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SUMMARY

Investigations' enmbodied in this thesis entitled
‘PREPARATION AND REACTIONS OF SOME ORGANOTIN COMPOUNDS:
APPLICATIONS TO ORGANIC SYNTHESIS® are primarily concerned
with studies on organotin compounds in the arena of their
applications in drganic synthesis alongwith their effective~
ness as biocides as an extension. The thesis has been divided
into two parts: PART-I and PART-IXI. PART-I deals with the
studies directed towards utilisation of triorganoctin carboxy-
lates in organic synthesis and as fungicides and comprises ':
three sections. ' '

SECTION-A : Preparation and characterisation(spectral and
elemental} of a series of CC,ﬁ—-unsaturated(olefinic and
acetyleni¢} ‘triorganostannyl carboxylates and their regio-
selective reaction with mercury(II} salts.

In the . Introduction, the chemistry of organotins
has been briefly reviewed with dpecial emphasis to the
preparation, structure and reactivity of triorganotin
carboxylates. |

In order to iInvestigate the relative reactivity of
stannyl ester and C—C multiple bond towards nmercury(II}
salts, a series of i,ﬁfunsaturated{olefinic and  acetylenic)
tri-n-butyl- and triphenyl- stannyl esters(1-13) have been
prepared from their corresponding acids. The structural
compositions for these esters have been assigned from their
spectral (IR, UV, 1H—, 130- and 1198n—NMR) and elemental
analyses data. From the IR spectra, the chemical shifts



(it)

R1-CH==CH~COOSTR

(1);{R1.= H, .R = n-Bu (2)3 R - Me; R = n-Bu
(3); R* = Me, R = Ph ~ 4); R = Ph, R - n-Bu
(5); R = p-NOLCcH, -, R=n-Bu (6); R' = p-NO,CcH,~, R = Ph
(7); RY = CHyCH=CH- , R=n-Bu (8); R' = CH;CH=CH- , R = Ph

{2); <::::>=:CH-COOSn(n~Bu]3

(10) 3 CHSCEEC“COOSn(n-Bu)B (11)3 CH3 =0 ~-C00SnPh

3
(12)3; Ph-Cz=C-C0O0Sn(n-Bu)y  (13); Ph-CZ=C-CO0SnPh,

H-, 130— and 1198neNMR spectra and the nJ(ligsn—
C) values (n'= 1, 2, 3; the carbon atohs attached to tin),
the structural featﬁreé relating to coordination number of
tin atom and the possible geometry of. the molecule have been
discussed. Although most of these esters have been assigned
as possessing tetrahedral arrangement with four-coordinate
tin, the'triphenyltin~5ut~2~ynoate(;l) has the spectral data
compatible with having; trans trigomal bipyramidal geometry
and five-coordinate tin atom.

values in 1

13

_ Finally, the reaction of these unsaturated stannyl
esters with HgX2 (X = Cl; OAc) has been studied in different
solvents ranging | from protic/aprotic polar to aprotic
mnonpelar. From the results, it; has been revealed that the
unsaturated stannyl esters 'undérgo demetallation reactions
"resulting in the formation of the corresponding. acids and no
mercuration of the olefinic/acetylenic multiple bond has been
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detected. While the alkyl esters of W)ﬁ*unsaturated acids,
upon treatment with wercury(II) salts, undergo solvo-
mercuration of C-C multiple bonds, the corresponding stannyl
esters, upon similar treatment, react preferentially at the
ester function keeping the olefin/acetylene unreacted. The
present study, therefore, develops a wuseful approach for
protection of C~C multiple bonds with the preferential and
regioselective reactions of different functionalities in K,ﬁ”
unsaturated esters towards mercury(II) salts.

SECTION-B : Transesterification of alkyl/aryl esters to
triorganostannyl esters under neutral condition and their

hydrolysis inte carboxylic acids using dilute acids at room
temperature. '

In this section, development of a new mild and
facile method for the hydrolysis of alkyl (primary, tertiary)
and aromatic esters through their corresponding triorgano-
stannyl esters has been described. As a prelude to this
section, the previous methods for masking and démasking a
carboxyl function have been briefly reviewed.

The present method consists of two steps. In the
first step, the alkyl/aryl carboxylates are transesterified
to the triorganostannyl esters under completely neutral
conditions, such as (i) by azeotropic distillation of
esters(14) with bis tri-n-butyl- or triphenyl- tin oxide in
carbon tetrachloride or toluene or (ii) by heating their neat
mixture. The corresponding triorganostannyl carboxylates(15}
so formed undergo easy hydrolysis to acids(16) by treatment

with dilute acids (5N HClL or glacial AcOH) at roomw
temperature. '
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rR1coor? + (RyS1),0 ——> Rl—CGOSnR3 ; R3OR2
(14) | Cjs
' HX

R1-COOH + R,SnOX

(16)
R1=alky1 {brimary, tertiary), aryl, m,ﬁ—unsaturated functions,
R2=a1ky1, phenyl and'benzyl groups,
R= n-butyl, phenyl groups,
X=Cl, OAc.

In all the cases, facile formation of stannyl esters
and their facile hydrolysis have been observed in overall
excellent yields.

SECTION-C : Toxicify (fungucidal and phyto-)} of a series of
- |

ddﬁ-ﬂumaturated triorganostannyl carboxylates against some
phytopathogenic fungi.

As a prelude to this section, a concise account of
applications and biological effects of triorganotin
carboxylates has been ocutlined. As an extension, the present
study comprises » the fungicidal- and phyto- toxicity in
vitro of a series of: & , B -unsaturated triorganotin
carboxylates against two fungi, Alterneria solani and
Piricularia oryzae and the results have been discussed. The
compounds screened here havelbeen prepared in connection with
studies described in SECTION-A. The ED95 values (fungicidal
effectiveness) for each compounds at different times (24 hr.,
48hr'. and 72 hr.) have been obtained from the % of growth
inhibition of the fungi at different concentrations. From the
resulfs, all the compounds tested are found to be active

against ‘A, solani amnd P. oryzae. Tri-n-butylstannyl crotonate
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(2} and tri-n-butylstannyl p-nitro cinnamate{5) have
exhibited highest fungitoxicity against A. solani. In
contrast, triphenylstannyl but-2-ynoate(ll) is the most toxic
against P. oryzae after 24 hours incubation though its
corresponding tri-n-butylstannyl ester(10) is more toxic
after 48 hours and 72 hours of incubation. The compound(9),
tri-n-butylstannyl <cyclohexylidene acetate 1nhibits the
growth of fungi{P. oryzae) within a range of average
activity. With regard to phytotoxicity, most of these esters
exhibit little or no toxicity .against the germination of
rice seed. '

[The present study (SECTION-A) on the selectivity of
mercury(II) salts in reactions with-N,ﬂ—unsaturated(olefinic)
stannyl esters has been published in J. ORGANOMET. CHEM. and
a rveprint has been attached. The extension of this work with
acetylenic and triﬁhenyltin esters alongwith detall spectral
findings has been submitted to J. ORGANOMET. CHEM. The works
described in SECTION-B have been publiished in IND. J.
CHEM. (B) and a reprint has been attached. A part of this work
has been presented in the 27th. Annual Convention of
Chemists (1990). A part of the experimental findings
presented in SECTION-C.. has been submitted to SYNTH. REACT.
 INORG. MET. -ORG. CHEM. ] ‘

PART-II : Preparation of Picolyltrialkylstannanes and on the

mechanism involving ambident nucleophilicity of picolyl
anion.

This part of the thesis describes studies with un-
symmetrical tetraorganotin compounds of the type RISnR3,
where RY stands for a CgHgN~CH, (2-,4-), picolyl group, and
R stands for alkyl group. In the Introduction, these systems
have been compared with allyl-(18) and benzyl-(19) trialkyl-
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stannanes and their methods of preparation and reactions are
briefly discussed. During the present work, several attempts

CH.,SnR
2 3
) 45;3\\CH SnR _
N 2
CHZSnR

(17) - (18) 3

(19)
R = Me or R = n-Bu
have been made to ﬁrepare the compounds(1l7) through the
generation of picolyl anion. Based on chemical/spectral
evidence, involvement of ambident nucleophilicity of the
picolyl anion has been suggested. The competition between
N-stannylation versus C-stannylation has been considered in
terms of role of solvents. A poor yield of the picolyltri-
alkyl stannane{17) has been realised during the
study. Further works to 1improve . the vyields are being
undertaken in this laboratory for substantiating the

suggested mechanism and for studying their proposed
reactions.

present



PART -- 1 SECTION - A

Pnepaaation and chanactenisation (Apecfaal and elementall
of @ 1erniea a{ %,/ —un4afaaated falefﬂnic and acetgienie)
tnioaganodfannyl caa6oxylate4 and thein negéo&eleciéve

neaction with meacunyfff/ aalta.



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




—_5_
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



-24-

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-



_35_.

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



_46_

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,
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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-
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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
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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).
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_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_).
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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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I.B-1: Intreduction

The chemistry of the carboxyl group is one of the
cornerstones of organic chemistry. As a consequence, in organic
synthesis the procedure of selective masking and demasking of
carboxyl group is an indispensable and powerful artifice at the
disposal of organic chemists. As a part of our continuing
interests with_t?iorganotin esters of organic carboxylic acids,
this section (SECTION-B) deals with our studies on the develop-
ment of a new mild and efficient methodology for the hydrolysis

1. However, before describing our new

of alkyl or aryl esters
method, it is reasonable to present a brief description on the
recent developments 1in methods for the esterification as

protection of the carboxyl group followed by its deprotection.

Many methods for the protection (as ester) and
deprotection of carboxyl group of varying degree of écopes and
limitations are known in the_literaturez. Recently, E.Haslam
reviewed3 this important aspects of synthetic methodologies for
esterification of the carboxyl group. and its removal during a
synthetic sequence. While the simple alkyl or aryl esters are
prepared by using the well known methods3, their deprotection
is, however, often associated ﬁith éomplications in terms of
‘other acid or base sensitive functionalities present in the
nolecule in a multi-step synthesis. The .excellence of the

method, therefore, depends upon the easy accessibility of ester

and the filder conditions  that are being used to demask the
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ester function into the acid. 1In this respect, several
methodologies have been developed, both under the hydrolytic

and non-hydrolytic conditions, which are delineated below.

The esterification of acids with alcohols can be
accomplished if a means is available to drive the equilibrium
to the right in equation(1l). The most common and still probably

most widely wused catalysts are sulfuric acld and p-toluene
l

sulfonic .acid, though some reactive acids such as formica,

+

R-COOH + RIOH T2 R-COORY + H,0 v........(1)

" trifluoroacetic® etc. do not require a catalyst. Besides methyl

1 may be other primary or secondary alkyl groups,

and -ethyl, R
but tertiary alcohols usually afford carbocations and
eliminaiionr Allyl. and cinnamyl esters are prepared -from the
carboxylic acid and corresponding alcohols. Engel et gl.ﬁ
prepared the allyl ester from the alkyl ester by treatment with
allyll alcohol in presence of sodium hydride in excellent
yields. Dimethyl copper lithium has been used to deprotect the
allyl ester’. Corey and Tius® observed that the cinnamyl esters
could be: clgaved under nearly neltral condition by using
mercuric acetate followed by treatment with potassium

thiocyanate (equation 2).

R-COOH + HOCH,~CH=CH-Ph > R-COOCH. -CH=CH-Ph | 5. onc)2/MeOH
_ 2 r.t. 2-4 hr.
KSCN/H,0
R-COOCH, ~CH~CH-Ph > R-COOH a'euuuuennn (2)

r.t. 12-16 hr. (90%)
AcOHg OMe
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Other than alcohols,! alkyl halides have found most
frequent use in the preparation:of alkyl esters utilising the
carboxylate group as a nucleophile. For example, Shaw and his
co-workers9 showed that aliphatic primary, sterically hindered
tertiary or aromatic carboxylic acids were converted to alkyl
esters by the reacfion of their sodium, potassium or calcium
salts with alkyl halides in HMPA,in alwost quantitative yields

(equation 3-5).

COOH R L COOEt

| K2;o3,Et JTot. L _ L
HMPA, 24hr. ’

COOH COOEL

(90%)

COOH COOEL
NaOH, Etl N cenee. (8)

HMPA,r.t.,5min.
(100%) -

OMe

NaOH Mel,r.t.

eeee (5)
HMPA, 7 hr.
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Similar esterification also cafried out by Johnstone et gi.io
or Mehtall by using DMSO 1instead of HMPA and reported in
excellent yields. Replacement of sodio- or potassio- salt of
the carboxylic acid ﬁas,done with gquaternary alkyl ammonium
ion (Me4N+, Et4N+ and n;Bu4N+] in dipclar aprotic media. The

reaction rate and yields were found to be dramatically

increased for n-alkyl halides in DMF, DMSO or CH.CNTZ2714

3
- MF
MeCO, Et4N+ + RCH,~X _D_ﬁ__} Me.CO,CHoR +.vuvunn. (6)
rlt. -

R X  Time(hr.) Yield(%)
n-pr _ Br. 0.5 90
n-pr Cl 6 50
Ph Cl 1 100

Holmberg and Hansent? also noted the formation of methylene
diesters while usiﬁg dichloromethane as solvent and they used
this observation as a basis for a synthesis of a variety of
methylene diesters (equation 7). |
R.COO NBuy, + CHyCl, — 5 (RCO,),CHy «evenenrs (7)

(~ 60-80%)

|
In 1978, Onc et 3&-15 reported that = bicyclic amidine,
DBU [1,8-diazablcyclo (5.4.0) Undec-7-ene}] could be used as a
base in the reaction of carboxylic acid and alkyl halides

to prepare alkyl esters in benzene solution.



Phase transfer catalysts (crown ethers etc.) have been

16 17,18

used by Durst et al. and other workers™’'?’®. Padwa and

Dehml_8 _employed this ;échnique to synthesise the. -&,8 -

unsaturated ¥-lactone in one step(equation 8).

