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General comments on presentation:

Cover: include a space between: Department” and “of”:

This is a printing mistake. However, inside page of the thesis is correct.

Corrected as suggested.

The alignment of the text on p. 101 is awry. “et. al.” must be presented in the correct form, i.e., “et al.”:
Corrected as suggested.
“cf’ must be presented in the correct form, i.e., “cf.”

Corrected as suggested.

The crystallographic study shows... {p. 5}:

Corrected as suggested.

“report is” should be “report is of” {p. 11:

Corrected as suggested.

“solid state” should be “solid-state” {p. 11} and elsewhere in the thesis: Corrected as suggested (p. 11, 46,
90, 125, 151).

“...of a few triorganotin(IV)” on p. 12 — triorganotin(IV) what? :

Corrected as suggested.

“the activity” should be “their activity” {p. 14}:

Not found in p. 14, but found in p. 13 and corrected.

“specific comments” should be “specific comment” {41}:
Corrected as suggested.
“in situ” should be “in situ”:

not changed since both the conventions are used.



Specific comments/queries:

CHAPTER 2

T 2.2: Why are Rint, R(F) and wR(F2) given to four decimal places for L3? Three for the residual electron
density is also incorrect. See also Table 3.7; here, 2theta values need to be given to one decimal place.
Seealso T 5.2 {p. 131}:

Errors were corrected for L* for Rint, R(F), wR(F2) and also for the residual electron density and, now
recorded to three decimal places {p. 27}. 2 theta values given in Table 3.7 / 5.2 are as per chemistry

journal specifications and hence not changed.

p- 29: The carboxylate acid molecule [sic.] can not be a zwitterion — be more precise and in naming the
compound as this is ambiguous — specify the compound as L3 and then discuss the zwitterionic nature of
the N/OH group.:

The carboxylic acid molecule i.e. L’HH’ is zwitterion as evident from the electron density peak
associated with the expected phenolic H atom and was found to be closer to the imine N-atom. The

reviewer has mistaken L*HH’ with L’HH’ (see p-29).

p. 32: “Two dimensional network” is an incorrect description — a network is 3D — 2D layer or 2D array is
correct.
Two dimensional network and 2D array reflect the same presentation and any of the presentations can be

used and, hence not changed.

p. 33: there is no four-fold axis in the monoclinic unit cell

Query cited is not found in the text.

p- 38: the treatment of the H atoms in the refinements as given is inconsistent with the data listed in Table
2.4 to 2.6 that shows that some H atoms had been refined.

H-atoms were placed in the positions indicated by a difference electron density map and their positions
were allowed to refine together with individual isotropic displacement parameters and hence the data is

consistent with the data listed in Tables 2.4 to 2.6. Reviewer over looked to see the experimental details.



CHAPTER 3
How can the geometric parameters for 1 be equivalent to those of 4 if they are different structures? {p.

57} A reference to the source of the van der Waals radii should be given {p. 57}

The complexes 1 and 4 are tributyltin(IV) compounds of the same series where the ligands are different.

This is reflected in the crystallographic parameters (refer to Table 3.7), for example, In compound 1, the

crystal system is triclinic and the space group is P1 while in compound 4, the crystal system is

monoclinic and the space group is P21/n, and all other unit cell parameters are also different, as

expected. However, the geometric parameters are of the order of same magnitude except for some which
are clearly discussed in the text (see p.63). A reference to the source of van der Waals radii is excluded as

this is very common and hence the reference is excluded.

Why is the inclusion of NMR and Mdssbauer data “convenience of discussion”? {p 64}

The compound Ph;SnL'H.OH, was reported earlier by our group (T.S. Basu Baul, S.M. Pyke, K.K.
Sarma, E.R.T.Tiekink, Main Gr. Met. Chem., 19 (1996) 807, this reference is also cited in this chapter i.e.
ref. No. 33). The previous paper reports only 'H & C and X-ray structure of the complex. This
compound was used as one of the starting materials for obtaining other derivatives, e.g. complexes 2-5.
Since all the triphenyltin complexes (2-5) of present investigation were investigated by ''*Sn NMR, ESI-
MS and Mossbauer spectroscopy and hence the starting triphenyltin compound i.e. Ph;SnL'H.OH, (1)
was also investigated by the '’Sn NMR, ESI-MS and Mossbauer spectroscopic techniques in order to

compare and discuss the spectral results more authoritatively. Hence, Ph;SnL'H.OH, (1) included.

“isostructural” is used in the wrong context here {p. 65} — the author means same coordination
number/geometry {see also p. 77}. It is more precise to mention that the structures of 2 and 3 are

isomorphous {p. 71}

Isostructural is correct which means same coordination/ geometry, and hence not changed.

It is not possible to locate H atoms in X-ray crystallography. There can be evidence but as there are no
electrons in a bound H atom, only between its nucleus and the atom it is bound to, the position of an H
atom can only be inferred. The candidate needs to modify the discussion on p. 73 accordingly.

Agreed with the reviewer’s comment concerning location of H-atom. While solving the structures, H-
atoms were placed in the positions indicated by a difference electron density map and their positions were

allowed to refine together with individual isotropic thermal parameters. This is a standard practice to



locate H-atoms and the results were also published by us i.e. T.S. Basu Baul, K.S. Singh et al., J.
Organomet. Chem., 690 (2005) 4232 (Thesis ref. No. 20) and hence the text is not modified.

It is not acceptable to have the numbering scheme in 3.3.3 and beyond. Structure 1
has already been assigned and so structure 1 on page 78 should be 6, etc.
For convenience of discussion, the chapters are divided into sections and sub-sections. So there is no need

to change the compound numbers in the text.

It should be mentioned that the structures of 4 and §, in 3.3.3, are isomorphous {p. 80}

Isostructural is correct which means same coordination/ geometry, and hence not changed.

Throughout the thesis mention is made of “graph set motif” — this must be accompanied by a citation to
the literature.
Graph set motif reference is already provided in the text which is Ref. No. 69.

Lorentz should not be italicized on p. 91; see also p. 94 and later in the thesis
Lorentz is italicized in the thesis. Both normal and italics style are correct. We have adopted the

chemistry journal style but not the crystallography journal and hence not changed.

The description of the experimental sections in Chapter 3 must be condensed into one cohesive summary.
It appears that the candidate has “cut & paste” from the publications. This is not entirely acceptable. The
entire chapter must be selfconsistent and read as such. Aspects of the discussion (numbering scheme) and

experimental must be consolidated.

For convenience of discussion of the section i.e. 3.4.5 (X-ray crystallography), has been divided further
into sub-sections. i.e.3.4.5.1 (tributyitin), 3.4.5.2 (triphenyitin) and 3.4.5.3 (tribenzyltin). It deals with
three different set of samples (i.e. R = Bu, Ph, Bz). Furthermore, the structural refinements were obtained
using different programmes. So the mention of the separate experimental details for three different types

is necessary in order to have authoritative information and hence not condensed.



CHAPTER 4
Why can not the 13C NMR be recorded for the L7-L10 ligands? What is the meaning of “...complexed

ligands, which were generated in situ, are...” {p. 102}

It is clearly mentioned in the text, that the free ligands L'HH’-L'°HH’ could not be synthesized owing to
the solubility problem of one of the starting materials in water and common organic solvents. (Please
refer to section 2.3 synthesis of ligands, p.22). Therefore, 'H & ""C NMR could not be recorded.
However, the ligand frame work could be generated during the reaction of R;SnL°H (R = Bu and Ph) with
appropriate substituted aniline (complexed ligands) (Refer to Section 2.2, p.22).

The meaning of the sentence beginning “A and p values...” is unclear and needs attention {p. 106}

We feel that the discussion is clear and is also mentioned in a similar way in the publication i.e. T.S.Basu
Baul, K.S.Singh, A. Lycka, A. Linden, X. Song, A. Zapata & G. Eng, Appl.Organometal.chem., 20
(2006) 788-797 and hence, not changed.

The word “atomic” occurring between “anisotropic” and “displacement” is unnecessary {p. 115}

Corrected in the thesis, as suggested.

The statement in the box on p. 109 should be included in 4.5.5 without the box. In fact this statement
appears a little melodramatic — the most useful criterion for judging a structure is the value of wR(F2)
which should be less than 0.200.

The purpose of using the box is to highlight the justification. So it can be seen at a glance and the same

Justification has also appeared in the publication cited above. Hence, not changed.

CHAPTER 5
Some comments concerning Chapter 5 are to be found above

Corrected as suggested.

The word “but” {p. 151} referring to the benzene solvent molecule is inappropriate.

Corrected as suggested.

CHAPTER 6

It would be useful to indicate the significance of the various values, e. &, are high values desirable?
The low values of the toxicity data are desirable and are clearly mentioned in the text and in the tables

6.1-6.4. The significance of these values are also Justified in the text,
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PREFACE

The thesis entitled “Synthesis and reactivity studies of organotin(IV) complexes of 2-[(E)-2-
(3-formyl-4-hydroxy)-1-diazenyljbenzoic acid and related systems: Assessment of bonding,
structure and biological applications” has aimed to explore the chemistry of organotin(IV)
carboxylates with some arylazo and arylazo-imino ligands.

The sequence of the chapters reflects the preparation of arylazo- and arylazo-imino ligands
and subsequent reactions with organotin precursors and their characterization with the help of
analytical and spectroscopic data. The solid state structures of some representative complexes
were determined using single crystal X-ray crystallography. The work has been divided in six

chapters.

Chapter 1
This is a general introductory chapter which highlights a brief account of the chemistry
and structural possibilities of organotin(IV) azo-carboxylates. This is followed by biological

applications of organotin(IV) compounds.

Chapter 2

This chapter describes the preparation of various ligands, viz.,, 2-[(E)~(3-formyl-4-
hydroxyphenyl)-1-diazenyl]benzoic acid, 2-{( E)-4-hydroxy-3-[( E)}-4-(aryl)iminomethyl]
phenyldiazenyl} benzoic acid and 4-[(£)-(3-formyl-4-hydroxyphenyl)-1-diazenyl] benzoic acid.
The ligands were fully characterized by elemental analysis, IR and 'H-, ’C-NMR including 2D
NMR techniques. In some cases, the structures of the ligands were accomplished by single crystal

X-ray crystallography.

Chapter 3

This chapter describes the synthesis and characterization of various triorganotin(IV)
complexes derived from o-carboxylate ligands ie. 2-[(E)-(3-formyl-4-hydroxyphenyl)-1-
diazenyl]benzoic acid and 2-{(E)-4-hydroxy-3-[(E)-4-(aryl)iminomethyl]phenyldiazenyl} benzoic
acid. The triorganotin(IV) groups studied are tri-n-butyl-, triphenyl- and tribenzyl. Among these,
tribenzyltin(IV) compounds deserve specific comments. The reaction of Bz;SnCl with sodium 2-
[(E)-2-(3-formyl-4-hydroxyphenyl)-1-diazenyl]benzoate proceeded via debenzylation and
oxidative decarbonylation. This reaction afforded a cyclic dinuclear dibenzyltin(IV) complex,
[Bz,{O,CCH4{N(H)-N=(C¢H;-4(=0)-5-0)}-0}Sn], (see Chapter 5 for details). However, the

vi



desired product of composition Bz;SnLH.OH, was obtained by reacting equimolar amounts of
Bz;SnOH with 2-[(E)-2-(3-formyl-4-hydroxyphenyl)-1-diazenyl]benzoic aicd in anhydrous
toluene. Further, the reactions of Bz;SnCl with sodium 2-{(E)-4-hydroxy-3-[(E)-4-
(aryl)iminomethyl]phenyldiazenyl } benzoates, were attempted under identical reaction conditions
in the expectation of obtaining the corresponding Bz Sn(IV) derivatives. Instead, the work-up of
the reaction mixture yielded crystals of the same cyclic dibenzyltin(IV) dimer, i.e.
[B2,{0,CCsH4{N(H)-N=(C¢H;-4(=0)-5-0)}-0}Sn],. In these reactions, cleavage of the H-C=N-
Ar part from the ligand molecule and simultaneous debenzylation was noticed. Attempted
reactions of 2-{(E)-4-hydroxy-3-[( E)-4-(aryl)iminomethyl]phenyldiazenyl}benzoic acid with
Bz;SnOH in anhydrous toluene afforded the desired products Bzz:SnLH.OH; in moderate to good
yields. The geometry of the complexes were determined using '’Sn NMR spectroscopic
techniques in solution. The solid state structures were confirmed by single crystal X-ray

crystallography in combination with ''?Sn Méssbauer spectroscopy.

Chapter 4

This chapter deals with synthesis of various triorganotin(IV) complexes derived from p-
carboxylate ligands i.e. 4-[(E)-(3-formyl-4-hydroxyphenyl)-1-diazenyllbenzoic acid and 4-{(E)-
4-hydroxy-3-[(E)-4-(aryl)iminomethyl]phenyldiazenyl}benzoic acid. This chapter discusses the
synthesis, spectroscopic characterization and crystallography study of tri-n-butyltin(IV)- and
triphenyl(IV) complexes.

Chapter 5

The chemistry of diorganotin(IV) complexes of the ligands 2-[(E)-(3-formyl-4-
hydroxyphenyl)-diazenyl] benzoic acid and 2-{(E)-4-hydroxy-3-[(E)-4-(aryl) iminomethyl]
phenyldiazenyl} benzoic acid are described. The di-n-butyltin(IV) complexes of the type
{("Bu,Sn(LH)],0}, and a dibenzyltin(IV) complex [(PhCH,),{O,CCsH4{N(H)-N=(CsH3-4(=0)-
5-0)}-0}Sn], were fully characterized by elemental analysis, IR, NMR ('H, C, '"*Sn), '"°Sn
Mdssbauer spectroscopy. The decomposition of the compounds was studied using ESI-MS

spectroscopic analysis. X-ray diffraction analyses results are also presented in this chapter.
Chapter 6

The concluding chapter deals with the biological applications of organotin(IV)

complexes of various arylazo- and arylazo-imino ligands described above. The first part of the

vii



chapter discusses the toxicity study of tri-n-butyltin(IV) complexes of these ligands which were
screened against second instars stage of Aedes aegypti and Anopheles stephensi mosquito larvae.

The following section deals with the embryo toxicity study of a ligand 2-[( £)-(3-formyl-
4-hydroxyphenyl)-diazenyl] benzoic acid and its tri-n-butyltin(IV) complex on two sea urchin
species, viz., Paracentrotus lividus and Sphaerechinus granularis.

The last part of this chapter describes in vitro cytotoxicity study of a di-n-butyltin(IV)
complex of 2-{(E)-4-hydroxy-3-[(E)}-4-(methyl phenyl)iminomethyl]phenyldiazenyl}benzoic
acid i.e. {["Bu;Sn(L’H)],0},. The cytotoxic activity was tested across a panel of human cell lines
viz., WIDR (colon cancer), M19 MEL (melanoma), A498 (renal cancer), IGROV (ovarian
cancer) and H226 (non-small cell lung cancer), MCF7 (breast cancer), EVSA-T (breast cancer).
The results were compared with the standard drugs which are used clinically.
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CHAPTER1

A BRIEF REVIEW OF ORGANOTIN(IV) COMPLEXES OF
AZO-CARBOXYLIC ACIDS

1.1 Introduction
1.2 Organotin(IV) complexes of azo-carboxylic acids

1.3 Biological activity of organotin(IV) azo-carboxylates
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1.1 Introduction

The use of tin compounds in a large variety of applications is well known and
organotin(IV) carboxylates are well represented in this context, having uses in industry and
agriculture [1-3]. In addition, an area of current interest involves the screening of organotin(IV)
compounds for potential anti-tumour activity and focuses upon results obtained in the past decade
or so, as well as upon other therapeutic applications of tin compounds [4]. A number of early
reviews recordin'g advances in the screening for antitumour potential of organotins are available
[5-10]. In the recent reviews, published in 1991 and 1994, the structural chemistry of organotin
carboxylates was surveyed [11,12]. This survey revealed that there exists a rich structural
diversity for these compounds where very different structures are found even though the chemical
formulae may be quite similar. In view of these, a number of structures are being reported till

today highlighting the interest in this particular class of compound.
1.2 Organotin(IV) complexes of azo carboxylic acid

The organotin(IV) carboxylates derived from azo ligands (Fig. 1.1) have been reported by
Majee and Banerjee [13]. This type of ligands is well suited for the preparation of a variety of
interesting organotin complexes because the ligands i.e. arylazobenzoic acids with a wide variety
of nuclear substituents can be easily prepared by diazotization of the amino benzoic acid followed
by coupling with suitable aryl moiety and have a very favourable steric arrangement for the
complexation. In this context, a series of triorganotin(IV) derivatives of arylazobenzoic acids
were prepared and investigated spectroscopically [13,14] which offered interesting structural
possibilities. Their UV spectra recorded in non-polar solvents exhibited a large bathochromic
shifts and such shifts were predicted for N—>Sn co-ordination (Fig. 1.2). These interaction was
found to be absent in co-ordinating solvents as the weak N—Sn bond is replaced by a donor

solvent molecule (S) as shown in Fig, 1.3.
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Fig. 1.3

Further, when the aryl group contains a donor group in the ortho- position of the coupling moiety,
the arylazobenzoato moiety was postulated to function as a terdentate ligand (Fig. 1.4). In view of
this, structures of triphenyltin(IV)/ tricyclohexyltin(IV) complexes of o-(2-hydroxy-5-
methylphenylazo)benzoic acid (Fig.1.5) and triphenyitin{(IV) complexes of o-(2-hydroxy-
naphthylazo)benzoic acid (Fig. 1.6) have been studied by "'°Sn Méssbauer spectroscopy. In
addition, triphenyltin(IV) complexes of o-(4-dimethylaminophenylazo)benzoic and o0-(4-
hydroxynaphthylazo)benzoic were also investigated (Figs. 1.7 and 1.8).

N¢N CH3

R3Sn
Y o~ \X SnR 3
(X =-OH or NH,) (R = phenyl- or cyclohexyl-)
Fig. 1.4 Fig. 1.5
Nz N 9\1«141‘1
Y | HO ‘ O o) (I) \@\N(CH3)2
SnR 3 SnR3
(R = phenyl-) (R = phenyl-)
Fig. 1.6 Fig. 1.7



5nR 3
(R = phenyl-)
Fig. 1.8

A few years after, the crystal structure of the triphenyltin(IV) o-(2-hydroxy-5-
methylphenylazo)benzoate was determined in the hope that the complex would constitute the first
example of a six-coordinated triorganotin(IV) compound. Crystals of the triphenyltin(IV) o-(2-
hydroxy-5-methylphenylazo) benzoate (see Fig.1.5; R = Ph) comprise discrete molecular units, in
which the carboxylato group functions as an anisobidentate chelating ligand [Sn-O(1): 2.070(5),
Sn...0(2): 2.463(7) A}, thus rendering the tin atom five co-ordinated (Fig. 1.9). The unit-cell
projection of the compound reveals that there is no intermolecular carboxylato-bridging, The
geometry at the tin atom is intermediate between tetrahedral and cis-trigonal bipyramidal, in
which the carboxylato ligand spans equatorial and axial sites. The two C-0O bond distances of the
carbonyl group are as expected unequal [C-O(1): 1.296(8); C-O(2): 1.224(8) A). The structure of
the triphenyltin(IV) o-(2-hydroxy-5-methylphenylazo)benzoate complex as shown in Fig. 1.9 is,
therefore, the first characterized example of a truly monomeric triorganotin carboxylate. It is
interesting to note that, in spite of the bulky phenyl groups attached to tin and the very large
steric demands of the arylazobenzoato group which prevent intermolecular bridging, the
carboxyl group prefers to function as a chelating ligand giving the five- coordinated structure

rather than as a unidentate ligand.



Recently, a series of triorganotin(IV) complexes of formulation R;SnO,CR’ where R =
Me, Et, "Bu, Ph and cHex and R’CO; residue of o-(2-hydroxy-S5-methylphenylazo)benzoic acid,
has been investigated in detail [16]. Among these, the structure of triphenyltin(IV) compound was
investigated earlier by Harrison et al,[15]. The triphenyltin(IV) compound was again synthesized
and upon recrystallization from acetone/methanol (1/9) solution afforded an acetone solvated
product. The structure of triphenyltin(IV) o-(2-hydroxy-5-methylphenylazo)benzoate acetone
solvate (2/1) [17] resembles closely that of the unsolvated form as shown in Fig. 1.9 [15]. The Sn
atom exists in a distorted tetrahedral geometry with Sn-O(1) being 2.079(5) A (cf.2.070(5) A in
the unsolvated form). The Sn...O(2) separation is 2.656(5) A and is responsible for the expansion
of the C-Sn-C angle to 116.9(3)°. There are no close interaction between the solvent acetone
molecule and the compound. The same coordination geometry has been reflected in
tricyclohexyltin(IV) compound as shown in Fig. 1.9 for triphenyltin(IV) analogue, and with the
range of angles subtended at tin being 96.7(2)-120.1(2)°. The Sn...O(2) separation is 2.759(4) A
[16]. On the other hand, trialkyltin(IV) compounds (R = Me, Et, "Bu) are polymers [16] and
comprise distorted frans-R;SnO, trigonal bipyramidal geometries (Fig. 1.10). The carboxylate
ligand is bidentate bridging; however, the Sn-O bonds are not equivalent. The disparity in the Sn-
O bond distances, [O(1)-Sn-O(2)], increases in the order Me (0.323 A) < Et (0.350 A) < "Bu
(0.415 A). The intramolecular Sn...O(2) separations are 3.175(4), 3.18(1), and 3.245(3) A for
Me, Et, "Bu, respectively.

NZN CHj
R R
A
Sn 0 HO
R n
(R = methyl-, ethyl- or n-butyl-)
Fig. 1.10

The different behaviour, among various triorganotin(IV) compounds, has been ascribed to the
steric demands of the tin-bound substituents. A fair correlation was found between the difference
in '"’Sn chemical shift between the solution and solid states and, the carbonyl oxygen-tin distance

of the triorganotin(IV) compounds, only when the data of triphenyltin(IV) compound, are



omitted. This indicated that the mesomeric effect of the phenyl group does not express its
influence to the same extent in the solid and solution states, unlike the inductive effects. The
crystal structures of the complexes were correlated with other spectroscopic data. By contrast, a
good correlation including triphenyltin(IV) compound was found between the "'°Sn Mdssbauer

1781 chemical shift between the solution and solid

quadrupole splitting and the difference in
states.

Trimethyltin(IV)- [18] and triethyltin(IV)- [19] complexes of p-(2-hydroxy-5-
methylphenylazo)benzoic acid were also investigated crystallographically. Both the structures are
polymeric owing to the presence of bidentate bridging carboxylate ligands. The intramolecular
separation of 2.139(3) A is shorter than the intermolecular Sn...O(2) distance of 2.497(3) A in
Me;Sn compound. In Et;Sn compound, the carboxylate ligands form disparate Sn-O(1) and
Sn...O(2) distances of 2.149(4) A and 2.586(4) A, respectively. The structures of Me;Sn and
Et;Sn resemble closely that found for the ortho- analogue as shown in Fig. 1.10 [16] and
structures conform to a common motif, i.e. trans-C;SnO,.

The influence of molecular geometry in halodiorganotin(IV) complexes of the o-(2-
hydroxy-5-methylphenylazo)benzoic acid was also studied [20]. The crystal and molecular
structures of three compounds were presented in which the carboxylate residue has been kept
constant and the R,Sn moiety has been altered such that R = Me, ‘Bu and Ph. The crystallographic
study showsthat two distinct motifs are adopted owing to different modes of coordination of the
carboxylate ligands. The chlorodimethyltin(IV) complex is dimeric with the two tin atoms being
bridged by two "O,CR’ anions each of which coordinates a tin atom via one of the carboxylate
oxygen atom and the second tin atom via the phenoxide oxygen atom and the complex exists in a
zwitterionic form. The tin atom geometry is trigonal bipyramidal, trans-O,SnC,Cl (Fig. 1.11). By
contrast to the dimeric structure for chlorodimethyltin(IV) complex, the structures of chlorodi-t-
butyltin(IV) and chlorodiphenyltin(IV) complexes are monomeric with the tin atoms in cis-
0,SnC,Cl trigonal bipyramidal geometries (Fig. 1.12). The "O,CR’ anion coordinates the tin

atom via the caboxylate oxygen atoms only.
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The crystal and molecular structures of two more compounds of the general formula
R,Sn(O,CR’), are also reported where R = '‘Bu and Ph [21] (Fig. 1.13). For the R = Bu
compound, the tin atom exists in a skew-trapezoidal bipyramidal geometry in which the
trapezoidal plane is defined by two asymmetrically chelating carboxylate ligands and the organic
residues lie over the weaker Sn...O interactions. A similar coordination geometry is found in the
R = Ph compound which was isolated as a di-chloroform solvate. The chloroform molecules exert
an influence on the molecular geometry in that a conformational change in the carboxylate ligand

is induced in order to facilitate the formation of intermolecular hydrogen bonds.



