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Prerace.

R

Along with the tramendous growth in the industriatl,
agricultural and other apptltications of organotin cgrboxylates,
theoretical and structural interests in thiq class of compounds
have continued to grow during the last few dercades. It has also
been suggested that their practical applications are significantly
connected with their structures and great interest for the study
of organctin carboxylates has avinced among organotin chemists.

in almepst all prganotin carboxy]ates; uniess dictated by
steric factors, the soiid state structure consists of carboxylate
bridged polymers. Howewver, a bonding mode alternative to carboxyl
bridging, leading to either intra- or intermclilecularly coordinated
structure, may become possible if the carboxy! moiety contains a
substituent ca?rying a suitabty placead donor atom. This
possibility has, in recent times, gen=rated tremendous interest in
the soiid state strucfture of organotin derivatives of carbaoxylic
acids containing an additional potential donor site. Among many
such orgaﬁotin carboxylates the derivatives of substituted benzoic
scids, pyridine carboxylic acids and some aming acids have
rgceived much attention. Bug keto carboxylic acids, though
apparently capable of foraing intramoleculartiy . cheltated ring

structure, have not received adequate attention., This has prompted
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us to attempt the synthesis eof the organotin derivatives of
a-keto carbeouylice émids and fo investigats their specLiral

properfies.

The methods employed for the preparation of the organotin
keto carboxylates areg (i} reaction of the HNa-salts of the acids
with organctin halides and (ii) reaction of the free acids with
organctin Dxidés. While the reaction (i)} proéeeded as expscted
giving organotin carboxyiates, the reaction {ii7 produced a unigue
class of. addition compounds, 'in addition to the  carboxytltates,
depending on the reaction condition.

The results of these investigations preceded by a
comprehensive survey'of crganotin chemistry, are presented in this
thesis.

In Chapter-1 a'bgief review of the organotin chemistry,with
speciat emphasis on both the donor and acceptor behaviour of the
organotin ?Dmpounds has bsen presented. The formation of addition
complexes through donor-acceptor interactions has been discussed
in zome detail. )

The Chapter-11 consizsts of a review on organotin
carboxylates, emphasis being given on the stﬁuctural aspects, The
various structural . possibilities have been hightighted citing

extensiva examples from the literaturs. '

The synthesis and characterisaticn of 3  numbar of new
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organctin a-keto carboxyiates (RnSn(DCUCUR'}4ﬂ\ n = 3, R = n-~Bu,
th FhCHz and n = 2; R = Me, 1"_BUJ n_UCt: R' = CHB, Fh, PhCHZ 3
constitute the subject matter of Chapter-il!l. On the basis of

spectiroscopic data the tin atom, in some of ths organotin a-keto
carboxylates, has been shown to have attained 5 cocordination
number of six through inveolvement of the carboxyl moiety in both
inter- and intramolecular c¢oordination. The formation of a few
carboxytato didrganqtin hydroxides [RZSH{DCDCUR‘}GH. R = Me, n-BU,
n-0Oct, Ph and R' = ng. F‘hCH2 } are aiso.repmrted in this chapter.
In the last chépter, the isolaticon and ftransformation of a
few carboxylic acid adducts of the generat formula RaSnUH.R‘CDCDDH
IR = n-Bud, Ph, F‘hCH2 : R = CH3 and R = wn-Bu, R = FhChz lJ, formad
with organostannoxanésf triorganotin hydroxides, are reported. Ths
isolation of these unigue cémpounds is the most significant
feature of this werk, since an understanding of t?j formation and
structure of these compoundsl may pave the way fo design new
carboxylate ligands, with which one can, possibly, iscolate the

intermediate compiexes belisved to be the first step in the

reaction between the stannoxanes and carboxyviic acids.
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DONOR —ACCEPTOR CHARACTER OF v COMPOUNDS |

11 Introduction

During the last thres decades the coordination chemistry
of organotin compounds has expsrienced tremendous growth and still
continues to grow, due mainly, t2 theoretical and ;tructural
interests as well as due to the role 0% these coordinated species
as intermediates in wvarious synthetic reacticns and interesting
biocidal properties in many of thaese compeounds. The concept of
crganotin compounds as Lewis acids is of fundamental importance to
an understanding of many problams of structure and reactivity.

The acgepltor strength of the group VB a!émants follows the
seguence 8n 2r Ge »5i. Tin compounds form complexes wiﬁh Lewis
bases much more readily, though to a lesser extent in the lower
oxidation states, than S5i and Ge, which behave as acceptors only
when four strongly elscironsgative substituents are bonded to the
metal atoms. The remarkable Lewis acidity of tin is attributed
.primarily to the availability of d-orbitals of sufficiently low
enargy, compared to the lighter group IVE elements. Addition
complexes containing both - tetravalent and difa!ent tin as
acceptors are well characterised. Some of the important features
of these compounds are discussed here in brief. Additian complexes

of tin halides, though not organotin compounds in the strict sense



of the term, are alsc included in the discusesion for the shaks of

completeness and comparison.

Beside the dominating acceptor character, organotin
compounds often behave as interesting donors, an aspect not so

well recognised.
In the bivalent state, tin should be capable of showing
donor propertiss, at lsast in principle, due to the presence of

the 5Ss~-lone pair, Howsver, the <-dongr strength of the DHs-lone

pair in Tin ({]}' should be small, because the ability of an atom,
possessing a ltone pair, to act as donor, decreases with the
increase in atomic number. Tin {IVi, on the other hand, is devoid

of any 1lone pair and as such the donor property in Tin{lV}
compounds arises f{rom M.D.'s daelocalised over two or more atonm
centres. A short review on the donor abilities of organotin

compounds is also presented here.
121 Tivn IV Compounds as Adecceptors o

I21A. Relative Acceptor Strength :-

In the most familiar tetravalent state tin almost
invariably bshaves as a hard acid or class'A_acceptorL2 because
of its small size, high .pdsitive charge, absence of any outer

electron easily excitable to higher states and presence of empty



5d orbitals. The d—arbital; are of sufficientiy low snergy for
them to be frequently wused in bonding so that tin ecan readily
expand its coordination nUmbef above four. Consequéntly, detailed
studies regarding the acceptor properties of SnllV) compounds have
been made with RnSnx4q\ { ghere, n = 0,1,2,3,4; R = atkylraryl
groups, and ¥ = halogen, p?Eudo haiogeﬁ, Acl), NDS etg, } and a
large number of their compléxas with N and 0 containing ligands
are knuwn&ds.

It is well known thaé the tin tetrahalides have a marked
tendency to form thermodynaﬁically_stable six coordinate adducts.
Ag ° the hatogen atoms are successively repiaced by legs
electronepgative organic grbups the acceptor strangth‘ of tin

declines, but in general, the stability of organotin complexes

R . . . 9 .
seams %o indicateg that tin retains its class A charactar . Using

the difference between the dipote momenfs in dioxan and hexane as
s muasure of complex forming ability, the following sequence for
gececaptor strengths was obtained'.
SnCi  » PhSnCl_ » Ph SnCi_ » Ph SnCl > Bu SnCl.
d 3 2 2 3 g
The same seguence has also been found from both poteniicmetric and

conductometrie studies of penta-coordinated anionic complexes in

. ., 12
acetonitrile .

The coordinative bond strength in complexes between severai'

alkyltin chlorides and 2,2'-bipyridyi, as derived from

vt



. 1

thermodvnamic data is found to decroase in ithe order

N o~ N _

SnCI‘ > n-_BuSnCl9 2 {CH3)25n012 _ICszizanlz »oin Bu)25n812.
The acidity constant of SnCl:1 on substitution of one chlorine
by an organic substituent is deareased by a factor of
g a 2
4x410  (n-Bu) » 1.8x107{Ma) » BEx10 {Fh).

The same trénd is observed in the stability of the hexa-coordinate

. . 11
organotin anions , where the sequence

2 2

— —2 .—z . -—
SnCld > RSnCl5 » HzSnCi4 vy RBSnCIB

. -2
is observed and there are no reports on the sxistence of RASnCIz

ions. Anionic chioride or bromide complaexas are atlso Uhtained mare
gasily with PhSn(iV¥) than with HMeSn(IW)**. The guantitative
relative acceptor strength of three organnfin {trichlorides and
SnCl4 va aniline bases'' was found to be |
SnCi4{6?0) » PhSnCla(lzl p MeSnCla(?) » n—BuSnClg(l).

For the tintetrachlorides it was found that complexes wsre formed
with decreasing stirength as the halide changed, in tha sequanceﬂ
F » Cl » Br » 1. The quadrupalelspiitting in the Mossbauer spectra
of HEHSHK compounds with a seriss of donors was alsoc interpreted
in terms of the acceptor strength of the MeSSnK moiety and showed

that the pature of the ¥-substituent influenced this sirength in

the orderc F R | r Br v OH , The tandency for compleax
farmation by organctin halide systems was also studied by paper

etectrophoresis and anion exchange paper chromatrngraphy. The



results indicated decreasing complex stability as a function of

1 T - = \
the halogen substituants‘ + F x> Cl » Br » » Br ¢ 1
On the basis nf the foregoing gbservatiens, the variation in
the acceptor strength of the RnSnx_‘_n ctompounds can be represented

conveniently by the following tabuiar form >

Decreasing acceptor strength of R4Snx4ﬂ\

p)
X NCS F >» Cl > Br > 1
R Ph ¥ Me > Et > Pr » Bu
n- SnX > RSn¥_ > RSn¥ > RSnX > R Sn
' - 4 4 3 -4

121B. Conseguances Bf Acceptor Charactér -

(i) Intermotlecular associatian E

As a manifestation of this remarkable acceptor property,
tin increases its «coordination number above four in solid
organotin halides and pseudohalides by extensive intermoiecular

12,18 - ) . P
+ These compounds are monomeric with tetrahedral

association
tin atoms, only in the vapour phase or in dilute sociutions in
- 17
nan-oonducting solvents .
d-ray and Mossbauer studies have shown that triorganotin
fluorides consist of planar organic groups and fluorine atoms

arrangead alternately, with non-iinear asymmetric Sp—F-—--5n

bridges [11°,



The lower alkyltin chlorides also have similar structures whereas,
triphenyltin chloride contains discrete monomeric species with
four wcoordinats tin, BSCE MER data swuggest fThat friorganctin
chlaorides with larger alkyl and aryl groups undergo phase change
to associated structures at tower tamberaturasiﬁ

Dug to their weak Lewis acidity and iarge siza of ths
halogen, triorganotin bromides and iodides favour a monomeric
tetrabedrat structurs in the solid state. "¥Sn  Mossbauer

spactroscopy  indicates that at 80°K  ths lower trialkyl tin

bromides and iodides adopt associated structures containing

. . 16
penta-coardinate tin .

In the solid ftriorganotin pseudohatides, the pseudohalogen

group bridges planar RSSn units to form infinite linear or zig-zag

shsins . Even R Sn¥ compounds { where % = C10 NO_ BF  AsF _ 1,
L4 <, 8, 4, o
which may .be thought as being ionic in the solid state are bridged
polyvmers avoording to I.R. dats o, The starically hindered
triorganntin halides and pseudohalides having bulky organiec groups

are monomeric with tetrahedrat tin atoms.

Diorganotin diftucrides consist of infinite two dimensional



sheets of tin and fluorine atoms, with mach tin lineariy bridged

to its four neighbours and having trans-octahedral tin atom

configuration [111*C

St T _,Sn

T~
-“""Sn/
,‘F/l RN
MH“M
R

Sn

il
in other dialkyltin dihalides and pseudohatlides Lthe intermolscular
association is weaker énd the tin atom has distorted trans-stnX
enuironmantid  PhZSn612 containg distorted tetrahedral wmelegular
spacies with weak or no intermolecular associationtg.
The 1.R. and Raman spectra of methy! tin trifluoride are

indicative of both bridging and terminal halogen and a polymeric

structure [1111 containing octahedratl tin in the solid phasazo.

Me

Feo. , F
“""Sn/

F/[ e F
F

Il

as 16

The vibrational and NQR (°°Ct and "'Br ) spactra of the other



MeSnKa { ¥ = C!l,Br,1 .) compounds are indicative of similar
associated structures in the solid state.
{ii¥ Solvation :-

Addition of solvents to the RnSnX*qFDmpDunds usuatly
destroy their polymeric structures and . produces solvated
organometallic complexes. The ability of the coeordinating solvents
tc act as ligands has been studied mainly by FMR and Mossbauer
spectroscopy. In the' NMR data, the increase of the tin-proton
coupling constants J PO g W thought to be relsted to
the c¢hanges in the hybridisation around tin on changing from the
tetrahadral spa state in the pure organotin compound e a trigonal
bipvramidal configuration in the penta-coordinated tin complexes
and to an woctahedrat configuration in the hexa-coordinated tin
compcundsﬂ} The relative nucleophilic character fﬁr a searigs thus
established is : DMSC ~ DMF > HOH > Py » MeoH > MeliMe ~ MaCO0OMe >
Diokan > Meger M=CO0H > MeNDz » PhCi r~ CCI4. It should be noted
that 0- or HN-donor solvents solvate organotin compounds more
efficiently than 5- and P-doners, e.g., EtzS £ EtzD ;s DMTA < DMA
HMTAPT < HMPTA BUSP { Py etc. This behaviour is typical for hard
Lewis acids.

The quadrupole splitting observed in *’Sn Mossbauver studies
aef the interaction betwaen n—BqunCizand a number of arganic

coordinating solvents yielded the following sequence for their



relative nucleophilicity : DMSO » DMF » HMTAP > DME > THF » DEF 7
Et 0%,
2
{iii} Formation of addition complexes :-
The tin tetrahalides form both-ionic and neutral adducts
with an enormous range of monodentate ligands and most of these

have the composition SnX4.2L, though 1:1 adducts “ave also been

z1 2z
raported ™. The 1:2 complexes have octahedral geometry , wherweas,

1:1 complexes are trigonal bipyramidal. With some monodentate
tigands baoth 1:2 and 1:f{ gomplexes may be obtained, e.g.
28,24 . .
Sn?{".ZFBug and Snﬁ.‘.FBu9 . Bidentate ligands generally form
. , 25-3u

1% zomplexes having octahedral tin atom geometry . &
bidentate ligand can alsc act as a bridge bestween SnK4 units
riya,

cr ! ci o,

— N >sn [ NG=- (CH_)_-CN ‘Sn— NC—
Ve z s N
Ci Ci

Iy
. . . \ . az
However, scome bidentate ligsnds, 9.g8. o-amino benzonitrile , or
. . . . L . . 38 .
amide derivaltives of hrdroxybenzoic and anthranitic acids , give

SnK4.2L compliexes as well as Snx*.L complexes. Many bidentate

-

Schiff-bases act uniformly as monodentate ligands forming SnX4.LL

2Sh, 94,35 L. . .
! . Transitieon metatl darivatives of

typeg complexes
polydaentate Schiff-bases [Vl may act as bidentate ligands and add

on to tin tetrachioride producing bimetallic complexes as 1:1
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addition prcductssiﬁd.
CHamaNomeG_sm-NeaeGH
G
X
{where, M = Cu, Ni 3 C_= -CH -CH -, ¥ = H , -CODH.
C = -CH-, X =H, 3
1) & 44

In the intra molecularly coordinated complex dichloro bis
{ethy! 3-oxo butanoatoltini{lIV) EC!ZSn{CHBCDCHzCDDEt)]. thg 3-keto
ester acts as a bidentate ligand coordinating through the carbonyl
O-atoms and fthe environment arcund tin is slightly distorted
octahedraiS?. Pyrazole derivatives behaving a8s tridentate 1ligands
can roaact with SnH4 producing compounds of the type Sn(L)X3 t

where, L = tris-{3,5 dimethyt poly pyvrazolyllborate ; ¥ = Cl, Brl
having hexagoordinated tin atoms 00,

Acatate and halnacetate esters can act as monodentate |igand
anrd add on to SnCl¢ giving trigonal bipyramidal as well as
octahedral {(both cis aand trans! ccmplexas44.

In crown =ther derivatives, such as, SnCldilﬁ—crown—G).2HzD,

f~ray studies have shown that the tin atom senvironment consists of
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octahsadral SnCl4(H20)2 units and the =ether molecule 1is only

hydrogan bonded to the water molecuta © %, Additional water or

other solvent molecules may be associated through hydrogen
bcnding‘t.ﬁowaver. Atwood at.al. have interpreted d-ray data
suggesting that the ether acts as a bidentate }igand‘s.

ln ionic adducts the tin:iigand ratio may be other than 1:2

or 1:1,23"5"‘8 a.g., 2 .'E;nCig.F'Bu&23 or (Cp)zﬂu.i.S Sn!“ { where,

Cp = cyclopantadisns and X = (Cl,Br }¢5. because these complex=s
eentain both testrabhedral and trigonai bipyramidal tin moieties,

one in the cationic and the othar in the anionic part [ YI,V[1 1.

k]

P 4 Cp 2
. _ I ! l -
[EnCl_{PBu_ 131 {SnCl_ 1} Ru sSn Ru « 2{8n¥ ) .
Cp X Cp
Vi VI
The compounds 4XEF6.3SHF4 and BXeFd.asnF‘ are ‘intermediate

+ + )
compounds with both erFii and XEF5 cations present‘p.

Mcﬁo—organotin compounds, RSan also show a marked tendency
to increvase their coordination number from 4 -teo 6 or even 7, the
lpwering in the accepior strength of tin becowing striking only
whan woaak donors are involved, such as alkyl sulfides, which gives
adducts with SnCl‘ but not with PhSnCla. VWith monodentate |igands

there are fow examples of five coordinate 1:1 complexes of the
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type RSnHB.L, containing a trigonal bipyramidal tin
atmmmlﬁbéadadoaa, although these are far less common than the
{L = monpodentats donor .

gctahadral adducts RSnXa.Lz

HeSnBr_.DMF °° and (Ph As) (MeSacl )" ' are examples of 1:1
complexes having trigonal bipyramidal structure with Me groups

ococupying an egquatorial site. A similar geometiry was altse found in

the intra motlecularly penta coordinate ketiminotin trichloride

{W1111°2 and ester tin trichiorides, RDCO(CH ) SnCl_ (R =

I

H,Ms,Et,Bu, Ph 1°°,

\ P
Cl—Sn—NH
Me (::l : Me
VII1
The: six-coordinate ocomplexes may be anionic, a.g.,RSnK;z or

neutratl,e.g., RSnXalbipy and are readily formed with a wide range

of ligands 1O34792% | poth mono and bidentate.

In some intra motecularly coordinated mono organotin compliexes,

such as PhSnT, (T = tropolonate) *°, BuSn(OCOR), (R = Me,E)™
ﬁaSnfSCSNEthl;ﬂ, BuSn(OX)9 {0 = oxinate! and MeSn(NDafm,
involving potentially polydentate ligands, the coordination number

of tin is seven. lIn intra molecularly coordinated poly pyrazoiyl
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bprate derivatives RSnL{pziBBH]Kz twhere, pz = pyrazolyt moiety ,

and ¥ = halogen or pseudcshalogen 1, however, only coordination
38 , G5 .

niumber six is attained » the ligand behaving as a tridentate

one {(though, potentially hexadentate in this case!l.

No example of mono-organpotin trihalide or pseudchalide adducts
with a higher coordination number than six have been demonstrated
by 4-ray crystallography,althouvgh a number of 1L:4 adducts ,such

as,ﬂeSnla.4pye or FhSnC!a.4{mcrphcline)?o have been synthesised,

The RzSnHz compounds are able to form complexes having
five,six eor seven-coordinate tin atoms. Generally, coordination
saturation at tin is reached at six, as stnxz'Lz (L = monodentate
tigand, Lz = bidentate ltigand, { = Cl,Br,I.NCS,AcG,CFaCGz? forming
octahedral complexes with a wide range of organic donors, the R
groups being usuaily trans to each othggpioosot -8
Mossbauer spectroscopy has indicated that cértain actahedral
RzSnH2 adducts, e.g., RESnxz.bipy fwhere = Cl,Br, R =
furyl, thieny1®™; X = CI,R = p-tolyl °°; x = NCS, R = Pr®™ 3,
than!z.{E“aminu mothyl pyridineln? contain a cis disposition of
the R groups.

However, the formation of RZSnXZ.Lz complexes must a priori
proceed Qia a five voordinate stnxz.b speciesea and the sxistencs

of a number of penta-coordinated complsxes having a cis f%San.L
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geometry have been demonstrated by #-ray crystalliography. The
anioan in o gquinotiniuar dimethyl trichlorostannate
(_cdnam+{ﬁezsn019>' contain a distorted trigonal bipyramidal tin
atom with the two Me groups occupying eqguatorial pasitiansap
Salicylaldehyde forms a 1:1 complex _with HeZSnCIZ, where i-ray
studies revwaled a simitar tin atom geometry, with two Me groups
vccoupving eguatorial positions of a trigonal bipyramid L1x1°°,
ith some ligands both the penta-coordinated {1:1) and
hexa-coordinated {1:2) complexes of diorganotin dihalides have
been isolated -+ o0,

Dimethfltin diisothiocyanate forms a 1:1 adduct with

terpyridyl, in which the tin atom is occupying a seven coordinate

W ok

IX

pentagonal bipyramidal geometry with trans organic groups ; the

five pitrogen atoms, two from the NCS groups and three from the
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tridentate ligand are situated in the wquatorial planeg*. K~ray
diffraction studies have shown Fhat thsnFNDé)z.L.CHCla { where,
L = cis—thP{G)CH:CHP{O)th "1 have a pEﬁtagonal bipyramidal
structure. Hoqever, trans-PHzP(OICH=CHP(D)th acts as a bidentate
bridging ligand  joining two six~coordinate tin atoms in
[thSn(NDH)zlz.L.EHzDQE. {thsnlNDai{KiizczD‘ { whara, bt =
PthsD, PrnZSD 1, obtained by the addition of i, at room
temperature under nitrogen, %fo an acetone-chlioroform sotution of
thSn(NDa}z »w alsoc have been indicated by #A-ray studies, to
contain a seven coordinated tin atom having a slightly distorted
pentagonal’ bipyramidal geometry with two Ph rings in axial

position and the nitrate, oxalate and ¥ in the =squatorial plane

[y 1997,
Ph Ph WO
, ///// J \“'I'l O&fff C l.l’“‘o@’/ﬂ » ‘N\ \\\\\O /
O/
X o= PhaAsG. Pr ,SC.

Although the pyrazole derived ligands [ RB{pz)nJ, {where R = H or

a non coordinating substituent, pz 5 pyrazole or its C-substituted
derivative and n = 2-4}) are potentially polydentate, { tetra-,
hexa- or octa-dentate depending on the value of n ), the tin atom
in their di argano£in derivatives, stn(L}Xaa, -is only hexa
4 T JORTH
112559 PENGAD

- University Library
Raja Rumioienpus
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ceoardinated. Simitar intra motecutarly hexa coordinated
diorganotin compliexes are also formed by trihalo ff-diketones
Diphenyitin diisocyvanate is unusual in that it forms a 2:1 adduct
[PhZSn{NCD)z]z.bipy with bipyridyl. It is believed to contain a
Ibridging bipyridyl group and pentacoordinated tin atoms

Although organotin carboxyiates unitike organotin hatides or
pseudohali ides are reluctant to form addition complexés,
diorganotin dicarboxylates are known to form 1:1 adducts 1in
5olutionioa. A faw well authenticated sxamples of hydrate adducstis

of diorganctin dicarboxyltates have heen reparted in recent

yearsﬁudaz. Lockhart et.atl. have reported an ionic acetats
- 103 101403

adduct of dimethyl tin 41 acestats . Iln theasse complaxes )

the tin atem is seven coordinate with pentagonatl bipyramidal

environment.

The RaSnK compounds show marked difference from their mono-
and di-organctin analogues in that 1:1 adducts are formed. The
generally weak acceptor strength of RBSnX favours an increase in
coordination number of the tin atem to five, by reaction with a
monodentate ltigand to form a trigonal bipyrémidal compiex in which
the three organic groups are situated in the eguatorial ptltane.

¥-ray studiss of several RBSnX.L compounds [ where X = NDa L =

Fh FO, Ph_AsO, Py ¥, ¥ = Br, L = QuinD, Phapo‘a?’me; i =
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109,02 . -
} have shown the tin atom to have

Ci, L = LutB, {(Me N} _CO
z =z
the trigonal bipyramidal geometry {¥1)l. The tri organoctin pseudo
halides also bghave like their halide analogues, producing 1:1
. . . 140
adducis with monodentate ligands
With potentially bidentate ligands the tri organotin halides
stit! praefer to form five coordinate adductg™ BOT8RATALLUZ
utilising only one of the donor groups as in FhaSnCI.thpiﬂ}CH=

CHP&D)thﬂj. However, in FONS9 RSSnH.L compiexss involving

bidentate ligands X-ray studies suggest chelation and cis-geometry

EXi{l? around the tin atom * ™™, A third structural possibitity
i.e. the meridional structure XI1II has been suggested {for fhe
cationic compleaxes £R55n{Chi]+{BFh4]_, { where Ch is a chetating
tigand } on the basis of Mossbauer studies™’

] R ?

i R [ R %

R—Sn/ X Sn/ R—-—-—Sn/

NG RN N

L L R

¥1 A1 I111

The triorgana tin isocyanates and iscthiocyvanates are stronger

Lewis acids than their halide counterparts and the IR spectira of

PhsSnNCX.DMD { where % = 0,5 and DPMO = dimethyl oxamide yrie and

io . . .
MegSnNCS.phant are indicativa of octahedral tin atom

configuration in these complexes. The 1:1 adducts of MeaSnCl with
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Z2,2'bipyridyl is alsc believed to contain B-~coordinate tin on the

basis of IR spactrauo. However, ne example of octahedral

triorgano tin halide or pseudohal ide complex has yet
been demonstrated crystallographically., Triethylt tin chloride is
known to form the unusual 2EtaSnC!.L complexes with
dimethy!l-,diethyl- and ¢trimethy! amine, though the normal 1:1
adducts are also formed with thse first two ligandsiaj

Both mong and bidentate |igands have been feported to form
five coordinate adducts with triphany! tin trihalo
aceﬁatesizhtz{ ¥-ray data‘ for the polymeric adduct, triphenyl

tintly¥) B8-guinclyioxyacetate hydrateﬂﬂ alsn sugpgeast a distorted

trigonal bipyramidal tin atom geometry involving coordinated water

molecutle.

Tetrailkyl tin compounds show no tendency to increase their
coordination number owing to their weak Lewis acidity, conferred
by the four electron reliesasing alkyl! groups. However, Beattie has
indicated that besides the electronegativity ofﬁ the groups
attached to tin other factors may affect the acceptor properties4
and it seems possible that compounds with four perfluoro-organic
groups joined to tin, would interact with suitable donors, since
it is known that the electronegativities of the CF3 and CGF5

124,425

groups are comparable with that of bromine A coordination
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stage has been proposed for the abnormal halide ion-catalised
hyvdrolysis of Rd_nSn{Cdﬂskn compcundsimﬂ as also for the agid
mediated additions of alkenyl! tributyl stannane to aldehydes and

substituted afdehydss‘zﬁis{ it has been claimed that
trimethyl{triftuoro methytltin forms a 1:1i adduct with hexamethyl

phospheric triamide (HMPTA) and that this may be isolated in the

Z

sotid stataia. The addition of Snzﬂed to alkenes and alkynes in

the presence of FdiPPhgj‘iﬁmisp is aleo most likely to involve
initial donastion from the r-bonding orbitail of the hydrocarbons
foilowed by cleavage of the 5n-5n bond. The reactions of RaSn~SnRa
with Li-metal, alkyilithium, grignard reagents and NalR are also

instances of the electron acceptor ability of the o{Sn-8n)

bondtas .

122 En(ll) Lompounds as Accepté:r-s

‘Covalent Snﬂz . compounds, having essentialily spz
hyhridisation, have an empty p-orbitat, of gsimilar energy to those
used in bonding, at right angies ¢o the plane of the mciecule
fdi¥al, and shouild act as monofunctional acceptor Lowards suitabie
ﬁonodentate ligands to form compounds of the type Snxz.L, by the
overlap of lone pair orbitals on +the ligand with the ewmpty
k- |

p-orbital of the Sn-compound, causing a distortion towards sp

hybridisation [§IVDI.
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X
XIVb

This aceeptor tendency makes most Snllil) compounds polymeric,

Structures of the oxide, sulfide, selenide, chioride and sulfate

g Although many monomeric organotin{li! compounds

raveal thisi
have been reported in the older literature, the RzSn compounds
axist only as unstable intermediates which self react to form
cyclic oligomers, wunless the R group is wr-oyclopentadieny!
or strongly sterically hindaringﬁ{ The poulymerisation is caused
by the overlap of the tone pair eorbitat on a monomer with the
empty p-orbital of an adjacent tin atom.

The stannous ipon with empty Sp and 5d orbitals can also act
as an acceptor towards certain ligands. The complexes would be
formed by overlap of lone pair orbitais on the ligands with the
empty hybrid orbitals on tin. In wview of the sm#ll enargy

separation between the 2 and p orbitals in the stannous ion all p

orbitals should be included in the hybridisation and the sp



hybrid configuration shouid be very stable. The involwement of
d-orbital im the hybridisation would appear to be less Jikely due
to greatér s-d energy separation.

