2 0 + 2l!ON. • CR R ~ 2:R3SnOU • CR R. + H2o· (2) 

{iii~} By the re~ct:i.on of triorganotin hydroxides with. oximes 

(20, 23) : 

liyd:roxylam:tna darive.tives also hsve been prf~ptu"ed (30) by the 
~ 

mer,;h;;ds II and III using hydrO:rJlamine instead of the oxime. 

(3) 

• .. 
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.~ (IV) By reacting alkyl tin alko;ddes With oximes (20,23 • 24, 

.· 

29, 31) • 

I It ((/ II "' I 
R4-n Sn(OR>n, + nl!O!t ; CR R ----} B.a-n Sn(OO ; CR R)11+ nROH 

(V) Organotin derivatives or a d1eyano formaldehyde oxime have 

been prepared by the following reaction (32) : 

(b) General Properties : 

(4) 

(1) Organotin derivatives of oxime and hydroxylamine are generally 

volatile and can be distilled tL~changed except the types 
I t t 

BtJn(OR) (ONE 2 ) and R~n(02lB 2>2 • 

(11) Oximates of tin are readily hydrolysed by water to give parent 

oxime quantitatively (20,29). 

I If I If 

R~n Sn(On • CR R >n + nH20 -7 R4-n Sn(OB)0 + nR R C • NOH 

(6) 
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~ (111) These compounds react with acyl or benzoyl halides forming 

organotin halides and 0-acyl or 0-benzoyl.oxime (29 ). 

I /J JJf 

~n Sn( ON • CR R )n + nR COX -+ R4-n Snlu 

Ill Ill 

+ nR R C - NO.COR (7) 

(1v) Exotb.er~ic cleavage or Sn - O bond in~theae compounds 

occurs with organo germanium and silicon chloride ( 20,34-36 )'. 

I II lfl IN I If 

J1sSnON' • CR R + ila M·Cl ~ l~SnCl + % MvN • CR R 

[M • S1 or Ge] 

c. Organotin derivatives of N - benzoyl hydroxylamine& a 

In addition t;o tha organotin hydraxylamines a few 0-triorga• 

notin N•benz~yl hydroxylamines have also been reported (30) a 

These are :. 

:R3SnONHCOf'h ( R • !.fe, n • Pr) 

a3sn~iPhC0Ph . ( R • Me, n • Pr,. Ph) 

(8) 
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j.., Attempts to prepare PhaSUO:tUICOPh trom PhsSnOH and N-ben.zoyl 

. h.ydroxylamine results in SnPb.4· Howev~r the ionic species 
r ' -

NE+ (PhaSn~lPhO ) bas been reported (33). 

roll. these compounds are inert to hydrolysis and stable . (33 )1 

the increased stability compared to simple oximates is assigned 

to the increase in ao-ord1nmtion number or tin via intramolecular 

co-ordination of co group to the metal as follows : 

Ph' o =- c__... 
.J, \ 

· R ....__ Sn _ 
0 

/ NR R., I 
n 

(IV) 

D. Structural feature : 

Structural studies on orgnnotin hydroxylamitlt:ls and oximas are 

limited to only a few derivatives and the conclusions derived 

are mostlY tentative. A lowering of' 'Y (ON) by 20 • 50 cm ... 1 is 

obeervad for tbe oximates ot tin which is assigned to be due 

to mass effect (20). 

On tbe basis or comparative spectral data on trimethyl tin 

acetoximate (CHa)aSnON • C(CHa)a and cyclohexanona oximate. 
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_ _j._~ (CHa)sSnON=Q in tho range ot: 600 • 300 cm .. 1, Harrison and 

ZUckerman (20,30) concluded that the latter QOmpound tended tO 

associate unlike the :former or the other higher· alkyl and aryl 

tin analogues. ·rhe quadrupole splitting data 1n the ~lossbaua:r 

spectra also indicated a higher eo-ordination number tor tin in 

trimethyl .tin cyclohaxanone • oximate 

Mass spectral study or trimethyl tin·cyclohexanone-ox1mate 

(20133) ::..t1pports a structure bav1ng the dimeric units t.llith cyclic 
0 0~ . 

sn-:: ";'sn bridge ra.the1• than the Sn/ ~/ Sn ·ring. The tendency 
""0' . "N-O 

for oligomerisntion is not yet understood tn contrast to acetoxi• 
~ . -

mate although the sterie requirement is probably more demanding 

in the former. 

Diorganotin d1ethyl hydroxylamines of the type· 
. t t . 

BuaSn(0!1) ·(WE >2 (R • E 1 iPr) are reported to give molecular 

association~ 3 ·o in boiling benzene. The association of tl~ese 

derivatives 1s thought to be more likely through the SnORsnan 

ri..Y'lg. The presence of Sn - 0 - ·N bond has bean established in 

compounds of the type R4.n Sn [ON • C(CN >2]n (32) by IR 

spectral studY (3?). 

Unlike the simple oximntes ti-ph.enyl N-benzoyl hydroxylamine 

)l. derivnc1ves RaSnONPhCOPh are monomeric in dilute chlorof-::n-m solution, 

though 0 -. (ttimethyl atnnnyl) N-benzoyl hyd:roxylam1ne 
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(CH3)3 SnONHCOPh shows some association via hydrogen bonding. 

The crystal structure of PhaSn~iPhCOPh bas been deter­

mined (38). The compound possesses a trigonal bipyrem1dal 

arrangement or the group around tin, with two equatorial a.nd one 

axial Ph group. The hydroxylamine residUe is covalently bonded 

at equatorial site and the co group 1s c;o-ordinated via a·xial 

site. :rhe structure is consistent with the lowering or C = 0 

stretching frequency from 1620 cm•l 1n the parent hydroxylamine 

to 1540 cm·1 tn the 0-triphenyl derivatives. 

'£bough PhaSnONPhCOPh is mcraome:ric, the corresponding 

methyl derivative is associated in the solid sta.te into dimerie 

species which may have the following structures * 
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R Ph 
I I 

0-N-c=O 
/' . ~ 

M~sn s~'tea 
-~ '\ . I 

Ph 
I 

c 
. ~ " 

0 NR 

~ l 
0 Me:,sn-­

'\ 
0---

~ 
sn 

1 1 
Fl'l ......__ 0 

......__ ~ 

c 
I 

Ph 

(B) 

Me 
I 

O=C-N-0 
I 
Pn R 

. (A) 

(C) 

Me 
I I 

CPh • 0----7 Sn-.- ON RCPh;. 
......... '.,\ o~ sn-01U1CPh • o ~ sn-ONR ,, - /' / - / 

/ . / .. 

Me Me Me Me Me Me 

(D) 
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Though the eXperimental data can not be ~ed to distin­

guish between A and c, struetura involving dimer1zation via the . 

formation of d1stannoxane rin·g is prevalent 1n the ox~ganotin 

chemistry (39 ). S1m1J.ar co-ordination dim.e:riza.tion equilibria. 

in solution have been found i'or l,3 disubstitu~ed distannoxa.ne (40) 

and d1alk__yl tin alkoxtde hali'de (41). 

The mass spectra (33) for MeaSnOOHCOPb . and MesSnO:iPhCOPh 

indicates the association. High resolutior.L mass measuren1ent . 

have confirmed· the presence o:r Sn-o .... sn backbone.· .M~ss spectral 

s~udy again auggests the novel ring contraction reactim invol­

ving elimia"l3tion of o:>.-ygen rrom tbe oat ion Me2Sn00PhC0Ph+ and 

phenil nitr$rie from Me26nONPhC0Ph a 

Co-N Ph+ 
~~ I 

M~Sn" -~ 

0 • C Pb u 

0 
Me~n~ )c Ph 

0 

l-co2 
MegSnPh+ 

(10) 
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The latter decarboxylaticn process .is well known in the organo­

metallic chemistry (42). 

IR spectra (33) or these compounds show a lowering of 

~ (C ·• 0) atretf/ching. frequency from 1.620 cm·1 in the parent 

hydroxylamine HONPhCOPh. to 1540 - 1557 cm•1 in the compounds of 

the type l'laSnOOPbCOPh. 

The hydroxylamine· BONliCOPh gives two bands for v (C • O), 
-1 •l 1679 em and 1668 em • In this case also similar lowering to 

1570. cm•l - 1540 cm·1 are round for the compounds or the tYPe 

)--- HaBnWHCOPh. These types or compounds again axhU~it broad t~H 

stretching frequency at 3200 cm·1• All the compounds show v (N-0) 

stretching frequency from 900 cm·1 to 940 cm·l along with the 

parent hydroxylamines. 

The trimethyl derivatives are expected to ahow two bands 

for antisymmetr1c and s~etric stretching frequencies in the 

region 500 - 600 crn·l. In this region both t1easn~PhCOPb. and 

t-ieasnONHCOPh exhibit three bands. For Me3snC£iPhC0Ph _the bond 

at 508 cm·l is clearly resolved into 507 and 497 cm·1• For 

Me3SnONHCOPh similar splitting is observed. 

~ E. Objective and scope or the present work a 

Despite the attention given to hydroxylamine, oxime and related 

ligands, nitrosonapthola, o.g. l-nitroso 2•napthol and Keto 

oximes e.g. d1acetyl monooxime, have receiv~d comparatively 
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~- little at-tention thougb.all these compounds may act like oxime 

due to tautomerism discussed earlier. The f1r~t re~rted work 

on the action of l•nitroso-2-napthol on .organot1n compounds 
' 

appears to be due to Oknwara eta& (43). Oka~ara etal have found 

that dimethyl and diethylttn chlorides react with 1-nitroso-a­

napthol in methanol in the presence of ammonia to from tetra 

alkyl ·1,3 bis (l•nitroso-a-napthoXf) distannoxanes. However with 

d1 n-propyl end di n•butyl tin dichloride~ cor~esponding tetra­

elkyl l·(~·n1troso-2-napthoxy)•3 .chloro d1stannoxanes were 

)-- obtained. 

R R 
I I 

ONC1olla0 • Sn • 0 • Sn • OC1oHG}l0 
I I 

R R 

R :R 
I I 

·VNC1oHoO • Sn • 0 ~ Sn • Cl 
I I 

R R 

[a • CHa•, C~I5 ·1 

[ 
R • ~Cafi?• t 
. nc~lO..;.. J 

No mono·t in derivErtives were howevGr obtained from these reactions. 

Recently Mehl'Otra etal (44) h_ave described the prepara.tion 

of a few mono-tin der1vati·ges or l-n1tros6-2-napthonda tlu·ough 



... 76 .... 

~ the react ions ot dia.lkyltin diisopropoxides· witb l•n1troso-
. ' . 

2 nepthol in t:;he molar ratio o.f 1 : 1 and 1 a a in dry benzene 

solution. Two types ot compounds, viz., 

( 11) ~sn .( ~oBsNO >2 

)-- have been reported as the producti'i. I·t 1a worth mentioning at 

this point that we have faUed to prepara any !OOno ... tin deri.vative 

in our study with l•n1troso•2-napthol and related systems using 

reaction conditions where S•hydroxyquinoline, hydroxylamine and 

oxime give well define mono tin derivatives. In fact the present 

study which begBn before the publication of raport by Mehrota 

etal (44) was aimed at the synthesie o! monotin derivatives of 

l•nitroso-2-napthol. 

The failure to obtain mono-tin derivatives or l•nit.roso-
' 

2-napthol under conditions where apparently similar ligands yieJ.d 

tt1e desi:red p'roducta, prompted, us to undertake a systernat1e study. 

~· on ~·ne l'eactions of l~nitroso-2-napthol, d!acetyl ~nono oxime, 

alpha. .... benzil oxime etce on a vari.ety o.r organ,oti.l'l comp>unds, viz., 
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triorganotin halides, carboxylates and hexaorganotin dist~no­

xnne e~, under di:fi'arent conditions with a view to undet .. atan• 

dinB the peculiar behaviour ot this group or ligands. 

Results and discussion ' 

1. Summary or the results on reactions studied ; 

The condit_ions oi" reactions a~d the products together with 

possible structure t:ormed in different reactions are given in 

the table. I, ll and Ill. Because o:r extremely low solubUity 

of most of the prOducts in all con~on solvents the formulaeand 

structures given 1n tables have been inferred from $lemental 

analysis and IR spectra together 'Mith UV - visible spectra. 

where possible. 
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T nbla I ~ The re~ct ioos of ·triorg!·iJlOt in eo~pounds 'flit b. len it r-:> sc .. 2•rm~t;h(>l. 

!I'/r1 Mole 
organa ratio 
tin com- Tr :tor .. 
pounds gano tin 

Con<:iditon. 
usee 

compounds 
~·. ···-. Ligands 

:ia.ture of the Product. s Analysis round · 
(Calculated for)% 

~tl!',,. 2 ,....., u:~,.,. ·~,..,... r r • w ••• IJ ••• a J 1 _; *~-• 1 • ""* •• r ,,. a • ~~·~ 

Co-lour rdp/ · Stll'tfhility C H N · Gtt 
. neeome 
p01!itil;)fl 

. :poirr,.;°C: 

The nroduct s and 
their probable 
st :rueture s 

a• ~......,.~~411Dot!fl'el"_.'ll._. •• ~-,....,-.o~· • ...-.. ~..- t • r ..... ,r ~r7 • oc • -. ·~~~~ •PI• • • ..,..,.~,.. era __..._ x. ~ 

PhaSnOAC l : l Ret:lu:x•ld 
(a slight for 7 
excess of ho\u~;s, in 
the liga• bE'JrtZ·~ne 
nd wan 
usa d) 

.(, )l'n... 4.J> .... 
·J.-).. :~y..;.....~Q 

:S}lted 

c )Violet 

) ~ 0 -00 

)360° 

)3600 

Insolu.ble 35.09 . 2.95 
1n all · { 35.47)(2.9&) 
:common 
·solvents, 
sparingly· 
soluble i.->1 
hr:Jt CHel3 

:Snaring1y 43.71 
·soluble 1n( 52.8) 
all common 
solveno:;s, 
sparingly 
in pyr·idine 

Spl~ingly 50.47 
to modera-(.49. 7) 
tely solu-
ble in 
co:rmon 
~olvents 

3o32 3.57 
(3.0'5) {3.56) 

~~.42 3.36 
(3.23) (2~23) 

' . ' c 
42"'83 f·h·Sn(llAc ).-0- )'1'\ (Pl-)(oA~ 

{43"85) 

30.5 
(30.2) 

·2E.92 
{27~r35) 

DR · Otic 
I 0 I Tih. -" / '-..., ,... r"''!T 

~· .. p n -......... / ~:. n• ...,.~ 
I 0 \. 

CK CK 

Ch Cb.. 
I I 

Pa-sn-Q-Sn.c-Fh 
I I . 
Ol~c ·OAe 
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Table- l Contd. 

. .- . Nature of the Analysis 
Tri organo 1\fole cond1· t:roay.?ts . found (C.sJ-cllla£eg rorl, ~ 
tin compou- ratio tion COlour p Soluot- . 
nds · ·.rr1orgs- used Decom- 11.ty C H N Cl Sn 

The products and 
their probable 
structures 

PhsSnel. · 
\ ... 

no tin po$1-
compaun,.. .. . tion 
ds point. 
ligands oc 

D )Green >s&( Sparingly 
soluble 
in conr:non 
solvents. 

Formed in small amouritsj could not be 
purified and characterised 

E )Yellow)360° Sparingly 
· soluble as above 

·f;: 

1 : l " Re£luxed 
a: slight for 7 
excess houBS in 
or the . benzene 
ligand 
was 

in common '· 
solvents . yn 

Gree- )360°. 'Insoluble 16.82 1. 77 1.83 4•17 52.86 Ph-Sn 
nish, . in COID!IlOU{ r7o59 )(l..61?.;)(l.SS)(4.00 )( 59.52) I 
black solvents, Cl 

soluble 
iri DMF'. · 

OHl Ch 
l 

o .. sn-oH 
I· 

OH/ Cl 
6 ·. 

used. i· . b 
B)Green )360 Sparingly B8.72 3.03 4.48 

soluble (57.6)(3.3)(4~2) 
in coJ.llmon 

24:.00 Ch2, . Ph 
( 23 7) sn-o-sn/ 2 

• Ph/ -....... Ch 

solvents 
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Table-1. Contd. 

