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Synthetic methods for the small-scale laboratory
preparation of isotopically enriched dibutyltin
dichloride, dibutyltin di-iodide, tributyltin
chloride, tributyltin iodide, diphenyltin dichlor-
ide, triphenyltin chloride and triphenyltin iodide
have been successfully established. Organotin
iodides were prepared from redistribution reac-
tions between tin(1V) iodide and the correspond-
ing tetraorganotin, with the exception of
dibutyltin di-iodide, which was prepared di-
rectly from the reaction between tin metal and
iodobutane. The development of novel proce-
dures for the dealkylation/dearylation of tetra-
organotins by acid hydrolysis produced superior
yields of tributyltin chloride and diphenyltin
dichloride in comparison with redistribution
reactions. Organotin iodide redistribution reac-
tion products were converted to their chloride
analogues via the fluoride salts using an aqueous
ethanolic solution of potassium fluoride. The
insolubility of organotin fluoride salts was
exploited to isolate and purify the isotopically
enriched compounds, and to prevent losses
during the purification procedure.

The nuclear magnetic resonance (NMR)
spectroscopic study of ‘natural abundance’ and
isotopically enriched organotin compounds gave
proton (*H) and carbon-13 ¢3C) spectra for
butyltins, Bus _ ,SnX,, and phenyltins, Ph, _ ,
SnX, (X=1, CI), allowing the assignment of
'H and *3C chemical shifts, and***Sn-3C and
11750 23C coupling constants. The*C NMR
spectroscopic analysis ot ’Sn-enriched organo-
tin compounds has allowed the assignment of
certain resonances and tin—carbon coupling
constants which were previously unobservable.
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The spectral patterns show thaté(*H) and 8(*°C)
values are sensitive to structural changes, and
that *C shielding decreases with an increase in
the electronegativity of the substituent. The tin—
carbon coupling constants are also sensitive to
structural changes, and for alkyl and aryl
compounds the couplings decrease in the order
13 >33 >23>4J. The **C chemical shift values
and the magnitude of tin—carbon coupling
constants are shown to be solvent-dependent.
The *C spectra of the isotopically enriched
compounds show that the degree of isotopic
enrichment and the nature of the isotope used
(magnetic or non-magnetic) are reflected in the
spectral pattern obtained. Copyright 2000
John Wiley & Sons, Ltd.
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INTRODUCTION

During a recent study to develop high-accuracy
analytical methods for measurement of organotin
compounds in environmental matrices by isotope
dilution analysis, isotopically enriched organotin
compounds were required as internal standards.
Chemical measurement procedures based on iso-
tope dilution mass spectrometry (ID-MS) offer the
possibility of very accurate results, with clear levels
of uncertainty, and traceability to the Sl unit for
amount of substance, the mdie. When used for
organotin compounds enriched in low-abundance
naturally occurring isotopes, such’@8Sn or'’sSn,
on-line ID-MS can provide a method for the
accurate determination of organotin compounds of
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environmentatoncernThisis becauséD analysis
overcomesa number of sample matrix effects
which can affect conventionalinstrumentcalibra-
tion. In spiteof the substantiabenefitson offer, ID

analysis remains an under-exploitedmethod of

analysis,primarily becauseof the lack of suitable
enrichednternal-calibratiorstandardswith thisin

mind, we undertooka series of experimentsto

assessthe possibility of producing isotopically
enriched organotin compounds under standard
laboratoryconditions.

Thehigh costof theenrichedstartingmaterialfor
synthesisof isotopically enrichedorganotincom-
poundsmecessitatetheuseof only smallquantities.
Syntheticmethodsfor the manufactureof organo-
tins arereadilyavailable>® butapplicationof these
methodson a small scale(<1 g) revealedseveral
difficulties. The useof air- and moisture-sensitive
compoundsand the difficulties of accuratemea-
suremenandtransferof reactivestartingmaterials,
posea major problemwhenusedon a smallscale;
manymethodsnvolve the useof startingmaterials
(e.g. BusSnOMe! Na-Sn-zZr® PhsSnH’) which
cannotbeobtainedn anisotopicallyenrichediorm
without loss of expensiveenrichedmaterial; and
methodof separatiorsuchasfractionaldistillation
are not viable on a small scale, becauseof the
chemical proximity of reactionproduct mixtures,
which results in significant loss of labelled
compounds.Other problemsencounterednclude
unwanted reactions resulting from catalysis by
decomposition products, and the difficulty of
separatiorof organotindrom equilibrium mixtures
of reactionproducts.

