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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.



. ;.:3'; ‘ .

.

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.




T

W
) A
f : -
-.H{_:':'N ’R I-_r-“
_ . o C

. N r“—\\'nc ,.-o"‘R
A i
"0 -

'-:.' 0

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.
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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
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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.



L) L) L) — L e L) _ =l -1 L)
P — M
500 400 200 200 100 He m
STEN
| }
i b
§
m |
| |
h
| \
!
I
f y
_ _ L y
__ i ¥
|
A
! H
E -
. |
\ | )
| | !
Lo I I B | I T
. | L : N . - 1 ] . ; iy . .
| - L — L. | ~ 1 ' i . ~ i o —_— . e, Il L |_ ' L i L — - R L ” L i i L .ﬁ| A A Il L -l
8.0 7.0 6.0 5.0 PPM (3 4.0 3.0 2.0 Lo 0
: MANUAL AUTO L SAMPLE: REMARKS:
SWEEP OFFSET (Hx): LY ” SWEEP TIME (SEC): (250) '
SPECTRUM AMPLITUDE LL SWEEP WIDTH I_n, (300)
INTEGRAL AMPLITUDE: (4 FILTER: AR - ( 2) . a 7
: il N A y
SPINNING RATE (RPS): L - RF POWER LEVEL: -l . (.08) SOLVENT: 2 -
varian . 60 MHz NMR
analytical instrument division DATE: A OPERATOR: M. A ? A SPECTRUM NO.



- TR T T—

] MADE IN U.5.A
i |

T r _ T T T T ﬁ T T T T _ T T T T T T T T ﬂ T T T T |— T T T T _ T T T T _ T T T T 1
T — T T T T _ 1 L) L} i |— ) L) T _ L)
500 v 400 300 200 100 0 Hz
rH>
|
._ |
|
|
i
[ 1
| AT
| il
Y, o v
'
" ] 4 !
\J.I\!(r. ,..c(\f..\(;\lkti\ f..l_\...s\w\bi. e o P aren,
|
’ |
. \
_ :
B
! A
g 18 [
) i _ \,
. _.q A .- 1
poor |
| .\ i | §
L 1§ i
1. , / [ 4T -
' 4 fii.f}?}.}l‘i.. ?\\PJ\IS.... g v e S Wy e A et VT g gy Pttt Rl e T s Lo VPP WG, S LI v} -

|.—.« 1 I | 1 i ] L 1 | L
- — L L L L — L L A 'l — L A . ' L L L 'S — i A A L — A A N L — ' i A L — L v — L L ]
8.0 7.0 6.0 50  PPM (1 4.0 3.0 2.0 1.0 0
MANUAL AUTO | SAMPLE: REMARKS:

P oOERSEY (Me): Ul SWEEP TIME (SEC): [sofse] (250) . "

UM AMPLITUDE: _ _ _. SWEEP WIDTH (Mx);  [2*[so[ieclssofon) (500) | !

RAL AMPUTUDE: __ 5. FILTER: nannnnon ( 2

NINGD RATE (RPS): _ .o _ . RF POWER LEVEL: _ i (.08) SOLVENT:

-
_p.l—c.ﬁ.mm: 60 MHz NMR
“ ¥ | avatytical instrument givision DATE: _ OPERATOR:

SPECTRUM NO.



63

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.)
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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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The Pyridine C=C bond.

38,39,40 have observed

Gill, Mitchell, and Popcv et al
that most of the pyridine i.r. bands shift to higher fre-
quencies as the pyridine coordinates on a Lewis acid. This
is only tc be expected, for reasons given earlier in the
explanation of the n.m.r. downfield shift of the pyridyl
protons with complexation of the pyridine. The tendency
to neutralize the vnositivity created on N by coordination
of the pyridine on some Lewis acid, would conceivably cause’
a contraction and thus strengthening of all the bonds in
the ring. The stretching frequency of any of the bonds would

383.39 4 .
;39,40 have noticed that

therefore increase, Gill et al

the pyridine C=C stretch at 1580cm“1 in the uncowmplexed

ligand shifts to about 1600cm™ ! as the pyridine complexes.

This has been the corollary used to tell whether there is

coordination or not between an organotin chloride and pyridine.
All the pyridine and ketopyridine adducts of the organctin

and stannic chlorides prepared showed this shift. The shift

was however higher in the pyridine adducts than the keto-sub-

stituted pyridine adducts. (se¢ec table 7). This too seems to

be a reflection of the binding strength of the ligand, for

the more strongly a ligand donates to 2 Lewis acid, the more

positive the donor atom becomes and the more the contraction



78

6f the bonds of the ligand.
This observed shift seems to confirm the bonding

between the organotin chloride and stannic chloride Lewis acids

- and the ligands (pyridine, 3~ & 4-acetyl- and benzoyl-

Ces

substituted pyridines).

The -C=0 stretch.

The .C=Q stretch on the 2-ketopyridines ccmplexed with

14,15,16 was observed to shift to lower

transition metals
frequencies with compnlexation. This could be predicted

from the fact that coordination of the 0O of the ,'C=0 could
be likened to a situation in which the ,;C=0 forms a hydrogen
bond: the -C=0 stretching vibration frequency decreases and
the absorption band broadens.

This provides the criterion for a decision as to which

of the two sites on the complexed ketopyridines actually wvinds

.. to the Sn. o ol _
: c = CHS PR
™~ =0
o e
LIII E-0 E‘;a
G »
N J .

......
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'*f_In the above ligands, either or both N and 0 could bind

on the lLewis acid as a complex is formed. Conceivably,

the N end is freer and would therefore bind in preference to
the C=0 site. I.r. spectroscopy has comformed this in this
.work: coﬁpared with the spectyum cof the free ligand, no
appreciable shift cr the (=0 stretching frequency to lower
frequencies is observed in all the 3- and 4-acetyl and
benzoyl-pyridine adducts of the methyltin, phenyltin, and
stannic chlorides studied. Since elenental analysis has
indicated that the diorganotin, mcnoorganotin, and stamnic
chloridés are in the ratioc of 1:2 Lewis acid: Lewis base

in their complexes with the 3- o 4- acylpyridine adducts,
while trimethyltin chloride is in 1:1 proportion with the
4-acylpyridines in their complexes, it follows that the 3- ao-

4-acetyl ~ and benzoyl-pyridines act as monodentate ligands

when they bind on organotin and stannic chleride Lewis acids,

Also, they bind with their N rvather than O, as evidenced in

the pyridine C = C stretching fregquency shift in the complexes,

while no shifi in freauency is exhibited by the C = 0 stretch.

The preference Jor N-coordination over O-coordination,
since both the N and O ends of the ligands are reasonably

sufficiently sterically free to bind in adduct formation,

A



could be due mainly to the higher electronegativity of

oxygen compared with that of nitrogen. This makes it

more difficult for O to spare its electyon pairs for dative
bonding. | o

iii. 2-Acetyl and benzoyl-pyridine, and 2-pyridine

carboxaldehyde complexes of methyltin, phenyltin,
and stannic chlorides, L

Z~-Benzoylpyridine Adducts.

2-Benzoylpyridine forms isolable adducts with only
methylitin trichloride, phenyltin trichloride, and stannmic

chloride. Most remarkable in the i.r. spectra of the

-

isolated adducts is the shift of the (=0 stretch at ~ 1650cm =

1 in the adducts.

14,15,16

in the uncomplexed Lewis base to about 1600cm”
This goes to conform, as earlier found by other workers

that the carbonyl of the Lewis base also coordinates with the

Lewis acid in the complex. Elemental analysis has indicated

that methyltin trichloride, phenyltin trichloride, and stannic
chloride form 1:1 complexes with the Lewis base. Sn in the
"Lewis acids is known, and has hteen found in this work, to be
hexacoordinated as it complexes, If follows then that 2-

bBenzoylpyridine acts as a bidentate ligand to the Lewis acids:
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LVII
‘where R = Me, Ph, or Cl

Coordination of the Lewis base carbonyl on thé Sn is
quite feasible. Not only is the hexacoordination of the
Sn satisfied, but a possibly stable five-membered ring is
formed as a result of the coordination of the N and O on
the Sn. It is perhaps the geometry of the lewis base then
that allows the 0 to bind along with the N on Sn, unlike
the case with the 3~ and 4- analogous keto substituted

pyridines.

2-Acetylpyridine Products

- The mode of reaction of 2-acetyl pyridine with the
methyltin, phenyltin, and stannic chlorides still remains
a puzzle. Elemental analysis results for the products

- of reaction of SnCld, PhSnCl and PhZSnCI2 with the Lewis

39
base agree well with those expected for 1:2 Lewis acid:

Lewis base complexes. The infrared spectra of the products
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however have shown the C = 0 band at . 1700cm * in the

uncomplexed Lewis base tb be absent in the spectra of the
products. Instead, new strong bands at . 1600rm'1, due
probably to coordinated C = O or C = C stretch, have been
observed in the spectra of the nroducts. Alse, a new band

1 in the spectra of the three products.

appears at - 3450c¢m
This band is assignable to -OH, but the only conceivable
way by which an -OF could have been produced in the products

is through tautomerisation:

wir L
However, this neﬁ.band at.3450cm"1 is not present in the
- spectrum of the free Lewis base, and unless the OH enhances
the stability of the pfoduct in some way, there is no '
reason why the tautomer bearing it should be preferred in
the complexes. The elemental analysis results of the three

products agree with those expected for the 1:7 complexes.

N.m,.r. spectra of the products have not shown distinct signals

B
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for vinylic protons, but vinylic C=C stretch that would be

1

at ~ 1545¢cm ~ could not be said to be absent, as the new

band at about 1600cm'1 extends to almost 1650cm—1. The
only mode of coordination that could be suggested, if only

tentatively and speculatively, is

This structure could account for the absence of the C=0

1

stretch at ~ 1700cm™ ", the emergency of a new band between

1600 and 1650cm"1 (coordinated C = 0); the appearance of

the new band at 3450cm™}

; the diminished -CO.CH, signal at
~ 62.70ppm in the n.m.r. spectra of the products; and the
low melting temperatures of the products compared with the

3- a 4-acyl substituted pyridine adducts. Such a complex
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woﬁld not be expeéted to be very stable. _

The CH; of the acetyl substituent in 2-acetylpyridine
influences the mode of reaction of the ligand. 1In the absence
of steric hindrance, 2-benzoylpyridine gave clean simple
1:1 adducts with the Lewis acids. 2-Benzoylpyridine beary
no a-hydrogens, Therefore, tauntomerism leading to the
above suggested mode of bonding cannot arise. Where the
acetyl groups are on the 3~ o 4~ positions of the pyridyl,
they are probably geometrically tog far apart to interact.
These suggestions, however, are still only speculative, and
._ would require further work for confirmation.

o The products of reaction of the methyltin chlorides with
 Z-acetylpyridine have not been analytically identifiable,
unlike the products of reaction with the phenyltin

chlorides. This seems to suggest that the -C0.CH, of the
2~acetylpyridine and the methyl on Sn in the methyl tin
chlorides somehow influence or participate in the reaction

of the Lewis base with the methyltin chlorides. Z-Benzoyl-
pyridine gave straight-forward adducts with 8SnCl,, PhSnCi,,
and MeSnClq; 2-acetylpyridine has given at least analy-
tically and therefore stoichiometrically understandable

products in its reaction with SnCl, and PhSnCl; but the
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methyltin chlorides react with 2~acetyl-pyridine to give
even cnalytically yet to be understood products.' | |

Unlike the products of reaction of SnCl PhSnClz,

4°
and Ph,5n(l,, the i.r. spectra of the products of reaction

of MeSnCl, and Me,SnCl, with 2-Acetyl pyridine have not

shown any baad at -~ 3400cm'1. The JC=0 band expected at

~'1?00cm"19 as present in the spectrum of the clean Lewis
base, has also been found to be absent. New bands, appear
between 1600 and 1650cm™'. These might be due to aromatic
C=C, vinyl C=C, or coordinated ;C=0. A number of new bands
have sprung in the fingerprint region, while some that were
present in the spectrum of the free Lewis base are absent

from that of the complex.

2~Pyridine Carboxaldehyde.

Only phenyltin trichlor{éé reacted with 2-pyridine carbn-
xaldehyde to give a stable, analytically and spectroscopically
identifiatle product: a 1:1 adduct. The i.r. spectrum shows,
among others, a shift of the }C=0 stretch from - ].')'Zli)cm"1
in the uncomplexed Lewis base to - 1630cm™! in the complex.
This strongly suggests the participation of the,C=0 in

complexation of the Lewis basc. The aromatic C=C stretch has

also shifted slightly to a higher frequency in the complex.



These suggést that 2-pyridine carboxaldohvde,

86

although a

poor unstable Lewis base, acts as a bidentate

ligand towards

T X 4

organotin Lewis acids,

n+ T4
Yo = ¢

1 \H
1X1

The fortunate isolation of this product goes further

to substantiate the suggestions made on the mode of reaction

of Z-acetyl pyridine with organotin Lowis acids. 2-Pyridine

carboxaldehyde cannot exist in any tautomeric form as

2~acetylpyridine would. It would therefore bind simply like

- 2Z-benzoylpyridine, although its probable easy oxidation to

a carboxylic acid could make the products unstable,

T
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[g) Structures of the methyltin, pbegyltinl and stannic
~ chloride pyridine adducts.

X~-ray crystallography has shown Me SnCl.Py to be of a
regular trigonal bipygramidal structure, with equitorial
nethyl groupss. It is conceivable therefore that the

structures of

Me (SnCl, N\() ———C0 Me

. / - v
Me 5SnCI. N(\ \— O

would also be trigonal hipyranidal with equatorial methyl

and

groups. Some degree of distortion is expected in the structures.
however, since 4-acetyl and 4-benzoyl-pyridines are weaker

donors than pyridine. However, since the substituents of the
Lewis bases are in the para-position, steric interaction that

might alter the trigonal bipyramidal structure is unlikely.

viz: - 0.R . : ._ o

)

N-"

;:;%n-—-Me
- C

1  where R = Mc, or Ph

Me

XXXIX
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As a result of i.r. and Mossbauer spectroscopic studies,

adducts of dimethyl and diphenyl tin dichlorides with mono-

dentate ligands have been assigned the octahederal structure

with trans Me or Ph groupssz.

" X
L)
:sn’
7 Sy
R
LXII
where R = Me, or Ph
H = halogen,
L = Lewis base,

The above structure has actually been assigned to Mezanlz.ZPysz.
The Keto-substituted pyridine Lewis bases studied in this work
have their keto-substituents in the 2Z-, 3- or 4- positions

of the pyridine ring. The 2-substituted acyl-pyridines add

on to organotin and stannic chlorides in ways different from
that observed for 3- and 4-acylpyridines as already discussaed;
and would therefore be expected tc have a different structure.

Whether the above structure still holds for the new acyl-

pyridine adducts would be a good field to examine fu;ther.
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Unfortunately, absence of the necessary instrumentaticn has

made it impossible to undertake that task in the present

work.
- The structures of the mdﬁbofgénotin trihalide pyridine

adducts have not been successfully arrived at yetsz. The

structures of the pyridine and acylpyridine adducts would
therefore make a good field of study. |

Stannic chloride pyridine adduct has been intensively
stud1edg’10. SnC14.2Py is thought to have its Lewis base
ligands in the trans - form,.énd its halogen ligands in a

square plane. \
Py

LXIII
The keto-substituted pyridine adducts of SnCl prepared

in t
his work most likely would be of trans configuration
too, for steric freedon.
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- (b) Strength of the Lewis bases.,

‘ Potentiometric titrimentric methods afe, ﬁéually, the
most widely used methoads for determining the strength of venk
acids and bases. The strength of a basc B is a measure »f its

degrec of ionization, viz:

CB+H0  ——> BH +OH ;
k, = Ll o)
(B}
[oH"} = Kp 1B}
(BH* } |
S ponT = pKg o+ log {BH } -
- { 8}
euty o

pH = pK, - pK, - log R

e B} SR

where the weak base is gradually neutrilized with a strong

acid, at half neutrilization,

“¢ {pu'} = {B)
. +
o log {eH} 0,
{B}
making

PH = pK, - PKp = pK;
or e
pK, = pK, - pK, = pOH ST
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At half neutrilization then.
pH = pKa,
and

pOH = pKy

The strengths of the Lewis bases pyridine,4-picoliné,.
4-vinylpyridine, 4-benzoylpyridine, and 4-acetylpyridine
were studied by titrating their 0.10M solutions in 20%
aquecus cthannl solutions with 0.10M HC1 acid, The titrﬁ#
tions were monitored with a pH-meter. The different values
of pH of the mixtures were plotted against the vclumes of
titre used, and the varisus pK, values for the base at

half neutrilization obtained from the graphs.
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Neutrilization curves for 4-Picoline, 4-vinylpyridine,
pyridine, 4-acetylpyridine, and 4-benzoyl pyridine.
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TABLE 8
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Pyridine and some substituted

pyrildines, their Ky 's, and the respective values
of the JSn-C-H of their complexes with Me,SnCl,

(0.01M).
Lewis bhase X L 119
S 21 4 Complex §° " "8n-C-H
. cps
CI,HS N o
3 8.36 Me,SnCl, .2 NEE}—CH= 96.0
o o = _ ¥
 CH = CH, _ |
[?fii] ' 8.87 Me,SnC1,.2 NOYCHCH|  92.0
N
{Eiji] 9.17 Me,SnCl, .2 NEE) 36,0
N~ .
)
-y
Co 11.49 Me,SnCl,.2 NE§>(ILPh 82.0
N]
! A
CO.CH, !
10.96 Me..SnCl., .2 N@ COMe | 81.0
@) . 2mre |
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(¢) Relationship between the basicities of the ligands and

the J Sn-C-H of their Methyltin chloride complexes.

Only the Lewis base ligands with their substituents
in the the para-position were chogen, to ensure little or no
steric interference of the substituents in the complexes.
The main effects of the substituents on the N of the |
pyridine then would be mesomeric and/or inductive,

The titrations have shown that the Lewis bases, by
measure of their pKp, have their strength in the order.
4-Picoline > 4~vinylpyridine > Pyridine > 4-Acetylpyridine

> 4-Benzoylpyridine. i

There was however the difficulty of solubilizing the 4-beﬁ£by1~
pyridine well enough for a good titration.
The dimethyltin dichlioride adducts with the Lewis

bases have their Jllg

Sn~C~H in the following order of
magnitude,
MeZSnCIZ.bis~4-Me.Py >M928n212,bis—4-Vi,Py -
LXIV D
MeZSnCIZ.ZPy >Me25nC12.bis-4-Be.Py_>MeZSnCIZ.bis-4-Ac.Py -

LXVI
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where
4 - Me.Py = 4-picoline
4 - Vi.Py = 4-vinylpyridine
Py = Pyridine
4 - Be.Py = 4-benzoylpyridine
4 - Ac.Py = 4-acetylpyridine

It can then be seen that at constant temperature and

molar concentration in a given solvent that interacts as

little as possible with the solutes, the J Sn-C-H of the

complex formed by a Lewis base with a2 given methyltin

halide incrcases with increasc in the strength of the base,

provided the substituents on the Lewis base offer no steric

hindrance in the association of the base with the Lewis

acid. The relationship seems direct and linear, at least
for pyridine and the stronger bases.

The JSn-C-H could thus be used in correlating the

comparative strengths, i.c. the rcelative pK,'s- of Lewis

bases, especially the strengths of a Lewis base and its

substitutecd derivatives, where titrimetric methods are

difficult.

This method appears advantageous over titrimetric

mdthods for determining the relative strenpgth of bases, for

the problem of having to solubilize the bases in necessarily
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polar media for a good titration does not arise. For examnle,

the bulky benzoyl substituent of 4-benzoylpyridine probably
was responsible for the difficulty in solubilizing the base,
which eventually made the determination of the pK, of the
base difficult, and the resulting pK, value unreliable. But
by simple logic, it could be predicted that 4-benzoylpyridine

would be a stronger Lewis base than 4-acetylpyridine:

T”S c\:13
5 - o 6
- !
N ¥ R
) TG
N
whereas
@)
@ . @ N
J i I
C=0 <« d_0® o C-02 o C-o0°

0O O O ©
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i
The methyl of 4-acetylpyridine has predominantly no more

than an inductive efiect on the molecule. Hyperconjugation

involving its methyl could be possible:

. . +

i |

C =20 : C -0 a
| .

O — O

but in our opinion, this involves the breakagembf a .
o . C - H bond and would therefore not be energetically
as favoured as a mesomeric drift of electrons from the
pyridyl ring. The phenyl of 4-benzoylpyridine on the
other hand, takes care by mesomerism, of the mesomeric
effect the ;C = C would have had on the pyridinc ring;
the phenyl ring being preferred for the mesomerism since
its NM-eloctrons are freer than those of the pyridyl ring

thar is already datively bonded in its complex and is

. -%. therefore more 'electron deficient®. The net effect

then would be that 4-benzeylpyridine emerges a stronger

" base than 4-acetylpyridine., The J Sn-C-H values have

ﬁ};; shown this to be at least tentatively true [see table 8).