-- Nature of ~he - . Analysis . 
~ri organo l•iole condi- . Proctucus ro11nd (CY,eulated for )_j :rhe products and 

, . ., tin compou- ratio !:ion Colour .1'4PI . ~o;uoi- c R N Cl sn their probable 
nds Triorga- used.. ··:.r;eeom- lity structures no tin . :.posi• " - .. 

compoun- tion 
ds point 

0 
ligands . C 

C )Yellow )360° Fairly 
.. . soluble 

in ban-· 
. zene .~nd 
alcohol 

\!b .~ c6H5 ; OAc ~ • OCOCH3 J Ch= • C1oH6?Yo2J 

50.01 3.02 5.19 
(50. 62 )(2. 75 )(6.14) 

( 49.79 )(2.89)(5. 05) 

22.3 (21.77) PhSnch2(Cl). 

Sn(Ch2) (Cl) OH 

Or 

(21.42) PhSneh2(Cl). 

Sn(Cbi Cl OH, H20 
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T able-1 Contd. 

• . Nature o:r the Analysis . The ·products and 
Tri organo t•1ole Condi- . Prodt;Qt§ tQund CCa4wJated tot.) % ... - their probable 
tin compou- .~atio tion ttil3ur mpT •• Uolubi- c H N Cl Sn struc;:tures 
nds , 1 riorga- useQ. neco-n- lity 

no tin posi-
corrtpoun- t ion 

.. ds point 

ligands o0 _ ~·--
._, ·- . --· . 

Bzssncl 1-: l 

CysSnBr.· l: 1 

3e£luxed 230° Sparingly 42.52 3.42 1.94 
for 7 Greenish soluble (43~1)( 3.29 )(2.09) 
hours in yellow tn common 
b~nz~1e zolvants 

Refluxed Green 
for 7 
hbu:rs in 
benzene 

) 360° Sparingly .57.31·4.3 4 .. 8 
. SOlUble . 

in common( 56.58 )(500)'ti4.1) 
solvents 

.. ( Pi3 sn ~ 1 t 1 .Hefluxed Yellow 
(A slight in ben- · 
excess zane for 
Of ligand 7 rtonrs 
-was used. 

16o0d1•1odera ... · 55.34 4.04 1.96. 
tely 

.Sz • Csfl5CH2 ; Cy • 

soluble {54.37)(3.60)(1.87) 
in common 
solvents 

Ch - C lrJidi ·a2-

34.82. 
(35.4) 

22~62 

(23.a3) 

30.7 

(3~.64)-

Bz H 
I 0 HO-sn ,c " 8 _,. Bz 
I 'o,..;r n, 
ell Cl 

C79.. /Ch2 
-sn-0-Sn , 

ch/ 'c,-

Ph 
o, / 

Ph:Pn-:: ~ Sn- Ph. 
0....... " 
it Ch 
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Table-it:' : · Reae1;ions of triorganotin halides with potassium l•nitroso-2-naptho:xide. 
•,, 

------------------------------·--------------------------·-------"----------------------------------
:!ri orgsno ~tole Cond 1-

ratio t1on 
N atuz•e of the Products round f~~l~~I~t~g_fQr) ~ 

---~· ·---~-.c~--- - ---~----- -·------- The pro~cts and 
their probable 
structures 

· t 1n eompou­
tlds '2r1orga- used 

no tin 
compou-

"Colour mp/ soruor .. · U" R -rl . Cl Sn 
Daeom- lity 
·posi-
tion 

ds .... .:. paint . 
ligands oc 

- ~ A ~ ' v ~ 

p:n3sn_el 1 : 1 H.e.fluxes Yellow ~6cPdModerately 53.87 3.Ss 30.92 Ph2sn::_ >Sn·Ph · 
· for 2 soluble in 0 '\_ 

Bz~nel 
3 

l.: 1 
(a slight 
excess 
or liga­
nd was­
used) 

.hours in common (54.S!Wj(3;GO) (31.64) H Ch 
i-ietllanol solvents 

Refluxed Green 
for 2 
b.~l.U'tl in 
methanol 

)aaci~ Ins->lubls 26.71 21 67 1.03 
in common 
so.l vents ( 26.44)(2. 63 )( 0.99) 
sparingly 
soluble 
in pyri-
di\le 

49 • 24 . Bz, sn.i-0-s· 

Bz 
I 

-o-sn-ch 
OH 

B:z( I (50.6) OR .. 
l . 
OH 
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Table-2 Con·td. 

~ y· 

-----------------------------------------------------------------------------·-----------------------------
T~i organo Mole 
tin compou- ratio 

Nature of the Products 
Condi- _ -----
t.ion 'Colour ... 'l1'p7 'soiubi- ; 

nds Triorga• used · Deeom- lity 
posi-

--
·.au Sncl. 

3 

no tin 
eompoun..­
ds 

tion 
point 

ligands 

l: l 

oc 

Re!J.uxe-d A)Graan )360° ruo~a:rately 411.85 6.32 
for 2 . .soluble in 
hours ~ eo~~n (41.3715.98) 
me·thanol solvents 

B)Brown 238•4\P~pal"ingly 53.84 5.98 3.13 
aolubla 
in cammon(S2.2)(5.S)(S.3B) 
solvents 

[Cb a ClO H6 1~02 ~ ' Bu • C4Hg•J 

39.61 

(40.92) 

28.2. 

( 28~~1) 

Tbr products and 
their pl'Obable 
structures 

But Bu.l. Bu. I · f I 
Ch-Sn o-sn o.sn-Gh 

I f I 
01:1 Bu OH 

4 

Ch Cil. 
I I 

B~-sn-o-sn:au2 
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':i?abla-IIl : Heaetions of trior~anotin compounds with diacetyl :nono:xime, 

~- benzil oxime, benzotn oxime. 

DiaeetYl 
\t:~no~~ 

oxime 

~·------~----~--------~~--------~~--------------~--------~.-----
l : l A)While 
.~ei'luxed 
f'Ol' 7 
hours in 
benzene 

>360° Insoluble 
in corll:llOn 
solvents 
sparingly' 
soluble 
in hot 
CHC'la- _ 

B)Yellow Not characterised 

43.3 
{43.86) 

Ph-Sn(OAe)-O.Sn(Ph) 

(iAe)•O.. 

Identified on the 
basis of spectral 
identity with the 
white eompound-, 
obtained in the 
re'ac:t ion or -
Ph~nOAc with 
l-nitroso-2-napthol. 

Ph flinOAc 2wn1troso- 1 ~ l White 360° Insoluble 
in co:.11mon 
sol verts 

42.2 . Ph·Sn(Oac)·O-Sn(Ph) 
(43.85) l•napthol Refluxed 

f•or 7 
hours in 
t)enzene 

1 . 1' spar-ng. y 
solupble 
1n hot 
C!1G~3 

(OAe)•O• 

Idet'!tified as in 
above 
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Table-Ill Cantd 

... • , .....-a -· -• • • a• ... ~~ _ osaswa a •. ..._. 

Triorgano · Legands 
tin compo-
un.ds 

t,1ole 
:tc)tio 
triorga ... 
n.Jt;in 
compounds - -ligs,'lds 

Analysis 
_ Nat;ure at thtt Products found(Calculated for)% Products and their 
colou·r m.p/ ·~olubil1t:; ·c li .... ·w= ·-sn probable structures. 

Dcorn-
,pos1--
tion 
paint 

oc 
-----------------~---------.... -----------------------------------------------------
P~SnOAc b(•'Qenzu 

oxime 

PhaSnOAc Benzoin 
oxime 
{cupron) 

l : 1 it.'hite· )260~ 
(n slight 

Same 

excess of 
ligand 
Was used 
Refluxed 
for 7 
hours. in 

'0516. 

1 ~ 2.4 ~hite 232° Soluble 45.06 a.?O 
in c.~m::aon 
solvents (45.75)~.57) 

42~82 Ph-Sn(OAc)·O-Sn 
(43~85) 

(Ph} (0Ac)o-

1dent;if'1ed as 1n 
above 

27.98 I I/ ""-!~ 
Ph•C o;Jn• 0 

H o 0Ae) 
(r£.ffi)\ I I 

Phe~ 11 --o 2 



~ ' 
Triorgano J.eg<.mds 
tin compo-
unds 

~--~------~------»----~~~---.~---· 

PnsSncl Diace·t;rl. 
mono 
o.xi:ne 

1:. ; .l Whi.'to 
(a slight 
exce.ss ot 
ligand 
';lfaS used} 
Refluxed 
:f:q,r a 
lr~ng t; ime 
in C#-6 

)aeoQ 

''T ,._ r 
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Table-III Con~d. 

~-1_ .... _... ~ 01 • &:laeN---------------

Insoluble 23.78 3.76 6.09 
in. CO!ilmtJtl 
solven·ts (24.4l.X3.17)(5.86) 

Products and thelr 
probable structures. 

OHf OBl OH 42.2 I l I 
Ph-sn o-sn o-sn-ch 

(42.62) ! I 
. . Ch Ch 4 Ch 

@h • ( CHa )2POCNO-J 

Pha5ncl c<- bena1l 
ox1W9 

1 : 1 \<Jhite )360° Polymers of variable composition separated 
(a slight 
excess of 
ligsnd was 
used Reflux-
~'~ for a 
lOU~ t 'tl"~ 
4""' t'~ _,..r;t, 
~:.1 '"'&·"6 
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Tri organo Legands 
tin cowpou- · 
nds 

Hole 
rat:i.o 
triorga ... 
no tin 
compounds ---lagmJds 
condition 
used 

:~· F r 
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Table.iolii Contd. 

-- Analysis-
Nature of.. the products f'ound(Calculst%d for)% Products and their 

to!our m.p/ ·;;;ombifity c a t-: ;:.fi probable structures. 
Dcom­
posi­
tion 
point 

---------------------------------------··----------------------------~~----~~----- .. H -- OH 
PhsSn(Jl Benzoin White ":;ood Soluble 44.89 3.52 31.85( 1 /0~\ 

oxime in common Ph-C Sn"" \ 0 
solvents (45.56)(3.25) (32.2) I I 

c~ ........ o 12. 

'· 
Bu3Sn01 . . : .. Diaeet yl 1 : 1 

mono 

Bu3SnCl 

oxime 

Benz~ in 
oxiroe 

l :1.,4 

Ph/ "I'.....--

No reaction took place. / 

No reaction took place 
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2. Salient features or the reaction or l•n1troso-2•napthol and 

relet ed compounds : 

a) General n.ature or the p1-oc'iuets : 

Though molecUlar weights could. not be: dei~'E!rm1ned. by cryo­

scopic: or ebullioscopio methods because Of the 'tJ'e:r~ low solubility 

of -Che pl'oducts in all common e~rr_vmio solvents, ant"tlytical data 

invflriabl:;T indicated. fOTtl~tion Of polystannc)};.anas Of VtJl•yj,ng degree 

with e:-:-.tensive cleava.gs o:f' sn-R bond!l. In most cnses, a number or 

products "'''are formed; and only in e. f'e\'l casen a· singlo product -was 

obtained. In· this :r~spect l•nitroso ... 2-r.u~ptho1 d1.ffers rather emr-

prisin.gly fl'Om othe:r chelatin,~ ngerts lilta 8-hyd!i'O>:Y. quinoline (1•6), 

dit.hiocarbamete ( 7 ), t~poJ.one (9 >, acetyl acetone and pieolinic 

acid (15-17) etc, which under compare.blt\:1 reactimcondit:ton 

(refluxing 1n benzena or stirring at room tempe:ratura) :ru~:·ni.sh 

p1:oaucts Qceord~r.ng to equations : 

(ll) 

B:aSn(Ox)X + l'lX (12) 

(13) 

etc. 
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. Cli3&vage or sn-n b'..>n.d also occura in many c8ses ( 00·61). 

Howevetr the p-roducts or such cleavage re~ctions are generally 

s~mplft. Thus, R~nX2 wbun ref'luxed with cx:lJl.e in benzene :furnishes 

Sn( O.x)2X2 :formed by cleevage ot Sn·R~ oon4l~ along with R2Sn{ Ox)2• 

Fo1•nat ion of polymeric: prodaccs 1a generallY not observed. However 

~ith l•n1troso•2•napthal, no. simple prt1ducts e?ulti be isolated, 

surprisi.n~lY no monotin product could be i1.~olnted~ 'l~ne pr.~d~cts 

may ba de:'Jid.ed into f<JllOvJi.ng ce.t egories : 

(:l) D1Stf.lnnoxanes ; l-lea.ctions Of' l•nitrOs0•2•nar,;thol w:tth tri• _ 

phenyl tin aeet.a.ta1 t:r.iphenyl tin chloride, tribenzyl tin chloride, 

tricyclohe;xyl t1~ bromide and bis triphenyl tin oxide furnish a 

dis·tz.m.-:J.OXBll'Hl as one of' th~ ·products in ancb. ~ases. 

( 11) 1-"'olyntannoxanes : Infusible and insoluble polym.~rie pl\:lduets 

a.re com.non 1~ most cases. Though. 110 general t rencil, 1n the·1r. composi­

tion could be discerned, analytiCfJl data SUSigest the f'o:r·rnntion or 

polym~~l'iC, chains containing U~Ually abc tin utoms. In 8 n\lt"llber or 

cosns, polymers of var1able compositions ar~ f'Qr~ed. 

(iii) s·t.annoie &cid dftrivativ~s : In B fei.-1 CC'iSGS 1 ... nitrc~J() ... 2 .. 

~ ne.pthol 'behavee as a c~talyst leading to the- cieavage of sn-H 
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bonds resulting in the formation of stannoic acid derivatives. 
' . 

ThU$ the ·reaction or triphenyl tin acetat& with ~-n1troso•2• 

napthol gives a white product \'Jhich has been de:finitel;r identi• 

!'1ed as phet:!Yl stannoic acetate, [Ph.t3n(0Ac) OJ x• 

Oxirnes. like diaoe·tyl monoox.om€1, a<_- benzil oxime etc. 

also react similarly with the ·formation. of polym:erio produe:t;s 

formed by extensive cleavage of sn-n bonds. It :J.s interesting­

to note that d:tacetyl mono on me and 0\. •benzil o-'!1. me produce 

pllenyl atannoic acetate i·rom triphenyl tin acetate just like 

l•nitroso-2-napthol. 

b) Col.onr anti slectr•;)ni.c sp;tletre. 9f the produr.:ts : 

1~11 p:roduc_t s ~_,Jh1ch contain l•n1t_ros<>•2•napthol, ligand 

war€! coloured., rhe colou.r varied from yellc.•w t() '!'~'."1 5.o.d ev~n to 
I 

1nt Hnt3e green in some C~HtGs. S:'l.Jlo_e the elect ronj,.c absort>t ion 

sp&ctra u! l-nitroso-2-napthol and its derivatives could be 

1ntei·prstted Elit'hsr in terms or the Ol~tmo: st~eture or the nitJ>OS() 

nr:1pthol strue··tt::.re, the absorption spectr~. a:t"e particularly 

h.el:pful in t'he elucidation or- the structure or the proc.uet s. On 

the basi:;~ of electronic absorption spectra, the. products could be 

.devided 1nto t"WO categories : 

(1) Yello"~>: compounds a In a re.w cases, e.g., in :i:he reaction or 

l•nitroso-z~uapthol with (PhsSn)20 or thst or potassi.um salt with 
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Ph Sncl, a yellow product was formed which shows almost·1den­

tical. abso.t>ption speetra w1tb that or l•nitroso•2•naptbol 

(Table-IV) mtggesting a· elosaly similar stt·ucture (to be dia· 

cussed l:!itter ). 14ethanoJ.ic N'nOH has the same eft'eet on its spec:-· .. 

