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ABSTRACT

In this work, hitherto unreported 4-acetyl pyridine
and 4-benzoyl pyridine adducts of Me3SnC are synthesi zed.
The adducts are found to be 1:1 Lew s acid: bases,

3-Acetyl -, 3-benzoyl-, 4-acetyl-, and 4-benzoyl pyri -
di ne adducts, 1:2 Lewi s acid: bases, of Me,nCl ,, MeSnd j,
SnCl 4, PhSnd 3, and Ph,SnCL,, are al so synthesi zed

I nfrared spectroscopy shows that only the N bindi ng
site of the Lewi s bases forns the coordi nate bond in adduct
formation.

For the 1.1 2-benzoyl pyridi ne adducts of MeSnd s,
SnCl 4, and PhSnCl 3, i.r. shows that both N and O bi ndi ng
sites of the Lewi s base coordi nate.

I.r. spectroscopy also indicates that for the 1.1
2-pyridi ne carboxal dehyde adduct of PhSnCl ;, both N and 0O
binding sites of the Lewi s base coordi nate. 2-Acetyl-
pyridine reacts in a manner different from 2-benzoyl pyridi ne
and 2-pyridine carboxal dehyde, with the nethyltin, phenyltin,
and stannic chlorides. The exact nature of the reactions
Is yet to be worked out.

Proton magnetic spectra of the pyridi ne adducts of

the nmethyltin, phenyltin, and stannic chlorides are



presented perhaps for the first tine. P.mr. specra of
t he new adducts synthesized were also run. P.mr
chemcal shifts of the adducts provide another way of
showi ng Lewi s base coordi nati on.

The JSn-CG H values for nethyltin chloride adducts of
pyridine Lewis bases are found to be alnost linearly
related to the pV, of the Lew s bases, and could thus be
used to correlate the base strength of Lewi s bases,
especially of a Lewis base and its substituted deriva-
tives, where the substituents do not sterically interfere
wth the freedomof the Lewis base to bind with a Lew s

aci d.

I nvestigation of the substitution reactions of the
organotin halide adducts was undertaken. Sone nethyltin
trifluoroacetate adducts were synthesized. Ph3SnQ GO Ck;
I's made by a sinpler, nore efficient nethod than previously

report ed.

By its node of reaction, PhSn(Q CO CF3), mght serve
as a newradical initiator.

Thr ough photolysis or thernmal deconposition,
di phenyltin bis-trifluoroacetate undergoes an unusual
di sproportionation reaction, vyieldi ng biphenyl and a

conpl ex diner of the phenyltin bis-trifloroacetate radical.
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PREFACE
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~ This Thesis is a result of an exploration of some '
branches of the Organotin Chemistry worid. The acceptor
strength of Sn in organotin chlorides and carboxylates
has been critically studied by means of infra red and
nuclear magnetic resonance spectroscopy. Quite a
number of revelations have been made.

Man takes whatever convinces him to be the truth,

It is curiosity then that can drive him near what really
is actuality. For those that like questioning before
accepting what others call the truth, for those that
realise that each new answer raises a new qu~-tion, and
for those that have realised that solving problems is
the main occupation and the fuel for the life of lian on

earth, this thesis shows that there are still many

~unanswered questions in Organotin Chemistry.
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INTRODUCTION

INTERACTION OF CARBONYL - SUBSTITUTED PYRIDINES WITH
METHYLTIN, PHENYLTIN, AND STANNIC HALIDES. '

Tetravalent tin atom, like other elements in group

3 hybridization. Expansion of its coordina-

. IV, exhibits sp
tion number above four is therefore not possible unless
the 5d orbitals are utilized. Tin has been found to
differ from the lighter metals of its group by deing able
to make use of its relatively low-~lying 5d orbitals, to

1?2. Some tin compounds

~expand its coordination number
are capable therefore of coordinating with Lewis bases,
~and-this ability increases with decrease in the electron
density around the tin atom in the Lewis acid. The electron
density in turn is determined by the substituents attached
to the tin: electron-withdrawing substituents render the

tin positive and therefore more capable of coordinating |
with Lewis bases, while electron-donating substituents
render the tin negative and therefore less reactive

towards Lewis bases, On this Fasis, while no adduct of

tetramethyl tin has yet been reported,; adducts of stannic

chloride are common. Steric factors would also influence



the Lewis acidity of an organotin compound. The stability
of an adduct - hence the probability of its formation -
increases with increasing electrophilicity of the Lewis
acid, with increasing nucleophilicity of the Lewis base,
and with increasing steric freedom around the acceptor
atom of the Lewis acid. A lewis base has to be strong
enough to distort and bind with the roughly tetrahedrally
substituted tetravalent tin atom to form any stable

.- adduct.

“ The presence of electron-donating organic groups on
tetravalent tin atom (classed as a hard acid) confers on
it some measure of softness on the basis of Hard and Soft
Acids and Bases PrincipleS’A‘ﬂ. Thus, most organotin
halides bind well with pyridine which is classed as a
borderline base under the same principles. Pyridine
forms 1:2 adducts with methyltin trihalides and with

dimethyltin dihalides; and 1:1 with trimethyltin mono-

halidgs.
‘MeSnX, + 2Py N MeSnX;. 2Py  viivernnnenn (1)
1 1 IIX
Me,SnX, + 2Py -+ Me,SnX;.2Py vevovevonnens (i1)

v v



Me3SnX + Py +  Me SnX.Py ....... we o (111)
v R 7} R |
where X = €1, Br, or I. . A

Pyridine adducts of diphenyltin dihalides and phenyltin- . -

trichlorides are known to be unstableﬁ.
Spectroscopy offers a lot in the study of the nature

- and stereochemistry of pyridine adducts of organotin and

stannic halidesT’S‘g’lo’ll’lz’13?14. Coordination through

pyridine nitrogen is indicated by a positive shift of the

1 in the

d14.

pyridine breathing motion which absorbs at 995cm™

1

free, and at 1010 - 1030 ¢m - in the complexed ligan

.Metal-nitrogen coordination is also indicated by U.V.
spectroscopy14. JSn-C~H values for methyltin halides are
found to increasc generally on complexation with Lewis

13

bases Mass spectrometry, Mossbauer and Raman spectro-

- 'scopy all give useful information for the study of

organotin complexes7.
Carbonyl - substituted pyridines are ligands with two

binding sites, N and 0,

X g
R
- ‘ CbO - !
N 'STN \C R
| | "
viir IX X

Where R'H, CHS’..-_"".'OCGHS’ -#ou-n.-e-t-Cn
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Both sites have electron pairs, and therefore, presumably;
could bind datively on an organotin Lewis acid. L

The presence of a bulky substituent at the 2-position
on the pyridine ring would, presumably, cause some hinde-
rance in the coordination of the molecule on a Lewis acid.
With the a-substituted carbonyl pyridine which has its
oxygen stereochemically suitably placed to chelate along
with the nitrogen on some Lewis acid, the effect of steric

hinderance is nullified or, at least, reduced. :

. N C - o
+ i g
M « 0 X1

where R = H, CHS, C6 HS’ e.t.c.

The donor strength of the O might or might not be high
enough, however, to enable the 0 to effectively bind
along with N on M to give any stable isolable product.
The interaction of 2~acetylpyridine with the first-ros
transition metals has recently been studied by Plytzano-

15

poulos et al They found that both the N and 0



coordinate on the metals in complex formation. In.énother”
studylﬁ, Plytzanopoulos et al reported the interaction of
the first row transition metals with 2-benzoylpyridine,
concluding from their experiments that Z—benzoylpyridine.
acts either as mono- or as a bidentate agent, depending
on such factors as the halide used {C1~ or Br ), the |
solvent, and the presence of further complexation between
the adduct and HC1 or HBr. Similar results were obtained

when the study was extendedl4 to other ligands of formulae;

(’QQ§”
f b
' )
\,N-_’f-’\-.c — R
S
. 0
"x_ o where R = H, CHS’ ....... CGHS’ ...... e.t.C

17 that 2~acetylpyridine

Siﬁilarly, Jain has reported
reacts with T1014 and S$nCl,, giving 1:1 adducts with
both N and O chelating on the metal. Plytzanopoulos

et a116, in their study of the interaction of 2-benzoyl-
pyridine with the first-row transition metals, have said
that the carbonyl stretch in the i.r. shifts to lower

frequencies when the oxygen is coordinated to the metal



~and siightly highér“fréquencies in the case of N - only
coordination. | E Co
Coordination of lLewis bases on transition metal
halides would be easy, because partially filled d-orbitals
which could accommodate electrons from Lewis basé§ are
present in the valence shell. The halogens on the metal
are electron ~ withdrawing, thereby rendering the metal

amenable to attack by Lewis bascs,

X X

= 2 B

X :X 5

X1 N
where X = halogen, '

M = transition metal

Where organic groups with positive inductive effect are

- attached to the metal, the latter is less affinitive

for electron ~ donating Lewis bases; and where vacant
d-orbitals are not available in the valence shell, as

in many main group metals, coordination could be



difficult., Sn is especially known for its ability to
utilise its d-oprbitals next to the valence shell in
forming coordination compounds. But organotin halides
might or might not be as strong as the transition metal
"halides in coordinating with carbonyl substituted pyridincs.
This depends very strongly on steric factors since organic
groups onh organotins are bulky compared with the halogens
on transition metals, Also carbonyl bearing groups sub-
~stituted on the pyridine ring would have an overall
electron withdrawing effect on the N of the ring, thereby
reducing the coordinating ability of the Lewis bases,

especially, compared with unsubstituted pyridine.
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Different types of electron -~ withdrawing processes

on the pyridine ring in a substituted pyridine would make
the donor strength of its N vary. Also, the adduct forma-
tion tendency of an organotin halide would be decided by the
steric freedom arocund, and the resultant electrophilicity
of, its central Sn atom. It has been of interest therefare

to examine the interaction of carbonyl substituted pyridines

with organotin halides, by means of spectroscopy.

BINDING STRENGTH OF THE LIGANDS.

