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Compounds containing the distannoxane core [Sn(p-OH)], are reviewed. Synthesis and structural

aspects of these compounds are summarized in this article. Copyright © 2007 John Wiley & Sons, Ltd.
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INTRODUCTION

The hydroxides of silicon are very well studied.!”* Com-
pounds where the silicon atom contains one, two or three—OH
groups are well known (Fig. 1), and can be prepared by utiliz-
ing alarge number of preparative methods.! Such compounds
are also of interest because of their utility as precursors for
the preparation of metallosiloxanes.!*= In contrast to the
situation in silicon, organotin compounds containing the -
OH group are not common. For example, the trihydroxide,
RSn(OH), is not known.® Even among dihydroxides, only
one example of R,Sn(OH), has been reported which has been
structurally characterized.” Trioganotin hydroxides, R;SnOH
are known in certain instances (R = Me, Ph, CyC-CﬁHll).S
One of the reasons for the rarity of organotin compounds
with Sn-OH groups is their ready condensation to afford
organotin oxides, hydroxides and oxide-hydroxides.3~12 Rep-
resentative examples of organotin oxides, hydroxides and
oxide-hydroxides are shown in Fig. 2.

Organotin oxides, -oxide-hydroxides as well as -hydroxides
serve as excellent precursors for the preparation of organotin
clusters.’ Another facet of the hydroxide ligand, in the
context of organotin compounds, is the role it plays in bridg-
ing two tin centers together to afford [Sn(u-OH)], motifs
(thus, such compounds can be considered as dimeric forms
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of organotin monohydroxides).” These can exist as inde-
pendent chemical entities or they can be part of large tin
clusters (Fig. 3).” Compounds containing the four-membered
[Sn(u-OH)], ring can be isolated in a number of diverse chem-
ical reactions. Surprisingly there has been no attempt, thus
far, to review the existing literature on these compounds.
This short account is an effort to fill this gap. Only those
compounds that have been unambiguously characterized by
X-ray crystallography are included in this article. A summary
of the synthetic routes and structural details of distannox-
anes containing the [Sn(u-OH)], structural unit are listed
in Table 1. The following is a brief description of the mate-
rial given in Table 1. Most of the compounds containing
the [Sn(u-OH)], motif are diorganotin compounds. A few
examples of monoorganotin compounds are also known.

DIORGANOTIN COMPOUNDS

A number of neutral and ionic distannoxanes containing
various nitrate, halide and hydroxide terminal ligands are
known (Table 1, entries 1-9). The reaction of dimethyltin
oxide with nitric acid affords [Me,Sn(u-OH)(NO3)], (Table 1,
entry 1).!® Each nitrate group acts as a monodentate
ligand. The geometry around each tin is distorted trigonal
bipyramidal. Two types of Sn—O bond distances are found, a
short distances of 2.06(3) A and a longer distance of 2.18(3) A.
In general, most of the distannoxanes display such asymmetry
in Sn—-O bond distances.

The reaction of [t-Bu,SnO]; with HCI, that of t-Bu,SnCl,
with aqueous NaOH (followed by KF) or that of -Bu,SnBr,
with aqueous NaOH affords distannoxanes containing
reactive terminal halide groups (Table 1, entries 3-5).1415
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Figure 2. Representative examples of organotin oxides and
hydroxides.

Such compounds can be utilized for further elaboration.
For example, [t-Bu,Sn(u-OH)Cl], reacts with AgNO, by a
substitution of chlorine to afford [t-Bu,Sn(u-OH)(NOj3)],.1

Copyright © 2007 John Wiley & Sons, Ltd.
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Figure 3. Trimeric four-membered [Sn(u-OH)], ring containing
organotin compound.

The nitrate ligand coordinates in a chelating mode (Table 1,
entry 2). Mild hydrolysis of Ph,SnCl, in presence of
quinoline affords [Ph,Sn(u-OH)Cl], - 2CoH;N (Table 1, entry
6).1° The bridging hydroxide ligands in the latter are
involved in O-H-N hydrogen bonding interactions with
non-coordinated quinoline molecules.