H3C CH;
(R = t-butyl- or phenyl-)
Fig. 1.13

Systematic variations in the Sn-ligand parameters in these and related compounds are correlated
with the varying Lewis acidity at the tin centres. The replacement of one carboxylate ligand in
[Bu,;Sn(O,CR’),] by a chloride, i.e. yielding [Bu,Sn(O,CR")CI] [20], results in a significant
contraction of the Sn-O(2) distance to 2.402(3) A while maintaining the primary Sn-O(1)
interaction constant at 2.105(3) A. The comparable distances for the [Ph,Sn(O,CR’)CI] structure
are 2.365(3) A and 2.090(3) A, respectively [20]. These results are correlated with the enhanced
Lewis acidity of the tin centre in the respective R,SnCl moieties. For the R = Ph, substituting a
carboxylate ligand in [Ph,Sn(O,CR’),] with a phenyl group leading to [Ph;Sn(O,CR”)] [17]
results in Sn-O(1) and Sn-O(2) of 2.079(5) A and 2.656(5) A, respectively, a result consistent
with the reduced Lewis acidity of the tin atom in Ph;Sn compared with Ph,Sn. The Lewis acidity
of the tin center was found to decreases in the order Ph;Sn < Ph,Sn < Ph,SnCl and ‘Bu,Sn<
‘Bu,SnCl for the phenyltin and tert-butyltin compounds, respectively.

More recently, a comprehensive study of organotin(IV) complexes was carried out
involving 5-(arylazo)salicylic acid from the point of view of structural motifs and biological
applications. A series of triphenyltin(IV) complexes of 5-(arylazo)salicylic acid has provided X-
ray quality crystals in which the ligand aryl residue has been varied (aryl = phenyl- [22], 2-
methylphenyl- [22], 3-methylphenyl- [22], 4-methylphenyl- [23], 4-methoxyphenyl- [22] and 4-
chlorophenyl- [24]), and Phs;Sn was held constant. The solid state structures of these
triphenyitin(IV) complexes were evaluated using ''°Sn M&ssbauer and X-ray crystallography.
The triphenyltin(IV) complexes adopt a monomeric distorted tetrahedral configuration defined by
a C;0 donor set where the carboxylate ligand coordinating in a monodentate mode (Fig. 1.14).

The relatively small variations observed for the geometric parameters across the series of



triphenyltin(IV) complexes indicated that the variable substitution in the aryl residue has little

influence on the tin geometry.

HO

SnPhj3
(R’ = H, 2-methyl-, 3-methyl-, 4-methyl-, 4-methoxy- or 4-chloro-)
Fig. 1.14

Further, one of the tetrahedral triphenyltin(IV) complexes was subjected to the reactivity
study towards 2,2’-bipyridine to ascertain the ability of 2,2’-bipyridine to coordinate to the Sn-
complex and the resultant changes in the molecular architecture. The crystal structure of the
product revealed that the 2,2’-bipyridine moiety does not coordinate to the Sn atom, but forms a
cyclic tetrameric adduct of formula [Ph;SnO,CR’(H;O)l,.bipy: (O, CR’= 5-(2-
methylphenylazo)salicylate) through hydrogen bonding between the water ligand of
Ph;SnO,CR’(H,0) and the 2,2’-bipyridine N atoms (Fig. 1.15) [23].




(b)

Fig.1.15 (a) The molecular structure of Ph;SnO,CR’(H,0).bipy (b) The hydrogen-bonded
tetrameric motif in the molecular structure of Ph;SnO,CR’(H,0).bipy, consisting of
two Ph;SnO,CR’(H,0).bipy and two bipy molecules.

The trialkyltin(IV) complexes, viz., Me; [24], "Bu; [22,24] were investigated by ''°Sn
Mossbauer and '""Sn NMR spectroscopy. ''°Sn Maossbauer spectroscopy shows that these
complexes are polymeric and feature a frans-trigonal bipyramidal geometry with a planar SnR;
unit and two apical carboxylate oxygen atoms derived from bidentate bridging carboxylate
ligands. These trialkyltin complexes dissociate in solution to a tetrahedral species as indicated by
"°Sn NMR data.

In addition, a series of di-n-butyltin complexes involving 5-(arylazo)salicylic acid have
been studied in great detail in view of possible biological applications. A systematic investigation
of the structures of the di-n-butyltin complexes of 5-(arylazo)salicylic acid was carried out. The
carboxylate residue was varied by virtue of changes to the aryl group (aryl = phenyl- [25], 2-
methylphenyl- [26], 3-methylphenyl- [25], 4-methylphenyl- [25], 4-bromophenyl- [25] and 4-
chlorophenyl- [27]), and the "Bu, was held constant. In general, the crystallographic results
indicated that the complexes adopt a skew-trapezoidal bipyramidal arrangement around the tin
atom (Fig. 1.16).
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Fig. 1.16

In addition, there are weak bridging intermolecular Sn...O contacts in di-n-butyltin(1V)
complexes when carboxylate residue is phenyl-, 2-methylphenyl- or 3-methylphenyl- but not in
substituents at 4-position (e.g. 4-methylphenyl-, 4-bromophenyl- and 4-chlorophenyl-), where
one of the hydroxyl oxygen atoms from a neighbouring molecule coordinates weakly with the Sn
atom, thereby completing a seventh coordination site in the extended Sn coordination sphere (Fig.
1.17).

Fig.1.17 Three segments of the chain structure formed by the weak Sn--O interaction (open

bonds) in di-n-butyltin(IV) complexes when carboxylate residue is phenyl.
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The Sn...O distance is 3.080(2) and 3.439(2) A in di-n-butyltin(IV) complexes when
carboxylate residue is phenyl-, 2-methylphenyl- or 3-methyiphenyl-. The values are significantly
shorter than the sum of the van der Walls radii of the Sn and O atoms. This interaction links the

molecules into polymeric chains or head-to-head dimeric units as shown in Fig 1.18.
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Fig.1.18 The dimeric unit formed by the weak Sn---O interaction in di-n-butyltin(IV) complexes
when carboxylate residue is 3-methylphenyl.

The crystal structures of these complexes were correlated with ''’Sn CP MAS NMR and
"Sn Mossbauer data, while their solution behaviour was evaluated using "'*Sn NMR in non
coordinating solvents. °f

Another interesting report is* dirganotin(IV) complexes containing mixed
arylazobenzoates of composition [R,Sn(O;CR’)(O,CR’”)] where R = "Bu or Me and ‘O,CR’and
‘O,CR” are two different 5-(arylazo)salicylates. A full characterization of the structures of the
complexes in the solid-state was accomplished by single crystal X-ray crystallography [28]. The
complexes were found to adopt the usual dicarboxylato structural type with a skew-trapezoidal
bipyramidal arrangement around the tin atom as shown in Fig, 1.16.

A sterically congested organotin(IV) complex was obtained by the reaction of sodium 4-
(4’-dimethylaminophenylazo)benzoate  and {[2-(dimethylaminomethyl)phenyl](diphenyl)}tin

chloride [29]. The crystal structure of the complex revealed that the tin atom exists in a slightly
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distorted trans-trigonal bipyramidal geometry defined by three ipso-carbon atoms of the phenyl
groups in equatorial positions, with the intramolecularly bound nitrogen atom for the

CH,N(CHj5), group and the oxygen atom of the carboxylate groups in apical positions (Fig. 1.19).

O
N

O— Sn._

\
/

Fig.1.19

As a part of a wider study designed to ascertain the rea5(2\1‘1(529}';){L ggusggg_tma] variation
found in these systems, the reactivity of a few triorganotin(IV)'was studied with a new ligand
system e.g  5-(2’-carboxyphenylazo)salicylaidehyde. @The molecular structure of
[PhsSn(O,CR’)(OH,)] (Fig. 1.20) [30] reveals that the carboxylate group coordinate to the tin
atom via one of the oxygen atoms only (Sn-O = 2.161(5) A. The tin atom is also coordinated by a
water molecule (Sn-O =2.527(5) A) and exists in a trigonal bipyramidal geometry with the three
phenyl groups in equatorial positions; the O-Sn-O axial angle is 176.3(2)°. The lattice is
stabilized by H-bonding contacts as well as charge-transfer interactions. A brief report of a
polymeric trimethyltin(ITV) compound [Me;Sn(O,CR”)], is also there in the literature [31]. The tin
atom in this compound is fivefold-coordinated, existing in a distorted trigonal bipyramidal
geometry (Fig. 1.21). The trigonal plane is defined by the three methyl groups and the axial
positions by symmetry related oxygen atoms; Sn-O(1) = 2.174(6) A, Sn-O(2) = 2.448(7) A and
the tin atom lies 0.1246(7) A out of the plane in the direction of the more strongly bound O(1)

atom.
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Fig.1.20
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Further work in this area involving 5-(2’-carboxyphenylazo)salicylaldehyde (systematic
name: 2-[(E)2-(3-formyl-4-hydroxyphenyl)-1-diazenyl] benzoic acid) and related systems

constitute the subject matter of the thesis and are described in the forth coming chapters.

1.3 Biological activity of organotin(IV) azocarboxylates

Triorganotin(IV) o-(arylazo)benzoates [32] (Fig.1.22) were screened in vitro for their
biological activity against several microorganisms. These complexes were found to exhibit
considerable activity against Staphylococcus aureus, Bacillus Cereus, Sarcina lutea, Bacillus

pumilus, Micrococcus flovus, and Bacillus subtitis.

0 N—F
4 \e

Fig. 1.22
The.f'activity were correlated on the nature of aryl R’, R”’, R>*’-substituents. The significant
inhibition of bacterial growth by triorganotin o-(arylazo)benzoates compared to corresponding o-
(arylazo)benzoic acid was explained and mechanism was proposed for arresting bacterial growth.
The enzymatic proteins in their relatively rigid planar peptide structure possess carbony! group
capable of forming metal-oxygen bond with the stannyl groups of organotin carboxylate and this
bond formation is further augmented by the nearby S azoic nitrogen and stannyl carboxylate
carbonyl oxygens which form bifurcated hydrogen bonds with the peptide N-H groups (N-H....N

13



=297 A, N-H...O = 3.29 A), thus, enhancing the electron density on the peptide oxygen. A
stereocomputer simulated molecular model of the mode of attachment of peptide unit (Gly-Gly)
with crystallographic structure of triphenyltin(IV) 0-[2-bromo-4-(dimethy|

amino )phenylazo]benzoate is shown in Fig.1.23.

Fig. 1.23
Organotin(IV) complexes of 5-(arylazo)salicylic acid have been studied in great detail for

evaluating their biological properties. A series of organotin(IV) complexes of formulations
"Bu;Sn(O,CR’),, Ph;SnO,CR’ and "Bu;SnO,CR’ (O,CR’ = substituted 5-(arylazo)salicylate)
were subjected to toxicities studies againét second larval instar of Aedes aegypti mosquito larvae
[27]. The results indicate that all the triorganotin(IV) compounds have activities of an order of
magnitude higher than for the diorganotin(IV) derivative. The LCs, values (concentration at
which the test compounds killed 50% of the tested organisms) for the triorganotin(IV)
compounds ranged from 0.53 to 3.50 mg I"'. Also, the data indicated that the tri-n-butyltin(IV)
compounds were more effective than the phenyl derivatives. Although the triorganotin(IV)
compounds, are not as effective as organophosphorus insecticides [33] in their larvicial effects,
their advantages lie in their biodegradability and lack of known resistance by this species of

mosquitoes.

In addition, a representative di-n-butyltin(IV) compound of formulation "Bu,Sn(O,CR’),
(O,CR’ = substituted 5-(arylazo)salicylate), was tested across a panel of human cell lines viz.,

WIDR (colon cancer), M19 MEL (melanoma), A498 (renal cancer), IGROV (ovarian cancer) and
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H226 (non-small cell lung cancer), MCF7 (breast cancer), EVSA-T (breast cancer) to establish
the activity [25]. The data clearly show that the di-n-butyltin(IV) compound is more active in

vitro than cisplatin and etoposide against all seven human cancer cell lines.

The toxicity studies of tri-n-butyltin(IV) complexes of formulation "Bu;SnO,CR’('O,CR’ =
substituted 5-(arylazo)salicylate) and the parent 5-(arylazo)salicylic acid were evaluated by using
sea urchin early developmental stages as recommended model organisms for toxicity tests [34].
The present report also throw light on the effects of new organotin compounds towards two
species of sea urchin, Paracentrotus lividus and Sphaerechinus granularis, in order to compare
variation in the impact incidence of contaminant exposure among different species. Biological
activity tests of the tri-n-butyltin(IV) complexes demonstrated that the (i) embryos exposed to the
tri-n-butyltin(IV) complexes at 10° and 107 M solutions presented blocks and strong
developmental anomalies. (i) embryos treated with free 5-(arylazo)salicylic acid at 10° M
concentration stopped to develop at the blastula stage. At 107 M, they developed regularly as the
control. (iii) embryos treated with tri-n-butyltin(IV) chloride (positive control) did not develop
any more. (iv) sensitivity of S. granularis embryos was like that of P. lividus. The developmental

anomalies can be seen in Figs. 1.24 and 1.25.

&

(a) (b)

Fig.1.24 Sea urchin control embryos and treated embryos with tri-n-butyltin(IV) compounds.
Anomalous embryos exposed to tri-n-butyltin(IV) compounds solutions did not show any
significant difference under optical microscopy: P. lividus (a) and S. granularis (b)
anomalous embryos, after incubation in 10° M solution of the compound for 48 h. The

blastomeres are of different sizes and are blocked at the two to four- cell stages.
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(a) (b)

Fig.1.25 Sea urchin control embryos and treated embryos with tri-n-butyltin(IV) compounds.
Anomalous embryos exposed to tri-n-butyltin(IV) compounds solutions did not show any
significant difference under optical microscopy: P. lividus (a) and S. granularis (b)
anomalous embryos, after incubation in 107 M solution of the compound for 48 h and

arrested anomalous embryos.

In conclusion, the tri-n-butyltin(IV) compounds induced high embryonic mortality in P.
lividus and S. granularis; and were as toxic as tri-n-butyltin(TV) chloride independently of the

presence of the ligands.

From the foregoing description of the structural chemistry of organotin(IV) azocarboxylates,
itis clear that there exists a rich diversity in Sn atom geometry and coordination modes of the
azocarboxylates themselves. Such complexes are likely to find wide application in biology,

medicine etc.
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2.1 Introduction

The development of organotin(IV) carboxylate chemistry is highly dependent on a facile
synthetic access to the ligands. The ligands used herein are of two types where the carboxylic
acid group placed (i) in ortho- position e.g. 2-[(E)-2-(3-formyl-4-hydroxyphenyl)-1-diazenyl}-
and 2-{(E)-4-hydroxy-3-[(E)-4-(aryl)iminomethyl]phenyldiazenyl}- benzoic acids and (ii) in
para- position e.g. 4-[(E)-2+(3-formyl-4-hydroxyphenyl)-1-diazenyl]- and 4-{(E)-4-hydroxy-3-
[(E)-4-(aryl)iminomethyl]phenyldiazenyl}- benzoic acids. The ligands, 2-[(E)-2-(3-formyl-4-
hydroxyphenyl)-1-diazenyl]- and 4-[(E)-2-(3-formyl-4-hydroxyphenyl)-1-diazenyl]-benzoic acids
were prepared by usual diazo-coupling reactions which contain an azo group. The aromatic
monoamines react with 2-[(E)-2-(3-formyl-4-hydroxyphenyl)-1-diazenyl]benzoic acid to form
products, such as 2-{(E)-4-hydroxy-3-[(E)-4-(aryl)iminomethyl]phenyldiazenyl} benzoic acid,
which contain both azo and Schiff base (i.e. imino) linkages. A similar azo-Schiff base organic
compound, namely N-p-methoxybenzylidene-p-phenylazoaniline, is a mesogen and exhibits a
nematic liquid-crystal phase; its X-ray structure has also been determined recently {1]. In
addition, structures of two similar molecules containing meta azo and imine substituents, also
exhibiting liquid crystalline properties, have recently been determined [2,3]. The potential
usefulness of such polyaromatic systems has prompted us to investigate the reactivity towards
organotin(IV) moiety. However, this family of ligands await characterization as mesogens and the
determination of other essential features such as thermotropic, lyotropic and macroscopic (e.g.
optical) properties. It should be mentioned here that the condensation products of aromatic
monoamines with 4-[(E)-2-(3-formyl-4-hydroxyphenyl)-1-diazenyl]benzoic acid is not possible
owing to the insolubility of the later in common organic solvents and water. The ligand
frameworks (L’'HH’-L'°"HH’) were generated in situ during the reactions of R;SnL°H (R = "Bu or
Ph) with the appropriate p-substituted anilines (refer to Chapter 4).

The ligands used in the present study are described in section 2.2.
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2.2 Ligands used in present study (LHOHH’)

The ligands and their systematic names are given in Table 2.1.

Table 2.1: Ligands, their names and abbreviation

Ligand Name Abbreviation®
(a) Ligands containing an ortho-carboxylic acid group
0,
OH
- 2-[(E)-2-(3-formyl-4-hydroxy- L'HH®
N\\ j phenyl)-1-diazenyl] benzoic acid
[+]
oH 2-{(E)-4-hydroxy-3-[(E)-4-methy!- LHH’
y CH, phenyliminomethyl]phenyldiazenyl} -
|L /©/ benzoic acid
o
OH
[¢]
oH 2-{(E)-4-hydroxy-3-[(E)-4-bromo- L3HH’
Br phenyliminomethyl]phenyldiazenyl} -
[ /O/ benzoic acid
= N
OH
[2]
OH 2-{(E)-4-hydroxy-3-[( E)-4-chloro- LHH’

cl

phenyliminomethyl]phenyldiazenyl} -

benzoic acid
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r4

OCH3
OH

4

2-{(E)-4-hydroxy-3-[(E)-4-methoxy-
phenyliminomethyl]phenyldiazenyl} -

benzoic acid

LHH’

(b) Ligands containing a para-carboxylic acid group”

—0

HO, : N//N

2-[(E)-2-(3-formyl-4-hydroxy-
phenyl)-1-diazenyl]benzoic acid

L°HI’

CHs
- @f@

4-{(E)-4-hydroxy-3-[(E)-4-methyl-
phenyliminomethyl]phenyldiazenyl} -

benzoic acid

L’HH’

ves

4-{(E)-4-hydroxy-3-[(E)-4-bromo-
phenyliminomethyl]phenyldiazenyl} -

benzoic acid

LHH’

HO'

AsS
T

4-{(F)-4-hydroxy-3-[(E)-4-chloro-
phenyliminomethyl] phenyldiazenyl}-

benzoic acid

L’HH’

go!
QL
0L
O

AT

4-{(E)-4-hydroxy-3-[( E)-4-methoxy-
phenyliminomethyl]phenyldiazenyl} -

benzoic acid

L'"°"HH’

®H and H’ represent hydroxy and carboxylic acid H atoms, respectively.

®The ligands, L’THH’-L'’HH’ were generated in situ (refer to Chapter 4).
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2.3 Synthesis of ligands

The 2-[(E)-2-(3-formyl-4-hydroxyphenyl)-1-diazenyl]benzoic acid (L'HH’) was
prepared by the diazo-coupling reaction between the anthranilic acid and salicylaldehyde in
alkaline medium under cold conditions by the method described in our earlier report [4]. The
2-{(E)-4-hydroxy-3-[(E)-4-(aryl)iminomethyl]phenyldiazenyl}benzoic acids (L*’HH’) were
prepared by condensation of L'HH’ with appropriate p-substituted anilines in anhydrous
toluene-ethanol mixture. The 4-[(E)-2-(3-formyl-4-hydroxyphenyl)-1-diazenyl]benzoic acid
(L°HH’) was prepared by the diazo-coupling reaction between the p-aminobenzoic acid and
salicylaldehyde in an alkaline medium under cold conditions. On the other hand, the 4-{(E)-4-
hydroxy-3-[(E)-4-(aryl)iminomethyl}phenyldiazenyl}benzoic acids (L™'’HH’) could not be
prepared by the condensation of L°HH” with appropriate the substituted anilines owing to the
insolubility of the pre-ligand in common organic solvents and water. However, the
deprotonated L”'°HH" frameworks were generated during the reactions of R;SnL°H (R = "Bu
or Ph) with the appropriate p-substituted anilines (refer to Chapter 4). The ligand frameworks
are shown in Table 2.1, along with their abbreviations. The details of their synthesis and
characterization data are presented in section 2.6 while their spectroscopic data are

summarized below.

2.4 Spectroscopic characterization

The IR spectra of the ligands (L'HH’-L'°HH”) are very complex due to the presence of
a large number of vibrational modes due to ring stretch, deformation, in-plane and out-of-plane
ring and CH deformations. However, these modes are of little value in the understanding of the
structure of the ligands. Valuable information can, however, be obtained from the frequencies
of carboxylate stretch, Ar-OH (C-O vibration involving hydroxyl group of salicylaldehyde
moiety), the N=N and C=N stretches. Unfortunately, even these modes could not be identified
with certainty in all the cases because of the presence of the complex nature of the vibrations
in the region where these modes are expected.
The diagnostically important infrared absorption frequencies for the carboxylate
antisymmetric [V,s,(OCO)] stretching vibration for the L'HH’ have been detected at 1733 cm’
', around the 1725 cm™ region for L>*HH’ and 1679 cm™ for L°HH’. The assignment of the
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symmetric [Vyn(OCO)] stretching vibration band could not be made owing to the complex
pattern of the spectra.

The 'H- and '>C- NMR signals of L'HH’ [4] and L°HH’ were assigned by the use of
correlated spectroscopy (COSY), heteronuclear single-quantum correlation (HMQC) and
heteronuclear multiple-bond connectivities (HMBC) experiments using gradient coherence
selection and also by examining the spin-spin splitting pattern of the signals. The conclusions
drawn from the L'HH assignments were then subsequently extrapolated to the other ligands (L”
*HH’) owing to their data similarity. The 'H-NMR integration values were completely consistent
with the formulation of the products. The number of '*C signals corresponds with the proposed
formulations of the products. The basic ligand frame-work is shown in Figs. 2.1- 2.3 along with
the abbreviations and numbering schemes for spectroscopic analyses. The detailed spectral

features are shown below:

OH

Fig. 2.1 Generic structure of the ligand, L'HH’

4 2 OH

OH

[Abbreviations: L’'HH’: X =4-CHs; L*HH’: 4-Br, L*HH’: 4-C|, L’HH’: 4-OCH3;]
Fig. 2.2 Generic structure of the ligand, L’"HH’- L°HH’
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Fig. 2.3 Generic structure of the ligand, LHH’

2.4.1 2-[(E)-2-(3-formyl-4-hydroxyphenyl)-1-diazenyl]benzoic acid (L'HH) [4]

IR (cm™): 1733 V(OCO)yym 'H-NMR (Pyridine-ds/ 600 MHz); 8,:: 7.15 [d, 8.8 Hz, 1H,
(A) H5], 7.52 [dt, 1.5, 7.7 Hz, 1H, (B) H5], 7.58 [dt, 1.5, 7.7 Hz, 1H, (B) H4], 7.80 [dd, 1.5, 7.7
Hz, 1H, (B) H6], 8.21 [dd, 1.5, 7.7 Hz, 1H, (B) H3], 8.29 [dd, 2.6, 8.8 Hz, 1 H, (A) H6], 8.67 [d,
2.6 Hz, 1H, (A) H2], 10.64 [s, 1 H, (A) H3] and 11.51 [bs, 2 H, (B) H7 and (A) H4] ppm. “C-
NMR (Pyridine-ds/150 MHz); 8¢: 118.1 [(B) C6], 118.5 [(A) C5], 127.0 [(A) C2], 128.5 [(A) C3],
129.7 [(A) C6], 129.9 [(B) C5], 130.0 [(B) C3] 131.4 [(B) C4], 132.1 [(B) C1], 145.9 [(A) C4],
150.9 [(B) C2], 164.7 [(A) C1], 169.9 [(B) C7] and 191.9 [(A) C7] ppm.

24.2 2-{(E)4-hydroxy-3-[(E)-4-methylphenyliminomethyl]phenyldiazenyl}benzoic acid

(L*HH)

IR (em™): 1725 V(OCO)ym. 'H-NMR (DMSO-d, / 500.13 MHz); &,: 2.38 [s, 3H,
CHs], 7.18 [d , 1H, (B) H3], 7.32 [part of AA’BB’ system, 2H, (A) H3 & H5), 7.43 [part of
AA’BB’ system, 2H, (A) H2 & H6], 7.60 [ m, 1H, (C) H4], 7.61 [ m, 1H, (C) H6], 7.69 [m, 1H,
(C) H5], 7.84 [m, 1H, (C) H3], 7.98 [dd, 1H, (B) H4], 8.29 [d, 1H, (B) H6], 9.16 [s, 1H,
C(H)=N], 12.91 [brs, 1H, CO,H], 14.16 [brs, 1H, OH] ppm. *C-NMR (DMSO-d,/ 125.76 MHz);
8c:20.7 [CH;), 118.3 [(B) C3], 118.33 [(C) C6], 119.2 [(B) C1], 121.4 [(A) C2 & C6], 126.5 [(B)
C4], 129.2[(B) C6], 129.3 [(C) C3], 129.9 [(C) C4], 130.1 [(A) C3 & C5], 130.2 [(C) C2], 131.7
[(C)CS5), 137.1 [(A) C4], 144.5 [(A) C1], 144.9 [(B) C5], 150.9 [(C) C1], 161.7 [C(H)=N], 164.5
[(B) C2], 168.5 [CO,H] ppm.

