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Abgtract
Severai novel organotin compounds containing potentially
biologically active heterocyclic ligands have been synthesised and
characterised using standard spectroscopic techniques. The structures
of three of the compounds have been determined by I-ray
crystallography. One particular class of compound has been closely

scrutinised by variable temperature nmr.

The structures of trimethylstannyi—, tributylstannyl- and
triphenylstannyl- derivatives of l-methylimidazole, benzothiazole and
benzoxazole were critically examined and found to be tetrahedral
compounds as expected. The X-ray diffraction study of 2-
(triphenylstannyl)~benzothiazole has shown it to have a slightly
distorted tetrahedral structure, and this has helped to rationalise
the small, but measurable AEq values found for these tetraorganotin
compounds in the Mossbauer experiments. The reaction chemistry of

these air and moisture sensitive compounds was also explored.

Two classes of very similar compounds wefe synthesised in which the
organotin moiety was separated from the heterocyclic group by either a
-CHzCH=~- or a -CH=S- chain. This was found to effectively stop the
hydrolysis of the organotin from th; heterocycle and to direct the
site of halogenation to a Sn~Ph bond. The structures of these
compoﬂnds were shawn by various techniques to be intramolecularly
chelated structures, and this is shown by the X-ray structure of [2-

(2'-pyridyl)ethylldiphenyltin(IV) N,N-dimethyldithiocarbamate.
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During work re—examining the structures and synthetic utility of 2~
trialkylstannyl-tetrazoles it was found that these compounds display a
unusual dynamic behaviour, and through a study of this bebaviour,
several examples of an interesting new type of compound were
synthesised, that in which a tin atom forms an integral part of a bi-
heterocyclic ring system. The structures of these compounds were
characterised by standard techniques and were found to be polymeric
and this is confirmed by the X-ray structure of 2,3,4,5-tetraza-6-
diphenylstannyl-[3,4]-bicyclonona-1,3-diene. The mechanisms whereby
thesé compounds were synthesised were closely examined and several

alternatives have been described.
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CHAPTER 1
THE CHEMISTRY AND BIOLOGICAL ACTION OF ORGANOTIN COMPOUNDS
1.1 Introduction
An organotin compound is defined by the presence of at least one
direct tin-carbon bond in the molecule. Tin, a main group IV metal,
has two available oxidation states and it is possible to prepare both
organotin(II) and organotin(IV) species. The tin(IV) compounds are
considerably more stable than those of tin(II)> and because of this the
tetravalent state compounds dominate the field of organotin chemistry.
Tetravalent organotin compounds can be convieniently ;lassified into
four groups: mono-, di-, tri- and tetraorganotins. A wide variety of
organic ligands can be attached to the tin through ¢ bonds and the
number and nature of the organic groups dramatically affects the
properties of the compound particularly in its bialogical role.

Organic groups may bind to divalent tin(ll) species through sigma or
pl bonds. However, these compounds are generally extremely reactive or
short lived and have until recently, not been extensively studied.

The readers attention is drawn to the several books '—-® and review
articles “4~% for a discussion on general tin chemistry in greater
detail than can be entered into here. Periodic surveys on aspects of
tin chemistry are also available ®

Since 1950 the production of organotin compounds has increased by .
1000%, to an estimated 40,000 tonnes per year. The industrial
applications are quite diverse ranging from P.V.C. stabilizers, glass
coatings, esterification catalysts, wood preservatives, antifouling

paints, agrochemicals and various anti-bacterial agents.
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This thesis describes the preparation and chemistry of several novel,
possibly biocidal, triorganotin compounds in which tin is C-bonded to
a heterocycle and also later examines the structures of related
compounds in which tin is part of the heterocycle. As an introduction
the general synthetic and structural aspects of organotin chemistry

are reviewed.

1.2 Synthetic Routes to Organotin Compounds

Tin(IV) chloride 1§ a relatively cheap, colourless liquid that is
used as a starting material for nearly all organotin compounds. It is
very reactive towards nucleophiles and hence most organometallic
reagenté such as organolithiums,.Grignards and alkyl aluminiums. These
reagents, most commonly the Grignards, are used commercially to
prepare the appropriate tetraorganotin (Eq.1> although Vurtz coupling

(Eq.2)> and alkyl aluminiums (Eq.3) have also been used:

SnClas + 4RNgX -+ RaSn + 4MgClX (&)
SnCls + 8Na + 4RC1l 3 RaSn + 8NaCl 2
3SnCla + 4RaAl + 4R'20 -+ 3R4Sn + 441Cla.R'20 3)

Tin-carpon bond formation can also be effected by hydrostannylation of
alkenes and alkynes, acidolysis of stannylamines and treatment of
organotin halides with other organometallics e.g. ICH=ZnI.

Mono-, di- and triorganotin halides can be synthesised from the
tetraorganotin and stannic chloride using Kocheshkov‘s_

comproportionation reactions (Equations 4-6).
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By mixing the appropriate stoichiometric quantities of materials
together at high temperatures (approx 200°C) the desired organotin
halide can be realised. The halides can then be converted to a wide
variety of compounds by nucleophilic displacement of halogen. A
summary of the main reactions of organotin halides are listed, (Scheme

L.

3SnXs + RaSn -+ 4RSnis 4)
SnXa + RaSn -+ 2R=SnX- 5)
SnX. + 3R.Sn -+ 4RsSnX 6)

1.3 The Structure of Organotin Compounds

In 1963 Hulme 7 demonstrated crystallographically the 5-coordinate
nature of the mono pyridine adduct of trimethyltin chloride. Prior to
this it was assumed that most organotin(IV) compounds were regular
tetrahedral molecules with 4-coordinate tin.

It has now been shown that organotin(IV) compounds can exhibit 4-, 5-
6- and 7-coordination and these structural types are reviewed below.
Organotin(II)> compounds are also known to show 2- and 3-coordination
e.g. the 2 coordinate molecule, {(MewxSi)=CH}=Sn ® but unless the R
groups are m-bonded cyclopentadienyl ligands or are strongly
sterically hindering, the monomeric stannylenes exist as only short-
lived intermediates.

There are several reviews of X-ray crystal structures of tin
compounds available ® ' and new structures are being published

continually.
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1.3.1 PFour Coordinate Organotin Compounds

T i M
Sn . Sn ) Sn Sn
R R R X R X X
R R R R
I [499) (11D awm

4-Coordinated organotin(IV) compounds are always tgtrahedral and there
are a large number of reported RaSn structures which demonstrate this,
e. g8 Sn(CsFs)a '", Sn(CeHaMe-4)4 '2, Sn(2-thienyl)as "2 and more

recently SnkCPh=CHe2)4 '4, Unsymmetric compounds RaSnR' have also been

/(CH2 ) 4l
reported e.g. PhaSnCH=I '®, PhaSnC-H- '® and thSn\' //Snth 17,

(CH2)%
Tetraorganotins do not generally expand their coordination number
because they are poor electron pair acceptors. If one organic group is
replaced by an electronegative substituent, X, the Lewis acidity of
the tin atom increases and this enhances the possibility that tin will
increase 1ts coordination number. If the R groups are bulky and/or the
X group is not too electronegative (e.g. I,Br vs. Cl, S vs. Q) the
tetrahedral architecture can be retained, e.g. [ (MeS1)2CH]=SnCl '®
and PhaSnSCeHa-Bu*-4 '2;

If bulky organic ligands or low electronegative X groups are used, 4-
coordinated RzSnX= compounds can be prepared, e.g., the dimeric
[ *Bu=SnSel= *° and the cyclic trimer (Me=z=SnS)as =1,

There are very little structural data regarding 4-coordinate



tetrahedral RSnX» compounds. The adamantane cage-like structure

of (MeSnSs.,2)a *% has the tin in a 4-coordinate, near-tetrahedral
environment and a recent X-ray diffraction study = of the structure
0of CH=Snl» has shown it to be comprised of discrete, non-interacting
monomers which show an almost ideal tetrahedral geometry, in which the

<C-Sn-I is 116.1° and the average <I-Sn-I is 105.92°,



1.3.2 Five Coordinated Organotin Compounds

R X
RK R Rllll*, x‘”<<
A Sn R Sn—— X " Sn—— X Sn—— X
R R R R
X
V) (VI) (VII) (VIII)

5-Coordinated organotin compounds appear to be mainly trigonal
bypyrimidal (tbp) in shape, however Ng et al. have recently published
an example of square pyramidal (SP) geometry 24'2S. Tribenzyl- (2-
thiolpyridine-IT-oxide) tin(IV) achieves this geometry via the Berry

interconversion mechanism (Fig 1).

Figure 1.
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Generally tetraorganotin species do not show expanded coordination,
but trimethyl (trifluoromethyl)tin forms a 1:1 (tbp) adduct with HMPA
triamide 2% and MeSn<(CH»CH:CHz:)sN has been shown crystallographically

27 to also have this geometry but with the methyl group forced into

the axial position (IX).

RaSnXz species can show two possible isomeric forms, (V) and (VID.
The trans-isomer (V) is the most common, this usually occurs as the
result of either bridging interactions, e.g. MeaSnCHN =% (giving rise
to polymeric structures) or anionic species e.g. RaSnClz— (R=Me, Bu,
Ph). Neutrgl mononeric forms of the trans-isomer do exist and these
include MesSnCl.py 7 and (3-thieny1)aSnB§.PhaP0 ?3. An interesting
form of this isomer is shown by the chelation effect of an equatorial
organic ligand with a donor atom substituent located 3 or 4 carbon
atoms away from the tin-ligand bond, e.g. C,N-
[2{(dimethylanino)methyl}phenyll-~diphenyltin bromide =° structure (X).
The most electronegative atoms are in the axial positions. The

structure is not entirely regular and deviations from ideal trans-tbp

geometry generate a <N-Sn~Br of 171°.

\\\\ §
(WM
oW
l .m\““
“.‘

¥ 4+——2

Br

(IX) D
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Bidentate ligands are capable of forming infinite polymer chains. The
degree of linearity of the polymer will vary according to the nature
of the bridging ligand. Classification of the various polymer types
has been given ' and it has been shown that small bridging groups
such as -C§ give rise to almost linear polymers e.g. Me=SnCN =%,
whilst larger bridging groups such as -O=SMe produce helical
structures.

The ¢ig-analogues, (VI), imvariably arise from intramolecular
chelation effects. This is exemplified by (N-benzoyl-K-
phenylhydroxylamine)triphenyltin #=, (XI). Due to ring strain there is
a significant deviation from ideal trans-tbp geometry. The irans C-Sn-
O angle is 157.2° and the axial Sn-0O interaction is longer at 2.308 &
than the equatorial Sn-O bond at 2.091 & =%, It can be seen that the
donor atoms are always at an axial and equétorial site. There has been
a report ®° of an organotin compound with meridional RaSnX: geometry,
(XI1I> however this has not been confirmed by X-ray diffraction studies

and the issue is still very much in doubt.

Ph R
| W Ph
0— sn”
/ n\ Ph X ”"",,”"' ....
Ph——N " Sn R
0 /
= X

R

Ph

19.49) XID
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The diorganotin compounds, RzSnXz, that have been demonstrated to
exhibit tbp geometries, (VII) are relatively scarce, primarily due to
the increased Lewis acidity at tin and the more usual concurrent
expansion of coordination to 6. Some examples of 5-coordination do
exist, e.g. Me=SnClz~ 24 and [N-(2-hydroxyphenyl)-
salicyladimineldimethyltin *%. In both cases the methyl groups occupy
equatorial sites.

Very few S5-coordinate monocorganotin, species RSnXa (VIII) have been
reported. The one example of note is (Ph4As)*(HeSnCl4)‘ @€ in which
the methyl group occupies anfequatorial site. The structures of .
monoorganostannatranes have been shown to have tbp geometries ®7 but

with the organic group forced into an axial site (XIID).

O
“\\\O
O'a“‘
wn ¢—
= \

CH;

XIID
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1.8.3 Six Coordinated Organotin Compounds

Tetraorganotins generally have a low Lewis acidity and consequently
are reluctant to expand their coordination number. There is a unique
example of a 6-coordinate tetraorganotin recently confirmed by X-ray
diffraction studies, bisl[3-(2-pyridyl>-2-thienyl-C,Nldiphenyltin =%
(XIV) which shows a cis configuration of the more electronegative
donor nitrogen atoms. 6-Coordinate triorganotin compounds are equ%lly
rare but two compounds have been recently reported =2.4° with both mer

and fac , (XV) and (XVI) geometries.

Im

The fac compound is formed using the tridentate tris-(pyrazolyl)borate
ligand 4°© and the mer isomer occurs in the coordination polymef
PhaSn0=CHs *®. However, in the latter case it must be noted that one
Sn-0 bond is abnormally long (Sn-0 : 3.206 4>, and the structure is

not retained in solution.
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19.4'p]

X I,,""'

\Y
0,, ..»“““\

-"““

x/ \R

X

VD

Diorganotin ,Rx3nX:, compounds will readily increase the coordination

number to 6 and isomeric forms have been identified, (XVII) and

(XVIID.

X
Xm,, " o X
", Sn” *
R/\x
R
QXVID

(XVIID)

The diorganotin dihalides and pseudohalides have a strong tendency to

form intermolecular polymeric species. The structure of the most

regular, dimethyltin difluoride was reported in 1966 4' and was shown

to consist of infinite two dimensional sheets of regularly spaced

coplanar tin and fluorine, with the methyl groups above and below the



plane. The structures of the polymeric dihalides vary considerably
with the organic group and the halogen or pseudohalide involved in the
bridging. The structures for dimethyltin dichloride diethyltin
dichloride *3 and dibromide A3 are very similar. The arrangement of
groups around the tin atom now describe an irregular octahedral trans-

RtiSnXis geometry with coplanar chlorines and bridging chlorines pairs

(XIX) .
R R
R R (XIX)
Diethyltin diiodide *3, dimethyltin diisothiocyanate and

bis(chloromethyl)tin dichloride #** form a different type of structure

in which the chlorine atoms bridge in a chelating fashion, (XX) .

(Xx)

Green and Bryan reported ** the structure of diphenyltin dichloride as
a distorted tetrahedron and although the C-Sn-C angle opens to 127%,

the evidence for long range additional Sn Cl interactions is very
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weak. This fine balance between which geometry an R=SnX= compound
adopts has been highlighted by Molloy and Tagliavini <7. The crystal
structure of dicyclohexyltin dichloride was established independently
by the two groups 4°-4® and two different modifications were found.
Molloy et al. found a 6-coordinate structure similar to (XX), whereas
Tagliavini et al.described their structure as 'tetrahedral’ with long
monochlorine bridged interactions, Sn--Cl, 3.54K, (XXI).

The variation in the differing structures of diorganotin dichlorides
is primarily.the result of vgrying Lewis acidities on the tin atom,
but a secondary effect is the steric interactions of the organic
ligands, indeed as in the previous case, the balance is sa fine that
minor differences in the crystallisation can be enough to change the
structure.

Diorganotins may also produce discrete 6-coordinate monomers by
chelating with bidentate ligands. Vhen two bidentate ligands are
present the trans-isomer appears to be the favoured configuration. .
There are many reported examples e.g. Me=Sn(acac)az *=°,
(H=NCOCH=CH=)=SnCl> =' and (CH=(COOEt)CH(COQEt)}=SnBr= 5=. Most of
these structures have distorted octahedral geometries and in the
latter compound the C-Sn-C angle is 148°, significantly away from the
ideal tzans,ahgle of 180°. Again, the distortions are produced by
ligand repulsions and differences in donor atom strength e.g.
bidentate ligands such as -SCSNMe= will display different Sn-S bond
lengths. There are reported examples of the gis-isomer and these
include Me=Sn(ox)=z ®® and Ph=Sn(SCSKNEtz)z ®“. The structure of the
latter compound is quite distorted and the C-Sn-C bond angle is forced

open to 101.4°, 11.4° away from the ideal cis angle.



Cy \ yd -
Cy .- on
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y

Monoorganotin compounds are strongly Lewis acidic and will readily
form 6-coordinate structures e.g.chloromonophenyltin bis(N, N~
diethyldithiocarbamate) ®5 with a ¢is arrangement of chelating groups,

(XXID), or a irans arrangement e.g. MeSnCls.2py ==, XXIID.

=
Ph ~
| N
‘Et\ ,/’s B (n%% | wCl
}Q Sn ",Sn
Et 1IN c” | SMe
. S S N
S \// = I
N\
s Et
Et X

XXID GXIID

1.3.4 Seven-coordinated organotin compounds

Organotin species can form 7-coordinate structures of two distinct
compositions, both of which exhibit pentagonal bypyramidal (pbp)

geometry (XXIV) and XXV,
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An example of the RSnXe form is given by MeSn(NOz)> %7. The methyl
group occupies one axial site and oxygen atoms occupy the other and 5
equatorial sites to give a distorted pentagonal bypyramidal
configuration. An example of a diorganotin forming a R=SnXs form was
reported =° by Pelizzi et al. 2,6-Diacetylpyridine bis(2-
aminobenzoylhydrazone)diphenyltin forms a distorted, pentagonal

bypyramidal irans arrangement. The two phenyl rings on the tin lie

X\ _
= IN T N\

A
(@)
~

XXIW (XXV)

above and below the plane and each tin atom is coplanar with three

equatorial nitrogens and two oxygens.
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1.4. Spectroscopy and Structural Identification of Organotins

The wealth of information that can be extracted from single crystal
X-ray diffraction studies has provided the organotin chemist with
sufficient data to catalogue the structures of hundreds of organotins.
However simple X-ray diffraction does have its limitations, for
example, 1) many organotins are liquids at room temperature and ii)
many organotins do not form suitable single crystals.

The general techniques of U.V.=, I.R.2. 5° and mass spectroscopy can
provide information on the natures of the groups present, 'H and '*C
n.m.r. can provide information on ligand structure. The presence and
oxidation state of tin can be determined using E.S.C.A s°.

The elucidation of the structures of organotin compounds has been
cansiderably improved with the relatively new techniques of ''®"Sn
Mossbauer spectroécopy (since 1960) and "'*Sn n.m.r (1960> and even
more recently cross polarized magic angle spinning (CP-MAS) solid
state ''®Sn n.m.r., the published results of which are still
relatively scarce €'~%5, These relatively new techniques are discussed

in greater depth below.

