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General introduction

Tin and lead have been mentioned in the early books of the Old Testament and they
are two of the oldest metals known to humanity. Their Latin nastaenumandplumbum
gave the chemical symbols of these elementn and Pb. Glazing pottery was one of the
first uses of lead in the ancient Egypt (768@00 B.C.), while Romans used lead for
plumbing or water pipes. The first appearance of tin dates back to thezBréige (3500
3200 B.C.) when some bronze weapon and tools containifth¥ Sn alloy with Cu have
been found at Ur.

Tin and lead present two common oxidation states Sn(ll), Sn(IV) and Pb(ll), Pb(IV),
respectively. The Sn(ll) state usually needs theofbitals for bonding, while the non
bonding pair of electrons is left in the 5s state. Compounds 8h&X stannylenes) adopt
an XSrgX angle of about 9Q00°. The electromvithdrawing effect of the ligands is an
alternative to increase the stability of Sh(@ompounds€.g.:SnCl, :Snk), together with
the bulkiness of the ligands which can stop further ligateg [Sn[N(SiMé)]-]; otherwise,
oxidation readily occurs to the Sn(lV) state. In Sn(lV) derivatives, the metal cesfér is
hybridized with a teahedral geometry.

Pb(ll) is the most common form of lead in the environment, but Pb(IV) derivatives
are also knownd.g.PbEf was used as gasoline additive). The presence of shimBe par
and the relativistic splitting of thepborbitals generate a range of intriguing electronic as
well as structural effects. The$p £t £ SR aAYSNI LI AN SFFSOG¢E
reason of the primary tendency of lead to form inorganic Pb(ll) over Pb(IV) species.

The first industrial us of an organotin derivative was patented by Standard Oil
Development Co. for the use of tetraalkyltin compounds as stabilizers of transformer oils,
in 1932.In the same period, organotin compounds have been used as heat stabilizers in
PVC industry, cataig agents (in the formation of urethane foams, silicon rubbers, or
esterification) or as biocidal derivatives.

The potential structural correlations between solution andidattate behavior of
organotin andlead compounds require various investigation methods. NMR spectroscopy
and single crystal-Ray diffraction are two of the compulsory tools in order to characterize

these organometallic complexes.
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PART 1.

Synthesis, reactivity and structural characterisation of new
organotin(lV) compounds with organic ligands that exhibit

coordination abilities

1.1. Literature review

Hypervalent [or hypercoordinated] organotin(lV) compounds have been known
since 1963, when Huone investigated the trimethyltin chloride/pyridine adduct,
[Me3SnCI(Py)], by singbeystal Xray diffraction and he identified the first
pentacoordinated tin atom in a molecule.

The first chapterof the present thesiconsiss of a detailed literature widy of
hypervalent organotin(lV) compounds with a doubleunded intramolecularly
coordinating nitrogen,C=N Sn. This will be followed by a literature survey about

organotin(lV) heterometallic confgxes and then the original contribution part.

1.2. Objecties

The main topicof the first part of present work was the design, synthesis and
structural investigation of some organotin(lV) species containing organic moieties able to
act as donor groups for transition metals.

Compounds of the type RSnP&n (n =1-3) containingR =2-[(CHO»CH]GHs
fragmentwill be synthetizedas they are important starting materials in the chemigify
tin whichis intended to be developed

An essential stepwill be the preparation and investigation of organotin(lV)
compounds bearing the -@O=CH)gHs moiety. Theywill be used to obtain new
(imino)aryltin(IlV) compounds containing an intramolecularly coordinatirgnipgen
atom to the metalenter.

The synthesis and characterization of some new bimetallic complexes containing at

least one organotin(lV) fragmentill be also studied



1.3. Original contributions

Derivatives witheC=N; bond are known for 40 year, but most of these compounds
have this motifas part of an oxazoline fragment.

Organotin(lV) species with imine pendain ligands can be obtained by
condensation reactions between organotin(lV) precursors, containing a substituent on the
metal with at least one benzaldehyde group, and an appetpriamine, in various
conditions.

In order to obtain the desired organotin(lV) reagent containing an aldehyde
fragment, the starting bromobenzaldehyde reagent must be protected with an acetal
group. The resulting dioxolane derivative is stable to baseophiles (Mg'BuLi), so it
can be easy lithiated with nBuLi. Lithiation followed by a salt metathesis reaction with
different organotin(lV) halides ends up with the isolation of the required starting materials.
Deprotection of the dioxolane group cahe achieved by hydrolysis in an acidic
environment, and the resulting species are used further in condensation reactions to get

compounds with C=N double bond.