Qe 0 —aphiff

Ph

18 Crown-6/PhH Ph : (8}

24 hr. BN
Ph 0 0

v

In the recent years, the esterification with

substituted methyl groups, 2-substituted ethyl groups and

substituted benzyl groups have  found wide range of
utilisation in synthetic organic chemistry because of the
scopes and versatilities of each method. T.W.Greene reviewed
these methods of protection and deprotection in the recent

19

book on "Protective Groups in Organic Synthesis"
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Among the substituted methyl esters cduld be prepared
from the reaction of ammonium éalt of the carboxylic acids
with" “alkyl halides. = Jansen et QL.ZO prepared  the
methoxymethyl (MM) ester of penicillin carbo#ylic acid by
reaction of the triethyl ammonium salts of the acid and
chloromethyl methyl ether in dimethyl formamide at room

temperature (equation 9).

RCOO™N'HEL, + C1.CH,.OMe M ' RCOOCH,.OMe ....... (9)
25°C, 1 hr.
/S\
Ph.CH, . CO .NHGH—— CH CMe,
RCOOH =
co N CH — COOH

To avoid the use of the carcinogen chloromethyl methyl
ether, another method was developed by Dardoize et 22_21 for
the preparation of methoxymethyl esters -in 75-857 yield
(equation 10).

CH4COC1

e .y
» t ol

0 - 20°C, 2 hr.

RCOOH + [MeO.CH,.OMe, Zn/Br.CH,.CO,Et] &
R.COOCH,-OCHs «vvunreessnnnnnnaannsn (10)

The methoxymethyl esters could be removed by
silica-gel chromatography, although stable in mild acidic

medium (0.01IN HC1l) at room'temperaturg% Masamune?> observed



~97~

that the methoxymethyl ester was hydrolysed by using R3SiBr in

trace methanol keeping the methoxymethyl ether unreacted.

Crown ether (18-Crown-6) was used by L.G.Wade and his
24 '

associates®’, for preparing methylthiomethyl esters. Several
nild acidic?? and basic 20 conditions were developed for its
cleavage. Tetrahydropyranyl ester527 (THP ester) - and

28

tetrahydrofuranyl-estérs (THF ester) have been proved to be

useful since their preparation could be achieved at roon
temperature and demasking occured by mild aquecus acetic acids

{equation 11, 12),

'~ (CH.,) — COOH
2°6 DHP ,TsOH,CH9Cl, (CHZ)GC(OS:‘)HP

THPO

HO ' 20 ) 105 hr.

-

HOAC, THF-H,0(4:2:1)
45°, 3.5 hr.

Et3N/THF(20-50°C)

o
-

RCOOH  + [ l o - | | [...(12)
0<” ™1 HOAZ,THF,H,0(3:1:1) RCoO 0

25°C
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Methoxyethoxymethyl ester (MEM ester) was first

prepared by Meyers et gl.zg

by the reaction of carboxylic
acid with MEM-chloride in presence of i-pr,NEL at 0°C in
good yield. Because of steric reasons, the MEM ester could
be prepared selectively of an unhindered -COOH in presence
of sterically hindered carboxylic acid group, as nigely

shown by Ireland and Thompson30 in their attempt to

synthesise macrolide antibiotic chlorotricolide {1},

mmOCHZOCH3

C13GCHy0,CO

The benzyloxymethyl esters were prepared by

P.A.Zoretic et 31.31

by reacting sodium carboxylates with
benzyloxymethyl chloride in HMPA at 25°C. Both aromatic and
aliphatic carboxylic acids were found to give their
corresponding esters under this condition. Their removal,
however, could  be accomplished eithér by catalytic

hydrogenolysis (non-hydrolytic} or by using aqueous acid at

room temperature (hydrolytic).
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Among other substituted methyl &esters include
phenacyl estersBz, p-bromo phenacyl ester533 o ~methyl

3

phenacyl esters34, p-methoxy phenacyl esters34 and diacyl-
methyl esters>>. The advantage of using the phenacyl esters
is  that this protective  groups can be  demasked
photochemically. The mechanism of the photochemical removal
is considered to be a simple radical scission of the carbon-
oxygen bond of the ester. The other product of the
photolysis is an acetophenone, Sheehan and his
collaborators34 examined both the p-methoxy phenacyl and
o«-methyl phenacyl functions as photeclabile ester protecting
groups. They observed that both types of ester were cleaved

in ethanol or dioxane at 20°C by UV irradiation (equation

12). Since the sensitivity of the gibberillins to acid and

0 0 0 0
R—C-—O—CHZ—C OMe "y R-C-0 + CHy~C OMe
C MeCH20H 0 0

MeCHO 1l Il
> R-C-OH + H,C-C OMe .... ... (12)

base was until very recently and obstacle to their recovery
from alkyl ester derivatives, Russian workers>0 exploited
the photolabile p-methoxy phenacyl ester group in the trans-

formation of gibberillin A-3 (equation 13).



i,ii Me(

COOH

COzcﬁz?O
Me
iii
LI ] L B (13)

COOH

i) EtBN—Me.O—@COCHZBr—DMF—O °

ii) Mel - Ag,0 ~ THF

iii) h¥Y - EtOH
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The ethyl esters were prepared from the reaction of
carboxylic acid and ethyl bromide by using bicyclic amidine
DBU in benzene15, dicyclohexylcarbodiimide (DCC) and 4-N,N-
dimethylaminopyridine (DMAP) in ether37 or sodium
bicarbonate in dimethyl formamide38. All the reactions were
carried out at room temperature and yields were within the
range of 70-95%. Ueda® exhibited that the ethyl ester of
amino acid could be prepared by reaction with ethyl
tosylate in refluxing ethanol for 24-30 hours in excellent

yields.

The attention to prepare Z-substituted ethyl esters
grew from the fact that the cleavage of these esters occurred
by a fragmentation reaction to generate ethylene or a

ethylene derivative as outlined below (equation 14).

PR - _
R—ﬁ—O—CHZ—CHz—X + NoO ——» R-COO + CH,=CH, + XNu ...
0 .. (14)
2,2,2-Trichloroethyl ester (RCOOCH,CCL 4)  was

prepared by Woodward et gl.ao using DCC in pyridine or by
Carson using p-toluene sulforiic acid in refluxing toluene.
These esters were cleaved with Zn/THF at room temperature.
Semmelhack42 conducted electrolytic reduction at -0.70V of

the corresponding tribromoethyl ester.
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2-(Trimethylsilyl) ethyl carboxylates were prepared
from the acid by P.Seiber®> or from the acid chloride by

44 upon reaction with 2-(trimethylsilyl) ethyl

H.Garlach
alcohol,'MeBSiCHzCHZOH using DCC/py in acetonitrile at 0°C
or using pyridine respectively. These esters were found to

43

be deprotected by employing fluoride ion (EtaNF or

n*BuaNF).

Greatly hindered cumyl ester could be cleaved using
acid and selectively in presence of t-butyl ester, as was
shown by Brunwin et ‘51.45 in their synthesis of nuclear
analouges of 7-methyl cephalosporin. Thus, compound (2)
underwent hydrolysis in presence of dry acid to compound

(3), effecting the hydrolysis of only cumyl carboxylate

function (equation 15).

ve
P-C0O0C HOOC
Me \\ g \\ S
dry HC1,CHyClp (15)
"} | - = m
4N at 0°C s
0 0
' COOCMe 4 ‘ COOCMe,

: (65%)
(2) | | " (3)
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Thiol ester as a means selectively to activate a
carboxylic group towards esterification and lactonisation
has been proved to be of considerable importance for seve-
ral reasons. While making a comparative reactivity of oxygen
and thioesters, it may broadly be concluded that oxygen
esters possess a relative thermodynamic stability compared
to thiocesters, except towards nitrogen bases, their kinetic
stability is comparableas. Also, in the biochemical process,
the thiocester, in particular acetyl coenzyme A, has -a role
in metabolism. Chemically, a thiol ester can be catalysedA?
by coordination of the sulfur  atom with a "soft" thiophilic

metal ion such as Hg+2, Cuj)2 cut?, ag’ and 7174, Masamune

' . . 48
and his collaborators

3

exploited this feature, for
instance, using t-butyl thiol ester (4) in assoclation with
thiophilic metal ions to effect the formation of macrocyclic

lactone zearalenone dimethyl ether (5) (eguation 16).

OMe g—<¢ Me
s [
08 © Hg(COyCF3)y/ S—Hg ----0 "
0 .

= 25°Cf5 h //L\

MeO o _ \0
(4] — . ' _A
OMe 0 Me Coordination of rea-

ching centre.
- = oa S (16}

Me0

(5) (90%)
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Initially thiol esters preparation directly from
carboxylic acids and thiols were tried and found to be
unrewarding because of small equilibrium constants for the
reactionsB. However, newer methods have been developed to
synthesise thiolesters in which the carboxylic acid function
was activated towards nucleophilic attack by several means.

These included preparation of acid chloride, imidazolideag,

t1riazc:alidea9 or generation of Z-acyloxypyridinium salts

followed by treatment with a thiol and an organic base or
the thallium salt of a thiel. Activation of acids were also
done by forming mixed anhydride with the phosphates such
as,diphenylchlorophosphate(6}, diphenylphosphorylazidé(Z)50

diethylphosphorylcyanide(§)50’51, phenyldichlorophosphate

(9)°2, N,N-dinmethylphosphoramidic dichloride (10)°2 23 etc.

PhO

7N\
AN
S
A\

Et CN
(6) (7) (8)
PhO o MeoN 0
N A AN P/
P . :
cr// ‘\El cf/. C1
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Esterification to thiol ester was reported to take place as

depicted in equation (17).

' 0
(8) /NEt, 0 -0kt _
RCOOH _— N P TLOEt/R'SH
7 -~ x > 1
THF, 3 hr. R | 0 2% h R 5—R
OEt
- w ¥ B {17) N

Although dicyclohexylcarbodiimide (DCC) was observed
to be a condensing agent for carboxylic acids and thiols to
prepare thicl esters, .there were certain limitations to its

use. Balg and OwenS4

found difficulties in purification of
the products. Grunwell and Forest”” reported that thio
phenols were more effective in the condensation than alkane

thiols and that primary alkane thiols were more reactive

than secondary and tertiary thicls. Lloyed IEE al?6

3

however, successfully employed the reagent to prepare
varicus Z-pyridyl thiol esters of amino acids. Horik357
reported preparation of - anaiogdus active esters of
1-hydroxybenztriazole (11) and 1-hydroxy 6-chlorobenztriazole
(12) wusing DCC. These esters reacted with thallium (1)

thiclate to produce thiol esters (equation 18}.
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LN . ' N
/ /
X 1|q N| ....... (18)
OH OCOR
(11) , X = H

Mukaiyama wused a halopyridinium salt (13) and

related compound (14) in the preparation of thiol esters, as

described in the following reaction (eguation 19).

O e

NT F OTS T CF450,"
Me Me
(13) (14)

R Nog~

(19)



~102-

In 1970, Mukaiyama et _ik.ss accounted that thiol
ester could be prepared from reaction of carboxylic acid
with diphenyl disulphide and triphenyl phosphine in
refluxing acetonitrile. The reaction pathway was formulated
by aséuming the initial formation of the phosphonium salt

(15) which in turn was transformed by attack of the

carboxylic acid to give (16). However, they suggested that

PhaP + Ph-S-S-Ph — PhBPf#S—Ph + S Ph

Ny
o© (15)
) ==
+
Ph4P ww-Oﬁ:l R-CO-5-Ph
__/-"‘“*"—-—--;}/:::0 —— +
PhS” __ R . Ph3p = 0
(16)

the reactivity of disulphide in this reaction was dependent

on 1its oxidising power which in turn decreases with

decreasing stability of the thioclate anion. Corey et 21‘59

and Gerlach et .QL,GO independently published the
preparation of 2-thiopyridine esters of carboxylic acids
using this reaction with 2,2'-pyridyldisulphide (17)

(equation 20}.
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HO(CHZ) ~COOH - :
@ o (O ==
'S/S Nl Ph3P ' <

_ R
™
Ol 2t O — & . O
' N
N7 g

N+ °§ Ii/l\s \‘“'(CHZ)U l
| 071\(CH H\/o-u* )(CHZ)“ H

H--" | 2)1'1 0
0 Catalysed by Ag(I} ... ... (20)
n ring Yield(%)
7 71
7 9 8
10 12 47
- 12 - 14 - 68
14 16 80
Coreybl 60 ... _ s
orey and Gerlach illustrated the applicability

of this method in the synthesis of macrocylic lactones and in
the synthesis- of natural products such as brefeldin A(18)

and vertaline (19).

HO [y

(18)
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Silyl esters have found wide applications in multi-
step organic synthesis because of their extreme
susceptibility to cleavage by water, while stable to non-
aquous reaction c:rmditions.l9 The trimethylsilyl ester could
cleaved by refluxing in alcohcl while more substituted silyl
esters rvequired mild acidic or basic medium for hydrolysis.
In 1968, Fechtig et ELJ62-prepared .trimethylsilyl ester by
treating carboxylic acid with trimethylsilyl chloride in
presence of pyridine at- room temperature.Other

methodsf’:}_65 developed later are mentioned here;

Me

>(3::N~SiMe3 in Ether at 25°C
MeSiO
OMe
in CHZCI.2 at 15-25°C.
MeCH—=C
\ 0SiMe

3

be
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Me ;SiNHS0,051Me 4 in CH,Cl, at 30°C.