·t rum ns ·~nat of free 11~ nde 

Electrt.)n.ic abs:orpt<;ion spectra of l .. n:\:tl'0$0•:2-napthol 

c-:!nd its organo tin derivatives : 

Compaund 
P6rmu.J.a 
(Colour) 
_.i> ....... .-a&-.~~11'1&~~-· ht ... ._. .. ;'IS ....... -.-~,----.-·---~·-·-f·-·----·---·---·-Jl-lU_ .. ..,..,..,.._ .. ____ tft_U._., __ 
l~~nitrosoao2 

napthql 
~1etba.nol 

CE14 
CBOl~ .... 

MGoHfiiaoH 
(Concentrated 
~oluti.ou) 

91:4 
-~- J 

.,6"1" c., r.• p '.372 

275 •• 5, 377.5 

27.r!~5, 382.0 

mo.o, ~ .. o 
29~ 0 '"-''• $ 370 ... ·0, ~:20 

· ~193.0, a7o.o, · ·!Bo,s~w. 

I a >S .. .,....,_......,.,_-,....,.__..,..,_. ____ .............................. -l _, __________________ ......, __ _ 
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Compound 
r'·ormula 
(Colour) 

Potasaium-
1-nitroso-2-
naothoxide •. 

(Green) 

/0~ 
. Ph~n""'- /'nPh2 

. ~ Cb 

(YellOW) 

Ch Cb. 

Bl?-2,Sn•O·SnBu2 
(Brown). 

Bz H Bz 
I o--...._ / 

HOaSn/ Sn 
I --o _../"' "'-
ch Cl 

(Greenish Yellow) 
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Table- IV contd. 

Solvent 

Methanol 215 , 261, 370 

concentrated 
solution in 
Methanol 605 

Methanol 215, 260, 370 

CC14 . M'al 275, 3'71 

260(1ntlex), 2921 374, 420 

Methanol 

n.~o 

226, 280(8h),330(Sh) 

aao, aaocsh> 

Methanol 233, 280, 330 



. Compound 
FormUla 
{Colour) 

Cy :_P.n-O .. ?ncn2 
Ch C.y: 

(Green) 

T able• IV Contd • 

Solvent 

tJiathanol 255, 272(Sb), 3451 395, 590 

CHCl~ 258, 275·' 340, 405, 600 

CC14 260(Sh)1 370, 590 

DMSO 270(Sh) 350 680 

---------------------------------------------------------

(Green). 

Ch Ch 
I I 

Pb-sn-o-sn-Pb. I . I 
OAe 0Ac 

(Violet) 

(~Jhite) 

Methanol 

COl 4 

l4ethanol 

CH~l3 

227, 270(Sh)1 310(Sh) 3BO(Sb)570 

2701 320(Sh},415, 615 

2251 250(Sb), 3401 

350, 

570 

570 

. ........-- Ph ~ • Odi6 ; Bu ~ • C4H9 ; Cy eCyclo C6fl,ll- ; 

Ch ~ - OCldlfPO. 



- 94-

( 11) '!'he second category includes prodUcts~ &howing a niodera-

~ tely intense long._ wave length absorption band in 560.625 nm 

region. 1'hese compounds also show an absorption band at 330·350 nm, 

often as a shoulder or the shorter wave length band near · 

27o-mo nm. In addition, some of t be compounds shOw absorption 

around 400 nm also. The compounds are generally intensely 

coloured i'rom red to green and are stable. Unlike the yellow 

compounds, these compounds show very little erreet or methanol1c 

NaOII or polar solvents like DMSO.,on its spectrum •. The. increased 

stability and the large bathochrom1c shift. or the longest wave. . . 
length band ~ggests these compounds to contain chelated 

I 

1-nitroso-2-napthOl group. 

3. Structural aspects of the products : 

a) General t 

S_tudi~.s using l•pitroso-2-napthol (43 944) so far implicit~J' 

assumed that· this compound rea.ct;s in the nitroso napthol f'orm. 

Howeve~ the situation is not as stmple as these studies imply 

because of the possibility Of the following tautomerism : 

I 
t 

; 

l 
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Apurt from this, another situation in which the hydrogen is inter­

nally bonded with both. the oxygen atoms giving rise to a deloca­

liead system, as show below is also possible. 

1\1-o 
II.. ' '- 1-1 

co=O···· 
VII VIII 

In order to fully appreciate the reactions or l•nitroso-

2•napthol w1th organot1n compounds and the structural features 

of the products formed, it is ·therefore imperative to discuss 

first the structural aspects or the free ligand both in solution 

and· tho solid state. 

That l•nit roso•2•napthol is present predominantly in the 

oximG form is indica-ted by its electronic spectrum (i"igure•l) sin• 

ee a 

( 1) Napthols and substituted na.pthols like halo - or amino 

napthols have .no absorption in the visible region. On the other 

hand both la2 and 114 napthaquinones are coloured with absorption 

1n 380•420 nm region. The oxime for:n (VI) is structurallY very 

similar. to lt2 napthaquinone. Indeed the absorption spectra or 
lc2 napthaqutnone ~d l-nitroso-2-napthol are very similer 
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(Table .. v) indicating the prese~nce of the oxime structure. 

Table• VI • 
H I 8 a;c:a 

Electronic abSOr})tion speotra of l•nitroso-2-napthol 

;,nd nspthaqu1nonees ; 

compounds Solvent · Amax in nm(log E: max) Re; 

1-nit roao-2•napthol 

1,2napthaqu~one 

1,4 napthaqu1nono 

• Be:f • 69 

.EtOH 

COl4 

· MeOH 

CCl 4 

c) H. Pe t.e.l"s •.J 

214 263 (4.00) 

275.5(4.ll 

250(4.6) 

250(4.5) 

250(-4.6) 

372.5(3.70) 

377.5(3.18) 

340(3.5) 400 
(3.5) 

350(3.3) 400 
(3.5) 

4~ 

(;1 a.. 

:330( 3.5) {, CJ c. 

J. Am -cfle-.-~oc.~ 
'J-6 (I '} ~it) 
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Irisure • 2 1 Electronic absorption spectra. of potassium 

l•nit~oao•2•napthoxide 1n 

s.otethaaol ·-· ---....... -~ ... -~ 

Concentrated oolut 1on (methanol )•--•••"'•••••• 



( 11) Jlitroso compGunds generally possess a weak ( t:- ~ 10.80) 

absorption band 1n 600-760 nm region due to n .. ~ \1.- transition. 

This transition imparts a blue to bluish green colour to nitroso 

derivatives. Absence ot any such absorption in the spectrt1~ of 

l•nitrOS0•2•napthOl in nonpOlar sOlVents shows'the absence Of 

nitroso form. 

The same conclusion has bean drawn by Bt.1rawoy st al ( 45) 

from a detaUed study of the aleci;ronie spectra ot a number of 

quinones, quinone oximes and nitroso compounds. 

J:lhsn sodium or potassium hydroxide is add~d to a solution. 

of l•nitroso-~napthol, a g:reeneolour appears. Eleotron~ic absorp• 

t ion spectra Of such alkal.ine rilethanolic solution show a weak 

and broad aboorption at 590•600 nm (1'1gu.real). Potassium l•n1troso-· 

2-na.pthoxide 1n methanol shows an s.bsorpt ion band at 605 nm with 

E max~ 60 (figure-a> •. The posi·tial e.s well aa the molar ext1nct1~n 

or this band is characteristic o£ the presence of nitroso group 

(45) showing that pOtassium derivative ex1sta Pl"edomina.ntly 1n 

the form (IX). 

(IX) 
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The IR spectre or the potassium derivative (figure-s) shows ~ 

broad end s~·l·ong a~~orption band .at. 1650 cm•l. (doublet) and 
' . . .. 

1195 em·1 •. 'l'ha 1195 om·1 band 1s. characteriet1~ of phen~l1c 'c-o 
stretch (lit .62 ·range. 1260 - :1.180 cm.·1 ) .and .1560 cm•1 band een 

: ' ' ' ' J 

be ass1gnlilc1 with .reasonable certainty to V (N • 0). Ma.ny aromatic 

nitro~ mon~mers are· known to absorb in this :region (63-67). In 

this connection . attel'l:tion. may be dra~ to the assignment of: 

1625 cm·1 absorption in the IR spect~m ot l•n1troso-2•napthol 

to ~ (U • 0} by Mehrot;!ra · etal (44). '2bis assignment seems to be 
' ,.' ' 

~- completely erroneous because a 

( l) The spectrum or 2•napthol shOws a simil.ar a·bsorpt1on at about 

1626 cm•l (t1.gure-4). 

(2) Aromat~e n1troso .monomers ugually ltbsor'b at; 1613 - 1488 cm•l .. 

t>lhUe a raising or tbe V (N • o) by 30 ~ 40 om·1 riay not be unrea• 

son.able if conju~.tion o:r the .N • 0 group with the aromatic ring 

is hindered ~o soma extent b7 steric or other reasons (aliphatic 

nitroso compounds abso:rb at somowha.t higher frequencies )9 1625 cm·1 

appears to be too high. Even Qliphat ie nitro so monomers absorb 

below this region. 
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(3) As already indicated,- the electronic absorption spectra of 

l•n1troso·2-napthol indicates the absence of free - N • 0 groupe 

(4) Tha presence or a broad strong IR absorption bend in the 

spectrum of l·n1troso-~·napthol (fig-5) at 1070 cm·1 1s particu­

larly significant • l'h1s .band is absent in the po·taasium salt which 
. 

is shown to contain • N • 0 group by' its electronic absorp-t;ion 

spectrum. Therefo.re this band can be assigned to • U • 0 

stretch. Although • N ·• 0 stretch occurs in 960 - 930 cm•l in· 

oximas, however, in ~,2 quinone mono oximes this stretch occurs 

at hi~ar frequency due to contribution frorn structure (XI) 

which increases the N • O bond order • . 

- C ·--- N-- ~ 
I B - c 0- ... 

-e-N~ 0 II ; 
-c-o---H 

(X) (XI) 

•l :thus d1s.eetyl mono oxime, CH3CO •.. C(Clla) NOH absorps at 1020 em 

due lio ~ ( • N ""' ll ) (fi~.J.re.:..?>• 
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A comparison ot the IR. absorptions of 2-napthol, 1• 

nitroso•2•napth.ol and_its~_poteasiu.m derivn.tive in l?OO -~ 1500 _cm·l 

region together with other character1t:rt1c bands given· in the 

table VII is extremely helpful for assignm~nt or the bands as 

wall as structures. 

Table • VII 

IR absorptiori.s~-of ·2-napthol, l•n1troso-a-napthol and its 
potassium derivativ~ in t.he 1700 - 1600 ~-~_region and 
other important absorptions : 

.. 

2•napthol .l•nitr,oso-2• Potassium 1- Assignment 
naptbol nitroso-2• 

napthoxide 

1626. (s) 1620 (s) 1600 (s) ] 

1600 (ms) 1600 (ms) 1595 (ms) 
lU.ng 

1580 (ms) 1585 (ms) 
' 

'1565 (w} -·v(c •· o + C ·•N) 

1550 

J 154.0 v ( n • o ) 

1525 (s} V (C -.--·_ 0 + C _·.;.· N) 

'1510 (s) 1508 (ma) 1520 (ms) Ring 

1366 (ms) 6(.0I:I) 

. 1270· ( s,br) 1195 (s,or) v(G. • 0) 

1070 (s) V (N • 0) 

-s ... Strong ; mrs • Medium strong ; . w ~ weak J br • broad • 

_j 
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The strong ~bsorpt;ion. in 1630 - 1620 cm·1 occurs in all. c~J!ipOunds 
inGlUding 2-napthol and as such .can not be assigned to' v qe • 0 lt 

•• • ,., • J • ' ' f,-, ' 

V (C • N) or v ( N • 0) which are P~.ssible in l•D:itroso-2-napthol 

and its d~rivatives~ ~hough only a pair or bands near 1600 cm-1 

is found tn benzene and its derivatives due to ring stretch, subs­

tituted anthracene.~rten shows absorption bands in 1640- 1620 cm~1 

( 62 >~ The 162C>' cm•l band in l•nitroso-;a-na.pthol should there.;. 

fore be. assigned to ring vibration .since it occurs in. 2-napthol 
. . ' 

also~ The assignment of other absorptions in table· VII are evident · 

except for the absorptions at 1555 and 1525 cm·l in 1-nitroso-2-

napthol. The raisiilg or the ·v (N - 0 ·> by more··than 100 em·1 iii ,_. 
' I • . -· 

1-nitroso-2-napthol compared to the position tn simple oximas 

(960. - 930 cm·1 ) shows a: c.onsiderable contribution by structure 

(JO: ). The resonance between X and XI is t~ererore expected to mhlte 

C • 0 , C • c .and C • N bonds nearly equivalent and no pure C • 0 

or C. • N stretch in the usual region could be expected• Instead, .. 

the situation is comparable to metal chel~tes or 1,3 diketones 

( 68 ) which absorb near 1580 cm·1 since. here the two C .;. .. 0 and 

C -~ .. C bonds become near~y equivalent. Thus the two bands a~ 1555 ~m·l 

and 1525 cm·l should be assigned to stretches involving both 

V (C ~- N) and V (C !a" 0 ). The structure of l•nitroso-2-napthol 

shouJ.d therefore be represented as in XII • 

(XII) 
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Having thus established the oxime structure of l•n'-troso-2• 

napthol wo may now discuss tbe various pass1b1lit1es which may 

result !'rom the substitution of the liydrogen atom by a tin atom. 

The product may exist either as an uncoordinated. oximatep (XIII) 

or chelate (XIV). 

I 
./ sn::: 

u- 0 
II 

·co~o 

(XIII) 

Oximate 
uncoordinat ad 

N-o,-/ 

CO
il .;;:::. o~' Sn"-

, 

// 

(XIV) 

Oximate 
chelate 

The uncoordinated oximate structure would be e:xpected 

to show : 

(1) an absorption band around 400 - 430 nm similar_ to 1,2 nap• 

thaquinone ( 57 ). 

(i-1) J (N - 0) 1n I.H 1n the range of 960 - 930 em·l together with 

v (C ;. 0) which is now !roo and hence expected to be ::AUch above 
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1600' em·1• Since none of the products show these characteristics, 

unchelated oximates ara not rorm.ed. 

As tn the free. ligand chelation would lead to resonance 

between the structures. XII. and XVI. 

N • 0 

00
11 ~sn~ . 

=0 
. ~ 

' ' 

(XV) (XVI 

Two IR absorption involving both v (C ·;;; 0) and v ( C • N ) \-JOUld 

be once ag&in expeeted.1n the 1600- 1500 cm·1 -range. 

In the UV - visible spec-crum the eo-ordination by the 

0-atom with the tin 1s _ expocted to cause a large bsthoehromic 

shift of the B • and K - bands (45). · 

All products or tho red-green series mentioned earlier 

show moderately high intensity absorption around 560 " 625 nm which 

cannot be assigned to n - n~ transition of' the ni~roso group because 

of the high intensity (. of the order of 103 ) ; the intensity of 
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nitroso absorption being only 10 - 70 (45). 

These products are thus chelated oximates having· structure 

XV. Accordingly the 1r spectra shows· strong absorption at 

~1690 cm·1 [ v (C • O), coordinated to tin J • 

(b) Some selected compounds : 

(1) YellOtl product fo:r.med in the reaction or 1-nitroso~a-napthol 

with (ph3Sn)20 or the reaction ot_Pb3Snel with potassium l•n1troso-

2•napt hoxide # 

;r Tbe analytical data on this product suggests a molecular 

formula o;tt Pn4ChSng(OH)O [Ph. • - 06H5 ; Cb •-ON(O) c1dls]• 
The presence of a moderately short medium intensity IR band at 

~ ' . 

3610 em-"'" shows tho presence of · - OH ~rou.p atta~hed to tin a·tom 

(cf. Phaf:inOH). This 1s further supported by the preser1ce of absor­

ptions at 580 cm·1 d}.le to ~ (~.- 0). Presence or another strong 
. " . ·l . 

absorption at 685 em is indicat:ive of . Sn-0 - Sn. skeleton. The 

In spectt:'um of the compound is sho-wn in figure - 7. 