1.4.1. Mossbauer Spectroscopy

The Mossbauer effect was first observed for tin in 1960 %%, Since
then several general reviews ©7-7' and many books 72~75 dealing with
theoretical ang chemical applications of the Mossbauer phenomena have

been published.
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The Mossbauer effect is the emission and resonant absorption of ¥-rays
in certain elements without loss of eﬁergy due to recoil of the
nucleus. The effect is observed for tin when the source, the meta-
stable ''®"Sn isotope emits a 23.875 KeV Y-ray and excites a ''®Sn
atom from ground to the first excited state. The exciting y-radiation
is highly monochromatic but the range of Y energies can be modulated
using the Doppler effect by mounting the source on a movable support.
The isomer shift (§) is the energy difference between the nuclear
transition in the absorber nucleus and that of the source (for tin
usually SnOz or BaSn0s). The energy differences are such that
velocities of a few mmsec™' are usually enough to ﬁatoh the
transitions.

The Mossbauer effect is very sensitive to quite small changes of
electron density around the absorber nuclei. These changes, due to
differing chemical environments, are primarily the result of changes
in the electron density of the valence S5s orbitals which have a finite
chance of existing at the nucleus. The isomer shift parameter,§ can be
classically computed and the following relationship has been

proposed: -
§ = K{lysu(0)ul? - |ysa(0)ul3),6R/R Y

where K is a constant for a given isotope, y=«(0)a is the Schrodinger
wavefunction for the absorber's 5s orbital, yYyus(0)s is the
wavefunction for the source's 5s arbital and SR/R is the change in

atomic radii from excited to ground state.
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§ Is related to the 5s electron density of the absorber and hence it
is a probe to the oxidation state of the metal. It is not unexpected
then that Sn(II), Sn(IV) and Sn(0> fall into characteristic regions of
a total velocity range -0.61 to +4.69 mmsec~' (with respect to SnOz at
0.00 mmsec™'). It is now generally accepted 7° that the Sn(II)
compounds appear above +2.10 mmsec™'.

Tetravalent, 4-cordinate tin generally bonds through hybrid sp®
orbitals., With greater numbers of ligands there is an reduction of the
S5s-electron density at the tin nucleus and a coﬁcomittant drop in the
isomer shift is observed. The éffect is seen in the series 5%:~ SnBra
§=1.14 mmsec~', SnBrs~ §=0.99 mmsec~' and SnBrs2®— 6§=0.90 mmsec—’

The isomer shift is also affected'by the electronegativity Ef the
groups attached to the tin atom. If the polarity of the bond is such
that 58 electron density is reduced at tin the § value will be
reduced. As the Mullikan electronegativity of the halide increases it
is generally held that § is reduced, e.g. for the series ®7:- PhaSnl
6=1.41 mmsec™', PhaSnBr 6=1.40 mmsec™' and PhaSnCl §=1.37 mmsec~'. The
electron withdrawing properties of an R group also affect the § value
in a similar way. This is exemplified by the series 7*:- BuaSn §=1.35
mnsec™', EtaSn 6=1.30 mmsec~', MeaSn 6=1,20 mmsec~' and PhaSn §=1.15
mesec™'. The § value decreases as ﬁhe organic ligand becomes more
electron withdrawing. For a given coordination number the
stereochenmistry of the compound is another factor to influence the
isomer shift. Cis-isomers usually have lower § values than irans-
isomers and this is probably due to a higher % of s-character in the

Sn—-C bonds of the latter 77,
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Quadrupole splitting (AEq) occurs when an electric field gradient

(e.f.g.) is generated at the nucleus, as a result of a non-cubic
arrangement of valence electrons. The effect of the e.f.g. is to
partially relieve the degeneracy of the I=3/2 energy levels and a
characteristic two-line spectrum is obtained (Fig 2). AEq is the
resultant energy difference of the two transitions and § is the
centroid of the two peaks relative to the source.

The magnitude of the quadruPole splitting parameter is much more
sensitive to the nature, number and stereochemistry of the surrounding
ligands than 6. The point-charge model 7® seeks to calculate the
theoretical AEq values from ideal geometries. On this basis, for
molecules invaolving two ligands R and X, the model predicts definite
ranges for certain geometries. Regular tetrahedral R=SnX and R=SnX=
compounds give AEq values in the range 1.00-2.40 mmsec™'. 5-coordinate
trans RaSniz compounds give AEq values in the range 3.00-4.00 mmsec™?,
whilst the ¢ig isomers give values in the range 1.70-2.40 mmsec~'. The
octahedral Rz=SnX. compounds can be either ¢is or irans and regardless
-0f the nature of X. The former gives AEq values around 2.00 mmsec™'
and the latter around 4.00 mmsec~'. The experimental data are in
excellent agreement with the model 7°. The model also suggests that 5-
coordinate R=SnX=z structures should give slightly lower § values than
trans-R=SnX«, and this too is in agreement with the data.

The AEq parameter is a useful aid in determining the geometry around
R=SnXa4 isomers. Bancroft ®° observed that in these systems AEq is
generated predominantly by the organic ligand. With this consideration

the AEq parameter and the <C-Sn-C angle have been related:-
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Figure 2.
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IAEql = 4{(R} (1-3sin?Bcos=0)"* 8>

where {R} is the partial quadrupole split for R and <C-8n-C =(180-
28)°*. The AEq values smoothly increase as <C-Sn-C increases. Good
agreement is found for a wide range of <C-8n-C (110.7°-180°*> =',
Information regarding the structure and distribution of molecules in
the solid can be extracted from a variable-temperature Mossbauer
experiment. The recoil-free fraction (f) of Mossbauer events is
dependent on the amplitude of thermal motion of the ''®Sn. nucleus, and

is related to the area under the spectral peaks (A+):-
Avr o £ = exp(~Ex<x*>/hc) 9

where Ex 1s the energy of the Y-ray and <{x*> is the mean square
vibrational amplitude of the tin atom. Thus a plot of 1n(Ar/A»»k),
(normalised for comparison) vs. T (temp/K) will result in a straight
line of negative slope. The more tightly bound the tin atoms, the more
gentle the slope. Discrete, monomeric compounds tend to have slopes ca
-1.8x10-= K-' and polymers (e.g Sn(II)O ) have slopes ca -0.2x10-2 K~
Various classes of polymers have been identified ®2 and correlated

with their variable temperature Mossbauer characteristics.
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1.4.2. N.N.R. Spectroscopy

Organotin compounds may contain such nuclei as; 'H, '®C, '®F, =981,
21P in addition to ''®Sn, all of which have nuclear spins of I=1/2 and
have reasonable abundances. Therefore high resolution n.m.r. is an
ideal tool to study the structures of organotins and it is becoming
increasingly common ta quote the ''®Sn chemical shift and related
coupling constants in the literature. Tin has ten naturally occurring
isotopes of which 3 have nuclear spin I=1/2: ''®Sn (8.58%), ''78n
(7.57%) and "'SSn (0.34%). ''®Sn resonances are usually quoted due to
the‘slightly higher abundances and the gréater magnetic receptivity.
The field has become the subject of several reviews ©3-925.8% and books
e7.08,

The ''®Sn chemical shift range covers some 3000 ppm and are quoted
relative to MesSn (Fig 3). There are several major principles that
relate the structure of the organotin with the experimentally
determined n.m.r. spectral parameters, and these are briefly reviéwed
below.

As the electron donating ability of the R group increases, the tin
atom becomes progressively more shielded and the ''®Sn chemical shift
(§) value moves to lower frequencies, (Table 1). The § values for the
Ph derivatives appear anomalous, since the greater electron
withdrawing properties of the Ph group should give less shielding,
hence a positive § value, however this effect is masked by the
increased polarizability of the Ph group. Other unsaturated R groups
e.g. alkenyl, allyl and vinyl cause similar effects.

In a series of compounds, R=SnX, the ''®Sn § value should move to
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Me“n
CcD RSn(SR'),
c3 ] R,SnCI
CD R,SnBr
O R23nCl2 R*n(SR% (R2SnS)3
RSnOCOR\ (RX¥n)20, R3¥nOH, RSnOR'
RjSnB+
S3 (R¥n)XS, RISnSR’'
RjSnNR'z
(R3n) ,PR'3,
CD E3 RSnCl13
3 RXSn(NR'2z
R<Sn, R,,SnR'4 ,, cok\\mm
RjSnfOR'1j CD CD R, R' = alkyl
RSnINR'"] D A R = Ph, R' = alkyl
(R¥n)2 R¥nSnR'3 1 CD Where autoassociation
RjSnH 1 occurs, 6 refers to
RSnBr3 E—J monomer
RSn(OR") CD
(XRSnOSnR2X)2
R2nH2
RSnH3
200 100 0 -100 -200 -300 -400

<5("9Sn)/p.p.m.

Figure 3: L19Sn nmr chemical shiits of organotin compounds in non-

coordinating solvents

Table 1, The Variation, of o (1'-'Sn.Wppm with 5 group

E. RSaClj R..3nCl- R.-nSnCl
Xe +20 +141 +164
£t . +6.5 +126 +155
"Bu +6.0 +122 +141
jBu - +52

Ph -63 -32 -43
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higher frequencies with increased inductive withdrawing power of X ©=.
This effect is illustrated by a series of monomeric MesSnX compounds,
where 6§ is plotted against the Pauling electronegativity of X #< (Fig
4). Cheremisin et al,®' disagree and argue that with the organotin
halide derivatives the dominating factor influencing the & (''2Sn)
values is the bulk or polarizability of the halogen and that
electronegativities play only a minor role.

Several workers ®9.°92.%3 have reported that 5-, 6- and 7-coordinate
organotin species show ''9Sn signals which occur at much lower
frequencies than the 4-coordinate derivatives. For systems with
similar R groups, 6§ is reduced by approximately 150 ppm. per step ®=
on going from 4- to 5- to 6- coordination and § is reduced by a
further 100 ppm. for 7-fold coordination. It is speculated that this
is primarily caused by mw-bonding effects and occupancy of tin 5d
ofbitals. Examples of 4-, 5-, 6- and 7- coordinate diphenyltin
compounds are given in Table 2. Hunter and Reeves have shown =% that
the dilution of trimethyltin halides in non-polar solvents has only a
slight effect on the §(''2Sn) values and this indicates that a) no
coordinating interaction occurs with the solvent and b) the
trimethyltin halides do not self-assoclate in solution. Polar
coordinating solvents e.g. acetone, dimethyl sulphoxide and pyridine
can produce large decreases in the §(''®Sn) value by complexing with
the Lewis acidic tin centre to form enhanced coordination adducts, and
this effect is dependent on the concentration, (Table 3).

If an organotin species has strong intermolecular forces a chemical
.shift—concentration study will reveal dramatic increases in the

§('19Sn) value as the concentration decreases. McFarlane and Vood 24
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3.0

2.5

2.0

-100 0 +100
8(119Sn)/ppm.

Figure 4: Dependance of ''®?Sn chemical shifts upon the Pauling

electronegativity y of substituents for some MesSnX compounds

. e
Compound Coordination No. 118
PhaSn 4 ~128.
PhsSnH 4 ~-164.

Bisl 3-(2-Pyridyl)-2-

thienyl-C, N1Ph=Sn(IV) 5 ~245,
Ph:»SnCl. Py 5 -203.
Ph:SnlI. DMSO 5 ~-228.
Ph><(Cl)ox 5 -245.
Ph:.Sn (0x) = | 8 -397.
Ph:Sn(acac) = 8 -514.
PhSn(ndtc)» = 7 -659.

» mdtc=N,N'-dimethyldithiocarbamate.
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119

3% in Ph-H
SN in CCl.
5% in CS=
3% in MeCN
1:1.3M Me=SnCl:Py
« 1:4.5M NeaSnCl:Py

1:12.7M MesSnCl:Py

Compound 119
S
PhySn < j +78
S
S
Ph2sn< +28.5
S
S
M623n< j +190
’ S
S :
MeZSn< +149
S
Me,Sn +53

Me,Sn E -42.5

17

+164.

+160.

+152.

+92.

+36.

.45

.52
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have shown that a 3M solution of trimethyltin formate in
deuterochloroform forms a 5-coordinate oligomeric or polymeric species
(XXVI> 6(''2Sn)=2.5 ppm., however if the concentration is reduced to

0.05M the organotin forms discrete 4-coordinate monomeric units

(XXVII) 6(''®Sn)= +152 ppm.
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(XXVI) (XXVID

The (CP-MAS)-''28n solid state n.m.r data on several self-assaociating
organotin carboxylates, thiophosphates and dioxastannolanes have been
recently recorded *'-%* and are at great variance with the solution
state data. With the former two types of compound the change on
dissolution is from S5-coordinate polymers to discrete 4-caoordinate
monomers and the latter from a 6-coordinate polymer to a S5-coordinate
dimer.

It has been reported that when the tin atom is incorporated into a 5-
or 6-membered ring system, the ''®Sn nuclear shielding is markedly
dependent upon ring size (Table 4). The higher frequency shifts for
the S5-membered ring compounds are due to a deformation in the <X-Sn-X

(X=-5- or -CH=-) from the tetrahedral angle ®7, i.e. a "ring-strain®

effect.
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1-, 2-, 3- and 4-Bond spin-spin coupling constants have been measured
for tin against a wide variety of spin [=1/2 nuclei ©®, The two most
important with regard to stereochemical information are =J(''3Sn, 'H)
and 'J(''?8n, '®C). Studies relating the coupling constants and the
{C-Sn-C bond angles in methyltin compounds ®%-®® have been made. -The
bond angles are calculated from empirical equations (10> and (11) anq
provide information on coordination number, the amount of s-character
in the tin-carbon bonds and stereochemistry about the tin . It is
apparent that as the (Me-Sn-Me increases the coupling constants also

increase (Table 5).
B (deg) = 0.0161#[=2J("'3Sn, "H)]= - 1.32¢(=J('?=Sn, 'H)] +133.4 am
['J(*®8n, '3C)] = 11.4%6 - 875 (1L

For a given methyltin, the results from both equations generally agree
to within +/- 4°. Holecek et al. '°° have given the chemical shifts
and cbupling constant ranges for various 4- and S-coordinate
triphenyltin compounds. The chemical shifts and the coupling constants
'J('138n, '*C) for 4-coordinate compounds are in the range -40 to -120
ppm. and 550-660 Hz. respectively. The §(''®Sn) values for 5-
coordinate (tbp) compounds are in the ranges -180 to -260 ppm. The
irans-tbp compounds have ['J] values in the range 750-850 Hz. and the

¢is-tbp compounds have coupling constants in the range 600-660 Hz.
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Table 5: Effect of <Me-Sn-NMe gn 'J(''®Sn, '=C> and =J(''%9Sn, 'H) =

Compound ~ <Me-Sn-Me  1IC'®Sn, 'SC) ® 2I(1'25p, W) °  Geometry
Me.Sn 100.5 336.3 54.7 D
Me»SnCl 110.1 379.7 58.1 (ID)
Me»SnCl. Py 118.2 472.0 | 67.0 4p)
Me=SnClz 117.9 469.4 69.0 (IID
Me-SnBr 115.5 442.6 | 67.0 (I1D
Me=SnCl=.2L < 165.3 1009.0 113.0 (XVIID

- Fon—coordinating solvent unless specified otherwise.
e Hz.

¢ L=Me=S0.
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1.4.3. Infra-red Spectroscopy of Organotins

Although not yet a strictly quantitative technique, infra-red
spectroscopy is a useful tool for fingerprinting previously unknown
compounds and several reviews of 1.r. data have been published
89,101,102, In addition to the identification of compounds, infra-red
spectroscopy can also yield valuable structural information. Due to
symmetry considerations, tetrahedral trimethyltin and dimethyltin
halides (except F)> exhibit two bands near 500 cm~' and 550 cm' and
have been assigned to the symmetric andvantisymmetric Sn-CHs
stretching vibrations '°®, It has been noted that some trimethyltin
compounds, e.g. MeaSnF an& various carboxylates, only show one band
around 550 cm~' and the absence of the second band would indicate
coplanar tin and methyl groups. Lewis acidic organotins may form
adducts with a suitable donor solvent, e.g. DMSO and H=z0. Solution
state infra-red analysis of the number of Sn-CHs stretches can shed
light on the acceptor properties of the methyltin, and prave the
caoplanarity of the tin and the methyl groups. The X-ray crystal
structure has confirmed this for Me=SnCl.py 7. Attempts have been made
to distinguish various Sn-X stretches where X is a wide range of

groups. Several known Sn-X stretches are summarised in Table 6.

1.4.4. Mass spectroscapy of organotins.

Tin occurs in one of ten isotopes (112-124 atomic weight) and the
fragmentation patterns of tin containing species are very distinctive.
Chambers and co-workers '°® have Summarized most of the common

fragmentation modes of the organotins, (Eq's 12-14).
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Assignment
Sn-H str.
Sn-H str,
Sn-H str.
Sn-Cl1  str.
Sn-Br  str.
Sn-Cl  str.
Sn-0-Sn str.

Erequency (cm=')

1843
1820
1825

315 and 336
219
327

777

104

104

105

106

106

107

108
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Bond cleavage: [Sn-Rl1-* 3+ [(Snl* + R 12

The odd electron parent-ion, usually low in abundance, expels an R
radical to yield an even electron tin species. Elimination of a
further R radical to give an odd-electron ion is not a favoured

reaction, elimination of a neutral alkane to give another even-

electron ion being more favourable.

Alkene elimination: >Sn-CHz-CHal™ = >Sn-Hl* + CzHa a3

This process is observed for even-electron ions and it is comnon for
campounds which possess a Bf-methylene group, e.g. butyl, propyl and
cyclohexyl ligands. Aryltins do not show this fragmentation mode. An

alkene is eliminated with proton transfer to yield another even-

electron ion.

Elimination of a neutral molecule: PhsSnl* - Phz + [Ph-Snl* (14>

This process occurs for predominantly even-electron iomns, although in
tetraphenyltin both odd- and even—electron species expel biphenyl as a
product.

Jamieson and co-workers ''° have reported the mass spectral
fragmentation reactions of several organotin pesticides including
Ph»SnOH, PhaSnOCOCH» and BusSnOCOCHa. The peaks found most commonly

for organotins are the even-electron ions R=SnX*, R=Sn*, RSn* and

SnX*-
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1.5 Organotin Compounds as Biocides

The biocidal activity of organotins was first commented upon in 1929
by Hartman et al. '''. However no systematic survey was carried out
until 1954 when van der Kerk explored the in vitro fungicidal and

antibacterial properties of organotin compounds ''=.

1.5.1 Biological Activity

The biological properties of triorganotin compounds are now well
established. The compounds show a marked species dependence according
to the nature.of the R group used, (Table 7). In general the nature of
the X group appears to be relatively unimportant ''®, however
coordinately saturated triorganotins, e.g. XXVIII and XXIX show much

lower activites '1'4.115 °

?u ‘ — ' §Jﬂc o

N — Me

Bu oy, ) Et

e Sn—— O S n..-tl"'“ -
Bu/ l \ Br
N Et
N ll,,"'
Et/ | \ Me
Et - Me
(XXVIID (XXIXO -

It is speculated ''4 that this is due to the reduced tendancy of these
compounds tu‘attack the active sites of an organism's protein.

