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Abstract: Reactivity of structurally identical silylene and
stannylene [PhC(NtBu),EN(SiMes),] (E=Si (1) and Sn (2)) towards
coinage metals have been explored. While 1 has the propensity to
form adduct with coinage metals (4 and 5), 2 undergoes ligand
exchange reaction with copper halides and silver triflate leading to
PhC(NtBu),SnX (X=Br (6), Cl (7), and OSO,CF; (8)) with concomitant
formation of [M{N(SiMe3s),}] (M = Cu, Ag). However, with AgSbFg
both 1 and 2 led to ion pairs, 9*-SbFs-and 10*-SbF¢~ displaying
weaker Ag:::-F interactions in the latter.

Compounds of a family of structurally similar derivatives often
display similar physical and chemical properties. Silylenes and
stannylenes are the heavier congener of N-heterocyclic
carbenes (NHCs).! Coinage metal NHC complexes have been
extensively studied for their intriguing structural properties
and numerous applications.2 Going by the mushrooming
chemistry of silylene-transition metal complexes,® one could
expect that one of the next targets would be to replace NHCs
by their heavier congeners as ligands for coinage metals.
Examples of complexes having silylene to group 11 dative
interactions have been initially predicted by Frenking et al.*
and subsequently realized by the groups of Iwamoto,>
Lappert,® Driess,” Robinson,® as well as by us®.t, On the
contrary, the reaction of stannylene with copper complexes
have a modicum of precedence except the recent studies by
Klinkhammer, Baumgartner, and others.1® Moreover, silylene
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can form a simple adduct with coinage metal halides,® which
rely solely on the Si—TM dative bond to maintain complex
stability. Comparable adduct with stannylene has a modicum
of precedence.’% This can be rationalized by greater o-
donation ability of silylene than its heavier congener, where
the lone pair of electrons has higher s-character.

The present study is intended to achieve two aims at once:
(a) explore a new stannylene ligand for coinage metal
complexes and (b) an one-to-one comparison of the reactivity
study of silylenes and stannylenes towards transition metal
halides. To systematically compare the reactivity, both silylene
and stannylene should have exactly same ligands and
substituents as subtle modifications often induce structural or
chemical diversities.1!
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Scheme 1. Reactions of silylene and stannylene with copper halides

Hence, we zeroed in the previously reported
[PhC(NtBu),SiN(SiMes);]12 (1) and [PhC(NtBu),SnN(SiMes),]13
(2) for the comparison study and reacted with coinage metals.
While the reaction of copper halides with 1 afforded the
formation of anticipated adducts,
[{PhC(NtBu),}Si{N(SiMes),}],CusX, [X=Br (4) and Cl (5)], 2
underwent a o-bond metathesis leading to formation of
[PhC(NtBu),SnX] [X=Br (6) and Cl (7)]. In line with this
observation, the reaction of 2 with AgOTf (Tf=SO,CFs) resulted
in [PhC(NtBu),SnOTf] (8). On the contrary, the reaction of
AgSbFes with 1 and 2 resulted in 9*SbFg~ and 10*-SbFg-
complexes.
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Figure 1. Molecular structures of 4 and 5 with anisotropic displacement parameters depicted at the 50 % probability level. Hydrogen atoms are not shown for clarity. Selected
bond lengths (A) and bond angles (°): 4: Cu1-Si1 2.222(2), Cu2-Si4 2.221(2), Cul--Cu2 3.255(1), Cul-Br1 2.4297(12), Cul-Br2 2.4828(12), Cu2-Brl 2.4360(12), Cu2-Br2 2.4822(11);
Sil—Cul-Br1 135.79(7), Sil—Cul-Br2 128.08(7), Si4—Cu2-Brl 133.62(7), Si4-Cu2—-Br2 130.21(7), Cul-Br1l-Cu2 83.96(4), Cu2—Br2—Cul 81.92(4), Br1-Cul-Br2 95.99(4), Br1-Cu2—
Br2 95.84(4); 5: Cul--Cu2 3.1378(9), Cul-Sil 2.1986(13), Cul—Cl1 2.3003(11), Cul—Cl2 2.3542(11), Cu2-Si4 2.2027(13), Cu2—Cl1 2.3022(11), Cu2—CI2 2.3450(11); Sil— Cul-Cl1
134.41(4), Si1-Cul—Cl2 131.00(4), CI11-Cu1—CI2 94.20(4), Si4—Cu2—Cl1 136.75(4), Si4—Cu2—CI2 128.81(4), CI1-Cu2—CI2 94.39(4), Cu2—CI2—Cu1 83.79(4), Cul—-Cl1-Cu2 85.97.

