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Covalences of two and four would them be expected for
these elements in neutral molecules. The two covalent state of
tin, i.e., Sn(IIL) and Sn(IV) may be represented as in struc-
ture(l) and (2} respectively, where A is any covalently bound

atom or group. These two states are not at all analogous

A-Sn - A A-.Sn - A

(1) o (2)

chemically. Because of Sp3 hybridisation, the organometallic
compounds of Group IV A are relatively stable and possess
relatively low chemical reactivity. The wmarked increase in
stability of Rasn compounds over RéSn types demonstrates the
effect of increased hybridisation. Thus, the organic chemistry
of tin is essentially rest;icted to the +4 oxidation statez.
A bond between M-C, where M is carbon, there Iis
possibility of <forming double bond (pa-pm). When M sub-
stitutes other element of this group such as silicon,
‘germanium, tin or lead, there is enough evidence thét the d
orbiﬁals of these elements are used for bonding {(dm-pw). A
simpleI example 1llustrates this phenomenon. With the .four
acids of the type p—RBM.C6H4.COOH, where M represents carbon,

silicon germanium or tin, carbon is the most electronegative

of the four elements and should enhance the acid strength to



the greatest extent. Actually the carbon compound shows the
lowest acld strength, indicating that do-pwm bonding 1is

operative in the other three compoundB.

Because of the considerable difference in electro-
negativity when M is shifted from carbon to silicon and other
elements .of this group, the polarity of the M-C bond
increaées. The increment is more as the M is deécended in'tﬁe-
group and the bond becomes more sensitive to attack by polar
reagentsa. In other words, the metal—carbon bond strengths

decrease and the bond distances increase going down the group,

resulting in progressively decreasing thermal stability,

Organotin compounds are defined as those thét contain
at least one Sn— C bond, the carbon atom being part of an
organic group. The first reports of the existence of "Organic
bodies of tin'", as they were then known, appeared in 185229,

5, the other by Edward FranklandG. The

One was by,Carl Lowig
search to isolate : a.series of dialkyltin(RZSn) compounds in
the second half of the 19th century was destined to be un-
successful‘could only be established by experiment, and in the
course of experimental studies of this point, there were a
number of erroneous reports7’8. The isolation of diethyltin
and.diphenyltin are now known to be polymers of tin(IV}, that

is, (EtZSn)n and (PhZSn}ig



The search for organotin{(IIl} species did, however,
lead to an improvement in the indirect method of preparing
- tetraethyltin. In 1879, Franklahdld studied the reaction
between stannous chloride and diethylzinc, hoping by analogy
with results obtained by Bucktont® simply to displace the
chlorides with ethyl groups. The product, however, was not di-
ethyltin, Et,Sn, but EtQSn. As a route to Ef,Sn, this reaction

proved superior to Buckton's original nethod 1

, which used
SnCla. This new reaction remained the method of choice for
preparing tetraalkyltins .until the early &ears of the 20th
century, when Pope and Pgachéylz first m§de use of tﬁe action
of a Grignard reagent oﬁ stannic chloride. The early history
of organotin chemistry has been recently reviewed by N. W.
Nicholson13.

However, organotin{ll) species are known either where
attached to bulky ligand59’14 or where the organic substitu-

ent 1is cycloPentadiene15, e.g., as 1in (3). Chambers and
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Scherer16 prepared diphenyltin in the monomolecular form by
warming diphenyltin dihydride(4) at room temperature. This
reaction was also used to prepare 10, 11 dihydrodibenzolb,f{)
stannoépin{é) from the cbfreéponding tin dichloride(3) by
reduction with LiA1H417,

(C6H5)ZSHH2 S (CGHS)an + H,
(4) - —
LiAlH, -
7
Sn
¢l Cl H” ™NH

The first review of organbtin comﬁounds was achieved
in 1837 by Drause and_Van Grosséls. Later the field of organo-
tin chemistry was reviewéd by Gilman et al. in 19604, with
comprehensiveltables of the compounds which were then known.
In 1967, Richard Weissl? published his review of different
class of organotin compohnds with their properties and refe-
rences, Afterwords, several monographs by J.J.Zuckerﬁan(Ed)zo,
by Newmann9 and by Poller21, and a multi-author wofk edited
by A, K Sawyérzz-WQrefpublished in 1970 and Davies and Smith

tn 1980232 ang 198223D,
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A volume of Houben-Weyl deals particularly with pre-

parative method24, and recent volumes of Gmelin have covered

25

several classes of organotin derivatives™ . Structural aspects

of this class of compounds have been reviewed?® and a compre-

hensive bibliography of X-ray diffract%on studies is availlable

from the International Tin Research Institute27. The use of

"organotin compounds 1in organic synthesis was reviewed by

Pereyre in 19?628.

Because of diverse applications in industry and in

basic research, the chemistry of organotin compounds has

23b,29

gained considerable importance . Many interesting, versa-

tile aspects of inorganic and organic tin chemistry have been
unravelled by using the powerful array of physical techniques.

Investigations can be performed by the general techniques such

as UVZI, IRZT‘L"30 1 21’31, 1SC—NMR32, Mass spectroscopy33

£ 119

H~-NMR

and also by the specialised techniques o

21,23b and'llgsn NMRZSb%34

Sn Mossbauer

Spectroscopy spectrometry. These two

techniques provide complementary information on the structure
of organotin molecule in the solid state and in solution,
During the present work, application of these spectroscopic

119
m

investigations{except Sn  Mossbauer Spectroscopy)} have

been carried out on several ,/f -unsaturated tin carboxylates

" and. other organotin compounds.

The ascension of organotin compounds into the domain

of synthetic organic chemistry has been dramatically

documented over the past decade535—39. In their central role
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as reagents for the construction of C-C bond, they have
demonstrated remarkable Virtﬁasity in the myriad of reaction
pathway available. Among these several stand out for their
generality and utility such as 1) tin-lithium exchange40 2)

41

transtion metal-catalysed coupling ™™, and radical

9;42. Various aspects of electrophilicity of theée
organotin compounds, their stereoselection with respect to
enantio-, diastereo- and rtegioselectivity have become the
important and vital features for wusing these organotin

compounds as reagents in synthetic organic chemistrySg.

While many different organotin derivatives engage in
these processes, the allyl and wvinyltins 'enjoy widespread
applications «due presumably to their enhanced reactivity and
latent functionality (Our studies related to benzyltins have
been presented in the Part-II of this dissertation). However,
apart from these unéymmetrical tetraorganotins of the type
R'SnR,, organotin esters of organihlcarboxylic acids comprise
one of the most important class of compounds in the ever

expanding field of organotin chemistry.

Since a major part of the present work, embodied in

Part-I, (SECTION-A, B & C), included studies with several
organotin carboxylates, earlier studies on this type of
'organofin compounds may pe bFiefly reviewed with varying
degree of details in respeét of preparative modes, Structural

chemistry, biological adctivities and their uses in synthetic



organic chemistry. The biocidal activities are discussed in
the SECTION-C of this Part-I in connection with our studiésaB
on fungicidal activities, phytoto%icity of several previously

known and newly synthesised & ,@3 - unsaturated tin esters.

1.A-2: Organotin Carboxylates

The compounds containing -OCOR' groups bonded to tin
are defined as organotin esters which may be either monomeric
or polymeric and of threg genpral types viaz. R3SnOCOR',R28n—
(OCOR"), and RSn(OCOR'},, wheré R and R' may be same or diffe-
rent groups. Tin tetracarboxylates, Sn(OCOR')a, are not organo-
tin compounds in the strict sense of the term, that organotin

compounds consist of at least one tin-carbon bond.

T1.A-2.1: Preparative Methods

Among the preparative methods of these organotin
esters, the most common and important being reaction between

organotin oxides {or hydroxides) and organic carboxylic acids
)44

or anhydridES'(Equationé 1-3
R3Sn——0--SnR3 + 2R'COOH _“**%%%9.2R3SnOCOR' + Hy0 cenaa(1)

RBSn——O--SnR3 + (R'CO)ZO-Wﬁ-~mw} 2R, SnOCOR' ..... (2)

3



R,Sno + 2R'COOH 5 R,Sn{0OCOR'), + H,O0 ceeee (3)

Esterifications are usually achieved by azeotropilc
dehydrétion of the reactants in boiling benzene or toluene,
using a Dean-Stark seperator. Alternatively, the reactants are
heated in neat mixture until the evolution of water ceased,

e.g., {equation 4)45.

(Bu,Sn),0 + 2-0-HO-C¢H,~coon —100-1107C, 5_o-gH-c H,CO0SNBuU
Neat mixture

3

+ H20 ...7(4)

Another general wethod involves the reaction of

organctin halides with metal salts of carboxylic acids46 or

organotin sulfides with silver salts of carboxylic acidsa?

(equatioﬁ 5).

R, SOX mM(OZCR')q —_ R&—nS“(OZCRl}n + mMXq eeees (5)

5
Il

halogen or sulfer, and

M = Na, K, Ag, Pb or TL.

Organotin carboxylates are prepared by direct
reaction of tetraorganctins with metal salts of carboxylic
acid548 as well as the cleavage of one or more organic groups

from tetraorganotins by carboxylic acids48’49 (equation 6}.
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In the ‘acidolysis reaction (equation 6), vinyl groups are
cleaved more readily than saturated alkyl groups, but less
readily than phenyla, successive groups are lost with increa-
sing difficulty. Tetraallyltin is more reactive than tetra-
vinyltinso. Tetramethyltin is found to react with ﬁercury(l)
acetate in methanol at room temperature to form trimethyltin

acetate (equation 7}51.

R,Sn + n R'COOH .— 5 R, Sn(OCOR') . + n RH....(6)

2Me,Sn + Hg,(OCOCH4) ;5 2Me;SnOCOMe + 2Hg + C,H

2
- b & (7)

6..

Another method includes the reaction between
organotin hydride and carboxylic acid with evolution of hydro-

gen, as shown in equations (8, 9)52.

4.5h
Bu,SnH, + 2 MeCOOH HEEEBWM? BUZSn(OCOMe)2 + 2Hy coa. (8)
Et,0
Ph,SnH + EtCOOH 20 Ph,SnOCOEt + Hy ..... (9)
: 60°C /3h
53

Muettertin et -al, showed that organotin halocarbo-

xylates, R,Sn(X)OCOR', may be prepared conveniently by heating
together, in an inert solvent, equimolar proportion of a di-

halide and dicarboxylates {equation 10)}.
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Bu,SnBr, + Bu,Sn(0COMe), — 5 2 Bu,Sn(Br)OCOMe ....(10)

Finally, during the present study, we developed a’
method by which alkyl or aryl esters {(carboxyl group attached
to primary or tertiary carbon atom) may be transesterified to
triorganotin carboxylates {equation 11)54.

2

RY-COOR” + (RBSn)ZO _— » Rl— 6OOSnR3 + RZOSnR3 .ea(11)

The details of this procedure have been described in Part-I,

SECTION-B of this dissertation.

Several other methods are known, but. including the
methods described in equations {8-10) are not used extensively

from preparative point of view.

1.A-2.2: _ Structure _and Reactivity

The structure of the organcotin carboxylates have been
determined by spectroscopy in solﬁtion phase as well as in
solid phase and by crystallography in solid phase. IR and NMR
spectroscopy have been extensively used to investigate

structure of organotin esters,

The organotin carboxylates are known to exist in

polymeric associated form, as in (7a) in the solid phase. This
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chain polymer, involving bridging carboxylate groups and

planar or near-planar RBSn moieties, has been demonstrated

55 -
crystallographically for MeBSnOCOMeSS, Me ;5SnOCOCF 477,

Me ,SnOCHO®®, Bz,SnOCOMe®’ and (CH,=CH);Sn0COCH;?8. Sterically

3

0

W —0

R R R R
In the solid state (/a) ; In dilute solution (7b)
hindered groups, however, prevent this association e.g.,
Alcock et 21.59 showed that Cy4SnOCOMe 1is present as monomer

with the tin atom occupying a distorted tetrahedral geometry.

