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PREFACE 

The Schiff bases have derived from amino acids offer a variety of interesting 

possibilities of co-ordination with metal ions. Compared with the rich transition metal 

chemistry of such ligands, the chemistry of organotin remains almost unexplored. 

Furthermore, in a number of recent surveys revealed that there exists a rich structural 

diversity for organotin compounds where very different structures are found. even 

though the chemical formulae may be quite similar. In view of this, the present work 

was undertaken as a part of a general programme aimed at the synthesis of organotin 

complexes of bifunctional tridentate ligands 2-{[(E)-1-(2-hydroxyaryl) 

alkylidene]amino}acetic acid. In this dissertation, I together with my supervisors have 

tried to conclude the results of the work with the present state of knowledge of the 

chemistry of tin. The dissertation is divided into four Chapters and the work is 

presented in the following manner: 

Chapter 1: A brief review of the existing structural chemistry of metal complexes is 

presented. 

Chapter 2: The Synthesis of Organotin(IV) derivatives of the types (i) R3SnLH (ii) 

R2SnL.nH20 and, (iii) R2Snl.R' nSnCI4_n constitute the subject matter of this Chapter. 

The mode of coordination, bonding has been assessed in solution by 1H, 13C, 119Sn 

NMR and in solid state by IR, 119Sn M5ssbauer and, X-ray crystallography in 

representative cases. The mixed complexes of the type R2SnL.R'nSnC14-n has been 

investigated in great detail by 119Sn NMR spectroscopy at low temperature down to 

-95 oc to ascertain the structural behaviour (association-dissociation) in solution. 

Biological results for some selected complexes are also presented . 
. ,I 

Chapter 3: A comprehensive summary of the research work is described in this 

Chapter. 

Chapter 4: The synthetic methodology for obtaining alkali metal salts of 2-{[(E)-1-(2-

hydroxyaryl)alkylidene]amino}acetic acid and their organotin derivatives constitute the 

subject matter of this Chapter. Experimental procedures for biological work concerning 

antitumour screening in vivo in Ehrlich ascites carcinoma cells is also described. 
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Chapter 1 

1. Introduction 

Schiff bases still occupy an important position as ligands in metal coordination chemistry 

even after almost a century since their discovery. Due to the ease of their preparation, 

. diverse properties, medicinal, biochemical and industrial applications, the keen interest 

in the study of these compounds arose. 

This section describes the silent ground state properties of Schiff bases in general 

and with amino acids in particular from the point of view of their coordination chemistry 

rather than its organic chemistry. 

The condensation of primary amines with aldehydes and ketone gives products 

known as imines which contain a C=N double bond. These compounds rapidly· 

decomposes or polymerize unless there is at least an aryl group bonded to the nitrogen 

or to the carbon atom. The latter imines are called Schiff bases, since their synthesis 

was first reported by Schiff [1]. The most common method of obtaining a Schiff base 4 is 

straightforward, as indicated in the condensation reaction (1) between 1 and 2 with the 

formation of an intermediate hemiaminal 3. 

NIR" R R' 
"'./ 

C + R"NH2 ---i•~ R-C-R'---i.,.~ H20 + 

11 1 
.......... (1) 

0 OH 

1 2 3 4 

Other methods of synthesis are widely reviewed by Dayagi and Degani [2]. 

However, it is observed that very few Schiff bases commonly used as ligands have been 

prepared and characterized in the uncomplexed state, since the corresponding metal 

complexes have been directly obtained by other procedures. 
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At this. point, we have confined our discussion limited only to the Schiff bases which 

are· derived from aldehydes and ketones with amino acids since they form the subject 

matter of the thesis. These Schiff bases 5 have been shown to act as tridentate ligand 

(N02 donor sets) through the imine nitrogen, the phenolic oxygen and one of the 

carboxylate oxygen atoms. However, a relatively small· number of free ligands have been 

5 

structurally characterized. It must be recalled that oxygen donor atoms of ligands may 

often act as a bridge between two metal centres, giving polynuciear or polymeric 

complexes. The metal complexes of such Schiff bases have been investigated in great 

detail owing to their apparent usefulness as models for the more complicated metal- .. 

pyridoxal-amino acid systems, which are the intermediates in biologically important 

transamination reactions [3,4]: Salicylaldehyde and amino acid (AA) forni Schiff bases 

which produce complexes with a range of transition metal ions e.g. M(ll) (Sai:AA) n!-120, 

(6) (M(II)=Cu, Co or Ni) and M(I)[M(IIl)(Sai:AA)2], (7) (M(I)=Na or K; M(III)=Co, Fe or Rh 

[5-10]. 

('-M/OH, (0~0 (I I\ 
N_.. Fe ...__NH2 CH 2COO-Fe ""\f-N OH 

N/ " "'--' ... I_) -..__/) N~ 0 . 0 

6 7 8 
6a=Cu 

The structure of 6a has been proved by X-ray crystallography [11] and several such 

Cu(ll) complexes have been prepared involving various amino acids [12]. The structure 

of 8 is re-investigated by Bowden et a/.[13] and the new structure 9 has been suggested 

on the basis of IR, electronic and Mossbauer results. 

2 
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Theriot et a/.[14] have reported the preparations and properties of some 

oxovanadium complexes of composition VO(Sai:AA) (H 20) 10. -x-ray diffraction study of 

the /-alanine derivative confirmed that the compounds have a square pyramidal 

geometry with an aqua ligand at the basal site [15]. The coordinated aqua ligand 

prevents dimerization of the compounds. 

10 

10 was re-investigated by Gillard and co-workers [16] as a few experiments have 

lead different conclusions as regards to the oxidation state of the metal. They obtained 

brown complexes 11 from methanol s·olutions of the bluish grey complexes 10. 11 was 

assigned as monomeric oxovanadium(V) species, the oxidising agent being 

suggested to be atmospheric oxygen. 

10 1 ... (O'\..~/OCH3 

40 
CH 30H 

11 12 

3 
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The assignments of 11 and 12 were confirmed (17] by the X-ray structures 

. determination on [V(V)O (Sai:/-Aia)(OCH3)(CH30H)] (as 11a) and {V(V)O(Sai:/

Aia)]20}2.2CH2CI2 (as 12a). In 11, the tridentate ligand (Sai:/-Aia) and a methoxide ion 

occupy the basal positions, and form ... distorted octahedral geometry around the 

Vanadium(V) ion together with one methanol molecule and the oxide ion of 

oxovanadium(V). The tetranuclear complex 12 consists of two J-t-oxo dinuclear 

vanadium(V) complexes, and each vanadium(V) ion has a distorted octahedral 

·coordination. The Schiff base coordinates equatorially to each vanadium(V) ion, of 

which one axial site is occupied by 0 2. and the other is weakly linked to the carboxylate 

oxygen atom of a nearby Schiff base. Octahedral coordination on each vanadium(V) is 

achieved by sharing an equatorial 0 2-ligand. 

11a 12a 

Shortly after the discovery of complexes 11 and 12, a mixed-valence complex of 

vanadium-(IV) and -(V), Na[V20 3(Sal:d,/-Ser)2].5H20· has been isolated and 

characterized by X-ray diffraction [18]. 

The reactivity of [V(IV)O(Sai:M)(H20)] 10 has been shown towards various mono

and bidentate chelating agents which offer interesting metal complexes of the types 13-

16 [19-21 ]. The X-ray structures of the complexes with specific compositions are also 

shown for ready reference. 

4 



j 

w N(py) .. ("v. VN(py) 

/"""-
N"--"'0 

13 

("~p 
. /"""-

N-.......__/0 
10 14 

. N--._ 

("wv /v""'-
N-.......__/0 

15 

("wp 
/v". 

N'--""0 
16 

i: pyridine (py); ii: 2,2'-bipyridine (bipy); iii: quinoline-S-ol (Hhquin); 

iv: propane-1,3-diol (Hpd); v: glycerol (Hpt) 

5 



[VO(Sai:Giy)(py)2) 13 [VO(Sai:/-Aia)(bipy)) 14 

0(3) 

[VO(Sai:/-Phenala)(Hquin)] 15 

[VO(Sai:Giy)(Hpd)] [VO(Sai:Giy)(H2pt)] 

16 

j _· 6 
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Recently, Pd(ll) and Pt(ll) complexes of composition [Pd(Hap:Giy)2] (Hap;substituted 

o-hydroxyacetophenone) have been synthesized [22]. The spectroscopic data indicated 

that the ligands are monobasic bidentate, coordinating through imino nitrogen and the 

carboxylate group as shown in 17. 

17 
In contrast to the extensive work on transition metals, the investigations on 

lanthanide elements involving such Schiff base systems are somewhat restricted. 

Recently, some new complexes of the light lanthanide elements, viz., M=La, Ce, Pr, Nd, 

Sm and Eu have been reported (23]. The possible structure 18· (in the case of M=Ce, 

aqua co-ordination is absent) is suggested on the basis of spectroscopic, magnetic 

moments and thermogravimetric results, however, complete structural information from 

X-ray crystallography is still awaited. 

18 

More recently, two Zn(ll) complexes of composition [Zn(Sai:/-Aia)(H20)] and 

[Zn(Sal:/-vai)(H20)] have been characterized by single <?r)'stal X-ray [24] and their 

structures are found to be analogous to 6. 

From foregoing discussion, it is clear that the Schiff bases derived from amino acids 

offer a variety of interesting possibilities of coordination with metal ions. Compared with 

the rich transition metal chemistry of such ligands, the chemistry of organotin remain 

almost unexplored. This has prompted us to initiate a systematic research in this area as 

a part of our program on organ~tin(IV) chemistry. 

7 
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The alkali metal salts of schiff base 19 were chosen as ligand precursors to introduce 

different ligand skeletons to organotin(IV). 

I /.:9 
R2~/CIJ,-cz.~ 

j"'-oH 
Rl 

19 

+ 
M 

R=H, CH 3 ; M=Na or K; R1 andR2 =various substitutents (refer to Chapter 2.1) 

The major purpose of the work is of many fold: 

(i) The first focus aims at comparing systematically the structure of these compounds in 

the solid state, as assessed by X-ray diffraction, and in the solution state, as 

assessed by solution 119Sn NMR data. In particular, it is analyzed to which extent 

varying the organic substituents on the tin atom modulates the so~id-state geometry 

of the organotin carboxylate around the tin atom. 

(ii) The second focus, given that X-ray diffraction structures are available, is to 

investigate to what extent solid-state 119Sn Mossbauer spectroscopy may serve as 

reliable indicators of the solid-state structure, whenever X-:ray data unavail~ble. 

(iii) The third focus is to develop dendritic complexes which is of current interest owing to 

the possibility of obtaining compounds whose struCture result in modified and new 

chemical prope~ies since such complexes have applications as homogeneous 

catalysts and new materials science. 

(iv) The fourth focus is to investigate the structural consequences of organotin(IV) 

complexes in relation to their antitumour property. 

8 
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Chapter 2 

2. Results and Discussion 

2.1 Syntheses of Potassium and/or Sodium 2~{[(E)-1-{2-hydroxyaryl) 

alkylidene ]amino }acetate 

The development of organotin(IV) carboxylate chemistry is highly dependent on a facile 

synthetic access to the ligands. The ligands used here are Schiff bases derived either 

from salicylaldehyde or o-hydroxyacetophenone with glycine. Among all reported 

methods, the route via alkali metal salt intermediate is found to_ be the most 

straightforward and is used for the preparation of organotin(IV) complexes. The key step 

in the whole preparation is the formation of alkali metal glycinate and subsequent 

condensation with either salicylaldehyde or o-hydroxyacetophenone as shown in 

reaction (2). 

(i) 

or (ii) ~~> NH2CH2COOM 
(Iii) 

_ ____.. 19 ..... (2) 
or (iv) 

i: MOH; ii: MHC03 ; iii: Salicylaldehyde; lv: o-hydroxyacetophenone, 
M = K or Na 

19 was first obtained as a yellow liquid after condensation; upon concentration and 

cooling it slowly solidified to give the crystalline form of 19, which largely simplified the 

purification of the product. Generally, the yields were > 60%. However, other synthetic 

methods were also tried to obtain free acid which either failed to give desired product in 

analytically pure form or could not be isolated from the reaction mixture. The various 

potassium or sodium salts, used for synthesizing the organotin{IV) complexes, are 

compiled in Table 1 along with their systematic name and abbreviation. 19 usually 

crystallizes as fine needles which are bright yellow in colour. They are soluble in water, 

MeOH, EtOH but insoluble in Et20, C6H6 , CHCb, CH2C1 2 and CCl4. In the melting point 

bath they decompose without melting sharply. No attempt was made to establish the 

constancy of their decomposition points through several recrystallizations. The 

crystalline product 19 was found to decompose after three days and hence freshly 

prepared products were used for synthesizing the organotin complexes. 

9 



Table 1: Potassium anq Sodium Salts of 2-{[(E)-1-(2-hydroxyaryl)alkylidene] 
amino}acetlc acid and their Abbreviation · 

Ligand Name Abbreviation a 

<0{-0H 
Potassium 2-{[(E)-1-(2-hydroxyphenyl) L1HK 

C=NCH2COOK methylidine]amino}acetate 
/ 

H 

CI-Q-OH Potassium 2-{[(E)-1-(2-hydroxy-5-
L2HK chlorophenyl)methylidine]amino}acetate 

C=NCH~OOK 

H/ 

NO,~OH Potassium 2-{[(E)-1-(2-hydroxy-5-
nitrophenyl)methylidine]amino}acetate L3HK 

C=NCH2COOK 
/ 

H 

<0\0:CH,COOK Potassium 2-{[(E)-1-(2-hydroxyphenyl) L4HK 
/ . elhylidine]amino}acetate 

H3C 

<0{-0H Sodium 2-{[(E)-1-(2 -hydroxyphenyl) 
L4HNa ethylidine]amino}acetate 

C=NCH2COONa 
I 

H3C 
I 

~OH Potassium 2-{[(E)-1-(2-hydroxy-3-
L5HK methyl phenyl)ethylidine ]amino }acetate 

C-=NCH2COOK 
I I 

H3C 

H,C~OH 
I 

Potassium 2-{[(E)-1-(2-hydroxy-5-
L6HK methylphenyl)ethylidine]amino}acetate 

C=NCH2COOK 
I 

H3C 

H3C~OH Sodium 2-{[(E)-1-(2-hydroxy-5-
L6HNa methylphenyl)ethylidine]amino}acetate 

C=NCH2COONa . 
/ 

H3C 

H refers to hydroxyl proton. 

10 
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The synthetic detials and characterization data for L1HK-L6HK, L4HNa and L6HNa are 

described in Chapter 4. 

2.2 Triorganotin(IV) Comp.lexes of 2-{[(E)-1-(2-hydroxyaryl)alkylidene] 

amino}acetic Acid 

It was discussed in Chapter 1 that the 2-{[(E)-1-(2-hydroxyaryl)alkylidene]amino}acetic 

acid 20 (LHH', where Hand H' denote the phenolic (-OH) and carboxyl (-COOH) protons, 

20 

respectively) are extremely efficient ligands. This class of Schiff bases form comple~es 

with a wide variety of metals but the structural studies on organotin(IV) have only been 

sporadic [25-31]. 

