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ABSTRACT

3- and 4-acetylpyridine adducts of dimethyltindi-

chloride and diphenyltindichloride are synthesized.

2-Acetylpyridine reacts with dimethyltin- and diphenyltin-

dichlorides to give not adducts, but some other

compounds
yet to he identified.

The |4--acetylpyridine adduct of
trimethyltinchloride is also reported.
Dimethyltiribistrifluoroacetate-U-acetylpyridine and

trimethyltin trifluoroacetate-U-acetylpyridine, the first

compounds of their type, have also been made.

Infrared, nuclear magnetic resonance, and mass spectral
studies of the new compounds have been carried out.

In an effort to examine the possible use of these,
and other, organotin compounds for the control of yam

rot, their activity against yan rot fungi has "been studied.

The results show many of the compounds to be active
fungicides.
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INTRODUCTION

5 QJECT

Adduct formation is one of the possible reactions
that can occur between a Lewis acid and a Lewis base.
If the Lewis acid is sufficiently basic, then the chance
of its forming an adduct with a Lewis base depemis on the
relative availability of the electron pair on the Lewis
base. B8ince an acetyl group is electron-withdrawing, an
acetylpyridine would presumably be a weaker Lewis base
than pyridine. Pyridine adducts of organotin halides
have been known, but would the acetylpyridines be strong
enough Lewis bases to formm similar adducts? Attempts have
been made to gynthesize acetylpyridine adducts of some
organotin halides, some of which were made in the
laboratory.

The tin atom is either penta -~ or hexaco-ordinated
in most of its adduets. As such, adducts of organotin
halides would be expected to be stable and perhaps unreactive
especially in cases where tetravalent tin atom would exhibit
penta- or hexaco-ordination in an intermediate while reacting

with a mucleophile, The second part of this work has been



devoted to an examination of the pattern of reactivity
of the adducts of organotin halides and a determination
of the products of their reactions.
Of the ten isotopes of tin there are three in which
the nuclear spin quantum number I = %, of these the abundance

of the 1153

n isotope (0.34%) is so low that n.m.r., measure-
ments involving this nucleus are rarely possible hence

the nuclei which are significant in magnetic resonance
measurements are those of the | 'Sn (7.54% abundance) and
19 (8.62; abundance) isotopes., By observing the Sn-C-H
coupling constant and using a heteronuclear double resonance

technigue it is possible to obtain, indirectly, 1198n

1
chemical shift values . Proton magnetic resonance measure-
ments have been made '. involving the hydrogen atoms of

117

the indirect tin-proton coupling constants J( ‘Sn-C-H) and

J(1198n-C—H) are often informative in structural studies.
Tin-proton coupling congstants for some pyridine adduct of
methyl and phenyltin halides have been established q. Efforts
have been made tc study the effcct of the acetyl group in the
acetylpyridine adducts on these coupling constants.

The Sn-C stretching frequencies of organctin compounds
are known to be low 1. Acetylpyridines, being weaker

electron donorg than pyridine, would te expected to give



less stable adducts with organotin compourds, Would

the acetyl group substitution on pyridine in the acetyl-
pyridine adducts alter the 8n-C stretching frequencies as
compared with the 8n-C stretching frequencies of the
corresperding pyridine adducts? The 1.r. spectra of the
novel acetylpyridine adducts have been examined,

Yam rot, a fungal disease, has been a menace to
farmers., Some organotin compounds are known to possess
fungicidal activity, but would they be strong enough
fungicides to prevent the growth of yam rot fungi?

In an attempt to find a potential fungicide against yam
rot, a number of organotin compounds have been tested for

relative fungicidal activity on yam rot fungi.

Literature Survey
The Tin Element

Tin is a white, light metal which retains its lustre
on exposure to air and moisture. A member of Group IV,
it has an atomic nmumber of 50, an atomic weight of 118.69,
and the following isotopiec composition:

Isotope 112] 1141 115] 116] 117] 118} 119} 1201122124

Aburdance| 1 J0.6810.34 1L Lf7e54{2L.1]8.62}32.5{L4e7}5.9

As a group IV element, the valence: shell of the tin
atom in the grourd state has an outer shell electronic

configuration



552, 5p2

Tin is present in its compounds in the oxidation
state of either 2 or 4. All members of group IV show
tetraco-ordination, which is possible by :?,p:5 hybridisation.
Down the group, metallic character appears and increases
as the outer s subshell electron pair become partially
inert, Thus tin exhibits a valency of two when only the
5p electrons are involved in bonding, and a valency of
four when a 58 electron is transferred to an empty 5p

3 nybridisation. The tet-

orbital, thereby forming an sp
ravalent tin atom is capable, and does fomm sp3-3p3 bords
with carbon and compournds of carbon, thereby forming
organometallic compounds known as organotins e.g. tet-
ramethyl tin, (CH3)u$n. Tetravalent tin also forms covalent
bonds with the halogens as seen in stannic chloride (SnCIQ);
with the non-metals of Croup VI as seen in trimethyltin
oxide, MeBSnosmlcj; and generally with most other non
metals. Compourds containing Sn~Metal bords are also
known2’3 as seen in hexaethyldistannane2 (etSSnSnetB) and

tetrakis (triphenylstannyl) germaneup (Ph38n)u Ge.

No a 35’6

Clear designation of organotin compourds igs almost
always possible on the basis of Rule 48 of the nomenclature
of organic compounds of the International Union of Pure



and Applied Chemistry:

"Organometallic compounds will be designated by the
names of the organic radicals united to the metal which
they contain, followed by the name of the metal ..see
However, if the metal is united in a complex manner, it
may be considered as a substituent", Thus the compouni
(03H7)h3n is called tetrapropyltin, MezSnCl is trimethyl-
tinchloride, Ar-anO.GO.R is a triaryltin carboxylate.

No rmule of nomenclature, however, is elevated into an
inviolable principle vhen there are other simpler, clearer
designations. Thus Ar38n—SnAr3 is hexaarylditin,
RJSn-Sn(Rz)- SnR3is an octaalkyltritin, Adducts of organotin
compounds are designated by naming systematically the

parent organotin compouml followed by Lewls base €.£.

Me,8nCl e ( CO..Me)2

is dimethyltindichloride bis-l~acetylpyridine.

Figgion of the 8Sn-C hond
The rate of any reaction involving breaking of an

Sn~C would very much dependent on the ease with which the
8n~-C bornd breaks, Iliost important among the factors that
determine the ease of the breaking of the Sn~C bord is
the strength of the bond. Among the group IV elements,
the C-M (where M is C,81, Ge, Sn or Pb) bond strength



decreases down the group as the atomic radii of the
elements increase, and as the tenmdency for covalent boming
decreases due to increase in metallic character.

In a reaction of the type

~

;Sn,-cf; + RAe=B ;sn_a + =0 - B

where A-B could te halogen, mineral acid, carboxylic acid,
thiol, phenol, alcohol, metallic or non-metallic halide,
alkali, alkali metal e.t.c., the breaking of the Sn-C

bormd could also be determmined by nature of the R group
econtaining the 07'8' From studies of the cleavage reactions
of unsymmetrical compourds, such as the R3SnR‘l oy RQSnR;
types, sequences have been obtained showing the relative

ease with which groups are cleaved Trom tin?, EeZe K=

0-t0lyl> p~tolyl > phenyl >> benzyl /7 vinyl > methyl > ethyl >

propyl > isobutyl>> butyl 7 isoamyl 3> amyl > hexyl > heptyl”
octyle.

The nature of the medium of reaction could also
affect the rate of a reaction involving scission of the
8n-C bord. MNucleophilic assistance is remered by co-ordi-
nation of the solvent to the tin atom thereby weakening

the strength of the Sn-C bonds viz,.

R;Sn + solvent—solvent . SnR; «. +o e (1, 2)
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R}Sﬂxt solvent + RX . ™ (1’ 3)

where X is a halogeng’ LR R

P of O tin Haldi

Most straight forward and efficient is the method
of comproportionation discovered by K. A, KOoheshkov12’15’m.
It consists of heating together tetra organotins and
gtannic halides in stoichiometric amounts to give mono-,
di-, and/or trihalides as the sole erd products, depending

on the proportion of the starting materials used viz,

BRusn + SnC].u il ijan]. e .ae (1, h)
RySn 4+ 8nCl, . 2R,SnCl, oo oo (1, 5)

RL'_Sn + Z»SnClh.. hRSn013 i i (1, 6)

The mechanism of comproportionation is not clear,
but it could be based on the theory of redistribution where-
by the ligamds on the tin of an organotin and a stannic
halide when heated together, redistribute themselves on
the tin atoms to give more stable organotin halides.
It 1s possible that the reactions might go via formation
of radicals, viz:



R Sn A>TR5n" 4 °% |

\.ﬂ-,R3SnX
snX, & s\snx °xﬂl
J—l- ,:.-_--..-—"""""h j * - + RSHX} . (1 H 7)

The initial formation of R3Snx and RSnX3 hag been

confirmed by E.,V. vanden Berghe and G, P, Van der Kelen15

who followed the process of formation of organotin halides
from tetra organotins and stannic halides by route of
comproportionation by means of nuclear magnetic resonance
spectroscopy and found that the reactions (1, 4 and 1, 5)
above occur in the followings steps.

R}Srlx + RST!.XB . 2R28n.x2 .. L LI ] (1’ 9)

2RuSn -+ 2R23n}(2 - ILRBSDX s . . (1, 10)

Ry Sa——Saky R Srk—— Rt

By reasoning in the same line, reaction 1, 6 could
be said to occur thus

RSn + 8nX) - Rz8nX + RSnXz .. .. (1, 13)

RBSI’IX + 28:1;{1{' — 3RSI].X3 “w L L] (1 ’ 111-)

The organotinse and stannic halide when mixed in stoichio-

metric amounts, produce the sole expected product only
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when the reaction mixture has been heated above 1200 .
Some organotin halideg have been prepared by single-
4
step synthesis using alkyl halides aml metallic tin 6.

Most of the reactions however are catalytic, viaz.

2Et1l  + Sn mEtQSnIQ Y . (1" 15)
2ELT + &n < y BtoSnl, ST (1, 16)

The yield could be high as in the preparation of dimethy-
l1tindichioride from iodomethane and tin17, or low as in
the preparation of bisw-p-halobenzyltindihalide from
p~-halobenzyl hallde and tin18. All these reactions are
slow compared with those of comproportionation.
Alkylation of stannic halides by Grignard reagents
and trialkyl aluminium has been proved effective in the

preparation of organotin halide519..ﬁ_;

2RMGX + BnCl, - R,5nCl, + 2MgXCLl . e ee {1517
2R3Al + SnClu L 3R28n012 - 2.{%.1013 .e oa. ae {1, 18)

1

1 0
RgAL + 801y + Ry R,5nC1 + RQO.A1013? e (1, 19)

ey
~/50°¢ =3
Alkyltin trihalides have béen prepared from alkali

stannite and alkyl halide via the alkylstannonic acid‘?1

RSn(0)OH + 3HC1 = RSnClsg + 2H,0 .. ee .o {1, 20}

Tetraorganotine are eleaved by halogens, giving
triorganctin halides and diorganctindihalides. Chlorine

is more reactive than bromine which is more reactive than
-
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iodine. The halogens are best used in solution

R8n + X, = RzSnX + RX s sx (1, 2%)
RBSnX + X, = R 8nX, + RX o8 wu (14 22)
0 [e) H Le

Tetravalent tin atom, like other elements in group

IV, exhibits sp-

hybridisation. Expansion of its co-
ordination mimber asbove four is therefore not possible
unless the 54 orbitals are made use of, Tin has been
found to differ from the lighter metals of its group by
being a@ble to make use of its 5d orbitals, as the energy
of these orbitals is sufficiently low, to expand its

co-ordination number 224 23.

The tendency to form co-
ordination compounds with Lewis bases is therefore exhibited
in some tin compounds. This tendency increases with decrease
of electron density around the central tin atom in the
compound, and electron density around the central tin atom
is determined by the ligamis attached to the tin. An
electron withdrawing group bound to tin would enhance
formation of adducts as it makes the tin more susceptible

to nuecleophilic attack, while an electron~donating group
produces the reverse effect, Thus while no co-ordination
compourds of tetramethyl tin are known as yet, adducts

of stannic chloride are common.



(x|

Orgaﬁofin halides are known for the readiness with
which they form adducts with Lewis BaseszE. The stability
of the adduct however deperds on the donor strength of
the Lewis Base. A strongly electron-donating ligamd 1s
more likely to form an adduet with zn organctin halide
than a weakly electron-donating one. Alsc, a small
ligand is more likely to gain access to the tin atom of
an organotin halide than 2 large ligand. The size of the
groups joined to the tetravalent tin alao determines
the accessibility of the tin atom to the attacking Lewis
Base, DBecause of the small sizes of the CH3 radical and
the halogen atoms as well as the high electron-negativity
exhibited by the halogens, methyltin halides very readily
form adducts with suitable ligands, .

On the basis of the Principle of Hard and Soft Acids
ard Baseszu, tin is a hard acid. However, the pregence
of electron~donating orgonic groups confers some softness
on it25. Thus tin IV, generally accepted ns a c¢lass 4
acceptorgG, sometimes shows in some of its compounds
characteristics of class B acceptors towards certain liganﬂsz?,
It has heen fourd that methyltin halides form more stable
adducts with oxygen or nitrogen doneors than it does with
the correspomding sulphur or phoesphorus compoundsgg. The

most commonly used ligands for preparing adducts, thug,
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are those with donor atoms of the rirst period, especially

oxygen and nitrogen23.

of Organot Mono-, di- T e
Organotin trihalides are known to form stable complexes

with various donors, except in cases where the donors

30, 112 complexes are usually formed with

50

are weak
monodentate ligamdis™ , with few exceptions like the reaction
of some substituted anilines with some aryltin trichlorides
where 1:1 adducts resultsl?.

Organotin dihalides usually form stable 1:2 adducts
with monodentate donorsBO. It has been fourd however
that some diaryltin dihalides give unstable 1:4 adducts
with pyridineﬁr. Bidentate donors give 1:1 adducts with
organotin dihalides, A few adducts of dialkyltin dia-
cetates have been reported.

Unlike organotin di- and trihalides, triorganotin
halides form 1:1 adducts with monocdentate donors?u Other
trialkyl—- or triaryltin compound form 1:2 adducts, as seen
in MezSnX. 2MHg (X = N0z, mou)z’f’.

Byridine adducts of Organotin Halides

Since the presence of electron-donating organic groups
on tetravalent tin atom (classed a hard acid) confers it
some softness on the basis of Hard and Soft Acids and Bages

Principle 2l 36"36, most organotin halides bind well with
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pyridine, classed a borderline base urder the same

36

principle” ., Pyridine forms 1:2 adducts with methyltin

trihalides, 1:2 with dihalides and 1:1 with monohalidesjo.
MBSIIXB + 2Py - MeSnX3P32 .n . . (1’ 23)
Me;SnX + Py = MesSnX.Py o0 oo oo (1, 25)

where X = C1, Br, or I.

i

Pyridine adducts of diphenyltin dihalides are known
though they are unstable’” ; that of phenyltintrichloride
is also known,

Pyridine complexes of organotin halides have been
widely used for characterisation of the organotin halides

and in studies of co-ordination chemiatry37.

