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1. Abstract

Pincer ligands have an important role in stabilizing group 14 metallylenes. The particular
structure of the aryl pincer ligands makes them a unique ligand platform. This review is focused on
presenting the monoanionic aryl pincer-type ligand stabilized metallylenes, described so far in the
literature, with focus on their synthesis, structural features and reactivity. Throughout this work, the
close correlation between structure and reactivity is highlighted, as well as the manner in which this

influences the stability of the compounds and their potential applications.



2. Introduction

Metallylenes, the heavier analogues of carbene, represent a versatile class of compounds with
a vast number of applications. Along the years of the development of these derivatives, a large
number of ligands were developed in order to stabilize these highly reactive divalent species and to

(4] special attention being paid to monoanionic aryl pincer-type. Aryl pincer

control their reactivity,
ligands are widely used in organometallic chemistry for obtaining transition metal complexes. Their
utility and importance in catalysis and material sciences was highlighted multiple times, being the
subject of several reviews.”® Most of these reviews however, focus on pincer ligand stabilized
transition metal complexes and their applications. *~! Among the few data published on monoanionic
aryl pincer ligand stabilized metallylenes, we would like to mention two book chapters dealing with

1011 Therefore, the review of the latest results in the field is required.

group 13-15 elements.

In this work, monoanionic aryl pincer ligand (further referred to as pincer ligands) stabilized
group 14 metallylenes will be reviewed.

The tridentate, monoanionic ligands, containing an aryl backbone, binding thorough a o-bond
to the metal or metalloid, and two flanking side arms with the donor groups, are known as pincer
ligands. These are very attractive ligand platforms because of the possibility of fine-tuning the
properties of the stabilized compounds by bringing modifications to the structure of the ligand.!®! This
property of the pincer-type ligand is well proven in the literature for transition metal complexes,
hence the interest to apply them in the chemistry of low valent group 14 elements.

The first records of metallylenes stabilized by the intramolecular coordinations of a tridentate
ligand appeared in the literature in 1981, when [CsH3-2,6-(CH2NMe»)2-]SnCl, 2-CH30CsHsSnCl, 2-i-
CsH70CsH4SnCl and 2,4,6-(CH30)3;CsH2SnCl species were obatined. On the basis of Mossbauer and
IR spectroscopy data, the authors concluded that divalent tin species are present, where the
stabilization is achieved through the intramolecular coordination of the oxygen and nitrogen atoms.!'
In 1989 van Koten and co-workers reported the first fully characterized tin(II) derivative stabilized by
the tridentate, monoanionic 2,6-bis[(dimethylamino)methyl]phenyl [CsH3-2,6-(CH:2NMe,),-] group, !
opening the road for other classes of derivatives, including the pincer ligand stabilized metallylenes.

Even though in the chemistry of transition metal complexes the variety of pincer ligands

employed is very large, in the case of the metallylenes there are only a few types of ligands that are

used. Scheme 1 presents the pincer type ligands used for obtaining such species.
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Scheme 1. Monoanionic aryl pincer ligands used for obtaining metallylenes

The synthesis of the metallylenes is usually realized by deprotonation of the ligand with a
lithium derivative, in most cases n-BuLi or LDA, followed by reaction with dichlorometallylene
moieties (SnCl, GeCl,-dioxane, PbCl,), as illustrated in Scheme 2.

It is also important to mention that group 14 metallylenes are generally very unstable towards
air and moisture, requiring the use of extremely dry and oxygen-free solvents and protective

atmosphere.

Y—ER, Y—ER, Y—ER,
deprotonation/ ) MX,
QX Tithiation Q*'—' > QMX
Y—ER, Y—ER, Y—ER,
X=H, Br

Scheme 2. General synthetic pathway of the pincer ligand stabilized metallylenes

As the chemistry of stannylenes displays numerous examples presented in the literature,
significantly fewer data are available for germylenes and plumbylenes, and lack in the case of

silylenes.

3. Silylenes

Even though there are several examples of tetravalent silicon species with pincer type ligands,
(14161 yp to date there are no examples of divalent silicon derivatives stabilized by these ligands.



4. Germylenes

4.1. Synthesis of germylenes

Among the few examples of pincer stabilized halogermylenes presented in the literature, the
majority are obtained with the use of N,C,N-pincer ligands and there are only two examples for
0,C,O-pincer supported chlorogermylenes.

The first examples for N,C,N-pincer ligand stabilized divalent germanium derivatives were
presented by Bibal et al., with diethylaminomethyl groups as ortho substituents (L'), obtained through
the reaction of 2,6-bis(dialkylaminomethyl)-phenyl bromide (alkyl = Et, i-Pr) with n#-BuLi then
reaction with GeCly-dioxane, as shown in Scheme 3.!'"!'®! Similar methods were used to obtain the
imino-based N,C,N-pincer ligand (L") stabilized chlorogermylenes too, starting from N,N’-bis-(2,6-
diisopropylphenyl)-2-bromo-isophthalaldimine, "’ 2,6-bis[N-(2’,6’-diisopropylphenyl)ketimino]-
phenyl-1-bromide™®” or bis(N-tert-butyl)-2-bromoisophthalaldimine.*"!

NR,
B —— B, GeCI R=Et 1
2. GeCl,.dioxane R=i-Pr 2
NR, THF
R’
—NR R =26--Pr,CgHs R'=H 3
= 2,6-1-Frles R =
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toluene = 6
Tol /S\\ ©
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toluene =0 7
7
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Scheme 3. Synthetic pathway for obtaining the N,C,N- and O,C,O-pincer stabilized chlorogermylenes

The only two fully characterized O,C,O-pincer ligand supported halogenogermylenes
presented in the literature were synthesized by adding n-BuLi to 1,3-bis{(4-methylphenyl)sulfonyl}-
5-tert-butylbenzene (LY)*? or LDA to 1-(p-tolylsulfinyl)-3-tosyl-5-tert-butyl-benzene (L"")!**! in order



to obtain the corresponding carbanions, which in reaction with GeCl,-dioxane led to the desired

germylenes 6 and 7, as shown in Scheme 3.

4.2.  Physical-chemical and structural characterization of germylenes

The N,C,N- and O,C,O-pincer ligand stabilized germylenes 1-7 were characterized by the
usual physical-chemical methods, both in solution and solid state. Some significant data are

summarized in Table 1.

Table 1. Selection of physical-chemical data of germylenes

Cips-Ge bond | Ge-Cl bond length | E—Ge bond length | Cips-Ge-Cl bond 13C NMR Ref.
length () A) A) angle (°) & Cipso (ppm)
1] 1.941(11) 2.309(4) 2.337(11) 97.2(4) 157.48 18]
2.570(10) (Tol-Dy)
2 | No RX data 158.86 [18]
(CsDe)
3 | 2.02803) 2.3288(8) 2.247(3) 100.61(8) 13229 1]
2.62(1) (CeDe)
4 | 2.0004(19) 2.3477(5) 2.2981(17) 93.95(5) 21l
2.57(1)
5 | No RX data 171.19 (Cipst)) (201
(THF-Dy)
6 | 2.03003) 2.287(2) 2.359(2) 93.78(5) 159.9 221
(CDCl3)
7] 2.0272) 2.308(1) 2.0692) 95.45(5) 1553 231
(CDCl3)

The 'H and '*C NMR analysis of germylenes 1-7 showed the characteristic signals for the
ligand backbone and the donor side-chains. The '"H NMR showed that the chelating side-chains were
equivalent in the case of germylenes 1-2 with the exchange of the coordination sites.!'® In the case of
germylene 5 the 'H NMR analysis indicated nonequivalent H atoms on the ortho side-chains.!"” In the
C NMR spectra the signal for the Ciso carbon atom in each case appears deshielded compared to the
one in the corresponding ligands. This chemical shift is characteristic for the formation of the
germylenes.['*!”]

In case of the germylenes stabilized with O,C,O—pincer type ligands, for both derivatives 6
and 7, the specific signals in the 'H and C NMR spectra showed the formations of the desired
compounds. The disappearance of the characteristic triplet signal for the ipso proton in the 'H NMR
spectrum (8.23 ppm in bis-sulfoxide LY and 7.87 ppm in sulfone-sulfoxide L"), highlights the
formation of the targeted germylenes. Furthermore, in *C NMR spectra the upfield-shifted signals of

the Ciso Of the central aromatic ring were observed. In the case of germylene 6 stabilized with bis-

sulfone ligand the signal shift to 154.9 ppm in bis-sulfone from 159.9 in germylene while in the case



of germylene 7 stabilized with sulfone-sulfoxide O,C,O-pincer type ligand the signal for Cis shift
from 126.5 to 162.5 ppm. %!

The X-ray analyses realized on the germylenes, revealed that the ligands are bonded
tridentately to the germanium atoms, through a C-Ge o chemical bond and by two intramolecular
N—Ge or O—Ge coordinative bonds. In the case of the N,C,N-pincer ligand supported germylenes, it
was observed, that one of the N—Ge distances is significantly larger than the other one, showing that
one of the interactions is usually stronger. Even though the second N—Ge distance is longer, the
values are shorter than the sum of the van der Waals radii ( 3.70 A),**** thus the authors consider

).l'8211 Taking into account that both nitrogen-

them rather weak N-Ge coordination bond (see Table 1
germanium distances in each case are considered interactions, in the schemes presented in this review
they will be marked as coordinations. In the case of the bis-sulfone O,C,O-pincer supported
germylene (Scheme 3) the O—Ge distances (2.359(2) A)* are equal in the case of the bis-sulfone
type ligand while in the case of sulfone-sulfoxide pincer ligand, the distance Osifoxice—Ge (2.069(2)
A) is significantly shorter that the distance Osurone—Ge one (2.689(2) A).*! The Ge-Cl bond is
situated in an almost orthogonal position to the plane of the aryl ring, with the
Cipso-Ge-Cl angle varying between 93.78(5) and 100.61(8)°. The geometrical parameters around the
germanium atom suggest in each case a low hybridization degree, the coordination of the N or the O
atom involving probably the vacant p-orbitals of the Ge atom and the lone pair being situated in an
orbital with s character.

Furthermore, the short Ge-C bond length in germylene 1 (1.941(11) A) compared to other
chlorogermylenes described in the literature (1.989(5)-2.402(3) A),!"® suggests the presence of a
germanium — ipso-carbon back bonding. This can be the result of the electronic effects of the N—Ge
donation and the increased electrophilic character of the ipso-carbon through the withdrawing
inductive effect of the ortho CH,NEt, moicties. Ge atoms adopt a distorted trigonal-pyramidal
geometry.

The intramolecular coordination of the N or O atom from the functional groups of the pincer
ligand toward the Ge(ll), weakens drastically the Ge-Cl bond and the distances between the two
atoms increase. Accordingly, such derivatives are suitable for easy nucleophilic substitutions at the

divalent metal centre to access different compounds.