In the present investigation, the bifunctional tridentate ligand forms three classes of. 

organotin(IV) complexes, viz., (i) the triorganotin(IV) derivatives of the type R3SnLH (ii) 

the diorganotin(IV) derivatives of the type R2SnL.nH20 and (iii) the dinuclear 

organotin(IV) derivatives ofthe type R2Snl.R'nSnC14-n (R'=Ph or 1Bu and n=2 or 3). They 

are discussed separately in sequel. 

2.2.1 Syntheses of Triorganotin(IV) Complexes, R3SnLH (R = Me, "Bu or Ph) 

Triorganotin(IV) complexes of 2-{[(E)-1-(2-hydroxyaryl)alkylidine]amino}acetic acid 20 

framework can be prepared in moderate yield by allowing stoichiometric ·amounts of 

R3SnCI and potassium salts (LHM; Table 1) to react either in chloroform, benzene, 

methanol or a combination of these solven~s. A typical reaction is shown below: 

11 
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21: R = "Bu, L = L 1, 

23: R = Ph, L = L2
, 

25: R = "Bu, L = L 4, 

27:R= Me, L= L5
, 

29:R="Bu, L =L6
, 

22: R= Ph, L= L1 

24: R = Me, L = L 4 

26: R = Ph,· L = L 4 

28: R= Ph, L= L5 

30: R= Ph, L= L6 

The reaction can also be carried out in benzene at reflux temperature. Since LHM is 

insoluble, the reaction mixture turns out to be a heterogeneous system ar;1d hence 

prolonged reaction time is usually required for completion of the reaction and the yields 

were poor. A deposit of MCI was removed by filtration when CHCI3 or benzene were 

used as solvents. In all other cases, the ·reaction mixture was evaporated to dryness 

and then extracted in CHCI3 to remove MCI. The chloroform extract was concentrated to 

yield crude product which was washed thoroughly with petroleum ether and 

recrystallized using suitable solvents. In general, the solubility for the triphenyltin 

compounds was found to be poor, even in hot chloroform. A large amount of chloroform 

was needed to extract the pure triphenyltin compounds, however, the other triorganotin 

compounds .were readily· extracted. The exact synthetic methodology and reaction 

conditions for each of the complexes 21 - 30 are listed in Table 2 along with their 

characterization data. 

Table 2: Characterization and Analytical Data for the Triorganotin(IV) 
Complexes 

Complex• Reaction Crystallization Colour Yield M.p. Elemental analysis 
time solvent (%) ("C) Found (calc.) (%) 

(h) 
c H N 

BuJSnl H 1" Chloro_form Yellow 70- Viscous 54:15 7.26 3.09 
(21) liquid (53.9) (7.33) (2.99) 

PhJSnL H 3" Chloroform Yellow 71 156-157 61.20 4.35 2.68 
(22) (61.40) (4.28) (2.65) 

PhJSnl•H 2" Chloroform ' Yellow 42 1;46-148 57.50 3.83 2.60 
(23) (57.64) (3.94) (2.48) 

Me3Snl H 3" Methanol Yellow 70 : 188-190 43.90 5.38 4.15 
(24) (43.86) (5.38) (3.93) 

BuJSn~ H 7 Chloroform+ Yellow 50 110-112 54.39 7.80 2.84 
(25) petroleum ether (54.79) (7.73) (2.90) 

PhJSnL H 3" Chloroform+ Pale 65 190-192 61.85 4.35 2.61 
(26) petroleum ether yellow (62.03) (4.64) (2.58) 

Me3SnL"H 3" Chloroform Yellow 17 150-152 45.50 5.70 3.80 
(27) (45.44) (5.72) (3.78) 

PhJSnL'H 2" Chloroform Yellow 40 127-128 62.68 4.93 2.48 
(28) _162.60) (4.89) (2.51) 

BuJSnL H 3 Chloroform Yellow 74 122-124 55.85 7.90 2.98 
(29) (55.67) (7.92) (2.82) 

PhJSnL H 2" Chloroform Yellow 60 182-184 62.48 4.87 2.37 
(30) (62.62) (4.89) (2.51) 

Complex numbers 1n parentheses. In all the cases LHI< was used except for 29 where LHNa was used. 
bMelhod: stirring In chloroform. 0Melhod: reflux In methanol-benzene mixture{1 :1 ). dMethod: stirring in methanol. "Method: 
reflux in methanol. 1Method: reflux in benzene. 

12 



•• 

.. 

. li: 

Attempts to prepare the triorganotin complexes by the reaction of {R3Snh0, glycine 

and the appropriate salicylaldehyde or o-hydroxyacetophenone invariably resulted a 

complex mixture which could not be separated. 

2.2.2 Spectroscopic Characterization of Triorganotin(IV) Complexes 

Compounds 21-30 have been characterized by IR, multinuclear NMR, 119Sn Mossbauer 

and X-ray diffraction techniques. 

The 1H, 13C and 119Sn NMR data of the triorganotin(IV) complexes are listed in Table 

3 and 4, respectively . 

Table 3: 1H Chemical Shifts(8, ppm)8 for the Triorganotin(IV) Complexes 

Complex Ligand skeletonu Sn-R skeleton~ 
H·2 H-5 H-6 H-7 H-8 H-9 H-3' H-6' H-8' H-1• H-2* H-3* H-4* 

21 4.35, 16.2, 6.85, 7.29, 6.77, 6.94, 8.34, - . 1.26, 1.26, 1.59, 0.90, 
5 br5 d t t d s m m m t 

22 4.32, 13.2, 6.87, 7.26, 6.81, 7.18, 8.22, . . - 7.72, 7.42, 7.42, 
5 brs d t t d s m m m 

23 4.47, 13.2, 6.91, 7.20, . 7.23, 8.26, . - . 7.72, 7.46, 7.46, 
5 br5 d d s s m m m 

24 4.19, nd 6.89, 7.44, 6.87, 7.75, 2.63, - . 0.42,s . - . 
s d t t d s (63) 

25 4.35, 16.1, 6.92, 7.26, 6.75, 7.50, 2.30, - . 1.32, 1.32, 1.62, 0.95, 
s brs d t t d s m m m t 

26 3.21, 15.6, 5.76, 6.29, 5.71, 6.56, 1.19, . . - 6.85, 6.410 6.41, 
s brs d t t d s m m m 

27 4.32, 16.5, - 7.17, 6.66, 7.37, 2.31, 2.26, - 0.58,s . - -
s br5 d t d s s (59) 

28 4.44, 16.2, - 7.18, 6.68, 7.40, 2.29, 2.24, - - 7.77, 7.45, 7.45, 
5 brs d t d s s m m m 

29 4.34, 16.2, 6.84, 7.08, - 7.29, 2.28, - 2.27, 1.32, 1.32, 1.62, 0.91, 
s brs d d s 5 s m m m t 

30 4.12, 16.1' 6.62, 7.02, - 7.28, 2.20, . 2.10, . 7.78, 7.36, 7.36, 
s brs d d s s 5· m m m 

Solvents.Saturated DMSO-d5 solut1ons were used for complexes 24 & 26 wh1le others were In CDCh. 
bRefer to structure 20 for numbering scheme·. · · 
cNumbering scheme for Sn-R skeleton as shown below: 

1' 1' 2. 3' 4' 
Sn-CH, n-CH2-CH2-CH2-CH 

nd not detected. 
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Table 4: 13Ca and 119Snb Chemical Shifts (15, ppm) for the Triorganotin(IV) Complexes 

Complex Ligand skeleton Sn-R skeleton 

C-1 C-2 C-3 · C-4 C-5 C-6 C-7 c.a C-9 C-3' C-6' c.a· C-1* C-2* C-3* C-4* 
21 173.9 60.5 167.5 118.7 161.3 117.1 132.4 118.4 131.6 - - - 16.6 27.8 27.1 13.7 

22 174.9 59.8 167.7 119.8 161.3 118.5 133.7 117.1 131.6 - - - 136.9 136.6 128.8 132.6 

23 174.6 59.7 166.7 119.4 159.8 118.7 132.4 - 130.6 - - - 137.3 136.8 129.0 130.4 

24 170.6 49.9 170.0 116.8 163.3 116.9 130.6 114.1 126.6 12.8 - - -1.71 - - -

25 173.8 51.6 172.7 119.4 163.7 118.7 132.4 116.9 128.0 14.8 - - 16.6 27.7 26.9 13.6 I 

26 171.4 49.9 169.5 116.6 163.5 117.0 130.8 114.1 126.7 12.7 - - 141.2 134.4 126.3 126.9 

27 173.9 51.5 172.8 118.4 162.4 127.6 133.3 1162 125.7 16.1 15.1 - -1.95 - - -

28 175.1 51.4 165.1 118.6 161.7 117.4 133.3 116.4 125.7 16.0 15.1 - 137.6 136.9 128.9 130.3 

29 174.1 51.8 172.6 125.9 161.2 119.2 133.4 118.4 128.1 14.9 - 20.7 16.7 27.8 27.1 13.7 

30 173.0 52.2 171.8 124.7 162.3 118.5 133.7 117.6 130.9 14.7 - 20.4 137.3 136.4 127.9 128.3 

For numbering scheme of the ligand and Sn-R skeletons refer to structure 20 and Table 3, respectively. Coupling constants, "J('"C- '"" '"Sn) (Hz); For trimethyltin 
complexes 24 & 27: 1 J = 258 and 200; for tributyl complexes: 2 J =21 , 3 J =65 whereas 1J and 4 J could not be detecte<;l: for triphenyltin complexes: 2 J =50 , 3 J =64 
whereas 1J and 4J could not be detected. 

b 1i C19Sn) in CDCh: (i) trimethyltin complexes: 24 and 27 are 134.5 and 134.7 ppm, respectively, (ii) tributyltin complexes: 21, 25 and 29 are 126.8, 121.9 and 
123.9 ppm, respectively (iii) triphenyltin complexes: 26 and 28 is- 95.8 ppm. 

. , .. 



The 1H and 13C chemical shift assignments of the triorganotin moiety are 

straightforward from the multiplicity patterns and/or resonance intensities [32] whereas 

the ligand skeletons were assigned by the multiplicity pattern and/or resonance 

intensities of the signals and also by the standard distortionless enhancement by 

polarization transfer (DEPT} experiments [33]. The efforts to use the NMR data in the 

elucidation of the coordination mode of the ligand and the geometries of the complexes 

were not successful since (i) it was not possible to isolate the free acid, making 

comparison with it difficult, and (ii) the solvents used for the spectra (DMSO-d6 in some 

cases) were not all the same and this could influence the nature of t,he coordination 

sphere. · 

None of the triorganotin complexes exhibit 1JC3C-1191117Sn) coupling satellites in 

solutions owing to the solubility problem. The 13C chemical shift of the ipso-carbon of 

the Sn-Ph3 moiety is around 138 ppm in CDCb solution which is typical for a tetrahedral 

tin atom [34]. Five-coordinated triphenyltin carboxylates have a value approximately 4 

ppm highe~ in frequency such as is found for complex 26 in DMSO-d6 solution. 

In recording 119Sn NMR spectra of organotin(IV) complexes in solution, non

coordinating solvents are preferable to coordinating ones to preclude possible changes 

in the coordination number· of the tin atom. In the present investigation, a few complexes 

were found to be suitable for recording 119Sn NMR spectra in CDCb solution. These are 

listed in Table 4. The triorganotin complexes exhibit a single sharp resonance at around 

134 ppm forR = Me; 24 & 27; between 121.9 and 126.8 for R = Bu; 21, 25 & 29, and at. 

around - 95.8 ppm for R = Ph; 26 & 28. These are consistent with the range expected 

for tetrahedral triorganotin compounds [32, 35]. Thus, 119Sn NMR results indicate that 

the five-coordinated polymeric structure of solids (as revealed by X-ray and Mossbauer, 

vide infra) is lost upon dissolution giving rise to four-coordinate monomeric structures in 

·solution. 

The solid-state IR spectra of the complexes are listed in Table 5. The complexes all 

display a band near 1650 cm-1 which is assigned to the v(OCO}asym vibration. In LHNa 

or LHK, this vibration appears at 1618 cm-1 and 1628 cm-1, respectively. The shift of 

this v(OCO)asym band to higher wavenumber in the complexes is reported to be 

diagnostic of bonding between the carbonyl oxygen atom of the ligand and the 

triorganotin group [33]. Absorption bands believed due to the v(OCO)sym stretch have 

been assigned since the magnitude of the v(OCO)asym - v(OCO)sym (i.e. t.v) separation 

is of interest. The observed valu.es of t.v. which are in the range 281 - 327 em-\ 

1'18~/f 15 
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Table 5: Characteristic IR Bands (cm"1
) for the Triorganotin(IV) 

· Complexes 

Complex v(OCO)asym v(OCO)sym .1\v v(Ph(C-0)) v(C=N) 

21 1648 1373 275 1259 1599 

22 1644 1335 309 1257 1604 

23 1643 1347 296 1265 1611 

24 1649 1357 292 1261 1606 

25 1650 1327 323 1260 1604 

26 1651 1320 325 1259 1603 

27 1649 1357 292 1261 1606 

28 1630 1326 304 1260 1600 

29 1650 1330 320 1269 1615 

30 1630 1330 300 1258 1607 

indicate a unidentate bonding mode for the carboxylate moiety [26]. For a bri~ging 

or chelating carboxylate group, nv would be expected to be <150 cm·1 [36], as 

widely observed in the infrared spectra of triorganotin carboxylates [37]. This suggests 

that the phenolic group occupies the fifth coordination site at the tin atom [38]. lhis is 

further substantiated by the broad IR absorptions in the region 3600-3400 cm·1 which are 

reported to be due to intramolecular hydrogen ·bonding between the phenolic proton and 

the azomethine nitrogen [39]. Such intramolecular hydrogen bonding would increase the 

likelihood of coordination by the phenolic oxygen to the tin atom which is also reflected in 

the v(Ph-(CO)) vibration (see Table 5). Bands due to v(C=N) have been detected in 

the complexes at around 1605 cm·1 and showed no cha!"Jge when compared with the 

ligand values, indicating non-participation of the azomethine nitrogen in bonding to tin. 

Thus, the spectroscopic data suggest that the structures of these triorganotin . 

carboxylates may well involve bridging by phenolic oxygen atoms. This conclusion was 

confirmed by the results of X~ray structural analysis for complexes 22 and 24. 

In order to obtain further structural evidence, the M5ssbauer spectra of the 

representative complexes were recorded in the solid state (Table 6) . 
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Table 6: 119Sn Moss bauer (mm s"1
) Data for the Representative 

Triorganotin{IV) Complexes 

Complex MC>ssbauer datad 
li 6 r1 rz 

22 1.23 2.98 0.90 0.91 

23 1.18 3.03 0.92 0.97 

24 1.23 3.35 0.92 0.91 

26 1.23 3.02 0.91 0.91 

27 1.12 3.08 0.92 0.96 

0 0 -Parameters. 6. Quadrupole spllttrng, B. Isomer shrfts and r1 & I 2· lrne wrdths. 

The isomer shift 8 values which lie in the range 1.12-1.23 mm s·\ are typical of 

quadrivalent organotin derivatives [40]. This means that the total s-electron density at 

the tin nucleus is essentially the same for all the complexes. This consistency of s

electron density about the tin atom suggests that there is no significant differer.tce in the 

coordi)lation around the tin atom with changes in the ligand substituents. The spectra of 

the complexes all display a characteristic doublet absorption, indicating a single tin site. 