Syntheticroutesfor the successfulsmall-scale
preparation of isotopically labelled organotins
therefore require, wherever possible, the use of
reasonablstablereagentsalongwith maintenance
of acceptablereaction yields, ease of product
isolation and generic preparationapparatus.The
currentwork hasdevelopedsuchmethodsfor the
small-scale preparation of isotopically labelled
butyl- and phenyl-substituté organotins, with
characterizatioof productsby NMR spectroscopy.

EXPERIMENTAL

Reagents for synthesis

Isotopically enriched**®Sn (granulatedyand **’Sn
(foil 0.3mm thick) were obtained from AEA
Technology plc (Isotope Section, 220 Harwell,

Copyright© 2000JohnWiley & Sons,Ltd.

Didcot OX11 ORA, Oxfordshire, UK). All other
starting materialsand reagentswere supplied by

Aldrich ChemicalCompanyLtd (The Old Brick-

yard, New Road, Gillingham, Dorset SP8 4XT,

UK) unless otherwise stated. Merck pre-coated
(0.2mm) silica gel 60 F,s4 self-indicating thin-

layerchromatographplatesweresuppliecby BDH

ChemicalsLtd, (Merck Ltd, Hunter Boulevard,
MagnaPark, Lutterworth, Leics. LE17 4XN, UK)

together with the corresponding'silica gel 60’

(230-400mesh) for larger-scalecolumn separa-
tions.

116gn-labelled tin (IV) iodide

The isotopic compositionof the **°Sn used was
reportedto be: *2Sn, <0.02%; **“Sn, <0.01%;
1SN, 0.04%; **°Sn, 98.0%; **’Sn, 0.68%; *1%Sn,
0.70%;%Sn,0.09%;2°Sn, 0.31%;#%Sn, 0.04%;
125, 0.14% AEA Technology plc, Isotope
Section, 220 Harwell, Didcot, Oxon OX11 ORA,
UK.

A mixture of 0.5014g (4.3mmol) of 1*°Snand
2.0g iodine (7.85mmol) was introducedinto a
50ml round-bottomedflask containing glacial
aceticacid (10ml) and acetic anhydride(10ml).
A smallcrystalof potassiuniodide wasaddedasa
catalyst.The flaskwasattachedo a condenseand
heated gently until a vigorous reaction was
initiated. The mixture was gently held at reflux
for 0.5h. Thereactionmixture wasallowedto cool
until orangecrystals of tin(IV) iodide beganto
precipitate. The orange crystalline product was
filtered quickly using a small Buchner pump and
recrystallized from chloroform. Sufficient hot
chloroform was addedto dissolvethe solid, and
the solution was filtered again to remove undis-
solved tin. The solution was concentratedunder
vacuumuntil a faint orangeprecipitateappeared,
andallowedto cool. The resultingorangecrystals
werefilteredanddriedin avacuumdesiccatorThe
yield of **%Snl, was 2.247g (83%), m.p. 143°C
(Iit.*° 143°C).

117gn-labelled tin(IV) iodide

17sn-enrichedtin(lV) iodide was preparedsimi-
larly to the '°Sn-labelled compound described
abovebut using1.464g (12.5mmol) of **’Sn.The
isotopic _composition of the '’Sn used was
reported® to be: **%5n, <0.03%; **“Sn, <0.01%;
133N, <0.05%; *'%Sn, 7.6+ 0.1%; **'Sn, 92.1+
0.2%;%Sn,0.2+ 0.1%;%Sn,0.1+ 0.1%;*%°Sn,
<0.04%;%?Sn, <0.01%;'2Sn,<0.01%.Theyield

Appl. Organometal Chem.14, 691-700(2000)
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of recrystallized*'’Snl, was 5.142g (73%), m.p.
143°C (lit.*° 143°C).

