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ABSTRACT

Synthesis, reactivity, structural aspects and applications of organotin(IV) complexes with phos-
phorus-based acids are reviewed. Complexes are classified according to the number of organic groups on
tin and the nature of the donor atoms (oxygen and/or sulphur) on phosphorus. In general, organotin
complexes of these acids are synthesized either by the reaction of organotin oxide with a free ligand or
by treating the organotin halide with the alkali metal salt of an acid. Reactions of monoorganotin oxides
with phosphorus-based acids proceed in a stepwise manner involving a variety of organotin clusters, some
of which are now fully characterized. The structure of the organotin complexes of these ligands is influenced
by the number of R groups on tin and the donor set of phosphorus (>PO,, >POS, >PS,). The >PO,-type
ligands usually prefer bidentate bridging or a chelating bonding mode, while >PS,-type ligands bind an
organotin moiety in a monodentate or chelating (asymmetric or symmetric) fashion. The application of
these complexes as catalysts, corrosion inhibitors and biocides is discussed.
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1. INTRODUCTION

During the last four decades or so the chemistry of organotin(IV) complexes
of phosphorus-based acids has been the subject of considerable research. Much of
the earlier work was reported in the patent literature and primarily describes their
synthesis and applications as biocides. In the late 1970s structural aspects of these
complexes began to emerge and an interesting field of organotin cluster chemistry
came into being in the late 1980s. There are now several review articles that cover
some of the aspects of these complexes [ 1-6]. It may be noted that the article by
Molloy and Zuckerman [3] published in 1983 presents an account solely of their
own work. Considerable research and novel advances in the chemistry of
organotin(IV) complexes of phosphorus-based acids have been reported since Molloy
and Zuckerman’s publication. It is the intention of this review to cover synthesis,
spectroscopic, structural aspects and applications of these complexes. Structural
features of these complexes are markedly influenced by the number of R groups on
tin and the nature of the donor atoms (O and/or S) attached to phosphorus. The
chemistry of these complexes is discussed in this review according to the number of
R groups on tin and the donor set of atoms attached to phosphorus.

2. TRIORGANOTIN(IV) COMPLEXES
2.1. With >PO,-type ligands

Triorganotin(IV) complexes of oxyphosphorus acids have been prepared by the
reactions of triorganotin oxides, hydroxides, halides or hydrides with phosphorus oxy
acids (eqns. (1)-(3)) [7-15]. In addition to this general synthetic method, there are
several other less commonly employed procedures for the preparation of these com-
plexes [16-19]. These include: reaction of triphenyltin diphenylphosphine
(Ph;Sn—PPh,) with oxygen or hydrogen peroxide to yield Ph;SnOOPPh, (eqn. (4))
[16]; treatment of tributyltin oxide with F,P(O)-O—-P(O)F, to give Bu;SnOOPF,
(eqn. (5)) [17]; reaction of triphenyltin oxide with phosphorus oxyhalides (POX;) to
yield Ph;Sn(OOPX,) (X =Cl or Br) [19]. The trimethyltin analogues of the latter
can be obtained readily by the reaction of Me;SnNEt, with X,POOH (X=Cl or
Me) in dichloromethane (eqn. (6)) [18]. The reactions of triorganotin oxides with
diorganophosphine oxides (R POH) yield R; SnOOPR) and triorganotin hydride [9].

Ph,SnOH + (PhO), POOH - [ Ph, SnOOP(OPh),] + H,0 (1)
R,SnCl + (R'0),POOH - [R;SnOOP(OR’),] + HCI 2)
R;SnH + R, POOH - [R,SnOOPR}] + H, 3)

Ph,SnPPh, + 10, - [Ph;SnOPPh,] 225 [ Ph,SnOOPPh,] (4)
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(Bu,Sn),0 + F,P(O)OP(O)F, —2[Bu,SnOOPF, ] 5
Me,SnNEt, + Me, POOH — [Me;SnOOPMe,] + Et,NH (6)

The reaction of triorganotin hydroxides with (R’0),POH affords triorganotin
phosphonate complexes of the type [R3;Sn{OP(O)H(OR’)}] (R =Bu, c-Hx, Ph;
R’ = Me, Et, ‘Pr, Bu) [20]. The latter complexes can also be obtained by treatment
of triorganotin chloride (R = Me, Bu, Ph) with NaOP(O)H(OR’) in benzene (eqn. (7))
[21]. The reaction of phenylphosphinic acid with trimethyltin chloride or acetate in
water yields «-[ Me,SnQP(O)(OH)Ph] (eqn. (8)) [22,23].

R;SnCl + NaOP(O)H(OR')— [R3;SnOOP(H)(OR')] + NaCl (N

Me, SnCl + PhP(O)(OH); g

4-[Me;SnOOP(OH)Ph] 8)
Me3 SnOAc + PhP (0)(OH)2 —AcOH

Triorganotin complexes with >PO,-type ligands are colourless oils or solids.
Molecular weight measurements on a number of triorganotin(IV) complexes contain-
ing oxyphosphorus acids show them to be oligomeric (1) in solution at low concen-

’R —
------ Sn—Q S 2
N
R R YR

R, R’ n
1

tration, with the degree of association varying between 6.6 and 1.8 [10,137. Similar
conclusions have been drawn from IR and Raman spectroscopic data [10,13,19].
The C3;Sn symmetrical stretching mode at 500 cm™! in the Raman spectrum of
Me,; SnOOPMe, has been attributed to the equatorial methyl groups in a trigonal
bipyramidal plane [10].

The 11°Sn Mossbauer spectra of a large number of triorganotin phosphates
have been recorded [10-12,22.237 and the large QS (quadrupole splitting) values
(3.72-4.1 mm s~ ! for trialkyltin and 3.54 mm s~ ! for triphenyltin) have been interpre-
ted in terms of polymeric structures in which tin adopts a trigonal bipyramidal
geometry with bridging O—P—O linkage. The %/(*'°Sn—'H) (about 73 Hz) and
1J(1198n-13C) (460~550 Hz) values and '!°Sn nuclear magnetic resonance (NMR)
chemical shifts (—32 to —61ppm) of triorganotin dialkylphosphates
[R;SnOOP(OR’),] (where R = R’ = Me, Bu) indicate that the tin atom is pentacoor-
dinated in these complexes [11,21,24]. Variable-temperature 3'P NMR data of
[R;Sn{OP(O)H(OR’)}] suggest that open-chain as well as cyclic structures exist
in solution [21]. The P,P’-dialkylphosphates appear to be much weaker ligands
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than the dialkylphosphates, since the '®Sn NMR chemical shift of
[(Bu;Sn), {OP(O)(OBu)},0] (94 ppm) lies in a four-coordinate region [24].
The '°Sn NMR spectra of [(Bu;SnO),P(O)] (88.2, —106.0ppm) and
[(Bu3;Sn0),P(O)Ph] (104.0, —85.8 ppm) display two resonances which at —50°C
split into a doublet (down field signal) and a triplet (high field signal) owing to
phosphorus coupling and are assigned to the presence of both four- and five-
coordinate tin in the molecules. The variable-temperature data indicate that there is
exchange between four- and five-coordinate sites [23].