The quadrupole splitting !). values of complexes are in the range 2.98 - 3.35 mm s·1· 

Values of~ in the range 3.0-4.1 mm s·1· are typical"for structures with a planar SnR3 unit 

and two apical oxygens [40]. A similar range of values were ·also found in the 

triorganotln derivatives of amino acids with a trans- trigonal blpyramldal geometry [41]. 

The full width of half maximum (f'±) of these resonance absorptions are approximately 

0.94 mm s·1, further suggesting the presence of a single tin atom site in the structure. 

2.2.3 X-ray Structures for Ph3Snl 1H (22) and Me3Snl 4H (24) 

The atomic numbering scheme and the coordination around the tin atom for the 

complexes 22 and 24 are illustrated in Figs.1 and 3while the packing in the unit cells are 

shown in Figs. 2 and 4, respectively. Selected bond lengths and bond angles are listed 

in Tables 7 and 8. 

The triphenyltin compound 22 crystallizes in the space group P21/n whereas the 

trimethyltin compound 24 adopts the P21/c one. Both compounds exhibit the same 

polymeric structural motif, namely one in which the tin is five-coordinate with the three R-

17 
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Fig. 1.. Molecular structure for Ph3Snl 1 (22) 
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Fig. 2. The Unit cell contents for Ph3Snl 1 (22) 
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Fig. 3. Molecular structure for Me3Snl 4 (24) 
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Fig. 4. The Unit cell contents for Me3Snl 
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Table 7: Selected Bond Lengths (A) and Bond Angles 0 for 
Ph3Snl 1H (22) 

Atoms Distance Atoms Distance 

Sn-C(31) .2.124(4) Sn-C(21) 2.129(4) 
Sn-C(11) 2.132(4) Sn-0(2) 2.165(2) 
Sn-0(1)#1 2.357(2) 0(1)-C(2) 1.312(4) 
0(1)-Sn#2 2.357(2) 0(2)-C(9) 1.281(4) 
0(3)-C(9) 1.226(4) N(1)-C(7) 1.297(5) 
N(1)-C(8) 1.456(5) C(1)-C(6) 1.404(6) 
C(1)-C(7) 1.432(6) C(1)-C(2) 1.433(5). 
C(2)-C(3) 1.400(5) C(3)-C(4) 1.374(6). 
C(4)-C(5) 1.393(8) C(5)-C(6) 1.352(7) 
C(B)-C)9) 1.516(5) C(11 )-C(16) 1.384(6) 
C(11)-C(12) 1.402(6) C(12)-C(13) 1.383(6) 
C(13)-C(14) 1.380(9) C(14)-C(15) 1.370(9) 
C(15)-C("I6) 1.385{I) C(21)-C(26) 1.395(5) 
C(21)-C(22) 1.399(5) C(22)-C(23) 1.381 (6) 
C(23)-C(24) 1.392(6) C(24)-C(25) 1.372(6) 
C(25)-C(26) 1.386(5) C(31)-C(36) 1.386(5) 
C(31)-C(32) 1.400(6) C(32)-C(33) 1.391(6) 
C(33)-C(34) 1.371 (7) C(34)-C(35) 1.363(7) 
C(35)-C(36) 1.380(6) 

Atoms Angle Atoms Angle 

C(31)-Sn-C(21) 119.69(14) C(31)-Sn-C(11) 115.37(15) 
C(21 )-Sn-C(11) 124.05(14) C(31)-Sn-0(2) 99.36(12) 
C(21 )-Sn-0(2) 93.63(12) C(11 )-Sn-0(2) 86.62(12) 
C(31)-Sn-0(1)#1 91.66(11) C(21)-Sn-0(1)#1 85.84(12) 
C(11)-Sn-0(1)#1 83.41 (12) 0(2)-Sn-0(1 )#1 167.55(9) 
C(2)-0(1)-Sn#2 123.9(2) C(9)-0(2)-Sn 124.0(2) 
C(7)-N(1)-C(8) 123.4(3) C(6)-C(1)-C(7) 119.2(4) 
C(6)-C(1)-C(2) 120.0(4) C(7)-C(1)-C(2) 120.8(3) 
0(1)-C(2)-C(3) 122.9(4) 0(1 )·C(2)-C(1) 120.9(3l 
Ci3)-CJ2)-C(1) 110.2("1 Cj4}-C(3)-C(2) 122.0(5) 
C(3)-C(4)-C(5) 120.9(5) C(6)-C(5)-C(4) 191.1(5) 
C(5)-C(6)-C(1) 121.7(5) N(1)-C(7)-C(1) 123.8(4) 
N(1)-C(B)-C(9) 113.3(3) 0(3)-C(9)-0(2) 126.4(4) 
0(3)-C(9)-C(8) 118.2(3) 0(2)-C(9)-C(8) 115.4(3) 
C(16)-C(11)-C(12) 117.8(4) C(16)-C(11)-Sn 121.4(3) 
C(12)-C(11)-Sn 120.8(3) C(13)-C(12)-C(11) 120.4(5) 
C(14)-C(13)-C(12) 120.1(6) C(15)-C(14)-C(13) 120.6(5) 
C(14)-C(15)-C(16) 119.2(6) C(11)-C(16)-C(15) 

,.. 
121.9(5) 

C(26)-C(21 )-C(22) 117.8(3) C(26)-C(21)-Sn 123.2(3) 
C(22)-C(21)-Sn 118.8(3) C(23)-C(22)-C(21) 121.2(4) 
C(22)-C(23)-C(24) 120.0(4) C(25)-C(24)-C(23) 119.5(4) 
C(24)-C(25)-C(26) 120.8(4) C(25)-C(26)-C(21) 120.7(4) 
C(36)-C(31)-C(32) 117.8(4) . C(36)-C(31)-Sn 121.9(3) 
ClJ2)-~(31 )-Sn 120.3(3) C(33)-C(32)-C(31) 120.2(4) 
C(34)-C(33)-C(32) 120.1(5). C(35)-C(34)-C(33) 120.5(5) 
C(34)-C(35)-C(36) 119.8(4) C(35)-C(36)-C(31) 121.6(4) 

Symmetry transformations used to generate equivalent atoms: #1- x +3/2, y- 1/2, -z +1/2 #2 - x + 3/2, 
y + 1/2, - z+ 1/2. 
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Table 8: Selected Bond Lengths (A) and Bond Angles () 
for Me35nl 1H (24) 

Atoms. Distance Atoms Distance 

Sn-C(2M) 2.117(4) Sn-C(3M) 2.120(3) 
Sn-C(1M) 2.127(4) Sn-O(:Zl#1 2.185 2 
Sn-0(1) . 2.353(2} 0(1)-C(2l 1.304 4 
0(2)-C(10) 1.275(4) 0(2)-Sn#2 2.185 2 
0(3)-C(10) 1.213(3) N(1 -C(7) 1.292(4) 
N(1)-C(9) 1.447(4) C(1 -C(6) 1.413(4) 
C(1)-C(2) 1.434(4) C(1 -C 7) 1.450(4) 
C(2)-C(3) 1.408 C(3 -C 4) 1.376(5) 
C(4)-C(5) 1.369(6) C(5 -C 6) 1.377(6) 
C(7)-C(B) 1.508(5) C(9)-C(10) 1.525(4) 

Atoms Angles Atoms Angles 

C(2M)-Sn-C(3M) 120.9(2) C(2M)-Sn-C(1 M) 118;6(2) 
C(3M)-Sn-C(1 M) 119.9(2) C(2M)-Sn-0(2)#1 96.16(13) 
C(3M)-Sn-0(2)#1 86.22(12) C(1 M)-Sn-0(2)#1 95.27(13) 
C(2M)-Sn-0(1) 83.05(12) C(3M)-Sn-0(1) 89.74(12) 
C(1 M)-Sn-0(1) 89.63(14) 0(2)#1-Sn-0(1) 174.76(9) 
C(2)-0(1)-Sn 139.8(2) C(10)-0(2)-Sn#2 123.9(2) 
C(7)-N(1)-C(9) 129.4(3) C(6)-C(1)-C(2) 118.4(3) 
C(6)-C(1)-C(7) 120.3(3) C(2)-C(1)-C(7) 121.3(3) 
0(1 )-C(2)-C(3) . 121.8(3) 0(1 )-C(2)-C(1) 120.6 3) 
C(3)-C(2)-C(1) 117.5(3) C(4)-C(3)-C(2) 121.9(4) 
C(5)-C(4)-C(3) 120.7(3) C(4)-C(5)-C(6) 119.8(3) 
C(5)-C(6)-C(1) 121.7(4) N(1)-C(7)-C(1) 118.1(3) 
N(1)-C(7)-C(8) 119.6(3) C(1)-C(7)-C(8) 122.2(3) 
N(1)-C(9)-C(10) 111.9(2) 0(3)-C(10)-0(2) 127.(3) 
0(3)-C(10)-C(9) 120.0(3) 0(2)-C(10)-C(9) 112.3(2) 

Symmetry transformations used to generate equ1valent atoms: #1- x +2, y- 1/2,- z + 1/2 #2 - x + 2, 
y + 1/2, - z + 1/2. 

groups occupying the equatorial positions and the axial positions of the trigonal 

bipyramid being occupied by a carboxylate oxygen, 0(2), and the phenolic oxygen, 

0(1A) of an adjacent molecule. The ligand is coordinating in the form of a zwitterion and 

the carboxylate group is monodentate. The sum of the carbon-tin-carbon angles in the 

trigonal plane of complex 22 is 359.11(14)0
: [124.05(14t +.115.37(15)0 + 119.69(14t 

' 
while the corresponding angles for 24 are 359.4(2)0

: [120~9° + 119.9° + 118.6°]. These 

carbon-tin-carbon angles are comparable to those · observed in triphenyltin N

salicylidene-6-aminohexanoate [42] and some other similar complexes [43]. The apical 

angle subtended at tin in 22 and 24 are 167.55(9)0 and 174.76(9)0
, respectively. The 

short tin-oxygen distances are Sn-0(2) = 2.165(2) A [for 22] and 2.185(2) A [for 24] and 

Sn-0(1A) ~ 2.357(2) A [for 22] and 2.353(2) A [for 24]. These vaues are well within the 

range of Sn-0 bond distances usually observed for triorganotin carboxylat~s [44]. It is 

interesting to compare the phenolic oxygen-tin distances of 2.357(2) A [for 22] and 2.35 

(2) A [for 24], observed here, with that of ·3.04 A for triphenyltin salicylate [45J, which 
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corresponds to a much weaker interaction, and the very similar value of 2.35 A reported 

for triphenyltin N-salicylidene-6-aminohexanoate [42). The short C=O distances of 1.226 

(4} [for 22] and 1.213(3} A [for 24] indicate that the free carbonyl group on the ligand is 

not involved in coordination with another tin atom. Similar C=O bond lengths have also 

been reported for corresponding non-bridging carbonyl groups in the compounds 

Ph3SnOCOCH2CH2NHCONH2 (1.224(4) A [46] and Ph3SnOCOCMe=CHCON(CH2)4 

(1.222(5) A [47]. Proton transfer from oxygen to nitrogen atoms via hydrogen bonding, 

and the formation of zwitterion intermediates in similar molecules to those discuss~d 
. ' 

here, is quite commonly encountered [38,· 48, 49]. Thus, the labile phenolic oxygen is 

rendered susceptil?le to coordination with the tin atom. This makes possible the 

formation of a series of Sn-0 (phenolic) bridges leading to the zigzag polymeric structure 

of complexes 22 and 24 shown in Figures 1 and 3. 

Similarities in the spectroscopic data suggest that the other triorganotin(IV) 

complexes reported here adopt similar structures in the solid stat~. 

2.3 Diorganotin(IV) Complexes of 2-{[(E)-1-(2-hydroxyaryl)alkylidene] 

amino}acetic Acid 

In Section 2.2 it is shown that the ligand 20 can bond to triorganotin in a fashion as 

shown in Figures 1 and 3. The triorganotin(IV) complexes adopt a polymeric trans-

02SnR3 trigonal bipyramidal configuration with the R groups in the equator~al positions 

and the axial locations occupied by a carboxylate oxygen from the ligand and the 

phenolic oxygen of the ligand on an adjacent complex. The ligand coordinate in the 

zwitterionic form with the phenolic proton moved to the nearby nitrogen atom. The 

carboxylat~ group is unidentate. 

In this Section, we describe herein the complexation behaviour of 20 towards 

diorganotin(IV) dihalides. 

2.3.1 Syntheses of Diorganotin{IV) Complexes, R2SnL.nH20 {R =Me, Vin, nBu, Ph) 

The diorganotin(IV) complexes can be prepared by reacting LHM with R2SnCI2 in 

equimolar ratio either in methanol or methanol-benzene mixture as shown below: 
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3.1: R = Me, L = L 1 

33: R =Ph, L = L1 

35: R = "Bu, L = L2 

37: R =Me, L = L3 

39: R = Me, L = L 4 

41:R=Ph, L=L4 

43: R = Ph, L = L5 

45: R =Ph, L = L6 

32: R = "Bu, 
34: R =Me, 
36: R =Ph, 
38.: R =Ph, 
40: R = "Bu, 
42: R =Vin, 
44: R =Me, 

L = L1 

L = L2 

L = L2 

L = L3 

L = L4 

L = L4 

L = L6 

. The completion of the reaction was monitored by 119Sn NMR spectroscopy. After the 

solvent was pumped off, the residue was extracted with chloroform and a precipitate of 

MCI was removed by filtration. The filtrate was concentrated to a suitable volume to 

yield crystals of R2SnL.nH20. The complexes were characterized by elemental analyses 

which indicated to have compositions R2Snl or R2Snl.OH2 [50). The synthetic details 

and analytical results are compiled in Table 9. 