All the methods gave trimethylsilyl esters in hearly
quantitative yield. Olah et gi.66 prepared trimethylsilyl
esters from the alkyl esters by reacting with trimethylsilyl

iodide in neat or in solution. They reported67

that alkyl
esters undergo transesterification to silyl esters in
presence of trimethylsilyl iodide ({generated in situ from
the mixture of hexamethyldisilane and iodine in chloroform
solution) followed by hydrolysis'in aqueous medium. Jung and
Lyster68 displayed that hindered esterg e.g., t-butyl ester
was Eydrolysed by using ilodotrimethylsilane in 0.5 hour at

room temperature. The reaction 1is believed to proceed as

follows (equation 21).

0 -
“ Cé O'SlMe3
R/\O/: — =2 R—C.l+ I
! | P
;1 0—cé
Me381
. . H-,0 . '
R-C—OSLMe3 + €>'C—l L E—. W (Me381)20 + RCOOH .... {(21)

h
0
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However, toc lability of TMS esters in aqueocus
69

medium, which may be considered as anhydride ", creates

problems on some occasions. E.J.Corey70, therefore, used
lsopropyldimethylsilyl ester in, prostaglandin synthesis.

Besides, more hindered t-butyl dimethylsilyl esters were

also used in many'cases71’72. These silyl protective groups
could be removed by aguecus acetic acid71, tetrabutyl
ammonium fluoride71 or potassium carbonate 1in aqueous-

methanol72.

Triorganostannyl groups (—SnRB) have been employed
as protecting group for the carBoxyl function. Owing to
high electropositivity of the tin atom, these esters could
be readily hydrolysed by treatment with dilute acid or base.
In 1965, Frankel ggﬁ §£.73 first utilised ~SnR, group. as
protecﬁing.carboxyl function of amino acids in preseﬁce of
a free amino group. Bamberg et 53.74 prepared the stannyl
ester (21) in 88% yield by refluxing the acid (20} with bis-
tribﬁtyltin oxide 1in benzene. Its removal, however, was
achieved with potassium salt of thiol at room temperature

{equation 22}.
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HoN

S Hop S
\—l (n-Bu,Sn),0/PhH N\A—r j(
reflux

04?' N COOH o7 N T \CO0SnBu,

N

(88%)

(20) | (21) (22)

N  PhSK/DMF |

25°C, 30min., 63%

Frankel73 also prepared the triethyl ester of
N-protected amino acid which was then deprotected by

acetic acid keeping the N-protection intact {equation 23},

(RSSn}ZO + R'CH-COOH R'-CH—COOSnR3 + H20 ...... (23}

NHR" NHR" ' .

R=Et, n-Bu

RY=H, CH,CO, C.H

3 6

5C0, CgHsCH,0C0.
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1.B-2: Present work: Objective, Results and discussion

From the foregoing discussions it is appareht that
although there are many new reagents for blocking the
carboxyl group \as ester and better methods for demasking
available in the literature, the need for developing more
nilder and specific methods for the protection and

activation of the carboxyl group is still on.

The criteria of a good protective group (as ester)’
of  carboxyl funcrion are (i) the reagent(s) for
esterification should be readily available, stable and non-
toxié; (i1i) the reagent(s) shbuld neither possess nor .intro-
duce a chiral centre ; (iii} the protective ester should be
stable throughout the required reaction sequence; (iv) the
reagents should be capable of being put on, and removed
frbm, the carboxyl group in virtually quantitative yields;
and (v) after removing the protective group moiety should be

readily separable from the freed compound.

We considered that the masking of carboxyl function
with -SnR, group might satisfy more or less all these
criteria. The tin esters may be easily prepared?5 from the
carboxylic acid by heating with bis(tributyltin) oxides in
good to excellent yield. Bis(tributyltin) oxides are easily

accessible, stable, do not introduce a chiral centre. Again,
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owing to high electropositivity of the tin atom the tri-
alkyltin esters are attacked readily by an electrophilic or

nucleophilic reagents as follows:

0

o _ _
'-C-0SnR, + OH — 5 R'-CO0 + R,SnOH .

R 3

Rl-i:l—ost?J +HK —, R'-COOH + R,SnX
0

These reactions are very fast and Frankel et 81.73

showed
that these reactions could be used alse for the rapid
quantitative volumetric determination of organotin esters.
And finally the tin rtesidue, after hydrelysis, can be
removed in. many ways73 and the 'recovery' of the acid is
simple and in good to excellent yield. In our case, however,
Wel have separated the acid by extracting with aqﬁéous
sodium bicarbonate followed by acidification or directly by

crystallisation.

3,76

", the continued and vigorous

According to Haslam
searches by the organic chemist for methods to protect the
carboxyl group as an ester function and then to remove the

protecting group and regenerate the free carboxyl group at a

subsequent stage are broadly based on two approaches.

1. The first is to use readily available or readily
prepared esters such as ethyl- and methyl- and to devise

novel, mild and if possible non~hydrolytic conditions for
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de-esterification such that other acid or base sensitive

groups in the molecule may survive.

2. The second approach 1is to devise novel ester
protecting groups which are removable under non-hydrolytic
conditions, such as hydrogenolysis, photolysis,oxidation etc.
{a few examples have been mentioned in Part I1.B-1 of this

dissertation).

The prime advantage of the first approach is the
ready availability or formation of ester starting material
inlsynthesis- On the other hand, the use of stannyl esters,
being relatively more labile in acid or base media, may
creat the question of survival throughout the 'required
reaction sequence. It occurred to us that if we can convert
the alkyl esters directly into its triorganostannyl esters,
subsequent hydrolysis by using acid or base night provide a
new wmild wmethod for bringing about demasking of alkyl

esters.

Going through the literature, it was found that
during the period of 1954-1957, Anderson77 reported the
reaction of alkyl esters with bis(tributyltin) oxide and the
products were dialkyl ether and triorganotin carboxylate

(equation 24). Thus ethyl acetate and bis(triethyltin) oxide
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2 2

281 _Coor? + (RySn),0 — 5 2R1—COOSnR3 + R2-0-RZ ... (24)

were vreported to give diethyl ether and triethyl tin
acetate. However, while studying the reaction of organotin
oxides with carbamic esters on the oﬁe hand, and carboxylic
esters on the other, Davies et 22.78 could not be able to
confirm the Anderson's report. They reasoned that the
formation of an ether (from equation 24) implies the alkyl-
oxygen fission of alsimple alkyl eSterr(Rl-g—O—Rz) under
surprising mild condition. Davies and his © assoclates
therefore re-examrined the reaction between carboxylic ester
and bis(trialkyltin) oxides and repcrted the formation of

trialkylein carboxylates and .trialkyltin alkoxide and no

1 2

R™COOR 2

+ (RBSn)ZO NN ’R1COOSnR3 + R3Sn0R e (23)

_31:CH3, R2=Et, R=n-Bu

Aggﬂ%é be detected (equation25). They used a trap cooled in
liquid nitrogen to collect any wvolatile waterial. Under
reduced préssure, some liquid collected in the trap and was
shown by the NMR spectra to contain ethyl acetate but no
diethyl ether. In the case of ethyl acetate the reported
yield of the triethyltin acetate was 81%, while the yield of
tributyltin acetate was not given. It seemed from the study

of Davies et al. that their aim was to detect the formation
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of the products, but not to standardise the transesterifica-
tion reaction. We therefore thought that if we can devélop-
the procedure of transesterificaﬁioﬁ oflalkyl.ester to tri-
organostannyl ester, subsequent hydrolysis of the tin
carboxylate using dilute acid or base should provide a mild,
convenient and new method for the hydrolysis of alkyl
esters. The use of bis(tributyltin) oxide for transesteri-
fication should maintain strictly a neutral condition which
is in contrast wlth the usual procedure of transesterifica-
tion. Normally, the transgsterifiéation requires heating of
the alkyl ester with a large excess of the alcohol in the
preéencelof a catalyst (such as sulfuric acid79}. However,
the bis(tributyltin) oxide - mediated: transesterification
may be compared with the iodotrimethylsilane - mediated
transesterification of alkyl to silyl ester, as reported by

Clah and his collaborator567.
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I.B-2.1: Transesterification of alkyﬁ#aryl carboxylates to

triorganotin carboxylates and their hydrolysis

For the present work, initially we had chosen to

investigate the reaction of ethyl acetate with bis tri-n-

butyltin oxide. Although Davies et 1.78 conducted this

reaction by heating a mixture of ethyl acetate and bis tri-n-
butyltin oxide, we opted a solvent, carbon tetrachloride, to
carry out this reaction. Halogenated solvent was selected

since this was used on several occasion to prepare triorgano-

stannyl esters from their corresponding carboxylic acids or

netal salts’>. After having refluxed an equimolar mixture of

ethyl acetate and bis tri-n-butyltin oxide in carbon tetra-
chloride, we were able to isolate the tri-n-butylstannyl

acetate(22) in 827 yield.

_ \ Reflux
CH3 COOC2H5 + (BUBSHJZO —EEI——+ CH3—COO$nBu3 + CZHSOSnBu3

4
(22)

The compound (22) had m.p. 85°C (lit.’” 85°C). Thé IR spectra
of triorganotin esters usually have characteristic“ﬂﬁax for
co, grgpp,:depending on_their molecular association (already

discussed in pages 12 & 13 of this dissertation). The

compound(22) showed ]fmax at 1575(s) and 1555(s) cm ' as Co,
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stretching bands which were consistent with the literature

observationgo. In 1

H-NMR spectrum of (22), the methyl proton
exhibited a sharp singlet at & 1.95 while the butyl protons

appeared as multiplets in the regilon of$0.70-1.90.

As our main objective was to optimise the right
condition for obtaining the transesterified product, i.e., the
tin ester, we were less concerned with the formation. . of the
other product i.e., the tin alkoxide. Moreover, because of

high sensitivity of the tin alkoxides to moisture and carbon
81 '

dioxide” ", we did not try to isolate it(23) or the resulting

hydroxide.

In order Lo explore the generality of this trans-
esterification reaction wunder mild and strictly neutral
condition, we then turned our attention to check the

following aspects of the reaction, outlined in equation (25).

1 2
R'COOR® + (R,Sn),0 > R'COOSNHR, + R,Sn-0R® .... (25)
| (23)
1. Change of Rl; we considered carboxyl group attached

to primary and tertiary alkyl [compounds; ethyl acetate, (24),
(26), (32), (36), (38} and (32), (34)], ,p - unsaturated

aliphatic ((27) and aromatic (30) and aryl (40) functions.
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2. - Change of Rz; we considered alkyl {Me and Et), benzyl
(26) and phenyl (24) functions.

3. Change of solvent; we carried out the reaction in

carbon tetrachloride, toluene and also in neat-mixture.

4. Esters of dibasic acid; we selected easily accessible
diethyl malonate (36), 2,2 ~dimethyl succinate (32) and

dimethyl adipate (38).

5. Change of R; we used n-butyl and phenyl groups [bis

tri-n-butyltin oxide and bis (triphenyltin oxide)].

To change the Rz from alkyl to phenyl, we studied the
reaction of easily accessible hydroquinone diacetate (24). A
mixture of (Z24) and bis tri-n-butyltin oxide, in 1:2 ratio,

was heaﬁed under reflux in carbon tetrachloride for 24 hours.

QCOCH+

CCl4
(::) + 2(Bu;8n),0 > CH4C00SnBug +
reflux,24nhr. :
' o (225 -
OCOCH4

(25)
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After removing the volatiles, the residue was chromatographed
threugh silica gel and the compound (22) was isolated by
eluting with 10-25% benzene-light petroleum in 96% yield. The
m.p., m.m.p., IR und PMR data were all consistent with the
tri-n-butyltin acetate (22} obtained from ethyl acetate. The
oéher product (25) was not characterised. It was presumed that
while performing chromatography on silica-gel Ehe compound(23)
was converted®l® {nto hydroquinone. Although we could net
isolate the hydroquinone, this reaction, however, indicated
that acetate ester of hydroxyl group could be transesterified.
Subsequent hydrolysis of the resulting alkoxide to alcohol
which could be an ease process, would provide a method for the
hydrolysis of the acetates. Further studies in this regard
would be undertaken in our laboratory.

Similar reaction of benzyl acetate(26) (R2=CH2Ph)
with bis tri-n-butyltin oxide was carried put and the tri-n- -
butyltin acetate{22) was afforded in 90% yield.

0 0

1 ' T
CHBfC“O—CHZPh + (BuZSn)ZO —_— CH3—C:OanBu3 +

(26} ‘ (22) PhCH, -0SnBuq

We then tried this reaction of ehtyl-crotonate(gZ)
with bis tri-n-butyltin oxide and bis {(triphenyltin) oxide in

carbon tetrachloride, toluene and also by heating their
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mixture in neat. In all the cases, the correspending tri-n-
butylstannyl crotonate(28) and triphenylstannyl crotonate(29)

were obtained in very good to excellent yields.

-~-The IR spectra of tri-n-butyltin crotonate(28) showed
V.., £or the CO, and C=C at 1655(s), 1555(s) and 1535(s)em” T,
while for the corresponding triphenyltin crotonate(29), the

CO0, and C=C absorptions appeared at 1650(s), 1570(s), 1545(s}),

13 119

2

and 1515(s)cmd1. The detail Spectral(lH; C and Sn NMR)
and analytical data were discussed in the SECTION-A of this
dissertation(p.34-38)inconnection with other studies and also
given in the experimental part of the SECTION-B(p. 124-125)

1 2

R*-CH=CH-COOR" + R,Sn-0-SrR, _____ R1~CH::CH—COOS11R3 +
R208nR
1 2 ’
R R R
(27) CH,  Et n-Bu (28)
(27) CH, Et Ph (29)
(30) . Ph Me  u-Bu (31)

*In the case of tri-n-butyltin cinnamate(31), obtain-
ed from methyl cinnamate(30), the IR absorption of CO2 and C=C
appeared at 1640(m) and 1538(s)cm +. In the PMR spectrum, the
A-proton showed a doublet at & 7.61 (J=15.94 Hz). The

aromatic protons appeared in the region of 87.33—7.52. The

13
C- and 119_thNMR data were given in p.gQ.
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Among the hindered tertiary esters, we attempted thils
transesterification reaction with two compounds, wmethyl 2,2~
dimethyl succinate(32) and methyl betulinate(34). The compound
82

(32) was prepared according to the literature procedure and

compound(34) was giftedBB.