116gn-labelled tetrabutyltin

A solutionof n-bromobutan€0.896g, 6.54mmol)

waspreparedn diethyl ether(20 ml). This solution
wasintroduceddropwise with stirring, into a 100-

ml round-bottomedlask containinga slight excess
of magnesium(0.17g, 7 mmol) in diethyl ether
(10ml), under a nitrogen atmosphere After the

additionwascomplete the mixture waswarmedto

reflux and stirred for 15min to form the Grignard
reagent. **®Sn-labelled tin(lV) iodide (1.02g,

1.63mmol) wasdissolvedin diethyl ether(30ml)

and addeddropwiseto the Grignardreagent.The

reactionwasleft to be stirredfor 2 h andbecame
very pale orangeas the remainingtin(lV) iodide

was consumed.Any unreactedGrignard reagent
was carefully hydrolysedwith water (10ml) and
unreactedmagnesiumwas removedby filtration.

The productsweretreatedwith a minimumvolume
(5 ml) of a20%(w/v) solutionof potassiuniluoride

in 60%aqueougthanolaccordingo theprocedure
describedby Prince!! to remove any organotin
halidesasinsolublefluoride salts.Thefluoride salts
werecollectedby filtration andthe organicfraction

was separatedfrom the aqueousfraction. The

agueoudraction was extractedwith diethyl ether
(2 x 10ml). The combinedorganicfractionswere
dried(MgS(Q,), andthe solventwasremovedunder
vacuumto yield 0.488g (86%) of '°Sn-labelled
tetrabutyltin as a colourlessoil, b.p. 142-145C

(10mmHg)[lit. * 147-149°C (12 mmHg)]. Forthe
NMR results,seeTable1.

117Sn-labelled tetrabutyltin

n-Butylmagnesiumbromide was preparedas de-
scribedabove but using n-bromobutang(1.918g,
14mmol) andmagnesiun{0.384g, 16 mmol). The
reactionbetweenthe Grignardreagentand **’Sn-
labelled tin(IV) iodide (1.714g, 2.7mmol) pro-
duced 0.792g '’Sn-labelled tetrabutyltin as a
colourlessoil (83%). For the NMR results, see
Table1l.

116gn-labelled tributyltin iodide
(redistribution reaction)

185n-labelled  tin(lV)  iodide  (0.2055g,
0.329mmol) was addedto 1'°Sn-labelledtetrabu-
tyltin  (0.34g, 0.985mmol) in a 50-ml round-
bottomedflask. The mixture was heatedto 220°C

Copyright© 2000JohnWiley & Sons,Ltd.

undera nitrogenatmospherandthe resultingmelt
was stirred for 3h. The reaction productswere
dissolvedin hexane(3 x 15ml) andthe insoluble
productswere removedby filtration. The hexane
was removed under vacuum to leave a straw-
colouredoil. NMR spectroscopi@nalysisshowed
this oil consistedf ~70%tributyltin, iodide ~20%
tetrabutyltin and ~10% mono- and di-butyltin

products.Chromatographiseparationof products
(silica gel/heptane)yielded 0.178g of tributyltin

iodide (33%). For the NMR results,seeTablel.

117gn-l1abelled tributyltin chloride
(acid hydrolysis)

Concentratechydrochloric acid (conc. HCI) (14,
13.9mmol, sgecific gravity 1.18) was added
dropwiseto **’Sn-labelledtetrabutyltin (0.5055g,
1.46mmol) in a 10ml round-bottomedlask. The
reagentswere protectedfrom light (amberglass-
ware)andmoistureandstirredatroomtemperature
undera nitrogenatmospheréor 72h. Thereaction
products were extracted with diethyl ether
(80 x 20ml). The combined ether extracts were
dried (MgSQ,) and the etherwas removedunder
vacuum.NMR spectroscopi@nalysisshowedthe
resultingoil to be a mixture of tributyltin chloride
(90%) andunreactedetrabutyltin(10%).