Treatment of silylene 1 with one molar equivalent of CuBr
and CuCl in toluene at room temperature furnished the
respective silylene-copper complexes 4 and 5 (Scheme 1). As
expected, the coordination of copper to the Si(ll) center led to
the downfield shift in the respective 2°Si NMR resonance (4: &
5.72 and 5: 6 4.79 ppm) in comparison to that of 1 (6 —8.07
ppm) but upfield with respect to that of
[{PhC(NtBu);}S{N(SiMes)2}]2Cuzl> (3) (6 16.85 ppm).2 It is
apparent from the 29Si NMR resonances of 3-5 that copper
halides with less electronegative substituents lead to a more
downfield shift. Surprisingly, the reactions of 2 with copper
halides did not lead to the formation of the anticipated adduct
and instead resulted in amidinato Sn(ll) bromide (6) and
chloride (7), generating from the metathesis reaction. The
concomitant formation of copper(l) bis(trimethylsilyl)amide,
[Cu{N(SiMes).}] as a by-product was spectroscopically and
structurally established (See Supporting Information). Such
metathetical reaction is reminiscent of the reactivity of
Sn[N(SiMes),]2, which undergoes facile metathesis reactions
with amines, alcohols, amides, carboxylic acids, amine
hydrochloride salts, and related compounds.* To test the
ligand exchange behaviour is an intrinsic property of 2, we
decided to investigate the reaction of 2 with silver triflate
(AgOS0,CF3) which also undergo ligand exchange reaction
leading to LSnOTf (L = PhC(NtBu),) (8).13

The corresponding structural parameters of 4 and 5 are
very much alike and the noticeable alterations of the bond
lengths and angles are attributed to the different halides. Both
4 and 5 crystallize in the triclinic space group P-11> and consists
of a four-membered Cu;X; core, where each silylene ligand is
coordinated to a Cu atom. A two-fold symmetry axis passes
through the centroid of the four-membered Cu,X; ring, which
is almost planar. Each Si(ll) center in 4 and 5 is four coordinate
and exhibits a slightly distorted tetrahedral geometry (Figure
1). The Si-N(SiMes), bond distances are 1.746(6) A for 4 and
1.732(3) A for 5, which are in good agreement with the Si-N

2| J. Name., 2012, 00, 1-3

bond lengths in the previously reported Si(ll) amides 1
(1.769(7) A),2 [PhC(NtBu),SiNMe,] (1.724(2) A),’6 and 3
(1.731(9) A).2 The Si->Cu bond lengths in 4 are 2.221(2) and
2.222(2) A, while in 5 these are 2.197(2) and 2.203(2) A. These
bond lengths are in good accordance with the Si—Cu bond
lengths in 3 (2.243(3) and 2.250(3) A)% and in other reported
Si—Cu bond lengths [2.1981(12)-2.289(4) A].5-8

£

Figure 2. Molecular structure of 6 with anisotropic displacement parameters depicted
at the 50 % probability level. Hydrogen atoms are not shown for clarity. Selected bond
lengths (A) and bond angles (°):N2-5n1 2.171(6); N1-Sn1 2.168(6); Sn1-Brl 2.620(2); N2-
Sn1-Brl94.35(16); N1-Sn1-Brl 93.21(16); N2-Sn1-N1 60.20(2).