1
Fl

£
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(d) The Increase in J Sn-C-H for Methyltin Chlorides
: with Complexation, S '

If it is true that the Fermi contact term is a major
contributor to the .} Sn-C-H, implying that JSn-C-H increasecs
with increasing % s-character of the bond ~ as postulated

by Ramsey42, Karplus and Anderson43

- then ) Sn-C-H should
decrease in the following order, with decreasing % s-character

of the hybrid bond: : o
362

R

sp > spz > sp3 > sp3d > 5D
st = 50 3% 25 20 1&%

But it is commonly observed that J Sn-C-H for methyltin
chlorides increases from trimethyltin chloride to methyltin
trichlsride, in a given solvent. The most reascrnable
explanation for this is the ionization or partial {onization
in the solvent, of the methyltin chlorides, the completeness
of which would decrease from MeSSnC1 + MeSnClq with increcsing

3+, The effect of this

nuclear charge from Me,Sn+ -+ MeSn
would be a tendency of sp3 character in Me SnCl towards

. *
sp2 in Me3Sn+, sp3 in Me,SnCl, towards 'sp' in MeZSn2 .
and 5p3 in MeSnCl, towards 'sp' in

Me3SnC1 Me35n+ + C17 ......xxxvii

2+

i

Me,SnCl, Me,Sn*" + 2€1° Ve xXXViii
AR 10i MU XxXxXix | -

MeSnCl3 —3 MeSn
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This would imply an increase of the s~character as the
mothyltin halides are dissolved in the solvents. The
s~character would increase with increase in completcness
of the icnization, which in turn would increase with
increasing dielectric constant of the solvent. Thisl
then would explain the observed increase of J Sn-C-H for
Me4SnCl across Me,8nCl, to MeSnClg, and its increase
also with increase in the polarity of the sclvent, as
commonly observed,

| It is observed that [} Sn-C-H increases for a methyl-
tin chloride as it complexes with a Lewis base. Beattie

et alg’lo

have derived frem their i.r., studies that the
hybridization of Sn in ovganotin halides changes from
sp:5 to spsd or SdeZ as the complex forms. But following

the line of thcught of Anderson et 3142’43’44

, JSn-C-H
should decrease as the methyltin halide complexég, znd
not increase as observed. In explaining the increase,
Petrosyan et alla, supporting their arguments with Bent’s
secondary rehybridization theory proposed that there is
no rehybridization as the methyltin halide complexes.

The Lewis acid - Lewis base interaction, they proposed,

., is a p -~ d donor acceptor interaction, which merely

increases the electron density on the Sn and leads to the
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o [

inéfease.in'J“Sh-é-H. Th1s propbsal m1ght be acceptable
for some ligands, but not for pyridine that has its only
N unhybridized p - orbital participating in the formation
T of the aromatic system of the ring. The lone pair of
electrons that are denated in coordination occupy an
spz hybrid crbital. The p-d donor-acceptor model of
Petrosyan et al cannot therefere hold.
<. Van den Berghe ct-al46 have proposed the existence, in

agueous or other polar media, of MeSnC1.Py as

e b sneN | S
R N\ L™
5 Me Me : T
" fem s
S S LXVIX

supporting their nproposal with Kraus and Greer's
observation that the electrical conductivity of trimethyl-
tin halide solutions in ionizine solvents increased on
“the addition of pyridine47.' 5_ - . _g';.ff

This would mean that coordinétion would enhancé
the ionization of the complex. And usually, pyridine
adducts of methyltin halides are soluble most often only
in reasonably polar media, supporting the possible idea
of jonization of the complex. If the methyltin halide

]
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3 r".-

halegens and Sn ioniie then and the Lewis bése molecules

take the place of the halogens on the Sn, it would only

imply that the hybridization of the Sn ~f the complex in
sclution very likely does not change much from that of the
parent organctin halide in the solution: the Lewis base
molecules most likely only enter the inner conrdination $NNETre
of the Sn, leaving the e¢lectron withdrawing halogens in the
outer sphere. B I

i
i
S

LXXIII

But the positive charge induced on the N of the Lewis

base as a result of dative bonding would repel the positive
Sn cantre, making the Sn - Lewis base bond elongated and
the hybridization state perhaps even a little different

from complete sp3; it would tend towards a state of spz

or spl_- a hybrid siate with increased s~-character in

short. Also, the Lewis base, though it develops a

positive chorge on coordination, is electron donating,
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implying a nmet increase in the electron density around Sn

of the complex in solution compared with that arocund the

Sn of the Lewis acid in solution. All these cffects, in

our view, collectively account for the increase in the
J Sn-C-H values of the methyltin halides on complexation
with the pyridines, as opposed to the p-d donor - acceptor

idea of Pectrosyan et alla.
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SECTION C

- -

(a) Reactions of the pyridine adducts of methyl and

phenyltin chlorides.

Anderson's studies of the nucleophilic substitution

20, and

21

reactions of organotin halides and pseudohalides
Eaborn's on organosilicon halides and pseudohalides
suggest that nucleophilic substitution reactions of organo-

tin halides occur in an SNZ fashion.

Sn.....

R X i
R — /\
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The suggestion appears to be suppérted by the fact thﬁt méét
of the reactions were carried out in nen-polar media. If
SN2 really is the mechanism of the substitution reactions of
the organotin halides, then it would be difficult, if not
impossible, for organotin halide adducts to undergo nucle-_'wﬁ'
ophilic substitution reactions, for the intermediate in -
the above equation has a pentacocordinated Sn, and Sn in
the adducts is already either ponta or haxa-coordinated
on the basis of steric crowding therefore, the organotin
halide adducts might not be able to undergo substitution
reactions, - R

20,21 observed that silver

- However, Anderson and Eaborn

galts vere outstandingly etfective as reagents for substitu-

tion reactions of organotin and organosilicon halides and |
. pseudchalides. Also, they drew up their “conversion series™
on the basis that the preferential substitution of a nucle-

ophile on an organotin was determined by the relative affinity

of Sn for the nucleophile. They alsc proposed that silver

served the role of pulling the halogens and pseudohalcgens
off the Sn, to form more stable silver halides and pseudo-

halides. | _
 ﬁ Now, if fonic or at least partially ionic silver is tc be
able to pull the halogens and pseudnlahalogens off the Sn,

then the halogen and pseudohalogen substituents must possess

o
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some ionic character since the pelarizability and polarizing
power of chlorine especially and silver respectively,

are not extremely high. The polarization of the Sn-halogen
bond is quite feasible, since halogens are morc electronegative
than tin, )

It had been suggested earlier in this work that adducts,
especially pyridine adducts of methyltin halides, when they
solubilize (and they dc¢ only in fairly polar media)}, most
probably exist in forms having the Lewis bases in the inncr
coordination sphere, and the halogens in the outer coordi-
nation sphere. viz

ot

;’; 2+ . B . | | \;h
/‘Tr\ " I

This proposal implies that it would not be very difficult to
remove the halogen substituents with some suitable halogen
abstractor like a silver salt, once the adduct dissolves in

the medium. On this basis, some substitution reactions of the

many such reactions have been found to occur.



115

(b} Reactinns with Silver trifluoroacetate.

Silver trifluoroacetate, because of its solubility in
many organic solvents, was found to:be essier to work with than
the other silver salts, as stoichiometric amounts of the
reagents could then be measured and dissclved in the
solvent of cheice. Dried acetone was chosen as the reacticn

medium.

i. 4-Acetylpyridine and 4-Benzoylpyridine.adducts of the

methyltin chlorides.

Hot solutions of the adducts and silver trifluorocacetnte
were made and then mixed., In all cases, a white precipitate
of silver chloride was [ormed; the precipitate was coagulated
through boiling of the regction mixture and them filtered
off, Clear filtrates were cbtained, indicating the solubility
of the products in the medium. The solvent was removed by
evaporation, but recrystallizatiofl of the crude product had
to be done only in non-polar media as the products dissocinted
in even slightly pclar media, giving the inscluble, polymeric
methyltin trifluornacetate, especially in the case of 4-acetyi-
pyridine and 4-benzoylpyridine adducts of dimzthyltin bistri-
fluoroacetate.

Elemental analysis, i.r, n.m.r.,. and mass spectroscopy

% " - i ‘- df hp 1'1 H
g?ve shoyun a1l the adduycts obtaine a
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Mesé‘m{?]. N O {O.R + AgO.CO.CF3 + AgCly + Me3$nO.CO.CF3.N O QR

LXIX
. e 02'11-‘-%-

Mo,SnCLy. 2 N~ CO.R + 2Ag0.C0.CF » AgCly + MeZSn(O.G).CFS)z.N\C) 0.7
. 4 G

where R = Me,Ph
Fhe products were obtained as light yellow crystalline ﬁeediés;
The trimethyltin triflunrocacetate adducts were higher
melting than their parent trimethyltin chloride adducts,
whilst dimethyltin bistrifluornacetate adducts were lower
melting than their dimethyltin dichloride analogues. The
easy dissociation of the dimethyltin bistriflucroacetate
- adducts in polar solvents to give dimethyltin bistrifluoro-~
| acetate and the Lewis base suggests that the Lewis acid-Lewis
base bond is weak. R _ | B
The 4-~acylpyridine adducts of methyltin trichloride =
reacted with silver trifluorcacetate to give, not the expected
methyltin tricarboxylate adducts, but rather larger amounts
of the trifluoroacctate salts ~f the pyridine Lewis bases.
The reason for this is not exactly clear, but Ford et 3126_[-"
nave observed that methyltin tricarboxylates_hxdrolysglgas%}y:

LT

T
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1
R - Sn{0.CO.R }3 ¥ H,0  + R - Sn(0) 0.CO.R

LXXI LXXII

+ 2rY.C0.0H
.. .X1idi

In our reactions therefore, the methyltin tristrifluoroacetate
produced from the reactinn of the methyltin trichloride moiety
of the adduct might have picked up even trace amounts of vater

in the highly deliquescent acetone solvent:

MeSnClg.Z N (::) CO.R + SAgO.CO.CF3 + 3AgCl+y

XXXV | S
/ -+ MeSn(0.C0.CF5),.2 N () yco.r

easeX1liv

MeSn(0.CO.CFg) g + Hy0 — Me ~ Sn{0).00.CFy + 2CF3C0.0H

« -+ X1lv
LXXV

k-
CF,.C0.0H + N (::)>co.a ~* R.CO{CNu oCoCE,

LXXXVI

where R = CHS’CGHS'
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26 4o be high melting

Most R.Sn(0) 0.co.R1 compounds are known
powders that dissolve only in very few organic solvents. 1t
is likely therefore that thes MeSn{0) O.CO.CF3 precipitated
with the silver chloride. ' - |

| The inscluble nature of the reaction product of MeSnClSZ
- with Ag0.CO.CF; was confirmed when the reaction was carried
out in acetone, The product remzined suspended in the
mixture. A trial of the reaction of the adducts in non-polar

media did not succeed ag the reactants were grossly insoluble

in the media.

ii. S.Acefylpyridine and 3-benzoylpyridine adducts of the
methyltin chlorides. o -

The dimethyltin dichloride adducts reacted, in dried
acetone, with.AgO.CO.CF3 tc give dimethyltin bistrifluoro- -
acetate and not the pyridine adduct. The reason for this
might be steric interference of the mota-substituent of the
pyridine Lewis base, since even when its substituent is on |
the para-positicn of the pyridine ring from where there can’t have
be much steric interference with the Lewis acid substituents, the

Lewis acid-Lewis base bond is not very strong.

——LO.R
Me,snCl,.2 N () + 2Ag0.C0.CFy

XXXIII | ,~—CO.R
— Mezsn(O.CQ.CF3)2 +..2.:N\(::):>

where R = Me,Ph.



118

The 3-ketosubstituted pyridine adducts nf methyltintrichlcride,
like the analogous 4-ketosubstituted pyridine adducts, grve
trifluoroacetate salts of the pyridine Lewis base on reactiocn
with silver triflucroacetate instead of any pyridine adduct

of methyltin tricarboxylate., The reasons might be similar-

| to these given for the mode of reaction of AgO;CD.CF3 with
MeSnCl,.2 NOy—CO.R above.

iii. 3- and 4-keto-substituted pyridinc adducts of the
phenyltin chlorides,

No isclable pyridine or substituted pyridine adduct of .
triphenyitin chloride could be prepared.

The diphenyltin dichloride and phenyltin trichloride
~adducts reacted with silvey triflunroacetate to give, apart
from silver chloride, the triflucrpacetate salt of the Lowis
base as the only isnlable product. But the analogous
dimethylitin dichloride adducts of the 4-ketosubstituted
pyridines reacted, as reported earlier in this work, to
give isolable adducts. The outcome of the reaction of the
diphenyltin dichloride adducts with silver trifluorcacetate
therefcre led to the probing of how diphenyltin dichloride .
reacts with silver trifluornacetate, especially since thers
is no kncwn literature report on it, The results are

aiscussed below,
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iv. The Pyridine adducts of methyltin and phenyltin

chlerides.

Trimethyltin chloride - pyridine adduct reacted with
silver trifiuwrnacetate to give silver chloride and a thick,
unstable 0il, which solidified only belew 0°C, and which
could not be distilled as its pyridine kept coming off.

Dimethyltin dichloride bis-pyridine also reacted with
silver trifluornacetate to give AgCl and an unstable low
melting (42°C) solid. TIts pyridine kept coming off, leaving
behind a white, high-melting solid that proved to be
dimethyltin bistrifluorcacetate.

The reaction of Me,SnCl.Py and Me,5nCl,.2Py with Ag0.CO.CF4
most probably gave the expected adducts, but the pyridine Lewis
base ligands are so labile that the products are unstable at
room temperature.

Me,SnCl,.2Py + 2Ag0.€O.CFy - MeZSn(O.CO.CFS)z.ZPy
LXXVIII

+ 2/.,C1¥ «oaxlviii

xMGZSn[O.CO.CPS)Z.ZPy + fﬂt&Sn(O.CO.CFS)}x

LXVIT
(polymer)

+ 2xPy osen o X1IX
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Dirhenyltin dichloride.bis-pyridine and phenyltin trichlorilc
bis-pyridine both reacted with silver triflucroacetate in
acetone, hut sense on the nature »f the products coull not
be made from the analyses of the products, especially after
rurification in hydrccarbons. Of the products, only pyricdi-
nium trifluorcacetate could be identified. It was eventually
found (see section D) that diphenyltin dichloride reacts
with silver trifluorcacetate to give a ditin compound, the
m~lecule of which coordinates internally and so would not

take on a Lewis base.
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Cs Spectral Properties of the Methyltin Carboxylate Adduct.

i. Nmr,

The methyltin carboxylate adducts, unlike their methyltin
chloride analogues, dissolve readily in acetone. But to facilitate
comparison, deutercdimethyl sulphoxide was chosen as the solvent.
The proton magnetic resonance spectral data for the 4-acetyl-
pyritine and 4-benzoylpyridine adducts of trimethyltin
and dimethyltin trifluoroacetates as well as their

methyltin chloride analogues are tabulated below.

Table 9
P.m.r. chemical shifts of the methyltin carboxylate and chloride pyridine 3.duEEs
. Srom (1-IMS0)

Compound Sn-CH | ~C0. CHy | Pyridyl-m-H| Pyridyl-o-H -
(cns)ssno.co.crz.n@ C0.Cly L 50 | 2.65 7.90 8.95 -
(ms)sw.co.cps.ubrm@ 0.50 | - - 8.96 7.80

CH
(m3)2&1fo.co.CF3)2.N:o>co 3 0.92 | 2.65 7.85 8.86 -
(CHy),$ (0.€0.CF), NOy coO) | 0.92 | - 5 8.96 7.30
(ms)smm.n@—.co.ms 0.60 | 2.70 7.8 8.98 .
(CHg) ;501 .ND)~0<D) 0.60 | - . 9.00 7.80
(CHy),SnC1, .2 N@'CO.(BS 1.14 | 2.70 7.98 8.98 ’
(m3)2m012.2r©—co-© 1.15 | - - 9.00 7.80
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Brop the table, it could be seen that the Sn-—CH3 § values

for the methyltin carboxylate adducts are generally lower

than the § values for the correspending methyltin chloride

adducts, the shifts avpearing higher than for the trimethyl-

tin species. This implies that the Sn-CH3 protens in the

methyltin carboxylate adducts are better shielded than the

Sn-CH, protons of the methyltinchloride adducts. In our

view, therc are two main reasons for this:

iﬁ

ii,

The electron withdrawing ability of the trifiucro-
acetate group might be less than that of chlorine.
This would leave the electron density on Sn in

the methyltin carboxylate adducts higher than in
the Sn of the methyltin chlcride adducts, iqplyinq
that the Sn~CH; n the former would be less
deshielded due to inductive effect than in the
latter.

It is thought (see below) that dimethyltin
bistrifluor~acetate adducts exist in the solid

as dimers, the carboxyl group being the bridge

hetween the two mocieties of the dimer.

VewE e
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.CI‘\.. e | /—-" .
. 0° =~ R
TI ﬂ‘t—-—" O“\-\\ E‘N Iy s Oa R
R.C0 Me N 2P | O.CO.Cp3
_ C Me
L.
LXXXIX

where R = Me, Ph

In dimethyl sulnhoxide solution, the solvent molecules would
complete with the 0 + as well as the N+ coordinate honds anc
it is likely that the DMSO sclvent molecules are better donofsn’
than the C - 0+ moiety of the CF;.C00 group. The effect would
be the hreaking of the Sn+0-C coordinate bond to form an ’
Sn + 0=5 ; The effect thercinre breaks the dimeric nature

of the methyltin carboxylate adduct in DMSO solution, and =»
new type of adduct if formed:

Me - BRRER
FC.CO. n-a.hi &0 = SfMe

Q! 0.C0,cFy e

. R.CO
- : LXXX

DMSO most probably weuld be a lbetter donnr than the C-—0
moiety of CFs.COO group, meaning an increase of the electron

degnsity arcund Sn and therefore s reduced electron withdrawal
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by inductive mechanism, from the Sn-CH; hydrogen atoms. The
Sn-CH; are thereby more shielded in the methyltin carboxyl-te
adduct than in the methyltin chloride adduct.

The Sn - 0.CO.CF; bond in the methyltin carboxylate
adducts might not ionize as easily as the analogous Sn-Cl
moiety in the methyltin chlorilde adducts, possibly because
of a lower electron withdrawing power of the CF;.COC group
compared with Cl, due to possible synergic bonding of the
CF3.CD.0 (pm - dn) oxygen to the Sn

0
~ 'g(/f S

n A -
/sl \n/c

This nossible synergic effect would keep the Sn—O.CO.CF3
bond stable, as well as keep the electron density around

Sn high. Also, after solvation by sclvent molecules, the
electron withdrawing effect of the CF3 mciety in the CFq.C(")
group would be reduced, implying an overall reduction of

the electron withdrawing power of the CF;CO0 group from the
Sn. The synergic effect, coupled with the solvation effect,
would explain why the Sn~Me protons in the trimethyltin
carboxylate adducts are more shielded than they are in the

trimethyltin chloride adducts.
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These postulaticns seem to be supported by the fact
that the Sn-CH,; proton signals of the methyltin carboxylate
adducts in acetone, a noorer donor sclvent than DMSQO, have
higher & values than they have in DMSC, although the valucs
are not as high as those for the analopous methyltin |
chloride adducts.

The ligand protons have lower 8§ - values in the methyltin
carboxylate adducts than in the analogous methyltin chloride
adducts, suggesting thnt the Lewis base ligands are more
loosely bound to the Lewis acid in the former than in the

latter.
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ad. Infra Red.

Adducts of the methyltin carboxylates are a relatively
new class of organotin compounds. Graddon et a1} recently
reported a thermodynamic study of the reaction of scme
crganotin carboxylates with some Lewis bases via titraticns,
but no attempt was made to isclate and study the nroducts
they suspected werc £ormed in solution. Mossbauer spectro-
scopy could provide more concrete evidence on the nature
of the Sn-? bonds in the methyltin trifluoroacetate adducts
prepared in this work. However, non-availability of the
required instrumentation has not 21lowed that option at this

time. The data available from the i.r. spectra is

tabulated (10) below

Table 10
I.r. absorption frequencies of the methyltin carboxylate Pyridine adducts.
Stretching vibration frequenci -, cm
Crmpound i (e o log lop e | o,
arom. | 0CD  jarom Rock

- 7 = -
Moy 0GR N0 | 3050w 153 116 |1410m 1205|795 | 30w

mss.;n.o“.cr-'?,.n@ —0"@ 3030w 1650-1600m|1410m|1200s {7908 | 3754
1710s

Me,Sn(0.00.CFy), NOy~0o.Me | 3100w 1920 1158sm{141m|1200s | 795m | 3°0m

4e,Sn(0.00.CF5), MO0 | 3100w 1020 [1670m | 1420m [1200s {795m | 370
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e. Mass Spectra
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The mass spectra of trimethyltin trifluoroacectate

4-acetylpyridine and Jimethyltin bistrifluoroacetate 4-acetyl-

ryridine were run.