Reactions of Organotin Halides

Poller38 has stressed the ease with which the halogens
of organotin halides can be replaced by a variety of
mnucleorhiles in preparative work. The halogens, due to
their relatively high electronegativities, remxier the
tin of organotin halides positive and therefore more
susceptible to micleophilic attack. Because of their amall

sl ze compared to say, a carboxyl group, the halogens on

organotin halides would not give much steric hinderance
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to an attacking micleophile as the latter attacks in an

gN2 fashicn

? _ - Ri-
/§n~\ + Ye _{_-F—T-L Y.-.--QQ.....X
R R X S S R/ \'R
| v %
S A + B
e e ll{ a
ee {1, 20)

. For fﬁééé reasons, organotin halides have been found
to be good starting materials in the preparation of other
organctin compoundsBa. Anderson et 3159 have drawn up
a "conversion sefies“ for the interconversion of triethyltin

compounds:

(Et3Sn)28 - BtSnl - Et3SnBr - EtBSn(GN) - EtBSn(NCS) -

Et58n61 - (EtBSn)QO - Et38n(NCO) - Et3Sn0.OO.GH3 ~ EtBSnF.

According to the findings of Andersonjg, using the
appropriate micleophilic reagent, any of the compounds
in the series ceuld be converted to any cther on to its
right, but none %o the left.

A gimilar series has been drawn by Eabornyo for some

triorganosilicon compound s
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R381I - (RBSi)ES - R:,JSiEr - R}s:mc - R351G1 = stimcs “

R,S1iNCO,

>

Eabornho has pointed out in drawing up his 'conversion
geries' for organcsilicon compounds that the formation
of an organosilicon halide or psuedchalide in preference
to another is dependent on the relative alffinity of the
halogen or psuedohalogen for the silicon. Thus 8i-Cl bond
in R;81C1 15 stronger than St - Br bord in RyS1Br.
| The former would therefore not be converted to the latter.
Using a slmilar argument for organctin compounds, a
reaqtion of the type. | .
RnSnx + Ye.QwﬁnSﬁY... + P
G hen 7 ben henn  L-n" -

would occur if v® has.a highef.affiﬁity for Bn than Xa.
This has been proved exXperimentally by Anderscn39 in
drawing out his conversion series for some organctin
compeund s, C

In interconverting organotin halides énd.pseudohalides,
silver salts are most often used, as they are in inter-
conversion reactions of organcsiliceon halides and pseudO-
halides., It could be inferred from Eaborn's explanation
of his interconversion reactiong of organosilicon halides

LO

and pseudohalides that the rate determining step in the

interaction of a tin compound =5nX, with a metal salt, MY,
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ig the muecleophilic attack of the Y® ion on the tin atom.
However, the fact that silver sgaltis are outstandingly
effective suggests that the metal ions play some significant
part in the reactions, possibly assisting the separation
of anions Lrom tin. B

Although reactions of organotin halides have been
intensively studied, hardly has anything been reported o .
on reactions of their adducts. A most important problem
encountered in attempts to make organotin halides adductsa
react is their ingolubility in many organic solvents,
and their hydrolysis in aqueous media. Although Andierson

et .al:59

have uged pastes of silver salts in their inter-
conversion reactions, at least the organotin compound
starting materials were in solution. Fortunately however,
acetylpyridine adduets of methyltin- and phenyltin
chlorldes are fairly soluble in a few organic solvents.
Their reaction with silver trifluorcacetate, which is

also soluble in many orgonic solvents would be interesting
since the resulting silver chioride would he insoluble

in the media, thereby pushing the reaction to nesnr

completion, A few of these reactions have been studied,
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M 1 M ic 8 al Studies
Al ine of Dimethyl- im -y
e a ifiluoroace

Infra red- and nuclear magnetic resonance spectro-
scopy haw}a of ten been used in structural studies of
organotin campourﬁsm" H2a MWon -l‘l‘. However, except
the v(8n-i1) mode, nearly all fundamental stretching
vibrations involving the tin atomm occur at i.r. fre-~
quencies below 650(:51-1, The structural and infra red
gspectral studies of pyxfidine complexes of methyltin
halides have been madeas « Apart from the fact that
the acetyl group on acetylpyridine accounts for about
a third of the weight of the molecule, it is an electron
withdrawing group which would have some effect on the
Sn-N and perhaps on Sn~C stretching vibrations of acetyl~
pyridine complexes of methyl- and phenyltin halides,

The Sn-C frequencies in the novel dimethyltin-bistri-
fluoroacetate~l~acetylpyridine should be strong and high
as the trifluoroacetate group is strongly electron~with-
drawing and would be expected, as postulated by Clark,
Davies and Puddepha.tt'.'ws, to increase the effective
miclear charge on tin., Though the Sn-N stretching fre-
quencies come very low ((200@"1)&5 and therefore

instruments for measurements are not easy to come by,
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efforts have been made to study the 8n-C bonds to examine
the effect of the acetyl group of acetylpyridine adducts,

Three naturally occurring tin muclides have magnetic

1158n

moments a ’ 117Sn, and 1193n, all of them with

miclear spin I = 3, Because of their higher relative

117 119Sn are the most important ones

119

abundance, Sn amd
("% 0.3u%, sn 7.5u%,
of the indirect tin-proton coupling constants J(117Sn-C-H)
— J(‘119

Sn 8.62%) 1", The magnitudes

Sn-C-H) are often informative in structural
studies of organotin compounds, most especially organotin
halides and their adducts, and are foumd to be dependent
on the solvent used and the mumber and type of halogens
attached to the tin, i.e., the electron density on the

tin atom1 ‘e The chemical shift of the methyl protons of
methyltin halides also is proportional to the electron
dengity on the tin atomh7. Muclear magnetic resonance
study of pyridine adduct with dimethyltindichloride had
been to no avail as the complex is insoluble in any
solvent in all proportions®’, Although it has been fourd4?
that the protons of a phenyl group attached to tin (in
phenyltin halides) show chemical shifts of T 2.7ppm,
Neme.r. spectra of phenyltin halide adducts with pyridine
or any derivative of pyridine have not been reported.

Efforts have been made to study the n.m.r. spectra of
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the novel acetylpyridine adducts of dimethyltindichloride,
trimethyltinchloride, and diphenyltindichloride. Spectra
of the trifluoroacetate products of some of these adducts,
the first of their kim, have also been examined.

Mass spectroscopy has been known as a most important
means of determining the structure as well as molecular
weights of compourmds. Apart from these uses, it could
al so throw some light on the strength of the Sn-N bonds
in the organotin halide and trifluoroacetate acetylpyri-
dine adducts. Mass spectra of some of the compounds

have been run and examined.

B of gome O otin C ourds _on Yam Rc

Yam rot has always been a menace to the successful
growing and s$orage of the important crop and staple
foodstuff in many parts of West Africa. Although local
farmers have attempted various ways to combat this fungus
disease, none has proved successful. In an attempt to
find a suitable fungicide to remedy yam rot, a number
of organotin compounds have been tested for fungicidal
activity on yams. Some of them have proved very active,
and could eventually be used to prevent yam rot if found
Physiologically safe.

Yam, the 'King' of root crops, is a most important

staple food in West Africa, and is known and eaten in



20

many parts of the world. It is also an important source
of wealth for the farmers. Roughly of the shape of a
capsule, it has high carbohydrate content. As a year-
round staple food in many tropical countries, the tubers
are usually stored for later use after the harvesting
8€a80TN,

Seed yams are prepared by slicing the big healthy
tubers into smaller pieces, which are usually stoOred
either in shallow pits or urder sheets of large leaves
and palmfronds until the planting season.

A mogt serious problem encountered in preserv%pg
yam is rot known to be caused by a mumber of fungir "bt
8aid a farmer during an interview: "As much as eighty
percent of the year's harvest of yams could be lost
through rotting, when serious", Seeds of some species
of yam cannot be prepared at all at certain times of
the year when rot is most rampant. Interview of some
yam farmers hag revealed that yams are most susceptible
to rot during the hot and humid months of February throuch
April, and since this is the season for preparing seed
yams to be planted in March or April, rot has always
been a problem for farmers. It has alsc been revealed
that any yam injured during harvesting in the months of
February through April, the periocd for harvesting most

of the preceeding year's yams, is almost sure to rot,
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And the rot is infectious,

The lcocal farmer knows two types of yam rot:
the brovn and totally destructive rot which is more
rampant, and the white and smelly rot which is partially
destrmictive as the residue of the yam infected by this
rot is still consumable in some other form. The former
type of rot is very infectious and would infect any
yvam through an injury at any time of the year, while the
latter type occurs only when the stored yams are subjected
to excessive heat.

Aden13151 has identified the fungl responsible for
yam rot as Aspergillus niger Aspergillus tamarii,

Botryodiplodia thecbromae, Clasdosporium herbarum,
Cylindrocarpon radicicola, Fusarium sp., Penicillium

oxalicum, and Rhizopus nigricans. By examining cultures

of fungi made by incculating potato-dextrose agar (PDA)
and yam-dextrose agar (YDA) with slices of rotten yam,
the fungi were confirmed. Most prominent of the fungi
causing white rot is Fusarium sp., while a black, fast
growing still unidentified fungus is an active agent
of brown rot,

Spores of the fungi that attack yam are air-borne,
and when these settle on a newly cut surface cof yam,
germination of the spores followed by consequent growth

of the fungl occurs. Once growth has started, the hyphae
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penetrate the yam tissue, feeding on and destroying the
tissue as they grow. PFrom observation, it seems that
the infecting fungi grow only on the newly cut tissue.
Exposure of the out surface of the tuber to the air for
a few hours leads to evaporation of water from the cut
gurface.s The surface dries up and a hard coat develops.
Fungl hyphae or spores dc not grow on this coat. Once
a cut or injured yam develops this coal, it is free from
the attack of fungi. It is before the development of
this protective tissue that fungi attack yams and cause
rote The February, April periad is the most suitable
season in tems of temperature and humidity for the mass
bearing of the sporees (inference from interview of farmers
and Adeniji's reportﬁc’ 51).

A prospective fungicide to prevent yam rot would
be something to prevent growth of fungi on a cut or injured

surface of a tuber until the protective coat is formed.

Qrganotin Compounds as Fungicides

Unlike mercury, copper, cadmium and zinc, metalliec
tin does not possess any fungicidal activityﬁj. Many
organic compourds of tin are however known to be fungicidal
53, Bh, 55. Tri-n~-butyltin oxide has been used to combat
the rice blast disease caused by 21;1§Ql§2¢§§_9§&5§956;
triphenyltin acetate is being used in combating fungus

diseases of potatoes and sugar beet”’,



23

Fungleidal activity of organotin compourds is
dependent upon the extent of alkylation of the tin atom,
being at a maximum in compounds with 3 Sn-GC bondség.
Trli-orylitin compounds are preferred as fungicldes to
trialkyltin compounds, as the former have a lower
| phytotoxicityﬁﬁ’ 58.
| Organotin fungicides have the added advantage of
being amenable to degradation by weathering and sunlipht
to give inorganic tin so that, unlike the copper nnd
mercury fungicides, they do not leave toxic residues in
the soi159’ 60, 61.

In finding a potential fungiclde against yam roi,
the following compournds have been tested for effectiveness
in inhibiting growth of rot-causing fungi both on Yom-
Detrose Agar (YDAY as well as potato-dextrose agar (PDA)
in petri-dishes and slices of healthy yam inoculated with
the fungi: |

Triphenyltin acetate, trivhenylitin oxide, triphenyltin
acetate, triphenyltin oxide, triphenyltin chloride, tri-n-

butyltin oxide and a series of new compournds, viz:

dimethyltirdichlrodie bis-lb-acetylpyridine,
dimethylti ndichloride bis~3-acetylpyridine,
trimethyltinchloride -4~acetylpyridine,

diphenyltin dichloride -3~ncetylpyridine,
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dirhenyltindichloride -l—acetylpyridine,
dimethyltin bistrifluorocacetate ~l-~acetylpyridine,
dimethyltin bistrifluorcacetate

arnd trimethyltin trifluorcacetate-l~acetylpyridine.

3ince most of these compourds would not even disperse
in water, agueous 'Tween 80, a detergent, has been used

as an emulsifier for the compourds.
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.+ REYULTS _ AND DISCUSHIONS

-t T

Methods of Hynthesis of Orpanotin Halide Adducts

S A

" Opganotin halide adducts are usually prepared by

- mixing solutions of the organotin haltde and the Lewis
bape in =n*inert selvent. Beattie et &1&“ have preparsd
the pyridine adduct of dimethyltimdichloride in benzene
and of trimethyltin chloride in light petroleum. In pre-
paring an organotin halide adduet, 2 suitaoble solvent is
chogsen such that it interferes as little as posaible in
the renction, nnd deoes not hold much of the product in
solution at the emd of the reaction Neutral solvents are
preferred az they only weokly golvate the reactonts and
do not interfere wmuch in the reaction. 3-and L-ncetylpy-
ridine (IC) reacted with dimethyltindichlorids (Ia) to
give 1:2 adducts, dimethyltindichloride bis=3~aucetylpyri-
dine (I} and dimethyltindichloride bis-i~acetylpyridine (II)

regpectively.
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With diphenyltin dichloride (IVa), 1:2 adducts were nlso
obtained: diphenyltindichloride bis-3-ccetylpyridine
(III) and diphenyltindichloride bis=l-acetylpyridine (IV)

lesCo _ " h ee D3
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The adducts III und IV were quite stable, unlike the
pyridine adduet of diphenyltin dichloride which Kocheshl

et al5

had found to be an unstable 1:4 adduct.

The stability of the andducts 1s not surprising as steric
factors would malre it difficult:. for the central tin atom
to exhibit n co-ordination number greater than six with

a base like acetylpyridine as the ligand.
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Trinethyltinchleride (Va) fommed a 41:1 ndduct with
L-acetylpyridine, giving trimethyltinchloride~l~ancetyl-

pyridine (V)

s

j | N\ _COuMe ___
S rs
Tn*\\ (;) 7
ile T
(va)
C1
: T8n Mg e ve =~ D5
PN _
Ia ]
CO.LTG
’ __(V}

Triméfhyltinéhloride seenad t0 renct with 3-acetylpyridine,
but all efforts to isolate the product failed as 1t (the
product}wms very low nelting (250) and sublimed in the
mildest vacuum. Fractional distillation was inefrectivo

as the product decomposed on heating
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Pyridine adducte of dimethyltindichloride (VIa), trime-
thyltin chloride (V1c), and diphenyltin dichloride (V1b)

Uy
are known  to precipitate as soon as the reactants

are mixed.
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The 3— and.hnacetylpyridine adducts have been found net

to precipitate. 4 clear sclution is obinined when the
reactants nre nmixed, The product howevepr comes out of

the solution as crystals on standing, and cooling may be
required 10 bring about crystnl formation ns in the
preparation of trimethyltinchloride -L-acetylpyridine.

This perhaps cauld be duc to either a slower reaction of

3= and h~acetylpyridine (compared with pyridine) with
organotin halides, or the adduct products of 3-and lL~ncetyl-
pyridine being more soluble in the solvents than the pyridine
adducts, . S
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The melting point of a compourd could be said to be
a direct function of its lattice energy. The nelting points
of the acetylpyridine adduets of dimethyltin.dichloride,
trimethyltinchloride and diphenyltin dichloride have been
found to be considerably lower than those for their k
correspording pyridine adducts. While dimethyltiin-
dichloride dipyridine melts at 163° 02, dimethyltirdichloride
bis=li~acetylpyridine and dimethyltindichloride bisw3~ncetyl-
pyridine melt at 115° and 109° respectively. This could
be due perhaps to the increased steric tension in the
molecule of the acetylpyridine adduct (compared with that
of pyridine) due to the acetyl group.

