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: Organotin chemicals are at present widel&-usédfin
industr§ and»feprésent a significant and growing outlet
for tin. Histérically, organotin compounds were among one
of the first organomeﬁallic,épegiesltp be investigated.
Extensive reééarch'at different institutes,are“curreﬁtly
aimed to ﬁave a better understanding of the structural and

mode of action of these compounds.,

The bas;c~stud;es in the field-of ofganotin
coméounds havéAbéen developéd dﬁe-to‘tﬁe success of a
large number of modern technlques applied to the organotin
compounds. Tln possesses, for example, two spin. of one-

half 1sotopes,-117Sn and 119

SQ which become important in

_ nuclear magnetic resonanqe'studies. Tin has stable isétopes,.
which alio& the easy‘identifiéation of the tin-beariné
fragmeq;s in ﬁﬁe mass‘spectrometer. Mossbauer reéonance

from tﬁe'llQSn nucleide can be easily recorded. Further
tin-carbon stretching frequencies in the infrared and
Raman spectra .can be assignediin‘mést caseg.The évailabiiity
jof_two stable oxidaticn states, tin (II) gnd'tin (IV), with
contrasting chemistries and a wide variety of structural
types have-éffordedEa largé scope fb:rdiverse studies in t

' organotin compounds. Tin (IV) derivatives -alone enbpmbass
fbufi;ffivel, six<, seven- énd-eight'coordiﬁétibn'at tinj-'
centre in’neutfal, cationic and anionic-species, with

iht:a and intermolecular association to give dimer and



higher polyme#s with oné, two and three dimensional lattice
in the solid state, which have provided much interest in

extensive studies in these areas.

The annual industrial production of organotin
compounds was less than 50 toné per annﬁm-in 19505; But
this figure (1) gradually increased to. 35000. tons in 1983.
The c¢onservative éstimaﬁe for the current years will-be

not less than 40,000 tons per annum.

Therefore the preparation of organotin compounds

find increasing importance.

ﬁThe history of organotin compounds began with ihe
~isolation of some organotin halides by Frankland and
Loowig (2-4). Thereafter organotin chemistry started to
develop as a regular reseaféh subject., The devglopment of
organotin chemistry during the first fifty yeérs was rather
slow because of the lack of efficient and attractivg -
methods for their préparations. The situation éhanged
around the turn of-the century when the organomagne;ﬁum
halides became easily available‘as alkylating and arylating
reagents, Through Grignard reagents, a wide variety of =

. organotin halides could be prepared.

The development of organotin chemistry was extended
by Kocheshkov (5) in 1929 who developed a new method of
preparation of organotin halides. The method was based on

-redistribution reaction between the compounds of the type



R,Sn and SnX, (R = alkyl or aryl group and X = halogen).

Krause and Von Grosse (6) published the first
comprehensive réview covering the literature upto 1935,
Ingham, Rosenberg and Gilman (7) extended the literature
work upto 1959.'Weiss>(8) compiled an exhaustive list of
organotin COmbounds covering thé literature from 1937 to
1964thince 1964, a number of literature of organotip»
chemistry has beeﬁ published in annﬁal_éprveyé (9-24),
The "Tin" annual survéy covering'thé year 1978.ha§ been

publishéd by Harrison (24). Apart from these review

articles, several books (25-29) have been published.

The patents granted in 1940-and 1943 tolﬁﬁgve (30)
describinl the utility of certain dialkyltin aerivatiQés
as heat-stabilise;s for PVG, were a new step in the field
of organofin compounds, though ﬁheir full industrial
significance did not become apparent until 10 to 15 years

later.

The major.applidation of organotin compouﬁds primarily
centrés around PVC.stabilisation, though uses in catélytic
acti?ity for polyurethane formation, epoxy resin cﬁring,
olefin polymerisation may become highly Qigniﬁicant in

near future.

The most effective heat stabilisers are certain .
organotin compounds of the ty'pe:stnX2 where R is methyl,
n=butyl, n-octyl‘and X ié a carboxylic acid ester (usually

the ester of maleic acid) or a mercapto carboxylic acid



ester (usually an iso-octyl ester of mercapto-acetic‘acid).

Though monoalkyltin derivetives have eo such PVC
stabilising propefty, yet their addition in small amounts
(5-10%) to the dialkyltin PVC stabilisers are very oftenj-
useful since such an addition has found synergistic effect
on stabilising effectiveness, wliich allow the manufacture
of PVC articles with perfect coleurlessness'and ciarity.w
Reeently a new variety of functionally subetituted dialkyl-
tin dihalide ("Estertins") (31) has been found to possess

' good PVC stabilisatlon property.

Apart from the above properties, organotin. compounds,
particularly the triorganotin compounds,exﬁibit a large
nuﬁber of biological properties like antifungal anti-
bactrial, anthel@intic,mollusCicidal, ineecticidal‘and

" related activities.

From envitonmental point ofvview, the organotin
~compounds have an advantage ovef'many other compounds
because they degrade to totally non-toxic tin species.
Recent development in understanding the mode of tOch action
of di- and tri- organotin compounds have been rev1ewed by
_ Smith (32) Seldon (33) suggested a generalised degradation

scheme of trlalkyltln derivatives.

Trialkyltin compounds as wood preservatives were
first proposed by Van der Kerk and Luijten (34) in 1954,

The use of tribﬁtyltin compounds%in wood preservation wupto



1970 hés been reviewed by Richardson (35) and later by

Crowe et al (36).

As pestlcideé,'the use of organotin compounds'is‘-
quite'promisiné since organotin pesticides do not acdumﬁlate
in the soil with successive applications. ?hesé are |
metabolised readily in animals and soils into ihorganic:

tin compounds,which'are not taken up by the plants.

Though the industrial applicatiéns of organotlﬁ
compéunds were mainly confined to diorganotin and tri;
organotin compounds (37—40),J$§veral attempts have been
made in récent years to f£ind épplicatioms for mono-

' organotin (41) and tetra-organotin{42) compounds. Recently .
mond“brganotins have been found to be effective #s water
repellants for fabrlcs and building materials and mineral
flotatlon agents depending on their hydrophobicity, as

PVC stabiliser synergists and as industrial esterification
cafalysts. Mixture of mono- and di-alkyltin compoundé are
also used in the produétion of thin t:ansparent.surfaée £ilms
of tin dioxide or glass (43). Recently'méndi?lletln)'
compounds are used tolprévide scratch reéistantfstannic
oxide'film (44); as homogeneous catale£ they show no .
probleﬁ of corrosion of the stainless Steel vessels. (45)
and used as active hydrobhobic agenté (46 47) for building
materials and cellulosic substrates. Few monouphenyltln
derivatives were reported to have fungicidal activity (48).

Tetraorganotln compounds find also some important applicatiom



N

They are used to assess as anti-wear additive antioxidants

for lubricating oils and delayed action biocides,

So far, we héve tried to give an outline about the
different types-of‘aqtiVitieS'Qf organotin compounds and'
- some of their current apd potehtial uses. In view of such
discussipns, if may be said»that the preparation of neé
organotin éompounds'and their detailed studies will be 6f

increasing interest.

Organotin halides represent one of the most
important group of o:ggnotin compounds. The preparation
of the majority of ofganotin halides can be carried out

under the following types of reactions.

(a) Direct synthesis involving tin and alkyl orAaryi'halide:

In generalithe reaction can be represented as

Sn + 2RX «—— R,SnX,
where R = alkyl or aryl group and X = Cl, Br, I.

Historically Frankland (2) prepared the fifst-
organotin halide in 1849 by this route from the reaction
ﬁetween ethyl iodide and mefallicA fin at 160°%. 1In 1852f
Lowig (4) also synthesised triethyltin bromide. Several
other organotin halides (49-53) were pfeﬁared by heating
tin and alkyl halide in a sealed tube in the temperature
range 130°-220°C for 20-40 hours. In this type of reaction,

the-éompounds of the types R Sr;x2 and R3SnX were found to-

2
form simultaneously -in almost all the reactions but in

different amounts.
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By applying similar method Kocheshkov (54) prepared
methyltin trichloride and methyltin tribromide. The
organotin halide (C, H OOCCHz)zsnBr2 was also prepared (55)

.

by the reaction of tin and BrCH2COOC2H5.

In 1953 Smith and Rochow (56) prepared a mixture of
dimethyltin dichloride and methyltin trichloride by pass-
ing gaseous methyl chloride into molten tin at 350-450°C.
They also prepared a number of similar compounds. In general
the order of reactivity of the alkyl halide was found
RI>»RBr>>RC1. The method was further modified (57—59) by

using different catalysts,

Sometimes the role of solvent is'very mach signi-
ficant in above reactions, Sisido.et al (60) reported that
with benzyl chloride in nog:polar solvent like benzene,
the predominant product was dibenzyltin dichloride but
with the same benzyl chloride in polar solvent like

butanol, water, the main product was tribenzyltin chloride.

Irmscher et al (61) heated tin powder and methyl
bromide with some methanol in an autoclave at 100°C to

prepare dimethyltin dibromide.

Following the same procedure, similar other compounds
(62~66) were also prepared., Oakes and Hutton (67,68)
obtained dibutyltin dijiodide in satisfactory yield'by
refluxing butyl iodide with tin in an open system by using
lithium or lithium bromide as catalysts and suitable

solvents e.g. butanol.ecensiderably lower yields were



Considerably lower yields were reéorted for‘dibutyitin
dibromide and dioctyl tin dibromide. Sisido et al (69,70)
prepared dibutyl tin dibromide, -dibutyl tin dichloride.
(n?r)zsﬁBr2 by using suitable catalyst. Simple p;imary
amines were used as effective éatalysts in many of such
reactions (715. Two or three-componentlcatalyst systeﬁs
were also successfully used in some cases. These were Lewis _
bases with a ﬁetallic salt (72), tetrabutylammonium ibdide
‘with diethyleneglycol diethyl eth?r (73), an o;ganic; |
disulphide or tﬁiol with magnesium and iodine'(74).
Dialkyltln dibromide and di-or tri-benzyltin chloridés
could however be prepared without the use of catalyst (75).
Following simllar methods several substituted alkyl halides
such as Xzsn (p-%so-pr C6H CH,),, XSn(p-iso-PrCsH4CH2)3,
X28n(CHRCHR'CONHCH

)
'Xzsn(CHMeCHZCONRR')z for X = Br, I and R, R' = H, Me were

[ |
CO,Et),, 2Sn(CH2CHMeCQNRR Yoo

prepared (76,77,78).

Kocheshkov and his co-workers (79-82) prepared
seveﬁal:higher alkyl'halides‘by irradiating the mixture of
tin and alkyl halide with 7 radiation. wYéﬁt et al (83—
87) also studied large number of similar rea¢ti0ns. Beside
these the prepa;ations of'alkyltin halidés we;éAaiso |

carried out by other workers (viz,. 88, 89, 90),

Some of the alkyltin halides were prepared (91,92)
by the electrolysis of alkyl halide in suitable solvent

-medium by using magnesium cathode and soluble tin anode.



-

Lowig (4) isolated a mixﬁure of (C2H5)2sn12'_
(CZHS)BSnI. (C,Hg) ,Sn and (C2H5)25n from the reaction
of tin-sodium alloy and ethyl iodide. Cahours (49) and
- Ladenburg (93) carried out the same reaction by using
methyl iodide. In 1954 Van der Kérk and Luijten (94)
prepared (C2H5)BSnBr and (C2H5)3SnCl together, with

(C.,H.),Sn and (C,H_.),.SnX, (X = Cl1, Br) by using tin-

254 27572 2
magnesium alloy. Faulker (95) used small amount of either
mercury or mercury salts as catalyst in the similar
reaction and prepared compound of the type R,SnCl, Laine

et al (96) synthesised R,SnBr and R,SnBr, by following the

3 2
‘same procedure (R = n~propyl, n-butyl). Harada (97~99)
activated tin-sodium alloy with zinc in.the'formatioﬁ of
R3$n1 and R,Sn (R = CH3, CoHe, C3H7). The compounds of
the type R3SnCl, R,Sn (R = n-propyl, n-butyl, n-amyl)

were also prepared by the same method (100),

In most of such reactions épecially in case of
substituted alkyl or aryl tin halides the presence of
'catalyst was found to be essential (25) (where R = alkyl

or aryi group and X = Cl, Br, I).

Many of the alkjl as well.as aryl tin halides could
be syﬁthesised‘suCCessgully by the halogenation of tetra-
organostannanes by halogens. The replacement of first two
organic groups in the tetraorganotin could be effected
under appropriate-reaction'conditions but on further
halogénation formation of tin (IV) halides was observed

(106). The preparation of diphenyltin dichloride from the
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" reaction of tetraphenyltin with chlorine wés‘reported as
early as in 1878 by Aronheim (107). Later, several investi-
gators (108-110) also studied these reactions in detail.
. Krause et al (111, 112) prepared (CHS)SSnBr and (CH3)ZSnBr2
-by bromination of (CH3)4Sn with bromine upder appropriate
reaction conditions.“Séfferth (113) preépared (CH#)BSni by
iodination of (CH3)4Sn. Harada (98) pre%ared several other
tri= and di- alkyl halides. Manulkin (106, 114) studied
several 6f such reactions in ether medium and observed
decreasing‘;ééctiQity with increasing carbon atoms in

alkyl or ar&l grbup of the tetraalkyl or tetraaryltin,

He also. found that by using boiling toluene, better results
could be obtained., Following this method several workers
obtained éuite»good results during their preparations of
organotinvhalides;‘The successful synthesis was carriéd
out for RySnX /X = Cl, Br, I and R = p-tolyl (115, 116),

o-toly, p-xylyl (116)_/, R,SnX and R,SnX, / X = Br, I

3
and R = CgHy, (117)_7, RySnX /X = F, C1, Br, I7.
Von Rumohr et al (101) synthesised (CH3)2SnCl£

starting from methyl chloride and molten tin usingi_NaAvlCl4

as catalyst, The reaction was stated not to proceed
direétiy but via an addition of methyl chloride to

stannons chloride forming CH3
by the tin metal and followed by another addition of :

SnCl3, which was then reduced

methyl chlorigde.
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A sysiematic review of methods for the'catalxsed
synthesis of organotin (IV) halides from tin metal and
alkyl halides with 163 references was made by Kizlink

Juraj in 1984 (102),

In 1985 the compound BrZSn(CHZCOOCZHS)2 wasvprepared
by Bogatskii (103) by réfluxing tin powder and BrCH,COOC,H,
in a molar ratio 1:2. The process- was run in two stages by
heating the reaction mixture at 60-70°C for 10-15 minutes
and then refluxing 5-15 minﬁtes in presence of catalytic
amount of Crown ether 15-Crown;5; Bogatskii et al (104)
also synthesised dialkyltin dibromide by heating tin at
90-100°C in the presence of Crown ether (15-Crown-5 ether)
and then treating with alkyl bromide at reflux condition
for 45-60 minutes. In the same year Glosky (105) prepared
'methyltin chlorides. Dimethyltin dichloride was prepared by

reacting methyl chloride with Sn/SnCl. at “~200°C in the

2
presence of pentavalent organophosphorus dihalide catalyst.

A mixture of (C4H9)3PC12, Sn and SnCl, in the molaf ratio
131:1 was heated to 185-190°C and then treated with methyl
chloride until no further reaction was observed (~2.5 hours).
Crude methyltin trichloride and dimethyltin dichloride were

. séparated and then tin metal and methyl chloride were

added at 185-190°C. After four such cycles, the products

were found-a mixture of -« 82% dimethyltin dichloride énd

~~18% methyltin trichloride with the overall yield of 90%

organotin chloride.
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(b) Cleavage reactions:

The synthesis of organotin halides by cleavage
reaction involves two types viz. the cleavage of sa=C
bond and the cleavage of Sn-Sn bond., Halogen and hydrogen
halides are effective in cleaving Sn-C bond whereas Sn-Sn
bond may be cleaved by halogen, hydrogen halide, alkyl

halide, mercuric chloride or alkyl mercuric chloride.

(i) Cleavage of tin-carbon bond:.

The general reactions under this heading are as

follows:

Sr R
R4Sn + X2 _ R3 nX + X

RySnX + X, —— R,SnX, + RX

R,SnX, + 2X,——— SnX, + 2RX

2 2 4

R,Sn + HX —— R,SnX + RX

4
R3SnX + X —— R.,SnX2 + RX
and R = CH,CH,CN (118), (p-FC6H4')BSnBr (119),
(p-ClC6H4?3SnB; (129), (p-ClC6H4)2SnBr2. By bromination

of / C_H.C(CH,),CH, _/ sSn,Reichle (121) cbtained- impure

~ 765 372772 -~ s
monobromide. Tetranaphthyltin and tetramesityltin.were
apparently found -inactive during bromination and iodination
with bromine and iodine respectively (122). Such halogena-
_tion of organostannanes was studied by different investi-

gators (52, 113, 123-139) in different solvents and also
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by changing other reaction parameters. Different organotin
iodides were prepared by starting with the compound of the

type R.SnR' (R and R' being different) and carrying out the

3
reactions in different solvents and different temperatures

{113, 140, 141),

Van der Kerk and Noltes {142) studied few halogena-

tion reactions involving functionally substituted organic
‘groups.:géaébund that in & ~substituted organotin nitriles
and esters,the functionally substitutea-groups were most
easily removable groups.whefeas in /3-substituted.organotin
compounds or in compound with substituent in a position
more distant than /3-position, generally non substituted
-alkyl or aryl groups were found to .split off from the
organotin molecules. The reactivity of organotin halides
were also found to depend on the nature éf the substitution,
Thus o ~thienyl group (143) and alkyl group {135) were.
found to be more feactive than phenyl, The reactivity of
the organctin halide involving cyanomethyl—group (144f
cyanoethyl group (145), l-cyclopentadienyl group {146),
neoPehtyl,group {147) was also studied. The bromination

of diethyl cyclopentamethylenetin (C2H5)2(CH2)SSn brought
out the cleavage of the ring with the formation of ‘

(C2H5)2SnBr(CH2)5Br {128).