Okawara et EL.GO and several other workers®0¢ inves-
tigated the structural aspects of triorganotin éarboxylates by
infrared and far-infrared spectroscopy in the solid state and
in solution phase. They came dp with the conclusion that on
dilution of the associated triorganotin carboxylates in
organiec solvents wusually produces oligomeric and finally
monomeric species containing tetrahedral tin atom and free
ester carbonyl.functionality (7a & Zg)60’61. Dialkyltin dicar-
boxylates were suggested to be monomeric with hexacoordinate

tin(§)62.
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From proton magnetlc, K resonance data on organotin
carboxylates, attempts have been made to correlate tin-proton
coupling constants with the structures of these compounds and

119

it is now generally accepted that the values of J{ Sn-C-H)

increase with increasing percent s-character of the Sn-C

63

bond”~. However, carbon-13 spectroscopy has certain advantages

over proton spectroscopy in the elucidation of structure of
organotin estersﬁa; For example; (i} the differences in the
coupling constant 1J(C—Sn) are much greater

than those in ZJ{H—Sn); (ii) since the carbon of the alkyl or
aryl group 1is directly_ bonded to tin, the wvariations in
.1J(C—Sn} more accurately reflect reh?bridisation at the tin
atom than do those in 2J(H—Sn); {iii) for alkyl groups like
propyl, butyl Ietc., it 1is possible to Imeasure 1J(C—Sn}'
accurately where ZJ{H—Sn) can not be measured under normal
conditions; (iv) for such long-chain alkyl groups the identity
of the compound and within 1limits, 1its purity can be

established without doubt.

0f the ten naturally occuring isotopes of tin, only

119 117Sn(

Sn( abundance 8.58%), abundance 7.57%) and 1+°Sn

(abundance 0.34%) have a nuclear spin I=% and are, therefore, .
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amenable to study by NMR spectroscopy. In practice, the

119Sn

iseotope of choice is usually , due to its higher

abundance and 1ts greater sensitivity to NMR detection.

of 119S

Early measurements n chemical shifts were

carried out by the heteronuclear double resonance techniqueﬁs,

more recently, the advent of pulsed Fourier Transform (FT)

1198n NMR spectraBa. The 119Sn

qj(119sn_1

technique enabled high quality

chemical shifts values alongwith the 3¢) data have

been used to describe the structure of organotin compounds,
the coordination number of tin etc¢. In the recent years, solid
phase NMR spectroscopic data have been wused to assign

structure and coordination number of tin of several organotin

esters?8769,

Since a wvast literature on the structure of

organotin carboxylates were covered in the review written by
,.23b 119 |

Davies et and on

34a

Sn-NMR spectroscopy by P. J. Smith

and by B. WrackmeyeISQb, it seemed

& A. P. Tupciauskas
reasonable to discuss the literature observations (including

the recent works) only pertaiﬁing to our present work, where-

ever necessary.

With regard to reactivity of Sn-C bond, the electro-
negativity of C and Sn are 2.5 and 1.8 (in the Pauling scale)

respectively indicating highly covalence in nature. However,
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Sn-C bond can readily participate in ionic reactions through
polarisation, where the éarbon acts as a nuclecphile and the
tin atom acts as an electrophillc centre. On the other hand,
the bonds between tin and hetercatoms {(5Sn-X, where X=N, O, F,
Cl, Br etc.) are thermodynamically gquite stable, but are
chemically highly 1labile and readily participate in varipus
substitution reactions. The large size of tin atom (covalent
radius 1.4A°), the greatér polarisability of the 5n-X bond
relative to that of C-X bond and the possible participation of
the tin 3d orbitals appear to be the major factors responsible
for the greater ease of substltutxon reagction at tin than at
carbon35. In view of this, several workers have utilised
organotin compounds in modern organic synthesis. The synthetic

efforts directed towards the utilisation of organotin carbo-

xylates are presented briefly in the next few pages.

The thermal decarboxylation of triorganotin ester530
was utilised in the preparation of unsymmetrical
tetracrganotin compounds of the type R'SnRB, where the R—Sn
bond formation was taken place. Trialkyltin formate, héweﬁer,
led to the formation of trialkyltin hydride with the formation
of Sn-H bond {equation 12)71

H-COOSnR, - 2807170°C . gogn-H + €Oy vevvn oon (12)
(R = Pr, Bu)

iij.Oi .
CITF) wETes

%
97 iy 1998 DA s
» L J’&na aeded ™y LS Ml R g?yg
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~160° 72
R3Sn0-CO-CSC-CO~0~5nR, ~ 16070, R,Sn-C=C-SnR, + 2C0,
| (R=Et, :

Pr, Bu)

Ph-C=C-C0-0SnBuy ~ ~2%0°C,  ph-g=C-snBu,7?
van der Kerk and Luijten73 showed that organotin compounds
containing a cyanomethyl group attached to the tin atom could
be prepared by heating trialkyltin or triphenyltin cyano-

acetates. e.8.,

140°C/underi
vacuum

NC—CHZ—CozsnPh3 NC—CH2

49%

In 1977, Deacon and Farquharson74_prepared several polyfluoro-
phenyl stannanes utilising this thermal decarboxylation in
boiling pyridine. They also reported that thermal decomposi-

P 114 _ _
RCOOSNPh, y/boiling R-SnPh, + CO,

(R = CgFg5, p~MeO.C.F,, p-ELOC.F, or 0-HC.F,)

tion of Dbis(triphenyltin) tetrafluorophthalate(9) gave an
insoluble high melting solid, identified as Ph3SnF by IR spec-

troscopyTS. They proposed a possible reaction path comprising

'hemidecarboxylation76 followed by elimination of the fluerine
ortho to the bulky triphenyltin substituent77. However, the
74

aryne(10) was not isolated or characterised’ .
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F F
F CO0SnPh, F. COOSnPh,
—_— co, + —_
F CO0SnPh, . , F SnPh,
F
Fo F COOSnPhs ¥
(9) -
F 7%
(10)

Recently, K. Undheim and his collaborators78 reporﬁed
that the decarboxylatioﬁ can be catalysed by Pd(Ii) complex
and thereby getting better yield, Eegn, thermal
decarboxylation of the 2-methylthio derivatives(ll) and (12)
in refluxing aniséle gave the 4-stannylated products in only
30-40% yield. Freé—radical conditions, AIBN and illumination
did not éignificantly affect the yield. Metal catalysis did
influence the reaction; Pd(II) compleﬁes were best. Use of bis
(acetonitrile) and  bis{triphenylphosphine) palladium{II)
dichloride increased, the yield of 4-stannylated product up to

70% after refluxing in anisole for 4-6 hours.,

COOSnBu SnBu
N
,LE;:) /L\ Reaction condition Yield
MeS .
MeS™ "y (1) 190-225°C, mneat 30-407%
at 10mm Hg/3hr.
(11) X =Cl & |
(ii) (MeCN),PdCL,/ .
(12) X = Br L 2 2 707

'PhOMe/ 4-6hr.
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Tris{triphenylphosphine) rhodium(Il) chloride, however, which
is a decarbonylation catalyst, had only a slight effect on the

decarboxylation reaction ; yleld 50%.

As a masking group of organic carboxyl function,
triorganostannyl(—SﬁR3) moiety has certain advantages over
alkyl group (discussed in SECTION-B, p.106). Conversion of
7-amino cephalosphoranic acids to their tributylstarinyl
esters(13)., by treatment with bis{tributyltin) oxide in
refluxing benzene ingreased the solubility of these acids in

the reaction medium, and at the end of a reaction sequence
i

involving the ester(13), the free acid was reprecipitated by

hydrolysis.
RNH\ S _ | )
| : R = R"CO or H
e A
047' N CHZX X = MeCOz, N3 or H
' COOSnBu3
- {13)

~In a recent study, Poller gg_.§£,79 ‘reported that
direct__bhthalation and succinylation of sugars gave mono
esters (14, 15) which were converted to stannyl sugar esters

(16, 17) having enhanced biocidal properties (equation 13).
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0
) '
AN : /COOH (R45n) 90 /COOSnR3
X P * Sugar OH —— x{ — x{
| CO0Sugar COOSugar
o . (13)
X = [::]:: , (lﬁ), Monoester (lé)s Diester
X = ﬁﬂi—_ (15), Monoester (17), Diester
CH.,— | -

In compounds (18-22)}, they demonstrated that a tributyltin
function can have a dual rdle, first to activate sugar
hydroxyl groups towards phthalation and second to confer high

biocidal activity on the product.

or>
0
r%0
r30 orl
0R2
(18) Rlz R4 = R5 = Bu3Sn, R2 = R3 = H;

(19) ®'- R% - 0-COC4H,CO0SNBu,, R? = R? = R* = H ;
(20) R'= R® = 0-COC(H,CO0Me, K% = R® = R* = Ac ;
(21) B> R? = R% =R* - H, R’ - 0-COCH,CO0SnBu,
(22) R'= R% = R? = R* = Ac, R’ - 0-COCH,COOMe ;
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Lactones are important functionality incorporated in
many natural products. Electron-rich alkenes are found to
react with oc-iodo triorganotin esters in the presence of
radical initiator to produce y-lactone as depicted in equation
(14). AIBN was found to be more effective and convenient than

any other initiation proéedureao- |

rl

O

R

h 4
o

1
Co0SnBug RZCH::CHZIAIBN
“\T/’ .. (14)
I

(23), RY=H, RZ=CH0H; Yield 73%.

-«

<fi:D CH3-CHI-CO0SnBujz _—
0 1

| | (72%)  (24)
According to authors, the process probably_zhvolved
first the geqeration of a radical which then added to the
alkene before cyclisation, with concomitant elipination of the
tributylstannyl radical. Regardless of the mechanism, this
reaction proved to be of high synthetic value. X~Bromp esters,

however, gave lower yield of the lactone.

The organotin esters of haloaéetic acid are known to
produce carbenes. Seyferth and his associates®! observed that
organoctin esters of trichlorpacetic acid, when heated, were
able to transfer dichloro carbene béing reacted with unsatura-

3

ted substrates (equation 15).
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C1,C.C0,SnR, + —_— ' CCl, + R55nCl + CO,

" aw - a8 (15)

Although it was not clear, the reaction might involve
either R3SnCl3 as intermediate or decarboxylation and carbene

transfer simultaneously in a concerted manner.

r

82 ;;.60c 83

Mono-""7, and tri- organotin carboxylates are
known to undergo exchange reactions with other organotin
compounds to yield mixed carboxylates derivatives {equations

16, 17).

RZSn(OCORl)Z + RySnK, —» 2R25ntocop.1)x cee .. (16)

(X=halogen, OR, H etc.)

t

ﬁ ,
@CHO—SnBu?’ + RSnCl3 _ET_@?__} O—C-O—Sn—R
N

{R=n-Bu,Ph)}

+ Bu3SnCl cee oo (17}
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Poller EE_El'Ba

showed that the unsaturated organotin
esters are capable of participating in Diels-Alder reaction as
dienophile. For example, organotin alkyl maleates reacted with
cyclopentadiene (equation 18). In some cases the tin esters

were copolymerised té form polymers with pendant trialkyl-

stannyl groups (equation 19).85

| CH-COOMe . COOMe
|:> +" N —— cr ee. (18)
CH-COOSTRy COOSNR,
{(R=Bu, Ph)
//0
CH-COOSTR 4 : /|
n |I + n ﬂ:::o .+ n-Ph-CH=CH, %
. CH-COOSnR Ve
3 N\
| Ny
-
~—CH CH CH CH,, ——CH CH 1 e..(19)
N l\ 0’J§0 Ph COOSTR COOSMR,
L . Jn

The polymerisation reactions‘were achieved by the use
of heat or free radical initiator and the resulting organotin

polymers (where R=Bu or Ph) have important commercial outlets
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in biocidal paint386 for protectiné ship's hulls. Recently,
Babu et gl.87 described the cqpolymerisation of functional and
alkyl methacrylates with tribhtyltin methacrylates and showed
that the presence of functional units in the copolymers can be
uﬁilised to selectively-cr?ss—fink the polymers so that the
. rate of release of tin moiety gcan be controlled which is

believed to have played a role in biocidic properties.

I.A-3¢ Present work: Background, Objective, Results

and discussion .