The polymeric structures suggested for these complexes on the basis of spectro-
scopic data were confirmed by X-ray structural analyses of a number of triorganotin
complexes [ 14,18,22,25]. The molecular unit of [ Ph;Sn{OOP(OPh),}] (Fig. 1) con-
sists of a centrosymmetric cyclic hexamer in which planar triphenyltin groups are
axially bridged by O—P—O linkages [25]. The 24-atom ring of the hexamer (2) is
moderately puckered into a chair conformation. The tin atom is in a trigonal
bipyramidal configuration. The structures of [ Me;SnOOPX, ] (X = Cl or Me) consist
of polymeric chains of Me;Sn groups and O,PX, units (3) [18]. The phosphinate
chains (X = Me) form vast helixes whereas the dichlorophosphate (X = Cl) forms
almost planar chains. The molecular structure of [ Me; SnOOP(OH)Ph] consists of
an infinite, one-dimensional helical polymer. The chains are bent through tetrahe-
drally coordinated phosphorus atoms. The adjacent helixes turn in opposite direc-
tions and are cross-linked by a network of hydrogen bonds to form two-dimensional

Fig. 1. Crystal structure of [Ph;Sn{OOP(OPh),}]. (From ref. 25, reproduced with the permission of the
American Chemical Society.)
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sheets (4) [22]. The trimethyltin units are axially bridged by an O—P—-O linkage
with a tin atom in a trigonal bipyramidal configuration.

2.2. With >POS-type ligands

Triorganotin monothiophosphates and phosphinates can be prepared by a
variety of reaction routes [26—33]. They have been prepared conveniently by the
reaction of triorganotin halides with the sodium salt of the acid (eqn. (9)) [27-29,31].
Oxidation of Buy;SnOPBu, with sulphur and R;SnSP(OEt), with oxygen readily
yields Bu;SnOSPBu, and R;SnOSP(OEt), respectively (eqn.(10)) [26,33].
Treatment of (Me;Sn),O with R5PSCl (R);=Me,, MePh, Ph,) affords
Me;SnOSPR; (eqn. (11)) [32]. Reaction of trimethyltin hydride with various phos-
phorus—sulphur compounds such as (Me,PS),0, (RO),P(O)SR or (RO),P(O)SSR,
via the trimethyltin radical, yields Me;SnOSPX, (X = Me or OR) (eqns. (12) and
(13)) [30].

R,SnCl + NaOSP(OR’), - [R;SnOSP(OR’),] + NaCl 9)
8R;SnOPR}, + Sy — 8[R,SnOSPR} ] (10)
(Me;Sn), 0 + R’RPSCl - [Me, SnOSPRR'] + Me, SnCl (11)
Me,SnH + (R'0),POSR” —[Me;SnOSP(OR'),] + R"H (12)

3Me, SnH + (Me, PS),0 — [Me;SnOSPMe, ] + (Me;Sn),S + Me,PH + H,  (13)
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Spectroscopic data (IR, NMR and Mossbauer) obtained for a number of
complexes give mixed results regarding the coordination number of tin. The absence
of vP=0 absorption at ca. 1250 cm ! and the presence of vP=S at 770 cm ! in the
IR spectra of [R;SnOSP(O'Pr),] (R = Me or Ph) have indicated the formation of
an O-bonded four-coordinate structure (5) [27]. The 2/(1'Sn—'H) value for the

E ‘ 0, R Oy _KR
Q R N Npr
R;Sn Pl RSn_ "> p R,Sn P
\0/ \R, \E/ \R, \E/ \R,
5 6 7

(E=S or Se; R’=alkyl or alkoxyl)

trimethyltin complex (63 Hz) is in accordance with a four-coordinate structure.
Interestingly, the magnitude of 27(119Sn—'H) (74 Hz) for [Me;SnOSP(OMe),] re-
vealed a higher coordination number for tin [31]. Similar conclusions were drawn
from 3'P NMR data of [R;Sn{OSP(O‘Pr),}] (R = Me or Ph) (6) [28], although
these authors [27] initially assigned the 3'P chemical shift to an O-bonded ligand
moiety. Contrary to this finding, the !°Sn NMR chemical shift for
[Bu; SnOSP(OMe),] (68.4 ppm) is in the range of four-coordinate tin compounds
(5 or 7) [31]. A similar four-coordinate structure has been suggested for
[Ph;SnOSeP(O'Pr),] with Se—Sn bonding on the basis of 3P NMR data [28]. The
large IS (isomer shift) and QS values in the Mossbauer spectra of
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Fig. 2. Molecular structure of [Me;Sn(OSPMe,)]. (From ref. 32, reproduced with the permission of
Elsevier.)

[R;Sn{OSP(OR’),}] (where R =Me, Bu, Ph, Bz; R'=Me, Pr, Ph), except for
tribenzyltin complexes, have been assigned to a tin coordination number greater
than four [31]. The IS and QS values (1.81 and 297 mms™! respectively) for
[Bz;SnOSP(OPh), ] have been attributed to four-coordinate tin [ 31]. This structural
ambiguity has been resolved by the X-ray structure determination of one complex,
trimethyltin dimethylthiophosphinate, [ Me; SnOSPMe,] {32]. This complex has a
five-coordinate tin atom and consists of chains in which planar Me;Sn units and
tetrahedral Me, POS groups are linked by the O and S atoms of the thiophosphinate
group (Fig. 2) [32].

2.3. With >PS,-type ligands

Triorganotin(IV) complexes with diorganodithiophosphoric acids and diorga-
nodithiophosphinic acids have been prepared by the reactions of triorganotin oxides
(hydroxides) with free acids or by treatment of triorganotin chloride with the sodium,
ammonium or lead salt of the acids (eqns.(14) and (15)) [34-41]. Reaction of
tetraethyltin with dithiophosphorus acids leads to the formation of triethyltin dithio-
phosphate complexes with the elimination of ethane [36].