1.3.1. Protected organotin(lV) compounds containiq§CHO)»CH]GH: moiety

Compounds [Z(CHORCHGH:]SnPh (1), [2-{(CHORCH}EHsjSnPhI (2) and [2
{(CHOXCH}GHs]SnPH (3) have been prepared according to the reaction scheme shown
below (Schemel). The starting organic ligand,-(2-bromophenyl}1,3-dioxolane was
obtained according to diterature protocol, by reaction of the commercially available 2
bromobenzaldehyde with 1 equivalent of ethylene glycol, usihMedsHsSQH as catalyst.
Lithiation of 2(2-bromophenylj1,3-dioxolane with"BuLi in dry hexane, under an inert
argon atmosphee, using a slighexcess ofBulLi, affords the lithiated intermediate, which
was reacted further with 1 equivalent of £8nCl in toluene to givein a 82% vyield.

Compoundl was isolated as a white solid, nsensitive to hydrolysis and it was
reacted wit elemental iodine in different ratios, to yield organotin(lV) compouadsd
3, respectively. Both iodide species are white to pale yellow solids, air and moisture stable

at room temperature.
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The NMR spectra of compountis3 were recorded in CD£lat room temperature
on either 400 or 600 MHz spectrometers.
Similar patterns can be noticed for all these 3 compounds in the aliphatic region of

the IH NMR spectra: one singlet resonance signatesponding to the Hhydrogen(t

range =5.77-5.95 ppm)l Y R | | |s@stem QetwddnIA=y3.5 - 4 ppm for the H
hydrogers of the 1,3dioxolanering (Figure 1)
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Figurel. StackedH NMR spectra (CRC20 °C) for compounds(red),2 (green) and3
(blue).
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The!1%Sn NMR chemical shift fa + ¢131.24 ppm) compares very well with other
tetraaryltin(IV) species reported in the literature: £hy’”  9128.1Mppm)L°8 (3-anisy{ y 0 !
= ¢125.1 ppm)® or (4CEGHy){ ¥  0¢134.0 ppm)\® This value indicates a
tetracoordinated tin atom in solution, without any'CSn intramolecular coordination. The
long acquisition time of thé!®Sn NMR spectrum fdk, together with a well concentrated

sample, allows the observation dCsatellites (Figure 2).
I
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Figure2. Stacked**Sn NMR spectra (CRCI49.2 MHz) for compounds(red), 2 (green)
and3 (blue).

Substitution of a phenyl groufrom 1 with an iodinge does not bring a significant
change int**Sn NMR spectra & However, a second iodine bounded to tientercomes
with an important upfield shift in thé'°Sn NMR resonance 8f The chemical shift & (1
=¢302.88 ppm) match with that fd2-(Me:NCH)GHs|SnPh ({ =¢337.4 ppm,*°and it is
upfield shiftedcompared withthat reportedfor PhSnp (1 =¢243.8 ppnm*i®suggesting the
presence of intramolecular 'OSn coordination in solution and a freeordinated tin
center.

The highresolution mass spectra of compounds containing theh2nytl,3
dioxolane fragment were recorded using atmosphgmiessure chemical ionization

technique. The APCI(+) spectrum JIotontains the molecular peak ah/z 501.08867
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(6.25%) [M+H, while the base peaknf/z 379.01498) can be assigned to the-[{2
(O=CH)gHs}SnPhl+H] fragment. In the HRMS spectrum of2 the base peak nj/z
423.02611) can be assigned to the-{{EHO»CH}6HiSnPhk*] fragment. The molecular
peak can also be observedratz 50.94684 (2.48%).

The APCI(+) spectrum @&f also confirms the purity of the compound as the

molecular peakm/z 600.81864 (8.57%) [MHHan be noticed. [MI*] fragment can be

assigned for the base peakrmatz 472.90580.

\&/

cz2 O
c(11)

(o]
1) C(5)

Figure 3.ORTEP drawings pRo1Rc7rl (left) and 3 (right) showing30% probability
displacement ellipsoidand the atom numbering scheme.

The molecular structures of compountgFigure3, left), 2 (Figured4) and3 (Figure

3, right) reveal some common features:

a)

b)

the tin atom is involved in a distorted trigonal bipyramidal coordination geometry, due

to the intramolecular coordination of one oxygen atom from the-di@xolane ring to

the metalcentelT Ay 2NRSNJ G2 O2y TANY (skaludshaul2 YS i NB >
be consideredThe_sparameterA & RSTFAYSR-" W& cthhkS NIHh 2 6 KISNB
FNE GKS (g2 3ANBFGSad | y3f Svalueisicloseérkod, ti@2 2 NRA Y
structure might be described as square pyramidal, whereassfiaiue is closer to 1,

the correct description is a trigonal bipyramié¢hen the_s valueisexactly 0 or 1, then

the structure can be treated as an ideal one, but in tn@samples this is not the

caselll

This intramolecularly coordinated oxygen atony l® the isolation of organotin(lV)

species with an increased coordination number at the meeatter, i.e. from four to

five;
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c) These derivatives can be seenldsSn5 species (following thé-X-L nomenclature
system, vinere N is the number of electrons the valence shell of a central atom X

with L ligands directly bonded to).it*?