The UV ~ visible spectrum is very similar to that of tree 

ligand (figure - 8 and table • IV) Thus an ox:J.mate struc:-tur~ is 

1nd1cated. However, abaeuee of any bathochromie sh1tt as well as 

the comparatively weak stabU1ty of the-compound as suggested by' 

the effect ~f polar solvents and methanolic sodium hydroxide on 

-~ its uv • visible spectrum is indicative or only weak co-or~ination. 
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On thl!l basis of thatte ·data the following two structures mny be 

written for this compound. 

F·h OR 
\ / 

Ph•Sn•O•Sn•Ph 
I \ 

'.PH Ch 

HOl'lfever t Sb orcl~r 'tO account :ror the stabil~.ty of the 

distannoxane$ (it does not lead to higher polystannoxnnes by 

eliminet,.on of water) the structure (:li.'Vll) in it.tbieh - 00 is 

·co-ordinated to another ttn atom (preferably. the atom contai• 

ning the ligand since this tin ~tom will be more el~etron attrac-

ting dv.~ to its being bonded to two oxygen at·lms) 1s more p:r·e· 

fernble. 

Ph 
o-... / 

_.:~ Sn- Ph 
0 ...........---. ' 
., Ch 
:a 

(:X.Vli) 

0 



\ ' 

'· 

+ \ 



(11) ~-/nita polymer Qb·ta:lned fro:n cha reaction of l•nitroso .. g. 

naptho~ or Z•nitroso-l-nnpthol or diaeetyl mono oxime or alpha• 

benzil oxime wi tb t riphenyl tin aoetate : 

Re~eeions or triphenyl .tin aeetlite with n1troso napthols 

or Keto-o:dmes like diacetyl mono oxime and o(_ -benzil oxime 

furnish a ';>Jhite compOund \i.lhich coUld be formulated as a polymer 

• 0 • (tf)Ifs )Sn( OAo)•O•Sn(Cofis) (OAe) • 

(XVIII) 

where OAc is -ocOCHa. The ~trueture has been established on tbe 

basis or spectral study and elemental annlysis and its reaction 

with oxi.n~. 

The UV spectrum of the compound shows sav~ral absorption 

peaks in 230 • 270 nm region (sol vent ; clb~f'orm) which correspond 

very closely to absorption arising· due to benzene ring which are 

perturbed onl.y slightly in phenyl • tin system.. 

IR speetru~ or the compound is shown in the figure o 9. The 

. compound shows all the usual benzene ring v.ibrationand in pa:t"'tieular 

has a moderately strong band at 1077 cro-1• This band 1s ·assigned to 

a c -. H in plana dei'orlJlation mode and has been shown to be 
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characteristic of phenyl • tin group (52). The strong absorption 

at 727 cnt1 is assigned to out ot plano C - H vibration of phenyl 

ring~ 

•1 The presenoa or s·t;rang absorption around 617 em can be 

assigned to (Sn·O-Sn). All polystannoxanes are knouo to absorb in 

this region (53)~ The stro.-,ng band around 1600 cm·1 and 1550 em.·1 

must be assigned to Vas (·COO) as no other group in the systOOl is 

expected to show $Uch strong absorption in this region. The two 

values of vas (·OCO) indicates bridged acetate group, though 

--r- possib~lity or ionic acetate y,:roup. (51) can not be completely 

e:-\.cluded. 

· The presence of c6H5Sn(O)OJ:\c group has also been supported 

by its reaction with Oxina~ In. order to account ror all these 

ob,servatt•::>ns and· anal~~tieal data a helical structure (XIX) whe-re 

every third tin atom is bridged by ac~;ate group 1s tentatively 

suggested •. 

• 
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(iii) Distannoxanes o:r the type R:;ChsSnaO a 

Ce!1J.1 )3 SnBr furnish deep. green comp:)unds which could be formula• 

ted as n3ch3sn2o where R is either ~b or eyclo• CGall• or the two 

possibilities XX end XXI 

Or 

(Y.X) 

R 

" R ... Sn 
/ 

Ch 

Ch 
/ 

.. 0 - Sn - Ch 
~ 

(XXI) 

the later :,s to be pl."efel,red sine~ UV - visible spectrum shows the 

pr.ss0nce of t \ioO a bsor.pt ion bands at 395 nm ( sind~:. at> to free ligand) 

and 590 • 610 nm indicating presence ot two nonequ.ivnlent type ot 

(IV) Product ot the raacti0\1 of' benzoin onme ( eupron ·) vJi:th tri­

phenyl tin acetate ; 

The reactiot.t of triphenyl tin acetate ~ith benzoin o:;d.me furnishes 
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a white compound (m.p 232° ). l'l'le In speetrmn. or the compound 

shO\"Jn in figure 10 shows absettce of any absorption due to -on 
.. 

group indicating that the l1gr;md uses both the ·o_xime and· hydroxyl 
, 

H • atoms for. salt formation. i'resence of COO group is indieated .. 

b;! the abSOl"ption at 1555 em•l due to \)as (OCiJ). AS ;in l•nit·roso~ 

2-napthol derivatives, a strong absorption at 1075 ~-l, ascriba­

ble to \) (N • 0) ia observed. In addition, compa.rison ,,d.th the 

spectrum of the free ligand (fig - 11) shows. the presence or a 

net4 absorpt5.ot1. at 768 cm·1• This band ean be assigned to 

--t~ V a.s (Sn - Osn ). :i1ogather Hith the analytical data, these evidences 

~-,_ 

suggest the following str-v.cture for this p:rodUot. 

(SXII) 

It is inter~st;i.ng to note ·tha-t no absor~t1on du3 to C • 1'1 stretch 

could be observed either in the free ligand or i.n the tin complex., 
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Though no definite reason could be given for thi._s, it may b9 dUe 

to resonance of the type XXIII • XXIV etc. \<lhich may lower it 

H 
I 

Ph ~ C • Oh 
~':-, I . 
~-C • N • OH 

(XXIII) 

H 
I 

Ph • C • OH 
~I + 
~-;.c --N ; OH 

~- (V) Product of the react:ion of banz-oi\11 o~.me (cupron} with tri­

phenyl tin chloride ; 

The reaction o~ PhJSnQl with benzoin oxime furnish0s a while com­

pound (m.-pio250°). 

The I-R spectrum of the prodUct .(figure .. 12) is vary 

similar to that of XXII except for the broad absorption at;· 3380 em·1 

dus to hydrogen~bonded hydroxyl group and the absence of ·the v ( OCO) 

-1 absorption at 1555 an ' observed in XXII.- Analytical data a.11d the 

similarity of the spectrum \11:i.th that of XXII f:!Uggest th.e following 

strl~ctu:re for this product : 

/H--
/ - ... ~oH 

H 0. I H 
Ph......_ I _.---o------1 . . --- 0------ I /Ph 

c Sn---- -----Sn c 
I I o I I . 
c~ o o ~c 

Ph/ ~N---- ----. N ~ 'Ph 

(XXV) 
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As shown in XXV, the steric disposition ot the two OH groups are 

very favourable tor ll•bonding, thus accounting tor the broad 

absorp·ti.on at 3380 em·1• 

. (VI ) Polyst annoxanes a 

Polystannoxanes to~ed in the reactions studied do not fall 

into any genera~ type end as sueh their probable structures have 

been discussed under the corresponding reactions separately. 

The p:r-oducts of the reactions are so varied nnd compl~:x 

that 11.0 def'l.nite suggesti.ons regarding _probable mechanism is po~si­

ble i.n the present systems. 

Since 'the reaction o£ Pot·assiur4 l•nitroeo ... 2 ... napthoxide (KCh) 

· ~ich l:;h3S'1€:'l does not !'u:rnish the expect ~ed simple prOdUf.}t, vizv, 

PhaSnch, but leijdS to clea.vage ot· sn • Ph D~ bond, a nucleo .. 

philic attack a.t thtl tin atom which lo\<Jers th~ effect iv~· electro-
. b+ 6• 

negativity of the tin Htom and thereby 1.ncreasgs the ;-sn ... C ~ 

bond polt1r1ty is suegested. Probably tho elect !'On .trans~Ar from 

the ligand to th~ tin atQm in th~ initial step of th.e l•eact1on is 
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' 

of such a Plagnitude t~t the earbanion character ot the carbon 

atom or Sn • C bond 1s increased to an extent where .it bs~omas . - . ., . 
labile. 

As already sl'lown l•n1troso•2•Qap~hol exists in the oxime 

:form w1 til strong 1nt~rnal hydrogenobonding with the carbonyl 

ozygen. As such the lone pair on the c;..x~me oxygen wOU1d be more 

readily availaJ>le for nucleophilic attack. The reaction therefore 

proceeds mO$t probably through an initial nucleophilic attack by 

the ligand as shown in XXVI (a) •. A slig_llt 

(XXVI) (a) (XXVI) (b) (XXVI) (c) 

R2..SnJ\OH + (11) 
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electronic rearrangement then leads to cleavage of the R group 

~ l XXVI ( b,c)] • Because or the steric requirements of tba approach 
~ 

of the ligand co-ordination bY .the c.arbonyl oxygen is not possible 

as soon as the R • group leaves. Iiowever, because of the presence 
.. 

of two highly electronegative atoms attached to the tin atom 
- -have. 

(Sn • 0 and sn-x), the tin atom \\IOUld,_trery high Lewis aedity, so 

t~at eo-ordination by water present in the system (moisture could 
. ' 

not be rigorously avoided in our systems) may take .Place rather· 

easily~ Unlike the carbonyl oxygen·of th$ ligand which can co-
) 

ordinate only atter the departure or R group followed by a steric 

·-t· rearrangement (rotation about the ti - 0 bond would bring the tin 

atom to a proper position for co-ordination as shown below). 

co-ordination 

XXVII (a') 

InitiallY formed derivative, 
eo-ordination with carbOnyl 
oxygen not possible~ 

. (12) 

XXVII (b.) 
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by fi20 is not hindered by uny special $teric requirement, so that 

it. may tak.e place even during l:j he stage ~-Jhen cleavage of R group is 

tall.ing place. 

, rr--oH 
II 

(13) 

lt is evident from XXVIII, because of its very ravoura.ble ster1c 

disposition the H-atom of the co-ordinated water molecule cen 

interact strongly with the NO group. This would not only hinder thfi 

rocation about the N - 0 bond ·necessary ror chelation, but slight 

electronic rearrangement as shown may lead to very facile hydrolysis 

leading to t;he formation of RtsnXOH. This compound may then react 

further with another molecule of 1-nitroso-2-napthol and lead to 

-~ further cleavage of sn-R bonds. Or alternatively it; may undergo 

condensation reset ion with another organotin molecule either through 
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the elimination ot liX or HaO molecule as shown below a . 

R3SnX. + Hch ~ ~SnchX +RH (14) 

~Snob.X 
H20 

M IF ) RaSn(OH)X +Hch (15) 

~Sn(OH)X .!!~ RSn(OH)Xch +Hh (16) 

RSn(OH)Xdl jtaQ) RSnX(OH ),_ + Hch (17) 

~Sn(OB)X 
_ ___, 

~Sn • 0 • Sf1Ra (18·) 
I I 

OR X 

\ I \ I -sn .;. ou + X • Sn • --7 - Sn - 0 - Sn • +HX (19) 
/ \.. / \... 

~Sn - OH + HO-Sn/- \... 0 s / +HiJ (20) ---7 - sn • - n • / " / \.. 

etc. 

Even the d:lstannoxanes formed may react further with the 

ligend leading to more complex molecules. In soma cases the ligand 

may act virtually as e catalyst f'or the cleavage of Sn • R bonds 

by water. !'he formation of phenyl stannoio ace·cata in the reaction 

of PhaSnOAc with 1-nitroso-2-napthol, 2•nitroso-l•napthol or 
diacetyl.· mono oxime pNvides such an example. 

Though the ease or cleavage of the Sn - R. bonds by l•nit roso-

2-napthol or more ganerally.speaking 1,2 diketo mono ox1mes could be 
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explained by the above. schema, the end product could not be pre• 

dieted. At this stage 1t may only be said that the cleavage till 

a stable· product, 1.e., stable towards nucleophilic attack by . 
water, is formed. 

Though the a'b!.lve mechanism has been discussed with l•nitroso-

2-nepthol, the arguments apply to all ligands containing the struc­

-··r.ural unit XXIX, 1.e, to all 1,2 diketo mono O)Cimes. 

JN • OH 
./ ::;.0 

I I I ' 

It is ther€lfore not surprising to see that both diacotyl mono oxime 

CHaCO .c(-::: NOH} .cHa .and o<.. benzil oxime lead to same type of polymeric 

products w~en reacted with triphenyl tin acetate and tripllenyl tin 

chlo.ride. 

In order to .t'ind out whether the Keto group in XXIX and the 

consequent con3ugatfon extending <:>ver the entire m:>lecule is essen­

tial i'Ot" unusual reactivity, benzoin ox1ma (cupron) XXX wa~ also 
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Ph • C • NOH, 

. .J 
Ph • C • OH 

··I· 
u 

reacted with triphenyl t:1.n chloride and t:riphenyl tin· acae·ate by 

refluxing 1n benzene. In both cases, distannoxanas of similar 

struetures XXXI and XXXII are formed. It may be noted that all 

c;in•phenyl g!'oups are cleaved and the ligand acts as a bit'unetio­

nal gx~up. However, unlike in the reactions involving ligands of 

the type XXIX, no polymeric products are formed. It appears that 

presence 

N N~ 
Ph- c.-7 ..........._o. o/ ~c- Ph 

I · I ,........o ......... 1 . I 
Ph • C........_ ../'Sn Sn ~ ..,........c • Ph 

H
I o /b~, . -~ o I 

H/ 'H~ ll 

(XXXI) (XXXII) 

~ or the delocalized system 1n XXIX makes it more effective eompared 

to XXX as rar as cleavaBe and polymerisations are concerned. 
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5. Experimental details and identification of products. 

All solvents were purified and dried as described in Vogel's 

practical organic chemistry (46}. ·rhe petroleum ether uset throu­

ghout the investigation bad boiling points ao0~ so0 • 

l•nitroso-2-naptbol (Fluka A.G.Switzerland} \<Ias reorys­

tallised !·rom petroleum ether, m.p. 106° [lit.(46) 106°] which was 

used ;in a number or reactions. rriphenyl tin chloride (I•'luka A.;G. 

fh~itzarland) was recryst.allised from petroleum ether, m.p. 1ooO 

L lit •. (47)lD:•P• 106°] , which 'las used for the preparation of 

triphenyl tin acetate, m.p. 121° L li't (49) m.p. 1:21°- 122°]1 

b1s triphenyl tin oxide, m.p 122° Ll1t (49} m.p 123°- l24°]and in 

many reactions~ Tr1 c.yclohezyl tin bromide (oarrol products, 

llew York), m.po 7f» [(lit (47) ·m.p 77°]and tr1butyl tin ahlor1de. 

were used without further purification. Ethyl ~ethyl katons and 

n butyl nitrite were purii'iea by redistillation. Tile rormer was 

· dried over t-igS04 • These two chemicals ware used tor i:;ba prepara­

tion or diacetyl mono onee. Benzil (B.D.H) m.p 94° [lit (46) 

m•p 94 • 96°] without purir1cation was used for the preparation of 
~ . ,· 

alphabenzil mono oxime. Benzoin (.B.D.H) after recrystall1sation 

from dUute alcohol m.p. 137° [lit (46)m.p. 13,.,. ] was US$d for the 

preparation of benzoin oxime (cupron). 
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( 1) Preparation or bis ( triphenyl tin) oxide , 

Bis (triphenyl tin) oxide was prepared by the reaction or tri­

phooyl t-in chloride w1tl:l sodium hydroxide (48 ). The crude solid 

separated rurni~ed b1s (triphenyl tin) oxide, m.p. 122. [l1t(49) 

m.p. J.?fll- 123°] on repeated rocrys·~nll1sation f'rom a mi~ture ot 

petroleum ether and ben.zene. It was dried in air and finally 1n 

vacuum at room temperature •. 