Most of the available evidence does suggest that the

stannous ion is a class A acceptor and the order of stability of

the complexes formed with halide ligands is F »% £t » Br » |

The trifluorostannate(ll}! ion has been shown to be a very stable
species'®™, and to be the strongest tinlll) halide compiex. IR and
Raman spectra suggest that the trihalostannate{l{}! lions have a

pyrawmidai structure based on sp3 hybridisation "of the tinl(ll)

. 187,188
orbitatls .

For ligands other than halides, the order of stability of

complexes formed by type A acceptors oH > NH3 > RS HZO etoc,

may not be exactily followed by the stannous ion, because of ihe

®  that the tone pair Es .orbital is strongly

probability‘s
antibondihg with respect éo certain.ligands such as NHa ,Hzﬁ, and
the CN  ion. A spectroscopic study of the tinl(ii} thicevanate
complexes has shown that the nitrogen atom of thiccyanate is the
donor atom and this provides further evidence for the A type

. R X -
agceptor behaviour of the stamnous ion v

A number of adducts of tintll}) compounds with monodentate
oxvgen and nitrogen donors, such as, water, acetic acid, dioxan,
sulfoxides, DMF, NH PY, amines, amine-N-oxides ete, are

q,



Knopwn oort3eata Speciroscopic study of dihalo bis-lp-toluidine)

tin{ll) compounds has suggested that the tin-nitrogen bonds are
retativaly weakiad. Baside bthe wuswuatl 1:%1 addition compounds, some
of these ligands may form complexes with vaéying ?in ta ligand
ratio, =.g. in NHa adducts of SnXz (¥ = Ci,Br,1 1 the mole ratio
may be as high as 1:9“”. In the 1:%@ complexes the ftin atom acts
as a monofunctional acceptor making use of the empty p-orbital in
its vatence shell in complex formation. Often, the first material
to bes precipitated from the sciution of a tin{ll!] compound in a
doner solvent is a polysolvated material,from which the 1:%
complex can usualily be cbtainedﬂm. This suggests that the tin is
acting primarily as a monofunctional acceptor and that further

donor molecules are taken up mainly fur ltattice packing purposes,.

The ¢rystal structue of tin{illchlioride dihydrate shows that anily

ong of the solvent molecules s bonded directly ta the tin atom

havirg a pyramidal snvironmesnt vaimd.

x

O// \
Cl Cl
XV

The second water molecule In the structure forms hydrogen bond



with the water molecule bonded to the tin atom and can be remocved

by careful dehydration at 80”c*"%, Jther 171 caomplaxss are

. . 130,140
beligved to have similar structures .

The only known addition compounds formed with sulfur ligands

are the thiourea and tetramethyl thicourea adductsim{ "From ¥-ray

studies, diacetato bis-{thiourealtin{lii} has been shown to have a
square-pyvramidal structure, the tin atam being bonded to two
thiourea = atoms and two carboxylate (8] atoms,whereas, in
tetrabromo pentathiourea ditin{lildihydrate, (SnErzlz S=C(NH2)2]5
.EHZU both the tin sites have trigonal pyramidal configurationbﬂ
A tintii)flucride-hydrofiuoric acid complex, SnFZ.ZHF, containing
a halogen ﬂonor is knownﬁm

4 coordinated complexes cf the type San.L2 { where L =
monocdentate and L.2 = bidentate ligand ) are frequently formed by
snis0.C11 "%, tin halides and isothiocyanate @'P OIS

complexes with many bidentate Schiff's bases, semicarbazones and

. .- . 147—140
thivusemicarbacones with SnCl2 are also known .

But their
structures are not very well authenticated.

In the 2:1 addition product of SnClz with 18-crown-8 ether
formulatsd as [SnCliL)1(SnCl 1 and in ISnCH(L)1iCIO, 1Y, K-ray
zrystallography has revealed that the tin In the cationic moiesty

cccupies a hexagonal pyramidal site,-being bonded to aill six crown

ether oxygens and the chlorine atom in an axial pasition,



In the pyruvic acid thiosemicarbazone (HL} derivative
IT 152 . . . . . . '
Spn T (LICH . the tin atom is five ooordinate due to intra

malecular coordination by the tetradentate ligand., The tin(lI[}

poly(l-pyrazatlyl tborates [{pz}‘_nBleSnCizﬁm { where, Hpz =
pyrazole or its C-substituted derivative 3 R = non coordinating
substituent ; n = 0-2 and m = 1,2 1*%2 are interest ng due to the

fact that in these compounds the effective coordination number of
Sn(ll), assigned on the basis of 'H NMR data, can be five, six or
even seven, obviously threough the involvement in intra molecular

coordination, of ths N atoms of the pyrazolyl moiety.

13 Donor FProperiy Of Tin Compounds

From the forgoing discussion it 1s apparent that <tin
compounds almost wniversally behave as acceptors, - unless the
substituents bonded to tin atom are donors thaﬁselues. Az for
éxample, the n-orbital of the cyclopentadienyl part in
bis*-(cyr::it;:rpﬁmt‘.r:r.i.:liv!anyl}t‘.in(lli"533 acts @as donor, forming charge-
transfer complexes with acceptors tike TCNE { =
tetracyano ethyléne) and TCHQ ( = tetracyano quinodimetﬁane), the
complexes being similar to those of iron cyclopantadieny!sﬂu
lrganotin basesg such as tetrakis-{(Z-cyancethylitin(iVy L[X¥VI1, of

triphenyli2-{4"'~-pyridyliethylitin{iV}l (2YIi]l] have been used to

form adducts with compounds of ftin and other metals. Thug, AV
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. 17575
forms 131 complexes with stannic chloride and bromide, SnX4.L

and X¥VIl] forms stable adducts with organotin and other halides,
e.g., PhSnCt .2L, Ph SnCl.L, ZnCl_.2L, CoCit_.4L, NiCi_.4L and
: 2 2 | 2 2 2
cuct.L'™C,

(NCCH_CH_) Sn PthnCHzCH;@N

KV I BVl

i . 156 . '

A Ni-coumplex of structure {VIiI!l is alsa known . But the donor

abilities of such compounds areé ailmost soclely the properﬁy cf the
arganic moiety, because the tin atom is too far apart from the
donor atom to modify their donor strength in any way.
These wcompounds arse, therefore, of very little interest in the
discussion of the donor properties of organcotin compounds.
However, not only quite a few Snlll) molecu[ea and camplex ions
containing sterically active lone pairs behave as donorsmd, bBut
also, a numbef.of tin(IV} coﬁpounds, notably the tin tetraalkytls
are known to form complexes with accéptors, although the analogous
unsubstituted alkanes do not show any such ftendency. In the latter
compounds, the ‘danor astivity of the molecules is =z direct
consequence cof substitution by tin, although tin{iV}) itself, 1is
not the donor. The donor properties of Sni{il} and Sn{IV} compounds
are now discussed separately, because of the totally different
role of the tin atoms iﬁ_?hé two cases. .
/ £t
PhySm N\}\N,
S /f’ ‘
2

N
3
XVIII



131 Sntll} Compounds as Donors

In Sn{ll) compounds the donor property is masked because
of the predominating acceptor tendency of the vacant hybrid
orbital. These vcompounds exhibit donor property only when the
vacant orbitats have been used in forming dative bonds with Lewis
bases such as halide ions and the anionic ha!dgen complexes of the
type Snxa_ possess sufficient donor strength to form a variety of
compliexes yith suitablie acceptqrs, particularly the platinum metatl
acceptorsﬁm. The lone pair nroitat of the pyramidatl
trihalostannatel(ll) ion must be responsible Ffor the o-donor
properties of the group. The donor ability of the Snxa_ ions, in
contrast to the other Snl{ll) complexes is presumably due to the
lowering of 5s ionisation potential in the anionic species. This
is supported by the absence of donor tendency in SnF+, snc1’ and
Snér*. where the 5s lone pair is sxpescted to bg more difficult to
ionise‘m{ Simitar donation by a pyramidal monosolvated tin(}il?
halide results in ‘the formation of neutral complexes in some

. tas v T
nonaguanus solutions . Examples whers Sndg ionsg act as donors

) - -9 - - -
include FtClz!SnCla}z : F‘t{SnKa}5 { where X = CH,Br};
Ft SnCi__ ¥; Pd.Cl (SaCI 3} *; 1r Cl (SnCi 1 *; 0sCl (SaCl 1 %
- g¥ e F pwig R, i Tololghtonbigdy  F shigion 514 *
-z -3 - -4
Ru912(5n01912 ; Rh(SnC1 ) ~7; Rh,C1 (SnCt ) ~*;
RhC1(CDY(SnCI ) "% etc.'™. Evidence for the presence of the

2
trichlorostannate(11}! tigand in Pt Sn Cl ~"° ion comes from the
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strong IR band in its spectrumn at 330 cm , which is
s o - 136 .
characteristic of o-bonded SnCl3 _ . The ©best weconfirmatery
evidence for the existence of tin{ll) donor atoms in the complexes
formed with the ptatinum metais comes from ligand replacement
rgaction invelving the tinlll) species. The SnClB_ ien can be
raeplaced from anions containing it by strong m-bonding ligands

such as py, p-totuidine, PPh3 and <0, e.g.,
-z
RuClz(SnClaiz +  4py ——> {py)4RuClz [11
Simitarly the trichlorostannate{ i) ion can replacs weakear
-bonding ligands such as chioride, mesiftyl oxide etce.
-2 - . -2
FLCi +  285nCl —_>» PtC} _{(8alt ) =~ -——-- {21
" 3 2 3z
Many such replacement reactions in organic solvants result in the
formation of neutral complexes crystalilisable frem soclution, =.g.,

(Ph P} PE{SnCL_ ) , {(Ph P) Pt {SnCl ) etc.™,
k| 2 3 a b 3 I

2
Though - Snxa‘ icn is a weak o-donor, it axhibits. a largse
trans-effect because of its ability to form strong du-dm bonds
with Pt-group metals. The mn-accaptor properity of sﬁxa' ion is in
fact comparable to those of the two wmost powerful r-acceptor
tigands NCS™ and oN” '™, The snci ion appegars to have empty
4 orbitals of the correct size and symmetiry to form strong m-bonds
with the filled 4 orbitals on the platinum metals.

The trichlorostannates ion in {EtaNHk(Snclal acts as o-donor

towards acceptor molecules such as TCNE and TCN{ forming 1:1
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complaxés. The formation of the complexes of Ltintll! halides with
TONE and TCRQ { = tetrachiorn benzoguinone ) and of
bis-{/i-ketoonolatoitin{ll} with TCNE, TCNQ and TCBER, also involves
w-donation from the tinlll} atom, But in the process TONE and TCER
comptetely oxidiée_ the me tal in the tin{lII) hatide and

bis-{/-ketoenoiatoitin{ll} to the guadrivatlent stata. The TCNQR

complexes of bis-{ff-ketoenolaltoltinl{ll} exhibited resonance dues to
both Snilil) and SN(IV)*™, Simitar oxidative additions are also
undergong by Sniit) darivatives of 1,2—di015ﬂm;59.

Although the nm-acceptor properties of Snxg_ ion play an

important part in its donor ability, the 823 compltexes can only
invelve the o-donor propertigs of the ion. The formation of
CIBSnBFB_ and CISSnBCIS— has bgen accounted for by o-dopation from

the tone pair of the SnClg_ icn to the empty acceptor orbital of

the Bx;‘”

Electron diffraction and ¥X-ray crystallography has shown
that the two rings in bis-{cyclopentadienyliltin(i{i}! are non
parallel (¥IX]1 and the bonding c¢an be described in terms of
spz—hybridised tin with twe orbitals involved in bonding fto the
cyc]opentadienyl.rings and the third containing unshared pair of

. lat—143 . : . . .
slectrons . This wunshared pair can coordinate to a Lewisz

acid such as BFg.



XIX

The addition of BFa—étherate to a THF solution of stannocene [¥X1%1]

procipitated the ocomplex (n5-C5H5325n:——>BF5““. Stannocene also

forms 1:1 complexes with Lewis acids such as AlClg and AlBr;d?

The Mossbauer spectra of these adducts are very similar to that of
stannocene indicating that the complexation of the tin lone pair

does not significantly affect the 5s electron density at the tin

atam. Howaver, the stannocene complex Eﬁs—CﬁHnizsn:ww>BF5 has

rocently bean shown to contain the wunits EBF4]*, {ns—CSHEJESn,
+ .

£n5—05H55n1 anr THF by Zuckerman at.ai. from X-ray

. 156
crvetallographic nsasurements .

The bonding in crganostannylene - complexes such as

{CHtSiMe_}_ 3 Sn.MICD)Y_ {( M = Cr,Mo } or Cp Sn.MCOY ( M = Cr,Mo,
a'z'e 5 z 5

1oy

105, 167,286 o nd bis-naphthyl SRH.U{CO}S can be interpreted

W

as invotlving o-donation from the lone pair of the tin atom to the

transition metal and back donation from the tater to the empty p
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or d orbitals of the former. Base stabilised terminal complexes

such as RzSnlB}.Cr{CD}5 { R = CH!l t-Bu; B = py, THF yiee involve
r

coordination of the tin to only one metal atom but the wvacant p

orbital on Sn additionally coordinates a molecule of the base.

i32. TinCIV> compounds as Donors

As already mentioned, the daonor property of Sn(iV)
compounds arises from delocalised M.0.'s invelving the metal atom
and its neighbours. Bend poiarity and inductive effect play
important rele in the ability of tin atom to modify the donor

activity of the substituent bonded ta it. The 8Sn—¥ bonds in

a monovalent atom or

1|

melaecules of the type R“Snx4_n ( where X

1-4 ) acquire & large

group, such as H, GH, OR, NRZ, halogen; n
polarity due te the low electronegativity of tin as compared to
the common ligands. Addition reactions of alkyltins to aldehydes
and ketones demonstrate the polarity of Sn—<C bond:

Ciosely related with this is the inductive effect which the

tin atoms or stannyl groups exert on their surrcundings. The bond

S+ &~
1]

polarisation, ©§ —¥" , which 1is there in principle, may be

changed by substitution at & as well as at tin. NMR data on
. . 174,472 . .. .
grganotin compounds and seami ampirical calculations of

Majee and Gupta s amphasiss fthis. Studies of the relafive rates

of acid cleavage of the compounds p“HEBHCHzcdH4SnMeEI { M = 5i, Ge,
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sn 1** and the rates of alkaline hydrolysis of R_M(CH ) CDOEt (R

175

= Me, Et;y n = 1-3; M = 8i, Ge, Sn 1} y as also, IR and NMR
measurements on (Ma,Si),NiMMe ) (M = Si, Ge, Sn, Fb »*** and IR
studies on esters of the type HaCUUMMeS { M = €,81i,Ge 1**7 have

established that the Rs“ groups have a +1 effect and the order of
electron release is Mean p HEQSn > HegGe 2 MeBSi. The drift of
glectrons frbm thel metal‘ to its partner in the 8n—3Y{ bond,
therefore: makes the atom ¥ quite rich in electron density. Uniess
there is back bonding between the filled orbitals of ¥ and empty
5d orbitals of 8n, a possibility of electron donation through X
arises. Although there are controversies regarding:the axtent of
din—pnr back boading in SntiV}! compounds, it is now broadly agreed
that such bonding is generallf absent except in compounds having
spz é—HSn bonds'C Thers is sevidence tﬁat the r-character in the
M—1X bonds decreases as we go down the group IVB. Thus Si—0 or
Si——ﬁ bonds have appreciable n-character, whereas, IR and HRaman
studies of compounds RaSnXSnR3 { ¥ = 0,85 } indicated that there is

no m-contribution teo the Sn—0 and Sn—S bonds o,

1t is expected
that tﬁe much diffused nature of S5d orbitals on Sn {( as cempared
to the 3d orbitais an Si )} would be unsuitable for back bonding’
with filled pr orbitals on the more electronegative atoms.

Depending on the nature of the substituents two types of

donors may be encountered:
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(i} Type A : Compaun&s in which the substituent X is not an
electron pair donor, e.g., tatraalkyl tin compounds. The
comparatively low energy of the «-M.0. corresponding to the Sn—X
bond and itz polarity makes this class of compounds weak donors,
lii) Type B : Compounds in which the sbstituent is an electron
pair donor, e.g., (RgSn)zﬂ. Although the donor orbital is atmost
localiéed on the substituent in these compounds, the adjacent tin
atom often profoudiy medifies their donor strength through
inductive effect and in some cass even through o—n conjugation.
In addition some triorgano fin(aryiazo)benzoates have been
shown to form 1:1 molecutar complexes of weak donor acceptor type
with almost any type of molecutes including unsubstituted
alkanes™™”. Eiectronic absarption spectral studiés show the
ocrganctin molecules to be the donor. However, the role of the tin
atom in these case is not yet fully understood and these compounds
have been excluded from the purview of the present discussion. The

above two types of SnllIV) donors are now discussed in some

details.

132A Type A Tin(iV) Donors

The unsubstituted alkanes do not usuvally possess any
donor or acceptor property, presumably, due to the absence of any

tow tying .8, in them, However, substitution of a hydrogen by tin
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results in a retativeiy high ene?gy HOMO ( tow 1.P, } and because
of this lowering in I.P., the tetraalkyl tin compounds can act as
weak o-donors oo, Group IVE metal alkyis have besn found by Kochi
et.at, oS to form weak charge-transfer complexes with
acceptors such as TCNE, lz’ HgCiz etc. 1in CCl4 and CHZCIZ. These

authors have interpreted the iodinolysis of R4Sn as involving

electron transfer within the charge-transfer complex as shown

belowias.
alow 3 _
RSn + | &————=[R Sni 1] — >R Sn .1 -
4 2 - 2 <+ z
Fxat
IR.R.Sn [_ .3
2 Z
caga reaction di f f ualon
Ri + R_Sni R. + R.8al + I.
g 2

in CT complexes of benzyl organoctin derivatives, e.g.,PhCstnPhS

. o187, 188 .
FhCHzSnHea' CdH‘iCHzlzﬁnth atc, with TCNE » the organotin

group iz found to exert a large activity on Ihe aromatic ring
through o-7 conjugation. Ths.magnitude of the decrease of the CT
freguency in the stannyl derivatives compared to that in the
corresponding carbon compounds show that the donor ability of the
lSn-—---CHz—- group is comparable to that of —NR2 -groupm?.
The metal alkyls have also been found to undergo electron
-2

transfer reactions with oxidants like IrCld , Feldipy33+9 and

+3 . . .
Fe{F‘hen)a . Iin moleculiar contact complexes, reperte. to exist in
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sclutioﬁs of NbFs’ Hch, UFd and UFﬁUMe‘in the tetraatlkyls of Qe,
Sn and Pﬁmg, electron tramsition from the «-#.0. of the M—C bond
in R4M to the esmpty antibonding #.0. of the penta?hexavalent metal
is believed to take place.

The ecleavage =of ESn—LC bonds of R4Sn' compounds by metal

halides such as 5ni Sn¥ BX Pi CuX Fdi and HgX_ are well
2, 4, 3, 5, 2, 2 2

known 9t The disproporticnation between R4Sn a.nd SnCl4 is the

basis of the Kocheshkov preparation of atlkyitin chlorides,
R SnCl, _ . Thess reactions involve donation from the o-#.0. of the
Sn—C bond to the elsctrophiles, nucleophilic assistance being

provided at the tin centre.

Al though homopolar, the <«{5p—5n} bond in hexaorgano
distannanes can act as o-donor due +to its low energy. Thus
oxidative cleavage RSSnSnRS, by varioug n-accqptcrs, e.g., TCNE
TCNG, TCBQ, i,4-Benzoquinone etc. gives €T complexes tike
IR _SnSnR_J'CTCNE 17 and ;SPhQSnSnPha]+ETCNQ 17 as well as fres
radicals RQSn-TCNE., _RgSn—TCNQ:, [RgSn—{1,4-benzoquinone).], a5

192,103

shown by ESR studies Stable free radicals like R;Sn—TCNQ.

{ R = Me, n-Pr, n-Bu } and Measn(TCNQ.)z are also wbtained by the
reactions of the Li-salt of TCNQ with organotin{iV) chiorides'®?,
Oxidative wolwavage of the 8Sn—8n bond by =lectrophiles, e.g.,

halogens, Dz etc. has also been studied . These cleavage

reactions take place through &lectron transfer from the <{8Sn-Sn)
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bond. Complexes of polysilanes, hexamethyl disilanes and

hexamethy! germane with TCNE and TCNR also form Iin a similar way

: ‘ . 04,155
through o-electron transfer to the n-acids' .

132B. Type B TintiIV¥} Donors =

The Lewis basicity of compounds such as tHSM) i, where §

™
is an electren doner such as N, 0O, § etec. and M is a group IVEB.
elemant, have besn avaluatsd from- the shift caused in w{C-B), dus
to C—ID ----% hydrog=n bonding, in their IR spectra in CDCI_.

Values for the relative donor strength of some  of these

orgénometal!ic bases measured as Av {om ') for »(C-D} of ‘free"

and *‘H-bondad' states in CDCIS, arg illustrated in the table-I, 1.

105
below g

Table:-i.1.

Relative Donor Strength of (RHM}nK. [ as Av cm ©

M ' IﬂasﬁigN ‘NEQM’ZG (Meaﬁizs
c 100 33 40
Si O i3 =g
Ge 72 55 a8
Sn 106 84 43

The data in the table raflect differences both in the inductive

effects of the group 1VE elements and also theilr capacity to form



_.36_

pr-dn bonds with N, @ or S. The abseance of interaction betwesn
,{ﬂsSSi)JQ and CDCI9 implies complete involvsement of the nitrogen
ions pair in r-bonding in contrast to the strongly hasic
(MessnlaN, which 1is pyramidal, and in which N—>Sn mg1tipla
bonding, if present at all, does little to offset the electroq
releasing properties of the HegSn group. As a result, the
trimethyl stannyl amine is found to be more basic than the organic
aminz""". The proton acwoeptor abilities of the chliorine atom 1in
group (VB organometallic chlorides as measured by the shift of
»{OH) of phenol in CCI4 in prasence of the chiorides™™® atso

indicate the same ftrend. Organotin azides and organotin acylates

iRaanOR‘} also have been found to be stronger bases than their

1OP-201,
carbon analogues ;
in compounds such as R MOMR and R M{DR*; {where n = 1-3,-
ES ] n 4-n
H = Group IVB metal ¥, the following sequence of basicity for the

axygen atom has been assigned on the basis of IR fregquency shifts
Aw(OH) of methanol or Av(NH) of pyrole due fo hydrogen bonding

with the axygen atoms of these conmpounds in methanol or pyroie

:«solution202
increasing basicity
>
increasing . 8i0Ei < Si(OC)B < Si{DC)z < 5i0C
basicity GelDC)s £ GQ{UC?Z { GelC < GeDGe

Sn(DC)z £ &8alC 4 SnbSn
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The increased basicity of the oxygen atom in alkyl or aryl
stanpnoxanes has been confirmed by the isclation of 1:1 apd 1:2
adducts of p-oxo-bisftriphenyltiniiVi] with TiCl¢ i of RBSnDSnR9
i R = n-Pr, n-Bu ) with TiCi4 and SnCi‘ ;5 and 1:1 adducts of

p-oxo-bisftriphenylitin(liv¥})d with Sb015 as wall as, adducts of

di  -butyltin oxide with TiCl,  SaCl,  and sbC1 fOEL,
p~oxo-Hisltri w-butyltinlI¥i}l alsao react v.;ith sz { where M =
Cullly, MnlIl},Nilll), Collly; ¥ = €I, Br, I, NCS and NO S~ )
to form compounds of general composition an'lﬂ,,' Compounds of the
type H(C!O‘lz.Ld also have been regported for M = Ni(ll), Culll)
and Mn(l[Po%EOS (R, Sn) 0 ( R = n-Fr, n-Bu, Fh )} forms complexes

of stoichiometries NiC!z.L.EtDH and Ni2014.L.BEtDH with N1012 in
absolute alcohclzosb. Amongst these oxoorganotin compounds the
donor strength varies as -
{(Fhi 'Sn)y 0 < (Pr Sn}t 0 < {Bu Sn}) 0.
:} 2 5 2 3 z
The IR spectra of all these addition products show that the
vm{SnDSn} band of the free stannoxane which appears around 780

-1 . . : ; . :
< At suffers considerable negative shiff, fthereby indicating that,

in ali these products the organo stannoxane is coordinated to the
. 0Sa,205,

metai through oxygen a{:cmz WO 206.

Baside thess .adducts with metal halides, organotin oxides

and hydroxides are known to combine with organctin halides,

stnIOH and RzSn(GACJz to form a large number of addition
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products in which the noxides or hydroxides donatz through the

5, 2039 . .
pKygen atom ' . Some of these compounds are tisted . in

table-1.2.

The nucleophiticity of the gxygen bonded to tin is important
in the addition reactions of the Sn—0 bond. Trialkyltin oxides
andlalkcxides EKK)t {f = Sr\RB and R' respectiveiy ) often combine

with a wvariety of multiply-bonded acceptors (A=B} to give 1:1

adducts.
3(a
R &n-0X +  AsQ — R Sn~A-B-0Qf +~===~-= £31
3 _~—— q
3{b}
{¥

Tributyltin oxide and methoxide which are regarded as model
compounds for their respective ciasées, add on to acceptors, such
as, aldehydes and ketones, CDz carbediimides {RN=C=NR},

r

isocyanates {RNCO), - cs isothiocyanates (RNCS 1, S0

) , s

sulfodiimides (RNSNR), suifinyiamines (RNSQ), imines (RNCR 1},

nitriles (RCN), ketenss (CH =CO) atc. to give 1:1 adducts?@TEOR
examples of which are shown in the tabie-1.3.

ttost of the additions shown in the table-1.3. gccur

exothermaliy at room temperature. The reactions are reversible and

the adducts dissociate upon heating. Hawéver, the decomposition

can proceed by a route other than simple retrogression [egn. 3{b}1l

particularly, where oxide adducts ares concerned.
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Table:-1.2.

oxides and hydroxides

Compound type R R! X
stnO.R;Snxz Mea Et,n-Pr Br,!
Et Me I
Et Cl,Br, I
n-Fr . Br
n-Pr Et Br
n—-Pr Cl,Br
{RzSnﬂiz.RzSan Me Me Ci
RZSnD.R;SnIBH Me,Et, Rt =R -
LE’D—FI', 3R ) -
tao-Bu, - -
tso-Pant - -
RzSnD.R;Sn{DAC)z Mea Me -
HIR SnB) OH.R'Sni¥ Me Me Br, !
Z 2 2 2 .
Et Me i
Et Cl.Br, |
n-Fr n-Fr - l
R (RZSHG)BOR‘.RzSnHz Ma Me,Et, Br, !
n"F!‘,n“Eu . H
Et Et Ci,Br, |
n-Pr Et,n-Fr = 1
{RQSn)zﬂ.RBSnX Me Me Br, 1
(RgSn}ZD.RéSnxz n-Bu Et C1
(R Sn) O,R'SnX n=-Bu Et el
-] z 9
RSSnDH.R;SnK.HZD Me Me Ci,Br, I
(R SnDH) .R'Sni Me . Me Ci,Br, 1
3 2" '8 :
Et Et ' Br
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R,Sn.0.SnR_ + A=B P— R Sn.A.B.0SnR, === R _Sn.A,SnR_ + 0=B

XX 1 . === [41]
Clearly, the product i1 formed by addition of Rasn.D.SnRg to
A=B coulid equally arise from addition ﬁf RBSn.A.SnR3 to O=B.