Beside these many other organotin halides were
prepared by the halogenation with halogen acids. Manulkin
(148) obtained (CH3)38nCl by the reaction of tetramethyl

stannane and hydrogen chloride in boiling chloroform. A
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series of compounds with the composition R3SnCl Zrh ;:
CHg (149), n-dodecyl, n-tetradecyl, and n-octadecyl -
{150) _/ were prepared by this method at room temperature.
ﬁdjusting the relative amounts of hydrogen chloride with
the teEraorganoséannane, several diorganotindichlorides
such as diphenanthryl and diphenyl-2~tin dichloride were
sﬁccessfully prepared., The reactivity of Sn-C bond for
cleavage by hydrogen halide was studied in few cases. The
vinyl group was found to have'same relative'reactivity
toward hydrogen chloride and hydrogen bromide as that of
.iodine (137), (C,H )2Sn(CH3)2 and (C,H.), Sn(n=-C H'7)2,;. "

25 27572
thé compounds were formed by simultaneous replécementiof
two different groups by gaseous hydrogen chloride at::
100-140°C (151). From (CH353SnC2H5 only one methyl group
could be split off by hydrogen chloride (148) in boiiing
chloroform, In tribenzylethyltin,a benzyl group couléibe

replaced by iodine but ethyl group was found to be replaced

by chlorine on treatment with hydrogen chloride (152?;

Not only the halogens and halogen acids were_fohnd

effective for halogenation but also séme metallic halides
could bring about such halogenation reactions to yieid

organotin halides. Thus in alkaline medium mércuric éhloride

>

was reported to successively replace the phenyl groubs in

tetraphenyltin by chlorine (153,154). With tetracyclépr0pyl~
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- -tin and mercuric chloride, tricyclopropyltin chloride and
with mercuric bromide, the'co}responding bromide were
obtained (155). Manulkin (156) investigated the reaction
between aluminium chloride and tétraphenyltin, tetraethyltin,
tetrabutyltin and obtained ‘the reaction products stannic
‘chloride, diethyltin dichloride and a mixture of tributyltin
chloride and dibutyltin dichloride respectively. With

ferric chléride, tetraethyltin yielded triethyltin

chloride (156)., Several metal halides and metaloid halides

were found suitable to cdnduct such halogenétion reactions

(91,138,157-164),

-The cleavage of tin-carbon bond in tetraorgano-
stannanes could also be carried out by halogen transfer
agents like acyl chloride (108,165,166), chlorosulphuric
acid (139), benzene sulphényl chloride, sulphuryl chlorides
(108, 166), and even with aikyl halides (108,165,167,168)
using appropriate reaction conditions, In all caées the

SnX or R,.SnxX

reaction products were of the form R3 2 2

or

a -mixture of both.,

In 1983, Surin Laosooksathit (189) treated

(CGH5)3Sn(C4H9) and (C_H_) Sn(CH2)4Sn(C H_.)_, separately

653 653
with HBr/CH,Cl, at -78°C and cbtained (CgHg) ,Sn(C Hy)BE |
and (CGHS)ZSnBr(Cﬂz)4Sn(CGH5)2Br respectively. At the same.

year Wardell et al (170) found that reactions of
(C6H5)3Sn(CH2)nSOCGH4(CH3)p, (n = 3 or 4) with iodine,
bromine or mercuric chloride all formed (C6H5)2XSn

(CHz)nSOmC6H4(CH3)—p (X = iodo, bromo or chléro; m=1,2).

106416 TO0TE BURGAL
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The halodephenylation of (CGHS)BsnX (X = NCO, NCs

and’N3) with IX' (X' = Cl and/or Br) to yield (CsHs)zsn(X)X'

and C_H

6°5

I was reported by Srivastava et al (171) in 1985,

(ii) Cleavage of tin-tin bond:

The general reactions under this heading are as

follows:

A(Rssn)2

(R?_Sn-)n .

(R3Sn)2
(RySn)
(RySn),

(R3Sn)2

(RZSn)n

(RQSn)z

(stn)n

(R3Sn)2-

+ 2RX —3 2R

+ Xz-———% 2R38nX
+‘nX2—_*>PRZSnX2

+ HX —> 2R,.SnX + H

3 2

+ nHX ———e»nstnx' + nH,

2

3SnX» + R2

+ R'X*——%RBSnX + R.SnR!

3

+ nRx-——>nR3snx

SnCl + Hg:

3
+ anCli——f> nstnC12. + an
+ RHgCl — R3SnCl + R4Sn + Hg-

The halogenation of (R3Sn)2 and (RZSn)m by using

'~ halogens (4,147,1724175) proper alkyl halide (175-178)

" and by using halogen acids (175, '179) / R = alkyl, aryl

group and. X .= C1l, Bf} I ~7 were carried out“successfully

by different investigators from time to time., Use of

mercuric chloride or alkyl mercury chloride for‘halogenétioh

of organostannanes was- also reported (180,181).
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The reaction between stannic chloride.and
ZF(CZHS)BSn _7é (182) yielded tin, triethyltin chlofide,
diethyltin dichloride and tetraethyltin, but with
Z~(C6H5)3Sﬁ _72 (175) the products were stannous chloride
and triphenyltin chloride. Nasielski et al (183) studied

the kinetics of several such reactions.

(c) Redistribution reaction:

The treatment of a tetra- alkyl or aryl tin
compound with the requisite amount of stannic halide is-
widely used procedure for the preparation of organotin
halides and the process has the advéntage over the halogen
cleavage meéhod is that none of the organic groups ié

lost.

The reaction types may be represented as follows:
334Sn + SnX4 —_— 4R35nX 7
R4Sn + Snx4 —_— 2R28nX2

R4Sn + 3SnX4—f———> 4RSnX3

R.SnX + RSnX,— 2R,SnX

3 3
R2SnBr2 + Br2-———9IRSnBr

2

RB
3+ r

In the first three reactions, the chlorides are formed
more readily than the bromides, stannic iodide uéually
reacts so slowly that the method is rarely used for the

preparation of iodides.

Kocheshkov (184-189) first introduced this method

for the preparation of R3Snx, RZSnX2 and RSnX3 typeréf
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compounds, / R = CgHg, CgH,CHy, CHy, CoHg, n=CyH, _7_,
Rosenberg and his co-worker (136) carried out the similar
reaction where they used the compound having CH2 = CHe
group for R. Vyayraghavan prepared (191) compound where

R stood for CH gCHAé CH~ gréup.

3
AﬁOﬁg the‘other compounds obtained by redistribution
reactions, dicyclopropyltin dichloride and dibromide (192)

and'(C6F5)3SnCl, (CSFS)ZSnCl2 (193)‘may also be mentiongd.

The fourth and fifth reactions among the mentioned
reactions were carried out in recent years. Max Buschhoff

(194) in 1984 prepared the compounds R SnX, (R = alkyl,

4w
aryl, aralkyl, c¢ycloalkyl:; X = halogen; (n (='1,'2,3),
~useful as plastic stabilisgr were ﬁrepared-from a redistri-
bution of approﬁriate alkyltin halides iﬁ presence of
.'Sanicatélyst at temperatures varyipg in the range of
140-210°C, Thus (C4H9)2SnC12 was ﬁrepared in-97% yield ’

~ from (C4H9)3SnC1 and C4H98nC13:by héatiﬁg at a temperaturé

of 160°C,
Medvedev and Yatsenko (195) in 1985 prepared

3 2
of stnBr2 in the absence of a solvent.

RSnBr, (R = C,Hg, C,H,) in about 70% yield by bromination

(d) Disblacement of one halogen by other by using
‘appropriate halogen acids:

The method is best way for the synthesis of other
organotin halides which can not be obtained in pure form

or in 'good yield by other classical methods (196).
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R3SnX + MOH —— R3SnOH + MX

R3SnOH + HX' — R3SnX" + H20

R,SnX, + 2MOH-——> R Sn(OH)2 +. 2MX

2

I 1
RZSn(OH)z + 2HX ——>st;nx2 + 2H20

RSnX, + 2H,0 —rRSnOOH + 3HX

RSnOOH # 3H}('———>Rsm{:j3 + 2H20

(where R = alkyl or aryl group and X = F, Cl, Br, I).

The~:eaction of sodium fluoride in alkaline équéous
solution with organotin oxide is an excellent method for
the preparation of. ofganotin fluorides (117, 120, 173, 197-
199), Not only in the-case,of preparation of organotin
fluoride, the preparation of other organotin halides also
was carried out by the halogenation of organofin hydroxides
(prepared by the alkaline hydrolysis of suitable organotin

halides) by appropriate halogen acids (196),

The direct replacement of one halogen by another.
was also reported in many case (117,120,129,173,197,199-
204).

Thus dimethyltin dichloride could be converted to

dimethyltin diiodide with sodium iodide and (n-Bu),SnCl,

to (n-Bu)zsnF with sodium fluoride.

2
Recently in 1985, conversions of dibenzyldichloro-

stannane (i.e. dibenzyltin dichloride) to dibutyldichloro-
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stannane (i.e.'dibutyltin dichloride) was carried out by

B, Mahieu et al by using tributylaluminium.

(e) Reactions involving Grignard reagent and other

metal alkyl or metal aryl:

Use of Grignard reagent or other metal alkyl (or
metal aryl) is one of the impoftant method for the
synthesis of tetraalkyl (or aryl) tin) Alkyl (or.aryl)tin

halides are generally obtained along with R4Sn.

The general scheme of the reaction may be represented

l

as fOllOWS‘

RMgX + SnX4 —_— RSnX3 + MgX

2
2RMgX + SnX,——> R,5nX; + 2MgX

2
3RMgX + SnX4 _— RssnX + 3MgX2

R3A’l + SnX4 _ R3SnX + A1X3,
2R3A1 + BSnX4-—————> 3R28n}(2 + 2AlX3

RyAl + 35nX, — 3 3RSnX, + AlX

3 3 .
3(cy010-C6H11)2A1Cl + 25nc1§———+2(cyclo-c6311)38n01 +

3 AlCl3

where R = alkyl or aryl grpup; X = Cl, Br, I.

Many of the organotln halides could be successfully
prepared by using Grignard reagent and tin (IV) halides
(196), Such reactions were found to form mixture of several
alkyl (or aryl) tin halides andtetraalkyl (or aryl)tin

(193,205-207). The .use of Grignard reagent was found very
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ﬁelpful for linking iafge organic groups, such as l-naphthyl
(120), 2-dipﬁen§l (122) and neophyl (208) to tin. Perfluoro-
phenyltin halides were obtained from stannic chloride

and corresponding Grignard reagent (202, 209, 210). The

use of drganélithium reagents (211) and organo mercury
reagents (209,212) were ‘also reported toi%se&instea@ of

Grignard reagent.

The preparation of dibutyltin dicﬁloride was
repérted from the reaction of Wiurtz type of reaction (213)
and also from the reaction of butyl éodium and.stannic

~chloride (214). Synthes;s of diphenyltin dichloride was
reported from the'react;on,of'diphenyl mercury and stannic

chloride by Aronheim (215).

Recenily in 1985,Jiauxi (216) prépared‘tefraphenan-
thr&l-(é )-tin and diphenanthryl-(9)-tin dichloride by
Grignard reaction method with 86% yield with slight
modification of the procéss. Grignard reaction of 9=
-phengntthl.bromide with stannic chloride in benzene was
perfqrmed.at-room temperature.‘Tetra—9-phénanthryltih
formed was tﬁen'converted_to~di-9—pheﬁanthryitin diéhloride

'in'chloroform by hydrogen chloride gas in 80% yield.

- Since 1960 several wbrﬁérs (217-225) used alﬁminium
alkyls and tin (IV)_halides-for'thé prébaration of organotin'
halides. In recenﬁiyears.one of: the important synthesis
by this route was the breparation of R,SnCl (R = cyclohexyl)

in 1984 by Gavrilenko et al (226). The yield was found 80%.,
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(£) Alkylation of stanncus chlorides

Tin (II) chloride has been found to form organotin
(IV) compounds with certain suitable alkylating agents,

Of course this route is limited in application.

Nesméyénov and Kocheshkov (527) used stannous
chloride and -diphenyl mercury for the preparation of
diphenyltin dichloride. The reaction was successfully
performed with different diaryl mercury where aryl groups
were phenyl, benzyl, p-tolyl, o -naphthyl, f3-naphthyl
(227) and p-chloro=, p-bromo- and p-iodophenyl (228).
Instead of diaryl mércury, arfl mefcury halides were also
used in some cases for such reactions. Diethyl lead
dichloride and stannous chloride were used by Kocheshkov
and Freidlina (200) for thé synthesis of diethyltin
dichloride. Similarly dimethyltin dichloride and diphenyltin.
dichloride were synthesised. Analogéus reactions were
reported with R,T1X (229,228)., Relatively small yields of
methyltin trichloride and methyltin tf:iiodide_ were obfained
from the reéction of stannous chloride and methyl chloride
or methyl iodide respectively., Few modifications of such
processes for the preparation of different alkyl or aryl

tin halides were also successfully attempted (230,231),
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(g) Hydrostannation route:

One of the widely ﬁsed route to functionally
substituted organotin compounds is hydrostannation reaction.
A review by Leusink (232) demonstrated the importance of
this approach. The hydrostannatioan route was'previoug;f
iimited to tﬁé synthesis of.tetraalkyltin COmpounds and

trialkyltin halides.

Addition of amn organotin hydride to a carbon-
cafbon double bond was first demonstrated by Wan der Kerk
and his. co-workers in’ 1956 (233) and the reaction type was

R3SnH + CH2 = CHX —— R3SnCH2CH2X

where X was different substituents, The route-was esta-
blished as a major method for-fbfming tin-carbon bonds,.
With few exceptions (234-236), the reaction could be ‘
successfully used in the preparation of large number of

(237- 252).
important orbganotin compouhdsp.With triorganostannane sometime

- hydrostannolysis also occurs.

R SnH  + R'X — R,SnX' + R'H

(R = alkyl or aryl group; R' = alkyl, aryl, substituted

alkyl or substituted aryl group; X = Cl, Br, I) (236,25é).
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With the carbonyl éompbunds the reactions of-organostannanes
were found to take place 4n the ﬁe&%ew&&g manner (253—255).

-The reactions of organostannanes ‘'with other suitable - .

organotin halides or hydrogen halides are capable of

forming organotin halohydride.

stnH2 + VstnXZ ;:::::i ZRZSnXﬁ

(where R = butyl group; X = F, Cl, Br, I) (35¢) .~

With dihydride and dichleride having different
groups attached to tin, the following equilibria was
found to exist (257).

] S NN . —_—
R,SnH, + R}SnCl,———= R,5nCl + R}SnClH
. ' '
R2SnCl2 + RZSnH2
The organotin halohydrides can also be prepared by the

action of hydrogen halide on the organostanranes.

2HSSnH3 + HBr —> C_H_.SnBrH, + H

25 2 2 (258)
(c6 5)4SnH + HBr~——+(CsH5)ZSnBrH + 06H6
(C Hy),SnH, + Hcl-——»(c4H9)ZSnc1H + H, | @gggu;

The reactions of monohydride and dichloride (259) were -

also studied.

[ ] - ) | ]
R3SnH + stnC12'————a R3SnC1 + R25n01H

(where R' = butyl grpup; R = alkyl group),
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. . " w

‘Thé organotin halohydrides gre found not wvery
stable (ﬁssﬁ%Tﬂough unstable yet these compounds could
be made to undergo certain reactions where the products

were substituted alkyl-tin halides.

_—
(c2H5)28nc1H + Hg(CH2c000H3)2

— (q2H5)2Sn(C1)CH2coocn

3
(260)

+ Hg + CH,COOCH,

(1-c4H9)23nc1H + CH, = CHCN——$(i-C4H9)ZSn(Cl)CH2CH20N

;(26})'

The‘reaction involving di-isobutyltin chlorohydride and
acrylonitrile is similar to addition of triorganostannane

to terminal alkenes K262-264).

~Hydrostannation {oﬁfe was used by Hutton et al
(265-268) to prepare a quite large number of functionally
" mono- and di- substituted organotin halides.-They carried
:out the reaction between hydrogen halideé, stannous halides
and o 3 ~unsaturated carbonyl coﬁpounds foiyield jg-substi-
tutea alkyltin trihalides and the reactions between hydrogen
halides, tin and.thecxhﬂfunsaturated carbonyl compoundé
to give largely bis - { 3-substituted alkyl) tin dihalides
in substantial amount. The following equationé'represent

the overall reactions.
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I III

1l2 111 llzI RIZIZI
HX + Sn}'c2 + C =C +—m> -x3Sn - C|3~—C]ZH

| |rv

RII R RII RIV

I III

R R

|
Xs,Sn —C —‘—~CH

] II I Iv

R R

I II

(x = c1, Br, I; RY, R™ and R*T are H or cH

3’
1 - . 1)
R organic groups containing «=C- “/°

. The reactions were found highly specific and
pfocéed in high yield at»conﬁeniehf»temperatures and
atﬁoséheric pressure. A wide variety of activaéed olifins
were'uéed'by Hutton et al which were largelyq,P-unsaﬁurated
este}s,q,/3-unsaturated ketones, acids and amides etc.

Exceptions to these were maleic acid esters and isophorone.
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In moét of the reactions hydrogen halide used by them'was
hydrogen chlofide. Addition of excess of dry gaseoué'.
hydrogen chlofide to anhydrous stannous chloride in dry
diéthyl ether medium at a temperature below 25°C form a
pale yellow lower layer, previously characterised as
HSnC13-(C2H50C2H5)2 was alsd used by them (269) in some
cases. Above 30°C the complex was found to be unstable
decomposing to hydrogen chloride, stannous chloride and

diethyl ether.