The yield of each of the adducts wns high, though
time wnas needed to allow for gradual crystallication of
the ncetylpyridine adducts, unlike the correspomling
pyridine sdduects which precipitated in good yield as soon
ag the reactants vere mixed., The hitherto unknown acetyle
pyridine ndducts were oObtained in pure form as they were
c¢aglly recrystallisable {from suitable solvents. Trimethyl-~
tinchloride~li~acetylpyridine had to be dried in a non
vacuum dessieator as it sublime@, like most other {rime-

thyltin compounds, in vacuun.
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Resction of 2-Acetvipyridine with Dimethyltindichloride
. and, diphenyltindi chlopide o
Contrary to expsctation, 2-acctylpyridine (VIID reacted
with dimethyltindiichloride and diphenyltindichloride to
give not the adducts, but products which could not be
characterised. o _ . _ - _ ivr |
2-Acetylpyridine reacted with dimethyltindichloride
in venzene to give a product whose rate of precipitation
was practically independent ol the concentration of the
reactants., The game product was obtained when the reaction
wag carried out in dichloromethane, acetone, and acetonitrtle
Chemical analysis showed the product to contain nitrogen,
but there was no aromatic signal in the nuclear magnetic
rgsonance gpectrum as wounld have been expected if
2~acetylpyridine vwere present in the product. The infrared
spectrum also did not show any absoprption signal due to
the carbonyl group. An n.m.r. experiment done by monitor-
ing the spectrum of a mixture of the reactants in dimethyl-
sulphoxide (in whieh the product was soluble) at intervals
of six hours showed a gradual decrease of the signnl due
to the CH3 of the dimethyltindichloride 81.1, and the
emergence and growth of a singlet at §3+5. Reaction of
dimethyltindichloride with pyridine-2-carboxaldehyde (VIII)

in benzene gave a thick oil which could not be purified.
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Umler similar conditions, dimethyltindichloride d4id not
react with Gwpicoline (VII), though ndducts of dimethyl-
tindichloride with 8- and }-picoline are known®3,

Since dimethyltindichloride did not react with G-picoline
(perhaps due to steric hinderame) but reacted with 2-ace-
tylpyridine and pyridine-2-carboxaldehyde, the reaction

of the latter might be due to their carbonyl group.

N . N N :
ci1 00, CH s
3 3 :
OROmNC
Mo
VII VIIT 1x

a=picoline 2=Acetylpyridine  pyridine~2Z-carboxaldel

Anderson et al’” in explaining the solvolysis of 2-tri-

methylsilyl) pyridine (X) in methanol, have suggested
the following mechaniam:

1 + ROH N~ ‘§1M33

Sy BiMey P

(X) k
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FProm this analepy, 1t might be suppested that the carbonyl
of 2-acetylpyridine attacks the tin of dimethyltindichloride,

and a rearrangemnent followss

ﬁ:i\\1 JMe Qj
o c . )

s , P |
+ -3 N .0
. Sn
L, Me . e T\} .
ey . Me !} He
- Cl
Me ~e1

|

? 80 s Dﬂo

The high nelting point (1850) of the product from tﬁe
dimethyltindichloride anl 2-acetylpyridine reaction
suggeats that it might be a salt. Since chemical analysis
showed the presencs of nitrogen in the product but n.m.r.
did not show any nromatic proton, it is possible that
- the pyridine nucleus was ruptured in the reaction.
o - Diphenyltindichloride reacted in a similar mamner with
P=acetylpyridine to give a high melting (172O) product
whieh could not be characterised. - .

The failvnre of 2Z2—-acctylpyridine to renct with trime~

thyltinchloride and triphenyltinchloride might be due to

steric factors.
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L=Acetylpyridine Add of Dime in bistrifinoro-
agetate and trimethyltin trdfluoroacetate

An indirect method has been used to prepare dimethyl-
tinbistrifluaroacetate-l~acetylpyridine and trimethyltin
triflucorocacetate, which had not been known before now.

A lot hae been done on reactions of organotinhalides
38, 39, “O, but not rmich had been published on the reactions
of the adducts of orguonotinhalides. An organotin halide
adduct, especially if hexacoordinated, would be expected
t0 be much less reactive than the parent organotin halide,
Halagen substitution reactions in such an adduct would
take place nost favourably through an s SNI route since
the penta or hexaccordination on the tin atom would malke
an 8N2 reaction difficult, if at 2ll possible, Such
substitution rz2actions would therefore most likely occur
in polar solvents.

On this basis, the reaction of silver trifluoroacetate
with dimethyltindichloride bis-li-acetylpyridine has been

carried out in dry acetone.

o e X

Cee—

/ o~ \_ CO.Me

Me,8n(04004CF ) oo \,/

-+ %gCl + I?.L‘T>" COHMQ . e e D11
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After the precisitated silver chloride had been removed
by filteration, the solvent was removed and the crude
product crystallised in toluene. The dimethyltin bistpi-
fluoroacetate~lit=acetylpyridine (XI) came out as yellow
crystalline needles, but gave round balls of dimethyltin
bistrifluorocacetnte (XIII) as scon as 1t was shaken with
a nucleophilic solvent, such as CHECIZ' This rather
queer behaviour of the product suggests that the L-acetyl-
pyridine ligand is only loosely bound fo the parent
dimethyltinbistrifluoroacetate, and the molecules of a
micleophiliec so0lvent on solvating the adduct would easily
displace the ligami.
Chemical nnolysis has shown the produect tc be o 1:1

adduct; infra red and mass sbeétroscopy (sce later)

have further showit it to be a dimer in which the tin
would thereby be hexacoordinated, The most probable

gtructure would therefore be (XI)

e



| The adduef, the first of its kind to be reported, is
hygroscopic and has gueer nuclear magnetic resonance
properties (see later). It could not have been prepared
directly from dimethyltinbistrifiuorcacetate and
Y=acetylpyridine oz the former is not soluble in any neutral
gsolvent, ond the adduct would not come out oF nmicleophilic
solvent. :. h |

In a sinilan manner,.tfiméthyltin triflucroascetnte~

h-acetylpyridine (3IV), alse 2 novel compowd, has been

prepared. L coue
o L Me
S Sn_._ Me & 'Ago.co.cFB - >sn___ Me
18" | | Me |
Gl 0,G0.CF5  (XIV)
+ AgCl

oo DiZ
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This adduct was better prepared in benzene as the precipi-
tated silver chloride coagulated much more quickly than

it did in acetone, Moreover, the product was scluble in
benzene, unlike dimethyl tinbistrifluorcacetate-li-ncetyl-
pyridine, thus reducing any product loss during filteration
of the silver chloride., The adduct melted at a much
higher temperature (91°) than the starting trimethyltine-
chloride-l~acetylpyridine (56°), unlike dimethyltinbis-
trifluoroacetate~li-acetylpyridine which melted at 88°
vhile the starting dimethyltindichloride bis-L—~acetylpyridine
melted at 115°,

The faet that the halogen substitution reactions of
some of these adducts, most likely SHI, occur even in
benzene a neutral solvent seems to confimm Edborn‘sho
view that silver salts are outstandingly effective in
the inter-~conversion reactions of organotin halide and
pseudohalides because the silver ions probnbly assist in
breaking the tin-halide bond, thereby pushing the reaction

forwnrd,



40

Reaction of Silver trifluorcacetate with Dimethyltindi-
chlordde bis-3-acetylpyridine

Dimethyltindichloride bis-3-acetylpyridine rezcted
with silver trifluoroacetate under the same condition as
in the preparation of dimethyltinbistrifluoroacetate~!-
acetylpyridine, to give not dimethyltinbistriflucoroacetate~

3=acetylpyridine (X1I) but dimethyltinbistrifluoroacetate

(xI11).
poLlie

————ly

/ ﬂ’) \
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Looking at the strmicture of dimethyltinbistrifluoroacetate-
Lh-acetylpyridine (XI) above, it could be seen that perhapn
steric factors are most likely to be responsible for the
non formation of dimethyltin-bistrifluoroacetate-3-acetyl-
pyridine, since the acetyl group is in the 3-position and
would interfere with the other groups around the tin atom,.
The repulsive energy from such an interference might be
sufficient to break the weak Sn « N coordination bomi to
glve the more stable dimethyltinbistrifluorocacetate.
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Divhenyltindichlopide bis-3-acetylpyridine (III) and
divhenyltindichloride bis-l-acetylpyridine (IV) both reactod
with silver trifluoroucetate in dry benzene to pive

products whose n.m.r., i.r. and mass spectra (see later)

did not show the phenyl ring., The chemical analyels

results of the products were somewhat simllar, but not

near that for acetylpyridiniuwm trifluoroacetate (IIV)

vhich would have been formed via hydrolysis of (III) or
(Iv), viz. o

"CO .l"b‘.{e

Me.Co.f

(XVI)
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(D17)esees 2 Me.CO ——<O Nl 0.C0.CT5

If the reaction D16 or D17 occurred, then the ensuring
diphenyltindihydroxide XVI would be lost with silver
chloride as insoluble particles during filteration. Any
trace of XVI would be removed during recrystallisation
If hydrolysis was responsible for the loss of the phenyl
group in some form, then the most likely route would be
D17, as dry benzene was used asgs the solvent. If XIX
was produced, it might be very hygroscopie (in analogy
with dimethyltin-bistrifluoroacetate-l4=acetylpyridine and
would therefore pick any trace of water to give XVI amd
XVIII.

Nem.r., io¢r,, and mass spectroscopy (see later)
strongly suggest the product of reaction D14 to be Leacetyl-
pyridinium trifluoroacetate (XVIITI) and that of D15 to be
3=acetylpyridinium trifluoroacetate, Lassaigue test showed
the presence of halogen in the product. The chemical
analysis results for AVIII (C, 49.32; H, 3.65; N, 6.39)
agreed with those for the unknown products, except for
carbon, It could only be assumed, therefore, that the
unknown was an impure form of acetylpyridinium trifluoro-

acetate, produced as o result of hylrolysis and enhanced
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by 8teric factors due to crowding arounml tin atom in XIX.

Infra red Studies of the Oprganotin Compounds

The On-C Absgcrption Bands
The aliphatic carbon~tin stretching [reguencies are

the most commonly cquoted infra red bands. Important
structural information has been obtained by analyzing
intensities and frecuencies associated with the tin-carbon
==s1:r<=,"l'.c~.h‘.""""2 The frequency variation occurring on going
from one molecule to another or to the molecular complex
deperds on force constants in non-complexed molecules
and reflects the ionic nature of the bonds. The Sn-C
bond frequencies have been known hot to be very senczitive
to electronic effects in methyltin halides and depend
weakly on elther the number or the nature of the halogens.
Kriegsrnanns5 and C'u.mmimsx66 have made a systematic
study of the 8n-C absorption bands of a number of tri-
and tetraorganotins. 8Since the Sn-C bond frequencies
only wealdy depend on the mumber of the halogens, the
Kriegamann and Cummins assignments have been used as
guide lines to nallocate the Sn-C frequencies of the studicd
methyltin chloride acetylpyridine complexes as well as

the methyltin trifluorcacetates and their complexes.
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Dinethyltindichloride Bispyridine

The infra red spectrum of M328n01?.Py2 has been
intensively studied by Beattie et al.hh There is only
one V. (8n=C) vibration between 550 and 564 cm_1. No
symmetric stretch was observed, suggesting that the methyl
groups are trang, This fact, when collected with some
Mogsbauer spectral measurements, has led to the suggestion
of an octachedral stm:cture with trans methyl groups for
MeESnclz.Pyz.

The C~H deformation vibration of MezanIQthz has
shown weakly at 1185 cm_1, suggesting that only very little
C-Ad deformation has occured, due perhaps to steric ractors

in the octahedral structure.
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The YSn-C of the Adductg

Table | shows the Sn-C stretching frequencies as
obtained from the i.r. spectra of the compourds, using
Kriegsmann and Cummins' range nssigmments as guidelines.

The spectrn were run in caesium iodide medium,

Acetylpyridine Adducts of the Methyltin Halides
The C-H deformntion frequencies of the compoumnls are
comparable, That for Mezsnclz..P‘:.r2 came lowest, weakly at

1185 cm-1. That for It.‘.eBBnGl.u—Acetyle came weakly at 1190

c.m_1, while thoge for MeZSnClz.(Zx—Acetylejz and Me,SnSl -
(u-Acetylejz have came nt 1195 cm-1. The C-ii deformation
gtretch gives the best information on the extent of deform-
ation of the molecules due to steric factors, and this nas
been manifested in the spectra. Although not much can be
inferred from the nosition of the bands, their intensities
could give some relative extent of deformation of the molew
cules. While the banda for Me,SnCl Py, and Me;SnGl.h—Ace-
tylPy are weak, that of IﬁezsnGlz.(h»-Acetyle)z is medium
while that of I-IezSnCIE.(:S-Acetyle)z is strong. The preasencec
of acetyl group on the ClL of pyridine in 3.-:e23n012.(l+-!scety1-
Py), would produce steric tension that is more than that

of Me,SnCl,,Py, but less than that of Me,SnCl,.(3-AcetylPy),
which has its acetylgroup on the C3 of the pyridine.
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Ph,8nCl . (3-AcetylPy) , 1070 (s) i

Me,8n(0.C0.CF;) pali-AcetylPy| 1200 (vs)[805 (s){590 (m) |

Mezsn(O.GO.GFB)E.M—Acetyle 1200 (s) |800 (s)}605 (s) 528 (n) !

1790 (s){590 (m) {505 (<)
Me53n0.C0.CP5 1200 (s) {780 ()}555 (o) {520 (v.-)g
|
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N Me "
T te
/b_\" } o1 hle.‘uO ____\ |
‘\ \‘ ,/ ~ / i
\_ 28N _ \ N S e
Gl'/ LTS TT/T\\ o 26n”~ ——
4l 4 A
| >/ a | O\ i 4Ty \_ COLMe
Me St \ \_ /"
Me T
Weak C-H medium C-H
del'ormation deformation
Me.co
h Me
/ A\
N I 1
\g/ St A
Cl'// l ™~ r/ ’)\
Me \ i /
i
COo.le
Strong

Call cdeformation

The C-~H deformation for IieBSnCI.h—Acetyle is weak, os the
tin is only five coordinated with the Methyl groups planare.
Presence of acetylrroup on the CL of the pyridine would
not cause much steric tension.
Cl
ile !
o

n.. Me

@
= ——

\

O

{
CO.Me
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The C~H deformation modes considercd are only those
| of the methyl groupa. | | o

| The vocking modes for all the methyl tin chloride
adducts were strong., This could be due to a rather large
change in the dipcle moments in the tin-methyl bonds |
ag the methyl groups rock. This would be expected
because tin ond carbon have unegual electronegativities, -
and any change in dipole moment produced by the bending
due to the rocking movements would be lurger than when
the bond were between homonuclear atoms. The assymetric
Sn=C stretch of the methyltinhalide adducts were all
fairly stronc. The frequencles of vibration have not
come in an order good enough for any significant inference
to be drawn. hile vas (Me,SnCl,) came at 260 cm—1, thnt
of Me,8nCl,.Py, came at 566 cm"1, MeQSnGlg.(B—Acetyle)z
at 565 cm_1, and MGQSnClz.(u—Acetyle)z at 570 en” .
It would have been expected that on the basis of electron
repulsion theory, the Sn-C bond should weaken when an
adduct is formed mince the electron density on Bn increases;
vas (Sn-C) chould therefore be lover than thnt for the |
parent organctin halide. One would expect therefore
that the decrease in Vas (Sn-C) would be o function of
phe electron density around Sn, which in turn would be
proportional to the basicity of the donor ligand~ Vas

(8n-C) for the ndduects would therefore be in the orden




Me,8nCl, » lie,8nCl ,( 3. AcetylPy) , ) Me SnCl (U-AcetylPy) ,

But the fact that the vas (8Sn-C) values for all the

adduects are greater than that of the starting Me28n012

suggests that the Sn-C bond is stronger in the adducts

than in the starting organotin halide.

