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The thesis is divided into two parts. In the Part I, 

a brief discussion on organotin chlorides, reported in 

earlier literatures have been attempted. In recent years 

the hydroboration and hydrostannation reactions _have added 

a new dimension in the field of organometallic and organic 

chemistry.· ~utton et al have extended these reactions 

to develop new methods of preparation of a number of 

11 estertin11 chlorides. They have found that unsaturated 

carbonyl compounds ~ ~ triehloros·tanne:m@ COI+l;potmda 

react with trichlorostannane or dichlorostannane inter.me-

diates in a facile way. In the present investigation 

aromatic unsaturated carbonyl compounds reacted with 

trichlorostannane under different experimental conditions. 

The reactions o·f benzylideneacetophenone (chalcone) 

stannous chloride and hydrogen chloride gas in diethyl-

ether were studied at different temperatures. The major 

reaction under suitable conditions may be indicated as 

follo-ws. 

+ SnC1
2 

t HCl 
~ 

HSnCl3 



) 
I 

t'._i·. 
·'Q!: 

{IV) 

The final product was characterised by elemental 

1 13 119 . 
analyses, IR, H, · C and Sn NMR spectra. The yield of 

the final product varied with temperature and time of the 

reactions. Maximum yield ( 3 0'/o) of the compound was 

obtained when the reaction v1as carried. out in the tempera-
. 0 . 

ture range 10-20 c for 2-5 hou~s. The same product was 

obtained in a much better yield ( 75%) , .. .,hen chalcone 

was added to trichlorostannane (prepa~d separately 

before adding chalcone) at 8-10°C for an hour. The tempera-

ture and time of reaction had profound effect on the yield 

of.the compound. ID.n increasing the reaction time or 

temperature, some uncharacterised gummy materials were 

found to form in addition to (3 -benzoyl- o( -phenylethyl tin 

trichloride. 

Similarly the reaction between benzylideneacetone, 

stannous chloride and hydrogen chloride gas yielded very 

small amount ( 15%) of~ -acetyl-~-phenylethyltin 

trichloride when the reaction was carried out at 0°C~ The 

yield was found to decrease with the increase of tempera-

ture. The compound could be best obtained (yield 40'/o) by 

reacting benzylideneacetone with trichlorostannane (pre-

pared before adding benzylideneacetone) in diethylether 

medium at 3-5°C and keeping the reaction time forty minutes. 

The' reaction was found highly sensitive to temperature and 

time. Some uncharacterised product (not containing tin) 

could be isolated along with (3-acetyl- o< ~:phenylethyl tin 

trichloride. 
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(V) 

The above compound @-acetyl- o( -phenyl ethyl tin 

trichloride was also characterised by elemental analyses, 

IR, 
1

H N~ffi spectra. 

The reaction-of dibenzylideneacetone, stannous 

chloride and hydrogen chloride yielded some complex pro

ducts. Only in a single experiment, the following product 

was isolated and characterised by elemental analyses and 

IR, 
1

H and 
13c NMR spectral data • 

In most qases, one red and another yellow compound 

could be isolated. Unfortunately these ccmpounds could 

not be fully characterised so far inspite of our efforts. 
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Table l~ 

Compound IR (cm-1 ) 

-J(C=O) .Y(sn-Cl) 1H 

1. f2>-benzoyl-d- 1605 ).)as 350 
Me thine phenyle·thyl tin 

))s Methylene trichloride 310 

Aromatic 

2. fo -acetyl-o<- 1645 ).) as 330 Methyl 
phenylethyltin vs Methine 
trichloride 300 Methylene 

3. ~-s~lcarbonyl 1550 Yas· 330 Me thine 
.-o{-phenylethyltin 

vs 
Methylene 

trichloride 309,· Phenyl and 
290 olefinic 

NMR (chemical shift~-) 
·13 c 

3.77 He thine 43.66 
3.85, Methylene 40.74 
4.13 Aromatic 127.25-
7. 0- 137.11 
8.5 Carbonyl 203.03 

1.7 
2.45 
2.7-
3.52 

1.8 Methylene 42.76 
3.6 Me thine 43.39 
6.9- Phenyl and 
8.25 olefinic 121.71-

152.08 
Carbonyl 201.99 

i\)' 
._~,_,)· 

,'•. 

119Sn 

-154.7 
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(VII) 

Some of these chlorides showed strong acidic 

character in non-aqueous solvents. The structural aspects 

of these compounds have been suggested on the basis of 

the available data. 

H H 
I I 

Q-c--c--c-R 

~ 

-R 

Ct ---Sn t----0 

1\ 
C3l Cl 

~ 
' 

-C-H 

H ~ 
-~=c~· 

~ ' 
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In the Part II of this thesis, the Lewis acidity. 
5 

of different organotin compounds hay~ been reviewed. 

More~ver, a :survey of tin-carbon bond fission of different 

organotin compounds haf/y! been attempted. ~ 

The Lewis acidities of some of thes.e new organotin 

chlorides alo~g with ~~carboethoxyethyltin trichloride were 

investigated. Organotin chlorides generally show strong 

Lewis acid characters. But p -benzoyl-C)( -phenylethyltin 

trichloride when reacted with Lewis bases, showed clear 

e·vidence of tin-carbon bond fission instead of adduct or 

complex fo~ation. The fission of tin-carbon bond can be 

indicated by the following course of reaction. 

B:~H 

H Ct 
·R-t/~ ~c-R' 

J~ II -~ 
Cl-Sn< 0 

A'\ 
~ Ct 

'H 

Ba-se 

·l HI 

R- C----:.· C-- C-R' + 
II 
0 

. 
' 

Cl-Sn 
I 

Cl 

+ 
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(IX) 

_ The results obtained with different bases can be 

summarised as follows. 

Table (b) 

(A) Fission of tin-carbon bond observed in the reaction 
of organotin chloride and base 

Organotin compound 

(I) (J -benzoyl- o( -phenyl 

ethyltin trichloride 

(II)# -acetyl-a< -phenyl 

ethyltin trichloride 

(III) ~ -carbcethoxy 

ethyltin trichloride 

Base pKa. of base 

Bipyridyl 

Aniline 

Pyridine 

Phenanthroline 

(J -· .Picol i1\e 

1- picoline 

o(- picoline 

Triethanolamine 

8-hydroxyquinoline 

Triethylamine 

Same set of bases 
were used as in 
case of ~ .:.:benzoyl-

~-phenylethyltin 
trichloride. 

1:3 diamino 

propane 

4.50 

4.87 

5.23 

5.58 

5.70 

5.99 

6.00 

7.76 

9.81 

10.75 

10~55 



(X} 
Table (.C..) 

(B) Forn1ation of adduct or chelate COfi1Pound of organotin 
chloride with :t:~as~~ ·· · · · · · ·· ' · 

Organotin compound 

.P-carboethoxyethyl tin 

trichloride 

Base 

Bipyridyl 

Pyridine 

Isoquinoline 

Ph en anthrol ine 

ft-picoline 

'Y -picoline 

Triphenyl phosphine 
. . 

8-hydroxyquinoline 

· pKa (Base) 

4.50 

5.23 

5.40 

5.58 

5.70 

5.99 

9.81 

Unlike j3-benzoyl-o( -phenylethyltin trichlo·ride 

and }3-acetyl- o{ -phenylethyl tin trichloride, p-carbo

~thoxyethyltin trichloride gave a number of adoucts and 

did not give.any_indication of tin-carbon bond fission 

unless very strong bases were used. Attempts have been 

made to give some explanation of such tin-carbon bond 

fission .• 
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Organotin chemicals are at present widely used·in 
. . 

industry and repres~nt a significant and growi~g outlet. 

for tin. Historically, organotin compounds were among one 

of- the first organometallic. species to be investigated. 

Extensive research-at different institutes "are·currently 

aimed to have a better understanding of the structural and 
I 

mode of action of these compounds. 

' 

The basic·studies in the field of organotin 

compounds have been developed d~e-to the success of a 

large number of modem-techniques applied to the organotin 

compounds. Tin possesses, for example, two spin.of one-
117 - 119 ' . 

half isotope·s, · · Sn and Sn which become important in 

nuclear magnetic resonance 'studfes. Tin has stable isotopes,. 

w.hich allow the easy identification of the tin-bearing 

f ragrnents in the mass spectrometer. Mossbauer resonance 

from t~~ 119sn nucleide can be easily recorded~ Further 

tin-carbon stretching frequencies in the infrared and 

Raman spectra.can be assigned-in· most cas~s;.The availability 

of. two stable oxidatidn states~ tin {IJJ and tin {IV), with 

contrasting chemistries and a wide variety of structural 

types have-a~forded a large scope for diverse studies in 

organotin compounds. Tin (IV) de-rivatives·alone encompass 

four:.;., . five.:.' six;:;·, seven ... and eight coordination at tin. 

centre in· ne~tral, cationic and anionic species, with 

intra and intermolecular association to give dimer and 
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higher polymers with one, 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 tons per annum in 1950s. But 

this figure (1) gradually increased to 3500Q.tons in 1983. 

The conservative estimate for the current years will be 

not less than ~0,000 tons P.er annum. 

Therefore the preparation of organotin compounds 

fino increasing importance. 

The history of organotin compounds began with the 

_isolation of some organotin halides_by Frankland. and 

~dwig ·(2-4). Thereafter organotin chemistry started to 

develop as a regular research subject. The development of 
' ' 

organotin chemistry during the first fifty years was rather 

slow because of the lack of efficient and attractive 

methods for their preparations. The situation changed 

around the turn of the century when the organomagnes·1um 

halides became easily available as alkylating and arylating 

reagents. Through Grignard reagents~ a wide variety of -

organotin halides could .J:>e prepared. 

The development of organotin chemistry was extended 

by Kocheshkov {5) in 1929 who d~veloped a new method of· 

preparation of organotin halides. The method was based on 

·redistribution reaction between the compounds of the type 
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R4sn and SnX4 (R = alkyl or aryl group and X = halogen). 

' 

Krause and Von Grosse (6) published the.first 

.comprehensive review covering the literature upto 1935. 

Ingham, Ros~nberg and Gilman (7) extended the literat~re 

work upto 1959. Weiss (8) compiled an exhaustive list of 

organotin compounds covering the literature from 1937 to 

1964._ Since 1964, a number of literature of organotin 

chem,istry has been published in annual surveys (9-24). 

The "Tin'' annual survey covering ·the year 1978 has been 

published by Harrison (2'4). Apart from these review 

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

The patents granted in 1940 and 1943 to Ungve (30) 

d~scribing the utility of certain dialkyl~in derivatives 

as heat stabilisers for PVO, were a new step in the field 

of organotin compounds, though their full industrial 

significance did· not become apparent until 10 to 15 years 

later. 

The major.application of organotin compounds primarily 

centres around PVC stabilisation, though uses in catalytic 

activity for polyurethane formation, epoxy resin curing, 

olefin polymerisation may become highly significant in 

near future. 

The most effective heat stabilisers are certaim 

organotin compounds of the type R2snx2 where R is methyl, 

n-butyl, n-octyl and X is a carboxylic acid ester (usually 

the ester of maleic acid) or a mercapto carboxylic acid 
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ester (usually an iso-octyl ~ster of mercapto acetic acid). 

Though monoalkyltin derivatives have no such PVC 

stabili~ing property, yet their addition in small amounts 

(5-1~/o) to the dialkyltin PVC stabilisers are very often 

useful since such·_ an addition has found. synergistic effect 

on stabilising effectiveness, which allow the manufacture 

of PVC articles with perfect colourlessness and clarity • .. 
Recently a new variety of functionally substituted dialkyl

tin d.iha:J_ide {11 Estertins") (31) has been found to possess 

good PVC stabilisation property. · 

Apart from the above properties, organotin.compounds, 

particularly the triorganotin compounds,exhibit a large 

number of biolo9ical properties like antifungal anti

bactrial, anthelmintic~molluscicidal, insecticiqal and 

related activities. 

From environmental point of view, the organotin 

_· compounds hav.e an advantage over many other compounds 

because they degrade to totally non--toxic tin sp~cies • 
.. 

Recent development in understanding the mode of toxic action 

of di-· and tri- organotin compounds have been reviewed_ by 

Smith (32). Seldon. (33) suggested a gene·ralised. degradation 

scheme of trialkyltin derivatives. 

Trialkyltin compounds as wood preservatives were 

first proposed by Van der Kerk and Luijten {34) in 1954. 

' The use of tributyltin compounds in wood preservation upto 
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1970 has been reviewed by Richardson (35) and later by 

Crowe et al (36). 

As pesticides, ·the use of organotin compounds is 

quite promisiag since orgal)otin ·pesticides do not acc:unnilate 

in the soil with successive applications. ~he~e are 

metabolised readily in animals and soils into inorganic 

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

Though the industrial applications of organotin 

compounds were mainly confined to diorganotin and tri

organotin ·compounds (37-40) ,. ,$everal attempts have been 

made in recent years to find applications for mono-

organotin (41) and tetra-organotin(42) compounds. Rec~tly 

mono~organotins have been found to be effective as water 

repellants for fabrics and building materials__, Sl:fNi mineral 

flotation agents depending on_ their hydrophobicity, as 

PVC stabiliser synergists and as industrial esterification 

catalysts. ~ixture of mono- and di-alkyltin compounds are 

also used in the production of thin transparent surface films 

of tin dioxide or glass (43). Recently mono-alkyltim - ...... . -

"' compounds are used to provide scratch resistant· stannic 

oxide film (44); as homogeneous catalyst they _show no 

problem of corrosion.of the stainless steel vessels (45) 

and used as active hydrophobic agents (46,47) for building 

materials and cellulosic substrates. Few R)onc>)'henyltin 

derivatives were reported to have fungicidal activity (48). 

Tetraorganotin compounds find also some important applicatio~ 
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They are used to assess as anti-wear additive antioxidants 

for lubricating oils an~ delayed action biocides. 

So far, we have tried to give an outline ·about the 

different types of activities· o:e organotin compounds and 

some of their current and potential uses. In view of such 

discussions, it rriay be said that the preparation of new 

organotin coinpounds and their detailed studies will be of 

increasing interest. 

Organotin halides represent one of the mo.st 

important group of organotin compounds. The preparation 
~~ 

of the majority of organotin halides can be carried out 

under the following types of reactions. 

(a) Direct synthesis involv.ing tin and alkyl or aryl halide: 

In 9eneral the reaction can be represented as 

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

Historically Frankland (2) prepared the first 

organotin.halide in 1849 by,this route from the reaction 

between ethyl iodide and metallic tin at 160°C. In 1852 

LOwig (4) also synthesised triethyltin bromide. Several 

other ·organotin halides (49-63) were prepared by heating 

tin and a],kyl halide in a sealed t:ube in the temperature 

range 130°-22.0°C for 20-40 hours. In this type of reaction, 

the conipounds of the types R2SnX2 and R3snx were found to 

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 (c2~5ooccH2 ) 2snBr2 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 350-451°C. 

They also prepared a nurriber of similar compounds. In general 

the order of reactivity of the alkyl halide was found 

RI> RBr) RCl. The method was further modified (57-59) by 

using different catalysts. 

Sometimes the role of solvent is very much signi

ficant in above· reactions. Sisido et al (60) reported that 
.-

with benzyl chloride in non~olar solvent like benzene, 

the predominant product was dibenzyltin dichloride but 

with the same benzyl chloride in polar solvent like 

butanol, wateJ;:", the main product was tribenzyltin chloride. 

Irmscher et al (61) heated tin powder and methyl 

bromide with some methanol i:1;1 an autoclave at 109°C to 

prepare dimethyltin dibromide. 

Following the same procedure, similar other compounds 

(62-66) were also prepared. Oakes and Hutton (67,68) 

obtained dibutyltin diiodide 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.eoasiderealy ~ ¥4elds we:e 
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~poFteQ ~ eibU$yl~ift dibP&mide aft& 4iOGtyl~~B diSFemtde. 

Considerably lower yields were reported for dibutyl t1n . 

dibromide and dioctyl tin dibromide. Sisido et al (69,70) 

prepared dibutyl tin dibromide, · dibutyl tin dichloride,. 

(nPr) 2snBr2 b:y u~ing suitable catalyst. Simpl~ primary 

amines were used as effective catalysts in many of such 

reactions (71). Two or three-eomponent catalyst systems 

were also successfully used in some cases. These we~ Lewis 

bases with a metallic salt {72), tetrabutylamrnonium iodide 

with diethyleneglycol diethyl ether (73), an organic 

disulphide or thiol with rn.agnesiurn and iodine· (74). 

Dia~kyltin dibromide and di-or tri-benzyltin chlorides 

could however be prepared without the use of catalyst (75). 

Following ~imilar methods s~veral substituted alkyl halides 

such as x 2sn (p-~so-pr c6H4cH2) 2 , XSn(p-iso-PrC6H4cH2 .> 3,. 

x2sn(CHRCHR'CONH?H2co2Et) 2 , x2sn(CH2CHMeCONRR 1 
) 2., 

·x2sn(CHMeCH2CONRR') 2 for X= Br, I and R, R' = H, Me were ·' 

prepared (76,?7,7e)~ 

Kochesh~ov and his co-workers (79-82) prepared 

seve~al·higher alkyl halides by irradiating the miXture of 

tin and alkyl halide with 7 radiation. Wyant et al (83-

87) also studied large number of similar reactions. Beside 

these the preparations of· aJ,kyl tin halides were also 

carried out ·by other workers (viz· •. 88,, 89, go). 

Some of the alkyl tin halides were prepared· (91,92) 
\ 

by the. electrolysis of alkyl halide in suitable· solvent 

. medium by using magnesium cathode and soluble tin anode. 
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Lowig '(4) isolated a mixture of <c2H5 >2snr2 , 

(c
2

H
5

) 
3
sni, (c

2
H5 ).4

sn aad (C2H
5

) 2sn from the· reaction 

of tin-sod~um alloy and ethyl iodide. Cahours (49) and 

Ladenburg (93) carried out the same reaction by ~sing 

methyl iodide_. In 1954 Van der Kerk and Luijten (94) 

prepared Cc2H5)
3

SnBr and (C2H5 )3SnCl together, with 

(C2H
5

)4sn and (c2H5 )2snX2 (X= Ci, Br) by usi~g tin

magn-esium alloy. Faulker (95) used small amount of either 

mercury or mercury salts as c.atalyst in the similar 

reaction and prepared compound of ~e type R3SnCl. Laine 

~t al (9.6) synthesised R3snBr and R2SI)Br2 by foll~ing the 

·same procedure (R = n-propyl, n-butyl). Harada (97-99) 

activated tin-sodium alloy with zinc in.the formation of 

R3Sni and R4sn (R = CH3, c2.H5, c3H7 ). The compounds of 

the type R
3
snCl, R4sa (R = n-propyl, n-butyl, n-arnyl) 

were also prepared by the same method (100). 

In most -of such reactions specially in case of 

substituted alkyl or atyl tin halides the presence of 

catalyst was found to be essential (25) (whe-re R = alkyl 

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

Many of the alkyl as well-as aryl tin halides could 

be synthesised·success~ully 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 

halogenation formation of tin (IV) halides was observed 

(106). The preparation of diphenyltin dichlo~ide from the 
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re_action of tetraphenyl tin with chloz:-ine was · reporte? 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 (CH
3

-)
3
SnBr and (CH

3
) 2snBr

2 

by bromination of (CH3 )~Sn with bromine ~der appropriate 

reaction conditions. Seyferth (113) prepared (c:ri
3

)
3
Sni by 

' iodination of {CH
3

)
4
sn. Harada (98) prepared several other 

tri• and di- alkyl halides. Manulkin (106, 114) studied 

several of such reactions in ether medium and observed 

decre~sing reactivity with increasing carbon atoms in 

alkyl or aryl group of the tetraalkyl or tetraacyltin. 

He also ·found that by using boiling toluene, better results 

could be obtained. Following this method several workers 

obtain~d quite good results during their preparations of 

organotin hal~des~- The successful synthesis was carried 

out for R3snx ~X= Cl, Br, I and R = p-tolyl (115, 116), 

o-toly, p-xylyl (116)_7, R
3

SnX and R
2

SnX
2 
~X = Br, I 

and R = c6H11 .(117)_7, R3S~ ~X= F, Cl, Br, I_7. 

Von Rumohr et al (101) synthesised (CH3 )2sncl2' 

starting from methyl chloride and molten tin using NaA1Cl4 
as catalyst. The reaction was stated not to proceed 

directly b1,1t via an addition of methyl chloride to 

stannons chloride forming CH3SnC13, which was then reduced 

by the tin metal and followed by another addition of : 

methyl chloride. 
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A systematic review of methods for the ·catalysed 

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 Br2sn(CH2cooc2H5 ) 2 was prepared 

by Bogatskii (103) by refluxing tin powder and BrCH2cooc2H5 

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 minutes in presence of catalytic 

amount of Crown ether 15-Crown-5~ Bogatskii et al '(194) 

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 ~arne year Glosky (105) prepared 

methyltin chlorides. Dimethyltin dichloride was prepared by 

reacting methyl chloride with Sn/SnCl2 at ~2oo°C in the 

presence of pentavalent organophosphorus dihalide catalyst. 

A mixture of (c4H
9

)3PC12 , Sn and SnC12. in the molar ratio 

1~1:1 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 

separated and then 'tin metal and methyl chloride were 
0 .added at 185-190 c. After four such cycles, the products 

were found a mixture of '-"" 82% dimethyl tin dichloride and 

~1~/o methyltin trichloride with the overall yield of 9~/o 

organot1n chloride. 
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(b) Cleavage reaction~: 

The synthesis of organotin halides by .cleavage 

reaction involves two types viz. the cleavage of sn-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: 

R
3

SnX + RX 

SnX4 + 2RX 

R3SnX + RX 

R .. snx2 + RX 

-
(p-ClC6H4 ) 3 SnB~ {120), (p-ClC6H4 ) 2SnBr2• By bromination 

of ~c6H5C(CH3 ) 2 cH2 _7 sn,Reichle (121) obtained-impure 
. 4 

monobrornide. Tetranaphthyltin and tetramesityltin.were 

apparently found -inactive· during brornination 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
3

SnR 1 (R and R' being different) and carrying 'out the 

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 
!1S:.e·a- . 

groups. ~ fnund that in~ -substituted organotin nitriles 

and esters,the functionally substituted groups were most 

easily removable groups .whereas in fi -substituted. organotin 

compoun0s or in compound with substituent in a position 

more distant tl)an fo -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 of the substitution. 

Thus~ -thienyl group (143) and alkyl group (13?) were. 

found to be more reactive than phenyl. The reactivity of 

the organctin halide involving cyanomethyl group (144) 

cyanoethyl group (145), 1-cyclopentadienyl group {146), 

neopentyl _group {147) was also studied. The bromination 

of diethyl cyclopentamethylenetin (c2H5 )2
(cH

2
)

5
sn br~ught 

out the cleavage_ of the ring with the formation of 

Beside these many other organotin halides were 

prepared by the halogenation \·d·th halogen acids. Manulkin 

(148) obtained (CH3 ) 3snCl by the reaction of tetramethyl 

stannane and hydrogen chloride in boiling chloroform.' A 
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series of compounds with the composition R3SnCl ~R 

c
6

H5 {149), n-dodecyl, n-tetradecyl, and n-octadecyl 

14 

050) _7 were prepared by this method at room temperature. 

Adjusting the relative amounts of hydrogen. chloride with 

the te.traorganostannane, several diorganotindichl orides 

such as dipaenanthryl and diphenyl-2-tin dichloride were 

successfully 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). (c2H5 )2sn (CH
3 

)2 and (c2H
5 

)2sn (n-c
3 

:H
7

)
2

, 

the compounds were formed by sirnul taneous replacement of 

two different groups by gaseous hydrogen chloride at' 

100-140°C (151). From (CH3 ) 3snc2H5 only one methyl group 

could be split off by hydrogen chloride {148) in bo~ling 

chloroform. In tribenzylethyltin,a benzyl group could be 

replaced by iodine but ethyl group was found to be re~laced 
·, 1. 

: ' ! . ~ ', . 
by chlorine on treatment with hydrogen chloride {152). 

-!-
i 

Not only the halogens and halogen acids were fobnd 
j 

effective for halogenation but also some metallic halides 
-, i 

could bring about such •alogenation reactions to yield 
·!· 

organotin halides. Thus in alkaline medium,mercuric fhloride 

was reported to successively replace the phenyl groups in 
'' 

tetraphenyltin by chlorine (153,154). ~Vith tetracycl~pPropyl-
. i·. 
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-tin and mercuric chloride, tricyclopropyltin chloride and 

with mercuric bromide, the'corresponding bromide were 

obtained (155). Manulkin (156) investigated the reaction 

between aluminium chloride and tetraphenyltin, tetraethyltin, 

tetrabutyltin and obtained·the reaction products stannic 

chloride, diethyltin dichloride and a mixture of tributyltin 

chloride and dibutyltin dichloride respectively. With 

ferric chloride, tetraethyltin yielded triethyltin 

chloride (156). Several metal ha'lides and metaloid halides 

were found suitable to conduct such halogenation 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 sulphonyl chloride, sulphuryl chlorides 

(108, 166), and even with aikyl halides (108,165,167,168) 

using appropriate reaction conditions. ·rn all cases the 

reaction products were of the form R3SnX or R2snx2 or 

a-mixture of both. 

In 1983, Surin Laosooksathit (189) treated 

(C6H5 ) 3sn(C4H9 ) and (C6H5 ) 3sn(CH2 )
4
sn(C6H

5
)
3 

separately 

with HBr/CH2Cl 2 at -78°C and obtained (C6H5 ) 2Sn(G4H
9

)Br 

and (C6H5 )2snBr(CH2 ) 4sn(C6H5 )2Br respectively. At the same. 
year Wardell et al (170) found that reactions of 

(C6H5 )3sn(CH2 )nSOC6H4 (cH3 }p, {n = 3 or 4) with iodine, 

bromine or mercuric chloride all formed (c6H5 ) 2xsn 

(CH2 )nsomc6H4 (cH3 )-p (X= iodo, bromo or chloro: m = 1,2). 

106416 
··J 0 JUL \990 .. ) 

~<JOO-Yt!1 _\t}Uf(-06~ 
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The halodephenylation of (C6H5 )3SnX (X= NCO, NCS 

and N3 ) with IX' (X' =. Cl and/or Br) to·yield (C6H5 )2sn(X)X' 

arid c6!i5
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: 

(R2Sn)n. + nX2 ~ nR2SnX2 
! 

e(~Sn) 2 + 2RX------} 2R3SnX _ + R2 

(R3Sn) 2 + R'X~R3SnX +. R
3

SnR 1 

(R2Sn)n + nRX-----) nR3SnX 

(R
3

Sn) 2 + HgC12 ~ 2R
3

SnCl + Hg_· 

(R2Sn)
0 

+ nHgCl2------7> nR2SnC12 + nHg 

(R
3
Sn) 2 · + RHgCl >- R3SnCl + R4Sn + Hg· 

The halogenation of (R3sn) 2 and (R2~n)m by using 

halogens (4,147,172~175) proper alkyl halide (175-178) 

and by USing halogen acidS ( 1751 ·1 79) rR = alkyl 1 acyl 

group and. X.= Cl, Br,· I _7 were carried out successfully 

by different investigators "from time to time. Use of 

mercuric chloride ·or alkyl mercury chloride for halogenation 

of organo~tannanes was·also reported (180,181). 
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The reaction between stannic chloride and 

fCC2H5 )3sn _72 (182) yielded tin, triethyltin chloride, 

diethyltin dichloride and tetraethyltin, but with 

C<c6H5 )3sn _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 

haiides and the process has the advantage over the halogen 

~leavage method is that none of the organic groups is 

lost.· 

The reaction- tyPes may be repre~ented as follows: 

3,R4Sn + SnX4 • > 4R3SnX 'I 

R4Sn + SnX4 2R2snX2 

R4Sn + 3SnX4 4RSnX3 
R3SnX + RSnX3 2R2SnX2 
R2SnBr2 + Br2 ). RSnBr3 + RBr 

In the first ~hree reactions, the chlorides are formed 

more readily than the bromides, stannic iodide usually 

reacts so slowly .that the method is rarely used for "the 

preparation of iodides. 

Kocheshkov (184-189) first introduced this method 
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compounds, ~R = c 6H5, C~H4CH3 , CH3 , c2H5, n-C3H7 _7. 
Rosenberg and his co-worker (136) carried out the similar 

reaction where they used the compound having CH2 = CH

gro~p for R. Vyayraghavan prep~red (191) compound where 

R stood for CH3-CH"= CH- group. 

Among the other compounds obtainedby redistribution 

reactions, dicyclopropyl tin dichloride and dibromide ('192) 

and '(C6F5 )3snCl, (C6F5 )2snC12 (193) may also be mentioned. 

The fourth and fifth reactions among the mentioned 

reactions were carried out in recent years. Max Buschhoff 

(194) in 1984 prepared the compounds R SnX4 (R ~ alkyl, n -n 
aryl, aralkyl, cycloalkyl; X: halogen; (n,: 1,2,3), 

useful as plastic stabiliser were prepared- from a redistri-

bution of appropriate alkyl i;.in h,alides in presence of 

·SnF 2 "catalyst at temperatures varying in the range of 

140-210°C~ Thus (c4H9 ) 2sncl2 was :prepared ia 97"/r. yield ,' 

from (c4H9 ) 3snCl and c 4H9sncl3 ,by heating at a temperature 

of 160°C. 

Medvedev and Yatsenko (195) in 1985 prepared 

RSnBr3 (R = c 2H5, c4H9 ) in apout 7~/o yield by bromination 

of R2SnBr2 in the absence of a solvent. 

,(d) Disp1acement 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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R
3

SnX + MOH 

R
3

SnOH + HX 1 

R
3

Sn0H + MX 

_ ___,> R snx•· + H o 
3 2 

--~RSnOOH + 3HX 

RSnOOH i- 3HX 1 ~ RSnX3 + 2H2 0 

19 

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

The·reactioh of sodium fluoride in alkaline aqu¢ous 

solution with organotin oxide is an excellent method for 

the preparation of organotin 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 organotin 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) 2sncl2 
to (n-Bu) 2snF2 with sodium fluoride. 

Recently in 198S,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 meta~ aryl: 

Use of Grignard reagent or other metal alkyl {or 

metal acyl) is one of the important method for the 

synthesis of tetraalkyl (or aryl) tin) Alkyl (or aryl)tin 

halides ?re generally obtained along with R4sn. 

The general sq~eme of the reaction may be represented 

as follows: 

RMgX + SnX4 

2RMgX + SnX4 

3RMgX + SnX4 ---~ 

~kl + SnX4 

2R3 Al + 3 SnX 4 ----? 

R3Al + 3SnX4 ~---7 

RSnX
3 

+ MgX2 

R2SnX2 + 2MgX2 

R
3 

SnX + 3MgX2 

R3 SnX + AlX3. 