From the synthetic efforts directed towards the uti-
lisation of organotin carboxylates delineated in the preceding
pages, it is evident that apart from the broad spectrum of

 industrial applications of organotin e:sterszo’zzsb’29

, such as,
organo chemicals (fungicidal, antifeedants), antifouling
biocides (in plants)}, disinfectants, PVC stabiliser, homoge-
nous catalysts, anthelmintics etc., there are potentialities
remain in the use of them in synthetic organic chemistry. The
application of organotin carboxylates in modern organic
synthesis continues to grow at an impressive rate because the
tin esters are easily acce%sible in pure form, fairly stable,
storable without special caution and they exhibit wide range

of reaétivity. Nevertheless, organotin carboxylates, in parti~-

cular the triorganotin carboxylates are hydrolytically more
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stable than triorganosilyl esterss>.

The action of electrophiles on the alkyltin compounds
was studied in some detail. The relative reactivity of sinmple
alkyl or aryl tins towards electrophilic reagents, 1like
iodine, bromine and mercufy(II) salts, was ascertained iﬁ the

studies of Abraham et’ El.88—90 and of several other

91-93

ﬁorkers . In 1980, Abraham and his coworkerSd reported the

sequence of reactiv;tf of R-Sn beond in R=3nR4 towards
mercury(II) salts ini methanol: gh(l.& X 105) > Me(430) >
PhCHz(ll) > Et{1) > n-Pr(0.19) > n%Bu(O.l?). The reactivity of
benzyl group was found to be ten times more than that of the
higher n-alkyl groups. In contrast, the methyl group was
observed to be substituted from tin atom ca. forty times as
rapidly as the benzyl group. jherefore, it was concluded that
for benzyltrimethyltin, the ;ethyl group should preferentia-
lly be removed at ca. one hundred twenty times {taking into

account a statistical factér) faster the rate of benzyl group.

; Te
(Oroiswey - m, 20 (O cuins
|
Me

+ MeHgCl
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' MeOH
<<)—Cl-12—-5n}3n.13 + HgCl, > @CHZHgCl

+ BuBSnCl

We were interested to compare this action of electro-
philic reagent, mercury{II) salts on triorganotin ester,
R‘SnR3, where the tin atom is ©bonded to heteroc atom
{-0- E R"=R'). In this area, Roy and Ghoshg4 95 from this
department carried out a search during 1977- 1978 They
reported that triorganotiﬁ carbpxylates upon treatment with
mercury(II) salts resulted in the formation of polymeric
tin—c&ntaining products alongwith the formation of correspon-
ding aéids, alkyltin halides, organomercuric halides etc.

d95

They describe this reaction as demetallation reaction and

proposed the probable pathways, based on chemical evidence.
A)
1. nR'COOSnR3 + anX2 —_— nR'COOSnR2X + nRHgX
2. nR'COOSnRZX + nR'COOSnR3 —> n{R'CO0),8nR, + nR45nX
3. n(R'COO)zsnR2 + anX2 —_ n{R‘COO)ZSnRX + nRHgX

4. n(R'CO0),SnRX + 2nHOH — [R'COOSNR(OH),] + nHX

+ nR’'COOH

R'COOSnR,4 + HgX, *+ Hy0 — E}.-[R'CQOSnR(OH)ZJn +
n .

3R,SnX + RHgX + %HX + %R'COOH
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(Where (i) R=Ph ; R'=H ; X%Cl, {(ii} R=Ph ; R’=H, CHq, CH,CH,

X=Br, I and (iii} R=Pr, Bu ; R'=CH3 ; X=Cl).
However, when R=Ph ; RT=CH3, CHZCH3 and X=Cl, the

reactions take the following course after the 3rd step of the

above sequence (A):

B)

4. n(R'COOJZSnRX +.nR'COOSnR3 > n(R'COO]SSnR + nR,5nX

3
5. n(R'CO0)4SnR + nHEX, ———> n(R'CO0),SnX + nRHgX

6. n(R'C00)3Snx + 4nHOH-———%-[Sn(OH)4]n + nHX + 3nR'COQH

The overall reaction, therefore, is

R'COOSnR, + HgX, + %Héo '——?——>3"-L1-1[Sn(OH)4]n + %RBSnX +

" RHgK + 3HX + R’COOH

' Roy and Ghosh??

reasoned that the preference for the
hydfolysis of substituted organotin esters(4th step in A) or
substituted tin ester(6th step in B) could be attributed to
the difference in acid strength of the carboxylic acids of the
corresponding organotin carboxylates. Thus the more acidic
formic acid ester underwent ready hydrolysis after the 3rd
step(A) producing the tin polymer. On the other hand, tri-
-phenyifin acetate and propionate reacted with mercury(II)

chloride to form the intermediates (R'COO)ZSnPh01 [R‘=CH3, Et]

that  preceded the hydrolysis and underwent further
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substitution to form the acid finally in the 6th step(B).

-]

At this point, it occurred:-tous that the reaction of
an unsaturated tin carboxylates with mercury(II) salts could
be interesting since the unsaturated function is also caﬁable
of reacting with mercuric salts. There might be a competitioﬁ
between the unséturation and tin ester function present in the

~ same molecule to react with mercuric salts.

The reaction of an alkene with mercur&(II) salt in

| :
presence of a solvent 1s commonly known as solvomercuration2®.

The resulting organoﬁercurials have found many applications in

97,98

organic synthesis . For exmaple ;

OR'

: I
R-CH=CH, + Hng + R'OH ———» R—CH—CHZHgX

2

+ HgX, + M&OH —_—
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Sometimes solvomercuration of an alkene resulted in

the formation of MB-hydroxymercurial(25} which could be

~involved 1n solvolytlic rearrangement  producing ket:ones99

(equation 20).

+0 '(ﬁg**X
Hg(NO3)2\ k*y l
R-—=(C-~—— CH—R >
HN03/N3N0 ' '

- R—CH==CH—R > |
3 [l,\JH

R~C~—~CH,—R ... {(20)
g 2

(25)

In neutral or acidic media, terminal and internal
‘alkynes often added to mercury salts to afford vinyl mercur-

ials (equation 21).

Alkynes reported to add mercuric halides include

acetyleneloo, prppyne101, cyclooctyneloz, vinyl
acetylene101’103, alkynyl ethersloa, propergylic
alcoh013105’106 and halid85105’107. Mercuric - acetatelo8 and
x\ /
R~—~Cz==C-=-R' + ng / \ ..... (21)
H

R

X=F, Cl, OAc, SCN
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109

thiocyanide also added to a%variety of internal alkyl or

. aryl acetylenes to generate vinyl mercurials. Severalq,g

110 111,112 111,113,114

~unsatﬁrated ketones , acids and esters

are known to undergo mercuration with Hg(II) salts. As for
example, solvomercuration of o, -unsaturated alkyl ester was

utilised in the preparation of dl—seriné115.

. Hg(OAc) 9 e KBr

CH.;== CHCO.,CH > CH,OCH, (HgOAc)}CO,CH, ———>
2 2773 3 2 273

CH30H

Br2 NaOH .
CH40CH,CH(HEBT )CO,CH, ——2>  CH,0CH,CHBrCO,CH, 1550,

?

NH3 HBr
CH,OCH,CHBrCO,H ———> CH,0CH,CH(NH,)CO,H ——>

' NH :
3

o, 8 —unsaturated acetylenic ester also undergoes
solvomercuration, the organomercurial being treated with

to
bromine&affordtx,mfdibromo—ﬁ—keto esterllﬁ;

1) Hg(OAc), & BT
R— C=C—COOR" -%R—cwé—cmm'
: ii) Br, |
: Br

Recently, R. C. Larock had reviewed98 in detail this
mercuration reaction to prepare organomercurials and their

uses in organlc synthesis.
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It, therefore, seemed appropriate to investigate the
reaction of o, f-unsaturated stannyl esters with wvarious
mercuric salts with a view to figure out the nature of rea-

tivity of both of these two functions {(unsaturation and tin

carboxylate group) towards mercury(lli salts.

I.A-3.1: Preparation and characterisation of «,B —unsatura-

ted triorganostannyl carboxylates and their reac-

tivity towardsHg(Il) salts

The present sthdy dealt with the preparation,
characterisation(by spectroscopy, elemental analysis) of a
series of unsaturated (both olefinic and acetylenic} tri-n-
butyltin carboxylates and triphenyltin carboxylates and
their reaction behaviour towards mercury(II) salts (HgX2 :
X=Cl, OAc) under differenﬁ reaction conditions.

The unsaturated tin carboxylates(26-30 & §3)I§§),
(TABLE-1) were prepared in the usual procedure21 from their
corresponding acids with bis tri-n-butyltin oxide in
refluxing benzene using a ]5ean—Stark. water seperator. The
cyclohexylidene acetic acid, however, afforded the correspon-

ding tri-n-butyltin esterfil) while mixing the reagents at

room temperature. Similarly, the triphenyltin carboxylates
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(34-38) were prepared in the same procedure by using bis(tri-
phenyltin}) oxide. The esters were purifiéd either by column
chromatography or by crystallisation directly and obtained in
good ta excellent yield (see Experimental). They were

characterised by spectral and elemental analyses data.

Infrared spectral data for organotin carboxylates
are useful in comparing solid and solution state structures.
The ‘carbonyl group stretching frequency in the series of
alkyl ester derivatives generally shifts to higher wvalues
with respect to free carboxylic acid carbonyl group. A
lowering ofﬁECOJ would be expected if the carbonyl oxygen is
involved 1in coordination. The  influence of conjugated
unsaturation would be effective equally both in non-coordi-
nated or coordinated <carbonyl function. Moreover, the
asymmetric carboxyl stretch, ﬁasym(COZJ is most sensitive to
structural changes in the carboxylate group coordination117

and in addition the ﬁsym(COZ) frequencies are also considered,

The detailed infrared spectral studies of these
organotin carboxylates(26-38) were not carried out since the
present investigation was mainly aimed_to study their nature
of reaction toward electrophilic reagents, such ‘as
mercury(II) salts. However, the IR spectra of these tin
carboxylates(26-38) were recroded in nujol and important

observed frequencies were given in TABLE-I..



TABLE-T

IR spectral data
No. Triorganotin Carboxylates _
Yaayn(€0x)/C=C/ | 5o, (C0,)
aromatic ring (in cm_l}
(in cmﬂl)
(26)| CHF==CH-COOSnBu, 1645, 1655 1530, 1550
(27)| CH,CH=CH-COOSnBu, 1655 1535, 1555
(28) CH:CH-—COOSnBuB 1640 1540, 1555,
1580
(29) CH==CH-C00SnBu, 1635 1550, 1563,
1595
(30) CHBCH:=CH—0H=:CH4c005nBu3 1600, 1625 1500
(31) <<:::>>=CH COOSnBu, 1625 " 1548, 1567
(32)] CHC===C-CO0SnBug 1560, 1540
2250(C==C)
(33) ==C-C00SnBu, 1560, [2125, 1505

2310 (C=C)]

Contd...



TABLE-I

Contd....
IR spectral data
No. Triorganotin Carboxylates
P asyn(C0p)/C=C/ Vsym(coz)
aromatic ring | (in em 1)
(in cm 1)
(34) CH30H=CH—COOSn© )3 1650 1515, 1545,
| 1570
(35) 02N0H=CH—ooosn 1610, 1640 1590
(@)
(36)f  CH,CH==CH-CH==CH-C00Sn 1610, 1635 1575
@)3
(37) cn3casc-0005n-e<<::::>) 3 1565, 1510
2250(C=C)
(38) @c_:_c-coosn©)3 1570 1515

2220(C=0C)
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Assignments of bands associated with'ﬁa‘3 m(COZ) mode

: y
of these compounds(26-38) were ambiguous owing to the
presence of stretching vibration of both C-C double bond and

the aromatic ring in the same region of the spectrum.