(R3Sn), 0 + 2R, PSSH - 2[R,SnSSPR5] + H, O (14)
R;SnCl + MSSP(OR’), »[R;SnSSP(OR'),] + MCl (15)
(M =Na or NH,)

Unlike oxygen derivatives, triorganotin dialkyldithiophosphates are monomeric
in benzene [38]. Infrared spectra of these complexes are not informative in distin-
guishing various structural possibilities [ 38,39]. The magnitudes of 2/(Sn~H) (57 Hz)
and J(Sn-C) (about 360 Hz) for trimethyltin complexes [39-41] have shown that
the tin atom in these complexes is four coordinated. However, the Mossbauer data
(IS and QS) suggest five-coordinate structures for trialkyltin dialkyldithiophosphates
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[39,40] but a four-coordinate geometry for tricyclohexyl- and triphenyltin complexes
[39]. The solid state 'Sn NMR shift for [ Ph;SnSSP(OEt),] [42] has been attri-
buted to four-coordinate tin as inferred from Mdssbauer data. The '!°Sn NMR
chemical shifts for triorganotin dialkyldithiophosphates in solution (less than
100 ppm), in contrast with the Mdssbauer data, lie in the range of four-coordinate
tin compounds [40]. This conflicting situation may be attributed to inter- or intramo-
lecular bond rupture on dissolution. The variable-temperature '°Sn NMR spectra
of [Me;Sn{SSP(OEt),}] [43] have revealed a rapid intermolecular dithiophosphate
group exchange. The coordination number of tin did not change on lowering the
temperature; at —100°C a doublet resonance (2J(Sn—P) = 31 Hz) has been observed
with little change in the chemical shift. It may be noted that Hel and Hell
photoelectron spectra of [Me;SnSSPMe,] have been interpreted in terms of a
distorted trigonal bipyramidal configuration with both sulphur atoms bonded to
tin [44].

Conclusions drawn from the NMR data were further supported by
the X-ray structural analyses of [Ph;SnSSP(OEt),] (Fig-3) [45] and
[Ph;Sn{SSP(OCMe,CMe,0)}] [46]. Both phosphorus and tin atoms in these
complexes adopt a distorted tetrahedral geometry. However, the structure of a
complex [R,Sn{CH,CH,P(S)(Ph)S}(HMPT)] formed by sulphur oxidation of
[R;SnH(CH,CH,P(H)Ph)] (R = Me, ‘Bu) in HMPT (eqn. (16)) exhibited a slightly
distorted trigonal bipyramidal geometry [47].

Ciaon
cm)
o
&\
W

22

(<74}]

Fig. 3. Crystal structure of [Ph;Sn{SSP(OEt),}]. (From ref. 45, reproduced with the permission of the
American Chemical Society.)
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[R,Sn(H)CH,CH,P(H)Ph]—* [R#SnCHZCHzP(S)S(Ph)]
l HMPT

[R,SnCH,CH,P(S)S(Ph)- HMPT] (16)
(R = Me or ‘Bu; HMPT = (Me,N); PO)

3. DIORGANOTIN(IV) COMPLEXES
3.1. With >PO,-type ligands

A number of diorganotin(IV) complexes with diorganophosphoric and
-phosphinic acids [10-13,24,48-51], organophosphonic acid (RP(O)(OH),)
[10,52-54] and phenylphosphoric acid ((PhO)P(O)(OH),) [48] have been synthe-
sized (eqns. (17)—(21)). They can be obtained conveniently by the reaction of diorga-
notin oxide with free acid or by treatment of diorganotin dichloride with the sodium
salt of the acid in an inert solvent. Reaction of diorganotin oxide with dibutylphos-
phoric acid in a 1: 1 stoichiometric ratio affords tetraorganodistannoxanes (eqn. (22))
[49]. Treatment of [R,Sn{OOP(O"Bu), },] with diorganotin dichloride readily gives
monochlorotin complexes [ R,Sn(C1) {OOP(O"Bu), }] [49]. Diorganotin bis(o-alkyl-
phosphonates) [R,Sn{OOP(H)(OR’)},] (R = Me, "Bu, ‘Bu, Oct, Bz; R’ = Me, Et,
Pr) have been prepared by the reaction of diorganotin dichloride with (R'O),POH
in polar solvents of high boiling point [55].

methanol

R,SnCl, + 2(PhO), POOH 222, [ R, Sn{OOP(OPh), },1 + 2HCI (17)
R,SnO + 2R, POOH —2, [R,Sn(OOPR,),] + H,0 (18)
R,SnCl, + Na,0; P(OPh)—2*, [R,Sn{O, P(OPh)}] + 2NaCl (19)
R,SnCl, + NaO, P(OH)Ph 222, 5 [R,Sn(O,PPh)] + NaCl + HCI (20)

R,SnCl, + Na,O,;PPh - [R,Sn(O; PPh)] - H,O + 2NaCl

l heat in vacuo
B-[R;Sn(O;PPh)] (21)
4R,S10 + 4(BuO), POOH — [(R,Sn{OOP(OBu), }),0], + 2HO (22)

Osmometric molecular weight measurements on diorganotin(IV) complexes of
organophosphoric acids revealed their oligomeric nature [ 10]. However, diorganotin
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bis(diorganophosphinates) are dimeric in nature and a structure with two bridging
and one chelating phosphorus acid moiety has been suggested (8) [10]

R’ R’
\P/
/’ ‘XO 1'1 R
N o ’
> S0 TS o [ 0w
\._,—” R
/P\
rR’ R’
8

The high QS values (3.84-4.91 mm s~ 1) of diorganotin bis(diphenylphosphates)
[11], bis(diorganophosphinates) [10,50] and bis(phenylphosphoric phenylester)
[127 have been attributed to an octahedral configuration with a trans R,Sn arrange-
ment. Observation of a strong Mossbauer spectrum at room temperature has been
ascribed to a lattice consisting of intermolecularly associated units propagating in
at least one dimension [11,48]. A similar sheet-like structure has been proposed for
hypophosphite analogues [R,Sn(O,PH,),] (9) [56]. Variable-temperature

NSNS
/\0 R )
\l/ N\
/l\ /l\ 7N
NS/
H/\H H/\H

Mdssbauer data suggest that [Ph,Sn{(O,;PPh)] consists of infinite chains whereas o-
[Me,Sn(O;PPh)] has a more associated three-dimensional network in which tin is
in a slightly distorted octahedral site [54]. The §-[Me,Sn(O;PPh)] has been sug-
gested to contain four- or five-coordinate tin, since the IS and QS values are smaller
than for the « form (e.g. IS and QS values for « and § forms are 1.11, 3.55 and 0.94,
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3.06 mm s ™! respectively). The « and B forms differ in the extent of association of
their lattices.

In contrast with the Mossbauer results, the '°Sm NMR results on
diorganotin(IV) bis(dialkylphosphates) show that the ligand coordinates with the
tin atom in a chelating manner (10) [24,29]. The solid state structure is retained in

R
R’O ) o OR’
\P/ \Sn/ \P/
o’ X0 N Nor
R
10

solution, since the 'Smn (Fig.4) and 3'P NMR chemical shifts of
[Me,Sn{OOP(O"Bu),},] did not change significantly in the solid state [S51]. A
linear trans arrangement of the alkyl groups on tin has been suggested from the
estimated C—Sn—C angle in [Me,Sn{OOP(O"Bu), },] (179.4°) using 1J(Sn—C) values
[49]. The %/(11°Sn-3'P) value (about 200 Hz) observed at lower temperatures is
much larger than for the corresponding dithio acid complexes, indicating the presence
of a strongly chelating phosphate group [49]. The 3!P NMR spectrum of
["Bu,Sn(O;POct)] shows a single resonance with two different values of
2J(1198n-3'P) (144 and 172 Hz). This has been assigned to a bridging phosphinate
group (8) [101].