117Sn-labelledtributyltin chloride was purified
from the fluoride salt accordingto the following
generaproceduralescribedy Prince* tributyltin
chloridewastreatedwith aminimumvolume(5 ml)
of a 20% (w/v) solution of potassiumfluoride in
60% aqueousethanol, and separatedrom tetra-
butyltin asthe insolublefluoride salt. The fluoride
wasisolatedby filtration, washedwith a minimum
of dry diethyl etheranddriedin a vacuumovenat
40°C for 1 h to yield tributyltin fluoride asa fine
white crystallinepowder.The fluoride wastreated
with concentratedhydrochloric acid (2ml) and
extracted with diethyl ether (3 x 15ml). The
combinedetherextractswere dried (MgSQy), and
the ether was removed under vacuum to yield
0.331g (70%) of tributyltin chlorideasa colourless
oil, b.p. 140-142C (5 mmHg) [lit.: ** 130-132°C
(4 mmHg)]. Forthe NMR results,seeTable 1.

117gn-labelled dibutyltin dichloride

117Sn-labelled dibutyltin diiodide was prepared
accordingto the proceduredescribedby Oakes
andHutton* n-Butyl iodide (1.789g, 9.72mmol)
wasmixedwith n-butanol(0.085g, 1.15mmol) and
added to '*’Sn foil (0.5171g, 4.42mmol) and

Appl. Organometal Chem.14, 691-700(2000)
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lithium (0.0026g, 0.38mmol) in a 100ml round-
bottomedflask undera nitrogen atmosphereThe
foil was cut asfinely aspossibleusing a stainless
steel scalpel on a ceramic plate to obtain a
maximum surfaceareafor reaction. The mixture
was heatedunder reflux at 165°C for 8h. In a
change to the reported procedure which used
fractional distillation to obtain dibutyltin dichlor-

ide, thereactionproductsweredissolvedn pentane
(100ml) andfiltered to removeany unreactedin.

The pentanewas removedundervacuumto leave
an orangeoil. NMR spectroscopi@nalysisof this

oil showedhatdibutyltin diiodidewasthe principal
product;for theresultsseeTable 1.

The resulting oil was treated with 5ml of
potassiumfluoride in agueousethanol to obtain
the difluoride salt, which was immediately pre-
cipitated as a yellow solid and was collected by
filtration. The yellow solid wasdried over P,Os at
55°C for 2 h becomingwhite asfreeiodine, a by-
productof the reaction,was liberated. Dibutyltin
dichloride was obtainedfrom the fluoride salt by
the general proceduredescribedearlier, and the
resultingwhite solid wasrecrystallizedtwice from
petroleumether (b.p. 60-80°C) to yield 0.711g
(53%) of dibutyltin dichloride aswhite crystalline
plateletsm.p. 40-41°C (lit.:*> 39-41°C).

117gn-labelled tetraphenyltin

A solution of bromobenzené3.14g, 20mmol) in
diethyl ether (20ml) was added dropwise with
stirring to a slight excessof magnesium(0.55g,
26 mmol) in diethyl ether(10ml) undera nitrogen
atmosphereAfter the addition was complete,the
mixturewaswarmedto refluxandstirredfor 15min
to prepare the Grignard reagent. The solution
developeda steely grey coloration and became
darkbrownasthereactionproceededThe solution
was allowed to cool to room temperature,and
117Sn-labelled tin(1V) iodide (2.5g, 3.98mmol)
dissolvedin ether(30ml) was addeddropwiseto
the reaction mixture. The tin(IV) iodide was
consumedwith the formation of a fine white
precipitate,and an additional 2 h period of reflux
wascontinued.

The white precipitatewas collectedby filtration
after the Grignard reagenthad been hydrolysed
with water (10ml). The solid was dissolvedin
dichloromethane(50ml) and filtered to remove
unreactedmagnesiumand other insoluble impu-
rities. The dichloromethanewas removed under
vacuum to leave a white solid, which was
recrystallizedtwice from ethanolto yield 1.427g

Copyright© 2000JohnWiley & Sons,Ltd.