Compounds containing both chelating and terminally
coordinating nitrate ligands are also found. Thus, an ionic
compound {[Me;Sn(11-OH)(NO;3),],> [ImH;*],} is formed in
the reaction of [Me;Sn(u-OH)(NO3)], with imidazole and
aqueous HNO; (Table 1, entry 7). The former contains two
nitrate ligands around each tin. While one nitrate binds
in chelating mode, the other interacts in an n' fashion in
a monodentate coordination. A similar type of compound
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{[PhoSn(-OH)(NOs), 13~ [Ag(AsPh,)s*],) is obtained as a
result of a Sn—C bond cleavage that happens when Ph;SnNO;
reacts with Ag(AsPh,),;NO; in presence of moisture (Table 1,
entry 8).18

A polymeric product, where the [Sn(u-OH)], units are
interlinked by bridging hydroxide ligands, is formed in the
reaction of [Me,Sn0O],, HCIO; and NaClO, (Table 1, entry
9). Diorganotin compounds react with sulfonimides to
afford distannoxanes (Table 1, entries 10-15). The reaction
of [Me;Sn0O], with HN(SO,Me), in acetonitrile leads to
the exclusive formation of [Me,Sn(u-OH)(N(SO,Me),)],. 22
The anionic [N(SO,Me),]~ ligand binds to the tin through
a nitrogen and an oxygen atom in a chelating fashion.
This compound, however, assumes a polymeric structure
because of the coordination action of the oxygen atoms,
labeled ‘c” (Table 1, entry 10). This coordination polymer
is readily disrupted by the addition of ligands such
as (Me;N);P=O or PhyP=O0O (Tablel1, entries 11 and
12).28 On the other hand, use of difunctional phosphine
oxide, Ph,(O)P(CH,),P(O)Ph,, affords a one-dimensional
coordination polymer (Table 1, entry 13).* In the presence
of chelating nitrogenous ligand such as 1,10-phenanthroline,
the [N(SO,Me),] " is formally displaced from the coordination
sphere of the tin (Table 1, entry 14).22?* Interestingly, the
reaction of [Me,;Sn(u-OH)(N(SO,Me),)], with other nitrogen
bases such as pyridine or 4-dimethylaminopyridine results
in hydrolysis and [Me,SnO], is liberated. The reaction of
[Me;Sn0O],, and C¢H4(SO,),NH (benzene-1,2-sulfonimide)
leads to the formation of a coordination polymer containing
the [Sn(u-OH)], moiety (Table 1, entry 15).2

An interesting example of an A-frame type compound
containing bridging molybdate ligand is obtained in the
reaction of Ph,SnCl, with [#n-BuyN],[Mo,0O;] in presence
of n-BuNOH (Table1, entry 16).” On the other hand,
reactions of diorganotin halides involving the nitrogen
base rhodanine in presence of NaOEt afford N-coordinated
organostannoxanes (Table 1, entries 17 and 18).2° A similar
type of framework containing organostannoxane can be
isolated from the reaction of [n-Bu,SnO], with perchloric
acid (Table 1, entry 19).” In the latter, the perchlorate anion
is bound to tin by an 5! coordination mode.

Reactions of organotin oxides with carboxylic acids can also
result in the formation of ©-OH containing distannoxanes.
This is particularly true for [t-Bu,SnO]s. Thus, the reaction
of [t-Bu,SnOJ; with RCO,H affords [t-Bu,Sn(x-OH)O,CR],
(R = methyl, ferrocenyl, 1-fluorenyl and CCl;) (Tablel,
entries 20-23).%-3! In all of these cases the carboxylate group
binds to tin in a monodentate fashion. In an unusual example,
the reaction of (Ph35n),O with R{CO,H leads to an Sn—C bond
cleavage and the isolation of [Ph,Sn(x-OH)O,CR¢], (Table 1,
entry 24).32 The crucial role of R{CO,H in determining the
course of the reaction can be gauged by the fact that the
reaction of (Ph3Sn),O with 2,4,6-Me;CsH,CO,H gives the
normal product, viz. Ph3SnO,CCeH,-2,4,6-Me;.*