For conpounds{26,27 & 34), the 1I(C02) in nujol

appeared at the regions 1650—1655cm_l and 1530~1545cmf1,
while for tri-n-butyl cyclohexylidene acetate(31), the(C0,)
displa?ed at 1625, 1567 and 1548 cn L. The higher range could
be attributable to ﬂésym(coz) and the lower range was due to
ﬂsym(6023.Tri—n—butyltin cinnamate(28), p-nitro cinnamate(29)
and sorbate(30} showed infrared absorptions at the regions

1625-1640cn”* and 1500-1563 cm_l, a lower range of frequency

than that in stannyl acrylate(26) and crotonates(27 and 34).
This could bé explained probably on the basis of more conju-
gation available.through the phenyl ring or the C-C double
bond (in sorbate ester). The corresponding triphenyltin
esters of p-nitro cinnamic(35) and sorbic(36} acids showed
)%svm(co2) at 1575-15%0 cm"l. An additional band appeared at
1616 cm_i, in each compound, (35} and {(36), could be assigned

for phenyl ring or the C-C double bond.

Sorbic acid, for example, the
118a '

(COZ) for acid

at 1690 cm_l, its ethyl ester at 1710cm_i

asym
was reported

and its tri-n-butyltin(30) and triphenyltin(36) @ester
displayed corresponding bands at the region 1600-1635 en L.

Similarly, *ﬁaqym(COZJ for p-nitro cinnamic acid was

obscrved 18P 4t 1690cn™ while its tri-n-butyltin ester(29)
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showed band at 1635 cm” 1 and the corresponding triphenyl

p-nitro cihnamate(gél gave {(CO,) at 1640, 1610 cn” L

asym
indicating a lowering of frequency than the acid. However, in

69

1988, Sharma et al. reported that ) (COZ) for tri-n-

asym

butyl p-methoxy cinnamate was observed at 1585 cm_l, in the
solid state and suggested bridging bidentate nature for the
carboxylate grouplig’lzo. This band had shifted to 1625 cm-l

in solution state, indicating cleavage of weak intramolecular

bridges on dissolution. On the other hand, the triphenyltin
1

p-methoxy cinnamate showed ﬁasym(coz) frequency at 1620 cm
both in solid and solution phase and they aséigned that this

was associated with a unidentate carboxylate group.

The m,B—unsaturated tin carboxylates, included in the
present studles, displayed the ﬁ;sym(cozy fregquency at the
reglon 1625-1655 cm L, 4in nujol.  As compared to the
observations of Sharma et gl.Gg for triorganostannyl «,p
~unsaturated . (olefinic) carboxylates, it could be suggested
the tri-n-butyltin esters(26-31 , 34-36) were probably

associated with unidentate carboxylate group.

Since, we extended our investigation to o,p-unsatu-
rated acetylenic tin carboxylates, the infrared spectra for
the compounds (32, 33, 37 and 38) were also recorded in nujol
mull and summarised in TABLE-I. The infrared absorption bands

121

for C—C triple bond were found as expected , at the region
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2220-2250 en ! for the esters (32, 37 and 38). However,

compound(33) exhibited the C==C band at 2310 cm L, 2125 cm .

The ‘J;Sym(COZ) and 1%ym(002) bands were observed at the

regions 1560-1570C cm_l and  1505-1540" cn % respectively,

Compared to ¢, -unsaturated(olefinic) tin carboxylates, a
bridging bidentate nature for the carboxylate group could be
suggested. However, their infrared absorption in solution
phase could provide more information regarding structure,

which were not performed.

The proton and carbon-13 NMR chemical shifts values

for these organotin esters(26-38) were assigned by comparison

with the related compoundsﬁ3’64’69’122’123.

A comparative
observation of a few proton chemical shifts, in particular
the o - and f ~ olefinic hydrogens, between the stannyl and
alkyl esters revealed no appreciable shifting. As for
example, o~ and 8 - protons for ethyl:sorbate appeared124 at
& 5.65and 8 7.20 respectively, whereas those in tributyltin
sorbate(30) resonanced at §5.79 and & 7.15. Similarly, for

ethyl crotonate the o- and @@ ~protons appearedlz5

at
&5.82(d) and & 7.00(m) respectively while the corresponding
tri-n-tutyltin ester(2/) exhibited doublet (with small allylic
coupling) fore«-H at 5.84 and multiplets for @B3-H at S 6.84.
In case of ethyl p-nitro cinnamate, the ¢ - and 8- protons

25

displayed1 at 56.60 and & 7.73 respectively whereas, for

the tri-n-butylstannyl p-nitro cinnamate(ggj, the ot - and 8-
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protons appeared at & 6.58 and 97.59.

Compound o-H g-u _

&-ppm S ~ppm
CH,CH=CH-CH =CH-COOEt 5.65 7.20
CH,CH=CH-CH==CH-C00STuBu, 5.79 7.15
CH,~CH==CH-COOEt ~ 5.82 7.00
CH,~CH=CH-C00SnBu, | | 5.84 6.84

0@1@03:0&1—000& 6.60 7.73
OZNCH =CH-CO0SnBu, 6.58 7.59

For the studies of tin-proton coupling constant
values it was suggested63’126 that the J wvalues are a
measure of the percentage of s-character in the tin-carbon
Bo.nd. However, as described earlier{(p.13), the nJ(ll(BSn—l?’C}
values provide more accurate informations on the hybridisa-

tion of tin-carbon bond than the J values . of 1198n—C—H bond.
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For n-butyltin esters, the butyl protons appeared as
follows : C4, ,.4C3+ Protons in the range of §1.04-1.48 as
a multiplets, the protons attached to C,, displayed in the
region of ®1.48-1.74 as a multiplet and €.+ protons exhibi-
ted triplet in the range of & 0.83-0.92. The chemical shifts
for protons attached to carbons Cl'_c4' were shown 1in
TABLE-II The proton chemical shifts for the butyl protons
were found to be consistent with the literature data31’69.The
other protbn chemical shifts were given in the experimental

section of this Part-I, SECTION-A.

For triphenyltin esters of crotonic{34), p-nitro
cinnamic(35), sorbic(36), but-2-ynoic{(37) and phenylpropynoic
(38) acids, the aromatic protons appeared as multiplets and
therefore, the individual aromatic proton chemical shifts

could be assigned.

Carbon-13 magnetic resonance spectra of these
organotin esters(26-38) were recorded and analysed ‘during
this study. The carbonyl carbon appeared in the range

§173.85-170.87 for the tin esters(26~30 & 34-36) whereas the
corresponding carbon for compound(31) appeared at & 177.50.
in the series of acetylenic tin esters(32, 33, 37 & 38), the
carbonyl carbon displayed in the range Qf 5 156.75-159.77,
lower range than the olefinic compbunds. This might be

attributable to the presence of triple bond which made the



TABLE~-TI

Compound |H-Cy+ & H-C3. H-Cy 1 H - C3»
No. (as multiplet) (aé'multiplet) (as triplet)
& ppm $ ppm S8 ppm
(26) 1.18-1.43 1.45-1.62 0.84(J=7.21 Hz)
(27) 1.20-1.39 1.54—1.74. 0.85(J=7.25 Hz)
(Zﬁ) 1.27-1.42 1.58-1.71 0.92(J=7.22 Hz)
(29) 1.15-1.48 1.57-1.71 0.90(J=7.23 Hz)
(30) 1.10-1.44 1.53-1.72 0.88(J=7.22 Hz}
(31) 1.04-1.41 1.48-1.66 0.83(J=7.22 Hz)
(32) 1.09-1.40 1.49-1.68 0.84(J=7.19 Hz)
(33) 1.20-1.46 1.58-1.70 0.91(J=7.21 Hz}

o
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upfield shifting. The n-butyltin carbons(Cl."Ca.] were given
in TABLE-IXI and the carbons of the aromatic ring(Ci—CO*Cm—
Cp) attached to tin atom were summarised in TABLE-IV. |

13

C

As described previously, _127?128 . 119

and Sn-NMR
had been used by several workers in the recent years to

examine coordination geometry of the tin atom in some tri-n-

butyltin compounds6&’69’122’129. In .1984, Lycka and his
associate5122 made an extensive investigation on 13C~ and
119

Sn-NMR spectra of a set of tri-n-butyltin{(IV) compounds
and their complexes in Eoor&inating and non-coordinating
solvents. They found that the chemical shifts 8(13¢) and

1J(1198n“130]

$19%n)  and “the coupling comnstants depend

significantly on the coordination number of the tin atom and
on the geometry of its coordination sphere. For compounds
n-Bu,SnX as neat liquids and CDClg solution the 1J(1198n~l36]
values were obtained in the range of 326.7-386.7 Hz and they
suggested that this range are typical of sp3—sp3 character. of
Sn-C bond in non-planar BuBSn grouping.rThe tri-n-butyltin

esters(26-33) included here showed 1J—(ugSn—lBC) values in

the range of 351.21-379.39 Hz. This was in good agreement

122

with Lliterature values and thus suggested unidented

tetrahedron structure for the n-butyl esters. Alsoc the
chemical shifts 6[130(1') - C(4')] in all the compounds were
found (TABLE-TII) within the ranges of tri-n-butyltin(IV)

64,69,122,129

carboxylates reported earlier. Again, the



TABLE-1IT

Compound Cq Cos C3» CQ' 1J(1193n_13c) '3J(119$n"13C) 1195n
? in ppn in Hz in Hz S ppnm
(26) 16.46 27.64 27.00 13.60 351.84 64.66 -
(27) 16.41 27.67 27.02 13.62 356.12 64.91 -
(28) 16.57 27.72 27.09 13.68 353.66 65.41 -
(29) 16.65 27.82  27.03 13.63 379.39 64.53 +120.258
(30} 16.46 27.68 - 27.02 13.61 351.21 64.40 +106.576
(31) 16.41 27.83 27.00 13.62 355.42 64.03 +108.213
+100.281
(32) 16.81 27.69 27.02 13.56 - 353.98 65.66 +131.811
(33) 16.96 27.75 27.06 13.61 351.71 65.91 -
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3J(1198n—130) coupling constant values were observed to be in

the range of 64.03-65.91 Hg and compatible with published

13C--NMR spectra available to us, we could

n; 119,13

values. From the

not calcﬁlate the coupling;conqtant values C) when
n=2,4, Furthermore, sincerwe had to depend on the external
sources for magnetic resonance i spectra, the variation of
chemical shift values with respect to concentration and

various coordinating solvents could not be undertaken during

this study.

However, a comparative table (TABLE-V) comprising of
similar class of tri-n-butyltin carboxylates may be given

here for corroborating our assigned structures.

The chemical shifts 5(119

Sn) for a few tributyltin
esters{29) ,(gg) and (31) in CDCl3 solution were found in the

range & 100.281 to 120.238 ppm, 1indicating tetrahedral

arrangement122 with four coordinate tin. However, the

(llgsn}

compound(31) showed two & values at 108.213 and

100.281 ppmn.

The important 13c- and 9sn-mm spectral data for

triphenyltin esters(34-38) were compil .ed in TABLE-IV. The
chemical shifts 5(130) of the carbon atoms in the ipso-
positions of the phenyl groups varied over a range of

123

$137.58 - 142.64. It was observed by Lycka et al. that the



TABLE-1IV

Comp- Cy Co Cy G 25(119g5-13¢) 37 (11955-13¢) | 1In ppnm
ound 5 o
No. ® in ppm in Hz in Hz 11%sn)
(34) 138.59 136.92 128.89 130.07 48.11 63.40 -182.664
(35) - 138.04 136.93 129.06 130.37 48.30 63.65 -103.37

{36} 138.69 136.94 128.89 130.06 48.18 63.21 -160.846
(EZ) 142.64 136.08 128.34 128.96 45.66 74_. 28 -250.807
(38) " 137.58 136.95 129.08 130.45 48.18 68.87 -




TABLE-V

Cll C2l_- .C3| C&t I'IJ(llgSn-:I-BC)(Hz) 1195‘1

Tri-n-butyltin Carboxylates ~ [Solvent

o in ppm n=1 n=2 n=3 | $in ppm

Meo——<<:::>>——cn::cu—c003n3u359 CDCl, 27.56 27.73 26.88 13.45 - - - +104.7
OZN—-<z:::>——GH:iCH—COOSnBuB CDCL; 16.65 27.82 27.03 13.63 379.39 -  64.53 +120.258

€00SnBu 122 CDCl, 16.57 27.39 26.61 13.11 351.6 22.0 66.0  +140.0

O,N
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® -values for the carbon at iggé-position shifted downfield
for tﬂe five coordinate tin compounds from those for four
coordinate tin compounds. It thus seemed probable that the
Sﬁ—C(phenyl) bond becomes more polar with increasing coordi-
nation of tin atom. Triphenyltin but—2-yn§até(§z) showed the
ipso-carbons at & 142.64, downfield than the ipso-carbons at
5137.58-138.69 and by comparison it was expected that
compound(37) might possess penta-coordinate tin atom. being
coordinated with D6—DMSO. ;

The wvalue of coupling constant, reflecting
spin-spin coupling of neighbouring atoms joined by a simple
bond, depends mainly on the magnitude of the Fermi-contant
term. In the case when none of the participating bonding
atoms have a lone electron pair, Ehe 1y values are directly
proportional to the s-character of their'hybrid orbitalslSO.
Therefore,lthe triphenyltin(iV) compounds (sp2 hybrid carbon
orbital) have higher 1y ;valueé than analogous trialkyltin
(sp3 hybrid orbital) compounds. For the same reason and in

131

accordance with Bent's rule in all the éampounds with a

PhBSn—halogen bond the lJ(llgsn—13

C) values decrease in the
order Cl>Br>I. The proportion of s-character in the tin
hybrid orbitals provides a satisfactory explanation of the
obtained 1J(1198n—136) values of the triphenyltin(IV)
compounds of the suggested structural types.