Pentacoordinate tin in [R,Sn(Cl) {OOP(O"Bu),}] has been suggested on the
basis of NMR (3C, 3P and !"Sn) data [49]. The complexes
[(R,Sn{OOP(0O"Bu), }),0], display two ''*Sn NMR resonances and two *C NMR
signals for R—Sn carbons. The 3'P NMR spectra in solution, however, show a single
resonance at room temperature, but at lower temperatures the signal is flanked by
1198n  satellites (92 and 59 Hz). The solid state 3!P NMR spectrum of
[(Bu,Sn{OOP(0O"Bu), }),0], exhibits two separate signals (—3.3 and —8.6 ppm)
and a structure similar to dicarboxylato tetraorganodistannoxanes has been sug-
gested [49].

The Mossbauer spectrum of tris(dimethyltin) bis(orthophosphate)octahydrate,
[(Me,Sn);(PO,),] - 8H,0, suggests the presence of only one type of tin atom which
is in an octahedral environment [ 57]. However, the X-ray structural analysis shows
that the molecule consists of infinite ribbons in which there are two different types
of tin atoms in an octahedral confighration. The coordination environment around
one tin atom (inner) is almost regularioctahedral comprising two trans methyl groups
(C—Sn—C angle 178.1(14)°) and four oxygen atoms from four bridging phosphate
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Fig. 4. 11°8n NMR spectra of [Me,Sn{OOP(O"Bu), },] (A) in CD,Cl, solution and (B} in the solid state.
{From ref, 51, reproduced with the permission of Pergamon Press.}

groups. The configuration of the other two tin atoms (outer) is severely distorted
octahedral formed by two skewed methyl groups (C—Sn—C angles 145.4(16)°,
151.1(15)°), two oxygen atoms of bridging phosphate groups and two cis water
molecules. The tin atoms are linked by phosphate tetrahedra, leading to eight-
membered rings in chair conformations (11) [57]. Solid state **C NMR spectra of
microcrystalline polymeric dimethyltin hydrogenphosphate, [Me,Sn(O,PH)],, dis-
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play three resonances for methyltin carbon atoms. The Me—Sn—Me angles estimated
from 'J(Sn—C) values are in the range 143°~147°. The data have been interpreted in
terms of linear polymeric chains [58].

3.2. With >POS-type ligands
Diorganotin bis(dialkylthiophosphates) have been synthesized by the reaction

of diorganotin dichloride with the sodium or ammonium salt of the ligand (eqns. (23)
and (24)) [28,31,51,59-611.

R,SnCl, + 2NH,OSP(OR"), 2, [R,Sn{OSP(OR’),},] + 2NH,CI (23)
R,SnCl, + [R,Sn{OSP(OR’),},]1—2[R,Sn(Cl){OSP(OR'),}] (24)

The Mossbauer data for the dioctyltin complex [Oct,Sn{OSP(OMe),},] (IS =
1.81mms~' and QS =297 mms~!) are typical of four-coordinate tin complexes
[31]. On the other hand, very large IS and QS values observed for
[R,Sn{OSP(OR’),},] (R = Me, Et, "Bu, Ph) suggest six-coordinate tin with trans
diorganotin groups and bridging ligand moieties bonded through the oxygen atom
only [31]. The 3'P NMR spectra of these complexes showed one to four peaks in
CDCl, solution [31]. However, the 3'P NMR shift for [Ph,Sn{OSP(O'Pr),},]
(34.97 ppm) has been assigned to a chelating ligand moiety [28]. Extensive NMR
studies in the author’s laboratory, however, suggests a largely anisobidentate mode
of bonding of the dialkylmonothiophosphate group [ 51,60,61]; the C—Sn—C angle
(130.1°) for [Me,Sn{OSP(O"Bu),},] (estimated from J(Sn—C)) and '**Sn NMR
chemical shifts have been assigned to a distorted octahedral geometry. The observa-
tion of a broad ''°Sn NMR signal for di-n-alkyltin complexes and a triplet due to
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2J(1198n-31P) (about 85 Hz) for di-t-butyltin derivatives at room temperature has
been ascribed to a dynamic stereochemistry for the former and a rigid structure for
the latter [60].

Unlike diorganotin(IV) complexes with dialkyldithiophosphoric acids
(Section 3.3) or dialkylphosphoric acids (Section 3.1), the monothiophosphates are
sensitive to atmospheric moisture and readily give intermediate hydrolysis products
[60-62]. The structure of the latter depends on the nature of the R groups on the
tin and phosphorus atoms. Both hydroxo- [R,Sn(u-OH){SSP(OR’),}], (eqn. (25))
and tetraorganodistannoxanes [(R,Sn{OSP(OR’),}),0], (eqn.(26)) are formed
which contain oxygen-bonded ligand moieties. The hydroxo-bridged [ 60,627 com-
plexes (Fig. 5) are centrosymmetric dimers with a planar Sn, O, ring. The tin—sulphur
distances do not show any dative interactions and the tin atom is best described as
being five coordinated. In the case of [Ph,Sn(u-OH){OSP(OPh),}], the sulphur
and hydroxyl oxygen atoms within each molecular unit are brought together
at 3.121(2)A by a hydrogen bond interaction [62]. The molecule
[(Me,Sn{OSP(OEt),}),0], is centrosymmetric about a central Sn,O, core with
two independent tin atoms. Each of the two exocyclic tin atoms are connected to
the central core via an oxygen atom. The thiophosphate moiety coordinates exclu-
sively through the oxygen atom and also bridges the endocyclic tin [60] (Fig. 6).
This is evident from the *Sn NMR spectra, where the exocyclic tin showed a triplet
pattern while the endocyclic tin gave a broad singlet (Fig. 7).

2['Bu,Sn{OSP(OR’),},] + H,O - ['Bu, Sn(u-OH){OSP(OR’), }],

+2(R’'0),POSH (25)
4[Me,Sn{OSP(OEt),},] + 2H,0 - [(Me,Sn{OSP(OEt),}),0],
+ 4(Et0),POSH (26)

Fig. 5. Crystal structure of {'Bu,Sn(u-OH){SOP(OEt),}],.
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Fig. 6. Crystal structure of [(Me,Sn{SOP(OEt),}),0],.
3.3. With >PS,-type ligands

Diorganotin(IV) bis(dialkyldithiophosphates) [40,59,63—67] and diorgano-
phosphinates [35,41,68-71] have been synthesized conveniently by the reactions
of diorganotin oxides with free acid or diorganotin halides with the sodium or
ammonium salt of the acid in 1:2 stoichiometry (eqns. (27) and (28)). The latter
reactions [43] in 1:1 stoichiometry (eqn.(29)) yield monochlorotin complexes
[R,Sn(C){SSP(OR),}] which can also be obtained by treatment of
[R,Sn{SSP(OR),},] with R,SnCl, [67].