Several commercial organotin biocides are based on tri-n-alkyltin
acetates and activity/structure curves can be drawn for various
species, (Fig 5). With longer alkyl chains, e.g. Octyl, the

triorganotin compounds, (RaSnX), are essentially non-toxic to all
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species.

Diorganotin, RzSni=, compounds have received limited commercial
explotation as biocides, although dibutyltin dilaurate is used as an
effective anthelmintic (de-wormer) for treating poultry. Diorganotin
species are currently being tested as anti-tumour agents. It has been
shown ''S that the presence of ¢is halogens is essential for activity,
therefore octahedral adducts of diorganotin dihalides and bidentate
. ligands have been screened. The nature of the toxic action is more
dependent on the X group than with the R=SnX compounds.

Monoorganotins do not appear to have any important toxic action
towards mammals ''7, but they show the typical pattern of decreasing
toxicity with chain length, with the maximum again falling at

monoethyltin derivatives.

1.5.2. Mechanisms of Toxicity and Environmental Degradationm.

Tetraorganotin compounds are relatively inert biologically. However
studies by Caujolle et al. ''® have revealed that RaSn compounds are
rapidly converted in vivo, by the liver ''®, to triorganotins which
are toxic.

Aldridge '=° established that dialkyltin and trialkyltin compounds
inhibit oxgen uptake in tissues or mitochondria. The biological action
of dialkyltin compounds is different from trialkyltins. The toxicity
of the former is due to the dialkyltin reacting with two adjacent
thiol groups on specific enzymes, such as lipoic acid or lipoyl
dehydrogenase, thus blocking the oxidation of a-keto acids '=“. The
more toxic lower dialkyltin halides are Lewis acidic and the probable

reaction pathway of biological action involves the formation of an
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Iable 7:

Species R in most active
R2SnX compound

Insects and Mammals Me

Mammals Et

Gram-negative bacteria Pr

Gram-positive bacteria, fish "Bu

, fungi and molluscs

Fish, fungi and molluscs Ph
Mites . Cy, Neophyl
Fig 5.
A Fungi and
Bacteria
Actvity Mammals
Insects
Me Et Pr Bu

R in R3SnOC(O)Me



- 40 -

an octahedral trans R=SnXz(SH-)= type species or a tetrahedral

species, (Scheme 2).

R
H
—§N\ 1 WX
S-H /Sn\
R,SnX, -S7 | X
SH ——————» H R

Scheme 2.

The Lewis acidity of the tin is the prime factor influencing the
binding sfrength of the dithiol adduct and is dictated by the
electronegativity of the X groups. Reduction in electronegativity '='
or utilisation of R groups that coordinately saturate the tin '=7,

(XXX>, renders the dialkyltins essentially non-toxic.

Me
Cl N
", n l
O Cl
. / XXX>

MeO

The biochemical mode of action of the triorganotin compounds is the
disruption of mitochondrial function. These are small intra-cellular

particles which contain a complex system of enzymes important to
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oxidative metabolism '2%. The disruption manifests itself in three

different ways:

a) Interaction with the basic energy comnservation system involved in

ATP synthesis '=°,

b) An interaction with mitochondrial membranes causing swelling and

disruption '=3,

c) The interference of a Cl-/0H~ ion-gradient maintained by the

mitochondrial membrane '=4,

The processes of b) and ¢) are related and due to the ionophoric
action of triorganotins mediating an exchange of SCKN—, I-, Br—, Cl- or
F~ for hydroxide ions and the optimal pH for certain enzyme reactions
is altered. Inhibition of ATP synthesis, process a), is dependent on
the effectiveness of the triorganotin to bind to certain sites on the
mitochondrial proteins. Two sites with high and low affinity have been
found '## and several attempts have been made to identify the amino
acids involved with the binding of organotins to the proteins.

%he results of bindingvof Et=Sn derivatives to cat haemoglobin
originally suggested to Elliot et al. '*% that the coordination sphere
about tin was RaSnN=, the two donor ligaﬁds being imidazole nitrogens
from a pair of histidine residues, however more recent evidence has
suggested that both cysteine and histidine residues bind to tin
'@7.,1=28  The original Mossbauer experiments using EtaSn- derivatives

bound to cat haemoglobinon, performed by Elliot '#® and Farrow et al.
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2% found that the AEq value were generally less than 2.3 mmsec™' and
this value led the workers to propose a ¢is-R>SnNS arrangement.
Recently Barbieri has shown that from a point-charge approach the
predicted AEq for a irans-R=SnNS species is only ca 2.13 mmsec™' '#°,

and this seems to indicate that the irans geometry (XXXI)ie correct.

R
s/
‘SI\N/\ N
R\\‘
R —

(XXXI)

1.5.3 Environmental Chemistry.

It is desirable for toxic biocides to be ultimately degraded into non-
toxic inert substances. The tin-carbon bond is susceptible to slow
environmental hydrolysis leading eventually to non-toxic SnOz. Since
tonnes of organotind(IV) compounds are used in many natural
environments it is important to understand the degradation mechanisms
and ultimate speciation of these biocides.

The photaochemical breakdown ﬁf triphenyltin compounds to inorganic
tin, via diphenyl- and monophenyltin derivatives has been extensively
studied '®'~'32 and Chapman '#* et al. have studied the
microbiological conversion of triphenyltin acetate to inorganic tin

oxides in soil and report the half-life of triphenyltin acetate to be

140 days.
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Various mechanisms have been proposed for the degradation of
bis(tributyltin)oxide involving U.V. radiation '®<, atmospheric (and
trapped) COz '®* and water '®<, The half-life of bis(tributyltin)oxide
in pond water haé been measured as 16 days. Sheldon '#7 has proposed a
general degradation scheme for the environmental breakdown of
tributyl- and triphenyltin biocides to non-toxic inorganic tin,
(Scheme 3).

It has been shown by Wood '®® that biomethylation of inorganic
tin(II) residues can occur under very specialised conditions with a
Co®* catalyst and a methylation agent. Brinkman et al. ' have shown
that certain Pseudomonas bacteria are capable of biomethylation of
SnCla to dimethyltin species under laboratory conditioms. Chau et al.
'42 reported on a series of various inorganic tin(II) salts which were
incubated in lake sediments which led to methyltin cations, although
the more toxic trimethyltin species were only observed at nanogran
levels. Although there is still uncertainty in the mechanisms of
biomethylation of inorganic tin salts, it is generally accepted that
trimethyltin salts may be readily converted to MesSn. The process

occurs via a sulphide intermediate '4' , (Scheme 4).

2MezSnt + 82~ 4  (MexSn)=S

3(¥exSn)=S + 1light 4+ 3MesSn + cyclo-(MexSnS)»

Schene 4.
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1.6 Heterocyclic Biocides

"Biocide" is the general term for the whole spectrum of chemical
substances used to kill or control destructive organisms and the range
cavers, insecticides, nematicides (de-wormers), piscicides (fish
control), herbicides, fungicides, bactericides and others. At a
fundamental level, a toxic chemical is one that is capable of
disrupting the biochemical homeostasis of a biological system. The
mutagenic and carcinogenic activities of some simple heterocycles
compared to simple aromatics have been compiled <2 and it 1s clear
that no clear structures/activity relationship can be derived. However.
studies have established certain substituents, sub-structures or atoms
which do seem to confer biological toxicity on a molecule. For example
quaternary nitrogen competes with acetylcholine for nerve receptors,
the most extreme response being paralysis or death caused by

tubocurarine, a large poiycyclic compaund, and paraquat, (XXXII).

AXXIID)

The first heterocyclic insecticide, "Diazinon" (XXXIII), was made

avallable in 1952 and is used in the home, garden and farmyard.
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AXXIID

Since then many heterocyclic compounds have been used as commercial
biocides, Table 8. It would be unsuitable to list them all here, but
further details may be obtained from standard reference works '4=.'44,
A few examples have been studied in detail. Furan '4% derivatives show
toxicity to Clara cells in mammalian lung tissue, pyrazole is toxic to
both mice and rats causing necrosis of the liver '<S, 3-aminotriazole
is a non-selective herbicide and imidazole, benzoxazole and
benzothiazole '4”7 have been shown to inhibit the enzymatic action of

cytochrome P-450.

1.7 Organotin Biocides

There are currently six, commercially available, triorganotin
biocides for agricultural use and several tributyltin wood
preservative and anti-fouling paint formulations, (Table 9). The main
advantages of the organotin agrochemicals is said to be their law
phytotoxicity and general lack of toxicity towards non-target
organisms.

Organisms which develop resistance to biocides can be more
effectively controlled with binary mixtures. Organotin compounds
combined with various.commercial heterocyclic biocides perform better

than either of the two separate components '®<—185=,
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Compound | Trade name Biocidal use

P N—N-N Supracide"' Insecticide
CH,0
, N
~
N
= MGK"™ Insect repellant
CoHy GH,
[\
o NEC'Ph3 Frescon® Molluscicide
Cl Cl
/ \ Penphene® Nematicide
Cl a
S
Cl

Et, l A :
NS Atrazine®” Herbicide

~N
N / Terrazole® . Fungicide
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Other related areas in which non-comﬁercial organaotins compounds are
showing potential are: mosquito larvicides, snail control and
chemotherapy.

It is cost effective and environmentally preferable for any
commercial biocide to be water éoluble, and for this reason aqueous
solutions of tributyltin alkylsulphonate compounds have been studied
%3, It has been shown that triorganotin derivatives dissolved in
polar solvents may exhibit enhanced coordination and the activity of a
species is linked to its geometry. The existance of the hydrated
trialkyltin cation has been recognised in aqueous solution '%4 and
Davies et al. %% have reported the crystal structure of the trans-tbp

unit of [Bu=Sn(OH=)=21* (XXXIV).

— - +-
OH,

/\/\ Sn\"\___

i OH, |

(XXXIV)

There are many reported '®° examples of organotin K-, O- or S- bonded

heterocyclic compounds including imidazoles, aziridines, pyridines,

quinolines, tetrazoles '%7 and triazoles '®® , however there are still
relatively few carbon bonded derivatives and even fewer X-ray crystal

structures. A selection of C-Organostannyl heterocycles are displayed

in Table 10.
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Table 9: Biocidal uses of R=SnX compounds =
Compound Application

PhaSnOCOCH: Fungicide

Ph>SnOH - Fungicide

PhaSnCl Molluscicide

Cy=SnOH Hiticide

{{ PhMe=CCH=1-Sn} 20 Miticide
Cy=Sn-1,2,4-triazale Miticide

(Bu=Sn) =0 ‘ | Vood preservative, fungicide

and molluscicide

BusSnOCOCH:» Molluscicide

* Further details are available '<®,143
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Ph3PO.SnBr(C,H;,S)s

Compound Comments Ref,
\‘\\\ Patented as a herbicide 159
N
Sl’ll\/[e3
///h\\\\\\ Patented as a herbicide, 160
R,Sn (CHyp),
\/ fungicide and insecticide
N .
MC3SD / , .
‘ X=S, 0, HMe 161-2
X 4
OR
Me; Sn
AN N
‘ R=Me, CH:Ph 163
/ X=Cl, H
X N .
Bu3Sn
/ \ Precursor to 3-lithio- 164
furan
O
Crystal structure 165
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The primary aim of this project is to prepare a selection of novel C-
organostannyl heterocyclic compounds that might show a significant
enhancement in biocidal activity over current commercial organotin
products. The secondary aim is to explore new aspects of organotin

chemistry.
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CHAPTER 2.
THE SYNTHESIS OF TRIORGANOSTANNYL-C-BONDED 1-METHYLIMIDAZOLE,

BENZOTHIAZOLE AND BENZOXAZOLE.

2.1. Introduction

Heterocyclic compounds are very widely distributed in nature and are
essential to life since they play a vital role in the metabolism of
all living cells. There has been considerable interest in the
biological and pharmacological praperties of the imidazole group. The
applications are diverse, including such uses as fungicides '®%,
anthelmintics '%7, antibactefials %% and radiotherapy '%®. Certain
benzothiazole derivatives also show a wide range of biﬁlogical action
=7 and are found in fungicidal 152,169 and anthelmintic ;57
preparations. Benzothlazole derivatives also act as bacterial mutagens
57 and reduce the activity of certain enzymes '7°. The oxazole
nucleus and its benzo- derivatives are rarely found in nature, except
for a few alkaloids. However there are several reported uses as anti-
inflammatory and analgesic pharmaceuticals '7', antibacterial agents
'72, antiviral drugs '7# and fungicides %2,

The three heterocycles selected here all show some degree of
fungicidal activity and the mode of action is well documented '7=,
Fungicides are often comprised of groups of nitrogen containing
heterocycles that block the biosynthesis of ergosterol which is
essential to the development of fungal cell membranes. By coordinating
to the iron present in the cytochrome P-450, they inhibit the

oxidative demethylation of a biosynthetic precursor, lanosteraol.
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In this chapter the synthesis, full spectral characterisation and
reaction chemistry of various C-triorganostannyl l-methylimidazole,
benzothiazole and benzoxazole compounds, (1-7), are described. A small
number of these types of compounds have been previously reported '5'~

154,174,175 but studies have been confined to synthesis and only basic

characterisation.

N - N N
R38n—</ l R3Sn—-</ R3Sn—</
o :

Me
1) 2 & i) B> (6) )
R=Me, Bu, Ph R=Me, Bu, Ph . R= Ph.

2.2. Synthesis

Using standard, dry, anerobic conditions, l-methylimidazole,
benzothiazole and benzoxazole were lithiated at the number 2 positions
(see scheme 5) with n-butyllithium in diethyl ether or
tetrahydrofuran (THF). Solutions of the 2-lithio-heterocycle were not
stable at ambient temperatures, hence 2-l1ithio-l-methylimidazole was
prepared at -10°C, 2-lithio-benzothiazole at -78°C and 2-1ithio-
benzoxazole at -115°C. The appearance of a yellow or milky precipitate
indicated that anion formation was complete.

The appropriate triorganotin chloride was then added dropwise to
quench the 2-lithio-heterocycle suspension and the solution was

allowed to slowly warm to room temperature (Scheme 5).
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The insoluble inorganic by-products were filtered off under nitrogen
using a Schlenk-Stick.

The trimethyl- and tributylstannyl- derivatives were purified by
distillation in vacuo to yield air and moisture sensitive colourless
oils. The triphenylstannyl- derivatives were recrystallised in air
from 60-80° petroleum (the l-methylimidazaole derivative was
recrystallised under nitrogen.), to yield white, air stable

crystalline materials., The analytical data are presented in Table 11.

N :
R;SnCl =~ + Li—</ ' > (1-3)
N -
[ .

| N
R;SnCl  + Li 4 jij —> (4-6)
S
N
R,SnCl  +  Li 4 i<j —_— ()
0

Scheme 5.
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Table 11:

Physical and Analytical Data for 2-Triorganotin-Heterocycles ~

Compound Mp/Bp °C C% ® H% X%

Me>Sn-1-MI 84-6°C/0.5mm 33.34¢(34.33) 5.51¢5.76> 10,78(11.44)

Bu»Sn-1-MI < 145-6°C/0.5mm 49.17(51.78) 8.07(¢8.69) 6.11(7.54)

PhsSn—-1-M1 89-90°C 60.60(61.21) 4.56(4.67) 6.00(6.49)
Me»Sn-Bzt 96-8°C/0.8mm  41.60¢40.30) 4.40¢4.39) 5.40(4.47)
BusSn-Bzt 179°C/1.0nm 52.50(53.79) 7.31(7.36) 3.28(3.30
PhaSn-Bzt 118°C 82.20¢82.01) 3.88¢3.95) 2.71(2.5%
Ph:Sn~Box © 87-8°C 63.90(64.10) 4.00¢4.10> 2.80¢3.00

* 1-MI: l-methylimidazole, Bzt: benzothiazole, Box: benzoxazole

& Analysis: Found(Calc)

¢ Although care was taken to present the sample for analysis under KN
no special precautions were used during analysis to protect the

sample from atmospheric moisture.
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2.3. Spectroscopy

2.3.1. Infra-red spectroscopy.

The infra-red data are presented on Tables 12 and 13. Although there
are several bands that are attributable to the R=Sn- moiety, the bands
associated with the heterocycles are often difficult to assign. The
assignment of bands due to ring-skeletal and ring-hydrogen stretches
have arisen from deuteration studies '’©. The observations of the two
(Gn-Clnwym and (Sn-C)mym stretching modes with the trimethylstannyl-
compounds suggests that both have tetrahedral symmetry, indicative of
4-coordination. The triphenylstannyl- derivatives all show the

characteristic (Sn-Ph) stretching band at 1065 cmr'.

2.3.2. Mass Spectroscopy

Mass spectral data obtained under E.I., conditions (70 eV) are given
on Table 14. Molecular parent ion peaks are found in all cases. It is
observed that the even-electron ions appear to be the most abundant
and this is typical for organotin compounds. This is apparent for two
reasons: 1) that even-—electron ions have more inherrent stability
relative to the odd—electron'species and consequently last longer and
11) even-electron ions are degraded to produce a neutral fragment and
another even-electron ion, whilst odd-electron ions lose odd-electron
neutral fragments to yield a further even-electron ion, (Scheme 6).
The heteracycles can degrade to produce neutral CH.=CH=, HCN, CS and

CO moplecules.
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Table 12. Infra-red data = for bands assigned to the heterocycle =

Compound 2CC-H)ucam

1-XIH

3315

=]

2-Nex»Sn—-1-NI 3315 m

2-BuaSn—-1-MI 3100

2-PhsSn-1-MI 3115

BztH

2-Me=Sn-Bzt

2-BuzSn-Bzt

2-Ph=Sn-Bzt

BoxH

2-Ph=Sn-Box

- Cm—1

3080

3075

3060

3050

3100

3100

w

vw

\A

2960 s

2960 w

obsc.

obsc.

1490 m

1510 w
1505 m

1505 w

1240

1235

1235

1240

977

935

960

980

920

915

vs

vw

vw

KS!:*E! 1 Ring—SkE]- gg_Hz dei c SC_HI d2£'=

920, 830 s

915 m

910 m

940 m

860 sh

865 sh

865 sh

765 s

880 s

900 m

© 1-MI refers to l-methylimidazole, Bzt refers to benzothiazole,

-Box refers to benzoxazole

n

In plane.

< Qut of plane.
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Table 13. Infra-red data = for bands assigned to the RoSn-moiety ®:-°.