Some of the mass units obtained in the

spectra as well as their assignments are reportec below.

__Mass spectra of Me3SmO-0.CF3.L and e,Sn(0.00.CFz);.L

Table 11

Compound: MeSSnO.CO.CFS.L

Me,Sn (0.C0.CFy),.L

Mass Unit Fragment Mass Unit Fragment
120 sn”* 129 sn*
+ L
121 (C,H,NO) 121 (C,H,NO)
150 (Me,Sn)" 135 (MesSn)*
+ +
165 (MeSSn] 761 {MeZSn(ﬂ.Cﬂ.Cng}z}
263 (Me,5n0,C.CFy * 197 {Me,Sn (0.C0.CF;),.L}"
+ . -4
278 (Me 55n0.CO.CF ) 873 { (Me,Sn (0.CO.CFg),. L]
where L = N@i}-Cﬂ.Me (C7H7N0)

The highest mass unit obtained in the spectrum of trimethyl-

tin trifluoroacetate 4-acetylpyridine is 278, which is

assigned to (MeSSnﬁ.CC.CF3)+.

But present in the spectrun

was also a 121 mass unit, which is assignable to 4-acetyl-

pyridine molecular ion.
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The highest mass unit obtained in the spectrum of
dimethyltin bistrifluorcacetate 4-acetylpyridine is 873,
+
which is assignable to {(Me,Sn(0.CO.CFg),},.NO}—Cn.Me) *

strongly suggesting that the adduct exists as a dimer.

Structural Deductions from the Spectra.

Of particular interest would be the O0CO and C = O bands
in the i.r. spectra of the methyltin carboxylate adducts.
It has been observedg that most methyltin carboxylates are
polymeric, with bridging 0C”; and such 0OCO bands in i.r. have
been obscrved to be broad. 1In the i.r. spectrum of

2

Ph,SnN.C0.CF,, Ferd et al 6 have assigned the broad band

3
around 1650cm™ ) to the symmetric stretch of 0OCC.
The i.r. spectrum of Mesan.CG.CF3.Nt3 CO.R, wherec R =
Me or Ph, would be expectc ! to show bands for the C=0 of the
Lewis base ligand, and of the CF,.C0.0. A boad band at

1650 - 1710 em”}

has been obtained in the i.r. spectrum o
the compound. Elemental analysis and n.m.r. have shown
the cocmpound to be a 1:1 adduct, and 4-acetylpyridine es
well as 4-benzoylpyridine have been found, as carlier
reported in this work, to bind only through the nitrogen,
to organotin Lewis acids. The ,C=0 of the ligand would

therefore be a sharp band at . 1700cm_1; the /C=0 stretch
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-1

of the uncomplexed ligand absorbs ot 1680cm .
Ester stretching vibrations absorh -~ 1735-1?50cm'l,

while carboxylate anicns are ccmmonly known to have breoad bands
at ~ 1610cm"1 and sharp cnes at . 1400cm'1. In a CF;.CO0
case, the eclectron withdrawing effect of the CFz group would

most probably make the Sn-0 bond strongly polarized,

F
Me Onn 7
Me —>8n O.,R:-» C\"’*F iy
A P
Me
LXXXI

The -C00 then, althcugh basically an ester type, would have

some anionic character, implying some character of

which would make the -CO0 i.r. band broad. Such a condition
would make the ~CO0 to be midway between a carboxylate anisn
and an ester type of -CON. The COD stretch would therefcore

be broad, be lower in frequency than the cster stretch at
.1730cm, but be higher than the free -CO0™ stretch et ~1610cm ',
And indeed, the -COO stretch of the MeSSnO.CO.CFS.Ngzb—~CO,R

(wherz R = Me or Ph) has been observed to come between 1650-

1719em™?
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Sn in Me,Sn compounds has most often been observed to be
pentacoordinates, with planar nethyls. Mass spectroscopy has
not shown that MeSSnO.CO.CFS.N:§§§>~CO.Me exists in an
associated form higher than the monomer. T1f the -CO0O really
acts as a pseudobidentate ligand, then the structure of the
adduct would most probably lie between a trigomal bipyramital
structure (confirmed by X-ray spectroscopy for MeSSnCIQPyg)

and some sort of distorted octahedron.

[

(::) LXIX

CO.R
where R = Me, or Ph.

The i.r. spectra of MOSSHO.CO«CFS,N:§22>-C3.MG and Me;SnO.CO.CF .
N CD>-Co<CD> are remarkably similar. Although the mass
spectrum of the latter could not be cbtained, the phenyl of
the Lewis base is so nositioned as to offer.little or no steric
interaction to render the proposed structure implausible Unwﬁf :

the basis of the available experimental and literature evidence.
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The mass spectrum ~f MeZSn(O,CC,CF3)2.N:E;;E}C“.Me has
shown a mass unit assignable to [{Mezsn(O.CO.CFS)}. N3§>—mCH.Me}
strongly suggesting that the adduct exists in the solil state
as dimer. The only feasible structure that can be written

for the dimeric state is

CF, | |
© atmo T /D
pF T
F4C.CO. —Sn<” néffﬁi:::>kcn°R
TN AN
N ~
R.CO Ma I Me
| o Fq oy
LXXXIX s !

where R = Me (and feasible for Ph)

This structure ensures the }axacoordiﬁétion common with
diorganotin adducts. The bridping OCC and the free CO0O of the
trifluorocacetate groups, and the =" of the ligand would
combine to give a broad absorption band for the [C=0, which
would lie between the ester stretching and the bridging and
free carboxylate stretching frequencies for reasons given .
above. And indeed the carbonyls combine to give a brgad

1

absorption band between 1620 and 1720cm’ The methyls of

Me,Sn hexacoordinated compounds have been found to be axialg.
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Assuming that the same holds for the methyltin carboxylate
adducts, then with the other information from elemental
analysis and p.m.r. already discussed, the above structure -
is suggested for Me,Sn{0.C0.CF4), Nfﬁ CC.R, where R = Me or ﬁh,‘:
for although the mass spectrum of MeQSnO.CO.CF:s]z.N@- CO .'
could not be obtained, its i.r. spectrum is similar tec that of
the analcgous 4-acetylnyridine adducts- and there is no
compelling ground to suggest that the adducts would have

different structures.

The suggested structﬁres are, nonctheless, still menly
tentative. The methyltin carboxylate adducts, to the best of
our knowledge, are being reported for the first time. Only
appropriate calculations and ¥-ray diffraction studies could
confirm or show the actual str.ctures of the adducts.

The instability of Me,Sn(0.CO.CF;), .NOI—CO.R in polar
solvents could be due to solvent clearage nf the 5n « NS§>~‘CG.R
bond, thereby allowing for the formation of tae more stable

8 .
polymer”, {Mezsn(O.CO.CF3)2}x

CF CF3
Mo J 7 Me
- ‘ 'Q,“ (\7/9“‘---.“0 lf}’
et OH‘“Sn"’C n‘“‘Sn‘f TS
/ o7l Soes, o7 o
Posr s
g Me f Me B
CF
7 FS 3

LXXVII



" Chemistry of Substitution Reactions.

It will appear that the main principle guiding sub-
stitution reactions of organotin compounds is the tendency
of the tetravalent tin, basically of sp3 hyhridisation, to
- form ceraleat bonds. The clioser the "effective
electronegativity” of Sn mciety in its compound and that of
the nucleophile, the more stable the bond bhetween the two
moieties is likely to be. Andersonzq and Eaborn21 observed
that Si and Sn were more affinitive for some nucleophiles
than for others; they proceeded to draw "conversion series"”.
They gave logical reasons, but they seemed nct to see that

where there would be increase in the covalent nature of the

Sn_- element tc be formed in a reaction, the reacticn was

feasible ~ if omly there wr 11d he a way of stripping off the
element cr greup already on Sn, to give room for the new one.
This, in cur view, is why SnMe, is extremely stahle, while

5nCl, is extremely unstable;
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(a) Reaction of the Phenyltin chlorides with Silver
Trifluoroacetate,
20

2 have carried out several studies

Anderson”® and Eaborn
of nucleophilic substitution reactions in organotin and
organasilicon compounds, respectively. Pollerl9 has stressed
the ease with which the halogens of organotin halides can he
replaced by a variety of nucleophiles in preparative work.
Eqborn21 has found silver salts exceptionally effective in
his nucleophilic substitution reactions of the organosilican. |
compounds.

The ease of the use of organotin halides, especially the
chlorides, in preparing other organotin compounds, as earlier
supgested, is most likely due to the high electronegativity
of the halogen cempared with that of tin, This renders the | _
Sn-X (X = halogen) bond polar, with the tin becoming partially_rfg
positively charged while the halogen is negatively charged. o
The Sn centre thus becomes susceptible to nvcleophilic attacks.gi.
And where the halogen could be easily removed by some metal ion,
the nucieophilic subs%itution is fast indeed.

Silver trifluorcacetate, fortunately, is soluble in many
organic solvents, making it possible to weigh :nd dissolve

stoichiometric amounts nf it and organotin chlorides in suit-

able organic media, for nucleophilic reactions. Mixing of the

Ry “
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solutions produces silver chloride, which is filtered off; and
the organotin trifluoroacetate, which remains in solution.

RySnX(4~Y) * (4y)Ag0.CO.CF, = RySn(O.CO.CFS)a_y+ (Ay)AgCly

LXXX1 LXXXIT 1

i. Triphenyltin Chloride

Triphenyltin trifluoroacecate has repnrted1y26 been
prepared from the reaction between triphenyltin hyroxide and
trifluornacetic acid. However, this and an-ther revnrtda have

pointed out that the phenyl-tin bond could be clerved by carboxylic
acids.
Ph3Sn0H + R.CO.0OH » Ph3Sn0.C0.R + HZO
XX1 LXXX111
PhsSn0.CO.R + 2R.CO.OH + PhSn(C.CO.R),
LXXX1V
+ 2CgH, osweddd
LXXXV
PhSn(O.CO.R)3 + HZO + PhSn(0)0.CO.R
LXXXV1
+ 2RCO.OH - 1iii

In this work, triphenyltin trifluoroacetate, has been

prepared from triphenyltin chloride and silver triflucoroacetate

in dried acetone - 2 method which, to the best of rur knowledgc, hac

not previously been used for that synthesis.

PhsanI + AqO.CO.CFS *> PhSSnﬂ.CO.CF
LXXXV11 XX11-

3

+ AgClt inen I3
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The method remrves any loss of Ph.Sn0.CO.CF through the above
side reactions, and also enhances the purity of the product, as
the silver chloride co-product is easily removed by filtration,

ii. Diphenyltin dichloride.

Having successfully prepared Ph,8n0.CO.CF,4 in good yield
(73%) frcm Ph35n01 and AgO.CO.CFs, it was thought that an
analogous reaction of Ph,5nCl, with Ag0.CO.CF4 would yield
PhZSn(O.CO,CFS)2 as an isolable product, viz

Ph,SnC1, + 2Ag0.CO.CF; =+ PhZSn(D.CO.CFs)2
JA'ARE LXXXViil
+ 2A¢Cly L. 1v

The reaction was carried out in dried acetone. The precipitated
silver chloride was cnagulated by boiling the mixture, and

after filtratinn, the solvent was removéd by evaporation. An
oil was left. All efforts, iicluding prolonged cooling and
trituration with cold light petroleum, failed to make the oil
selidify. By accident, a netrol mixture of the oil was boiled,
and a white amorphous solid gradually separated out. A fresh
sample of the 0il was therefore extracted into a quantity of
aromatic hydrocarben-free 40-060 light petroleum, and the mixture
was carefully warmed to boiling. The clear solution turned
turbid, and eventually, a white powdery substance was precipitated
as the heating continued, The precipitation continued over the
48 hour period of boiling. The powder was filtered off, and the

filtrate distilied. N.m.r. and GLC showed that benzene had been



produced in the reaction. Fufther, treatment of the distiliste
with 1:1 mixture of crncentrated sulphuric and nitric acids
yielded a mass of yellow crystalline needles which spectroscopy
and clemental analysis showed to be m-dinitrobenzenc, confirming
that the reaction of the oil in the light petroleum produced

benzene.
| NO, |
H, S0
294 3 + 2}12
o NDZ

LXXX1X

+ ZHN03 0

vaelvi
_ Elemental analysis results of the white powder agree with
the empirical formula PhSn(O.CO.CFS]Zo The powder neither molted
nor decomposcd on heating to 360°C.

iii. Phenyltin trichloride,

Phenyltin trichloride reacted with silver trifluoroacetate in
dried acetcone to give a mixture containing silver chloride.
Filtratiecn of the mixture follewed by evaporation of the filtrate
vielded a thick, reddish brown oil, which, on standing, hardencd
and solidified to give 2 non-volatile solid that could not be
purified, as it neither dissolved in any suitable crganic sclvent,
nor did it sublime below 360°C thereby making sublimation o
techniques unapplicable. The thick oil however was, to a good
degree, extractible with 40-60 petrol, but slight warming of the

petrol mixture led to a near instant precipitation of its content.
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A dirty white powder was deposited., Spectroscopic monitoring
of the rcaction did not indicate that benzene was produced in
the process of productinn of the powder, unlike what had been
observed in the reaction of dinhenyltin dichloride with silver
trifluorcacetate,

Elemental analysis of the powder gave results that suggested
an empirical formula of PhSn(O,CO.CFS)S. The powder neither

melts nor decomposes belnw 3600C

(b) Spectral propertics of the product of reactiom of Ag0.CN.CF,
with the phenyltin chlorides.

i. Nuclear Magnetic Resonance.

Trinhenyltin trifluoroacetate dissolves readily in most organic
solvents., Its spectrum in deuteroacetone showed a multiplet at
§7.40ppm, and another at §7.80ppm. The former is the combined
signal of the meta- and par: -protons of the phenyls on the &n,
while the latter is the combincd signal of the phehyl ortho-

protons. The integral ratio

O

XC
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of the former to the latter is roughly 3:2, The separation
of the signals of the phenyl ring protons ¢culd be due to
inductive effects through the 8n, of the CF,.C0.0- group on
the Sn which passes along the sigma frame of the moiety and.
deshield the phenyl ortho-protons more than the meta and
para-nrotons,

The isolated organotin product of the reaction of Aiphaonyltin
dichloride with silver trifluoroacetate, which has proved te be
1,2-diphenyl ~ 1,1,2,2- tetrakistrifluornacetoxyditin (sez below),
dissolves only in highly nolar, high solvating non-hydroxylic |
_solvents like dimethylsulphoxide class. Its n.m.r. spectrum in
ldeuterodimethyl sulphoxide shows a multiplet, assignable to the
meta- and nara-protons of the phenyl ring, at about 87.40ppm: H
and a second multiplet at about 7.7Cppm, assignable to the phenyl
ortho-protons. Apart from the small signals of the few not fully
decuterated molecules of the solvent, the product gives no other
detectable signal.

The isolated product of the reactinn of phenyltin trichlcride
with silver trifluornacetate dissolved only with heating to near
boiling, in dimethyl sulphoxide. The near colourless mixture
turned orange as the product dissolved in the solvent, suggesting
~that a reaction might have occurred, rather than just dissclution
of the product in the solvent, And indeed, the n.m.Tr. spectrum
of the solution showed only a sharp signal similar tc that

shown by benzene, ot 87, 30ppm,
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ii. Infra red snectra.

Band allocations in the i.r. spectra of the phenyltin
carboxylates isolated from the reaction of the phenyltin
chlorides with silver trifluoroacetate have been based on
the findings of earlier researchers on similar compounds.,
It is commonly known that the ~C0.0 stretch shifts to lower
frequencies, and symmetric (sz) bands appear at . 157Ocm-1
and ~ 1400cm'1 where it is involved in nolymeric or coordinate
linkagess. Kriegsman35 and Cummins>° have also made a number
of allocations, based on calculations and observation, to |
bonds linking Sn. The O + Sn coordination bond in nrganctin
carboxylates is also knownl? to absorb at - SOOcmql. On
these bases, the following assignments have been made to scme

of the bands of the spectra.

Talie 12
Infra red Spectral Bands

Ph,S8n0.C2.CF,

Band frequency 1 ... Bond
cm™ 1 .

3050, w aromatic C-H stretch
163, vs, broad 0Co asymmetric
1440, m, 0Co symmetric
1220, wvs, broad C -~ F
1075, m, aromatic (Sn-Ph)} C-H deformaticn
990, m SnOC  stretch

300, s Sn <« O




Ph,Sn, (0.C0.CF;),.
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Band Frequency

Bond

3030, vw

1610, s
1430, m

1200, vs

1075

; W

995, m

Aromatic C-H stretch.

OCO assymetric

0CO symmetric

C-F

aromatic (Sn-Ph} C-H deformaticn

SnOC stretch.

Organotin carboxylate product of PhSnCl, + 3Ag0.CO.CF.

PhSn (0.CO.CF

3)3-

Band frequency

Bond

3060,

1640,
1440,
1200,
1080,
1005,
300,

vw

vs

m
Vs
w
5]
)

aromatic C~H stretch

O0CO asymmetric
0CO symmetric
C -F

Sn - Ph aromatic C-H deformation
Sn0C stretch '
Sn + 0

iii. Raman Spectra.

Vibrations that do not alter the dipole moment of a bond

but the polarizability of the two elements of the bond are

known

41

to be Raman active.

The frequency of vibration of such

a bond, measured as Raman shifts, could be expressed in wave.

numbers:
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- _ 1 1 #
v = = f 2
A—)( ZHC A"X ) i .‘x’.
MA-x
where Vax = MA M,
MJ\ * MX

f = force constant
1 = reduced mass.

48,49

Sn-Sn bonds in compounds are known to have Raman shifts

< 200cm-1. No other type of bond, in an organotin compnund,

is known to have Raman shifts below 200cm'1, for the Sn-Sn
bond is about the weakest Raman active bond in an organotin
compound having Sn as the only metal content.

On this basis, the Raman spectra of the isolated organotin
products of the reaction of PhZSnCI2 and PhSnCl3 with Ag0.CO.CF 4
were run, with the expectation that there would be bands

< 200c:m"1 if they contained any Sn-Sn bond. The bands shcwn

by the spectra are as fnllows:

Table 13
Raman spectral Bands
EEZSnz(O.CO,CF3)4.
Raman Shift Assignment

139 m cm™t

147 m em”t | |
183 m em™ Sn-Sn  (Symmetric stretch)
565 m cm~ L

852 vs em™d

1000 s em™!
1026 w em” L
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P
The product of the reaction of PhSnCl3 with Ag0.CO.CF,

did not show any Raman activity between 100 - 1100cm™ !

iv. Mass Spectra.

Only the spectrum of the isolated nrganotin product of the
reaction of PhZSnCI2 with AgO.CO,CFS i.e PhZSnZ(O.CO.CF3)4

could be run, The spectrum showed the following signals.

Table 14
PhZSnZ(O.CO.CFS)A.
Mass Fragment
77 r
[6-)
97 cséc 0
120 sn
197 | -Sn’ ‘
231 ' FSC.CO.O—Sn+
310 - PhSn+OoCO.CF3
422 PhSn+(0.CO.CF3)2
345 (cps.co.osw.co.cys)+

Ultra-vinlet spectrum

Sn-Sn bonds in some compounds have been 0bserved7 to absorb
energy in the u.v. region with A_ . _ between 270 - 280pm. A
u.v. spectrum of PhZSnz(O.CO,CFS)4 in DMSO gave a u.v. abserption

with A of 273nm. - o
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¢, Chemistry of the Reaction

The reaction of Ph3SnCI with AgO.CO.CF3 appears to be 1o
more than a nucleophilic substitution, feasible becausc of
the polarity of the Sn - C1 bond, and the stability as well as

the insolubility of AgCl in the medium of reaction.
dried

Ph,SnCl + Ag0.CO.CF, -I22t—_  Ph.Sn0.CO.CF,
LXXXV11 - XX111
+ AgCly ... 1vii

The palarity of the medium would enhance the polarization of
the Sn-C1 bcnd, which would facilitate the removal of the
halogen by the silver of Ag0.CO.CF; which is more ionic than
covalent,

- The initial recaction of Ph,5nCl, with Ag0.CO.CF;, in our
view, is alsc a simple nucleophilic substitution reaction,

feasible for reasons given Hove,

dricl
thanIZ * ZAQO‘CO°CF3 acetone PhZSn(G.CO..CFSJ2
Xv1i LXXXVill
' + 2AgCly
....... lviii

The organotin product remained in the polar acetone medium as
diphenyltin bistrifluoroacetate. But in a non polar medium, it

proceeds to form, via homolytic fission, a binuclear product:
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CF B B 40-60 petrol
5-€0.0 = Sn ~ 0.CO.CFq -

5 .9,

XC1

+ 2 (:) OIS b b ¢

The reaction of PhSnCl3 with ;‘\gO.CO.CF3 is also, in our

view, 2 nucleophilic substitution:

ICI
@ Sn — C1 +  3ngCl
\Cl dried

= 2 Sn_
cctone // \ 0.co ~
- e F
XC11 33.(:;:2- €o, o,
i 2
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The crganotin product would.remain in aéetcne so long as
there is no water. But with water present, hydrolysis, as
suggested by Ford et a126 for moncorganotin tricarboxylates,

might occur: =

PhSn(0.CO.CF3) 5 + Hy0 ~ PhSn(0) 0.CO.CFy4 e
‘ XC1v | o

This might explain the hardening of the product of the organctin
product of PhSnCl,; and ApCl as explained earlier, when it was

left crystallise. Unfortunately, the PhSn(G]O.CO.CF3 would
precipitate along with residual silver salts (AgCl and £g0.CO.CFz)
and make any purification very difficult if not virtually -
impossible. All efforts to purify the hardened product failed.