2.4.3 2-{(E)-4-hydroxy-3-[(E)-4-bromophenyliminomethyl[phenyldiazenyl}benzoic acid
(L*HH)
IR (cm™): 1723 V(OCO)yym 'H-NMR (DMSO-d, / 500.13 MHz); 8y : 7.21 [d, 1H, (B)
H3], 7.48 [part of AA’MM’ system , 2H, (A) H2 & H6], 7.60 [m, 1H, (C) H6], 7.61 [m, 1H, (C)
H4], 7.70 [m, 1H, (C) H5], 7.71 [part of AA’MM’ system, 2H, (A) H3 & H5], 7.84 {m, 1H, (C)
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H3), 7.99 [dd, 1H, (B) H4], 8.31 [d, 1H, (B) H6], 9.16 s, 1H, C(H)=N], 12.99 [brs, 1H, CO,H],
13.57 [brs, 1H, OH] ppm. *C-NMR (DMSO-ds / 125.76 MHz); 5: 118.2 [(B) C3], 118.4 [(C)
C6], 119.4 [(B) C1], 120.4 [(A) C4], 123.7 [(A) C2 & C6], 126.9 [(B) C4], 128.8 [(B) C6], 129.3
[(C) C3], 129.9 [(C) C4), 130.2 [(C) C2], 131.7 [(C) C5], 132.5 [(A) C3 & C5], 145.1 [(B) C5],
147.0 [(A) C1], 150.9 [(C) C1], 163.1 [C(H)=N], 163.8 [(B) C2], 168.5 [CO,H] ppm.

2.44 2-{(E)4-hydroxy-3-[(E)-4-chlorophenyliminomethyl[phenyldiazenyl}benzoic acid
(L‘HH)

IR (cm™): 1725 V(OCO)pym. 'H-NMR (DMSO-ds / 500.13 MHz); 8y: 7.21 [d, 1H, (B)
H3], 7.53 [part of AA’BB’ system, 2H, (A) H3 & HS5], 7.57 [part of AA’BB’ system, 2H, (A) H2
& H6], 7.60 [m, 1H, (C) H6], 7.61 [m, 1H, (C) H4], 7.69 [m, 1H, (C) H5], 7.83 [m, 1H, (C) H3],
7.99 [dd, 1H, (B) H4], 8.31 [d, 1H, (B) H6], 9.16 [s, 1H, C(H)=N], 12.97 [brs, 1H, CO,H], 13.59
[brs, 1H, OH] ppm. "C-NMR (DMSO-ds/ 125.76 MHz); 8.: 118.1 [(B) C3], 118.4 [(C) C6],
119.4 [(B) C1], 123.4 [(A) C2 & C6], 126.9 [(B) C4], 128.7 [(B) C6], 129.3 [(C) C3], 129.5 [(A)
C3 & C5], 129.9 [(C) C4], 130.2 [(C) C2], 131.6 [(A) C4], 131.7 [(C) C5], 145.1 [(B) C5], 146.6
[(A) C1], 150.9 [(C) C1], 163.1 [C(H)=N1], 163.8 [(B) C2], 168.5 [CO,H)] ppm.

2.4.5  2-{(E)-4-hydroxy-3-[(E)-4-methoxyphenyliminomethyllphenyldiazenyl}benzoic  acid

(L°*HH?)

IR (cm™): 1723 V(OCO)asym. 'H-NMR (DMSO-d; / 500.13 MHz); 8y: 3.84 [s, 3H, OCHs],
7.08 [part of AA’MM’ system, 2H, (A) H3 & H5], 7.17 [ d, 1H, (B) H3], 7.53 [part of AA’MM’
system, 2H, (A) H2 & H6], 7.60 [m, 1H, (C) H4], 7.61 [m, H, (C) H6], 7.70 [m, 1H, (C) H5],
7.83 [m, 1H, (C) H3], 7.96 [dd, 1H, (B) H4], 8.26 [d, 1H, (B) H6], 9.16 [s, 1H, C(H)=N], 12.90
[brs, 1H, CO,H], 14.24 [brs, 1H, OH] ppm. "C-NMR (DMSO-ds/ 125.76 MHz); &¢: 55.5
[OCH3], 114.8 [(A) C3 & C5], 118.2 [(B) C3], 118.3 [(C) C6], 119.3 [(B) Cl1], 122.9 [(A) C2 &
C6], 126.3 [(B) C4], 128.9 [(B) C6], 129.3 [(C) C3], 129.8 [(C) C4], 130.2 [(C) C2], 131.7 [(C)
C5], 139.8 [(A) C1], 144.9 [(B) C5], 150.9 [(C) C1], 158.9 [(A) C4], 160.4 [C(H)=N], 164.3 [(B)
C2), 168.5 [CO,H] ppm.

2.4.6 4-[(E)-2-(3-formyl-4-hydroxyphenyl)-1-diazenyl]benzoic acid (L°HH’)

IR (cm™) 1679 V(OCO),gym. 'H-NMR (DMSO-d;; /500.13 MHz); 8,;: 7.24 [d,1H, (A) H5],
7.95 [m (part of AA’BB’ system), 2H, (B) H2 & H6], 8.14 [dd, 1H, (A) H6], 8.16 [m (part of
AA’BB’ system), 2H, (B) H3 & HS5], 8.25 [d, 1H, (A) H2], 10.38 [s, 1H, C(H)=0], ppm. Signals
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for the phenol and carboxylic acid were exchanged due to the presence of water in the solvent.
BC-NMR (DMSO-d; /125.76 MHz); 8: 118.7 [(A) C5], 122.4 [(B) C2 & C6}, 122.8 [(A) C3],
124.5 [(A) C2], 129.9 [(A) C6), 130.7 [(B) C3 & C5], 132.5 [(B) C4), 144.8 [(A) C1], 154.3 [(B)
C1], 164.2 [(A) C4], 166.8 [CO,H)], 190.5 [C(H)=O], ppm.

2.5 X-ray crystallography

Crystals of the ligands suitable for an X-ray crystal-structure determination were obtained
from toluene (L’HH"® and L*HH") and chloroform/ DMSO mixture (L*HH’) by slow evaporation
of the solvent at room temperature. The crystal structures of three of the ligands (L*HH’- L*HH”)
have been determined. The data collection and refinement parameters are given in Table 2.2,

while selected geometric parameters are collected in Table 2.3.
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Table 2.2: Crystallographic data and structure refinement parameters for the ligands (L’HH’-

L‘HH”)

L*HH’.0.5H,0

L*HH’ 0.5C.H;

L*HH’.0.5H,0

Empirical formula

C,;HsN;050.5H,0

Cgo H 14B]’N3O3.0.5C7H8

C,0H,4CIN;05 0.5H,0

Formula weight

368.39

470.32

388.80

Crystal size (mm)

0.10 x 0.2 x 0.20

0.20 x 0.13 x 0.08

0.50 x 0.35 x 0.28

Crystal shape Prism Tablet Prism
Temperature (K) 160(1) 160(1) 293(2)
Crystal system Monoclinic Triclinic Monoclinic
Space group C2/c P1 C2/c

a(A) 13.0688(4) 8.2708(1) 13.2451(19)
b(A) 21.8141(6) 10.7547(3) 21.668(4)
c(A) 12.5941(4) 12.3929(3) 12.664(2)
a(®) 90 88.1844(17) 90

B®) 92.487(2) 85.3535(16) 91.69(2)
7(°) 90 69.6152(13) 90

V(A% 3587.02) 1029.91(5) 3632.8(10)
z 4 2 8

D, (gcm™) 1.364 1.516 1.422

4 (mm™) 0.0948 2.033 2.12
Transmission factors (min, max) | - 0.671, 0.795 0.415, 0.522
Reflections measured 39399 23736 3534
Independent reflections (Rin,) 4113 (0.079) 4718 (0.0467) 3382 (0.037)
Reflections with /> 20() 2633 3707 1707
Number of parameters 263 304 254

R(F) (I >20(]) reflns) 0.050 0.0368 0.076
wR(F?) (all data) 0.136 0.0977 0.216
GOF(F) 1.02 1.034 1.06

max, min Ap (e/A’) 0.29, -0.19 0.392, -0.541 0.20, -0.25
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Table 2.3: Selected bond lengths (A) and angles (°) for L’HH’. 0.5H,0, L*HH’ 0.5C;H; and

L*HH".0.5H,0
L*HH’. 0.5H,0 | L*HH’ 0.5C-H; | L*HH’. 0.5H,0
C(18) -C(21)/ [C(18) -Br]*/ [C(18) —CI]° | 1.504(2) 1.902(2) 1.730(5)
O(1) -C(1/ [0(2) -C(1)]° 1.329(2) 1.329(3) 1.311(6)
0(2) -C(1)/ [0(1) -C(1)]" 1.211(2) 1.206(3) 1.207(6)
0(3) -C(11) 1.303(2) 1.333(2) 1.333(6)
N(1) -N(2) 1.270(2) 1.262(2) 1.269(5)
NQ)}N(D-C3)Y [N(2)-N(D-C(N]° 115.0(1) 114.8(2) 114.2(4)
N(1)-N(2)-C(8) 115.6(1) 115.5(2) 114.3(4)
C(14)-N(3)-C(15) 125.2(1) 121.7(2) 123.0(4)
0(2)-C(1)-0(1) 119.6(2) 120.1(2) 118.6(5)
O(2)-C(D-C) [O(D)-C(1)-C2)]* 122.3(2) 121.8(2) 122.1(5)
O(1)-C(1)-C(2)/ [0(2)-C(1)-C()]° 118.2(1) 118.1(2) 119.2(5)
N(1) -C(3) [N(1) -C(T)]® 1.424(2) 1.429(3) 1.426(6)
N(2) -C(8) 1.403(2) 1.408(3) 1.411(6)
N(3) -C(14) 1.295(2) 1.286(3) 1.287(6)
N(@3) -C(15) 1.415(2) 1.416(3) 1.407(6)
C(4)-C(3)-N(1) [C(6)-C(T}-N(1)]® 122.2(1) 122.6(2) 122.6(4)
C(2)-C(3)-N(1) [C(2)-C(T)N(D]* 117.5(1) 117.4(2) 117.1(4)
C(9)-C(8)-N(2)/ [C(13)-C(8)-N(2)]® 115.6(1) 115.1(2) 114.9(4)
N(3)-C(14)-C(10Y [N(3)-C(14)-C(12)]° [ 120.5(1) 120.2(2) 120.3(5)
C(16)-C(15)-N(3Y/ [C(20)-C(15)-N(3)]® [ 123.6(1) 123.4(2) 125.5(4)
C(20)-C(15)-N(3)/ [C(16)-C(15)-N(3)]® | 117.0(1) 117.0(2) 116.3(4)

Geometric parameters in square brackets with superscript “a” and “b” refer to the L’HH’ 0.5C,H,
(Fig. 2.6) and L*HH’.0.5H,0 (Fig. 2.8), respectively.
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The structures of the ligands (L’HH - L*HH’) are discussed in sequel:

2.5.1 Crystal structure of 2-{(E)-4-hydroxy-3-[(E)-4-methylphenyliminomethyl]
phenyldiazenyl}benzoic acid hemihydrate (L’HH’.0.5H,0)

In the crystal structure of L’HH’.0.5H,0, the asymmetric unit contains one molecule of the
carboxylic acid in a general position plus a water molecule that sits on a C,-axis, thereby giving a
L*HH’:water ratio of 2:1. The three ring system of L’HH’ has an extended conformation with
both external rings slightly twisted with respect to the central aromatic ring (Fig. 2.4) [5].

Fig. 2.4 View of the molecule of L’'HH’. 0.5H,0 showing the atom-labelling scheme (50%
probability ellipsoids).

The carboxylic acid group is coplanar with its parent phenyl ring [O(1)-C(1)-C(2)-C(7) =
174.8(1)°]. The carboxylic acid molecule appears to be a zwitterion. The electron density peak
associated with the expected phenolic H-atom was found to be closer to the imine N-atom (Table
2.4), although a plotted difference Fourier map of the region suggested that the electron density

due to this H-atom is quite smeared out. Plots of difference Fourier maps with the H-atom
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position idealized firstly on the O-atom and then on the N-atom showed that neither idealized
position fitted the observed electron density optimally, although a better match was obtained

when the N-atom was considered to be protonated.

Table 2.4: Hydrogen bonding geometry (A, °) for L’HH’. 0.5H,0

D-H-A D-H H-A DA D-H-A
O(1)-H(1)-N(1) 1.00(3) 1633) | 2.58202) 156(2)
N(3)-H(3)~0(3) 1.17(3) 1423) [ 2.53302) 156(2)
0(22)H22)-0(2) | 0.99(2) 1.893) | 2.866(2) 169(2)

Primed atoms refer to the molecule in the symmetry related position: 2-x, y, %- z

The carboxylic acid hydroxy group in L’HH’ forms an intramolecular hydrogen bond
with the nearest adjacent azo N-atom, while the protonated imine N-H atom forms an
intramolecular hydrogen bond with the adjacent deprotonated phenolic hydroxy O-atom. Both of
these interactions form six-membered loops with a graph set motif [6] of S(6). In addition, one H-
atom of the water molecule forms an intermolecular hydrogen bond with the carbonyl O-atom of
the carboxylic acid group of one L’HH’ molecule. The C,-symmetry of the water molecule means
that the second H-atom of the water molecule forms an identical intermolecular hydrogen bond
with a second carboxylic group of another L’HH’ molecule. The net result is the formation of a

discrete hydrogen-bonded unit consisting of one water molecule and two molecules of the ligand
molecules (Fig. 2.5).

e

Fig. 2.5 Hydrogen-bonded unit consisting of one water molecule and two molecules of the
L’HH’
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2.5.2 Crystal structure of 2-{(E)-4-hydroxy-3-[(E)-4-bromophenyliminomethyl]
phenyldiazenyl}benzoic acid toluene hemisolvate (L3HH *0.5C,H;)

The asymmetric unit in L’HH’0.5C;Hs [7] contains one molecule of the carboxylic acid

plus half of a toluene molecule that is disordered about a centre of inversion. The three-ring

system of L’HH’ has an extended and reasonably flat conformation (Fig. 2.6).

Fig. 2.6 View of the molecule of L’HH’.0.5C;H; showing the atom-labelling scheme (50%
probability ellipsoids)

The angles between the plane of the central ring and those of the benzoic acid and 4-
bromopheny! rings are 6.01(11)° and 27.78(11)°, respectively. The carboxylic acid group is
coplanar with its parent phenyl ring [O(1)-C(1)C(2)-C(7) = 179.60(19)°]. The molecular
conformation and dimensions are very similar to those of the 4-methylphenyl (L’HH’) analogue
(Table 2.3), with the exception that the L’HH’ crystallized in a zwitterionic form where the
phenolic H atom had migrated to the imine N atom. In L*HH’, this H atom is clearly located on
the phenolic O atom. The carboxylic acid H atom forms an intramolecular hydrogen bond with
the nearest N atom of the adjacent diazo group, while the phenolic H atom forms an
intramolecular hydrogen bond with the adjacent imine N atom. Both of these interactions close
six-membered hydrogen-bonded rings.

The molecules pack in a way that facilitates several C-H...O and C-H...Br interactions

(Table 2.5). These interactions link the solvent and substrate molecules together into two
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dimensional networks, which lie parallel to the (101) plane (Fig. 2.7). The C-H...O angles are

consistent with the most probable value of 160° for two-centre interactions [8].

Table 2.5: Hydrogen bonding geometry (A, °) for L’'HH’.0.5C;H;

D-H-A D-H H-A DA D-H-A
O(1)-H(1)-N(1) 0.73(3) 1923) [ 2.5932) 154(4)
0(3)-H3)~N(3) 0.87(3) 176(3) | 2.554(2) 151(3)
C(6)-H(6)-Br(2)) 0.95 2.92 3.630(2) 133
C(12}H12)-0(3") | 0.95 2.53 3.388(3) 151
C(7xHA7)-0(1™ | 0.95 2.49 3.419(3) 166
C(26)-H(26)-02") |0.95 2.50 3.374(6) 153

Primed atoms refer to the molecule in the symmetry related position:
(1) 1+x,1+y,z-1; (ii) 2-x,-y,-z; (iii) x-1,y,1+z;
(iv)2-x,1-y,-z

Fig. 2.7 The molecular packing of L’HH’.0.5C,Hjg showing the solvent and substrate molecules

forming two dimensional networks

2.5.3 Crystal structure of 2-{(E)-4-hydroxy-3-[(E)-4-chlorophenyliminomethyl]
Phenyldiazenyl}benzoic acid hemihydrate (L"HH’.O.SH;O)

The crystal structure of L’HH’ [9] is similar to that of the L’HH’ and crystallizes as
L*HH".0.5H,0 (Fig. 2.8). Interstitial water molecules (one for each two of the L*HH’molecules)

are located on four fold axes that pass through the unit cell. The three-ring system assumes an
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extended conformation, with both outer rings slightly twisted with respect to the central aromatic

ring,

Fig. 2.8 View of the molecule of L*HH’.0.5H,0, showing the atom-labelling scheme (50%
probability ellipsoids)

These quasi-planar molecules forms sheets, parallel to the (100) plane (see Fig. 2.9), that are
linked by weak aromatic C-H..O interactions. Adjacent sheets are linked by strong hydrogen
bonds to interstitial water molecules (see Fig 2.10, Table 2.6). Bond lengths and angles within the
molecule are unremarkable and similar to those found in 4-methylphenyl and 4-bromophenyl

analogues (Table 2.3) and related molecules [2,3].

Table 2.6: Hydrogen bonding geometry (A, °) for L*HH’. 0.5H,0

D-H~A D-H H-A DA D-H-A
0(2)-H(2)0--N(1) 0.82 1.83 2.580(5) | 152
0(3)-H(3)0-N(3) 0.82 1.81 2.544(5) | 148
O()W-H(D)W(1)~O(1) | 0.852(10) | 2.05(3) | 2.875(5) | 164(8)
C(5)-H(5)A~-0(1) 0.93 2.56 3.457(7) | 161
C(14XH(1HA-0(1HYW 0.93 2.47 3.364(7) | 162
C(19X-H(19)A--022" 0.93 2.59 3.355(6) | 140

(1)X,1-y, %+z; (ii)x, y,l+z
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Primed atoms refer to the molecule in the symmetry related position:




Fig. 2.9 The molecular packing of L*HH’.0.5H,0, viewed down the a axis, perpendicular to

the molecular sheets

Fig 2.10 The molecular packing of L*HH’.0.5H,0, viewed down the b axis, showing how the

atomic sheets are linked by interstitial water molecules
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2.6 Experimental

2.6.1 Synthesis of ligands
2.6.1.1 Preparation of 2-[(E)-2-(3-formyl-4-hydroxyphenyl)-1-diazenyl]benzoic acid (L'HH’)

The ligand, L'"HH” was prepared by reacting o-carboxybenzenediazonium chloride with
salicylaldehyde in alkaline solution under cold conditions by the method described in our earlier
report [4]. The synthetic details are given below:

Anthranilic acid (5.0 g, 36.45 mmol) in a mixture of concentrated HCI solution (5 ml)
and water (15 ml) was diazotized with cold NaNO, solution (2.75 g, 39.85 mmol, 12 mi). The
cold diazonium salt solution was added slowly to salicylaldehyde (4.45 g, 36.44 mmol),
previously dissolved in a NaOH solution (3.0 g, mmol, 30 ml) and held at 0-5 °C in an ice-bath,
with vigorous stirring. A deep-red colour developed almost immediately and stirring was
continued for 1 h. The reaction mixture was kept overnight at 4 °C, followed by 3 h at room
temperature and then acidified with acetic acid. The brown-coloured precipitate was fiitered,
washed with water and dried in vacuo. The crude product was washed thoroughly with hexane, to
remove tar-like material and then dissolved in toluene. Several recrystallizations from toluene
yielded the product in 50 % yield; m.p.: 177 - 179 °C. Anal. Found. 62.20; H, 3.65; N, 10.35.
Calc. for C;HoN,O4: C, 62.22; H, 3.70; N, 10.37 %.

2.6.1.2 Preparation of 2-{(E)-4-hydroxy-3-[(E)-4-(aryl)iminomethyl]phenyldiazenyl}benzoic
acids (L*°HH’)

A typical procedure is described below.

2.6.1.2.1 Preparation of 2-{(E)-4-hydroxy-3-[(E)-4-chlorophenyliminomethyl]-
phenyldiazenyljbenzoic acid (L*HH’)

An equimolar amount of p-chloroaniline (0.42 g, 3.36 mmol) in hot absolute ethanol
solution (15 ml) was added to a hot toluene (30 ml) containing L'HH’ (0.91 g, 3.36 mmol) and
the reaction mixture was refluxed for 5 h. The water formed during the reaction was removed
using a Dean-Stark apparatus. The reaction mixture was concentrated to half of the initial solvent
volume on a hot plate, cooled to room temperature and was kept overnight in a refrigerator
whereupon a dark brown solid precipitated. The precipitate was filtered, washed with absolute
ethanol (3 x 5 ml) followed by diethyl ether (2 x 5 ml), and then dried in air. The crude product

was washed with hexane to remove any tarry materials and recrystallized from ethanol to yield
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pure orange crystalline product (0.78 g, 56 %) of L*HH’. M. p.: 225-226 °C. Anal. Found. 63.20;
H, 3.65; N, 11.13. Calc. for C,0H4N;O5Cl: C, 63.24; H, 3.71; N, 11.06 %.

The other 2-{(E)-4-hydroxy-3-[(E)-4-(aryl)iminomethyl] phenyldiazenyl}benzoic acids,
viz., L'HH’, L’HH’ and L’HH’ were prepared analogously by reacting L'HH’ and appropriate

anilines. The characterization data are presented below.

2.6.1.2.2 Preparation of 2-{(E)-4-hydroxy-3-](E)-4-methylphenyliminomethyl}-
phenyldiazenyljbenzoic acid (L"HH’)
Recrystallized from absolute ethanol to give reddish brown precipitate in 70 % yield.
m.p.: 199-201 °C. Anal. Found. 69.95; H, 4.65; N, 11.58. Calc. for C;H;sN3;Os: C, 70.20; H,
4.76; N, 11.69 %.

2.6.1.2.3 Preparation of 2-{(E)4-hydroxy-3-[(E)-4-bromophenyliminomethyl]-
phenyldiazenyl}benzoic acid (L*HH’)
Recrystallized from absolute ethanol to give orange precipitate in 49 % yield. m.p.: 213-
214 °C. Anal. Found. 56.50; H, 3.30; N, 10.01. Calc. for C;qH4sN;O3Br: C, 56.60; H, 3.32; N,
9.90 %.

2.6.1.2.4 Preparation of  2-{(E)-4-hydroxy-3-[(E)-4-methoxyphenyliminomethyl]-
phenyldiazenylibenzoic acid (L"HH’)
Recrystallized from absolute ethanol to give dark red precipitate in 54 % yield. m.p.: 174-
176 °C. Anal. Found. 67.25; H, 4.60; N, 11.18. Calc. for C;;H;sN;O,: C, 67.21; H, 4.56; N, 11.19
%.

2.6.1.3 Preparation of 4-[(E)-2-(3-formyl4-hydroxyphenyl)-1-diazenyl]benzoic acid

(L°HH’)

The ligand, L°HH’ was prepared by reacting p-carboxybenzenediazonium chloride with
salicylaldehyde in an alkaline solution under cold conditions following the method described
earlier for the ortho-analogue [4]. The amount of concentrated HCl and water used for the
dissolution of the p-aminobenzoic acid was 8 and 32 ml, respectively. The crude L°HH’ was
obtained after acidification with dil. acetic acid. The light yellow precipitate was filtered, washed
with water until the filtrate became neutral and then dried in vacuo. The resultant brown product

was then washed thoroughly with hexane to remove any tarry materials and dried. The brown
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L°HH’ was insoluble in all common organic solvents and water, and consequently could not be
recrystallized. The brown precipitate was then re-dissolved in a hot aqueous sodium bicarbonate
solution. It was then filtered to remove any undissolved particles and re-precipitated using dil.
acetic acid. The precipitate was filtered, washed with water and dried which afforded a bright
brown product in 56% yield. m.p.:>275 °C. Anal Found: C, 61.38; H, 3.73; N, 10.26%. Calc. for
Ci1H1oN204: C, 62.22; H, 3.70; N, 10.37%.

2.6.2 Chemicals used for the preparations

Salicylaldehyde (Lancaster), anthranilic acid (Spectrochem), p-aminobenzoic acid (Sisco)
and the substituted anilines (reagent grade) were used without further purification. The solvents
used in the reactions /recrystallizations were of AR grade and dried using standard procedures.

Toluene was distilled from sodium benzophenone ketyl.