3R2sax2 + 2AlX3 

3RSnX3 + AlX3 

3(cyclo-C6H11 ) 2AlCl + 2SnC1 4~· --7>2(cyclo-C
6

H
11

)
3
snCl + 

3 AlC13 

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

Many of the organotin halides could be successfully 

prepared by using Grignard reagent and tin (IV) halides · 

(196). Such reactions were found to form mixture of several 

alky~ (or aryl) tin halides andtetraalkyl (or aryl)tin 

(193,205-207). The.use of Grignard reagentwa_s found very 
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helpful for linking large organiq groups, such as 1~~aphthyl 

(120), 2-diphenyl (122) and neophyl (208) to tin. Perfluoro

phenyltin_halides were obtained from stannic chloride 

and corresponding Grignard reage.nt (202; 209, 219). The 

use of organolithium reagents (211) and organa mercury 

reagents (209,212) were ·also reported to~useJinstead of 

Grignard reagent. 

The preparation of dibutyltin dichloride was 

reported from the reaction of Wurtz type of reaction (213) 

and also from the reaction of butyl sodium and stannic .. 

chloride (214). Synthes~s of diphenyltin dichlo~ide was 

reported from the reaction .of· ~iphenyl merc.ucy and stannic 

chloride by Aronheim (215). 

Recently in 198~Jiauxi (216) pr~pared tetraphenan

thryl-(9 )-tin and d:}..phenanthryl-(9)-tin dichloride by 

Grignard reaction method with 86% yield. with slight 

modification of the process. Grignard reaction of 9-

phenanthryl bromide with stannic chloride in benzene was 

performed at-room temperature. Tetra-9-phenanthcyltin 

formed was then·converted_ to d'i-9-phenanthryltin dichloride 

in chloroform by hydrogen chloride gas in 8~/o yield. 

Since 1960 several workers (217-225) used aluminium 

alkyls and tin ·(IV) .halides .for the preparation of organotin · 

halJdes. In recent.years"one of· the important synthesis, 
' . 

by this route was the preparation of R3snCl (R = cyclohexyl) 

in 1984 by Gavrilenko et al (2 26). The yield was found 80'/o. 
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(f) Alkylation of stannous chloride: 

Tin (II) chloride has been found to form organotin 

(IV) ·compounds with certain suitable alkylating agents. 

Of course this route is limited in application. 

Nesmeyanov and Kocheshkov (227) 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, J3-naphthyl 

(227) and p-chloro:., p-bromo:. and p-iodophenyl (228). 

Instead of diaryl mercury, aryl mercury halides were also 

used in some cases for such reactions. Diethyl lead 

dichloride and stannous chloride were used by Kocheshkov 

and Freidlina (200) for the synthesis of diethyltin 

dichloride. Similarly dirnethyltin dichloride and diphenyltin 

dichloride were synthesised. Analogous reactions were 

reported with R2TlX (229,228). Relatively, small yields- of 

methyltln trichloride and rnethyltin triiodide were obtained 

from the reaction of stannous chloride and rne.thyl chioride 

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). 



~· 
__ , 

23 

(g) Hydrostannation route: 

One of the widely used route to functionally 

substituted ·-organotin compounds is hydrostannation reaction. 

A review by Leusink (232) demonstrated the importance of 

this approach. The hydrostannation route was previously 
'· 

limited to the synthesis of.tetraalkyltin compounds and 

trialkyltin halides. 

Addition ·of an organotin hydride to a carbon

carbon double bond was first demonstrated by Van der_,Kerk 

and his. co-workers in' 1956 (233) and the reaction type was 

where X was different substituents. The route-was esta-

blished as a major ~thod for forming tin-carbon bonds. 

With few exceptions (234--236), the reaction could be 

successfully used in the preparation of large 'number of 
(Z'39- 25'.2). , 

important organotin compouhdsA.With triorganostannane sometime 

hydrostannolysis_also occurs. 

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

alkyl or substituted aryl group; X = Cl, Br, I) (236,2Sa). 
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With the carbonyl compounds the reactions of organostannanes 

were found to take place:,,:ia -~ :E-ollewi:ag man:aer (25S';.;.25S). 

-The reactions of organostannanes ·with other suitable

organotin halides or hydrogen halides a.te capable of 

forming organotin halohydride. 

{where R = butyl group; x = F, Cl, Br, I) {~:~6f: 

With dihydride and dichloride having different 

groups attached to tin, the following equilibria was 

found to exist (257). 

R2 SnCl + R2SnClH ~--

RzSnC12 + R2SnH2 

The organotin halohydrid~s can also .be prepared by the 

action of hydrogen halide on the organostannanes. 

(258) 

The reactions of monohydride and dichloride (2 59) were 

also studied. 

(where R' = butyl grpup: R = alkyl group). 
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The organotin halohydrioes ,..ere found not ve.ry 

stable (~$7.8_~.Though unstable yet these compounds could 

be made to undergo certain reactions where the· products 

were substituted alkyl-tin halides. 

(C2H
5

)
2

SnClH + Hg(CH2COOCH3 )2 

--7 (~2H5 ) 2sn(Cl)CH2COOCH3 -

+ Hg + CH3 COOCH3 

(260) 

C261 r 

The reaction involving di-isobutyltin chlorohydride and 

acrylonitrile is similar to addition of triorganostannane 

to terminal alkenes ,(262-264). 

_ Hydrostannation route was used by Hutton et al 

(2'65-268) to prepare a quite large number of functionally 

mono- and di- substituted organotin halides. ·They carried 

out the reaction between hydrogen halides, stannous halides 

andc<,J3-unsaturated carbonyl compounds to yield jJ-suhsti

tuted alkyltin trihalides and the reactions betw~en hydrogen 

halides, tin and. the o{ J3~unsaturated carbonyl compounds 

to give largely ~~~ - ( /3-substituted alkYl) tin dihalides 

in substantial amount~ The following equations represent 

the overall reactions. 
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The reactions were found highly specific and 

proceed in high yield at convenient temperatures and 

atmospheric pressure. A wide variety of activated olifins 

were used by Hutton et al which were largely~,p-unsaturated 

esters,~}fl-unsaturated ketones, acids and amides etc. 

Exceptions to these were maleic acid esters and isophorone. 
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In most of the reactions hydrogen halide used by them was 

hydrogen chloride. Addition of excess of dry gaseous 

hydrogen chloride to anhydrous. stannous chloride in·dry 

diethyl ether medium at a temperature below 25°c form a 

pale yellow lower layer, previously characterised as 

HSnC1
3

.(c
2

H
5

oc2H5 ) 2 was also 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. 

The Table 1 and Table 2 represent some of the 

successful attempts by them. They·observed that during the· 

preparation of. c:Iisubsti tuted alkyl tin dichlorides the 

formation of mono- substituted alkyltin trichloride can 

be minimised by slow passage of· hydrogen chloride which_ 

prevents the formation of stannous chloride." The more 

sterically hindered monomers temd 't,o have a reduced rate of 

reaction ~ut still give high yields. In every case only 

· the fl-adduct was isolated as shown by NMR spectroscopy. 

Any solvent which does 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 
. -

yield of organotin halide is lowered because o~ hy~rolySis 

by the moisture present in the system. Hydrohalogenatio~ 

of monomer also sometime lowers the yield of organotin . 
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Table 1 · 
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,, 

The re~ct.ion between hydrogen halide 1 Sn(II) halide ando(~~-unsaturated carbonyl compound in diethyl 
ether. 

Organic compound Reaction Reaction Conversion Organotin compound Mel.ting (C=O) -1 
temperature tirne(hours) of SnC12 (%) point in em 

(oc) . . (OC) 

C~ = CHCOOCH3 25 3.5 98 Cl3SnCH2ca2coOCH3 69 ·1660 

C~ = CHCOOCH3 20 1 72 Br3snCH2CH2cooCH
3 75 1655 --

CH2 = CHCOOC2H5 15 1 79 Cl3SnCH2ca2cooc2H5 68 1665. 

CH2 _= CHCOOC4H9 . 20 2 92 Cl3SnCH2CH2COOC4H9 
46'. 

' 1659 

CH2 = CHCOOC6H5 
20-25 5 89 Cl3snCH2CH2COOC6H5 177 1686 

CH2 = C(CH3)COOCH3 25 .3.5 62 Cl
3

SnCH2CH(CH
3

)COOCH
3 

86 1660 

(CH3 ) 2 = CHCH3 
25 2 80 Cl

3
snC{CH

3
)2cH2COCH

3 i23 1665 

CH2 = CHCOOH · 25 4 99 Cl3SnC~CH2COOH 123-127 1665 

CH2 = CHCONH2 
20 10 (20 Cl

3
SnCH2cH2CONH2 

CH E CCOOH 20~25 2 ,...... 60 Cl3SnCH = CHCOOH 1623 

CH E CCOOCH
3 20 6 .60 Cl3SnCH = .CHCOOCH3 

1:\J 
co 
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Table 2 

'~ \. ~ N(" 

( 

\Y ., 

The reaction between 3ldrogen hatide, tin powder and~,p-unsatQrated carbonyl compound 
in diethylether at 2Q C (with Sn/.Monomer ~). 

Organic compound · Reaction Conver- Diorganotin aj,halide % Mono % Diorgano- Melting 
time sion of organotin tin . point 
(hours)· ·tin (%) trihalide dihalide (OC) . 

C~ = CHCOOCH3 14 94 C12Sn(CH2CH2COOCHJ) 2 3.5 94 132 

C~ = CHCOOCH3 12 lOG I 2Sn(CH2CH2COOCH
3

) 2 7 2 

CH2 = CHCOOC2H5 25 100 C12Sn(CH2CH2coOC2H
5

)
2 15 60 

C~ = CHCOOC4H9 
20 lOG Cl2Sn(CH2CH2cooc

4
H9 ) 2 9.5 'ure product 

"'-'10 could not 
be isolated 

·' 

CH2 = C(CH3 )cOOCH3 13 45 Cl
2

Sn(CH2CH(CH
3

)COOCH
3

)
2 

50 25 111 

C(CH3 )
2 

= CHCOCH3 
10 109 Cl2Sn(C(CH

3
) 2cH2CocH

3
)

2 22 46 158 

C~ = CHCOCH3 
14 100 Cl2Sn(C~CH2COCH3 ) 2 ,..;-47 Purification 107-108 

was not 
possible 

- -·~----. 
~ ~ 

{C=O) -1 
in em 

1677 

1677 

1677 

1676 

1676 

1671 

1.672 

N 
c.o 

Contd •• 
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Table 2 (Contd •• ) 

CH2 = CHCONH2 23 82 Cl2Sn(CH2cH2CONH2 ) 2 
" 

C~ = CHCOOH 6.5 66 Cl2Sn(CH
2

cH
2

COOH) 2 

CH2 = CHCN 15 66 Cl2Sn(CH2C~CN)2 

~ 

<. 3' 79 240-250 

< 3 70 157 

<3 14 173 

( 

____ .i-'-~-

1669 

1676 

~ 
0 
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Reactive Monomers 

Acrylate CH2 = CHCOOR 

Methacrylates C~ = CHCOOR 

Crotonates CH3 = CHCOOR 

Acrylic acid CH2 = CHCOOR 

SnC12 · + HCl + ;.c 

Methacrylic acid CH2 = C(CH
3

)COOH. 

~ 

Table 3 

/ ' I' = C, ~ /C -CH 
I " 
SnC1

3 

Unreactive monomers 

Acrolein CH2 ~ CHCHO 

Alpha Olef.ins CH2 = CH-R 

Ally~ chloride CH2 = CHCH2Cl 

Allyl alcohol CH2 = CHCH2 0H 

Styrene c 6H5 .cH = CH2 
0 
II 

Isophorone j). 
c.~ I 

' tH CH 
3 J 

---
\'f 

./ 

Contd •• 

- -- .·:......::.·_._,_. 

. c.,.., 
~ 
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Acryloyl chloride CH2 = CHCOCl 

Vinyl ketane.CH2 = CHGOR 

Phorone { CH
3

) 
2

C=CHCOCH=C ( CH
3

) 2 

Propiolic acid CH = CCOOH 

Acrylamide CH2 = CHCONH2 

Diethyl.Ethylidene Malonate 

CH
3

CH = C(COOC2H5 )2 

)< 

Table 3 (Contd •• ) 

Vinyl acetate CH
3

COOCH = CH2 

Acetylene CH = CH 

Fur an 0· 
Maleic Acid.Ester 

ROOCCH = CHCOOR 

Phenyl Acetylene c6H5 C .... CH 

.11(~-

(fl. 

c..v 
l\:) 
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Table 4 

Sn_+ 2HC1 + 2 ~C = c~ -~ ( .)cH -· 9- )2sncl2 

Reactive Monomers Unreactive Monomers 

Acrylates CH2 = CHCOOR Alpha olefins CH2 = CHR 

Methacrylates CH2=C(CH
3

)COOR Styrene C6H5CH = CH
2 

0 

Crotonates C~CH=CHCOOR 

Acrylic Acid CH2=CHCOOR 

Acryloyl Chloride 

C~ = CHCOCl 

Methyl Vinyl Ketone 

CH2 = CHCOCH
3 

Phrone 

Propiolic Acid 

· CH :: CCOOH 

Acrylarnide 

CH2 = CHCONH2 

Diethyl Ethylidene Malonate 

1/ • 

Isophorone c H
3 
() 

c.l-{~C.i-13 
Maleic Acid 

HOOCCH = CHCOOH 
M o.l.e. i c Ac i.cl Es I-.e. YS 
ROOCCH = CHCOOR 

33 
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halide. In the preparation of trichlorostannane, an 

oxygenated solvent must be used. Monomers such as sytrene 
se 

which add hydrogen halide or which polymeri~ can not be 

used. Intramolecular cat.bonyl·coordination to tin centre 

occurs in these j3-substituted org~otin compounds. 

Hut~on et al (270) suggested the limitations of 

the above reactions as indicated in the Table'3 and Table 

4. 

~~ 
.$eaer;h et al not only prepared J3 -carboalkoxy-

ethyl tin trihalides and bis ( f3 .,.carboalkaxyethyl) tin 

dihalides but also they successfully prepared and· 

characterised some of the tris ( fi -carboalkaxyethyl) tin 

halides and tetra (fi-carboalkoxyethyl)tin compounds of 

the same series (271). 

Studying·some previous experimental results 

RX. + Sn~RSnX3 + R2snX2 + R3Sn.X 

(X= Br, .I; R = CH3, c4H9, c8H1 7 ) 

Base 

RSnC13 + M 

(272) 

(273) 

(274) . 
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They were able to prepare tris ( (3 -carboalkoxyethyl )tin 

halides and tetra ( f3 ,..carboalkoxyethyl) tin by reacting -

~-carboalkoxyethyltin trihalides and zinc (or tin) under 

appropriate reaction condition. The overall reaction can 

be represented as follows: 

x
3
xncH

2
CH

2
COOR + Zn ---7XSn(CH

2
cH

2
COOR)

3 

+ Sn(CH
2

CH
2

COOR)
4 

(X = Cl, Br; R = CH3 1 C2H5 , c
4

H
9

, C
6

H5 ) 

The -reaction between bis ( (3 -carboalkaxyethyl)tin 

.dihalide and Zn was as f_ollows: 

x 2 sn (CH
2

CH
2

COOR) 2 + Zn ~ XSn (CH2c~'COOR) 3 
+ Sn(CH

2
CH

2
COOR)

4 

(X = Cl, Br1 R = alkyl, or ·aryl radical). 

The bis (j3 -c-arboalkoxyethyl )tin dihalides were found 

somewhat less reactive than the corresponding trihalides 

and short reaction time generally found to favour the 

formation of tris ( f3 :..carboalkoxyethyl) tin halides. 

Moreover unlike the J3-carboalkoxyethyltin trihalides, 

the dihalides could not made-to react with metallic tin, 

they reacted only in presence of zinc. They ·_also studied 

all· these reactions thoroughly by changing solvent, 

temperature, reaction· time and also by ·using sonie catalysts. 

The detailed picture of few of their successful 
(-r..blL 5"). 

attempts are tabulated here. 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 

k~toalkyltin trichlorides and bis(ketoalkyl)tin dichloride 

by follovling hydrostannation rout~ under appropriate reaction 

conditions. In many cases specially during the preparation 

of bis (alkyl) tin dichloride they obtained mixtures of 

organotin compounds instead of getting a single compound as 

the major product. Ho"rever, they were able to characterise 

and study these compounds. Few of their successful attempts 

were as follmvs. (-r..J.,/....6). 

Not only they attempted to prepare :bis {ketoalkyl) 

tin dichloride but they also prepared mono{ketoalkyl)tin 

trichloride by the react.Lon of hydrogen chloride, stannous 

chloride and appropr~ate ketone in suitable solvent at 
! 

proper reaction temperature. They isolated in reasonable 

yield Cl
3

SnC (CH
3

) 2cH
2

CCCH
3 

from a mixture of hydroge~ 

chloride, stannous chloride and acetone in an ethereal 
i 
' 

solution. Use of acetone in place of o/...) ~ -unsaturat~d 

ketone was explained by them as the formation of~,~-'f!saturated 

carbonyl compound from the added }(etone by acid-catalysed 

condensation reaction in the first step of the react~on, 

the condensation product simultaneously produced in 

reaction mixture the a{ 1 ~ -unsaturated carbonyl compound by 
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Table 5 

Reactions between /1-caiboaikoxyethyltin compounds and zinc. 

Reagent Solvent Zn/Organotin Reaction Temperature Yield(%) % R,4Sn 
(Molar ratio) time (h) (oc) RaSnCl+ 

R 1 Sn · 4 

Cl3SnCH2CH2COOCH3 Ether 2.63 20 22 73 

2.95 36 Reflux 80 74 

Br3snCH2CH2COOCH3 Toluene 2.!73 5 Reflux 58 6 

Cl3SnCH2CH2COOC2H5 Ether 2.00 16 Reflux 86 4 

Cl3SnCH2CH2COOC 4H9 Ether 2.71 20 22 75 

Cl3SnCH2CH2COOC6H5 
• Toluene 2.26 12 Reflux 47 Not determined 

Cl2Sn(CH2cH2COOCH3 ) 2 Ether 1.30 36 Reflux 69 70 

Methyl acetate 1.11 2 Reflux 81 12 

GtSn(CH2CH2cooc4H9 ) 2 Ether 1.37 8 ·Reflux 76 8 

Ether 1.03 21 Reflux 84 7 

Ether 1.37. 36 Reflux 79 75 c.,..:) 

"'.I 

Contd •• 
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Table 5 (Contd •• ) 

Toluene. (lOQ ml) 5.49 

+ ~lCH2cH2tooc4H9 (8 gm) 

Br2sn(CH2CH2COOC~H9 ) 2 Toluene 1. 64 

Cl2Sn(CH2CH2cooc6H5 )2 Toluene .0.99 

(c~3coo) 2sn(CH2CH2COOCH3 ) 2 Toluene 1.77 

(CH
3

coo) 2sn(CH2CH2cooc4H9 ) 2 Toluene 3.·03 

R' = c~cH2COOR; R = alkyl or aryl group. 

,. 

5 Reflux 50 
? 

5 Reflux 71 

20 Reflux 62 

3 Reflux 83 

8 Reflux 83 

., 

'" 
-.~: 

30 

Not determined 

Not determined 

95 

100" 

·~----- :!. ·_ •. .:...:..-

V-:l 
CXl 
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Table 6 

The reaction of dialkyl ketones RCOR' with tin and hydrogen chloride {at 35°C) {Molar ratio 
ketone/tin/hydrogen chloride = 4/1/2) 

Ketone Solvent Reaction Number of Yield(%) Mono-keto-alkyl tin(%} 
time (h) organotin 

R R' products(TLC) 

CH
3 

. c~ Acetone 4 2 64 30 

c2Hs C2H5 Ether 168 2 29 Main product 

C3H7 C3H7 Ether 144 2 32 Main product 

CH
3 C2H5 - 12 5 22 48 

CH3 C3H7 Hexane 168 1 85 100 

CH
3 C4H9 Ether 312 2 71 Main product 

\ 

_::._ _---!:.o_ 

Ct:J 
·co 
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dehydration. Potentially, a wide range of ketoalkyltin 

chlorides might be produced- (276) by the one step in-situ 

acid-catalysed ~ondensation of simple ketones and hydro

stannation of resultantc(, _r-unsaturated ketones sinGe 

trichlorostannane is. known. to' be moderately strong acid. 

Their results may be _represented in eae fell9W!Ag 

table.?. 

They (277) reported several ketoalkyltin ·-chlorides 

from j3-hydroxy ketones. Here the principle of acid catalysed 

dehydration, of ketols ( /3-hydroxy ketones) was used by them 

as another potential source of fonnation.ofd~,f3-unsaturated 

ketones in the reaction mixture for the formationof-keto

al'kyl tin chlorides. (-t"'ble, ~) • 

The temperature of the reactions was maintained 

at 35°C and the solvent used he~ was ether. 

However,~ -hydroxy ketone sucn as 3-hydraxy-3-

methyl-2-butanone failed-to -react with·HC~/sn couple to 

form similar organotin _products-. 

_Beside these_ Garad (278) also reported 'the reactions 

. of fl-carbobut!1JXyethyl tin trichloride. 

(h) Other related methods: 

·Few ester tin /chlorides were also p:repared-by 

Hoffman et al (279) from the reaction of sn,· HCl- and the· 

compound pf the type CH2 : CHR (R = Cy.anp, -COOH,- C?OR' r 

R' = alkyl)."_ They obtained 9~.3-% yield of di~n-butoxy_:

propyl tin trichloride by heating a mixture containing Sn 
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Table 7 

Synthesis of 3-keto-1-methyl, butyl tin chlorides. 

Reagents Reaction Products 
time (h) 

HCl, SnCl2 

CH3CH = CH.COCH3 
. 10 . Cl3SnCH(CH

3 
)CH2coc:H

3 
HCl, Sn, 

CH3CH = CH.COCH3 8 Cl3SnCH(CH3)CH2 ~oCH3 
· + c12sn (CH(CH3 )CH2COCH3 ) 2 

HCl, Sn, 

(c.H
3

) 2co,cH3cHO 5 Cl3SnCH(CH3 )cH2COCHJ 

+ Cl2Sn(CH(CH3 )CH2COCH3 ) 2 

Yield {%' 

79 

55 

67 

I 

.~-.;_;__ 

.l. " ··y 

Monoketoalkyltin(%) 

100 

18 

34 

~ ,_,. 
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Table 8 

Reagents Reaction 
time (h) 

HCl, SnCl2 , 

CH3COCH2C(CH3 ) 2 0H 3 

HCl, Sn, 

CH3CocH2C(CH
3

) 2 0H 9 

HCl, Sn, 
7 

CH
3

COCH2CH20H 

HCl, Sn, 
7 

CH
3

COCH(CH
3 

)CH
2

0H. 

;v 

Products 

Cl3SnC(CH3 ) 2cH2COCH3 

Cl3S~C(CH3 ) 2~H2cOCH3 
·+ Cl 2sn(C(CH

3
) 2cH2COCH

3
) 2 

Cl3SnCH2cH2COCH
3 

+ Cl2Sn(CH2CH2COC~) 2 

Cl3SnCH2CH(CH3 )COC~ 
+ Cl

2
Sn(CH2CH(CH3 )COCH

3
) 2 

Yield {%) 

76 

44 

79 

60 

:y 

Monoketoalkyl tin (%) 

100 

35 

25 

39 

~ 

~· 

l\:) 
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CH
2

: CHCOOC4H
9 

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 formula 
--

(RCH2CH2 )nsncl 4 _
0 

(R = cyano, COOH, cpOR'; R' = alkyl; 

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

appropriate organic compound at· a temperature of 25-3-0°C 

for 90 -minutes in presence of antimony cata~yst which was 

then fallowed by addition of cone. HCl. · The amount of 

antimony catalyst was found to range 0. 01-10'/o •. 

Addition of organotin hydrides of the type 

(C6H5~H2 ) 3SnH to methylpropenoates followed by chlorination 

of the product with mercuric chloride furnished a product 

of' the type (C
6

H5CH
2

) 2snClCHRCHR'COOCH
3 

· (R, R 1 = CH
3

, 

c 6H5 ) reported by Podesta et al (281). Podesta et al 

( 282) also prepared a series of estertin compounds having 

the general molecular formula R2SnXCHRlCHR2coocH
3 

(R = CH
3

, R1 = R2 = H ; R = CH3 , c 4H9 , C6H5 , R~ = R2 = 
1 . 1 2 

R = c6H5 ; R = C.4H9 , c6H5 , R . ~ R = CH
3 

. R = R2 = H, , 

c 6H
5 

; X= chloro, iodo) using (~H3 ) 3 six. The yield was 

reported to range 54-10~/o. A novel synthesis of 

fo-trichlorostannyl ketones from silaxycyclopropanes was 

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

of monocyciic siloxycyclopropanes tlJ:fM (R = (CH
3 

l
3
c, 

R Rr 
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(CH
3

) 2cH, 1-cyclohexyl; R' = H) with stannic chloride in 

. 0 
methylene chloride at 15 C for thirty minutes gave 

(3 -trichlorostannyl ketones 
o ----7SncL · · 
11 · J G J in good yields. 

R/~/ . 
. 1, t1,.Sl>cz_A/ R' 

Also with the compounds of the ty:e ~ 8.. ~ . 
( c 1-! 2)., 

they 

prepared.the compound ~J)SnCL3 
{R, R1 =H, CH

3
; 

. R' 

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

Howie et al (284) studied the crystal structure 

and coordination chemistry of Cl3SnCH2cH 2cH2cooc2H5 • Fes~in 

et al (285) studied thoroughly the electronic and spatial 

structures of estertin type of compounds. e~g. 

Cl
3

GeCH2cH2CONH2 and Cl3SnCH2cH2COOH containing donor 

centres were discussed in relation to 35c1 NMR and crystal 

structure data determined in previous studies. A study 

of mercaptoester/chlorine exchange equilibria exhibited by 

;3-carboalkoxyethyltin compounds was performed by Joseph and 

· his co-\-Torkers ( 286). The Cl/mercaptoester exchange reac

tions in -butyl and fJ -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 comp],ex 

compounds of these estertin halides by using different 

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

organotin halides will be discussed in more datail later. 
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" ' 
· Some _organ9tin halides having .unsaturation in the 

organic part w.ere prepared by several investigators •. Thus 
. s' ·.. _- ; . .·. 
Ryu and hi"/1' co-workers· (290) ln ·1997 synthesis~d CH2 : 

1 2 ' - ., . ·. t . 2 . . 1 2 
CRCR R C~SnC13 : f~ ~ H, CH3 , R · :::; R- =. H; R-= H, R R = 

(cH2 ) 5 , R = R2 = · H, R' ~. cH3 , n-heptyiJ., in _very good y.ie:ld 

84-91% •. They -.also synthesi.s.ed a brominat~.d _product· 

intermediate during t:he·:reaction;_.between (c4H9 ) 3snc~CH~ 
CHCH3 and aldeh~de in pr~sen-ce of Lewis acids such. as 

Cc4H9 )·2 ~~cl2 -by B~aretto. et. al in 1987. 

Masamune et al (291) used bis (2,4-pentanediopato)tin 

dichloride to prepare hexakis (2~6-diethyl phenyl)cyclo 

tristannoxane which OJ:?. treatment with concentrated -

hydrochloric acid formed· (2·, 6-(C2H5 ) 2C6H
3

) 2SnC12 • 

Hawker et a~ (292) found that treating((CH
3

)
3
sn)

4
c 

with bromine,· iodine or F 3CCOOH formed~(CH3) 3sn) 3CR, 
((cH

3
)

3
Sn) 2cR2 , (CH

3
)
3

SnCR
3 

(R = Sn(CH
3

)
2

R1 ; 

R1 =bromo, iodo, CF3COO) and C~Sn(CH3 ) 2R") 4 (R" =bromo, 

iodo). In the case of bromo compound, the ultimate product 

·was (Br2snca3 ) 2 c (Sri (cH
3

) 2Br) 2 • .A <Jain they fOUI)d that on .. 

treatment· of (CH3 ) 3sn) 3cH with bromine, .. the compound 

(CH3 ) 3Sn) 2CHR"' and (CH3 ) 3SnCHR":2 · and finally Rj'CH. 

(R111 = Sn(CH3 ) 2Br.) were formed. 

In 1984 (CH3 ) 3Sni was prepared_in 33% yield by 

Manders ·et al (293) by shaking a suspension of SnS and 

6H3 I in water at 60°C for 24 hours in the dark. 
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Besides these, few organotin halipes were reported 

time to time by dif~erent workers to form during some 

organic synthetis as intermediate proaucts. One such· 

reported (294) organotin halide intermediate was (CH2 : 

C : CH2 ) 2snBr2 • 
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Scope and Objectives 

The hydroboration and hydrostannation reactions 

have added a new dimens'ion.in the field of. organometallic 

and organic chemistry. Hutton e·t al ( 265-268) have extended 

these reactions to develop new methods of preparation of 

estertin chlorides (useful commercial PVC inte'rmediates) 

by reacting carbonyl activated unsaturated compounds with 

intermediates like HSnC13 ~nd H2sncl2 • But the reactions 

studied so far concerned primarily with aliphatic systems. 

It has been proposed during the c.urrent investigation to 

study these reactions of carbonyl activated unsaturated 
. . ' 

compounds in aromatic systems with trichlorostannane 

(HSnC13 ) intermediate. To achieve the objectives, the 

reaction of benzylideneacetophenone (chalcone) and 

trichlorostannane (i.e. a mixture of stannous chloride and 
hydrogen chloride) was studied under different 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 c·ould not be characterised properly• The 

gummy material contained stannous chloride along with· some 

uncharacterised products:.Tho~h organotin compotinds were 

formed by the addition 'of HSnC13 into c6H5CH = CHCOC6H5, 

such compounds are relatively unstable compared to the 
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product obtained by the reaction of HSnC13 on CH3CH = 

CHCOCH
3

• The comparative weakness of tin-carbon bond of 

C H-CH-CH-C-R (where R = c6H5 or CH3 ) may lead 
6 s 1 2 II 

C:Ifn o 
to conversion of c6H5CH = CHCOR to some other pure 

organic compounds which do not contain any tin. 

It was the primary goal to isolate, characterise 

and study the reactions o~ some new organotin chlorides 

under current investigation. Hence the conversion reactions 

of unsaturated aromatic ketones by chlorostannation reac-

tions have not so far been studied, though these reactions 

might prove quite interesting. 

Under the present investigations the isolation of 

new organotin chlorides have been attempted with the 

following. reactions under different experimental conditions. 

(i) c6H5CH = CHCOC6HS + HSnC13 
(ii) c6H5CH = CHCOCH3 + HSnC1

3 
· 

(iii) c6H5CH = CHCOCH = CHC6H5 + HSnC13 

It has been possible to isolate some new organotin 

chlorides by studying the,above reactions, the details of 

which will be described ~"·~. 