It is possible that immediate extraction of the PhSn(O.CO.CF3)3
into petroleum spirit, a non-polar hydrophobic medium, could

have prevented hydrolysis, while association of the productl

into a polymeric form occurred:

3 / : :
o b @ 3 s
Petrnl, Q¥ " ' ' xS
.CO. Sn& C -
nPhSn (0.€2.CF4) 5 —-7;‘0/7 n \S,n‘-' 0 =0y
> ~
" 0 ()/‘:’J
0 ‘%EV N N =
|
' I ‘CF j
}
PC_on O ! 5
0 S0 L
: n 2 o
- 0 O:*a.—c"o

-l-'" ot E\ﬁ
' —_) -
XC1l11 & ' LW Ixid

5y —
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The suggested structure for the polymeric product obtained

shows no plane of symmetry and thus most likely would be

Raman inactive. Indeed, nc Raman shift was observed in its
spectrum between 100 - 1100cm™ . The n.m.v. of the product showed
only a benzene signal resulting perhaps from hydrolytic

reactions in the deutercdimethyl sulphoxide which is so
hydrophilic that it is hardly ever free of water. And the

hydrolysis would be promoted by the heat which was required to

dissolve the organotin in deuteroDMSO. L
PhSn(0.C0.CF,), + H,0 DMSO PhSn (0)0CO.CE, + 2CF..CO.0H
LY : - o 3 3 2 _ﬁ [ & 3 3‘ L] .
moiety _ o
Peolxiii
PhSn(0).0.€0.CFy + CF;.C0.0H =+ 0.C0.CFy
Poot e -
0.CO.CF, "
eoeolXiV
XCV |

i. Diphenyltin bistrifluoroacetate,.

The reaction of Ph,SnCl, with Ag0.CO.CF, gives AgCl anc an
organotin, which is obtainable only as an oil. All available
methods were applied to obtain the "o0il" in the purest possibls
form. These comprised redissolution of the oil in dry acetone,
filtering, concentrating, and drying for a prolonged time in 2
dessicator. In its driest form, the oil vas found to have a
tin content of 21%. Further attempts to dry ~he o0il made if
solidify, and Sn analysis and spectroucopic properties of the

solid were very similar to those of PhZSnio.CO.CF3)4.
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An n.m.r. spectrum of the clean oil showed two multiplets
at 67.50 and &§7.85ppm, assignable to the meta-~ and para-p:otons
of Sn@ and the ortho- protons of Sn—@ respectively.
Signals (singlets) also appeared at 82.10ppm and §9.30ppn,
assignable to acetone and water, implying that in its ‘'driest’
form, the oil still contained water and some acetone among
other possible contaminants,

The o0il, in ;romatic hydrocarbon free 40-60 petrol as
solvent, showed a sharp u.v. ahsorption at222n.m. (Amax)‘
Corroborative u.v. measurements were carried out for the

following compounds:

Table 15

The U.V. Absorntion bands of some Phenyltin compounds
Compound Solvent U.V Amax B

PhSSnOAc 40 - 60 Petrol 223 nm

Ph35n01 40 - 60 Petrol 222 nm

Ph,SnC1, 40 - 60 Petrol 223 nm

Ph.CO.OH 40 - 60 Petrol 227 nm
"oil” PhZSn(O.CO.CF? 40-60 Petrol i 222 nm

The corrollary that could be derived from this data is
that the "0il" most likely contains a (:)—&p mciety, sincec

Ph.SnOAc, PhSSnCI, thJnCI and Ph.CO.0H, none of which

22
would be polymeric or intermolecularly associated in solution

all show their phenyl R between 220 and 2Z7nm.
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An infra red spectrum of the 0il showed these bands:

Table 16
PhZSn(O.CO.CFSJz
I.r. Band - Bond
em™

3400(5) 0O -H water
3050 w et C -~ H stretch {aromatic)
1730 wvs et CO.0.Ester stretch
1200 vs em”! ¢ - F stretch
1080 m em™ ! €n -~ Ph C - H aromatic deformation
1005 m SnQC

i
There has been no sign of production of benzenc in the forma-

tion of the "oil" from Ph,snC1,, therefore it could be inferred
that there are still two phenyl groups to one Sn in the "oilM,

Now, the Sn content of 2h,5nCl,, the starting material. is
34.53%: the Sn content of the o0il (the purest form obtained)
was 21%, and the Sn content of pure PhZSn(O.CO.CF3)2 is 23.80%.
The Sn content of PhZSnZ(O.CO.CF3)4 is 28.20%. However,
PhZSnZ(O.CO.CF3)4 is solid. T.r. spectroscopy has shown a
signal for an ester -C0.0- group, C - F, Sn-Ph, and Sn-0C
groups. N.m.r. shows the presence of <:>-Sn in the oil.
U.V. shows the presence of «ib-Sn, most likely as a part of on

uncoordinated or associated phenyltin carboxylate. Ag€l was
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produced as Ag0.CO.CF, reacted with the Ph,SnCl,, and
Lassaigne test did not indicate the presence of L1 to any
important extent in the product. Benzene was not produced

in the reaction leading to the formation of the oil. It

could then be inferred, from this evidence, that the 'oil' was

most probably PhZSn(O.CO,CF3)2 i.e.

F3C—CO.0 - Sn - O.,CO.CF3

LXXXV111
with probable trace contaminants like water and acetone,

among possible others,
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d. Suggested Mechanisms for the Reactions.

i. Reaction between Ph,SnC1 and Ag0.CO.CF;

This reaction could be a simple SN,. reaction, which is

thought feasible.
PhySnC1 + Ag0.CO.CFy =+ Ag 70..... sh*-%¢1 ....A8* B=—co.cr,

XCV1

F.c.co0.0 -@:@E.@

> XX111

+ AgCl
because of the electron withdrawing nature of the phenyl groups
on Sn.

ii. Reaction between Ph,SnCl, and Ag0.CO.CFgz .

The first part of the reaction, the production of the
diphenyltinbistrifluoroacetate oil, might be, like the one
discussed above, a simple SN2 reaction:

Ph,SnCl, + Ag0.CO.CF; + Ph,Sn (0.€0.CF4),
+ 2Ag€l
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However, further reaction of the diphenyltinbistriflusroace-
tate in petrol is thought to nccur thus:

h ©

F4C.C0.0. Sn - 0.CO,CFq4 BV e FzC.C0.0 - Sn - 0.CO.CF,

Eij or A _
' + XCV11

XC Vili

?

- - 0 0

LXXXVi1l

\ L] um
\{,0 | %\EC CCF3
/" Ogey —— > = CF3
F, € € g ¢
‘\0 { 0

S

(:j + Hydrocarbon = [:)
CC1
O

To the best of our knowledge, this is a new reaction,

although it cant be called a general reaction until it is

widely tested, and this we could aot do because of non-

availahility of the required reagents.
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e, Procof of«Mechanism.

The formation of PhZSnZ(O.CO.CF3)4 from PhZSn(OuCOuCFSTZ

in non~-polar media, in our vicw, occurs by radical mechanism,

for it is commenly known that radical reactions occur mainly
in non-polar medin where there are few or no ions to terminate
or interfere with the reactions, The reaction yielding
PhZSn(Occo.CFS)Z, the 0ily intermediate, is carried out in
acetone. The reaction does not proceed further until the
'0il*' is boiled in 2 non-nolar medium like petrol,

When a solution of the PhZSnCO.CO.CF3)2 in petrol was
kept in sunlight or under ultra-violet light, Ph,Sn,(0.C0.CF3),
was produced. Heat and ultra-violet light are common initiatrrs
in radical reactions.

€.C0.0 - Sn - 0.CO.CF, _hv F5C.C0.0 - Sn - 0.CO.CFg

0 A .

©

When a solution of diphenyltin bistriflucorvacetate in petrel

Fs

was boniled with benznoquinone, a common radical scavenger,
thsnz(OuCOnCF3)4 WF"!S TlDt pT‘OdUCGd.

Boiling of diphenyltin bistrifluoroacetate in hydroxylic
solvents yielded white amorphous powders, which tin analysis
and infra-red spectroscopy showed to be not PhZSnz(O.CO.CF3)4‘

but products containing the -OH group, suggesting hydrolysis of
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the diphenyltin bistrifluorcacetate in hydroxylic soivents,
rather than production of thsnz(O,CO.CF3)4.

A solution of the PhZSn(O.CO.CFS) in benzene, when
warmed, yielded PhZSnZ(O.CO.CFB)4 and biphenyl, identified
by Sn 2nalysis, i.r. and n.m.r. spectroscopy, and thin
layer chromatography.

A soluticon ~f the PhZSn(O.CO.CF3)2 in CCl4 also yielded
PhZSnz(O.CO.CF3)4 and biphenyl on heating.

Perindical expcsure of an arcmatic hyvdrocarbon free
40-60 petrol solution of the thsn(O,CO.CFS)2 to UV, 1light

at intervals of one hour, showed an exprnential disappearance

of Ph,5n(0.CO0.CF;),, which hes a Apax ©F 2220,

9 - ©

2F,C.C0.0 - §n - 0,C0.CFy ——=——t 2 F;C.(0.0-5n-0.C0.CF; —=—2

k- petrﬂf

@ %P

Ph,Sn, (0.CO.CF) 4+

. 2 (:)

If 'C' = concentration of PhZSn(O.CD,CFS)Z, 'e' the
extinction coefficient, and *1' the cell path length, by
Beer-Lambert's law,

A = ecl
absnrbance of PhZSn[OBCO.CFS)2

1}

where A
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From the above equatinn then, by lst orderrate law,

log A = log A + Ky Ky ¢

2.303k,

where AO = jnitial concentration of PhZSn(O.CO.CFS]2
amd t = time in hours, in the process of disappearance
of PhZSn(O.CO.CF3)2 to form thSnZ(O.CO.CF3)4

A plot of the absorbance at 222nm vs time t showed an exponenti-l
curve, while a plot of the 1csarithm of the absorbance, A, vs
time, t, gave a straight line, suggesting that the “disappearance’
of PhZSn(O.CO.CF3}2 to form PhZSnZ(O.CO.CF3)4 follows a first
order rate law. (see graphs).

Thus, the production of Ph,Sn,(0.C0.CFz), from Ph,Sn(0.C0.CF4),

is strongly suggested to be by radical mechanism, for its

occurrence, especially in an exponential manner, only in nen-polar

media; for the initiation of the reaction by sunlight, heat and

u.v., and for its arrest by : radical scavenger.

A notential use of diphenyltin bistrifluoroacetate then,

would be as a radical initiator, since only mere warming in a

non-polar medium would produce radical, some of which couple t

form the insoluble Ph2§£2(O.CO.CF1) . It only has to be stored

however, in a polar, non-aquesus and non-hydroxylic solvents

the solvent could be removed by evapcration when the Ph,Sn(0.C0.CT,

is required for use.
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f. Driving force of reaction.

Looking at the structure of diphenyltin bistrifluorcace-

tate,

Q

F3C.C0.O -~ Sn - O.Co.CF3

©

both the vhenyls and trifluoroacetate groups attached to Sn
are elcctron withdrawing. Ordinarily, Sn would be more
"electropositive'™ than the phenyl group, and an Sn ~ Ph bond
would therefore break heterolytically. But since the tri-
fluoroacetate groups on Sn are electron withdrawing, it is
possible that the effect makas Sn as electron affinitive as
the phenyl attached to it. The Sn -~ Ph group, therefore,
would perhaps rather break homelytically. -[
/
©
FS,CO.O ~ 8Sn -~ O.CO.CF3 -+ FSC.CO.O - }n - O.CO.CF3

© & i

Once the radicals are formed, the phenyltin bistrifluoroacetate
moiety would cometogether in pairs, couple by bonding through
their Sn, and also coordinate intramolecularly by means of their

carboxylate groups, forrming five membered and therefore

-
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Teasonably stable rings. The process gives Sn the stable
hexacoordination. A highly sysmmetrical product (Ph25n20'90'6F3)4?
results, and highly symetricai compounds are commonly known

to be high melting and insoluble in most organic solvents.

Since the product precipitates from the solution then, the
reaction is pushed forwards. _

The phenyl radical most likely abstracts a hydrogen radical
from the hydrocarbon to give benzene, but perhaps would rather
couple to give biphenyl when the soclvent is CC14, since perhaps
more energy would be required to abstract a Cl° from a CCi,
which has its bonds polarized towards chlorine thereby making

it difficult to break them homolytically.

F3C.C000 - ?n - O.COECFS

0 ,,/2
+ - i ‘10*/\‘(: —CF;
, F.C—Ct, O ya
F.C.C0.0 ~ Sn - 0.CO.CF I & E s
3 3 Fn X
Z \OQ_-'-SD.-—-O

XCl

2R’ -+ R - R veeolXiXx

2 @ CCl, OO | lxx
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The mechanism of the reaction of PhSnCl, with Ag0.CO.CF4
is no clearer than earlier explained. It had however been
thought that PhSn(O.CO.CFS), once formed, would also have its
Sn - Ph bond breaking homolytically to give a product like
Snz(O.CO.CF3}6, viz:

9 Q

Sn §n-.0

0, -Co,
Fq-° — C¥
.CO Cr 3 0. CO-CF
3 3
v}v
0 CO.CF4
C - C —-)-SI'I‘.:’"‘O
"3 \53\ O ¢ - cFy
07, i
0#‘5 8 CF,
O'CO'CFS e ad XA1
C

but the reaction did not show any production of benzene as

earlier explained and the product contained the aromatic ring.
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8- Proof of products and suggested products.

i. PhSSnO.CO.CFS.

Triphenyltin trifluoroacetate has reportedly been prepared

36, from the reaction between triphenyltin hydroxide

by Ford et al
and trifluoroacetic acid - a methnd of preparation different
from that used in this work. Ford et 2l found by Mdossbauer and
infrared spectroscopic techniques that Ph15n0.C0.CF; is a
pentacocrdinate polymer in the solid state, with 0-C-0 bridges
between the tin atoms. The properties - elemental analysis,
i.r. and n.m.r., spectra and melting point - of the PhSSnO.CO.CF3
prepared by our method compare very well with those reported
by Ford et al.

It would be inferred then, that the same PhSSnO.COQCFS,

with same polymeric structure, has been obtained by ocur method

of preparation
QL Qe
Sn
~ TN JaSn
O 0 -
~C O'Q\‘\: ’?«0 0\\ /f/.
! C (|3 .
|
CFS CF3
XX111

ii. Ph,Sn,(0.C0.CFy),.

No compound having a molecular structure of PhZSnZ(O.CO.CP3)4
has, to the best of our knowledge, becn hitherto reported. We
have the following reasons for suggesting the molecular formula

and structure for the product.
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The results of the elemental analysis of the product
gave the following average values for four determinations:
€,28.72 £ 0,30%; H, 1.65 = 0,20%; Sn, 28.58 * 0.40%.

The empirical formula that agrees most closely with these
values is PhSn(O.CO.CF3)2, which has a calculated assay of
C,28.45%; H,1.20%; Sn, 28.13%. Fluorine analysis could not
be successfully done; analysts reported undefined inter-
ferences in fluorine analytical estimation.

Sn is known to be either divalent or tetravalent in its
uncoordinated compounds. Trivalent Sn has not been reported,
and there is no ground to suppose, as yet, that it exists.
For Sn to be tetravalent therefore, two units of the empirical
formula must bind through their Sn., A binuclear molecule
would result (PhZSnZ(O.CO.CF3]4]= 1f actually such a bond
was formed, then there would be an Sn - Sn bond in each

molecute, and the product <ould be Raman active below 200cmml,

48,49

for Sm - Sn stretches are s»nown to have Raman shifts

£ 200cm"10 And indeed, a Raman spectrum of the product

1

showed bands at 139, 147, and 183cm ~, which comparc well

with the Raman bands for Sn - Sn in other compounds having

the &n - Sn bond48’49,

There however is not enough evidence
to say which band is for which type of Sn - Sn mode of
vibration, as complex quantum mechanical calculations are

usually involved in such classifications.
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Sn - Sn bonds are known to be easily broken by

halogens50

\ ~ L
w}Sn - Sn<— + X, » 2 —;§n - X
Ixxii
And the proposed product (PhZSnZ(O.CO.CF3)4) decolourized
a CCl, bromine solution when it was shaken with it and left
to stand.

The product was found not to melt or decompose below
360°C. The mass spectrum did not show mass units equivalent
to the molecular mass of 846, i.e. the molecular ion of
PhZSnZ(O.CO.CF3)4, but showed mass units at and around 423,
which agrees with the mass of the PhSn(O.CO.CF3]2 moiety,

a half of the suggested formula. This could be due to
fission of the Sn-Sn bond due to the high temperature, and
mode of operation, of mass spectroscopy, which invalues
bombardment of the test proOduct molecules to produce ions.
Sn-Sn bonds would not be expected to be very strong; and

50

actually, they are known not to be strong.

1.r showed the product to have, among other bands, 2an

1

0.C.0 band at 1640 cm ~, known for 'bridging' carboxylate

group526, and a band at 300cm—1, knnwnB for the Sn + 0
coordinate bond.
N.m.r. showed aromatic signals similar to those expected

for Sn{C:> ¢

The compound was found to be insoluble in most organic
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solvents except DMF, DMS0O, and pyridine and its derivatives.
Recrystallisation of the compound has not been possible to
date, as once dissclved, it weuld not crystallise out of
the solvent, even at high concentrations. The high melting
point and the inselubility of the compound in most organic
solvents suggest it to be either a polymer or a highly
symmetrical simple molecule. But no polymeric formula could
be written for PhSn(O.CO.CF3]2 except the "dimer",
PhZSnZ{O.CO.CF3]4, if the elemental analysis is to agrce with
the theoretical assay of the compound, and if a stable valency
for the Sn is to be obtained.

From these evidences, we think therefore that the product

has a molecular formula of PhZSnZ(O.CO.CF and the

3)4
following possible structure:

0""‘--» 0—?\ - ay
F.C -CL 71050 3¢ - vF3
5o ol e - er
FSC - C'\A\O\.*S ,0 . = 3
\"\\\‘_ z n"O/

0 @ XC1

The structure shnws a staoble hexmeonrdination of the In
moiety, and shows high symmetry, which would exmlain the
high eiability ~f the product to heat, and its insolubility

in many organic solvents. Cenfirmation of this proposed
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structure will have to await the result of X-ray diffraction
studies

PhSSnO.CO.CF3, has not been found to give any reaction
in petrol or in any other non-polar medium, possibly because
such a stable structure as PhZSnE(O.CO.CF3)4 cannot be
produced from it in any straight forwerd reaction. Infact,

Ph;5n0.C0.CF, was recrystallised from petroleum spirit.

PhSn (0.CO.CF3) 3+

Elemental analysis of this product gave results that

agree well with calculated values for PhSn(O.CO.CFS)S.

The Raman spectrum did not show any band below 200cm"1,
suggesting a most probable absence of the Sn-Sn bond.

N.m.r. did not show signals for Sn-d<:> protons,

but for benzene protons. The possible reason has earlier

been explained.
I.r. shows, among other bands, the 0-C-0. band arocund

1640cm'1, sugpesting intermolecular linkage of the COO oxygens;

1

and a band at 300cm ~ suggests the presence of the Sn « O

band. A band at 1005cm™) has been assigned to the Sn0C

stretch. The intense C - F band was present at 1200cm”1, as

well as the Sn - Ph deformation band at 1080cm™ L.
The product did not melt below 360”7, and dissolved
with difficulty even in DMSO, suggesting that it might be

polymeric.
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Given the available evidence, therefore, PhSn(O.CO,CF3)3
is suggested as the formula of the monomer, for the product
appears to be a pnlymer; and the polymer is suggested to be

of the following network structure:

CF3
N0 ! I
~J o =N o '3
Sn¢ 3\\| :
| 0 /'Sn-'O L -
0 \-.,70 I
[ t ¢
]
- éFs
\ 0
: CF
\\é ~C i 3
0- “{0" S o049
— i
é Oko,_. :3Sn-:"0
¢=0 | ™0

XC111
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*

CONCLUSION

It has been found in this work that 3-acetyl and
4-acetyl, as well as 3—benzoS(and 4-benzoyl pyridines are
strong enough Lewis bases to bind with most of the methylitin,
phenyltin, and stannic chlorides to give, with the exception
of trimethyltin chleride that forms 1:1 adducts, 1:2 Lewis
acid: Lewis base adducts. Infrared spectroscopy has indicated
that the Lewis bases bind through their N, in preference to their
0 atoms (Eqﬂs Xxvi - xxiv).