( 2) Preparation of t~1benzyl c·in chloride a 

Tribanzyl tin chloride was prepared acco_rding to the method of 

tichm1tz - Dumont etat (50) and was recrystallisad from acetone, 

m.p. 142 [lit. (50)m.p. 142"- 144°]. 

(3) Preparation of triphenyl tin acetate ' 

Tripbanyl tin acetate was prepared by reflux1ng triphe~yl tin 

chloride t>~ith drY potassium acetate in methanol. The erude product was 

purified by recry:atallisation from petroleum ether, m.p. 121° 

[lit (49) m.p. 121°- 122°]. 

(4) Preparation of potDss1um l·ni~rosoD2-napthoxide & 

, potassium l•nitroso~2-napthoxide was prepared by rafluxing 

l•nitroso-2-napthol \i1'til potassium hydroxide in methanol. The_ green 

c:i>Ude p~duct furnished shining green crystals, m.p) 360~ d.P(200° 

on recrystallisat1on from methanol. 



(5) Preparat:i.Qn of diacetyl n10no oxime a 

D1acetyl mono_ oxime ·was prepared b:t the method described ·1n , · 

vogel's practical organic che!lli.stry (46). For this preparation· 

ethyl methyl Ketone was treated l13ith n•butyl- nitrite in tho 

presence or little hydrochloric acid th~ treated w1th-eoncentra• 
' -

ted NaOH solution when sodium salt of diacetyl mono oxime was 

produced. T ~e sol~tion furnished crude di~1cet;yl mono oxime on 

tre3~ment with ice cold hydrochloric acid. The crude product was 

purified by recrystallisa·cion from petroleum ether and dried in 

vacuum for twelve hours, m.p. ?5°- 76°[lit (46) m.p :76° J • 

(6) Preparation of alpha benzil mono oldme a 

Alphabenzil mono oxtme was prepared by a method given in the 

practical book or chemistry by Vogel (46). Pure benzU was trea,ted 

with hydroxylamine hydrochloride at a temperature below • 5° • 'l'o 

- this mixture was added a strong solution of sodium hydroxide below 

0° and shaked for 90 minutes. Crude oxime was precipitated by 

. acidification with ·glacial acetic acid. Crude product was purified 

by recrystallisation from dilute alc.obol then from bonzene. It was 

dried in vacuum for 12 hours; m.p. l40Q[l1t (46)'m•p 140°]. 

(7) Preparation or benltoin oxime (cupron): 

Bsnzotn oxtme was prepared by reflU4~ng benxoin w1~h neutra~ 

lised hydroxYlamine hydrochloride in dilute alcohol (46}. The crude 
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product was purii'ied by recrystallisation f'rom dilute alcohol end 

~- diethyl ether, m•:P• 150° [lit (46), m.p. 151°]. It ~as dried 1n 

vacuum for 12 hours. 

(8} lieact1on or tr1phenyl tin acet'ate VJith 1-nitroso-2-napthol s 
•u a =---

2.4 gms or tripbenyi tin Acetate was refluxed witb 1.2 gms or 
l-nit;roso;..2 .. napt~ol in 100 I3l benzene for seven hours and then 

allowed to stand overnight. A red· solid (i'.ag gnis) crystallised 

out which was filtered, washed repeatedly with hot benaene. The 

solid was then boiled with cblorof.orm and filtered while not. A 

white solid crystallised out on cooling. It was washed with col~ . . 
pyridine and recrystallised from chlorofo~ ·(SA). The residue 

(l.l gms) after separation of the white compound was washe.d thol"'U• 

.ghly with hot chloroform, then recr,ystallised from benzene a pyridine 

mixture which furnished a crystalline red compound (8B). · 

The original f'1ltrate was treated t-sith excess or petroleum 

ether when o.· 5 gms of a viole't coloured compound (BC ) oryst allised 

out, it VJas filtered, washed thoroughly·· with hot petroleum ether and 

recrystallised !rom benzene • petroleum·ether mixture. 

The final filtrate furnished agreen (BB) and a yellow (BE) 

product upon concentration followed by controlled addition or 
;t. pet1~leum ether when the gree~ compound separated out leaving 

behind the yellow compound in solution. l'he green traction was 
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purified by repeatedly dissolving in benzene and reprecip1tat1ng 

wit n petroleum ether. The yellow i'ra<rtion was purified in the 

similar mariner. · · 

It may be no~ed that the yield of the white compound (SA) 

in creased considerably on decreasing the proportion of 1:-nitroso .... 

2or.ta.pthol. 

Evidence .for the cleovage of Sn •. Ph bonds. a Formation of bsnzsne 

in the reaction 

The reaction of tripllenyl tin acetate with l•n.itroso-2-

napthol was carried out as before in speepure diethylether, the 

solv:ant was then distilled out. Spectroscopic examination of the 

distillate showed the presence of benzene. Blank experiments under 

simUat• condi.tions did not show any benzene. 

Identification o! SA 

The lR and UV siiCtra ·or this compound have been discussed earlier 

(under the section •structural aspects or the products•) whera the 

presence or phenyl group, two types ot acetate group and sn-o-sn 
pkeliton in the compOllnd have been suggested. 



Reactioo with on,ne : -

On boiling with ox! ne 1n ~tha~ol the compound afforded a yellow 

compound (m.p., 242j._ '1~he compound has been unambiguously 1nde1t1• 

i'ied as 
·' ' 

' ' ' ' 

[
(Jx • CgH6~N )Q •] 

OAc• CH3Cv0 .• 

from its elemental analysis and by its preparation through other 

-~ reactions, e.g. 

\0 
PhSn(Ox)aCl + AgOAc •. ~~h~~(Ox)2~A.c + t'lgol. 

····~ 

The format ion of· PbSn( Ox_.)e(>I\c establisheS. the presence of­

PhSn{O )OAc group 1n the molecule. 

(21) 
' 

'l'he polymeric nature of the material is shown by its infusi­

bility as well as insolubility in the com~on organic solveJ;lts. 

The only structure consistent wi·th all these observet ions 

and elemental analysis ~ggest the following polymeric structure: 

I 
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Analytical data 1 

Found ~ ·c; 35.09~· 1 H • 2.95% ; Sn • 42~83~ 

Calculated ·ror· · CsH8sno3; c • 35.4'7% ; H • 2.9e,g 1 sn • 4,3.85$ 

~lthough a definite structure can be proposed only by a 

detailed X ray analy~is, structure X..Y ... XIII in. w~i~h every third tin 

l:ltom is bridged by the acecate group is tentatively sugges·tad. The 
. . . 

other tin atoms may be tetra or pen·ta eo•ordi~atad depending on 

whether ·the other acetate group is ionic or chalating. Such a 

structure is very favourable in view of the 1dOO.'t1ty period or 
0 

triorgano tin carooxylates '!tih1cb is lC A and which have analogous 

structure (53) 



. ·-
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Although NMR spectra would have been of great help 1n dist~gui• 

shing tllEi two structurally· non equivalent acetate groups, this 
' . . ·.:. 

could not be done due tO the lOW SOlUbility Of the. compound. 

I dent U'icat ion of 8B ...... ) . 

This produe·t is slso 1n:f'u~1ble up to 360° and insoluble 1n the 

common organic solvents. It is soluble on.ly in J?Yridine. 

IR spec~rum or the compound 1s Shown in the figure ··13. 

The presence o:f' broad, medi~ 1ntens~ty banda around a600 cm·l 

and 3350 cm·1 sllows the presence ot two nonequivalent hydroxYl 

groupe. '.rhe broad and strong ebsorpt~on at 586 cmcol is .dUe to 

v (Sn • o) (54). The presence or tin • phenyl group is supported 

by t:ha usual benzene ring· vibrations and 1n partieular by the band 

at 1077 cm·l (52). 

On the bas1s of the above. observations and elemental analysis 

the following structure seems most probable 1 

OH H 
I ~0~ ,.,.,OAc 

• sn sn 
·1 ~o,.............l· 'oa 
Ch H Ch 

XXXIV 

f Ch •• Cl()Hdf02 •]· 

L OAe • cn3coo -



~ .. _. 1 

I,-.. -·. 

et'l: ........ 
' ~:;.--\~ ' 

... ; ' 

.-. 
' '•' 

' - ,. 

Figure • 14 a Eltc-r•rontc absorptiOn spectra of ·[Ph(Cb)(OAc)~n J 2o 
(XXXV) in 

_Chloroform a ............. . 
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fknalysis found I C iii 43"7116 9 ll iii 3"32 ~; fi ii 3·67·:;6 J Sn e 30"5" 

Calculated ro:r 

The stability of the structure may be attributed eo strong- intra• 

t!t)laoular Sn ~ OH Co-ordina'Cion. 

Identi.fication of 8C 

The violet eoloured solid 1s infusible upto aeo0 • lt bas moderate 

solubllity in benzene. 

(1)· UV • visible spectra : 

':fhe eleetr'->nic spectra of the_ compound 1n t~etnanol and eholo:ro­

fo~ are Shoun in the figure • l4a The stability and large 

bathochromic shift o!~ the largest wave length band compared to 

that in the tree ligand indicates the presence of e.hela·tst'l 

l•nitroso-2-nspthol group. 

( 11) IR spectrum • 

·1he following assignment is possib~e for the major IR absorp• 
\ 

t1ons • 
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'.Pha presence. or tin•phenyl group is. ~ndicated by the absorption 

at 1077 cm•l (52). ~he ~trong abaorption at 580 -em·1 !Uay be sss1• 

gned Vas (Sn·O·Sn) as Sn-OB' band is absent (no hydroxyl. absorp• 

t1on) 

Ths abova observatio~s an~ elemental analysis are consis• 

tent with ·the rollowing structure : 

Ch Ch 
1 r 

• sn • o - sn • c6Hs 
I I . 
ococa3 ocoOR3 

Analysis found t. C • 50'47%; H • __ 3·4~~; R • 3"'36::; Sn • 26·9~ 

Calculated for 

c36 H28 N2 09 Sn2 a C • 4D'7Jb ; H • 3'2~ ; N • 3'23$ ; s~.;- 27'35$ 
'- ! . 

··"' The solids .9D and BE are coloured green and yellow respectively. 

Both of these compounds are :CairlY soluble in the common solvents 



- 128- --.,, 

bUt are 1nfus1ble upto 360° .·These compounds a:re probably polymeric:~ 
howev~r they could not be identified beeaus~a (~) These were obtai• 

ned only in extr.emely lovt yields and ·(11) composition or the pr.~duets 

were VE1riable o. -:: 

(9) Reaction of triphenyl tin chloride w1th 1·~1troso-2•napthol ; 

4 gms of triphenyl tin chloride with 2 gms or l•n1troso•2•napth.ol 

was retluxed tn about 100 ml benzene tor seven hours. On standing 

.::;t- overnight a greeni~h bl~clt compound (2.55 gms) ·crystallised out. 

It was filtered and the fU·trate on concentration fw:tnished an 

additional quant:i.ty (0 91 gms) of'· the same compound. fhe solid (9A) 

was wnstied thoroughly with hot benzene and recrystallised from a 

mixture or benzene and dimethyl rormamide. 

The fil'trate af~er separation Of: 9A was treated with petro­

leum· ether when 9•78 gms or a green coloured solid (9B) \'las separated. 

It w~s £1ltered and washed thoroughly with hot petroleum ether and 

reo:ry!$tallised from benzene - petroleum ether mixture. The :filtrate 

furnished l • 2 gms of a, yellot<~ p~oduct ( gC) on · e<)ncent rat 1on., followed 

by controlled addition of petroleum ether. The yellow cornppund li!'&S 

dissolved in minimum volume of benzene and then reprecipittrted with 

petroleum ether. Pur1:!'1eation was achieved by repeating this process. 





~-

The final 'fil·trate was evaporated to dtlyness when unroac­

ted l•n1·~X'OS0•2-napr;hol. was recovered. 

Identification of 9A 
.,_.llfftJ _. ._. 11' 11 • ..--...._....... 4 Bll!lll.l ......... • t'? .. 

The compound ( "9A) has been ide;ntified as a polystannoxene deriva­

tive on ·the basis or following observations • 

(1) It is infusible upto 360° and insoluble in the com"!lln solvents, 
-

but sparingly soluble in pyrid1n~ and Dt~. 

(ii)Heaction with mercur1e chloride ; 

Tha compound was rei'luxtH:l ~~~:tth ·mercuric chloride in ethanol for 

hall' an hour and filtared. The filtrate o~l cooling :!'urnisi'lod a 

flaky 1.-~ltite solid. l'he solid has been unambiguously identified as 

phen:rl rut>reu1•:lc ehlo:rids l'rom its meltine point (m.p. 247°) nnd 

mtxed melting point with auti.leilt ic compound.. The formation of 
. ' 

phenylmerou.ric ehlo:ride establishes 'tha presence or phenyl group 

in the molecule. 

( 111) IR Spectrum : 

'l:he IR spectr.um oi' the compound 1.s £..hown in th.a figure - 16. The 

strong and very broad ir absorption around 3400 cm.·l indicates t.he 
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presence' of a large number of hydroxy-l groups, which are probably 
'. :--· 

co-ordinoted or h1drogen bonded. The presence of & very strong 

and broad absorption around 580 em·1. [\)as (Sn-0-sn)] is sugses• 

~ ive or polystannoxane structure. 

Structure XXX'JI is centiatively proposed on the basis of 

these observations and elemental analysis. 

en on Ch 
I l 1 

eeas·- Sn - 0 - Sn - 0 - sn - IJR 
I I . I . 
c1 oa Cl 

n!!G 

Anf3lysis round a c ~ 16•s2$ ; H • 1•aat ; N .- 1·a~ J Cl • 4~1~ 1 
.sn • 52•se% 

Ca.lculat ad !or 

c 26 Hso 024 N:aC12 Sn8 1 C • 17•591,;; U • 1•69~ 1 N • 1•00~ 

Cl • 4•Q~ ; Sn •. 53•53$ 

On boiling the compound (XXXVI) with ox1na in etha:qol the compound 
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a!'fo:rded a~ yellow crystalline solid which has been identifiad as 

( Xit.t'i.VII ) on 

(XXXVII) 

the 'bas:ts or elemental anal1sis and IR spectrum. 

·;, 

tb 
I 

This is consi.seent with the presence ot - sn - OR terminal group 
l 
Cl 

in the molecule. 

In the absence of molecUla~ v1eight the value of •n• could 

not be obtained precisely. kle have however, taken this value oi .. •n• 

in obtaining the molecu.lsr formula tilhicn matched most closeJ,.y with 

·r;;11e elemental analysis. · · 

Identification of 9B 
-------------------
The eompeund has the following characteristies 1 
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(1) the compound is sparingly soluble in com~on solvents and 

infusible up to 360°. 

(11) lR Spectrum a 

The presence of sn-o-sn skeleton is indicated by abso~'t1on 

•1 at 607 em (53). Presence of phenyl group is also indicated 

by the presence of usual ring vibrations. 

Analytical data suggests the_molecular formula Pb3chasn2o 
which may be written either as XXXVIII or XXXIX. 

XXXVIII 
~ . XXXIX 

Calcu.la,~ad._for. 

Ot ·ehe ·two the later is to be prefex-red since no tripheriyl tin 

ox1nate could be isolated by refluxtng with oxine in ethanol Which 
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is .expec·ted to be i'ormed if the structure XXXVIII 1s correct. 

(10) Reaction of tr1ben~l tin chloride with l•nitros0•2•napthol. 

4"2 gms of tribenayl tin chloride was refluxed witn 1·7 gms of 

l-nitroso-2•nnpthol 1n 75 ml benzene for seven hours. Gradual 

addition of petroleum. ether to the green coloured solution 

precipitated 2·1 gms of a greenish yellow campound (lOA). 

It was !iltered and ·the filtrate was con.centra.ted and followed by 

the addition o:r petroleum ether. ·rno process was :repeated when 

a further crop of 1·57 gms of the same compound (ltfA) (m.p. 