Unfortunately, £from our 13c-nMr spectra of the
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compounds{34-38) we could not be able to calculate the

1J(119$n—130) values. However, nJ(1198n~13C}.; n=2, 3 values
were calculated and found compitable with Lycka'5123

observations.

According to Lycka et a1.123

3

for a group of
compounds of similar compositions, the & (M1%n)  chemical
shifts seemed to depend mainly on the total electron density

on the central tin atom. The PhSSnX compounds having the

s (119%n)

values shifted downfield in the range of -40 to

-120 ppm compared with that of Ph,Sn (1195n d =-128.1) should
have four-coordinate tin and tetrahedral arrangement of

~ phenyl and X substituent fs tructural type (39)].

8n (Four-coordinate tin)

Ph” Ph. “Ph  Tetirahedron

Although precise interpretation of the chemical
shifts 5(1198n) of these tin carboxylates(34-38} studied here
was difficult, in the case of triphenyltin p-nitro cinnamate
(35), the p-nitro group beiné strongly electron withdrawing,
reduced electron density on the central tin atom. Thus, the
) (1198n) value obtained; foré the tin cinnamate(35) at

& -103.37 came well within the range (-40 to 120 ppn)
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_ . 123 .
observed by Lycka and his collaborators . Keeping
conformity with Lycka's observations it might be tentatively
assumed that the possible structural arrangement for

~compound{35) would be tetrahedral with four-coordinate tin.

The 1193n chemical shifts for compounds triphenyltin
'crotonateféﬂ) and triphenyltin butynoate(37) were exhibited
at $-182.664 and 8-250.807 ppm respectively. On the basis of
the wvalues of chemical shifts & {1198n) and the coupling
lJ(llgsn—13C), 3 '

constants

Lycka et g&.lz concluded that the

possible structural arrangements for compounds(?h3SnX) with
(119%m) values (8 -180 to -200) and (5-200 to -260.) were
characterised by having .¢is and trans trigonal bipyrawmidal
geometry respectively with five-coordinate tin atom in both

cases.

It was difficult to conclude the structural arrange-
ment for compound{(34} by only checking 5 (*1%n) value and
moreover it was appeared at & -182.664, merginally within the
range of cis trigonal bipyramidal geometry{ & -180 to 200).
However, as suggested earlier from the 5(130} value of the
ipso-carbon - (appeared downfield) for compound(37), the
5(1198n) value at -250.807 me also corrobeorated that the
triphenyltin but-2-ynoate(37} should possess five coordinate
tin ‘atom and having Ezgﬁg t}igonal bipyramidal geometry.
However, for making a conclusion about the geometry and

coordination number of tin atom of these o,/ -unsaturated tin
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carboxylates, a2 more detailed NMR investigation was
necessary, . Because of the lack of these instruments facility

in this department we could not be able to undertake such

measurements.

Having prepared the unsaturated triorganostannyl
carboxylates{26-28), we turned our attention to investigate
the reaction‘behaviour of these esters with mercuric chloride
or mercuric acetate in different solvents. The nature of
solvents employed in the present study included protic polar
(methanol) aprotic polarf{acetonitrile} and aprotic non-polar
(benzene).lhiftially. we at_te.mpte_d'“.this.'rea_c;tiqu‘ with a few OC,'B
-unsaturated{olefinic) tri-n-butyltin esters{26, 27, 28, 29,
30 and 31). Among these esters the double bond was either un-
substituted(26), or ﬂ}—monosubstituted(gl), (28}, or ﬂ-mono--
substituted with extended confugation through another
olefinic C—C bond(30) or ﬂ,ﬁ—disubstituted olefinic and
cyclic compound(31), (TABLE-1}.

In all the cases, treatment with mercuric chloride
in different solvents at different temperature afforded with
the formation of butylmercﬁric chloride(BuHgCl) and the
corresponding unsaturated gcidq alongwith other products as
mentioned previously(p.25?26). The formation of BuHgCl and
the qarboxylic acld were beleived to - take place by

demetallation of the C-Sn bond with the eventual hydrolysis
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of the resulting substituted intermediates. However, the C—C

double bond was found to be unreacted from mercuration.

Treatment of these unsaturated tin carboxylates(26-
31) with mercuric acetate also afforded with the formation of
BuHgCl and the corresponding unsaturated acids alongwith
other products and again,mercuration of the C—C double boﬁd
was not observed..THe formation of BuHgCl in the case of
mercuric acetate was probably occu%redlduring washing of the

reaction mixture with brine(aqueous NaCl solution).

Thus, it was found that the ester function underwent
demetallation preferentially over the mercuration of C—C
double bond when «€,8-unsaturated stannyl esters were tréated
with mercuric chloride or mercuric acetate. Since C—-C double
bonds are quite réactiv? toFards mercury(II) salts, as
depicted earlier (p.27~29)L wegconsidered that this reaction

might portend certain potentialsjin organic synthesis.

The C-—C triple bonds 'are also reactive towards
mercury{II) salts and therefore we extended our studies to
examine the reaction of acetylenic unsaturated tin esters

with mercuric salts.

The acetylenic compounds{32, 33} were treated with
mercury (II) chlorides and mercury(II) acetates in different

solvents. Similar observations were found by isclating the
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corresponding acetylenic unsaturated acids and BuHgCLl.
However, in the case of tri-n-butylétannyl but-2-ynoate(32),
immediately after the treatment of mercury(IIl) acetate in
methanol, large amount of solid was appeared. The solid was
filtered off after the reaction time (TABLE-VI) was over and
the filtrate was concentrated and worked—up to furnish the

T

but-2-ynoic acid in only 26% yield.

It was stated95 that these demetallation reactions
of triorganotin carboxylates with Hg(II} salts depend .- on
the nature of the orgaﬁic groups bonded to tin. We chose to
observe the effect of phenyl group attached to tin atom.
Accordingly,. similar reactions were attended with both
olefinic triphenyltin esters(34, 35, 36) and acetylenic
triphenyltin esters(37, 38) and the results were summarised
in TABLE-VI. Though, Roy and Ghosh?® obtained some
contrasting behaviocur of mercuric acetate towards triphenyl-
tin esters, we observed almost comparable results both by

using mercuric acetate and mercuric chloride.

In terms of yield of the acids it seemed that two
factors could be of imﬁortance, besides the role of solvents.
Firstly, Abraham et él.aa observed that in the electrophilic
substitution at the carbon cgntre bonded to tin atom, the
aryl-tin bond underwent cleavage more vrapidly than the

cleavage of alkyl-tin bond when treated with mercury(II}



TABLE-VI

Compound | Hgx | Solvent | Time/Temp, | Yield(%) of  |Yield (%)

l 2 | l IBquCl or PhHgCll of acid
| | | | |
(26) X=C1  MeOH  ~48h/r.t. 89 42
X=Cl CHBCN 6h/reflux 36 40
X=0Ac  MeOH 48h/r.t. 84 30
X=0Ac CH3CN 6h/refluk 82 42
(27) X=Cl MeOH 48h/r.t. 40 45
X=Cl PhH 4hfreflux 88 43
X=0Ac  CH,CN  4h/reflux 96 47
X=0Ac PhH 4h[reflux 84 48
(28) X=C1 MeOH 48h/r.t. 96 45
X=CL~  CH,CN  6h/reflux 94 48
X=0Ac MeOH 48h/fr.t. 85 46
X=0Ac CH,CN 6h/reflux 90 49
(29) X=Cl PhH 4hfreflux 72 30
X=0Ac MeOH 48h/r.t. 70 32
(30) X=0Ac MeOH 48h/r.t. 71 50
X=Cl PhH 4h/reflux 76 _ 43
X=Cl CH3CN ~ 6h/reflux o 92 59

Contd...



Contd. . . TABLE-VI
Compound | HgX, | Solvent | Time/Temp.| Yield(%) of |Yield (%)
] | _ | | BuHgCl or PhHgCl| of acid
! | | | L
(31) X=OAc  MeOH 48h/fr.t. 73 - 48
X=C1 PhH 4h/reflux 78 44
(32) X=Cl CH,CN 4h/reflux 55 28
X=0Ac  MeOH 48h/r.t. 50 26
(33) 'X=0Ac  MeOH ~  4Bh/r.t. - 86 46
(34) ' X=C1 CH3CN 4hfreflux 80 42
X<OAc  MeOH 48h/r.t. 78 40
(33) X=Cl CH3CN 4hfreflux 92 60
X=0Ac MeOH 48h/r.t. 85 48
(36) X=Cl CH,CN  4h/reflux . 92 59
X=0Ac  MeOH 48h/r.t. 78 40
(37) X=C1 CHyCN  Smin/reflux 98 62

(38) X=Cl PhH 1h/reflux 90 58
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salts._ Similar observations were noticed by Roy and
Ghosh94’95 in the case of triorganotin carboxylates

However, Roy and Ghosh 35 suggested that the ultimate
hydrolysis of the resulting substituted intermediates (reac-
tion pathway, p.25-26) would be governed by the polarity of
the Sn-0 bond of the organotin carboxylates. The more polar
bond, 6r in turn the more acid strength of the corresponding
acid, contraction of the 'd'’ orbital.of the tin atom should
be more pronouﬁced. This could enhance the probability of the

attack of a nuclecphile, e.g., water, at the ¢tin atom
resulting in carboxylate hydrolysis. They came up with this
conclusion from their finding among the triphenyltin esters
of formate, acetate and pfopionate. The triphenyltin formate,
the corresponding acid being more acidi¢, reacted with
HgCl2 to produce the intermediate[{HCOO)ZSnPHX] and the
latter was attacked by water and hydrolysed to form acid and
polymeric tin compound. On the other hand, CHBCOOSnPh3 and
CH3CH2COOSnPh3 producéd the corresponding acids in better
yield through the intermediate[(R‘COO)3SnX : (R‘=CH3, Et)]

alongwith tin hydroxide and other compounds.

From our observations with phenyltin and n-butyltin
carboxylate it seemed difficuit to make any generalisation in
respect of yields of the acids. On some occasion, such ‘as
triphenyltin p-nitro cinnémate(éé), underwent demetallation

upon treatment with Hg(I11) salts furnishing the
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corresponding acids in much better yield than tri-n-butyltin

ester{29). This was 1Iin conformity with Abraham's observa-

tion88

that the phenyl substituents attached to tin undergo
electrophilic substitution faster than alkyl groups attached
to tin. Similar observations were found in the case of
acetylenic compounds. For example, the tri—n-butyltiﬁ but-2-
ynoate(32) furnished the acid in 26-28% yield while its tri-
phenyltin ester(37) gave :621 acid in much less time when
treated with Hg(II) salts under identical-conditions. On the
other hand, the stannyl sorbates did not produce any
remarkable reactivity, K difference between its n=butyl {30)
and phenyl{36) esters. The formation of organomercuric
chloride (BuHgCl or PhHgCl) was evident from the reaction

sequence, reported by Roy et 33-95{p.25_26)-'

In respect of role of solvents used here, it may be
pointed out that although methanol required a lower tempe-
rature to bring about the reaction, use of aprotic polar
solvent, such as acetonitrile, afforded the acid in better

yield in less reaction time in many cases {TABLE-VI).