- The p.m.r. spectra of the pyridine adducts of dimethyl-
tin, mcthyltin, stannic, phenyltin and diphenyltin chlorides
have been run - perhaps for the first time. P.m.r. spectro-
scopy has indicated unsubstituted pyridine to be a stronger

Lewis base than the keto substituted pyridines. |

The 2-benzoylpyridine adducts of methyltintrichloride,
stannic chloride, and phenyltintrichloride have been synthesized.
Elemental analysis and spectroscopy have shown them to be 1:1
adducts:; the Lewis base acting as a bidenatate ligand
YEqR® xxvi - xxviii). 2-Pyridine carboxaldehyde too, although
| not a very stable Lewis base has been found to be capable
of forming a stable isolable 1:1 adduct with phepyltin
trichloride. Spectroscopy has shown it also to be a bidentate

ligand, binding with its N and ( atoms,




Z-Acetylﬁfridiné _haé béen found to react with the phenyltin and

stannic chlorides to give products, the structures of which are yet to

be clearly understood. With the methyltin chlorides, 2-acetylpyridine
reacts in 2 manner yet to be understood.

The Jg,.c-H has been found to be a suitable parameter

for determining the relative basicities of Lewis bases, especially
of an aromatic Lewis base and its para-substituted derivatives.
The binding strength of pyridine Lewis bases have been found to
be near linearly related to the basicity values of the Lewis
bases. The higher the basicity of the Lewis base, the higher
its binding strength to a Lewis acid, it has been found that the
increase in the J Sn-C-H value of a methyltin chlcride in 2
given solution at a given temperature, as it complexes with a
pyridine Lewis base, is almost directly proportional to the
basicity of the Lewis base; departure from linearity existing
only for the very weak Lewis bases. This implies that the
relative basicities of Lewis bascs, whose strengths might not
be easily determinable by titration, could now be determined by
this method. Methyltin adducts of such Lewis bases are prepared.
Equimolar amounts of the adducts are dissolved in some suitable
solvent, and the J Sn-C-H values for equal concentrations of
the solutions at the same temperature are measured by taking
their p.m.r. spectra. The basicity of the Lewis base is

proportional to the increase in the J Sn~C-H value of the
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adduct sclution. This seemingly new method; is applicable
only to Lewis bases which do not have substituents in positioﬁs
" such that they would sterically influence the Lewis base in
adduct formation.

The synthesis of organotin carboxylate adducts, via
- nﬁcleophilic substitution reactions of the organotin halide
pyridine adducts, has been undertaken. Perhaps for the first
timec, some keto-substituted pyridine adducts of trimethyltin
and dimethyltin trifluorocacetates have been prepared. They
have been found to be 1:1 adducts. (Eq™ x1i, x1ii).

The phenyltin chloride pyridine adducts have been found
to react with silver trifluoroacetates to give, not phenyltin'
trifluorcacetate adducts, but products appearing to be |
triflucroacetate salts of the Lewis bases. This led to the
trial of the reaction between silver trifluorocacetate and phe
phenyltin chlorides. -

Triphenyltin triflunroacetate has been prepared in
better yield by a new, simnle route:

Ph,SnCl + Ag0.CO.CE, —SX AgCL4

acetone

+ PhSSno.CO.CF3



169

A potential radical ihitiator, especially in polymeri-

zation reactions, seems to have been discovered. PhZSnC12

has been found to react with Ag0.CO.CF; in dried acetonc to

give an oil, PhZSn(O.CO.CFz)Z, storable in acetone, which

oty warming, produces radicals. This 'o0il' has been found to
undergo a reaction, scemingly new, in non-polar media to
give what all available evidences have indicated to he a
new binuclear compound, 1,2 - diphenyl - 1,1,2,2-tetrakis-

trifluoroacetoxyditin.

€1 -5n-C  + 2AgD.CO.CF, dry > 2AgCl+

Eij | . . | acetone
_ , 1;, r

+ F3CcCOe0 - Sn = DoCOQCFS

©

Ooolv
2CF3-CO-O - Sn - O.CO.CP3 40'60 POtI‘OL_
LYXXX111 N
0__‘“‘_ R
F5C -Q{” l //
F D““*Sﬂqgl

C-C

+ 2 E:) veedix W

xCl
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The reaction is thought to occur by radical mechanism.
Phenyltin trichloride has been found to react with

Ag0.CO.CF4 to produce what all available evidences have

suggested to be PhSn(O.CO.CFSk, which is thought to

exist in the solid form as a polymer.
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EXPERIMENTAL

The organotin and Lewis basc chemicals used were either
synthesized, or bought from Aldrich. All chemicals |
used were of high purity.

All gas evacuations were done using the Speedivac
Rotary Pump that evacuates to as low a pressure as_'

60 hm 2

(0.5 torr).

M.m.r. spectra were run with a varian T-60 spectro-
meter, at an operating temperature of about 38°C.

All melting points {uncorrected) were taken with
the Gallenkamp Melting Point Apparatus. Temperatures
were recorded in centigrades, |

Elemental microanalyses for C, i, Cl, and N were

carried out by the Scandianvian Microanalytical

Laboratories,
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Trimethyltin chloride - 4 - acetylpyridine.

Trimethyltin chloride (2.0g, 0.0IM) in carbon tetra~
chloride (15ml1) and 4-acetylpyridine (1.21g, 0.01M) in
carbon tetrachloride (10ml) were mixed. The resulting
clear yellow solution was cooled overnight. The
resulting light brownish crystals were removed by |
filtration, washed with a 1ittie cold carbon tetra-
chloride, and dried in a dessjcator. The product was
recrystallised twice from carbon tetrachloride (2.17g,
67.60%). m.p 55 - 56°. '

Elemental analysis: |

Formula: C10H16C1N05n; _ _
Calc. C,37.40; H,4.99; N,4.37, 5n, 37.07%.

Found : C,37.69; H,5.00; N,4.43, Sn,37.25%.
nom.r. @ (CDCOCDy + TMS).

60.61 :IH, §, 3 x CHy)
82,65 (9H, S, CH;.Co-)
§7.90 (2H, d, pyridyl C3H and C5H)
8§9.10 (2H, d, pyridyl C2H and C6H)

i.r. (kBr and CsI disc)

3030 cm™ ! (vw)  C - H arom
1695 em™ ! (s) ‘=0
1595 emt (s) ¢ = C arom. (Py)

790 cm™* (m) Sn - Me {(Rock)
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Tin Analysis.

A small amount of the organotin compound was weight .
into a clean, dry crucible, to which was added about 1m1: )
of C.H,80,. The cruicible was placed on a clay tripod on
a tripod stand and heated gently from the top with a
burner flame. The mixture fumed. The heating was
continuved until all the liquid dried. The heating poiﬂfﬁéﬁ.
the crucible was then gradually lowered to the bottom of
the crucible, and the heating continued for about one hour,
during which all the carbonaceous content of the crucible
burnt off, lecaving behind a yellowish powder. The crucible
was allowed to cool in a desiccator, and the powder was
weighed as SnO,. The Sn content of the organotin was then

calculated.

Ty
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Trimethyltin chloride-4-benzoylpyridine. |

Trimethyltin chloride (2.0g, ©.0IM) in carbon tetra~ |
chloride (15ml} and p-benzoylpyridine (1.84g, 0.01M) in.h.
carbon tetrachloride (20 ml) were mixed, The resulting
clear yellow solution was conled (at 25°C) for 48 hours.
These were removed by filtration, washed with a little
cold carbon tetrachloride, and dried in a desiccator for
48 hours, The product (3.20g) was recrystallised trice
from carbon tetrachloride. m.p. 65 - 66°,

Elemental analysis:

Formula: C, H, ,CINOSn

15718
Calc. : C,47.10; H, 4.71; N, 3.66, Sn, 31.05%
Found: C,47.34; H,4.73; N,3.85; Sn, 31.50%

n.m.r. : (CCl4 + TMS)
§0.62 (9H, s, 3 x CH3)
87.60 (5H, m, phenyl)
§7.90 (2H, q, pyridyl C3H and csﬁ)
§9.10 (2H, q, pyridyl C3H and C6H)

i.r. : (kBr and CsI discs)
3040 em™t (vw) © € - H aronm.
1660 cn™t (s) iC = 0 B
1595 cm™b (s) C = 0 arom. (Py)

780 c:m"1 Jan) - 8n - Me (Rock)
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'Dimethyltindichloride4bis~4~acety1pyridine.

Dimethyltindichloride (2.21g, 0.01M) in dichloromethane
{50 m1) and 4 - acetylpyridine (2.42g, 0.02M) also in |
dichloromethane (50 ml) were mixed. The resulting clear _:ﬁ
solution was left to stand for 24 hours., Light yellowish
granular crystals precipitated cut. These were filtered
of £, washed with dichloromethane (50 ml)} and dried in
vacuc (3.70g). The product was recrystallised three times
from dried acetone. m.p. 117 - 118°, 8

Formula: C16H20C12N2028n

Elcmental Analysis:

Calc : €, 41.60; H, 4.36; N, 6.,07; Sn, 25.70%
Found : C, 41.84; H, 4,45; N, 5.76; Sn, 25.79%
n.Mm.r.: (CD3.CD.CD3 + TMS)

51,20 (6H, s, Z x CHg);

62.63 (6H, s, 2 x CO.CHSJ

§7.80 (4H, d, 2 x pyridyl C3H and C5H)
8§9.26 (4H, d, 2 x pyridyl C2H and C6H)

i.r. : (KBr and CsI discs)
3030 cm™* (w) C - H arom.
1700 cn™ ' (s) X =0
1595 em~1 (s) C = C arom (Py)
795 cn™ ' (m) Sn - Mo (Rock)

]
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Dimethyltindichloride-bis~3-acetylpyridine y;s

similarly prepared foom dimethyitindichioride
(2.21g, 0.01M) and 3-acetylwnyridine (2.42g, 0.02M). The

product was recrystallised thrice from dried acetone.
Yield, 3.50g, 75.59%
m.p. 109 - 110°
Formula: C;¢ HZO Cl, N, 02 Sn.

Elemental Analysis:

Calc. : C,41.60; H,4.36; N,6.07;: Sn,25.79%
Found : C,41.90; H,4.41; N,5.95; 8n,25.75%
Nn.M.T,: (CD3.CO.CD3 + TMS)

§1.2 (6H, s, 2 x Sn - CHy)
62.6 (6H, s, 2 x ~CO.CH,)
7.5 (2H, q, pyridyl 2 x CSH)
68;3 (2H, d, pyridyl 2 x C4H)
§8.8 (2H, d, pyric-l 2 x C6H)
8§9.2 (2H, s, pyridyl 2 x CZH)
i.r.: {KBr and CsI discs)

3030 cmﬁl {w) - :£ ~ H arom.

1680 cm ! (s) C=0

1585 cm”1 (s) C = C arom (Py)
795 cm} (m) Sn - Me Rock

S it
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Dimethyltindichloride bis-4-benzoylpyridine.

Dimethyltin dichloride (2.21g, 0.01M) in dichloro-
methane (50 ml) and 4-benzoylpyridine (3.68g, 0.02M) also
in dichloromethane {50 ml) were mixed. The resulting clear
yellow solution yielded 1ight yellowish crystals on standing
overnight at room temperature. The crystals were removed
by filtration, washed with more cocld solvent (100 ml),
and dried in vacuc. (5.10g). The product was recrystallised
three times from dried acetone.
m.p. 158 - 160°
Formula: C26H24C12N2025n
Elemental Analysis:
Calc.: C,;53.27; H,4.10; N,4.78; Sn,20,26%
Found: C,53.35; H,4.17; N,4.75; 5n,20.40%.
n.m.r.:(d-DMSO + TMS)
§1.15 (6H, «, 2 x CH3]
§7.80 (14H, 2, 2 x -CO.Ph + 2 x 2 pyridyl M-H)
§9.00 (4H, g, 2 x 2 pyridyl O - H)

i.r.: (KBr and CsI discs)

3060 cm (w) ¢ - H arom,

1660 cm™ 1 (s) - ~C =0

1600 cm™t (s) C = C arom. (Py)
-1

790 cm (m) Sn - Me (Rock)
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Dimethyltindichloride bis-3~benzoylpyridine. was similarly

prepared from dimethylti-dichloride (2.21g, 0.01M) and

3-benzoylpyridine (3.68g, 0.02M). The product (5.21g} was

recrystallised twice from dried acetone.

m.p. 109 ~ 111°

Frormula:

Ca6H4C1,N70,5n

Elemental Analysis:

Calc.: C,53.27; H,4.10; N,4.78; 5n,20.26%

Found: C€,53.37; H,4.14; N,4.73; Sn,20.46%

n.m.r. (CD5.C0.CD; + TMS)

61.30 ppm
§7.80 ™
§8.30 "
§9.,10 "
§9.20

(6H, s, Sn ~ CHS)

(12H, m, 2 x 5 phenyl H + 2 x pyrldyl CSH)
{(ZH, h, 2 x pyridyl C4H)

{2H, q, 2 x pyridyl C6H)

(ZH, d, 2 x pyridyl C2H)

i.r.: (KBr and CsI dis s)

3060 cm_
1660 cm”
1600 cm

795 cm’

(w) C-H arom
(s) L€ =0
(s) C = C arom. (Py)

(m) Sn - Me (Rock)



179

Methyltintrichloride bis-4-acetylphyridine,
| Recrystallised (from dichloromethane) methyltintri-
chloride (2.40g, 0.01M) in warm dichloromethane (30 mi1)
and 4 - acetylpyridine (2.42¢, 0.0ZM) also in warm
dich’» omethane (30 ml)} were mixed. A clear light
yellowish sclution was obtained. This brought forth
light yellow flakes of crystals on standing at room
. temperaturc for an hour. The product was filtered off,
washed a few times with dichloromethane, and dried in vacuo.
(3.90g) The product was rccrystallised twice from acetone.
m.p. 138 - 140° decnmp. |
” Formula: € cH,,C14N,0,5n | L '___;f:
Elemental Analysis:
Calc.: C,37.33; H,3.53; N,5.81; Sn,24.61
Found: C€,36.92; H,3.59; N,5.65; Sn,24.80
n.m.r.; (d-DMSO + TM™)
1.05 ppm (3H, s, 3n -~ C”3)

2.70 " (6H, s, ~CO.CHy)
8.00 " (4H, q, 2 x pyridyl CzH and CSH)
. 9.00 ' (4H, q, 2 x pyridyl C2H and C6H)
j.r.'KBr and Csl discs) 3040 cmml (w) C - H arom.
- 1700 em™ ! (s) “C =0
1600 cr™t (s) C = C arom (Py)
795 en™t (w) Sn - Me (Rock)

285 cm {s) Sn - C1
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Methyltintrichloride bis-3;acety1pyridiné was similarly

prepared from recrystallised methyltin trichleride (2.40g,
0.01M) and 3-acetylpyridine (2.42g, 0.02M)., Crystallisa-
tion of the product began almost immediately after the
" reactani. were mixed. The product (4.10g) was washed five
times with boiling dichloromethape (5 x 20 m1), and dried
in vacuo. II IR
m,p:‘ 185 - 1879 decomp.
Formula: C15H17013N2028nf
Elemental Analysis:
Calc.: C€,37.33; H,3.53; N,5.81; Sn,24.61
Found: €,37,10; H,3,61; N.5,70; Sn,24,87
n.m.r.: {(d~DMSC + TMS) _
1.05 ppm (3H, s, Sn - CH

3
2.70 " (6H, s, ~CO.CHjg) -
7.70 " (2H, q, 2 » pyridyl C5H) _:
8.40 " (2H, h, 2 x pyridyl C4H) .
9.060 " (2H, q, Z x pyridyl C6H)

.40 ™ (2H, 4, 2 x pyridyl C2H)

i.r.: (XKB¥ and CsI discs)

3050 cm”} (w) C - H arom.

1665 cn™l (s) € =0
1595 cm™* (s) ¢ = C arom. (Py)
795 cm™1 W) Sn - Me (Rock)

300 cm 1 (s) &n - €1
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Methyltintrichloride bis-4-benzoylpyridine.

Methyltintrichloride (2,40¢, 0.01IM) in warm dichloro-
methane (50 ml) and 4-benzoylpyridine (3.68g, 0.0ZM) also
in warm dichloromethane (50 ml) were mixed. A clear
greenish~yellow sclution was obtained. This yielded, on
standing overnight at racm temperature, greenish-yellowish.
crystals. The product was filtered off, washed six times =
with boiling dichlorcmethane (6 x 20ml) and dried in :
vacuo. (4.95g, 81.41%)

m.p. 300 - 303°
- Formula: C25H21C13N2028n
Elemental Analysis: _

Calc.: C,;49.41; H,3.62; R 4,1; Sn,19.58

Found: C,49.50; H,3.65; N,4.60; Sn,19.85

n.m.r.: (d-DMSO + TMS)

§1.02 (3H, s, Sn - Me)
 §7.80 {14H, m, 2 x -CO-Ph + 2 x 2 pyridyl-M-H)
89,00 (4H, s, 2 x pyridyl - O - H)

i.r.: {KBr and CsI discs)
1

3040 cm ~ (W) C - H arom
1660 cm™} (s) 'C = 0

1600 cm™t (s) C = C arcm (Py)
795 cm * (w) Sn - Me (Rock)

292 em”1 (s) Sn - Cl1
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, Methyltintrichloride bis-3-benzoylpyridine was similarly

prepared from methyltintrichloride (2.40g, 0.0IM) and
3-benzoylpyridine (3.68g, 0.02M). The product yelleowish
granular crystals, was dried in vacuo. (5.0g, 82.24%).
m.p 163 - 164°
Formula: CygHy 1 C1N,0,50
Elemental Analysis: '
Calc.: (C,49.41; H,3.62; N,4.61; Sn,19.58
Found: C,49.52; H,3.66; N,5.68: Sn,19.82,
n.m.r.: (3-DMSO + TMS) |
1.0 ppm (3H, s, Sn -~ CH3)
7.8 " (12H, m, 2 x 5 phenyl H + 2 x pyridyl C5H)
8.2 " (2, h, 2 x pyridyl C4H)
8.95 " (4H, q, 2 x pyridyl CZH + 2 x pyridyl C6H)

i.r.: (KBr and CsI discs)
1

3050 cm (W) | C - H aron,
1665 cn™1 (s) g =0
1595 cm t (s) C = C arom (Py)
795 et ) Sn - Me Pock /
300 em” ' (s) a sn - C1
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Stannic Chloride bis-d4-acetylpyridine

Stannic chloride (3.26g, 0.0125M, 1.4ml) in cold
dichloromethane (100 ml) and 4-Acetylpyridine (3.0g,
0.025M) in cnld dichloromethane (10C ml) were slowly
mixed, with ice cooling. A clear yellow solution was
obtained. On conling overnight, this yielded light
yellowish crystals., The product was filtered off,
washed six times with warm dichloromethane (6 x 30 ml)
and dried in vacuo (5.5g, 88%)
mep. 173 - 175°
Formumia: C14H14C14N2028n
Elemental Analysis:
Calc.: (€,33.42; H,2.79; C1,28.25; N,5.57; Sn,23.61%
Found: C,33.312; H,2.81; C1,28.62; N,5.42; 5n,23.91%
ngu.r. {(d.DMsS0 + TMS)
§2.70 (6H, s, 2 x CO.CHy)
§8.0 (4H, q. 2 x Z pyridyl- M-H)
§9.0 (4H, gq. 2 x 2 pyridyl - C-H)

i.r.: (KBr nnd CsI discs)

3060 cm™ 1 (m) £ ~ H arom
1709 em™t (s) Co= 0
1610 cm™* (s) C = C arcm (Py)

335 cm b (s) sn - Cl

N e
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Stannic Chloride bis-3-acetylpyridine was similarly vrepared

from stannic chloride (3.26g, 0.0125M, 1,40ml) and 3-acetyl-
pyridine (3.0g, 0.025M). The product was dried in wvacuc
{(5.70g, 91%)
‘ m.p. 233 - 236" (decomp.)
Formula: C14H14C14N2028n
Elemental Analysis:
Calc.: €,33.42; H,2,79: C1,28.25; N,5.57; Sn,23.61%
Found: C,33.02; H,2.86; C1,28.57; N,5.43; &n,23.98.
n.m.r.: (&-DMSO + TMS)
§2.65 (6H, s, 2 x -CO.CH,)
§7.70 (24, q, 2 x pyridyl CSH)
58.50 (2H, m, 2 x pyridyl C4H)
8§8.90 (2H, m, 2 x pyridyl C6H)
89,25 (24, d, 2 x nyridyl C2H)

i.r.: (KBr and CsI discs)
1

3040 em — (m) C - H arom. (Py)
1660 cm™ L (s) sCc =0
1595 cm 1 (s) C=C

350 cm L (s) Sn - C1
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Tetrachloretin bis-4~benzoylnyridine,

Stannic chloride (2.61g, 0.01M, 1.16m1) in dichlcro-
methane (100 ml) and 4.b-azoylpyridine (3.63g, 0.0ZM) in.
dichlnromethane {1007 ml) were slowly mixed, with ice
cooling A greenish yellowish solution was obtained. This?“ﬂ'
was concentrated to 30mls and cooled nvernight. Greenish
yellow needles of crystals were yielded. The product was
removed, washed five times with btoiling dichloromethane,

(5 x 30 ml) and dried in vacuwo (4.9g, 77.9%)

i L

m.p. 257 - 2607 (decomp.)
Formula: C24H18014N28n
Elementnal Analysis:
Cals.,: (C,45.90: H.2387; C1,22,66; N,4.46; Sn,26.75,
Found: C,45.85; H,2.85; C1,22.81; N,4.43; Sn,;26.84,
n.m.r.: (d-DMSO + TMS)
87.90ppm (14H, m, 2 x ~CO.Ph ¢ 2 x 2 pyridyl-m-H)
69.02 * (4H, . 2 x 2 pyridyl-0-H)

i.r, {(KBr and CsI discs)
1

3070 cm’ T (w) C - H arom.
1665 cm b (s) C o= 0
1600 cm | (s) £ = £ apam, (D)

335 cn L (s) $5n - Cl
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Tatrachlorotin bis-3-benzoyl-yridine was

similarly prepared from stannic chloride
(2.61g, H.71M, 1,16ml) and 3-benzoylryridine (3.68y, ©.02¥).
The reaction mixture required no concentration; overnijzht
ccoling yielded needles of greenish yellow crystals, which
were removed by filtration, weshed five times with boiling
Aichlaromethane (5 x 39ml) =nd dried in vacuo (5.1gz, 31%],¢v
m.n. 239 - 242" (decor:.)
Formula: C24H18C14N2“25n
Elemental Analysis:
Calc.: C,45.958: K,2.27: C1,22.66: N,4.46: Sn,26.75.
Found: €,45,82¢ H,2.83: C1,22.85%: N,1.47: Sn,26.57.

i.r.: (XBr and Cst discs)
-1

3060 ¢cm (w) ¢ - H aron,
1660 cn” b (s) C =05
1601 en” b (s) ¢ = C aren (Py)

345 cn” ! (s) Sn - Cl



187

‘Phenyltintrichloride bis~4-Acetylnyridine.