4.3.  Reactivity of chlorogermylenes

The reactivity of the halogermylenes was tested towards several different reagents, with the
aim of obtaining and stabilizing a series of new species. Due to its particular geometry, given by the

chlorine atom and the lone pair of electron of the germanium(Il) species, both substitution and

6



coordination reactions are possible. Yet, the substitution of the chlorine atom is the most common,
representing an easy method of obtaining new, functionalized germylenes.

The substitution of the chlorine atom in the L'GeCl (L' = 2,6-bis-((diethylamino)
methyl)phenyl, C¢H3;(CH2.NMe,),-2,6) germylene 1 proves its utility in obtaining functionalized
germylenes. Reaction with LiNR’, (R’ = SiMe;, i-Pr) led to aminogermylenes L'GeNR’» 8 and 9. In
these species, the high reactivity of the Ge-N bond led to new compounds, L'GeOMes 10 was
obtained by substitution of the N(i-Pr), group. A transition metal complex of the L'GeNR’, was
synthesized with W(CO)s, then hydrolysed to obtain stable hydroxygermylene 11. In complex 11 an
enhanced germanium-nitrogen interaction can be observed between the diethylamino groups and the
central atom, owing to the presence of the germanium-tungsten coordination, the Ge-N distance of
2.113(3) A being much shorter than in the starting germylene 8 (2.390(3) A).*! Through the
hydrolysis of the aminogermylene L'GeNR,, a siloxygermylene-tungsten complex 12 was also
achieved, its formation being explained through the monosilylated aminogermylene intermediate, as

shown in Scheme 4.2¢

NEt, NR, f;le
LiNR', ¥ Me3SiC(N,)Li _
' —_ GeC(N,)SiMe
CgGeNRZ - CieCI THF/CoMrg ; (N2) 3
NEt, NR, NRy

R'=SiMe; 8 R=Et 1 R=Et 13
i-Pr 9 i-Pr 2 l i-Pr 14
NEt,
MesOH -M
I CgGe'O es L'Ge(OR'),CH,SiMe;
NEt, 10 R'=Me, t-Bu
Mes = 2,4,6-trimethylphenyl
NEt2 NEt%N
[W(CO)s THF_ W(CO)s H,0 o™ (CO)s
NR2 RNA €<oH
NEt, NEt, "
R' = SiMeg, i-Pr
for R SiMe3 1/5 (Me3Si),NH
NEt NEt.
A (CO)s ~W(co)s
G - Ge_ ..
“NHSiMe, OSiMe;
NEt, NEt; 42

Scheme 4. Reactivity of the amine N,C,N-pincer chlorogermylenes

In the case of the tungsten complex 11, both NMR and X-Ray analysis emphasized the
absence of the back bonding seen in the germylene 1 due to the complexation of the Ge, evidenced by
the lengthening of the Cj-Ge bond from 1.941(11) in germylene 1 to 1.975(3) A in complex 11,!'%%!
and the shift of the signal of the Ci», carbon atom in the *C NMR spectrum, becoming more shielded
in derivative 11 (153.44 ppm) than in germylenes 1 and 2 (157.48 and 158.86 ppm) (see Tables 1 and
2).18.20]



Table 2. Selection of physical-chemical data of functionalized germylenes

Cipso-Ge bond | Ge-R bond Ge-M bond E—Ge bond E{fndgzi 3C NMR § Ref
length (A) length (A) length (A) length (A) ©) g Cipso (ppm)
Ge-N 2.390(3) [26]
8 2.022(5) 1.956(0) 2.699(1) 158.99 (CeDs)
9 No RX data 158.32 (CeDg) | 20
10 No RX data 158.78 (CéDs) | 129
Ge-O Ge-W 153.44
[26]
11 19750) 1.7872) 2.595(0) 2.11303) (CsDe)
148.75
[26]
12 No RX data (CéDe)
156.85
[17]
13 No Rx data (Tol-Ds)
2.35(9)
Ge-C Cipst)'Ge'C 158.39 [17]
14 2.006(5) 2.02(1) 3.050) 96.84(7) (Tol-Ds)
1.967(3) Ge-Ge 1.986(3) 89.10(9) (19]
15 1.990(3) 2.5059(5) 2.036(3) 116.11(10)
16 1.909(4) 1.925(3) [19]
17 1.957(4) 2.6068(15) 1.905(3) [19]
Ge-Ca .
[19]
18 1.947(4) 3.2292(10) 1.911(3) Not assigned*
Ge-N 2.370(3) -
19 2.000(4) 1.971(3) 2.465(3)
Ge-O 2.325(10) 71
20 2.01012) 1.906(7) 2.493(11)
a | 1950 208100)-
: 2.127(2)
Li-Ge 21]
22 1.946(4) 2.680(7) 1.939(3)
Calculated
) ) 2.2722(15) 176.48 (Cipso) 20]
23 1.9483(18) ?2 81—; 1.583 22746(15) (THF-Dy)
Ge-Cl 2.568(3) % [28]
24 1.958(4) 2.108(1) 2.84103) 118.06(11) | Not seen
Ge-Cl Ge-Fe 2.257(7) sk 22]
25 1.968(10) 2.138(4) 2296(2) 2320(6) 105.9(3) No data
Ge-Cl Ge-W 2.287(3) 147.9 2]
26 1.983(4) 2.191(1) 2.550(8) 2.318(3) 10379(13) | cpeiy)

*13C NMR available, but the signals are not assigned; ** '3C NMR available, but the signal for the Cipso not mentioned;
*#%% 3C NMR data is not available

containing a germanium-carbon triple bond.'”) Reaction of chlorogermylenes 1 and 2 with
Li(N,)CSiMe; (lithiotrimethylsilyldiazomethane) led to diazogermenes 13 and 14.1'") The X-ray
analysis of compound 14 showed that only one N-Ge intramolecular coordination is still present
(2.35(9)A), the other N-Ge distance of 3.05(3)A being too large for an intramolecular coordination,
thus was considered only a weak interaction. After irradiation of compound 14 in the presence of a

trapping agent, L'Ge(OR’),CH,SiMe; (R’=Me, #-Bu) was evidenced, its formation explained through

The L'GeCl chlorogermylene was also used to bring evidence for the first germyne,

a germyne intermediate.!'”]
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Scheme 5. Reactivity of imino-N,C,N-pincer based germylenes

In the case of L"GeCl 3 (L" = 2,6-(CH=NR),C¢Hs, R = 2,6-i-Pr,CsHs), where the N-donor
side-chain is an imino group, the reactivity study of the chlorogermylene was focused on obtaining
germylidenide anions and radicals through reduction with different reactives (Scheme 5).!'*
Reaction of chlorogermylene 3 with KCg in THF led to digermylene 15, containing a Ge-Ge single
bond (2.5059(5)A) (Scheme ). The formation of this species is presumed to involve a Ge(I) radical
intermediate.'” The '"H NMR analysis showed non-equivalent imino groups that present fluxional
behaviour in solution. The X-ray solid state molecular structure revealed that the Ge atoms are in a
distorted trigonal-pyramidal geometry as in the starting germylenes suggesting that the lone pair of
electrons are still situated on the germanium atoms.!"” The Cipso-Ge and N-Ge bonds in the digermylene
are shorter than in the parent germylene. The digermene 15 reacted with KCsg in the presence of
tetramethylethylenediamine (TMEDA) to form a germylidene anion (16) containing L"GeK-TMEDA
complex, where the stabilization of the species was suggested to be realized through electron
delocalization on the GeCCCN heterocycles. This compound was obtained also by adding excess of
KC;s to chlorogermylene 3. The molecular structure showed that the K atom is n'-coordinated to the

Ge atom.[!]



Chlorogermylene 3 in the presence of Ca in THF formed the germylidendiide dianion radical
18 while with Mg a germylidenide complex 17 was obtained (Scheme 5).?! The authors showed that
the formation of the calcium derivative is realized through a germanium(I) radical reduced by the
calcium, thus the same compound could be obtained starting from the digermylene 15. Compound 18
contains a germanium atom with two lone pairs of electrons and an unpaired electron delocalized on
the heterocycle. The Ca atom is n’-coordinated to the heterocycle comprising the Cis-Ge bond and an
imine side-chain. The geometrical parameters obtained from the solid state molecular structure
suggest that the Ge-Ca bond is ionic, with the distance of 3.2292(10) A, longer than the sum of the
covalent radii (2.95 A). In the reaction of 3 with magnesium, dimerization and dearomatization of the
ligand took place, forming a germylidenide 17 (Scheme 5), the authors proposing that the
germylidendiide dianion radical is unstable, leading to the obtained derivative. The molecular
structure shows that the Mg atom is coordinated with the Ge atom and a N atom of the imine side-
chain, with the Ge-Mg bond of 2.6068(15) A and the Mg-N one of 2.001(3) A. The geometrical
parameters suggest that an electron delocalization on the GeCisCCN heterocycle is stabilizing the
lone pair of electrons of the germanium atom. 2!

Chlorogermylene 3 reacted with Me;SnOH to form germylene hydroxide 20, that co-
crystallyzes with Me;SnCl. The solid state molecular structure shows, that the Ge-N distances are of
2.325(10) A and 2.493(11) A, displaying thus one strong and one weak interaction. ?”! With NaNj
chlorogermylene 3 gave germanium(Il) azide L"GeNs, identified by NMR and IR spectroscopy. The
azide reacted with l-adamantylphosphaalkyne through a 1,3-dipolar cycloaddition, giving 19, as
shown in Scheme 5, characterized by NMR spectroscopy and X-ray crystallography.?”

When the substituents on the nitrogen atoms of the ortho-imino moieties of the L" 2,6-
bis(imino)phenyl ligand are changed from 2,6-diisopropylphenyl to tert-butyl groups, the formation of
the germylidenide anion was described in the reaction of chlorogermylene 4 with lithium. With
addition of lithium to 4, a bis-germylene was formed and for the reaction mechanism it was suggested
by the authors, that the imine moiety of the ligand’s ortho side-chain is reduced to an imine radical
anion, then through a C-C coupling reaction the bis-germylene 21 is formed (Scheme 5).*!! With Li
added to the bis-germylene 21 or in excess to germylene 4, the formation of & lithium germylidenide
22 was observed, as shown in Scheme 5. It was proposed, that the divalent germanium centres
undergo reduction, then through the homolytic cleavage of the C-C bond, compound 22 is
observed.””! The solid state molecular structures of compounds 21 and 22 were determined by X-ray
diffraction. For the bis-germylene, the Ge-N bonds display values in-between 2.081(2) and 2.127(2)
A, being thus regarded as coordinative bonds and suggesting two resonance structures. Within
germylene 22, both N and Ge atoms coordinate to the Li atoms in a n' fashion, whereas the
GeCipsoCCN heterocycles display a n° coordination, as depicted in Scheme 5.1!!