I.A-3.2: Conclusion :

The present approach therefore revealed that while
the alkyl esters of d,f-unsaturatedilefinic/acetylenic) acids,

upon treatment with wmercury(Il}) salts, undergo solvo -
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mercuration of C—C double/triple bond, the corrésponding
stannyl esters, upon similar treatment, react pfeferentially
and regioselectively at the ester function keeping the
olefinic bond unreacted. Thus by using the stannyl esters we
were able to protect the C—C double/triple bond and thereby
providing a useful approachlfor preferential and regioselec-
tive reactions of different functionalities in «,B-unsatura -

ted esters towards mercuéy(llj saltsl36’137. The result was
the formation of the corresponding acids and alkyl mercuric
halides and thus this reaction alsoc provided a wmild and
neutral condition for hydrolysis of alkyl/aryl esters since

these tin esters could be prepared from these  alkyl/aryl

esters54 {(SECTION-B of this dissertation).

Finally, it may be assumed that the phenyl group
attached to the tin atom and the acidity of the carboxylic
acid in aprotic pelar solvent might govern the overall
reaction pathway leading to higher yield of the carboxylic

acid,



_48_.

I.A-4: Experimental

Note : The compounds Jdescribed are all racémates. Melting
points were taken in aﬁ open- . capillary in sulfuric acid
bath. M.p.s. and b.p.s. are not corrected. IR spectra were

recorded on Pye Unicam SP 3-300S and on Perkin-Elmer model

PE 298 épectrOphotometer in nujol mull (unless otherwise
stated ).. For recording UV spectra a Shimadzu UV-240

1

spectrophotometer was used. H—NMR'spectra were taken at 60

MHz on a Varian T-60A or Varian EM-360 and at 250 MHz on a
Bruker's spectrometer. 1-3(3—NMR spectra were measured at
62.896 MHz on a Bruker's spectrometer. 119Sn—NMR were
obtained on a VXR-300S equipped with wm@ltinuclear probe and
operating at 111.862 MHz. The chemical shifts in NMR spectré
were determined relative to internal Tétrémethylsilane for

- and 3¢c- and to external tetramethylstannane for
119Sn—NMR respectively.; In the o ana PPc- wm spectra,

'Cl,—Ca, correspend to the n-butyl group attached te tin and

Ci’ CO, Cm, Cp correspond to the phenyl ring attached to
tin. Tin was estimated gravimetically as §8n0,. column
chromatography were performed on silica gel (60-120 mesh).or
neutral alumina (Brockman grade I). Extracts were dried over
anhydrous Na,S0,. Light petrqleum refers to the fraction of
b.p. 60-80°C. Ether refers to;diethylether. Product purities
were routinely checked by TLC using silica gel IB-F (Baker-

flex), made by J. T. Baker Inc., Phillipsburg, N. J.
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Solvents and commercial reagents were purified and
dried by conventional methods before use. Bis (triphenyltin)
oxide used here was prepared by the reaction of triphenyl-
tin chloride with 50% excess of sodium hydroxide, as
described by Mclean et al. (K. A. Elegbede and R. McLean, J.

Organomet. Chem., 20, 387 (1955)1.

In IR spectra, the abbreviations s, m, w stood for

strong, medium and weak bands., In NMR spectra, s, d, t, m,

br., were used for siﬁgletz doublet , triplet, multiplet and

broad peaks respectively. The chemical shifts( & ) values

were expressed in ppm.
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Preparation of a few acids used here following the literature

procedures.

1) Hexa—Z,&—dienoiclacid {Sorbic acid)

In a 100 ml round bottom flask fitted with reflux
condenser, crotonaldehyde (10g, 0.1426 mole), malonic acid
(15g, 0.1441 mole) and 15 ml dry pyridine (b.p. 113-115°C)
were taken. The reaction hixture was heated on a water bath
for 3 hours. At the end of that period the vigorous evolution
cf carbon dioxide was ceased. After cooling, the reaction
mixture was acidified by: add;ng dropwise cold dilute sulf
furic¢ acid with caution and gentle shaking in an ice-cold
condition. Yellow coloured crystalline solid was started to
separéte immediately from the mother 1liquor. For the
completion of crystallisat?qn it was kept overnight in the
reffig;;atéf. Next day, the solid was separated by filtration
and washed with 1ice-cold - water. After drying, it was
recrystallised from benzene to afford pure sorbic acid (4.8g,
30%), m.p.  132-133°C(lic.t?l onp. 1340y, IR: Y
1690 cm_l.

2) p-nitro cinnamic acid

A mixture of 4.2g (0.0277 wmole) of p-nitro

benzaldehyde (m.p. 105-108°C), 2.9g (0.0279 mole) of malonic
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acid {m.p., 135-137°C) and 3 nl dry pyridine (b.p. 113-115°C)
were taken in a 50 ml round bottom. . flask attacﬁed: to a
reflux condenser. A few drops of piperidine was added to the
reaction mixture, red colour, appeared. Then it was heated
over water bath and within 10-15 minutes the reaction mixture
becaﬁe solidified, warming waé continued for the next 2
: hoursl After cooling to room temperature it was acidified by
dropW1se addlt10ﬂ of dllute sulfuric 301d in the ice- —-cold
condition. Solids were allowed to settle down by keeplng it
in refrigerator for 4 hours. Yellow crystals were separated
out by filtration and the crystals were washed with ice-cold
water and dried in open air. Recrystallisation from benzene
atforded pale yellow crystal of p-nitro cinnamic acid (4.8 g,

.90%), m.p. 289° (dec. )[llt132

-1

289° (dec.) IR: ¥ __ 1635,

1690cm

3) But-2-ynoic acid:

a) 3-Methylpyrazole-5-~one

To a magnetically stirred solution of ethyl
acetoacetate(25g, 0.1921 mole) in absolute ethanol (15.3 ml)
was added dropwise slowly 99% hydrazine hydrate (9.66 g, 0.5
mole). Exothermic reaction was ensured and the temperature of
the "reaction wmixture was maintained at 60°C. After the
addition was complete, the mixture was stirred for another

hour at room temperature. It was then cooled in an ice-bath
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to complete the crystallisation., Colourless, needle ' shaped
crystalline 3-Methylpyrazole-5-one was filtered fo'and dried
in open air, (16.9 g, 90%), m.p. 220-221°C (phase chaﬁged at
195°C), (1it.12Y 5.5, 222°0),

b) &,4—Dibromo—3-methylpyrazofe—S—one

) A solution of the aforementionéd crude 3~methylpyra-
zole-5-one (iGg,.O.lﬁji méie) in 64 ml of glééialm;;g taken
in a 250 ml round bottom flask and stirred ﬁagnetically 26 g
(0.1631 mole) of bromine in 16 ml of glacial acetic acid was
added dropwise wvia pressure eqgulliser to the stirred
solution. On completion of that addition, 40 ml of water and
26 g (0.1631 mole) of bromine in 16 ﬁl glacial acetic acid
were added to the reaction mixtﬁre. Clear solution was
obtained at. the end of second lot addition of bromine. The
reaction mixture was permited to stand overnight at roonm
température. Crystals of dibromo pyrazolone was separated out
on addition of water. The product was filtered under water
suction and washed with distilled water until the washings
were neﬁtrél. The air-dried product (30, 79g, 78%) had m.p.
128-130° (lit. 12l n.p. 130-132°) and was used directly for

the next step.
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c) But-2-ynoic acid

In a 1L round bottom flask, a solution of sodium
hydroxide in 440 ml of water was prepared and stirred
magnetically im an ice-bath until the 'temperatureé of the
solution reached 0-5°C. 30g (0.1239 mole) of 4,4-Dibromo-3-
methylpyrazole-5-one was added portionwise over a period of
10 minutes. The bromoketone was dissolved to give an ofange—
red solution which evolve nitrogen gas; the temperature of
the solution during the addition showed only a slight
tendency to rise. The reaction mixture was stirred for 1 hour
at 0-5°C and then at Toom temperatufe for 1 hour. The
solution was cooled and acidified with concentrated
hydrochoric acid. Then it was extracted with diethyl ether (3
x 75 ml) and the combined ethereal layer was washed with
brine and dried (NaZSOA)' Evaporation of the solvent afforded
a residue which was kept in a wvacuum desiccator. After 3
days crude orange crystals of but-Z-ynoic acid were appeared.
Then the crystals were extracted with beiling light petroleum
succéssively and the solution was concentrated to furnish
yellow crystalline acid. Recrystallisation from benzene
furnished but-2-ynolc acid (5.2 g, 50%), m.p. 72-73° (11&2]

m.p. 75-76°C). IR : Y _ 1690, 2240, 2950 ecn”'.
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4. Cyclchexylidene acetic acid

a) Preparation of Ethyl cyclchexylidene cyano acetate

A mixture of cyclohexanone (8.65 g, 0.0884 mole) and

ethyl cyanoacetate (10g, 0.0884 mole) was dissolved in

benzene (50 ml) and a few drops of piperidine were added to
it. The mixture was refluxed for 2 hours using a Dean-Stark
water separator. The solution was cooled and acidified with
3(N) dilute hydrochloric acid to maintain the pH as neutral.
The organic part was washed with aqueous sodium bicarbonate
solution carefully and then washed with brine and dried over
anhydrous Na,S0,. Solvents were distilled off to afford an
Oiiy brown residue which was distilled under reduced pressure
and collected the condensation product, ethyl cyclohexylidene
cyano acetate at 117-121°/2mm Hg(15.35 g, 90%i.IR(Neat): ﬁmax
1598(s, C=C), 1710(s,C=C-COOEt), 2220(s, C=C~CN)cm T,

b) Hydrolysis of Ethyl cyclcohexylidene cyano acetate

The foregoing ethyl cyclohexylidene cyanc acetate
(10g, 0.0518 mole) was treated with glycollic potassium
hydroxide solution (prepared from 1Zg “KOHhin minimum volume
of water and then added 120 mnl of ethylene glycol) and
refluxed for 5 hours. After cooling to room temperature the
reaction mixture was poured inté crushed ice and extracted
with ether (3 x,50ml) to eliminate any neutral unreacted

part. The aquous layer was separated and acidified with ice-



. —55~-

told dilute hydrocﬁloric acid (3N). The acid was extracted
with ether (2 x 50 ﬁl) after saturation with sodium chloride
and combined etherial layer was washed with brine and dried
(NaZSO4}; Evaporation of the solvent afforded the dark red
acid (5.6 g, 71%). |

¢} Cyclohexylidene acetic acid

The aforementioned crude dicarboxylic acid (3.0 g,
0.0197 mole) was taken in a Subiimation tube and heated at
180° for minutes in a sublimation chamber. The desired acid
was sublimed at 140-150°C/6-5 mm Hg(1.93 g, 70%), IR : ¥

| 1685 cmml.

max

5. Phenylpfopynoic_acid

a) 2,3-Dibromo-3-phenylpropanoate

To a solution of etﬁyl cinnamate (42g, 0.2496 mole)
(prepared from cinnamic acid) in carbon.tetrachloride (25 ﬁl)
in 1E r.b. flask was added bromine (40g, 12.5 nl, 0.25 mole)
at 0°C (ice-bath) during 30 minutes. The bromine was found to
disép;éar-fapidly at fgrst,‘but more siﬁwly tdwaréébéhe end
of the reaction. Thé reaction mixture was allowed to stand
for 1 hour and then poured into a large evaporatory dish so

that the excess of bromine and carbon tetrachloride were

evaporated. The crude ethyl 2,3-Dibromo-3-phenylpropancate



=56~

i
1

remained as a solid éake, which was dried by pressing between

large filter papers. The crude- product (70g, 83%), m.p.
121 ,

65-69°C (lit. m.p. 66-71°C) was directly used for the next

step.