Table 9: Characterization and Analytical Data for the Diorganotin(IV) 
Complexes 

Complexd Reaction Crystallization Colour Yield M.p. Elemental analysis 
Time solvent (%) ("C) Found (calc.) (%) 

(h) c H N 
MezSnL .OHz 2" Chloroform + Yellow 59 133-135 38.30 4.18 3.96 

(31) petroleum ether (38.41) .(4.40) (4.07) 
Bu2Snl .OH2 3" Chloroform Pale 72 124-125 47.72 6.25 3.29 

(32) yellow (47.70) (6.36) (3.23) 
PhzSnl 3" Chloroform Yellow 70 190-191 56.00 3.78 3.29' 

(33) (56.04) (3.81) (3.11) 
MezSnL'.OHz ·2" Benzene+ Yellow 30 139-140 34.90 3.70 3.70 

(34) chloroform (34.92) (3.73) (3.70) 
BuzSnL·.oH2 3" Chloroform Yellow 40 120-122 44.20 5.52 3.20 

(35) (44.14) (5.67) (3.30) 
Ph2SnL· 3" Chloroform Yellow 45 130-132 52.15 3.42 2.95 

(36) (52.06} (3.33) (2.89} 
MezSnl•.oHz 2" Chloroform Yellow 47 >250 33.90 3.20 7.30 

(37) (large volume) (34.15) (3.13) (7.24) 
PhzSnL•.oHz 3" Chloroform Yellow 26 226-228 49.22 3.44 5.50 

(38) (large volume) (49.16) (3.54) (5.46) 
MezSnl .OHz 2" Chloroform Yellow 53. 210-211 40.30 4.80 3.90 

(39) (40.26) (4.79) (3.91 
Bu2Snl .OHz 3 Chloroform Yellow 70 77-78 49.02 6.53 3.33 

(40) (48.90) (6.61) (3.17) 
PhzSnL" 3" Chloroform + Yellow 82 221-222 56.7 4.0 3.0 

(41) methanol (56.9) (4.1) (3.0) 
Vln2SnL .OH2 3" Benzene Pale 58 163-164 43.9 4.2 3.6 

(42) yellow (44.0) (4.5) (3.7) 
Ph2Snl• 3" Chloroform Yellow 79 170-172 57.65 4.45 3.00 

(43) (57.78} (4.43) (2.83) 
MezSnl .OHz 2" Benzene Pale 54 138-140 42.05 5.15 3.80 

(44) yellow (41.98) (5.15) (3.77) 
PhzSn\.." 3" Chloroform Yellow 79 236-237 57.70 4.40 2.90 

(45) (57.78) (4.43) (2.93) 

u . . "'' -Complex numbers m parentheses. Method. sbrnng 1n methanol. Method. reflux 1n Methanol benzene m1xture(1.1 ) . 
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The compounds are yellow crystalline solids and have well defined melting points. In 

most cases, the crystals slowly loose the solvent of crystallization and become opaque. 

They are soluble in chloroform, dichloromethane, benzene, methanol, ethanol and 

insoluble in petroleum ether. 

Attempts to synthesize R2SnL.nH20 by reacting equimolar amounts of R2Sn0 with 

either salicylaldehyde or o-hydroxyacetophenone and glycine in refluxing ethanol

benzene mixture were unsuccessful. After the reaction mixture was refluxed for 3 days, 

the system consisted of a pale yellow solution and red-brown powder. The liquid phase . 

had a very little solid while the solid phase was hardly soluble, which prevented it from 

further characterization. 

2.3.2 Spectroscopic Characterization of Diorganotin(IV) Complexes 

A systematic investigation was undertaken to ascertain the structures of diorganotin(IV) 

complexes in the solid state by IR and 119Sn Mossbauer spectroscopy. Attempts were 

also made to obtain single ciystals for a range of samples but in most of the instances, 

the crystals turned opaque. However, a few complexes provided stable x-ray quality 

crystals to visualize the suspected molecular structures. 

Diagnostically important IR bands and their assignments are presented in Table 10. 

The potassium salts of the ligands display two bands at around 1630 cm·1 and 1605 cm·1 

that are assigned due to the v(OCO)asym and v(C=N) stretching vibrations, respectively, 

in accord with earlier reports [33, 51, 52]. In diorganotin(IV) complexes, these vibrations 

are shifted ·considerably owing to coordination through the carboxyl oxygen and the 

imino nitrogen atoms [33]. The v(OCO)sym stretches have been detected and the 

magnitude of ~v(OCO) is in the range 220-251 em·\ indicate unidentate bonding 

through carboxylate moiety [26,51]. Coordination through the phenolic oxygen atom is 

reflected in the lower wavelength shifts of the v(Ph-(CO)) vibration when compared with 

the sodium or potassium salts [33]. A medium intensity band due to Sn-0 has been 

detected at around 540 cm·1 in the complexes [53]. Thus, IR data provide reasonable 

evidence for complexation of the potentially multidentate ligand. However, this 

spectroscopy could not be utilized to detect the coordinated water molecule . 

/ 
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Table 10: Characteristic IR Bands (cm"1
) for the Diorganotin(IV) 

Complexes 

Complex. v(OCO)asym v(OCO)sy.m t.v v(Ph(C-0)) v(C=N) 

31 1617" 1389 228 1286 1617" 

32 1622 1394 228 1249 1585 

33 1684 1433 251 1214 1615 

34 1604" 1382 222 1241 1604" 

35 1612" 1372 240 1239 1612" 

36 1682 1441 241 1238 1602 

37 1627 1398 229 1245 1587 

38 1679 1431 248 1226 1616· 

39 1595" 1375 220 1235 1595" 

40 1612" 1372 240 '1239 1612" 

41 1682 1432 250 1238 1602 

42 1658 1376 282 1240 1605 

43 1686 1451 235 1233 1600 

44 1593" 1369 224 1226 1593" 

45 1679 1450 229 1226 1616 

-vibrations duo to both v(OCO)o•vm and v(C-N) oppoorod os an unresolved broad pook. 

Further evidence in support of structure is obtained from the 119Sn Mossbauer 

spectra. The Mosssbauer parameters are recorded in Table 11. The spectra of the 

complexes all display a characteristic doublet absorption, indicating a single tin site. The 

complexes show isomer shift 8 values typical of quadrivalent organotin derivatives, 

similar in alkyi2Sn (32, 37; 39 and 40) moieties and higher with respect to aryi2Sn (38 

and 41 ). The quadrupole splitting !). values of complexes 32, 37, 38, 39 and 40 are in 

the range 3.74 - 3.99 mm s-1 in alkyi2Sn and 3.61 mm s-1 in aryi2Sn derivatives, 

suggesting a distorted trans~ R2Sn octahedral structures [40]. The C-Sn-C angles, 

calculated by Parish relation [54], vary from 141° to 170°. This further suggests that the 

water molecule occupy one of the equatorial plane. In contrast, complex 41 shows a 

lower!). value, which agrees with a trigonal bipyramidal structure with a calculated C-Sn

C angle of 128°. Thus, Moss bauer results provide quite strong evidence in support of 
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structure. Further structural information on the complexes in the solid state have been 

obtained from the X-ray crystallography and are discussed in the Section 2.2.3. 

Table 11: 119Sn Mossbauer (mm s"1
) Data for the Representative 

Diorganotin(IV) Complexes 

Complex Moss bauer dataa 
0 b. r1 r2 C-Sn-C (0

) 

32 1.33 3.79 0.92 0.92 141 

37 1.29 3.99 0.95 0.92 170 

38 1.16 3.61 1.0 1.0 . 159 

39 1.21 3.74 0.90 0.92 154 

40 1.40 3.87 0.95 0.98 143 

41 1.15 2.88 0.89 0.98 128 

. . 
Parameters: b.: Quadrupole splitting; li: Isomer ShiftS and, r1 & r2: Llne Widths . 

The 1H and 13C NMR data of the diorganotin(IV) complexes are shown in Tables 12 

and 13, respectively. The signals were assigned as described previously (See Section 

2.2.2). 

The 1H and 13C NMR spectra of the complexes show the expected resonances and 

integration. 

The coordination behaviour of the complexes in solution was explored through their 
119Sn NMR spectra which are shown in Table 14. As discussed in Section 2.2.2 that 

in recording 119Sn NMR in solution, non coordination solvents are preferrable to 

coordinating ones to preclude possible changes in the coordination number of the tin 

atom. In present investigation, most of the complexes were found to be soluble in CDCI3 
/ 

except for complexes 34, 37 and 38, and hence they are excluded. The complexes all 

exhibit a sharp signal reflecting a single tin species in solution. The 119Sn chemical shifts 

of dialkyltin(IV) complexes occur between - 170 and - 211 ppm, which fall well within 

the range proposed for penta-coordinate tin centers [55]. Thus, 119Sn NMR results 

indicate that the hexa-coordinated structure of complexes in solid state (as revealed by 

Mossbauer spectroscopy, vide supra) is lost upon dissolution, indicating that a water 

molecule is not coordinated in solution. Diphenyltin complexes (33, 36, 41, 43 and 45) 

show a sharp resonance between - 335 and - 352 ppm indicating a penta-coordinated 

tin structure in solution, which is consistent with our earlier report [33]. In conclusion, it is 

28 



• 

suggested that in all the complexes, the tin atom is five coordinated in solution, 

irrespective of their different coordinations geometries in the solid state. 

Table 12: 1H Chemical Shifts (8, ppm)a for the Diorganotin(IV) Complexes 

Complex Ligand skeletonu Sn-R skeletonu 

H-2 H-6/6' H-7 H-8/8' H-9 H-3' H-1* H-2* H-3* H-4* 
31 4.39, 5 6.85, d 7.17, t 6.74, t 7.41,d 8.33, 5 0.83, 5 - - -

(89)0 

32 4.34, 5 6.79, d 7.17, t 6.74, t 7.43, d 8.40, 5 1.64, m 1.58, m 1.38, m 0.87, I 

33 4.35,5 7.15, d 7.15, t 6.77, I 7.53, d 8.34,5 - 7.89,m 7.45, m 7.45, m 

34 4.36, 5 6.67, d 7.65, d - 7.25, 5 8.38, 5 0.70, 5 - - -
(93) 0 

35 4.38, 5 6.65, d 7.30, d - 7.14, 5 8.32, s 1.64, m 1.52, m 1.29, m 0.84, t 

36 4.37, s 7.07, d 7.47, d - 7.16, s 8.34, s - 7.85,m 7.47, m 7.47, m 

37 4.00, s 6.32, d 7.75, d - 8.32, s 8.40, s 0.40, s - - -
(93)0 

38 4.36, s 6.96, d 8.23, d - 8.43, s 8.76, s - 7.62, m 7.34, m 7.34, m 

39 4.29, s 6.84, d 7.36, t 6.79, t 7.51, d 2.67, s 0.73, s - - -
(78)0 

40 4.26, s 6.85, d 7.35, t 6.76, t 7.47, d 2.67, s 1.60, m 1.43, m 1.31, m 0.86,m 

41 4.25, 5 7.15, d 7.17, t 6.75, t 7.35, d 2.57, 5 - 7.85,m 7.35, m 7.35, m 

42 4.27, 5 7,38, d 7.50, t 6.95, t 6.78, d 2.66,5 6.28, m 6.28,m - -
43 4.25, s 2.44, 5 7.27,d 6.69,1 7.3B,d 2.57, s - 7.82,m 7.38,m 7.38,m 

44 4.27, s .7.5, d 7.18, d 2.27, 5 7.25, 5 2.65, s 0.("1, 5 - - -
(75)0 

45 4.28, 5 7.08, d 7.25, d 2.25, 5 7.27, 5 2.61, s - 7.87,m 7.39,m 7.39, m 

"' '"' In CDCh except for complexes 34, 37 and 38, wh1ch are 1n DMSO-da. Refer to Table 3 numbenng sheme. J ( H- Sn) 
(Hz) . 
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Complex 

31 

32 

33 

34 

35 

36 

37 

36 

39 

40 

41 

42 

43 

44 

45 

Table13: 13C Chemical Shifts (8, ppm)a for the Diorganotin(IV) 
Complexes 

Ligand skeleton" Sn-R skeleton" 
C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8 C-9 C-3'/61/81 C-1* C-2* C-3* C-4* 

172.5 57.9 172.3 117.7 168.1 122.9 137.2 117.5 135.3 - 0.09 - - -
(c) 

172.9 57.7 171.4 117.3 169.5 122.7 138.0 117.2 135.6 - 26.7 26.8 22.6 13.7 
(c) (c) (c) (c) 

173.0 57.0 170.4 117.1 169.4 122.8 138.3 117.8 135.6 - 137.6 136.4 128.9 130.8 
(c) (57) (91) (23) 

171.7 56.6 170.1 119.3 165.1 122.9 135.0 119.2 132.4 - 0.70 . - -
(804) 

171.2 58.1 171.2 117.6 167.7 124.5 137.2 121.0 133.4 - 26.1 27.0 21.1 13.5 
(c) (33) (85) (c) 

172.1 57.3 170.2 117.6 167.9 124.6 138.2 122.1 133.7 - 137.3 136.4 129.7 131.0 
(c) (57) (91) (19) 

171.5 56.5 170.4 135.5 170.0 121.6 131.6 115.3 129.1 - 0.20 . - -
(800) 

173.0 56.8 170.4 146.0 170.0 124.8 132.8 117.5 130.4 - 137.3 134.9 129.3 130.4 
(c) (c) (c) (c) 

181.7 53.3 170.4 121.1 165.7 123.5 135.9 117.9 130.5 22.9 0.08 - - -
(670) 

181.4 53.5 170.7 121.1 166.1 123.5 135.8 117.6 130.3 22.9 26.7 26.9 21.0 13.5 
(c) (35) (85) (c) 

182.1 53.5 170.2 120.3 166.4 123.7 136.3 117.8 130.7 22.7 137.6 136.6 128.8 130.5 
(c) (56.0) (86) (20.6) 

182.7 53.3 170.3 120.6 166.2 123.5 136.0 117.9 130.5 22.8 135.0 139.5 - . 

182.5 53.6 170.7 128.7 164.8 119.5 136.7 117.5 131.6 23.1/ 137.9 136.5 128.9 130.7 
16.9 (c) (54) (90) (20) 

181.5 53.2 170.3 126.9 163.5 123.2 137.2 120.6 129.8 22.8/ 0.30 
I 20.5 (677) - . -

181.9 53.5 170.3 128.2 164.4 123.6 136.7 119.9 130.2 22.7/ 137.7 136.7 128.8 130.6 
20.5 (c) (56) (93) (20) 

-' Refer to Table 12 for solvent. Refer to Table 3 for numbenng scheme. Could not be detected. 
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Table 14: 119Sn NMR Data (o, ppm) for the 
Diorgimotin(IV} Complexes in CDCb 

Complex ''~Sn 

31 - 203.1 

32 - 208.0 

33 _. 335.4 

35 -200.0 

36 - 335.8 

39 -172.6 

40 - 210.8 

41 - 351.7 

42 -344.6 

43 - 349.4 

44 - 170.1 

45 - 349.8 

2.2.3 X-ray Structures for Ph2Snl 4 (41), Ph2Snl6 (45) and Vin2Snl 4.0H2 (42) 

A full characterization of the complexes of the type R2SnL were ascertained by the .. 

structural analysis in Ph2Snl 4 (41) [33] and Ph2Snl 6(45) [56] while the complexes of the 

type R2SnL.OH2 were confirmed by structural analysis in Vin2Snl 4.0H2 (42) [33]. 