Chlorogermylene 4 in reaction with AgOTf and 1,3-dimethyl-4,5-dimethylimidazol-2-ylidene (2

equivalents) led to the first bis(germyliumylidene)silver(I) complex.®® This compound, extremely air-

10



and moisture sensitive, was completely characterized, including the solid structure determined by X-

ray diffraction.

Me Me
_I;JR _I;IR
?eCI K[B(s'?'cli;FBU)3H1= ?GH
—NR —NR
Me
R = 2,6-i-Pr,CgHz 5 23

Scheme 6. Reactivity of an imino-N,C,N-pincer ligand based germylene

Chlorogermylene 5, with the slightly modified imino-based N,C,N-type pincer ligand (L" =
2,6-(CMe=NR),C¢H3, R = 2,6-i-ProC¢Hs) in reaction with K[B(sec-Bu);H] (Scheme 6) formed Ge(II)
hydride 23. The solid state structure shows Ge-N lengths of 2.2722(15) A and of 2.2746(15) A, these
coordinate bond stabilizing the compound by electron donation into the empty p orbital of the
germanium atom. 2’

The reactivity of bis-sulfone O,C,O-pincer supported germylene 6 was studied in

cycloaddition and coordination reactions (Scheme 7).1?%%!

o) 0 o]
Tol
g~ ? Tol ¢ o ﬁo Tol\ ¢~ o
_Cl ML { o tBu t-Bu {
t-Bu Ge_ - B Ge~ /s PN ¢ Ge—o
< 2 } "M(co), ) < E f THF t-Bu ) tBu
$=0 ML = Fe(CO)g 5=0 5=0
7 \ pe
% W(CO)5 THF Tol 7% Tol 7™
M=Fe n=4 25 6 24 t-Bu

M=W,n=5 26
Scheme 7. Reactivity of the bis-sulfone O,C,O-chlorogermylene

In the presence of ortho-benzoquinone, germylene 6 formed cycloadduct 24, with a tetravalent
germanium atom. The O-Ge distances of 2.568(3) and 2.841(3) are too large to consider them
coordinative interactions. **! Transition metal complexes of germylene 6 were obtained with iron and
tungsten carbonyls, as shown in Scheme 7. Complexes 25 and 26 were characterized by NMR
spectroscopy and X-ray diffraction, the solid state structures showing strong O-Ge coordinations in
both cases (See Table 2).1!

The reactivity of germylene 7 stabilized with sulfone-sulfoxide O,C,O-pincer ligand towards iron and
tungsten complexes was also investigated,'”] but the reaction with pentacarbonyl tungsten or

diironnonacarbonyl could not be proven so far.
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S. Stannylenes

5.1. Synthesis of stannylenes

The literature reports several examples of stannylenes stabilized by different type of
monoanionic aryl pincer ligands which will be briefly presented. The synthesis of the divalent tin
derivatives is realized in a similar manner to the germylenes; n-BuLi or LDA is added at low
temperature to the ligand in order to obtain the corresponding lithium derivative, followed by a
transmetallation with SnCl..

The first stannylene stabilized with a monoanionic aryl pincer ligand reported in the literature,
contained a L'SnClI ligand type (L' = 2,6-(R:NCH,),CsH3, R = Me), with amino groups as ortho
substituents. This compound was first mentioned in 1981 by Zuckerman,!'? then described and

characterized by van Koten in 1989.!%]

NR, e,

1. n-Buli
Br —5snci, Cg‘?”c' 27
NR, THF/EL,O NMe,

R
—=NR _I;IR
g _1.n-Buli dhal
R 2.8SnCl, —lilR R = 2,6-i-Pr,CgHas, R' = Me 28
R EtZO R R= 2,6-M62-CGH3, R'=H 29
R=1tBu, R'=H 30
OR ?R
1. n-BuLi -
Br ——PuLl sncl R=Me 31
2. SnCl, Cg+ R =tBu 32
OR THF/EL,O OR
(I)R
RO-p-0 RO‘P o
t-Bu—Q —»21 SLD)’(* t BUQ R=Et X=Cl 33
n X=Br 34
RO P 0 hexane/EtzO/THF R=Pr,X=Cl 35
OR X=Cl,Br, | X = Br 36
R = Et, i-Pr X=| 37
Tol. O
\S//:O TOI
R L. n-Buli SnCI R=H 38
“2.5nCl, R=tBu 39
S=0 toluene T I/
NS [e)
Tol O
Tol
\S=O Tol <
1 LDA
() e t.BuQsm e
S=0 hexane/EtzO/THF
Tol” |

Scheme 8. Synthesis of stannylenes
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It was obtained by adding, in the first step, n-BuLi to 2,6-bis(methylaminomethyl)-phenyl

bromide; the lithium intermediate then reacted with SnCl, in the second step to obtain the desired

stannylene.!'"* For the synthesis of the other stannylenes similar methods were employed, as shown in

Scheme 8.

5.2.  Characterization of stannylenes

The divalent tin derivatives were characterized by the usual physical-chemical methods in

solution and in solid state: NMR spectroscopy, mass analysis, elemental analysis, IR and Mossbauer

spectroscopy and single crystal X-ray diffraction. The most important geometrical parameters (bond

lengths and angles) determined by X-ray diffraction, as well as the characteristic chemical shift

resulting from NMR analysis, are summarized in Table 3.

Table 3. Selected geometrical and NMR parameters of stannylenes

C NMR
Cipso-Sn bond | Sn-X bond | E—Snbond |Cipso,-Sn-X bond ) 119
length (A) | length (A) | length (&) angle (°) 3 C;"“&(Il;;’m) Sn NMR (ppm) | Ref.
- E=N 1707,
27 | 2.158(8) 2)28*8%31) 2.525(8) 95.0(3) e sn=350 Hz (Tl jﬁg ) 12,13
: 2.602(8) (Tol- Ds) ’
28 | NoRX data Not given 20 31
(CsDe)
29 . 255 -
No RX data Not given (CeDs)
E=N
X=Cl . 0.14
30 | 217702 2.507(2) 90.99(6) Not given 31
2.5625(5) 22070 (CeDs)
169.6 231 -
31 | NoRX data e.sn = 409 Hz (CeDe)
1672 206
[33]
32 NoRX data Jesn =441 Hz (CsDe)
100, t
33 | NoRX data i Jsp=116Hz | 04
P (Tol-Ds)
68,1,
34 | NoRX data 5L Jsip=116Hz | B9
or (Tol- Ds)
- E-0 99
30| 2240 | EI)CSE& 2.430(2) 94.23(3) 2J186:'73° s Jswp=119Hz | 19
: 2.427(2) P (CeDe)
- E-0 269
36 | 223702 2)22;3?{3) 2.463(2) 93.73 oL Jsar=118Hz | 19
: 2.420(2) P (CeDe)
B E-0 22
3 | 2230 |, ;;41(3) 2.473(2) 94.92(6) 2J182:'6§ L Jnp=117Hz | 09
: 2.408(2) orm o (CeDe)
X=cl E=0 173.0 25.6
38 2245 2.458(7) 91.1Q2) : : el
2.454(3) iyl (CDCLy) (CDCL)
X=Cl E=0 169.8 1495 (CDCL) | oy
39 | 221302 | 535013) | 2.451(12) 95.2203) (CDCl3) -33.3 (THF-Ds)
40 | 22190 | X-d E-0 93.24(4) 171.6 Two isomers, 49.3 |
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2.482(1) Sn1-Osuifoxide (THF-Ds) and 72.5 (CDCls)
2.269(2)
Sn1-Osulfone
2.656(1)

The data gathered from the 'H and '*C NMR spectra are in each case characteristic for the ligand
backbone. The shift for the Cis carbon atom in the *C NMR is characteristic for a tin atom linked to
an aryl ligand. The ''”Sn NMR shows signals varying from 231 to -100 ppm, depending on the nature
of the ligand. (Table 3) The solid state structures show similar geometries for both stannylenes and
germylenes. In the case of the stannylenes also, the ligands are bonded tridentately to the tin atom,
through one ¢ bond to the Cis carbon atom and through intramolecular coordinations between the
heteroatoms of the ortho substituents.

The molecular structures determined by X-ray diffraction show that the length of the N—Sn
coordination in the N,C,N-chelating pincer ligand supported stannylenes vary from 2.507(2) to
2.602(8) A (see Table 3), while in the case of the O,C,O-type pincer ligand stabilized derivatives the
O—Sn bond takes values from 2.269(2) to 2.656(1) A (see Table 3). The Sn-Cl bond is orthogonal
with respect to the aryl ring (90.99(6) - 95.22(3)°), similar to the case of the germylenes.

5.3. Reactivity of stannylenes

The reactivity of the pincer-stannylene derivatives is similar to those of the germylenes. It is
thus a general characteristic of metallylenes to undergo substitution reactions at the halogen atom,
coordination reactions through the lone pair electrons, and oxidative additions as well.

Chlorostannylene L'SnCl 27 (L' = 2,6-(Me:2NCH,),C¢H3) presents a vast reactivity. By
reaction with 4-tolyl-lithium, substitution of the chlorine atom took place, leading to diaryltin(II)
derivative 41 (Scheme 9). This further reacted with methyl-iodide, where through an oxidative
addition forms ionic tin(IV) iodide 42. When iodine was added to the diaryl stannylene,
heaxacoordinate Sn(IV) species 43 was obtained, as depicted in Scheme 9.!"*!

Reaction of stannylene 27 with {LiN(BCy2)(CsH3-2,6-Me3)}», lithium salt of aminoborane
HN(BCy2)(CsH3-2,6-Me,) led to N—Sn coordinated stannylene L'Sn[N(BCy,)(CsH;3-2,6-Me)].*”!
Moreover, in order to study the acid/base Lewis behaviour of 27, the reaction with naphthalene
derivatives containing Lewis acid groups (BCy:) or Lewis bases (PPh,, L'Sn) were studied.?®! The
interactions between the Sn(II) atom and the Lewis acid groups was demonstrated while the

interactions between the Sn(II) atom and the Lewis bases groups was not identified.
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Scheme 9. Reactivity of the stannylene 27

The reaction of chlorostannylene 27 with K[sBu;BH] led to the formation of a
diorganodistannyne 44, as shown in Scheme 9. "’/ The data obtained from the X-ray analysis showed
that the Sn-Sn bond length of 2.9712(12) A is in the range of a tin-tin single bond. ) The N—Sn
distances of 2.585(9) and of 2.631(9) A are values close to the ones seen in the starting
chlorostannylene 27.5)

The thus obtained diorganostannyne 44 undergoes oxidation in the presence of Sg, Se and Te, forming
organotin(Il) chalcogenides containing the Sn-E-Sn unit (E = S, Se, Te), as shown in Scheme 9. The
formation of these compounds was explained through a two-step oxidation followed by the cleavage
of the Sn-Sn bond. All the stable tin(Il) chalcogenides 45 (E = S),*"! 46 (E = Se),*"! 47 (E = Te)*?
were characterized by NMR spectroscopy and X-ray diffraction, revealing the structural
characteristics of divalent tin species. The bond lengths obtained from solid state data indicate that the

tin-chalcogene display distances in the range of single bonds. (See Table 4)
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Table 4. Chemical-physical data for N,C,N-pincer stabilized L'SnCl stannylene derivatives.

