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ABSTRACT

The work presented in the thesis is a systematic study to explore the reactivity of Sn, Zn and
Mg metals with organophosphonic acid dialkylesters, RP(O)(OR)2. The study offers a simple
and attractive approach to the formation of coordination assemblies bearing phosphonate

ester ligands.

The content of the thesis is divided into five chapters. Chapter | deals with a brief survey of
literature highlighting recent advances on the synthesis and structural aspects of metal
organic frameworks/infinite coordination polymers with emphasis on organotin compounds
and their applications. Chapter Il includes detailed description of synthetic methods and

analytical techniques for the characterization of new compounds.

A detailed account on the reactivity of elemental tin with organophosphonic acid
dialkylesters, R'P(O)(OR): is presented in chapter I11. A facile reactivity of tin (powder) with
MeP(O)(OMe). at elevated temperature (130 °C) has offered an interesting route to
Me,Sn{OP(O)(OMe)Me}. via concomitant formation of Sn-C and Sn-O(P) bonds. On the
contrary, analogous reactions with higher phosphonate diesters, (R = OEt, OPr') essentially
require the use of Kl as the catalyst to facilitate the formation of diorganotin bis(O-alkyl
organophosphonate), R%.Sn{OP(O)(OR)R}, (R = Et; R! = Me, Et, allyl, 2-thienyl, benzyl).
A plausible mechanistic rationale for the formation of these compounds using tin metal as the
precursor has been put forth. The key steps in the proposed catalytic cycle involve the
formation of R'P(O)(OEt)O'K* via mono-dealkylation of the phosphonate diester and in situ
generation of alkyl iodide, RI. Subsequent reaction of the metal with alkyl iodide affords the
formation of RSnl or R2Snl; as the reactive intermediate. All the compounds thus synthesized

have been characterized by routine spectroscopy as well as single crystal X-ray



crystallography. All the compounds are isostructural and adopt one-dimensional motif by
virtue of bridging bidentate character of the phosphonate monoester ligand. The scope of
these preformed coordination polymers as synthetic precursors has been elucidated by the
isolation of a tin(ll) phosphonate, Sn{O.P(OH)Me}..4,4"-bipy from the reaction of
Me.Sn{OP(O)(OMe)Me}. with 4,4"-bipyridine under reflux conditions (H2O-EtOH, 120 °C,
3 days). A detailed mechanism of the formation of Sn(ll) assembly via cleavage of Sn-Me
bonds is yet to be clearly understood. The reactivity of tin powder with dialkylphosphites,
HP(O)(OR). has also been examined and led to the development of a new method for the

synthesis of diorganotin bis(O-alkyl phosphite)s, R.Sn{OP(O)(OR)H}. (R = Me, Et).

The content of chapter IV deals with the reactions of elemental zinc with organophosphonic
acid dialkylesters, R!P(O)(OR). under conditions similar to those described in chapter 111. A
series of zinc-phosphonate esters, Zn{OP(O)(OR)R'}: [R = R = Me, Et; R = Et, R! = benzyl,
allyl] have been isolated by following this approach. The catalytic role of KI has been
demonstrated in promoting these reactions as well. X-ray crystallographic study of
Zn{OP(O)(OMe)Me}. reveals that the structure adopts a one-dimensional polymeric motif
featuring an infinite array of vertex shared eight membered [-Zn-O-P-O-]2 cyclic rings. The
preformed polymer reacts with 4,4 -bipyridine (4, 4"-bipy) or 1, 2-bis(4-pyridyl)ethane (1, 2-
bpe) under hydrothermal conditions (140-150 °C, 3 days) to afford the formation of
{Zn(0sPMe)(4,4"-bipy)os}.2HO  and  {Zn(O3PMe)(1,2-bpe)os}.H20. Based on
crystallographic studies, the structural motifs of these compounds featuring ladder like zinc-
phosphonate framework are unequivocally established. The N-donor ligands assist the
formation of a layered structure in each case. The reactivity of Mg finds a close analogy with
that of Zn as evident from the isolation of magnesium bis(O-alkyl organophosphonate),

Mg{OP(O)(OR)R}.. On the other hand, similar reactions of Mg with phosphite diesters,



HP(O)(OR).2 (R = Me, Et) have led to the isolation of a mixture of products composed of
Mg{OP(O)(OR)H}. and Mg{OP(O)(OR)R}2 [R = Me, Et], suggesting partial alkylation of P-
H bonds during the reaction. Transesterification reaction of Mg{OP(O)(OEt)H}. (A) and
Mg{OP(O)(OEt)Et}. (B) with methanol reveals that the transformation of P-OEt to P-OMe

in coordinated phosphite (A) is quite facile while the phosphonate moiety in B remains inert.