HSnCl,. (c2H59c2H5)2-———‘~ snCl, + HCl + 2(C2H5)20

The Table 1 and Table 2 represent some ofAthe
successful attempts by them. They‘dbsérved ﬁhat during the’
preparation of diSﬁbStitutgd alkyltin dichlorides the
formation of mono- substituted alkyltin trichloride can
be minimised by slow passage of'hydrdgen chloride which_
>prevents the formation of stannous chloride. The moré
sterically hindered monomers ténd\to have é reduced rate of
reaction‘but still give high yieids. In every case only
" the f3-adduct was isolated as shown by NMR spectroscopy.
Anyvsblvent whiéh ddes not react with hydrogen halide may
be used. With certain monomers, e.g. butyl acrylate, the
monomer acts as its own solvent and complexing agent. The
vield of organotin halide is lowered because of hydrolysis
by the moisture present in the system. Hydrohalogenation

of monomer also sometime lowers the yield of organotin |



Table

1

The reaction between hydrogen halide, Sn(II) halide and¥,f~unsaturated carbonyl compound in diethyl

ether.

A\

Organic compound Reaction Reaction Conversion Organotin compound Melting (c=0) -1
' ’ temperature time(hours) of SnCl, (%) . point in cm
(o ) O,
‘ {"c)
CH, = CHCOOCH, 25 3.5 98 C1,5nCH,CH,COOCH, - 69 1660
CH, = CHCOOCH3 20 1 72 Br,5nCH,CH, COOCH,, 75 1655
CH, = CHCOOC,Hg 15 1 79 c135nCH2CH2c0002H5 68 1665,
CH, = CHCOOC,Hg 20 2 .92 ClaanH2CH COOC Hy 46 : ..1659
CH, = CHCOOC H, 20-25 -5 89 Cl3SnCH2CH2CQOC6 5 177 1686
CH, = C{CH,;)CO0CH, 25 3.5 62 C1,5nCH,CH(CH, JCOOCH, 86 - 1660
(CH3)2 = CHCH, 25 ; 2 80 ClBSnC{CH3)ZCH2COCH3 123 166$
CH, = CHCOCH - 25 4 99 C1,SnCH, CH,COOH 123-127 1665
CH, = CHCONH,, 20 10 {20 ClBSnCHZCH2CONH2
CH = CCOOH 20-25 2 ~ 60 Cl,SnCH = CHCOOH 1623
= ’ - = - o
CH = CCOOCH, 29 | - 6 60 Cl,5nCH _.CHCOQCH3 P




Table 2

The reaction between hydrogen halide, tin powder and o , 3 ~unsaturated carbonyl compound
in diethylether at 20 C (with Sn/Monomer X%).

Contde .

Organic compound - Reaction Conver- Diorganotin dihalide % Mono % Diorgano- Melting (C=O)_1-
time sion of organotin tin . point in cm
(hours). “tim (%) trihalide dihalide (°c) -
CH, = CHCOOCH, 14 94 C1,5n(CH,CH,COO0CH, ), 3.5 94 132 1677
CH, = CHCOOCH, 12‘ 100 IZSn(CHZCH2COOCH3)2 7 2 1677
CH, = CHCOOC,Hg 25 100 clzsn(CHZCHzcooczHS)2 15 - 60 1677
CH, = CHCOOC,H 20 100 Cl1.,Sn(CH,CH,COOC H.) 9.5 Pure product 1676
2 49 2 4 272 47972 ~10 could not
be isolated
CH, = C(CH3)COOCH3 13 45 Clzsn(CH2CH(CH3)COOCH3)2 50 25 111 1676
= 1
c(cn3)2 = CHCOCH, 10 100 C128n(C(CH3)2CH200CH3)2 22 46 158 .167
CH, = CHCOCH, 14 100 CIZSn(CHéCHZCOCH3)2 ~47 Purification 107-1068 1672
. was not
possible

6¢



Table 2 {Contd..)

CH, = CHCONH 23 82

2 2
CH, = CHCOOH 6.5 66
CH, = CHCN 15 66

Clzsn(CHchZCONHZ)z

ClZSn(CH2CH2COOH)2

Clzsn(CHZCHQCN)Z

<3
<3
<3

79
70
14

240-250 1669
157 1676

173

0¢
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N

SnCl

o+ HCL +C = c{—c

Table 3

/

CH
N

SnCl3

Reactive Monomers

Unreactive monomers

Acrylate CH, = CHCOOR

2
Methacrylates CH, = CHCOOR

Crotonates CHé = CHCOOR

Acrylic acid CH, = CHCOOR

Methacrylic acid CH, = C(CH3)COOH.

5 =

Acrolein CH2 = CHCHO

Alpha Olefins CH2 = CH~R
Allyl chloride CH2 = CHCH2C1
Allyl alcohol CHé = CHCH20H
Styrene C6H5.CH = CH,

v}
1]

Isophorone :
CH |
3TJ:::]\ >

Contd. Y

¢



Acryloyl chloride CH2 = CHCOCl

Vinyl ketone CH, = CHCOR

2
Phorone (CH3)2C=CHCOCH=C(CH3)2
Propiolic acid CH = CCOOH

Acrylamide CH2 = CHCONH2
Diethyl Ethylidene Malonate

CH3CH = C(COOC2H5)2

Table 3 (Contd..)
VinYl acetate CH3COOCH =

Acetylene CH = CH

ruren (3

Maleic Acid Ester
ROOCCH = CHCOOR

Phenyl Acetylene C6H5 c

CH

2

CH

(33



Table 4

33

N / \ A
Sn + 2HC1 + 2 C = C_ ——> ( CH - g— )2SnC12

Reactive Monomers

Unreactive Monomers

Acrylates CH2 = CHCOOR Alpha olefins CH, = CHR
Methacrylates CH2=C(CH3)COOR Styrene CHCH = CH,
o
. ) i .
Crotonates CH,CH=CHCOOR Isophorone CHT>[:::L\
. 3
eHy CH,
Acrylic Acid CH,=CHCOOR  Maleic Acid
Acryloyl Chloride
CH2-= CHCOC1 HOOCCH = CHCOCH
Malelc Acid Esters
Methyl Vinyl Ketone . ROOCCH = CHCOOR
CH2 = CHCOCH3
Phrone

(CH3)2C = CHCOCH:C(CH3)2

Propiolic Acid

-CH = CCOOH
Acrylamide
CH2 = CHCONH2

Diethyl Ethylidene Malonate

CH,CH =

3 C (cooc2H5)2
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halide. In the preparation of trichlorostannane, an
oxygenated solvent must be used. Monomers such as sytrene
which add hydrogen halide or which polymerji%ecan not be
used. Intramolecular carbonyl coordination to tin centre

occurs in these ﬂ-substituted organotin compounds.

HutBon et al (270) suggested the limitations of
the above reactions as indicated in the Table '3 and Table

4.

l'bwvl.u;, .
 Jeseph et al not only prepared 3 -carboalkoxy-

ethyltin trihalides and bis( /3 -carboalkoxyethyl)tin
dihalides but also they-successfully prepared and
characterised some of the tris (ﬂ-carboal];oxyethYl)tin
halides and tetra ( 3 =carboalkoxyethyl)tin compounds of

the same series (271).

Studying some previous experimental results

RX + Sn——RSnX., + R

3 2SnX, + Ry5nX )
(X = Br, . I; R = CH,, C,Hg, CBH17)
Base - (272)
R,SnX, + M (+ RxX) R,SnX + R,Sn
160°C
(R = C4Hy; X = Cl; M = 2n,Sn)
(C.H.).0 - (273)
27572
RSnCl, + M y R .
-13 2 0% —> 2SnC.'!.2 + R3SnCl.

(R = CH,, CH,CH,COOCH,; M = Zn, Sn)

(274).
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They were abie to prepare tris (/3-carboalkoxyethyl)tin
halides and tetra (/3 scarboalkoxyethyl)tin by reacting -
/3-carboalkoxyethyltin trihalides and zinc (or tin) under
appropriate reaction condition., The overall reaction can

be represented as follows:

X3XnCH20H2COOR + Zn-———)XSn(CHchzCOOR)3

+ Sn(CH,CH,CO0R) ,

2
(X = Cl, Br; R = CH3, czHS, C4H9, C6H5)
The reaction between bis (/3 -carboalkoxyethyl)tin

dihalide and Zn was as follows:

X Sn(CH2CH2COOR)2 + Zn~—>XSn(CH2CH2000R)3

2

' + Sn(CHZCH COOR)4

2

(X = Cl, Br; R = alkyl,'or"éryl radical).

The bis (/3-cérboalkoxyeth§l)tin dihalides were found
somewhgt less reactive than the corresponding trihalides
and short reaction time generally found to faﬁour the
formation of tris (/3-carboalkoxyethyl)tin halides.
Moreé&er unlikeAthe j3-carboalkoxyethyltin'trihalides,'
the dihalides could not made to react with metéllic tin,‘
they reacted only in presence of zinc. They also studied ‘
all these reactions thorOughly by chéﬁging solvent,
temperature, reaction time and also by using some catalysts.
The detailed pictﬁre of few of their suqéessful

(Toble 5)-
attempts are tabulated herg< Not only they prepared the.
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compound but also they studied their properties. The
structure of these compounds were also characterised with

the help of spectroscopic data (IR, NMR etc).

Burley et al (275) prepared several of the
ketoalkyltin trichlorides and bis(ketoalkyl)tin dichloride
by following ﬁydrostannation route under appropriate reaction
conditions. In many cases specially du;ing the preparation
of bis(alkyl)tin dichloride they obtained mixtures of
organctin compounds instead of getting a single compound as
the major product. However, they were able to characterise
‘and study these compounds, Few of their successful attempts .

were as followé.(ﬁhbué)-

Not only they attempted to prepare bis{ketoalkyl)
tin dichloride but they also prepared mono{ketoalkyl)tin
trichloride by the reaction of hydrogen chloride, stannous

chloride and appropriate ketone in suitable solvent at
o
proper reaction temperature, They isolated in reasonable

yield Ci1 SnC(CH3)ZCH COCH, from a mixture of hydrogeﬂ]

3 2 3
chloride, stannous chloride and acetcne in an ethereal

L)

¥

solution. Use of acetone in place afé()(z -unsaturatéd

ketone was expiained by them as the formatioh ofA,P-Qnsafurated
carbonyl compound from the added ketone by acid-catalysed
condensation reaction in the first step of the reaction,

the condensation product éimultaneously produced in

reaction mixture the<x,@-unsaturated carbonyl compound by



Table 5

Reactions between /?-carboaikoxyethyltin compounds and zinc.

Reagent Solvent Zn/Organotin Reaction Temperature Yield(%) % RySn
(Molar ratio) time (h) (oc) RéSnCl+
] .
R4Sn
ClBSnCH2CH2000CH3 Ether 2463 20 22 .73
2.95 36 Reflux 80 74
Br, SnCH, CH,COOCH, Toluene 2.73 5 Reflux 58 6
C1,SnCH,CH,CO0C,Hy  Ether 2.00 16 Reflux 86 4
C1,5nCH,CH,CO0C Hy Ether 2.71 20 22 75 |
C1,SnCH,CH,CO0C H;  Toluene 2.26 12 Reflux 47 Not determined
Clzsn(CHZCH2COOCH3)2 Ether 1.30 36 Reflux 69 70
Methyl acetate 1.11 2 Reflux 81 12
c[Sn(CHQCH2COOC4H9)2 Ether 1.37 8 ‘Reflux 76 8
Ether 1.03 21 Reflux 84 7
Ether 1.37° 36 Reflux 79 75

Contd..

(%
\I.



Table 5 (Contd..)

Toluene (100 .ml)
cooc

+ CICH,CH

Sn(CH2CH2COOC4H9)2 Toluene

2

Clzsn(CHZCHQCOOCGHS)z Toluene

(CHBCOG)zsn(CHZCHchOCHB)2 Toluene

(CH COO)ZSn(CH2CH2CQOC4H9)2 Toluene

3

(8 gm)

R' = CHQCHZCOOR; R = alkyl or aryl group.

Reflux

Ref lux

Reflux

Reflux

Reflux

50

71
62

83

83

30

Not deterﬁined
Not determined
95

100

98



Table 6

The reaction of dialkyl ketones RCOR' with

ketone/tin/hydrogen chloride = 4/1/2)

tin and hydrogen chloride (at 35°C) {(Molar ratio

Ketone Solvent Reaction Number of Yield(%? Mono-keto~-alkyltin{%)
time (h) organotin

R R! : products{TLC)

CH3 CHé Acetone 4 2 64 30

C2H5 C2H5 Ether 168 2 29 Main product

C3H7 C3H7 Ether 14{ 2 32 Main product

CH3 C2H5 - - . 12 5 22 48

CH3 C3H7 Hexane - 168 1 85 100

CH3 C4H9 Ether 312 2 71 Main product

68
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dehydration. Potentially, a wide-range‘of ketealkyltin
chlorides might be produced (276) by the one step in-situ
acid-catalysed condensation of simple Kketones and hydro;
stannation of resultantd),[*-unsaturated ketones since

trichlorostannane-iéxknown.to*be moderately strong acid,

Their results may be,represented iﬁ_the following
table. 7. _ , :
They (277) reported several ketoalkyltin*chloridee
from f3-hydroxy ketones. Here the principle of acid catalyseé
dehydration of ketols ( B-hydroxy ketones) was used by them
as another poteﬁtial source of formetion,ofa;p-unéatﬁrated |
ketoneszin the reaction mixture for the formation‘ofiketo-'
alkyltin chlorides. (.teble ? .
. The temperature of the reactions.was maintained
at 35°C and the solvent used here was ether.
However'd -hydroxy ketone such as 3—hydroxy-3-
methyl-z-butanone failed to. react with- HCl/Sn couple to
‘form similar organotin products. _
‘ Beside these Garad (278) also reported the reactions '

-‘ofj3—carbobutpxyethylt1n trichloride..

/

(h) Other related methods:

»Few ester tin/bhlorides were also prepered]by :
Hoffman et al (279) frem the reactioq of Snm, HC1 and thé'
. compound of the type CH2 ¢ CHR (R = Cyano, COOH, CQQR'f’
R' = alkyl).i?hey‘obtained 99.3% yield of dien-butoxy:

‘prqpyltin trichloride 5y heating a mixture containing Sn



Table 7

Synthesis of 3-keto-i-methyl, butyl tin chlorides.

Reaction

Reagents Products Yield (%) Monoketoalkjltinﬁ%)
‘ time (h) :
HCl, SnCl2
CH,CH = CH. COCH, 10 ‘C13SnCH(CH3)CH2COCH3 79 100
HCl1, Sn,
cnscH = CH.COCH, 8 c1ésncn(caj)CHzgoc33 55 18
o+ c123n(CH(dH3)CH2COCH3)2
HCl, Sn,
(CH3)2CO,CH3CHO 5 Cl3SnCH(CH3)CH2COCH5 67 34

+ C12Sn(CH(CH3)CH2COCH3)2

I



Table 8

'

CH COCH(CHS)CH OH

3 2

3

+ Clzsn(CHz

CH(CH3)COCH3)2

Reagents Reaction  Products Yield (%) Monoketoalkyltin (%)
time (h) ' ) ‘
HCl, SnClz,
CH3COCH2C(CH3)20H 3 Cl3SnC(CH3)2CH2COCH$ 76 100
HCl, Sn,
CH3COCH2C(CH3)20H 9 013sgc(CH3)ZQHZCOCH3 44 35
+ ClZSn(C(CH3)2CH2COCH3)2

HCl1l, Sn, .

. 7 C1,SnCH,CH,COCH, 79 25
CH,COCH,CH, OH + ClZSn(CH20H2COCHé)2
HC1l, Sn, : - -
. 7 c1l SnCH2CH(CH3)COCH3 60 ;9

cv
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CH,: CHCOOC,H and 36% HCl at 80°C for five hours in the

presence of 0.3 gm of Al,
Kaufhold and his co-workers (280) prepared a series
'of~compounds corresponding to the molecular forﬁula

(RCH,CH,))_SnC1 (R = cyano, COOH, COOR'; R' = alkyl;

2
n'= 1,2) in 1983, They treated metallic tin with the

4-n

" appropriate organic cémpound at a température of 25-3OOC
for 90 minutes in presence of antimony catalyst which was
then foliowed by addition of conc. HCl. The amount of
antimony catalyst ﬁas found fb rangeAO.OlélQ%...

Addition of oréanotin hydrides of the type
(CGHSQHz)BSnH to methylpropenoates f£ollowed by chlorination
of the product with mercuric chloride furnished a product

65
C6H5) reported by Podesta et al (281). Podesta et al

of the type (C_H CH,),SnC1CHRCHR' COOCH, - (R, R' = CH,,

(282) also prepared a series of estertin compounds having

the general molecular formula stnXCHR1CHR2COOCH

3+ R =R°=H; R=CHy, CH,, CH,, R = R =
CH, ; R=R> =H, Rl = C.H.; R=C,H., C.H., R} = R% =
37 d ~6 57 - “47'9¢ ~6 5¢ ,

C6H5 ; X = chloro, iodo) using (CH3)3Six; The yield was

(R = CH

reported to range 54-100%. A novel synthesis of

f-trichlorostannyl ketones from siloxycyclopropanes was

effected by Ilhyong and his co-workers (283). Reactions

of monocyclic siloxycyclopropanes rk?f;éii:;\\ (R = (CH3)3C,
R R/
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(CH3)2CH, l-cyclohexyl; R' = H) with stannic chloride in
methylene chloride at 15°C for thirty minutes gave

O —>Sncl
[3~trichlorostannyl ketones 0 l,s
R~

| ‘ lomsie AN R
Also with tﬁé_compounas of the type R they

. (CHYm

ih good yields.

] 4 0——>5nCl, .
prepared_ﬁhe compound /“ (R, R' =H, CHy s
. R : . _

I'e

R

n=3,4,5) in 66-84% yields.