Ci[l,\‘t)‘sn . 13C NMR 119Sn NMR
bond length ?:I;gﬂl: (()2()1 E—Sn b(oAn)d length| G x,;:gl-:((ol;ond 8 Cipso (ppm) (ppm) Ref
A) (solvent) (solvent)
169.5
41 | NoRX data Uesn=272 Hz (TZOI91.)6 ) [13)
(Tol-Dg) o-Le
43 | No RX data Not found -208.7 (13
44 | 218001 Sn-Sn | 2.631(9), 2.593(10) Cigz‘fg')sn Not found 612 591
2.193(10) | 2.9712(12) | 2.585(9), 2.612(7) 94.102) ot foun (CéDe)
Sn-S Cipm-Sn-S
a5 | 205 | 2a7ssan gggigg 523183 94.27(11) (IC%S) (%8%3) o)
: 2.4889(11) | ~ i 97.11(1) 66 66
Sn-Se Cipsﬂ-sn-se
46 gizgg 2.5944(5) 2.546(3) 94.58(8) Not assigned 309.5 [41]
: 2.6056(5) 92.23(8)
Sn-Te Cipsﬂ-sn-se
ol 1 e | e | R | e | os |
: 2.8334(8) D07~ 95.0(2) 676 676
i | 2141 5 4(?51§(312)_ 2.877(4), 2.882(4) | Cipso-Sn-S ridge) 143.5 -140.1 o)
4.142 2aa68(12) | 29760), 2663(4) 109.2-118.55 (CéDe) (CéDe)
1734
Sn-Se (bridge) Cipso-Sn-Se (bridge) 2J("°Sn-
2.5297(6) 2.535(5) 106.39(13) . 17Sn)=186 Hz | )
49| 21150) Sn=Se 2.442(3) Cipso-Sn-Se (eminay | 1012551806 1 5q0 ge)-1503
2.3891(6) 127.84(13) Hz
(CsDe)
846
50 | NoRX data 138.9 Usn1e=7418 Hz | [
(CsDe)
2559'32(‘3";"5; f Cipso-Sn-Te (bridge)
5 | 2193 2.727003) 2.678,2.554 93.79(9), 105.2(1) 145.1 -131 "
2.133 : : 2.535,2.490 | Cipso-Sn-Te (terminal) : (CéDe)
SH-TC(te[mmal) 131.86
2.6110(4) :
Sn-Te Cipst)'sn'Te -2944, -295.0
52| 2 2.6633(5)- g"s‘g‘l‘ 120.18 Not found 3793 [42]
3.2162(4) : 132.55 (THF-Dy)
2.133 Sn-Te 2.510,2.715 424, 444 .
3 53 2.638 2.318, 3.728 No data (CéDs)
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The Sn-N distances display values between 2.520 and 2.685 A in all three cases, presenting no
significant variation from the values found in the distannyne 44. *! When Se was used as oxidizing
agent, a longer reaction time led to organotin(IV) selenide 49, containing the Sn-Se-Sn moiety and
two terminal Sn=Se bonds. ! The formation of analogous compounds were evidenced in the case of
sulphur and tellurium, the organotin(IV) polysulfide 48, “**! its formation explained through a
sulphide intermediate and tellurium, derivative 50 421 as shown in Scheme 9. Compound 50 was
revealed to be unstable, decomposing to 52, while in the presence of moisture gave the stannaoxane
53. In the case of tellurium, the unsymmetrical compound 51 was also obtained, containing tin atoms
in both +II and +IV oxidation states.*” DFT calculations on the tellurium containing derivatives
showed highly positive charges on the tin atoms stabilized through the intramolecular coordination of
the N,C,N-pincer ligand."?! Derivative 44 in reaction with diorgano disulfides formed the
corresponding  organotin(Il) thio derivatives.* The redox potential of the tin atom in the
diorganodistannyne L'SnSnL' [L' = 2,6-(R:NCH,),CsHs, R = Me],**! as well as the reduction ability
of these type of distannynes were also studied.*"

The coordination ability of chlorostannylene 27 was tested towards different transition metal
complexes, as show in Scheme 10. The Pd(Il) atom in complexes 54, 55, 59 is in a square planar
geometry, while the Sn atom adopts a trans trigonal bipyramidal geometry. The coordination of Pd(II)
atom on the Sn one let unaffected the Sn-N interactions. 7%

In complex 61, obtained through the coordination of chlorostannylene 27 to the ruthenium
atom, ruthenium adopts an octahedral geometry and the tin atom is 5-fold coordinated in a distorted
square-pyramidal geometry.[*]

When (PPh;),PdCl, " or Pd(PPh;)s ¥ were used in order to obtained new complexes
containing a L'SnCI unit as ligand, the dimeric compound 56 was obtained, containing a PdCl, moiety

(47481 In the presence of Pdl, iodide-substituted palladium complex 66

bridging two L'SnCl molecules.
was formed, with a similar structure as compound 56,5% with PtCl, 27, complex 57 was observed and
through reaction with Nal, the iodine substituted analogue 58 was obtained (Scheme 10).°% In the last
three examples the coordination geometry of the tin atom was described as a distorted trigonal
bipyramidal one.”

Complexes 5447 and 59*°), containing Pd(II) atom were also obtained and characterized. The
chlorine atom, bonded to the tin atom in complex 54, was substituted with an acetate group in the
presence of AgOAc, thus the new monoacetate complex 55 was obtained, as shown in Scheme 10. **!

Ruthenium, rhodium and molybdenum complexes 60-65 were obtained starting from
chlorostannylene 27 through reaction with [(#°-benzene)RuCl]»(u-Cl), or [(#°- cymene)RuCl]x(u-
Cl), ™ [(CO);RuCI]2(u-Cl)2, ! [(CO)2Rh]2(u-C1):*! and [Mo(CO)(CH3CN).Cp]'BF4.** In the case
of the molybdenum complex the observed structure of “four-legged piano stool motif” is considered

typical for CpMoL4 type complexes. The geometrical parameters of compound 65 suggest a strong

donor character of the stannylene. **!
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Scheme 10. Reactivity of the chlorostannylene 27 towards transition metal complexes

Similarly to the palladium complexes of stannylene 27, platinum complexes were obtained
and characterized, the reactions are depicted in Scheme 10. In both cases the tin atoms are
pentacoordinated, with the Sn-Pt distances of 2.4865(4) (CI substituted Pt, 57) and 2.5532(5) A (1
substituted Pt, 58) and the Sn-N interactions between 2.439(4) and 4.526(5) A. The iodine substituted
platinum complex 58 was formed by adding Nal to the chlorine substituted stannylene-platinum
complex 57. A halogen exchange reaction was observed on the tin and platinum atoms and the
formation of the trans isomer, considering the halogen atoms. "

The platinum complexes 57 and 58 in the presence of Na(pyt) (pyt = pyridine-2-thionate)
formed new complexes 68 and 69. The geometrical parameters of the new complexes (see Table 5)
determined by single crystal X-ray diffraction, completed by an NBO analysis, showed that the tin-
platinum interactions were formed through the donation from a stannylidenium (ArSn")" fragment to
a [Pt(pyt)2Cl] anion, the lone electron pair of the tin being shared between this and the platinum atom,

BL32 In both cases a pyridine-2-

forming a tin-platinum covalent bond and a Pt*—Sn" interaction.
thionate coordinated stannylene 67 was also formed as a secondary product.["*
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Table 5. Chemical-physical data for N,C,N-pincer stabilized L'SnCI stannylene derivatives

Cipso-Sn Sn-R bond Sn-M N—Sn Cipso-Sn-R bond BCNMR | ""Sn NMR Ref
bond length (A) bond bond angle (°) 8 Cipso (ppm)
length (&) length (A) |length (A) (ppm) (solvent)
(solvent)
2.117(6) Sn-Cl Sn-Pd 2.424(5) | Cipso-Sn-Cl1 97.19(15)| Not -76.5 [47]
2.431(2) 2.4956(8) | 2.504(5) | Cipso-Sn-Pd assigned (CeDe)
54 138.18(14)
2.123(4) R=0Ac M =Pd 2.441(3) | Cipso-Sn-O Not -202 (48]
2.097(3) 2.4972(6) | 2.533(3) | 100.52(14) assigned (CsDe)
Cip,\‘o-sn-Pd
55 132.93(11)
2.121(1) R=Cl M=Pd 2.422(1) | Cipso-Sn-C197.2(4) | Not -122.3 [47]
56 2.384(4) 2.5197(9) | 2.499(1) | Cipso-Sn-Pd 137.9(4) | assigned (CDCl)s
2.115(5) R=Cl M =Pt 2.487(4) | Cipso-Sn-Cl 98.74(14)| Not -254 5]
2.3828(15) 2.4865(4) | 2.439(4) | Cipso-Sn-Pt 138.6(1) | assigned Usn-pt
=12640 Hz
57 (CDCls)
2.112(6) R=1 M =Pt 2.467(5) | Cipso-Sn-1101.8(2) Not -80 ppm [50]
58 2.7672(6) 2.5532(5) | 2.526(5) | Cipso-Sn-Pt 138.2(2) | assigned (CDCl)
2.121(5) R=Cl M=Pd 2.456(4) | Cipso-Sn-Cl 99.14(14)| Not 126.0 [49]
2.4384(14) 2.5556(5) | 2.507(4) | Cipso-Sn-Pd assigned (CsDe)
59 148.24(14)
60 No RX Not -109.9 [49]
data assigned (CsDe)
61 2.122(3) R=Cl M=Ru 2.492(3) | Cipso-Sn-Cl 99.14(14)| Not -128.2 [49]
2.4362(8) 2.5934(3) | 2.542(3) | Cipso-Sn-Ru assigned (CDCl)
148.24(14)
62 No RX Not 26.4 [49]
data assigned (CDCl)
63 No RX 152.3 60.8 [49]
data 2Jcrn=9Hz (CDCl3)
64 | 2.118(4) R=Cl M=Rh 2.468(4) | Cipso-Sn-Cl No data No data (9]
2.4192(12) 2.5485(4) | 2.503(3) | 100.76(12)
Cipso'sn-R_h
139.99(12)
65 2.120(10) | R=Cl M=Mo 2.494(6) | Cipso-Sn-C198.0(2) | Not 105.4 (48]
2.452(2) 2.7195(9) | 2.567(7) | Cipso-Sn-Mo 145.8(2)| assigned (CDCl)
66 2.128(8) R=Cl M=Pd 2.437(7) | Cipso-Sn-C198.6(2) | Not -20 [50]
2.470(2) 2.5138(9) | 2.534(7) | Cipso-Sn-Pd 137.5(2) | assigned Jsn-sn=3885
Hz
(CDCl)
67 No data 135.1 [51,52]
(CeDe)
68 2.107(5) R=N(pyt) M=Pt 2.443(4) | Cipso-Sn-N(pyt) 88.76| Not seen 135 (52]
2.427(4) 2.4662(4) | 2.425(4) | 86.15 (CDCl)
2391(4) Cipsﬂ-sn-Pt
177.77(14)
69 | 2.127(8) R=N(pyt) M=Pt E=N Cipso -Sn-Pt No data No data 1
2.414(4) 2.4712(5) | 2.437(5) | 180.00

