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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). 



_., 

19 
·169 

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). 



171 

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). 



.r 

"173 

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. 
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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 
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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 



80 
z: 
0 
Iii 70 
Vl 

~ 
V) 

z 
~ 
De: 

60 

t-- 50 
f-

~ 

,. I' 

. ' 

..... 

2: 
w 
~40 :u:ut ':~:lu.~~:~:-~ ~;, ,~:;.~h-;: :~ :~~0: _l~~ ::; ,; ~ 

·:-. :: --~:~-:::::. :~: :; ::;;;.::-: 
UJ 
<L 301·':~;-~g~!~;HU~~~~--,:!~i=~H~ 

201.;::~-~~-+!lW!..;m~fg~-:=\j:\:> 
·.·:·: :::·:::::::: .. :·:::l::·,-· ·-:: ::::::::::::::;:::;:::::: 

,: Z fS·~I·t ;~. :m;;·:: , ; ., . 
;::: ::: ::!·.; 

..>vOO 4000 ~~ 2000 

p 

1BOO 

1-\/.1 ; f..'r y::r,~ WAVENUMBER CM-1 

.•'i 
~ 

-... ·,. 
... , ... --- .. 

:!:··· .. 
. ---~------ -·- ······· ---. .. . .. 

::~: ·--~;~:~~-:- _:~~ .. - --

.... ~: :. : :. : :: :; ; -: .. 
:.; : . .:..: _-____:.:_~ .. --.:: 
··::=~ . : :/.;~~~~~!:~--~:~~::~: 

••• •• • ••••••• ··j• 

:tii==::~::T~~;-:::;::· 

:y,~.::-::,~::: _:/::~~ : . 

.••.•..•• ::l~=;~:~~"·::&~~~f ::::• .... ::. : .. ::.;: :;.:1:. 

·-:-

. .. 

. ' . . . . . . . -- ........... ---·--······· .. .. . 

1600 1400 1200 1000 BOO 600 500 "'100 
1:•·.;.-. 

Pj_g. 3~'l TR spectrum o{ fi -picoline hydrochloride 

•'. 

~-· ~ 

~ i. ;-•• ,, 

< 
(' 

f-

,, 

· ... 

?OO 



13 

.i 

~ 

201 

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. 



~ 

II 

1001 
90 

t= •r~::' 
r 50 ::. '"" · 
1-
z 
UJ 

~ 4 o 1 ::::;::·.: 
UJ 
Q_ 

30 

201··:·:~. 

10 

0 :·· :·!: :: ·;.: .... 

__ t .~ 

-- ·---·- .. 

--· ---------------- -----. .. . . 

. . .. 

.. 
--------· -- .... 

- -:-:.""';":"",';:.-.":"'": -:- :· 

-1000 3000 1800 1600 1400 1200 1000 BOO 600 SOC 400 300 

' '' .WAVENUMBER CM-1 

F'ig. 42- IR S}_:)ectr.um of 2,2 1 -bi!=>YYidyl dihydrochlo-ride 



2 
0 
Vi 
VI 

l: 
\/) 

~ 
~ 

~ l 

I 
, •. ;,·, ,,,. J.l 

' ::;::: · · -~-- -~r~9

-"TI~---- ~-:r;~I=~·:;(~~:-_: 

---- --- -~ ~~-- ·:· ~~~~: ~~~ ~~~: ~~ ~ :~ ~~~ ~ ~~ ~~E~JJ~ ); . --
-: -:-·:-:::-:-~-: 

100· ... • 1 •. 

: .:·::::::::· .. : · .. :: .. :~::.: .. · .. 
go1 .. : .. - : .. ~.':':~:: .. ::.:·::_;: , .. ~,:~. ~;.;;-c~:~:=:·~:.;q2g.;;.:.:~=~r;~. 

' ..... ' : ; . : ~ .. ~ : : :: : :: . . . : ::::: . : : : :: . :: : ::: :::: ::::::::: .. : . : .. ::::: ~ ~:::: :::::. . . . 

80 I,~:::;: ;:;:~s~lll~l!:l;~ i~i::lm:~ ·:~~mf!;;~ll)llm~mmJmJmmmll1I:IH~ ~. ,: T 
::~ :::::;:: ~:::::=::: ::::::::~: :::::::::.::: ::::;~::::~::::::;:::::: ~:= ~ =::;:~:::::::::;::-: ~ :::i ~-

:: 1~[~[~1Jffl"!~l~~~ ;~!~~~:i~~~~~~~~~~;-i __ ; .:~~i --~~i,i~~~~~ifi-,~ .• ---
:::::~ig~:g~~y~~!=;~~~=~~~~'i!~L=~~::;!:::=~!~~~ii~~~!5i~~i~;:;~;::~!i!i~;::=::·: . ....... ·i · ·· .. · ::: ·: . . 

1

{ -~~ 

w ~:-~~i:-1l~~~~m~:~rt~t.-,~[l-~J+~:--: ··· _.:., ---~"- ~~:-····· 
t-50 
~ 

::~!i!:iiii:::~ :<.> <·· ':: .:·_;, __ ·or::. ;<;·--oc::·--c--~:fo-' :: :.;. -'""' 
; : ~ ~~~: ~ ;~::f ~:: ::: .. ~:::·:: f ~:. -~ :: g;~~ ::;~: 

"::.::.::: .. :·. :::.:.:.: ... ::::1· ..... 
10 

;m;~uiliW:;;mm:Jm~miiiii:t; 
0· ................................. .!. .... . 
4000 . 3000 2000 lSOO 

•(I :'"" N• t"\ WAVENVM8ER CM-' .. 
1600 

... --········ . ... . . 
0 • • • • • 

1~0 1200 1000 

r· . -,.-: ·~u--· .. 
.. .. . 

··-----· 

BOO 

Fig-. 4~ IR spectr~m of 1,10-l='henant:hroline dihy·dr.ochl.oride 

-~ 

"-: ... .. 

~. 

•'• 

·-(• 

:~-:~-- :.:7:~::~:. ~- .... . : .... ,. 

···--··--.. . 

.. . .. ·------·-············ ... ··--·~ --- -· 

600 500 4 00 300 



I 
:I 

': 

·' I 

16 
204 

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 
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(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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