~ Howie et al (284) studied the crystal structure
"and coordination chemistry of Cl3SnCH2CH2CH2C0002H5. Feshin
et al (285) studied thoroughly the electronic and spatial
structures of estertin type of compounds. e.g.
C13GeCH2CH2CONH2 and Cl3SnCHZCHchOH containing donor

35

centres were discussed in relation to Cl NMR and crystal
structure data aetermined in previous studies. A study
of mercaptoester/chlorine exchange equilibria exhibited by
2 -carboalkoxyethyltin compounds was performed by Joseph and
- his co-workers (286). The Cl/mercaptoester exchange reac-
tions in-butyl and /3-carbobutoxyethyltin compounds were
found to occur readily in deuterochloroform at 35°C as
confirmed by 60 MHz proton NMR data,

Several workers prepared a number of complex
compounds of these estertin halides by using différent

' complexing agents (287, 288, 289), The Lewis acidity of

organotin halides will be discussed in more detail later.
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“Some oréanétin halides having unsaturation'in the
organlc part were prepared by several investlgators. Thus

Ryu and hlﬁ co-workers (290) in 1987 synthe31sed CH2 3
1 1 2 ' l 2
CRCRIR? CstnCl Z’R = H, CH3, R* = R® = Hf R= H, RE =
(CHy)g, R = R? é'HL R' = ¢ CHy, n-heptyl_/ in very good yield
84-91%, They also synthe51sed a bromlnated product

BrCH2CHBrCH2CH25nCl3

CH, and (C H ) ClSnCHZCH .CHCH3 were reported to form as

. The'compounds <c4 9)2ClSnCH(CH JCH:

. 1ntermed1ate during the reactlons between (C SnCHﬁCH.
CHCH3 and aldehyde in presence of Lewis a01ds such as_
) »5nCl,, by Boaretto et al in 1987, |
Masamune et al (291) used bisa(2,4-pentanediogato)tin '
dichloride to prepare hexakis (2“6-diethyl phenyl)cycle
wtristannoxane which on treatment with. concentrated
hydrochlorlc acid formed (2 6-C, 5)2C6H3)25nC1 |
Hawker et al (292) found that treating((CH 35m) ,C
with bromine, iodine or F3CCOOH formed((CH3)3Sn) CR,

((CH3)BSn)2CR (CH,),8nCR; (R = Sn(CH,),R';

2 3

" R' = bromo, iodo, CF3COO) and C.(-Sn(CH3')2R")4 (R" = bromo,
iodo). In the case of bromo compound, the ultimate product
was (Br,SnCH,),C(Sn (CH,),Br),. Again they found that on_)‘
treatment. of (CH‘)BSn) CH with bromine,- the compound

(CH3)3Sn)2CHR“' and (CH ) SnCHR“é» and finally Rg'cH,

(R"' = Sn(CH,),Br) were forﬁed.

In 1984 (CH3)3SnI was prepared in 33% yield by
Manders et al (293) by shaking a suspension of SnS and .
€H

31 in water at 60°C for 24 hours in the dark.
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Besides these, few organotin halides were reported
time to time by different woz.;kers to form during son‘le A
organic synthétis as inﬁerme‘diate products. One such’
reported (294.) organof;in halide intermediate was (CH2 :

C : CH2)2SnBr2 .



SCOPE AND OBJECTIVES



Scope and Objectives

The hydroboration and hydrostannation reactions
have added a new dimension.in the field of organometallic
and organic chemistry. Hutton et al (265-268) have extended
these reactions to develop new methqu of preparation of
estertin chloride; (useful commercial PVC intermediates)
by reac@ing_carbonyl activated unsaturated compounds with
intermediates like HSnCl3 and stnC12. But the redctions
studied so far concerned primarily with aliphatie sysfems.
it has been prOposéd during the current investigdation to
:study these reactions of carbonyl activated unsaturated
compounds in aromatic systems with trichlorostannane
(HSnCl3) intermediate, To achieve the objectives, the
reaction of benzylideneacetophenone {chalcone) and
tiichlorostannanev(i.e. a miiture of stannous chloride and
hydrogen chloride) was studied under aifferent experimental
‘conditions. Unlike corresponding aliphatic systems the
reaction presented many experimental difficulties. The
organotin compounds formed were often in poor yields and
a large amount of gummy material was produced during the
reaction which could not be characterised properly.: The
gummy material contained stannous chloride along with:some
_ uncharacﬁerised productg.Thoggh organotin compounas were
formed by the addition ‘of HSnCl, into C HCH = CHCOC_H

65 . 657
such compounds are relatively unstable compared to the
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product obtained by the reaction of HSnCl, on CH,CH =

CHCOCH,. The comparative weakness of tin-carbon bond of

3
Csﬁg——ﬁ?——CHf—-C-R - (where R = CgHg or CH3) may lead
C%?né———-—

to conversion of C6H CH = CHCOR to some other pure

organic compounds which do. not contain any tin,

‘ It was tbe'primary goal to isolate, characterise
and study the reactions of some new‘dfganotin_chlorides
undef current investigatién. Hené¢ the conversion reactions
of unsaturated aromatic ketones by chlorostannation reaé-
tions have not so far been studied, though these reactions
might pfoVe quite interesting.

' Under the present investigations the isolation of
new organotin chlorides_héve been attempted with tﬁe
following reactions under dﬁfferent experimental couditioné.

(i) C_H_CH = CHCOC_H_ + HSnCl

65 6°5 3
(ii) C6H5CH = CHCOCH3 + HSnClB'
(iii).CsHSCH = CHCOCH =‘CHCGH5 + HSnC13

It has been possible to isolate some new organotin
chlorides by studying the:above reactions, the details of
which will be described here o Lafir J

Some of the important reactions of these organotin
éhlbrides were also studied which will be discussed in

next‘chapter.
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Tin was estimated gravimetrically by converting to
stannic oxide and finally to volatile stannic iodide,

essentially by the method of‘Vadder Kerk and Luijten LlyO);

Analyses of the ~compounds for carbon, hydrogen. and.
nitrOgen were carried out at Regional Sophisticated
Instrumentation Centre, Central Drug. Research Institute,

Lucknow.

The infrared>spectra,were taken.in the renge
between 4000=500 em~! for ﬁost of the compounds using
‘Beckmann I§-26'and-Pye Unicam—SP-3OOS infrared spectro=~
photometer equipped with KBr optics and mulling the com-.
pounds in nujol in all cases unless otherwise mentioned.
Few spectra (4000-~200 cm ) were recorded uslng Pye-Unicam—
SP-300S with KBr optics. . -The followinglabbreViations have-
been used to discuss the. spectral part. L
VeSe % very strong, s = strong, m_\= medium; w = neak}

V.Ww. = very weak, b = broad, sh = shoulder, nujol had peaks
at 3000-2800s, 1460s, 1376m (error limit = + 5 cm 1)

The 1y NMR, 13C NMR and 119Sn spectra dfj3-benzoy1-c(-

phenylethyltin trichloride were recorded at 360 MHz, 90,56 MHz -
MHz .

. and 134,294, respectively in Brucker Spectrospin through the

courtesy of Dr. Edvards Liepinsh, Institute of Organic

Synthesis, Aizkraukles 21, Riga, U.S.S.R.

The TH NMR spectra of p-acetyl-o(-phenyl‘ethyltin
cavbonyl
trichloride and /3hstyryl:b(iphenylethyltin trichloride

13 -
and C NMR spectrum of f-styryl- o -phenylethyltin twichfowide

A R

-
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were recorded at 80 MHz (1H NMR) and 20 MHZ (13C NMR) with

Brucker WP80SY Multinuclear 80 MHz FT NMR Spectrophotometer

and JEOL PMX 60 SI CW 1H NMR spectrophotometers at the

Department of Chemistry and Biological Chemistry, University

of Essex, Colchester, U.K. through the courtesy of Dr., D.dJ.

Greenslade, .

All the NMR spectra were recorded in CDCl3. For 1H,_
C tetramethyl silane was used as internal standard, while
119

13
Sn shift of /3-benzoyl-o(-phenylethyltin trichloride
was recorded against tetramethyltin,

sometime following ebbreviations have been used
for different groups in the molecular formula of the

compound and also for naming the compound:

Metnhyl Me

Ethyl Et
Propyl Pr
Butyl Bu
Phenyl - Ph

8-Hydroxyguinoline (oxine) HOx
1,5-diphenylthiocarbazone (dithizone) H,Dz

1,5-diphenylcarbazone HZDPC
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All solvents viz. benzene, chloroform, methanol,
ethanol, petroleum ether, diethyl éther (ether), eth&l
acetate etc, used in the experiments were purified and
dried according to the standard methods (29¢). Petroleum
ether used was of boiling point range 60-800C. Some of
the compounds used vié. anhydrous sténnbus chloride, dry
hydrogen cploride,benzylideneacetOphenone {chalcone),
dibenzylideneacetone were prepared and purified and dried
in the laboratorv. The other compounds viz. benzylidene-
acetone (B.D.H) 1,5=-diphenylcarbazone (E. Merck), potassium
thiocyanate (B.D.H) were used after drying according to

the standard methods.
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Preparatidn.of starting materials:

(a) Preparation of benzylideneacetophenone {chalcone) (276 )

CGHSéHQ + csgSCGCHj —EEEEL>Q6H5CH-= ¢Hcoc6H5‘+ Hzo"
A~solﬁtion,of 22 gms of godiﬁm-hydroxide-in 200 ml
of water and'122;5 ml of rectified.séirit‘was takén4in a
flask fitted with a mechanical stirrer. This was placed
in afbaﬁh of crushed ice. To the solution 5045 ml of
distilled aéetéphenong was added and then 44,ml of.puré \
benéaléehyde was addea ihterhiﬁently byukeeping‘reaction
' temberature at 15-30°C, The stirring”waé continued until
the mixture became very thick., The_thi;kvsélution'was kept
in refrigerator for overnight, The solid wés then separated
;g;?washed with cold water to remove alkali. Final washing
was done with 20 ml of jcelcold rectified spirit. The solid
‘was recrystallised from warm (SOOC)_rectifiedlépirit (460

ml).

The yield of pure chalcone was 70 gmse

% Apalysis for C15H120

Found 'C 86.14 H 5,42
Calcutated C 86.54 H 5,77
.

Melting point @ 57°C

Infrared spectral data {em™>)  (Fig I)
2960-2820s(b), 1645 vs, 1590 vs, 1560s, 1485 sh,
‘1455 sh, 1435 vs, 1375 s, 1330 s, ;300 s, 1280 m,

1200 s, 1170 m, 1155 w, 1075 w, 1040 s, 1020 s,



]
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3
H NMR spectrum of benzylideneacetophenone (chalcone)!
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995 vs, 930 w, 885 w, 860 w, 845 w, 780 sh, 750 vs,
690 vs, 660 m, 545 s, 475 s.

1H Nuclear magnetic resonance spectral»data (Chemiéai shift d)

1y nMr peaks at 6.45 -=7.96 (phenyl and olefinic) (Frg 2)

(b) Preparétion-of dibenzylideneacetone (29% ).

NaOH '
2C6HSCHO + CH3COCH3 —_—> C6HSCH CHCOCH = CHCGH5

_+2H20 |

A cpdied solution of 100 gms of sodium hydroxide
in one litre of water and 800 ml of ethanol was faken in
a flask fitted with a mechanlcal stirrer and kept at 20-
25°%, a mlxture of 101.4 ml of pure benzaldehyde and
36.7 ml of pure acetone was added slowly and 1nte:m1tently.
wiﬁh continﬁed stirring., Yellow £locculent precipitate'
formed wés purified by recrystallisation from hot ethyl-
‘acetate using 100 ml solvent f£br 40 gm of the crude
dibenzylideneacetone (dibenzalacetone). .

The yield of the pure compound 85 gms.
% Analysls for C17 14
Found | C 86.78 H 5,83

Calculated » Cc 87.18 H 5.98A

Melting point - 111°@
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Infrared spectal data (em™ 1) ( Fig 3)

2950-2840 vs(b), 1640 s, 1620 m, 1585 s, 1565 m,
1490 m, 1450 vs, 1370 s, 1335 s, 1308 w, 1275 w,’
1190 s, 1150 w, 1095 w, 1070 w, 975 vs, 915 w,

. 880 m, 840 w, 760 vs, 690 vs, 535 w, 510 w, 460 m.

1H Nuclear magnetic resonance spectral data (chemical

shift &) (Fis )

1H NMR peaks at 6,05 - 7.72 (phenyl and olefinic).

(c) Preparation of anhydrous stannous chloride (29¢)

In a beaker 89 ml -of distilled acetic. anhydride was
"taken to which 123 gms of analytical reagent .grade stannous
chloride SnC12.2H20 was added slowly w1th constant stirring.
Instantaneous dehydration took place with the evolution of
heat. After an hour, the anhydrous stannous chloride was
filtered off on a sintered glass funnel and washed free
from acetic acid with Sb ml portions of anhydrous ether

and dried by keeping overnight in a vacuum diseccator,

(d) Preparation of dry hydrogen chloride gas ( 2964 )

The apparatus used is shown in the-Fig. 5 e The
upper funnel was of 100 ml capacity and had a.capillary tube
of appropriate length so as to dip into the liquid in the
lower funnel whose capacity was 500 ml, The drechsel bottle
(A) contained the concentrated sulphuric acid and the

second bottle was the safety trap. The whole apparatus was
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mounted on a heavy stand.

About 150 ml of concentrated sulphuric acid was
taken in the larger 1ower funnel and 100 ml of concentrated'
hydrochloric acid was taken in smaller funnel. The rate of
flow of hydrogen. chloride is controlled by regulating the
supply of hydrochloric acid to the concentrated sulphuric
acid in the lower funnel. The formed gas was‘paSSed‘through
.concentrated sulphurlc acid contained in Drechsel bottle.
The flow of hydrochloric ac1d was continued untll a volume ]
' of'hydrochlorrc acid equal to‘that of concentrated sulphuric -
- acid had been‘uéed. The'dilﬁte eulphuric acid‘was-then
removed from the lower funnel and the apparatus was o

recharged where necessary.

(e) Benzylideneacetone\

~Benzylideneacetone (BDH)»was used without further
purification.
Melting point 39°C,

Infrared spectral data (e 1) (Fiq 6)

3050-2820 vs(b), 1955 w, 1a95 w, 1810 w,1665 vs,
1640 sh, 1590 vs, 1560 sh, 1485 m;'1445.s,‘1416 m,
1370 w, 1350's, 1325 m,‘lsos m, 1275 w, 1245 s,
1190 sh, 1185 s, 1165 s, 1100 w, 1075 s, 1025 m,

980 vs, 900 s, 835 w, 745 vs, 690 vs, 675 sh, 625 m,

505 w; 570 sh, 530 vs, 460 vs.
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Preparation of [3-benzoyl- « -phenylethyltin trichloride

H CHCH
CGHSCH CHCOC6H5 + HSnCl3 —_—> C6 5& 635

C13Sne—0

The above_reaction was studied under different
experlmental condltlons varying temperature, time, reactant

proportlon and also solvent.

Method (A):

The chlorostannation Of benzylideneacetophenone
(chalcone) proceeds through intermedlate formation of
trichlorostannane (HSnCl ) from anhydrous stannous chlorlde
and dry hydrogen chloride gas, The reaction was carrled out -
by taking 9,0 gms of anhydrous stannous chloride and 10.4
grms of recrystallised chalcone (molar proportion 1: 1) in
250 ml ether (dFthyl ether? in a three necked glass flask
fitted with a mechanical stirrer. The flask was kept in a
water bath at 20°C, Dry hydrogen chloride oas was passed
. continuously at medium flow rate for about five hours;

The stirring was continued for another one hour by opening
the stoppers Gf the flask to remove unreacted hydrogen
chloride preseht in the solution as far as possible. The
reaction mixture still contained someldissolved hydrogen
chloride which was removed by concentrating the solution
over a steam bath to -about one fifth of its.original volume

(50 ml). The concentrated solution was kept undisturbed
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overnigﬁt.”The deposited solid was separated and washed
with chloroform dropwise (excess of chloroform was avoided
since the compéund was found soluble in chloroférm tb‘some
extent) tofFemovevadherihg gum as far as possible.. The
melting point of‘the crude solid was was 90-11000. The B
impure solid Was,dried'in,air.and then warmed with. 150 ml. of
chloroform and’allowed'to setfle. Warm_cﬁloroform‘fairly
dissolved the soiid'and'ﬁhe clear top layer portion of the
liquid was deqanted. The bottom:layer pértion.being ve:y
»sméll‘in amount, éoﬁld ﬁot be characterised. The decantéd
. part of the liquia was»filtered and concentrated to one
third of its;vOlﬁme ( 50 ml) and few drops of,petroleum
ether wére added to this and was allo&ed to stand undis—
turbed overnight. The light yellow crystalline product
hav1ng meltlng point 120-125 e, was obtalned. The process -
of Crystalllsation ;as repeated several tlmes,so that on
dissolving the crystais in chloroform a homogeneous liqu;d
phase was formed. The final crystailisation was carrigd
out from chloroform (without adding drops of petroleum
ether) which furnished very light Yellow shining crystals
of melting point 140°C. '

The same reaction was studied under different

conditions of time and temperature, the yields obtained

is indicated - as follows.(Tabte9). .
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Téble-9

Tempe rature o Time (in hour) vield (%)
%) o | o
o - 2.00 N1
10 2,50 . . 32
16 L 5,00 : o 30
15 L 2.50 ' 32
20 . 5,08 . . 30
30 . . 0.66 - 30
30 . 3.00. - 10
30 - 5,00 {10

-

The reaction when carried ouﬁ between 10-20°C, the
yield was about 30% yhether the reaction-was carried oﬁt
for two and-half hours or five hours. But on carrying the
reaction at higher temperature say at 30°C, about 30%
yield was obtained when reaction time was forty minutes.
When fhé reaction time was increased, the yield was found
to decrease,. On carrying dut the reaction at 0°%C ﬁith‘the
reactionvtime two hours, the compound /Q-benzoyiqci-bhenyl-
ethyltin trichloride could not be prepared instead products
were gummy materials, The reaction was'very much sensitive
to atmOSpheric_moiéture. Reaction carried out at 10°c/15°C
for two and half hocurs during heavy rainy days, practically
no /9-benzoyl—o(-phenylethyltin trichloride could be

isolated but only gummy substance and some stannous chloride

T
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could be isolated.