Compound 4000-1600 region 1600-800 region 300-200 region
2-NesSn-1-MI 2940 8 v(C-H)aik 1190 m 6 (C-H) 780 (CHs-rock)
540 v(SnC) amym
520 v(SnC) uym
2-Bu=Sn-1-MI 2960-2850 s aiw 1460, 1070 -
2-Ph=Sn-1-MI 3050 m v(C-H)aram 1480, 1065 702 (C-H)> def.
2-MezSn-Bzt 3000-2925 M wiw 1450, 1020 775 (CHs-rock)
540 V(Snc>asym
520 v(SnC) wym
2-Bu=Sn-Bzt 2950-2859 S a1k 1460, 1070 -
2-Ph=Sn-Bzt 3050 w v(C-H)arom 1430, 1065 735, 700 s (C-H)
2-Ph=Sn-Box 3055 w v(C-H)urom 1430, 1070 730, 700 s (C-H)
= Cm—l
* abbreviations: s....Strong, m ...M¥edium, w....Weak, vw....very weak.

¢ Alr sensitive oil samples were prepared under dry nitrogen. Solids

were prepared as KBr discs and oils as liquid films on KBr discs.
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Table 14. Fragments found in 70EV electron ionisation mass spectra of

organotin derivatives of 1-MI and Bzt =:*

2-NesSn-1-NI

m/e 2468 231 216 201 165 150 135
% abund. 33 88 9 100 38 18 43
2-Bu=zSn-1-NI

mwe 372 314 - 201 291 234 177
% abund. 31 30 - 17 98 40 29
2-PhsSn-1-NI

mw/e 432 355 278 . 201 351 - 197
% abund. 7 17 27 19 19 - 60
2-Me=Sn-Bzt

m/e 299 284 269 254 165 150 135
% abund. 42 55 8 10 36 14 88
2-Bu=Sn-Bzt

mw/e 426 368 311 254 291 234 177
% abund. 58 36 9 14 28 10 15
2-PhaSn-Bzt

n/e 485 408 331 254 351 - 197
% abund. 68 49 19 12 66 - 97

= 1-MI: 1-Methylimidazole, Bzt: benzothiazole

= Based upon '#°Sn isotope.
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—Rz "'CAHE
R=Sn~ ) RSn* -» H-Sn™
even-e. even-e even-e.
RaSnR+
-R .
-R= .

RzSn*- ,
odd-e.

Scheme 6.

The fragmentation modes of a typical RaSn compound

All tetraorganotin compounds show a significant amount of Sn*- in the
spectra, however [(Sn-HI* is only ever seen for the tributyltin-
derivatives. This even-electron ion is the result of alkene

elimination, (Equation 15).

[ Sn-CHz-CH-CHz-CHo1* 4  [Sn-H1* + [ CH=CH-CHz:-CH:1 15
|
H

It is clear that only compounds with a B-hydrogen can follow this

decomposition pathway. This includes the butyltin compounds.
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The biphenyi_radical m/e 154 and {Ph-Sn] m/e 197 are both observed
with strong abundances in the triphenylstannyl- derivatives. This

suggests the following degradation pathway, (Equation 16).
(PhsSni* 4  [Ph-Ph] + (Ph-Snl* (16)

Previous gtudies '77.'7% have assigned the fragments produced during.
the E.I. degradation of l-methylimidazole and benzothiazole, and
similar fragments have been noted with the 2-triorganotin-derivatives,

e.g. [azirine, CzH=N1*, [Ph-Nl1*, [Ph-S]1*. etc.

2.3.3. N.M.R.

The 'H nmr data are presented in Table 15. The disappearance of the
C(2) proton fesonance in the metallated heterocycle confirms this to
be the site of attack. Lockhart and Manders have recently shown =%
that =J[''®Sn, 'H] and 6, the Me-Sn-Me bond angle(s), are related by a
smooth curve described by equation (10), and data for most di- or
trimethyltin (IV) compounds lie within 4° of this empifical line.
Tetracoordinated trimethyltin<IV) compounds generally have
2J('198n, 'H) values of <59 Hz. The 2i(“SSn. 'H) values obtained for
the trimethyltin derivatives, (1) and (4), are 57.6 Hz and 56.6 Hz
respectively and give calculated bond angles of {10.8‘ and 110.3°
respectively and the results are indicative of tetrahedral, 4-

coordinate architecture at tin.



RsSn—-imidazoles:

R d:su_s;ﬂ 2 (-] d:sg;(d»)ﬂz (=] dSQtEJEZ B

1-MIH® 3.70 (s,3H
Me 3.41 (s,3D
Bu 3.60 (s,3H)
Ph 3.51 (s,3H)

RaSn-benzothiazoles:

R §CR group) = §(Benzothiazole group) ©

BztH -

Me . 0.63 (s,9D

Bu 1.57-0.73
(m, 27H)

Ph 7.51-7.36
(m, 15H>

7.08

6.89

7.12

6.99

«d,1H)
d, 1
d, 11

d, 11

8.05-6.
8.30-7.
7.82-7.
7.33-7.

8.08-8.

7.96-7.

7.51-7.

8.26-8.

80

25

80

20

05

93

36

23

6.88

6.72

6.92

6.77

4,11
d, 11
d, 1M

(d, 10

0.14 (s,9H) ©54.8, 57.6
0.6-0.7 (m,27H) -

7.8-7.2 (m, 151D -

J'::-.' (I 177010 'E!Sn_H) [~

(m, 4H) ,H(2)>=8. 65 -

(m, 4H)

d, 1M

(m, 2H)

d, 2l

d, 10

(m, 2H)

4, 1o

55.0,56.6



Table 15 continued,

RaSn—-benzoxazole:

R §<(R group) *=
BoxH -
Ph 8.10-7.40 (m, 15H}

Relative to TXES,
= ppm.
< Hz.

< H@)= 7.47 ppn.

_63_

S (benzoxazole group) "

7.67-7.80 (m,4H),

8.09-7.42 (m, 4H)

H(2>=7.46 (s,1H)



The chemical shift and coupling constant data for the trimethyltin
compounds are in close agreement with that obtained by Jutzi and Gilge
152 (57.6 Hz. and 57.6 Hz. respectively) and are also consistent with

similar C-trimethylstannyl heterocyclic compounds reported by the same

author.

The ‘50 n.m.r. data are given in Table 16. Typical 4-coordinate
organotin compounds of the type Ra4Sn have *'J[''®Smn, '3Cl values
between 300 and 340 Hz. '7® , The ['J] values for the trimethyltin
derivatives, (1) and <(4), are 359.1 Hz. and 356.2 Hz. respectively.
The second equation developed by Lockhart, Manders and Zuckerman =%,
relating 'J(''®Sn, '2Cl] with 6, equation (11), yields <C-Sn-C bond
angles of 108.2° and 108.0° for the above two compounds. This is
internally consistent with the 'H n.m.r. data above and the quoted 4°
error, again suggesting tetrahedral geometry about tin.

Holecek and Lycka '®° have suggested a similar empirical approach for

the estimation of the C-Sn-C bond angles for n-butyltin compounds,

Equation 17.

(77 '38n, '2C)] = (9.99 £ 0.73)#0 - (748 + 100) a7

Substituting in the experimental 'J(''®Sn, 'C) values for the
tributyltin derivatives (2) and (5), the bond angles are calculated to
be 110.9° and 111.1° respectively, indicating no structural changes
from the trimethyltin- compounds. The coupling constants associated

with the triphenyltin- compounds are consistent with other
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RsSn—-1-Methylimidazoles:

R §¢C2) §(C4> §¢CRY

1-MeIH 138.70

Me 1562.83
Bu 154.00
Ph 150.90

RsSn-benzothiazoles:

R §(C2)

BztH 155.2
Me @ 155.6

Bu = 155.9

130.

129,

130.

129,

6 (C3a)

163.2

149.7

153.5

20

92

70

23

§(C4)>

123.1
123.1

122.6

121.0
121.64

121.90

121.87

8 (CB)

125.9
125.4

125.1

§¢C8) SR
34.20
33.78 Mes: -9.39
34.28 a i 10.12
B : 26.97
Y i 28.77
§ : 18.37
33.87 1 : 140.90
o : 136.66
m : 128.77
p @ 120.66
6(C6)  6(CTY  §(CTa)
125.2  122.1 133.7
124.3  121.2 136.2
124.1  121.6 136.1

359.

362,

20,

39.

52.

11,

§ (R)

Me:

11.

1 27.

128,

:13.

60

96

12
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Table 16 continued,

Ph 156.1 140.5 123.4 125.6 124.9 121.4 136.4 1:139.5
0:137.1
m: 128.8
p:129.7

RaSn-benzaoxazole:

R g(C2> §(C3a> §<C4) S<CTY  SCCO) §C7) §<7a) §CR)

BoéH 152.6 140.1 120.5 125.4 124.4 110.8 150.0 -

Ph 173.7 141.1 120.0 124.9 123.8 110.5 152.0 1:140.4
o:136.9
m 128.8

p129.7

All spectra were recorded as CDCl: solutions at 298K and relative to

TMS,
. ppm.
 : Hz.

<+ 1J('138qn, '®C): 356.2 Hz.

*« : 'J(O'38n, **C): 364,2 Hz.
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4-coordinate triaryltins.

The ''®Sn n.m.r results are presented in Table 17. Tetraorganotin
compounds, RaSn, show weak acceptor properties and do not form adducts
with coordinating solvents, however to reduce any possibility of minor
interactions, the non-coordinating solvent CDClx was used.

When unsaturated groups are attached to tin, there is a marked shift
of the tin resonance to higher fields as the degree of polarizability,
hence shielding, increases. The ''9Sn chemical shift values presented
here are consistent with a 4-coordinate, near tetrahedral geometry
arounds the tin. The ''®Sn chemical shift data for the similar
systems, RaSnPh, where R=Me, Bu and Ph, are given for comparison. Five
and six coordinate.structures would be expected fo have chemical
shifts appearing at loﬁer,frequenoies e.g. bis[3—(2;pyridyl)—2—

thienyl-C, Hldiphenyltin(IV), 6= -245.5, (5-coordinate in solution).

2.3.4. Mossbauer Spectroscopy

The Mossbauer data for the compounds under discussion are presented
in Table 18. The data for R=SnPh (R=Me, Bu and Ph? are also given. The
quadrupole_splitting parameter for regular tetraorganotin coﬁpounds is
usually zero or so small as to be unresolvable. The results presented
here show small AEq values and the spectra themselves show partially
resolvable lines. The one exception is (3>, which appears as a broad
singlet.

The small AEq values are the result of asymmetry in the distribution
of the valence electrons about the Mossbéuer nucleus. Greenwood's
Rules *7 deal with tetraorganotin compounds which give a non-zero

quadrupole splitting (Q.S.). There are two possible explanations'for



2-MeoSn—-1-MI
2-Bu=Sn-1-NMI

2-PhaSn-1-NI

MeSn—-BzT

Bu»sSn-Bzt

PhaSn-Bzt

Ph:»Sn~-Box

= 1-MI: 1-Methylimidazole, Bzt:

-48.22

-66.74

-175.66

-28.61

-41.93

-165.92

-174.26

_68_

RaSnPh © §/ppm.
Me=SnPh -28.6
BuaSnPh -45.2
PhsSn -120.0

benzothiazole, Box: benzaxazole.

® All spectra were recorded as CDCls solutions at 298 K using MeaSn as

a reference.

< Monophenyl-tetraorganotin derivatives.
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Compound §/mmsec—? ABq/mmsec—! Lilo mmsect! *=
Me>Sn~-1-MI 1.19 0.75 0.88, 0.87
Bu»Sn-1-MI 1.28 0.76 0.98, 0.76
PhsSn-1-MI 1.22 0.46 0.87, 0.80
Me>Sn-Bzt 1.27 1.12 0.98, 0.87
Bu>Sn-Bzt 1.32 1.20 0.94, 0.96
PhaSn-Bzt 1.25 0.81 1.02, 1.08
Ph=Sn-Box 1.19 0.80 0.90, 0.90
Me>SnPh < 1.26 0.00 - -
BusSnPh < 1.35 0.00 - -
Ph.Sn & 1.20 0.00 - -

=~ 1-MI: l1-methylimidazole, Bzt: benzothiazole, Box: benzoxazole
® 'y, T'z refer to the full width at half height of the low and high
velocity components of the doublet spectra, respectively.

< Ref, 68
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the resolution of the Q.S. parameter in these compounds; a> that large
electric field gradients (e.f.g) exist in the ¢-skeletons, since the
organic groups around the tin atom are all combinations of sp‘"r—sp2
pairs and b) that there is a possibility of a (paddxn interaction along
the tin carbon ¢-bond, which would enhance the e.f.g by population of
the empty tin 5d orbitals. This is, in principle, reasonable since in
all the compounds prepared the tin is adjacent to the sp?-bonded
heterocycle. Weak S-coordination at the tin atom would produce an
enhanced e.f.g. and a non-zero AEq value, however this.can be ruled
out by the previous n.mr. data. From the magnitude of the measured
Q.S. values the relative polarities of the Sn-R bonds can be estimated

as:
R: Me, Bu < Ph, 1-Mel < Bzt, Box

This ordering can also be seen through a detailed examination of the
isomer shift values (§), although it is not immediately obvious. The
isomer shift value is perturbed by changes in the Ss-electron density
at tin, which is 1tself dependent on the electronegativity of the
ligands bonded to the metal. It has already been shaown that electron
withdrawing groups produce lower isomer shifts than electron donating
groups, (e.g. for common X groups, triaryltins- < trialkyltins). From
the AEq values and the proposed ordering one might expect that for
common R groups, 2-RzaSn—-Bzt would show a lower isomer shift value than
for 2-RzSn-1-MI, however the reverse is true. This anomaly can be
rationalized in the following way. The regular sp® hybridisation at

tin is subtlety altered to produce an sp® orbital richer in
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p-character to bond to the sp® hybridised C(2) of the heterocycle, and
three sp® orbitals richer in s-character for the R group bonding
scheme. This rehybridisation produces an unsymmetrical e.f.g and
therefore a resolvable quadrupole split. Since the tin-R group bonds
are less polar, more Ss-character is associated with the tin nucleus
and hence larger isomer shifts are generated than expected, fig 6.
Therefore the greater the electronegativity of the heterocycle, the

larger the isomer shift.

R
sp3+323
Sn ef.g.
S 3.5
sp3’8‘~_..~*' sp
&
S p?d R
R R Fig 6.

A similar anomaly can be observed for Phillips and Herber's
trimethyltin pyridine derivatives, in which the more electronegative

pyHO and ~py ligands produce greater isomer shifts than Me»SnPh =7,
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2.4 The Crystal Structure of 2-(Triphenyltin)benzothiazole (6

Suitable crystals were obtained by recrystallisation from 60-80°
petroleum ether. The structure of 2-(triphenyltin)benzothiazole,
determined crystallographically is shown in Figure 7, with the
expected tetrahedral geometry around the tin atom. The X-raf data are
presented in Appendix II. Selected bond lengths and bond angles are
presented in Tables 19 and 20 respectively. The Sn-C bond lengths cast
no light on the unusual reactivity of the tin-heterocycle bond since
they are all the same length within the error of the experiment.

The bond angle results show that the molecuie does not have regular
tetrahedral symmetry around the tin atom, but rather the heterocycle
is in a unique position. All the bond angles involving Sn, the
heterocyciic carbaon C(19) and the phenyl ring I carbons are smaller
than those involving purely the aromatic carbons (C(1), C(7) and
C(13>)> and Sn. This would suggest that the Bond Sn~-C(19) has slightly
more p-character than the three Sn-Phenyl bonds, and this is in
keeping with the Mossbauer results which show that these molecules
have AEq >0, 1.e. a small e.f.g. is generated. This also somewhat
illuminates the regiospecificity of the halogen cleavage reactions.

The crystal structure of the tetrakis(2-thienyl)tin has been
determined by Karipides et al. '® , and the Sn-C(thienyl) bond length
was found to be 2.15(1)4, very similar to the Sn-C bond lengths found

for this structure.
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Table 19: Selected bond lengths (A

Sn-C(1) 2.14 (D

Sn-C(7) 2.14CD)

Sn-C(13) 2.14 (L

Sn-C(19) 2.16(L

C(19)-S1) 1.76(1

CQ9)-N 1.29)

SL-C20 1.72(1)

F(1)-C(25) 1.34 (1)

Table 20: Selected bond les (*)

C(1)-Sn(1>-C(7)

C(1>~-Sn(1>-C(13)
C(7)-8Sn(1)-C(13)
C(19)-8n(1)-C(1)
C{19)-Sn(1)-C7)

C({19)-Sn(1)-C(13)

1165.

111.

111.

104.

106.

108.

8

0(5

1(5

15

15

1

Sn(1)-C(19)-S<1)

Sn(1)-C(19)-K(L

S)-CA9~N

C(19)-S(1)-C20)

C(19)-N(1)-C(25)

121.7(7

125.0(10)

113.0¢100

90.0(7)

114.0¢100



Figure 7: The Crystal Structure of 2- (Triphenyltin)benzothiazole

Hydrogen atoms omitted for clarity.
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2.5 Reaction Chemistry

Of the seven compounds synthesised in the above section only 2-
PhaSn-benzothiazole, (6), and 2-PhaSn-benzoxazole, (7>, have shown any
degree of air/moisture stability. All of the other five compounds are
attacked by H=0 in the air or during aqueous work-up. This degradation
leads to the free heterocycle and the correspoanding organotin

oxide/hydroxide, (Scheme 7).

N
R;Sn-</ ] B0 » R;SnOSnR;(or R’3SnOH)  + H_</ j
N

(R=Bu, Ph) (R’=Me) ,

Me Me
N ' N~
H,0
R3Sﬂ—</ @ —-2————" R;SnOSnR;(or R’3SI'IOH) + l’l—'</ @
S S
N N
74 H,0 -
RsSn < — I  » R,SnOSmR, + H —</

Scheme 7
It was found that the 1-methylimidazole compounds were more sensitive
than' the 2-benzothiazole and 2-benzoxazole compounds and the stability
to Hz0 increases as R proceeds from Me<Bu<Ph. Indeed, (6) could even
be purified by column chromatography on silica gel.

Electron withdrawing groups, e.g. Ph, vinyl may be preferentially
cleaved from the tin atom to yield mixed triorganotin halides. In an
attempt to prepare compounds of the type R:R'SnX, where R' is a G-
bonded heterocycle and X is an inorganic radical, halogenation

reactions were studied. It was hoped that a phenyl group could be
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removed before the heterocyclic ligand, according to scheme 8. Two
reaction pathways are possible, but the heterocyclic ligand was

preferentially cleaved in every case.
R\ N
R [T Sn /

N
R N - /
R”'"'\Sn / I
/ ~

l + RX

R Y .
N ~ -
k /
R3SHX + X '
Y
R=Me, Bu, Ph Y=NMe, S, O X=Br,, I, -

Scheme 8.