Figure 4 ORTEP drawingf pRoSc(7y2a showing 30% probability displacement ellipsoids
and the atom numbering scheme.

1.3.2. Organotin(lV) species containing th2-CH)C6H#agment and aldol condensation

products

Compound [AO=CH)gHs)SnPh (4) was prepared by deprotection of the carbonyl
function from [2{(CHO)»CH}EH:]SnPh (1), following an adapted literature protocol, used
for mercury!'® selenium!'’” or tin-containing species (Scheme 2).Compound4 was

isolated as an air and moisture stable white powder.

o
"\
_ SnPh,|
o_ 0O
SnPhj3 H 0/ SnPh; .~ ph| 5
(CH,OH),
21,
o
1 4 -2 Phl ~ \
SnPhl,

Scheme2. Synthesis of compounds6.
Treatment of 4 with different equivalents of elemental iodine allows the

preparation of [2(O=CH)&]SnPhl (5) and [2(O=CH)&Hs)SnPh (6) in very good yields.
The iodinederivatives are air and moisture stable and they are wiftdeor paleyellow
solids(6).
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Depmotection of [2{(CHOYCH}GHs]SnRX type derivatives (R = Me, Ph; X = Br, Cl)
in acetone can give also aldol condensation products if the reaction time is excessively

extended(Scheme 3).

H
0
7 /4
o) SnMe,Br _ H20MH" SnMe,Br _ KSCN SnMe,NCS
acetone - KBr
8 7

Scheme3. Synthesis of compoundsand8.

An anion exchange reaction was made fror{{2CH)&]SnMeBr’ with excess
KSCN to give compound(@=CH)&L|SnMeNCS7) as a white solid. If the same starting
material is stirred for 48 at room temperature in acetone with a small quantitypef sOH
the condensation product RCHC(=0O)CHOH)CH}¢E]SnMeBr @) can be obtained.
Compound [ZCHC(=0)CHOH)CH}¢H]SnPRhCI ©) was synthetized in a similar fashion
starting from [2(O=CH)&]SnPRhCI (prepared fronb and NHCI).

The presence of thearbonyl fragment O=CHn compounds4-7 can also be
observed in the IR spectra. The carbonyl stretching vibration b&nd, appears usually
between 17161685 cni! if the C=Qgroup is bonded to an aromatinoiety. The specific IR
absorption band for théenzaldehyde is at 1696 k'8

Two strong peaks can be noticed at 1702 and 1675 amthe IR spectrum of
compound4. For compound the specific band was observed at 1643mvhile for6 the
peak was found at 1630 & The Ac-o stretching vibration bands fob and 6 are in
agreement with a strong intramolecular coordination in the organotin(lV) species, they
being shifted to lower values compared with the wavelength magnitude of benzaldehyde.

The solution behavior of the compnds4-9 was monitored by NMR spectroscopy.
The assignment of théH and?3C chemical shifts was made using 2D NMR correlation

experiments (COSY, HSQC, HMBC).
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Figure 5StackedH NMR spectra (CRC20 °C) for compounds(red),5 (green) andd
(blue).

The NMR spectra of compound<® were recorded in CD€at room temperature
on either 400 or 600 MHz spectrometers. Hybridization change of thaadtn from sp®
(acetal fragment) tep’ (aldehyde fragment) has a significant variation in the chemical shift,
both in *H and3C NMR spectra. The resonance signals forarnd downfield shifted
compared to the starting protected derivatives. All the expected resonance signals can be
observed irthe *H NMR spectrum & (Figure 5).

The most deshielded singlet resonance signal inthBIMR ob can be assigned to
the H; hydrogenof the carbonyl function. This resonance is no longer visible ifHHe¢MR
spectrum of9. A doublet resonance signai 5.37 ppm (due to the #i coupling with kb
hydrogen is corresponding to the Hhydrogen The two hydrogen atoms gkl Hsp)
together with H generate an AMX spin system. The pendant ar@does not show any
fluxional behavior in solutiorgither due to a strong O Sn intramolecular interaction or
due to its bulkiness which does not allow free rotation around the-C(2Z) bond This is
highlighted by the presence of two sets of resonances (both idkhand*C NMR spectra)
for the two differentphenyl groups bounded to tin atom, one being on the same side with

the pendant arm, while the other has a distinct environment.
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H and'3C NMR spectra ¢f and 6 present similar features: the resonance signals
for H; are around 10 ppm as expected fthre hydrogen of acarbonylgroup. *H NMR
spectrum of6 is better resolved compared with the one féwith a triphenyltin moiety,
which give 2 multiplets for Bydrogens (Figure @&ft). Thesignal corresponding forethas
also a significant shift i6 (8.39 ppm) related to its starting material (7.76 ppm). This
downfield shiftis a consequence of the 2 iodine atoms bonded to the metaterwhich
change its Lewis acidity.

