SYNTHESIS, CHARACTERIZATION AND STRUCTURAL STUDIES
OF MIXED-LIGAND DIORGANOTIN(IV) ESTERS DERIVED FROM
OXY-SULFUR/OXY-PHOSPHOROUS/CARBOXYLIC ACIDS

BY

ATUL PRATAP SINGH

Submitted

In fulfillment of the requirements of the degree of
DOCTOR OF PHILOSOPHY

to the

DEPARTMENT OF CHEMISTRY
INDIAN INSTITUTE OF TECHNOLOGY, DELHI
OCTOBER 2008



1.1. T. DE!
T. DE LHI. T H

rooneTH- 3699 | 947 -326
SIN-S




Dedicated to my parents



CERTIFICATE

This is to certify that the thesis entitled “SYNTHESIS, CHARACTERIZATION
AND STRUCTURAL STUDIES OF MIXED-LIGAND DIORGANOTIN(IV) ESTERS
DERIVED FROM OXY-SULFUR/OXY-PHOSPHOROUS/CARBOXYLIC ACIDS”
being submitted by Mr. Atul Pratap Singh to the Department of Chemistry, Indian
Institute of Technology, Delhi, for the award of the degree of Doctor of Philosophy is a

record of bonafide research work carried out by him.

Atul Pratap Singh has worked under my guidance and supervision and has
fulfilled the requirements for the submission of this thesis, which to my knowledge has

reached the requisite standard.

The results contained in this thesis have not been submitted in part or in full to

any other University or Institute for the award of any degree or diploma.

(\m‘ Dromb—a~
W
(Ravi Shankar) e

Thesis Supervisor

Professor,
Department of Chemistry,
Indian Institute of Technology Delhi
New Delhi-110016, India.



ACKNOWLEDGEMENTS

This thesis is the result of almost five years of work whereby I have been accompanied
and supported by many people. It is a pleasure that I now have the opportunity to express
my gratitude to all of them.

The first person 1 would like to thank is my supervisor, Prof. Ravi Shankar, Department
of Chemistry, Indian Institute of Technology, Delhi for his painstaking guidance,
invaluable suggestions and constant encouragement. His communication skills,
leadership qualities, enthusiasm and integral view on research have left a deep
impression on my mind.

In addition, special thanks are due to Prof. J. D. Singh for his detailed discussion and
constant encouragement regarding several issues. I take this opportunity to thank
profusely Prof. A. S. Brar and Dr. N. G. Ramesh for their valuable suggestions during the
course of my research work.

1 also extend my gratitude to the present and erstwhile Heads of Department, Prof. H. M.
Chawla, Late Prof. U. K. Nadir and Prof. B. Jayaram for providing the necessary
facilities for carrying out my research work.

I would also like to thank the IIT-Delhi for the award of the Junior Research and Senior
Research Fellowships, which have supported me during my five years of research. I am
grateful to RSIC (Chandigarh) and RSIC (Central Drug Research Institute, Lucknow) for
providing '’Sn NMR, FAB mass and ESI-MS data.

I would also add a special word about Mr. Munna Lal and Mr. Keshav whom I would
like to thank for recording the NMR data reported in this thesis. The staff of the

Instrumentation Laboratory of Chemistry Department also deserve special mention.



In addition, thanks are also due to Prof. Kieran C. Molloy (Department of Chemistry,
University of Bath, UK), Dr.(Mrs.) Geeta Hundal (Department of Chemistry, G. N. D. U,
Amritsir), Dr. Shailesh Upreti, Dr. K. Pavani, M. Senthil Kumar and Jency Thomas (IIT
Delhi) for their help in single crystal X-crystallography. I am also thankful to Prof.
Rudolph Willem and Prof. Monique Biesemans for recording the solid state 178y NMR
data reported in this thesis.

I wish to express my appreciation and warm feelings to my lab seniors Dr. Anubhav
Saxena, Dr. Sampriya, Dr. Mukesh Kumar and Dr. Arti Joshi. My lab mate Vandana
deserves a special thanks for all those encouragements and practical advices, 1 have
received during my Ph.D work. Special thanks are necessary to my lab mates Archana,
Usha, Rajeev, Meenal and Nilanjal for their constant help and support.