2.6.3 Physical measurements

Carbon, hydrogen and nitrogen analyses were performed with a Perkin Elmer 2400 series
1 instrument. IR spectra in the range 4000-400 cm™ were obtained on a BOMEM DA-8 FT-IR
spectrophotometer with samples investigated as KBr discs. The 'H- and "C-NMR spectra of the
ligands (L’HH’-L°HH") were acquired on a Bruker Avance 500 spectrometer operating at 500.13
and 125.76 MHz, respectively. For the ligand L'HH’, the 'H- and “C-NMR spectra were
recorded on a Varian Inova 600 spectrometer and measured at 600 and 150 MHz, respectively.
The 'H and ">C chemical shifts were referred to Me,Si set at 0.00 ppm and CDCl; set at 77.0
ppm, respectively. Other NMR experiments like correlated spectroscopy (COSY), heteronuclear
single-quantum correlation (HMQC) and heteronuclear multiple-bond connectivities (HMBC)

were also performed on the same instruments.

2.6.4 X-ray crystallography

Crystals of the ligands suitable for an X-ray crystal-structure determination were obtained
from toluene (L’HH’ and L*HH’) and chloroform/ DMSO mixture (L‘HH’) by slow evaporation
of the solvent at room temperature. The intensity data for L’HH’ and L’HH’ were measured on a
Nonius K appaCCD diffractometer using Mo Ko raditaion (A =0.71073 A) at 160 K while L*HH’
was measured on a Bruker P4 diffractometer using Cu Ko raditaion (A = 1.54178 A) at 293 K.

The data reduction for L’HH’ and L*HH’ was performed with HKL Denzo and Scalepack
[10] while for L*HH’ was with SHELXTL [11].
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The data collection and refinement parameters are given in Table 2.2. Views of the
structures are shown in Figs. 2.4 (for L’HH’), 2.6 (for L’'HH’) and 2.8 (for L'HH"). The structure
of L*HH’ was solved by SHELXTL [11] while the other structures were solved by direct methods
by using SIR92 [12].

In L’HH’ and L*HH’, the asymmetric unit contains one molecule of the carboxylic acid
in a general position plus a water molecule that sits on a C,-axis. The symmetry-unique H-atom
of the water molecule and the carboxylic acid H-atom of L'HH’ and L‘HH’ were placed in the
positions indicated by a difference electron density map and their positions were allowed to refine
together with individual isotropic displacement parameters. In L’HH’, the asymmetric unit
contains one molecule of the carboxylic acid in a general position plus half of a toluene molecule
that is disordered about a centre of inversion, with the centre of gravity of the six-membered ring
displaced slightly from the inversion centre. The atoms of one entire toluene molecule were
defined with the site occupation factors of the atoms set to 0.5. The atoms of the six-membered
ring of the toluene molecule were constrained to an ideal hexagon, while neighbouring atoms
within each orientation of the disordered toluene molecule were restrained to have similar atomic
displacement parameters.

The non-hydrogen atoms were refined anisotropically. All remaining H-atoms in each
structure were placed in geometrically calculated positions and refined using a riding model
where each H-atom was assigned a fixed isotropic displacement parameter with a value equal to
1.2U,q of its parent atom (1.5U,, for methyl groups). The refinement of each structure was carried
out on F* using full-matrix least-squares procedures. The calculations were performed using the

SHELXL97[13] program for L*HH’ and L’HH’ and SHELXTL [11] program for L*HH".
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3.1 Introduction

Salicylaldehyde and their metal derivatives are well established [1-3]. More useful
organic reagents having the properties of salicylaldehyde together with other desired features,
e.g., having an intense light absorption in the visible region for colorimetric applications, have
also been reported. These organic reagents are commonly known as 5-(arylazo)salicylaldehyde
(AAS) (systematic name [(E)-2-(3-formyl-4-hydroxyphenyl)-1-diazenyl]benzene) and were
used by several workers in order to characterize U(VI) [4], Pd(ID) [4], Co(II) [S], Cu(l) [6,7],
Ni(II) [8], Mn(I) [9], Sn(II) [10] and Sn(IV) [11] complexes in both solid and solution states.
A few transition metal complexes also show semi conducting properties in the temperature
range 310-340 K [9]. Later, AAS were condensed with mono aromatic amine which resulted in
5-phenylazosalicylidene aniline (PASA) Schiff base and its metal complexes, viz., Fe(Ill),
Co(I), Ni(IT) and Cu(Il) were prepared and characterized [12]. Recently, a few Cu(Il)
complexes of some Schiff bases obtained by condensation of AAS with di- and tri-amine have
also been reported and in one case the structure of the complex was determined using single
crystal X-ray crystallography [13]. Although PASA type ligands have been known for a long
time, the extant literature contains no report of the isolation and characterization of metal or
organometallic complexes of 2-{(E)-4-hydroxy-3-[(E)-4-(aryl)iminomethyl]phenyldiazenyl}
benzoic acids. These ligands contain a carboxylate group in the ortho-position of the diazo-
forming aryl moiety of the ASA unit (see Chapter 2 for L’'HH’-L’HH’), which provides an
opportunity for synthesising a wide variety of complexes of the hetero-functional ligand.

Recently, ~we have been investigating the 2-{(F)-4-hydroxy-3-[(E)-4-
(aryl)iminomethyl]phenyldiazenyl} benzoic acids, which contain both azo and imino linkages.
These ligands structurally resemble the N-p-methoxybenzylidene-p-phenylazoaniline system,
which is a mesogen and exhibits a nematic liquid-crystal phase [14]. The synthesis of liquid
crystals based on organometallic or coordination compounds opens new perspectives in the
design of mesogenic molecules. Consequently, there is currently much interest in the synthesis
of metal-containing liquid crystals (metallomesogens) owing to the perceived advantages of
combining the properties of a liquid crystal system with those of transition metals [15-19].
However, to the best of our knowledge, the literature contains no report of a metallomesogen
involving tin(IV). In search of organic ligands/complexes having mesogenic behaviour, we
have recently synthesized a number of 2-{(E)-4-hydroxy-3-[(E)-4-

(aryl)iminomethyl}phenyldiazenyl} benzoic acids and efforts have also been made to
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characterize these ligands by single crystal X-ray crystallographic techniques, for example,
L’HH’ [20], L*HH’ [21] and L*HH" [22].

In addition, tri-n-butyltin in the form of halides, oxides and acetates, displays a large
array of biocidal properties and is used extensively in wood preservatives and in marine anti-
fouling paints [23), although there has been considerable environmental concern about their
latter use [24]. However, the tri-n-butyltin compounds have not been shown to be neurotoxins,
mutagens, teratogens, or carcinogens in humans [25]. Recently, some tri-n-butyltin 5-[(E)-2-
(aryl)-1-diazenyl]-2-hydroxybenzoates have shown moderate activity towards second larval
instar stage of the Aedes aegypti [26).

On the other hand, organotin(IV) compounds have been one of the most extensively
studied class of antitumour compounds since the observation that triphenyltin(IV) acetate
significantly reduced the growth rates of tumours [27,28]. Among the most active
organotin(IV) antitumour agents are substituted triphenyltin(IV) benzoates, which exhibited
exceptionally high in vitro activity against the human mammary tumour MCF-7 and a colon
carcinoma, WiDr [29,30].

In addition to their commercial applications, triorganotin(IV) carboxylates present an
interesting variety of structural possibilities [31,32]. In line with these developments and as
part of a wider study designed to ascertain the reasons for the structural variation found in
these systems, we now describe some triorganotin(IV) complexes derived from (i) 2-[(E)-2-
(3-formyl-4-hydroxyphenyl)-1-diazenyl]benzoic acid (L'HH’) and, (ii} 2-{(E)-4-hydroxy-3-
[(E)-4-(aryl)iminomethyl]phenyldiazenyl}benzoic acids (L>*HH’). The generic structures of

the ligands are shown in Chapter 2.

3.2 Synthesis of triorganotin(IV) complexes

3.2.1 Synthesis of triorganotin(IV) complexes of 2-[(E)-2-(3-formyl-4-hydroxyphenyl)-1-
diazenyl]benzoic acid (L'HH’)

The 2-[(E)-2-(3-formyl-4-hydroxyphenyl)-1-diazenyl]benzoic acid (L'HH’) react with
("Bu;Sn),0 in anhydrous toluene in a 2:1 ratio to give compounds of the formulation "Bu;SnL'H.
The triphenyltin(IV) complex was prepared by reacting equimolar amounts of Ph;SnOH and
L'HH’ by following an analogous procedure which afforded the compounds of the formulation
Ph,SnL'H.OH, [33]. On the other hand, tribenzyltin(IV) compounds deserve specific comment
Recently, we have investigated the reaction of Bz;SnCl with sodium 2-[(E)-2-(3-formyl-4-
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hydroxyphenyl)-1-diazenyl]benzoate, L'HNa in anhydrous methanol. The reaction proceeded via

debenzylation and oxidative decarbonylation [34]. This reaction afforded a cyclic dinuclear

Fig. 3.1. Cyclic dibenzyltin(IV) complex: [Bz;{0:CCsH4{N(H)N=(CsH3-4(=0)-5-0)}-0}Sn];

dibenzyltin(IV) complex, [Bz,{O,CCsH{N(H)-N=(C¢H;-4(=0)-5-0)}-0}Sn], (Fig. 3.1, see
Chapter 5 for details) instead of the polymeric Me;Sn(IV) [35] as well as the monomeric
Ph;Sn(IV) [33] analogues. The desired product of composition Bz;SnL'H.OH, was obtained by
reacting equimolar amounts of Bz;SnOH and L'HH’ (1:2) in anhydrous toluene.

The complexes were isolated as orange-red crystaliine solids in good yield and purity.
They are stable in air and are soluble in common organic solvents. The synthetic details and
characterization data are presented in section 3.4 while their spectroscopic data are summarized in

section 3.3.

3.2.2 Synthesis of triorganotin(IV) complexes of 2-{(E)-4-hydroxy-3-[(E)-4-(aryl)imino-
methyl]phenyldiazenyl}benzoic acids (L”*HH’)

The tri-n-butyltin(IV) complexes, "BusSnL’°H, were synthesized by condensing
"Bu;SnL'H (see section 3.2.1) with appropriate p-substituted anilines in absolute ethanol.
However, "Bu;SnL>’H could also be prepared by reacting the appropriate 2-{(E)-4-hydroxy-3-
[(E)-4-(aryl)iminomethyl]phenyldiazenyl} benzoic acids with ("BusSn),O in a 2:1 ratio in
anhydrous toluene and the yield of the product was found to be lower. Synthetic convenience led
to the choice of the former procedure. The triphenyltin(IV) complexes of composition Ph;SnL>’H
were prepared by reacting Ph;SnOH with the appropriate ligand (L*’HH”) in a 1:1 ratio in
anhydrous toluene.

In a similar way (reactions of Bz;SnC! with L'HNa, see section 3.2.1), the reactions of
Bz;SnCl with sodium 2-{(E)-4-hydroxy-3-[(E)-4-(aryl)iminomethyl]phenyldiazenyl}benzoates,

L’HNa-L’HNa were attempted under identical reaction conditions in the expectation of obtaining
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the corresponding Bz;Sn(IV) derivatives. Instead, the work-up of the reaction mixture yielded
crystals of the same cyclic dibenzyltin(IV) dimer, i.e. [Bz,{0,CCeH4{N(H)-N=(CsH;-4(=0)-5-
0)}-0}Sn], (Fig. 3.1). The melting point, microanalytical, spectroscopic and crystallographic data
of the two products were identical. In these reactions, cleavage of the H-C=N-Ar part from the
ligand molecule and simultaneous debenzylation was noticed. At present, however, the exact
mechanism of the cleavage/rearrangement is not clearly understood. On the other hand, attempted
reactions of the L’HH’-L*HH’ with Bz;SnOH in anhydrous toluene afforded the desired products
Bz:SnL**H.OH, in moderate to good yields. Attempted crystallization of these Bz;SnL>°H.OH,
complexes from an anhydrous benzene-methano) mixture again afforded crystals of the dimeric
dibenzyltin complex (Fig. 3.1). Hence, the crystallization attempts were made using anhydrous
benzene, benzene/hexane or toluene/hexane.

The complexes were isolated as orange to red crystalline solids in good yield and purity.
They are stable in air and are soluble in common organic solvents. The synthetic details and
characterization data are presented in section 3.4 while their spectroscopic data are summarized in

section 3.3.

3.3 Spectroscopic characterization and X-ray crystallography of triorganotin(IV)
complexes
This section deals with the spectroscopic characterization of triorganotin(IV) complexes
of 2-[(E)-2-(3-formyl-4-hydroxyphenyl)-1-diazenyl]benzoic acid (L'HH’) and 2-{(E)-4-
hydroxy-3-[(E)-4-(aryl)imino-methyl]phenyldiazenyl} benzoic acids (L**HH’). For convenience
of discussion, the tri-n-butyltin(IV), triphenyltin(IV) and tribenzyltin(IV) complexes of L'HH’-
L’HH’ have been dealt separately.

3.3.1 Tri-n-butyltin(IV) complexes of L'HH’-L°*HH’ ("Bu;SnL'*H)

The  tri-n-butyltin(IlV)  complexes of  2-[(E)-2-(3-formyl-4-hydroxyphenyl)-1-
diazenyl]benzoic acid (L'HH") and 2-{(E)-4-hydroxy-3-[( E)-4-(aryl)imino-
methyl]phenyldiazenyl}benzoic acids (L>°HH’) have been characterized by IR, 'H, “C, '"°Sn
NMR, ""Sn Méssbauer and electrospray mass spectrometry (ESI-MS) techniques. The crystal
structures of four compounds, viz., ["'Bu;SnL'H], (1), [ "Bu;SnL*H], (2), ["BusSnL*H], (4) and
["Bu;SnL°H],, (5) are reported.
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3.3.1.1 Infrared data

The diagnostically important infrared absorption frequencies for the carboxylate
antisymmetric [Vas,»(OCO)] stretching vibration of the ligands (L'HH’-L’HH") are recorded in
Chapter 2 (section 2.4) while that of their "Bu;SnL"’H (1-5) complexes are given below. The
assignment of the symmetric [Vym(OCO)] stretching vibration band could not be made owing
to the complex pattern of the spectra. The assignment of the band is based on comparison with
the spectra of the free ligands. The antisymmetric [Vas,m(OCO)] stretching vibrations for the
uncomplexed ligands have been detected at 1733 cm” in L'HH® and around the 1725 cm™
region for L**HH’. In the complexes, the carbonyl stretching frequencies are found to be
shifted to lower wavenumber which is ascribed to carboxylate coordination in accordance with

earlier reports [36,37].

3.3.1.2'H, "*C and "°Sn NMR data

The 'H- and ">C- NMR data of L'HH’ is reported in our earlier ref. [33] and the signals
were assigned by the use of correlated spectroscopy (COSY), heteronuclear single-quantum
correlation (HMQC) and heteronuclear multiple-bond connectivities (HMBC) experiments.
The conclusions drawn from the ligand assignments were then subsequently extrapolated to the
complexes owing to the data similarity. The 'H and ">C chemical shift assignment of the tri-n-
butyltin moiety is straightforward from the multiplicity patterns, resonance intensities and also
by examining the "J("*C-'"""""Sn) coupling constants [36-38]. The 'H-NMR integration values
were completely consistent with the formulation of the products.

The basic ligand frame-work is shown in Figs. 2.1- 2.2 (Chapter 2) along with the

abbreviations and numbering schemes for spectroscopic analyses. Numbering scheme for Sn-
4x 3* 2+ i

CH3—CH—CH>2— CH>—Sn

"Bu skeleton as shown: and "J("C-""""Sn) mean values are

given in parentheses. The detailed spectral features for complexes 1-5 are given below:

3.3.1.2.1"BusSnL'H (1)

IR (cm™): 1660 V(OCO)xym. 'H-NMR (CDCl; / 400.13 MHz); 84: 11.35 [brs, 1H, OH],
10.02 [s, 1H, C(H)=0], 8.20 [d, 1H, (A) H2], 8.14 [m, 1H, (A) H6), 7.84 [d,1H, (B) H3], 7.49
[m, 3H (B) H4, H5 & H6], 7.10 [d, 1H, (A) H5]; Sn-"Bu: 1.68 [m, 6H, H1*], 1.34 [m, 12H, H2*
& H3*), 0.88 [t, 9H, H4*] ppm. "C-NMR (CDCl;/ 100.62 MHz); 8¢: 196.6 [C(H)=0], 172.7
[COO], 164.1 [(A) C1], 151.7 [(B) C2], 146.4 [(A) C4], 131.9 [(B) C1], 131.2 [(B) C4], 130.8
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[(B) C3], 130.3 [(B) C5], 130.2 [(A) C6], 129.9 [(A) C3], 120.5 [(A) C2], 118.7 [(A) C5), 117.7
[(B) C6]; Sn-"Bu: 16.8 (336) [C1*], 27.8 (20) [C2*], 27.3 (64) [C3*], 13.8 (-) [C4*] ppm.

3.3.1.2.2"Bu;SnL’H (2)

IR (cm™): 1622 V(OCO)sym 'H-NMR (CDCL; / 400.13 MHz); 8x: 14.0 [brs, 1H, OH],
8.73 [s, 1H, C(H)=N], 8.04 [d, 1H, (B) H6], 7.99 [dd, 1H, (B) H4], 7.82 [m, 1H, (C) H3], 7.53
[m, 2H (C), H4 & H6], 7.44 [m, 1H, (C) H5], 7.24 [m, 4H, (A) H2, H3, H5 & H6], 7.15 [d, 1H,
(B) H3], 2.40 [s, 3H, CHs]; Sn-"Bu: 1.62 [m, 6H, H1*], 1.30 [m, 12H, H2* & H3*], 0.87 [t, 9H,
H4*] ppm. "C-NMR (CDClL/ 100.62 MHz); ¢: 172.5 [COO], 164.3 [(B) C2], 161.0 [C(H)=N],
152.0 [(C) C1], 145.9 [(B) C5), 145.2 [(A) C1], 137.5 [(A) C4], 131.5 [(C) CS5], 130.9 [(C) C2],
130.2 [(A) C3 & C5], 129.9 [(C) C4), 129.2 [(C) C3], 128.6 [(B) C6], 127.3 [(B) C4], 121.0 [(A)
C2 & C6], 118.9 [(B) C1], 118.1 [(C) C6], 117.8 [(B) C3], 21.1 [CH,]; Sn-"Bu: 16.8 (342) [C1*],
27.9 (20) [C2*], 27.1 (64) [C3*], 13.6 (-) [C4*] ppm.

3.3.1.2.3"Bu;SnL’H (3)

IR (cm™): 1618 V(OCO)uym. 'H-NMR (CDCl;/ 400.13 MHz); 8,:: 13.60 [brs, 1H, OH],
8.69 [s, 1H, C(H)=N], 8.05 [d, 1H, (B) H6], 8.01 [dd, 1H, (B) H4], 7.82 [m, 1H, (C) H3], 7.56
[part of AA’MM’ system, 2H (A), H3 & H5], 7.52 [m, 2H, (C) H4 & H6], 7.44 [m, 1H, (C)H5 ],
7.19 [part of AA’MM’ system, 2H, (A) H2 & H6], 7.12 [d, 1H, (B) H3]; Sn-"Bu: 1.61 [m, 6H,
H1%*], 1.31 [m, 12H, H2* & H3*], 0.87 [t, 9H, H4*] ppm. "C-NMR (CDCl / 100.62 MHz); 5.:
172.4 [COO], 164.0 [(B) C2], 162.5 [C(H)=N], 151.9 [(C) C1], 147.0 [(A) C1], 146.0 [(B) C5],
132.7 [(A) C3 & C5], 131.6 [(C) C5], 130.9 [(C) C2], 129.9 [(C) C4], 129.3 [(C) C3], 128.9 [(B)
C6], 127.6 [(B) C4 ], 122.8 [(A) C2 & C6], 120.9 [(A) C4], 118.7 [(B) C1], 118.1 [(C) C6], 117.7
[(B) C3]; Sn-"Bu: 16.8 (362) [C1*], 27.9 (20) [C2*], 27.1 (64) [C3*], 13.6 (-) [C4*] ppm.

3.3.1.2.4 "Bu;SnL’H (4)

IR (cm™): 1616 V(OCO)uym. 'H-NMR (CDCl;/ 400.13 MHz); 8u: 13.60 [brs, 1H, OH],
8.71 [s, 1H, C(H)=N], 8.04 [d, I1H, (B) H6), 8.01 [dd, 1H, (B) H4], 7.82 [m, 1H, (C) H3), 7.51
[m, 1H (C), H6], 7.42 [m, 2H, (C) H4 & H5], 7.25 [m, 4H, (A) H2, H3, H5 & H6], 7.12 [d, 1H,
(B) H3]; Sn-"Bu: 1.61 [m, 6H, HI1*], 1.31 [m, 12H, H2* & H3*}, 0.86 [t, 9H, H4*] ppm. °C-
NMR (CDCl;/ 100.62 MHz); 8¢: 172.6 [COO], 164.0 [(B) C2], 162.4 [C(H)=N], 151.9 [(C) C1],
146.5 [(A) C1], 146.0 [(B) C51, 133.1 [(C) C5], 131.6 [(A) C4], 130.9[(C) C2], 129.9 [(C) C4],
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129.7 [(A) C3 & C5], 129.3 [(C) C3], 127.6 [(B), C4 & C6], 122.5 [(A) C2 & C6}, 118.7 [(B),
C1], 118.1 [(C) C6), 117.7 [(B) C3]; Sn-"Bu: 16.8 (362) [C1*], 27.9 (20) [C2*], 27.1 (64) [C3*}],
13.6 (-) [C4*] ppm.

3.3.1.2.5"Bu;SnL’H (5)

IR (cm™): 1619 V(OCO),qym. 'H-NMR (CDCl / 400.13 MHz); 8y: 14.0 [brs, 1H, OH],
8.71 [s, 1H, C(H)=N], 8.02 [d, 1H, (B) H6], 7.98 [dd, 1H, (B) H4], 7.82 [m, 1H, (C) H3], 7.51
[m, 2H (C) H4 & H6], 7.43 [m, 1H, (C) H5], 7.32 [part of AA’MM’ system, 2H, (A) H2 & H6],
7.11 [d, 1H, (B) H3], 6.97 [part of AA’MM’ system, 2H, (A) H3 & H5], 3.85 [s, IH, OCH3]; Sn-
"Bu: 1.61 [m, 6H, H1*], 1.32 [m, 12H, H2* & H3*], 0.86 [t, 9H, H4*] ppm. *C-NMR (CDCl;/
100.62 MHz); 8¢: 172.7 [COO], 164.2 [(B) C2], 159.7 [C(H)=N], 159.3 [(A) C4], 152.0 [(C)
C1], 146.0 [(B) C5], 140.7 [(A) C1], 130.9 [(C) C2], 129.9 [(C) C4], 129.2 [(C) C3], 128.5 [(B)
C6), 127.0 [(B) C4], 122.4 [(A) C2 & C6], 119.0 [(B) C1], 117.9 [(C) C6], 117.8 [(B) C3], 114.8
[(A) C3 & C5], 55.6 [OCHs], Sn-"Bu: 16.8 (342) [C1*], 27.9 (20) [C2*], 27.1 (64) [C3*], 13.6 (-)
[C4*] ppm.

Four-coordinated tri-n-butyltin compounds, however, exhibit couplings 'J("C-
"9178nY in the range 325-390 Hz, and five-coordinated ones in the range 440-540 Hz [39-42].
The tri-n-butyltin(TV) complexes (1-5) of the present investigation exhibit 'J('*C-""""""Sn)
coupling satellites in the range 336-362 Hz in CDCl; solution, suggesting that the tin atom is
four-coordinate in solution. In contrast, a polymeric structure with five-coordinate tin atoms is
found in the solid state (see Mossbauer and X-ray crystallography, vide infra); this is possibly
lost in solution to generate a monomeric four-coordinated tetrahedral structure [38]. The '°Sn-
NMR chemical shifts of tri-n-butyltin(IV) complexes in CDCl; solution are listed in Table 3.1.
The complexes exhibit a single sharp resonance at around 116 ppm, consistent with the range
specified for tetrahedral triorganotin(IV) compounds [41]. This is further supported by our

recent work on analogous triorganotin(IV) azocarboxylates [36-38].

3.3.1.3"°Sn Méssbauer data

The '"*Sn Mossbauer spectra (Table 3.1) of the complexes (1-5) were recorded in order to

obtain the structure of the complexes in the solid-state. The ratio of the quadrupole splitting value

to isomer shift value (p = A/3) can be used to distinguish between the different coordination states
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of the central tin atom [43]. Tin compounds which are four coordinate have p values less than 1.8

while p values larger than 2.1 would indicate compounds with greater than four coordination. As

Table 3.1 '"°Sn-NMR data (5, ppm) and ''°Sn Maéssbauer parameters (mm s) for the tri-n-
butyltin(IV) complexes

Complex® °Sp-NMR data® "°Sn Méssbauer data®
5 A 0=A/5 T, r
"BusSnL'H (1) 116.6 144 3.84 27 1.53 1.62
"Bu;SnL’H 2) 116.0 150 3.79 25 1.00 1.01
"Bu;SnL’H (3) 116.2 1.52 3.77 2.5 0.95 0.96
"Bu3SnL*H (4) 116.1 1.53 3.83 2.5 0.96 0.98
"Bu;SnL°H (5) 116.0 1.50 3.80 25 1.05 1.05

*Complex numbers are in parentheses. ° In CDC; solution.
¢ Parameters: 8, isomer shifts; A, quadrupole splitting; I and I5: line widths,

can be seen in Table 3.1, all the complexes (1-5) have p values greater than 2.1 suggesting that
the complexes have a coordination number greater than four. Furthermore, the tri-n-butyltin(IV)
complexes exhibited A values of approximately 3.80 mm s™'. These values are within the range
3.0-4.1 mm s, which are consistent with a trans- trigonal bipyramidal geometry with a planar
Bu;Sn unit and two axial carboxylate oxygen atoms [44]. Further, the A data for complexes 1-5
matches closely with the data of complexes having a trans-trigonal bipyramidal geometry in a
polymeric structure [37,38], which was subsequently also found here from the crystal structures
(see Section 3.3.1.5). The A values for the complexes are in the same order of magnitude,

suggesting that they adopt the same structural motif.