The lability of the héterooycle was utilised in a redistribution
reaction with a diorganotin dihalide, according to equation (18). The
two materials, Ph=SnCl= and Ph»Sn-Bzt, were heated together for 2hr at
110°C as a melt and although separation of both products was not
achieved, ''®Sn nmr analysis showed the existance of the reaction
product PhsSnCl with §(''?Sn)= -46.9 ppm and a small cluster of peaks
centered on -310.0 ppm which has been tentatively assigned to be
Ph=Sn(Bzt)Cl. The large negative § value is indicative of 5-
coordination and this is possibly the result of Ph=Sn(Bzt)Cl being
dimeric, thé extra coordination to tin being possibly achieved via N,

S or Cl, one example of a possible dimer is given in fig.8
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PhsSn-Bzt + PheSnClz -——————--- 2+ PhsSnCl + Ph=Sn(Bzt)Cl 18

Cl

l .'.‘\“\\P h
/- OwT~ph.
N 3

- N
Ph ‘s </
n
P | S

Cl

S

Figure 8.

In order to induce stability against hydrolysis and redirect the site
of halogenation, preparation of compounds of the type PhaSn-(CHz)n-
(Het) n=1,2 were attempted, with the strategy of insulating the labile

heterocycle with an alkyl chain. Several routes were attempted.

(Equations 19-22):

For n=1:

PhsSnCl + LiCH,-Bzt &~ — —-————- <4 PhsSnCH=-Bzt + LiCl 1o
Ph:aSnCH:I + Li-Bzt =~ ~  =—————- <+ Ph>SnCH:-B2zt + LiCl 20
For n=2:

Ph>SnCH=I + LiCH.-Bzt ~ -———-- <+ PhaSnCH-CH--Bzt + LiCl 2L

PhsSnE + CHx=C(CHz)-Bzt --—-—--—- % PhsSnCH=CH(CH=)-Bzt + LiCl (22
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The products from Eq. (19) are similar to those of the hydrolysed
RaSnR' (R=NMe, Bu, Ph; R'= 1-Mel, Bzt, Bo#) compounds. It may be
speculated that o-lithio-2-methylbenzothiazole reacted with the tin
halogen bond at some temperature above -78°C to form Ph>SnCH:—-Bzt and
LiCl, the latter being recovered on the Schlenk-Stick. It is possible
to draw several resonance forms for anionic -CH:z-Bzt, scheme 9, and
this would suggest a relatively weak Sn-CH= bond and this property
enabled the facile -CH:-Bzt to be very readily hydrolysed on exposure

to air or moisture.

Y - Q- -~ Co-

% /)=
S —©:S
Scheme 9.

The products from equations (20) and (21) were probably formed by very
similar mechanisms. In both cases (PhsSn)= and 1.2-dibenzothiazoiy1—
ethane were recovered. 2-lithiobenzothiazole and a-lithio-2-
methylbenzothiazole are formed at -78°C and 2-1ithiobenzothiazole is
reported '®4 to be unstable above -35°C. The reported '#=
nucleophilicity of a-lithio-2-methylbenzothiazole towards halogenated
carbons is very low. It can be speculated that in botk cases no

reaction occurs below the stability temperatures of the lithiated
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heterocycles, since no LiCl was precipitated, and as the solution

temperature rises, scrambling reactions occur, scheme 10.

PhaSnCH=I + Li-Bzt --—-/-—-3 PhaSnCH2-Bzt
Temp.>-35° ¢
PhaSnLi  + ICH=-Bzt
(PhaSn)z e-—--— 11 ---+ Bzt-CH=CHz-Bzt
PhaSnl  + LiCHa-Bzt

Scheme 10. Possible scrambling reactions in eq. (20)

T.L.C. analysis showed a great number of spots somewhat vindicating

the proposed scrambling mechanisms.

The hydrostannylation reaction Eq. (22) was also attempted with N-
allylbenzimidazole, N-vinylimidazole and N-allylimidazole. In these
cases the heterocycle acts as a base catalyst and simply couples

together two triphenyltin units forming the ditin with loss of Hz,

equation (23).
2PhxSnH  + CHo=CH-Het -----—- + PhoSnSnPhs + H= + CH:=CH-Het (23>

This type of reaction is well documented in organotin chemistry, and
bas been widely used for the formation of Sn-Sn bonds, e.g. equation
(24).

Pyridine.
2R=Sn(I)Cl ——--———-- + RzSn(Cl)-Sn(Cl>R= (24)
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2.6 Experimental

All starting materials were of commercial origin, e.g. Aldrich LTD.
The molarity of n-butyllithium solutions were assayéd prior to use. The
heterocyclic ligands were purified by distillation under reduced
pressure. Trimethyltin chloride, triphenyltin hydride and
triphenyl (iodomethyl)tin were prepared as described in Appendix I. The
tributyl- and triphenyltin chlorides were used without further
purification and the solvents were freshly distilled aver sodium wire

before use. The analytical data are given in Table 11.

Synthesis of 2-triorganotin-1-methylimidazole (1-3)

Freshly distilled diethyllether (50 ml) was syringed into a clean dry
flask equipped with a stirrer bar, a pressure equalising dropping
funnel and a nitrogen/vacuum line tap. The flask was givem a dry
nitrogen atmosphere and cooled to -10°C using an ice/salt mixture. 1-
Methylimidazole (3.28g, 40 mmol) was added by syringe and cooled. 1.6M
n-Butyllithium solution in hexane, (25ml, 40 mmol) was added to the
dropping funnel and added dropwise over a period of 1 hour. The
solution was then stirred at -10°C for 1 hour.

The triorganotin chloride, (40 mmol) was dissolved in dry diethyl
ether (R=Bu,Me 50ml Et=0, R=Ph 200ml Et-:0) and the solution was added
via the dropping funnel over a period of 1 hour. The milky solution was
stirred at room temperature for 1 hour. The solution was then filtered
using a Schlenk Stick appafatus and the clear ether filtrate was

reduced in volume to dryness.
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The tetraorganotin products were then purified by the following

methods:

R=Bu (2),Me (1); distillation under reduced pressure, bp 145-6°C/0.5
mnHg 10.79g (73%) and 84-6°C/0.5 mmHg 6.95g (71%) respectively.
R=Ph (38), recrystallised from dry toluene under nitrogen, mp 89-90°C

10.77g (62%).

All the compounds are air/moisture sensitive.

Synthesis of 2-triorganotin benzothiazole (4-6)

Freshly distilled tetrahydrofuran (THF) (66ml) was syringed into a
clean dry flask equipped with a stirrer bar, pressure equalising
dropping funnel and a nitrogen/vacuum line tap. The flask was cooled to
-78°C using a solid carbon dioxide/acetone bath and filled with an
atmosphere of dry nitrogen. 2.6M n-Butyllithium (9.6ml, 25mmol) was
dissolved in THF (20ml) and added to the flask dropwise through the
dropping funnel. Benzathiazole (3.37g, 25 mmpl) was dissolved in dry
THF (40 ml) and added dropwise to the flask over 30 minutes. Once the
addition was complete the opaque yellow solution was stirred at -78°C
for 1 hour. The appropriate triorganotin chloride was dissolved in THF
(50 ml) and added dropwise to the flask over 30 minutes and stirred for
30 minutes. The flask was allowed to warm to room temperature and the
THF removed under reduced pressure. Dry diethyl ether (50ml) was added
and LiCl was &iltered off using a Schlenk Stick apparatus. The diethyl

ether was reduced in volume to dryness.
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The tetraorganotin products were then purified by the following
methods:
R=Bu (5), Me (4); distillation under reduced pressure , bp 179°C
/1. 0mmHg 8.52g (80%) and 96-8°C/0.38mmHg 4.78g (64%) respectively.
R=Ph (6), recrystallised from 60-80° petroleum ether/ethyl acetate
(1:1>. 9.21g, (76%), m.p. 118°C, white prisms. Of the three products

only (6) is air/moisture stable.

Synthesis of 2-triphenyltin benzoxazole (7)

Dry THF (60 ml) was placed into-apparatus as previocusly descibed and
cooled to -115°C using a liquid nitrogen/ ether slurry bath. 2.4M n-
butyllithium (10.5 ml, 25 mmol) was syringed into the flask and allowed
to cool. Benzoxazole (2.97g, 24mmol) was dissolved in THF (40 ml) and
added dropwise to the flask over 10 minutes and stirred for 150
minutes. Vith the formation of a white slurry, PhaSnCl (9.62g, 25 mmol)
was dissolved in THF (40 ml) and added dropwise to the flask over 10
minutes. The solution was stirred for 60 ﬁinutes at -110°C then allawed
to warm to room temperature. The THF was removed under reduced pressure
and 60-80°C petroluem (50 ml) was added, the precipitated LiCl was
removed by filtration using a Schlenk-Stick and the red filtrate was
cooled in a fridge to yield 9.12g (78%) of (7), a white, air stable,

crystalline material m.p. 87-8°C.
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Halogenation of 2-PhSn»>-Bzt

Bromination of 2-PhsSn-Bzt

Compound (6>, (0.967g, 2mmol) was dissolved in CCl. (50ml) and placed
in a round bottomed flask equipped with a stirrer bar and a dropping
funnel, the flask was cooled to 0°C. Br=z (0.32g, 2mmol) was dissolved'
in CCls and added dropwise to the flask over the period of 0.5 hours.
The bromine solution was instantly decolourised. Following the additidn
the flask was stirred for 1 hour at room temperature.

The CCls was remaved at reduced pressure, the remaining oily residue
was dissolved in hot 80-100° petroleum ether, filtered and allowed to
cool. A white crystalline material was collected. The 80-100° petroleum
ether filtrate was removed to yield a brown tacky residue.

Analysis of the white crystalline material proved it to be PhoSnBr
(80% mp 120°C 1it.'™® mp 121°C). Analysis fo; PhaSnBr:- C, 49.77
(50.28>%, H, 3.27¢3.51)%. The 'H and '®C n.m.r. spectra of the brown

residue proved it to be comprised of mainly 2-Br-Bzt.

Iodination of 2-PhaSn-Bzt

Into a 250ml round bottomed flask was placed compound (6>, (0.36g,
0.744mmol) and 40-60° petroleum ether (50ml). The solution was stirred
at room temperature until fully dissolved. Iz (0.19g, 0.744mmol) was
dissolved in CCls (50ml) and the solution added dropwise via a dropping
funnel over the period of 1 hour. Once the addition was complete and
the iodine fully decolourised, the solution was stirred for 1 hour.
The 40-60° petrol/CCla solvent was removed under reduced pressure and

the oily residue was dissolved in hot 80-100° petroleum ether, filtered
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and allowed to cool. White crystalline prisms (mp 120-1°C) and brown
crystalline needles (mp 78-80°C) were co-crystallised. Manual
separation of the different materials afforded data on both. Analysis
of the white material proved it to be PheSnl (75% mp 120 1it %2
mp.121°C). The C.H.N¥. analysis:- found (cale) C, 45.00 <45.19), H, 3.30
(3.13). Analysis of the brown needles proved it to be 2-I-Bzt ,

Analysis C, 31.80(32.000%, H, 1.49(1.53)%, ¥, 5.32(5.36)%.

Attempted preparations of RsSn-(CHz).-Bzt. (n=1,2)

Attempted preparation of triphenyltin-methylbenzothiazole

A stirred solution of 2-methylbenzothiazole (2.98g, 20mmol) in dry
diethyl ether (60mi) under-nitrogen was cooled to -78°C (Dry Ice/
acetone bath). 2.07M n-Butyllithium solution in.hexane (9.6 ml, 20
mmol) was added dropwise over 10 minutes. After 30 minﬁtes a yellaw
opaque suspension had formed, this indicated tkat the anion formation
was complete 24,

Triphenyltin chloride (7.70g, 20 mmol) was dissolved in dry THF and
added dropwise to the suspension over 10 minutes. No colour change
accompaniéd the addition. The flask was allowed to warm to room
temperature. The solution slowly decolourised to a dark orange colour.

The diethyl ether/THF solvents were removed and replaced with 80-100°
petroleum ether (40 mi). The solution Qas refluxed for 30 minutes. The

solution was filtered using a Schlenk stick apparatus to remove LiCl,
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The petrol solution was cooled to -20°C avernight but yielded nothing
crystalline. T.L.C. analysis (silica plates 1:1 ethyl acetate/80-100°
petroleum ether mixture) showed that major spots corresponded to
unreacted 2-Methylbenzothiazole (or decomposed a-lithio-2-methyl-
benzothiazole) and bis-(triphenyltin) oxide. The tin containing
product, bis-(triphenyltin) oxide, was finally crystallised from 380-

100* petroleum ether, mp. 118°C (Lit. "= 118°C), 4.21g (59%).

Attempted preparation of triphenyl-benzothiazolylmethyltin

A stirred solution of 1.6X n—butyliithium solution in hexane (1.6 ml,
2.58 mmol) under nitrogen was diluted with dry diethyl ether (6 ml)
and cooled to -78°C. Benzothiazole (0.35g, 2.58 mmol) was dissolved in
diethyl ether (10 ml) and added dropwise over 10 minutes. After 45
minutes a yellow suspension was formed, showing anion formation was
complete 94,

Triphenyl (iodomethyl>tin (1.22g, 2.48 mmol) was dissolved in dry THF
(5 ml) and added dropwise to the solution over 10 minutes. The
solution was stirred for 1 hour at -78°C. The flask was then allowed
to warm to room temperature, upon which the solution turned a dark red
colour.

The diethyl ether/THF solvents were removed by reduced pressure and
cyclohexane (15 ml) added. The cyclohexane solution was dissolved in
ethyl acetate (50 ml) and extracted with distilled water (3x50 ml) to
remove LiI. The organic layer was dried over MgSO., filtered, and
reduced in volume. T.L.C. analysis (silica plates, 1:1 ethyl acetate
/60-80° petroleum? showed many spots, however two products that were

isolable by crystallisation were hexaphenylditin, (0.91g 50%) from 80-
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100° petrol, mp. 235°C (1lit.'®2 237°C) and 1,2-dibenzothiazolyl
ethane, (0.25g, 65%) from ethyl acetate, mp 134-5°C (lit '®* mp.

137.5-138°C).

Attempted preparation of l-triphenylstannyl-2-benzothlazolyl ethane
o-Lithio-2-methylbenzothiazple (2.01g, 13mmpol) was prepared as
already described. Triphenyl (iodomethyl)tin (6.15g, 12.5mmol) was
dissolved in THF (20 ml) and added dropwise to the solution over 20
minutes. The solution was stirred at -78°C for 2 hours, forming a dark
orange solution. The flask was allowed to warm to roon temperature and
was stirred overnight.

The dark brown solution was filtered and reduced in volume to
dryness, ethyl acetate (50 ml) was added and the solution was washed
(3x50 ml) in H:0. The organic layer was separated, dried over MgSOa,
filtered and reduced in volume. PhaSnSnPha (3.17g 72%) was identified
by spectroscopic comparison with an original sample.

Analysis for (PhaSn)=z=:- C, 61.05(61.70>%, H, 4.43¢4.28)% T.L.C.
analysis (silica plates, 1:1 ethyl acetate/60-80° petrol proved 1,2-

dibenzothiazolyl ethane was formed but not isolated.

Attempted preparation of 1-tripienylstannyl—2-benzotbiazoly1 propane
Triphenyltin hydride (3.50g, 10 mﬁol) was prepared according to Van
der Kerk '®%. 2-Benzothiazolyl-propene was prepared according to Corey

and Boger '®”., The two liquid materials were stirred together under
nitrogen at 80°C for five hours., Whilst heating the flask a gas was
evolved. The flask and contents were allowed to cool and solidify. The

crude white solid was recrystallised from 60-80° petroleum ether to
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yield 3.31g (91.8%) Ph=SnSnPhas. Analysis C, 61.55(61.76)%, H, 4.33

(4.31L)%,

Attempted preparations of other triphenyltin-(CHz)n~heterocyles.
(n=2, 3)

Samples of N-allylbenzimidazole and N-allylimidazole were prepared by
refluxing allyl bromide and the N-sodium salt of the required
heterocycle in ethanol for 2 hours. N-Vinyl imidazole was purchased
from The Aldrich Chemical Co. Triphenyltin hydride was stirred with
equimolar quantities of the unsaturated alkyl chain derivatives of the
heteracycles at 80°C for 5 hours under nitrogen. In all cases

PhsSnSnPhs was recovered in almost quantitative yields.

Redistribution reaction of Ph-SnClz with Ph=aSn~Bzt
Compound (6>, (l.41g, 2.9 mmol) and PhzSnCl: (1.00g, 2.9 mmol)> were
placed in a dry, nitrogen filled, flask and melted together at 110°C
for 2 hours. The flask was allowed to cool and solidify. 1 ml of dry
CDCls was added. Samples of the solution were withdrawn for n.m.r.
analysis. The solvent was removed and the solid residue was

redissolved in Et=0. PhsSnCl (0.81g 72%) was recovered.
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CHAPTER 3
THE SYNTHESIS AND CHARACTERISATION OF (2-(2'-PYRIDYL>ETHYL]-, [2-(4'-
PYRIDYL)ETHYL]- AND [2-(N-PYRROLIDIN-2-ONE)ETHYL]TRIPHENYLTIN

CONPOUNDS AND THEIR DERIVATIVES.

3.1 Introduction °
In Chapter 2 several compounds containing a triorganotin moiety

were successfully attached to a heterocycle, however, problems were
encountered with these species due to the relative ease of
nucleophilic cleavage of the heterocycle with moisture and halogens.
This particular shortcoming precluded the preparation of the desired
target compounds, e.g. PhzRSnX, where R=Heterocycle and X= a halogen.

In view of the X= cleavage problems encountered in Chapter 2, it was
speculated that an alkyl chain positioned between a suitable
heterocycle and a triorganotin moiety might insulate the heterocycle
somewhat from nucleophiles, and redirect the site of halogenation
firmly onto a Ph~-Sn bond. Witk this modification it was then hoped
that molecules of the type Ph=Sn(X)CH:CH:=-Het might be prepared, which
in addition may show structural similarities to those biologically
active compounds discussed in Chapter 1, e.g. (X), which have trans-

tbp structures via intramolecularly chelating ligands.