The strength of a metal ligand bond in an adduct, would
depend directly on the degree of interaction of the accepting
orbitals of the metal atom with the donor orbitals of the
electron - pair - bearing atom of the ligand., Where the
metal atom is highly electron affinitive, the degree of |
interaction and therefore strength of the metal-ligand
bond would be a direct function of the 'nucleophilicity’

of the ligand, which in this case is the availability



of the lone pair of electrons on the donor atom. Where
the ligand bears electron-withdrawing groups, the

availability of the electron pair for dative bonding decreases.,

Infering from 1iteratur017'18
studying

offer much in the binding strength of the carbonyl sub-

, .m,r. spectroscopy might

stited pyridines with the JSn-C-H of the corresponding
adducts. -

Three naturally occuring tin nuclides have magnetic

115 117 and 119

moments : Sn, Sn, Sn, all of them with

nuclear spin I = }. Because of their higher relative

abundance, 11?Sn and 119

(115 1174

tudes of the indirect tin-proton coupling constants,
J117 119

Sn are the most important

119

Sn, 0.34%: n, 7.54%: 1950 8.623)17.  The magni-

Sn~C~H and J° " "8n-C-~H, are often informative in struc-
tural studies of organotin compounds, most especially
organotin halides and their adducts, and are found to be
dependent on the solvent used and the number and type of
halogens attached to the tin, i.e. the electron density

1?. dlB

on the tin atom It has been generally accepte that

the Fermi contact term is the main contribution to
Jllgsn—C-H constants, and therefore that these are pro-

portional to the s-electron densities on the nuclei e
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coupled. From the n.m.r. spectra of Me 5nHal. dissolved
in different bases, the studies of the limiting values of

J1198n-C-H for MeSSnHal. have led Drago et al to suggest12

that the magnitude of Jllg

Sn-C-H depends on the 'nature’
of the base. They have also attempted to establish a
relationship between the J Sn-C-H values for Messn Hal.
in various donor solvents with the heats of formation of
the MeSn Hal. adduct of each of the donor solvent.

From the study of the variation of J Sn-C-H values
with varying Donor/Acceptor ratio in dichloromethane of
Me;Sn C1 and a number of donor solvents, Petrosyan et al18
have concluded that J Sn~C-H values increase with increasing
donor - acceptor bend strength, and this, they suggested,
represented the solvating abilities of the solvents. They
further postulated that the complexation of methyltin
haldies with electron donor solvents is followed by an
increase of the relative content of S - electrons in the
Sn-C-H site. This arises from the assumption that the
complexation is essentially a p - d4 donor - acceptor
interaction and is thus not affected by the § - electron

density on the metal.
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To be able to make a meaningful correlation of the
variation of J Sn-C~H for a methyltin halide in its
complexes with a set of bases of varying donor strengths,
stoichiometric amounts of the Lewis acid and base, as
would be found in the isolated complex, are measured into
a common inert solvent. Alternatively, the adduct could
be first prepared and then measured out into the solvent.
The J Sn~C-H value of the methyltin halide is then measured.
An independent method alsc has to be available to determine
the strength of each of the bases. No report has been
found of this type of study, as many adducts of methyltin
halides had been found to be insoluble in common inert
solvents. Of pyridine adducts especially, only Me;Sn Hal,

13,18 ¢ .

Py have been found to be sufficiently soluble
quantitative study of the J Sn-C-H.

It has been of interest therefore to study the
relationship between the J Sn-C~H of some methyltin
halide pyridine complexes, and the strength of the Lewis

base of each complex.
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SUBSTITUTION REACTIONS OF ORGANOTIN CHLORIDE ADDUCTS.

Poller'® has stressed the easc with which the halogens
of organotin halides can be replaced by a variety of
nucleophiles. The halogens, dne to their relatively higﬁ
electronegativities render the tin of organotin halides
positive and therefore more susceptible to nucleophilic
attack. Because of their small size compared with, say,

a carboxyl group, the halogens on organotin halides would
not give much steric hinderance to an attacking nucleo-

phile as the latter attacks in an SN, fashion.

R R
{ . !
R Sn=X b+ YD ey Sn...... X

H Se——— r

{ ) /

R R R

XT11 XIv - | XV
¥
R
{
Sn

XvV1I
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For these reasons, organotin halides have been found

to be good starting materials in the preparation of other
organotin compoundszo. Anderson et al20 have drawn up a

"conversion series' for the interconversion of triethyltin

compounds :
(Et,Sn),S + Et Snl » Et, SnBr + Et. S5nCH - Et,Sn NCS »
EtgSnCl > (Et;Sn),0 » Et;Sn(NCO) + Et3Sn0.CO.CHy + EtgSnF.

Anderson foundzo that using the appropriate nucleophilic
reagent, any of the compounds in the series could be converted
to any other one to its right, but none tg the left.

A similar series has been drawn by Eaborn®! for some

triorganosilicon compounds:

RSSiI -+ (R3Si)25 > R3SiBr-+ R3SiNC + BSSiCl-* RSSiNCS > RSSiNCO

taborn has pointed out, in drawing up his "conversion series®™

for organosilicon compounds, that the formation of an

- organosilicon halide or psuedohalide in preference to -

another is dependent on the relative affinity of the halogen
~or pseudohalogen for the silicon. Thus Si-Cl1 bond in
R,5iCl is strenger than Si-Br bond in RSSiBr. The former

would therefore not be converted to the latter. Using a
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similar argument for organotin compounds, a reaction of the

. type

e

R, SnX + 4-nY® + Rn Sn Y, _ 2 v

4-n n "t 4en
would occur if Y@ has a higher affinity for Sn than X9,
This has been proved experimentally by Anderson20 in his
conversion series for some organotin compounds.

In interconverting organotin halides and psecudohalides,
silver salts are most often used. If could be inferred A

from Eaborn's explanation of his interconversion reactions

of organcsilicon halides and pseudohalidecs that the rate-

. determining step in the interaction of a tin compound =SnX,

with a metal salt, MY, is the nucleophilic attack of the Ye

ion on the tin atom. However, the fact that silver salts
are outstandingly effective suggests that the metal ions
play some significant part in the reactions, possibly
assisting the removal of anion from =SnX,
If nucleophilic substitution reactions of organotin
halides and pseudohalides actually go by the SN, mechanism,
then adducts of organotin halides cannot be reactive, because
of steric difficulties due to over-crowding in the intermediates,
By the stepwise process of the SN1 mechanism however, sub-

stitution reactions migyat be easier.



Although many adducts of organotin halides are
known?, no report has as yet been made of any investiga-
tion of the reactions of organotin adducts, The hexa-
coordination of the tin atom in many of these compounds
would make them resistant to nucleophilic attacks, and,
many of them are insoluble in common organic sclvents
and would only slowly hydrolyse in agueous media. Interest
therefore developed in carrying out a study of substitution
reactions of organotin halide adducts.

Presumably replacement of the halogen in an organotin
halide with another substituent would be more feasible
if the halogen could be forced off the organotin halide
to form a more stable compound. This is one of the reasons
for the suitability of silver, salts, since silver forms |
stable halides which are soluble only in amine solvents,
This advantage has becn exploited in preparing many
organctin Compnundszz.

Ry nSnCLl, + nApy =~ Ry_nSpY, + ASClec.eneen vi

4-n
where Y could be PC,, AsQ,, 50, AsFﬁ, 0104, Co4,

5

Only one report has so far been madez of the use of this

method to prepare an organotin ester.

-
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' ether . '
Ph,SnC1 + Ag0.CO.CH SR Ph,5n{0.C0O,.CH,)
Z 2 3 room temp. 2 372
VII _ XVIII : _ _ LIX

+ 2AgCl ....... Vii
XX

Organotin esters have however been prepared in various othay

26
ways .

PhSSHOH + CFSCOOH —_———+-Ph35n0.CO.CF3
XXI XXIT ' XXIII

MeZSn(CH:CHZ)2 + CF.C0O.0H s jMQZSn(O.CO.CF3)2

XX1v XXv
....... . ix
+ ZCHZ.CH2
Et45n + ZCFSCOZAg e Etzsn(O.CO.CFS)2 ...... cares X
XXvi XXVII XXVIII

Silver trifluoroacetate dissclves easily in many organic

solvents. Its reactions with some of the new adducts prepared
in this work have therefore been studied. 1In the process,
diphenyltindichloride bis-4-acetylpyridine was found to react
with silver trifluoroacetate in acetone to give a product in

which tin was absent. This led to the investigation to the

~.

s
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reaction of silver trifluoroacetate with phenyltin chlorideﬁi
a study which had hitherto not been reported,
The work now being reported therefore was aimed atl
studying
(i) the interaction of carboenyl substituted
pyridines with methyltin, phenyltin, and
stannic chlaridés:
(ii) the variation of JIIQSn-C-H in complexes of
substituted pyridines with methyltin
chlorides, with the base strength of the ligands.
(iii) the substitution reactions of pyridine adducts
of methyltin, and phenyltin chlorides with |
various nucle~philes.
(iv) the reactions of phenyltin chlorides with

silver trifluorcacetate.
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DISCUSSION
SECTION A

Synthesis, Physical and Spectral Properties of the Acetyl and Benzoyl

pyridine complexes of Methyltin, Phenyltin, and Stannic Chlorides.

(a) Svynthesis of the complexes

i. 3 -_and 4 - Acetyl and_Benzoyl pyridine_adducts

e e e R U BT I g ey Sy i e

= i S St e ol R R e e N M R R

Organotin halide adducts are usually prepared by mixing
solutions of the organotin halide and the Lewis base in an
inert solvent., Beattie et alg have prepared the pyridine
adduct of dimethyltin dichloride in benzene, and of
trimethyltin chloride in light petroleum. Caroon tetrachloride,
carbon disulphide and chloroform have also been used in
preparing MeSnCl3.2Py, MeSnC13.Phen., and MeZSnCIZ.ZPyHCI
respectivelyg. In preparing an organotin halide adduct, a
solvent has to be chosen such that it is inert, fairly
volatile, anhydrous, and capable of dissolving the reactants
very well but yielding the adduct as a precipitate or pre- |
ferably, crystals. Pyridine adducts of many organotin halidesl
arc known to precipitate as socn as the reactants are mixed”.

Although the yicld in such preparations are usually high, the
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synthesis of a compound via precipitation most often yields
an impure product. |

Except in a few cases where carbon tetrachloride was
used, dichloromethane was chosen as the medium of reaction
in the preparation of the following acetyl and benzoyl-
pyridine adducts of methyltin, phenyltin, and stannic
chlorides now being reported. Dichloromethane has proved
to be superior to most other inert solvents used in preparing
adducts, for its volatility and high ability of solubili-
zing the reactants and yielding the products in most cases
as crystals. Even nyridine adducts came out of dichloro-
methane media as purer powders, as the reactants are
extremely soluble in the solvent.

Unlike pyridine adducts of orgaﬁotin halides that
are obtained as powders or at best small crystals when pre-
pared in dichloromethane, acetyl and benzoylryridine add-
ucts of methyltin and phenyltin chlorides, in most cases,
are obtained as cr;stals. In many cases, clear solutions
are obtained when the reagents are mixed; crystals separate
out only on standing or cooling. Many of these adducts

could be recrystallised from suitable solvents thereby

enhancing high purity, unlike pyridine adducts that
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precipitate and are not solutle in most solvents.

The precipitation of pyridine adducts could be due .
to the high rate of reaction between the organotin halide
and pyridine, since free pyridine bears no electron with-
drawing substituents mt king its lone pair of electrons
highly available for coordination. 1Its small size, compared
with that of the bulkier substituted pyridines, would-also

make coordination very effective,

C
Phridine { Substituted Pyridine
R .