Some of the important reactions of these organotin 

chlorides were also studied which will be discussed in 

next chapter. 
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Tin was estimated gravirnetrically,by converting to 

stannic oxide and finally to volatile stannic iodide~ 

essentially by the method of Van/der Kerk and Luijten ( .). t,O ) -~ 

Analyses of the compounds for carbon, hydrogen~ and· 

nitrogen were carried out at Regional Sophisticated 

Instrumentatio~ Centre, Central Drug,Research Institute, 

Lucknow. 

The infrared spectra .wer;e taken in the range .. 
. -1 .. 

bet~een 4000..:500 em for most of the compotinds using 

Bec~_ann IR-20 ·and Pye_ Unicarn.o.SP-300S infrared spectro

photomet-er equlpped with KBr optics .and mulling the com-. 

pounds in nujol in all cases unless otherwise mentione~. 

Few spectra '( 4000-2 00 em - 1 ) were recorded using Pye~Unicam
SP-300S with_KBr optics •. Th~ f~llowing; abbr~viations have 

been used to. <Iiscuss the. spectralpart.·. 
1 

.-

v. s. = very strong, s = strong·, m = medium, w = weak, 

v.w. = very weak, b = broad, sh = shoulder, nujol had peaks 

at 3000-2800s, 1460s, 1376rn (error limit= :!: 5 cm-1 ) 

1 . 13 . 119 (l, 
The · H NMR, C NMR and Sn spectra of r -benzoyl-o(-

phenylethyltin trichloride were recorded ·at 360 MHz, 90.56MHz 
MHz. 

and 134.2941\r:?spectively in Brucker Spectrospin th,rp~gb.the 

courtesy of Dr. Edvards Liepinsh, Institute of Organic 

Synthesis, Aizkraukles 21, Riga, u.s.s.~ 

The 1H NMR spectra of j3 -acetyl-0(. -phenylethyltin 
ca..-rbc>TIYL 

t~ichloride and f·-styrylAC( -phenylethyltin trichloride 
13 . 

and C NMR speG~rum of fo-styryl- <X'-phenylethyltin t'Tic.kJo<yi de 
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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 spectrophotorneters at the 

Department of Chemistry and Biological Chemistry, University 

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

Greenslade. 

1 All the NMR spectra were recorded in CDC13 • For H,~ 

13c tetramethyl sil.ane was used as internal standard, while 

119sn shift of J3 -benzoyl-o(-phenylethyltin trichloride 

was recorded against tetramethyltin. 

Sometime following abbreviations have been used 

for different groups in the molecular formula_ of the 
compound and also for naming the compound: 

~'!ethyl Me 

Ethyl Et 

Propyl Pr 

Butyl. Bu 

Phenyl Ph 

8-Hydroxyquinoline (oxine) HOx 

1, 5-c iphenyl thiocarbazone (dithizone) H2Dz 

1,5-diphenylcarbazone 
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All solvents viz. benzene, chloroform, methanol, 

ethanol, petroleum ether,. diethyl ether (ether), ethyl 

acetate e~~used in the "experiments were purified and 

dried according to the standard methods (~'')· Petroleum 
0 

ether used was of boiling point range 60-8Q c. Some of 

the compounds used viz. anhydrous stannous chloride, dry 

hydrogen c?loride,benzylideneacetophenone (chalcone), 

dibenzylideneacetone were prepared and purified and dried 

in .the laboratory •. The other compounds viz. benzylidene

acetone (B.D.H) 1,5-diphenylcarbazone (E. Merck), potassium 

thiocyanate (B.D.H) were us~d after drying according to 

the standard methods • 
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Preparation. of starting materials: 

(a) Preparation of benzylidene acetophenone (chalcone) ( 2.1' ), 

A -solution .of 22 gms of sodium hydroxide- in 200 ml 

of water and 122.-s ml of rectified .spirit_ was taken .in a 

flask fitted with a mechanical stix:-rer. This was. placed 

in a bath of crushed ice. To the solution 5o.s.- ml c;>f .. 

distilled acetophenone was aqded and then 44 ml of pure 

benzaldehyde was added inte.z;-mi tently by ·.keeping _reaction 

temperature at 15-3 o~c~ -The stirring ·wa::;; continued untii 

the mixture became very thick. The thick solution·was kept 

in refrigerator for overnight. The solid was then separated 
o.-nJ. 
aQa. washed with cold water to remove alkali. Final washing 

was done with 20 ml of ice":'cold rectified spirit. The solid 
. '-" 

was recrystallised from warm (50°C)_ rectified spirit (400 

ml). 

The yield of pure chalcone was 70 gms. 

Found c 86.14 H 5.42 

H 5.77 Calcu:lated c 86.54 

Melting point 57°C 

-1) Infrared spectral data {em ( F-t.g I) 

2960-2820s(b), 1645 vs, 1590 vs, 1560s~ 1485 sh, 

1455 sh, 1435 ~s~ 1375 s, 1330 s, 1300 s, 1280 m, 

1200 s, 1170 m, 1155 w,· 1075 w, 1040 s, 1020 s, 
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' Fig. 2. 
1

H Nl·1E spectrum of benzyli6eneacetopheno~e (chalcone) 
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995 vs, 93(:) w, 885 w, 8-60 w, 845 w, 780 sh, 750 v·s, 

690 ·vs, 660 rn, 545 s, 475 s. 

•.!. 

1H Nuclear magnetic resonance spectral data {Chemical shift d) 

1H NMR peaks at 6. 45 -7.96 (phenyl and olefinic) (t=~·: 2.) 

(b) Preparation of dfbenzylideneacetone (2.~ r ) • 

2c
6

H
5

CHO + CH
3

cocH
3 

NaOH > c
6

HSCH = CHCOCH .= CHC
6
H

5 

+ 2H:2o 

A cooled solution of 100 gms of sodium hydroxide 

in one litre of water and 800 ml of ethanol was taken in 

a flask fitted with a mechanical stirrer and kept at 20-

250C. A -mixture of 101.4 ml of pure benzaldehyde and 

36.7 ml ·of pure ci"cetone was added slowly and intermitently 

with continued stirring. Yellow flocculent precipitate 

formed was purified by recrystallisation from hot ethyl

·acetate using. 100 ml solvent f&r 4G gm of the crude 

dibenzyl idene acetone ( dibenz al acetone). 

The yield of the pure compound 85 gms. 

%Analysis fOf c17H14o 

Found 

Calculated 

Melting po'int 

c 86.78 

c 87.18 H 5.98 
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Infrared spectal data (cm-1 ) 

2950-2840 VS (b) 1 1640 s, 1620 .m,. 1585 s, 1565 m, 

1490 m, 1450 vs, 1370 s, 1335 s, 1301 w, 1275 w, 

1190 s, 1150 w, 1095 w, 1070 w, 975 vs, 9f5 w, 
0 

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

1- -
H 'Nuciea:r magnetic resonance spectral_ data (chemical 

shift ~ ) 

1 ,' 
H NMR peaks at 6. 05 - ·7. 72 ·(phenyl and olefinic}. 

{c) Preparation of anhydrous stannous chloride ( 'l.CJ' ) 

In a b~aker 89 ml ·Of distilled acetic- anhydride was 

taken to which 123 gniS Of analytical reagent grade stannOUS 

chlorid~ sricl2 .2H2 o was ad~ed slowly with con-stant ·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 30 ml portions of anhydrous ether 

and dried by keeping overnight in a vacuum diseccator. 

(d) Preparation of dry hydrogen chloride gas ( 

- -

The apparatus used is shown in the Fig. s • 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 lower funnel and 100 ml of .concentrated· 
. . 

hydrochloric· acid was taken. in smaller funnel. The rate of 

flow of hydrogen chl~ride is controlled by regulating the 

supply·of hydroch:loric aciq to the concentrated sulphuric 

aci'd in the lmV'er tunnel. The formed gas was passed through 

concentr_ated sulphuric acid contained in Drechsel bottle. 

The flCM of· hydrochlP:J;"~c ·acid was continued until a volume 

of . hydrochloric acid eqlial · to that of concentrated sulphuric 

acid had been used. ':['he dilute sulphuric acid. was then 

removed from the lower funnel and the. apparatus was 

recharged where necessary • 

(e) Benzylideneacetone. 

Benzylidene acetone (BDH) .. was used without further 

purification. 

Melting point 39°c. 

Infrared spectra,! data (cm-1 ) .(FL., G) 

3050-2~20 vs(b), 1955 w~ 1895 w, 1810 w,1665 vsi 

1640 sh, 1590 vs, 1560 sh, 1485 m, ·1445 s,-1410 m, 

1370 w, 13SO· s, 1325 m, 1305 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, 
I 

595 w; 570 sh, 530 vs, 460 vs. 
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Preparation of ./.3-benzoyl- ~-phenylethyltin trichloricie 

) CtfsjCH2r6H5 
Cl3Sn~O 

The above reaction was studied under different 

experimental conditions varying temperature, time, reactant 

proportion and also solvent~ 

Method (A): 

~he.chlorostannation of benzylideneacetophenone 

(chalcone) proceeds through intermediate ·formation of 

trichlorostannane (HSnC13 ) from anhydrous ·stannous chloride 

and dry hydrogen chloride gas. The reaction was carried out 

by taking 9.0 gms of anhyd~ous stannous chloride and 10.4 

grms of recryst?llised. chalcone (mblar propo~ion 1:1) in 
t.. 

250 ml ether (~thyl 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 gas was passed 

. continuously at medium fiow rate for about five hours. 

The stirring was continued for another one hour by opening 

the stoppers of the flask to remove unreacted hydrogen 

chloride present in the. solution as far as possible. The 

reaction mixture still contained some dissolved hydrogen 

chloride which was removed by concentrating the solution 

over a steam bath to-about one fifth of its original volume 

(~56 ml). The concentrated solution was kept undisturbed 
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ov~rnight. ··The deposited solid was separated and washed 

with chloroform dropwise (excess of chloroform was avoided 
• since the compound was found soluble in chloroform to some 

extent) to. remove adhering 9UTll as far as possible •. The 
. ' 

melting point of the crude s.olid was-~ 90-110°C. The 

impure so.lid wasdried in air and then warmed with:lSO ml-of 

chloroform and allowed to settle. Warm chloroform fairly 

dissolved the solid and the clear top layer port-ion of the 

liquid was decanted. The bottom .layer portion being very· 

small in amount, could not be characterised. The decanted 

. part of the liquid was filtered and· concentrated to one 

.third of its volume ( 50 ml) and few drops of. petroleum 

ether were added to this and was allowed to stand undis-

. turbed. overnight. The light yellow crystalline p·.r::oduct: 

having melting point 1'20-12.5°C was obtained. Tl:le process 

of crystallisation was repeated several times, so that on 

dissolving the crystals in chloroform a homogeneous l~quid 

phase was formed. The final crystallisation was carried 

out from chloroform (without adding drops of petroleum 

ether) which ~urnished very light yel~ow shining c.rystals 
0 of melting point 140 c. 

The same reaction was studied under different 

conditions of time and temperature, the yields obtained 

is indicated· as· follows. (_Tc:>..kl.L9) .• 
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Table- 9 

Temp~rature Time (in-hour) Yield (%) 

{OC) 
I 

o· 2.00 Nil 

10 • 2·. 50 32_ ' 

. 10 5~0() 30 

15 2.5_0 -32 

20 5.QO 30 

30 0.66 30 

30 3.00 10 

30 '5.00 (10 

The reaction when carried out between 10-20°C, the 

yield was about 30'/o whether the reaction-"was carried out 

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 the reaction time was increased, the yield was found 

to decrease. On ~arrying out the 'reaction 'at o0 c with the 

reaction time two hours, the c_ompound fo-benz6yl-. q -phenyl

ethyl tin trichloride could not be prepared instead products 

were gummy mate.rials. The reaction was very much sensitive 

to atmospheric moisture. Reaction carried out at 10°C/15°c 

for two and, ha,lf hcurs during heavy rainy days, practically 

rio jJ -benzoyl-~ -phenylethyl tin trichloride could be 

isolated but only gummy substance and some stannous chloride 
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could be isolated. 

Changing the proportions of reactants (stannous 

-chloride and chalcone) from 1:1 , no better yield could be 

obtained. Several attempts were made to carry out the same 

reaction with chloroform, ethanol or benzene as sol"'Tent. 

In most cases either no yield or very.poor yield of· 

j3-benzoyl-~-phenylethyltin trichloride could be obtained. 

Method (B-): 

Since in the previous,reactions, the chlorostannation 

of chalcone proceeds 'th~oU.gh the intermediate formation of 

trichiorostannane- (HSncl3J, the following modification was 

made for the process. Instead of passing hydrogen chloride 

gas into ethereal solution of chalcone and anhydrous 
- . ~~~ . 

stannous chloride, trichlorostannane" was first prepared 

in ether at 0°C •+--~~ and an ether solution of chalcone 
- . 0 

was added to trichlorostannane at 8-10 c. 

Trichlorostannane (HSnCl3 ) was prepared by taking 

9.0 gms of anhydrous stannous -chloride in 200 ml ether 

in a -three· nec~ed glass flask fitted with a mechan-ical 

stirrer. The flask was kept in an ice-bath at o0 c. Dry 

hydrogen chloride gas.was passed continuously at a moderate 

flow rate for half an hour. Stannous chloride changed to a 

white paste, which settled at the bottom of the flask. The 

passage of hydrogen chloride was discontinued. Then the 

temperature of the bath ~as raised to 8-10°C. A saturated 
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solution of 10.4 gros of recrystallised chalcone -(molar 

proportion of the reactants 1:1) in ether was added slowly 

intermittently through one of the side neck o~ the flask 

to the trichlorostannane (white paste in ethe~_medium) 

with continuous stirring. The addition of-chalcone solution 

was completed within an hour. The stirring was continued 

for another half an hour and then opening the s-toppers 

the stirring was agQin continued for another hour to remove 

hydrogen chloride present in the solution as.far as possible. 

The reaction mixture still contained some dissolved.hyor;ogen 

chl-oride~ which was removed by concentrating the solution 

over a steam bath to a·gummy mass, t~e gummy mass was 

washed several.times with hot petroleum ether, washings· 

" -were rejected. The residue .left after. tl)is was dissolved in 

chloroform and a little petroleum ether was added wi't;h 

stirring which resulted in a solid (m.p. 100-110°C) product. 

The crude product was again dissolved in minimum quantity 

of chloroform with slight warming over a steam bath. On 

cooling, it separated into two layers. The clear upper 

layer was further concentrated to about one fourth of its 

volume and few drops of petroleum ether were added to it 

and then allowed to stand for an hour when solid product 

was separated. The process of crystall_isation was repeated 

several times. The final crystallisation was carried out 

without adding drops of petroleum ether. Repeated crystalli

sation furnished very light yellow shining crystals of 
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o·. -
melting point 140· c.- The product was found identical to that 

obtained by earlier method (~). as. shown by miXed melting 

point determi!l;ation and infrared spectrum of tl)e compound. 

:The -.overall- yield of ·the. pure· product was· about 75%. 

·;_--·The -reriloval of· excess·'hydrogen chloride in the 
"'\ . -- - . ~ .... , . 

-:- - ~' 

sulist~mc~ ~-is_ prodtic;~d ···re·auc-ing ~the 'final· y.:i.el.d.-of __ the 
' • ~ " . ~' • - ' '_. .. _ • ~ • ~ • ~· • , ... ~ r , ' ',r -. 

crys~:allin~ --~:r;o~uct. · Tl:l.e i_solat~pp ·of,,~~ .. pur¢ proQ.uct· ·must · 

be:do:h.e a~ -.qui~kly- a._~·. pOI?~d:bl~,. so tl:~f 'ciesi.rBbl~ ·yield -
.. 

. -.. :can be ·obtained~ :- · -. ·- :_ .. · .. 
' - - . . "'} . ~ : -~- . :- -

- ;.~:.: . :· 

' .... • ... _:'':iiihe above 't~6:~~tep reaction wi:ls c;afri~~:r otti;.' varYi~g-· 
' - . • • ·.' ~-:t_- . -- - • • • ' • . ! ' . " . ·-- . ~ 

.,. ; ' 

''!, 

> .-.. th~ :tempe~at~re ·-~d t~-e; re.act:f~~ time~ A~·---in~icated earlier; 
·.:-~ .. : . .,- ·. ___ - .. - .;~ .. _ .. · . .;'_··' _. __ -.- ·-- .. --.... . ' - : . . ~. - - -_-· -~' : 

:- ·.tne_ t.frst ._st·e~·- .inv.olves ~h~· preparat:ton·.-_c)~ _·H.s~c;1 3 -ether_ 
·',- ·. ~~~pl~~ ~nd in the s~corid st~~~-: ·a sat.ti:tat~d -sol~t1o~ ~f 

~ •. - -~- . . - ··. - ~ .· . 
. . -

chaic~ne w~s .e:a??e·d: t{?_,~he HSnC13·~e~her:'qoz:n~le?<'• -The result~? 

'obt_a~n~d: ·may be t~l~ted· as ioll~~:~: (~~i.L 1~)·::. ·_, 

,. 

Temperature 
. (during additipn of 
chalcone solution) 

coc). 

8-10 

8-1() 

15-20 

30 

Time (in hour) Yield (%) 

1 50 

1 75. 

2 70 

1 40 

1 Nil 

-
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Hence the sui table method of preparing fl. -benzyl

a{ -phenylethyltin trichloride is to add within one hbur 

a saturated chalcone solution to trichlorostanriane in 

ether at 8-1a0 c. 

By changing the proportions of the reactants from 

1:1 or Qy using other sQlvetits (chloroform, ethanol, 

benzene) no better result:;;·.regarding the quality and 

quantity of the compound was found. 

·. 
% Analysis for c15H13 osnC13 

Found c 41.9Q 

Calculated c 41.43 

Melting point 

H 3.35 

H 2.99 

Sn 27.54 

sn 27 .3_9 

pH {1-0-2M solution) in chloroform or benzene """""' 1.3. 

data (cm-1) Infrared spectral 
-----------------------

2960-2840 vs(b), 1605 vs, 1580 s, 1560 s, 1480 m, 

1460 sh, 1440 s, 1390 m, 1365 s, 1325 s, 1310 sh, 

1290 w, 1235 vw, 1220 s, 1170 m, 1070 w, 1030 w, 

1020 w, 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, 3QO m. 

Nuclear· magnetic resonance spectral data (chemical shift ~ ) 
~ ·. : ,. .. 
-.. ' •; ... ·-· 

1H NMR peaks at 3. 77 _ (methine), 3.85 and 4.13 . (fi~ S) 

(methylene) and 7.0-8.5 (aromatic). 
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13c NMR peaks at 40.74 (methylene), 43.66 (rnethine), 

127.25-137.11 (aromatic) and 203.63 (carbonyl) 
119 (Fi~ '<3) Sn peak at-154.7. 

The compound was found fairly soluble in chloroform, 

benz_ene, diethylether, methanol, ethanol, acetone. Its 

solubility in carbon tetrachloride is much less. Though 

the compound was fairly soluble in acetone, on evaporating 

acetone, some yellow gummy mass was Obtained instead of 

the compound being dissqlved. 

In contact wl.th ammonia (in the form of ammonia ga$ 

or ammonium hydroxide) and other bases like pyridine, 

aniline etc., the compound was found unstable. 

The compound fl -ben~oyl- 0(-phenylethylt.in trichloride 

was moisture sensitive leading to decomposition product 

containing chalcone, stannous chloride and other 

uncharacterised compouhd$·. 
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P reparati~m of .fJ -acetyl- c< -phenylethyl tin trichloride 

c 6H5CHCH2CcH3 
c13~n~~ · 

The abov~ chlorostannation reaction was also 

studied under different experimental conditions varying 

temperature, time, reactant proportion and also solvent. 

Method (A) 

Th~ chlorostannation of benzylideneacetone proceeds 

through intermediate formation of trichlorostannane 

(HSnC13 ) from .anhydrous stannous chloride and dry hydrogen 

chloride gas in ether solu~ion. 
\ 

The reaction· was carried out by taking 9. 0 gms 

of anhydrous stannous·chloride and 7.3 gms of benzyli

deneacetone (molar proportion 1:1) in 250 ml ether in a· 

three necked glass flask fitted with a mechanical stirrer. 
- 0 . . 

The flask was k~pt in a ice-bath at 0 c. Dry hydrogen -

chloride gas was passed cont·inuously at medium f_low- rate 

for about three hours. The stirring was continued for 

another one·hour.by opening the stoppers-of the flask to 
\. 

remove unreacted-hydrogen chloride present in the· solution 

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. 
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fifth of its original volume <~so ml). The concentrated 

solution was kept undisturbed overnight. No solid was 

separated out of the solution. The 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 mini-

mum volume of warm chloroform. After adding few drops of 

petroleum ether to the chloroform solution and then on 

keeping undisturbed twenty four hours, a brown crystalline 

solid was separated. The brown colour of the solid was due 

to adhering impurities and was largely reduced by washing 

the crystals with drops of chloroform (excess of chloroform 

was avoided since crystalline solid was also somewhat 

soluble in chloroform though much less than adhering 

brawn substance). The deep brown washings were collected 

and concentrated which produced 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 tin. 

The crystalline solid · (m.p. 90-96°C) was dissolved 

in min.imum quantity of warm chloroform and allowed to 

stand. The liquid.separated in two layers of which clear 

upper layer was taken and filtered and concentrated on a 

steam -bath and kept undisturbed overnight after adding 

few drops of petroleum ether to it. The bottom'""layer 

portion being very small could-not be characterised. Light 

·cream colour crystalline substance was <~iscrystallised 
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several times until chloroform solution of it formed a 
- ' 

homogeneous solution. The final crystallisation was carried 

out from chloroform solution without adding drops of . 
petro~eum ether which produced very light cream colour 

shining crystals having melting point 10()°C. The yield was 

only V"" 15%. 

The-yie1d of the above product under different 

conditions of time and temperature may be indicated in the 

following table. (To.k~ II). 

Table 11 

T~mperature Time 
\ 0 c ) · ( in hour) 

Comment on the reaction product_ 

0 2 

0 3 

8-10 1 

8-1() 2 

15 1 

15 2 

"":" 15%. of /3 -acetyl-~ ~phenylethyl
tin trichloride with uncharac
terised brown solid- and gummy 
matter. 

Do 

< 1 0'/o- .(3-acetyl- o<. -phenylethyl tin 
trichloride along with brown solid 
and gummy material. 

Brown uncharacterised solid and 
gummy matter only. 

Do 

Only gummy matter from which a 
little amount of brown solid was 
obtained. 
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When the reaction was carried out at 0 .C, th~ yield. 

is "'15% whether the reaction. was carried· out . for two 
hours or three hours. But if the reactiqn is carried,out 

. . . . .. . . 0 ·.· 
at slightly. higher tempe_rature (8-1 0 _c)., the yield of 

: fl-acetyl- c(-phenylethyl tin tric~lorid~- becq.me 'nll -'pr~vided 

the, reaction was· carried out·· for two hours. By decreasing 

· the-.-reaction time, little amount of p -acetyl-c(~phenylethyltin 
trichloride couid.be isolated. But under all .these condi-· 

. ·_ ':-- . - . -

tions, large amount of.uncharacterised gummy substance 

and brqW!l so.l.id (!Il•P• 110°C)<were formed. On carrying out 
0 . 

the reaction- at still higher temperature (15 C) no 

fl.;; . ."acetyl-o{-phei1ylethyltin trichloride was formed at all' 

instead gummy ma:tter remarkably increased d·e'creasiiig the. 

amo.unt. of' bro.wn solid .. with ,increasing thE3 reaction.· time. 

<;::hanging ·the proportion of- the ,reactants from-1 :.1 

did· riot produce any_ better yield of the said_' org~notin. 
. .. 

complex. Several attempts were made to carry out the same 

reaction with different solvents, e~g. chloroform, ethan_ol 

or _benzene. All these attempts were unsuccessful to yield 

fl-acetyl- o{-~henrlethyltin trichloride. 

Method (B) 

A modification of the above process was made to 

improve the yield of fJ -acetyl-0( -phenylethyl tin trichloride. 

A stream of dry hydrogen chloride was passed through 

ethereal solution of anhydrous stannous chloride to form 
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'erichlorostannane · at 0°C (details already desqribed) to 

which a solution of benzylideneacetone in ether was added 

at 3-5°C. 

In this_. methoQ. a saturated sol-q.tion o:t; 7.3 gms of 

benzylideneacetone was added to trichlorostannane paste 

(formed f;r-om 9. 0 gms of anhydrous stannous chloride in 

200 ml of ether at 3-5°C)-with ·continuous stirring. The 

addition of benzyl_ideneacetone was completed within forty 

minutes. The stirring wa-s continued for another half an 

hour •. Then the stoppers were opened and the stirring was 

continued to remove ·unreacted hydrogen chlo~ide as far as 

possible. The reaction·product still ·contained some 

dissolved hydrogen chloride which was removed by concen

trating the sol~tion over a steain ... bath to a gummy mass. 

The gummy mass was washed several times with hot petroleum 

ether and the washings were rejected since it contained 

some 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 br?wn ~rystalline solid was separated from the 

solution. The brown crystals were washed carefully :with 

chloroform dropwise, until the brown colour disappeared. 

The mass obtained was then dissolved in minimum volume of 

warm chloroform. The chloroform solution separated in two 

layers, of which the top layer was decanted and concentrated. 

The concentrated chloroform solution was kept undisturbed 
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overnight ·after adding few drops of petroleum ether. Cream-
--

colour c.rystals separated out. The c.rystals·were dissolved 

in minimum volume of wa.rm chloroform and the above method 

of crystallisation was repeated until the chloroform 

solution was homogeneous in nature. In_ the final· stage of 

crystallisation, petroleum ether was not added. Light 

cream colour shining crystals having a sharp melting point 

of 100°C was obtained. The overall yield was 4~/o. During 

the above process of crystallisation, the bottom part of 

the chloroform soiution,being small in amount,was rejected. 

The chloroform washings of the crude brown crystals were 

collected together and it was then 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 rr.ixture, but the 

compotmd is yet to be characterised. 

Method (B)·was performed for the preparation of 

fl~cetyl-c(-phenyl ethyl tin trichloride py varying the 

temperature of the reaction and also.the time of addition 

of benzyliden~acetone. The results obtained can be 

summarised as follows. (1.:...bl9- 12.). 

. ' 
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Temperature 
(oc) 

0 

0 

3-5-. 

3-5. 

8-10 

8-10 

Table 12 

Time 
(in hour) 

0.66 

1.5 

0.66 

·. 1. 5 

0.66 

1.5 
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Comment on the reaction product 

Yield of the cream solid (m.p. 
1000c) was 3~/o. Brown powdery 
solid and gummy product were 
also obtained • 

.Yield of the cream solid was 
30'/o along with con-siderable 
amount of browri ~otid- and gummy 
matter. 

Yield of cream colour-solid 
was 40'/o~ Brown powder a~d gum 

·were in lesser amount in com
parison to reaction carried 
out with other reaction condi
tions. 

Yield of cream ·solid was 3:2"/o. 
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 
s~stance •. 

Yield of·cream colouc solid 
was 1~/o along with large amount 
of brown powder and gummy 
matter • 

. Of the products, cream colour crystalline solid 

(m.p. 100°C), brown powdery solid (m.p. 110°C) and gummy 

substance, the cream colour crystalline solid could be 

characterised. It was found to be j3~acetyl-o(-phenyl 

ethyl tin trichloride, details of which will be described 

later •. 
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Comparing the methods (A) and (B) under different 

experimental parameters of temp~rature and time,. it was 

observed that the method (A) could not exceed more than 

15% :yield of j3 -acetyl-0(.-phenyl ethyl-tin trichloride. 

under any conditions so far studied. But the method (B) 

was found decidedly· _a .l:>etter method of preparing such 

compound at a temperature range 3-5°C with the addition, 

time of about forty minutes.-: About 40"/o yield could be 
. . ' 

obtained. The removal of free hydrogen chloride (unreacted 

pprtion of hydrogen chloride). after the addition of the 
• - • • - i. 

unsaturated. ketone to the trichlorostannape paste was found 

a very crucial step duril)g carrying out the whole ·reaction 

to produce the final crystalline product. The presence of 

hydrogen chloride was fot1n~ to increase gum content and 
.. 

uncharacterised brown powdery product. The reac~ion 
. . . . 0 . . . 

carried out at temperature range of 3-5 c ~nd wi~h snorter 

·t.ime of addition. of ·unsaturated X;etone. was preferred as 

higher temperature of the r~action and longer time had 

a tendency to increase the_quantitY of gummy material 

and also uncharacterised brown powdery product. 

Changing the proportion of the reactants (stannous 

chloride : benzylideneacetone) from 1:1 did not produce 

any better yield of J3 -acetyl- 0( -phenyl ethyl tin tri

chloride. Attempts to carry out the same reaction in 

other solvents like chloroform, ethanol and benzene also 

failed. 
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In comparison with [3-benzoyl- o( -phenyl ethyl 

tin trichloride, the corresponding J3 -acetyl--o( -phenyl 

ethyl tin trich],oride gave poorer yield both by methods {A) 

and (B)~ In the later case, an uncharacterised brown powdery 

product whi~h did not contain tin was isolated. No such 
., 

product was isolated ,in the preparation of p -benzoyl ... ~-

phenyl ~thyl tin trichloride either by method (A) or by 

method .(B). 

Found 

Calculated 

c 31.30 

c 32.21 

Melting point 100°C 

H 3.34 Sn 3·1.46 

H · 2.95 Sn 31.95 

{ -2 _pH· 10 M sqlution)in chlorofonn or benzene""1.8 

Infrared spectral. data (em - 1 ) ( f t'l tO) 

2960-284S ~s(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, 1158w, 

1080 w, 1060 w, 1030 m, 980 w, 840 w, aoa sh, 

765 vs, 700 vs, 670 Sl 610 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 shift b) 
1 . 

H NMR p~aks at 1.7 (methyl), 2.15 (methine), (F,·~II) 

2.7-3.52 (methylene) and 6.65-7.7 (aromatic). 
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The compound, p -acetyl-o(-phenylethyltin 

trichloride was found soluble in chloroform, benzene, 

diethylether, methanol, ethanol. 
_< 

In contact with ammonia, other bases and moisture 

the compound was found to decompose. 

-' 
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Chlorostannation of dibenzyiideneacetone 

Method (A) 

Recrystallised dibenzylideneacetone (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 con~inuous 

supply of dry hydrogen chloride gas was.passed into the 
0 . 

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 colour 

of the reaction mixture turned red and the red solution 

·was then concentrated in a·conical flas~ over a steam 

bath to a gummy material-containing some red and yeliow 

compouhd. ~Both red and yellow compounds were solUble 

in chloroform but addition of petroleum ether to chloroform 

solution, partially deposited the red compounds, keeping 

the yellow compound in s~lution thouQh· the red cornpo~d 

was also part~y soluble in petroleum ether. Hence the 
~· . • • L • 

addition o~ petroleum ether to chloroform solution was 

carefully controlled so that the addition of petroleum 

ether di~ not .turn top layer into reddish colour_7. The 

gummy mass was then dissolved in chloroform and filtered. 