Changing the proportions of reactants (stannous
-chloride.and_chélcone)AfrOm 1:1 , no bétter yieid could be-
obtained. Severalvattempés were made to carry out ﬁhe s?me
reaction withichloroform, ethénol or benzene as solvent. -
In most cases either no yield or verylpoof vield of’

[3-benzoyl- of-phenylethyltin trichloride could be obtained.

Method {(B):

Since in the prev1ous reéctlons, the chlorostannat+on
of chalcone proceeds through the 1ntermediate formatLOn of
trichlorostannane (HSnCl ), the following modification was
made for the process. ;nstead of passing hydrogen chlo:ide
gas into ethereal solution ofAéhalcone and anhydrous
- stannous chloride, trichlorostannanézxgs flrst prepared’

in ether at 0 °c {— and an ether solution of chalcone

was added to trichlorostannane at 8-10°C.

Trichlorostannane (HSnClB) was prepared by taking
9.0 gms of anhydrous_stapnous-chloride in 200 ml ether
in a-threé ﬁecked glass flask fitted with a meéﬁanical
stirrer. The flask was kept in an ice-bath at 0°C. Dry
hydrogen chloride gas. was passed‘continuously af.a moderate
flow rate for half an hour. Stannous chloride changed to a
white paste, which settled at the bottom of the flask. Tﬁe
. passage of hydrogen chloride was disc0n£inued. Then the”

temperature of the bath was railsed to 8-10°C. A saturated
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solution of 10.4 gms of recrystallised chalcone (molar
proportion of the reactants 1:1) in ether was added Slowly
intermittently'through one of the side neck of the flaskv

to the trichloroétannane (white baste in ether medium)

‘ Qith continudﬁs stirring. The addition of -chalcone solution
" was completed within an hour. The stifring was\cdntiﬁued
for another half an hour and.then opéﬁing the stéépers

the stirring was again continued fo;?ahother hour to remove
hydrogen chloride préééﬁt in the solution as far as possible.
The reaction mixture still contained some dissoivéd,hydrpgen.
chloride, which was removed by ccncentrating the solution
over a stéam'bath to a gummy mass, Ehe gﬁmmy mass was
washed several times with hot petroleum ethert'Washings‘
were rejected. The residue left after this was'dissal#éd in
chloroform and a little petroleumvéther was added with

' stirring which resulted in a solid (m.p. 100-110°C) product.
The crude ?roduct was again dissolved in minimum gquantity
of chloroform with slight warming_over a steam bath. On
cooling, it separated into two 1ayers.‘The clear upper
‘layer was fur@her concentrated to about one fourth of’its
volume and feﬁ drops of petroleum ether were added to it
ana then aliowed to stand for an hour when solid product
was separated; The process of.crystallisation was repeated
several times. The final crystallisation was carried out
without adding drops of petroleum ethéxﬁ Repeated crystalli-

sation furnished very light yellow shining crystals of
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~ melting point 140°C.- The product was found identical to that
obtained by earlier method (A) ‘as. shown by mixed melting
'pOlnt determination and infrared spectrum of the compound.

-fThe;overall»yield of~the=pure product was’ about 75AQ

i The removal of excess; hydrogen chloride in the

~

T':earlier stages is essential otherw1se much more gummy

'-“frt.substance lS produced reduc:ng the final yield of the

crystalline product. The isolation of the pure product must )
;.be done as - quickly as poss1ble, S0 that desirable yield :

f:‘can be obtained AR L

; The above two-step reaction was carried out varying

-the temperature and the reaction time. As indicated earlier,

-:ﬁ;the first step involves the preparation of HSnClB-ether

“; -

"ﬂ'f:complex and in the second step, a saturated solution of

»chalcone was : added to the HSnCl -ether complex. The results_

3.
’ obtained may be tabulated as follcws.(Tu&Uu‘@

rable 10
Temperature : Time (in-hour) . vield (%)
(during addition of N S

. chalcone solution)

. (9¢).
o 1 - 50
- 8=10 1 : 75.
8-10 . 2 . 70
15-20 : 1 ' - 40 .

30 1 Nil
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Hence the suitable method of preparing fa-benzyl-
of -phenylethyltin trichloride is to add within one hour
a saturated chalcone solution to trichlorostannane in

ether at 8-1600.

By changing'the proportions of the reactants from
'1:1 or by using othef solvernts (chloroform, ethanol,
benzene) no better resultﬁiregarding the quality and

quantity of the compound was found.

% Analysis fo? C15H13OSnCl3
Found CcC 41,990 H 3.35 . Sn 27.54

Calculated C 41.43 H 2,99 - ' Sn 27.39

Melting point ~ 140°%

-

pH (10™“M solution) in chloroform or benzene “~ 1,3.

Infrared spectral data (cm~t) CFig 3)

2960-2840 vs(b), 1605 vs, 1580 s, 1560 s, 1480 m,
1460 sh, 1440 é; 1390 m, 1365 s, 1325 s, 1310 sh,
1290 w, 1235 vw, 1220 s, 1170 m, 1070 w, 1030 w,

- 1020w, 990 w, 965 s, 945 m, 920 w, 770 vw, 755 vs,
690 vs, 680 vs, 615 w, 690 m, 580 s, 530 m, 510 m,
470 m, 415 m, 350 s, 360 m.

Nuclear magnetic resonance spectral data (chemical shift é )

Do e e

'H NMR peaks at 3.77 (methine), 3.85 and 4.13 (Fi38)

(methylene) and 7.0-8.5 (aromatic),
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134 NMR peaks at 40,74 (methylene), 43.66 (methine),

127.25~137,11 {(ardomatic) and 203,03 (carbonyl)

1195, peak at-154.7. : (Fig 9)

The compound was fouﬁd fairly soluble in chlorofofm,
vbenzeﬁe, diethylether, methanol, ethanol, acetone. Ité
solubiiity in carbon tetrachloride is much less. Though
the compound was fairly soluble in'acet§ne, on evééo;éting
acetone, some yeliow gummy mass was obtained instead of

the compound being dissolved.

In contact with ammonia (in the form of ammbnia gas
or ammonium hydroxide) and other bases like pyridine,

aniline etc., the compound was found unstable,

The compound 4 -benzoyl- 0(-phenylethylt,in trichloride
was moisture sensitive leading to decomposition product
containing chalcone, stanhpus chlor;de and other

uncharacterised compouhds.
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Preparatipn'of f}-acetyl—CX-phenylethyltin trichloride

C6H5CH = CHCO_CH3 + HSnClB——————+ C6H5CHCH2CILiCH3

Cl3 n<—o0

The above chlorostannation reaction was also
studied under different experimental conditions varying
temperature, time, reactant proportion. and also solvent.

Method (a)

: Thé chlorostannation of benzylideneacetone proceeds
thrOugh‘intermeaiate formation of trichlorostannane
(HSnCl3) from anhydrous stannous chloride and‘dry hydrogen
chloride gas in¥ether solution, .

The reaction was carried out by taking 9.0 gms.
of anhydrous stannous~éhloride and 7.3,gms of benzyli-
deneacetone (molar proportion 1:1) in 250 ml ether in a-
three necked g}ass flask fitted with a mechanical stirferﬂ
The flask was kept in a ice-bath at 0°c. Dry hydrogen"
chloride gas was passed céntipuously at mediumﬂflow-rate
for about_thrée.hours. The stirring was continued for
another one‘hourtby opening the stoppers of the flask to
remove unreacted hydrogen chloride present\in the-solutibn
as far as possible. The reaction mixture still contained

some dissolved hydrogen chloride which was rempved'by

concentrating the solution over a steam bath to about one.



fifth of its original volume (~50 ml). The concentrated
solution was kept undisturbed overnight. No solid was
separated out of the solution. Thé rest portion of the
solvent‘was then evaporated from the solution on a steam
bath to form a'gummy mass. The gummy mass was washed several
times with hot petroleum ether and then dissolved in ﬁini-
mum volume of warm chloroform. After édding few'drops of
petroleum ether to the chloroform solution and then on
keeping undiéturbed twenty four hours, a brown cﬁYStalline
solid was separated. The brown colour of the solid was due
to ;dhering impurities and was largely reduced by washing
the crystals with drops of chloroform (excess of chloroform
was avoided since crystalline so0lid was also somewhat
soluble in chioroform though much less than adhering

brown substance). The deep brown washings were collected
and concentrated which producgd a brown powdery solid of
melting point 110°C, which could be crystallised from
chloroform-methanol mixture. It was not characterised .

further since it did not contain tiﬁ.

Thé crystalline solid (m.p. 90-96°C) was dissolved
in minimm quantity of warm chloroform and allowed to =
" stand. The liquid. separated in two layers of which clear
upper layer was taken and filtered and éoncentrated on a
steaméﬁath and kept undisturbed overnight after adding
few drops of petroleum ether to it. The bottom”layer
portion being very small_couldfnot be characterised. Light

‘cream colour crystalline substance was iicrystallised
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several times until chloroform solution of it formed a
homogeneous~solﬁtion. The final Crystallisatioh was éarried
out from chloroforh'solution without adding drops of |
petroleum ether which produced very light cream colour
shining crystals having melting point 108°C. The yield was
only\/~15ﬁ. |

The- yield of the above product under different
conditions of time and temperature may be indicated in the

" following table. cwab»“)

Table 11
?mperature Time Comment on the reaction product
" . (in hour) ‘ _— ' <
0 2. “~15% of [3-acetyl~d =phenylethyl-

tin trichloride with uncharac-~-
terised brown solid and gummy
matter.

0 » 3 Do

8-~10 1 <16% 3 ~acetyl-< <phenylethyltin
trichloride along with brown solid
and gummy material., '

8=10 2 Brown uncharacterised solid and
gummy matter only,

15 1 Do

15 2 ’ Only gummy matter frdm which a
little amount of brown solid was
obtained.

g



- 6‘8

When the reaction was carried out at O?C}'the Yieldv
is v 15% whether the reaction was carried-oﬁtff6r>twb
hours or three hours. But if the reaetion'is carried out
- at sllghtly higher temperature (8 10 C) the yleld of .
;/3-acetyl-C(-phenylethyltln trlchlorlde became ‘nil- prov1ded
_the}reaction was carried out for two hqgrs. By decreasing
w~the»reaction time, little amount of j?-acetylm(?phenyietﬁyltin
trlchlorlde could be 1solated But under all these condi-
tlons, large amount of. uncharacterised gummy substance
and brown solid’ (m.p. 110'C)\were_formed. On carrying out
the reaction- at still higher temperature_(isoc) ao
'JB;acetYl-C(-phepylethyltin-triehloride was for@ed at ali,
instead gummy matter remarkaﬁiy inCreased decreasing the;
amQunt‘df"brown sqlidiﬁith.increasing‘tﬁe-reaction’time.

‘ Cﬁanging:the proportion ef-the reactants from 1:1
did<not.preduce apy,better Yield of the said'organotin.
complex, Several attempts were made to-carrf out the same
reaction with different solvents, e;g.'chloroferm, ethanol
or benzene. All these attempts were unSﬁcéessfui to yield

j3-acety1-C(-phenylethyltin trichloride.

Method (B)

A modification of the aboOve process was made to
improve the yield of j3-acetyl%K-phenylethyltin trichloride.
A stream of dry hydrogen chloride was passed through

ethereal solution of anhydrous stannous chloride to form
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frichlorostannane at 0°C (details already described) to
which-a solution of benzylideneacetone in ether was added

at 3-5°C.,

inAthis,method a saturated solution of 7.3 gms of
behzylideneécétone was ‘added to trichlbfosfannane paste
(formed from 9.0 gms of anhydrous stannous chloride in
200 ml of ether at 3-5°C)with continuous stirring. The
addition of benzylideneacetone was completed within forty
minutes. The stirring was continued for another half an
hour.‘fhen thé stoppers were opened and the stirring was
conﬁinued to remove'uﬁreacted hydrogen chloride as far as
possible. The reaction product st1115COntained‘SOme
dissolved hydrogen chloride which waé removed byvconcen—
trating the solution over a steam-bath to a gummy mass,
The gummy mass was washed several times with hot petroleum
ether and the washings were rejected since it contained
soﬁe uncharacterised gummy substance., The residual mass
was then dissolved in minimum volume of warm chloroform
to which little petroleum ether was added and vigorously
stirred. A brown crystalline solid was separated from the
solution. The brown crystals were wéshed carefully with
chloroform droéwise, until the brown colour disappeared.
The mass obtained was then dissolved in minimum volume of
warm chloroform. The chloroform sqlution sepérated in two
layefs, of which the top layer was decanted and cbncenfrated.

. The concentrated chloroform solution was kept undisturbed
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overnight~after adding few drops of petroleum ether.lCream'
colour crystals sepafated out. The crystals were dissolvéd
in minimum volume of warm chloroform and the above method
of crysﬁallisation was repeated until the chloroform |
solution was homogeneous in natufe. In,the finél‘stage of
crystallisation, petroleum ether was not added. Light
cream colour shining c¢rystals having a shafp melting point
of 106°C was obtained. The overall yield was 40%, During'
the above process of crystallisation, the bottom part of
the cﬂloroform soiution,being small in amount,was rejected,
‘The éhlofofOrm washings of the crude brown crystals were
collected tcogether and it was theﬁ concentrated,tq furnish
a brown powdery solid which did not contain tin. The crude
brown powder had a melting point 110°C and could be
recrystallised from chloroform-methanol mixture, but the

compound is yet to be characterised,.

Method (B) was performed for the preparation of
[acetyl- of-phenyl ethyl tin tridhloride by varying the
temperature of the reaction and also. the time of addition
of benzylideneacetone.'The'results obtained can.be

summarised as follows, (Tabl-12).
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Tempetature
(0n)

Time
(in hour)

Comment on the reaction product

3-5-.

0.66

- 15

 Yield of the cream solid (m.p.

100°C) was 35%. Brown powdery
s0lid and gummy product were
also obtawned.

Yield of the cream solid was
30% along with considerable
amount of brown solid and gummy
matter, -

Yield of creém colouf‘solid
was 40%. Brown powder and gum

‘'were in lesser amount in com=~

parison to reaction carried
out with other reaction condi-
tions. /

Yield of cream solid was 32%.
More of brown powder and gum
were found to form than the -
reaction carried out with
reaction time 40 minutes and
temperature 3-5°C,

Yield of cream solid was 25%
long with large amount of
brown powdery solid and gummy

substance,

Yield of cream colour. solid
was 18% along with large amount
of brown powder and gummy
matter.

PN

.0Of the

(m.p. 100°C),

substance,

products, cream colour crystalline solid

brown powdery so0lid (m.p. 110°C) and gummy

the cream colour crystalliné solid could be

characterised, It was found to be /3~acetyl-o(—phenyl

ethyl tin trichloride,

later.

details of which will be described
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Comparing the methods (A) and (B) under different
experimental parameters of'tempgrature and time,Ait'was
observed that the me£hod (A) could not exceed more than
15% yield of f3 -acetyle{-phenyl ethyl tin trichloride
under any conditions so far studied. But the method (B)
was found decidediy;aAbetter.method of preparing such
compound at'a temberature range 3-5°¢C with the addition=
time of about forty minﬁtes.{Abogt 40% yield coﬁld be |
' obtained.‘The removal of free hydrogen chloridé-funreacfed
pQrtionAqf'hydrégen ch;oride)‘after the addition of the
unsétﬁra#ed,ketone to £ﬁe'triéhlorosfannane_paste was found
a very crucial step during carryihg ouﬁ the whole ‘reaction
to produce the final crystalline product. The presence of
hydrogen chloride was féuné to increase gum content and
uncharacterised brbwnﬂpowééry product. The reaction
carried out‘gt'témperature randge ofA3-5°C and with shofﬁer
“time of addition:oi,ﬁnsaturated ketone was préferred as
highef temperature of the reaction and longer time had
a tendency to increase the quantity of gummy material

and also uncharacterised brown powdery product.

Changiﬁg the proportion of the reactants (stannous
chloride : benzylideneacetone) from 1:1 did not produce
any better yield of‘/3-acety1-<X-phenyl ethyl tin tfi-
chloride. Attempts to carry out the samé reaction in
other solvents like chloroform, ethanol and benzene also

failed.
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In comparison withjg-benzoyl-c(-phenyl ethyl |

: tin trichloride, the correspondinge/3-acetyl«&-phenyl

ethyl tin trichleride gave poorer yield both by methods (a)
and (B), In the later case, an uncharacterised brown powdery
product which did not contain tin was isolated., No such

~ product was isolated in the preparatlon of f} -benzoyl-d -

- phenyl ethyl tin trlchlorlde either by method (a) or by

methbd {(B),

% Analy51s for C, H OSnCl

10711
Found C 31,30 H 3,34 Sn 31.46

Calculated c 32,21 H - 2,95 Sn  31.95
Melting point 100°C

_pH-(le"2 M solution)in Ehloroform or benzenev~1,8

Infrared spectral data (em™ 1) ( Fiq 10)

2960-2840 Ws(b), 1645 vs, 1605 sh, 1590 w,

1570 vw, 1485 s, 1460 sh, 1445 vs, 1380 w, 1365 s,
1355 sh, 1325 sh, 1315 s, 1200 sh, 1175 vs, 1156w,
1080 w, 1060 w, 1030 m, 980 w, 840 w, 800 sh,

765 vs, 700 vs, 670 s, 510 w, 590 w, 565 s, 550 m,
510 s, 445 w, 425 m, 350 sh, 330 vs, 300 sh.

Nuclear magnetic'resonance spectral data (chemical sﬁift é)

1H NMR peaks at 1.7 (methyl), 2.85 (methine), (F“ﬂ”)

2.7=3452 (methylene) and 6.65-7,7 (aromatic),
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The compound, /3 ~acetyl-o{=-phenylethyltin
trichloride was fouhd soluble in chloroform, benzene,

diethylether,\ methanol, ethanol-.

&

In contact with ammonia, other bases and moisture

the compouhd was found to decompose,



7.