The multiple bond of the acceptor being polar, the
tributyltin group is attached to tthe negative end of the dipole
A&_= Bé*. Hence, structural alterations within 3 given class of
acceplors which increase the etectrophilicity of Blincrease their
reactivity. Thus, for carbonyl compounds the acceptor strength
changes in the saguence-

GCIBCHD b CBrBCHD > MgCHO » FPrCHO ~ wo—BuCHG »» PhCHO etc,
The relative power of tin-oxygen bonded compounds to act as
addenda by eqguation 3{a}t above, decresses in the seguence-

RSSnGMe » RaSnDSnR8 " HBSnDPh etec,
these suggest that the principal process governing the reactivity

is the nutleophilic attack by the oxygen bonded to tin upen the

positive end of the dipole and that the welectrophitic attack of
. . . . . 207 '
tin upon the negative end is reltatively unimports .t .
Dialkylitin dialkoxides  undergo simitar raactionsz
Dialkyltin oxide and alkyitin trialkoxides are expected toc undergo
simitar reaction, but have not yet been investigated.
Liguid SUS in CCl4 rgacts with p-oxo-bisi{triphenyl tinlivi]
in dichloromethans at -20% to give a 1:1 adduect., In the IR

o

spectrum of the addﬁdtza the Lha(SnUSn? appears at G650 and 630



-41_

Table:-1,3,

Products of the reaction between BuBSnDX and A=BE

BugSn.A.B.DK

A=E ¥ = Me . ] X = SnBu
3
0=CH.CCl! Bu Sn.8.CHI{CCI] }.0OMe Bu Sn.0.CH(CC]l J).,.05nBu
3 | | ] g 3
0=C:0 : BuaSn.O.CG.UHe BuSSn.D.GD.DSnBu3
NpN=C:NNp BuaSn.N.Np.C(:NNp).OMe BuBSn.NNp.C{-:NNpI.USnBu3
MeN=C:0 Buasn.Nﬂe.CD.GHE BuSSn.NMa.CO.DSnEu5
0=5:0 BUSSH.D.SU.DHE BuBSn.D.SD.DSnBuB
Tol.N=S:N.Tal No reaction ‘ (Bu Sn.NTol.SO(=NTol).SnBuy_I
Ar.N=5:0 EBUBSH.NAP.SU.UHE]a h
5=L£:5 {BuBSn.S.CS.UMe] =
- S5=C:NPh BuﬂSn.S.C{:HPh}.UHE A
S0 TolN=CHCCI1 {Bu Sn.N{SD ToliCHICC! 1OMe [Bu SnoN{SO TolICH{CCI 105nBu
2 g 2 z 1 3 2 3 3
N C.CClI [Bu Sn.N:C{CC1 10Me Bu Sn.N:C(CCl 1.08nBu
8 ) 2 ] a a
H C=C:0 {Bu Sn,.CH_.CD.0Me] [Bu Sn.CH_,CO,0%8nBu 1
2 9 2 5 2 7
NMotes: Np = l-naphthyi, Tol = p-tolyi, Ar =.p*N02CGH4.

a- The 1:1 adduct only exist in egquitibrium with its precursors.

b- A 1:1 mixture of EugSn.D;SD.DSnBug and BUBSn.NAr.SU.NAr.SnBuB
is obtained.

c- BuBSn;S.SnBuB and BuQSn.D.CD.DSnBu3 are obtained.

d- axygsn-sulfur exchange occcurs giving BuaSn.S.SnBu9 and
BuBSn.NFh.CD.GSnBUH.

{ ICompounds in parenthesis have not besen obtained analytically

pure.



cm T, thereby suggasting that it is feormed by doneor-acceptor

intaraction between the 0 atom of the stannoxane and the & atom of
SDB, the former being the donor. Subseguently, on being refluxed
in dry CC‘:4 for 1-2 hpurs the adduct wndergoes imtramoltecular
roarrangemant to give bisltiriphsnyl tinilvilsulfatezap feqn. 5 1,

which ¢an alsoc be prepared by rascting =ither the organotin halide

with .quso42‘° or the oxide with stc;:d.

under Nz raftuxed in c:c:L4
iP + — i—
hasn’20 SDS a ’ {thSngD >SDB far 4—2 houra.
b —20 g
{Ph 8nt 80 ----(5]
L] 2 4
Therafore, it is wvident that the adduct ig formed as an

intermediate in the formation of bis-f{iriphenyl tin(IV¥}!) sulifate
from the reaction of IPhaSn)zﬂ Wwith SDa' However, no such
intermediate could be detected when (RgSn?ZD_{where R = n-Pr and
n-But and di-n-butyltin oxide reacted with liguid 803 and the
corrgsponding sulfates were obtained directlyzo%zn}

tt should be strossed that the formation of an intermediate
may help a reaction by substantially decreasing the energy of the
transition state,.even if the intermediate is too unstable to be
datectedmz.

The reaction befween organotin oxides/hydroxides and organic

or inorganic avids, universally wsed f{for the preparation of
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organotin gsters, it also beliaved to procoed through an

intermediate donor-acceptor transition state, similar to U(XKI[1i]

- . ZL2
proposad for the reaction of siloxanes with AICI3 and the

reaction betwosn {PhBSnFZG and ngzma'

—
> -t
oo

s

B3I
The transition state involving organotin oxides/hydroxides and

carboxylic acids in non-ionising solvents may be represented by

S 0 X

! \

: \

]

0 i

\C /D x - SHRB' H-
¥¥111

Such a c¢yclie intermediate is expected to be most favourable,
bacause the nucleophilic attack of the oxygen bonded to tin upon
the H-atom and the eiectrobhilic attack by the tin centre upon the
O-atom of the ocarboxylic acid assist each other. Although no
evidence In favour of such an intermediate, is available so far,
its stability (if it does exist at aili is likely §0 be snhanced

with the increase in the slectronegativity of RCDa group of the
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agid, Thus, if the reaction is assumed -to procead through the
formation of the cyelic intermediate, thé presence of strongly
electron withdrawing‘ group and additional poﬁential donor satom
capable of fofming a chelate ring, both most sffective if present
on the a-carbon atom within R, can create a situation conducive to

the realisation of such intermediate in the isoclated stats.
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ORGANOTIN CARBOXYLATES : A BrIEF REVIEW

1 Introduction
Brganctin ca;boxyiatas constitute ane of the most
important classes of compounds in the ever exﬁanding fieid of
organotin chemistry. Theoretical and structural interests in this
class of compounds continue to grow along with the- tromendous
growth in their industrial, agricultural and other applications,
Thaese compounds are derivatives of tintiVy and may be of
three general types, viz. RSSnDCDR‘, RzSnlDCDR‘)2 and
RSn(DCOH'Ja,where, the groups R and R' may either be the same or
different. Many discussions on the chemistr& of this group of
organcotin campounds. with wvarying degrees of details | are
availablei_5 and as such only the more important aspeckts are

presaented here.

Ii.2. Preparation

Organotin carboxylates are prepared through 3 number
of routes, of which the mogst common and convenient one invalves
the reaction between organotin oxides { or hydroxides!) and

. - . } S—-14 :
carboxyliic acids or their anhydrides as shown below

RSSnOSnﬁS + 2R'COOH ——————> 2R_SnOCOR* + H,Q ---~=-~ £11
R_SnO + 2R'COOH > R_.Sn (OCOR'})_ + H_ O -====x (21
z z z 2

R_Sn0SaR_ + (R'CO}_O0 ———> 2R_SnOCOR'~--~---—---=~ £31

3 24 2 g

The water produced 1in these reactions is. removed, usually by
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azectropic distillation using a Dean and Stark separator or

a!tsrnétive!y by reafluxing at higher temperature‘ﬁ for example

OH 100-1.10 g
Bu SnOSnBu, + 2©ICOOH ———> 2 O OH + H,0

COO Sn BUB-——E-?L]

Tripheny! tin carboxylates, such as, p~RUCdF¢CUUSnPh; { where, R

= Me, Et 1}, p-{Ph _Sn0C0O) C F .H_ O and o= (Ph_SnDOCO})_C F .H O
'8 26 4 2 3 2 s 4 2

have been prepared by the reaction of PhBSnDH with the appropriate

: . . - 1cF
polvfluoro carboxylic acids in MeOH .
|

Organotin carboxylates have also been prepared by the

reaction of the corresponding organotin halides with the alkali

metal or silver salts of carboxylic acids either by stirring at

room tempearaturse or; by refluxing the reactants in a suitable

19,4740 . .
solvent R

R Sni + {4-n! MOCOR' > R_Sn(OCOR'} + t4-n) MY ----iB1

n ®%-n 2] 4d—n

i = Na, K, Ag or Tl; X = halogeni}

Another method for the preparation of organotin esters involves

the clieavage of one or more organic groups of tetraorganctin

. - 2¢, 21
compounds by carboxylic acids™ '7 .

R En + n R'COOH : > R Sn{OCOR*Y + v« RH -——--08]

‘ a—-n n
In this acidolysis reaction, the cleavage of organic groups
depends on the acid étrength, nature of the groups R and R' and
z22-24

also on the temperature Vinyl groups are cleaved mors

readily than saturated alkyl radicals, but less readily than

25 . . . .
phenyl groups and successive groups are lost with increasing
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difficulty. Tetraaslkyltin is more reactive than tetravinyltinz1
A novel miectrochemical method of preparation of trialkyltin
carboxylates involving the cleavage of organiec groups from R4Sn {R

= Me, Et, Pr, Bu) by Hgl{l]ll! carboxylates, has been dascribsd by

Tagliovini et alzd. Thus, tetramethylitin produces trimethyitin
acetate when treated with Hgti} acetate in MeOH at room

temperature.
Z2Me Sn + H¢g (@COMe) ————> ZMe SnOCOMe + ZHg + C H ------ £t73
K 2 z g zZ &

Organotin hydrides react . with carboxylic acids to form the

corresponding organotin esterSZ?'ZB with gvoiution of hydrogen.

RBSnH + RYCOOH > RSSnUCDR‘ + Hz ------------ £83

R_&8nH_ + ZR"'COOH . > R SniBCOR*)_ + 2H  -——-=we=-- {21
2 2 z 2 2

The initizlly Formed dicarboxylate eguitibrates with unreacted

dihydride as follows .

¥ 2R Sn(H)OCOR' ~----------- £103

-

R _Sni{CCRY})_ 4+ R_SnH
2 2 z z

With di-n-butyltin dihydride the intermediate hydride carboxylate

BUZSn(H?DCUR‘ dacomposes to give distannane 1,2-

27 .30,

-dicarboXylatas Ysing simitar msthods thea acgtato

bridged compounds shown below have besn preparedsz.

C¥
Ia
c

g7 Nog

Z Fh_SnH, + 2 X CCOUH > Ph én én P+ 3R,
e | | \\ Ph

I o 0 |
f (X = H, CI)
o S —— [113
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Halocarboxylate derivatives of organotin compounds are most
conveniantly synthesised by heating eqguimolecular mixtures of the
diorganotin dicarboxylates and the diorganotin dihalides in an

B} ., 99,34
inert soivent .

Bu,SnBr, + Bu Sn{QAc) -> ZBu,5n(Bri0Ac ————;————[12]
These compounds can also be prepared by the regaction of R'COOM
(M = Na, K) with diorganotin dihalide as shown below>>""%,
BqunCl2 + KBCOR' ——eou Bqun{CllocDR' + KCl ~-wmmwmmm -~ {131
At 10000 trimethyitin chloride reascts with wcarboxytitic acids o
giveg dimethylchiorotin carboxylatea? which may also be preparasd by
the exchange reaction betwesen dimethyitin dichloride and a
triorganctin carboxylate in CCl4or Cde at room temperaturess.as
shown below.

HESSnCI + R'COOH —moo—— Mezsn{Cl?DCDR' + Mg -------—--- E14]
stnC!2 + R'aSnDCDR‘ ———p stn(CI)DCDR* + R‘SSnCi ———————— L1581

A number of dialkylhalotin acetates have been synthesissed using

the following reacticnssB :
{R_ 8nCi) 8 + 2CH COOH —————> ZR_{Ct)SnOCOCH + H Q0 =-===- £181
2 2 ] 2 2
{R_EnC1} g + (CH CO)_0Q w3 2R _{C1)ISNOCOCH, --------—-—- £171]
2 2 g 2 2 . 3
RzSnD + CiCOR" > RzSn(CllDCUR' ————————————— 181
Anhydride of an unsaturated acid {e.g., maleic anhydride) when

reacted with hexabutyl distannoxane produces disubstituted

. 1
organotin asters

Organotin carboxylates may also be prepared from the estars of

carboxylic acids by tha reactions [Z01 and €21]4°"1, batow.
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c. : -
e N\ : HC— COOSnBu,
i G + ( BuSn )0 —> T e {193
N R HC— COOSRBu
o
(R Sa) D + R'CODE® - R,SnDCOR' '+ R_SnNEL  ~=------- (201
RSSnOH + R'CDDEY ——o > R SADCOR' + ELDH ---------=-- (213

Tricarbosylate derivatives of the type RSn(OCDR‘}3 are usualty
prepared from the cvorresponding trichlorides by the action of.the

silver salts of the carboxylig scids*?,

RSnC-la + 3R'CO0Ag ~——— RSn{CDCDR')g + AgCY  m-----=---[22)
113 = Physical Properiies of Organciit Carbawylates
The Sn— O bond in organctin carboxviates is essentially

coua}eht, but undergoeé polar reactions-depending on the solvents
and attacking groups. This is why the ‘carbokyiates with &mali
organic groups are more soluble iIn ateohol, =sther ete. than in
waterz. The solubility of triocrganotin carboxyiates is Iow in
common organic éclvants because of their poiymeric stru;tures;
Many of the cgrbo*ylates have low melting points iﬁdigating these
to be covalent compounds.

The peolymeric stannoic acids are colorless and infusiblé._ﬁ
few of them are socluble in chloroform and carbon tetrachloride and
are fairly stable towards hydroiysis. The meilting/boiting points

of some common - oyganotin gsters are listed- in
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L,2,4.5,48

taple-11.1. .

Table:-f1.1.

[ - - v e ke e my g e mm e e —

L4

Compound Mp.{oc) Compound Mp. (" c)

BEp. (“c/mm Hg)

Bp.{ac/mm Hgl

ﬂegSnOCDHe

196.,5-197.5 Bu,Sn(0COMe) 1449.5-145.5/10

Ph, SnOCOH 202-203 Ph_Sn(0CONe}, 116+-117
Fh, $n0COPh 84-85.5 By, Sn{0COCH=CHMe | 24
Bu_ SnBCOH 120-125/0.7 By Sn(0COC H ™ ) 22-24

3 2 i1 28
BuaSnDCGMe ) B85
Bu, SnOCOPh 186-168/1 BuSn(0COMe), 48
{Cy-hex) _SnGCOMe 62-63 EtSn(0COPh)_ . 185-188
Ph_ Sn0COMe 121-122 FhSn(0COMe) 76
prgSnocoﬁe 99~ 100
Prasﬁococéa 88-80/ 1 Et, Sn(C1)0COMe 94
EtaanCOHe 134-135 B%rSnlBr)DCUHe- 6?*68.5
Ji4 Chemical groperties of Organotin Carboxylates

Most triorpganotin carboxylates are hydrolytically stable,

whereas the diorganotin derivatives undergo partial hydrolysis to

produce the

dimeric

4

R_Sn(0DCOR'108nR_OH*"**.  The

readity hydrolysed, in
oxycarboxylates42

solid state

which exist as

$n— 00— Sn

distannoxanes
moncorganotin

sthanal

to form the

RzSn{OCGR‘>GSnRZ(DCGR‘} and
tricarboxyiates are

monoorganotin

polymars or alygomsrs in tha

bridges and chelating

carboxyl
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groups . _ R R
r |
: ~0—-5Sn—0g —5n—0—
. ELOR
n RSn(DCDR'}a + n HZD —_— 5/ kb 'é{ Rb
: ' NS N
T -,
R’ R

+ Zn R'COOH ~~--- (231

The most widely studied reactions of organotin cafboxylates

are decarboxylation and disproportionations. The thermal

4

decarboxylation of triorganotin carboxyviates has bsen used for

thse preparation of trialkyltin hidrides*? {equation 243,
trialkyl-atkynyltins {(eguations : ZS,EBJ‘Q , triorganb

cyanomethyltins {equation 27147 and polyfluorophenyt

triphenylitins {equation 28316.

[s ]
R_SnOCHO 20070 = > R_SnH + €O, =—---v=-----== (241
3 :{ R = Pr,Bu } 8" _ 2
160°c
R Sn0C0C = COC0SnR > R 8nC = CS8nk + 2C0O_ ---028]
2 3 W = EL . Pr.Bu ) 3 ] 8 F4
. so%c .
BuaSnDCOC =2CPh —> BUSSnC = CPh + CU2 ————————— {261
. 140-150°¢ ' '
R SnOCOCH_ CH . ? RSnCH CN + CO  —-=v—-- (271
g 2 (R = Hu,Ph g z -4

Boiling Py

—_———_—
PhQSnOCDR ® = CF CF OMedcs ¥ 0Eu11> FhQSnR + CDz £281

. 65, ¢ 4 -
The FPh SnBCBR ( R = C F € F OMe-4,C F DEt-4} compounds undergo
L} s 5. & 4 S 4
disproportionation reactions also, te form PhZSn(OCGRlz and
te ' 56 )
Ph45n . Seyferth st.at. have succassfully used the reaction

of triorganaﬁin carboxylates of hatogen substituted carboxylic
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acids with cyclooctene as a carbens transfer reaction, although

theg reaction mechanism 1s not yet sstablished,

R3SnOCO CX3 + Q O:cx2 + R3SAX + co

——-—[29}
{R = Me, Ph; ¥ = Ci, Br)
biels~-Alder type reactions nave been carriaed out with

. ) as,ag
greganctin carboxylates and diengs .

CHC OOMe COOMe ~--[30)
+ -
CHCOOS&R3 %
COOSHR3
{R = Bu,Ph 1}
With thicis the fotltlowing egquitibrium is established and ths

reactions can be drivaen from left to right by removing the organic

. . . LEN
aoid frowm the roaction mixktures

R_SnOCOR' + R"SH ————— R_SnSR" + R'COOH ——==-—--=ooomoo (311

Action of altkoxy derivatives of metals and metaltloids on

organctin carboxyvliates producs matailostannoxanesﬁasa as showf

below

Fh Sn0Ac + Ph_Si{DEt}) ——» Ph_S5ii08nFh_1_ -+ 2Z2EtQAc ----13Z]
I F4 Z 2 g 2

BugSnDAc + Ti(DBu!4 _ BuSSnDTi{DBui9 + BubAc - --------- {331

Organctin carboxylates readily undergo redistribution with

other organmtin compounds to form mixed organotin carbnoxyiate

4,054,055
derivatives { sguations 10,12, 15,34} .
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R sSn{OCOR'Y) + R Sa¥, ———» ZK Sn{OCOR" )Y ---------- (34]
2 2 2 2 : 2
(¥ = hal.,0R,H,etc.!

In some cases carboxylate groups of the organctin ester may

be exchanged with that of a free acid as shown below 7' 7%,
AcOBu_Sn@SnBu_OAc + 2Bu’COOH ——
iBuLCDD}BUESnDSnBuz{UGCButJ + Z2AcOH -----[351

Uiigameric acstate is wsually formed when a dialkyltin

digcatate and a dialkyitin dialtkoxide are heatsd at IBOOC in watesr

57.5%54

for 2 hours Oligomeric a«-w diacetoxy stannoxanes &are also

] . 6o
obtainad by the reaction
cu'u

Bu SnibAc) + H D ——22 5 AcO(Bu Sn0O) SnBu DAc + MeDAc----[361
z 2 z 2 " 2 _

{n = 1,3,7,15)

i . S, SL
Some triorganotin esters

ymast commonty thé triorganoctin
acrylates or methacrylates, undergo polymerisation or
copolymarisation under the influence of heat or free radical

initiators.

n CH —CR" -CH —CR*'~ ---=f371
z b 2 :
€0 SnR CO SnR
2 3 2 T
{R* = H or Me

Generalty, the arganotin esters are weaker Lewis acids than
organctin halides, 50 complex formation by esters is less
extensive than by the halides. This weaker acidity appearsz to be
essentialiy an inductive ef fect and may be related to the lower

glectron withdrawing power of tha ROCO group vcompared to the
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halogan aton®?. The prGSGnca a2f elsctron withdrawing groups
attached to the tin and/or ths ROCO mmiatydg increasses ths Lewis
acidity at tin and is5 expected to favour complex formation by the
carboxyiates., This sxplains why in the méjority of the adducts of-

the di- and tri-organotin carboxylates with N, 0O and S containing

a2, S4-7 1

ligands, reported so far . the organotin carboﬁylates are
derivatives of halc <carboxylic acids such as CF _COOH  or
CCLHCDOHdﬁ,dd,do,?z,Ts‘

115 Structure Of drganctin Carboxylatles

The commercial wviability of organotin cérboxylates has
necessitated understanding of the bonding in these compounds to
wstabiish the relationship between their biocidal as well as
non~bi§cidal activity with structure. Consequently, in recant
years there has been an upsurge in the synthesis and structural
elucidations of various organotin esters of well known.carboxylic
acids.

As early as 196%i, Beattie and Gilsgn ' suggested the
strucﬁure involving intermolecuiar bridging through carboxyl
oxygen atom, as an alternative to the lonlc bcndin.g previously
postulated by Fraeman?s and Dkawara?d. Sincea then wvarious
physical methods tike [.R., ey Mossbawer, oMSn  NMR
spectroscopy and ¥-ray diffraction studies have bsen uvtilised to

deduce the struciures of this cilass of compounds. The subisct has

. . 1-5 . .
been discussed and reviswsed by several authors . The sailient



_'?1_

features of the structures of the three type of organctin

carboxylates are discussed below,

IIH A Triorganotin cérbﬁxykates L RBSnDCDR‘}

The triorganotin caboxylates are rich in .Structufal
possibitities. Generally, their sclubilities in organic solvents
are pocor, becauée of their polymeric associated'strﬁcturé £131. Inm
the solid state tﬁe structure of trialkyitin carboxylates_ are
polymeric involving bridging carboxylate groups and planner and
nsar p!anﬁsr\RsSn mniatias4, the gaomatr? 3t the matallatcm being.

trigonal bipyramidat €113.

_ |
VRN ! - 5
N | Sn<—0 on c
O—'SQ"* O 0 . R\\ h\o/ \R/
q R R R R

Thua IR spectrum of trimethylstanny! ascetate in the solid state

consist of v;a(DCDi and va(Ocﬂi stretching frequenciés at 1576

-1 ‘ _ -1 ) L .
cm and 142% ocm raspactivaly, indicating the pressnce of

symmetrical carboxyl group as in NaGGBCHa?? . Appearance of a

singie Sn-C stretching band in HQBSHDCUHE is consistant with

planner. trimethyitin group. The associated polvmeric chain
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structure (11 has been demonstrated corystaliographically for

M= Sn0COMe, Me SnOCOCE " °, .Me SnOCOHT, Bz 600Hs (CH =
i - g =1 g 5] 2
cHy_ococet 9 and Me Snococ Hos ®F,
3 g g9 4 7
R\\ 5 -
penSnT DC—R
- )
§ \\O//'
R
111
Bn dissolving the compounds in ronpotar, noncoordinating

solvents, the carboxylats absorption bands [vlg(UCD) and vg(UCB)]
are shifted to around 1650 am and 1300 cm * respectively, with

the appasarancg of both v En-C1! and vg!Sn*C) bands indicating the

ﬂ{
breakdown of polymeric structure (13 into monomers (111 with
essentially tetrahedral tin atoms having ester-like carboxylate
groups bomisd te it. Molecular woights o©of the carboxylates iﬁ
benzéne and CCl4also suppeort monomeric structure {1171 in solution
with the exception of trimethyitin formate. The.insoiuble form of
the latter, when heated with cyciohexane in a sealied tube at
QOGG, is. coaverted inte a solubles form, which éxists as an
egquilibrium of associated and unassociated forms in CCl, but
mopnomaric in athanole?

However, when.the group R andfor R*' is bulky or when there

is branching at the carbon atom o to the tin atom | a.8.,

triphenyitin Z-ethy! hexcate } the compounds assume monomeric
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ester-like structure [I!]1 in the solid state, as a resutt of
staric hindrancgia'aa_a?. Thus, &-ray study on CygSnDCDMB showsad
the prasence of discreté molecules, with the tin atom occupying a
distorted tetrahedral geametfye5, “although H#Maijss et.at, have
doubted such a representaticfﬂa. Crystaliographically

authenticated claim in favour of structure [(1l] has also. been made

for tricyclohexylstannyl 1,3~indolyl acetate by Zuckerman

8 P . i
at.al. Similar monomsric sftructures have been suggested for

the stericsally hindered trineophyitin formate and acetate on the

. . 85.87
- basis of Mussbausr and [.H. spectroscopy .

in the structure of the bis-{trimethyl stannyl}esier cf &
dicarboxyvlic avid HEESNUCBCHZGCUSnMGBBQ. sach carboxy!l group links
planar Measn moieties intermoliecularly tc form a three
dimensional poclymeric network., In the derivatives of 2,8-pyridine
dicarboxylic scids, structures 143 with trigonal bipyramidal tin
atom environment involving unidentate carboxylate groups linking
two differant tin centres have been astablished recently.

Ampqg the triphenylitin derivatives, PhSSnOCDCHMez and
FhESnGCUCH=Cﬂzare penta-coordinate one dimensional polymers
possessing structure £l in the soltid state, | whereas,

GG, 6,78
‘ and

Fh_Sn0COCHe_, Fh_Sr0CO0C(Me}=CH_, Fh_Sn0CCCCH
3 3 3 2 8 3

{p—to!yIPBSnDCDCClspo are said to be tetra~coordinate monomers

{structure [11}l} in the saolid state as well as in soiution. The

vas{DCDi‘band in the I.R. spectra of all these latter compounds

appear abpve 1600 cm * both in the solid and solution state. Whilse
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the carboxyliate bridged trans-C_SnB_ chain  structure of
triphenyltin carboxylates have been adequetly supported by K- ray
. _PL-9©5 . '
analyais » %the tetrahedrsl monomesric shructure has bean
authenticated crystallographically only for a faw compounds, suoh
as the triphenyltin esters of anthranilic and salicylic acids®?’¥7
and the ¢triphenyltin derivative of thiophene 2Z-carboxylic acid
(PhBSnDCDC4HBSiga. However, triphenyltin acetates, on fareful d-ray

analysis appears tc have a distorted six coordinate mer—PhBSnD3

oo
geomatry at tin as shown below

@\5/

:3'”_CD

L
N s

C n
\
M

e
Iv

.The intra molecularly cheliated structure {1111 involving
bidentate carboxylic group has been assigned te some tricrganotin
esters of carboxytic  acids, aspecially Pthn—derivatives of

substituted benzoic acids, an the basis of !.R., NMR and Mossbauer

96,07 AGA-108,4 44
spectroscopy ¢ t . The v, 10CO} mode in solid

triphenyltin benzoats is found at 1620 em * Los and in
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tri-n-propyl and tri-n-butyl! tin benzoates, which are liquids, at
1565 cm . and 1640 cm ¥ 103406 respactively. Since the vaa{DCG}
mode is not shifted towards higher frequencias in solution, it is

tikely that, structures adopted in both states contain chelated

88 . .
benzoate groups . Howsver, axamples of this geometry among

. . 100,404
trialkyt tin asters

ara extremsty rare, dug probably, to
the lower slectronegativity of the alkyl than the pﬁenyl group,
which disfavours axial occupancy of. the atky!l group in the
trigonal bipyramidal structurs.

Data for Ph SnOCOCH X [ where % = 2-NH_  A-NH_  2-NMe,
2-0H, 4-5Me 1 have all besn interpreted in tefms of 5 coourdinated
structure C[1113, although this has bsen guestioned'®®. From **Sn
NMR and ﬂossbauer studies of PhBShDCOCdH4H { where ¥ = H, 2-Me,
2-NH ' EHNHE", 2~-Ct, 3-Ci, 4~-Cl, 2-0H, 4-0H, 4-SMe, 2-0OMe 1 in
soluticn and in solid phases, Molloy et.al. have assigned a
coordination number of four at tin in all the compounds in
solution as well as in solid state with the exception of 2-Ci and
2-0H deriﬁatives’OQ. The 2-Cl and 2Z2-0H derivatives are szaid- to
gxhibit carbo#ylate!hydroxyl bridged polymeric structure.

On the basis of crystallographic data Holmes et.al assigned
the intramolecularly five coordinate strﬁcture [!jl] to the
4-chioro- dérivativegﬂ but ﬁollay et,st wcontinues to prefer the
tetrahedral monomeric structureos. The tetrahedral arrangement

around tin in these compounds is supported by the ¥%-ray

diffraction studies on triphenyl! tin esters of anthranilic and
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salicylic acidagao?, in which the carbony i OXYygen 15 oniy
hydrogen bonded with the substituent at the ortho position of the

benzene ring as shown below

Howewver, - ip the triphenyitin anthranitate and salicylate' the
geometry is «distorted towards trigonai bipyvramidal, because of
the approach of oxygen of the RCOO moiaty &% é tetrahedral face
apposite one of the tin-phenyl groups and the Sn-~-0 {carbonyl}

distances (. 2.823 AY in the anthranilate and 3.071 A® in the

salicyiatel arg indicative of weak interactionsgmga

The oﬁly yet undisputed structure of +type [il1l} has been
demonstrated crystallographically for iriphenyl tin
0—{2*hydrcxy—5"methyi phenyt azg )bsnzoateﬂm

It should be noted there that Among the RBSnDCDCdH‘X
compounds {where X is a donor group’, there is no vconvincing
gvidence Iin favour of.the involvemant of the substitgent f on the
benzens ring in intramolecular coocrdination leading to chelate

rings. 0On the other hand, there is evidence that the X group may

be linked to a tin centre which is not at ail carboxylated. Such
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I
gxamples arg providad by triorganotin derivatives of mercapto
. ., 145 .
carboxylic acids » Howevser, examples of monomeric carboxylatas

in which the carboxylate group is part of a chelated ring formed

by intramolecular coordination of N—>rSn have bosn provided by:

. 109-111 . . : . .
Majae s=t.al » for tri- angd di-organcotin derivatives of

ar¥lazo benzoic acids and arylazo phenoxy acetic acids.