The filtrate was concentrated again over steam-bath to 

one fifth of the original volume and treated with petroleum 

ether and shaked vigorously 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 quantity of petroleum ether was 

added to the 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 yellow top layer portions were collected 

together and concentrated to ·a gummy mass and was treated 

as described above to completely remove the red material. 

After removing ·the red material, th·e chloroform-petroleum 

ether solution was concentrated over a steam-bath and 

excess of petroleum ether was added.· The yellow precipitate 

was formed. Th1s yellow precipitate was redissolved in 

chloroform and reprecipitated by excess petroleum ether. 

The process was repeated several times, when a sharp · 

melting (m.p. 155°C) yellew powdery solid was obtained. 

The red coloured residue contaminated with little 

gummy material (described ~arlier) was purified by 

dissolving in chloroform and precipitating with petroleum 

ether as described earlier. The gummy material was f·ound 

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 ~ed compounds 

together was about 7fY/o of the reactants used. The yellOW' 

compound was slightly more in amount than the red compound. 

Similar chloros~annation experiments were carried 

out at 0°C, 15°C and 20°C. The final products obtained 

in all cases showed no remarkable differences except in 
. 0 

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 

se~arated out from the filtrate obtained from the chloro

form treatment of the gummy mass formed by evaporating the 

solvent from the reaction mixture after the reaction was 

over by adding little amount of petroleum ether with 

st~rring. The yellow product was characterised and the 

details will be described later. When the reaction was 
0 carried out at 0 C, red solid was found to deposit in the 

inner wall of the hydrogen chloride gas inlet tube, bloc~

ing the passage of hydrogen chloride gas into the reaction 

mixture, causing some inconvenienc·es, though the yield of 

the final products did 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 l:l), then the total yield of the red and yellow 
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--
_ .compounds together reached to about 80'/o of the reactants 

used. 

' 
The same reaction was carried out with other 

solvents (e.g. benzene, chloroform, ethanol). Some 

uncharacterised gummy material containing stannous chloride 

was obtained but red or yellow compounds described 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 different conditions. It gave 

poorer yields of the products. Moreover, the reduced 

solubilities of dibenzylidene.acetone in· ether presented 

some inconveniences. Hence, method B was not persued-

further. 

Lighl-ye_llow ·crystalline compound ( fJ -strylcarbonyl-o(

phenylethyltin trichloride) 

Found c 44.50 H 3.66 

Calculated c 44.30 H 3.26 Sn 25.84 

Melting point 120°C 

pH (10-2M solution) in chloroform or benzene ~ 1. s. 
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data (cm-1) Infrared spectral 
----------~-----------

(r-:~ l'l) 

2950-2830 vs{b), 1630 m, 1610 s, 1570 sh, 1550 vs, 

1480 s, 1460. sh, 1440 vs, 1370 s, 1345 s, 1336 w, 

1310 w, 1260 m, 1210 m, 1190 s, 1170 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 v~, 265 w. 

Nuclear magnetic ~esonance spectal data (chemical shift ~) 

Found 

1
H NMR peaks at 1.8 (methine), 3.6 {methylene) (F•',1'3) 

and 6.9-~.25 (phenyl and olefinic). 

13 C NMR peaks at 42.76 (methylene), 45.39 

(methine), 121.71-152.08 (phenyl and olefinic) 

and 20.t. €t 8 (carbonyl). • 

Yellow compound 

c 72.3 Sn 14.28 

Calculated c 71.54 

H 5.27 

H 4.79 sn 13.9 

Melting point 155°C 

Infrared spectral data (cm-1 ) ( F:'3 IS") 

2940-2840 vs(b), 1610 vs, 1570 w, 1510 s, 1460 sh, 

1440 vs, 1370 m, 13SO s, 1295 w, 1240 w, 1215 sh, 

1195 vs, 1150 w, 1115 m, 990 w, 980 m, 970 s, ~80 w, 

870 w, 840 w, 765 vs, 690 vs, 550 rn, 510 w, 451 w, 

380 w. 
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Red Compound 

~ % Analysis for c68H54o4sn2C12 

Found C 64.75 

Calculated c 65.64 

Melting point 

Infrared spectral data (crn-1 ) 

H 4e5 

H 4.34 

(F1'3 l6) 

ao 

Sn 18.46 

Sn 19.14 

2800 vs(b), 1650 m, 1630 m, 1595 vs, 1470 sh, 

1450 vs, 138b m, 1350 vs, 1310 w, 1290 w, 1220 sh, 

1200 vs, 1160 w, 1105 ~, 1080 w, 1030 w, 990 vs, 

930 rn, 890 s, 860 w, 770 vs, 760 vs, 750 w, 740 w, 

700 vs, 680 w, 580 m, 550 rn , 505 d~ 
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Attempts were made to prepare some derivatives 

of both red and yellow compoun~s. In c~se of the yellow 

compound, it was found possible to prepare a thiocyanate 

and a 1:5 diphenyl carbazonate derivative while no such 

derivative could be obtained from the red compound. 

Thiocyanate oerivative of the yellOW COmpound 

The yellow compound (from the reaction of 

dibepzylideneacetone, stannous chloride 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 yeliow compound. 

Firstly 1.709 gm of that yellow compound was 

dissolved in 100 ml hot ethanol by stirring with a magnetic 

·Stirrer at 60°C for about ten minutes. Then a suspension 

of 0.194 gm of potassium 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 and filtered 

to separate potassium chloride formed. The filtrate was· 

evaporated almost to dryness·on a steam-bath and the 

residue was extracted with 50 ml of chloroform and filtered. 

The filtrate was concentrated to a very small volume (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'/o) . 

The same reaction was carried out by changing the 

molar proportion of ·the reactants (i.eo 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. 

Found c 72.1 H 5.4 N 1.28 

Sn 14.4 

Calculated c 71.07 H 4.67 N 1.59 

.Sn 13.55 

Melting point 75°C 

.r:: d data (cm-1 ) · In~rare spectral 

2920-2820 vs(b), 2030 vs, 1610 s, 1580 sh,. 1570 sh, 

1480 sh, 1455 s, 1380 m, 13S5 m, 1190.m, 1106 m~ 

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

Solubility of the compoun~ 

The compound was found to be soluble in ether, 

chloroform, ethanol, methanol, benzene. 
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Diphenyl carbazone derivative of the yellow cornpoun~ 

The· yellow compound {from the reaction of 

dibenzylideneacetone, stannous chloride and hydrogen 

chloride) and 1,5-diphenylcarbazone reacted in the molar 

proportion 1:1 and produced corresponding diphenylcarbazone 

·derivative of the said yellow compound. 

The yellow compound (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 ~out fifteen minutes and then 

cooled to room temperature. About three drops of concentra-

ted ammonia solution was then added to this with shaking. 

Ammonia (17N) neutralised the liberated hydrogen chloride. 

During the addition of ammonia sol uti on·, the colour of 

the reaction mixture was sharply changed from green to 

blue-violet. It w·as then filtered· to separate ammonium 

chloride formed. The filtrate was then refluxed.for three 

hours. After ~efluxing the reaction mixture was filtered 

again and the filtrate was concentrated to a srr:all volume 

(~10 ml) on a steam-bath. Equal volumes 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. 

0 
The melting point of the crystals was 120 c. 

{Yield - 40'/o) 
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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 .of unreacted diphenylcarbazone w.as 

recovered from the reaction mixture. This was also in 

favour of presence of one replaceable chlorine atom in 

the molecule of the yellow-compound. 

Found C 72.45 H 5.05 

Calculated C 72.5 H 4.85 

Melting point 120°c 

N 6.02 

N 5.3 

sn . Io ·os 
Sn 1 1' 2. 5" 

Infrared spectral data (em -I) '( f t'~ 11..h) 

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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All the three compounds prepared during the reactions 

of dibenzylideneacetone, stannous chloride and hydrogen 

chloride 1vere found to dissolve fairly in common organic 

solvents like, chloroform, benzene, diethylether, methanol, 

ethanol. Their solubility in carbon tetrachloride, was 

much less. The -t;w.e e;E ~ derivatives, the thiocyanate 

derivative and 1,5-diphenylcarbazcne derivative of the 

yellovl povlC3.er (m.p. 155°C) indicated more or less simil.ar 

solubility in these solvents. 
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In course of the present investigation, few 

)-ketoorganotin chlorides have been prepared and 

stucied as far as possible. The structural aspects of 

these compcunds were found to have several characteristic 

features. A brief discussion about their molecUlar 

structures has ~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 (2.> -benzoyl 

c(-phenyl ethyl tin trichloride and the red and yellow 

compounds obtained from the reaction of dibenzylidene 

acetone and stannous chloride and.anhydrous hydrogen chloride 

were attempted through the courtesy of Dr. D.A. Bravb-Zhiro-

tovskii of Institute of Organic Compounds at Irkurtsk, 

u.s. s. R. The mass spectrum of j3-benzoyl-o(-phenylethyltin 

trichloride did not give any molecular ion·peak due to low 

volatility of the compound even at 270°C. At 300°C, the 

compound decomposed, however, in the fragmentation pattern 

-a peak corresponding to snc1
3 

ion could be detected. 

The mass spectra of both red and yellow products 

corresponding to empirical formulae c
68

H
54

o
4
sn

2
Cl

2 
and 

c51H41 o3snCl respectively were also attempted. But none of 

o· 
these had encugh volatility even at 320 C to give molecular 

ion pea1'\:s. At this temperature, bo:th the compounds decomposed 
J 

giving some peaks corresponding to mass numbers 780, 790 

and 916 for red compound and mass nurribers ioo, 780, 790 

for tJ1e yellow cornpound.As a result, we could not ge"j: any 

tangible benefit from the mass spectra determination of 

these compounds. 
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1'-lolecular weight detennination of fo-benzoyl- C( 

-phenyl ethyl tin trichloride by osmometric method gave 

erratic results probably due to unstable natur~ of the 

compound in solution phase. H~nce, our suggestion about 

the structural aspects of these compounds are mainly based 

on IR and 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 

compounds prepared by similar type of reactions by Hutton 

et al (265). 

They observed that with a very few exceptions the 

carbonyl stre·tching frequencies in most of the mono-

substituted alkyltin trichlorides lie between 1655 and 

-1 -1 1665 em roughly 80 em lower the_ frequency than the 

saturated analogues of the parent~,p-unsaturated caibonyl 

1 
compound. The ester methyl H NMR signal in Cl

3
SnCH

2
CH

2
coocH

3 

in situated down field from the corresponding signal in 

CH
3

cH2coocH
3 

and a similar effect is observed for the 

methyl signals in Cl~CH2CH2COCH3 and CH
3

CH
2

COCH
3

• These 

spectroscopic effects are consistent with carbonyl coordina

tion to Sn, since this phenomenon reduces_the C = 0 bond 

order ~2~~) (and hence the carbonyl stretching frequency) 

and also the perturbation of the electron distribution 

causes a deshielding effect on the relevant protons. Since 

the-carbonyl stretching frequency for any compound is 
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unaffected by dilution in toluene or ethereal solvents, 

the carbonyl.coordination to Sn is almost certainly 

intramolecular in origin. For example, the structure · 

of j3-carbomethoxyethyl tin trichloride can be represented 

as (I) 

( 

I 

The IR spectrum of Cl3SnCH2cH2COOCH
3 

and CH3CH2COOCH
3 

'· 

shows that ~(C-O) for the ester group in Cl3sncH2CH2coocH3 . 
-1 lies some 63 em to higher frequency than the same 

( -1 -1) vibration in CH3cH2coocH3 . 1270 em . vs 1207 ern • 

Pos$ibly the methoxy oxygen lone-pair electrons are also 

involved in the delocalisation of the ester carbonyl 

electron density to Sn. The intramolecular coordination 

may, therefore, be represented as follows ·{II) •. 
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Intram~lecular carbonyl coordination of the type described 

above is significantly stronger in the ·esters and ketones 

than that in the corresponding dialkyl tin compounds ( 2 6 5' ) • 

The disturbance of normal electron density· distri-

bution by the presence of phenyl group was also reported 
'i ' 

by Hutton et al (265). The~noticed the relatively high 

frequency carbonyl absorption {1680 cm-1 ). in the case of 

phenyl· ester (Cl3SncH
2

cH
2
cooc

6
H5 ) as compared to the other 

substituted organotin compounds. They suggested that the 

phenyl· group probably withdraws electron density from the 

oxygen atom of the,~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 IV). 

> 

lil 

IV· 
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Since the IR spectra of the starting materials 

and the products obtained are rather complex in nature 

it is not possible to assign all the bands present in the 

spectra. Therefore we will restrict 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 moiety. For j3 -benzoyl-c{-phenylethyltin trichloride 

carbonyl (Fig. f ) strGtChing frequency, V(C = 0) iS 

-1 found at 1605 em , which is at lower frequency than that 

of the corresponding~ 1 ~-unsaturated carbonyl compound 

(benzylideneacetophenone i.e. chalcone of which ~ {C = 0) 
. . 

is at 1645 cm-1 ) 'and also from saturated 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 v {C-H) bending vibrations, which 

appear are far more useful· than the in-plane bands. The-

extremely intense absorptions, resulting from strong 

coupling with adjacent hydrogen atoms can be used to assign 

the position of the substituents on the aromat·ic ring. 
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In mono-substituted ·aromatic compounds, this substitution 

~1 pattern a~N'ays gives a strong absorption near 690 em • 

A second strong band usually appears near 750 cm-1 • In 

the spectrum of ft. -benzoyl- o<.-phenylethyl tin trichloride 

) -1 -1 -1 there are strong bands at 750 (sh em , 755 em , 690 em 
1 . 

and 680 em-~ indicating the presence of ~ro different mono 

substi·tuted phenyl rings wi·thin the molecule. These bands 

are also found in the IR spectrum of chalcone itself which 

is also expe~ed. 

Both v.(Sn-C) and V(Sn-0) vibrations are expected 

' ' -1 _'\ ( ) to absorb in Jche range """"'400-600 em • -y Sn-C is probably 

rather vJ'eak .in these comp:J_exes show in addition to sn~c 

stretching modes, one other strong absorption band at 

--520-540 cm-
1

• Two bands are. fourid at 510 cm-1 and. at J 

-1 
530 em in the IR spectrum of the present tin complex 

'...rhich are abse.nt in the starting material chalcone may 

be attributed to ...;) (Sn-0) and .V(sn-0) vibrations respec-

tively. 

The bands obtained in the spectrum of J3-benzoyl-o< 

-phenylethyl tin trichloride in the region ....,.... 3 50-29 0 em - 1 

(two strong bands are at 3SO em - 1 · { '}) ) anc3 at"~· crn-1 
· as 

( oo\)s) may be attributed to V (Sn-Cl) vibratio~s. 

The IR spectrum of f3 -acetyl- o<-phenylethyl tin 

trichloride (Fig. l o ) shows all the characteristics of 

typical esterin type of compounds to a satisfactory, extent. 
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For J3"'-acetyl-O(-phenylethyltin trichloride the car~onyl 

stretching frequency,-~(C = 0) is foLmd at .1645 cm~1 

(as indicated by a very strong absorption band) which·is 

a~ lower frequency than that of the corresponding q 1 f>-
-unsaturated-carbonyl compound~ the benzylideneaceto

phenone of which v \(C = o) is at 1665 cm-1 • This -obserV:a-

tion suggests the intramolecular carbonyl coordination to 

tin \vhich was also suggested~ by· Hut·ton et al in the similar 

type-· qf compounds. Of course with the. present ·compound ·the 

extent of carbonyl absorption frequency shifting is 

comparatively small than in case of similar compound 

f3-benzoyl-:o( -phenyl tin trichloride suggesting some lesser 

extent of such intramolecular coordinatJon. 

The out of plane.~(C-H) bending vibrations, which 

appe~r are more·useful than the in-plane bands. The 

_extremely intense. absorptions resulting from strong coupling., 

with adjacent hydrogen atoms can be used to assign the 

position of the substituents on the aromatic ring. In 

mono-substituted aro~atic- compounds_, this substitution 

gives two strong ban-ds at-690- cm-1 and at ........ 750 cm-1 • In 
~~ 

J3-acetyl-O( -phenyl~thyltin. trichloride two very strong 

ab . . f d -1 : -1 sorpt~on .oands are oun at 700 em and 765 em res-

pectively indicating the presence of-monosubstitution in 

the phenyl ring in the compound. In.the corresponding 

starting compound ·benzyl~deneacetone the strong'bands are 

found at 690 cm-1 and at 745 cm-1 indicating the presence 
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of same monosubstituted phenyl ring in the molecule of the 

compouhd~ Both are in favour of the proposed most probable 
:~-

molecular structure of .P-acetyl.;.CX.-phenylethyltin tri-

chloride. 

Both ~{Sn-C) and v(Sn-0) vibrations are expected 

to absorb in the range ..,..400-600 cm-1 • .Y (Sn-C) is probably 

rather weak in these complexes. In addition to ~(Sn-C) 

stretching modes, one other strong absorption band should 

found at ~520-540 cm-1 • In the present compound a strong 

absorption band at 570 cm-1 and a medium band at 550 cm-1 

are found and may be attributed to absorptions due to 
' 

'))(Sn-0) and V{Sn-C) vibrations respectively. Beside 

these a strong .absorption band is seen at 510 cm-1 which 

is possibly due to ~(Sn-C) stretching modes. The said 

-1 -1 -1 bands at 510 ern , 550 ern and at 570 ern are found 

absent in the starting material benzylideneacetone which 

is also expected. 

The spectrum of fl-acetyl- 0( -phenyl ethyl tin tri-

chloride recorded with the help of potassium bromide disc 

provides some assignment for~{Sn-Cl) absorption frequencies. 

The two strong absorption bands at 300 crn-1 ( v ) and at s . 

325 cm-
1 

( vas) may be assigned for absorption due to 

~(Sn-Cl) since v(Sn-Cl) is found to absorb in the region 

~290-350 cm-1 • These two bands are found absent in · 

benzylideneacetone which is expected. 
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The products obtained from the reaction of dibenzyl-

ideneacetone, stannous chlori~e and hydrogen chloride could 

not be characterised conclusively. However some indications 

. about their structure could be suggested from the studies 

carried out so far. Like the products obtained from the 

reaction of benzylideneacetophenone or benzylideneacetone 

~ith stannous chloride and hydrogen chloride, a light 

yellow crystalline product having a melting point 120°C 

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 elemental 

analyses corresponding to a molecular composition of 

c17H15osncl
3

• The infrared spectrum of the compound (Fig. 12 ) 

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 1-6.1.0 cm-1 and 1630 cm-1 indicate the presence.of 

CH = CH group, whereas a strong band at_.. 1550 cm-1 shows 

the presence of coordinated carbonyl group. The strong· 

-1 -1 bands at 680 em and 740 em . are due to phenyl group 

deformation modes. The band at 560 cm-1 indicates the 

presence of v (Sn-C) absorption bands wl!.ereas band at 

590 cm-l may be due_tov(Sn-0) absorption. There are three 

bands at 290 cm-1 , 330 cm-1 .and 390 cm-1 which indicate 

the presence of ~ (Sn-Cl) bands present in the compound 

c17H15osnC13 • 
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The main products from the above reaction were one 

yellow pov-rder (m.p. 155°C) and the other red powdery product 

(m.p. 160°C). On ·the basis of elemental analyses, the 

yellow product had a molecular formula of c51 H41 o3snCl 

while the red product 'corresponded to c68H54o4sn2Cl2 • 

The IR spectra of these two compounds give some 

indications of olefinic dolifule bonds. In the spectrum of · 
1 . 

yellovl compound (Fig. IS' ) the abso.rption at _...1650 ern- (sh) 

probably has been merged with the strong carbonyl absorption 

at 1610 cm-1 • In the spectrurn of red compound (Fig. JG ) 

there are b;o bands at 1630 cm-
1 

ancl at 1645 crn-1 in 

addition to a strong band due to carbonyl absorption ·at 

..;1 
1595 em • The strong phenyl deformation modes are found 

to appear at usual positions (~vi th the yellow compound 

690 em 
-1 -1 

and with the -1 at 765 em red compound at 700 em I 

760 -1 
and 770 -1) em em • The · v (Sn-0) band appears at 580 em 

I 

-1 

-1 and at· 550 ern for the yellow and red compounds respectively •. 

The yellow compou:rl_d shows two bands for :v (sn-Cl) absorption 

at 320 crn-1 ( v ) and 380 crn-l { v ). 
s as 

The IR spectra of thiocyanate derivative of the yellow 

product obtained from the reaction of dibenzilideneacetone 

and HSnC1 3 are closely similar except the thiocyanate deri

-1. 
vative has a -strong band at 2030 em for SCN group. The 

-1 1670 em peak of diphenyl carbazonate indicated the f'ission 

of coordinated carbonyl group of the original yellow 

chloride. 



11 

From the 
1

H NMR spectrum (Fig. 8 ) at 360 MHz 

of P-benzoyl-0( -phenylethyltin trichloride the fOllowing 

observ~tions can be made. For convenience the aliphatic 

carbons are.marked as c1 , c2 , c3 and two phenyl rings as 

ring A and ring B {V). 

m' 
I p 

I m H· 

0 

Cl 

v 

The methine proton (C 1 H) appears at ~3.77 which .•. 
has vicinal coupling with the two adjacent magn~tically 

non equivalent methylene protons (C2Hs) with the coupling 

constants (J values) 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 equivalent 

methylene protons (C2Hs) appears at ~ 3.85 which has· 

geminal coupling with other methylene proton and also 

vicinal coupling with methine proton (C'H) with the 

coupling constants (J values) 18.9 and 8.3 ~ respectively. 

Here also coupling results doublets of a doublet in the 

splitting pattern. 

The other methylene proton appears at ~ 4.13 and 

such a prot.o~ fac~s geminal. coupling with rest ·of the 

methylene proton (C
2

H) artd also vicinal coupling with 

methine proton (C1H) 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 during 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 

protons, 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 the 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 o8.26, is integrated for two ortho 

protons· and the coupling constant for each is --8.1 Hz 

(being ortho coupled). The splitting pattern at ~ 7.83 

shows like a triplet which is 'possibly resulted from 

doublets of a doublet 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 for each 

ortho coupling. Again the set at 6 7. 63 shows .like that of 

a triplet which is again due to net result of coupling 
. . 

due to meta protons (6rtho coupling.) 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 accounted. The resultant inten

sity of these sets are also in tne orde~ 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 splitting. 

The ring A aromatic protons of the compound 

resonance as multiplet in the region b7.08-7.37 of which 

ortho protons possibly appear at 7 •. 11 as doublet along 

with very fine meta splitting 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 

j3-benzoyl- oC.-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 somewhat deshielded 

due to presence of carbonyl group attached to the· same 

methylene carbon atom from those ·of the compound of the 

type RR'CH2 {R, R1 = alkyl group) where ~ is 1.3 ( 2.18 ). 

In general the presence of carbonyl group (i.e. compound 

of the type RCH2COR') increases the~ value from the range 

1.3 to 2.4 { ~~~ ). Further similar saturated estertin 

compounds are found to possess the chemical shift for 

methylene protons in the range 2.35-3.33 ('2.$).· Therefore. 

further deshieJ.ding effect in f3 -benzoyl-q_-phenylethyltin 

trichloride may be attributed to the presence of phenyl ' 

substitution. Though methine proton is most shielded one 

yet there is also some deshielding effect is found by 

comparing its chemical shift with other methine protons in 

similar saturated aliphatic estertin compounds with 

S1.2-3.66 (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 con~· 

taining protons in the suitable position so that tin 

nucleus may couple with the proton, the complexity in 

the resulting spectrum is found to arise due to 117/119 Sn 

satellites (Fig. 8 <N ) • Many of these data have already 

been reviewed. In most cases it holds that 13JC119
sn

1a)l> 
[2J{

119
sn1H)I 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 which 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 

119 coupling path-way sn-C-C-, the relative order. of 

magnitude of coupling constants for tin nucleus with the 

protons are as follows: 

In the system , the value pf 

119 1 Sn H coupling shows the following values. 
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Though the system of present· compouridfo-benzoyl

~-phenylethyltin trichloride is somewhat different yet 

there is a similarity among. the said two systems·. 

In f3-benzoyl- 0(-phenylethyl tin triqhloride there 

is some sort of restricted rotation for which vicinal 

and geminal coupling arises as indicated by 360 MHZ 

1H NMR spectrum. Hence there should develop following types 
11 7/119 1 . .11 7/119 

of Sn H coupl~ngs 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). 
part~cular . Sn H 

119 1 
The Sn nucleus couples with HB giving rise to 

firstly a ·doUblet with a coupling constant (calculated by 

measurem€mt from the scale) ··!3J(119sn1H) I . = 220 Hz, 
Trans . 

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 1H faces interaction with 1H and hence each of the C A 
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doublet gives rise to quartet. Therefore in total 

119sn1HB interaction gives rise to oc''tet. Similar is the· 

case with 117sn nucleus whose splitted signals are very 

near by to those of· signals of 119sn with close 

I 111 1 1 3J( Sn H) Trans value. 

In the same fashion the value .hJ<119
sn

1
H) I Cis = 

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

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

. 119 1 Slgnals of doublet due to· Sn He is splitted ultimately 

, 1H 1H ' t t' d 1 1 . t t' . to a quartet due c 13 ln erac lOn an HB HA ln erac J_on 

(since 1~ ~f 1Hc 
1 1-13 interaction undergoes interaction . 

with 1HA) and hence a total of octet for net 119sn1Hc 

interaction. 117sn1H interactio~ gives rise to octet c 

which is very close to octet obtained for 119sn1H interac-. c 

tion and hence giving nearly .same value for coupl-ing 

constant J. 

For 
119

sn
1

HA interaction the value j2J(
119

sn1H) ~~ 
110 Hz is obtained which is also comparable to reference 

compound L-(cH
3

Sn) 2c = CH2 _7. In this case also the 

formation of quartet from each signal of the doublet 

due to 119sn1 HA interaction and finally a total of octet 

due to net result of interactions (due to 1 HA1~ and 

1Ha 1
Hc interactions). Similarly 117sn1HA gives rise to 

bvo 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 117sn
1

HA interaction is very close to 

119sn1HA interaction and hence giving rise to nearly same 

value for coupling constant (J value)~ · 

Hutton et al (265) also reported similar_J{Sn-H«) 

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

Compound J~Sn-Hoc ") J{Sn-Hp )' 

Cl
3

SnCH2cH2COOCH
3 

102 Hz 186 Hz 

Br
3

SnCH
2

CH
2

COOCH
3 

92 Hz 192 Hz 

Cl
3

SnCH2CH2COOC4 H9 
118 Hz ·209 Hz 

r .. = .. :. 
Cl3·snCH2C~COOC 6H5 

112 Hz 221 Hz 

;- All the reported values in this table are the mean of 

the 117sn-H and 
119

sn-H coupling constants_/. 

(Fi~ II) 
From the 

1
H NMR spectrum~at 80.13 MHz of 

~-acetyl- o(-phenylethyltin trichloride the following 
-

observations can be made. With_the present compqund 

individual. interaction of different protons can not be 

interpreted since here the resolution has been carried . 

out at S~'taMHz as compared to resolution of f3 -benzoyl- 0( 

-phenylethyltin trichloride at 360. MHz. 

H~1ever in the spectral pattern there are four well 

defined resolved peaks are found in the range-~1.7-3.52, 



-i 
1 

'9 

-~-

105 

which may be attributed to aliphatic protons. Of these 

methyl protons are likely to appear at b 1.7. The methine 

proton and two magnetically non equivalent methylene 

protons constitute a set of aliphatic protons. These three 

protons appear at h 2. 4S, 2. 7, 3. 52. Since the spectrum 

has been recorded at 801~~, further comments about the 

individual position of these three protons in the spectrum 

is not possible. The integration curve for these three 

non equivalent protons also shows their ratio as 1:1:1 • 

Of course possibly methine proton appears at ~ 2. 45 

since it is most shielded among these three. 

The aromatic protons of the compound resonance 

as multiplet in the region ~ 6. 65-7.7. Due to the appearance 

of these protons as an aggregate, the individual inte~ 

pretation of these have not peen attempted. 

The overall spectral pattern is satisfactory to 

explain the proposed molecular strucuure of the compound. 

The presence of signals due to interactions of 

117/li9 - . 1 
Sn nucleus with protons is absent in H NMR spectrum 

.. 
at 80.13 MHz of (3-acetyl-0(-phenylethyltin trichloride_ 

and hence their interpretations are not possible as given 

in case of corresponding compound {3-benzoyl-OC.-phenylethyltin 

trichloride where a high resolUtion 
1

H NMR spectrum (at 

360 MHz) has been recorded. 
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. 1 ) From the H NMR spectrum (Fig. 13 at 80.13 MHz 
(). · Co..YbonyL · 

·of J""-styryl"- 0< -phenylethyl tin trichloride in CDC13 
solution the following observations can be made. From the 

nature of the integration curve, it seems that possibly 

methylene prptons appear at b3.6, methine proton appears 

at ~1.8. The aromatic and olefinic protons appear in 

the range \ooO""_b6.9-8.25. The integration due to olefinic 

protons is not clearly·identifiable in presence of the 

aromatic. protons and therefore the integration for aromatic 

and olefinic protoris are taken together. The observed 

ratio for arom~tic and olefinic protons : methylene 

protons : rnethine proton is approximately 12:2:1. The 

ratio suppprts the proposed molecular co~osition where 

there should be ten aromatic protons, two olefinic protons, 

two methylene protons and one methine proton. 

The interpretations of interactions of ~l?/ll9sn 
· c.o.:rl>onyL 

nucleus with protons in the compound J3 -styryl,..- o( -phenyl-

ethyl tin trichloride are not possib'le due to same reason 

as mentioned_ in case of (3 -acetyl- Ol-phenylethyl tin 

trichloride. 

The broad'band decoupled 13c.NMR spectrum (at 

90.56 MHz) of /3-benzoyl-c:(-phenylethyltin trichloride 

is shown (Fig. 9 ) along with the proton coupled 
13 . C -NMR spectrum at the top. The spectrum was recorded 
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with CDC1
3 

solution of the compound. 

In the fully deccupled spectrum of the compound 

there are eleven resolved peaks which ape at ~ 40.74, 

43.66~ ~~7.25, 127.71, 129.42, 129.58, 130.16, 132.71, . 
.e. . -

13 6. 8 7, 13 7.11 and 2 03. 03. Each of the :rlaks at ~ 12 7. 2 5, 

·129.42, 129.58, 130.16 is integrated for two carbons 
·. 

and therefore accounting the total -of fi teen carbons (VII). 

The multiplicity for each carbon have been assigned from 

the fully proton decoupled spectrum, which are as follCMs. 

Singlet 

Doublet .: 

Triplet : 

at S 132.71, 136.87, 203.03 

at ~43.66, 127.25, 127.71, 129.42, 129.58, 

130.16, 137.11 

at~ 40. 74. 

The assignment of 13c chemical shifts of this 

compound is .shown as follows. ( vr!) 