Chlorostannation of dibenzylideneacetone

Method (A)

Recrystallised dibencylideneacetone (11,7 gm)  and
anhydrous stannous chloride (9.0 gm) (i.e. in the molar
proportion 1:1) were taken in 250 ml ether in a three
necked flask fitted with a mechanical stirrer. A continuous
supply of dry hydrogen chloride gas was passed into the
~ ether solution with stirring at 20°C., The reaction was
carried out for four hours and then excess of hydrogen_
chloride was removed as described earlier. The colou:
of the reaction mixture turned red and the red Soluﬁion
‘'was then concentrated in a-conical flask over a steam |
bath to a gummy material-.containing some red and yellow
compouhd. / Both red and yellow compounds were soluble
in chloroform but addition of petroleum ether to chloroform
solution, partially deposited.the red compounds, keeﬁing ‘
the yeilow compound in so}ution though the red componnd
was also part}y‘eolubxe in petroleum ether. Hence the'
addition of petroleum ether to chloroform soluﬁion was
carefully controlled so that the additlon of petroleum
ether did not turn top layer 1nto reddish colour 7' The
gummy mass was then dissolved in chloroform and filtered.
The filtrate was concentrated again over steam-bath,?o
one fifth of the original volume and treated with peﬁrdleum.

ether and shaked wigorously and then allowed to settle.
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The solution was separated into two layers. The top layer
was Separated and the bottom layer contained some gummy |
material, The bottom layer was redissolved in more chloro-
form and again controlled quéntity of petroleum ether was
added to thé chloroform solution with vigorous shaking

and allowed to settle, The process was repeated’several
times until the bottom layer gave'red coloured residue

with very little gum in it.

The yéllow top layer portions were collected
together and concentrated to a gﬁmmy mass apd was treatedl
as described above to completely remove the red material,
After removing the red materiai, the chloroformépetroleum
ether solution was concentrated over a steam-bath aéd
excess of petroleum ether was added. The yellow~precipitate
was formed. This yellow precipifate was redissolved in
chloroform and reprecipitated b& excess peﬁroleum ether.
The process was repeated several times, when a sharp

melting (m.p. 155°C) yell®w powdery solid was obtained.

The red coloured residue contaminated with little
gummy material (described earlier) was purified by‘
dissolving in chloroform and precipitating with petroleum
ether as described earlier. The gummy material was found
to be unreacted stannous chloride residues. After the
complete removal of gummy material, the red compound '

was dissolved in minimum amount of chloroform and again

precipitated with excess of petroleum ether. The process
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was repeated several times to obtain a pure red coloured

powdery compound which melted at 160°C (sharp).

The total yield of yellow and red compounds
together was about 70% of the reactants used. The yellow

compound was slightly more in amount than the red compound.

Similar chlorostannation experiments were carried
out at 6°c, 15°C and 20°C. The final products obtained
in all cases showed no remarkab;e differences except in
a single experiment carried out at 15°C (which could not
however.be repeated);'In the said particular experiment,
.a,light yellow crystalline product (m.p. 120°¢c) was
separated out from the filtrate obtained from the chloro-
form treatment of the gummy mass formed by evaporating the
solvent from the reaction mixture after fhe reaction was
over by adding little amount of petroleum ether with
stirring. The yellow product was characterised and the
details will be described later. When the reaction was
carried out at 0°C, red solid was found to deposit in the
inner wall of the hydrogen chloride gas inlet tube, block-
ing the passage of hydrogen chloride gas into the reaction
mixture, causing4some inconvenienceé, though the yield of

the final products 4id not vary appreciably.

But if the above chlorostannation reaction was
carried out varying the proportion of the reactants
(Dibenzylideneacetone : stannous chloride = 2:1 instead

of 1:1), then the total yield of the red and yellow
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. compounds together reached to about 80% of the reactants

used,

]

The.same reaction was carried out with'other
solventé (e.g. benzene, chlorofofm, ethanol). Some
uncharacterised gummy-material containing stannous chloride
was obtained but red or yellow compounds désqribed earlier

could not be isolated.

Method {(B)

As followed in case of chlorostannation of
benzylideneacetophenone and benzylideneacetone, the above ;
reaction was also tried by adding dibenzylideneacetone to
trichlorostannane paste at differént conditions., It gave
poorer yields of the products. Moreover, the reduced |
solubiiities of diBenzylideneacetone in- ether presented
some inconveniences. Hence, method B was not persued-

further- ’ - B

Lightyellow crystalline compound (f~-strylcarbonyl-o(=-

phenylethyltin trichloride)

% Analysis for C17H1508ncl

3
F ound C 44,50 " H 3,66 Sn 26453
Calculated C 44.30 H 3.26 Sn 25.84

Melting point 120°%

pH (10'2M solution) in chloroform or benzene w- 1.5
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Infrared spectral data (e~ 1) (Fig 12)

2950-2830 vs{b), 1630 m, 1610 s, 1570 sh, 1550 VS,
1480 s, 1460 sh, 1440 vs, 1370 s, 1345 s, 1330 w,
1310 w, 1260 m, 1210 m, 1190 s, i170 m, 1120 s,
1055 w, 990 w, 970 m, 940 m,920 w, 770 w, 740 vs,
680 s, 600 w, 590 w, 565 m, 535 s, 505 w, 455 w,

390 m, 330 vs, 300 vs, 290 vs, 265 w.

Nuclear magnetic resonance spectal data (chemical shift $)

'H NMR peaks at 1.8 (methine), 3.6 (methylene) (Fi3!3)

and 6,9-8.25 (phenyl and olefinic).

13C NMR peaks at 42.76 (methylene), 43.39 (Figl4)
(methine), 121,71-152,08 (phenyl and olefinic)
and 201.99 {carbonyl). .

Yellow compound

% Analysis for C..H, 0_5SnCl

5177413
Found C 72,3 H 5,27 Sn 14,28
Calculated C 71.54 H 4,79 Sn 13.9

Melting point 155°C

Infrared spectral data (cm-l) ( Fiq 15)

2940-2840 vs(b), 1610 vs, 1570 w, 1510 s, 1460 sh,
1440 vs, 1370 m, 1350 s, 1295 w, 1240 w, 1215 sh,
1195 vs, 1150 w, 1115 m, 990 w, 980 m, 970 s, 880 w,
870 w, 840 w, 765 vs, 690 vs, 550 m, 510 w, 450 w,
380 we



Fig, lsa H NMR spectrum of yellow powder from the chlorostannation
reaction of dibenzylideneacetone,
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’ Red Compound

/

. % Analysis for 068H5404Sn2C12
Found ' C 64.75 = H 4,5 Sn 18.46
Calculated C 65.64 H 4,34 Sn 19,14

Melting point 160°C

Infrared spectral data (cm-l) (Fiq 16)

2800 vs{b), 1650 m, 1630 m, 1595 vs, 1470 sh,
1450 vs, 1380 m, 1350 vs, 1310 w, 1290 w, 1220 sh,
1200 vs, 1160 w, 1105 m, 1080 w, 1030 w, 990 vs,
930 m, 890 s, 860 w, 770 vs, 760 vs, 750 w, 740 w,

700 vs, 680 w, 580 m, 550 m , 505 4,
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Attempts were made toO prepare some derivatives
of both red and yellow compounds. In case of the yellow
compound, it was found possible to prepare a thibcyanato
and ; 1:5 diphenyl carbazonate derivative while no such

derivative could be obtained from the red compound.

Thiocyanate derivative of the yellow compound

The yellow compound {(from the reaction of
dibenZylideneacetone, stannous'chloriae and hydrogen
chloride) by reacting with potassium thiocyanate produced
thiocyanate derivative of that compound. The reactants
were taken in the molar proportion 1:1 on the basis of

the proposed molecular composition for the yellow compound,

Firstly 1.709 gm of that yellow compound was
dissolved in 100 ml hot ethan&l by stirring with a magnetic
.stirrer at 60°C for about ten minutes. Then a suspension
of 0,194 gm of potassiuﬁ thiocyanate in 50 ml hot ethanol
was added slowly with stirring continued. After completing
the addition, the stirring was still continued for one hour
at 60°C. It was cooled to room temperature_énd filtered
to separate potassium-chlgride formed, The filtrate was-
evaporated almost to dryness on a steam-bath and the
residue was extractedlwith 50 ml of chloroform and filtered.
The filtrate was concentrated to a very small volume f{one

tenth of its original volume) and kept undisturbed overnight,
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Concentrated solution furnished red crystalline solid
which was purified by repeated crystallisation from
minimum volume {(~20 ml) of methanol, Finally deep red

crystals having sharp melting point 75°C was obtained.

(Yield - 60%).
The same reaction was carried out by changing the
molar proportion of -the reactants (i.e. from 1:1 to 1:2
with the said yellow compound : potassium thiocyanate), -
but no different reaction product could be isolated
suggesting the presence of only one replaceable chlorine

atom in the molecule of the yellow compound,

%Analysis for C..,H,,0_,SNSn

52774173 R
Found C 72.; H 5.4 N 1,28
Sn 14.4
Calculated c 71.07 H 4,67 N 1,59

Melting point 7500

Infrared spectral data (cm ') (Fig 1'%

2920-2820 vs(b), 2030 vs, 1610 s, 1580 sh, 1570 sh,
1480 sh, 1455 s, 1380 m, 1335 m, 1180.m, 1100 m,

980 m, 770 m, 700 s, 600 sh, 575 m.

Solubility of the compound

The compound was found to be soluble in ether,

chloroform, ethanol, methanol, benzene,
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Diphenyl carbazone derivative of the yellow compound

The yellow compound {from the reaction of
dibenzylideneacetone, stannous chloride and hydfogen
cﬁloride) and 1,5=diphenylcarbazone reacted in the molar
proportion 1:1 and produced corresponding diphenylcarbazohe

‘derivative of the said yellow compound.

The yellow dompound (1.709 gm) and 1,5-diphenyl-
carbazone (0.480 gm) were separately dissolved in 100 ml
portions of hot chloroform. Two solutions were then mixed
with occasional shaking. The reaction mixture was then
-heated on a‘steam bath for about fifteen minutes and then
cooled to room temperature. Abéut three drops of concentra-
ted ammonia solution was then added to this with shaking.
Ammonia (178¥) neutralised the liberated hydrégen chloride.
During the addition of ammonia solution, the colour of
the reaction mixture was sharply changed from green to
blue-violet. It was then filtered to separate ammonium
chloride forméd. The filtrate was then refluxed for three
hours. After refluxing the reaction mixture was filtered
again and the filtrate was concentrated to a small volume
(;"10 ml) on a steam-bath. Equal volﬁmes»of dry ethanol
was added to this concentrated filtrate and was kept
undisturbed for three days. Fine greenish fluorescent
deep violet crystals were separated. The compound was
recrystallised from chloroform-ethanol (1:1) mixture.

The melting point of the crystals was 12OOC.

(Yield - 40%)
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The same reaction was carried out by changing the

.molar proportion of the reactants (i,e. from 1:1 to '1:2

and also 1:3 with the said yellow compound; 1,5-diphenyl-

carbazone) but no other diphenylcarbazone derivative

except the described one could be isolated. Moreover with

increased amount of diphenylcarbazone, the yield of the
said diphenylcarbazone derivative was found to decrease
and large amount.éf unreacted diphenylcarbazone was
recovered from the reaétion mixture. This was also in

_ favour of presence of one replaéeable chlorine atom in

the molecule of the yellow compound.

% Analysis for C.,H.,O,N , Sn

64752 4 4 |
Found C 72,45 H 5,05 N 6,02 Sn .;0-0g
Calculated C 72,5 H 4.85 N 5.3 Sn 25

‘Melting point 12000

Infrared spectral data (cm ) (Fiq 17

3350 m, 2920-2850 vs{b), 1670 s, 1610 s, 1590 sh,
1505 s, 1460 s, 1385 m, 1315 m, 1300 w, 1260 m,"
1215 w, 1190 m, 1150 w, 1110 w, 1080 w, 1030 w,

980 m, 910 w, 835 w, 820 w, 780 s, 770 s, 705 s,

600 w, 560 w, 520 m.
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211 the three compounds prepared during the.réactions
of dibenzylideneacetone, stannous chloride and hydrogen
chloride were found to dissolve fairly in common organic
solvents like, chloroform, benzene, diethyletheg, methanol,
ethanol, Their solubility in éarbon-tetrachloride,'was
much less. The twe of ke derivativeé, the thiocyanate-
derivative and 1,5~diphenylcarbazcne derivative of the
yellow powder (m.p. 155°C) indicated more or less similar

\

solubility iﬁ these solvents,



DISCUSSIONS



In course of the present investigation, few
¢&-ketoorganotin chlorides have been prepared aﬁd,
stucied as far as possible. The strugturgl aspects of
these compcunds were found to have several characteristic
features. A bfiéf discussion abéut their molecular

structures has ase been attempted.
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Structural Aspects

In absence of X=-ray crystal structure determination
facilities, we would like to discuss the structural aspects
of these compounds from the IR and NMR data, though these

suggestions might be somewhat tentative in nature.

The mass spectra of the compounds like [3 -benzoyl
o -phenyl ethyl tin trichloride and the red and yellow
compounds obtained from thé reaction of dibenzylidene
acetone and stannous chloride énd.anhydrous hycdrogen chloride
were attempted through the courtesy of Dr. D.A. Bravo-Zhiro-
tovskii of Institute of Organic Compounds at Irkurtsk,
U.S.S.R. The mass spectrum of [3-benzoyl-<f-phenylethyltin
trichloride did not give any molecular ion peak dﬁe to low
volatility of the COmpound even at 270°C. At BOOOC, the
compound decomposed, however, in the fragmentation pattern
a peak corresponding to SnClg ion could be detected.,

The mass spectra of both red and yellow products
corresbon@ing to empirical formulae C._ H.,O Sn Cl and

68 5474
C51H4103SnCl respectively were also attempted. But none of

these had encugh volatilitf.e;en at 3200C to give molecular
ion peaks. At this temperature, both the compounds decompdsed
giving some peaks corresponding to mass numbers 780, 790

and 916 for red compound and mass numbers 700, 780, 790

for the yellow compouﬁd.As a result, we could not get any

tangible benefit from the mass spectra determination of

these compounds.
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Molecular weight determination of fb-benzoyl-o(
~-phenyl ethyl tin trichloride by osmometric method gave
erratic results probably due to unstable nature of the
compound in solution phase. Hgn;e, our suggestion about
the structural aspects of these»cﬁmpounds are mainly based
on IR aﬁd NMR data and therefore should be considered
somewhat tentative in nature. Before suggesting the
structural aspects of these compounds, it may be somewhat
relevant to discuss the structural aspects of estertin
Lcompouﬁds prepared‘by similar type of reactions by Hutton

et al (265).

They observed that with a very few exceptions the
carbonyi stretching frequencies in most of the mono-
substituted alkyltin trichlorides lie between 1655 and
1665 cm_"1 roughly 80 cm* lower the frequency than the
saﬁurated anélogues of the parentd,ﬁ-unsaturated carbonyl
compound. The ester methyl Ty NMR\signal in C1,SnCH,CH,COOCH,
in situated down field from the corresponding signal in
CH4CH,COOCH, and a similar effect is observed for the
methyl signals in Cf§§H2CHchCH3 and CH3CH2COCH3. These
spectroscopic effects are consistent with carbonyl coordina-
tion to Sn, since this phenomenon reduces the C = O bond
order (1@5 ) (and hence the carbonyl stretching frequency)
and also the perturbation bf the electron distribution

causes a deshielding effect on the relevant protons. Since

the carbonyl stretching frequency for any compound is



unaffected by dilution in
the carbonyl coordination
intramolecular in origin.,.

of f3-carbomethoxyethyltin
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toluene or ethereal solvents,
to Sn is almost certainly
For example, the structure .

trichloride can be represented

(1)

as

,
_ //’OCH3
O ——C
o
2
Cl3Sn~-——CH2
I
The IR spectrum of Cl3SnCH2CH2COOCH3 and CHBCI:I:COOCH3
shows that v (C-0) for the ester group in Cl3SnCH20H2COOCH3.
lies some 63 cm ™’ to higher frequency than the same '
vibration in CH3CHZCOOCH3,(127O cm-% vs 1207 cmt).

Possibly the methoxy oxygen lone-pair electrons are also
involved in the delocalisation of the ester carbonyl
electron density to Sne. The intramolecular coordination

may, therefore, be represented as follows {(II)..

[ +
(dcH, Jpen
Q?cmii . O'—f‘C<j
/ CHy, j s
ClySn~—CH, ClySn—CH,

1
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Intramolecular carbonyl coordination of the type described
above is significantly stronger“iﬂ the esters and ketones

than that in the corresponding dialkyltin compounds { 265 ),

The disturbance of normal electron density'distri-
bution by the presence of phenyl group was also reported
by Hutton et al (265). Theynoticed the relatively high
frequency carbonyl absorption (1680 cm-15 in the case ofl
phenyl ester (Ci3SnCH2CH COOCSHS) as compared to the other
substitutgd organotin compounds. They suggested that the
phenyl group probably withdraws eleqtron density from the
oxygen atom of the -r group and hence diminishes

delocalisation of electron density on to Sn atom., The

resonance hybrid of the said phenyl ester can be represented

as follows (III abd 1IV).

. oi::CéE?_—<::35 4;5__<<::>

Cly5n—CH Cly Sh—cH,

111

Sy - )
O—C/ @ =" .

v
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Since the IR spectra of the starting materia;s‘
and the products obtained are rather complex in nature
it is not possiﬁle to assign all the bands present in the
spectra. Therefore we will restric£ our discussion with

some characteristic bands only.

In the IR spectra of estertin type of compounds,
one of the most interesting aspect was the shifting of
carbonyl stretching frequency due to coordination from
carbonyl oxygen atom to tin compared to that of the starting
organic moilety., For /3-benzoyl-cx-phenylethyltin trichloride
carbonyl (Fig. "} ) stretching frequency, V(C = 0) is
found at 1605 cm.l, which is at 10wer.frequency than that
‘ of the correspondingog/3-unsaturated carbonyl éompound
{(penzylideneacetophenone i.e. chalcone of which v{C = 0)
i5 at 1645 cm~T) and also from satufated analogue of
chalcone (i.e. hydrochalcone). This observation suggests
the intramolecular carbonyl coordination to tin in similar
compounds., Hutton et al (265) also suggested such intra-

molecular carbonyl coordination to tin in similar compounds.