The content of chapter V deals with synthesis and structural studies of triorganotin O-alkyl
organophosphonates, RsSnOP(O)(ORY)R! (R = Me, n-Bu, Ph, Bn; R! = Me, Et). These
compounds are easily accessible by reacting an appropriate triorganotin chloride with the
organophosphonic acid dialkyl esters. X-ray crystallographic studies reveal that these
compounds are isostructural and adopt one dimensional polymeric motif with trigonal
bipyramidal geometry at tin center. In the later part of this chapter, a generic method, which
involves the reactivity of MesSiCH,P(O)(OEt), with bis(triorganotin)oxide, has been
developed for the synthesis of a-functionally substituted tetraorganotin compounds,
R3SnCH2P(O)(OEt)2 (R = Ph, n-Bu, Bn). A plausible mechanism involving in situ generation
of phosphonate-stabilized carbanion as the reactive intermediate has been proposed. The
reactions of PhsSnCH2P(O)(OEt)2 with Xz (X = Br, 1) under optimized conditions allowed
the synthesis of new functional tetraorganotin compounds, Phz.n(X)nSnCH2P(O)(OEt), (n =
lor 2, X = Br, I). X-ray crystallographic studies reveal that these compounds adopt a dimeric

structure by virtue of two intermolecular P=O— Sn interactions.
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J) of Pha.n(X)sSNCH2P(O)(OEt), [ n = 1, X= Br (35), I (36);
n=2, X =Br(37),1(38)].

Appendix

Summary  of the  crystallographic  data  for
Et,Sn{OP(O)(OEt)Me}. (2) and Me2Sn{OP(O)(OPr')Me},
(7).
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Selected bond lengths (A) and bond angles (°) for
Et.Sn{OP(O)(OEt)Me}- (2).

Selected bond lengths (A) and bond angles (°) for
Me,Sn{OP(0)(OPr')Me}: (7).
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Selected bond lengths (A) and bond angles (°) for
Zn{OP(O)(OMe)Me}- (11).

Selected bond lengths (A) and bond angles (°) for
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Hydrogen bonds for {Zn(OsPMe)(4,4"-bipy)os}.2H20 (15)
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Selected bond lengths (A) and bond angles (°) for
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Hydrogen bonds for {Zn(OsPMe)(1,2-bpe)os}.H20 (16) (A

and °).
Summary of crystallographic data for
MesSnOP(O)(OMe)Me (24) and BnsSnOP(O)(OMe)Me
(26).

Summary of crystallographic data for PhsSnOP(O)(OEt)Et
(29) and PhsSnCI.L [L = BnP(O)(OEt)2] (31).

Selected bond lengths (A) and bond angles (°) for
MesSnOP(O)(OMe)Me (24).

Selected bond lengths (A) and bond angles (°) for
Bn3SnOP(O)(OMe)Me (26).
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Al6
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A20

A21

Selected bond lengths (A) and bond angles (°) for
PhsSnOP(O)(OEt)Et (29).

Selected bond lengths (A) and bond angles (°) for
PhsSnCI.L [L = BnP(O)(OEt)2] (31).

Summary  of  crystallographic  data  for  Pha.
n(X)nSNCH2P(O)(OEt)2 [ n =1, X =Br (35), 1 (36); n=2, X
=Br (37)].

Selected bond lengths (A) and bond angles (°) for
Ph2(Br)SnCH2P(O)(OEt)2 (35).

Selected bond lengths (A) and bond angles (°) for
Ph2(1)SnCH2P(O)(OEt)2 (36).

Selected bond lengths (A) and bond angles (°) for
Ph(Br)2SnCH2P(O)(OEt)2 (37).
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%

°C

ATR
Bn

br

CHClI,

CHCl3

DMSO
eq.

ESI

Et
Et.O

FT

Hz

ICP

JCPDS

Glossary of Symbols and Abbreviations

Xi

percent

degree

degree centigrade
Angstrom

attenuated total reflectance
Benzyl

broad signal

boiling point
dichloromethane
chloroform

Doublet

Dimensional

dimethyl sulfoxide
Equation

electrospray ionization
ethyl

diethyl ether

fourier transform
Gram

hour

hertz

infinite coordination polymer
infrared

coupling constant

Joint Committee on Powder Diffraction
Standards



m.p.
Me
MHz
mL
mmol
MOF
n-Bu
nm
NMR
ORTEP
Ph

i-Pr

rt

n-Bu
TGA
TMS

2-Th

wavelength

micro

multiplet

melting point

methyl

mega hertz

milliliter

millimole

metal organic framework
n-butyl

nanometer

nuclear magnetic resonance
Oak Ridge Thermal Ellipsoid Plot
phenyl

iso-propyl

quartet

room temperature

sum

triplet

n-butyl

thermogravimetric analysis
tetrametylsilane

2-thienyl

chemical shift

frequency
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