230°C) was obtained. The solid was dissolved in minimum VQlume 

or benzene and reprecipitatad with petroleum ether. Purification 

~us achieved by repea.ting this process. 

The ftnal filtrate on evaporation to dryness atfordad a very 

small amount of unreacted l•nitroso-2-naptbOl. 

Identification or lOA 

The graoniah yellow eompound exhibits the following characteristics 

t1) It is sparingly soluble in common solvents, but almost insoluble 

in carbon tetra chloride 
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(11) It melts at 230°C~ 

(iii) UV and visible spectra : 

The compound shows a sharp absorption band at 232 nm, a shoul­

der at 275 nm and a broad absorption of moderate intensity at 

330 nm in methanol (Table-IV)• The.absorption spectra is very 

similar to that of l-n:l:-troso .. 2..,napthol and other yellow colou­

red derivatives obtained in the present study. The. close simi­

larity of the absorption spectra of this compound with that of . . 
l-nitroso•2,~napthol is suggestive of the prest3nce of oximate 

· structure since the later is known to exist almost exclusively 

in the oxime form (see discussion). 

( iv) IR spectrum : 

The IR absorption spectrum of this compound is shovm in the 

figure - 16. Presence of hydroiyl group is shown by the broad 

and medium intensity band at 3250 cm·1 • The broad absorption 

around 565 cm""1 :may be assigned to v (Sn-0). 

The following structure may be suggested on the basis of 

·elemental analysis and other data : 

Bz H 
1 K"o~ /Bz 

HO - Sn Sn 
I '- 0 ./" --:-- Cl 
Ch 

(XL) 
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Calculated for 

An intramolecular sn~OB • Sn co-ordination is postulated co account 

for th.e lowering of V (OH) and the stability of the compounds 

towards further polymerisation. 

~~. (II) ·Reaction of tricyclohexrl tin bromidG with l•nitroso-2-napthol • 
.:: ......... , 

' 
4•5 gms of tricyclohexyl tin bromide with 1•a gms or l•nitroso-2-

nap~hol was refluxed in 100 Ml benzene for seven hours. On stan­

ding 2•1 gms or a green compound (llA) crystallised out. It was 

filtered and recr:tstall.isad from benzene. The .fUtrate on con(!en• 
,Y 

' . 

tration and gJiadual f1ddition ·of petroleum· ether furnished 1.2 gms 
. ' ' 

of a green compound. (llB). The green compound was .Purifie·d by 

repeErtedly dissolving in benzene and ·reprecipitating with. petroleum 

ether. The filtrate af'forde<! o··s gms of a yellow compound ( llC) 

on concentration followed by the adqition of ·excess of petroleum 

.:~· ether. The yellow product was purified by washing with hot petro­

leum ether and recrystallising from benzene-pet mixture •. The final 



Pisure • 1"1 a Elect:onie abtorpt!on. sp•ctra ot cye(Cb)Sn.o-sn(Cy)Cbg 

.(m·t) #.n 
./ 

~ethanol t...------
Carbcin tet :rSf.oblor:tde a ................... . 

eetb.anol/BaOH • ---·-· d .,. 
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filtrate was av~pOI'?ted. to dryn~SSe· The residua· ( 1•1: gms) "waS 

unreaeted l-nitroso-2-napthol a.dmixed with the products which 

coulci not f'urthet~ separated. 

Identification or llf\ 

~he tntense green compound has tho following characteristics a 

(i) "l'he compound is infusible upto 360°. It is moderately soluble 

4- in the comrron solvents. 

(ii) UV • visible spectrum : 

'£he electronic spectra of the compound in methanol, ehloroform, 

carbon tetrachloride and DljJSO are sho•.·ln in the t'igure • 17 ( table•IV ). 

The compound shows a moderatelY intense absorption osnd in 

580 - 600 run region. Several other absorption bands at 255 nm, 

34.5 nm, 400 nm . and a shoulder at 270 run are a.lso present • As ean 

be seen the absorption spectra is rather 1n3ena1t1ve to solvent 

polari-t;y and even methanol1c NaOH does not pr.:>duce any marked 

change. The great stabUity of the syste:n is ind1eac1 ve of a strong 

chelated st%'Uctur9 1nvdlv~ng the l.•n.it~roso-2-na.pth.ol gTOllP• 
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(111) Ill spect11Um ·a 

For this compound the presence· o£ sn-O•Sn lin}tage is indicated by IR 

absorption at 768 cm·l (54;55',56) and 570 cm•1 (54) [ v aa(Sn-0-Snl] 

Elemental analysis suggests thG·tollow1ng structu~ea: 

(XI~I) (XLII) 

1"~he stability as 'l::ell as the l.~.rga bathochrorttic sh1.ft of the 

longest wava length suggest the p~esance or ch~lated l•nitroso•2• 

napthol • 

QL the two structures XLI and XLII, the later is so be 

praf el"l"ed since ·~he ·uv-visiblG spectrum sho-ws ·i;;he presence or two 
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absorption banda at 395 nm (similar to free ligand) and sso-aoo nm 

respectively indic?ting the presence of two non equivalent type 

of ligands. 

~~:he products 116 and ·11e co:uld not ·be septjrated and purified. from 

the admixed un:reacted ligand and therefore could not be ident if1ed. 

(12) Heaction of b1s (tr1phenyl tin) oxide with ·l-n1troso-2 .. napthol . 

'l\o a. solution or a·s gms or b1s (triphenyl tin) oxide in 50 m1 
.. 

benzene was added a solution of 1 gm or l•nitroso-2-napthol in 
-· 

50 ml benzene. The solution w~s then rei'luxed for half an hour. 

To the solution excess oi' pet;roleum ether was added when a yellow 

compound (12A) erystall1sed out. It was filtered, washed with 

pet :rol.eum eth.er and f !nally rec.ryetall1sed · trdm benzene .. petroleum 

ether mixture. On :rurthe:r concentration and addition of petroleum 

ether the filtrate furnished Cl:ln additional quantity or the same 

co.mpound (decomposition point 160° ). Tlle process or concentration 

and add it ion of petroleum ether wqs repeated several times t:hen:. 

further crop of (12A) was obtained (total yield 3 gms). 

The final filtrate gave a small amount of tar._;ry solid on 

eomple~e evaporation which could not be purified • 

. ' . 
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The co-:npound is identical with l3A whoes . structure ha.s been d1s~ 

cussed earlier (under the section • structural aspects of the 

procltiiC'tS1 ). 

The suggested sc~1cture (XLIII) and the elemental analysis 

are given below t 

. Ph • CeH5. • 

Ch iii CloH6 }102 • 

(~'tLill) 

rmeJ.y~;s1s fout'ld e c 

Calc';.ilnted :for 

(13 Re~iction of ~tn•iphanyl tin chloride with potassium l•nit:roso-2• .. .....__._.~ ..... ...,.......... •• .......................... .• • lilllq~·-· ... ~.. 1 ··~,..., - " ..... !!' ..... 

_. napthoxide • ....... ~ ............... ~ 

·-
~- 1'o a solution of 2'6 gms t;riphenyl tin. chloride in 200 ml methanol 
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' . ! 

was added 1·4 gms of pOtassium l-nlcroso-2-nnpthoxide (sparingly 

soluble potassium l•nitroso-2-napthoxid.e quickly dissalvea with a 

colour change rrom green to yellow). The solution wee than ratluxed 

for two hours on a water·bath and allowed ~o stand for two hours 

when 1·23 gms of a yellow crystalltne compound (13k) separated 

out. It was" fUtered, wa.shed with cold methanol, and finallY 

recrystallised from benzene • petroleum ether mixture. On further 
Q 

concentration the filtrate furnished another crop ot: 13A under 

hot condition (impure, 1"70 gms ). This was recrystallised from 

6 pet-benzene mixture. The fUtrate ga.ve 0.4~ gms o!' a ~hits solid 

on fut·ther concentration, lt was filtered. 1'h1s solid .was identi• 

fied as potassium chloride. The final filt rata afforded o•21 gms 

or a tarry residue on complete evaporation. 

Ident;if:l ca'tion or l3A .. . .. ·--·------....... 

The compound ho.s tb,a following charac te:r1s~1cs : 

(1) It is sparing~y ~olubl.e in_ com!non. solvents, but somewhat mo~e 

soluble in benzene. 

· (11) It decomposes at 160°, ·though infusible up co 360°. 
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Electronic spectrum, IR spectrum and o·ther eharac~eriat:tcs bas 

b~en discussed under the i$eot:1on, • structural aspects of' the 

pr.:lduct s• • 

On the basis of elemental analysis and spectral data the 

foliOvJing s~1·ucture is suggest eel.! 

t:2E_thonde .. ·-

Ph~ /0~ /Ph 
Sn Sn - Ph 

P/ ""(?! ~Cb 
H 

(XLIV} 

~ a•G gms of tri.benz~ .. l· ·ti.n chloride was refluxed with 1· 8 gms of 

por.nssium l•nlt;roso-2-n.aptho~ide in 200 ul i'!lethanol. for 2 hOUi"S. 



_,._ 

~-

IOO 

o "'·o • • •· e • 

-------- --------------------------------------------------

Figure • · lB ; Intra reel speetrnlil of (XLV) 
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~ 0·2 gms ot a solid separated out and filtered off. The filtrate 

furnished 1· 25 gms o£ a green crystalline compound (l4A) on stan• 

ding ·:ror three nou::s. It was filtered, ~rashed with hot methanol and 

purified by dissolving tn banzene and reprecipitating with petro­

leum. ether. On further concent·ration the filtrate afforded a 

mixture or K~l and the green compound ( 141\). The. process was rspea• 

ted several times when finally o·a gms or Kcl and o•72 gms of the 

green compound were obtained. The final filtrate on evapora tion 

to dryness gave anreacted l•n1·t ros~-2-napthal.-

Identification of ~4A 

The compOund has tbe !ollolfJing characteristics : 

( 1) ~rhe compo·und is infusible up to 360° 

( 11) It· is sparingly soluble in common solvents, but moder#.ltely 

soluble in pyridi.ne. 

(111) lit spectrum : 

The IR spectrum o! ~·he compound is shown in the figure - 18. A very 

str(mg and broad absorption. around SSCO cm·l is indicative or 

\ 
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hydroxYl groups. The compound sl1ows ir absorptions corresponding 

to benzyl groups. The absorptions ~t 1080 em·1 (52) and 727 Cl'll•l 

are assigned.to C- H .in plane deformation.made·a~d·out ·or plane 

vib:retion or pheriyl group raspeetively. A very broad ··and strong 

absorption at · 574 ~-l 1nd1cotes the presence ot a polyrneric 

sn-o-sn skeleton in the molecule (54). 1~h1.s is also sUpported by 

the infusibility and extrem~ly tcni solubility ot the oQmp::mnd .. 

However, th~ b~tter solubility ·or this compound ~,n· pyridine, a good 

hydro gao bonding sol,ant, is' sugge~t.ive c.tf the presence o:r large 

number Of .. O.B. grouJ~$ 1n the molecule~ 

Oo. the basis of' these considerations and tha &liC1aental analysis 

.. 0 -

(J~V) 

-

B~ • CeBsC!i2 .. 

c:rt • c1~Io2 .. 

c31 1137 o12 ws.n6 ~ c • 26•44% ; H • 2·03~ ; 1~ • t>•!i.fs;~~ i. sn • so·~ 
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•n• could not be determined ~Y molecular weight an4 as such ita 
-, 

. ~ value· is obtained !l'Om ·the elememtal analyaie. 

( 15) ~!'-ctio~ or :r~~utyl tin ch~r1~e ·with P2t&s!5!~ l•~ttroso-2.: 

na.pt hox1de 
-""" 

To a solution or 3 ·2 gms_ of tributyl tin chloride in 200 ml methanol, 

2•1 gms oi' potassium l•n1troso~2-ne.pthoxide was added. It was then 

refluxed tor 2 hours.· fhe solution was then concentrated. to ·a small 

volume when o•e5 gl.llS oi" potassium chloride ·tsaparated.out which 'ilas 

-~ fil~etsd ot~f. The filtrate wnu trested i.iith an excess ·:)f petrolet.!:D. 
"-..--

(Q4!l grne} t?.fnl"a~ed qut. It was i'iltez~ed1 trea·~~d ~itil betlzene, 

insoluble Kcl wae i'ilter~d oti' and the green comp::.und (lSA) was 

x·eprec1~1't:atad \!lith petroleum ethel'• The compound was purii'iee by 

repoatedl~r disSC~lving 1n benmena end rep;recipitHting with peti'O• 

leua1 ether. 

J.'he filtra·te after separation or l5A furn!cllGd 1! S gms of a 

brow c~loured compound ( 15&) upon eoncentrntion. '2.his compound was 

filtered, washed ~epeatedly with peuroleum -ether an~ then recrysta• 

111aed f1'0m. bt!nzene-pet mixtur-e;. 

Ident1.ficntj.on or .15A ... _.... __ _._. .... - .............. ~ ............ 

The comp~und has ·t;be following c~aracteristies I 



n~._, ~~---~ 

r -
I 

f· 

---------------- ----------- ---·--------- _--· 
F:tsur• • 19 1 W.(letron1o absorption 5pectra or 

au10(cb>e (ml)ao5sne (XLVI> in 
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( 1 i) It is modeJ:ately soluble ~"1 ben~ene 1 sparingly soluble in 

common solvents. 

(iii) UV visible spectJ.'wn t 

'l*he electt>onio spe·ct:rum or the compound is shottm. :tn the figt.:tre - 19. 

The compound. ahows a. moderatelY' intense absorption at 570 nm 1n 

mathenoJ. 8.\l(l at 615 nm in carbontetracbloride, witb shoulders .a·t 

.310 nru and 320 nm resp~et~.vely :tn mfZ!thanol and carbontetrachloride. 

The spectral pe.ttern is similar to that or the gra$!1 compound (llA) 

obtrd.ned from tr1cyclohexyl tin bromid~:J and l~n1t~so-2•nopthol. 

The large bathochromic ahitt or the longest wave length suggests this 

compOund to contain chalated l•nitroso-2-na.pthOl group. 

( iv ) IR c;pect rum • 

The compound snows IE absorptions (f'igu.re • 20) corraspanding to . 

hydro}Wl gra;;;up ~n.d sn~o~sn skeleton. A broad and med1um int oosity 

band around 3250 cm·l .1$ indicative of hydroxyl. group. Tb.e presence 
. •l. 

('f.: ot a b!'oed, ·medh~.m intensity band around 570 em indicates 

Sn • o - Sn linkages (S4) which is supported by the pr0.sance of 

~- sharp ir absorption bands at 760 cm~1 and 773 em •l" 
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The following structure is consistent with the elemental 

analys~s and spect~al data. 

au 
I 

Gh -sn o o 
1 
OH 

Cal~ulated for 

Bu. 
I 

~ sn - o -
I 
ftU -4 

(XLVI) 

(t1.i) UV .. visible speetrum & 

Bu. 
I 

sn- ch 
J ' 
OH 

Bu .!!. C4It co 

en !! c1o l{G u~ -

. The compound shows a eiharp absorption ·,band at 228 nm and ·two 

I 
I 
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shoulders at 280 run and 330 nni. The pa tt em of absorption is similar to 

l•nitroso•2•napthol and those of yello~ compounds obtained in tho 

present study • .t-ioreove:r the position-of absorption bands remsins 

unchanged in DMSO indicating strong co-ordination tlith the tin 

atom. ·rha electronic spectra is shown in the figure • 21. 

( iv) IH spectrum : 

'I'ha lR spttctrum of the c¢mpound shows the pros€t!.ce or sr;.-o.sn 

linkage (610 cm·1 , 57a cm·1 ). 

~he compound 1~ identical ~itn the compound prGpared by 

Hehrotrn etal (44) by the :raaction or dibutyl tin dichloride with 

l•n1t rono•2•napthol. 