3.3.1.4 Electrospray mass spectrometry

The tri-n-butyltin(IV) complexes (1-5) have been investigated by electrospray mass
spectrometry (ESI-MS) and tandem mass spectrometry (MS") techniques. The assighments are
facilitated by agreement between observed and calculated isotopic patterns and tandem mass
spectrometry studies. ESI mass spectra both in the positive- and negative-ion modes were
measured using acetonitrile solutions of complexes 1-5 and the results are summarized in Tables

3.2-3.6. The interpretation of the mass spectra is based on previous works on ESI-MS
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measurements of organotin(IV) compounds [45-48]. A typical example of an identification
approach is illustrated for compound 2 in Fig. 3.2. In the positive-ion mode (Fig. 3.2(a)), the
presence of [M+H]', [M+Na]" and [M+K] enables the unambiguous determination of the
molecular weight (MW) for all compounds studied. The presence or absence of a tin atom in
individual ions can easily be recognized on the basis of characteristic ten natural tin isotopes with
the most abundant "2°Sn isotope. All m/z values in Tables 3.2-3.6 are related to the '*Sn isotope.
The low mass ions at m/z 288 and 316, shown in Fig. 3.2 (a), do not contain a tin atom and they
belong to background impurities not related to the main compound, as confirmed in the
subsequent tandem mass spectrometric experiments, where these ions are missing, e.g. the
MS/MS spectrum of m/z 672 (Fig 3.2 (b)). The fragment ion [M+Na-HOSnBu;]" at m/z 364 is
the only ion in the MS/MS spectrum of [M+Na]". The first-order negative-ion ESI mass spectrum
(Fig. 3.2 (c)) shows the deprotonated molecule {[M-H] and also some fragment ions (see Table
3.3 for details). The other neutral logical losses are found in the MS/MS spectrum of [M-H] at
m/z 648 (Fig. 3.2 (d)), such as [M-H-CO,] at m/z 604, [M-H-butane-butene-CO,] at m/z 490 and
[M-H-2*butane-butene-CO,] " at m/z 433. The detailed explanation of all identified fragment ions
is given in Tables 3.2-3.6 with several common features. The [M+Na]" ion is the base peak in all
first-order positive-ion

ESI mass spectra, which makes possible an easy MW determination. In all cases, the lower
abundant adduct ions with SnBu; are observed. The [M-SnBu;] ion is the base peak of all first-
order negative-ion mass spectra accompanied by the less abundant [M-H] ion. For compounds 1-
3, the adduct ion with two hydroxyl groups [Mj«ou-H] are observed with a lower relative
intensity than the [M-H] ion. The other neutral logical losses in the tandem mass spectra are
butane, butene, CO,, HOSnBus;, H,0, etc. The mass spectra of all compounds are in accordance

with the suggested structures.
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Fig. 3.2 ESI mass spectra of compound 2: (a) positive-ion first-order spectrum; (b)
positive-ion MS-MS of m/z 672; (c) negative-ion first-order spectrum; (d)
negative-ion MS-MS spectrum of 648.

49



Table 3.2 lons observed in the first-order and tandem mass spectra (MS/MS) using electrospray

jonization both in positive-ion and negative-ion modes for compound 1
m/z Positive ions Summary formula ab Relativeo Observed ions H: MS/MS
undance (%) spectra
1739 | [2*M+2*SnBuy-H+K]" | C76H24N;058nK 1 889
1723 | [2*M+Na-2H+2*SnBu;]" | C;6H)24N,OsSnsNa 4 873
1449 [2*M+K-H+SnBu3]+ Cs4HosN4OgSn3 K 2 889; 599; 583
1433 | [2*M+Na-H+SnBu;]" CssHozN,O3Sn;Na 17 873; 583
1159 | [2*M+K]" Cs2H»N405Sn,K 3 889; 599
1143 [2*M+Na]+ Cs2H72N4O3Sn;Na 27 873; 583
963 [2*M-butene-C02-Bu]+ C43Hs5N,O65n, 9 583; 403
889 | [M+K-H+SnBu;]" C33HeN,0,Sn,K 11 d
873 | [M+Na-H+SnBu;]* C3sHeN,0,Sn,Na 10 d
851 | M+SnBu,]" CssHeN,04Sn; 46 ;3; gﬁg ;ﬁg 303; 485; 439;
599 | M+K]}* C26H36N,O,SnK 39 291; 177
583 | [M+Na] C>6H3N,0,SnNa 100 275,234, 177
561 | M+H]" CasHyN,0,Sn 21 485; 291
403 | [M-butene-CO,-Bu]* Ci7H19N,O-Sn 20 345
m/z Negative ions Summary formula abulrfzﬁci:‘ée(% ) Observe(igggti;{} MS/MS
1409 | [2*M+SnBu;-2H] Cs4Ho7N4,O5Sn;y 3 559; 515
1119 | [2*M-H] Cs;H71N4OgSn;, 2 559
911 | [M-H+HOSnBu;+CO,]" { C39Hg3N,O;Sn, 6 559
621 | [M-H+H,O +CO,T C,;H5;N,0,8n 6 559; 269
575 | Mecavory-H] Cy6H3sN,055n 4 531; 487
559 | [M-H] C26H35N,04Sn 27 515;401; 344
269 | [M-SnBus] C14HoN,O, 100 225
225 | [M-SnBu;-CO,] C13HoN, O, 5 d

? Interpretation of observed ions in positive-ion tandem mass spectra: m/z 793 [M+H+SnBu;-butane]’; m/z
525 [M+Na-butane]’; m/z 503 [M+H-butane]*; m/z 485 [M+H-butane-H,0]"; m/z 459 [M-+H-butane-
CO,]"; m/z 373 [M+H-butan-2*butene-H,0]"; m/z 345 [M+H-2*butane-butene-C0,]"; m/z 291 [M+K-
HOSnBu;]'; m/z 275 [M+Na-HOSnBu;|"; m/z 253 [M+H-HOSnBu;]"; m/z 177 [SnBu]".

b Interpretation of observed ions in negative-ion tandem mass spectra: m/z 531 [Mahonyi-H-CO»]; m/z 515
[M-H-CO:J'; vz 487 [Megrporxy-H-2*CO,1; m/z 401 [M-H-CO,-butane-butene]’; m/z 344 [M-CO,-3*Bu].

¢ Aldehyde group is oxidized to carboxyl group. ¢ Not observed.
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Table 3.3 Ions observed in the first-order and tandem mass spectra (MS/MS) using electrospray
jonization both in positive-ion and negative-ion modes for compound 2

P Relative Observed ions in MS/MS
m/z Positive ions Summary formula abundance a
spectra
(%)
1337 | [2*M+K]" CssHgs NsOsSn; K 1 978; 688
1321 | [2*M+Na]” CssHssNsOsSn,Na 4 962; 672
978 [M'H(-}'I*'Sl'lBlh]+ C45H¢39N3O3Sn2K i d

962 | [M+Na-H+SnBus]"

C45H(39N303SI‘12N3 4

808; 790; 656; 570; 458

610; 592; 574; 548; 534;

940 | [M+SnBu;]' CasHyoNsO;Sn, 8 | 478: 462; 434: 406; 342; 298

688 | [M+K]" C33HisN;038nK 33 |380

672 | [M+Na]" C33H;N;03SnNa 100 | 500; 364

650 | [M+H]" Cs3HysN;058n 19 342; 314; 298; 197

m/z Negative ions Summary formula a:){:rl::lt;;ze Observe(iSlizgtsr;E MS/MS
(%)

682 | Maeou-HJ C33HesN;05Sn 5 358; 314

648 | [M-HJ' C33HiN3035n 12 |604; 490; 433

575 | [Bu;SnOCOCsHyN,CeH3(OH)COOT | C6H;5N;0s8n 14 d

358 | [M-SnBus] C2 HisN;0; 100|314

314 | [M-SnBu;-CO,] CaoHisN;0 11 209

197 |¢ C1;HoN,0 9 d

* Interpretation of observed ions in positive-ion tandem mass spectra: m/z 808 [M+Na-H+SnBu;-2 *butane-
butene+H,0]"; m/z 790 [M+Na-H+SnBu,-2*butane-butene]*; m/z 656 [M+Na+SnBu;-OSnBus]"; m/z
610 [M-Bu+H,0["; m/z 592 [M-Bu]’; m/z 574 [M-Bu-H,0]"; m/z 570 [M+Na-butan-CO,]"; m/z 548
[M-Bu-CO,]"; m/z 534 [M-Bu-butane]’; m/z 500 [M+Na-2*butane-butene]’; m/z 478 [M-Bu-butane-
butene]’; m/z 462 [M+H-butane-2*butene-H,0]"; m/z 458 [M+Na-CO,-2*butene-butane]’; m/z 434 [M-
Bu-butane-butene-CO,]"; m/z 380 [M+K-HOSnBu;]"; m/z 364 [M+Na-HOSnBu;]"; m/z 342 [M+H-

HOSnBu;]"; m/z 314 [M-HOSnBu;-COJ"; m/z 298 [M+H-HOSnBu;-CO,]".

® Interpretation of observed ions in negative-ion tandem mass spectra: m/z 604 [M-H-CO,]’; m/z 490 [M-
H-butane-butene-CO,]; m/z 433 [M-H-2*butane-butene-CO,]"; m/z 209 [M-SnBu;-CO,-N,-benzene] .

¢ Not identified. ¢ Not observed.
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Table 3.4 Ions observed in the first-order and tandem mass spectra (MS/MS) using electrospray
ionization both in positive-ion and negative-ion modes for compound 3

Relative
mz Positive ions Summary formula |abundance| Observed ionsin MS/MS spectra®
(%)
1465 | [2*M+K]" CesHgoNgOsSn, Br,K 04 1042; 752
1449 | [2*M+Na]" CesHgoNgOsSn, Br,Na 3 1026; 736; 428
1026 | [M+Na-H+SnBu;]" | C4sHesN3O3Sn,BrNa 4 968; 872; 854; 810; 720; 634; 550; 522
1004 | [M+SnBu;]" C1HgN;038n,Br 6 946; 674; 656; 638; 612; 406
752 [M+K]+ C32H40N303$nBrK 8 d
736 | [M+Na)" C3,HyoN;0;SnBrNa 100 520; 428; 298
177 | [SnBu]” C;HySn 5 d
Relative
m/z Negative ions Summary formula |abundance| Observed ionsin MS/MS spectra’
(%)
746 [MztoH-H]_ C32H41N305SHBI' 2 422, 378
712 | [M-H} C;2H39N30;SnBr 14 668; 554; 497, 417; 298
422 } [M-SnBu;] CyH3N;0;Br 100 378; 273
378 | [M-SnBu;-CO,] | C9H;3N;0Br 17 273
197 c Cj;HsN,O 4 d

? Interpretation of observed ions in positive-ion tandem mass spectra: m/z 1042 [M+K-H+SnBu;]"; m/z 968
[M+Na-H+SnBu;-butane]’; m/z 946 [M+SnBus-butane]’; m/z 872 [M-+Na-H+SnBu;-2*butane-
butene+H,0]"; m/z 854 [M+Na-H+SnBu;-2*butane-butene]’; m/z 810 [M+Na-H+SnBu,-2 *butane-butene-
CO.J'; m/z 720 [M+Na+SnBu;-OSnBu;]"; m/z 674 [M-Bu+H,0]"; m/z 656 [M-Bu]*; m/z 638 [M-Bu-
H,0]"; m/z 634 [M+Na-butane-CO,]"; m/z 612 [M-Bu-CO,]"; m/z 550 [M+Na+SnBu;-OSnBu;-2*butene-
butane]’; m/z 522 [M+Na-CO,-2*butene-butane]’; m/z 520 [M+Na-2*butane-butene-CO,]"; m/z 428
[M+Na-HOSnBu;]"; mvz 406 [M+H-HOSnBus]".

® Interpretation of observed ions in negative-ion tandem mass spectra: m/z 668 [M-H-CQO.]’; m/z 554 [M-
H-butane-butene-CO,]; m/z 497 [M-H-2*butane-butene-CO,]"; m/z 417 [M-H-2*butane-butene-HBr-
CO;]"; m/z 298 [M-SnBu;-HBr-CO,J'; m/z 273 [M-SnBu;s-CO,-N,-benzene] .

°Not identified. ¢Not observed.
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Table 3.5 Ions observed in the first-order and tandem mass spectra (MS/MS) using electrospray

ionization both in positive-ion and negative-ion modes for compound 4

Relative
m/z Positive ions Summary formula |abundance Observed ions in MS/MS spectra’
(%)
1361 { [2*M+Na]" Cs4HsoNsOSn>Cl;Na 5 982; 692
[M+Na- . . . . . .
982 H+SnBuy]" C1aHssN303Sn,CiNa 3 828; 810; 766; 676; 590; 504; 478
0; 612; 594; 568; 498; 482; 454; 426;
960 | [M+SnBu,]" CasHerN;0:8n;Cl 6 222’ 612; 594; 568; 498
747 c c 12 d
708 | [M+K]" C32HyoN;05;SnCIK 12 d
692 | [M+Na] C32HioN;03SnCINa 100 384; 310
179 [l“[le’lBLl]+ C4H“Sn 2 d
Relative
m/z Negative ions Summary formula |abundance Observed ions in MS/MS spectra”
(%)
668 | [M-H] C3;H39N;05SnCl 54 624; 510; 453; 298
378 | [M-SnBu,] CooHi3N;O5C 100 334; 229
334 [M'SﬂBU}'COz]_ C19H13N30C1 68 297, 229
197 c CioHgN,O 11 d

* Interpretation of observed ions in positive-ion tandem mass spectra: m/z 828 [M+Na-H+SnBu;-2*butane-
butene+H,0]"; m/z 810 [M+Na-H+SnBu;-2*butane-butene]’; m/z 766 [M-+Na-H+SnBu;-2*butane-
butene-CO,]"; m/z 676 [M+Na+SnBu;-OSnBu;]"; m/z 630 [M-Bu+H,0]"; m/z 612 [M-Bul"; m/z 594
[M-Bu-H,O]"; m/z 590 [M+Na-butane-CO,]"; m/z 568 [M-Bu-CO,]"; m/z 554 [M-Bu-butane]"; m/z 504
[M+Na+SnBu;-OSnBus-2 *butane-butene] ; m/z 498 [M-Bu-butane-butene]”; m/z 482 [M-+H-butane-
2*butene-H,0]"; m/z 478 [M+Na-2*butene-butane-CO,]"; m/z 454 [M-Bu-butane-butene-CO,]"; m/z
400 [M+K-HOSnBu;]"; m/z 384 [M+Na-HOSnBu;]'; m/z 362 [M+H-HOSnBu;]".

® Interpretation of observed ions in negative-ion tandem mass spectra: m/z 624 [M-H-CO,]'; m/z 510 [M-
H-butane-butene-CO,]; mvz 453 [M-H-2*butane-butene-CO;]" ; m/z 298 [M-SnBu;-HCI-CO,]; m/z
297; m/z 229 [M-SnBu;-CO,-N,-benzene] .

°Not identified. ®Not observed.
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Table 3.6 Ions observed in the first-order and tandem mass spectra (MS/MS) using electrospray
ionization both in positive-ion and negative-ion modes for compound §

Relative
m'z Positive ions Summary formula | abundance Observed ions in MS/MS spectra®
(%)
1369 | [2*M+K]" CeoHseNsOsSny K 1 994; 704
1353 | [2*M+Na] CesHgsNsOsSn;Na 4 978; 688; 380
978 |[M+Na-H+SnBu;]" | C4sHgoN30,Sn;Na 4 920; 824; 806; 762; 672; 586; 500; 472
956 [M+SnBu3]+ C4sHeoN30,8n, 8 626; 608; 590; 564; 550, 478; 450; 422; 358
745 c c 15 d
704 | [M+K] Ci3HisN;0,SnK 21 d
688 |[M+Na] C33H43N;0,SnNa 100 380
666 |[M+H] C33HaaN;0,8n 14 358; 330; 314
Relative
m/z Negative ions Summary formula | abundance Observed ions in MS/MS spectra®
(%)
664 | [M-H] C33H42N3048n 30 620; 506; 449
374 |[M-SnBus] Cy1H 6N; O, 100 330; 315
330 | [M-SnBu;-CO,] [ CooHieN30, 9 315
197 C C]2H9N20 2 d

? Interpretation of observed ions in positive-ion tandem mass spectra: m/z 994 [M+K-H+SnBus]"; m/z 920
[M+Na-H+SnBus-butane]; m/z 824 [M+Na-H+SnBu;-2*butane-butene+H,0]; m/z 806 [M+Na-
H+SnBus-2*butane-butene]’; m/z 762  [M+Na-H+SnBu;-2*butane-butene-CO,]"; m/z 672
[M+Na+SnBu3-OSnBu;]"; m/z 626 [M-Bu+H,0]"; m/z 608 [M-Bu]"; m/z 590 [M-Bu-H,0]"; m/z 586
[M+Na-butane-CO,]"; m/z 564 [M-Bu-CO,]"; m/z 550 [M-Bu-butane]”; 500 [M+Na+SnBu;-OSnBus;-
2*butane-butene]”; m/z 478 [M+H-butane-2*butene-H,0]"; m/z 472 [M+Na-2*butane-butene-CO,]";
m/z 450 [M-Bu-butane-butene-CO,]"; m/z 380 [M+Na-HOSnBu;]"; m/z 358 [M+H-HOSnBu;]"; m/z
330 [M+H-HSnBu3-CO,]"; m/z 314 [M+H-HOSnBu;-CO;]".

® Interpretation of observed ions in negative-ion tandem mass spectra: m/z 620 [M-H-CO,]’; m/z 506 [M-
H-butane-butene-COs]’; m/z 449 [M-H-2*butane-butene-CO:]"; m/z 315 [M-SnBu;-CH;-CO-]".

° Not identified. Not observed.
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3.3.1.5 X-ray crystallography

Crystals of the tri-n-butyltin(IV) complexes suitable for an X-ray crystal-structure
determination were obtained from hexane (["Bu;SnL'H], (1)), hexane/dichloromethane
(I"Bu;SnL’H],, (2)) and hexane/chloroform mixture (["Bu;SnL*H] , (4) and ["Bu;SnL’H],, (5)),
by slow evaporation of the solvent at room temperature. The crystal structures of four of the
tri-n-butyltin(IV) complexes 1 {491, 2 [50], 4 [49] and 5 [51] have been determined. The data

collection and refinement parameters are given in Table 3.7.
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Table 3.7 Crystallographic data and structure refinement parameters for the tributyltin(TV)

complexes 1,2, 4and §

1

2

4

5

Empirical formula

C26H36N204Sn

C33H33N;058n

C32H40C|N303$n

C33Hi3N;0,8n

Formula weight

559.18

648.32

668.74

664.32

Crystal size (mm)

0.05x0.15x0.22

0.10 x 0.17 x 0.32

0.17 x 0.25 x 0.27

0.15x0.20 x 0.27

Crystal shape Plate Prism Prism Prism
Temperature (K) 160(1) 160(1) 160(1) 160(1)
Crystal system Triclinic Monoclinic Monoclinic Triclinic
Space group Pl P21/n P2/n P1

a(A) 20.4071(4) 14.1439(2) 14.1136(2) 10.2502(2)
bA) 23.8710(4) 9.9908(2) 9.9787(1) 13.2405(2)
c(A) 26.1342(4) 23.2964(4) 23.2971(3) 23.4197(4)
a(®) 86.3718(9) 90 90 88.548(1)
BC) 66.9966(8) 105.1374(9) 105.3959(7) 86.0704(9)
4] 67.0400(7) 90 90 88.992(1)
V(&) 10730.4(3) 3177.8(1) 3163.31(7) 3169.6(1)
z 16 4 4 4

Dx (gem®) 1.384 1.355 1.404 1.392
p(mm’) 0.983 0.839 0.927 0.845
Transmission factors

(min, max) 0.711, 0.969 0.752, 0.929 0.780, 0.860 0.739, 0.888
260 () 50 55 60 55
Reflections measured | 176976 66753 71033 62292
Independent

reflections (Ryy) 37789 (0.121) 7243 (0.075) 9248 (0.062) 14479 (0.056)
Reflection with

1> 201l) 21227 5802 7081 11074
Number of

parameters 2619 409 390 810
Number of restraints | 2805 77 18 114

R(F) I >20(])

refins) 0.056 0.0367 0.034 0.041
wR(F’) (all data) 0.148 0.088 0.082 0.088
GOF(F®) 1.02 1.06 1.01 1.07

max, min 4p (e/A’) 1.07, -0.74 1.15, -0.62 1.08, -0.59 1.17,-0.77
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All the four structures conform to the same motif in which the carboxylate O atoms of a
single aryl ligand bridge two Sn atoms and the pattern then repeats itself to give a continuous
single-stranded polymeric structure, as illustrated in Figs. 3.3 (for 1), 3.4 & 3.5 (for 2), 3.6 &
3.7 (for 4) and 3.8 (for 5) (see Scheme 3.1 for line diagrams).

1)
X
F } N
Srlf-—o o OH
Bu .

(X =-CH; (2),-Cl (4), -OCH; (5))
Scheme 3.1 A line diagram showing polymeric structures of [Bu;SnLH], complexes

The Sn atoms in each structure have a slightly distorted trans-R;SnO, trigonal
bipyramidal coordination geometry with equatorial butyl groups and carboxylate O atoms
occupying axial positions, one being from each of two aryl ligands. The carboxylate C-O
bond lengths are not equivalent, which shows some distinction between the carbonyl and
carboxylic acid O atoms. Correspondingly, the Sn—O bond lengths involving these O atoms
are also not equivalent, with the Sn—O bond to the carbonyl O atom being the longer, as would
be expected on electronic grounds. Selected geometric parameters for the tri-n-butyltin(IV)
complexes are given in Table 3.8 except for 1 (corresponding parameters for 1 are equivalent
with 4). The length of the intramolecular Sn--O(2) separation in 2 (3.1371(18) A), 4 (3.138(2)
A), and 5 (3.221(2) A)) is similar for the corresponding interactions in 1. Although these
distances are well inside the sum of the van der Waals radii of the Sn and O atoms (ca. 3.6 A),
there does not appear to be any significant distortion of the trigonal bipyramidal coordination

geometry as a result of this contact.
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Fig.3.3 One of the two symmetry-independent three-unit segments of the polymeric
[Bu;SnL'H], chain in the asymmetric unit of 1 (50% probability ellipsoids).

C25a

Fig. 3.4 View of the asymmetric unit of 2, showing the atom-labelling scheme (50%
probability ellipsoids). Only one conformation of the disordered n-butyl groups

is shown.
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Fig. 3.5 A three-unit segment of the polymeric [Bu;SnL’H], chain in 2 (50% probability

ellipsoids). H atoms have been omitted for clarity.