R,SnO + 2R, PSSH — [R,Sn(SSPR}),] + H,O0 (27)
R,SnCl, + 2NH,SSP(OR’), » [R,Sn{SSP(OR'),},] + 2NH,Cl (28)
R,SnCl, + NH,SSP(OR’), - [R,Sn(Cl){SSP(OR’),}] + NH,Cl (29)

Molecular weight measurements [64] and mass spectral data [65] are indica-
tive of a monomeric nature. On the basis of 3P NMR chemical shifts, monodentate
bonding of the dialkyldithiophosphate has been suggested (12) [64]. Subsequent
studies, however, established a bidentate mode of bonding (13). The 2J(1°Sn—'H)
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Fig. 7. "**Sn{'H} NMR spectra of (A) [(Me,Sn{SOP(OEt),}),0], and
(B) ['Bu,Sn(u-OH){SOP(OEY),}], in CDCL,.
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(76-80 Hz) and J(*1°Sn-*3C) values for dithiophosphate complexes are greater than
expected for four-coordinate tin compounds. The C—Sn—C angle estimated from
L7(Sn—C) couplings in solution for the dimethyltin complex [Me,Sn{SSP(O"Bu),},]
(125.5°) revealed an anisobidentate mode of bonding of the dithio ligand moieties
[51]. The *°Sn NMR chemical shifts (— 154 to —268 ppm) [40,43,66,67] have been
assigned to six-coordinate tin. The !Sn NMR shifts in solution do not vary
noticeably with changes in the structure (anisobidentate or symmetrical chelating).
The observed variation in the shifts has been assigned to electronic and steric effects
of the groups attached to tin and phosphorus atoms. The ligand moieties behave in
an anisobidentate fashion in solution [51,67]; upon lowering the temperature, the
signal moves to lower frequency (shielding by less than 64 ppm) and occurs in the
region for six-coordinate tin compounds [43]. The tin chemical shift for
[Me,Sn{SSP(OCMe,CMe,0)},] (—206.8 [66], —210ppm [72]) in dichloro-
methane solution and in the solid state (—257 ppm [72]) varies by about 50 ppm.
Such changes have been attributed to minor changes in the molecular geometry
rather than to an increase in the coordination number of tin [ 72]. Variable-temper-
ature NMR (*'P and !'°Sn) has revealed a dynamic stereochemistry of these mole-
cules, because on lowering the temperature to —40°C, 2J(11°Sn-3!P) (about 40 Hz)
is resolved; the process is intramplecular (monodentate<==bidentate exchange
equilibrium) in nature [43]. However, the monochlorotin complexes
[R,Sn(Cl1){SSP(OR’),}] have a rigid stereochemistry at room temperature, since
2J(119Sn-*'P) 3654 Hz) can be observed [43,67]. The !*°Sn NMR chemical shifts
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TABLE 1

Structures of organotin(IV) complexes with phosphorus-based acids

Vimal K. Jain/Coord. Chem. Rev. 135/136 (1994) 809-843

Complex

Comments

Ref.

[Me;SnOOPMe, ]

[Me;SnOOPCL, ]

[ Ph,SnOOP(OPh),]

[Ph,SnOOP(OMe)Me]

«-[Me;SnOOP(OH)Ph]

[Me,SnOSPMe, ]

[Ph,SnSSP(OCMe,CMe,0)]

[Ph,SnSSP(OE), ]

[Me,Sn{CH,CH,P(S)(Ph)S} (HMPT)]

[‘Bu,Sn{CH,CH,P(S)(Ph)S} (HMPT)]

[(Me,Sn);(PO,),]- 8H,0

[Ph,Sn(4-OH){OSP(OPh),}1,

[‘Bu,Sn(u-OH){OSP(OEt),}],

[(Me,Sn{OSP(OE),}),01,

[Me,Sn(SSPMe,),]

Polymeric chains of SnMe; units; tin
in trigonal bipyramidal configuration
Planar chains; bridging phosphate
groups; tin in trigonal bipyramidal
configuration

Centrosymmetric cyclic hexaner; tin
in trigonal bipyramidal configuration
Planar triphenyltin groups axially
bridged by O—P—O linkage to give
cyclic hexamer

Infinite one-dimensional polymer
with planar Me;Sn units

Infinite chains formed by planar
Me;Sn groups and bridging
tetrahedral Me, POS; tin in trigonal
bipyramidal configuration
Intermediate between tetrahedral and
TBP (Sn—S lengths 2.436(3),
3.411(3) A)

Four-coordinate tin with
monodentate thio ligand (Sn—S
lengths 2.4582(9) (bonding), 5.326 A
(non-bonding)

Tin in TBP configuration;
monodentate dithio ligand

Tin in TBP configuration;
monodentate dithio ligand

Infinite ribbon; contains one regular
octahedral and two distorted
octahedral tin atoms
Centrosymmetric dimer with planar
Sn, O, ring; sulphur and hydroxyl
proton are intramolecularly hydrogen
bonded (OH - - - SP length

3.121(2) A)

Tin in trigonal bipyramidal
geometry; ligand is monodentate
Exocyclic tin is five coordinated
while endocyclic tin is six
coordinated; ligand is monodentate
bonded through oxygen

Distorted octahedral tin (C—Sn—C
angle 122.6(8)°); ligand is
anisobidentate (Sn—S lengths
2.482(2), 3.334(2) A)

[18]
[18]

[25]
[14]

[22]

[32]

[46]

[45]

[47]

[47]

(571

f62]

[601]

[60]

751
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TABLE 1 (continued)