The crude dibromo ester (80g, 0.2357 mole) was added
to an ethanolic solution of KOH (prepared from 61g KOH in 285
ml of rectified spirit by heating). An initial exothermic
reaction wés set in, subéided?after a short whilé, and then
heated under gentle reflux fdriﬁ hours on a steam-bath. The
‘contents were poured into a large béaker, cooled and
neutralise by adding concentrated hydrochloric acid with
stirriﬁg until neutral to litmus. After. cooling at-0G°C, the
precipitated solids were filtered off at the pump and washed
with a little chilled alcohol, The solid compound{A) was set
asidé. The filtrate was transfered into the original flask
and the liquid was distilled out until the teﬁperature of the
vapour reached 95°C. The residue was combined with the .s¢lid
obtained earlier(A) dissolved in 200:ml of water and 200 g of
crushed ice and cooled in an ice-bath. To this was added 207
sulfuric acid slowly until the solutién became strongly acid
to congo red. Allowed to stand for 20 minutes when the dark-
coloured crude phenylpropynoic acid was separated out and
'.filtered off, washed with three 10 ml portions of 2% sulfuric
acid. The solid acid was dissolved in 150 ml of 5% sodium

carbonate solution, 3 g of decolourising charcoal was added,
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|
and heated on a water bath for 30 minutes with occasional
i

shaking. The charcoal was eliminated by filtering off. Then
the filtrate was cooled in ice-bath and 50 g of crushed ice
was added to it. 20% sulfuric acid .was added ' slowly to
mechanically stirred solution until acid to congo red. After
30 minutes, the precipitate was filtered off by suction and
washed with 10 ‘ml of ice-cold 2% sulfuric acid, then with a
little water and dried in the air. The yield of phenylpro-
pynoic acid was 45% (15 g), m.p. 132-133°C (lit}21m.p.
134-135°C) - |

!

I.A-4,1: Preparation of o, ~Unsaturated Stannyl Carboxylates <
(26 - 38)

Tri;n—butylstannyl acrylate (26)

This ester was prepared from its methyl ester by
transesterification méthodSa. A mixture of freshly distilled
methyl acrylate (1 g, 0.0116 mole) and bis tri-n-butyltin
oxide f6.928,'0.0116 mole) was gently refluxed in neat for 2
hours with very gentle heating at 60°C. It was then cooled to
~room temperature and colourless crystalline solid appeared

which was pﬁrified by silica-gel column chromatography.

Elution with 25% benzene-light petroleum afforded fine
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tcrystals of tri—n—butylstannyl acrylatetgél, (3.85g, 92%),
m.p. 69-70°Cc(lit.133 n.p. 69-70°C).

OV(EEOH): A__  215(€ 834).

IR:P  1530(s), 1550(s), 1645(m), 1655(m)cn” L.
lHHNMR(CDCIB): 50.84(t, J=7.21 Hz, 9H, C,,), 1.18-1.43(m,
12H, C;y & Cq,), 1.49-1.62(m, 6H, C,,), 5.65(dd, J=2.29 &
9.80 Hz, 1H, C3}, 6.07(dd, J=9.80 & 17.24 Hz, 1H, C2), 6.22
(dd, J=2.29 & 17.24 Hz, 1H, C3).

PIC-NMR(CDCL4): § 13.60(C,,), 16L46(C,v),. 27.00(C4,), ~ 27.64.
(Cqr ),  129.18(C2), 130.35(C3), 171.36(C1).

% Analysis for 015H308n021

Found : C. 49.60 H 8.27. - Sn 32.90

Caled.: ... ..C .49.89 -~ H - 8.37 -8n 32:87 ——~

General Procedure - 1 :

A solution of unsaturated acid (20 m mole) and bis
tri-n-butyltin oxide (10 m mole) in dry benzene(30 ml) was
heated under reflux for‘B hours with azeotropic removal of
water using a Dean - Stark trap. The volatiles wefe removed

under vacuo and the residue was purified as described below:

‘Tri-n-butylstannyl crotonate (27)

A mixture of crotonic acid (1.5g, 0.0174 mole) and
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bis tri-n-butyltin oxide (5.19g, 0.0087 mole) was refluxed
in benzene (30 ml) folléwing the general procedure I. The
residue was crystallised twice from 1light petroleum to
furnish(27) as colourless needles, 5.62g (86%), m.p. 81°C
(116.13% 1.5, 84°C).

UV {EtOH) PA ax 224(E-1, 618).

IR : D 1535(s), 1555(s), 1655(s)cm *.

JEITRNYY (CDC1,) : & 0.85(t, J=7.25 Hz, 9H, Cpr)s 1.20-1.39(m,
12H, Cyv & Cq4), 1.54-1.74(m, 6H, C,.), 1.81(d, J=1.70,
small allylic coupling, and 6.90 Hz, 3H, C4), 5.84(d, J=1.7
Hz, small allylic coupling, and 15.40 Hz, 1H, C2), 6.84(m,

1H, C3).
L3c-NMR(CDCL,) 8 13.62(C,,), 16.41(C,,), 17.75(C4), 27.02

(C1), 27.67(C,,), 124.30(C2), 143.22(C3), 171.81(C1).

% Analysis for C,_H,,5nC

163291V ¢
Found : C 51.12 H 8.46 Sn 31.50

Caled. : C 51.23 - H 8.59 Sn 31.64

Tri-n-butylstannyl cinnamate (28)

The reaction was carried out with 2g{0.0134 mole)
of cinnamic acid and 4.02g(0.0067 mole)of'bis tri~n~butyltin
oxide in refluxing benzene (20 ml) foilowing the general

procedure I, The residue was purified by silicaFgel column



chromatography. Elution with 25% benzene-ligh petroleunm
afforded colourless needles or the desired compound (28},
(5.31g, 90%), m.p. 71°C (1it.'3* n.p. 69-70°C).

UV(EtOH} : Anax2130 €=5,250), 270(& =6,700}.

IR :¥__ 1540(s), 1555(s), 1580{m), 1640(s)cn L.

LH-NMR(CDCL4): & 0.92(t, J=7.22 Hz, 9H, C,.), 1.27-1.42(m,
12H, Cys & Cq,), 1.58-1.71(n, 6H, Cy,), 6.49(d, J=15.94 Hz,
14, C€2), 7.33-7.39(m, 3H, Aromatic), 7.47-7.52(m, 2H,
Aromatic), 7.61(d, J=15.94 Hz, 1H, C3).

13c-nMR(CDCL4): 8 13.68(C,,), 16.57(Cyy), 27.09(Cq,), 27.72
(C,y), 120.06(C6 & C8), 127.93 & 128.77(C4 & C2), 129.72(C5
& C9), 135.04(C7), 143.84(C3), 172.12(C1).. |

% Analysis for CyqHg,8n0,

Found : C  57.45 H 7.68 Sn 27.23
Caled.: C  57.69 H 7.84 Sn 27.14

Tri-n-butylstannyl p-nitro cinnamate(29)

It was prepared from 3g(0.0155 mole} of p-nitro

cinnamic acid and 4.6g(0.0077 mole) of bis tri-n-butyltin

oxide dissolved in 25 ml benzene following the general

Procedure I. Residue was crystallised twice from
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‘light petroleum afforded yellow coloured crystals of tri-n-
butylstannyl p-nitro cinnamate(29), (6.29g, 84%), m.p. 76°C.

UV(EEOR) : A__  232(€~41,622), 305(€=78,709).

IR : ¥ 1550(s), 1563(s), 1595(s), 1635(m)cm 1.

max

lH-NMR(CDC14): & 0.90(t,J=7.23 Hz, 9H, C,), 1.15-1.48(m,

12H, C,, & C4,), 1.57-1.71(m, 6H, C,,), 6.58(d, J=15.99 Hz,

1 1

1H, ©€2), 7.59(d, J=15.99 Hz, 1H, C3), 7.63(dd, J=1.8 & 8.80
|

Hz, 2H, C5 & €9), 8.20(dd, J=~1.8 & 8.80 Hz, 2H, C6 & C8).

Be-nmr(cnci,): S 13.63(¢,,), 16.65(C ;), 27.03(Cqy) ;

27.82(Cy,), 124.06(C6 & C8), 124.76(C2), 128.40(C5 & C9),

140.61(C4), 141.40(C3), 148.17(C7), 170.87(C1).

1195n—NMR(CD013): S +120.258

-.x Analysis for 021H33N8n04 :

Found C 52.43 H 6.73 N 2.8 . . Sn 24
Caled. ¢ C 52.31 _ :H_ 6.89 N 2.90.. . Sn_ 24

Tri-n-butylstannyl sorbate (30)

A mixture of 2g(0.0178 mole} of sorbic acid and
5.31g(0.0089 mole) of bis tri—n“butyltin oxide was refluxed

in 30 ml benzene following the general procedure I. The

73
.61
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"residue was purified -by recrystallisation from light
petroleum to furnish colourless, neddlg:shéﬁed crystals of
the desired compound(30) (6.08g, 85%), m.p. 84-85°C,
UV(EtOH):'Amax 252(€=28,559).

IR: S 1500(s), 1600(s), 1625(m)en +

'H-NMR(CDCL,): & 0.88(t, J=7.22 Hz, 9H, C,,), 1.10-1.44(m,
12H, Civ & Cae), 1.53-1.72(m, 6H, C,,), 1.80(d, J=6.14 Hz,
34, C6), 5.79(d, J=15.22 Hz, 1H, C2), 5.96-6.21(m, 2H, C5 &
C4), 7.15(dd, J= 13.76 & 15.22 Hz, 1H, C3). '
Dc-nMr(CcDC1,): & 13.61(C,,), 16.46(C;.), 18.51(C6), 27.02
(Cq4), 27.68(C2.), 120.87(C2), 130.10(c4), 137.58(C5),
144.19(C3), 172.46(C1).

1198n—NMR(CDC13): S +106.576

% Analysis for Cy gHq,510,
Found C 54,05 H 8.73 Sn 29.73
Caled. : C 53.89 H 8.54 Sn  29.59

Tri-n-butylstannyl but-2-ynoate (32) :.

A mixture of but-2-ynoic acid (1.5g, 0.0178 mole)
and bis-tri-n-butyltin oxide (5.31g, 0.0089 mole} was

refluxed in 30 ml benzene following the general procedure I.
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‘Volatileé were removed and an olly mass was obtained. On
scratching it was solidified. Sclids were dissolved in
minimum .volume of light petroleum. Evaporation of soclvent
afforded the colourless crystal of(égi: (5:19g, 78%), m.p.
65-66°C.

UV(CHC14) : A 240(e=182).

max
IR: $__ 1540(s), 1560(s), 2250(d) en” T

'H-NMR (CDCL,): § 0.84(t, J=7.19 Hz, 9H, C,,), 1.09-1.40(m,

12H, Cyy & Cq,), 1.49-1.68(n, 6H, C,,), 1.88(s, 3H, C4).

13c—NMR(CD013): S 3.75(C4), 13.56(C,, ), 16.81(C ),
27.02(Cy), 27.69(C,,), 73.84(C2), 82.79(C3), 158.54(C1).

o
119Sn—NMR(CD013): & +131.811

| .
% Analysis for CygH3510,

Found :  C  51.72 H  8.23  Sn  31.60
Caled. : C  51.50 H  8.10 Sn 31.81

Tri-n-butylstannyl phenylpropynoate (EE)

A solution of 2.5g (0.017 mole) phenylpropynoic
acid and 5.10g(0.0085 mole) of bis tri-n-butyltin oxide was

heated under reflux in 30 ®ml benzene following the general
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procedure I. Solvents were removed and an oily mass was
obtained. The residue was dissolved in wminimum amount of
lighf petroleum and kept in refrigerator. -After few days
crystals were appeared which was separated out by filtration
and washed with litt}e amount-of chilled light petroleum to
furnish colourless Icrystals of |(§§), (4.24g, 57%) w.p.
56-57°C (1it.13% m.p. 57-58°C). |

UV(CHC14): A
IR:‘)SH1

nax 252{€=12,448), 264(e=10,968).

oy 1505€s), 1560(m), 2125(w), 2310(wlen™ L,

TH-NMR(CDC1,): 8 0.91(t, J=7.21 Hz, 9, Chi)s 1.20-1.46(x,
|

12H, Cy, & Cq,), 1.58-1.70(n, 6H, C,,), 7.32-7.38(m, C6, C7
& C8), 7.55(d, J=6.72 Hz, 2H, C5 & C9).