Only Mep_.sn(l'vll.z.(3---4!54.0ei'.:sr].P:,r)2 has shown a wenk vs (8n-C).

Inferring from Beattie's work on Me,SnCl,e«Py,, the absence

of a Vs for the adducts shows that the methyl groups

are trans in the dimethyltin adducts, and planer in the

trimethyltin adducts

He

Isl._
;\.

()

_c1

L
'Y ‘/‘“

01_/_ >y O

A\
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|
|
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The presence of = symmetric stepetch in the spectrum of

MeQSnclz.(s_Acetyle)2 could be due to distortion of

the molecule, vhich would be due to the steric tension

produced by the acetyl group.
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- Acetylypyridine Adducts of Diphenyltin Chlorlide

Kriegsmann65 and Cummins66 have assigned the
vibrations in the 1060~1075 cm_1 region to tho C-H
deformation mode in phenyltin compounis. The spectra of
Ph28n012.(u~Acetyle)2 and PhESnCIE.(j-Acetyle)z showed
very strong bands at 1065 and 1070 cm-1 regpectively,
showing that the C=1 deformation in these compoundis iIs
strong. This 15 not unexnpected as there would he much
steric tension in the molecules, assuming that Beattie's
proposed structureuu for MeQSnClQ.Py2 still halids for

the compounds

The C-H deformation has been assipned to the phenyl protons,.
Looking at the above structures thus, the phenyl protons
of PhQSnClQ.(3—Acety1Py)2 would be more susceptible to

deformation because of the metamposition of the agetylgroup
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of the pyridine.
65,66 p
The reglons assigned to the Vs (3n-C) and vas
(5n-C) the phenyltin compounis are low (300 cm-1)
The bands in this region of our spectra could not be relied
upon as some of the spectra were run abroad in KBr;

and KBy absorbs in the region.

The ilathyliin Trifluoroacetates and their idduchs
Since the trifluoroacetate group is a much stronger
electron-withdrawing group than the halogens, it would
be expected that the Sn-C bormd in a methyltin trifluoro-
acetate would be stronger than one in a methyltin in
the former would be lower hence strengthening the Sn-C
bond, vwhile the tin in the latter would have a relatively
higher electron denegity and thus a weaker Sn-0 bond
(electron repulsion theory). Since the Sn-C stretching
frequencies are a function of the strength of the bond,
the frequencies would be higher in methyltin trifluoro-
acetates than in methyltinhalides.

C-H deformations of Sn-Me

The Cei deformation frequencies of the trifluoro-
acetates, MeQSn(O.CO.CF})e, MeQSn(O.CO.CFB)Q. L-AcetylPy,
and Me}SnG.CO.CFB.LL-Acctyle, ghowed very ctromgly at

i

1200 em” ', suggesting strong deformation in all three
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compounds.
Rocking modes of ESne-ile

As shovm in table 3, the rocking modes all come
strongly between 780 cm'1 (for Me38no.CO.CFj.hﬂﬁcetylPY)
and 805 o™ (for HeQSn(O.CO.CF3)Q.u—acetyle).

The strong intensity of the banmds could be due to the

dipole moment that would be easily created by bending

since the tin is bournd to strongly electron-withdraving

tri fluoroacetate group. Moreover, bending due to rocking
might pring 2bout elight interference between the methyl
protons and the fluorine and oxygen of the trifluoroacet-

ate group. This would further cause a greater electron-
densi ty change and consequently, a great dipocle moment
change. The resulting intense rocking modes would be

most pronounced in the dimethyltin trifluorocacetates, e.ce -

CF
Me L2 Me

~ ' . C
F}L‘.C0.0\\' 0"/ ‘\0-‘

i/ —.\
/
- ¢ " \_CO.Me
N .
s Sn&” 3 <« ‘\Lj/

;"'* 3 s ) \\
Me.CO /5\1\-;/ ] 0 .0 | 0.C0.CF3

\':_’_ / Me Me

XI



Sn-C _Assymetric Stretch

Although much work has been_dcné on %hé'methyltin
halide adducts, not much has been published on the i.r.
of organotin trifluoracetates. Kriegsmonn and Cummins
assignments have been used in assigning the bamds of
the spectra of the prepared methyltin trifluorecacetates,
The Vas (Sn-C) for the three trifluoroacetates, uas shown
in table 3, come between 555 an” (for Me3SnO.OO.GF3-u-
AcetylPy) and 2 590 ] (for the dimethyltin trifluoro-
acetates)s Both Me,Sn(0.C0.CF3), and Me,Sn(0.C0.C 3)2.
L-=AcetylPy show an ocbsorption of medium intensity at
590 om” !, while e ,8n(0.C0.CF5), shows an odditional
strong band ot 605 cm_1. As expected, nll the absorptions
come at frequencliesz higher than those for their corres-
pording methyltin halide adducts, most likely because

of stronger Sn-C bornds.

i

Sn-C_Syymetric Stretch

MeQSn(o.co.CFB)Q.u_Acetylpy does not shéw any
symmetric stretch, showinguu that the methyl groups are
trans. The weak dbsorption chown by MeBSnO.CO.GFB.u—
AcetylPy at 520 cm“1 might be due to distortion of the
likely trigonalbipyromid stmecture probably due to co-
ordination by the carbonyl oxygen of the trifluorocacetate

£1oup.
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éO Me

Dimethyltin bistrifluoroacetate shows abscrptions in

the region nllocatedGﬁ’ '66 for Sn-C symmetric stretch.

The reason for this is not clear, but it might be due

to distortion of bonis in the polymeric stmcturcs‘z since
the co-ordination brought about by the trifluorocacetate

oxygen would De wenk.

cr
LT, b Bk I
- lie Me
\'“0- | "‘?’C‘“‘O ' /0;'0‘\“0 Me , Py
“\gn gk - én‘- :
7. 0
0’/”\ No o”/] R o0 .
— - —
g e ~c Me N Me é
| ! i F.
CF CPy CF <
X -~
LMeQSn(O...(3().CJF3)2
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Ihe Sn-M Stretch _ R _
The 8n ~ N stretech of pyridine adducfs, ag found
1‘1‘5 -
by Okawara et al , shows at 150 cm 1. The astretching

frequency of n bord between two atoms M! and Mg, is
v 1/ K
T ooenc MMM+ i,

where C 1s the velocity of light and K 1s the force

given by

constant. Looking at the pyridine and acetylpyridine

edducts of dimethyltin dichleride, the pyridine and

acetylpyridine
e / - Me —
c1 i\ ﬂ\ () / o1 l 1\{ ,C‘ \/x...co.Me
' ""“\ \\\'Sn%/// Sn%:: \\mj
N %e Me.CO Me' L |

are bound.to théltin by théir nitrogen. Any:S - N vibfdtion
would make the whole pyridine cor acedylpyridine molecule
vibrate., For simplicity, one could assume that the
pyridine and acetylpyridine moleties are point masses.

In the sbove equation, since T, C and K are constant,
the magnitude of v would be inversely proportional to

the product of M1M2KM1 + My dee.
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= ) 1
Ve o WAL R,

and MM,/M,+M, is directly proportional to the value

of M, and M2 considering the Sn-pyridine stretch,

M, = 118,67 = atomic wt, of tin
M2 = 79 = mmolecular wt. of pyridine
K MMy . MBET XTI | o3
M, N - 118,67 + 79 ¢

e e, i ——

A B
Yan-Py = 2ch/ 47«03

F'or the tin-acetylpyridine strefch,

M1 = 118,67
M2 = 121
- MM _ 118.67.x 121
. =2 = TI6.67 + 151 = 99491
.:o - . 1 n
Ven-AcetylPy 356 V -g%:§7

It can be seen that on the basisz of molecular mass alone,
the Sn~N stretching Irequency in a pyridine adduct of an
organotin halide would be higher than that of the acetyl-

pyridine adduct of the same organctin halide.
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Moreover, since the stretching frequency of a bomd
is directly proportional to the strength of the bomd
and, hence, the baslcity of the pyridine or acebylpyridine
in this case, \'Sn-al for the pyridine adduct would be
higher than that for acetylpyridine adduct, since the
later's acetyl group is electron vithdrawing,
Unfortunately, these expectations could not be
tested as a machine that operntes in the region of far

i.r. was not available,

The Carbonyi Abscrption of the Methyltin Trifluoroacetates
The i.r. spectrun of Me,8n(0.C0.CFz),.L-LcetylPy
shows a broad absorption between 1640 and 1705 cm-1,
with arms at 1705, 1665, and 1640 en~'. Since mass
spectroscopy has shown the compourd to be dimeric, the

most likely strmucture for it would be XI.

CF
-
| -
F.C.C0.0 - =0 Me /N _
T N ] L0~ ~0. | _,N(_ } )=CO.lMe
"N\ T #% 7 “oco.cr,
O | Me
o e CF3
GO.I.Ie

X1

If this structure is correct, there should be three types

of ‘;co : the carbonyl of the acetylpyridine, that of
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uncoordinated trifluoroacetate., These would show at
aifferent cn~' in the jere, since their carbonyl bond
strengths are not equal, These are actually observed
in the i,r. spectrum. Thus the structure XI is nost
likely to be correct for the compourd.

Dimethyltin bistrifluoroacetate, from previous work

on orgmmotin cnr‘boxylates,& is likely to be a polymer %X,

{3}?3 QFE CF3
| 4
e 0 o Me G C
I~ .o “0_ | 07 o. 0o~
\Snxm _38n'c 8
i 0 0 s =0 0.. P
Me G e 8= C
i | \
C T
F3 CF_'S k,:I‘3
XX

In that case, the JC0 absorption band would be broad

since a resonance of the following type would occur in

the carboxyl group

A broad band was actunlly observed in the i.r.
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The spectrum of MeBSnO.CO.GFS.Lv-Acetyle also shows
a broad band. This might be due to the presence of two
types of 20 in the molecule; that of the acetylpyridihe

and that of the trifluoroacetate group.

|
GO .Me

Co~ordinantion of the triflucoroacetate ~CO on the tin is
not impossible; that would make the carbonyl differ

more in strength from that of the acetyl group.



IR SPECTRA
Factors Affecting the Chemical Shifts of Organotin Compoundg

Oprganotin Halides and their adducts

Methyltin halides, the simplest organotin halides
have been most intensively studiedha’ 68, A most important
factor declding the chemical shift for the methyl groups
of 2 methyltin halide is the mumber of halogens attached
to the tin atom. The halogens, being much more electro-
negative than tin, are electron-withdrawing. There 1is
thus an electron drift from the methyl to tin ard to
the halogen, thereby deshielding the methyl protons.
The more halogens there are on the tin, the more deshielded
the methyl protons.

il
e e v

H7T A C .
H

When a Lewlis Base forms an adduct with an organotin
halide, the electron density on the tin atom presumably

increases and the net electron drift from the alkyl or
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aryl protons of the ¥rganotin halide uecrenses, Thus a
slight decrease in the chemical shift compared with the

parent organotin halide occurs when it forms an adduct

c1 Te ?((;}:>

/ \ S 8n<” \

\;/‘ =

A slightly less important, but not negligible, factor

is the solvent in which the spectrum is run. A polar

protic or aprotic solvent forms hydrogen bonds with the
alkyl or aryl protons of the organotin, thereby altering
the electrin density of the protons. The chemical shift

values for the protons may thereby be slightly altered

H . / \ Cl
P

=021 —Q
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Bagicities of 3- ond Leacebyl pyridine and their expecqbed
gffects on the spectra of organcting

Me._ _-0
ﬁ 3
\**’C\M T/u*h N
e -
\‘-»_N/ \I\"/ b \Né

because of the electron~vithdrawing effect of the acetyl
group, 3= and h~acetyl pyridine are expected to be less
basic than pyridine., The latter should therefore form
stronger adducts with organotins. On the basis of reson-
ance, lL=ocetyl pyridine should be lese hasic than 3-acetyl-
pyridine since the acetyl group of the former is para-
located while that of the latter is meta.

On the basis of inductive effects, however, since the
carbonyl group of 3-acetylpyridine is nearer to the nitrozen
of the molecule, it (3-acetylpyridine) should be less

bagic than l-acetylpyridine. 3But since the acetyl group
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of the mclecule, is in the meta-position, the molecule
would be more sterically hindered from getting close to
the tin of an organotin to form a strong bond. On the
whole therefore, it would be expected that L-acetyl-
pyridine forms stronger bormds with organctins than 3-acety:
pryridine.

Considering the factors that affect the & values of
the CH3-Sn protons, the more basic a2 ligamd, the more
shielded are the GHB—Sn protons vhen the adducts are

formed, though these changes in 6~values may not be large.

Chemical Shift Valueg
Evridine and fcetylpyridine Adcucts of Dimcthyltindichloric

As can be seen in Table 2, the 5 values for the
methyl protons of the diorg: notin dihalides and their
pyridine and acetylpyridine adducts have not been drasti-
cally affected by change of the co-ordination number of
tin. The magnitude of 8(Sn-CH;) for dimethyltindichloride

and its adducts are however in the omier.

(cH 3) »5nC1 2‘) (CHB) 58nC1 5 Py, > (cH 3) 5SnG1 . (4=AcetylPy) °
7(Ctiz) ,8nC1 5. (3-AcetylPy) ,
It is fortunate that the n.m.r. spectrum of (CH3)2.

ClQ.Py2 has been obtalned perhaps for the first time.

As expected, 5 Sn-C.H for the pyridine adduet (91 cps)
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is larger than that for the adduct of Lmacetylpyridine,
(88 cpe) which is in turn larger than that of 3.acetyl-
pyridine (87 CDS)

The & (—GO.CHB) values for the 3-
have been nmuch

and upacetylpyridina

5.6ppm) did not appear to

adducts (
e acetyl groups

influenced by the position of th
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Table 3
""""" o
Compound Solvent {5 (Sn-CHx) ppmis (Sn—CH3]
Ref. TS Lit
(CH:) ~SnCl1,,.Py " 1023 -
3’2 2 2
(cH 3) 5SnC1 5. (4=AcetylPy) o " 1222 -
‘ (CH3)28n012.( 3.-Acety1Py)2 . " 121 ‘ =
. P
 (CHy) ,8n(0.C0.CF5) , " | 1400 | -
L
(Ci3) 58n(0.C0.CF4) , " :
L~AcetylPy 1405 { -
' (CH4) 45nC1 cey), 0,64 0.61=0,66
(CH3) 35nC1.Py 0.63 -~
(cH 5) 35(:‘»11(11 Ji=AcetylPy . 0.6l -
(cH3) 35n0 .co.cF3u-Acety1Py " 0.7 : -
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As expected,‘the pyridine muclenr protons, €24 and
C6H, C3H and CH/il, show as two AA'BE' quartets. Since the
C2 ond C6 are directly bonmled to Ii, the & velue for their
protons is expectedly higher than that Tor C3*1 and ChH.