LY
I1 VIIT

3 » Cgtg-

In making a solution of an adduct in a solvent, high tempera-

R = CH

ture breaks the lattice energy of the crystal, then the -
solvent molecules compete with the ligand molecules for
coordination on the Lewis acid. The adduct is solubilized
where this state can be achieved. But where the adduct

ligand molecules are much stronger Lewis basc¢ than the
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solvent molecules, competition for coordination is greatly
reduced; the adduct molecules soon associate, and the “
adduct is seen as only feebly soluble in the solvent. Since
pyridine would form stronger dative bonds with Lewis acids
than would acetyl and benzoyl-pyridines, it is not surpri-
sing that pyridine adducts of organotin chlorides most often
precipitate while the acetyl and benzyol pyridine analogues
slowly crystallize out. | | :

Table 1 below shows theladducts, the form of the products,

and the solvent used for their preparation.

TABLE 1
The 3- and 4- acetyl and benzoyl pyridine adducts

of methyltin, phenyltin, and stannic chlorides prepared.

Adduct : Form Solvent
Me,SnC1. N> )-Co.Me Crystals cc,
Me.SnCl. N % )= CO.Ph AT cel
3 N : , 4
Me,SnCl,.2 NO V..CO.Me d CH,C1,
Me,SnCl,.2 N < )-Co.Ph " CH,C1
2 2 ::.-';.—"?_.CO.Me LA
o ki
Me,SnCl,.2 N, ¢ ' CH,C1,
“~—/ ¢0.Ph
it
Me,SnCl,.2 NG ) CH,C1,
Me SnCl,.2 Nes ). C0.Me g CH,C1,
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Adduct Form Solvent
_CO.Ph '
Me SnCl5.2 Nf) S Crystals CH2(112
snC1,.2 K O )-C0.Me " CH,C1,
$1€1,.2 N O ) CO.Ph = CH,C1
4 g 2442
. « Me _
snC1,.2 n(oj ‘ Ch,C1,
2 H/_Oj LO.Fh e H,C1
SnCl,. € CH,C1,
Ph SnCls.2 M © )-C0.Me s cc1,
Ph SnClq.2 N © >-gg:gg CH,C1,
Ph SnCl;.2 MG) g cc1,
="/ co.pPh _
Ph SnCl;.2 N O - CH,Ch
Ph,SnC1,.2 N o }.CO.Me " CH,C1,
/_.. mn
Ph,SnC1,.2 N © )-C0.Ph CH,C1,
CO.Me
Ph,SnC1,.2 r(_OS i CH,C1,
\~< _CO0.Ph
Ph,SnC1,.2 N © CH,C1,
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3i. 2_-_Acetylpyridine, 2-benzoylpyridine,_and
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As with the synthesis of 3~ & 4- acetyl and benzoyl
pyridine adducts of the methyltin, phenyltin, and stannic
chlorides, the reactions of the 2Z-carbonyl pyridigeg wita
the organotin Lewis acids were tried in the inert, ﬁon-
polar medium of dichloromethane, at room temperature, But, a
unlike the speed and pattern of reaction of the 3~ & 4-
carbonyl pyridines, the reaction of the 2~carbonylvyridines
with the methyltin, phenyltin, and stannic chlorides
cccurred much more slowly, and in many caées, oily products
were first obtained. Some of these crystallised on cooling.
All products of reaction of stannic chloride with the thres
2-carbonyl-pyridines rapidly formed yellow crystals, unlike
the products of reaction with methyltin and phenyltin
chlorides. 2-Benzoylpyridine did not react with phenyltin
or methyltin trichloride until the reaction mixture was
warmed. Yellowish crystals sceparated out however as tﬁe
warm mixtures cooled., No reaction was obscrved between
2~benzoylpyridine and dimethyltin or diphenyltin dichlorides,

or trimethyltin and triphenyltin chlorides.
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2 - Acetylpyridine reacted with phenyltin and
methyltin trichlorides to give oily products. Solidifi-
cation of the oils was effected by first warming the
mixtures to boiling, and then leaving them to stand for
several hours, Near white crystals separated out. With
dimethyltin dichloride, 2-acetylpyridine slowly reacted
to yield light yellowish crystals, but with diphenyltin
dichloride, a thick brown o0il was produced after several
hours. Heating was only a 1little effective in promoting
the speed of the reaittions. In carbon tetrachloride how-
ever, diphenyltin dichleride gave a2 yeliow solid with
2-acetylpyridine. No reaction was observed between
trimethyltin or triphenyltin chloride and 2-acetylpyridine.

2-Pyridine carboxaldehyde reacted with stannic
chloride, methyltin and phenyltin trichlorvides, and also
with dimethyltin and diphenyltin dichlorides, but most of
the products of reaction were unstable. The products of
reaction of the ligand with stannic chloride, methyltin
and phenyltin trichlorides were solids, but thick non-
isolable oils were obtained as the products of the ligand

with dimethyltin and diphenyltin dichlorides.
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It was possible to purify the products of reaction
of the Z-acetylpyridine with dimethyltin and diphenyltin
dichlorides by recrystallization, but the products of the
other 2-carbonylpyridines with methyltin and phenyltin |
trichlorides, and stannic chlorides could only be purified by

washing and drying

(b) State, Puriey, and Stability of Products.

Pyridine adducts of methyltin, phenyltin, and stannic

2,10 to be white, mostly amorphous

chlorides have been known
solids, purified only by washing with the blank seolvent used
for their preparation, and then by drying, A lot of ecxcess
pyridine is usually removed during the drying.

All 3- and 4- acetyl and benzoyl-pyridine adducts of
methyitin, phenyltin and stannic chlorides have been found
to be light yellowish crystalline solids. The adducts of
trimethyltin, dimethyltin, and diphenyltin chlorides are
purified by recrystallisation from light, polar non-hydroxylic
solvents like acetone. The sharpness of their melting points
shows them to be of high purity, The methyltin, phenyltin,

and stannic chlorides® adducts were obtained in purc form

by using large quantities of the sclvent -~ in most cases
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dichloromethane - for the preparation and washing. In all

cases, the products separated out slowly as crystals, there-
by further enhancing the purity. All products were stable
at room temperature. |

The isolable complexes of 2Z-acetyl and 2-benzcylpyri-
dines with stannic chloride, phenyltin and methyltin chlo-~
rides, were light yellowish crystalline solids. Products
obtained with 2-nyridine carboxaldehyde were mostly brownish
amorphous solids. The 2-acetyl - and 2-benzoyl-pyridine
complexes were all stable at room temperature. Those of
2-pyridine carboxaldehyde did not appear to be quite as
stable - most of them kept changing colour, on storage

at room temperature.

¢.. Melting and decomposition tcmperatures.

With the exception of the 4-acetyl - and 4 - benzoyl -
pyridine adducts of trimethyltin chloride which have
higher melting points than their pyridine analogues, all
3 ~ and 4 ~ acetyl - and benzoyl ~ pyridine adducts of
methyltin, phenyltin, and stannic chlorides have been found
to have lower melting or decomposition temperatures than
their pyridine analogues. The fact that the 4-acetyl - and

4- benzoyl - pyridine adducts of trimethyltin chloride are
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higher melting than the pyridine ;dduct of trimethyltin in
chloride seems to suggest that the latter decomposes rather
than melt at 400, Possibly, as soon as there is enough
"~ thermal energy to vapourise the pyridine, only a little more
'éﬁergy would be needed to digsociate the weak Sn - Py bond.
The s0lid therefore collagﬁu and melts easily. On the other
hand, 4-acetylpyridine and 4-benzoylpyridine, although .':_5Qf'
seemingly weaker donors than pyridines (see Discussion, w
section B) are much heavier than pyridine and therefore
would not vaporise easily. It is possible therefore that
their weights keep them on the he,SnCl, and the adducts
stay solid until their melting or decomposition temperatures.
| Unlike some pyridine adducts, e.g. Ph,5nCl, .2Py, thaf
:maré known to be unstablez, all the 3 - and 4 - acetyl - and
benzoyl - pyridine adducts of methyltin, phenyltin, and |
stannic chlorides are stable at room tempeyature, but all
melt or decompose below 360°, unlike some pyridine adducts

27 to be

of organotin chloride Lewis acids that ave known
so thermally stable as not to fuse below 360°. The meltiné :
iﬁ.-or decompeosition temperatures increase generally from the
- adducts of trimethyltin and diphenyltin chlorides across

their respective series to those of stannic chloride,
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Although a complex's Lewis acid-Lewis base bond strength alone .
might not be enough to predict the melting points of a series
of complexes, this observation appéars to be in line with the
common observation that the Lewis acid-Lewis base bond strength
in organotin halide adducts increases from the adducts of

the trialkyltin or triaryltin halide across to the adducts of
stannic chloridez, i.e. the Lewis acid - Lewis base bond

strengths follow the order
RsiSn - L < RZXZSn - L < RKSSnL < X4Sn - L

where R = alkyl or aryl,
X

It

halogen,

L = Lewis base,

This trend is explained by the fact that the electrophilicity
of the Sn increases with increase in the number of electron
withdrawing - halogen substituents on it.

In addition, to a good degree, the melting points appearu
to reflect the comparative binding strength of the Lewis
bases, The unsubstituted pyridine adducts are generally
higher melting than those of the substituted pyridines. he
para-substituted pyridine adducts in turn are mostly higher

melting than their meta-substituted pyridine adducts, because
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the substituents of the former would not interfere sterically'
with the Lewis acid as the substituents of the latter probably
might, The para-benzoyl pyridine adducts are higher melting |
than the para-acetylpyridine adducts, which seems to suggest
that 4-benzoylpyridine might be a stronger Lewis base than
4-acetylpyridine (See Discussion, Section B).

The melting points of the 3-benzoylpyridine adducts are
generally higher than those of the 3-acetylpyridine adduct
{see table 2). The reason for this is not clear, but it
could be due to the mesomeric effect of the phenyl in
3-benzoylpyridine on the carbonyl of the molecule. The electron
withdrawing effect of the C = 0 is neutralised by the o

mesomeric influence of the phenyl:

C g"\; _ "
h< v TR
‘ :
Q*N # N, =
XLl

This effect is not present in 3-acetylpyridine. It is

possible then that the electron witﬁﬁrawihg effect of
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the carbonyl in 3-acetylpyridine is conducted via the

g - frame of the molecule, and this effect would make its
nitrogen a poorer domor, compnared with the 3-benzoylpyridine
where mesomerism would neutrialize the electron withdrawing

effect of the carbonyl, leaving the N virtually unaffected.