EJ..emen·if€51 analysis corresponds to the formula XLVII 

(XLVII) 

.~- Calculated i'or 

- I 



lf'igure 

I 
-' 
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( '/::!) R t · ot · i h nul tin : chlOI'ide with di.acotyl monoox:tme. J..u .eac 'l.Of\ '(;)? p a ... ..,_ ...... ... "'I • __ ....... T _ __, ........ ,._, • ·-·· .,. .. ~...,......_,~ ·~a-n 

3'8 g::us o:f tr1phenyl ts.~ chJ.ari.d$ w~:;v5 :r.eflu,::r.ed. with .1·1 @11s of 

diaeetyl monoo:rl.m0 :tn 100 rnl benzen.e fcl'r aE:r~H~n nou:rs. Tl'le white 

solid (0·"(5 gm, l6A) llfhioh sopal!'attetl was i'iltel:'ad of!. It was 

._ .. __ pu:rlf:i.e·d. by WtlSSt'dng T(1j,l@fltadljr With hot l;;an~6ne. r.fhO .:t'iltre.te On 

further 11e3~ing ftu"'nislled the sama ,~-th'!.te· soli<l .slC~'-fll~r cvar e. long 

{ 1) It :ts infusible u:9to 360°. 

( ii) It is insoluble :tn R.ll coxmnon solvents. 

(i:ti) IH spectrum (figt1re • 22) 

A very broad and strong &bsorptt.o!'l ~round 3400 ~-l ind:1t'!atos the 

pxoesooce or hyd.roxyl g;roups. The strong al:H:lorv·tion at 1095 cm·1 is 

indicn.t:tve o:r tj.n • _phe~y.l g:rilup·, trlhi~h 1:~ assi$~n.ed to a C • H in 

plane defomation mod') (52). 1l:b.e p:resenee or phenyl group is a tile 

further supported by the :presanct! ,r>f ohnract;er1sti.c ph.~nyl ring 
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1=-' vibrations. Presence of • Sn • 0 • moiety is shown by ·the absorption 
~ 

at 570 cm·l (Mr. 

iln the basis or present ·data no definite structure e.$n be 

suggested. However, the analytical dt1ta corresponds to formula . · 

XLVIII which is also consistent with tha apeetrel data ~nd physical 

characteristics. 

ya f f l ?s CsJis .• ~n e a • fn 0 • fn • 01i 

en Cb Lf Cb. 

(XLVIII) 

t.. l A .p d c - on~•C*X.>d tt a·?~ - u iii s•l"""~.? ., Sn it .1.3•!Jt"d nnf!. YZJCJ.S, J;OUn , ' ... iau fOlf' ; .!. ... iio Vp ' 4" \i1'7f.• "' -V/0 

To a solution of 4 ·1 gms of tr:tphenyl tin acetate in. 100 ll"J. tenzane 

;;~as added 1 gm of diacetyl roono ox1m'!!. ~hen i't 'Mas reflnxad for 
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seven hours. l;'he residue ( a -lni>:tiure or a white and a yellOt'l solid) 

~Jtu1 fil't·e:recl o.r,r.. The mixture was boUed ~.;itb chlOl"Oform and 

f1lterod while hot •. Th.e fUtrate furnished l gm of a wh1te erysta• 

lline cqmpound on cooling.(l?A). The yellow .product (l?B) remained 

insoluble. Thr; la1:.ter wa~ purif..ied by washing ~epented11 wi't.h hot 

chlorot'o:rm. ~~e fUtratcs ai'forded o·ea gms or the white compound 

and o·sz gms o! the yallo·w product aftf.lr repeatat1on of this process. 

Ttle compound has been id!W!tifieC a9 phenyl st~nno1c a(~Hrte.ate 

[CsHcSn(OCOCH~)O]n, b~C:3USO Of CO!llylBte ider-,·t:tty Gf its !:S s~eetrum. 

with t'ha.t Ctf SA .. 

ldr;:~Ttifice·tton o£ 178 
~"'~>"~~.~~~~ ..... " ... ,......,....,~--~~ 

ThG coroposit·ion is ·;ariehle a~d. as SI.H!h n~~ (l<!!!'in.ita .fOt'i:tnlla cnn be 
I 
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mono oxime was rei'luxed 1n lOOml benzene for several hours. The 

reactivn was extremely s~ow and furnished only a small am~~nt of 

in.::soluble end infusible white sOlid along with unreaotad alpha • 

benzil mono oxtmG (m.p. l39°) •. Tbe whita solid is probably a 

mixture of a number cf' polymers as .elemental analysis do~s not 

correspond to any simple formula aa such the sol1d. could not be 

characterised. 

(19) :rte~ction of triphGnyl tin acetate with alpha • benzil -- .. ..,....., __ .,. ________ ...,;:;.., ____ _ 
mono oxime 

4•1 gms of tripb.enyl 'tin acGtate t.-ms :rafluxed with 2•2 gms or alpha• 

benzil mono oxime for seven hoUrB tn benzene. C~ standing tor one 

hour 2"1 gms of a white crystalline compqund (l .. 9A) was crystallised 

out. It t~as filtered, washed several ti1nes w1th hot benzene, then 
' 

rec:rystallised from chl.oro!ur·m .. The !Jilt :rate fttni1sbed 1• 5 grr,:s ot' 

unreacced o<..-benzil m.ono oxime and 0'7 1§!1 of tl'':t.phenyl tin acetate. 

f 
ldenti:ficet1on of 19A 
••• . • .. • ••• lt!:£ttACt 

This compound is infusible upto 360° and sparingly soluble only in 

chiorotox'm• ·rhe IR spectrum is identical with that or phertyl 

stan.noic acetate, [C()HoSn< OCOCHa>O]n, thus showing· the white solid 

t(J be phenyl stf~tWi.CiiC acetate. 
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: •'. 

I • 

· xo· a solution or a•s @iG ·ot· trlpbenyl· ;tin chlol'ide' in 100 ra1 benzene· 
was ·:added· 2•2 sms ·or ·ban~oin' O)tima •. It was r·et'luxed· for seven hours. 

. . . 
On standing for· one hour o•G am: ·or· a whits eo-mpottnd cr7trtaliis$d_ out. . . 

·It. was fUtel"ed, :washed. severai timeff with petroletu'». ether and eol4 

:' m8chanol and.- f'inallY reeryata:I:l1sed frelln benz.ene • pet mixture. The 
. 

filtrate was concentrated and the small amount or tbe precipitate 

· wa$ filtered ott. To th~ til.t.1'ate petroleum ether ~!as added ~hen 
. . ... ' . . . . . 

s•s EJua of a: ~h:t:te cry·Btalltne COMJJO"!.ltld (20n.) $eparatotl 01J.t. This 

compound 'lr1aS 'Wabsed U:1th hot pet :roleuo,n ether r.md. C\>J.d rl~th~mol end - . . . . 

t':tnel1y })U~if:1.sd bi~· l'~r.,::-,rsto1J.:ts~tio!! tr,o-1':1 bq:nz«n\~ .. p~ mi.l.-"tllre · 

(m.p. '2!!30° J r 

... 
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(111) IR spectrum : 

The lR spectrum of this compound bas been discussed 1n detail 

under the seetion • st:ructural aspects of the products•, where the 

following structure has been suggested. 

(XLIX) 

Calculated for 

(21) Reaction or tr1phenyl tin acetate wj.tli benzoin ome (cupron). 

1•1 ema of triphenyl tin acetate was refluxed with l•l gms or 



" 'I • < 
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benzoin oxime in 100 m1 benzene for seven hours. It was then 

treated with·· excess ot petroleum ether \ihen 1•9 grns of' a white 

c~mpound (21A) crystallised out. It was filtered, wasned with 

petroleum ether and finally recrystall1sed from benzene • 

petroleum ether mixture· (m.p. 232°). The filtrat'e on ~ncentra• 

tion furniehed a small· quantit1 of unreacted triphenyl tin 

acetate. 

Identification of 2lA 
-----~--------~-- !· 

The compound exhi.bi,ts following eharac:ter1seics ;. 

(i) It is moderately soluble in common solvents. 

(ii) It melts.at 232°. 

( 111) The IR spectrum and _o·ther characteristics are discussed in 

detail under the section, •structural aspects of the products•. 

On the basis of these data and elemental analysis the 

tollowing · struc·tura has· been suggested.· 
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(L ) 

Calculated for 

. 
c3~28 o9 N 2 sn2 s c • 45•7~ 1 H • a•o?/> , an ;; oo ·:as~ 

./ 
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CHAP'XER • IV 

On preparation or organot 1n carbOxylates by the 
reaot1on or organot1n bydro:ddes witb es·ters. 
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IV A Introduction t 

Despite the tremendous amount ot work already done on orga• 

not1n carboxylates, interest in compounds containing • OCOSnRs 

group still continues. 'rh1s is partly due to the grOWing importance 

of dif'fent types of orgenotin carboxylates in the industry and 

agriculture, and partly due to the variety of structural i'ea.tut"ea 

toun.d in organot1n cerboxyletes •. 

Organotin cerboxyl$te$ are generally prepared by the reaction 

or organotin oxides or hydroxides with oarboxyl1c acids and their 

anhydrides (1•10) 1 

1. 

~SnOSnfb + aRCOOH ~2R3SnOCOR + ~0 

' fiaSti0SoR3 +· (ROO )2 0 -72fl.3 Sn0COR 
I I 

RaSnO + 2 R COOH ~ RaSn( OOOR )g+ ~0 

(l) 

(2) 

(3) 

Tbe water produced in these raact1ons is removed usu~lly be azeo­

tt'Opic distUlation or a.lterna·tively by rerluxing at higher 

temperature 

(II) OH 

B\laSn0SflBu3 + <- 5 COOH 
_,OH 

2QooosnBua (4) 



~ 
~: ,, . 

- 163 -

R~eently a n:umbar of tin thiophene earbOXJlates (35) of tha t~e I 

and II have b~en vr~pared frQm t~1ophene carboxrl1c acids and n3snOB 
or (RsSn>~. 

R ~ Ph, Bt 
I 

R !!. Bu,Me etc. 

(Ia) (I~) 

Organot in ca:rboxylat_es have also been prepared by the reaction of 

the correspondin~ organot1n halide w1th the alkali metal or silver 

ealt Of carboxylic acids either by $t1rr1ng the reactants 1n mixtures 

o! organic/ aqueous. 'medium at room temperatul.'Je or by Tetluxiog the 

~xture (91 12•14). 1b1s method represented as 

I I 

Sa SoX + B COOM ~ lJaSnOOOB + MX (5) 

M •• Ns, K; Ag; X • Halogen 

is ~req'l.lently usec:i i'or its ~tmpl1c1ty. 

Tba ab1lit7 of carboxYlic aeids to cleave metal carbon 

bonds 1a tbe basis ot yet a not: her method tor. t be pr.eparat ion or 

(6) 
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r.Phe cleavage Of organic groups depends on the acid st reng·th, nature 
I 

:Jf: of the gx~oup3 R and R and also on temperature ( 17 • 19 ). Vinyl 

groups are cleaved more readily than normal alkyl groups but less 

readily than phenyl groups. Pb(OAc)4 bas also been used for acylation 

or RssnH, R2BnH2 ,(RaSn):a , R4Sn and (RaSn)2'> (20) •. 

Kuivila (21) showed ·chat the reaction of organotin hydrides 

with carboxYlic acids produces carboxylates eecord1ng to follO\dng 

equation. 1 

I 

R3Snti + R COOH ~ R3Sn0COR + H3 
I I 

R~nlla + m COOH ~ RgSn( OCOR )2 + aHa 
I I 

R~n( OCOR)e+ RefJnH2~2RgSnH( OCOH) 

(7) 

(8) 

(9) 

with di n • butyl tin d1byd~1de, the intermediate bydride ace·tste 

decomposes to te.tra n - butyl d'laeetate. 

·2 BugS~+ 2 CR 3COOB---?- 2 Bu~nH(OAc) + at2 (10) 

2 Buaf3nH( OAc) > Bu.:l,ln~ snBu2 
r 1 + H2. (11> 
0Ac OAc 

Using similar.metbods l~B dicarbOXYlates have been 

prepared ( 22 • 24) 

I 

2 R2 SnH2 + 2 R coon ~R sn--SnR 
· . · I I + aH2.. 

OCOR OCOR 
. (12) 
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The nature ot t be products sometimes depends on the carboxylic sold. 
1 ' , I , ' 

0 
• I I • 

_. Action of benzoyl peroxic1e on d.i•n•butyl tin dihydrida also prQduc•s 
, I 

the 1,2 dibenzoate (25). 

Halo carboxylate derivatives ot organotin compoun(J.s are moat 

conveniently' prepared by heating eqidmoleeular 'mixture ot the 

dihalide and. the carboxylat·e in an inert solvent (26127) 

(13) 

~btse may be pr~pare4 bY the following reactions also (28,29) 

I I 

Bu~tl~~2 + KOOCR -?B\12SnCl(OCOR) + KCl (14) 

Anhydrides of an unsaturated acid e.g. maleic anhydride forms 

disubs·tituted organotin ·eaters when reacted wi.th hexebutyl distannoxan• 

(30) 

00 . 
HC- oY" . HO • COOSnB\.13 

II )o + <waSn>;;P ---""'+ · II · · · · 
He- c~ ao • coosnau.a 

~0 

(15) 

A novel met~od .Qf prepara.tion- ot trialkyl tin nceta~te b.Y electro• 

chemical mtrtbod using R~.,So (where R !!! .Me, Et, Pr, Bu) and Hg(l) 

acetate have be&n described by Tagliav1n1 and hie co-workers (31). 
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I 
Tricarbo.xylates derivatives of .the type BSn(OCOR)a e~e 

·usually :prepared from. the eorrespond1ng tr.ichl.oride by the action 

of' silver sales of earboxyli.c acids (32). 

Anderson (33) has shown that ·tr1athylt1n carbOxylates can 

be prep~r.ed in good yields by tba fOllowing react1o.n a 

(16) 

clearly, prgenotin hydroxides would undergo similar reaction aceor­

di~g to the .equation; 

I I 

R3SnOB + R COOEt ~ R3SnOCOR + EtOH (17) 

Since the organotin hydr<>xides can ba easily prepared trom 

· ·the corresponding halides by shaking an ethereal solution with 
' 

a~eous ~odium hydroxide, and since no d~ying or the product 11 

necessary unlike (RsSn)~, it. was decided to 1nvestisate the scop• 

and ~uits b1l1ty or the methed tor proparat1on of different tyPes 
; . 

of orgenotin carboxyletes. The resul·ts ot tbts investigation are 

presented 1n this chapter. 

IV D Results and discussion 

~ .ii sum:-naey ot tbe ra~ct1ona studied are given 1n table 1. A8 

ean be seen saturated carboxylates like formate snd acetate are ...._ 

I. 
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obtained in almost quantitat~ve yi~ld. With ~n~t1onally substituted 

~, e~ters like_ClCH2POO~b_eqd CNCB2POOEt: the yield are fairly high. 

FurthGr• no ·s1d~. products or polymeric pro.;iuete are gs~erallY formed. 
' 

The method is. ext~emel.y suitable for t~ pr,eparat~on .or hslt esters 

or ti1carbOxY11c acids ot the type RaSnOOO(CH2)nCOOH. Attempts to 

prepare :PhsSnOC.OCOOR by ·tbe reaction. of tr1pbenyl tin chloride with 
• • • • • ' • _J • 

sodium hydrogen oxalate (mono sodium derivative 1n ltl mole ratio) 

always l':'d _t9 t_he formation of PbgSn(OOC)gBgO. Even, the re~etion ot 

Phasnol witt,l (C00Na)2 in 1:1 mole ratio produoed d1phenyl tin o:mlate 

through. cleavage or sn • Ph bond instead of the desired Phasnooc. 
~ cOONa. However, the halt ester Ph3SnOOC.COOEt could be easily prepared 

in good yield by stirring tr1phenyl tin hydroxide with diethyl oxalate 

with. an el(cess ot the, la!;·ter. Belt etters ot diethyl ma~onate could 

also be obtained s1m1ls.rly. It is worth mentioning here that 

· ~ as(OCO) of the ester, group in ·(tr:!.phenyl ~in) mono ethyl oxalate 
. . . . l ' 

PhsSnOco.coocaas occur• at leBO em.· This val~o is considerablr . . . 

lovser tba!t· that observed in no~mal esters (1720 • 40 cm•1 ), The 

lowar~.ng of. V e.s(OOO) is 1nd!cat1ve of co-ordination b;y the a. C • 0 

group or the ester. As sucb (triphenyl tin) mono ethyl oxala:te is 

moe·t probably intramolecularly co .. ord1natad as shown in structure n. 
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On the contrary, (triphenyl tin) mQno ethyl malunate absorbs at 
~ ~· . ·. . .. 