No uncommon aspects could be noticed in ##€ NMR spectra efand 6 (Figure
6, right). The resonances corresponding te &e around 195 ppm, while the remaining

aromatic signals are dispersed between 128 and 142 ppm.

Hio.H1 Cool  |Cw
o] 9 10 Hg,HsHs | o 9 10

Cr 5 Cs |c,
! 4 Cz\\‘ !
| i
C
o) 9 (o
72 1 910 \ 10
2| 4 Sri 8L alle 4
C; \ 11|Cs
C C
! 4 1 6 G\l l/ #

———— T T T T T T T T T T T T
}10.2 10.0 9.8 9.6 9.4 92 9.0 88 86 84 82 80 78 76 74 72 7.0 68 200 195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120
5 (ppm) & (ppm)

Figure 6.Stacked'H (eft) and'3C NMRr{ght) spectra (CDg;120 °C) for compounds
(black) andb (red).

Each'°Sn NMR spectrum of compounds9 shows a single resonance signal
confirming the presence of one organotin(lV) speciesatution (Figure 7)The same
chemical behavior as for the protected precursors, can be noticed for compot#ds
where a secaod iodine atom boundo the metalcenterbrings a significant upfield shift in
the 119Sn NMR resonance 6f(¢312.74 ppm) compared with the chemical shift (g
118.25 ppm). Due ta**Sn'“N coupling the!'®*Sn NMR resonance f@rappears as a triplet
(*:knn= 136.7 Hz), highlighting that the NCS ligand is attached by nitrogen to the tin atom.
A similar behavior was observed in other organotin(lV) species containing -the 2

(Me2NCH)GH. fragment?8 This great affinity of tin for nitrogen, nominate orgamitV)
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pseudohalides to be used as potential spacers in coordination chemistry of transition

metals with affinity for soft chalcogens (S, Se).

-131.24 ppm
[2-(O=CH)CgH,]SnPh; (4)
-118.25 ppm
[2-(0O=CH)CgH,]SnPhsl (5)
-312.74 ppm
[2-(O=CH)CgH4]SnPhl, (6)
-50.19 ppm
[2-(O=CH)CgH4]SnMe,NCS (7)
-23.23 ppm
{ [2-{CH3;C=0CH,(OH)CH}CgH4]SnMe,Br (8)
-145.65 ppm

‘ [2-{CH3C=0CH,(OH)CH}CgH.]SnPh,CI (9)

T T T T T
0 -20 -40 -60 -80  -100 -120 -140 -160 -180 -200 -220 -240 -260 -280 -300 -320 -340

Figure 71°SnNMRstacked spectra (CxC149.2 MHz) for compounds9.

The chemical shifts for compoundsind8 match very well with those observed for
[2-(Me2NCH)GHsJSnMeBrRt 6 1 ¢55.5 ppm), [AMe2NCH)GHiSnMeb / {  ¢95.9t, T
1kon=139.4 Hz) or [PO=CH)&L]SnMe. NJ 641 T nodm LIIYO FyR I NB
coordinated tin atom in solution.

Ciystals of5 and 9 contain two distinct moleculegindicated bya and b) in the
asymmetric units with slightly differences in some interatomic distances and angles. Some
common aspects have to be mentioned about the molecular structurséadnd9 (Figue
8): all these compounds art0-Sn5 species with a pentaoordinated tin atom due to a
strong intramolecular O Sn interaction, leading to a distorted trigonal bypiramidal
coordination geometry. A halogen atom is alwagssto the intramolecularly coordinated
oxygen atom and thegccupythe axial positions of the trigonal bipyramidal geometry.

When a second iodine atom is replacing one phenyl group at the tin atom, the
geometry around the metatenterin 6 becomes more distrted as the angles between the
equatorial positions are between 107.4{3nd 131.8(3)°, pretty far from the ideal 120°

value

O
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Figure 8 ORTEP drawings 5& (a), pSoayRery9a (b) andG6 isomer(c) showing 30%
probability displacement ellipsoids and the atom numbering scheme (hydrogen atoms
were omitted for clarity).

Crystal of7 contains two distinct molecules in the asymmetric uritdistorted
trigonal bypiramidal geometrlys = 0.83 {a),0.80 {b) and 0.83§)] can be observed in the
molecular structures o¥a, 7b and 8. The equatorial sites are occupied thyee carbon
atoms with the equatorial angles between 116.4° and 12V@fy close to the ideal value
of 120 (Figure 9).

Figure 9.ORTEP drawings @& (a) and pSoyRe7y8 (b), showing 30% probability
displacement ellipsoids and the atom numbering scheme.