19




Stannylene tungsten L'Sn(CI)W(CO)s 71 and chromium L'Sn(C1)Cr(CO)s 70 complexes were
also obtained, as shown in scheme 11, by adding (CO)sWSnCl, THF or (CO)sCrSnCL, THF to the
carbanion L'Li. In complex 71 the tin atom is five-coordinated with a distorted square-pyramidal
configuration and the Sn-N distances are of 2.543(3) and 2.5526(3) A.P**! The reactivity of the
complexes was tested towards different reagents, mainly to substitute the halogen atom, as depicted in
Scheme 11. The reaction of complex 71 with AgCB,H> led to organostannylidenium carboranate
aqua complex 75, where the tin atom display a 4-fold coordination within strongly distorted
tetrahedral geometry. The water molecule is coordinated to the tin atom, further stabilization being
achieved thanks to the hydrogen bond formed between this water molecule and the nitrogen atom of

one of the flanking dimethylaminomethyl groups. [**

Me (co)scrMe Me

Me _ | | /
NMe, NMe, ~N--H, N
Y _Cr(CO); NaOMe ! Cr(CO)s 1.0 ¥ -0\t
Sn_ —_— Sn_ — 2, Sn’\o___—Sn
} Cl - NaCl } "OMe - MeOH ) S
NMe, NMe, /l\\l\ H—--N\\NIe
70 72 Me™ Ve Cr(CO)s e
73
(CO)sCrSnCly THF HOTf
- LiCl Me
N//Me
NMez (CO)5CF\ *
Cg . O—Sn
L P
NMe, Cgsp—o
N Cr(CO)s
(CO)sWSnCl, ve Me 74
THF
- LiCl
Me Me
\ /
TMez nox ';l W(C;)r
\W(CO)s __ H,0 P 5 _
Cgs{‘\m -AgCl S0 X
NM62 _ N_H
79 X7 (CBuHyo) Me We 75
K[sBusBH]
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) H OH
NMe, 76 NMe; .-

Scheme 11. Synthesis and reactivity of N,C,N-pincer stabilized stannylene-metal complexes
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In reaction with K[sBu;BH], compound 71 gave the corresponding tin(Il) hydride 76, that
after hydrolysis led to tin(Il) hydroxide 77, seen as a p-hydroxido-bridged dimer in the solid state
molecular structure.

Tungsten complex was also obtained as non-symmetric distannyne from a tin(II) amide
L'SnNEt in reaction with (2-Et;NCH»-4,6-t-Bu-CeH,)(H)Sn-W(CO)s, through an amine elimination
reaction.””

In the case of the chromium complex 70, first a tin(II) methoxide 72 was obtained in the
presence of NaOMe which is then hydrolyzed to p-hydroxido-bridged dimer 73, as depicted in
Scheme 11. ) Compound 73 in the presence of HOTf gave complex 74 (Scheme 11) where the
formation of a cyclization product was observed through the deamination of the Me;N-CH»- moiety
and the formation of a new C-O bond.

The reactivity of the L"SnCl stannylene 28, stabilized by the 2,6-bis[N-(2°,6’-diisopropyl
phenyl)ketimino]phenyl ligand with imino groups in ortho position of the central aromatic ring, was
also tested towards various reactives. Stannylene 28 in reaction with KCs formed bis-stannylene 78,
containing a Sn-Sn bond, as shown in Scheme 12, with the tin atoms in +1 oxidation state.®'! The
solid state structure of 78 showed differences between the two tin atoms. Thus, one display a four-fold
coordination, having interactions with both of the N atoms of the ortho substituents (2.6879(17) and
2.4129(16) A) whereas the other binds to only one of the nitrogen atoms, with a distance of
2.2228(16) A, that is considerably shorter than the other Sn-N distances (Table 6). Bis-stannylene 78
activates P4, a selective cleavage of one P-P bond was observed, giving derivative 81, with a Py
tetrahedron inserted into the Sn-Sn bond and the two tin atoms symmetrically four-coordinated, as

depicted in Scheme 12. B!
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Table 6. Chemical-physical data for N,C,N-pincer stabilized stannylene derivatives

Cipso-Sn Sn-R Sn-M bond N—Sn Cipso-Sn-R bond 3C NMR 19Gn NMR Ref
bond bond length (A) bond angle (°) 8 Cipso (ppm)
length (A) | length (&) length (A) (ppm) (solvent)
(solvent)
70 No RX 154.8 3274 [56]
data (CsDe) (CeDe)
71 | 2.127(4) R=Cl M=W 2.543(3) Cipso-Sn-Cl 153.7 140 53]
2.4098(10) | 2.7630(3) 2.5526(3) 103.89(10) (CsDe) Jsn.w=1186Hz
Cipm-Sn-W (C6D6)
146.12(9)
72 No RX 154.9 301.1 [56]
data (CsDe) (CsDe)
73 2.174(3) R=0 M=Cr 2.514(2) Cipso-Sn-O 149.7 331.9 [56]
2.064(2) 2.618(1) 101.90(8) (CDCl) (CDCl5)
Cipsa-Sn-Cr 131.41
74 2.111(4) R=0 M=Cr 2.468(3) Cipso-Sn-O Not 35.6 [56]
2.345(2) 2.583(1) 74.50(1) assigned (THF-Ds)
Cipm-Sn-Cr
129.82(1)
75 2.150(3) R=0 M=W 2.264(2) Cipso-Sn-O 144.1 -8.4 (53]
2.017(2) 2.7117(33) 90.25(10) (THF-Ds) (THF-Ds)
Cipst)'sn-W
135.95(8)
76 No RX 150.4 199.0 [54]
data (CéDe) w.si=870 Hz
(CeDe)
77 2.176(7) R=OH M=W 2.501(7) Cipso-Sn-O 154.9 79 [54]
2.068(5) 2.7644(6) 102.1(2) (CDCl) (CDCl5)
Cipst)'sn-W
130.3(2)
78 2.1575(18) | Sn-Sn - 2.6879(17) | Cipso-Sn-Sn 186.32 Not seen (31]
2.8981(9) 2.4129(16) | 96.63(5) (CsDe)
2.2228(16)
79 2.146(3) Sn-Sn 2.482(3) Cipso-Sn-Sn No data 118 (32]
2.9250(5) 2.526(3) 108.27(9) (CsDe)
2.492(3)
2.613(3)
80 2.148(4) Sn-Sn - 2.482(4) Cipso-Sn-Sn Not 79 [33]
2.9491(4) 2.636(4) 101.26(12) assigned Jsnsn=4156 Hz
THF-Ds
81 2.165 R=P - 2.471(2) Cipso-Sn-P 182.34 703.33 (31]
2.172 2.7189(9) 2.492(2) 87.61 (CsDe) (CsDe)
2.519(2) 104.48(9)
2.456(3)
82 2.114(4) Sn-K - 2.268(3) Not 310 [33]
3.6144(8) assigned (THF-Ds)
83 2.1665(16) | R=H - 2.4538(13) 182.34 -114.27 (20]
Calculated 2.4664(14) (CsDe) Jsn-n=112.9Hz
Ge-H (CsDe)
1.787-
1.792
84 2.126(7) R=Cl M=W 2.391(5) Cipso—Sn—W Not found 197 571
2.440(15) | 2.732(5) 2.389(5) 144.19(16) Usn-w=1245
Cipso—sn—cl Hz
99.63(17) (CsDe)
85 2.129(3) R=Cl M=W 2.464(3) Cipso—Sn—W 151.9 257 (57]
2.382(11) | 2.7655(4) 2.513(3) 130.03(10) Jsn-w=1289
Cipso—sn—cl Hz
104.45(10) (CsDe)
86 No RX 145.9 299 (57]
data Jsn-w=1242
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Hz
(CsDe)
87 | 2.129(4) | R=CI M=Cr 2393(3) | CipwwSnCr 151.0 396.3 (58]
23936(12) | 2.58098) | 2.407(3) | 146.06(11) (CsDs)
Cipm—Sn—Cl
104.45(10)
99.93(11)
88 | 2.1094) | R=0 M=Cr 2331(3) | Cipww-Sn-Cr 149.8 224 58]
2.118(4) | 2.5598(7) | 2.4013) | 151.72(11) (THF-Ds)
Cipm-Sn-O
96.34(15)
89 | 2.102(13) | R=0 M=Cr 2376(5) | Cipso-Sn-Cr 149.7 249.9 58]
2.435(8) | 2.561(2) 177.7(3) (THF-Ds)
2.431 (7) Cipsﬂ-sn-o
81.5(4)

Similarly to germylene 3, the tin analogue 28 formed the corresponding hydride 83 in the
presence of K-selectride, as shown in Scheme 12. The solid state structure showed that the tin atom is

four-coordinated, with the Sn-N interactions of 2.4538(3) and 2.4664(14) A 2%

THF
¥
K
NR —=NR RN_ =
| KCs \ P4 / toluene
Snt -——— S*n—S+n Sn P | P- Sn
=NR —NR RN=
R

R = Bu, R'=H, 82
R =26-iProCells, R=Me, 78 1 - 5 6-iPr,CqHs, R'=Me, 81

KC,  2.6-Me,CeHy R'=H, 79
THF t-Bu, R'=H, 80
R
KB(s-Bu)sH] _I;IR
SnCI _ TR i
R = 2,6-I-PI’2C6H3, R'=Me, 28 R = 2,6-i-Pr,CgHs, R'=Me, 83

2,6-Me,-CeHz R'=H, 29
tBu R'=H, 30

Scheme 12. Synthesis and reactivity of imino-N,C,N-pincer stabilized stannylene
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Using 2,6-dimethylphenyl and fert-butyl as substituents on the ortho-imino groups of the 2,6-
bis(imino)phenyl ligand, chlorostannylenes 29 and 30 were obtained and characterized. In the case of
the stannylene 30, the X-ray analysis revealed Sn-N distances of 2.507(2) and of 2.597(2) A, similar
to other Sn-N interaction, however the Sn-Cl bond of 2.5624(5) A was observed to be slightly longer

B31In the presence of KCs, in both cases, a distannyne was obtained

than in other chlorostannylenes.
and characterized. The solid state structures showed Sn-Sn bond lengths of 2.9250(5) A (79),
2.9491(4) A (80), indicating Sn-Sn single bond, whereas the Sn-N interactions are comparable to
intramolecular Sn-N coordinations. F%** The reaction of distannyne 80 with an excess of KCs led to
the cleavage of the tin-tin bond and formed potassium stannylidenide 82. The K atom is coordinated
with a THF molecule and is n’-coordinated to the SnCCCN five-membered ring, where an electron
delocalization is suggested to stabilize the negative charge on the tin atom.*’!