(84%) of white crystallinetetraphenyltinn.p. 224—
226°C (lit.:*© 225.7°C). For the NMR results,see
Table2.

117gn-labelled triphenyltin chloride
(redistribution reaction)

117Sn-IabeIIedin(IV} iodide (0.1566g, 0.25mmol)
was added to *'Sn-labelled tetraphenyltin
(0.32033, 0.752mmol) in a 50-ml round-bot-
tomed flask. The mixture was heatedto 220°C
undera nitrogenatmospherandthe resultingmelt
was stirred for 3h. The reaction productswere
dissolvedn ethanolandayellow/brownprecipitate
(0.22g) was collected by filtration. The ethanol
extract was dried and triphenyltin chloride was
preparedfrom the fluoride salt as describedfor
tributyltin chloride, above. The resulting white
solid wasrecrystallizedwice from ethanolto yield
0.054g (11%) of triphenyltin chloride as white
crystalline platelets, m.p. 104-105.5C (lit.:*®
106°C). Forthe NMR results,seeTable 2.

17gn-labelled diphenyltin
dichloride (acid hydrolysis)

17sn-labelleddiphenyltindichloride was prepared
from  *’Sn-labelled tetraphenyltin  (0.4g,
1.17mmol) and HCI (1g, 13.9mmol, specific
gravity 1.18) as describedabove for tributyltin
chloride. The product was recrystallized from
petroleumether (b.p. 60-80°C) to yield 0.322g
(63%) of diphenyltin dichloride as white prisms.
Forthe NMR results,seeTable 2.

Concentratedhydrochloricacid (1 g, 13.9mmol,
specificgravity 1.18)wasaddeddropwiseto **’Sn-
labelledtetraphenyltin(0.4g, 1.17mmol) in a 10-
ml round-bottomed flask. The reagents were
protectedfrom light andmoistureundera nitrogen
atmosphereand stirred at room temperaturefor
48h. The reaction productswere extractedwith
diethyl ether (3 x 20ml). The combined ether
fractions were dried (MgSQ,) and the etherwas
removed under vacuum. Diphenyltin dichloride
was preparedrom the difluoride salt as described
and recrystallizedfrom petroleumether (b.p. 60—
80°C) to yield 0.322g (63%) of diphenyltin
dichloride as white prisms, m.p. 40-42°C (lit.:®
42°C). Forthe NMR data,seeTable2.

Instrumentation

A JEOLEX270MHz NMR spectrometewasused
to obtain'H spectraat 270MHz, and*>C spectraat

Appl. Organometal Chem.14, 691-700(2000)
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- Li/butanol . KF HCI
Direct Methods Sn + Bul Bu'zl Snl ) BulZ”SnF2 BulZ”SnCI 3
160° C/N2
116 /117
Sn it6
(Elemental) U6g 1 Bu, Sl
4
220° C/N2
Indirect et
Methods B“4 Sn
HCI
116/ 117 KF 117, HCI 117
Sn + 12 Bu13]7SnCl Bu3 SnF Bu3 SnCl
BuMgBr
116/117SnI4 — KF — HCl
WGy Ph."Snl Ph"SaF Ph:SnCl
PhMgBr ¢
220° C/N2
Ph,'7Sn
4 117 KF 1% HCI 117
) Ph, SnCl2 Ph2 SnF, Ph, SnCl2
HC

Figure 1 Methodsusedfor the small-scalepreparatiorof isotopically enrichedorganotincompounds.

67.8MHz. Sampleswere preparedin deuterated
chloroform (CDCl;) or deuterated methanol
(CD;0D) in 5-ml NMR tubes. For *H spectra,
sampleswere externally referencedto the tetra-
methylsilane (TMS) singlet at 0ppm. For **C

spectrasamplesverereferencedo the **C triplet

at 77.0ppm in CDCls, and the *C multiplet at

49.8ppmin CD;0D.