The suggestion holds where the S « N bond strength, to a
good degree, determines the melting or decomposition
temperatures of the complexes, and it is feasible since
most of the 3-ketopyridine adducts, especially of the
methyltin and stannic chlorides, decompose rather than
melt.

However, the melting points of a few of the complexes
have been found to be out of trend (see table 3), for

reasons not immediately explicable.
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Compared with the 3- and 4~ carbonyl pyridine adducts,
the 2-acetyl- and 2-benzoyl nyridine complexes.were found
to be very sharp melting, and all melted with decomposition.
The complexes obtained from 2-pyridine carboxaldehyde melted
over comparatively larger ranges, which seems to suggest

their instability and non-purity.



The comparative melting points of the pyridine,

Table 2
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scetyl and berzoyl pyridine adducts of the methyltin,

phenyltin, and stannic chlorides.

Lewis 4-Acetyl| 4-Benzoyl| 3-Acetyl- { 3-Benzoyl-

Acid Pyridine Pyridine| Pyridine | Pyridine | Pyridine

Me.SnCl | 40-41°C | 55-56°C | 65-66°C | - °C -°¢

Me,SnCl,| 163 114-115° | 157-159 | 109-110° | 109-111

MeSnCl, Sublimed { 138-140 | 300-303 | 185-187 222-225
280-290 decomp. | decomm. decomp. decorp.

5nCl, Sublimed | 181-183 322-323 | 233-236 250-252

>300% decorp. | decomp. decomp. decomp.

Ph SnCl.| Sublimed | 140-143 | 255-257° | 133-135 95-97

: 310-315 deconp. | decomp.
Ph,SnC1,| 151-152 94-96° 124-126 62~64 119-121
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- [d) Analyses and Stcichiometry
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_ It has long been known that triorganotin halides
~_ form 1:1 complexes while diorganotin dihalides, monoerginotin

w trihalides, and stannic halides form 1:2 complexes with
monaodentate ligands. Triorganotin halides form no more than
“'1:1 adducts with monodentate ligands, possibly because of .
steric repulsion which results from crowding arcund the tin
atom. Another possible factor is electron satura;ion around
. the tin atom, since the organic substituents havérélpositivef'

- inductive effect.

Vi - o vII
When there are two or more electron withdrawing groups on the

tin, the tin atom is now positive enough to bind with two
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electron donating sites; its two e,g. d-orbitals are used

to accomodate the incoming electrons:

qF Me
ci. Y .ca
,Sn + 2N Q) Sn

Me

—~ .
o’ § o u’} &

Me
IV Vv
Acetyl and benzoyl - pyridines have two nossible
pyridine "N" and carbonyl" ", With Me,SnCl,, for example,

many types of bonds could be formed:

)

e |

1
1
Anw,
Cl .

ais X1V

!Yl
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?e
/Sn\ '
c1”l “c1 + N\ b=
Me . ”
0
Me
Cl~ g -Cl
oﬁ' Qo
cZr M 3¢ - R
AL, ®
N
) -.KV
wy XXX1

In 'X', the Lewis basc is monodentate and coordinating through
N; the resulting adduct is 1:2. 1In 'Y' the ligand binds with
both N and 0, and is therefore bidentate, and by its geometry,
the product would be nolymeric, though fundamentally a 1:1
adduct. Tn 'Z', only the O is binding; a 1:2 adduct would
result. However, since the electron pair on nitrogen would

be more available for coordination than a pair on the more
electronegative oxygen, and since in terms of steric hindrance,
the nitrogen end is free than the oxygen end, in a situation
of competition, the binding of the ligand would be through N

rather than O. Elemental analysis have confirmed that the

tricrgacotin halide adducts are 1:1 while the diorganotin,
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monoorganotin, and stannic chlorides' complexes are 1:2

adducts. Infra red spectroscopy (sece later in this section)

has shown that only the N Binding sites on the ligands are

involved in bond formation. Thus:

MeSnC1l + @.—COR > NeSSnC1 D/ >~C0 R

VI VITT XXXII
MeSnClz + N\::::>——-C0 R = MeSnCl 2N<CE§:>>-
Xxvii
1V XXIX
I'-ieZSnCl2 + 2:N \_') Y & MQZSnCI @ L. eXViiid
"'<CO.R CO.R
IX XXXTIT
thSnl'.‘l2 + 2:N®~COR > PhZSnCI . 2N (‘ }
XVII XXXIV

-
o~

PhZSnCI2

> Ph SnCl2 2N t P, s <

CO.R

ix
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MeSnCl3 + 2:@ CO.R » MeSnC13.2@CO.R --xlﬁc'i

I COXXXVI
It‘leSn(.'l3 + 2:N O + M'eeSnCl3 . 2N O CLL.xxii

Y
CO.R CO.R

XXXVIX

;cl, + 2:N O y=CO.R = Snc14.2N®.«:o.n
_ s e XX111

XXXVIIE O XXXIX

SnCl, + 2:N Q) : ~  SnCl,.2 @ ...xxiv_._._
0.R . XL CO.R .

where R = Me, C.H,
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Table F

. The melting points of, .d the elemental analysis results for, the

s & #-acet1,and 2-,3and 4-benzoyl pyridine adducts of the methyltin, phenyltin,
and stammic chlorides.,
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Inv.0.°C

i Calaulated, % Found, %
C H Cl N Sn C H C1 N Sn
zmumanw.p.»n.ww 55-56 {37.48] 4,99 4.37 [ 37.07 137.691 5.Q0 4,434 37.25
xauman.A1mm.ww 62-63 147,10] 4.71 3.66 {31.05 [47.34} 4,73 3.85} 31.50
zwmmbnuw.awmaa.>n.mw 117-118[41.60} 4.36 6.07 125.70 |41.84 | 4.45 5.76| 25.79
uﬁmm:num.wwm.bswm.wm 157-159)53,27} 4,10 4,78 120.26 |53.35| 4.17 4,751 20,40
qumanwm.cwm-u.bn.mﬁ 109-110141.60] 4.36 6.07 [25.70 {41,901 4.41 5.951 25.75
wﬁmmunpm.awm|m;wm.ww 108-111153.27} 4.10 £.78 120,26 |53.37 1 4,14 4,73 20.46
wwmsnpu.cwmsan>n.ww. 138-140|37.33 3.53 5.81 {24.61 |36.92| 3.59 5.65| 23.80
g&manwu.cwm.n.mm.ww 300~303149,41{ 3.62 4.61 {19.58 {43,501} 3.65 4.60 19,85
wﬁmﬁnuu.cwm;u1>h.ww 185-187137.33| 3.53 5.81 124,61 [37.10] 3.61 5.70 | 24.87
zmmsnwu.wwm-upwm.ww 222-225749.41! 3.62 4.61 ]19.58 [49.52 | 3.60 .} 5.68( 19.82
m:nua.wwmna.bn.ww 181-183133.42] 2.79 [28.25] 5.57 {23.61 |33.12] 2.81 {28.62 | 5.451} 23.91
mznwp.wwmnmuwa.ww 322-323(45,96] 2.87 [22,66] 4.46 [26.75 [45.85} 2.85 [Z2.81]4.48 ] 26.8%
mznuu.wwm;msbn.mw 233-236)33.42| 2.79 }28.25| 5.57 |23.61 (33,02 2.86 {28.57 | 5.43| 23.98
SnCl,.bis-3-Be.Py |250-252|45.96( 2.87 [22.66; 4.46 |26,75 {45,821 2.83 22.85 ] 4.47 | 76.87
mum:nuw.awm-hlpn.mw 140.143144.10] 3.49 5.15 }21.81 {44.24] 3.64 4,891 22.10
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[ABLE 3 (CONTD)
M.P.°%C Calculated, ¢ Found,

> H c1 N | sn c H| a| N Sn
PhnCl,.bis~4-Be.Py [255-25753.88 | 3.47 4,19 [ 17.76 |53.95]3.52 4.08 | 18.10
PhSnCl;.bis-3-Ac,Py [133-13544.10 | 3.49 5.15 | 21.81 |44.15[3.55 4.97 | 22.05
PhSnCly.bis-3-Be-Py | 95-97 |53.88 | 3.44 4.19 | 17.76 |53.96{3.60 4.21| 18.05
Ph,SnCl, .bis-4-Ac.Py | 94-96 |53.27 | 4.10 4.78 | 20.26 |53.01{4.05 4.68 | 20.48
Ph,SnC1,.bis~!-Be.Py |12:-126)60.87 | 3.95 3.95 | 16.72 |60,56{4.04 3.89 | 16.94
Ph,enCl,.bis-3-Ac.Py | 62-64 |53.27 | 4.10 4.78 | 20.26 |52.98{4.14 4.70 | 20.51
®h,fnCl,.bis-3-Be.Py |119-121)60.87 | 3.95 3.95|16.72 |60.64]3.98 3.90 | 16.85
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phenyltin, and stannic_¢hlorides.

It would be expected that a 2-carbonyl pyridine, by its
geometry, when it coordinates on &g Lewis acid, would act

as a simple bidentate ligand to yield a stereochemically stable

five membered ring: : e

-

v o o XXV

where M = Lewis acid;
R = H, alkyl, or aryl.

9

- Jain has reportedly2 obtained a 1:1 complex from stannic

chloride and 2Z-acetylpyridine. He however claimed to have 52 
~ obtained 1:2 complexes for SnBr, and SnI, with 2-acetylpyridine.
In their study of the interaction of the row transition
metals with 2~acetyl- and 2-benzoyl-pyridine, and Z-pyridine

al% that "

©" carboxaldehyde, Plytzanopoulos et al have reporte
both the N and O of the ligands are involved in dative bonding,

B implying that they act as bidentate ligands and therefore would
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be expected tc give only 1:1 complexes with organotin

halides, since the maximum coordination number of Sn is

sixl’z.

o

It has been found in this work, by elemental analysis

and spectroscopy that 2Z-benzoylpyridine reacts with stannic

chloride, metlyltin trichloride, and phenyltin trichloride

to give 1:1 complexes, in which both N and 0 are involved

in bonding,

‘o

SnCl, + ° -
‘ 4 ¥ T #,@ 3 SnCl,.
i
0

xXVi

0 = C‘\
U
| XL1T XLIIT
(o) {0)
MeSnCl3 *owN—N ) — MeSnCl3 R N Coxxvid
LY ' Y =q,,f S
0
O
XLIV
PhSnCl3 +
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No product was isolable in the reaction of the diorgano-
tin and triorganetin chlorides with Z-benzoylpyridine,
possibly because the products were too unstable due to
steric factors arising from over crowding around the tin
atom. The phenyl of the benzoyl group would be repelled
by the other organic groups on the tin, implying the repul-_“
sion of the entire ligand. .