[Me,Sn(SSPEt,),] Anisobidentate ligand (Sn—S lengths  [70]
* 2.476(2), 3.336(2) A)
[Ph,Sn{SSP(OEt),},] Distorted octahedral tin (Sn—S [73]
lengths ca. 2.5, ca. 3.2 A)
[Ph,Sn{SSP(O'P1),},] Regular octahedral tin: symmetrical {741
bidentate ligand (Sn—S lengths
2.689(1), 2.678(1) A)
[BuSn(O)}(OOP‘Bu,)], Cubic cluster; hexacoordinated tin [84]
[BuSn(O)(OOPBz,)], Cubic cluster; hexacoordinated tin [84]
[BuSn(O)(OOPHXx,)1, Cubic cluster; hexacoordinated tin [82]
[BuSn(0O){OOP(OPh),}]1 Cyclic hexamer; drum [83]
[BuSn(OH)(OOPHx;), 1, Dimeric molecule; contains two [84]

hydroxo, two phosphinate bridges
and two monodentate phosphinate

ligands
[(BuSn), OH(OOPPh,);(OSPPh,)1, Extended cluster [85]
[Me,Sn(OH){OOP(OPh),},{O;P(OPh)}], Tetranuclear crown [78]
[Bu,Sn,(0){OOP(OH)Bu},], Tetranuclear crown [78]
[{MeSn(0)(OAc)} {MeSn(O)(OOP'Bu,)}];  Drum structure [83]
[{BuSn(OH)(OOPPh,)};O][OOPPhH, ] Oxygen-capped cluster [81]
[{BuSn(S)(OOPPh,)};0],5n Heptanuclear double-cube cluster [86]
[{BuSn(O)(OOP'Bu,)} Cyclic dimer; crown cluster [85]
{BuSn(OH),(OOP'‘Bu,)}]
[H][OOP'Bu,]
[{MeSn(O)(OOP'Bu,)} Cyclic dimer; crown cluster [85]
{MeSn(OH)(OMe)OOP'Bu,)}1,
[H][OOP'Bu,]-4MeOH - 2H,0
[{BuSn(OH)(OOPHXx,)},0] Oxygen-capped cluster [891
[{BuSnCl,(OOPHx,)},OH]
[{BuSn(OH)(OOP'Bu,)} 4O, 1{HI[Cl1] Crown butterfly cluster (891
[BuSn(OH)CI(OOP'Bu,)],
[Bu,Sn,Cl,(OH)(OOPPh,);1, - 2CH,(Cl, Centrosymmetric dimer [89]

(=71 to —248 ppm) lie in the range expected for five-coordinate tin complexes
[43,67].

The !'°Sn Méssbauer data for a number of diorganotin(IV) dialkyldithiophos-
phates and phosphinates have been reported [40,65,69]. The IS (1.35-1.56 mm s~ 1)
and QS (3.07-3.67 mm s~ !) values suggest a six-coordinate trans octahedral geome-
try for these complexes. The C—Sn—C angles have been estimated employing QS
values from a point charge approach (@S = 4{R}(1-3 sin? 8 cos? 8)'/2, where {R} is
the partial quadrupole splitting for group R) and lie in the range 135-180° [65].

Both a symmetrical chelating and an anisobidentate mode of bonding of the
dithio ligand have been established by X-ray structural analyses of a number of
complexes (Table 1) [ 70,73-75]. The structures of the dimethyltin bis(dialkyldithio-
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phosphinates) [ Me,Sn(SSPR,},] (R =Me [75], Et [70]) showed a distorted octa-
hedral configuration with a trans dimethyl group. The ligands are severely anisobi-
dentate, the two Sn—S distances being 2.482(2) (R = Me), 2.476(2) (R =Et) and
3.334(2) (Me), 3.336(2):3& (Et). A similar structure is adopted by
[Ph,Sn{SSP(OEt),},] (Fig. 8} [73]. Each ligand has one normal covalent Sn—S
bond of about 2.5 A, while the other is significantly longer (about 3.2 A). All the
sulphur atoms lie approximately in an equatorial plane around Sn. Interestingly, the
dithio ligand in [Ph,Sn{SSP(O'Pr),},] is symmetrically chelated (Fig. 9), the Sn—S
distances being 2.689(1) and 2.678(1) A [74].

Although these complexes are stable indefinitely in moist air, under certain
conditions intermediate hydrolysis products can be isolated. Thus the reaction of
bis(arylhydroxydialkylstannoicjoxide with the anhydride of dithiophosphoric
acid in chlorobenzene yields tetraorganodistannoxane, [(R,Sn{SSPR'(OAr),}),0]
(R’ = alkyl, aryl or alkoxy group; R = alkyl group; Ar = substituted or unsubstituted
aryl group) [76]. These products have not been fully characterized. Treatment

Fig. 8. Crystal structure of [Ph,Sn{SSP{OEt},},]. (From ref. 73, reproduced with the permission of the
International Union of Crystallography.}
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Fig. 9. Molecular structure of [ Ph,Sn{SSP(O'Pr),},]. (From ref. 74, reproduced with the permission of
the American Chemical Society.)

of diorganotin oxides with dialkyldithiophosphoric acids in a 1:1 stoichiometry
at room temperature in  benzene  affords hydroxo  complexes
[R,8n(u-OH){SSP(OR’),}1, [77]. The IR spectra show v(Sn)—OH vibration in the
region 3360-3470 cm ™!, In the 3'P NMR spectra two overlapping broad resonances
which can be resolved to sharp peaks at —30°C have been observed, where one of
the peaks is characterized by a 2J(1!°Sn-3!P) value of about 50 Hz (Fig. 10). The
high field signal has been attributed to five-coordinate monomeric species, while the
low field signal has been assigned to a hydroxo-bridged molecule. In solution a
dynamic equilibrium exists between two species (eqn. (30)) [77]1.

2[R,Sn(OH){SSP(OR’),}]1=[R,Sn(u-OH){SSP(OR),}], (30)
4. MONOORGANOTIN(IV) COMPLEXES

The chemistry of monoorganotin(1V) complexes with phosphorus-based acids
has not been explored in much detail. Reaction of [ MeSn(O)(OAc)]¢ with diphenyl-
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Fig. 10. Variable-temperature 3'P NMR spectra of [Bu,Sn(OH){SSP(O'Pr),}] in CDCl;: (A) at room
temperature, bar represents 200 Hz; (B) at —15°C; (C) at —25°C; (D) at —35°C, inset scale 100 Hz.

phosphoric acid affords [MeSn{OOP(OPh),};] in quantitative yield (eqn. (31))
[78]. Monobutyltin phosphate and pyrophosphate, [ BuSn{OOP(O"Bu),},] and
[BuSn{OP(O)(OBu)}-O—P(O)(OBu)}—O};,,], have been obtained by the reactions
of butyltin oxide with the corresponding free acid [24]. Unlike di- and triorganotin
derivatives, monobutyltin complexes are discrete monomeric units. The !1°Sn NMR
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chemical shifts (—648.5 ppm (br) for [MeSn{OOP(OPh),},] [78] and —631 ppm
for [BuSn{OOP(O"Bu),};] [24]) are in the region expected for seven-coordinate
tin(IV) complexes.

[MeSn(OAc)O]s + 18(PhO),POOH
—6[MeSn{OOP(OPh),}5] + 6H,0 + 6AcOH (31)

The complexes [PhSn{SOP(O'Pr),},] [28] and [PhSn{SeOP(O'Pr),};]
[28,29] have been prepared by the reaction of PhSnCl; with the corresponding
sodium salt of the acid (eqn. (32)) and a bidentate mode of ligand bonding has been
suggested on the basis of 3'P NMR chemical shifts.