RESULTS AND DISCUSSION

Synthetic considerations

Thereactionsusedto preparesotopicallyenriched
organotincompoundsvereselectedrom available
literature methods according to the following
criteria.

(a) Elemental tin must be used as a starting
material.

(b) The useof volatile air-, light- and moisture-
sensitive materials (e.g. SnCly) should be
avoidedwherevemossible.

(c) Purification proceduresinvolving wasteful
separatiormethodge.g.vacuumdistillation)
shouldbe avoided.

The synthetic proceduresdeveloped for the

Copyright© 2000JohnWiley & Sons,Ltd.

preparatiornof isotopically enrichedorganotinsare
outlinedin Fig. 1.

Direct synthetic procedures

Direct methodswere used wherever possible to

minimize the numberof reactionsand purification
procedures required to prepare the organotin
compounds.Direct methodsfor the synthesisof

phenyltin halidesfrom tin metal were unavailable
exceptfor a single methoddescribedoy Nad and
KocheshkoVt” This procedurewas not attempted
becausef the problemsassociatedvith the small-
scale separationof organotin productsfrom the
phenylmercury reagent. Methods described by

Sisidoet al. for the direct synthesisof di- andtri-

butyltin halidesusing alkyl halide, iodine and an
organic basé® were used in an attempt to

synthesizethe correspondingphenyltin halides,
but were unsuccessfulCognateproceduregor the
preparationof di- andtri-phenyl halideswerealso
developedrom the direct synthesisof di- andtri-

benzyltin halides'®?° but confirmed that mono-
substitutedphenylhalidegPhX; X = Cl, Br, I) did

not react with tin in boiling toluene, water or

butanol.In the absencef atemperature-contratd

autoclaveand high-speedkstirrer, the direct synth-
esisof di- andtri-butyltin halidesusingthe above
method$® werealsounsuccessful.

Appl. Organometal Chem.14, 691-700(2000)
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Figure 2 Comparisorof the 2*C NMR spectraof (a) ‘natural
abundance’ tetrabutyltin, (b) *'°Sn isotopically enriched
tetrabutyltin and (c) **’Sn isotopically enrichedtetrabutyltin.
Carbonsignalsaredenotedoy Greeksymbols;bracesshowthe
extent of the Sn-*3C satellites associatedwith each carbon
atom.

Dibutyltin di-iodide was prepareddirectly from
tin metal using the proceduredescribedby Oakes
and Hutton** (Fig. 1). The use of finely cut,
powderedor granulatedin wasessentiato ensure
thatthetin metalwasconsumediuringthereaction.
The procedurewas modified to obtain dibutyltin
dichloride (DBT) from the fluoride salt after
treatment with potassium fluoride in aqueous
ethanol. It was found that dibutyltin difluoride

Copyright© 2000JohnWiley & Sons,Ltd.

was appreciablysolublein aqueousethanoland a
minimum of reagentwas usedin orderto prevent
losses During the conversionof the dried fluoride
salt to the dichloride using concentratedHCl, the
fluoride was dispersedin solution to ensure
completereaction,andto preventa waxy coating
of dichloride from inhibiting further reaction
betweenthe dibutyltin difluoride andHCI.

Indirect synthetic procedures

Tributyltin  chloride (TBT), tributyltin iodide
(TBTI), triphenyltin chloride (TPT) and diphenyl-
tin dichloride (DPT) were all prepared using
indirect methodsby which three or more reaction
proceduresvere usedto produceeachcompound
(Fig. 1).