The compounds 41 and 45 crystallizes in the monoclinic space group P21/c with Z = 
8 and P121/c1 (No.14) with Z = 4, respectively. The molecular structures of 41 and 45 

are shown in Figures 5 and 6 and selected interatomic parameters are collected in 

Tables 15 and 16, respectively. The compound 41 crystallizes with two independent 

molecules in the crystallographic asymmetric unit, labelled a and b, that do not differ 

from each other significantly. The structure is molecular with the closest intermolecular 

contact involving the non-hydrogen atoms of 3.382(8) A occuring between 0(2)b and 

C(2)b1 (symmetry operation i: x, 0.5 - y, 0.5 +. z). The coordination geometry about the 

tin atom is defined by two phenyl groups, an oxygen (0(1 ), derived from a unidentate 
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carboxylate group), a phenoxide 0(3) atom, and the imino N(1) atom. Similar 

coordination, geometry has been found in related system [27]. The arrangement of the 

donor set is distorted trigonal bipyramidal with the two oxygen atoms defining the axial .. 

positions: 0-Sn-0 = 160.3(2)0 for molecule a and 158.6(2)0 for molecule b. Distortions 

from the ideal geometry may be traced to the restricte.d bite angles of the tridentate 

ligand. Neither of the five- or six- membered rings formed upon chelation are planar, as 

seen in the following torsion angles (value for molecule b follows in parentheses): 

Sn/0(1)/C(1)/C(2) = -0.2(8) 0 (10.5(8)0
), Sn/N(1)/C(2)/C(1) = -19.7(7)0 (-18.9(6)0

, 

Sn/0(3}/C(5)/C(4) = 37.7 (8)0 (42.1(7)0
, and Sn/N(1)/C(3)/C(4) = 10.9(9)0 (-1.6(8)0

). The 

tin atom lies 0.0267(4) A (0.0457 (5) A) out of the NC2 trigonal plane in the direction of 

the more tightly held 0(3) atom. In addition to the differences between molecule a and b 

reflected in the above torsion angles, there are several minor differences in their derived 

interatomic parameters with the most significant of these being the Sn-0(3)-C(5) angle 

(Table 15). The geometry found about the tin atom in 41 is almost identical to that found 

about the Sn atom in 45. 
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Fig. 5. Molecular structure for Ph2Snl 4 {41) 

• 
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Table 15: Selected Bond Lengths (A) and Bond Angles () 
· for Ph2Snl 4 (41) · 

Atoms Distance Atoms Distance 

Sn(1)- 0(1a) 2.127(4) 0(1a)- C(1a) 1.280(7) 
Sn(1) • 0(3a) 2.064(4) 0(1b)- C(1b) 1.276(8) 
Sn(1)- N(1a) 2.190(5) 0(2a)- C(1a) 1.213(7) 
Sn(1)- C(11a) 2.120(6) 0(2b) • C(1b) 1.217(7) 
Sn(1)- C(21a) 2.138(6) 0(3a) - C(5a) 1.330(7) 
Sn(2)- 0(1b) 2.131(4) 0(3b) • C(5b) 1.322(7) 
Sn(2) - 0(3b) 2.059(4) N(1a)- C(2a) 1.459(8) 
Sn(2)- N(1b) 2.178(5) N(1a)- C(3a) 1.285(7) 
Sn(2)- C(11b) 2.102(7) N(1b)· C(2b) 1.470(7) 
Sn(2)- C(21b) 2.111 (6) N(1b)- C(3b) . 1.299(7) 
Atoms Angle Atoms Angle 

0(1a) -Sn(1) -0(3a) 160.3(2) 0(3b) -Sn(2) ·C(21b) 96.5(2) 
0(1a) -Sn(1) -N(1a) 77.2(2) N(1b) -Sn(2) -C(11b) 120.2(2) 
0(1a) -Sn(1)-C(11a) 96.0(2) N(1b) -Sn(2) -C(21b) 113.4(2) 
0(1a) -Sn(1) -C(21a) 93.6(2) C(11b) -Sn(2) -C(21b) '126.2(2) 
0(3a) -Sn(1) -N(3a) 83.1(2) Sn(1) -0(1a) -C(1a) 118.8(4) 
0(1 a) -Sn(1) -C(11 a) 92.3(2) Sn(2) -0(1b) -C(1b) 118.6(4) 
0(3a) -Sn(1) -0(21a) 95.8(2) Sn(1)- 0(3a) -C(5a) 126.7(4) 
N(1a) -Sn(1) -C(11a) 113.5(2) Sn(2) -0(3b) -C(5b) 123.1(4) 
N(1a) -Sn(1) -C(21a) 120.5(2) Sn(1) -N(1a) -N(1a) 111.5(4) 
C(11a)- Sn(1) -C(21a) 126.0(2) Sn(1) -N(1a) -C(3a) 128.2(5) 
0(1b) -Sn(2)- (03b) 158.6(2) C(2a) -N(1a) -C(3a) 120.2(5) 
0(1b) -Sn(2) -N(1b) 76.2(2) Sn(2) -N(1b) -C(2b) 111.8(4) 
0(1b) -Sn(2) -C(11b) 93.9(2) Sn(2) -N(1b) -C(3b) 127.2(4) 
0(1b) -Sn(2) -C(21b) 94.9(2) C(2b) -N(1b) -C(3b) 120.9(5) 
0(3b) -Sn(2) -N(1b) 82.6(2) 0(1a) -C(1a) -0(2a) 124.6(7) 
0(3b) -Sn(2) -C(11a) 93.8(2) 0(1b) -C(1b) -0(2b) 125.4(6) 

• 
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Fig. 6. Molecular structure for Ph2Snl 6 (45) 

Table 16: Selected Bond Lengths (A) and Bond Angles () 
for Ph2Snl6 (45) 

Atoms Distance Atoms Distance 

Sn -0(1) 2.122(3) 0(1) -C(1) 1.282(5) 
Sn -0(3) 2.055(4) 0(2) -C(1) 1.195(7) 
Sn -N(1) 2.185(3) 0(3) -C(5) 1.309(9) 
Sn -C(11) 2.115(6) N(1) -C(2) 1.473(6) 
Sn -C(21) 2.115(7) N(1) -C(3) 1.281 (8) 
Atoms Angle Atoms Angle 

0(1) -Sn-0(3) 157.7(1) N(1) -Sn -C(21) 126.7(2) 
0(1) -Sn-N(1) 77.0(1) C(11) -Sn -C(21) 125.7(2) 
0(1) -Sn-C(11) 94.1(2) Sn -0(1) -C(1) 119.9(4) 
0(1) -Sn-C(21) 90.9(2) Sn -0(3) -C(5) 129.3(3) 
0(3) -Sn-N(1) 83.2(1) Sn -(N1) -C(2) 112.0(3) 
0(3) -Sn-C(11) 101.5(2) Sn -N(1) -C(3) 128.3(3) 
0(3) -Sn-C(21) 92.8(2) C(2) -N(1) -C(3) 119.6(4) 
N(1) -Sn-C(11) 107.1 (2) 0(1) -C(1) -0(2) 125.2(7) 
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Fig. 7. Molecular structure for Vin2Snl 4 (42) 

Table 17: Selected Bond Lengths (A) and Bond Angles () 
for Vin2SnL 4 (42) 

Atoms Distance Atoms. Distance 

Sn -0(1) 2.249(4) 0(1) -C(1) 1.263(6) 
Sn -0(3) 2.105(4) 0(2) -C(1) 1.234(6) 
Sn -0(4) 2.358(4) 0(3) -C(5) .' 1.334(6) 
Sn -N(1) 2.254(4) N(1) -C(2) 1.468(7) 
Sn -(C11) 2.101(5) N(1) -C(3) 1.299(6) 
Sn -(21) 2.100(5) 
Atoms Angle Atoms Angle 

0(1) -Sn-0(3) 152.4(1) 0(4) -Sn-C(21) 84.1(2) 
0(1) -Sn-N(1) 72.8(1) N(1) -Sn-C(21) 97.7(2) 
0(1) -Sn -C(11) 86.3(2) N(1) -Sn-C(11) 97.2(2) 
0(3) -Sn -C(21) 90.0(2) C(11) -Sn -C(21) 162.8(2) 
0(3) -Sn -0(4) 79.9(0) Sn -0(1) -C(21) 117.9(3) 
0(3) -Sn-N(1) 79.6(1). Sn -0(3) ·C(1) 121.6(3) 
0(3) -Sn -C(11) 99.2(2) Sn -N(1) -C(5) 112.6(3) 
0(4) -Sn -C(21) 91.8(2) Sn -N(1) -C(2) 127.9(4) 
0(4) -Sn -N(1) 158.7(1) C(2) -N(1) -C(3) 119.5(4) 
0(4) -Sn -C(11) 85.1(2) 0(1) -C(1) -0(2) 125.1(5) 
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.~· The final structure is that of 42 (R2Snl.OH2 type), which was shown to be five-

. coordinate in solution (Section 2.3.2, see NMR discussion) but six-coordinate in the 

solid..:state owing to the coordination of a water molecule. The molecular structure of the 

complex 42 crystallizes with space group P1 and Z = 2) is shown in Figure 7 and 

selected interatomic parameters are listed in Table 17. The geometry is distorted 

octahedral with the two vinyl groups occupying trans positions (C-Sn-C = 162.8(2)0
) 

above and below a N03 'equatorial plane. Similar coordination geometries to those seen 

in 42 have been found in some related 2,6-pyridinedicarboxylate [57 ,58] and N-
• I . 

methyliminidiacetate [58] structures, however, in these structures, association (2.5- 2.8 

A) via one. of the carboxylate oxygen atoms leads to the formation of cen~rosymmetric 

dimers featuring central Sn20 2 cores. In 42, the closet Sn-0(1 )i intermolecular contact is 

3.319(4)A(symmetryoperation i: 1-x, 1-y, 1-z). 

Thus, X-ray results confirm the formulation ofboth types of complexes (R2SnL and 

R2Snl.OH2) in the solid state. This has also been reflected in 119Sn Mossbauer re_sults. 
119Sn NMR results indicated that R2Snl.OH2 type complexes dissociate in non

coordinating solvent giving rise to a five-coordinate tin similar to that observed for R2SnL 

type complexes. 

2.4 Dinuclear Organotin(IV) Complexes of 2-{[(E)-1-(2-hydroxyaryl) 

alkylidene]amino}acetic acid 

In earlier Sections 2.2 and 2.3, .we have shown the coordination behaviour of 2-{[(E)-1-

(2-hydroxyaryl)alkylidene]amino}acetic acid 20 towards . triorganotin(IV) and 

diorganotin(IV). Their structures have been investigated in solid state and in solution. 

we describe herein the formation of dinuclear organotin(IV) complexes derived from 20. 

2.4.1 Syntheses of Dinuclear Organotln(IV) Complexes, R2Snl.R' nSnCI4-n (R=Ph or 

tsu and n=2 or 3) 

Reaction of the diorganotin(IV) complexes (R2SnL, refer to Chapter 2.3) with R'nSnC14-n 

in benzene at reflux t~mperature result in the smooth formation of dinuclear ll)Oiecular 

adduct of compositic:m R2SnL.R'nSnCI4.n which can be isolated as yellow crystalline solid 

in good yield.· 
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--~,.,. R2SnLR•nsnCI4_n ....... (5) 

46:R = Ph, n = 3 
47:R = 1Bu, n = 2 

The synthetic and analytical data are listed in Table 18. 

Table 18: Characterization and Analytical Data for the Dinuclear 
Organotin(IV) Complexes 

Complexa Reaction rystalllzatlo Colour Yield M.p. Elemental analysis 
time (h) solvent (%) ("C) Found (calc.) (%) 

c H N 

Ph2SnL .SnPhJCI 2u Chloroform Yellow 65 199-200 56.5 4.0 1.5 
(46) (56.6) (4.0) (1.7) 

BuzSnL . BuzSnCiz 2" Chloroform Yellow 55 132-133 42.8 6.2 1.9 
(47). (42.9) (6.2) (1.9) 

Uo .. .. Complex numbers 10 parentheses. Method. reflux 10 benzene. Method. sttrnng 10 methanol. 

Diorganotin(IV) complex of composition R2Snl can readily be reacted with R2SnCI2 

to obtain dinuclear complex containing R2Sn/R2Sn species. There is no report in the 

extant literature of any metal complex having been isolated and characterized apart from 

a very recent examples [31]. Similarly, diorganotin(IV) compound 41 undergoes an 

unprecedented adduct formation with Ph3SnCI to produce 46 which possesses a 

diorganotin(IV) and a triorganotin(IV) moiety connected via a carbonyl oxygen. The 

examples of such donor-acceptor complexes _are rare. The complexes are stable in air 

and highly soluble in most common organic solvents. 

2.4.2 Spectroscopic Characterization of Dinuclear Organotin(IV) Complexes 

In the solid-state IR spectrum of 41, the v(OCO)asym band at 1682 cm-1 has found to be 

shifted in 46 and appears at 1627 cm-1
. The shift of the . v(OCO)asym band at ca. 55 cm-1 

to a lower wavenumbers in 46 confirms the interaction of Ph3SnCI with the carbonyl 

Table 19: Characteristic IR Bands (cm-1
) for the Dinuclear 

Organotin(IV) Complexes 

Complex v(OCO)asym v(OCO)sym v(Ph(C-0)) v(C=N) 

46 1627 1432 1236 1603 

47 1681 1436 1237 1603 
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oxygen atom of complex 41 (Table 19). In contrast to this, in compound 47 exhibits no 

shift of v(OCO)asym band although such carbonyl oxygen4-Sn coordination is indicated in 

X-ray structure (see Section 2.4.3) (33]. The extent of shifts could be attributed to the 

donon-acceptor properties. 

The 119Sn Mossbauer spectrum of 46 (Fig.8) shows asymmetric absorption with large 

values of full-width at half height, and was fitted as two doublets with different 

100.00 

96.00 ·-· 

96.00 

94.00-

+~ .. 

TS-6 , .• 
~ • 

-- ·------·-···-,------1--·r·-------,----·····-----,-·--- r-:-........... ,----·--------
-8.00 -4.00 0.00 4.00 6.00 

·Fig. 8. 119Sn Mossbauer spectrum for Ph2Snl 4 ."Ph3SnCI (46) 
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parameter values; hence the occurrenc~ of two different tin sites can be inferred [50]. 

The Mossbauer parameters are listed in Table 20. 

Table 20: 119Sn Mossbauer (mm s"1
) Data for Ph2Snl 4.Ph3SnCI {46) 

Complex Moss bauer data" 
0 /),. r1 r2 C·Sn·C (0

) 

46 0.75 2.20 1.00 1.00 107 
1.14 2.50 0.86 0.86 

Parameters./',., Quadrupole splllllng, 1\. Isomer shifts and r, & r2• line widths. 

A doublet shows a ~value (2.20 mm s·1
) that can be set as the lowest in cis- R2Sn 

trigonal bipyramidal derivatives [40]. This Ph2Sn-02N trigonal bipyramidal geometry 

matches with the X-ray structure (vide infra) except for the C-Sn-C calculated angle;. 

the corresponding 8 value is also low, and this can arise from the electron withdraw! of 

the ligands to the tin. The second doublet can be attributed to a Ph3Sn moiety in a 

trigonal bipyramidal geometry, with the oxygen and chlorine atoms as axial ligands. The 

percentage areas of the two doublets are similar, indicating equal amounts of di- and tri

organotin moieties. 