The structure of 6 was established by single crystal X-ray
studies. The structure of 6 is very similar to those of
PhC(NtBu),ECI (E=Si,'” Ge,'® and Sn!3) showing a distorted
trigonal pyramidal geometry with a lone pair of electrons on
the Sn(ll) atom (Figure 2). The Sn-Br bond length is of
2.6197(13) A, which is in good accordance with the regular Sn—
Br bond lengths (ca. 2.59 A).1® The 19Sn NMR spectrum of 6
exhibits a singlet resonance at & 68.45 ppm, which is
significantly downfield that of 7 (6 29.6 ppm).13 The structures
of compound 7 and 8 were previously reported.13 Hence they
were only characterized by spectroscopic analyses and
compared to the samples prepared by previously reported
synthetic methods. Therefore, our method also provides new
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synthetic route to access such functionalized stannylene
complexes which were otherwise only accessible via salt
elimination methodology.
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Scheme 2. Reactions of silylene and stannylene with AgSbFe.

A different reactivity pattern was observed for the
coordination of 2 to Ag[SbFs]. When the latter was reacted
with 1 and 2, cationic silylene-silver complex 9*SbFs~ and
stannylene-silver complex 10*SbFs~ were obtained. The
dichotomic behavior of 2 towards AgOTf and AgSbFs can be
rationalized from the greater Lewis acidity of Ag atom in
AgSbFg as well as the bulkier nature of the latter.

Single crystals of 9*-:SbFs~ and 10*-SbFe¢~ suitable for X-ray
analysis were obtained by recrystallization from toluene at 0 °C
in a refrigerator. X-ray analysis shows that 9*-SbFs~ exists as an
ion pair (Figure 4): the closest distance between the F atom in
the SbFs~ moiety and the Ag atom is 6.087 A, which is greater
than the sum of the van der Waals radii of F and Ag (3.2 A).
The silicon center is tetra-coordinate and exhibits a distorted
tetrahedral geometry. Two silylene moieties almost linearly
coordinate to the Ag atom with the Sil-Agl-Sil angle of
171.85(3)°. The Si-Ag bond lengths [2.4249(13) A and
2.4243(12) A] significantly surpass those in our
[{PhC(NtBu);}Si{N(SiMes)2}12Ag2[OTf]> [2.337(2) A and 2.346(2)
Al%2 and Iwamoto's dialkylsilylene-silver complex (2.4015(16)
A).5 In the 295i NMR spectrum of 9, signals in the form of two
doublets appearing around § 11.62 ppm with with 1) 29Sj to
109Ag = 333.05 and 1J 2°Sj to 197Ag = 288.50 Hz.20 The SiMes
substituents resonate at 6 7.17 and 8.61 ppm.

T1767180° 171'85' 16370 147'57
sn sn
Ge Ge
c_//-\\_c Ag \(593/
/>4A Fr/‘ soTA  / S3RA [ 2734
F F F F F