The first stageof the indirect synthetic route
requiresthe preparationof tin(IV) halide. Tin(IV)
chlorideis generallythe preferredstartingmaterial
for the synthesisof tetraorganotins 23 and orga-
notin halides?*~2” However, this highly reactive
compoundis volatile and very air/moisture-sesi-
tive, andwasnot suitablefor small-scalesynthetic
procedures.Tin(lV) iodide, although moisture-
sensitive,is a moderatelyair-stable orangesolid
andwasusedasthe startingmaterialfor thesecond
stageof indirectsynthesisthe Grignardpreparation
of tetraorganotincompounds. Tetrabutyltin and
tetraphenyltinwere preparedfrom tin(IV) iodide
and the correspondingsrignard reagent(RMgBr
usingthegeneraimethoddescribedy Marr etal.*

Forthethird stageof theindirectroute,organotin
halideswerepreparedrom symmetricaltetraorga-
notin starting materials either by redistribution
reactionsbetweentin(lV) iodide and tetraorgano-
tins, or dealkylation/dearylatiomeactionsbetween
concentratedydochloricacid andtetraorganotins.

The final stage of preparationinvolves the
conversion of organotin iodides to organotin
chlorides (redistribution reaction products only),
and further purification of organotinchlorides.In
each case, the respectivecompoundswere con-
vertedto their insolublefluoride salts,isolatedby
filtration, washedwith solvent,driedandconverted
backto thechlorideusingconcentratetHCl (Fig. 1).

Redistributionreactionsfor the preparationof
organotin halides produced reaction mixtures
which were often difficult to separateand char-
acterizedby the presenceof tarry residuesand
inorganic decomposition products; alternative
methodof preparatiorwereinvestigatedo resolve
this problem. During a seriesof experimentsto
monitor the stability of organotinsin a range of
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solvents,it was noticed that tetraphenyltin,tetra-
butyltin andtriphenyltinchlorideall decomposeah
the presenceof concentratedhydrochloric acid.
NMR spectroscopianalysisof productsshowed
thatreactiong1]-[3] hadoccurred.

PhSn+ HCl — PhSnCl+ PhH 1]
PhsSNCl+ HCl — Ph,SNCh + PhH  [2]

BusSn+ HCl — BugSnCIl+ BuH [3]

An investigationof the methodsavailablefor the
synthesif organotinhalidesfrom tetraorganotins
revealedwo methoddor the synthesif phenyltin
halidesusinghydrochloricacid 22> Thesemethods
involve the useof concentratedHCl asareagenin
chloroform?® anddry HCI gasadministerednto a
refluxingbenzenesolution(adaptedrom Kipping's
experiment®*Y. Levchucketal. describemethods
for the preparatiorof methyltin halidesusingHP 32
Significantly, no methodsfor the preparationof
butyltin halidesusinghydrogerhalideswerefound.
The reactionbetweentetraphenyltinandan excess
of concentratedHCI proceededvia the trisubsti-
tuted compound to completion, producing a
virtually quantitativeyield of diphenyltin dichlor-
ide. However, the reaction betweentetrabutyltin
and an excessof concentratedHCl only produced
tributyltin chloride as the sole product of the
reaction. This was confirmedby the unsuccessful
attempt to prepare dibutyltin dichloride from
tributyltin chlorideusinganexcesof concentrated
HCI underthe sameconditions.

The development of these novel methods
allowed the productionof superioryieldsin com-
parisonwith the redistribution reactionsbetween
tin(1V) iodide andtetraorganotinsandthe organo-
tin chlorideswereeasilyisolatedfrom the reaction
productsby conversionto their insolublefluoride
salts. The above methodswere usedto prepare
117Sn-labelled diphenyltin dichloride and **’Sn-
labelled tributyltin chloride. Redistributionreac-
tions were used for the preparationof ®Sn-
labelled tributyltin iodide and *'’Sn-labelledtri-
phenyltiniodide.

Interpretation of NVIR spectra

The *C chemical shifts of n-tetrabutyltin, n-
tributyltin chloride, n-dibutyltin dichloride and n-
butyltin trichloride were obtainedusing CDCl; as
solventduringthe presenstudy. Thesecompounds
havepreviouslybeenassignedn CCl,,>*~3°andthe
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valuesobtainedarevery similar. Thechemicalshift
differencesobservedare consistentwith observa-
tions madeby Barbieri and Tadder*® who found
that spectralparameterare strongly dependenbn
the electrondonorstrengthof the solventused.