The compound(3Z) is also gq ester of dibasic acid, one
being primary and the other tertiary carboxylic acid. We used
two equivalent of bis tri-n-butyltin oxide and the reaction
was carried out iIn toluene. The corresponding tri-n-butyl-
stannyl 2,2-dimethyl succinate(33), afforded in 82% yield and
had m.p. 205-208°C{d).

MeZ“C~—CH2~COOMe
) + 2(nBu,Sn).,0 -
| 30 ‘-
COOMe
(32) Mez*T"*CH2~COOSnBu3 +2MeOSnBu3
COOSnBu3
(gg)

N

(34)
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Its IR spectrum displayed absorbtion maxima for COz.at 1600(w)
and 1525(W)cm_1. ‘'he PMR spectrum of (33) could not be
recorded because of 1ts poor solubility in CDCl3, D6—DMSO and
Dg-acetone. The reaction of methyl betulinate(34) with bis
tri-n-butyltin oxlde was conducted in carbon tetrachloride
and the resulting tri-n-butylstannyl betulinate(35), isolated
in 79% yield, m.p. 70-73°C, had the f _ in IR at 3430(w)
(for Hydroxyl function), 1658(s) and 1635(s) (for the €0, and

the C=C function). Its PMR was given in the experimental part

‘of this SECTION-B.

Other two esters of dibasic acid were diethyl
malonate(36) and dimethyl adipate(38) and both the esters gave

the tin esters(37) and (39) respectively in good to excellent

(CH.) = + 2(Bu,SN)a0 — 5 (CH.)
2 n\ 2 3 2 2'n t
COOR o COOSnBu3
2
2R OSnBu3
(36) 3 n=1, R%<=Et; (37) s n =1
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yields. Their m.p.s are reported in the literéture, prepared
from their corresponding acids. For(37) m.p. 85—87°C(lit:.84

87°C), IR: Y __  for CO,, 1

1585(s) and 1565(s)ecm - and the
methylene protons appeared as a singlet at ©3.18. For{39);
m.p.104-105°C(1it. 8% 105°C), R: V__  for €0,, 1560(s) and
1540(s)em”t and the 'H-NMR : & 2.10-2.48(m, 4H), 0.70-1.90(m,

58H).

Triorganoslannyl esters of benzoic acids are usually
readily hydfolyéed. We, therefore, tried this transesterifica-
tion of wmethyl p ~hydroxy benzoate(ég)lwith bis tri-n-butyltin
oxide, by heating their mixture in neat. After heating for 15
hours, the mixture was cooled and the residual solid was crys-
tallised from ethanol to afford the tin ester(4l} in 81%
yield, m.p. 281°C(d). The tri-n-butylstannyl IJ—hydrdxy
benzoate was highly insoluble in CDCl,, D -DMSO and D¢ -

acetone and therefore its NMR spectra could not be recorded.

Having succeded to obtain a standard, easy condition
for this transesterification reaction, we were interested to ‘
see the hydrolysis of these triorganostannyl carboxylates

under acid medium.

It is known that most triorganotin carboxylates are
relatively rore hydrolytically stable than diorganotin

dicarboxylates{R,5n(0COR'),] or moncorganotin tricarboxylates
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[Rsn(DCOR'}3]75. The latter derivatives are readily hydrolysed
in ethanel to form the monoorganotin oxycarboxylates, which
were suggested to exist as polyﬁers or oligomers in the solid
state, [RSn(O)OCOR']n..However, as discussed in the Intrﬁduc*
tion part ‘of this SECTION-~B, the tridrganotin carboxylates
could be ﬁydrolymed reﬁdil&hby electrophilic(HX) or nucleo-

philic(OH ) reagents.

We carried out the hydrolysis of these triorganotin
carboxylates (TABLE-I) by using dilute hydrochloric acid{5N) or
glacial acetic acid and at room temperature. The details of
the reaction condition and procedure‘for work-up are described
in the Experimental Part. We obtained the carboxyiic acid in

all the cases almost quantitatively.

I1.B-2.2: Conclusion :

In conclusion, it was observed_that alkyl, benzyl or
aryl esters of several carboxylic acids (primary, tertiary,
aryl, d,ﬁ -unsaturated) could be transesterified into their
triorganotin carboxyla tes by using bis(triorganotin) oxides
under strictly neutral condition. .Subsequent hydrolysis of
these tin esters using mild acids at room temperature afforded
the acids in overall excellent yields. It was thus found
feasible to use this method to hydrolyse the alkyl/aryl esters
through their corresponding triorganotin esters followed by
treatment with dilute acid. As such, a new facile and mild
method for the hydrolysis of alkyl/aryl esters has been

developed during the present study.



TABLE-I

Alkyl/Aryl|Stannyl Ester Hydrolysis'|Yield(1)

1
R —C00— R? -SnR, Condition/ [of actd

Stirred at r.fg .

CH4-C00- £t (22) SnBus  HCL (5N) 92

CH4-C00- p=CeHy, (24) SnBu, HCL (5N) 92

CH4-C00- Oy=Ph (26) SnBuq HCL (5N) 92

CH4~CH==CH-C00- £t (28) SnBu, HCL(5N)/ 90
CH,C1,

CH ;-CH=CH-C00- Et (29) SnPh, HCL(5N)/ 92
CHCL,

Ph-CH==CH-C00- Me (31) SnBu, HC1(5N)/ 91

| CH,Cl,
Me,C-CH,-CO0- Me (33) SnBu, HCL (5N) 89
l
CO0-
Betulinate Me {35) SnBug HC1 (5N) 86
C00-
CHy Et (37) SnBug Glacial 88
™~ co0- ACOH/CH,CL,
€00~
(CH,) Yy Me (39) SnBu, Glacial 88
SC00- ~ AcOH/CH,C1,

p—OH-CH,C00- Me (41) SnBu, HC1 (5N)/ 86

CHCL

3
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I.B-2.3: Experimental

I.B-2.3.1: General Procedure: Transesterification in Carbon

 Tetrachloride or Toluene

A solution of alkyl/aryl ester(0.5g-2g scale) and
bis ' tri-n-butyltin oxide or bis (triphenyltin) oxide(1:1
equivalent for monoesters) in carbon tetrachloride or toluene
was heated undey reflux for severai hours (noted for each
compound below) using a Dean-Stark water separator. The
completion of the reaction was monitored by checking
TLC(developed in iodine chamber). After the reaction was
complete, the solvents were distilled off and the triorgano-

tin carboxylate was obtained from the residue as follows:

Tri-n-butylstannyl acetate(22)

1) From ethyl acetate: Ethyl acetate (2g,13.2 mmole),
bis tri-n-butyltin oxide(7.92z, 13.2 amole) in Carbon
tetrachloride(40ml) were refluxed for 12 hrs. The compuund(22)
was isolated as «olourless crystals by chromatography over
silica-gel{eluant 25% benzene-light petroleum) yield=82%,
m.p.. 85°C(lit. " m.p. 85°C).

IR: Y 1555(s), 1575(s)cm ©
max
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'H-NMR(CDCL4):8&  ©.70-1.90(m, 27H, Civs Cpis gy & Cyuil,

1.95(s, 38, C2).

% Analysis for 014H308n02

Found: ¢ 48.20 H 8.75 Sn 34,19
Calcd.: C  48.17 H 8.66 Sn  34.00
i1) From hydroquinone diacetate : Hydroquinone diacetate

(2g, 10.2 mmole), bis tri—ﬁ—butyltin oxide(12.26g, 20.4
mmole) in carbon tetrachloride(50 wl)} were refluxed for 24
hours, The crude  residue was purified by column
chromatography on silica-gel. Elution with 20% benzene-light
petroleum gave 96% colourless crystaLs of tri-n-butylstannyl
acetate(22). The w.p., m.m.p., IR and PMR data all were

identical with tho values of tri-n-butylstannyl acetate(22)

obtained from ethyl acetate.

iii) From benzyl acetate : Benzyl acetate(1.5 g, 9.9

mmole), bis tri-n-butyltin oxide(5.95g, 9.9 mmole) in 30 nl
carbon tetrachloride were refluxed for 12 hours. Colourless
crystals of tri-n-butylstannyl acetate(22) were isolated by
performing sillea-gel column chromatography (25%
benzene-light pettoleum was used as eluant) in 90% yield,
Physical and speciiral data of which were similar to that of

the compound(22) obtained from ethyl acetate.
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Tri-n-butylstannyl crotonate (28) from ethyl crotonate {(27)

A mixture of ethyl crotona&e (1 g, 8.7 mmole) and
bis tri-n-butyltin oxide (5.22 g, 8.7 mmole) in 20 ml carbon
tetrachloride was refluxed for 12 hours. The residue was
purified by column chromatography. Elution with 40% benzene-

light petroleum afforded (28) which was recrystallised from

light petroleum tx furnish colourless needle shaped crystals
of. tri-nm-butylstannyl crotonate(28), yield=95%, m.p.
81°c(lit. 80 5. . 84°C).

UV(ELOH) A . 224(€=1,618)

TR: D 1535(s), 1555(s), 1655(s) cn *
YH-NMR(CDCLg): § 0.85(t, J=7.25 Hz, O9H, C,,), 1.20-1.39
(m,12H, Cov & Cg,), 1.54-1.74(n, 6H, C,,), 1.81(d, J=1.70 Hz,
small allylic ecoupling and 6.90 Hz, 3H, C4), 5.84(d, J=1.7
Hz, small allylle coupling and.l5.40 Hz, 1H, C2)}, 6.84(m,
1H. C3).

Triphenylstannyl crotonate .  (29) from ethyl crotonate (27)

Ethyl c¢rotonate (1g, 8.7 mmole), bis triphenyliin
oxlde (6.27 g, #.7 mmole) in toluene (20 ml) were refluxed
for 24 hours. An olly mass was obtained which was solidifiied

on scratching. The crude was crystallised from chloroform-
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benzene wmixture to furnish colourless solids of (29),
yield = 78%, m.p. 141-142°C.

UV(CHCL,): A 241 (€= 1,182).

max

IR % 1515(s), 1545(s), 1570(n), 1650(s)cn” L

max

1H—NMR(CDC13): S 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, '€3), 7.37-7.50(m, 9H, Aromatic), 7.62-7.89(m, 6H,

Aromatic). \

Tri-n-butylstannyl cinnamate(31l) from methyl cinnamate(30)

Methyl cinnamate(2g, 12.3 mmole) and bis tri-n-
butyltin oxide{7.35g, 12.3mmole) in 40 . ml carbon
tetrachloride were refluxed for 12 hours. The residue was
charged into silica—-gel column packed with light petroleunm,
The desired product was eluted with 40% benzene-light
petroleum. Recrystallisation from light petroleum provided an
analytical sample(31), yield 80%, m.p. ?1°C(lit§6
UV(EEOH) : A 215(65,250), 270(€6,700)

IR: %, 1555(s), 1580(m), 1640(s)cn *

69-70°C).

1H—NMR[CDC13): § 0.92(t, J=7.22 Hz, 9H, C,,), 1.27-1.42(m,

12H,L Cll & C31), 1058"’1-71(“‘, 6!13 CZ'), 6.49((:1, J215094 HZ,

1M, C2), 7.33-7.39(m, 3H, Aromatic), 7.47-7.52(m, 2H,
&

Aromatic), 7.61(d, J=15.94 Hz, 1H, C3}.
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Preparaticn cf 2,72-dimethyl succinic acid, used here
82,

following the literature procedure

In a 100 ml round bottom flask, fitted with a double
surface condenser, 10g(12.6 ml, 0.172 mole) of pure dry
acetone, 10g(9.4 nl,- 0.088 mole) of ethyl cyanocacetate and
0.5g of piperidine were placed. The mixture was allowed to
stand for 72 hours and then heated on watér bath for 1 hour.
After cooling, 50 ml ether was added to the cold reaction
mixture and washed with dilute hydrochloric acid and then
with water. Tﬁe organic layer was dried(NaQSOA), evaporation
of the solvents provided a liquid residue which was distilled
under reduced pressure and collected the desired product,
ethyl disopropylidene cyanoacetate at 90-100°C/2.5-4 mm Hg
(8.5g, 63%).

8g(0.052 mole) of the aforementioned cyanoc ester was
dissolved in 40 wl -of rectified spirit and an aqueous
solution of KCN (8g KCN dissolved in 16 ml of water) was
added. It was ullowed to stand for 48 hours. . After that,
alcohol was distilled off and the residue was refluxed for 3
hours by adding a largé exéess of concentrated hydrochloric
acid. The reaction wmixture . was diluted with water and
extracted with ether(3 x 50ml) after saturating with ammonium

sulphate. The combined etherial laver was dried(Nazsoa] and

the ~-~sclvents were - distilled out. The residue was ..
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recrystallised from excess concentrdated hydrochloric acid and
dried at room temperature to furnish pure 2,2-dimethyl
succinic acid(4.8g, 63%), m.p. 139-140°C(1it.3% n.p.141-142°C)

The foregding 2,2-dimethyl succinic acid was
esterified by heating gently for 12 hours with bidistilled
methanol in presence of a few drops of concentrated sulfuric
acid and worked-up following the usual procedure. The residue
was- sublimed at 100-110°C/2-3 am of Hg afforded pure di-
methyl 2,2-dimethyl succinate. IR: ¥__ 1715(s), 1745(s)em .
1

H-NMR(CDCly) :® 1.23(s, 6H, gem-CHq), 2.50(s, 2H, -CH,),

3.45(s, 3H, ~COOCH,), 3.48(s, 3H,; -COOCH,).