Compounds 46 and 47 were characterized by 1H and 13C NMR (Table 21 ). The 1H 

and 13C NMR spectra of the complexes show the expected resonances and integration. 
119Sn NMR spectroscopy has been utilized to probe the solu~ion-state structures in order 

to ascertain whether the observed association in the solid-state persisted in solution 

(Table 22). Compound 46 gives two 119Sn resonances of almost equal intensity (- 49.9 

ppm and -351.4 ppm) in CH2CI2 solution. The signal at -351.4 ppm is assigned to the 

five-coordinate tin center in the Ph2Snl 4 core (refer to Section 2.3.2) and the resonance 

at- 49.9 ppm is· assigned to the Ph3SnCI moiety (cf- 47.:0 ppm for Ph3SnCI in CH2CI2 

solution). A similar spectrum was obtained when equimolar amounts of Ph2Snl4 (41) 

and Ph3SnCI were mixed in the same solvent, which indicates that compound 46 

completely dissociates into 41 and Ph3SnCI under these conditions. 
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Table 21: 1H and 13C NMR Data (8, ppm) for the Dinuclear 
Organotin(JV) Complexes 

Proton/ 46 47 
Carbon 

No.3 

1H 13c 1H 
1 - 182.0 -

2 4.24, s 53.6 4.25, s 

3 - 170.2 -
4 - 120.4 -
5 - 166.6 -

6 7.15, d 123.9 6.87, d 

7 7.17, t 136.4 7.45, d 

8 6.75, t 117.9 6.72, t 

9 7.35,d 130.8 7.34, t 

3 2.59, s 22.8 2.67, s 

1* - 137.6" -
137.5c 

2* 7.85, m 136.1" 1.26, s 
136.7" 

3* 7.35,m 128.9° -
129.1c 

4* 7.35,m 130.7" -
130.5c 

Refer to Table 3 for ligand numbenng scheme and, for Sn-R skeleton see below. 
2' 

and 

·cH3 

1~ 2* 
Sn-C-CH3 

I 
CH3 
2* 

13c 

181.2 

53.9 

170.9 

120.8 

167.2 

123.7 

135.6 

117.0 

130.2 

22.8 

29.8 

40.7 

-

-

b and c represent signals due to Sn-Ph2 and Sn-Ph3, respectively. Coupling constants fgr 46: "JC 3C-
119Sn)b are 2J= 55.7, 3J=90.5, 4J= 21.1 and "JC3C-119Sn)c are 2J= 54.4, 3J = 65.5, 4J= 13.2 Hz. 
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Table 22: 119Sn NMR Data (o, ppm) for the Dinuclear 
Organotin(IV) Complexes 

Complex ·~sn 

46 - 48.2. - 350.3 

47 57.2, - 302.4 

Cooling ttie solution of 46 to -10 oc causes only a minor shift of the low-frequency 
119Sn resonance (-350.9) but a more substantive shift of the higher frequency resonance 

· (-83.5 ppm) (Fig. 9). 

nr 
. ...-

·IO'C· 

/ .............-' 

... I .... .j.., ..Jon ?n :j; 

.oo·c 

..-/,. ,.----· 

l -lot . I t~'' .lo, . -Ll~ I .j, 
~· ... 

-u~·c 

.!~ ·loo 

Fig. 9. Temperature dependance 119Sn NMR spectrum for Ph2Snl 4.Ph3SnCI (46) 
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At -95 ·°C, the two 119Sn resonances occur at -223.0 and -347.4 ppm, which 

indicates that the equilibrium between Ph3Sn'cl and 41 has moved substantively toward 

formation of 46. The 119Sn shift'of the adducted Ph3SnCI is comparable to that found for 

other similar five-coordinate species [59]: (Ph3SnCI02-: -251 at -95 oc in CH2CI2 ; 

Ph3SnCI.pyridine: -219 in pyridi!le at room temperature). Such molecular adduct 

formation was also confirmed by 119Sn NMR spectra at room temperature of a CH2CI2 

solution of 41 to which an equimolar amount of Ph2SnCI2 was added shows resonances 

at -114.0 (cf -33 ppm for Ph2SnCI2 at room temperature [59]) and -348.0 ppm, 

indicating substantial adduct formation. On cooling, the resonances at -114.0 moves 

progressively to lower frequency, and at -95 °C, the 119Sn NMR spectrum contains two 

resonances at -236.8 and -342.7 ppm. Clearly, the magnitude of the interaction 

between 41 and an additional tin moiety is dependent on the Lewis acidity of the latter. 

The 119Sn NMR spectrum at room temperature of a CH2CI2 solution of 47 shows 

resonances at 57.2 (cf 56.0 for 1Bu2SnCI2 in CH2CI2) and -302.4 ppm, indicating 

negligible interaction between these two species in solution. The magnitude of the 

interaction is not changed much on cooling the solution to -95 oc (47.8 and -297.8 

ppm). Thus, 119Sn NMR shows extensive adduct formation at low temperature but 

extensive dissociation at toom temperature. 

A full characterization of dinuclear organotin(IV) complexes of composition 

R2SnL.R'nSnCI4.n was achieved by the structural analyses in Ph2Snl4.Ph3SnCI (46) and 
1Bu2Snl.1Bu2SnCI2 (47). The crystal structures reveal a monomeric 1:1 donor-acceptor 

dinuclear tin complexes. 

The bright yellow complexes (46 and 47) crystallize both in the triclinic space groups 

P1 with Z = 2. The molecular structures of 46 and 47 are illustrated in Figures 10 and 11 

and selected interatomic parameters are listed in Tables 23 and 24, respectively. In 46, 

the closest non-hydrogen intermolecular. contact in the lattice of 3.455(9) A occurs 

between C(11) and C(16)1 (symmetry operation i: - x, 1 - y, 1 - z). The compound is 

dinuclear and may be considered as an adduct formed between Ph2Snl4 (41) and 

Ph3SnCI. A comparison of chemically equivalent geometric parameters for 41 (refer to 

Section 2.3.3) with those about the Sn(1) atom in 46 shows a remarkable consistency; 
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Table 23: Selected Bond Lengths (A} and Bond Angles (} 
for Ph2Snl 4.Ph3SnCI (46} 

Atoms Dist;;~nce Atoms Distance 

Sn(1)- 0(1) 2.167(5) 0(2)- C(1) 1.236(1) 
Sn(1)- 0(3) 2.055(5) 0(3)- C(S) 1.312(7) 
Sn(1)- N(1) 2.174(6) N(1)- C(2) 1.461(1} 
Sn(1)- C(11) 2.127(7) N(1)- C(3) 1.293(9} 
Sn(1)- C(21) 2.122(8) Sn(2)- Cl(1) 2.446(3) 
0(1)- C(1) 1.272(1) Sn(2) -0(2) 2.453(5) 
Atoms Angle Atoms Angle 

0(1) -Sn(1} ;0(3) 160.1(2) C(11)- Sn(1) -C(21) 137 .4(3} 
0(1) -Sn(1) -N(1) 76.3(2) Sn(1) -0(1) -C(1) 117.9(5) 
0(1) -Sn(1) -C(11) 93.2(2) Sn(1)- 0(3) -C(5) 127.4(5) 
0(1) -Sn(1) -C(21) 94.0(3) Sn(1) -N(1) -C(2) 112.7(4) 
0(3) -Sn(1) -N(1) 84.0(3) Sn(1) -N(1a) -C(3) 127.8(5) 
0(3) -5n(1) -C(11) 92.0(3) C(2) -N(1) -C(3) 119.5(6) 
0(3) -Sn(1) -0(21) 95.2(3) 0(1) -C(1) -0(2) 125.5(5) 
N(1} -Sn(1) -C(11) 111.8(3) Cl(1} - Sn(2} -0(2) 176.5((2} 
N(1) -Sn(1) -C(21) 110.8(2) 

the Sn(1) atom lies 0.0376(5) A out of the trigonal plane in the direction of the 0(3) atom. 

The only significant difference in the coordination geometries is found in the C-Sn-C 

angle, which has expanded to 137.4(3)0 in 46 compared with 126.0(2)0 and 126.2(2)0 for 

molecules a and b, respectively, in 41. The other major difference between the 

geometries may be related to the formation of the 0(2)-Sn(2) interaction. Thus, the 

Sn(1 )-0(1) bond is longer in 46 owing to the withdrawal of electron density from 0(2) 

and donation to the Sn(2) atom via the carboxylate group. This is also manifested in the 

apparent lengthening of the C(1 )-0(2) bond in 46 compared with the comparable 

distances in 41, i.e. consistent with theIR results. The geometry about the Sn(2) atom is 

also distorted trigonal bipyramidal with the Cl and 0(2) atoms defining the axial 

positions. The Sn(2) atom lies 0.2057(5) A above the c3 trigonal plane. 

The presence of bidentate bridging carboxylate residue in organotin carboxylate 

structures is well established [44,60], however, this is the first example of an isolated 

ditin structure with different R groups held together in this fashion, i.e., in which the two 

tin atoms are not connected via an organa link. Further, crystal structures of mixed 

diorgano/triorgano tin are rare, with one example containing a Sn-Sn bond [61] and the 

other having the tin centers linked via a central platinum atom [62]. 
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Table 24: Selected Bond Lengths (A) and Bond Angles () 
for tBu2SnCI2.Bu2SnCI2 (47) 

Atoms Distance Atoms Distance 

Sn(1)· 0(1) 1.184(4) N(1) • C(2) 1.474(8) 
Sn(1) • 0(3) 2.057(4) N(1)- C(3) 1.307(8) 
Sn(1)- N(1) 2.190(5) Sn(2)- Cl(1) 2.480(2) 
Sn(1)- C(11) 2.148(8) Sn(2) -C1(2) 2.370(2) 
Sn(1)- C(21) 2.152(8) Sn(2)- 0(21 2.335(2) 
0(1)- C(1) 1.254(8) Sn(2) - C(31) 2.156(8) 
0(2)- C(1) 1.256(7) Sn(2) - C(41) 2.160(8) 
0(3)- C(5) 1.335(8) 

Atoms Angle Atoms Angle 

0(1) -Sn(1) -0(3) 155.0(2) Sn(1) -0(1) -C(1) 120.5(4) 
0(1) -Sn(1) -N(1) 74.6(2) Sn(1) • 0(3) -C(5) 125.9(4) 
0(1) -Sn(1) -C(11) 91.6(2) Sn(1) -N(1) -C(2) 113.7(4) 
0(1) -Sn(1) -C(21) 95.2(2) Sn(1) -N(1) -C(3) 128.4(4) 
0(3) -Sn(1) -N(1) 81.7(2) C(2) -N(1) -C(3) 117.9(6) 
0(3) -Sn(1) -C(11) 93.4(2) 0(1) -C(1) -0(2) 127.6(6) 
0(3) -Sn(1)'-0(21) 101.4(3) Cl(2) -Sn(2) -0(2) 66.89(7) 
N(1) -Sn(1) -C(11) 120.2(3) Cl(1)- Sn(2) -0(2) 166.5(1) 
N(1) -Sn(1) -C(21) 112.8(3) Cl(2) -Sn(2) - 0(2) 79.9(1) 
C(11) -Sn(1) -C(21) 126.4(3) C(31) ·Sn(2) -C(41) 125.3(3) 

A similar structure to 46 is found for 47 (Fig.11 ). In this case, the adduct involves 

two diorganotin centers similar to that reported in ref. 31. A distorted trigonal

bipyramidal geometry is found about the Sn{1) atom in which the Sn atom lies 0.0930(5} 

A out of the NC2 plane in the direction of the 0(3) atom. With the exception of the 

elongation of the Sn(1 )-C bonds in 47, the geometry is essentially as found in 46; 

however, it is noted that the disparity in the C-0(1 ), 0(2) distances is not as pronounced 

in 47 owing to the shorter Sn(2)-0(2) interaction of 2.335(2) A, a result that may be 

correlated with the enhanced Lewis acidity of 1Bu2SnCI2 compared with Ph3SnCI. The 

strength of the Sn(2)-0(2) contact is responsible for the .. elongation of the Sn(2)-CI(2) 

bond; 0(2)-Sn(2)-CI(2) is 166.5(1)0
• 
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2.5 Biological Properties of Organotin(IV) Complexes 

The chemistry of the metal complexes of 2-{[(E)-1-(2-hydroxyaryl)alkylidene]amino 

acetic acid framework 20 has developed not only from an inorganic point of view, but 

also because of possible biological interest due to their possible use as potential 

pyridoxylidene amino acid systems [63]. In addition, organotin compounds of related 

system shown to possess a wide range of biological properties [53, 63, 64]. Recently, 

diorgano- and triorganotin complexes of 20 were tested in vitro against several bacteria 

( Streptococus faecalis, Klebsiella pneumoniae, Escherichia coli, Pseudomonas 

aeruginosa, Staphylococcus aureus) and fungi (Candida albicans, Cryptococcus 

neoformans, Sporotrichum schenckii, Trichophyton mentagrophytes, Aspergillus 

fumigatus) [63] and found to be active. The inhibitory effects of all the organotin 

complexes were found to be fairly greater than those of the parent organotin 

compounds. Furthermore, this class of organotin compounds were tested for antitumour 

activities in vitro against human tumour cell lines, viz., MCF-7, EVSA-T, WiDr, IGROV, 

M19 MEL, A498 and H226 [53]. These compounds were found to.be more active against 

all the cell lines than carboplatin and cisplatin. However, they all are less active than 

methotrexate and doxorubicin. Recently, antitumour screeings of related organotin 

complexes were carried out on a panel of 60 human tumour cell lines derived from 

seven cancer types (leukemia, lung, colon, central nervous system, melanoma, ovarian 

and renal cancers) and the results are reported in ref. 64. In view of these, we have also 

investigated the antitumour properties of some selected organotin(IV) complexes . 

2.5.1 Evaluation of Antitumour Properties of Organotin(IV) Complexes 

Three different types of complexes, Ph2SnL4 (41), · Ph2Snl4.Ph3SnCI .(1.16) and 
1Bu2Snl 4 •

1Bu2SnCI2 (47) were selected for evaluation of antitumour properties. The effect 

of the organotin(IV) compelxes 42, 46, 47 and L 4HNa on the survivability of mice are 

shown in Table 25. The sodium salt L 4HNa is found to be non-toxic to mice at 30 mg kg-

1. It has been observed that L 4HNa is highly soluble in water, and a very high dosage (50 

mg kg-1 in aqueous solution) does not cause the death of any mice. All the organotin 

complexes studied in the experiment are highly toxic to mice. The complex 41 
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Table 25: Effect of Organotin Compounds 41, 46, 47 and L 4HNa on the 
_ Survivality of the Mouse in vivo 

Parameters Control Sodium salt Organotin complexes 

L4 Na 41 46 47 
Dose(mg kg ·l) No drug 6 30 6 30 6 30 6 30 

Cells(X10")per ml 168 ± 10.20 180 ± 16.32 178.3 ±16.5 76 ± 20.5 - - - - -
ascites fluid 

Total volume (ml) 7.3 ± 1.45 5± 0.6 6± 0.6 4 ± 0.77 - - - - -
tumour cells + 
ascites fluid 
Total packed cell 5.2 ± 0.40 3.1 ± 0.3 3.5± 0.8 3.1 ± 0.6 - - - -- -
volume (ml) 

Mean survival 32.5 ± 2.69 30.2 ± 3.16 29 ± 3.5 19.1 ± 4.6 02 10 02 11.2 04 
lime (MST) 
(days) 

TIC"(%) 100 93 90 59 6.15 30.76 6.15 35 11.3 

TIC 1s the rat1o of the MST of treated m1ce to MST of control m1ce. 

is less toxic than 46 and 47. Although the exact ca·use of toxicity was not studied, it 

could be due to free radical generation from the organotins to the living system [53]. TIC 

values (using the NCI protocol for screening new anticancer drugs) [65] showed that 

neither L 4HNa nor the organotin complexes possess any antitumour properties. Further 

studies with the organotin complexes were not undertaken owing to their toxicity. 
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Chapter 3 

3. Conclusion 

The present work focuses on the complexation behaviour of 2-{[(E}-1-(2-hydroxyaryl) 

alkylidene]amino}acetic ·acid 20 with organotin(IV) halide, an area almost unexplored 

systematically in sharp contrast to the established transition metal chemistry. The 

ligand framework 20 in the form of LHM 19 has been used for the preparation of a 

great variety of organotin(IV) complexes. 