1730 em and 1650 em indicating the p~esence ot unco-ord1neted 
·. . ...... · /o,J>~ . 

ester group probably 1ntermolecularly bridged Sn C . Sn • 

as in triorganotin fO~IMtes, ~cetates etc. where Vas(OCO) OCCUX'I 
. . ' 

•1 . . 
at abOut 1550 em • The reason for tb11 d1i'ference between the . ' . ' 

molanate and.the oxalate derivat1~es are not clear. However, it may 
' " . . . ' 

be that .tJle &-m~mbereci Sn conta~n1ng ring in strtlcture. lL is probably 

.more stable. than 6-membere4 ring (m) which would be required to be 

formed in tho malonat.e d~rivative it. 1ntremoleoular co-ordination 

takes place, In that ~ase inter molecular co-ordination ma:r be mor• 

favourable in the malonate derivative. 

Ili 

The method however fails with benzoates and substituted 

benaoates. T~s no .orge.notin derivative could 'be- obta.1ned -v1ith 

p .. am1no • or p • nitro b~nzoalia~ This is probably due to the 

·~ f"ac1le hydroly$1S of t:d.phen;yl ·tin ban,zoates by ·the water presnet 

with the·organot1n hydroxides.· 
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It may be said in conclusion that the method seems to b& · 

preferable where pure derivatives are req~ired, partieultu•ly when . 
there is a :tendency for the formation of polymeric prodUcts in· tho 

roa.ct.ion \)ett~een thG organotin halides and the soatum or polass1um 

earboxyla:tes. 

The summary ot the r~aet1ons of orgenic esters \!11th organotin 

hydroxides is given in the table•l 

Triorgano~ 
tin hydroxides 

(l) 

Te,ble • I 
D• - •a...-;1 

Esters Of :·conditions Prod;t.1cts Melting 
c~rboxylic·Of reaction formed point 
acids 0o 

Yield Of the 
pro~cts 

<m c~ <Q <m (6) 

. . . 

St~rred at HCOOSuPha 20~ 
room tempera- . 
ture tor 
eight hours 

Almost 
quantitative 

6tirr•d for CHaCOOSnPh3 Almost 
e1g~ hours 121o qUanticat£ve 
at rdom tem-
peratu,.-e 

.. St. ir:r~d a·~ CHaQOOSnPba . 
room ~e~pera• 0 ture ror 121 
ei Eht\ hours 

I"'"' 
·J r 

Refluxed !or ClCH2C00SnPb3 5 hours in · llS'"'"' 
benzene 

Almost 
quantitative 

Almost 
4.1U ant ita tive 
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Table - I Contd. 

(J.) (2) (3) (4) (5) (6) 

PbaSnOH CNCHBJOOC~5 ftefluxed CNCHgOOOSnPhs 141° 60~ 
f.or i'1ve 
hours in 
benzene 

Ph3Sn0H Oett50COCOOC:A;Refluxed c2B5 0COOOOSnPbsl27° 8~. 
for fS..e 
hours in 
benzene 

Ph3Sn0E CrJ150COCiisOOOCgH5 
Refluxed 
for five 
hours in 
b&nzene 

F'ei'luxed 
for five 
hours 

Refluxed HCOOSnBqs 
t'or :.t'1ve 
hours 

Almost 
quantitative 

Almost 
~ant it at 1 va 

lfn•30°/ Almost 
3mm . ~ant1tat1ve 

Strried et C82•CHC00Sn8us 63° 
J'OOm tem• 

Almost 
quant it at ive 

perature 
tor sight 
hours 

Ph3Sn01l Cf115COOOrJ:I6 . No easter formed 

. PhaSnOH p·!li~dJ4COOC~5 !1o easter !ormed 

PhaSnOR p-rroe:=GI4cooceas No easter formed 

, Ph • Cdls • 1 Bu • C~9 _ • 
~. •: 

(l) P1lr1f1cat1on ot• ethyl formate, ethyl acett~te1 butyl ·acetate, 

d1etbyl oxalate and diethyl ~onate : The esters, ethyl formate 

(b.p.53°), ethyl·"acetate (b.p. 76 • 77°), butyl acetate (b.pa 125°), 
' 0 0 

d1etbyl oxalate (b.p. 182 ) and diethyl malonate (b.p. 198 ) 



·were thoroughl;r ~aahed first wd.~t.h sature .. tfJd sot~iuJ& bicarbonate 

.- solution Sll'ld ·thea repeatedly with water. !:hey ~~are d1:~i0d over 

tdlbyclrous Mg$04 and t1nally distilled. The ~aet two esters ~t~ere 

distilled under reduced prB$SUFa. 

( 2) f'repz;u-~t~on of_ etllYl cbJ.O:t'Q· acetate 1 

~tbyl chloro acetate was preil~ed by reflu.:.dng chlor.oacct:ie aeid 

ilith ethyl f&lcOhol in preeet'I.C& Ot .concenbrst9d· Sl\lph'U~·ie S:1Ci\l. The 

water p¥'0duced 1~1 thiB reaction· was remov~d by az~t:ropie di~t1ll6• 

t ion~; the residue left iitl ·ijb.fi tii1still1ne fla.sk was ~dded to ·water 

\'zhen t~hs est•r separated as av~ o1ly layer. :rne layer war. separated, 

Yash(~d \11th saturated NaHCOa solution, dried over. anhydro~ua l·tg;~o4 
Gild finally d1stUled when pure e~-hyl chl.o:•o a.eetate, b.pe l4l0 , 

(3) P:repa:r~tion ot: ethyl cya.no ~cetDte ; 

J~thyl c:yano oeotat tt was prepared acco:rr:t:l~g. to 'C'bG met; hod described ' 

by V'ogel (34) 

(4)- .f:J:repar~_tion of tr:L phenyl tin hyara:~tid' 1 

1?haSnOH was prepared by shak.ing an Gthere~l solut; ion of tr1 

ph~t~;rJ. tin cblO.'t"'id$ with 2"9 aqueous solution ot' sodiur-11 hydroxide. 

:tne whit~ ,sol.:J.d prec1p1tatl>$d 1'18:$ filte:red anti lia.sh&d thoroughly w1tb. 

~at er to remove sodium hydroxide and then with ether- to r~move any 

~: un.t~htm~edi triphenyl.tir! chloride or bia ('lir1phetlyl ·tin) oxide, whieh 

~":11 bs :rorm~d du:rinf~ the re&ct ion Pbsfhl.Oti WrA.e dried in air~ 



(5) Prepa,ration ot tr1rotyl t1n ~yd:ro%ide a 

BuasnOB Was prnpar~?i' by ·shaking· tribUtyl ·t-in chloride in e·the:real 

solt,tion ·with 2N aqueous rrav'R. 'f.he athers:al solution '"I'IStS w.ashetl · 

thoru1;,ghlt 'llt1th ·water. 'I'hi~ solution wtu~ used tn the reeotio~ with 

ester$ l}l:tt ar · dt"Ying over. anb.ydl"oua calcium chloride· .. 

(6) :R~aetion of ~r1ph$t'!.yl tin h.y(}roxidG wi,t.h ethyl fo:rmats 3.6 ~ 
. .. . ' '- ' 

of tl'iphenyl tin b~droxide wn~ st,~rrQ4 1n 1.0 ml ethyl :fo,:on1~t0· for 
,'•. 

eight hou:t"s. ·Addition. of e:ncez.$ ·of p(Jtr·ol~m ·eth~r to the rolutt.on 

or t::he. smne eompotuld ;on ev:)tporst :ton !learly to dryness· and eoolinmc. 
1 

·• ' • : 'l'he' p~oduet 'was cryst-allised. fro~ petrole~m: 'etb.~r (m~·p. ooi0>~ ~n~ 
1detlt1f19d a.s triphanyl tin formate bY nd.aed melting. po11lt and J~ 

(7) f.'{e~e;r;ion ot trib-\ltyl tin bydrox..1de ~ith ethyl i'Ol~ate : 

s.2 gms ot trtbutyl ~in Chlo:ride w~!!J conve-rted to· trl.butyl tln 

'bydro;!.id~. 1'he ethereal :soiution ot' the latter was refluxed w1th. 15 ml 

at et;hyl :tormnta !or f1v~ hourse ·!Jnreaeted\. ~thyl. formate w~B evaporated 

ott:, tbe retJ1<tutt- ws~ treated ·with petroleum ether snu tilte:red~ Th$ 

paty•oletun G'~ber was'eveporated ott and the liqu1c.l was pur1fietrw 

• I· dist.1J.kt ion under I·t?nucad pr~s~~l"et {.S., ~-' lJ;r.,.arl~/a· m$). "J:he t'i'-!Jt111ate 

wae icl~tlt:it.1.~;Hi. a.s tr1butyl tin .ro:r~te by comparison Of IR spectrum 

,_--:" ·with ·t-h&t or· a.n autb.entie .ss,mple;. _..., 
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(8) Reaction of tripbenyl tin hydroxide with stbyl acetate 1 

3.6 gm.s of t:t~iphetiyl tin ·hydronda was stirre~ in 10 .ml ath;,1. 

scet~1t$ for eight hOU;t"!h l'he G01Ut1<m ·was ev.epOJ:•ated nearly to· d:cynees 

when 3•95 gm. Of a white crystaliine compound separated. Xhe compound 

was pttrified by recry~oall1sation from petroleum ethel~ (rn.p 121°). · 

J!he compound was idenuified as tr1pbem.yl ·tin acetate by miJ<:ed melting 
I 

3.2 gms of tributyl tin chlo:ride wei! cot'l'tl!rtad to ·tri'butyl ~in 

hyd:ro:x1de. The $tbereal solution or ·tbe lat·tet~ ".!!as reflux(1d "\<Jitll 

15 cc $thyl acetate tor five hoursG The solution on evaporution 
. . . . ' 

furnished 3.3 gms of the erude ~roduot. On reo:ry6tal11ettt1.::>n from 
. . ' . 0 

petroleum ethe1• pure trib!ltyl tin aeet;ats, mop• So-81 Wa$ obtained. 

The pr-odt'ict wa~ iaentitied by mixed melting point with ~lu·thentic 

aample. 

( 10) React. ion of tr.ipht.myl tin hydro::t!de with butyl acetate : 

3.6 gms Qf. trtpbenyl tin hydroxide was stirred with 10 ml 'tutyl 

acst0.tee The solution was evaporated to dryness wh~m 3.9 ~s of a 

white solid tt~as obtained which was reorys~allised twice :t•rom. petroleum 

·ether to furnish pure ·triphenyi tin acetate, m.p. J.2l •122°. 

( 11} React ion. of tr1phenyl tin hydroxide w1th etilyl mono chloro 

~, .acetHte. 

3 .. 6 gms Of' tr1phenyl tin hydrOXide was rerlttxad wit;h 8 ml carefully 

pur1.f1ed ethyl mono chl~t·o acetate for 5 hours ii1 is ml dry benaene. 
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3 ... 6 gms of tr1phenyl t1n· hydroxide vas re:t:luxed with 3 m1. ot 

pure ethyl cyano ~cotate in 15 ml benzene for five hours. o.?2 gms 

of a \1lhite polymer-ic solid (m.p >360°) was fil·tered otf. The 

• filtrate on concentration under reduced pressure furnished 1.1 gms 

of $ polymeric compound ( ra.p >aeJ;)) again. The filtrate was mv~pOre• 

tad to dryo.ess under redUced pressure then r~erystall1sed from benzane 
. 0 

when 2.3 gma or. triph·~nyl tin cynno acetate (m.p.l4'1 , no depression 

in mix~d melting point determination) was obtaine~. 

( 13) Reaction o£ tributyl tin hydroxide with methyl acrylate : 

1.5 gms or triou·tyl tin chloride was converted to t:ributyl tin 

hydroxide. Tb~ethereal solution of the latter was stirr.ed with 10 ml 

of methyl ncrylate for ei~ht hours. A small amount or white solid 

formed was filtered off'. The filtrate on conce~trai;ion ga.va. a semi• 

s~lid mass ltlhicb furnished 1.3 gma of. a crystalline solid by eooling 

in ice. 'Ehe solid was crystalJ.1sad twice from petroleum ether when 

pure t:ributyl tin metbaa~ylate (m.p. 63°, lit. value 63°) was obta1nad. : 
I 

! 

.I 
I 
I 
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(14) Heact1on or tripherirl ti:n hydroxide t-;ith .d:te~byl oxalate , . 

;3.6 gms of triphenyl tin hydroxide was refluxed with 4m3. of 
. 1 : ' . 

purified diethyl oxalate in 15 ~1 or penzene for five nours. The 

insoluble polymeric solid (~.p )360°.) was t'i:tl'l~ered orr. 1'he :filt~ate 

wa.s evaporated nearly to dryness··when 3.5 gms ot e wb1t0 compound 
. ' . - .. •. . 

crystallised out. It ;r~as purified b:r recry:stallization tw1ce from 

benzene .. petroleum ther .mix:tur~ (m.p. 12'1'>) 

lde~t.if'ica·t; ion or the compO'I.l!.ld : 

{1) Elemetitaf .analysis corresponds to (triphenyl tin) mono ethyl 

oxalate, c~5ooo.co.osnPb3 1 
i 
I - ' 

Analysis found t 0 • 55~42% ; H • 4.18~ ; Sn • 24.39rl 

Calculated t:o~ 

(ii} ~.rna presence or 'two non equivalent • coo groups in the molecule 

is sho~.:n by v as(OCO) ·absorptions at 1€80 cm·1 snd 1610 em.·1 • 'rhe ! 

l . h •li 1610 em• ··absorption can. be attributed to • C00SnR3 while t, e 1630 em : 

absorption is certainly due to the'Mi;OOEt grot.tp" However, the 

lortering or Vas(OCO) 1n' i;;he ·tin derivative eomp~red to its position in 
, . . •l normtJl esters ( rv 1 .. 120 • 40 em ) is indicativa ot· intramolecular 

co-ordination as shown below : 

I 
I • 
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(15) Reaction of triphenyl tin hydroxiae with d1ethyl malonate: 

3.6 gillS O! tri.phenyl tin ·hydroxide and 4 ral Of d1Gthyl malonate 

wns rei'luxed 1n 15 ml benz.ene :f'or· five hours. The solution waa . ' ' 

heated to evaporat.e ott benze~e snd tbe uqT,eaeted d1ethyl malonate 

was distilled ott.· at 83-SSl under reduced pressure.- The residue . 
r' • ·~ ., 

. 0 
(4.9 gm)was recrystallised fr;om 'ban~ene,when a white so1~4, ~·J?•l39 

. ' . 

we s obt a1ned. 

Identif'1c&.t ion ot the solid • 

(1) Elemental analysis corresponds to (tr.iphenyl tin mono ethyl 

malot'UJte,. Ph3SnOC!O.CHgCOOC~6• 

Calculated tor 

c2:Ji22o4sn ! C • 57.42-J' ; H • 4.~ ; Sn • 24.70% 

(11) IR spectrum Ghows th~ preseru~e or ·• coocl.H!> group ( l730om·1> 
and a carboxy group bOntiti!d to tin (1550 cm-1 ). Unlike the o~alate 

de~ivative, no lowel'ing or v as(OC_O) ot the ester group 1s observed 

hare 1nd1cati·ng the absence of co-ordination by the • 0009~5 g:tOUf.>• 
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