The volume of literature on the biocidal applications of the pyridyl
group is vast. A major proportion of the manufactured pyridine is used
in the production of the well known weedkillers "Diquat" and

"Paraquat". Chloropyridines also feature strongly in the herbicide
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field and a variety of commercial products exist. A review of the
pyridine based herbicides has been published '©®®. A number of the
chloropyridines or their derivatives exhibit fungicidal or
bactericidal activity, e.g. 2-chloro-6-trichloromethylpyridine is
selective against Nitrosomonas bacteria and the compound also acts to
prolong the beneficial effects of fertilizers. The most significant
fungicides in terms of commercial production are the benzopyridine
derivatives. The mode of action is via metal chelation and typical of

this type of compound is 8-hydroxyquinoline XXXV)

X

=
N

OH XXXV

Applications of (XXXV) have been reviewed '®® and several organotin
derivatives have recently been prepared and tested for biocidal
activity '®<. Several pyridine derivatives have found applications in
the poultry industry as antiparasitics and anthelmintics and this area
has been reviewed '®'. The pyridyl group also appears in many
commercial insecticides. These conmpounds function as cholinesterase
inhibitors and exhibit a broad spectrum of insecticidal activity and
low mammalian toxicity. The pyridyl group has also made advances into
the field of pharmaceuticals and there are at least two review
articles concerning its medicinal chemistry '=®=.133,

The pyrrolidine nucleus and its benzo- derivatives form the basis of
many biocidal formulations but the most notorious is surely the

related, but now banned, pharmaceutical thalidomide ((XXXVI).
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The pyrrolidine nucleus is also used in simple insecticlides (e.g.
nicotine), as a diuretic, as a antihistamine and several fungicidal
preparations.

In this Chapter several compounds containing a triphenyltin group, a

-CH=CHz- chain unit and a pyridyl or a pyrrolidin-2-one heterocycle
have been synthesised. The ‘CHzCHz”'Chain unit endows the heterocycle
with 'alkyl-like' stability, compared to a phenyl group, against
halogen cleavage. It has therefore been possible to prepare various
halide, dithiocarbamate and carboxylate derivatives of type PhzRSnX
where R=CH2CHzPy-2, -CH2=CHz=Py-4 and CH=CHz-N-Pyrrolidin-2-one and
X=Br, I,-SCSNEt=, -SCSNMe., -OCOMe and OCOPh. The reaction chemistry
and full spectral characterisation of these compounds have been
studied and the X-ray crystal structure of N,N-dimethyldithiocarbamatao

[(2-(2*-pyridyl)ethylldiphenyltin(IV) has been determined.

3.2 Synthesis

Triphenyltin hydride has been added across vinyl groups attached to
pyridine and pyrrolidin-2-one in a non-Markovnikov manner, i.e. the
hydride becomes attached to the most substituted carbon, (8-10>. The
addition reactions are brought about by heating mixtures of the

hydride and the olefinic substituted heterocycles at around 100°C for
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between 2-4 hours. No catalyst is required and the experimental yields
are usually very high (>80%). The purity of the hydride seems to be
important since several reactions using distilled PhxSnH yielded the
required addition product, however, if impure Ph=SnH was used, the
reactions ylelded hexaphenylditin quantitatively.

Triorganotin bromides and iodides were prepared by halogen cleavage
of a phenyl ring from the metal center. Only one phenyl ring was
cleaved off in each case and no example of Sn-CH: bond rupture was
observed. The triorganotin halides (11-15) were éhen used as starting
materials for the synthesis of other functionalised triorganotins,

e.g. dithiocarbamates and carboxylates (16-21) by refluxing the
organotin halide with either the sodium salt of the required
dithiocarbamate or with a carboxylic acid and triethylamine (Scheme
11,

The purificatioﬁ of all the materials was accomplished via
recrystallisation and all the compounds appear to have long term
stability in air/moisture. The [{2-(2'-pyridyl)ethyll- and [2-(N-
pyrrolidin-2-one)ethyll- compounds were recrystallised easily to yield
white, crystalline materials but the [2-(4'-pyridyl)ethyll- compounds
did not readily yield crystalline materials, but amorphous powders.
Crystallisation for these compounds seemed to be aided by allowing the
crystals to form very slowly from a moderately dilute solution. The

analytical data are given in Table 21.
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X=1 L= -SCSNR

(10) 15 2 (18)

0 1) O  R=Me o

Scheme 11
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Het=(2"' -pyridyl)
Ph

Br

SCSNMe=
SCSNEt =
OCOPh
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Het=(4'-pyridyl)
Ph
Br ®°
[ <
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Het= (N-pyrrolidin-2-one)
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I
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.11¢4.

.40,

.97 (3.

.21(5,

04)

92)

56)

81)

3L

60)

79

04>

92)

55>

81)

41)

o0

155

.17 (3.
.04 (3,
.76 (2.
.58 (5.
.31¢5,
7T (2.,

.16 (3.

. 04 (3,
.96 (3.
.69(2.

.21¢5.

.87 (3.
L7042,

.56 (5.

07>

05>

76>

61>

3D

80>

19

07>

05>

76>

61

03

73

54)

® This compound could only be recrystallised as an amorphous powder

< Recrystallisation yielded amorphous powder and crystals.
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3.3 Spectroscopy

3.3.1 Infra-red Spectroscopy

The infra-red spectral data are presented in Table 22. Many of the
spectra are complex and full interpretation is not possible, however,
some unambiguously assigned bands are useful from a structural
viewpoiat, ‘and the course of the hydrostannylation reactions can be
monitored by the v(Sn-H) stretch for triphenyltin hydride (1825 cm~'>
which steadily decreases. Futhermore, althqugh identification of the
stretches due to the vinyl group on the 2- and 4-vinyl pyridines is
not possible due to the many aromatic stretching modes in the 1600-
1450 cm~' region, the v(C=C) stretch for N-pyrrolidin-2-one can be
observed at 1630 cm~' and also steadily decreases during the addition
reaction.

It is possible to draw resonance forms for N-pyrrolidin-2-one and the
effect of these is to reduce the bond order, and thus to decrease the

stretching frequency of the carbonyl group away from a more typical

carbonyl, in, for example, a saturated cyclic ketone (Scheme 12).

= -1
O) v(CO)=1700cm

O

v(CO)=1750cm"1
Scheme 12.
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Het= 2'-pyridyl:

X Vamyem (CQ2) »(C-N) v(C-8) v(Sn-Bro
(16) -SCS¥Me= (=) 1460 s 1120, 1080 )
(19) -SCSNEtz (= 1450 s 1140,1080 - (=)
(20) -0COCHs 1635 S - ' -
(21) -0COPh 1640 =) -) -)
(11) -Br -> ) (- 260

Het= 4'-pyridyl:

(17) -SCSH¥e= = 1465 s 1160,1080 )
(12> -Br (= > ) 264
Het= N-pyrrolidin-2-one: v(C=0) = v(C-I v(C-5

(18) -SCSHMe: 1670 1462 1160, 1062
15> -I 1625

(10) -Ph 1680

Y cm—-]

= For comparison cyclopentanone v(C=0)=1750 cm~', N-vinyl-pyrrolidin-

2-one, v(C=0) = 1700 cm™ .
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It is highly likely that [2-(N-pyrrolidin-2-omne)ethylltiriphenyltin
(10> is tetrahedral about the metal and the carbonyl group attached to
the pyrrolidiné. [ v(C=0) at 1680 cm~ '] does not interact in any
significant way with the tin atom., The dithiocarbamate derivative (18)
has a similar v(C=0) stretching frequency (1670 cm™') and again it may
be rationalised that there is no carbonyl-tin interaction here either.
However, the iodide derivative (19) has a significantly lower v(C=0)
(1625 cm~') than (10) or (18> and therefore it might be anticipated
that here there is an appreciable CO-+Sn interactionm.

Triorganotin carboxylate compounds can exhibit three identified
structures (XXXVII-XXXIX> and generally do not exhibit wvw(C=Q)

stretches similar to those found for esters at 1750 cm™'.

R O~ ® R o
l \( * R
—~0_ 0 R.. '- \ o Mo_ i
'.Sn \{ " Sn— O _Sn— \S'/
& ' : n
R R R R &
XXXVIDD (XXXVIIDD XXXIX)H

Instead Vieym(C-0> and v4,m(C-0) stretches are observed and their
position may vary with the R groups on the tin or the R' groups on the
carboxylate. For example, Molloy et al. '®4 have reported several
triphenyltin benzoate compounds with tetrahedral structures, (XXVID,
and these compounds have Vaaym(C-0) in the range 1605-1648 cm™’,
Compounds are alsc known that adopt irans-tbp geometry, (XAXIX) and

these compounds have Vaweywm(C-Q) in the range 1540-1550 cm™'
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Compounds (20> and (21), the acetate and benzoate derivatives,
respectively, shoW Vamym(C-0) stretches at 1635 and 1640 cm™’
respectively. These figures suggest that the carboxylate groups in
these two compounds are monodentate, and interact with the tin in a
similar fashion to that in (XXXVII).

The infra-red data for the dithiocarbamate derivatives show the v(C-
N) stretching bands in the range 1450-1465 cm ' and the v(C-S) bands
in the range 1050-1160 cmr'. The figures are in general agreement with
those found by Holt et al. '®% and Molloy et al. '®<. Both groups have
reported the infra-red data for a series of organotin dithiocarbamate
derivatives, however, neither group could unambigously deduce any
structural implications. for the bonding of the dithiocarbémate ligands

purely on these data.

3.3.2 N.M.R. Spectroscopy

The 'H nmr data are presented in Table 23. It has been shown that
the =J(''®Sn, 'H) coupling constant is a probe of the local geometry
around the tin atom. The #J(''®8n, 'H) values for the series of
compounds are in the range 51-141 Hz. and encompasses tetrahedral to
arguably six coordination around the tin.

Verdonck et a;. 195 have neasured the =#:3J(''28n, 'H) values for a
series of compounds R»SnCH.CH»Z (R=Ph, "Pr, "Bu, Z=CN, Ph, OPh,
0OCOCH»). The values they found are in close agreement with the
tetraorganotin compounds studied in this work. The tetraorganotin
coupling constants #J(''®Sn, 'H), prepared in'this kork. are found in
the range 51-71 Hz, The triorganotin halide compounds can be

convieniently divided into two groups. The first group, containing



Het=(2"'-pyridyl)

X Phenyl
Ph 8.24-
8) 6.94

(15H, m)
Br 7.91-
a1y 7.12

(10H, m)
I 7.83-
a3 7.06

(10H, m)
[scs- 7.70-
NMe-1 6.93

(16) (10H,m)

{SCs- 7.70-
NEt-] 6.92

(19) 10H, m

CH= (a0

3.21

(2H, ©

3.44

(2H, t>

3.42

(2H, ©

3.43

(2H, t>

3.42

(2H,©
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J2(Sn-H)

68.6

72.0

110.8

114.8

112.9

118.8

135.0

141.3

129.8

138.0

CH=(B)

1.85

(2H, t)

2.08

(2H,t)

2.16

(2H, ©

2.27

(2H, t)

2.28

(2H, t)

J=(Sn-H

52.9

56.3

77.5

82.1

74.3

78.6

80.2

84.1

80.3

83.3

i,

. G

Het

8.24
6.94

(4H, m)

7.91-
7.13

(4H, m)

7.84-
7.06

(4H,m)

7.71-
6.94

(4H, m)

7.70-
6.92

(4H, m)

Others

¥e=3.39

(6H, s>

CH»=1.19
CH-=3.87
(6H,t> &

(4H, q)



Table 283 continued,
OCOPh 7.82- 3.38
21> 7.03

(10H>,m> (2H,t

OCOMe 7.82- 3.38
(20> 7.03

(10H,my (2H,t)

Het=(4'-pyridyl)

Ph 7.58- 2.95
9 7.19

(15H,m) (2H,t)

Br 7.62- 3.07
12y 7.12

(10H,m) (C2H,t)

I 7.64~  3.04
(14) 7.25

(10H,m) (2H,t)

[SCS- 7.75- 3.13
NMe=] 7.35

(17> (10H,m)> <(2H,t)

_gg_

117.0

124.2

117.0

125.0

44.4

51.8

63.7

66.8

65.6

68.9

64.7

68.6

1.94

(2H, t)

1.94

(2H, ©)

1.76

(2H, ¢

2.08

(2H, t)

2.00

(2H, t)

2.09

(2H, t)

64,

72.

65.

67.

50.

54.

44,

47,

48.

51.

56.

59.

7.83~

7.03

(41,

7.82~-
7.03

(4H, m)

8.42-
7.01

(4H, m)

8.45-

7.02

(4H, m)

8.40~

7.10

(4H, m)

8.48-

(4H, m)

Ph=7. 82-

7.03

(5H, m

CH==1.68

(3H, &)

CH»==3. 38

(6H, s>
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Table 23 continued,
Het= (N-pyrrolidin-2-one)

Pyrrolidin-2-one

X Ph CH= () J=(Sn,H> CH=(B> 3J(Sn,H) Ca Ca Cs Me
Ph 7.64- 3.65 . 52.9 1.71 40.5 2.12 1.72 3.38 -
(16> 7.22 56.8 46.1

(15H,m) (2H,t) H, £ (2H,t> (2H,m) (2H,t)
I 8.04- 3.59 126.0 2.02 66.4 2.24 1.92 3.42 -
(15) 7.23 132.8 69.8

(10H,m> C(2H,t) (2H, © (2H,t> (2H,m (2H, t)
[SCs- 7.80- 3.77 68.0 2.07 62.4 2.21 1.84 3.37 3.42
NMe-1 7.25 72.0 65.8
(18> (10H,m) (2H,t) (2H, m (2H, t> (2H,m) (2H, t) (6H, s)

® All chemical shift data given in ppm.
= All samples recorded as CDCls solutions and TMS used as a reference.

¢ Coupling constantzs are '’'7 - ''*%n respectively and ars given in Hz,
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compounds (11), (13) and (15), are sterically capable of forming
trans-tbp intramolecularly chelated structures, e.g. similar to XD.
The coordination around the tin expands from 4 to 5 and a concommitant
rise in the 2J(''38n, 'H) is ébserved. The 2J(''®8n, 'H) values for
compounds (11), (13) and (15> are in the range 114-132 Hz. and are
significantly larger than the 4-coordinate tetrahedral compounds
discussed earlier. The structures of compounds (11) and (13) are
probably very similar.

The second group of compounds, (12) and (14), are not sterically
capable of forming irans-tbp intramolecular chelated structures. The.
2J(''28n ,'H) values are in the range 66-69 Hz. and are similar in
magnitude to the tetraorganotin 4-coordinate compounds. Thus, in
solution, these compounds are, in all likelihood, also 4-coordinate.

Both carboxylate derivatives, (20) and (21) have #J(''®Sn, 'H) in the
range 124-125 Hz and as such, one can speculate that these compounds
are S5-coordinate species. It was evident from the infra-red data
[Vawym (C-0)1 that the carboxylate groups in these compounds are
monodentate, therefore the 5-coordinate geomefry must arise from the
coordination of the pyridyl groups, in a similar way to that proposed
above for the halides,

The dithiocarbamate derivatives, (16> and (19) of the 2-pyridyl
organotin compounds have =J(''®Sn, 'H) values in the range 138-141 Hz.
and using a similar rationale to that used in the discussion of the
halides it is evident that these compounds are at least 5-coordinate
about tin. The dithiocarbamate derivative, (17), of the 4-pyridyl
analogue has a relatively low =J(''®Sn, 'H) of 68.3 Hz. This would

suggest that this compound has a monodentate dithiocarbamate ligand



-102 -

and a 4-coordinate geometry at the tin.

The dithiocarbamate derivative aof the pyrrolidin-2Z-one analogue,

(18) has a slightly larger 2J(''®Sn, 'H) value (72 Hz.) but it is not '
as clearly 5-coordinate as the corresponding halide (15). In addition,
the infra-red data of (18) shows that there is very little CO-3Sn
interaction, as was observed for the halide (15). Therefore the
slightly larger =J(''38Sn, 'H) value muét be attributed to a weak- long-
range S+5Sn interaction, but it must be stressed that any additional
interaction over 4-coordination is very weak.

The '*C nmr data are presented in Table 24. Holecek et al. have
reported the 6§ ('2C) values for 4- and 5-coordinate triphenyltin
compounds '°?. The chemical shift of the 1 carbon on the phenyl rings
is a probe of geometry around the tin. §('3C) values below 140 ppm are
generally indicative of 4-coordinate geometry and values above
correspond generally to 5- or higher coordination numbers at tin. As
expected, the tetraorganotin compounds (9) and (10) and all the [2-
(4'-pyridyl)ethylldiphenyltin derivatives, (12), (14> and (17) show
§ ('3C) resonances at 138 ppm. or lower and reinforce the evideﬁce
given by 'H nmr and IR that these compounds are tetrahedral.

The dithiocarbamate and the carboxylate derivatives of the [2-(2'-
pyridyl)ethylldiphenyltin compounds, (16> and (19 - 21) sboﬁ &30
values for the I carbons to be >140 ppm., and these are confirmed to
have at least S5-coordinate geometry. The dithiocarbamate derivative of
the N-pyrrolidin-2-one (18) has a §('=C) 1 value of 142.2 ppm and as
such, the speculation that there is a long range gis Sn---S
interaction receives greater credibility. The tribrganotin halide

derivatives (11), (13> and (15) have §('#C) 1 values in the range
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Aromatic organotia carbons

X

Ph

Br

I

SCSFMe-=

SCSKREt:

OCOPh

OCCMe

1

140.3

139.2

141.7

142.1

"144.6

144.8

144.9

0

136.9

135.9

135.8

136.1

136.2

136.2

136.2

=J (C-8n)

35.9

47.1

47.6

39.6

38.3

38.2

38.0

m

128,

128.

128,

128.

127.

127.

127.

27 (C-5n)

4  65.

2 65,

2 63,

9 60.

4 63.

8 62.

4lkyl chain, pyridine carbons and others

X

Ph

Br

SCSHMe::

SCSKNEt=2

C(a)

10.48

16.12

18.86

20.02

C®)

33.93
31.79
31.80

31.98

32.01

2l

162.7

161.2

160.8

160.5

160.9

3l

122.4

124.6

124.6

123.6

123.6

40

136.2

136.3

139.3

137.7

137.3

5l

121.0

122.9

122.9

121.9

121.9

P

128.

128.

128.

128.

128,

127.

127.

6'

148.

146.

145,

146,

146,

4J(C~-8n)

13.

14.

13.

13.

14,

14.