Using an O,C,O-type pincer ligand, where the ortho substituents on the aromatic ring are O-
donor ether groups, stannylenes 31 and 32 were synthesized, as illustrated in Scheme 8.°"°% Both
stannylenes were characterized by NMR spectroscopy and mass spectrometry, exhibiting the
characteristics for a pincer stabilized chlorostannylene, &)

By adding W(CO)sSnCl, to [2,6-(ROCH,),C¢Hs]Li (R = Me, ¢Bu), stannylene

pentacarbonyl-tungsten complexes 84 and 85 were obtained, as presented in Scheme 13.5"!

OR OR
gn:W(CO)5M, S*n:W(CO)5
} ¢l [
OR OR

R = Me, 84
t—B’LI 85 R = Me, 86

1. n-BulLi

2. W(C0)sSnCl,
THF/Et,0

OR
Br

R = Me,
OR t-Bu

1. n-BuLi
2. Cr(CO)sSnCl,
THF

?Me ?Me —r .
-Cr(CO AgOTf _Cr{CO), OTf
C{SPU( )5THF, moisture ﬂ”\ (CO)s
OMe omePH2
88

87

OMe |
Ag(CB41Hyp) Y _THF CB.Har

SH—Cr(CO)s CBriH12
THF | THF

OMe 89

Scheme 13. Synthesis of O,C,O-pincer stabilized stannylene and stannylene-tungsten complex
stannylene-chromium complex
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The solid state structures of 84 and 85 showed that the Sn-O interactions in the methyl-
substituted complex are of 2.391(5) and 2.389(5) A, while in the fert-butyl substituted one 2.464(3)
and 2.513(3) A. The Sn-Cl bond length in the methyl-substituted complex is 2.440(15) A and in the
tert-butyl substituted complex is 2.382(11) A. These values, along with the data gained from the
NMR spectroscopy suggest that the O—Sn coordination is influenced by the substituents on the
oxygen atom in the ortho-substituents of the aromatic ring in the pincer ligand, stronger in the methyl
substituted complex than in the fert-butyl substituted one. The interactions increase the stability of the
complexes, so that the methyl-substituted stannylene-tungsten complex 84 is stable at exposure to air.
The reaction of this complex with K[s-Bu;BH] results in the corresponding stannylene-tungsten
hydride 86 (Scheme 13). The NMR spectroscopy indicates the characteristic signals for such
compounds. "]

In a similar manner, chromium complex 88 was also obtained (Scheme 13). 1
Cr(CO)sSnCl,>THF  was added to [2,6-(MeOCH»),CsHs3]Li to form  stannylene-
pentacarbonylchromium complex 87. The structure of the complex is similar to that with tungsten
(Scheme 13), the Sn-O distances are of 2.393(3) and 2.409(3) A, suggesting strong interactions.
Starting from the chlorostannylene chromium complex 87, an organostannylidenium
trifluorosulfonate aqua complex 88 was formed in the presence of AgOTf, while with Ag[CB11Hi2]
the stannylidenium carbaborate 89 was obtained.™®

The stannylenes were also obtained starting from monoanionic O,C,0-chelating pincer type
ligand, the 4-t-Bu-2,6-[P(O)(OR):]>-CsHa, L', with phosphonate groups in ortho positions of the
aromatic ring. Stannylenes 33-37 were obtained by adding LDA to the 1,3-bis(dialkylphosphonyl)-5-
t-butylbenzene, followed by SnXs, SnBrs, or Snl,. (Scheme 8)P43%¢

The reactivity of these stannylenes was tested in reaction with a large number of compounds,
obtaining a series of new derivatives, as shown in Scheme 14.

Stannylene 33 reacted with lithium derivatives to give new divalent tin compounds 90-

93 [34,35]
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Scheme 14. Reactivity of the O,C,O-pincer stabilized stannylenes

Oxidative addition at stannylenes 33 and 34 was achieved by adding sulphur, bromine or
PhsC'PF¢ , giving tetravalent tin derivatives 97, 104 and diorganotin cation 96, as shown in Scheme
1424 By adding SnCls to chlorostannylene 33, a redox process took place to form trichlorotin
derivative 103, where the tin atom is hexacoordinated.!®"! The '"’Sn chemical shift at -528.8 ppm (see
Table 7) for compound 103 suggests the high donor capacity of the O,C,O-pincer ligand, with strong
Sn-O interactions and the X-ray analysis shows the Sn-O interactions of 2.225(3) and 2.221(3) A. [

Tin(I) containing cations of stannylene 35 were obtained being stabilized by intermolecular
coordination of the Lewis bases of the type 1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene
(NHCP?) or 4-dimethylaminopyridine (DMAP), as shown in Scheme 14.1) The structural features of
the products 98 and 99 exhibit some steric constraints and a high s character of the lone pair of
electrons on the tin atoms. In the ''”Sn NMR spectra of compounds 98 and 99, the triplet signals at -

169 and -170 ppm, respectively, showed the similar electronic environment of the tin atoms. The
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tin(I)-DMAP adduct 99 in reaction with elemental sulphur gave dimeric derivative 100, bridging
sulphur atoms linking the two stannylene monomers.!*?! (Scheme 14) A similar dimeric species, the a
NHC-stabilized organotin(IV) sulphide dication 101, was formed through the reaction of stannylene
35 with NaBPhs and 1,3-bis(tert-butyl)imidazol-2-yliden (I#~-Bu) and subsequent treatment of the
reaction mixture with elemental sulphur.'*!

Reaction of stannylene 35 with BF3;-OEt; gave adduct 102 with an O—BF; interaction
(Scheme 14).1%] Structural analyses carried out on 102 showed very different Sn-O coordinations,
with the bond lengths of 2.222(2) and of 2.7477(18) A, as a result of the O-BF; coordination. The
"Sn NMR exhibits two signals (-25 and -100 ppm), explained by an equilibrium between the
stannylene and its adduct with BF;.[¢*]

Transition metal complexes were also obtained starting from the O,C,O-pincer stabilized
stannylenes 34 and 35, forming tungsten, chromium and iron complexes, as shown in Scheme 15.
(343564 The ''9Sn NMR spectra showed shifts for the signals of the complexes ranging from -74 to 131
ppm for complexes 105-107, compared to -68 ppm for stannylene 34 (R = Et).**! In the case of
complexes 108-113 and 115-116 the chemical shifts in the ''°Sn NMR can be observed between -75

).3564651 In the case of complex

and 127.9 ppm, downfield shifted compared to stannylene 35 (-99 ppm
114, where a fluorine atom is linked to the tin atom, the signal in the '"Sn NMR appeared upfield
shifted compared to stannylene 35. (4

The solid state structures of compounds 105 - 109 showed that Sn-O bond lengths range in-
between 2.313(2) and 2.354(2) A, suggesting stronger interactions than in the starting

stannylenes, #3364
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Table 7. Chemical-physical data for O,C,0O-pincer stabilized L'VSnCl stannylene derivatives