Tri-n-butylstannyl 2;2-dimethyl succinate(33) from dimethyl

2,2-dimethyl succinate(32}

A soclutlon of dimethyl 2,2—dimethyl succinate(lg,
5.7 mmole) and bis tri-n-butyltin oxide(6.84g, 11.7 mmole) in
20 ml toluene was refluxed for 36 hours. After cooling to
room temperature a small amount of white solids was settled
down which was eliminated by filtration. Filtrate was
concentrated and allowed to, stand for .overnight. Powdery,
pale yellow coloured solid Iwas appeared and filtered off,
washed with benzene, dried in vacuo to furnish the compound
(3é)zin 82% yield, m.p. 205-208°C(dec.).
IR(KBE): Vo 1525(w), 1600¢w)cn 1
Ly- NMR spectra aof (33) could not be recorded due to 1ts poor

sclubility in CDCl3, D6—DMSO and D¢ -acetone.
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|
% Analysis for Cy4H.,5n,0, ‘

Found C 49,83 H 8.82 Sn 32.85
Caled.: C 49,75 H 8.63 Sn 32.78

Tributylstannyl betulinate{35) from methyl betulinate(34)

Methyl betulinate(0.53g, 0.6 mmole), bis tri-butyl-
|

tin oxide(0.39g, 0.6 mmole) in 5 ml carbon tetrachloride were
: |
refluxed for 18 hours. Colourless needle  shaped crystalline

compoﬁnd(gé)' was obtained by recrystallisation twice from

light petroleum, yield=79%, m.p. 70-73°C.

IR(CHCi;):'v

oy 1605(s), 1635(s), 1658(s)em * for €O, and

3430(mdci™ L for.-OH.

'H-NMR(CDCL,): §  0.86-2.08(m, 67H), 2.18(s, 3H), 4.43(m,

centered at, 1H}, 5.88(s, 1H), 6.13(s, 1H).
% Analysis for C,,H,,Sn04

Found : C  67.50 H  9.87 Sn 16.05
Caled.: C 67.64 H  10.00 Sn 15.91

Tri-n-butylstannyl p-hydroxy benzoate(4l)from methzlf)-

hydroxy benzoate(40)
A mixture of Methyl p-hydroxy benzoate(lg, 6.5

mmole), and bis tri-n-butyltin oxide(3.92g, 6.5 mmole) was
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heated in neat for 15 hours. Borwn-coloured crude solid was
dissolved 1in ethanol, :a sﬁall amount of 1nsoluble solid was
removed by filtration. Thel filtrate was concentrated and
allowed to stand for overnight. Powdery pale yellow coloured
solids were obtained and dried in wvacuo to furnish
compound(41), in 81% yield, m.p. 281°C(dec.). Probably the
p-0H group has been converted into'p~OSnBu3; as the product
did not give colouration with FeCl3.

IR:'l)ma 1510(m), 1535(w), 1605(s)cm

X

L-nR spectra of the sample could not be recofded because of

poor solubility in CDClS, D6—DMSO and D6— Acetone.

Tri-n-butylstannyl malonate(37) from diethyl malonate(36)

Diethylmalonate(1.5g, 9.3 mmole) and bis tri-n-butyl
tin oxide (11.09g, 18.6 mmole) in 30 ml carbon tetrachloride
were refluxed for 12 hours. The residue was recrystallised
twice from  light petroleum afforded stannyl malonate(37),
yield=65%, m.p. 85-87°C (lit. 8% 87°C).

Do . -1
R:Y__ 1565(s), 1585(s)en
"H-NMR(CDC14):§0.66-1.90(n, 54H), 3.18(s, 2H).
% Analysis for (3271-156811204
Found : C 47 .62 H 8.31 Sn 34.92
Caled.: C 47 .54 H 8.27 Sn 34,80
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Tri-n-butylstannyl adipate(39) from dimethyl adipate(38)

Dimethyl adipate(2 g, 11.4 mmole), bis tri-butyltin
oxide(13.6 g, 22.9 nmnmole) w?re refluxed in 40 wl carbon
tetrachloride for 12 hours. Tﬂe;compound(ég) was isolated as
colourless crystals by chromatography over.silica—gel (eluant
25% benzene-light petroleum), yield=91%, wm.p. 104-105°C
(lit,8$,105°C). .., - . . S

R : m%ax 1540(s), 1560(s)en *.

1

H—NMR(CDCI3} :$0.70-1.90(m, 58H), 2.10-2.48{m, &4H).

% Analysis for C30H628m204

Found : C 49.61 H B.49 Sn 32.78
Caled.: C 49.75 H 8.63 ¢ Sn 32.85
1.B-2.3.2: Hydrolysis of Triorganotin carboxylates (22, 28,

29, 31, 33,.35, 37, 39, 41) into their corresponding Acids

General Procedure

I. The stannyl esters(2g) were taken in 2 nl dilute
hydrochloric  acid(5N) or in glacial acetic acid(2ml)
(TABLE-I} as a suspension and stirred overnight at room
température. The volatiles were Tremoved under reduced
pressure, the aclds were obtained either by extracting with
ether(2 x 25 ml) or by crystallisation from benzene-light

petroleum. Yields{%)of acids were recorded in (TABLE-I).



-131-
IT. To a stirred solution of stannyl esters{2g) in
either dichloromethane (5 wnl) or chloroform(5 ml), 2 ml of
dilute hydrochloric acid(SN)!or glacial acetic acid(2 ml) was
added. The heterogeneous solution was stirred overnight at
room' temperature. . The reaction mixtur; was diluted with
ether {10 wl} and washed with aqueous sodium ‘bicarbonate
solutton (2 x 10 ml}. Thenm the aqueocus phase was acidified by
dropwise addition of dilute hydrochloric acid(5N) in an
ice-cold condition and extracted with ether (2 x 25 ml).
Cbmbined etherial layers were washed with brine, and dried
over anhydrous NaZSOA' Volatiles were removed and the residue
was dried under wvacuec. Recrystallisation from benzene-light
petroleum afforded the acids in §uantitative vyields. TLC,
m.p., IR of the acids, all were identical with the autﬁentic

sample. The yields(%) of the acids were given in TABLE-I.
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I.C-1: Studies on Toxicity of a Series of Unsaturated Tri-

organotin Carboxylates against Phytopathogenic Fungi

I.C-1.1: Introduétion

In the earlier section (SECTION-A)} of the thesis,
preparation, spectroscopic characterisation and regioselec-
_tive reaction with mercury(lI) salts of some ,8-unsaturated
(both olefinic and acetylenicf triorganostannyl esters have
been presented. Since triorganotih carboxylates are known to-
exhibit a wfde fange of bioclogical effect§1_3, sowme -studies
were undertaken to screen the fungicidal and phytotoxicity of
.a series of unsaturated triorganostannyl'carbdxylateS'during
the course cof the present study. As a prelude to the present

work, it is necessary to describe a concise review on the

previous applications of related compounds.

Organotin compounds after their discovery around
1850, long remained of purely scientific interest. - A
systematic investigation of the antifungal effectiveness of
organctin compounds wés started in 1950 by wvan der Kerk and.
Luijtena. They evidenced the high fungitoxicity of compounds'
of the type RSSnX(trio;ganotin derivatives) qompared to

tetra- (RaSn], di- (stnxz), and mono—(RSnXS), substituted
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organotin compounds. From their studiess_7 with trialkyltin
compounds{R3SnX), the nature of the X group did not appear to
have, in genefal, any particular effect on the activity. With
regard to alkyl groups, e.g. with trialkyltin_acetates(CH3COO
—SnR3), it was revealed that not the nature of the individual
groups, but the total number of carbon atoms in the three.
groups was decisive. For a high antifungal toxicity the total
number of carbon atoms in thF alkyl groups of a trialkyltin
compound should be about nine:to twelve®. Thus dimethyloctyl-
tin acetate(l) had the same high activity as tri-n-propyltin
acetate(2) or as tri-n-butyltin acetate(3). They inhibited
the growth of test fungi at concentration of 1mg/L or
5:8

lower>8, Tricyclopentyi(&) or tricyclohexyltin acetates(5)

were more active than the n-alkyl derivatives7.

N N 1
CH3—C—0-—SnR,R

(1) R=Me, R1=Octyl (4) R=R1=Cyclopentyl
' 1 ' 1 1
(Z) R = R" = n-Pr {5) R=R"=Cyclohexyl
' 1 _ ol
(3) R = R" = n-Bu (6) R=R"= Phenyl

In the case where R=aryl, introduction of functional
eroups did not Jlead to a significant improvement in activiiy
over that of the unsubstituted triphenyltin derivative?» 2210,

Triphenyltin acetate(6), the first agricultural organotin
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fungicide(BRESTAN(:>), was developed by Hoechst in 196011’12.
Shortly afterwords, a second  organotin fungici&e,
triphenyltin hydroxide, with a spectrum of activity similar
to that of acetate13, achieved commercialisation@3t Among
other triorganotin compounds, the wmajor agriculturél

application was realised in tricyclohexyltin

hydro_xide(PLI-CTRAN)14 and comppunds(z}15 and (§}16.

O == (O =k

(7). Tricyclazole .. . . (8) R-28627

Several articles on applications and bioclogical

effects of organotin compounds are available in the

literaturel_3’17.

18

In the recent years,. Shcherbakov & his

19,20

workers and M. Gielen & his associates

carried out
investigation on the biological activity of trialkyltin

esters of N-phthaloyl-protected amino acids(9) and triphenyl-

tin carboxylates{10) of substituted salicylic acids19 res-
pectively.
0
© N —CH(R')—COO0STR
0O
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O—Sn(CGH5}3

(10a) X=CH, Y=4-Me, Z=H (10d) X-CH, Y=5-S0,H, 2Z-H
(10b) X=CH, Y=5-OMe, Z=H (10e) X=CH, Y=3-CHMe,, Z-CHMe,
(10c) X=CH, Y=5-NH,, Z=H (10£) X=N, Y=12Z =H

Shcherbakov et gl,lg observed that their compounds
were indicative of the average fungicidal activity21.
However, the phthaloyl protection’ of the amino group
increased to some extent the fungitoxicity relative to the
organotin analogue with the unprotected amino group. In their

studies with compounds(10a-10f), Gielen et gl.lg noticed that

compounds(10c) and (10e) displayed highest toxicity against

Gaeumannomyces graminis while compounds (10b) and (10c) were

most- toxlc against Fusarium avenacearum fungi.

The principal advantages of the organotin agrochemi-
cals (which mainly possess prophylactic actionzz) are their

relatively low phytotoxicity, their generally low toxicity to
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non-target organisms and the lack of resistance by crop pests
to these chemicals. Furthermore, triorganotin compounds.
possessing relatively weak nature of Sn-C bond,  undergo
degradation in the environmenf, eventually to form harmless

inorganic tin residues.

The mode of action or metabolism of organotin
compounds has been the.subject of much discussion.. It was
suggested 8,23 that inhibition of oxidative phosphorylation
in the case of the trialkyltin compounds might be the case of
the observed inhibition of fungal growth. In vivo animal
studies, 1little inférmat;ons were derived regarding the
dealkylation or dearylation products formed from the organic
moieties. However, work by Prough ggvgi.za on the NADPH- and
oxygen dependent microsomal metabolism of the ethylene series

EtnSnX4_n(n=2—4} demonstrated that the major organic

metabelite was ethylene and the winor product, ethane.

I.C-2: Present work: Results and discussion

From the preceding discussion it was evident that
for trialkyltin acetates to exhibit antifungal activity; the
natﬁre of alkyl groups had a great role. At the same time,
the influence of the nature of the 'carboxylate group on the

activity was also studiedzs. In connection with our interest
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with «, 8 -unsaturated triorganostannyl carboxylates, we
focussed our attention on the fungicidal activities in vitro

of the compounds{11-2C}. Eérly}studiesz6

on the fungitoxicity
of unsaturated trialkyltin carboxylates, e.g., acrylate,
methacrylate etc. were associated with a problem relating to

their stability. These esters are known?’

to be polymerised

even ét-room temperature., The tiﬁ carboxylates, comprised of
the present investigation, were isolated in pure form conve-
niently and stable enough to conduct the biclogical studies,
The in wvitro tests of fungicidal activity of the
organotin compounds have limited value to the organotin
pesticide chemist unless their phytotoxicity are determinedB.
We also studied the "phytotoxicity: of thesé unsasturated

triorganostannyl esters {(11-20}.

I.C-2.1: Biocidal Activity

The coumpounds{11-16) were screened ¢ for their

fungicidal effectiveness in vitro against Altermaria solani

and the esters(17-20) were screened against Piricularia
28

oryzae. The poison food technique was followed for testing

and the growth inhibition was evaluated. .using the formulazg:
% inhibition=C-T/C x 100, where C and T are growth of fungus
under control and treated plates respectively. All the

carboxylates{11-16} were found to, be active against A. solani
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and compounds(17-20) against P. oryzae. The % of growth
inhibition was measured at| different concentration at
different time (24hrs, 48hrs and 72hrs.} and the ED95 values
were obtained by calculating these results by least square

regression analysis. The results were summarised in TABLE I &
IT. . |
5
For phytotoxicity study of these unsaturated tin
carbokylates{(11-20), rice seeds were dipped in compound
suspension at different concentration (25; 50 and 100 ppm)
for one, four and eight hours. The treated seeds were allowed
to germinate for eight days and germinated seeds were counted
against control. The percentage of germinated seed at

different <concentrations and tines were presented 1in

TABLE-III.

From the results (ED95 vaiues) in TABLE—I.it was
found that compound(ll), the tri-n-butylstannyl crotonate,
showed maximum inhibition after incubation for 24 hours and
72 hours while the tri-n-butylstannyl p-nitro cinnamate(1l5)},
inhibited the growth at 4.96 ppm after 48 hours against A.
solani. On the other hand, triphenylstannyl crotonate(12) was
found tc be least active. From TABLE~II, triphenyltin but-2-
ynoate{20}, was the most active against P. oryzae after 24

hours incubation(1.95 ppm) and least active after 72 hours
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incubation{12,87 ppwn). The t&i—n—butyltin cyclohexylidene

acetate(18) inhibited the growth of the fungi (P. oryzaelwith
doses within the range 5.93-7.00 ppm, an average acitivity
relative to other tin esters.