It has been found in this work that the reaction of
Z-acetylpyridine with stannic chloridec and the organotin
chlorides is not as simple and straightforward as that of
W'Z-benzoylpyridine. As opposed to the findings of Jainzg,
elemental analysis suggests that the complex obtained
when stannic chloride reacts with Z-acetylpyridine in
dichloromethane contains SnCl4 and Z-acetylpyridine in the
ratio of 1:2. PFPhenyltintrichloride and Z-acetylpyridine
also are present in their product in the ratio of 1:2.
Diphenyltin dichloride, unlike the casc with Z-benzoylpyridine,
also gave a product in which PhZSnCI2 and 2-Acetylpyridine
seen to be present in the ratio 1:2., Z-Acetyl pyridine did
not give any observable reaction with triphenyltin

chloride.
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With the methyltin chlorides, 2—Acet§1 pyridine reacted
to give products for which ncither elemental analysis nor
the available spectroscopic methods could provide any
meaningful structural or even stoichiometric interpretation.
Trimethyltin chloride however has not given any observable
reaction with 2-acetylpyridine.

2-Pyridine carboxaldehyde has not appeared to be a good
Lewis basc, as most of the products with stannic chloride and
the organotin chlorides were unstable., Of all the Lewis
acids tried, only nhenyltin trichloride gave a product of
meaningful stoichiometry (1:1) with the ligand. With stannic
chloride, it gave a dirty white unstable solid; with methyltin
trichlordie, it gave a brown unstable solid; with dimethyltin
and diphenyltin dichlorides, it gave thick oils that could not
be purified. No reaction was observed between the ligand and
the triorganctin chlorides. The instability of the products
a reaction of 2-pyridine carboxaldehyde with stannic chloride
and the organotin chlorides could be due to the easy oxidation

of 2-pyridine carboxaldehyde to 2-pyridine carboxylic acid.
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+ (0) e L .XXix
- OH
i
0

XLVI ' XLVII

-

Coordination of the oxygen of the carboxaldehyde to some
Lewis acid would make oxidation of the carboxaldehyde
gasy, as its C is made more +ve and therefore more suscep-

tible to attack by water:

i H
\ XLIX
}
v 2
N - OH
N &~0 « v 0 XXX

where M = Lewis acid L
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This suggestion seems to be substantiated by the presence
-1
of an absorption at = 3500cm (OH} in the i.r. spectrum

of the product of reaction of stannic chloride and Z-pyridine

carboxaldchyde.



Table !

The melting points and the elemental analysis results for the complexes

of 2-acetyl and 2-benzoyl-pyridine with methyltin and phenyltin trichlorides, and

stannic chloride
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" Calculated $ Frod 3
Egh :.ﬁ‘ n
C H ca | N | s c g |al v | s

SaCl,.2-Be.Py ﬁw..,ma 32.46 | 2.03 3.16 | 26.75 | 32.57 | 2.10 3.06 | 26.80
MeSNCl ;. 2-Be. Py 182-183/36.86 | 2.84 | 25.17 [3.31 | 28.01 | 36.85 | 2.88 |25.23] 3.27 | 28.35
PhSnCl 5.2-Be..Py 209-21144.52 | 2.89 | 21.95 |2.89 | 24.46 | 14.29 | 2.97 2.83 | 24.78

SnCl,.bis-2-Ac.Py? |253-255|33.42 | 2.79 | 28.25 |5.57 | 23.61 |32.91 | 2.87 5.36 | 23.90
P SnCl.bis-2-Ac.Py? |189-191(44,10 | 3.49 | 19.57 (5,15 | 21.81 | 43,72 | 3.63 5.09 | 22.05
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(e} Spectral Properties of the Comnlexes: Nuclear Magnetic
Hesonance.

7.37,30 ¢ the nroton magnetic

A lot has been revnorted
resonance svactroscopy of methyltin halides., Generally, it
has been found that the chemical shift of the methyl »rotons
of methyltin halides increases with decrease in the electron:
density on the tin atom. The chemical shift values, &,

for methyltin halides follow the order

h A
MeSnX3 > JeZSnX2 > heSSnX
where X = halogen.
Thus, with increasing number of the comparatively electro-
negative halogen atoms on the tin atom, the deshielding

experienced by the methyl nrotons increases,

}"!'

y )
H+ C »~8&8 ~» X
4 |

3]
LT

Any orocess that mak;s the Sn more positive, like the ioni-~"'
sation or partial ionisation of the organotin halide, would 1_
enhance the electron drift from methyl to tin, therehy further
deshieiding the protons. The reverse would be felt, with

increase of the electron density on Sn.
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Many other facters which might influence the values
of the chemical shift of the methyl protons of methyl tin
halides have been intensively studied17. These factors
include the polarity and volarizability of the solvent
used. The methyltin chloride tends to ionize in polar
media17' solvation of the positive Sn might influence its
electron density, which in turn determines the degree of
deshilding of the methyl protons.

N.M,R, investipation of pyridine comnlexes of
methyltin chlorides was successful only for Me.SnCl.Py. which

13’31° Detailed

alone was soluble enough for N.M.R, study
studies of the vyridine adducts of the methyltin chlorides
had therefore been nossible for only Me SnCl, Py other
adducts, Me,SnCl,.2Py and weSnCl..2Py, were found to
precinitate in the solvents tried 13”18. Use of other
nhysical methods such as T.R. and Raman, Nuclear Ouadru~
pole Resonance, Mossbauer svectroscooy e.t.c. had to

be resorted to for even qualitative studies.

The difficulty in making use of N.M.R. spectroscopy

in the study of the pyridine adducts of methyltin and

even stannic chlorides has heen overcome in this work.




49

Deutcrodimethyl sulphoxide has been found capable of

dissolving the pyridine adducts well cnough for spectroscopic

study.
Unlike the vyridine adducts, many of the substitutsd

pyridine adducts of the methyltin chlorides have been found
soluble enough in common organic solvents for meaningful
studies by NMR smectroscopy. The 4-acetyl and 4-benzoyl
pyridine adducts of trimethyltin chloride are soluble in
carbon tetrachloride: while the analogous adducts as well
as those of 3-acetyl and 3-benzoyl-pyridine of dimethyltin
dichloride are soluble =znough in deuteroacetone. The
corresponding adducts of methyltin trichloride and stannic
chloride, however. were scluble only in deuterodimethyl

sulvhoxide. This has bezn a fortunate breakthrough, for

NMR can now be used vis-a-vis other spectroscopic methods

and elementsl analysis, for the qualitative identificaetion,

especially in terms of mpole promortion of the ligand in

the complex.

30 the chemical

Van der Berohe et al have reported
shifts of methyltin halides. The, found, among other things,

that the chemical shift, &, increased with increasing
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- number nof halogen substituents on Sn, i.e.

§ M2SnXy > & Me,%nX,> & Me SnX,
This implies that 8 increases with decrease of the electron
density on Sn. It would be expected therefore, that complex

formation of a methyltin halide with a Lewis base would

* increase the electron density on Sn, and thus reduce the

deshielding effect of Sn on the methyl protons. Moreover,
it would also be expected that the degree of reduction of
the deshielding effect of the Sn on the methyl protons
should increase with increasing donor strength of the Lewis

LEARVIPTY “'!".I- .
base. : oL
____________________________________________

i. The_Pyridine adducts_of Methyltin,; phenyltin, and

stannic chlorides.

---------- e g1
. N o 4‘ ’ ’_;‘il

Since no svectrum of the methyltin chloride adducts of

- pyridine other than that of MeSSnCLPy]‘3

had been previously
reported, little had been known of the n.m.r. spectra of
pyridine adducts of methyltin halides. Contrary to expecta-
. tion, it has been found that the chemical shift of the
methyltin protons increascs as the methyltin chkloride adds
to pyridine. Thus the 4CH; values are lower for the

methyltin chloride pyridine adducts (see table 5}. Tha Teason

e



500 400 300 200 100 0 Hz

He

S S =

Lay _ |
| Q __ g _; e - o = *1..(5\}1\.&{4..\& Lo
1/ _ﬂ.,‘\ ?_r N S Y *r
o # f d bz L S Co N |
-__ i _. A i A - 3 — i i i i — L i i " | A i L — A 1 A 1 — 1 A L i _ i — i i A ]
14 80 7.0 6.0 5.0 pem (V) 4.0 3.0 2.0 1.0 0
! MANUAL Poavto ]! samme . f—  REMARKS
NEEP OFFSET(Mzp 7 SWEEP TIME (SEC; [ 250) MeSuc) ENQ,
IFCTRUM AMPUTUDE: /O SWEEP WIDTH (Hz), P00y e
EGRAL AMPUTUDE: .~ FILTER: O Telrs] ¢ (5
INNING RATE (RPS): .. U410 .. RF POWER —m<mr®h . s 8 (.05) ' SOLVENT. Z...TNTM#..,M.N-‘AN
% STOHLER ISOTOPE CHEMICALS =
29 JONES RD.. WALTHAM, MASS 01134 US4 - 60 MHz NMR
e T, msnas e oamana, " DATE ?.V\m.\mm OPERATOR: . Eorure. . SPECTRUM NO

PRIMNTED i U S A




analytical instrument division

e

—TTITART STouTr"
MADE "N U S.A, ]
i . o s L] L T L) L L] 1 L] ] ) 1 — L] L 3 1 L] L] L L]
m. L) L} — L] L] |— L] L] L] — L] L} L] L] H L] “ L |
- - L] L L} — ¥ L | L) L] “ L ] L] ﬂ L]
$00 400 300 200 100 0 Hz
ﬂ H>
|
| =
J
/
N | 1
: |
_. m
" ') Ly ——
| | I d
_ M | ﬂ
RN U
J n .
b o e o i syt /lll.ll.l-!.\l( _J ' ~ | Tli.).
, \[
]|l |
| . | ¥ __J
_._. i | ."-
A ‘.‘ # IR
[..I.l.lrw .z bt P -~ e N e g L {2 .:-.!\.k, i Wl Wi i el o R U rr.J
I
I
ﬂ I s i ﬂ L I — 1 i — 1
4 4 — 1 s . il ” 'l L i A4 M 1 1 p L L L . — L b i -|_| . il L — 1 L 'l 1 ~ L i E— L ']
8.0 7.0 6.0 5.0 PEM ﬂ b)) 4.0 3.0 2.0 1.0 o
-~ MANUAL AUTO __ ' SAMPLE: REMARKS:
T . . ;
WNEEP OFFSET (Hz): L .u . SWEEP TIME (SEC): (250) A 1 0% ol 4 'V
PECTRUM AMPLITUDE: _ _ J 1) __ SWEEP WIDTH (Hz): (500) _ sl S .
NTEGRAL AMPLITUDE: _ _ _ 5. _ FILTER: ¢ ( 2) Iy
PINNING RATE (RPS): - . 4G _ RF POWER LEVEL: (.05) sovent: o - A ML
varian 7.8 .y £ o0 60 MHz NMR
DATE:. _ _ W (L (BN OPERATOR: 2 b . i SPECTRUM NO. e




cHART 5-6at e ——

MADE IN U.S.A

|
R - L] LI L] L L 1 L L L] L L) ] L) L] L] L T . S L] L T AL L] ] L] T F 1 1
¥ 500 400 300 200 100 0 Hz
A *H>
N
N
i
1
['X(’l} s |l.\)/|’ . o |
u i L b I—u s Il |- L L 1 — L
P | | _— i ) PERER L |~,|h||- e W I—IL | 8 1 4 X ___ _} g i _’ L L L A “ AL - | — oL 1 L — L L L - |
8.0 7.0 6.0 5.0 PPM [ 3) 4.0 1.0 2.0 1.0 o
. MANUAL AUTO || SAMPLE: REMARKS:
JEEP OFFSET (Hx) l-b — SWEEP TIME (SEC): B (250)
ECTAUM AMPLITUDE: _ 1. G _ _ _ SWEEP WIDTH (Mz): (28] [isclasclece] (500)
ITEGRAL AMPLITUDE: _ _ _S_ . FILTER: (wl2fafalsselr]e ( 2
INNING RATE (RPS): - L2 (L - RF POWER LEVEL: - .. ... (.08) SOLVENT: =\
S W vafian ~ 60 MHz NMR
o = OPERATOR: : . . SPECTRUM NO. e = .