PhSnCl; + 3NaOEP(O'Pr), - [ PhSn{OPE(O'Pr), };] + 3NaCl (32)
(E=S or Se)

A number of monoorganotin(IV) dialkyldithiophosphates of the types
[RSn{SSP(OR’),}3], [RSn(C1){SSP(OR’),},] and [RSnCl, {SSP(OR'),}] (R = Me,
Et, Bu or Ph; (OR’), = (OEt),, (O'Pr);, (OPh),, OCMe,CMe, 0, OCH,CMe,CH, 0O
or OCMe,CH,CH(Me)O) have been synthesized (eqns. (33) and (34)) [40,79,80].
All these complexes are monomeric in nature in refluxing benzene [ 79]. The magni-
tude of 2J(11°Sn—"H) (97 Hz) for methyltin complexes is indicative of a coordination
number for tin greater than four. The 1'°Sn NMR chemical shifts fall in the region
for five-coordinate tin complexes [40]. Variable-temperature *'P NMR data show
that all ligands are equivalent even at —90°C [40]. These observations have estab-
lished that the ligand moiety is weakly coordinated. The quadrupole splitting (@S =
2.00 mm s~ ') for [MeSn{SSP(O'Pr),};] in the Mdssbauer spectrum also suggests a
higher coordination number for tin and is in agreement with the proposed seven-
coordinate geometry for tin with a severe anisobidentate mode of ligand bonding
[40]. Spectroscopic data (IR, >'P and !°Sn NMR) for the chiorotin complexes have

2]
-]
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been interpreted in terms of chelating ligand bonding and structures 14 and 15 have
been suggested [ 79,80].

RSnCl, + nMSSP(OR’), —» [RSn{SSP(OR’),},Cl;_,] + nMCl (33)
(M = Na or NH,; n=1-3; R = Me, Et, "Bu, Ph)

2BuSnO, s + 6(R’'0), PSSH — 2[ BuSn{SSP(OR'),},] + 3H,0 (34)

5. MONOORGANOTIN(IV) CLUSTERS

A number of monoorganotin clusters derived from phosphorus-based acids
have been reported recently by Holmes and coworkers [ 78,81-89]. Clusters varying
in nuclearity between 2 and seven have been isolated, mostly by the reactions of
monoorganotin oxides or butyl(dihydroxo)tin chloride with phosphorus-based acids
in various stoichiometries (eqns.(35)«(44)). The cluster geometry, ie. cube

T .

16

[81,82,84,857], drum [83], oxygen capped (16) [81,83,84], crown cluster (17) [84],
butterfly (18) [84] or cage (19), is determined by the type of phosphorus ligand and
the groups attached to it. The tin atom is usually hexacoordinated in these clusters
and a phosphorus ligand bridges adjacent tin atoms.
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oxygen-capped cluster

(35)
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PhO_  OPh  opp,
N, /OPh
o=p
o 0 |
[¢]
Me /
/
Sn—- Sn

[{RSn(OH)(OOPR})};O][OOPR;]
=[RSn(O)(OOPR})]s + 2R;POOH + H,0

4BuSnOOH + 5Bu,POOH —7i5

[ BuSn(O)(OOP'Bu,) {BuSn(OH),(OOP'Bu,)}1,[H][OOP'Bu,]

crown cluster

2[ BuSn(O)(OAc)]s + 5'Bu, POOH + 2H,0 —7mson
[MeSn{OOP(OPh),},] + 4H,0

[Me,Sn,(OH){OOP(OPh), }; {O; P(OPh)}], + PhOH + 4(PhO),POOH

cage ] 4H:0

[MeSn(O) {OOP(OPh),} {MeSn(OH),O0P(OPh),}1,[H][OOP(OPh),]

+ (PhO),POOH + 2(PhO)P(O)(OH),

4BuSnOOH + 8RP(O)(OH), — [ Bu,Sn,(0){OOP(OH)R},]1, + 6H,O0

28BuSnOOH + 24Ph, POH + 35,4
—4[{BuSnS(OOPPh,)};0],Sn + 24H,0 + 4BuH

(37)

(38)

(39)
(40)

(41)
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5BuSn(OH),Cl + SHx, POOH
- [{BuSn(OH)(OOPHx, },;0][{BuSnCl,(OOPHx,},OH] + 5H,0 + HCl (42)
6BuSn(OH),Cl + 6Ph,POOH

=%, [ Bu, Sn, CL(OH)(OOPPh,), ], 2CH,Cl, (43)

3BuSn(OH),Cl + 3Mes, POOH
- [{BuSn{OH){OOPMes, )}, O]Cl + 2H, 0 + 2HCI (44)

The reactions of butylstannoic acid with diorganophosphoric and -phosphinic
acids proceed in a stepwise manner, e.g. reactions with dicyclohexylphosphinic acid
in 1:1 stoichiometry afford a dimeric butterfly cluster [ BuSn(u-OH)(OOP—Hx,)],
(eqn. (35)) (18) (**°Sn —547.5 ppm, d, t, 2/(Sn-P) = 128 (bridging), 182 Hz (dan-
gling)) an oxygen-capped cluster [{BuSn(OH)(OOP—Hx,)};O][OOP—Hx,]
(eqn. (36)) (16) (**°Sn —499.5 ppm, 2/(Sn—P) = 132 Hz) and a tetrameric cubic cluster
[BuSn(O)(OOP-Hx,)], [84] (Fig. 11). The intermediate dimeric butterfly and
oxygen-capped clusters have not been isolated in every case. However, in the reaction
of butylstannoic acid with diphenylphosphoric acid the oxygen-capped cluster
[{BuSn(OH)(OOP(OPh),)};O1[OOP(OPh),] (®Sn —508.8 ppm, 2J(Sn-P)=
189.2 Hz} is formed at room temperature, but in refluxing solvent a hexameric drum-
oxo-tin cluster [ BuSn(O) {OOP(OPh), }]¢ (Fig. 12) is isolated {eqn. (37)) [83]. With

Fig. 11. Crystal structure of [BuSn{O) {OOP(£-Hx), }1,. (From ref. 82, reproduced with the permission of
the American Chemical Society.}
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Fig. 12. Crystal structure of [ BuSn(O) {OOP(OPh),}]. (From ref. 83, reproduced with the permission of
the American Chemical Society.)