' The out of plane 9 {C-H) bending vibrations, which
appeér are far more uéeful‘than the in-plane bands. The:
extremely intense absorptions, resulting from strong |
coupling with adjacent hydrogen atoms can be used to aésign

the position of the substituents on the aromatic ringe.
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F-

In mono-substituted ‘aromatic compounés, this substitution
\pattefh always gives a strong absorption near 690 cm;l.
A second strong band usually appears near 750 em Y. In
the spectrum of /3—benzoyl-CK-phenylethyltin triéhloride

- - -1
there are strong bands at 750 (sh) cnm l, 755 cm 1, 690 cm

and 680 cm -+ ipdicafing the presence of two différent mono
substituted phényl rings within the molecule, These bands
are also found in the IR spectrum of Chalcone itsélf which
is also expected. “

Both V.(Sn-C) and P(Sn-0) vibrations are expected
to absorb in the raﬁge “400-600 cm T, V(Sn-C) is probably
rather weak .in these coﬁplexes show in addition to Sn=C
stretching modes, one other strong absorption band at
~520-540 cm-l. Two bands are fourd at SiO cﬁ-l and at
530 cm™® in the IR spectrum of the present tin complex
which are absent in the startihg material chalcone may
be attributed to Y (5n-C) and V{Sn-0) vibrations respec-

tively, ¢

The bands obtained in the spectrum of /3-benzoy1-°<
-phenylethyltin trichloride in the region «~350-290 oy~
(two strong bands are at 350_cm~1‘('Das) and atgégg'cm-l.
( ﬂs) may be attributed to " (Sn-Cl) vibrations,
The IR spectrum of /3—acetyl-C(-phenylethyltin
trichlorice (Fig. 10 ) shows all the characteristics of

trpical esterin type of compounds to a satisfactory extent,
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| For f3*~-acetyl- ~-phenylethyltin trichloride the carbonyl
stretching freguency, V{C = 0) is found at41645 cmf-1
(as indicated by a very strong absorption band) which ‘is
at lower frequency than that ofAthe cofresponding o(,j3—
funsaturated'carbonyl compound, the ben2yliaeneaceto-
phenone of which VY(C = 0) is at 1665 em L, This observa-
tion suggestg the intramolecular carbonyl coordination to
tin which was also suggested-by'Hutton et al in the similar
type of compounds.,. Of course with the present compound the
extent of carbonyl absorption frequency shifting is
comparatively small than in case of similar c0mpound

/140en20y1-tX—pheny1tin trichloride suggesting some lesser

extent of such intramolecular coordination,

The ocut of plane ¥ (C-H) beﬁding vibrations, which
appear are more useful than the in-plane bands. The
extremely intense absorptions resulting from strohg couplinga
with adjacent hydrogen atoms can be used to assign the -
position of the substitﬁ;nts on the aromatic ringe. In
mono -substituted aromatiCicomPOundé, this substitutibn-

gives two strong bands at™690. cm™t and at 750 cm’ -1, m

S-acetyl- - -phenylethyltin trichloride twdﬁvery strong
absorption bands are found at 700 cm™! and 765 cm™t res-
pectively indicating the presence of‘monosubstitution in
the phenyl ring in the compoﬁpd. In.the éorreSponding

starting compound benzylidendacetone the strongrbands are

found at 690 cm™* and at 745 cm * indicating‘the.presence



34

of same monosﬁbstituted phenyl ring in the mélecule of the
compdﬁhd; Both are in favour of the proposed most prébéble
molecular structure of /3-acetyl4CK-phenylethyltin tri-
chloride..

Both V(Sn-C) and “(Sn-0) vibrations are expected
to absorb in the rangev~460-600 cm'l. Y(Sn~C) is probably '
rather weak in these complexes. In addition to v(Sn~C)
stretching modes, one other strong absorption band should

found at -~ 520-540 cm-l. In the present compound a strong

1 2nd a medium band at 550 cm~t

‘absorpﬁion band at 570 cm_
are found and may be aftributed to absorptions due to
V(Sn-0) -and b(Sn-C) vibrations respectively. Beside
these a st:ongtébsorption band is seen at 510 cm"l which
is possibly due to VY(Sn-C) stretching modes. The said
bands at 510 cm-l, 550 cm! and at 570 cm ! are found
absent in the starting material benzylideneacetone which

is also expected,

The spectrum of /3;acetyl—CX-phenylethyltin tri-
chloride recorded with the help of potassium bromide disc
providés some assignment for ¥V {Sn-Cl) absorption frequencies.
The two strong absorption bénds at 300 em™T ( 98) and at

325 cm‘l

'( 1%5) may be assigned for absorption due to
v (Sn-Cl) since V(Sn-Cl) is found to absorb in the region
“290-350 cm~ Y. These two bands are found absent in

~ benzylideneacetone which is expected.



95

The products obtained from the reaction of dibenzyl-
ideneacetone, stannous chloride and hydfogen chloridé could
not be characterised conclusively. However some indications
. about their stfucture could be suggested from the studies
'carried out so far. Like the products obtained from the
reaction of benzylideneacetophenone or benzylideneacetone
with stannous chloride and hydrogen chloride, a light
yellow crystalline‘product having a melting point 120%
was' isolated in small quantity in one of the experiment
which however could not be repeated in other experiments.
That particular light yellow product gave an elemeﬁtal
analyses corresponding to a molecular composition of
C17H1505nC13. The infrared spegtfum of the combound (Fige /2
gave some characteristic bands in addition to a number of

bands, which could not be conclusively assigned,

In the IR spectrum of the compound the absorption
bands at 1610 cm™' and 1630 cm ! indicate the presence of
CH = CH group, whereas. a strong band at~ 1550 cm-1 shows
the presence of coordinated carbonyl group. The strong
bands at 680 cm-l and 740 cﬁ-l are due to phenyl group
deformation modes. The band at 560 cm + indicates the
presence of YV (Sn~C) absorption bands whereas band at
590 ¢m™t may be due to V(Sn-0) absorption. There are three

1 ana 390 cm-1 which indicate

bands at 290 cm +, 330 cm
the presence of Y(Sn-Cl) bands present in the compound

Cl 7H1 5OSnCl3 .
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The main products ffom the above reaction were bn¢
vellow powder (meDe 155°C) and the other red powdery product
(mepe 16000). On the basis of elemental analyses, the
yellow product had a @olecular formula of C51H4103an1
while the red product corresponded to C68H54O4Sn Cl .

The IR spectra of these two compounds give some
indications of olefinic double bonds. In the spectrum oﬁ‘
vellow éompound (fig.l5 ) the absorption at 1650 cm™t (sh)
probably has been merged with the strong carbonyl absorption
at 1610 cm™t. In the spectrum of red compound (Fig.le )
there are two bands at 1630 cm + and at 1645 cm * in
addition to a strong band due £o carbonyl absorption -at
1595 cm;l. fhe strong phenyl deformationvmbdes are found
to appear at usual positions (wi£h the yellow compound

-1 - -
at 690 cm ~, 765 cm 1 and with the red compound at 700 cm 1

’

760 cm™ > and 770 em +). The ¥ (Sn-0) band appears at 580 cm

-1 ' . .
and at 550 cm for the yellow and red compounds respectively..
The yellow compound shows two bands for » (Sn-Cl) absorption
-1 RGN |

as

at 320 cm ( ‘>s) and 380 cm

The IR spectra of thiocyanate derivative of the yellow
produét obtained'from thé reaction of dibenzilideneacetone
and HSnC13 are closely similar except the thiocyanate deri-
vative has a -strong band at 2030 cm* for SCN group. The
1570 cm-1 peak of diphenyl carbazonate indicated the fission
of coordinated carbonyl group of the original yellow

chloride,
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.Fz.:o"m the TH NMR spectrum (Fig, § ) at 360 MHz,
of B-benzoyl- ~phenylethyltin triéhlori’dé the following
observations can be made, For convenience the aliphatic
carbons are.marked as Cl, C2, C3 and two, phenyl rings as

ring A and ring B (V).

The methi?e proton (C'H) appears at $3.77 which
has wviecinal coupiing with the two adjacent.magne;tically
non equivalent me;thylene protons (C%Hs) with the coupling
constants (J values) 8,8 and 3,3 Hz respectively. Such a |

coupling of methine proton results doublets of a doublet

in its final form,
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Similarly one of the two magnetically non quivalent
methylene protons (Csz) appears at & 3.85 which has
geminal coupling with other methylene proton and also
vicinal coupling with methine.protpn {c'H) with the
coupling constants (J values) 18.9 and 8,3 Hz fespectively.
Here also coupling results doublets of a doublet ih the

splitting pattern,

The other methylene proton appears at & 4.13 and
such 'a proton faces geminal‘coupling with rest of the
methylene proton (C2H) and a&lso vicinal coupling with
methine profon (ClH) with the coupling constant values
(J values) 18.9 and 3.3 Hz respectively. As stated in
case of other methylene proton, in this case also net-
splitting'pattern in the spectrum is the resultant of two
doublets formed from a doublet dﬁring the course of

coupling.

In this 1H NMR spectrum, ten protons of the two
phenyl rings occupy the region 7-8.5. Of these phenyl
prétons, five are present in the ring A and the other five

are in ring B.

Since the ring B protons are adjacent to carbonyl
group, hence these protons should be found in down field
in comparison to the protons of the ring A. Therefore from
the splitting pattern for aromatic protons in thé‘spectrum,
the three sets at 8.26, 7.83, 7.63 are attributed to

ortho, para and meta protons of the ring B,
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The doublet at §8.26, is integrated for two ortho
protons and the cdupliﬁg constant for each is—8.1 Hz
(being orthé coupied). The splitting pattern at § 7.83
shows like a triplet which is possibly resulted from
doubiets of a doublef by merging two of the middle frag-
ments of the said doublets of a doublet. The intensity of -
the middle fragments of this set also support this inter-
pretation., The coupling constants (J values) for'this
interaction for this interaction is-8.,1 Hz fo;feach
ortho coupling. Again the set at § 7.63 shows like that of
a triplet which is.again due to net result of coupling'
due to meta protons (drtho céuplihg) of.the ring B by
merging the middle two fragments of the doublets of a
doublet with the coupling constant value 8,1 Hz for each.
The set for meta protons is integrated for two protons.
Thus a total of five protons, two ortho, one para and
two meta of the ring B is aécounted. The resultant inten-
sity of these sets are also in the order 2{o) : 1(p) : 2(m)
which are also in good agreement with our interpretations.
Each of the ortho splitting is ‘also associated with very

fine meta $plitting.

The ring A aromatic'protons of the compound
résonanée as multiplet in the region §7,08-7.37 of which
ortho protons possibly appear at 7.11 as doublet along
with very f£ine meta splittiné pattern having coupling

constant (J value)7.5 Hz for each ortho coupling., The
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para and meta protons of the ring appear in the range
&7.24-7.,37, Due to their appearance as aggegate, indivi-

dual interpretations of these have not been attempted.

In connection with the above discussion, the
‘chemical shifts of methine and methylene protons of
B-bénzoyl~ K -phenylethyltin trichloride may be justified

in the following manner.

Methine proton in the compound has been found to
become most shielded proton §3.77 and methylene protons
$3.85-4.13 have been found to become soﬁewhat deshielded
due to presence of carbonyl group attached to the same
methylene carbon atom from those of the compound of the
type RR'CH, (R, R' = alkyl group) whefe $ is 1.3 (2498),
In general the'presence of carbonyl group (i.e. compound
of the type RCH2COR') increases the § value from the fange
1.3 to 2.4 { 298 ), Further similar saturated esteitin‘
compounds are found to possess ﬁhe chemical shift for
metﬁylene protons in the range 2.35-3,33 (2%%), Thérefore-
fﬁrthef deshielding effect in B -benzoyl-d -phenylethyltin
trichloride may be attributed to the presence of.phenyl°
substitution. Though methiné proton is most shielded:one
vet there is also some deshielding effect is found bf
comparing its chemical shift with other methine protons in
similar saturated aliphatic estertin compouﬁds with
$1,2-3.66 (265) which is possibly due to phenyl substitu-

tion to the methine carbon.
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In most cases, while carrying out the high resolu-
tion 1H NMR spectroscopy of the organotin compounds éone'_
taining protons in the suitable position so that tin
nucleus may coup;e with the proton, the complexity in
the resulting spectrum is found to arise dﬁe’to 117/119 Sn
~satellites (Fié. 8o ). Many of these data.have already .
been reviewed. In most cases it holds that 3J(1198n1HA:>

Zj(llgsan) where J value indicates the coupling constants
with the corresponding protons. The figure in the prefix

of J indicates the distance of tin nucleus from the parti-
cular proton with wﬁich tin nucleus couples them in terms
of number of one bond-distances. In case of restricted
rotations of the carbon atoms linked to tin atom in the

coupling path-way 119

Sn-C-C~, the relative order of
magnitude of coupling constants for tin nucleus with the

protons are as follows:

Bg'r(llgsan)l Trans':>|33(llgsan)'

cis
11 1 ’ \
c:;lzJ( Psn'n) | ( 299 )
CH._Sn H
-~
In the system 3 ::C = C\\ , the value of
CH3Sn H :

118San coupling shows the following values,

« 119, 1 l
S = .
I3J( nTH) | qoooo 208 Hz;

l3 (119

-1 . ‘ :
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Though the system of present compound [3-benzoyl~-
o =phenylethyltin trichloride is somewhat different yet

there is a similarity among the said two systems.

In 3-benzoyl- &-phenylethyltin trichloride there
is some sort 6f restricted rotation for which vicinal

and geminal coupling arises as indicated by 360 MHz

1H NMR spectrum. Hence there should develop following types

117/119_ 1 117/119

of Sn"H couplings due to “”sn nucleus with the

' three aliphatic protons.

Since there are three different aliphatic'protons

117/119

-relative to Sn nucleus, the present system may be

represented as follows for the case representing the
117/119_ 1 . interaction (VI).

particular . Sn’ H
,TA fra
/7 N C‘ ? C Y/
ol &
- Cl:;Sn‘(——"O
vi-
119 . 1 .
The Sn nucleus couples with Hp giving rise to

firstly a doublet with a coupling constant (calculated by

) : Ny 119 1
measurement f£rom the scale) 3J( Sn H)l Trans = 220 Hz,

a value which is comparable to the reference compound

(208 Hz), Here ‘in the said doublet each splitted signal

again- due to 1HB 1HC geminal coupling splits giving rise

to doublet and hence in resultant a quartet as net splitting.

But lH faces interaction with 1

c HA and hence each of the
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doublet gives rise to quartet. Therefore in total

1195n1HB interaction gives rise to oc%et. Similar is the.

117

case with Sn nucleus whose splitted signals are very

near by to those of signals of 119

117 1
3J( Sn H) Trans value.

Sn with close

119

In the same fashion the value 3J( sn H) I

Cis =
110 Hz is determined which 1s also in good agreement with

the reference compound (124 Hz). Here also each of the

signals of doublet due to-llgsanc is splitted ultimately

. 1 . :
~to a gquartet due ch HB interaction and 1HB 1

(since 1HB of 1Hc‘1HB interaction undergoes interaction

with 1HA) and hence a total of octet for net 119Sanc

interaction. 117Sanc interaction gives rise to octet

1lgsanc interac-~

HA interaction

which is very close to octet obtained for
tion and hence giving nearly _same value for coupling
constant J.

119 119

For SanA interaction the wvalue 'ZJ(' San)liﬁ

110 Hz is obtained which is also comparable to reference

compound / (CH Sn)2C = CH, /. In this case also the

3
formation of quartet from each signal of the doublet

due to 119SanA

due to net result of interactions (due to 1HA1HB and

lHBch interactions), Similarly 117SanA gives rise to

interaction and finally a total of octet

two quartets for two splitted signals of the doublet

and hence a octet as net splitting signals. The set of
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signals for 117SanA interaction is very close to
1198n1HA interaction and hence giving rise to nearly same

value for couplinngOnstant (J Va;ue);'

Hutton et al (265) also reported similar J{Sn~Hy )

and J(Sn-Hp ) values for several estertin compounds.

Compound - ; J(Sn~Hy ) J(Sn-Hp )
ClBSnCH?‘CHzCOOCHB' 102 He 186 Hz
Br3SnCH20H2COOCH3 92 Hz 192 Hz
C1,8nCH, CH COOC ,Hy 118 Hz 209 Hz
C1,5nCH,CH,CO0C H, 112 iz 221 Hz

/ All the reported values in this table are the mean of

117Sn 119Sn-H coupling constants _7.

the -H and

1 (Fig 1) : »
From the "H NMR spectrum,at 80.13 MHz of

(B-acetyl- ol ~phenylethyltin trichloride the following
obserﬁations can be méde, With the present compound
individuyal, interaction of different protons can not be
interpreted since here the resolution has been carried .
out at SWBMHZ as compared to resolution of A-benzoyl-

-phenylethyltin trichloride at 360 MHz.

However in the spectral pattern there are four well

defined resolved peaks are found in the range« §1.7-3.52,
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which may be attributed to aliphatic protons. Of thgse
methyl protonls are likely to appear at & 1.7. The methine
proton and two magnetically non equivalent'meéhylene
protons constitute a set of aliphatic protons. These three
protons appear at § 2.45, 2.7, 3.52. Since the spectrum

has been recorded at 808BMHz, further comments about the

) individual pésition of these three protbns iﬁ the spectrum
is not possible. The integration curve for these three
non equivalent protons also shows their ratio as 1:l:1 .
Of course possibly methine proton appears at § 2.45

since it is most shielded among these three.

The aromatic protons of th'eACOmpound resonance
as multiplet in the region $6.65~7.7. Due to the appearance
of these protons as an aggregate, the individual inter-

pretation of these have not been attenpted.