#28 yuctd instrument division oarss. L L&D G oo




) |
AR

4”__1_1......_._..._.*..4. ______ '
i /
_ | ,\\\
!
i b
;_ f{ ..{gg; ___
N o
_:_ |
LAl A |
.L,t_ Wl 1 A

J._E..« _M_Inh,_aésﬁrﬁ}fiiﬁ%
| ; "

__ 3 1 _ " 3 3 __ 3 3
2 1 — 1 1 — | L i il - 1 1 2 1 il 1 L 1 “ L Il I—l L L L 1 — 1 ' L L — L L - " e H —
8.0 7.0 8.0 5.0 PPM () 4.0 3.0 2.0 1.0 o
. MANUAL . AUTO || | SAMPLE: REMARKS:
NEEP OFFSET (Hz): L. __ SWEEP TIME (SEC): [saf%e] (250) N
YECTRUM AMPUTUDE: _ 200 SWEEP WIOTH (M2): (s00) .
JTEGRAL AMPLITUDE: _ _ _ . __ FILTER: _ 4 ( 2
PINNING RATE (RPS): - k) __ RF POWER LEVEL: _ _ _ _ nu_-_; ..... (.05) | SOLVENT: VRSN
varian e B 60 MHz NMR
analyticsl instrument division DATE ___ SAJOD OPERATOR: _ _ -~ #7'4 SPECTRUM NO._ _ . _ . _ __ R




51

for this behaviour is not very clear, but it is possible
that anisotropic effects of the pyridine ring might enhance
the d@shielding of the methyl protons. as the pyridine
binds to the methyltin chloride. Also, since the Sn-Cl
bond is polar, the tendency for the methyltin chloride
to ionize would be enhanced in solvents of high dielectric
constants, like dimethyl sulphoxide. viz.
Me
. | 5

& o1 snd? c18

Me

If there are c&nditions that would stabilize the ions when
formed or near completely formed, then the methyltin
chloride would assume the ionic state, otherwise electro-
static attraction might tend to inhibit total ionization
of the Sn - Cl1 moijeties. Now, as the methyltin chloride
comnlexes with the pyridine, it is possible that the ionic

state would be stabilized:

- Me
‘o i L
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Since pyridine, originally a neutral molecule, binds
dgtively to the Sn in forming a complex, its N becomes
positively charged as socon as it binds to the Lewis acid.
The positive charge on the Lewis acid and the induced
positive charge on the Lewis base would repel, making the
Lewis acid - Lewis base interaction a not very strong one.
The intense positive charge creacted on the Sn by the pre-
sumably almost comvlete ionization of the halogens then
causes a general contraction of the Sn orbitals. The
effective nuclear charge at the outer shell increases
and the methyl protons are more deshielded by inductive
mechanism therefore. b )

It has also been observed that, contrary to expectation,
the chemical shift values for methyltin trichloride and its
pyridine adduct are lower than those for dimethyltin dichlo-~
ride and its pyridine adduct (see table 5). The reason for
this, too, is not very clear, but in our opinion, the degree
of solvation, considering steric factors, by the solvent
molecules on the Sn would be more in methyltin trichloride
than in dimethyltindichloride. Sn in MeS3nCljy and its
pyridine adduct is sterically freer for solvation by
electron donating solvent molecules than Sn in Me,SnC1,

¥



and its pyridine adduct, The induced positive charge
on Sn in the former, hence its power to attract electron

donating solvent molecules, is higher than that on Sn in

the latter .
'“@';-;;?q!;“if
T c187. N S
R —sht g+
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T o \ e |
SR 1 6+ \ 5T o
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And dimethyl sulphoxide is known % for its strong solvating
ability. It is also possible that the induced positive
charge on tie Sn - Me hydrogens by the positive S$n is high
enough to make 'hydrogen bonding' possible between the

Sn - Me hydrogens and the solvent donor molecules.
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This would mean an o%éréll increased shielding of the Sn-Me
protons, and hence lower § values. If this explanation is
correct, then the § values for the Sn - Me protons in §-DMSO,

a strongly solvating medium, would be generally lower than

the § values for the Sn - Me protomns in less strongly solvating
media. This has been found to be the case; the § Sn - CH3
values are higher in acetone than in dimethylsulphoxide

(see table §5).

It has been possible, for the first time, to obtain the

‘n.m,r. of phenyltin trichloride and stannic chloride pyridine

adducts, which had been deemed too insoluble to studle. Apart

from their use for qualitative identification however, the
spectra have not, as of now, been of much further use as
the Lewis base proton signals interfered with the Lewis acid

proton signals.

O e e B W e A e e ey o e me e mm m wm  d  na  E — i Sy T iy

LR L L L L L L T L L e T N =R R

As with the pyridine adducts, the chemical shift values
in DMSO for the methyltin protons in the 3~ and 4- acetyl and
benzoyl - pyridine adducts of methyltin chloride have beenln
found to be slightly higher than the shift values for the

parent methyltin chloride. The shift values are generally
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lower than for the corresponding pyridine adducts, however,
suggesting that the acylpyridines are weaker ligands than
pyridine (see table 5).

The n.m.r. spectra of the hitherto unrepvorted 3~ and 4-
acetyl and benzoyl - pyridine adducts of the phenyltin and
stannic chlorides have also been run; the PhZSnCI2 adducts
mostly in deuteroacetone, and PhSnCl3 and SnCl4 adducts
mostly in &-D!MSO. The spectra go further to enhance the
ease of identification of the adducts.

It is noteworthy that the protons of the Sn-phenyl arec
divided into two multiplets; the meta- and para-protons,

being more shielded than the ortho-protons, give a

TABLE §

Chemical Shifts of H;C = Sn ¢ protons.

Chemical Shift, &, (ppm) in
Compound

d-DMSO | D-Acetone cc1,
MeSSnCI 0.58 0.67
Me SnC1.Py 0.60 0.62
MeSSnCI.d—Ac.Py 0.60 0.68 0.62
Me;5nC1.4-Be.Py 0.60 0.68 0.62
Me,SnCl, 1.02 1.23 1.10
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TABLE 5 (CONTD.}

Chemical Shift, &, (vppm) in
Compound d-DMSO | d-Acetone €C1,
_ Me,nCl,.2Fy 1.15 1.22
' Me,SnCl,.bis-4-Ac.Py 1.14 1.21
Me,SnCl,;bis-4-Be.Py 1.15 1.20
Me,5nCl,.bis-3-Ac.Py 1.13 1.21
e Me,OnCl,.bis~3~Be.Py 1.14 1.24
" MeSnCl, _ | 0.98
MeSnClS.ZPy 1.03
MeSnClSQbis-dec.Py 1.02
. MeSnCl,.bis-4-Be.Py 1.02
MeSnCl,.bis-3~Ac.Py 1.02
MeSnCi..bis-3-Be.Py 1.01

multiplet signal at a higher field than the ortho - protons

H
[ - ,& l 5"" (s_
3 _ <C)E ~Sn —— (1
oo\

fﬁ:}_
LIT
Due*to the interference of the Lewis base proton signals,
, it has not been possible to say how complexation of the
pyridines affect the chemical shifts of the Sn-phenyl protons

of the phenyltin chlorides. A solution to this problem would

be to use totally deuterated ligands.
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iii Effect of complexation_on_the nrotons of the Lewis
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In adduct formation, pyridine binds to a Lewis acid with
the lone pair of electrons on the nitrogen. Since this is
dative bonding, it would be expected that the N of pyridine

would go slightly positively charged, with adduct formation.

: irI b& . LI I ] .XKXJ..

where M = Lewis acid.

The ring would tend to neutralise this small positive

| charge by effecting an electron drift both from the Ii-and
o ~ system towards the charge. The effect then would
deshield the protons of the ring, shifting their signals
downfield. With adduct formation therefore, the pyridine
proton signals would be shifted downfield.

This expectation is borne out by the n;m.r. ﬁpectra
of pyridine and acyl-substituted pyridine adducts of
stannic and methyltin chlorides, run in a common solvent,
deuterodimethyl sulphoxide. The spectra all show slight

downfield shieft of the pyridine proton signals in the
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adducts, compared with the blank pyridine spectrum in
d-DMSO. Due to the multiplet nature of the pyridine signals
as well as poor resolution in some cases, it was not easy
to get the exact shift values from the spectra. It is how-
ever clearly visible that all the pyridine and pyridyl proton
signals shift downfield as the pyridine complexes. The shifts
are most noticable in the stannic chloride adducts, and are
only slight in the trimethyltin chloride adducts (Table 6).
This seems to be in agreement with the hypothesis that the
Sn « N coordinate bond is strongest in stannic chloride, and
weakest in trialkyltin halidesz.
Previous workers had only studied the J Sn - C - H
values of trimethyltin chloride pyridine adductls'ls,
especially since the pyridine adducts of other methyltin

halides had been found too insoluble for any meaningful

n.m.r. study. From this work therefore, it could be derivod

that in addition to the other methods known for telling

whether there is complexation between pyridine and a Lewis

acid, n.m.r. could also be used at least at the qualitative

level, as the pyridine proton signals have been observed to

shift slightly downfield with complexation.