The pyridine nucleus protons of the J=acetylpyridine
adduets exhibit four different aipnals. ChHH, the least
deshielded, and being coupled to CLH ond C6H, shows as
a quadruplet at g = 7.5 ppm. CHH iec at § 8.3 ppm as a
doublet due to coupling with C5H; ench of the doublet
gignals appears as a triplet as o result of meta-coupling
with C2H and C6H. C6EH appears at § = 8.8 ppm asz a doublet
as a result of ortho-~coupling with Chi; the signals are
weakly split as a result of mela~coupling wigh ChH, CBHE
appears as a singlet 2t § = 9.2 |

The pyridine protons of dimethyltindichlopide bis— -
pyridine appear in two groups of multiplets. The C2H
and C6H, because they are nearer to the electron with- - ..o
drawing tin atom, would have a slightly higher & value
than C3H, CLH, and CBH, Thus the 03, C4H and C5H appear
as o multiplet at § = 75, wnile C2H ami C6H come at

Te9 DPPMa
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Dimethyl tinbi strifluoroacetate and Dimethyltirbistrellfluoro-
acetate-li-acetyluyridine

The 3 (Sn-Gﬁj) for dimethyltinbistrifluorcacetute
shows at 1 ppm, 0.24 ppm lower than that for dimethyl-
tindichloride mun in the same deutercacetone solvent.
One would have expected a higher 5 value hecause of the
highly electron withdrawing triflucroacetate group,
but back donation of electrons from the oxygen of the
trifluoroacetate has perhaps increased the electron density
on the tin atom, making the methyl protons less deshielded,
From the published investigations of the ctrmictures of
organotin curboxylatess?', dime thyltinbi strifluorouacetate

might be a polymer of the followiiy structure.

XX

Thus with the trifluoroacetate oxygen coordinating on it,

the tin would be hexacoordinated.
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The Sn-Me nrotons of dimethyltin bistrifluorocacetate-
Y=acetylpyridine, perhaps the Lirst compound of its type,
give a signal at 5 = 1.03 ppm, vhich is not significantly
different Tfrom that of dimsthyltin bistrifluoroacetate.

The (-GO.CHB) is at 2.75 pem, the C3H and CG5H are a
doublet at 8.3 ppm, and C2H and C6il are o doublet at 9.1
ppm. An additional singlet appears at 87.6, and this is _.
thought to he due to OH, which wight have been produced |
as a result of rapid proton exchange by the trifluoro-l
acetate on the tin with traces of water in the solution.

This is plausible as the compourd ig hygroscopic.

N .

[}

xo CO.CF < | T~0H

Evidence from i.r. and mass spectra (sce later) as well
as the structure of dimethyltin bistriflucrcacetate atrongly
suggests o dimeric structure for dimethyltinbistrifluoro-

acetate=li~gcetylpyridine. o

' Me //C\ e | '
LN CO M

- Sn'(:’.”

. i \ /-}! - /),.{ N
0 0 -

’ o H OQCO.CF

Me.CO~—< /' \-g-?/ o 3






Trimethyl tinchloride-h~gcetylpyridine gnd Trimethyltin
Trifluoroacetate-b-acetylpyridine

Because of the presence of three celectron donating
methyl groups (by imductive effect) on the tin, not much
change in 5 1s expected in the spectrum of trimethyltin
chloride and its adduct, trimethyliinchloride-i~acetyl-
pyridine, Thus vhile the formmer has a literature s value
of 0,51 ppm, the luter has also been fourd o be 0.64 ppm
in CCl) solvent. 6(-C0.CHz) is 2.55 ppm C3H amd C5iH of
the acetylpyridine appear as a doublet at § = Te6 amd
C2H and C6H also as a doublet at 8.7 ppm,

The & (Sn—CH3) of the trimethyltintrifluoroacetate-
Lh=acetylpyridine has been foumd to be 0.7 ppm, the §
(GO.GH3) 2.6ppm, C34 and C5H a doublet at 7.8ppm and
C?H and C5H slso a doublet at 8.6 pom. It is noteworthy
that vhile the §(C3H and CHKH) of trimethyltin chloride-l-
acetylpyridine iec 7.6 ppm that of trimethyltin trifluoro-
acetate=l~acetylpyridine is 7.8 ppm. This could only
mean that the protons have been more deshielded in the
latter than in the formepr, perhaps due to the more strongly
elecctron withdrawving trifluoroacetate group in the latter

compound .
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Acctylpyridine adducts of Diphenyl ichloride
.-*‘/' \\
o) -
c1L_ “\r/' ,,/Ji*()// CO.Me

,
\m
Eé

Looking at the cbove structure for diphenyltin dichloride
bis=4~acetylpyridine, the five protons of each vhenyl group
| would not be eguivalent, The C2H amd C6H of the phenyl,
being ncarer t0 the electron withdrawing tin, would be
more deshielded than the C3i, CLH and C5H. The ¢ for
C2H and C6H would therefore be higher that that for the
remalning protons. '

The spectrun of diphenyltindichloride big—l~acetylPy
shows a singlet at § = 2.6 (~C0.CHy), a triplet at 7.35 -
ppm which mast be due to the C3il, OLUH and CBH of the phenyl
groups, A doublet of doublets appearing at § 7.8 scens
to be due t0 the C3H anmd CHH of the L-acetylpyridine
as well ag the C2H and CEH of the phenyl groups. The doublet
at 68.7 is due to the C2H and G6H of the L~acetylpyridine
B Diphenyltindichloride bilsg=3-acetylyyridline spectmum
shows its -CO.CHz at § = 2.6 ppm the phenyl protons as a
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multiplet at 5 = 7,45 ppm, C5H of the acetylpyridine s
g quadriplet at & 7.85, CLH as a doublet of triplets at
5 8e3, C6H as a doublet of doublets at § H.75, and C2H as

a doublet due to meta-coupling to CHH alt §Y«15.

Products of Silver Trifluorcacetate with the Acetvlpyridine

adducte of Diphenyltindichloride

b g e o

The spectrum of the product of resction hetween
divhenyltindichloride blswh—acelylpyridine and silver
trifluorcacetate showed signnls for the L-acetylpyridine
only: & 2.6 (_co.c:ﬁ:,)), § 7«85 (4, C3H and C5H) and 686.8
ppm (d, C2H and C6H). There was no signal for the phenyl
ring.

The preduct of diphenyltindichloride bhis-3-acetylpy-
ridine reaction with silver trifluorcacetnte also showed
glgnals for only 3-acetylpyridine in its spectrum:

5 2.65 {3, "'CO-CH3)9 s 7.7 (q, C5H),

5 8.4 (a, CuH), § 8.9 {d, C6H) and

5 943 (d, (2d).

There was not even a kink‘_to show the presence of
the phenyl ring. o

If follows therefore that in thece reaétions, the

phenyl ring must have becen lost in some forme.
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‘The Tin-carbor-hydrogen coupling constants of the
Mgthyitin Compoundsg

Fagtors Affecting the Valwe of J Sn-C-H

There are threce isotopes of tin which have unclear

1
spin gquantum number I = %, and only two of these, 1-‘?Sn

119

- and Sn are significantly asbundant for meaningful

M7 9nGel ama 19

mr measurementsa. En~-C~H coupling
are observable in the mnr spectra of organotin compourd s,
and their magnitude depems on a nunber of factors.
The methyltin compourds, being the simplest clasgs of
organotinag, have been intensively sctudied.

It has been mggested®” that the Sn-C-H coupling
constants, J, are a measure of the percentage S—character

in the tinecarbon bornd. J119

Sn-0-H for Me38n01, for
example, in CClM_is 58,5 cps ard 68.4 cps in water.

The M833n01 in GClu has 25% s-character in the Sn-C

bonds whereas the same compound exists in watcr as sp2
hybrid Me3Sn ions with 33%% s~character in the Sn-C bords,
The solvent in which the apectrum of an organcotin is mn
 therefore influences the volue of J(Sn~C-H), Verdonck

and Van der Kelen?o

have however pointed out that a simple
relationship between J and percentage Sw-character is not
valid and that other parameters give an important )

contribution to the coupling.
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71
Petrogyan et al ~ have suggested that the complexation

of methyltin halides with electron~donors is mainly a
p=-d donor-acceptor interaction, and does not much disturb
the s-electron density on the metal, The complcxation
is therefore followed by an increase of thc relative
content of s-clectrons in the sSn-C-ii slte, owing to

induetive mechanians,

H H .I
i h{l} o He 1;/.1:1
WY N A Doyl il
D—" | > Hal D1 “S>Hal
' G
G t 3
Tiﬂ\lz\s i iw‘ 1

Thie suggestion would account for the observed increase
in J(8n~-C-H) of adducts of methyl tin halides compared
with those for uncomplexed methyltin halides., If there
were complete rehybridisation at the tin atom as an
adduct is formed, then the percentage s—character, hence
J(Sn-C-H), would decrease as say an sp3d2 hybrid adduct

5

is formed from an sp” methyltin hallde,

On the basis of Petrosyan's mxggestior?1 therefore,
the observed J(&n-C-H) for say Me,6nCl,ePy, should be
higher than that for Meaﬂrﬂlz.(B-Acetyle)E, since pyridine

is a stronger electron donor than 3=acetylpyridine.
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observed (" Tsn-Cit) and 9(*"%5n-C1). Lon the Pyridine
and Acetylpyridine adductg of Dimethyltindichlorddeg
and Trifluoroscetateg

Table & shows the observed Sn-C-H coupling constants

for the studied methyltin compounds. The sgpectra of
I.ILesz.:"'l2‘..(3-—Ace1-.;,'I}.P1,'):2 were run in deuteroacetane to
millify any alteration in the J(8n-C=H) value due to

change in solvent. Zxpectedly, Me,SnCl,.Py, with J' 7

117

Sn-C=il

of 90 and J 'Sn~C-H of 86 cps, had the highest values

of coupling constants compared with the acetylpyridine

adducts and Me,SnCl,. Mezsn612.(u~!xcetyle)2 had the

second ﬁighest values of JHQSn-C-H = 88 and J“7

119,

8he Me,SnCl,.(3-AcetylPy), had J “Sn~C-i = 87 and
J 11 7811—0-}{

Sn=C=i =

83, while Me,SnCl, had J' 78n-C-i = B4 am
J”?Sn—C-H = 80 cps. The results are as expected as the
electron—donor strength of pyridine anl acetylpyridine are
in the order

Pyridine ) 4~Acetylpyridine » J-Acetylpyridine

From these results, it ean be concluded that the Sn-C~H
coupling constant values could be used to predict the
relative stabilities of adducts, especially of the dine-
thyltinhalides formed from a donor and its substituted

derivatives as well as the relative basicities of the donors.



o w09 b B tagitadvE o8 Y D o REGE L2
C m\ 5.5 Ma._ D ‘wmanos ¢+ (s07) S TTRS T Hseu) auve oniNNs
v &) G IEE i T soninewy Tveoam
1 (008) | Goloeeoyarle] ~ ‘(*H) HiGIM JBaMs S 1T meaudwy whaidys
m,& .A_Q.Sqwew (osz) | H(o35) WL d3Ims T 7T T HTH) L3S0 JEIMS
SHEYWIL E THWYs | [ ounv | S IWnNYw e
1] ol oz o't o'y () Wdd o's o'e oL os
— L L LI _ L N Ll .—- LS L] L Ll — L L L Ll i LA L Ll —. L — S L] |— LJ L
Sevs T 1 ﬂ L] - * L] L i LS — L] L -
|
w
|
P
° §, ool % ooz oot oor :
W - : _
= gl '} g 1 4 | e Lady — —a | g 4 S epgs M 1 jiity ] ST e Bk Ak L QL
'l i ] — ik 'l A — "R i ~ 8 A 'S L —. . =3 A '] - 'l I H ¥ . . ._ i 3 »




Acetone was chosen as the solvent because though a
donor, it in not as bosic as the pyridines; the adducts

were recrystallised from it.
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Tinpc fbog_gxdrggﬁn Couplins: Constants

-

! v Iﬁ?’"'“'*T"“'"""(TTﬁ”'"W"

Compound bolvent 0 Btime Gt Lit. St G=ii § thf‘
Me ,8nC1 CD00.0D; | 60 kps) | . 8icps)
Me,SnCl 5+ 2Py CD4C0,CD, | 86 - 1. 90
| Me L8101 e : B
| (=AcetylPy) CD5+COLCD5 | Bl R I |
E]\lezSnCla. i : . B
i ' :
§ i .
: MGQSn(O.GO.CF3) 5 1 OD3eC0.CD4 88 i_
Me ,5n(0.00.CF5) 5o o l
L=AcetylPy CD?’.CO.CD3 ! 91
Me,8nC1 ce1,), 56 - |55.7-561 58,5 lsadt -
" - ' ' 58.5
 He;SnCl.Py oCly, 60. . j
Me;SnCl. | o . )
3-AcetylPy ccy, | | 59
L-AcetylPy oc1,, 60 = B 62
h~AdcetylPy GOZLJ+ ' &l - 66
| R —
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J119

Sn-C-4 for MGESH(O.GO.GF5)2 was found to be

88 cps while that for MeZSn(O.CO.CF3)Z.M—Acetyle was 91 cps.
Looking at the structures of MeQSn(O.CO.CF3)2 (XX) and
MeZBn(O.QO.CFE)2.u~ﬂcetyle (XI), 8n is hexacoordinated

in both compound s, but the electiron density on Sn and

hence on CHy of XI would be more than that on the Sn of

X because of the h-acetylpyridine donor of the former,

compared with the bridge bends by the trifluorocacetate

of the latter.

T

1_19 Sn-C-I Coupling Constants for

the Pyridine and L-acetylpyridine adducts of Trimethyltin-

e A A I

117

Observed Sn-C=H and

and Trifluoroacetate

Although the 3-ncetylpyridine adduct of trimethyltin
chloride could not be isclated, an nem,r, spectrun of
the gclution in CClu was min., The solution vas made very

M9 5n0mir)

dilute to moke it as non-polar as possible. The J(
has bee fourd %0 be 59 eps, 2 c.Pe.s. 2bove that of the
MeBSnGl starting adduct had heen fored in solution.

1198—01H) values for the

~ As seen in table 4, the J(
adducts are 0ll greater than that of MeESnﬂl providing
further confirmation of Petrosyan's theory. The fact that
the MeESnsl.S—Acetyle formed in solution shows a lower
J1198n-C-H value than.Me3SnCI.u-Acetyle-nmﬂ MeESncl.Py
ghowse that the JSn—C—H of adducts iz a function of the

effective basiclty of the donor ligand,
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| an-G—H for MeESncl.u-Acet$iPy has been Tound %o
| équal that for MeBSnC:L.Py. Thig could be due to the
fact that there are three methyl sroups whilch furnish
the tin atom with electrons by inductive mechanisms, g
and only one halogen atom withdrawing the electronsg from .
the tin. An external supply of electrona to the tin from
a donor ligard would increase the elsctron density around
tin all the more. The electron-withdrawing ability of o
the acetyl pgroup would perhapz be too feechle to create
any significant change in the elsctron density around

the tin. And since J is o function of the electron

Sn=-C-!
density arcurd the tin ntom, it would not alter to any
ﬂ.aignificant extent. | |

The JSnPC-H
}'been observed t9 be higher than the values {Oor the trime.-

value for MeBSnO.CO.GFB.u_Acetyle has

thyltin chloride adducts.
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Ma Q Studied Organotin Compounds

Acetylpyridine Adducts of Dimethyltindichloride
The spectra showed fragments and molecular ions of
the starting materials, dimethyltindichloride and ace-
tylpyridines as separate compourds., The adducts must
have been dissociated into their respective mnethyltinchlo-
ride and acetylpyridine starting materials. It could
be inferred therefore that the co-opdination bond formed
between the ligamd and the dimethyltindichloride could not
have been very strong, further showing the acetylpyridines
as weak donors, which are made even weaker by the electron
push from the methyl groups of the organotin towards the
tin by inductive means.

Acetylpyridine Adducts of Diphenyltindichloride
The spectra of these show the molecular ions Phgsﬁclz.

(b-Acetylpyridine) , and PhESEClz.(}-Lcetylpyridine)z (587) 4
thereby confirming the existence of the adducts. Though

ions of the dissociated adducts were shown, the presence

of the molecular ions suggests that the co-ordination bord
fomed between the ligand and diphenyltindichloride is
stronger than those of that the acetylpyridine adducts

of dimethyltindichloride. This could be due to the electron-
withdrawing effect of the phenyl ring, vhich makes the



tin more electronegative. A fairly strong bond would

therefore be formed between the tin and even a weak

O

- Y I\)I, 4 )\_ CO,lie
&~ \ Tl

\“Sn

P

Me.CO ;/N ‘/Oﬁ

Irimethyltinchloride~l-Acetylpyridine

electron-donor.