I 'would also like to acknowledge my friends Dr. Suneel, Dr. Vipin, Dr. Purnendu, Rahul,
Neeraj, Satya Narayan, N. Behara, Ram Kumar, Anjul, Arunava, Manoj, Arun, and Vivek
for their cooperation, support, help and care given to me during this period. I also
personally wish to thank my friends Dr. Anuj and Vivek for their moral support.

Most importantly, I wish to thank my parents and all other members of my joint family
whose constant encouragement and love I have relied throughout my life. I am grateful
to my younger brother, Pradeep for rendering me the sense and the value of brotherhood.

Most of all thanks to GOD-the Divine who continues to make the impossible possible.

ATUL PRATAP SINGH

iii



ABSTRACT
It has been well known that dimethyl sulfite undergoes isomerization to
methylmethanesulfonate in presence of catalytic amount of tri-n-butylamine, featuring
sulfur-centered Arbuzov rearrangement. However, the reactivity behavior of organic
sulfites towards organometallic bases has not been explored until a recent report on the
utility of  dimethyl sulfite in the  isolation of  mixed-ligand

diorganotin(methoxy)methanesulfonates, R,Sn(OMe)OSO,Me (R = n-Pr, n-Bu, c-Hex).

125-130 °C
—_——

R,Sn0 + Me0-5(0)-OM
2510 + MeO-5(0)-OMe =

R,Sn(OMe)OSO,Me

R = n-Pr, n-Bu, i-Bu, ¢c-Hx

The work presented in this thesis is devoted to the synthesis and characterization of
mixed-ligand di-»#-butyltin alkanesulfonates, [#-Bu,Sn(L)OSO;R] (R = Me, Et, n-Pr, L =
alkoxy, acac, carboxylate, phosphonate) bearing a co-ligand (L) of ambidentate character
on the same tin center. A consistent effort has been directed to develop new synthetic
protocols for this family of tin-ester derivatives with particular emphasis on utilizing
higher dialkyl sulfite, (RO),SO (R = Et, »-Pr) as the reagent. The isomerization process
in dialkyl sulfites via sulfur-centered Arbuzov rearrangement has been critically
examined and aptly utilized to generate tin-alkanesulfonate bond(s).

A detailed account of the results is described in chapters 3-6 and summarized as follows:
Chapter 3 - Synthesis and characterization of di-n-butyltin(alkoxy)alkanesulfonates,
[n-Bu;Sn(OR)OSO,R], [R = Me, Et, n-Pr] and their reactivity behavior towards
methyl/phenyl/z-butylphosphonic acid

The rﬁixed-ligand di-n-butyltin(alkoxy)alkanesulfonates have been isolated from the

direct reaction between di-n-butyltin oxide and the corresponding dialkyl sulfite in
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presence of an alkyl iodide. The reaction in each case proceeds smoothly and provides a

useful one pot synthetic route to the corresponding diorganotin(alkoxy)alkanesulfonates,

1-4.
100-110 °C
n-Bu;$n0 +RO-S(0)-OR + Rl —=0 e n-Bu;Sn(OR)OSOR
R =Et (1), n-Pr (2)
100-110 °C
#-Bu,SnO + RO-S(0)-OR + Mel N, 3045 ""BusSn(OR)OSOMe

R =Et (3), n-Pr (4)

The identity of each compound has been established by IR, multinuclear ('H, 13C{’H}
and '"”Sn) NMR and FAB mass spectral studies. The presence of an alkanesulfonate
group in 1-4 strongly suggests that these reactions proceed via the isomerization of
dialky! sulfites. The key mechanistic steps involved in this transformation and the role of
alkyl iodide in the isomerization process have been proposed. All attempts to grow
suitable quality crystals for X-ray structural analysis have not been successful.