Phenyltintrichloride (1.5g, N.005M) in hot carbon
- tetrachloride {50 ml) a+d 4-Acatylpyridine (1.21g, 0.,01M)
also in hnot CC14'(50m1)were mixed. A clear yellowish
solution was cobtained, which, on cocling tn ronm temmora~
ture, yielded light yellow granular crystals. The mass of
crystals was filtercd off after ccoling the reaction
mixture at about 5°C for two hours, washed four times ‘ "
with hot cc1, (4 x 20ml1) and once with ¢gn1d CH,C1,, (ZFmi)”'_”'
and dried in vacuc (2.1g, 77.2%) I
m.n. 140 - 143° (decomp.)
Formulo: C20H19C13N2025n
Elemental Anclysis:
Calc.: C€,44.10; H,3.49; N.5.15; Sn,21.81%
Found: (,44.24; H,3.64; N,4,89; Sn,22.10%
n.m.r,: (d-DMSO + TMS).
62,65 ppm {6, s, 2 x «Cﬂ.CHs)

7.4 " (3H, m, nhenyl C3, 4,5H)
7.9C ' (6H, m, phenyl C2, 6H + 2 x pyridyl C3.05 ¥
8.95 ' (4H, q, 2 x pyridyl C2, C6 H)}

i.vt. (KBr and CsI discs)

inin ¢cm (w) C - H arom.

1700 et (s) 3¢ =0

1595 cm™t (s) C = C arom. (Py)
: 1060 cn™t (m) Sn - Ph

300 co”! (s) sn - Cl
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Similarly prepared was Phenyltin trichloride bis- 3-

acetylpyridine from »henyltintrichloride (1.51g, 0.005)

and 3-a2cetylpyridine (7.71g, ,0IM). The nroduct (granular
crystels) was tried imn vacuo (2.20g, 80.10%)
m.p. 133 ~ 135°
Formula; CZOHISCISNZOZSn.
Elemental Analysis:
Calc.: C(,44,10; B,3.49; N,5,15; Sn,21.81%
Found: C,44.15; Y,3.55; N,4.97; Sn,22.05%
n.M,. Y. (d-DMST + TMS)
2.65 (6H, s, 2 x CO.CHg)
7.60 {(7H, m, phenyl H + 2 x pyridine CS5H)
8.40 (2H, h, 2 x pyridyl C4H)
8.95 (ZH, q, Z x ~»yridyl COH)
9,30 (24, 4, 2 x pyridyl C2H)

i.r. {k8r and CsI discs)
3030 cm - (w . - - €.=.H arom.
1657 cm L (s) SC =0
1597 e~ L (s) C = C arom. (Py)
1060 em + (w) Sn -~ Ph

325 co L (s) Sn - C1
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Phenvltin trichloride bis~4-benzoyloyridine.

Phenyltin trichloride (1.51g, O,005M) in warm dichloro-~
methane (37 ml) and 4-beni.oylpyridine (1.84g, 0.71IM} also
in warm dichloremcthane (30 m»1) were mixed. A clear solutimn
was obtained. This yielded greenish yellowish granular
crystals on standing at room temperature. The mixture was
cooled at about 5°C £or two hours, and the product was then
filtered ofi, washed four times with boiling CH2012 (4 x Z?mlj.
and dried in vacuo. (2.855, 85.07%)
MaD, 255 ~ 257° (decomn.)
Formula: C3GH23C13N2ﬁ25nu
Elemental Analysis:
Calc,: C€,53.88: 1,%.44; N,4,19, Sn,17.76% L
Found: C,53.95; H,3.52; N,4.08; Sn,18.,10%
n.m.r.: (4-DMSQ + TMS)
67,70 pom {19H, m, Sn-Phenyl 5H + 2xCO-Phenyl 5H
+ 2 x 2 phyridyl C3H and C5H)
§9.00 von (4H, q, 2 ¥ 2 pyridyl C2H and C6H)

i.r.: T¥Br and TsI discs)

3030 cpt (w) C -~ H arom.

1665 mel (s} C =0

1565 cm”t (s) C = C arom. {(Py)
1065 cx” Y (m) Sn - Ph

300 e (s) Sn - C1
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Prenared in 2 similnar way was nhenyltin trichloride-

3-benzoylpyridine from nhinyltin trichloride (1.51g, 0.005Y)
and 3-benzoylnyridine (1l.84g, 0.71M). The precduct was
driet in vacuo. (2.90z, 86.57%).
m.n.: 95 - 977
Formula: CSOHZSCIBHZOZSH
Elementnl Analysis:
Calc.: C,53.83: H,3.44; N,4.19; Sn,17.76%
Found: C,53.96: H,3.60; N,4.21; Sn,18.05%
n.m.r.: {d-DMSO + TMS)
7,75 (17H, m, Sn-phenyl S5H + 2x ~-CO,phenyl 5H
+ 2x pyridyl CSH)
§8.20 (2H, h, 2 x pyridyl C4H)
§9.00 (4H, q, 2 x pyridyl (6H + 2x pyridyl C2H)

i.r.: (KBr and CsI discs)
3035 cm'l (w) C - H arom.
166 em b (s) C=o0
1590 cm” 1 (s) C = C arom. (Py)
1060 cn” ! (W) Sn - Ph
325 en™ b (s) Sn - Cl
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Diphenyltindichloride bis-d~acetylnyridine.

Diphenyltindichloride (1.72g, ©.005M} in CHZCIZ_(EOmlj

and 4-acetylpyridine (1.27g, C.CIM) in CH2 ci, (30 ml) were
mixed. A clear yellowish snluticon was obtained, which
yielded light yellow flakes of crystals on cocling over-
night. The mass of crystals was filtered off, washed with
CH2C12 (50 ml) and dried in vacuo. (2.10g). The product was
recrystallised twice from acetone. | .
m.7. 94 - 967
Formula: C26H24C12N2028n
Elemental Analysis:
Calc.: £,53.27; 3,4.10; N,4.78; Sr,20.26%
Found: C,53.0%; M4,4.05; N,4.68; Sn,20.48%
n.m.x. (CD3.CO.CDy + THMS) o R | _; }
§2.60 ppm (6H, s, 2 x ~CO.CHy) | -

87.35 " (6H, m, 2 x Sn-Phenyl C3,4,5H)
§7.80 ™ (8H, m, 2 x Sn-phenyl C2, 6H
: + 2 x pyridyl C3,5H)

w75 " (4H, aq, 2 x pyridyl C2,6H)
i.r.: {KBr and CsI discs) | o

3045 em™ ! (W) C - H arom.

1700 em™t (s) C =0

1600 cm T (s) C = € arom (Py)

1065 em” ' (m) sn - Ph

270 cm™! (s) Sn - C1
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Diphenyltindichloride bis-3-acetylnyridine was prepared in

a similar way from dinhenyltindichloride (1.72g, ©.0058M)
and 3-acetylpyridine (1.21g, 0.01M). The nroduct was dried
in vacuo (2.07g); it was recrystallised twice from acetonc.

m.p. 62 -~ 647

Formula: C26H24C12N2025n

Elemental Analysis:
Calc.: C,53.27; H,410; N,4,78: Sn,20.26%
Found: €,52.98; H,4.14: N,4.70; Sn,20.51%

n.m.r. (CDS,CG.CD3 + TMS5)

62.60 (6H, s, 2 x -CO.CHq)

87.40 (10H, m, 2 x Sn-Pyenyl SH)

§7.90 (2H, m, 2 x nyridyl C5H)

68.35 (2H, h, 2 x pyridyl C4H)
§8.80 (2K, a, 2 x nyridyl C6H)

89.10 (2H, A, 2 x Pyridyl CZH)

i.r. {XBr and CsI ciscs)
| 3030 cm™ ! (w) C - H arom.
1630 cm™1 ¢39) C=0
1600 cm”? (s) C = C arom (Py)
1065 cm™d (w) sn - Ph

280 cm (s) Sn ~ Cl
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Dinhenyltindichlorile bis-4-benzoylnyridine.

Diphenyltindichloride (1.72g, 0.0054) in warm CHZCI2
(50 m1) and 4-benzoylnyridine (1.84g, ©.01IM) also in warm
CH2C12 (52ml) were mixed. A clear greenish yellow selution
was obtaine”, This yielded flakes of greenish yellowish
crystals on cooling overnight. The mass of crystals was
removed, washed twice with CH2C12 (2 x 25m1), and dried
in vacuo (2.80¢). The product was recrystallised thrice
from acetone. |
m.p. 118 - 120°
Formula: C36H28€12N2025n
Elementnal Analysis:
Calc.: C,60.87; H,3.95: N,3.95; Sn,16.72%
Found: C,60.56; H,4.0; N,3.89: Sn,16.945%
| n.Mm.r.: (CD3.Cn.CD3 + TMS)

87.70 »om (24H, m, 2 x Sn-nhenyl 5H,
+ 2 x -CO,nhenyl SH
+ 2 X nyridyl C3,SH)

§9.05 ppm (4H, q, 2 x pyridyl C2,6H) -

i.r.: (KBr and CsI discs)
3740 cn 1 (w) C - H arom.
1660 cm™ (s) C =0
e _ 1590 cm™ ! (s) C = C arom. {Py)
1065 el (m) Sn ~ Ph
-1

270 ¢m (s) Sn - Cl
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Diphenyltindichloride bis-3~benzoyloyridine was similarly

nrepared from dinhenyltindichleride (1.72g, 0.005M) an2
3.benzoylpyridine (1.347, 0.01IM). The product was dried
in vacuo. (2.65¢) and then recrystallisesd three times €rom
acetcone.

m.p. 115 - 117°

Formula: C36H28C12N2925n

Elemental Analysis:
Calc.: (C,60.87; H,3.95; N,3.95: Sn,16.72%
Found: C,6C.64- H,3.98: N,3.99: Sn,16,85%

n.m.r.: {(CD,.CO.CDy + THS)

&7,80 (224, m, 2 x Sn-phenyl S5H + 2x -CO phenyl 5Y
+ 2x nyridyl C5H)

68,40 (24, h, 2 x pyridyl CiH)
§9.00 (4H, m, 2 x vyridyl C2, 6H)

i.T.: (KBr and CsI discs)
3040 cm 1 V1) C - H aronm.
166C cm™ ! (s) SC = 0
1590 cm~1 (s) C = C arom. (Py)
1075 cm™ ! (n) Sn - Ph

275 em © (s) Sn - El
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Methyltintrichloride anenzéflpyridine.

Methyltin trichloride (2.40g, 0.01M) in dichloromethane

(40m1) and 2-benzoylpyridine (3.63g, 0.03M) also in Aichlern-

methane (10ml) were mixed. The resulting yellowish solution

was boile? for five minutes and left to stand overnight.

Bright greenish yellow crystals were formed. The product

was filtered off, washed three times with boiling dichloro-~

methane,

Calc.:

Found:

i.7.:

anc driei in vacuo. (3.50g, 82.3%)
m.p., 182 - 183°

Formula: CI3H12C13NOSn

Elemental Analysis;: :
€,36.86; H,2.54: N,;3.31; Sn,28.01% R

C,36.85; H,2.88; N,3.27; Sn,28.35%

.T.: (d-DMSO + TMS)

§1.2 »pm (3H, s, Sn-CHS)
87.7 * (4H, m, Ph.C0.C3,4,5H + nyridyl C4H)
§8.1 ppm {4H, m, P -CO.C2,6F + pyridyl C3. SH)

(KBr and CsI discs)
3060 cn L (w) C - H arom
1605 cm™} (s) >C = 0 coordinated
1590 cn”! (s) C = @ arom. (Py)

795 em™ Y (w) Sn - Me
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Tetrachlorotin 2-benzoylpyridine.

Stannic chloride (2.61g, 0.01M, 1.16ml) in cold
dichloromethane (100ml) and 2 benzoylpyridine (3.68gz, ©.0211)
also in cold dichloromethane (170ml) were mixed with ice
cooling. A clear yellow solution was obtained. This was
concentrate”! to 50ml, and cooled covernight, Greenish yellow
crystals were formed. The mass of crystals was removed by
filtration, washed four times with warm dichloromethane
(+ x 30ml), and dried in vacuo (4.0g, 89.90%).

m.p. 271 - 273° (decomn.)
Elemental Analysis:
Formula: CIZH9C1¢NOSn
Calc.: €,32.46: H,2.03; C1,32,01: N,3.16; Sn,26.75%
Found: (,32.57; H,2.10; C1,32.32; M,3.06; Sn,26.80%
n.m,r. (A-DMSO + TMS)
§7.65 »rm (4H. m, vhenyl 3,4,5H + pyridyl 4H)

§8.10 "  (4H, m, vhenyl 2,5H + pyridyl 3,5H)
§8.95 “ (IH, ¢, pyridyl 6M)
1.5 (KBr and CsI discs)
3060 cm™ ! (w) C - H arom
1600 em™? (s) ,C = 0 coordinated
1600 cm”t (s) ¢ = C arom. (Py)
325 cm ! (s) sn - C1
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Phenyltintrichlcride -2-benzoylpyridine.

Phenyltintrichloride (3.02g, 0.01M) in warm dichloro-

methane (3Cml) and 2-benzogpinyridine [3.68g, 0.02M) zalso
in warm dichloromethane (30ml) were mixed. A clear yello-
wish sclution was obtained., This yielded light yellowish
crystals on ¢noling. The mass of crystals was filtered
off, woshed four times with warm dichloromethane (4 x Z20ml),
and dried in vacuo (3.75g, 77.2% calculated for 1:1 adduct).

Mmp. 208 - 211° {decomn. )

Elemental Analysis:

Formula, C,.H,,Cl1,N0Sn

18M14%0 3
Calc.: C,44.52; H,2,.89; €1,2.91; N,2.89: Sn,24.46%
Found: C(,44:29; H,2.79: N,2.83; Sn,24.78%
Nem.T.: (3-DMSO + TMS) )
~ 57.4 ppm (3%, m, Sn - Ph 3,4,5CH)
§7.8 " (5B, m, Sn-Ph 2,6 CH + Ph-C0.3 4,5CH).
88,1 * (S5H, =, Ph-C0.,2,6,CH + pyridyl 3,24,5 CH)
§8.95 " (1H, &, pyridyl C6H)

i.r. (KBr and CsI discs)
3100 em™ ! (W) C - H aronm. o
1618 cm” L (s) ,C = 0 coordinated ‘
1595 cm~ (s) C = C arom, (py)
1965 cn™t (W) Sn.Ph
~1

320 ¢m {s) Sn - C1
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Reaction ¢f dimethyltindichloride with 2-icetylpyridine.

Dimethyltindichloride (2.21g, 0.01M) in coléd dichlorp-
methane (50ml) and 2-acetylpyridine (2.7%'2g, 0.01M) alsoc in
cold dischlornmethane (50ml) were mixed. The clear solution
obtained was left to stand at room temnerature for twe days.
A mass of colourless crystals was deposited. This was )
removed, washed with dichlormmethane (52ml) and dried in
vacuo., (2.56g). The product was recrystallised twice from
acetonitrile. m.p. 185° decomn.

Elemental Analysis:
Calc.: for MeZSnCIZ.(ZuAc.Py)Z:
£,41.60: H,2.36; N,6.07; Smn,25.75%
FOUND: £,27.33; H,3.48; N.3.17; Sn,39.85%
n.m.r. (d.DHMSC + TMS)
§1.13 ppm (s, Sn - CH3)

§2.10 ¢ s
§2.40 ¥ [
§2.70 v s, -CO - CH3

§8.00 rpm m broad. Pyridyl?

i.r. KBr and CsI discs.
3075 cn L (m) C - H arom.
1640 cm"1 (s) ¢ = 0 coordinated?
1600 cm™! (s) C =

C arom. (Py)
795 cn ! (s) Sn - He |
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Reaction of Methyltintrichloride with 2-Acetylnyridine.

Methyltintrichloride (2.40g, O.021M) in warm dichlore~
methane (50ml) and 2-Acetyl Py (2.42g, (.02ZM) also in warm
dichlnromethane (50Cml) were mixcd. A clear yellowish
solution was nbtained. This gradually yielded a yellowish
mass of crystals when left to stand for two days at room
temperature. The mass of crystals was filtered off, crushed,
and washed six times with boiling dickloromethane (6 x 37wml)
and dried in vacuo. (3.5g) m.p., 195° (decomp.)

Elemental Analysis:
Formula: C15H17CI3N2023n
Calc.: €,37.33; H,3.53; N,5.31: Sn,24.61%
Found: C, 36.68: H,3.23: N.5.55; Sn,Zd.QO%.
n.m.r.: (d-DMSO + TMS)

§1.00 pom (3H, s, Sn-CHy) v

§2.70 " (6H, s, Zx -CM.CHy)

67.82 "  (2H, q, 2x pyridyl C4RH}
§8.15 " (4H, m, x pyridyl C3,5H)
§8.90 " (2, 4, 2 x pyridyl C6H)

i.r. (KBr and C<I discs)

-1 f

o .
?

3050 cm {w) - ¥ arom, ,
1630 et (s) C = 0 coordinated? o
1600 cm™t (s) C = C arom. (Py)

-1

280 em™ b (s)  sn - Cl



200
Tetrachlorotin bis~2-acetylpyridine.

Stannic chloride (3.26¢, 1.4m1, 0.0125M) in cold
dichloromethane (100ml) and 2,acetylpyridine (3.0g, 0.025.)
also in cold Adichleromethane (100ml) were mixed, with
stirring. A4 clear yellow solution was obtained, This was
cooled overnight. A light yellow mass of crystals separated
ont, This was filtered off, washed four times with dichloro-
methane (4 x 30ml), and dried in vacue. (5.00g, 79.90%)

m.n. 253 - 255° (decomp.)
Elemental Analysis:
Formula: Cl4Hl4614N2025n
Calc: C,33.42: H,2.79; C1,28,25, N,5.57: 5n,23,61%
Found: C€,32.91; H,2.87; €1,28.41; N,5.36; Sn,23.80%
n.m.r.: (d-DMSOC + TMS)
51.95 (s)
§2.40 (s)
2,70 (s, -CO.CHy)
$3.00 (s}
85.80 (s)

§7.00 [(s)
§8.0C (m)
i.r.: (KBr and Cs1 discs)
3450 cm ) (m) c - H
- 3100 cm b w) € - H aronm.
' 1620 cm™} (s)  :C = O coordinated?
1600 cn” b (s) C = C arom {1y)

325 em™ ' (s) Sn - Cl : ;gﬁﬁ?
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Phenvlitintrichloride bis-2-Acetylnyridine.

| Phenyltintrichloride (3.02z, €©.0IM) in dichloromethane
(5Cm1} and Z2-acetylpyridine (2.42g, 0.02ZM) also in dichloro-
methane {(5Cml} were mixed., A clear yellowish solution wasi]«'?
obtained. The sclution was boiled for five minutes and -
left to stand for a day, Dirty white crystals were formeﬂ:
The mixture was cocled for a six hours, and the crystals
were filtevrcd off, washed with dichloromethane, and dried
in vacue., (4.1g, 75.37%).
m.n., 189 - 191° decomp.
Elemental Analysis:
Formula: CZOHiQCIBNZOZSH
Calc.: C,44.1C; H,3.49; C1,19,57; N,5-15; Sn,21.381%
Found: C,43.72; H,3.63 N,5.09; 6n,22,05%
n.m.r.: (d;DMS0 + TMS)
§2.6 »npm (6H, s, 2 x CHs,CO-)
§7.4 pom (3H, m, Sn-Ph C3,4,5H)
8.0 pom (8H, m, Sn-Ph C2,6H, + 2 x pyridyl C:, 1,51)
§9.0 ppm (2H, m, 2 x pyridyl C6H) o

i.r. (XBr and CsI discs)
3250 cml (m) 0 -~ H
3100 cmL (m) C - H arom
1610 tr:m“l {m) TC = 0 coordinated?
1600 cm”t C = C.arom. (Py)

1

1060 cm” Sn -~ Ph
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Dinhenyltindichloride bis-2Z-aceiylpyridine.