Uniike the triorganotin carboxylates ocited so far, the
structure of trimethy!l tin glycinate is unigue in having lone pair
donation threough nifrogen giving a one dimensionai amino bridged
poiymer aad trigonal bipyramidal geometry at tin. There is
hydrogan bonding batween garbonyl oxygen and amino N— H

botween the chains 2,

H
Me é
| ] e
N—Sn___ l?‘
/"?; \CHZ—N'"— n—=0
M M %
€ e Me M

™
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This structure seems unusual since the affinity of tin For oxygsen
is greater, but the structure has bgen demonstrated

12

crystallogréphicallyi Similar structure has also been

demonstirated for di-t-butyltin gilycyliglycinats mbnuhydratet4d,
with the exception that, the equatorial plane is composed of twe
Bu groups and one N atom of the tridentate ligand. The water
molecule present contributes teo the H-bonding net work.

From the above observations it is apparent that in spite of
accumulation of large amount of structural information on
triorganotin carbox&iates it is still not clear what properties of

the R and R' groups determine which of the structures I, I[1I,I1] is

adopted in the solid state.

IIBB., Diorganotin Dicarboxylatss £R28n{DCDR‘323 H
The structure of dialkyltin dicanboayliates was First
suggestaﬂ for dimethyltin diformate by ﬂkawara?d as consisting of

148,144

‘s linear MséSn cation and formates anion. Mossbauer and

4415 ctudies on a number of dialkyitin dicarboxylates suggest

i.R.
that in the neat liguid or solid states, theée adopt a polymeric
structure (V11! with intermolecularly bridging carboxylate groups
and an octahedral trans—RZSnX4 tin atom gegmetry. X-ray
crystallographic evidences in favouyr of .this structure sre,
however, laecking. In solution, these compounds are monomeric and
probably possess an octahedral intramolecularly cheigted structure

[viriitt®,
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Recently, some dialkyltin dicarboxyiates have been shown
from crystalliographic studies, to have monomeric structure in the
solid statetCTE, Thus from ¥-ray studies the mono nuclisar
MQESn{DCDCdH4-p—NH2?z fhas been assigned a distorted octahedral
ciE—RZSnX4 gaomatry around~tin“ﬁ as shown in structure I¥. The

148

structures of "Bu,Sn(OCOCH, SCgH_) ®? PRy Sn(OCOC H -p-Br) 8,
5 2 4 o 4 z

- 148 ' o
EtzsniDGGC4HSS?E and Frzsn(BLUGstPhlz have beaen described

as having a skew trapezoidal bipyramidal geometry at tin, atlso
with a cis—RzSnX4 dispositicon as shown in figure (X1, The
0 . 120 .
Buzsn{DbDCdH4—o—Br)z has, howavsr, baen szhown to have,in the
solid state, a distorted pentagonal bipyramidal gecometry with
trans Bu groups, due to dimerisation through wsak interaction
between a tin atom and a carboxylate-O atom tinked to the other
tin atom {X13. In solution the dimer Jdissociates.

In polymeric dimethyttin dipiceolinatse, where both

carboxylate groups bridge successive atoms, tin is formally seven
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NH>

R\Sn/ . Bu\
R// \O . Bu/
o\;\ /

C

|/

IX ' ¥

coprdinate due to the formation of intramolecular tin-nitrogen
bond’*?. Sandhu et.al. also have suggaested the invo-lvement of the
N atom in intramolecular ceoordination in derivatives of picaolinic
acid [ RZSn(pic}z 3 whers, R = Me, n-Bu, n-0ct and Bz.1l on the
basis of Mossbauer studies™™”. A distorted +trans octahedral
structure involving unidentate carboxylate groups  has been
suggested for these compounds. However, a weak (C={----5Sn bridging
interaction has not been ruled out in some compounds;

1

On the basis of IR, NMR, and “Sn Mossbauer studies, the

intramolecutltarly chelated octahedral trans*stnX4 geometry around



tin [¥IIl} has been suggested for the diorganctin derivatives

s . P8 . .o 2t
of 3-Benzoyl propionic acid , Z-Benzoyl benzoic aci.l and some

. ] ., 412E-4124
N-substituted amino acids .

Br
_C
Bu o Bu

Br O . '
@E/ '\SL{/O om0

Bu \

Br

X1
The aminoacid derivatives dimerise due to H-bonding throwgh the

functionat substituents on the awmino N atom as shown balow

'S B B0 i’
However, from X-ray studies, Sandhu =%.al. haﬁe shown that
£Bu25n(A)] { whers, HA = monochioro acatyl—L—phen}l alaninag !} has

a monomeric structure with skew ftrapezoidal planar geometry around

tiniso, instesd of ths octahedral geometry shown above (L1111,

In addition to the 1:2 complexes shown aboves the aminoacids
form similarly hydrogen bonded carboxy diorganc stannoxanes of the

type thL)Sn—D—Sn{L)R2 where, the geometry around tin atom is

trigonal bipyramidal trans—RZSnK3 involving chetating carboxylate

122-124 , 47O
groups .

in the diorgancotin derivatives of mercapto c¢arboxylic acids
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also, Hossbauertm and K—raywz data indigate that the tin zatom
geometry iz trigonal bipyramidal, nonlinear polymeric compounds
baing formed thréugh the involvement of the S atom and bridging
bidentate carboxylaté groups,

The reaction between diorganotin oxides and carboxylic acids
often leads to the formation of carboxy diorgano stannoxanes,
which are hydrolysed derivatives of the diorgancotin carboxyiates.
A survey of the litersture roveals that, Jdiorganotin esters in
general, and carboxy dicorganc stannoxanes carrying ligands with

functional substitusnts in particular, have not received attsntion

. . O T L r. 2 Y
commensurate with their structural possibilities . As

far back as in 1877, Tagliavini =t.al. suggesstsd the following

dimeriec structure (X111l involving both monodentate and bidentate
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carboxylate groups for tetrabutyl-1,3-trichloroacetoxy
distannoxane [("Bu Sn0COCCI ) 81, and similar compounds’ ot E
the solid state, as well as in CCl, solution, on the basis of IR
spectra and Y-ray studies. 1ln more polar solvents like CHCl9 the

weak Sn----0 baonds shown in structure Y111 are broken and partiai

depolymerisation occurs and structure XIV and KV are supposed to

125
be present .

The distinctive features of these structures are the presence, in
each, of two different tin atom geometries and two tgpes of unigue
carboxylate groups, one of which bridges two tin centres, though
weakly, wvia one oxygen atom only, the carbonyl oxygen remaining
free. Further experimental support for the above structure X111

with a planar four membered Snzﬂ2 ring, of tetraalkyl dicarboxy
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distannoxane has onty recently besn provided from crystallographic

studies of [ tMe SnOCOC H -o-NH_ ) 01 ¢,
2 L 2 Z i

n - 128 0 - 14
i BUESHULDC6H4 =) NHzﬁaD]z ' £ BuzsnﬂbUCdH4 afOMeJZDlz )

[(BqunDCUC_‘IHSS)zﬂlzﬁs and othar compounds*®

However, Lthe structure assigned to these compounds [XVI1l diffars
slightly from structure XI1i due to +the involvement of the
carbony! oxygen' in weak Sn----0 interaction, thus rendering both
. . . ) . 14

the gndocyclic and exocyclic tin atoms sin-coordinate .
The tetraorganoc stanncxane structurse suggaested for
iMe SnOCOC H ~o-NH ) D1 s differs considerably from both

z & 4 2z 2

structures KIll and AVI in having two different £tin atom
geometries, but only one type of esseEntial iy monodentate

carboxylate group, one oxygen atom of which bridges two tin

centres through weak Sn----0 interaction {(EVIIL]1 . The othar oxygan



atom is also involved in weak Sn----0 interaction.

XV1

LI
revgals

Crystal structure detarmination of {BUESHUCBC5H4N}ZD]2
that the Z-pyridine carboxylate ligand introduces a major change
in the dicarboxylate teftraocrgano stannoxane structure as a result
of the formation of Sn—N bond [¥VITT1]. The centrosymmetrié
dimer features two unigue carboxylate groups, one Gf.which bridges
two tin centres via one oxygen atem (the pendant kagen atom is
not coordinated but the N atom is weakly associated to tin §.

The other carboxylate functions essentially in the monodentate
mode {the carbnxrlate oxygen atom is involved in weak bridging
interaction! and a chelate ring is formed through the formation

of Sn—H bond. One tin atom is six cosoordinate and the oither is

seyen coordinate by virtue of weak but significant intramolecutlar
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interactions.

NH
szf 2
M —~C
' :\ Me ,e_.-o 0’
S0y
Me-:-i's\nw———o | o_;_g{/m
‘\\\ )Sh/ / \ 0
o Sh ...
A e O
C"‘""O Me @
HzN NHZ
' XVII

The dialkyt hatlotin carboxylates RzSn{DCDCR‘ } 4 are belisved

Sn
BU'//n\MO\ / i ~m
O-eeevee Sn — Q N
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to possess intermolecularly bridging and intramolecularly chelated
structures %1% and XX, in solid state and solution respectively,
with the tin atoms cccupying & trilgonal bipyramidal cis-—RzSnH3
ganmstrysa. These strustures are guite similar to th% structurses |
and 1}l of the triocrganotin carbnxyiates, the halogen atom of the_

former occupying the position of a R group of the latter,

R R R a
. Sln Y C \ ‘ Yy R fff;,“’ |
%:—-ﬂo 0—2ne07 >N —0
R %CL / % R/ ! \
R C{ O — r
< CR
XIX
X X
¥-ray studies of polymeric dimethy! chliorotin acetateﬂu, however,

reveals that the tin atom is in a distorted trigonaf'bipyramidai

environment, the distortion being attributed to a weak but

-.\“ C
\O/

[ M
c[-..__,Sn< ¢
. f - "Me

;
Me

X X1

-
#
o
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significant carbony! D---8n interaction resulting in the tin atom
becoming six coordinate [%X11, resembl ing the structure of

triphenyltin acetate [1IV3.

II5.C Monodrganctin Tricarbdxylates [RSnkDCDR‘JS]

The structure of this type of organctin carboxylates have
not been adeguately eiucidated. No X-ray studies are yet{ avaitable
on any mongcrganctin tricarboxyléte. The IR spectra o3f a number of
monoorganctin esters in CCI4 solution show coordinated carbonyl
stretching bands, and additionally, BuSn(DCDHe}3 and BuSn{UGOEt.)5

~were found to be -manomeric in camphor soiution . This is
indicative of seven coordinated tin atom geometry for these

compounds in solutian [¥X111,

X XII

11 6. Creanatin Keto carboxylales
Although tricrganotini{iV) carboxylates are mostly Ffive

coordinate carboxylate-bridged poliymers whoss repeat units are



_.89...

propegated in & zZig-zag or helicail manner in the crystal
latticalsz, a bonding mode alternativea o carbeoxy! bridging may
become possible if the carbbxylate group contains a substituent
carrying a donor atom. The invotvement of the additional doner
atom in bonding may result in either a intramolecultarly chelated
ring structure or inFermolecuiarly bridging polymeric
structure. This latter option is adopted in trimathyltin gliycinate
[%1}, where bridging occurs axialty at tin along the chain through
the amino nitrogen atcmﬂz. This saems unusual, since the affinity
of tin for oxygen courdination is believed to be greéter. and has
generated tremendous interest in the solid state structure of
organotin carboxylates containing an_additional potential donor
atem in the carboxylate moisty. Among many such compounds
organotin wsters of substituted benzoic acids and some amino acid
derivatives have received much attention in rscent years.

Keto carboxylic ascids, though potentiaily polyvdentate, and
apparently capable of forming a chelate ring, have not received
adeguate attention. KumarDas =2t.al. have investigated the tri-
and diorganotin =2sters of some ¥Y-keto carbosylic avcids, wviz,
hippuric acid, succinanilic acid,‘lavuiinic aci&mg and 3-benzoy!l
propionic.acidgs. On the basis of IR ang *¥gn Mossbausr spectiras
the diorganotin compounds have been shown to adopt i the solid
state, trans—stnK4 octahedral geometries and the triorganotin

compounds, trans~RaSan trigonal bipyramidal geometries, in which

the carboxyli nxygen, rather than the ketonic oxXygen, participates
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in intermolecular coordination to tin. ¥-ray studies on the
triphenyitin ester of 3-benzoyl propionic acidpa he vonfirmed a
carboxylate bridged rigid polymeric sitructure. The ketonic oxygen
is not involved in coordination., Thes tri- and diorganotin esters
of 2-benzoyl! benzoic acid, which also has two carbon atoms
separating the carboxyl and ketonic carbons, are ailso repo;ted to
have identical carboxylate bridged trans—Rasnxz and six coordinate
trans~RZSnK4 strustures raspectively;&h The triorganotin
acetylacetates {(/3-keto carbemxylates} might be expected to be more
rigid than the levulinates but their rsported IR 5pectrf34 are
rather similar to those of the levulinates., Howsever, the organotin
derivatives of (--keto carboxylic acids are yet‘to be investigated
thoroughiy.

Although metal complexes, especially mixed ligand complexes

of pyruvic acid, the first membsr of the «-keto carboxviic acid
. 19%5-24Q .

series ara waitl known -, reports on %the organotin esters of

. : ' -

a-keto acids are scanty. Only skstchy reports on the preparation

L1 ; .

and IR spectra of BugSn—der1vat1ves and Mossbauer spectra of
. , ddid . . .

PhBSn—darivatzve of pyruviec acid have appeared so far. The =ase

with which the 2- and [-keto carboxylic acids, as well as their .

metal derivatives underge poiymerisation, decarboxyiation and

decarbonylation may be one of the main reasons for the appareant

lack of interest in crganctin derivatives of keto carboxylic

acids.

' . . . 03,193
In comparison to the p-keto acids studied so far the



keto group in the a-keto acids is more suitably placed for being

involved in a chelate ring in their organoctin derivatives as shown

below:

f /D““‘T{#D

However, formation of such a cheliate ring does not, in any

way, preclude polymerisation, as the carboxyl C=0 may be involved

in bridging interaction as shown bealow

D
//"\[_/

Sn
/[V\

{")—-O

\Hsn‘/////
,f’[ F\HNHH

\Rl
The high selesctronegativity of the R*COC00 moiety is ltikely +to

Lewis acidity of the tin atom, thereby helping the

vl

increase th
nucleophilic attack on it by the carboxyl <=0 of another
ring, leading to polymeric structure.

Besides, irrespective of the role cf. the keto group,
potymerisation is likely to proceed through the involvement of
carboxy! group in intermolecutar bridging mode, which is 3 general

feature of all compounds incorporating strongly elsctronegative

. : <3 - . . . s .
acid ligands , resulting into one dimensional rigid polymeric

structures, such as,
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RL\C’//}D
[.
R R C
T \I D/— \ﬂ\\
—> Si——OD _0——Sn— /Sn< =
<l: /\ A D\\C/.D
C .

et

0

The ultimate demonstration of whether or not a ketonic group
in the organctin esters of kete carboxylic aclids ie involved in

coordination must await further investigation.
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ORGANCTIN DERIVATIVES OF & —kKeETO CARBOXYUIC ACIDS -

{Preparation, Properties and Spectroscopic Studies).

T11.1. Introcuction

A survey of titerature shows that although tremendous
amount of work has already been done on the synthesis and
structure of organotin carboxylates with almost all conceivable
type of substituents on both the tin atom and the carboxyl moiety,
the organotin esters of a-keto acids {{]1 are yet to be adequately
investigated. Only a few rapo}ts on the praparationi and spectral
studiesz'on the tripheny! and ftributyltin esters of pyruvic acid
havae appeared so far. Organotin derivativas aé a-kato cgarboxyiic
acids would be of interest in two respect-s :

(i) Organctin carboxylates, unlike organctin halides, are somewhat
rejuctant to form addition compiexes with Lewis bases, although a
number of their addusts with .N,' 0 and S5 containing ligands have,

o

recentty, Dbesn r9ported&1 . Apart from the hydrate adducts of di

. . G-1i8 . .
and tri organotin carbox_vlates1 * and the anionic acetate adduct

of MezSn(DAc);g, the organotin carboxylate moisty, in majority of
these complexes reported s0 far, is a darivative of a
trihalocarboxylic . acid such a-s CFSCUQH or CCISCDUHd'?"'aAg#m.
Most obviousiy, the eiectronegativity'cf the RCOO moiety in these

carboxytates profoundly influences the Lewis acidity of the fin

atom®™, thereby making it susceptible to nuslecphilic attack. The



-105-

a-ketn acidsg, possessing a suitably placed keto groﬁp and high
acid strength {(electronegativity}! appear to be suitable for the
reaiisati;n of organotin carboxylates of the type 11, in which the
carboxylato group is part of a chetlated ring structure, formed as
a result of intra moiecular nucleophilic attack. [t is therefore,
of great interest to know wﬁather, suéh coordination would occur

in organotin derivatives of a-keto carboxylic acids, or not.

=3

R
's |
N
/ \D-"_.--"";C“‘"‘--..Rt
R
H Il

O=0

,//IDH‘E““C=5:D
OH ' R '

R!

Q

It should be pointed out here, that the formation.of such a
chelate ring does not necessarily exclude the possibility of
intermolecular cﬁnrdination in these organotin ﬁeriﬁatives of the
a-kete acids. The enhanca& Lewis acidity of the tin atom due to
high slectronegativity of the R'COC0O0 moiety makes it aqually
susceptible to intra molecular as well as intermociscular
nucleophilic attaeck., Thus, favourable electronice and steric
factors .are' likely to introduce intermolecular coordination
leading to esither of the following structures 11l or IV, without
regard to the role of the keto group in the complex.

{ii) Pyruvic acid, the first member of the a-keto acid series, is

vary imporiant biologically since it is an intermediate product
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in the  metabolism of carbohydrates and proteins. Recently,

Pt-complexes of pyruuic'acid have been found tt poussess remarkable
anti-tumour activity2f{4. Therefore, synthesis and study of the
tin complexes of pyruvic acid and its homologues are important
from the biclogicai poinf of view as well.

Moreover, it is also interesting to know the various factors
which influence the course of tﬁa reaction between the keto acids
and organosfanﬁoxanes.

These considerations ied us to investigate the organotin

derivatives of a-keto carboxylic acids. The keto acids used in the

present investigation have been named and abbreviated as shown

below.
Si.no. Structure Name Abbreviation
o 0 )
1. CHg——EA—g——OH IPyruvic acid o PvH
{2-Oxo-Propanoic acid)
0 0 '
2. PhCH2—~g——g——DH Phenyl Pyruvic acid PPvH
{2-DOx0-3-Phenyl! Propancic acid)
0 0
3. Ph——g——%——DH ' Benzoyl Formic acid BFH

{2-0xo-2-Phenyl Acetic acid}
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111.2. E:gperimental
The erganctin compounds used were purchased from Fluka
(Switzeriliand!) and Aldrich (USA} and wegre used without further
purification saxceapt PhaSnCI, which was purified by repeatsad
recrystaliisation from petroleum eather (Bp. 80—8000? until the
product attained {he mp. 10800. PhSSNZI was also prapared from
Ph4Sn by standard mathod25 and purified in the same manner.
{FhCHz?SSnCl was prepared by the method described by Sisido
Et.at.ZG and racrystallised from ethyl acetats,
All solvents were purifised by standard méth0d527 as and whean
necessary. Unless otherwise stated, petfoleum ether used refars to

the fraction boiling at 60-80%c. &1l melting points wore observed

by open capittary method and are uncorrected.

III2.A. Preparation 0f The Ligands
(i) Pyruvic acid {(PuH! :

Pyruvic acid was prepared accprding to the method
described by Gilman and Biattzau. and purified by fractionai
distiltation. The fraction boiling at 75-80YC/25 mm was collected.
(ii) Phen&i Pyruvig acid lﬁPvH) : |

Pheny! pyruviec acid was prepared accordjng to the method
described by Gilman and Blattaw. and drisd in a vacuum desiccator

agver CaCl_ and KOH. Mp. 158f15800.



-108-

(iii} Benzoyl Formic acid (BFH!

Benzoy!l- formic acid was purchased from Fluka {Switzerland}
and used without further purification. Mp. 62-64°C.

HHize Preparation of the Organotin Derivatives

1. | Reaction of NaPv with PhBSnCl

0.77 g (0.002 molel} of PhBSnCE was stirred with large
excess qf MaPv {0.5 g,0.005 mole) in dry e£her containing some
methancl at room temperature for B8 hours. The solvent was
completely rvemeved at room temperature.’ under vaouum and the
resul tant mass éxtracted with hot pet.sther. The'pet.ather axtract
was allowed to stand and the first fraction of product was

repeatedly recrystalliiged from pet.ether.

Yield :0.085 g {ca.10% }. Mp. 114-89C.

Analysis %Sn %C %H
Found : 26.1 58.8 4.6
Caiculated for PhaQan g 27.06 57.7 4.13

2. Reaction of PvH with (PhBSn)zD H

(i) 1.79 g (0.0025 mole) of (PhsSn)zﬂ was diésolved in 40 ml dry

1

dry ether, 0.44 g (0.005 mole) of PvH was added and fefluxed using
Dean and Stark water separator for about 1 hour and filtered. The

filtrate was evaporated to dryness at room temperatures and the
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resulting mass extracted with pet.ether. The pet.ether extract on

evaporation and recrystailisation from the same solvent -gave 0.065

g {3%) white solid melting at 114-8°C.

Analtysis 1 %Sn *%C %H
Found : ’ 25.8 59ﬂ1 4.8
Catculated for Pthan : 27.086 87.7 4.13

The residue obtained after reflux and after extraction with
pet.ether were repeatedly washed with benzene and ether and dried.
Both were found to be identical on the basis of IR and analytical

data. The combined mass of the residue was 1,75 g (B0%) and it did

not meit.

Anaiysis : % Sn % C % H
Found : 30.1 48.1 3.8
Calculated for thSn(Pv!BH t 31.38 47.87 3,72

(ii} The same amount of (PhaSn)zﬂ and PvH as above were taken in

benzene-free solvent ether and refluxed under the same condition
and the solvent ether was carefully distilled out completaly. The
uv spéctrum of the -distillata was recorded in the 280-230 nm
region using a Shimadzu UV240 spectrophotometre. The UV spectrum
showed the presence of benzene in the distiliate indicaﬁing that
one of the reaction products is benzene.

{iii} The same amount of {PhsSn}zG and Pvﬁ as above were taken in
40 m! dry benzene and refluxed wusing water separator for 12

hours. Filtered and the residue washed with ether. On



-110-

reorystalligation from methanol .8 £ of vellow solld,

which decomposed above 28009 wilthout melting, was gbtained.

Analygis : % Sn % C % H
Found : 38.5 34,8 2.8
Calculated for [PhSn{Pv)DJn : 39.6 _ 36.2 2.7

The filtrate wag evaporated to dryness and extracted with
hot benzene-pet.ether mikture (80:201. The solution was
concentrated and allowed to crystallise, On repeated
recrystallisation from the same sotvent 0.18 ¢ of crystaliine
solid, melting at 22?-800,'w9r9 obtained, This waz found to be
Ph‘Sh from anaiytical data and mixed melting point determination

with an authentic sample‘of Ph4Sn.

The residue after extraction with benzene-pet.ether mixture
was washed with ether and dried. The yellow solid weighed 0.5 g

and did not melt.

Analysis : % Sn ¥ C % H
Found : . 30.9 49,3 3.4
Calculated for thsn(PuiDH : 31.38 47 .87 3.72

3. Reaction of NaPv with BuaSnCl ¢

0.32 g (0.001 moie) of BusSwCl wag added to s suspension
of excess NaPv (0.2 g, ~ 0.002 mole) in 20 ml ether and stirred
for 8 hours using magnetic stirrer. The solvent was'£hen removed

at room temperature and the residue was extracted with pet.ether.
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The pet.ether seolution was evaporated and the resultiing massg

recrystallised from the same solvent,

Yield : 0.04 g (ca. 11%). Mp. 80-82°¢C.

Analysis 3 % Sn % C % H
Found ' 31.02 48.0 8.5
Calculated for BUBSNPV g 31,38 47.9 7.98

4, Reaction of PvH with (BuESnizO :

1.48 g of {BUQSn)zO (0.0025 mole!}! was dissoiued in 40 ml dry
benzene and refluxed with 0.46 g ( >0.005 mole}) of PwvH for 18
hours using water separator. The yeliow solution was filtered and
shaken vigorously with NaHCDB. Fittered and the filtrate was
evaporated to very small volume {3-4 ml}), diluted with 5 mi
pet.ether and stored at 8°C. A viscous dark yaeliow liguid settled
at the bottom. The clear supernatant liquid was decanted and
further diluted with little pet.ether and kept at s°C. The same
process was repeated till no more viscous ligquid separated. The
supernatant ligquid on evéporation at room temperature gave
yellowish erystals wﬁich were recrystallised from pet.ether and
dried under vacuum over CaCIz.

Yield ¢ 0.38 g ( ca. 20%). Mp, 80-82°C. : :

Analysis % Sn % C % H
Found * : 3t.1 48.8 8.4

Calculated for BugSan : 31.38 47.8 7.9086
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5.(i) Reaction of NaPv with (PhCHz)aSnCl H

0.426 g (0.00% mole) of lPhCH2)BSnCl wag stirred with excegs
NaPv (0.27 é, ~ 0.003 mole} }n dry ether containing some methanol
at room temperature for 6 hours. The solvent was completely
‘removed at room temperature and the residue waxtracted with cold
ether and allowed to stand. The first crop of preoduct was rejected

and the second crop recrystallised from ether.

Yield :0.04 g (ca. B%}, Mp. 104-10800.

Analysis ¥ Sn % C % H
Found : _ - 61.3 4.8
Calcdlatsd for (PhCHzigSan H 24,88 60,25 5,02

{ii) Reaction of PvH with I(PhCHz)BSn]zO :

1.0 g (0.00125 mecle}! oxide was dissolved in 40 ml dry
benzene and refluxed with 0.22 g (£0.0025 mole} PvH for 10 hours.
The light yellow solid deposited was fiittered out, washed with

ether and recrystallised from methancl. The product weighed 0.55 ¢

and did not mett.

Analysis : % Sn % C % H
Found : 36.26 38.%2 3.5
Calculated for [BzSn(Pv)UJn L 37.82 38. 46 3.2

6. Reaction of PvH with DctzSnD ]

(i? 0.45 g (0.001i25 mole) of Octzsno was suspended in about 15

mi dry benzene, warmed and 0.22 g (0.0025 mole! of PvH added
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drop wise with shaking. The oxide went into sotution. Allowed to
stand for 1f2 minutes and the solution was carefully decan£ed
leaving behind unreacted substances. Precipitation was completed
by addition of pet.ether and allbwed to settie. The supernatant
liguid decanted off and tﬁe residue washed with benzene, It Qas
then diss;iued in ether and reprecipitated with pet,ether.The
light yellow precipitate was filtered and washed with
ether~pet.ether mixture. 1t was dried first in air and then in
vacuum over CaClz. |

Yield : O.47 g {ca. 80%). Did not meit (decomposed above 150°C).

Analysis ; - % Sn % C % H
Found @ ' 25,2 51.6 7.5
Caicuiated for DctzSn{Pv}DH : 26.34 50.889 8.48

{ii) ©0.45 g of DctzsnD and 0.22 g of PvH were taken in &D.ml dry
benzene and refluxed for 10 hours using water geparator. The
yvyeliow solution was filtered and the filtrate shaken vigourcusly
with NaHCDS. Filtered and the filtrate evaporated ¢to a gmaitl
volume, diluted with equal volume cflpet.etherland stored at 5°C.
The first fraction of precipitate (a small amount of yellow sgolid)
was discarded and the clear soluticn on cooling for several days
gave a wﬁi£€ product, It was recrystallised from benzepe—pet.ether

mixture.

Yietd : 0.25 g (ca. 40%). Mp. t12-1147C.
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Analysis : . % Sn % ¢ % H
Found : 23.72 51.7 8.02
Calculated for Dctisn(Pvlz : 22.78 50.898 7.72

7. Reaction of PvH with BQZSnD :

(i) 0.62 g (0.0025 matiel) of BqunO was suspended in 15 ml

benzenes-ather mixtursa (B80:20), warmed and shaken with (.44 ¢

{(0.005% molie) of PvH added drop wise. Shaking continued for 2-3
minﬁtes, when the oxide wént into sclution. Allowed to stand for
1-2 minutes and the sgolution carefully decanted leaving behind
traces of wunreacted subsftances. Pet,.ether was then added to the
soiﬁtion and the precipitate formed allowed to settle. The
supernatant liquid was decanfed off and the residue washed
repeatedly with ether. The yellowish white residue was dried first

in air and then under vacuum over CaCiz.

Yield : ©.82 g (ca. B4¥%}. Decomposed above 23400.