These compounds react with a number of phosphonic acids under mild conditions to
afford mixed-ligand diorganotin derivatives, 5-13 bearing both alkanesulfonate and
phosphonate groups on the same tin center. The chemoselective reactivity of the
precursor tin complexes towards phosphonic acids is in accord with the more basic

character of the alkoxide group as compared to the alkanesulfonate.

n-Bu,Sn(OR)OSO,R + RIP(O)(OH), —r%(f—g‘ﬁ-» [7-Bu,Sn(OP(O)(OH)R)OSO,R],,
R! =Me, R = Me (5), Et (6), n-Pr (7)
R! = Ph, R = Me (8), Et (9), n-Pr (10)

R! = 1-Bu, R = Me (11), Et (12), n-Pr (13)
All the mixed-ligand tin esters isolated above are quite stable and soluble in common

organic solvents such as CH3CN, CH,Cl,, CHCl; and DMSO etc. The identity of each



compound is established by IR, multinuclear ('H, '3C{’H} and '"”Sn) NMR as well as X-
ray crystallography (for 5, 6, 8, 10 and 11). The molecular structures of 5, 6, 10 and 11
correspond to a centrosymmetric dimer based on an eight-membered -(Sn-O-P-O-), ring,
formed by bridging bidentate mode of the hydrogenmethyl/hydrogenphenyl/hydrogen-z-
butylphosphonate groups. However, significant structural differences are discernible as a
result of varying disposition of the alkanesulfonate groups around the tin atoms. For 6, 10
and 11, the monomeric units are associated with one another by virtue of bridging
bidentate mode of methane/ethane/n-propanesulfonate groups and form one-dimensional
polymeric chain comprising of alternate -(O-S-O-Sn-); and -(O-P-O-Sn-), eight-
membered rings (figure 1). On the other hand, the structure of 5 represents a two-
dimensional motif (figure 2) in which the methanesulfonate groups provide layer
connectivity and result in the formation of centrosymmetric 24-membered hexa-tin

macrocyclic rings.

Figure 1. 1D structure of 6.
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Figure 2. 2D structure of 5.

The tin atoms in these compounds adopt a distorted octahedral geometry with basal plane
defined by SnOy4 core. The Sn-Op and Sn-Os bond lengths lie in the range of 2.06-2.09
and 2.46-2.62 A, respectively.

The structure of [#-Bu;Sn(OP(O)(OH)Ph)OSO,Me], (8) adopts a 3-D motif by virtue of
varying  coordination = modes  of  methanesulfonate  (u;, u3) and
hydrogenphenylphosphonate () groups. The asymmetric unit is comprised of a tetramer
with four crystallographically unique tin atoms (figure 3a). The structure reveals a central
eight-membered -(Sn-O-S-0-), cyclic ring with two exocyclic tin atoms (Snl and Sn4)
which results from u3-binding mode of the two methanesulfonate groups (S2 and S3).

The remaining two methanesulfonate groups (S1 and S4) on the exocyclic tin atoms are
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monodentate and contribute in (P)O-H---O hydrogen bonding. The structure is extended
into three-dimensional coordination polymer with the aid of hydrogenphenylphosphonate
group on each tin atom acting in #,-O,P mode and forming a series of eight-membered -

(Sn-O-P-0O-); rings in the structural framework (figure 3 b).

Figure 3b. 3D structure of 8
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Each tin atom in the extended structure adopts a distorted octahedral geometry. The mean
Sn-Os (2.35-2.64 A) bond lengths across the four methanesulfonate groups are found to
be much larger than those observed for Sn-Op bonds (2.09-2.12 A).

Chapter 4. Reactivity behavior of di-n-butyltin(alkoxy)alkanesulfonates, [n-
Bu;Sn(OR)OSO;R] [R = Et, n-Pr|] towards acetylacetone and 4-methoxy-2-
quinoline/2-quinoline/1-isoquinoline carboxylic acid

In chapter 3, it has been shown that di-n-butyltin(alkoxy)alkanesulfonates, n-
Bu,Sn(OR)OSO,R (R = Et, n-Pr) are excellent precursors for the synthesis of mixed-
ligand diorganotin esters bearing both alkanesulfonate and hydrogenphosphonate groups
on the same tin center. It was of interest to understand the structural features and bonding
behavior of related tin-alkanesulfonate derivatives bearing a co-ligand which has an
affinity for chelation towards the metal center. The present chapter describes the
synthesis, characterization and structural studies of #»-BuSn(L)OSO.R (R = Et, n-Pr, L =
acac, quinaldates). These are obtained from the reaction between di-n-
butyltin(alkoxy)alkanesulfonates, n-Bu,Sn(OR)OSO,R (R = Et, n-Pr) and acetylacetone
or 4-methoxy-2-quinoline/2-quinoline/l-isoquinoline carboxylic acid under mild

conditions.