Diphenyltindichleoride (3.44g, Q.0IM) in carbon tetre-
chloride (50ml) and Z-Acetylpyridine (2.42g, 0.N2M) also
in carbon tetrachloride (3Cml) were mixnd at room temperature.
A light yellcwish solution was obtained, which turned turbid
nn standing. A clustered mass of yellow crystals was obtzined
on cooling overnight. This was filitered off, washed with
CCIa (50m1), and dried in vacue (4.1g). The product was
recrystallised twice from a 1:1 mixture of toluene and
diisopropyl ether,
m.p. 125 - 127°
Formula: C26H24€12N2025n
Flemental Analysis:
Cale.: C,53.27; H,4.10: N,4.73; Sn,20.26%
Found: C€,53.,06; H,3.97; N,;4.39; 8n,20,46%
n.m.r. (d-DMSO + TMS) |
§2.20 ppm (6H, s, 2x -CO-CHs)

67.40 " (10H, m 2x Sn-Fh C3,4,5H + IZx pyridyl 4,58
§3.10 * (8H, m, 2 x Sn-Ph C2,6H + 2x pyridyl €3, 6H)
i.r. (KBr and CsI discs).
3500 cm’ - (w) 0 - ¥ (broad)?
3050 cm - (w) C - H arom.

1630 em™ - (s) :C = 0 coordinated?
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Reaction of Methyltin trichloride with 2-Pyridine carboxalAchyde,

Methyltin trichloride (1.20¢, O.205M) in dichloxrg~
methane (40ml) and 2-Pyridine carboxaldechyde (1.07g, 0.0IM)
also in dichloromethane (40ml) were mixed at roon temperatuve.
A dirty brown mass of crystals senarated ocut. After leaving L
to stand overnight, the mass of crystals was filtered off, “
washed five times with boiling dichloromethane, (5 x 30nl)
and dried in vacuo (1.80g) - : |
m.p. 112 - 1157
Elemental Analysis.
Calc, for C,HaCl NOSn: o -
C,24,19; ®,2.30; C1,30,67; N,4.03; 5n,34,18%
Found: €,31.26: H,2,91; C1,27,.37; N,5.54; Sn,32,50%
n.m.r.: {d-DMSC + TMS)
§1.CC ppm (s, Sn—CHB)

st.10 " (4 )
§2.10 " (s )
§5.85 v (s )

AR
810,20 ppm (s, ~C “en /
i.r. KBr and CsI disus.

1

3050 cm (W) C -~ H arom.

1710 - 1600 ca™l () Cc =0 7

300 en™1 (vs) sn - Ct
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Tetrachlorotin~-2-vyridine carboxaldehyde,

Stannic chloride (2.61g, 1.16m1, 0.01M} in dichloro-
methane (100nl) and Z-pyridipecarboxaldehyde (2.14g, 0.021)
also in dichloromethane (100ml) were mixed with ice cooling.
A dirty white paste was obtained. After allowing to stand
at room temperature for two hours, the paste was filtered
off, washe& six times with warm dichloromethane (6 x 30ml)
and dried in vacuo. (3.5g), m.n. 83 - 85°

Elemental Analysis: . '
For $nC1,.2N ()
CHO

(612H10C14N2025n)

Cale.: ¢C,30.34: H,2.11; €1,29.92; W.5,90; Sn,25.00%
Found: (.24.79; H,2.42; C1,32.44; N,4.79; Sn,27.50%

.. {(XKBx and CsI discs)

fule

3100 cm {w) C ~ H arom.
1680 cn™t (s) €=
1600 et (s) C = C arom. (Py)

320 cm (s, fn ~ C1
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Phenyltintrichloride-2-pyridine carboxaldehyde.

Phenyltin trichloride (1.,51lg, O.705M) in warm dicﬁlorm—
methane (3Cml) and 2-nyridine carboxzldehyde (1.07, 0.01H)
also in warm dichloromethane (30wl) were mixed. A brownish
paste was precipitated. The mixture was allowed to stanc at
room temperature for two hours; the paste was then.Ffiltervre!
off, washed five times with boiling Aichloromethane, (5 x 25ml)
and dried in vacuo. 1.5z, yield, 73,17%)

m.p., 150 - 152° decomy.
Elemental Analysis: .
Fornula: C12H10613N05n -
Cale.: ©,35.19; 31,2.44; C1,26.03; 14,3.42; Sn,28.00%
Found: C,34.88; 11,2.60; C1,26.82: N,3.48; Sn,29.40%
p.m.r.: (d-DMSO + TMS) S fﬁﬁﬂ'
87.4 ppm (3P, m, Sn~Ph C3,4,5H) I
§7.9 " (3H, m, Sn-Ph C2,6H + nyridyl C4H)
§8.,1 » (2H, m, pyridyl C3, 5H)
86,7 " (1H, 4, py -idyl C6H)
69,8 " (1H, s, -ChD)

i.r.: (XBr and CsI discs}

3100 cm 2 (w) C - H arom.
1630 cn” 2 (s) C = 0 coordinated
1595 cm™ ! (s) C =

C arom. (Py)
1065 cn_l (w) Sn -~ Ph o fg

320 em™t (s) Sn - C1
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Reactipn of Diphenyltin dichloride with 2-Pyridine carboxalehyde

Divhenyltin dichioride (1.72¢, C.Q0O5M) in cold dichloro-
methane {(4Cm1) and Z-nhyridine carboxaldehyde (1.07g, ©.01%)
also in cold dichloromethane (47ml) were mixed. A pink, cleor
solution was ~btained. This yielded only a think oil »n
standing and then cronling at about 0°C overnisht. All efforts
to get the o0il to solidify failed. B

Wher dimethyltindichloride (1.11g, 0.005M) in dichloro-
methane (1%ml) was mixed with 2-pyridinecarboxaldehyde, (1.07g,
C.01M) alsc in dichloromethane {(40m1), a brown wax was obtained,

All efforts to purify the wax further, failed,
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Pyridine adducts of ifethyltin, Phenyltin, and stannic
Chlorides,

The adducts, excent MesanI.Py, vere prepared by mixiny
dichlrromethane solutions of stoichiometric amounts of
organntin nr stannic chloride and pyridine; (ratic 1:2 Lewic
Acid to Lewis base), at room temperature, Each reagent vas
dissolved in 190ml of dichleoromethane; 0.01M Lewis acid was
used for eacn preparatinn. The products came out as pre-
cipitates, which were filtered nff, washed with more s:lvent,
and dried in vacuo.

Me.SnCl.Py was similarly prepared from trimethyltin
chloride, pyridine, and 40 - 60 petrcl as solvent,

MesSnCl.Py.

m.p. 39 - 40° (Lit?. 40 - 41%)
n.m.r. (CCi, + THMS) |
8§G.62 ppm (9H, s, 3x Sn-Me)

87.30 " (24, m, Z x pyridine -m-H)
§7.60 * (1H, m, pyridine- p -H)
88.50 " (2H, d, 2 x pyritine-0-H)
"i.r. (KBr disc)
| 3050 cm™! (vw) € - H arom.
1600 em”} (s) C = C arom. (Py)
795 cm™ Y (m) sn - Me (Rock)
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MeZSnCIE.ZEy.

m.p. 162 - 163° (Lit.>

163)
n.m.r. (CDS.CO.CD3 + TMR)
§1.25 »pm (6H, s, 22 Sn - Ch3)

87.50 ppm C 6H, m, 2x pyridine C3,4,5H)

88.90 " (4H, Zx pyridine C2, 6H)
i.r. (KBr disc)
3050cm™ ! (w) C - H arom.
1600 em™t (s) C = C arom. (Py)
795 em” 1 (m) Sn - Me
MeSnClS.Zqu
27

Non fusible < 360° (Lit.“’: non fusible < 360%)
n.m.r. (4d-D4S0 + TMS)
61.10 ppm (3H, s, Sn-Chy)
§7.50 " (6H, m, 2Zx pyridine (3,4,5H)
88.90 " (4H, m, 2x pyridine C2, 6H)

i.r. (XBr and CsI discs,
1

3050 cm © (w) C - H arom.

1600 cm™t (s) C = C arom. (Py)
795 em’t (w) Sn - Me (Rock)
290 en ! (s) sn - Cl
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SnCl, . 2Py.

10

m.g. Not melting < 360° (1lit, non:.melting)

i.r. {¥Br and CsI discs)

3550 cm~ !

(w) C -« H arom,
1605 cm L (s) . C = C arom. (Py)

330 em ! (s)  sa - C1
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Ph,SnC1,.2Py.

m.p. 148° (1it.? Unstable)
n.m.r. (CDs.CO.CD15 + TMS)
| 67.45 ppm and 7.80 ppm (m, difficult to assign because

of interference of pyridine and
phenyl signals)

88.85 pem (4H, m, 2x pyridine C2, 6H)

i.r. KBr and CsI discs)

3040 cm 1 (w) ¢ - B arom.

1600 cm™} {s) C = € arom. (Py)
1065 cm™t (m) Sn ~ Ph

250 cm~! (s) Sn - €1

PhSnC1,. 2Py.

m.p. > 3607 (1it.27 not melting)

n.w.r. (d-DHSO + TMS) .
8§7.70 ppm (11H, m, Sn-Phenyl, + 2x pyridine C3,4,5H)
58.90 © (4H, q, 2x pyridine C2, 6I)

i.r. (KBr and CsI discs} i

3050 cm L fw)

C -~ arom,
1605 et (s) C = C arom. (Py)
1060 cm™t (m) Sn - Py
-1

285 cm (s) Sn ~ C1
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Nuclear Magnetic Resonance study of the Sn-C-H Cogglying :

constants of Pyridine and some substituted gxrid1nﬁ
adducts of methyltin chlorides

Abbreviations:

4-Me.Py : 4-Picoline

4-Vi.Py :  4-Vinylpyridine 4
Py : Pyridine 2
4-Be Py {  4-Benzoylpyridine
4~Ac.Py : 4~Acetylpyridine
3-Be .Py : 3-Benzoylpyridine
H 3~Acetylpyridine.

3-Ac.Py

0.10M solutions of the following adducts were made in
nitrobenzene., ©0.50ml of each solution was measured into an
n.m.r. tube containing 2 drop of tetrametiyl silana, and the
n.m.r. spectre taken, The J Sn-C-H value for each adduct

was noted, (see table 17)
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| - TABLE 17 . |
J Sn-C-H values for 0.1M solutions of some methyltin chloride pyridiie adduct

Compound .- wt/ml B::::r JIIQSI!-C-H J117$1-C—H [N
‘ c.p.S C.PsS.

MeSSnCI.tl-Me.Py 0.0290¢ { 0.10 65,0 62.5
MeSnCl.Vi.Py 0.03050 | 0.10 64.0 61.5 | o
MB;SI‘ICI.P)? 0.0280 0.10 63.0 60.5 S
Me;SnCl.4-Be. Py 0.0380 | 0.10 62.3 60,0 i
lhs&ﬂl.é—)\c.[’y 0.0320 0.10 62.0 59.5
Me4SnCl ' 0.0200 | 0.10 61.3 59.0
Mo, SnCl,. (4-Me.Py), | 0.0406 | 0,10 96,0 92.0
Me,SnCl, . (4-Vi.Py), 0.0428 ! 0.10 92.0 88.0
Me,SnCl, . 2Py 0.0380 | 0.10 88.0 84.0
MBZSnCIZ. (4-Be.Py)z 0.0590 .10 82.0 78.0
Me,SnCl,. (4-Ac.Py), | 0.0460 | 0.10 81.0 77.5
mzslﬂlz ¢.0220 0.10 75.5 72.%
f»ieﬁ\Cls.('tl-Be.Py)z 0.0305 0.05 123.6 116.8 -
MeSnCly. 4-Ac.Py 0.0240 | 0.05 121.0 114.0 T e
MeSnCl4 0.0240 | 0.05 109.0 104.0 e
MeSnClg. (4-Me.Py), | Insol. | msol.] - -
B&SliCls.(4-Vi.Py)2 Insol. Insol. - -
MeSnCl ;. 2Py Insol, Insol. - -
Me,Snl,. (3-Be.Py), | 0.0590 }0.10 81.0 77.0
Me,SnCl, (3~Ac.Py), 0.0460 | 0.10 81.5 78.0
MeSnCl,. (3-Be.Py), 0.0308 1} 0.05 121.0 114.0
MeSnCl . (3-Ac.Py, 0.0240 } 0.05 120.0 113.0




213

Determination of the strength of Pyridine and some

para-substituted pyridines.

Using 20% ¥/v aqueous ethanol as solvent, 25ml of @.10M
solutiens of pyridine and the following substituted pyridines
were prepared., Against each solution was titrated 0.10M HC1,
using the pH meter as a monitor. The amounts of acid used

were plotted against the corresponding.ph values.
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TABLE 18
Titre and pi values in the determination of base strength of some pyridines.
pKa=pH of
wt of base in Solay Vol. of acid &om ixt at oK. of
Base 25ml of its Gone: at end mixture at|, S el Wmo
20% EtOH soln = paint. end point
Q._u g ml.
. _ 0.23 0.10 24.60 3.10 5.64 8.36
©
CH=(H,
0.26 * 10.10 24.80 3.10 5.13 8.87
O
__N
O 0.20 0.10 24.40 3.00 4.83 8.17
N
0.46 0.10 23.00 1.94 2.51 11.49
(@, _
N
C0.l4e
0.30 0.10 24.00 2.00 3.04 10.96
O
N
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Reaction of Pyridine and substituted pyridine adducts of Methyltin
and Phenyltin chlorides with silver Triflucroacetate:

Preparation of dry acetone.

Cormercial acetone (AnalaR, 1.50L) was boiled under reflux
with p-toluene sulphonic acid (3g.) for forty five minutes.
The acetone was then distilled into clean dry bottle and

stoppered.
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Trimethyltin trifluoroacetate-4-Acetylpyridine.

Trimethyltinchloride~-4-acetylpyridine (1.60g; 0.005M)
in dry acetone (30ml) and silver trifluoroacetate (1.1N9,
0.C05M) also in dry acetone (30ml) were mixed. A white
precipitate of silver chloride was formed. The mixture
was boiled under reflux on a water bath for ten minutes Iin
the dark., The precipitate coagulated, and was filtered
off., The filtrate was concentrated until a brown viscous
0il was left. This solidified on cooling, and was scraped'
pff and dried in mild vacuum (1.30g). The nroduct was
recrystallised three times from carbon tetrachloride, |

m.p. 91 - 92°
Elemental Analysis:
Formula: C,,H,F,NO.Sn.
Calc.: €,36.21; H,4.02; N,3.52; Sn,29.81%
FOUND ; C,35.85; H,3,92; N,3,49; Sn,29.91%
n.Mm,Tr. (CCl4 + TMS)

80.7 ppm (9H, s, 3x CH3)
§2.6 " (3H, s, -CO.CHy)
§7.8 " (2H, 4, pyridyl C3,5H}

§8.6 " (2H, d, pyridyl C2, 6H)
i.r. (KBr and CsI discs)

3050 em~} (w) C ~ Harom. .
1710-165¢ cm~1 ¢gy ¢ s & Mdg™ 0 YT
1627 em~1 ¢y C = C arom. (Py)
1410 en~! (m c-0 .
12 ¢ém-1 (sg € - F wge E

795 cm~1 (s) Sn - Me (Rock)
300 cm-1 (m) Sn +« D
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Trimethyltin trifluoroacetate-4-benzoylpyridine.

Trimethyltin chloride-4-benzoylpyridine (1.91g, O.77"5M)
in dry acetone (57ml) and silver trifluoroacetate (1.11lg,
0.005M) =21so in dry acetone (50ml) were mixed. A white
precipitate was formed. The mixture was boiled under reflux
for ten minutes in the dark. The precipitate coagulated,
and was filtered off. The filtrate was concentrated by
evaporation. Light yellowish crystals separated out in
the process. The mass of crystals was removed and dried
in mild vacuum. (2.7g). The product was recrystallised
three times from carbon tetrachloride. n.p., 8-81°

Elemental Analysis:
Formula: C17H18F3H035n
Calc.:C,44.38; H,3.91; N,3.74; Sn,25.81%
Found: C,43.87; H,3.96; N,3.06; Sn,25,95%
n.m.r. (CB5.CO0.CDy + TMS)

§C.7 pom (9H, s, 3 x Sn - CHS)

§7.9 " (7H, m, -CO.Ph + pyridyl C3,5H)
§9.2 * (2H, 4, pyridyl C2,6H)
. (P8 (XBr and Csl discs)
3030 cm - (w) C - H arom.
1710 - 165C ecn™ ! (s) C = 0, 0CH
1600 cm™ Y (m) C = C arom. (Py)
1410 e} (m) C-0C
1200 em™ ! (s) C-F
790 cm"i (s) Sn - Me

375 cm (m) Sn « 0
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Dimethyltin bistrifluoroacetate-4-acetylnyridine,

Dimethyltindichloridé bis-4-acetylnyridine (2.32g,
0.005M) in hot, dry acetone [(57ml) and silver trifluoroace-
tate (2.21g, C.0IM) also in hont, dry acetone were mixed.

A white precipitate of silver chloride was formed. The
mixture was boiled under reflux for ten minutes in the
dark, The precipitate coagulated, and wos filtered off,

The filtrate was evaporated until a thick brownish oil

was left. This yielded yellcwish crystals on cooling. The .

mass of crystals was rvemoved and dried in vacuo. (2.05g).
The product was recrystallised three times from toluene.
mp. 88 - 39°
Elemental analysis:
Formula: C;.H;FNC-Sn
Calc.: C,31.47: H,2.62: N,2.82; 5n,23.94%
Found: €,31.50; H,2.8); N,2.73; Sn,24.10%
n.m.r. (CDS.CO.CD3 + TMS)
§1.03 (6H, s, 2 x Sn-CHy)
§2.75 (3H, s, -C0 CHy)
87.6 ( s, OH trom HZO)'
§8.3 (2H, d. pyridyl C3,5H)
89.1 (24, d, pyridyl C2, 6H)
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Kass spec.:
120 (sn'); 121 (C,HNO)®;, 135 (SnMe)”;

139 (snF)*: 361 (MeSn (0.CO~CFy),)";

+

196 (Me,Sn(0.CO.CFg),.L)"; 873{(Me,5n(0.CO.CF L

3)215e
B (K3r and CsI discs)

3100 em * (w)

1
o
o
ﬂ
=]
B

1720 em”* (s)

L]
5 |
o
0
O

1585 cm (m)
1410 cm™ ! (m)

O 0O 0 0O 0O
L

1200 c¢m (s)

795 cm (m) Sn - He

1

300 em © (m) Sn « 0

Reactions of dimethyltindichloride bis-3-acetylvoyridine

with silver trifluoronacetate yielded dimethyltinbistrifluoro-

8

acetate (m.p. 241 - 243°, 1it.28 240 - 2439)
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Dimethyltin histrifluorcacetate bis-4-benzoylpyridine.