With regard to the assessment of phytotoxicity of
these unsaturated tin carboxylates(11-20} (TABLE-III}, it
was revealed that tri-n-butylstannyl but-2-ynoate({19) did not
have practically any phytotoxicity even at doses 100 ppm. The
compounds(11} and (15) were most <fungitoxic against A.
solani, and at the same time their phytotoxic effects were
almost nil. Again, . the compound(20) exhibited highest
fungicidal effectiveness and its phytotoxicity was nil. Among
these esters studied, the tri-n-butylstannyl sorbate{13)
showed highest phytotoxicity for 8 hours dipping at the

concentration 50 and 100 ppn.

Despite the effectiveness of tripropyl- and tri-n-
butyl-tin compounds in vitro, field trials demonstrated .that
not 6nly are they very phytotoxic, but their ability to
control fungi is reduced. In contrast, triphenyltins were
found to be tclerated by the plants to a greater degree and
were highly fungistatic. In our studied compounds, for
example the tri-n-butylstannyl but-2-ynoate(19) and

triphenyltin but-2-ynoate(20), the butyl group showed less

phytotoxicity than the phenyl group. However, the
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triphenyltin ester(20) exhibited most fungitoxicity (1.95
ppn for 24 hrs.) compared to the butyltin ester(19) (4.37 ppnm

for 24 hrs.) against P. oryzae.
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I.C=3: Experimental

Materials . and Methods .

Antifungal Activities

i) Compounds: Tri-n-butylstannyl crotonate(11l), Triphenyl-
stannyl crotonate{12), Trin~buty15tannyl sorbate{13),
Triphenylstannyl sorbate(l4}, Tri-n-butylstannyl p-nitro-
cinnamate(15), Triphenylstannyl p-nitro cinnamate(16), Tri-n-
butylstannyl cinnamate(17}, Tri-n=butylstannyl cyclo-
hexylidene acetate(18), Tri-n-butylstannyl but-2-yncate(19),
Triphenylstannyl but-2-ynoate{20) reported earlier in
SECTION-A, and have Dbeen tested for fungitoxicity and

"phytotoxicity.

1i) Organisms:

a) Alternaria solani (EII and Mart) Jones and Grout

~causal organism of early blight disease. of potato..

b) Piricularia oryzae cav-causal organism of blast

disease of rice.

1ii} Culture media : Solid medialmalt extract aggraol

20g malt extract {Difco) was boiled in water till
dissolved. 20g agar agar(Kobe-Japan) was added and boiled

until agar agar was well dissolved. 0.05g chloramphenicol was
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suspended in 5 ml of 95% alcohel and added to the medium as
antibacterial agenf. The volume of the medium was then made

upto 1 litre by addition of water, ph

of the medium was
ad justed with sodium hydroxide to 6.5. Medium was sterilised
at 15 p.s.i. for 20 minutes.

I.C_301:

Antifungal Activities of some a,8 -Unsaturated Organotin

carboxylates in vitro

Acetone solution of suitable quantity of the
compounds(11-20) in sterile distilled water was incorporated
into melted malt agaf so as to get the desired concentrations
of the compound in the media. Media with desired
concentrations of compounds were poured in petriplates and
after solidification were' incubated at the centre with
uniform discs(7 mm) of mycelia, punched out with a sterile
cork borer from the advancing zone. 6f -the culture test
fungus. Three replications on each test with appropriate
control under same conditions were maitained. The petriplates
weTre then incubated at 30+1°C in dark. Linear growth of the
fungal discs were measured gfter regular = interval and the
percentagehof growth inhibition over control was calculated

and finally EDgq values{ppn) were recorded in TABLE I & IT.



TABLE-I

Effect on growth of é; solani

| EDgg value(ppm) for incubation period

Compound | .
24hrs 48hrs 72hrs
1 . |
{11) CHy-CH =CH-C005nBu, 4.4 5.7 6.34
(12) CH,=CH=CH-COOSnPhy 9.92 10.00 10.00
(13) CHE:CH—COOSnBu3 - . 6.57 7.42
|
CH= CH-CH,
(14) CH=CH-COOSnPh, - 5.74 ©5.80
5
CH=CH-CH,
CH= CH—COOSnBu3
(15) 1iiii 4.8 4.96 9.14
NO,
CH = CH-CO0SnPh,

(16) | 9.24 9.36 10.00

NO



TABLE-I1

Effect on growth of P. oryzae

EDg values(ppm) for incubation period

Compound [

24hrs ? 48hrs 72hrs

(17) CH—_.-CH-COOSnBu3 6.22 6.47 7.19
H ' _

(18) 5.93 6.50 7.00
NCO0SnBu

3

(18) CH,-CZ=C-CO0SnBu, 4.37 " B.45 9.22
h) .
(20) CH,-C=C-C-0-Sn 1.95 9.20 12.87
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1.C-3.2:  PhytokLoxicity on Rice

i) Seed Sample

Healthy rice seeds of PUSA 2-21 wvariety collected
from Chinsurah Rice Research Farm, Hoogly, West Bengal were

used in the investigation.

ii) Compound numbers (11-20)

iii) Effect on seed germination

Healthy rice seeds wére dipped in compound
suspension of 25, 50 and 100 ppm concentrations for l;-Aland
- 8 hours. For control, water with requisite amount of acetone
was used. The treated seeds were then placed on moist three
layered filter paper in closed petriplaﬁes. Plates were
incubated at 30 1°C. 100 seeds were maintained for each
treatment. After 8 days the germinated seeds were counted.
Seeds producing a root or a coleoptile were recorded as
germenated. Three replications of each test with appropriate
control under éame conditions were maintained. The percentage
of germinated seeds were counted with respect to control

(results were placed in TABLE-III).



TABLE-111

Effect of the compounds on rice seed germination

% of germinated seeds with respect

Compound Cone™ to contrel treated for

(ppm} lhr 4hrs 8hrs
1 I

(11) Tri-n-butyltin 100 91 81 75
crotonate 50 93 83 82
25 96 89 , 85
(12) Triphenyltin 100 91 88 88
crotonate 50 93 88 88
25 98 50 89
(13) Tri-n-butyltin 100 83 79 . 66
sorbate 50 87 83 76
25 96 95 79
(14} Triphenyltin 100 90 89 : 88
sorbate 50 92 90 88
25 95 92 88
(15) Tri-n-butylein 100 87 - 87 . 82
p—nitro cinna- 50 89 91 90
“mate 25 83 93 94
(16) Triphenyltin 100 86 88 , 81
p-nitro cinna- 50 91 - 82 . 78
nate 25 95 | 90 | 83

Contd...



TABLE-III

Contd...
| 7 of ge;minated seeds with respect
Compound Conc™ | to control treated for
(ppm) |
1hr Ghrs dhrs
I 1 | I

(17) Tri-n-butyltin 100 90 80 80

cinnamate 50 91 82 - . 78

25 92 - 84 76

{18) Tri-n-butyltin 100 100 93 90

cyclohexylidene 50 100 95 92
acetate

25 100 96 93

(19) Tri-n-butyltin 100 100 100 98

but-2-ynoate 50 100 100 100

25 100 100 100

(20) Triphenyltin 100 93 95 90

25 . 97 97 91
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Abstract

Demelaliation reactions af tri-n-butyltin carhoxylates of some «,f8-
ursaturated carboxylic acids (acrylic, crotonic, einnamic, sorbic and
evelohexylidens acetic) with mereury(IT) salts (HaX 4, X =], OAc)
vecurred sglectively, and no mercuration of the olefinic double bond
wu%-\\{:lectcd.

1. Introduction

The mercuration of olefins (isolated / conjugated)
with mercury{Il} salts 15 a well documented reaction

Correspandence to: De. B, Basu.,

[1]. The resulting organomercurials have found many
applications in organic synthesis [2], For example, the
preparation of serin [3] involves the solvomercuration
of the carbon—carbon double bond of methy] acrylate
upon treatment with mercuric dcetate in methanol,
whereds organotin carboxylates undergo demetallation
with mercury(11) salts as reported by Roy et. al [4].
Withi these observations in mind, it is of interest to
investigate the reactions  between «,f8-unsaturated
stanny! carboxylates and mercury salts. We report here
the difference in reactivity towards mercury(II) salts
observed 1n the case of stannyl esters and their alkyl
esters, and we believe that this portends certain poten-
tial in organic synthesis.

2. Results and discussion

Qur investigation embodied several types of @,-un-
saturated tin carboxylates of unsubstituted (acrylic), .
B-monosubstituted {crotonic, cinnamic and hexa-2,4-di-
cnoic) and f,8-disubstituted (cyclohexylidene acetic)
carboxylic acids. The rcactivns of these esters with

TARLE 1.
Entry 'I:Ei_l rurboxylates o HeX, Solvent . 'I‘imc,-r‘Tcmp. ‘;’-ic]d T of Yip]d *of -
; BuHgCl (%) Acid (9.
i CH.=CH-COOSuBu, P X=a MeOH L4g b1t 8 a2
X=Cl CH,CN ' 6 hreflux 86 40
X - OAc MeOH “A8 h/rt. 84 30
~ X = OAc CH,LCN ‘ 6 b /reflux 82 42
2 CH—CH-COO0SnBu, * X -l MeOl . ‘ 48 /ot 40 43
i, X -l . PhH 4 b/ reflux 88 43
’ X =0Ac CHLON | 4 h freflux 96 47
X == OAc PhH i 4 h/reflux 84 48
3 CH=CH -COOSnBu; * X=Cl MeOH | 48 h et ug 45
Ph X =0l CH;CN . 6 h/retlux 94 48
X = OAC MeOH P48 h/rb 85 46
X = OAC CH,CN 6 b sreflux 40 49
1 CH=CH-COOSuBuy © X = 0Ae MeOH 48 h/rt. 71 50
CH=CI-CH N x-ca PhH 4 h /reflux 76 43
’ X=Cl CI1,CN 6hreflux 92 N
B CH--COOSnBu, 3¢ X = QAc MeOH 48 hyrt. 73 48
O X=Cl PhH 4 h/reflux 78 44
ke

‘7-“(’icid of isolated pure product, b 8 p. A9-70°C (Lit, [8] 69-70C). © M.p. B4-85°C. ¢ M.p 80°C. ¢ Compounds listed in entries !, 4 and 5 pave

satisfuctory 'H-NMR spectral data,

BO2Z-32RX /97 /860000

€3 1993 - BElsevicr Sequois 5.A. All riphts reserved
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mercuric chloride and mercuric acetate were studicd in
different sulvents ronging {rom protic / aprotic polar to
aprotic nonpolar Clable 1) 1In vach case, butyl moer-
curic chloride and the corresponding acids were ob-
tained after hydrolysis in fair to excellent yields. The
formation of butyl mercuric chloride in the case of
using mercuric acetate probably oceurred 15} during
washing of the reaction mixture with brine. Although
change in the solvents did not significantly affect the
vields of the products, the use of methanol, however,
required a lower temperature. The results are sum-
marised in Table 1.

While the alkyl esters of o,B-unsaturated acids,
upon  treatment with  mercury(1l) salts, undergo
solvomercuration of carbon--carbon double bonds {2,3],
the corresponding stannyl csters, upon similar treat-
fnent, react preferentially at the estér function keeping
the olefin unreacted. "Thus, by using the stannyl esters
we were able to protect the carbon—carbon double
bond and thereby provide a useful approach for prefer-
ential reactions of differemt functionalitics in «,8-un-
saturiated esters towards mercury(IIY salts. This method
also Provides a mild and neutral condition for hydroly-
sis of alkyl or aryl csters [6].

3. Experimental details

General procedure

To a solution of tri-n-butylstannyl carboxylates (2 mmol)
in a solvent (10 ml) were added mercury(ID) salt (2
mmol} (HgX,; X =C1, OAc) and the mixture was
stirred under the conditions noted in Table 1. A small
amount of white solids precepitated during the reac-
tian which were filtered off. The filtrate was diluted
with ether, and the vrganic layer was then washed with
aqueous sodium chloride and dried over anhydrous
Na.§9,. Evaporation of volatiles afforded the residue,
which was crystallized from light petroleum to give
BuHp(l as shining flakes in excellent yields.

M.p. 128°C (lit. [7] 127--130°C). "H-NMR (270 MHz,
CRC,, ppmd: & 2.0 (G 2H, /=713 Hz), 1L.78-1.67 (m,
2H), 1.48-134 {m, 2H), 0.5 (1, 3H, J =729 Hz)
C-NMR (22.40 MHz, CDCl,, ppm for APT spectra a
(+) indicates 0 or 2 attached protons and a ()
indicates 1 or 3 attached protons): § 33.06 (+), 3009
{4, 2781 (+), 1347 (-). Anzl. Found: C, 16.08; H,
3.17. C,H,HgCl caled.: C, 10.38; H, 3.07%.

The mother liguor was diluted with ether and
washed with saturated agueous sodium bicarbonate.
The agueous phase was made acidic (3 N HCI) and
extracted with ether. The organic phase was washed
with aquecus sodium chioride, dried (Na,50,) and
cvaporated to afford the corresponding acids, then
recrystallized from benzence—light petroleim. Physical
and spectral data of all acids isolated are identical with
those of authentic samples. )
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A mild method for the hydrolysis of primary, tertiary

and aromatic esters through their corresponding triorga-
nostanny! esters is reported.