Fig. 3.6 The asymmetric unit of [Bu;SnL*H], 4 showing the atom-labelling scheme (50%
probability ellipsoids).
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Cl

Fig. 3.7 A three-unit segment of the polymeric [Bu;SnL*H], chain in 4 (50% probability
ellipsoids).
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Fig. 3.8 A segment of the polymeric [Bu;SnL°H], chain in 5 showing the asymmetric unit plus
one additional [BusSnL’H] unit (50% probability ellipsoids, only one of the disordered

conformations of the ligands is shown).
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Table 3.8 Selected bond lengths (A) and angles (°) for the tributyltin(IV) complexes® 2, 4 and 5

Geometric 2 Geometric 4 Geometric 5
Parameter Parameter Parameter

Sn-O(1) 2.456(18) Sn-O(1) 2.21322) | Sn()-O(1) 2.425(2)
Sn-0Q2) 2.2087(18) | Sn-O(2)’ 2.454(2) | on(1)-O(6) 2.218(2)
Sn-O(1)' 3.1371(18) | Sn~O(2) 3.138(2) | Sn(1)-O(5)’ 3.172(2)
Sn-C(22) 2.149(3) Sn-C(21) 2.143(2) | Sn(1)-C(47) 2.145(3)
Sn-C(26) 2.148(2) Sn-C(25) 2.147(2) | Sn(1)-C(43a) 2.150(4)
Sn-C(30) 2.135(3) Sn-C(29) 2.1342) | Sn(1)-C(51) 2.13303)
O(1)-Sn-OQ2)" | 173.26(6) O(1)-Sn-0(2)’ 173.19(5) | O(1)-Sn(1)-O(6)’ 173.89(7)
O(1)-Sn-C(22) | 89.3209) O(1)-Sn-C(21) | 96.25(7) | O(1)-Sn(1)-C(47) 91.1(1)
O(1)-Sn-C(26) | 84.17(9) O(1)-Sn-C(25) [ 89.68(8) | O(1)-Sn(1)-C(43a) 83.6(3)
O(1)-Sn-C(30) | 86.40(9) O(1)-Sn-C(29) 1 93.12(7) | O(1)-Sn(1)-C(51) 86.0(1)
O(2)-Sn-C(22) | 96.22(9) O2)-Sn-C(21) | 89.80(7) | O(6)-Sn(1)-C(7) 93.0(1)
O(2)-Sn-C(26) | 89.67(9) O(2)-Sn-C(25) | 84.55(7) | O(6)-Sn(1)-C(43a) | 90.4(3)
O(2)-Sn-C(30) | 93.88(9) 0(2)-Sn-C(29) | 86.19(7) | O(6)-Sn(1)-C(51) 95.6(1)
C(22)-Sn-C(26) | 121.0(11) C(21)-Sn-C(25) | 120.58(9) | C(43a)-Sn(1)-C(47) | 119.4Q2)
C(22)-Sn-C(30) | 122.01(11) | C(21D)-Sn-C(29) | 122.68(9) | C(47)-Sn(1)-C(51) 122.6(1)
C(26)-Sn-C(30) | 115.99(11) | C(25)-Sn-C(29) | 115.88(9) | C(43a)-Sn(1)-C(51) | 117.1(2)

“ Atom labels with superscript ’ refer to atoms from the next symmetry-related ligand in the
polymeric chain.
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In 2 and 4, the asymmetric unit of the crystal structure contains just one of the principle
chemical units, which then repeats to form the polymeric structure. By contrast, the
asymmetric unit in 1 contains two symmetry-independent fragments of the polymer, with each
fragment being comprised of four repeats of the principle chemical unit. Thus there are eight
symmetry-independent Sn atoms in the structure. In 5, the asymmetric unit contains two
repeats of the principal chemical unit and the structure is built from adjacent SnBu; moieties
bridged by the two carboxylate oxygen atoms of a single aryl ligand, with the pattern then
continuing indefinitely.

The hydroxy group in each ligand forms an intraligand hydrogen bond with the adjacent
aldehyde O atom in 1 and with the adjacent imino N atom in 2, 4 and 5. Some of the butyl groups
in each structure are disordered, as is common for complexes involving the Bu;Sn core (see
Section 3.4). In 5, the methoxy methyl group of one of the two symmetry-independent
carboxylate ligands is also disordered over two conformations, which differ by an approximately
180° rotation about the C(ring)-O bond.

The structures of all the tri-n-butyltin(IV) complexes correspond with the type II
polymeric motif described by Willem et al. for related R;SnO,CR' compounds [38] and the
general description of the structure of [Me;Sn(O,CR")], (R' = 2-[(E)-2-(2-hydroxy-5-
methylphenyl)- 1-diazenyl]benzoate) given there applies equally well to 1, 2, 4 and 5. As in the
earlier report [38], the polymeric chain in the structures of both 1 and 4 propagates in a 2, screw
fashion, with this being a crystallographic 2, screw axis in the case of 2 and 4 and a non-
crystallographic pseudo-2, screw axis in 1 and 5.

In 1, the eight symmetry-independent Sn---Sn distances range from 5.1288(9) to 5.548(1)
A. In 2, The repeat Sn-Sn distances in 2 and 4 are 5.2583(3) A and 5.2601(2) A, respectively
while in 5 are 5.3520(3) and 5.3200(3) A, which agrees very well with the mean repeat distance
found in other type II carboxylate-bridged triorganotin species of 5.19 = 0.21 A [38], i.e., the
repeat distance is independent of the nature of the tin-bound substituents and carboxylate
residues.

The polymeric structures of 1, 2, 4, and 5 contrast with the ESI-MS data, where the
polymeric ions have only low relative abundances in the positive ion ESI-MS and are totally
absent in the negative ion ESI-MS which may be caused by easy fragmentation of polymeric

species and decomposition of polymers upon dissolution.
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3.3.2 Triphenyltin(IV) complexes of L'HH’-L*HH’ (Ph;SnL'*H)

The triphenyltin(IV) complex of formulation Ph;SnL'H.OH, is obtained by the
azeotropic dehydration of a mixture of Ph;SnOH and 2-[(E)-2-(3-formyl-4-hydroxyphenyl)-1-
diazenyl]benzoic acid (L'HH’) in a 1:1 molar ratio in an anhydrous toluene. The structure of
the complex was confirmed by X-ray diffraction and NMR ('H and "’C) studies by Basu Baul
et al. [33]. "Sn- NMR, "°™Sn Mdssbauer and electrospray mass spectrometry (ESI-MS) data
for Ph;SnL'H.OH, have now been obtained and included for convenience of discussion.

The  triphenyltin(IV)  complexes of  2-{(E)-4-hydroxy-3-[(E)-4-(aryl)imino-
methyl]phenyldiazenyl}benzoic acids (L**’HH’) have been characterized by IR, 'H, “C, '"°Sn
NMR, '®™Sn Méssbauer and electrospray mass spectrometry (ESI-MS) techniques. The crystal
structures of three compounds, viz., [Ph;SnL’H], (2), [ PhsSnL*H], (3) and ["Ph;SnL’H]; (5) are
reported.

3.3.2.1 Infrared data

The diagnostically important infrared absorption frequencies for the carboxylate
antisymmetric [V,,m(OCO)] stretching vibration of the triphenyltin complexes (2-5) are given
below. The assignment of the symmetric [v4,m(OCO)] stretching vibration band could not be
made owing to the complex pattern of the spectra. The antisymmetric [v,,m(OCO)] stretching
vibration band of the uncomplexed ligands (L*°’HH’) appears at ~1725 cm™ [49]. In the
triphenyltin(IV) complexes, the carbonyl stretching frequency appears at ~1620 cm™. The shift of
the band relative to its position for the free ligand is ascribed to carboxylate coordination in

accordance with earlier reports [49,36,37].

3.3.2.2'H, °C and '’Sn NMR data

The 'H- and "’C- NMR data of L>*HH’ are reported in our earlier ref. [49] and are also
presented in Chapter 2. The conclusions drawn from the ligand assignments were then
subsequently extrapolated to the complexes owing to the data similarity. The 'H- and "’C-
chemical shift assignments (listed below) of the triphenyltin moiety are straightforward from the
multiplicity patterns, resonance intensities and also by examining the "J("’C-'"""""Sn) coupling

constants [36-38]. The 'H-NMR integration values were completely consistent with the
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formulation of the products. The '"*Sn-NMR chemical shifts of the triphenyltin(IV) complexes
(2-5) in CDCI; solution are listed in Table 3.9. The complexes exhibit a single sharp resonance at
ca. -109 ppm, suggesting that the complexes are isostructural in solution where the tin atom is
four-coordinate [36,38,40]. In contrast, the solid-state polymeric structures found for complexes 2
and 3, and the dimeric structure observed for complex § reveal five-coordinate tin atoms (vide
infra). It is anticipated that the multi-nuclear structures break down in solution to generate a
monomeric four-coordinate tetrahedral structure [38].

The basic ligand frame-work is shown in Figs. 2.1- 2.2 along with the abbreviations
and numbering schemes for spectroscopic analyses. Numbering scheme for Sn-Ph skeleton as

shown below:

* L
:
Sn@ 4‘

The detailed spectral features for complexes 1-5 are given below:

3.3.2.2.1 Ph;SnL'H.OH, (1)

ESI-MS data: MW = 620 (Ph3SnL'H). Positive-ion MS: m/z 659 [M+K]", 100%; m/z
643 [M+Na]"; m/z 463. MS/MS of m/z 659: m/z 581 [M+K-benzene]'; m/z 537 [M+K-CO»-
benzene]”; m/z 503 [M+K-2*benzene]"; m/z 291 [M+K-HOSnPh;]". MS/MS of m/z 643: m/z
565 [M+Na-benzene]”; m/z 521 [M+Na-CO,-benzene]'; m/z 487 [M+Na-2*benzene]’; m/z
351 [SnPhs]"; m/z 275 [M+Na-HOSnPhs]'; m/z 270. Negative-ion MS: m/z 619 [M-H]; m/z
439 [Ph;SnCH-CI+H,07; m/z 269 [L'HT, 100%; m/z 225 [L'H-CO,]; m/z 197 [L'H-CO-CO,]
. MS/MS of m/z 619: m/z 575 [M-H-CO,]; m/z 547 [M-H-CO-CO,]. MS/MS of m/z 439: m/z
351 [PhsSn]. MS/MS of m/z 269: m/z 225 [L'H-CO,]; m/z 197 [L'H-CO-CO,]. MS/MS of
m/z 225: m/z 197 [L'H-CO-CO,]. MS/MS of m/z 197: m/z 170 [L'H-CO-CO,-N,]"; m/z 92
[L'H-CO-COZ-Nz-benzene]".

3.3.2.2.2 PhsSnL’H (2)

IR (cm™): 1619 V(OCO)yym 'H-NMR (CDCl; / 400.13 MHz); 8,: 14.0 [brs, 1H, OH],
8.38 [s, 1H, C(H)=N], 7.91 [d, 1H, B) H6], 7.81 [m, 2H, (B) H4 & (C) H3], 7.57 [m, 2H, (C) H4
& H6], 7.41 [m, 1H (C) H5), 7.28 [part of AA’BB’ system, 2H, (A) H2 & H6], 7.19 [part of
AA’BB’ system, 2H, (A) H3 & H5), 6.99 [d, 1H (B) H3], 2.41 [s, 3H, CHj;]; Sn-Ph: 7.75 [m, 6H,
H2%*], 7.41 [m, 9H, H3* & H4*] ppm. "C-NMR (CDCl; / 100.62 MHz); 3.: 174.6 [COO], 164.4
[(B) C2], 161.2 [C(H)=N], 152.0 [(C) C1], 145.7 [(B) C5], 145.1 [(A) C1], 138.4 [(A) C4], 131.6
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[(C) C5], 130.5 [(C) C2], 130.1 [(A) C3 & C5], 129.2 [(C) C4], 128.6 [(C) C3], 128.3 [(B) C6],
127.9 [(B) C4], 121.1 [(A) C2 & C6], 118.8 [(B) C1], 118.7 [(C) C6], 118.1 [(B) C3], 21.1 [CH;];
Sn-Ph: 137.5 [C1*], 136.9 [C2*], 130.1 [C4*], 128.9 [C3*] ppm. MW = 709. Positive-ion MS:
m/z 1457 [2*M+K]"; m/z 1441 [2*M+Na]’; m/z 1060 [M+SnPh;]"; m/z 748 [M+K]’, 100%; m/z
732 [M+Na]"; m/z 710 [M+H]". MSMS of m/z 1457: m/z 1100 [M+K+HSnPh]'; m/z 748
[M+K]". MS/MS of m/z 1441: m/z 1084 [M+Na+HSnPh;]"; m/z 732 [M+Na]'. MS/MS of m/z
1060: m/z 982 [M-benzene+SnPh;]"; m/z 904 [M-2*benzene+SnPh;}"; m/z 650 [M-Ph+H,0];
m/z 632 [M-Ph]"; m/z 588 [M-Ph-CO,]"; m/z 554 [M-Ph-benzene]’. MS/MS of m/z 732: m/z 364
[M+Na-HOSnPhs]*. MS/MS of m/z 710: m/z 632 [M-benzene+H]"; m/z 588 [M-+H-benzene-
CO,]"; m/z 554 [M+H-2*benzene]’; m/z 342 [M+H-HOSnPh;]". Negative-ion MS: m/z 720
[L'H+Ph,SnCl,+H,0]; m/z 708 [M-HT; m/z 553; m/z 439 [Ph;SnCHCHH,O]; m/z 358 [L'HT,
100%; m/z 314 [L'H-CO.J; m/z 269 [L’H]. MSMS of m/z 720: m/z 358 [L'H]; m/z 314 [L'H -
COs]". MS/MS of m/z 708: m/z 664 [M-H-CO,]. MS/MS of m/z 439: m/z 351 [Ph;Sn]. MS/MS
of m/z 358: m/z 314 [L'H -CO,J".

3.3.2.2.3 Ph;SnL’H (3)

IR (cm™): 1622 v(OCO).qym. 'H-NMR (CDCl; / 400.13 MHz); 8:: 13.5 [brs, 1H,0H], 8.47
[s, tH, C(H)=N], 7.91 [d, 1H, (B) H6], 7.82 [m, 2H, (B) H4 & (C) H3], 7.56 [m, 3H, (C) H4, HS
& H6], 7.41 [part of AA’MM’ system, 2H (A) H2 & H6], 7.12 [part of AA’MM’ system, 2H (A)
H3 & HS], 6.90 [d, 1H, (B) H3]; Sn-Ph: 7.75 [m, 6H, H2*], 7.41 [m, 9H, H3* & H4*] ppm. "°C-
NMR (CDCl;/ 100.62 MHz); éc: 174.3 [COO], 164.0 [(B) C2], 162.7 [C(H)=N], 152.2 [(C) C1],
146.9 [(B) C5], 145.8 [(A) C1], 132.6 [(A) C3 & C5], 131.6 [(C) C5], 130.5 [(C) C2], 129.3 [(A)
C4], 129.2 [(C) C3], 128.4 [(B) C4], 122.9 [(A) C2 & C6], 120.9 [(A) C4], 118.7 [(B) C1], 118.6
[(C) C6], 118.1 [(B) C3]; Sn-Ph: 138.4 [C1*], 136.9 [C2*], 130.2 [C4*], 128.9 [C3*]. MW =
773. Positive-ion MS: m/z 1585 [2*M+K]"; m/z 1569 [2*M+Na]’; m/z 812 [M+K]", 100%; m/z
796 [M+Na]"; m/z 463. MSMS of m/z 1585: m/z 1164 [M+K+HSnPh:]"; m/z 812 [M+K]'.
MS/MS of m/z 1569: m/z 1148 [M+Na+HSnPh;]"; m/z 796 [M+Na]’. MS/MS of m/z 796: m/z
428 [M+Na-HOSnPh;]'. Negative-ion MS: m/z 772 [M-H]; m/z 439 [Ph;SnCH-CHH,OT; m/z
422 [L*H], 100%; m/z 378 [L’H-CO,]; m/z 269 [L°H]. MS/MS of m/z 772: m/z 728 [M-H-
CO,]. MS/MS of m/z 439: m/z 351 [Ph;Sn]. MS/MS of m/z 422: m/z 378 [L*H-CO,]".
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3.3.2.2.4 Ph;SnL’H (4)

IR (cm™): 1616 V(OCO),qym. 'H-NMR (CDC};/ 400.13 MHz); 3: 13.6 [brs, 1H, OH], 8.31
[s, 1H, C(H)=N], 7.91 [d, 1H, (B) H6], 7.83 [m, 2H, (B) H4 & (C) H3], 7.57 [m, 2H, (C) H4 &
H6], 7.42 [m, 3H (A) H2 & H6 and (C) H5], 7.19 [part of AA’BB’ system, 2H, (A) H3 & H5],
7.0 [d, 1H, (B) H3]; Sn-Ph: 7.75 [m, 6H, H2*)], 7.42 [m, 9H, H3* & H4*] ppm. "C-NMR (CDCl,
/ 100.62 MHz); 8¢: 174.5 [COO}, 164.0 [(B) C2], 162.6 [C(H)=N], 152.2 [(C) C1], 146.4 [(B)
C5], 145.8 [(A) C1], 138.4 [(A) C4], 131.6 [(C) C5], 130.6 [(C) C2], 130.2 [(A) C3 & C5], 129.7
[(C) C4], 129.2 [(C) C3], 128.6 [(B) C6], 128.4 [(B) C4] 122.5 [(A) C2 & C6], 118.6 [(B) C1],
118.3 [(C) C6), 118.1 [(B) C3]; Sn-Ph: 138.4 [C1*], 136.9 [C2*], 130.2 [C4*], 128.9 [C3*] ppm.
MW = 729. Positive-ion MS: m/z 1497 [2*M+K]"; m/z 1481 [2*M+Nal"; m/z 768 [M+K]",
100%; m/z 752 [M+Na]’; m/z 463. MS/MS of m/z 1499: m/z 1120 [M+K+HSnPh;]"; m/z 768
[M+K]". MSMS of m/z 1483: m/z 1104 [M+Na+HSnPh;]*; m/z 752 [M+Na]*. MS/MS of m/z
752: m/z 384 [M+Na-HOSnPh;]"; m/z 351 [SnPh;]". Negative-ion MS: m/z 728 [M-H]; m/z 439
[PhsSnCHCIHH,0T; m/z 378 [L°HT, 100%; m/z 334 [L*H-CO,]’; m/z 269 [L°*H]. MS/MS of m/z
728: m/z 684 [M-H-CO,J. MS/MS of m/z 439: m/z 351 [Ph;Sn]. MS/MS of m/z 378: m/z 334
[L*H-CO,].

3.3.2.2.5 Ph;SnL’H (5)

IR (cm™): 1619 V(OCO)ssym. 'H-NMR (CDCL / 400.13 MHz); 8: 14.0 [brs, 1H, OH],
8.48 [s, 1H, C(H)=N], 7.91 [d, 1H, (B) H6], 7.80 [m, 2H, (B) H4 & (C) H3], 7.57 [m, 2H, (C) H4
& H6], 7.40 [m, 1H (C) H5], 7.26 [part of AA’MM’ system, 2H, (A) H2 & H6], 6.98 [m, 3H, (A)
H3 & H5 and (B) H3], 3.89 [s, 3H, OCH;]; Sn-Ph: 7.75 [m, 6H, H2*], 7.40 [m, 9H, H3* & H4*]
ppm. “C-NMR (CDCls/ 100.62 MHz); 5c: 174.8 [COO], 164.2 [(B) C2], 159.9 [C(H)=N], 159.4
[(A) C4], 152.3 [(C) C1], 145.6 [(B) C5], 140.6 [(A) C1], 131.6 [(C) C5], 130.6 [(C) C2], 129.2
[(C) C4], 128.6 [(C) C3], 128.1 [(B) C6], 127.7 [(B) C4], 122.4 [(A) C2 & C6], 118.9 [(B) Cl1],
118.7 [(C) C6], 118.0 [(B) C3], 114.8 [(A) C3 & C5], 55.6 [OCH]; Sn-Ph: 138.4 [C1*], 136.9
[C2*], 130.2 [C4*], 128.9 [C3*] ppm. MW = 725. Positive-ion MS: m/z 1489 [2*M+K]'; m/z
1473 [2*M+Na]’; m/z 1076 [M+SnPh;]"; m/z 764 [M+K]', 100%; m/z 748 [M+Na]"; m/z 726
[M+HT". MS/MS of m/z 1489: m/z 1116 [M+K+HSnPhs]'; m/z 764 [M+K]". MS/MS of m/z
1473: m/z 1100 [M+Na+HSnPh;]'; m/z 748 [M+Na]". MSMS of m/z 1076: m/z 998 [M-
benzene+SnPh;]"; m/z 920 [M-2*benzene+SnPh;]"; m/z 666 [M-Ph+H,0]"; m/z 648 [M-Ph]’;
m/z 604 [M-Ph-CO,]". m/z 570 [M-Ph-benzene]". MS/MS of m/z 764: m/z 686 [M+K-benzene]';
m/z 642 [M+K-benzene-CO,}"; m/z 396 [M+K-HOSnPh;]"; m/z 270. MS/MS of m/z 748: m/z
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626 [M+Na-benzene-CO,]"; m/z 380 [M+Na-HOSnPh;]". MS/MS of m/z 726: m/z 648 [M+H-
benzene]’; m/z 604 [M-+H-benzene-CO,]"; m/z 570 [M+H-2*benzene]”; m/z 358 [M+H-
HOSnPh;]". Negative-ion MS: m/z 1099 [M-+ligand]’; m/z 736 [L*H+Ph;SnChL+H,0]’; m/z 724
[M-HT; m/z 553; m/z 439 [Ph;SnCI+C1+H,0]; m/z 374 [L*H],, 100%; m/z 330 [L*H-CO,]; m/z
269 [L’H]. MS/MS of m/z 1099: m/z 374 [L*H]. MSMS of m/z 736: m/z 374 [L*H]; m/z 330
[L*H-CO,]; m/z 315 [L*H-CO,-CHs]". MS/MS of m/z 724: m/z 680 [M-CO,]; m/z 665 [M-
CO,-CH;]". MSMS of m/z 439: m/z 351 [Ph;Sn]. MS/MS of m/z 374: m/z 330 [L*H-CO,]; m/z
315 [L*H-CO,-CH4J".

Table 3.9 '"Sn-NMR data (5, ppm) and 'Sn Mossbauer parameters (mm s') for the
triphenyltin(IV) complexes 1-5

Complex Sp-NMR "°Sn Mossbauer data’
data” S A p=A/8 I I;
Ph;SnL'H.OH, (1) -109.7 1.24 3.00 242 0.90 0.92
Ph;SnLH (2) -109.8 1.27 3.05 2.40 0.85 0.91
Ph;SnL°H (3) -109.7 1.26 2.97 2.36 0.88 0.87
Ph;SnL*H (4) -109.8 1.25 2.98 2.38 0.84 0.80
Ph;SnL°H (5) -108.0 1.30 3.30 2.53 0.84 0.95

*Complex numbers are in parentheses. ° In CDCl; solution.
¢ Parameters: 8, isomer shifts; A, quadrupole splitting; 77 and I5: line widths.

3.3.2.3 '°Sn Méssbauer data

The ''°Sn Méssbauer results from the triphenyltin(IV) complexes are listed in Table 3.9.
The ratio of the quadrupole splitting (A) value to isomer shift (8) value (p = A/8) can be used to
distinguish between the different coordination states of the central tin atom [43]. Tin compounds
which are four coordinate have p values less than 1.8 while p values larger than 2.1 would
indicate compounds with greater than four coordination. All the complexes have similar
d, A parameters and p values greater than 2.1 suggesting that the complexes are isostructural with
a coordination number greater than four. Furthermore, the triphenyltin(IV) complexes exhibited
A values of ~3.00 mm s which correspond with a trigonal bipyramidal geometry around the tin

atom [44,52,53] and is in agreement with structures determined from X-ray crystallography (see
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Section 3.3.2.5) after ignoring the long Sn~-O contact, which has no effect on the trigonal

bipyramidal geometry.

3.3.2.4 Electrospray mass spectrometry

The ESI mass spectra of the triphenyltin(IV) complexes (1-5; see Section 3.3.2) are very
complex due to the formation of various unexpected adducts and the presence of a wide range of
fragment ions in the first-order mass spectra, which complicates the interpretation of the spectra
[54-58). The assignments of the individual ions are therefore based on the combination of
measurements of positive-ion, negative-ion and multistage tandem mass spectrometric (MS")
experiments, which provide the most comprehensive and reliable results for the structure
confirmation [45-48]. The typical ions in the first-order positive-ion ESI mass spectra are the
sodium and potassium ion adducts with the molecule, which is used for the determination of the
molecular weights (MW) of the organotin(IV) compounds 1-5. Moreover, the dimeric ions
[2*M+K]" and [2*M+Na]" with significantly lower relative abundances are present as well. The
presence of these dimeric ions, together with their tandem mass spectra, is a useful tool for the
confirmation of the MW. The formation of other unusual adducts is observed, such as adducts
with the triphenyltin fragment ion (e.g, [M-benzene+SnPhs]"), water or Ph,SnCl,. The
correctness of these assignments was supported by comparison of the theoretical and
experimental isotopic distributions and tandem mass spectrometric experiments. The formation of
similar adducts has already been reported in the literature [54]. The base peaks of the first-order
negative ESI mass spectra are the [ligand]” ions (i.e., [M-SnPh;]" written in the different notation),
which are formed by cleavage of the most labile bond between the tin and oxygen atoms. The
deprotonated molecule [M-H] is also observed in the spectra and confirm the MS assignment.
The characteristic neutral losses in the tandem mass spectra, such as CO, CQO,, acetic acid,

benzene, HOSnPh;, etc., show the presence of these functionalities in the structures.

3.3.2.5 X-ray crystallography

Crystals of the triphenyltin(IV) complexes suitable for an X-ray crystal-structure
determination were obtained from chloroform ([Ph;SnL’H], (2)), benzene/hexane ([Ph;SnL’H],
(3)) and benzene ([Ph;SnL'H]; (5)) by slow evaporation of the solvent at room temperature. The
crystal structures of three of the triphenyltin(IV) complexes 2, 3 and 5 [20] have been determined.