Comparatively few NMR studies have been
madefor aryltin compoundsbecausethesecom-
poundshavelow solubilitiesandgenerallygive rise
to complicated spectra. The proton spectra of
Ph, _ »SnCl, (n=1-4) in CCl, have beendeter-
mined by Maire and Hemmert®’ The carbon
spectraof tetraphenyltiranddiphenyltindichloride
in CDCl, have beendeterminedby McFarlaneet
al.®® andMitchell®* respectively.

Thespectrapatterndor butyltins,Bu, _ ,SnCl,
and phenyltins, Ph, _ ,SnC},, show that 5(**C)
valuesaresensitiveto structuralchangesChemical
shift valuesfor theseorganotinhalides(Tables1
and 2) show that as the organic substituentsare
replacedby electronegativehlorineatoms,the tin
atom becomes progressively more deshielded,
resulting in the observeddeshieldingof the *3C
resonancesThis is consistentwith the work of
Mitchell,®* who has shown that **C shieldingin
organotin halides generally decreaseswith an
increasdn the electronegativityof substituents.

The tin—carbon coupling constants are also
sensitiveto structuralchangesand for alkyl and
aryl compoundsthe couplingshavebeenshownto
decreasen the order’J > 33> 2] > %1.3° Tables1
and2 showthatthe couplingvaluesobtainedfrom
organotin compoundsin the present study are
consistentwith thesevalues.The negativevalues
observedfor J(Sn—C) coupling constantsarise
from the negativegyromagnetiaatios (y) of H7gn
(y=—9.5301)and**°Sn (y = —9.9708):

Figure 2 shows that the degree of isotopic
enrichmentand the natureof the isotopeusedare
reflectedin the spectralpatternobtained.This is
exemplifiedby the Sn—Csatellitechemicalshiftand
peakintensityvaluesgivenin Tablesl and2. The
‘natural abundancespectra(Figure 2a) showthat
Sn—Csatellitesflank thelarge*C peaksof «, § and
y carbonsThesearisefrom the spin—spincoupling
betweent*’Snand**sn,with *3C nuclei.Coupling
tothea-carbonis Iargeenougrto allow observation
of the individual **’Sn and **°Sn satellites, but
these componentsgenerally merge into single
satellite peaksat § andy carbons.The coupling
betweenhe w carbonandthe magneticisotopesof
tin cannot be observedin butyltins since the
satelliteshavemergedwith the carbonpeak.

Figure 2(b) shows that the °C signals from
spectraof organotinsenrichedwith **Sn haveno
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satellitesbecausé*®Snis not a magneticnucleus,
anddoesnot interactwith *3C atoms.

The spectraof organotinsenrichedwith *’Sn
(Figure2c) showalmostcompletecouplingto *°C,
with aresidualuncoupled=C peakbetweerthetwo
large *’Sn2°C satellites. The *C analysis of
117Sn-enrichedrganotinshasalsoallowedhitherto
unobservablecouplings to the w-butyl carbon
(Table 1) and the quaternaryipso phenXI carbon
(Table 2) to be assigned.The 'H, *°C and
J"1Bn23C) values obtained in the present
study are in general aggreementwith previous
literaturevalues,andthe small deviationsobserved
arisefrom solventeffects.

CONCLUSIONS

Synthetic methodsfor the small-scalelaboratory
synthesisof isotopically enrichedtin(lV) iodide,
tetrabutyltin, tetraphenyltin,dibutyltin dichloride,
tributyltin chloride, diphenyltin dichloride and
triphenyltin chloride are described.These com-
pounds have been characterizedby *H and °C
NMR spectroscopy.

The effect of solventand substituenteffectson
chemical shift and tin—carbon coupling constant
valuesare discussedand the differencesbetween
the spectral patterns of organotins containing
different concentrationsof tin isotopesare de-
scribed. The spectroscopicanalysis of 'Sn-
enrichedorganotinshasallowedthe assignmenof
certain resonancesnd tin—carbon coupling con-
stantswhich were previously unobservableaising
13C NMR spectroscopy.
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