Distannoxanes supported by R,P(S)O™ ligands are also
known (Tablel1, entries 25-27). These compounds are

Copyright © 2007 John Wiley & Sons, Ltd.

formed by the hydrolysis of #-Bu,Sn[OP(S)(OEt),], or
Ph,Sn[OP(S)(OPh),], (Table 1, entries 25 and 26).3*34 In one
case the hydrolysis event is accompanied by Sn—-C bond
cleavage (Table 1, entry 27).%

Reaction of diorganotin compounds with sulfonic acids
is a facile process of generating distannoxanes (Table1,
entries 28-35). Thus, the reaction of the ladder com-
pound {[n-Bu,SnCl,0}, with AgOTf (OTf = CF;50;7)
in presence of moisture affords the non-ionic compound
[1-BupSn(u-OH)(H,O0)(OTf)],.14%¢ The OTf group binds to
tin in a monodentate fashion (Table 1, entry 28). A water
molecule completes the coordination environment around tin.
The lability of the coordinated water is gauged by the fact that
it can be readily replaced by hexamethylphosphorus triamide
(HMPA) affording [n-BuySn(u-OH)(OP(NMe,)3)(OTf)],.4
The ligand exchange does not involve any other structural
change in the distannoxane (Table 1, entry 29).

In contrast to neutral compounds as described above,
cationic distannoxanes {[RZSn(;/.-OH)(HZO)]22+[OTf_]z} [R =
t-Bu, EtCH(Ph)CH,] are obtained in the reactions of the
corresponding diorganotin oxides with HOTf (Table 1, entries
30 and 31).1* These organotin cations were found to be
highly active in the acetylation reactions of alcohols.® In
an interesting example, hydrolysis of the alkyl-bridged
compound [Me;SiCH,5n(OTf),(CH,),], afforded a cationic
one-dimensional coordination polymer with the repeat unit
consisting of distannoxane cores (Table 1, entry 32).

Coordination polymers containing interconnected distan-
noxanes are obtained in the reaction of [1n-Bu,SnO], with
HOTf (Table 1, entry 33). The compounds {[n-Bu,Sn(u-OH)
(OH,)(OTf)], and [n-Bu,Sn(u-OH)(OTH)],}, have been found
to catalyze the transesterification reaction involving dimethyl-
carbonate and phenol to produce diphenylcarbonate.?®
Diorganotin oxides react with dimethylsulfite to afford
methoxydiorganotin methanesulfonate, R,Sn(OMe)O,;SMe
(R = n-Pr, n-Bu, i-Bu, cyclohexyl). These reactions proceed via
an Arbuzov-type rearrangement which occurs at the sulfur
center.* Methoxy diorganotin methanesulfonates undergo
a facile hydrolysis to afford {[R,Sn(u-OH)(O;SMe)],},
(Table 1, entry 34). The sulfonate ligand is involved in
a bridging coordination action leading to the formation
of polymeric sheets containing 20-membered macrocycles
as repeat units. Each repeat unit contains two four-
membered [Sn(u-OH)], rings. The coordination polymer
is broken up by the reaction of n-BuyNNO; to afford
[7-Bu,Sn(u-OH)(NOs)(O3SMe)], (Table 1, entry 35).%° Both
nitrate and sulfonate ligands bind to the tin in a monoden-
tate manner. A direct reaction involving hydrolysis of the
disulfonate, n-Bu,Sn(O,SC¢H,-2,4,6-Me;); also affords a coor-
dination polymer {[#-Bu,Sn(u-OH)(O;5C¢H,-2,4,6-Me3)]s},
(Table 1, entry 36).*! However, in this case, the coordination
polymer is one-dimensional where two sulfonate ligands are
involved in bridging adjacent distannoxanes units.