Others

201.8

48.5

12.1

201.8
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Table 24 continued,

0COPh
0COMe 12.85 31.53 160.9 124.1 138.5 122.4
0COPh 13.21 29.98 160.2 123.7 138.2 121.9

Aromatic organotin carbons

X 1 o 2J(C-Sn) m 2J (C-Sn)
Ph 137.9 136.8 35.1 128.5 48.4
Br 136.9 136.3 45.3 129.3 59.3
I 136.8 135.9 48.4 128.9 58.1
SCSNMe= 135.6 136.3 41.4 128.4 52.7

Alkyl chain, pyriaine and others

X C(o) CR 2' 3! 4' 5°

Ph 11.19 31.69 149.6 123.1 1%53.2 =3
Br 17.89 31.55 149:7 123.3 153.4 =3
I 17.28 31.92 149.7 123.4 153.2  =3'

SCSWMe= 20.63 31.49% 149.5 123.4 153.2 =3'

146.2

146.1

P

128.9

130.1

130.0

129.0

CO=2= 177.4
e = 22.9
CO-= 169.8 .
1 = 130.6
o = 129.7
m = 128.5
p = 132.9
4J (C-Sn>
12.1
13.3
13.3
7.5
Others
Me=45.8
SCS=201. 2



-105 ~

Table 24 continued,

Aromatic organotin carbons

X 1 o 2J (C-Sn) m 2T (C-Sn) p 4J(C-Sn
Ph 137.8 136.9 38.9 128.5 61.7 129.0 14.9
I 141.4 136.7 39.8 128.1 64.7 128.9 15.7
SCSHNMe= 142.2 136.2 40.5 128.2 65.9 128.8 15.6

Alkyl chain, pyrrolidin-2-one and others

X Ca) cCP ca@") ca@" c4') caGBY) Others

Ph 0.41 30.88 174.35. 46.15 17.39 40.32 -

I. 17.94 31.63 178.70 950.95 22.84 44.95 -

SCSNMe-= 17.58 31.11 174.90 47.13 18.62 41.06 SCS=197.6
TMe==45.5

= All spectra were recorded as CDCl: solutions at 298K. TMS was used
as a reference.
Al1 chemical shift values given in ppm.

Coupling constants refer to 'J('3C, ''®Sn) and are given in Hz.
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139.2-141.7 ppm. Other evidence points to the fact that all of these
compounds have 5-coordinate geometry around tin and it suggests that
the chemical shift ranges for the i carbons set by Holecek et al. may
onlf be used as a tentative guide to the coordination at tin since the
4-coordinate tetraorganotin compound ¢8) has I carbons resonating at
140.3 ppm. and the proposed S5-coordinate compound (11) has 6('3C 1) at
139.2 ppm.

If the heterocycle in this series of compounds does engage in an
intramolecular chelation with the tin atom, the '3C nmr § values of
the ring atoms, especially C(2') and C(6'), would be expected to shift
from the § values of the same heterocyclic ring in the corresponding
tetraorganotin compound. These effects were indeed observed for all.
the compounds suspected of having 5-coordination in solution, i.e.

(11>, (13>, (15, (16> and (18 - 21).

The ''#Sn nmr data for the compounds are presented in Table 25. The
§(''%8n) values can be compared to similar triphenyltin derivatives of
known geometry. Since £§(''®Sn) is known to become more negative with
enhanced coordination for similar systems, a comparison of the data
will provide an insight into the local geometry around the tin atom.
For example, compare the systems PhaSnCH-CH-X, :X=H, the 4-coordinate
compound gives §(''®8n)= -98.6 ppm. (CeHe) '#®7, vs. X=2'-pyridyl,
§(*1®Sn)= -110.8 ppm. (CDCla). Both values are similar and this result
together with other evidence demonstrates unequivocably that the 2-
pyridyl compound_(8) is tetrahedral. A similar approach shows that the
remainder of the tetraorganot;n compounds and all of the [2-(4'-

pyridyl)ethylldiphenyltin derivatives are 4-coordinate.
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X 6¢(''28n) < I1.8.(8§) AEq [vy Tz @

Het=(2'-Pyridyl)
8) Ph -110.81 1.22 6.63 0.99, 0.96
an Br ‘ -143.47 1.32 2.98 0.95, 0,96
a3 1 -109.33 1.35 2.95 0.96, 0.98
16) SCSNMe>  -201.98 1.27 2.55 0.91, 0.91
a9 SCSNEt.  ~198.22 1.27 2.35 0.92, 0.94
(22 )) 0COPh -175.21 1.26 2.41 0.93, 0.95
20) 0CQNMe -177.34 1.26  2.71 0.96; 0.98

Het=(4'-Pyridyl)
(9) . Ph -101.84 1.25 0.32 0.87, 0.9%
a2) Br -85.75 1.33 2.95 1.28, 1.65
a4 I -61.68 1.34 2,92 0.96, 0.96
an SCSNMe=  -128.06 1.27 2.55 0.93, 0.94

Het=(N-pyrrolidin-2-one)

1o Ph -109.29 1.23 0.39 0.88, 0.91
15 I -147.24 1.33 3.14 0.99, 0,99

(18> ‘ SCSiMe= -182.78 1.30 2.18 0.88, 0.87
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Table 25 continued,

= Mossbauer experiments performed at 78K, values in mmsec™'
= 173Sn nmr experiments performed in CDCls at 298K
¥ea.Sn used as a reference.
¢ Values in ppm.
< Refers to maximum width at half height of the high and low velocity

spectral components in mmsec™'.
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All the triorganotin halide, carboxylate and dithiocarbamate
derivatives of compound (8) show more negative §(''2Sn) values than
the tetraorganotin and other similar species, which suggests that the
coordination number for these compounds is > 4. Only compound (13),
{§("28n)= -109.3 ppm. ], has a shift which does not suggest a
coordination number > 4 and is at odds with the other nmr evidence.
However, it must be noted that the 4-coordinate compound (14) shows a
much less negative §(''2Sn) value (= -61.7 ppm.) than similar
compounds of the same coordination number, so the above shift for (13)

may be an artefact of the system.
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3.3.3 Mossbauer Spectroscopy

The Mossbauer spectral data are presented on Table 25. As expected
the tetraorganotin compounds yield AEq values very close to, but not
zero. The compounds are discrete tetrahedral molecules. All three
compounds contain a PhaSnCH:CH=X system which should generate a small
e.f.g. in the ¢ skeletons. It is therefore surprising that the
reported Mossbauer parameters of similar systems e.g.
Ph>SnCHzCH2CH=COMe '®%®, PhsSnCH»CH=CH= '®® and PhaSn{(CHz)4SnPhs #%°
all quote AEq as zero.

All of the halide derivatives show AEq values in the range 2.92-3.14
mnsec™' and the isomer shift values in the range 1.32-1.35 mmsec~'.
These figures would suggest that all the molecules have irans-tbp
" R=SnXa geometry, distorted to varying degrees, and it is apparent that
in the solid state the héterocyclic ligands engage in intra- or
intermolecular chelation. Briefly summarizing the evidence for a 5-
coordination geometry in solution for the triorganotin halides, (11),
(13> and (15), it has been shown that: (i) these compounds have
2J(1738n, 'H) values in the range 114.8-132.7 Hz., well above that of
the 4-coordinate tetraorganotins, (ii) these compounds have '2C nmr i1
carbon § values in the range 139.2-141.7 ppm., which, according to
Holecek et al, is evidence of S5-coordination, (iii) the ''2Sn nmr
chemical shifts suggest that these compounds have coordination >4, and
(iv) the carbonyl v(C=0) band in (15) is significantly lower than in
the parent tetraorganotin compound, suggesting a CO-+Sn interactionm,
(XXXX-XXXXIID>. The evidence for 4-coordination in the triorganotin

halide compounds (12) and (14) in solution is as follows: (i) these



compounds have =J(''®8n,
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"H) values similar to the parent 4-coordinate

tetraorganotin (9>, (ii) the '?*C nmr 1 §values are well below 140 ppm.

suggesting 4-coordination, (iii) the ''®Sn nmr values are not

sufficiently negative enough to warrant S5-coordinate assignments.

Combining these arguments it can be stated that compounds (11),

a3

and (15) are S5-coordinate intramolecular chelates in the solid and the

solution state and that compounds (12) and (14) are 4-coordinate in

solution (XXXXIII> but S5-coordinate intermolecularly linked polymers

in the solid state,

XXXXO

Sn

w )
Ph

(XXXXIII)

XXXXIV).

B
y/ / N
N o)
Ph,, | " Phu,, |
" Sn " Sn
Ph/‘ P |
I I
XXX (XXXXII
T
I N N s N
a— 555\
Ph
Ph
(XXXXIV
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The Mossbauer data for the [2-(2'-pyridyll)ethylldiphenyltin
carboxylate derivatives, (20> and (21), suggest that their structures
also have trapns-tbp geometry, very similar to the halide derivatives.
A resume of the spectral information discussed above reveals that: (1)
these compounds have large *J(''®Sn, 'H) values (124.2-125.0 Hz.),
indicating S-coordination, (ii) the '3C nmr i § values are well above
140 ppm. (144.8-144.9), (ii1)> the large negative §(''®Sn) nmr results
are indicative of S5-coordination and (iv> it is implied from IR data
that the carboxylate ligands are monodentate. It can be concluded that
(20) and (21) are 5-coordinate intramolecular chelates with trans-tbp
type geometry in the solid and the solution state, and with the 2-
pyridyl ligands providing the extra coordination to the tin atom,

(XXXXV) .

(XAXXV)

The Mossbauer parameters of the dithiocarbamate derivatives (16), (17)
and (19) are very similar. The AEq values are in the range 2.35-2.55
mnsec™' and all of the isomer shift values are 1.27 mmsec~'. The X-ray

study of (2-(2'-pyridyl)ethylldiphenyltin N, N-dimethyldithiocarbamate,
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(18) has shaown it to be a distorted trapns-R>Sn¥S structure, and so,
presumably, are the other two derivatives.

The Mossbauer parameters indicate that thé [2-(4'-pyridyliethyll
diphenyltin derivatives have irans-tbp 5-coordinate geometry and it
was reasoned that these molecules achieve this structure via
intermolecular coordination through the pyridyl nitrogen, since they
are monomeric and 4-coordinate in solution. The [2-(2'-pyridyllethyll
diphenyltin derivatives achieve 5-coordination via intramolecular
chelation through the pyridyl nitrégen and consequently have
pentacoordinate tin in the solid and the solution state. It is
interesting to note that Barbieri et al.=#°' have predicted the AEq
values for irans-tbp R=SnNS type structures (R=Alk, Ph) thought to be
created when RaSn units bind to proteins. The AEQcwmi= values of
(R=Ph)>, 1.68 mmsec~' and (R=alk), 2.13 mmsec™' are significantly lower
than the values found experimentally for compounds (16), (17) and
(19), (even allowing for the 0.4 mmsec~' error present in the model.
It is possible that Barbieri et al may have underestimated the AEQcaic
values. The [2-(N-pyrrolidin-2-onelethylldiphenyltin derivative (18)
has a smaller AEq value (2.18 mmsec~') than the other dithiocarbamate
derivatives and this value might suggest a cis-tbp RzxSnXz structure.
The point-charge model 7° predicts a AEq value of 1.70-2.40 mmsec™'.
for this geometry.

Combining all the spectral data relating to the structures of the
dithiocarb&mate compounds, it can be seen that in the solution (CDCla)
and the solid states both compounds (16> and (19) are S5-coordinate
R»SnNS intramolecular chelates. Compound (17) is 4-coordinate in

solution (CDCls) and a 5-coordinate R=SnNS intermolecular polymer in
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the solid state. Compound (18) appears to be have a ¢ls-tbp type
structure in the solution and the solid state, however in solution the
Ph groups appear to be equivalent, which would not be expected if the
structure was rigidly 5-coordinate, therefore any additional

interaction over 4-coordination must be very wveak.

The variable temperature Mossbauer technique, described in Chapter 1,
was used to study the four compounds: (8>, (9), (11) and (14). The
experiments were performed to examine the extent of intermolecular
coordination in the latter compound. The data are presented in Table
26, and plotted in Fig 9. The three sets of data with the most
negative slopes show discrete molecules (coordination numbers 4 or 5)
with no intermolecular interactions. The set of data with the least
negative slope (-1.37x10-2) somewhat vindicates the proposed
intermolecular tbp structure for the [2-(4'-pyridyl)ethylldiphenyltin

halides since it suggests a loosely coiled intermolecular polymer *“=.

3.4 The Crystal and Molecular Structure of [2-(2'-
pyridyl)ethyllAiphenyltin tindIV) N,N-dimethyldithiocarbamate. (16>
Suitable crystals were obtained by recrystallisation from a 60-80°
petroleum ether/ethyl acetate solvent mixture (1:1). The structure of
(16), determined crystallographically is shown in Fig. 10. The
molecular packing in the unit cell is shown in Fig 11. Atomic
positional coordinates are given in Table 27. The intramnlecular bond
lengths and bond angles are given in Table 28 and Table 29
respectively. Table 30 lists various structural parameters for

analogous dithiocarbamate compounds and Table 31 compares structural



Het=(2'-pyridyl), X=Ph

Temperature (XD

78.5 2.
85.0 : 1.
95.0 1.
105.0 1.
115.0 1.
125.0 0.
135.0 0.

Het=(2'-pyridyl), X=Br

78.9 2.
85.0 2.
95.0 2.
105.0 1.
115.0 1.
125.0 1.

135.0 1.
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8

Area

196
940
633
331
064
842

723

an

785
402
107
735
465
232

028

InfAcrs/Acrms]

. 123
. 296
.500
.724
. 957

.110

. 147
.279
. 473
642
. 815

. 996

a (K-

-1.96 x 10—=

-1.75 x 10—=
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Table 26 continued,

Het=(4'-pyridyl), X=Ph (9)

78.0 2.388
85.0 2.183
95.0 1,856

105.0 1.590

115.0 . 1.331

125.0 1.129

135.0 0.920

Het=(4'-pyridyl), X=I (14)

79.0 4.281
85.0 4.0190
95.0 3.430
105.0 3.016
115.0 2.580
125.0 2.312
135.0 1.880

= Temperatures accurate to +/—- 0.1K

. 090
.252
. 407
.585
. 752

. 954

. 064
.220
.350
.506
. 616

. 817

-1.60 x 10~=

-1.38 x 10—=



In[A(T)/A(78)J

0.2

0.6

-0.8

-1.0

-1

70

80
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Variable Temperature Mossbauer Plot

920

100
Figure 9

110

Ph2Sn(I)CH2CH2-Py-4
Ph2Sn(Br)CH2CH2-Py-2
Ph3SnCH2CH2-Py-4

Ph3SnCH2CH2-Py-2

-1.96 x 10-2K'1
120 130 140
Temperature/K
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data for analogous organotin compounds containing intramolecular
chelating groups containing a nitrogen donor atom. Further details
concerning the crystallographic analysis are given in Appendix II.

The geometry around the tin is best described as a distorted trans-
tbp structure. The axial dithiocarbamate ligand is considered
monodentate and the other axial position is octupied by a pyridyl
nitrogen which is chelated in an intramolecular fashion. The two
phenyl groups and the alkyl chain unit are in the equatorial
positions. The C=S sulphur does have a long Sp----S(2) contact
distance of 3.466 & and it is well within the sum of the respective
van der Waals radii of 4.05 &. It must be also noted that the
equatorial <C(2)-Sn-C(11) opens out to 128°(3), away from the ideél
120° tbp angle and the Sn—----S(2) vector bisects this angle. If there
was no Sn—----S(2) interaction at all, the Sn-C bonds in the equatarial
plane might be expected to rehybridise, with the result that <C(17)-
Sn-C(11) would be <120°*, whilst <C(17)-8n-C(2> and <C(2)-Sn-C(1DL)
would be >120°. However, although it is true that <C(17)-Sn-C(11) does
become <120° and <C(2>-Sn-C(11) does become >120°, <C(17>-Sn-C(2> is

<120°, (Figure 12.) This might suggest that the <C(2)-Sn-C(11l) is

wider than necessary for purely rehybridisation requirements.

>120°

C( 1 1) m:mnm»..:r
( sn\* c)
<120° _/
A

can <120°

Figure 12.
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However compounds that have been shown to exhibit unambiguous
anisobidentate dithiocarbamate bonding have much shorter Sn----S(2)
distances, e.g. Me=Sn(SzCNNez)>, Sn----S(2) =2.9544. Vith shorter Sn—-
S distances there is a concommitant rise in the <S(1)-Sn-S(2), e.g.
64.3° (average) for the latter compound vs., 57.1° for the title
compound. A recent structure of bis (tert-butyl) bis (X, H-
dimethyldithiocarbamato)tin(IV) =92 has been determined and shows
mono— and bidentate dithiocarbamate bonding in the same compound,
which is unusual for a diorganotin. The data for the dithiocarbamate
ligand in the title compound is most similar to the monodentate
ligand, (Table 30), in the above example. The Sn-S(1) bond length of
2.559 4 is not typical of RsSn dithiocarbamate derivatives, which
generally have Sn-S(1) bond lengths in the range 2.466-2.499 X (R= He,
"Bu and Ph). This larger bond length is more typical of the shorter
Sn-S bond length associated with an anisodentate bonded
dithiocarbamate ligand. However, the longer Sn-S(1) distance found
here can also be rationalised as being due to the increase in
coordination caused by the pyridyl nitrogen donor atom in the irans-
axial position. This point is exemplified by examining the length of a
typical Sn-Br bond found in a tetrahedral structure, e.g. Ph=SnBr,
d(Sn-Br)=2.490 & and 2.500 4 vs., the lengths of the Sn-Br bonds(2.63-
2.74 X) found in the irans-tbp oheléted compounds in Table 31. The
effect, in all the examples, is caused by an increase in coordination
due to the itrans-axial chelated nitrogen donor atoms.

The Sn-N(2) distance of 2.486 & is very typical of compounds with
intramoleculaly chelated R groups containing a nitogen donor atom,

(Table 31), and is significantly less than the Sn—--N intermolecular
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Figure 11: The Molecular Packing Structure of

(2-(2'-pyridyl)ethylldiphenyltin(IV) §,N-dimethyldithiocarbamate



Table 27. Fractional Atomic Coordinates and thermal parameters (&) for

[2-(2'-pyridyl)ethylldiphenyltin(IV) N,N-dimethyldithiocarbamate.

Atom

Sn

S

8(2)

N

N¢2)

cC

Cc<2)

Cc®

C)

C®5)

C(®)

cm

Cc®)

C)

cao

can

caz

cad)

caL

Cca5

Cc16>

camnm

X
0.1599 (1)
0.4416(2)
0.3405(3)
0.6064 (8)

~0.1230(8)
0.4735(9)
0.0458(11)
-0.1131(13)
0.7192(12)
0.6448 (13)
-0.2013 (10
-0.3642(12)
~0.4395(12)
-0.3544 (12>
-0.1957 (11)
0.1729(9)
0.3157 (10
0.3255 (12)
0.1990(13)
0.0549 (12)
0.0423(10)

0.1911(®

y

0.3146 (L
0.2157 (2>
~0.0426 (3
-0.0345¢8>
0.4302(7)
0.0349(9
0.2742(12)
0.2612(15)
0.0364(11)
~-0.1876(10)
0.3692(9)
0.4052¢11)
0.4995(11)
0.5600¢12)
0.5216(10)
0.2206(8>
0.1741(9)
0.118911)
0.105512)
0.1509(12)
0.2084 (10

0.5190(8)

0.