1'1'v~r 12. r·l~ 

j ,'3~,. en 
43''-" Llo·1t, 

H-----"'C H2 

I:?.r•fl 

VII 
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As in the case of high resolution 1H NMR 

Spectroscopy of the organotin compounds 1171119sn 
. . . 117/119 1 satellites are obta2ned ~n the. spectrum due to Sn H 

interactions, during 13c NMR spectroscopy of the organotin 

compounds also give rise to satellite peaks in the spectrum 

(Fig. ~ ) due to 117/ 119sn 13c interactions • 

.. 
In the present case i•e· with the compound 

{3-benzoyl- 0(-phenyle~hyltin trichloride 13c ~MR spectrum 
. . 117/119 (at 90.56 MHz) supplies· the following data for · Sn 

13c interactions. For the ease of representation the 

carbon atoms of the compound are numbered {VIII). 

o, 

m, 

o, 

m, 

H I 
J~-~-2 

-I 
H 

Cl3Sn< 0 

VIII 

0~ 

in 2 
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11J(119sn 13c 1 )\ = 800.1 Hz; I1J(
117

sn 
13

c
1 >\ = 76~.5 Hz; 

\2J(119sn13c2) I= 27.0 Hz; I2J(119sn13c4)\ = 93.6 Hz; 

13J( 119sn13c 3 ). I= 106.8 Hz : I 3Je~ 9s~3c~) I .= 68.7 Hz; 

14J c119sn13cnf11 = 34.6 Hz; I
5J(119sn13cP2) I= 43 .• 2 Hz. 

Since the long range couplings nJ <119sn13c) (n-q4) 

become comparatively less important, the values of coupling 

constants (J values) of 119sn nucleus with the carbon 

atoms of the phenyl ring attached to carbonyl carbon 

atom are not recorded. 

. . 13 
The prot~n decoupled c NMR spectrum (Fig. 14 

.. · .. of the CDC1
3 

solution of the compound ( P-styryl . ·, 

carbonyl- o( -phenyl ethyl tin trichloride) was·' taken at 

20.15 MHz. From the comparable position of the peaks in 

the spectrum of this compound with those in the spectrum 

of P -benzoyl- 0( -phenylethyltin trichloride following . 

similarities in peak positions are observed, on the basis 

of which some structural interpretations of the present 

compound are made. 

Carbonyl carbon of dibenzylideneacetone compound 

appears at b201.99 compared to the compound of benzylidene

acetophenone which appears at b 203.03. The methine and 

methylene carbons appear at b 43.66 and 40.74 with the 

f1-benzoyl-O( -phenyiethyltin trichloride and methine ·and 

methylene carbons in the similar compound of dibenzylidene-
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Co.Ybol'ly{ 
acetone, f3 -styrylA' o<.-phenylethyl tin trichloride appear 

at ~ 43.39 and ~ 42.76 respectively. The aromatic carbons 

in the said two compounds range h 127.25-137.11 arid ~ 127.19-

137.02. Beside these, two new resolved peaks in the 
13c 

NHR spectrum of dibenzylideneacetone compound appear to 

which there is no corresponding peaks in the 13c NMR 

spectrum of similar compound of benzylideneacetophenone. 

These new peaks are at b 152.08 and ~ 121.71. These two 

peaks are attributed to two olefinic carbons of which 

olefinic carbon adjacent to carbonyl carbon is suggested 

·to account for the position b 152. 08 and the other (which 

is adjacent to phenyl ring) for the position b121.71 in· 

the spectrum. 

119sn NMR spectrum could be recorded for only· 

P-benzoyl-~-phenylethyltin trichloride. The spectrum was 

recorded at 134.294 MHZ with tetramethyltin as standard 

in a Bruker Spectrospin (360 MHz) NMR Spectrometer at 

Hi(! a, u.s. s. R. The spectrum of the sample ( fi -benzoyl-: 0( 

-phenylethyltin trichloride) was recorded in CDC13 
solution. 

119 .. 
The Sn peak appears at b -154.7 (Fig. g ). 

Appearance 119 of Sn 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 

suggested for -~ -benzo~yl:f- CX-phenylethyltin -trichloride. 

The IR spectrum gives a str.ong band at......, 1605 cm-1 

indicating the coordination of carbonyl group to tin •. 
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The molecular structure of f3 -benzoyl- o(-phenyl

ethyl tin trichloride may ~e suggested as follmvs (IX). 

IX 

In the molecule of ~-benzoyl-· o(-phenylethyl tin 

trichloride, similar resonating structures may exist as in 

the case of phenyl esters {Structure III and IV)~ However, 

'Ari th the present compound, the resonating structures are 

not exactly sirrilar to those of phenyl esters. The resonance 

hybrid \vith the present or0anotin trihali<'le can be represented 

as follovls (X). 

0 

X 
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In the similar fashion, the molecular structure of 

/3-acetyl-r::J.. -phenylethyltin trichloride may be suggested. 

(XI) • 

.. /c~ o-r ~~-CH3 
CL 3 Sn 0 

XI 

The structure of monomeric organotin trichloride 

( J3-s~ryl.._,carbonyl- 0( -phenylethyl tin trichloride) derived . ' . 

from dibenzylideneacetone is also possibly similar to 

structure IX and structure XI having intramolecular 

carbonyl coordination to Sn atom as indicated by the 

lower carbonyl absorption frequency than ~sual expected 

value in absence of such intramolecular coordination. The 

presence of tin-chlorine bond is also indicated by .Y(Sn-Cl) 

absorptions at 290 cm-1 , 330 cm-1 and 390 cm-1 in the .. 

far infrared spectrum. Moreover 1H NMR spectrum of the 

compound indicates the presence of one methine proton, 

two methylene protons and twelve protons in the aromatic 

region (possibly teri aromatic protons and two olefinic 

protons) and thus accounts fifteen protons in total within 

the molecule. 13c NMR spectrum shows clearly the presence 

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

and 

the 

Thus considering the data of elemental analysis, 

the _over~ll pattern of IR, 
1

H NMR and 
13c N.MR spectra, 

_ CCl-vbo..,..,yL _ -
structure of }1-styryl-«-phenylethyltin trichloride 

A , 

may be reasonably suggested as follows (XII). 

( ·~ r(~~-CHo=CH-0 
Cl3S-n 0 

XII 

As discussed- before the major reaction products 

obtained from the reac·tion of Dibenzylidene acetone and 

HSnC1
3 

under different conditions were a yellow compound 
- 0 - - 0 

(m.p. 155 ) and a red compound (m.p. 160 ). From the 

elemental analyses the empirical formulae c
51

H
41

o
3

snCl 
- "' . 

and c 68H
54

o
4
sn

2
cl

2 
may be assigned. The yellow compound 

gave a thiocyanate corresponding to c 5:tH
41 

o
3

S11S:CNhaving 

a melting point 75°c. Moreover, one 1.5 diphenyl carbazonate 

of yellow compound was isolated Cm.p. 120°) corresponding 

to c
51

H41 o3
Sl'L __ ~ c 13H

11
oN

4
). The IR spectra of red, yellow 

chloride or yellow thiocyanate are closely similar except 

the thiocyanato derivative, which had a very strong band 

-1 1 
~2010 em for -SCN group. The H NMR spectra of above 

mentioned red, yellow chloride and yellow thiocyanate were 

found to be nearly identical. 
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In IR spectra as indicated earlier the presence of -

olefinic linkage ·in both red and yell~~ compounds were 

obtained. Moreover there might be in molecular coordina-

tion of carbonyl group/groups to tin atom(s) for red 

and yellow chloride and }ZGllow thiocyanate compounds. 

So far we are not in a position to assign any 

definite structures for any of these compounds due to 

lack of a satisfactory explanation of 
1

H NMR spectra 

obtained for these compounds. These compounds may have been 

formed by the elimination of hydrochloride molecules from 

the light yellow-crystalline compound (m.p. 120°~ of the 
Qft .. 't 

following type (XIII) ape reaction. 

XIII 

'tlith more molecules of dibenzylideneacetone, 

we at best can venture to suggest the structures like the 

follOiving: ( XiV , XV) 

0-rtt-CHzc-CH=CH--o 
s ~ - ~ Q· c/1""-.·~ 

- /c~ eL c~cH - -
o~c 'c o 

. ~c~ el c rcH_n 
\d'- c-.__ I / - \:d 

Sn 0 
I II o--CH -c\-\2.-~-Cl-h::C\1-o 

' ) 

R~cl comJ;~ou:nd 
(7t!.p. 16'D~c) 

XIV 
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)fe ttow c.ompou:nd ( m.P. I fJ5'" c) 