2 Hacac
% » [7-Bu,S 0SO,R], + 2ROH
2 n-Bu,Sn(OR)OSO,R CH,Cly, 1t, 10-12h [#-Bu,Sn(acac)OSO,R],

R = Et (14), n-Pr (15)

2 R'COOH 1
2 n-Bu,Sn(OR » [n-Bu,Sn(0O,CR")OSO,R], + 2ROH
n-Bu,Sn(OR)OSO,R CH3CN,rl,10-l2h[ »Sn(0; 2RL

R! = 4-OMe-CyH;sN-2, R = Et (16), n-Pr (17)
R! = CyHgN-2, R = Et (18), n-Pr (19)
R! = CoHgN-1, R = Et (20), n-Pr (21)



All the compounds obtained above are white crystalline solids and are soluble in common
organic solvents such as dichloromethane, chloroform, acetonitrile, methanol, etc. The
spectroscopic data [IR, multinuclear ('H, C{'H} and '"°Sn) NMR, FAB mass] in
solution are in conformity with the composition of each compound and suggest
associated structural motifs. Further corroboration of the structural features has been
established by X-ray crystal structures of the compounds, 14-16.

The structures of [#-BuySn(acac)OSO;R], (R = Et (14), n-Pr (15)) comprise of two
independent molecules in the unit cell. The primary structural motif in these molecules is
quite similar and is reminiscent of eight-membered -(Sn-O-S-O-), ring formed by virtue
of bridging bidentate ethane/n-propanesulfonate groups while acetylacetonate moiety acts
in chelating bidentate fashion (figure 4a). The centrosymmetric dimers thus formed
possess a distorted octahedral geometry around each tin atom with the basal plane
defined by SnO4 core (360 + 0.1°). The covalent Sn-Os bond lengths lie in the range of

2.22-2.48 A.

Figure 4a. Molecular structure of 14. Figure 4b. 3-D structure of 14.



The primary structure of 14 extends into 2-D supramolecular motif by virtue of CH...O
hydrogen bonding interactions between the enolic hydrogen (H3AA) of acetylacetonate
and oxygen atom (O12A) of the adjacent sulfonate groups. The 2D polymeric tape like
structure (ab-plane) is further extended to a 3D motif by intermolecular CH---O hydrogen
bonds involving the SCH, protons of the other independent molecule designated with Sn2
atom (figure 4b).

The molecular structure of [n-Bu;Sn(4-OMe-0,CCyHsN-2)OSO;Et], (16) is shown in
figure 5. The structure finds an analogy with that of 14 in respect of the bridging
bidentate mode of the ethanesulfonate group and the dimeric entity thus formed is
comprised of centrosymmetric -(Sn-O-S-O-), eight-membered ring. The carboxylate
ligand is bonded to each tin atom by {N, O} chelation while other carboxylate oxygen

remains free.

Figure 5. Crystal structure of 16.

The geometry around each tin atom is distorted octahedron with planer SnOs;N core
occupying the equatorial position (360 + 0.07 A) with trans n-butyl groups. Notably, the

observed covalent Sn-O bond lengths associated with carboxylate (Sn-O1 = 2.085(16) A)
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and ethanesulfonate (Sn-O11 = 2.190(15) A) groups are quite comparable and lie at the
upper end of the normal range expected for the Sn-O covalent bond (1.9-2.1 A).