N.m.r. Chemical Shift(8) of some

TABLE 6
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pyridines and their

methyltin adducts in d-DMSO

Pyridine H Signals

Shifts, L{8) ppom

Pyridine Compound

Ortho-H] Meta-H | Para.H | Ortho-H | meta-H | para-H
Pyridine 8.70 7.50 7.88
SnClS.ZPy 8.74 7.58 7.93 0.04 0.04 0.05
MeSnCl 5. 2Py 8.74 7.56 7.92 0.04 0.02 0.04
MEZSnCIZ.ZPy 8.74 7.58 7.93 0.04 0.04 0.05
Me,SnCl. Py 8.72 7.52 7.90 0.02 0.02 0.02
4-Benzoyl.Py 8.98
SnCl,.bis-4-Be.Py 9.02 0.04
MeSnClS.bis-4-Be.Py 9.00 0.02
Me,SnCl,.bis-4-Be.Py| 9.00 0.02
Me,SnCl.4-Be.Py 9.00 0.02
4-Acetyl.Py 8.97 7.96
SnCl,.bis-4~Ac.Py 9.00 8.00 0.03 0.4
MeSnCl ;.bis-4-Ac.Py | 9.00 8.00 0.03 0.04
Me,SnCl,.bis~4-Ac.Py| 8.98 7.98 0.01 0.02
Me,SnCl.4-Ac.Py 8.98 7.98 0.01 0.02

The proton signals of the methyl group on the acyl-substituted

pyridines have not been visibly affected by complexation of the

parent Lewis base.

The acetyl protons on the acetylpyridines
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show both in the free and complexed ligand, at §2.70ppm.
From this work thus, it is now possible to use n.m.r.

spectroscopy for qualitative examination of all methyltin

phenyltin, and stannic chloride adducts of pyridine, acetyl

and benzoyl substituted pyridines.
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iv. 2-Acgctylpyridine, 2-benzoylpyridine, and_2-pyridine

- - - v - - -
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e -

Although the interaction of 2-acylpyridine with some
transition metals has been studied to an extent14'16’34,
no mention has been made of the use of n.m.r. spectroscony
as a method of study. Jain has reportedzg his study of
the interaction of 2-acetylpyridine with stannic chloride,
but no report has been found of the interaction of the
2~acylpyridines with methyl and phenyl tin halides.

Nuclear magnetic resonance spectroscopy would be ano-
ther way of examining the products of interaction of the
2-acylpyridines with organotin halides, provided a suitahble
solvent is found. The organotin halides bear hydrogen
atoms that could be monitored along with those of the Lew's
base ligands. unlike the complexes of the transition metals
that would give just the spectrum of the ligands in their
p.m.Tr. spectra.

Like the adducts of their 3- and 4-acylpyridine analoguecs

of the organotin halides, it has been found that of all solvents

suitable for p.m.r. snectral study, deunterodimethyl sulphoxide
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appears to be the most suitable. It easily solubilizes
all the products.

It has been found in this work that apart from stannic
chloride, 2-benzoylpyridine also adds on to methyltin tri-
chloride and phenyltin trichloride. Elemental analysis
has shown that 2-benzoylpyridine gives 1:1 adducts with
stannic chloride, phenyltin trichloride, and methyltin
trichloride. The n.m.r. spectrum of the methyltin tri-
chloride: 2-benzoylpyridine shows a singlet at § 1.03 ppnm
for the methyl protons of the methyltin. Compared with
the spectrum of the free MeSnCl; in d-DMSO, the signal has
been slightly shifted downfield with complexation. The
signals of the complexed ligand appear as multiplets §7.73
and 8,12, and as a quartet for the pyridine ortho proton
at § 8.85, showing that the proton signals have shifted
downfield with complexation. The Sn-phenyl proton signals
overlap with those of the Lewis base in nhenyltin trichloride.
2-Benzoylpyridine makes the interpretation of the spectrum
difficult. However, the distinct quartet shown by the
pyridyl-2-proton makes it possible, through analysis of the
integral trace, to carry out qualitative identification.

A spectrum of the stannic chloride-2-benzoyl pyridine is

almost identical with that of the free ligand.
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On the whole the n.m.r. spectra of the ben-aylpyridi-ie
adducts with stannic chloride, rhenyltin trichloride and
methyltin trichloride simply show the Lewis acid and Lewis
base nrotons, suggesting that they are simple adducts.

Elemental analysis results agree with the formula.

5nCl,.2 N Q/

Ce.Me

for the product formed from the reaction of stannic chloride
with 2-acetylpyridine in dichloromethane., The n.m.r. spectrum
of the product, compvared with that of the free Lewis basc in
d-DMS50, shows that the nroduct is not a simple addition product.
Contrary to the svectrum expected for a simple adduct, the
spectrum of the product shows new singlets at §1.95, §2 .40,
53.00, &65.80, 87.00 in addicion to the 82.70 singlet for
the -C0.CH;. Also. the aromatic signals have fused into a
complex multiplet covering a whole region from &7.00ppm to
69.50ppm. Even after resorting to IR spectroscopy, it has
not been possible as yet to write a reasonable molecular

structure for the nroduct.
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The n.m.r. spectrum of the product of the reaction o°
phenyltin trichloride with Z-acetylpyridine, on the other
hand, seems to agree with the molécular formula inferred
from the elemental analysis of the product. It is a simple
spectrum, with a singlet at §2.70ppm (-CO.CH3), a rather
complex multiplet from 87.30 to 88.30ppm (the O~ and p-pyridyl,
and the phenyl protons) and a distinct multiplet at 88,89
(the pyrid-v ortho protons). The integral agrees with the

formulz inferred from elemental analysis.

PhSnCly . 2N©

CO.CH3

suggesting the product to be a simple 1:2 adduct.
Elemental analysis suggests the molecular formula of

the product of the reaction of PhZSnCl2 with Z2-acetylpyricine

Ph_SnClp.2 Np
2 0.CH,

N.m.r. however has shown the -C0.CH, protons signals to have

to be

shifted upfield to £2.10 ppm; ~C0.CH; signal of the free
ligand shows at 62.70ppm. The reason for this shift is not

clear, for the corresponding signal in phenyltin trichloride
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bis»Z—acetylpfridine shows at §2.70ppm. The Sn-Fkinyl and
Lewis base ligands however appear as overlapped signals,
mainly at §7.40 and §8.00ppm.

2-Acetylpyridine reacts with methyltin trichloride
and dimethyltin dichloride, giving products that have so
far not been identified. Methyltin trichloride reacts with
2~acetylpyridine, giving a product the elemental analysis
results of which are close to those expected for MeSnCls.biSm
2-Ac.Py, but n.m.r. shows a new singlet at 62.15, in addition
to those expected for MeSnClS.bis—ZmAc.Py. The Sn-CH,
singlet signal however, shows at §1.00ppm, while another,
assignable to -CO.CHJ, appears at 82.70ppm. The pyridyl
protons, however, come up clearly as they appear in the
spectrum of the uncomplexed ligand.

It has not been possible to interprete the results of
the reaction dimethyltin dichloride with 2~acetylpyridinc.
A new singlet appears, in the n.m.r. spectrum of the sharp-
melting product, at §2.30ppm, in addition to the singlet
signal at 61.05ppm for Sn-CHs. The signal for the ~C0.CHq
at §2.70ppm in the uncomple;ed ligand is barely visible.

The pyridyl proton signals overlap into a complex pattern.

T I LV S P . o . B LI R E FO
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The only identifiable product obtained from the reaction

of 2-pyridine carboxaldehyde with stannic, phenyltin and

methyltin chlorides was that from the reaction of phenyltin

trichloride with the Lewis base. The n.m.r. signals of the

product in 4-DMSO overlap with those for the pyridyl protons;

only the C-pyridyl proton and the carboxaldehyde

proton

signals appear distinctly as a multiplet at about §8.90ppm

and a singlet at 89,20ppm respectively. MNo significant

shifts, from the chemical shifts of the free Lewis base, were

neticed.

From these resnlts, it is clear that 2=benzaylpyridine

would only add to the organotin and stannic chlorides when

steric factors are favourable. 2-Acetylpyridine

hand secems to undergo some rearrangement when it
the organotins, especially methyltin trichloride
chloride; With dimethyltin dichloride, it seems
a less straightforward way than simple addition.

ed reaction seems to be much less if not totally

on the other
adds on to"ﬂ
and stannic
to react in

This unexplain-

absent, when ...

the organic substitucnt on Sn is aromatic. Alse, the reaction

seems to be absent altogether when there is no hydrogen a to

the carbonyl of the Lewis base; 2-benzoylpyridine gives simple

adducts; Z2-acetylpyridine gives identifiable adducts with
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phenyltin chlorides, but not with methyltin chlorides.

From the n.m.r. spectrum of the product of the react‘on
of SnCl, with 2~acetylpyridine, it_is almost certain that

Jain29 obtained not his reportedly simple "1:1 stannic h

chloride-2-~acetylpyridine adduct', but most probably somethin

else.

Perhaps the easy oxidation of 2-pyridine carboxaldehyde
to Z-pyridine carboxylic acid (see page 44) wikes it a "
poor Lewis base.

f. Infra red Spectroscopic studies of the pyridine and

?ﬁ Acyl pyridine complexes of Methyltin, phenyltin, and
stannic chlorides.

Infra red spec¢troscopy has been used as an aid to pre-
parative organotin chemistry: Important structural informa-
tion may be obtained by analyzing intensities and frequenciés.
associated with tin-carbon, tin-halogen, and tin-ligand
stretching vibrationsls. | |

Boattie et al have studied”, the i.r. spectral proper-
ties of adducts of germanium tetrachloride and tin tetra- .
chloride with tertiary aromatic bases; and also the addition
compounds of some organotin halides with a few Lewis baseslo.

Kriegsmann35 and Cummins36 have made a systematic study of

the Sn~C absorption bands of a number of tri- and tetra-

organotins. Yingst et a137 have studied the complexes of _ .. .

i, o L
R
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of 2-allylpyridine with Cu(I), Ag(I); and Pt(II). Ortego
et a1>* have studied the cobalt(II) complexes of di-2-pyridyl
ketone. Plytzanopoulos ct a1t4, 16 have studied the com~
plexes of the first row transition metals with 2-benzoyl-

pyridine, and also with 2~acety1pyridinels.

The reports of these and many other researchersg’10’38"40

have shown that there are shifts in some i.r. bands of pyridines

as they add on to Lewis acids. Shifts have alsa been observed

in some i.r. bands of the Lewis acid, as it complexes with

the Lewis base. Such shifts could be upfield or downfield,

depending on the band in question., New vibration modes

are created in some complexes, leading to the appearance

of new bands in the i.r. spectra. In other cases some modes

of vibration in the reactants are not present in the complexes.
A number of factors are thought to be responsible for

the shifts, and these include the new geometry assumed by . _3_{

the complex as it is formed, hence i.r. has a lot to offer -

9.10

*

in the study of the stereochemistry of organotin complexes
Also, coordination of a particular atem in a Lewis base on
a Lewis acid tends to decrease the electron density on that
atom, which seeks stabilization from the neighbouring atoms.