~ H H H 
E\\ G I .I l 
~ \ c- c--('.:======c _17\\ 

~II .. ~ 
ft (s('==t~ 
~~~ X II \d HI <;-H 

0 c ~ 0 
J· I 

H-e C--H 

Q-~-H. H~~-Q 

X ~ s c N ' HDPC 

XV 
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Hutton et al (265) suggested two mechanisms for 

the formation of estertin compounds of the type as follows 

(XVI). 

H H 
I I 

R-C-C~ C--DH' 
I ~ II 

Ct-Sn O 
/l 

Ct Cl 
X VI 

(R = H or alkyl 

R 1 = alkyl) 

(A) The primary step in the chlorostannation reaction 

in the in situ reaction conditions (in non polar and 

possibly in all solvents) was monomer solvation of hydrogen 

chloride. The solvated hydrogen chloride then reacted 

with stannous chloride to give 

monomer HSnC1
3

• aggregate 

which_ then collapsed by the attack of c1
3
sn at the ' 

/3-carbon atom of the ester group. The complete reaction 

sequence for DSnC1
3 

·and methyl crotonate \vas represented 

as follows. 
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. Sn~L-2. 

CH~oOCHa 
&- ,' 

Ct3Sn-· -D' · 
oCH3 

~0 L 
Scheme I 

The above mechanism (Scheme I) represented a 

tin hydride addition to a '-c = cl double bond with the - . I \ 
.5- b+ 

Sn-H polarisation of the tin-hydrogen bond. The HSnCl
3 

provided a unique example of a tin-hydride species react-

ing in this fashion unlike all the previous tin hydride 

additions which had been either by free radical or with 
§+ 6-· 

the Sn ·----H polarisation of the tin-hydrogen bond. 

achieve 11 Cis 11 addition to the double 

bond, ketonisation of the enol interrnediatejcH~CH~ 
· L cL3Sn t>p J 

In order to 

must occur by an intra-rather than an intermolecular 

process. The latter process wculd almost certainly result 
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in 11 trans" addition, by analogy with the addition of DCl 

to~,~-unsaturated esters, in which the final ketonisation 

step was catalysed by ·other DCl molecule. Here in this 

case,· the deuterium transfer might be assisted by a 
"' 

chlorine atom of the -snc13 group. 

The inactivity of the isophorone was explained on 

the basis of the unfavourable geometry of the complex, 

since the s~c1; entity would be located too far from the 

active site as shown below. 
H 

0 
IJ M+ HSnC.l3 

Scheme II 

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

su~gested by Hutton et al as an ·alternative equally probable 

mechanism. · 
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RO\ /OH 
c 
·II 
CH Cl 

\

. Sn 3 , 

ct 2. 

Scheme I:Q 

119 

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 qurrent investigation the attempt to prepare 

such substituted tin chlorides, was based on the use of~~ 

~-unsaturated.ketones of the form c6
H

5CH = CHCOR (where 

R stood for ... c
6

H
5

,. -:-CH
3

, -CH = CHC
6

H
5

). 

The course of the reaction between benzylidene-

acetophenone (chalcone), hydrogen chloride and stannous 

chloride may be explained as follaNS in the line of Hutton 

et al 1 s work under the subheadings (C) and (D). 
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(C) 

·p\ ~-

~-::· 

HC.L ----? 

Scheme rJ 

120 

f. -- .. 

I ' ' . ._ __ _J··a'f- •• 
~~ ,o 

C.L·- -H·' 1 SnCl2 

Q 

(D) A concerted mechanism for the formation of 

f3 -benzoyl- 0( -phenylethyl tin trichloride may be also 

·suggested as shown below. 

Scheme V 
,. 
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Apparently such a mechanism does not involve any 

f r~e hydrogen chloride and hence according to this mechanism 

the reaction should proceed equally well in absence of 

excess amount of free hydrogen chloride after the fonnat.ion 

of trichlorostannane from stannous chloride and-hydrogen 

chloride. Practically the reaction could not be carried , 

out after removing-completely the free hydrogen chloride 

from the reaction mixture, but it was noticed that the 

course of the reaction and hence the yield of the final 

product at least remarkably influe~ced by the amount of 

free hydrogen chloride in the reaction mixture. Some amount 

of free hydrogen chloride was found very much essential 

for the good y~eld of the final compound. This necessity 

of excess amount of free hydrogen chloride can be explained 

by considering the following·reaction: 

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. 
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Beside these two mechanisms, a third ionic mechanism 

can be put forward to explain the formation of fi-benzoyl- ot 

-phenylethyltin trichloride. Though·apparently the ionisation 

of HSnc1
3 

(formed from the reaction of hydrogen chloride 

and stannous chloride) as 

may not be probable in non polar solvent, yet at least 

a part of HSnC1 3 may suffer sucp ionisation.in ether 

medium, and this is due to presence of lone pair of 

electrons on oxygen atom. Moreover it was found that the 

amount 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 

decrease in amount of solvent, though the reactants still 

remained dissolved in the medium. Hence the participation 

of the ether molecule in the reaction mixture may be of 

significant importance. Probab1y ether molecule form an 

equilibrium with the HSnCl3 molecule as follows 

Scheme VI 
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The reaction mechanism for the formation of 

'jl-benzoyl- ~ -phenylethyl tin trichloride may be indicated 

as follows: 

Q--cH=CH-~~--Q 
0 

o-r-CHz~-o 
eL3Sn ° 

o-r-CH=r-o 
eL3Sn OH 

Scheme VII 

This mechanism is very much similar to Nichael type 

aGldi tion reaction ofo( 
1 
~-unsaturated carbonyl compounds 

( .300 ). 

As this reaction proceeds on, the concentrations 

of H+ and SnC13 decrease in the reaction medium due to 

their consumption and hence as a result further ionisation 

of HSnC13 is effected to form the ft -benzoyl- OC-phenyl-

. ethylt·in trichloride in quantities. 
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The mechanism of formation of fl -acetyl-o(-phenyl

ethyltin trichloride may be similar to fl-benzoyl- c(-phenyl

ethyltin trichloride as per mechanism (C)/(D)· though the 

yield of the ccmpound was extremely poor. However, 

J3-acetyl-.o(-ph~nylethyltin trichloride can be obtained 

in reasonable yield by the reaction of· trichlorostannane 

and benzylideneacetone. As suggested in case of chalcone, 

the following mechanism may also be suggested in the 

pre sent case. 

o-r-CH1-CH3 

Clfm ·. 0 

Scheme Yill 
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The react·ion between dibenzylideneacetone, stannous 

chloride and hydrogen chloride yielded complex products~ 

The formation of the complex products may be due to the 

presence of two olefinic systems in the qibenzylidene-

acetone molecule. It is most likely that the second 

trichlorostannarte molecule can not add to dibenzylidene~ 

acetone molecule 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, e.g. 

- C - CH 

·11 
0 

=CH-CH. 
6 5 

which may be formed by a mech~nism as suggested in 

earlier cases. The major products of the reactions were 

an yellow proouct of the compositi~n c 51H41 o
3
snCl and a 

red product of the composition c68H54o4sn
2
cl2

• None of 

these two compounds could be characterised properly. Hence 

no mechanism for these is suggested here. 
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Lewis acic.ity of Qrganotin Compouns: 

Tin, the element having atomic number ·so, is a 

member of group IVP.. of the periooic table ·with an electro

nic confiquration. £Kr_/4d
10

ss
2

p
2 

in the ground stdte (1). 

The common four covalent state is-derived from sp
3 

hybrioisation. The four covalent stateoccurs for more 

fequently than ·the two covalent state and most of the. 

organotin compcuncs possess a four covalent tin atom in 

simple compounos. 

T{n differs from the lighter group IVA element in 

that its d-orbitals are of sufficiently low energy for 

them to be frequently used in bending so that tin can 

readily expand its coordination number above four. As a 

consequence of this, many organotin compounds exhibit 

considerable Lewis acid character and can form stable 

adducts with a number of Lewis bases. Moreover reactions 

involving nucleophilic attack·at tin are facilitated by 

the formation of coordinated~intermediates which, however, 

unstable, lower the energy of transition sta·te. The 

coordination chemistry of organotin compou~ds, was dis-

cussed by Poller ~2) in 1965 and by Gielen and Sprecher in 

1966(3). 

Organotins can form a large number of complex 

compounds with suitable donor and chelating ligands. The 

presence of an organic group in a molecule usually 
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diminishes the tendency of organometallics to form complexes 

and hence the observed stability of the complexes should 

decrease as follows : MX
4 

') RMX
3

) R2MX2 > R3 :MX )R4M. The 

ccnfiguration of the complexes readily follows from the 

type of metal hybridisation involved. In R4M complexes 

sp3-hybrid orbital exist and tetrahedral configurations 

. -2 . 
are attalned. In MX ,- the other limiting case, the six 

6 
sp3 d

2 
- hybrid orbitals of the metal are directed towar~s 

the ligands so that the resulting complex will be octa

hedral. ~vhen only one monodentate ligand adds to an 

organotin ·molecule, a trigonal bipyrarnidal complex ·(co

ordination nurriber five) may be formed through the parti

cipation of the sp
3

d hybrid orbitals of the metal. A 

number of compounds have been described by Beletskaya, 

But in, Ryabtsev and Reutov · .C 4) 't~hich show agreement with 

these simple rules, although iri many cases, the structures 

mentioned are often distorted, due to the different nature 

of the ligands in an organometallic complex. 

Organotin.adcucts and related compounds: 

The readiness with which the stannic halides aorm 

thermodynamically stable adducts of the ty:pe snx
4

.2L 

(L =· ligand) with Lewis bases is well known ·(5). Organotin 

compound acts as a Le-1-vis acid to react with electron pair , 

donor i.e., Lewis base to form addition compound. Mono-, 

di- and triorganotin compound can form adducts with mono-, 

di- and polydent:ate ligands. The acceptor strength of 

organotin compounds is dependent on many factors, viz., the 
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nature of the ligands, the organic groups, the substituents 

· attached to tin etc. As pointed out earlier, the stability 

of organotin halides to form adducts increases in the 

order R
3

SnX (R
2

snx2 (Rsnx
3 

{6, 7) • The acceptor strength 

of a series of (CH3 ) 3snx compounds is found to be propor

tional to the electronegativity of the substituent bonded 
. -

on tin (8). The stronger the.electron attracting power of 

the substituent, the less the electron density around tin 

and the acceptor ~trength increases accordingly. Thus the 

order of acceptor strength of the (CH
3

)
3
snx moiety is 

F Cl- Br- I-. The apparent acceptor strength depends 

also on the nature of'the donor (7). 

It is widely accepted that tin (IV) is a class A 

acceptor (8) and using the ·"Hard and Soft Acids and 

Base;;" (HSAB) concept {9), it is a hard acid. The presence 

of organic groups on tin may confer some softness (10) 

and organotins sometimes show characteristics of class B 

acceptors towar~s certain ligands (3) but generally it is 

believed that in organotin complexes tin retains its class 

A .(hard acid) character. Thus, trimethyl tin chloride 

forms more stable adducts with oxygen or nitrogen donors: 

than it does with corresponding sulphur or phosphorous 

compounds (11). However, in our laboratory, reaction of 

the following type were carried out.· 

RSnL + L 1 ~R SnL 1 

3 + L 
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(where L = Diphenyl· carbazone, substitu~ed hydroxamic acids, 
' . 

a-hydroxyquinoline and L' = Dithiz.one) indicating the soft 

acid character of the organotin compound. Organotin compounds 

may, therefore, be considered ·better as a border·l.ine case 

between hard and soft acid. 

· 1:1 adduct of HMPA (hexamethyl phosphoric triamide), 

DI-1SO (Dimethyl sulphoxide), Phen 0,10 phenanthroline) ·with 

' R
3

SnX (R:: CH
3

, c
6

H
5

, X:: Cl, Br, I, N
3

, CN, N0
3

) have been 

prepared by several workers (12-14). {C~H5 ) 3 ~·nN?3L {L =. 

HMPA, D~~O, Phen) adducts were found good electrolytes in. 

absolute alcohol. Evidence for coordinated nitrate group 

in these complexes comes from IR data and these· compounds 

have been suggested to be penta coordinated from the 

Mossbauer Spectra (14). ,A large number of 1:1 adducts of 

(C
6

H5 )
3
snCl >vith substituted pyridine ·-N-oxide are known 

(15) and the stability constants of ~~3 snCl~L ·adducts have 

also been measured (16). Triphenylphosphine oxide, 

triphenyl arsine oxide can also form adducts with R
3

SnX 

(R = CH
3

, c
6

H
5

: X:: Cl, Br, I) (17,18,19).-

The complexation of (CH
3

)
3
snx :{X= Cl, Br,I) in 

donor solvents e.g. a9etone, dioxan, dimethyl ether, pyridine, 

Dt-W, Dr-:so and tetramethyl ethylene diamine {20) and also 

its adduct formation with 2,2'-bipyridyl or 1,10-phenan-

throline in inert solvents like be~zene have been studied 

(21-23). Among these the structure of Me 3snCl.bipy,was 

studied by Rechie et al (24). Smith (25) also reported B1e 
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(c
6

H
5

)
3

snCl complexes with 2,2'~bipyridyl and 1,10-

phenanthroline. Srivastava et al reporte_d {c6H5 ) 3Snl_'J.CS.L 

(L = H
2

NcH
2 

CH2NH
2

, 1-methyl 1-2-pyrrolidinone, 2-amino

thiazole etc) (26) and Ph
3

SX:NCO.L (27) (L.= phenanthroLine, 

D.MF, (c
6

H
5

)
3
Ps etc) _addu~ts. They also- prepared R 4sn.x4_n• 

mL (R = ~H3 , ·c
6

H
5

, X= Cl, Br; n = 1-31 m = 1-2; L = urea, 

tetramethyl urea) compounds (28). Narula et al (29) reported 

the 1:1 adduct-formedby_so
3

.and (R3Sn) 2o (R= c6H5 , 

C3H:7, ·C4H9). 

Smith and Liengme {3 0) p-repared and studied the 

crystalline solid adducts (CH
3

)
3
SnCl.L; (C6H5 )

3
SnCl.L 

(L = I and II); ·(c
6

H
5

) 
3
sn (NCS). L ~L = I) -where 

I = 3- f:-2- (1,1 0-phenanthrolyl) _7-5,-6-d_iphenyl 

--1, 24-triazine. 

II= 3- L2-(1,10-phenanthrolyl) _7-5,6-dimethyl 

1, 2, 4-triazine. 

Diorganotin dihalide also form adducts with a number 

of ligands viz. pyridine (py), bipyridyl (bipy), phenan

throline (phen), terpyridyl (terpy) etc. {23,31,32). 

Although with diorganotin dihalides and diisothiocyanates, 

1:1 adducts are formed with 2,2 1 -bipyridyl, diphenyltin 

diisothiocyanate forms 2:1 adduct. LPh2Sn(NC0) 2 _7 bipy 

(33). By contrast to the ion pair product from dimethyl_ 

tin dichloride (34,35), dimethyl tin diisothiocyanate forms 

a seven coordinated adduct with terpyridyl (36). 
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.The adducts of diorganotin compounds with a number 

of donor ligands like pyrazine (37), terpyridyl amine (38), 

bipy.o
2 

and diphops.o2 (14), dimethyl formadide (39), 

(C H
5

) PO (18), phenanthroline (40) etc. have been reported. 
6 3 . 

The oxygen donor ligand, DMSO forms 1:2 adducts 

with dimethyl ( 41) and diphenyl tindichloride ( 42,43) in· 

which the diorganotin group is in a trans, or cis~ 

octahedral c:'rrangement. Srivastava et al (44) have reported 

·adducts Ar2snC1 2 .ni ~Ar = c6H5 , o-, ~ and p-tolyl; ~ = 
mono- , di- and triethanol amine (MEA, DEA and TEA); 

n = 1 for MEA and DEA and n = 2 for TEA. Adducts of the 

type RPhSnC12 .L (R = CH
3

, c
2

H
5

, n-C
4

H
9

, Benzyl and L = 

bipyridyl-and phenanthroline) was reported by Jaura 

et al (45). Smith et al reP,orted compounds of R
2

SnX
2 

with 

1,10-phenanthroline, 2-i'-bipyridyl and triazine (46) 

which were shown to be octahedral structure with traris 

groups • 

. · The adduct of RSnX3 with a number of ligands like 

(C 6H5 ) 3PO, C6H5N and DMSO {47) and bipy, phen and 

tetrapyridyl (21,23,48,49) have been reported by several 

workers-. 

Narula et al (50) reported the adducts of the 

type c2H5SnCl
3
.L', c2H

5
SnC1

3
.LL 1

, SnCl
4

.L'' and SnC1
5
.L" 

(where L 1 = (Ph
3

Sn) 2 o, (Bu
3
sn)

2
o and L" = Bu

2
sno). Tanaka 

et al (51) and Cunningham et al {52) prepared and studied 

the structure of several other organometallic compounds. 
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Organotin coordination compounds with bi and polydentate 

·rn last three decades ·or so, extensive work have 

been- carried out_ in this area. The ligands which formed

coordination. compounds with organotin m9ieties were of. 

_diverse types.- These i~cluded j3 -dike tone, substituted 

hydroxamic acid, diphenyl carbazone, tropolonic _acid;. . 
. ~ ~. "l 

kojic acid, amino acid,-8-hydroxy quinoline, substituted 

hydroxyquinoline, diphenyl thiocarbazone,· dithiocarbamiC 

acid, oxine etc •. As illustration _6f ·--the above type of 

compounds we would- briefly discuss only few types of the 

above ligands. 

1,5-diphenyl .thiocarbazone (Dithizone) has been · 

used as a colorimetric reagent for organometallic compounds 

(53, 54,) for a number of. years and the isolati·on of several 

solid organotin dithizonates _with mono-, di- and tri 
·' 

organotin moiety have been reported {55, 56). The _organotin 

dithizonates, R3Sn(HDz), R2sn(HDzJ2 ~ R2Sn(HDz)X and 

RSn(HDz)XY (R = CH3 , c6H5, c4H9 , c3H
7

, P-tolyl, Bz; X 

Cl, Br, I, NCS; Y = substituted benzohydroxamic acids; 

H2Dz = Dithizone) have been isolated-and characterised. 

Test of triphenyl. and tributyl tin dithizonates as fungi

cides shoWed excelletn activity again.st a number of~ plant 

pathogenic fungi (57). The oxygen analogue of dithizone, 
.. 

1,5-diphenyl-carbazone was also reported (58) to form 
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R
2

SnLX (R = CH
3

" c 4H
9

, c
6
H5, :_:-:p'-tolyl, cyclohexyl,C

3
H

7
; 

X= Cl, Br, SCN and LH = diphenyl carbazone). Some of these 

triorganotin compounds showed excellent _fungitoxicitY: (57). 

Oroanotin oxinates of the type R
4 

SnOx (R = - -n n 
organic group, OxH = a-hydroxyquinoline, n = 1, 2, 3) 

(59,60-63) are prepared either from the organotin halides 

and soidum/thalium (I) oxinate (59,60) or from organotin 

halides and exine itself, the hydrogen halide formed is 

removed by a base such as ammonia (64) and also by reacting 

organotin oxide with oxine (65,66). Triorganotin axinates 

have also been prepared by reacting triorganotin chloride 

with a mixture of exine and sodium methoxide (213). Prepara

tion of bis-(penta-fluorophenyl)tin bis-axinates have also 

been reported (67). 

In the crystal st·ructure of dimethyl bis (a-hydroxy 

oxinate) which assumes a cis-dimethyl tin groups, the 

oxygen atoms appear grans and the nitrogen atoms are ·C~s. 

{6a). 

During the reaction of diorganotin dihalide and 

oxine in the molar ratio 1:1 in the absence of a base, 

the halooxinate has been reported to form (69,70). These 

compounds can also be prepared through disproportionation 

of a halide and a dioxinate, refluxing in benzene or 

ethanol (60,63,71-74) or by the reaction between a dioxinate 

and a silver halide (71). The halogen in halooxinate can be 

substituted by other groups like NCS-, so~ , No; or I- etc. 
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The halogen atom of penta coordinated halooxinate undergoes 

exchange with groups like such as :butyl, alkoxy or with 

chelates like acetylacetonates (60~74) which may dispor-

porti.onRte into the diorganotin dioxinates. 

Organotin halide bis oxinate, RSnX(Ox) 2 (R = CH
3

, 

n-C 4H9 , c6H5 ; X = Cl, Br) have been prepared by reacting 

organotin trihalides with oxine (1:2 mole) in ethanol 

follo-v,red by neutralisation with aqueous ammonia or sodium 

acetate (60,75). Datta (76) ha~prepared phenyl tin halo 

oxinate by reacting diphenyl tin dioxinate with mercuric 

~alides in ether at room temperature. A compound, 

L~n-c4H9Sn(Ox) 2 _7s was prepared from n-butyl tin 

sesquisulphide and oxine in boiling toluene (77). 

Some of the organotin trioxinates have been prepared 

by using either of the following reactions (63,66). 

RSnC1
3 

+ 3Na0x 

boiling 

benzene 

P.Sn.(Ox)
3 

+ 3NaCl 

!1ehrotra et al ( 78) prepared butyl tin isopropoxide oxinate 

by reacting butyltin tris isopropoxide with oxine. 

The aa 21;l yt; caJ. FGf'grt ~ spectrophotometric data 

on triphenyl tin oxinate in 95% ethanol (79) and in ,. 

methanol and benzene/methanol mix·ture has been reDorted!BO) • 

The reactions of mercuric halides lvith some organotin 
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oxinates have also been studied. 

Srivastava et-al (81) have prepared some diaryl tin 

bis oxinates/2-mGthyl oxinates and diaryl tin chloride 

oxinates/2-methyl-oxinates. Barsode e~ al (82a, 82b) have 

synthesised and studied several other derivatives of 

substi·tu·ted oxines. These were of the type R
2
SnL2 where 

R = CH
3

, c2H5 , C4H9 .and LH = 5-nitro oxine; 5,7-

dichlorooxine, 5,7-dibromooxine, 5-nitro-7-bromo oxine, 

5,7-diiodo·oxine, 5,7-dinitro oxine etc~ Not only these, 

they also reported (83) the formation of mono- and 

triethyl tin ·(IV) and triphenyl tin (IV) chelates with 

substituted 8-quinolinols. The compounds are of the type 

RSnL
3

, ~SnL2X, R
3
SnL (where R = c2H5 , c6H5 ; LH = 5 nitro 

oxine, 5,7- dinitro oxine; ·5,7-dichloro oxine, 5,7-dibromo 

·oxine, 8-mercapto oxine etc; X= Cl), (8-quinolinatc) 

(1,3-diphenyl-propanedionato) diethyltin (IV) have also 

been reported. 

The complexes of the type RR 1 SnLL' (R · = R'' = Me, 

Ph, Bu; R = Bu, R 1 = Ph; L, L 1 = 8-quinolinates, 2-methyl-

8-quinolinate etc) have been synthesised and studied by 

Smith et al (84). Hajee et al (85-) prepared and studied 

tr.e compound of the type R2Sn(LSnR3 ) 2 LR = c 6H5 , c4H9 ; 

R' = c6H5 , c 4H9 ; LHH' = 5-(2 1 -carboxy phenyl) azo-8-

-
quinolinol of which H and H' represent the carboxyl and 

hydroxyl hydrogen respectively_?, R
3

SnLH and R2S(LH) 2 • 
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They also prepared some organotin-copper mixed complexes 

(8.6). r-·;etal and organometal complexes of ortho-carbazoxines 

have also been reported (87). 

The Lewis acidity of esterin chlorides 

Cl
3

SnCH
2

CH
2

COOR (R = 

ClaS~H2CH2COOR) 2 (R = CH
3 

and iso-C
3

H
7

) has been investi
o., oR g...,_t._'it 

gated by Maughan,.:"·: . .<: Wardell" {88). From the stability 

ccnstants determitiiiti.bnfor adducts of these Levds acids with 

nitrogen donors e.g. D = bipyridyl, phenanthroline, pyridine 

9uinoline and aniline, it was concluded that (i) 

CH
3

SnCH
2
cH

2
COOCH

3 
appears as a strong Ler,.,ris acid as 

CH
3
SnCl

3 
towards bidentate ligands and a single pyridine 

molecule, (ii)·:cl
3

sncH2cH2coocH
3

.D (D =mono-dentate ligand) 

is a better acceptor than CH
3
Sncl

3 
.D but comparable t.o 

(CH
3

)
2

SnC1
2 

towards D and (iii) Cl
2

Sn(CH
2

CH
2

GOOR)
2 

is 

'.Veaker ac<?eptor than c1
2
sn (CH

3
) 

2 
towards. phenanthrolfne and 

bipyridyl. For Cl
3

SnCH2CH
2

COOR the sequence~ of acidity was 

established as R = c 6H5 CH
3 

iso-C
3

H
7

. H towards bipyridyl. 

Adducts of Cl
3

SnCH
2

cH
2

COOCH
3 

and Cl
2

Sn(CH
2

CH
2

COOCH
3

)
2

. 

with phenanthroline a,nd bipyridyl.showed similar Hossbauer 

parameters to those for other phenantl_'lrolin~ and bipyridly 

adducts of o:rganotin trichloride and diorganotin dichloride. 
tl'oc.ci.JL .u<U((~W?it?)s~-t..,.:G.t<J, ~(> ,.,e.;.t;,td' ~ c-..-r-o'bJ. st....-....c~ d8-~ ~~J..i ... t.nc-Uo~.t..s. 

Gopinathan et al (g9) reported the chelated 

compounds of Bis- (~-carbometho~y ethyl) tin dichloride 

Hith warious bi- and tridentate chela·ting ligands like 

acetylacetone, salicylaldehyde, 8-hydroxyquinoline, 
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dibenzoylmethane, benzoyl phenyl hydroxylamine, 2-hyoroxy 

benzophenone, 2-hydroxy 4-methoxy benzophenone and 

salicylaldazine. They also reported (90) molecular 

addition complexes of J3-carboalkoxy ethyltinchlorides 
. ' 

~ith neutral ligands such as pyridine, triphenylphosphine, 

hexamethylphosphoramide, triphenylphosphineoxide, tri n-

octylphosphine oxide, 1,10-phenanthroline and 2,2'-

bipyridyl. Kumar :Cas et al (91) prepared and studied 

the complexes of bii"t-- (- (3 -carbo111ethoxy ethyl) tin dichloride 

(Me 2 o2ccH2c~2 ) 2 SnC12L 2 f:L = Ph3As0~ Ph
3

PO, L2 = 1, 10-

phenanthroline, 1,1'-bipyridyl, ~Ph2P{0) 2 cH2 _7, 
.'it· ... 

(Meo2ccH2CH
2 

) 2SnL2 L-where L' = oxinate ~::;::· j, 

s
2

CNI-1e
2

, s
2

CNEt
2 

J and (MeOCCH2CH2 ) 2snC1Li. The compound 

(cH
3

COOCH
2

cH
2

)
2

Sn(Ox)
2 

(OxH = 8-hydroxyquinoline) was 

reported by Gopinathan et al .( 8~,9°) in 1980 and by Kumar 

Das et al in 1981 (~I ).· Wassef and Hessin .(92) prepared 

the~compound of the composition typ~ (C6H5 ) 2 snC13 .HL 

where L-= Cc 6H
5

l
3

P, 2,9-dimethyl-o-phenanthroline, 

o-phenanthroline, 4,4'-dimethyl-2,2 1 -bipyridyl. In the 

same year (1981) the adducts of diphenyltin dichloride 

with scme organic donors like o-phenanthroline, 2,9-

dimethylphenanthroline, 2,2 1 -bipyridyl, 4,4·' -dimethyl-

bipyridyl, 2,2'.,2 11 
- tripyridyl etc were reported by 

Wassef et al (93). Some addition compounds of the tyPe 

R
2

SnX
2

L and R2SnX2L 2 (R = methyl, butylt X = Cl, CH
3

COO; 

L = pyrrolidine, acridine, ·1, 1 0-phenanthroline, 2, 2' ~ 

b_ipyridyl, ·piperazine) were prepared by Siddiqui and his· 
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co-~-1orkers (94) in 1983. In the same year Otera ·(95) 

reported the· preparation of ~(cH3 ) 3c ~2snL2 where L; 

oxinate or 2-methyloxinate. Some novel chelated compounds 

of J3-carbobut9Xyethyltin ·trichloride were prepared by 

Garad (96) in 1984. In the same year Gabe et al (97) 

studied the outer sphere coordination in the 1,10-

phenanthroline and 2,2 1 -bipyridyl complexes of triphenyltin 

chloride. In 1986 Bonire (98) synthesised and studied few 

acylpyridine adducts of organotin and stannic chloride. 

Spencer et al (99) studied the Lewis acidities of tri

alkylhalostannanes. Trehan et al (100) reported the 

synthesis and spectroscopic investigation of the .adducts 

of some diorganotin dichloride using pyridine, piperadine, 

o<.-,~- or"/- picolines, isoquinoline, morpholine, 2,2'

bipyridyl, 1,10-phenanthroline as ligands. 

A number of {!> -alkoxy carbonyl ethyl tin dithizonate 

of the type R2SnL 2 , R2snLX and RSnL
2
x where R = 

CH
3

0COCH2CH2 , c
4

H
9

0COCH
2

CH
2

, CH
3

0COCH(CH
3

)cH
2

; X: Cl, 

SCN, and L = Dith;i.zone (i.e. 1,5-diphenyl thiocarbazone) 

and one complex (CH
3

ococH2cH2 )
2
snL'Cl where L' ; Diphenyl 

carbazone was prepared and characterised by elemental 

analyses, electronic, IR and PMR spectral data by Deb 

and Ghosh (101). 

Also the complexes of the types - R2SnL2 , 

R2SnLX, RSnL2X and RSnL
3 

where R = CH
3
co

2
cH

2
cH

2
, 

c 4H
9
co2cH2cH2 , CH

3
co2CH(CH

3
)cH

2
, CH

3
COCH

2
C(CH

3
)

2
; X= Cl, 
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SCN; and L = exine, 5,7-dichloro exine or 5,7-dibrorno 

oxine was ·reported along with their proper characteEisa-
, 

tion by elemental analyses, electronic, IR and PMR sp~ctsal 

data by same set of workers (102). 

Beside these a number of complexes of the type 

R
2

SnL
2

, RSnL
2
Cl, R

2
SnLCl, R

2
Sn(L 1 H1 

)
2

, R
2

SnL11 H and 

RSnL 11 Cl (Hhere R = CH
3

0COCH
2

CH2 , c
4

H
9

0COCH2CH2 , 

CH3 0COCH(CH
3

)cH2 ; LH = 5-phenylazo-8-quin:olinol,_ 1-

nitroso-2-naphthol; L'HH' = 5-(2';...carboxy phenylazo)-8-

quinolinol and L"H2 = 1, 2-hydroxy anthaquinone). charac-
. . 1 

terised by elemental analyses, electronic, IR and H NMR 

spectra and studied ~in· somewhat detail by Deb and 

Ghosh (103}. In the same· year Kumar Das and his co-workers 

(104) synthesised and studied the complexe.s of the· type 

RR 1 SnX2 .L2 and RR'SnL2 ~RR' = biphenyl, bis(p-tolyl), 

bis (m-chlorophenyl), bis (p-chlorophenyl), propane, 

.n-pentane; X= Cl, NCS; L = neutral monodentate oxygen 

donor e.g. hexamethylphosphorictriamide, (C
6

H
5

)
3

Po, 

(C6H 5 ) 3As0, or half bidentate ·donor (2,2'-bipyridyl, 4, 

4'-dimethyl-2-2'-bipyridyl, 1,10-phenanthroline, 3,4~7, 

8-tetramethyl-1, 10-phenanthroline); L 1 = 8-qu·inolinolato, 

2-methyl-8-quinolinolato 7. The synthesis and 119sn 

Hossbauer spectra of a series of organotin complexes of 

general molecular formula R2SnC1
2
L2 {R = 4-R'C

6
H

4
; R' = 

CH3 , CF 3 , F, Cl, OCH3 ; L2 = 2,2'-bipyridyl, 1,10-

phenanthroline, 2-aminomethylpyridine were reported by 

Biddle et al (105) in the same year. 
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Cleavaqe . reactions inv~lving tin .. carbon .. bonc.l 

_, .. -, -

Althoughthe reactivity of tin-carbqn bond depends 
. ' 

·largely upon molecuiar environment;_~ yet they- are susceptible 

to attack by -a wide variety of· reagents .• Th.ere q.re so rn~ny 

example,s of cleavage of tin-carbon- bond brought about by 

differ~nt neutral molecules/ acids and bases and also 

by different physical methods .such as heating etc. Poller

discussed several of such typical cleavage re?ction (106). 

Halogen cleavage reaction of organotin compounds 

is used particularly for the preparation of organotin 

mono.- and di- halides. !1any investigator:s carried out such 

reactions mainly for preparation of different organotin 

compounds and some of them studied thoroughly such reac-

tions. 

where X = Cl, Br, I 

R = alkyl or aryl group (107). 

Ditin compound (c
6
H

5
)
3

sn(CH
2

)
4
sn(c

6
H

5
)
3 

on 

treatment with iodine formed (C
6

H
5

)
2
ISn(CH

2
)
4
sni{C

6
H

5
)
2 

(1 08). 

There are some other type of tin-carbon bond cleavage 

reactions which are effected by halogen molecules. Wardellec.a 

studied reactions bf the following type, e.. cr· 
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R' = p-Mec 6H4 , Ey = Br2 

E+ 

where EY = Cl 2, Br2 , · I 2 , ArSCl; 
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+ R1 SE 

{109) 

(110) 

Wardell et al in 1983 also reported the phenyl 

tin bond cleavage during the reaction of (c6H5 )3sn(CH2 )n 

soc6H4 (CH3 )-p. (n = 3 or 4) with iodine, or bromine {111). 

In 1984 several other tin-carbon bond fission 

reactions were studied by Olszowy and his co-workers. 

Among these brorninolysis of cis and trans-{4-methylcyclo

hexyl)- and cis and trans-(4-tert-butylcyclohexyl) 

triphenylstannanes was also reported by them (112). 

Electrophilic cleavages in (CH3 ) 3sncH2M(CH
3

)
3 

(M = Sn, Ge,. Si, C) were studied by Hawker and Wells .in 
' 

1985 (113). The effect of s·olvent and nature of M were 

also found to be important. 
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Bromination of some organotin bromide-to prepare 

new organotin bromide by Medvedev and his co-\vorkers. ·in 

1986 was also effected by tin-carbon· bond fission _{114). 

A variety of acids effect tin-carbon bond -and 

for example, hydrochloric acid is sometimes used to 

prepare organotin chlorides. Of course in many cases 

gaseous hydroge~ halide is used instead of its aqueous 

sol:ution. 

--~ R
3 
snx • RH 

where X = Cl, Br, I 

R = alkyl '¥ aryl group . (107). 

Buchmann et al (115) made an extensive investigation 

en the reaction kinetics of the tin-carbon bond cleavage 

in aryltin compounds by hydrogen chloride. 

A selective cleavage of tin-carbon bond was studied 

and was used to prepare some new organotin halides from 

tetraorganotin compounds by using hydrogen bromide in 

methylene chlorid~ in 1983 by Laosooksathit (116). 

Similarly 10~/o sulphuric acid reacts with tetra

methyltin to give the reaction 

v'li th tetraphenyl tin all the tin-carbon bonds are broken 

giving H
2
Sn(HS0

4
)"

6 
(117). 
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Acid cleavage of an organic group from tin is. 

essentially an electrophilic substitution at carbon .and 

readiness with which it occurs depends on several factors. 

A phanyl gro~p carrying electron releasing substituents 

is more readily attacked than unsubstituted phenyl group, 

i.e. p-MeOC
6
H

4
snR

3
) c

6
H5SnR

3 
(118). The rate. of acid 

cleavage of the aryl group in c6F 5sn(CH
3

)
3 

is greater than 

usual expectation due to inductive effect of five fluorine 

atoms in the phenyl ring (119). Similarly tin tetracarbaxy-

lates have been made by the reaction between carboxylic 
-

acids and.tetravinyltin (120). 

· Wardell showed the following acid cleavage wherein 

the ultimate reaction product, there was one appropriate 

alkene. 

CH · 
2 

{1 09). 

Chandrasekhar et al in 1983 studied several replace

ment reactions of Sn(c6H5 )
3 

group by cc1
3 

where tin-carbon 

bond fission took place by electrophilic reagents (121). 
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The reactions of tris (trimethyl stannyl) and 

tetrakis(trimethyl stannyl) methane were studied by Hawker 

and his co-v1orkers in 1984. The tin-methyl bonds \vere found 

to cleave sueeessively \vith electrophilic reagents (122). 

Trifluoroacetolysis of cyclohexyltin bond was 

stuc.ied by Olszo1.vy and others in 1984 (112). 

The reactivity of the tin-carbon bond towards an . 

internal cationic carbon was studied by·Murayarna et al 

in :1,.985 _(123) •. 

In all these cleavage reactions, the extent of 

reactivity depends on several factors (124~125,126,127). 

There are also many examples of base cleavage of 

organic group frorr: t_in. Phe,nyl tin compounds undergo tin-

carbon bond fission when heated with 8-hydroxyquinoline 

( oxine) as follmvs. 

~,..,here HOx = oxine (128-130). 

The j3 -diketones and fl-ketones effect tin-carbon. 

bono cleavage in stannylacetones {131) 

R
3

SnCH
2

COCH
3 

+ CH
3

COCH
2

COR 1 
) 

----~) R
3

Sn0C(CH
3

) = CHCOR' + CH
3

COCH
3 

" v-There R' = alkyl or alkoxyl c;roup. 
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Another example of nucleophilic attack by the ligand 

molecule to tin centre is 

l'.nother example of the similar type vJas the formation 

of K
2

Sn (NH2 ) 
6 

and b~nzen~ from tetraphenyltin and potas-sium 

amide in liquid ammonia at 0°C (1322. There are many 

examples of base cleavage of tin-carbon bond which proceed 

with neucleophilic attack by the ligand molecules {133-

13 5). 

In 1983 Dernbech and his co-\vorkers dete.rmined the 

rate of base cleavage of tin-carbon bone in 

where R = p-N (CH3 ) 2 , p-OCH
3
., p-CH

3 1 H1 p-SCH
3 1 p-Cl 1 

- + - . 
m-Cl 1 m.,.CF 

3
, p-N ( CH

3 
)·
3 

I 1 p-N02 ) 

(136). 

Several metals, metal alkyls and scme compounds 

are also found active in cleaving the tin-carbon- bonds. 

Vinyllithium prepared by treating tetravinyltin 

with phenyllithium in ether or petroleum ether (137). 

Tetrapropenyl tin was cleaved by metallic lithium in diethyl 

ether (138). The reactions of R3SnCH2CH = CHR with R'Li 

where R' = c 4H
9

, CH
3

, c 6H
5 

were tin-carbon bond cleavage 

reactions (139-141). Metallic sodium was used to cleave 

aryl-tin bond in . ( 4-biphenylyl) trimethyl tin ( 142). 
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Lead tetraacetate may also bring about the similar 