The data collection and refinement parameters are given in Table 3.10.
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Table 3.10 Crystallographic data and structure refinement parameters for the triphenyltin(IV)

complexes 2, 3 and 5

2 3 5
Empirical formula C3oH3N3;O5Sn C33H3 BrN;O;Sn C;3HeaNsOsSn,
Formula weight 708.29 773.16 1448.58
Crystal size (mm) 0.10 x0.12 x 0.35 0.05 x 0.22 x 0.27 0.05 x 0.20 x 0.25
Crystal shape Tablet Plate Plate
Temperature (K) 273(1) 160(1) 160(1)
Crystal system Monoclinic Monoclinic Triclinic
Space group P2i/c P2y/c Pl
a (R) 9.5782(1) 9.9665(1) 9.3588(3)
b (A) 15.7608(2) 15.5199(2) 11.1570(3)
c(A) 22.0905(3) 21.4797(2) 16.0416(5)
a (%) 90 90 79.173(2)
B 98.8889(7) 101.2908(8) 80.388(1)
7(9) 90 90 77.642(2)
V(A% 3294.73(7) 3258.16(6) 1592.98(8)
4 4 4 1
D, (gcm™) 1.428 1.576 1.510
4 (mm’) 0.817 2.056 0.849
Transmission factors (min,
max) 0.820, 0.932 0.581, 0.912 0.835, 0.980
20 max (°) 55 60 60
Reflections measured 72870 78938 41734
Independent reflections (Ri) | 7563 (0.068) 9509 (0.094) 9281 (0.079)
Reflections with 7 > 2o(/) 5519 7292 6941
Number of parameters 420 419 429
R(F) (I >2 (1) reflns) 0.036 0.038 0.043
wR(F°) (all data) 0.093 0.094 0.091
GOF(F) ]1.05 1.04 1.03
max, min Ap (e/A%) 0.95, -0.65 0.90, -1.31 0.54,-1.15
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The crystal structures of all the three complexes are illustrated in Figs. 3.9 & 3.10 (for 2), 3.11
& 3.12 (for 3) and 3.13 (for 5) (see Scheme 3.2 for line diagrams).
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Scheme 3.2 A line diagram showing polymeric- [PhsSnL’H], (2), [Ph;SnL*H], (3)

and dimeric- [Ph;SnL°H]; (5) structures of complexes

The crystal structures of triphenyltin(IV) complexes 2 and 3 are isostructural and the
principal geometric parameters do not differ significantly (Table 3.11). Both compounds
exhibit the same polymeric trans-R;SnQ, structural motif, in which adjacent SnPh; moieties
are bridged by a single carboxylate ligand via one carboxylate O-atom and the phenoxide O-

atom, with the pattern then continuing indefinitely, as illustrated in Figs. 3.11 and 3.12. Each
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Sn-atom has a slightly distorted trigonal bipyramidal coordination geometry with equatorial
phenyl groups and the carboxylate and phenoxide O atoms from two different carboxylate
ligands occupying axial positions. A polymeric structure with a similar mode of coordination
and geometry about the Sn-atom was observed in Ph;Sn(2-OHCH,C(H)=NCH,COO), [52].
The carbonyl O-atom of the carboxylate group of the carboxylate ligand in 2 and 3 also
coordinates very weakly to the Sn-atom via long Sn-~-O(2) bonds of 3.071(2) and 3.092(2) A,
respectively. Although these long Sn--O(2) distances are well inside the sum of the van der
Waals radii of the Sn and O atoms (ca. 3.6 A), there does not appear to be any major distortion
of the trigonal bipyramidal Sn-coordination geometry as a result of this contact. Similar
additional weak Sn--O coordination was also observed in the structures of related polymeric

["'BusSnLH], derivatives [49,51].

Table 3.11 Selected bond lengths (A) and angles (°) for 2, 3and 5 *

2 3 5
Sn-O(1) 2.155(2) 2.163(2) 2.161(2)
Sn-0(3)’ 2.380(2) 2.370Q2) 2.367(2)
Sn--0(2) 3.071(2) 3.092(2) 3.253(2)
Sn-C(22) 2.130(3) 2.136(3) 2.133(3)
Sn-C(28) 2.141(3) 2.138(3) 2.145(3)
Sn-C(34) 2.142(3) 2.144(3) 2.141(3)
O(1)-Sn-0(3)' 170.70(7) 172.71(7) 173.11(6)
O(1)-Sn-C(22) 90.38(9) 89.42(8) 100.36(8)
O(1)-Sn-C(28) 89.17(9) 89.26(8) 95.38(9)
O(1)-Sn-C(34) 97.25(9) 96.38(8) 83.01(8)
0(3)'-Sn-C(22) 86.42(9) 89.74(8) 83.98(8)
0(3)-Sn-C(28) 84.74(8) 84.75(8) 87.23(8)
O(3)'-Sn-C(34) 91.31(9) 89.50(8) 90.31(8)
C(22)-Sn-C(28) 118.8(1) 118.2(1) 117.5(1)
C(22)-Sn-C(34) 132.9(1) 132.9(1) 115.1(1)
C(28)-Sn-C(34) 107.8(1) 108.6(1) 126.7(1)

a

Atom labels with superscript “i” refer to atoms from (i) the next symmetrically-related ligand in
the polymeric chain for 2 and 3 (Symmetry code: 1-x, %+y, %-z) and (ii) the

centrosymmetrically related ligand in the dinuclear moiety for 5 (Symmetry code: -x, 1-y, 1-
z)
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Although the same slightly distorted trigonal bipyramidal #ans-R;SnO, structural motif
is found in complex 5, the polymeric structures found for 2 and 3 are not repeated in the structure
of 5. Instead, the structure of 5 consists of discrete cyclic centrosymmetric dimers with two Ph;Sn
entities being bridged by two carboxylate anions through their carboxylate and phenoxide O-
atoms (Fig. 3.13). Despite the dimerization instead of polymerization, the coordination geometry
about the Sn-atom is virtually the same as that found for complexes 2 and 3 (Table 3.11),
including the presence of the additional weak Sn--O(2) interaction of 3.253(2). The tin atom
coordination geometry found for complexes 2, 3 and 5 is in good agreement with that inferred
from '"*"Sn Méssbauer spectroscopy (see Section 3.3.2).

The bridging of the Sn-atoms via one carboxylate and the phenoxide O-atoms of the
carboxylate ligand in the structures of complexes 2, 3 and 5 is in stark contrast to the mode
present in the structures of the related polymeric ["BusSnlL.H], derivatives [49,51], where both
carboxylate O-atoms are involved in the bridge and the phenolic O-atom is non-coordinating. As
the LH ligands are closely related in all of these structures, the change in ligand coordination
mode must be influenced by the steric influence of the core R;Sn moiety. The flexible and less
bulky Bu;Sn moieties allow coordination by both carboxylate O-atoms of the carboxylate ligand,
so that there is only a short O-C-O spacer between adjacent Sn-atoms. In such arrangements,
known as the type II polymeric motif for R;SnO,CR' compounds [38], the Sn---Sn distance has
been found to be in the range of 5.1-5.6 A [49,59]. The more bulky arrangement caused by the
phenyl groups about the PhySn core does not allow sufficient room for adjacent Sn-atoms to be
separated by only an O-C-O spacer, so the much larger 11 atom spacer offered by the use of the
phenoxide O-atom as the second coordinating atom of the ligand in complexes 2, 3 and 5 is
preferred. The coordination mode observed in complexes 2, 3 and 5 results in much larger Sn--Sn
distances of 8.2725(3), 8.0508(3) and 7.9219(4) A, respectively. These results suggest that the
preferred coordination mode of 2-{(E)-4-hydroxy-3-[(E)-4-(aryl)imino-
methyl]phenyldiazenyl}benzoic acids (L*’HH’) and related ligands is via both carboxylate O-
atoms when steric conditions permit.

The carboxylate ligand in complexes 2, 3 and 5 is in a zwitterionic form similar to that
found for the structure of L’HH’ [20] (see Chapter 2 for X-ray results), as the H-atom was clearly
located and refined to a position close to the imine N-atom, rather than being near to the phenolic
O-atom. The N(3)-H and H--O(3) distances are in the range 0.77-0.83 A and 1.92-1.95 A and
show that the imine N-H group forms an intramolecular hydrogen bond with the phenoxide O(3)

atom. The zwitterionic nature of the ligand in these triphenyltin(IV) complexes is in contrast to
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the arrangement found in the tri-n-butyltin(IV) analogues where the phenolic H-atom remains
associated with the phenolic O-atom [49,51]. The preference for the formation of the zwitterionic
form of the ligand in complexes 2, 3 and 5 may be a result of the coordination of the phenoxide
O-atom to the Sn-atom, whereas the phenolic O-atom is not involved in coordination in the tri-n-
butyltin(IV) analogues. Nonetheless, zwitterionic forms are quite commonly encountered in

similar systems [52,60-62].

Fig. 3.9 The asymmetric unit of [Ph;SnL?H], (2) showing the atom-labelling scheme (50%
probability ellipsoids).
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Fig. 3.10 A three-unit segment of the polymeric [Ph;SnL’H], chain in 2 (50% probability
ellipsoids).

Fig. 3.11 The asymmetric unit of [Ph;SnL’H], (3) showing the atom-labelling scheme
(50% probability ellipsoids).
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Fig. 3.12 A three-unit segment of the polymeric [Ph;SnL*H], chain in 3 (50% probability

ellipsoids).
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Fig. 3.13 The cyclic dinuclear moiety of [Ph;SnL’H], (5) with the atom-labelling scheme
(50% probability ellipsoids).

76



3.3.3 Tribenzyltin(IV) complexes of L'HH’-L*HH’ (Bz;SnL'"H)

The  tribenzyltin(IV)  complexes of  2-[(E)-2-(3-formyl-4-hydroxyphenyl)-1-
diazenyl])benzoic acid (L'HH") and 2-{(F)-4-hydroxy-3-[( E)-4-(aryl)imino-
methyl]phenyldiazenyl}benzoic acids (L**HH’) have been characterized by IR, 'H, “C, '°Sn
NMR and '"*"Sn Méssbauer spectroscopic techniques. The crystal structures of two compounds,
viz., Bz;SnL*H.OH, (4) and Bz;SnL°H.OH, (5) are reported.

3.3.3.1 Infrared data

The diagnostically important infrared absorption frequencies for the carboxylate
antisymmetric [V,,m(OCO)] stretching vibration of the complexes are given below. The
assignment of the symmetric [V(OCO)] stretching vibration band could not be made owing to
the complex pattern of the spectra. The assignment of the band is based on comparison with the
spectra of the free ligands. The antisymmetric [V.,m(OCO)] stretching vibrations for the
uncomplexed ligands have been detected at 1733 cm™ in L'HH’ [33] and around the 1725 cm'
region for L*°HH’ [49]. In the complexes, the carbonyl stretching frequencies are found to be
shifted to lower wavenumber, which is ascribed to carboxylate coordination in accordance with

earlier reports [20,49,36,37).

3.3.3.2'H, "°C and "*Sn NMR data

The 'H- and *C- NMR data of L'HH’ and L**HH’ have been reported earlier [49,33] and
the conclusions drawn from the ligand assignments were then subsequently extrapolated to the
complexes owing to the data similarity for at least a few signals. The 'H-NMR integration values
were completely consistent with the formulation of the products. Individual assignments of the
'H- and “C- signals of the tribenzyltin(IV) moiety and most parts of the ligand skeleton could not
be made owing to serious signal overlap resulting in complex patterns. The ''*Sn-NMR chemical
shifts of the tribenzyltin{(IV) complexes (2-5) in CDCl; solution are listed in Table 3.12. The
complexes exhibit a single sharp resonance at around -10.0 ppm, suggesting that the complexes
are isostructural in solution. The ''*Sn-NMR resonances fall within the range from +55.0 to -25.0
ppm, which is usually indicative of four-coordinate tribenzyltin(IV) species in solution [63]. This
indicates that the five-coordinate structure of the solid (see X-ray discussion, vide infra) breaks

up in solution [64], presumably by loss of the water ligand.
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The basic ligand frame-work is shown in Figs. 2.1- 2.2 along with the abbreviations and
numbering schemes for spectroscopic analyses. The detailed spectral features for complexes 1-

5 are given below:

3.3.3.2.1 Bz;:SnL'HOH, (1)

IR (cm™): 1659 V(OCO)sym. 'H-NMR (CDCl; / 400.13 MHz); 8y: 11.3 [brs, 1H, OH,
D,O exchangeable], 9.78 [s, 1H, C(H)=0], 2.68 [s, 6H, CH,: Bz;Sn], 6.72-7.60 [complex
multiplets, 22H, remaining ligand and Bz:Sn protons], ppm. ""C-NMR (CDCl;/ 100.62 MHz);
dc: 196.5 [C(H)=0], 174.9 [CO,], not detected [C-OH], 24.2 [CH,: Bz;Sn], 116.3-161.2
[complex nature of the remaining ligand and Bz;Sn carbon signals which could not be

identified with certainty owing to poor signal to noise ratio}, ppm.

3.3.3.2.2 Bz;SnL’H.OH, (2)

IR (cm™): 1619 v (OCO)yym 'H-NMR (CDCl; / 400.13 MHz); 85 13.1 [brs, 1H, OH,
D,0 exchangeable], 8.45 [s, 1H, C(H)=N], 2.69 [s, 6H, CH,: Bz;Sn], 2.42 [s, 3H, CH], 6.70-8.10
[26 H, remaining ligand and Bz;Sn protons], ppm. *C-NMR (CDCl; / 100.62 MHz); 8c: 174.9
[CO,], 164.5 [C-OH], 160.8 [C(H)=N], 24.3 [CH,: Bz;Sn], 20.9 [CHs], 151.9, 145.7, 144.9,
138.6, 137.3, 131.3, 129.9, 129.1, 128.6, 128.3, 127.8, 127.2, 124.5, 120.9, 118.9, 118.1, 117.8

[remaining ligand and Bz;Sn carbon signals], ppm.

3.3.3.2.3 Bz;SnL’H.OH, (3)

IR (cm™): 1619 v (OCO)wym. 'H-NMR (CDCl;/ 400.13 MHz); 8,52 13.5 [brs, 1H, OH, DO
exchangeable], 8.43 [s, 1H, C(H)=N], 2.63 [s, 6H, CH;: Bz;Sn], 6.70-7.99 [26 H, remaining
ligand and Bz;Sn protons], ppm. "C-NMR (CDCl;/ 100.62 MHz); 8:173.4 [CO,], 164.1 [C-
OH], 162.3 [C(H)=N], 24.3 [CH,: Bz;Sn}], 151.9, 146.6, 145.8, 138.5, 132.5, 131.4, 129.9, 129.5,
129.3, 128.8, 127.9, 127.0, 124.6, 122.8, 120.8, 118.8, 118.2, 117.6 [remaining ligand and Bz;Sn
carbon signals], ppm.

3.3.3.2.4 Bz;SnL’H.OH, (4)

IR (cm™): 1617 v (OCO)gym- 'H-NMR (CDCl; / 400.13 MHz); 8y: 13.6 [brs, 1H, OH, D,0
exchangeable], 8.49 [s, 1H, C(H)=N], 2.69 [s, 6H, CH,: Bz;Sn], 6.70-8.05 [26 H, remaining
ligand and Bz;Sn protons], ppm. *C-NMR (CDCl; / 100.62 MHz); 3: 173.2 [CO,], 163.9 [C-
OH], 162.2 [C(H)=N], 24.3 [CHJ: Bz;Sn}, 151.7, 146.1, 145.8, 139.8, 138.4, 132.8, 131.2, 129.9,
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129.4, 129.2, 128.6, 127.8, 126.8, 124.5, 122.2, 118.7, 117.9, 117.5 [remaining ligand and Bz;Sn
carbon signals], ppm.

3.3.3.2.5 Bz;SnL’H.OH, (5)

IR (cm™): 1617 v (OCO)wym. 'H-NMR (CDCl; / 400.13 MHz); 8: 14.1 [brs, 1H, OH,
D,0 exchangeable)] 8.53 [s, 1H, C(H)=N], 3.84 [s, 3H, OCH;], 2.69 [s, 6H, CH,: Bz;Sn], 6.70-
8.03 [26 H, remaining ligand and Bz;Sn protons], ppm. *C-NMR (CDCl; / 100.62 MHz); 3¢:
173.2 [CO,], 164.3 [C-OH], 159.5 [C(H)=N], 55.5 [OCHs], 24.3 [CH,: Bz:Sn], 151.9, 145.8,
140.5, 138.6, 131.3, 130.3, 129.9, 129.2, 128.6, 128.4, 126.8, 124.5, 122.3, 119.1, 117.9, 117.7,
114.7 [remaining ligand and Bz;Sn carbon signals], ppm.

Table 3.12 '"°Sn-NMR data (5, ppm) and ''’Sn Mossbauer parameters (mm s”') for the
tribenzyltin(IV) complexes 1-5

Complex” "“Sn-NMR "USn Missbauer data’
data® 3 A p=A/3
Bz,SnL'H.OH, (1) c 1.04 2.51 24
BzSn°H.OM, (2) ~T05 139 3.07 73
Bz;SnL’H.OH, 3) -9.82 1.27 2.76 2.2
Bz;SnL'H.OH, (4) -10.2 1.14 2.99 2.6
Bz;SnL°H.OH; (5) -10.48 1.39 3.13 2.3

®Complex numbers are in parentheses. " In CDCl; solution. “Not detected owing to poor solubility.
4 Parameters: 8, isomer shifts; A, quadrupole splitting; 75 and I3: line widths.

3.3.3.3'°Sn Méssbauer data

The '"*Sn Mossbauer results from the tribenzyltin(IV) complexes are listed in Table 3.12.
The ratio of the quadrupole splitting (A) value to the isomer shift (8) value (p = A/d) can be used
to distinguish between the different coordination states of the central tin atom [43]. Tin
compounds which are four coordinate have p values less than 1.8 while p values larger than 2.1
would indicate compounds with greater than four coordination. Complexes 2-5 (slightly lower in
the case of 1) have similar 5, A parameters and the p values are greater than 2.1 suggesting that
the complexes are isostructural with a coordination number greater than four. Trigonal

bipyramidal triorganotin(IV) complexes with organic groups in the equatorial plane [65] have
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been reported to have A values between 3.00 — 4.00 mm s”'. This value has also been found to
change as a function of the axial bond distances [65]. The tribenzyltin(IV) complexes in the
present investigation exhibited A values of ~3.00 mm s' which correspond with a trigonal
bipyramidal geometry around the tin atom with equatorial benzyl groups [44,64,66,67] and is in

agreement with the structures determined by X-ray crystallography (see below).

3.3.3.4 X-ray crystallography

Crystals of the tribenzyltin(IV) complexes suitable for an X-ray crystal-structure
determination were obtained from a toluene/hexane (Bz;SnL*H.OH; (2)) and benzene/hexane
(BzSnL’H.OH, (5)) by slow evaporation of the solvent at room temperature. The crystal
structures of two of the tribenzyltin(IV) complexes 4 and 5 [68] have been determined. The
data collection and refinement parameters are given in Table 3.13.

The crystal structures of the complexes 4 and § are iliustrated in Figs. 3.14 and 3.15
while their molecular packing showing the intra- and inter-molecular hydrogen bonding are

shown in Figs. 3.16 and 3.17, respectively (see Scheme 3.3 for line diagram).

Ho0
Ph;\m . Z S~ X
\
O/Pz =N
"\ OH

(X =-Cl(4), -OCH; (5))

Scheme 3.3 Structures of the complexes 4 and §

The crystal structures of complexes 4 and § are very similar and the principal geometric
parameters do not differ significantly (Table 3.14). In contrast to the polymeric tri-n-
butyitin(IV) [49-51] and polymeric and dimeric triphenyltin(IV) [20] analogues (Schemes 3.1
and 3.2), both of the tribenzyltin(IV) complexes, 4 and 5, exhibit the same monomeric trans-
R;SnO; structural motif, as illustrated in Figs. 3.14 and 3.15. The structures are also shown in
Scheme 3.3 for clarity. The Sn atom has a slightly distorted trigonal bipyramidal coordination

geometry with equatorial benzyl groups and the axial positions occupied by an O atom from the
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carboxylate ligand and the O atom from the water ligand. A monomeric structure with a similar

mode of coordination and geometry about the Sn atom was observed in the triphenyltin(IV)

Table 3.13 Crystallographic data and structure refinement parameters for the tribenzyltin(IV)

complexes 4 and §

4 5
Empirical formula CarHyeCIN;O,Sn CazH3oN;055n
Formula weight 788.80 784.39
Crystal size (mm) 0.10x0.17 x0.32 0.12x0.17 x0.28
Crystal shape Tablet Prism
Temperature (K) 160(1) 160(1)
Crystal system Monoclinic Monoclinic
Space group P2,/n P2/n
ad) 12.5388(1) 13.1825(2)
b () 22.6661(2) 21.9417(4)
c(A) 14.1787(2) 14.3594(2)
BE) 114.8089(5) 115.9489(8)
V(A% 3657.78(7) 3734.7(1)
7 4 4
D, (gem™) 1.432 1.395
41 (mm™) 0.817 0.732
Transmission factors (min, max) 0.804; 0.925 0.759;0.916
26, (%) 60 55
Reflections measured 88212 82555
Independent reflections (Rin) 10662 (0.068) 8548 (0.091)
Reflections with I > 2o(]) 8172 6020
Number of parameters 463 474
R(F) (I> 20(]) reflns) 0.037 0.039
WR(F) (all data) 0.090 0.091
GOF(F) 1.05 1.05
max, min Ap (e/A%) 1.61,-0.92 1.52,0.67
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complex of the pre-ligand i.e. PhySnL'H.OH, [33]. The carbony! O atom of the carboxylate
ligand in 4 and § also coordinates very weakly to the Sn atom with long Sn'--O(2) distances of
3.056(2) and 3.008(2) A, respectively. Although the Sn--O(2) distances are well inside the sum
of the van der Waals radii of the Sn and O atoms (ca. 3.6 A), there does not appear to be any

major distortion of the principal trigonal bipyramidal Sn-coordination geometry as a result of

Table 3.14 Selected bond lengths (A) and angles (°) for 4 and 5

4 5
Sn-0(1) 2.150(1) 2.164(2)
Sn-O(4) 2.399(2) 2.396(2)
Sn---0(2) 3.056(2) 3.008(2)
Sn-C(21) 2.150(2) 2.151(3)
Sn-C(28) 2.148(2) 2.147(3)
Sn-C(35) 2.143(2) 2.139(3)
O(1)-C(1) 1.278(3) 1.288(3)
0(2)-C(1) 1.238(3) 1.234(3)
N(1)-N(2) 1.252(3) 1.254(3)
N(1)-C(3) 1.425(3) 1.421(4)
N(2)-C(8) 1.429(3) 1.429(4)
0(1)-Sn-0(4) 173.58(6) 172.64(8)
0(1)-Sn-C(21) 89.12(8) 89.05(9)
0O(1)-Sn-C(28) 96.40(8) 96.4(1)
0(1)-Sn-C(35) 99.12(7) 98.98(9)
0O(4)-Sn-C(21) 85.22(8) 84.1(1)
0(4)-Sn-C(28) 83.66(8) 84.2(1)
O(4)-Sn-C(35) 86.13(7) 86.58(9)
C(21)-Sn-C(28) 118.19(9) 114.9(1)
C(21)-Sn-C(35) 116.35(9) 117.9(1)
C(28)-Sn-C(35) 123.18(9) 124.9(1)
Sn-O(1)-C(1) 116.4(1) 114.1(2)
N(2)-N(1)-C(3) 114.3(2) 115.3(2)
N(1)-N(2)-C(8) 113.2(2) 113.2(2)
0 (1)-C(1)-0(2) 123.6(2) 123.5(2)
O (1)-C(1)-C(2) 117.0(2) 116.7(2)
0 (2)-C(1)-C(2) 119.4(2) 119.8(2)
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this contact. Similar additional weak Sn---O coordination was also observed in the structures of
related polymeric [R3SnLH], (R = "Bu, Ph) derivatives [20,49-51]. The Sn atom coordination
geometry found for complexes 4 and 5 is in good agreement with that inferred from ''*”Sn

Massbauer spectroscopy (vide supra).

In complexes 4 and 5, the phenoxy H atom forms an intramolecular hydrogen bond with
the imine N atom, thereby creating a loop with a graph set motif [69] of S(6). The H atoms of the
water ligand form intermolecular hydrogen bonds with the phenoxy O atom of one neighbouring
molecule and with the weakly coordinating carboxylate O atom of a different neighbouring
molecule (Table 3.15).

Table 3.15 Hydrogen bonding geometry (A, °) for 4* and 5°

D-H-A D-H H+A DA D-H-A
O(3)-H(3)"N(3) 0.90(3) 1.72(3) 2.562(3) 155 (3)
(0.95(5)) (1.69(5)) 2.572(4) (151(4))
[ 0.80(4) 1.98(4) 2.783(3) 172 (4)
O(4)-H(41)-0G3) | (0.79(3)) (1.89(3)) (2.678(3)) A713))
(0834 1.85(4) 2.668(3) 174 (3)
O(4)-H(42)-O2") | (0.84(4y) (1.97(4) 2.779(3)) (162(4))

Primed atoms refer to the molecule in the following symmetry related positions:

For4: ' %—x, %+y, %—z and " x—%, %—y, z—%

Fors:' x, %-y, z—% and " 1-x, %+y, %-Z

The H-bonding geometrical parameters for complex § are in parentheses.

The former interaction links the molecules into extended chains which run parallel to the
[0 1 0] direction and can be described by a graph set motif of C(14). The latter interaction links
the molecules into extended chains which can be described by a graph set motif of C(4) and
which run parallel to the [1 0 1] direction in 4 and the [0 O 1] direction in 5. Together, the
intermolecular interactions link the molecules into two-dimensional networks. In the case of 4,
these networks lie parallel to the (1 0 -1) plane (Fig. 3.16), while in 5, they lie parallel to the (1 0
0) plane (Fig. 3.17).
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Fig. 3.14 The molecular structure of Bz;SnL*H.OH, (4) showing the atom-labelling scheme
(50% probability ellipsoids).