This alters the bond strength and hence the vibration
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frequency of that bond. Coordination of some groups reduces
their degree of freedom hence their modes of vibration;

this leads to the disappearance of some bands in the adduct.

A number of pyridine adducts of organotin halides and

stannic chlorides have been studiedg’lo. Beattie et al9
noted that the M-Cl vibration frequencies in stannic chloride
shifted to longer wavelengths on complexation, as was also |
found in the pyridine complexes of the methyltin chlorides.

In all complexes coordination through pyridine nitrogen is
indicated by a positive shift of the pyridine breathing

1 in the free, and at 1010-

motion which appears at 995cm”
1030«:m"1 in the complexed ligandlﬁ. There is a similar
shift of the free ligand band at 1580cm™> to about 1600cm™’
with complexation38’39'40.

Reports of the study of 2-ketopyridine complexes with
transition metalsl4’15’16 have all shown that the carbonyl
stretching frequency shifts towards longer wavelengths with
complexation, compared with the stretching frequency of the
uncomplexed Lewis base,

On the basis of the above, a qualitative infra-red
examination of the ketopyridine adducts of methyltin, phenyltin,

and stannic chlorides - most of which have hitherto not been

reported ~ could be made. T.r. spectroscopy provides a
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range of information on organotin adducts, but attenticn
. “
- was initially paid to the shifts in the M-Cl, -C=0, and
C=C (ligand) vibration frequénciesg¢in_an effort to establish

the sites of coordination_dnd the mole ratio uf-theTadducts.

1, Effectiof complexation on the 3v§:stretCﬁ{ﬁgﬁfrequenéiggti
Considering a diatomic molecule A-X, with £, _ds the '

force constant of its bond, the wave number value of the ASX -

stretching vibration is given by the Hooke's law expression41}

TR - . | L | S, )LE‘ :
. - B I . . ‘ I \I;.! !u B
. ‘\) ~ - 1 f R .
o TR T G A )
Ha-x o
where
. MM
Vax = _AX_
My * MK |
IC = wvelocity of light,
"M, = Atomic mass of A | o R 'f§;~
'Mx = atomic mass of X

The stretching vibration frequency is inversely propor-
tional = uﬁ#x-and;directly proporticnal te the force constant,
frexe The force constant is a direct measure oflthé_strength

of a bond. A

i I
- r" B SR
A
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Assuming that A- X in the above expression is an Sn-X
moiety in an organotin compound, “he force constant of the
Sn~X bond is deteriined by the bond strength. Where Sn and
X have close electronepativity values bond polarity of Sn-X
is minimal and electron density changes on Sn might not
influence much the strength of the Sn-X bond. This could be
why the Sn-C bond stretching vibrztion frequency is observed
to be iittle influenced by changes in the electron density

10. But wherc X is much more electro-

around the Sn nucleus
negative than Sn, the strength of the Sn-X bond would be
expected to decreasc with increase in the electron density
around the Sn. This is because the polarity caused by the
difference in the electronegativities of Sn and X, which
induces an electrostatic attraction of X to Sn, is partially

neutralised with
snd* _’_. x8-

increase in the electron density around Sn. The Sn -~ X bord
elongates even more and becomes weaker.
Since adduct formation with a Lewis base of an organotin

halide would increase the electron density around Sn, the
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force constant of the Sn - X bond, where X is the halogen, N
would weaken with adduct formation, leading to a decrease
in the streiching vibration frequency. The Sn-X bond there- :
fore would be expected to shift to longer wavelengths with
adduct formation.

This postulation seems to explain the observation of

beattie et a19,10

, that the Sn~C1 bond stretching frequencies
in stannic chloride and methyltin chloride shifted downfield
witn complexation of the Sn with pyridine. The Sn-Cl stret-
ching frequencies shifted below 200cm™ ! in the dimethyltin
dihalides as they complexed with pyridine, while in stannic

chloride, *t shifted from 364cm™ L

to 324 cm™® with complexation.
It is possible that other factors might influence the shift,
but the most promincut would be tue strength, or force constant,

of the bond,

i3, OQbserved stretching frequencies of the pyridine, 3- a.d .

A- acetyl and benzoyl-pyridine complexes of methyltin,

fhenyltinl and stannic chlorides.,

The Sn-1 bond.

The corollary for bond assignment has been derived from

5,10 17

the reports of Beattie et 2l , Pollar et al™’, Gill,

i 4
Mitchell, and Popor et a1°8+39,40
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The Sn-Ci stretching vibration fréquencies for the
pyridine adducts of trimethyltin and dimethy-tin chlorides
come below 200cm™ ' and so are not observable in the 200-4000cm™ -
range. The Sn~Cl stretch for the corresponding adducts of
methyltin, trichloride, diphenyltin dichloride, phenyltin
trichloride, and stannic chloride occur above 200cm L. The
frequencies of the observed bands for the pyridine and
ketopyridine adducts are listed in Table 7. The assignments
are, however, tentative; confirmable only through appropriate
calculations which are beyond the scope of this work.

Compared with the parent organotin halide, the shifts
of the Sn-Cl stretch in the adducts seem to reflect the bind- -
ing strength (see section B) of the ligands. For a given
organotin Lewis acid, the shift is highest for the pyridine
adduct and lowest for the 3-acetylpyridine adduct. For Me5ﬂ013.
2Py for example, the shift is SOcm"l, and 65cm™ ) for MeSnCl ;.
bis-3-acetylPyridine. The binding strength of the ligand would
determine the magnitude of this shift, as 2 stronger Lewis
base would, in the absence of steric hindrance, bind more
strongly with the organotin Lewis acid, thereby increasing the

electron density on the $n and decreasing the Sn-X bond

strength the more, making it absorb at longer i.r. wavelengths,
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A

The acetyl and benzoyl groups are electron withdrawing;

when on the meta position of the pyridine ring, their
electron withdrawing effects make the pyridine a weaker
donor. The shifts in the adducts have been observed to

decreasc in the following arder:

MeSnCl3.2Py > MeSnCls.bis-4-Be,Py> MeSnClB.bis—4—Ac-Py >
MeSnCl ;.bis-3-Be,Py> MeSnCly.bis-3-Ac.Py. |

The corresponding Ph,SnCl,, PhSnCl and SnCl, adducts
g Fhgontiz 30 4 &%

virtually follow a similar order. ok

B

It has also been noticed that the magnitude of the

shifts decreases with _ S E&ﬁ;
| TABLE 7
Some i.r. absorption frequencies of the adducts
Cempound o-H [c-H t=0 | 5 |sn-pal sn-Me| sn-c1
(py) Rock
M. nCl 790s
MezSnC12 | 790s | 330s
MeSnCl3 795s | 370s
SnCl, : 360s
PhSnCl3 370vs
PhZSnCI2 _ 255s
Py . 3075w 1580s o
MeSnCL. Py - 3050w} -~ [|160Cs 795m ~,
MeZSnC12.2Py 3050w 1600s 795m '




Table 7 (Contd.)

75

o S
o-H c-H|’c=0 ?;‘;’;‘.Snf’h gm o1
MeSnCl,. 2Py 3050k 16008 795 | 290s
SnCl,, . 2Py 3050w 1605s 3305
PhSnCl 5. 2Py 3050w 1605s| 1°60m 2855
Ph,SnCl, . 2Py 3040w 16005} 1065m 250s
4-Be.Py 3030w | 1660vs| 15805
MeSnC1.4-Be.Py 3040w 1660s | 1595 790m
Me,SnCl, .bis-4-Be .Py 3060w |1660s | 1600s 790m
MeSnC1;.bis-1~Be.Py 3040w | 1660= | 1600s 795 | 292s
SnCl,.bis-4-Be.Fy 3070w |1665s | 1600s 335s
PhSnC1 ;.bis-4-Fe . Py 3030w |1665s | 15955 1065m 300s
Ph,SnC1,.bis-4-Be.Py 30040w{ 16605 | 1590s| 1065m 270s
4-Ac.Py 3c30m |1700s | 1580s
MeSnC1.4-Ac.Py 3030vw| 16955 | 15955 790m
Me,SnCl, .bis-4-Ac.Py 3030w [1700s |1595s 795m
MeSnCly.bis-4-Ac.Py 3040w {17005 | 16008 705w | 295s
SnC1,.bis-4-Ac.Py 3060m |1700s |1610s 335s
PhSnC1,.bis-4-Ac.Py 5030w |1700s |1595s|1060m 300s
Ph,SnCl,.bis-4-Ac.Py 3045w |1700s |1600s|1065m 270s
3-Be.Py 3040m |1660s |1580s
Me,SnCl,.bis-3-Be.Py 3060w |1660s |1600s 795m
MeSnCl.bis-3-Fe. Py 3050w {16655 |1595s 795w  |300s
SnC1,.Bis-3-Be.Py 3060w |1660s |1600s 345s
PhSnC1.bis-3-Be Py 3030w {1660s |1590s|1060w 325s
Ph,SnC1, .bis-3-Be.Py 3000w |1660s |1590s|1075m 275s
3-Ac.Py 3040m |1680s {1580s
Me,SnCl, .bis-3-Ac. Py 3030w |1680s |1595s 795m




76
Table 7 Contd.)

Compound O-H} C-H} ZC=0 agag. Sn~Fh | Sn-Me | Sn~Cl
(Py} Pock
MeSnCIS.bis-3-Ac.Py 3040w| 1685s5|1595s 305s
SnC14.bis~3-ﬁc.Py 3050w | 1690s|1595s 350s
PhSnCls.bis-3-hc.Py 3030wi 1680s|{1590s |1060w 325s
PhZSnC12.biS-3fﬁc.Py 30A0w! 1600s [ 1600s 11060 280s
2.Be.Py A040w! 16605115805
MeSnClS.Z-Be.PY 3060w| 1605511590 795m 310s
SnC14.2-Be.PY 3110 |1600s (10600s 325s
PhSnClS.Z-Be.Py 3060w| 1610s|1595s 1065w 320s

increasing number of halogen atoms on the Sn; this effect

is more noticieable in the pyridine adducts of the methyitin

and stannic chlorides. Sn - C1 stretch shifts from 2'1'6n0<:m"1

17 ¢o 324cm™) in snCl,.2Ph; from about 360cm™ L in

1

in SnLl4

MeSnCl, to about 285cm 1

in MeSnCl;.2Py: and from about 320cm’
in MeZSnClz to below 200cm“1 in MeZSnC12.2Py. This could

be explained by the fact that the more halogens there are
bonded to an Sn atom, the less the share of the electron
density increase effect on the Sn due to adduct formation, on

each Sn-Halogen bond.
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