The mass spectrbm of this compoumnd showed molecular

ions of trimethyltinchloride and lL-acetylpyridine as
independent molecules, The adducts therefore might have

been dissocianted into the starting materials, This might

be due to weak co~ordination of the ligand on the trime-

thyltinchloride, due tc the electron-push from the methyl

groups to the tin, CO.Me

'~

O
-+

e
e gn £ Me

we? ¥

cl
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D;meyggltiqg;strifluorqgcetate:gn&ggﬁgggxglgggg

The spectrunm of this compourd shows the moleéuiéf
lon Megsﬁ(O.CO.CFB).A-Acetyle (4e97) as well as [meQSn
(0.GO.CF) Qj’:.u_acewlpy (673)s Chenical anclysis
suggested that the compound was g 1:1 adduct, but the
presence of |We,8n(0,C0.CF5) 1, ", U-noetylPy strongly
suggest a dimeric stpructure for the compourd. The presence
of four ams in the brond i.r. absgorption peak for C=0

further supports the dimerlic structure (XI).

Primethyltintrifluorcacctate~li~acetylpyridine

The gpectrum shows molecular iong of triméthyitinr
.trifluoroacetate and L~acetylPy as separate conpournds,
suggesting that the co-ordination bond in the adduct
- conld not bhe very strong. Though the trifluoroacetate
" group has a high electron withdrawing power, electron
mapply to the tin by the three methyl groups nnd possible
back donation of electrons from the trifluorcacetate
carbonyl would make the tin electron rich enough to be

nat very affinitive for the ligang.l
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o— o=

:p w_ 
M;S\\_,J Me

Sn—""

!

N/

Me
,L\\

O

CoMe
Structure of the Orpanctin Compounds

R

Al though Petrosyan?1 has proposed n p ~ & donor
acceptor for ligands and crganotin halides on complexation,
it would be inconceivable for rehybridisation at the tin

352

to say sp3d1 or sp~d” not to cccur nt least to a small
degree if the electron donor is toc get close cnough to

the tin atom to foprm a bord,

Hducts of Trimethyltin Compounds

| An X-ray crystal strmucture determinafion?z of Mesﬂncl.Py
revealed a regulnr trigonanl bipyramid with egquatorial

methyl groups. It is conceivable therelfore that the struc-
ture of trimethyltinchloride-L-acetylpyridine is also a
trigonal bipyramid with eguatorial methyl groups, though

it would he more distorted than MeBSnCl.Py molecular stmicture

because L-~acetylPy is o wedker electron donor compared with
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pyridine, This is because the distortion of the tetra-
hedral M338n01 molecule on complex formation with a ligand

L 1s deperdent upon the strength of the Sn-L bon172.

QO Jie
=
O
D ol
He_ﬁh
“an__ue

Me ]
Ccl
Al though MeEBnD.CO.CF3 has been shown to be a
polymer73 with bridging carboxyl and planar Cﬂ5 groups,
Me3SnO,CO.GFu.u-acety1Py is most likely to be a2 monomer,
with evidence from the i.r. and mass spectrum, and as
the presence of the acetylpyridine ligand would not allow
the existence of bridging -C0.0 grecups.
CF
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Dimethyltin and Diphenyltin Compounds

Adducts of dimethyl and diphenyltin dichlorides
with monodentate ligams have been assipgned the octahedral
structure with trans Me or Ph groups, through i.r. and
Mosgsbauer spectroscopye. 7h The acetylpyridine adducts
of dimethyltindichloride and diphenyltindichloride would
therefore most likely have similar octahedral structures,
though with more distortion as the ligands are weak
electron donors.

Dimethyltinbi strifluoproacetate in the sclid state,
has been found to be a polymer (ZX) with bridging C0,0.
groups 7{) Dimethyltinbistrifluoroacetate-l~ncetylpyridihe
could not be polymeric because of the acetylpyridine ligand,

but i.r. and mass spectra have shown it to be a dimer (XI).
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Natural and Local ways of Proserving Yams

by b e e P
R

The most serious threat to yam preservation 1o rot,
a fungal disease. A yam tuber iz naturally protected
with a thick brown coat, but when this coat is broken,
gither by injury or slicing, to expose the yam tigsue,
the tuber is prone to fungal infection which starts aa
éoon a8 a spore of the rot causing fungl settles on the
injury. The sgpore grows int¢e a mycelium, the hyphae
of whioh penetrate the tuber, feeding on and destroying
the tissue, _

Personal observation, as wsll as interviews with
farmers, have pevealed that an injury on a yam tuber
'develops a hard coat which results after evaporation of
water from the surface of the injury. A farmer knows
that once this coat has developed on an injury on a
tuber, the yam no lomger goes bad. It is probable,
therefore, that spores of the rot-causing fungl grow
only on fresh injuries, and that hard coats later developed
on the injury cannot be penetrated. _

Farmers therefopre cover an injury with earth or ash
ag soon as a tuber is Injured., This ig done in 2n seffort
to keep the injury out of reach of the spores until the

protective coat is developed. But, as the farmers them-

. selves admit, the method has not been too successful,
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The eapth or ash might contain the fungal spores. Ilore-
GVer; earth and ash are solids and may thus not spread
evenly or completely cover an injury.

The moderately warm and humid months of February
through April is the critical period for yam rot,
aceording to the farmers, And that is the period for
p;eparing seed yam8, This might imply that the spores
of the rot-causing fungi are air borne; and that they
grow becst during this season. A possibly effective way
of protecting yams and seed yams from the infection of
fungi would be to wash an injury in a fungicide emulsion,
vhich would stay long enough for the protective coat to
develope on the injury.

Lgolation and Id cation of Yam Rot-causing Fund
Yam rot-causing fungi were cultured on Potato-dextrose-~

agar (PDA) from a small piece of rotten yam. The fungi
were extremely fast growing, but there was delayed sporu-
lation. They grew equally well on yam-dextrose-agar.
The vhite rot-causing fungi were somewhat slower growing.
Microscopic examination of the mycelia in methylene
blue stain showed that there were different species of
fungi that could be responsible for causing rot. A munber
of yam rot causing fungl preidentified by Adeniji 0,51
were confirmed, A very rapld previocusly growing, unidenti-

fied, fungus isolated from the brown rot was thought to
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be chiefly responsible for yam brown rot, while two
unidentified species of Musarium were thought to he
chiefly responsible for white rot.

A yam tuber infected with white rot goes bad very

slowly compared with another infected with brown rot.

Effectiveness of the Organotin Chemicals jn Inhibiting
Growth of Pungl Cultured on PDA

A number of the organotin compournds tested for fungl-
cidal activity against rot-causing fungi were fournd to
be insoluble in water, which on economic considerations
would be the ideal solvent for the compounds.

A detergent therefore had to be used as an emulsi-
fier for the organotin compoumds into at least moderately
homogeneous emulsions. Tween 80 was found to be an effect:
emulsifier which, of itaeléLﬁot inhibit fungal growth,

Different concentrations, varying from 0.50% to
0.0025%, {(w/v) of the organotin compoumis were prepared
by serial dilution,

Growth of the Fungi on PDA Treated with Organctin Compound:
Treated sets of FDA were inoculated with fungi

cultured from rotten yams-and incubated for five days at
2800, the optimum temperature for fungal growth, The resul
showed all the organotin compounds tested to be fungicidal



Cross section photographe showing depth of rot in yam
slices treated with different concentrations of
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by totally inhibiting yam fungus growth at concentrations
of 0,25% and above, All the trialKyl- or triaryl tin
comroumls totally inhibited the growth of fungl at a
concentration as low as 0,05%, The dialKyl~ ani diaryltin
compourds only partially inhibited growth of the fungi
at this concentration. At 0.025%, only trimethyltinchloride
h=acetylpyridine, both new compounds were completely
inhibitive to the growth of the fungi. All other chemicals
partially inhibited growth. At 0.005%, only trimethyl-
tinchloride-l=-acetylpyridine was completely inhibitive.
The dialkyl and diaryltin compounds showed only very
feeble inhibitive power to fungal growth. At 0.,0025%,
the emulsione were too dilute to inhibit growth of the
fungi.

Growth of Fungi on Slices of Yam Treated with Organotin
Compourd g

Hore concentrated emulsions of the organotin compounds
(2.0% - 0,01%) were made in 5% aqueous Tween 80 detergent
Presl: slices of raw yams were washed in these emulsions,
inoculated with cultured yam rot-causing fungl and kept
at a near constant humidity in dessicators (without dessi-
cants) at room temperature for ten days. The slices of
yam were observed for fungal growth and cut through to
observe any rot. All the organotin compourds, except the

3= and lL~acetylpyridine adducts of diphenyltindichlopride,
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inhibited growth of the fungi and, thus, formation of

rot at 2,0% concentration. At 1% concentration, all
except the diphenyltin dichloride adducts and the novel
dimethyltin bistrifluorcacetate~l~acetylpyridine as well
as dimethyltinbistrifluorocacetate, inhibited fungal growth
and rot formation. At 0.2% concentration, only the
trialkyl and triaryltin compounds, except triphenyl tin
oxide, totally inhibited the growth of fungi amd rot
formation. The dialkyl~ and diaryltin compoumnds did

not show total inhibition, but kept the growth of the
fungi poor in terms of rate, density and penetration.

At 0,17 concentration, only trimethyltin chloride -l-sce-
tylpyridine and trimethyltintri fluorcacetate-lL-acetylpy-
ridine completely inhibited the fungal growth, and rot
formation., Others showed partial inhibitive power.

0,02 and 0.,01% concentrations of the chemicals were fourd
to be too low to inhibit fungal growth and rot Tfomo~tion,
though all showed some degree of inhibitive power, compound
with the control experiments. The dialKyl and diaryltin
compoumi s seemed to keep fungals growth poor, even at
very low concentrations.

It can be seen that more concentrated organotin
compound emulsions are needed to protect yams from fungus
attack than are required to inhibit growth of the fungi
cultured on PDA, This is expected since PDA treuted with



an organotin.coﬁpound has thé brganotin compourd in it

vitile a treated yam glice has the compouml spreal only

on its outer surface., If a fungusg hypha could penetrats
the surface, the fungus would grow. )

3 The yam slices were kept under conditions wharéﬁy

the protective coat could not be formed on the sliced

surface. Since the slices were in an enclosurc, there

would only be very little water evaporation through the

gliced surface. The slices were therefore prone to

fungus infection throughout the ten days of the experiment.

Since the chemicals have successfully inhibited fungus

growth, though at varying concentrations, one would expect

even better results in the fields where an injury or

slice on a yam tuber would develop the protective coat..

in leas than two days. It is possible therefore that

in the field, lower concentrations of the organotin |

erul sions would protect an yam injury from fungal attaﬁk

until it develops the protective coat.

Gompardson of the Irhibitive Ability of the Orgsnoting
Compound 3 |
| Of all the chemicals, the trimethyltln compounds'.yh
have proved the strongest Tungicides. As Llow as 0.02%

emulsion of trimethyltinchloride-l~acetylpyridine was

enouzh to stop the fungi from growing on PDA and on ynns,

+
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The most likely problem in the possible use of this class
of compourds in the fields as fungicides is their being
very volatile., This might be reduced by mixing the
compourd s with some less volatile organotin compourds,
especially in cases of serious fungal attack.

All the triphenyltin compounls were very active in
controlling fungal growth, A 0C.2% emulsion of any of
the triphenyltin compourdis was sufficiently strong to
inhibit fungus growth on PDA and on yams. Comparatlively
actlve also was tri-n-butyltin oxide, a popular rice
fungicide in the Par East56. The European potato fungicid657,
triphenyltin acetate, was foumd active in protecting
vam against rot, but it was not very easy preparing the
emulsion as it was light and highly insoluble in agueous
media., Tri-n-butyliin oxide and the trimethyltin compounds
easily mixed with water and could thus be preferred to
triphenyltin acetate, if physioclogical tests ashow them
to be acceptably safe,

The dialKyl- and diaryltin compounds were not as
strong as the trialKyl- and triaryltin compounds in
inhibiting fungal growth, but even low concentrations of
the compournds kept the growth of the fungi poor. The dip-
henyltin compounds have proved the least fungicidal,
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Suggested FPreferential use of the Organotin Compounds,
in Protecting Yams Against Rot

Any fungicide to be used in protecting yam against
rot has to be one that would prevent fungal growth even
at low concentrations because, once the fungi begin to
grow, it would be difficult to arrect their growth.
A yam fungicide would prevent fungal growth, but might
not arrest it, The organotin compounds that are more
micecible with water would be preferred as they would be
more cvenly spread on the sliced surface of the yam.
Tri-n-butyltin oxide and the trimethyltin compourds would
be preferred in this sense, A way of prepapring emulsions
of these organotin compounds for use by farmers could be
the initial dissolution of the compounds in agueous 2lcohol,
followed by mixing measured quantities of these with
calculnted amounts of water to give organotin compouni
concentrations high enough to prevent fungal growth,.
This method would be simple enough for the illiterate

farmer.

Toxiclty of the Organotin Compoundsg

A problem in the future use of organotin compounds
as yam fungicides is their toxicity, which varies with
the compourds., Triphenyltin acetate and tri-n-butyltin

oxide arc already being used as plant fungicides in some
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cOuntrica56 ’57. All the butyltins, higher alkyltins,

and phenyltins have been found to be only moderately

toxic for oral ingestion warm blcoded animals?s. n-Octyl—-
organotins are so mildly toxic either acutely or chroni-
cally77 that they are incorporated even in food wrappers
and containers (plastic foil and ‘bot.tles).-"8 Trimethyltin
compourd e have been found to be the most poisonous class
of organotins, though no organotin compourd is regarded

as highly toxic?g.

For use on yams therefore, one might suggest the use
of the higher alkytln compourds for the preservotion of
yams to be consumed later. A lixtures of the higher alliyl-
tin compourds and triaryl compounds e.f. trioctyl-tins
and triphenyltin acetate, would be ideal. For the preser-
vation of peed yams, the more poisonous organotins like
trimethyltin compounds might be used since a lot of the
organotin would weather away with time., All classes of
the organotins should he suitable for preservation of seed
yam8, All these suggestions could however be implemented

only after satisfactory physiological tests.

Weatherinz and Degeneration of Organotin Compounds
9
It has been fourxi5 that organotin fungicides are

degraded on weathering to give inorganic tin, vhich is

non-poisonous. This is fortunate as a co'a'b of an organotin
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compound on a preserved tuber of yam deteriorates with
time, giving inorganic tin and compounds which would
easlly be washed away, leaving a negligible amount of
the organotin, which could be further reduced when the
coat of the tuber is peeled before cooking.

For seed yams, the organotin protective would need
to stay only long enough for the protective coat to be
formed, A seed yam to be preserved could be airdried
after washing in the fungicide. The organotin fungicide
would weather with time in the soil so that presumably,
the new yam tuber produced would contain only negligible

amounts of any absorbed corganotin.