Dimethyltindichloride (2.21g, 0.01%) and 4-benzoyl
pyridine (3.88g, ©,02ZM) were both dissolved in dry acetone
(50ml each}. The two splutions were mixed. T-» the clear B
greenish vellow soluticn was added silver trifluorocacetate
(4.42g, 0.02M) in dry acetone (100nl). A white ppt was
formed, which was coagulated by boiling the mixture under
reflux ip the dark for tem minutes. The precipitate was -
filtered off. The filtrate was concentrated, by evaporatioq”
tn about 15ml. A mass of yellowish crystals senarated out
on standing. This was removed, and dried in vacuo. (5.70g).
The product was recrystallised four times from toluene.

n.p. 86 - 88°
Element=1l fnalysis: Calc., for C13H15F6N055n
Calc.,: C,38.73; H,2.69; N,2.51;: Sn,21,28%
Found: C,38.91; 2.,72; 2.6 21.80%

n.m.r. (d-DMSD + TMS)

0.92 ppm (6H, s, 2x Sn—CHs}

7.80 " (7H,m, CO - Ph + 2x pyridyl m H)
8,96 * (2H, q, 2x pyridyl-0-H)
i.r.: (KBr and CsI discs)
3300 em Y (w) C - H arom
1720-162¢ " (s) € = 0, 0.C0
1600 cm™1 (m) C = C arom., (Py)
1410 en” (m) €C-~0
1200 em Y () C-F
795 em™ ! (m) Sn - Me (Rock)
300 em” > (m) Sn + 0
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Reactions of dimethyltindichloride bis-3-benzoyl-
pyridine with silver trifluorsacetate under similar

conditions, gave a mixture, which yielded after three
recrytallisations in toluene, dimethyltinbistrifluoroace-

tate (@m.n. 239 - 242°, lit.?‘8 240 - 243° decomp.).
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Reaction of dimethvyltindichloride bis-pyridire with silver
Triflunrcoacetate.

Dimethyltindichloride bis-pyridine (3.79g, 2.01M)
in dried acetone (150ml1) and silver trifluoroacetate (4.12g,
0.02¥) also in dried acetone (50ml) were mixed. A white
precipitate of silver chloride was formed. This was coagu-
lated by boiling the mixture under reflux for ten minutes,
and then removed by filtration. The filtrate was concent-
rated until a near cnlourless 2il was left, This was lcft
to stand overnight in a dessicater, A mass of colourless
crystals was formed. This was removed and dried in 2 desi-
ccator (4.10g). The crude product was recrystallised twice
from toluene. It was then dried in mild vacuum for four
days. (m.p., 42 - 4403. It, however, retained a strong
pyridine smell, and gradually hardened to a so0lid melting
at 240 - 243°C

Elemental Analysis:

Calc. for C11H11F6N04Sn:
C,29.14: H,2.43; N,3.09; Sn. 26,20% o
Found: €,33.77%; H,2.92: N,4,63; Sn,25.50% . e

n.m.T. (CDs.CO.CD3 + TMS)
§1.00 ppm (s, Sn-‘hS]

68.00 " (t, pyr-.dyl~M.H)
§8.45 " (4, pyridyl-p-H)
§8.00 ' (4, pyridyl-C-H)

810,30 " (s, HZO)
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Reaction of Diphenyltindichloride bis-4-acstylpyridine
with silver trifluorcacetate.

Diphenyltindichloride bis-4-acetylpyridine (2.93g, _
0.005M) in dried acetone (127m1) and silver trifluorracetate
(2.21g, C.NIM) also in dried acetone (50ml) were mixed in
a 250 ml round bottomed flask. A white precipitate was
formed. The mixture was refluxed on a water bath for twenty
minutes in the dark. The silver chloride precipitate was
filtered off; and the filtrate was concentrated by evapora-
tion until a brown viscous oil waslleft. The oil was left
to stand overnight. Prownish crystals were formed. The mass
removed, washed with a little toluene, and dried in vacuo
{1.28g). The product was recrystallised thrice from toluenc,

m.p. 118 - 120°
Elemental Analysis:
Calc. for phZSn(O.CO.CF3]2 bis~-4-Acetyl Py:

C,48.60%; H,3.24; N,3,78; %
Found €,42.69; H,3.12: N,6,02; %
n.m.r. (CD3.CO.CD3 + TMS)

62.60 (s, ~C0.CH,)
§7.85 (s, nyridyl C3,5H)
38.80 {4, »yridyl C2,6H)
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Petroleum Spirit (free of arcmatic hydrocarbons)

Commercial 40 - 60 retroleum spirit, (AnalaR, 2]L)
and concentrate? sulphuric aci' (1§L) were mixed in a 5L
conical flask and stirred magnetically at room temnerature
for 2Ch. The »etrol was decanted into a clean, dry 4L
conical flask and treated with scdium carbonate (10g)
to decompose any 2cid in the petrol, which was then drie
over anhydrous sodium sulphate. The suvernatant was

filtered and Adistilled.
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Trirhenyltin trifluoroacetate,

Triphenyltin chloride (3.85g, 0,91M) in dried acetone
(50ml1) and silver trifluoroacetate (2.21g, C.0IM) also in
dried acetone (50ml) were mixed. A white precipitate of
silver chloride was formed. The mixture was boiled under
reflux for ten minutes to cnagulate the precinitate, which
was then filtered off. The filtrate was evaporated to 7ry-
ness; a white powder was obtained, This was removed ancd
Aried in vacue (3.6g). The product was recrystallised
three times from 40 « 60 petrol. w.p. 120 ~ 122, lit.26
121 - 123°

Flemental Analysis:
Formula: C,,H,¢F20,5n
Calc.: C,51,87; H,3.24; Sn,25.65%
Found: C,51.84:; H,3.40; Sn,25.61%

n.M.T.: (CDS.’.ZO.CD3 + TMS)
7.4 (9H, m, 3x Sn-Ph C3,4,5H)
7.8 (6H, m, 3 x Sn ~ Ph CZ,6K)

i.r. (KBr and CsI discs)
3050 cm™} (w) C - H arom.
1640 cm™t (vs)(broad) OCC assym. N
1440 em~ L (m) 0CC sym. | o
1220 en”! (ve)(Broa¢) € - F
1075 em” (m) Sn - Ph deform.
920 cm'i (m) SnoC '

300 cm {s) Sn + O



226

1,2~Diphenyl-1,1,2,2 ~ tetrakistrifluorcacetoxyditir,

Diphenylrindichloride (3.44g, G.01M) and silver trifluocrn-
acetate (5.537, C.025M) each in 5Cml of dried acetone, were
mixed. A white precipitate was formed., This was coagulated
through beoiling for 10mins, and removed by filtration. The
filtrate was gently evaporated until a colourless viscous
0il was left. This was extracted into cold purified petro-
leum spirit (40 - 600, 100ml) ; the wmixture was fiiltered., The
filtrate was warmed in a round bottomed flask (250ml) connec-
te to a condenser, on a heating mentle. The mixture gradua-
11y turned wilky as it boiled; the boiling was continued for
tvo days. A white mass of tiny crystals, as revealed by the
microscore, was jgradually depositcod, The white powdery mass
was filtered off with a sintered glass funnel, washed with
dried acetone (50ml) and five times Iwith petroleum spirit ”
(5 x 30ml) éromatic Hydrocarbon free, 40 - 60°), and dried
in vacuo. (Z.5g, (59.4%) The product did not melt or
decomrase below 360°, .

Elenental Analysis:
Formula: CZOHIOFIZOSSH“
Calc.: C€,28.45; H,1.19; 5n,28,13%
Tound: (,28.07: H,1.63:; Sn,28.60%

n.m.r. (4-DHMSO + TMS)
87.45 (6H, m, Zx Sn~Ph (3,3,5H)
87.7 (44, m, 2x Sp-Ph C2Z, OH)



i.r.: (XBr an& CsI discs.)
3030 cm - {vw)
1610 cm ~ (s)
1430 cm™? (m)
1200 ©m (vs)
1075 cm"t (W)
95 cm (m)

300cm™ ! (m)

Raman (KBx)
139 cm !
147 en™t (m)

183 cm — (m)

C - H arom,
CCO assym.

0CO sym.

C~F

Sn - Py deform.

Snoc

Sn « 0O

227

Sn - Sn sym. stretch
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Praof of nroduction of benzene along with Ph?ggzgp.CO.QE3]4
in the reaction of Ph,5nCl, with Ag0.CO.CF;: Preparation

of m~dinitrobenzene.

The petroleum spirit filtrate obtained in the prepara-
tion of PhZSnZ(O.CO.CFS)4 was distilled. To the distillate
was added 3ml of 1:1 mixture of conc. 14,50, and conc. HHO,,
with ice coonling. The mixture was then carefully heated to
boiling, and pured into an excess of cold distilled water
(70ml) . A yellowish aqueous layer was obtained. This was
separated and cooled. Yellow crystalline threads were obtained,
The crystals were separated by filtration, and dried in
vacuo {0.185g). The product was recrystallised three times
from petrol (40 - 60°). m.p. 87-88°, 1it, 90° |

Formula: C6H4N204

Elemental Analysis:

Calc.: €,42.86; H,2.38; M,16.067%
Found: C,42,85; H,2.51; N,16.54%

n.m.r. {CC]4 + TMS)
7.7 prm (1H, t, CSH)
8.5 % (2H, 4, C4,6H)
9.0 » (1H, s, C3H)

i.r.: (KBy disc)

3100 cm”t (w) C -~ H arom.
1605 cn L (5) C = C aron.
1560 - 1500,.1350em™! (s) C - n0, arom.
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Study of the rcaction of Diphenyltin dichloride and Silver
trifluorcacetate.

Diphenyltin dichloride (1.72g, C.0CSM) and silver
trifluoroacetate (2.21g, 0.01M) each in dry acetone (50ml)
were mixed. A white precipitats was formed. The mixture
was boiled under reflux for ten minutes to coagulate the
precipitate, which was then filtered off. The filtrate was
concentrated to about 5mls, and further dried for twenty
four hours in a vacuum desiccator. A brown viscous oll was
obtained (2.60g). This, for convenience, will subsequently
be referred to as the "0il".

n.m.r. (clean sammle + TMS)

§7.50 ppm (6H, m, 2x Sn-~Ph €3,4,5H)

§7.85 " (4H, m, 2x Sn.Ph C2,6H)
§2.10 " ( 5, CH3,C0.CH3]
88,30 v ( s, OH of water)
i.r. 0 - H (water 3400 cm"l (m)
C -~ H (aromatic} 3050 en’ !l (m)
 C=0 1720 cn ' (vs)
C - F 1200 cm™t (vs)
u.v. X 224nm {40 60 petrol solvent)

max
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i) Tin content of the *0il".

Into a clean dry silica crucible was pinetted 0.20g of
the "0il". To this was added concentrated sulphuric acid
(1.50m1). The crucible was heated on a clay tripod with z
burner flame, first at the sides until all the excess acic
had evarporated, and then more strongly at the bottom untii
all the carhonaceous matter had burned off, leaving a
yellow residue. The crucible was further heated for thirty
minutes and then allowed to cool in a desiccator. The
residue was weighed as stannic oxide (0.044g)

0.20q of "“0il" yielded C.044g SnO,

.+ Tin content of the "oil"
118.67 x 0.044 x 100
150.67 x 0.20

an

= 17.24%
The "0il" was further dried for another day: its tin content
rose to 20.92%. After another twelve hours of drying, the
"0il" solidified; the tin content of the solid was found Lo
be 26.75%. The so0lid was washed in carbon tetrachloride
and dried in vacuo. Its tin content rose to 27.50%. The

spectra of the solid were as for PhZSnz(O.CO.CF3).
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ii) "0il under U.V.

0.2g of the "oil" was dissolved in purified petrol
(40-60°, 100m1). The solution absorbed in the U.V., giving
a shar: band with a Koo 224nm. The absorbance (A4) of tke
solution was measured at intervalz of one hour, with the
soluticn in u.v. path only at times of measurement.

The exveriment was repeated with the solution constantly
in the path of U.V,, to give absorbance values of A, at
intervals cf one hour.

The volume of the solution was kept constant in each case

by £illinp the cell with fresh purified petrol at times of

measurement Table 19
U.v absorbance values in the disintegratio: of '0il’
Time(h)] A4 A, Ag i 1 1
K Ay KZ

o 1.69 1.54 1.56 0.59 0.65 0.60
1 1.39 1537 1.67 G.71 0.73 0.60
2 1.18 1.09 1.62 0.85 0.92 0.62
3 1.00 0.83 1.62 .| 0.10 1.20 0.62
4 .88 0.66 1.50 1,14 1.52 0.64
5 0.78 0.50 1.49 1.28 2.00 0.67
6 0.68 0.34 1.46 1.47 2,94 0.68
7 0.59 0.23 1.44 1.67 4.35 0.69
3 0.55 0.16 p (R 1.82 6.25 0.70

A control experiment was nerformed by running the
spectra of fresh aliquots of the stock solutions at intervals

of one hour (A3).
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agsults:
TABLE 139 (CONID)

Al log A4 Ay log A,
1.69 0.2279 1.54 0.1875
1.39 0.1430 1.37 0.1367
1.18 G.0719 1.08 - 0,0374
1.00 0.0000 0.383 -0.080
0.88 ~0,0555 0.66 ~0,1804
0.78 ~0,1079 0.50 ——0.. 3010
0.68 ~0.1675 0.34 -0.40685
0,59 -0.2291 0,23 ~-0,6383
0.55 ~0,2596 0.16 -C.7959
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R N

The u.v, spectral monitoriﬁg 6f the break down of
PhZSn(O‘.CO,CF3)2 (0il) in purified 40--60 petrol showed

a smeoth exponential decrease of the absorbance N of the

PhZSn(O.CO.CF3) with time t, where the uny. radiation

served a5 just the initiator of the reaction, and a

rather steep decrease of the absorbance Az with time t

where the v,v. radiation started off and alsc took nart

in the subsequent reaction. : : _ : : S
A graph of log Ay us t shewed a straight line, as

L]
Sk

expected for: © .t o 7 e
kpks

A3 R

2.303k2

%o

log Al = Jog Ay +
derivec for the reaction: S

k I .
Ph,Snf0.C0O.CF;), —i—-s PhSn{0.CO.CFy)

o

S : o *
A o .

’ tloilu ’“;5

L . . o a o o
% .‘:“". PN o R ." o \Ks
o S E o " e v . - o v

L i

,¢€3; F. ;;_phZSnz(o.co.cESJ4
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L3

iii) Effzsct of sunlight on the “oil® (PhZSn(O,CO,CF3l?J

C.5ml of the "o0il"wwas nipetted and dissolved in

purified petroleum spirit (40 - 60°

, 50ml). A clear sciu-
tinn was obtained. The splution was left in sunlight for
one hour. A white paste was precipitated. The mixture
was left standing in the sun for another two hours: the
precipitate was then filtered off, washed with petrol

(40 -~ 60} and dried in vacuo. (0.08g).

n.m.r, and i.r. spectra of the solid were as for

1,2~diphenyl-1,1,2,2-tetrakistrifluoroacetoxyditin,

iv} The "cil” (PhESn(O.CO.CFz)j) in acetone,

0.5 ml of the "o0il” was pinetted into dry acetone
(50m1). A clear solution was obtained. The solution, even
after several hours (14 hr) of boiling, (under reflux]

did not show any sign of producing a precipitate.

n.m.r. showed that there was no reaction during the

boiling.
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v) Spectroscopic study of the reaction of diphenyltindi-

chloride with silver trifluoroacetate.

Diphenvyltin dichloride was recrystallised from dichloro;
methane and dried in vacuo. m.p. 42 - 44%, |

n.m.r. (CD3,CO,CD3 + TMS)

37.50 ppm (6H, m, 2x Sn-Ph C3,4,5H)

§7.90 ¢ (4H, m, 2x Sn-Ph C2,6H)
To 3.44g (0.01M) of the recrystallised dipheuyltindichloridemr
in dried acetone (60ml) was added silver trifluorocacetate |
(4.42g, 0.02M) in dried acetone (¢Oml}, The mixture was
boiled for ten minutes to coagulate the precipitate formed
which was then removed by filtration. The filtrate was
concentrated to about five or six ml.

N.m.r. of the clean oil (ref. TMS) showed a small
singlet at 7.30 pom (probably benzene), a multinlet at
§7.50 ppm (GH, 2x Sn-Ph C3,4,5H), another multiplet at - .
87.85ppm (4H, 2x Sn - Ph C2,0H), and a small singlet at‘
§9.15 ppm (water). A large singlet at 42.00 ppm indicated
the presence of acetone (solvent). ' | '_'
_ The “0il’" was extracted into purified petroleuﬁ spirit
| (40 - 600, 50ml). The n.m.r., svectrum {(ref. TMS) of the
cold solution showed a small .inglet at &7.30ppm (benzene),
"a multiplet at §7.40 ppm (68, 2x Sn-Ph C3,4,5H) and another

multiplet at 87.70ppm (4H, 2x Sn~Ph C2, 6H) as well as
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as solvent signals between zerc and Zppm.

The solution was carefully warmed, under a long reflux
column, to boiling. It turned turbid. The boiling was
continuved for thirty minutes. n.m.r. {(ref, TM3) showed an
increase in the intensity of the signal (singlet} ot , 
87.30 along with a2 decrease in the intensity of the signais
at 87.40 and 87.70 ppm.

The boiling was continued for fourteen hours, n.m.7Y.
spectrum showed a large increase in the intensity of the signal
at 87,39, and a large decrease in the intensity of the signals
at 87,40 and §7.70pnm.

The mixture was distilled, the distillate was made uﬁ
to S0mis with fresh 40-60 petrol, and the n.m.r. spectrum
(ref. TMS) was run. "The solvent signals showed between O and
2 ppm. In addition, an intense singlet at 67.30 was observed

(benzene nroduced in the reaction},
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Action of bromine on 1,2--dinhenyl-1,1,2,2, tetrakistri- .

fluoroacetoxyditin.,

A little (about 0.1g) 1,2-diphenyl-1,1,2,2-tetrakistri~
flucroacetoxyditin was shaken up with a dilute sclution of
bremine in carbon tetrachloride (5ml). The orange colour
faded and the mixture turned colourless overnight.

A control set of bromine in carbon tetrachloride did

not show any colour change during the same period of time.

Action of Radical scavengers on 'oil'’,

A solution of 2ml of "oil" was made in 100ml of purifiéd
petfoleum spirit. The solution was divided into four portions.

The first nortion was left at room temperature for four
hours. It remained clear.

The second portion was warmed to boiling and refluxed
for four hours on a water bath. A white paste, which svectro-

scopy and elemental analysis later showed to be PhZSnz(O.CG.CFSJ49

. was precinitated. ' _ o L

The third portion was warmed to boiling, and as the
precipitation of the white paste started, about }g of benzo-
quinone was added. The precipitation stopped, and did not

reoccur even after boiling for two hours.
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To the forth portion was added about }g of benzoquinone.
The mixture was then warmed to boiling. It turned turbid,
and then began to clear again, with a simulataneous deposit
of a brown slurry at the bottom of the flask. Mo white
paste was produced even after boiling under reflux for

two hours.

011" in benzene.

The "0il"” {(Iml) in bénzene (SOmi) was boiled under reflux
for eight hours., A white paste was deposited, The mixture
was evanorated to dryness. A dirty white powder was left.
This was shaken with c¢arbon tetrachloride (20ml). The mixture
. was filtered, and the filtrate evaporated to dryness. A
dirty white paste was left. An n.m.r. spectrum of this
(CC1, + TE) was compared will with that of biphenyl
(67.4ppm, multiplet). TLC of the residue showed it to have
ﬁfhe same v.f., as biphenyl. ) ,

Boiling of the *o0il" in carbon tetrachloride gave similar

results.



Reaction of Phenyltin trichloride with Silver trifluoro-

acetate. . _ S s :

Phenyltintrichloride (1.51g, 0.005M) in dried acetone
(50m1) and silver trifluorcacetate (92.95g, 0.015M) also in
dried acetone (100ml) were mixed. A white precinitate was
obtained. The mixture was boiled under reflux for ten
minutes and then left to stand at room temmerature for three
hours. The precipitate settled and was filtered off, A
yellowish filtrate was obtained. This was concentrated by
evaporation until a brown, thick oil was obtained. But the
thick 0il soon hardened to a virtually unpurifiable brown
solid. o

The experiment was therefore reveated and the oil was
partly extracted into rurified 40 - 60 petrol {200ml). The
extract was boiled under reflux to see if it would follow
the pattern of hehaviour of PhZSn(O,CO.CF3)2 in petrol. A
white precipitate was, indeed, deposited as the extract
beiled, but the production of the precipitate was over in
about thirty minutes, and “.m.r. spectroscopic monitoring

did not show the production of any benzene.



240

The white denosit was obtained frem the mixture by
filtration. It was washed five times with more petrol,

(5 x 20m1) and dried in vacuo.

(1.20g) m.n., > 360°
Elemental Analysis:
Calculated for PhSn(O.CO.CF3)3
Calc.: C,26.93; 9H,0.94; 8n,22.19%
Found: C€,27.04; H,1.08; Sn,22.80%

Nil.To? (d-DMSO + TMS)

8§ 7.3 (s, benzene)

g (XBr and CsI discs)
3060 el (vw) C - H aron.
1640 e~ (vs) 0CO asym.
1440 cn~! (m) 0CO sym.
1200 em” ! (vs) C~F
1680 cm~! (w) Sn-Ph arom (C-H deform.)
1005 em™t (m) SnOC stretch
-1

300 cm (s) Sn «+ O
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