type of reaction. 

Pb(OCOCH
3

)
4 

~ ( C 
4

H
9

) 
3 

Sn0COCH
3 

+ RCH = CHPb ( OCOCH
3 

) 
3 

{143) 

Several of such cleavage reactions were carried out 

successfully by using boronhalides, substituted boron-

halides, germenium"halide, siliconhalide, substituted 

silicon halide, phosphorus halide, substituted phosphorus 

halide, mercuric halide, zinc halide, tin halide,_bismuth 

trichloride, antimonytrichloride etc· compoUnds {144-

182) 

(144) 

(C2H
5

) 
3

snC CCH = CH2 + (C~H9o) 2BC1 ~ 

-~) (C2H
5

)
3
snCl + (-C

4
H

9
o) 2Bc S CCH = c:H

2 

{145) 

(146) 

{CH
3

)
3
snc6H

5 
+ 2BC13~(CH3 ) 2 sncl 2 + CH

3
BC1

2 

+ c6H5BC12 

(X = F or Cl) 

{146, 147) 
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(148) 

(X = Cl, Br) (149) 

Hardelletal in 1983 reported to cleave the phenyltin 

bond in (C
6

H5 )
3

sn(CH2 )nSOC
6

H
4

(cH
3

)-p {n = 3 or 4) by 

mercuric chloride (111). 

In presence of suitable catalysts organic halides 

can cause tin-carbcn bond fission. 

A number of oxidation reactions of tetraalkyltin 
I 

compounds brought_about by irradiation with ultraviolet 

light (183,184) or by treatme~t. wi·th peroxides .(185) 

leading to cleavage of tin-carbon bond. 

The reaction mechanism for the homolytic substi·tu-

tion of trialkyltin iodides by photochemically generated 

iodine atoms was determined by De Ryck et al in 1985. 

The propagation step was the cleavage of tin (IV) - carbon 

bond by radical attack of the iodine atom, followed by the 

formation of a ne\-,r tin (IV )-iodine bond (186). 
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soundararajan and Platz in 1987 studied the 

photochemical cleavage of benzylic stannanes (c
4

H
9

)
3

snR 

(R = c6H5CH2 , 1-naphthyl-methyl, (C
6

H
5

) 2CH to form 

benzylic and stannyl radicals (187). 

A number of cleavage reactions with electrophilic 

reagents and a ·number of thermal decomposition leading. 

to fission products involving tin-carbon bond cleavage is 

also known in some cases. 
y y 

I 6 I 
e. g. R

2
SnCHXGH2SR' ~'\;====~ R

2
SnX + CH

2 
·= CHSR.' 

where Y = R, Cl, !3r, I, SCN (188) 

R, R' = alkyl or aryl group 

150°C 
____ _,, ,-(CH

3
)
3

SnF + 

(189) 
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In 1984 few organotin halides were prepared by Buschhoff 

and others where such ·cleavage reactions took place among 

tin-carbon bond (191). 

Halogenodephenylation of triphenyltin pseudohaiides 

was reported by Srivastava et al (192) in 1985 and 

halodealkylation was carried out successfully in few 

trialkylstannyl substituted esters by Podesta and his 

co-r.·1orkers (193) in ·1.987. 

Beside these other miscellaneous cleavage reactions 

of tin-carbon bond were carried out and studied time to 

time by different investigators (189 1 194-205)• 

·Very recently Wang and Cpeng .(206) have published 

a review on cleavage reaction of tin-carbon bond for.the 

transfer of functional groups. 
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Scope and Objectives 

-·-
Recent works have established the Lewis acid 

character of estertin chlorides with different Lewis'bases 

in the formation of stable adducts and chelate compounds. 

But stronger base like 1, 2 diaminopropane can cleave th.e 

c2H50~C-CH = CH
2 

1 SnCl2 and NH2cH2CH2CH2NHtHCl as 

obse~~d during the current investigation. Hence, the study 

of Lewis acid cha~acter of the new organotin chlorides 

-obtained from above mentioned reactions will be of interest. 

The possibility of Sn-C bond fission of the new organotin 

chlorides obtained from aromatic unsaturated ketones was 

explored. It was found that Sn-C bond fission, took place 

rather easily even t.vith moqerate bases, so that no adduct 
,, 

or chelate compounds could be isol_ated with these new 

organotin chlorides. 

Tentative mechanisms for the formation of new 

organotin chlorides and their interaction with Lewis bases 

have been attempted. The current investigations have-

opened up quite a number of interesting possibilities, of 

which, it has been possible to study only .a part of these· 

pcssibili·ties. 
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. Elemental analyses and spectral recordings, · . 

purif,ication of solvents, use of abbreviations remain 

Preparation of fi -carboethoxyethYl tin trichloride (207) 

Dry hydrogen chloric5e was passed into the ether 

soluticn of ethylacrylate (5 gm) and anhydrous stannous 

chloride (9.5 gm) (i.e. in the molar proportion 1:.1) at 
0 . . 

20 c temperature for two hours. The reaction mixture was 

\:1orked up following the -~:::tt~ rature m2thod. The melting 

point of the. final crystals 1;vas 68°C. The compound was 

_characterised by elemental analyses and IR spectruU1~ 

Found 

Calculated 

c 18.00 

c 18.38 

IR spectral data (cm-1 ) 

H 2. 61 Sn . 36.74 

H 2.76 Sn 36.45 

(Fig. I R' ) 

2880-3000 vs(b), 1665 vs, 1460 vs, 1420 s, 1385 s, 

1355 s, 1275 s, 1235 vs, 1170 w, 1150 s, 1120 w, 

1045 s, 1015 s, 930 m, 920 m, 870 s, 820 w, 780 s, 

740 w, 700 s, 670 w, 600 m. 
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Reactions of (3 -carboethoxyethyl tin trichloride 

(a) ~'lith 1;5-diphenyl thiocarbazone (dithizone) 

The compound [3-carboethoxyethyltin trichloride 

(653 mg) and pure diphenyl thiocarbzcne (1024 mg) were 

taken in chloroform (150 ml). The reaction was carried out 

with the molar proportion of the reactants as 1:2. The 

reacticn mixture was heated on a steam bath for about 

ten minutes. It was then cooled to room temperature and 

few drops of ammonia solution was added with constant 

shaking. The colour of the .solution changed sharpl¥ from 

green to dark red along with the deposition of ammonium 

chloride (confirmed by chemical test). Filtering off the 

deposited ammonium chloride the filtrate was refluxed for 

two and half hours. During the reflux-some more ammonium 

chloride was ·deposited, which was filtered off. The filtrate 

was concentrated to one tenth of its original volume { 15 

ml) over a steam bath. Few drops of pet ether was added 

to the concentrated filtrate. on· standing overnight, 
,. 

greenish fluorescent red c.rystal separated: .• The solid 

was recrystallized twice ~rom chloroform containin'g. few 

drops of methanol. The melting point of the final crystals 

was 161 °C. 

(Yield 55%) 
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Found c 48.21 H 3.95 

N 14.24 Sn 15.85 

Calculated c 48.60 H . 4.05 

N 14.63 Sn 15.55 

Infrared spectral data (cm-1 ) (Fig.~ ) 

3200 w, 2860-3000 vs (B), 172 0 s, 1700 sh, 1605 m, 

1535 m, 1495 m, 1465 s, 1385 m, 1350 w, 1325 s, 1295 w, 

1285 w,. 1255 w, 1230 s, 1200 m, 1165 m, 1125 m:, 1110 sh 

1080 m, 990 s, 980 sh, 925 w, 915 w, 840 w, 770 s, 

700s, 690 s, 685 s, 680 w, 670 w, 620 w. 

(b) With 8-hydroxy quinoline (oxine) 

The compound ~-carboethoxy.ethyltin trichloride 

( 653 mg) and pure 8-hydroxy quinoline ( 580 mg) were taken 

in chloro~orm (150 ml). The reaction was carried out with 

the molar proportion of the reactants as 1:2. The reaction 

mixture was h~9-ted on a steam bath for about ten minutes 
'!;_,,• ., 
'~'""(' 

and then cooled to room temperature after which few drops 

of ammonia solution was added with.constant shaking. The 

colour of the solution changed to intense yellow along 

with the deposition of ammonium chloride (confirmed by 

chemical tests), which was filtered off~ The filtrate was 

refluxed for two and half hours, during which more ammonium 

chloride was deposited. It was again filtered. The filtrate 

v1as concentrated to one tenth of its original volume 
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( 15 ml) by heating on a steam ·bath. Few drops of ~et 

ether was added to the concehtrated filtrate. On ·s·tandi~g 

overnight yellow cyrstalline solid separated out. The 

solid was recrystallized from chloroform. The melting 

0 point of the final crystals was 181 c. 

(Yield 50'/o) 

Found c 50.19 H 3.47 

N 4.78 sn 22.23 

Calculated c so. 78 H 3.86 

N 5.15 sn 21.90 

Infrared spectral data (cm-1 ). . . (Fig;. 2.e: ) 

2860-2990 vs(b), 1735 vs, 1610 s, 1585 s, 1510 s, 

1475 vs, 1440 w, 1385 vs, 1360 w, 1340 s, 1290 s, 

123 0 s, 1210 s, 1160 w, 1125 s, 1060 s, 1045 m, 

1030 sh, 1010 sh, 990 w, 930 w, 905 w, 870 w, 85.0 s, 

840 s, 810 m, 805 m, 800 m, 790 w, 780 w, 770 rn, 760 

750 s, 73;0· w, 680_ rn, 675 w, 660 rn, 650 rn, 640 m, 630 

590 m, 585 s, 560 sh, 500 m, 480 sh. 

{c) with pyridine 

The ·compound ~-carboethoxyethyltin trichloride 

s, 

rn, 

(980 mg) was dissolved in chloroform. Pyridine (237 rng i.e. 

approximately 0.25 ml) was.mixed with little chloroform 
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and this mixture was added to the solution of the estertin 

compound drop~"lise with constant shaking (The reaction was 
< . 

carried out with the molar proportion of the reactants 

as 1:1). The mixed solution was concentrated on a steam 

bath to about.one fifth of its original volume. On standing 

overnight white crystals separated out. The solid was 

recrystallized chloroform and the melting point of the 

final crystals was 91°C. 

(Yield 85% . .) 

Found c 30.01 H 

N 3.78 Sn 29.91 

Calculated· c 29.51 H 3.45 

N 3.45 Sn 29.35. 

Infrared spectral data (cm-1 ) (Fig. '21 ) 

2880-3020 vs(b), 1~40(sft,1720{sh), 1665 vs, 1580: sh, 

1500 sh, 1475 s, 1455 s, 1420 s, 1390 s, 1355 s, 1275 s, 

1240 vs,_. ·1170 m, 1150 s, 1140 sh, 1120 w, 1100 sh, 

1045 sh, 1015 sh, 935 -m, 920 m, 875 s, 820 w, 780 s, 

730 sh, 700 s. 

(d) With picolines 

The compound r -carboethoxyethyl tin trichloride 

(980 mg) was dissolved in chloroform and picoline (0.30 

ml) was mixed with little chloroform and the mixture was 

added to the solution of the estertin compound dropwise 
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with constant -shaking (The reaction was carried. out with· 

the molar proportion of the reactants as 1 :1). The m~_ed 

solution was concentrated on a steam bath to about one 

fifth of its original volume. On stand:f_ng overnight white 

crystals separated out. The solid was recrystallized from 

chloroform. 

(i) With {3 -picoline 

The melting point of the final crystals was 81 °c. 

(Yield 80'/o) 

Found c 31.33 . H 4. 01 N 3. 64 

Sn 28.78 

Calculated c 31.47 H 3.81 

N 3.34 Sn 28.37 

Inrared spectral data (cm-1 ) (Fig. 2- 2..) . 

2870-2996 vs(~), 1680 vs, 1565 sh, 1470 s, 1435 s, 

1405 s, 1370 s, 1295 s, 1245 vs, 1185 w, 1160 s, 
. ,• 

~150 sh~1055 s, 1025 s, 940 m, 885 s, 785 s, 740.,w, 

710 s, 68Q w. 

(ii) With ""f-picoline 

The melting point of the final .c·rystals was 85°c. 

· (Yield 82%) 
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% Analysis for c
5

H
9
o

2
sncl

3
.c

6
H

7
N 

Found c 31.68 H 3.56 N 3.73 

Sn 28.81 

Calculated c 31.47 H ~.81 
,- N 3.34 

sn 28.37 

(cm-1) Infrared spectral data _ (Fig. 2.3 ) 

2850-2980 vs(b), 1670 vs, 1465 vs, 1420 m, 1385 s, 

1355 s, 1275 s, 1230 s, 1150-s, 1045 s, 1015 s~ 920 w, 

870 m, 775 w, 730 w, 7dOw •. 

(e) With isoguinoline 

The compound ~-carboethoxyethyl ti~ trichloride 
. 

(980 mg)was di-ssolved in chloform and isoquinoline (387 

mg) mixed with little chloroform was added to the solution 

of the estertin compound dropwise with constant shaking 

(The reaction was carried out with the molar proportion 

of the reactants as 1:1). The mixed solution was heated 

on a steam bath to concentrate to about one fifth of its 

original volume. On standing overnight and then adding 

few drops of pet ether to the solution with vigorous 
. ' 

sha1<ing, colourless crystals separated after se~bing 
. . . . ~- ·.- . . . " -{,' . 

the glass wall of the'container in co~tact with the 

solution. 'I'he solid was crystallized twice more. from 

chloroform. The melting point was found S_7°C. 

(Yield 78"/o ) 
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% Analysis for c
5

H
9

02SnC1
3
.c9H

7
N 

Found c 36.38 
""' 

Sn 25.88 

Calculated c 36.88 

Sn 26.12 

(cm-1) Infrared spectral data 

H 

H 

3.46 N 3.29 

.;l 

3. 51 N 3. 07 

(Fig. 2.4 ) 

2850-2980 vs(b), 1660 vs, 1465 vs, -1415 s, 1380 s, 

1350 s, 1305 w, 1270 s, 1230 vs, 1160 w, 1145 s, 1135 sh, 

1105 sh, 1090 sh, 920 m,870 s, 770 s, 760 sh, 740 w, 

725 w, 695 s, 670 sh. 

(f) With triphenyl phosphine 

The compound ~ -carboethoxyethyltin trichloride 

(980 mg) was dissolved in chloroform and a pure sample 

of triphenyl phosphine ( 786 mg) was dissolved sepa:p~.tely 

in minimum volume of chloroform. The reaction was carried 

out with the molar proportion of the reactants as 1:1 

_The· solution of triphenyl phosphinewas added to the solution 

of the este:rtin· compound dropwise with constant shaking. 

The mixed solution was heated en a steam bath to concen-

trate to about one fifth of its original volume. On 

standing overnight white crystals separated out. The solid 
. 

was recrystallized from chloroform. The melting point 

0 of the final crystals was 60 c. 

(Yield 85%) 
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Found c 46.33 

Calcelated · c 46.9 

-1) Infrared spectral data (em 

184 

H 4.27 sn 20.48 

H 4.08 sn 20.22 

(Fig. 2.5"") 

2860-3065 vs(b), 1660 vs, 1585 w, 1435 m, 1410 m, 

13"80 s, 1345 s, 1310 w, 1270 s, 1225 .s, 1220 vs, 1200 

1140 m, 1120 m, 1080 m, 1070 w, .1035 s, 1025 m , 1005 

' 
915 w, 860 m, 755 vs, 745 vs, 740 vs, 720 s, 695 vs, 

655 w, 610 w. 

(g) With 1,10-phenanthroline (monohydrate) 

The compound ~-carboethoxyethyltin .trichloride 

w, 

m, 

(980 mg) was dissolved in chloroform and 1,10 phenanthroline 

monohydrate (594 mg) was dissolved separately in minimum 

volume of chloroform. The reaction was carried out with 

the molar proportion of reactants 1:1. The solution of 

phenanthroline was added to the solution of the stertin 

compound dropwise with constant-shaking. The mixed solution 

was then heated on a steam bath to concentrate to about 

one. fifth of its original volume. Few drops of diethyl 

ether was added to this concentrated solution. On standing 

overnight li~ht orange pink crystals separated out. The 

solid was recryst?llized from·ch~oroform. The melting 

point of the final crystals was 97°C. 

(Yield 80"/o) 
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% Analysis for c
5

H
9
o

2
snC1

3
.c

12
H

8
N2 

Found c 40.56 . H 3.78 N 5.88· 

Sn 23.98 

Calculated c 40.28 .H 3.36 N 5.53 

Sn 23.49 

Infrared spectral data (cm-1 ) (Fig. 2~ ) 

2890-3000 vs(b). 1735 vs, 1710 sh, 1590 w, 1520 w, 

1470 vs, 1435 s, 1375 s, 1345 s, 1330 sh, 1215 vs, 

1150 w, 1110 m, 1110 w, 1065 w, 1040 w, 1030 sh, 930 w, 

875 rn, 865 m, 860 sh, 790 w, 740 s, 700 rn, 650 m. 

(h) With 2,2 1 -bipyridyl 

The compound (3 -carboethoxy ethyltin ·trichloride 

(980 mg) _was dissolved in chloroform and then a pure 

sample of 2,2 1 -bipyridyl (468 rng) was dissolved separately 

in minimum volume of chloroform. The re_action was carried 

out with the molar proportion of the reactants as 1:1. 

The solution of bipyridyl was added .to the solution of the 

estertin compound dropwise with constant shaking. The 

mixed solution was heated on a steam bath to concentrate 

to about one fifth of its original volume. Few drops of 

methanol was added to this concentrated solution. On stand-

ing overnight light pink crystals separated out. The solid 

was crystallized twice more from chloroform. The melting 

0 point of the final crystals was ss.c. 

(Yield 80'/o) 
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18,6 

% Analysis for c
5

H
9
o2sncl

3
.c10H8N2 

Found c 36.98 H 3.67 N 6.02 

Sn 24.93 

Calculated c 37.31 H 3.52 N 5.80 

Sn 24.66 

Infrared spectral data (cm-1 ) (Fig. 2 '1 ) 

2910-3010 vs(b), 1730 vs, 1605 s, 1580 w, 1465 sh, 

1455 vs, 1420 sh, 1375 m, 1340 s, 1330 m, 1290 w, 

1260 sh, 1230 m, 1205 vs, 1170 m, 1135 s, 1105 w, 

1070 w, 10~5 w, 1030 vs, 945 w, 920 w, 870 w, 820 w, 

785 s, 775 w, 765 w, 755 w, 745 m, 735 w, 700 m, 720 sh, .. 
655 m, 640 WI. 

(i) '.vith propylene diamfne (1, 3-diarnino propane) 

The compound ~-carboethoxyethyltin_trichlor~de 

(980 mg) was dissolved in chloroform and then a pure sample 

of propylene diamine (441 mg) mixed with little chlorofonn 

was added to· the solution of the estertin compound drop

wise with·constant shaking (The molar proportion of the 

reactants ~as 1:1). The mixed solution was then concentrated 

to some extent on a steam bath. It was then cooled to room 

temperature. The white crystalline solid deposited was 

washed with chloroform four times. The residual solid, 

having a melting point 246°C w·as :_¢onf irm=d as stannous 

chloride (by qualitative analysis). In each time the 

washing was collected. All these \vashings were mixed, which 
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furnished white crystals on evaporating the solvent. The 

solid was recrystallized from chloroform. The melting point 

of the final crystals was 244°C. 

Found c 24.49 H .8.16 N 19.05 

Calculated c 25.01 H 7.98 N 18_.76 

Infrared spectrum (Fig •. ~~ ) 

·A complete removal of stannous chloride from the 

obtained propylene diamine dihydrochloride was not possible 

and hence a trace amount of tin (0.63%) was found-during 

the element-al analysis of it for tin. 

The fraction containing ethyl acrylate could not 

be prop~rly characterised. 

(j) Reaction with 1j5-diphenyl carbazone 

Reaction of {!> -carb.oethoxyethyl tin t.richloride 

wi-th ·1 ;>5 -diphenyl'~):=arbazone was a_ttempted. Hethod used 

was same as that of used during the reaction of~-carbo-
-

ethoxyethyltin trichloride with 1,5-diphenylthiocarhazone, 

but unfortunately-no pure solid could be isolated though a 
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sharp colour change from orange to deep violet took place 

immediately after the neutralisation of the liberated 

hydrogen chloride 'i'Ti th drops of ammonia. Formation of 

such deep violet colouration inqicates the complexation 

of the diphenyl carbazone molecule at the tin centre •. 
-not 

However, the compound could~be isolated in pure 

state so far. Further work is in progress. 



QJ 
'0 
·rl 
~-: 
0 

.--1 

..c: 
0 
0 
H 
'0 ,_ 
,/"j 
r< ,...·.-

GJ 
~ 
·rl 
'D 
·rl 
H 
!>i 
p. 

4-1 
0 

~ 
E 
;:l 
i-1 
.j-l 
0 
(J) 

~ 
{f) 

0:: 
H 

·d 
a--
co! 
• 

tJ• 
·r-1 
r,.. 

( 



1 189 

1. Reactions of fo -benzoyl- a( -phenyl ethyl tin trichloride 

(a) With pyridine 

The compound j.3 -benzoyl- o( -phenylethyl tin 

trichloride (1.3 gm) was dissolved in minimum quantity of 

chloroform. Then pyridine (0.25 ml) mixed with little 

chloroform was added to the solution of the said tin 

compound with constant stirring the reaction mixture 

(molar proportion of the re9,ctants was 1:1). The mixed 

solution was concentrated to one fifth of the original 

volUme on a steam bath and then cooled to room temperature 

and kept undisturbed for about one hour. White crystalline 

solid was separated out. The crude solid melted at 138-

1390C (a part of it remained unmelted upto 200°C). The 

crude solid contained stannous chloride, which was tested . 

by mercuric chloride. After crystallising several times 

from chloroform, the white crystals were freed from 

stannous chloride which showed a melting point 140-

1410C. The mixed melting point of the solid with 

fi-benzoyl-o< -phenylethyltin trichloride (m.p. 140°C) was 

fo.und 130°C~ 

Found 

Calculated 

c 51.53 

c 51.95 

H 5.25 N 11.76 

· H · :. 5.19 N 12.12 
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The pyridine hydrochloride was further characterise< 

by IR spectrum. (. F i ~ l- 'l o.. ) 

The filtrate of this reaction after the separation 

of the crude solid (m.p. 138-139°C) was concentrated to a 
0 . 

small volume to yield a solid (m.p. 53-55 c). On further 

crystallisation from rectified spirit, it melted at 56°C 

and was found to be chalcone. The elemental analyses and 

IR spectrum also gave furthe-r support. 

Found c 86.21 H 5.45 

Calculated c 86.54 H 5.77 

IR spectrum (Fig. 2..'1 b) 

On changing the reaction conditions and reactant 

·proportion, no change in reaction products could be 

observed. 

(b) With picolines · 

To the solution of .fl-benzoyl-~ -phenylethyltin 

trichloride_. (1.·3 gm) in chloroform, a mixture of 0.3 ml 

picoline (fl-picoline orj-picoline) in minimum quantity 
. - . 

of chloroform was added with stirring the reaction miXture. 

The molar proportion of the reactants was 1: 1 • The mixed 

solution was concentrated on a steam bath and kept 

undisturbed for two hours. The solid separated was a 

mixture of picoline hydrochloride (characterised by 
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different analytical da:tta) and stannous chloride (tested 

by mercuric chloride). Picoline hydrochloride was freed 

from stannous chloride by recrystallising several times 

from chlorofonn. 

%Analysis for c6H
7
N.HC1 (fromfi -picoline) 

Found 

Calculated 

Melting point 

IR spectrum 

c 55.14 

c 55.60 

160°C 

H 5.81 

H 6.18 

N .11.21 

N 10.81 

. (Fig. 30"'- ) 

% Analys~s for c9H~. HCl (from /'-picoline) 

Found C 55.08 H 6.01 N 10.27 

Calculated 

Melting point 

IR s;pectrum 

c 55.60· 

163°C 

H 6.18 N 10•81 

(Fig. 30c. ) 

The filtrate of this· reaction after the separation 

of crude solid (mixture of picoline hydrochloride and 

stannous chloride) was concentrated to produce a solid 

of melting point 57°C which was characterised as· 

chalcone. 

% Analysis for c15H12o 

From the reaction 
with ..,8 -picoline 

Found C 85.86 H 5.49 

Calculated C 86.54 H 5.77 

IR spectrum ( F- i 3- . 30 b) 

From the reaction 
with ')'-picoline 

c 85.79 H 5.35 

(Fig. 3a b -~.,-
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Varying·the proportion of the reactants, no change 

of reaction products was observed. 

(c) With triethylamine 

To the solution of jJ -benzoyl- o( -phenylethyltin 

trichloride {1.3 gm) in chloroform, a mdxture of triethyl

amine (0.3 grn) in chloroform (molar proportion of the 

reactants 1:1) was added with stirring. The mixed solution 

was heated and kept for an hour at room temperature. The 

white solid-formed·was freed from stannous chloride by 

recrystallisation from requisite quantity of chlorform. 

Melting point 

Found 

Calculated 

IR spectrum 

c 51.87 

c 52.36 

H 10.98 

H 11.64 

N 10.50 

N 10.18 

(Fig. '3\ -·, ) 

The filtrate part of this reaction after the 

separation of crude solid was concentrated to separate 

solid substance which was then confirmed as chalcone. 

Melt'ing point 

Found 

Calculated 

·C. 85.69 

c 86.54 

H 5.22 

H 5.77 

No change in reaction ~roducts was found on 

changing the reaction parameters. 
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(d) With triethanolamine 

To the col-d S?lutio~ of J3 -benzoyl-o< -phenylethyl tin 

trichloride (1.3 gm) in chloroform, a miXture of tri

ethanolamine (0~5 gm) in chloroform (molar proportion 

of· the. react~ts 1 :1) was added with st:ir.ring. The mixed 
. . I 

-solution was heated and kept> for an hour at room tempera-

ture. The white solid separate~ was purified to yield 

:itZ:iethanolamine hydrochloride and stannous chloride by.the 

method described earlier. Triethanolamine hydrochloride 

was characterised as foll·ows-;-

Melting point 

% Analysis for c6H15o3N.HC1 

Found c 38.32 

Calculated c 38.81 

IR spectrum 

H 8.44 

H 8.63 

N 7.85 

N 7.55 

(Fig. 32:-.) 

The filtrate of this reaction after the separation 

of crude solid was concentrated to form a solid which 

was then characterised as chalcone . (m.p. 56°C). 

Found c 86. 01 H 5~ 43 

Calculated c 86.54 H 5.77 

(~.~) 

No change in reaction products was found on 

changing the reaction parameters. 
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(e) With 2,2 1 -bipyridXl 

To a solution of_fo -benzoyl-o{ -phenylethylt:in. 

trichloride (1.3 gm) in chloroform, a chloroform solution 

of 0.47 grn of 2,2'-bipyridyl was added with constant 

stirring at room temperature. (The molar proportion of the 

reactants was 1:1). The mixture was heated on a steam bath 

and then.allowed to stand at room temperature for an hour. 

The solid substance obtained was a mixture of which one 

substance was stannous chloride. The stannous chloride 

was removed by repeated crystallisation from chloroform. 

The pure product obtained after the separation of ·stannous 

chloride melted at 171°C. It was found to be bipyridyl 

dihydrochloride by elemental analyses and IR spectrum. 

Found 

Calculated 

IR spectrum 

c 52.00 

c 52.40 

H 4.15 

H 4.37 

N 12.49 

N 12.23 

(Fig. S3 o..) 

The filtrate after the separation of crude product , 

was concentrated to a small volume over steam bath. On 

cooling it yielded a solid, which after recrystallisation 
. . ' 0 

from rectified spirit was confirmed as chalcone (m.p. 56 C) 

by mixed melting point determination.with an authentic 

sample of chalcone, from elemental analyses and ~so 

by IR spectrum. 
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% Analysis for c1SH12° 

Found c 86.86 H 5.33 

Calculated c 86.54 H 5.77 

IR spectrum (Fig.2:?>b) 

On changing the reaction conditions etc no change 

in the reaction products c·ould be found. 

(f) With 1,10-phenanthroline (monohydrate) 

The compound fi-benzoyl- o( -phenylethy.l tin. trichloridu 

(1.3 gm) was dissolved in chloroform and a solution of 

1,10-phenanthroline (monohydrate) {600 mg) in chloroform 
• 

was added with stirring. The reactants was us.ed in molar 

proportion 1:1 the mixed solution was then· heated on a 

steam bath and then cooled to room temperature for about 

one hour. The solid appeared was found to melt partially 

at 210°C. This crude solid was freed from stannous 

chloride by repeated crystallisation from chloroform in 

the similar fashion as mentioned earlier. The melting 

point of the crystallised solid was 226°C. 

Found c 56.08 H 4.23 N 10.54 

Calculated c 56.92 H 3.95 

IR spectrum 

The filtrate after the separation of crude solid 

{m.p. 210°C) was concentra~ed to a small volume from which 
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chalcone (m.p. 56°C) was sep.arated as confirmed by elemental 

analyses and IR spectrum. 

Found 

Calculated 

ffi sp c e=ta;;:ym 

c "86.17 

c 86.54 

H 5.87 

H 5.77 

(~.~) 

- On changing reaction parameters no change in 

reaction products was observed. 

(g) With 1,5-diphenylthiocarbazone {dithizoneJ 

The compound j3 -benzoyl- o(·-phenylei;.hyl tin 

trichloride (O. 868 gm) and dithizone .Co. 512 gm) were taken 

in 200 ml of chloroform and the mixture was heated over a 

steam bath for fifteen minutes, when the colour of the 

solution sharply changed to deep red. The few drops of 

ammonia solution were added. The colour. of th~ solution 

changed to-green. On concentrating the solution, a gummy 

product was obtained. The addition of base cleaved the 

tin-carbon bond, hence a pure product could not be obtained. 

Addition of pyridine or aniline in.place of ammonia did 

not give any better result. Change of solvents or molar 

proportion of the reactants did not improve the situation 

in any way. 

tft -benzoyl- o<. .,;.phenyl ethyl tin trichloride and 

dithizone in chloroform solution in absence of any base 

gave a deep red coloured solution, from which a crystalline 

red compound with greenish fluorescence was separated. 
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The reaction. was found to be effected bY reactant proportion. 

as evident from the table (Table. ~ ). 

Table i 

fl-benzoyi- e<.-phenyl-. Dithizone Molar Comment 
-ethyltin trichloride ratio 

a) 0.868 gm 
1f 

0.512 gm 1:1. No crystal'line 
product could 
be obtained from 
the gum_. 

'b) 0.868 gm 1.024 gm 1 :2 Some crystals. 
c_ould be separat~ 
from the gum. 

c) 0.868 gm 1.536 gm 1 :3 Mainly crystalliDI 
Product. 

The details of the reaction (c) may be ·described 

as follows. 

The miXture of J3-benzoyl- i:'( -phenylethyl tin 

trichloride (0.868 gm) and dithizone (1.536 gm) in chloro-

_from was refluxed in a round bottomed flask .for about 

two hours. lt was then cooled and filtered. The very 

li tt·le soiid residue obtained was not worked up. The 

filtrate was concentrated to about one-tenth of its 

original volume. The solid appeared on cooling was 

filtered of£ (unreacted dithizone). The filtrate was 

again concent'rated to a small volume and few drops of 
. 

methanol were added and kept undist~rbed in a corked 



"- --------------- - --------- -------------- - --------------- - ---

~ 

~ ., 
100 -

·~ 'TJ·. rr:pr! 
' I eo · ·i ..• j •• 

i 

~60: -! :~ 
~~;; 
g '. . . ; 

LoL 

! 
oL .... L_J_._; __ _ 

'\000 ""'"' 

Fig.35" 

( 

~ 

.80() -
IR spec trun: of 1, S-diphemyl·thiocdrb azcne 
derivative of .fo -benzcyl - D{ -pl1enyl2t:1yl tin 
trichloriC'e 

~ 

:•ol ._, 
:·-- ··--·-··-,--- iiOO 

i 

__j_ 
~00 



~ 

'•¥ Hl'·:~:;p~~:: 
l. (50). 

~0 (40) 

s4o. (30) 

IO ' 
1 

. T .... 3QOO 

15~0 
1J0 
Jo 
4!0 

I 

1/ 

v 

I 

i· .. ) 

-

7 ~ 

I 

*"' 

---
-I 2r· 

1000 

sJo 
4Jo 
Jo 
I 

5' 

/ 

4 l 

'I' 
IOfO sr 
'/.10 
200 
I 

T 

~ 

2. 

; 
' >-t7 :! :: 

y 
0 . 

t 
r. 

v--
---.. .-' \. 

0 

F'igo 36 H NIIIlR spectrum of 1, 5-diphenylthiocarbazone derivative of 
P-benzoyl- o( -phenylethylt in trichloride. 

_:t-

~ 



10 
198 

twk 
conical/\ for two days. Fine red crystals with greenish · 

fluorescent appeared. It was purified by repeated · 

crystallisations in the same fashion. The pure solid 

0 showed a melting point 185 c. 

Found 

Calculated 

c 52.65 

c 53.02 

data (cm-1) IR spectral 

H 3.99 

H 4.02 

N 13.63 Sn 13.88 

N 14.55 Sn 15.46 

(Fig. 3 5" ) 

3205 w, 2850-2950 vs(b), 1590 w, 1520s, 149.0 w, 

1455 s, 1375 m, 1325 sh, 1305 s, 1260 m, 1205·s, 

1150-1180 s(b), 1065 w, 915 w, 815 sh, 855 w, 765 m, 

745 m, 710 w, 680 s, 635 m,_ 615 w, 600 ¥<!• 

1H NMR spectral data (chemical shift b ) {Fig. 3 f, ) 

Methine, methyL . ', phenyl and =NH protons appear 

at 1.25, 1.5, 7.0-8.0 and 8.9 respectively. 

The compound was found soluble in chloroform, 

benzene, diethylether etc. 

(h) With 1,5-diphenylcarbazone 

The reaction of fo -benzoyl- o( -phenylethyl tin 

trichloride with diphenylcarbazone was carried out with 

the molar proportion of the rea~tants 1:3 • Thus 0.87 gm 

offo -benzoyl- o<-phenylethyl tin trichloride and 1. 53 gm of 

diphenylcaibazone were taken iri 200 ml chloroform and 

refluxed for about one and half hour. It was then cooled 

and filtered. The residue being very small was _rejected. 
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The filtrate was concentrated from which unreacted 

diphenylcarbazone was separated whiCh was then filtered· 

off. This filtrate was concentra~ed to a very small volume 

from which a gummy solid was separated. The deep violet 
~-ntp~ . 

crude solid could not be freedAfrom·gurnmy.matter. The 

melting point of this solid w~s found 175°C. 

Found H 4.69 

Calculated 

c 54.95 

c 55.32 H 4.20 

N 14.28 Sn, 15.37 

N 15.18 Sn 16.13 

IR spectral data (crn-1 ) (Fig. 3 ~ ) 

3300 m(b), 2840-2940 vs (b), i655 s(b), 1590 s, 

1540 sh, 1485 s, 1455 vs, 1370 m, 1295 m, 1240 rn, 

1210 s(b)~ 1~65 w, 1170 w, ·1120 w, 880 w, 745 s, 

685 s, 620 w, 475 m. 

The compound was found to dissolve fairly in 

chloroform, benzene, diethylether etc. 

·2. Reactions of f3 -acetyl- o< -phenylethyl tin trichloride 

(a) With pyridine 

·Pyridine .(0.25 rnl) mixed with small amount of 

chloroform was added to a chloroform solution of 

{d-acetyl- a< -phenylethyltin trichloride (1.1 gm) with 

constant stirring at room temperature. The.reactants used 

in the molar proportion 1:1. The reaction mixture was then 

worked up as described in.the previous ~imilar experiment. 
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From the reaction product pyridine hydrochloride (m.p._ 

141°C) and stannous chloride were recovered~ 

·Found c 51.61 

Calculated c 51.95 

IR spectrum 

H 5.37 

H 5.19 

N 12.39 

N 12.12 

(Fig. 28~) 

The filtrate of this reaction after the separation 

of crude pyridine hydrochloride and stannous chloride 

was concentrated to a small volume. Little amount of·gummy 

solid was obtained which c()uld not be purified further, 

but an infrared spectrum (neat, Fig. 3gp) of the ·gu~ 

substance was taken and.was found very mUCh similar to 

that of pure benzilideneacetone. 

No change of reaction pEoducts could be found on 

changing the reaction conditions including the molar 
' . . 

proportion of the reactants. 

(b) With picolines 

To the solution of fl-acetyl- q -phenylethyltin 

trichloride · (1.1 ·gm) in chloroform, a miXture of 0.3 ml 

picoline ( )3-picoline or 'Y -picoline) in little amount 

of chloroform was added with stirring the reaction mixture. 

The molar proportion of the reactants was 1:1. The reaction 

mixture was then worked up in the same fashion as done. in 
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case of similar reaction withf-benzoyl-0(-phenylethyltin 

trichloride. 

% Analysis for c6H.f.HC~ (fromfo -picoline) 
·o 

Fotlhd c 54.84 H 5.84 N 11.31 

Calculated c 55.60 H 6.18 N. 10.81 

Melting point 159-160°C 

IR spectrum 

'Yo Analyses fo_r c
6

H
7
N.HC1 (from 1-picoline) 

Found 

Calculated 

c 56.23 

c 55.6 

Melting point 163°C 

IR spectrum 

H 6.21 N 10.27 

H 6.18 N 10.81 

(Fig. 'l~tA.) 

'The filtrate of this reaction (in each case) after 

the separation of picoline hydrochlortde and stannous 

chloride produced gummy mass after concentration to a 

very small volume. The gummy mass could not be purified 

further. 

The_. reaction was carried out by chi:inging the molar 

proportion of the reactants and no change in product was 

found. 

, (c) With triethylamine 

To the chloroform solution of P-acetyl- o( -phenyl

ethyl tin trichloride (1.1 gm), a mixture of triethylamine 

(0.3 grn) in chloroform (molar proportion of the reactants 
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1:1) was added with stirring and then the mixture was 

heated and kept at room temperature for about one hour. 

White solid separa~ed was freed from stannous chloride 

by recrystallisation from requisite amount of chloroform. 

Melting point 259°C 
(dec) 

% Analysis for c6H16.o3NC1 

Found 

Calculated 

IR spectrum 

c 55.85 

c 52._36 

.H 11.21. N 10.71 

H 11.64 N 10.18 

(Fig. ItO ) 

The presence of benzylideneacetone and stannqus 

chloride was detected in the filtrate part of the reaction 

after the ·.separation of crude solid. 

No change of products was -found on va~ying reaction 

parameters. 

(d) With triethanolamine 

To the chloroform solution of j3 -acetyl- 0(' -phenyl

ethyl tin trichloride, (1.1 gm) a mixture of triethanola.:. 

mine (0.5. grn) in chloroform' (molar proportion of the 

reactants 1: l) was added with stirring and then the 

mixture was heated and kept undisturbed for about two 

hours. ·White solid separated was freed from stannous 

chloride by recrystallisation from requisite amount 

of chloroform. 