C40
Q C41
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C39 ‘g "9\ C36
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Fig. 3.15 The molecular structure of Bz;SnL’H.OH, (5) showing the atom-labelling scheme
(50% probability ellipsoids).
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Fig. 3.16 The molecular packing of Bz;SnL*H.OH, (4) showing the intra- and inter-

molecular hydrogen bonding
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Fig. 3.17 The molecular packing of Bz;SnL’H.OH, (5) showing the intra- and inter-

molecular hydrogen bonding

85



3.4 Experimental
3.4.1 Synthesis of ligands

The ligands viz., 2-[(E)-2-(3-formyl-4-hydroxypheny)- 1-diazenyl]benzoic acid (L'HH")
[33] and 2-{(E)-4-hydroxy-3-[(E)-4-(aryl)imino-methyl]phenyldiazenyl}benzoic acids (L™
HH’) [49] used for synthesizing triorganotin(IV) complexes are described in Chapter 2 (see

section 2.6).

3.4.2 Synthesis of triorganotin(IV) complexes
The synthesis of triorganotin(IV) complexes, viz, tri-n-butyltin(IV), triphenyltin(IV) and

tribenzyltin(TV) complexes are described in sequel along with the characterization data.

3.4.2.1 Synthesis of tri-n-butyltin(IV) complexes
Two typical methods are described below.

3.4.2.1.1 Synthesis of "Bu;SnL'H (1)

The compound was synthesized by mixing L'HH’ (0.90 g, 3.33 mmol) and ("Bu;Sn),O
(1.0 g, 1.67 mmol) in 50 ml of anhydrous toluene, in a 100 ml flask equipped with a Dean-Stark
moisture trap and a water cooled condensor. The reaction mixture was refluxed for 7 h. The
solvent was then distilled off to dryness and the residue was dried in vacuo. The solid mass was
washed with hexane (2 x 5 ml) under cold conditions and was recrystallized from hexane to yield
orange crystals of the desired product. Yield (0.74 g, 79 %). M. p.: 63-64 °C. Anal. Found: C,
55.76; H, 6.39; N, 5.20. Calc. for CxH3¢N:04Sn: C, 55.84; H, 6.48; N, 5.00 %.

3.4.2.1.2 Synthesis of "BusSnL’H (4)

"Bu;SnL'H (0.79 g, 1.41 mmol) in absolute ethanol (30 ml) was added dropwise to a hot
stirred ethanolic solution (20 ml) containing p-chloroaniline (0.18 g, 1.41 mmol). The reaction
mixture was then refluxed using a Dean-Stark moisture trap and water cooled condenser for 3 h
and filtered while hot. The filtrate was collected and the volatiles were removed using a rotary
evaporator. The residue was dried in vacuo, washed with hexane (2 x 1 ml), extracted into
chloroform and filtered. The crude product was obtained after evaporation and this was then
recrystallized from chloroform-hexane mixture (1:1, v/v) to yield orange crystals of the desired
product. Yield (0.83 g, 82.4 %). M. p.: 88-90 °C. Anal. Found: C, 57.40; H, 6.19; N, 6.20. Calc.
for C3;H4CIN;O5Sn: C, 57.43; H, 6.02; N, 6.27 %.
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The other tri-n-butyltin complexes of ligands, viz., L’"HH, L*HH’ and L’HH’ were
prepared by reacting "BusSnL'H and appropriate anilines by following analogous procedure.

The characterization data of the complexes are given below.

3.4.2.1.3 "Bu;SnL’H (2)
Yield: 80 %. M. p.: 89-91 °C. Anal. Found: C, 61.20; H, 6.75; N, 6.53. Calc. for
C33HisN;3058n: C, 61.10; H, 6.68; N, 6.47 %.

3.4.2.1.4 "Bu;SnL’H (3)
Yield: 78 %. M. p.: 86-88 °C. Anal. Found: C, 53.80; H, 5.60; N, 5.98. Calc. for
Cs;H40BrN3OsSn: C, 53.86; H, 5.65; N, 5.88 %.

3.4.2.1.5 "Bu;SnL’H (5)
Yield: 93 %. M. p.: 84-86 °C. Anal. Found: C, 59.73; H, 6.49; N, 6.50. Calc. for
CxHy3N:048n: C, 59.63; H, 6.52; N, 6.32 %.

3.4.2.2 Synthesis of triphenyltin(IV) complexes
A typical method is described below.

3.4.2.2.1 Synthesis of PhsSnL'H.OH,(1)
This complex was prepared by reacting equimolar amounts of Ph;SnOH and L'HH’[33].

3.4.2.2.2 Synthesis of Ph;SnL’H (2)

Compound 2 was synthesized by reacting L’HH’ (0.73 g, 2.04 mmol) and Ph;SnOH (0.75
g 2.04 mmol) in 50 ml of anhydrous toluene in a 100 ml flask equipped with a Dean-Stark
moisture trap and water-cooled condenser. The reaction mixture was refluxed for 9 h and filtered
while hot. The filtrate was collected and the volatiles were removed using a rotary evaporator.
The residue was dried in vacuo, washed with hexane (3 x 5 ml), extracted into chloroform and
filtered. The crude product was obtained after evaporation and this was then recrystallized from
chloroform to yield orange crystals of the desired product. Yield (0.50 g, 34.5%); M. p.: 138-40
°C. Anal. Found: C, 66.12; H, 4.45; N, 6.02. Calc. for C;0H;N;058n: C, 66.09; H, 4.40; N,
5.92%.
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The other triphenyltin complexes (3-5) were prepared by reacting Ph;SnOH with
the appropriate ligand (L’HH’, L*HH’ and L°’HH) by following an analogous procedure. The

characterization data of the complexes are given below.

3.4.2.2.3 PhsSnL’H (3)

Red crystals of compound 3 were obtained from a benzene-hexane mixture (1:3 v/v).
Yield: 37.3%; M. p.: 132-134 °C. Anal. Found: C, 59.10; H, 3.70; N, 5.40. Calc. for
C3sHsBrN;O;8n: C, 58.99; H, 3.64; N, 5.42%.

3.4.2.2.4 Ph;SnL'H (4)

Orange crystals of compound 4 were obtained from a benzene-hexane mixture (1:3 v/v).
Yield: 35.6%; M. p.: 146-148 °C. Anal. Found: C, 62.40; H, 3.90; N, 5.80. Calc. for
C3sHsCIN;O;Sn: C, 62.61; H, 3.87; N, 5.76%.

3.4.2.2.5 Ph;SnL’H (5)

Red-brown crystals of compound 5 were obtained from benzene. Yield: 38%; M.
p-: 136-138 °C. Anal. Found: C, 64.60; H, 4.27; N, 5.80. Calc. for C;oH;N30,Sn: C, 64.67; H,
4.30; N, 5.80%.

3.4.2.3 Synthesis of tribenzyltin(IV) complexes
A typical method is described below.

3.4.2.3.1 Synthesis of Bz;SnL'H.OH, (1)

Compound 1 was synthesized by reacting L'HH’ (0.38 g, 1.40 mmol) and Bz;SnOH
(0.58 g, 1.41 mmol) in 50 ml of anhydrous toluene in a 100 ml flask equipped with a Dean-Stark
moisture trap and water-cooled condenser. The reaction mixture was refluxed for 8 h and filtered
while hot. The filtrate was collected and the volatiles were removed using a rotary evaporator.
The residue was dried in vacuo, washed with hexane thoroughly, extracted into benzene and
filtered. The crude product was obtained after evaporation and this was then recrystallized from
benzene to yield dark-red crystals of the desired product. Yield (0.36 g, 39%); M. p.: 73-75 °C.
Anal Found: C, 61.48; H, 4.53; N, 4.29%. Calc.for C35H3,N>OsSn: C: 61.85; H: 4.70, N: 4.12%.

The other tribenzyltin(IV) complexes (2-5) were prepared by reacting Bz;SnOH with the
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appropriate ligand (L’HH’>-L°HH’) following an analogous procedure. The characterization data

of the complexes are given below.

3.4.2.3.2 Bz;SnL’H.OH, (2)

Orange-red crystals of compound 2 was obtained from a benzene-hexane mixture (1:3
viv). Yield: 79%; M. p.: 96-98 °C. Anal Found: C, 65.42; H, 4.83; N, 5.49%. Calc. for
CpHiN3O4Sn: C, 65.62; H, 5.11; N, 5.46 %.

3.4.2.3.3 Bz;Snl’H OH, (3)

Red crystals of compound 3 were obtained from a benzene-hexane mixture (1:3 v/v).
Yield: 64%; M. p.: 72-74 °C. Anal. Found: C, 60.19; H, 4.26; N, 5.18%. Calc.for
CnH3sBrN;O,Sn: C, 59.09; H, 4.35; N, 5.04%.

3.4.2.3.4 Bz;SnL’H OH, (4)

Red crystals of compound 4 were obtained from a toluene-hexane mixture (1:3 v/v).
Yield: 49%; M. p.: 71-73 °C. Anal. Found: C, 62.01; H, 4.49; N, 5.40%. Calc.for
CuHsCIN;O,Sn: C, 62.43; H, 4.59; N, 5.33%.

3.4.2.3.5 Bz;Snl’H.OH, (5)

Red crystals of compound 5 were obtained from a benzene-hexane mixture (1:3 v/v).
Yield: 75%; M. p.: 74-76 °C. Anal. Found: C, 64.50; H, 4.89; N, 5.28%. Calc. for C4H3N;OsSn:
C, 64.30; H, 5.01; N, 5.36%.

3.4.3 Chemicals used for the preparations

(Bu3Sn),0O (Merck) was used as such. Ph;SnOH was prepared from Ph;SnCl (Fluka) by
following the literature method [71]. Bz;SnOH was prepared as described by Sisido et al. [72].
The solvents used in the reactions were of AR grade and were dried using standard procedures.
The solvents used in the reactions were of AR grade and dried using standard procedures.

Toluene was distilled from sodium benzophenone ketyl.
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3.4.4 Physical measurements

Carbon, hydrogen and nitrogen analyses were performed with a Perkin Elmer 2400 series
I instrument. IR spectra in the range 4000-400 cm™ were obtained on a BOMEM DA-8 FT-IR
spectrophotometer with samples investigated as KBr discs. The 'H-, C- and '"*Sn-NMR spectra
were recorded on a Bruker AMX 400 spectrometer and measured at 400.13, 100.62 and 149.18
MHz respectively. The 'H, *C and ''°Sn chemical shifts were referred to Me,Si set at 0.00 ppm,
CDCl; set at 77.0 ppm and Me,Sn set at 0.00 ppm respectively.

The "°Sn Méssbauer spectra of the triorganotin(IV) complexes, viz., "Bu;SnL"’H (1-5)
and BzSnL'°H.OH, (1-5) in the solid .state were recorded using a Model MS-900 (Ranger
Scientific Co., Burleson, TX) spectrometer in the acceleration mode with a moving source
geometry. A 5 mCi Ca''*™SnO; source was used, and counts of 30,000 or more were accumulated
for each spectrum. The spectra were measured at 80 K using a liquid-nitrogen cryostat (CRYO
Industries of America, Inc., Salem, NH). The velocity was calibrated at ambient temperature
using a composition of BaSnOs and tin foil (splitting 2.52 mm s"). The resultant spectra were
analyzed using the Web Research software package (Web Research Co., Minneapolis, MN). The
Mdssbauer spectra of triphenyltin(IV) complexes, Ph;SnL'H.OH, (1) and Ph;SnL?°H (2-5) were
recorded on solid samples at liquid nitrogen temperature by using a conventional constant
acceleration spectrometer, coupled with a multichannel analyser (a.e.n., Ponteranica (BG), Italy)
equipped with a cryostat Cryo (RIAL, Parma, Italy). A Ca'’*SnO; Mdssbauer source, 10 mCi
(from Ritverc, St Petersburg, Russia) moving at room temperature with constant acceleration in a
triangular waveform was used. The velocity calibration was made using a ’*Co Massbauer source,
10 mCi, and an iron foil as absorber (from Ritverc, St Petersburg, Russia).

Positive-ion and negative-ion electrospray ionization (ESI) mass spectra of
triorganotin(IV) complexes, viz., "Bu;SnL'°H (1-5), Ph;SnL'H.OH, (1) and PhySnL*’H (2-5)
were measured on an ion trap analyzer Esquire 3000 (Bruker Daltonics, Bremen, Germany) in the
mass range m/z 50-1600. The samples were dissolved in 100% acetonitrile (HPLC grade, Merck,
Darmstadt, Germany) and analyzed by direct infusion at a flow rate of 5 pl/min. The ion source
temperature was 300°C, the tuning parameter compound stability 100%, the flow rate and
pressure of nitrogen were 4 1/min and 10 psi, respectively. The selected precursor ions were
further analyzed by tandem mass spectrometry (MS/MS) experiments under the following
conditions: isolation width m/z = 8 for ions containing one tin atom and m/z = 12 for ions
containing more tin atoms, and the collision amplitude was in the range 0.7 - 1.0 V depending on

the precursor ion stability.
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3.4.5 X-ray crystallography
3.4.5.1 Tri-n-butyltin(IV) complexes

Crystals of the tri-n-butyltin(IV) complexes suitable for an X-ray crystal-structure
determination were obtained from hexane (["BusSnL'H], (1)), hexane/dichloromethane
(["BusSnLH] , (2)) and hexane/chloroform mixture (["BusSnL*'H] , (4) and ["Bu:SnL’H], (5)),
by slow evaporation of the solvent at room temperature. The crystal structures of four of the tri-n-
butyltin(ITV) complexes 1 [49], 2 [50], 4 [49] and 5§ [51] have been determined. The data
collection and refinement parameters are given in Table 3.7.

All measurements were made at low temperature on a Nonius Kappa CCD diffractometer
[72] with graphite-monochromated MoKa radiation (A = 0.71073 A) and an Oxford Cryosystems
Cryostream 700 cooler. Data reduction was performed with HKL Denzo and Scalepack [73]. The
intensities were corrected for Lorentz and polarization effects, and an empirical absorption
correction based on the multi-scan method {74] was applied. Equivalent reflections were merged.
The structure of 1 was solved by employing heavy-atom Patterson methods [75], followed by the
Fourier expansion routine of DIRDIF94 [76], 2 and 4 were solved by direct methods using SIR92
[77] while that of 5 was solved by SHELXS97 [78] which revealed the positions of all non-
hydrogen atoms. In each structure, the non-hydrogen atoms were refined anisotropically, while
employing restraints when necessary as described below.

In 1, there are two symmetry-independent fragments of the polymer in the asymmetric
unit, with each fragment being comprised of four repeats of the principle chemical unit. The root-
mean-square fit of the atoms of one fragment to those of the other is 0.17 A. This close fit, plus
the equivalence of the unit cell parameters § and 5, and the similarity of the unit cell parameters
b and c, suggests that the independent fragments are almost related by a superstructure. If
parameters b and ¢ were identical, the structure could be defined in the higher symmetry space
group C2/c, where only one fragment would need to be defined in the asymmetric unit. However,
the difference between the unit cell parameters b and ¢ means that the superstructure relationship
is only approximate. This was confirmed in a test of the atomic coordinates for a relationship
from a higher symmetry space group using the program PLATON [79], which indicated that
additional crystallographic symmetry was not present. Nine of the 24 unique butyl groups in the
structure are disordered over two conformations. Two sets of overlapping positions were defined
for all atoms of one butyl group, for the terminal propyl segment of five butyl groups and for the
terminal ethyl segment of another three butyl groups. Refinement of the site occupation factors of
the disordered groups indicated that most disordered conformations are approximately equally

occupied. Similarity restraints were applied to the chemically equivalent bond lengths and angles
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within all butyl groups, including the ordered ones. Bond length restraints were also applied to
any Sn-C bonds involving a disordered butyl C atom. Furthermore, neighbouring atoms within
and between each conformation of the disordered butyl groups and within the ordered butyl
groups were restrained to have similar atomic displacement parameters.

In 4, the terminal methyl groups in two of the butyl ligands are disordered over two
conformations. The refinement of constrained site occupation factors for the two orientations
yielded values of 0.63(3) and 0.61(1) for the major conformation of each disordered group.
Similarity restraints were applied to the chemically equivalent bond lengths involving disordered
C atoms and neighbouring disordered atoms were restrained to have similar atomic displacement
parameters.

In 2, the terminal methyl group in one of the butyl ligands and the terminal propyl
segment of another butyl ligand are disordered over two conformations. Two sets of overlapping
positions were defined for the disordered atoms and the refinement of constrained site occupation
factors yielded values of 0.52(5) and 0.71(1), respectively, for the major conformations of the
disordered groups. Similarity restraints were applied to the chemically equivalent bond lengths
and angles involving disordered C-atoms, while neighbouring disordered atoms were restrained to
have similar atomic displacement parameters.

In 5, there are two symmetry-independent repeats of the principle chemical unit in the
asymmetric unit of this one-dimensional polymeric structure. The atomic coordinates were tested
carefully for a relationship from a higher symmetry space group using the program PLATON [79]
but none could be found. The terminal methyl group of one buty} ligand on one of the unique Sn-
atoms is disordered over two conformations, as are all atoms of one buty! ligand on the other Sn-
atom and one of the methoxy methyl groups. Refinement of constrained site occupation factors
for the two orientations of these groups yielded values of 0.57(9), 0.659(6) and 0.519(9),
respectively, for the major conformations. Similarity and bond lengths restraints were applied to
the chemically equivalent bond lengths and angles involving disordered C atoms, while
neighbouring atoms within and between each conformation of the disordered groups were
restrained to have similar atomic displacement parameters.

The hydroxy H atom in 4 was placed in the position indicated by a difference electron
density map and its position was allowed to refine together with an isotropic displacement
parameter. All of the remaining H atoms in all the four structures were placed in geometrically
calculated positions and refined using a riding model where each H atom was assigned a fixed
isotropic displacement parameter with a value equal to 1.2U,, of its parent atom (1.5U,, for the

methyl and hydroxy groups). The orientation of each hydroxy O-H vector in 1 was optimised to
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correspond with the direction that would bring the H atom closest to the nearest hydrogen bond
acceptor. Refinement of each structure was carried out on F® using full-matrix least-squares
procedures, which minimized the function Zw(F,? ~ F.%)*. Corrections for secondary extinction
were not applied. One reflection, whose intensity was considered to be an extreme outlier, was
omitted from the final refinement in the case of 1. All calculations were performed using the
SHELXL97[80] program.

3.4.5.2 Triphenyltin(IV) complexes

Crystals of the triphenyltin(fV) complexes suitable for an X-ray crystal-structure
determination were obtained from chloroform ([Ph;SnL’H], (2)), benzene/hexane ([Ph;SnL’H],
(3)) and benzene ([Ph;SnL'H];, (5)) by slow evaporation of the solvent at room temperature. The
crystal structures of three of the triphenyltin(IV) complexes 2, 3 and 5 [20] have been determined.
The data collection and refinement parameters are given in Table 3.10.

All measurements were made at low temperature (except for 2, the crystals of which did
not survive cooling to 160 K) on a Nonius KappaCCD diffractometer [72] with graphite-
monochromated Mo Ka radiation (A = 0.71073 A) and an Oxford Cryosystems Cryostream 700
cooler. Data reduction was performed with HKL Denzo and Scalepack [73]. The intensities were
corrected for Lorentz and polarization effects, and an empirical absorption correction based on the
multi-scan method [74] was applied. Equivalent reflections were merged. The structure of § was
solved by heavy-atom Patterson methods [75], followed by the Fourier expansion routine of
DIRDIF94 [76]. The other structures were solved by direct methods by using SIR92 [77]. For
each structure, the non-hydrogen atoms were refined anisotropically.

In 5, the dinuclear molecule sits across a crystallographic centre of inversion. The
H-atom of the protonated imine group of 2, 3 and § were placed in the positions indicated by a
difference electron density map and their positions were allowed to refine together with
individual isotropic displacement parameters. All remaining H-atoms in each structure were
placed in geometrically calculated positions and refined using a riding model where each H-atom
was assigned a fixed isotropic displacement parameter with a value equal to 1.2U,, of its parent
atom (1.5U,, for methyl groups). The refinement of each structure was carried out on F® using
full-matrix least-squares procedures, which minimized the function Zw(F,-F,”)’. Three
reflections, whose intensities were considered to be extreme outliers, were omitted from the final

refinement of 2. All calculations were performed using the SHELXL97[80] program.
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3.4.5.3 Tribenyltin(IV) complexes

Crystals of the tribenzyltin(IV) complexes suitable for an X-ray crystal-structure
determination were obtained from a toluene/hexane (Bz:SnL*H.OH, (2)) and benzene/hexane
(Bz:SnL*H.OH, (5)) by slow evaporation of the solvent at room temperature. The crystal
structures of two of the tribenzyltin(IV) complexes 4 and 5 [68] have been determined. The
data collection and refinement parameters are given in Table 3.14.

All measurements were made at low temperature on a Nonius KappaCCD diffractometer

[72] with graphite-monochromated MoKa radiation (A = 0.71073 A) and an Oxford Cryosystems
Cryostream 700 cooler. Data reduction was performed with HKL Denzo and Scalepack {73]. The
intensities were corrected for Lorentz and polarization effects, and an empirical absorption
correction based on the multi-scan method [74] was applied. The structures were solved by direct
methods by using SIR92 [77]. For each structure, the non-hydrogen atoms were refined
anisotropically. The water ligand and phenoxy H atoms were placed in the positions indicated by
a difference electron density map and their positions were allowed to refine together with
individual isotropic displacement parameters. All remaining H atoms in each structure were
placed in geometrically calculated positions and refined using a riding model where each H atom
was assigned a fixed isotropic displacement parameter with a value equal to 1.2U,, of its parent
atom (1.5U,, for methyl group in 5). The refinement of each structure was carried out on F° using
full-matrix least-squares procedures, which minimized the function Tw(F,’-F.*)’. A correction
for secondary extinction was applied in the case of complex 5. One reflection, whose intensity
was considered to be an extreme outlier, was omitted from the final refinement of 4. All

calculations were performed using the SHELXL97[80] program.
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CHAPTER 4

TRIORGANOTIN(1IV) COMPLEXES OF 4-[(E)-(3-FORMYL-4-
HYDROXYPHENYL)-DIAZENYL]- AND 4-{(E)-4-HYDROXY-3-[(E)-4-
(ARYL)IMINOMETYHY]PHENYL- DIAZENYL}-BENZOIC ACIDS:
SYNTHESES, CHARECTERIZATION AND STRUCTURES
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4.1 Introduction

Organotin(1V) complexes of 2-[(E)-2-(3-formyl-4-hydroxyphenyl)-1-diazenyl]benzoic
acid [1-5] and 2-{(E)-4-hydroxy-3-[( E)-4-(aryl)iminomethyl]jphenyldiazenyl}benzoic acids [3,5-
8] have been studied in great detail which are discussed in Chapter 3 due to their various
structural motifs (Scheme 4.1 (I-1I1)) as well as for their important role in understanding Sn(1V)
coordination chemistry in solution as well as in the solid state. In addition, this class of
compounds has shown promise as larvicides against various species of mosquito (see Chapter 6).
For example, n-butyltin(IV) azo carboxylates, viz., tri-n-butyltin(1V) 5-{(E)-2-(aryl)-1-diazenyl]-
2-hydroxybenzoates and tri-n-butyltin(IV) 2-[(E)-2-(3-formyl-4-hydroxyphenyl)-1-
diazenyl]benzoate have been investigated for their toxicites against both the Aedes aegypti (4e.
aegypti) and Anopheles stephensi (An. stephensi) mosquito larvae. The results indicated that
these compounds have shown moderate [9] to good [3] activities, respectively. The latter
compounds were further condensed with primary aromatic amines to obtain the tri-n-butyltin(IV)
2-{(E)-4-hydroxy-3-[(E)-4-(aryl)iminomethyl]phenyldiazenyl}benzoates  (Chapter 3). The
activities for these compounds were found to be lower and correlated with the size of the
molecules (Chapter 6) [6].

In view of this, and in search of better candidates for the control of various mosquito
larvae, the present study details the synthesis and characterization of the pre-ligand i.e. 4-[(E)-
2-(3-formyl-4-hydroxyphenyl)-1-diazenyl]benzoic acid (L°HH’, Fig. 4.1a) and the
triorganotin(IV) complexes of the corresponding condensed ligands, i.e. 4-{(£)-4-hydroxy-3-
[(E)-4-(aryl)iminomethyl]phenyldiazenyl } benzoic acids (L™"°HH’, Fig. 4.1b). The generic

structures of each of the ligands are shown in Chapter 2.
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Fig. 4.1 Generic structure of the ligand. Abbreviations: (a) LHH’ (pre-ligand) (b) L'HH: X = -
CH;; L*HH’: X = -Br, L’HH’; X = -CI, L'HH’: X = -OCHj (condensed ligands), where

H and H’ represent hydroxy and carboxylic acid H atoms, respectively.
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