Analysis 3 % 5n % C % H
Found ¢ 34.64 . 40.45 6.1
Calculated for BuZSniPu)UH : 35,1 35.3 6.54

{ii} 0.82 g of BqunO and 0.44 ¢ of PvH were taken in 4D_m1 dry
benzene and refluxed for 20 hours using water separator. The
vellow solution was f!ltéred and shaken vigourocusiy with NaHCO, .
Filtered and the filtrate evaporated to a smatll ﬁolume and diluted
with equal wvolume af pet.ethar.and étored at SQC, whaﬁ a viscous

dark yelliow liguid sattled at the bottom. The ciear upper layer
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was decanted and again kept at 59C. The same process was repeated
ti!l no more viscous liquid geparated, The supsrnatant liquid on
dilution with meore pet.ether and cooling gave & white product.

This was recrystailised from benzene-pet.ether mixture,

Yield : 0.22 g {ca: 23%). #p. 157°C

Analysis % Sn % C
Found : . 30.82 42,1
Calculated for Bqun(Pu)z : 29.086 41.4 5.8
8. Reaction of FPvH with HezSnD 1

(i) 0.41 g (0.0025 mole) of MezSnD was suspended in 15 ml hot
benzene-ether mixture (80:20) and reacted with 0.44 g (0.005 motle)
of PuH, following the same procedure used for the reaction 7(i}

above.The product was collected and dried in the same manner.

Yield : 0.63 g (ca. B0% ).  Did not melt.

Analysis : ' % Sn % C % H
Found ¢ 46. 16 23.3 4.4
Calculated for ne£Sn(PuroH : 46.82 23.81 3.97

{ii) 0.41t g of HezSnD and 0.44 g of PvH were refluxed in 40 ml
dry benzene for (68 hours usihg water sebanator. The benzene
solution was filtered and shaken vigourously with NaHCDB.
Filtered, the Ffiltrate concentrated and alliowed to stand
overnight. The yellowish white solid deposited was.fiitered and

washed with benzene and ether, then dried.
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Yield : 0.15 g (ca. 18%). Did not melt.

Analysisg : % Sn % C % H
Found : 34.9 29,28 3.8
- Calculated for MezSn(Pvlz : 36,64 295.8 3.7
9. Reaction vof PvH with thSnO H

(il 0.72 g {0.0025 mole) of thSnO was reacted with 0.44 g of
PvH following the same procedure as for the reaction 7(i) above

and 0.8 g (ca. 78%) of a yellowish white product, which did not

melt, was obtained.

Analysis % Sn % C % H
Found : 30. 47 49.85 3.9
Calculated for thSn{Pv)DH : 31.38 47.87 3.72

(i1 0.72 ¢ PhESnD and 0.44 g PyH were refiuxed in 40 ml dry
benzene for B8 hours using water separator. The yellow solid
depositéd was filtered, washed with ether and recrystallised from

methanol and dried. 0,62 g of yellow solid which decomposed above

28000 were obtained.

Analysis : % Sn % C % H
Found : ) _ 38.1 35.7 2.9
Calcutated for [PhSn(Ple]“ : 38.86 36.2 2.7

10, Reaction of NaPPv with PhsSnCl

0.38 g { ~ 0.001 mole} of PthnCl and 0.28 g (» 0.00%1 mole}

of NaPPv were taken in dry ether containing small amount of
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methancol and stirred a£ room temperature for 6 hours. Evaporated
to dryness at r;t. and extracted with cold ether and allowed to
stand overnight at 5%. First crop of products rejected and the
gsecond crop was recrystallised from ether,

Yield : 0.35 g (68%). Mp. :39-140°C.

Analysis % Sn % C % H
Found : 22.9 63.8 3.7
Caiculated for PhSSnPPv : 23.0 §3.15 4,28

i1. Reaction of PP?H with iPhsSn)ZO

(i} 0.35 g ( ~ 0.0605 mole) of (FhBSnizD was dissolved in 5 ml
dry benzernie{or ether) and shaken with 0.18 g (0.001 mole)} DEIPPvH
for 2-3 minutes. The faint yellow solution obtained wags dituted
with 2-3 ml pet.ethsr and aliowed to stand at 5°C. The first arop
of produét wasgs rejected and the second crop waéhed with cold ether
and dried, first in air and then under vacuum over CaCi,

Yield :0.375 g (70%). Mp. 1389-140°C.

Anatysig : % Sn % C % H
Found : _ 22,9 63.789 3.85
Calculated for PhSSnPPv : ’ 23.0 §3. 15 4,28

(ii 1.4 g  ~ 0.002 mole} of lPhSSn}ZB was dissolved in 20 mi
dry benzene and 0,85 g ( ~ 0.004 mole) PPvH added. the light
yellow solution was then refluxed using water separator for 12

hours. The yellow solid separated was filtered and washed with
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ether. The golid weighed 0,88 g on drying and did not melt,

Analysis : % Sn % C % H
" Found : 32.6 47.3 3.7
Calculated for [PhSn{PPv)D]n i1 31.55 48,12 3.2

The fiitrate was evaporated at room temperature, washed with
cold ether and e#tracted with hot benzene-pet.ether mixture
{80:20}. The soclution was concentrated and allowed to crystaliise.
On repsated recrystallisation from benzene-pet.ether mixture 0,17
g of crystalline solid melting at z27-87¢C ware ogbtained. This was
found to be Ph4Sn from analytical data and mixed melting point
determination.

Thé réaidue after extraction with benzene-pet.ether mixture

weighed 0.43 g on drying and did not melt,.

Analysis % Sn % C % H
Found @ ' 27.58 57.4 3.7.
Caiculated for thSn{PPUJOH : 26.1 55.75 3.98

When the reaction 11.{ii) was carried out in soclvent ether
and the solvent was carefully distiiled out, benzene could be
speciroscopically detegcted in the distiltate, indicating that

benzene was one of the products of the reaction.

iz, Reaction of NaPPv with BUBSnCI
0.32 g (0,001 mole) of BuSSnCi and 0.27 g {( »20.001 Mole).nf
NaPFv were taken in dry 'ethe; containing little methanol and

stirred at room temperature for 8 hours.Filtered, evaporated at
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r.t. and extracted with cold pet.ether. The pet.ether extract on
evaporation gave a colorless liquid product weighing 0.44 ¢

{98%) containing no halogen.

Anatysis @ % Sn % C % H
Found : 26.84 56.65 5.8
Caiculated for BuESnPPv : 26.1 S5.75 7.52

13. Reaction aof PPVvH with (Buasn)zo :

.6 g (7 0.001 mole! of lBuBSn)zD and o.4 g ( >0.002 moclsa}
of PFPvH were taken in 20 mi dry benzene and refluxed for 10 hours
using Dean and Stark water separator. The yellow solution obtained
was shaken with Né.HCUs and fiitered. fhe filtrate Was
concentrated, diluted with pet,ethaer and kept at 59%¢ overnight,
Pasty yellow mass gsettied down and the clear upper layer decanted.
The decant was allowed to evaporate at room tempe;ature to a
gsemisolid mass and then extractedl with cold pet.ether. The
pet.ether extract on evaporation gave a coloriess viscous figuid

weighing 0.49 g (55%).

Analysis @ % Sn *® C % H
Found : ' 26.85 56.6 5.7
Calculated for BuaSnPPv H 26.1 BE.75 7.52

14. Heaction of NaPPv with (PhCHleSnCl :

.42 g { ~ 0.00% mole} of (PhCHz)gSnCl and 0.27 g { >0.001



mole}? of NaPPv were taken in dry ether containing little methanol
and stirred at rcom temperature for 7 hours and filtered. The
filtrate was evaporated to dryness at r.t. and extracted with cold
ether. The ather solution was stored at SOC. The first crop of
products was rejected and the second crop, recrystalitised from

ethar, weighed 0.24 g (44%) on drying and melts at 13400.

Analysis : % Sn % C % H
Found : ' 21.86 64.25 5.6
Catculated for BzgSnPPv : 21.3 64,98 5.05

15. Reaction of PPvH with [(PhCHziBSnJZD

0.4 g {0.0005 mote) of the nxide was dissocived i1n 10 ml
benzene*éthef_ mixture (50:50) and 0.:17 g ( 7 0.001._mole) acid
added. Warmed and shakean for 2-3 minutes. The clear solution
obtained was diluted with pet,gther and kapt Dvarhight at SOC. The

solid deposited was reocrystaliised from cold efher and dried.

Yisld : 0.42 g (78%). Mp. 13406.

Analysis % Sn % C % H
Found 22.1 64.56 5.4
Calculated for BzSSnPPv 21.3 64.98 5.05

16, Reaction of PPvH with BqunD

fi} 0.26 g (0.001 mole) of BqunG and 0.33 g {(0.002 mole) of

PPvH were shaken in 10 m! warm benzens-ether mixture {(50:50) for

10 minutes and filtered. The filtrate was diluted with pet.ether



and allowed to stand at 5°C. The solid deposited was

recrystallised from benzens-pet.ether mixture and the product

obtained was washed with cold ether and dried.

’ a

Yield : 0.4 g (ca. 72%). Decomposed abave 170 C.

Analysis : % Sn % % H
Found : 22.48 54.8 5.8
Caleculated for Bqun{PPv?z : 21.15 55.91 5.73

{ii) 0.25 ¢ BuzsnO and ©0.33 g PPvH were refluxed in 20 mi

benzense-ether mixture (50:507 for B hours. The residue was

filtered and recrystalliised from acetone and dried under vacuum.

Yield : 0.14 g (ca. 25%). Mp. 1819C.

Anatysis : % Sn % C %
Found - 30. 15 48.8 5.4
Calculated for BuZSn{PFv}DH_: 28.64 49.51 6.3

The filtrate wags shaken with NaHCDS’ filtered, concentrated
and diluted with pet.ether and aiiowed to stand at 57C. The first
crop of products was rejected and the second crop rogcrystallised
from benzene—pet.ether'mixture.

Yield 1 0.3B8 g.(ca, B8B%). Decomposaed abovse 170%.

Analytical data idantica} with that of Bqun{PPvlz.

17. Reaction of PPvH with DctzSnD H
(i} 0.18 g (0.0005 mole} of Gctzan was suspended in 10 ml hot
ether and shaken with 0,18 g (0.001 mole} of PPvH for 5 winutes.

The solution was filtered, diluted with 5 ml pet.ether and stored
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at s%C. The white product obtained was recrystallised from
ether—pef.ather mixture and dried under vacuum over CaClz.

Yield : 0.2 g {ca. 60%). Mp. 74-6°C.

Analysis 1 % Sn % C % H
Found : 18. 65 59,02 G.B8S
Calculated for BctzSn{PPvlz s 17.61 60.89 7.13

{ii} 0,36 g (0.001 mole) of DctzSnG and 0.35 g (>0.002 mole) of
PPvH wéra taken in 20 mi benzene-sther mixturs (50:50}) and
refluiked for B hours. Filtered and the residue recrystallised from

acetona, The solid on drying weighed 0.37 g (ca. 55%), Mp. 12400‘

Anaiysis % Sn % C % H
Found : 23.76 . B8.74 7.5
Calcultated for DctzSn{PPv?DH H 22,82 57.25 8.01

The flltrate was shaken with NaHCUs, concentr.ted, diluted
with pest.ethsr and kept at 5°C. The first crop was discarded and
the second crop was recrystallised from ether-pet.ether mixture,
The product was found to be identical with Octzsn{PF‘v)2 on the
basis of melting point, analytical data and IR spectra,

Yield : 0.1 g (ca. 15 %).

18. Reaction of PPvH with MezSnD H
(i) 0.6 g { -~ ©.001 mole! of HezSnO was suspended in hot
benzene-ether mixture (50:50}) and shaken with 0.32 g (0.00Z2 mole)

of PPvH for 2-3 minutes, The ¢lear supernatant solution was
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decanted and allowed to stand. The scilid precipitated from ths
solution was washed with ether and dried.

Yield : 0.225 g (ca. 468 %}. Decomposwes above 20000.

Analysis : % Sn % C % H
Found : 28.2 48,85 4.1
Calculated for ﬂazSn(PPvlz : 24.88 50,863 4,22

(it} ©,16 g of MezSnD and 0,32 g PPvH were refluxed in bez-sther
mixture for 8 hours and filtered. The filtrate was shaken with
NaHCB3 filtered, concentrated, diluted with pet.ether and stored

at 5°C. The yeliowish white precipitate obtained was washed with

ethar and dried. Yield : 0.08 g (ca. 186%). Mp. 172°C.

Analysis : " #* Sn % C % H
Found : ~ 41.07 3.8
Calculated for MazSn{PPv}DH : 35.97 40.24 4,26

i9. Rgaction of PPvH with thSnO :

0.28 g { 7 0.001 mole) of thSﬂD and 0.32 g ( ¥ 0,002 mole}
of PPvH were refluxed in benzene-ether mixture {(50:50! for 1 hour

and filtered, The filtrate was shaken with NaHCD9 .concentrated

3

and allowed to stand. The precipitate obtained was washed with

ether and dried.
Yieid 1+ O0.055 g i{ca. 12%). Dees not metit.

Analysis @ : % Sn % C % H
Found = - 57.16 4.3
Calculated for'thSn(PPvJOH H 26.1 - B5.75 3.98



20. Reaction of NaBF with FhSSnCl :

.18 g- { ~ 0D.0005 .mcle) of PhSSnCI and 0.085 g {>0.0005
molie} of haBF were stirred at room tempearature for 6 hours in dry
ether containing i1ittite methanol. The resultant suspension was
svaporated at room temperatura, extracted with cold bez-pet,sther
mixture (50:50) and stored at SOC. The first crop af products was
rejected and the sgcond CEOD was recrystallised from

benzene-pet.ether.

Yield : 0.1 g (ca. 42 %). Mp. 149-50°C,

Anatlysis : ' % Sn % C % H
Found 23.1 1.8 4.5
Calculated for PhSSnBF : 23.88 BZ.65 4,02

21 Reaction of BFH with (PhBSn)ZB

0.35 g ( " 0.0005 mole) (Ph Sn) 0 was dissolved in 10 ml
benzene-ether mixture (50:50) by warming and the solution shaksen
with 0,165 g {( 7 0.001 mole) BFH for & minutes.The ciear solution
Was dilﬁta& with pet.sther and storsed at SOC. The fhite product
obtained was recrystallised from cpld benzene-pet.athar mixture
and dried under vacuum over CaCiz. The product was identifiéd
with PhsSnBF on the basis of meiting poin£, aﬁalytical data and IR
spectra.

Yield : 0.45 g {ca. B80%}).
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2z. Reaction of NaBF with BuBSnC1

$.32 g 7 0.001 mole) of BUESnCl was added to a suspension
of excewss NaBF (0.3 g, 7 0.002 moiel in 20 m! ether and stirred
for 10 hours using a magnetic stirrer and filtered. The solvent
was evaéorated to a sﬁall volume { ~ 5 ml}, diluted with equali
volume of pet.ether and storsed at 59C. for saveral days., No
precipitation occurred and, the solvent was removed at room
tgmperature. The colorless viscous liquid obtained, after drying

under vacuum, weighed 0.43 g {(ca. 100 %),

Analysis : % Sn % C %
Found : 26.5 55.3 7.8
Calculated for BugSnBF : 2G.84 54.78 7.3

23. Reaction of BFH with (Bu Sn) 0 =

0.3 g ( ~ 0.0005 mole) of KBUSSnizD and 0.2 g (50.001f mole!}
of BFH were refluxed in 20 ml dry benzene for 4 hours using water
separator. The solu;ion was shaken vigourously with NaHCDB‘
fiitered, cpncentrated to about 5 ml, diluted with pet.,ether and
storaed at SGG for a3 week. Thse slight turbidity formed was removed
by fittration and avaﬁarated at rﬁom temparature. Ths coloriess

viscous ligquid was dried under vacuum. Yield 1 0.38 g {(ca. S6 %).

Analysis @ % Sn ¥ C % H
Found : 26.6 55.1 7.7

Calculated for BuBSnBF : 26.94 54.?9 7.3
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24. Reaction of NaBF with BzBSnCI H

0.42 g (7 0,001 mole) of BZQSnCi was added to a suspension
of excess NaBF (0.3 g ~ 0.002 mole) in 20 ml ethsr and stirred
magneticaliy for 6 hours, .The solvent was removed at room
temperature and the reszsidue gxtracted with bez-pet.ether mixture.
The extract was cancaﬁtrated_and stored at 5°C. The first crop of
solids on recrystallisation from benzene-pet.ether mixture and

drying gave 0.24 g (ca. 45%) of product msliing at 152—406.

Analysis ¢ % Sn ' % C % H
Found : 20.96 64.68 5.0
Calculated for BzBSnBF 3 21.885 64.4 4.8

25. Reaction of BFH with {BZBSngO T

0.4 g { ~ 0.0005 mole) of (BzSSn)zB and 0.15 ¢ ( ~ 0,001
maolelof BFH were refiuxed-in benzene for 15-20 minutes. The faint
yeliow solution waé shaken with NaHCDs’ filtered and allowed to
stand when slight. turbidity appeared.Turbidity was removed by
filtration, diluted with pet.ether and stored at 59¢ avernight.
Tha first érup cf product waé recrystallised from bez—pat.ether

mixtures and was identified as BzBSnBF on thg basis of mixed

melting point, IR and analytiéal data. Yield : 0.3 g {(ca. 55 %}).

26. Reaction of BFH with Bu_Sn0

$.26 g 120.001 mole) of BqunG and 0.3 g (0.002 moie} of BFH
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were shaken for 5 minutes in 10 m! warm benzene-ether mixture
{S0:50) and filtered. The filtrate wag diluted with pet.ether and
allowsd to stand at 5°C. The white pracipitate obtained was

recrystallised from benzene-pet.ether mixture and dried.

Yield : O0.44 g (ca. 82 %), Mp. 65-68°C.

Analysis ' % S5n % C % H
Found : - 20.86 54.8 5.4
Calculated for Bqun{BF}z : 22.26 54.34 5.28

27. Reaction of BFH withaOthSnO

D.18 g (0.0005 mole) of DctzSnD and 0.15 g {(0.001 mole! of
BFH were shaken for 5 minutes in 10 m! warm benzene-ether mixture

(50:80)., The clear solution was ditufted with pet.ether and stored

at -500. The white solid cbtained Was racrystallised from

benzene-pet.ether mixture and dried.

Yietd : 0.25 g (ca. 80 %). Mp. 73-48°C.

Analysia g % Sn ® C % H
Found : ' 18,72 59,2 5,9
Calculated for Oct Sn(BF)_ i 18.38 59.81 .85

28. Reactlon of BFH with MezSnG :

0.0B g ( ~ 0.0005 mole) of Mezsno and 0.15 g { ~ 0.00f mole)
' cf BFH were taken iﬁ 5mi! benzene-ether mixturq'ISO:SO! and shaken

for B minutes. Filtered and the filtrate allowed to stand at SOC.



The white scolid separated was recrystalliised from ether and driad.

Yield : 0.155 g {(ca. 70 %). Mp. 182°C.

Analysis : % Sn % C % H
Found : - 48.75 3.5
Calculated for MEZSH[BF}Z : 26. 46 48,43 3.55

29, Reaction of BFH with thSnD

0.15 g ( 7 0.0005 mole}) of PhZSnD and O.1% g (0.00%f mole} of
BFH were reacted following the game method as for reaction 28

above and the product coltlected in the same way.

Yield : ©.18 g (ca. B4%). Mp. 117°C.

Analysis % Sn % % H
Found : - 59,4 4.15
Calculated for thSnlBF?Z : 20,7 58.85 3.5

II12C. Physical measurements
All analytical work were carrisd cut at C.D.R.!,,Lucknow,

India. The IR spectra were recorded in KBr discs using PERKIN
ELMER 883 and 783 spectrophotometers  at R.S.1.C., NEHU and
1.A.C.5., Jadavpur, Indis, respectively,. IR spectra in Nujol! mutl}
were recorded wusing a PYE UN ICAM 5P3-300S spectrophotoﬁeter at
North Benzat University, Dist. Darjeeling ,Iindia.

All  U¥  spectra were recaorded with a  SHIMADZU UUEQO-
specirophotometer wusing 1° em quartz «cells at Neorth Bengal

University.
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‘K NMR spac%ra warge racorded with VARIAN ¥L-200 and EM-380 -
spectrometers at [.A.C.S., Jadavpur and R.5.1.C., NEHU and JEGL

GSRA 400 HB at [.1.T., Madras, India.

I11.3. RBosults arnd discussion
In aorder to prepare the organotin a-keto carbuoxylates the
following two methods were used
{i} Reaction of the Na -sait of the o«a-keto acid with the
triorganotin halides in ether or methanol,
0 g
R‘*g*CDDNa + RgSnCi —_— 2 RgSnDCDghﬁ‘ + HZD —————— L1l
and {(ii}! reaction of the a-kete acid (HL) with the appropriate

organostannoxane in dry benzens/socivent ether,

0 D
] |
2 R'-C-COQOH + (R Snt' O —_ 2 R SnDCDé-R' + MO -—-—=--- [21
g z 9 =
o 2
2 R'-C-CO0OH + R §nD0 — R Sni{0CoC-R"'} + HO -—=-=--- £31
z - 2 2

While the reaction between triorganotin. halides and the
Ma~salts of the acids proceeded as expected giving trieorganotin
carboxylates, the reacticn between the acids and organotin cxides
yielded a variety of apparently unexpected products in addition
to the carboxylates, depending on the reactants and reaction

conditions used. In fact, the vield of the triocrganctin
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carboxylates were almost negligible ( <10 %) in some of the latter
case indicating a profound influence of £he a-keto group on the
reaction. In order to understand the rather surprising resulté of
these reactions, it is nQGESs&ry to first discusgs the different

products obtained.

The most interesting feature of these reactions is fhe
formation of addition complexes of the type RaSnDH.HL. The
reactions of QHBCDCOOH (PvH) and PhCHzCDCDDH {(PPvH! with some
hexaorganc distannoxanes under very mild condigions, leading to
ths addition products, deserve special attention. For exampie,
when a solution of lPthn)zD in benzena/ether is stirred with PvH
Iin 1:2 proportion for 2-3 minutes a white solid is precipitated
immediately. This product has an empirical formula of PthnDH.FvH

on the basis of elemental analysis and possesses very interesting

RT.0.
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chemical and spectroscopic properties. Becauss of the unigueness
of these compounds their preparation and characterisation will be
discussed separately.

These acids ailso produce other interesting compounds of the
type RzSn{L}OH, thch are hydrglysates of the diorganotin
dicarboxylates. Incidentally, thSn{L}OH type of compounds have
also been formed duriné the reaction of {PhBSn)ZO with the acids,
presumabtity, through the clsavage of Ph—Sn bonds. |

[ntergstingly, the reaction of PhCOCOOH (BFH!? with the
stannoxanes has produced anly the carboxylate derivatives of the
type RnSn(DCDCDR‘>4_ (p = 2,31}).

in the present chapter, characterisation of the tri- and
diorganotin keto carboxélates and the  Thydrolysates of the
diorganociin derivatives are being presented. A summary of the
reaction conditions used for the preparaticon of the Lketo
carboxytates, their yields and melting pognts are given in

table-Iii.1. Anailytical data and the solubilities of the compounds

are recorded in table-1111.2.

11134 Characterisation f The Products

A reference to thé tabtlte-111.3. .would reveal that the
reaction of tricrganotin halides with the HNa-saits of benzoyl

formic acid (BFH? and phenyl pyruvic acid {(PPvH) gives moderately
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Table:-111.1.

S1. Reactants and Reaction conditons Time FProduct % yield
ne. mote ratio _ + Mp.
1. Phsan! Stirred in ether containi- 8 . Pthan i0,
+ MNaFv ng tittle methanol and ex- hre. 114—600
(L:zld cess NaPv. Evaporated to

dryness and extracted with
pet.ether, Solid obtained
from the extract recrystal-

lised from same solvent.

2 (Ph_Sn) 0 Refluxed in ether.Filtered, 1 (&) 3,
(i} + PvH and filtrats svapocratad at hr. Phasan 114"800
{i:2) r.t.The resultant mass ext-

racted with pet,ether.Pet,
ether extract on evaporati-~
on and recrystailisation

from the same solvent gave

{a)
The residue after reflux {b)
and that from the pst.ether PhZSn(Fv}UH -

extract on washing with bez.

and ether gave identical pr-

oducts {b}
When the ether was distilled {c?
ocut completely after the reac- Cde

tion, the distiliate was fou-
nd to contain benzene in eth-

ar {cl.



-133-
Table-111.1{contd., .

T 2. {Ph Sn!_0O
3 4
{ii? + PuH
{r:2)

3. BugSﬂC]
+ NaPwv

(1:17

4. {Bu Sn) B
3 4
+ FPvH
{1:2)

Refluked in bez. Filtered,
residue washed with bez. and
ether gave la}

Filtrate esvaporated at r.t,

and washgd with cold sthsr.

The remaining solid was ext-
racted with hot bez., conce-
ntrated and ailtlowed to crys-
taitise. Product recrystali-
ised with bez—pet.ethef {h).

The residwue from the bez.-
extract on washing with eth-
er and recrystallisation fr-

om methanoil gave (¢,

Stirred in ether with excess
HaPv. Evaporated to drynass
at r.t, and extracted with
pet.ether. So0iid separatea
from the sxtract was recryst-

altised.

Refluxed in dry bez. Scolution

shaken with NaHCD3 and fifte-

red., Filtrate concentrated to

a smail volume, diluted with

pet.ether and stored at SOC.

Thick vellow liguid separated.

Upper pet.ether-bez layer

crystaltlised.

L2 {a)
hrs. EFhSniPV)D]“

{b}
Ph Sn
4 .

fch

thSn(PviDH

8 Bu SnPv
a

hrs.

18 BUSSHFV

hrs.

-]
™
~J
Q

11,
g8o-2C

20,
so-2"¢c
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itated with pet.ether. Solid

washed with ether.

- Table-lli.1(contd. ).
5. EzBSnGl Stirred in ether containing g BzgSan s,
(i) + NaPv little methanol with excess  hrs. 104-8°¢C
(1:11 NaPv. Evaporated to dryness
at r.t, and extracted with
celd ether and altlowed to
crystailise. The second crop
racrystallised from cotd
agther,
5. (BzBSnizD Refluxed in bez. and filfter~ 10 {BzSn{Pu}DJn
tii} + PvH ed, Residus washed with ath- hrs. -
t1:2) er and recrystallised from '
methanotl.
5. DthSnD Dxide and acid shaken in bez, 5 ?thSn(PviOH 80,
(i) + PvH Decanted and precipitated min., Decomp.
(1:2) with pet.ether. Solid disso- »150°C
tved in ether and reprecipi-
tated with pet.ether.
6. Refluxed in bez. Solution 10 OctzSn{Pvlz 32,
(iil . s shaken with NaHCGE, concan- hrs. 112-4OC
trated, diluted with pet.et-
her. Product recrystallised
from bez.-pet.ether.
7. BqunD Organotin and acid shaken in 2-3 Bqun{PvioH B4,
(i) + PvH warm bez-ether (1:1) mixture., min. Decomp.
(1:2) Solution decanted and precip- »234°C
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7. ' Refluxed Iin dry bez. Soiution 14 Bqun(Pvlz 23,
{ii) . shaken with NaHCstconcentra— hrs. iSTOC
ted, diluted with petf.ethsr
and stored at 5°C. Thick ye-
tlow ligquid separated. Upper

pet.-bez layer crystaltised.

B. HEZSnD Organotin and acid shaken in 2-3 MezSanv?DH 80,
(i} + PvH warm bez-ether mixture. Solu- wmin. -
(1:2) tien decanted and precipitat-

ed with pet.ether. Solid was-
hed with sther

8. Refluxed in bez. Sotution sh- 8 MezSn{Psz isg,
{ii? - aken with NaHCUS'and concent- nrs, -
rated.
9. thSnD Organcotin and acid shaken in 2-3 PhZSn{Pv)DH 78,
(i) + PvH warm bez-ether (1:!) mixture. min. -
(1:2} Solution decanted, precipita-

ted with pet.ether. Sotid

washed with ether.

9. Refluxed in bez. Residue was- B8 [PhSn(FuiOJn
{i1) , s hed with ether and recrystal- hrs. -
tised from methanot.

il

10. PhQSnCl Stirred in ether containing =] PthnPPv 68,
+ NaPPv little methanol. Evaporated Hrs. 139-409C
{r:1) and extracted with cold eth-

gr. Recrystallised from bez-

pet.ether,
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Tablte~-1il. t{contd, }.

L1, {Ph Snt_ 0
: g z

1} + PPvH
{1:2)
L 1. {Ph_ Sn) O
] z
ii) + PPvH
{(1:2)
2. Bu 85nCl
3
+ NaPPv
(1211}
3. {(Bu Sn} 0
3 -3
+ PPvH
{1:2)

Solution of stannoxane in bez/
ether shaken with acid, dilut-
ed with pet.ether, allowed to

stand at 506 for sevaral hrs.

Product washed with coid efher.

Refiuxed in bez. Filtered, re-
sidue washed with ether, gave
{a). Filtrate evapcrateg at
r.t. and washed with cold eth-
er and residue extracted with
hot bez., Bez. extract gave (b)
en recrystallisation from bez.
-pet.ether. Remaining residue
{c) was recrystallised from
methanol.
Uhen refiuxed  in ethef,

the above reaction [31i.({1i)]
gave Cde as one of the produ-

cts, along with {a) and ().