An interesting example of an R,Sn(OH), dimer compound
containing a bridging hydroxyl group is obtained in the
reaction of SnCl, with FcCH,NMe,.*> This results in an
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oxidative addition reaction and is accompanied by hydrolysis
to afford [(FcCH,NMe,),Sn(1-OH)(OH)], (Table 1, entry 37).
The NMe, group present in the ferrocenyl ligand is not
involved in coordination to tin. However, distannoxanes
containing chelating coordination action involving N,O donor
centers can be isolated (Table 1, entry 38).%

MONOORGANOTIN COMPOUNDS

Controlled hydrolysis of a number of monoorganotin halides
affords distannoxanes (Table 1, entries 39—49). This can occur
even in the absence of any additional ligands. Thus, exposure
of solutions of RSnCl; to ambient humid atmosphere leads to
the isolation of products [RSn(u-OH)(H,0)CL ], (R = Et, i-Pr,
n-Bu, i-Bu) (Table 1, entries 39-42).44-46 In each of these cases
the tin atom is hexacoordinate and has a CO5Cl, coordination
environment. Hydrolysis of n-BuSnCl; or MeSnCl; in the
presence of additional ligands also leads to the formation
of similar type of distannoxanes as mentioned above
(Table 1, entries 43 and 44).~% In an interesting example,
hydrolysis of the alkyl bridged compound Cl3Sn(CH,)3SnCl3
afforded a one-dimensional coordination polymer with the
repeat unit consisting of two alkyl bridged distannoxane
units.”® Chelating ligands displace the water molecule in the
coordination sphere of tin, as evidenced in the examples
shown in entries 46-49 of Table 1.51-%

In general, the reactions of [n-BuSn(O)OH], with
phosphorus-based acids such as phosphinic acids afford a
variety of complex cluster types including drum, cube, O-
capped cluster, double O-capped cluster, etc.8-1! Interestingly
in the reactions of [n-BuSn(O)OH], with (C¢Hi1),P(O)OH
as well as t-Bu,P(O)OH, phosphinate-bridged distannoxane
compounds could be isolated (Table 1, entries 50 and 51).
Thus, in the reaction with (C¢H;1),P(O)OH, the distannox-
ane unit is supported by two bridging phosphinate ligands
in an A-frame-type structure.®® Additional phosphinic acids
are also held together by hydrogen bonding interactions.
The product isolated with t-Bu,P(O)OH is more complex
(Table 1, entry 51).5%%” Two distannoxanes are bridged to
each other by the ©-OH group. Four phosphinate ligands
provide further structural support, each of them involving
a p-coordination mode. In an extremely interesting exam-
ple, three distannoxanes are stitched together by a tridentate
dianionic oxy-carboxylate ligand (Table 1, entry 52).% Each of
the tin atoms in this hexanuclear cluster occupies the vertex
of a perfect trigonal prism. An interesting aspect of this fam-
ily of compounds is that they form guest-assisted columnar
network structures through hydrogen bonding interactions.
An interesting distannoxane involving the presence of an
organometallic substituent is provided by entry 53, Table 1.

A rare example of a distannoxane where the tin atom is in
a formal oxidation state of 42 is given in entry 54 of Table 1.5
The bulky terphenyl groups provide steric protection around
tin. Interestingly the coordination geometry around tin is
trigonal planar.

Copyright © 2007 John Wiley & Sons, Ltd.
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CONCLUDING REMARKS

The four-membered distannoxane ring [Sn(u-OH)], appears
to be a robust structural motif among organostannoxanes
Remarkably, hexanuclear cages containing up to three
distannoxane units, [Sn(u-OH)],, are also now known. Also,
the ubiquitous nature of the [Sn(u-OH)], is evidenced by
its occurrence in compounds formed in a variety of reaction
conditions. It is of interest to note that such a structural
motif is absent in organosilicon hydroxides, underscoring
some of the important differences between these main-
group elements. In addition to noticing the presence of the
[Sn(n-OH)], ring in organostannoxanes, the possibility of
utilizing the bridging hydroxide ligands in well-designed
hydrogen bonding interactions to generate porous structures
should attract the attention of researchers in this area.
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