Suggegtions on Methods of Manufacture
Nigeria is fortunate to have tin and petroleum as

mineral resources. Present in petrcleum are a mambex

of compourds that could be used for preparing organotin
compound s, For example, benzene, and other hydrocarbons
could serve as good starting materials for the preparation
of phenyl halide (usually bromide) and alkyl halides
which are the chief starting materials for the preparation

of tetraorganotins, from which various organotin compourds

could be prepared,
Adaoholy whioh-eould-be—used in s0libilizins the
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Alcohol, which could be used in solubilizing the
fungicides, is produced from molasses, residue in the

mamifacture of sugar vhich is a major Nigerian product,
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EXPERIMENTAL

N.m.r. spectra were run with a varian T-60 spectro-
meter using tetramethylsilane ag internal standard and
deuteroacetone or carbon tetrachloride as solvent, except
vhere otherwise stated. I.r. spectra were run in either
potassium bromide or caesium iodide discs,

All melting points uncorrected were taken with
the Kofler hot stage microscope.

Elemental microanalyses were carried out by Scarndinavian

Micreanalytical Laboratories.
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Tin Tetramethyl
(Bagell and Ward Ivlethod.ao )

Fifty grams (2.06g. atoms) of magnesium furnings_
©ard 600ml. of sodium wire-dried di-n-buiyl ether were
placed in a 1-litre three-neck round-bottomed flask
fitted with a stirrer of the Hershberg type, and an Allihn
reflux condenser with a dropping funnel. A solution of
225¢ (1.59 moles) of Treshly distilled methyl iodide in
an egual volume of di-n-butyl ether was placed in thaﬁ'.:
droppring funnel and then, after then addition of a few
erystals of iodine to the magnesium suspension, a uml.
rortion of this methyl iodide solution was added with
gtirring to the recaction flask. After gentle heating,
the formation of the Grignard reagent, methyl magnesium
iodide, started. The remaining methyl liodide solution
was added dropwisge over a pericd of three hours at a rate
Juest sufficient to cause gentle refiuxing, After the
addition the reaction mixture was allowed to cool 1o

room temperature, 75¢ (0.29 moles) of anhydrous stannic
chlovide was added dropwise for two hours under gentle

- reflux. The reaction mixture was heated under steady
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reflux (85 = 950) for one hour and then allowed to stard
for eight hours. After replacing the Allihn condenser
with a claisen head and West condenser, the crude product
was distilled from the reaction mixture. A mixture of
tin tetramethyl and n-butyl ether, distilling at 85 ~ 95°,
was obtained, The tin tetramethyl was isolated by
fractional distillation using a Dufton column, The main
fraction of tin tetramethyl (39.50g, 76.83%) distilled at
76° (Lit.ao 76.6°) ymr (sample & TMS & CD013)50.085ppm
(singlet) (Lit. 8%0.08ppm, 12H, S, 4 x Cig).

Dime 0

(Compropertionation Method. 83

Tetramethyltin (9.0g, 0,05M) was added dropwise to
stannic chloride (13.1g, 0.05M) in a 50M1l. round bottomed
flask, with ice cooling. The mixture was heated urder
gentle reflux on a heating mantle for four hours, and
them left tc cool, The yellowish, viscous mixture
golidified on cooling giving a dirty white mass of crystals.
This was removed and dried in vacuo. (19.5g). The product
was recrystallised four times in benzene/hexane mixture
(50/50). m.p. 106 ~ 107° (Litt. o 107 - 108°%); nem.r.
(CDC0CD+MIS) S1.24 (6H, S, 2 x CHy), g 75nc-H 80 ops,
J1198n-C-H BLeps; nNemer. ((:DC:‘..:5 + TMS)s1.22 (6H, S, 2 x CHB)’
5" 75000 66cps, 711 %sn-C-H T0eps (Litt. o (cc1,, + S)
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81415 = 1.2h, I 760 CuH 66 - 67cps, J' ' 7Sn-C-H 69 =
700ps)e -

l.r. {CSI) v(Sn-C) 560(3)’ 520 (1) Egit.as (Cs,)
v(8n-C) 5605y 540 (py | .

Trimethyltinchloride e
80
)

(Comproportionation Method,

Stannic chloride (5.2ug,'0.02M) was added dropwise
t0 tetramethyltin (10.8g, 0.06M) with ice cooling.a'
The mixture was heated under reflux on a steam bath fér
two hours snd left to coocl. A mass of white needles of
erystals appeared, This was removed and dried in a.j
dessicator. {1kg, 87.28%). The produect was recrystallised

&
37 - 38%);

three times Irom pentane. m.p. 36 - 37° (Litte
J11?

NeMeTa (CClu + TMB8)80.62ppm, J1198nFC-H BE8.5cps, 3n=-

C-H 56cps Epitt.ej. (001h_+ TS) 50661 ~ Cu.66pIM,

3190 H 58,1 - 58,5, 01 {aneCaH 55.7 - 561

81

fi’l.r. (CSI)  vmax 5500m_1 (8) [Litt. i.r. (cyclohexane)

 nax 5420m_1 (8), 513(W5]

Dimethyltindichloride big-l-acetyipyridine
Dimethyltindichloride (2.21g, 0.01M) in sodium wire-

dried benzene (50mi.) and L-~acetylpyridine (2.42g, 0,034)

also in dried benzene (25ml,) were mixed and left 10 stand
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cvernight at room temperature. Yellow granular crwﬁtals
separated out, These were filtered off, washed with

dried benzene (50 ml.) and dried in vacuo (3.70g, 79.90%).

The product was recrystallised three times from dry

~acetone. m.p. 11 - 1150. Elemental analysis: Galc.ﬁrﬂamﬁhNﬁSn
G, L1.60%; H, L.36%; N, 6.07%, Foumd G, L1.84%; o

H, LouSh; N, 5.76%. mar (CD5,C0,CDy + TiS):81.2 (64, S,

2 x CHj), 82,63 (6H, 8, 2 x - CO.CH5), 67.8 (4H, 4,

L x C3H), 39.26 (4H, d, L x car), J 7
1.r 7" 28pmcuH 88cpst Sn-C 1195(m), 780(s), 570(s)

; X=0  1690(s) ' '

Sn-C=H 8licps,

Masg Spee
. + o+ ) .
78 (c5ﬁuy'); 106 (G6Huﬁo), 121 (C?d?NO)_
120 (8n); 135 (MeSn’); 155 (snC1™); |
170 (MGSETCI) 185 (MeQSﬁCI}; 194 (85'012};?
206 (MeSHC1,); 221 (MeySnCl,)

Dimethyltindichloride hig-3~acetyvlipyridine

| Dimethyltindichloride (2.21g, 0.01M) in dried benzenc
(BOM1) and 3—acetylpyridine (2.42g, 0.02M) in dried benzene
(25m1) were mixed and left to stand overnight at room
temperature, Yellow gramilar crystals slowly separated
out. These were filtered off, washed with dried benzene
(50m1) and dried in vaguo. The product was recrystallised

three times in dry acetone. (3.5g8, 7559%) mep. 109 - 140,
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Elemental analyeis: Calc. C, L41.60%; H, L.,36%; N, 6.07%
_ (for Cig Hap O M5 00800
Found C, 41.90%; H, 4.L1%; N, 5.95%
oo 6(0D3.00.0D3+Tms)52.6 (64,8, exc33.co_),
87.5(2H,q,2xC5H) ,68.3 (2H,4, 2xC1H)
§8,8(2H,d,2xC6H),569.2 (2H,s, 2xC1H)

3 anoon 83, 7117

Sn-C-H 87
lere:  Sn-C, 1195(8), 774(s), 565(m), 520(w)

c=0, 1685(s)

Mgsg SEGCQ o I

| 120 (8n*); 121 (C.H,NO); 135 (MeSn-*Y: 155 (snc1it);
170 (MeSn'C1); 185 (Me SACL); 206 (MeSHC1,);

221 (Mey8nCl,")

- Trimethyltinchloride-l—acgtylpyridine

Trimethyltin chloride (2.0g, 0.01M) in carbon tetra-
chloride (10ml.) and Le-acetylpyridine (2.42g, 0,02M) in
carton tctrachloride (5ml,.) were mixed. The resulting
clear yellow solution was cooled overnight light brownish
crystals were formelt, These were removed by filteration,
washed with a little cold carbon tetrachloride, and
dried 1n a dessicator, The product was recrystallised
twice from carbon tetrachloride (2.178, 67.60%). MePe 55 =
56°,
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Elemental ' ' o _ .
analysis: Cale. C, 37.48%; H, L4.99; N, L4.37% (t”orCmH,bC‘NOSn)

Fourd C, 37.69%; H, 5.00%; N, L. U43%

;.nmr: (CClu + ™MS):80,61C9H, S, 3 x Gﬁj), .
52,55 (31, S, CH;.00-), 37.6(2H, d, C3il and |
C5HY, 68,7 (2H, 4, O2H and C5H) T

a Vanecon 5y o119

Sn~C-H 58
l.r.: Sn=C, 1190(w), 786(s), 5LE(s) "

c=0, 1695(s)

Masg Spece. _ _ ;
120 {sh); 121 (C?H?NE')'); 135 (sfMe); 150 (sfide,);
165 {SACL); 165 (SEMe3); 185 (StiMe £1); 200 (SHie;C1)

Riphenyltindichloride his-l-acetylpyridine
Diphenyltindichloride (1.725g, 0.005M) in carbon
tetrachloride (50ml.) and lL-acetylpyridine {(2.42g,
0.02M) also in carbon tetrachloride (25ml,) were mixed.
A dirty white precipitate was formed., This was filtered
off, washed with carbon tetrachloride (100ml.), and
dried in vacuo, The product was recrystallised three
times in carbon tetrachloride/benzens (50/50} mixture
(2.55g, 67%). m.p. 9h ~ 96°,
Flemental ' :
analysis: Cales C, 53.27%; H, L.10%5 Ny Lo78(for (o HunCN0SH)
Fourd C, 52.69%; H, L4.05; N, 4.68
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nmr: (cn3000133 + T™8):82.6(6H, 8, 2 x caj.co-)
57.35 (64, t, part of Ph,Sn), &7.8 (8H, t,
2 x C3H, 2 x C5H, and part of Ph,Sn), §8.7(4H, d,
2 x (2H and 2 x C6H)
l.re 8n-C, 1065(s)
C=0, 1700(s)

Mass Spec.
120 (8h); 121 (CoH-N0); 155 (shic1); 191 (sfic1,);
197 (SHPn); 232 (sfic1Pn) 268 (shiC1,Pn); 274 (SHPh,);
309 (8fiPhC1) 345 (CL,8HPh,); 389 (Ph SnCl,.l-AcetylPyl,)

Diphenyltindichloride bis-3-acetvlpyridine
Diphenyltindichloride (1.725g, 0.0054) in 25ml. of

benzene/CCIu mixture (50/50) and 3~acetylpyridine (2.42g,
0,02M) in a 25ml, portion of the benzena/CClu mixture,
were mixed and warmed, The resulting clear solution
was left to stand for 12 hours. Light yellowish crystals
were formed. The mass of crystals was filtered off,
washed with carbon tetrachloride (20ml.) and dried in vacuo
The product was recrystallised three times from benzene/
CC1;, mixture (50/50) (2.35g, 77:). mep. 62 = 64°.
Elemental
analysis: Cale. C, 53.275%; H, 4.10; Ny L4e78 (For CaghruChN, D Sn)
Found C, 52.78%; H, L.14; N, L4.70
nmr: (c133.c:o.c:z:-3 + MMS): 82,6 (6H, 8, 2 x GH3.00-),
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57,45 (104, m, thsn-),67.85 (2H, g, 2 x C5H)
88.3 (2H, 4, 2 x CyH), 68,75 (2H, 4, 2 x C6H),
89.15 (24, 4, 2 x C2H)
l.re:, Sn-C, 1070(s)

JC=0, 1690(s)

Magg Spec.
120 (8n%); 121 (C4H;M0); 155 (BfCL); 191 (SHC1,);

197 (shPh); 232 (SfC1Ph); 268 (SHC1,Ph); 274 (SfiPhy);
309 (C1,8fPh,); 345 (C1,8HPn); 389 (PhsfiCl,.u-AcetylPy)
430 (Ph,sHCl,l-AcetylPy); 587 (Ph,SACL,(L~AcetylPyl,)

Dimethyltindichloride Dipyridine
Dimethyltindichloride (2.21g, 0.01M) in dry benaene

(25ml.) and pyridine (1.582g; 0.02) in dry benzene

(26ml.) were mixed, A white precipitate was formed,

The precipitate was filtered off, washed with dry benzene

(50ml.) and dried in vacuo. The product was recrystallised

three times in dry acetone (3.00g, 79.11%), m.p. 162 -

163° (1L14.%2 163%).

Elemental
analysis: Cale. G, 38.13%; H, L.2l; N, 7.41 Gor GaHyClaNoSn)
Pourd C, 38.1%%; H, 4.28; N, 7.39
nnr:  (CDZ0OCD5 + ™S):%1.24 (6H, s, 2 x CHz), 5745
§E6H, m, 2(C3H, C4H, C54)7 ,87.9 [LH, m, 2(C2H,C5H)!
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J1178an-H 86eps, J119Sn-C-H 90cps
lers. Sn-C, 1185 (w), 780 (s), 566 (m)
Lit" 563 (m)

Dime bis fluoroacetate=li-acetyl
Dimethyltindichloride bis-l-acetylpyridine (2.315g.,
0.0054) in hot, dry acetone (50ml,.) and silver trifluo-
roacetate (2.21g; 0,014) also in hot, dry acetone
(50ml.) were mixed. A white precipitate was formed.
The mixture was boiled on a water bath for ten minutes
in the dark to minimize photolysis of the silver chloride.
The mixture was filtered hot, and the solvent removed
from the filterate by distillation, leaving a brown,
viscous cil. Thie was dissolved in dry toluene (50ml.)
and cooled overnight., Yellow flakes of crystals were
formed. These were filtered off, washed with a 1ittle
toluene, and dried in vacuo (2.05g). The product was

recrystallised three times in dry toluene, m.p. 88 - B9°

Elemental analysis:
Cale. O, 31.47%; H, 2.62; N, 2.82 (for €,z HisF NOSH)
Fourd C, 31.50%; 1, 2.81; N, 2,73
mar, (CD34C0.CD, + MMS): 51,03 (12H, s, 4 x CHy)
82.75 C6H, B, 2 X cﬁj.co_), 57.6 (s, OH);
58.3 (4H, 8, 2 x C3H and C5H of L~acetylpyridine);
89.1 (4H, 4@, 2 x C2H and C6H of L-acetylpyridine).
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.]'1 1 Ss(E.’.n---(.‘:«.H 91cps

1.re Sn-C, 1200 (vs), 805 (8), 590 (m)
C=0, 1690 (vs)

Magg Spec.