Stirred in ether containing
little methanol with excess
of NaPPv. Filtered, svaporat-
ed at r.t., and extracted with

pet.ether and evaporated.

Refluxed in berx. with excess
acid., Solution shaken with
}'JaHCD3 and filtered. Evaporat-
ed at r.t. and extracted with
cold pet.ether and the soivent

allowed to evaporate.

5

mir.

12

hrs,

hrs.

10

hrs.

PhBSnPPv 70,
139-40°C
 (a}
{PhSn(PFvID] -
™
(b7
Fe)
Ph‘Sn 227°C
(c?
PhZSn{PPv}OH -
BuaSnPFv 98,
Lig.
Bu_SnPPv 55,
Lig.
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Table-jil.t{contd,. ).

14, BzgSnCl
+ NaPPv
(1:1)

15, {Bz En}t B
3 2
+ FPPvH
(r1:2}

Stirred in ether containing ? BZSQHPFv 45,
MeDH. Filterad, Evaporated at  hrs. : 134%
r.t. and extracted with ether.

The extract stored at 506.

Shaken in Bez.-ethsr mixture,. 5 BzBSnPPv 78,
Solution kept at 5°C. The min. 134%
solid product obtained was

washed with cold sther.

is6. BqunD Shaken in warm bez.-ether mix. 10 Bqun{FFv)z 72,
(i} + PPFvH Filtered, ditluted with ether min, Decomp

{1:2} and allowed to stand at SOC. >1?OOC
18. . s Refluxed in bez.-ether mixture 8 {a} 25,
{ii}

17. DctzSnD
(i} + PFwvH
{1:23

17. y s

(ii}

and filtered. Residus recryst- hrs. B SniFPvI0H 191°C
allised from acetone, gave (a}l. ’
Filtrate shaken with NaHCDa,

filtered, concentrated, dilut-

ed with pat.ether and stored at

59%C. First crop of products {bi 5a,
rejected and the second crop BUZSn{PF‘vJz Decomp
recrystallisad from bez.-pet.- >1?0°C

ether (btl.

Shaken in hot ether, fittered, & DctzSn{PPv}Z 60,
concentrated, diluted with pet min. 74-8¢C
-ether and kept in freeze. Pr- .

oduct recrystallised from eth-

er-pet.ether mix.

Refluxsad in baz.—ether.mixtu~ 9 (al . E5,
re and filtsred. Residuq rac- hrs. DctzsniPFviﬂH 12400
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Table~1Il.1{contd. ).

16. Mezsnﬂ
{iy + PPvH
{1:2)

18, -

{ii}

18, thSnO
+ FPPvH
{(1:2)

-3
(o}

PhBSnCl
+ NaBF
(1:11)

rystallised from acetone (al.

Fittrate shaken with NaHCOg,

concentrated, diluted with pet.

~gther and stored at 5°C, Fi-
r9t orop recrygtalilsed from
acetone (a} and“the second

crop (b} recrystallised fromw

ether*ﬁet.ether mix.,

Stannoxane and acid shaken in

bez.-ether mix., Solution dec-

anted and aliowed Lo stand.

Ppt. washed with esther.

Refluxed in bez.-sther mix.
fittered, shaken with NaHCGa,
concentrated, diluted with
pet.ether and stored at s9¢.

Refluxed in bez.-ether mix.
Solution shaken with NaHCUa,
and allowed to stand. Ppt.

washed with ether.

Etirred in =sther containiﬁg
little MeOH, with axcess Na-
salt. Evaporated at r.t. and
extracted with bez.-pet.ether
mix., concentrated and allow-
ed to crystallise. 2nd crop
of products recrystaliigsed

from bez.-pet.ether.

{b)
Oct _Sn{PPv}
2 z

2-3  Me _Shi{PPv)
2 2

min.

8 MezSniPPleH

hrs.

1 PhZSanPU)DH

G FhQSnBF

hrs.

15,
74-89¢C

46,
Becomp
»200°%¢

16,
1729

iz,
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- Table-i{l.1{contd. ).

21,

{Ph_8n})_0
g 2

+ BFH

{1:21}

BuaSnCE
+ NaBF
{1:1)

{Bu Sn) O
T 2

+ BFH

(1:27

Bz SnCl
E

+ NaBF

(1:11}

{(Bz_Sn7i_0O
2 2

+ BFH

{(t1:2)

Solution of stannoxane in bez.

~ather mix. shaken with acid.
Diluted w;th pet.ether and
kapt at 59¢. product rac-
rystatlised from coid béz."

pet.ether.

Stirred in ether with excess
NaBF and filtered., Saolvent
evaporated at r.t. Redissol-
ved in pet.ether, filtered

and again evaporated at r.t.

Refluxed in bez. with axcess
acid. Shaken with NaHCOa, co-
ncentrated, diluted with pet.
ether and stored at 5°C.
Slight turbidity formed was
removed by filtration. Sclv-
ent removed from the filtra-

te at r. t.

Stirred in ether with excess
NaBF and solvent removed at
r.t. Extracted with bez.-pet.
ether mixture, concentrated
and allowed to crystallise.
First crop recrystallised

from bez.-pet.ether.

Refluxed in bexz.-ether mixture.

Shaken with NaHCOg, concéntra~

ted and allowed to stand. Sii-

S Fh_ SnBF
5]

10 BugSnBF

hrs.

4 Bu SnBF
]

hrs.

B Bz SnBF
3

hrs.

‘20 BZHSHBF

min.

80,
149-50%C

100,
Lig.

88,
Lig.

45,
152-4°¢C

55,
152-4°¢
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Table-ill.iicontd. }.

2B.

29,

Bu Snb
2

+ BFH

(1:2?

DctzSnD
+ BFH
{1:2)

Me Snh
z

+ BFH

{(1:2%

thSnD
+ BFH
{(1:2}

ght turbidity appeared, remov-
ed by filtration. Diluted with
pet.ether and stored at 59¢.
First crop of products recrys-

ilised from bez.-pet.ether mix.

Shaken in hot bez.-ether mix., 5

with small excess of oxide, min.

filtered, diluted with pet.~-
ether and stored at 500. Fro-
duct recrystallised from bez, -

pet.ether mixture.

T 5
min.
Shaken in hot bez.-ether mix., 5
with small excess of oxide. min.

Fiitered and allowed te stand
at 59C. Product recrystallised

from #ther.

LI 1 5

min,

Bu SniBF}
z z

Cet_Sni{BF}
z z

Me Sni{BF}
z 2

Ph Sn({BF)
2 2

az,
65-87¢C

64,
117°¢C
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Table:-111.2.,

Analytical data and Solubitities of the Products.

% Found / {Calcuiated)
Sotubitities

Sl. Compound
No. - Sn C H
1. FhaSan 26. 1 58.8 4.8 Bez., F.eth., CHC[s
. {27.086} (57,8} {(4,13) _EtzD. Ace.,Alc.
a2, BusSan 3t.02 49,0 B.5 )
(31.38B) {47.9} {(7.958)
3. BZBSHPV - 61.3 4.8 '
{24.69) {60.25) {5.02)
4. BUZSn(Pvlz . 30.82 2.1 6.5 s
{28.08} (41.4) {5.81
5. HezSn(Fv)z 34.9 Z9.28 3.8 Ale.; stightly solubie
{38.684) {28.8) (3.7} in EtzD, Beaz., Ace.
6. OthSn(Pviz 23,72 51.7 8.02 Bez., F.=th., CHCIS’
{22,781 {50.8986) {7.72) EtzO, Ace., Alc,
7. Bqunth)GH 34.64 40. 45 6.1 Alc.
(35,11 (38.3) {6.54)
8. HezSn{PUPDH 46, 16 23.3 4.4 -
(46,82} (23.81) {3.97)
S. UctzSn(FleH 25.2 - 5%1.6 7.5 Alc., EtZD., Ace.
{26.34)- {50.89} {8.48)
10, thsn(Fu)OH 30.1 48.1 . 3.8 Alc.
{31.38) (47.87) (3.72}
11, {PhSnin)D]n 38.5 34.8 2.8 -
(38.6} {36.2) (2.7
12, [BzSn(Pv)D]n 36.26 38.2 3.48 -
(37.82} {38.461 {3.2)
13. FhESnFPV 22.9 63.8 3.7 .Alc., Ace., Etzﬂ, Bez,,
{23.0) (63.15} {4.28;} St.sol.in CHCIglhl.
14. BUQSHPFU 28.84 56.65 5.8 Bez., F.sth, CHCIS.

{(26.1) {55.75} {7.52) Et 0, Ace.,Alc.
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Table-111.2{contd, ).
15. Bz _SnPPv 22. 1 B4.56 5.4 Ala., Ace., Et0. Bez.,
(21,3} (64.98) (5,05} Si.sol.in CHCi_th).
16, Bqun{PPvlz 22.49 _ 54.8 5.6 Alc., Ace., EtzO, Bez.,
(21.15) (55.91) (5.73) Si.sol.in CHCI_{h).
17. Dot SntFFv) 18.85 58,02 6.85 .
(17.81) {60.89) (7.13)
18. HezSanPv}z 26, 2 49,85 4.1 Ale., Sl.sct. in Ace.,
(24,89) (50.63) (4,22) Et 0, Bez,
19. Bu, Sn{FPv)OH 30. 15 48.8 5.4 Alc., Ace., Et0.
(2B.64) {49.51) (6.3)
20. Oct Sn(PPvIOH  23.76 58.74 7.5 L,
(22.52) . {57.25) (8,011
21, HezSn{PPv{DH ) - 41,07 3.8 Alc.
(35.97) {40, 24) (4,286}
22. Fh SntFFv)OH 27.56 57.4 3.7 -
(26,4 (55,75} (3.88)
23, EPhSn(FPvIOl  32.6 47.3 3.7 '
{31.55) (48.12) {3.2)
24. Ph_SnBF 23.1 61.8 4.5 Bez., CHCl  CCl (h),
(23.69) (62.65) {4.02) Et,0, Ace., Alc,
25. Bu_SnBF , 26.8 55,1 7.7 ' s
(26.94) (54.79) (7.3)
26. Bz SnBF 20. 98 64.68 5.0 | .
' {(21.85)  (84.4) {4.8)
27. Bu,SniBF), 20.886 54.9 5.4 -
(22.26) (B4.34) (5.28)
28. Me Sni{BF) - 48.75 3.5 Bez.{h), CHCl,, Et,0,
_ (26.46) (48.43) {3.59)
28. Oct Sn(BF) 18.72 59;2. 5.9 Bez., P.eth., CCi_
{18, 38) {59.81) (G.8B5) CHCl, Et 0, Ace., Alc.
30. Ph_Sn{BF), - 59. 4 4,15 Bez., CHCI_ Et.g,

(20.7) {58.885) (3.5) Ace., Alc,
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good yields of the triorganoctin keto carboxylates, but with the
Na-salt of pyruvic acid (PvH) the yields are very poor. Although
no explanation for this observation is readily forthcoming , cne
of the probable reasons may be the fact that the pyrucvate ion is

. s e 2o
susceptibie to extensive polymerisation, <cataliysed by base ,
traces of which are produced due to abscrption of moisture, by the
extremeiy hygroscopic Na-pyruvate, during handiing.

This method of reacting organctin halides with the Na-salts,

has however, not been found to be suitable for the preparation of

Table-111.3.

% yield of products.

RSSnCi R = n-Bu R = Ph R = PhCHz
R*COCOONA
R*= CH3 | . 11 10 B8
R'= PhCHz J 9@ ) 68 44
R'= FPh 100 42 45

diorganotin derivatives of the keto acids, due to the formation of

nighly polymeric insoluble products, which are difficult +to

charactarise.
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The reaction between appropriate organostannoxanes and the
keto acids, carried out by heating them in dry benzene/solvent
ether in 1:2 mole ratio, on the other hand, have produced both
tri- and diorganotin ketocarboxylates. While the carboxylate
‘derivatives of benzoyl formic acid (BFH! and phenyl pyruvic acid
{PPvH) wére obtained in good yields under mild conditions, 'those
of pyruviec (PvH! were obtafned under comparatively drastic
conditions and the vields werege alsc very poor {table-111.1.}, The
percentage yields of the triorganotin ketocarboxylates cbiained

from the reaction of triorgano stannoxanes with the keto acids are

shown Iin table-I11l.4.

Table:-1ii.4.

% yield of products,

R n-Bu Ph PhCH2
R!
{Taft's constant}

CHS _ 20 3 -
(~0.05)

PhCH2 55 20 : 28
(0.04} ‘

Ph 20 a0 55

(0. 1)
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From the data in fables {11.3 and 1i{.4 it is sesn that both
the methods give very high yields of ths triorganotin derivatives
of PhCOCOOBH (BFH) and very low yields for the derivatives of
CHaCDCODH (PvH}! . This clearly displays a distinct pagtern and if
we look at the valuss of the Taft's constant of the R' groups
{tabite-1[1.4.), we find that the yield of the carboxylates
increases with increasing Taft's ccnétant. This would suggest that
electronic and other factors are responsible for the excepticnally
poor yields of the triorganotin pyruvates,

These observations coupled with the fact, that pyruvic acid
reacts with some bis{triorganotini oxides giving very high vield
of the addition product, wﬂereas, banzoyl formic acid forms no
such compound, shows that theszs acids differ remarkably in their
reactions with organostannoxanes. This differance in the role of
the ligand in relation to the formation of the ketocarboxylates or
the addition products will be discussed latter.

The characteristics of the tri- and . diorgancodtin
ketocarboxylates and the carboxylateo diorganctin hydroxides are

now discussed separateiy.

ITI1.31A. Triorganotin Keto Carboxylates (RsSnDCOCDR‘B ¢
Reference to tables-1[l.%1 and {]i.2 reveals that the

‘triorganctin ketocarboxylates have low melting points and are
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fairty soluble in nonpolar organic solvents tike typical organotin
carboxylates. Analytical! and 5pectroscopic data {tables [11.2 and
itt.6, 11t.8, 111.9) have provided valuabie information regarding
their composition and étructure.

Before undertaking %to discuss the spectroscopic Properties
of the triorganctin ketocarboxylates, it will be retevant as well
as instructive to ha;e a close look at the [R.spectra and the
molecular geometry of the free acids.

{i) IR spectra of the free acids

The IR spectra of the a-keto acids used in the pressant
investigation are shown in figures {li.i-111.3 and the spectral
data given in table-{il.8A.

in free pyruvic acid {PvH! and benzoyl formic acid {(BFH)
there are very broad bands in the region 3800-2800 om indicating
the presence of hydrogen bonded dimers. In CC]4 solution of PvH
this band, however, becomes sharp and absorbs modarafeiy at 3420
em ' like monomers. The v _.0Ch and Yeon frequenciss, which cveriap
inte a strong broad band io thea region 1750-17Z0 em * in neat PuH
also get split Iinto two strong sharp bands at 1790 an& 1725 cmhi
in CCI4 solution. The l?SD cmu1 band in CCI‘. soyution may
reasonably be attributed to the carboxyt C=0 stretch of the
monomeric form of the acid . Therefore, it is apparent that PeH

igs monameric in CCl4 solution and occurs as a dimeric species in
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the neat liguid. The band occurring at 1725 em Y in CCl, soiution
may be assigned to ketonic C=0, from the comparison af the IR
spectra of the acid and its ethyl ester.

in BEFH ths L and » frequencies appear as broad bands

GCG C=0
at 1740 and 1685 cm_1 respectively, in the solid phase. The Yeon
band occurs at a lower freguency compared to PvH due to
conjugation with the phenyl ring. Because of the presence of a
veary hroad 0OH stretching band <centering near 3000 em ' and a
medium intensity, slightly broad, out of plane 0OH deformation band
at B75 cm_t, it may be inferred that this acid exists primarily as
carboxyl dimer in the salid state.

On the other hand, the presence of a medium intensity sharp
band at 3480 cm“. in the case of phenyl! pyruvic acid ({(PPvH},
indicates the absence of dimeric form even in the solid state.
However, the carboxyl streftch occurs as a broad band in the region
1680-1680 cm_t showing a liowsring of L;aDCU This is, presumably,
due to intramolecular hydrogen bonding as shown in structure-V.
This is supperted by the spectrum of the sodiuﬁ salt where the
ve_, (keto) is found at 1700 om = and the »__ .. and »_o .o are
found in the normal region for salts.

There are medium intensity bands in the 700-600 em * which

may be assigned to C=0 wag in alt these acids. In PvH and BFH this

band occcurs at 615 and 660 cm respactivéty; whereas, in PFPvH the
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H

el \“""
o,
A
A E%
Ph C H3
v
same band gcocceurs at stiii higher fresquency at 635 cm . This also

suggest the involvement of the ketonic C=0 group in intramolecuiar
H-beonding in PPvH.

The axis£ence of the intraﬁolecularly H-bonded monomeric
structure IVl for FPPvH requires the trans form of the acid to be
more stable. Although, for PvH and BFH alsoc, the more symmetrical
trans form may be assumed to be more stable, no such inference can
be drawn on the basis of IR spectra. A study of the computer
genefated moiecuitar models of these acids and calculation of their
energies, using Dessk Tap Motecular Modeliler: Versjion 1.25ﬂ have
shown that for all the free acidg the trans-geometry offers the

energetically more stable form (tablie-I111.5). Thus, it is evident

Table-111.5.

e e e e e B e e e = o —

Molecule E in KJ/Mole,

: Cis-form Trans-form
CHECUCOOH 1,432 1.244
PhCHzCOCDDH -4.511 —4.?4;

PhCOCOOH 10.768 7.784
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that in these acids the potential donor O-atom of the keto group
is suitably oriented for intramolecular coordination in their
organotin derivatives.

(ii} IR spacira of triorganotin ketocarboxylates :

The IR spectral data of the organotin keto carboxylates are
presented in tabte- 11i.6A, and some typical spectira are shown in
figures ill,4—lli.é.

Although complete assignment of the absorption bands in the
IR spsctra of the triorganotin compounds is not possible dus to
the presence of strong Rigand vibrations in all the reievant
regions, impdrtant structufal information may be obtained from a
gualitative assignment of bands to VOH, L%sﬂcb, vC=D, L%DCO and
vibrations. The main festures of the IR spectra are noted

vSn—O

below.

b

All the triorganotin derivatives are characterised by the
prasence of a number of strong intensity bands in the 1700-1500
cm * region, where the vC=D and zimUCD froguencies cccur, These
frequencies in these compoﬁnds have besen identified by comparing
their spectra with those ¢f the free acids, their esters and
Na-salts. However, 1in soms cases these two frequencies ovsertap

resulting into a broad band similar to that of the free acids, but

at a lower fregquency. In such cases the assignments are not

precise.
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Table:~111.6.A.

SL. Compound. ' éclid FPhase{in Nujol /KBr!} Soin.Fhasglin CCIGICHCXQ)
o,
Yo Yc=0 Yasoco Ysoco “c=0 You “c=0 Yasoco “soco
({wag)
1. PuH 3600~ 1728 1740 1285 615 4320 172§ 1790 1280
2900° ) 1180 1200
2. PvEt - 1745 1755 1370 618 -
1300
FuNa - 1710 1625 1405 625 - -
4. PhaSan - 1572 1542 1410 865 1612 1635 1370
| 1535 '
Bu_ SnPv - 1584  1567° 1384 685 1635% 1635 1340
Bz SnFv - 1580  1567° 1403 665 -
Bu,Sn(Fv) - 1585 15858 1382 680 1608 1680 1370
. Oct,Sn(Pvl, - 1580% 1880% 1395 880 1610 1678 1370
9. HMe Sn(Fvi_ - 1628 -
1595 1560 1356 670
10. PPuH 3460 1688 1688% 1248 695 -
1195
11. FPvNa - 1702 1620 1398 -
12. Ph_SnPPu . - 1583 1565 1400 1610 1650 1370
_ 1847
13, Bu_SnPPv - 1582% 1s592% 1394 : -
14. Bz SnFFv - 1614  1814% 1386 1610 1650 1345
1562
15. Bu Sn(PPvi_ -  1620°" -
1580 1550 1408

a - very broad band, probably due to overlap of Y 0CO and vﬂc=0.

b - broad : ah - shoulder.
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SL. Compound.

Soiid Fhose(in NuUjJol/KEF]

Soln.FPhaselin CC!4KCHClSJ

0.
Yo Y=o Yasoco Ysoco Yc=o Yo  Yc=0 Yasoco Ysoco
{(wagl

16. Oct SniPFv) - 15270 -

1577% 15777 1394
17. Me,Sn(FEv), - 1528°" -

18758 15758% 1410
i8. BFH 3400~ 1686 1742 12158° 680 -

2800° 1180
1S. BFNa - 1670 1570 1412 -
20. Ph_SnBF - 1686 1575 1405 680 1690 1655 1360
1550
21. Bu SnBF - 1648 1682 1405 670 -
1550

22. Bz _SnBF - 1678 1583 1405 680 1670 1610 1360
23. Bu,SntBF) - 1886  1825°  1375° 680 1888 1645 1365
24. Ost,Sn(BFi, - 1686 18200  1375° 675 1680 1640 1370
25. Me Sn(BF) - 1686 1647 1363 680 -
26. PhSn(BF) - 1686 1635 1375° 478 -
2 ~ vary broad band, probably dus to eoverlap of Y L0C0 and v ceg

h - broad ; an - shoulder.
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In most of the derivatives gf PvH and PPvH both the vC=G and

4

freguencies appear below 1600 cm =, the lowest being for

YaaliCO
the triphenylitin derivatives, as expected. In the derivatives of

BFH, however, the ketonic strsestching fregquency is either unchanged
or shows only marginal -ve shift relative to the free acid and

occurs as an unambiguously identifiablie sharp band around 1680

bl 3
cm .

The symmetric carboxy! stretching vibrations in these
compounds appsar in the region 1410-1380 cm*‘, which are well
abovg the corresponding frequencies in the free acids or their
esters, but close to their Na-salts. Howaever, identification of

the v is not always unambiguous due to the presence of various

s0CO0

other strong absorptions.
Thus, data from table-111.6A shows that both the asymmstric

and symmetric carboxyl stretching vibrational bands of the parent

acids, appearing in the region 1740-1688 cm © and 1280-1215 cm ©

respectively, get considerably shifted in - the triorganotin

ketocarboxylates, indicating organﬂstannylationsz. Liks

- . 43
triorganctin acetates, formates stc.” , the Y a0CO and ¥ o6co bands

of all the triorganctin ketocarboxylates appear in the 1590-1535

ocm * and 1410-1380 cam © ragions respectively, in the solid state.

In CHGI3 solufion, the former band is raised toc 1655-1610 cmni

reagion and the latter is lowered to around 1370-1340 cm *. it can
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alsg be sgan from table-111.6A that the diffsrance begtwean ¥ _.0Co

and w is atways ltess than 200 cmui in the zolid state and more
- .

9Cco

-y ]
than 250 cm in solution.

These observations may be interpreted in terms of bidentate
and almost symmetrica} carboxyl graup'_forming intermotecular
bridges in the sotid state giving rise to polymeric keto
carboxylatassq, whils in solution dapolymerisation OCCUTS

resulting into ester like meonomeric species.

Altl the triorganotin derivatives show weak -~ to medium
intensity bands Iin 600-400 cmni region. These bands may be
assigned to vénfs, since'compérison with ligand Spéctra showed no
band attributable to vSn—C. which is expected to occecur further

down the scale.
In the tltight of the above observations it is apparent
that, the derivatives of BFH differ from the derivatives of the

octher acids in having the w fraqﬁancies almost unaltered {at

<=0
1880 cm-i), Soth in the solid and solution phase relative o the
free acid, but having the carboxyliec stretching frequencies In tha
same regions. Thus it may be inferred that, in the triorganotin
benzcyifﬁrmatas, while the carboxyl group acts as intermolecular
bridge giving rise ta polymeric 'strudture with trigonal

bipyramidal geometiry around tin in the solid state, ths keto group

remains free as shown in structure VI below
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VI

in the derivatives of PvH and PPvH, however, the ketonic
stretching bands appsar beslow 1600 cm * in the gol id stats,
although the same bands in the free acids appear at 1728 (:m“1 a.nd
1688 cm—1 raspactively, Such a large negative shift can only be
explained by assuming the iavoivesent of the keto group inm
intramolecular coordination, as the carbox?l group is less likely
to act intramolecularly becauss of its small bite anglém. Thus,
in the sotid state the ftriorganotin ssters of PvH and PPvH havse
polymeric structure,(involving chelating C=0 group and bridging
carboxylic group, the tin atom geometry, presumably, being
octahedral as shown in structure V1] below, ‘
This cﬁnclusion is suﬁportad by the fact that in'CHCl3 solution of
these compounds, while the Y .0Ca fraquency undergoes very large
+ve shift due to depolymerisation, the Yoo is raised onily
slightly.-lnlspite of the faet that in solution the kétonic C=0

group remains intramolecularly coordinasted, the small rise in vC*D
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R o SR,
, \gé{/’o“x 45;0
R o £ \ (1:
N e R “o="~R
Y, \
o/ 0
\Sn .
AR R' = CH_ PhCH,
VII R = n-Bu, Ph, PhCH,

frequency may not be quite unlikely because of the change in the
environment of the tin atom and its geometry from octahedral to
trigonail bipyramidal.

Although in the +IV state tin is known to utilise 1its 5d
orbital, hybridised with 5s and 5p orbitals, ffﬁquantiy in
increasing its coordination number abovs foqr, the gnergy
difference between the s or p orbital! and the d orbital is such
that the hybrid corbitals have relatively [ow d-character. In the
trigonal bipframidal geometry involving spﬂi hybrid orbitals, in
complexes of the type RESnK.L {L = ligand), the thrse orbitals in
the eguatorial plane around tin can be regarded as primariiy spz
in character and are oxpectsd to form three étrong covatent bonds

with the R groups. The two apical orbitals may be regarded as
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consisting of the P, and the 4 orbitals, having predominant

p-character and are most likely to overlap with the . more

A2

electronegative i group‘i and ths donor atom of the complexing

agent. The bontds between tin and the axially placed
electronegative atoms are, thérefare, expected to be relatively
weak. X-ray crystatiographic studies by sevaral authors on a
86~a8 . . .
numbsr of RSSnK‘L compounds ' having trigonal bipyramidal
geometry with cis-dispositicon of the R groups, support this
contention. Tin-oxygen bond data for a few such complexes

.

tabulated below [{table~111.71 shows the weakness of the tin-axial

oxygen bond.

Table:-111.7.

S1. Compuound. Equatorial. Axial, Retf.
no- Sn—ro>0  Sp----0
1. Ph38n£02006H4(N2R1*93 2.070 Z2.463 36
(R = 2-hdroxy S-methyl
phenyl) '
2. PhSSn(ONPhCOPhF 2.081 2,308 -
HegSn{DNPhCDPh) tmoi-1)y 2.064 2,382 sy
(mol-~2} 2,182 2.263
4, PhasnIOCPhCHPhDW 2,084 2.276 ’s
5. Ph Snfl0 CC H ¥R/ INR_} 1
3 2 G 4 2
IR = OMe{-a1} .54 2,781 a7

NRZ = NH2{~QI 2.043 2.823 38
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On the basis of analogous line of reasoning, it may be
inferred that in the monomefic.forms of the triorganontin esters of
PvH and PPvH in soclution phase, the change in hybridisation from
spsd2 .toctahedralk to spgd (trigonat bipyramidal}? brings in a

reorientation of the groups in such a way that the

intramolecularly donating ketonic oxygen atom and a R group occupy

axjial positions. The resulting structure, with cis-disposition of

R groups, in the solution phase, is shown below.

VIII

This change is expected to lower the strength of the Sn <{—D0

(keto) bond, which is reflected in the rise of ths Lo fragueancy

in going from soitid phase (octahadral geometry) to solution
{trigonatl bipyramidal geometry)f

From the foregoing discussion it is clear that ¢the keto
-group in BFH is not involved in intramolecular coordination and

thus behave differently from that of the other acids. This may,
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probably, be due to steric as wel! as slectronic reasons arising
out of .thg presence, on the ketonic carbon atom in BFH, of a
phenyl group. The delocatisation of the n electrons of C=0 with
the pheny! group is certain to diminish the slactron density at
the oxygen atom comparéd te that in the other cases, thereby,
making intramolecular coordination unfavouable.

The values of the field effect {(Taft's) constants for the
three R' groups, [CH9 {-0,05}, PhCH2 E0.0#); and Ph (0,1} of the
carboxylic acids R'COCOOH wused, elearly indicates that the
bagicity of the keto group is highest in CHSCDCDDH {PvH) and
lowest in PhCOCCOH (BFH), While the Ph group acts as an electron
withdrawing group in PhCOCDOH, the electron releasing CHB group
sufficiently enhances electron density at the ketonic oxygen atom
in CHSCDCDDH making it cabable of coordinating to sﬁitable

electrophiltas.