L3c-nMR(CDCL,):  § 13.61(C40), | 16.96(C;y),.  27.06(Cy,),
27.75(Coy), 82.26(C2), 83,93(C3), 120.66(C6), 128.39(C4),
129.91(C5), 132.82(C7), 158.74(C1).

% Analysis for CyqHypS00,

Found : C 57.81 H 7.63 Sn  27.01
Caled.: C 57.96 H  7.41 Sn  27.27

Tri-n-butylstannyl cyclohexylidene aceétate (31)

The reaction was carried out by mixing 1;5g(0.0107
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mole) cyclohexylidene acetic acid and 3.19g(0.0053 mole) bis

tri-n-butyltin oxide in neat. An immediate exothermic

reaction was ensured. Crystals were appeared from the clear
reaction mixture at room temperature and within a few
ninutes the whole reaction mixture became solidified. The
residue was crystallised from 1light petroleum afforded

needle shaped colourless crystals of tri-n-butylstannyl

l

|
|
1

3.67g, 80%), m.p. 80°C.

UV(EtOH):)\max 225(e=943). f %

H . -— l
IR: S oy 1548(s), 1567(s), 1625(m)em .

cyclohexylidene acetate (Qi), (

1H~NMRtéDc13):5 0.83(t, J=7.22 Hz, 9H, C,,), 1.04-1741(m,
16K, Cyclohexenyl, C,. & Cy,), 1.48-1.66(m, 6H, C,,}, 1.94
(br. s, 4H, Cyclohexenyl), 2.87(br. s, 2H, C4), 5.47(s, 1H,
c2).

13C~NMR(CDCI3): § 13.62(C,,), 16.41(C.,), 22.12(C6), 22.84

(C7), 25.30(C5), 27.00(Cy,), 27.83(62,), 28.38(C8), 44.30

(C4), 124.55(C2), 132.49(C3), 177.50(C1).

1195n-NMR(CDCl3):8 +108.213 and +100.281

% Analysis for C, H,o,5n0

20M38510;
Found : C  55.73 H 9.07 Sn 27.71
Caled. : C  55.97 W  8.92 Sn 27.65
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Generai Procedure - II

To a solution of unsaturated acid{20 mmole) in
either dry benzene ér teluene (BO ml), bis triphenyltin
oxide(10 mmole)} was added. A slightly milky white solution
was cbtained . which was turned into a clear solution after
reflux for.4 hours azeotropically with a Dean-Stark Qater
separétor. After cooling ﬁo Toom temperature a small amount
of powdery solid was precipitated which waé removed by
filtration. Volatiles were distilled out, the residue was

dried in vacuo and purified as described below:

Triphenylstannyl Crotonhte (34)

1.5(0.0174 mole) of crotonic acid and 6.23g
(0:0087 mole) of bis triﬁﬁen&itin-oxide wére dissélveé_iﬁ 30
ml toluene and refluxed following the general procedure II.
The residue was crystallised twice from chloroform-benzene
mixture afforded colourless solids of (34), (6.06g, 80%L},
m.p.141-142°C, | _ . |
UV(CHCl,): A "241(e=1,182)."
IR: P 1515(s), 1545(s), 1570(n), 1650(s)cn L.
LH-NMR(CDC14) & 1.87(d, J=1.7 & 6.9 Hz, 3H, C4), 5.97(d,
J=1.70 Hz, small allylic coupling, & 14.0 Hz, 1H, C2}, 7.06 .
(m, 1H, C3), 7.37-7.50(m, 9H, Aromatic), 7.62-7.89(m, 6H,

Aromatic).



~h7-

_13C—-NMR(CD013): $ 18.02(C4),  122.75(C2),  128.89(C_),

130.07(C,), 136.92(Cy), 138.59(C;), 145.86(C4), 173.07(C1).
119 n-MMR (CDC14): & ~182.664

% Analysis for CpoHygSNO,

Found : C 60.59 H 4 .47 Sn 27.19
Caled.: C 60.73 H 4.63 Sn 27.28

" Triphenylstannyl p-nitro cinnamgge (35)

A4 mixture of 2.5g(0.0129 mole) of p-nitro cinnamic
acid ~ ‘and ‘. 4.63g(0D.0064 mole) of bis triphenyltin oxide
was heated under reflux in benzene following the general
procedure II. The residue was recrystallised from
acetone-petroleum mixture provided shining yellow crystals
of (35), (6.17g, 88%), m.p. 178-179°C.

UV(ELOH): A 222(€-24,191), 305(€-24,558).

TR: ¥ 1590(s), 1610(m), 1640(w)cn ",

X

1 . |
H-MMR(CDCL3) 3 g 6.68(d, J=16.2 Hz, 1H,, C2), 7.37-7.54(m,

9H, Aromatic), 7.63(dd, J=1.80 & 8.80 Hz, 2H, C5 & C9),
7.75(d, J=16.2 Hz, 1H, C3), 7.78-7.83(m, 6H, Aromatic), 8.21
(dd, J=1.8 & 8.80 Hz, 2H, C6 & C8).
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13c-NMR(CDC14): & 123.15(C6 & C8), 124.15(C2), 128.59(C5 &

C9), 129.06(Cy,), 130.37(C4.), 136.93(Cp,), 138.04(C,),

140.96(C4), 142.38(C3), 148.40(C7), 171.99(C1). . .

119 n-NMR(CDCL,): & ~203.37

% Analysis for 021H33N048n :

Found : C 52.45 H 6.64 N: 2.83  Sn  24.57
‘Caled.: € 52.31  H 6.89 N 2.90  Sn  24.61

Triphenylstannyl sorbate (36)

2g (0.0178 mole) of sorbic acid and 6.38g(0.0089
mole) of bis-triphenyltin oxide were dissolved in 30 ml
benzene and the solution was refluxed following the general
procedure II. An oily residue was obtained after the removal
of volatiles in vacuo ,which on scratching for a long time
was solidified. The solids were dissolved in acetone after
complete evaporation, of solvent afforded crystalline off
white product (36}, (6.13g, 79%) , mep: 96-98°C. |
UV(EﬁOH):'hmax 220(€=88,615), 254{6:91,0?6}.
IR:‘ﬁmax 1575(w), 1610(m), 1635(w)ém"1.

lH—NMR(CDCIB): $ 1.73(d, J=5.84 Hz, 3H, C6), 5.80(d, J=15.56
Hz, 1H, C2), 5.94-6.16(m, 2H, C4 & C5), 7.13-7.40(m, 10H, C3
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& Aromatic), 7.53-7.80(m, 6H, Aromatic).

-

13C-NMR(CDC14): § 18.68(C6), 119.02(C2), 128.89(C_), 130.06

(C4 & C), 136.94(Cq), 138.69(C;), 139.07(C5), 146.27(c3),
173.85(C1).

% Analysis for C24H22$nozl:

Found : C  62.43 H 4.73 Sn  25.98
Calcd.: C 62.51 H 4,81 Sn 25.74

Triphenylstannyl but-2-ynoate (37)

‘A solution of 1.5g(0.0178 mole) of but - 2- ynoic
acid and 6.36g, (0.0089 mole) of bis triphenyltin oxide in 30
ml benzene was refluxed following the general procedure II,.
The residue was purified by crystallisation...Recrystallisa~
tion from acetone-light petroleum mixture provided colourless
crystalline .solids of (37), (5.87g, 76%,), m.p..192-193°C.. .
\

1

UV(CHCL )¢ Py 240(e=912), 258(€=825).

max
R: ¥ 1510(s), 1565(n), 2250(s)cn L.

C.),

LH-NMR (D -DMS0) :81.80(s, 3H, C4), 7.41-7.49(m, 9H, C, Cj

7.63-7.91(m, 6H, C_).



_?0_.

13

C—NMR(DB—Dﬂso)58.2;89(C4}J6.??(02), 79.33(C3), 128.34(C_},

128;96(cp), 136.08(C_), 142.64(ci),‘156.75(01}.
119 0-MMR (D, ~DMS0) :8-250.807

% Analysis for 022H188n02 :

Found : =~ ¢ 61.15 H 4.20 Sn 27 .55
Calcd.: C 61.01 H 4,19 Sn 27.41

Triphenylstannyl phenylpropynocate (38) -

A solution of phenylpropynoic acid (2.5g, 0.0171
mole) and bis triphenyltin oxide (6.13g, 0.0085 mole) in
benzene was refluxed following the general procedure II. The
crude residue was recrystallised £rom chloroform~benzene
mixture to furnish colourless needlies of (38) (7.51g, 90%},
m.p. 118-120°C(1it.23% § n.p. 175-176°C).

UV(CHCLg): A 258(€=13,000).
IR: $__ 1515(s), 1570(m), 2220(m)cn L.

'H-NMR(CDCl,):® 7.30-7.55((n, 14H, C5, C6, C7, C8, C9 & C_
C,), 7.61.7.88(m, 6H, C,).

L]

13C-NMR(CDCL,): § 81.49(C2), 86.21(C3), 120.30(C6), 128.49
(C4),~ 129.08(C,),  130.27(C5),  130.45(C_),  132:94(CT),
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136.95(60),'137.58(C1J, 159.77(C1).
% Analysis for CpoHySn0,

Found : C  65.69 H  4.12 Sn 23.62
Caled.: C  65.49 H  4.07 Sn 23.97

# Although the melting point of compound(38) did not match -
with the literature wvalue, the spectral and elemental data

suggested our assigned structure to be correct.

I.A-4.2 : Reaction of g,f-unsaturated stahnyl carboxylates

with Hg(II) salts (X = Cl, QAc)

GCeneral Procedure

To a solution of & ,/8 -unsaturated stannyl

~carboxylates (2 mmole) in a solvent{(10 nml) were added
mercury(II) salts (2 mmole) (HgXZ; X = Cl, OAc) and the
mixture was either stirred at room temperature ( in case of

methanol) or heafed under gentle reflux (in the case of
benzene or acetonitrile) for severai hours noted in TABLE-VI.
A small amount of white solid was precipitated during the
reaction which was filtered off. [In the case of tri-n-butyl

stannyl but-Z-ynoate(32), a large amount of gclatinous
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precipitate appeared when its solution in MeOH was treated
with mercuric acetate at roowm temperature. After 48 hours the
deposites were filtered off]. The filtrate was diluted with
ether and the organic layer was washed with aqueous sodium
chloride and dried over anhydrous Na2804.Evaporation of the
solvents afforded a sclid residue which was crystallised from
light petroleum to furnish shining flakes of BuHgCl{ from
tri-n-butylstannyl esters) or white leaflets of PhHgCl(from
triphenylstannyl esters). BuHgCl and PhHgCl were charac-
erised by physical/spectral data and their yields(%) were

recorded in TABLE-VI.

Characterisation of BuHgCl

m.p. 128°C (1it.138 127-130°¢).
LH-NMR(CDC1,): & 0.95(t, 3H, J=7.29 Hz), 1.34-1.48(m, 2H),
1.67-1778(n, 2H), 2.1(t, 2H, J=7.13 Hz). o
13C—NMR(CDCI3), ppm for APT spectra a(+) indicates 0 or 2
attached protons and a(-) indicates 1 or 3 attached protons)
S 13.47(-), 27.81(+), 30.08(+), 33.06(+).

% Analysis for C,HgHgCl (sublimed at 90-110°C/1 mm Hg and
.recrystalliéed from bénzene*light pétroleum).

Found : C  16.08 H o 3.17

Calced.: C 16.38 H 3.07

Characterisation of PhHgCl:

M.p.249-250°C (dec.) (11t.33% m.p. 251°C), m.m.p. 248-249°c.
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The mothHer liquor from the crystallisation was then
diluted with ether and the acid was extracted with saturated
aqueous sodium carbonate. The aqueous phase was separated and
acidified with dilute hydrdchloric acid(3N) under ice cold
condition. The liberated acid was extracted with ether (3 x
25 ml) after saturating the aqueous part with sodium
chloride. The combined ethereal layer was dried over
anhydrous Na,S0,. The volatiles were removed and the residue
was dried under vacuo. Recrystallisation from benzene-light
petroleun afforded the acids,yield(%) of acids was: recorded
in the TABLE-VI. All the acids were characterised by physical
and spectral data: and found identical with the reported

values,
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