120 (8h); 121 (07H7N0)"‘; 135 (smMe)*; 139 (snP)¥,
361 (MeSn(O.CO.GF3)2)+; (MGQSn(O.GO.CFj)Q.L)"'; 873
(Me,8n0.C0.CF5) , ,aL*

oro - e ridine

Trime thyltinchloride~li~acetylpyridine (1.60g, 0.005M)
in dry acetone (3Cml.) and silver trifluorcacetate
(1.10g, 0,0054) also in dry acetone (30ml.) were mixed.
A white precipitate of silver chloride was formed.
The mixture was boiled unier reflux on a water bath for
ten minutes in the dark, The mixture was filtered hot
and the filterate, still containing dispersed silver
chloride, was kept in the dark for fourty eight hours.
The filterate was refiltered and the now clear filterate
was evaporated until a brown viscous oil was left. This
was cooled overnight, A mass of yellow crystals formed
this was removed and dried in a dessicator. The product
was recrystallised five times from carbon tetrachloride.
(1.80g, 90%). m.p. 91 - 92°,
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Elemental analysis: s
Calce O, 36.21%; H, 4023 N, 5.52 (for CinHigF NO:Sw
Found, C, 35.85%; H, 3.923 N, 3.49 |

mr: (GO, + DES): 6047 (9H, s, 3 x CHz), 82.6 (3H, s,
GH}.CO-), 87.8 (2H, d, C3H and CHH), 8.6 (2H, 4,
GoH and G5H)

M an-cr) 6n, 311%sn-con 66

. X |
lere  SneG, 1200 (8), 760 (s), 555 (s), 520 (w)

C=0, 1675 (s)

Mags Speg.
120 (Sh); 121 (CHN0)Y; 150 (Me,8R); 154 (MeSnF)™
165 (MeBSﬁ); 169 (e SHF) ; 18u,(Me33nF)+; 263
(M928502C.0F3); 278 (Mez5n0,0.CF3)

Reaction Between Dimethyltindichloride biswi-acetylpyridine
and Silver Trifluoprcacetats _
Dimethyltindichloride bis-3-acetylpyridine (2.315g,

0.,005M) in hot, dry acetone (50mlL.) and silver trifluorce
acetate (2.21g, 0.,01M) alse in hot, dry acetone on a
water bath for ten minates, 4 white precipitate of
silver chloride separated cut. The mixture was filtered
hot, and the filterate evaporated until a brown, viscous
cil was left. This was pixed with hot toluene and cooled

overnight. ©Small fibres of crystzals separated out,
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These were filtered off, washed with a 1little toluene,
and dried in vacuo (1.40g.). The product was recrystallised
twice in toluene., Chemical analysis, melting point, amd
N.m.r. showed the product to be dimethyltinblistrifluoro-
acetate m.p. 24}—2&60 (L1t85 23 - 2&60).

Cale, for Me2SnCO.CO.CF3)2, C, 19.22; H, 1.60,

Fourd: C, 19.15; H, 1.53.
nmr. (r33)3.c:c:s.0133 + ™M8) 81,00 (6H, 8, 2 x CHj)

3"%ncoH, 88cps.

lere, Bn-C, 1200 (8), 800 (8) 790 (8), 605 (=)
290 (m) 528 (m), 505 (s)
C=0 16555

€ 1] i opoacgetate

Dimethyltindichloride (2.21g, 0.01M) in dry acetone
(50ml.) and silver trifiuorcacetate (L.L2g, 0,02M) also
in dry acetone (30ml.) were mixed. A white precipitate
of silver chloride was formed, The mixture was boiled
under reflux for ten mimites on a water bath and filtered
hot. The filterate was left to stand in the dark for
twenty four hours to ensure complete precipitation of
the silver chloride. The filterate was refiltered, and
the resulting clear solution evaporated to dryness.
A white powder was left, This was removed and dried in
yacuo. The product was recrystallised twice from dry
acetone, (2.69, 71,80%) m.p. 243 - 246 (Lit{HEQuB - 246
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nm (CD3.00.6D3+TMS): 61,06 (6H, s, 2 x GH3)
719 nc-H, 88cps.
lers, Sn-C, 1200 (s), 790 (8), 600 (s), 590 (m),

525 {(m), 505 (s)
C=0, 1650 (s)

Reaction of Dimethyltindichloride with 2-Acetylpyridine

Dimethyltindichloride (2.21g, 0.01M) in dry benzene
(30m1l.) and 2-acetylpyridine (2.42g, 0,02M) were mixed
and left to stand overnight. DBrown crystals separated
out. These were rfiltered off, washed with some dry
benzene, and dried in vacguo (2.56g.) The filterate was
evaporated to dryness, and the resulting red powder dried
in vacuo (0.894g.) Both products were recrystallised
twice from acetonitril.e to give a white mass of crystals

MeDe 18500

Elemental analysis:
Calculated for M928n012.(2-Acetyle)2
C, 41.60%; H, Le36; N, 6,07
Found: C, 27.33%, Hy 3.48; N, 3.17
nmr (IMSO + TMS): 81.05 (6H, s, 2 x CH3)
83.5 (8, unknown)
l.r. 8n-C 790 (8), 570 (vw)
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d Re on of T orid ~h =

Trimethyltinchloride (2.00g, 0.,01M) in earbon
tetrachloride (15ml.) and 3-Acetylpyridine (1.21g, 0.01M)
also in carbon tetrachloride (10ml.) were mixed.

The mixture was left to stand for a few hours and then
cooled overnight, Light yellowish crystals were formed,
but all efforts to isolate the crystals falled as the
product melted at about 50. Distillation was ineffective,
distillation under reduced pressure sucked away the
trimethyltinchloride.

Reaction of Silver Trifluorgacetate with Diphenyltindi-

oride bis- cet ri

Diphenyltindichloride bis-l-acetylpyridine (5.86g,
0.01M) in dry benzene (LOml.) and silver trifluoroacetate
(Leh2g, 0,02M) in Ary benzene (LOM1) were mixed in a
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 flltered
off; and the filterate was evaporated to give a brown
viscous 0ils, The oll was mixed with dry toluene and

cooled overnight. Brovnish crystals were formed., The

The product was filtered off, washed with a little f
toluene, and dried in vacuc (2.56g.) The product was
recrystallised thrice from toluene m.p, 118 - 120",
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Elemental analysis:
Calculated for PhESn(O.CO.GFB)a.(u-Aoetyle)z:
C, U4B.60%; H, 3.24; N, 3.78
Found: C, 42.,69%:; H, 3.12; N, 6,02
mire (CD3.CO.CD5 + TB): 82.6 (S, - co.ch),
57.85 (a, C3H and CBH of L~acetylPy)
58,80 (d, C2H and C6H of lh~acetylPy)

Reaction of Silver Trifluoroacetate with Diphenyltindi-

opide bis=%-acetvlpyridine
Diphenyltindichloride bis-3-acetylpyridine (5.86g.

0.,01M) in dry benzene (LOml.) and silver trifluoroacetate
(4ohi2ge, 0.,02) in dry benzene (40 ml.) were mixed in
a round bottomed flask. A white precipitate was formed,
The mixture was boiled under reflux on a water bath for
twenty minutes in the dark. The silver chloride preci-
pitate was filtered off and the fllterate evaporated until
a brown viscous 0il was left. The o0il was mixed with
dry toluene and cooled overnight. The product was filtered
off, washed with a little toluene, and dried in vacuo
(3.20g). The product was recrystallised thrice from
toluene. m.p. 93 =~ 95°,

Calculated forp thsn(GCO.GFB)2.(3-acetyle)2:

C, 4B8.60%3 H, 3.24; N, 3.78.

Fourd: C, U1.40%; H, 3.07; N, 6,05.

ihu'(ODB.GO.CDs + ™MS); 862.65 (s, —CO.CHB)
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87.7 (q, G5H of 3-acetylPy)
58.4 (4, C4H of 3-acetylPy)
58.9 (4, C6H of 3-acetylPy)
39.3 (d, C2H of 3-acetylPy)

Reaction of Diphenyltindighloride and 2-AcetylPyridine
Diphenyltindichloride {1.725g., 0.0O05M) in 20ml. of

benzene/CClu'mixture (50/50) and 2~acetylpyridine (1.21g,
0.01M) alsoc in the benzene/cclu mixture {(10ml.) were
mixed ih a 50ml. round bottomed flasked which was stoppered
and left to stand for 4/48hrs. at room temperature.
A thick, dark-red oil separated out. The solwvent was
removed by distillation and the oil cooled overnight.
No s0lid was formed even after prolonged cocling. The oil
was triturated with petroleum spirit (60.80) and it
solidified giving a dirty white paste. This was filtered
off, washed with more petroleum spirit, and dried in _vacuo
(3.66g., map. 172%). A1l efforts to purify the crude
product failed.

rme (cn3.co.cn3 + TMS): 52.6 (s, —COGHS) 8

67.3 (m, phenyl).

Attempted reactisn Petween Dimethyltin dichloride bis-—ii-
acetylpyridine and silver thiocyanate _
Dimethyltindichloride bis-li~acetylpyridine (2.31g,

0.005M) in hot, dry benzene (150ml.) and silver thiocyanate

(u.uzg, 0.0BM) susperded in hot, dry benzene (150ml.) were
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mixed in a rounmd bottomed flask, The mixture was refluxed
in the dark for L8hours, at the end of which it was
filtered hot. The filterate was evaporated to drynﬂéé,y
yielding a yellowish powder, (2.0Lg). The powler was
recrystallised thrice from dry di-isopropyl ether,
chemical analysis, melting point and spectroscopy showed
it to be the starting material, dimethyltindichloride

bis-L~acetylpyridine.

ldentification of Yam rot-causing fungdl

Smears of rotten yam (both white and brown) were
made on potatodextrose agar (PDA) and yam dextrose agar
(YDA) in petridishes. The cultures were subjected to an
incubation temperature of 280. The fungi grew well
after two days but did not sporulate. However, the white-
rot-causing fungi sporulated after two weeks.

Fresh smears were made on slices of autoclaved yam
in petridishes and subjected to the incubation temperature
(28°%) for a week. A number of fungi grew and sporulated.
Zmears of the hyphas of the fungi were made on miecroscope
3lides, atained with methylene blue, and studied urder

the microscope, Some of the fungi were identified thus:

white rot-causing fungi -~ Pusarium (2 species, one yvellow,

one pink)
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brown rot-causing fungi Aspergillus niger -

1

-~ Aspergilius flavus
- Penicillium spp.

~ Black fungus with septation.

The black fungus was found to be extremely infecticas armd

fast growing, but did not sporulate even on yam culture.

Effcet of Some Orpanotin Compounds on the Growth of Yanm
rot Cauging Punsi on Potato Dextrose Agar (PDA)

Two grams of the organotin compourd (see below)
was dispersed in a 5gm/1litre agqueous solution of Tween
80 emulsifier {100ml.) This was labelled mixture 'a’.
50ml. of mixture 'a' was diluted to 100ml. with the Tween
80 solution, to make mixture 'b', 20ml. of mixture 'b’
was diluted to 100mi. with the Tween 80 solution, to
make '¢'., S50ml. of 'c¢' was similarly diluted to 100ml.
making 'd' 20mi, of '&' was diluted in like manner *0
100ml, making 'e'. 50ml. of 'e' was similarly diluted
to make 'f'. Sml., of each mixture was mixed with 20ml.
of molten FDA in petridishes. The peitridishes of ™HA
were left under u.v. light for 2L4hrs. to allow the water
to evaporate and the FDA to set. Six petri dishes were
thus obtained with six different concentrations of each

organotin compournd, viz
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(a) 04508
(v) 0.+25%
(e) 0.05%
(d) 0.025%
(e) 04005
(£) 0.0025%

The organotin compournd PDA in thé petridishes were
innoculated with hyphae of yam rot-causing fungi cultured
from rotten yams on PDA and incubated for five days at 28°,

The experiment was repeated using a number of organo-
tin compournds (below). Control experiments were carried
out using 5ml. of distilled water in place of 5ml.
of organotin suspension.,

The PDA cultures were observed for fungal growth at
the end of 5 days.

Abbreviations:
NG = Ne mycelia growth
VG = Very scanty mycelia growth
SG - Scanty mycelia growth

PG = Profuse mycelia growth
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Regults:
Concentration
of Organotin
CO’“IP’%A int o.50% | 0252 0.05% 10.025% | 0.005% | 0.0025%
Oyrganotin
Compourd N
Ph;Sn0Ac NG NG NG 56 SG PG
Ph ;SnOH NG NG NG VSG 8G PG
Ph ;8nC1 NG NG NG SG 56 PG |
NG NG G 3 |
Bu ;8n05nBu 5 NG N N VSG SG PG |
Me,SnCl,L-Acetyl- !
Pyridine NG NG NG NG NG 56 |
MegSnCl2
'\_ng I G .
(l-Ace tylPy) , NG G S 5G PG PG
Me 55nCl , ic NG 56 sc | PG PG
(3-AcetylPy) .,
Fh,8nC1, NG e | vso 3G PG PG
(Ly-AcetylPy) o
Fh,SnCl , NG e | vse SG PG PG
(3-AcetylPy) ,
Ke26n0.,00,CFye NG NG NG NG SG G
L=AcetylPy
”ezsn(o'co‘cps)z NG NG VSG SG PG PG
L-AcetylPy
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Activity of Some Organotin Compounds in Protecting Yam
Against Rot

2 gm. of Organotin Compound (below) was suspended in a
0.50% (w/v.) aqueous solution of Tween 80 (100ml.) using
an emulsifier, From this stock were prepared 100ml. each
of 1%, 0¢2%, 0,1%, 0.,02% and 0.01% by serial dilution
using the 0.5% Tween 80 as dilutant. Small slices of
yam were cut and washed in the prepared mixtures, a slice
per emulsiocn, After a few mimutes, the yam slices were
smeared with hyphae of rotten yam fungi cultured on PDA
Each of the smeared slices was kept 1n a separate dessicator
(without a dessicant) to maintain constant humidity, =and
left to stand at room temperature for ten days. The slices
were then observed for fungal growth. Sections through
areas of innoculation were cut and the depth of rot, if
any measured.

The experiment was repeated using a number of
organotin compounds (below). Control experiments were
also set up using blanks of 0.5% sclutions of Tween 80
in distilled water.
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RQ gwgl !ii‘i :
Sontrol Experiments
Surface observation
Chemical of yam glice Depth of rot

0.5% agueous
Tween 80 solution

Profuse mycelia
growth

Across the
3-cm thick slice

Distilled water

Profuse mycelia
growth

2ebcm

Abb io

No mycelia growth

Sparse mycelia growth

Profuse mycelia growth

Very sparse nycelia growth

Surface observation of yam slice

Depth of rot in yam slice in centimetres
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.. Concentration ! 1
\\\ of 1
emulsion | , :
Organotin ™~ r ﬂ' ) P f: - |
Compound ““‘\\ a-O:“_.: 1,08 ] 0.2%] 0.1% | 0.02%] 0.01% |
" - s0] Nc | Ne NC SG PG PG .....!
e XS [ 0,00 | 0,00 | 0,001 0,50 | 2.00 | 2,00
a S0 | IG NG NG _| VSG PG PG
Ph38n0AC XS 1 0.00 ] 0,00 | 0.00] 030 | 0,90 | 2.50
S0 | NG NG NG SG . PG PG
Ph3SnCl X5 10,00 | 0.00 ] 0,001 0+30 | 0.50 | 1+5
Ph.. SROH 80 | NG T 116 8G 5G PG PG
3) B XS 0.00 "__JaUO O.E‘)O 6090 1.50 1-60
Me,SnCl, S0l NG | NG | 8 SG_| 8G 8G
— =
(Ll-Acetyle)E XS 0,00 0,00 O|15 Oos 005 Oo)
Me,5nCl,, S0 { NG I 8G 3G SG pG
(3-AcetylPy) 5 XS | 0,00 | 0.00] 0«16} 0.30 | 0,50 | 0.60
Me,5SnCl. 80 | NG NG NG NG NG 8G
Ph,8nCl, 80 1 SG SC 5C 8¢ | _8G PC
(4~AcetylPy) , £8 | 0415 | 0425 | 0,30} 0.30 to.50 | 1.00 |
it Belifen 4 ,_
Ph,8nCl1, | S 3G_ ! SG sc ! sc !} s¢ ! Pa !
- i _ 1 _ i
(3---.-4c:<3t;y1P:,r),3 X8 0.10_10.20 Oe30 ] CubBb :C.SC 1,10
Me,8n(0,C0.CF) , 80 | NG _] 8¢ | 8G ; 8G 8G _ 8G
Lh-AcetylPy XS | 0,00 10,20 | 0430 | 030 j 040 | Q40
& 80 § NG 8 SG o1e; SG PG
Me,5n(0.00.CF5) , 510,00 10,751 0430 0.30 [0.50 10460
L-AcetylPy XS {0400 | 0400 §{ 0400 | 0400 {0410 015
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