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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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i _
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



ou 18 .45
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
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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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R/
|
R R
~ //C‘H.
O\\xl e O// O‘““x ‘ & R
,a-SHQHM o) S?““x ///O‘\.
X T i \o/sl ™07

vl VIII

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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R\Sn/ . Bu\
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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.
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The dialkyt hatlotin carboxylates RzSn{DCDCR‘ } 4 are belisved
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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
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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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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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