Cipso-Sn Sn-R bond Sn-M O—Sn Cipso-Sn-R 3C NMR 119Gn NMR Ref
bond length (A) bond bond bond & Cipso (ppm) (ppm)
length () length (A) | length (A) | angle (°) (solvent) (solvent)
90 | No RX data 189.8, t, 259,t [34]
2Jep=37Hz Jp.sn =106 Hz
(Tol-Dg)
91| 2.228(3) R=Si - 2.543(3) 96.35(9) 185.5, , 192,t [34]
2.751(1) 2.446(2) 2Jc.p =36 Hz Jp.sn =96 Hz
(THF-Ds/D20O-
cap)
92| No RX data No data 109, t [34]
Jsnp=98 Hz
Jsn-sn =
9130/9550 Hz
(THF-Ds/D>0O-
cap.)
93| No RX data No data 217,t [34]
Jsnp=93 Hz
Jsn-sn =
7976/8346 Hz
(THF-Ds/D>0O-
cap.)
94| No RX data 182.7,t 2,t [34]
3Jcp=35Hz Jsnp =96 Hz
(CDCl3) (Tol-Ds/D20O-
cap.)
95| 2.231(3) R=S - 2.478(2) 89.38(8) 182.9,t, 2.t (3]
2.512(1) 2.434(2) 2Jep=352Hz | Jsnr =98 Hz
(Tol-Ds) (Tol-Ds)
96 | 2.149(4) R1=Cl, 2.504 | - 2.260(3) Cipso-Sn- 156.3,t -322,t [34]
R2=S 2.267(3) C187.8(1) | 2Jcp=16 Hz Jsnp =52 Hz
2.357(1) Cipso-Sn-S | (acetone-De) (acetone-Dg)
179.0(1)
97| NoRX data | R=S 2.260(3); Cipso-Sn-S | 177.5 1, -439 t, [34]
2.357(1) 2.267(3) 179.0(1) 2Jcp=19 Hz Jsnp=84 Hz
Cipso-sn- (THF-DS) (THF-DS)
Cl
93.1(1)
98| 2.202(4) R=C - 2.423(3) 101.2(1) 177.6,t,Jcp = | -169, t, Jsn.p = [62]
2.287(4) 2.360(2) 33 Hz 142 Hz
(CD2Clr) (CD2Clr)
99 | 2.234(2) R=N - 2.407(2) 91.73(8) 180.4,t -170, t (2]
2.243(2) 2.482(2) 3Jcp =34 Hz Jsnp =135 Hz
(CD2Clr) (CD2Clr)
100| 2.143(2) R=N - 2.25(1) Cipso-Sn-N | 1682, 423, t, Jsnp = 102]
2.297(2) 2.227(1) 91.19(6) 3Jcp =19 Hz 108 Hz
R=S (CD2Cl) Jsnsn =341 Hz
2.3472(5) (CD2Cl)
2.5515(5)
101) 2.1698(19) | R=C (NHC) | - 2.7977(13) | Cipso-Sn-S | 157.4,t -225,t, Jsnp = 60 [66]
2.1555(19) 2.5554(13) | 107.24(5) | 2cp=18.5Hz | Hz
R=S 119.62(5) | (CDsCN) Jsn-sn =287 Hz
2.4357(5) (CDsCN)
2.4181(5)
102| 2.245(3) R=Cl - 2.222(2) 86.84(7) No data -25,8;-110, s (03]
2.4620(8) 2.7477(18) (CsD¢)
103| 2.132(4) R=Cl - 2.225(3) 177.8(1) 173.1,t, -522.9, (et]
2.332(1) 2.221(2) 90.91(1) 2Jep= 17Hz | Jsnp =286 Hz
R2=Cl 91.8(1) (CDCl3) (CDCl3)
2.434(1)
R3=Cl
4.422(1)
104 No RX data 175.0,t -885, t [34]
2Jcp =18 Hz Jsnp =230 Hz
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(CDCl3) (CDCl)
105 No RX data 170.4,t =74, t [34]
2Jep=25Hz Jsnp =161 Hz
(CsDe) Usn.w = 1372 Hz
(Tol-Ds/D20O-
cap.)
106/ 2.174(3) 2.394(2) M=Cr 2.335(2) Cipso-Sn-Si | 172.8,t 131,t [34]
2.5835(6) 2.354(2) 100.76(8) | 2Jc.p =25 Hz Jsn-p =179 Hz
Cipm-Sn- (C6D6) (TOI-DS/D20'
Cr cap.)
139.23(8)
107| No RX data 168.4,t 54,1 [34]
2Jep=22Hz Jsnp =165 Hz
(CDCl3) (Tol-Ds/D20O-
cap.)
108 2.181(3) R=Cl M=W 2.313(2) 97.4(1) 170.6, t -75,t, Jsn-p = 164 [64]
2.401(1) 2.7263(11) | 2.346(2) 2Jep=24Hz Hz
(CeDe) Usnw = 1366 Hz
(CsDe)
109 2.177(2) R=Cl M =Cr 2.316(2) Cipso-Sn- 171.7,t 127.9, Jsnp = 182 1351
2.403(1) 2.5783(4) 2.347(2) Cl 2Jcp=25.8Hz | Hz
97.54(6) (CeDe) (CsDe)
Cipso'sn-
Cr
141.24(6)
110 2.167(4) R=0 M =Cr 2.291(3) Cipso-Sn-R | 170.4,t,2Jcp = | 81, t, Jsn.p = 194 [65]
2.170(3) 2.5732(7) 2.347(3) 87.7(1) 23.4Hz Hz
(Tol-Ds) (Tol-Ds)
111} 2.176(3) R=0 M =Cr 2.322(2) Cipso-Sn-R | 170.6,t,2Jco = | 71, t, Jsn.p = 193 [65]
2.178(3) 2.5546(6) 2.332(2) 88.6(1) 23.6 Hz Hz
(Tol-Ds) (Tol-Ds)
112 2.157(3) R=N M =Cr 2.300(2) Cipso-Sn-R | 167.6,t,2Jcp = | 115,1t, Jsn.p = 143 [65]
2.166(3) 2.5744(6) 2.325(2) 99.2(1) 22.4 Hz, Hz
(CsDe) (CsDe)
113| 2.151(3) R=0 M =Cr 2.269(2) Cipso-Sn-R | 170.2 67 631
2.104(2) 2.5660(5) 2.358(2) 88.38(9) (CD2Clr) (CD2Clp)
114] 2.188(5) R=F M=W 2.333(4) 95.5(1) 170.8, t -134, dt, Jsnp = (641
1.974(3) 2.7342(4) 2.323(4) 2Jcp=24.8Hz | 164 Hz
(CeDe) Jsnr=3203 Hz
Jsnw = 1389 Hz
(CsDe)
115 2.182(3) R=P M=W 2.431(2) 101.2(1) 173, s 97, dt, Jsn-p =120 [64]
2.558(1) 2.767(3) 2.361(2) (CsDe) Hz
Jsn-p =982 Hz
(CsDe)
116/ 2.189(3) R=P M=W 2.315(2) 99.8(1) 169.5,t, Jcp = | 24,d, Jsnp = 641
2.605(1) 2.7660(3) 2.391(2) 24.6 Hz 1036 Hz
(CsDe) (CsDe)
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Scheme 15. Formation of stannylene-transition metal complexes and their reactivity

The tungsten-pentacarbonyl complex 108 underwent a halogen exchange in the presence of
an excess of KF to form a fluorido-substituted stannylene complex 114. ) Complex 114 reacted with
Ph,PSiMe; to form diphenylphosphanido-substituted derivative 115, which in the presence of
W(CO)s- THF gave the trimetallic complex 116 through coordination of the lone pair of electrons of
the phosphorus atom, as presented in Scheme 15. 4

The chromium-pentacarbonyl stannylene complex 109 gave substitution reactions of the
chlorine atom, as depicted in Scheme 15. Triflate- and perchlorate-substituted stannylenes 110 and
111 were obtained by adding AgOTf or AgClO4 to complex 109. The structural features of the
substituted complexes are similar to the starting chlorine-substituted complex. 3 Further substitution
takes place with the addition of 4-dimethylaminopyridine or triphenylphosphane oxide to form donor
stabilized tin(I) perchlorate salts 112 and 113. (&3

Other transition metal complexes of the stannylene 35 were obtained with platinum,

palladium and ruthenium, "7 as show in Scheme 16.
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Scheme 16. Reactivity of the stannylene towards transition metals

The NMR spectroscopic analysis and X-ray diffraction showed the characteristics for Pd (117, 118,
119), Pt (121) and Ru (123) complexes, where the stannylenes act as ligands for the metals through
coordination of their lone electron pair. The Sn-M (M = Pt, Pd, Ru) distances and the Sn-O distances

are in the range of values for similar compounds. 5%¢"!

Stannylene complexes were also obtained containing two transition metal moieties by adding
HW(CO);Cp to stannylene 35 to form 124 or by adding NaW(CO);Cp2DME to its chromium
complex L"SnCl(Cr(CO)s) to form 127. [ In the first case 124 ) was formed through a
spontaneous auto-ionization process of the intermediary L'VSn{W(CO);Cp}; species. A ferrocenyl-
bridged bis-stannylene 122 was obtained from stannylene 35 by adding 1,1’-dilithiumferrocenyl, as
shown in Scheme 16. Then, in reaction with W(CO)s and C;HgCr(CO)4 transition metal complexes
formed, where the bis-stannylene acts as a bis-monodentate ligand (in the case of the tungsten
complex) or as a bidentate-chelating ligand (in the case of the chromium complex).[® These
compounds were tested for their redox activity by electrochemical techniques, showing that the
stannylene moieties act as electron donors, increasing the electron density on the ferrocene core,

resulting an easier oxidation than in the case of the unsubstituted ferrocene. !
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Table 8. Physical-chemical data for O,C,O-pincer stabilized stannylene derivatives

13 119
Cipso-Sn bond  Sn-Rbond | Sn-M bond | O—Snbond| Cpm-Sn-R | o C,C‘l‘l(ll‘)ilfn) ?ll)lpl:lnl\)/IR o
length (A) | length (A) length (A) length (A) |bond angle (°) (s”(’)lv ent) (solvent)
117 | 2.171(4) R=Cl M =Pd 2.304(3) Cipso-Sn-Cl | 166.1, t 363, t
2.175(4) 2.390(1) 2.4742(5) 2.302(3) 95.88(9) Jep=21.4Hz | Jsnr=178 Hz
2.391(1) 2.4659(5) 2.339(3) 94.7(1) (CD:Cl) Jsnsn=4490 Hz | 5
2.3 14(3) Cip,\‘t)'sn'M (CD2C12)
134.67(9)
137.76(9)
118 | 2.145(10) R=Cl M= Pd 2.325(6) Cipso-Sn-Cl | 167.8,t 321, t
2.146(9) 2.493(3) 2.474(1) 2.302(6) 95.6(2) ep=21.4Hz | Jsnr=178 Hz
2.464(3) 2.464(1) 2.361(6) 94.0(2) (CD:Cl) Tsnsn=5640 Hz | 59,
2291(6) Cipst)'sn'M (CD2C12)
136.9(2)
137.1(2)
119 | 2.159(3) R=Cl M =Pd 2.326(2) Cipso-Sn-CI | 170.6, t, 257, 1,
2.398(1) 2.4945(3) 2.335(2) 94.75(8) Uer=214Hz | Jsap=192Hz | 15
Cipso-sn-M (CD2C12) Jsn-sn = 6480 Hz
135.95(8) (CD:Cly)
120 | 2.147(15) R=Cl M=Pd 2.312(9) Cipso-Sn-Cl | No data No data
2.419(4) 2.4804(15) | 2.272(8) 102.3(4) (50]
Cipso'sn-M
135.5(4)
121 | 2.172(13) R=Cl M =Pt 2.272(9) Cipso-Sn-Cl | 163.9, 438, t
2.186(14) 2.380(1) 2.469(1) 2.295(8) 101.1(3) 2Jep=20.9 Hz | Jsnr =130 Hz
2.388(4) 2.476(1) 2.318(9) 102.7(3) (CDCl) Jsnsn = 1500 Hz | 59,
2.3 16(8) Cipst)'sn'M (CD2C12)
126.9(3)
128.5(3)
121 | 2.115(5) R=Cl M =Pt Cipso-Sn-Cl | Not assigned -254
2.3828(15) | 2.4865(4) 98.74(14) Jsn-pi = 12640 (s0]
C-Sn-M Hz
138.6(1) (CDCl3)
122 | 2.241(2) R=C - 2.472(2) 91.80(7) 187.4, t, 117, Jsnp = 92
2.181(2) 2.491(2) 2Jcp=379 Hz | Hz [69]
(CsDe) (CsDe)
123 | 2.158(4) R=Cl M =Ru 2.291(3) Cipso-Sn-Cl | No data 387, 1,
2.4283(13) | 2.5856(6) 2.394(3) 96.04(12) Jsnp = 242Hz )
Cipso-sn-M (C6D6)
140.99(12)
124 | 2.207(8) - M=W 2.363(6) Cipso-Sn-M | 164.7, t 1t
2.8557(7) 2.415(6) 117.1(2) 2Jep=24.0Hz | Jsnp =103 Hz
2.8391(8) 116.5(2) (CDCl3) Jsnw =468 Hz | [68]
(THF/CeDe-
capillary)
125 | No RX data Not assigned -53,dd
Jsnp =67 Hz [68]
Jsn-p =115 Hz
(CDCly)
126 | 2.154(4) R=Cl M=W 2.360(3) Cipso-Sn-Cl | No data 564, t,
2.6006(12) | 2.8034(4) 2.293(3) 81.53 Jsup =95 Hz
2.5893(13) 83.42 Jsnw = 1366 Hz | [68]
Cipso-sn-M (C6D6)
172.51(13)
127 | 2.212(4) M=W 2.406(3) Cipso-Sn-M | 1744, t 407, t
2.8883(4) 2.415(3) 110.23(12) | cp=26.7Hz | Jsnp=127Hz | [68]
M =Cr 125.97(12) | (CDCls) (THF/D20-
2.6397(8) capillary)
128 | 2.238(6) R=Sn - 2.459(4) Cipso-Sn-Sn | 195,t 359, t, Jsn-p =
2.254(6) 3.0486(6) 2.527(5) 97.87(16) Jep=36Hz | 81Hz 0]
2.510(4) 98.14(16) (CsDe) Jsn-sn = 1455 Hz
2.504(4) (CsDs)
129 | 2.295(2) - - 2.4970(14) | Cipso-Sn- 193, t 3, quintet 0]
3.1302(14) CipsoA 2Jer=36Hz Jsn-p =101 Hz
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99.10(10) (CsDe) (CsDe)
130 | No RX data No data -560, t
Jsn-p =38 Hz (711
(CsDs/THF)
131 | 2.155(3) R=S 2.1335(19) Cipso-Sn-S 158.1,dd -503, dd
2.4907(9) 2.8425(19) 106.96 2Jep=14.1Hz | Jsnp=51Hz 71
2.5016(9) 109.67 2Jep=19.0 Hz | Jsnp =130 Hz
(CsDe) (CsDe)
132 | 2.234(5) R=0 - 2.455(3) 84.02(15) 187,t -229,t
2.112(3) 2.421(3) 2Jep=36.7 Hz | Jsnp = 106Hz [70]
(CsDe) (CsDe)
133 | 2.223(2) R=Se - 2.4612(14) 89.56(5) 183.5,t 45, t, Jsnp =98
2.6373(3) 2.4406(14) 2Jcp=35.0Hz | Hz 71
(CsDe) Jsn-se =985 Hz
(CsDe)
134 | 2.221(3) R=Te - 2.437(2) 88.74(8) 182.8,t 97,1
2.8514(3) 2.456(2) 2Jep=349 Hz | Jsnr =101 Hz 1]
(CsDe) Jsnte =2117 Hz
(CsDe)
135 | 2.240(3) R=S - 2.4069(17) 85.45(6) 185.5,t -88.5,
2.5280(7) 2.4971(17) 2Jep=36.0 Hz | Jsnp =94 Hz (71
(CsDg) (CsDe)
136 | 2.141(4) R=Se 2.241(3) 170.42(11) 175.2,t -588, t
2.5056(5) 2.235(3) 2Jcp=18.0Hz | Jsnp =83 Hz
R2=Cl (C6D6) (C6D6) [71]
2.4544(10)
R3=Cl
2.5108(11)
137 | No RX data 134.6 Not seen 28]
(THF-Ds)
138 | 2.194(4) R = Oquinone 3.309(3) Cipso-Sn- Not seen Not seen
2.023(3) 2.308(3) Obridge
2.007(2) 111.98(14) 28]
R = Obridge 98.15(12)
2.069(3
2.112(3)
139 | 2.389(6) R=Cl M =Fe 2.354(2) 98.42(6) 150.6 192.5 221
2.442(1) 2.377(2) (THF-Ds) (THF-Ds)
140 | 2.162(4) R=Cl M=W 2.381(3) 97.20(12) 147.9 No data 2]
2.358(1) 2.718 (5) 2.416(3) (CDCl)
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The reaction of stannylene 35 with KCs or sodium naphthalenide gave the organotin(l)
derivative 128. " The solid state structure revealed that the Sn-Sn bond length is of 3.0486(6) A,
suggesting a single bond. The Sn-O interactions of 2.430(2) and 2.427(2) A (see Table 8) are slightly