Chapter 5. Synthesis and  characterization of  diorganostannates,
[R;Sn(0SO;R")4].2[R%N] (R = n-Pr, n-Bu, Ph; R' = Me, Et, n-Pr; R* = alkyl)

In chapter 3, it has been demonstrated that the affinity of dialkyl sulfites to isomerize into
the corresponding alkanesulfonate moiety in presence of an alkyl iodide has led to the
isolation of novel class of mixed-ligand di-n-butyltin(alkoxy)alkanesulfonates, 1-4. As a
part of continued interest in the development of new synthetic protocols involving dialkyl
sulfites as the reagent in organotin chemistry, we initiated the reactivity of diorganotin
oxide with various dialkyl sulfites in presence of triethyl amine or tetraalkylammonium
iodide. These reactions proceed under ambient conditions (110-120 °C, 20 h) via sulfur-
centered Arbuzov rearrangement in dialkyl sulfite to afford the corresponding dianionic

tetraalkanesulfonato diorganostannates, 22-30 respectively.

(0]

I 110-120 °C
R,Sn0O + 4MeO-S-OMe + 2Etz;N ———>

~57 > [R2Sn(0SO;Me),].2[Et;NMe] + MeOMe

R = n-Pr (22), n-Bu (23), Ph (24)

110-120 °C 1 . T

W [n-Bu,ySn(OSO,R )4].2[R“4N] + 2RI+ R'OR
R! = Me, R? = Et (25), n-Bu (26)
R! = Et, R? = Et (27), n-Bu (28)

R! = n-Pr, R? = Et (29), n-Bu (30)

I
n-Bu,SnO + 4R'0-S-OR! + 2R%NI

The identity of these compounds has been established by IR, multinuclear ('H, "C{'H}
and '”Sn) NMR spectral studies in CDCl; solution. The ESI (negative ion) mass
spectrum of each compound in acetonitrile solution shows an isotopic cluster pattern

corresponding to penta-coordinated tin species [R2Sn(OSO,R");]™ as the predominant
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peak. The formation of these species in solution has been further supported by
comparison of the ''*''’Sn NMR data both in solution and solid state.

X-ray crystal structures of [R,Sn(0OSO,Me)4].2[Et;NMe] [R = n-Bu (23), Ph (24)] as well
as [n-Bu;Sn(OSO,Me)s].2[Et4N] (25) have revealed that the structural motifs of the
dianion in each case is identical and consists of a discrete monomer in which the tin atom
adopts a distorted octahedron geometry by virtue of four uniquely disposed monodentate
methanesulfonate groups with SnOy core defining the basal plane (360 + 0.11°). The Sn-
Os bond lengths (2.19-2.29 A) suggest a predominantly covalent character in all the
stannates under study. The molecular structures of 23 and 24 are shown in figures 7 and 8

respectively.

Figure 8. Crystal structure of 24.
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Chapter 6. Synthesis and characterization of diorganotin bis(alkylsulfite)s,
R,Sn(OS(O)OR'); (R = n-Pr, n-Bu, R' = Me, Et, n-Pr, i-Pr)

This chapter describes the synthesis and characterization of a series of diorganotin
bis(alkylsulfite)s, R;Sn(OS(O)OR'), (R = #-Pr, n-Bu, R' = Me, Et, n-Pr, i-Pr) (31-38).
These are accessible by reaction of diorganotin oxide (2 equivalent) with excess of the
corresponding dialkyl sulfite (12 equivalent) in presence of iodine (1 equivalent) under

mild conditions (50-60 °C, 20 h, N).

I
R,SnO + R10-S(0)-OR! 2__ » R,Sn(OS(O)OR!
2Sn (0) 5060°C.20n 2 (OS(O)OR ),

R! = Me, R = n-Bu (31), n-Pr (32)
R! = Et, R = n-Bu (33), n-Pr (34)

R! = n-Pr, R = n-Bu (35), n-Pr (36)
R! = i-Pr, R = n-Bu (37), n-Pr (38)

The isolation of these compounds represents yet another potential application of organic
sulfites in synthetic organotin chemistry of oxy-sulfur acids. The role of I, in selective C-
O bond cleavage in dimethyl sulfite and the stabilization of methyl sulfite ion in the form
of charge transfer complex, [D-1]'[MeOS(0)O] (D = dimethyl sulfite) have been studied
by UV/Vis spectroscopy. All the tin sulfites obtained have been characterized by IR,
multinuclear (‘'H, *C{'H} and '"*Sn) NMR spectroscopy and thermogravimetric analysis

(TGA).
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