~
-

. 2837 (O

. 2668 (2>

. 33432

. 3467 (7

.2709(6)

. 3195 (7

. 4261 (8>

. 4392(10>

. 3391 (10

. 3926 (10)

. 3647 (8)

. 3885(10)

. 3127 (10D

,2131(10)

. 1973 (9

.1190¢7D

. 0449 (8)

. 0491 (9

L0641 (1)

. 0097 (10)

1019 (8

2005 (7>

U;g we OO U,,,q

0.0438<4>'
0.0501(12)
0.0726 (16)
0.0508 (43)
0. 0508 (17)
0.0530(51)
0. 0555 (54)
0. 0687 (67)
0.0665 (61)
0.0930(76)
0.0561(22)
0.0700(27)
0.0717(27)
0. 0765 (29)
0.0663(26)
0.0438(18)
0.0541(21)
0.0703(27)
o.oaoo<30>'
0.0778(30)
0.0586 (23)

0.0468(19)



Table 27 continued

cas

ca9®

ceom

ca2L

ce2)

0.2831C1D)

0.3126<12)

0.2506(12)

0.1583(12)

0.1245C1D
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0.5547(10)

0.6838(11)

0.7799(11)

0.7504 (11)

0.6226(10)

0.0962(9

0.0664(10)

0.1415(11)

0.2410010)

0.2730(9

0.0639(24)

0.0735@7

0.071627)

0.0731(28)

0.0621¢24)
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Table 28. Intramolecular Bond Lengths (X) for [(2-(2'-pyridyllethyll

diphenyltin<(IV) N,N-dimethyldithiocarbamate

Sn-S(1) 2.559(¢2) cAan-C12) 1.38311D)
Sn-S(2) 3.466 (=) c12)-Cc13) 1.424 Q14
Sn-N(2) 2.486(M C(13)-C(14) 1.352 (1%
Sn-C(11) 2.138¢8) C14)-CU15 1.387(1%5)
Sn-C(17) 2.136(8) C(15)-C((16) 1.408(15)
Sn—-C(2) 2.145(9) C(11)-C (16> 1,397<¢12)
. S-CL) 1.752(9) C(17)-C(18) 1.394013
S@2)-CL 1.680(8) . C(18)~-C (19 1.390(14>
C(H-N(L 1.322(11) b(lQ)—C(ZO) 1.3911%
N1)-C(4> 1.4832) C(20)-C21> 1.336(15)
N -C (B 1.480(12) C@21)-C122) 1.397 (13

c@2)-cU7? 1.42112)

C2)-C(3> 1.53414

C3)-C(6 1.470016)

C(6)-C(T 1.412013)

C(7)-C(8& 1.369¢(16)>

C(@)~-C(» 1.412(16)

C(@)-C(10> 1.,38301%

C10>)-¥(2) 1.32713)

N@2)-C(6> 1.340012)



Table 29. Intramolecular Bond Angles(®) for [2-(2'-pyridyl)ethyll

diphenyltin(IV) N,N-dimethyldithiocarbamate.

N(2)-Sn-8(1)
C(2)-Sn-S(1)
C(2)-Sn-N(2)
C(11)-Sn-S(L
C(11)-Sn-N(2)
C(11>~-Sn-C(2)
C(17)>-8n-S(1)
C<17>-Sn-N(2)
C(17>-8n-C(2)
C(17)~8n-C(11)
'S(2)-S(1>-Sn
C(1)-S(1)~Sn
C-S(1H)-8@
C(1)~S(2)-S(1)<
C4)~-N(1)-CL
CE-N1)-CL
CE-N(L)-C
C(6)-N(2)-Sn
C(10>-N(2>-Sn
CC10>~-N(2>-C(6)
S5@2)-C(1)-8)
N¢1>-C(1)-S

N<1)-C(1)-S(2

169,
99.
73,
101.
88.
128.
87.
89,
114,
112,

76.
105.

28.

30.
122,
120.
116,
108,
129,
120.
120.
116.

123.

6(2)
0¢3)
5¢3)
8¢(2)
5
83
4(2)
3¢
7(4)
6k3)
9(1)
5(3)
9(3)
2(3)
6(7)
5¢8)
8(8)
9(6)
5(8)
9(8)
9(5)
0(6)

17

C@3)-C(2)-8n
C6)-C(3)-C(2)
C3)-C6)-N(2
C(7)-C(6)-N(2)
C(7)-C(6)-C(3)
C(8>~-C(7)-C(6)>
C(9)-C(8)~-C(T)
C(10)-C(9>-C(8>
C(O-C(10>-N(2)
C(12)-C(11>-8n
C(16)-C(11)>-Sn
C(16)-C(11>-C12)
c3)-Cc{2>-c)
C(14)-C(13>)-C 12
C(15)-C(14>-C(13)
C(16)-C(15>-C14)
C(15)-C(16>-C(11)
C(18)-C(17)>-Sn
€(22)-C(17>-Sn
C(22)-C17)-C18&)
C(19)-C(18>-C(17)
C(20)-C(19>-C(18)

C21)-C(20>-C19)

110.2(7)
113.7(9
118.4(8)
120.2(9)
121.3(9
118.9(9)
120.0(10)
117.4(11)
122.5(9)
118.3(6>
122.5(6>
119.2(8)
119.3(8
121.1710D
120.4 (11D
119.3(10
120.7(9
122.1(6)
120.9(6>
116.9(8
121.3(9
120.0(¢(10

120.1(10>
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Table 29 continued

C(22>-C(21)-C(20> 121.4(10) C@21)-C(22)-C(17) 120.2(9)
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Table 30. Selected bond lengths for compounds containing

anisobidentate dithiocarbamate ligands (4).

d(Sn-S-C=8+Sn>

Compound = Sp=S¢1>  S=C (=8
16) 2.550  1.752 1.680

Snl S=CH- 2.500 1.740 1.690

~(CHo)z2]a 2.536 1.710 1.670
2.516 1.720 1.690
2.510 1.730 1.710

("Bu(Ph)=Sn~ 2.466 1.762 1.680

S2CNMez] |

("Bu(Ph)C1Sn- 2.454 1.742 1.703

S>CNMe=])

[Me=(C1)Sn- 2.48(eq.) 1.740 1.680

S2ClMez]

[ PhaSn- 2.468 1.776 1.702

SzCN(CHz2) 4]

[ Bu*=Sn- 2.573 =~ 1,752 1.686

(S=CNMe=)=]1 2.489 = 1.738 1.709

[ Ph=Sn- 2.613 1.72  1.72

(S2CNEtz)2]  2.548 1.76  1.72

» Data presented is

= Data presented is

< This work.

for the monodentate dithiocarbamate ligand

for the anisobidentate dithiocarbamate ligand.

S€2)-0n

3.466
3.439
3.643
2.707
2.595

3.079

2,764

2.79(Cax.)

3.106

3.532

2.795

2.637

2.790

57.1

63.8

68.8

68.2

63.6

>

67.5

67.6

67.6

203

204

205

206

105

202

207
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Table 31. Selected bond lengths for pentacoordinated organotins with a

intramolecularly chelating R group with.a nitrogen donor atom.

Campound Sn-NdGx,) Snp-E@x,?> <N-Sp-E <Equatorial  Ref
16> 2.486 2.550 = 160.6 112.6 < -
114.7 =
128.8 =
[ Pha (Br) Sn- 2.51 2.63 5  171.0 122.0 * 30
CsHaCH2FMez-2] . 114.5 =
121.2 ~
[ Ph (Br)Sn- 2.476 2.683 >  168.9 114.8 * 208
CoHCH (Me) N¥eo-2] 116.1 ¢
127.8 *
[ 1-(Ph(¥e) (Br)Sn)- 2.401 2.730 > 174.3 122.4 1 200
6~HeO-9-CH=NMez- 112.0 =
Napthl. 126.3 »
- B=S
= E=Br

¢ <Ph-Sn-Ph, = <(Ph-Sn-CHz.—-, * <Ph-Sn-CH-

1}

¥ <Ph-Sn-Ph, {Arom-Sn-Ph, " <Araom-Sn-Ph

i {Ph-Sn-Me, ¢ <{Arom-Sn-Ph, * <Arom-Sn-Me

3

* <Ph-Sn-MNe, (Napth-Sn-Ph, ™ <Napth-Sn-Me

< This work.
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ldistance of 2.62 & found in the crystal structure of PhaSnS(CsHaN-4)
=19, The <N(2>-Sn-S(1) is 169.6° and shows that the structure does not
have ideal tbp symmetry. The <N(2)-Sn-C(2), in the five membered ring
caused by the chelation, 73.5°, is almost that of an ideal pentagon,

i.e. 72°, the CH=CH: chain puckers to reduce the ring strain.
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3.5 Experimental

Triphenyltin hydride was prepared according to Van der Kerk et al, '®<.
2-Vinyl and 4-vinyl pyridine were of commercial origin (Aldrich) and
were distilled under reduced pressure prior to use. N-vinyl
pyrrolidin-2-one, N,N-dimethyl- and N,N-diethyldithiocarbamate were of
commercial origin (Aldrich) and were used without further

purification. Analytical data are presented in Table 21.

Synthesis of [2—(2’-pyridyl)etbyl]triphenyltin(IV) @

Triphenyltin hydride (2.84g, 7.37 mmol) and 2-vinylpyridine (1.15g, 11
mnol) were sti;éed together as a melt at 100°C for 2 hours under dry
nitrogen. The solid residue was recrystallised from 60-80° petroleunm
ether to yield hexaphenylditim (0.56g, 0.8 mmol). The mother liquor
was reduced in volume to dryness and the remaining solid
recrystallised from methanol/diethyl ether (1:1) to yield the product

@8 2.71g, 80%, m.p.= 73°C, 1lit. ='T7 m.p.=72-4°C.D

Synthesis of [2-(4'-pyridyllethylltriphenyltinc(IV) (9)

Triphenyltin hydride ¢(3.50g, 10 mmol) and 4-vinyl pyridine ¢1.05g, 10
mol) were placed together in a dry, nitrogen filled flask and stirred
together at 100°C as a melt for 30 minutes. Following this the flask
wass allowed to cool aﬁd the so0lid residue recrystallised from 60-80°C
petroleum ether, to yield the product (9) as a white crystalline

solid, «4.12g, 90%, m.p.= 112°C, 11t.®'# m.p.= 112-3°C).
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Synthesis of [2-(N-pyrrolidin-2-onel)ethylltriphenyltin (10)
Triphenyltin hydride (3.50g, 10mmol) and N-vinyl pyrrolidin-2-one
(1.11g, 10 mmol) were stirred together as a melt at 90°C for 4 hours
under dry nitrogen. The flask was allowed to cool and the solid
residue was recrystallised from 60-80° petroleum ether to yield the
product (10) as white rosettes (3.93g, 85%, m.p.= 73-5°C, 1it.='?

m, p.=74-6°C)
Halogenation of compounds (8>, (9> and 10

Synthesis bf [2-(2'-pyridyl)ethylldiphenyltin(IV) bromide (11)
Compound (8) ¢5.07g, 11.1 mmol) was dissolved in CCls (75 ml) and
cooled to 0°C., Br= (1.77g, 11.1 mmol) was dissolved in CélA (50 ml)
and gdded to the stirred solution of (8) dropwise over the period of 1
hour. The bromine solution was completely decolourised. Following
addition, the solvent was removed and the oily residue was dissolved,
with heating, in 60-80° petroleum ether/ethyl acetate (9:1). The

solution was allowed to cool to yield the product (11) as white

crystalline needles (4.67g, 91%, m.p.=168-9°C)

Synthesis of [2-(4'—p}ridyl)ethyl]diphenyltin(IV) bromide (12)
Compound (9) (1.76g, 3.86 mmol) was dissolved in CCla (40 ml) and
cooled to 0°C. Bromine (0.61g, 3.@6 mmol) was also dissolved in CCla
(40 ml) and added dropwise to the solution of (9) over 1 hour. The
flask was stirred overnight to yield a white suspension. The solvent
was removed and the solid residue dissolved, with heating, in dry

ethanol. A white powder (12) was collected (1.42g, 80%, m.p.=137-9°C).
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Recrystallisation from various solvents yielded only an amorphous

powder.

Synthesis of [(2-(2'-pyridyl)ethylidiphenyltin(IV) iodide (13)

Compound (8) (1.0g, 2.2 mmol) was dissolved in 60—89“ petroleum ether
(50 ml) and stirred at room temperature. Iodine (0.55g, 2.2mmol) was
dissolved, with heating, in 60-80° petroleum ether (100 ml), and added
to the solution of (8) over a period of 1 hour. Following addition the
iodine solution had totally decolourised to yield a pale yellow
suspension. A solid was filtered off and recrystallised from ethyl
acetate/40-60° petroleum etker (9:1) to yield the product (13>, as

yellow needles, (0.85g, 76%, m.p.=160°C).

Synthesis of [2-(4'-pyridyllethylldiphenyltin(IV) lodide (14)
Essentially as for preparation of (13), with CHCls used as the
solvent. Recrystallisation from 60-80° petroleum ether yielded small

yellow rosets, (54%, m.p.=155-6°C)

Synthesis of [2-(N-pyrrolidin-2-one)ethylldiphenyltin(IV) ilodide (15)
Compound (10>, (1.88g, 4.08 mmol) was dissolved in CHClz (100 ml) and
stirred at room temperature. Iodine (1.03g, 4.06 mmol) was dissolved
in CHCl> (100 ml) and added dropwise to the solution of (10) aver a
period of 30 minutes. Following addition the solution was reduced in
volume and the oily residue redissolved, with heating, in ethyl
acetate/60-80° petroléum ether (1:1). The flask was allowed to cool to

yield the product (15), as white crystals (1.77g, 85%, m.p.=146°C).
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Synthesis of dithiocarbamate and carboxylate derivatives of compounds

@), (9) and 10>

Synthesis of [2-(2'-pyridyl)ethyl]-N, N-dimethyldithiocarbamato
diphenyltin(IV) (16)

Compound (11>, (1.60g, 3.48 mmol) and Me=NCS:Na.2H.0 (0.65g, 3.48
mmol) were dissolved in ethanol/ethyl acetate (1:1), (100 ml) and
stirred at 50°C for 30 minutes, then heated at reflux for 30 minutes.
The solution was allowed to cool and the solvent removed. The solid
residue was dissolved in distilled water (50 ml) and ethyl acetate (50
ml). The organic layer was separated, dried over MgSO4, filtered,
reduced in volume and cooled to yield (16) as white needles, (1.42g,

81%, m.p.=160°C).

Synthesis of [2-(4'-pyridyl)ethyl]-N, N-dimethyldithiocarbamato
diphenyltin(IV) 17

Essentially as for preparation of (16>, but using (12) as the starting
material. Product obtained as a semi-crystalline solid, (66%,

m. p.=191-2°C).

Synthesis of [2-(N-pyrrolidin-2-one)ethyll]-N, N-dimethyldithiocarbamato
diphenyltin(I¥) <(18)
Essentially as for preparation of (16>, but using (15) as the starting

material. Product obtained as white crystals, (81%, m.p.=117°C).
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Synthesis of [2—(2'-pyridyl)ethyl]-N}N;dietbylditbiocarbaﬁata
diphenyltincIV) (19)
Essentially as for preparation of (16), except using Et=NCS:Na.3H=:0.

Product obtained as white crystals, (72%, m.p.=145-6°C).

Synthesis of (2-(2'-pyridyl)ethylldiphenyltin acetate (20)

Compound (11>, (3.03g, 6.6 mmol) and glacial acetic acid (0.40g, 6.6
mmol) were dissolved in acetone (40 ml). EtaN (0.67g, 6.6 mmol) was
dissolved in acetone (iO nl) and added to the stirred solution of (11)
dropwise over 30 minutes. Stirring was continued for 30 minutes, to
yield a thte suspension of EtaFNHBr. The by-product was filtered off,
(1.0g, 83%) and the filtrate reduced in volume to dryness. The oil&
residue was redissolved, with heating, in ethyl acetate/60-80°
petroleum ether (1:9). Following cooling (20) was obtained, by
filtration, as a white crystalline solid (2.31g, 79%, m.p.=80-1°C).
Synthesis of [2-(2'-pyridyl)ethylldiphenyltin benzoate (21)
Preparation as for (20), except for using benzoic acid as the reacting
ligand. Product was obtained as a semi-cfystalline solid (21), (617%,

m. p.=140-4'C).



CHAPTER 4.
SYNTHESIS OF (HETEROCYCLIC THIOMETHYL)> TRIPHENYLTIN COMPOUNDS AND

THEIR DERIVATIVES

4.1 Introduction

Chapter 4 continues the theme, introduced in Chapter 3, of separating
the organotin moiety from the hete;dcycle with a passive chain unit,
in this case -CH:S-. This approach has enabled several triorganotin
halides to be produced and fully characterised. The primary synthetic
reaction employed here has great utility since virtually any
heterocycle containing a mercapto group can theoretically be attached,
to make the tetraorganotin.

The biological usés of benzothiazole, benzoxazole and imidazole have
already been discussed in Chapter 2. The mercapto heterocycles,
especially 2-mercaptobenzothiazole, are well known for their
fuﬁgicidal activity and their potential for multidentate bonding. The
mode of action of 2-mercaptobenzothiazole i1s not clearly understood,
but it is thought to involve the opening of the thiazole ring to yield
toxic dithiocarbamates, though it may also involve metal chelation.

Czerwinska et al. *'® have reported the fungicidal activity of
Ph-SnS(Bzt), PhzSnS(Box) and Bu»SnS(Box), but detailed no structural
work. Molloy et al. ®'4 have reported the structural details of
various triorganotin dithocarbamates and listed their biocidal
activities. Brasington and Poller *'® have reported the preparation of
(RSCH=)4Sn from (BrCHz).Sn (R=Ph, Bu), and measured their Mossbauer

parameters.
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Taylor and Wardell #'S have prepared compounds of the type
PhsM(CHz).SCcHaMe-p (M=Sn, Ge and n=1, 2), but again, no structural
studies were carried out. Following on from their work on biclogically
active pyrimidines, purines and their analogues, Parkanyi et al.'s®
have recently studied the organostannyl and organosilyl derivatives of
these heterocycles. How