IX

This is in-agreement with the observation that FvH can form not
only intramoiecutarly wcocrdinated carboxyliates, but alsg, addition
complexes. For PPvH the situation is expected to be intermediate
between that of PvH and BFH. This is raflected in the fact that

FPFvH, in addition to forming intramolecularly caordinated
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cgarboxylates, forms an addition complex with iBugSn}zD, whose

donor strength is the highest among the oxo-organotin compounds

used.
{iii) Elscﬁronic Absorption Speectra

The @-ketoc acids, being dicarboanyl systems, are esxpected to
show n-n* transition at wavelengths well above 300 nﬁ, in addition
to the n-n* band which 1is sgxpected &t ogcur at wmuch lower
wavelength. As discugssed eariisr, the €O group in thesgse acids
plays an extremsly important rois in the formation of their
organotin derivatives. Any involvement of the COD group must resuit
in ﬁppreciable changes in either the position or intensity or
both, of the n-m band in these compounds. While in the simple
carboxylate compeounds like organotin formate or acetate etc., the
n-n" transition ocours at a much lower wavelength, approximately
at aroend 200 nam, and is, therefore, of tittle help in the
eglucidation ef the structure of the organotin carboxylate, the
present group of ligands offer a scope for studying the n—n*
spectra of the free acids and their organotin ~derivatives
vis-a-vis the role of the CO group in determining the structure of
the carboxyliates.

The electronic spectra of the keto acids in CCl4 shows a
weak band (£ ~ 10-80) at around 350-380 nm in addition to strong

absorptions below 260 nm. The large hypsothamic shift of this
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band in polar solvent, e.g., methanot, its low molar absorbance
and the presence of wvibrational! structures in’ the spectra in
non-polar solveants help to identify this band as dus +to n—n*
transition. The position of the n-n* band in the d;fferent acids
arg shown in table-11l1.8. and some of the specira are presented in
figures I111,.15-111.26.

In the organcotin esters of pyruvic acid (PvH)! and phenyl
pyruyic acid (PPvH) the n-n transition bands suffer very large
hypsochromic shift, .dAndicating the stabilisation of the n-orbital
O stann&lation {cf. hypsochromic shift in MeOH)., This, clesarly
indicates the participation of the carbonyl group in
intramolecular coordination, which stabilises the fone pair
thereby incrzasing the n-n" transition anargy. The magnitude of
the blue shift could be used as a measure of the strength of
binding by the carbonyl! group. Unfortunately, the n—n* bands in
the organotin esters often get superimposed witﬁ the ﬂ*ﬂ*
transition bands making it difficult to determine the position of
the n*n* transition precisely in the organotin'derivatihea.

In the {riorganctin esters of benzoyl formic acid (BFH]),
however, there is practically no change in the position, as well
as, molar extinction of the n-n* transition band in.comparison to
the free acid. This shows the pressnce of non-intsracting ksto

group  in these compounds, corroborating the inference already
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Table:-111.8.

Compounds., n*n* poaks (am) € n—g peaks (nmi Kemarks
in CCl4 Sol. in MelH Sol.

CHSCOCDDH 370, 350, g9, 13 330
335{sh) ' _

PthnDCUCDCH3 No peak above 300 280{sh}, 275 Carbony! gr.
nm. Inflection at interacts.
290nm.

BUBSHDCDCDCH3 No peak above 300 <280 -
nm.

Bz _SnOCOCOCH Inflection at 326 280 -
nm.

PhCHECOCDDH - 385, 388 16.5, 23 345, 330, 300D
306

PhSSnOCOCDCHZPh 310, 286 . 320(sh), 304 -

BuSSnDCDCOCHzPh 320(sh?, 320(sh), 302 s s
306, 284 - 288

Bz _SnOCOCOCH Ph 330, 310 ' 280 -

PHCOCODH 393, 375 86, 83 348, 338, 282(sh)

.PthnGCGCGPh 385, 375, 58, 71 345, 335 7 _ No CO
380 75 280 interaction

Bu_SnOCOCOPh 395, 375 345, 3357 .

_ 280, 270
BzaSnUCUCOPh 395, 378 345, 335 ‘ s s

sh-shouider,
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drawn from their iR spectira.

The =nr-n  transitions of the carbanyl group in these
organctin egters, occurring below 280 nm; are masked by the
absorption.bands of the Ph-ring , and therefure, provides little
structural information.
tiv) 'H NMR spacltra ¢

The Y MMR spactra of-iha osrganntin keto carboxylates in
CDCL3 against the internal standafd TMS (tabie-I11.9.) are
canéistent with the structures assigned to them on-the basis of IR
and electronic spectrat data. All the keto carboxylates exhibited
expected peak multiplicities and intensities. Some of the spectra
are shown in figures {11.34~111,38.

Data from table-ill.9. shows that the CH3 protons in free
prruvic acid {CHBCOCOGH) appearing at & 2.568ppm is only slightily
shislded in ethyl pyruvate., But in ths organotin pyruvates the
CHg protons are considerably §hielded due to the essentially polar
nature of the 5n—0 bond. The deshielding of the CHS prdtons by
the adjacent C=0 group is lowered due to the participation of tﬁe
C=0 group in intra&olecular coordination. Hence, in all these
compounds the CHB protons appear at sufficiently high field,

The signails fer the resonances of the wmethyl and the
me£hylene protons of the alkyl droups attaqhed to-tin appear in

the Same regions as reported for similar organotin
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Table:-111.9

Compounds., FPeak position (& ppm! and assignments

GHgGBGQOH 2,56, (s}, CHQ: 8.64, {(s), COBGH.

(PvH) . _

' PvEt 1.22-1.48, (t), CH_(Et); 2.5, (s), CH, {Pu);
4.13~4.5, (q), CH (Et), S

Pthan 2.13, (s}, 3H, CHBKFU): 7.42-7.5, (m} and
7.68, {(m), 15H, aromatic,

BUQSQPV 0.843-0.818, (t), (J 7.2Hz}), SH, CHS{Bu}:

1.142-1.355, (m}, 15H, CHZ{EU} and CHavai;
1.526~-1.618, {(m}, GH, Sn-CHz.

Bqun(Pv)2 : 0.834-0.806, (t), {J 7.2ZHz), GH, CHB{BU}:
1.203~1.382, (m), (J 7 Hz}, 8H, CHZ(Bui;
1.61, (s}, GH, CHQ(PUI: 2.415-2,.917, (m), 4H, Sn-CHz.

FhCOCOOH ' 7.34-7.84, {m) and 8B8.04-8.12, {m}, 5H, aromatic;

(BFH) 10.98, (s}, CDOM,
thSnBF 7.35-7.41, (m}, 7.5-7.58, {(m}! and 7.78-7.86, (m)

aromatic.
BUZSn{BF)z 0.89-0.86, (t}, {J 7 Hz), GH, CHQ{EU};
1.38-1.5, (m}), (I 8 Hz), 4H, Sn—CHz;
1.68-1.92, (m}), 8H, CHztBu); 7.52-7.62, {(m},
7.7~7.78, {(m} and B8.28-8.4%, (d), 10H, aromatic.
HEzSn{BFJz 1.18, lsl{ 64, CHS{HE); 1.82-7,62, (m},

7.7-7.78, {(m) and B.28-8.4, (4}, 10H, aromatic.
UctzSn(BF)z 0.8-0.82, {(t), (J 7 Hzl, GH, CHQ(Dct};

1.1-1.48, {my, 24H, CHz; 1.72-1.9, (m), 4H, Sn—CHz;

7.52-7.82, (m}, 7.7-7.78, (m)} and 8.28-8.4, 10H,

aromatic.
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carboxylates‘a’“.

In the derivatives of ban?oyl formic acid {(PhCOCOOHY, due Lo
fhe combined effect of the ring current and diamagnati& anisotrbpy
of the C=0 ¢group, which remains free, the ring protons are
slightly deshielded and appéar as three separats groups of signals

{meta, para, erthot!.in the region & 7.36-8.4 ppm.

111.3.18. Diorganotin Di-keto carboxylates ERzSn{DCDCDR‘)Z}
The diorganotin darivatives of +Lthe a-keto acids are

similar to their triorganotin analogues in their sotubilities,

{table-[11.2} maiting points {table-ill. 1} and spectroscopic
properties.- For these compobnds also the IR (table-1i1.68A) UV
(table-ff1.10) and "H NMR (table-I1i11.85) spactral data suggest

intramolecutar involvement of the keto group in the darivatives of
PuH and PPvH, while in the derivatives of BFH the keto group
remains free. Representative R, UV and ' NMR spectra of these
compounds are shown in figures 111.10-111, 14, I11.27-111.33 and
111.37-111.38. respeoctively.

i IR spectra :

in ths IR spectra of the diorganctin pyruvates the w» and

C=0

—.‘ . .
vuaDCU appIar at around 1580 em ', while vﬂocoappears at around

1400 cm_t, in the sniid state. For the derivatives of PFvH the

Yoog band occurs at siightly higher frequencies arcund 1820 am b,
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in CHCl9 solution of the pyruvates the Y_a0CD and YVo.p ATe raised
to around 1880 and 1610 cm * raspectively, whi;e vsﬁCD iz slightly
lowered.

These may be.interpreted in terms of the involvement of the
keto group in coordination and a seven coordinate tiﬁ atom having
a distorted pentagonal bipyramidal geometry.in the soiid state,

similar to the poiymeric dimethyltin dipicolihatesg.

This structure requires each molecular unit to be linked to
three adjacent units through the carboxylate groups, which are
most likely to function im the bridging mode, as their bite angle

o .95

(—C< 0 v is small (ca. 55% 1™, Hence, the ketonic C=0 group

should be involved as depicted below.

y 0
R =
é Py n‘\cy,éﬁh ’
<0 O ;\ R
R 0
P \\ —
ic Sn‘\ é .
R~ :bof”'f %%QO” =0
’ R O
i !
C— ’//f AN Cc
y 0 & ) S
AN
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In solution depolymerisafion iag fikety to ococur lgading teo
structurg i1, involving monodentate carboxylate groups.
. ’
R R
O::C”O“H~g ‘e’O::C//
| ' T 1
C:bo./a \ “\O"c:%j
v R
R’

X1

In ths diorganotin derivatives of BFH thas » 'Eraquancy

C=0

appears at 1686 c¢cm ~, i.s., the same as in the free acgid, whsreas,

ang ¥ ’ appear in the regions 16845-1620 em ' and

the aOCO

¥ 250CO.

1375-1365 cm respectivaety. Thersfeore, the keto group is not

inveoived in coordination and this may be due to steric as wel!l as
electronic reasons as envisaged for the +triorganotin benzoyl
formates in section [11.3.%.A. The structures of these compounds

may then be represented as-

| !
R C C
W T P
| 70,0 | ™0 0
R CI: R (I:

Cw. C:
Oﬁp- Ph Oﬁj ~Ph

XII
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In solution the vagOCD and vsGCD frequencies are only siightly

changed and it is likely that chelated carboxylate groups are

present, the keto group remaining free.

Ph\ 0 }|? 0
_L—cZ snl e
o~ ~No— l 0% \Ph'
R
X111
{ii} Electronic Absorption Spectra :

The electronic spectiral data foer the diorganotin ssters of
PvH and PPvH, shown in table-11[.10, indicate that the new bands
of these acids have undergone considerable blue shift on
stannylation’ and appear in the region 300-330 nm in CCI4
solution, As discussed for the triorganotin derivatiueé.this shows
the involvement of the keto group iﬁ coordination. Likewise, in
the derivatives of BFH the n~n* transition bands remain
practically unchanged compared to the free acid, indicating the
presenceg of non-interacting CO group.

. From these observations it can be inferred that the
elgctronic spectra further support the strﬁcturas assigned to thse

diorganotin ketocarboxylates on the basis of IR spectra.
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Table:-111,10.

o S LM W T In R M ST vk W mm W

Electronic_spectral_data_of Diorganotin Keto Carboxylates:
. # * .
Compounds. n-1t peaks {nm!} n-7 peaks (am}
in CCl_ Sol. in Me0H Sol.
PvH 370, 350, 335(sh) 330
Bu Sn(Pv), 340° ' 780
PPvH : 385, 368, 306 345, 330, 300
Bu Sn(PPv), 320, 310, 296 305, 294{sh), 234
Dot Sn(PPv) 320, 290 278
BFH 393, 37%, 360 348, 336, 292(sh}
Bu SniBF1 . 393, 375, 360 360, 280(sh}
Dct SniBF) - 1y
2 2
HezSn{Bsz - 344, 2B0(sh}
Ph S!"I{BF) IR ) 17
4 z

sh~shoulder.

111.31C. Carboxylatc PDiorganotin Hydroxides ERzSn{DCDCDR'FOH] :
This group  af sompaunds eoRsigty of organotin
derivatives of PvH and PPvH, which arsa hydroly;ates of diorganotin
dicarboxylates. These highly polymeric products are obtained by
heating, in benzene of solvant ether, stoichiometric amounts (i:1}
of diorganotin oxide and acid for a few minutes to several hours,
When oxide and acid are taken in 1:2 ratin these products are
obtained along with the dicarboxylates,.
On the basis of anatytical data (téble—l!i.Zl these

compounds can be formulated as RzSn(OCUCOR‘}UH. Onty a few of
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these compounds have well defined melting points, others decompose
at high. temperature. They are soluble’ in polar solvents like
acetone or aicohoil and therefore, are highly polar in nature.
Their IR spectra (table-{{I.6B} are characterised by the
presence of broad bands below 3420 cm =, which are well bsiow

similar bands in the free acids. This bands should be attributed
to OH groups which are either strongly hydrogen bonded or involved

in intermolecular coordination. {(Some typical IR spectra are given

in figures 111.40-111.44.).

Takle:-111.6B,.

—— o e B e — e — ——— e e o R A e e e e e e e - -

i;: Compound Yon Ye=0  Yas0CO  YeOCO

L. BuSn(Pv)OH 3420- 3380 1770 1605° 1412

2. Oct Sn(Fv)OH . 1775 1604° 1412

3. Me,Sn(Fv)OH 3400-3300 1780 1660" 1385

4. thsﬂﬁpvaou - 1770 1800° 1452

5. Bu,Sn{FPv)OH 3260° 1684 1652 1432
1630

8. Oct Sn(FPvIOH 3254° 1700 1653 1400
1585 '

7. Me SniFPv)OH 3260° 1745° 1670 1405
1605

8. Fh_Sn(PFv)OH 3375° 1676 1612 1408

O R R S R R s e e e e e e e e e e e e e e ]

b-broad.



o0v

Q001

- {OfTN LI HO(AIUS NG 30 wnajdadg I

{, wa
o091 -

“OF"111-813

. "
-

aouR Yy FUSUIR.IL

E___.



“3@3 UT HO(AJIUS 370 3O wni3oeds ¥I 14 1117674
W)

e QOOF T 00F ¥ Tes 0081 S S 000¢ | Q0GE|

.. . . \
) | 1 L 1 1 i 1 1 1 1 | I E & 1 1 1 i i1 1 1 i 1 Lol 1 1 1 i1 ] 1 L 1 1 | 1 I\ i 3 1
|.4 , v

SOURYTUSUR.A), ¥




N ' £
" . :j TIOfNN Ul HO(Ad)US Ud 30 wnagdadg 4T "yt 111°614
tEo .‘._\‘..-_v e e reaay o . . . R | )
e | * nva | : (oM . !
St e LRTR ST Rl X N § LN AL 3R —
009 _._H i oo 00¢ L QO.R.#.. ] y L . " onoas | a.a_cn R Wik OQm..»._(
T T T Bl T O e ! |
5 IR _ i T T T S R A
_ . “ 0 T v _ : A"
w m: . % ._ , ‘ " . _ __
: w
; _ _
e _ . _ -

402 N v _ RTINSO
: i AW {38

[ v
SNHVI B . ool Ay e o ] w0 T e e T00W 439



4 1,

(L
a1V s

008

z :
CIOENN UT HO(ALJIUS MG 30 wnajaedg 3 "oyt 1311+61ty

Huoaivesta g i) W Jotdnaths
|
1 .
W3} 2
[FLRN"] ..._.._5__ h.uil, ..v ARSI N R | _

oo.v .—. (11301 aodl - i _._ " oty

Q00T
P P m __ by _ 5
{ I . ' . _ _ ) . X : : '
! ' . | . ' i ' ! ,
: | I : : . ; . .
I ¥ P P :

¥

BIUB3RTWEURL] ¥

: ;
H 1
! !
; :
H 1 H *
. i P
H . : H !
! : : ; .
” ) ! 2o
= ! :
AT T AT

Ax



L TR 2

I
R T

.,_' ..__._.1...__._:_.,__-!
4.

LT I LT T S Trup

i

[ S

A

dod

b,

i e 4

b“ . 1 w __ J .....mmz urt IQ."..(&mqu 3l 30 E-..L&Umn_m - 31 : 1r:“q_r“ ”Wr. 1
T A P N N S L T R T ._”_+ R A
. : X . . : : o - i : i .
009 - . OOTT . _m.:m oomﬂﬁ_ i : ” ST
\ . . Yoy : ' . i . m . “
ST _ _
e . S e P (S, _ S ..“_.HM - - :

o _

33TWSURAY %

£

N

D e e

i g s —— e = a— -

cmmamr—o b BDUE

Y
Nigood ie
SR il s

: A R DU S T ) R SO A
T i | | BN 1
A Lol I Tt T T S UL A O O N S N

m RN ] R | C e |

SN U SO

I TREIpS A KR




170~

Ancther pecullarity of these compounds is the ocourrence of

the » bands at much dlevated frequency comparf2d to the fre=

c=0
agids, viz,, around 1770 cm ™t ang 1700 cm_i for the derivatives of
PvH and PPvH respectively. These indicate the presence of free
keto group comparable to the triorganotin derivatives of p-keto

carboxylic acids investigated by KumarDas et.ai.40

The asymmetric
and symmetric carboxyl stiretching bands of these compounds appegar
in the region 1660-1800 cm & and 1430-1400 cm = respectively, in
the solid state. These can be interpreted by assuming the presence
of either, {a) hydrogen bonded carboxylate groups, invotlving
trigonél bipyramidal tin atom gecmetry having the R groups above
and below the equatorial piane of three 0 &atoms as shown in
structure ¥IV/XV below- or, {b}! a bidentate carboxylate group
inveolving G—coordina?e tin atoms as shown iﬁ structure XV! below,

with the R groupg occupying meridional pogitions as in the

H-bonded structure XV,

R R
I/O"H‘. ‘ O"H R
C—Sn"... 0 ST J_/
) . O_Sﬂ- . : S
| N 0 o—=SnT...
R g ,,% 7 f
AN & R
R” O e
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Ox. R O‘:*"‘C/R,
| |
C
- N
R\ ij o ¢ Y.
H R '

Sn —07 \Sl O/H
O f wnol R sl —
S S o

\ 0" 0
C}/’
C/
@ \r*
XV

The structures ¥V and XVl differ gnly slightly because one can be
easily converted into the other by the simple rotation of the

carboxvlate moiety through 1800 about the Sn—0 (ester) bond.
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The probable goursa of the reaction betwsen diorganctin
oxides and keto anids leading to the formation of the carboxylato
diorganotin hydroxidaes may bs represented as followa:

-2RHOR o +HAOH
2 R SnO + 4 HOCOCOR'* ———> 2 R_Sn{OCOCOR') pJ
z 2 z -2 R’COQCQOR

+ROH

{R‘CDCDDIRZSHDSHRZ{DCDCUR'i - ~ 2 RzSn{UCUCDR‘)DH
“HOH

i1t is also possibie that the oxide and acid react directiy to

produce RZSn{DCDCDR’)DH

RZSnD + HOCOCOR' — — RZSn{DCDCUR')GH
Apart from their reactions with PhZSHD. the keto =zacids produced
th(DCDCDR‘]DH from their reaction with {FhSSn}zD also, probably

through ths c¢leavags of Fh-Sn bond, to be discussed in the next

chapter.

Iit32. Conclusion

On the basis of speciroscopic evidences {1t can Dbe
inferred that the course of reaction bstwsan the a«-kato acids and
organcstannoxanes is determined primarily by the natﬁre aof the
R'COCO0 moisty and depending on the R' group, intrs moigcuiarly

coordinated organotin carboxylate derivatives may be formed in

Some CaSes.
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Spectroscopic data suggest that, in some of the keto
carboxylates, the tin atom has appafently attained a coordination
number of six through involvement of the carboxyl moiety in both

inter and intra wmolecular coordination.
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CARBOXYLIC ACID ADDUCTS.



CArRBOXYLIC ACiD ADDUCTS

IV.1. Introduction
The reactions between organocstannoxanes and organic and
inorganic acids, universally used for the preparation of organotin

esters , are . believed to proceed through the intermediate

donor-acceptor transition state

e rmewanlf)—
T

Presumabty, the intermediate complexes have very low gtability and
undergo intramolecuiar rearrangamsant leading to the final
products, making it difficult to isolats the intermediate
compiexes in most cases. An' evidence in ,faﬁour of such an
intermediate has bagn prnvided by Narula at.ai,t, who i1scglated the
adduct (Pthn?an-PSDg from the reaction of (PhaSn}JJ and SD9 in
CCld at -20°C. {Phssri)zD-——>SD9 converts into {Pthnlasﬂ4 on being
refluxed in the same solvent.

fn the reaction between organctin oxides and carboxyiic
acids in non-ionising solvents, although there is no direct
evidence, the following eyclic intermediate ié expected to be

formed through a H-bond batween the Sn—{0 atom and the acidic
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H-atom, assisted by a nucleophilic attack by the carbonyl O-atom

at the ftin atom,

11
This. is guite similar to the ftransition state proposed for the

2

reaction of siloxanes with AiCiB and the reaction of (Pthn?;J

with ngzg. and does not seem veary unlikely in view of the known
donor property of the stannoxanes, discussed in chapter~1i.

Normaliy, such an intermediate {1]1] should undergo instantaneous

electron shifts as shown  bheilow, leading tno the organotin

carboxytates.

\Sln o \S; .
~ 4 \ n -

E \-'\\‘ e - ! -+ H/

0 H
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Obviously, the stabilisation of the intermediate 11, if at all
formed, will depend not only upen the doner-acceptor property of
the oxo-erganotin compounds, but also upcocn the presence of other
poténtiat donor sites 1in _the R'COD moiety, alectronegativity
and sﬁeric factors.

In this context the a-keto wcarboxylic acids, wused in the
present investigation, seem to be suitable for the isoclation of
the interTediate addition product, sincse they have the right
acidity {ch. £3.0) and suitably placed additional denor group.

" Since the nucleophilicity of the oxygen ‘bonded to tin in the

stannoxanes, is also important in the formation of the
intermediate, bDis(triorganotin}t oxide are most likely to be the
right choice for realisation of such addition products, In fact,

stirring of a mixture of bDisitriorganofin) oxide /hydréxide and
x-keto acids led to the precipitaticn of compounds corresponding
to agdition complexes in a few cases. The intermediate invelving
tha bis{triorganotin! oxides / hydroxide and o-keto acids may bLe
represented by either of the structurss [{1iIA or {[iB, where the
nucleophitic and alectrophilic interactions are mutually

supportive, as shown beiow,
it may be noted that the propogsed structures I1[IA and IIB
aof the transition state, involve ths trans feorm of the keto acids.

Although, the <cis form of the acid can be utilised to draw a
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R
R ‘*l . R
; Sﬂf“‘: ,//X fi:j“ X
Rt [ _Sn—==0"
0 /H R¥™ 71
‘ H
R 0 0
'/ I I
\“C a//-CHMQ_ ///O
[ R C
0 /|
IIIA - 1115 0

structure anatogous to 1ilA, no structure similar to {IIB c¢an be
visualised wusing the c¢is form, begcause that wbuid involve
excessive steric strain making the structure improbable. Moreover,
molacular magdetling and energy galoulstions [se9 sactiaon
{IE.3,2.A(i}} have shown that the cis form of the keto acids are
less stable than the trans forms.

ff the intermediate is5 represented by structure 111A its
stability éhould not differ much from that of structu;a if,
~because for structure I[1lA, neither the additional donor group,
nor the field effects originating at the R' group, can influence
the electromeric esffects iaading to the immediate conversion into
the carboxylate derivative‘as shown below.
Cn the other hand, the formation and stability of structure IIlIB

will he greatly influenced by the electronic and sterice factors
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R R
\Sl /X R\S'!n. |
Y TR
W /,O 0 =0
C ' /
’ / ' +* C
R"’(:Qbo R./" Qbo

dependent on the R' group. Moreover, rearrangément leading to the
formation of the carboxylate derivative is not likely in 1I1IB. The
latter is thus, expected to behave differently and its
rearrangement wilt lead toldifferent products. Therefore, although
the produét represented by structure 11IB may bes isclable, it
should hot be regarded as the intermediate in the reaction betwesen
organostannoxanes and carboxylic acids jeading to tves formation of
the organnotin carboxylates, _rather, it should be termed as

carboxylic acid adduct of organostannoxanes/organotin hydroxides.

ive. Experimental

The organotin compounds and the a-keto acids wers
prepared accbrding'to methods described in chapter-I1i. All the
solvants were purified by standard mesthods®., The methods for the

preparation of the addition products are described below :
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1. Reaction of PvH with (PhBSnizD

1.78 g {(0.0025 mole) of (PhBSnEZD was dissclved in about 10
ml. dry benzens/solvent ether by warming. To the clear, warim
solution O0.44 ¢ 1D.00B mols) of FvH was added drop wise with
shaking. Allﬁwed to stand for -2 minutes, when solid began to
separate. The bengenefethar solution was carefully poured into
another flask containing 5 ml pet.ether.. Allowsed to stand for
10-20 minutes and the superﬁatant ligquid decanted leaving the
solid behind. The 'éclid was then washed repeatedly with cold

benzens and ether and dried, first In air and then under wvacuum

over Call .
z

Yieid ¢ Z2.01 g (80 %1}. Mp. 1460C {d}.

Anatysis . . % Sn % C %
Found : 25.86 ' 568.5 4.5
Calculated'for.PhBSnDH.FvH : 25.88 55.56 4.4

2. Reaction of PvH with PhSSnDH

.35 g {£0.001 mole) of freshly prepared and air dried
PthnOH was suspended in 10 mi ether and 0109 g | G.001 molel
PvH added drop wise and stirred for about 10 minutes using a
magnetiec stirrer, when PthnOH gradually went into solution,
Stirring was continued and within a few minutes precipitation of
product started. FPrecipitation was compiegte in about anothey 15

minutes. Allowed to settie for a while and the supernatant liguid
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decanted. The solid was washed several times with ether and dried.
0.425 g 96 %) of a white product, melting at 148°C(d), were
obtained. & was identified with PhBSnOH.PvH by wmixed meiting

point and compariseon of IR spectra and analytical data,

3. Reaction of PvH w?th (BUBSn)zD

1.49 g {(0.0025 mole) of (BUSSnizﬂ was dissolved in 10 mi
pet.ether and 0.44 g (0.005 mole}! of FvH was added drop wise with
shaking. 2 drops more of PvH were added and shaking continued for
ancther § minutes. The pot.sther solution was then carefulily
decanted, leaving the unreacted PvH behind; into a2 large watﬁh
glass and solvent removed by blowing hot air gently, The watch
glass containing the semisolid mass was then placed in a vacuunm
desiccator and dried under pump for 2-3 minutes, The wax-like
yhite solid was then traﬁsferred tc a small conical flask and
dried further under vacuum over CaCiz.

Yield : 1.93 g (98 %). Mp. 72-749C (d).

Analysis % Sn % C
Found 30.8 47 .68 7.9
Cajlcultated for BUSSnDH.PvH : 298, 84 46.69 8.1
4. Reaction of FuvH with [{FhCHZJESn3ZG :

1 g (0.00125 mole}) of {BZQSn)zO was dissolved in 10 ml dry

benzene and to the warm solution 0.24 g (>0.0025 mole) of FvH was
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added drop wise with shaking. Shaking continued for 2-3 minutes
more, when éolid began to separate. The solution was decanted into
another flask leaving the unreacted PvH bhehind. Precipitation was
completed by addition of pet.ether and aliowed to settie, Thé
clwar supernatant ligquid was decanted and the residue was washed
with benzene. The vellowish white residue was dissolved in ether
and reprecipitated with pet.ether, filtered and dried.

Yield : 0.8 g (75 %}, - Dbid not melt,

Analysis . % Sn . % C % H
Found : 23,2 58.38 4.8
Calculated for BZSSnDH.FvH : 23.79 58.06 5.24

5, Reaction of PPvH with (BuaSn)zD :

0.3 g | 0.0005 molal of Hh%Sn)ZO was dissolved in 5 ml

pet.ether and shaken with 0.18 g {>0,001 mole}) of FFvH for 5-6
minutes. The light yeilow.éo!utian was filtered and kept-overnight
at 5°C. The slightf precipitate formead was removad by filtration
and the filtrate stored at 500 for several days. The white product
obtained melts at 889C and weighed 0.28 g { B0 %;.

Analysgis : % Sn ¥ C % H

Found : 25.3 54,8 7.5
Calculated for BUBSnUH.FPvH : 25.1 _ 53.61 7.66
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G. Treatment of RgSnDH.R'CDCGUH with dil! NalOH sclution
{Estimation of organotin to acid ratiol.