A number of mild: hydrolytic and non-hydrelytic ap-
proaches are available for masking and demasking
of carboxyl group {alkyl, aryl, etc.)'?. Despite this,
the search is on for still milder methods to bring
about the demasking of carboxylate groups. We
present herein a new two-step sequence for depro-
tection of alkyl/aryl carboxylates under mild acidic
condition,

In the first step the alkyl/aryl carboxylates are
transesterified to the trialkylstannyl esters under
completely neutral conditions, such as (i} by azeo-

Table 1—Characterization data of triorganostanny! carboxylater (2}

Entry Esters 17 Solvent Reflux Yieldof2 mp! IRof2(C=0)PMR'cf2ind
No. time {"C} incm™! {ppm}{J =Hz);
R'-COO - R {hr) %} {Lit.) {Nujol} Solvents®
A Ph-CH=CH-COG- Me CCl, 80 71 1640 0.70-1.50 (m, 27H),
~ 6.35(d, 1H, ] = 16).
7.10-7.60{m, SH},
7.56{d, I1H,I=16)

Ih Ph—-CH=CH-CQQ - Me Ph-Me ° 12 93 ! "

TN Ph-CH=CH-COO- Me Meat 12 82 . ”

2 CH,-CH=CH-COO- Et ccl, 12 95 81 1655 0.66-1,75 {m, 27H).
1.82 & 1.86 {two
ds. 3H,J=7),5.63-
6.15 (m, LH), 6.61-

. 7.20{m, 1H)
3 CH,-COO- Et cci, 12 82 85 1575,1555  0.70-190(m, 27H).
{85y 1.85 (s, 3H)

4 CH,- COQ - CH,-Ph CCl, 12 90 - -

3 CH,- CCQ - pCH, CCi, 24 96

6 Me,C - CH, - COO - Me Ph-Me 36 82 205- 1600, 1525 £

s | 208(d) {KBr)
CO0-
7 Betulinate! Me CCl, 18 79 70-73 3430({ - OH), 0.86-2.08 (m,67TH).
1658,1635  2.18(s, 3H), 4.43
{CHCI,) {m, centered at,
{HY S BR{s, THY,
6.13(s, IH)
% p—0OH-CH,-COO- Me Neaut 15 81 281y 1605 f.a
Y H;C:ggg ) Et ccl, 12 65 §5-87 (585, 1565  0.66-1.80 (m, S4F),
] (375 © 3.18(s, 2H)
10 {HC)-CO0- Me ce, 12 9l 104-105 (560, 1540  0.70-1.90 {m, S8H),
| {los)ye 2.10-2.48 {m, 4H)
CQO-

[} Yield of isolated pure product; (b} Uncorrected; (c) Recorded on a Pye Unicam SP 3-3008 spectrophotometer; {d) Recorded on
Varian T-60 or EM-360 spectrometer using TMS as internal standard; {e) CCl, used for Entry No. [-5 & 9 and CDCI, used for En-
try No, 7 & 10; (f) PMR spectra could not be recorded because of poor solubility in CDCl,, D, -DMSO & D,-Acetene; (g) Probably
—&he p-OH group has been converted in1o p-O8nBu; as the produet did not give colouration with FeCl,.

t A part of the work was presented in the 27th Annual Conven: -

tien of Chemists, Dec. 26-30, 1990 {Abstract No. OS-13).



132

R INDIAN } CHEM SEC B, FEBRUARY 1992

tropic distillation of esters 1 with bis-trialkylin ox-
ide in carbon tetrachloride or 1oluene or (i) by heat-
ing their near mixture, The corresponding triorga-
nostanmyl carboxylates 2 so formed undergo casy
hydrotysis to acids 3 by tresatment with dilute acid at
roam temperature Clable 1) In ail the cases facile
formation of stannyl esters and ther factle hydroly-

sis ure observed in overall excellent yields.

RUCOOR v B S O = RICO0SH{ n-Bu L, = R1ICOOTH
i 2 3
+n-Hu,OR-

R = alkvbprimary, werdaryhoarvh e funsatursed functions,
7 = abivl, phenyl and boenest groups,

Experimental

Trunsesterification of utkylluryl carboxylute 1.
Creneral procedure
& A solution of 1 and bis-tri-s-butyitin oxide {1:1
 cquivatent for monocesters) in carbon tetrachloride

or toluene vas heated under reflux for several hours

ixee Table T) using a Dean-Stark water separatar,
The solvents were distilled off and the residue was

chromatographed over stlica-gel. Elution with 20-

+a-Bu,SnX
X =L OAg

5% benzene-light petroleum afforded the tri-n-
butylstannyl csters 2.

The stannyt ester 2 was taken in dil. hydrochtoric
acid (SN} or in glacial acetic acid as a suspension
and stirred overnipht at room temperature. After
removing the ugueous seids under reduced pressure
the acid 3 was obtained cither by extracting with
cther or by erystaltisation, The transformation was
almost quantitative,
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pnépaaation o{ Picolgltnia[&ylatann&nea and
on the mechanism anolving ambident nucleo-

pﬁé[éc&ty o{ picalyl anion.
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IT-1: Introduction

Among the unsymmetrical tetraorgancotin compounds of

the type RlsnR3, vinyl—1’2 and allylstanrmanesza‘c’3 form an

increasingly important class of synthetic intermediates owing
to their participation in wide range of carbon-carbon bond
forming reaétions. The reactions of allyltins are usually
brought about by heata, high—pressures, transition metal-
-catalysés6-or Lewis acid‘7 activation and leading to a high
degree of regio- and stereocontrol in the products. Alike
-allylstannanes(1l), in the aromatic system, benzylstannanes(2)
too héve found application58 in organic synthesis taking into
consideration that the C—C double bond being a part of the

aromatic ring.

_ SnRk SnR
— _-SnR, /\CHZ/ 3. 73
(3) | (1) (2)

Benzyltrialkyltins(2) may be prepared in several
ways:
i) The Grignard reagent(4), prepared from benzyl
halide, is being reacted with trialkyltin halides in ether

solution9
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ether -
CHzMgC]_ + R3_SnC.1 . > @—CﬂzsnRa

(4) (R=Me ,Ft ,n~Pr,n-Bu) {2)

i) Generation of benzyl anion by using base followed by
quenching with trialkyltin halidesgb. Recently, andrianome et
QL.Sd prepared the bénzyltrimethyltin derivati&es in terpenié
series following the second procedure. They generated the
beﬁzyl anion by using n-butyllithium in tetramethylethylene-
didmine (ﬁ—BuLi/TMEDA)' and then quenched with trimethyltin
chloride. Their observation was that the introduction of the
organometallic group occurred with a high degree of\regio—
seiectivity. Thus, p-cymene(5) was treated with n-BuLi/TMEDA
and then quenched with MeBSnCl to afford the benzyltin
derivative(6), where the tin substituent appeared at the less

substituted carbon atom exclusively.

/S nMe 3
CHZ

(i) n-Buli/TMEDA N
{ii) MeBSnCI :
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I1I-2: Present work: Objective and planning

Although benzyltrialkylstannanes have en joyed
widespread applicationss’lo in the domain of synthetic
orgaﬁiéJChemistry over ﬁhe-lést decade, almost no attention
has ever been made to the use of benzyltins, where the
aromatic ring contains one or more hetero-atom, particularly
the nitrogen atom. In the case of pyridine, the (:) CH2~
group 1s called picolyl group and the corresponding tiﬁ
derivatives may be called as picolyltrialkylstannanes. We
envisaged an enormous impbrtance ﬁo use picelylstannanes
leading to  several heterocyclic compounds of great
conSEquencesll . The six 9Jr-electrons delocalisation and
aromaticity in pyridine are essentially the same as that of
benzene, but the gfeater electronegativity of nitrogen
results in the dipolar resonance structures more important —
the ncgative pole being towards nitrogen. Consequent effects
are therefore expected and observed in the 2~ and 4- alkyl
substituents of the pyridine ring. It was therefore believed
that the application of these orgénometallics in the

synthesis of heterocyclic system would encompass a new

chapter henceforth.

The plan of our work may be split inte two parts,

viz., the preparation of picolyltrialkyltins and secondly
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their reactions under a variety of conditions, where cleavage
of C-—3n bond would occur resulting in the formation of
various N-containing substitdted heterocyclic systems. In
respect of their reactions we planned to carry out mainly two
types of reactions.

1. Yémaguchi et gl.lz_recently showed that activated
pyridine ring(7) reacted with allyltrialkyltins in situ to
afford 2-allyl-N-substituted 1,2"dih§dropyridine(§J with a

high degree of regioselectivity(SCHEME-I). They observed that

SCHEME-T
N CH,C1 NN
: ALY
I + C1.CO Me oSy ]
/ N/
N - 7
cl

0),\ OMe

(7)

459\\J,,MgBr(dféelectivity ‘ ;5?\\w/,,SHRBGI«selectivity

= 79% . Chewical yield 394‘;{., Chemical y181d=~*87?a)
= 57%)
~
> I H
N X

o)\ OMe

(8)
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the reaction of alkyl' magnesium bromide with N-
(methoxy carbonyl} pyridinium chleride(7) resulted in rather
low ¢ -regioselectivity(79%) and chemical yield(57%) while
allylt{;s éave in situ”94ﬁ Q—selectivity and 87% chemical
yield. It is important to mention that this reactions are,.
believed to take place by SNZ' reaction. Again, allylsilanes,
which had been widely used as allylating reagentsl3, were

14 than allylstannanes.

found to be less neucleophilic
With this view in mind, welreasoned that if these
picolyltrialkyltins could be prepared, further activation of
the aromatic ring{9) with ethyl chloroformate would lead to
N-{ethoxy carbbnyl)—l, 2- or N-{ethoxy carbonyl)l,4-pyridine-
methenes{10) and (1;)Irespeétively as outlined in SCHEME-II.

SCHEME-TII
™~ C1CO,Et AN
- 2 \
. 7 CH,C1, SAE STR, -
N+ F) N~ T=cCH
2
;JN\ c1 ¢;L\
_ (8) - (10)
CHZ—SnRB _ ?Hz ==
N C1CO,Et l l
~ CH,CL,
N N
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Pyridinemethenes are important intermediates in
investigating biochemical mechanism of the toxic action of
aldehydes . when reacted with nucleotides possessing the

15,16

dihydropyridine moiety Moreover, this types of

pyridinemethene systems have proven to be wvaluable as

synthetic intermediates for a wvariety of alkaloids17 as well
as NADH mimicsi®,
2., Stille et gl.ﬁa’Sb and Mitiga et éi.ﬁb’lg indepen-

dently showed that benzyltrialkyltins(2) underwent transition
metai—catalysed coupling with acid chlorides with the selec-
tive transfer of benzyl group thus providing a mild and
general method for the synthesis of ketones(12) from acid

chlorides.

(2) (12) R45nCl

Similar reactions could be studied with picolyltri-
alkyltins(3) with several acid chlorides resulting in the
formation of various picolyl alkyl ketones(13) which are
otherwise difficulty accessible(SCHEME-III). Yamamoto et

20

al. showed that  trimethyltin derivatives of aromatic
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SCHEME-I1I
8 .
CH,SnR, + rlcocy Metal O CHZ-—-C——-RI +
\ catalysis /7
N N
(3) (13) R,SnCl

2 - 3
heterocycles{pyridine, quinoline, 1isoquinoline) wunderwent

transfer, leading to high yields of aromatic heterocyclic

ketones( (equation 1).

PPhy)oPdCl |
RCOCL + Bii;g}_sn“e3 L (FPhs)2 2, [;fé;}——COR cer (D)
. ‘ Y

N

I1-2.1: Present work: Preparation of Picolyltrialkyl-

stannanes — Results and discussion

The present work described herein is somewhat of
exploratory nature. Though the scheme of the total work has
beeh delineated here briefly, in the first phase of this
‘scheme the preparation of picolyltfialkyltins has been
realised in poor yield. The problems associated with the
reactions to prepare picolylstannanes and the probable

mechanistic pathways have been discussed in this Part-II.



-161-

Further improvements in terms of yield of the picolyltrialkyl
tin compounds and their reactions as proposed are currently

underway. in this laboratory by other workers.

With a view to prepare the picolyltrialkylstannanes

(3}, a search in the literature revealed that Zimmer et

21

1.%% reported the preparafion of 2-picolyltriethylstannane

(3a) in 1956. Their synthesis of (3a) involved generation of
2-picolyllithium(14) from 2-picoline by treating with
phenyllithium in ether - and then reaction with triethyltin
chloride at refluxing tempefature and afforded(3a) in 40%

yield. Hdwever, while trying this reaction wusing n-butyl-

lithium in hexane to generate 2Z-picolyllithium(1l4) in ether

N PhLi/Et 90 AN Et4SnCl AN

® )L B

N~ TCHj N CHpLi" N CH,-SnEt
(14) (3a)

followed by quenching of (14) with tri—n—Butyltin éhloride
under similar reaction condition(SCHEME-~IV; Type-A}, we
failed to isoclate any desired picolyltri-n-butylstannane(3b)
after usual work-up. Triethyltin halides are.quite expensive
and therefore we used tri-n-butyltin chloride instead; Qur
failure to prepare the 2-picolyltin derivative(éh) was

astounding since our observations throughout the course of



-162-

the reaction were as expected. Addition of n-butyllithium to
Z-picoline wunder nitrogen atmosphere developed a dark
brown-red colouration of.the reaction mixture indicating the
formation of picolyl anion(iﬁ)zzwhich was disappeared after
adding tri-n-butyltin chloride in wmolar proportion. It
appeafed te us that a smooth reaction had .taken place.
However, after work-up of the reaction mixture we isolated a
small amount of picoline and a fraction, boiled at 165-70°C
at 1mm of Hg. The LH-NMR spectrum of this fraction{liquid)
displayed signals corresponding to butyl protons only. The IR
spectrum showed a weak ﬁmax at 3440 cm_l and a strong band at

1

770 cm If this fraction was bls tri-n-butyltinoxide, it

shouid show a éasym vibration at  the ravige 740-770 cmhl(Sn—
0-Sn) and on the other hand, 1if this was tri-n-butyltin
hydroxide, it should display ﬁmax at the range 3610-3630cm *

1

(-OH). From IR and "H~NMR spectra, this fraction was assigned

as bis tri-n-butyltin oxide.