Melting· point 
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% Analysis for c
6
H16o

3
NC1 

Found c 38.23 H 8.41 N 7.97 

Calculated c 38.81 H 8.63 N 7.55 

IR spectrum (Fig. /..il 

The filtrate of this reaction af-ter the separation 

of crude sqlid was concentrated to a gununy solid which 

was conficme~ to contain ~nzylideneacetone and stannous 

chloride. 

No change of products was foimd on varying reac·tion 
. 

parameters. 

{e) With 2, 21 -bipyridyl 

To a chloroform solution of }-acetyl- o( -phenyl~ 

·ethyltin trichloride (1.1 grn) a chloroform solution of 

2,2'--bipyridyl {470 mg) was added with stirring·. The 

reactants used in the molar proportion 1:1. The mixed· 

solution was then heated on a steam bath .and then cool~d 

to room temperature. On standing for about one-hour, a 

solid was found to separate. The .solid was crystallised 

) 

several tim.~s from chloroform to separate stannous chloride 

from this. The melting point of the crystallised product . 
0 1.-1as found 170 c. 
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Found c 52.12 H · 4. 03 N 11.71 

Calculated c 52.40 H 4.37 N 12.23 

IR spectrum (Fig •. 41- ) 

The filtrate after the separation of the crude 

solid furnished gummy solid on concentration. The gummy 

solid could not be properly characterised. 

The reaction products remained unchanged even on 

changing the reaction parameters in any way. 

(f)' With 1,10-phenanthroline (monohydrate) 

To a· chlorofonn solution of ,fo-acetyl- P(-phenylethyltin 

trichloride (1.1 gm), a chloroform solution of phenan

throline (monohydrate) (600 mg) was added with stirring. 

The mixed solution was then heated on a steam bath and 

then kept at room temperature for one hour. ·The reactants 

was used in the molar proportion 1 :·1 .• On keeping to room 

temperature, a solid (m.p. · 210°C along with little 

unmel ted portion) appeared. The crude solid was freed ... 

from stannous chloride by repeated crystallisation from 

chloroform and the melting point of the pure solid·was 

foUnd 226°C. 

% Analysis for c12H
8

N2 .2HC1 

Found c 55.73 H 4.17 N 10.50 

Calculated c 56.92 H 3.95 N 11.07 

,_. 
•"' 

IR spectrum (Fig. '-13 ) 
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The' filtrate of the crude solid (m.p. 

could not be woFked up to produce any gum free soliQ.. 

On changing the reaction parameters in any way, no 

change in reaction products could be observed. 

(g) With 1,5-diphenylthiocarbazone ,( di thiz one) 

The· compound fl -acetyl- o< -phenyl ethyl tin trichloride 

( I •25'gm) and dithizone (2. s:"'"Sgm) were mixed and taken 

in chloroform medium (the molar proportion of the reactants 

was kept at-1:3) and was refluxed for about two hours. It 

was then cooled and filtered. The filtrate was concentrated 

to some extent ( one-tenth of its original volume). 

Unreacted dithiz,ne came out of the solution which was 

separated by filtration. The filtrate was concentrated· 

to a very s_mall ·amount and to this few drops of ammonia 

solution was added and kept for two days. Fine greenish· 

fluorescent red crystals separated out. The crystals 

were purified by repeated crystallisation and the melting 

point of the purified compound was found 190°c. 

% Analysis for c 34 11
31 

Ng e~ s Sn. 

Found c 47.12 H 3.44 N 13.65 Sn 1-4.42 

Calculated c 55.32 H 4.02 N 14.55 Sn 15.46 

• 
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IR spectral data (cm~1 ) (Fig. 44) 

3205 w., 2840-294'0 vs (b); 1585 w, 15-20 vs, 1490 sh., 

1455 vs, 1375 s, 1325 sh, 1305 vs, 1260 m, 1210 vs, 

1140-1180 s{b), 1065 w, 915 w, 855 w, 760 m, 740 m, 

-70'5 w, 680 s,. 635 w. 

1
H NMR spectral data (chemical shift J. ) · {Fig.45") 

Methine, methyl'·:.·" , phenyl and =NH protons appear at 

1.25, 1.5, 7.0-8;.0 and 8.9 respectively. 

The compound was found solub.le in chloroform, 

benzene, ~iethylether etc. 

(h) With 1, ?-diphenylcarbazone. 

The reaction of) -~cetyl- o< -phenylethyl tin 

trichloride and diphenylcarbazone was carried out 

similarly by using the molar proportion of the reactants 

as 1:3. Thus J• Q. 5'"" gm~ of j3 -acetyl- e>{-phenylethyl tin 

trichloride and i • .ItO gm of diphenyl ~arbazone were taken 

in chloroform medium and refluxed for about one and half 

hour. It was then cooled and filtered. The filtrate was 

concentrated to small volume from which unreacted 

dipKenylcarbazone was separated out. The filtrate was 

concentrated to get a gummy solid (deep violet) whicl! 

could not be further purified. The melting point·. of the 
-

crude solid was found 175°C. 
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% Analysis for c3 4H31;N80C1Sn 

Found· c 53.82 H 4.57 N 15.79 sn 15.26 

Calculated c 55.32 H 4. 20 N 15.18 sn 16.13 

-1 
IR spectral data (em -) (Fig. 

3300 m(b), 2840-2960 vs(b), 1660 ~(b), 15~0 m, 

1540 m(b) 1 1490 sh, 1455 vs, 1375· s, 1300 m1 1255 sh, 

121 0 S (b) 1 112 0 W 1 7 4 5 S 1 - 68 5 . S 1 62 0 We 

The compound was fairly soluble in chloroform, 

benzene, diethyl ether etc. 
-

The reaction of fo -benzoyl- o( -phenylethyl tin 

4b 

trichloride and .fo-acetyl- o( -phenylethyl tin t:richlc:>ride 

separately with various bases like aniline~ trimethylamine 

and -picoline were studied and in each dase base 

hydrochloride could be obtained. Though these reactions 

were not investigated in detail, the melting points of 

these base hydrochlorides were determined in each case and 

found as follows: 

Aniline hydrochloride 

Trimethylamine hydrochloride 282-284 °c 

o(-picoline hydrochloride 152°C. 

The reactions of ~-benzoyl-C\-phenylethyltin 

trichloride with thiourea, glycine were attempted 

separately. In each case no reaction took place and the 

original reactants could be recover~d unchanged. 

) 
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The IR spectra of estertin adducts and chelates 
Met.~ .... , s~ • 

revealed some interesting features. Wardell ~~"~_,,t:~~Jstudied 
.~ . . . 

the IR spectra cf the adducts of Cl
3

SnCH2cH2COOR (R = 
cH

3
, iso-C

3
H

7
, c

6
H

5
, H) and Cl2Sn(CH2cH2COOR) 2 ~where 

R = CH
3 

--and iso-C
3

H7 _7. They reported that v (C = 0) 

. stretching frequency of Cl
3

SnCH2cH2coocH3 appeared at 

-1 -1 1660 em compared to simple esters appearing at 1740 em 

due to internal coordination of carbonyl to tin atom. 

Adduct or complex formation may influence the v(C = 0) 

frequency. Complexation of Cl
3

SnCH2cH2coocH
3 

with chelating ., 

ligands like bipyridyl or phenanthroline shifts the 

~(C = 0) frequency to ......... 1730 cm-1 from 1660 cm-1 • Similar 

observations have also been reported by other ,.,orkers {•o•~rot..j'0 3 
, 

but with mono dentate ligands like pyridine, quinoline, etc ... 

the v {C = O) frequ~ncy_was not effected appreciably. The 

1:1 complexation by monodentate ligands brought about only 

slight shifts ( somet.i.mes no change) in the carbonyl 

absorption values. For example, in pyridine adduct -l> (C=O) 

-1 appeared at 1648 em and in quinoline 

-1 _, (. at 1665 em • __ The small. shifts in v C 

adduct it appeared 

= 0) frequency 

was attributed for little change in the character of the 

C = 0 bond in presence of additional ligand molecule 

attaching to tin atom. In going from the penta coordinated 

tin (in ci3sncH2CH2coocH
3

) to hexa coordinated tin in the 

corresponding adduct one might assume in the absence of 

other effects, the ~ (C = C) values should increase, since 

the ,)c = 0 ) Sn interc;1ction should be reduced and as 

a consequence greater double bond character of the carbonyl 
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.. 
bond would result. However, there was no such observation 

indicating the presence of some other compensating effept. 

This compensating effect could be back bonding 

from tin to oxygen (using the carbonrl antibonding 

1he:. 
orbital) asAadditional li~and complexes. Another cause 

may be structural change from trigonal bipyramidal (before 

complexation) to octahedral (after complexation). 

The observation made by Maughan and Wardell with 

the compound fJ -carbomethoxyethyltin trichloride is shown 

below (Table !2. ) • 

Table 2 The carbonyl frequencies for mixtures of .. 
· ,, J3-carbomethoxyethyltin trichloride (A) and 

donors (Db in methylene chloride solution 
at 25 + 1 C are shown. -

Donor (i.]/[D) (C=O) (cm-1 ) 

1/0 

Triphenylphosphine 1/1 

Trimethoxyphosphine 1/1.5 

Pyridine · 

Quinoline 

Bipyridyl 

Phenanthroline 

1/1 

1/14 

1/1' 

1/1 

1/1 

1668 

1667 

. 1668 

1665 

1730 

1733 

Comments 

No interacti.on 

1/1 complexation 
carbonyl group 
still coordinated 

1/1· complex 

1/2 complex 

1/1 complex 

Chelate complex 

Chelate complex 
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During the present investigation, the following 

data were obtained (Table '3 ) • 

Table 3 

Compound 

Cl
3

SnCH
2

CH2cooc2H
5 

_ 

Cl3 SnC~CH2cooc2H5.pyridine 
(adduct) 

Cl
3

SnCH2CH2cooc2H
5

• j3-picoline 
(adduct) 

Cl3SnCH2CH2cooc2H5 • 1-picoline 
- :(adduct) 

Cl3SnCH2cH2cooc2H
5

• iso quinoline 
{adduct) 

- . 

-Melting 
point 
in oc 

68 

91 

81 

85 

87. 

Cl
3

SnCH2CH2CO.OC2H
5
.tripenyl phosphine qO 

· (adduct) 

Cl
3

SnCH2CH2coo¢2H
5
.2,2 1 -bipyridyl 88 

(chelate complex) 

1) {C::O) -1 
in em 

1665 

1665 

1670 

1670 

1660 

1660 

1730 

Cl3 SnCH2cH2cooc2H5 .1~10-phenanthroline 97 1735 

(chelate complex) 

ClSn (Ox) 2cH2C.H
2

cooc2H
5 

(-Bis--oxinate 181· 1735 
· chelate complex) 

ClSn(HDz )_2CH2CH2cooc2H
5 

(Bis ... dithizonate. 161 1700 
chelate complex) 

fHOx = 8-hydroxy quinoline (axine-) and H2Dz = 1, 5 

diphenylthiocarbazone (dithizone) _7 
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In case 1:1 complexation (adduct formation) with mono

dentate ligand pyridine, there is no change i~ .Y (C := 0) 

absorp~ion.yalue from that of uncomplexedmolecule. In 

the cases of 1:1 adduct witn.J'~icoline and ~-picoline 

there are li.ttle increase in .Y {C = 0) absorption values 

and the'1:1 adducts with isoquinoline and triphenyi 

phosphine show little decrease in .V (C = o)· absorption 

values in their infrared spectra. All these are in good 

agreement with Wardell's observation for ·similar type of 

compounds. 

It is suggested that with adduct formation the 

. penta coordinated tin is converted to a octahedral hexa 

coordinated tin atom. 

But with the bidentate ligands like bipyrid~~/ or 

phenanthroline which form chelate· complex with ·. 

Cl3SnCH2CH2co2titi.r.there are s}}arp changes in v(C = 0) 
' . -1 

frequency from 1665 em {before complexation) to range 

-1 of 1730-1735 em indicating a clear change in intra-

molecular carbonyl coordin~tion to tin centre. It is also 

reasonable tryat. such accommodation of a bidentate ligand 

to a penta coordinated tin centre may initiate the 

fission of the internal carbonyl coordination which 

resulted a hexa coordinated structure as hepta coordinated 

tin may not be stable. To make tin hexa coordinating by 

· such bidentate ligand molecules, the intramol~cular 

carbonyi coordination should be cleave. The.spectral 

evidences support such contention. 
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In the present cease two coordinated complex compound 

of p-carboethoxyethyltin trichloride viz. 

L~CH2.-. . I 
·. · . SnCl La . . 

have been prepared. 

where L = c 9Hl;ro, 

c13H11N 45 

In the infrated spectra of these two compounds 

(oxinate and dithizonate) the cleavage of intramolecular 

carbonyl coordination is indicated by the increase. in 

carbonyl stretch.ing· absorption frequency from v (C = 0) 

value 1665 cm-1 (for parent estertin chloride) to 

.V ( C = 0 ) value -1 
1735 em (for derived chelate). For 

Ctl-"'t'bO 

:bis-:,oxinate deriv,ative 
~·· 

of fi-1\ethoxyethyl tin trichloride 

v(C = o) absorption value is seen at 1735 cm-1 and for 

:bf£- dithizonate derivative Y (C = 0) absorption value 

is seen at -1 1740 em • Except the study of carbonyl 

absorption frequency· of these compounds, still another 

absorption frequency is very important which· is v (Sn~N) 
stretching freq-wmcy since this mode is absent in both. 

the starting· compounds, the estertin chl.oride and the 

li•;;ands. But this v(SnT-oN) absorbs in th~ region below 

400 cm-1 in the infrared spectrum. Unfortunately no 

assi,;;nment could be made for this stretching mode in the 

prepared acduct and chelate derivatives of fo..carboethoxy

ethyl t.i_n trichloride because of the~~l;imental facilities. 

Hence beside the study of such -J{C = 0) stretch.ing 

absorption in the infrared _spectra of such complex compounds 

J 



213 

(adducts, ad~uct type chelates 

(3-carboethoxyethyltin trichloride there 

remarkably 0is·tine..t~v.eabsorption peak;_;,_ 

During the reaction of fl-carboetho~yethyltin 
teo!<. 

trichloride with 1, 3 diaminopropane, Sn-C bond fis~ion was-" 
P~U-

"~~pgnded giving rise to two solid reaction products both 

were of high melting points ......... 244°C but one of them did 

not contain tin vvhich was ccnfirmed by elemental analyses 

as 1,3 diaminopropane dihydrochloride and the. other was 

confirmed as stannous chloride. Their infrared spectra 

were also in accordance with their intsrpretC3d molecular 

composition. 

O~ganotin alkyl and aryl compounds show strong 

Lewis acid character in the formation of large number of . . 

adduct:s or c[lelate compounds with various types of Lewis·· 

bases. The Lev.; is acid character of estertin type ( :r) 

R • o"-cf'o 
\ 
CH2 
I 

.·C R
2 l 

Cl-Sn-Cl 
J 
Cl 

! 

R' = alkyl 

R = H, alkyl 

has been established by the formation of a number adducts 

or chelates with different Lewis bases. However, from·the. 

investigations carried out so far, it was found that 
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ft-benzoyl -ex.- phenyl ethyl t~n trichloride and J3-acetyl-o( 

-phenyl ethyl tin trichloride on reaction with a nuniber of 

Lewis bases did not yield any adduct or chelate compounds.· 

Q:l-, I 

·R-_ ~- ~){~. 
· I . II · 

Cl- Sn ( 0 
Cl/l 

Cl 
a) R C H R' .. = 6 s." = 

l Base 
0 

b) R 

R -CH = CH -2 

II 
c - R' + SnCl 2 + Base-hydrochloride 

S c . .M.:m e.. :r 
except with Dithizone and Diphenyl carbazone which have 

already been discussed. 

In f3 -benzoyl..()( -phei'lyl ethyl tin tri<Ehloride, 

tiJ\is assumed to be penta coordinated (discussed. in· 

previ~us chapter) through the.coordination of carbonyl 
. sh.;,trts 

function. The coordination of carbonylA'fl.•ithdra•t~s the 

non ·bonding electrons towards tin thereby making the 

carbonyl carbon more electro po_sitive. However, in com:Pound 

c2H5o.co. CH2c.H2sncl3 the ester -oc2H5 group could reduce 

the electropositivity'of carbonyl carbon relative to the 

purely ketonic compoud ~ike (a) and {b). Obviously tbe 

proton abstraction follm~ed by Sn-C bond cleavage to 

yield the precursor along with stannous chloride and base 

hydrochloride will be deterrrined by acid-base strength. 
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~/~~ • I 
R-G ;: C-R 

I) .1~ 
Cl-Sn o;:;H 

/ ~~ .. .' 

c1 cy s 

Base 

R.- CH I 

= CH - g - R: + SnC12 
+ 

+ BHCl-

s e.h..e...., e..:;;: rr 
The stronger the acids, the weaker the bases will be able 

to perform the above type of fission reactiona. (S~li) 

The investigations carried out with a number of 

bases (tnough these were not exhaustive) having the pKa 

values ranging from about 4.5- 10.7 (.Table '1 ). On a 

broad analysis, it was found the bases having pKa ranging 

4. 5 ··- 1 0. 7 could be effective to abstract the o( -H from 

.{3-benzoyl-o( -phenyl ethyltin trichloride and ~-acetyl-<:l( 

-phenyl ethyl tin trichloride. The resulting carbanion 

undergo elimination of stannous chloride with the eventual 
i 

formation of ch9lcone or benzyldene acetone. On the other 
been-- ' 

hand adduct fonnation has i\noticed, wh~n the same bases. 

\vere treated with c2H5oco. CH2CH2SnCl3 • Thi~ was encountered. 

as the lmver acidity of J3 -H in the estertin compound and 

hence the bases used with pKa values 4.5 - 5~99 are not 
' 

sufficiently basic to abstract the proton to geperate the 
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carbanion or tpe enolate. The formation of adduct of this 

type has been reported previously in earlier discussi~n. 

·But r.V'hen bases like diaminopropane (pKa = 10. 5.5) is 

allowed to react with c 2H5o.co.cH2cH2sncl3,. it did not give 

any adduct, instead it led to tin-carbon bond fission 

resulting stannous chloride, base hydrochloride and ethyl 

acrylate. 

Table ~ 

(A) Fission of tin-carbon bond observed in the reaction 
of organotin chloride and base 

Organotin Compound. Base pKa of base 

{I) P -benzoyl-ct -phenyl Bipyridyl 4.50 

ethyltin trichloride Aniline 4.87 

Pyridine 5.23 

Phenanthroline s.sa 

P- picoline 5 •. 70 

1- picoline 5.99 

d.- picoline 6.00 

Triethanolamine 7.76 

a-hydroxyquinoline 9.81 

'1' riethylamine 10.75 

(II) j3-acetyl- o<-phenyl Same set of bases 

ethyl tin trichloride were used as in case 
of /3-benzoyl- 0(- · 
phenylethyltin 
trichloride 

(III) j)-carbo~thoxy 1 )3-diamino 
ethyl tin trichloride propane 10. ss· 
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(B) Forrnat.i.on of adduct or chelate compound of organotin 

chloride with base 

Organotin compoud 

P-carboethoxyethyltin 

trichlo:ride 

Base 

Bipyridy~ 

Pyridine 

Isoquinoline 

Phenanthroline 

fi -pi col ine 

~-picoline 

Triphenyl 

phosphine 

8-hydroxyquinoline 

pKa (Base) 

4.50 

5.23 

5.40 

5.58 

5.70 

5.99 

9.81 

Thiourea and glycine did not react with A-benzoyl-~ 

-phenyl ethyl tin trichloride. On the other hand 

Diphenyl thiocarbazone (Dithizone) Diphenyl carbazone 

on being added to .}3-benzoyl- d.. -phenylethyl tin trichloride 

or .fo -acetyl-a( -phenylethyl tin gave intense colour change 

suggesting complex ~ormation. Organotin halides usually 

form complex compounds when treated_with Dithizone or 

diphenyl carbzonate in presence of bases like ammonia, 

pyridine etc to remove the hydrohalide liberated during 

the reaction. But in these cases, addition of base leads 

to tin carbon bond cleavage, hence could no~ be successfully 
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utilised. However, with addition of 3 mole of dithizone/ 

D.P.C to the above me])tioned chloride_under refluxing 

condition, reaction occurred and solid complexes were 

1 isolated. The IR and H NMR spectra of these derivatives 

indicate the elimination of benzoyl or acetyl group from 

the organotin chloride with· resultant formation of an 
~ . - . . 

organotin chelate compound. Such reactions are somewhat· 

unusual f_or organotin 'chelate compoUnd;/' formation. Detailed 

mechanisms of -such. reactions have not studied so far. 

The IR spectra- (Fig. ~5" and 41-t ) of the 1, 5-

diphenyl thiocarbazone (dithizone) -complexes derived from 

/3-benz oyl- 0\ -phenyl ethyl tin trichloride and fl-acetyl-:- o<..
phenylethyltiri trichloride are identical in character. In 

.,~ 

both these spectra there is a weak but sharp bapd at 

3205 cm-1 which is assigned to v(N-H) stretching frequency. 

The y (N-H) bending vib;ation absorbs ....-15~0 cm-1 -. Th~ 
medium to strong bands at 1260-1375 cm-1 are possibly-due 

to absorption by .J {N-phenyl) vibrations. 

All the fl-carboalkoxyethyl tin 'di thizonates ( I 0 I ) 

' -1 
show absorptic;>n bands between "'""1110-1200 em due to 

., 
presence of N-C-S group. With the present compound a 'number 

-1 of bands found in the region-,:1150-1205 em may be atrri-

buted to v{N-C-S) coupled vibrations. 

The ligand dithizone has a large number of 

absorption bands particularly in the region of 490-800 cm-1•. 
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The presence of so-many bands in this zegion has made the 

assignment for v(Sn-C) and V(Sn-0.) absorptions rather 

difficult in these dithizonates. The far infrared me~sure-

ment could provide a better picture for several assignments 

but the lack of proper facilities have restricted us to 

investigate further in this area for _the time being and 

consequently no- assignment of ~(Sn-Cl) absorption is 

possible. 

The appearance of strong absorption bands at 

""""680 cm-1 , """'740 cm-1 and -760 cm-1 are characteristic 

of monosubstituted phenyl ring deformation modes, of 

course in the present case .its assignment is of little 

" 

value. Since the spectrum was recorded in nujol mull, 

no assignment can be Il}ade on v (C-H) al:?sorption bands~ 

The IR spectrum (Fig. 31 and 4£ ) of bis 

diphenylcarbazonate derivatives -of f3 -benzoyl-o( -phenyl

ethyl tin. trichlori~e and ft -acetyl- CX.-phenyl_ethyltin 

trichloride are almost identical, indicating the same 

molecular pattern in-both the cases. 

In both these spect~a, there is a medium band ' 1: 

~3300 cm-l which is due to v(N-H) stretching absorption. 

A strong but broad absorption band in the vicinity of 

1655 cm-1 which is absent in the corresponding dithizonates 

may be attributed to ...J (C = 0) absorptions of the 1, 5-

diphenylcarbazone molecule. The V(N-H) bending absorption 

-1 possibly occurs ...... 1540 em • 
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The spectrum also shows a very characteristic 

nature in the region 1100-1240 cm-1 • The broad band 'and a 

number of weak bands in this region is possibly due to 

coupled N-C-0 vibrations. 

-1 -1 The strong ba~d at 685 em and 745 em and the 

characteristic for monosubstituted phenyl ring deformation 

modes. 

Due to presence of ligand bands assignment for 

v(Sn-0) stretching absorption is not possible wlth certainity. 

Due to experimental inadequacy, the assignments for v {Sn-N), 

v (Sn-Cl) and v(Sn-C) are not possible fer the present 

case so far. Since the spectrum was recorded in nujol 

mull, no assignment for v (C-H) absorption c;:m be made. 

From the spectrum of the bis dithizonate of 

fl-benzoyl- o<.-phenylethyl tin trichloride or Jl-acetyl-ol

phenylethyltin trichloride one this is·apparent that there 

is no indication of V(C = 0) absorption in the spectrum 

which may reasonably claim the removal of carbonyl group 

during ~ornplexation. Moreover in the corresponding 

diphenylcarba~onate complex appearance of absorption 

band 1655 ern -l may reasonably be attributed to ..J (C = 0) 

absorption of 1,5-diphenylcarbazone molecule since such 

a band is absent in the similar dithizonate complexes in 

the present case. 
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· Thus the spectral evidence may support the removal OJ 

carbonyl group of the .ft-benzoyl-?<--phenylethyltin 

trichloride e..nd_' fl-acetyl- 0(-phenylethyl tin trichloride 

during such complexation with dithizone· o~ diphenylcarbazone. 

From the 
1

H NMR spectn1m (Fig • .3"' and 45'" ) at 90 MHz 

of dithizonate complex derived from fl-benzoyl-~- phenyl

ethyl tin trichloride or fl-acetyl- o<.-phenylethyl tin tri

chloride (both being same) in CDC13 _medium, the following 

observations are made. 

The methine proton appears possibly at ~ 1.25. The 
' 

methyl protons appear at- b 1. 5. 

In this 
1

H NMR spectrum, twenty five protons from 
- . 

five phenyl rings occupy the region b7.o~s.o. The individual 

interpretation of these protons are not possible due to 

their appearance as an aggregate in the region. 

The proton of the =NH group appears at 6 8.9. 

The ratio of secondary amino proton (=NH proton): 

phenyl proton : methyl.proton: methine proton is rather 

close to 2:25,.:3:1 which indicates a possible molecular 

formulation of the compoUnd as follows. (I!) 

rr 
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The corresponding diphenylcarbazonate complex 

·derived from fi-benzoyl-o<.-phenylethyltin trichloride 

and fl-acetyi-r::J... -phenyl tin trichloride could not be purified 

to the desired level, yet with crude sample of diphenyl

carbazonate derivative of /3-benzoyl-~~phenylethyltin 
1 trichloride one. H NMR spectrum· (F ig.:?>':f~) was taken, which 

is very similar to corresponding dithizonate ·derivative. 
, " . 

. -119 . . ' .. 
Sn NMR of these compounds co').lid provide some 

better picture: about the ·molecular formulation of these. 

compounds yet due to lack of facilities in our laboratory, 

further investigation about structural aspects was not 
. . ·. ~ 

possible at present. 
. . 

fl-benzoyl-~-phenylethyltin trichloride. and 
·' 

similar compounds react with many of· the basic iigands but 

the course Qf ·rE:actio'n with bases may differ and probably 

·it depends on the pK values of the bases. 

The different probable reaction mechanismscan be 

put forward to explain _the formation of different types 

of reaction products in the presence of different bases<. 

or compounds having at least an atom having a lone pair of 

electron within the molecule. 

r. Mechanism to explain the formation of the compounds 

of the type 
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where R = hydrogen,.a~kyl or aryl group and R1 =alkyl,· 

alkoxyl' or aryl group and the base is a bidentat:-e l;(gand 

like·diphenyl thiocarbazone, diphenyl carbazone etc. The 
-· l 

formation of the said type of compounds can be· justified 
. . 

firstly by the elemination of hydrogen chloride molec.ule. 

· In many cases (specially where R = hydrogen· or alkyl group . 

and R I = alkyl or alkoxyl· group-) the elemination of hydrogen 
., ' . . ' .· . ~ . . 

chloride was definite.ly established by forming ammonium 

chloride on adding· ammonia to the reaction mixture. Secondly 

carbonyl stretching frequency of the- substi~uted (by the 

reaction with the ligan<;}) compound is found in the higher 

field thamthat:of the parent compound and this is probably 

due to non-coordinated C =·o group in the substituted 

comp01ind. 

I(a) An ionic mechanism 

(Base) 

·+ H + Scheme !Lt 
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I(b) A concerted mechanism 

/1"" R-C-H c-R' 
--

4
) I n + Het 

et.--sn o 
I\~ 

er. ~ 

Scheme CV 

II Mechanism ~~ef:loR:!e) to explain the form~tion of 

and.hence 

! 
/~. 

also ofR-G-.H C.-R' 
I . . l et-1f-O 
B 

~ H 
G 1~ 

/1~ I /~'- I 

R-~-H H n-R-· _:_B----4) ~-G-H n "'rr-R 
et-Sn ~ · o et- ~~< ;b 

I\ 'e 
CL Ct ' : C( t l -ll B 

Scheme V 
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The next step of the react'ion may occur according to 

either of the following two mechanisms. (.sc.M.."""-- v, at' vii) 

II(a) Ionic mechanism 

( :B- is bidentate ~igand) 

Scheme VI 

II{b) Concerted mechanism 

1 ~ r 1 
/~ ', /~ ' /c~_ 

R-C-H G-R &+ s- R--.C-14 G-R R-G~H. ~G-RJ 
. I 01 ' H-B~ l . r --...!..!.H=eL-4> I I . 

~t-51\ et- ll o 7 t:.\. _ 511 0 
"\./ /":/ \ _&- G~ Jt 
"' ~ ~o.l \!,-H B 

Scheme VIC 
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~ ~ theoretical ~ poiRt ~i~ type of 

mechanism (Scheme vc• VIO is favourable when R is electron 

withdrawing group. 

III Reaction mechanism (Scheme Vlll ) leading to adduct 

formation with the Lewis bases i.e. a neutral molecule 

having· free electron pair in one of its atom e.g. the 

compound like pyridine. 

r 
c 

/~~ I 

R-C -H n--R 
~t'- .I uo 

":'oo S'Tl 1.-----

~L/1 
~l. 

0 
•• 

Scheme VTCI 

H 
I 
c 

/~.·~ I 

R-C-H ~-R 

~L ' I 11 ' 
........... s, ' 0 

eL// '\~ 
e'- V 

IV Reaction mechanism leading to the decomposition 

product containing stannous chloride and R-CH = CH-C-R' 
II 
0 

also forming pyridine hydrochloride as the final reaction 

product (when pyridine is used as base). 
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1-1 H 
I (.J . c c 

/t~ 1 ([] /~~ I R-C. -H H C-R R-C-H ij-R 
I ll ) I ~ 

~-Sn 0 

et/t 1 a 
-/\ 

c,\ e\. 

R-c'~~~C-R' }i"'- . I 
0 R-C-H C-R: 

+ I\ I ll + 
0 e.~ -Sn 0 N+ 

C:l.........., Sn + 1\ ·- ~ 
et/ 

eL ~1.. CL 

ler 

Scheme IX 9er 
H . 

!' 
; 

This type of reaction mechanism (Scheme tX·) is in 

general will be favoured if R is electron withdr_a\·dng . 

group· and in fact. during the reaction of fl-phenyl 

carbonyl benzyltin trichloride with pyridine formation 

of ehalcone, stannous chloride and pyridine hydrochloride 

was found which can ~ be explained on the basis of such 

a mechanism. ( .s~'l"''\-c.. IX) 
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v. Reaction leading to elimination of benzoyl or acetyl 

group during the reaction of the compound where R = .aryl 

group with 1,5-diphenylthiocarbazone or 1,5-diphenylcarbazone 

was observed. The mechanism of such reaction is not yet 

clear though the scheme of the reaction may be suggested 

as follows (Scheme X ) • 

H H 

C;- I I · 
c--c~c-R 

I ~. II 
. ct-Sn~0 

/\ 
et cr 

Scheme X 

1 H 

Q-y_-t-~ 
e7J~HOz 

HDz. 

+ RCOCl. 

The fi -benzoyl- o<-phenylethyl tin chloride exhibited 

strong acid character in chloroform and penzene solution. 

-2 The pH of 10 M solution was found to be._. 1. 5 • The compound 

is fairly soluble in'chloroform, benzene diethyl ether, 

methanol, ethanol, acetone etc. The solubility in carbon 

tetrachloride ~.¥as found remarkably less whereas it was 

more soluble in chloroform than in benzene.· 

The solubility of the compounc'i in many solvents 

is not probably a physical change. For example, the original 

cc·mpounc:. coulcl not be recovered from an acetcne solution 
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but a. yellow gummy product could only be obtained. 

The above compound was very much sensitive to 

moisture and decomposed to yellow gummy product, which 

contained some amount of stannous chloride. It decomposed 

very quickly with ammonia. 

The light yellow colour of the fl-benzoyl-~

phenyfethyl tin t.richl;ride changed into an- intense yellow 

colour, when t~e compound wa~ kept in a desiccator for 

some weeks. The presence of hydrogen chloride was also 

det.ected in the desiccator. On _crystallisation of this· 

intense yellow product from suitable solvents, the f3-
benzoyl-~-phenylethyltin trichloride could be obtained 

on a- reduced amount. 

The very light cream crystalline }3-acetyl- o<

phenylethyltin trichloride had similar type of acidic 

character in chiorofonn or benzene LPH (10-2 M) =·- l.7 J. 
It had also a similar solubility in different organic 

solvents. In presence of mo~sture, the compound also 

decomposed ~o a brown gummy mass from which an uncharac

~erised deep orown solid (m.p. 110°C) could be recovered, 

which incidently did not contain any tin. The compound 

/>-acetyl- o<.-phenylethyl tin trichloride decomposed even 

inside a desiccator liberating hydrogen chloride and 

changed into dark bro~n product which could not-be cnarac-

terised so far. 
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The fl-styrylcarbonyl-0(- phenylethyltin trichloride 

also exhibited more or less similar properties. 

The acidic character of t~ese compounds could be 

due to the presence of a phenyl group to the carbon atom 

containing -SnClj group as indicated below e.g. ~-benzoyl

eX -phenylethyl tin trichloride, 

( ') 

. -t 
+ H 
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The stahilisation of the anion formed as existing 

.in the form of resonance hybrid may explain the aci(jic. 

character of the compounds. The compound even after 
'< 

repeated crystallisation and careful drying liberates 

hydrogen chloride even in a vac~um desiccator which may 

. be due to presence of following equilibri'llm. ( ~el\.t..?t\c. 1-l b) 

Alternatively the elimination of hydrogen chloride 

may also be suggested as follows. (<;c.kc.""e. XII) 

0. . c ~o 

'~ ·/ 
e~-5-n-c-H 

I \ 
_ eL ~ _ 

0 

+ HeL 
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In presence of moisture, the forward reaction is 

accelerated, resulting in some uncharacterised gummy · 

product containing either no_or very little amount of 

fl-benzoyl- o<..-phenyl ethyl tin trichloride. 

The elimination of hydr9gen chloride may similarly 

be suggested in case of }1-acetyl-~- phenylethyltin 

I ., ""IV) trichloride. ( Se.h.e..om.t. XII .~" 

< ) 

+ 

-+ eL 
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0 C~CH3 0 c\_ c H3 r ~ '\G-H + /c"H Hel / . 

~\.-S-n-y-H 
et-S7l y-» 

/\~ /0 . eL eL 0 e\. ~ I· 

~IV Se!.~.e. 

'rhe darkening of the colour from very light yellow 

to intense yellow in case of (3 -benzoyl-o( -phenylethyltin 

trichloride and from light cream to deep brown in ·case of 

~-acetyl- o( -phenylethyltin trichloride takes place even on 

:keeping the compound in purified and dried condition. The 

phenomenon is very much similar to the case of phenol' and 

· phenoxide. · ion. The increase of A in case of phenoxide max ., 
ion than that- of phenol has been explained as follows ( ~ o S). 

The larger the amount of conjugation and the larger 

the number of charged resonating st·ructures (with fairly 

close energy content), the greater is the resonance energy 

and so lower is the energy content of the resonance hybrid. 

Also, the smaller the difference in energy levels between 

the ground state and the first excited state, the larger .is 

the v1ave length of absorption. This is because charged 

structures contribute more to excited state than to ground 

state. Again if all the contributing resonating structures 

are charged, and only of one. kind as in the case of phenoxide 
I 

ion (only a negative charge), the charge delocalisation in 

this case increases the stability of the resonan.ce hybrid 

still further. Hence there is the increase in the wave 

length (i.e. '\ ) to a considerable extent. 
/\max · 
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The resonance hybrid of the anion derived from 

fl-benzoyl-~-phenylethyltin trichloride -should also 

increas_e the val~e of 1\ max than that of the corresponding 

non ionised struc~ure. T0e compounds that absorb light 

of-wave length petween 400-800 nm (visible light) appear 

col9ured to hum<?-:ti ·eye,· the precise colour being a compli

cated _function of which -w-ave lengths of. the compounds 

subtract from white light~-' Progressive absorption from 

400 nm upv.rards leads to progressiv·e darkening thr.ough 
. ' ' ,·, 

colours left -after subtraction of .. colou'r$' corresponding· 
. . 

to the wave lengths at whiC'!h those compounds _absorb 

maxir:nuin·. in the· visible range froin the white lic;ht. 

The slow change,· of colour from ligh_t yellow to· 

orange in case' of /3-benzoyl-Ol-phenylethyltin trichloride 

is possibly due to greater "l value /\,max for the resonance 

hybrid of the ion derived from the compound by the elimina~ 

+ tion of H • 

The change in colour was also observed on keeping 

the compound fl:..acetyl-<X-phenylethyltin trichloride for 

a period of time. The explanation for such colour change 

is possibly the same. 
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In aliphatic compounds there was every .limited 

scope Of stab_ilisation of anion derived by the elemination 
+ ·~'l'>'tp~b!L -

of H by resonance, hence!\ estertin ch.Lo'Yi:;cl:.t.s did not. show 
... 

any colour change gradually \vith time •. 

-( 
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