(i} An accurately weighed mass of the triorganotin compound was
disso!ued in methannl and titrated against a dilute NaOH {aq)
sotution having accurately known strength of N/100. order using
phenotphthatein as indicator. The burette . reading {Ui) was noted.
A blank titration of the bisl(triorganotin} oxide Qs. MaOH was then
carried oput and on its basis the volume of NaOH consumed by t(he
ampount af stahnoxane, expected to be present in the triorganotin
compound ftaken, was calcutated. This volume was deducted from Vi
to get the volume of NaOH {Uzi apparently consumed by acid present
in the +triorganotin compound. From Vz the amount of acid was
calculated and was found to agree well with the formulation
RSSnDH.HL {where, HL = R'COCOOH)H.

(ii) A benzene solution of an accurately known amount of the
triorganotin compound FhBSnOH.F‘vH was shaken with calculated
volume {(required fcr_complete hydrolysis of the complex) of N/S50
MaGH (ag) sclution. and the agueous layer was separated. The
concentration of NaPv in the aqueous sclution was calcutated on
the basi; of the above fo;mulation. Another  agueous soclution of
NaPv, having exactiy the same concentration, waz prepared by
neutralising PvH with Ns/50 NaOH solution. The absorption spectrum

of the twpo solutions in the UV region werse recorded using a
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Shimadzu UVZ240 spectrophotometer and were found to be reasonabily

matching.

IV =, Rasults and DNscussion

Perhaps, the most interesting results of the present
study is the separation of addition products of the type
RBSHDH.HL, where HL denotes the keio acids. These products are
obtained simply by mixing the ketq acigd witth {RQSnyZD {ar RSSHDH}
in appropriate proportion in benzene or solvent ether under very
mild oconditions. Pyruviec acid {PwH ) exothermally adds on to
{BUHSnIEO at roum temperature, even when the two liquids are just
mixed in appropriate ratio in the absences of any solvent, to give
a waxy solid product, The reaction conditions and other details
for the preparatioh of the addition products are given in the
tabte-1V. 1.

A reference te the table-1V.2., showing the percentage yieid
of the products, reveal that their formation depends both on the
nature of the keto acid and the ofganic group R on the stannoxane.
The data from table-IlV.2. also show that the Taft's constant value
of the éub%tituent R', which gives a measure of their ability to
influence the welectron flow to the adiacent atoms in R'COCOOH,
strongly effects the yield of the addition products. Increasing

Taft's constant decreases the possibility of formation of these
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Table:-IV. 1,

St. Raactanté and Reaction Conditions Time Froduct % Yield
no. mole ratio. : . » Mp.
i. (Pthn)zD Solution of stannoxane in 2-3 FhSSnUH;PvH 90,
 + PvH ' ether/bez. shaken with ac- min. 146°C(d}
{1:2} id. Soin. diluted with pet.
ether. Product washed with
ether.
i. PhBSnDH Stirred in caold ether with 30 PhESnGH.PvH 95,
+ PvH slight excess acid. Froduct min. 146°C(dy
(1:1} : washed with colid ether.
3. !Buasn)zﬂ‘ Shaken in pet.ether with 5 BuaSnDH.PvH 98,
+ PwvH stight excess acid. Fet.et- min, 72-74°¢
{1:2) her layer decanted and eva-
porated.
4. {BZSSn)zO Benzene sol;. of stannoxane 5 BzgSnOH.PvH 75,
+ PuvH " shaken with slight excess min. -
i1:2) acid. Bez. layer decanted
into pet.ether., Bplid diss-
olved in ether and repreci-
pitated with pet.ether.
5. lBuBSnkzD Stannoxane and acid shaken 5 BugSn.PPqH 60,
+ PPvH in warm pet.ether, filtered min. . s8a8%c
(1:21) and stored at SOC.Froduct
" washed with cold pet.ether.
B. Fh, SnOH Stirred in cold sther with 30 PhQSnBF 85,
+ BFH slight excess acid. Froduct  min. 1499¢C

f1:1) washed with coid ether.
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products. This is gquite reasonable, since the formation of
addition product is expected te be facilitated by electrgn
releasing groups (low Taft's constant).

With the same keto acid, the yield depends an the organic
group attached te tin and decreassgs in ths series n-Bu »Ph >PhCH2.
This pattern is not related to the electronic factors, e.g.,
inductive or wmesomeric effect o0of the group. UOn the dther hand;
this clearly reflects a correlation between the size of the group
and the ease of formation of the addition complex. Thus, both
steric factors and elecironic factors govern the formation of
these products, High Taft's cénstant wvalues combined with the
presence of bulky group at the tiﬁ atom, as can be saeen from

tabte-Ii¥.2., prevents the formation of such compliex.

Table-IV. 2.

% yeild of product.

. R n-Bu Ph PhCH
R z
{Taft's const. !

CH
2
(-0.058) 88 90 15
PhCH
2 -
(0,04} 60 - -
Ph

(0. 1) o - - -
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Significantly, the ketoc acid where the substituent has high
Taft's constant, e.g., PhCOCOOH (benzoyl formic acid! gives high
yield of the carboxylate of the type RgSnDCDCDR‘, by reacting with

either {R35n120 or RaSﬁUH, even under very miid condition.

IV31 Characterisation of the Products

Atl these compounds differ considerably from the
ketocarboxylates and their hydrolysates in their stability,
sciubility, chemical and spectroscopic properties and have been
characteriéedlan the basis of anal&tical data, their {R, UV and

"H-NMR spectra and reachtivities,
Although these compounds have besen obtained by the reaction

of {RQSn)JJ and HL (HL = R'COQCOOH) in 1:2 ratio, they should be

formulated as RasnGH.HL an the basis of analytical data
(table-IV.3.}) and other evidences discussed below,
i} Titrimetric determination of acid to organctin ratio in the

addition proauct 5

These complexes aré highty susceptible to cleavage hy oH-
ions. The reaction between the triorganeotin derivatives and very
dilute alkali solution, such as 0.Ci{N) NabH, tegn-1} leading to
the organostannoxane and alkali metal galt ﬁf the acid is so fast
and complete that this reactioﬁ can be utilised in guantitative

estimation of the acid present in the complex.
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Table:-1IV.3

Analytical data and selubilities of the produycts

Si. Compounds. % Found / {Calcutated}. Solubilities.

no. Sn C H

i. PhSSnDH.PvH 25.88 56.5 4.5 Ace., Alc.
{25,885 {55.5) }&.4) Si.sol. in Bez..EtzD.

. CHCi_.

Z2. BuBSnOH.PvH 30.8 47.69 7.8 Bez.,Pet.eth.,CCl‘,CHle
{25.84) {45.69) (8.1} EtZD, Ace,.,Alc.

3. BzSSnOH.PvH 23.2 58.36 4.6 Etzo, Ace., Alc.
(23,791} (58.06) (5.24)

&, BuBSnDH.PPuH 25.3 55.8 7.5 Bez., CHClB, EtzG, Ace. ,
{25. 11 {£3.61) {7.661 Alc,

RasnDH.HL + MOH — RSSnGH + ML +HDOH —-=-=—---- i1}

Thus, & methanolic sclution of triphenyl/tributyl tin derivative
‘of PvH wag titrated against a standard NabH {(agq) solution of
O.01{N} order using phenalphth#lein indipator. Even a benzene
spluticon of the tributyl derivative could be titrated in the same
manner with wvigorocus shaking. Results of typical titrations are
presented in the table-i{V.&4. below. The equivalence point of these
titrgtians corresponds to 1:1 @mole ratio of organatin tn acid,
which agrees well with analytical data.

These results are further supported by the. reasonabie

identity of the absorption spectrum (fig-IV.1} of an agueous NaPw
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Fig.IV.1. Electronic spectrum of MaPv {(in water! from nagykralisation

of PvH {(——~--~- } and decompasition of Ph;SnﬁH.PvH {——}.



S5i. Addition Amount in Vol.& Strength Amt.of PvH Amt.of PvH (g}

no. product, | grams, of NalOH Soin. found (g} calcuiated for
: consumed. R SngH.FvH.
1. {Bu Sn}) O 21.0 cc
a .z .
+ PuvH - 0.086803 1.114525 N/1Q00 ©Q.02054 0.019387
2. lPthn)zo - 21.3 cc
+ PvH 0.,101113 1.111525 N/100O Q. 020824 0,.019589

sclution, obtained by shaking a benzene solution of a known amount
of PhaSnDH.PvH with calculated volume (calculated on the basis of
the aforesaid formulation) of O0.02(N) NaOH (aq) solution, with
that of another aqueous soliution of NaPy, haui;g the same
‘concentration, prepared by neutralising PvH with O0.02(N} NaDH
solution.

{ii} Solubility :

IThe formulation, wviz. R;SnDH.HL, arrived at on the basis of
analytical data and the above titrimeﬁric estimation of.organotin
te acid ratio, implies that the compounds should be highly polar
in nature, which is reflected in their solubilities. Of the four
compounds isoiated the. two tributyl compounds are soluble in both
- polar and nonpeolar solvents, Eut the 'tripheﬁyl and tribenzyl

derivatives of pyruvic acid (PvH} have very poor solubility in
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nonpotar solvents (table-IV.3.). But in all cases the solubitity
in-polar solvents is much higher indicating the presence.of highty
poiar structure in these compounds. |
{iii) Speciroscopic evidencs

Spectrogscopic data support the formulation of the addiftion
complexes as RgSnDH.HL and provides an insight into the structure
cf these compounds.

{a) iR spectra

The IR spectra of the ligands have begen discussed and

assignments for the varicus absorption bands made in sectiaon

I11.3.31.A. IR spectrat data for the addition complexes are
presented in tabie-IV.5., along with reltevant data for the free
acids. Some typical IR spectra are given in figures IV.2.-11i.7.

It can be seen from table-1V.5. that in free PvH there is a
very broad band in the region 3600-2500 cmﬁt and Iin FFvH a shafp
medium intensity band at 3460 cm—a in the addition complexes a
broad band, indicative of the presence of hydrogen bonded DH group
occurs in the region 3425-3400 cm *. In PthﬂOH.PvH there is a low
intensity band at 3620 cmwt which is characteristic of the -Sn—0OH
grouping. This band is slightly breadened in the complex compared
to the gsame band in F‘haSnOH.

As may be seen from the tablie, PvH shows two Ye.g stretohes

at 1728 and 1740 cm * respectively, of which the former may be
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51.Compounds.

Solid FPhase

{in Nujol/KBr}

Soin. Phase (in CCI4)

no.
' ¥ou Ye=g aa0co Ya0co Yc=0 You Yc=0 Yasoco Ysoco
' {wag}
1. PwH 3600- 1728 1740 1285 615 3420 1728 1790 1280
2800° 1160 1200
2. PvEt - 1745 1755 1370 618 - '
1300
3. PuNa - 1710 1625 1405 625 -
4. Ph_SnOH.PvH 3620 1612 1715 1428 635 3400° 1620 1710 1398
2400° . 1410
5. Bu SnOH.PvH 3425° 1620 1722 1415 625 " - 1620 1735 1398
1395
Bz_SnOH.PvH 3400 1610 1715 1408 632 -
7. PPH ' 3460 1688° 1688° 1248 695 -
1195
8. Bu_SnOH.PPvH 3425 1620 1725 1402 680 -

635
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assignéd to the ketonic C=0 aﬁd the latter to the C=0 group of the
carbokylate moiety from a comparison of the spectra!of the neat.
acid, 1its CCI4 soiution, its Et-ester and that of its Na-salt
{figures-1lll.1,%a,1b, and 1¢), In PPvH these bands merge into a
broad band around 1688 cm = because of intramolecular H-bonding.

In each of the addition complexes there is an Iintense sharp
bangd ;t 1722-15 cm_f region and several strong peaks near 18500
cm *. Thus the formation of the addition complex has resulted in a
small cﬂange in one of the two carbonyl stretch frequencies and a
considerably targe change in the other gompared to the free acid.
Of these two freguenciss the one undergoing 1a§ge negative shift

-shioulid be assigned to w» baecause the addition compliex can not

c=0,
be stable witheut the involvement of the ketonic C=0 group as
pointed ocut in section iV.1., and if involved, vc=6 would be
expected to- be considerably lowered. in @he event of
nonparticipation of the kefonic C=0 group the Yeog should remain
unaltered relative to the free acid, as has been found in the case
of the carboxylate derivatives of. benzoyl! formic acid (BFH}
f{section 111.3.1.A(ii1] and may even be shifted to higher
freguencies as observed for the carboxylato dierganctin hydroxidesl
discussed in section 11[.3.1.C. Such +ve 5Hif£ of vc:g, where the

C=0 group is nonparticipating, has also been reported by KumarDas

et.ai.5 for the triorganctin derivatives of some p-keto acids.
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The band at around 1720 cm * iz, therefore, assignad to
¥ 20CO and the v%DCD band in these compounds shows at arcound 1400

em ' in the solid state, In CHCia/CCl4 sciution all these peaks

remain almost unaltered.

Thus the (R spectra of these derivatives of PvH and PPvH
differ from those of the corresponding organotin ketocarboxylates

for which both v and v appear well below 1800 cm ' in the

C=0 =0C0
s0lid state and both are considerably raiséd in solution. It may
be mentioned here that in the derivativeé of BFH, although one of
the carbonyl freguencies remains unaltered compared to the free
acid, a comparison with its Na-salt reveals that it is the Ye_g
that remains unchanged and the ¥ <0CO gots sufficiently lowered.
Therefore, the derivatives of BFH are regarddd +{o be normat
carboxyiates and not addition products. This conclusion is also
supported by their stability, sclubility and chemical reactivity.

The addition compoundsz 5150 differ from the carboxylato
aiorgapotin hydroxides in | that, the Yoo fregquaency is
substantiaily towered 'in the former but considerably raised in the
latter compounds in comparison to the respective free acids.

The addition complexes alseo show a strong band around 630
cm_t, which may be assigned to out of planeg C=0 wag. This is also
indicative of the involvement of the keto group in coordinatianf

For BuBSnDH.PPvH the apparent lowering in this freguency is due to
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the fact that in the frée ‘acid the C=0 group is involved in
intramolecular H—bonding and the carbonyl wag appears at
considerably higher frequency {690 em by | compared to
noninteracting C=0 group.

Thus, on the basis_af IR spectra it can be said that both
the ketonic C=0 and the acidic hydrogen of the ligands interact
with the organostannoxane in forming the addition compiex. it is
also interesting to note thatlthe IR frequency, characteristic of
the 5n-0-8Sn linkage in thé étagnoxanes, occurring around 780 cm "
is absent iﬁ all these derivatiyes, thereby suggesting the
cleavage of this bond during the- formation of the addition
compléxes. Therefore, IR spectra also suggest that the addition
complex should be formulate& as RSSnOH.HL and not as (RgSn)zD.ZHL.
{b) Eleotroﬁic spectra @

The electronic spectral data of PvH and PPvH shown in
table-tIV.6. reveal that for both the acids very weak transition
bands (& 10-25) occur in the region 350-385 nm in CC!4 solution.
As pointed out in section 111.3.1.A{iii} these bands have been
identifisd as due to n;n* transition of the C=0 ¢group, from a
comparisen of the spectra in polar {(MeDH) and ononpolar {CCI4)
solvénts. |

It can be seen from the table~-I¥.6. that in the addition

complexes the n—n* bands have undergone considerable hypsochronic
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Tables-iV.8.

»* - : ¥
Compounds. n-7 paesks (nm) E o n-7  peaaks {(nm)
in CCI4 Sotl. - in Maf0H Soi.

CH_COCOOH 370, 350, .9, 13 330
{PvH) ' ) 335 tsh)

Ph_SnOH., PvH 335 22,5 310
Bu_SnOH.PvH 345 ' 59.5 305
PhCH_COCOOH 385, 388, 16.5, 23 340
{PPVH ) 306, 293

Bu_SnOH . PPvH 360, 306, 293

sh~shoulder.

shift and appear in the region 335-345 am. This can be accounted
for only by assuming the involvemént af the C=0 graup'in binding,
which stabilises the n-orbitat. This suggests fhat the addition
complexas are formed through a nucleovphiiic attack by the carbonyl
oxygen on a tin qentre of the stannoxane. Thus, slectronic gpecira
also sﬁppart the inference drawn on the basis of IR spéctral data.

It should aiso be noted that the blue shift of the n-r" band
in an addition complex, though large, is ﬁot.as large as in fhe
corresponding keto carboxylate [éeciion F1T.3.4.A0L84)).
Therefore, it may be inferred that the Sn—0 {(carbonyl} bond in an

addition compound is weaker than the same bond in the keto
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carboxylate and may be cileaved during the transformation of the
former into more st;bie compounds.

In the addition compounds alsc, the shert wave length bands
originating from the ﬂ—ﬂ* transition of the ocarbonyl group and
n—n* traﬁsition of the acid get superiﬁposed among tﬁemseives as
well ag with the vibrational fine structures of <the Ph-ring and

are of little diagnostic vaiue.

Absorption spéctra in the UV region of the ligands and some
of their derivatives are given in figures I[V.8.-1V.11,
fc) PMR Spectra :

The PHMR spectra; recorded for the two addition complexes
FhESnDH.PvH and BL%SHOH.PVH,. provide further supporting sevidence
for the inferences already drawn.

in the “H NMR spactira of PthnDH.PvH [fig-IV.121 the COOH
proton appears at 46 7.132ppm as a sharp singlet. Although in the
uncomplexed acid this proton appears at & B.64ppm, the IR spectira
_af the acid and its mthy! ester clearly show that the acid exists
as a hydrogen bended dimer and the proton signal is expected to
appear at tow field._ These data suggest that in the addifion
complex the acidic proton is relatively weakliy hydrogen bonded to
the Sn—0 oxygen.

In the case of the tributyl tin adduct of pyruvic acid a

sharp peak at & = 2.43ppm (1iH) is5 observed which can. be assigned
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to the COOH proton, 1t is well known 4that, the electronegativity
of the oxygen in tributyltin oxide i3 lower than that of
triphenyitin oxide. The former 1is, therefore, expected to form
weaker hydrogen bonding than the latter, in its adduct and the
appearance of the COOH proton at high field agrees well with this.

It can bes seen from table~-IV.7. that tripheﬁyltin hydroxide
in CDCiSIDHSD—dd shows a NMR absorption at é 3.6ppm
corresponding to one proton. On deuterium exchange, this peak
vanishes, confirming the peak to be due to_DH‘protcn. The adduct
PhssnDH.PvH shows a peak due to singi=s proton at & 1.582ppm.
Atthough this peak is at considerably higher field compared to
that of PhasnDH. this ocould reasonably bs assigned to the Sn—0H
in the adduct. The reasaon for such_upward shift may be attributed
to the following factors,

Due to the. low solubility of PhBSnDH in 'CDCl3 the NMR
spectra was taken in'CDClstHSD-dd mixture., Without daubt, there
wouid be interaction between DMSO and PhBSnUH. DMSG ocan coordinate
to Sn-atom and aiso it is‘almostlcertain te form H-bond with the
Sn—OH proton. [t is well known that H-bond formation shifts the
signal corsiderably downfieid. The adduét, on thé other hang, is
not expected to form any such H—Eond. firstly because, the sclvent
was CDC!a and secondly, the proposed structure Iprecludes the

possibility of H-bond without a structural change. Therefore, the
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peak at & 1.583Zppm, worresponding to a singie proton, is
reagsponably assigned to Sn—0OH. This is alsc gconsistent witﬁ the
evidences obtained through IR and UV spectra as well as chamical
reactivities of the adducts, presented sarlier.

Although the position of the S5n—0O0H proton in the ftributyl
tin adduct of PvH cannot be precisely ascertained, the relative
intensity of the peaks in the methylene region (5 t.3—
1.566ppm, 18H! shows the presence of an extra proton. This may be
afttributed to the Sn—>3H by comparison with the posiﬁion of the
zame proton in the triphenyi tin complex.

The CH3 proten of the ligand part Iin the tributy!l and
tripheny! complexes appear at & 1,03 apnd 2,34ppm respoactively.
Altthough the chemical shifts of the CHa(ligand) protons in thase
complexes are large, they are significantly different from those
of the corresponding keto carboxylates {4 1.,142-1,355ppm for the
tributyl and & 2Z.13ppm for the triphenyl tin pyruvatse’. This is
presumably, due to the larger polarity of the Sn—0 bond in ths
carboxytates than in the gddition complexes. in both fthe cases
the ability of the adjacent C=0 group to deshiald the CH3 protons
is lowered due to the involvement of +the carbony! group in

coordination and cannolt drastically influence the peak positions,
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Compounds., Fegak position (& ppm} and assigameants.

Ph_SnOH.Puk 1.582, (s), 1H, Sn-OH; 2.34, (s}, BH, CH_(PvH)
7.132, (s}, 1iH, cobﬂg 7.34-7.37, {m}, and
7.6-7.685, {m}, 15H,-aromatic.

Bu_SnOH.PvH 0.367, (t), SH, CH (Bu); 1.03, (s}, BH, CH_(Pv)
1.3-1.88, {m), (1B+1)H, CH_(Bul and Sn-OH
2.43, (s), iH, COOH.

PvH‘ 2,86, (s), 3H, CH_; B 84, (s), 1H, COOH

PhsSnDH 3.8, {s3¥, tH, Bn-DH; 7.2-7.85, 1i5BH, aromatigc.

a-~concentratien dependsnt.

{iv) Reaction of PhBSnOH with CHECDCODH (PvH)

In view of the aforesaid formulation of the addition compiex
one wokid expect that the cnmpounds_shouid be produced from the
reaction of R'CUCQDH (HL}Y with RQSnUH as well as witﬁ‘iﬁaSn)zO. We
have observed sexactly ths same by' allowing CHSCDCDOH {PvHI o

react with FhSSnDH.
When PhsSnDH and pyruvic acid in 1:1 ratio were stirred in
celd ether for about 30 minutes, the product was found to be

identical with the product obtained from IthSn)zG and FvH, on the
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basis of mixed melting point, elemental analysis and IR data. The
formation of the samé compound through the two routes and absence
of any 5Sn-0-5n band in the IR spectrum of the ;aid compound
suggest that it should be formulated as PhaSnUH.FvH. This is ailsgo
supported by thse presénce of Sn~0H band at 3820 em b in the IR
spectrum of thils compound.

‘This reaction, therefore, corroborates the IR spectral
avidence iha£ the Sn-0-5Sn bond of ihe stannoxane must have been
broken during the eilectrophilic attack on it by the carboxylic

acid as shown below, without regard to the role pla&ed by the keto

group.
=0’H|

n i

A — g —_ O/H y
0 _— 7 : ‘ .
i H 4+ HO—5n
C 5 0 H

o/ N C

R™ o~ Y

: S

The water necessary for such a cleavage becomes readily availabtle
‘because pyruvic acid invariably remains associated with some water
anpd the reactions could not be carried out under anaerobic

conditions.’
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Althnugh. the Hature and stability of the product is not
determined solely by the aforesald electrophilic attack, as has
already beoen pointed out in section 1V.1, the =sbove reactian
clearly shows the role plavyed by the acidic H~atom in initiating
the process. The importance of the presence of the acidic H-atom
and its involvemenit in the reacticon is also brought out by the
fol}owing.obéervatian.

{uv) Treatment of CHgCDCDDEt with PhSSnDH /(PhBSn)zD

A well known method for the preparation of organotin
carboxylates fnvolves the reaction of either the organotin
hvdroxide or oxide with the esters of carbﬁxyiic acidsd?
accgording to_the following equations

RHSnGH + R'COBEY —mMmM8m > RgSnGCDR‘ + EtDH ——————— £21

IRgSn}zD + H'CO8Et —m—> RgSnDGGR‘ + RasnDEt ————— 33
Accordingly, ethyl pyruvate was ailowed to react wi£h arganotin
hydroxides or oxides either by stirring or by refluxing in
benzena/solvaent ether. But neither the carbcxylaté nor the
addition preduct was obtained in any case. The not so wetl-defined
products obtained in scome casés gave the organotin oxides back con
recrystaliisatipn from benzene.

The failure of these reactions suggest that the OH group of
the carbox¥lic function must be involved in the formation of the

addition complex.
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In the.light of the spactroscopic and other svidences cited
se far, ane must be inciined to infer that these derivatives of
FvH and FFvyH are a wnique ciass of addition compounds of the
organostannocxanes and keto acids and the only probable stéﬁcture

that can explain all the observations is shown in [iIl.B.

R

-
f\\:-~‘-h
i Slefrf'Q

X

!

—

-eretd

R*™
0 H
I é
F C
I
0
IITB
Howsver, such a structure is not expected to be highly

stable, because of unfavourable ring size and high affinity of tin
for oxygen. This 1is reflected in the fact ihat the addition
complexes are particularly unstable towards heat and when refluxed
in benzeng or solvent ether undergo graduail transformation giving
saveral products, accompanied by Sn—C bond clmavage.
{vi) Transformation of the addition product when refluxed :

The transformation reactions for the mpst.-typical of the

addition preoducts, the triphenyl tin derivative of PvH, has been
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investigated in gsome detail and the cleavage products have been
identified, For the other addition products the separation and
characterlsation of the cleavage products could not be achieved.

Thus, when the triphenyl tin derivative of PvH was refluxed
in dry ether for about an hour, a white solid, which could be
formutated as FhZSn{Pv)DH on the basis of elemental analysis and
iR spectrum, separated. When the solvent was carefully distilied
off, the distillate was Ffound to contain .benzene,- which was
identified spectrophotometricaliy., When hesating under reflﬁx was
continued for long periods, the ssparated light veiliow solid could
be formuiated as EPhSanv)DJ“. The same sequence of reactions was
also observed when {Ph;Sn)ZD and PvH, in 1:2 mole ratio, wers
refluxed in benzene of solvent ether under the same conditions.
Minute quantities of another product, viz,, FhaSan was also
obtained, when after ryefluxing for about half an hour the
supernatant liguid was evaporated at room temperature and
extracted with petroleum ether. When prolonged heating was done in
benzene smail amount of PhJSn was obtained in addition to the
other products, but FhaSan couid not be obtained. |

From these observations it may ©be inferred that the
principal wmode of interaction between {PhQSnlzﬂ and FPvH always
leads to the formation of the addition product, whicﬁ transforms

inte the other compounds through cleavage reaction, under more
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drastic condition. The direct reaction between the stannoxane and
PvH leading tO'FhBS‘nPV seems to be less favoured.

The structure 11i.B, proposed for the addition product,
accpounts for its high.susceptibiiity to cleavage and suggest that
it would bhehave as a precursor to more stable compounds such as
thSniFuJDH or the keto carboxylate, The formalion of thSn(Pv)OH,
which is the principal mode of transformation of the addition
product, requires the cleavage of the Sn—Fh bond, largely known
to be induced by 1::|rotic:"3—"1 and ~::he.|iam:,ingtz agents. The loossly
bound keto acid molecule in the addition complex ig most likeily to
provide an ideal protic agent, which causes phenyl-tin cleavage,
that accounts for the production of benzene when PhQSnDH.PUH Iis
rafiuxed. '

The fbrmation of Ph‘Sr; from prolonged heating under reflux
in benzeneg, of the addition complex, may be attributed to thermal
disproportionation of FhBSan, formed in the course of the
_reaction. Considering the very low yvield of this preduct it can be
conciuded that only a small fraction of the addition complex pass
through these changes. This would ailso explain the non
avaitability of PthnPQ when heating is continued for long.
Although thermal disproportionation of triorgano tin carboxylates
are kﬁown to occur at their melting pointsﬂ and when refluxed in

pyridine {Bp. 1150031‘, a definite comment on the thermatl
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disproportionation of PhaSan would reguire more detailed
investigation.

Considering all the above facts the formation and the
subseguent transformations of the typical addition complex

PthnDH.PuH may be represented by the following scheme.

Ph SnOH (Ph Sn) O
] ] z
+ PwvH T + 2 PvH
i +HOHR
Fh_SnOH.PvH “HOH >  Ph_SnPw
9 :
Ph-Sn ' Thermal
claavagya by l diapropaortionation
carbowylie
acid <Pvi’ PhZSn{Pv?2 + Ph45n
-Fhi L+ HOK
Fh_Sn(Pyv)OK -l % [Fh_Sni{Fv}1 0 + FyH

i Haal

EFhSn{Pv )D]“ + FhH

IV3Z. Lonc tuston

On the basis of the foregoing discussiong it can be
concluded that éome a-kato carboxylic acids react with triorgano
tin oxides and hydroxides forming a unigue claés. of addition
compiexes, which may bs represented by structure 111,B, and that
their formatien is governed predominantly, among various factors,

by the basicity of the ketonic oxygen atom, which is profoundliy
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influenced by the electronic and steric factors originating at the
R' group.

Since these complexes are inherently unstable and are
transformed into more stable products when heated, probabiy in
several different ways, understanding their structures may help in
deosigning new carboxyiate ligands, which can possibily be helpful
in the isolation of intermediate complexes, ﬁeiieued tc be the
first step in the reaction betwesn the stannoxanes and carboxylic

acids.
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