Addition of organolithium to metalate picolines
presents a problem that the organclithium compounds can add
to the azomethine bond of the heterocyclic aromatic ring.

23 reported that 2- and &4- picolyl-

However, Beumel et al.
lithium could be prepared in quantitative yield by n-butyl-
Lithium in .hexane if tetrahydrofuran{THF) was present as
cosolvent (100 ml per 0.2 moles of picoline). The function of

THF was both as solvent for the picolyllithiumand as activator
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SCHEME-IV

[:ﬂi:L\ /fS“R3

_N' CHB {ii) R3SnCl
{3b), R=n-Bu
(3¢), R=Me
Type Condition
R Base Solvent Temperature
A n-Bu n—-BuLi Hexane/EtZO Reflux
B n—-Bu .n—BuLi Hexane/ THF Reflux
c ~Bu n-BuLi  Hexane/THF 0°C
D n-Bu n-Bul.i Hexane/THF -10°C
E n—Bu n-Bul.i Hexane/THF -78°C
¥ Me n—-Buli Hexane/THF ~718°C
G- n-Bu n-Buli/ Hexane/ THF 0°C
TMEDA
H n-Bu NaNH, Toluene Reflux

of n—butyllithiumza. This modified procedure, however, did

not dimprove

the

attempted

metallation of 3-picoline. We,
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therefore, carried out this reaction using n-butyllithium in
hexane .and THF as cosolvent- at refluxing temperature(SCHEME-
IV, Type-B), at 0°C (Type-C), at -10°C(Type-D) and at -78°C
(Type~E using Bu,;SnCl and Type-F using MeBSnle. In all the -
cases,' a dark brown-red colour was developed while adding
n-butyllithium and disappeared atter the addition of tin
halide. However, the desired picolthri—n—butylstannane(QQ)

could not be isolated.

Tetramethylethylenediamine has been wused with
organolithium to bind the cationic part through cheiationzg.
Andrianome et _§£.8d used this reagent for metallation of
unsatﬁrated terpenic hydrocarbons. We also tried this
condition using n-BuLi/TMEDA at low temperature (Type-G).

Final work-up and purification again failed to isolate

desired picolyltrialkyltin derivatives(3).

In search of our failure to isolate the picolyltin
derivatives, it seemed that though the picolylanion(14} was
formed, subsequent stannylation probably did not take place
at the carbanion centre. This could be acéounted for by
assuming the involvement of the anion(15) (SCHEME-V). If the
anion{15) participated in the reaction, N-stannylation would
take place affording the product(17). However, because of the

26

hydrolytic instability of the N-Sn bond“”, the product(17)

might undergo hydrolysis to furnish eventually picoline, and
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the resulting tri-n-butyltin Thydroxide might be converted
into bis tri-n-butyltin oxide during distillation. The

probable mechanism has been outlined in SCHEME-V.

SCHEME-V
\ 3
l + n—BuLl(hexaneﬁ‘“——““* - —_—
—
CH L1
N ,3
(14)
(15)
n-Bu,SnCl | Y HO
I >
N
| CHZ
S'nBu3
(17)
I
AN N o
. BU3Sn0H —_——— Ejf:;L\+ (Bu3Sn)20
CHZ N CH3

I
H

(Similar mechanism should be valid for 4-picoline)

If this mechanistic pathway might be involved, such
ambident nucleophiles should attack a given substrate under a

27. In this case, N-stannylation,

given set of conditions
leading to product{17), is burdened energetically by the fact
that aromaticity is destroyed. However, N—stannylation.should
be most pronounced when the anion(lé) is most free. Since

tetrahydrofuran, diethyl ether,, though weakly polar solvents,
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are known to act as good cation solvatorsza, their presence
might make the anion(15) free to react with trialkyltin
halides(Type A to F). Presence of tetramethylethylenediamine
(TMEDA) would bind the alkali metal cation strongly

by chelation(18) and thus £favouring again N-stannylaticon

7

(Type-G). We therefore chose to use aprotic non-polar solvent

Me
CH2 s Me
. LN
\\M +
/
Fa
’
CH, N—Me

like benzene, toluene etc. It was known that phenoxide
anion{19) reacted with allyl bromide to produce O0-allyl
ether(20) (O-alkylation) in acetone or.ethanol while O-alkyl

phenol(21) (C-alkylation} in benzenezg.

In benzene, probably
the reaction (C-alkylation)} occurred in heterogeneous

phaée30

0

oM OH
455“\¢/’ ' 4;5\N//Br y

Mech _ Benzene

v
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Earlier, picoline was heated with sodamide in xylene
to produce picolyl anion(22) which was then reacted with n-

butylbromide to yield{23) by C—alkylationBl.

NaNH Q _nBuBr ~BuBr
xyle“e CH.,N CH (CH2)3—CH

(22) (23)

Following similar procedure, we carried out the
reaction of 2-picoline with tri-n-butyltin chloride wusing
sodamide in dry toluene (SCHEME-V, TypefH]. After work-up and
chromatography we were able to isola te pure 2-picolyltri-n-
butylstannane(3b) in.only 10-12% vyield -alongwith bis tri-n-
butyltin oxide. Though in poor yield, the formation of
picolyl tri-n-butylstanmane(3b) under this condition (Type-H)
supported the proposed mechanism that might be involved. In
search of better yieid of the desired product (C-stannyla-
tion) by changing solvent and using smaller cationic part,

studies are under active pursuit in this laBoratory.

11-2.2: Conclusion

In PART-I1 of this dissertation, several attempts
have been made to synthesise picolyltrialkylstannanes

involving generation of picolylanion followed by quenching of
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the latter with trialkyltin halides. Based on chenical/
spectral evidence, the involvement of ambident nucleophili-
city of the picolyl anicn has been suggested. The competition
between N-stannylation wversus C;stannylation has been
considered in terms of role of solvent. Further works to
improve the yield of the piceolyl stannanes are being under-
taken both for substantiating the suggested_mechanism and for

studying their reactions.
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STI-3: Experimental

Procedure~-1 : Attempted preparation of Picolyltri-n-butyl-

stannane(3b} under condition Type-C

To a magnetically stirred solution of freshly
distilled 2-picoline (1.32g, '14.2 wmole) in tetrahydryfuran
(7 ml) was added n-butyllithium (1.5 M. in hexane, 9.5 nml,
0.912 g, 14.2 mmole) using a 10 ml syringe, dropwise over a
period of 30 minutes at 0°C(ice-bati) under a steady flow of
nitrogen. The colour of the reaction mixture turned immedia-
tely into dark brown-red colour. It was stirred for more 30
minates ~at 0°C and then a soluticon of freshly distilled
tri-n-butyltin chloride (4.62 g, 14,2 mmole) in tetrahydro-
furan(l wl) was added slowly at 0°C. The dark colour of the
reaction mixture wés disappeared at the 'end of the addition
of n-Bu;8nCl solution. Stirred the mixture for 2_hours during
which tie ﬁemperature was gradually raised to room

temperature. - Dissolved the fine solid appeared in the
reaction mixture by adding ice-cold water and extracted with
ether. The aqueous part was saturated with sodium chloride
and then extracted twice with ether. The combined etherial
layer was washed with brine solution until the washings were
neutral to litmus. The organic phase was dried (Na,50,) and

concentrated. TLC of the crude brown-residual liquid was

compared with picoline and tri-n-butyltin chloride .No spot
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‘of Bu,SnCl was obtained in TLC of this brown liquid. The
ligquid was purified by sublimation and different fractions
were collected. (1) A low boiling fraction was obtained in
small amount and was chaﬁacterised as 2-picoline (by IR
spectral); (2) Another fraction boiled at 160—165°C/% mm_Hg
as colourless liquid (3.3 g). IR and L-NMR spectra suggested
the liquid as bis tri-n-butyltin oxide. WNo aromatic protoﬁs

were found in the "H-NMR spectrun,

Following the similar procedure, this feaction was
carried out undér different conditions: [ Type-A (using
anhydrous ether), Type-B (reflux aftér.addition of Bu,SnCl),
Type-D (at -10°C, wusing ice-salt bath), Type-E (at -78°C,
using liquid Nz/acetdne bath), Type-F {at —?8“6 using liquid
N2/acetone-bath and adding Me3SnCl)].

In 2all the cases (Type A, B, D. E),similar
observation was found after work-up and sublimation of the
crude oily residue.

In the case of Type-F condition, Me,SnCl (2.33 g,
14.2 mmele) was used by dissolving the solid in anhydrous THF
(in 3 ml). After work-up, as described, the residue was a
semi solilid. It was first sublimed at ~-60°C/under water
suction. A solid  compound (1.5 g) was  obtained,
recrystallised from benzene light petroleum, m.p. 110-112°C.

This fraction was assigned as trimethyltin hydroxide (lit.32
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m.p. 117-118°C). IR . (Nujol} of this solid compound:

15

1

565(s), 720(m), 770(s)cm *

max:
H-NMR(CDCl4) :§ 0.45(br.s, 9H, -CH,), 1.62(br. s, 1H, -OH).

The residual part in sublimation tube was sublimed

at 115-120°C/1 mm Hg to afford an oily compound(~ 0.8g). In

1

the “H-NMR. spectra of this oily compound,- small aromatic

protons were observed alongwiqh two peaks atd 2.46 and 2.13.
Initially we thought that ;this could be a mixture of
2-picoline and 2-picolyltrimethylstannane. However, further
purification through column chromatography did not afford any

pure desired product..

Procedure-I] : Attempted preparation of Picolyltri-n-butyl-
stannane (3b) under condition Type-G

The procedure reported by Andrianome et g&.Sd was
followed.

. To a stirred solution of n-~butyllithium (1.5 M, 1.97
g; 6.95 ml, 10.6 mmole) in hexaﬁe was added N, ﬁ, N', N' -
tetramethylethylenediamine(1.24 g, 1.61 nl, 10.6 mmole) under
nitrogen atmosphere. During the addition, the temperature was
raised to ca. 45°C, éooled down to 25°C, whereupon 2-picoline
(2 2, 2.12 ml, 21.4 mmole) was added. After having stirred

for 4 hours at room temperature, the pale yellow mixture was

cooled to 0°C (ice-bath) and quenched with a soclution of
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freshly distilled Bu3Sncu515zg, 4,60 ml, 16.9 mmole) in
hexane (5 ml}). After 4 hours the insoluble salts were removed
by filtration. The filtrate solvent was poured into a
saturdted = aqueous ammonium chloride solution to renove
excess TMEDA, and extracted with ether ( 3 x 30 wml). The
combined organic layer was washed with water, dried (NaZSOQ)
and evaporated. The residue was sublimed at 155-165°C/1 mm Hg
to afford & colourless liquid, characterised as bis tri-n-

butyltin oxide.

Procedure-III : Preparation of 2-picolyltri-n-butylstannane

{3b} using sodamide in toluene (Type-H)

In a 50 ml three necked round bottom flask, fitted
with a pressure—-equualising dropping funnel and a2 condenser,
was taken a fine suspension of sodamide {(2.6g, 0.067 mole} in
dry toluene(53 ml) and then the set-up was flashed with
nitrogen. To this suspension was added 2-picoline (2.5 g,
2.65 =1, 0.0268 mole) and the mixture was magnetically
stirred for 1 hour at room temperature. A pale vellow colour
was developed duriﬁg stirring. Then freshly distilled tri-n-
butyltin chloride (8.73 g, 7.28 nl, 0.0268 nole) in 5 ml of
toluene was added through the dropping funnel over a peried
of 1 hour at room temperature and the mixture was heated
under reflux for 2 hours. After cooling the reaction mixture

to 0°C{ice-bath), crushed ice was added to it to dissclve the
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excess socdamide and the product was extracted with benzene
{3 x 30"ml), The combined organic layer was washed with brine
solution repeatedly until the washings were neutral to litmus.
The organic phase was dried over anhydrous Na2804,_evaporated
underl water suction to afford a liquid residue which was
distilled under reduced pressure. Two fractions were
collected at different boiling points. One fraction (5.1 g)
at 145-155°C/1 mm Hg and the othér fracticn (4.8 g) at:
155-165°C/1 mm Hg.

The higher beoiling fjaction(a.S ¢) showed two spots
in TLC (elution with benzene, szl and 0.15). This fraction
was chroﬁa.tographed-over silica-gel (150 g) and elution with
light petroleum furnished a fraction (3.1 g), characterised
as tri-n-butyltin oxide(3g). The other fraction was eluted
with 2% ethylacetate in benzene, 1.1g(11%); TLC single spot (
in benzene, Rf=0.16J.

- IR(neat) of the first fraction from distillation and that of
the first fraction from éhromatography were identical.
)fmax:

lH—NMR(CDCl3) 6 0.93(t, 184, -CHy), 1.12(m, centered at,

770(s, Sn-0-Sn}, 1372(s), 1410(w), 1450(s), 3440(w).

124, —CHZJ, 1.35(m, centered at, 12H, FCE2)5 1.60(m, centered
at, 12H, -CH,).

IR(Neat) of the second fraction from chromatography:
¥ ¢ 1600(s). 'H-NMR(CDC1,):§ 0.73-1.77(n, 27H, butyl H),
2.45(s, 2H, Ar—CHz—Sn), 6.97-7.22(m, 2H, Ar-H), 7.58(dd, 1H,

J=8 and 2 Hz, Ar-H), 8.43(m, centered at, 1H, Ar-H).



The liquid fraction distilled at
160-165°C/1 mm Hg (Type-C)i and
assigned as (CH3CH2CHZCH Sn},0.

Recorded on Varian FT 80 spectrometer.
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