FT\JF/YF PN R
A 9 B 10

Figure 3. Schematic representation of the comparison of C(ll), Si(ll), Ge(ll) and Sn(ll)
supported dimeric Ag+ cations.
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Although the formulation of 9 and 10 are akjn, to. each
other but their structural parameters areXgnificatitly/diffepent
(Figure 5). Most strikingly, the Sn-Ag-Sn framework is severely
bent with an angle of 147.57°. Moreover, 10*is weakly bound
to the SbF¢ counter anion through the fluorine atoms with the
shortest Ag—F bond distance of 2.733 A. The 1°F spectrum of 9
and 10 exhibits resonances at around § —121 (9) and —120 ppm
(10), respectively. However signals in the 1°F NMR spectra of 9
and 10 can only be seen at low temperature which could be
due to some dynamic behavior. Compound 10 shows signals in
the form of two doublets appearing around 6 99.15 ppm with
1)1195n to 199Ag = 4176.96 and 1) 1195n to 197Ag = 3668.40 Hz in
the 119Sn NMR spectrum. The downfield shift in the latter than
those in 6 and 7 can be attributed to the cationic nature of 10.
To the best of our knowledge, compound 10 is the first Ag
cation stabilized by stannylene ligand with two Sn(ll)>Ag
dative bonds. Upon comparison of 9 and 10 with the
analogous [(NHC),Ag]* (A)2'2 (NHC=IDipp, IMe, IEt) and
[{PhC(NtBu),Ge(tBu)},Agl* (B)21b complexes, it is apparent that
moving from top to bottom within the group the coordination
behaviour varies dramatically (Figure 3) and this can be
attributed to the higher s-character of the lone pair of
electrons down the group. These differences are indicative of
weaker o-donation of the stannylene ligand than that of
silylene. Silylene may provide sufficient stabilization to
attenuate the Lewis acidity of the Ag* cation and hence there
is no interaction with the counter-anion in 9. However,
stannylene may not render o-donation to that extent and
thereby the Ag* cation is stabilized by further interaction with
the fluorine atoms. The Sn(ll)->Ag bond distance is 2.6217 A,
which is longer than that in [HB(3,5-(CFs)2Pz)s]AgSn(Cl)[(n-
Pr),ATI] [ATl=aminitroponiminate] [2.5863(6) A]%22 and other
structurally characterized Sn-Ag bond distances such as
[MeSi{Si(Me):N(p-Tol)}s-SnAgl, (2.6567(7) A),2 [(thf)Ag(u-
SCN)Sn{CH(SiMes)>}l»  (2.598(1) A),2* and  [HB(3,5-
(CF3)2Pz)3]AgSn(Ns)[(n-Pr)2-ATI] (2.5943(6) A).2s

In summary, we have reported a series of reactions with
structurally identical silylene and stannylene and the first one-
to-one compared their reactivity. All reactions with silylene
follow the same pattern either forming the neutral adduct (3-
5) or ionic complex (9) depending the transition metal
precursors. However, this is not the case with stannylene. It
undergoes metathesis reaction with copper halides and silver
triflate leading to the formation of different functionalized
stannylenes  (6-8) with simultaneous formation of
corresponding metal amides. This is a new synthetic route to
access various functionalities at stannylenes. However, the
reaction of stannylene 2 with AgSbFs led to the first
stannylene-silver ionic complex where two stannylene units
donate the electron density to stabilize the Ag* cation. Our
result also mirrors on the greater donor ability of silylene than
that of stannylene as the former form the cationic silver
complex without any interaction of the counter-anion while
corresponding silver cation with stannylene is being
coordinated to the counter-anion. All the isolated complexes
were structurally characterized.
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Figure 4. Molecular structure of 9 with anisotropic displacement parameters depicted
at the 50 % probability level. Hydrogen atoms and N(SiMe;), moieties are not shown
for clarity. Selected bond lengths (A) and bond angles (°): N1-Si1 1.839(3); N2-Sil1
1.842(3); Sil-Agl 2.4249(13); Sid-Agl 2.4243(12); Sil-Agl-Si4 171.85(3); N1-Sil-Agl
113.28(10); N2-Si1-Agl 111.61(10); N3-Si4-Agl 110.57(10); N4-Si4-Agl 110.86(10).

Figure 5. Molecular structure of 10 with anisotropic displacement parameters depicted
at the 50 % probability level. Hydrogen atoms and N(SiMe;), moieties are not shown
for clarity. Selected bond lengths (A) and bond angles (°): N1-5n1 2.176(6); N2 Snl
2.153(7); Sn1-Agl 2.6217(8); N1-Sn1-Agl 112.17(15); N2-Sn1-Agl 117.60(19); Sn1l-Ag-
Snl147.57(4)
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Divergent reactivity of structurally similar silylene and stannylene was observed with coinage
metal halides. While the former tends to form adduct, the latter undergoes ligand exchange
reaction.
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