longer than in the starting stannylene 35. The tin(I) compound disproportionated to form

a

diorganostannylene 129 and elemental tin. When adding PySSPy, the tetravalent tin derivative 130

was formed with three —SPy groups linked to the tin atom, then after heating gave
benzoxaphosphastannole derivative 131 through a cyclization reaction, as shown in Scheme 17. "]
The organotin(I) compound 128 in the presence of PhI(OAc). gave tin(Il) acetate 132. "
Oi-Pr ;
. Oi-Pr
"PVO\F'>=? IPIO-p_q
“Bu . PhSeSePh " Sq/c|
4 -Bu N-seph  + 133
=0 4 o=l
i-Pro ; -
0i-P i-Pro Oipr 136
J KCS or C10H8Na
Oi-Pr Oi-Pr ; .
HPIO~p_g FPOp_o Do by DT
y Phi(OAc) » y ?=P HPro~p_g Ar=Ph, E = Se 133
+Bu Sn ~——= tBy sn—g. B Ar-E-E-Ar \ Te 134
} OAc [} \ By — t-Bu Sp\
= P=0 — = 2- =
s ot 0 OB p=d EAT Ar=2.CHHMN.E=S
Qij-Pr Oi-Pr ipro -Pr i-Pro” 1,
Oi-Pr
132
128 PySSPy
Py = pyridine
PO OFPr  oipr _ OiPr _ OiPr
FPrO-p- /O:I:I”Oi'Pr I-PI’O\P=? - I-PI’O\P=?
SPy AT
t-BUAQ*Sn tBu+ Sn t—BuQSn_-SPy —— t-BuQSn’_SPy
o=d _AsPy | 'SPy
“Pro” O=P__. N .P=0 . .P-0
Oi-Pr i-Pré Oi-Pr i-Pro Oli-Pr i-PrO 5
129 130 131

Scheme 17. Synthesis and reactivity of tin(I) derivative

a

135

The organotin(l) derivative 128 reacted with diaryl dichalcogenides (Ar-E-E-Ar, E = S, Se,

Te, Ar = Ph, Py) to give divalent and tetravalent tin derivatives, as shown in Scheme 17. "' In the

tin(Il) arylchalcogenolates 133, 134, 135, the tin atom is four coordinated and the Sn-O coordinative
bond lengths have values between 2.4069(17) and 2.4971(17) A, " close to those in chlorostannylene
35. The Cipso-Sn-E (E = S, Se, Te) bond angles in compounds 133, 134, 135 are relatively small

(85.45(6)° — 89.56(5)°) suggesting a high s character of the lone electron pair on the divalent tin ato

[71]

m.
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Scheme 18. Reactivity of stannylenes

The stannylenes 39 and 40, stabilized by the bis-sulfone ligand LY (R = #-Bu) and the sulfone-
sulfoxide ligand L', showed good reactivity towards iron and tungsten carbonyls forming complexes
139-142. (Scheme 18)?*%! Stannylene 39 reacted with o-benzoquinone, leading to cycloadduct 137,

that over time formed the dimeric compound 138 in presence of traces of moisture. (Scheme 18) 28]

6. Plumbylenes

In the case of plumbylenes, there are a few examples where the stabilization is realized
through a pincer ligand; however, these were not as much investigated as the corresponding
germanium and tin species.

Plumbylene 143 was obtained, as shown in Scheme 19. The NMR spectra showed
characteristic signals for pincer ligand stabilized metallylenes, while the X-ray analysis revealed that
the 2,6-diiminophenyl group acts as a tridentate ligand to the divalent lead atom. The Pb-N
interactions are 2.637(16) and 2.691(17) A.I?! The reaction plumbylene 143 with Li in excess led to
the formation of a plumbylidene anion. The treatment of anionic species 144 with SnCl, in THF gave

the 2,6-diiminophenyl-lead(I) dimer 145, as presented in Scheme 19. !
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R= 2,6-i-Pr2-CeH3
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Yoo
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b4
—NR RN= 145

Scheme 19. Synthesis and reactivity of the N,C,N-pincer stabilized plumbylene

Phosphonate based O,C,O-pincer ligands were also used to obtain plumbylenes (146 and

147), as shown in Scheme 20. 3573

OR OR OFEt
RO\P:O RO\P:O Eto\Fl’zo
1. LDA ¥ MX \
t-Bu ——— tBu PbCl —> tBu Pb.
2. PbCl, 4 § X
roH-0 roh © B0
OR OR B0 Ot
R=Et, i-Pr R=Et 146 R =Et, M = Na, X = SPh 148
i-Pr 147 M = Li, X = N(i-Pr), 149

X = CH(SiMe;), 150

Scheme 20. Synthesis and reactivity of the O,C,O-pincer stabilized plumbylenes.

The NMR data revealed the characteristic signals of metallylenes stabilized by such ligands.
The solid state structures showed that the Pb-O distances are 2.518(2) A in 146 and 2.560(2) A in
analogue 147 (Scheme 20, Table 9). 3573
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Table 9. Physical-chemical data for pincer stabilized plumbylenes and their derivatives

13
C-Pb bond Pb-R bond E—Pb bond C-Pb-R bond angle 5 C'C I\I(zlplfn) Ref
o ipso
length (A) length (A) length (A) © (solvent)
R=Br E-N
143 2.289(19) 2.701Q2) 2.637(16) 95.0(4) 150.47 [72]
: 2.691(17)
E=N [72]
144 2.180(5) - 2.425(5) - 154.24
E=N
2.613(10)
2.287(11) R=Pb 111.3(3) (72]
145 2.706(9) 149.75
2.240(11) 3.1283(6) 271309) 105.7(3)
2.650(8)
250.7, ¢
R=Cl E=0 o
146 2.305(5) 89.1(1) 2Jcp =35 Hz 73]
2.795(1) 2.518(2) (CeDo)
R=Cl -0
147 2.334(4) 2.836(1) 2.5602) 90.5(1) No data B3]
2.879(1) '
1453
R=S E=0 ) 731
148 2.327(3) 2.709009) 2.671(2) 2.5202) 84.96(8) (THF-Ds)
2368, ¢,
149 No RX data 2Jcp =38 Hz 73]
(CsDe)
2318, ¢,
150 No RX data 2Jcp =37 Hz (73]
(CsDe)

In the case of the ethoxy substituted ligand the reactivity of plumbylene 146 was tested
towards lithium diisopropylamide, lithium bis(trimethylsilyl)methanide and sodium thiophenolate to

give the corresponding organolead(Il) derivatives 148-150. (3

7. Conclusions

Monoanionic pincer ligands, commonly used in the field of transition metal chemistry as a
privileged platform due to their fine-tunable properties, have been intensively applied in organic
synthesis, catalysis and material sciences. These types of ligands have more recently been employed
for the stabilization of metallylenes, divalent species of group 14 elements, in order to exploit the
particular structure of these species, with a lone pair of electrons and vacant p orbital. Thus,
monoanionic pincer ligands have been successfully used for the stabilization of stannylenes,
germylenes and, more sporadically plumbylenes, however not yet of silylenes.

The peculiar structure of these ligands, with the flanking arms, containing 2e donor atoms, such as
amino, imino, alkoxy, phosphonato, sulfonyl or sulfenyl groups, play an important role in the
stabilization of the group 14 elements. The original reactivity of these compounds was highlighted,
thus making it possible to imagine their applications in molecular chemistry. More recently, the

development of asymmetric pincer systems, substituted by two different flanking arms, allows us to
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envisage a fine electronic modulation of the metallylenes by associating the hemilabile character of

the ligand to the stabilization of the group 14 centre, for potential applications in catalysis.
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