The overall spectral pattern is satisfactory to
explain the proposed molecular.structure of the compound.
The presence of signals due to interactions of
117/1195h nucleus with protons is absent in 1H NMR spectrum
at 80,13 MHz of/3-acetyl-0(—phénylethyltin’frichloride. |
and hence their interpretations are not possible as given
in case of corresponding compound/3-benzoyl-oc5phenyléthyltin

trichloride where a high resolution “H NMR spectrum (at

360 MHz) has been recorded.
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From the 1y MR spectrum (Fige 13 ) at 80.13 MHz

- Cavbonyl
of f3-styrylc & -phenylethyltin trichloride in CDC1

3
solution the following observations can be made. From the

nature of the integration curve, it seems ﬁhat possibly
methylene protons appear at §3.6, methine proton appéars
at §1.8. The aromatic and olefinic protonsﬂappear in

the range « §6.,9~8.25. The intégration due to olefinid
protons'is notrclearly-identiﬁiable in presence of the
aromatic protons and therefore the integration—for aromatic
and olefinic protons are taken together. The obsérved
ratio for aroma£ic and olefinic protons : methylene
protons : methine proton is approximately 12:2:1. The
ratio supports the proposed molecular composition where
there should be ten aromatic protons, two olefinic protons,
two mefhylene protons and one methine pfotpn.

The interpretations of interactions of 117/1198n

: bonyl
nucleus with protons in the compound jl-styryi;%(-phenyl-
e;hyltin trichloride are not possible due to same reason

as mentioned in case of B-acetyl- X-phenylethyltin

-

trichloride,

13

The broad band decoupled ~~C.NMR spectrum {(at

90.56 MHz) of f3-benzoyl-X-phenylethyltin trichloride
is shown (Fig. 9 ) along with the proton coupled

1 ‘ _ .
3¢ nmr spectrum at the top. The spectrum was recorded
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with CDCl3 solution of the. compound,

In the fully deccﬁpled spectrum of the compound
there are eleven resél&ed peaks which are at § 40.74,
43,66, l27.25, 127,71, 129,42, 129.58, 130.16, 132,71,
136.87, 137.11 and 203.03, Each of thebgzks at $ 127.25,
'129.42,'1é9.58, 130.16 is integrated for two carbons
and therefore éc;ounting the total of fiteen carbbns (Vviz).
The multiplicity for each carbon have been aséigned from -

the fully proton decoupled spectrum, which are as follows,

Singlet

at § 132,71, 136.87, 203,03

Doublet : at §43.66, 127,25, 127.71, 129,42, 129,58,

130.16, 137.11
Triplet at § 40,74.

The assignment of 13C chemical shifts of this

compound is shown as folldws.(vu)

,b.o‘D
el.Sn 2 13016
3 \\
13243 129°§8
I29.58

Vil
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As in the case of high resolution 1H‘NMR

Spectroscopy of the organotin compounds 117/1198n

satellites are obtained in the. spectrum due to 117/1198n H
13

interactions, during C NMR spectroscopy of the organotin

compounds also give rise to satellite peaks in the spéctrum
(Fige 9 ) due to 117/1198n 13¢ interactions,

In the present case i.e., with the comgdﬁnd

P ~benzoyl- & ~phenylethyltin trichloride 13C NMR spectrum

(at 90,56 MHz) supplies the following data for 117/&198n
13C interactions. For the ease of representation the

carbon atoms of the compound are numbered {(VIII),

T
_Ct C?—. Ca

Vo
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115 (*1%n 23cY)] = s00,1 Bz |*o(*17sn B3l 2 763.5 Hz:

125 (19%n13c?) |2 27.0 Hz; [Po1%nl3ct)| = 93,6 Hz;

: | 3J(.:_L:.‘I'QS.A,:};3

l3J(1198n13c3)‘|= 106.8 Hz

| = 68.7 He;
|4

J (1195n13cm3-| = 34,6 ﬁz; 5J(1195n13cp2) l= 43,2 Hz,
Since the long range couplings ng (1198n13C) (n74)
become comparatively less important, the values Of coupling

constants (J values) of 1198n nucleus with the carbon

atoms of the phenyl ring attached to carbonyl carbon ‘
atom are not recorded.

13

The proton decoﬁpled‘ C NMR spectrum (Fig. 4 )

of the CDCl3 solution of the compound (/3-styryl.a T
carbohyl-cx-phenylethyltin trichloride) was"taken at
20,15 MHz, From the comparable position bf the peaks in
the spectrum of this compound with those in the spectrum
of /2 -benzoyl- X -phenylethyltin trichloride following .
simiiarities in péak positions are.observed, on the basis

of which some structural interpretations of the present

compound are made.

Carbonyl carbon of dibenzylidéneacetone compound
appears at §201,99 cbmpared to the compound of benzylidene-
acetophencne which appears at § 203,03. The methine and
methylene carbons appear at o 43.66 and 40,74 with the
f3-benzoyl-X -phenylethyltin trichloride and methine and

methylene carbons in the similar compcund of dibenzylidene-
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acetone,/3—styryf;ﬁzﬁéhenylethyltin trichloride éppear

at $43.39 and § 42.76 respectively. The aromatic cafbons

in the said two compounds range §127.25-137,11 and & 127.19-
- 137.02, Beside these, two new resolved peaks in the 13C
NMR‘spectrum of dibenzylideﬁeacetone c0mpéund appear to

13C NMR

which there is no corresponding peaks in the
spectrum of similar compound of benzyiideneacefophenone.
These new peaks are at §152.08 and $ 121,71, These twoi
peaks are attributed to two olefinic carbons of which
olefinic carbon adjacént to carbonyl carbon is suggested
to account for the position & 152.08 and the other (which
is adjacent to phenyl fing) for the position $121.71 in |

the spectrum.

1
1 98n NMR spectrum could be recorded for only"

P-benzoyl-o-phenylethyltin trichloride. The spectrum was
recorded at 134,294 MHz with fetramethyltin as standard

in a Bruker Spectrospin.(360 MHz ) NMR Spectrome£er at

Riga, U.S.S.R. The spectrum of the sample (/3-benzoylf<x
solution.

-phenylethyltin trichloride) was recorded in cDCl,

The *1%sn peak appeérs at § -154.7 (Fig. 8 ).

Appearance of 119Sn peak at this position in the spectrum
may indicate a penta coordinated tin atom within the

molecule of the compound.

On the basis.of‘the earlier discussions and data,
an intramolecular carbonyl coordination to Sn can be
sucgested for-j3-benzoiyl$-0(-phenylethyltin'&ichloride.
The IR spectrum gives a strong band at v 1605 em™t

indicating the coordination of carbonyl group to tin..
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The molecular structure of /3—benzoy1-cx—phenyl-

ethyltin trichloride may be suggested as follows (IX),

CH;
— 7O
Cl,Sn «——0
X

| In thé molecule of (3-benzoyl-VK-phenylethyltin
trichlpride, similar resonating structures may exist as in
the case of phenyl esters {Structure III and IV). However,
with the present compound, the resonating structures are
not exactly similar to those of phenyl esters. The resonance.

hybrid with the present organctin trihalide can be represented

as follows (X).
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In the similar fashieon, the molecular strﬁctqre of
‘ﬂ—acetyl—OL-phenylethyitin trichloride may be sﬁggested,

(XI).

CH3

The structure of monomeric organotin trichloride
(/3-s§ryl¥parbonyl-cx—phenylethyltin trichloridg) derived
from dibenzyiideneacetone is also possibly similar té |
structure IX and structure XI having intfamolecular
carbon?l coordination to Sn atom as indicated by the
lower carbonyl absorption frequency than usual expected
value in absence_of such intramolecular coordination. The
presence of tin-chlorine bond is also indicated by Q(Sn-Cl)
absorptiﬁns at 290 cm;l, 330 e~} and 390 cm™l in,thé,g
far infrared spectrum. Moreover 1H NMR spectrum of the
compound indica%es the presence of one methine proton, 
two'meﬁhylene protons and twelve protons in the aromatic '
region (possibly ten aromatic protons and two olefinic
protons) and thus accounts fifteen protons iﬁ total Qithin'

13

the molecule, C NMR spectrum shows clearly the presence

of a carbonyl carbon atom, one methine carbon, dne methylene
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carben and fourteen carbon atoms in the aromatic region.

Thus considering the data of elemental analysis,

1 13

and the overall pattern of IR, "H NMR and

. Caxbomyl .
the structure of.j3—styry;;CK—phenylethyltin trichloride

C NMR spectra,

may be reasonably suggeésted as follows (XII).

@-ch/?H{‘c‘_—-cH:ca—Q -

X1

As discussed before the major reaction products
obtained from the reaction of Dibenzylidene acetone and

HSnCl, under different conditions were a yellow compound

3
(mep. 155°) and a red compound (m.p. 166°). From the

elemental analyses the empirical formulae'C51H4103SnC1

and CggHg 0,5n,Cl,

cave a thiocyanate corresponding to C51H4103ShSCNhaving

may be assigned. The yellow compound

a melting point 750C. Moreover, one 1,5 diphenyl carbazonate
of yellow compound was isolated (m.p. 120°) corresponding

to C OBSn._( C,.H ONé).The IR spectra of red, vellow

5141 13711

chloride or yellow thiocyanate are closely similar except
the thiocyanato derivative, which had a very strong band
“~2010 em ® for -SCN group. The Ly wMr spectra of above

"mentioned red, yellow chloride and yellow thiocyanate were

found to be nearly identical.
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In IR spéctra as indicated earlier the presence of
olefinic linkage 'in both red and yellow compounds‘wére
obtained. Moreover there might be in‘mdlecular coordina-
tion of carbonyl group/groups to tin atom{s) ﬁor red

and vellow chloride and yelldew thiocyanate combounds.

Sb far we are not in a position to assign any
definite structures for any of these compounds due to
lack of a satisfadtory explanation of 1H NMR spectra
obtained for these compounds. These compounds may have been
formed by the elimination of hjdrochloride molecules from -
the light yellow crystalline compound (m.p. 1209 of thé

after
following type (XIII) are reaction.

C.H. - CH—CHs—~C—CH = CH,C_H

65 ’ 2 ” 65
. Y I
e |
cL

X1l

With more molecules of dibenzylideneacetone,
we at best can venture to suggest the structures like the
following: ( X¥ , XV)

~

Do omor)
O e P00 s
. , und
» o = CL c \ ' Red coghp.:' ::'ofc)

==C ~c=—=0 XV

|

I
Q__ CH —CH—C —CHR=CH _®



Yellow compound (m.b.155°¢)
H 5
o
H
0
Sn
O—§ 0
H—g' _
O o
O:—C‘ j:MO |
g L,
o
X = SCN , HDPC

XV



116

Hutton et al (265) suggested two mechanisms for

the formation of estertin compounds of the type as follows

(xvi),
P
R C C C—OR |
R o
0
@1—/Sn —
cl ¢l (R = H or alkyl
RV . R' = alkyl)

(z.) The primary step In the cﬁlorostannation reaction

in the-gg situ reaction conditions (in non polar and
possibly in all solvents) was monomer solvéﬁidn of hydrogen
chloride. The solvated hydrogen chloride then reacted

with stannous chloride to give

monomer ————4—) HSnCl3. aggregate

which then collapsed by the attack of C135n at the

/g—carbon atom Qf the ester group. The complete reaction

sequence for DSnC13'and methyl crotonate was represented

as follows,



The above mechanism (Scheme I) represented a

5 5+ , : A .
Sn-H polarisation of the tin-~hydrogen bond. The HSnCl

tin hydride addition to a >C = C< double bond with the

, 3
provided a unique example of a tin-hydride species react-
ing in this fashion unlike all the previous tin hydricde
additions which had been either by free radical or with

. S+ §— ’
the Sn-----H polarisation of the tin-hydrogen bond.

In order to achieve "Cis" addition ﬁo the double

bond, ketonisation of the enol intermediat CH;{==q<UCH3
CLSSn DQO
must occur by an intra-rather than an intermolecular

process. The latter process wculd almost certainly result
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in "trans" addition, by analogy with the addition of DCl
tod,ﬂ-unsaturated‘esters, in which the final ketonisétion
step was catalysed by -other DCl‘molecﬁle. Here in this
case, the deutérium transfer might be aisisted by a

chlorine atom of the -SnCl, group,

3
The inactivity of the isophorone was explained on

_the basis of the unfavourable geometry of the cémplex,
3
" active site as shown below.

since the SnCl entity would be located too far from the

. . . 8—-
0 0 SnCly
U | ;

\)j\+ HSnCly —

Scheme II

(B)' On the other hand a concerted mechanism was also

sucgested by Hutton et al as an alternative equally probable

0}

mechanism.
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Scheme III

This mechanism also favoured against a simple four-
centered mechanism since isophorone with a trans configura-
tion, was found unreactive with regard to this chloro-

stannation reaction.

In. *he currént investigation the attempt to prepare
such subsﬁituted tin chlorides, was based on the use of
f-unsaturated ketones of the form C6H-5CH = CHCOR (whéré
R stood for -C.H., fCHs, ~CH = CHCH,). '

The course of the reaction between benzylidene-
acetophenone (chalcone), hydrogen chloride and stannous

chloride may be explained as follows in the line of Hutton

et al's work under the subheadings (C) and (D).
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(c)

Scheme IV

(D) . A concerted mechanism for the formation of
f3 -benzoyl~ & -phenylethyltin trichloride_ may be also

suggested as shown below.

., 0 : ' | /OH |
@—‘/C/v’ H | Q‘Cl
;CQ 'H/-gnc% _ : CH /S‘nCLs’

r

Scheme V
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Appafently such a mechanism does not involvé any
free hydrogen chloride and hence according to this.ﬁechanism
the reaction should proceed equally well in absence of
excess amount of free hydrogen chquide after the formation
of trichlorostannane from stannous chloride and'hfdrOgen
chloride. Practically the reaction could not be carried .
out after removing -completely the free hydrogen chloride
from fhe reactién mixture, but it was noticed that the
course of tﬁe reaction and hence the yield of the final
product at least remarkably influenced by the amount of
free hydfogen chloride in the feac%ibn mixture. Some amount
of freé hydrogen chloride was found very much essential
for the good yield of the final compound. Thig néceésity
of excéss amount of free hydrogen chloride can be explained
by considering the following'reacﬁion:

a

HC1 + SnC]_2 _ HSnCl3

Excess amount of hydrogen chloride will try always to
increase the amount of trichlorostannane and hence increa-
sing one of the reactant of the reaction is likely to

increase the final product.

I = S 8 ‘
CHGCH = CHCOC_H. + HSnCl,—y C H CHCH 4COC H,

Sn013
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Beside these two mechanisms, a third ionic mechanism
can be put forward to explain the formation of f’-benzoyl-
-phenylethyltin trichloride. Though apparently the ionisation

3
- and stannous chloride) as

of HSnCl. (formed from the reaction of hydrogen chloride

HSnClig;::i}f- + §nCl3

may not -be probable in non polar soivent, yet at least
~a part of HSpCl3 may suffer such ionisation.in ether
medium, and this is due to presence of léne paif of
electrons on oxygen atom. Moreover it was fouﬁd that the
bamount of ether in the reaction mixture altered the final
yield of the products. In fact it was found that the amount
of final product decreased to a remarkable extent with the
decreése in amount of solvent, thouch the reactants still
remained dissolved in the medium. Hence the participation
of the ether molecule in the reaction mixtﬁre may be of
significant importance. Probably ether molecule form an

equilibrium wi%hAthe HSnCl, molecule as follows’

H
(X4 . ..+ -
C2H5 - 9.— C2H5 + HSnClgr——CZHS - 9.— C2H5 + SnCl3

)

Scheme VI
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The reaction mechanism for the formation of
lﬁ-benzoyl—tx-phenylethyltin trichloride may be indicated

as fqllows:

Or—o=es =) -5 @—CH:@H)—EF@
0 ¢ *TOH

§nCl 3

Scheme VII

This mechanism is very much similar to Michael type
addition reaction ofe(,f}-unsaturated carbonyl compounds

( 300 ),

As this reaction proceeds on, the concentrations

of H+ and SnClB'decrease in the reaction medium due to

their consumption and hence as a result further ionisation

of HSnCl3 is effected to form the f3—benzoyl-t¥-phenyl-

"ethyltin trichloride in guantities.
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The mechanism of formatlon of /3-acety14K-phenyl-
eﬁhyltln trichloride may be similar to /Z-benzoyl-(i-phenyl-
ethyltin trichloride as per mechanism (C)/(D) though the
yield of the ccmpound was extremely poor. However, ‘
/3-acetyl-(X-phenylethyltin trichloride can be obtained
in reasonable Qield by the reaétion of trichlorostannane
_and benzylideneacetone. As suggested in case of chalcone,
the following mechanism may also be suggésted in the |

present case,

@——CH:CH——C—ﬁcHB LU @—CH_\C_H/—C——{H
I (
0 +

Snel,

<::j>__-CH_—CHEf{:“"CH3 —_— /;:\_ CH*—‘CH==C-——-CH3

|

Cl35n - 0 ' CLBSn OH

Scheme VIII
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The reaction between dibenzylideneaéetone, stannous
chloride and hydrogen chloride yielded compiex prodﬁcts;
Thé fbrmation of the complex products may be due to the
presence'of two olefinic systems in the dibenzylidene- '
acetone molecule. It is most likely that the second |
trichlorostannane‘molecule can not add to dibenzylidene-

acetone moleéule because of the absence of a suitable -

second carbonyl group.

However in one of the attempts, it was found

possible to isolate a monomeric compound, €.de. -

- CH=CH - C_H.~

C_H_ - CH - CH _T\: : s

65 2
\

' Cl,Sn ¢«——0O

which may'be formed by a mechanism as suggested in
earlier cases. The major products of the reactions weré

an yellow product of the composition C51H4103SnCl and a

red product of the composition C68H5404832C12. None of

these two compounds could be characterised propérly. Hence

no mechanism for these is suggested here.
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