I /.o 
R2~/CH2-C~~ 

joH. 
RI 

+ 
M 

19 
M=NaorK. 

L HK 

L£HK 

VI-IK 

L HK 

L HNa 

L~HK 

LUHK 

LUHNa 

R 

H 

H 

H 

CH3 

CH3 

CH3 

CH3 

CH3 

R1 R2 

H H 

H Cl 

H N02 

H H 

H H 

CH3 H 

H CH3 

H CH3 

The bifunctional tridentate ligand afforded three classes · of organotin(IV) 

complexes; viz .• (i) the triorganotin(IV) derivatives of the type R3SnLH (ii) the 

diorganotin(IV) derivatives of the type R2SnL.nH20 and (iii) the dinuclear 

organotin(IV) derivatives of the type R2SnL.Rn'SnCI4_n_ The main results are 

summarized below. 

(i) The triorganotin(IV) derivatives of the type R3SnLH · 

A series of new triorganotin(IV) complexes were synthesized by conventional 

metathesis reactions of appropriate LHM with R3SnCI in a suitable organic solvents . 
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19 + R3SnCI __ .,.., R3SnLH + MCI 

(21- 30) 

21 

22 

23 

24 

25 

26 

27 

28. 

29 

30 

R 

"Bu 

Ph 

Ph 
Me 

"Bu 

Ph 

Me 

Ph 

Bu 

Ph 

L 

L 

L 

L" 

L 

L 

L 
L" 
L~ 

Lu 

L" 

The X-ray diffraction, elemental analyses, IR, 119Sn Mossbauer Spectroscopy and 

multinuclear NMR spectroscopy were applied as characterization methods. The 

compounds which form the subject of this study, however, have ligands with 

phenolic groups in close proximity to nitrogen atoms. The resultant zwitterionic forms 

of the ligands coordinate through monodentate carboxylate groups and the 

22 
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phenolic oxygen. This series of compounds all exhibit the same polymeric 

trans- 02SnC3 trigonal bipyramidal structural motif (as shown in 22 and 24), namely 

one with the three R groups occupying the equatorial positions, and the axial 

positions being occupied by a carboxylate oxygen and the phenolic oxygen of an 

adjacent molecule. These five-coordinated polymeric complexes dissociate in 

solution to give monomeric four-coordinate structures as revealed by 119Sn NMR 

spectroscopy. 

(ii) The diorganotin(IV) derivatives of the type R2SnL.nH20 

The diorganotin(IV) complexes were prepared by reacting equimolar amounts of 

appropriate LHM with R2SnCI2 either in methanol or methanol-benzene mixture . 
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19 + R2SnCiz--.,..,.. R2SnL.nH20 + HCI + MCI 

(31- 45) 

31 

32 

33 

34 

35 

36 . 

37 

38 

39 

40 

41 

42 

43 

44 

45 

R 

Me 

"Bu 

Ph 

Me 

Bu 

Ph 

Me 

Ph 

Me 

Bu 

Ph 

Vin 

Ph 

Me 

Ph 

L n 

L 1 

L 1 

L 0 
L~ 1 

L" 1 

L~ 0 

L~ 1 
L~ 1 

L 1 

L 0 

L 0 

L 1 

L"' 0 

L" 1 

L" 0 

This class of complexes were obtained either as R2SnL or R2Snl.OH2. A 

systematic investigation was carried out to ascertain the solid state structures of the 

complexes by elemental analyses, IR and 119Sn Mossbauer spectroscopy while 

multinuclear NMR CH; 13C, 119Sn) spectroscopy has been used to determine the 

solutiion state structures. Attempts were also made to obtain single crystals for a 

range of samples but in most cases, the crystals turned opaque. However, a few 

complexes provided stable X-ray quality crystals to visualize the suspected molecular 

structures. 
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The coordination geometry about the tin atom in 41 and 45 is defined by two phenyl 

groups, an oxygen (0(1 ), derived from a unidentate carboxylate group), a phenoxide 

.0(3) atom, and the imino N(1) atom. The arrangement of the donor set is distorted 

trigonal bipyramidal with the two oxygen atoms defining the axial positions. The 

confirmation of the structure in R2Snl.OH2 type complexes is accomplished by X-ray 

crystal structure analysis on 42. The six-coordinate structure in the solid state is 
I 

owing to the coordination of a water molecule. The geometry is distorted octahedral 

with the two vinyl groups occupying trans-positions (C-Sn-C: 162.8(2)0
) above and 

below a N03 equatorial plane. 119Sn NMR results indicated that both types of 

complexes, viz., R2Snl and R2Snl.OH2 exhibit a sharp signal in the range delimited 

for trigonal bipyramidal geometry in solution . 
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(iii) The dinuclear organotin(IV) derivatives of the type R2Snl.R' nSnC14-n 

Reaction of the diorganotin(IV) complexes R2Snl with R'nSnCI4.n in benzene at reflux 

temperature resulted in the smooth formation of dinuclear molecular adduct of 

composition R2SnL.R'nSnCI4.n in which the two tin atoms are joined via the carbonyl 

atom of the diorganotin complex. 

__ __,.,.. R2SnLR'nSnCI4-n 
46:R = Ph, n = 3 

47:R = 1Bu, n = 2 

46 

47 
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The monomeric diorganotin(IV) complex possesses additional potentially a
containing coordinating sites. This· proved to be sufficiently basic to coordinate a 

second Sn-containing species, and hence, a thorough investigation of the nature of 

adduct formation was conducted in non-coordinating solvent employing 119Sn NMR 

methods and in the solid state by X-ray crystallography. In 46, the geometry around 

Sn(1) is trigonal bipyramidal which is consistent with 41. The geometry about the 

Sn(2) atom is also distorted trigonal bipyramidal with the Cl and 0(2) atoms defining 

the axial positions. The Sn(2) atom lies above the C3 trigonal plane. This is the first 

representative of a new type of an unprecedented adduct formation with carbonyl 

oxygen with Ph3SnCI which possesses a diorganotin(IV) and triorganotin(IV) moiety 

connected via a carbonyl oxygen. The examples of such donor- acceptor complexes 

are rare. Compound 46 has also been investigated in great detail by 119Sn NMR 

spectroscopy at low temperature down to -95 oc. The results indicate extensive 

adduct formation at low temperature but extensive dissociation at room temperature. 

A similar structure to 46 is found for 47. In this case, the adduct involves two 

diorganotin(IV) centers. 

Antitumour screening in vivo in Ehrlich ascites carcinoma cells of the complexes 

41, 46, 47 and L 4HNa is also reported. TIC values showed that neither the organotin 

complexes nor L 4HNa possess any antitumour properties. 

In summary, this work presents the detailed systematic study on organotin(IV) 

complexes of 2-{[(E)-1-(2-hydroxyaryl)alkylidene]amino}acetic acid ligand framework. 

A large structural diversity has been observed in these compounds, which can be 

rationalised essentially in terms of the steric and/or electronic effects. 
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Chapter 4 

4. Experimental Section 

4.1 General Procedure 

4.1.1 Synthetic Techniques 

Hexane, petroleum ether and benzene were distilled from sodium whereas methanol 

was distilled after reacting with magnesium. 

4.1.2 Starting Materials 

The organotin starting materials, viz., Me3SnCI (Merck), Bu3SnCI (Merck), Ph3SnCI 

(Fiuka), Me2SnCI2 (Fiuka), Ph2SnCI2 (Aldrich), 0Bu2SnCI2 (Merck) and 1Bu2SnCI2 

(Strem) were used as such. 

The organic chemicals, viz., glycine (Aldrich), 2-hydroxyacetophenone 

(Aldrich), salicylaldehyde (Fiuka), 2-hydroxy-5-chlorobenzaldehyde (Kodak) were of 

reagent grade whereas 2-hydroxy-5-methylacetophenone and 2-hydroxy-3-

methylacetophenone were gift samples. 

4.1.3 Instrumental Methods 

Elemental·analyses were performed with a Perkin-Elmer 2400 series II instrument. 

IR spectra in the range 4000-400 cm·1 were obtained on Perkin-Elmer 983 and 

Perkin-Elmer 1720X FT, and BOMEM DA-8 FT-IR spectrophotometers with samples 

investigated as KBr discs. 

NMR spectra were recorded on a Bruker ACF 300 CH, 300.13 MHz, 13C, 75.47 MHz, 
119Sn, 111.92 MHz) FT-NMR spectrometer. 119Sn NMR spectra were also recorded, 

with an inverse-gated pulse delay of 2 seconds, using a JEOL GX 270 MHz FT-NMR 

spectrometer operating at 100.75 MHz. Chemical shifts are given in ppm and are 

referenced to Me4Si for 1H and 13C, and Me4Sn for 119Sn. 
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119Sn Mossbauer spectra of the complexes in the solid state were recorded on a 

Elscient-Laben spectrometer equipped with an AERE cryostat at liquid nitrogen 

temperature. The Ca 119mSn03 Mossbauer source (1 0 mCi; Radiochemical Centre, 

Amersham, UK) moved with constant acceleration and triangular waveform. The 

velocity calibration was made using a 57Co Mossbauer source (10 mCi). An iron foil 

enriched to 95% in 57Fe (DuPont Pharma ltalia, Firenze, Italy) was used as the 

absorber. 

Melting points were determined on a Symax melting point apparatus and were 

uncorrected. 

4.2 Synthetic Procedures 

A few representative methods for the preparation of potassium salt (l 4HK) and 

sodium salt (l 4HNa) are described in Sections 4.2.1 and 4.2.2, respectively. A few 

typical syntheses of organotin complexes of different types are described in Sections 

4.2.3 -4.2.9. The organotin complexes of the same kind were prepared similarly 

using appropriate reactants. Their characterization, analytical and spectroscopic 

data are given in Chapter 2. 

4.2.1 Preparation of L 4HK 

A cold aqueous solution (25 ml) of KOH (2.06 g, 36.72 mmol) was mixed with a cold 

aqueous solution (25 ml) containing glycine (2.77 g, 36.72 mmol) and held at 15-20 

oc in an ice-bath, with continuous stirring. An ethanolic solution (50 ml) of 2-hydroxy 

acetophenone (5.0 g, 36.72 mmol) was added dropwise~ A deep-yellow colour 

developed almost immediately, and stirring was conHnued for 1 h under cold 

conditions followed by 5h at room temperature. The solvent was removed using a 

rotary evaporator. The yellow mass was washed with petroleum ether and 

precipitated with a methanol-diethyl ether mixture. The crude product was 

recrystallized from methanol solution to yield L 4HK (6.09 g; 72 %), M.p. : 258-260 

°C(dec). 

58 



... 

•• 

Elemental analysis (Calcd for C10H 1aKN03, Mw = 231.28 g mol-\ 

Calcd: C, 51.9; H, 4.4; N, 6.1 %. 

Found: C, 51.9; H, 4.3; N, 6.0 %. 

IR (cm-1
): 1628 v(OCO)asym. 1606 v(C=N), 1267 v(Ph(CO)). 

The other potassium salts, viz., L2HK, L3HK and L6HK were prepared 

analogously by reacting equimolar amounts of potassium glycinate (9enered in situ) 

with either 2-hydroxy acetophenone or salicylaldehyde [33, 50, 51], as appropriate, 

while L1HK and L5HK were prepared under cold conditions (-10 °C) according to the 

reported procedure [27]. The potassium salts of the ligands were recrystallized from 

methanol and obtained as bright yellow crystalline solids. 

L1HK: Yield: 0.53 9, 62%. M.p.: 217-218 oc (dec.). 

Elemental analysis (Calcd. for C9H8KN03, Mw = 217.25 9 mor1
): 

Calcd: C, 49.76; H, 4.40; N, 6.1Q %. 

Found: C, 49.60; H, 4.20; N, 6.00 %. 

IR (cm-1
): 1640 v(OCO)asym. 1607 v(C=!'I), 1281 v(Ph(CO)). 

L2HK: Yield: 0.57 9, 72 %: M.p.: >250 oc (dec.}. 

Elemental analysis (Calcd. for CgCIH7KN03, Mw = 251.74 9 mor1
): 

Calcd: C, 42.90; H, 2.80; N, 5.56 % . 

. Found: C, 42.50; H, 2.70; N, 5.50 % . 

IR (cm-1
): 1633 v(OCO)asym. 1604 v(C=N), 1260 v(Ph(CO)). 

L3HK: Yield: 0.59 9, 77 %. M.p.: 240 o.c (dec). 

Elemental analysis (Calcd. for CgH7KN205, Mw = 262.23 g mol-\ 

Calcd: C, 41.22; H, 2.60; N, 10.68 %. 

Found:C, 41.02; H, 2.~8; N, 10.52 % . 
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IR (cm-1
): 1646 v(OCO)asym. 1606 v(C = N), 1234 v(Ph(CO)). 

L5HK: Yield: 1.22 g, 76 %. M.p.: 205 oc (dec.). 

Elemental analysis (Calcd. for C11H12KN03, Mw = 245.29 g mol-\ 

Calcd: C, 53.86; H, 4.93; N, 5.70 %. 

Found: C, 53.70; H, 4.80; N, 5.60 %. 

IR (cm-1
): 1629 v(OCO)asym. 1603 v(C=N), 1250 v(Ph(CO)). 

l 6HK: Yield: 0.63 g, 70 %. M.p.: 259 °C (dec.). 

Elemental analysis (Calcd. for C11H12KN03, Mw 245.29 g mol-\ 

Calcd: C, 53.86; H, 4.93; N, 5.70 %. 

Found: C, 53.80; H, 4.90; N, 5.50 %. 

IR(cm-1
): 1645 v(OCO)asym. 1615 v(C=N), 1266 v(Ph(CO)). 

4.2.2 Preparation of L 4HNa 

A hot aqueous solution (30 ml) of NaHC03 (3.09 g, 36.72 mmol) was added slowly to 

a hot aqueous solution (25 ml) containing glycine (2.75 g, 36.72 mmol) under stirring. 

After completion of C02 evolution, 2-hydroxyacetophenone (5.0 g, 36.72 mmol) in 

ethanol (50 ml) was added dropwise. The reaction mixture was then maintained 

between 40 oc and 50 oc for 2h, after which the solvent was removed using a rotary 

evaporator. A thick yellow mass was precipitated with methanol petroleum ether 

mixture. This was washed thoroughly with petroleum either and recrystaliized from 

methanol to yield pure L4HNa (6.26 g; 80 %). M.p.: 239-240 °C(dec.). 

Elemental analysis (Calcd. for C10H1qNNa03, Mw ~ 215.07 g mor1
): 

Calcd: C, 55.8; H, 4.7; N, 6.5 %. 

Found: C, 55.7; H, 4.5; N, 6.5 %. 



.. 

IR (em-\ 1618 v(OCO)asym. 1606 v(C=N), 1267 v(Ph(C-0)). 

L 6HNa was prepared analogously by reacting 

methylacetophenone, glycine and NaHC03. Yield: 3.27 g, 72 % ). 