the exception of nuclearity, the drum and cube have the same empirical formula; the
cube geometry is preferred by the ligands with greater steric demands, whereas the
drum formulation is adopted by the less bulky ligands. In the cubic geometry each
face is defined by a four-membered Sn,O, stannoxane ring. The top and bottom
faces of the cube are open, whereas each of the remaining four sides is spanned
diagonally by a phosphinate bridge between two tin atoms. In the drum configuration
the sides consist of six four-membered Sn, O, stannoxane rings, each of which is
spanned by a ligand group that forms a bridge between two tin atoms. The molecular
structure of oxygen-capped clusters consists of a tristannoxane ring in a cyclohexane
chair arrangement with hydroxyl oxygen atoms as part of the ring. A triconnective
oxygen atom caps one side of this framework and the phosphorus acid moiety
bridges adjacent tin atoms. In general the oxygen-capped clusters resemble a cube
with one corner missing. Both cube and drum forms yield oxygen-capped clusters
on hydrolysis, which on heating revert back to the parent cluster geometry.
Treatment of butylstannoic acid with dephenylthiophosphinic acid in
1:1 stoichiometry in refluxing benzene gives mainly [ BuSn(O)SOPPh,],, which is
either cube or drum, and a small amount (about 3%) of an extended cluster
[(BuSn), OH(OOPPh,);(OSPPh,), 1, (Fig. 13) (**°Sn two multiplets at —575.0 and
—614.0 ppm) [85]. The latter molecule is an open dimer in which all the tin atoms
are hexacoordinated. There are two types of phosphate bridges, each one bridging
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Fig. 13. Crystal structure of [(BuSn),OH(OOPPh,);(OSPPh,),],. (From ref. 85, reproduced with the
permission of the American Chemical Society.)

adjacent tin atoms. Each terminal tin atom is bonded to two monodentate thiophos-
phinate groups through an oxygen atom. If the reaction conditions are varied, a new
structural form results, e.g. when butylstannoic acid is heated with diphenylphosphine
oxide in the presence of sulphur, a heptanuclear sulphur-Containing cluster
[{BuSn(S)(OOPPh,)};01,8n (***Sn —467.7 ppm, t, 2J(Sn—P) = 132 Hz) is obtained
(eqn. (41)) [86]. The X-ray structure (Fig. 14) reveals a double cube connected at
the corners occupied by Sn atoms. The four-membered Sn, S, rings are nearly planar.

When butyl(hydroxy)tin chloride is used in place of butylstannoic acid, new
cluster geometries are obtained (eqns. (42)~(44)). Thus reactions of butyl(dihydroxy)-
tin chloride with phosphinic acid in 1:1 stoichiometry readily afford a series of
chloro(oxo)tin clusters in which the nuclearity varies between two and four depending
on the nature of the R group on phosphorus [89]. Accordingly, the oxygen-
capped clusters [{BuSn(OH)(OOP—Hx,)};0{BuSnCl,(OH)(OOP—Hx,)}] and
[{BuSn(OH)(OOPMes,)};O]C1 (Mes = mesityl), the extended tetranuclear
cluster [(BuSn),Cl,(OH)(OOPPh,);], and the crown butterfly cluster
[{BuSn(OH)Y(OOP‘Bu,)} ,0,1[HI[CI1]1[ BuSn(OH)(CI}(OOP'Bu,)], have been iso-
lated and all have a hexacoordinated tin atom and hydroxy bridges [89].

6. APPLICATIONS OF ORGANOTIN(IV) COMPLEXES OF PHOSPHORUS-BASED ACIDS
6.1. Catalyst and corrosion inhibitors

Organotin compounds with phosphorus-based acids have been used as poly-
merization catalysts [24,90] or stabilizers of polyolefins against heat and light
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Fig. 14. orTEP plot showing tin—sulphur—oxygen core of [{BuSn(S)(OOPPh,)} ,1,Sn. (From ref. 86, repro-
duced with the permission of the American Chemical Society.)

[91-93]. Organotin phosphates and pyrophosphates are effective catalysts for poly-
merization of epoxides [ 24]. These studies have indicated that monobutylpyrophos-
phate, BuSn[{OP(O)(OBu)},0],,,, is an active species which is formed by pyrolysis
of various organotin phosphate complexes in the catalytic process. These complexes
have an advantage over organomagnesium and zinc catalysts in that they can be
handled in air and afford polymers of high crystallinity. Polymerization with orga-
notin phosphate complexes is therefore highly stereospecific in nature.

Poly(ethylterephthalate) can be readily obtained from bis(hydroxyethyl)tere-
phthalate in the presence of [Bu,Sn{SSP(OR),},] (R=Me or Et) [90].
Polyethylene, polypropene and polybutene can be stabilized against oxidation and
UV degradation when [R,_,Sn(XYPR}),] (n=1 or 2; R=Bu, Oct, Ph;
R’ = OEt, Ph; X,Y = O,S or §,S) is added in amounts of 0.05%-5.0% to polyolefin
[91-93], e.g. polypropylene with [ Bu,Sn(SSPPh,),] (0.5%) was brittle after | month
in an Atlas Weather Ometer at 60°C [93].

Diorganotin bis(dialkyldithiophosphates) [R,Sn{SSP(OR’),},] (R=C,H,,
CH,; or C,H,s; R’ = Pr, CgH,oOMe-4, C4H,-CgH,5-4) have been used as corro-
sion inhibitors for lubricating oils [94,95]. Addition of [Bu,Sn{SSP(Odecyl),},]
(0.001-1.0 wt.%) to water-based drilling mud reduces the tendency of the drill pipe
to become stuck during drilling [96].

6.2. Biocides

The parent species, organotin(IV) residue and organophosphorus ligands, are
known to be highly effective: biocides. A combination of these species into a single
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molecule may result in a much stronger biocide. With this goal in mind, a number
of organotin compounds with phosphorus-based acids have been synthesized and
their biocidal activities have been assessed [37,52,97-114]. Tri-, di- and
monoorganotin(IV) complexes with phosphorus-based acids are effective fungicides,
bactericides, antimicrobial, acaricides, miticides, insecticides and herbicides. They
also inhibit germination of plant seeds [100]. The dibutyltin compounds
[Bu,Sn{SSP(OR),},]1 (R = CgH,5 or CcH,,Me-4) are effective fungicides with low
phytotoxicity [97]. Introduction of diphenylphosphine grouping into tin compounds
reduces phytotoxicity considerably [99].

The insecticidal activity of organotin phosphates and dithiophosphates in-
creases with increasing solubility in organic solvents [99], the latter molecules being
more effective. Of the organotin dithiophosphates, triorganotin, particularly
tricyclohexyltin(IV) (20), compounds are very effective miticides and insecticides

S

I r
D—SD—S—P<R’

20

(X=0 or S; R=R’'=0Me, OEt, O"Pr, O'Pr, OHx, SR; R =Et; R’=0OPr, amino or
SR group)

[37,104-110]. For example, LDy, values for [Hx;Sn{SSP(O"Pr),}] are 0.05 for
Lygus bugs, 0.01 for bean aphids and 0.1 for salt-marsh caterpillars [ 105], whereas
LD, values for [Hx;Sn(SSPRR’)] are 50100 pg against house flies, 0.001%-0.008 %
against spotted mites and 0.03%—-0.008% against their eggs [37].
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