°C(dec.). 

Elemental analysis (Calcd. for C11H12NNa03, Mw = 229.09 g mor1
): 

Calcd: C, 57.64; H, 5.28; N, 6.11 %. 

Found: C, 57.50; H, 5.21: N, 6.05 %. 

IR (cm-1
): 1640 v(OCO)asym• 1603 v(C=N), 1270 v(Ph(CO)). 

4.2.3 Preparation of Ph3Snl 1H (22) 

2-hydroxy-5-

M.p.: 214 

Ph3SnCl (1.77 g, 4.60 mmol) in benzene (25 ml) was added dropwise with 

continuous stirring to L 1HK (1.0 g, 4.60 mmol) in 50 ml methanol. The reaction was 

then refluxed for 3h and · the solvent was distilled off to dryness using a rotary 

evaporator. The residue was washed with petroleum ether, extracted into hot 

chloroform and filtered. The yellow-coloured extract was distilled off (up to 50 % of 

the initial solvent volume) and kept at room temperature for crystallization. On the 

following day, the solid was isolated by filtration and recrystallized from methanol and 

chloroform mixture. Slow evaporation of methanol and chloroform solutions (1 :1, v/v) 

deposited shining block-like crystals. 

4.2.4 Preparation of Me3Snl 4H (24) 

Me3SnCl (0.80 g, 4.01 mmol) in methanol (30 ml) was added dropwise with 

continuous stirring to a hot methanol solution (50 ml) ·containing either L 4HNa (0.863 

g, 4.01 mmol) or· L 4HK (0.927 g, 4.01 mmol). The reaction mixture was heated at 

reflux temperature for 3h and then the solvent was removed using a rotary 

evaporator. The yellow mass was washed thoroughly ~ith hot petroleum ether, 

extracted into chloroform and filtered. The yellow product obtained upon 

concentration of the chloroform extract and was recrystallised from methanol which 

upon slow evaporation yielded yellow block crystals. 
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4.2.5 Preparation of Bu3Snl 4H (25) 

The compound was prepared by reacting Bu3SnCI (0.64 g, 1.96 mmol) and L 4HK 

(0.454 g, 1.96 mmol) in anhydrous benzene (50 ml) under reflux conditions for 7h. 

The reaction mixture was filtered while hot and filtrate was evaporated to dryness. 

The yellow jelly-like residue wa~ cooled in a freezing mixture and then petroleum 

ether was added dropwise to yield crude product. The crude product was. washed 

thoroughly with petroleum ether and finally recrystallized from chloroform and 

petroleum ether (1/1, v/v). 

4.2.6 Preparation of "Bu25nl 4.0H2 (40) 

"Bu2SnCI2 (0.50 g, 1.64 mmol) in 50 ml of methanol was added dropwise with 

continuous stirring to a hot methanol solution (50 ml) containing L 4HK (0.378 g, 1.64 

mmol). The reaction mixture was stirred at room temperature for 3h, and the solvent 

was removed using a rotary evaporator. The dry mass was washed thoroughly with 

hot hexane, extracted into chloroform and filtered. The pale yellow product obtained 

upon concentration of the chloroform. This was then recrystallized from the same 

solvent to yield pale yellow crystals of the desired product. 

4.2.7 Preparation of Ph25nl 4 (41) 

Ph2SnCI2 (0.79 g, 2.32 mmol) in 30 ml of methanol was added dropwise with 

continuous stirring to a hot methanol solution (50 ml) containing either L 4HNa or 

L 4HK (0.50 g or 0.53 g, 2.32 mmol). The reaction mixture was heated at reflux 

temperature for 2h, and then the solvent was removed using a rotary evaporator. 

The dry mass was washed thoroughly with hot hexane and then extracted into 

chloroform. The yellow product obtained upon concentration of the chloroform 

extract was recrystallized from methanol to yield yellow block shaped crystals. 

4.2.8 Preparation of Vin25nl 4.0H2 (42) · 

Vin2SnCI2 (0.484 g, 2.32 mmol) was added dropwise to a stirred methanol solution 

(50 ml) containing L 4HNa (0.50 g, 2.32 mmol). The reaction mixture was stirred for 

3h at room temperature. The volatiles were removed in vacuo, and the residue was 
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washed with hexane and then extracted into chloroform. A colourless product was 

obtained upon concentration of a chloroform extract and recrystallized from benzene 

solution to give colourless block-shaped crystals. 

4.2.8 Preparation of Ph2Snl 4.Ph3SnCI (46) 

This compound was prepared by the dropwise addition of an anhydrous benzene 

solution (30 ml) of Ph3SnCI (1.0 g, 2.59 mmol) to a hot benzene solution (50 ml) 

containing Ph2Snl 4 (1.2 g, 2.59 mmol). The reaction mixture 'was refluxed for 2h, 

and excess solvent was removed using a rotary evaporator. The yellow gummy 

mass thus obtained was washed several times with hexane and recrystallized from 

chloroform solution which afforded nice bright yellow crystals. 

4.3 Single Crystal X-ray Structural Analysis 

4.3.1 General Procedure 

The intensity data were collected at room temperature on a Rigaku AFC6S (~or 

complexes 22 and 24) and on a Rigaku AFC6R (for complexes 41, 42, 45, 46 

and 47) diffractometers employing the ro: 29 scan technique and graphite-

monochromated MoKa radiation (A.= 0.71073 A). The data sets were corrected 

routinely for Lorentz and polarization effects [66] and an empirical absorption 

correction [67} was applied in each case. The structures of the complexes were 

solved by direct methods [68, 69]) and each refined by a full-matrix least-squares 

procedure based on F2 (22 and 24) or F (41, 42, 45, 46, 47) [66]. Non-hydrogen 

atoms were refined With anisotropic displacement parameters and hydrogen 

atoms included in the models at their calculated p~sitions (C-H: 0.97 A). The 

diagrams were drawn with ORTEP [70} at the 50 % probability level. 

Crystallographic data and refinement details for the organotin complexes are 

given in Section 4.3.2. 
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Table 26: Crystallographic Parameters for 

Ph3Snl 1H (22) 

.( 
Molecular formula C21Hz2N03Sn 

Molecular weight 527.15 

Crystal colour/ morphology Yellow, block 

Crystal dimensions (mm) 0.42 X 0.54 X 0.48 

Crystal system Monoclinic 
~ Space group P21/n 

a (A) 10.7790 (12) 

b (A) 13. 3111(13) 

c (A) 16.1450 (19) 

(X (0) 90 {0) 

p (0) 91.132(9) 

y (0) 90 (0) 

v (A3) 2316.0 (4) 

z 4 

p Calc.(g cm"3) 1.512 

F(OOO) 1060 

11 (mm·1) 1.131 

9 limits, data n 2.25-27.50 

~ No.of data measured 5591 

No.of unique data 5316 

No.of observed data 5316 
.'C. 

No.of parameters· 311 

R(1~2cr(1) 0.0394 .. 

Rw (1~2cr (1) 0.0832 

Maximum and minimum transmission 0.2726 and 0.2216 

Residual electron ~enslty (e A -3) 0.491 and -0.353 

G.O.F. 1.009 
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Table 27 : Crystallographic Parameters for 
Me3Snl 4H (24) 

Molecular formula 

Molecular weight 

Crystal colour/ morphology 

Crystal dimensions (mm) 

Crystal system 

Space group 

a (A) 

b (A) 

c (A) 

(l (0) 

13 (0) 

r e> 
v (A3) 

z 
p Calc.(g cm"3

) 

F(OOO) 

J.1 (mm"1
) 

e limits, data n 
No.of data measured 

No.of unique data 

No.of observed data 

No.of parameters 

R (1~2cr (1) 

Rw (1~2cr (1) 

Maximum and minimum transmission 

Residual electron density (e A -3) 

G.O.F. 

65 

C13H1eN03Sn 

354.97 

Yellow , block 

0.06 X 0.66 X 0.33 

Monoclinic 

P21/c 

10.7327 (14) 

13.010 (2) 

10. 5513 (15) 

90 (0) 

90.458 (9) 

90 (0) 

1473. 3 (4) 

4 

1.600 

708 

1.734 

2.49-30.0 

3876 

3744 

3744 

190 

0.0310 

0.0775 

1.0000 and 0.4488 

0.500 and -0.421 

1.061 



)· 

--:-~ 

~~ 

;. 

f 

·::. 

• 

/ 
I 

Table 28 : Crystallographic Parameters for 
. Ph2Snl4 (41) 

Molecular formula C22H1sN03Sn 

Molecular weight 464.1 

Crystal colour/- morphology Yellow, block 

Crystal dimensions (mm) 0.19 X 0.32 X 0.42 

Crystal system Monoclinic 

Space group P21/c 

a (A) 20.280 (4) 

b (A) 20.597(5) 

c (A) 9.366 (1) 

a e> 90 (0) 

. 13 (0) 92.06 (1) 

y (0) 90 (0) 

v (A3) 3909(1) 

z· 8 

p Calc.(g cm-3
) 1.577 

F(OOO) 1856 

1-l (mm-1) 1328 

e limits, data n 3 -27.5 

No.of data measured 9628 

No.of unique data 9298 

No.of observed data 4767 

No.of parameters 487 

R(1~3cr(1) 0.042 

Rw (1~3cr (1) 0.044 

Maximum and minimum transmission 1.000 and 0.969 

Residual electron density (e A - 3
) 0.37/-0.44 

G.O.F. 1.52 
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Table 29: Crystallographic Parameters for 
Vin2Snt4.0H2 (42) 

Molecular formula C14H11N04Sn 

Molecular weight 382.0 

Crystal colour/ morphology Colourless, block 

Crystal dimensions (mm) 0.1 X 0.18 X 0.32 

Crystal system Tricllnic 

Space group P1 

a (A) 9.323(4) 

b (A) 10.03(1) 

c (A) 8.756 (5) 

a (o) 96.61 (8) 

13(0) 106.08 (5) 

y (0) 104.47(5) 

v (A3) 746(1) 

z 2 

p Calc.(g cm'3) 1.699 

F(OOO) 380 

Jl (mm'1) 17.22 

e limits, data n 3-27.5 

No.of data measured 3661 

No.of unique data 3452 

No.of observed data 2890 

No.of parameters 181 

R(1~3cr(1) 0.039 

Rw (1~3cr (1) 0.049 

Maximum and minimum transmission 1.000 and 0.910 

Residual electron density (e A - 3
) 1.31/-1.52' 

G.O.F. 1.97 
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Table 30 : Crystallographic Parameters for 
Ph2Snl 6 (45) ~ 

Molecular formula C23H21N03Sn 

Molecular weight 478.1 

Crystal colour/ morphology Yellow hexagon 

Crystal dimensions (mm) 0.26X0.23X0.23 

Crystal system monoclinic 

Space group P21/c 

a (A) 10.270 (3) 

:~: 
b (A) 19.496 (4) 

c (A) 10.270 

a (o) 90 (0) 

'« p (0) 106.15 (1) 

y (0) 90 (0) 

v (A3) 1975.1 (9) 

z 4 

p Calc.(g cm"3
) 1.608 

F(OOO) 960 

Jl (mm-1
) 13.17 

e limits, data n 3-27.5 

No.of data measured 5133 

No.of unique data 2766 

f No.of observed data 1744 

No .of parameters 253 

R (1~3cr (1) 0.027 

't Rw (1~3cr (1) 0.026 

Maximum and minimum transmission 

Residual electron density (e A -3) 0.23/-0.23 

G.O.F. {51 

tr 
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Table 31 : Crystallographic parameters for 
Ph2Snl 4 .Ph3SnCI (46) . 

Molecular formula C4oH34CIN03Sn2 

Molecular weight 849.6 

Crystal colour/ morphology Pale yellow, block 

Crystal dimensions (mm) 0.02X0.12X0.17 

Crystal system trlcllnlc 

Space group P1 

a (A) 13.073 (2) 

b (A} 13.961 (2} 

c (A) 11.951 (2) 

(l (0) 92.06 (1) 

13 (0) 115.39(1). 

y (0) 110.67(1) 

v (A3) 1743.6 (7) 

z 2 

p Calc.(g cm"3
) 1.618 

F(OOO) 844 

11 (mm-1
) 15.48 

0 limits, data n 3.0-25.5 

No.of data measured 6467 

No.of unique data 6173 

No.of observed data 3509 

No.of parameters 424 

R(1~3cr(1) 0.038 

Rw (1~3cr (1) 0.037 

Maximum and minimum transmission 1.000 and 0.963 

Residual electron density (e A - 3
) 0.50/-0.57 

G.O.F. 1.35 
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Table 32 : Crystallographic parameters for 
tBu2SnL 4 .tBu2SnCb (47) 

Molecular formula C2sH34CI 2N03Sn2 

Molecular weight 727.8928 

Crystal colour/ morphology Pale yellow, block 

Crystal dimensions (mm) 0.065 X 0.19 X 0.52 

Crystal system Triclinic 

Space group P1 

a (A} 12.748 (2} 

b (A) 16.531 (2) 

c (A) 8.117(1) 

. a (o) 96.79 (2) 

13 (0} 96.67(1) 

y (0) 72.45(1} 

v (A3) 1613.7(5) 

z 2 

p Calc.(g cm-3
) 1.597 

F(OOO) 780 

1-l (mm-1
) 17.43 

e limits, data () 3.0-27.5 

No.of data measured 7790 

No.of unique data 7457 

No.of observed data 4018 

No.of parameters 307 

R(1~3cr(1) 0.042 

Rw (1~3cr (1) 0.042 

Maximum and minimum transmission 1.000 and 0~905 

Residuai electron density (e A -3) 0.52/-0.52 

G.O.F. 1.62 
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4.4 Experimental Protocol for Biological Work 

The organotin(IV) complexes, viz., L 4SnPh2 (41 ), L 4SnPh2.Ph3SnCI (46), 

L 4Sn1Bu2.
1Bu2SnCb (47) and L 4HNa, were dissolved in dimethyl sulfoxide (DMSO) 

and further diluted with DMSO in order to achieve the required working solution 

-concentration (Table 25). The animals of the control group were treated with only 

DMSO solutions (0.1 ml). 

Male Swiss-albino mice, aged 7 weeks and weighing about 21-23 g [maintained in 

the laboratory in communal cages in room under controlled temperature (27 ± 3 °C) · 

and lighting (12h light/12h dark) conditions on standard mouse diet (NMC Oil Mills 

ltd., Pune, India) and water [ad libitum] were used in all experiments. One hundred 

mice were divided randomly into five goups of 20 each. 

Ehrlich asc!tes carcinoma (EAC) cells were maintained in 7 -week-old male Swiss 

mice throughout intraperitoneal (i.p.) transplantation of 1 x 106 viable tumour cells to 

each mouse. On day 0, five groups.of mice received tumour cells (1 x 106 per mouse 

. i.p.). On day 2, the complexes to be screened, 41, 46, 47 and L4HNa, were injected 

(i.p.) into four different groups of mice. One untreated group , which was received . 
only DMSO, was kept as a control. Three animals from each group were sacrifised 

by cervical dislocation on the 1 ih or 131
h day of cell implantation. Ascites fluid 

volume, packed cell volume and number of cells were then measured. The survival 

of drug treated mice over controls was studied in the remainder of the mice. 
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